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ʅɸʋʂʀ ʀʅʉʊʀʊʋʊ ʕʃɽʄɽʅʊʆʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

ʀʄ. ɸ.ʅ. ʅɽʉʄɽʗʅʆɺɸ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 
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ʂʆɿʃʆɺ 

ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ 
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ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓʍ ʀ ʈɽɼʆʂʉ-ʅɽʁʊʈɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ 

 

 

 

 

 

 

1.4.3. ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʕʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ̄ 103 ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ʀʅʕʆʉ ʈɸʅ). 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʏʫʩʦʚ ɼʝʥʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʕʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ˉ103 ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ.   
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ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʠʪ 

ʩʚʦʠʭ ʫʯʠʪʝʣʝʡ: ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣ ̫ʜ.ʭ.ʥ. ʏʫʩʦʚʘ ɼʝʥʠʩʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ 

ʠ ʩʪʘʨʰʝʛʦ ʪʦʚʘʨʠʱʘ ʢ.ʭ.ʥ. ɸʬʘʥʘʩʴʝʚʘ ʆʣʝʛʘ ʀʣʴʠʯʘ, ï ʟʘ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ 

ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʜ.ʭ.ʥ. ʇʝʨʝʢʘʣʠʥʘ ɼʤʠʪʨʠ ̫ ʉʝʨʛʝʝʚʠʯʘ ʠ PhD 

ʎʳʛʘʥʢʦʚʘ ɸʣʝʢʩʝ ̫ɸʥʘʪʦʣʴʝʚʠʯʘ ʟʘ ʮʝʥʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʜ.ʭ.ʥ. ʃʦʛʠʥʦʚʘ ɼʤʠʪʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ʠ 

ʍʘʨʠʪʦʥʦʚʘ ɺʣʘʜʠʤʠʨʘ ɹʦʨʠʩʦʚʠʯʘ ï ʟʘ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ; ɻʦʜʦʚʠʢʦʚʫ 

ʄʘʨʠʶ ʀʛʦʨʝʚʥʫ ʠ ʜ.ʭ.ʥ. ɻʦʜʦʚʠʢʦʚʘ ʀʚʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ï ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ 

ʗʄʈ ʩʧʝʢʪʨʦʚ; ʢ.ʭ.ʥ. ʉʦʢʦʣʦʚʘ ʉʝʨʛʝʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ (ʀʅʄʕ ʈɸʅ) ï ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʆʪʜʝʣʴʥʦ ʘʚʪʦʨ 

ʙʣʘʛʦʜʘʨʠʪ ʩʪʫʜʝʥʪʘ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɺʐʕ ʃʦʩʝʚʘ ʄʠʭʘʠʣʘ 

ɸʥʜʨʝʝʚʠʯʘ ʟʘ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʚʝʩʴ ʢʦʣʣʝʢʪʠʚ 

ʃʘʙʦʨʘʪʦʨʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʀʅʕʆʉ ʈɸʅ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʸ ʙʳʚʰʠʭ 

ʩʦʪʨʫʜʥʠʢʦʚ, ï ʟʘ ʩʦʟʜʘʥʠʝ ʜʨʫʞʝʩʢʦʡ, ʨʘʙʦʯʝʡ ʘʪʤʦʩʬʝʨʳ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ɹʠʨʶʢʦʚʫ ʂʣʠʤʫ ʆʣʝʛʦʚʠʯʫ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʚ 

ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ, ʢ.ʭ.ʥ. ʅʠʢʦʚʩʢʦʤʫ ʀʛʦʨʶ 

ɸʣʝʢʩʝʝʚʠʯʫ ʟʘ ʜʦʩʪʫʧ ʢ ʛʣʘʚʙʦʢʩʫ, ʘ ʪʘʢʞʝ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʘʚʪʦʢʣʘʚʥʦʡ 

ʀʅʕʆʉ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ ʩʦʟʜʘʥʠʠ, ʧʦʠʩʢʝ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚ ʨʘʙʦʯʝʤ 

ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʢ.ʭ.ʥ. ɺʦʣʢʦʚʦʡ ʖʣʠʠ 

ɸʣʝʢʩʝʝʚʥʝ ʠ ʢ.ʭ.ʥ. ɸʢʢʫʨʘʪʦʚʫ ɸʣʝʢʩʘʥʜʨʫ ɺʠʪʘʣʴʝʚʠʯʫ ʟʘ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʤ 

ʠ ʧʨʦʜʚʠʥʫʪʳʤ ʪʝʭʥʠʢʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʫʯʠʪʝʣʷʤ ʠ 

ʩʦʪʨʫʜʥʠʢʘʤ ʄʦʩʢʦʚʩʢʦʛʦ ʍʠʤʠʯʝʩʢʦʛʦ ʃʠʮʝʷ ˉ1303, ʚ ʪʦʤ ʯʠʩʣʝ ʉʝʤʸʥʦʚʫ 

ʉ.ɽ. ʠ ʇʦʩʪʥʠʢʦʚʦʡ ʄ.ɹ. 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ɼʎʂ ï N,N'-ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜ 

CDI ï N,N'-ʢʘʨʙʦʥʠʣʜʠʠʤʠʜʘʟʦʣ 

NHC ï N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ 

TON ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (turnover number) 

ʊɹɸɹ ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ 

Dppe ï 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ 

Dppp ï 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥ 

Dtbpf ï 1,1'-ʙʠʩ(ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʠʥʦ)ʬʝʨʨʦʮʝʥ 

MS ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ 

CPME ï ʮʠʢʣʦʧʝʥʪʠʣʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 

MW ï ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

DEC ï ʜʠʵʪʠʣʢʘʨʙʦʥʘʪ 

(R)-TRIP ʠ (S)-TRIP ï (R)- ʠʣʠ (S)- 3,3ǋ-ʙʠʩ(2,4,6-ʪʨʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)-

1,1ǋ-ʙʠʥʘʬʪʠʣ-2,2ǋ-ʜʠʠʣ ʛʠʜʨʦʬʦʩʬʘʪ 

ʗʄʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ɻʍ-ʄʉ ï ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

HRMS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

1,2-ɼʍɹ ï 1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 

ɼʄʌɸ ï N,N'-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʍʄ ï ʜʠʭʣʦʨʤʝʪʘʥ 

Kɻʄɼʉ ï ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʘʤʠʜ ʢʘʣʠʷ 

HATU ï 1-[ʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-1H-1,2,3-ʪʨʠʘʟʦʣʦ[4,5-b] -

ʧʠʨʠʜʠʥ-3-ʦʢʩʠʜ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ 

HBTU ï 3-[ʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʡ]-3H-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-ʦʢʩʠʜ ʛʝʢ-

ʩʘʬʪʦʨʬʦʩʬʘʪ 
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HCTU ï 2-(6-ʭʣʦʨʦ-1H-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-ʠʣ)-1,1,3,3-ʪʝʪʨʘʤʝʪʠʣʫʨʦʥʠʣ 

ʛʝʢʩʘʬʪʦʨ-ʬʦʩʬʘʪ 

ʄʊɹʕ ï ʤʝʪʠʣ-ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ 

ɼʀʇʕɸ (DIPEA) ï ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ 

ɼɹʋ (DBU)ï 1,8-ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ 

ʇʀɼ ï ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ  
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺʪʦʨʠʯʥʳʝ ʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ. ʆʙʘ ʧʨʦʮʝʩʩʘ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʠʭ ʨʘʟʚʠʪʠʝ ʚʳʟʚʘʥʦ ʩʪʨʝʤʣʝʥʠʝʤ 

ʧʦʚʳʩʠʪʴ ʧʨʦʩʪʦʪʫ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʤʝʪʦʜʦʚ. ʊʘʢ, ʨʘʟʚʠʪʠʝ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʙʦʨʛʠʜʨʠʜʦʚ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʤʠʜʳ. ʆʜʥʘʢʦ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʤʠʥʘ ʩ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ, 

ʧʦʚʳʰʘʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʢʠʩʣʦʪʳ; ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʘʤʠʥʦʚ ʢ ʧʨʦʪʝʢʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʦʙʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʩʪʘʸʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʩʪʘʸʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ. 

ʆʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʙʝʟ 
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ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ CO ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʝʣʝʢʪʠʚʥʳʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʘʤʠʥʠʨʦʚʘʥʠʠ. ʈʝʘʢʮʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʫʪʝʥʠʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʢʪʠʚʥʦʩʪʴ 

ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʪʘʸʪʩʷ ʥʝʚʳʩʦʢʦʡ, ʚʚʠʜʫ ʯʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʈʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʙʘʚʢʫ ʬʦʩʬʠʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʩʚʷʟʳʚʘʣʠʩʴ ʩ 

ʨʫʪʝʥʠʝʚʳʤ ʮʝʥʪʨʦʤ ʠ ʫʚʝʣʠʯʠʚʘʣʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʝʱʸ ʩʠʣʴʥʝʝ. 

ʉ ʮʝʣʴʶ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʘʤʠʜʦʚ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʩʧʦʩʦʙʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʚʤʝʩʪʦ ʘʤʠʥʦʚ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʫʩʪʫʧʘʷ ʘʤʠʥʘʤ ʚ 

ʜʦʩʪʫʧʥʦʩʪʠ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʩ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ ʪʨʝʙʫʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʠʣʘʥʳ, ʬʦʩʬʠʥʳ, 

ʢʦʥʚʝʨʪʝʨʥʳʡ ʛʘʟ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʵʪʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʣʠʙʦ ʥʠʟʢʦʡ ʘʪʦʤ-

ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʣʠʙʦ ʥʠʟʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ɺʚʠʜʫ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʮʝʣʷʤʠ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ: 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʸ ʧʨʦʪʝʢʘʥʠʷ ʠ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

¶ ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʥʘ ʨʫʪʝʥʠʡ-
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ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

CO. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

ʈʝʘʢʮʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ: 

× ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

× ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

× ʀʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ: 

× ʉʨʘʚʥʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ. 

× ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʘ ʘʢʪʠʚʘʮʠʠ ʠʣʠ 

ʜʝʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ. 

× ʇʦʢʘʟʘʪʴ ʦʙʱʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʨʝʘʢʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ. 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ: 

× ʇʦʜʦʙʨʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO. 

× ʀʟʫʯʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʘʠʙʦʣʝʝ ʤʷʛʢʠʝ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 
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ʜʦʙʘʚʦʢ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʙʝʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʚʦʜʦʨʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɺʧʝʨʚʳʝ 

ʦʩʫʱʝʩʪʚʣʸʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʠ ʨʦʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʥʘʨʫʞʝʥʠʝʤ ʨʷʜʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʭʦʜʘ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʚʳʙʦʨʘ ʦʩʥʦʚʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʦʙʲʸʤʘ ʟʘʢʨʳʪʦʛʦ ʚ ʨʝʘʢʪʦʨʝ ʚʦʟʜʫʭʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʪʧʨʘʚʥʫʶ ʪʦʯʢʫ ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɿʥʘʯʠʤʳʤ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʠ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ, ʚ 

ʩʠʥʪʝʟʝ ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO. ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʘʤʠʜʦʚ. 

ʅʘʢʦʥʝʮ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ N-ʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʫʪʝʥʠʡ- 

-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʚʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ CO ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʩʪʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ; ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʝʜʩʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʠʩʣʦʪ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʪʦʣʴʢʦ ʢʘʪʘʣʠʟʘʪʦʨ, CO ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʥʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʧʨʦʮʝʩʩʘʤ. ɹʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝʜʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʨʝʰʝʥʠʶ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʦʩʦʙʳ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʆʙʥʘʨʫʞʝʥʳ ʥʝʜʦʩʪʘʪʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʦʚ ʨʝʘʢʮʠʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʅʘʢʦʥʝʮ, ʠʩʩʣʝʜʦʚʘʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʤʝʪʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʦʩʥʦʚʘʥʠʡ. ʉʪʨʫʢʪʫʨʘ ʠ ʯʠʩʪʦʪʘ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʇʦʜʦʙʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʤʠʥʦʚ ʩʦ ʩʧʠʨʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. ʇʦʠʩʢ ʦʛʨʘʥʠʯʝʥʠʡ ʤʝʪʦʜʘ, ʩʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ. 

¶ ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʳʭʦʜ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ CO ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʦʢʣʘʜʦʚ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ 1H, 13C, 19F ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (HRMS), 

ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʐʝʩʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çAdvances in Synthesis and 

Complexingè (ʄʦʩʢʚʘ, 2022), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 2023), X 

ʄʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʀʆʍ ʈɸʅ ʢ 300-ʣʝʪʠʶ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʠ 90-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ (ʄʦʩʢʚʘ, 

2023). 

ʇʫʙʣʠʢʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʦ ʚ 6 ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʨʸʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʪʨʸʭ ï ʚ 

ʩʙʦʨʥʠʢʘʭ ʪʝʟʠʩʦʚ ʢ ʢʦʥʬʝʨʝʥʮʠʷʤ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 244 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ; ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʣʠʪʝʨʘʪʫʨʳ (209 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʩʧʠʩʦʢ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ (6 

ʥʘʠʤʝʥʦʚʘʥʠʡ), ʩʦʜʝʨʞʠʪ 16 ʨʠʩʫʥʢʦʚ, 60 ʩʭʝʤ ʠ 56 ʪʘʙʣʠʮ.  
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ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʷʚʣʷʶʪʩʷ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ 

ʩʧʠʨʪʘʤʠ ʧʦ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ (borrowing hydrogen reaction) 

ʠʣʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

(ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ, reductive amination reaction).[1] 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʩʪʘʜʠʠ: ʢʦʥʜʝʥʩʘʮʠʶ ʘʤʠʥʘ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʠʤʠʥ ʠʣʠ ʠʤʠʥʠʝʚʳʡ ʢʘʪʠʦʥ, ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʞʝʣʘʝʤʦʛʦ ʘʤʠʥʘ (ʉʭʝʤʘ 1). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʚʦʜʦʨʦʜ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʥ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠʤʠʥʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʚʩʝʛʜʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʠ ʪʨʝʙʫʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʚʳʙʦʨʘ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʤʝʪʘʣʣʘ.[2] 

ʇʦʧʫʣʷʨʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʙʦʨʛʠʜʨʠʜʳ 

ʥʘʪʨʠʷ (NaBH4, NaCNBH3, NaBH(OAc)3 ʠ ʜʨ.) ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʦʨʛʠʜʨʠʜʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʸʨʜʳʭ 

ʦʪʭʦʜʦʚ ï ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʨʛʠʜʨʠʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʫʙʩʪʨʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

 
ʉʭʝʤʘ 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ. 



 

16 

 

ʅʝʜʘʚʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ 

ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʦʥʦʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ.[3] ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʆ ʥʝʦʙʭʦʜʠʤ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ Rh, Ru, Ir ʠʣʠ Os.[4ï6] ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Rh ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʫʞʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ CO,[7] ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ 

ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʫʪʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ 

ʩʧʠʨʪʘʤʠ ʧʦ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚʦ ʚʥʝʰʥʝʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝ (ʉʭʝʤʘ 2).[8] ʇʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʧʠʨʪ ʩʣʫʞʠʪ, ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʠʩʪʦʯʥʠʢʦʤ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. 

 
ʉʭʝʤʘ 2. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ɼʘʥʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʌʫʥʢʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʨʷʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʦʩʥʦʚʘʥʠʝ-ʤʝʜʠʘʪʦʨ.[9] 

ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʣʠʰʴ 

ʦʩʥʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʥʦӢʚʥʳʝ ʫʩʣʦʚʠʷ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʦʩʥʦʚʘʥʠʷʤʠ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʤ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ 



 

17 

 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʘʢʮʠʠ, ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʦʩʪʘʸʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤ. 

ʅʘʨʷʜʫ ʩ ʘʤʠʥʘʤʠ, ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʜʫʢʪʳ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ï ʘʤʠʜʳ. ɸʤʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʝʧʪʠʜʦʚ, ʙʝʣʢʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʣʠʤʝʨʦʚ.[10,11] ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʝ ʦʧʪʠʤʘʣʴʥʳ. ɺʚʠʜʫ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʠʭ ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʚ ʨʝʘʢʮʠʠ ʩ ʘʤʠʥʘʤʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʢʠʩʣʦʪ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʣʠʙʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ï ʘʥʛʠʜʨʠʜʦʚ ʠʣʠ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ ʢʘʢ 

ɼʎʂ, CDI (ʉʭʝʤʘ 3).[12] ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʘʩʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ.[13] 

 
ʉʭʝʤʘ 3. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʘʤʠʜʦʚ. 

ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʥʪʝʟʝ ʘʤʠʜʦʚ ï ʘʤʠʥ ï ʥʘʧʨʦʪʠʚ, ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʦʪʨʝʙʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʩʠʥʪʝʟʫ ʩʦʝʜʠʥʝʥʠʡ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ.[14ï18] 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ 

ʠʩʯʝʨʧʳʚʘʶʱʝ ʦʧʠʩʘʥʦ ʚ ʦʙʟʦʨʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ 

ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʪʘʢʞʝ ʦʩʚʝʱʝʥʦ ʚ ʨʷʜʝ 
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ʦʙʟʦʨʦʚ,[8,19ï22] ʦʜʥʘʢʦ, ʚʚʠʜʫ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʩ 

ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʦʙʟʦʨʘ [9] ʧʦʷʚʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʨʘʙʦʪ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʦʙʟʦʨ ʧʦ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʙʳʣ 

ʦʧʫʙʣʠʢʦʚʘʥ ʨʘʥʝʝ ʥʘʰʝʡ ʛʨʫʧʧʦʡ.[9] ɺ ʥʸʤ ʠʟʚʝʩʪʥʳʝ ʫʩʣʦʚʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʚ ʩʦ ʩʧʠʨʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʜʦʙʘʚʦʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, ʘʪʤʦʩʬʝʨʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʝʘʛʝʥʪʦʚ, ʚʨʝʤʷ, TON ʢʘʪʘʣʠʟʘʪʦʨʘ, ï ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʇʦʜʦʙʥʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣ 

ʩʨʘʚʥʠʪʴ ʠʭ ʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʠ 

ʥʘʡʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ. 

ɺʚʠʜʫ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʣʘʩʪʠ, ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʳʤ ʦʙʥʦʚʣʝʥʠʝ 

ʦʙʩʫʞʜʘʝʤʦʛʦ ʚʳʰʝ ʦʙʟʦʨʘ. ʇʦʵʪʦʤʫ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʙʫʜʝʪ ʧʦʩʚʷʱʸʥ 

ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

(ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ) ʠ 

çʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤè (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʠʮʠʘʪʦʨʦʚ) ʚʘʨʠʘʥʪʝ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ, ʥʦʚʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʦʙʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʦʙʟʦʨʝ 2022 ʛʦʜʘ. ʆʪʜʝʣʴʥʦ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʫʪ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 

ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: TON>500, 100<TON<500. ʉʠʩʪʝʤʳ ʩ TON<100 

ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʪʘʙʣʠʮʘʭ. ʇʨʝʜʰʝʩʪʚʦʚʘʪʴ ʦʙʟʦʨʫ ʧʦʩʣʝʜʥʠʭ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʝ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʠʝ ʦʙʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʠʨʪʦʚ. 
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ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʘʣʢʠʣʠʨʦʚʘʥʠʶ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʝʭʘʥʠʟʤʫ (ʉʭʝʤʘ 4): ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʩʧʠʨʪʘ ʜʦ ʘʣʴʜʝʛʠʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʠʜʘ ʤʝʪʘʣʣʘ.[8] ɼʘʣʝʝ 

ʘʣʴʜʝʛʠʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʩʭʦʜʥʳʤ ʘʤʠʥʦʤ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ 

(ʠʤʠʥ), ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʠʜʨʠʜʦʤ ʜʦ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʩʧʠʨʪ ʩʣʫʞʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʙʩʪʨʘʪʦʤ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. 

 
ʉʭʝʤʘ 4. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʤʫ ʤʝʭʘʥʠʟʤʫ, ʨʝʘʢʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʘʪʦʤ-

ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ: ʩʧʠʨʪ ʠ ʘʤʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʦʙʨʘʟʫʷ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʜʥʘʢʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʜʦʙʘʚʢʠ ʦʩʥʦӢʚʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʚ ʩʫʙʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʣʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʘ ʧʨʦʜʫʢʪ ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʤʝʩʠ ʩ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ CïN ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʥʘ ʧʦʠʩʢʝ ʥʦʚʳʭ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ, ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ 

ʧʨʘʚʠʣʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ 
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ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠʤʝʥʷʶʪʩʷ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʣʠʛʘʥʜʳ, ʘ ʩʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʌʫʥʢʮʠʶ ʧʝʨʝʥʦʩʯʠʢʘ ʚʦʜʦʨʦʜʘ ʩʦ ʩʧʠʨʪʘ ʥʘ ʠʤʠʥ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. [23ï25] ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʣʸʛʢʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩʚʷʟʝʡ CïO, CïN ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ C=O, C=N. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʄʝʝʨʚʝʡʥʫ-ʇʦʥʥʜʦʨʬʫ-ɺʝʨʣʝʶ ʠʣʠ ʦʢʠʩʣʝʥʠʷ 

ʧʦ ʆʧʧʝʥʘʫʵʨʫ (MPV-O process, ʄʇɺ-ʆ ʧʨʦʮʝʩʩ) (ʉʭʝʤʘ 5). 

 
ʉʭʝʤʘ 5. ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʪʫʧʘʶʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʘʤ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ: ʚ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪ ʩʫʙʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʥʦʩ ʚʦʜʦʨʦʜʘ 
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ʩʦ ʩʧʠʨʪʘ ʥʘ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ ʤʦʛʫʪ ʧʠʨʠʜʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ.[26] ʇʨʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʛʠʜʨʠʜʘ ʠʟ ʩʧʠʨʪʘ ʩʚʷʟʴ C=N ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚʨʝʤʝʥʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ CHïNH, ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʘʨʦʤʘʪʠʯʥʦʩʪʴ. ɼʘʣʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʧʠʨʠʜʠʥʘ. 

ʅʘʢʦʥʝʮ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʘ ʩʧʠʨʪʦʤ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʣʠʰʴ ʦʩʥʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʠʮʠʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʠʪ ʩʧʠʨʪ ʜʦ ʘʣʴʜʝʛʠʜʘ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʧʫʩʪʠʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʄʇɺ-ʆ ʮʠʢʣ.[9] ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʠʮʠʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʨʦʜ, ʥʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ ʥʘ ʚʦʟʜʫʭʝ 

(ʉʭʝʤʘ 6). 

 
ʉʭʝʤʘ 6. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʷ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʢʠʩʣʦʨʦʜʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʤʝʪʦʜʦʚ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ (ʦʙʳʯʥʦ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʦʩʥʦʚʘʥʠʷʤʠ) ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʩʧʦʩʦʙʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʤʝʪʦʜ ʦʩʪʘʸʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʚʠʪʳʤ.[27ï32] 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʠʨʪʳ ʤʦʛʫʪ ʘʣʢʠʣʠʨʦʚʘʪʴ ʘʤʠʥʳ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʚʦʜʘ.[33ï35] ʆʜʥʘʢʦ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʉʭʝʤʘ 7). ʊʘʢ, ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʯʘʩʪʦ ʧʨʦʪʝʢʘʶʪ ʣʠʰʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ 

ɹʨʝʥʩʪʝʜʘ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʩʧʠʨʪ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ 

ʮʝʥʪʨʫ. ɺ ʤʝʪʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, 

ʧʦʧʫʣʷʨʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (ʠʣʠ ɹʨʝʥʩʪʝʜʘ), ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩʦ ʩʧʠʨʪʘʤʠ, ʦʙʨʘʟʫʷ ʭʦʨʦʰʫʶ ʫʭʦʜʷʱʫʶ ʛʨʫʧʧʫ. ʂʣʶʯʝʚʳʤ 

ʨʘʟʣʠʯʠʝʤ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʨʫʛ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ.[36] ʊʘʢ, 

ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠʛʦʜʥʦ ʣʠʰʴ ʜʣʷ ʘʤʠʥʦʚ ʩ ʩʠʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʣʴʬʦʥʘʤʠʜʦʚ ʠ 

ʢʘʨʙʘʤʘʪʦʚ.[37] ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʙʫʜʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʘʤʠʥʦʛʨʫʧʧʦʡ, ʘ ʥʝ ʩʦ ʩʧʠʨʪʦʤ. ʈʝʘʢʮʠʷ ʩ ʣʸʛʢʦʩʪʴʶ ʧʨʦʪʝʢʘʝʪ ʩʦ ʚʪʦʨʠʯʥʳʤʠ  

 
ʉʭʝʤʘ 7. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. 



 

23 

 

ʩʧʠʨʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʩʦʜʝʨʞʘʱʠʤʠ CH-ʩʚʟ̫ʴ ʚ ʘʣʠʬʘʪʠʯʝʩʢʦʤ Ŭï

ʧʦʣʦʞʝʥʠʠ. ɺ ʦʩʥʦӢʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʩʠʥʪʦʥʳ ʝʥʦʣʠʟʫʝʤʳʭ ʢʝʪʦʥʦʚ ʠ ʢʘʨʙʘʤʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʷʪ ʥʘ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʫʩʣʦʚʠʷ 

ʠʥʦʛʜʘ ʧʦʟʚʦʣʷʶʪ ʚʦʚʣʝʢʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩʫʙʩʪʨʘʪʳ ʜʨʫʛʠʭ ʪʠʧʦʚ: 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʧʠʨʪʳ, ʘʤʠʜʳ, ʠ ʧʨʦʯ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʰʠʨʝʥʠʝ 

ʢʨʫʛʘ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘ ʜʨʫʛʠʝ ʢʣʘʩʩʳ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʘʤʠʜʳ) ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʡ. 

  



 

24 

 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠ ̫

ʚʦʜʦʨʦʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʝʜʘʚʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʛʝʪʝʨʦʛʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʠʨʠʜʠʥʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʘʙʣʠʮʘ 1).[38] ʅʘʠʙʦʣʴʰʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʣʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ 

ʤʝʟʦʧʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ, ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʟʦʪʦʤ C-1. ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚ ʧʦʣʴʟʫ ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʧʠʨʠʜʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʠʣʠʩʴ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ï 

ʘʢʨʠʜʠʥʘ ʠ ʬʝʥʘʥʪʨʠʜʠʥʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʜʫʢʪ ʥʘʙʣʶʜʘʣʘʩʴ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʦʙʘʚʦʢ. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KOH. ʍʦʪʷ ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ [39] 

ʪʝ ʞʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ tBuOK ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠ,̫ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʦʚʘʣʦʩʴ ʚ ʨʘʟʳ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʘʢʨʠʜʠʥʘ ʠʣʠ ʬʝʥʘʥʪʨʠʜʠʥʘ (40 ʤʦʣʴʥ.%). 

ɼʨʫʛʠʝ ʦʩʥʦʚʘʥʠʷ: Cs2CO3, CsOH, NaOH ʧʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʊʘʙʣʠʮʘ 1. ɸʢʪʠʚʥʦʩʪʴ ʧʠʨʠʜʠʥʦʧʦʜʦʙʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʘʥʠʣʠʥʘ ʩ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 

 
ʂʘʪʘʣʠʟʘʪʦʨ ʉʦʜʝʨʞʘʥʠʝ ʘʪʦʤʦʚ N ʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ, 

ʤʦʣʴʥ.% ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ɺʳʭʦʜ, % 

C-1 12 99 

ʘʢʨʠʜʠʥ 10 96 

ʬʝʥʘʥʪʨʠʜʠʥ 10 90 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 13 



 

25 

 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ ʨʝʘʢʮʠʷ ʚ ɼʄʉʆ ʧʨʦʭʦʜʠʪ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤ 

ʚʳʭʦʜʦʤ (69%), ʭʦʪʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʜʘʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʘʤʠʥʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʥʘ ʚʦʟʜʫʭʝ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʥʠʞʘʝʪʩʷ ʚʜʚʦʝ. ɺ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ N-

ʙʝʥʟʠʣʘʥʠʣʠʥ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʚʩʝ. 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʠʟ ʘʥʠʣʠʥʘ ʠ ʩʧʠʨʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʠʤʠʜʘʟʦʣʠʷ.[40] ʇʦʜ ʜʝʡʩʪʚʠʝʤ tBuOK ʠʟ ʩʦʣʠ 

ʠʤʠʜʘʟʦʣʠʷ ʦʙʨʘʟʫʝʪʩʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ, ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʠʪʴ ʩʧʠʨʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʚ ʢʦʪʦʨʦʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʧʝʨʝʥʦʩʯʠʢʘ ʚʦʜʦʨʦʜʘ. ɸʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʘ ʩʧʠʨʪʘ ʩ ʊʄʕɼɸ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ 5 ʤʦʣʴʥ.% C-2 ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 110Áʉ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʭʦʜʦʤ 63% ʟʘ 16 ʯʘʩʦʚ (ʉʭʝʤʘ 8). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ ʘʥʠʣʠʥʘ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʷ. ɸʪʤʦʩʬʝʨʘ 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʥʝ ʫʢʘʟʘʥʘ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʦʩʥʦʚʘʥʠʡ, ʙʣʠʟʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ KOH ʠ NaOH, K3PO4. 

ʅʝʦʞʠʜʘʥʥʦ, ʦʩʥʦʚʘʥʠʷ ʮʝʟʠʷ, ʘ ʪʘʢʞʝ ʪʨʝʪ-ʙʫʪʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʢʨʦʤʝ ʢʘʣʠʷ, ʥʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 10%. 

 
ʉʭʝʤʘ 8. ʈʝʘʢʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʙʝʥʘ. 

ʇʨʝʜʣʦʞʝʥ ʛʝʪʝʨʦʛʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ C-3, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ C-3 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 



 

26 

 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʬʝʥʦʣʴʥʳʭ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʭ ʠ ʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʳʭ ʙʣʦʢʦʚ (ʈʠʩʫʥʦʢ 1). ʇʦʜ  ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠ ̫ʜʠʦʜʘ ʤʦʱʥʦʩʪʴʶ 5 ɺʪ ʜʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (TON = 810 ʧʨʠ ʨʘʩʯʸʪʝ ʥʘ ʦʜʠʥ ʧʦʨʬʠʨʠʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ) [41] (ʉʭʝʤʘ 9). ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʙʦʣʴʰʠʤʠ ʜʣʷ 

ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʟʘʛʨʫʟʢʘʤʠ ʨʝʘʛʝʥʪʦʚ (1 ʵʢʚʠʚʘʣʝʥʪ ï 10 ʤʤʦʣʴ) ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʠ ʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ. ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʢʠʩʣʳʝ 

ʩʫʙʩʪʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʫʣʴʬʘʤʠʜʳ, ʩʧʦʩʦʙʥʳ ʜʝʘʢʪʠʚʠʨʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʧ-ʭʣʦʨʘʥʠʣʠʥʘ ʩ 

ʵʪʘʥʦʣʦʤ ʧʦʢʘʟʘʣʦ ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷʭ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʥʘ 9% ʟʘ 6 ʮʠʢʣʦʚ). ɺ ʩʪʘʪʴʝ ʥʝ ʫʢʘʟʘʥʦ, 

ʚ ʢʘʢʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ, ʦʜʥʘʢʦ ʨʝʛʝʥʝʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʝʨʝʜ ʦʯʝʨʝʜʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʢʣʶʯʘʣʘ ʚʳʩʫʰʠʚʘʥʠʝ ʚ ʧʝʯʠ ʥʘ ʚʦʟʜʫʭʝ.  

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ C-3. 

 
ʉʭʝʤʘ 9. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ.  
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

TON>500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠ ̫

ʂʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ P̂ P-, P̂ N- ʙʠʜʝʥʪʘʥʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Pd-A-1, 

Pd-A-3), ʘ ʪʘʢʞʝ ʩ ʧʠʥʮʝʨʥʳʤ ʣʠʛʘʥʜʦʤ PNP-ʪʠʧʘ Pd-A-2 [42] ʧʦʢʘʟʘʣʠ 

ʚr ʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ (ʉʭʝʤʘ 10). 

ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ Pd-A-1, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0,05 ʤʦʣʴʥ.% ʢʦʪʦʨʦʛʦ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ N-

ʙʝʥʟʠʣʘʥʠʣʠʥ ʩ ʚʳʭʦʜʦʤ 98% (2000 TON). ɺ ʧʨʠʩʫʪʩʪʚʠʠ 20 ʤʦʣʴʥ.% LiOH 

ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʟʘ 12 ʯʘʩʦʚ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 110Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʇʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʚ ʪʦʣʫʦʣʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ LiOH ʦʩʥʦʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʝ Na, K, Cs ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ʀʟ ʢʘʣʠʝʚʳʭ 

ʦʩʥʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʦʢʩʠʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʪʨʝʪ-ʙʫʪʦʢʩʠʜ. ʇʦʩʢʦʣʴʢʫ tBuONa 

ʦʙʝʩʧʝʯʠʚʘʣ ʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʯʝʤ NaOH, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

tBuOK ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

 
ʉʭʝʤʘ 10. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Pd-A-1 ï Pd-A-3 ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠ ̫

ɸʥʠʣʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʝʣʝʚʦʛʦ ʘʤʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣʴʥ.% KOH ʠ 0,05 ʤʦʣʴʥ.% Ru-A-1 (1800 

TON) ʟʘ 2 ʯʘʩʘ ʧʨʠ 80Áʉ ʚ ʪʦʣʫʦʣʝ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ [43] (ʉʭʝʤʘ 11). ɿʘʤʝʥʘ 

KOH ʥʘ tBuOK ʠʣʠ NaOH ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ. 

ʅʠʟʢʠʡ ʚʳʭʦʜ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1,4-ʜʠʦʢʩʘʥʘ ʠʣʠ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚʤʝʩʪʦ ʪʦʣʫʦʣʘ ʠʣʠ ʢʩʠʣʦʣʘ. ɺ ɼʄʌɸ ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. 

 
ʉʭʝʤʘ 11. ʈʝʘʢʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ru-A-1. 

ɺʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʙʣʘʜʘʝʪ 

Ru-A-2 (TON = 1500) [44]. ɾʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 73% ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʣʠʯʝʩʪʚ ʨʝʘʛʝʥʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 

ʤʦʣʴʥ.% tBuOK ʠ 0,05 ʤʦʣʴʥ.% ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 120Áʉ ʚ ʪʝʯʝʥʠʝ 

14 ʯʘʩʦʚ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ (ʉʭʝʤʘ 12). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʜʚʦʝ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ, ʜʦ 

89%. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʦʜʠʥʘʢʦʚʦ ʩ ʙʫʪʦʢʩʠʜʦʤ ʢʘʢ ʢʘʣʠʷ, ʪʘʢ ʠ ʥʘʪʨʠʷ. ʅʘ 

ʚʦʟʜʫʭʝ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʧʘʜʘʝʪ ʚʜʚʦʝ. ʉʠʥʪʝʟ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʚ 1,4-ʜʠʦʢʩʘʥʝ. ʇʨʠ ʨʝʘʢʮʠʠ ʚ ʪʨʝʪ-ʙʫʪʘʥʦʣʝ ʦʙʨʘʟʫʝʪʩʷ 

49% ʧʨʦʜʫʢʪʘ, ʚ ɼʄʌɸ ʮʝʣʝʚʦʡ ʘʤʠʥ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʚʩʝ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʘ ʣʠʛʘʥʜ ʥʝ ʧʨʦʚʦʜʠʪ ʨʝʘʢʮʠʶ, ʭʦʪʷ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ 

ʦʥ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ [45]. 



 

29 

 

 
ʉʭʝʤʘ 12. ɸʢʪʠʚʥʦʩʪʴ Ru-A-2 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣ ̫

ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ TON ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 

ʥʠʢʝʣʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʚʫʤʷ ʙʠʜʝʥʪʘʥʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [46] (ʉʭʝʤʘ 13). 0,1 

ʄʦʣʴʥ.% Ni-A-1 ʧʦʟʚʦʣʠʣ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (96%) ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʣʠʥʘ ʩ ʠʟʙʳʪʢʦʤ ʩʧʠʨʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ [46] (ʉʭʝʤʘ 13). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʠ 130Áʉ. ʃʶʙʦʧʳʪʥʦ, ʚ ʭʦʜʝ ʧʝʨʝʙʦʨʘ ʣʠʛʘʥʜʦʚ ʫʤʝʨʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʙʠʧʠʨʠʜʠʥʦʤ. ʉʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʪʘʢʞʝ tBuONa ʠ ʨʝʜʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʚʦʜʦʨʦʜʘ NaNH2 ʠ KH, NaH. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʮʝʟʠʷ ʠ ʣʠʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʝʪ- 

ʙʫʪʦʢʩʠʜʦʚ, N-ʙʝʥʟʠʣʘʥʠʣʠʥ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ. ʇʦʧʳʪʢʘ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ 

 
ʉʭʝʤʘ 13. ɸʢʪʠʚʥʦʩʪʴ Ni-A-1 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 
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ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʧʠʨʪʘ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʘʤʠʥʘ 

ʚʜʚʦʝ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʥʠʢʝʣʷ ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. 

100<TON<500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʙʠʜʝʥʪʘʥʪʥʳʭ ʣʠʛʘʥʜʦʚ P^N-ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 

ʥʘʬʪʦ[2,1-d]ʦʢʩʘʟʦʣʘ ʜʣʷ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʙʝʥʟʠʣʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ [47] 

(ʉʭʝʤʘ 14). ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ Pd-M-1/L1 ʠ Pd-

M-1/L2 (ʥʘ 1 ʤʦʣʴʥ.% ʧʘʣʣʘʜʠʷ ʠ ʣʠʛʘʥʜʘ) ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʘʥʠʣʠʥʘ ʠ 20 ʤʦʣʴʥ.% LiOH, ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ 100Áʉ ʚ 

ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʣʶʙʦʛʦ ʠʟ ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʩ 

ʚʳʭʦʜʦʤ, ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ, ʧʦʵʪʦʤʫ TON = 100 ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʘʜʸʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʩʥʠʞʝʥʠʝ ʟʘʛʨʫʟʢʠ 

ʧʘʣʣʘʜʠʷ ʠ ʣʠʛʘʥʜʘ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʠʣʠ ʩʨʘʚʥʠʪʴ ʥʦʚʳʝ 

P,N-ʣʠʛʘʥʜʳ ʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʢʘʪʘʣʠʟʝ ʣʠʛʘʥʜʘʤʠ N-, P-, N^N-, 

P̂ N- ʠ P̂ P-ʪʠʧʦʚ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʦʙʣʘʜʘʣʠ 

TON<100 ʠ ʙʫʜʫʪ ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 5). ɹʝʟ ʧʘʣʣʘʜʠʷ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʝʪ. 

 
ʉʭʝʤʘ 14. ɸʢʪʠʚʥʦʩʪʴ Pd-M-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʦʚ L1 ʠ L2. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ 

ʈʝʘʢʮʠʷ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠ 120Áʉ ʚ ʪʦʣʫʦʣʝ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʝʣʘʝʤʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 50 

ʤʦʣʴʥ.% tBuOK ʠ ʚʩʝʛʦ 0,1 ʤʦʣʴʥ.% ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʢ Ru-M-

1 (TON = 190) ʠ Ru-M-2 (TON = 280) [44] (ʉʭʝʤʘ 15). 

 
ʉʭʝʤʘ 15. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ru-M-1 ʠ Ru-M-2 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ Ru-

M-3 (TON = 190) ʠ Ru-M-4 (TON = 190) ʧʦʢʘʟʘʣʠ ʤʝʥʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Ru-A-1 (TON = 1800) [43] (ʉʭʝʤʘ 16). ɿʘ ʜʚʘ ʯʘʩʘ ʨʝʘʢʮʠʠ ʚ 

ʪʦʣʫʦʣʝ ʧʨʠ 100Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣʴʥ.% KOH ʚʳʭʦʜʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

0,05 ʤʦʣʴʥ.% Ru-M-3 ʠʣʠ Ru-M-4 ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 93 ʠ 96%. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʘ Ru-A-1, ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʣʝʢʫʣʫ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 

ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ ʤʝʪʘʣʣʘ, ʢʦʤʧʣʝʢʩ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ Ru-M-3 

ʦʙʣʘʜʘʣ ʦʜʠʥʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ KOH, ʪʘʢ ʠ NaOH. 

ʆʜʥʘʢʦ tBuOK ʩʥʠʞʘʣ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʣʝʢʩʦʚ. ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ  

 
ʉʭʝʤʘ 16. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ru-M-3 ʠ Ru-M-4 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 
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ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʨʫʪʝʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʬʨʘʛʤʝʥʪʳ Ŭïʜʠʠʤʠʥʘ ʠ ʛʠʜʨʘʟʦʥʘ [48]. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʠʩʩʣʝʜʦʚʘʥʘ 

ʚ ʨʝʘʢʮʠʠ ʙʝʥʟʠʣʘʤʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ 

Ru-M-5 ʪʘʢʞʝ ʧʦʟʚʦʣʠʣ ʩ ʫʩʧʝʭʦʤ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩ ʘʥʠʣʠʥʦʤ (ʉʭʝʤʘ 17). 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ 0,5 ʤʦʣʴʥ.% ʢʦʤʧʣʝʢʩʘ ʠ 5% KOH ʟʘ 12 ʯʘʩʦʚ ʚ ʪʦʣʫʦʣʝ N-

ʙʝʥʟʠʣʘʥʠʣʠʥ ʙʳʣ ʧʦʣʫʯʝʥ ʩ 93% ʚʳʭʦʜʦʤ (TON = 190). 

 
ʉʭʝʤʘ 17. ɸʢʪʠʚʥʦʩʪʴ Ru-M-5 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʠʠ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ NNO-ʪʠʧʘ ʠʟʫʯʝʥʘ ʚ ʨʝʘʢʮʠʠ ʙʝʥʟʠʣʘʤʠʥʘ ʩ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,5 

ʤʦʣʴʥ.% ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ru-M-6 ʠ ɻ ʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

KOH ʧʨʠ 100Áʉ ʚ ʪʦʣʫʦʣʝ, ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʦʜʫʢʪ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 

91% (TON = 180) [49] (ʉʭʝʤʘ 18). 
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ʉʭʝʤʘ 18. ɸʢʪʠʚʥʦʩʪʴ Ru-M-6 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʟʠʨʫʝʪ Ru-M-7 [50] (ʉʭʝʤʘ 19). ʋʩʠʣʠʷ 

ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʜʨʫʛʦʡ ʨʝʘʢʮʠʠ 

ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʥʠʪʨʦʙʝʥʟʦʣʦʤ ï ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ 

ʤʝʪʦʜʝ ʧʨʠʤʝʥʝʥʳ ʜʦʚʦʣʴʥʦ ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ, ʥʘʧʨʠʤʝʨ, ʜʝʩʷʪʠʢʨʘʪʥʳʡ 

ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚʩʝʛʦ ʟʘ ʯʘʩ (TON = 100 ʧʨʠ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 1 ʤʦʣʴʥ.%), 

ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʦʜ ʨʝʘʢʮʠʶ ʩ ʘʥʠʣʠʥʦʤ ʤʦʞʝʪ 

ʩʤʷʛʯʠʪʴ ʫʩʣʦʚʠʷ ʠ ʧʦʚʳʩʠʪʴ TON ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʉʭʝʤʘ 19. ɸʢʪʠʚʥʦʩʪʴ Ru-M-7 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

Ru-M-8 ʇʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20 ʤʦʣʴʥ.% 

tBuOK [51] (ʉʭʝʤʘ 20). ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʘʥʠʣʠʥ, ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ 

ʩʧʠʨʪʘ, ʪʦʣʫʦʣ, ʦʩʥʦʚʘʥʠʝ, 100Áʉ, 0,5 ʤʦʣʴʥ.% ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ 93% ʚʳʭʦʜ ʘʤʠʥʘ ʟʘ 10 ʯʘʩʦʚ (TON 186). 
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ʉʭʝʤʘ 20. ɸʢʪʠʚʥʦʩʪʴ Ru-M-8 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ 

ʀʟʫʯʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʠʠ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʭ ʠʨʠʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ir -

M-1 ï Ir -M-4 ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʛʠʜʨʘʟʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [52] (ʉʭʝʤʘ 

21). ʉʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ ʦʪʣʠʯʘʶʪʩʷ ʫʜʘʣʸʥʥʳʤ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 50Áʉ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ 

tBuOK. 0,2 ʄʦʣʴʥ.% ʠʨʠʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʘʤʠʥʘ ʩ ʚʳʭʦʜʘʤʠ 77 ï 86% (TON = 390 ï 

430). ʂʦʤʧʣʝʢʩʳ ʩ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ 

ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʝʪʠʣ-ʟʘʤʝʱʸʥʥʳʡ ʠʣʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ r(78, 77% ʜʣʷ Ir -M-3 ʠ Ir -M-4 ʧʨʦʪʠʚ 84, 86% 

ʜʣʷ Ir -M-1 ʠ Ir -M-2). ɼʨʫʛʠʝ ʦʩʥʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʘʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ. ɿʘʤʝʥʘ ʪʦʣʫʦʣʘ ʥʘ ʊɻʌ, ɼʄʉʆ, ɼʄʌɸ, 1,4-ʜʠʦʢʩʘʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʢʘʢ ʢʦʥʚʝʨʩʠʠ, ʪʘʢ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, 

ʮʝʣʝʚʦʡ ʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʘʤʠ 45 ï 57%. ɺ ʜʠʭʣʦʨʵʪʘʥʝ ʦʙʨʘʟʫʝʪʩʷ 

ʪʦʣʴʢʦ 28% ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʛʝʢʩʘʥʝ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠʨʠʜʠʷ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʝʪ. 
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ʉʭʝʤʘ 21. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ir -M-1 ï Ir -M-4 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʀʟʫʯʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ir(III) ʠ Ru(II ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ ʩ ʥʠʪʨʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ [53]. ʅʘʠʙʦʣʴʰʝʡ 

ʘʢʪʠʚʥʦʩʪʴ ʁʦʙʣʘʜʘʣ ʢʦʤʧʣʝʢʩ Ir -M-5. 0,5 ʄʦʣʴʥ.% ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1,5 ʵʢʚʠʚʘʣʝʥʪʦʚ tBuOK ʧʨʠ 120Áʉ ʥʘ ʚʦʟʜʫʭʝ ʟʘ 20 ʯʘʩʦʚ 

ʦʙʝʩʧʝʯʠʣʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ 48% (TON = 100, ʉʭʝʤʘ 22). ɼʣʷ ʦʩʪʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʨʘʤʝʪʨ TON ʥʝ ʧʨʝʚʳʰʘʣ 100, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ (ʊʘʙʣʠʮʘ 4 

ʊʘʙʣʠʮʘ 3). ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʚʤʝʩʪʦ tBuOK 

ʙʳʣ ʥʘ 15% ʤʝʥʴʰʝ. ʉ ʜʨʫʛʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʝʱʸ ʭʫʞʝ. 

 
ʉʭʝʤʘ 22. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ Ir -M-5 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ɹʣʘʛʦʜʘʨʷ in situ ʦʙʨʘʟʦʚʘʥʠ ʁʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ 

ʠ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ L3 ï ʠʩʪʦʯʥʠʢʘ ʙʠʩ-NHC ʣʠʛʘʥʜʘ ï ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʠʩʪʝʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʥʦʚ ʚ ʤʷʛʢʠʭ ʜʣʷ ʞʝʣʝʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʩʣʦʚʠʷʭ 

[54] (ʉʭʝʤʘ 23). ʊʘʢ, ʜʣʷ Fe-M-1 ʧʘʨʘʤʝʪʨ TON ʜʦʩʪʠʛʘʣ 130. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʯʘʩʪʠʮʝʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ ʞʝʣʝʟʘ ʩʚʷʟʘʥ ʩ ʯʝʪʳʨʴʤʷ NHC 

ʬʨʘʛʤʝʥʪʘʤʠ (ʩ ʜʚʫʤʷ ʙʠʜʝʥʪʘʥʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ). Fe-M-2 (FeCl3) ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʞʝʣʝʟʘ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Fe+3 ʜʦ Fe+2, ʠ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʘ ʩ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʙʝʥʘ. ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, 

ʪʘʢʦʝ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʦʙʣʝʛʯʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Fe+3. 

ʈʝʘʢʮʠʷ ʠʜʸʪ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: ʟʘ 7 ʜʥʝʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3% ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʨʘʟʫʝʪʩʷ 41% N-ʙʝʥʟʠʣʘʤʠʥʘ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʝʡ ʜʨʫʛʠʭ 3d-ʤʝʪʘʣʣʦʚ (Cr, Mn, Co) ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ 

ʢ ʧʘʜʝʥʠʶ ʚʳʭʦʜʘ, ʙʝʟ ʤʝʪʘʣʣʘ ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʊɻʌ. ɺ ʪʦʣʫʦʣʝ ʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʩ ʤʝʥʴʰʠʤ 

ʚʳʭʦʜʦʤ. ɺ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʘ, ɼʄʉʆ, ʘʮʝʪʦʥʠʪʨʠʣ, ʚʳʭʦʜ  

 
ʉʭʝʤʘ 23. ɸʢʪʠʚʥʦʩʪʴ Fe-M-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ L3 (ʘʢʪʠʚʥʦʩʪʴ Fe-M-2 ʧʨʠʚʝʜʝʥʘ 

ʥʠʞʝ, ʊʘʙʣʠʮʘ 14). 
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ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʚʳʭʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʘʤʝʥʝ tBuOK ʥʘ ʜʨʫʛʠʝ ʦʩʥʦʚʘʥʠʷ ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠʣʠ ʮʝʟʠʷ. 
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TON<100 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ ʠ ʨʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Mn ʠ Re ʩ TON Ò 100. 
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ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ ʠ ʨʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ 

ʘʥʠʣʠʥʘ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʟʘʛʨʫʟʢʘ 

ʧʦ ʤʝʪʘʣʣʫ, 

(ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) / ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ 

ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-ʙʝʥʟʠʣ-

ʘʥʠʣʠʥʘ (ʧʦ ɻʍ ʠʣʠ 1ʅ 

ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ 

1 / 1,5 / 1 Mn-L-1, 1,5 50Áʉ / ʙʝʟ ʨ-ʣʷ / 24 ʯ / tBuOK / N2 42 28 [55] 

100Áʉ 99 66 

Mn-L-2, 1,5  15 10 

100Áʉ 45 30 

Mn-L-3, 1,5  99 66 

100Áʉ 99 66 

Mn-L-4, 1,5 100Áʉ 12 8 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, 100Áʉ 5 0 

1 / 1,5 / 0,5 Mn-L-1, 1,5 130Áʉ / ʙʝʟ ʨ-ʣʷ / 2 ʯ / tBuOK / N2 99 66 

Mn-L-2, 1,5  22 15 

24 ʯ 25 17 

Mn-L-3, 1,5  26 17 

24 ʯ 38 25 

1 / 1,5 / 0,003 Mn-L-1, 1,5 100Áʉ / ʙʝʟ ʨ-ʣʷ / 2 ʯ / tBuOK / N2 91 61 

1 / 1,5 / 0,001 16 ʯ 73 49 

1 / 2,5 / 0,001 2% Mn ʢʘʪ. / 16 ʯ 92 46 
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1 / 1,5 / 0,0005 2% Mn ʢʘʪ. / 24 ʯ 45 23 

1 / 1,2 / 1,2 Mn , 1,5; Mn-L-5, 1,5 80Áʉ / PhMe / 18 ʯ / L3 (7,2) / tBuOK / N2 42 14 [54] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʝʥʠʷ 

1 / 1,5 / 1 Re-L-1, 1,5 50Áʉ / ʙʝʟ ʨ-ʣʷ / 24 ʯ / tBuOK / N2 14 9 [55] 

100Áʉ 99 66 

Re-L-2, 1,5  3 2 

100Áʉ 81 54 

Re-L-3, 1,5  0 0 

100Áʉ 63 42 

Re-L-4, 1,5  0 0 

100Áʉ 79 53 

Re-L-5, 1,5 100Áʉ 39 26 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, 100Áʉ 5 0 

1 / 1,5 / 0,5 Re-L-1, 1,5 130Áʉ / ʙʝʟ ʨ-ʣʷ / 2 ʯ / tBuOK / N2 5 3 

24 ʯ 15 10 

Re-L-3, 1,5  5 3 

24 ʯ 15 10 

Re-L-4, 1,5  5 3 

24 ʯ 11 7 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʠ ʨʫʪʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Fe ʠ Ru ʩ TON Ò 100. 
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ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʟʘʛʨʫʟʢʘ 

ʧʦ ʤʝʪʘʣʣʫ, (ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) / ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ 

ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-ʙʝʥʟʠʣ-

ʘʥʠʣʠʥʘ (ʧʦ ɻʍ ʠʣʠ 1ʅ 

ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

1 / 2 / 0,5 Fe-L-1, 0,5 140Áʉ / ʢʩʠʣʦʣ / 24 ʯ / KOH / Ar 31 62 [56] 

1 / 2 / 0,3 Fe-M-2, 4 135Áʉ / ʙʝʟ ʨ-ʣʷ / 24 ʯ / KOH / Ar 29 7 [57] 

1 / 1,2 / 1,2 Fe-L-2, 3 80Áʉ / PhMe / 18 ʯ / L3 (3,6) / tBuOK / N2 20 7 [54] 

Fe, 3 L3 (1,2) 5 2 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ 

1 / 2 / 4 Ru-M-1, 0,45 150Áʉ / ʊɻʌ / 48 ʯ / tBuOK / ʚʦʟʜʫʭ 39 87 [58] 

1 / 1,1 / 0 Ru-L-1, 1 70Áʉ / ʊɻʌ / 8 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʘʪʤʦʩʬʝʨʘ ʥʝ ʫʢʘʟʘʥʘ 83 83 [59] 

1 / 1,5 / 1,5 Ru-L-2, 1 120Áʉ / ʙʝʟ ʨ-ʣʷ / 20 ʯ / tBuOK / ʚʦʟʜʫʭ 40 40 [53] 

Ru-L-3, 1 67 67 

Ru-L-4, 1 67 67 

Ru-L-5, 1 58 58 

1 / 1 / 1 Ru-L-6, 2 110Áʉ / ʙʝʟ ʨ-ʣʷ / 6 ʯ / KOH / ʘʪʤʦʩʬʝʨʘ ʥʝ ʫʢʘʟʘʥʘ 25 13 [60] 

Ru-L-7, 2 68 34 

Ru-L-8, 0,5 0 0 

Ru-L-8, 1 42 42 
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Ru-L-8, 1,5 71 47 

Ru-L-8, 2 99 50 

PhMe 40 20 

140Áʉ / ɼʄʌɸ 48 24 

100Áʉ / H2O 0 0 

70Áʉ / MeCN 0 0 

40Áʉ / ɼʍʄ 0 0 

70Áʉ / ʊɻʌ 0 0 

NaOH 66 33 

Na2CO3 68 34 

K2CO3 54 27 

Cs2CO3 56 28 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 

Ru-L-9, 0,5  0 0 [61] 

Ru-L-9, 1 38 38 

Ru-L-9, 1,5 65 43 

Ru-L-9, 2 96 48 

PhMe 42 21 

140Áʉ / ɼʄʌɸ 46 23 

100Áʉ / H2O 0 0 

70Áʉ / MeCN 0 0 

40Áʉ / ɼʍʄ 0 0 

70Áʉ / ʊɻʌ 0 0 

NaOH 62 31 

Na2CO3 64 32 
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K2CO3 51 26 

Cs2CO3 55 28 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

Ru-L-10, 2  25 13 

1 / 1 / 0,01 Ru-L-11, 2,5 120Áʉ / ʊɻʌ / 24 ʯ / tBuOK / ʠʥʝʨʪʥʘʷ 54 22 [62] 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʠ ʠʨʠʜʠʷ 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Co ʠ Ir ʩ TON Ò 100. 
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ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, 

ʟʘʛʨʫʟʢʘ ʧʦ 

ʤʝʪʘʣʣʫ, 

(ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ (ʤʦʣʴʥ.%) / 

ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ 

ʫʢʘʟʘʥʳ ʚ ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ (ʧʦ ɻʍ 

ʠʣʠ 1ʅ ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ 

1 / 2 / 1 Co-L-1, 0,86 140Áʉ / PhMe / 24 ʯ / L4 (300) / tBuOK / Ar 40 47 [63] 

1 / 1,2 / 0,5 Co-L-2, 2 120Áʉ / PhMe / 12 ʯ / tBuOK / Ar 83 42 [64] 

1 / 1 / 0 Co-L-3, 10 120Áʉ / ʢʩʠʣʦʣ / 12 ʯ / tBuOK / L5 (5), L9 (30) / N2 1 0 [65] 

Co-L-4, 10  1 0 

Co-L-5, 10 1 0 

Co-L-6, 10 1 0 

Co-L-7, 10 70 7 

L5 (5) 30 3 

L5 (5), L6 (30) 43 4 

L5 (5), L7 (30) 36 4 

L5 (5), L8 (30) 1 0 

L5 (5), L9 (30) 1 0 

L9 (30) 1 0 

L10 (5), L9 (30) 7 1 

dppe (5), L9 (30) 11 1 

L11 (5), L9 (30) 11 1 
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PhCl 95 10 

ʙʝʟ ʨ-ʣ ̫ 17 2 

ʛʝʧʪʘʥ 33 3 

PhMe 59 6 

1,4-ʜʠʦʢʩʘʥ 53 5 

ʊɻʌ 9 1 

ɼʍʄ 5 1 

MeCN 19 2 

ɼʄʉʆ 1 0 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 

1 / 1,2 / 1,2 Co-L-8, 3 80Áʉ / PhMe / 18 ʯ / L3 (7,2) / tBuOK / N2 9 3 [54] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ 

1 / 1 / 0,3 Ir -L-1, 1 100Áʉ / ʊɻʌ / 24 ʯ / tBuOK / ʘʪʤʦʩʬʝʨʘ ʥʝ ʫʢʘʟʘʥʘ 90 90 [66] 

Ir -L-2, 1  53 53 

1 / 1,5 / 1,5 Ir -L-3, 1 120Áʉ / ʙʝʟ ʨ-ʣʷ / 20 ʯ / tBuOK / ʚʦʟʜʫʭ 55 55 [53] 

Ir -L-4, 1 72 72 

Ir -L-5, 1 62 62 

Ir -L-6, 1 64 64 

Ir -L-7, 1% 22 22 

Ir -L-7, 1% L12 (1%) 42 42 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʧʘʣʣʘʜʠʷ 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Ni ʠ Pd ʩ TON Ò 100. 
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ʊʘʙʣʠʮʘ 5. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʧʘʣʣʘʜʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100. 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʟʘʛʨʫʟʢʘ 

ʧʦ ʤʝʪʘʣʣʫ, 

(ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) / ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ 

ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ (ʧʦ ɻʍ 

ʠʣʠ 1ʅ ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

1 / 2 / 0,25 Ni-L-1, 1 130Áʉ / ʙʝʟ ʨ-ʣʷ / 15 ʯ / tBuOK / L13 (2,2) / N2 23 23 [46] 

1 / 2 / 0 ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

1 / 2 / 0,5  51 51 

1 / 2 / 1,5 90 90 

1 / 1 / 1 72 72 

1 / 1,5 / 1 89 89 

1,5 / 1 / 1 71 71 

2 / 1 / 1 73 73 

1 / 2 / 1 95 95 

L14 (2,2) 83 83 

L15 (2,2) 78 78 

ʙʝʟ ʣʠʛʘʥʜʘ 0 0 

L16 (2,2) 82 82 

L17 (2,2) 74 74 

L18 (2,2) 5 5 

L19 (2,2) 5 5 
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L20 (2,2) 5 5 

L21 (2,2) 5 5 

L22 (2,2) 5 5 

L23 (2,2) 26 26 

L4 (2,2) 34 34 

3 ʯ 22 22 

6 ʯ 49 49 

12 ʯ 80 80 

24 ʯ 95 95 

ʚʦʟʜʫʭ 48 48 

ʘʪʤʦʩʬʝʨʘ ʢʠʩʣʦʨʦʜʘ 0 0 

Ni-L-2, 1  12 12 

Ni-L-3, 1 31 31 

Ni-L-4, 1 10 10 

Ni-L-5, 1 8 8 

Ni-L-6, 1 31 31 

Ni-L-7, 1 20 20 

Ni-L-8, 1 21 21 

Ni-L-9, 1 22 22 

Ni-L-10, 1 23 23 

Ni-L-11, 1 32 32 

Ni-L-12, 1 10 10 

Ni-L-13, 1 24 24 

Ni-L-14, 1 21 21 

Ni-L-15, 1 12 12 
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Ni-L-16, 1 28  

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ 

3 / 1 / 0,2 Pd-M-1, 1 100Áʉ / ʙʝʟ ʨ-ʣʷ / 16 ʯ / LiOH / ʙʝʟ ʜʦʙʘʚʢʠ / N2 44 44 [47] 

L24 (1) 5 5 

dppe (1) 66 66 

dppp (1) 0 0 

dtbpf  (1) 2 2 

L25 (1) 15 15 

L26 (1) 19 19 

L27 (1) 1 1 

L28 (1) 90 90 

L29 (1) 1 1 

L30 (1) 1 1 

L11 (1) 45 45 

L31 (1) 0 0 

L32 (1) 75 75 

L33 (1) 18 18 

L34 (1) 63 63 

L4 (1) 3 3 

L23 (1) 36 36 

L35 (1) 60 60 

L36 (1) 41 41 

L37 (1) 40 40 

L38 (1) 56 56 
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L39 (1) 90 90 

11 ʯ 33 33 

11 ʯ / L24 5 5 

11 ʯ / L28 (1) 66 66 

11 ʯ / L41 (1) 81 81 

1 / 2 / 0,05 Pd-L-1, 1,5 130Áʉ / PhMe / 20 ʯ / tBuOK / MS 3¡ / N2 88 59 [67] 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ 

 

ʈʠʩʫʥʦʢ 6. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Cr, Cu ʠ Zn.  
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ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʟʘʛʨʫʟʢʘ 

ʧʦ ʤʝʪʘʣʣʫ, 

(ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) / ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ 

ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ (ʧʦ ɻʍ 

ʠʣʠ 1ʅ ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ 

1 / 1,2 / 1,2 Cr-L-1, 3 80Áʉ / PhMe / 18 ʯ / L3 (7,2) / tBuOK / N2 5 2 [54] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

1 / 1 / 0 Cu-L-1, 0,5 25Áʉ / ɼʍʄ / 3 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / TEMPO (2) / ʚʦʟʜʫʭ / 12 ɺʪ 

ʙʝʣʳʡ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʡ ʜʠʦʜ 

0 0 [68] 

MeCN 0 0 

Cu-L-2, 1  70 70 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ 

1 / 1,2 / 1 Zn-L-1, 15 140Áʉ / PhMe / 36 ʯ / tBuOK / Ar 6 0 [45] 

1 / 1,2 / 0,5 Zn-L-1, 3 120Áʉ / PhMe / 16 ʯ / tBuOK / Ar 0 0 

L40 (3) 42 14 

Zn-L-2, 3  0 0 

Zn, 3 0 0 

Zn-L-3, 3 67 22 

Zn-L-4, 3 78 26 

ʊɻʌ 62 21 

ʢʩʠʣʦʣ 77 26 
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MeCN 20 7 

MeOH 18 6 

tBuONa 76 25 

KOH 8 3 

NaOH 9 3 

K3PO4 0 0 

ʘʪʤʦʩʬʝʨʘ O2 47 16 

110Áʉ 58 19 

140Áʉ 76 25 

24 ʯ 75 25 

12 ʯ 71 24 

 ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 

L41, 3 ʙʝʟ ʮʠʥʢʘ 32 - 

L40, 3 33 - 

Zn-L-4, 2  68 34 

1 / 1,2 / 0,3 Zn-L-4, 3 69 23 

1 / 1,2 / 0,7 78 26 

1 / 2 / 0,3 Zn-L-5, 5 120Áʉ / PhMe / 12 ʯ / KOH / Ar 12 2 [69] 
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ɿʘ ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʦʙʟʦʨʘ ʚʨʝʤʷ ʚ ʧʝʯʘʪʴ ʚʳʰʣʠ 24 

ʥʦʚʳʭ ʨʘʙʦʪ,r ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʘʢʮʠʠ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. 

ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʨʘʙʦʪ (11) ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʘʤ ʨʫʪʝʥʠʷ, ʘ ʩʦʝʜʠʥʝʥʠʷʤ 

ʚʩʝʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï 70% ʧʫʙʣʠʢʘʮʠʡ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʠʨʠʜʠʷ ʠ ʧʘʣʣʘʜʠʷ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʠʛʥʫʪʴ 

ʥʝ ʫʜʘʣʦʩʴ. ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ NHC ʠ ʧʠʥʮʝʨʥʳʝ ʣʠʛʘʥʜʳ. TON ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ Ru, Ir, Pd, ʤʷʛʢʦʩʪʴ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ, ʘʪʤʦʩʬʝʨʘ) ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʦʚʳʝ ʜʣʷ ʦʧʠʩʘʥʥʳʭ 

ʨʘʥʝʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 3d-ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ Fe, Cu, Re, Zn-

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ Mn ʠ Co. 

ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʢʘʢ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ (Fe, Re, Zn, Mn), ʪʘʢ ʠ ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ (Cu, Co). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu ʠ Co 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ. ʈʝʘʢʮʠʷ ʠʜʸʪ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʦʟʜʫʭʝ, ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʤʠ ʜʠʦʜʘʤʠ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ TEMPO. ʍʦʪʷ ʟʥʘʯʝʥʠʝ TON 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʚʝʣʠʢʦ, ʵʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʛʦʤʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʨʝʘʢʮʠʠ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʂʣʘʩʩʠʯʝʩʢʠʡ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʘʣʠʟ ʥʘ ʤʝʜʠ ʥʝ ʧʦʟʚʦʣʷʣ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʥʠʞʝ 

80Áʉ. 
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ɼʨʫʛʠʤ ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʚʝʜʝʥʠʶ ʦʙʩʫʞʜʘʝʤʦʡ ʨʝʘʢʮʠʠ, ʩʪʘʣʦ 

ʧʨʠʤʝʥʝʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚʤʝʩʪʦ ʦʩʥʦʚʘʥʠʷ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ Co-

ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ 

ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʩʦʩʪʘʚʠʣ ʜʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ (70% ʧʨʦʪʠʚ 30% ʙʝʟ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ). 
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ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

TON>500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ 

ʕʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʙʝʥʟʠʣʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ ʷʚʣʷʶʪʩʷ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʝ ʚ ʮʝʦʣʠʪ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ [70]. ɺʘʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶɦ ʠʤʠ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʢʘʟʘʣʠʩʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠ ̫ʚ ʩʦʩʪʘʚʝ ʮʝʦʣʠʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ. 0,01 

ʄʦʣʴʥ.% ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩ 

ʚʳʭʦʜʦʤ 63% ʟʘ 5 ʯʘʩʦʚ ʧʨʠ 180Áʉ (TON = 6180; ʉʭʝʤʘ 24). ɸʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʭʨʘʥʷʣʘʩʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 ʮʠʢʣʦʚ. ɸʚʪʦʨʳ 

ʪʘʢʞʝ ʩʦʦʙʱʘʶʪ ʦ ʚʳʩʦʢʦʤ ʧʘʨʘʤʝʪʨʝ TOF = 3390 ʯ-1 ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʚ ʭʦʜʝ 25 ʤʠʥʫʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʚʣʘʞʥʳʤ ʥʘʥʝʩʝʥʠʝʤ ʧʣʘʪʠʥʳ ʥʘ ʟʘʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʮʝʦʣʠʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʣ ʵʬʬʝʢʪʠʚʥʦ 

ʙʝʥʟʠʣʠʨʦʚʘʪʴ ʘʥʠʣʠʥ. ʋʤʝʨʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʠ ʧʣʘʪʠʥʘ, ʥʘʥʝʩʸʥʥʘʷ 

ʥʘ Al 2O3 ʠ ʜʘʞʝ ʩʘʤ ʮʝʦʣʠʪ ʙʝʟ ʧʣʘʪʠʥʳ. ʇʣʘʪʠʥʘ ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʧʦʜʣʦʞʢʝ ʥʝ 

ʢʘʪʘʣʠʟʠʨʦʚʘʣʘ ʨʝʘʢʮʠʶ (ʊʘʙʣʠʮʘ 7). 

 
ʉʭʝʤʘ 24. ʈʝʘʢʮʠʷ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pt@Beta(8.4). 

ʊʘʙʣʠʮʘ 7. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Pt@Beta(8.4) ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

 

ʂʘʪʘʣʠʟʘʪʦʨ ɺʳʭʦʜ, % TON 

Pt@Beta(8.4) 93 2010 

Pt/Beta(8.4) 57 930 

Beta(8.4) 39 - 
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Pt/Al 2O3 13 260 

Pt/C <0,5 3 

 

  



 

61 

 

100<TON<500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ 

ʇʦʣʠʤʝʨ ʩ 2-(2-ʧʠʨʠʜʠʣ)ʙʝʥʟʦʪʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʢʘʟʘʣʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʣʦʞʢʦʡ ʜʣʷ ʥʘʥʝʩʝʥʠʷ Cp*Ir. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʣ 

ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ [71] 

(ʉʭʝʤʘ 25). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ KOH ʠ ʊɹɸɹ. ɺʳʙʦʨ KOH 

ʟʜʝʩʴ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʜʥʘʢʦ 

ʜʨʫʛʠʝ ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʣʢʦʛʦʣʷʪʳ ʠʣʠ ʢʘʨʙʦʥʘʪ ʮʝʟʠʷ, ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ. ʂʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ: ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʥʘ 

ʚʪʦʨʦʤ ʮʠʢʣʝ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 
ʉʭʝʤʘ 25. ɸʢʪʠʚʥʦʩʪʴ POP-MBTS-Ir  ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

ʆʜʥʦʘʪʦʤʥʳʡ ʞʝʣʝʟʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʜʦʧʠʨʦʚʘʥʥʦʛʦ 

ʘʟʦʪʦʤ ʠ ʩʝʨʦʡ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʝʥ ʧʠʨʦʣʠʟʦʤ ʧʦʢʨʳʪʦʛʦ ʧʦʣʠʘʥʠʣʠʥʦʤ 

ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ZIF ʥʘ ʦʩʥʦʚʝ Zn, Fe ʠ 2-ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ (ʊʘʙʣʠʮʘ 8).[57] 

ɸʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ Fe-

ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ (Fe2O3 ʠ ʧʦʣʫʯʝʥʥʳʡ ʧʠʨʦʣʠʟʦʤ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʣʠʛʥʠʥʘ, ʩʦʣʝʡ ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ Fe@C). ʅʝ ʩʦʜʝʨʞʘʱʘʷ ʞʝʣʝʟʘ ʧʦʜʣʦʞʢʘ NC, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʠʨʦʣʠʟʝ ZIF-8, ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ. ʆʜʥʘʢʦ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. ʇʨʠ ʧʦʚʪʦʨʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷʭ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝʦʙʨʘʪʠʤʦ, ʭʦʪʴ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʝʨʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ. 
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ʊʘʙʣʠʮʘ 8. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Fe20-SA@NSC ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

 

ʂʘʪʘʣʠʟʘʪʦʨ ʂʦʣʠʯʝʩʪʚʦ [Fe], ʤʦʣʴʥ.% ɺʳʭʦʜ, % TON 

Fe20-SA@NSC 0,3 94 313 

Fe@C 0,3 40 133 

Fe2O3 (ʥʘʥʦʯʘʩʪʠʮʳ) 4 22 6 

NC 0 32 - 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 0 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ 

ɻʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʫʭʠʭ 

ʩʦʩʥʦʚʳʭ ʠʛʣ ʨʘʩʪʚʦʨʦʤ RuCl3ĿxH2O ʚ ʵʪʘʥʦʣʝ [58]. ʀʛʣʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʠ 

ʧʦʜʚʝʨʛʥʫʪʳ ʧʠʨʦʣʠʟʫ. ʄʘʪʝʨʠʘʣ Ru/PNC-700 ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʘʤʠʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

Ru/C, RuCl3ĿxH2O (ʊʘʙʣʠʮʘ 9). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʣʘ ʥʘ ʚʦʟʜʫʭʝ, 

ʦʜʥʘʢʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʫʪʝʥʠʷ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʊʘʙʣʠʮʘ 9. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Ru/PNC-700 ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

 

ʂʘʪʘʣʠʟʘʪʦʨ ɺʳʭʦʜ, % TON 

Ru/PNC-700 98 218 

RuCl3ĿxH2O 39 87 

Ru/C 29 64 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

ʅʘʥʝʩʸʥʥʘʷ ʥʘ ʦʢʩʠʜ ʮʝʨʠʷ ʤʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʘʥʠʣʠʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ [72] (ʉʭʝʤʘ 26). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

160Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʦʢʩʠʜʘ ʮʝʨʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣ ʢʘʪʘʣʠʟʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ 

ʦʢʩʠʜʘ ʮʝʨʠʷ ʠʤʝʣʠ ʧʦʣʠʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʢʫʙʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ CeO2 ʙʳʣ ʠʥʝʨʪʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʤʝʜʠ, ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢ ʞʝ 

ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. 

 
ʉʭʝʤʘ 26. ɸʢʪʠʚʥʦʩʪʴ Cu/CeO2-P ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ 

ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʩʠʣʠʢʘʛʝʣʴ ʩʦʣʠ ʢʦʙʘʣʴʪʘ ʠ ʨʘʟʣʠʯʥʳʭ 

ʣʠʛʘʥʜʦʚ ʧʦʣʫʯʝʥʘ ʛʨʫʧʧʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [63] (ʉʭʝʤʘ 27). 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʣ TON = 115 ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʪʝʨʷʣ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ 8 ʧʦʚʪʦʨʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʡ. ʅʝ ʩʦʜʝʨʞʘʱʠʝ Co ʤʘʪʝʨʠʘʣʳ 

ʩʧʦʩʦʙʥʳ ʩ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ. ʆʜʥʘʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʩʥʠʞʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʂʦʥʚʝʨʩʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ 

ʫʭʫʜʰʘʶʪʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʛʘʥʜ 

ʠʣʠ ʩʠʣʠʢʘʛʝʣʴ. ʈʝʘʢʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʳʙʦʨʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʦʩʥʦʚʘʥʠʷ. ʊʘʢ, ʫʤʝʥʴʰʝʥʠʝ ʟʘʛʨʫʟʢʠ tBuOK ʚʜʚʦʝ ʧʨʠʚʝʣʦ ʢ ʜʚʫʢʨʘʪʥʦʤʫ 

ʧʘʜʝʥʠʶ ʚʳʭʦʜʘ. ɼʨʫʛʠʝ ʦʩʥʦʚʘʥʠʷ ʢʘʣʠʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʦʩʥʦʚʘʥʠʷ ʮʝʟʠʷ, 

ʩʥʠʞʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. ɿʘʤʝʥʘ ʪʦʣʫʦʣʘ ʥʘ ʊɻʌ, ʢʩʠʣʦʣʳ, 1,4-ʜʠʦʢʩʘʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʚʝʨʩʠʠ ʘʥʠʣʠʥʘ, ʦʜʥʘʢʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʧʘʜʘʝʪ. ʅʝʦʞʠʜʘʥʥʦ, ʞʝʣʘʝʤʳʡ N-ʙʝʥʟʠʣʘʥʠʣʠʥ 

ʦʙʨʘʟʫʝʪʩʷ ʜʘʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʭʦʪʷ ʚʳʭʦʜ ʩʥʠʞʘʝʪʩʷ 

ʚʜʚʦʝ. 
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ʉʭʝʤʘ 27. ɸʢʪʠʚʥʦʩʪʴ Co@NC-800-L1 ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʘʣʳʚʘʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʣʴʥʠʮʝ 

(ball milling) ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʮʠʥʢʘ, 2-ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ, ʚʦʜʥʦʛʦ ʘʤʤʠʘʢʘ ʠ 

ʪʠʦʤʦʯʝʚʠʥʳ ʚ ʵʪʘʥʦʣʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʦʣʠʪ-ʠʤʠʜʘʟʦʣʴʥʦʡ ʢʘʨʢʘʩʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (ZIF) [69]. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʘʷ ZIF ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʧʠʨʦʣʠʟʫ. ɸʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ ʧʦ ʤʘʪʝʨʠʘʣʫ ʚ 

ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ. ɼʘʥʥʳʡ ʦʜʥʦʘʪʦʤʥʳʡ ʮʠʥʢʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʦʢʘʟʘʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ (ʉʭʝʤʘ 28). ʇʨʠ 120Áʉ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 30 ʤʦʣʴʥ.% KOH TON ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʩʪʠʛʘʣ 100. ɼʦʙʘʚʣʝʥʠʝ 

ʦʩʥʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʯʸʤ 

ʙʫʪʦʢʩʠʜ ʢʘʣʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʄʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʫ ZIF, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ Zn (ʥʘʥʦʯʘʩʪʠʮʳ), ZnO, Zn(NO3)2Ŀ6H2O ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 
ʉʭʝʤʘ 28. ɸʢʪʠʚʥʦʩʪʴ CNS@Zn1-AA  ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 
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ʊʘʙʣʠʮʘ 10. ʉʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʥʠʣʠʥʘ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ c TON < 100. 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥ/ʩʧʠʨʪ/ 

ʦʩʥʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ, ʟʘʛʨʫʟʢʘ ʧʦ 

ʤʝʪʘʣʣʫ, (ʤʦʣʴʥ.%) 

(ʊ, Áʉ / ʈ-ʣʴ / ɺʨʝʤʷ, ʯ / ʆʩʥʦʚʘʥʠʝ / ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) / ʘʪʤʦʩʬʝʨʘ ʅʘ ʩʝʨʦʤ ʬʦʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʙʱʠʤʠ, ʤʝʥʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʘʥʳ ʚ 

ʩʪʨʦʢʘʭ ʥʠʞʝ 

ɺʳʭʦʜ, N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ (ʧʦ 

ɻʍ ʠʣʠ 1ʅ ʗʄʈ), % 

TON ʉʩʳʣʢʘ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1 / 2 / 0 GIrNC , 1 110Áʉ / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʥʝ 

ʫʢʘʟʘʥʘ 

99 99 [73] 

1 / 2 / 4 Pt/C, 1,02 130Áʉ / ʊɻʌ / 48 ʯ / tBuOK / ʥʝ ʫʢʘʟʘʥʘ 94 92 [74] 

1 / 1 / 0 Au/TiO 2, 0,9 180Áʉ / tAmylOH / 0,5 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / 15 ʘʪʤ N2 77 86 [75] 

Au/ɔ-Al 2O3, 0,9 

 

80 89 

Au/Ŭ-Al 2O3, 0,9 1 1 

Au/C, 0,9 0 0 

Au/HFeO2, 0,9 32 36 

Au/CeO2, 0,9 40 44 

1 / 1 / 0 (Cp* Ir (NHC)Cl2)/ʧʦʣʠʤʝʨ, 

1,4 

80Áʉ / CF3CH2OH / 100 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʥʝ ʫʢʘʟʘʥʘ 41 29 [76] 

1 / 1,5 / 2 Ru(OH)x/Al 2O3@PVP-SiO2, 4 135Áʉ / ʤʝʟʠʪʠʣʝʥ / 18 ʯ / tBuOK / Ar 82 21 [77] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1 / 2 / 0,5 Ni2Fe2@CN, 1,5 140Áʉ / ʦ-ʢʩʠʣʦʣ / 24 ʯ / KOH / Ar 99 66 [56] 

K2CO3 3 2 
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Cs2CO3 9 6 

K3PO4 15 10 

MeOK 87 58 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

ɼʄʉʆ 0 0 

ɼʄʌɸ 0 0 

MeCN 69 46 

1,4-ʜʠʦʢʩʘʥ 14 9 

H2O 0 0 

PhMe 31 21 

ʊɻʌ 0 0 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 87 58 

130Áʉ 88 58 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 

Fe@CN, 1,2  51 43 

1 / 1 / 0 Ni@SBA, 3 120Áʉ / PhMe / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / N2 49 16 [78] 

Ni/Ru@SBA, 3 93 31 

ʢʩʠʣʦʣ 73 24 

ʛʝʧʪʘʥ 75 25 

AcOH 62 21 

1 / 2 / 0 WO3/ZrO 2, 4,3 140Áʉ / ʦʢʪʘʥ / 4 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʚʦʟʜʫʭ 62 14 [79] 

1 / 4 / 1 Bpy-UiO-Ni, 8 140Áʉ / PhMe / 48 ʯ / tBuOK / N2 69 9 [80] 

tBuONa 0 0 

CsOH 10 1 

KOH 30 4 
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1 / 4 / 0 ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

1 / 4 / 1,3  100 13 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 30 - 

ʚʦʟʜʫʭ 0 0 

1 / 4 / 1,5  59 7 

1 / 2 / 1,06 Cu1/NPC-550, 6,5 140Áʉ / CyH / 12 ʯ / KOH / Ar 82 13 [81] 

Cu2/NPC-550, 13 95 7 

Cu3/NPC-550, 20 88 4 

Cu(NO3)2 0 0 

NPC-550 (ʙʝʟ Cu) 29 - 

ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 17 - 

1 / 2 / 0 ʙʝʟ ʦʩʥʦʚʘʥʠʷ 5 - 

1,2 / 1 / 1 CoFe2O4, 10 130Áʉ / PhMe / 24 ʯ / KOH / Ar 94 9 [82] 

tBuOK 44 4 

K2CO3 0 0 

Na2CO3 2 0 

NaOH 23 2 

Et3N 0 0 

NaHCO3 0 0 

Cs2CO3 0 0 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

1,2 / 1 / 0,5 1,4-ʜʠʦʢʩʘʥ 12 1 

ɼʄʌɸ 0 0 

CHCl3 0 0 

ʤ-ʢʩʠʣʦʣ 18 2 
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ʊɻʌ 0 0 

ɼʄʉʆ 0 0 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 67 7 

1 / 1 / 0 Hf-MOF-808_H2O, 12 

(ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʄʆʂ) 

130Áʉ / ʢʩʠʣʦʣ / 2 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʚʦʟʜʫʭ 85 7 [83] 

ɼʍɹ / 3 ʯ 40 3 

ɼʄʉʆ / 3 ʯ 0 0 

ɼʄʌɸ / 3 ʯ 0 0 

BuOAc / 3 ʯ 0 0 

MeOCH2CH2OH / 3 ʯ 0 0 

Hf-MOF-808_DMF, 12 

(ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʄʆʂ) 

 

17 1 

Hf-UiO-66-NH2_H2O, 12 

(ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʄʆʂ) 

1 0 

Zr -MOF-808_H2O, 12 

(ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

ʄʆʂ) 

83 7 

HfO 2, 12 0 0 

HfCl4, 12 0 0 

HfOCl 2*8H 2O, 12 0 0 

ZrO 2 (ʥʘʥʦʯʘʩʪʠʮʳ) , 12 0 0 

1 / 1 / 0 Cu-BTC, 15 180Áʉ / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 15 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʥʝ 

ʫʢʘʟʘʥʘ 

18 1 [84] 

1 / 1 / 0,4 12 ʯ / Na2CO3 6 0 
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1 / 1 / 0,4 TBD 7 0 

1 / 1 / 0,4 NaHCO3 25 2 

1 / 1 / 1 NaHCO3 9 1 

1 / 1 / 1 ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ / NaHCO3 0 0 

1,2 / 1 / 0,4 TiO 2 (ʩʤʝʩʴ ʥʘʥʦʯʘʩʪʠʮ 

ʨʫʪʠʣʘ ʠ ʘʥʘʪʘʟʘ), 41 

130Áʉ / PhMe / 26 ʯ / KOH / Ar 98 2 [85] 

120Áʉ 80 2 

100Áʉ 3 0 

tBuOK 45 1 

K2CO3 0 0 

NaOH 34 1 

Cs2CO3 0 0 

Et3N 0 0 

DIPEA 0 0 

ʢʩʠʣʦʣ 90 2 

EtOH 22 1 

MeCN 0 0 

ʊɻʌ 1 0 

ɼʄʌɸ 0 0 

1,4-ʜʠʦʢʩʘʥ 0 0 

1,2 / 1 / 0 ʙʝʟ ʦʩʥʦʚʘʥʠʷ 0 0 

1,2 / 1 / 0,4 ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 0 0 

TiO 2 (ʥʘʥʦʯʘʩʪʠʮʳ ʘʥʘʪʘʟʘ), 

41 

 52 1 
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ɻʝʪʝʨʦʛʝʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ 

TON>500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʞʝ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʚʳʰʝ, ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʸʥʥʦʤ ʛʦʤʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ. 

ʄʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʧʨʝʜʣʦʞʝʥ ʦʜʥʦʘʪʦʤʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʘʥʦʧʣʘʩʪʠʥʳ ʥʘ ʦʩʥʦʚʝ ZnIn2S4 ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʠʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ Bi [86] (ʊʘʙʣʠʮʘ 11). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʞʝʣʘʝʤʳʡ ʚʪʦʨʠʯʥʳʡ ʘʤʠʥ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 93% ʟʘ 12 ʯʘʩʦʚ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʥʝʦʙʳʯʥʦ ʜʣʷ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʛʨʫʟʢʘ ʘʥʠʣʠʥʘ (1 ʵʢʚʠʚʘʣʝʥʪ) 

ʩʦʩʪʘʚʣʷʝʪ 0,55 ʤʤʦʣʴ. ʆʜʥʘʢʦ, ʭʦʪʴ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʧʨʠ 

ʢʘʞʜʦʤ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɸʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʚʠʩʤʫʪʘ ʙʳʣʘ ʚʪʨʦʝ ʥʠʞʝ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʠʩʤʫʪʘ ʤʘʪʝʨʠʘʣʳ ʩ ZnIn2S4 ʧʨʦʚʦʜʠʣʠ 

ʨʝʘʢʮʠʶ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʊʘʙʣʠʮʘ 11. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Bi-S3/S-Vs ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

 

ʂʘʪʘʣʠʟʘʪʦʨ ɺʳʭʦʜ, % TON 

Bi-S3/S-Vs 93 1160 

Bi NPs/S-Vs 36 438 

S-Vs 8 - 

ZIS 4 - 
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100<TON<500 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ 

ɸʢʪʠʚʥʳʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʝʥʳ 

ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ 

ʧʦʣʦʩʪʷʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ [87] (ʉʭʝʤʘ 29). ʋʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʝʥʟʦʥʠʪʨʠʣʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʧʘʜʘʣ ʚ 3,5 ʨʘʟ. 

 
ʉʭʝʤʘ 29. ɸʢʪʠʚʥʦʩʪʴ Pd/MIL -101(Fe)-2MI  ʚ ʤʦʜʝʣʴʥʦʡ ʬʦʪʦʨʝʘʢʮʠʠ. 

ʆʜʥʦʘʪʦʤʥʳʡ Pd ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ CdS ʩʧʦʩʦʙʝʥ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ [88] (ʉʭʝʤʘ 30). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʨʘʥʝʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʚʠʩʤʫʪʦʤ, ʧʘʣʣʘʜʠʡ ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʙʣʘʛʦʜʘʨʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ ʁʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʩʝʨʳ. ʇʦʧʳʪʢʘ ʧʝʨʝʡʪʠ ʥʘ ʜʨʫʛʠʝ ʧʦʜʣʦʞʢʠ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ: TiO2, C3N4, WO3, BiVO4, ï ʙʳʣʘ ʥʝʫʜʘʯʥʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠʣʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʥʝ 

ʠʜʸʪ. ʂʘʪʘʣʠʟʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʧʘʣʣʘʜʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ, ʤʝʥʷʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ: ʚʤʝʩʪʦ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʠʤʠʥ (N-ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥ). ʆʧʪʠʤʘʣʴʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʘʮʝʪʦʥʠʪʨʠʣ. ɺ ʮʠʢʣʦʛʝʢʩʘʥʝ ʫʩʢʦʨʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ 

ʩʧʠʨʪʘ ʜʦ ʘʣʴʜʝʛʠʜʘ (ʦʙʨʘʟʫʝʪʩʷ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ), ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʤʠʥʘ ʜʦ ʘʤʠʥʘ. ɺ ʪʦʣʫʦʣʝ ʠʤʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʚ ɼʄʌɸ ʦʥ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʚ. 
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ʉʭʝʤʘ 30. ɸʢʪʠʚʥʦʩʪʴ Pd-M-1 ʚ ʤʦʜʝʣʴʥʦʡ ʬʦʪʦʨʝʘʢʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ TiO2 ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 

VIII , IX, X, XI  ʛʨʫʧʧ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Os, Ir), [89] (ʊʘʙʣʠʮʘ 12). ʉʘʤ TiO2 ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʤ ʜʠʦʜʦʤ (365 ʥʤ, 14 ɺʪ/ʩʤ2) ʙʳʣ 

ʤʘʣʦʘʢʪʠʚʝʥ. ʆʜʥʘʢʦ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ ʜʦʩʪʠʛʘʣ ʧʦʢʘʟʘʪʝʣʷ TON 

= 170 ʟʘ 4 ʯʘʩʘ. ɿʘʤʝʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴ ʁ ʦʙʣʘʜʘʣ ʞʝʣʝʟʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʟʜʥʠʤʠ ʤʝʪʘʣʣʘʤʠ XI ʛʨʫʧʧʳ. ɸʢʪʠʚʥʦʩʪʴ Fe/TiO2 ʦʩʪʘʚʘʣʘʩʴ 

ʥʝʠʟʤʝʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 8 ʮʠʢʣʦʚ. ɼʣʷ ʤʝʪʘʣʣʦʚ VIII , IX, X ʘʢʪʠʚʥʦʩʪʴ ʧʘʜʘʣʘ 

ʚ ʨʷʜʫ 3d ï 4d ï 5d-ʵʣʝʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩ 

ʤʠʢʨʦʤʦʣʷʨʥʳʤʠ (1 ʵʢʚ. ï 20 Õʤʦʣʴ) ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. 

ʊʘʙʣʠʮʘ 12. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ TiO2. 

 
ʂʘʪʘʣʠʟʘʪʦʨ ʟʘʛʨʫʟʢʘ ʤʝʪʘʣʣʘ, ʤʦʣʴʥ.% ɺʳʭʦʜ, % TON 

TiO 2 630 20 0 

Fe/TiO 2 1,7 85 50 

Ru/TiO2 4,9 0 0 

Co/TiO 2 0,03 5 167 

Rh/TiO2 4 0 0 

Ni/TiO2 0,03 0 0 

Pd/TiO 2 4,3 46 11 

Pt/TiO 2 3 10 3 

Cu/TiO2 1,3 12 9 

Ag/TiO 2 2,2 56 25 

Au/TiO2 2,2 51 23 
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ʇʦ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʙʝʥʟʠʣʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ ʦʧʫʙʣʠʢʦʚʘʥʦ 

25 ʨʘʙʦʪ, ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʦʙʟʦʨ 2022 ʛʦʜʘ. ʀʟ ʥʠʭ ʪʦʣʴʢʦ 40% ʧʦʩʚʷʱʝʥʳ 

ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʘ, ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʩʠʣʠʢʘʛʝʣʷ ʠʣʠ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ. 

ɺʳʩʦʢʦʘʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʝʩʸʥʥʦʡ ʥʘ ʮʝʦʣʠʪ 

ʧʣʘʪʠʥʳ Pt@Beta(8.4) (TON = 6180). ɺ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢ ʤʘʪʝʨʠʘʣʘʤ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ. ʀʣʣʶʩʪʨʘʮʠʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʘʪʦʤʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʣʫʞʠʪ Fe20-SA@NSC, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ TON = 310 

ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ (135Áʉ, Ar, 30% 

KOH) ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 

ʀʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʨʠʜʠʷ ʥʘ ʙʝʥʟʦʪʠʘʟʦʣ-

ʩʦʜʝʨʞʘʱʠʡ ʧʦʣʠʤʝʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʪʘʢʦʡ ʧʦʣʠʤʝʨ ʧʦʟʚʦʣʠʣ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʚʦʜʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʦʪʣʠʯʘʣʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ: ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʣʦ 

ʚʳʤʳʚʘʥʠʝ ʠʨʠʜʠʷ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʦʩʥʦʚʘʥʠʷ ʠ ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ. 

ʏʘʩʪʴ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʢʘʪʘʣʠʟʘ. 

ʍʦʪʷ ʩʘʤʦʝ ʨʘʥʥʝʝ ʩʦʦʙʱʝʥʠʝ ʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ, ʢʦʪʦʨʦʝ ʥʘʤ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʪʥʦʩʠʪʩʷ ʢ 2020 ʛʦʜʫ 

[87], ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʭʦʞʝ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪʩʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ 4 ʧʫʙʣʠʢʘʮʠʠ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʩʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʨʝʘʢʮʠʶ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʜʚʫʭ ʠʟ ʯʝʪʳʨʸʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʨʘʙʦʪ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʥʦʚʘʥʠʝ. 



 

74 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʘʪʦʤʥʦʛʦ Bi-ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (TON = 1160), ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 80 ʤʦʣʴʥ.% 

ʦʩʥʦʚʘʥʠ.̫ ʀʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ TiO2 (TON = 167 ʜʣʷ Co/TiO2 ʧʨʠ ʦʙʣʫʯʝʥʠʠ 14 ɺʪ/ʩʤ2), 

ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʦʙʱʠʝ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʛʨʘʥʠʯʝʥʠʷ: ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ, ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʩ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ (ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʛʨʫʟʢʠ 20 Õʤʦʣʴ ï 1 ʵʢʚʠʚʘʣʝʥʪ). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ N-

ʥʫʢʣʝʦʬʠʣʦʚ 

ʇʦʤʠʤʦ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʘʥʠʣʠʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʩʦ ʩʧʠʨʪʘʤʠ ʪʘʢʞʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩʫʣʴʬʘʤʠʜʳ, ʩʫʣʴʬʠʥʘʤʠʜʳ, ʙʝʥʟʘʤʠʜʳ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʠʥʮʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ ʩ ONO-ʣʠʛʘʥʜʦʤ (ʈʠʩʫʥʦʢ 7) ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩ ʙʝʥʟʘʤʠʜʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 110Áʉ ʚ ʪʦʣʫʦʣʝ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ. ʂʠʧʷʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʜʨʫʛʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʢʩʠʣʦʣʝ, ʙʝʥʟʦʣʝ, 1,4-ʜʠʦʢʩʘʥʝ, ʊɻʌ, tBuOH, EtOH, ɼʄʌɸ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʝʘʢʮʠʷ ʚ ʢʩʠʣʦʣʝ ʧʨʦʭʦʜʠʪ ʩ ʪʝʤ 

ʞʝ ʚʳʭʦʜʦʤ, ʯʪʦ ʠ ʚ ʪʦʣʫʦʣʝ, ʦʜʥʘʢʦ ʧʨʠ ʨʝʘʢʮʠʠ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚʳʭʦʜ 

ʩʥʠʞʘʝʪʩʷ ʚ 1,3 ï 4 ʨʘʟʘ. ʊʘʢ, ʨʝʘʢʮʠʷ ʚ ʊɻʌ (ʪ.ʢʠʧ. 66Áʉ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʣʫʪʦʨʘ ʢʨʘʪʥʳʤ ʧʘʜʝʥʠʝʤ ʚʳʭʦʜʘ. ɹʝʟ ʦʩʥʦʚʘʥʠʷ ʨʝʘʢʮʠʷ ʥʝ ʟʘʧʫʩʢʘʝʪʩʷ, ʥʦ 

ʫʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Et3N ʦʙʨʘʟʫʝʪʩʷ 19% ʧʨʦʜʫʢʪʘ. ɼʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʘʣʣʘʜʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ Pd(PPh3)2Cl2 ʠ Pd-L-1 ʪʦʞʝ ʘʢʪʠʚʥʳ ʚ ʨʝʘʢʮʠʠ, ʚʳʭʦʜ 

ʘʤʠʥʘ ʩʦʩʪʘʚʠʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 34 ʠ 33%. 

 
ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʘ Pd-M-2. 
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ʉʭʝʤʘ 31. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʘʤʠʜʦʚ ʠ ʩʫʣʴʬʘʤʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pd-M-2. 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʫʛ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚʢʣʶʯʘʝʪ, ʧʦʤʠʤʦ 

ʙʝʥʟʘʤʠʜʦʚ, ʪʘʢʞʝ ʩʫʣʴʬʘʤʠʜʳ. ɹʝʥʟʠʣʠʨʦʚʘʥʥʳʝ ʘʤʠʜʳ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ. ʂʘʢ ʙʝʥʟʘʤʠʜʳ, ʪʘʢ ʠ ʩʫʣʴʬʘʤʠʜʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʝʪʘʨʠʣʤʝʪʘʥʦʣʘʤʠ. 
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ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʡ ʩʧʠʨʪʦʚ ʩ N-ʥʫʢʣʝʦʬʠʣʘʤʠ, ʨʘʥʝʝ 

ʥʝ ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʚ ʦʙʟʦʨʝ. 

 
ʈʠʩʫʥʦʢ 8. ɻʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʡ ʩʧʠʨʪʦʚ ʩ N-ʥʫʢʣʝʦʬʠʣʘʤʠ ʥʘ ʦʩʥʦʚʝ Ru 

ʠ Ir. 

ɼʦʙʘʚʢʠ ʜʣʷ ʨʝʘʢʮʠʡ ʩʧʠʨʪʦʚ ʩ N-ʥʫʢʣʝʦʬʠʣʘʤʠ, ʨʘʥʝʝ ʥʝ 

ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʚ ʦʙʟʦʨʝ. 

 
ʈʠʩʫʥʦʢ 9. ɼʦʙʘʚʢʠ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʨʪʦʚ ʩ N-

ʥʫʢʣʝʦʬʠʣʘʤʠ.  
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ʊʘʙʣʠʮʘ 13. ʊʠʧʳ ʨʝʘʢʮʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩʦ ʩʧʠʨʪʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ 

ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʊʠʧ ʨʝʘʢʮʠʠ ʈʝʘʢʮʠʷ 

1 
 

2 
 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

11 

 

 



 

78 

 

ʊʘʙʣʠʮʘ 14. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ TON < 100 ʜʣʷ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʥʝʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʘʭ. 

ʊʠʧ 

ʨʝʘʢʮʠ

ʠ 

FG ʚ ʘʤʠʥʝ 

ʠ ʩʧʠʨʪʝ 

ʉʧʠʨʪʳ ʂʘʪʘʣʠʟʘʪʦʨ, 

ʤʦʣʴʥ.% ʤʝʪʘʣʣʘ 

(ʠʣʠ ʘʢʪʠʚʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪ

ʦʨʘ) 

ʈʠʩʫʥʦʢ, 

ʩʭʝʤʘ ʠʣʠ 

ʪʘʙʣʠʮʘ, ʥʘ 

ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʘ 

ʩʪʨʫʢʪʫʨʘ 

ʢʘʪʘʣʠʟʘʪʦ

ʨʘ 

TÁC / ʨ-ʣʴ / ʚʨʝʤʷ / 

ʦʩʥʦʚʘʥʠʝ (ʵʢʚ) / ʜʦʙʘʚʢʘ 

(ʤʦʣʴʥ%) / ʘʪʤʦʩʬʝʨʘ 

ɺʳʭʦʜʳ, 

% 

ʉʨʝʜʥʠʡ TON, 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

TON 

ʉʩʳʣʢʘ 

ʈʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

1  HetCH2OH C-3, 0,1 ʈʠʩʫʥʦʢ 1 25ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 18 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / 5 ɺʪ ʞʸʣʪʳʡ LED / ʥʝ 

ʫʢʘʟʘʥʘ 

79 1540 [41] 

5  AlkCH2OH 81 ï 89 834, 890 

1 OMe, OPh, 

OCH2O, F, Cl, 

SMe 

BnOH NMC-316, 12  130ÁC / PhMe / 18 ʯ / KOH (0,3 

ʵʢʚ.) / Ar 

84 ï 97 8, 8 [38] 

 AlkCH2OH 86 7 

 HetCH2OH 97 8 

2   96 ï 97 8, 8 

1 OMe, Cl, Br, I, 

CN, CF3 

BnOH C-2, 20 ʉʭʝʤʘ 8 130ÁC / PhMe / 16 ʯ / tBuOK (0,5 

ʵʢʚ.) / ʥʝ ʫʢʘʟʘʥʘ 

0 ï 90 3, 5 [40] 

 HetCH2OH 65 ï 67 3, 3 

2 Cl BnOH 58 ï 77 3, 4 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ 

1 OMe BnOH Ru-M-5, 0,5 ʉʭʝʤʘ 17 110ÁC / PhMe / 12 ʯ / KOH (0,05 

ʵʢʚ.) / ʥʝ ʫʢʘʟʘʥʘ 

79 ï 93 169, 186 [48] 

2  BnOH 78, 83 244, 332 

3  75 ï 95 166, 190 

5  82, 88 170, 176 

1 Cl, OCH2O, 

OTBS, Br, 

CN, =Bn 

BnOH Ru-A-1, 0,1 ʉʭʝʤʘ 6 80ÁC / PhMe / 2 ʯ / KOH (0,1 ʵʢʚ.) / 

Ar 

52 ï 99 883, 990 [43] 

 AlkCH2OH 98, 99 985, 990 

2 OMe, Cl, BnOH 92 ï 99 980, 990 

 AlkCH2OH 52, 99 755, 990 

3  BnOH 5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 100ÁC / 16 ʯ 35 ï 82 14, 16 

8 OMe, F, Cl, 

Br, CN, CF3, 

OCF3, SCF3 

BnOH Ru-M-9, 1,5 ʈʠʩʫʥʦʢ 8 120ÁC / tAmylOH / 12 ʯ / Cs2CO3 (1 

ʵʢʚ.) / ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ 

40 ï 95 332, 380 [90] 

 AlkCH2OH ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 81 ï 87 167, 174 

 AlkArCHO

H 

 86 172 

8 Cl, Br, I, OMe, 

CN, CF3, 

OCF3, SCF3 

AlkCH2OH Ru-L-12, 1 ʈʠʩʫʥʦʢ 8 135ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 36 ʯ / 

KOH (1 ʵʢʚ.) / Ar 

52 ï 95 89, 95 [91] 

Cl, OMe MeOH K2CO3 (1 ʵʢʚ.) 44 ï 54 50, 54 

2 Cl AlkCH2OH 89 ï 93 91, 93 

2  MeOH 48 48 
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1 OMe, F, Cl, 

Br, CF3, 

C(O)Ph, OBn 

AlkCH2OH Ru-L-13, 5 ʈʠʩʫʥʦʢ 8 140ÁC / ʢʩʠʣʦʣ / 21 ʯ / K2CO3 (0,12 

ʵʢʚ.) / L-42 (6%) / N2 

18 ï 97 12, 19 [92] 

2  AlkCH2OH 42 8 

11 Bn, Alk AlkCH2OH Ru-M-10, 0,5 ʈʠʩʫʥʦʢ 8 110ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 44 ʯ / 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ / N2 

68 ï 84 152, 168 [93] 

1% ʢʘʪʘʣʠʟʘʪʦʨʘ 60 ï 86 71, 86 

2,5% ʢʘʪʘʣʠʟʘʪʦʨʘ 44 ï 83 25, 33 

1 OMe, F, Cl, 

C(O)Me 

MeOH Ru-A-2, 1 ʉʭʝʤʘ 7 120ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 14 ʯ / 

tBuOK (0,5 ʵʢʚ.) / Ar 

63 ï 83 74, 83 [44] 

OMe, F, Cl, 

C(O)Me 

AlkCH2OH, 

Alk2CHOH 

0,1% ʢʘʪʘʣʠʟʘʪʦʨʘ 67 ï 85 781, 850 

OCH2O, F, Cl, 

Br, 

BnOH 72 ï 89 805, 890 

 Ar2CHOH 60 600 

2 OMe, F, Cl, 

Br, OCH2O 

BnOH 76 ï 97 839, 970 

 MeOH  46, 57 52, 57 

 AlkCH2OH, 

Alk2CHOH 

0,1% ʢʘʪʘʣʠʟʘʪʦʨʘ 41 ï 62 506, 620 

 HetCH2OH 86, 88 870, 880 

 Ar2CHOH 71 710 

1 OMe, Cl, Br, 

NO2 

BnOH Ru-L-8, 2 ʈʠʩʫʥʦʢ 3 110ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 6 ʯ / 

KOH (1 ʵʢʚ.) / ʥʝ ʫʢʘʟʘʥʘ 

0 ï 88 20, 44 [60] 
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2 OMe, Cl, Br, 

NO2 

BnOH 13 ï 57 24, 29 

1  BnOH Ru-M-6, 0,5 ʉʭʝʤʘ 18 100ÁC / PhMe / 12 ʯ / KOH (1 ʵʢʚ.) / 

ʥʝ ʫʢʘʟʘʥʘ 

78 ï 91 170, 182 [49] 

 AlkCH2OH 65 ï 84 151, 168 

2  BnOH 72 144 

 AlkCH2OH 71 142 

3  AlkCH2OH 87 174 

1 OMe, Cl, Br BnOH Ru-M-8, 0,5 ʉʭʝʤʘ 20 100ÁC / PhMe / 10 ʯ / tBuOK (0,2 

ʵʢʚ.) / N2 

87 ï 98 206, 372 [51] 

 AlkCH2OH 13 ʯ 82 ï 87 170, 174 

 HetCH2OH  86 172 

1 OMe, Het BnOH Ru-L-11, 2,5 ʈʠʩʫʥʦʢ 3 120ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 24 ʯ / 

tBuOK (0,01 ʵʢʚ.) / ʠʥʝʨʪʥʘʷ 

ʘʪʤʦʩʬʝʨʘ 

5 ï 96 14, 38 [62] 

2 OMe, Het BnOH 0 ï 91 17, 36 

1  BnOH Ru-L-9, 2 ʈʠʩʫʥʦʢ 3 110ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 6 ʯ / 

KOH (1 ʵʢʚ.) / ʚʦʟʜʫʭ 

0 ï 90 28, 46 [61] 

2  63 ï 74 35, 37 

3  0 0 

1 OMe BnOH Ru-M-11, 0,5 ʈʠʩʫʥʦʢ 8 100ÁC / PhMe / 10ʯ / tBuOK (0,2 

ʵʢʚ.) / N2 

86 172 [51] 

 BnOH Ru-M-12, 0,5 ʈʠʩʫʥʦʢ 8  90 180 

1 OMe, Cl, F BnOH Ru/PNC-700, 4,9  150ÁC / ʊɻʌ / 48 ʯ / tBuOK (4 ʵʢʚ.) 

/ ʚʦʟʜʫʭ 

78 ï 95 18, 19 [58] 

 AlkCH2OH 0 0 

2   80 ï 83 17, 17 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ 

1 OMe, Cl, Br, BnOH Ir -M-1, 0,2 ʉʭʝʤʘ 21 75 ï 95 434, 475 [52] 
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 AlkCH2OH 50ÁC / PhMe / 8 ʯ / tBuOK (1 ʵʢʚ.) / 

ʠʥʝʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ 

55 275 

Cl Ar2CHOH 76 ï 81 392, 405 

2  BnOH 88 ï 91 448, 455 

1 OEt, COOMe, 

F, Cl, I, Ph, 

MeOH 10Cu-5Co/Al2O3, 12  170ï190ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 4 ï 

10 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / N2 

83 ï 99 8, 8 [94] 

C(O)Me MeOH 240ÁC / 10 ʯ 91 8 

 AlkCH2OH 170ï230ÁC 3 ï 97 6, 8 

2  MeOH 240ÁC / 12 ʯ 87 7 

3  MeOH 140ï190ÁC/ 4 ï 8 ʯ 59 ï 85 6, 8 

4  MeOH  96 4 

5  MeOH 94 4 

6  MeOH 200ÁC / 8 ʯ 91 4 

7  MeOH  0 0 

1  BnOH 6 ʯ 91 8 

3 OMe, CF3, Cl, 

Br 

AlkArCHO

H 

Ir -M-6, 0,25 ʈʠʩʫʥʦʢ 8 130ÁC / DEC / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ (PhO)2POOH (20%), 4¡ MS / N2 

40 ï 95 332, 380 [95] 

 Alk2CHOH 71 ï 90 324, 360 

 BnOH 75 300 

 AlkCH2OH 84 336 

3 Cl, Br, OMe, 

Het, 

AlkArCHO

H 

Ir -L-8, 10 ʈʠʩʫʥʦʢ 8 95ÁC / tAmylOH / 24 ï 48 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / (S)-TRIP (10%), 4¡ MS 

/ N2 

58 12 [96] 

 Alk2CHOH Ir -L-9, 10 ʈʠʩʫʥʦʢ 8 100ÁC/ 24 ʯ 60 ï 84, 

70 ï 92% 

ee 

19, 36 
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10 OMe, F, I, 

CF3, Br, 

NHBoc, OBn, 

(Ar)NH2 

AlkCH2OH Ir -A-1, 2,5 ʈʠʩʫʥʦʢ 8 100ÁC / tAmylOH / 7 ʯ / tBuOK 

(0,02 ɻ ʢʚ.) / N2 

59 ï 99 

38 ï 99% 

ee 

31, 40 

3 Cl, CF3 AlkCH2OH Ir -A-1, 0,05 ʈʠʩʫʥʦʢ 8 130ÁC / CPME / 24 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / TfOH (20%), MW / Ar 

100 2000 [97] 

10 OMe, OCF3, F, 

Cl, Br, CF3, 

SMe, NMe2 

AlkArCHO

H 

Ir -L-10, 1,25 ʈʠʩʫʥʦʢ 8 85ÁC / CyH / 20 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / 

(R)-TRIP (1,25%), 4¡ MS / N2 

47 ï 99 

38 ï 99% 

ee 

63, 79 [98] 

 Alk2CHOH 43 ï 56 

86 ï 97% 

ee 

40, 42 

1 OMe, Het BnOH Ir -M-5, 1 ʈʠʩʫʥʦʢ 4 120ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 24 ʯ / 

tBuOK (1,5 ʵʢʚ.) / ʚʦʟʜʫʭ 

60 ï 93 77, 93 [53] 

 MeOH 59 ï 91 75, 91 

3  BnOH 45 45 

1 OMe, Cl, 

C(O)Me, F 

BnOH GIrNC , 1  110ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 24 ʯ / 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ / ʥʝ ʫʢʘʟʘʥʘ 

80 ï 93 88, 93 [46] 

 AlkCH2OH 68 ï 80 74, 80 

 AlkArCHO

H 

79 79 

 Alk2CHOH 90, 92 91, 92 

2  BnOH 56 ï 95 79, 95 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ 

1 OMe, NHAc BnOH Pd-M-1, 1 ʈʠʩʫʥʦʢ 5 100ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 16 ʯ / 

LiOH (0,2 ʵʢʚ.) / L1 (1%) / N2 

68 ï 98 86, 99 [47] 
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 AlkCH2OH 150ÁC 75, 94 85, 94 

2  BnOH 150ÁC 37, 46 42, 46 

2% ʢʘʪʘʣʠʟʘʪʦʨʘ / PhMe / 12 ʯ 94 47 

1 CN, OPh, Cl, 

F 

BnOH, 

HetCH2OH 

Pd-A-1, 0,05 ʉʭʝʤʘ 5 110ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 12 ʯ / 

LiOH (0,2 ʵʢʚ.) / Ar 

75 ï 99 1729, 1980 [42] 

 AlkCH2OH 0,1% ʢʘʪʘʣʠʟʘʪʦʨʘ 67 670 

2  BnOH  76, 91 1670, 1820 

3  BnOH 65 1300 

7 OMe, F, Cl, 

Br, NO2, 

OCH2O 

BnOH Pd-M-2, 0,5 ʈʠʩʫʥʦʢ 7 110ÁC / PhMe / 15 ʯ / Cs2CO3 (0,5 

ʵʢʚ.) / N2 

57 ï 92 155, 184 [99] 

 HetCH2OH 73 146 

9 OMe, F, Cl  76 ï 90 162, 180 

 HetCH2OH 79 158 

3 OMe, F, I, 

CF3, Br, 

NHBoc, OBn, 

(Ar)NH2 

AlkArCHO

H 

Pd-L-1, 1,5 ʈʠʩʫʥʦʢ 5 130ÁC / PhMe / 20 ʯ / tBuOK (0,05 

ʵʢʚ.) / 3¡ MS / N2 

0 ï 83 35, 55 [67] 

2  AlkArCHO

H 

30 20 

1  BnOH 82 55 

 Alk2CHOH 40 ï 99 42, 68 

1 Cl BnOH PdCl2/CdS, 0,1  25ÁC / MeCN / 6 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / 

300 ɺʪ Xe ʣʘʤʧʘ (ɚ>420 ʥʤ) / N2 

41 ï 72 592, 720 [88] 

 HetCH2OH 39 390 

 AlkCH2OH 14 140 
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3  BnOH 16 160 

 AlkCH2OH 9 90 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ 

1 OMe, Cl, NO2 BnOH Pt@Beta(8.4), 0,1  160ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 2,5 ʯ / 

ʙʝʟ ʦʩʥʦʚʘʥʠʷ / N2 

74 ï 96 883, 960 [70] 

3  BnOH 60, 78 690, 780 

1 OMe BnOH Pt/C, 1,02  130ÁC / ʊɻʌ / 48 ʯ / tBuOK (4 ʵʢʚ.) 

/ ʥʝ ʫʢʘʟʘʥʘ 

92 ï 95 92, 93 [74] 

3 OMe, Het Alk2CHOH Pt/CeO2-DE-H-300, 

0,11 

 140ÁC / ʢʩʠʣʦʣ / 24 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / 2 ʘʪʤ. N2 

75 682 [100] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʘʬʥʠʷ 

1 ʉſCH, SMe, 

Br, OMe, NO2, 

Cl 

BnOH Hf-MOF-808_H2O, 

12 

 120ÁC / ʢʩʠʣʦʣ / 1,5 ï 3 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / ʚʦʟʜʫʭ 

71 ï 97 7, 8 [83] 

4  BnOH 23 ʯ 75 6 

1  AlkCH2OH 140ÁC / ʢʩʠʣʦʣ / 23 ʯ / ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ / 5 ʘʪʤ ʚʦʟʜʫʭʘ 

52, 73 5, 7 

3  BnOH 8, 11 1, 1 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʚʦʣʴʬʨʘʤʘ 

1 OMe, F, Cl, 

Br, NO2, NH2, 

C(O)Me, F, 

COOMe 

AllylOH  WO3/ZrO 2, 4,3  140ÁC / PhMe / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ ʚʦʟʜʫʭ 

0 ï 57 6, 13 [79] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ 

1 Cl BnOH Bi-S3/S-Vs, 1  57 ï 100 84, 100 [86] 

 MeOH 58, 66 62, 66 
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3  BnOH 25ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 12 ʯ / 

tBuOK (0,8 ʵʢʚ.) / 100 ɺʪ ʩʠʥʠʡ 

LED / Ar 

90 90 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

1 OMe, Cl, Br BnOH Ni-A-1, 0,1 ʉʭʝʤʘ 13 130ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 15 ʯ / 

tBuOK (1 ʵʢʚ.) / N2 

62 ï 99 820, 920 [46] 

 Ar2CHOH 42 420 

 AlkCH2OH 48, 51 495, 510 

2  BnOH 73, 74 735, 740 

1 Het, =Bn, 

NHAlk, NHBn 

BnOH 140ÁC / tAmylOH / 36 ʯ / tBuOK 

(1,5 ɻ ʢʚ.) 

70 ï 81 764, 810 

1 OMe, Cl BnOH Ni-L-4, 1,5 ʈʠʩʫʥʦʢ 5 140ÁC / PhMe / 24 ʯ / tBuOK (0,5 

ʵʢʚ.) / L-43 (1,5%) / ʠʥʝʨʪʥʘʷ 

ʘʪʤʦʩʬʝʨʘ 

60 ï 76 47, 54 [101] 

OMe, F, Cl, 

Br, OCH2O, 

SO2 

BnOH 2,5% ʢʘʪʘʣʠʟʘʪʦʨʘ / L-43 (2,5%) 57 ï 97 30, 39 

SO2 AlkCH2OH 5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 60 ʯ / tBuOK (01 

ʵʢʚ.) / L-43 (5%) 

22 4 

SO2 HetCH2OH 2,5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 24 ï 48 ʯ / 

tBuOK (0,5 ï 1 ʵʢʚ.) / L-43 (2,5%) 

59, 81 28, 32 

2 OMe, F, Cl, 

Br, OCH2O 

BnOH  0 ï 93 44, 62 

 MeOH 0 0 

 HetCH2OH 2,5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 48 ʯ / L-43 

(2,5%) 

59 24 
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1 OMe, Cl, Br, 

CF3, OH 

BnOH Bpy-UiO-Ni, 8  140ÁC / PhMe / 48 ʯ / tBuOK (1,3 

ʵʢʚ.) / N2 

24 ï 99 10, 12 [80] 

 HetCH2OH 68, 71 9, 9 

3  AlkCH2OH 79 10 

1 OMe, OEt, F, 

Cl, Br, OH 

BnOH Ni/Ru@SBA, 3  120ÁC / PhMe / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ N2 

84 ï 99 31, 33 [78] 

1 OMe, F, Cl AlkArCHO

H 

Ni2Fe2@CN, 1,5  140ÁC / ʢʩʠʣʦʣ / 24 ʯ / KOH (0, 5 

ʵʢʚ.) / Ar 

87 ï 99 62, 66 [56] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ 

1 OMe, F, Cl BnOH Co-L-2, 2 ʈʠʩʫʥʦʢ 4 120ÁC / PhMe / 12 ʯ / tBuOK (0,5 

ʵʢʚ.) / Ar 

56 ï 86 38, 43 [64] 

 HetCH2OH 72 36 

 AlkCH2OH 72 ï 84 40, 43 

 Ar2CHOH 73 37 

2 OMe, F, Cl, 

Br, CF3, 

OCH2O 

BnOH 43 ï 92 38, 46 

 HetCH2OH 51, 81 33, 41 

 AlkCH2OH 74 37 

 Ar2CHOH 73 38 

1 OMe, OnBu, 

OPh, SMe, F, 

Cl, CF3, NO2, 

COOMe, 

COOEt, 

COOnBu 

BnOH Co-L-7, 10 ʈʠʩʫʥʦʢ 4 120ÁC / PhCl / 48 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ 5% L5, 30% L9 / N2 

43 ï 99 7, 10 [65] 
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 AlkCH2OH 28 ï 84 6, 8 

3  BnOH 42 4 

4  BnOH 14, 18 2, 2 

1 Br, Cl, OMe, 

OPh, SMe 

BnOH CoFe2O4, 10  130ÁC / PhMe / 24 ʯ / KOH (0,5 

ʵʢʚ.) / Ar 

0 ï 92 8, 9 [82] 

 AlkCH2OH 81, 84 8, 8 

2   83, 92 9, 9 

1 OMe, OH, 

SMe, NO2, 

SiMe2Ph, F, 

Cl, Br, CF3, 

COOMe 

BnOH Co@NC-800-L1, 

0,86 

 140ÁC / PhMe / 24 ʯ / tBuOK (1 

ʵʢʚ.) / Ar 

51 ï 99 95, 115 [63] 

CF3, OBn, OH, 

Alk(OH), 

OCH2O 

 

1,7% ʢʘʪʘʣʠʟʘʪʦʨʘ 

73 ï 86 48, 51 

F, CN  2,8% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 80 ï 87 30, 31 

OMe, Cl, CF3 MeOH 3,5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 24 ï 67 15, 19 

RHC=CH2 AlkCH2OH  74 86 

RHC=CHR, 

R2C=CHR, 

R2C=CH2 

 

1,7% ʢʘʪʘʣʠʟʘʪʦʨʘ 

77 ï 87 47, 51 

RHC=CH2  2,8% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 45 ï 75 23, 27 

 HetCH2OH  82 95 

  1,7% ʢʘʪʘʣʠʟʘʪʦʨʘ 81 ï 89 50, 52 
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OMe, F AlkArCHO

H 

2,8% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 78 ï 85 29, 30 

 Alk2CHOH 1,7% ʢʘʪʘʣʠʟʘʪʦʨʘ 75 44 

OH(Ar)  2,8% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 60 21 

2  BnOH  47 ï 86 83, 100 

 MeOH 3,5% ʢʘʪʘʣʠʟʘʪʦʨʘ / 160ÁC 60 17 

3  BnOH  47 ï 82 80, 95 

OMe  1,7% ʢʘʪʘʣʠʟʘʪʦʨʘ c 46, 48 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ 

1  BnOH Fe-M-2, 3 ʉʭʝʤʘ 23 80ÁC / ʊɻʌ / 18 ʯ / tBuOK (1,2 ʵʢʚ.) 

/ 7,2% L3 / N2 

22 ï 99 26, 33 [54] 

 MeOH 21 7 

 AlkCH2OH 69 23 

 HetCH2OH 82, 90 29, 30 

 Ar2CHOH 51 17 

2  BnOH 91 30 

3  BnOH 21, 22 7, 7 

1 Cl, OMe, BnOH Fe20-SA@NSC, 0,3  135ÁC / ʙʝʟ ʨ-ʣʷ / 24 ʯ / KOH (0,3 

ʵʢʚ.) / Ar 

60 ï 99 283, 330 [57] 

2   92 307 

1 OMe, Cl, Br BnOH Fe/TiO2, 1,7  25ÁC / ʛʝʢʩʘʥ / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ 14 ɺʪ ʩʠʥʠʡ LED / N2 

47 ï 98 48, 58 [89] 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ 

1 OMe, Br, I, 

CF3, CN 

BnOH Mn-L-1, 1,5 ʈʠʩʫʥʦʢ 2 100ÁC / ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ / 2 ʯ / 

tBuOK (0,72 ʵʢʚ.) / N2 

12 ï 98 54, 65 [55] 

 MeOH 16 11 
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 AlkCH2OH 91 ï 99 63, 66 

 Alk2CHOH 23 15 

2  BnOH 0 ï 21 5, 14 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ 

1 OMe, Cl, Br, I BnOH TiO 2 NP, 41  130ÁC / PhMe / 26 ʯ / KOH (0,36 

ʵʢʚ.) / Ar 

78 ï 91 2, 2 [85] 

  AlkCH2OH 61, 82 2, 2 

2  BnOH 64 ï 91 2, 2 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

1 Cl, Br, F, 

OMe, NO2, 

COOH, 

BnOH Cu-L-2, 1 ʈʠʩʫʥʦʢ 6 25ÁC / ɼʍʄ / 3 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ / 

TEMPO (2%) / 12 ɺʪ ʙʝʣʳʡ LED / 

ʚʦʟʜʫʭ 

1 ï 89 41, 89 [68] 

1 OMe BnOH Cu2/NPC-550, 13  140ÁC / CyH / 12 ʯ / tBuOK (1,06 

ʵʢʚ.) / Ar 

70 ï 91 6, 7 [81] 

OMe, F, Cl   20% ʢʘʪʘʣʠʟʘʪʦʨʘ 58 ï 79 4, 4 

2  BnOH   0 0 

1 OMe, Cl, 

OCH2O, F 

BnOH Cu/CeO2-P, 0,5  160ÁC / PhMe / 24 ʯ / ʙʝʟ ʦʩʥʦʚʘʥʠʷ 

/ Ar 

73 ï 95 171, 190 [72] 

COOMe AlkCH2OH 75 ï 98 165, 196 

 Alk2CHOH 70, 85 155, 170 

2  BnOH KOH (0,2 ʵʢʚ.) 94 188 

3  BnOH 12 ï 24 ʯ 71 ï 74 145, 148 

 AlkCH2OH KOH (0,2 ʵʢʚ.) 56 112 

5  BnOH 12 ʯ 75 150 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ 
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1 OMe, OCH2O, 

F, Cl, Br 

BnOH Zn-L-4, 3 ʈʠʩʫʥʦʢ 6 120ÁC / PhMe / 16 ʯ / tBuOK (0,5 

ʵʢʚ.) / Ar 

64 ï 81 25, 27 [45] 

 Ar2CHOH 77 26 

 HetCH2OH 75 25 

2  BnOH 68 ï 92 28, 31 

 Ar2CHOH 82 27 

 HetCH2OH 86, 88 29, 29 

1  BnOH Zn-L-1, 15 ʈʠʩʫʥʦʢ 6 140ÁC / 36 ʯ / tBuOK (1 ʵʢʚ.) 2 ï 6 0, 0 [45] 

1 OMe, Br BnOH CNS@Zn1-AA , 0,9  120ÁC / PhMe / 12 ʯ / KOH (0,3 

ʵʢʚ.) / Ar 

45 ï 91 78, 101 [69] 

Cl, Br HetCH2OH 85 ï 95 101, 106 

 AlkCH2OH 36 40 

 AlkCH2OH 140ÁC 28, 77 58, 86 

 Alk2CHOH  28 31 

 AlkArCHO

H 

140ÁC 19 ï 91 70, 101 

2  BnOH  0 ï 99 73, 110 

3  BnOH 0, 19 11, 21 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʨʘʙʦʪ, ʢʘʢ ʠ ʚ ʪʝʭ, 

ʯʪʦ ʚʦʰʣʠ ʚ ʦʙʟʦʨ 2022 ʛʦʜʘ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ 

ʩʧʠʨʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʈʘʩʪʚʦʨʠʪʝʣʝʤ ʩʣʫʞʘʪ ʪʦʣʫʦʣ ʠʣʠ ʢʩʠʣʦʣ, ʥʝʨʝʜʢʦ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʊɻʌ ʠ tAmylOH. ʇʦʧʫʣʷʨʥʳʤ 

ʚʳʙʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ tBuOK, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʬʬʝʢʪʠʚʥʝʝ ʜʝʡʩʪʚʫʝʪ KOH. ɺ ʩʣʫʯʘʝ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪ LiOH. ʇʨʠ ʵʪʦʤ ʚ 2/3 ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 

>50 ʤʦʣʴʥ.% (ʧʦʣʦʚʠʥʘ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʘʙʦʪ). ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʫʩʣʦʚʠʡ ʚʢʣʶʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʆʪʜʝʣʴʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 4d- ʠ 5d- ʵʣʝʤʝʥʪʦʚ (ʊʘʙʣʠʮʘ 14), ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʨʝʘʢʮʠʶ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ ʦʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʞʸʩʪʢʠʤʠ: ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

120Áʉ, 150 ʤʦʣʴʥ.% tBuOK ʥʘ ʠʨʠʜʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ). ʉʦʝʜʠʥʝʥʠʷ 3d-

ʤʝʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʥʘ ʚʦʟʜʫʭʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʙʟʦʨʝ 

2022 ʛʦʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʥʘ ʤʝʜʠ. ʉ ʪʝʭ ʧʦʨ ʧʦʷʚʠʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ 

ʥʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʥʸʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʪʘʢ ʞʝ ʥʘ ʤʝʜʥʦʡ ʦʩʥʦʚʝ. 

ɻʦʤʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʧʨʠ ʤʝʥʴʰʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩ ʤʝʥʴʰʠʤ ʠʟʙʳʪʢʦʤ ʦʩʥʦʚʘʥʠʷ ʠ ʩʧʠʨʪʘ. ʍʦʪʷ ʠʟʚʝʩʪʥʳ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʙʝʟ 

ʦʩʥʦʚʘʥʠʷ ʠʣʠ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʨʝʘʛʝʥʪʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘ 

ʥʝʚʝʣʠʢʦ. ʂʨʦʤʝ ʪʦʛʦ, ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨ r ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʤʧʦʥʝʥʪʘʤ ʚʦʟʜʫʭʘ. 

ʋʩʣʦʚʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʛʝʢʩʘʥʝ, ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʚ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʘʭ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʠ/ʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 
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ʍʦʪʷ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʥʪʝʟʝ ʘʤʠʥʦʚ ʠʟ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʠʣʠʥʘ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʥʦʛʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʣʦʞʥʝʥʦ ʫʟʢʠʤ 

ʢʨʫʛʦʤ ʩʫʙʩʪʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ. ɺʦ ʤʥʦʛʠʭ 

ʨʘʙʦʪʘʭ ʫʩʣʦʚʠʷ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʘʥʠʣʠʥʳ ʠ 

ʙʝʥʟʠʣʦʚʳʝ ʩʧʠʨʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʭʣʦʨ ʠʣʠ 

ʤʝʪʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʥʘ ʙʣʠʞʘʡʰʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ 

ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʠʣʠʥʘ ʠ ʙʝʥʟʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʪʦʨʦʤ, ʙʨʦʤʦʤ ʠ CF3 ʛʨʫʧʧʦʡ, ʘʨʠʣ- ʠ 

ʘʣʢʠʣʦʢʩʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʆʜʥʘʢʦ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ: NO2, CN, 

ʩʦʜʝʨʞʘʱʠʤʠ ʢʘʨʙʦʥʠʣʴʥʳʡ, ʦʣʝʬʠʥʦʚʳʡ, ʘʮʝʪʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ï 

ʩʦʦʙʱʘʝʪʩʷ ʨʝʜʢʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʘʢʮʠʷ ʯʘʩʪʦ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʦʭʨʘʥʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʠ 

ʥʝʢʦʪʦʨʳʭ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, Boc), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ 

ʨʝʘʢʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ɹʨʝʥʩʪʝʜʘ (ʢʘʨʙʦʢʩʠʣʴʥʳʝ, 

ʬʝʥʦʣʴʥʳʝ ʛʨʫʧʧʳ) ʠ ʝʥʦʣʠʟʫʝʤʳʭ ʩʧʠʨʪʦʚ. ʅʘʢʦʥʝʮ, ʚʚʠʜʫ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʫʙʩʪʨʘʪʝ ʙʦʨ- ʠʣʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʠʦʜʘ ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʷʜʦʚ (ʩʫʣʴʬʠʜʳ). 

ʂʨʫʛ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʥʝʨʝʜʢʦ ʨʘʩʰʠʨʷʶʪ ʙʣʘʛʦʜʘʨʷ 

ʙʠʩʘʨʠʣʤʝʪʘʥʦʣʘʤ ʠ ʧʝʨʚʠʯʥʳʤ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʩʧʠʨʪʘʤ, ʧʨʠʯʸʤ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʛʦ ʤʝʪʘʥʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʛʦ ʛʦʤʦʣʦʛʦʚ. ʆʜʥʘʢʦ 

ʨʝʘʢʮʠʷ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʩʧʠʨʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠʣʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʠ ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. 

ɹʦʣʴʰʫʶ ʧʨʦʙʣʝʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 
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ʠ ʘʥʠʣʠʥʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʥʝ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʩ ʜʘʥʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʥʝʧʦʧʫʣʷʨʥʦʩʪʠ ʚʳʙʦʨʘ ʪʘʢʠʭ ʘʤʠʥʦʚ, ʚʝʨʦʷʪʥʦ, ʩʣʫʞʠʪ ʠʭ ʥʠʟʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʂʦʥʚʝʨʩʠʷ ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʡ. 

ʈʝʘʢʮʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʤʝʞʜʫ ʘʥʠʣʠʥʦʤ ʠ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 

ʤʦʞʝʪ ʙʳʪʴ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʦʚʝʜʝʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʠʮʠʘʪʦʨʘ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ, ʧʦʯʪʠ ʚʩʝʛʜʘ, ʦʩʥʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʀʟʚʝʩʪʥʳ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ C=O 

ʩʚʷʟʴ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʘʣʴʜʝʛʠʜ). ʂʘʪʘʣʠʟʘʪʦʨʘʤʠ ʪʘʢ ʞʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

C-1). 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʜʦʙʘʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ in situ ʛʝʥʝʨʠʨʦʚʘʪʴ ʛʘʣʦʛʝʥʠʜʳ ʠʟ 

ʩʧʠʨʪʘ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʠʣʙʨʦʤʠʜ), ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʘ ʥʝ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ (ʥʠʟʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʘʝʤʦʛʦ ʘʤʠʥʘ). 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʝʜʘʚʥʦ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʦʣʠ ʠʤʠʜʘʟʦʣʠʷ ʠ 

ʟʘʤʝʱʸʥʥʦʛʦ ʧʦʨʬʠʨʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʪ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʈʘʟʚʠʪʠʝ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʢʦʥʮʝʧʮʠʠ ʟʝʣʸʥʦʡ ʭʠʤʠʠ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʘʢʮʠʠ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, 
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ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʚʦʣʴʥʦ ʤʷʛʢʦʤ ʠʟʣʫʯʝʥʠʠ (ʞʸʣʪʳʡ ʜʠʘʧʘʟʦʥ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ) 

ʧʘʨʘʤʝʪʨ TON ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ, ʨʘʥʝʝ ʚʦʟʤʦʞʥʳʭ ʣʠʰʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ: ʦʙʱʠʡ ʚʳʭʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 30%. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʶ ʦʩʫʱʝʩʪʚʠʣʠ ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʂʦʤʧʣʝʢʩ Pd-M-2 ʧʦʟʚʦʣʷʝʪ ʘʣʢʠʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ 

ʙʝʥʟʦʣʩʫʣʴʬʘʤʠʜʘ ʠ ʙʝʥʟʘʤʠʜʘ ʚ ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʫʞʝ ʧʨʠ 110Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,5 ʵʢʚ. Cs2CO3. ɺ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʷʶʪʩʷ ʤʥʦʛʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʜʝʡʩʪʚʠʶ 

ʦʩʥʦʚʘʥʠʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. 

ʅʘʢʦʥʝʮ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʫʜʘʸʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʭʠʨʘʣʴʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʠ ʘʟʘʮʠʢʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʘʣʢʠʣʠʨʦʚʘʥʠ ʁʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʙʝʟ ʥʠʭ. ʇʦʷʚʠʣʠʩʴ ʧʨʠʤʝʨʳ ʬʦʪʦ- ʠ 

ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʦʟʜʘʥʳ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 3d-ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 3d-, 4d-, ʠ 5d-ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʠʣʠ 

ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʧʪʠʯʝʩʢʠ ʦʙʦʛʘʱʸʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʡ ʠʨʠʜʠʷ. 

ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʢʮʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(ʨʘʩʪʚʦʨʠʪʝʣʴ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʘʪʤʦʩʬʝʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, 
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ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʘʭ ʩʫʙʩʪʨʘʪʳ ʙʣʠʟʢʠ. ʊʘʢ, 

ʚʦ ʤʥʦʛʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʚʳʙʦʨ ʩʫʙʩʪʨʘʪʦʚ ʦʛʨʘʥʠʯʝʥ ʤʝʪʠʣʴʥʳʤʠ, 

ʤʝʪʦʢʠʩʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʥʠʣʠʥʘ ʠ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʠʭ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ï ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ ʚʩʪʫʧʘʶʱʠʤʠ ʚ ʨʝʘʢʮʠʶ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʠʣʠʷ 

ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʦʠʩʢʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ 

ʨʝʘʢʮʠʠ. 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʘʢʮʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʤʠʥʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ (BH) ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ C-N 

ʩʚʷʟʠ ʠʟ ʘʤʠʥʦʚ ʠ ʩʧʠʨʪʦʚ (ʩʭʝʤʘ 1). [19ï22,102] ʆʙʳʯʥʦ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʦʩʥʦʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Ru,[103ï105] Ir,[106,107] 

Mn,[108ï110] Fe,[111ï114] Cr,[115] Co,[63,116] Cu,[117] ʠ Pd.[118] ʇʨʠ ʵʪʦʤ 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʠʥʝʨʪʥʫʶ ʘʪʤʦʩʬʝʨʫ. ʍʦʪʷ 

ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ,[119ï122] 

ʥʝʨʝʜʢʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 200ÁC, ʘ ʟʘʛʨʫʟʢʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʩʪʠʛʘʝʪ 10 ʤʦʣʴʥ.%. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʦʩʣʦʞʥʷʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʚʠʜʫ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ.[123] ʇʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʨʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʦʚ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ, ʦʜʥʘʢʦ, ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʧʨʦʤʦʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ,[25] TAPC,[34] BnBr,[33] 9H-ʢʩʘʥʪʝʥ-9-ʦʥ,[24] 

ʙʝʥʟʘʣʴʜʝʛʠʜ,[23] ʘʟʦʧʠʨʠʜʠʥ,[124] ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʪʠʪʘʥʘ,[125,126] ʬʝʥʠʣʘʣʝʥʠʣʴʥʳʝ ʣʠʛʘʥʜʳ,[127] ʙʝʥʟʦʥʠʪʨʠʣ,[128] 

ʧʠʨʠʜʠʥ,[39] AlCl 3,[35] ʠʣʠ ʘʣʶʤʦʩʠʣʠʢʘʪʳ.[129] ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʪʨʝʙʫʶʪ 

ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʠ 10 ï 20 ʤʦʣʴʥ.% ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʧʨʦʤʦʪʦʨʘ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʘ ʨʝʘʢʮʠʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʦʧʦʩʨʝʜʦʚʘʥʥʘ ̫

ʦʩʥʦʚʘʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʚʦ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʥ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʢʨʫʛ ʩʫʙʩʪʨʘʪʦʚ.[27ï32] 
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ʉʭʝʤʘ 32. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ɸʥʘʣʠʟ ʵʪʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʚʸʣ ʢ 

ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ:  

1. ʋʩʣʦʚʠʷ ʤʥʦʛʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʞʸʩʪʢʠʤʠ, ʯʝʤ ʫʩʣʦʚʠʷ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʇʨʠ ʵʪʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʛʨʘʥʠʮʫ ʤʝʞʜʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʘʤʠ ʨʝʘʢʮʠʠ. 

2. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ 

ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʦʷʣʦ ʥʘʡʪʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʳ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: ʢʘʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʪʠʧʝ ʩʫʙʩʪʨʘʪʦʚ, ʠ ʪʨʝʙʫʝʪʩʷ ʣʠ ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʦʙʱʝ. ɸ ʝʩʣʠ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʪʨʝʙʫʝʪʩʷ ï ʪʦ ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ? 
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ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʢʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ï ʘʥʠʣʠʥʘ ʠ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ï ʚ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʚʘʨʠʘʥʪʝ ʨʝʘʢʮʠʠ. ʅʝʦʞʠʜʘʥʥʦ ʜʣʷ ʥʘʩ, ʞʝʣʘʝʤʳʡ N-ʙʝʥʟʠʣʘʥʠʣʠʥ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʜʘʞʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʦʟʜʫʭʝ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʯʘʩʪʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ. ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ ʩʝʣʝʢʪʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʨʫʛʠʝ ʪʠʧʳ ʦʩʥʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʥʝʥʫʢʣʝʦʬʠʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʘʟʦʪʘ (ɼʀʇʕɸ, ɼɹʋ ʠ ʜʨ.), 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʳʭ ʩʚʝʜʝʥʠʡ, 

ʤʳ ʥʘʯʘʣʠ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 33). 

 
ʉʭʝʤʘ 33. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʥʠʣʠʥʘ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʀʟ ʜʨʫʛʠʭ ʨʘʙʦʪ ʧʦ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʥʠʣʠʥʘ ʩ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʳ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʀʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʚʝʩʪʥʳʤ, 

ʢʘʢʦʝ ʠʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʤʳ ʚʳʙʨʘʣʠ 15 ʤʦʣʴʥ.% O2 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʀʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʨʦʜʘ ʩʣʫʞʠʣ ʚʦʟʜʫʭ, 
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ʢʦʣʠʯʝʩʪʚʦ O2 ʦʮʝʥʠʚʘʣʠ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʚ ʚʦʟʜʫʭʝ ï 21%. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʘʭ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ 

ʨʝʛʫʣʠʨʦʚʘʣʠ ʩʚʦʙʦʜʥʳʤ ʦʪ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʦʙʲʸʤʦʤ ʧʦʩʫʜʳ 

(ʧʦʜʨʦʙʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʚʦʜʦʨʦʜʘ ʦʩʥʦʚʘʥʠʡ: tBuOK, KOH, NaOH, CsOH, LiOH (ʊʘʙʣʠʮʘ 

15), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ (ʊʘʙʣʠʮʘ 16). ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ 

ʩʠʥʪʝʟʝ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ tBuOK, CsOH ʠ KOH, ʧʨʠʯʝʤ tBuOK ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʥʘʠʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʈʠʩʫʥʦʢ 10). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ NaOH ʠ LiOH ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʠʝ 

ʐʠʬʬʘ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ tBuOK ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʘ ʩ 

ʣʸʛʢʦʩʪʴʶ ʝʛʦ ʦʯʠʩʪʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʠʜʨʦʢʩʠʜʦʚ, tBuOK ʤʦʞʝʪ ʙʳʪʴ ʦʯʠʱʝʥ ʦʪ ʧʨʠʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ, ʧʨʠ ʧʦʤʦʱʠ ʚʦʟʛʦʥʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ tBuOK, ʭʨʘʥʠʚʰʝʛʦʩʷ ʚʦ ʚʩʢʨʳʪʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʝ, ʠ tBuOK, ʩʫʙʣʠʤʠʨʦʚʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʦʩʪʘʥʦʚʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚʜʚʦʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʦʩʥʦʚʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ ʧʨʦʜʫʢʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ tBuOK ʩ ʚʦʜʦʡ ʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ (ʊʘʙʣʠʮʘ 16). ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʥʝʚʦʟʦʛʥʘʥʥʳʡ tBuOK ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩʫʙʩʪʨʘʪʥʘʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ), ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʢʮʠʠ ʩ tBuOK ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʦʚ ʢʘʢ N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ, ʪʘʢ ʠ ʠʤʠʥʘ. ʉʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʩʢʦʨʝʥʠʷ 
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ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʠʩʣʝʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʷʚʣʷʶʱʠʭʩʷ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʙʳʪʦʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʜʘʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʨʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʘʝʪʩʷ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʠ, ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʝʝ. 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ (ʊʘʙʣʠʮʘ 27), ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʢʦʨʦʪʢʦʡ (ʤʠʥʫʪʘ) ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʥʘʛʨʝʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 15. ɺʣʠʷʥʠʝ ʚʳʙʦʨʘ ʦʩʥʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʚʳʭʦʜ 

ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ 

 

ʆʧʳʪ a ʆʩʥʦʚʘʥʠʝ ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 CsOH 80 5Ñ1 5Ñ2 

2 100 17Ñ8 ʩʣʝʜʳ 

3 120 25Ñ9 0 

4 140 28Ñ4 ʩʣʝʜʳ 

5 160 48Ñ2 ʩʣʝʜʳ 

6 c tBuOK 80 72Ñ5 8Ñ3 

7 c 100 65Ñ3 ʩʣʝʜʳ 

8 c 120 60Ñ1 0 

9 c 140 43Ñ10 0 

10 c 160 33Ñ9 ʩʣʝʜʳ 

11 KOH 80 2Ñ1 10 

12 100 7Ñ1 11Ñ1 

13 120 13Ñ2 4Ñ4 

14 140 39Ñ7 ʩʣʝʜʳ 

15 160 42Ñ3 0 

16 NaOH 80 0 24 

17 100 ʩʣʝʜʳ 23 
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18 120 7 1 

19 140 16 2 

20 160 0 26 

21 LiOH 80 0 ʩʣʝʜʳ 

22 100 0 16 

23 120 0 19 

24 140 3 26 

25 160 ʩʣʝʜʳ 22 

26 K2CO3 80 0 0 

27 100 0 2 

28 120 0 3 

29 140 0 5 

30 160 17 13 

a ɸʥʠʣʠʥ (263 ɛʣ, 2,89 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (299 ɛʣ, 2,89 ʤʤʦʣʴ) ʠ ʦʩʥʦʚʘʥʠʝ (2,89 ʤʤʦʣʴ) ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʩ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ ʐʣʝʥʢʘ) ʥʘ ʚʦʟʜʫʭʝ (15 ʤʦʣʴʥ.% O2). 

ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʥʘ 18 ʯʘʩʦʚ ʦʩʪʘʚʠʣʠ ʚ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ 

NaOH, LiOH ʠ K2CO3 ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c tBuOK ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʟʦʛʥʘʥ. 

ʊʘʙʣʠʮʘ 16. ʀʩʧʦʣʴʟʦʚʘʥʠʝ KOH/tBuOH ʠʣʠ K2CO3/
tBuOH ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ 

 

ʆʧʳʪ a ʆʩʥʦʚʘʥʠʝ ɿʘʛʨʫʟʢʘ tBuOH, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 KOH 0,1 ʩʣʝʜʳ 17 

2 1,0 ʩʣʝʜʳ 23 

3 K2CO3 0,1 0 0 

4 1,0 0 0 

a ɸʥʠʣʠʥ (263 ɛʣ, 2,90 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (300 ɛʣ, 2,90 ʤʤʦʣʴ), KOH (215 ʤʛ, 2,90 ʤʤʦʣʴ) ʠʣʠ 

K2CO3 (400 ʤʛ, 2,90 ʤʤʦʣʴ) ʠ tBuOH ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ 

ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 



 

103 

 

 
ʈʠʩʫʥʦʢ 10. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 1 ʵʢʚ. I -

1a, 1 ʵʢʚ. I -2a, 80 ï 160ÁC, ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 15 ʤʦʣʴʥ.% O2. 

ɺ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʘʭ ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʣʠʙʦ ʥʘ ʚʦʟʜʫʭʝ, ʣʠʙʦ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʩ ʚʥʝʩʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʸʤʘ ʯʠʩʪʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʕʪʠ 

ʤʝʪʦʜʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʬʝʨʝ ʨʝʘʢʮʠʠ ʢʠʩʣʦʨʦʜʘ 

ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʩʠʥʪʝʟʘ. ʆʜʥʘʢʦ ʧʦʜʨʦʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʊʘʢ, ʦʜʥʠ 

ʘʚʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʠʥʪʝʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2 ʤʦʣʴʥ.% ʯʠʩʪʦʛʦ O2, ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʚ ʨʝʘʢʪʦʨ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʰʧʨʠʮʘ,[28] ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʧʨʦʚʦʜʷʪ ʨʝʘʢʮʠʶ 

ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ, ʥʝ ʫʪʦʯʥʷʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ. ʉ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʨʝʘʛʝʥʪʦʚ 

(ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʠ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). 
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ʆʙʥʘʨʫʞʝʥʦ (ʊʘʙʣʠʮʘ 17), ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɺ 

ʦʪʢʨʳʪʦʡ ʥʘ ʚʦʟʜʫʭ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʘ I -4aa. 

ʊʘʙʣʠʮʘ 17. ɺʣʠʷʥʠʝ ʚʦʟʜʫʭʘ (ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ʄʦʣʴʥ.% O2 ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I - 4aa b, % 

1 c 2 22Ñ4 
7Ñ5 

2 c 3 31Ñ6 
6Ñ4 

3 c 7 52Ñ3 
5Ñ1 

4 10 57Ñ5 
9Ñ1 

5 12 69Ñ4 5Ñ3 

6 15 72Ñ5 0Ñ3 

7 17 65Ñ3 6Ñ2 

8 21 51Ñ4 10Ñ2 

9 33 14Ñ2 12Ñ3 

10 ʉʠʩʪʝʤʘ ʦʪʢʨʳʪʘ ʥʘ ʚʦʟʜʫʭ 2Ñ1 42Ñ3 

a ɸʥʠʣʠʥ (121 ï 547 ɛʣ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (137 ï 621 ɛʣ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ 
tBuOK (149 ï 673 ʤʛ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ 

ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 80 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
c ʇʨʦʙʠʨʢʠ ʦʙʲʸʤʦʤ 12 ʤʣ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʤʝʩʪʦ 52 ʤʣ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʳʭʦʜ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʨʦʚʦʜʷʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 120 ʜʦ 220ÁC. ʇʦʩʢʦʣʴʢʫ 

ʥʘʩʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʢʠʥʝʪʠʢʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʳ ʨʝʰʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟʜʫʭʘ ʩ ʨʝʘʛʝʥʪʘʤʠ.  
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ʈʝʟʫʣʴʪʘʪʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 25ÁC ʜʦ 

160ÁC ʠ ʢʦʣʠʯʝʩʪʚʘ O2 ʚʦʟʜʫʭʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʪ 2 ʤʦʣʴʥ.% 

ʜʦ 33 ʤʦʣʴʥ.% (ʊʘʙʣʠʮʘ 18) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʨʸʭʤʝʨʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 

11). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʛʨʘʤʤʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ: ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 90ÁC ʠ 15 ʤʦʣʴʥ.% O2 

ʚʦʟʜʫʭʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ). ʆʜʥʘʢʦ, ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ 

ʧʨʠ 70 ï 80ÁC. ʅʘʡʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤʠ, ʯʝʤ ʪʝ, ʯʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʥʠʞʝʥʠʝ ʦʙʲʸʤʘ ʚʦʟʜʫʭʘ ʚ 

ʩʠʩʪʝʤʝ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ N-ʙʝʥʟʠʣʘʥʠʣʠʥʫ I -3aa ʧʨʠ 

ʥʠʟʢʦʡ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ O2 ʚ ʩʠʩʪʝʤʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʷ 

 
ʈʠʩʫʥʦʢ 11. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ O2 ʚʦʟʜʫʭʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʥʘ ʚʳʭʦʜ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ. 1 ɻ ʢʚ. I -1a, 1 ɻ ʢʚ. I -2a, 1 ɻ ʢʚ. tBuOK, 60 ï 120ÁC, PhMe, 2 ï 

33 ʤʦʣʴʥ.% O2 ʚʦʟʜʫʭʘ. 
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ʊʘʙʣʠʮʘ 18. ɺʣʠʷʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ʄʦʣʴʥ.% O2 ɺʳʭʦʜ I -3aa b, % 

60 ÁC 70 ÁC 80 ÁC 90 ÁC 100 ÁC 110 ÁC 120 ÁC 

1 c 2 28 29 22 23 14 18 27 

2 c 3 37 38 31 36 23 10 1 

3 c 9 35 39 52 58 40 22 3 

4 12 45 57 57 63 58 56 43 

5 15 45 60 69 68 67 69 49 

6 21 44 55 72 75 73 76 59 

7 25 39 51 65 67 69 63 46 

8 29 26 46 51 49 46 51 54 

9 33 2 3 14 19 21 39 43 

a ɸʥʠʣʠʥ (121 ï 547 ɛʣ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (137 ï 621 ɛʣ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ 
tBuOK (149 ï 673 ʤʛ, 1,33 ï 6 ʤʤʦʣʴ, 1 ʵʢʚ.) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ 

ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ 

ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. 
c ʇʨʦʙʠʨʢʠ ʦʙʲʸʤʦʤ 12 ʤʣ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʤʝʩʪʦ 52 ʤʣ. 

ʐʠʬʬʘ I -4aa. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʠʥʘ. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʜʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʥʘ 70 ʤʣ ʘʥʠʣʠʥʘ ʠ 70 ʤʣ ʩʧʠʨʪʘ (ʧʦʜʨʦʙʥʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ʇʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʘʚʪʦʢʣʘʚʝ 

ʩʦ ʩʞʘʪʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ. ɺ ʨʝʘʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʦʛʦ O2 ʜʦʩʪʠʛʥʫʪ 69% ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʦʧʨʝʜʝʣʸʥ ʧʦ ɻʍ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʚ ʘʚʪʦʢʣʘʚʝ ʩʦ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʧʨʦʜʫʢʪ ʧʦʣʫʯʝʥ ʩ 66% 

ʚʳʭʦʜʦʤ (ʚʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʜʨʦʭʣʦʨʠʜʘ ʩʦʩʪʘʚʠʣ 51%, 

70 ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʧʨʠʩʫʪʩʪʚʠʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʬʝʨʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʛʦʜʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʨʝʘʛʝʥʪʘʤʠ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʊʘʙʣʠʮʘ 19), ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʭʦʜʘ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʘʥʠʣʠʥʘ. 

ʇʦʤʠʤʦ ʚʳʭʦʜʘ ʧʦʚʳʰʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʘʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʣʶʙʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʳʡ 

ʵʬʬʝʢʪ ʥʘ ʚʳʭʦʜ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ. 

ʊʘʙʣʠʮʘ 19. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʥʠʣʠʥʘ (ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʂʦʣʠʯʝʩʪʚʦ ʘʥʠʣʠʥʘ, ʵʢʚ. ɺr ʭʦʜ I -3aa b, % ɺr ʭʦʜ I -4aa b, % 

1 90ÁC 0,5 51Ñ11 0 

2 1 68Ñ4 2Ñ2 

3 1,5 75Ñ3 3Ñ1 

4 2 44Ñ14 30Ñ6 

5 3 44Ñ3 26Ñ1 

6 80ÁC 1,5 61Ñ4 16Ñ2 

a ɸʥʠʣʠʥ (131 ï 805 ɛʣ, 1,47 ï 8,83 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (305 ɛʣ, 2,94 ʤʤʦʣʴ) ʠ tBuOK (330 ʤʛ, 

2,94 ʤʤʦʣʴ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ 

ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʢʘ ʘʥʠʣʠʥʘ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʭʦʨʦʰʠʤ 

ʚr ʭʦʜʦʤ ʟʘ 24 ʯʘʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ (ʊʘʙʣʠʮʘ 21, ʊʘʙʣʠʮʘ 22, ʊʘʙʣʠʮʘ 23). ʈʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʚʦʜʘ, ʪʨʝʪ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʦʩʫʰʠʪʝʣʠ, KI ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ  
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ʊʘʙʣʠʮʘ 20. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ʂʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʷ, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 0,5 10Ñ10 21Ñ4 

2 0,8 55Ñ7 20Ñ1 

3 1 76Ñ3 9Ñ1 

4 1,5 35Ñ2 21Ñ5 

5 2 31Ñ2 18Ñ1 

a ɸʥʠʣʠʥ (402 ɛʣ, 4,42 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (305 ɛʣ, 2,94 ʤʤʦʣʴ) ʠ tBuOK (165 ï 661 ʤʛ, 

1,47 ï 5,89 ʤʤʦʣʴ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʊʘʙʣʠʮʘ 21. ʆʧʪʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʯ ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 2 38 27 

2 4 51 10 

3 8 64 5 

4 12 68 5 

5 24 73 5 

6 48 74 2 

a ɸʥʠʣʠʥ (402 ɛʣ, 4,42 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (305 ɛʣ, 2,94 ʤʤʦʣʴ) ʠ tBuOK (330 ʤʛ, 2,94 ʤʤʦʣʴ) 

ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ ʫʢʘʟʘʥʥʦʝ 

ʚʨʝʤʷ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʧʨʦʜʫʢʪʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʚʳʭʦʜ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʚ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

1 ʵʢʚ. tBuOK ʠ 0.43 ʵʢʚ. H2O ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʚʳʭʦʜʦʤ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ KOH (ʊʘʙʣʠʮʘ 15). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
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ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʚʳʙʦʨ KOH ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʘʥʠʷ, ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʢ tBuOK) ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʪʝʢʘʥʠʝ 

ʞʝʣʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʘʙʣʠʮʘ 22. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ (ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

 

ʆʧʳʪ a ɼʦʙʘʚʢʘ ɺr ʭʦʜ I -3aa d, % ɺʳʭʦʜ I -4aa d, % 

1 - 76Ñ3 9Ñ1 

2 0,2 ʵʢʚ. H2O 63 0 

3 0,43 ʵʢʚ. H2O 2 1 

4 0,2 ʵʢʚ. tBuOH 56 0 

5 0,43 ʵʢʚ. tBuOH 64 21 

6 0,5 ʵʢʚ. tBuOH 61 8 

7 1 ʵʢʚ. tBuOH 63 21 

8 2 ʵʢʚ. tBuOH 38 1 

9 b - 48 9 

10 b 0,2 ʵʢʚ. ʙʝʟʚʦʜʥʦʛʦ Na2SO4 43 12 

11 c - 45 24 

12 c 100 ʤʛ MS (3¡) 43 28 

a ɸʥʠʣʠʥ (402 ɛʣ, 4,42 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (305 ɛʣ, 2,94 ʤʤʦʣʴ) ʠ tBuOK (165 ï 661 ʤʛ, 

1,47 ï 5,89 ʤʤʦʣʴ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɸʥʠʣʠʥ (252 ɛʣ, 2,78 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (288 ɛʣ, 2,78 ʤʤʦʣʴ) ʠ tBuOK (312 ʤʛ, 2,78 ʤʤʦʣʴ), 

2 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʠ ʜʦʙʘʚʢʫ (ʝʩʣʠ ʫʢʘʟʘʥʘ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 70 ÁC. 
c ɸʥʠʣʠʥ (263 ɛʣ, 2,94 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (300 ɛʣ, 2,94 ʤʤʦʣʴ) ʠ tBuOK (325 ʤʛ, 2,94 ʤʤʦʣʴ) 

ʠ ʜʦʙʘʚʢʫ (ʝʩʣʠ ʫʢʘʟʘʥʘ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 70 ÁC. 
d ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʧʳʪʘ 1, ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 23. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ KI ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ 

 

ʆʧʳʪ a ʈʘʩʪʚʦʨʠʪʝʣʴ ʂʦʣʠʯʝʩʪʚʦ KI, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 PhMe ʙʝʟ KI 76Ñ1 4Ñ2 

2 0,2 65 0 

3 1,4-ʜʠʦʢʩʘʥ ʙʝʟ KI 82Ñ3 13Ñ0 

4 0,1 77Ñ1 6Ñ1 

5 0,2 80Ñ1 12Ñ0 

6 0,5 78Ñ2 5Ñ2 

7 1,0 81Ñ2 11Ñ1 

a ɸʥʠʣʠʥ (384 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (79 ï 315 ʤʛ, 

0,70 ï 2,81 ʤʤʦʣʴ), KI (0 ï 467 ʤʛ, 0 ï 2,81 ʤʤʦʣʴ) ʠ 1,41 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʚʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʚ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ, ʤʳ ʧʝʨʝʰʣʠ ʢ ʨʝʘʢʮʠʠ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ. ʂʘʢ ʧʨʘʚʠʣʦ ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʷʪ ʣʠʙʦ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʣʠʙʦ ʚ ʪʦʣʫʦʣʝ, ʢʩʠʣʦʣʝ, ʤʝʟʠʪʠʣʝʥʝ. ʈʝʞʝ ʠʩʧʦʣʴʟʫʶʪ ʵʬʠʨʳ: 

ʊɻʌ ʠ 1,4-ʜʠʦʢʩʘʥ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʪ-ʘʤʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʆʜʥʘʢʦ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʮʝʣʝʚʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʩ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (2 ï 10), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʦʣʫʦʣ, ʊɻʌ ʠ 1,4-ʜʠʦʢʩʘʥ (ʊʘʙʣʠʮʘ 24, 

ʈʠʩʫʥʦʢ 12). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

> 10 (ʧʠʨʠʜʠʥ, ʵʪʠʣʝʥʜʠʘʤʠʥ ʠ iPrOH) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʚʪʦʨʠʯʥʦʛʦ 
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ʘʤʠʥʘ. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʦʩʥʦʚʘʥʠʷʤʠ ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʜʦʣʞʥʦ ʧʨʦʪʝʢʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʚ ʜʠʭʣʦʨʙʝʥʟʦʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɼʄʌɸ ʠʣʠ ʤʝʪʘʥʦʣʝ ʨʝʘʢʮʠʷ ʙʫʜʝʪ 

ʥʝʵʬʬʝʢʪʠʚʥʦʡ. ʇʨʝʜʩʢʘʟʘʥʠʝ ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʊʘʙʣʠʮʘ 

24, ʦʧʳʪʳ 21 ï 24). 

ʊʘʙʣʠʮʘ 24. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

ʆʧʳʪ a ʈʘʩʪʚʦʨʠʪʝʣʴ Ůr, 25ÁC [130] ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 ɹʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ  76Ñ3 3Ñ1 

2 c ɻʝʢʩʘʥ 1,9 17 19 

3 1,4-ɼʠʦʢʩʘʥ 2,3 85 13 

4 PhMe 2,4 71Ñ1 17Ñ9 

5 d Et3N 2,5 10 23 

6 e EtOAc 6,0 ʩʣʝʜʳ 6 

7 ʄʦʨʬʦʣʠʥ 7,7 75 ʩʣʝʜʳ 

8 ʊɻʌ 7,5 75 6 

9 tBuOH 9,3 64 21 

10 ʇʠʨʠʜʠʥ 13,2 14 27 

11 d ʕʪʠʣʝʥʜʠʘʤʠʥ 16 0 ʩʣʝʜʳ 

12 f   0 ʩʣʝʜʳ 

13 iPrOH 18,2 [131] 4 5 

14 e N-ʤʝʪʠʣ-2-

ʧʠʨʨʦʣʠʜʦʥ 

32,2 0 0 

15 e PhNO2 36,1 0 93 

16 e  MeCN 36,0 ʩʣʝʜʳ ʩʣʝʜʳ 

17 e  ɼʄʉʆ 46,7 0 2 

18 e  ʇʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪ 62,9 0 0 

19 H2O 78,2 [132] ʩʣʝʜʳ ʩʣʝʜʳ 

20 f   ʩʣʝʜʳ ʩʣʝʜʳ 
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21 1,2-ɼʍɹ 9,9 71 9 

22 e ɼʄʌɸ 36,7 0 20 

23 MeOH 32,6 2 7 

24 f   0 ʩʣʝʜʳ 

a ɸʥʠʣʠʥ (385 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ʅʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
d ɺʦʟʤʦʞʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
e ʇʨʝʦʙʣʘʜʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
f 200ÁC, ʩʦʩʫʜ ʐʣʝʥʢʘ  

 
ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ʇʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʪʦʣʫʦʣʝ ʠ ʚ 

ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʦʥ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʳ ʨʝʰʠʣʠ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʦʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʟʫʯʠʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ (ʊʘʙʣʠʮʘ 25). ʇʦʣʫʯʝʥʠʝ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ 

ʙʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʥʠʞʘʶʪʩʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʜʫʢʪʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʣʠ ʝʸ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʦʟʜʫʭʦʤ. ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ ʢʘʢ ʛʠʛʨʦʩʢʦʧʠʯʥʦʛʦ ʦʩʥʦʚʘʥʠʷ (tBuOK), ʪʘʢ ʠ 

ʩʤʝʩʠ ʩʧʠʨʪʘ ʠʣʠ ʘʥʠʣʠʥʘ ʩ ʦʩʥʦʚʘʥʠʝʤ (ʊʘʙʣʠʮʘ 26). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʨʝʤʷ 

ʧʦʩʪʘʥʦʚʢʠ ʩʠʥʪʝʟʘ ʙʳʣʦ ʩʥʠʞʝʥʦ ʜʦ ʧʘʨʳ ʤʠʥʫʪ, ʘ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʟʦʛʥʘʥʥʳʡ ʙʫʪʦʢʩʠʜ ʢʘʣʠʷ, ʨʝʘʢʮʠʠ ʩʪʘʚʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʸʤʦʚ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʠʥʝʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ɺʚʠʜʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʫʩʧʝʥʟʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʦʣʫʦʣʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 27). 

ɼʦʙʠʚʰʠʩʴ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʙʳʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʘʢ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ (ʊʘʙʣʠʮʘ 

28, ʊʘʙʣʠʮʘ 29), ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʵʬʬʝʢʪʘ (ʊʘʙʣʠʮʘ 30), ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ 

ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʣʷ ʨʝʘʢʮʠʠ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ (ʊʘʙʣʠʮʘ 31); 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 32). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʘʢʮʠʝʡ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ʇʨʦʚʝʜʝʥʠʝ 
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ʩʠʥʪʝʟʘ ʚ ʪʦʣʫʦʣʝ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ, ʢʦʛʜʘ 

ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʸʨʜʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 88% ʧʦʣʫʯʝʥ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʙʳʪʢʘ ʘʥʠʣʠʥʘ ʩʦ ʩʧʠʨʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʠ 15 

ʤʦʣʴʥ.% O2 ʚʦʟʜʫʭʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 48 

ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ. ɿʘ 24 ʯʘʩʘ ʧʨʦʜʫʢʪ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʩ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʟʘ 24 ʯʘʩʘ (ʤʝʪʦʜʠʢʘ ɸ). 

ʊʘʙʣʠʮʘ 25. ʀʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ 

ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪ a ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ ʚ ʪʦʣʫʦʣʝ, Mb ɺʳʭʦʜ I -3aa ʩ, % ɺʳʭʦʜ I -4aa ʩ, % 

1 3,5 46Ñ8 25Ñ3 

2 7 70Ñ1 20Ñ2 

3 10,5 65Ñ6 24Ñ1 

4 14 64Ñ9 25Ñ1 

5 17,5 72Ñ7 17Ñ5 

6 21 69Ñ2 24Ñ1 

a ɸʥʠʣʠʥ (374 ï 392 ɛʣ, 4,11 ï 4,3 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (283 ï 297 ɛʣ, 2,74 ï 2,87 ʤʤʦʣʴ), tBuOK 

(307 ï 322 ʤʛ, 2,74 ï 2,87 ʤʤʦʣʴ) ʠ 0,48 ï 2,74 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ʂʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: ’ ’ ’ ὠ̓̏̌̔̏̌́ϳ  

ʩ ɺr ʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
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ʊʘʙʣʠʮʘ 26. ʀʩʩʣʝʜʦʚʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢ 

ʚʦʟʜʫʭʫ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʢʦʥʪʘʢʪʘ ʩ 

ʚʦʟʜʫʭʦʤ ʜʦ 

ʟʘʢʨʳʪʠʷ 

ʩʠʩʪʝʤʳ, ʤʠʥ 

ʂʦʤʤʝʥʪʘʨʠʠ ɺʳʭʦʜ 

I -3aa b, % 

ɺʳʭʦʜ 

I -4aa b, % 

1 c 0 ʈʝʘʛʝʥʪʳ ʜʦʙʘʚʣʝʥʳ ʚ ʧʨʦʢʘʣʸʥʥʳʡ 

ʩʦʩʫʜ ʐʣʝʥʢʘ ʚ ʛʣʘʚʙʦʢʩʝ, ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʉʦʩʫʜ ʚʳʥʝʩʣʠ ʠʟ 

ʛʣʘʚʙʦʢʩʘ, ʜʝʛʘʟʠʨʦʚʘʣʠ ʠ ʟʘʧʦʣʥʠʣʠ 

ʘʪʤʦʩʬʝʨʦʡ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ 

(ʧʨʦʧʫʱʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʯʝʨʝʟ ʩʣʦʠ CaH2 ʠ P4O10). ʀʩʧʦʣʴʟʦʚʘʥ 

ʢʦʤʤʝʨʯʝʩʢʠʡ tBuOK, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ. 

88 11 

2 1,5 ʂʦʤʤʝʨʯʝʩʢʠʡ tBuOK ʦʩʪʘʚʠʣʠ ʥʘ 

ʚʦʟʜʫʭʝ ʥʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ. ɿʘʪʝʤ ʚ 

ʨʝʘʢʪʦʨ ʜʦʙʘʚʠʣʠ ʦʩʪʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʟʘʢʨʳʣʠ ʨʝʘʢʪʦʨ. 

90Ñ6 6Ñ5 

3 15 75Ñ1 7Ñ2 

4 60 83 10 

5 180 77 13 

6 360 74 15 

ʂʦʤʤʝʨʯʝʩʢʠʡ tBuOK ʜʦʙʘʚʠʣʠ ʢ ʦʜʥʦʤʫ ʠʟ ʨʝʘʛʝʥʪʦʚ ʠ ʦʩʪʘʚʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʥʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ. 

ɿʘʪʝʤ ʚ ʨʝʘʢʪʦʨ ʚʥʝʩʣʠ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʟʘʢʨʳʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

7 60 tBuOK+BnOH 85 9 

8 180 73 16 

9 360 77 21 

10 60 tBuOK+PhNH2 82 10 

11 180 44 28 

12 360 33 33 

a ɸʥʠʣʠʥ (127 ɛʣ, 1,41 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,91 ʤʤʦʣʴ), tBuOK (276 ʤʛ, 2,46 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 48 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʠ 90 ÁC. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. 
c ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 
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ʊʘʙʣʠʮʘ 27. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

(ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪ a ʂʦʤʤʝʥʪʘʨʠʠ ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 ɹʝʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 70Ñ1 20Ñ2 

2 ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʫʩʧʝʥʟʠʶ tBuOK ʚ ʪʦʣʫʦʣʝ 

74Ñ7 2Ñ2 

3 ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʜ 

ʧʦʤʝʱʝʥʠʝʤ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʤʘʩʣʷʥʫʶ ʙʘʥʶ 

76Ñ1 4Ñ2 

4 c ʈʝʘʢʮʠʷ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ 

8Ñ2 47Ñ1 

a ɸʥʠʣʠʥ (384 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ 

ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
c ʈʝʘʢʮʠʷ ʧʨʠ 70ÁC ʠ ʥʝʧʨʝʨʳʚʥʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ; 1 ʯ. 

ʊʘʙʣʠʮʘ 28. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʥʠʣʠʥʘ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ) 

 

ʆʧʳʪ a ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʂʦʣʠʯʝʩʪʚʦ ʘʥʠʣʠʥʘ, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 90 0,33 32Ñ8 6Ñ3 

2 c  51Ñ7 43Ñ13 

3 0,5 47Ñ5 2Ñ1 

4 70  35 53 

5 110  26 16 

6 130  18 12 

7 d 90  31 17 

8 c  61Ñ6 19Ñ4 

9 0,75 62Ñ10 ʩʣʝʜʳ 

10 c  56 13 
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11 1,0 58Ñ3 4Ñ2 

12 c  58Ñ3 7Ñ2 

13 1,5 70Ñ1 20Ñ2 

14 2,0 73Ñ8 11Ñ6 

a ɸʥʠʣʠʥ (85-510 ɛʣ, 0,94-5,62 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 

2,81 ʤʤʦʣʴ) ʠ 1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ 

ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʚʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 
c 48 ʯ.  
d 2,81 ʤʣ ʪʦʣʫʦʣʘ. 

ʊʘʙʣʠʮʘ 29. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪ a ʢʦʣʠʯʝʩʪʚʦ tBuOK, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 0,25 0 33Ñ5 

2 0,5 0 27Ñ1 

3 0,75 22Ñ8 35Ñ8 

4 1,0 76Ñ1 4Ñ2 

a ɸʥʠʣʠʥ (384 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (79 ï 315 ʤʛ, 

0,70 ï 2,81 ʤʤʦʣʴ) ʠ 1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ, 

ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ (1 ʤʠʥʫʪʘ) ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʊʘʙʣʠʮʘ 30. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪ a ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ɺr ʭʦʜ I -3aa b, % ɺr ʭʦʜ I -4aa b, % 

1 25 0 37 

2 40 0 44Ñ1 

3 60 6Ñ2 44Ñ4 

4 80 52Ñ8 14Ñ9 



 

118 

 

5 90 70Ñ1 20Ñ2 

6 100 67Ñ2 4 

7 120 31Ñ9 8Ñ2 

8 140 19Ñ2 0 

9 160 20Ñ2 0 

a ɸʥʠʣʠʥ (384 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ ʐʣʝʥʢʘ) ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (15 ʤʦʣʴʥ.% O2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ). ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 

24 ʯʘʩʦʚ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ 

ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʚʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʊʘʙʣʠʮʘ 31. ɺʣʠʷʥʠʝ ʚʦʟʜʫʭʘ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪa ʄʦʣʴʥ.% O2 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 c 3 60 4Ñ0 11Ñ0 

2 c 90 37Ñ1 27Ñ2 

3 c 120 10 4 

4 5 90 12 2 

5 7 90 25 6 

6 c  90 37Ñ5 0 

7 9 90 42 7 

8 11 90 56 4 

9 13 80 40 26Ñ1 

10 90 65Ñ4 12Ñ6 

11 100 68Ñ2 4 

12  120 53 4 

13 15 90 71Ñ1 20Ñ2 

14 21 80 3Ñ2 38Ñ1 

15 90 57Ñ8 30Ñ1 

16 100 54Ñ7 18Ñ3 

17 34 60 0Ñ1 62Ñ3 
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18 90 0 84Ñ16 

19 120 40Ñ1 50Ñ2 

a ɸʥʠʣʠʥ (178 ï 683 ɛʣ, 1,95 ï 7,5 ʤʤʦʣʴ, 1,5 ʵʢʚ.), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (135 ï 517 ɛʣ, 1,3 ï 5 ʤʤʦʣʴ, 1 

ʵʢʚ.), tBuOK (146 ï 561 ʤʛ, 1,3 ï 5 ʤʤʦʣʴ, 1 ʵʢʚ.) ʠ 0,65 ï 2,5 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 18 ʯʘʩʦʚ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʚʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 
c ʇʨʦʙʠʨʢʠ ʦʙʲʸʤʦʤ 12 ʤʣ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʤʝʩʪʦ 52 ʤʣ. 

ʊʘʙʣʠʮʘ 32. ʀʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʘʥʠʣʠʥʘ) 

 

ʆʧʳʪ a ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʯ ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 2 11Ñ1 32Ñ1 

2 4 16Ñ1 33Ñ1 

3 8 23Ñ7 24Ñ1 

4 12 46Ñ2 21Ñ5 

5 18 61Ñ6 14Ñ6 

6 24 70Ñ1 20Ñ2 

7 48 78Ñ10 22Ñ7 

8 72 80Ñ3 19Ñ3 

a ɸʥʠʣʠʥ (384 ɛʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ 

ʙʘʥʝ ʥʘ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʉʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ʋʩʣʦʚʠʷ A ʠ B 

ʆʙʥʘʨʫʞʠʚ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (çʤʝʪʦʜʠʢʘ Aè) ʜʣʷ ʨʝʘʢʮʠʠ ʚ ʪʦʣʫʦʣʝ, 

ʤʳ ʨʝʰʠʣʠ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʟʘ ʩʯʸʪ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʘʥʠʣʠʥʘ ʠ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʉʭʝʤʘ 34). 

ɺʪʦʨʠʯʥʳʝ ʘʤʠʥʳ I -3aa ï I -3ja, I -3ab ʧʦʣʫʯʝʥʳ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ 

60 ï 70%. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (I -1fa, I -1ga, I -1ha, I -1ia), ʘ ʪʘʢʞʝ 
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ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ I -2b ʩ ʜʦʥʦʨʥʦʡ ʧ-ʤʝʪʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ɺ ʩʣʫʯʘʝ 2-

ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʘ I -1i ʠ 2-ʘʤʠʥʦʙʝʥʟʦʪʠʘʟʦʣʘ I -1j  ʧʨʠʰʣʦʩʴ ʧʦʚʳʩʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

I -2a ʩ ʧ-ʘʥʠʟʠʜʠʥʦʤ I -1e ʧʦʣʫʯʝʥ ʩ ʥʝʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ, ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ 

ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ I -3ac ʠʟ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ I -2c ʩ ʘʢʮʝʧʪʦʨʥʳʤ ʧ-

ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. 

 
ʉʭʝʤʘ 34. ʇʦʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ɸ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 1H ʗʄʈ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʚʳʜʝʣʝʥʥʳʝ ʚʳʭʦʜʳ 

ʧʨʦʜʫʢʪʦʚ. 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʣʷ ʧ-CF3 ʟʘʤʝʱʸʥʥʦʛʦ 

ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʪʨʸʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ I -3ac. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 70 ï 75% ʧʨʠ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ ʩʧʠʨʪʘ. ʅʝʜʦʩʪʘʶʱʠʝ 25 ï 30% ʚʳʭʦʜʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠʟ O2 ʚ ʩʠʩʪʝʤʝ. 
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ɸʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʩʧʠʨʪʘ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʦʣʴ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʉʭʝʤʘ 35). ɺʝʨʦʷʪʥʳʤ ʧʫʪʸʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʙʝʥʟʦʘʪʘ ʢʘʣʠʷ ï ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʘʣʴʜʝʛʠʜʘ ʧʦ ʨʝʘʢʮʠʠ ʂʘʥʥʠʮʮʘʨʦ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʜʠʣ ʣʸʛʢʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ (ʉʭʝʤʘ 36). ʍʦʪʷ ʨʝʘʢʮʠʷ ʂʘʥʥʠʮʮʘʨʦ ʦʧʠʩʘʥʘ ʚ XIX  ʚʝʢʝ, 

ʨʘʥʝʝ ʥʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

 
ʉʭʝʤʘ 35. ɻʣʫʙʦʢʦʝ ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘï ʧʦʙʦʯʥʳʡ ʧʨʦʮʝʩʩ. 

 
ʉʭʝʤʘ 36. ʈʝʘʢʮʠʷ ʂʘʥʥʠʮʮʘʨʦ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʫʩʣʦʚʠʷʤ ɸ. 

ɾʝʣʘʷ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʙʳʪʦʢ 

ʩʧʠʨʪʘ, ʘ ʥʝ ʘʥʠʣʠʥʘ. ʍʦʪʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʥʠʞʘʝʪʩʷ, ʝʩʣʠ ʘʥʠʣʠʥ ʥʘʭʦʜʠʪʩʷ 

ʚ ʥʝʜʦʩʪʘʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʠʨʪʫ, ʧʦʙʦʯʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʜʦ ʢʠʩʣʦʪʳ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʭʦʜ ʧʨʦʮʝʩʩʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʩʧʠʨʪʘ ʨʝʘʢʮʠʷ ʦʪʣʠʯʘʣʘʩʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ 
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ʦʙʥʘʨʫʞʝʥʥʳʝ ʨʘʥʝʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ 

(ʤʝʪʦʜʠʢʘ B). ʊʘʢ, ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ 

ʙʣʠʟʢʦ ʢ 15 ʤʦʣʴʥ.% O2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ (ʊʘʙʣʠʮʘ 33), ʢʦʣʠʯʝʩʪʚʘ ʩʧʠʨʪʘ ʠ 

ʦʩʥʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠʤʠ ʢ ʵʢʚʠʚʘʣʝʥʪʥʳʤ (ʊʘʙʣʠʮʘ 34). 

ʊʘʙʣʠʮʘ 33. ɺʣʠʷʥʠʝ ʚʦʟʜʫʭʘ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʩʧʠʨʪʘ) 

 

ʆʧʳʪ a ʄʦʣʴʥ.% O2 ʦʪʥʦʩʠʪʝʣʴʥʦ I -1a ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 9 31 
17 

2 20 
41Ñ7 

22Ñ1 

3 31 61Ñ6 19Ñ4 

4 41 73 
18 

5 51 67 
27 

6 62 42 
43 

7 82 12 
22 

8 c 31 63 
8 

9 c 42 30 
16 

10 c 52 29 
7 

11 c 62 17 
4 

a ɸʥʠʣʠʥ (49 ï 389 ɛʣ, 0,54 ï 4,29 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (111 ï 887 ɛʣ, 1,07 ï 8,57 mmol), tBuOK 

(120 ï 962 ʤʛ, 1,07 ï 8,57 ʤʤʦʣʴ) ʠ 0,54 ï 4,29 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ 

ʥʘ 48 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʚʪʦʨʥʦʩʪʷʤʠ ʚʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
c 1,5 ɻ ʢʚ. tBuOK. 
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ʊʘʙʣʠʮʘ 34. ʂʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʷ (ʨʝʘʢʮʠʷ ʚ ʪʦʣʫʦʣʝ ʩ ʠʟʙʳʪʢʦʤ ʩʧʠʨʪʘ) 

 

ʆʧʳʪ a ʂʦʣʠʯʝʩʪʚʦ tBuOK, ʵʢʚ. ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % 

1 1,0 35 53 

2 1,25 18 12 

3 c  29 14 

4 1,5 39Ñ5 25Ñ3 

5 c  63 8 

6 1,75 60Ñ2 19Ñ3 

7 c  89Ñ2 2 

8 2,0 62Ñ5 18Ñ9 

9 c  57 11 

10 2,25 31Ñ3 9Ñ1 

11 2,5 33Ñ4 30Ñ3 

12 3,0 28 58 

13 4,0 13 39 

a ɸʥʠʣʠʥ (127 ɛʣ, 1,41 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,91 ʤʤʦʣʴ), tBuOK (158 ï 631 ʤʛ, 1,41 ï 5,62 

ʤʤʦʣʴ) ʠ 1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ (1 ʤʠʥʫʪʘ) ʠ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ 1 ï 3, 5, 9, 12, 13 ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʦʜʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ, ʦʩʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ï ʚ ʜʚʫʭ. ɺʳʭʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʧʨʠʚʝʜʝʥʳ ʢʘʢ 

ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
c 48 ʯ. 

ʇʦ ʤʝʪʦʜʠʢʝ B ʚʳʭʦʜ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʠ ʙʣʠʟʢʠʭ ʢ ʥʝʤʫ ʧʦ ʩʪʨʦʝʥʠʶ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʙʳʣ ʙʣʠʟʦʢ ʢ 90% (ʉʭʝʤʘ 37). ɸʥʠʣʠʥʳ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʘʣʢʠʣʠʨʫʶʪʩʷ ʭʫʞʝ (82%, 77%, 68% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʨʦʜʫʢʪʦʚ I -3fa, I -3ga, I -3ha). ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ 90Áʉ ʧʨʦʜʫʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʨʪʘ ʩ 2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʦʤ I -3ia ʚʳʜʝʣʝʥ ʩ 33% ʚʳʭʦʜʦʤ. 

ʉʧʠʨʪʳ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʧʨʠʚʦʜʷʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʘʤ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (I -3ab, I -3af). 

ɸʢʪʠʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʘʬʪʠʣʤʝʪʘʥʦʣ ʠ ʙʝʥʟʛʠʜʨʠʣʦʚʳʡ ʩʧʠʨʪ 
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(ʧʨʦʜʫʢʪʳ I -3ah ʠ I -3ag ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʚʦʚʣʝʯʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʛʘʣʦʛʝʥ-ʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʪʦʚ (ʧʨʦʜʫʢʪʳ I -3ad, I -3ae), ʘ 

ʪʘʢʞʝ ʩʫʙʩʪʨʘʪʘ (ʧʨʦʜʫʢʪ I -3ac), ʩʦʜʝʨʞʘʱʝʛʦ CF3 ʛʨʫʧʧʫ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ. 

ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʠʢʠ A, ʩʦʝʜʠʥʝʥʠʝ I -3ac ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʚʳʭʦʜʦʤ. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʘʥʠʣʠʥʘ ʦ-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ I -3ai ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʚʳʭʦʜʦʤ, 

ʩʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 75%. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʙʦʨ ʧʨʦʜʫʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ, ʜʘʞʝ ʩʪʘʥʜʘʨʪʥʳʤ, ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʧʦ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ɺ ʙʣʠʟʢʠʭ ʢ ʤʝʪʦʜʠʢʝ B ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʙʝʥʟʠʣʠʨʦʚʘʥʠʝ 

ʪʦʟʠʣʘʤʠʜʘ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʪʘ I -3ka ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʠʞʝ ( 

ʊʘʙʣʠʮʘ 35). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ N-ʙʝʥʟʠʣʘʤʠʥʦʚ. 
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ʉʭʝʤʘ 37. ʉʠʥʪʝʟ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʧʦ ʤʝʪʦʜʠʢʝ B ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʨʝʞʠʤʝ. ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 1H ʗʄʈ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʚʳʜʝʣʝʥʥʳʝ ʚʳʭʦʜʳ 

ʧʨʦʜʫʢʪʦʚ. 

ʊʘʙʣʠʮʘ 35. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʩ ʪʦʟʠʣʘʤʠʜʦʤ 

 

ʆʧʳʪ a ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʆʩʥʦʚʘʥʠʝ ɺʳʭʦʜ I -3ka b, % 

1 120 1 ʵʢʚ. K2CO3 0 

2 c  1 ʵʢʚ. K2CO3 0 

3  1 ʵʢʚ. LiOH 0 

4 c  1 ʵʢʚ. LiOH 0 

5  1 ʵʢʚ. NaOH 0 

6 c  1 ʵʢʚ. NaOH 0 

7  1 ʵʢʚ. KOH 0 

8 c  1 ʵʢʚ. KOH 0 

9  2 ʵʢʚ. KOH 0 

10  1 ʵʢʚ. CsOH 0 

11 c  1 ʵʢʚ. CsOH 0 

12  1 ʵʢʚ. tBuOK 0 
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13 c  1 ʵʢʚ. tBuOK 0 

14 c, e 140 1 ʵʢʚ. tBuOK 0 

15 c, e  1 ʵʢʚ. KOH 0 

16 c 160 1,5 ʵʢʚ. NaOH 0 

17 d  0,05 ʵʢʚ. KOH 0 

18 c  0,5 ʵʢʚ. KOH 0 

19 c  1 ʵʢʚ. KOH 5 

20 e  1,25 ʵʢʚ. KOH 34 

21  1,5 ʵʢʚ. KOH 36 

24 c  1 ʵʢʚ. tBuOK 63 

25 f  1,2 ʵʢʚ.  tBuOK 80 

a ʊʦʟʠʣʘʤʠʜ (321 ʤʛ, 1,87 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʦʩʥʦʚʘʥʠʝ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ ʐʣʝʥʢʘ) ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ 

ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c 2 ʤʣ 1,4-ʜʠʦʢʩʘʥʘ. 
d 10 ʵʢʚ. BnOH, ʨʝʘʢʮʠʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
e 4 ʯʘʩʘ. 

f 3 ʤʣ 1,4- ʜʠʦʢʩʘʥʘ. 

ʇʦʤʠʤʦ ʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʦʚ, ʚ ʨʝʘʢʮʠʶ ʪʘʢʞʝ ʫʜʘʸʪʩʷ ʚʦʚʣʝʯʴ ʧʝʨʚʠʯʥʳʝ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʧʠʨʪʳ (ʉʭʝʤʘ 38). ʆʜʥʘʢʦ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʫʜʘʸʪʩʷ ʣʠʰʴ ʜʣʷ 

ʩʫʙʩʪʨʘʪʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ (ʧʨʦʜʫʢʪ I -3aj). 

 
ʉʭʝʤʘ 38. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʠʣʠʥʘ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʩʧʠʨʪʘʤʠ. 
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ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʠʩʣʦʪʥʦʩʴʶ ʩʫʙʩʪʨʘʪʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʠʥʪʝʟʘ 

ɺʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʠʥʪʝʟʘ ʠ ʢʠʩʣʦʪʥʦʩʪʴʶ NH-ʥʫʢʣʝʦʬʠʣʘ ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ.[133] ʉʫʙʩʪʨʘʪʳ ʩ 

ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʘʥʠʣʠʥ) ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʧʨʠ 90ÁC, ʦʜʥʘʢʦ ʩʥʠʞʝʥʠʝ pKa (ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ) ʘʤʠʥʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ (ʉʭʝʤʘ 39). 

 
ʉʭʝʤʘ 39. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ ʢʠʩʣʦʪʥʦʩʪʴʶ ʘʤʠʥʘ 

ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ. 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʳ ʩʨʘʚʥʠʣʠ 

ʚʳʭʦʜʳ ʨʝʘʢʮʠʡ ʨʘʟʣʠʯʥʳʭ N-ʥʫʢʣʝʦʬʠʣʦʚ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʧʦʣʥʦʩʪʴʶ 

ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ O2, ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ) ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʈʠʩʫʥʦʢ 13, ʊʘʙʣʠʮʘ 

36). ʈʘʟʣʠʯʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʘʥʠʣʠʥʳ ʩ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʦ ɹʦʨʜʫʵʣʣʫ ʦʢʦʣʦ 30 

ʨʝʘʛʠʨʫʶʪ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 80 ï 100ÁC. ʋʤʝʥʴʰʝʥʠʝ pKa 

ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʊʘʢ, ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʠʨʠʤʠʜʠʥʘ 

(pKa = 25,3) ʩʦʩʪʘʚʣʷʝʪ 120ÁC, ʘ ʜʣʷ ʘʥʠʣʠʥʘ (pKa = 30,6) ï 90ÁC. ɹʦʣʝʝ ʢʠʩʣʳʡ 
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N-ʥʫʢʣʝʦʬʠʣ, ʩʫʣʴʬʦʥʘʤʠʜ, ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʧʨʠ 160ÁC, ʧʦʜʪʚʝʨʞʜʘʷ ʪʝʤ 

ʩʘʤʳʤ ʦʙʥʘʨʫʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʜʠʦʢʩʘʥʝ, ʪʦʣʫʦʣʝ ʠʣʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʦʛʜʘ ʢʘʢ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʧʦ 

ɹʦʨʜʫʵʣʣʫ ʦʧʨʝʜʝʣʝʥʘ ʚ ɼʄʉʆ (ʦʙʩʫʞʜʘʝʤʘʷ ʨʝʘʢʮʠʷ ʚ ɼʄʉʆ ʥʝ ʧʨʦʪʝʢʘʝʪ 

ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ). ʆʜʥʘʢʦ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ 

ʦʙʱʠʭ ʰʢʘʣ ʢʠʩʣʦʪʥʦʩʪʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ (ʢʨʦʤʝ ʰʢʘʣʳ ʚ ʚʦʜʝ), ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʰʢʘʣʘ ʚ ɼʄʉʆ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʦʟʤʦʞʥʳ ʦʪʢʣʦʥʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʪ ʨʝʘʣʴʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ 

ʧʨʝʚʳʩʠʪ 20ÁC. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣ ʚʳʙʨʘʥ NH-ʥʫʢʣʝʦʬʠʣ, ʢʠʩʣʦʪʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʪʦʟʠʣʘʤʠʜʦʤ ʠ ʦʩʪʘʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. 

ʉʦʝʜʠʥʝʥʠʡ ʩ ʠʟʚʝʩʪʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʦ ɹʦʨʜʫʵʣʣʫ, ʣʝʞʘʱʝʡ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʜʦʚʦʣʴʥʦ ʤʘʣʦ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʟʠʣʘʤʠʜ. ɽʛʦ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

pKa = 17,5. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 13) ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʩ ʜʘʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʙʣʠʟʢʘ ʢ 140 ï 160Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʝʟʠʣʘʤʠʜ ʚ ʩʘʤʦʤ ʜʝʣʝ 

ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʧʠʨʪʦʤ ʣʠʰʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140Áʉ. ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 180Áʉ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʚʳʭʦʜʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 200Áʉ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʚʦʟʥʠʢʘʝʪ ʵʢʩʪʨʝʤʫʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʘʭ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ (ʉʭʝʤʘ 34, ʉʭʝʤʘ 37) 

ʚʳʜʝʣʷʶʪʩʷ ʤʷʛʢʦʩʪʴʶ ʥʘ ʬʦʥʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʘʢʮʠʠ.[27] ɸʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʠ ʧʨʝʜʣʦʞʠʣʠ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ I -3aa ʧʨʠ 220ÁC. ʆʜʥʘʢʦ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ 
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(ʊʘʙʣʠʮʘ 30). ɼʘʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚʪʦʨʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʇʦʵʪʦʤʫ ʤʳ ʨʘʩʰʠʨʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʰʢʘʣʫ ʜʦ 

200ÁC, ʛʜʝ, ʚ ʩʘʤʦʤ ʜʝʣʝ, ʚʳʭʦʜ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 

ʚʦʟʨʘʩʪʘʣ ʜʦ ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ (ʈʠʩʫʥʦʢ 13). ɼʣʷ 

ʩʫʣʴʬʦʥʘʤʠʜʘ ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ 160ÁC. ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ, 

ʚʝʨʦʷʪʥʦ ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ 240 ï 260ÁC, ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ ʚʚʠʜʫ 

ʜʝʛʨʘʜʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 200ÁC. 

 

ʈʠʩʫʥʦʢ 13. ʊʨʸʭʤʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ NH-ʥʫʢʣʝʦʬʠʣʘ ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ. ɼʘʥʥʳʝ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ, ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 36). 
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ʊʘʙʣʠʮʘ 36. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʠ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʘʤʠʥʦʚ ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a pKa 

[134] 

ʉʫʙʩʪʨʘʪ t, ÁC ɺʳʭʦʜ I -3 b, % ʂʦʤʤʝʥʪʘʨʠʠ 

1 32,5 

 

80 9  

2  100 50 

3  120 40  

4  140 20  

5  160 31  

6  180 29  

7  200 47  

8 31,0 

 

80 22  

9  100 54  

10  120 33  

11  140 25  

12  160 27  

13  180 32  

14  200 35  

15 30,7 

 

80 32  

16  100 71  

17  120 42  

18  140 26  

19 c  160 43  

20 c  180 37  

21 c  200 64  

22 30,5 

 

80 44 ʜʝʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠ

ʝ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʚʳʭʦʜʫ ʧʦʙʦʯʥʦʛʦ 

23  100 76 

24  120 46 
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25  140 26 ʧʨʦʜʫʢʪʘ ï N-

ʙʝʥʟʠʣʘʥʠʣʠʥʘ: 

26  160 44 2 

27  180 31 11 

28  200 39 38 

29 29,1 

 

80 53 ʜʝʙʨʦʤʠʨʦʚʘʥʠʝ 

ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ I -3aa: 

30  100 77 

31  120 87 

32  140 55 18 

33  160 45 29 

34  180 49 27 

35  200 51 20 

36 27,7 

 

80 47  

37  100 43  

38  120 97  

39  140 36  

40  160 69  

41  180 74  

42  200 92  

43 25,3 

 

80 29  

44  100 37  

45  120 62  

46  140 53  

47  160 37  

48  180 53  

49  200 46  

57 c 16,1 

 

80 0  

58 c  100 0  

59 c  120 0  

60 c  140 60  

61 c  160 88  

62 c  180 61  
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63 c  200 (ʜʝʛʨʘʜʘʮʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ) 

 

64 17,5 

 

80 0 ʈʝʟʫʣʴʪʘʪʳ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ 

ʜʠʘʛʨʘʤʤʳ ʥʘ 

ʈʠʩʫʥʦʢ 13 

65  100 0 

66  120 0 

67  140 29 

68  160 50 

69  180 63 

70  200 29 

a ɸʤʠʥ (1,87 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʩʚʝʞʝʚʦʟʦʛʥʘʥʥʳʡ tBuOK (252 ʤʛ, 2,25 

ʤʤʦʣʴ) ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʩ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (ʜʣʷ 

ʨʝʘʢʮʠʡ ʧʨʠ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʩʫʜʳ ʐʣʝʥʢʘ). ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʉʧʫʩʪʷ 24 ʯʘʩʘ ʧʨʦʙʠʨʢʠ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʟʙʘʚʠʣʠ ɼʍʄ 

ʜʦ 25 ʤʣ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪʦʙʨʘʣʠ ʘʣʠʢʚʦʪʫ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʠ 

ʧʦʜʛʦʪʦʚʠʣʠ ʢ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʤ 1H ʗʄʈ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 
c ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ.

 

ʋʪʦʯʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʵʢʩʪʨʝʤʫʤʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʤʝʥʝ 

ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦ ʧʝʨʚʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (80 ï 120ÁC), ʘ ʚʪʦʨʦʡ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 200ÁC. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʦʩʥʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʩʧʠʨʪ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʣʴʜʝʛʠʜ. ɼʘʣʝʝ ʘʣʴʜʝʛʠʜ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʤʠʥʦʤ, ʦʙʨʘʟʫʷ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ. ɺʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʩʧʠʨʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ 

ʄʝʡʝʨʚʝʡʥʫ-ʇʦʥʜʦʨʬʫ-ɺʝʨʣʝʶ ï ʦʢʠʩʣʝʥʠʷ ʧʦ ʆʧʧʝʥʘʫʵʨʫ (MPV-O). ɼʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʦʩʥʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

(ʉʭʝʤʘ 40). [23,28,29] 
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ʉʭʝʤʘ 40. ʆʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʭʘʥʠʟʤ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. [135] 

ɺ ʧʦʠʩʢʘʭ ʦʙʲʷʩʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʳʭʦʜʘ ʞʝʣʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʪ ʦʙʲʸʤʘ ʚʦʟʜʫʭʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʢ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ, ʪʘʢ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʤʠʥʘ (ʉʭʝʤʘ 41ɸ). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣʴʥ.% ʘʥʠʣʠʥʘ ʢʦʥʚʝʨʩʠʷ ʩʧʠʨʪʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 30% ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ (15 ʤʦʣʴʥ.% O2). ʇʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʣʴ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ ʠ N-ʙʝʥʟʠʣʘʥʠʣʠʥ (ʊʘʙʣʠʮʘ 37). ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʘʤʠʥʘ ʢʦʥʚʝʨʩʠʷ ʧʘʜʘʝʪ, ʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʧʠʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʤʠʥʘ 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ MPV-O ʧʨʦʮʝʩʩʘ. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʵʪʦʤ ʩʚʦʙʦʜʥʳʡ ʦʙʲʸʤ ʩʦʩʫʜʘ ʙʳʣ ʟʘʧʦʣʥʝʥ ʚʦʟʜʫʭʦʤ, 

ʘʨʛʦʥʦʤ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (ʉʭʝʤʘ 41B). ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʚ ʩʦʩʫʜʝ ʩ 

ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʦʡ (15 ʤʦʣʴʥ.% O2) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 90ÁC ʜʦ 

140ÁC ʩʥʠʞʘʝʪʩʷ ʩ 58% ʜʦ 26%. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 200ÁC 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ 64%. ʈʝʘʢʮʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʭʦʜʦʤ 29% ʧʨʦʪʠʚ 64% ʚ ʚʦʟʜʫʭʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʘʢʮʠʠ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 200ÁC ʧʦʣʦʚʠʥʘ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʘʥʘʵʨʦʙʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ 

ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ï ʧʦ ʘʵʨʦʙʥʦʤʫ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ ʩʨʘʚʥʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ 

ʐʠʬʬʘ ʩʧʠʨʪʦʤ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʉʭʝʤʘ 41C). ʆʩʥʦʚʘʥʠʝ ʐʠʬʬʘ, 

ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʘʥʠʣʠʥʘ ʠ ʧ-ʪʦʣʠʣʘʣʴʜʝʛʠʜʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʙʝʥʟʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʪʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʤʠʥʘ ʚ ʩʦʩʫʜʘʭ ʩ ʘʪʤʦʩʬʝʨʦʡ 

ʘʨʛʦʥʘ ʠʣʠ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʟʚʦʣʠʣʦ ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʠʤ 

ʚʳʚʦʜʘʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʧʨʦʪʝʢʘʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʘʪʤʦʩʬʝʨʳ ʚ ʨʝʘʢʪʦʨʝ. ʇʨʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʘʢ ʥʘ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ 

ʚ ʘʨʛʦʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 90 ï 100% ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚʦ 

ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʨʷʜ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʦʙʤʝʥʫ ʙʝʥʟʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ, ʚʭʦʜʠʣ ʣʠʰʴ ʧ-ʤʝʪʠʣʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʤʝʩʴ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʠ N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʥʠʣʠʥʘ ʚ 

ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʙʘ ʚʦʟʤʦʞʥʳʭ ʙʝʥʟʦʘʪʘ ʢʘʣʠʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʂʘʥʥʠʮʮʘʨʦ. ʀʟ 100 ʤʦʣʴʥ.% BnOH ʠ 100 

ʤʦʣʴʥ.% ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʧʦʣʫʯʠʣʠ 60 ï 80 ʤʦʣʴʥ.% ʩʤʝʩʠ ʩʦʣʝʡ (ʙʝʥʟʦʡʥʦʡ  
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ʉʭʝʤʘ 41. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ: A) ʚʣʠʷʥʠʝ ʘʤʠʥʘ ʥʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ BnOH 

(ʊʘʙʣʠʮʘ 37), B) ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 38), C) ʩʚʠʜʝʪʝʣʴʩʪʚʘ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʂʘʥʥʠʮʮʘʨʦ (ʊʘʙʣʠʮʘ 39). 

ʠ ʧ-ʤʝʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʧʨʝʚʨʘʱʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʩʧʠʨʪʘ ʚ ʢʠʩʣʦʪʫ, ʨʝʘʢʮʠʷ ʂʘʥʥʠʮʮʘʨʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ 

ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʥʘ ʚʦʟʜʫʭʝ ʦʙʱʠʡ ʚʳʭʦʜ ʙʝʥʟʦʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠ 90ÁC ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ 60 ʤʦʣʴʥ.% ʙʝʥʟʦʘʪʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 

ʘ ʧʨʠ 160ÁC ʠ 200ÁC ï ʦʢʦʣʦ 75 ï 80 ʤʦʣʴʥ.% ʢʠʩʣʦʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1,5:1. 
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ʊʘʙʣʠʮʘ 37. ʆʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʣʠʥʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a t, ÁC ʂʦʣʠʯʝʩʪʚʦ 

ʘʥʠʣʠʥʘ, ʵʢʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʠʨʪʘ I -2a b ʠ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ I -4a c ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ, ʤʦʣʴʥ.% 

ɺʳʭʦʜ 

I -3aa b, 

% 

ɺʳʭʦʜ 

I -4aa b, 

% 

1 c 90 - 83 ʠ 15 - - 

2 0,1 71 ʠ 18 4 4 

3 160 - 91 ʠ 9 - - 

4 0,1 68 ʠ 22 0 9 

5 200 - 91 ʠ 8 - - 

6 0,1 70 ʠ 20 4 5 

a ɸʥʠʣʠʥ (127 ɛʣ, 1,41 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,91 ʤʤʦʣʴ), ʩʚʝʞʝʚʦʟʦʛʥʘʥʥʳʡ tBuOK (276 

ʤʛ, 2,46 ʤʤʦʣʴ) ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 48 ʯʘʩʦʚ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. ʆʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʣʘ ʨʘʟʙʘʚʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ɼʍʄ ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʶ tBuOK ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ CF3COOH ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ 90ÁC ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
c ɺʳʭʦʜʳ ʦʮʝʥʝʥʳ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʧʠʨʪʘ ʠ ʦʙʥʘʨʫʞʝʥʥʳʤ ʧʦʩʣʝ ʨʝʘʢʮʠʠ 

ʤʝʪʦʜʦʤ ɻʍ. 

ʊʘʙʣʠʮʘ 38. ɺʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʨʝʘʢʮʠʶ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a ɸʪʤʦʩʬʝʨʘ t, ÁC ɺʳʭʦʜ I -3aa b, % ɺʳʭʦʜ I -4aa b, % ʂʦʤʤʝʥʪʘʨʠʠ 

1 Ar 90 0 0 ʆʪʩʫʪʩʪʚʫʝʪ 

ʢʦʥʚʝʨʩʠʷ 

ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

2 ʩ Ar 200 29 3 ʆʩʥʦʚʘʥʠʝ 

ʐʠʬʬʘ, 

ʚʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ 

ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ 

ʨʝʘʢʮʠʠ 

3 ʚʦʟʜʫʭ (15 

ʤʦʣʴʥ.% O2 

90 58Ñ3 4Ñ2  
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ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʧʠʨʪʘ) 

4 ʩ ʚʦʟʜʫʭ (15 

ʤʦʣʴʥ.% O2 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʧʠʨʪʘ) 

200 64 8  

5 ʤʦʣʝʢʫʣʷʨʥʳʡ 

O2 

90 0 94  

a ɸʥʠʣʠʥ (255 ɛʣ, 2,81 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 

1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʥʘ 24 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ 

ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 90 ÁC. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ɻʍ.  
ʩ ɸʥʠʣʠʥ (1,87 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʩʚʝʞʝʚʦʟʦʛʥʘʥʥʳʡ tBuOK (252 ʤʛ, 2,25 

ʤʤʦʣʴ) ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ. 

ʉʧʫʩʪʷ 24 ʯʘʩʘ ʩʦʩʫʜ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʙʣʠʮʘ 39. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a t, ÁC ɸʪʤʦʩʬʝʨʘ ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ, ʤʦʣʴʥ.% 

ʩʧʠʨʪ 

I -2a b 

ʩʧʠʨʪ 

I -2g b 

ʢʠʩʣʦʪʘ 

I -5a b 

ʢʠʩʣʦʪʘ 

I -5g b 

ʘʤʠʥ 

I -3aa b 

ʘʤʠʥ 

I -3ag b 

1 c 90 Ar 24 14 31 25 49 44 

2 ʚʦʟʜʫʭ 13 10 46 34 50 45 

3 160 Ar 5 0 47 31 50 50 

4 ʚʦʟʜʫʭ 2 0 44 34 46 47 

5 200 Ar 0 0 44 31 40 41 

6 ʚʦʟʜʫʭ 0 0 45 33 45 48 

a ʆʩʥʦʚʘʥʠʝ ʐʠʬʬʘ 3bx (549 ʤʛ, 2,81 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,91 ʤʤʦʣʴ), 

ʩʚʝʞʝʚʦʟʦʛʥʘʥʥʳʡ tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ. 

ʉʦʩʫʜ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ 24 ʯ. ʆʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʣʘ ʨʘʟʙʘʚʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ɼʍʄ ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʶ tBuOK ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ CF3COOH ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ 90ÁC ʚʳʧʦʣʥʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʨʦʪʝʢʘʝʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʫʪʠ ʯʝʨʝʟ MPV-O 

ʧʨʦʮʝʩʩ, ʘ ʘʥʘʵʨʦʙʥʳʡ ʨʝʞʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʘʤʠʥ (ʉʭʝʤʘ 42). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʤʠʥʘ 

ʩʧʠʨʪ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʥ ʤʦʞʝʪ ʚʩʪʫʧʠʪʴ ʚ ʧʦʙʦʯʥʳʡ ʧʨʦʮʝʩʩ ï ʨʝʘʢʮʠʶ 

ʂʘʥʥʠʮʮʘʨʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʠʩʭʦʜʥʳʡ ʩʧʠʨʪ ʠ ʢʘʣʠʝʚʘʷ ʩʦʣʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʩʧʠʨʪ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʩʣʦʪʫ, 

ʦʛʨʘʥʠʯʠʚʘʷ ʚʳʭʦʜ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ï ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ï ʠ ʩʥʠʞʘʷ 

ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʦʜʫʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ï ʦʙʨʘʪʠʤʳʡ 

ʧʨʦʮʝʩʩ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʙʤʝʥ ʙʝʥʟʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʜʫʢʪʘ (ʉʭʝʤʘ 41C). 

ʇʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩʧʠʨʪʦʤ ʚ ʭʦʜʝ MPV-O 

ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʷ 

ʂʘʥʥʠʮʮʘʨʨʦ ʨʘʩʭʦʜʫʝʪ ʧʦʯʪʠ ʚʝʩʴ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʘʣʴʜʝʛʠʜ, ʙʣʦʢʠʨʫʷ ʪʝʤ 

ʩʘʤʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʍʦʪʷ OH ʷʚʣʷʝʪʩʷ ʧʣʦʭʦʡ ʫʭʦʜʷʱʝʡ 

ʛʨʫʧʧʦʡ, ʧʨʠ 200ÁC ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ.[136] ɺʘʞʥʫʶ ʨʦʣʴ ʚ 

ʘʥʘʵʨʦʙʥʦʤ ʧʫʪʠ ʨʝʘʢʮʠʠ ʠʛʨʘʝʪ ʦʩʥʦʚʘʥʠʝ: ʚ ʦʪʩʫʪʩʪʚʠʝ tBuOK ʧʨʦʜʫʢʪ ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʯʘʩʪʠʯʥʦ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʘʤʠʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ  
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ʉʭʝʤʘ 42. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. 

ʤʝʭʘʥʠʟʤ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʦ ɹʦʨʜʫʵʣʣʫ. ʄʝʥʝʝ ʢʠʩʣʳʝ ʠ ʙʦʣʝʝ 

ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʘʥʠʣʠʥʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʚ ʘʵʨʦʙʥʦʤ, ʪʘʢ ʠ ʚ ʘʥʘʵʨʦʙʥʦʤ 

ʨʝʞʠʤʘʭ. ʄʝʥʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʘʤʠʜʳ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C=N, ʠ ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʧʦ SN-ʧʫʪʠ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʘʢʮʠʠ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʦʩʥʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʤʝʪʦʜ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʠʤʝʥʠʤ ʜʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ʅʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ 

ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʙʳ ʩ ʧʨʠʝʤʣʝʤʳʤ 

ʚʳʭʦʜʦʤ (ʊʘʙʣʠʮʘ 40). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʤʠʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʙʝʥʟʠʣʘʤʠʥʦʚ. 
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ʊʘʙʣʠʮʘ 40. ʈʝʘʢʮʠʷ ʩ ʜʦʜʝʮʠʣʘʤʠʥʦʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a ʆʩʥʦʚʘʥʠʝ, t ÁC ɼʦʜʝʢʘʥʦʣ, 

% 

ʀʤʠʥ I -4la, 

% 

ɸʤʠʥ I -3la,  

% 

ɹʝʥʟʠʣʘʤʠʥʳ 

1 c 1 ʵʢʚ. tBuOK, 90 6 21 0 ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

2 c 1 ʵʢʚ. KH, 90 ʥʝ 

ʦʙʥʘʨʫʞʝʥ 

21 0 ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

3 d 1 ɻ ʢʚ. Kɻʄɼʉ, 90 ʥʝ 

ʦʙʥʘʨʫʞʝʥ 

34 0 ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

4 1 ʵʢʚ. tBuOK, 160 ʩʣʝʜʳ 50 0 0 

5 0,2 ʵʢʚ. tBuOK, 

200 ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

39 57 8 15 

6 0,2 ʵʢʚ. tBuOK, 

200 1,4-ʜʠʦʢʩʘʥ 

2 25 1 1 

7 1,2 ʵʢʚ. tBuOK, 

200 ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

50 7 5 0 

8 1,2 ʵʢʚ. tBuOK, 

200 1,4- ʜʠʦʢʩʘʥ 

31 13 4 ʩʣʝʜʳ 

9 0,5 ʵʢʚ. KH, 200 ʩʣʝʜʳ 36 0 0 

10 3 ʵʢʚ. KH, 200 ʜʝʛʨʘʜʘʮʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

a ɼʦʜʝʮʠʣʘʤʠʥ (347 ʤʛ, 1,87 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʦʩʥʦʚʘʥʠʝ ʠ 3 ʤʣ ʩʫʭʦʛʦ 

1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ ʠ ʦʩʪʘʚʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ KH ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ, ʤʝʪʦʜʠʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʭʦʞʘ ʩ ʦʧʠʩʘʥʥʦʡ ʚ ʩʥʦʩʢʝ C. 
b ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ ʠ/ʠʣʠ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ɼʦʜʝʮʠʣʘʤʠʥ (782 ʤʛ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʦʩʥʦʚʘʥʠʝ ʠ 1,41 ʤʣ 

ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʜʝʛʘʟʠʨʦʚʘʣʠ ʠ ʟʘʧʦʣʥʠʣʠ 

ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ. ɿʘʪʝʤ ʩʦʩʫʜ ʦʩʪʘʚʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ KH ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ, ʦʥ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʤʳʪ ʩʫʭʠʤ ʛʝʢʩʘʥʦʤ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʘʩʣʘ. 
d Kɻʄɼʉ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʩʦʩʫʜʝ ʐʣʝʥʢʘ ʠʟ KH (ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʤʳʪ ʩʫʭʠʤ ʛʝʢʩʘʥʦʤ 

ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ). ɼʦʜʝʮʠʣʘʤʠʥ (782 ʤʛ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ) ʠ 1,41 ʤʣ 

ʩʫʭʦʛʦ ʊɻʌ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʩʦʩʫʜ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ɿʘʪʝʤ ʩʦʩʫʜ ʜʝʛʘʟʠʨʦʚʘʣʠ, ʟʘʧʦʣʥʠʣʠ ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ ʠ 

ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯʘʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
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ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ, ʠʟʚʝʩʪʥʦ 

ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ, 

ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ ʪʨʝʙʫʶʪ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʡ, ʥʘʧʨʠʤʝʨ, ʥʘʛʨʝʚʘʥʠʷ ʜʦ 200ÁC.[136] 

ɺʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʪʘʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ (ʟʥʘʯʝʥʠʷ pKa ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ ʣʝʞʘʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ pKa ʘʤʠʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ). ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʚʥʦʚʝʩʠʝ ʘʤʠʥ ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʘʤʠʥ ʧʦʣʥʦʩʪʴʶ ʩʤʝʱʝʥʦ 

ʚʣʝʚʦ ʠ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʧʦ ʧʫʪʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʟʘʪʨʫʜʥʝʥʦ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʤʠʥ ʚʤʝʩʪʦ ʞʝʣʘʝʤʦʛʦ MPV-O 

ʧʨʦʮʝʩʩʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʤʠʛʨʘʮʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʧʨʦʜʫʢʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 

ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ (ʜʦʜʝʢʘʥʦʣ, ʙʝʥʟʠʣʘʤʠʥʳ). 

ɼʨʫʛʠʤ ʢʣʘʩʩʦʤ ʩʫʙʩʪʨʘʪʦʚ, ʦʩʪʘʶʱʠʭʩʷ ʥʝʘʢʪʠʚʥʳʤʠ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʳ (ʊʘʙʣʠʮʘ 41). ʕʪʠ ʩʫʙʩʪʨʘʪʳ ʥʝ ʚʩʪʫʧʘʶʪ  

ʊʘʙʣʠʮʘ 41. ʈʝʘʢʮʠʷ ʩ N-ʤʝʪʠʣʘʥʠʣʠʥʦʤ 

 
ʕʢʩʧʝʨʠʤʝʥʪ a t, ÁC ʈʝʟʫʣʴʪʘʪ b 

1 90 ʅʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʚʝʨʩʠʠ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 2 160 

3 200 

4 c 90 

5 c 160 

6 c 200 

a N-ʤʝʪʠʣʘʥʠʣʠʥ (457 Õʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), ʦʩʥʦʚʘʥʠʝ ʠ 1,41 ʤʣ 

ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʜʝʛʘʟʠʨʦʚʘʣʠ, ʟʘʧʦʣʥʠʣʠ 

ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
b ʈʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 
c N-ʤʝʪʠʣʘʥʠʣʠʥ (457 Õʣ, 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ) ʠ ʦʩʥʦʚʘʥʠʝ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʚ ʪʦʢʝ ʘʨʛʦʥʘ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʜʝʛʘʟʠʨʦʚʘʣʠ, ʟʘʧʦʣʥʠʣʠ ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʥʘ 24 ʯ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
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ʚ ʨʝʘʢʮʠʶ ʧʦ ʧʫʪʠ MPV-O ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʦʩʥʦʚʘʥʠʝ 

ʐʠʬʬʘ. ʆʩʥʦʚʥʦʩʪʴ N-ʤʝʪʠʣʘʥʠʣʠʥʘ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʘʥʠʣʠʥʘ, ʧʦʵʪʦʤʫ ʦʥ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ tBuOK, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʧʦ SN-ʧʫʪʠ ʥʝʡʪʨʘʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʤʠʥʘ ʪʘʢʞʝ 

ʟʘʪʨʫʜʥʝʥʦ. 

ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʸʟʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 

43). ʊʘʢ, ʨʝʘʢʮʠʷ ʦ-ʥʠʪʨʦʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʠʤʠʜʘʟʦʣʘ. ʅʘʣʠʯʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʥʟʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

 
ʉʭʝʤʘ 43. ʈʝʘʢʮʠʷ ʩ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʠʪʨʦʛʨʫʧʧʫ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʪʦ-ʟʘʤʝʩʪʠʪʝʣʝʡ, ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʜʝʛʠʜʨʦʢʩʠʤʝʪʠʣʠʨʦʚʘʥʠʝ (ʊʘʙʣʠʮʘ 42, ʉʭʝʤʘ 44). 
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ʊʘʙʣʠʮʘ 42. ʈʝʘʢʮʠʷ ʩ o-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a ʈʘʩʪʚʦʨʠʪʝʣʴ t, ÁC ɺʳʭʦʜ I -7 b, % ɺʳʭʦʜ I -3 b, % ɺʳʭʦʜ I -4 b, % 

1 ʪʦʣʫʦʣ 90 12 66 24 

2  120 18 51 45 

3 1,4-ʜʠʦʢʩʘʥ 90 9 75 16 

4 ʤʦʨʬʦʣʠʥ 90 7 76 13 

a ɸʥʠʣʠʥ (1 ʵʢʚ., 1,41 ʤʤʦʣʴ), ʩʧʠʨʪ (2 ʵʢʚ., 2,81 ʤʤʦʣʴ), tBuOK (1,75 ʵʢʚ., 2,46 ʤʤʦʣʴ) ʠ 1,41 ʤʣ 

ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

(1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʥʘ 48 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ ʠ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

 
ʉʭʝʤʘ 44. ʈʝʘʢʮʠʠ ʩ ʦ-ʭʣʦʨ ʠ 2,3,4-ʪʨʠʤʝʪʦʢʩʠ- ʙʝʥʟʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ. ʉʦʩʪʘʚ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʉʠʣʴʥʳʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚʳʟʳʚʘʶʪ ʝʛʦ ʜʠʤʝʨʠʟʘʮʠʶ (ʉʭʝʤʘ 45). 
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ʉʭʝʤʘ 45. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧ-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦ)ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʘʥʠʣʠʥʦʤ ʚ 

ʫʩʣʦʚʠʷʭ B; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʪʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ɺʪʦʨʠʯʥʳʝ ʙʝʥʟʠʣʦʚʳʝ ʩʧʠʨʪʳ, ʩʦʜʝʨʞʘʱʠʝ CH-ʩʚʷʟʴ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ, 

ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʪʘʢʠʝ ʩʧʠʨʪʳ 

ʨʝʘʛʠʨʫʶʪ ʩʘʤʠ ʩ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʧʨʦʜʫʢʪʳ ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ (ʉʭʝʤʘ 46). 

 
ʉʭʝʤʘ 46. ʈʝʘʢʮʠʷ ʩ 1-ʬʝʥʠʣʵʪʘʥʦʣʦʤ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ɺʦʚʣʝʯʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʧʠʨʪʦʚ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʣʦʞʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʣʴʜʝʛʠʜ ʩ 

ʣʸʛʢʦʩʪʴʶ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʂʘʥʥʠʮʮʘʨʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʧʨʦʜʫʢʪ I -3ac ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ 57% (ʉʭʝʤʘ 47). 

 
ʉʭʝʤʘ 47. ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʧ-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. 
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ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʊʘʢ, ʚʦʟʤʦʞʥʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʘʪʦʤʦʚ Br ʠʣʠ Cl ʧʨʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʊʘʙʣʠʮʘ 43). ʍʦʪʷ ʧʨʦʜʫʢʪʳ I -3da, 

I -3ae, I -3ad ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ, ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʠʥʪʝʟʫ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʧʠʨʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ F ʚ ʦʨʪʦ- ʠʣʠ ʧʘʨʘ- ʧʦʣʦʞʝʥʠʷʭ, ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʟʘʤʝʱʝʥʠʝ ʬʪʦʨʘ ʥʘ ʩʧʠʨʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ (ʉʭʝʤʘ 48). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ, ʙʫʜʫʯʠ ʩʠʣʴʥʳʤ 

ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʘʢʪʠʚʠʨʫʝʪ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ. 

ʊʘʙʣʠʮʘ 43. ʈʝʘʢʮʠʷ ʩ ʧ-Cl- ʠʣʠ ʧ-Br- ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a Hal t, ÁC ɺʳʭʦʜ I -3aa b, 

 % 

ɺʳʭʦʜ I -4aa b,  

% 

ɺʳʭʦʜ I -3 b, 

% 

ɺʳʭʦʜ I -4 b, 

% 

1 Cl 90 ʩʣʝʜʳ 0 67 17 

2  120 ~2 ~5 76 ʩʣʝʜʳ 

3 Br 90 8 ʩʣʝʜʳ 57 7 

4 c  120 ʩʣʝʜʳ ʩʣʝʜʳ 84 0 

a ɸʥʠʣʠʥ (1 ʵʢʚ., 1,41 ʤʤʦʣʴ), ʩʧʠʨʪ (2 ʵʢʚ., 2,81 ʤʤʦʣʴ), tBuOK (1,75 ʵʢʚ., 2,46 ʤʤʦʣʴ) ʠ 1,41 ʤʣ 

ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

(1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʥʘ 48 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ ʠ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
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ʉʭʝʤʘ 48. ʈʝʘʢʮʠʷ ʩ ʧ-F-ʟʘʤʝʱʸʥʥʳʤ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʕʬʠʨʳ, ʘʣʢʠʥʳ, ʥʠʪʨʠʣʳ ʠ ʢʦʨʠʯʥʳʡ ʬʨʘʛʤʝʥʪʳ ʥʝʫʩʪʦʡʯʠʚʳ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 49). ɹʝʥʟʘʤʠʜ ʧʦʜʚʝʨʞʝʥ ʘʣʢʦʛʦʣʠʟʫ (ʊʘʙʣʠʮʘ 44). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʩʫʙʩʪʨʘʪʳ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʩʝʭ ʤʝʪʦʜʦʚ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʛʜʝ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʘʭ, ʙʣʠʟʢʠʤ ʢ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ. 

 
ʉʭʝʤʘ 49. ʇʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 
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ʊʘʙʣʠʮʘ 44. ʈʝʘʢʮʠʷ ʩ ʙʝʥʟʘʤʠʜʦʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪ a ʈʘʩʪʚʦʨʠʪʝʣʴ t, ÁC ʆʩʥʦʚʘʥʠʝ, ʵʢʚ. ʂʦʤʤʝʥʪʘʨʠʠ b 

1 ʪʦʣʫʦʣ 90 tBuOK, 1,75 ʋʜʘʣʦʩʴ ʯʘʩʪʠʯʥʦ ʚʳʜʝʣʠʪʴ 

ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
2 c 1,4-ʜʠʦʢʩʘʥ 80 tBuOK, 1,2 

3 c 1,4-ʜʠʦʢʩʘʥ 100 tBuOK, 1,2 

4 c 1,4-ʜʠʦʢʩʘʥ 120 tBuOK, 1,2 

5 c 1,4-ʜʠʦʢʩʘʥ 140 tBuOK, 1,2 

6 c 1,4-ʜʠʦʢʩʘʥ 160 tBuOK, 1,2 ʆʙʨʘʟʦʚʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

20% N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜʘ, 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʙʝʥʟʘʤʠʜʘ 

ʥʘ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. 

7 d ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

130 tBuOK, 1 87% ʂʦʥʚʝʨʩʠʷ ʚ N- 

ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ (6%), ʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ (81%), ʟʘʤʝʯʝʥ ʩʠʣʴʥʳʡ 

ʟʘʧʘʭ ʘʤʤʠʘʢʘ. 

8 d ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

130 KOH, 1 47% ʂʦʥʚʝʨʩʠʷ ʚ N- 

ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ (5%), ʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ (75%), ʩʠʣʴʥʳʡ ʟʘʧʘʭ 

ʘʤʤʠʘʢʘ. 

9 d ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

130 NaOH, 1 80% ʂʦʥʚʝʨʩʠʷ ʚ N- 

ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ (5%), ʙʝʥʟʦʡʥʫʶ 

ʢʠʩʣʦʪʫ (75%), ʩʠʣʴʥʳʡ ʟʘʧʘʭ 

ʘʤʤʠʘʢʘ. 

10 d 1,4-ʜʠʦʢʩʘʥ 130 K2CO3, 1 2% ʢʦʥʚʝʨʩʠʷ ʚ N- 

ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ; ʟʘʧʘʭ ʘʤʤʠʘʢʘ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

11 d 1,4-ʜʠʦʢʩʘʥ 160 K2CO3, 1 ʂʦʥʚʝʨʩʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

a ʧ-ɹʝʥʟʘʤʠʜ (170 ʤʛ, 1,41 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (276 ʤʛ, 2,46 ʤʤʦʣʴ) 

ʠ 0,84 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʠʣʠ ʩʦʩʫʜ ʐʣʝʥʢʘ ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʥʘ 48 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʜʦ 90 ÁC 

ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
b ɺʳʭʦʜʳ ʦʮʝʥʝʥʳ ʧʦ ɻʍ ʠ/ʠʣʠ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ʧ-ɹʝʥʟʘʤʠʜ (227 ʤʛ, 1,87 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (252 ʤʛ, 2,25 ʤʤʦʣʴ) 

ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ 

ʐʣʝʥʢʘ) ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ 

ʥʘ 24 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
d ʧ-ɹʝʥʟʘʤʠʜ (341 ʤʛ, 2,81 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (291 ɛʣ, 2,81 ʤʤʦʣʴ), tBuOK (315 ʤʛ, 2,81 ʤʤʦʣʴ) 

ʠ 3 ʤʣ ʩʫʭʦʛʦ 1,4-ʜʠʦʢʩʘʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ 

ʐʣʝʥʢʘ) ʥʘ ʚʦʟʜʫʭʝ. ʉʦʩʫʜ ʟʘʢʨʳʣʠ, ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ 

ʥʘ 24 ʯ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 
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ʅʘʢʦʥʝʮ, ʦʪʜʝʣʴʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ 2-ʬʫʨʘʥʠʣʤʝʪʘʥʦʣ, ʧʦ 

ʥʝʠʟʚʝʩʪʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 

50). ʅʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʩʤʝʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʦʩʥʦʚʘʥʠʝ tBuOK ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ, 

ʦʙʨʘʟʫʷ ʘʣʢʦʢʩʠʜ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʧʠʨʪʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʆʜʥʘʢʦ ʢʠʩʣʦʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʦ 

ɹʦʨʜʫʵʣʣʫ ʥʝʠʟʚʝʩʪʥʘ. 

 
ʉʭʝʤʘ 50. ʈʝʘʢʮʠʷ ʩ ʬʫʨʘʥ-2-ʠʣʤʝʪʘʥʦʣʦʤ. ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʯʝʨʪʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʩʥʦʚʥʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʣʠʰʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; ʉʭʝʤʘ 51). 

ʊʘʢ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʜʝʡʩʪʚʠʶ 

ʦʩʥʦʚʘʥʠʷ ʛʨʫʧʧ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80 ï 120ÁC ʫʜʘʸʪʩʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʨʪʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ (pKa ʧʦ 

ɹʦʨʜʫʵʣʣʫ ʦʢʦʣʦ 30), ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ ʧʨʠ 120 ï 140ÁC (pKa ʧʦ ɹʦʨʜʫʵʣʣʫ 24 ï 28), ʘ ʩʫʣʴʬʦʥʘʤʠʜʳ ï ʧʨʠ 

140 ï 180ÁC (pKa ʧʦ ɹʦʨʜʫʵʣʣʫ 16 ï 20) (ʨʠʩ. 4). ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʠʜʝʘʣʝ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɼʨʫʛʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʨʫʛʫ 

ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʊʘʢʠʝ ʩʫʙʩʪʨʘʪʳ ʢʘʢ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʳ, 
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ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʩʧʠʨʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʘʥʦʣ) ʣʠʙʦ ʥʝ ʨʝʘʛʠʨʫʶʪ, ʣʠʙʦ 

ʨʝʘʛʠʨʫʶʪ ʚ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʣʠʙʦ ʨʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ, ʇʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʜʦʩʪʠʞʝʥʠʶ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʚʳʭʦʜʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʫʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

 
ʉʭʝʤʘ 51. ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʨʘʟʜʝʣʘ, ʧʦʩʚʷʱʸʥʥʦʛʦ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʦʙʦʙʱʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɹʳʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩʧʠʨʪʘʤʠ ʘʤʠʥʦʚ ʠ ʘʤʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʩʪʨʘʪʦʚ ʦʪ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʦʙʥʘʨʫʞʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ N-ʥʫʢʣʝʦʬʠʣʘ ʧʦ ɹʦʨʜʫʵʣʣʫ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʨʝʘʢʮʠʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 80 ï 120ÁC, ʩ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ï 120 ï 140ÁC, ʩ 

ʩʫʣʴʬʦʥʘʤʠʜʘʤʠ ï 140 ï 180ÁC. ɿʘʤʝʯʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʚʳʭʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ 

ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʘʩʪʚʦʨʠʪʝʣʠ ʩ Ů ʚ ʜʠʘʧʘʟʦʥʝ 

2 ï 10 ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʚʳʭʦʜʦʤ, 
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ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ ʙʦʣʴʰʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʢʘʟʳʚʘʶʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʮʝʣʝʚʦʤ ʧʨʦʮʝʩʩʝ. ʆʙʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ: ʫʜʘʣʦʩʴ ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʨʘʟʥʳʭ ʪʠʧʦʚ 

(1,2-ɼʍɹ, ɼʄʌɸ, ʤʝʪʘʥʦʣʘ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ N-ʙʝʥʟʠʣʤʝʟʠʣʘʤʠʜʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʘʢʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʚʢʣʶʯʘʶʱʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʤʠʥʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʄʝʝʨʚʝʡʥʘ-

ʇʦʥʥʜʦʨʬʘ-ɺʝʨʣʝʷ (ʆʧʧʝʥʘʫʵʨʘ). ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʘʤʠʥ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʨʝʘʢʮʠʠ ʂʘʥʥʠʮʮʘʨʦ ï 

ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ. 

ʅʘʢʦʥʝʮ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʤʷʛʢʠʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʘʤʠʥʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʥʝʦʙʭʦʜʠʤʦ 

1) ʀʩʢʣʶʯʠʪʴ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ. ʍʦʪʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʢʮʠʠ ʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ɻʢʚʠʚʘʣʝʥʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʝʸ ʠʟʙʳʪʦʢ 

ʦʩʪʘʥʦʚʠʪ ʨʝʘʢʮʠʶ ʥʘ ʥʠʟʢʦʡ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʡ ʥʝ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʛʠʜʨʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ 

ʧʦʜʭʦʜʷʱʠʝ ʦʩʥʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ tBuOK, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʪʴ. 

2) ɺ ʨʝʘʢʪʦʨʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʡ ʦʙʲʸʤ ʚʦʟʜʫʭʘ (ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 15 ʤʦʣʴʥ.% ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ). 

ʂʘʢ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʪʘʢ ʠ ʙʦʣʴʰʝʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʢʨʳʪʘʷ ʥʘ 

ʚʦʟʜʫʭ ʩʠʩʪʝʤʘ) ʧʨʠʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ. 
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3) ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʚʦʟʜʫʭʝ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʜʝʛʨʘʜʠʨʫʝʪ ʠʟ-ʟʘ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʨʝʤʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ. 

4) ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʩʧʠʨʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʂʘʥʥʠʮʮʘʨʦ, 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʤʠʥʫ. 

5) ʆʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʙʣʠʟʢʦʤ ʢ 

ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʠʨʪʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʩʷ.  

6) ʉʨʝʜʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʨʘʩʪʚʦʨʠʪʝʣʴ) ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʥʠʟʢʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

7) ʇʨʠ ʚʳʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʢʠʩʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʇʨʠʯʸʤ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʢʦʨʨʝʣʷʮʠʠ ʩ ʢʠʩʣʦʪʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʦʚ ʧʦ ʰʢʘʣʝ ɹʦʨʜʫʵʣʣʘ. 

8) ɺʚʠʜʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʝʘʢʮʠʠ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʪʚʸʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, tBuOK, ʧʫʪʸʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʘʤʠʜʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʘʤʠʥʦʚ ʠ ʩʫʣʴʬʦʥʘʤʠʜʦʚ, ʧʨʝʪʝʨʧʝʚʘʶʪ ʘʣʢʦʛʦʣʠʟ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ɺʚʠʜʫ 

ʚʳʩʦʢʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʤʝʪʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʩʦ ʩʪʦʨʦʥʳ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʤʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ.  

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʘʤʠʜʦʚ ʚʢʣʶʯʘʝʪ ʤʦʜʠʬʠʢʘʮʠʶ 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʪʘʢʠʭ 

ʢʘʢ ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʘʥʛʠʜʨʠʜʳ ʠʣʠ ʘʮʠʣʭʣʦʨʠʜʳ) ʠʣʠ in situ ʤʦʜʠʬʠʢʘʮʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʙʘʚʦʢ (ʥʘʧʨʠʤʝʨ, ɼʎʂ, CDI ʠ ʜʨ.).[12] ʊʘʢʠʝ 

ʧʦʜʭʦʜʳ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ.[13] ʊʘʢ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʨʘʥʠʣʴʥʳʝ 

ʩʰʠʚʘʪʝʣʠ, HATU, HBTU ʠ HCTU, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʘʥʘʬʠʣʘʢʩʠʶ.[13] ɼʨʫʛʦʡ 

ʧʨʦʙʣʝʤʦʡ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʚʠʜʫ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʥʠ ʤʦʛʫʪ 

ʚʩʪʫʧʘʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʚ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʩʝ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʬʘʨʤʘʮʝʚʪʠʢʠ ʚ ʨʘʟʚʠʪʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʥʳʭ ʩʚʷʟʝʡ.[14ï18,137ï140] 

ɺ ʥʘʰʝʡ ʛʨʫʧʧʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ 

ʧʫʪʸʤ Ru-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʩ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ʢʦʥʚʝʨʪʝʨʥʦʛʦ ʛʘʟʘ (ʩʤʝʩʴ CO, CO2 ʠ N2), 

ʩʣʫʞʠʚʰʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ.[141] ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʣʩʷ ʣʸʛʢʦʩʪʴʶ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʢʠʜʘʣʠ ʩʬʝʨʫ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʛʘʟʘ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʙʳʣ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ.  



 

153 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ,[142ï146] ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʨʦʜʠʡ. ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʘʤʠʜʠʨʦʚʘʥʠʠ. ɺʩʝʛʦ ʚ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧ-ʥʠʪʨʦʪʦʣʫʦʣʘ ʩ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʦ ʠʩʧʳʪʘʥʦ 

ʙʦʣʝʝ 30 ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ (ʉʭʝʤʘ 52). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʦʤʧʣʝʢʩʘʤ ʩ 

ʠʥʜʝʥʠʣʴʥʳʤ ʠ ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʴʥʳʤ ʣʠʛʘʥʜʘʤʠ, ʨʘʥʝʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʤ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʘʤʠʥʠʨʦʚʘʥʠʠ ʩ CO.[147ï149] ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʠʤʠ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʩ N- ʠ P-ʣʠʛʘʥʜʘʤʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʤʦʣʴʥ.% [Rh] ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ Rh(I), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ Rh(III) ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ. ʍʦʨʦʰʠʡ ʚʳʭʦʜ ʞʝʣʘʝʤʦʛʦ ʘʤʠʜʘ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʜʦʩʪʫʧʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʢ ʘʮʝʪʘʪ ʨʦʜʠʷ Rh2(OAc)4. 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I) ʧʨʦʠʟʚʦʜʥʳʝ ʠʥʜʝʥʠʣʘ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʃʫʯʰʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʘʟʘʣʩʷ 

ʪʝʪʨʘʛʠʜʨʦʬʪʦʨʝʥʠʣʦʚʳʡ ʢʦʤʧʣʝʢʩ Rh-I -1. 
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ʉʭʝʤʘ 52. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. aɿʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʥʠʞʝʥʘ ʜʦ 0,2 ʤʦʣʴʥ.% [Rh]. bɿʘʛʨʫʟʢʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʥʠʞʝʥʘ ʜʦ 0,75 ʤʦʣʴʥ.% [Rh]. cɿʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 2 ʤʦʣʴʥ.% 

[Rh]. 
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ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʦʛʦ ʘʤʠʜʘ II -3aa 

ʷʚʣʷʝʪʩʷ ʊɻʌ, ʦʜʥʘʢʦ ʩʠʥʪʝʟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʸʥ ʚ ʪʦʣʫʦʣʝ ʠ ʜʘʞʝ ʚ ʚʦʜʝ 

(ʊʘʙʣʠʮʘ 45). ʇʨʦʜʫʢʪ ʥʝ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʚ ɼʄʉʆ ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʊʘʙʣʠʮʘ 45. ɺʣʠʷʥʠʝ ʚʳʙʦʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʘʩʪʚʦʨʠʪʝʣ ɹ ʂʦʣʠʯʝʩʪʚʦ H2O ɺʳʭʦʜ II -3aa, %b 

1 ʊɻʌ 30 ʤ.ʜ. 64 ð 93c 

2 ʄʊɹʕ 0,021% 90 

3 tBuOH 0,1% 84 

4 EtOH 5,26% 84 

5 ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ - 61 ð 83 c 

6 ʘʮʝʪʦʥ 0,2% 73 

7 1,4-ʜʠʦʢʩʘʥ 0,30% 66 

8 MeOH 0,011% 56 

9 PhMe 0,012% 54 

10 ʚʦʜʘ 100% 52 

11 Et2O 0,10% 51 

12 ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ 0,0010% 47 

13 EtOAc 0,046% 42 

14 ʙʝʥʟʦʣ 0,011% 40 

15 MeCN 0,013% 39 

16 ʛʝʢʩʘʥ 0,0024% 30 

17 ʧʝʥʪʘʥ 0,0015% 28 

18 CHCl3 0,05% 11 

19 ɼʍʄ 0,0031% 7 

20 ɼʄʉʆ 0,05% ʩʣʝʜʳ 

a ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʦ ʪʠʪʨʦʚʘʥʠʝʤ ʧʦ ʌʠʰʝʨʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʠʢʨʦʘʥʘʣʠʟʘ ʀʅʕʆʉ ʈɸʅ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 
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ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. 

ʄʝʪʦʜ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʛʦ ʣʠʰʴ 

ʪʨʸʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʢʠʩʣʦʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʪʨʝʙʦʚʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʥʝʝ 10 ʵʢʚʠʚʘʣʝʥʪʦʚ (ʊʘʙʣʠʮʘ 46).[141] ɺʦʟʤʦʞʥʦ 

ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʠʟʙʳʪʢʘ, ʚʧʣʦʪʴ ʜʦ 1,5 ʵʢʚʠʚʘʣʝʥʪʦʚ, ʦʜʥʘʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʘʜʘʝʪ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ, ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʭʦʜʘ (ʊʘʙʣʠʮʘ 47). ʅʠʟʢʠʝ ʚʳʭʦʜʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʧʳʪʢʝ ʩʥʠʟʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʊʘʙʣʠʮʘ 48). 

ʊʘʙʣʠʮʘ 46. ʀʟʙʳʪʦʢ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʂʦʣʠʯʝʩʪʚʦ II -2a, ʵʢʚ. ɺ ʭrʦʜ II -3aa, % a 

1 1,5 37 ð 70 

2 3,4 64 ð 93b 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʯʝʪʳʨʸʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʊʘʙʣʠʮʘ 47. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʦʜʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʂʘʪʘʣʠʟʘʪʦʨ ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ɺʳʭʦʜ II -3aa, %b 

1 Rh-I-5 - 63 a 

2  3 ʵʢʚ. 53 a 

3 Rh-I-2 - 62ð 70 

4  3 ʵʢʚ. 67 ð 72 

5 Rh-I-1 - 64 ð 93 
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6  3 ʵʢʚ. 63 ð 78 

7c  - 1 ð 4 

9c  3 ʵʢʚ. 11 ð 20 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 
c ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʦ 2 ʯ. 

 

ʊʘʙʣʠʮʘ 48. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʦʙʲʸʤ ʊɻʌ, ʵʢʚ. ɺʳʭʦʜ II -3aa, %a 

1 0 61 ð 83 

2 4,25 64 ð 93 

3 21,25 28 ð 36b 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 

b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ɹʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 49) ʠ ʜʘʚʣʝʥʠʝ CO 

ʚʥʫʪʨʠ ʘʚʪʦʢʣʘʚʘ (ʊʘʙʣʠʮʘ 50). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʩʠʥʪʝʟ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ 

ʤʝʥʝʝ 160Áʉ. ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 

ʧʣʦʭʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʧʦʧʳʪʢʘʭ ʥʘʡʪʠ ʧʨʠʯʠʥʫ ʥʠʟʢʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʘʞʝ 

ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʢʣʘʚʘ (ʊʘʙʣʠʮʘ 51). 
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ʊʘʙʣʠʮʘ 49. ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪ t, ÁC ɺʳʭʦʜ II -3aa, % a 

1 120 7 ð 9 

2 140 10 ð 18 

3 160 64 ð 93b 

4 180 75 ð 77 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ.

 

ʊʘʙʣʠʮʘ 50. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ CO 

 

ʕʢʩʧʝʨʠʤʝʥʪ ɼʘʚʣʝʥʠʝ CO, ʘʪʤ ɺʳʭʦʜ II -3aa, % a 

1 20 11 ð 29 

2 30 15 ð 35 

3 40 33 ð 93 

4 50 64 ð 93b 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʊʘʙʣʠʮʘ 51. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʘʚʪʦʢʣʘʚʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʄʘʪʝʨʠʘʣ ʘʚʪʦʢʣʘʚʘ ʂʦʣʠʯʝʩʪʚʦ Rh-I-1 ɺʳʭʦʜ II -3aa, % a 

1 ʊʠʪʘʥ (10 ʤʣ) 0,2 64 ð 93 

2  1,0 94 ð 98b 

3 ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ (10 ʤʣ) 0,2 17 ð 91 

4  1,0 74 ð 94b 

a ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 

b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ.
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʈʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, 

ʧʨʦʰʝʜʰʝʛʦ ʤʝʞʜʫ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʢʠʩʣʦʪʦʡ 

ʠ ʟʘʧʦʣʥʝʥʠʝʤ ʘʚʪʦʢʣʘʚʘ ʉʆ (ʊʘʙʣʠʮʘ 52). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʘ ʜʠʩʩʦʮʠʘʮʠʷ ʣʘʙʠʣʴʥʦʛʦ ʚʩʣʝʜʩʪʚʠʝ ʠʥʜʝʥʠʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (ʉʭʝʤʘ 53).[150,151] ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ Rh-I -9, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧ-

ʤʝʪʦʢʩʠʙʝʥʟʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʠʣʦʚʦʤ ʣʠʛʘʥʜʝ. ʆʜʥʘʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʪʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʘʢʞʝ ʙʳʣʘ ʥʝʚʳʩʦʢʦʡ. 

ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʘʮʝʪʘʪʝ ʨʦʜʠʷ, 

ʧʦʢʘʟʘʚʰʝʤ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʊʘʙʣʠʮʘ 52. ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʂʘʪʘʣʠʟʘʪʦʨ ɺʳʭʦʜ II -3aa, % a 

1 b Rh-I -1 58 

2 c  84 

3 b, d  61 

4 b 0,5 ʤʦʣʴʥ.% Rh-I-2 56 

5 c  65 

6 b, d 0,25 ʤʦʣʴʥ.% Rh-I -2 42 

a ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʈʝʘʛʝʥʪʳ ʩʤʝʰʘʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʠʪʘʥʦʚʦʤ 

ʘʚʪʦʢʣʘʚʝ. 
b ɸʚʪʦʢʣʘʚ ʟʘʧʦʣʥʠʣʠ CO ʩʧʫʩʪʷ 40 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
c ɸʚʪʦʢʣʘʚ ʟʘʧʦʣʥʠʣʠ CO ʩʧʫʩʪʷ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
d ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʝʥ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʨʝʘʛʝʥʪʳ ʩʤʝʰʠʚʘʣʠ ʚ ʛʣʘʚʙʦʢʩʝ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
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ʉʭʝʤʘ 53. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʣʝʢʩʘ Rh-I -1. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʷʛʯʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʮʝʪʘʪʘ ʨʦʜʠʷ, ʤʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚʩʝʛʦ ʧʨʠ 10 ʘʪʤ. 

ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ 10 ʘʪʤ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʢʣʘʚʦʚ, 

ʧʦʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 50 ʘʪʤ ï ʩʪʘʥʜʘʨʪʥʦʤ ʜʣʷ 

ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ CO. 

ʊʘʙʣʠʮʘ 53. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Rh-II -1 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʂʦʣʠʯʝʩʪʚʦ Rh-II -1, ʤʦʣʴʥ.% ɼʘʚʣʝʥʠʝ, ʘʪʤ ɺʳʭʦʜ II -3aa, % a 

1 1 50 99 b 

2  10 89 ð95 

3 0,5 50 88 ð 99b 

4  40 90 ð 99 

5  30 97 ð 98 

6  20 78 ð 98 

7  10 44 ð 46 

8 0,2 50 92 ð93 

a ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ. 
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ʉʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʋʙʝʜʠʚʰʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ, ʤʳ ʧʝʨʝʰʣʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ 

ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʦʚ (ʉʭʝʤʘ 54). ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʘʤʠʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ  

 
ʉʭʝʤʘ 54. ʈʝʘʢʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ. aɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʧʦ ʗʄʈ ʠ ʚʳʜʝʣʝʥʥʳʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʴʶ ʧʨʦʜʫʢʪʘ. b48 ʯʘʩʦʚ. c10 ʵʢʚ. RCOOH. d1,5 ʵʢʚ. RCOOH. 
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ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʠ Ar-Hal (II -1f, II -

1g)[2,152] ʠ C=C (II -1b),[153] ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʉ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʧʘʥʠʣ (II -3fa) ʠ ʧʘʨʘʮʝʪʘʤʦʣ (II -3ka), ʘ ʪʘʢʞʝ ʧʨʷʤʳʝ ʘʥʘʣʦʛʠ ʬʝʥʘʮʝʪʠʥʘ ʠ 

ʘʮʝʜʦʙʝʥʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʜʥʦʡ 

ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʪʦʨʦʡ: ʧʨʦʜʫʢʪ II -3ia ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ 1,5 ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 10 ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʠʩʘʤʠʜ II -3ja (ʊʘʙʣʠʮʘ 54).  

ʇʦʤʠʤʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ, ʚ ʨʝʘʢʮʠʶ ʫʜʘʣʦʩʴ ʚʦʚʣʝʯʴ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ (ʊʘʙʣʠʮʘ 55). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, pKa 

ʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʘʤʠʜʘ, ʧʦʩʢʦʣʴʢʫ ʢʘʢ 

ʧʨʦʧʠʦʥʦʚʘʷ, ʪʘʢ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʳ ʨʝʘʛʠʨʫʶʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (II -

3aa ʠ II -3ad). ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 4-ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪ 

ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʘʥʘʣʦʛ ʘʮʝʜʦʙʝʥʘ (II -3ha; ʊʘʙʣʠʮʘ 56). ʇʨʠ ʵʪʦʤ 

ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʦʩʪʘʣʘʩʴ ʥʝʪʨʦʥʫʪʦʡ, ʘ ʘʣʠʬʘʪʠʯʝʩʢʘʷ 

ʦʙʨʘʟʦʚʘʣʘ ʘʤʠʜ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʠʟ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (II -3af). ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʘʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ II -3ag, ʩʦʜʝʨʞʘʱʠʡ 

ʠʥʜʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʤʛ ʜʦ 1 ʛ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʊʘʙʣʠʮʘ 54. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʩ ʧ-ʜʠʥʠʪʨʦʙʝʥʟʦʣʦʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ɼʘʚʣʝʥʠʝ 

CO, ʘʪʤ 

ʀʟʙʳʪʦʢ II-

1a, ʵʢʚ. 

ɺʳʭʦʜ, % a 

II -3ia II -3ja 4-ʥʠʪʨʦʘʥʠʣʠʥ 

1 30 3,4 58 ï 71  1 ï 6 22 

2 50 1,5 66 ï 72  3 16 ï 18 

3  3,4 67  2 ï 7 23 ï 24 

4  10 0  99 0 

a ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʊʘʙʣʠʮʘ 55. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʀʟʙʳʪʦʢ II-2f, ʵʢʚ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ɺʳʭʦʜ II-3af, % a 

1 1 ʩʪʘʥʜʘʨʪʥʳʝ 21 (ʢʦʥʚʝʨʩʠʷ 28%) b 

2 3,4  45 ï 50 

3  48 ʯ 40 ï 91 c 

4 10  ʥʝʪ ʢʦʥʚʝʨʩʠʠ 

5  300 Õʣ ʊɻʌ ʩʣʝʜʳ 

a ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʢʦʥʚʝʨʩʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʫ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 
b ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
c ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ 8 ʧʦʚʪʦʨʥʦʩʪʷʭ.
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ʊʘʙʣʠʮʘ 56. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʩ ʧ-ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʀʟʙʳʪʦʢ II-2a, ʵʢʚ. ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ɺʳʭʦʜ II-3ha, % a 

1 3,4 160 ʩʣʝʜʳ 

2  180 55 

3 10 160 80 

4  180 37 

a ɺʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʜʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 
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ʇʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʪʘʥʜʝʤʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʥʜʝʤʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢ, ʨʝʘʢʮʠʷ ʦ-ʥʠʪʨʦʘʥʠʣʠʥʘ II -1l ʩ 

ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʙʝʥʟʠʤʠʜʘʟʦʣʫ II -4ʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʠ 

(ʉʭʝʤʘ 55a).  

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʚʨʘʱʝʥʠʠ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ II -2h. 

ʃʝʚʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʪʦʥʥʘʞʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʠ ʩʯʠʪʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ.[154] ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ 4-ʥʠʪʨʦʪʦʣʫʦʣʦʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪ N-ʪʦʣʠʣʧʠʨʨʦʣʠʜʦʥ II -4b ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʦʝʜʠʥʝʥʠʝ II -4b ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʥʜʝʤʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ (ʉʭʝʤʘ 55b). 

 
ʉʭʝʤʘ 55. ʊʘʥʜʝʤʥʳʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: a) ʨʝʘʢʮʠʷ ʦ-

ʥʠʪʨʦʘʥʠʣʠʥʘ ʩ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, b) ʨʝʘʢʮʠʷ ʧ-ʥʠʪʨʦʪʦʣʫʦʣʘ ʩ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. 

ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ 

ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ (ʉʭʝʤʘ 56). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʮʝʪʘʪ ʨʦʜʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʝʪ ʢʦʢʪʝʡʣʴ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ,[155,156] ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʢʘʪʘʣʠʟʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʘʨʝʥʦʚ ʜʦ 

ʠʟʦʮʠʘʥʘʪʦʚ.[157] ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 
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ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʘʮʠʜʦʣʠʟ ʠʟʦʮʠʘʥʘʪʘ ʠʣʠ ʛʠʜʨʦʣʠʟ ʠʟʦʮʠʦʥʘʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʠʩʣʦʪʦʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʤʥʦʛʠʝ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʘʢʮʠʠ ʩʜʚʠʛʘ ʚʦʜʷʥʦʛʦ ʛʘʟʘ. ɺ 

ʭʦʜʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟ CO ʠ ʧʨʠʤʝʩʝʡ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩʷ H2, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ 

ʠʩʪʠʥʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ NO2 ʛʨʫʧʧʳ.[158,159] ʆʜʥʘʢʦ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʵʪʦʪ 

ʧʫʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ: ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʘʛʝʥʪʳ ʤʦʛʣʠ 

ʩʦʜʝʨʞʘʪʴ ʚʦʜʫ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʤ.ʜ., ʘ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʥʝ ʫʣʫʯʰʠʣʦ ʨʝʟʫʣʴʪʘʪ 

ʨʝʘʢʮʠʠ. 

 
ʉʭʝʤʘ 56. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʤʝʪʦʜ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɼʣʷ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝ ʥʫʞʥʳ ʥʠ ʪʚʝʨʜʳʝ ʠʣʠ ʞʠʜʢʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʥʠ ʙʦʣʴʰʦʡ 

ʠʟʙʳʪʦʢ ʦʜʥʦʛʦ ʠʟ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʸʛʢʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ 

ʚʳʩʦʢʫʶ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʝʘʢʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʥʪʝʟʝ ʮʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʙʠʦʤʘʩʩʳ. ʈʝʘʢʮʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʩʦʭʨʘʥʠʪʴ 

ʚʪʦʨʫʶ ʥʠʪʨʦʛʨʫʧʧʫ, ʛʘʣʦʛʝʥʳ ʠ ʢʨʘʪʥʳʝ C=C ʩʚʷʟʠ.  
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ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ CO ̫ ʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ.[3,160ï163] ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʪʨʝʙʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʯʸʤ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʠʟ ʥʠʭ ʩʦʝʜʠʥʝʥʠʷ ʨʦʜʠʷ.[3,5,6,164ï166] ʆʜʥʘʢʦ, ʚʚʠʜʫ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ 

ʜʝʰʸʚʳʭ ʩʠʩʪʝʤ. ʇʦʩʣʝʜʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ.[167] ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʘʤʠʥʠʨʦʚʘʥʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʡʦʜʠʜʘ ʢʘʣʠʷ [164] ʠʣʠ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʬʦʩʬʠʥʦʚ, ʬʦʩʬʠʪʦʚ ʠ ʜʨ.)[168] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʫʢʪʘ ʢʦʣʠʯʝʩʪʚʦ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʧʣʦʪʴ ʜʦ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʝʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʠʥʘ (4-ClC6H4)3P ʥʘʙʣʶʜʘʣʦʩʴ ʢʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʠʣʠ ʢʝʪʦʥʘʤʠ (ʉʭʝʤʘ 57).[168] 

 
ʉʭʝʤʘ 57. ʋʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʧ-ʘʥʠʟʠʜʠʥʘ ʩ ʘʥʠʩʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʦʩʬʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, in situ ʘʢʪʠʚʘʮʠʷ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʧʦʜʭʦʜʦʤ ʢ ʨʘʟʚʠʪʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO. 

ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʢʣʘʩʩʦʤ ʣʠʛʘʥʜʦʚ, ʥʘʨʘʚʥʝ ʩ ʬʦʩʬʠʥʘʤʠ, 

ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʳ N-ʪʠʧʘ.[169ï173] ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʚ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʩ CO. 
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ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ N-ʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʝʘʢʮʠʶ 

ʄʳ ʥʘʯʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ N-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʦʙʘʚʦʢ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʣʷʣ 60%. ɺ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧ-ʘʥʠʟʠʜʠʥʘ ʩ ʘʥʠʩʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʘʤʠʥʳ ʠ ʛʝʪʝʨʦʮʠʢʣʳ, ʘ ʪʘʢʞʝ ʥʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʦʩʥʦʚʘʥʠʷ 

(ʉʭʝʤʘ 58). 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʜʦʙʘʚʦʢ ʥʝ ʦʢʘʟʳʚʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ. ʇʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 

III -3ʘ ʩ ʚʳʭʦʜʦʤ 40 ï 60%. ʆʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʩʫʙʩʪʨʘʪ III -1a, ʧʨʦʜʫʢʪ III -3a ʠ ʧʨʦʤʝʞʫʪʦʯʥʦ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʣʫʘʤʠʥʘʣʴ ʠʣʠ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʤʠʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʜʦʙʘʚʢʘʤʠ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ. 

ɺʚʠʜʫ ʩʨʘʚʥʠʤʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʳʚʘʥʠʷ ʚʩʝʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʫʪʝʥʠʝʤ, 0,5 

ʤʦʣʴʥ.% ʜʦʙʘʚʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ DIPEA, 

ʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʤʝʱʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʠʤʠʥʦʤ ʠ ʧʦʣʫʘʤʠʥʘʣʝʤ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʜʫʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʘʢʮʠʠ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʚʳʭʦʜ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ ʩʥʠʞʘʝʪʩʷ. 

ɽʜʠʥʩʪʚʝʥʥʦʡ ʜʦʙʘʚʢʦʡ, ʫʩʢʦʨʷʶʱʝʡ ʨʝʘʢʮʠʶ, ʷʚʣʷʝʪʩʷ ʧʠʨʠʜʠʥ. ʊʘʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʥʦ ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʘ [(ʧ-

ʮʠʤʦʣ)RuCl2]2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʣʝʛʯʘʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʜʠʤʝʨʘ. ʇʠʨʠʜʠʥ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʝ ʙʣʦʢʠʨʫʷ ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ. 
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ɺʦ-ʚʪʦʨʳʭ, ʝʛʦ ʦʩʥʦʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ: pKa ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʤʝʨʥʦ ʥʘ 2,5 ʝʜʠʥʠʮʳ ʤʝʥʴʰʝ, ʯʝʤ pKa 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʘ.[174] ʇʦʵʪʦʤʫ ʧʠʨʠʜʠʥ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʧʦʣʫʘʤʠʥʘʣʝʤ ʠ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ. 

ʉʝʨʴʝʟʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʦʪʤʝʯʝʥʦ ʚ ʩʣʫʯʘʝ ʙʠʜʝʥʪʘʪʥʳʭ 

ʧʠʨʠʜʠʥʦʧʦʜʦʙʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʙʠʧʠʨʠʜʠʥʘ ʠ ʬʝʥʘʥʪʨʦʣʠʥʘ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʠʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʜʘʥʥʳʭ ʜʦʙʘʚʦʢ ʧʦ ʨʫʪʝʥʠʶ, ʙʣʦʢʠʨʫʶʱʫʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ ʤʝʪʘʣʣʘ. 

 
ʉʭʝʤʘ 58. ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʢʦʥʢʫʨʝʥʮʠʶ ʜʦʙʘʚʦʢ ʩ ʨʝʘʢʪʠʚʦʤ ʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʤʳ 

ʨʝʰʠʣʠ ʠʟʤʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ (ʈʠʩʫʥʦʢ 14). 

ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʥʘ ʨʝʘʢʮʠʶ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʙʘʚʢʘ : 
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ʤʝʪʘʣʣ = 1 : 1 (0,5 ʤʦʣʴʥ.% ʜʦʙʘʚʢʠ). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʠʨʠʜʠʥʘ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʙʘʚʢʘ : ʤʝʪʘʣʣ = 6 : 1 (3 ʤʦʣʴʥ.% ʜʦʙʘʚʢʠ) ʧʨʠʚʦʜʠʪ 

ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʠʨʠʜʠʥʘ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʦʝ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʙʠʧʠʨʠʜʠʥʘ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʙʘʚʢʘ : 

ʤʝʪʘʣʣ = 1 : 1, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʙʘ ʛʝʪʝʨʦʮʠʢʣʘ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʣʠʛʘʥʜʦʚ. ʄʦʥʦʜʝʥʪʘʪʥʳʡ ʧʠʨʠʜʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʠʩʩʦʮʠʘʮʠʠ ʜʠʤʝʨʘ ʨʫʪʝʥʠʷ [(ʧ-ʮʠʤʦʣ)RuCl2]2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʠʜʝʥʪʘʪʥʳʡ 

ʙʠʧʠʨʠʜʠʥ ʧʨʝʚʨʘʱʘʝʪ ʜʠʤʝʨ ʚ ʠʥʝʨʪʥʳʡ ʢʦʤʧʣʝʢʩ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ɼʀʇʕɸ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʢʠ. 
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ʈʠʩʫʥʦʢ 14. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʜʦʙʘʚʢʠ ʠ ʨʫʪʝʥʠʷ. 

ɺʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʨʝʘʢʮʠʶ ʩ ʜʨʫʛʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ 

ɼʘʣʝʝ ʤʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ ʦʙʱʥʦʩʪʴ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʙʘʚʦʢ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʚ ʨʝʘʢʮʠʠ ʘʥʠʩʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩ ʜʨʫʛʠʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ (ʉʭʝʤʘ 59). ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʥʝ 
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ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʘʢʮʠʶ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ.[168] 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʬʦʩʬʠʥʳ ʫʩʢʦʨʷʶʪ ʤʦʜʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ, 

ʯʝʤ ʧʠʨʠʜʠʥ, ʤʳ ʙʳʣʠ ʫʜʠʚʣʝʥʳ, ʦʙʥʘʨʫʞʠʚ ʧʦʣʫʪʦʨʘʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʩ ʤʦʨʬʦʣʠʥʦʤ III -1b ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ. ɹʠʧʠʨʠʜʠʥ ʣʠʰʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʝʟʘʢʪʠʚʠʨʫʝʪ ʵʪʫ ʨʝʘʢʮʠʶ. 

ʅʘʠʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʧʠʧʝʨʠʜʠʥ III -1c ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʦʙʘʚʢʠ. 

ʈʝʘʢʮʠʷ ʘʥʠʩʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩ ʙʝʥʟʦʢʘʠʥʦʤ III -1d ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʦʙʘʚʢʠ 

ʧʨʦʪʝʢʘʣʘ ʩ ʚʳʭʦʜʦʤ 95% ʠ ʪʦʣʴʢʦ 46% ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʠʧʠʨʠʜʠʥʘ. 
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ʉʭʝʤʘ 59. ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʥʘ ʚʳʭʦʜ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʶʤʠʨʫʷ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ N-ʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ, 

ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʣʠʛʘʥʜʦʚ ʠʣʠ ʦʩʥʦʚʘʥʠʡ, ʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʫʪʝʥʠʝʤ 

ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ CO. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ 

ʵʬʬʝʢʪ ʘʢʪʠʚʘʮʠʠ ʥʘʙʣʶʜʘʣʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʠʨʠʜʠʥʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʦʣʴ 

ʧʠʨʠʜʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʣʝʛʯʝʥʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʜʠʤʝʨʘ [(ʧ-ʮʠʤʦʣ)RuCl2]2. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʘʢʪʠʚʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣ : ʧʠʨʠʜʠʥ = 1 : 1. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʙʠʜʝʥʪʘʪʥʳʝ ʧʠʨʠʜʠʥʦʧʦʜʦʙʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʝʘʢʮʠʶ, ʙʣʦʢʠʨʫʷ 

ʚʘʢʘʥʩʠʠ ʨʫʪʝʥʠʝʚʦʛʦ ʮʝʥʪʨʘ, ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ DIPEA, ʩʥʠʞʘʣʠ 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʣʫʘʤʠʥʘʣʴ-ʠʤʠʥ. ɺʣʠʷʥʠʝ ʢʘʢ 

ʘʢʪʠʚʠʨʫʶʱʠʭ, ʪʘʢ ʠ ʠʥʛʠʙʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʦʩʣʘʙʝʚʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ. 
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ɺʳʚʦʜʳ 

1. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʫʙʣʷʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʘʢʠʭ ʤʝʪʦʜʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ CïN ʩʚʷʟʠ, ʢʘʢ: 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʘʤʠʜʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ. 

2. ʇʨʝʜʣʦʞʝʥʘ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʦʪ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ: ʢʠʩʣʦʪʥʦʩʪʠ N-ʥʫʢʣʝʦʬʠʣʘ ʧʦ ɹʦʨʜʫʵʣʣʫ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. 

3. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʘʢʮʠʷ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʩʧʠʨʪʘʤʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʧʫʪʷʤ: 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʄʝʝʨʚʝʡʥʘ-ʇʦʥʥʜʦʨʬʘ-ɺʝʨʣʝʷ, ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʳ ʘʤʠʥʦʤ. 

4. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

5. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʩʠʥʪʝʟʦʤ ʨʷʜʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʠʭ ʙʣʠʞʘʡʰʠʭ ʘʥʘʣʦʛʦʚ, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʪʘʥʜʝʤʥʦʤ ʩʠʥʪʝʟʝ. 

6. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʨʫʪʝʥʠʡ-
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ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ. ʆʙʥʘʨʫʞʝʥʦ ʫʩʢʦʨʝʥʠʝ 

ʨʝʘʢʮʠʠ ʘʥʠʩʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʘʢʪʠʚʘʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʥʫʢʣʝʦʬʠʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʧʠʧʝʨʠʜʠʥ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʭʚʘʪʳʚʘʶʪ 

ʨʘʟʚʠʪʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩ ʫʯʸʪʦʤ ʪʨʝʥʜʦʚ, ʥʘʡʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ ʩ ʮʝʥʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʡʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʘʤʠʥʦʤ ʠ ʩʧʠʨʪʦʤ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʜʨʫʛʠʝ ʪʠʧʳ ʨʝʘʢʮʠʡ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

(ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪ ï ʵʣʝʤʝʥʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʝʡ ʉïʉ). ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʙʥʘʨʫʞʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʚʢʣʶʯʘʶʪ 

ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʝʘʢʮʠʶ 

ʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʥʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʚʩʝ ʨʝʘʛʝʥʪʳ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʫ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ 

ʠʥʦʝ, ʊɻʌ ʠ 1,4-ʜʠʦʢʩʘʥ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʛʦʥʷʣʠ ʥʘʜ ʥʘʪʨʠʝʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʥʟʦʬʝʥʦʥʘ. 

ʆʯʠʩʪʢʫ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʣʠʙʦ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(ʩʠʣʠʢʘʛʝʣʴ Acros Organic 0,06 ï 0,2 ʤʤ), ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MPLC-ʘʧʧʘʨʘʪʘ 

InterChim PuriFlash ʩ ʢʦʣʦʥʢʦʡ PF-30SIHP-JP-F0012. ɼʨʫʛʠʝ ʧʦʜʨʦʙʥʦʩʪʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʦʧʠʩʘʥʠʷʭ ʢʦʥʢʨʝʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

1H, 13C ʠ 19F ʗʄʈ ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʚ CDCl3 ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ Bruker 

Avance 300, Bruker Avance 400 ʠʣʠ Varian Inova-400. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʘ CHCl3 (7,26 ʠ 77,16 ʤ.ʜ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1H ʠ 13C{ 1H} ʩʧʝʢʪʨʘʭ) ʠʣʠ ɼʄʉʆ-d5/d6 (2,5 ʠ 39,52 ʤ.ʜ. ʚ 
1H ʠ 

13C{ 1H} ʩʧʝʢʪʨʘʭ). ʉʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʩʠʛʥʘʣʘ: ʩ = ʩʠʥʛʣʝʪ, ʜ = ʜʫʙʣʝʪ, ʪ = ʪʨʠʧʣʝʪ, ʢ = ʢʚʘʨʪʝʪ, ʩʝʢ = 

ʩʝʢʩʪʝʪ, ʜʜ = ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ, ʜʪ = ʜʫʙʣʝʪ ʪʨʠʧʣʝʪʦʚ, ʤ = ʤʫʣʴʪʠʧʣʝʪ; ʢʦʥʩʪʘʥʪʳ 

ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʛʝʨʮʘʭ (ɻʮ). ɺʳʭʦʜʳ ʧʦ ʗʄʈ 

ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MeCN, ɼʄʌɸ ʠʣʠ ʧ-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ɸʥʘʣʠʪʠʯʝʩʢʫʶ ʛʘʟʦʚʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ (ɻʍ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʘʟʦʚʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ Chromatec Crystal 5000.2, ʦʩʥʘʱʝʥʥʦʤ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ (ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ He, ʩʢʦʨʦʩʪʴ 37 ʤʣ/ʤʠʥ) ʠ 

ʄʉ-ʜʝʪʝʢʪʦʨʦʤ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʧʠʣʣʷʨʥʳʝ ʢʦʣʦʥʢʠ Chromatec CR-5 (30 ʤ, 

0,25 ʤʤ ʚʥ.ʜ., ʪʦʣʱʠʥʘ ʧʣʸʥʢʠ 1,0 Õʤ) ʠ Chromatec CR-5MS (30 ʤ, 0,25 ʤʤ ʚʥ.ʜ., 

ʪʦʣʱʠʥʘ ʩʣʦʷ 1,0 Õʤ).  
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ʅʘʩʪʨʦʡʢʠ ɻʍ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʀɼ: ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ 250Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ 

75 : 1 ʚ ʤʦʤʝʥʪ ʠʥʞʝʢʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʇʀɼ 250 Áʉ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʢʦʣʦʥʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ: 100ÁC ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ, 100ÁC Ÿ 290ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 

30ÁC/ʤʠʥ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 1 ʤʣ/ʤʠʥ, ʢʦʣʦʥʢʘ CR-5MS. 

ɺʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣʠ: 

ʜʣʷ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ï 3,4 ʤʠʥ, ʜʣʷ ʘʥʠʣʠʥʘ ï 3,8 ʤʠʥ, ʜʣʷ N-

ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ ï 7,0 ʤʠʥ, ʜʣʷ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ ï 7,2 ʤʠʥ. ɺʳʭʦʜʳ ʠ 

ʢʦʥʚʝʨʩʠʠ ʧʦ ɻʍ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ 

ʢʘʞʜʦʤʫ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʘʨʘʤʝʪʨʳ ʘʥʘʣʠʟʘ ɻʍ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʠʦʥʘʤʠʜʘ 

ʧʦ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʦʤʫ ʜʝʪʝʢʪʦʨʫ: 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ 290ÁC, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ï 250ÁC, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ 10:1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʢʦʣʦʥʦʯʥʦʛʦ ʦʪʩʝʢʘ: 100ÁC ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ, ʟʘʪʝʤ ʥʘʛʨʝʚ ʜʦ 290ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 

30 K ʤʠʥ-1, ʟʘʪʝʤ ʫʜʝʨʞʠʚʘʥʠʝ 290ÁC ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʩʦʩʪʘʚʣʷʣʘ 1 ʤʣ ʤʠʥ-1. ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʧ-ʥʠʪʨʦʪʦʣʫʦʣʘ ʩʦʩʪʘʚʣʷʣʦ 4,3 ʤʠʥ ʠ 

6,0 ʤʠʥ ï ʜʣʷ N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʠʦʥʘʤʠʜʘ. ɺʳʭʦʜʳ ʧʦ ɻʍ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʠʦʥʘʤʠʜʫ. 

ʇʘʨʘʤʝʪʨʳ ʘʥʘʣʠʟʘ ɻʍ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ N-(4-

ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥʘ ʧʦ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʦʤʫ ʜʝʪʝʢʪʦʨʫ: 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 250ÁC, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʥʦ-

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ï 250ÁC, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ of 50:1. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʢʦʣʦʥʦʯʥʦʛʦ ʦʪʩʝʢʘ: 100ÁC ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ, ʟʘʪʝʤ 

ʥʘʛʨʝʚ ʜʦ 280ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 30 K ʤʠʥ-1, ʟʘʪʝʤ ʫʜʝʨʞʠʚʘʥʠʝ 280ÁC ʚ ʪʝʯʝʥʠʝ 3 

ʤʠʥ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʦʩʪʘʚʣʷʣʘ 2 ʤʣ ʤʠʥ-1. ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ 4-ʤʝʪʦʢʩʠ-N-

(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥʘ ʩʦʩʪʘʚʣʷʣʦ 10,2 ʤʠʥ. ɺʳʭʦʜʳ ʧʦ ɻʍ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ N-(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥʫ. 
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ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʄʉ-ʜʝʪʝʢʪʦʨ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʥʞʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 250Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʝʣʝʥʠʷ ʚ ʤʦʤʝʥʪ ʠʥʞʝʢʮʠʠ 

75 : 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʢʦʣʦʥʦʯʥʦʛʦ ʦʪʩʝʢʘ: 60Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ, 60Áʉ 

Ÿ 250Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 30Áʉ/ʤʠʥ, 250Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʤʠʥ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 1 

ʤʣ/ʤʠʥ. ʇʘʨʘʤʝʪʨʳ ʄʉɼ: ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ 200ÁC, ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ 230ÁC. 

ɿʘʠʤʩʪʚʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ 

ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ 

ʂʦʣʠʯʝʩʪʚʦ (ʤʦʣʴʥ.%) ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʪʦʨʝ (ʈʠʩʫʥʦʢ 15) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʧʠʨʪʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

̝̍̏̌̎ȢϷ ὕ
ὠ̑̆́̋̓̏̑ὤ́̍̉̎ ὤ̒̐̉̑̓ὤ̠̑́̒̓̃̏̑̉̓̆̌Ὑ ςzωψὑ πzȟςρϳ

’̒̐̉̑̓́
 ρππϷ 

ɻʜʝ ὠ̑̆́̋̓̏̑́ ʠ ὠ̋̏̍̐̏̎̆̎̓̏̃ ʧʨʠʚʝʜʝʥʳ ʚ ʣʠʪʨʘʭ; ʜʣʷ ʪʚʸʨʜʳʭ ʧʨʠ 298 K ʠ 1 

ʘʪʤ ʘʤʠʥʦʚ ὤ̍̉̎ ́ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʤʘʩʩʫ; ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ὠ̠̑́̒̓̃̏̑̉̓̆̌ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʤʘʩʩʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʩʥʦʚʘʥʠʷ; 

’̒̐̉̑̓́ ʧʨʠʚʝʜʝʥʦ ʚ ʤʦʣʴ. 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʧʨʦʙʠʨʢʫ ʦʙʲʝʤʦʤ 52 ʤʣ ʩ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʠ ʟʘʚʠʥʯʠʚʘʶʱʝʡʩʷ 

ʢʨʳʰʢʦʡ (ʈʠʩʫʥʦʢ 16) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʤʝʩʪʠʣʠ ʫʢʘʟʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʥʦʚʘʥʠʷ, ʨʘʩʪʚʦʨʠʪʝʣʷ (ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥ), ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʘʥʠʣʠʥʘ. 

ʇʨʦʙʠʨʢʫ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʣʠ ʥʘ ʚʦʟʜʫʭʝ ʢʨʳʰʢʦʡ ʩ ʩʠʣʠʢʦʥʦʚʦʡ ʧʨʦʢʣʘʜʢʦʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʟʴʙʫ ʧʨʦʙʠʨʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʤʦʪʘʣʠ ʪʝʬʣʦʥʦʚʦʡ ʣʝʥʪʦʡ. ʇʨʦʙʠʨʢʫ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʤʘʩʣʷʥʫʶ ʙʘʥʶ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʨʦʙʠʨʢʫ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ, ʛʜʝ ʨʘʟʙʘʚʠʣʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ 

ʜʦ 25 ʤʣ. ʇʝʩʪʠʣʠ ʚ ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʠ ʠʥʪʝʥʩʠʚʥʦ 
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ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʠʩʪʝʤʫ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ. ʉʦʩʪʘʚ ʩʫʩʧʝʥʟʠʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻʍ. ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʚʳʭʦʜ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ɻʍ. 

ʄʥʦʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʨʘʟ. ɺ ʩʣʫʯʘʝ 

ʧʦʣʫʯʝʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʚʳʭʦʜʦʚ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʳʭʦʜ 

ʧʨʠʚʝʜʸʥ ʦʜʥʠʤ ʟʥʘʯʝʥʠʝʤ. ɽʩʣʠ ʚʳʭʦʜʳ ʧʦʚʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʤʝʣʠ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ (Ñ0,5%), ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʜʠʘʧʘʟʦʥʘ ʤʝʞʜʫ 

ʧʦʛʨʘʥʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʚʳʭʦʜʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦ ʚʩʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʠ 

ʨʘʟʥʠʮʘ ʩʨʝʜʥʝʛʦ ʩ ʥʘʠʙʦʣʝʝ ʫʜʘʣʸʥʥʳʤ (ʥʘʠʙʦʣʴʰʠʤ ʧʦ ʤʦʜʫʣʶ ʨʘʟʥʦʩʪʠ) 

ʛʨʘʥʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

 
ʈʠʩʫʥʦʢ 15. ʌʦʪʦʛʨʘʬʠʷ ʨʝʘʢʪʦʨʦʚ ʩ 

ʨʝʘʢʮʠʦʥʥʳʤʠ ʩʤʝʩʷʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʚʦʙʦʜʥʳʡ ʦʙʲʸʤ ʟʘʢʨʳʪʳʭ 

ʧʨʦʙʠʨʦʢ ʩʦʜʝʨʞʠʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ O2 

ʚʦʟʜʫʭʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʸʤʘ ʚʦʟʜʫʭʘ (ʤʣ) ʢ 

ʢʦʣʠʯʝʩʪʚʫ BnOH (ʤʤʦʣʴ) ʧʨʠʚʝʜʝʥʦ ʥʘ ʩʪʝʥʢʘʭ 

ʧʨʦʙʠʨʦʢ. 

 

 
ʈʠʩʫʥʦʢ 16. ʇʨʦʙʠʨʢʘ ʩ 

ʢʨʳʰʢʦʡ, ʩʥʘʙʞʸʥʥʦʡ ʩʠʣʠʢʦʥʦʚʦʡ 

ʧʨʦʢʣʘʜʢʦʡ ʠ ʪʝʬʣʦʥʦʚʦʡ ʣʝʥʪʦʡ. 
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ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʧʨʠʚʝʣʘ ʢ ʫʩʣʦʚʠʷʤ A ʠ B 

(ʧʦʜʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ). ɺ ʦʙʝʠʭ ʤʝʪʦʜʠʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ O2 

ʚʦʟʜʫʭʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 15 ʤʦʣʴʥ.% ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɺ ʫʩʣʦʚʠʷʭ 

A ʥʝʦʙʭʦʜʠʤ ʠʟʙʳʪʦʢ ʘʤʠʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʟʘ 4-8 ʯʘʩʦʚ, ʥʦ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʩʫʙʩʪʨʘʪʦʚ ʫʩʣʦʚʠʡ, ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʄʝʪʦʜʠʢʘ B ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʩʧʠʨʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʪʦʜʠʢʘ B ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʟʙʳʪʦʢ ʩʧʠʨʪʘ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʠʩʣʝʥʠʝʤ ʩʧʠʨʪʘ ʜʦ ʢʠʩʣʦʪʳ ʧʦ ʨʝʘʢʮʠʠ 

ʂʘʥʥʠʮʮʘʨʦ. 

ʋʩʣʦʚʠʷ ɸ: 

ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʘʤʠʥ (1,5 ʵʢʚ., 4,22 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (1 ʵʢʚ., 

2,81 ʤʤʦʣʴ), tBuOK (1 ʵʢʚ., 315 ʤʛ, 2,81 ʤʤʦʣʴ) ʠ 1,41 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (15 ʤʦʣʴʥ.% O2). ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ 

ʠ ʧʦʜʚʝʨʛʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʉʧʫʩʪʷ 24 ʯʘʩʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʣʠ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ɼʍʄ, ʧʨʦʤʳʣʠ ʚʦʜʦʡ 

(20 ʤʣ) ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ɼʍʄ (3x20 ʤʣ). ʆʙʲʝʜʠʥʸʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ 

ʚʳʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ Na2SO4 ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ. ʏʠʩʪʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʚʳʜʝʣʝʥ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʢʩʘʥ-ʕɸ (98:2 ï 95:5) 

ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ. 

ɺʳʜʝʣʝʥʠʝ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ I -3hi ʠ I -

3ia ʚʢʣʶʯʘʣʦ ʫʧʘʨʠʚʘʥʠʝ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʪʚʦʨʝʥʠʝ 

ʦʩʪʘʪʢʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4 (3 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʨʘʟʙʘʚʣʝʥ 

20 ʤʣ ʚʦʜʳ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥ ɼʍʄ (3x20 ʤʣ). ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʳ ʢ 

ʚʦʜʥʦʤʫ ʩʣʦʶ ʜʦʙʘʚʠʣʠ ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ KOH. ʇʦʩʣʝʜʫʶʱʘʷ 
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ʵʢʩʪʨʘʢʮʠʷ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (3x20 ʤʣ) ʠ ʫʧʘʨʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʣʦʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ. 

ʋʩʣʦʚʠʷ B: 

ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʘʤʠʥ (1 ʵʢʚ., 1,41 ʤʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (2 ʵʢʚ., 

2,81 ʤʤʦʣʴ), tBuOK (1,75 ʵʢʚ., 276 ʤʛ, 2,46 ʤʤʦʣʴ) ʠ 0,83 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ (ʜʣʷ ʨʝʘʢʮʠʡ ʩ t > 120ÁC ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʩʫʜ ʐʣʝʥʢʘ) ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (30 ʤʦʣʴʥ.% ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʠʣʠ 

15 ʤʦʣʴʥ.% O2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʪʘ). ʇʨʦʙʠʨʢʫ ʟʘʢʨʳʣʠ ʠ ʧʦʜʚʝʨʛʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1 ʤʠʥʫʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʦʡ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʉʧʫʩʪʷ 48 ʯʘʩʦʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʣʠ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ɼʍʄ, ʧʨʦʤʳʣʠ ʚʦʜʦʡ (20 ʤʣ) ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ɼʍʄ (3x20 ʤʣ). ʆʙʲʝʜʠʥʸʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʚʳʩʫʰʠʣʠ 

ʥʘʜ ʙʝʟʚʦʜʥʳʤ Na2SO4 ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʏʠʩʪʳʡ 

ʧʨʦʜʫʢʪ ʙʳʣ ʚʳʜʝʣʝʥ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ 

ʩʠʣʠʢʘʛʝʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʢʩʘʥ-ʕɸ (98 : 2 ï 95 : 5) ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʶʝʥʪʘ. 

ɼʣʷ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʢʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʙʳʣʘ 

ʟʘʤʝʥʝʥʘ ʨʘʩʪʚʦʨʝʥʠʝʤ ʦʩʪʘʚʰʝʡʩʷ ʧʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʤʝʩʠ 

ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ H2SO4 (3 ʤʣ). ʈʘʩʪʚʦʨ ʨʘʟʙʘʚʠʣʠ 20 ʤʣ ʚʦʜʳ ʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ɼʍʄ (3x20 ʤʣ). ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʳ ʢ ʚʦʜʥʦʤʫ ʩʣʦʶ 

ʜʦʙʘʚʠʣʠ ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ KOH. ʇʦʩʣʝʜʫʶʱʘʷ ʵʢʩʪʨʘʢʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ɼʍʄ (3x20 ʤʣ) ʠ ʫʧʘʨʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ. 
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ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ:  

ʄʝʪʦʜʠʢʘ: ʈʝʘʢʮʠʶ ʩʪʘʚʠʣʠ ʚ ʘʚʪʦʢʣʘʚʝ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʩʥʘʙʞʸʥʥʦʤ ʩʪʝʢʣʷʥʥʦʡ ʚʢʣʘʜʢʦʡ ʠ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ, ʩʦ ʩʚʦʙʦʜʥʳʤ ʦʙʲʸʤʦʤ 

ʦʢʦʣʦ 400 ʤʣ. ɸʥʠʣʠʥ (70 ʤʣ, 0,77 ʤʦʣʴ), ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ (59,5 ʤʣ, 0,58 ʤʦʣʴ) 

ʠ tBuOK (64,5 ʛ, 0,58 ʤʦʣʴ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʘʚʪʦʢʣʘʚʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (ʉʭʝʤʘ 60). ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ ʚʦʟʜʫʭʘ ʠ 

ʦʩʪʘʚʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ 48 ʯ ʧʨʠ 90ÁC. ʇʦ ʠʩʪʝʯʝʥʠʶ ʫʢʘʟʘʥʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʟʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʟʙʘʚʠʣʠ ɼʍʄ, ʦʪʦʙʨʘʣʠ ʘʣʠʢʚʦʪʫ ʥʘ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ɻʍ 

(66% ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ), ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʧʨʦʤʳʣʠ ʚʦʜʦʡ (200 ʤʣ). ɺʦʜʥʳʡ ʩʣʦʡ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CHCl3 (2x100 ʤʣ). ɿʘʪʝʤ ʦʙʲʝʜʠʥʸʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʂ ʦʩʪʘʪʢʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʠʟʙʳʪʦʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦʜʥʦʡ HClaq., 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʞʝʚʳʡ ʦʩʘʜʦʢ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʠ ʧʨʦʜʫʢʪʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʜʦʙʘʚʣʝʥʠʝʤ ʄʊɹʕ). ʆʩʘʜʦʢ  

 

ʉʭʝʤʘ 60. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ N-ʙʝʥʟʠʣʘʥʠʣʠʥʘ. 
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ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʤʳʣʠ ʄʊɹʕ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʯʠʩʪʳʡ N-

ʙʝʥʟʠʣʘʥʠʣʠʥ ʛʠʜʨʦʭʣʦʨʠʜ ʩ ʚʳʭʦʜʦʤ 51% (65 ʛ). ʉʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʦʝ ʪʚʸʨʜʦʝ ʚʝʱʝʩʪʚʦ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ O2 (10 ʘʪʤ) ʚʤʝʩʪʦ ʚʦʟʜʫʭʘ (50 ʘʪʤ) 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 69% (ɻʍ). ɺ ʧʝʨʚʳʡ ʯʘʩ ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʩʠʣʴʥʳʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʘʚʪʦʢʣʘʚ ʥʘʛʨʝʣʩʷ ʜʦ 

110Áʉ, ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 85ÁC. 

ʉʠʥʪʝʟ ʠ ʦʧʠʩʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 

N-ʙʝʥʟʠʣʘʤʠʥ, I-3aa 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 

75% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 75% (384 ʤʛ). ɺ ʫʩʣʦʚʠʷʭ B ʚʳʭʦʜ 

ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 89%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 89% (230 ʤʛ). ʇʨʦʜʫʢʪ I -

3aa ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 36 ï 38ÁC). ʌʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [175] 

Rf = 0,44 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,45 ï 7,29 (ʤ; 5H); 7,23 (ʪ; 2H); 6,77 (ʪ; J = 7,4 

ɻʮ; 1H); 6,68 (ʜ; J = 7,4 ɻʮ; 2H); 4,37 (ʩ; 2H); 4,18 ï 3,94 (ʫʰ. ʩ; 1H). 

13C{ 1H} ʗʄʈ (75 ʄɻʮ; CDCl3) ŭ 148,2; 139,5; 129,4; 128,7; 127,6; 127,3; 

117,7; 112,9; 48,4. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [175,176] 

 

N-ʙʝʥʟʠʣ-4-ʤʝʪʠʣʘʥʠʣʠʥ, I-3ba 
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ʈʝʘʢʮʠʷ 4-ʪʦʣʫʠʜʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 75% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 71% (395 ʤʛ). ɺ ʫʩʣʦʚʠʷʭ 

B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 88%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 87% (243 ʤʛ). 

ʇʨʦʜʫʢʪ I -3ba ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [176,177] 

Rf = 0,47 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,39 ï 7,28 (ʤ; 4H); 7,28 ï 7,21 (ʤ; 1H); 6,97 (ʜ; 

J = 8,1 ɻʮ; 2H); 6,56 (ʜ; J = 8,1 ɻʮ; 2H); 4,28 (ʩ; 2H); 4,38 ï 4,13 (ʫʰ. ʩ; 1H); 2,21 

(ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 146,0; 139,8; 129,9; 128,7; 127,6; 127,3; 

126,8; 113,1; 48,7; 20,5. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176,177] 

N-ʙʝʥʟʠʣ-1-ʥʘʬʪʠʣʘʤʠʥ, I-3ca 

 

ʈʝʘʢʮʠʷ 1-ʥʘʬʪʠʣʘʤʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 70% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 69% (454 ʤʛ). ɺ ʫʩʣʦʚʠʷʭ 

B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 93%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 90% (295 ʤʛ). 

ʇʨʦʜʫʢʪ I -3ca ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 67 ï 69ÁC). 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [176] 

Rf = 0,51 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,89 ï 7,79 (ʤ; 2H); 7,53 ï 7,24 (ʤ; 9H); 6,65 (ʜ; 

J = 7,4 ɻʮ; 1H); 4,76 ï 4,68 (ʫʰ. ʩ; 1H); 4,52 (ʩ; 2H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 143,3; 139,2; 134,4; 128,9; 128,8; 127,9; 

127,5; 126,7; 125,9; 124,9; 123,5; 120,0; 117,8; 105,0; 48,8. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176] 
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N-ʙʝʥʟʠʣ-4-ʙʨʦʤʘʥʠʣʠʥ, I-3da 

 

ʈʝʘʢʮʠʷ 4-ʙʨʦʤʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 72% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 69% (510 ʤʛ). ɺ ʫʩʣʦʚʠʷʭ 

B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 84%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 78% (287 ʤʛ). 

ʇʨʦʜʫʢʪ I -3da ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 52 ï 53ÁC). 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [177] 

Rf = 0,35 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,36 ï 7,30 (ʤ; 4H); 7,30 ï 7,25 (ʤ; 1H); 7,25 ï 

7,20 (ʤ; 2H); 6,48 (ʜʜ; J = 8,7, 1,5 ɻʮ; 2H); 4,27 (ʩ; 2H); 4,24 ï 4,05 (ʫʰ. ʩ; 1H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 147,1; 138,9; 132,0; 128,8; 127,5 (2C); 

114,5; 109,1; 48,3. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [177] 

 

N-ʙʝʥʟʠʣ-4-ʤʝʪʦʢʩʠʘʥʠʣʠʥ, I-3ea 

 

ʈʝʘʢʮʠʷ 4-ʤʝʪʦʢʩʠʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 43% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 37% (223 ʤʛ). ʇʨʦʜʫʢʪ I -

3ea ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. [178] 

Rf = 0,38 (ʛʝʢʩʘʥ : ʕɸ = 10:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,44 ï 7,35 (ʤ; 4H); 7,35 ï 7,28 (ʤ; 1H); 6,83 (ʜ; 

J = 9,0 ɻʮ; 2H); 6,65 (ʜ; J = 9,0 ɻʮ; 2H); 4,32 (ʩ; 2H); 3,92 ï 3,71 (ʫʰ. ʩ; 1H); 3,78 

(ʩ; 3H). 
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13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 152,3; 142,4; 139,7; 128,7; 127,6; 127,3; 

114,9; 114,2; 55,8; 49,3. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [178] 

 

N-ʙʝʥʟʠʣ-3-ʤʝʪʦʢʩʠʘʥʠʣʠʥ, I-3fa 

 

ʈʝʘʢʮʠʷ 3-ʤʝʪʦʢʩʠʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 73% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 71% (425 ʤʛ). ɺ ʫʩʣʦʚʠʷʭ 

B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 82%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 79% (238 ʤʛ). 

ʇʨʦʜʫʢʪ I -3fa ʷʚʣʷʝʪʩʷ ʞʸʣʪʦʡ ʞʠʜʢʦʩʪʴʶ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [176] 

Rf = 0,26 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,41 ï 7,32 (ʤ; 4H); 7,32 ï 7,25 (ʤ; 1H); 7,12 ï 

7,06 (ʤ; 1H); 6,33 ï 6,25 (ʤ; 2H); 6,23 ï 6,18 (ʤ; 1H); 4,32 (ʩ; 2H); 4,10 ï 4,03 (ʫʰ. 

ʩ; 1H); 3,76 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 160,9; 149,7; 139,4; 130,1; 128,7; 127,6; 

127,4; 106,1; 102,8; 99,0; 55,2; 48,4. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176] 

 

N-ʙʝʥʟʠʣ-3,5-ʜʠʤʝʪʦʢʩʠʘʥʠʣʠʥ, I-3ga 

 

ʈʝʘʢʮʠʷ 3,5-ʜʠʤʝʪʦʢʩʠʘʥʠʣʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A 

ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 57% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 56% (384 ʤʛ). 

ɺ ʫʩʣʦʚʠʷʭ B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 77%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 73% 
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(251 ʤʛ). ʇʨʦʜʫʢʪ I -3ga ʷʚʣʷʝʪʩʷ ʞʸʣʪʦʡ ʞʠʜʢʦʩʪʴʶ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [177] 

Rf = 0,19 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,39 ï 7,24 (ʤ; 5H); 5,92 ï 5,89 (ʤ; 1H); 5,85 ï 

5,83 (ʤ; 2H); 4,32 ï 4,29 (ʤ; 2H); 4,10 ï 4,02 (ʫʰ. ʩ; 1H); 3,74 (ʩ; 6H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 161,8; 150,2; 139,4; 128,7; 127,6; 127,4; 

91,8; 90,0; 55,2; 48,4. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [177] 

 

N-ʙʝʥʟʠʣ-2-ʘʤʠʥʦʧʠʨʠʜʠʥ, I-3ha 

 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A 

ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 72% (373 ʤʛ) ʠ ʩ ʚʳʭʦʜʦʤ 68% (177 ʤʛ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ B. ʇʨʦʜʫʢʪ I -3ha ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

(tʧʣ. = 94 ï 96ÁC). ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

[179] 

Rf = 0,17 (ʛʝʢʩʘʥ : ʕɸ = 5:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 8,11 (ʜ; J = 5,1 ɻʮ; 1H); 7,46 ï 7,22 (ʤ; 6H); 6,59 

(ʜʜ; J = 7,1, 5,1 ɻʮ; 1H); 6,37 (ʜ; J = 8,2 ɻʮ; 1H); 5,00 ï 4,89 (ʫʰ. ʩ; 1H); 4,51 (ʜ; J 

= 5,6 ɻʮ; 2H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 158,7; 148,3; 139,3; 137,6; 128,8; 127,5; 

127,4; 113,3; 106,9; 46,5. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176ï179] 
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N-ʙʝʥʟʠʣ-2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥ, I-3ia 

 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A 

ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 69% (359 ʤʛ) ʠ ʩ ʚʳʭʦʜʦʤ 33% (86 ʤʛ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ B. ʇʨʦʜʫʢʪ I -3ia ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

(tʧʣ. = 78 ï 80ÁC). ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

[180] 

Rf = 0,11 (ʛʝʢʩʘʥ : ʕɸ = 5:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 8,20 (ʩ; 2H); 7,42 ï 7,23 (ʤ; 5H); 6,51 (ʪ; J = 4,8 

ɻʮ; 1H); 6,10 ï 5,95 (ʫʰ. ʩ; 1H); 4,67 ï 4,62 (ʤ; 2H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 162,4; 158,2; 139,2; 128,7; 127,7; 127,4; 

110,8; 45,6. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [180] 

 

N-ʙʝʥʟʠʣ-2-ʘʤʠʥʦʙʝʥʟʦ[d]ʪʠʘʟʦʣ, I-3ja 

 

ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʙʝʥʟʦ[d]ʪʠʘʟʦʣʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ 

ʫʩʣʦʚʠʷʭ A ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 67% (454 ʤʛ) ʧʦʩʣʝ ʦʯʠʩʪʢʠ. ʆʯʠʩʪʢʫ ʧʨʦʜʫʢʪʘ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʵʣʶʝʥʪ ï 

ʛʝʢʩʘʥ : ʕɸ = 6 : 1). ʇʨʦʜʫʢʪ I -3ja ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. 

= 159 ï 161ÁC). ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

[181] 

Rf = 0,26 (ʛʝʢʩʘʥ : ʕɸ = 5:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,58 (ʜʜ; J = 7,8, 1,3 ɻʮ; 1H); 7;47 ï 7;24 (ʤ; 

7H); 7,08 (ʪʜ; J = 7,8, 1,3 ɻʮ; 1H); 6,52 ï 6,42 (ʫʰ. ʩ; 1H); 4,64 (ʩ; 2H). 
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13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 167,4; 152,5; 138,3; 137,6; 129,0; 128,1; 

127,8; 126,1; 121,8; 121,0; 119,2; 49,5. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [181] 

 

N-(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3ab 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 4-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 65% ʧʦ 1H ʗʄʈ. ɺ ʫʩʣʦʚʠʷʭ B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 96%, ʧʨʦʜʫʢʪ 

ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 93% (281 ʤʛ). ʇʨʦʜʫʢʪ I -3ab ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʩʪʴʶ ʞʸʣʪʦʛʦ 

ʮʚʝʪʘ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [176,178] 

Rf = 0,32 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,32 (ʜ; J = 8,7 ɻʮ; 2H); 7,25 ï 7,17 (ʤ; 2H); 6,91 

(ʜ; J = 8,7 ɻʮ; 2H); 6,75 (ʪ; J = 7,3 ɻʮ; 1H); 6,67 (ʜʪ; J = 7,6, 1,1 ɻʮ; 2H); 4,28 (ʩ; 

2H); 4,01 ï 3,94 (ʫʰ. ʩ; 1H); 3,83 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 158,9; 148,3; 131,5; 129,4; 128,9; 117,6; 

114,1; 112,9; 55,4; 47,9. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176,178] 

 

N-(4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3ac 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ A 

ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 17% ʧʦ 1H ʗʄʈ. ɺ ʫʩʣʦʚʠʷʭ B ʚʳʭʦʜ ʧʦ 1H ʗʄʈ ʩʦʩʪʘʚʠʣ 

57%, ʧʨʦʜʫʢʪ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 45% (158 ʤʛ). ʇʨʦʜʫʢʪ I -3ac ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ 

ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [182] 

Rf = 0,26 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 
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1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,62 (ʜ; J = 8,0 ɻʮ; 2H); 7,51 (ʜ; J = 8,0 ɻʮ; 2H); 

7,26 ï 7,15 (ʤ; 2H); 6,77 (ʪ; J = 7,2 ɻʮ; 1H); 6,64 (ʜ; J = 7,8 ɻʮ; 2H); 4,43 (ʩ; 2H); 

4,49 ï 4,18 (ʫʰ. ʩ; 1H). 

13C{ 1H}  ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 147,5; 143,7; 129,6 (ʢ; J = 32,3 ɻʮ); 129,5; 

127,6; 125,7 (ʢ; J = 3,8 ɻʮ); 124,3 (ʢ; J = 272,0 ɻʮ); 118,3; 113,2; 48,0. 

19F ʗʄʈ (376 ʄɻʮ; CDCl3) ŭ -62,40. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [182] 

 

N-(4-ʭʣʦʨʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3ad 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 4-ʭʣʦʨʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 76% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 76% (232 ʤʛ). ʇʨʦʜʫʢʪ I -

3ad ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. [178] 

Rf = 0,38 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,37 ï 7,31 (ʤ; 4H); 7,22 (ʪ; J = 7,8 ɻʮ; 2H); 6,78 

(ʪ; J = 7,3 ɻʮ; 1H); 6,65 (ʜ; J = 7,8 ɻʮ; 2H); 4,33 (ʩ; 2H); 4,15 ï 4,00 (ʫʰ. ʩ; 1H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 147,9; 138,1; 132,9; 129,4; 128,8; 128,8; 

117,9; 113,0; 47,7. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [176,178] 

 

N-(4-ʙʨʦʤʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3ae 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 4-ʙʨʦʤʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 84% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 75% (278 ʤʛ). ʇʨʦʜʫʢʪ I -
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3ae ʷʚʣʷʝʪʩʷ ʞʸʣʪʳʤ ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. [177] 

Rf = 0,32 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,46 (ʜ; J = 8,5 ɻʮ; 2H); 7,25 (ʜ; J = 8,5 ɻʮ; 2H); 

7,18 (ʜʜ; J = 8,5, 7,4 ɻʮ; 2H); 6,73 (ʪ; J = 7,4 ɻʮ; 1H); 6,61 (ʜ; J = 7,4 ɻʮ; 2H); 4,30 

(ʩ; 2H); 4,07 (ʩ; 1H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 147,9; 138,7; 131,8; 129,4; 129,2; 121,1; 

118,0; 113,0; 47,8. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [177] 

 

N-(4-(ʙʝʥʟʠʣʦʢʩʠ)ʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3af 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 4-(ʙʝʥʟʠʣʦʢʩʠ)ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B 

ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 95% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 88% (357 ʤʛ). 

ʇʨʦʜʫʢʪ I -3af ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 75 ï 77ÁC). 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [183] 

Rf = 0,29 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,50 ï 7,27 (ʤ; 7H); 7,24 ï 7,15 (ʤ; 2H); 6,97 (ʜ; 

J = 7,1 ɻʮ; 2H); 6,74 (ʪ; J = 7,3 ɻʮ; 1H); 6,69 ï 6,62 (ʤ; 2H); 5,08 (ʩ; 2H); 4,27 (ʩ; 

2H); 4,01 ï 3,91 (ʫʰ. ʩ; 1H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 158,2; 148,3; 137,1; 131,8; 129,4; 129,0; 

128,7; 128,1; 127,6; 117,6; 115,1; 112,9; 70,2; 47,9. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [178,183] 
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N-ʙʝʥʟʛʠʜʨʠʣʘʥʠʣʠʥ, I-3ag 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʜʠʬʝʥʠʣʤʝʪʘʥʦʣʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 

81% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 80% (292 ʤʛ). ʇʨʦʜʫʢʪ I -3ag 

ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʤʘʩʣʦʤ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ. [184] 

Rf = 0,41 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,43 ï 7,25 (ʤ; 10H); 7,15 (ʪ; J = 7,9 ɻʮ; 2H); 

6,73 (ʪ; J = 7,3 ɻʮ; 1H); 6,58 (ʜ; J = 7,8 ɻʮ; 2H); 5,53 (ʩ; 1H); 4,29 ï 4,23 (ʫʰ. ʩ; 

1H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 147,5; 143,1; 129,3; 128,9; 127,6; 127,5; 

117,8; 113,6; 63,2. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [184] 

 

N-(2-ʥʘʬʪʠʣʤʝʪʠʣʝʥ)ʘʥʠʣʠʥ, I-3ah 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 2-ʥʘʬʪʠʣʤʝʪʘʥʦʣʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 

90% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 83% (273 ʤʛ). ʇʨʦʜʫʢʪ I -3ah 

ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 63 ï 65ÁC). ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [185] 

Rf = 0,41 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,92 ï 7,78 (ʤ; 4H); 7,58 ï 7,43 (ʤ; 3H); 7,29 ï 

7,15 (ʤ; 2H); 6,84 ï 6,75 (ʤ; 1H); 6,75 ï 6,66 (ʤ; 2H); 4,52 (ʩ; 2H); 4,31 ï 4,07 (ʫʰ. 

ʩ; 1H). 
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13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 148,3; 137,1; 133,7; 132,9; 129,5; 128,5; 

127,9; 127,9; 126,3; 126,1; 125,9; 117,8; 113,1 (2C); 48,6. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [185,186] 

 

N-(2-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥ, I-3ai 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ 2-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ 

ʚʳʭʦʜʦʤ 75% ʧʦ 1H ʗʄʈ. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 72% (217 ʤʛ). ʇʨʦʜʫʢʪ I -

3ai ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 92 ï 94ÁC). ʌʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [187] 

Rf = 0,33 (ʛʝʢʩʘʥ : ʕɸ = 20:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,42 (ʜ; J = 7,3 ɻʮ; 1H); 7,36 (ʪ; J = 7,8 ɻʮ; 1H); 

7,28 (ʪ; J = 7,0 ɻʮ; 2H); 7,06 ï 6,95 (ʤ; 2H); 6,82 (ʪ; J = 7,3 ɻʮ; 1H); 6,76 (ʜ; J = 7,6 

ɻʮ; 2H); 4,45 (ʩ; 2H); 4,28 ï 4,16 (ʫʰ. ʩ; 1H); 3,94 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 157,4; 148,5; 129,2; 128,9; 128,3; 127,4; 

120,6; 117,3; 113,1; 110,3; 55,3; 43,4. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [187] 

 

N-ʙʝʥʟʠʣ-4-ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ, I-3ka 

 

ʈʝʘʢʮʠʷ 4-ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (1,5 ʵʢʚ. 

ʚʤʝʩʪʦ 2,0 ʵʢʚ.) ʠ tBuOK (1,2 ʵʢʚ. ʚʤʝʩʪʦ 1,0 ʵʢʚ.) ʧʨʠ 160ÁC (24 ʯʘʩʘ) ʧʨʠʚʝʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ I -3ka (88% ʧʦ ɻʍ) ʚ ʠʟʤʝʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ B. ʏʠʩʪʳʡ 

ʧʨʦʜʫʢʪ ʙʳʣ ʚʳʜʝʣʝʥ ʧʦʩʣʝ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʵʣʶʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʛʝʢʩʘʥ: ʕɸ = 6 : 1. ʉʦʝʜʠʥʝʥʠʝ I -3ka ̫ ʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 116 ï 118ÁC). ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. [188] 

Rf = 0,24 (ʛʝʢʩʘʥ : ʕɸ = 5:1) 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,76 (ʜ; J = 8,2 ɻʮ; 2H); 7,31 (ʜ; J = 8,2 ɻʮ; 2H); 

7,29 ï 7,22 (ʤ; 3H); 7,19 (ʜʜ; J = 7,3, 2,2 ɻʮ; 2H); 4,73 ï 4,66 (ʫʰ. ʪ; J = 5,5 ɻʮ; 1H); 

4,11 (ʜ; J = 6,2 ɻʮ; 2H); 2,44 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 143,6; 136,9; 136,4; 129,9; 128,8; 128,0; 

128,0; 127,3; 47,4; 21,7. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [188] 

 

N-ʙʝʥʟʠʣʤʝʟʠʣʘʤʠʜ, I-3la 

 

ʈʝʘʢʮʠʷ ʤʝʟʠʣʘʤʠʜʘ ʩ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (1,5 ʵʢʚ. ʚʤʝʩʪʦ 2,0 ʵʢʚ.) ʠ 

tBuOK (1,2 ʵʢʚ. ʚʤʝʩʪʦ 1,0 ʵʢʚ.) ʧʨʠ 180ÁC (24 ʯʘʩʘ) ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʝʜʠʥʝʥʠʷ I -3la (63% ʧʦ ɻʍ) ʚ ʠʟʤʝʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ B. ʉʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ-ʄʉ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨ 1H ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [189] 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,41 ï 7,14 (ʤ; 5H); 5,46 ï 5,28 (ʫʰ.ʩ; 1H); 4,24 

(ʜ; J = 6,1 ɻʮ; 2H); 2,77 (c; 3H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʤʝʪʦʜʦʤ ɻʍ. 
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N-ʛʝʢʩʠʣʘʥʠʣʠʥ (I-3aj) 

 

ʈʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʥ-ʛʝʢʩʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʫʩʣʦʚʠʷʭ B ʧʨʦʰʣʘ ʩ ʚʳʭʦʜʦʤ 

59% ʧʦ 1H ʗʄʈ ʠ ɻʍ. ʉʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ I -3aj ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʤʝʪʦʜʘʤʠ ɻʍ-ʄʉ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨ 1H ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʤʝʩʠ ʩ ʠʩʭʦʜʥʳʤ ʥ-ʛʝʢʩʘʥʦʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [190] 

1H ʗʄʈ (400 ʄɻʮ; ɼʄʉʆ-d6) ŭ 7,47 (ʪ; J = 7,8 ɻʮ; 2H); 6,96 (ʜ; J = 8,0 ɻʮ; 

2H); 6,91 (ʪ; J = 7,2 ɻʮ; 1H); 5,93 (ʫʰ.ʩ; J = 5,3 ɻʮ; 1H); 3,39 (ʢ; J = 6,5 ɻʮ; 2H); 

2,00 ï 1,86 (ʤ; 2H); 1,84 ï 1,54 (ʤ; 6H); 1,35 ï 1,23 (ʤ; 3H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʤʝʪʦʜʦʤ ɻʍ. 
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ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨʳ 

Rh-0-1, Rh-I -6, Rh-I -7, Rh-II -1, Rh-II -2, Rh-III -4 ʧʨʠʦʙʨʝʪʝʥʳ ʚ Sigma 

Aldrich. Rh-III -1 ʠ Rh-III -2 ʧʨʠʦʙʨʝʪʝʥʳ ʚ ABCR GmbH. 

Rh-I -1 ï Rh-I -5, Rh-I -8 ï Rh-I -12, Rh-III -3, Rh-III -5 ï Rh-III -15 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʠ-ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʃʇʂʇʄ) ʀʅʕʆʉ ʈɸʅ.[191] 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʨʝʘʢʮʠʠ 

 

ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ, 

ʧʦʤʝʩʪʠʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʠʪʦʨʘ, 4-ʥʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 1 ʵʢʚ., 

0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (74 Õʣ, 3,4 ʵʢʚ., 1,00 ʤʤʦʣʴ) ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ 

(100 Õʣ). ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʥʘʧʦʣʥʠʣʠ 

CO ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʤʘʩʣʷʥʫʶ 

ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ ʠ 

ʨʘʟʙʘʚʠʣʠ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ. ɺʳʭʦʜ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ ʢʘʣʠʙʨʦʚʢʠ. 
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ʉʠʥʪʝʟ ʠ ʦʧʠʩʘʥʠʝ ʘʤʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪ ʩ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷʤʠ 

N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3aa) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (74 

Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 

ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ 

ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 

160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 1H 

ʗʄʈ (89% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,51). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 75% (36 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,62 ï 7,45 (ʫʰ.ʩ; 1H); 7,39 (ʜ; J = 8,0 ɻʮ; 2H); 

7,09 (ʜ; J = 8,0 ɻʮ; 2H); 2,36 (ʢ; J = 7,7 ɻʮ; 2H); 2,30 (ʩ; 3H); 1,22 (ʪ; J = 7,7 ɻʮ; 

3H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 172,3; 135,6; 133,8; 129,5; 120,1; 30,7; 

20,9; 9,9. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[192] 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: ʘʮʝʪʘʪ ʨʦʜʠʷ (Rh2(OAc)4; 16,1 ʤʛ, 0,5 ʤʦʣʴʥ.%, 36,5 

Õʤʦʣʴ); ʧ-ʥʠʪʨʦʪʦʣʫʦʣ (1,0 ʛ, 100 ʤʦʣʴʥ.%, 7,29 ʤʤʦʣʴ), ʤʘʛʥʠʪʥʳʡ ʷʢʦʨʴ, 2,5 ʤʣ 

ʊɻʌ ʠ ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (1,85 ʤʣ, 340 ʤʦʣʴʥ.%, 24,8 ʤʤʦʣʴ) ʧʦʤʝʩʪʠʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 100 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ ʠ 

https://en.wikipedia.org/wiki/Rhodium
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ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʥʘʛʨʝʣʠ 

ʜʦ 160ÁC. ʉʧʫʩʪʷ 22 ʯ ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʟʙʘʚʠʣʠ ʭʣʦʨʠʩʪʳʤ 

ʤʝʪʠʣʝʥʦʤ, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʦʪʦʙʨʘʣʠ ʘʣʠʢʚʦʪʫ ʥʘ 1H ʗʄʈ ʘʥʘʣʠʟ (87% 

ʚʳʭʦʜ). ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʧʫʩʪʠʣʠ ʯʝʨʝʟ ʩʣʦʡ ʩʠʣʠʢʘʛʝʣʷ ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʏʠʩʪʳʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʦʛʦ 

ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʘʢʫʫʤʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʦʩʪʘʪʢʘ. 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʠʦʥʘʤʠʜʘ ʩʦʩʪʘʚʠʣ 84% (1,0 ʛ). 

 

N-(ʧ-ʪʦʣʠʣ)ʘʮʝʪʘʤʠʜ (II -3ab) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (57 Õʣ, 

340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 

ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ 

ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 

160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 1H 

ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 5 : 1 (Rf = 0,45). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 78% (34 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,68 ï 7,47 (ʫʰ.ʩ; 1H); 7,37 (ʜ; J = 8,2 ɻʮ; 2H); 

7,10 (ʜ; J = 8,2 ɻʮ; 2H); 2,30 (ʩ; 3H); 2,14 (ʩ; 3H). 
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13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 168,7; 135,5; 134,0; 129,5; 120,3; 24,5; 

21,0. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[193] 

 

3-ʤʝʪʠʣ-N-(ʧ-ʪʦʣʠʣ)ʙʫʪʠʨʘʤʠʜ (II -3ac) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʠʟʦʚʘʣʝʨʠʘʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (109 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 

0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (77% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 5 : 1 (Rf = 0,30). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 64% (36 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,40 (ʜ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʫʰ.ʩ; J = 8,0 ɻʮ; 3H); 

7,10 (ʜ; J = 8,0 ɻʮ; 2H); 2,30 (ʩ; 3H); 2,26 ï 2,08 (ʤ; 3H); 0,99 (ʜ; J = 5,5 ɻʮ; 6H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 171,0; 135,5; 133,9; 129,5; 120,2; 47,1; 

26,4; 22,6; 21,0. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[194] 
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2,2,2-ʪʨʠʬʪʦʨ-N-(ʧ-ʪʦʣʠʣ)ʘʮʝʪʘʤʠʜ (II -3ad) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʪʨʠʬʪʦʨʫʢʩʫʩʥʫʶ 

ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 

0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 8 : 1 (Rf = 0,56). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 57% (34 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 8,05 ï 7,68 (ʫʰ.ʩ; 1H); 7,44 (ʜ; J = 8,2 ɻʮ; 2H); 

7,19 (ʜ; J = 8,2 ɻʮ; 2H); 2,35 (ʩ; 3H). 

13C{ 1H}  ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 154,8 (ʢ; J = 37,0 ɻʮ); 136,4; 132,6; 130,0; 

120,6; 117,1 (ʢ; J = 288,7 ɻʮ); 21,1. 

19F ʗʄʈ (376 ʄɻʮ; CDCl3) ŭ -75,72. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[195] 

 

N-(ʧ-ʪʦʣʠʣ)ʮʠʢʣʦʧʝʥʪʠʣʢʘʨʙʦʢʩʘʤʠʜ (II -3ae) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (113 ʤʛ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 
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0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 4 : 1 (Rf = 0,44). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 88% (52 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,40 (ʜ; J = 8,0 ɻʮ; 2H); 7,34 ï 7,23 (ʫʰ.ʩ; 1H); 

7,10 (ʜ; J = 8,0 ɻʮ; 2H); 2,66 (ʢʚ; J = 8,0 ɻʮ; 1H); 2,30 (ʩ; 3H); 2,00 ï 1,49 (ʤ; 8H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 174,6; 135,8; 133,7; 129,5; 119,9; 46,9; 

30,7; 26,1; 21,0. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[196] 

 

N-(ʧ-ʪʦʣʠʣ)ʙʝʥʟʘʤʠʜ (II -3af) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (122 

ʤʛ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 

ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ 

ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 

160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 48 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) ʠ 
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ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 1H 

ʗʄʈ (72% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 5 : 1 (Rf = 0,29). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 55% (34 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 159 ï 160ÁC, ʣʠʪ. 156ÁC[197]). 

1H ʗʄʈ (500 ʄɻʮ; CDCl3) ŭ 7,91 ï 7,83 (ʫʰ.ʩ; 1H); 7,86 (ʜ; J = 7,4 ɻʮ; 2H); 

7,57 ï 7,49 (ʤ; 3H); 7,46 (ʪ; J = 7,4 ɻʮ; 2H); 7,16 (ʜ; J = 8,2 ɻʮ; 2H); 2,34 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 165,8; 135,5; 135,2; 134,4; 131,9; 129,7; 

128,9; 127,1; 120,5; 21,0. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[197] 

 

3-(1H-ʠʥʜʦʣ-3-ʠʣ)-N-(ʧ-ʪʦʣʠʣ)ʧʨʦʧʘʥʘʤʠʜ (II -3ag) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), 3-(1H-ʠʥʜʦʣ-3-

ʠʣ)ʧʨʦʧʘʥʦʚʫʶ ʢʠʩʣʦʪʫ (187 ʤʛ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ 

ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, 

ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ 

(2 x 1 ʤʣ) ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ 1H ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ɼʍʄ : ʕɸ 9 : 1 (Rf = 0,47). ɺʳʜʝʣʝʥʥʳʡ 

ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 91% (74 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ ʞʸʣʪʦʛʦ 

ʮʚʝʪʘ. 
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1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 8,11 ï 7,92 (ʫʰ.ʩ; 1H); 7,63 (ʜ; J = 7,8 ɻʮ; 1H); 

7,37 (ʜ; J = 8,0 ɻʮ; 1H); 7,30 ï 6,91 (ʤ; 8H); 3,20 (ʪ; J = 7,2 ɻʮ; 2H); 2,72 (ʪ; J = 7,2 

ɻʮ; 2H); 2,29 (ʩ; 3H). 

13C{ 1H}  ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 171,0; 136,5; 135,3; 134,0; 129,5; 127,2; 

122,3; 122,1; 120,1; 119,6; 118,8; 114,9; 111,4; 38,5; 21,4; 21,0. 

HRMS (ʕʉ) m/z ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [M+H]+ C18H19N2O 279,1492, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: 279,1493. 

 

(E)-N-(ʧ-ʩʪʠʨʠʣʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3ba) 

 

(E)-1-ʅʠʪʨʦ-4-ʩʪʠʨʠʣʙʝʥʟʦʣ (66 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), 

ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ 

(Rh2(OAc)4, 0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, 

ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ 

(2 x 1 ʤʣ) ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ 1H ʗʄʈ (90% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,47). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 82% (60 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 218 ï 220ÁC). 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,57 ï 7,44 (ʤ; 5H); 7,35 (ʜʜ ʚ ʚʠʜʝ ʪ; J = 7,4 ɻʮ; 

2H); 7,29 ï 7,15 (ʤ; 3H); 7,08 ï 7,03 (ʤ; 2H); 2,41 (ʢ; J = 7,5 ɻʮ; 2H); 1,26 (ʪ; J = 7,5 

ɻʮ; 3H). 
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13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 172,0; 137,5; 133,5; 128,8; 128,1; 128,0; 

127,6; 127,3; 126,5; 119,9; 31,0; 9,8, ʩʠʛʥʘʣʳ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʨʦʜʦʚ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 

HRMS (ʕʉ) m/z ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [M+H]+ C17H18NO 252,1383, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: 252,1387. 

 

N-ʬʝʥʠʣʧʨʦʧʠʦʥʘʤʠʜ (II -3ca) 

 

ʅʠʪʨʦʙʝʥʟʦʣ (30 Õʣ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (74 

Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 

ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ 

ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 

160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 1H 

ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,43). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 99% (43 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 102 ï 104ÁC, ʣʠʪ. 102,8 ï 104,1ÁC[193]). 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,95 ï 7,69 (ʫʰ.ʩ; 1H); 7,53 (ʜ; J = 7,9 ɻʮ; 2H); 

7,29 (ʜʜ ʚ ʚʠʜʝ ʪ; J = 7,6 ɻʮ; 2H); 7,08 (ʪ; J = 7,4 ɻʮ; 1H); 2,37 (ʢ; J = 7,5 ɻʮ; 2H); 

1,22 (ʪ; J = 7,5 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 172,7; 138,2; 129,0; 124,2; 120,1; 30,7; 9,8. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[193] 
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N-(3,5-ʜʠʤʝʪʠʣʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3da) 

 

1,3-ɼʠʤʝʪʠʣ-5-ʥʠʪʨʦʙʝʥʟʦʣ (44 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), 

ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ 

(Rh2(OAc)4, 0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, 

ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ 

(2 x 1 ʤʣ) ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ 1H ʗʄʈ (70% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,48). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 64% (33 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,43 ï 7,27 (ʫʰ.ʩ; 1H); 7,16 (ʩ; 2H); 6,74 (ʩ; 1H); 

2,36 (ʢ; J = 7,6 ɻʮ; 2H); 2,27 (ʩ; 6H); 1,23 (ʪ; J = 7,6 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 172,3; 138,7; 138,0; 126,0; 117,7; 30,8; 

21,4; 9,8. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[198] 

 

N-(ʧ-ʵʪʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3ea) 

 

1-ʕʪʦʢʩʠ-4-ʥʠʪʨʦʙʝʥʟʦʣ (49 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 
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0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (90% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,61). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 62% (35 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 120 ï 121ÁC; ʣʠʪ. 120ÁC[199]). 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,39 (ʜ; J = 8,7 ɻʮ; 2H); 7,35 ï 7,25 (ʫʰ.ʩ; 1H); 

6,82 (ʜ; J = 8,7 ɻʮ; 2H); 3,99 (ʢ; J = 7,0 ɻʮ; 2H); 2,35 (ʢ; J = 7,6 ɻʮ; 2H); 1,39 (ʪ; J 

= 7,0 ɻʮ; 3H); 1,22 (ʪ; J = 7,6 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 172,1; 155,8; 131,1; 121,9; 114,8; 63,8; 

30,7; 15,0; 9,9. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[200] 

 

N-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3fa) 

 

1,2-ɼʠʭʣʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ (56 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 

0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 
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ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (75% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,41). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 71% (45 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ 

ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ (tʧʣ. = 86 ï 87ÁC, ʣʠʪ. 86 ï 88ÁC[201]). 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,81 ï 7,68 (ʤ; 2H); 7,36 ï 7,27 (ʤ; 2H); 2,39 (ʢ; 

J = 7,5 ɻʮ; 2H); 1,22 (ʪ; J = 7,5 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 172,7; 137,6; 132,8; 130,5; 127,4; 121,8; 

119,3; 30,7; 9,7. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[202] 

 

N-(ʤ-ʙʨʦʤʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3ga) 

 

1-ɹʨʦʤ-3-ʥʠʪʨʦʙʝʥʟʦʣ (59 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ (74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 

0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (62% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 2 : 1 (Rf = 0,48). 
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ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 51% (34 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

ʙʠʨʶʟʦʚʦʛʦ ʮʚʝʪʘ. 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,84 ï 7,72 (ʤ; 1H); 7,67 ï 7,52 (ʫʰ.ʩ; 1H); 7,41 

(ʜ; J = 8,2 ɻʮ; 1H); 7,24 ï 7,08 (ʤ; 2H); 2,39 (ʢ; J = 7,5 ɻʮ; 2H); 1,22 (ʪ; J = 7,5 ɻʮ; 

3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; CDCl3) ŭ 172,6; 139,4; 130,3; 127,2; 123,0; 122,7; 

118,5; 30,8; 9,7. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[194] 

 

ʧ-ʧʨʦʧʠʦʥʘʤʠʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (II -3ha) 

 

4-ʅʠʪʨʦʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (49 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), 

ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (218 Õʣ, 1000 ʤʦʣʴʥ.%, 2,9 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ 

ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, 

ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ 

(2 x 1 ʤʣ) ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ 1H ʗʄʈ (80% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ InterChim PuriFlash, ʵʣʶʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ: ʛʝʢʩʘʥ : ʕɸ 2 : 1 

(Rf = 0,4). ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 72% (41 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ 

ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (300 ʄɻʮ; DMSO-d6) ŭ 10,18 (ʩ; 1H); 7,87 (ʜ; J = 8,3 ɻʮ; 2H); 7,70 

(ʜ; J = 8,3 ɻʮ; 2H); 2,35 (ʢ; J = 7,5 ɻʮ; 2H); 1,08 (ʪ; J = 7,5 ɻʮ; 3H). 
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13C{ 1H} ʗʄʈ (126 ʄɻʮ; DMSO-d6) ŭ 172,6; 167,0; 143,4; 130,4; 124,9; 118,3; 

29,7; 9,6. 

HRMS (ʕʉ) m/z ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [M+H]+ C10H12NO3 194,0812, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: 194,0812. 

 

N-(ʧ-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (II -3ia) 

 

ʧ-ɼʠʥʠʪʨʦʙʝʥʟʦʣ (49 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 

(33 Õʣ, 150 ʤʦʣʴʥ.%, 0,44 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 

0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (72% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 10 : 1 (Rf = 0,5). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 62% (27 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

ʞʸʣʪʦʛʦ ʮʚʝʪʘ. 

1H ʗʄʈ (300 ʄɻʮ; DMSO-d6) ŭ 10,51 (ʩ; 1H); 8,18 (ʜ; J = 9,3 ɻʮ; 2H); 7,81 

(ʜ; J = 9,3 ɻʮ; 2H); 2,38 (ʢ; J = 7,5 ɻʮ; 2H); 1,07 (ʪ; J = 7,5 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; DMSO-d6) ŭ 173,3; 145,7; 142,1; 125,1; 118,7; 29,8; 

9,5. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[203]   
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N,N'-(1,4-ʬʝʥʠʣʝʥ)ʜʠʧʨʦʧʠʦʥʘʤʠʜ (II -3ja) 

 

ʧ-ɼʠʥʠʪʨʦʙʝʥʟʦʣ (49 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 

(218 Õʣ, 1000 ʤʦʣʴʥ.%, 2,9 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 

ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ɼʍʄ : MeOH 9 : 1 (Rf = 0,20). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 99% (64 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

ʩʝʨʦʛʦ ʮʚʝʪʘ (tʧʣ. = >300ÁC). 

1H ʗʄʈ (500 ʄɻʮ; DMSO-d6) ŭ 9,76 (ʩ; 2H); 7,48 (ʩ; 4H); 2,28 (ʢ; J = 7,6 ɻʮ; 

4H); 1,07 (ʪ; J = 7,6 ɻʮ; 6H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; DMSO-d6) ŭ 171,6; 134,6; 119,4; 29,4; 9,7. 

HRMS (ʕʉ) m/z ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ [M+H]+ C12H17N2O2 221,1285; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: 221,1287. 

 

N-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (II -3ka) 

 

ʧ-ʅʠʪʨʦʬʝʥʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (57 Õʣ, 

340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 0,5 
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ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʪʠʪʘʥʦʚʦʛʦ 

ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 

160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) ʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 1H 

ʗʄʈ (83% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ InterChim PuriFlash, ʵʣʶʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ: ɼʍʄ : MeOH 

(ʛʨʘʜʠʝʥʪʥʦʝ ʵʣʶʠʨʦʚʘʥʠʝ, 100% ɼʍʄ ï 90% ɼʍʄ ʠ 10% MeOH. ɺ ʩʠʩʪʝʤʝ 

ɼʍʄ : MeOH 10 : 1 Rf = 0,5. ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 82% (36 ʤʛ). ʇʨʦʜʫʢʪ 

ʷʚʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʤ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ. 

1H ʗʄʈ (400 ʄɻʮ; DMSO-d6) ŭ 9,74 ï 9,60 (ʫʰ.ʩ; 1H); 9,23 ï 9,09 (ʫʰ.ʩ; 

1H); 7,34 (ʜ; J = 8,6 ɻʮ; 2H); 6,67 (ʜ; J = 8,6 ɻʮ; 2H); 1,98 (ʩ; 3H). 

13C{ 1H} ʗʄʈ (101 ʄɻʮ; DMSO-d6) ŭ 167,7; 153,2; 131,1; 120,9; 115,1; 23,8. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[204] 

 

2-ʵʪʠʣ-1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ (II -4a) 

 

o-ʅʠʪʨʦʘʥʠʣʠʥ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʧʨʦʧʠʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 

(74 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 ʤʛ, 

0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 
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ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (90% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 1 : 2 (Rf = 0,28). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 81% (35 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

ʞʸʣʪʦʛʦ ʮʚʝʪʘ (tʧʣ. = 158 ï 160ÁC, ʣʠʪ. 159 ï 160ÁC[205]). 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 9,67 ï 8,94 (ʫʰ.ʩ; 1H); 7,68 ï 7,40 (ʤ; 2H); 7,32 

ï 7,10 (ʤ; 2H); 3,00 (ʢ; J = 7,7 ɻʮ; 2H); 1,42 (ʪ; J = 7,7 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 156,7; 138,5; 122,3; 114,7; 22,7; 12,6. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[206] 

 

5-ʤʝʪʠʣ-1-(ʧ-ʪʦʣʠʣ)ʧʠʨʨʦʣʠʜʠʥ-2-ʦʥ (II -4b) 

 

ʧ-ʅʠʪʨʦʪʦʣʫʦʣ (40 ʤʛ, 100 ʤʦʣʴʥ.%, 0,29 ʤʤʦʣʴ), ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ 

(101 Õʣ, 340 ʤʦʣʴʥ.%, 0,99 ʤʤʦʣʴ) ʠ ʘʣʠʢʚʦʪʫ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (Rh2(OAc)4, 0,645 

ʤʛ, 0,5 ʤʦʣʴʥ.%, 1,5 Õʤʦʣʴ) ʚ 100 Õʣ ʊɻʌ ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ 

ʪʠʪʘʥʦʚʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ 

CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʫʶ ʜʦ 160ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯ, ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʣʠ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʥʝʩʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʩ ʧʦʤʦʱʴʶ ɼʍʄ (2 x 1 ʤʣ) 

ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ʆʩʪʘʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

1H ʗʄʈ (99% ʚʳʭʦʜ). ʇʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʦʪ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ : ʕɸ 1 : 1 (Rf = 0,39). 

ɺʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 75% (41 ʤʛ). ʇʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʚʝʱʝʩʪʚʦʤ 

ʞʸʣʪʦʛʦ ʮʚʝʪʘ. 
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1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,25 ï 7,15 (ʤ; 4H); 4,24 (ʜʪ ʚ ʚʠʜʝ ʛʝʢʩ; J = 6,3 

ɻʮ; 1H); 2,72 ï 2,44 (ʤ; 2H); 2,44 ï 2,26 (ʤ; 1H); 2,33 (ʩ; 3H); 1,82 ï 1,63 (ʤ; 1H); 

1,18 (ʜ; J = 6,3 ɻʮ; 3H). 

13C{ 1H} ʗʄʈ (126 ʄɻʮ; CDCl3) ŭ 174,3; 135,7; 134,9; 129,6; 124,3; 55,8; 

31,3; 26,8; 21,0; 20,2. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[207]  
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ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ 

ʂʘʪʘʣʠʟʘʪʦʨ 

[(ʧ-ʮʠʤʦʣ)RuCl2]2 

 

ʈʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ 

(ʚʳʜʝʣʝʥʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 67%). ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʩʥʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. [168] 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʚʠʘʣʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ ʧʦʤʝʩʪʠʣʠ 2 ʵʢʚ. 

ʘʤʠʥʘ, 1 ʵʢʚ. ʘʣʴʜʝʛʠʜʘ, 0,2 ʤʣ MeCN, 0,25 ʤʦʣʴʥ.% [(ʧ-ʮʠʤʦʣ)RuCl2]2 ʠ 0,5 

ʤʦʣʴʥ.% ʜʦʙʘʚʢʠ. ɸʚʪʦʢʣʘʚ ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ 

ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 140ÁC 

ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 1H 

ʗʄʈ ʠ ɻʍ. 

ʉʠʥʪʝʟ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʭʦʜʘ 

4-ʤʝʪʦʢʩʠ-N-(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʥʠʣʠʥ (III -3a) 

 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ ʧʦʤʝʩʪʠʣʠ 2 

ʵʢʚ. ʧ-ʘʥʠʟʠʜʠʥʘ (80 ʤʛ, 0,66 ʤʤʦʣʴ), 1 ʵʢʚ. ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (40 Õʣ, 

0,33 ʤʤʦʣʴ), 0,25 ʤʦʣʴʥ.% [(ʧ-ʮʠʤʦʣ)RuCl2]2 (0,5 ʤʛ, 0,0016 ʤʤʦʣʴ) ʚ ʚʠʜʝ 
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ʘʣʠʢʚʦʪʳ ʚ MeCN (6 ʤʛ/ʤʣ) ʠ ʘʣʠʢʚʦʪʫ ʜʦʙʘʚʢʠ ʚ 200 Õʣ MeCN. ɸʚʪʦʢʣʘʚ 

ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 140ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [168] 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,31 ï 7,25 (ʤ; 2H); 6,91 ï 6,83 (ʤ; 2H); 6,80 ï 

6,71 (ʤ; 2H); 6,68 ï 6,55 (ʤ; 2H); 4,19 (ʩ; 2H); 3,78 (ʩ; 3H); 3,73 (ʩ; 3H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ï ɼʄʌɸ ï ʠ ʩʠʥʛʣʝʪʘ ʧʨʠ ŭ 4,19 ʤ.ʜ. 

 

4-(4- ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʤʦʨʬʦʣʠʥ (III -3b) 

 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ ʧʦʤʝʩʪʠʣʠ 2 

ʵʢʚ. ʤʦʨʬʦʣʠʥʘ (56 Õʣ, 0,66 ʤʤʦʣʴ), 1 ʵʢʚ. ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (40 Õʣ, 

0,33 ʤʤʦʣʴ), 0,25 ʤʦʣʴʥ.% [(ʧ-ʮʠʤʦʣ)RuCl2]2 (0,5 ʤʛ, 0,0016 ʤʤʦʣʴ) ʚ ʚʠʜʝ 

ʘʣʠʢʚʦʪʳ ʚ MeCN (6 ʤʛ/ʤʣ) ʠ ʘʣʠʢʚʦʪʫ ʜʦʙʘʚʢʠ ʚ 200 Õʣ MeCN. ɸʚʪʦʢʣʘʚ 

ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 140ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ. [208] 

1H ʗʄʈ (400 ʄɻʮ; CDCl3) ŭ 7,22 (ʜ; J = 8,3 ɻʮ; 2H); 6,84 (ʜ; J = 8,3 ɻʮ; 2H); 

3,79 (ʩ; 3H); 3,69 (ʪ; J = 4,7 ɻʮ; 4H); 3,43 (ʩ; 2H); 2,44 ï 2,38 (ʤ; 4H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ï ɼʄʌɸ ï ʠ ʜʫʙʣʝʪʘ ʧʨʠ ŭ 7,22 ʤ.ʜ. 

 

1-(4- ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʧʠʧʝʨʠʜʠʥ (III -3c) 
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ɺ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ ʧʦʤʝʩʪʠʣʠ 2 

ʵʢʚ. ʧʠʧʝʨʠʜʠʥʘ (65 Õʣ, 0,66 ʤʤʦʣʴ), 1 ʵʢʚ. ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (40 Õʣ, 

0,33 ʤʤʦʣʴ), 0,25 ʤʦʣʴʥ.% [(ʧ-ʮʠʤʦʣ)RuCl2]2 (0,5 ʤʛ, 0,0016 ʤʤʦʣʴ) ʚ ʚʠʜʝ 

ʘʣʠʢʚʦʪʳ ʚ MeCN (6 ʤʛ/ʤʣ) ʠ ʘʣʠʢʚʦʪʫ ʜʦʙʘʚʢʠ ʚ 200 Õʣ MeCN. ɸʚʪʦʢʣʘʚ 

ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 140ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ 

ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[208] 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,21 (ʜ; J = 8,6 ɻʮ; 2H); 6,83 (ʜ; J = 8,6 ɻʮ; 2H); 

3,78 (ʩ; 3H); 3,40 (ʩ; 2H); 2,38 ï 2,30 (ʤ; 4H); 1,55 (ʜʪ; J = 11,0; 5,4 ɻʮ; 4H); 1,45 ï 

1,35 (ʤ; 2H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ï ɼʄʌɸ ï ʠ ʩʠʥʛʣʝʪʘ ʧʨʠ ŭ 3,40 ʤ.ʜ. 

 

ʕʪʠʣ-4-((4-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʘʤʠʥʦ)ʙʝʥʟʦʘʪ (III -3d) 

 

ɺ ʩʪʝʢʣʷʥʥʫʶ ʚʢʣʘʜʢʫ ʩʪʘʣʴʥʦʛʦ ʘʚʪʦʢʣʘʚʘ ʦʙʲʸʤʦʤ 10 ʤʣ ʧʦʤʝʩʪʠʣʠ 2 

ʵʢʚ. ʧ-ʙʝʥʟʦʢʘʠʥʘ (109 ʤʛ, 0,66 ʤʤʦʣʴ), 1 ʵʢʚ. ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (40 Õʣ, 

0,33 ʤʤʦʣʴ), 0,25 ʤʦʣʴʥ.% [(ʧ-ʮʠʤʦʣ)RuCl2]2 (0,5 ʤʛ, 0,0016 ʤʤʦʣʴ) ʚ ʚʠʜʝ 

ʘʣʠʢʚʦʪʳ ʚ MeCN (6 ʤʛ/ʤʣ) ʠ ʘʣʠʢʚʦʪʫ ʜʦʙʘʚʢʠ ʚ 200 Õʣ MeCN. ɸʚʪʦʢʣʘʚ 

ʟʘʢʨʳʣʠ, ʪʨʠʞʜʳ ʧʨʦʜʫʣʠ 10 ʘʪʤ CO, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʠʣʠ 50 ʘʪʤ CO. ɸʚʪʦʢʣʘʚ 

ʧʦʤʝʩʪʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʫʶ ʜʦ 140ÁC ʤʘʩʣʷʥʫʶ ʙʘʥʶ. ʉʧʫʩʪʷ 22 ʯʘʩʘ 
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ʘʚʪʦʢʣʘʚ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʧʫʩʪʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ɻʍ ʠ 1H ʗʄʈ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʧʠʩʘʥʠʶ.[209] 

1H ʗʄʈ (300 ʄɻʮ; CDCl3) ŭ 7,86 (ʜ; J = 8,8 ɻʮ; 2H); 7,25 (ʜ; J = 8,5 ɻʮ; 2H); 

6,87 (ʜ; J = 8,5 ɻʮ; 2H); 6,58 (ʜ; J = 8,8 ɻʮ; 2H); 4,31 (ʜ; J = 6,6 ɻʮ; 2H); 4,30 (ʢ; J 

= 7,2 ɻʮ; 2H); 3,79 (ʩ; 3H); 1,34 (ʪ; J = 7,2 ɻʮ; 3H). 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ï ɼʄʌɸ ï ʠ ʜʫʙʣʝʪʘ ʧʨʠ ŭ 6,87 ʤ.ʜ. 
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