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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 
 

ʌʂ ï ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ 

SET ï ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ 

ICT ï ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

ILCT ï ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

LMCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ 

MLCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʢ ʣʠʛʘʥʜʫ  

HAT ï ʧʝʨʝʥʦʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

LED ï ʩʚʝʪʦʜʠʦʜ 

OLED ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʚʝʪʦʜʠʦʜ 

XPhos ï 2-ʜʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥʦ-2ǋ,4ǋ,6ǋ-ʪʨʠʠʟʦʧʨʦʧʠʣʙʠʬʝʥʠʣ 

TriPhos ï 1,1,1-ʪʨʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʤʝʪʠʣ)ʵʪʘʥ 

DPEPhos ï ʙʠʩ[(2-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʬʝʥʠʣʦʚʳʡ] ʵʬʠʨ 

Xantphos ï 4,5-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-9,9-ʜʠʤʝʪʠʣʢʩʘʥʪʝʥ 

DPA ï 9,10-ʜʠʬʝʥʠʣʘʥʪʨʘʮʝʥ 

TBAB ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ 

IPTZ ï ʠʤʠʜʘʟʦʬʝʥʦʪʠʘʟʠʥ 

TEGDME ï ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʪʝʪʨʘʵʪʠʣʝʥʛʣʠʢʦʣʷ 

DIEA ï N,N-ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ 

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

Ac ï ʘʮʝʪʠʣ 

Ar ï ʦʙʦʟʥʘʯʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʮʠʢʣʦʚ (ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣ) 

Bz ï ʙʝʥʟʠʣ 

HE ï ʵʬʠʨ ɻʘʥʯʘ 

NHC ï N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ 

CAAC ï ʮʠʢʣʠʯʝʩʢʠʝ(ʘʣʢʠʣ)(ʘʤʠʥʦ)ʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ  

DAC ï ʜʠʘʤʠʜʦʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ  

MAC ï ʤʦʥʦʘʤʠʜʦʘʤʠʥʦʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ 

btz ï 4,4ô-ʙʠʩ(1,2,3-ʪʨʠʘʟʦʣ-5-ʠʣʠʜʝʥ) 

bpʫ ï 2,2ô-ʙʠʧʠʨʠʜʠʥ 

ɼʄɸɸ ï N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʍʄ ï ʜʠʭʣʦʨʤʝʪʘʥ 
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OTf ï ʪʨʠʬʣʘʪʥʘʷ ʛʨʫʧʧʘ 

mes-acr ï 9-ʤʝʟʠʪʠʣ-10-ʤʝʪʠʣʘʢʨʠʜʠʥʠʡ 

dmb-acr ï 9-(4-ʬʦʨʤʠʣ-2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)-10-ʤʝʪʠʣʘʢʨʠʜʠʥʠʡ 

boc ï ʪʨʝʪ-ʙʫʪʠʣʦʢʩʠʢʘʨʙʦʥʠʣ 

PHT ï ʬʝʥʦʪʠʘʟʠʥ  

MPS ï 10-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥ  

CPZ ï ʭʣʦʨʧʨʦʤʘʟʠʥ 

LPZ ï ʣʝʚʦʤʝʧʨʦʤʘʟʠʥ 

CMZ ï ʮʠʘʥʝʤʘʟʠʥ 

TADF ï ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʟʘʤʝʜʣʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʄʀʂ ï ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

RRPCO ï ʨʝʜʦʢʩ-ʥʝʡʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʘʜʠʢʘʣʴʥʦ-ʧʦʣʷʨʥʳʤ ʢʘʩʢʘʜʦʤ 

ATRA ï ʨʘʜʠʢʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

TD-DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʨʝʤʝʥʠ 

NPA ï ʘʥʘʣʠʟ ʝʩʪʝʩʪʚʝʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ  

ISC ï ʠʥʪʝʨʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʩʠʷ 

ʅʂʕ ï ʥʘʩʳʱʝʥʥʳʡ ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  

ʄɸʃɼʀ ï ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʥʘʷ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ  

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ  

DPV ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ  

ʄʉɺʈ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

ʄʉʉɺʈ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

EIC ï ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʠʦʥʘʤ  

ɻʍ-ʄʉ ï ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ  

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

DCC ï N,Nǋ-ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜ  

DMAP ï 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ 
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ɺɺɽɼɽʅʀɽ 
 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʌʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ 

ʦʢʘʟʳʚʘʶʪʩʷ ʪʨʫʜʥʦʦʩʫʱʝʩʪʚʠʤʳʤʠ ʠʣʠ ʚʦʚʩʝ ʥʝʜʦʩʪʫʧʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʘ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʌʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʘʨʩʝʥʘʣ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ 

ʜʣʷ ʨʘʟʚʠʪʠʷ çʟʝʣʝʥʦʡè ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʥʠʞʘʷ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʫʚʝʣʠʯʠʚʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʝʘʢʮʠʠ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ, ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʚʷʟʘʥʦ ʩ 

ʨʷʜʦʤ ʥʝʨʝʰʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʌʂ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʤʝʥʥʦ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʦʩʪʘʶʪʩʷ ʥʝʜʦʫʯʪʝʥʥʳʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʧʨʠʜʘʝʪ ʧʦʠʩʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʚ 

ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʡ ʬʨʘʛʤʝʥʪ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʝʥʪʨ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘʨʷʜʫ 

ʩ ʵʪʠʤ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʦʪʦʭʠʤʠʠ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʚʝʪʦʜʠʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠʭ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʧʨʦʩʪʳʭ ʠ ʥʘʛʣʷʜʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
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ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʜʠʟʘʡʥʫ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʬʝʥʦʪʠʘʟʠʥʘ 

(PHT). 

ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  

¶  ʀʩʩʣʝʜʦʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ, ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʨʦʜʫ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʩʪʨʦʝʥʠʝ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

¶  ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʥʦʪʠʘʟʠʥʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʚ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ; 

¶  ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ (NHC), ʩʦʜʝʨʞʘʱʠʝ ʬʝʥʦʪʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

¶  ʀʩʩʣʝʜʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

¶  ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʷ 

ʄʉ-ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʞʠʤʝ operando, ʮʠʢʣʠʯʝʩʢʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ, ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʗʄʈ ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ; 

¶  ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʘʧʨʦʙʠʨʦʚʘʪʴ ʤʝʪʦʜ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ 

ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʭʨʦʤʥʦʛʦ ʦʪʢʣʠʢʘ ʬʝʥʦʪʠʘʟʠʥʘ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ 

(LED) ʠ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʝʥʦʪʠʘʟʠʥ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʳʭ, 

ʪʨʠʤʝʨʥʳʭ ʠ ʦʢʠʩʣʝʥʥʳʭ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʠʟʤʝʥʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥ, ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Pd/NHC, ʩʦʜʝʨʞʘʱʠʭ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʡ ʬʝʥʦʪʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʠ ʘʢʪʠʚʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʝʥʪʨ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ. ɺʧʝʨʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʤʘʩʩ-
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ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ operando ʠ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ, 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʘʜʜʫʢʪʳ ʩ TEMPO ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ Pd(I) ʠ Pd(III). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʦʩʪʦʡ ʚʠʟʫʘʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨ ʜʣʷ ʦʮʝʥʢʠ 

ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ ʩʚʝʪʦʜʠʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ LED-ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʚʦʧʨʦʩ ʧʨʝʚʨʘʱʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʪʠʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʋʌ-ʦʙʣʫʯʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʥʦʚʳʝ ʦʣʠʛʦʤʝʨʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʬʦʨʤr ʩ 

ʠʟʤʝʥʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ, 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʦʪʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Pd(I) ʠ Pd(III)  ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʠ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ Pd/NHC ʠ ʨʘʩʰʠʨʷʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʠʤʠʠ ʧʘʣʣʘʜʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʆʣʠʛʦʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʋʌ-ʦʙʣʫʯʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ, ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ 

ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʩʚʦʡʩʪʚ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʙʝʟ ʩʣʦʞʥʦʡ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʬʝʥʦʪʠʘʟʠʥʘ, ʦʣʠʛʦʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʩʦʭʨʘʥʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ, 

ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ Pd/NHC-ʢʦʤʧʣʝʢʩʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʨʘʩʰʠʨʷʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʩʚʝʪʦʜʠʦʜʦʚ 

ʚ ʬʦʪʦʨʝʘʢʪʦʨʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶  ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

¶  ʉʠʥʪʝʟ ʥʦʚʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦ ʨʝʘʢʮʠʠ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 92%), ʘ ʤʝʭʘʥʠʟʤ 

ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Pd(I) ʠ Pd(III). 

¶  ʌʦʪʦʭʨʦʤʥʳʡ ʦʪʢʣʠʢ ʬʝʥʦʪʠʘʟʠʥʘ ï ʦʩʥʦʚʘ ʚʠʟʫʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʬʦʪʦʨʝʘʢʪʦʨʦʚ. 

ʄʝʪʦʜʳ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H ʠ 13C, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʠʩʧʫʩʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʘ 

ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʝʪʦʜʦʚ ʦʬʣʘʡʥ ʠ ʦʥʣʘʡʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʨʘʜʠʢʘʣʴʥʳʤʠ ʣʦʚʫʰʢʘʤʠ, ʘ ʪʘʢʞʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ: Reaxys (Elsevier), SciFinder (CAS) ʠ 

Web of Science (Clarivate Analytics). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʠʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 çɺʳʜʝʣʝʥʠʝ ʠ 

ʦʯʠʩʪʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè, ʧ.2 çʆʪʢʨʳʪʠʝ ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʪʦʜʦʚ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ ʧ.7 çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3 ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʩʙʦʨʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʛʠʧʦʪʝʟ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ, ʩʠʥʪʝʟʝ ʠ ʦʯʠʩʪʢʝ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ 

ʚ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʩʧʝʢʪʨʦʚ ʗʄʈ, ʩʧʝʢʪʨʦʚ 

ʕʇʈ ʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨ ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʜʛʦʪʦʚʢʫ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ. 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ 

ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of 

Science ʠ Scopus, ʠ 12 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ North 

Caucasus Organic Chemistry Symposium (Stavropol, 2022), The Sixth International Scientific 

Conference ñAdvances in Synthesis and Complexingò (Moscow, 2023), SP2P Web-conference 

organized by and for young researchers ï 2nd edition ñPhotonline 2023ò (Online, 2023), ʅʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ-ʰʢʦʣʝ çʃʫʯʰʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘè (ʄʦʩʢʚʘ, 2023), XXIV  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI  ʚʝʢʝè (ʊʦʤʩʢ, 2023), X ʄʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʀʆʍ ʈɸʅ 

(ʄʦʩʢʚʘ, 2023), ñNew Emerging Trends in Chemistryò Conference (NewTrendsChem-2023) (Yerevan, 

Armenia, 2023), ʅʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʰʢʦʣʝ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʭʠʤʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠè (ʄʦʩʢʚʘ, 2023), The 2nd Sino-Russian Symposium on Chemistry and Materials 

(SRSCM) (Moscow, 2024), XXII  ʄʝʥʜʝʣʝʝʚʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʦʯʠ, 

2024), XXIX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʂʘʟʘʥʴ, 

2025), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ "ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ ʠ 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ" (ʄʦʩʢʚʘ, 2025). 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ, ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ ʥʘ 177 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ 63 ʨʠʩʫʥʢʘ, 87 ʩʭʝʤ ʠ 16 ʪʘʙʣʠʮ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 227 

ʥʘʠʤʝʥʦʚʘʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʘʢʘʜʝʤʠʢʫ ʈɸʅ, ʜ.ʭ.ʥ. 

ɸʥʘʥʠʢʦʚʫ ɺʘʣʝʥʪʠʥʫ ʇʘʚʣʦʚʠʯʫ ʠ ʢ.ʭ.ʥ. ɹʫʨʳʢʠʥʦʡ ʖʣʠʠ ɺʣʘʜʠʤʠʨʦʚʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ 

ʙʣʘʛʦʜʘʨʠʪ ʚʝʩʴ ʢʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ˉ30 ʀʆʍ ʈɸʅ ʟʘ ʧʦʣʝʟʥʳʝ ʥʘʫʯʥʳʝ ʜʠʩʢʫʩʩʠʠ ʠ 

ʧʦʜʜʝʨʞʢʫ, ʦʩʦʙʝʥʥʦ ʢ.ʭ.ʥ. ɺʘʚʠʥʫ ɸʥʥʫ ɺʠʢʪʦʨʦʚʥʫ, ʢ.ʭ.ʥ. ʍʨʠʟʘʥʬʦʨʦʚʘ ʄʠʭʘʠʣʘ ʅʠʢʦʣʘʝʚʠʯʘ, 

ʢ.ʭ.ʥ. ʂʦʩʪʶʢʦʚʠʯʘ ɸʣʝʢʩʘʥʜʨʘ ʖʨʴʝʚʠʯʘ, ʌʘʭʨʫʪʜʠʥʦʚʘ ɸʨʪʝʤʘ ʅʠʢʦʣʘʝʚʠʯʘ, ʂʦʙʝʣʝʚʘ 

ɸʥʜʨʝʷ ɼʤʠʪʨʠʝʚʠʯʘ, ʐʘʡʜʫʣʣʠʥʘ ʈʫʩʣʘʥʘ ʈʘʜʠʢʦʚʠʯʘ, ʀʣʴʶʰʝʥʢʦʚʫ ɺʘʣʝʥʪʠʥʫ ɺʠʢʪʦʨʦʚʥʫ, 

ʂʦʟʣʦʚʘ ʂʠʨʠʣʣʘ ʉʝʨʛʝʝʚʠʯʘ, ʀʩʘʜʞʘʥʷʥʘ ɼʝʨʝʥʠʢʘ ɸʰʦʪʦʚʠʯʘ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ 

ʩʦʪʨʫʜʥʠʢʘʤ ʌʀɸʅ ʜ.ʭ.ʥ. ʊʘʡʜʘʢʦʚʫ ʀʣʴʝ ɺʠʢʪʦʨʦʚʠʯʫ ʠ ʢ.ʬ.-ʤ.ʥ. ʂʦʨʰʫʥʦʚʫ ɺʣʘʜʠʩʣʘʚʫ 

ʄʠʭʘʡʣʦʚʠʯʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ. 



11 
 

1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ ʩʪʘʣ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʷʛʢʠʝ ʠ ʩʝʣʝʢʪʠʚʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪ ʵʥʝʨʛʠʶ ʩʚʝʪʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʨʘʜʠʢʘʣʴʥʳʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ (ʉʭʝʤʘ 1). ʉʨʝʜʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ 

(ʥʘʧʨʠʤʝʨ, Ir(ppy)2(dtbbpy)+) ʠ ʨʫʪʝʥʠʷ (ʥʘʧʨʠʤʝʨ, Ru(bpy)3
2+), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʜʣʠʪʝʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘʤʠ [1ï6]. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʘʢʨʠʜʠʥʠʝʚʳʝ (ʥʘʧʨʠʤʝʨ, Mes-Acr-Ph+), ʮʠʘʥʦʘʨʝʥʦʚʳʝ (ʥʘʧʨʠʤʝʨ, 4CzIPN), ʢʩʘʥʪʝʥʦʚʳʝ 

(ʥʘʧʨʠʤʝʨ, ʵʦʟʠʥ ʅ) ʠ ʪʠʘʟʠʥʦʚʳʝ (ʥʘʧʨʠʤʝʨ, 10ʅ-ʬʝʥʦʪʠʘʟʠʥ, PHT) [7ï17]. ʕʪʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʣʝʛʯʝ ʥʘʩʪʨʘʠʚʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʤʠ ʌʂ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ ʠ ʢʘʪʘʣʠʟ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʦʩʪʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʊʘʢʘʷ ʩʠʥʝʨʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʦʞʥʳʝ ʢʘʩʢʘʜʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʘʮʠʶ 

ʠʥʝʨʪʥʳʭ ʩʚʷʟʝʡ C-H ʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʪʨʫʜʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʠʧʘ ʢʘʪʘʣʠʟʘ [18ï25]. 

ʈʘʟʚʠʪʠʝ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʛʨʝʩʩʦʤ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʪʦʨʝʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʢʘʢ ʚ ʨʝʘʢʪʦʨʘʭ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʘʭ [26ï31]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ 

ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ 

Vapourtec UV-150, Penn PhD M1/M2 ʠ LUCENT360, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʙʘʨʴʝʨʳ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʨʝʧʨʝʟʝʥʪʘʙʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʠʥʜʫʩʪʨʠʝʡ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ 

ʛʨʫʧʧʘʤʠ ʧʦ ʨʘʟʚʠʪʠʶ ʬʦʪʦʢʘʪʘʣʪʠʯʝʩʢʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ [32ï38]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʫʥʠʢʘʣʴʥʳʤ ʧʫʪʷʤ ʩʠʥʪʝʟʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʢʨʝʧʣʝʥ ʚʟʘʠʤʥʳʤ ʠʥʪʝʨʝʩʦʤ ʤʝʞʜʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʘʢʘʜʝʤʠʝʡ. 

 

ʉʭʝʤʘ 1. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ. 

ɼʘʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʩʪʘʚʠʪ ʮʝʣʴʶ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʬʦʪʦʨʝʜʦʢʩ ʠ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʩ ʬʦʢʫʩʦʤ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʷʭ ʩ 

ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʢʣʘʩʩʦʚ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ (ʨʘʟʜʝʣ 1.1) ʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʌʂ (ʨʘʟʜʝʣ 1.3), ʚʢʣʶʯʘʷ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʨʘʤʢʘʭ ʦʙʟʦʨʘ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝ ʪʦʣʴʢʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ, ʥʦ ʠ ʠʭ ʚʦʟʤʦʞʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʨʘʟʜʝʣ 1.2), ʚʢʣʶʯʘʷ ʩʚʝʪ ʠ ʪʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʠʭ 

ʩʚʦʡʩʪʚʘ. ʇʦʤʠʤʦ ʥʠʭ, ʚ ʦʙʟʦʨʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʜʨʫʛʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ, ʩ ʮʝʣʴʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʙʱʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʟʜʝʣʝ 1.4 ʫʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʘʞʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʪʚʝʯʘʶʪ ʟʘ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

 

 



13 
 

1.1 ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 

ʌʝʥʦʪʠʘʟʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʩʠʭʦʪʠʯʝʩʢʠʭ, 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʭ ʠ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʩʨʝʜʩʪʚ, ʥʦ ʠ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʌʂ) [39ï42]. 10H-ʬʝʥʦʪʠʘʟʠʥ ï ʵʪʦ ʧʨʦʩʪʘʷ 

ʤʦʣʝʢʫʣʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ. ʍʠʤʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʘʩʴ ʩ 

70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [43ï45]. ʅʘʧʨʠʤʝʨ, ʘʣʠʬʘʪʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʬʝʥʦʪʠʘʟʠʥʘ ï ʭʣʦʨʧʨʦʤʘʟʠʥ ï 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʥʝʡʨʦʣʝʧʪʠʢʦʤ. ʌʝʥʦʪʠʘʟʠʥ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʟʫʯʘʣʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʭʨʦʤʦʬʦʨʦʚ ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʘʩʠʪʝʣʷʤʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [46ï48]. ʇʝʨʚʘʷ 

ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʫʧʦʤʠʥʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʱʝ ʚ 1969 ʛ. [49]. ɺ ʵʪʦʡ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʝ ʬʝʥʦʪʠʘʟʠʥ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʦʢʩʠʜʘʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʦʢʠʩʣʷʪʴ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʪʠʣʝʥʦʚʳʡ ʩʠʥʠʡ ʠʣʠ ʪʠʦʥʠʥ, ʛʝʥʝʨʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʠʮʠʠʨʫʶʱʠʝ ʨʘʜʠʢʘʣʳ ʜʣʷ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʉʈʇ) ʜʠʘʢʨʠʣʘʪʘ ʙʘʨʠʷ. ʇʦʩʣʝ ʵʪʦʡ ʨʘʙʦʪʳ ʬʝʥʦʪʠʘʟʠʥ, 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʋʌ-

ʠʥʠʮʠʘʪʦʨʘ ʜʣʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʘʢʨʠʣʦʥʠʪʨʠʣʘ, 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʢʩʘʬʪʦʨʘʨʩʝʥʘʪʘ ʪʨʠʬʝʥʠʣʩʫʣʴʬʦʥʠʷ ʠ 

ʜʨʫʛʠʭ ʨʝʘʢʮʠʡ [50]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʙʝʟʤʝʪʘʣʣʦʚʳʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ 

ʨʘʟʜʝʣʝ 1.1 ʦʙʩʫʞʜʘʶʪʩʷ ʠʟʙʨʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ. 

 

1.1.1 ʌʝʥʦʪʠʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʥʘʣʦʛʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʦʩʥʦʚʥʦʤ, ʤʦʜʠʬʠʢʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʠʜʘʥʠʝ 

ʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʏʝʥʘ ʠ ʩʦʘʚʪʦʨʦʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʦʣʝʡ 

ʘʤʤʦʥʠʷ, ʮʠʢʣʦʛʝʢʩʘʥʦʥʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʨʷʜ 

ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 2) [51]. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʡ ʠ ʧʨʘʢʪʠʯʥʳʡ 

ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʬʝʥʦʪʠʘʟʠʥʦʚ ʠ ʙʠʩ-ʬʝʥʦʪʠʘʟʠʥʦʚ. 

 

ʉʭʝʤʘ 2. ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʙʠʩ-ʬʝʥʦʪʠʘʟʠʥʘ.  

 

ʉʭʝʤʘ 3. ʇʦʣʫʯʝʥʠʝ ʧʨʦʪʷʞʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ. 

(i) ʪʠʦʤʦʯʝʚʠʥʘ, Pd2(dba)3, TriPhos, Cs2CO3, 1,4-ʜʠʦʢʩʘʥ, 110 Áʉ, 24 ʯʘʩʘ; (ii ) (ʘ) BBr3, CH2Cl2, 0 

Áʉ, 1 ʯʘʩ, (ʙ) ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʳʡ ʘʥʛʠʜʨʠʜ, ʧʠʨʠʜʠʥ, CH2Cl2, 0 Áʉ, 2 ʯʘʩʘ; (iii ) 4-(ʪʨʝʪ-

ʙʫʪʠʣ)ʘʥʠʣʠʥ, Pd2(dba)3, DPEPhos, Cs2CO3, ʪʦʣʫʦʣ, 130 Áʉ, 24 ʯʘʩʘ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʪʨʘʪʝʛʠʶ ʨʘʩʰʠʨʝʥʠʷ ˊ-ʩʦʧʨʷʞʝʥʠʷ 

ʬʝʥʦʪʠʘʟʠʥʦʚʦʛʦ ʷʜʨʘ ʟʘ ʩʯʝʪ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʝʨʠʶ ʥʦʚʳʭ ʧʨʦʪʷʞʝʥʥʳʭ ʬʝʥʦʪʠʘʟʠʥʦʚ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ [52]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʙʝʟʤʝʪʘʣʣʦʚʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚʩʝ ʮʝʣʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʫ ʘʪʦʤʘ ʘʟʦʪʘ. ʉʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʥʪʝʟ ʤʝʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʘʨʠʣʩʫʣʴʬʠʜʦʚ, ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʨʠʬʣʘʪʳ ʠ ʟʘʚʝʨʰʘʶʱʫʶ ʨʝʘʢʮʠʶ N-ʘʨʠʣʠʨʦʚʘʥʠʷ ʩ 4-

ʪʨʝʪ-ʙʫʪʠʣʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 3). ɺ ʩʪʨʫʢʪʫʨʫ 
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ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʝ 6 ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʙʳʣʠ ʚʚʝʜʝʥʳ ʦʙʲʝʤʥʳʝ ʤʝʟʠʪʠʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʧʦʜʘʚʣʷʶʱʠʝ ˊ- -́ʩʪʵʢʠʥʛ ʠ ʫʣʫʯʰʘʶʱʠʝ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʮʝʧʦʯʢʠ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʫʶ 

ʦʙʣʘʩʪʴ ʠ ʧʦʚʳʰʝʥʠʶ ʤʦʣʷʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʦʭʨʘʥʠʣʠ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʚʦʣʥʳ ʠ ʚʳʩʦʢʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʮ ʢ 

ʬʝʥʦʪʠʘʟʠʥʫ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʝʛʦ ʩʚʦʡʩʪʚ ʠ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 

ʉʭʝʤʘ 4. ʇʦʣʫʯʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ. (i) 4-

ʡʦʜʦʘʥʠʟʦʣ, ʤʝʜʴ, K2CO3, TEGDME, 180 Áʉ; (ii ) POCl3, ɼʄʌɸ, C2H4Cl2, 80 Áʉ; (iii  ʠ vii ) 

CH2(CN)2, ʧʠʧʝʨʠʜʠʥ, CHCl3, ʢʠʧʷʯʝʥʠʝ; (iv) N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜ, CHCl3, ʢ.ʪ.; (v) 4-

ʤʝʪʦʢʩʠʬʝʥʠʣʙʦʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, Pd(PPh3)4, K2CO3, ʊɻʌ; (vi) 2-(6-ʙʫʪʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʠʣ)-

4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-1,3,2-ʜʠʦʢʩʦʙʦʨʦʣʘʥ, Pd(PPh3)4, K2CO3, ʊɻʌ; (viii ) 1-ʙʨʦʤʙʫʪʘʥ, KOH, 

ɼʄʉʆ, rt; (ix) ʙʠʩ(ʧʠʥʘʢʦʣʘʪʦ)ʜʠʙʦʨ, Pd(dppf)Cl2, KOAc, 1,4-ʜʠʦʢʩʘʥ, 80 ÁC. 

ʉʝʨʠʷ ʥʦʚʳʭ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚ 

ʧʦʣʦʞʝʥʠʷʭ C(3) ʠ C(7), ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʉʭʝʤʘ 4) [53]. ʂʣʶʯʝʚʦʡ ʩʪʨʘʪʝʛʠʝʡ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ 
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ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʤʘʣʦʥʦʥʠʪʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʣʦʞʝʥʠʝ C(3) ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (ICT), ʦʙʨʘʟʦʚʘʥʠʷ ñpush-pullò ʩʠʩʪʝʤʳ ʠ ʩʜʚʠʛʘ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 490-510 ʥʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʧʝʰʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ˊ-

ʩʦʧʨʷʞʝʥʠʷ ʠ ʩʤʝʱʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʪʘʢʦʡ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʩʚʝʪʦʜʠʦʜʳ. 

ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ɻʨʘʞʫʣʷʚʠʯʶʩʘ, ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ, ʚ ʢʦʪʦʨʦʡ ʙʨʦʤʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʘʥʪʨʝʥʘ 

ʚʩʪʫʧʘʣʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 1-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʦʤ ʠʣʠ 3,7-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʪʠʘʟʠʥʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Pd2(dba)3 ʠ ʪʨʠ-ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʠʥʘ (ʉʭʝʤʘ 5) [54]. 

ɺʚʝʜʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʋʌ-ʩʧʝʢʪʨʘʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʙʦʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ: ˊ-ˊ* ʧʝʨʝʭʦʜʳ ʪʠʘʥʪʨʝʥʘ ʠ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʦʙʣʘʩʪʠ 

ʦʢʦʣʦ 260 ʥʤ, ʘ ʪʘʢʞʝ n-ˊ* ʧʝʨʝʭʦʜ ʬʝʥʦʪʠʘʟʠʥʘ ʦʢʦʣʦ 314 ʥʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʜʠʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʠ n-ˊ* ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʟʘʤʝʱʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ 

ʩʦʧʨʷʞʝʥʠʠ ʤʝʞʜʫ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤʠ ʠ ʪʠʘʥʪʨʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʚʦʟʤʦʞʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 
ʉʭʝʤʘ 5. ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʪʠʘʥʪʨʝʥʦʤ. (i) Pd2(dba)3, (t-Bu)3P, t-BuONa, 

ʪʦʣʫʦʣ, 90 Áʉ, ʘʨʛʦʥ, 2 ʯʘʩʘ. 

ʈʷʜ ʤʦʜʠʬʠʢʘʮʠʡ ʬʝʥʦʪʠʘʟʠʥʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʦʣʥʦʩʪʴʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʬʝʥʦʪʠʘʟʠʥʘ (IPTZ), ʧʨʦʷʚʣʷʶʱʠʭ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʟʘʤʝʜʣʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (TADF) [55]. ʉʝʤʴ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ (ʉʭʝʤʘ 6) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IPTZ-ʘʢʮʝʧʪʦʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʥʦʨʥʳʭ 
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ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʨʝʢʦʨʜʥʦ ʜʦʣʛʠʭ ʚʨʝʤʝʥ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʜʦ 

3.64 ʤʩ) ʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʪʨʠʧʣʝʪʦʚ (ʜʦ 63.9 ʢʢʘʣ/ʤʦʣʴ).  

 

ʉʭʝʤʘ 6. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʬʝʥʦʪʠʘʟʠʥʘ 

(IPTZ).  

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ. ʉ ʮʝʣʴʶ ʫʩʧʝʰʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʦʬʝʥʦʣʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ 

ʢʨʘʩʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʝʥʦʪʠʘʟʠʥʘ (ʉʭʝʤʘ 7) [56]. ʂʣʶʯʝʚʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʬʝʥʦʪʠʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʙʦʨʘʥʠʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ 

ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ (ɚabs å 454 ʥʤ, ɚem å 626 ʥʤ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ). ʕʪʦʪ ʩʜʚʠʛ 

ʦʙʫʩʣʦʚʣʝʥ ʫʩʠʣʝʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (ICT) ʙʣʘʛʦʜʘʨʷ ʩʠʣʴʥʦʤʫ 

ʜʦʥʦʨʥʦʤʫ ʵʬʬʝʢʪʫ ʬʝʥʦʪʠʘʟʠʥʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʪʫʰʝʥʠʷ ʙʣʘʛʦʜʘʨʷ 

ʝʛʦ ʥʝʧʣʘʥʘʨʥʦʡ çʙʘʙʦʯʢʦʦʙʨʘʟʥʦʡè ʢʦʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʩʠʪʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
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ʙʦʣʴʰʦʝ ʩʪʦʢʩʦʚʦʝ ʩʤʝʱʝʥʠʝ (ʜʦ 172 ʥʤ) ʠ ʠʥʪʝʥʩʠʚʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʩʜʝʣʘʣʦ ʝʛʦ ʠʜʝʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʟʦʥʜʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

 

ʉʭʝʤʘ 7. ʇʦʣʫʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ. (i) ʥ-ʙʨʦʤʙʫʪʘʥ, NaOH, 

KI, ɼʄʉʆ, 100 Áʉ, ʘʨʛʦʥ, 6 ʯʘʩʦʚ; (ii ) POCl3, ɼʄʌɸ, 0 Áʉ, ʘʨʛʦʥ, 15 ʤʠʥʫʪ, ʟʘʪʝʤ 60 Áʉ, 4 ʯʘʩʘ; 

(iii ) ʘʣʶʤʠʥʠʝʚʳʡ ʧʦʨʦʰʦʢ, ʡʦʜ, MeCN, ʢ.ʪ., ʘʨʛʦʥ, 30 ʤʠʥʫʪ, ʟʘʪʝʤ 80 Áʉ, 6 ʯʘʩʦʚ; (iv) ʧ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥ, ʵʪʘʥʦʣ, rt; (v) BF3
.Et2O, DIEA, 2-ʜʠʭʣʦʨʦʵʪʘʥ, ʢʠʧʷʯʝʥʠʝ, 5 ʯʘʩʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʪʝʛʠʡ ʤʦʜʠʬʠʢʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ˊ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʠʤ ʢ 

ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʨʘʪʝʛʠʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʚʚʝʜʝʥʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʠ ʜʦʥʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢ ʬʝʥʦʪʠʘʟʠʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʪʠʧʘ ñpush-pullò, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʩʠʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ, 

ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʢʨʘʩʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʝʥʦʪʠʘʟʠʥʘ, ʦʜʥʘʢʦ ʦʥʠ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

 

1.1.2 ʇʨʠʤʝʥʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ 

 

ʌʝʥʦʪʠʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ. ʅʝʜʘʚʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʣʝʬʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ [57]. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʝʘʢʮʠʷ ʩ Ŭ-ʙʨʦʤ-ɓ-ʢʝʪʦʵʬʠʨʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʘ 

ʜʣʷ Ŭ-ʙʨʦʤʤʘʣʦʥʘʪʦʚ (ʉʭʝʤʘ 8). ʂʣʶʯʝʚʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ 
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ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʣʘʩʩʘ ʙʝʥʟʦʪʠʘʟʠʥʦʭʠʥʦʢʩʘʣʠʥʦʚ (ʥʘʧʨʠʤʝʨ, ʌʂ-1 ʥʘ ʉʭʝʤʝ 8), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ (ʚʳʭʦʜʳ ʜʦ 97%) ʧʨʠ ʥʠʟʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʝ (0.5 ʤʦʣ%). ʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢʦ ʤʥʦʛʠʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʨʘʙʦʪʘʝʪ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʘʤʝʱʝʥʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʳ 

ï ʚʘʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʜʠʢʘʣʴʥʳʡ ʧʫʪʴ ʧʨʝʚʨʘʱʝʥʠʷ.  

 

ʉʭʝʤʘ 8. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʣʝʬʠʥʦʚ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʧʨʘʢʪʠʯʥʳʡ ʤʝʪʦʜ ʜʝʦʢʩʠʛʝʥʘʮʠʠ 

ʩʧʠʨʪʦʚ ʯʝʨʝʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʠʭ ʙʝʥʟʦʘʪʥʳʭ ʵʬʠʨʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 9) [58]. ʂʣʶʯʝʚʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʘ (ʌʂ-2) ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ (HAT), ʛʝʥʝʨʠʨʫʶʱʝʡ ʤʦʱʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ (ʨʘʜʠʢʘʣ-ʘʥʠʦʥ CO2
-Å) ʠʟ ʩʦʣʝʡ 

ʬʦʨʤʠʘʪʘ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʠʩʣʦʪʥʳʤʠ ʜʦʙʘʚʢʘʤʠ (ʢʠʩʣʦʪ ɹʨʝʥʩʪʝʜʘ ʠʣʠ ʃʴʶʠʩʘ), ʢʦʪʦʨʳʝ 

ʢʨʠʪʠʯʝʩʢʠ ʫʩʢʦʨʷʶʪ ʤʝʜʣʝʥʥʫʶ ʩʪʘʜʠʶ ʬʨʘʛʤʝʥʪʘʮʠʠ C(sp3)-O ʩʚʷʟʠ ʧʦʩʣʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ. ʄʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʨʠʤʝʥʠʤ ʢ ʧʝʨʚʠʯʥʳʤ, ʚʪʦʨʠʯʥʳʤ ʠ ʪʨʝʪʠʯʥʳʤ ʩʧʠʨʪʘʤ, 

ʨʘʙʦʪʘʝʪ ʥʘ ʚʦʟʜʫʭʝ ʠ ʛʨʘʤʤʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʧʦʟʚʦʣʷʷ ʟʘʤʝʥʷʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʜʝʦʢʩʠʛʝʥʘʮʠʶ ʧʦ 

ɹʘʨʪʦʥʫ-ʄʘʢʂʦʤʙʠ. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʢʠʩʣʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʤʝʥʥʦ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʘ ʥʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 

 

ʉʭʝʤʘ 9. ɼʝʦʢʩʠʛʝʥʘʮʠʷ ʟʘʱʠʱʝʥʥʳʭ ʩʧʠʨʪʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʤ. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʫʞʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɺ ʦʜʥʦʡ 

ʠʟ ʥʠʭ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʪʨʘʪʝʛʠʶ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʷʤʠ 
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ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ C-C ʩʚʷʟʠ ʚ ʧʦʣʠʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ 

ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ (ʉʭʝʤʘ 10) [59]. ʂʣʶʯʝʚʳʤ 

ʜʦʩʪʠʞʝʥʠʝʤ ʩʪʘʣʦ ʪʦʥʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʤʝʥʝʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʨʠʘʮʝʪʠʣ-ʟʘʤʝʱʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʌʂ-3) ʩʝʣʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʫʝʪ ʩʚʷʟʠ C-

I, ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʤʦʱʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʌʂ-2) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʢ C-I, ʪʘʢ ʠ C-Br ʩʚʷʟʠ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʪʫʧʝʥʯʘʪʦʝ ʫʜʘʣʝʥʠʝ ʛʘʣʦʛʝʥʦʚ ʠʟ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ ʛʘʣʦʛʝʥʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʣʝʢʪʠʚʥʦʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʜʠʢʘʣʴʥʦʝ C-C ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʯʪʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʩʠʥʪʝʟʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʨʦʜʥʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʤʝʣʣʘʨʠʥʘ. 

ʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

 

ʉʭʝʤʘ 10. ʅʘʩʪʨʦʡʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʬʝʩʩʦʨʘ ɼʞʫʷ ʨʘʟʨʘʙʦʪʘʥ ʤʷʛʢʠʡ ʠ ʤʦʜʫʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʮʝʥʥʳʭ ʘʨʠʣʵʪʠʣʘʤʠʥʦʚ ï ʢʣʶʯʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʘʭ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ [60]. 

ʆʩʥʦʚʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʨʘʙʦʪʳ ï ʧʨʷʤʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʛʠʜʨʦʘʨʠʣʠʨʦʚʘʥʠʝ ʚʠʥʠʣʘʤʠʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ (ʚʢʣʶʯʘʷ ʜʘʞʝ ʘʨʠʣʭʣʦʨʠʜʳ) ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 11).  

 

ʉʭʝʤʘ 11. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʛʠʜʨʦʘʨʠʣʠʨʦʚʘʥʠʝ ʚʠʥʠʣʘʤʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ N-

ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʤ. 

ʇʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʜʫʘʣʴʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ: ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ N-

ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥ ʛʝʥʝʨʠʨʫʝʪ ʘʨʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʯʝʨʝʟ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ (SET), ʘ 

ʮʠʢʣʦʛʝʢʩʘʥʪʠʦʣ (CySH) ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (HAT), 
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ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʙʦʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʜʠʢʘʣʦʚ ʠ ʥʘʧʨʘʚʣʷʷ ʨʝʘʢʮʠʶ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 

ʦʣʝʬʠʥʫ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʚ ʨʝʘʢʮʠʶ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʫʙʩʪʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʪʠ-

ʄʘʨʢʦʚʥʠʢʦʚʩʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʢʦʨʦʪʢʦʛʦ 

ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʜʦʬʘʤʠʥ ʠ ʬʫʥʛʠʮʠʜ ʌʣʫʦʧʠʨʘʤ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʫʘʣʴʥʦʤ ʢʘʪʘʣʠʟʝ: ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʥʝʛʦ ʩʚʝʪʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪ 

ʵʣʝʢʪʨʦʥ ʘʨʠʣʠʦʜʠʜʫ (Ar-I), ʛʝʥʝʨʠʨʫʷ ʨʘʜʠʢʘʣ-ʘʥʠʦʥ; ʧʦʩʣʝʜʥʠʡ ʙʳʩʪʨʦ ʦʪʱʝʧʣʷʝʪ ʡʦʜʠʜ, 

ʦʙʨʘʟʫʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʘʨʠʣʴʥʳʡ ʨʘʜʠʢʘʣ (Cʭʝʤʘ 12). ʕʪʦʪ ʨʘʜʠʢʘʣ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʚʠʥʠʣʘʤʠʥʫ ʧʦ ʘʥʪʠ-ʄʘʨʢʦʚʥʠʢʦʚʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʦʙʨʘʟʫʷ 

Ŭ-ʢʘʨʙʘʤʦʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (HAT) 

ï ʮʠʢʣʦʛʝʢʩʘʥʪʠʦʣ (CySH), ʢʦʪʦʨʳʡ ʧʝʨʝʭʚʘʪʳʚʘʝʪ Ŭ-ʨʘʜʠʢʘʣ, ʦʪʜʘʚʘʷ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʠ ʟʘʚʝʨʰʘʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʘʨʠʣʵʪʠʣʘʤʠʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʝʥʝʨʠʨʫʷ ʪʠʠʣʴʥʳʡ ʨʘʜʠʢʘʣ (CySÅ), 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʢʠʩʣʝʥʥʫʶ ʬʦʨʤʫ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʟʘʤʳʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʮʠʢʣ. 

 

ʉʭʝʤʘ 12. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʨʠʣʠʨʦʚʘʥʠʷ 

ʚʠʥʠʣʘʤʠʥʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʤʝʪʦʜ ʬʦʩʬʦʥʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ C-P ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʰʝʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 10H-ʬʝʥʦʪʠʘʟʠʥʘ (ʉʭʝʤʘ 13) [61]. ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ 

ʷʚʣʷʶʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʚʤʝʩʪʠʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʢʝʪʦʥʳ, ʘʤʠʜʳ, 

ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʘʤʠʥʳ, ʩʧʠʨʪʳ) ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʘʢ ʢ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤ (I, Br), ʪʘʢ ʠ, ʚʧʝʨʚʳʝ, 

ʢ ʘʨʠʣʘʤʤʦʥʠʝʚʳʤ ʩʦʣʷʤ. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʜʠʢʘʣʴʥʳʡ ʧʫʪʴ ʩ 

ʫʯʘʩʪʠʝʤ ʧʝʨʝʥʦʩʘ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʄʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʨʘʤʤʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʧʨʝʜʣʘʛʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʦʜʭʦʜʘʤ.  

 

ʉʭʝʤʘ 13. ʌʦʩʬʦʥʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 10H-ʬʝʥʦʪʠʘʟʠʥʦʤ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 10H-ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʛʝʥʝʨʠʨʫʷ ʩʠʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʩʫʙʩʪʨʘʪʘ ʠ ï

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʌʂ+Å, ʉʭʝʤʘ 14). ʇʦʩʣʝʜʫʶʱʠʡ ʤʝʟʦʣʠʪʠʯʝʩʢʠʡ ʨʘʩʧʘʜ ʨʘʜʠʢʘʣ-

ʘʥʠʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʘʪʘʢʫʝʪ ʘʪʦʤ ʬʦʩʬʦʨʘ ʚ 

ʪʨʠʘʣʢʠʣʬʦʩʬʠʪʝ, ʦʙʨʘʟʫʷ ʬʦʩʬʦʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ. ɿʘʤʳʢʘʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʵʪʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ 

ʌʂÅ, ʯʪʦ ʨʝʛʝʥʝʨʠʨʫʝʪ ʠʩʭʦʜʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 1,8-

ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥʦʤ (DBU) ʜʘʝʪ ʮʝʣʝʚʦʡ ʘʨʠʣʬʦʩʬʦʥʘʪ. 

 

ʉʭʝʤʘ 14. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʬʦʩʬʦʥʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʩʝʨʠʶ ʥʦʚʳʭ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʚʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʜʠʘʣʢʠʣʘʤʠʥʦʛʨʫʧʧʘʤʠ), ʯʪʦʙʳ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʜʦ -3.0 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ) [62]. ʂʣʶʯʝʚʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʫ ï ʤʝʥʝʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʘʣʢʝʥʫ, 

ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʥʝ ʚʩʪʫʧʘʣ ʚ ʧʦʜʦʙʥʳʝ ʬʦʪʦʨʝʜʦʢʩ-ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 15). ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʩʣʦʚʠʡ (ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ, 10 ʤʦʣ% ʢʘʪʘʣʠʟʘʪʦʨʘ) ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʟʘ 20 ʯʘʩʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʡ ʩʠʩʪʝʤʳ. 

 

ʉʭʝʤʘ 15. ʈʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʫ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʚʳʤʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ (SET) ʦʪ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʌʂ*) ʢ ʤʦʣʝʢʫʣʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʜʠʢʘʣ-ʘʥʠʦʥʘ ʘʣʢʝʥʘ ʠ ʨʘʜʠʢʘʣ-ʢʘʪʠʦʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʌʂ+Å, ʉʭʝʤʘ 16). ɸʥʠʦʥ-ʨʘʜʠʢʘʣ ʘʣʢʝʥʘ 

ʥʝʤʝʜʣʝʥʥʦ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʤʝʪʘʥʦʣʦʤ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʫʛʣʝʨʦʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʦʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ (BET) ʚʥʫʪʨʠ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʦʪ ʵʪʦʛʦ 

ʨʘʜʠʢʘʣʘ ʢ ʌʂ+Å ʨʝʛʝʥʝʨʠʨʫʝʪ ʠʩʭʦʜʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʦʙʨʘʟʫʝʪ ʢʘʨʙʦʢʘʪʠʦʥ ʘʣʢʝʥʘ. ʕʪʦʪ 

ʢʘʨʙʦʢʘʪʠʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʤʝʪʘʥʦʣʘ, ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ï ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʦ ʧʨʘʚʠʣʫ 

ʄʘʨʢʦʚʥʠʢʦʚʘ. 

 

ʉʭʝʤʘ 16. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢ Ŭ-

ʤʝʪʠʣʩʪʠʨʦʣʫ. 
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ʆʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 1.1.1 (ʉʭʝʤʘ 6) ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥʳ ʚ ʧʷʪʠ ʢʣʶʯʝʚʳʭ ʨʝʘʢʮʠʷʭ ʬʦʪʦʢʘʪʘʣʠʟʘ ʩ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ 

(EnT), ʚʢʣʶʯʘʷ [2+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʜʠʩʫʣʴʬʠʜ-ʝʥʦʚʫʶ ʨʝʘʢʮʠʶ ʠ ʥʠʢʝʣʴ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ C-O ʠ C-N ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʧʦʢʘʟʘʚ ʫʣʫʯʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ TADF-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 2CzPN ʠ ACR-IMAC (ʉʭʝʤʘ 17) [55]. 

 

ʉʭʝʤʘ 17. ʈʝʘʢʮʠʷ [2+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʜʠʩʫʣʴʬʠʜ-ʝʥʦʚʘʷ ʨʝʘʢʮʠʷ ʠ ʥʠʢʝʣʴ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ C-O ʠ C-N ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʩ ʫʯʘʩʪʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʬʝʥʦʪʠʘʟʠʥʦʚ. 

ɺ ʨʝʘʢʮʠʠ ʜʝʘʨʦʤʘʪʠʟʠʨʫʶʱʝʛʦ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʥʜʦʣʘ ʠ 

ʜʠʤʝʪʠʣʬʝʥʠʣʚʠʥʠʣʬʦʩʬʘʪʘ ʚʦʟʙʫʞʜʝʥʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʩʫʙʩʪʨʘʪʫ 

(ʥʘʧʨʠʤʝʨ, ʚʠʥʠʣʬʦʩʬʘʪʫ), ʧʝʨʝʚʦʜʷ ʝʛʦ ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʟʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʛʦ ʮʠʢʣʦʙʫʪʘʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʕʪʘ ʨʝʘʢʮʠʷ ʚʘʞʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʳʭ ʢʘʨʙʦʮʠʢʣʦʚ. ɺ ʜʠʩʫʣʴʬʠʜ-ʝʥʦʚʦʡ çʢʣʠʢè-ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʥʘ ʜʠʩʫʣʴʬʠʜ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʛʝʥʝʨʘʮʠʠ ʪʠʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʕʪʠ ʨʘʜʠʢʘʣʳ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʣʢʝʥʫ (ʥʘʧʨʠʤʝʨ, ʢʘʨʚʦʥʫ) ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʦʪʠʚ ʄʘʨʢʦʚʥʠʢʦʚʘ ʩ 
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ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʳʚʦʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʦʵʬʠʨʘ. ɺ ʩʣʫʯʘʝ 

ʜʫʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘ ʥʠʢʝʣʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C-O ʠ C-N 

ʩʚʷʟʝʡ (ʵʪʝʨʠʬʠʢʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ ʠ 

ʘʤʠʥʠʨʦʚʘʥʠʝ) ʚʦʟʙʫʞʜʝʥʥʳʡ TADF-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʠʥʪʝʨʤʝʜʠʘʪʫ Ni(II)-

ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʩʣʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘ. ʕʪʦ ʧʝʨʝʚʦʜʠʪ 

ʩʪʘʙʠʣʴʥʳʡ ʩʠʥʛʣʝʪʥʳʡ ʢʦʤʧʣʝʢʩ Ni(II) ʚ ʪʨʠʧʣʝʪʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʣʝʛʢʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʡ ʩʚʷʟʠ (C-O ʜʣʷ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ, C-N ʜʣʷ ʩʫʣʴʬʦʥʘʤʠʜʦʚ). ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʵʪʠ ʚʘʞʥʳʝ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʠʟʙʝʛʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʢʟʦʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʋʣʴʤʘʥʘ ʠʣʠ 

ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ. ɺʦ ʚʩʝʭ ʧʷʪʠ ʨʝʘʢʮʠʷʭ IPTZ-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʦʩʦʙʝʥʥʦ SACR-IPTZ, 

ʧʦʢʘʟʘʣʠ ʚʳʜʘʶʱʫʶʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʘʥʘʣʦʛʠ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʥʘ ʢʠʩʣʦʨʦʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ (ʉʭʝʤʘ 18). 

 

ʉʭʝʤʘ 18. ʆʙʱʘʷ ʩʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 3,7-ʜʠʟʘʤʝʱʝʥʥʳʭ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʜʣʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʚ ʠʤʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 19) [63]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʘʩʠʪʝʣʠ ʩ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʣʫʯʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʵʣʝʢʪʨʦʥʘ ʥʘ ʢʠʩʣʦʨʦʜ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʩʝʛʦ 0.5 ʤʦʣ% ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʙʝʥʟʠʣʘʤʠʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʠʥ ʥʘ ʚʦʟʜʫʭʝ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʠʛʥʘʣʘ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (H2O2) ʧʦ 
1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʦʣʤʝʪʘʥʠʤʠʥʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʥʦʤ.  
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ʉʭʝʤʘ 19. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʝʥʦʪʠʘʟʠʥʘ. 

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʨʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʦʚʦʛʦ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʦ ʩ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʩʚʷʟʝʡ: ʠʤʠʥʥʦʡ, ʛʠʜʨʘʟʦʥʦʚʦʡ ʠ ʪʨʠʘʟʠʥʦʚʦʡ (ʉʭʝʤʘ 20) [64]. ʎʝʣʴʶ ʙʳʣʦ ʠʟʫʯʠʪʴ ʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʟʠʥʦʚʦʛʦ ʢʘʨʢʘʩʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ 

ʜʦ ʩʝʤʠ ʮʠʢʣʦʚ ʨʝʮʠʢʣʠʥʛʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (>80%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʤʠʥʥʳʝ ʠ 

ʛʠʜʨʘʟʦʥʦʚʳʝ ʘʥʘʣʦʛʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠʟ-ʟʘ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʤʠʥʦʚ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʢʠʩʣʦʨʦʜʫ (O2), ʛʝʥʝʨʠʨʫʷ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ (
1O2). ʕʪʦʪ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ 1O2 ʘʪʘʢʫʝʪ ʤʦʣʝʢʫʣʫ ʧʝʨʚʠʯʥʦʛʦ ʘʤʠʥʘ, ʦʙʨʘʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʧʝʨʦʢʩʠ-ʛʨʫʧʧʦʡ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʠʤʠʥ ʠ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʠʤʠʥ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʘʣʴʜʝʛʠʜʘ ʠ ʘʤʤʠʘʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʘʣʴʜʝʛʠʜ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩʦ ʚʪʦʨʦʡ 

ʤʦʣʝʢʫʣʦʡ ʘʤʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ï ʠʤʠʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʥʝ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ. ʈʘʙʦʪʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʩʪʘʙʠʣʴʥʳʭ ʩʚʷʟʝʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ.[64] 

 

ʉʭʝʤʘ 20. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʤʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ. 

ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʦʚ ʚ 
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ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 21) [65]. ɺ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ N-ʘʨʠʣʬʝʥʦʪʠʘʟʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ (ʌʂ-

2, ʌʂ-6, ʌʂ-7, ʌʂ-8, ʌʂ-9), ʦʙʣʘʜʘʶʱʠʝ ʩʠʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʠ(ʤʝʪ)ʘʢʨʠʣʘʪʳ ʠ 

ʧʦʣʠ(ʤʝʪ)ʘʢʨʠʣʘʤʠʜʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ (ʛʝʪʝʨʦ)ʘʨʠʣʴʥʳʭ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʭʦʨʦʰʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʩʚʝʪʘ. ʅʘ ʧʨʠʤʝʨʝ ʧʦʣʠʩʪʠʨʦʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʦʨʛʘʥʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

 

ʉʭʝʤʘ 21. ʈʝʘʢʮʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʘʪʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʝʥʦʪʠʘʟʠʥʘ. 

ɺ ʨʘʙʦʪʝ ʇʨʦʢʪʝʨʘ ʨʘʟʨʘʙʦʪʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʬʦʨʤʘʣʴʥʦʛʦ C-H/C-H ʩʦʯʝʪʘʥʠʷ 

ʘʨʝʥʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘ ʠ ʧʨʝʨʳʚʘʝʤʦʡ 

ʨʝʘʢʮʠʠ ʇʫʤʤʝʨʝʨʘ (ʉʭʝʤʘ 22) [66]. ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʘʨʝʥʦʚʳʭ 

ʧʘʨʪʥʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʜʠʙʝʥʟʦʪʠʦʬʝʥ-S-ʦʢʩʠʜʘ ʠ ʪʨʠʬʪʦʨʘʥʛʠʜʨʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʨʠʣʩʫʣʴʬʦʥʠʝʚʦʡ ʩʦʣʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦʟʙʫʞʜʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ (N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʤ) ʩ ʛʝʥʝʨʘʮʠʝʡ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʕʪʦʪ ʨʘʜʠʢʘʣ 

ʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢʦ ʚʪʦʨʦʤʫ (ʛʝʪʝʨʦ)ʘʨʝʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

(ʛʝʪʝʨʦ)ʙʠʘʨʠʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʄʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʰʠʨʦʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʥʪʘʭʣʦʨʧʩʝʚʜʠʣʠʥʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʷʭ.  

 

ʉʭʝʤʘ 22. ʈʝʘʢʮʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʉ-ʅ/ʉ-ʅ ʩʦʯʝʪʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥʦʤ. 
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ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʢʪʠʚʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʘʨʝʥʦʚʳʭ ʧʘʨʪʥʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʪʨʝʪ-

ʙʫʪʠʣʙʝʥʟʦʣʘ) ʚ ʨʝʘʢʮʠʠ ʧʨʝʨʚʘʥʥʦʛʦ ʇʫʤʤʝʨʝʨʘ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʠʬʪʦʨʘʥʛʠʜʨʠʜʘ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥ-S-ʦʢʩʠʜ (DBTSO) ʛʝʥʝʨʠʨʫʝʪ ʚʳʩʦʢʦʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʩʫʣʴʬʦʥʠʣʴʥʳʡ ʢʘʪʠʦʥ, 

ʢʦʪʦʨʳʡ ʘʪʘʢʫʝʪ ʘʨʝʥʦʚʳʡ ʩʫʙʩʪʨʘʪ, ʦʙʨʘʟʫʷ ʘʨʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʠʝʚʫʶ ʩʦʣʴ (ʉʭʝʤʘ 23). ɿʘʪʝʤ 

ʚʦʟʙʫʞʜʝʥʥʳʡ ʩʚʝʪʦʤ ʦʨʛʘʥʠʯʝʩʢʠʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ (N-ʬʝʥʠʣʬʝʥʦʪʠʘʟʠʥ) ʧʝʨʝʜʘʝʪ ʵʣʝʢʪʨʦʥ 

ʩʦʣʠ Ar-DBT , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʩʚʷʟʠ C-S, ʚʳʩʚʦʙʦʞʜʝʥʠʶ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʕʪʦʪ ʨʘʜʠʢʘʣ ʩʝʣʝʢʪʠʚʥʦ ʘʪʘʢʫʝʪ ʚʪʦʨʦʡ 

(ʛʝʪʝʨʦ)ʘʨʝʥʦʚʳʡ ʧʘʨʪʥʝʨ (ʥʘʧʨʠʤʝʨ, N-ʤʝʪʠʣʧʠʨʨʦʣ), ʦʙʨʘʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʘʜʠʢʘʣʴʥʳʡ 

ʘʜʜʫʢʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʘʨʦʤʘʪʠʟʘʮʠʝʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ (ʛʝʪʝʨʦ)ʙʠʘʨʠʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

 

ʉʭʝʤʘ 23. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʬʦʨʤʘʣʴʥʦʛʦ ʉ-ʅ/ʉ-ʅ ʩʦʯʝʪʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʷʜ ʢʣʶʯʝʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʦʜʭʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʪʝʥʮʠʘʣ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʩʯʝʨʧʘʥ, ʠ ʙʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʠʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

 

1.2 ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ  
 

ɺ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʠʟʫʯʘʝʪʩʷ ʙʝʟ ʫʯʝʪʘ ʚʦʟʤʦʞʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʌʂ. ɺ ʮʝʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʌʂ, ʧʨʦʮʝʩʩʳ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 
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ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʥʠʤʘʥʠʶ ʦʛʨʘʥʠʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, 

ʥʦ ʠ ʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʦʝʜʠʥʝʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ in situ, ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʜʨʫʛʠʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʌʂ, ʧʦʵʪʦʤʫ ʟʘʯʘʩʪʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʛʦ 

ʩʚʦʡʩʪʚʘʤʠ ʥʦʩʠʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʟʜʘʥʠʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʪʦʢʘʪʘʣʠʟʘ, ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʢʦʥʮʝʧʮʠʠ çʢʦʢʪʝʡʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘè [67]. 

ʉʦʛʣʘʩʥʦ ʝʡ, ʚ ʨʘʩʪʚʦʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ï 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʣʘʩʪʝʨʳ ʠ ʥʘʥʦʯʘʩʪʠʮʳ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʢʦʢʪʝʡʣʴè 

[68]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʧʠʩʘʥ ʜʣʷ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʍʝʢʘ, C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʢʘʪʘʣʠʟʘʪʦʨʘ [69ï71]. ʂʣʶʯʝʚʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʧʦʟʚʦʣʷʷ ʝʤʫ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʘʮʠʠ. 

ɺ ʨʘʟʜʝʣʝ 1.2 ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢ ʠ ʢ ʠʭ 

ʫʭʫʜʰʝʥʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʜʝʣ ʦʭʚʘʪʳʚʘʝʪ ʨʘʙʦʪʳ ʧʦ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʠʩʣʠʪʝʣʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʩʚʝʪ. 

 

1.2.1 ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʵʪʘʥʦʣ-ʚʦʜʥʳʭ ʩʤʝʩʷʭ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [72]. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ 

ʜʝʪʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʝʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ, 

ʜʠʤʝʨʠʟʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3,10ǋ-ʜʠʬʝʥʦʪʠʘʟʠʥʘ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʠ 

ʦʢʠʩʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 3H-ʬʝʥʦʪʠʘʟʠʥ-3-ʦʥ ʠ 7-ʛʠʜʨʦʢʩʠ-

3H-ʬʝʥʦʪʠʘʟʠʥ-3-ʦʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ pH ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʘʥʦʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ, ʚʢʣʶʯʘʶʱʠʡ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʠ 

ʜʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɸʚʪʦʨʳ ʜʨʫʛʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ ʚʩʝʩʪʦʨʦʥʥʝʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣ-ʚʦʜʘ (50/50) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ pH (1-12) ʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 



30 
 

[73]. ʆʥʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ pHÒ1 ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʵʪʘʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʟʘʪʝʤ ʜʠʢʘʪʠʦʥʘ, ʪʦʛʜʘ 

ʢʘʢ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ (1<pHÒ7) ʥʝʩʪʘʙʠʣʴʥʳʡ ʜʠʢʘʪʠʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ, ʧʨʝʚʨʘʱʘʷ ʧʨʦʮʝʩʩ ʚ ʝʜʠʥʳʡ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʘ ʚ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ (pH>7) ʦʢʠʩʣʝʥʠʝ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ.  

ʊʘʢʞʝ ʜʝʛʨʘʜʘʮʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ 

ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʯʝʨʝʟ ʝʛʦ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʜʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ Ŭ-Fe2O3 (ʥʘʥʦʩʪʝʨʞʥʠ ʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ) ʠʣʠ ʤʠʮʝʣʣ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʣʠʛʦʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʟʚʝʥʴʝʚ, ʚʢʣʶʯʘʷ 

ʠʭ ʩʫʣʴʬʦʢʩʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ [74]. ʆʣʠʛʦʤʝʨʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʋʌ-ʚʠʜʠʤʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ) ʠ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ (ʄɸʃɼʀ) ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʧʦʢʘʟʘʚʰʠʤʠ ʩʦʭʨʘʥʝʥʠʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʪʘʙʠʣʴʥʳʝ ʢʘʪʠʦʥ -ʨʘʜʠʢʘʣʳ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʝ̫ʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʠ 10-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʘ 

ʚ ʢʠʩʣʦʡ, ʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ ʩʨʝʜʝ [75]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ 

ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʨʝʘʢʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3H-ʬʝʥʦʪʠʘʟʠʥ-3-ʦʥʘ, 

ʬʝʥʦʪʠʘʟʠʥ-5-ʦʢʩʠʜʘ ʠ ʜʠʤʝʨʘ 7-(10ǋ-ʬʝʥʦʪʠʘʟʠʥʠʣ)-3H-ʬʝʥʦʪʠʘʟʠʥ-3-ʦʥʘ ʯʝʨʝʟ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ pH ʜʦ ʟʥʘʯʝʥʠʷ 7.0 (ʉʭʝʤʘ 24).  

 

ʉʭʝʤʘ 24. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ (PHT) ʚ ʢʠʩʣʦʡ, ʥʘʩʳʱʝʥʥʦʡ 

ʢʠʩʣʦʨʦʜʦʤ ʩʨʝʜʝ. 

ɺ ʩʣʫʯʘʝ 10-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʘ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 10-

ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥ-5-ʦʢʩʠʜ, ʦʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ pH ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 3H-ʬʝʥʦʪʠʘʟʠʥ-3-ʦʥʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, 

ʚʢʣʶʯʘʶʱʠʡ ʦʢʠʩʣʝʥʠʝ ʜʦ ʬʝʥʘʟʦʪʠʥʠʝʚʦʛʦ ʠʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʝ N-10 ʥʝ 
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ʫʩʢʦʨʷʝʪ, ʘ ʟʘʤʝʜʣʷʝʪ ʦʢʠʩʣʝʥʠʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʢʦʥʬʦʨʤʘʮʠʶ ʤʦʣʝʢʫʣʳ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʘʟʦʪʘ. 

ʆʢʠʩʣʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ, ʠʟʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʚʠʜʠʤʦʡ ʠ ʕʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʜʨʫʛʠʭ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ [76]. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 96% ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ 

ʬʝʥʦʪʠʘʟʠʥ ʙʳʩʪʨʦ ʦʙʨʘʟʫʝʪ ʟʦʣʦʪʠʩʪʳʡ ʨʘʩʪʚʦʨ, ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 271, 515, 760 ʠ 825 ʥʤ. ʉʦ ʚʨʝʤʝʥʝʤ 

ʵʪʦʪ ʨʘʩʪʚʦʨ ʟʝʣʝʥʝʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʘʣʴʥʝʡʰʝʤ ʦʢʠʩʣʝʥʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʜʦ 

ʜʠʢʘʪʠʦʥʘ, ʯʴʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʧʠʢʦʚ ʧʨʠ 287 ʠ 455 ʥʤ. ɺ ʤʝʥʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʘʭ ʠʣʠ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʠʡ ʤʝʭʘʥʠʟʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʚʦʜʥʦ-

ʫʢʩʫʩʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʤʠʭʠʥʦʥʦʚʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [77]. ɼʘʥʥʳʡ ʨʘʜʠʢʘʣ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ. ʂʠʥʝʪʠʢʘ ʨʘʩʧʘʜʘ ʨʘʜʠʢʘʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʝʛʦ ʙʳʩʪʨʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʦʣʥʦʩʪʴʶ 

ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ ï ʬʝʥʘʟʦʪʠʥʠʝʚʦʛʦ ʠʦʥʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʷʭ: 

ʦʙʨʘʪʠʤʳʡ ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʢʩʠʜʘ ʠ ʥʝʦʙʨʘʪʠʤʦʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 3-ʛʠʜʨʦʢʩʠʬʝʥʦʪʠʘʟʠʥʘ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʝʤʠʭʠʥʦʥʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʠ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ: ʧʨʦʠʟʚʦʜʥʳʝ, ʟʘʤʝʱʝʥʥʳʝ ʫ ʘʪʦʤʘ ʘʟʦʪʘ (10-ʧʦʣʦʞʝʥʠʝ), 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʟʘʤʝʜʣʝʥʥʳʡ ʨʘʩʧʘʜ, ʘ ʜʣʷ 3-ʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ ʧʦʜʯʠʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʶ ɻʘʤʤʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ů-ʢʦʥʩʪʘʥʪ ʜʣʷ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ.  

ʆʢʠʩʣʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʩʠʩʪʝʤʝ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ-ʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ (ɼʄʉʆ-Ac2O) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʬʝʥʦʪʠʘʟʠʥʠʣʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʜʠʤʝʨʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1,10'- ʠ 3,10'-ʜʠʤʝʨʦʚ, ʧʨʠʯʝʤ ʧʨʝʦʙʣʘʜʘʝʪ 

ʧʦʩʣʝʜʥʠʡ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʥʴʰʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚ 

ʧʦʣʦʞʝʥʠʠ 3 [78]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʠʩʣʝʥʠʝ ʬʝʥʦʪʠʘʟʠʥʘ ʡʦʜʦʤ ʚ ɼʄʉʆ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ ʩʝʣʝʢʪʠʚʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3,10'-ʜʠʤʝʨʘ ʠ 

ʬʝʥʦʪʠʘʟʦʥʘ-3, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 1,10'-ʠʟʦʤʝʨʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʟʘʪʨʫʜʥʝʥʥʦʩʪʴʶ ʧʦʣʦʞʝʥʠʷ 1 ʚ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʝ [79]. ʂʣʶʯʝʚʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ (ʥʝʡʪʨʘʣʴʥʳʡ ʚ ʩʠʩʪʝʤʝ ɼʄʉʆ-
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Ac2O ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ ʩ ɼʄʉʆ-ʡʦʜ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʜʠʤʝʨʠʟʘʮʠʠ.  

ʄʝʭʘʥʠʟʤ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 10-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʘ (MPS) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʨʦʜʘ ʙʳʣ ʠʟʫʯʝʥ ʘʚʪʦʨʘʤʠ, ʧʦʢʘʟʘʚ, ʯʪʦ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ MPS ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʢʩʠʜʘ 

(MPSO, ʉʭʝʤʘ 25) [80]. ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ MPS ʠ MPSO ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

308 ʥʤ, 9-ʤʝʪʠʣ-9ʅ-ʢʘʨʙʘʟʦʣ (MCbz) ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʙʫʞʜʝʥʠʷ MPSO, 

ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ N-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʩʫʣʴʬʦʥʘ MPSO2 ʠ ʦʪʱʝʧʣʝʥʠʷ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʢʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʦʙʣʫʯʝʥʠʝʤ MPSO ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣ ʦʙʨʘʟʦʚʘʥʠʝ MCbz ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʳʭ 

ʢʠʩʣʦʪ (ʥʘʧʨʠʤʝʨ, ʫʢʩʫʩʥʦʡ) ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʩʫʣʴʬʦʢʩʠʜʘ ʫʩʢʦʨʷʝʪ 

ʨʝʘʢʮʠʶ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʛʦ ʨʘʩʧʘʜ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʧʫʪʴ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MPS ʥʘ ʢʠʩʣʦʨʦʜ ʧʨʠʚʦʜʠʪ 

ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥʘ, ʯʪʦ ʧʦʜʘʚʣʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

 

ʉʭʝʤʘ 25. ʌʦʪʦʦʢʠʩʣʠʥʝʥʠʝ 10-ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʘ (MPS). 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʠʮʝʣʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʬʦʪʦʦʢʠʩʣʝʥʠʝ 10-

ʤʝʪʠʣʬʝʥʦʪʠʘʟʠʥʘ (MPS) ʢʘʢ ʤʦʜʝʣʠ ʬʦʪʦʪʦʢʩʠʯʥʳʭ ʨʝʘʢʮʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ [81]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʘʥʠʦʥʥʳʭ ʤʠʮʝʣʣʘʭ ʜʝʛʨʘʜʘʮʠʷ MPS ʧʨʦʪʝʢʘʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦ ʜʚʫʤ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʧʫʪʷʤ: ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ MPS ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʢʩʠʜʘ (MPSO) ʯʝʨʝʟ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʝʨʩʫʣʴʬʦʢʩʠʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʮʝʣʣ, ʠ ʯʝʨʝʟ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ MPS ʥʘ ʢʠʩʣʦʨʦʜ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ MPS+Å, ʢʦʪʦʨʳʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʤʠʮʝʣʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʚ ʚʦʜʥʫʶ ʬʘʟʫ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ. ɺ 

ʢʘʪʠʦʥʥʳʭ ʤʠʮʝʣʣʘʭ ʦʙʘ ʧʨʦʮʝʩʩʘ ʧʦʜʘʚʣʝʥʳ ʠʟ-ʟʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʜʝʛʨʘʜʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʮʝʣʣʷʨʥʘʷ ʩʨʝʜʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʫʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. 

ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʣʘʩʴ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. 
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ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 2-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ 

(ʚʢʣʶʯʘʷ ʭʣʦʨʧʨʦʤʘʟʠʥ CPZ) ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʪʘʭ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʘʚʪʦʨʘʤʠ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʭ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ [82]. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʪʫʪʥʦ-ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ 200 ɺʪ 

ʩ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ɸʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʜʝʩʪʨʫʢʮʠʠ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʣʢʠʣʘʤʠʥʦ-ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 10 ʤʦʣʝʢʫʣʳ ʬʝʥʦʪʠʘʟʠʥʘ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʧʨʦʧʘʥʦʣʳ, ʪʨʝʪ-ʙʫʪʘʥʦʣ), ʧʨʠ ʵʪʦʤ 

ʦʩʥʦʚʥʦʡ ʧʫʪʴ ʨʝʘʢʮʠʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʛʦ ʬʝʥʦʪʠʘʟʠʥʘ, ʘ 

ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʧʫʪʴ ï  ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʘ ʥʘ ʘʣʢʦʢʩʠ-ʛʨʫʧʧʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ï  

ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʉʭʝʤʘ 26). 

 

ʉʭʝʤʘ 26. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ 2-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʩʧʠʨʪʘʭ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 266 ʥʤ ʥʘ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʭʣʦʨʧʨʦʤʘʟʠʥʘ (CPZ) ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʥʦʞʝʩʪʚʘ (ʩʚʳʰʝ 200) ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʥʦʚʥʳʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʤʘʟʠʥ 

(PZ), ʛʠʜʨʦʢʩʠʧʨʦʤʘʟʠʥ, ʩʫʣʴʬʦʢʩʠʜ PZ ʠ ʩʫʣʴʬʦʢʩʠʜ CPZ [83]. ʄʝʭʘʥʠʟʤ ʜʝʛʨʘʜʘʮʠʠ ʚʢʣʶʯʘʝʪ 

ʬʦʪʦʠʦʥʠʟʘʮʠʶ, ʦʪʱʝʧʣʝʥʠʝ ʭʣʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ PZ, ʦʢʠʩʣʝʥʠʝ ʧʦ ʘʪʦʤʫ ʩʝʨʳ ʜʦ 

ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ, ʚʝʨʦʷʪʥʦ, ʧʦʩʣʝʜʫʶʱʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ CPZ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʧʨʦʪʠʚ 

Staphylococcus aureus ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʄʀʂ ʩʥʠʞʘʝʪʩʷ ʩ 60 ʜʦ 3.75 ʤʢʛ/ʤʣ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ, ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʬʦʪʦʣʠʟ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʤʝʪʦʜ 

ʛʝʥʝʨʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʪʠʘʟʠʥʦʚ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ 

ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʣʝʚʦʤʝʧʨʦʤʘʟʠʥʘ (LPZ) ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʘʮʝʪʦʥʠʪʨʠʣʝ, ʤʝʪʘʥʦʣʝ ʠ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ) [84]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʬʦʪʦʧʨʦʜʫʢʪʦʤ ʚ ʚʦʜʥʳʭ ʠ ʤʝʪʘʥʦʣʴʥʳʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʩʫʣʴʬʦʢʩʠʜ LPZ (LPZSO), 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʝ ʯʝʨʝʟ ʨʝʘʢʮʠʶ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ LPZ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ, ʘ ʯʝʨʝʟ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ LPZ+Å (ʉʭʝʤʘ 27). ʕʪʦʪ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

LPZ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ. ɺ ʘʮʝʪʦʥʠʪʨʠʣʝ ʬʦʪʦʭʠʤʠʷ LPZ ʩʣʦʞʥʝʝ, ʠ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ 

ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʩʫʣʴʬʦʢʩʠʜ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʤʘʢʩʠʤʘʣʝʥ ʚ ʚʦʜʥʦʡ 
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ʩʨʝʜʝ (0.13) ʠ ʤʠʥʠʤʘʣʝʥ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (<10-3), ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʨʝʜʳ ʚ 

ʤʝʭʘʥʠʟʤʝ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

 

ʉʭʝʤʘ 27. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʣʝʚʦʤʝʧʨʦʤʘʟʠʥʘ (LPZ). 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʬʦʪʦʦʢʠʩʣʝʥʠʝ ʮʠʘʥʝʤʘʟʠʥʘ (CMZ) ʚ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷʭ (Ŭ-ʢʠʩʣʳʭ ʛʣʠʢʦʧʨʦʪʝʠʥʘʭ, ɓ- ʠ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʭ ʠ ʤʠʮʝʣʣʘʭ) [85]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʢʘʧʩʫʣʷʮʠʷ CMZ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʶ 

ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʜʦ N,S-ʜʠʦʢʩʠʜʘ (CMZ-SONO, ʉʭʝʤʘ 28). ʅʘʠʙʦʣʴʰʘʷ ʟʘʱʠʪʘ ʦʪ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʠʮʝʣʣʘʭ ʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘʭ, ʛʜʝ ʣʦʢʘʣʴʥʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦʜʘʚʣʷʝʪ 

ʬʦʪʦʠʦʥʠʟʘʮʠʶ CMZ. ʄʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʬʣʵʰ-ʬʦʪʦʣʠʟʘ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʬʦʪʦʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ CMZ+Å, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʪʨʠʧʣʝʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 3CMZ*, ʘ ʚʢʣʘʜ CMZ+Å ʤʠʥʠʤʘʣʝʥ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʬʦʪʦʦʢʠʩʣʝʥʠʷ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʣʦʢʘʣʠʟʘʮʠʠ ʣʝʢʘʨʩʪʚʘ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 
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ʉʭʝʤʘ 28. ʇʨʦʜʫʢʪ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʮʠʘʥʝʤʘʟʠʥʘ (CMZ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʚʳʷʚʠʣʦ ʝʛʦ 

ʚʳʩʦʢʫʶ ʣʘʙʠʣʴʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʩʚʝʪʘ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɼʝʛʨʘʜʘʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʧʫʪʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʧʨʦʜʫʢʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʣʠʛʦʤʝʨʳ, ʢʝʪʦ-ʧʨʦʠʟʚʦʜʥʳʝ, ʩʫʣʴʬʦʢʩʠʜʳ, 

N,S-ʜʠʦʢʩʠʜʳ, ʧʨʦʜʫʢʪ ʦʪʱʝʧʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʜʨʫʛʠʝ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʬʦʪʦʧʨʝʚʨʘʱʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ ʜʝʛʨʘʜʘʮʠʠ ʦʙʣʘʜʘʶʪ ʠʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʩ ʚʳʨʘʞʝʥʥʳʤ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʫʯʘʩʪʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʙʳʣʦ ʥʘʡʜʝʥʦ ʥʠ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʚ 

ʬʦʪʦʢʘʪʘʣʠʟʝ.  

 

1.2.2 ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʜʨʫʛʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

 

ʇʦʤʠʤʦ ʬʝʥʦʪʠʘʟʠʥʦʚʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʧʦʜʚʝʨʞʝʥʳ ʜʨʫʛʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʌʂ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ 

ʂʚʦʥʘ ʙʳʣʦ ʠʟʫʯʝʥʦ, ʢʘʢ ʦʙʨʘʟʫʶʪʩʷ ʠ ʨʘʟʣʘʛʘʶʪʩʷ ʩʠʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʮʠʘʥʦʘʨʝʥʦʚʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [86]. ɸʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ 4DP-

IPN ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʟʘʤʝʱʝʥʠʝ ʮʠʘʥʦʛʨʫʧʧ ʥʘ ʤʝʪʠʣ ʠʣʠ ʚʦʜʦʨʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʜʠʢʘʣʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥʘ (DIPEA+Å, ʉʭʝʤʘ 29). ʆʥʠ ʪʘʢʞʝ 

ʚʳʷʚʠʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʌʂ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʩʢʦʨʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʪʘʢ ʠ ʥʘ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.   
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ʉʭʝʤʘ 29. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʮʠʘʥʦʘʨʝʥʦʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 4DP-IPN. 

ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ ʌʂ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘ, ʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʘʢʮʠʡ 

(ʉʭʝʤʘ 30). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʫʩʧʝʰʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ ʥʘ ʩʫʙʩʪʨʘʪ ʠ 

ʬʦʪʦʜʝʛʨʘʜʘʮʠʝʡ ʌʂ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʫʙʣʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

ʉʭʝʤʘ 30. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 4DP-IPN ʠ 4DP-Me-IPN ʥʘ 

ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʂʦʟʟʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʤʝʪʦʜʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʪ ʥʝʝ ʟʘʚʠʩʠʪ 

ʠʩʪʠʥʥʘʷ ʧʨʠʨʦʜʘ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [87]. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʘʞʝ ʩʯʠʪʘʶʱʠʡʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨ, ʪʘʢʦʡ ʢʘʢ TADF-ʭʨʦʤʦʬʦʨ 3DPAFIPN, ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʠʭ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʚ ʭʦʜʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʨʝʘʢʮʠʡ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʌʂ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʪʦʜʝʛʨʘʜʘʮʠʷ 3DPAFIPN ʧʨʠʚʝʣʘ ʢ 
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ʧʦʣʫʯʝʥʠʶ ʢʘʨʙʘʟʦʣ-1,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʌʂ-10, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 3DPAFIPN (ʉʭʝʤʘ 31). 

 

ʉʭʝʤʘ 31. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 3DPAFIPN.  

ʇʦʚʳʰʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʠʨʦʚʘʚʰʝʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ 3DPAFIPN ʚ ʨʝʘʢʮʠʠ ʢʦʙʘʣʴʪ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʩʠʣʝʥʠʝʤ ʝʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʉʭʝʤʘ 32). ʌʦʪʦʭʠʤʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʘʟʦʣ-

1,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʚʳʟʳʚʘʝʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʅʉʄʆ-ʦʨʙʠʪʘʣʠ ʚʩʣʝʜʩʪʚʠʝ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʘʪʦʤʘ ʬʪʦʨʘ, ʯʪʦ ʩʤʝʱʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ -1.53 ɺ ʜʦ -1.74 ɺ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʂʕ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʬʦʪʦʜʝʛʨʘʜʘʮʠʝʡ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʧʪʠʤʠʟʠʨʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʦʣʝʢʫʣʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʪʘʜʠʠ, ʯʪʦ 

ʧʝʨʝʚʝʰʠʚʘʝʪ ʚʦʟʤʦʞʥʦʝ ʩʥʠʞʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ TADF ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʠʥʛʣʝʪʥʳʤ ʠ ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ. 

 

ʉʭʝʤʘ 32. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʌʂ-1 ʠ ʌʂ-2 ʥʘ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ TADF ʢʘʪʘʣʠʟʘʪʦʨʘ 4CzIPN, ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʠʥʥʦʡ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʨʝʜʦʢʩ-

ʧʨʦʮʝʩʩʘʭ. ʂʘʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʨʘʙʦʪʝ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 4CzIPN in situ 
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ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ ʟʘʤʝʱʝʥʠʶ ʦʜʥʦʡ ʮʠʘʥʦʛʨʫʧʧʳ ʥʘ ʨʘʜʠʢʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 

(ʥʘʧʨʠʤʝʨ, ʦʪ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ) ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 33) [88]. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʚʢʣʶʯʘʶʱʠʭ ʨʝʜʦʢʩ-ʥʝʡʪʨʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʘʜʠʢʘʣʴʥʦ-ʧʦʣʷʨʥʳʤ ʢʘʩʢʘʜʦʤ (RRPCO), ʘʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʠʩʭʦʜʥʳʡ 4CzIPN, ʘ ʝʛʦ ʬʦʪʦʟʘʤʝʱʝʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ.  

 

ʉʭʝʤʘ 33. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 4CzIPN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʜʦʙʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʨʘʟʨʫʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʫʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʧʨʦʠʟʚʦʜʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʘʪʦʜʥʦʝ 

ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʜʦ -2.06 ɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʩʝʨʝʙʨʷʥʳʤ ʵʣʝʢʪʨʦʜʦʤ), 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʯʝʤ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ TADF-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʫʪʠ 

ʜʝʛʨʘʜʘʮʠʠ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʠ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʛʨʘʥʠʮ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ. 

ʇʦʜʦʙʥʦʝ ʟʘʤʝʱʝʥʠʝ ʮʠʘʥʦʛʨʫʧʧʳ 4CzIPN ʥʘ ʙʝʥʟʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʜʨʫʛʦʡ ʨʘʙʦʪʳ [89]. ʂʣʶʯʝʚʳʤ ʦʪʢʨʳʪʠʝʤ ʷʚʣʷʝʪʩʷ 

ʥʘʙʣʶʜʝʥʠʝ in situ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʘʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 4CzIPN ʚ ʙʦʣʝʝ ʤʦʱʥʳʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ï ʧʨʦʠʟʚʦʜʥʦʝ 4CzBnBN, ʢʦʪʦʨʦʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ, ʠ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦ ʘʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʙʝʥʟʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʜʦ ʢʘʨʙʘʥʠʦʥʘ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʤʫ ʚʳʩʦʢʦʤʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʢʘʪʠʦʥʘ 9-ʤʝʟʠʪʠʣ-10-

ʤʝʪʠʣʘʢʨʠʜʠʥʠʷ (mes-acr ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʝʣʦʛʦ ʩʚʝʪʘ ʠ ʢʠʩʣʦʨʦʜʘ [90]. ɸʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 9-(4-ʬʦʨʤʠʣ-2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)-10-ʤʝʪʠʣʘʢʨʠʜʠʥʠʡ (dmb-acr ), 

ʛʜʝ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʤʝʟʠʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʢʠʩʣʝʥʘ ʜʦ ʘʣʴʜʝʛʠʜʥʦʡ (ʉʭʝʤʘ 34). ʉʪʨʫʢʪʫʨʘ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʠ 
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ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ 

ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʦʮʝʥʢʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ mes-acr . 

 

ʉʭʝʤʘ 34. ʌʦʪʦʜʝʛʨʘʜʘʮʠʷ ʢʘʪʠʦʥʘ 9-ʤʝʟʠʪʠʣ-10-ʤʝʪʠʣʘʢʨʠʜʠʥʠʷ (mes-acr ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʨʦʜʘ. 

ʌʦʪʦʜʝʛʨʘʜʘʮʠʠ ʧʦʜʚʝʨʞʝʥʳ ʥʝ ʪʦʣʴʢʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʦ ʠ ʌʂ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʠʨʠʜʠʝʚʳʭ(III) ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

[Ir(C^N)2(N^N)] , ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [91]. ʉ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʣʝʢʩʦʚ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʦʩʣʝ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʪʨʝʪʠʯʥʦʛʦ 

ʘʤʠʥʘ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʝʥʦʩ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (HAT), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ 

ʥʘʩʳʱʝʥʠʶ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ 2,2'-ʙʠʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʘʭ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ (ʉʭʝʤʘ 35). ʕʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʦʡ ʜʝʛʨʘʜʘʮʠʝʡ, ʘ ʛʝʥʝʨʠʨʫʝʪ ʥʦʚʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʩ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʫʙʩʪʨʘʪʳ 

ʚ ʨʘʤʢʘʭ ʪʘʥʜʝʤʥʦʛʦ ʤʫʣʴʪʠʬʦʪʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʮʠʢʣʦʧʝʥʪʘʣʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʙʦʯʥʘʷ ʨʝʘʢʮʠʷ, 

ʥʘʧʨʦʪʠʚ, ʩʥʠʞʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺr ʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʞʝ ʜʝʣʘʝʪ ʵʪʠ 

ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʩʦʙʝʥʥʦ ʫʷʟʚʠʤʳʤʠ ʢ ʜʘʣʴʥʝʡʰʝʡ ʜʝʛʨʘʜʘʮʠʠ. 
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ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʚʨʘʱʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʚʩʝʛʜʘ ʫʣʫʯʰʘʝʪ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʘ ʤʦʞʝʪ, 

ʥʘʧʨʦʪʠʚ, ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʛʦ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʯʪʦ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʪʦʨʝʜʦʢʩ-ʨʝʘʢʮʠʡ. 

 

ʉʭʝʤʘ 35. ʇʨʠʤʝʨ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʠʨʠʜʠʝʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʬʦʪʦʜʝʛʨʘʜʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʞʝ ʩʯʠʪʘʶʱʠʝʩʷ ʩʪʘʙʠʣʴʥʳʤʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ, ʚʝʜʫʱʝʡ ʢʘʢ ʢ ʥʝʦʙʨʘʪʠʤʦʡ ʧʦʪʝʨʝ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ 

ʠ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʜʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

1.3 ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʦʱʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ï ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʠ ʢʘʪʘʣʠʟʘ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʌʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʵʥʝʨʛʠʶ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʛʝʥʝʨʠʨʫʝʪ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʠʟ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, Ni, Cu, Pd, Au, ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʣʶʯʝʚʳʝ ʩʪʘʜʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ/ʨʘʟʨʳʚʘ ʩʚʷʟʝʡ. ʀʭ ʦʙʲʝʜʠʥʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʠʟ 
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ʧʨʦʩʪʳʭ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʦʱʘʷ ʩʠʥʪʝʟ ʠ ʠʩʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 

ɺ ʨʘʟʜʝʣʝ 1.3 ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʚʷʟʝʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ 

ʨʘʩʰʠʨʷʝʪ ʘʨʩʝʥʘʣ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʫʞʝ ʩʝʡʯʘʩ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʠʟʙʨʘʥʥʳʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʥʠʢʝʣʴ, ʤʝʜʴ, ʧʘʣʣʘʜʠʡ ʠ ʟʦʣʦʪʦ, ʘ ʪʘʢʞʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʘʢʪʠʚʥʳʭ M/NHC (N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ) ʢʦʤʧʣʝʢʩʦʚ. 

 

1.3.1 ʄʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʳ 
 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʥʠʢʝʣʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʌʂ-11 ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ ʜʣʷ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʛʦ 

ʘʨʠʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ (ʉʭʝʤʘ 36) [92].  

 

ʉʭʝʤʘ 36. ʈʝʘʢʮʠʷ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʛʦ ʘʨʠʣʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ ʘʣʢʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʠʟ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ (ʉʭʝʤʘ 37). 

ɿʘʪʝʤ ʵʪʦʪ ʨʘʜʠʢʘʣ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʥʠʢʝʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʘʨʠʣʛʘʣʦʛʝʥʠʜʫ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ C(sp3)-C(sp2) ʩʚʷʟʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʝ 

ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʦʚ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʚʘʨʠʘʥʪ ʵʪʦʡ ʨʝʘʢʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ 

ʥʘ ʥʠʢʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʙʝʥʟʠʣʴʥʳʝ ʘʤʠʥʳ [93]. ɺʠʥʠʣʠʨʦʚʘʥʠʝ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʯʝʨʝʟ ʘʥʘʣʦʛʠʯʥʳʡ ʜʫʘʣʴʥʳʡ ʢʘʪʘʣʠʟ ʩ ʥʠʢʝʣʝʤ ʧʦʢʘʟʘʣʦ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ C(sp3)-C(sp2) [94]. ɼʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʝ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʨʝʰʘʝʪ 
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ʧʨʦʙʣʝʤʫ ʘʣʢʠʣ-ʘʣʢʠʣʴʥʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʧʨʝʜʣʘʛʘʷ ʘʣʴʪʝʨʥʘʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʦʨʛʘʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [95]. 

 

ʉʭʝʤʘ 37. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʛʦ ʘʨʠʣʠʨʦʚʘʥʠʷ. 

ʉʦʯʝʪʘʥʠʝ ʥʠʢʝʣʷ ʠ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʩʠʥʪʝʟʘ ʢʝʪʦʥʦʚ ʯʝʨʝʟ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ Ŭ-ʦʢʩʦʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ 

ʟʘʭʚʘʪʳʚʘʥʠʝ ʥʠʢʝʣʝʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ [96]. ʇʨʠʤʝʥʝʥʠʝ ʠʨʠʜʠʝʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʪʘʥʜʝʤʝ ʩ ʥʠʢʝʣʝʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 

ʘʣʢʦʢʩʠʘʣʢʠʣ- ʠ ʙʝʥʟʠʣʪʨʠʬʪʦʨʙʦʨʘʪʦʚ ʢʘʣʠʷ ʩ ʨʷʜʦʤ ʘʨʠʣʙʨʦʤʠʜʦʚ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʚʠʜʠʤʳʡ ʩʚʝʪ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ) [97, 98]. ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʙr ʣ ʨʘʩʰʠʨʝʥ ʥʘ Ŭ-ʘʤʠʥʦ-, ʤʝʪʠʣ- ʠ Ŭ-ʦʢʩʠ-ʪʨʠʬʪʦʨʙʦʨʘʪʳ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʝ ʘʣʢʠʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ [99ï102]. ɸʣʢʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʢʠʩʣʝʥʠʝʤ 

ʘʣʢʠʣʩʠʣʠʢʘʪʦʚ ʢʘʣʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʥʠʢʝʣʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

[103ï105]. ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩʣʫʞʘʪ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʳ, ʢʦʪʦʨʳʝ 

ʧʦʩʣʝ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ ʩ ʘʨʠʣ- ʠ ʚʠʥʠʣʛʘʣʦʛʝʥʠʜʘʤʠ [106, 107]. ʇʝʨʝʢʨʝʩʪʥʦʝ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʨʠʣ- ʠ ʘʣʢʠʣʙʨʦʤʠʜʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʣʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʩʝʣʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʫʝʪ ʘʣʢʠʣʙʨʦʤʠʜ ʯʝʨʝʟ ʦʪʨʳʚ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ 

[108]. 
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ʄʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʵʪʝʨʠʬʠʢʘʮʠʶ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ 

ʩʧʠʨʪʘʤʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʦʢʠʩʣʝʥʠʝ Ni(II)-ʘʣʢʦʢʩʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ Ni(III), 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʨʝʜʦʢʩ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʧʦ ʩʚʷʟʠ C-O [109]. ʌʦʪʦʨʝʜʦʢʩ- ʠ ʥʠʢʝʣʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʯʝʪʘʥʠʝ ʡʦʜ-ʘʮʝʪʘʥʠʣʠʜʦʚ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʝʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʜʦʣʠʥʦʚ, ʛʜʝ ʦʢʠʩʣʝʥʠʝ Ni(II) ʜʦ Ni(III) ʪʘʢʞʝ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʝʜʦʢʩ-

ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʠ ʧʦʜʘʚʠʣʦ ʢʦʥʢʫʨʠʨʫʶʱʝʝ ɓ-ʛʠʜʨʠʜʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ [110]. ʇʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ ʦʪ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʢ Ni(II)-ʘʨʠʣ-ʢʘʨʙʦʢʩʠʣʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʙʫʞʜʝʥʠʶ ʥʠʢʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʦʯʝʪʘʥʠʝ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ [111]. ɸʤʠʥʠʨʦʚʘʥʠʝ ʘʨʠʣʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ Ni(II) ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ [112]. ʊʠʦʵʪʝʨʠʬʠʢʘʮʠʷ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʟʘ ʩʯʝʪ 

ʛʝʥʝʨʘʮʠʠ ʪʠʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʯʝʨʝʟ ʩʦʧʨʷʞʝʥʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʠʣʠ ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ [113, 114]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʘʢʪʠʚʘʮʠʶ C(sp3)-H 

ʩʚʷʟʠ. ɺʘʞʥʦʡ ʩʪʘʜʠʝʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʣʦʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʭʣʦʨʘ 

[115]. ɸʨʠʣʭʣʦʨʠʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʫʞʘʪ ʢʘʢ ʧʘʨʪʥʝʨʘʤʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʪʘʢ ʠ ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʜʠʢʘʣʦʚ ʭʣʦʨʘ ʜʣʷ Ŭ-ʦʢʩʠ-ʘʨʠʣʠʨʦʚʘʥʠʷ C(sp3)-H ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʦʚ. 

ʊʨʦʡʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ, ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (HAT), ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʩʚʷʟʝʡ [116]. ʂʘʪʘʣʠʟʘʪʦʨ HAT ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʝʣʝʢʪʠʚʥʳʡ ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʛʝʥʝʨʠʨʫʷ ʘʣʢʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʫʯʘʩʪʚʫʝʪ ʚ 

ʥʠʢʝʣʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʠ ʩ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʘʨʩʝʥʘʣ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʦʚ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʪʨʦʡʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ 

ʥʠʢʝʣʝʤ, ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ HAT ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ 

C(sp3)-H ʩʚʷʟʝʡ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʱʠʱʝʥʥʦʤ ʧʠʨʨʦʣʠʜʠʥʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ 

[117]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʚʥʝʰʥʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʪʨʘʪʝʛʠʷ çʜʚʘ ʚ ʦʜʥʦʤè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ [118]. ɸʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ 

ʥʦʚʳʡ ʢʣʘʩʩ ʬʦʪʦʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ 4-ʬʝʥʠʣ-2-(ʧʠʨʠʜʠʥ-2-ʠʣ)ʭʠʥʦʣʠʥʦʚ, ʢʦʪʦʨʳʝ, 

ʭʝʣʘʪʠʨʫʷ ʪʘʢʠʝ ʤʝʪʘʣʣʳ, ʢʘʢ Ni, Fe, Co ʠ Cu, ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʱʠʝ 

ʨʦʣʴ ʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʜʣʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ C-

ʛʝʪʝʨʦʘʪʦʤ ʩʚʷʟʝʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 38).  
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ʉʭʝʤʘ 38. ʈʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉ-ʉ ʠʣʠ ʉ-ʛʝʪʝʨʦʘʪʦʤ ʩʚʷʟʝʡ ʚ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʫʩʣʦʚʠʷʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʥʝʰʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ 

ʠʣʠ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ, ʘʢʪʠʚʠʨʫʝʤʳʝ ʯʝʨʝʟ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʢ ʣʠʛʘʥʜʫ (MLCT), ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʣʠʛʘʥʜ ʥʘ ʦʩʥʦʚʝ ʙʠʧʠʨʠʜʠʥʘ ʩ ʢʘʨʙʘʟʦʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ NiCl2 ʦʙʨʘʟʫʝʪ ʧʨʝʢʘʪʘʣʠʟʘʪʦʨ, ʧʦʛʣʦʱʘʶʱʠʡ ʩʚʝʪ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʳʟʳʚʘʝʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

(ILCT), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ Ni(I) ʟʘ ʩʯʝʪ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ 

ʩʚʷʟʠ Ni-Cl. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʜʪʚʝʨʞʜʝʥ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʤʝʪʦʜʘʤʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʨʠʩʪʳʡ ʧʦʣʠʤʝʨ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ.  

ɺ ʜʨʫʛʦʤ ʧʨʠʤʝʨʝ ʩʪʨʘʪʝʛʠʠ çʜʚʘ ʚ ʦʜʥʦʤè ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʬʦʪʦʘʢʪʠʚʥʦʛʦ 

ʣʠʛʘʥʜʘ PPQN2,4-di-OMe, ʩʧʦʩʦʙʥʦʛʦ ʭʝʣʘʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ (Ni, Fe, Co, Cu), ʙʳʣʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʚʥʝʰʥʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ [119]. 

ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ: ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʥʠʢʝʣʷ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ 

ʨʝʜʦʢʩ-ʥʝʡʪʨʘʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʨʝʘʢʮʠʶ ʉʫʟʫʢʠ-ʄʠʷʫʨʘ ʤʝʞʜʫ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʠ 

ʙʝʥʟʠʣʪʨʠʬʪʦʨʙʦʨʘʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʨʠʣʤʝʪʘʥʦʚ (ʉʭʝʤʘ 39), ʘʮʠʣʠʨʦʚʘʥʠʝ, 

ʘʤʠʥʠʨʦʚʘʥʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʨʠʣʡʦʜʠʜʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ C-O, C-S ʠ C-P; ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ 

ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʘʣʣʠʣʴʥʳʤʠ ʵʬʠʨʘʤʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʘʟʠʜʦʤ. ʉʠʩʪʝʤʘ 

ʪʘʢʞʝ ʧʦʢʘʟʘʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʣʝʟʘ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 



45 
 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʝ ʬʪʦʨʠʨʦʚʘʥʠʝ, ʢʦʙʘʣʴʪʘ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʣʣʠʣʠʨʦʚʘʥʠʝ ʘʣʴʜʝʛʠʜʦʚ, 

ʘ ʤʝʜʠ ï ʨʘʜʠʢʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʠʤʠʥʘʤ ʠ ʜʠʢʘʨʙʦʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʘʣʢʝʥʦʚ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ C-C ʠ C-ʛʝʪʝʨʦʘʪʦʤ ʩʚʷʟʝʡ.  

 

ʉʭʝʤʘ 39. ʈʝʘʢʮʠʷ ʉʫʟʫʢʠ-ʄʠʷʫʨʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘ ʠ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 40) [120]. 

 

ʉʭʝʤʘ 40. ʊʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʠʝ ʘʨʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ 

ʢʘʪʘʣʠʟʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʠʬʪʦʨʡʦʜʤʝʪʘʥ ʜʦ CF3-ʨʘʜʠʢʘʣʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ (ʉʭʝʤʘ 41). ʇʦʩʣʝ ʪʨʘʥʩʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʩ 

ʘʨʠʣʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʡ Cu(III) ʠʥʪʝʨʤʝʜʠʘʪ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ 

ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ.  

ʈʝʘʢʮʠʷ ʤʝʞʜʫ ʘʨʠʣʙʦʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʘʥʠʣʠʥʘʤʠ ʧʦ ʪʠʧʫ ʏʘʥ-ʃʘʤʘ ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʟʘ 

ʩʯʝʪ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʵʬʬʝʢʪʠʚʥʳʡ TON (ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʧʨʦʜʫʢʪ ʦʜʥʠʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ) ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [121]. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʠʨʠʜʠʷ ʠ ʩʦʣʠ ʤʝʜʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 

ʪʠʧʘ ʋʣʴʤʘʥʘ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʘʨʙʘʟʦʣʘ ʠ ʘʨʠʣʡʦʜʠʜʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [122]. 
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ʉʭʝʤʘ 41. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ ʘʨʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ɺ ʦʙʣʘʩʪʠ ʧʘʣʣʘʜʠʝʚʦʛʦ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʧʨʠʤʝʨʦʚ. ʉʦʯʝʪʘʥʠʝ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ ʩ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʷʤʦʝ C-H ʘʨʠʣʠʨʦʚʘʥʠʝ ʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʨʫʧʧʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʨʠʣʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ (ʉʭʝʤʘ 42) [123]. 

 

ʉʭʝʤʘ 42. ʈʝʘʢʮʠʷ ʉ-ʅ ʘʨʠʣʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ. 

 ʌʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʘʟʦʥʠʝʚʫʶ ʩʦʣʴ ʜʦ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʢʦʪʦʨʳʡ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʧʘʣʣʘʜʠʝʚʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ C-H ʘʢʪʠʚʘʮʠʠ 

(ʉʭʝʤʘ 43). ʇʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʧʘʣʣʘʜʠʝʚʦʛʦ ʮʝʥʪʨʘ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʘʨʠʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʨʠʣʠʨʦʚʘʥʠʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ. 

ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʷʤʦʝ ʘʮʠʣʠʨʦʚʘʥʠʝ C-H ʩʚʷʟʝʡ 

ʚ ʘʟʦ- ʠ ʘʟʦʢʩʠʙʝʥʟʦʣʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʪʦ-ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʮʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ 

[124]. ɼʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʝ ʦʨʪʦʘʮʠʣʠʨʦʚʘʥʠʝ ʘʮʝʪʘʥʠʣʠʜʦʚ Ŭ-ʦʢʩʦʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʡ ʜʚʦʡʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʦʟʠʥʘ ʅ ʠ ʧʘʣʣʘʜʠʷ. ʕʪʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʩʫʙʩʪʨʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ [125]. 
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ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʱʝʝ ʘʣʣʠʣʠʨʦʚʘʥʠʝ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ ʠ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʙʣʘʛʦʜʘʨʷ ʛʝʥʝʨʠʨʦʚʘʥʠʶ 

ʨʘʜʠʢʘʣʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ [126, 127].  

 

ʉʭʝʤʘ 43. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʉ-ʅ ʘʨʠʣʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ. 

ʇʝʨʚʘʷ ʤʝʪʦʜʠʢʘ ʛʠʜʨʦʘʣʢʝʥʠʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ (ʙʠʮʠʢʣʦʙʫʪʘʥʦʚ ʠ 

ʮʠʢʣʦʧʨʦʧʝʥʦʚ) ʩ ʚʠʥʠʣʘʨʝʥʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʣʣʘʜʠʡ-ʛʠʜʨʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘ [128]. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʨʝʛʠʦ- ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʦʧʘʣʣʘʜʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦʡ ʩʚʷʟʠ, ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʧʘʣʣʘʜʠʡ-ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʣʢʝʥʫ 

ʧʦ ʪʠʧʫ ʍʝʢʘ ʩ ɓ-ʛʠʜʨʠʜʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ (ʉʭʝʤʘ 44). ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʮʝʥʥʫʶ 

ʘʣʢʝʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʧʨʦʜʫʢʪʘʭ ï ʚʠʥʠʣʮʠʢʣʦʙʫʪʘʥʘʭ ʠ ʚʠʥʠʣʮʠʢʣʦʧʨʦʧʘʥʘʭ ï ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʢʘʩʢʘʜʥʘʷ ʨʝʘʢʮʠʷ ʛʠʜʨʦʘʣʢʝʥʠʣʠʨʦʚʘʥʠʷ ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚ 

ʮʠʢʣʦʧʝʥʪʝʥʳ. 

 

ʉʭʝʤʘ 44. ʈʝʘʢʮʠʷ ʛʠʜʨʦʘʣʢʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʫʩʣʦʚʠʷʭ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʘʣʣʘʜʠʡ-ʛʠʜʨʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʠʦ- ʠ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʘʣʣʠʣʴʥʦʛʦ C-H ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʠʥʪʝʨʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʚʚʦʜʠʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ 
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ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʬʝʥʦʣʳ ʠ ʩʧʠʨʪʳ, ʚ ʘʣʣʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ, ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʎʫʜʟʠ-ʊʨʦʩʪʘ [129]. 

ʀʩʧʦʣʴʟʫʷ ʧʘʣʣʘʜʠʝʚʳʡ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ ʩ ʛʝʥʝʨʘʮʠʝʡ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʷ ʮʠʢʣʠʯʝʩʢʠʝ, ʩʪʠʨʦʣʴʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʣʢʝʥʳ, 

ʩ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʉʭʝʤʘ 45). 

 

ʉʭʝʤʘ 45. ʈʝʘʢʮʠʷ ʘʣʣʠʣʴʥʦʛʦ ʉ-ʅ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʠʥʪʝʨʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ.  

ʅʝʜʘʚʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʣʣʠʣʴʥʦʛʦ C-H ʘʤʠʥʠʨʦʚʘʥʠʷ ʠʥʪʝʨʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʧʦʣʫʯʘʪʴ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʣʠʣʴʥʳʝ ʘʤʠʥʳ 

ʩ ʚʳʩʦʢʠʤʠ ʚr ʭʦʜʘʤʠ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [130]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʤʝʭʘʥʠʟʤʫ Pd(0/II) ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʝʥʘʤʠ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʮʠʢʣ Pd(0/I/II) ʩ ʤʷʛʢʠʤ ʦʢʠʩʣʠʪʝʣʝʤ ï 

ʘʨʠʣʙʨʦʤʠʜʦʤ (ArBr), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠ ʧʨʦʙʣʝʤʳ ʢʦʦʨʜʠʥʘʮʠʠ Pd(II) ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʘʣʢʝʥʘʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ (ʉʭʝʤʘ 

46). 

 

ʉʭʝʤʘ 46. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʘʣʣʠʣʴʥʦʝ ʉ-ʅ ʘʤʠʥʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʣʠʛʘʥʜʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʨʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʢʣʘʩʩ ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ ï ʚʪʦʨʠʯʥʳʡ ʬʦʩʬʠʥʦʢʩʠʜ DPAsphox, ʥʝʩʫʱʠʡ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 9,10-ʜʠʬʝʥʠʣʘʥʪʨʘʮʝʥʘ (DPA) [131]. ʕʪʦʪ ʣʠʛʘʥʜ in situ 

ʪʘʫʪʦʤʝʨʠʟʫʝʪʩʷ ʚ ʬʦʩʬʠʥʦʚʫʶ ʢʠʩʣʦʪʫ (DPAphos), ʢʦʪʦʨʘʷ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʧʘʣʣʘʜʠʝʤ, 

ʩʦʟʜʘʚʘʷ ʢʦʤʧʣʝʢʩ, ʩʧʦʩʦʙʥʳʡ ʧʦʛʣʦʱʘʪʴ ʚʠʜʠʤʳʡ ʩʚʝʪ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʩʝʚʜʦ-
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ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʤʝʞʜʫ ʣʠʛʘʥʜʦʤ ʠ ʤʝʪʘʣʣʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʧʘʣʣʘʜʠʷ ʢʦʤʧʣʝʢʩ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ: ʚ ʩʣʫʯʘʝ Pd(II) ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ (LMCT), ʛʝʥʝʨʠʨʫʷ ʘʣʢʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʠʟ ˊ-ʘʣʣʠʣ-Pd(II) 

ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ Ŭ-ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ (Cʭʝʤʘ 47); ʧʨʠ Pd(0) 

ï ʦʪ ʤʝʪʘʣʣʘ ʢ ʣʠʛʘʥʜʫ (MLCT), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʣʢʠʣ- ʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʜʠʢʘʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʚ ʨʝʘʢʮʠʷʭ ʍʝʢʘ, ʩʠʥʪʝʟʝ ʙʠʘʨʠʣʦʚ ʠ 

ʜʝʛʘʣʦʛʝʥʠʨʫʶʱʝʤ ʛʠʜʨʠʨʦʚʘʥʠʠ. ʇʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʜʦʙʘʚʦʢ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 

ʉʭʝʤʘ 47. ʈʝʘʢʮʠʷ Ŭ-ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʟʦʣʦʪʦʛʦ ʢʘʪʘʣʠʟʘ ʩ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʦʤ ʦʪʢʨʳʣʦ ʧʫʪʴ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʣʢʝʥʦʚ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ Au(III)-ʢʦʤʧʣʝʢʩʦʚ (ʉʭʝʤʘ 48) [132]. 

 

ʉʭʝʤʘ 48. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʢʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ. 

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʘʨʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʠʟ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʢʦʤʧʣʝʢʩʦʤ Au(I) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Au(II) ʠʥʪʝʨʤʝʜʠʘʪʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ Au(III). ʂʦʦʨʜʠʥʘʮʠʷ ʘʣʢʝʥʘ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʘ, ʪʘʢʦʛʦ ʢʘʢ 

ʩʧʠʨʪ, ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʦʢʩʠʘʨʠʣʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ Au(III).  

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʦʢʩʠ- ʠ ʘʤʠʥʦʘʨʠʣʠʨʦʚʘʥʠʝ ʘʣʢʝʥʦʚ ʩʦʣʷʤʠ ʘʨʠʣʜʠʘʟʦʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʦʪʦʛʦ ʠ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʟʘʭʚʘʪ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʟʦʣʦʪʦʤ(I) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʜʦ ʢʣʶʯʝʚʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Au(III), ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʠʨʫʝʪ ʘʣʢʝʥ [133]. ʈʘʩʢʨʳʪʠʝ ʮʠʢʣʦʚ ʮʠʢʣʦʧʨʦʧʘʥʦʣʦʚ ʠ ʮʠʢʣʦʙʫʪʘʥʦʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʫʘʣʴʥʦʛʦ ʟʦʣʦʪʦ-ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʦʧʝʥʪʘʥʦʥʦʚ ʠ 

ʮʠʢʣʦʙʫʪʘʥʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [134]. ɼʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʢʠʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ Ŭ-

ʘʨʠʣ-ʝʥʦʥʳ ʠʟ ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [135ï137]. C(sp)-C(sp2) ʩʦʯʝʪʘʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ ʩ ʘʨʠʣʜʠʘʟʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʟʦʣʦʪʦ-ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʘʣʢʠʥʘʤ, ʤʠʥʫʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ [138]. C(spĮ)-C(sp2) ʢʨʦʩʩ-
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ʩʦʯʝʪʘʥʠʝ ʘʨʠʣʙʦʨʥʳʭ ʢʠʩʣʦʪ ʩ ʘʨʠʣʜʠʘʟʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʪʘʢʞʝ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ [139, 140]. ɸʨʠʣʠʨʦʚʘʥʠʝ ʘʣʢʠʣʬʦʩʬʦʥʘʪʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʫʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʬʦʩʬʦʨ [141]. 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʉ-ʅ ʦʣʝʬʠʥʠʨʦʚʘʥʠʝ ʘʨʠʣʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʦʜʠʝʤ ʠʣʠ ʨʫʪʝʥʠʝʤ, ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʨʝʘʢʮʠʠ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [142, 143]. ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ C-S ʠʟ ʪʠʦʙʝʥʟʘʥʠʣʠʜʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʟʘ ʩʯʝʪ ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ [144]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʧʨʠʤʝʨʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ 

ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʥʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʂʘʞʜʘʷ ʠʟ 

ʵʪʠʭ ʠʟʙʨʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʠ 

ʢʘʪʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ [145]. 

 

1.3.2 ʌʦʪʦʘʢʪʠʚʥʳʝ M/NHC-ʢʦʤʧʣʝʢʩʳ 

 

ʉʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʳʭ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚʳʭ (NHC) ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʣʫʯʠʣʠ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʤʝʜʠʮʠʥʝ [146] ʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [147] ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʣʠʛʘʥʜʳ NHC, ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʭʠʤʠʠ ʠʤʝʝʪ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ [148]. ɹʳʣʦ ʦʧʠʩʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʳ NHC, ʠ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ ʜʘʞʝ ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʚ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ (OLED). ɺʠʩʙʘʣʴ ʠ ʍʠʤʝʥʦ ʚ ʩʚʦʝʤ ʨʘʥʥʝʤ ʦʙʟʦʨʝ 

ʦʪʤʝʪʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ NHC ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʦʚ ʚ 

OLED, ʦʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʪʠʣʦʩʴ ʚ ʦʙʣʘʩʪʴ ʢʘʪʘʣʠʟʘ [149]. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʣʶʯʝʚʳʭ ʧʨʠʤʝʨʦʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ 

(M/NHC) [150]. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘ 

ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʘ M/NHC ʩʪʘʣʘ ʨʘʙʦʪʘ To, ʚ ʢʦʪʦʨʦʡ ʙʠʩ-ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʟʦʣʦʪʘ(III) ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤ NHC-ʣʠʛʘʥʜʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʜʦ 

ʠʤʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ (385 ʥʤ) ʯʝʨʝʟ ʛʝʥʝʨʘʮʠʶ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʉʭʝʤʘ 49) [151]. 
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ʕʪʦʪ ʞʝ ʢʘʪʘʣʠʟʘʪʦʨ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʳʭ 

ʘʤʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ N-ʘʨʠʣʪʝʪʨʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥʳ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaCN (ʉʭʝʤʘ 49).  

 

ʉʭʝʤʘ 49. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ 

ʬʦʪʦʘʢʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʟʦʣʦʪʘ. 

ʗʥʛ ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ʭʝʣʘʪʥʳʝ ʙʠʩ-NHC ʢʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ(III), ʢʦʪʦʨʳʝ 

ʧʨʝʚʟʦʰʣʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ [Ru(bpy)3]
2+ ʠ fac-[Ir(ppy)3] ʚ ʨʝʘʢʮʠʷʭ ʩʚʝʪ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʘʨʠʣ- ʠ ʘʣʢʠʣʙʨʦʤʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʜʦʣʠʥʦʚ ʠ ʧʠʨʨʦʣʠʜʠʥʦʚ ʯʝʨʝʟ ʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ (ʉʭʝʤʘ 50) [152]. 

 

ʉʭʝʤʘ 50. ʈʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʙʠʩ-NHC ʢʦʤʧʣʝʢʩʘʤʠ 

ʠʨʠʜʠʷ. 

ʉʝʨʠʷ NHC ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ(III) ʩ ʧʠʨʠʜʠʥʠʝʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʪʠʦʣ-ʝʥʦʚʦʡ ʨʝʘʢʮʠʠ, ʠʥʠʮʠʠʨʫʝʤʦʡ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ʂʦʤʧʣʝʢʩ ʠʨʠʜʠʷ ʚʳʩʪʫʧʘʣ 

ʚ ʨʦʣʠ ʩʠʣʴʥʦʛʦ ʬʦʪʦʦʢʠʩʣʠʪʝʣʷ, ʛʝʥʝʨʠʨʫʷ ʪʠʠʣʴʥʳʡ ʨʘʜʠʢʘʣ (ʉʭʝʤʘ 51) [153]. 

 

ʉʭʝʤʘ 51. ʊʠʦʣ-ʝʥʦʚʘʷ ʨʝʘʢʮʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ NHC ʢʦʤʧʣʝʢʩʘʤʠ ʠʨʠʜʠʷ. 
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ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʧʠʩʘʣʠ ʪʝʪʨʘʜʝʥʪʘʪʥʳʡ ʙʠʩ-NHC ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ(II), ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʣ 

ʩʝʙʷ ʢʘʢ ʤʦʱʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʦʣʳ, ʘ ʪʘʢʞʝ ʚ ʜʝʙʨʦʤʠʨʦʚʘʥʠʠ ʘʨʠʣʙʨʦʤʠʜʦʚ (ʉʭʝʤʘ 52) [154].  

 

ʉʭʝʤʘ 52. ʈʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʝʙʨʦʤʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʙʠʩ-NHC ʢʦʤʧʣʝʢʩʦʤ ʧʣʘʪʠʥʳ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ(II) ʩ 

ʢʘʨʙʦʜʠʢʘʨʙʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʩʭʦʜʥʳ ʩ NHC, ʜʣʷ ʩʚʝʪʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʦʨʦʜʘ ʠ ʜʣʷ C-H ʘʨʠʣʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʦʨʪʦ-ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʛʨʫʧʧʘʤʠ ʩʦʣʷʤʠ 

ʘʨʠʣʜʠʘʟʦʥʠʷ (ʉʭʝʤʘ 53) [155]. 

 

ʉʭʝʤʘ 53. ʈʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʠ ʉ-ʅ ʘʨʠʣʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʘʨʙʦʜʠʢʘʨʙʝʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʧʘʣʣʘʜʠʷ. 

ʍʝʣʘʪʥʳʡ NHC ʢʦʤʧʣʝʢʩ ʨʦʜʠʷ(I) ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ C-H 

ʙʦʨʠʣʠʨʦʚʘʥʠʝ 2-ʘʨʠʣʧʠʨʠʜʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ B2pin2 (ʉʭʝʤʘ 

54) [156]. 
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ʉʭʝʤʘ 54. ʉ-ʅ ʙʦʨʠʣʠʨʦʚʘʥʠʝ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ NHC ʢʦʤʧʣʝʢʩʦʤ ʨʦʜʠʷ. 

 ʇʨʦʬʝʩʩʦʨ ʂʘʩʩʦʥ ʟʘʣʦʞʠʣ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ NHC ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ(I) ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʠʟʫʯʠʚ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [157]. ɻʨʫʧʧʘ 

ʧʨʦʬʝʩʩʦʨʘ ʅʠʢʦʣʩʘ ʠʩʩʣʝʜʦʚʘʣʘ ʩʝʨʠʶ ʭʝʣʘʪʥʳʭ N-ʧʠʨʠʜʠʣ NHC-ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ(I) ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʨʘʜʠʢʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ (ATRA) 

ʢ ʦʣʝʬʠʥʘʤ ʠ ʛʠʜʨʦʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ (ʉʭʝʤʘ 55) [158].  

 

ʉʭʝʤʘ 55. ʈʝʘʢʮʠʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ ʢ ʦʣʝʬʠʥʘʤ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʢʘʨʙʦʥʠʣʴʥʳʤ NHC ʢʦʤʧʣʝʢʩʦʤ ʨʝʥʠʷ. 

ʏʝʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʠʤʝʥʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ NHC-ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ(I) ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʢʨʠʣʘʪʥʳʭ ʤʦʥʦʤʝʨʦʚ [159]. ʅʘʢʦʥʝʮ, ʩʝʨʠʷ 

NHC-ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʨʦʤʘ, ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʤʘʨʛʘʥʮʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 

ʨʝʘʢʮʠʷʭ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ (ATRA), ʦʪʤʝʪʠʚ ʠʭ ʬʦʪʦʣʘʙʠʣʴʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʪʢʨʳʚʘʪʴ ʧʫʪʠ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ [160]. 

ɺ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʟʘ ʩ ʧʝʨʝʥʦʩʦʤ ɻ ʥʝʨʛʠʠ ʧʨʦʬʝʩʩʦʨ ʎʫʨʘʩ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ 

ʣʠʥʝʡʥʳʡ NHC ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ(I) ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʋʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ [2+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʠʮʠʥʥʘʤʠʣʦʚʦʛʦ ʵʬʠʨʘ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (ʉʭʝʤʘ 56) 

[161]. 
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ʉʭʝʤʘ 56. ʈʝʘʢʮʠʷ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʮʠʥʥʘʤʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ NHC 

ʢʦʤʧʣʝʢʩʦʤ ʟʦʣʦʪʘ. 

ʉʝʨʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʨʫʪʝʥʠʝʚʳʭ(II) ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʦ ʩʤʝʰʘʥʥʳʤʠ 

bpʫ/NHC-ʣʠʛʘʥʜʘʤʠ, ʛʜʝ NHC ʩʦʜʝʨʞʘʣ ʧʠʨʠʜʠʣʴʥʳʡ ʜʦʥʦʨʥʳʡ ʬʨʘʛʤʝʥʪ [162]. ʕʪʠ ʢʦʤʧʣʝʢʩʳ 

ʠʤʝʶʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ (410-470 ʥʤ) ʠ ʵʤʠʩʩʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʠʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ ʦʙʲʝʤʥʳʤʠ N-ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ʉʝʨʠʷ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʙʠʩ(ʪʨʠʜʝʥʪʘʪʥʳʭ) ʤʝʟʦʠʦʥʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩ 

ʟʘʤʝʱʝʥʥʳʤʠ ʪʝʨʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʠʢʨʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 7.9 ʤʢʩ, ʯʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʭʦʪʷ ʢʦʥʢʨʝʪʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ [163]. ʈʷʜ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʚʥʝʜʨʠʣʠ ʮʠʢʣʠʯʝʩʢʠʝ(ʘʣʢʠʣ)(ʘʤʠʥʦ)ʢʘʨʙʝʥʦʚʳʝ 

(CAAC), ʜʠʘʤʠʜʦʢʘʨʙʝʥʦʚʳʝ (DAC) ʠ ʤʦʥʦʘʤʠʜʦʘʤʠʥʦʢʘʨʙʝʥʦʚʳʝ (MAC) ʣʠʛʘʥʜʳ ʚ ʭʠʤʠʶ 

ʤʝʜʥʳʭ(I) ʢʦʤʧʣʝʢʩʦʚ. ʃʠʥʝʡʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) ʠʤʝʣʠ ʠʥʪʝʥʩʠʚʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ, 

ʘ ʦʜʠʥ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʧʦʢʘʟʘʣ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʠʥʝʛʦ OLED [164ï168].   

ʉʠʥʭʘ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʠʩʩʣʝʜʫʷ ʤʝʪʘʣʣʦʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʘʥʩʘʤʙʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʢʠʩ-

NHC ʩʝʨʝʙʨʷʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʩʪʠʢʦʚʳʤ ʪʝʨʬʝʥʠʣʵʪʠʣʝʥʦʤ (TPE) ʜʣʷ ʘʛʨʝʛʘʮʠʦʥʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʤʠʩʩʠʠ, ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʠ ʘʥʩʘʤʙʣʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʚʝʪʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʥʦʚʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʬʦʪʦʜʠʤʝʨʠʟʘʮʠʶ 

ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʷʜʨʘ TPE, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ [169]. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ NHC ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 4 ʛʨʫʧʧʳ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʠʥʮʝʪʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʪʠʤʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʫʪʴ ʢ ʥʦʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ 4 ʛʨʫʧʧʳ [170ï172].  

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ(II) ʩ ʜʚʫʤʷ ʤʝʟʦʠʦʥʥʳʤʠ 

ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ btz (4,4ô-ʙʠʩ(1,2,3-ʪʨʠʘʟʦʣ-5-ʠʣʠʜʝʥ)) ʠ ʦʜʥʠʤ bpʫ (2,2ô-ʙʠʧʠʨʠʜʠʥ) 
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ʣʠʛʘʥʜʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʨʘʙʦʪʝ ʃʠʫ ʠ ʩʦʘʚʪʦʨʦʤ. ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʛʘʥʜ 

btz ʷʚʣʷʝʪʩʷ ʨʝʜʦʢʩ- ʠ ʬʦʪʦʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤ, ʘ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʤʝʪʘʣʣ ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʣʘʛʦʜʘʨʷ ʤʝʟʦʠʦʥʥʦʤʫ ʢʘʨʙʝʥʫ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ 13 ʧʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 130 ʬʩ ʜʣʷ [Fe(bpy)3]
2+, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʪʝʥʮʠʘʣ ʟʘʤʝʥʳ ʜʦʨʦʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ(II) ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ 

ʬʦʪʦʩʠʥʪʝʟʝ [173]. ʊʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ NHC-ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ(II), 

ʘʥʘʣʦʛʠʯʥʳʝ [Ru(bpy)3]
2+,  ʠ [Ru(terpy)2]

2+ [174]. ʂʦʤʧʣʝʢʩʳ ʠʤʝʣʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (820 ʥʩ ʚ CH3CN ʠ 3100 ʥʩ ʚ ʚʦʜʝ), ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʭʦʪʷ ʧʦʛʣʦʱʝʥʠʝ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʘʢʪʠʚʥʳʝ M/NHC ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ OLED 

ʤʘʪʝʨʠʘʣʘʭ ʠ ʬʦʪʦʢʘʪʘʣʠʟʝ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʯʝʨʝʟ ʤʦʜʠʬʠʢʘʮʠʶ ʣʠʛʘʥʜʘ ʠ ʤʝʪʘʣʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ Ru, Ir, Cu, Au ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ NHC ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʬʦʪʦʢʘʪʘʣʠʟʝ ʦʩʚʝʱʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ ʩ ʢʘʨʙʦʜʠʢʘʨʙʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʣ ʫʥʠʢʘʣʴʥʫʶ 

ʜʚʦʡʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʘʪʘʣʠʟʠʨʫʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʨʝʘʢʮʠʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʪʘʢ ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʬʦʪʦʨʝʜʦʢʩ-ʧʨʦʮʝʩʩʳ [155]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ NHC ʣʠʛʘʥʜʦʚ ʜʣʷ ʧʘʣʣʘʜʠʷ, ʧʨʠʜʘʶʱʠʭ 

ʬʦʪʦʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘ 

ʩʯʝʪ ʩʠʣʴʥʳʭ ů-ʜʦʥʦʨʥʳʭ ʠ ˊ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʫ ʤʝʟʦʠʦʥʥʳʭ ʢʘʨʙʝʥʦʚ), ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘ. 

 

1.4 ʇʨʦʙʣʝʤʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 
 

ʇʨʦʙʣʝʤʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʥʝʟʘʚʠʩʠʤʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʢʫ. ʉʣʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʤʥʦʞʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʪʦʥʢʠʝ ʚʘʨʠʘʮʠʠ ʚ ʧʘʨʘʤʝʪʨʘʭ ʬʦʪʦʨʝʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʥʝ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠʣʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʷʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʜʣʠʥʘ 

ʚʦʣʥʳ ʠ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ (ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ) ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʪʴʩʷ ʜʘʞʝ ʜʣʷ ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ, ʛʝʦʤʝʪʨʠʷ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʣʦʢʘʣʴʥʦ ʧʦʚʳʰʘʪʴʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. ɺ ʨʘʟʜʝʣʝ 1.4 ʦʧʠʩʘʥʳ ʵʪʠ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 
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1.4.1 ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ 
 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʩʚʝʪ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʫʩʧʝʭ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʧʝʢʪʨʦʤ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʠʟʤʝʨʷʝʤʦʡ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚ ʚʘʪʪʘʭ) ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʚʳʭʦʜ ʨʝʘʢʮʠʠ [175, 

176].  

ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʛʝʥʝʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠʟ-ʟʘ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʧʫʪʷʤ ʨʝʘʢʮʠʠ, ʠʟʤʝʥʝʥʠʶ ʢʠʥʝʪʠʢʠ, ʠʩʧʘʨʝʥʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʣʠ ʨʘʟʣʦʞʝʥʠʶ ʨʝʘʛʝʥʪʦʚ. ʂʘʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʘʚʥʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʬʦʪʦʨʝʘʢʪʦʨʦʚ, 

ʩʠʩʪʝʤʳ ʩ ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ (ʥʘʧʨʠʤʝʨ, Lumidox TCR, TT-HTE 48), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʪʘʙʠʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʞʝʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦ ʧʦʚʳʰʘʪʴʩʷ ʜʦ 60-75 ÁC [176, 177]. 

ɻʝʦʤʝʪʨʠʷ ʨʝʘʢʪʦʨʘ ʠ ʧʫʪʴ ʩʚʝʪʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ, ʧʦʪʦʢ ʬʦʪʦʥʦʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʝʪ ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʪʦʥʢʠʡ ʩʣʦʡ ʨʘʩʪʚʦʨʘ ʫ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʣʫʯʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʢʩʪʠʥʢʮʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

[175, 178]. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʩʦʩʫʜʘ (ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʬʦʨʤʘ), ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʞʘʶʱʠʭ ʢʘʤʝʨ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʟʘʭʚʘʪ ʬʦʪʦʥʦʚ ʚ 10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ 

[178]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʨʦʙʣʝʤ ʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʫʙʣʠʢʘʮʠʷʭ. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʪʦʯʥʠʢʘ, ʠʟʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʨʝʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʪʠʧʝ ʠ ʤʘʪʝʨʠʘʣʝ ʨʝʘʢʪʦʨʘ ʜʝʣʘʝʪ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʪʦʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʚ ʜʨʫʛʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ɸʚʪʦʨʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʫʙʣʠʢʘʮʠʠ [175]. 

ɺ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ, ʧʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʫʩʣʦʚʠʡ ʚʦ ʚʩʝʭ ʧʦʟʠʮʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʜʘʞʝ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʩʚʝʪʦʜʠʦʜʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʚʘʣʠʜʘʮʠʠ ʨʝʘʢʪʦʨʘ ʧʝʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʤʘʠhʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [177]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʠʥʠʤʠʟʠʨʫʶʱʘʷ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʧʦʚʳʰʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. 

ʅʝʧʨʝʨʳʚʥʳʝ ʧʦʪʦʯʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʣʘʛʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʜʠʘʤʝʪʨʫ ʪʨʫʙʦʢ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʦʪʢʦʤʫ ʧʫʪʠ ʩʚʝʪʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʚʦʩʭʦʜʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʚʳʰʝʥʥʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʧʣʘʪʬʦʨʤʳ Vapourtec [177]. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʩʧʝʨʩʠʷ ʧʦʪʦʢʘ 

ʧʨʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʦʩʪʘʶʪʩʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤ ʩʠʩʪʝʤʥʳʡ 

ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʪʦʯʥʳʤ ʢʦʥʪʨʦʣʝʤ 

ʩʚʝʪʦʚʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʝʪʘʣʴʥʦʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʚʩʝʭ ʢʨʠʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ, ʚ ʠʜʝʘʣʝ, ʧʝʨʝʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʣʠ ʧʦʪʦʯʥʳʤ ʧʣʘʪʬʦʨʤʘʤ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʤ ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ. ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʜʦʙʥʳʭ ʠ ʙʳʩʪʨʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʩʨʘʚʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪ ʠʭ ʚʘʣʠʜʘʮʠʶ ʠ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʦʪʦʨʝʜʦʢʩ-

ʢʘʪʘʣʠʟ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʤʝʪʘʣʣʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʬʝʥʦʪʠʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʦʪʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʦʚ ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʨʘʟʚʠʪʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ M/NHC-ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʝʥʥʦ 
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ʠʩʩʣʝʜʦʚʘʥʳ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʘʤʦʛʦ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ ʠ 

ʚʣʠʷʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ; ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʤʝʨʦʚ ʜʠʟʘʡʥʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʡ ʬʨʘʛʤʝʥʪ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʤʝʪʘʣʣ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ; ʢʨʦʤʝ ʪʦʛʦ, ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʦʮʝʥʢʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ LED-ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʦʨʤ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ 

Pd/NHC-ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʶ ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 
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2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ (PHT, ʈʠʩʫʥʦʢ 1). ɺ ʨʘʟʜʝʣʝ 2.1 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ï ʜʠʤʝʨʦʚ, ʪʨʠʤʝʨʦʚ, ʦʣʠʛʦʤʝʨʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ï ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ʌʝʥʦʪʠʘʟʠʥ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʘʟʜʝʣ 2.2 

ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʠ ʜʝʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʦʚʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

Pd/NHC ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦʘʢʪʠʚʥʳʡ ʬʝʥʦʪʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʜʦʩʪʫʧ ʢ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʠʤʠʠ ʧʘʣʣʘʜʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʴʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ 

ʯʘʩʪʠʮ ï Pd(I) ʠ Pd(III). ʅʘʢʦʥʝʮ, ʚ ʨʘʟʜʝʣʝ 2.3 ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ (LED), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʯʘʩʪʠʯʥʦ ʜʝʛʨʘʜʠʨʦʚʘʚʰʠʝ ʩʚʝʪʦʜʠʦʜʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

 

ʈʠʩʫʥʦʢ 1. ʀʟʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʬʦʪʦʘʢʪʠʚʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ (LED). 
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2.1 ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʪʦʢʘʪʘʣʠʟ 
 

ɺ ʭʦʜʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴʶ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʵʤʧʠʨʠʯʝʩʢʠʡ, ʘ ʥʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-

ʟʘ ʧʨʦʙʣʝʤ ʚ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʨʝʜʢʦ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʬʘʢʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʬʦʨʤʝ 

ʌʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦ ʚʨʝʤʝʥʝʤ ʜʝʛʨʘʜʠʨʫʶʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʛʝʥʝʨʘʮʠʷ ʌʂ ʚ ʢʦʥʮʝ ʨʝʘʢʮʠʠ 

ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʘ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʠʤʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʪʘʢʠʝ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʮʠʘʥʦ-ʛʨʫʧʧʳ ʚ ʮʠʘʥʦʘʨʝʥʦʚʦʤ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʝ 4CzIPN, ʮʠʢʣʠʟʘʮʠʶ 3DPAFIPN ʚ ʧʨʦʠʟʚʦʜʥʦʝ ʢʘʨʙʘʟʦʣ-1,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 

ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʘʢʨʠʜʠʥʠʝʚʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ [87ï90]. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʧʨʠʚʝʣ ʢ ʤʳʩʣʠ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ ʩ ʫʭʫʜʰʝʥʠʝʤ ʩʚʦʡʩʪʚ. 

ʏʪʦʙʳ ʵʪʦ ʧʨʦʚʝʨʠʪʴ, ʬʝʥʦʪʠʘʟʠʥ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʦʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʊʘʢʞʝ ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʝʛʦ ʚʳʙʦʨʫ ʧʦʩʣʫʞʠʣ ʨʷʜ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʘ ʦʧʠʩʘʥʘ ʜʝʛʨʘʜʘʮʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʧʦ ʧʨʠʨʦʜʝ ʩʚʦʝʡ 

ʙʣʠʟʢʠ ʢ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʝʥʦʪʠʘʟʠʥʘ ʚ ɼʍʄ ʙʳʣ ʦʙʣʫʯʝʥ ʩ 

ʧʦʤʦʱʴʶ ʋʌ ʬʦʥʘʨʠʢʘ (365 ʥʤ) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨ ʙʳʩʪʨʦ 

ʧʦʤʝʥʷʣ ʮʚʝʪ ʩ ʙʝʩʮʚʝʪʥʦʛʦ ʥʘ ʟʝʣʝʥʳʡ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʚʦʩʧʨʦʠʟʚʝʜʝʥ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ 3 ɺʪ ʋʌ (365 ʥʤ) ʬʦʪʦʨʝʘʢʪʦʨʝ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʟʘ 1 ʤʠʥʫʪʫ ʦʙʣʫʯʝʥʠʷ, ʘ ʨʘʩʪʚʦʨ ʚ ɼʍʄ ʧʨʠʦʙʨʝʣ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ ʚʚʠʜʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʘʨʠʢʦʤ ʠ ʤʝʥʴʰʝʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʚʚʠʜʫ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʪʦʨʝʘʢʪʦʨʘ (ʈʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʩʣʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ (365 ʥʤ).  

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʩ ʬʝʥʦʪʠʘʟʠʥʦʤ, ʧʦʣʫʯʝʥʥʳʡ 

ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ PHT ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ (ʈʠʩʫʥʢʠ 3-4). ɺ 

ʧʨʦʪʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʗʄʈ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʩʠʛʥʘʣʳ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʬʝʥʦʪʠʘʟʠʥʫ. 

ʆʜʠʥ ʠʟ ʩʠʛʥʘʣʦʚ ʧʨʠ ŭ å 8.9 ʤ.ʜ. ʦʢʘʟʘʣʩʷ ʩʚʷʟʘʥ ʩ ʧʨʦʪʦʥʦʤ NH ʛʨʫʧʧʳ, ʯʪʦ ʙʳʣʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ 1H NOE ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʦʚʳʝ ʩʠʛʥʘʣʳ ʩ m/z 395.0673 ʠ m/z 592.0977, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʦʥʘʤ [2PHT-3H]+ ʠ [3PHT-5H]+, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʄʉ ʠ ʗʄʈ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʦʣʠʛʦʤʝʨʥʳʭ ʬʦʨʤ 

ʬʝʥʦʪʠʘʟʠʥʘ ï ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ. 

 

ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ (ɼʄʉʆ-d6) ʜʣʷ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʋʌ-

ʦʙʣʫʯʝʥʥʳʤ ʬʝʥʦʪʠʘʟʠʥʦʤ ʚ ɼʍʄ. ʂʨʘʩʥʳʤ ʦʪʤʝʯʝʥʳ ʧʦʷʚʠʚʰʠʝʩʷ ʩʠʛʥʘʣʳ ʜʠʤʝʨʘ 

ʬʝʥʦʪʠʘʟʠʥʘ. 
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ʈʠʩʫʥʦʢ 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʦʣʠʛʦʤʝʨʥʳʭ 

ʬʦʨʤ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʋʌ-ʦʙʣʫʯʝʥʥʳʤ ʬʝʥʦʪʠʘʟʠʥʦʤ ʚ ɼʍʄ (1 ʯ, 365 ʥʤ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʠʢʠ: ʬʝʥʦʪʠʘʟʠʥ, [M]+ = 199.0441 ɼʘ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H9NS = 199.0450 

ɼʘ, ȹ = 4.5 ʤ.ʜ.; ʜʠʤʝʨ, [M-H]+ = 395.0673 ɼʘ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C24H15N2S2 ɼʘ, ȹ = 0.5 ʤ.ʜ.; ʪʨʠʤʝʨ, 

[M-H]+ = 592.0977 ɼʘ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C36H22N3S3 ɼʘ, ȹ = 1.2 ʤ.ʜ. 

ʉ ʮʝʣʴʶ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ 

ʡʦʜʦʤ (ʦʣʠʛʦʤʝʨ 1, ʉʭʝʤʘ 57) ʠ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (ʦʣʠʛʦʤʝʨ 2, ʉʭʝʤʘ 58). ʀʩʭʦʜʥʳʡ 

ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʠʟʤʝʥʠʣ ʮʚʝʪ ʥʘ ʟʝʣʝʥʳʡ ʚ ʩʣʫʯʘʝ ʩʤʝʩʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʡʦʜʦʤ ʠ ʥʘ 
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ʢʨʘʩʥʳʡ ʚ ʩʣʫʯʘʝ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʢʠʩʣʠʪʝʣʷ ʢ ʨʘʩʪʚʦʨʫ ʬʝʥʦʪʠʘʟʠʥʘ. 

ʇʦʜʨʦʙʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʦʧʠʩʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ.  

 

ʉʭʝʤʘ 57. ʉʠʥʪʝʟ ʦʣʠʛʦʤʝʨʘ 1. 

 

ʉʭʝʤʘ 58. ʉʠʥʪʝʟ ʦʣʠʛʦʤʝʨʘ 2. 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ ʦʣʠʛʦʤʝʨ 1 ʠ ʦʣʠʛʦʤʝʨ 2, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦ-ʬʘʟʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ɺʕɾʍ), ʘ ʩ 

ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʢʮʠʡ ʟʘʨʝʛʠʩʪʠʨʦʚʘʥʳ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʈʠʩʫʥʦʢ 5ɸ-ɼ). 

ʆʣʠʛʦʤʝʨ 1 ʠ 2 ʩʦʜʝʨʞʘʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʜʠʤʝʨ ʩ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 41 ʤʠʥ 

(ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 5), ʪʨʠʤʝʨ ʩ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 47 ʤʠʥʫʪ 

(ʬʠʦʣʝʪʦʚʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 5), ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʦʣʠʛʦʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʠʭ 

ʦʢʩʠʜʳ. ɺʚʠʜʫ ʙʦʣʴʰʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʦʣʠʛʦʤʝʨ 2 ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʜʠʤʝʨ ʠ ʪʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʣʠʛʦʤʝʨʝ 2, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʤʝʪʦʜʦʤ ɺʕɾʍ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʩ ʧʨʷʤʦʡ ʬʘʟʦʡ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, 

ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʠʩʫʥʦʢ 5ɼ). ʇʦʜʨʦʙʥʦʩʪʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʦʯʠʩʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʌʨʘʢʮʠʠ 1 (ʜʠʤʝʨ) ʠ 2 (ʪʨʠʤʝʨ) ʙʳʣʠ ʩʦʙʨʘʥʳ 

ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 1H ʗʄʈ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʈʠʩʫʥʦʢ 6).  

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʤʝʥʠʣʠ 1H-13C HSQC ʠ 1H NOE 

ʵʢʩʧʝʨʠʤʝʥʪʳ. ɺ HSQC ʩʧʝʢʪʨʝ ʜʠʤʝʨʘ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʣʠʩʴ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ C-H ʚ ʤʦʣʝʢʫʣʝ. ɺ 1H NOE ʩʧʝʢʪʨʝ ʜʠʤʝʨʘ ʙʳʣʘ ʯʝʪʢʦ 

ʨʘʟʨʝʰʝʥʘ NOE ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ N-H ʠ ʩʦʩʝʜʥʠʤ ʧʨʦʪʦʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ 

ʧʨʠ ŭ = 6.75 (d, J = 7.7 ɻʮ). 
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ʈʠʩʫʥʦʢ 5. ɺʕɾʍ-ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʦʯʠʱʝʥʥʦʛʦ ʜʠʤʝʨʘ (A), ʦʯʠʱʝʥʥʦʛʦ ʪʨʠʤʝʨʘ (ɹ), ʦʣʠʛʦʤʝʨʘ 

1 (ɺ), ʦʣʠʛʦʤʝʨʘ 2 (ɻ), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʩ ʦʙʨʘʱʝʥʥʦʡ ʬʘʟʦʡ. ɺʕɾʍ-

ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʦʣʠʛʦʤʝʨʘ 2, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʢʦʣʦʥʢʝ ʩ ʧʨʷʤʦʡ ʬʘʟʦʡ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ (ɼ).  

ɸʥʘʣʦʛʠʯʥʳʝ ʜʚʫʤʝʨʥʳʝ 1H-13C HSQC ʠ ʦʜʥʦʤʝʨʥʳʝ NOE ʩʧʝʢʪʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʜʣʷ ʪʨʠʤʝʨʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʧʝʢʪʨ 1H ʗʄʈ ʪʨʠʤʝʨʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʝʢʪʨʫ 
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ʪʨʠʤʝʨʘ ʬʝʥʦʪʠʘʟʠʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ ʠʟ ʙʨʦʤ ʧʨʦʠʟʚʦʜʥʦʛʦ 

PHT [179]. 

 

ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨʳ 1H ʗʄʈ ʜʣʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʜʣʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʣʠʛʦʤʝʨʳ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʣʠʛʦʤʝʨ 1 (ʟʝʣʝʥʳʡ) ʠ ʦʣʠʛʦʤʝʨ 2 (ʦʨʘʥʞʝʚʳʡ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʉʭʝʤʳ 57-58), ʘ ʦʣʠʛʦʤʝʨʳ 3 ʠ 4 ï ʚ 

ʨʝʘʢʮʠʷʭ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʚ ɼʍʄ ʠ ɼʄɸɸ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʳ 59-60). ʎʚʝʪʘ ʦʣʠʛʦʤʝʨʦʚ ʬʝʥʦʪʠʘʟʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 7. 

ʆʣʠʛʦʤʝʨ 3 ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʚʳʩʫʰʝʥ ʚ ʚʠʜʝ ʟʝʣʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʧʦʨʦʰʢʘ, ʘ ʦʣʠʛʦʤʝʨ 4 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʨʝʘʣʴʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ. ɺ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ ʩʚʝʪʘ ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ çʢʦʢʪʝʡʣʷè ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʚʥʝʰʥʠʤʠ ʤʘʥʠʧʫʣʷʮʠʷʤʠ.   

 

ʉʭʝʤʘ 59. ʉʠʥʪʝʟ ʦʣʠʛʦʤʝʨʘ 3. 
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ʉʭʝʤʘ 60. ʉʠʥʪʝʟ ʦʣʠʛʦʤʝʨʘ 4. 

 

ʈʠʩʫʥʦʢ 7. ʌʦʪʦʛʨʘʬʠʠ ʨʘʩʪʚʦʨʦʚ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʝʛʦ ʦʣʠʛʦʤʝʨʦʚ ʚ CH3CN. 

ʇʨʦʮʝʩʩ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ ʫʣʴʪʨʘʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʄɸʃɼʀ-ʄʉ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʙʣʘʛʦʜʘʨʷ ʤʷʛʢʦʡ 

ʠʦʥʠʟʘʮʠʠ.[180] ɺ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ ʦʣʠʛʦʤʝʨʦʚ 1 ʠ 2 ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤ ʧʷʪʠ ʝʜʠʥʠʮʘʤ PHT (ʊʘʙʣʠʮʘ 1). ɺ ʩʧʝʢʪʨʘʭ ʄɸʃɼʀ ʦʣʠʛʦʤʝʨʦʚ 

3 ʠ 4 ʥʝ ʙʳʣʦ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʥʪʘʤʝʨʘʤ. ʆʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʜʠʤʝʨʘ, ʪʨʠʤʝʨʘ ʠ 

ʜʨʫʛʠʭ ʬʦʨʤ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʦʣʠʛʦʤʝʨʘ. 

ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʣʠʛʦʤʝʨʥʳʤ ʬʦʨʤʘʤ ʬʝʥʦʪʠʘʟʠʥʘ 

ʧʦ ʜʘʥʥʳʤ ʄɸʃɼʀ-ʄʉ. PHT ï ʬʝʥʦʪʠʘʟʠʥ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʩʦʩʪʘʚ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʬʦʨʤʫʣʘ 

ʈʘʩʩʯʠʪʘʥʥʳʡ 

m/z [M-H]+  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

m/z [M-H]+ 

ȹ, ʤ.ʜ. 

ʦʣʠʛʦʤʝʨ 1 

(PHT)1 C12H9NS 199.04502 199.04535 1.7 

(PHT)1+O C12H9NSO 215.03994 215.04028 1.6 

(PHT)2-3H C24H15N2S2 395.06712 395.06699 0.3 

(PHT)2+O-3H C24H15N2S2O 411.06203 411.06436 5.7 

(PHT)2+2O-3H C24H15N2S2O2 427.05695 427.05953 6.0 

(PHT)3-5H C36H22N3S3 592.09704 592.09678 0.4 

(PHT)4-7H C48H29N4S4 789.12696 789.12625 0.9 

(PHT)5-9H C60H36N5S5 986.15734 986.15688 0.5 

ʦʣʠʛʦʤʝʨ 2 

(PHT)1 C12H9NS 199.04502 - - 

(PHT)1+O C12H9NSO 215.03994 - - 

(PHT)2-3H C24H15N2S2 395.06712 395.06748 0.9 

(PHT)2+O-3H C24H15N2S2O 411.06203 411.06237 0.9 

(PHT)2+2O-3H C24H15N2S2O2 427.05695 427.05735 0.9 

(PHT)3-5H C36H22N3S3 592.09704 592.09782 1.3 

(PHT)3+O-5H C36H22N3S3O 608.09195 608.09271 1.3 

(PHT)3+2O-5H C36H22N3S3O2 624.08687 624.08769 1.3 

(PHT)3+3O-5H C36H22N3S3O3 640.08178 640.08256 1.2 
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(PHT)4-7H C48H29N4S4 789.12696 789.12894 2.5 

(PHT)4+O-7H C48H29N4S4O 805.12187 805.12346 2.0 

(PHT)4+2O-7H C48H29N4S4O2 821.11679 821.11859 2.2 

(PHT)4+3O-7H C48H29N4S4O3 837.11170 837.10893 3.3 

(PHT)4+4O-7H C48H29N4S4O4 853.10662 853.10358 3.6 

(PHT)5-9H C60H36N5S5 986.15734 986.15993 2.6 

(PHT)5+O-9H C60H36N5S5O 1002.15179 1002.15431 2.5 

(PHT)5+2O-9H C60H36N5S5O2 1018.14671 1018.14524 1.4 

(PHT)5+3O-9H C60H36N5S5O3 1034.14162 1034.13917 2.4 

(PHT)5+4O-9H C60H36N5S5O4 1050.13654 1050.13607 0.5 

(PHT)5+5O-9H C60H36N5S5O5 1066.13145 1066.12934 2.0 

ʦʣʠʛʦʤʝʨ 3 

(PHT)1 C12H9NS 199.04502 199.04515 0.7 

(PHT)1+O C12H9NSO 215.03994 215.04000 0.3 

(PHT)2-3H C24H15N2S2 395.06712 395.06775 1.6 

(PHT)2+O-3H C24H15N2S2O 411.06203 411.06285 2.0 

(PHT)2+2O-3H C24H15N2S2O2 427.05695 427.05764 1.6 

(PHT)3-5H C36H22N3S3 592.09704 592.09865 2.7 

(PHT)4-7H C48H29N4S4 789.12696 789.12959 3.3 

(PHT)5-9H C60H36N5S5 986.15734 - - 

ʦʣʠʛʦʤʝʨ 4 (ɼʄɸɸ) 

(PHT)1 C12H9NS 199.04502 199.04503 0.1 

(PHT)2-3H C24H15N2S2 395.06712 395.06673 1.0 

(PHT)2+O-3H C24H15N2S2O 411.06203 411.06204 0.1 

(PHT)2+2O-3H C24H15N2S2O2 427.05695 427.05645 1.2 

(PHT)3-5H C36H22N3S3 592.09704 592.09706 0.1 

(PHT)3+O-5H C36H22N3S3O 608.09195 608.09244 0.8 

(PHT)3+2O-5H C36H22N3S3O2 624.08687 624.08735 0.8 

(PHT)3+3O-5H C36H22N3S3O3 640.08178 640.08278 1.6 

(PHT)4-7H C48H29N4S4 789.12696 - - 

(PHT)5-9H C60H36N5S5 986.15734 - - 

ʦʣʠʛʦʤʝʨ 4 (MeOH) 

(PHT)1 C12H9NS 199.04502 199.04529 1.4 

(PHT)2-3H C24H15N2S2 395.06712 395.06646 1.7 

(PHT)2+O-3H C24H15N2S2O 411.06203 411.06181 0.5 

(PHT)2+2O-3H C24H15N2S2O2 427.05695 427.05624 1.7 

(PHT)3-5H C36H22N3S3 592.09704 592.09708 0.7 

(PHT)3+O-5H C36H22N3S3O 608.09195 608.09220 0.4 

(PHT)3+2O-5H C36H22N3S3O2 624.08687 624.08758 1.1 

(PHT)4-7H C48H29N4S4 789.12696 - - 

(PHT)5-9H C60H36N5S5 986.15734 - - 

 

ʂʦʣʠʯʝʩʪʚʘ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʚʩʝʭ ʦʣʠʛʦʤʝʨʦʚ 1-4 ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ɺʕɾʍ ʘʥʘʣʠʟʘ (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ), 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 8. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʣʠʯʝʩʪʚʦ ʜʠʤʝʨʘ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʤʝʨʘ. 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʩʣʫʯʘʷʭ ʦʣʠʛʦʤʝʨʦʚ 1 ʠ 2, ʧʦʣʫʯʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ, ʦʢʩʠʜ r

ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩ ʜʠʤʝʨʦʤ ʠ ʪʨʠʤʝʨʦʤ, ʧʦʩʢʦʣʴʢʫ 



68 
 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ 

ʦʣʠʛʦʤʝʨʦʚ 3 ʠ 4. 

 

ʈʠʩʫʥʦʢ 8. ʉʦʦʪʥʦʰʝʥʠʝ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʚ ʩʤʝʩʷʭ ʦʣʠʛʦʤʝʨʦʚ 1-4, ʦʧʨʝʜʝʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ɺʕɾʍ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʠʩʭʦʜʥʦʛʦ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʦʪʣʠʯʠʷ ʩʚʦʡʩʪʚ ʦʣʠʛʦʤʝʨʦʚ PHT ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ. ɺ ʩʧʝʢʪʨʘʭ PHT, ʜʠʤʝʨʘ, ʪʨʠʤʝʨʘ ʠ ʦʣʠʛʦʤʝʨʦʚ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ: 290-340 ʥʤ, 390-560 ʥʤ ʠ 590-740 

ʥʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 9. ʉʨʘʚʥʠʚʘʷ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʭʦʜʥʳʤ PHT, 

ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ. ʆʣʠʛʦʤʝʨ 1, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʠ ʡʦʜʦʤ, ʠʤʝʝʪ ʪʨʠ ʦʙʣʘʩʪʠ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ ɚmax = 316 ʥʤ, ɚmax = 451 ʥʤ ʠ ɚmax = 646 ʥʤ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ɚmax 

ʦʣʠʛʦʤʝʨʘ 2. ʄʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʦʣʠʛʦʤʝʨʘ 2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʩ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʩʪʠʣʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ˊ*-ʩʠʩʪʝʤʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ 

ʩʜʚʠʛ [54]. 

ɼʠʤʝʨ ʠ ʪʨʠʤʝʨ ʠʤʝʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ 290ï665 ʥʤ ʩ ɚmax 

= 316 ʠ 522 ʥʤ ʠ ɚmax = 317, 522 ʠ 661 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ɚmax = 453 (ʚʦʟʙʫʞʜʝʥʠʝ 320 ʥʤ) ʠ 621 ʥʤ (ʚʦʟʙʫʞʜʝʥʠʝ 520 ʥʤ) ʜʣʷ ʜʠʤʝʨʘ ʠ ɚmax = 459 

(ʚʦʟʙʫʞʜʝʥʠʝ 320 ʥʤ) ʠ 612 ʥʤ (ʚʦʟʙʫʞʜʝʥʠʝ 520 ʥʤ) ʜʣʷ ʪʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 

10-11. ʕʥʝʨʛʠʷ ʧʝʨʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʠʥʛʣʝʪʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ S1 (E0-0) ʜʠʤʝʨʘ ʙʳʣʘ 

ʧʦʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.12 

ʵɺ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 
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ʣ ʤʁʠʥʝʩʮʝʥʮʠʠ ʪʨʠʤʝʨʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʥʘʤ ʥʝ 

ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʧʠʢ ʠʩʧʫʩʢʘʥʠʷ ʜʣʷ ʪʨʠʤʝʨʘ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʧʦʩʯʠʪʘʪʴ E0-0 [181ï183]. 

 
ʈʠʩʫʥʦʢ 9. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ (ɚmax = 319 ʥʤ), ʦʣʠʛʦʤʝʨʘ 1 (ɚmax = 316 ʥʤ, 451 

ʥʤ, 646 ʥʤ), ʦʣʠʛʦʤʝʨʘ 2 (ɚmax = 310 ʥʤ, 664 ʥʤ), ʜʠʤʝʨʘ (ɚmax = 316 ʥʤ, 522 ʥʤ) ʠ ʪʨʠʤʝʨʘ (ɚmax 

= 317 ʥʤ, 522 ʥʤ, 661 ʥʤ) ʚ CH3CN. ʂʦʥʮʝʥʪʨʘʮʠʷ: 5Ĭ10-4 M.  

 
ʈʠʩʫʥʦʢ 10. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʜʠʤʝʨʘ (ʩʣʝʚʘ) ʠ ʪʨʠʤʝʨʘ (ʩʧʨʘʚʘ) ʚ CH3CN. 

ʂʦʥʮʝʥʪʨʘʮʠʷ: 5Ĭ10-4 ʄ. ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

320 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ: 5Ĭ10-5 ʄ. 
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ʈʠʩʫʥʦʢ 11. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʜʠʤʝʨʘ (ʩʣʝʚʘ) ʠ ʪʨʠʤʝʨʘ (ʩʧʨʘʚʘ) ʚ CH3CN. 

ʂʦʥʮʝʥʪʨʘʮʠʷ: 5Ĭ10-4 ʄ. ʉʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

520 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ: 1.7Ĭ10-4 ʄ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʈʠʩʫʥʢʠ 12-13 ʠ ʊʘʙʣʠʮʘ 2). ɼʠʤʝʨ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʙʨʘʪʠʤʫʶ ʚʦʣʥʫ 

ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʫʚʦʣʥʳ 0.45 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ ʬʝʥʦʪʠʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʥʠʞʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ PHT, ʫ ʢʦʪʦʨʦʛʦ ʧʦʪʝʥʮʠʘʣ 0.76 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ) [184]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʤʝʨ 

ʣʝʛʯʝ ʦʢʠʩʣʷʝʪʩʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [185]. ʅʘʧʨʦʪʠʚ, ʪʨʠʤʝʨ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝʦʙʨʘʪʠʤʫʶ ʚʦʣʥʫ ʦʢʠʩʣʝʥʠʷ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 0.90 ɺ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ). ʕʪʦʪ ʩʜʚʠʛ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʨʫʰʝʥʠʷ ʜʝʣʦʢʘʣʠʟʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʢʨʫʯʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ [54, 186]. 

 
ʈʠʩʫʥʦʢ 12. ʎɺɸ-ʢʨʠʚʘʷ ʦʢʠʩʣʝʥʠʷ ʜʠʤʝʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ: 1.2Ĭ10ī3 ʄ ʚ CH3CN). ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʩʪʝʢʣʦʫʛʣʝʨʦʜ; ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ ï Pt; ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï 

Ag/AgCl; ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ï 100 ʤɺ/ʩ. 



71 
 

 

ʈʠʩʫʥʦʢ 13. ʎɺɸ-ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʪʨʠʤʝʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ: 1.2Ĭ10ī3 ʄ ʚ CH3CN). ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʩʪʝʢʣʦʫʛʣʝʨʦʜ; ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ ï Pt; ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï 

Ag/AgCl; ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ï 100 ʤɺ/ʩ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʘʥʥʳʭ ʋʌ-ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʤʝʨʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ -1.67 

ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʤʝʨ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ PHT (-2.29 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʅʂʕ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʙʣʠʮʘ 2. ʆʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʥʦʪʠʘʟʠʥʘ, ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʚ CH3CN. 

ˉ ʉʦʝʜʠʥʝʥʠʝ ɚabs, ʥʤ ɚem, ʥʤ E00, ʵɺa Eox, ɺ E (PCĿ+/PC*)ʚ, ɺ 

1. ʌʝʥʦʪʠʘʟʠʥ 319 457[184] 3.05[184] +0.76ʙ[184] -2.29 

2. ɼʠʤʝʨ 316, 522 453, 621 2.12 +0.45ʙ -1.67 

3. ʊʨʠʤʝʨ 317, 522, 661 459, 612 <1.88 +0.90 >-0.98 
aE00 = 1240 ɺĬʥʤ /ɚ (ɚ, ʥʤ ï ʧʝʨʝʩʝʯʝʥʠʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ) 
ʙE1/2 = (Epa + Epc)/2. 
ʚE(PCĿ+/PC*)=Ep

ox-E00 (ʵɺ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ɺ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ). 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʌʂ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ɻ ʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʠʩʭʦʜʥʦʛʦ PHT, ʦʣʠʛʦʤʝʨʘ 3 ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ PHT ʠ 

ʙʝʥʟʠʣʘʤʠʥʘ ʜʦ ʦʙʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʋʌ ʩʚʝʪʦʜʠʦʜʘʤʠ (ʈʠʩʫʥʦʢ 14). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʩʧʝʢʪʨ ʕʇʈ, ʧʦʣʫʯʝʥʥʳʡ ʜʣʷ ʦʣʠʛʦʤʝʨʘ 3 ʙʝʟ ʦʙʣʫʯʝʥʠʷ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʦʣʠʛʦʤʝʨʘ 3 ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʠʩʭʦʜʥʦʛʦ PHT, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʧʪʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ PHT ʠ ʦʣʠʛʦʤʝʨʥʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʤʦʜʫʣʷʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʈʠʩʫʥʦʢ 14. ʉʧʝʢʪʨʳ ʕʇʈ ʬʝʥʦʪʠʘʟʠʥʘ, ʩʤʝʩʠ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʙʝʥʟʠʣʘʤʠʥʦʤ (20 ʤʢʣ) ʠ 

ʦʣʠʛʦʤʝʨʘ 3 ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʋʌ-ʩʚʝʪʦʤ (365 ʥʤ) (ʩʧʨʘʚʘ). 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʘʤʦʜʝʣʴʥʳʝ ʬʦʪʦʨʝʘʢʪʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʩʚʝʪʦʜʠʦʜʦʚ (ʋʌ ï 365 ʥʤ, ʬʠʦʣʝʪʦʚʳʝ 

ï 405 ʥʤ, ʩʠʥʠʝ ï 450 ʥʤ, ʟʝʣʝʥʳʝ ï 520 ʥʤ, ʢʨʘʩʥʳʝ ï 650 ʥʤ). ʌʦʪʦʛʨʘʬʠʠ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦʢʘʟʘʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 15, ʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ (ʉʭʝʤʘ 61, 

ʊʘʙʣʠʮʘ 3). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʝʟ ʩʚʝʪʘ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ.  
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ʈʠʩʫʥʦʢ 15. ʌʦʪʦʨʝʘʢʪʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ: ʋʌ 370 

ʥʤ ʩʚʝʪʦʜʠʦʜʳ (A), ʬʠʦʣʝʪʦʚʳʝ 405 ʥʤ ʩʚʝʪʦʜʠʦʜʳ (ɹ), ʩʠʥʠʝ 440 ʥʤ ʩʚʝʪʦʜʠʦʜʳ (ɺ), ʟʝʣʝʥʳʝ 

520 ʥʤ ʩʚʝʪʦʜʠʦʜʳ (ɻ), ʢʨʘʩʥʳʝ 650 ʥʤ ʩʚʝʪʦʜʠʦʜʳ (ɼ) ʠ ʢʦʤʧʘʢʪʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ 

(ɽ). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʠ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ (ʊʘʙʣʠʮʘ 4). ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʩ ʬʝʥʦʪʠʘʟʠʥʦʤ ʦʢʘʟʘʣʠʩʴ ʠʩʪʦʯʥʠʢʠ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 365 ʥʤ ʠ 405 ʥʤ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʋʌ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʳ (ʂʃʃ) ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʦʢʘʟʘʣʦʩʴ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ. ʂʃʃ ʦʙʣʘʜʘʝʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʩʧʫʩʢʘʥʠʷ ʦʪ ʋʌ ʜʦ ʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘ ʋʌ-ʠʟʣʫʯʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʚʠʜʠʤʳʡ ʩʚʝʪ (400-600 ʥʤ) ʟʘ ʩʯʝʪ ʣʶʤʠʥʦʬʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʩʣʘʙʦ ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ ʦʪ ʂʃʃ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʫʦʣʘ, ʭʣʦʨʦʬʦʨʤʘ, 

ɼʄʉʆ ʠ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ, ʘ ʚ ɼʄɸɸ 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩ ʚʳʭʦʜʦʤ 23%. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 18 ʯʘʩʦʚ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ 55%, ʘ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʨʦʜʫʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʦʤ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʩ ʢʠʩʣʦʨʦʜʥʳʤ ʰʘʨʠʢʦʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʚʳʭʦʜʘ ʚ 85%.  
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ʉʭʝʤʘ 61. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ. 

ʊʘʙʣʠʮʘ 3. ʂʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʙʝʥʟʠʣʘʤʠʥʘ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɺʨʝʤʷ, ʯ ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜʙ 1, % 

1. ʌʝʥʦʪʠʘʟʠʥ ɹʝʟ ʩʚʝʪʘ 18 ɼʄʌɸ 0 

2. ʌʝʥʦʪʠʘʟʠʥ ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ 18 ɼʄʌɸ 0 

3. ɹʝʟ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 

365 ʥʤ 18 ɼʄʌɸ 2 

ʘʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʝʥʟʠʣʘʤʠʥ (0.5 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.025 ʤʤʦʣʴ), ɼʄʌɸ (2 ʤʣ). 

ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. 

ʊʘʙʣʠʮʘ 4. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ 

(ʤʦʣ%) 

ʉʚʝʪ ɺʨʝʤʷ, ʯ ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜʙ 1, % 

1.  ʌʝʥʦʪʠʘʟʠʥ (5) ʂʃʃ 18 ɼʄʌɸ 10 

2.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ɼʄʌɸ 19 

3.  ʌʝʥʦʪʠʘʟʠʥ (5) 405 ʥʤ 4 ɼʄʌɸ 15 

4.  ʌʝʥʦʪʠʘʟʠʥ (5) 440 ʥʤ 4 ɼʄʌɸ 11 

5.  ʌʝʥʦʪʠʘʟʠʥ (5) 520 ʥʤ 4 ɼʄʌɸ 5 

6.  ʌʝʥʦʪʠʘʟʠʥ (5) 650 ʥʤ 4 ɼʄʌɸ 5 

7.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 1,4-ʜʠʦʢʩʘʥ 18 

8.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 CH3CN 16 

9.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ʊʦʣʫʦʣ 9 

10.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ʊɻʌ 18 

11.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ɼʄɸɸ 23 

12.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 MeOH 2 

13.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 CHCl3 0 

14.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ɼʄʉʆ 9 

15.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 4 ʕʪʠʣʘʮʝʪʘʪ 16 

16.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 18 ɼʄɸɸ 55 

17.  ʌʝʥʦʪʠʘʟʠʥ (5) 365 ʥʤ 18 ɼʄɸɸ 85ʚ 

18.  ʌʝʥʦʪʠʘʟʠʥ (3) 365 ʥʤ 4 ɼʄʌɸ 18 

19.  ʌʝʥʦʪʠʘʟʠʥ (2) 365 ʥʤ 4 ɼʄʌɸ 17 

20.  ʌʝʥʦʪʠʘʟʠʥ (1) 365 ʥʤ 4 ɼʄʌɸ 14 
ʘʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʝʥʟʠʣʘʤʠʥ (0.5 ʤʤʦʣʴ), ʬʝʥʦʪʠʘʟʠʥ (x ʤʦʣ%), ʨʘʩʪʚʦʨʠʪʝʣʴ (2 ʤʣ). ʙɺʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. ʚɺ ʘʪʤʦʩʬʝʨʝ O2 (ʰʘʨʠʢ ʩ O2). 
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ʉʢʨʠʥʠʥʛ ʧʦʣʫʯʝʥʥʳʭ ʦʣʠʛʦʤʝʨʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂʃʃ ʦʢʘʟʘʣʦʩʴ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʌʂ (ʊʘʙʣʠʮʘ 5). ʍʦʪʷ ʦʣʠʛʦʤʝʨʳ 1 ʠ 2 ʦʙʣʘʜʘʶʪ 

ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʰʠʨʦʢʠʡ ʧʨʦʬʠʣʴ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʣʠʥʟʳ ʩ 

ʬʦʢʫʩʠʨʦʚʢʦʡ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʦʪʦʨʝʘʢʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ ʨʘʩʩʝʠʚʘʝʪʩʷ, ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 365 ʥʤ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚʩʝ ʌʂ, ʢʨʦʤʝ ʦʣʠʛʦʤʝʨʘ 2, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʣʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʚʳʭʦʜʘʤʠ ʧʨʦʜʫʢʪʘ 1 ʦʪ 23% ʜʦ 34%. ʈʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʦʣʠʛʦʤʝʨʘʤʠ ʩʪʘʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 405 ʥʤ ʠ 440 ʥʤ ʩʚʝʪʦʜʠʦʜʘʤʠ: 

ʥʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ (57% ʠ 48%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʟʝʣʝʥʳʤ ʩʚʝʪʦʤ (520 ʥʤ) ʪʨʠʤʝʨ ʧʨʦʷʚʠʣ ʦʪʣʠʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩ ʚʳʭʦʜʦʤ 43% ʟʘ 4 ʯ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʝʥʦʪʠʘʟʠʥ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ ʣʠʰʴ 

5%. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʡ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʦʪʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PHT. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʤʝʨ ʠ ʝʛʦ ʦʢʩʠʜ (ʪʘʢʞʝ ʚʳʜʝʣʝʥʥʳʡ 

ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʣʠʟʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʚʳʭʦʜʳ ʠʤʠʥʘ 

ʩʦʩʪʘʚʠʣʠ 22% ʠ 24%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʳʡ ʚʢʣʘʜ ʦʙʝʠʭ ʬʦʨʤ ʚ 

ʩʫʤʤʘʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ; ʚ ʥʝʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʠʷ ʤʦʛʣʠ ʙʳ ʧʨʦʷʚʠʪʴʩʷ ʩʠʣʴʥʝʝ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [187].  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ PHT 365 ʥʤ ʩʚʝʪʦʜʠʦʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʙʝʟ 

ʥʠʭ (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʜʣʷ ʦʣʠʛʦʤʝʨʦʚ 3 ʠ 4) ʧʨʠʚʝʣʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ çʢʦʢʪʝʡʣʷè ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʩʪʦʷʱʝʤ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʜʠʤʝʨʘ, ʪʨʠʤʝʨʘ ʠ ʠʭ 

ʦʢʩʠʜʦʚ. ɺ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʠʣʠ ʙʝʥʟʠʣʘʤʠʥ ʠ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʫʞʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʜʠʦʜʘʤʠ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 520 ʥʤ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʘʢʘʷ ʘʢʪʠʚʘʮʠʷ ʧʦʟʚʦʣʠʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ PHT, 

ʧʦʚʳʰʘʷ ʚʳʭʦʜ ʠʤʠʥʘ 1 ʜʦ 18% (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 5% ʜʣʷ PHT) ʠ ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʚʨʘʱʝʥʠʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʝʪʘ. ɼʘʞʝ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ (650 ʥʤ) ʨʝʘʢʮʠʷ ʰʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʠʛʦʤʝʨʦʚ 1 ʠ 2, ʜʘʚʘʷ 16% ʠ 

12% ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʦʪʷ ʠʩʭʦʜʥʳʡ ʬʝʥʦʪʠʘʟʠʥ ʦʢʘʟʘʣʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʬʦʨʤʳ ʦʣʠʛʦʤʝʨʦʚ 

ʦʙʣʘʜʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ.  

ʊʘʙʣʠʮʘ 5. ʇʦʜʙʦʨ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɺʨʝʤʷ, ʯ ɺʳʭʦʜʙ 1, % 

1.  ʌʝʥʦʪʠʘʟʠʥ ʂʃʃ 18 12 

2.  ʆʣʠʛʦʤʝʨ 1 ʂʃʃ 18 16 

3.  ʆʣʠʛʦʤʝʨ 2 ʂʃʃ 18 14 
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4.  ʆʣʠʛʦʤʝʨ 3 ʂʃʃ 18 13 

5.  ʌʝʥʦʪʠʘʟʠʥ 365 ʥʤ 4 23 

6.  ʆʣʠʛʦʤʝʨ 1 365 ʥʤ 4 32 

7.  ʆʣʠʛʦʤʝʨ 2 365 ʥʤ 4 16 

8.  ʆʣʠʛʦʤʝʨ 3 365 ʥʤ 4 29 

9.  ɼʠʤʝʨ 365 ʥʤ 4 34 

10.  ʊʨʠʤʝʨ 365 ʥʤ 4 32 

11.  ʌʝʥʦʪʠʘʟʠʥ 405 ʥʤ 4 12 

12.  ʆʣʠʛʦʤʝʨ 1 405 ʥʤ 4 33 

13.  ʆʣʠʛʦʤʝʨ 2 405 ʥʤ 4 16 

14.  ʆʣʠʛʦʤʝʨ 3 405 ʥʤ 4 19 

15.  ɼʠʤʝʨ 405 ʥʤ 4 57 

16.  ʊʨʠʤʝʨ 405 ʥʤ 4 48 

17.  ʌʝʥʦʪʠʘʟʠʥ  440 ʥʤ 4 11 

18.  ʆʣʠʛʦʤʝʨ 1 440 ʥʤ 4 25 

19.  ʆʣʠʛʦʤʝʨ 2 440 ʥʤ 4 18 

20.  ʆʣʠʛʦʤʝʨ 3 440 ʥʤ 4 13 

21.  ʌʝʥʦʪʠʘʟʠʥ 520 ʥʤ 4 5 

22.  ʌʝʥʦʪʠʘʟʠʥ ʩ H2O2 520 ʥʤ 4 5 

23.  ʆʣʠʛʦʤʝʨ 4  520 ʥʤ 4 12 

24.  ʆʙʣʫʯʝʥʥʳʡ ʩ O2 ʦʣʠʛʦʤʝʨ 4 520 ʥʤ 4 17 

25.  ʆʙʣʫʯʝʥʥʳʡ ʩ H2O2 ʦʣʠʛʦʤʝʨ 4 520 ʥʤ 4 17 

26.  ʆʙʣʫʯʝʥʥʳʡ ʩ ʧʝʨʩʫʣʴʬʘʪʦʤ 

ʘʤʤʦʥʠʷ ʦʣʠʛʦʤʝʨ 4 

520 ʥʤ 4 18 

27.  ʆʣʠʛʦʤʝʨ 1 520 ʥʤ 4 13 

28.  ʆʣʠʛʦʤʝʨ 2 520 ʥʤ 4 27 

29.  ʆʣʠʛʦʤʝʨ 3 520 ʥʤ 4 7 

30.  ɼʠʤʝʨ 520 ʥʤ 4 22 

31.  ʆʢʩʠʜ ʜʠʤʝʨʘ 520 ʥʤ 4 24 

32.  ʊʨʠʤʝʨ 520 ʥʤ 4 43 

33.  ʌʝʥʦʪʠʘʟʠʥ 650 ʥʤ 4 2 

34.  ʆʣʠʛʦʤʝʨ 1 650 ʥʤ 4 16 

35.  ʆʣʠʛʦʤʝʨ 2 650 ʥʤ 4 12 

36.  ʆʣʠʛʦʤʝʨ 3 650 ʥʤ 4 6 
aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʝʥʟʠʣʘʤʠʥ (0.5 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.025 ʤʤʦʣʴ), ɼʄɸɸ (2 ʤʣ). 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʜʣʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʙʝʥʟʠʣʘʤʠʥ (0.1 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 

(5 ʤʦʣ%, 0.005 ʤʤʦʣʴ) ʠ ɼʄɸɸ (2 ʤʣ). ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. 

ʊʘʙʣʠʮʘ 6. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɺʨʝʤʷ, ʯ ɺʳʭʦʜʙ 1, % 

1.  ʌʝʥʦʪʠʘʟʠʥ 365 ʥʤ 18 85 

2.  ʆʣʠʛʦʤʝʨ 1 365 ʥʤ 18 99 
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3.  ʆʣʠʛʦʤʝʨ 2 365 ʥʤ 18 99 

4.  ʆʣʠʛʦʤʝʨ 3 365 ʥʤ 18 95 

5.  ʆʣʠʛʦʤʝʨ 4 365 ʥʤ 18 99 

6.  ɼʠʤʝʨ 365 ʥʤ 18 99 

7.  ʊʨʠʤʝʨ 365 ʥʤ 18 99 

8.  ʆʣʠʛʦʤʝʨ 1 405 ʥʤ 18 99 

9.  ʆʣʠʛʦʤʝʨ 1 440 ʥʤ 18 99 

10.  ʌʝʥʦʪʠʘʟʠʥ 520 ʥʤ 26 6 

11.  ʆʣʠʛʦʤʝʨ 2 520 ʥʤ 26 96 

12.  ʆʣʠʛʦʤʝʨ 4 520 ʥʤ 26 70 

13.  ɼʠʤʝʨ 520 ʥʤ 26 99 

14.  ʊʨʠʤʝʨ 520 ʥʤ 26 99 

15.  ʆʣʠʛʦʤʝʨ 1 650 ʥʤ 36 99 

16.  ʆʣʠʛʦʤʝʨ 2 650 ʥʤ 36 83 

17.  ʊʨʠʤʝʨ 650 ʥʤ 36 99 
aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʝʥʟʠʣʘʤʠʥ (0.5 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.025 ʤʤʦʣʴ), ɼʄɸɸ (2 ʤʣ), 

ʢʠʩʣʦʨʦʜ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʜʣʷ ʜʠʤʝʨʘ ʠ ʪʨʠʤʝʨʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʙʝʥʟʠʣʘʤʠʥ (0.1 ʤʤʦʣʴ), 

ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.005 ʤʤʦʣʴ), ɼʄɸɸ (2 ʤʣ) ʠ ʢʠʩʣʦʨʦʜ. ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʘ ʪʘʢʞʝ ʦʮʝʥʝʥʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʳʭ ʚʨʝʤʝʥʘʭ ʨʝʘʢʮʠʠ (18 ʯ) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ 

ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʚʳʭʦʜʘ ʚ 85% ʜʣʷ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 365 ʥʤ ʩʚʝʪʦʜʠʦʜʘʤʠ 

(ʊʘʙʣʠʮʘ 6). ʆʣʠʛʦʤʝʨ 1 ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 365ï650 ʥʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ 99% ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ʆʣʠʛʦʤʝʨ 2 ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ 365 ʥʤ ʠ 520 ʥʤ. ɺ ʩʣʫʯʘʝ ʜʠʤʝʨʘ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

365 ʠ 520 ʥʤ, ʘ ʜʣʷ ʪʨʠʤʝʨʘ ï ʧʨʠ ʦʙʣʫʯʝʥʠʠ 365, 520 ʠ 650 ʥʤ ʩ ʚʳʭʦʜʘʤʠ ʠʤʠʥʘ ʜʦ 99%, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. ʆʣʠʛʦʤʝʨ 4, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʬʝʥʦʪʠʘʟʠʥʘ ʧʨʠ 365 ʥʤ, ʧʨʝʚʦʩʭʦʜʠʪ PHT ʧʨʠ 520 ʥʤ (70% 

ʧʨʦʪʠʚ 6%). ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ PHT ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʘʢ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʣʠʛʦʤʝʨʘ 2 ʚ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʤ ʛʝʪʝʨʦʩʦʯʝʪʘʥʠʠ ʙʝʥʟʠʣʘʤʠʥʘ ʠ 

ʙʫʪʠʣʘʤʠʥʘ (ʉʭʝʤʘ 62) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʟʝʣʝʥʳʤ (520 ʥʤ) ʠ ʢʨʘʩʥʳʤ (650 ʥʤ) ʩʚʝʪʦʤ ʚʳʭʦʜʳ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 2 ʩʦʩʪʘʚʠʣʠ 78% ʠ 61%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 7). ɸʢʪʠʚʘʮʠʷ PHT 

ʋʌ ʩʚʝʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʘ 4 ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʘ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʩ ʦʣʠʛʦʤʝʨʦʤ 4 ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ 35% ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʟʝʣʝʥʳʤ ʠ 22% ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʭʦʜʥʳʡ PHT ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʥʝʘʢʪʠʚʝʥ ʜʣʷ ʵʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʋʌ ʘʢʪʠʚʘʮʠʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʥʦʪʠʘʟʠʥʘ.  

 

ʉʭʝʤʘ 62. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ 

ʊʘʙʣʠʮʘ 7. ʇʦʜʙʦʨ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɺʨʝʤʷ, ʯ ɺʳʭʦʜʙ 1, % ɺʳʭʦʜʙ 2, % 

1. - 520 ʥʤ 16 2 ʉʣʝʜʳ 

2. ʌʝʥʦʪʠʘʟʠʥ 520 ʥʤ 36 5 ʉʣʝʜʳ 

3. ʆʣʠʛʦʤʝʨ 2 520 ʥʤ 36 12 78 

4. ʆʣʠʛʦʤʝʨ 4 520 ʥʤ 36 7 35 

5. ʌʝʥʦʪʠʘʟʠʥ 650 ʥʤ 60 2 ʉʣʝʜʳ 

6. ʆʣʠʛʦʤʝʨ 2 650 ʥʤ 60 8 61 

7. ʆʣʠʛʦʤʝʨ 4 650 ʥʤ 60 3 22 

8. ʊʨʠʤʝʨ 650 ʥʤ 36 12 87 
aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʙʝʥʟʠʣʘʤʠʥ (0.5 ʤʤʦʣʴ, ʜʦʙʘʚʣʝʥʠʝ ʧʦ ʢʘʧʣʷʤ), ʙʫʪʠʣʘʤʠʥ (1.5 ʤʤʦʣʴ), 

ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.025 ʤʤʦʣʴ), ɼʄɸɸ (2 ʤʣ), ʢʠʩʣʦʨʦʜ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʜʣʷ ʪʨʠʤʝʨʘ: 

ʙʝʥʟʠʣʘʤʠʥ (0.1 ʤʤʦʣʴ, ʜʦʙʘʚʣʝʥʠʝ ʧʦ ʢʘʧʣʷʤ), ʙʫʪʠʣʘʤʠʥ (0.3 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 

0.005 ʤʤʦʣʴ), ɼʄɸɸ (2 ʤʣ) ʠ ʢʠʩʣʦʨʦʜ. ʙɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʗʄʈ 1H ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʝʪʝʨʦʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʙʝʥʟʠʣʘʤʠʥʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʙʫʪʠʣʘʤʠʥʘ, ʯʪʦʙʳ ʧʦʜʘʚʠʪʴ 

ʧʦʙʦʯʥʫʶ ʨʝʘʢʮʠʶ ʛʦʤʦʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʤʠʥʘ. ʇʦʩʢʦʣʴʢʫ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʙʝʥʟʠʣʘʤʠʥʘ 

ʚʳʰʝ, ʯʝʤ ʫ ʙʫʪʠʣʘʤʠʥʘ, ʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʥʟʠʣʘʤʠʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʫʪʝʤ 

ʨʝʘʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʘʤʠʥʦ-ʛʨʫʧʧʳ ʙʝʥʟʠʣʘʤʠʥʘ ʥʘ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʬʠʣ ï ʠʤʠʥ ʙʝʥʟʠʣʘʤʠʥʘ. ʄʝʜʣʝʥʥʦʝ ʢʘʧʝʣʴʥʦʝ 

ʜʦʙʘʚʣʝʥʠʝ ʙʝʥʟʠʣʘʤʠʥʘ ʢ ʙʫʪʠʣʘʤʠʥʫ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʩ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪ 2.   

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠ ̫ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ 2 ʠ 4 ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʟʝʣʝʥʳʤ ʠ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ ʜʘʚʘʣʦ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 3 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (å30ï60%). ʉʜʚʠʛ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʣʠʛʦʤʝʨʦʚ 2 ʠ 4 ʚ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʦʙʝʩʧʝʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʪʦʡ 

ʨʝʘʢʮʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʝʥʦʪʠʘʟʠʥ ʦʢʘʟʘʣʩʷ ʥʝʘʢʪʠʚʝʥ ʚ ʵʪʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʜʠʦʜʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 520 ʥʤ ʠ 650 ʥʤ (ʊʘʙʣʠʮʘ 8). 
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ʉʭʝʤʘ 63. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ. 

ʊʘʙʣʠʮʘ 8. ʇʦʜʙʦʨ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɺʨʝʤʷ, ʯ ɺʳʭʦʜʙ 3, % 

1. - ɹʝʟ ʩʚʝʪʘ 24 0 

2. - 520 ʥʤ 24 4 

3. ʌʝʥʦʪʠʘʟʠʥ 520 ʥʤ 24 5 

4. ʆʣʠʛʦʤʝʨ 2 520 ʥʤ 24 60 

5. ʆʣʠʛʦʤʝʨ 4 520 ʥʤ 24 36 

6. ʌʝʥʦʪʠʘʟʠʥ 650 ʥʤ 48 2 

7. ʆʣʠʛʦʤʝʨ 2 650 ʥʤ 48 52 

8. ʆʣʠʛʦʤʝʨ 4 650 ʥʤ 48 30 

9. ʊʨʠʤʝʨ 650 ʥʤ 48 57 
aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 4-(ʤʝʪʠʣʪʠʦ)ʘʥʠʣʠʥ (0.25 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 ʤʦʣ%, 0.0125 ʤʤʦʣʴ), MeOH 

(2 ʤʣ), ʢʠʩʣʦʨʦʜ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʜʣʷ ʪʨʠʤʝʨʘ: 4-(ʤʝʪʠʣʪʠʦ)ʘʥʠʣʠʥ (0.1 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5 

ʤʦʣ%, 0.005 ʤʤʦʣʴ), MeOH (2 ʤʣ) ʠ ʢʠʩʣʦʨʦʜ. ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʗʄʈ 1H ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ʈʘʟʣʠʯʥʳʝ ʦʣʠʛʦʤʝʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʪʠʘʟʠʥʘ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʧʨʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. 

ʇʨʦʜʫʢʪʳ 1-3 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ (ʚʳʭʦʜʳ 58-94%, ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ ʠʤʝʶʪ çʢʦʢʪʝʡʣʴʥʫʶè ʧʨʠʨʦʜʫ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʏʪʦʙʳ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ ʩʚʝʪʘ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʞʠʤʝ operando (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʧʠʩʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɼʣʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨʳ ʬʝʥʦʪʠʘʟʠʥʘ ʩ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʦʡ 

TEMPO (2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣ) ʚ ɼʄɸɸ ʠ ʤʝʪʘʥʦʣʝ (ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʡ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ) ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠ ʧʦʤʝʱʝʥʳ 

ʚ ʧʨʦʙʠʨʢʫ ʐʣʝʥʢʘ, ʠʟ ʢʦʪʦʨʦʡ ʧʦ ʢʘʧʠʣʣʷʨʫ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʦʜʘʚʘʣʘʩʴ ʚ ʠʦʥʠʟʘʮʠʦʥʥʫʶ 

ʢʘʤʝʨʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʙʠʨʢʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘʜ 

ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ. ɺʥʘʯʘʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʚ ʨʝʞʠʤʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʩʚʝʪʦʜʠʦʜʝ, ʘ ʟʘʪʝʤ ʧʨʦʜʦʣʞʠʣʠ ʨʝʛʠʩʪʨʘʮʠʶ, ʚʢʣʶʯʠʚ 

ʝʛʦ. 
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ʉʭʝʤʘ 64. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʦʪʠʘʟʠʥʘ (PHT). 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʧʨʦʙʠʨʢʠ ʐʣʝʥʢʘ ʩ ʨʘʩʪʚʦʨʦʤ ʬʝʥʦʪʠʘʟʠʥʘ ʠ TEMPO ʚ ɼʄɸɸ ʠʣʠ 

ʤʝʪʘʥʦʣʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʥʪʝʨʤʝʜʠʘʪʳ ʩ m/z 355.18 ʠ m/z 371.17, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʘʜʜʫʢʪʘʤ ʬʝʥʦʪʠʘʟʠʥʘ ʩ TEMPO ʠ ʦʢʩʠʜʘ ʬʝʥʦʪʠʘʟʠʥʘ ʩ TEMPO, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 16-17. ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʘ ʵʪʠ ʠʦʥʳ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʚʝʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ 

ʬʝʥʦʪʠʘʟʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ ʦʙʣʫʯʝʥʠʷ (ʉʭʝʤʘ 64). 

 
ʈʠʩʫʥʦʢ 16. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʚʳʜʝʣʝʥʥʦʤʫ ʠʦʥʫ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʘʜʜʫʢʪʦʚ ʬʝʥʦʪʠʘʟʠʥʘ 

ʩ TEMPO ʚ ɼʄɸɸ, m/z 355.18 (ʦʨʘʥʞʝʚʳʡ) ʠ m/z 371.17 (ʩʠʥʠʡ). 
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ʈʠʩʫʥʦʢ 17. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʚʳʜʝʣʝʥʥʦʤʫ ʠʦʥʫ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʘʜʜʫʢʪʦʚ ʬʝʥʦʪʠʘʟʠʥʘ 

ʩ TEMPO ʚ MeOH, m/z 355.18 (ʢʨʘʩʥʳʡ) ʠ m/z 371.17 (ʟʝʣʝʥʳʡ). 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʤʝʭʘʥʠʟʤʝ ʨʘʙʦʪʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʥʝ ʢ ʧʦʪʝʨʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ, ʥʘʦʙʦʨʦʪ, 

ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʰʠʨʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ 

ʬʝʥʦʪʠʘʟʠʥʘ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʜʫʢʪʠʚʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠ ̫ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ çʢʦʢʪʝʡʣʷè ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʜʠʤʝʨʦʚ, ʪʨʠʤʝʨʦʚ, ʦʣʠʛʦʤʝʨʦʚ 

ʠ ʠʭ ʦʢʩʠʜʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʜʘʥʥʳʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ, ʣʝʞʘʱʠʡ ʚ 

ʦʩʥʦʚʝ ʫʣʫʯʰʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʘʤʠʥʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ. çʂʦʢʪʝʡʣʴè ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʣʘʜʘʝʪ ʩʦʚʝʨʰʝʥʥʦ 

ʠʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ PHT, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ï ʦʪ ʋʌ ʜʦ ʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ.  

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʜʚʝʨʞʝʥʳ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʙʦʨʦʪʴʩʷ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʩʪʘʥʦʚʠʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʚ ʘʢʪʠʚʥʳʝ 

ʬʦʨʤʳ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʚʨʘʱʝʥʠʷ ʌʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʬʦʪʦʥʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 
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2.2 ʌʦʪʦʘʢʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ Pd/NHC ʩ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 
 

ʉʣʝʜʫʶʱʠʤ ʣʦʛʠʯʥʳʤ ʰʘʛʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʬʝʥʦʪʠʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʜʨʫʛʠʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʦʪʦʨʝʜʦʢʩ 

ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʦʛʨʦʤʥʳʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʣʝʢʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʘ 

ʜʣʷ ʪʘʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ ʚʳʙʨʘʥ ʧʘʣʣʘʜʠʡ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʪʢʨʳʚʘʶʪ ʜʦʩʪʫʧ ʢ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʩ ʥʠʤʠ ʪʨʝʙʫʶʪ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ ʠ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʣʣʘʜʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʯʪʦ ʜʘʝʪ ʙʦʣʴʰʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ [188ï192]. 

ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʩʪʘʣʦ ʧʨʠʜʘʥʠʝ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʰʠʨʦʢʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ Pd/NHC ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ, ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʩʠʯʝʩʢʠʡ Pd/NHC ʬʨʘʛʤʝʥʪ 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥ ʩ ʬʦʪʦʘʢʪʠʚʥʳʤ ʬʝʥʦʪʠʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʉʭʝʤʘ 65). 

ʉ ʮʝʣʴʶ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʳʣʠ 

ʧʨʦʚʘʨʴʠʨʦʚʘʥʳ ʦʙʲʝʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʠʤʠʜʘʟʦʣʝ, ʣʠʛʘʥʜʳ ʧʨʠ ʧʘʣʣʘʜʠʠ, ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ 

ʬʝʥʦʪʠʘʟʠʥʝ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʧʦʩʦʙʫ ʩʚʷʟʳʚʘʥʠʷ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʩ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʤ ï ʣʠʙʦ ʯʝʨʝʟ ʛʠʙʢʠʡ ʤʝʪʠʣʝʥʦʚʳʡ ʤʦʩʪʠʢ, ʣʠʙʦ ʯʝʨʝʟ ʞʝʩʪʢʦʝ ʙʝʥʟʦʣʴʥʦʝ 

ʢʦʣʴʮʦ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠ ʵʣʝʢʪʨʦʥʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʦʚʳʭ Pd/NHC ʢʦʤʧʣʝʢʩʦʚ 

ʠʤʝʶʪ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʷʜʝ ʤʦʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʯʪʦ 

ʨʘʩʰʠʨʷʝʪ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʙʦʨ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʘʥʘʣʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʰʪʘʙʥʫʶ ʟʘʜʘʯʫ, ʚʳʭʦʜʷʱʫʶ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʢʦʤʧʣʝʢʩʳ Pd-1ɹ ʠ Pd-2ɹ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʠʣʠ ʥʘʠʣʫʯʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʤʦʜʝʣʴʥʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC ʢʦʤʧʣʝʢʩʦʚ.  



83 
 

 

ʉʭʝʤʘ 65. ʉʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ Pd/NHC ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟ ʬʝʥʦʪʠʘʟʠʥʘ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʨʦʠʟʚʦʜʥʦʝ 4 ʧʦ ʨʝʘʢʮʠʠ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʩ ʭʣʦʨʘʮʝʪʠʣʭʣʦʨʠʜʦʤ, ʘ ʠʟ ʤʝʟʠʪʠʣʘʤʠʥʘ 5 ï ʧʨʦʠʟʚʦʜʥʦʝ ʠʤʠʜʘʟʦʣʘ 6 ʧʦ 

ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʛʣʠʦʢʩʘʣʝʤ (ʉʭʝʤʘ 66). ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ 6, ʠ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 7 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʚʳʭʦʜʦʤ 88%. ʉʦʣʴ 7 ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

ʚʳʧʘʜʘʣʘ ʩ ʦʩʘʜʦʢ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʣʦ ʧʨʦʮʝʜʫʨʫ, ʠ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʠ ʩʫʰʢʦʡ. ʅʘʢʦʥʝʮ, ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʣʠʛʘʥʜ NHC 7 ʜʘʚʘʣ ʮʝʣʝʚʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ Pd/NHC ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʘʣʣʘʜʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʧʘʣʣʘʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʤʝʪʘʣʣʘ ʢʦʤʧʣʝʢʩ Pd-1ɹ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʚʳʭʦʜʦʤ 75%, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʠ 

ʭʣʦʨʠʜʘ ʧʘʣʣʘʜʠʷ, ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʠ ʧʠʨʠʜʠʥʘ ʢʦʤʧʣʝʢʩ Pd-2ɹ ï ʩ ʚʳʭʦʜʦʤ 85%. ʉʪʨʫʢʪʫʨʘ 

ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (ʈʠʩʫʥʦʢ 18). 
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ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʪʨʝʙʦʚʘʣʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. 

 

ʉʭʝʤʘ 66. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ Pd-1ɹ ʠ Pd-2ɹ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Pd-

1ɹ ʠ Pd-2ɹ (ʈʠʩʫʥʢʠ 19-21, ʊʘʙʣʠʮʘ 9). ɺ ʨʘʩʪʚʦʨʝ MeCN ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʩʠʣʴʥʦ ʧʦʛʣʦʱʘʶʪ 

ʩʚʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 200-360 ʥʤ; ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʤʘʢʩʠʤʫʤʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠ 330 ʥʤ 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʠ ʧʨʠ 324 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-2ɹ (ʈʠʩʫʥʢʠ 19-20). ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ (Ů) ʜʣʷ ʵʪʠʭ ʧʦʣʦʩ ʩʦʩʪʘʚʣʷʶʪ 5460 MĬʩʤ1 (ʢʦʤʧʣʝʢʩ Pd-

1ɹ) ʠ 2770 MĬʩʤ1 (ʢʦʤʧʣʝʢʩ Pd-2ɹ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

S0ŸS1 (ʦʩʥʦʚʥʦʝ ʠ ʧʝʨʚʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-2ɹ, ʯʪʦ ʤʦʞʝʪ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʠʣʳ 

ʦʩʮʠʣʣʷʪʦʨʘ (f), ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ.  
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ʈʠʩʫʥʦʢ 18. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ Pd-1ɹ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 19. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ (ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʌʃ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-

1ɹ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 320 ʥʤ. 

 

ʈʠʩʫʥʦʢ 20. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ (ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʌʃ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-

2ɹ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 320 ʥʤ. 
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ʈʠʩʫʥʦʢ 21. ɿʘʪʫʭʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 340 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-2ɹ (1) ʠ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ (2). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʫʩʢʘʥʠʷ ʫ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʣʘʙʘʷ, ʩ ʮʝʥʪʨʦʤ ʦʢʦʣʦ 450 ʥʤ; ʧʦʣʥʘʷ 

ʰʠʨʠʥʘ ʧʠʢʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ (FWHM) ʩʦʩʪʘʚʣʷʝʪ 91 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʠ 75 ʥʤ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ Pd-2ɹ. ɺ ʙʝʩʢʠʩʣʦʨʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʧʨʦʜʫʚʢʘ Ar) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʫʩʢʘʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 30%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʪʥʫʶ ʧʨʠʨʦʜʫ ʩʠʛʥʘʣʘ. ɹʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ ï 7900 ʩʤ ĭ ʠ 8590 ʩʤ ĭ ï ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ ʚʳʚʦʜ. 

ʉʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʠʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 

ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʈʠʩʫʥʦʢ 21): ʙʳʩʪʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (~1.0-1.5 ʥʩ) ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠʤʝʝʪ ʚʨʝʤʷ ʞʠʟʥʠ 7.5 ʥʩ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʠ 4.0 ʥʩ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-2ɹ ʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʘ ʩ ʨʝʣʘʢʩʘʮʠʝʡ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ). ɹʳʩʪʨʘʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʨʝʣʘʢʩʘʮʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʣʝʢʫʣʳ.  

ʊʘʙʣʠʮʘ 9. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʝʜʠʥʝʥʠʡ Pd-1ɹ ʠ Pd-2ɹ: ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʦʩʳ (ɚabs), ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʣʷʨʥʘʷ ʵʢʩʪʠʥʢʮʠʷ ʜʣʷ ʵʪʦʡ 

ʧʦʣʦʩʳ (Ů), ʩʠʣʘ ʦʩʮʠʣʣʷʪʦʨʘ (f), ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ (ɚem), ʩʪʦʢʩʦʚ ʩʜʚʠʛ (æɜ), 

ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʤʧʣʠʪʫʜʘʤʠ (A i) ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ 

(Űave). 

ʉʦʝʜʠʥʝʥʠʝ ɚabs 

(ʥʤ) 

e Ĭ103 

(ʤʦʣĬl-1Ĭʩʤ-1) 

f ɚem 

(ʥʤ) 

ȹɜ 

(ʩʤ-1) 

Ű1 

(ʥʩ) 

Ű2 

(ʥʩ) 

A1 A2
 Űave 

(ʥʩ) 

Pd-1ɹ 330 5460 0.57 447 7930 1.5 7.5 0.9 0.1 2.1 

Pd-2ɹ 324 2770 0.07 449 8590 1.0 4.0 0.88 0.15 1.4 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘ ̫ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ Pd/NHC 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʘʤʠʥʘʤʠ ʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʥʦʡ ʩʚʷʟʠ 

ï  ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ [193ï198]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜ (8) ʠ 

ʧʠʨʨʦʣʠʜʠʥ (9) (ʊʘʙʣʠʮʘ 10). ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʭʦʜ rʧʨʦʜʫʢʪʘ 

10 ʩʦʩʪʘʚʠʣʠ ʚʩʝʛʦ 5-6%. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ ʘʤʠʜ 10 ʥʝ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʚʝʪʘ ʚ ʠʟʫʯʘʝʤʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʣʶʯʝʚʦʡ ʨʦʣʴʶ 

ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʨʝʘʢʮʠʠ. ʊʘʢʞʝ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʣʘ ʚ ʩʣʫʯʘʝ ʜʦʙʘʚʢʠ 

ʜʠʙʫʪʠʣʛʠʜʨʦʢʩʠʪʦʣʫʦʣʘ (BHT) ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 

15% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-

ʠʣ)ʦʢʩʠʣʘ (TEMPO), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʨʘʜʠʢʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ Pd/NHC (IMesPd(acac)Cl), ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ 

ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʜʘʣʦ ʟʥʘʯʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʚʳʭʦʜ ʩʥʠʟʠʣʩʷ ʜʦ 5%, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʪʦʘʢʪʠʚʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʟʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ ʥʝʘʢʪʠʚʝʥ ʚ ʨʝʘʢʮʠʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 10 ɺʪ 395 ʥʤ 

ʩʚʝʪʦʜʠʦʜʘʤʠ. ɼʘʣʝʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ PHT ʠ ʝʛʦ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʭʦʜʘʤ ʧʨʦʜʫʢʪʘ 10 ʚ 27% ʠ 20%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʥʦʪʠʘʟʠʥʘ ʚ 

ʠʟʫʯʘʝʤʦʡ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Pd/NHC. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʣʠʛʘʥʜʘ 7 ʠ ʝʛʦ ʩʤʝʩʠ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ ʧʘʣʣʘʜʠʷ ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʊʘʙʣʠʮʘ 10. ʂʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ ʉʚʝʪ ɼʦʙʘʚʢʘ ɺʨʝʤʷ, ʯ ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜʙ, % 

1.  Pd-1ɹ ɹʝʟ ʩʚʝʪʘ ʅʝʪ 12 ɼʄʌɸ 0 

2.  Pd-1ɹ ʉʦʣʥʝʯʥʳʡ 

ʩʚʝʪ 

ʅʝʪ 12 ɼʄʌɸ 0 

3.  Pd-1ɹ 3 ɺʪ, 365 ʥʤ ʉʨʝʜʘ 

Ar 

12 ɼʄʌɸ 0 

4.  Pd-1ɹ 3 ɺʪ, 365 ʥʤ 2 ʵʢʚ. 

BHTʚ 

12 ɼʄʌɸ 0 

5.  Pd-1ɹ 3 ɺʪ, 365 ʥʤ 2 ʵʢʚ. 

TEMPOʛ 
12 ɼʄʌɸ 15 

6.  Pd-1ɹ 3 ɺʪ, 365 ʥʤ Ar 12 ɼʄʌɸ 0 

7.  ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 10 ɺʪ, 395 ʥʤ ʅʝʪ 12 ɼʄʌɸ 6 

8.  ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 3 ɺʪ, 365 ʥʤ ʅʝʪ 12 ɼʄʌɸ 5 

9.  IMesPd(acac)Cl 10 ɺʪ, 395 ʥʤ ʅʝʪ 12 ɼʄʌɸ 5 

10.  Pd(OAc)2 10 ɺʪ, 395 ʥʤ ʅʝʪ 12 ɼʄʌɸ 0 
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11.  ʌʝʥʦʪʠʘʟʠʥ 10 ɺʪ, 395 ʥʤ ʅʝʪ 24 ɼʄʌɸ 16 

12.  ʌʝʥʦʪʠʘʟʠʥ 3 ɺʪ, 365 ʥʤ ʅʝʪ 12 ɼʄʌɸ 27 

13.  ʌʝʥʦʪʠʘʟʠʥ 26 ɺʪ ʂʃʃ ʅʝʪ 24 ɼʄʌɸ 8 

14.  ʌʝʥʦʪʠʘʟʠʥ, 

Pd(acac)2 
ʜ 

10 ɺʪ, 395 ʥʤ ʅʝʪ 24 ɼʄʌɸ 13 

15.  ʌʝʥʦʪʠʘʟʠʥ, 

Pd(acac)2 
ʜ 

3 ɺʪ, 365 ʥʤ ʅʝʪ 12 ɼʄʌɸ 20 

16.  ʌʝʥʦʪʠʘʟʠʥ, 

Pd(acac)2
 ʜ 

26 ɺʪ ʂʃʃ ʅʝʪ 24 ɼʄʌɸ 5 

17.  ʇʨʦʣʠʛʘʥʜ 7 3 ɺʪ, 365 ʥʤ 2 ʵʢʚ. 

Cs2CO3 

12 ɼʄʌɸ 0 

18.  ʇʨʦʣʠʛʘʥʜ 7, 

Pd(acac)2
ʝ 

3 ɺʪ, 365 ʥʤ 2 ʵʢʚ. 

Cs2CO3 

12 ɼʄʌɸ 0 

aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜ (0.1 ʤʤʦʣʴ), ʧʠʨʨʦʣʠʜʠʥ (3 ʵʢʚ., 0.3 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 

(0.005 ʤʤʦʣʴ), ɼʄʌɸ (2 ʤʣ), ʚʦʟʜʫʭ. ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. ʚBHT = 

ʙʫʪʠʣʠʨʦʚʘʥʥʳʡ ʛʠʜʨʦʢʩʠʪʦʣʫʦʣ, ʨʘʜʠʢʘʣʴʥʘʷ ʣʦʚʫʰʢʘ. ʛTEMPO = (2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣ, ʨʘʜʠʢʘʣʴʥʘʷ ʣʦʚʫʰʢʘ.  ʜʌʝʥʦʪʠʘʟʠʥ (0.005 ʤʤʦʣʴ), Pd(acac)2 

(0.005 ʤʤʦʣʴ). ʝʇʨʦʣʠʛʘʥʜ 7 (0.005 ʤʤʦʣʴ), Pd(acac)2 (0.005 ʤʤʦʣʴ). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʂʃʃ ʤʦʱʥʦʩʪʴʶ 26 ɺʪ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ 38%, ʘ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 48 ʯʘʩʦʚ (ʊʘʙʣʠʮʘ 11). ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʩʚʝʪʦʜʠʦʜʘʤʠ ʤʦʱʥʦʩʪʴʶ 10 ɺʪ ʠ 20 ɺʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 395 ʥʤ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʚʳʭʦʜʳ 

ʩʦʩʪʘʚʠʣʠ 56% ʠ 72%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ Pd-1ɹ ʠ Pd-2ɹ. ʆʧʪʠʤʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʢʘʟʘʣʘ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠ 5 ʤʦʣ.%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʝ ʚʳʭʦʜʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʣʫʯʰʝʡ ʩʦʣʴʚʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʦʣʫʦʣʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 27%. ʇʨʠ ʟʘʤʝʥʝ ʪʦʣʫʦʣʘ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚʳʭʦʜ ʦʩʪʘʚʘʣʩʷ ʥʠʟʢʠʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʨʝʜʥʠʝ ʧʦʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 1,4-ʜʠʦʢʩʘʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʊɻʌ 

ʫʚʝʣʠʯʠʣʦ ʚʳʭʦʜ ʜʦ 62% ʠ 74% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩ Pd-2ɹ ʙʳʣ ʘʢʪʠʚʝʥ ʚ ʨʝʘʢʮʠʠ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʥʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʥʠʟʠʣʩʷ ʜʦ 73%, ʯʪʦ ʦʪʣʠʯʥʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʇʦʩʣʝ ʩʢʨʠʥʠʥʛʘ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʠ ʦʙʣʫʯʝʥʠʝ ʋʌ ʩʚʝʪʦʜʠʦʜʘʤʠ (365 ʥʤ) ʤʦʱʥʦʩʪʴʶ 3 ɺʪ ʚ 

ʪʝʯʝʥʠʝ 12 ʯ ʚ ɼʄʌɸ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ 93%. 

ʊʘʙʣʠʮʘ 11. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ.ʘ 

ˉ ʂʘʪʘʣʠʟʘʪʦʨ, 

(ʤʦʣ%) 

ʉʚʝʪ ɺʨʝʤʷ, ʯ ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜʙ, % 

1.  Pd-1ɹ (5) 26 ɺʪ CFL 12 ɼʄʌɸ 15 

2.  Pd-1ɹ (5) 26 ɺʪ CFL 48 ɼʄʌɸ 38 

3.  Pd-1ɹ (5) 10 ɺʪ, 395 ʥʤ 4 ɼʄʌɸ 15 
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4.  Pd-1ɹ (5) 10 ɺʪ, 395 ʥʤ 8 ɼʄʌɸ 46 

5.  Pd-1ɹ (5) 10 ɺʪ, 395 ʥʤ 12 ɼʄʌɸ 56 

6.  Pd-1ɹ (5) 10 ɺʪ, 395 ʥʤ 24 ɼʄʌɸ 68 (65ʚ) 

7.  Pd-1ɹ (5) 20 ɺʪ, 395 ʥʤ 8 ɼʄʌɸ 49 

8.  Pd-1ɹ (5) 20 ɺʪ, 395 ʥʤ 12 ɼʄʌɸ 72 

9.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 8 ɼʄʌɸ 70 

10.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 93 (90ʚ) 

11.  Pd-2ɹ (5) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 73 

12.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 ʊɻʌ 74 

13.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 1,4-ʜʠʦʢʩʘʥ 62 

14.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 CH3CN 33 

15.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 ʊʦʣʫʦʣ 27 

16.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 12 DMA 81 

17.  Pd-1ɹ (5) 3 ɺʪ, 365 ʥʤ 14 ɼʄʌɸ 93 

18.  Pd-1ɹ (3) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 73 

19.  Pd-1ɹ (2) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 51 

20.  Pd-1ɹ (1) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 43 

21.  Pd-1ɹ (0.5) 3 ɺʪ, 365 ʥʤ 12 ɼʄʌɸ 41 
ʘʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜ (0.1 ʤʤʦʣʴ), ʧʠʨʨʦʣʠʜʠʥ (3 ʵʢʚ., 0.3 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 

(5ʤʦʣ%, 0.005 ʤʤʦʣʴ), ʨʘʩʪʚʦʨʠʪʝʣʴ (2 ʤʣ). ʙɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. 

ʚɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜ (0.5 ʤʤʦʣʴ), ʧʠʨʨʦʣʠʜʠʥ 

(3 ʵʢʚ., 1.5 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (5ʤʦʣ%, 0.025 ʤʤʦʣʴ), ɼʄʌɸ (2 ʤʣ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʝʘʢʮʠʷ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʘʤʠʜʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʨʘʩʰʠʨʝʥʥʦʤ ʥʘʙʦʨʝ ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʘʣʴʜʝʛʠʜʳ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ (ʈʠʩʫʥʦʢ 22).  

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ ʩ ʵʣʝʢʪʨʦʥʥʦ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʝʘʛʠʨʦʚʘʣʠ ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 92%), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʜʦʥʦʨʥʦ ʟʘʤʝʱʝʥʥʳʭ ʘʣʴʜʝʛʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʜʦ 26%; ʜʣʷ ʤʝʪʘ ʟʘʤʝʱʝʥʥʦʛʦ ʜʦʥʦʨʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚʳʭʦʜ ʙʳʣ ʩʨʝʜʥʠʤ (46%) 

(ʈʠʩʫʥʦʢ 22). ʅʘʣʠʯʠʝ ʛʘʣʦʛʝʥʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ ʦʢʘʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ: ʭʣʦʨʟʘʤʝʱʝʥʥʳʡ ʘʣʴʜʝʛʠʜ ʨʝʘʛʠʨʦʚʘʣ ʩ ʚʳʭʦʜʦʤ ʧʨʦʜʫʢʪʘ 90%, ʪʦʛʜʘ ʢʘʢ 

ʙʨʦʤ  ʠ ʠʦʜ ʟʘʤʝʱʝʥʥʳʝ ʘʣʴʜʝʛʠʜʳ ʥʝ ʨʝʘʛʠʨʦʚʘʣʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʙʦʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ C-ʛʘʣʦʛʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʷ, ʧʦʩʢʦʣʴʢʫ ArBr ʠ ArI ʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʯʝʤ ArCl [199]. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ˊ ʩʠʩʪʝʤʦʡ 

(ʥʘʧʨʠʤʝʨ, ʘʥʪʨʘʮʝʥ 9 ʢʘʨʙʘʣʴʜʝʛʠʜ ʠ 4 (ʬʝʥʠʣʵʪʠʥʠʣ)ʙʝʥʟʘʣʴʜʝʛʠʜ) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʧʠʨʨʦʣʠʜʠʥʦʤ ʜʘʚʘʣʠ ʘʤʠʜʳ 25 ʠ 27 ʩ ʚʳʭʦʜʘʤʠ 77% ʠ 74%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (77ï87%). ʈʝʘʢʮʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʘʢʨʠʜʠʥʘ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 
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ʧʨʦʮʝʩʩʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʣʫʞʠʪ ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ [200ï202]. 

 

ʈʠʩʫʥʦʢ 22. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʚʳʭʦʜʳ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʘʀʩʧʦʣʴʟʦʚʘʣʩʷ ʢʠʩʣʦʨʦʜʥʳʡ ʰʘʨʠʢ. ʙɺʳʭʦʜ ʜʣʷ ʨʝʘʢʮʠʠ ʩ 

ʟʘʛʨʫʟʢʦʡ 5 ʤʤʦʣʴ ʘʣʴʜʝʛʠʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʜʦʩʪʠʛʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʘʤʠʥʳ ʙʳʣʠ ʩʢʣʦʥʥʳ 

ʚʩʪʫʧʘʪʴ ʚ ʧʦʙʦʯʥʫʶ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʘʣʴʜʝʛʠʜʦʤ. ʎʠʢʣʠʯʝʩʢʠʝ 

ʘʤʠʥʳ ʩ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ ʮʠʢʣʘ ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ (66ï90%). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʥʘ, ʪʘʢʦʛʦ ʢʘʢ ʜʠʤʝʪʠʣʘʤʠʥ, ʜʘʚʘʣʦ 
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ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 85%. ʇʝʨʚʠʯʥʳʝ ʘʤʠʥʳ ʥʝ ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʘʤʠʜʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ. ʈʝʘʢʮʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʘʤʠʜʘʤʠ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʰʘʥʥʳʭ ʘʤʠʜʦʚ (33ï36) ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (62ï92%). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʝʘʢʮʠʠ ʩ ʪʝʨʝʬʪʘʣʝʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʢʠʩʣʦʨʦʜʦʤ. ʅʘ ʚʦʟʜʫʭʝ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʦʜʥʦʡ ʬʦʨʤʠʣʴʥʦʡ ʛʨʫʧʧʝ (ʧʨʦʜʫʢʪ 21), ʪʦʛʜʘ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ï ʩʨʘʟʫ 

ʧʦ ʜʚʫʤ ʛʨʫʧʧʘʤ (ʧʨʦʜʫʢʪ 34).  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʵʬʠʨʳ ʤʝʥʪʦʣʘ 

ʠ ʛʝʨʘʥʠʦʣʘ ʩ 4 ʬʦʨʤʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ (ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɿʘʪʝʤ ʵʪʠ ʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʧʠʨʨʦʣʠʜʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ (ʈʠʩʫʥʦʢ 22, 

ʩʦʝʜʠʥʝʥʠʷ 37ï38). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʠʜʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ: 62% 

(ʧʨʦʠʟʚʦʜʥʦʝ ʤʝʥʪʦʣʘ) ʠ 71% (ʧʨʦʠʟʚʦʜʥʦʝ ʛʝʨʘʥʠʦʣʘ). ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʨʝʘʢʮʠʠ. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩ ʟʘʛʨʫʟʢʦʡ ʘʣʴʜʝʛʠʜʘ 5 ʤʤʦʣʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 13 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (0.9 ʛ, 82%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʦʪʦʘʢʪʠʚʥʳʝ Pd/NHC ʢʦʤʧʣʝʢʩʳ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʘʤʠʜʦʚ (29 ʧʨʠʤʝʨʦʚ), ʚʢʣʶʯʘʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʢʨʘʩʠʪʝʣʠ ʠ 

ʧʨʠʨʦʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʙʳʣ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʘʢ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ, ʋʌ-ʚʠʜʠʤʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʠ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ (DFT). ʄʦʥʠʪʦʨʠʥʛ ʟʘʭʚʘʯʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʦʬʣʘʡʥ ʠ ʦʥʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʤʦʛ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ [203]. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩ 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʤ (8), ʧʠʨʨʦʣʠʜʠʥʦʤ (9), IMesPd(acac)Cl ʠ 

TEMPO ʚ ɼʄʌɸ ʦʙʣʫʯʘʣʠ (365 ʥʤ) ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʘʣʠʢʚʦʪʫ ʦʪʙʠʨʘʣʠ ʚ ʥʘʯʘʣʝ ʨʝʘʢʮʠʠ ʠ ʯʝʨʝʟ 

1 ʯʘʩ ʦʙʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʉʭʝʤʘ 67). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʦʬʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠʢʘʢʠʭ ʧʘʣʣʘʜʠʝʚʳʭ ʘʜʜʫʢʪʦʚ ʩ 

TEMPO, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʥʦʪʠʘʟʠʥʦʤ ʢʦʤʧʣʝʢʩ IMesPd(acac)Cl ʥʝ 

ʛʝʥʝʨʠʨʫʝʪ ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʩ ʧʘʣʣʘʜʠʝʤ. 
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ʉʭʝʤʘ 67. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʦʬʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ IMesPd(acac)Cl. 

 ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʘʣʣʘʜʠʝʚʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʧʦʣʫʯʘʶʱʠʤʠʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ 

ʢʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ H2O2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʢʘʣʦʚ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʣʣʘʜʠʝʚʳʝ ʨʘʜʠʢʘʣʴʥʳʝ 

ʯʘʩʪʠʮʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ (ʉʭʝʤʘ 68).  

 

ʉʭʝʤʘ 68. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʦʬʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ IMesPd(acac)Cl ʠ H2O2. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ IMesPd(acac)Cl ʠ PHT ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ (ʉʭʝʤʘ 69). 

ʇʦʩʨʝʜʩʪʚʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʦʚ 

Pd(I) ʠ Pd(III) ʩ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʦʡ TEMPO, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʬʝʥʦʪʠʘʟʠʥʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ (ʈʠʩʫʥʢʠ 23-26). 

 

ʉʭʝʤʘ 69. ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʦʬʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ IMesPd(acac)Cl ʠ ʬʝʥʦʪʠʘʟʠʥʦʤ 

(PHT). 
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ʈʠʩʫʥʦʢ 23. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[IMesPd+TEMPO] ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 69); ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʧʠʢ m/z = 566.2364 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C30H42N3OPd = 566.2369 ɼʘ, ȹ = 0.8 ʤ.ʜ. 

 

ʈʠʩʫʥʦʢ 24. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[IMesPd+ʧʠʨʨʦʣʠʜʠʥ+TEMPO] ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 69); 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 635.2940 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C34H49N4OPd = 635.2948 ɼʘ, ȹ = 1.3 

ʤ.ʜ. 
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ʈʠʩʫʥʦʢ 25. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[IMesPd(acac)+TEMPO] ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 69); 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 666.2889 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C35H50N3O3Pd = 666.2895 ɼʘ, ȹ = 

0.9 ʤ.ʜ. 

 

ʈʠʩʫʥʦʢ 26. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[IMesPd(acac)+ʧʠʨʨʦʣʠʜʠʥ+TEMPO] ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 69); 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 735.3457 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C39H57N4O3Pd = 735.3474 ɼʘ, ȹ = 

2.3 ʤ.ʜ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ 

ʬʝʥʦʪʠʘʟʠʥʦʤ ʠ ʩʦ ʩʤʝʩʴʶ PHT ʠ IMesPd(acac)Cl ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 70). ɺʳʭʦʜ 

ʧʨʦʜʫʢʪʘ 10 ʩʦʩʪʘʚʠʣ 25% ʜʣʷ ʬʝʥʦʪʠʘʟʠʥʘ ʠ 17% ʜʣʷ ʩʤʝʩʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, 

ʦʜʥʘʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʣ 93%. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ 

ʨʘʜʠʢʘʣʴʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ ʚ ʩʣʫʯʘʝ ʜʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʘ Pd-1ɹ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 

ʩʤʝʩʠ ʬʝʥʦʪʠʘʟʠʥʘ ʠ ʥʝʬʦʪʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ IMesPd(acac)Cl. 
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ʉʭʝʤʘ 70. ʂʦʥʪʨʦʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʬʝʥʦʪʠʘʟʠʥʦʤ ʠ ʩʤʝʩʴʶ PHT ʠ 

IMesPd(acac)Cl. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʢʘʪʘʣʠʟʘʪʦʨ Pd-1ɹ ʙʳʣ ʠʥʛʠʙʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ CS2 (ʉʭʝʤʘ 71, 

ʊʘʙʣʠʮʘ 12). ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʜʝʘʢʪʠʚʘʮʠʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʳʭ 

ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʦʤʦʛʝʥʥʳʤ ʠ ʛʝʪʝʨʦʛʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤʠ ʚ ʢʘʪʘʣʠʟʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [204, 205]. ʅʝʩʝʣʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ CS2, ʩʧʦʩʦʙʥʳ ʧʨʦʯʥʦ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦʜʝʨʞʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʰʴ ʯʘʩʪʴ ʘʪʦʤʦʚ ʘʢʪʠʚʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʦʣʥʦʡ ʜʝʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʝʙʫʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉS2.  

 

ʉʭʝʤʘ 71. ʂʦʥʪʨʦʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩ CS2. 

ʊʘʙʣʠʮʘ 12. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ CS2.
ʘ 

ˉ CS2, (ʵʢʚ.)ʙ ʉʚʝʪ ɺʨʝʤʷ, ʯ ʈʘʩʪʚʦʨʠʪʝʣ

 ɹ

ɺʳʭʦʜʚ, % 

1. 1 3 ɺʪ, 365 ʥʤ 2 ɼʄʌɸ 0 

2. 0 3 ɺʪ, 365 ʥʤ 2 ɼʄʌɸ 17 

aʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜ (0.1 ʤʤʦʣʴ), ʧʠʨʨʦʣʠʜʠʥ (3 ʵʢʚ., 0.3 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 

(5ʤʦʣ%, 0.005 ʤʤʦʣʴ), ɼʄʌɸ (2 ʤʣ). ʙʕʢʚʠʚʘʣʝʥʪ ʠʥʛʠʙʠʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʚɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ ʧʘʣʣʘʜʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ 

ʜʝʘʢʪʠʚʠʨʦʚʘʪʴ ʝʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʨʘʚʣʝʥʠʷ ʜʠʩʫʣʴʬʠʜʦʤ ʫʛʣʝʨʦʜʘ. ɼʣʷ ʧʦʣʥʦʡ ʜʝʘʢʪʠʚʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʶʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʫʙʩʪʨʘʪʦʚ ʩ 
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ʧʘʣʣʘʜʠʝʤ ʪʨʝʙʫʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʛʠʙʠʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 1 ʵʢʚʠʚʘʣʝʥʪ CS2 

(ʤʦʣʴ CS2 ʥʘ ʤʦʣʴ Pd ʢʘʪʘʣʠʟʘʪʦʨʘ) ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʣ ʨʝʘʢʮʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʮʝʥʪʨʫ. 

 

ʈʠʩʫʥʦʢ 27. ʀʟʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʬʣʘʡʥ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʜʣʷ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɺ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʠʢ ʠʩʭʦʜʥʦʡ ʬʦʨʤʳ 

ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʩ m/z 630.1048 ʥʘʯʠʥʘʝʪ ʧʣʘʚʥʦ ʠʩʯʝʟʘʪʴ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʯʝʨʝʟ 2 ʯʘʩʘ ʋʌ-

ʦʙʣʫʯʝʥʠʷ (365 ʥʤ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʤʧʣʝʢʩʫ Pd-1ɹ ʩ ʧʠʨʨʦʣʠʜʠʥʦʤ ʩ 

m/z 701.1785 ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(5 ʯʘʩʦʚ ʋʌ-ʦʙʣʫʯʝʥʠʷ (365 ʥʤ)). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʘ (ʈʠʩʫʥʦʢ 27). ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, 

ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʨʘʩʪʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʨʫʛʠʭ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ ʩ ʧʠʨʨʦʣʠʜʠʥʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ Pd-1ɹ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʧʠʨʨʦʣʠʜʠʥʦʤ, ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʝʛʦ. 

ʏʪʦʙʳ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʘʢʪʠʚʥʳʭ 

Pd/NHC ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʥʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛ (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 8, 9, ʢʦʤʧʣʝʢʩʦʤ Pd-1ɹ ʠ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʦʡ TEMPO (2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣ) ʚ ɼʄʌɸ ʠ ʧʦʤʝʱʝʥʳ ʚ ʧʨʦʙʠʨʢʫ ʐʣʝʥʢʘ, ʠʟ ʢʦʪʦʨʦʡ ʧʦ 

ʢʘʧʠʣʣʷʨʫ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʦʜʘʚʘʣʘʩʴ ʚ ʠʦʥʠʟʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʉʭʝʤʘ 72). ʇʨʦʙʠʨʢʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘʜ ʩʚʝʪʦʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 
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365 ʥʤ. ɺʥʘʯʘʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʘʩʩ-ʩʧʝʢʪʨ ʚ ʨʝʞʠʤʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʩʚʝʪʦʜʠʦʜʝ, ʘ ʟʘʪʝʤ ʧʨʦʜʦʣʞʠʣʠ ʨʝʛʠʩʪʨʘʮʠʶ, ʚʢʣʶʯʠʚ ʝʛʦ (ʈʠʩʫʥʦʢ 28). 

 

ʉʭʝʤʘ 72. ʈʝʘʢʮʠʷ ʜʣʷ ʦʥʣʘʡʥ ʄʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʢʦʤʧʣʝʢʩʦʤ Pd-1ɹ. 

 

ʈʠʩʫʥʦʢ 28. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʠʦʥʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʪʝʢʪʠʨʫʝʤʳʤ ʘʜʜʫʢʪʘʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ TEMPO, ʚ ʨʝʞʠʤʘʭ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʠ ʚʢʣʶʯʝʥʥʳʤ ʩʚʝʪʦʤ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʩ m/z 701.1785, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʠʦʥʫ [(NHC)Pd(acac)(9)]+, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʦ ʦʙʣʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʦʙʣʫʯʝʥʠʷ ʙʳʣʠ ʜʝʪʝʢʪʠʨʦʚʘʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʭʚʘʯʝʥʥʳʤ TEMPO ʢʦʤʧʣʝʢʩʘʤ ʧʘʣʣʘʜʠʷ ʩ m/z 

687.1992 ([(NHC)Pd+TEMPO]+), 756.2572 ([(NHC)Pd(9)+TEMPO]+) ʠ 898.2756 

([(NHC)Pd(8)(9)+TEMPO]+). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʜʜʫʢʪʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʦʚ ʩ 

m/z 189.1359 ([O2+TEMPO]+) ʠ 227.2118 ([9+TEMPO]+). ʇʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʩʚʝʪʝ ʵʪʠ ʠʦʥʳ ʥʝ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʚʝʪʘ. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʚʳʜʝʣʝʥʥʳʤ 

ʠʦʥʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʪʝʢʪʠʨʫʝʤʳʤ ʠʥʪʝʨʤʝʜʠʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 28. ʄʘʩʩ-
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ʩʧʝʢʪʨʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 29-35, ʘ ʚʝʨʦʷʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʚ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 44). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʘʜʜʫʢʪʳ ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʘʢʮʠʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʦʡ TEMPO. ʉʨʝʜʠ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʫʣʘʚʣʠʚʘʥʠʝ Pd(I) ʠ Pd(III) ʠʦʥʦʚ, ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʘʞʥʳʤʠ ʬʦʪʦʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ.  

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʦʙʦʜʥʳʡ ʬʝʥʦʪʠʘʟʠʥ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ, ʣʝʛʢʦ 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʠʟʦʪʦʧʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʘʣʣʘʜʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʦʷʚʣʷʷʩʴ ʠʣʠ ʠʩʯʝʟʘʷ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠ 

ʚʳʢʣʶʯʝʥʠʠ ʩʚʝʪʘ.  

 

ʈʠʩʫʥʦʢ 29. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʩ 

ʧʠʨʨʦʣʠʜʠʥʦʤ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ; ʦʩʥʦʚʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z 701.1773 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C35H39PdN4O3S = 701.1785 ɼʘ, ȹ = 

1.7 ʤ.ʜ. 
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ʈʠʩʫʥʦʢ 30. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʘ Pd-1ɹ ʩ 

ʧʠʨʨʦʣʠʜʠʥʦʤ ʠ TEMPO ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ; ʦʩʥʦʚʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 856.3084 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C44H56PdN5O4S = 856.3098 ɼʘ, ȹ = 

1.6 ʤ.ʜ. 

 

ʈʠʩʫʥʦʢ 31. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ I  ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ; ʦʩʥʦʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 227.2113 ɼʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C13H27N2O = 227.2118 ɼʘ, ȹ = 2.2 ʤ.ʜ. 
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ʈʠʩʫʥʦʢ 32. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ II  ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ; ʦʩʥʦʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 756.2581 ɼʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C39H48PdN5O2S = 756.2572 ɼʘ, ȹ = 1.2 ʤ.ʜ. 

 

ʈʠʩʫʥʦʢ 33. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʥʪʝʨʤʝʜʠʘʪʘ III  ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ; ʦʩʥʦʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʠʢ m/z = 

189.1370 ɼʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ C9H19NO3 = 189.1359 ɼʘ, ȹ = 5.8 ʤ.ʜ. 




















































































































