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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

Pc ï ʬʪʘʣʦʮʠʘʥʠʥ 

Pz ï ʧʦʨʬʠʨʘʟʠʥ 

Me ï ʤʝʪʠʣ 

M ï ʤʝʪʘʣʣ 

tBu ï ʪʨʝʪ-ʙʫʪʠʣ 

ʈɿʕ (Ln) ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʣʘʥʪʘʥʠʜʳ) 

acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ 

ʦ-ɼʍɹ (o-DCB) ï ʦ-ʜʠʭʣʦʨʙʝʥʟʦʣ 

ɼʍʄ (DCM) ï ʜʠʭʣʦʨʤʝʪʘʥ 

ɼʄʉʆ (DMSO) ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ (DMF) ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

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

BuOH ï ʥ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ 

i-AmOH ï ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ 

HexOH ï ʥ-ʛʝʢʩʠʣʦʚʳʡ ʩʧʠʨʪ 

ʊʍɹ (TCB) ï 1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣ 

1-ClN ï 1-ʭʣʦʨʥʘʬʪʘʣʠʥ 

AcOH ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

TFA ï ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

PTSA ï ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

PPTS ï ʧʠʨʠʜʠʥʠʝʚʘʷ ʩʦʣʴ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪ r

TBABF4 ï ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ 

ʊʄʉ (TMS) ï ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ (SiMe4) 

Fc ï ʬʝʨʨʦʮʝʥ 

ʊʉʍ ï ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʕʉʇ (UV-vis) ï ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʂɺɺɸ ï ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘ ̫ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠ ̫

ʅʂʕ (SCE) ï ʥʘʩʳʱʝʥʥʳʡ ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ (saturated calomel electrode) 

NIR ï ʙʣʠʞʥʷʷ ʀʂ ʦʙʣʘʩʪʴ 

COSY ï ʛʦʤʦʷʜʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (homonuclear correlation 

spectroscopy) 

HSQC ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʦʜʥʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (heteronuclear  
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single-quantum correlation spectroscopy) 

HMQC ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʤʥʦʛʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (heteronuclear  

multiple-quantum correlation spectroscopy) 

NOESY ï ʜ̫ʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʵʬʬʝʢʪʦʤ ʆʚʝʨʭʘʫʟʝʨʘ (nuclear Overhauser effect  

spectroscopy) 

ʤ.ʜ. (ppm) ï ʤʠʣʣʠʦʥʥʳʝ ʜʦʣʠ (parts per million) 

ʊɻ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ 

ɼʊɻ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

MALDI -TOF ï ʣʘʟʝʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʘʪʨʠʮʝ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ  

ʜʝʩʦʨʙʮʠʝʡ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (matrix-assisted laser desorption 

ionization time-of-flight) 

CHCA ï Ŭ-ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ 

ESI ï ʤʝʪʦʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʩʧʨʝʝʤ (electrospray ionization) 

FE-SEM ï ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʝʡ (field-emission scanning electron  

microscopy) 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʄʈʊ ï ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʉʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ 

ʤʘʢʨʦʮʠʢʣʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʈɿʕ) ʫʞʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʨʠʚʣʝʢʘʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʋʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʣʘʶʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʧʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʠ ʩʝʥʩʦʨʦʚ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ˊ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʦʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜ r ʩʠʥʪʝʟʘ ʠʟ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʦʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ 

ʤʦʣʝʢʫʣ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʵʥʜʚʠʯʝʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʝʥ, ʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʪʘʣʣ-ʵʢʩʪʨʘʣʠʛʘʥʜ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ).  

ʉʢʣʦʥʥʦʩʪʴ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʜʠʤʝʨʦʚ H-ʪʠʧʘ, ʜʝʣʘʝʪ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 1,4-ʜʠʘʟʝʧʠʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʨʬʠʨʘʟʠʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ (1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ) ʠ, ʪʝʤ ʩʘʤʳʤ, 
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ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʵʥʜʚʠʯʝʚʳʭ ʩʪʨʫʢʪʫʨ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʳ, ʙʦʣʝʝ 

ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʈɿʕ ʩ ʧʦʨʬʠʨʘʟʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ ʥʦʚʦʛʦ ʪʠʧʘ ʩʵʥʜʚʠʯʝʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʪʢʨʦʝʪ 

ʧʫʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʵʥʜʚʠʯʝʚʦʡ ʧʨʠʨʦʜʳ ʟʘ ʩʯʝʪ 

ʚʦʟʤʦʞʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʤʝʞʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʭ ʠ ʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 

ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʞʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʝ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

ï ʅʘ ʧʨʠʤʝʨʝ 5,7-ʙʠʩ[2ǋ-(4-ʙʨʦʤʬʝʥʠʣ)ʵʪʝʥʠʣ]-6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ 1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 1,4-ʜʠʘʟʝʧʠʥ-2,3-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʳ ʩʧʦʩʦʙʥʳ ʢ ʮʠʢʣʦʪʝʪʨʘʤʝʨʠʟʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʘʚʪʦʢʘʪʘʣʠʟʘ. 

ï ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʪʝʪʨʘʢʠʩ{5,7-ʙʠʩ[2ǋ-(4-ʙʨʦʤʬʝʥʠʣ)ʵʪʝʥʠʣ]-6H-1,4-ʜʠʘʟʝʧʠʥʦ}[2,3-

b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘʪ ʤʘʛʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʚʦʙʦʜʥʳʡ ʣʠʛʘʥʜ. ɼʣʷ 

ʪʝʪʨʘʢʠʩ{5,7-ʙʠʩ[2ǋ-(4-ʙʨʦʤʬʝʥʠʣ)ʵʪʝʥʠʣ]-6H-1,4-ʜʠʘʟʝʧʠʥʦ}[2,3-
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b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘʪʘ ʤʘʛʥʠʷ ʧʦʣʫʯʝʥ ʤʦʥʦʢʨʠʩʪʘʣʣ ʠ ʤʝʪʦʜʦʤ ʈʉɸ 

ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ. ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʢʨʠʩʪʘʣʣʘ 

ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ. 

ï ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʩʪʘʙʠʣʴʥʳʭ ʜʠʤʝʨʦʚ H-ʪʠʧʘ. 

ʉ ʧʦʤʦʱʴʶ ʈʉɸ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʢʣʦʥʥʦʩʪʴ 1,4-ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʢ 

ʤʝʞʣʠʛʘʥʜʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʥʝʧʣʘʥʘʨʥʳʭ ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʆʙʥʘʨʫʞʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʪʠʧʦʚ ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ: ʤʝʞʣʠʛʘʥʜʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CïH
axỄN

meso 
ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʛʘʥʜïʚʦʜʘ OïHỄN

Dz
. 

ï ʈʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩʵʥʜʚʠʯʝʚʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʙʠʩ{ʪʝʪʨʘʢʠʩ(5,7-ʙʠʩ(4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)-6H-1,4-

ʜʠʘʟʝʧʠʥʦ)[2,3-b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘʪʦʚ} ʈɿʕ, (
tBuPh

DzPz)2Ln (Ln = Lu, Er, Dy, 

Eu, Nd, Ce, La). ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ MALDI -TOF/TOF, ʦʜʥʦ- ʠ 

ʜʚʫʤʝʨʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ (COSY, NOESY) ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʕʉʇ ʚ ʋʌ, ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʷʭ. ʀʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ 

ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʣʘʥʪʘʥʠʜʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʙʠʩ(ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʪʦʚ). 

ï ʄʝʪʦʜʘʤʠ ʊɻ ʠ ɼʊɻ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ (
tBuPh

DzPz)2Ln, ʩʦʧʦʩʪʘʚʠʤʘʷ ʩ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ. 

ï ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (
tBuPh

DzPz)2Ln
III

 ʩ ʧʦʤʦʱʴʶ ʎɺɸ ʠ 

ʂɺɺɸ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ 6 ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʦʚ ʚ 
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ʠʥʪʝʨʚʘʣʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ -2.0 ʜʦ 2.0 ɺ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʘʤʠ ʈɿʕ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ (ʚ ʩʨʝʜʥʝʤ ʥʘ 

0.25 ɺ) ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʨʦʜʝ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʢ ʦʢʠʩʣʝʥʠʶ. 

ï ʆʙʥʘʨʫʞʝʥʘ ʩʢʣʦʥʥʦʩʪʴ (
tBuPh

DzPz)2Ln ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʛʨʝʛʘʮʠʠ, 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʭʘʨʘʢʪʝʨʝ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʛʨʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ï ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʜʚʫʭʧʘʣʫʙʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩʵʥʜʚʠʯʝʚʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʩʧʝʢʪʨʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʶʪʝʮʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ï ʇʦʣʫʯʝʥ ʈʉɸ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʜʠʤʝʨʘ ʦʢʪʘʙʫʪʠʣʟʘʤʝʱʝʥʥʦʛʦ 

ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʣʶʪʝʮʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʰʠʚʢʘ ʤʘʢʨʦʮʠʢʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʢʩʘʣʘʪ-ʜʠʘʥʠʦʥ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ. ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʜʠʤʝʨʘ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ï ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʠ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ) ʠ ʥʦʚʳʭ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ 
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ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʫʷ ʤʘʢʨʦʮʠʢʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʵʥʜʚʠʯʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ ʈɿʕ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ï ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ 

ʧʨʠʥʮʠʧʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʚ ʩʵʥʜʚʠʯʝʚʳʭ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʪʘʭ 

ʈɿʕ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʄʈʊ ʢʦʥʪʨʘʩʪʦʚ. 

ï ʇʦʚʳʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʩʵʥʜʚʠʯʝʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʥʘʨʷʜʫ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʪʠʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʪʝʥʮʠʘʣ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ 

1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʵʥʜʚʠʯʝʚʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

4. ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(COSY, NOESY), ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʈʉɸ. 
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5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ (ʕʉʇ 

ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ) ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ). 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʎɺɸ, ʂɺɺɸ). 

7. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ 

ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʣʘʥʪʘʥʠʜʘ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʵʥʜʚʠʯʝʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʚʠʜʝ 

5 ʩʪʘʪʝʡ ʠ 7 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʜʦʣʦʞʝʥʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʧʦʨʬʠʨʠʥʘʤ ʠ 

ʬʪʘʣʦʮʠʘʥʠʥʘʤ ICPP-8 (ʉʪʘʤʙʫʣ, ʊʫʨʮʠʷ, 2014 ʛ.) ʠ ICPP-9 (ʅʘʥʢʠʥ, ʂʠʪʘʡ, 

2016 ʛ.); XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʠʥʪʝʟ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè (ICPC-12) ʠ X ʐʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩʪʨʘʥ 

ʉʅɻ ʧʦ ʭʠʤʠʠ ʧʦʨʬʠʨʠʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʂʦʩʪʨʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ, 2016 ʛ.); ɺʪʦʨʦʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʉʠʤʧʦʟʠʫʤʝ ʧʦ 

ʄʝʜʠʮʠʥʩʢʦʡ, ʆʨʛʘʥʠʯʝʩʢʦʡ ʠ ɹʠʦʣʦʛʠʯʝʩʢʦʡ ʍʠʤʠʠ (ʄʆɹʀ-ʍʠʤ2015, 

ʂʨʳʤ, ʈʦʩʩʠʷ, 2015 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʄʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ-

ʢʦʥʬʝʨʝʥʮʠʠ "ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ" (ʐʝʨʝʛʝʰ, 

ʈʦʩʩʠʷ, 2015 ʛ.); XXVI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, 2014 ʛ.). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʳ 16-33-00097 ʤʦʣ_ʘ, 15-33-21012 

ʤʦʣ_ʘ_ʚʝʜ, 15-03-05890_ʘ, 14-03-32031 ʤʦʣ_ʘ) ʠ ʧʨʦʛʨʘʤʤʳ ˉ 1 ʆʍʅʄ ʈɸʅ 

çʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʭʘʨʘʢʪʝʨʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʘʢʨʦʮʠʢʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʵʥʜʚʠʯʝʚʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘè. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ 

ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʦʙʱʝʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʪʝʡ ʢ ʧʝʯʘʪʠ ʠ ʘʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. ʆ.ɸ. ʄʘʣʦʰʠʮʢʦʡ (ʍʠʤʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ ʄɻʋ) ʟʘ ʧʦʤʦʱʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ MALDI-TOF; ʢ.ʭ.ʥ 

ɸ.ɺ. ʏʝʨʥʷʢʫ ʟʘ ʧʦʤʦʱʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ (ʀʇʍʌ ʈɸʅ); ʢ.ʭ.ʥ. 

ɸ.ɺ. ʗʨʢʦʚʫ (ʀʌɸɺ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ ʩʧʝʢʪʨʦʚ; ʢ.ʭ.ʥ. 

ʉ.ɸ. ʊʨʘʰʠʥʫ (ʀʌɸɺ ʈɸʅ), ʢ.ʭ.ʥ. ʆ.ɸ. ʃʝʚʠʮʢʦʤʫ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʄɻʋ) ʠ ʜ.ʭ.ʥ. ʊ.ɺ. ʄʘʛʜʝʩʠʝʚʦʡ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ) ʟʘ ʧʦʤʦʱʴ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; ʜ.ʭ.ʥ. ɺ.ʅ. ʍʨʫʩʪʘʣʝʚʫ (ʈʋɼʅ), ʜ.ʬ.-ʤ.ʥ. 

ʗ.ɺ. ɿʫʙʘʚʠʯʫʩʫ (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè) ʠ ʇ.ɺ. ɼʦʨʦʚʘʪʦʚʩʢʦʤʫ 

(ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè) ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ; ʢ.ʭ.ʥ. ʇ.ɸ. ʊʨʦʰʠʥʫ, ʢ.ʭ.ʥ. ʃ.ʅ. ʀʥʘʩʘʨʠʜʟʝ ʠ 

ɸ.ɺ. ɾʠʣʝʥʢʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʕʇʈ ʠʟʤʝʨʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʩʚʝʪʦʨʘʩʩʝʷʥʠʶ; ʢ.ʭ.ʥ. ʀ.ɺ. ʏʠʩʪʷʢʦʚʫ (ʀʆʍ ʈɸʅ) ʟʘ 

ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ FE-SEM; ɸ.ʆ. ʉʠʤʘʢʦʚʫ 

(University of Oslo) ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; 

ʜ.ʭ.ʥ. ɺ.ɽ. ʇʫʰʢʘʨʝʚʫ (ʀʌɸɺ ʈɸʅ) ʠ ʢ.ʭ.ʥ. ʇ.ɸ. ʊʘʨʘʢʘʥʦʚʫ (ʀʌɸɺ ʈɸʅ) ʟʘ 

ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ 

ʛʣʘʚ (ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ), ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 277 

ʥʘʠʤʝʥʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 161 ʩʪʨʘʥʠʮʝ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʩʦʜʝʨʞʠʪ 39 ʩʭʝʤ, 45 ʨʠʩʫʥʢʦʚ, 7 ʪʘʙʣʠʮ ʠ ʧʨʠʣʦʞʝʥʠʝ. 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠ ̫ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʨʬʠʨʘʟʠʥʦʚ 

ʇʦʨʬʠʨʘʟʠʥʳ ï ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ï 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʝʪʨʘʧʠʨʨʦʣʴʥʦʛʦ ʪʠʧʘ. ɻʣʘʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʦʪʣʠʯʠʝʤ ʧʦʨʬʠʨʘʟʠʥʦʚ ʦʪ 

ʧʦʨʬʠʨʠʥʦʚ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʤʝʪʠʥʦʚʳʭ ʤʦʩʪʠʢʦʚ ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʷʭ 

ʤʘʢʨʦʮʠʢʣʘ ʥʘ ʘʪʦʤʳ ʘʟʦʪʘ (ʈʠʩ. 1). ɺʧʝʯʘʪʣʷʶʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʭʨʦʤʦʬʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʢʘʪʘʣʠʟʝ, ʬʦʪʦʥʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʤʝʜʠʮʠʥʝ.
1-5

 ʊʝʪʨʘʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʧʦʨʬʠʨʘʟʠʥʳ ï ʬʪʘʣʦʮʠʘʥʠʥʳ 

(ʈʠʩ. 1) ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʦʨʬʠʨʘʟʠʥʦʚʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʠ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ.
2
 ʌʪʘʣʦʮʠʘʥʠʥʳ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʛʤʝʥʪʦʚ ʠ ʢʨʘʩʠʪʝʣʝʡ ʚ ʪʝʢʩʪʠʣʴʥʦʡ, ʣʘʢʦʢʨʘʩʦʯʥʦʡ, ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʠ 

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʨ. 

ɼʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʧʦʨʬʠʨʘʟʠʥʦʚ, 

ʧʨʠʚʣʝʢʘʶʱʠʤʠ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 50 ʣʝʪ, 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʘʬʪʘʣʦʮʠʘʥʠʥʳ (ʪʝʪʨʘʙʝʥʟʦʘʥʘʣʦʛʠ ʬʪʘʣʦʮʠʘʥʠʥʘ)
6
, 

ʪʝʪʨʘʧʠʨʠʜʦʧʦʨʬʠʨʘʟʠʥʳ
7
, ʪʝʪʨʘʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʳ

8
 ʠ 

ʪʝʪʨʘʭʠʥʦʣʠʥʦʧʦʨʬʠʨʘʟʠʥʳ
9-11

 (ʈʠʩ. 1). 
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ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʦʚ: ʧʦʨʬʠʥʘ (A), ʧʦʨʬʠʨʘʟʠʥʘ (B), 

ʬʪʘʣʦʮʠʘʥʠʥʘ (C), ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ (D), ʪʝʪʨʘʧʠʨʠʜʦʧʦʨʬʠʨʘʟʠʥʘ (E), 

ʪʝʪʨʘʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʘ (F) ʠ ʪʝʪʨʘʭʠʥʦʣʠʥʦʧʦʨʬʠʨʘʟʠʥʘ (G). 

ʆʪʢʨʳʪʠʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʯʘʣʫ XX ʩʪʦʣʝʪʠʷ. ɺʧʝʨʚʳʝ 

ʬʪʘʣʦʮʠʘʥʠʥ ʙʳʣ ʩʣʫʯʘʡʥʦ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʪʝʤʥʦ-ʩʠʥʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ 1907 ʛʦʜʫ ɹʨʘʫʥʦʤ ʩ ʩʦʪʨ. ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 2-ʮʠʘʥʦʙʝʥʟʘʤʠʜʘ ʚ 

ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ.
12

 ɼʚʘʜʮʘʪʴ ʣʝʪ ʩʧʫʩʪʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʮʠʘʥʠʜʘ ʤʝʜʠ ʩ 

1,2-ʜʠʙʨʦʤʙʝʥʟʦʣʦʤ ʚ ʧʠʨʠʜʠʥʝ (ʨʝʘʢʮʠʷ ʈʦʟʝʥʤʫʥʜʘ ï ʬʦʥ ɹʨʘʫʥʘ) ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʝʱʝ ʦʜʥʦ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʠʥʝʡ ʦʢʨʘʩʢʦʡ, ʩʝʡʯʘʩ 

ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʬʪʘʣʦʮʠʘʥʠʥ ʤʝʜʠ.
13

 ɺ 1928 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ 

ʰʦʪʣʘʥʜʩʢʦʤ ʟʘʚʦʜʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʨʘʩʠʪʝʣʝʡ (Scottish Dyes Ltd.) ʚ ʭʦʜʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʬʪʘʣʠʤʠʜʘ ʠʟ ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ ʞʝʣʝʟʦʤ ʧʨʦʠʟʦʰʣʦ ʩʣʫʯʘʡʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʞʝʣʝʟʘ, ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʩʠʥʝ-

ʟʝʣʝʥʦʛʦ ʧʠʛʤʝʥʪʘ.
14

 ʆʜʥʘʢʦ ʚʧʣʦʪʴ ʜʦ 30-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʢʘʢʠʝ-ʣʠʙʦ 

ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 
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ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʭʠʤʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʈʝʜʞʠʥʘʣʴʜʘ 

ʃʠʥʩʪʝʜʘ. ʀʤʝʥʥʦ ʃʠʥʩʪʝʜ ʚʚʝʣ ʚ ʣʠʪʝʨʘʪʫʨʫ ʪʝʨʤʠʥ çʬʪʘʣʦʮʠʘʥʠʥè 

(çʬʪʘʣʦè ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ, 

ʷʚʣʷʶʱʠʤʠʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚ ʝʛʦ ʩʠʥʪʝʟʝ; çʮʠʘʥʠʥè ʦʟʥʘʯʘʝʪ 

çʩʠʥʠʡè).
15

 ɺ 30-ʝ ʛʦʜʳ XX ʚʝʢʘ ʃʠʥʩʪʝʜʦʤ ʩ ʩʦʪʨ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʚʳʝ 

ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ.
16-18

 ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

2-ʮʠʘʥʦʙʝʥʟʘʤʠʜ ʠ ʬʪʘʣʦʜʠʥʠʪʨʠʣ (ʦ-ʜʠʮʠʘʥʦʙʝʥʟʦʣ). ʇʦʩʣʝʜʥʠʡ ʜʦ ʩʠʭ ʧʦʨ 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 
15, 19-20

 

ʧʦʟʚʦʣʠʣʠ ʃʠʥʩʪʝʜʫ ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʪʴ ʠʭ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʘʢʨʦʮʠʢʣʦʚ ʩ 18 -́ʵʣʝʢʪʨʦʥʘʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʯʝʪʳʨʝʭ ʠʟʦʠʥʜʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɹʳʣʦ ʪʘʢʞʝ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʬʪʘʣʦʮʠʘʥʠʥ ʷʚʣʷʝʪʩʷ ʨʦʜʩʪʚʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʨʬʠʨʠʥʦʚʳʤ ʤʘʢʨʦʮʠʢʣʘʤ, ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʣʦʩʢʦʩʪʥʦʝ ʩʪʨʦʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʨʬʠʨʠʥʫ. ʇʦʟʜʥʝʝ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʃʠʥʩʪʝʜʦʤ ʩʪʨʫʢʪʫʨʳ ʬʪʘʣʦʮʠʘʥʠʥʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʈʦʙʝʨʪʩʦʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.
21-22

 

ɺ 1935 ʛʦʜʫ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʄʘʢʩʦʤ ɺʝʡʣʝʨʦʤ, 

ʢʦʤʧʘʥʠʷ çImperial Chemical Industriesè ʥʘʯʘʣʘ ʚʳʧʫʩʢʘʪʴ ʬʪʘʣʦʮʠʘʥʠʥ ʤʝʜʠ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ (ʩʠʥʠʡ ʧʠʛʤʝʥʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çMonastral 

Blueè).
23

 çʄʝʪʦʜ ɺʝʡʣʝʨʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʛʨʝʚʘʥʠʠ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ 1 

ʠʣʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ (ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 2, ʬʪʘʣʠʤʠʜʘ 3) ʚ ʨʘʩʧʣʘʚʝ 

ʤʦʯʝʚʠʥ rʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʠ ʤʝʪʘʣʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʥʘʧʨʠʤʝʨ, ʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ (ʉʭʝʤʘ 1). ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʵʪʦʪ ʤʝʪʦʜ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. 
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ʉʭʝʤʘ 1. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʬʪʘʣʦʮʠʘʥʠʥʘ (MPc) ʤʝʪʦʜʦʤ ɺʝʡʣʝʨʘ.
23

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʩʪʠʣʩʷ ʥʘ ʜʨʫʛʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ rʢʨʘʡʥʝ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʝʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʦʚʘʣʦ ʜʝʪʘʣʴʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʫʜʘʯʥʦ 

ʨʝʰʝʥʘ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃʫʢʴʷʥʮʘ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʮʝʣʦʛʦ ʨʷʜʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ.
24-28

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪ 

ʭʠʤʠʶ ʧʦʨʬʠʨʘʟʠʥʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʧʦʨʬʠʨʘʟʠʥʦʚ ʠ ʠʭ 

ʘʥʘʣʦʛʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʪʝʪʨʘʤʝʨʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ 1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʇʨʠ ʵʪʦʤ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʷ 

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʧʦ çʤʝʪʦʜʫ ʃʠʥʩʪʝʜʘè ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʜʦʙʥʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʨʬʠʨʘʟʠʥʦʚ. ɺ ʮʝʣʦʤ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʨʬʠʨʘʟʠʥʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʉʭʝʤʝ 2. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʭr 

ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ.
23, 26, 29
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ʉʭʝʤʘ 2. ʆʩʥʦʚʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ʈʠʤʩʢʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʩʳʣʢʝ 
23

. 

ʅʘʨʷʜʫ ʩ ʨʝʘʢʮʠʝʡ ʮʠʢʣʦʪʝʪʨʘʤʝʨʠʟʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʧʦʨʬʠʨʘʟʠʥʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʷ ʧʝʨʠʬʝʨʠʠ ʤʘʢʨʦʮʠʢʣʘ 

ʧʫʪʝʤ ɓ-ʟʘʤʝʱʝʥʠʷ ʠʣʠ ɓ,ɓ-ʘʥʥʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ 

ʜʦʩʪʫʧʥʳʭ ʧʦʨʬʠʨʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʙʣʘʩʪʴ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʢʘʢ ʥʘ ʩʪʘʜʠʠ 

ʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʧʨʝʢʫʨʩʦʨʘ
30

, ʪʘʢ ʠ ʧʫʪʝʤ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ çʛʦʪʦʚʦʛʦè ʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ
26

. 

1.2. ʇʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

ʅʘʣʠʯʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʧʝʨʠʬʝʨʠʠ ʤʘʢʨʦʮʠʢʣʘ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʬʠʨʘʟʠʥʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ 5-, 6- ʠ 7-ʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 6-ʯʣʝʥʥʳʤʠ 
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ʘʟʦʪʠʩʪʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʪʨʘʧʠʨʠʜʦʧʦʨʬʠʨʘʟʠʥʳ ʠ 

ʪʝʪʨʘʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʳ. ʉʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʨʬʠʨʘʟʠʥʦʚ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 
7-8, 31

. ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʥʠʤ ʩʚʷʟʘʥ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʨʘʥʟʠʩʪʨʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5- ʠ 7-ʯʣʝʥʥʤrʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʟʫʯʝʥʳ. ɼʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʪʝʪʨʘʤʝʨʠʟʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʥʠʪʨʠʣʦʚ, 

ʣʠʙʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʜʠʬʠʢʘʮʠʶ ʧʝʨʠʬʝʨʠʠ ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ ʘʢʪʠʚʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ɓ-ʧʦʣʦʞʝʥʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʪʝʤʘʪʠʢʦʡ ʥʘʩʪʦʷʱʝʛʦ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʚ ʪʝʢʫʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ ʜʘʥʦ ʢʨʘʪʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʨʝʘʢʮʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ, ʦʩʥʦʚʥʦʝ ʞʝ 

ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʦʨʬʠʨʘʟʠʥʘʤ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 7-ʯʣʝʥʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

1.2.1. ʇʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

ʅʠʟʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʢ ʪʝʪʨʘʤʝʨʠʟʘʮʠʠ ʧʦ çʤʝʪʦʜʫ ʃʠʥʩʪʝʜʘè. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʩʚʷʟʘʥʥʳʤ ʩʦ 

ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ çʩʦʯʣʝʥʝʥʠʠè ʜʚʫʭ 

ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ 5-ʯʣʝʥʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʘʪʦʤʘ S ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪ 

ʩʪʝʨʠʯʝʩʢʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, 

ʚ ʦʩʥʦʚʥʦʤ, ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. 

ʅʝʟʘʤʝʱʝʥʥʳʝ (ʪʝʪʨʘ-2,3-ʪʠʝʥʦ)- ʠ (ʪʝʪʨʘ-2,3-ʪʠʦʥʘʬʪʝʥʦ)ʧʦʨʬʠʨʘʟʠʥʳ 

(ʈʠʩ. 2) ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʃʠʥʩʪʝʜʦʤ ʥʘʛʨʝʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 



 19 

ʜʠʥʠʪʨʠʣʦʚ ʩ ʩʦʣʷʤʠ Cu, Al, ʘ ʪʘʢʞʝ Mg.
32

 ʇʦʟʜʥʝʝ ʂʨʠʩʪʠ ʠ ʌʨʠʨʦʤ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʪʝʪʨʘ-2,3-ʪʠʝʥʦ)ʧʦʨʬʠʨʘʟʠʥʦʚ, ʠ 

ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʩ Cu(II ), Co(II ), Pb(II ), V(IV)=O.
33

 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʝʚʘʥʠʝʤ ʪʠʦʬʝʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ ʩ ʩʦʣʷʤʠ 

Cu(II ), Co(II ), Pb(II ), V(IV)=O ʚ ʢʠʧʷʱʝʤ 1-ʭʣʦʨʥʘʬʪʘʣʠʥʝ, ʦʜʥʘʢʦ, ʚʳʭʦʜʳ 

ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʠ 16%. 
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ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ (ʪʝʪʨʘ-2,3-ʪʠʝʥʦ)ʧʦʨʬʠʨʘʟʠʥʘ (A) ʠ (ʪʝʪʨʘ-2,3-

ʪʠʦʥʘʬʪʝʥʦ)ʧʦʨʬʠʨʘʟʠʥʘ (B). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʟʘʤʝʱʝʥʥʳʭ 

ʪʠʝʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʩʠʤʤʝʪʨʠʯʥʦʛʦ
34-37

 ʠ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ
38

 ʩʪʨʦʝʥʠʷ. 

ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʪʨʝʪ-ʙʫʪʠʣʟʘʤʝʱʝʥʥʳʝ (ʪʝʪʨʘ-2,3-

ʪʠʦʥʘʬʪʝʥʦ)ʧʦʨʬʠʨʘʟʠʥʳ
39

 ʠ ʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 

ʪʠʦʥʘʬʪʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ
40

. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʜʘʥʥʦʤʫ ʪʠʧʫ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʝʨʩʧʝʢʪʠʚʦʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʬʦʪʦʚʦʣʴʪʘʠʢʝ
41
, ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ

35
 ʠ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ

42
. 

ʇʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

(ʧʠʨʨʦʣʴʥʳʤʠ, ʬʫʨʘʥʦʚʳʤʠ, ʠʟʦʢʩʘʟʦʣʴʥʳʤʠ, ʠʤʠʜʘʟʦʣʴʥʳʤʠ ʠ 1,2,3-

ʪʨʠʘʟʦʣʴʥʳʤʠ), ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʘʪʦʤʳ ʦʪʣʠʯʥʳʝ ʦʪ S, ʫʧʦʤʥ̫ʫʪʳ ʚ ʨʷʜʝ 

ʧʘʪʝʥʪʦʚ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ ʜʝʪʘʣʠ ʠʭ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ 

ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʧʦʨʬʠʨʘʟʠʥʦʚ A3B ʪʠʧʘ ʩ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ N-ʘʣʢʠʣʠʨʦʚʘʥʥʳʤ ʠʤʠʜʘʟʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ
43

 (ʈʠʩ. 3). 



 20 

N

HN

N

N N

NH

N

N

N N R'

R R

R

R

R

R

R R'

C6H13 C4H9

C8H17 C4H9

C10H21 CH3

C6H13 (CH2)6OH
C8H17 (CH2)6OH

 

ʈʠʩ. 3. ʉʪʨʦʝʥʠʝ ʪʨʠʙʝʥʟʦʠʤʠʜʘʟʦʣʦʧʦʨʬʠʨʘʟʠʥʘ. 

ʈʝʘʢʮʠʝʡ 5-ʦʢʪʠʣ-ʩʝʣʝʥʦʬʝʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 4 ʩ ʘʣʢʦʛʦʣʷʪʦʤ ʣʠʪʠʷ 

ʚ ʢʠʧʷʱʝʤ ʧʝʥʪʘʥʦʣʝ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ 

(ʉʭʝʤʘ 3), ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥ ʩʚʦʙʦʜʥʳʡ ʪʝʪʨʘʩʝʣʝʥʦʧʦʨʬʠʨʘʟʠʥ 5, 

ʧʨʦʷʚʠʚʰʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʨʦʚ.
44
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ʉʭʝʤʘ 3. ʉʠʥʪʝʟ ʪʝʪʨʘʩʝʣʝʥʦʧʦʨʬʠʨʘʟʠʥʘ (SePz). 

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʧʦʨʬʠʨʘʟʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʛʝʪʝʨʦʮʠʢʣʳ ʩ ʪʨʝʤʷ ʛʝʪʝʨʦʘʪʦʤʘʤʠ ï 1,2,5-

ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʧʦʨʬʠʨʘʟʠʥʳ (ʈʠʩ. 4). 

NN

N

N

N

N

N

N

NS

N

N

S N

N

SN

N S

N

H
H

NN

N

N

N

N

N

N

NSe

N

N

Se N

N

SeN

N Se

N

H
H

NN

N

N

N

N

N

N

NTe

N

N

Te N

N

TeN

N Te

N

H
H

A CB  

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʪʝʪʨʘ-(1,2,5-ʪʠʘʜʠʘʟʦʣʦ)- (A), ʪʝʪʨʘ-(1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʦ)- (B) ʠ ʪʝʪʨʘ-

(1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʦ)ʧʦʨʬʠʨʘʟʠʥʘ (C). 
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ʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʭʦʜʷ ʠʟ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʜʠʘʤʠʥʦʤʘʣʝʦʥʠʪʨʠʣʘ (DAMN, 6), ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʕʨʢʦʣʘʥʠ ʠ ʉʪʫʞʠʥʳʤ ʚ 1998-1999 ʛʛ.
45-47

 (ʉʭʝʤʘ 4). 
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ʉʭʝʤʘ 4. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 1,2,5-ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʧʦʨʬʠʨʘʟʠʥʦʚ. 

ʉ ʪʝʭ ʧʦʨ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʮʝʣʦʚʦʛʦ ʨʷʜʘ ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ 1,2,5-

ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʦʛʦ, ʪʘʢ ʠ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ.
48-53

 ʅʘʣʠʯʠʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʨʬʠʨʘʟʠʥʘ 

ʛʝʪʝʨʦʘʪʦʤʦʚ N, S, Se ʠ Te ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ï ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ
54-57

, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʜʦʣʞʘʶʪʩʷ.
49-50, 58-60

 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ 1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ H2S ʚ ʨʘʩʪʚʦʨʝ ʧʠʨʠʜʠʥʘ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʢʨʳʪʠʝʤ ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʭ ʢʦʣʝʮ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʪʘʘʤʠʥʦʧʦʨʬʠʨʘʟʠʥʘ 8 (ʉʭʝʤʘ 5). 
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ʉʭʝʤʘ 5. ʇʝʨʠʬʝʨʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʝʪʨʘ-(1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʦ)ʧʦʨʬʠʨʘʟʠʥʘʪʘ Mg 

ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʷ. 

ʈʘʩʢʨʳʪʠʝ ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʣʫʯʘʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʨʬʠʨʘʟʠʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʠʮʠʥʘʣʴʥʳʤ 

ʜʠʘʤʠʥʦʧʦʨʬʠʨʘʟʠʥʘʤ (ʉʭʝʤr 6, 7). 
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ʉʭʝʤʘ 6. ʇʝʨʠʬʝʨʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʛʝʢʩʘʧʨʦʧʠʣ(1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʦ)ʧʦʨʬʠʨʘʟʠʥʘʪʘ 

Mg ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʘʝʤʳʝ ʚʠʮʠʥʘʣʴʥʳʝ ʘʤʠʥʦʟʘʤʝʱʝʥʥʳʝ ʧʦʨʬʠʨʘʟʠʥ rʷʚʣʷʶʪʩʷ ʦʩʦʙʦ 

ʮʝʥʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʜʝʥʩʘʮʠʝʡ ʦʢʪʘʘʤʠʥʦʧʦʨʬʠʨʘʟʠʥʘ 8, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʝʤ ʪʝʪʨʘ-(1,2,5-

ʩʝʣʝʥʘʜʠʘʟʦʣʦ)ʧʦʨʬʠʨʘʟʠʥʘ 9, ʩ Ŭ-ʜʠʢʝʪʦʥʦʤ (1,2-ʜʠʬʝʥʠʣʵʪʘʥ-1,2-ʜʠʦʥʦʤ) 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʢʪʘʬʝʥʠʣʪʝʪʨʘʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥ 10 (ʉʭʝʤʘ 5).
47

 ʅʘ 

ʧʨʠʤʝʨʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ 1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ 
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ʧʦʨʬʠʨʘʟʠʥʦʚ 11 ʠ 14 ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʚʝʨʩʠʠ 

ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʯʝʨʝʟ ʜʠʘʤʠʥʦʧʦʨʬʠʨʘʟʠʥ r 12 ʠ 15, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʧʠʨʘʟʠʥʦʚʳʡ ʛʝʪʝʨʦʮʠʢʣ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ 

ʧʦʨʬʠʨʘʟʠʥʦʚ 13a,b A3B ʪʠʧʘ
50, 61

 (ʉʭʝʤʘ 6), ʘ ʪʘʢʞʝ ʚ 1,2,5-

ʪʝʣʣʫʨʘʜʠʘʟʦʣʴʥʳʡ ʛʝʪʝʨʦʮʠʢʣ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʨʠʧʠʨʘʟʠʥʦʪʝʣʣʫʨʘʜʠʘʟʦʣʦʧʦʨʬʠʨʘʟʠʥʘ 16 (ʉʭʝʤʘ 7).
51
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ʉʭʝʤʘ 7. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʝ ʛʝʢʩʘ(ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʘʥʠʣ)ʟʘʤʝʱʝʥʥʦʛʦ 

1,2,5-ʩʝʣʝʥʘʜʠʘʟʦʣʦ[3,4-b]ʪʨʠʧʠʨʘʟʠʥʦ[g,l,q]ʧʦʨʬʠʨʘʟʠʥʘʪʘ Zn ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʤʳʢʘʥʠʝʤ ʮʠʢʣʘ. 

ʇʦʨʬʠʨʘʟʠʥ r ʩ 1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʈʠʩ. 4, ʉ), 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ 2012 ʛ., ʧʨʦʷʚʠʣʠ ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ S ʠ Se ʘʥʘʣʦʛʘʤʠ.
52

 ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʦʧʦʨʬʠʨʘʟʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʚʠʮʠʥʘʣʴʥʳʭ ʜʠʘʤʠʥʦ-, ʜʠʠʤʠʥʦ- ʠ 

ʜʠʦʢʩʦʧʦʨʬʠʨʘʟʠʥʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʘʛʥʠʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʪʨʝʪ-ʙʫʪʠʣʟʘʤʝʱʝʥʥʦʛʦ 1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʦ[3,4-

b]ʪʨʠʙʝʥʟʦ[g,l,q]ʧʦʨʬʠʨʘʟʠʥʘ 17 ʩ SeO2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ Te ʥʘ Se ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 18, ʘ ʨʝʘʢʮʠʷ ʩ DAMN 

ʚ ʵʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ (5,6-ʜʠʮʠʘʥʦʧʠʨʘʟʠʥʦ)[2,3-

b]ʪʨʠʙʝʥʟʦ[g,l,q]ʧʦʨʬʠʨʘʟʠʥʫ 19 (ʉʭʝʤʘ 8).
53
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ʉʭʝʤʘ 8. ʊʨʝʪ-ʙʫʪʠʣʟʘʤʝʱʝʥʥʳʡ 1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʦ[3,4-b]ʪʨʠʙʝʥʟʦ[g,l,q]ʧʦʨʬʠʨʘʟʠʥʘʪ 

Mg. ʇʨʷʤʘʷ ʟʘʤʝʥʘ ʊʝ ʥʘ Se ʠ ʢʦʥʚʝʨʩʠ ̫1,2,5-ʪʝʣʣʫʨʘʜʠʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʧʠʨʘʟʠʥʦʚʳʡ.
53

 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ 
53

, ʩʦʝʜʠʥʝʥʠʝ 19 ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʠʥʪʝʟʘ 

ʙʠʷʜʝʨʥʳʭ ʧʦʨʬʠʨʘʟʠʥʦʚ. 

1.2.2. ʇʦʨʬʠʨʘʟʠʥʳ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 7-ʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

ɼʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʨʠʤʝʨʦʤ ʧʦʨʬʠʨʘʟʠʥʦʚ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 7-ʯʣʝʥʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɼʘʥʥʳʡ ʪʠʧ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ, ʘ ʠʤʝʥʥʦ, ʥʘʣʠʯʠʝʤ ʥʝʧʣʘʥʘʨʥʳʭ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʩʦʧʨʷʞʝʥʠʝ ʩ 

ʧʦʨʬʠʨʘʟʠʥʦʚʳʤ ʤʘʢʨʦʮʠʢʣʦʤ (ʢʚʘʟʠʘʨʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ). ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ 5-, 6- ʠ 7-ʧʦʣʦʞʝʥʠʷʤ ʜʠʘʟʝʧʠʥʦʚʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʤʝʪʘʣʣʦʚ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʘʭ ʠ ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʷʭ 

ʧʦʨʬʠʨʘʟʠʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʝʭʮʝʥʪʨʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 

(N
Dz

..N
meso

..N
Dz
) ʭʝʣʘʪʥʦʛʦ ʪʠʧʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʚʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ, ʘ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ, 

ʟʘʯʘʩʪʫʶ, ʧʨʦʪʠʚʦʨʝʯʠʚʳ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʩʣʫʞʠʪ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʷ ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʧʦ çʤʝʪʦʜʫ 

ʃʠʥʩʪʝʜʘè. ʉʠʥʪʝʟ ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʪʝʪʨʘʤʝʨʘ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ (DAMN) ʩ 1,3-ʜʠʢʝʪʦʥʘʤʠ 

(ʉʭʝʤʘ 9). ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ DAMN ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ 20a, 

ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʦʤ 20b ʠʣʠ ʙʝʥʟʦʠʣʘʮʝʪʦʥʦʤ 20c ʧʦʣʫʯʘʶʪ 5,7-ʜʠʤʝʪʠʣ-6H-

1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ Me2(CN)2Dz 22a, 5,7-ʜʠʬʝʥʠʣ-6H-1,4-

ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ Ph2(CN)2Dz 22b ʠ 5-ʤʝʪʠʣ-7-ʬʝʥʠʣ-6H-1,4-

ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ MePh(CN)2Dz 22c, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.
62-63

 ɺ ʩʣʫʯʘʝ 

22b,ʩ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦʩʪʘʜʠʡʥʦ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚ ʵʪʘʥʦʣʝ ʩ P2O5 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʥʘʤʠʥʳ 21, ʢʦʪʦʨʳʝ 

ʜʘʣʝʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʨʝʜʝ EtOH/P2O5 ʦʙʨʘʟʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʠʢʘʨʙʦʥʠʪʨʠʣʳ 22
63

 (ʉʭʝʤʘ 9). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢʦʥʜʝʥʩʘʮʠʝʡ DAMN 

ʩ 1,3-ʙʠʩ(4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)ʧʨʦʧʘʥ-1,3-ʜʠʦʥʦʤ ʧʦʣʫʯʘʶʪ 5,7-ʙʠʩ(4-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)-6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ (
tBu

Ph)2(CN)2Dz 22d
64

 

(ʉʭʝʤʘ 9). 
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ʉʭʝʤʘ 9. ʇʦʣʫʯʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ 6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʝʘʢʮʠʷ ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 5,7-

ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ Me2(CN)2Dz ʩ 
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ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ (ʉʭʝʤʘ 10), ʦʙʫʩʣʦʚʣʝʥʥʘ ̫ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

CH-ʢʠʩʣʦʪʥʦʩʪʴʶ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʳ 23.
65-70

 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʙʝʥʟʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʧʠʧʝʨʠʜʠʥʘ). 

ɸʚʪʦʨʘʤʠ 
67

 ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʫʦʣʘ ʚʤʝʩʪʦ ʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʩ 10 ʜʦ 85%. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉ-ʟʘʤʝʱʝʥʥʳʭ 1,3-ʜʠʢʝʪʦʥʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʝʧʠʥ-2,3-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ (ʉʭʝʤʘ 10).
71-72

 ʋʯʠʪʳʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, 

ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. 
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ʉʭʝʤʘ 10. ʇʦʣʫʯʝʥʠʝ 5,7-ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. 

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟ ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʕʨʢʦʣʘʥʠ ʩ ʩʦʪʨ. ʚ 1999 ʛ.
73

 (ʉʭʝʤʘ 11). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʤʧʣʘʪʥʦʡ ʮʠʢʣʦʪʝʪʨʘʤʝʨʠʟʘʮʠʠ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʥʠʪʨʠʣʘ Ph2(CN)2Dz 22b ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʧʠʣʘʪʘ Mg(II ) ʚ ʧʨʦʧʘʥʦʣʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʝʨʚʳʡ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ (Ph8Dz4PzMg, 24) ʩ ʚʳʭʦʜʦʤ 93% 

(ʉʭʝʤʘ 11). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 5,7-

ʜʠʬʝʥʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 22b 5,7-ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʡ 

ʜʠʢʘʨʙʦʥʠʪʨʠʣ 22a ʥʝ ʩʧʦʩʦʙʝʥ ʢ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʪʩʫʪʩʪʚʠʝ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ Me2(CN)2Dz ʩʚ̫ʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 

CH-ʢʠʩʣʦʪʥʦʩʪʴʶ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʠ ʧʨʦʪʝʢʘʥʠʝʤ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ɼʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ Mg(II ) ʢʦʤʧʣʝʢʩʘ 24 ʢʠʧʷʱʝʡ ʣʝʜʷʥʦʡ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (Ph8Dz4PzH2, 
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25) ʩ ʚʳʭʦʜʦʤ 77% (ʉʭʝʤʘ 11). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʥʝʣʝʜʷʥʦʡ CH3COOH, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ, ʪʘʢʠʭ 

ʢʘʢ CF3COOH ʠʣʠ 96% H2SO4, ʘʚʪʦʨʳ 
73

 ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʠʯʥʝʚʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩ m/z 1084, ʯʪʦ ʥʘ 104 ʝʜʠʥʠʮʳ ʤʝʥʴʰʝ, ʯʝʤ ʫ Ph8Dz4PzH2, ʦʜʥʘʢʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ. 
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ʉʭʝʤʘ 11. ʇʦʣʫʯʝʥʠʝ ʪʝʪʨʘʢʠʩ(5,7-ʜʠʬʝʥʠʣ-6H-1,4-ʜʠʘʟʝʧʠʥʦ)[2,3-b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘ ʠ 

ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Mg(II ), Cu(II) ʠ Zn(II). 

 ɸʥʘʣʦʛʠʯʥʦ Ph8Dz4PzMg ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʛʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩ rʦʢʪʘ(ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)ʟʘʤʝʱʝʥʥʦʛʦ ʠ ʦʢʪʘ(ʪʨʝʪ-ʙʫʪʠʣ)ʟʘʤʝʱʝʥʥʦʛʦ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ, (
tBu

Ph)8Dz4PzMg ʠ (tBu)8Dz4PzMg, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.
64, 74

 ɼʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ (tBu)8Dz4PzMg ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʚʦʙʦʜʥʳʡ ʧʦʨʬʠʨʘʟʠʥ, ʦʜʥʘʢʦ ʦʥ 

ʦʢʘʟʘʣʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʩʪʘʙʠʣʝʥ ʠ ʜʘʞʝ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʨʘʟʣʘʛʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ.
74

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ 

ʜʣʷ Ph8Dz4PzMg ʤʝʪʦʜʠʢʠ ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʚ ʢʠʧʷʱʝʡ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ, ʩʚʦʙʦʜʥʳʡ ʣʠʛʘʥʜ ʠʟ (
tBu

Ph)8Dz4PzMg ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʚʳʭʦʜʦʤ (ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʧʨʝʦʙʣʘʜʘʣʠ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʩ 

ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʦʡ).
73

 

ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ Ph8Dz4PzMg ʧʫʪʝʤ 

ʪʝʤʧʣʘʪʥʦʡ ʪʝʪʨʘʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʠʣʘʪʘ Mg ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ.
75
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ʆʜʥʘʢʦ ʚʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 23%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʦʜʠʢʦʡ ʕʨʢʦʣʘʥʠ
73

 ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʩʣʫʞʠʪ 

ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʪʠʝʚʳʭ ʠ ʥʘʪʨʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʣʝʛʢʦ ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʥʠʪʨʠʣʘ.
76

 ʇʫʪʝʤ ʦʙʨʘʙʦʪʢʠ Ph8Dz4PzLi2 

26 ʠʣʠ Ph8Dz4PzNa2 27 ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʣʠʛʘʥʜ Ph8Dz4PzH2 

ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 85% (ʉʭʝʤʘ 12). ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʝʥʝʝ ʟʘʪʨʘʪʝʥ ʧʦ 

ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʪʝʟʦʤ ʠ ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

Mg ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ, ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʥʠʪʨʠʣ) ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʨʠʝʚʳʭ ʠ ʣʠʪʠʝʚʳʭ ʩʦʣʝʡ ʦʢʘʟʘʣʩʷ ʥʠʞʝ. ʏʝʨʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʪʠʝʚʫʶ ʩʦʣʴ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʦʢʪʘ(ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)ʟʘʤʝʱʝʥʥʦʛʦ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

(
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ʉʭʝʤʘ 12. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʝʪʨʘʢʠʩ(5,7-ʜʠʬʝʥʠʣ-6H-1,4-ʜʠʘʟʝʧʠʥʦ)[2,3-

b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Zn, Cu, Co ʠ Mn. 

 ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʤʘʛʥʠʷ, ʣʠʪʠʷ ʠ ʥʘʪʨʠʷ, ʧʦʣʫʯʘʝʤʳʭ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʝʡ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʥʠʪʨʠʣʘ, ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ 
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ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʣʫʯʘʶʪ ʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Ph8Dz4PzH2 ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʮʝʪʘʪʦʤ ʤʝʪʘʣʣʘ ʚ ʩʨʝʜʝ ʘʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (Py 

ʠʣʠ DMSO) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ Cu(II ) 28, Zn(II ) 29, Co(II ) 30 ʠ 

Mn 31 
73, 76

 (ʉʭʝʤr 11, 12). ɺ ʨʘʙʦʪʝ 
73

 ʙr ʣ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʧʨʷʤʦʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 28 ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ Ph8Dz4PzMg 24 ʚ ʣʝʜʷʥʦʡ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʘʮʝʪʘʪʘ Cu(II ), ʦʜʥʘʢʦ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʚʳʭʦʜ Ph8Dz4PzCu, ʧʦʣʫʯʝʥʥʦʛʦ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. ɸʚʪʦʨʘʤʠ 
76

 ʙr ʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Mn ʚ 

Ph8Dz4PzMn ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ï ʧʨʠʨʦʜ r

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʠʩʫʪʩʪʚʠ ̫ʦʢʠʩʣʠʪʝʣʝʡ. ʈʝʘʢʮʠʷ Ph8Dz4PzH2 ʩ Mn(OAc)2 ʚ 

Py ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ph8Dz4PzMn(II ), ʢʦʪʦʨʳʡ 

ʥʘ ʚʦʟʜʫʭʝ ʤʝʜʣʝʥʥʦ ʦʢʠʩʣʷʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʕʉʇ, ʧʦʣʫʯʝʥʥʦʤʫ ʘʚʪʦʨʘʤʠ 
76

, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʨʛʘʥʮʝʚʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʘʩʪʚʦʨʝ Py ʥʘ ʚʦʟʜʫʭʝ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ɛ-ʦʢʩʦʜʠʤʝʨʘ
77

. ɺ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ ʢʦʤʧʣʝʢʩ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ Ph8Dz4PzMn(III ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʘʢʮʠʷ ʚ DMSO 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ Mn(II ) ʠ Mn(III ) ʜʘʞʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (
tBu

Ph)8Dz4PzH2 ʩ ʩʦʣʴʶ ʤʝʪʘʣʣʘ ʚ 

ʩʨʝʜʝ DMF ʠʣʠ Py, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ 

Fe(II )
74

, Cu(II )
74

 ʠ Mn(III ).
78

 ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(
tBu

Ph)8Dz4PzMn(III) ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʳ ʠʦʥʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʜʠʜʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ʀʦʜʠʥʦʣ.
78

 

 ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʣʠʪʠʝʚʳʭ ʠ ʥʘʪʨʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʝʡ 

Ph8Dz4PzLi2 ʠʣʠ Ph8Dz4PzNa2 ʩ ʘʮʝʪʘʪʦʤ ʤʝʪʘʣʣʘ ʚ ɼʄʉʆ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ Co(II ), Zn(II ) ʠ Cu(II ) 

(ʉʭʝʤʘ 12).
73

 ʀʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʪʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʪʘʢʞʝ 
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ʧʦʣʫʯʝʥʳ ʦʢʪʘ(ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)ʟʘʤʝʱʝʥʥʳʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʪr Zn(II) ʠ Ni(II ).
74

 

 ɺ 2002 ʛ. ʍʦʬʬʤʘʥʦʤ ʠ ɹʘʨʨʝʪʪʦʤ ʩ ʩʦʪʨ. ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ N,Nô-

ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤʠ ʪʝʪʨʘʛʠʜʨʦʜʠʘʟʝʧʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʉʭʝʤʘ 13).
61

 

ʇʦ ʨʝʘʢʮʠʠ, ʦʧʠʩʘʥʥʦʡ ɹʝʛʣʘʥʜʦʤ
62

, Me2(CN)2Dz 22a ʙʳʣ ʧʨʝʚʨʘʱʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʝʪʨʘʛʠʜʨʦʧʨʦʠʟʚʦʜʥʦʝ 32. ʊʝʤʧʣʘʪʥʦʡ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʝʡ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʝʱʝʩʪʚʦ ʪʝʤʥʦ-ʩʠʥʝʡ ʦʢʨʘʩʢʠ, ʦʜʥʘʢʦ, ʚ 

ʩʚʷʟʠ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʧʦʧʳʪʢʠ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʘʚʪʦʨʳ 

ʧʨʦʤʝʪʠʣʠʨʦʚʘʣʠ 32 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 33. ʇʦʩʣʝʜʫʶʱʘʷ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʷ 33 ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ Mg ʢʦʤʧʣʝʢʩʘ, ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʩ ʧʦʤʦʱʴʶ 

CF3COOH ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʦʙʦʜʥʦʝ ʦʩʥʦʚʘʥʠʝ 34 (25%). 

ʆʜʥʘʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʣʠʛʘʥʜʘ ʚʩʝ ʞʝ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ 

ʩʝʢʦʧʦʨʬʠʨʘʟʠʥʘ. 
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ʉʭʝʤʘ 13. ʇʦʣʫʯʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 1,4,5,7-

ʪʝʪʨʘʛʠʜʨʦ-1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤʠ ʜʠʘʟʝʧʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʥʢʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 38 ʧʦʜʦʙʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʘʟʝʧʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪ rʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʧʦ 6-ʧʦʣʦʞʝʥʠʶ (ʉʭʝʤʘ 14).
71

 ʈʝʘʢʮʠʶ 
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ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʧʝʥʪʘʥʦʣʘ ʩ ɼɹʋ, ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʠʣ 7%. 
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ʉʭʝʤʘ 14. ʇʦʣʫʯʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘʪʘ Zn ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 1,4,5,7-

ʪʝʪʨʘʛʠʜʨʦ-1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤʠ ʜʠʘʟʝʧʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʟʘʤʝʱʝʥʥʳʤʠ ʧʦ 6-ʧʦʣʦʞʝʥʠʶ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʝʢʫʨʩʦʨʦʚ 

ʧʨʠʚʣʝʢʘʶʪ ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʚʚʝʜʝʥʠʝ ʘʨʠʣʵʪʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʫ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʕʉʇ ʥʘ 20ï30 ʥʤ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ Ph8Dz4PzM), ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʌɼʊ.
79

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʪʦʣʴʢʦ ʤʘʛʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩ r

ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ
67-69, 71, 79

 (ʉʭʝʤʘ 15). ʉʠʥʪʝʟ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʛʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 39aïc ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ï ʮʠʢʣʠʯʝʩʢʦʡ ʪʝʪʨʘʤʝʨʠʟʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʥʠʪʨʠʣʘ 40 ʚ ʩʧʠʨʪʝ (PrOH, BuOH) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʦʛʦʣʷʪʘ ʤʘʛʥʠʷ (ʉʭʝʤʘ 15). ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦ ʧʦʣʫʯʝʥʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 41a ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 39a ʚ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ
79

, a ʪʘʢʞʝ ʣʠʛʘʥʜʘ 41b ʧʫʪʝʤ ʢʠʧʷʯʝʥʠʷ 

ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 39b ʚ 25% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ
68

 

(ʉʭʝʤʘ 15). 
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ʉʭʝʤʘ 15. ʇʦʣʫʯʝʥʠʝ ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ, ʦʧʠʩʘʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 

ʩʦʝʜʠʥʝʥʠʡ A3B ʪʠʧʘ (ʩʦʝʜʠʥʝʥʠʷ 42ï47, ʉʭʝʤʘ 16).
71, 74, 80-81

 ʄʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʕʨʢʦʣʘʥʠ ʠ ʉʪʫʞʠʥʳʤ
80

 ʚ 2008 ʛʦʜʫ (ʉʭʝʤʘ 16) ʠ, ʚ ʮʝʣʦʤ, ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʨʬʠʨʘʟʠʥʦʚ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ A3B ʪʠʧʘ ʩʣʫʞʠʪ 

ʪʝʤʧʣʘʪʥʘ ̫ ʩʦʢʦʥʜʝʥʩʘʮʠ ̫ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʥʠʪʨʠʣʘ ʩ ʤʦʣʴʥʳʤ ʠʟʙʳʪʢʦʤ 

ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʧʠʣʘʪʘ ʠʣʠ ʙʫʪʠʣʘʪʘ ʤʘʛʥʠʷ ʚ ʩʧʠʨʪʦʚʦʡ 

ʩʨʝʜʝ (ʉʭʝʤʘ 16).
71, 74, 80

 ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʨʷʜʫ ʩ ʮʝʣʝʚʳʤ A3B ʧʨʦʜʫʢʪʦʤ ʩʦʝʜʠʥʝʥʠʡ A4, ABAB, AABB, 

AB3 ʠ B4 ʪʠʧʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʠʥʪʝʟʘ A3B 

ʩʪʨʫʢʪʫʨ. ɼʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʫʢʩʫʩʥʦʡ ʠʣʠ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʘʭ ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʠʛʘʥʜ A3B ʪʠʧʘ 

(ʉʭʝʤʘ 16).
74, 80

 ʉʚʦʙʦʜʥʳʡ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʡ ʣʠʛʘʥʜ A3B ʪʠʧʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʯʝʨʝʟ ʩʦʢʦʥʜʝʥʩʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
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ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʦʛʦʣʷʪʘ Na ʠʣʠ Li  ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʢʠʩʣʦʪʦʡ (ʉʭʝʤʘ 16).
80-81

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʨʠʙʝʥʟʦʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʫʪʠʣʘʪʘ 

ʣʠʪʠʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ ʩʨʝʜʳ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 5,7-ʜʠʬʝʥʠʣʟʘʤʝʱʝʥʥʦʛʦ 

ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 3-ʬʝʥʠʣ-2-ʧʠʨʘʟʠʥʦʥ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʤʠʤʦ 

ʮʝʣʝʚʦʛʦ A3B ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʪʨʠʙʝʥʟʦʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʦʥʘ.
82
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ʉʭʝʤʘ 16. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ A3B 

ʪʠʧʘ. 

ʅʘ ʧʨʠʤʝʨʝ ʪʨʠʩ(5,6-ʜʠʵʪʠʣʧʠʨʘʟʠʥʦ)[2,3-b,g,l]-(5,7-ʜʠʬʝʥʠʣ-6H-1,4-

ʜʠʘʟʝʧʠʥʦ)[2,3-q]ʧʦʨʬʠʨʘʟʠʥʘʪʘ ʤʘʛʥʠʷ 44 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʛʘʥʜʘ 46 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʝʘʢʮʠʷ ʨʘʩʢʨʳʪʠʷ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʘʮʠʣʠʨʦʚʘʥʥʦʛʦ ʚʠʮʠʥʘʣʴʥʦʛʦ ʜʠʘʤʠʥʦʧʨʦʜʫʢʪʘ 48 

(ʉʭʝʤʘ 17).
74

 ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ, 
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ʩʪʘʙʠʣʝʥ ʥʘ ʚʦʟʜʫʭʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ 

ʟʘʤʳʢʘʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ (ʧʠʨʘʟʠʥʦʚʳʡ, ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʡ ï 

ʩʦʝʜʠʥʝʥʠʷ 49 ʠ 50, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʦʨʬʠʨʘʟʠʥʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʦʨʠʯʥʝʚʦʝ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʦʣʫʯʝʥʥʦʝ ʕʨʢʦʣʘʥʠ ʩ ʩʦʪʨ. 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ Ph8Dz4PzMg ʥʝʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ CF3COOH 

ʠʣʠ 96% H2SO4 (m/z 1084, ʯʪʦ ʥʘ 104 ʝʜʠʥʠʮʳ ʤʝʥʴʰʝ, ʯʝʤ ʫ Ph8Dz4PzH2)
76

 

ʷʚʣʷʝʪʩʷ ʥʝ ʯʝʤ ʠʥʳʤ, ʢʘʢ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ Ph8Dz4PzH2 

ʧʦ ʦʜʥʦʤʫ ʠʟ ʜʠʘʟʝʧʠʥʦʚʮʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʪ.ʝ. ʘʥʘʣʦʛʦʤ 48. 

44 M = Mg;
46 M = 2H
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ʉʭʝʤʘ 17. ʈʝʘʢʮʠʷ ʨʘʩʢʨʳʪʠʷ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʩʦʩʪʘʚʝ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ A3B ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʘʮʠʣʠʨʦʚʘʥʥʦʛʦ ʚʠʮʠʥʘʣʴʥʦʛʦ 

ʜʠʘʤʠʥʦʧʨʦʜʫʢʪʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʳʢʘʥʠʝʤ ʚ ʧʠʨʘʟʠʥʦʚʳʡ ʠ ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʡ 

ʛʝʪʝʨʦʮʠʢʣ. 

ʍʦʬʬʤʘʥʦʤ ʠ ɹʘʨʨʝʪʪʦʤ
61

 ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘ 51 ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ 1,4,5,7-ʪʝʪʨʘʛʠʜʨʦ-

1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤ ʜʠʘʟʝʧʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ 

ʢʦʪʦʨʦʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʠʥʢʦʚʳʡ ʢʦʤʧʣʝʢʩ 52 (ʉʭʝʤʘ 18). 

ʅʘ ʧʨʠʤʝʨʝ ʧʦʩʣʝʜʥʝʛʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʢʦʧʦʨʬʠʨʘʟʠʥʦʚ 

(ʩʦʝʜʠʥʝʥʠʝ 53, ʉʭʝʤʘ 18). 
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ʉʭʝʤʘ 18. ʇʦʣʫʯʝʥʠʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘʪʘ Zn ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ 1,4,5,7-

ʪʝʪʨʘʛʠʜʨʦ-1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤ ʜʠʘʟʝʧʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʥʚʝʨʩʠʝʡ ʚ ʩʝʢʦʧʦʨʬʠʨʘʟʠʥ. 

ʊʝʤʧʣʘʪʥʦʡ ʩʦʢʦʥʜʝʥʩʘʮʠʝʡ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ 54 ʩ 

ʜʠʘʟʝʧʠʥʦʚʳʤ ʥʠʪʨʠʣʦʤ 37 ʚ ʩʨʝʜʝ ʧʝʥʪʘʥʦʣʘ ʩ ʜʦʙʘʚʢʦʡ ɼɹʋ ʙʳʣ ʧʦʣʫʯʝʥ 

ʮʠʥʢʦʚʳʡ ʢʦʤʧʣʝʢʩ A3B ʪʠʧʘ 55 ï ʘʥʘʣʦʛ 52, ʩʦʜʝʨʞʘʱʠʡ ʘʥʥʝʣʠʨʦʚʘʥʥʳʡ 

1,4,5,7-ʪʝʪʨʘʛʠʜʨʦ-1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʡ ʜʠʘʟʝʧʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʧʦ 6-ʧʦʣʦʞʝʥʠʶ (ʉʭʝʤʘ 19).
71
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ʉʭʝʤʘ 19. ʇʦʣʫʯʝʥʠʝ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʨʬʠʨʘʟʠʥʘʪʘ Zn ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤ 6-

ʧʝʥʪʦʢʩʠʢʘʨʙʦʥʠʣʤʝʪʠʣ-1,4,5,7-ʪʝʪʨʘʛʠʜʨʦ-1,4,5,7-ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤ ʜʠʘʟʝʧʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʦʤ. 

ʆʧʫʙʣʠʢʦʚʘʥ ʪʘʢʞʝ ʩʠʥʪʝʟ ʧʦʨʬʠʨʘʟʠʥʘ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 1,5-

ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ.
83

 ʉʧʣʘʚʣʝʥʠʝʤ 2,4-ʜʠʤʝʪʠʣ-1,5- 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʦ-7,8-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 56 ʩ ʘʮʝʪʘʪʦʤ Cu(II ) ʩ 27% ʚʳʭʦʜʦʤ ʙʳʣ 

ʧʦʣʫʯʝʥ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʤʝʜʥʳʡ ʢʦʤʧʣʝʢʩ 

ʪʝʪʨʘ(2,4-ʜʠʤʝʪʠʣ-1,5-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦ)[7,8-b,g,l,q]ʧʦʨʬʠʨʘʟʠʥʘ 57 

(ʉʭʝʤʘ 20), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 
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ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʕʉʇ ʚ H2SO4. ʉʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 1,5-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʉʭʝʤʘ 20. ʇʦʣʫʯʝʥʠʝ ʧʦʨʬʠʨʘʟʠʥʘʪʘ Cu ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 1,5-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ. 

ʅʘʣʠʯʠʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʥʝʧʣʘʥʘʨʥʳʭ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʳʯʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʕʉʇ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʰʠʨʝʥʠʝʤ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩ. 5) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʕʉʇ ʩʚʦʙʦʜʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʭʘʨʘʢʪʝʨʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ Q-ʧʦʣʦʩʳ 

ʚ ʕʉʇ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (Q1 ʠ Q2) (ʈʠʩ. 5). ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʙʦʣʝʝ ʯʝʪʢʘʷ ʠ 

ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ Q1 ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ˊ-ˊ ʧʝʨʝʭʦʜʫ (çʥʦʨʤʘʣʴʥʘʷè 

Q-ʧʦʣʦʩʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʥʦʡ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ Q-ʧʦʣʦʩʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ (Q2) ʙʳʣʦ 

ʦʙʲʷʩʥʝʥʦ ʚʣʠʷʥʠʝʤ n-ˊ ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʝʧʦʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʘʨ ʘʪʦʤʦʚ ʘʟʦʪʘ 1,4-ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ.
73, 76

 ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʜʦ ʩʠʭ 

ʧʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ.
69, 79

 ʆʜʥʘʢʦ ʥʝʜʘʚʥʦ ʉʪʫʞʠʥʳʤ ʩ 

ʩʦʪʨ.
64, 67

 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʳʯʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʘʙʠʣʴʥʳʭ ʜʠʤʝʨʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 
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ʤʝʞʜʫ ʤʘʢʨʦʮʠʢʣʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ 

ʜʠʤʝʨʦʚ H-ʪʠʧʘ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ 

ʙʳʣʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʈʉɸ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ 
74

, ʥʘ 

ʧʨʠʤʝʨʝ (
tBu

Ph)8Dz4PzNi(II ). ʆʜʥʘʢʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʨʦʣʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʭ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʦʡ. 

 

ʈʠʩ. 5. ʕʉʇ Ph8Dz4PzH2, Ph8Dz4PzCu(II )
73

 ʠ (
tBu

Ph8)Dz4PzMg(II)
64

 ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 
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ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʝ 

ʪʨʠʙʝʥʟʦʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚrʝ ʣʠʛʘʥʜʳ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʥʝʪʠʧʠʯʥʳʡ 

ʜʣʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʭʘʨʘʢʪʝʨ ʕʉʇ, ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ Q-ʧʦʣʦʩʳ ʥʘ ʪʨʠ 

ʩʦʩʪʘʚʣʷʶʱʠʝ (ʈʠʩ. 6).
80-81

 ʅʝʜʘʚʥʦ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʕʉʇ ʪʨʠʙʝʥʟʦʤʦʥʦʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ ʅ-ʪʠʧʘ.
81

 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʠʤʝʨʳ ʦʙʨʘʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʜʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʠ ʩʦʩʝʜʥʝʛʦ 

ʤʘʢʨʦʮʠʢʣʘ.
81

 

 

ʈʠʩ. 6. ʕʉʇ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʠʙʝʥʟʦʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ Bz3PhDzPzH2
80

 ʠ 

tBu
Bz3

tBu
PhDzPzH2

81
 ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʢʣʘʩʩʘ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʅʝ ʤʝʥʝʝ 

ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʧʦʠʩʢ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʢʘʩʘʶʱʠʡʩʷ 

ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʞʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʭ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʭ. 
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1.3. ʂʦʤʧʣʝʢʩʳ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʩ ʈɿʕ 

ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʘʟʠʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʧʦʯʪʠ ʩʦ ʚʩʝʤʠ ʤʝʪʘʣʣʘʤʠ 

ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʨʝʜʠ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʩ 

ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʈɿʕ. ʆʙʣʘʜʘʷ ʙʦʣʴʰʠʤʠ 

ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʚʳʩʦʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʠ ʠʭ ʘʥʘʣʦʛʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʧʣʘʥʘʨʥʦʛʦ, 

ʪʘʢ ʠ ʩʵʥʜʚʠʯʝʚʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʛʘʥʜʦʚ (ʧʘʣʫʙ), ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʩ ʈɿʕ, ʨʘʟʣʠʯʘʶʪ ʢʦʤʧʣʝʢʩʳ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʧʘʣʫʙʥʦʛʦ 

ʩʪʨʦʝʥʠʷ (ʈʠʩ. 7). 
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ʈʠʩ. 7. ʆʙʱʠʡ ʚʠʜ ʦʜʥʦʧʘʣʫʙʥʦʛʦ (ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥ, PcLn), ʜʚʫʭʧʘʣʫʙʥʦʛʦ 

(ʜʠʬʪʘʣʦʮʠʘʥʠʥ, Pc2Ln) ʠ ʪʨʝʭʧʘʣʫʙʥʦʛʦ (ʪʨʠʬʪʘʣʦʮʠʘʥʠʥ, Pc3Ln2) ʢʦʤʧʣʝʢʩʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʈɿʕ. 
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ʂʦʤʧʣʝʢʩʳ ʜʚʫʭ- ʠ ʪʨʝʭʧʘʣʫʙʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ (ʩʦʜʝʨʞʘʱʠʝ ʠʜʝʥʪʠʯʥʳʝ ʣʠʛʘʥʜʳ), 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ (ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ ʦʜʥʦʛʦ ʪʠʧʘ), 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ (ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ ʨʘʟʥʳʭ ʪʠʧʦʚ) ʠ ʛʝʪʝʨʦʷʜʝʨʥʳʝ 

(ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ). ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʷʜʝʨʥʳʝ çʤʫʣʴʪʠʧʘʣʫʙʥʳʝè ʩʦʝʜʠʥʝʥʠʷ 

ʩʵʥʜʚʠʯʝʚʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ ʈɿʕ ʠ ʢʘʜʤʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚʧʣʦʪʴ ʜʦ 

ʰʝʩʪʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʧʘʣʫʙ (ʈʠʩ. 8).
84-93

 

Ln

Cd

Cd

Cd

Cd

Cd

CdLn

Ln

Ln

Ln

Ln

N

N
N

N

N

N

N

N

R

R

R

R

R

R R

R

 

ʈʠʩ. 8. ʆʙʱʠʡ ʚʠʜ çʤʫʣʴʪʠʧʘʣʫʙʥʳʭè ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʠʦʥʘʤʠ 

ʈɿʕ ʠ ʢʘʜʤʠʷ. 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʄʦʩʢʘʣʝʚʳʤ ʠ ʂʠʨʠʥʳʤ
94

 ʩɻ ʥʜʚʠʯʝʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʩ ʈɿʕ ̫ʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʣʘʛʦʜʘʨʷ 

ʦʛʨʦʤʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ.
95-

99 
ʋʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʣʘʶʪ ʠʭ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ
100-109

 ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ
110-113

 ʠ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ
114-115

, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ
116-124

 

ʫʩʪʨʦʡʩʪʚ ʤʫʣʴʪʠʙʠʪʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ
125-128

 ʠ ʩʝʥʩʦʨʦʚ
111, 129-133

. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ˊ, f-ˊ, f-f ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʪʝʧʝʥʴ ʢʦʪʦʨʳʭ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ (ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ f-ʦʙʦʣʦʯʢʠ). ʂʨʦʤʝ ʪʦʛʦ, 

ʩʵʥʜʚʠʯʝʚʳʝ ʜʠʬʪʘʣʦʮʠʘʥʠʥʳ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ 

ʧʨʦʷʚʠʣʠ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ (SMMs), ʯʪʦ ʚʳʟʚʘʣʦ ʥʦʚʫʶ 

ʚʦʣʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʧʠʥʪʨʦʥʠʢʝ
134-141

. 

ʄʝʪʦʜ rʩʠʥʪʝʟʘ, ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩ 

ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʤʠ ʤʘʢʨʦʮʠʢʣʘʤʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 
95-97, 99, 140, 

142
. ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭʧʘʣʫʙʥʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ:  

1) ʪʝʤʧʣʘʪʥʳʡ ʩʠʥʪʝʟ ʠʟ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ       

(ʉʭʝʤʘ 21); 

2) ʧʨʷʤʦʡ ʩʠʥʪʝʟ ï ʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (ʉʭʝʤʘ 22). 
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i : a)ʩʧʣʘʚʣʝʥʠʝ, 0.5-4ʯ;

b)ʉɺʏ, 5-10ʤʠʥ;

c) AlkOH, DBU, 130-160
o
C, 5-48ʯ

 

ʉʭʝʤʘ 21. ʆʙʘɦ ̫ʩʭʝʤʘ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʜʚʫʭʧʘʣʫʙʥʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʈɿʕ. 

ɺʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

çʤʝʪʘʣʣ-ʣʠʛʘʥʜè ʠ ʚʣʠʷʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʧʨʠʨʦʜʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ) 

ʪʝʤʧʣʘʪʥʳʡ ʤʝʪʦʜ ʦʙʳʯʥʦ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡ 

ʠʩʭʦʜʥʦʛʦ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʦʥ ʧʦʣʫʯʠʣ 

ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʯʝʤ ʧʨʷʤʦʡ ʩʠʥʪʝʟ ʠʟ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʝʤʧʣʘʪʥʳʡ ʩʠʥʪʝʟ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ ʧʨʦʚʦʜʠʣʠ 

ʩʧʣʘʚʣʝʥʠʝʤ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʴʶ (ʉʭʝʤʘ 21, a). 

ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʝʟʘʤʝʱʝʥʥʳʭ
27, 94, 143-146

 ʠ 

ʟʘʤʝʱʝʥʥʳʭ
27-28, 147-152

 ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 5 ʜʦ 80% ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʘʢʨʦʮʠʢʣʝ. ɹʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘ.
27, 151

 

ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʫʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ ʩʣʫʯʘʝ ʈɿʕ ʥʘʯʘʣʘ 

ʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʘ ʨʷʜʘ. 

ʊʦʤʠʣʦʚʦʡ ʠ ʇʫʰʢʘʨʝʚʳʤ
153-154

 ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʠʥʠʮʠʘʪʦʨʘ 

ʨʝʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʠʥʪʝʟʘ, ʚʧʣʦʪʴ ʜʦ 
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ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ (ʉʭʝʤʘ 21, b). ʄʝʪʦʜ ʉɺʏ ʦʢʘʟʘʣʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ 

(ʚʳʭʦʜʳ > 70%) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ, 

ʦʜʥʘʢʦ ʚʳʭʦʜʳ ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʣʠ 23%. 

ɽʱʝ ʦʜʥʠʤ ʚʘʨʠʘʥʪʦʤ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʘ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ, ʷʚʣʷʝʪʩʷ 

ʥʘʛʨʝʚʘʥʠʝ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ ʩ ʩʦʣʴʶ ʈɿʕ ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ (ʚ ʦʩʥʦʚʥʦʤ, 

ʧʝʥʪʘʥʦʣ ʠʣʠ ʛʝʢʩʘʥʦʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɹʋ (ʉʭʝʤʘ 21, c).
106, 154-172

 ʄʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʜʥʘʢʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (5ï48 ʯ). 
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i: a)ʭʠʥʦʣʠʥ, 240
o
ʉ;

ʊʍɹ, 220 oʉ;

n-C8H17OH; 190
o
ʉ;

n-C16H33OH; 230
o
ʉ;

b) n-C5H11OK, n-C5H11OH, 135
o
ʉ;

c) AlkOH, DBU, 130-190
o
ʉ;
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ʉʭʝʤʘ 22. ʆʙʘɦ ̫ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʜʚʫʭʧʘʣʫʙʥʳʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ï ʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ. 

ʄʝʪʘʣʣʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

(ʉʭʝʤʘ 22) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ çʯʠʩʪʳʡè ʩʠʥʪʝʟ, ʠʟʙʝʞʘʚ ʤʥʦʛʠʭ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʘ. 

ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʜʚʫʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩʦ ʚʪʦʨʳʤ ʣʠʛʘʥʜʦʤ. ʉʪʝʨʠʯʝʩʢʦʝ 

ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ ʨʝʘʢʮʠʠ, ʦʩʦʙʝʥʥʦ, ʜʣʷ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʮʘ ʨʷʜʘ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ. ʇʨʝʦʜʦʣʝʥʠʝ ʩʪʝʨʠʯʝʩʢʦʛʦ 
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ʬʘʢʪʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ. 

ʈʝʘʢʮʠʶ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩʚʦʙʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ ʠʣʠ ʝʛʦ ʣʠʪʠʝʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʩʦʣʴʶ ʈɿʕ (ʘʮʝʪʘʪʦʤ ʠʣʠ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ) ʚ ʩʨʝʜʝ ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʭʠʥʦʣʠʥʘ, ʊʍɹ, 

1-ClN, ʥ-ʛʝʢʩʘʥʦʣʘ ʠʣʠ ʥ-ʦʢʪʘʥʦʣʘ) (ʉʭʝʤʘ 22, a).
156, 173-180

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʙʘʚʦʢ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ (ɼɹʋ, ʘʣʢʦʛʦʣʷʪ Li  ʠʣʠ K), ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʬʪʘʣʦʮʠʘʥʠʥʦʚ (ʉʭʝʤʘ 22, b ʠ c).
181-188

 ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʝʘʢʮʠʠ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʭʦʜʦʚ 85ï90% ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʪʠʣ- ʠ 

ʥ-ʙʫʪʠʣʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ ʢʦʥʮʘ ʨʷʜʘ (Lu, Er)
183

. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʦʙʘʚʢʦʡ MeOLi 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʚʫʭʧʘʣʫʙʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʝʥʟʠʣʦʢʩʠʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʝʨʝʚʝʜʝʥʘ ʚ OH-ʛʨʫʧʧʫ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ
189

 (ʈʠʩ. 9, 

A). ɸʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʵʥʜʚʠʯʝʚʳʭ 

çintracavityè ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʛʠʙʢʠʤ ʩʧʝʡʩʝʨʦʤ 

ʪʠʧʘ çclamshellè (ʈʠʩ. 9, B)
190

. ɸʜʘʧʪʘʮʠʷ ʤʝʪʦʜʠʢʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʊʍɹ ʩ ʜʦʙʘʚʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ MeOLi ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʩʵʥʜʚʠʯʝʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ çsandwich-planarè ʥʘ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ
191

 

(ʈʠʩ. 9, C), ʘ ʪʘʢʞʝ ʩʝʨʠʶ ʬʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʜʚʫʭʧʘʣʫʙʥʳʭ ʬʪʘʣʦ- ʠ 

ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚ ʈɿʕ
192
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʜʚʫʭʧʘʣʫʙʥʳʭ ʠ ʪʨʝʭʧʘʣʫʙʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʈɿʕ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʝʘʢʮʠʠ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʜʦʙʘʚʢʦʡ (ʠʣʠ 

ʙʝʟ) ʊʍɹ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ MeOLi. 
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ʈʠʩ. 9. ʉʪʨʦʝʥʠʝ ʙʝʥʟʠʣʦʢʩʠʟʘʤʝʱʝʥʥʦʛʦ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ (A), ʢʦʤʧʣʝʢʩʘ ʈɿʕ ʪʠʧʘ 

çintracavityè (B) ʠ ʩʵʥʜʚʠʯʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʠʧʘ çsandwich-planarè (ʉ). 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʟʜʘʝʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʘʤ ʈɿʕ 

ʛʝʪʝʨʦʣʠʛʘʥʜʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʤʘʢʨʦʮʠʢʣʦʚ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭʧʘʣʫʙʥʳʭ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ: 

1) ʩʤʝʰʘʥʥʘʷ ʮʠʢʣʦʪʝʪʨʘʤʝʨʠʟʘʮʠʷ ʜʚʫʭ ʬʪʘʣʦʜʠʥʠʪʨʠʣʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʠ ʈɿʕ; 

2) ʨʝʘʢʮʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʠʣʠ ʠʭ ʱʝʣʦʯʥʳʭ ʩʦʣʝʡ ʩ ʩʦʣʴʶ 

ʈɿʕ; 

3) ʨʝʘʢʮʠʷ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩ ʬʪʘʣʦʜʠʥʠʪʨʠʣʦʤ; 

4) ʨʝʘʢʮʠʷ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩʦ ʩʚʦʙʦʜʥʳʤ ʣʠʛʘʥʜʦʤ ʠʣʠ ʝʛʦ 

ʱʝʣʦʯʥʦʡ ʩʦʣʴ.ʁ 
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ʇʝʨʚʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʨʘʟʣʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʜʠʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.
193-194

 ʄʝʪʦʜ 2 ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʨʷʜʫ ʩ ʮʝʣʝʚʳʤ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ.
195

 ʄʝʪʦʜʳ 3 ʠ 

4 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʦʣʫʯʝʥʠʷ ʜʚʫʭʧʘʣʫʙʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, ʠ ʧʦʵʪʦʤʫ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʉʭʝʤʘ 23). 
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ʉʭʝʤʘ 23. ʉʠʥʪʝʟ ʜʚʫʭʧʘʣʫʙʥʳʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʈɿʕ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʢʮʠʶ ʧʦ ʤʝʪʦʜʫ 3 (ʉʭʝʤʘ 23) ʧʨʦʚʦʜʷʪ ʚ ʩʧʠʨʪʦʚʦʡ 

ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɹʋ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʘʣʢʠʣ- ʠ ʘʣʢʦʢʩʠʟʘʤʝʱʝʥʥʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ 

ʜʠʬʪʘʣʦʮʠʘʥʠʥʳ
168, 170, 174, 196-200

 ʩ ʚʳʭʦʜʘʤʠ ʚʧʣʦʪʴ ʜʦ 43%, ʘ ʪʘʢʞʝ ʩʝʨʠʷ 
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ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ ʬʪʘʣʦʮʠʘʥʠʥ-ʥʘʬʪʘʣʦʮʠʘʥʠʥ
201-202

, ʬʪʘʣʦʮʠʘʥʠʥ-

ʧʦʨʬʠʨʠʥ
174, 203-206

. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩʥʳʡ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʘ 58 ʥʘ ʦʩʥʦʚʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ 15-ʢʨʘʫʥ-5-ʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ 

ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ 3 ʠ 4.
196

 ʎʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩ 58 ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʘʟʣʦʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʣʘʥʪʘʥʘ 59, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʮʠʝʡ La(Pc)2 ʩ 15-ʢʨʘʫʥ-5-ʟʘʤʝʱʝʥʥʳʤ 

ʬʪʘʣʦʮʠʘʥʠʥʦʤ ʚ ʊʍɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ La(acac)3 (ʉʭʝʤʘ 24). 
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58  

ʉʭʝʤʘ 24. ʉʠʥʪʝʟ ʜʚʫʭʧʘʣʫʙʥʦʛʦ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʪʘʣʦʮʠʘʥʠʥʘʪʦ-

ʪʝʪʨʘ(15-ʢʨʘʫʥ-5)ʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʣʘʥʪʘʥʘ. 

ʉʠʥʪʝʟ ʯʝʪʚʝʨʪʳʤ ʤʝʪʦʜʦʤ (ʉʭʝʤʘ 23) ʚʧʝʨʚʳʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ
207

 ʠ ʩʝʡʯʘʩ ʠʟʚʝʩʪʝʥ ʢʘʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çraise-by-one-

storyè (ʦʜʥʦʩʪʘʜʠʡʥʳʡ) ʤʝʪʦʜ. ʈʝʘʢʮʠʶ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʣʠʛʘʥʜʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʥ-ʦʢʪʘʥʦʣʝ, 1-ClN 

ʠʣʠ ʊʍɹ. ʉ ʠʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 

ʩʦʩʪʘʚʘ ʬʪʘʣʦʮʠʘʥʠʥ-ʬʪʘʣʦʮʠʘʥʠʥ
194, 200, 207-210

, ʬʪʘʣʦʮʠʘʥʠʥ-

ʥʘʬʪʘʣʦʮʠʘʥʠʥ
211

 ʠ ʬʪʘʣʦʮʠʘʥʠʥ-ʧʦʨʬʠʨʠʥ
165, 212-215

 ʩ ʚʳʭʦʜʘʤʠ ʦʪ 

ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ. ʂʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ ʬʪʘʣʦʮʠʘʥʠʥ-ʧʦʨʬʠʨʠʥ ʪʘʢʞʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʤʦʥʦʧʦʨʬʠʨʠʥʘʪʦʚ ʈɿʕ ʩʦ ʩʚʦʙʦʜʥʳʤ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʠʣʠ ʝʛʦ Li  ʩʦʣʴʶ
212, 216-219

.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ çraise-by-one-storyè ʤʝʪʦʜ ʧʨʠʦʙʨʝʣ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ ʩ ʩʦʣʴʶ ʈɿʕ ʚ ʦ-ɼʍɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɹʋ
183, 192, 220

. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩ ʣʠʛʘʥʜʦʤ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʠʤʝʥʥʦ, ʚ ʩʨʝʜʝ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ 

ʊʍɹ, ʩ ʦʩʥʦʚʥʦʡ ʜʦʙʘʚʢʦʡ ʠʣʠ ʙʝʟ ʥʝʝ, ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʜʚʫʭʧʘʣʫʙʥʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʣʶʪʝʮʠʷ ʠ ʝʚʨʦʧʠʷ ʩʦʩʪʘʚʘ 
Bu

PcLnPc ʠ 
Bu

PcLn
Cl

Pc 

(ʛʜʝ 
Bu

Pc ï 2,3,9,10,16,17,23,24-ʦʢʪʘʙʫʪʠʣʬʪʘʣʦʮʠʘʥʠʥʘʪ; Pc ï 

ʬʪʘʣʦʮʠʘʥʠʥʘʪ, 
Cl

Pc ï 2,3,9,10,16,17,23,24-ʦʢʪʘʭʣʦʨʬʪʘʣʦʮʠʘʥʠʥʘʪ)
221
, ʘ 

ʪʘʢʞʝ ʩʝʨʠʠ ʟʘʤʝʱʝʥʥʳʭ ʣʶʪʝʮʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ ʬʪʘʣʦʮʠʘʥʠʥ-

ʥʘʬʪʘʣʦʮʠʘʥʠʥ.
222

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ/ʠʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʚʫʭʧʘʣʫʙʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʧʝʨʚʳʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ ʪʨʝʭʧʘʣʫʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 1967 ʛ.
143

 

ʆʜʥʘʢʦ ʦʜʥʦʟʥʘʯʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʨʝʭʧʘʣʫʙʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʚ 1999 ʛ. ʙʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʈʉɸ ʜʣʷ 

15-ʢʨʘʫʥ-5-ʟʘʤʝʱʝʥʥʦʛʦ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʣʶʪʝʮʠʷ.
223

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʣʠ ʩʧʣʘʚʣʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʪʘʣʦʜʠʥʠʪʨʠʣʘ ʩ ʩʦʣʴʶ ʈɿʕ 
147, 224-225

. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ï 

ʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʩʦʣʴʶ ʈɿʕ ʚ ʩʨʝʜʝ ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ 1-ClN
226-227

, ʥ-ʦʢʪʘʥʦʣ
183, 

228
, ʊʍɹ

120, 229
 ʠ ʮʝʪʠʣʦʚʳʡ ʩʧʠʨʪ

183
 (ʉʭʝʤʘ 25). ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʝʘʢʮʠʠ
183

 ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ 

ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʳ ʈɿʕ ʢʦʥʮʘ ʨʷʜʘ (Er, Lu) ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ ʜʦ 280 ÁC. ʄʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 
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ʮʝʪʠʣʦʚʳʡ ʩʧʠʨʪ/ʊʍɹ ʩ ʜʦʙʘʚʢʦʡ MeOLi, ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʥʘʷ ʇʫʰʢʘʨʝʚʳʤ 

ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʜʚʫʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ
221
, ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʬʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ ʩ ʚʳʭʦʜʘʤʠ 

71-80%
192
, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʧʝʨʚʦʛʦ ʪʨʝʭʧʘʣʫʙʥʦʛʦ 

ʪʝʪʨʘʪʠʝʥʦʧʦʨʬʠʨʘʟʠʥʘ ʣʶʪʝʮʠʷ ʩ ʚʳʭʦʜʦʤ 36%
36
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ʉʭʝʤʘ 25. ʉʠʥʪʝʟ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ ʈɿʕ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (40%) ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʣʶʪʝʮʠʷ 60 

ʚʘʢʫʫʤʥʦʡ ʩʫʙʣʠʤʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘ 61 

(ʉʭʝʤʘ 26).
230
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60  

ʉʭʝʤʘ 26. ʉʠʥʪʝʟ ʪʨʠʩ(ʬʪʘʣʦʮʠʘʥʠʥʘʪʘ) ʣʶʪʝʮʠʷ ʚʘʢʫʫʤʥʦʡ ʩʫʙʣʠʤʘʮʠʝʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʘʢʞʝ ʧʨʠʚʣʝʢʘʶʪ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.
95, 140

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʢʮʠʶ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ 

ʈɿʕ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʠʬʪʘʣʦʮʠʘʥʠʥʦʤ (ʉʭʝʤʘ 27). 

ʇʝʨʚʳʡ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʪʨʝʭʧʘʣʫʙʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 

1994 ʛ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʢʨʘʫʥʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʚʫʭʧʘʣʫʙʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ 1-ClN.
231

 ʇʦʟʜʥʝʝ, ʨʝʘʢʮʠʝʡ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʈɿʕ ʩ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ (ʠʣʠ ʝʛʦ ʣʠʪʠʝʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʬʪʘʣʦʮʠʘʥʠʥʘʤʠ ʚ ʊʍɹ ʙʳʣʠ ʧʦʣʫʯʝʥ r

ʩʝʨʠʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ ʈɿʕ 

(ʉʭʝʤʘ 27).
117, 232-235

 ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʦʨʬʠʨʠʥʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ.
236-237
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ʉʭʝʤʘ 27. ʉʠʥʪʝʟ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ. 

ʈʝʘʢʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʜʚʫʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʊʍɹ ɼʞʠʘʥʛʦʤ ʩ ʩʦʪʨ. ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʷʜʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʚʢʣʶʯʘʷ 

ʛʝʪʝʨʦʷʜʝʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ
238

 (ʉʭʝʤʘ 28). 
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ʉʭʝʤʘ 28. ʉʠʥʪʝʟ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʪʨʠʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʈɿʕ. 
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ɸʚʪʦʨʘʤʠ
239-240

 ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ çʜʦʥʦʨʘè ʣʠʛʘʥʜʘ La(Pc)2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʠ 

ʢʨʘʫʥʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. ʈʝʘʢʮʠʝʡ La(Pc)2, Ln(acac)3 ʠ 15-ʢʨʘʫʥ-5-

ʬʪʘʣʦʮʠʘʥʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʭʧʘʣʫʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ 53% (ʉʭʝʤʘ 29). 
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ʉʭʝʤʘ 29. ʉʠʥʪʝʟ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʨʘʫʥʩʦʜʝʨʞʘʱʠʭ ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. 

ʅʝʜʘʚʥʦ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʢʦʨʨʦʣʘ, 

ʧʨʦʷʚʠʚʰʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ.
107, 241-243

 ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʈɿʕ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʦʨʨʦʣʦʤ ʚ ʩʧʠʨʪʦʚʦʡ 

ʩʨʝʜʝ (ʥ-ʧʝʥʪʘʥʦʣ ʠʣʠ ʥ-ʦʢʪʘʥʦʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɹʋ, ʨʦʣʴ ʢʦʪʦʨʦʛʦ, ʢʘʢ 

ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʝʥʝʨʘʮʠʠ ʢʦʨʨʦʣ-ʘʥʠʦʥʘ (ʉʭʝʤʘ 30). ɹʳʣ 

ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ï ʦʜʥʦʩʪʘʜʠʡʥʘʷ ʨʝʘʢʮʠʷ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʦʨʨʦʣʘ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʤ ʈɿʕ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 30).
243

 ɺʳʭʦʜʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʜʦʩʪʠʛʘʷ 54%. 
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ʉʭʝʤʘ 30. ʉʠʥʪʝʟ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʪʨʝʭʧʘʣʫʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʠ ʢʦʨʨʦʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ ʩ ʈɿʕ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʧʨʠʢʣʘʜʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʷʚʣʷʶʪʩʷ ʩʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ 

ʣʠʛʘʥʜʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

(ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʪʘʣʣ-ʵʢʩʪʨʘʣʠʛʘʥʜ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ́-ˊ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ).
219, 244-249

 ʉʢʣʦʥʥʦʩʪʴ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʦ ʥʘʯʘʣʘ ʥʘʩʪʦʷʱʝʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ, ʙʦʣʝʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩ ʧʦʨʬʠʨʘʟʠʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. ɺ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ, 

ʩʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʈɿʕ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʬʪʘʣʦʮʠʘʥʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʷʨʢʠʡ ʧʨʠʤʝʨ ʩʦʝʜʠʥʝʥʠʡ, ʯʴʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 



 54 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʝʧʝʥʴʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʤʝʞʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʭ. 

ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʠ 

ʜʝʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʨʷʜʫ ʧʦʣʫʯʝʥʥʳʭ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʟʫʯʝʥʠʝ 

ʧʨʠʨʦʜʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʞʣʠʛʘʥʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʘʣʠʯʠʝʤ ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. 
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2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ
*
 

ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ï 1,4-ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ, 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʪʦʚ ʤʘʛʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʦʙʦʜʥʳʭ 

ʧʦʨʬʠʨʘʟʠʥʦʚ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ. ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʦʧʠʩʘʥ r

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘʪʦʚ ʈɿʕ, ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʷʚʣʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè. ʏʝʪʚʝʨʪʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʥʘ 

ʦʩʥʦʚʝ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘ. ɺ ʧʷʪʦʡ ʯʘʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

2.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʥʪʝʟʘ 

1,4-ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 5,7-ʙʠʩ(4-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)-6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ 1 ʠ 5,7-ʙʠʩ[2ǋ-(4-

ʙʨʦʤʬʝʥʠʣ)ʵʪʝʥʠʣ]-6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣ 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʥʠʪʨʠʣʘ 1 ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʚ ʤʦʣʝʢʫʣʫ 1,4-ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ ʪʨʝʪ-

ʙʫʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʝʣʘʶʪ ʝʝ ʫʜʦʙʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. ɺʳʙʦʨ 

1,4-ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʜʠʢʪʦʚʘʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʝʛʦ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʰʠʨʦʢʠʤʠ 

                                                 
*
 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʥʫʤʝʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʨʠʩʫʥʢʦʚ, 

ʪʘʙʣʠʮ ʠ ʩʭʝʤ. 
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ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʤʦʜʠʬʠʢʘʮʠʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʯʪʦ ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʘʨʠʣʵʪʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚ 

ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ 

ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʕʉʇ ʢʘʢ ʩʘʤʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ. 

2.1.1. ʉʠʥʪʝʟ 1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 

ʉʠʥʪʝʟ 1,4-ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 1 ʧʨʦʚʦʜʠʣʠ ʢʦʥʜʝʥʩʘʮʠʝʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ 1,3-ʙʠʩ(4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)ʧʨʦʧʘʥ-1,3-ʜʠʦʥʘ 

3 ʩ DAMN 4 ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 
64

 (ʉʭʝʤʘ 1). ʏʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 
1
ʅ ʠ 

13
ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩ. ʇ1, 

ʇ2). 

NH2

NC NH2

NC

+
O

O
N

NNC

NC

EtOH; P2O5

4

3
1

 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʜʠʥʠʪʨʠʣʘ 1. 

ʅʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ 1,4-ʜʠʘʟʝʧʠʥʜʠʢʘʨʙʦʥʠʪʨʠʣ 2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ 5 ʩ DAMN 4 ʠ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 5,7-ʜʠʤʝʪʠʣ-6H-1,4-ʜʠʘʟʝʧʠʥ-2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 6 ʩ 

4-ʙʨʦʤʙʝʥʟʘʣʴʜʝʛʠʜʦʤ 7 (ʉʭʝʤʘ 2). ʉʪʘʜʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ 5 ʩ 

DAMN 4 ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʦʟʠʣʘʪʘ ʧʠʨʠʜʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʤʝʩʪʦ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʚ 2 ʨʘʟʘ. ʉʪʘʜʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʥʠʪʨʠʣʘ 6 ʩ ʘʣʴʜʝʛʠʜʦʤ 7 

ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʣʠʯʥʳʭ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ
66
, ʘ ʠʤʝʥʥʦ, ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 80 ʜʦ 111 Áʉ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 
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ʙʝʥʟʦʣʘ ʥʘ ʪʦʣʫʦʣ, ʢʘʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʥʝʝ ʘʚʪʦʨʘʤʠ
67
. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʜʠʥʠʪʨʠʣʘ 2 ʩ 10 ʜʦ 

86%, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʠʧʝʨʠʜʠʥʘ. ɿʘʤʝʥʘ ʧʠʧʝʨʠʜʠʥʘ ʥʘ ʝʛʦ ʩʦʣʴ 

(ʧʠʧʝʨʠʜʠʥʠ ̫ʙʫʪʠʨʘʪ) ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʟʘʤʝʥ rʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʙʝʠʭ ʩʪʘʜʠʷʭ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘʤ 

ʫʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʠʟʙʝʞʘʪʴ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʪʨʫʜʦʝʤʢʠʭ ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ ï ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 
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ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʜʠʥʠʪʨʠʣʘ 2. 

ʇʦʣʫʯʝʥʥʳʡ ʜʠʥʠʪʨʠʣ 2 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʘʤʠ ʕʉʇ, ʀʂ,
 1
ʅ ʠ 

13
ʉ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ESI (ʈʠʩ. ʇ3ïʇ7). 

ʅʘʣʠʯʠʝ ʚ 
1
ʅ ʗʄʈ ʩʧʝʢʪʨʝ 2 ʩʠʛʥʘʣʦʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʘʢʩʠʘʣʴʥʳʭ 

ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ CH2 ʛʨʫʧʧʝ (5.33 ʠ 2.10 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʥʠʪʨʠʣ ʥʘʭʦʜʠʪʩʷ ʚ 6H ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʝ (ʉʭʝʤʘ 3). 
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ʉʭʝʤʘ 3. ʀʤʠʥ-ʝʥʘʤʠʥʦʚʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ 2. 
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ʋʰʠʨʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ CH2 ʛʨʫʧʧʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʘʣʝʩʮʝʥʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʚʝʨʩʠʠ 1,4-ʜʠʘʟʝʧʠʥʦʚʦʛʦ 

ʮʠʢʣʘ ʚ 2 ʙʣʠʟʢʘ ʢ ʢʦʤʥʘʪʥʦʡ. ʉʦʩʪʘʚ ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ 2 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʨʠʣʵʪʝʥʠʣʟʘʤʝʱʝʥʥʳʭ 1,4-ʜʠʘʟʝʧʠʥ-

2,3-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʷʚʣʷʝʪʩʷ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʘ ̫ ʦʢʨʘʩʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʥʘʣʠʯʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʦʣʦʩ rʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʚʢʣʘʜʦʤ HOMO-LUMO ʧʝʨʝʭʦʜʘ.
66, 70

 ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʕʉʇ 2 ʚ ɼʄʉʆ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 333 ʠ 402 ʥʤ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʵʢʩʪʠʥʢʮʠʠ (lg Ů) 4.85 ʠ 4.36, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʛʣʦʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

402 ʥʤ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʢʩʪʠʥʢʮʠʠ ʧʨʠʜʘʝʪ 2 

ʠʥʪʝʥʩʠʚʥʫʶ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʠʪʝʣʷ. 

2.1.2. ʉʠʥʪʝʟ ʩʚʦʙʦʜʥʳʭ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʦʙʦʜʥʳʝ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʝ ʣʠʛʘʥʜʳ: ʪʝʪʨʘʢʠʩ(5,7-ʙʠʩ(4-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣ)-6H-1,4-ʜʠʘʟʝʧʠʥʦ)[2,3-b,g,l,q]ʧʦʨʬʠʨʘʟʠʥ (
tBu

PhDzPzH2, 8) ʠ 

ʪʝʪʨʘʢʠʩ{5,7-ʙʠʩ[2ǋ-(4-ʙʨʦʤʬʝʥʠʣ)ʵʪʝʥʠʣ]-6H-1,4-ʜʠʘʟʝʧʠʥ}[2,3-

b,g,l,q]ʧʦʨʬʠʨʘʟʠʥ (
Styr

DzPzH2, 9). 

ʉʠʥʪʝʟ 8 ʚʧʝʨʚʳʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʘʚʪʦʨʘʤʠ
74

 ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʪʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʢʠʧʷʯʝʥʠʝʤ ʜʠʥʠʪʨʠʣʘ 

1 ʚ ʥ-ʙʫʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʫʪʠʣʘʪʘ ʣʠʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ 

ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ɼʄʉʆ.
74

 

ʆʜʥʘʢʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʠʩʪʦʪʘ 8, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ɼʄʉʆ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʠ ʨʝʛʠʩʪʨʘʮʠʠ 
13
ʉ ʗʄʈ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʥʳʭ 

ʤʦʥʦʘʮʠʣʠʨʦʚʘʥʥʳʭ ʚʠʮʠʥʘʣʴʥʳʭ ʜʠʘʤʠʥʦʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ (Al2O3, 
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CHCl3:MeOH 100:1 V/V). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜ ʧʦʨʬʠʨʘʟʠʥʘ 8 ʪʨʝʙʫʝʤʦʡ 

ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʩʦʩʪʘʚʠʣ 30%. ʄʦʜʠʬʠʢʘʮʠ ̫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʥ-ʙʫʪʘʥʦʣʘ ʥʘ ʠʟʦʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ (ʉʭʝʤʘ 4, I) ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʩrʠʪʴ ʚʳʭʦʜ 8 (ʜʦ 33%). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 8 ʥʘʤʠ ʙʳʣ ʪʘʢʞʝ ʠʩʧʨʦʙʦʚʘʥ ʪʝʤʧʣʘʪʥʳʡ ʤʝʪʦʜ ʚ 

ʨʘʩʧʣʘʚʝ ï ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʩʤʝʩʠ ʜʠʥʠʪʨʠʣʘ 1 ʩ MeOLi ʜʦ 220 Üʉ, ʩ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʚ ʩʚʷʟʠ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ (ʚʳʭʦʜʳ 8 ʥʝ 

ʧʨʝʚʳʰʘʣʠ 15%). ʄʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʫʪʝʤ ʜʦʙʘʚʢʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʛʠʜʨʦʭʠʥʦʥʘ) ʢ ʩʤʝʩʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʉʭʝʤʘ 4, II ) 

ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ 8 ʣʠʰʴ ʜʦ 20%. 
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ʉʭʝʤʘ 4. ʇʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ 8. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 8 ʦʢʘʟʘʣʦʩʴ 

ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 10 (ʉʭʝʤʘ 4, III ). 

ʂʦʤʧʣʝʢʩ 10 ʧʦʣʫʯʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ
64
, ʘ ʠʤʝʥʥʦ, ʪʝʤʧʣʘʪʥʦʡ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʝʡ ʜʠʥʠʪʨʠʣʘ 1 ʚ ʠʟʦʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ. ɼʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ 10 
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ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʛʦʨʷʯʝʡ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʢʠʩʣʦʪʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʦʥʦʘʮʠʣʠʨʦʚʘʥʥʳʭ ʚʠʮʠʥʘʣʴʥʳʭ ʜʠʘʤʠʥʦʧʨʦʜʫʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜ 

ʣʠʛʘʥʜʘ 8 (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʠʪʨʠʣ) ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪ ɹʜʦ 67%. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ 9 (ʉʭʝʤʘ 5) ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʣʷ ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ 

ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 11 ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʭʣʘʞʜʝʥʥʘʷ ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 9 ʠ 11 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ. 
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ʉʭʝʤʘ 5. ʉʠʥʪʝʟ ʧʦʨʬʠʨʘʟʠʥʘ 9 ʠ ʝʛʦ ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 11. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʯʝʨʝʟ ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʛʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ. 

2.2. ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ 

2.2.1. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʉʧʝʮʠʬʠʢʘ ʩʚʦʡʩʪʚ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʘʣʠʯʠʝʤ 

ʥʝʧʣʘʥʘʨʥʳʭ ʜʠʘʟʝʧʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ
64

 ʥʘ ʧʨʠʤʝʨʝ ʤʘʛʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 10 ʤʝʪʦʜʘʤʠ ʕʉʇ ʠ 

1
ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʢʣʦʥʥʦʩʪʴ 
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ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ 

ʜʠʤʝʨʦʚ H-ʪʠʧʘ ʚ ʨʘʩʪʚʦʨʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, 

ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʝʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʨʘʩʱʝʧʣʝʥʠ̫ Q-ʧʦʣʦʩʳ ʚ ʠʭ ʕʉʇ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʕʉʇ 

ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚrʭ ʣʠʛʘʥʜʦʚ (ʈʠʩ. 1), ʚ ʮʝʣʦʤ, ʠʤʝʶʪ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʰʠʨʝʥʠʝʤ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦʙ ʠʭ ʜʠʤʝʨʥʦʡ 

ʧʨʠʨʦʜʝ. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ, ʚ ʢʘʢʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ 

(ʤʦʥʦʤʝʨʥʘʷ ʠʣʠ ʜʠʤʝʨʥʘʷ) ʪʝʪʨʘʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 8. 

 

ʈʠʩ. 1. ʕʉʇ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ 8 ʠ 9 ʚ ʧʠʨʠʜʠʥʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 8 ʚ ʨʘʩʪʚʦʨʝ ʊɻʌ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʥʠʟʢʦʡ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ 0.01%), ʧʦʵʪʦʤʫ ʝʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ 8 ʥʝ ʩʦʚʧʘʜʘʝʪ 

ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩ. 2), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʜʚʫʭ ʨʘʟʥʳʭ ʭʨʦʤʦʬʦʨʦʚ. 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 8 ʚ ʊɻʌ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ
67

 ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʣʘʜʘʝʪ 

ʪʦʣʴʢʦ ʤʦʥʦʤʝʨʥʘʷ ʬʦʨʤʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʤʝʨʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʪʫʰʝʥʠʶ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʠʛʘʥʜʘ ʚ ʜʠʤʝʨʥʦʡ ʬʦʨʤʝ ʚ 

ʨʘʩʪʚʦʨʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʤʝʪʦʜʠʢʝ DOSY: 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʣʠʛʘʥʜʘ 8 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʭʧʘʣʫʙʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʢʘʟʘʣʠʩʴ ʩʦʧʦʩʪʘʚʠʤʳ (ʊʘʙʣʠʮʘ ʇ1). ʋʯʠʪʳʚʘʷ ʦʯʝʥʴ ʩʣʘʙʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʛʘʥʜ 8 ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (>95%) ʚ ʚʠʜʝ ʜʠʤʝʨʘ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʣʠʛʘʥʜ ʩʦʭʨʘʥʷʝʪ ʜʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ (ʈʠʩ. 3) ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʠʩ. 3. ʕʉʇ ʣʠʛʘʥʜʘ 8 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʠʨʠʜʠʥʝ. 










































































































































































