
ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 
 

 

ʉʊɸʈʀʂʆɺ 

ɸʅɼʈɽʁ ʉɽʈɻɽɽɺʀʏ 

 

ʇʈʆʀɿɺʆɼʅʓɽ 3-ɸʈʀʃ-(3.2.2)ʎʀʂʃɸɿʀʅ-1,2-ɼʀʂɸʈɹʆʅʆɺʓʍ 

ʂʀʉʃʆʊ: ʉʀʅʊɽɿ, ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ 

ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

 

1.4.3 ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ɺ.ɽ. ʇʫʰʢʘʨʝʚ  
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

Pcïʬʪʘʣʦʮʠʘʥʠʥ 

APcïʘʥʪʨʘʢʦʮʠʘʥʠʥ 

NPcïʥʘʬʪʘʣʦʮʠʘʥʠʥ 

CACïʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥ  

CAZïʮʠʢʣʘʟʠʥ 

Meïʤʝʪʠʣ 

Etïɻ ʪʠʣ 

Prïʧʨʦʧʠʣ 

tBuïʪʨʝʪ-ʙʫʪʠʣ 

ʦ-ɼʍɹ (o-DCB)ïʦʨʪʦ-ʜʠʭʣʦʨʙʝʥʟʦʣ 

ɼʍʄ (DCM)ïʜʠʭʣʦʨʤʝʪʘʥ 

ɼʄʉʆ (DMSO)ïʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ (DMF)ïN,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʄɸɼ (DMAD)ïʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪ 

ɼʄɸ (DMA)ïN,N-ɼʠʤʝʪʠʣʘʮʝʪʘʤʠʜ 

ɼʄɸɽ (DMAE)ïʜʠʤʝʪʠʣʘʤʠʥʦʵʪʘʥʦʣ 

ɼʍʕ (DCE)ï1,2-ʜʠʭʣʦʨʵʪʘʥ 

BuOHïʥ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ 

ʊʍɹ (TCB)ï1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣ 

AcOHïʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʊʌɸ (TFA)ïʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʊʄʉɸ (TMSA)ïʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʊʄʉ (TMS)ïʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ (SiMe4) 

ʊɹɸɹ (TBAB)ïʪʝʪʨʘ-ʥ-ʙʫʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ 

ʇʀʇ (PIP)ï2-ʬʝʥʠʣʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥ  

ʅʀʇ (NIP) ïʥʘʬʪʦ[1ǋ,2ǋ:4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥ  

Fcïʬʝʨʨʦʮʝʥ 

ʊʉʍïʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʕʉʇ (UV-vis)ïɻ ʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 
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ʎɺɸ (CV)ïʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʂɺɺɸ (KWWA)ïʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʅʂʕ (SCE)ïʥʘʩʳʱʝʥʥʳʡ ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ (saturated calomel electrode) 

NIRïʙʣʠʞʥʷʷ ʀʂ ʦʙʣʘʩʪʴ 

COSYïʛʦʤʦʷʜʝʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (homonuclear correlation 

spectroscopy) 

HSQCïʛʝʪʝʨʦʷʜʝʨʥʘʷ ʦʜʥʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (heteronuclear 

single-quantum correlation spectroscopy) 

HMQCïʛʝʪʝʨʦʷʜʝʨʥʘʷ ʤʥʦʛʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

(heteronuclear multiple-quantum correlation spectroscopy) 

NOESYï̫ ʜʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʵʬʬʝʢʪʦʤ ʆʚʝʨʭʘʫʟʝʨʘ (nuclear Overhauser effect 

spectroscopy) 

ʤ.ʜ. (ppm) ïʤʠʣʣʠʦʥʥʳʝ ʜʦʣʠ (parts per million) 

ʈʉɸïʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

MALDI -TOFïʣʘʟʝʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʘʪʨʠʮʝ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʩʦʨʙʮʠʝʡ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (matrix-assisted 

laser desorption ionization time-of-flight) 

CHCAïŬ-ʮʠʘʥʦ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ 

DHBï2,5- ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

ESIïʤʝʪʦʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʩʧʨʝʝʤ (electrospray 

ionization) 

ʀʖʇɸʂ (IUPAC)ïʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

(International Union of Pure and Applied Chemistry) 

OLEDïʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʜʠʦʜʳ (Organic Light Emitting Diod) 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʇʠʨʨʦʣʦ(2,1,5-cd)ʠʥʜʦʣʠʟʠʥʳ ʠʣʠ (3.2.2)ʮʠʢʣʘʟʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

-́ʨʘʩʰʠʨʝʥʥʳʝ ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ [1], 

ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʚʘ ʧʷʪʠʯʣʝʥʥʳʭ ʠ ʦʜʠʥ ʰʝʩʪʠʯʣʝʥʥʳʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʘ. ʆʙʣʘʜʘʷ 10ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ, 

(3.2.2)ʮʠʢʣʘʟʠʥʳ ʠʟʦʵʣʝʢʪʨʦʥʥʳ ʥʘʬʪʘʣʠʥʘʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʦʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʬʪʘʣʠʥʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʥʤ ʩ ʜʦʩʪʠʞʝʥʠʝʤ 

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ [2]. ʂʦʤʙʠʥʘʮʠʷ ʧʦʣʫʯʘʝʤʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʝʜʦʢʩ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʝʣʘʝʪ (3.2.2)ʮʠʢʣʘʟʠʥʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3,4], ʘ 

ʪʘʢʞʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ n-ʪʠʧʘ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʘʤʝʱʝʥʥʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʦʙʣʘʜʘʶʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʨʝʮʝʧʪʦʨʦʤ ʵʩʪʨʦʛʝʥʘ [6,7], ʘ ʠʭ ʯʘʩʪʠʯʥʦ ʛʠʜʨʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʄʠʨʤʠʢʘʨʠʥʳ, ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʘʣʢʘʣʦʠʜʘʤʠ [8ï10]. ɺʣʘʩʫʣʘʤʠʥ ɸ ï 

ʩʦʝʜʠʥʝʥʠʝ, ʚʳʜʝʣʝʥʥʦʝ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʨʝʜʤʝʪ 

ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʣʘʢʪʦʥʦʚʳʭ ʮʠʢʣʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʦ ʮʝʥʪʨʘʣʴʥʦʤʫ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ [11].  

ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ ʥʘʫʯʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʃʌʠɸ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩʪʘʣʠ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʠʤʝʶʱʠʝ ʧʦʪʝʥʮʠʘʣ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ. ʆʞʠʜʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʳʭ ˊ-

ʨʘʩʰʠʨʝʥʥʳʭ ʪʨʠ/ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝʤ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ 

ʦʩʥʦʚʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʜʦ ʩʠʭ ʦʛʨʘʥʠʯʝʥʘ [12].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ 

ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ, ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
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ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ˊ-ʨʘʩʰʠʨʝʥʥʳʭ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝʤ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʨʷʜʘ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʨʷʜʘ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ; 

¶ ʜʦʩʪʦʚʝʨʥʘ ̫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʝʭ ʮʝʣʝʚʳʭ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʀʂ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟʳ, ʋʌ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ); 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ); 

¶ ʠʟʫʯʝʥʠʝ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʷʜʘ ʥʦʚʳʭ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ: 1,2-ʜʠʵʬʠʨʦʚ, ʜʠʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʠ 1,2 

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. ʇʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʥʝʝ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʨʠʠ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʨʦʜʦʥʘʯʘʣʴʥʠʢʠ ʨʷʜʘ ʣʠʥʝʡʥʳʭ ˊ ʩʦʧʨʷʞʝʥʥʳʭ ʮʠʢʣʘʟʠʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ï 4 4' 

ʜʠʤʝʨʥʳʡ ʠ 4-4';1'-4'' ʪʨʠʤʝʨʥʳʡ ʘʜʜʫʢʪʳ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʜʣʷ 
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ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʢʘʢ ʚ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʣʘʩʩʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʚʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʷʜ 1,2-

ʜʠʵʬʠʨʦʚ, 1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ, ʘ ʪʘʢʞʝ 4 4' ʜʠʤʝʨʥʳʡ ʠ 4-4';1'-4'' ʪʨʠʤʝʨʥʳʡ 

ʘʜʜʫʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ.  

ɼʣʷ ʩʝʨʠʠ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʨʝʘʢʮʠʠ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ˊ-ʨʘʩʰʠʨʝʥʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʪʨʠ- ʠ ʪʝʪʨʘʧʠʨʨʦʣʴʥʦʛʦ ʪʠʧʘ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʤʝʪʥʳʤ 

ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʧʦʣʦʩ ʚ ʕʉʇ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ, ʘ ʪʘʢʞʝ 

ʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺ ʩʣʫʯʘʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʪʝʪʨʘʤʝʨʘ ʦʪʤʝʯʝʥʦ ʩʤʝʱʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʩʢʣʦʥʥʦʩʪʴ (3.2.2)ʮʠʢʣʘʟʠʥʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʢ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʘʛʨʝʛʘʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʊʘʢ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ BP86/def2-

TZVP ʫʜʘʣʦʩʴ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʳʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 4-ʧʦʣʦʞʝʥʠʷ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʚ ʨʝʘʢʮʠʷʭ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʫʩʧʝʰʥʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ çʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠè ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ 

ʫʧʨʘʚʣʷʝʤʦʡ ʩʙʦʨʢʠ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ 

ʦʙʨʘʪʠʤʳʭ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʦʚ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ ʠ, ʚʧʝʨʚʳʝ ʜʣʷ 

ʮʠʢʣʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤ ï ʦʢʠʩʣʝʥʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ 
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ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʪʦʣʴʢʦ n, ʥʦ ʠ ʨ-ʪʠʧʘ. ʉʦʚʦʢʫʧʥʦʝ 

ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-

1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʢʣʝʪʦʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʵʢʩʪʨʘʢʮʠʠ, 

ʦʩʘʞʜʝʥʠʷ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʦʥʢʦʩʣʦʡʥʦʡ ʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺʩʝ 

ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʀʂ, 1D ʠ 2D 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʨʝʥʛʝʥʦʩʪʨʫʢʪʫʨʳʥʳʤ ʘʥʘʣʠʟʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʘʥʠʷ ʤʥʦʛʠʭ ʨʝʘʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʤʝʪʦʜ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʫʙʣʠʢʘʮʠʠ.  

ɺʩʝʛʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʠʩʢʘʪʝʣʝʤ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʘ ʪʘʢʞʝ 10 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʚʝʜʝʥʠʷʤ, ʠʤʝʶʱʠʤʩʷ 

ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʪʠʟʝ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʝʜʫʱʠʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Scopus ʠ Web of Science, ʠ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʞʫʨʥʘʣʘʤ ʂ1 ʠ ʂ2 ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺɸʂ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: VII ʂʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʀʌɸɺ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 1 ʜʝʢʘʙʨʷ 2017 ʛ., VIII ʂʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 
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ʀʌɸɺ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 14 ʜʝʢʘʙʨʷ 2018 ʛ., The Fifth International Scientific 

Conference çAdvances in Synthesis and Complexingè Moscow, Russia, 22ï26 April  

2019, IX ʂʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʌɸɺ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 6 ʜʝʢʘʙʨʷ 2019 

ʛ., ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʘ ̫ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʠ ̫çʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʠè, ʊʘʰʢʝʥʪ, 

ʋʟʙʝʢʠʩʪʘʥ, 26 ʥʦʷʙʨʷ 2020 ʛ., X ʂʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʌɸɺ ʈɸʅ, 

ʏʝʨʥʦʛʦʣʦʚʢʘ, 14 ʜʝʢʘʙʨʷ 2020 ʛ., ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2021è, ʄʦʩʢʚʘ, 12ï23 

ʘʧʨʝʣʷ 2021 ʛ., XI  International Conference on Porphyrins and Phthalocyanines (ICPP-

11). Buffalo, New York, USA, Virtual Meeting, 28 Juneï3 July 2021; XIV 

ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çʉʠʥʪʝʟ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè 

(ICPC-14), ʀʚʘʥʦʚʦ, 29 ʠʶʥʷï4 ʠʶʣʷ 2022 ʛ., XV ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫

çʉʠʥʪʝʟ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè (ICPC-15), ʀʚʘʥʦʚʦ, 24ï29 ʠʶʥʷ 

2024 ʛ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-

1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ; 

¶ ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʭʣʦʨʠʨʦʚʘʥʠʝ, 

ʘʮʠʣʠʨʦʚʘʥʠʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʘʨʠʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ) ʧʦ ʉ-4 ʧʦʣʦʞʝʥʠʶ 

ʛʝʪʝʨʦʮʠʢʣʘ ʥʘ ʧʨʠʤʝʨʝ 1,2-ʜʠʵʬʠʨʦʚ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ; 

¶ ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 1,2-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʳʭ ˊ-ʨʘʩʰʠʨʝʥʥʳʭ 

ʤʘʢʨʦʮʠʢʣʦʚ ʪʨʠ- ʠ ʪʝʪʨʘʧʠʨʨʦʣʴʥʦʡ ʧʨʠʨʦʜʳ; 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʥʘʙʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ; 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʎɺɸ, ʂɺɺɸ); 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 
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¶ ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʨʷʜʘ 3-ʘʨʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3ïʆʨʛʘʥʠʯʝʩʢʘʷ 

ʭʠʤʠʷ ï ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʘʤ: 1. ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 4. ʈʘʟʚʠʪʠʝ 

ʪʝʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 7. ɺʳʷʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʦè. 9. ʇʦʠʩʢ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʃʠʯʥʳʡ 

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

ʜʠʩʩʝʨʪʘʮʠʠ. ʃʠʯʥʦ ʘʚʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʚʳʜʝʣʝʥʠʝ, ʦʯʠʩʪʢʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʩʦʝʜʠʥʝʥʠʡ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʘʥʘʣʠʟʘ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʨʘʙʦʪʳ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʭ.ʥ. ʇʫʰʢʘʨʝʚʫ ɺ.ɽ., ʢ.ʭ.ʥ. 

ɼʫʙʠʥʠʥʦʡ ʊ.ɺ., ʢ.ʭ.ʥ. ʊʘʨʘʢʘʥʦʚʫ ʇ.ɸ., ʢ.ʭ.ʥ. ʂʘʣʘʰʥʠʢʦʚʫ ɺ.ɺ., ʢ.ʭ.ʥ. ɺʠʥʶʢʦʚʫ 

ɸ.ɺ., ʢ.ʭ.ʥ. ʂʦʟʣʦʚʫ ɸ.ɺ. ʠ ɹʦʨʦʜʘʯʝʚʫ ɸ.ɺ. ʟʘ ʙʝʩʮʝʥʥʳʝ ʠʜʝʠ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʢ.ʭ.ʥ ʏʝʨʥʷʢʘ ɸ.ɺ. ʠ 

ʉʣʝʩʘʨʝʥʢʦ ʅ.ɸ. ʟʘ ʧʦʤʦʱʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ; ʢ.ʭ.ʥ. ʗʨʢʦʚʘ ɸ.ɺ. ʟʘ 

ʧʦʤʦʱʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ ʩʧʝʢʪʨʦʚ; ʂʘʟʘʯʝʥʢʦ ɺ.ʇ. ʟʘ ʧʦʤʦʱʴ ʚ ʠʟʫʯʝʥʠʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʨʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʢ.ʭ.ʥ. 

ʂʦʥʝʚʫ ɼ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʢ.ʬ.-ʤ.ʥ. ʉʠʤʦʥʦʚʫ 

ʉ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ; ʢ.ʙ.ʥ. 

ʃʘʧʰʠʥʦʡ ʄ.ɸ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ.  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 1773-10413), ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 19-03-01038ɸ) ʠ ʛʨʘʥʪʦʚ ʄɼ-

2991.2017.3 ʠ ɻʨʘʥʪ ʄɼ- 3847.2019.3 ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ 

ʰʢʦʣ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʥʘ 169 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʩʦʜʝʨʞʘʪ 75 ʨʠʩʫʥʢʦʚ, 55 ʩʭʝʤ, 28 ʪʘʙʣʠʮ ʠ 197 ʩʩʳʣʦʢ. ʇʨʠʣʦʞʝʥʠʝ ʢ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʜʝʨʞʠʪ 54 ʩʪʨʘʥʠʮʳ, 115 ʨʠʩʫʥʢʦʚ ʠ 1 ʩʩʳʣʢʫ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʎʠʢʣʘʟʠʥʳ 

ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʮʠʢʣʦʚ ʩ 

ʦʙʱʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ, ʚʳʜʝʣʷʶʪ ʚ ʦʪʜʝʣʴʥʳʡ ʧʦʜʢʣʘʩʩ, ʦʙʦʩʦʙʣʷʷ ʝʛʦ 

ʦʪ ʜʨʫʛʠʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʛʝʪʝʨʦ- ʠ ʢʘʨʙʦʮʠʢʣʳ ʘʥʥʝʣʠʨʦʚʘʥʳ 

ʧʦ ʩʚʷʟʠ çʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜè. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ, 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʪʨʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʮʠʢʣʘʤ, ʥʘʟʳʚʘʶʪ 

çʛʝʪʝʨʦʮʠʢʣʳ ʩ ʤʦʩʪʠʢʦʚʳʤ (ʫʟʣʦʚʳʤ) ʘʪʦʤʦʤ ʘʟʦʪʘè. ʗʨʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʧʦʜʦʙʥʳʭ N-ʛʝʪʝʨʦʮʠʢʣʦʚ ʷʚʣʷʶʪʩʷ ʮʠʢʣʘʟʠʥʳ. 

ʇʦ ʧʨʝʜʣʦʞʝʥʠʶ ɺ. ɹʸʢʝʣʴʭʘʡʜʝ ʠ ʈ. ɺʠʥʜʛʘʩʩʝʥʘ [1,13] ʚ 1958 ʛʦʜʫ ʧʦʜ 

ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ çʮʠʢʣʘʟʠʥè ʦʙʦʙʱʠʣʠ ʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, 

ʠʤʝʶʱʠʝ ʧʣʦʩʢʦʝ ʩʪʨʦʝʥʠʝ ʟʘ ʩʯʝʪ ʪʨʝʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʦʙʱʠʤ ʚʥʫʪʨʝʥʥʠʤ 

ʘʪʦʤʦʤ ʘʟʦʪʘ. ʉ ʪʝʭ ʧʦʨ ʢʘʢ ɺ. ɹʸʢʝʣʴʭʘʡʜʝ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʦ 

ʩʠʥʪʝʟʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ (1) (ʈʠʩ. 1.1) [14ï18], ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʥʦʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʠʢʣʘʟʠʥʦʚ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʩʪʨʦʝʥʠʷ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʠʢʣʘʟʠʥʦʚ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʝʥʦ ʠ ʨʘʟʚʠʪʦ 

ʩ 1958 ʛʦʜʘ [19ï24].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʇʦ ʩʪʨʫʢʪʫʨʝ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʮʠʢʣʳ ʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʫʟʣʦʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ. ɼʘʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʙʦʟʥʘʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʫʢʘʟʘʥʠʝʤ ʚ ʩʢʦʙʢʘʭ ʯʠʩʣʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʘʪʦʤʘʤʠ. ʊʘʢ, 

1 ï (3.2.2)ʮʠʢʣʘʟʠʥ; 2 ï (2.2.2)ʮʠʢʣʘʟʠʥ;  

3 ï (3.3.2)ʮʠʢʣʘʟʠʥ; 4 ï (3.3.3)ʮʠʢʣʘʟʠʥ; 5 ï (4.2.2)ʮʠʢʣʘʟʠʥ; 6 ï (4.3.2)ʮʠʢʣʘʟʠʥ ʠ 

7 ï (4.4.3)ʮʠʢʣʘʟʠʥ (ʈʠʩ. 1.1). ʊʘʢʘʷ ʥʫʤʝʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʳʤ ʧʨʘʚʠʣʘʤ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʀʖʇɸʂ [25,26]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʤʝʱʝʥʥʫʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ: 1 ï ʧʠʨʨʦʣʦ[2,1,5-cd]ʠʥʜʦʣʠʟʠʥ, 2 ï ʧʠʨʨʦʣʦ[2,1,5-

cd]ʧʠʨʨʦʣʠʟʠʥ, 3 ï ʧʠʨʨʦʣʦ[2,1,5-de]ʭʠʥʦʣʠʟʠʥ, 4 ï ʧʠʨʠʜʦ[2,1,6-de]ʭʠʥʦʣʠʟʠʥ;  

5 ï ʘʟʝʧʠʥʦ[2,1,7-cd]ʧʠʨʨʦʣʠʟʠʥ; 6 ï ʘʟʝʧʠʥʦ[2,1,5-cd]ʠʥʜʦʣʠʟʠʥ ʠ  
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7 ï ʘʟʝʧʠʥʦ[2,1,5-cd]ʧʠʨʠʜʦ[1,2-a]ʘʟʝʧʠʥ (ʈʠʩ. 1.1).  

 

ʈʠʩ. 1.1. ʉʪʨʦʝʥʠʝ ʠ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʮʠʢʣʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

ʎʠʢʣʘʟʠʥ ʩ ʥʘʠʤʝʥʴʰʝʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʪʨʠʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʴ (2.2.2)ʮʠʢʣʘʟʠʥʠʷ (2) (ʈʠʩ. 1.1) [18].  

ʂʣʶʯʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ (3.3.2)ʮʠʢʣʘʟʠʥʘ ʷʚʣʷʝʪʩʷ 

(3.3.2)ʮʠʢʣʘʟʠʥʦʚʘʷ ʩʦʣʴ 3 (ʈʠʩ. 1.1), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʝ 10-́ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [18].  

(3.3.3)ʎʠʢʣʘʟʠʥ (4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʦʥ ʠʟʦʵʣʝʢʪʨʦʥʝʥ ʬʝʥʠʣʝʥ-ʘʥʠʦʥʫ ʠ ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʦʙʝʥ ʘʥʥʫʣʝʥʫ 

[27,28]. 

ʉʦʣʠ (4.2.2)ʮʠʢʣʘʟʠʥʠʷ ʩʭʦʞʠ ʩ çʥʝʯʝʪʥʳʤʠè ʘʥʥʫʣʝʥʘʤʠ ʠ, ʧʦ ʩʫʪʠ, 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ. ʂʘʪʠʦʥʥʘʷ ʬʦʨʤʘ ʩʦʝʜʠʥʝʥʠʷ 5 (ʈʠʩ. 1.1) 

ʦʙʣʘʜʘʝʪ (4n+2) -́ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʷʚʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʦʙʘʚʣʷʷ ʧʝʥʪʘʣʝʥʦʚʦʝ ʢʦʣʴʮʦ ʢ ʩʠʩʪʝʤʝ (4.2.2)ʮʠʢʣʘʟʠʥʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 14-́

ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʩʭʦʞʘ ʩ ʘʟʫʣʝʥʘʤʠ ʠ ʘʨʦʤʘʪʠʯʥʘ [29ï31]. ʎʠʢʣʘʟʠʥ 

5 ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʘʢʮʠʷʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠ ̫ ʠ ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʫʶ 

ʜʠʘʪʨʦʧʥʦʩʪʴ. 

1.1.1. (3.2.2)ʎʠʢʣʘʟʠʥʳ 

(3.2.2)ʎʠʢʣʘʟʠʥʳ, ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

10ˊ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʀʭ ʩʪʨʫʢʪʫʨʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ [16ï18,32]. ɺʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʧʦʜʢʣʘʩʩʫ 



15 
 

ʮʠʢʣʘʟʠʥʦʚ ʙʳʣ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʩʨʝʜʦʪʦʯʝʥ ʚʦʢʨʫʛ ʚʣʠʷʥʠ ̫ 10ˊ-ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʷʚʣʝ̫ʤʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ 2008 ʛʦʜʫ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʢʦʣʴʮʝʚʦʡ ʪʦʢ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʣʘʙʦʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ [33]. ɺʳʚʦʜʳ ʦʙ ʘʨʦʤʘʪʠʯʥʦʩʪʠ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[3,34,35]: ʪʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʳ ʩʚʷʟʝʡ C-N ʩʦʩʪʘʚʣʷʶʪ 1.3ï1.4 ¡, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ 

ʉ-ʉ ʦʩʪʦʚʘ ʤʦʣʝʢʫʣʳ ï ʦʢʦʣʦ 1.4 ¡. ɹʦʣʴʰʠʥʩʪʚʦ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʫʩʪʦʡʯʠʚʳ ʢ 

ʜʝʡʩʪʚʠʶ ʩʚʝʪʘ ʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʭ ʙʣʠʟʢʦʤʫ ʘʥʘʣʦʛʫ 

ʠʥʜʦʣʠʟʠʥʫ [36], ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʦʩʥʦʚʥʦʩʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨ rʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʘʟʦʪʘ ʠ 10ˊ-

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤ.r  

ʇʦʜʢʣʘʩʩ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ 1 (ʈʠʩ. 1.2), ʥʦ ʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʘʧʨʠʤʝʨ, 8 ï ʙʝʥʟʦ(3.2.2)ʮʠʢʣʘʟʠʥ, 

9 ï ʘʟʘ(3.2.2)ʮʠʢʣʘʟʠʥ ʠ 10 ï ʘʟʘ-ʙʝʥʟʦ(3.2.2)ʮʠʢʣʘʟʠʥ [16ï18]. 

 

ʈʠʩ. 1.2. ʉʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠ ̫ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʜʦʣʠʟʠʥʦʚ ʠ ʘʮʝʪʠʣʝʥʦʚʳʭ ʜʠʝʥʦʬʠʣʦʚ [32].  

ɺʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʠʥʜʦʣʠʟʠʥʦʚ [17]. 

ʈʝʛʠʦʩʧʝʮʠʬʠʯʝʩʢʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʦʪʦʚʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʤʦʣʝʢʫʣ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʷʜʨʝ 

ʛʝʪʝʨʦʮʠʢʣʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʫʶ 

ʟʘʜʘʯʫ.  
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1.1.2 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

1.1.2.1. ʉʠʥʪʝʟ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʉïʉ ʩʚʷʟʝʡ. ʈʝʘʢʮʠʠ [8ˊ+2ˊ]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʈʝʘʢʮʠʷ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɺ. ɹʸʢʝʣʴʭʘʡʜʝ ʩ ʢʦʣʣʝʛʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʠʥʜʦʣʠʟʠʥʘʤʠ ʠ DMAD ʩʪʘʣʦ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʨʝʘʢʮʠʠ ʠ hʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ [37ï46] (ʉʭʝʤʘ 1.1). ɼʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʝʡ 

ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(3.2.2)ʮʠʢʣʘʟʠʥʘ. ʂ ʧʨʠʤʝʨʫ, ʨʝʘʢʮʠʷ ʠʥʜʦʣʠʟʠʥʘ 11 ʩ DMAD ʢʨʦʤʝ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ 12 ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦ ʛʠʜʨʠʨʦʚʘʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 13 (ʉʭʝʤʘ 1.1) [39]. 
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ʉʭʝʤʘ 1.1. ʇʨʠʤʝʨ ʨʝʘʢʮʠʡ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʩʪʫʝʪ 

ʚʚʝʜʝʥʠʝ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ ʚ 3-ʧʦʣʦʞʝʥʠʝ ʠʥʜʦʣʠʟʠʥʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠ ʁ

ʧʦʣʫʯʝʥʠʷ 15, ʉʭʝʤʘ 1.1) [47ï49]. ɽ.ɺ.ɹʘʙʘʝʚʳʤ ʚ 1999 ʛʦʜʫ, ʤʝʪʦʜʦʤ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʙʳʣ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʢʘʟʘʥ ʠ ʦʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʚ ʭʦʜʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʢʝʥʦʚ ʢ ʠʥʜʦʣʠʟʠʥʘʤ (ʉʭʝʤʘ 1.2) [50].  

ʍʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 3-ʟʘʤʝʱʝʥʥʳʤ ʠʥʜʦʣʠʟʠʥʦʤ ʠ ʘʮʝʪʠʣʝʥʦʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ [51ï54]. ʋʭʦʜʷʱʝʡ ʛʨʫʧʧʦʡ ʥʘ ʩʪʘʜʠʠ ʮʠʢʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʘʣʢʠʣʩʫʣʴʬʘʥʠʣʴʥʘʷ ʛʨʫʧʧʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʝ 14 ʨʝʘʛʠʨʦʚʘʣʦ ʩ DMAD ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʮʠʢʣʘʟʠʥʘ 15 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ 

(ʉʭʝʤʘ 1.1) [47]. 
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ʉʭʝʤʘ 1.2. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ɽ.ɺ.ɹʘʙʘʝʚʫ [50]. 

ɼ. ʃʠʚʝʨ ʠ ʄ. ɼʞʝʩʩʝʧ ʩʦʦʙʱʠʣʠ, ʯʪʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʭʣʦʨʘʪʘ 

3-(N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʝʥ)-3H,5H-ʧʠʨʨʦʣʠʟʠʥʠʷ 16 ʢ DMAD ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʪʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥ-5,6-ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 17. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʢ ʨʘʩʪʚʦʨʫ ʩʦʣʠ 16 ʠ DMAD, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ɼʄʌɸ (ʉʭʝʤʘ 1.1) [55,56]. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʪʠʣ-3H-ʧʠʨʨʦʣʠʟʠʥ-3-ʠʣʠʜʝʥʘʮʝʪʘʪʘ 18 ʩ DMAD ʜʘʚʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

(3.2.2)ʮʠʢʣʘʟʠʥ-5,6-ʜʠʢʘʨʙʦʢʩʠʣʘʪ 19 ʩ ʚʳʭʦʜʦʤ 12% (ʉʭʝʤʘ 1.1) [57].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʠʟ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ [58ï61]. ʂ ʧʨʠʤʝʨʫ, ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 21 [61] ʠ 23 [59,60] ʠʟ ʩʦʝʜʠʥʝʥʠʡ 20 ʠ 22, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʉʭʝʤʘ 1.1).  

ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢʮʠʡ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 

ʥʝʟʘʤʝʱʝʥʥʳʤʠ ʠʥʜʦʣʠʟʠʥʘʤʠ ʠ DMAD ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ Pd/C ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ in situ ʘʨʦʤʘʪʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʦ ʮʝʣʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʘ (25) 

(ʉʭʝʤʘ 1.3) [39]. ʂʨʦʤʝ Pd/C ʜʣʷ ʘʨʦʤʘʪʠʟʘʮʠʠ ʜʠʛʠʜʨʦʮʠʢʣʘʟʠʥʦʚʦʛʦ 
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ʠʥʪʝʨʤʝʜʠʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜʷʱʠʡ ʦʢʠʩʣʠʪʝʣʴ, ʥʘʧʨʠʤʝʨ, DDQ 

[6]. 

 

ʉʭʝʤʘ 1.3. ʈʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʠʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʩʠʥʪʝʟʝ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʧʫʪʝʤ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʛʨʘʥʠʯʝʥʘ. 

ʊʘʢ, ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [34] ʥʘ ʧʨʠʤʝʨʝ ʠʤʠʜʘʟʦ-[5,1,2-cd]-ʠʥʜʦʣʠʟʠʥʦʚ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 26ï37 

(ʈʠʩ. 1.3). ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ(II), ʩʦʜʝʨʞʘʱʠʡ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʚʳʤ 

ʣʠʛʘʥʜ.r ʆʢʦʣʦ 2.5 ʤʦʣ. % ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʮʝʪʘʪ ʤʝʜʠ (II) ʠ ʥ-ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [34] (ʉʭʝʤʘ 1.4). 

 

ʉʭʝʤʘ 1.4. ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ [34] (ʩʤ. ʈʠʩ. 1.3). 
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ʈʠʩ.1.3. ʉʪʨʦʝʥʠʝ ʠ ʚʳʭʦʜʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 26ï37 [34], 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.4. 

ɻʨʫʧʧʦʡ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʥʳʭ 

ʠʥʜʦʣʠʟʠʥʦʚ ʩ 1,2-ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ(II) [62] 

(ʉʭʝʤʘ 1.5). 

 

ʉʭʝʤʘ 1.5. ʇʨʠʤʝʥʝʥʠʝ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ(II) ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʩʤ. ʈʠʩ. 1.4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʟʘʤʝʱʝʥʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 38ï51 ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʜʦʣʠʟʠʥʦʚʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ʈʠʩ. 1.4). 
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ʈʠʩ.1.4. ʉʪʨʦʝʥʠʝ ʠ ʚʳʭʦʜʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 38ï51 [62], 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.5. 

ɺ ʨʘʙʦʪʝ [63] ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 

2-ʬʝʥʠʣʠʤʠʜʘʟʦ-[1,2-a]-ʧʠʨʠʜʠʥʘ (ʇʀʇ) 52 ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ. ɺ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘʬʪʦ-[1',2':4,5]-ʠʤʠʜʘʟʦ-[1,2-a]-ʧʠʨʠʜʠʥ (ʅʀʇ) 53 ʠ 

ʠʤʠʜʘʟʦ-[5,1,2-cd]-ʠʥʜʦʣʠʟʠʥ 54 (ʉʭʝʤʘ 1.6). ʇʨʠʤʝʥʝʥʠʝ Rh(III) ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Pd(II) , ʘ ʠʤʝʥʥʦ ʢ ʦʙʨʘʪʥʦʡ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ, ʚ ʦʩʥʦʚʥʦʤ, ʮʠʢʣʘʟʠʥʘ 54 [64].  

 

ʉʭʝʤʘ 1.6. ʇʨʠʤʝʥʝʥʠʝ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ (II) ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ [63]. 
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ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [65] ʚ 

ʨʦʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʤʝʥʷʣʩʷ ʚʦʜʥʳʡ ʘʮʝʪʘʪ ʤʝʜʠ.  

ɺ ʨʘʙʦʪʝ [66] ʠʟʫʯʝʥʳ ʘʩʧʝʢʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʦʛʦ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʢʘʨʢʘʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʚʦʜʥʳʤ ʘʮʝʪʘʪʦʤ ʤʘʨʛʘʥʮʘ (ʉʭʝʤʘ 1.7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ 

55ï76 (ʈʠʩ. 1.5). 

 

ʉʭʝʤʘ 1.7. ʇʨʠʤʝʥʝʥʠʝ ʚʦʜʥʦʛʦ ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ(II) ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʢʘʨʢʘʩʘ [66] (ʩʤ. ʈʠʩ. 1.5). 

 

ʈʠʩ.1.5. ʉʪʨʦʝʥʠʝ ʠ ʚʳʭʦʜʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 55ï76, 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.7. 
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ʇʨʦʜʦʣʞʘʷ ʪʝʤʫ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ, ʚʘʞʥʦ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ 

ʠʥʜʠʡʩʢʠʭ ʫʯʝʥʳʭ [67,68]. ɺ ʨʘʙʦʪʝ 2011 ʛʦʜʘ [67] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʉʭʝʤʘ 1.8) ʠ ʧʦʣʫʯʝʥ ʨʷʜ 

ʟʘʤʝʱʝʥʥʳʭ ʵʬʠʨʦʚ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 77ï87 (ʈʠʩ. 1.6). 

 

ʉʭʝʤʘ 1.8. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʵʬʠʨʦʚ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ [67] (ʩʤ. ʈʠʩ. 1.6). 

 

ʈʠʩ.1.6. ʉʪʨʦʝʥʠʝ ʠ ʚʳʭʦʜʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʵʬʠʨʦʚ [67], 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.8.  

ɺ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʨʳ, ʚʳʩʪʫʧʘʝʪ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʘ ʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʘ ʢʘʢ ʪʝʨʤʠʯʝʩʢʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ ~100 Áʉ), ʪʘʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʤʦʱʥʦʩʪʴ 

~300 ɺʪ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʉʭʝʤʝ 1.9 ʧʨʠʚʝʜʝʥ ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʝʥʠʷ 3-ʬʝʥʠʣ-
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1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-(3.2.2)ʮʠʢʣʘʟʠʥʘ 77, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʠʣ 70%, ʘ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ï 90%. 

 

ʉʭʝʤʘ 1.9. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ  

3-ʬʝʥʠʣ-1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ (3.2.2)ʮʠʢʣʘʟʠʥʘ 77. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [68]. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ 

ʧʦʣʫʯʝʥʠʷ ʘʨʠʣʟʘʤʝʱʝʥʥʦʛʦ ʜʠʵʬʠʨʘ 88 ʥʘ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʢʪʠʚʠʨʫʝʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 300 ɺʪ 

(ʉʭʝʤʘ 1.10). 

 

ʉʭʝʤʘ 1.10. ʉʠʥʪʝʟ ʟʘʤʝʱʝʥʥʦʛʦ 1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-(3.2.2)ʮʠʢʣʘʟʠʥʘ 88 ʥʘ 

ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [54], ʠʥʜʦʣʠʟʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ.  

ʆʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʚ ʤʦʣʝʢʫʣʫ ʠʥʜʦʣʠʟʠʥʘ ʭʦʨʦʰʝʡ ʫʭʦʜʷʱʝʡ 

ʛʨʫʧʧʳ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [69]. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘ ʠʥʜʦʣʠʟʠʥʘ ʚ ʊɻʌ 

ʜʠʵʪʠʣʘʟʦʜʠʢʘʨʙʦʢʩʠʣʘʪʦʤ (DEAD) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ 

ʘʜʜʫʢʪʦʚ ʄʠʭʘʵʣʷ 89 ʠ 90 (ʉʭʝʤʘ 1.11) 
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ʉʭʝʤʘ 1.11. ʆʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʦʚ ʄʠʭʘʵʣʷ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [69]. 

ʇʦʣʫʯʝʥʥʳʝ ʘʜʜʫʢʪʳ 89 ʠ 90 ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ DMAD ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʢʣʘʟʠʥʳ 12 ʠ 91 ʩ ʫʤʝʨʝʥʥʦ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 1.12). 

 

 

ʉʭʝʤʘ 1.12. ʆʙʨʘʟʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʠʟ ʘʜʜʫʢʪʦʚ 89 ʠ 90. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʩʦʝʜʠʥʝʥʠʷ 91 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 12 

ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʚʣʠʷʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʠʥʜʦʣʠʟʠʥʦʚʦʤ ʢʦʣʴʮʝ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʭʦʜʥʳʡ ʠʥʜʦʣʠʟʠʥ ʜʦʩʪʘʪʦʯʥʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ ʚ 

ʨʝʘʢʮʠʠ [8ˊ+2ˊ]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʚʦʟʤʦʞʥʘ ʝʛʦ ʛʝʥʝʨʘʮʠʷ in situ ʠʟ 

ʩʠʣʦʢʩʠʘʤʠʥʦʣʦʚ 93, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʦʩʪʫʧʥʳʭ ʮʠʢʣʦʙʫʪʝʥʜʠʦʥʦʚ 92 ʩʦʛʣʘʩʥʦ 

ʉʭʝʤʝ 1.13 [48].  
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ʉʭʝʤʘ 1.13. ʇʦʣʫʯʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʩʠʣʦʢʩʠʘʤʠʥʦʣʦʚ 93. 

ʉʠʣʦʢʩʠʘʤʠʥʦʣʳ 93 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʪʦʣʫʦʣ ʠʣʠ ʧ-ʢʩʠʣʦʣ) 

ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʦʣʠʟʠʥʳ 94 (ʉʭʝʤʘ 1.14). ɺʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

DMAD in situ, ʩʦʝʜʠʥʝʥʠʷ 94 ʬʦʨʤʠʨʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʘʜʜʫʢʪʳ 95, 

ʧʦʩʣʝʜʫʶʱʘʷ ʘʨʦʤʘʪʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʥʳʤ (3.2.2)ʮʠʢʣʘʟʠʥʘʤ 

96ï101 (ʉʭʝʤʘ 1.14, ʊʘʙʣʠʮʘ 1.1).   

 

ʉʭʝʤʘ 1.14. ʇʦʣʫʯʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ  96ï101. 

ʊʘʙʣʠʮʘ 1.1. ɺʳʭʦʜʳ ʮʠʢʣʘʟʠʥʦʚ 96ï101, ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.14. 

ʉʦʝʜʥʝʥʠʝ R1 R2 ɺʳʭʦʜ, % 

96 OMe OMe 56 

97 Ph OMe 79 

98 n-Bu OMe 52 

99 -CſC-Bun OMe 67 

100 -CſC-Ph OMe 66 

101 n-Bu n-Bu 53 

95  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʙʝʟ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʥʜʦʣʠʟʠʥʘ, ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 96ï101 ʚʝʩʴʤʘ 

ʚʳʩʦʢʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʡ ʠ ʩʦʩʪʘʚʣʷʶʪ 50ï80%. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠʥʜʦʣʠʟʠʥʦʚ 94 (ʠ 

ʘʜʜʫʢʪʦʚ 95) ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ (OTMS). 

1.1.2.2. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʤʝʪʠʣʠʥʜʦʣʠʟʠʥʦʚ 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʘʢʮʠʷʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʝʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʩʠʥʪʝʟʝ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʪʘʢʦʡ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʩ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ (ʥʘʧʨʠʤʝʨ, n-BuLi), ʦʙʨʘʟʫʝʪʩʷ ʧʠʨʠʜʠʣʤʝʪʠʣ-

ʘʥʠʦʥ. ʆʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ c 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʘ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ 

5-ʤʝʪʠʣʠʥʜʦʣʠʟʠʥʫ 102 (ʉʭʝʤʘ 1.15) [1,13]: ʚ 3-ʧʦʣʦʞʝʥʠʝ ʠʥʜʦʣʠʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ 

ʠ 5-ʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚʚʦʜʷʪʩʷ ʜʚʝ ʬʦʨʤʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʙʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʝ 

103. ɺ. ɹʸʢʝʣʴʭʘʡʜʝ ʩ ʢʦʣʣʝʛʘʤʠ ʚʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ (3.2.2)ʮʠʢʣʘʟʠʥ 1, 

ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʤʝʪʦʜ [1,13]. ʈʝʘʢʮʠʷ ʧʨʠʤʝʥʠʤʘ ʠ ʢ ʜʨʫʛʠʤ ʮʠʢʣʘʟʠʥʦʚʳʤ 

ʘʥʘʣʦʛʘʤ, ʪʘʢʠʤ ʢʘʢ ʘʟʘ-(3.2.2)ʮʠʢʣʘʟʠʥʳ ʠ (3.3.2)ʮʠʢʣʘʟʠʥʳ [17,18]. 

 

ʉʭʝʤʘ 1.15. ʆʙʨʘʟʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ.  

ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 1-ʮʠʘʥʦ-3-ʬʦʨʤʠʣ-5-ʤʝʪʠʣʠʥʜʦʣʠʟʠʥʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ (ʉʭʝʤʘ 1.16) [70]. 

ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ 105 ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʦʡ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʠʷ 

ʚ ɼʄʌɸ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ (3.2.2)ʮʠʢʣʘʟʠʥ-1-ʢʘʨʙʦʥʠʪʨʠʣʘ 106 ʩ ʚʳʭʦʜʦʤ 

94% (ʉʭʝʤʘ 1.16) [70].  
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ʉʭʝʤʘ 1.16. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ ʠʥʜʦʣʠʟʠʥʘ 104 [70]. 

1.1.2.3. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʦʣʝʡ ɺʠʣʴʩʤʝʡʝʨʘ ʢ ʥʠʪʨʦʤʝʪʘʥʫ 

ʄ. ɼʞʝʟʝʧʦʤ ʠ ɼ. ʃʠʚʝʨʦʤ ʚ 1980 ʛʦʜʫ ʦʧʠʩʘʥ ʥʝʦʙʳʯʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʣʫʯʝʥʠʶ 6-ʥʠʪʨʦʧʠʨʨʦʣʦ-[2,1,5-cd]-ʠʥʜʦʣʠʟʠʥʘ (6-ʥʠʪʨʦ-(3.2.2)ʮʠʢʣʘʟʠʥʘ) 

(ʉʭʝʤʘ 1.17) [29]: ʧʝʨʭʣʦʨʘʪ 107 ʨʝʘʛʠʨʦʚʘʣ ʩ ʥʠʪʨʦʤʝʪʘʥʦʤ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪ-ʙʫʪʠʣʘʪʘ ʢʘʣʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 6-ʥʠʪʨʦ-(3.2.2)ʮʠʢʣʘʟʠʥʘ 108. 

 

ʉʭʝʤʘ 1.17. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʦʣʝʡ ɺʠʣʴʩʤʝʡʝʨʘ ʢ ʥʠʪʨʦʤʝʪʘʥʫ.  

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʩʠʥʪʝʟʦʤ 6-ʥʠʪʨʦ-

(3.2.2)ʮʠʢʣʘʟʠʥʘ 108. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʦʟʘʪʨʘʪʥʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 

107, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʷ 108 ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

1.1.2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 3H-ʧʠʨʨʦʣʠʟʠʥʦʚ ʩ ʩʦʣʷʤʠ ʚʠʥʠʣʝʥʘʤʠʜʠʥʠʷ 

ɺ. ɹʘʪʨʦʬ ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʤʝʱʝʥʥʳʭ  

3H-ʧʠʨʨʦʣʠʟʠʥʦʚ 109ï114 ʩ ʩʦʣʴʶ ʚʠʥʠʣʝʥʘʤʠʜʠʥʠʷ 115 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ (3.2.2)ʮʠʢʣʘʟʠʥʳ 1, 116ï120 ʩ 

ʥʝʧʣʦʭʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 1.18) [71ï73].  

 

ʉʭʝʤʘ 1.18. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 3H-ʧʠʨʨʦʣʠʟʠʥʦʚ ʩ ʩʦʣʴʶ ʚʠʥʠʣʝʥʘʤʠʜʠʥʠʷ. 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʛ ʙ  r ʩʪʘʪ ɹ ʭʦʨʦʰʠʤ ʚʘʨʠʘʥʪʦʤ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ, ʤʠʥʫʷ ʩʪʘʜʠʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʥʜʦʣʠʟʠʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ 

ʦʯʝʚʠʜʥʳʝ ʧʣʶʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3H-ʧʠʨʨʦʣʠʟʠʥʦʚ, ʨʝʘʢʮʠʠ ʩ ʠʥʜʦʣʠʟʠʥʘʤʠ 

ʩʪʘʣʠ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 3H-ʧʠʨʨʦʣʠʟʠʥʦʚ ʠ ʤʥʦʞʝʩʪʚʦʤ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʘʶʱʠʭ ʠʭ ʚʳʭʦʜʳ.  

1.1.2.5. ʉʠʥʪʝʟ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʡ ʉïʉ ʩʚʷʟʠ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ 

ʮʠʢʣʠʟʘʮʠʷ ʠʥʜʦʣʠʟʠʥʘ 

ʆʢʪʘʛʠʜʨʦ-(3.2.2)ʮʠʢʣʘʟʠʥ 122 ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʧʫʪʝʤ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʠ ʵʪʠʣ 3-(3-ʦʢʩʦʦʢʪʘʛʠʜʨʦ-5-ʠʥʜʦʣʠʟʠʥʠʣ)-ʧʨʦʧʘʥʦʘʪʘ 121 ʩ 

ʥʘʪʨʦʥʥʦʡ ʠʟʚʝʩʪʴʶ (ʉʭʝʤʘ 1.19) [74]. ɼʝʛʠʜʨʠʨʦʚʘʥʠʝ 122 ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ 

ʥʘʛʨʝʚʘʥʠʷ ʩ 5% Pd/C ʚ ʢʠʧʷʱʝʤ ʜʠʦʢʩʘʥʝ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 1 ʩ ʚʳʭʦʜʘʤʠ 11% (ʤʝʪʦʜ A) ʠ 24% (ʤʝʪʦʜ B) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 1.19) [75].  

 

ʉʭʝʤʘ 1.19. ʇʦʣʫʯʝʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 ʤʝʪʦʜʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ. 

1.1.2.6. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [76] ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

127ï129, ʦʩʥʦʚʘʥʥʘ ̫ ʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʄʘʢ-ʄʫʨʨʠ ʩ 3,5-

ʜʠʘʮʠʣʠʥʜʦʣʠʟʠʥʘʤʠ 124ï126. ʇʦʩʣʝʜʥʠʝ ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʠʨʠʜʠʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟ N-ʬʝʥʘʮʠʣʴʥʦʡ 

ʩʦʣʠ 123 ʢ ʜʠʧʦʣʷʨʦʬʠʣʘʤ (ʉʭʝʤʘ 1.20). 
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ʉʭʝʤʘ 1.20. ʉʠʥʪʝʟ ʟʘʤʝʱʝʥʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 127ï129.  

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʟ ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʠʟʠʥʦʚ 130ï132 ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ 

ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 133ï138 (ʉʭʝʤʘ 1.21): 

 

ʉʭʝʤʘ 1.21. Cʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 133ï138. 

ɺ ʨʘʙʦʪʝ [77] ʠʟʫʯʘʣʩʷ ʪʘʥʜʝʤ ʨʝʘʢʮʠʡ [8ˊ+2́]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ 

[2ˊ+6ˊ+2ˊ]-ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ. ɸʚʪʦʨʳ ʤʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʘ ʟʘʪʝʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦ-[a]-ʠʤʠʜʘʟʦ-[5,1,2-

cd]-ʠʥʜʦʣʠʟʠʥʦʚ (ˊ-ʨʘʩʰʠʨʝʥʥʦʛʦ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʛʦ ʢʘʨʢʘʩʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʦʙʝʥʟʦʣʘ ʩ ʠʤʠʜʘʟʦ-[1,2-a] ʧʠʨʠʜʠʥʘʤʠ (ʧʠʨʠʤʠʜʠʥʘʤʠ). ʈʝʘʢʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ, (2-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ))-ʬʝʥʠʣʪʨʠʬʣʘʪ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʝʛʠʜʨʦʙʝʥʟʦʣʘ (ʙʝʥʟʠʥʘ). ʊʘʢʠʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʦʣʫʯʠʣʠ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ 156ï164 (ʉʭʝʤʘ 1.22). 
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ʉʭʝʤʘ 1.22. ʆʙʨʘʟʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 156ï164 . 

ɺ ʨʘʙʦʪʝ [78] ʠʟʫʯʝʥʳ ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʦʤʧʣʝʢʩʘʤʠ ʟʦʣʦʪʘ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ ʤʦʩʪʠʢʦʚʳʭ 1,8-ʜʠʠʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʝʥ/ʘʣʢʠʥʦʚʦʛʦ 

ʤʝʪʘʪʝʟʠʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʦʬʦʨʦʚ (ʉʭʝʤʘ 1.23). 

 

ʉʭʝʤʘ 1.23. ʇʨʠʤʝʨ ʨʝʘʢʮʠʠ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ 1,8-ʜʠʠʥʦʚ. 

ɹʳʣ ʠʟʫʯʝʥ ʨʷʜ ʨʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʡ ʥʘʙʣʶʜʘʣʠʩ ɹ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ 

NaAuCl4Ĭ2H2O ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʠʬʣʘʪʦʤ ʥʘʪʨʠʷ (ʈʠʩ. 1.7).  
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ʈʠʩ.1.7. ʉʪʨʦʝʥʠʝ ʠ ʚʳʭʦʜʳ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 165ï190, 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 1.23. 

1.1.3. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʭ 

ʩʪʨʦʝʥʠʠ, ʘ ʠʤʝʥʥʦ, ʥʘ ʥʘʣʠʯʠʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʡ (4n+2)  

10́ -ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤ.r ʉʣʘʙʦʧʦʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʚ ʗʄʈ 

ʩʧʝʢʪʨʘʭ ʧʦʜʪʚʝʨʞʘʝʪ ʘʨʦʤʘʪʠʯʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʡ ʢʘʨʢʘʩ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʝʥ [20,21]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʦʙʩʫʞʜʘʷ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʜʣʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

ʭʘʨʘʢʪʝʨʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʧʦ 

ʪʠʧʫ SEAr).  

1.1.3.1. ʈʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ  

(3.2.2)ʎʠʢʣʘʟʠʥ r ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠ.̫ ʍʦʨʦʰʦ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʥʠʪʨʦʚʘʥʠʷ, ʙʨʦʤʠʨʦʚʘʥʠʷ 
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ʠ ʩʠʥʪʝʟ ʧʦ ʌʨʠʜʝʣïʁʂʨʘʬʪʩʫ [13]. ɸʮʠʣʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 1 ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ʜʘʝʪ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʜʠʘʮʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 191 ʠ 

192 (ʉʭʝʤʘ 1.24) [13]. ʀʟ ʙʘʟʦʚʳʭ ʨʘʩʯʝʪʦʚ ʄʆ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1, ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦ ʧʨʦʪʝʢʘʪʴ ʧʦ 

1-ʤʫ ʧʦʣʦʞʝʥʠ ʁʦʩʪʦʚʘ; ʨʘʜʠʢʘʣʴʥʘʷ ʘʪʘʢʘ ʧʝʨʚʦʦʯʝʨʝʜʥʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 2-ʝ ʠʣʠ 

5-ʝ ʧʦʣʦʞʝʥʠʝ; ʘ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʧʦ ʧʦʣʦʞʝʥʠ ʁ 5 (ʈʠʩ. 1.8) [20]. ʊʘʢ, 

ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʱʝʥʠʷ ʧʨʠ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʦʡ ʧʨʠʨʦʜʦʡ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʠʥʜʦʣʠʟʠʥʦʤ. 

 

ʉʭʝʤʘ 1.24. ɸʮʠʣʠʨʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 ʧʦ ʌʨʠʜʝʣʶïʂʨʘʬʪʩʫ. 

 

ʈʠʩ.1.8. ʉʪʨʦʝʥʠʝ ʠ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1.  

ʈʝʘʢʮʠʷ ʥʠʪʨʦʚʘʥʠ ̫ ʩʦʝʜʠʥʝʥʠʷ 1 ʧʨʦʪʝʢʘʣʘ ʩʝʣʝʢʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ, ʧʨʠʚʦʜʷ ʢ ʤʦʥʦʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʝ 193 (ʉʭʝʤʘ 1.25) [13]. ʇʦʧʳʪʢʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʮʠʢʣʘʟʠʥʘ 193 ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ 194 ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ, ʣʠʙʦ ʜʨʫʛʠʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʙʳʣʠ ʙʝʟʫʩʧʝʰʥʳʤʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 4-ʘʮʠʣʘʤʠʥʦ-

(3.2.2)ʮʠʢʣʘʟʠʥʘ 194 ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ. ɸʥʜʝʨʩʦʥʦʤ, ɼʞ. 

ʅʝʣʴʩʦʥʦʤ ʠ ɼʞ. ʊʘʟʫʤʦʡ [79] ʜʣʷ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 1-

ʥʠʪʨʦʘʟʫʣʝʥʘ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ 194 ʧʦʣʫʯʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦ ʠ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (ʉʭʝʤʘ 1.25) [41]. 
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ʉʭʝʤʘ 1.25. ʅʠʪʨʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1. 

ɸʥʘʣʦʛʠʯʥʦ ʘʮʠʣʠʨʦʚʘʥʠʶ, ʙʨʦʤʠʨʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 ʧʨʠʚʦʜʠʣʦ ʢ 

ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʦʤʫ 195 [13]. ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ, ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ 

ʧʨʦʜʫʢʪ ʤʦʥʦʙʨʦʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʦ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʩʠʥʪʝʟʝ (ʉʭʝʤʘ 1.26). 

 

ʉʭʝʤʘ 1.26. ʈʝʘʢʮʠʷ ʙʨʦʤʠʨʦʚʘʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʠʧʷʯʝʥʠʷ 1-ʤʝʪʠʣ-3-ʮʠʘʥʦ-4-ʤʝʪʠʣʪʠʦ-1H-ʧʠʨʨʦʣʦ-2,5-ʜʠʦʥʘ 

ʩ (3.2.2)ʮʠʢʣʘʟʠʥʦʤ 1 ʚ ʩʨʝʜʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʝ (3.2.2)ʮʠʢʣʘʟʠʥʘ 195*. ʅʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʪʦʣʴʢʦ 

ʥʝʟʘʤʝʱʝʥʥʳʤ (3.2.2)ʮʠʢʣʘʟʠʥʦʤ 1, ʘʚʪʦʨʳ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʧʦʜʦʙʥʫʶ ʨʝʘʢʮʠʶ ʩ 

ʟʘʤʝʱʝʥʥʳʤʠ (3.2.2)ʮʠʢʣʘʟʠʥʘʤʠ 196ï199, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ 200ï203 

(ʉʭʝʤʘ 1.27) [80].. 

 

ʉʭʝʤʘ 1.27. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ c 1-ʤʝʪʠʣ-3-ʮʠʘʥʦ-4-ʤʝʪʠʣʪʠʦ-

1H-ʧʠʨʨʦʣʦ-2,5-ʜʠʦʥʦʤ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʥʘ ʥʝʢʦʪʦʨʳʭ ʙʝʥʟʦ-

(3.2.2)ʮʠʢʣʘʟʠʥʘʭ.  

1.1.3.2. ʈʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ (3.2.2)ʮʠʢʣʘʟʠʥʘʭ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʘʢʮʠʡ, ʩ ʟʘʤʝʱʝʥʥʳʤʠ (3.2.2)ʮʠʢʣʘʟʠʥʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʨʙʦʤʝʪʦʢʩʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ. ʅʘʧʨʠʤʝʨ, 

(3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʱʝʣʦʯʥʳʤ 

ʛʠʜʨʦʣʠʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 12, 204 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʜʢʠʩʣʝʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ (ʉʭʝʤʘ 1.28) [39,40,44,81]. 

 

ʉʭʝʤʘ 1.28. ɻʠʜʨʦʣʠʟ 1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-(3.2.2)ʮʠʢʣʘʟʠʥʦʚ 12 ʠ 204. 

ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ 205 ʭʨʦʤʠʪʦʤ ʤʝʜʠ (II ) (CuCr2O4) ʚ 

ʭʠʥʦʣʠʥʝ (ʉʭʝʤʘ 1.29) [39]. 

 

ʉʭʝʤʘ 1.29. ɼʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

205. 

ɼʦ ʥʘʯʘʣʘ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ 

ʦʜʠʥ ʧʨʠʤʝʨ ʘʥʛʠʜʨʠʜʘ ʥʘ ʦʩʥʦʚʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ï ʮʠʢʣʠʯʝʩʢʠʡ 

ʘʥʛʠʜʨʠʜ 207 ʥʝʟʘʤʝʱʝʥʥʦʡ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 205 

(ʉʭʝʤʘ 1.30) [39]. 

 

ʉʭʝʤʘ 1.30. ʇʦʣʫʯʝʥʠʝ ʘʥʛʠʜʨʠʜʘ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 
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ɺʠʮʠʥʘʣʴʥʳʝ ʜʠʵʬʠʨʥʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʨʝʘʢʮʠʝʡ ʩ 

ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʮʠʢʣʠʯʝʩʢʠʝ ʜʠʛʠʜʨʘʟʠʜʳ (ʧʠʨʠʜʘʟʠʥʦʮʠʢʣʘʟʠʥʜʠʦʥʳ). 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʘ ʠʤʝʥʥʦ 210 ʠ 211 (ʉʭʝʤʘ 1.31), ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ 

ʧʨʝʜʤʝʪ ʭʝʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʝʨʝʢʠʩʴʶ 

ʚʦʜʦʨʦʜʘ ʠ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ [82]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ, ʤʠʥʫʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʶʪʩʷ ʩʧʠʨʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

 

 

ʉʭʝʤʘ 1.31. ʇʦʣʫʯʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʛʠʜʨʘʟʠʜʦʚ (3.2.2)ʮʠʢʣʘʟʠʥ- 1,2- 

ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 210,211. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 2,12-ʜʠʪʠʦ-[3]-[2,6]-ʧʠʨʠʜʦ-[3]-[1,4]- 

(3.2.2)ʮʠʢʣʘʟʠʥʦʬʘʥʘ 216 ʠ 2,12-ʜʠʪʠʦ-[3.3]-[1,4]-(3.2.2)ʮʠʢʣʘʟʠʥʦʬʘʥʘ 217 [83,84] 

(ʉʭʝʤʘ 1.32) ʠ [2.2.2.2]-ʪʝʪʨʘ(1,4)-(3.2.2)ʮʠʢʣʘʟʠʥʦʬʘʥ 220 [85] (ʉʭʝʤʘ 1.33). 
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ʉʭʝʤʘ 1.32. ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 216 ʠ 217. 

 

ʉʭʝʤʘ 1.33. ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 220. 

1.1.4. ʌʠʟʠʢʦ- ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

ʆʙʩʫʞʜʘʷ ʪʝʤʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ, ʚʘʞʥʦ 

ʫʧʦʤʷʥʫʪʴ ʜʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʘʞʥʳʝ ʨʘʙʦʪʳ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ [20], ʘ ʪʘʢʞʝ ʧʝʨʚʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʦʪʦʥʥʳʭ ʗʄʈ ʩʧʝʢʪʨʦʚ ʥʝʟʘʤʝʱʝʥʥʦʛʦ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 [21]. 

ʊʘʢ ʚ ʨʘʙʦʪʝ [21], ɽ. ɼʞʝʨʩʦʥʩ ʩ cʦʘʚʪʦʨʘʤʠ ʟʘʣʦʞʠʣʠ ʬʫʥʜʘʤʝʥʪ ʚ ʧʦʥʠʤʘʥʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 
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ʨʘʙʦʪʘʭ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ, ʧʦʢʘʟʘʚ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ (3.2.2)ʮʠʢʣʘʟʠʥʘ 1 ʥʘʙʣʶʜʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʈʠʩ. 1.9). 

 

ʈʠʩ 1.9. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʠ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 1 ʚ ʉDCl3. 

ɺ ʨʘʟʚʠʪʠʝ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʙʦʪʳ [86ï88] ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ 

ʜʠʘʪʨʦʧʥʦʩʪʴ (3.2.2)ʮʠʢʣʘʟʠʥʘ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʝʛʦ ʤʦʣʝʢʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʣʥʦʩʪʴʶ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʠ ʩʦʧʨʷʞʝʥʥʳʡ sp2-ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʳʡ ʮʠʢʣ. 

ʈʘʙʦʪʘ [20] ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʥʦ ʦʩʥʦʚʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʥʝʡ, ʩʳʛʨʘʣʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʦʥʠʤʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢ, ʘʚʪʦʨʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʳʝ ʨʘʩʯʝʪ r ʄʆ, 

ʧʨʝʜʩʢʘʟʘʣʠ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (Ñ10 ʥʤ), ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʫʶ 

ʠʟʙʳʪʦʯʥʦʩʪʴ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ 

ʨʘʙʦʪʳ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʝʘʢʮʠʡ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʨʘʟʜʝʣ 1.1.3.1), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʚ 

ʋʌ ʠ ʙʣʠʞʥʝʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚ ʕʉʇ 

(3.2.2)ʮʠʢʣʘʟʠʥʘ ʠ ʝʛʦ ʤʦʥʦ- ʠ ʜʠʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ 

ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ CASPT2 (MS-CASPT2) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʠ 

ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ, (3.2.2)ʮʠʢʣʘʟʠʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʚ ʋʌ-ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ˊ-ʩʠʩʪʝʤʳ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ 

ʩʤʝʱʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʦ. (ʈʠʩ. 1.10). 
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ʈʠʩ. 1.10. ʕʉʇ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 1, 8, 221ï223. 

ʅʘʨʷʜʫ ʩʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝʤ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

[3,4,35,78]. ʊʘʢ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ (ʚʢʣʶʯʘʷ 

ʘʟʘ- ʠ ʙʝʥʟʦ- ʧʨʦʠʟʚʦʜʥʳʝ) ʦʙʣʘʜʘʶʪ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚʧʣʦʪʴ ʜʦ 550ï

650 ʥʤ ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 90% (ʈʠʩ 1.11). ʉʦʯʝʪʘʥʠʝ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ 

ʦʪʢʨʳʣʦ ʠʤ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʚ OLED-ʫʩʪʨʦʡʩʪʚʘʭ, 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʩʝʥʩʦʨʘʭ [3,89].  

 

ʈʠʩ. 1.11. ʇʨʠʤʝʨʳ ʥʦʨʤʘʣʠʟʠʨʦʚʘʥʥʳʭ ʕʉʇ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʩʧʝʢʪʨʦʚ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʜʣʷ 224 ʠ 225. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʩʪʘʣʘ ʨʘʙʦʪʘ ʄʠʪʩʫʤʦʨʠ 2004 ʛʦʜʘ [3] (ʈʠʩ. 1.12). 
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ʈʠʩ. 1.12. ʎɺɸ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʜʦʙʥʳʤʠ ʜʣʷ ʪʨʠʩ- (8-

ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥʘʪʦ) ʘʣʶʤʠʥʠʷ (Alq3). ʇʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʨʘʪʠʤʳ, ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ ʦʞʠʜʘʣʠ ʣʫʯʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʯʝʤ Alq3, ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʝ. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.8 ɺ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʥʦʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ ʚ OLED ʫʩʪʨʦʡʩʪʚʘʭ [90]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʥʠʟʢʠʝ ʠ ʩʪʘʙʠʣʴʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʜʝʣʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʤʳ, ʘʚʪʦʨʘʤʠ [91] ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ n-ʪʠʧʘ ʫ -́ʨʘʩʰʠʨʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ. 

(3.2.2)ʎʠʢʣʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʨʠʷ 

ʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 229ï244 ʧʨʦʷʚʣʷʝʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫ  ʁ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʩ ʨʝʮʝʧʪʦʨʦʤ ʵʩʪʨʦʛʝʥʘ (ʈʠʩ. 1.13) (ʊʘʙʣʠʮʘ 1.2) [52,86]. 

 

ʈʠʩ. 1.13. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʡ 229ï244. 
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ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʠʯʥʦ ʛʠʜʨʠʨʦʚʘʥʥʳʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ï 

ʤʠʨʤʠʢʘʨʠʥʳ, ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʘʣʢʘʣʦʠʜʘʤʠ (ʈʠʩ. 1.14) [87ï89].  

 

ʈʠʩ. 1.14. ʉʪʨʦʝʥʠʝ ʤʠʨʤʠʢʘʨʠʥʦʚ 245ï247. 

ʊʘʙʣʠʮʘ 1.2. ɿʘʤʝʩʪʠʪʝʣʠ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʘ ʩʦʛʣʘʩʥʦ ʨʠʩ. 1.13. 

ʉʪʨʦʝʥʠʝ ʮʠʢʣʘʟʠʥʦʚ 229ï244, ʫʢʘʟʘʥʥʳʭ ʥʘ ʈʠʩ. 1.13. 

ʉʦʝʜʠʥʝʥʠʝ R1 R2 R3 R4 R5 

229 H Et H OH H 

230 H Et H H OH 

231 ʧ- OH Et H H H 

232 ʤ- OH Et H H H 

233 ʧ- OH Et CH2OH H H 

234 ʧ- OH Et H H OH 

235 ʧ- OH Et H OH H 

236 ʧ- OH H H H H 

237 ʧ- OH Me H H H 

238 ʧ- OH ʥ-Pr H H H 

239 ʧ- OH ʠʟʦ-Pr H H H 

240 ʧ- OH -(CH2)3- -(CH2)3- H H 

241 ʧ- OH -(CH2)4- -(CH2)4- H H 

242 ʧ- OH ʥ-Bu H H H 

243 ʧ- OH 2-PhEt H H H 

244 ʧ- OH 2-ʧʝʥʪʠʣ H H H 

ʇʦʣʥʦʩʪʴʶ ʛʠʜʨʠʨʦʚʘʥʥʳʡ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʤʠ ʣʘʢʪʦʥʘʤʠ, ʙʳʣ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥ ʚ ʧʨʠʨʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 
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ɺʣʘʩʫʣʘʤʠʥʝ ɸ 248 (ʈʠʩ. 1.15) [90], ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʫʨʦʚʥʝʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ ʬʝʦʭʨʦʤʦʮʠʪʦʤʳ ʢʨʳʩʳ 

PC12.  

 

ʈʠʩ. 1.15. Cʪʨʫʢʪʫʨʘ ɺʣʘʩʫʣʘʤʠʥʘ ɸ ʧʦ ʜʘʥʥʳʤ ʈʉɸ. 

1.2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʨʠ- ʠ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ, ʜʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʝʱʝʥ ʢʨʘʪʢʦʤʫ ʘʥʘʣʠʟʫ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʙʣʠʞʘʡʰʠʭ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ ï ʬʪʘʣʦʮʠʘʥʠʥʦʚ, 

ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʥʝʢʦʪʦʨʳʭ -́ʨʘʩʰʠʨʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

1.2.1. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʙʳʣ ʫʧʦʤʷʥʫʪ ʚ ʨʘʙʦʪʝ ɸ. ɹʨʘʫʥʘ 1907 ʛʦʜʘ 

[92]. ʆʜʥʘʢʦ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʭʠʤʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʈ. ʃʠʥʩʪʝʜʘ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣ ʠʭ ʩʠʥʪʝʟ ʠ ʥʝʢʦʪʦʨʳʝ 

ʩʚʦʡʩʪʚʘ [93]. ɺ 1934 ʛʦʜʫ ʈ. ʃʠʥʩʪʝʜʦʤ ʠ ʢʦʣʣʝʛʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʧʠʩʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʬʪʘʣʦʮʠʘʥʠʥʘ, ʢʘʢ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʟʘ-ʠʟʦʠʥʜʦʣʴʥʦʛʦ ʪʝʪʨʘʤʝʨʘ [94], 

ʢʦʪʦʨʘʷ ʚ 1936 ʛʦʜʫ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [95]. ʕʪʠ 

ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʪʦʣʯʢʦʤ ʜʣʷ ʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʯʪʦ 
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ʧʨʠʚʝʣʦ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʫ ʥʠʭ ʨʷʜʘ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʧʦʠʩʢ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ.  

ɿʘ ʚʩʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʳʭ, ʪʘʢ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʦʩʚʝʱʝʥʳ ʣʠʰʴ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, 

ʢʦʪʦʨʳʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʛʦʜʥʳ ʚ ʩʠʥʪʝʟʝ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ 

ʤʘʢʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ, 

ʯʪʦ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʨʘʥʝʝ ʫʞʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʦʜʦʙʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [96,97], ʥʦ ʥʝ ʫʜʘʣʦʩʴ ʧʦʜʦʙʨʘʪʴ ʫʜʘʯʥʳʝ 

ʫʩʣʦʚʠʷ ʠʭ ʩʠʥʪʝʟʘ.  

ʉʠʥʪʝʟ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʋʩʣʦʚʥʦ, ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ. ʇʝʨʚʳʡ ʪʠʧ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʬʪʘʣʦʮʠʘʥʠʥʘ, ʘ ʚʪʦʨʦʡ ï ʢ ʝʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤ. ʇʨʠʤʝʨ ʧʝʨʚʦʛʦ ʪʠʧʘ ʤʝʪʦʜʦʚ 

ʧʨʠʚʝʜʝʥ ʥʘ ʩʭʝʤʝ 1.34. 

 

ʉʭʝʤʘ 1.34. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʘ 251. 

ʊʘʙʣʠʮʘ 1.3. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʧʦ ʩʭʝʤʝ 1.34.  

 ̄ ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʀʩʪʦʯʥʠʢ 

i ʦʩʥʦʚʘʥʠʝ, ʩʧʠʨʪ, æ [98,99] 

ii  Li  ʠʣʠ Mg ʠʣʠ Na, ʩʧʠʨʪ, æ [100ï102] 

iii  ʛʠʜʨʦʭʠʥʦʥ, æ [103,104] 

iv DMAE, æ [105ï107] 
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ʇʨʠʤʝʨʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʝʪʦʜʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤ ʥʘ ʦʩʥʦʚʝ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʧʦʢʘʟʘʥʳ ʥʘ ʩʭʝʤʝ 1.35. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʧʦ ʩʭʝʤʝ 1.35, 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

 

ʉʭʝʤʘ 1.35. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʊʘʙʣʠʮʘ 1.4. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʧʦ ʩʭʝʤʝ 1.35.  

 ̄ ʋʩʣʦʚʠʝ ʨʝʘʢʮʠʠ ʀʩʪʦʯʥʠʢ 

v M ʠʣʠ Mn+, 1-ʭʣʦʨʥʘʬʪʘʣʠʥ (ʭʠʥʦʣʠʥ), æ [101,108] 

vi Li 2Pc/Na2Pc, ʩʦʣʴ Mn+, EtOH, æ [109] 

vii/ viii/ ix  ʉʭʝʤʘ 1.36 [110ï117] 

x M ʠʣʠ Mn+, DMAE, æ [118] 

xi M ʠʣʠ Mn+,æ [119,120] 

xii  M ʠʣʠ Mn+, ʨʘʩʪʚʦʨʠʪʝʣʴ (ʭʠʥʦʣʠʥ, ɼʄʌɸ), æ [109,121,122] 

xiii  M ʠʣʠ Mn+, ʨʘʩʪʚʦʨʠʪʝʣʴ (ʭʠʥʦʣʠʥ, ɼʄʌɸ), 

ʦʩʥʦʚʘʥʠʝ, æ 

[98,123] 

xiv Mn+, Na2SĬH2O, CH3CHOHCH2OH ʠʣʠ Mn+, 

HMDS, (NH4)2SO4, MW 600 W, 5ï10 ʤʠʥ 

[124] 

xv Mn+, DMAE, æ [125,126] 

xvi CuCN, ɼʄʌɸ (ʭʠʥʦʣʠʥ), æ  [127ï129] 
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ʉʭʝʤʘ 1.36. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠʟ ʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʢʣʘʩʩ rʩʦʝʜʠʥʝʥʠʡ, ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩ 

ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ ïɻ ʪʦ ʜʠʢʘʨʙʦʥʠʪʨʠʣʳ ʠ ʜʠʠʤʠʥʦʠʟʦʠʥʜʦʣʠʥʳ.  

1.2.2. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʪʨʠʧʠʨʨʦʣʴʥʳʭ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʳ (SubPcs) [130]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʨʝʭ ʠʟʦʠʥʜʦʣʴʥʳʭ ʩʫʙʲʝʜʠʥʠʮ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʝʤʷ ʘʟʘ-ʤʦʩʪʠʢʘʤʠ. ʊʘʢʦʝ ʫʥʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 

ʜʘʝʪ ʘʨʦʤʘʪʠʯʝʩʢʠʡ 14ˊ-ʵʣʝʢʪʨʦʥʥʳʡ ʛʝʪʝʨʦʘʥʥʫʣʝʥ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚʘʪʴ ʠʦʥ ʙʦʨʘ(III) ʚ ʩʚʦʝʡ 

ʚʥʫʪʨʝʥʥʝʡ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ [131]. ʉʣʫʯʘʡʥʦʝ ʦʪʢʨʳʪʠʝ SubPcs 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ 1972 ʛʦʜʫ, ʢʦʛʜʘ ʄʝʣʣʝʨ ʠ ʆʩʩʢʦ [132], ʧʳʪʘʣʠʩʴ ʧʦʣʫʯʠʪʴ 

ʬʪʘʣʦʮʠʘʥʠʥʘʪ ʙʦʨʘ (III). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʬʪʘʣʦʥʠʪʨʠʣʘ 249 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʭʣʦʨʠʜʘ ʙʦʨʘ(III) ʚ ʭʣʦʨʥʘʬʪʘʣʠʥʝ ʧʨʠ 200 ÁC ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʮʠʢʣʦʪʝʪʨʘʤʝʨʠʟʘʮʠʠ 255. ɺʤʝʩʪʦ ʵʪʦʛʦ, ʦʥʠ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʨʧʫʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʭʦʨʦʰʦ 

ʧʦʜʪʚʝʨʞʜʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʦ-ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʙʦʨʘ(III ) (Cl-SubPc) 256 

(ʉʭʝʤʘ 1.37). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʦʚ ʦʩʪʘʝʪʩʷ 

ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʠ ̫ ʬʪʘʣʦʥʠʪʨʠʣʘ 249 (ʠʣʠ ʝʛʦ ʧʨʝʢʫʨʩʦʨʦʚ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʙʦʨʩʦʜʝʨʞʘʱʝʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (ʦʙʳʯʥʦ ʪʨʠʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ ʪʠʧʘ BX3, ʛʜʝ X ï 

Cl, Br, I) [133]. ʇʦʢʘ ʯʪʦ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ SubPcs ʙʝʟ ʤʝʪʘʣʣʘ ʠʣʠ ʩ ʜʨʫʛʠʤʠ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʦʩʪʘʣʠʩʴ ʥʝʫʜʘʯʥʳʤʠ [130]. 

 

ʉʭʝʤʘ 1.37. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʭʣʦʨʠʜʘ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʙʦʨʘ(III ). 

BCl3 ʠ BBr3 ï ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʦʨʘ(III), ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʚ ʩʠʥʪʝʟʝ SubPcs. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʩ ʬʪʘʣʦʥʠʪʨʠʣʦʤ 249, ʦʥʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʣʦʨ- ʠ 

ʙʨʦʤʙʦʨʥʳʝ SubPc. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʵʪʠ ʨʝʘʛʝʥʪʳ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ BCl3 ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ SubPc, ʪʘʢ ʢʘʢ ʦʥ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ, 

ʯʝʤ BBr3, ʘ ʪʘʢʞʝ ʩʚʷʟʴ BïCl ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʷʟʠ BïBr [131]. 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ SubPc ʚ ʨʝʘʢʮʠʠ ʬʪʘʣʦʥʠʪʨʠʣʘ 249 ʩ BCl3 ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʧ-ʢʩʠʣʦʣ, ʪʦʣʫʦʣ), ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʛʝʥʝʨʠʨʫʶʱʝʛʦʩʷ ʘʜʜʫʢʪʘ ʬʪʘʣʦʥʠʪʨʠʣ-BCl3 ʚ (1Z)-3-ʭʣʦʨ-N-

(ʜʠʭʣʦʨʙʦʨʠʣ)-1H-ʠʟʦʠʥʜʦʣ-1-ʠʤʠʥ 257 [134] (ʉʭʝʤʘ 1.38).  

 

ʉʭʝʤʘ 1.38. ʇʝʨʚʳʝ ʩʪʘʜʠʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ SubPc. 

ʀʥʪʝʨʤʝʜʠʘʪ 257 ʟʘʪʝʤ ʮʠʢʣʦʪʨʠʤʝʨʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ 259, ʘ ʟʘʪʝʤ ʠ ʮʝʣʝʚʦʛʦ SubPc 256 (ʩʭʝʤʘ 1.39). 
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ʉʭʝʤʘ 1.39. ʌʠʥʘʣʴʥʳʝ ʩʪʘʜʠʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ SubPc. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʪʫʣʠʨʫʝʤʳʝ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ SubPc ʵʢʟʦʪʝʨʤʠʯʝʥʳ ʠ ʢʠʥʝʪʠʯʝʩʢʠ ʨʘʟʨʝʰʝʥʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʙʰʠʨʥʦʛʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʟʘʨʷʜʦʚʦʛʦ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ BCl3 ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʣʦʨʘ (ʉʭʝʤʘ 1.39) [135]. ʕʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʦ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ SubPc ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [136]. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʬʪʘʣʦʥʠʪʨʠʣ / BCl3 (1:1). ʊ. ʊʦʨʨʝʩ ʩ 

ʢʦʣʣʝʛʘʤʠ ʩʤʦʛ ʚʳʜʝʣʠʪʴ ʚʝʱʝʩʪʚʦ 258 (Cʭʝʤʘ 1.38) ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʪʚʝʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ 258 ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 257 ʦʪ ʩʣʝʜʦʚ ʚʣʘʛʠ ʚʦ ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ [134]. 

ʊʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʥʠʢʘʢʠʭ ʩʣʝʜʦʚ ʠʩʭʦʜʥʦʛʦ ʬʪʘʣʦʥʠʪʨʠʣʘ 249 ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 257 ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʩʘʤʳʭ 

ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʨʝʘʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ SubPc. 

1.2.3. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʫʧʝʨʬʪʘʣʦʮʠʘʥʠʥʦʚ 

ɽʩʣʠ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥ ʷʚʣʷʝʪʩʷ ʤʘʢʨʦʮʠʢʣʦʤ ʩ -́ʩʦʢʨʘʱʝʥʥʦʡ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚ), ʪʦ ʩʫʧʝʨʬʪʘʣʦʮʠʘʥʠʥʳ, 

ʷʚʣʷʷʩʴ ʧʨʦʜʫʢʪʘʤʠ ʮʠʢʣʦʧʝʥʪʘʤʝʨʠʟʘʮʠʠ ʬʪʘʣʦʥʠʪʨʠʣʘ 249, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʧʷʪʴ ʟʚʝʥʴʝʚ ʠʟʦʠʥʜʦʣʠʥʘ. ʀʟʫʯʝʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

ʦʛʨʘʥʠʯʝʥʳ ʨʘʙʦʪʘʤʠ [137ï139], ʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʪʘʣʦʥʠʪʨʠʣʘ 

249 (ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ) ʩ ʭʣʦʨʠʜʦʤ ʫʨʘʥʠʣʘ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʚʳʩʦʢʦʢʠʧʷʱʠʭ 
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ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʉʭʝʤʘ 1.40). ɼʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʩʫʧʝʨʬʪʘʣʦʮʠʘʥʠʥʳ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩ ʜʨʫʛʠʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤ ʷʜʨʦʤ. 

 

 

ʉʭʝʤʘ 1.40. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʫʧʝʨʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ɺ ʨʘʙʦʪʝ ʥʝʤʝʮʢʠʭ ʫʯʝʥʳʭ 2019 ʛʦʜʘ ʦʧʠʩʘʥʘ ʫʩʧʝʰʥʘʷ ʧʦʧʳʪʢʘ ʩʠʥʪʝʟʘ 

ʩʫʧʝʨʥʘʬʪʘʣʦʮʠʘʥʠʥʘ ʛʘʜʦʣʠʥʠʷ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʜʣʦʞʢʝ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ Gd ʠ 

ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʢʮʠʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 ʂ [140]. 

1.3. ɸʥʘʣʦʛʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʩʦʧʨʷʞʝʥʠʷ 

ʆʩʥʦʚʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ (0.78ï3.00 ʤʢʤ), ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ˊ-ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ [141]. ʅʘʣʠʯʠʝ ʧʦʛʣʦʱʝʥʠ ̫ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʝʣʘʝʪ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [142], ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʧʦʜʢʦʞʥʳʭ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ [143], ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ [144,145] ʠ ʀʂ-ʤʝʪʦʢ [146]. ʇʦʛʣʦʱʝʥʠʝ ʚ ʙʣʠʞʥʝʡ 

ʀʂ-ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ 
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ʦʛʨʘʥʠʯʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʝʛʦ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ.  

ɺ ʦʩʥʦʚʥʦʤ, ʧʦʜʦʙʥʳʝ ʘʥʘʣʦʛʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʥʘʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩʵʥʜʚʠʯʝʚʦʛʦ ʪʠʧʘ. ɺ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʫʯʝʥʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʣʘʥʘʨʥʳʝ ˊ-

ʨʘʩʰʠʨʝʥʥʳʝ ʘʥʘʣʦʛʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ.  

ɹʣʠʞʘʡʰʠʤʠ ʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʷʚʣʷʶʪʩʷ 

2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥʳ (Nc), ʘ ʜʠʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ï ʘʥʪʨʘʢʦʮʠʘʥʠʥʳ (Ac). ɺ 

ʠʭ ʕʉʇ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʶʶ 

ʀʂ-ʦʙʣʘʩʪʴ ʧʦʯʪʠ ʥʘ 100 ʥʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʥʘʟʚʘʣʠ ʧʨʘʚʠʣʦʤ ç100 ʥʤè [147] ʠ ʦʥʦ ʛʣʘʩʠʪ: ʧʨʠ ʢʘʞʜʦʤ ʣʠʥʝʡʥʦʤ 

ʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʠʠ ʪʝʪʨʘʘʟʘʧʦʨʬʠʨʠʥʦʚʦʛʦ ʤʘʢʨʦʢʦʣʴʮʘ Q-ʧʦʣʦʩʘ ʩʤʝʱʘʝʪʩʷ 

ʙʘʪʦʭʨʦʤʥʦ ʧʨʠʤʝʨʥʦ ʥʘ 100 ʥʤ. ʕʪʦ ʧʨʘʚʠʣʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ́ -ʩʠʩʪʝʤʳ 

ʧʨʠ ʧʝʨʝʭʦʜʘʭ: ʪʝʪʨʘʘʟʘʧʦʨʬʠʨʠʥ Ÿ ʬʪʘʣʦʮʠʘʥʠʥ Ÿ 2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥ Ÿ 

ʘʥʪʨʘʢʦʮʠʘʥʠʥ (ʈʠʩ. 1.16) [148].  

 

ʈʠʩ. 1.16. ʉʪʨʦʝʥʠʝ ʠ ʕʉʇ ʥʝʢʦʪʦʨʳʭ ˊ-ʨʘʩʰʠʨʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ 2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʷʚʣʷʪʁʩʷ ʨʝʘʢʮʠʠ 

ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʩʦʣʷʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʛʦ ʤʝʪʘʣʣʘ (ʮʠʥʢ(II), 

ʤʘʛʥʠʡ(II) ʠ ʜʨ.), ʦʩʥʦʚʘʥʠʝʤ (MeOLi, ɼɹʋ) ʚ ʩʨʝʜʝ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʩʧʠʨʪʦʚ 
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(i-AmOH) [149ï151]. ɸʥʪʨʘʢʦʮʠʘʥʠʥʳ ʧʦʣʫʯʘʶʪ ʩʭʦʞʠʤ ʤʝʪʦʜʦʤ, ʥʦ ʚ ʩʨʝʜʝ 

ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʘʥʦʣʘ ʠ ʚ ʪʦʢʝ ʩʫʭʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʤʤʠʘʢʘ [148]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ˊ-ʩʠʩʪʝʤʳ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʦʚ ʟʘ ʩʯʝʪ 

ʣʠʥʝʡʥʦʛʦ ʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʤʝʱʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʶʶ ʀʂ-ʦʙʣʘʩʪʴ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ 

ʧʝʨʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ. ʕʪʦ ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʘʢʪʠʚʘʮʠʠ 

ʩʚʝʪʦʤ ʧʨʦʮʝʩʩʘ ʬʦʪʦʦʢʠʩʣʝʥʠʷ. ʇʨʠʯʝʤ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: ʬʪʘʣʦʮʠʘʥʠʥŸ 2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥ Ÿʘʥʪʨʘʢʦʮʠʘʥʠʥ [152]. 

ʇʦʤʠʤʦ ʣʠʥʝʡʥʦ ʙʝʥʟʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ˊ-ʨʘʩʰʠʨʝʥʥʳʭ ʘʥʘʣʦʛʦʚ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ 

ʤʘʢʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʟʫʣʝʥʘ ï ʥʝʙʝʥʟʦʠʜʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʠʟ 5- ʠ 7-ʯʣʝʥʥʦʛʦ ʮʠʢʣʦʚ. ʊʘʢ, ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [153] ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʣʠ 5,6-ʜʠʙʨʦʤʦʘʟʫʣʝʥ 267, ʘ ʚ ʨʘʙʦʪʝ [154] ʦʧʠʩʘʣʠ 

ʩʠʥʪʝʟ 5,6-ʜʠʮʠʘʥʦʘʟʫʣʝʥʘ 268 (ʉʭʝʤʘ 1.41) ʠ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʘʟʫʣʝʥʦʮʠʘʥʠʥʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ (ʉʭʝʤʘ 1.42).  

 

ʉʭʝʤʘ 1.41. ʉʠʥʪʝʟ 5,6-ʜʠʮʠʘʥʦʘʟʫʣʝʥʘ. 

 

ʉʭʝʤʘ 1.42. ʉʠʥʪʝʟ CS ʠʟʦʤʝʨʘ 1,1',1'',1''',3,3',3'',3'''-ʦʢʪʘ-ʪʨʝʪ-ʙʫʪʠʣ 

ʘʟʫʣʝʥʦʮʠʘʥʠʥʘ. 
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ʅʘ ʨʠʩ. 1.17 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʕʉʇ ʘʟʫʣʝʥʦʮʠʘʥʠʥʘ 270 ʠ 2,3-

ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ 271. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʘʟʫʣʝʥʦʮʠʘʥʠʥ 270 ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʫʶ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʶ ʚʠʜʠʤʫʶ ʠ ʙʣʠʞʥʶʶ 

ʀʂ-ʦʙʣʘʩʪʠ, ʟʘ ʧʨʝʜʝʣʘʤʠ 1000 ʥʤ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 1085 ʥʤ, ʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʩʦʩʪʘʚʣʷʣ 4.3Ĭ104 ʄ-

1Ĭʩʤ-1. ʕʪʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 271 ʠ 

ʜʠʥʠʪʨʠʣʘ 269. ɼʘʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʘʥʪʨʘʢʦʮʠʘʥʠʥʦʚ (831 ʥʤ), ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʘʟʫʣʝʥʦʮʠʘʥʠʥʦʚ [148]. 

 

ʈʠʩ. 1.17. ʉʨʘʚʥʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʘʟʫʣʝʥʦʮʠʘʥʠʥʘ 270 ʠ  

2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥʘ 271. 

ɸʟʫʣʝʥʦʮʠʘʥʠʥʳ ʬʦʪʦʩʪʘʙʠʣʴʥ rʚ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʘʥʪʨʘʢʦʮʠʘʥʠʥʦʚ. ʇʨʠ ʵʪʦʤ ʠʭ ʧʝʨʚʳʡ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʝʥʠʷ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ 2,3-ʥʘʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʘʥʘʣʦʛʦʚ (+0.48 ɺ) [154].  
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1.4. ɺʳʚʦʜʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʦʛʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʩ ʨʘʩʰʠʨʝʥʥʦʡ 

-́ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʭʠʤʠʠ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ. ʇʨʠ ʵʪʦʤ ʨʷʜ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʛʨʘʥʠʯʝʥ, 

ʠ ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʦʛʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʷʚʣʷʶʪʩʷ ʤʘʣʦʫʩʪʦʡʯʠʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ,̫ ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʟʫʯʝʥʠʶ (3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ -́ʨʘʩʰʠʨʝʥʥʳʭ ʩʠʩʪʝʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʠʥʪʝʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢ ʦʢʠʩʣʝʥʠʶ, ʚ ʦʪʢʨʳʪʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ 

ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʳ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʙʦʪʘʤʠ [12,155]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʦʠʩʢʝ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ -́ʨʘʩʰʠʨʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ. 
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ɻʃɸɺɸ 2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʩʠʥʪʝʟʫ ʩʘʤʠʭ ʮʝʣʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʫ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʫʙ-(3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʘʤ ʠ (3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʘʤ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʈʘʟʜʝʣ 

2.1). ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ (ʈʘʟʜʝʣʳ 2.2, 2.3). ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʈʘʟʜʝʣʳ 2.4ï2.6).  

2.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

2.1.1. ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ (ʈʘʟʜʝʣ r 1.2.1, 1.2.2 ʠ 1.3), 

ʦʩʥʦʚʥʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢ ʪʝʪʨʘ- ʠ ʪʨʠʧʠʨʨʦʣʴʥʳʤ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʷʚʣʷʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦ-ʜʠʢʘʨʙʦʥʠʪʨʠʣʳ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ -́ʨʘʩʰʠʨʝʥʥʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʝʨʚʳʡ ʵʪʘʧ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʠ ʧʦʣʫʯʝʥʠ ʁ ʩʝʨʠʠ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. ɺʳʙʦʨ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚ ʢʘʢ ʦʩʥʦʚʳ ʥʦʚʳʭ ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ 

2.1, ʠʩʭʦʜʷ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʘʮʝʪʦʬʝʥʦʥʘ 1a ʠ ʧ-ʪʨʝʪ-

ʙʫʪʠʣʘʮʝʪʦʬʝʥʦʥʘ 1b, ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ [156]. 

ɺʚʝʜʝʥʠʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʘʛʨʝʛʘʮʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ́-ʩʪʵʢʠʥʛʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʮʝʣʝʚʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ. 
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ʉʭʝʤʘ 2.1. ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7a,b.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʝʥʘʮʠʣʙʨʦʤʠʜʳ 2a,b ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʘʮʝʪʦʬʝʥʦʥʦʚ 1a,b ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ [157]. ʌʝʥʘʮʠʣʙʨʦʤʠʜʳ 2a,b ʜʘʣʝʝ ʢʚʘʪʝʨʥʠʟʦʚʘʣʠ 

Ŭ-ʧʠʢʦʣʠʥ ʚ ʩʨʝʜʝ ʢʠʧʷʱʝʛʦ ʙʝʥʟʦʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʙʨʦʤʠʜʳ N-ʬʝʥʘʮʠʣ-2-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ 3a,b. ɼʘʣʴʥʝʡʰʘʷ ʩʪʘʜʠʷ ʦʩʥʦʚʘʥʠʝ-

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʙʨʦʤʠʜʦʚ 3a,b ʧʦ ɸ.ɽ. ʏʠʯʠʙʘʙʠʥʫ ʧʨʠʚʝʣʘ ʢ 

2-ʘʨʠʣʠʥʜʦʣʠʟʠʥʘʤ 4a,b ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ [36]. ɼʣʷ ʠʥʜʦʣʠʟʠʥʘ 4b ʩʪʨʦʝʥʠʝ 

ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 2.1). ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ 4b 

ʚʩʣʝʜʩʪʚʠʝ ʘʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʧʦ ʦʩʠ ʩʚʷʟʠ ʉ(2)-ʉ(10) ʷʚʣʷʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ 

ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ N(1) ʠ C(9) ʩ ʘʪʦʤʘʤʠ N(1'') ʠ C(9'') c ʚʝʨʦʷʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 0.5.  

 

ʈʠʩ. 2.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʜʦʣʠʟʠʥʘ 4b. 

ʇʦʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ [8+́2]́-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʠʥʜʦʣʠʟʠʥʦʚ 4a,b ʠ DMAD ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʷ ʥʘ ʫʛʣʝ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ɺ. ɹʝʢʝʣʴʭʘʡʜʝ (ʩʤ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʈʘʟʜʝʣ 1.1.2.1) ʧʨʠʚʝʣʘ ʢ 
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(3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʤ ʜʠʵʬʠʨʘʤ 5a,b [39]. ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʬʠʨʘ 5a ʚ ʭʦʜʝ 

ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣ,r 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 2.2). ʍʦʪʷ ʩʠʥʪʝʟ 5ʘ ʙʳʣ ʨʘʥʝʝ ʦʧʠʩʘʥ 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [39], ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ ʥʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ. 

 

ʈʠʩ. 2.2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʬʠʨʘ 5a (ʬʨʦʥʪʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ): a ʠ b ï 

ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʨʫʢʪʫʨʳ; ʩ- ʩʦʚʤʝʱʝʥʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ ʧʦ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʚʨʘʱʝʥʠʝ 1,2-ʜʠʵʬʠʨʦʚ ʚ 1,2-ʜʠʥʠʪʨʠʣʳ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 1,2-ʜʠʘʤʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʧʳʪʢʠ ʧʨʷʤʦʛʦ 

ʘʤʤʦʥʦʣʠʟʘ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ [158], ʘ ʪʘʢʞʝ 

ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʵʬʠʨʘ 

5a ʩ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ 50 ÜC ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ) 

ʧʨʠʚʦʜʠʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʰʴ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʮʝʣʝʚʳʭ 1,2-ʜʠʘʤʠʜʦʚ. 

ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʦʚʝʜʝʥ ʛʠʜʨʦʣʠʟ ʜʠʵʬʠʨʦʚ 5a,b [39] ʜʦ 1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

6a,b, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ o-

ʜʠʥʠʪʨʠʣʳ. ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʜʠʥʠʪʨʠʣʘ ʥʘ ʦʩʥʦʚʝ 6ʘ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʥʛʠʜʨʠʜʘ 8 ʠ ʜʘʣʝʝ ʠʤʠʜʘ (ʉʭʝʤʘ 2.2) ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʠʥʪʝʟʦʤ 

ʬʪʘʣʠʤʠʜʘ [159] ʥʝ ʜʘʣʘ ʨʝʟʫʣʴʪʘʪʘ, ʪʘʢ ʢʘʢ ʥʘʛʨʝʚʘʥʠʝ 8 ʩ ʤʦʯʝʚʠʥʦʡ ʧʨʠʚʝʣʦ ʢ 

ʩʤʝʩʠ ʦʜʥʦʢʨʘʪʥʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʤʦʥʦʘʤʠʜʥʳʭ ʧʨʦʜʫʢʪʦʚ 9. ɼʣʷ ʪʨʝʪ-

ʙʫʪʠʣ-ʟʘʤʝʱʝʥʥʦʡ ʢʠʩʣʦʪʳ 6b ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ. 
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ʉʭʝʤʘ 2.2. ʉʠʥʪʝʟ ʘʥʛʠʜʨʠʜʘ 8 ʠ ʩʤʝʩʠ 1(2)-ʤʦʥʦʘʤʠʜʦʚ 9. 

ʋʜʘʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 

ʦʢʘʟʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘ ̫ ʪʨʘʥʩʬʦʨʤʘʮʠ ̫ ʜʠʢʠʩʣʦʪ 6a,b ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʭʣʦʨʘʥʛʠʜʨʠʜʳ ʠ ʜʘʣʝʝ ʜʠʘʤʠʜʳ (ʉʭʝʤʘ 2.1) ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʦʤ, 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʈ. ʃʠʥʩʪʝʜʦʤ ʜʣʷ ʩʠʥʪʝʟʘ 2,3-ʜʠʮʠʘʥʦʪʠʦʬʝʥʘ [160] ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʇ.ɸ. ʉʪʫʞʠʥʳʤ c ʩʦʘʚʪʦʨʘʤʠ ʜʦ çone-potè ʧʨʦʮʝʜʫʨʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ 2,3-ʜʠʮʠʘʥʦʪʠʘʥʘʬʪʝʥʦʚ [161]. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ 

ʭʦʨʦʰʠʭ ʚʳʭʦʜʦʚ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2- ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ, ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʘ 

ʦʧʨʦʙʦʚʘʥʘ çone-potè ʧʨʦʮʝʜʫʨʘ. ʆʜʥʘʢʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʭʣʦʨʠʩʪʦʛʦ ʪʠʦʥʠʣʘ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [160,161], ʧʨʠʚʦʜʠʪ ʢ 4-

ʭʣʦʨʟʘʤʝʱʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ 7a,b (ʉʭʝʤʘ 2.1). ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 7b ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʈʉɸ (ʈʠʩ. 2.3).  

 

ʈʠʩ. 2.3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʥʠʪʨʠʣʘ 7b: ʬʨʦʥʪʘʣʴʥʘʷ (ʩʚʝʨʭʫ) ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ (ʩʥʠʟʫ) ʧʨʦʝʢʮʠʠ. 

ʌʘʢʪ ʭʣʦʨʠʨʦʚʘʥʠʷ 4-ʧʦʣʦʞʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʭʣʦʨʠʩʪʦʛʦ ʪʠʦʥʠʣʘ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʩʣʝʜʥʝʛʦ 

ʩ ʜʠʵʬʠʨʦʤ 5a (ʉʭʝʤʘ 2.3). ʊʘʢ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ 5a(Cl). ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʦʩʬʦʨʠʣʭʣʦʨʠʜʘ ʭʣʦʨʠʨʦʚʘʥʠʝ 5ʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  
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ʉʭʝʤʘ 2.3. ʉʠʥʪʝʟ 1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-3-ʬʝʥʠʣ-4-ʭʣʦʨ- 

(3.2.2)ʮʠʢʣʘʟʠʥʘ 5a(Cl). 

ʀʩʢʣʶʯʠʪʴ ʧʨʦʮʝʩʩ ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʠ ʧʦʣʫʯʠʪʴ ʠʟʥʘʯʘʣʴʥʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʥʝʟʘʤʝʱʝʥʥʳʝ 

ʜʠʥʠʪʨʠʣʳ 7c,d ʫʜʘʣʦʩʴ ʧʫʪʝʤ ʟʘʤʝʥʳ ʭʣʦʨʠʩʪʦʛʦ ʪʠʦʥʠʣʘ ʥʘ ʦʢʩʘʣʠʣʭʣʦʨʠʜ 

(ʉʭʝʤʘ 2.4) [162]. 

 

ʉʭʝʤʘ 2.4. ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7ʩ,d  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ.  

ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ POCl3 ʥʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ ʥʘ ʩʪʘʜʠʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʜʠʘʤʠʜʦʚ (ʉʭʝʤʘ 2.5) ʚ ʫʩʣʦʚʠʷʭ, ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʘʤʠʜʘ [163], ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

7c,d ʥʘ 10ï12%. 

 

ʉʭʝʤʘ 2.5. ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2- ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7ʩ,d  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ.  
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ʅʘʨʷʜʫ ʩ ʟʘʤʝʥʦʡ ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠ ̫

ʭʣʦʨʠʨʦʚʘʥʠʷ 4-ʧʦʣʦʞʝʥʠʷ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ ʧʫʪʝʤ: 

1. ʟʘʤʝʥʳ ʢʚʘʪʝʨʥʠʟʫʝʤʦʛʦ ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ 2ʘ 2-ʧʠʢʦʣʠʥʘ ʥʘ ʛʦʤʦʣʦʛʠʯʥʳʝ 

2-ʘʣʢʠʣʧʠʨʠʜʠʥʳ (2-ʵʪʠʣʧʠʨʠʜʠʥ, 2-ʧʨʦʧʠʣʧʠʨʠʜʠʥ, 2-ʙʫʪʠʣʧʠʨʠʜʠʥ ʠ 2-

ʧʝʥʪʠʣʧʠʨʠʜʠʥ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [164], ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʝʨʠʠ 4-ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7eïh (ʉʭʝʤʘ 2.6);    

2. ʘʮʠʣʠʨʦʚʘʥʠʷ 4-ʧʦʣʦʞʝʥʠʷ ʛʦʪʦʚʳʭ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʥʘ 

ʧʨʠʤʝʨʝ ʜʠʬɻʠʨʘ 5ʘ (ʉʭʝʤʘ 2.10).   

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 7eïh ʧʦ ʉʭʝʤʝ 2.6 ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʫʩʣʦʚʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʉʭʝʤʘʭ 2.1 ʠ 

2.4. ʆʧʪʠʤʘʣʴʥʳʤʠ ʧʦ ʚʳʭʦʜʘʤ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʘʣʠʩʴ 

ʫʩʣʦʚʠʷ ʉʭʝʤʳ 2.4 (ʉʭʝʤʘ 2.6. ʫʩʣʦʚʠʝ ii ).   

 

ʉʭʝʤʘ 2.6. ʉʠʥʪʝʟ 4-ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ (3.2.2)ʮʠʢʣʘʟʠʥ- 

1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7eïh.  
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ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 5e ʠ 7fïh ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 2.4; 2.5). ʊʘʢ, ʚ ʤʦʣʝʢʫʣʘʭ 5e ʠ 7fïh ʬʝʥʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʨʘʩʧʦʣʦʞʝʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜ ʫʛʣʦʤ 42Á, 30.5Á, 41.9Á ʠ 41.6Á 

ʦʪʥʦʩʠʪʝʣʴʥʦ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʯʘʩʪʠʯʥʦʤ 

-́ʩʦʧʨʷʞʝʥʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ˊ-ʩʦʧʨʷʞʝʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʧʷʪʩʪʚʫʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʥʘʣʠʯʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ 2- ʠ 4-ʧʦʣʦʞʝʥʠʷʭ), ʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ï ʪʘʢʞʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ.  

  

ʈʠʩ. 2.4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʵʬʠʨʘ 5e (ʩʣʝʚʘ) ʠ ʜʠʥʠʪʨʠʣʘ 7f (cʧʨʘʚʘ): 

ʬʨʦʥʪʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ (a) ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ (b).  

  

ʈʠʩ. 2.5. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʥʠʪʨʠʣʦʚ 7g (ʩʣʝʚʘ) ʠ 7h (cʧʨʘʚʘ): 

ʬʨʦʥʪʘʣʴʥʳʝ (a) ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ (b) ʧʨʦʝʢʮʠʠ. 

2.1.2. ʈʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʅʘʨʷʜʫ ʩ ʦʩʫʱʝʩʪʚʣʝʥʥʳʤ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 4-ʧʦʣʦʞʝʥʠʷ ʛʦʪʦʚʳʭ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʉʭʝʤʘ 2.10), ʥʘ ʧʨʠʤʝʨʝ ʜʠʵʬʠʨʘ 5ʘ ʥʘʤʠ ʙʳʣʠ 

ʪʘʢʞʝ ʦʧʨʦʙʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦ 
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ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ [165]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʷʜʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʃʴʶʠʩʘ (AlCl 3, ZnCl2) ʘʣʢʠʣʠʨʦʚʘʥʠʝ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʚ 

5ʘ ʥʝ ʧʨʦʪʝʢʘʝʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʠʩʣʦʪ-

ʦʢʠʩʣʠʪʝʣʝʡ (FeCl3, CoF3) ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʛʦʤʦʩʦʯʝʪʘʥʠʶ 

5ʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ˊ-ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ (ʉʭʝʤʳ 2.7 ʠ 

2.8). 

ʊʘʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ, ʮʠʢʣʘʟʠʥ 5a 

ʧʨʦʷʚʣʷʝʪ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʫʶ ʧʨʠʨʦʜʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʠ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʊʘʢʞʝ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ DFT ʤʦʜʝʣʠ 5a, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʫʨʦʚʥʝ 

ʪʝʦʨʠʠ BP86/def2-TZVP, ʣʦʢʘʣʴʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ pz-ʦʨʙʠʪʘʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 1.5e, ʘ ʦʙʱʘʷ ʣʦʢʘʣʴʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ ʜʝʩʷʪʠ pz-ʦʨʙʠʪʘʣʝʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʪʫʨ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʡ ˊ-ʩʠʩʪʝʤʳ, ʨʘʚʥʘ 10.39e. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʝ ʷʜʨʦ ʚ 5a ʦʪʚʝʯʘʝʪ ʙʘʟʦʚʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ [166]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ 

ʫʩʣʦʚʠʷʭ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FeCl3 ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʷʶʱʝʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʥʘʤ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʛʦʤʦʩʦʯʝʪʘʥʠʝ 5a 

(ʉʭʝʤʘ 2.7). 

 

ʉʭʝʤʘ 2.7. ɻʦʤʦʩʦʯʝʪʘʥʠʝ ʜʠʵʬʠʨʘ 5a ʩ ʧʦʣʫʯʝʥʠʝʤ 4-4' ʜʠʤʝʨʘ 10.  
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ʆʪʤʝʪʠʤ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪʘ FeCl3 ʠ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ 4-4' ʜʠʤʝʨʘ 10, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ ʬʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʙʦʯʥʳʭ 

ʨʝʘʢʮʠʡ. 

ɺ ʭʦʜʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʛʦʤʦʩʦʯʝʪʘʥʠʷ 5ʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ-ʦʢʠʩʣʠʪʝʣʷ ʬʪʦʨʠʜʘ ʢʦʙʘʣʴʪʘ (III) ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʪʝʢʘʥʠʶ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʘʢʮʠʡ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʥʘʨʷʜʫ ʩ 4-4' ʜʠʤʝʨʦʤ 10 ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ 4-4';1'-4'' 

ʪʨʠʤʝʨ 11 (ʉʭʝʤʘ 2.8).   

 

 

ʉʭʝʤʘ 2.8. ʊʘʥʜʝʤʥʘʷ ʨʝʘʢʮʠʷ ʘʨʠʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ 5a ʩ ʧʦʣʫʯʝʥʠʝʤ 4-4';1'-4'' ʪʨʠʤʝʨʘ 11 (i: ʫʩʣʦʚʠʷ ʠ ʚʳʭʦʜʳ ʩʤ. ʊʘʙʣ. 2.1).  

ʆʧʪʠʤʠʟʘʮʠʷ ʚʳʭʦʜʘ ʪʨʠʤʝʨʘ 11 ʦʢʘʟʘʣʘʩʴ ʚʦʟʤʦʞʥʦʡ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʘ CoF3 ʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ (ʊʘʙʣ. 2.1).   
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ʊʘʙʣʠʮʘ 2.1. ʋʩʣʦʚʠʷ ʠ ʚʳʭʦʜʳ ʪʘʥʜʝʤʥʦʛʦ ʩʠʥʪʝʟʘ 4-4';1'-4'' ʪʨʠʤʝʨʘ 11 ʧʦ ʉʭʝʤʝ 

2.8.  

ʈʝʘʛʝʥʪ ɺʨʝʤʷ 

ʨʝʘʢʮʠʠ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜ  

10, % 

ɺʳʭʦʜ 

11, % 

ʆʩʪʘʪʦʢ 

5a, % 

3 ɻ ʢʚ. CoF3 4 ʯ. ɹʝʥʟʦʣ 34 19 17 

3 ɻ ʢʚ. CoF3 8 ʯ. ɹʝʥʟʦʣ 14 40 4 

3 ɻ ʢʚ. CoF3 16 ʯ. ɹʝʥʟʦʣ 4 54 <1 

3 ɻ ʢʚ. CoF3 24 ʯ. ɹʝʥʟʦʣ - 67 - 

6 ɻ ʢʚ. CoF3 48 ʯ. ɹʝʥʟʦʣ - 8 - 

6 ɻ ʢʚ. CoF3 48 ʯ. ʅʠʪʨʦʤʝʪʘʥ 2 6 - 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʪʘʥʜʝʤ ʨʝʘʢʮʠʡ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʠʟʚʝʩʪʥʳʤ ʧʨʠʝʤʦʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʙʠʘʨʠʣʦʚ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [167,168]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʢʦʙʘʣʴʪʘ (III) ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ [169,170]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʝʡ 

ʢʦʙʘʣʴʪʘ (III) ʚ ʨʝʘʢʮʠʷʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʝʤʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠ, ʪʝʤ 

ʙʦʣʝʝ, ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʮʠʢʣʘʟʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘʤ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ.     

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʦʚ 10 ʠ 11 ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ (ʈʠʩ. 2.6, 2.7), ʧʦʜʪʚʝʨʞʜʘʷ ʠʭ ʩʦʩʪʘʚ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʈʉɸ (ʈʠʩ. 2.8), 1H ʠ 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʤ. ʈʘʟʜʝʣ 2.2) ʛʦʚʦʨʷʪ ʦ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʦʯʝʪʘʥʠʷ 5a ʧʦ 4-ʧʦʣʦʞʝʥʠʶ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʷʜʨʘ ʚ 

ʩʣʫʯʘʝ ʜʠʤʝʨʘ 10 ʠ ʚʥʝʰʥʠʭ ʬʨʘʛʤʝʥʪʦʚ ʪʨʠʤʝʨʘ 11; ʚʥʫʪʨʝʥʥʠʡ ʬʨʘʛʤʝʥʪ 11 

ʩʚʷʟʘʥ ʩ ʚʥʝʰʥʠʤʠ ʧʦ 4- ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʦʤʫ 1-ʧʦʣʦʞʝʥʠʶ.   
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ʈʠʩ. 2.6. MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨ 10. 

 

ʈʠʩ. 2.7. HR ESI-TOF ʤʘʩʩ-ʩʧʝʢʪʨ 11.  

 

ʈʠʩ. 2.8. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʤʝʨʘ 10 (ʩʣʝʚʘ) ʠ ʪʨʠʤʝʨʘ 11 (cʧʨʘʚʘ): 

ʬʨʦʥʪʘʣʴʥʳʝ (a) ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ (b) ʧʨʦʝʢʮʠʠ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʜʠʤʝʨ 10 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʠʥ-10 ʨʦʪʘʤʝʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʪʨʠʤʝʨ 11 ʚ ʬʦʨʤʠʨʫʝʤʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʠ-ʘʥʪʠ-11 ʨʦʪʘʤʝʨ.    

2.1.3. ʉʠʥʪʝʟ ʜʠʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ (3.2.2)ʮʠʢʣʘʟʠʥ- 

1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʅʘ ʦʩʥʦʚʝ ʩʝʨʠʠ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 6a,b,eïh ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʠʥʘʪʨʠʝʚʳʝ ʩʦʣʠ 12a,b,eïh (ʉʭʝʤʘ 2.9).  

 

ʉʭʝʤʘ 2.9. ʉʠʥʪʝʟ ʩʝʨʠʠ ʜʠʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ 12a,b,eïh. ʈʘʩʰʠʬʨʦʚʢʘ R 

ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʘʤ 2.1 ʠ 2.6. 

ʉʠʥʪʝʟ ʩʦʣʝʡ 12 ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʠʨʠʜʠʥʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ ʜʠʢʠʩʣʦʪ 6a,b,eïh ʩ 10% ʨʘʩʪʚʦʨʦʤ NaOH ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʠʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʠ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ.  

2.1.4. ʉʠʥʪʝʟ 1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-3-ʬʝʥʠʣ-4-ʘʮʝʪʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʫʜʘʯʥʳʝ ʧʦʧʳʪʢʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʜʠʵʬʠʨʘ 5a (ʩʤ. ʧ. 2.1.2), ʙʳʣʦ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʘʮʠʣʠʨʦʚʘʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʠʢ ʘʮʠʣʠʨʦʚʘʥʠʷ ʮʠʢʣʘʟʠʥʦʚ [13], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʣʦʨʠʜ ʦʣʦʚʘ (IV), ʘʮʠʣʠʨʦʚʘʥʠʝ 5ʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ BF3ĬEt2O ʚ ʯʠʩʪʦʤ 

ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ (ʉʭʝʤʘ 2.10).  

 

ʉʭʝʤʘ 2.10. ʉʠʥʪʝʟ 1,2-ʜʠʢʘʨʙʦʤʝʪʦʢʩʠ-3-ʬʝʥʠʣ-4-ʘʮʝʪʠʣ-(3.2.2)ʮʠʢʣʘʟʠʥʘ 13.   
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ʉʪʨʦʝʥʠʝ 4-ʘʮʝʪʠʣʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 13 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ESI ʠ ʗʄʈ (cʤ. ʇʨʠʣʦʞʝʥʠʝ, ʨʠʩ. ʇ40, ʇ75 ʠ ʇ76), ʘ ʝʛʦ 

ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʈʉɸ (ʈʠʩ. 2.9). 

 

ʈʠʩ. 2.9. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 4-ʘʮʝʪʠʣʧʨʦʠʟʚʦʜʥʦʛʦ 13:  

ʬʨʦʥʪʘʣʴʥʘʷ (a) ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ (b) ʧʨʦʝʢʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʫʛʦʣ ʤʝʞʜʫ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʤ ʦʩʪʦʚʦʤ ʠ 

ʬʝʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʩʦʝʜʠʥʝʥʠʠ 13 ʩʦʩʪʘʚʣʷʝʪ 49.5Á, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʵʬʠʨʦʤ 5ʘ (ʈʠʩ. 2.2, ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʫʛʣʘ ʜʣʷ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʣʷʶʪ 25.8Á ʠ 33.3Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 

4-ʤʝʪʠʣʟʘʤʝɦ ʝʥʥʳʤ ʵʬʠʨʦʤ 5e (ʈʠʩ. 2.4, ʟʥʘʯʝʥʠʝ ʫʛʣʘ ï 42Á), ʦʯʝʚʠʜʥʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʫʩʠʣʝʥʠʷ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 5ʘ ʠ 5ʝ, 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʯʘʩʪʠʯʥʦʛʦ ˊ-ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʳʤ 

ʠ ʬʝʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʧʨʦʠʟʚʦʜʥʦʤ 13.   

2.1.5. ʉʠʥʪʝʟ ʩʝʨʠʠ ʩʫʙ(3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʦʚ ʙʦʨʘ 

ʅʘ ʦʩʥʦʚʝ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ 7cïg ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

-́ʨʘʩʰʠʨʝʥʥʳʝ ʘʥʘʣʦʛʠ ʩʫʙʬʪʘʣʦʮʠʘʥʠʥʦʚ. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʩʤ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʧ. 1.2.1). ʊʘʢ, 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʠʪʨʠʣʘ 7f ʩ BCl3 ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʨʦʜʫʢʪ 

14f(Cl) (ʉʭʝʤʘ 2.11). ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʭʦʜʘ ʨʝʘʢʮʠʠ ʦʪʤʝʯʘʣʦʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʥʘ 

ʩʠʥʝ-ʟʝʣʝʥʫʶ, ʘ ʧʨʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ (ʨʘʩʪʚʦʨʠʪʝʣʴ) ʦʪʤʝʯʝʥʦ 

ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ rʧʦʛʣʦʱʝʥʠʷ ʥʘ 648 ʥʤ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 7f ʧʨʠ 345 ʥʤ ʠ 443 ʥʤ. 
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ʉʭʝʤʘ 2.11. ʇʦʣʫʯʝʥʠʝ ʭʣʦʨʦ-ʩʫʙ(3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʘ 14f(Cl).  

ʄʘʩʩ-ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʘ 14f(Cl) ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.10.  

 

ʈʠʩ. 2.10. HR MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨ 14f(Cl).  

ʆʩʥʦʚʥʳʤ ʧʠʢʦʤ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠʦʥʥʦʤ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʧʠʢ 

[M]+=966.3365, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʦʥʫ ʤʦʥʦʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

14f(Cl). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ (ʩʤ. ʈʘʟʜʝʣ 2.3), 

ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 14f(Cl) ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ 

ʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʷʤ, ʪʘʢ ʢʘʢ 4-ʧʦʣʦʞʝʥʠʷ ʮʠʢʣʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʥʝʤ 

ʟʘʥʷʪʳ ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ.  
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ʉ ʮʝʣʴʶ ʠʟʙʝʞʘʥʠʷ ʭʣʦʨʠʨʦʚʘʥʠʷ ʤʘʢʨʦʮʠʢʣʦʚ, ʙʳʣ ʦʧʨʦʙʦʚʘʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʚʤʝʩʪʦ BCl3 ʠʩʧʦʣʴʟʫʝʪʩʷ BBr3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʙʨʦʤʦ-ʩʫʙ(3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʦʚ 14ʩïg (ʉʭʝʤʘ 2.12). 

 

ʉʭʝʤʘ 2.12. ʇʦʣʫʯʝʥʠʝ ʙʨʦʤʦ-ʩʫʙ(3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʦʚ 14ʩ-g.  

ʇʨʦʜʫʢʪʳ 14ʩïg ʦʢʘʟʘʣʠʩʴ ʧʦʜʚʝʨʞʝʥʳ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʠʣʦ ʠʭ 

ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʢʪʨʘ 14f(Cl), ʯʪʦ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʦʥʠʟʘʮʠʠ 

ʩʚʷʟʠ B-Br. ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ESI ʤʘʩʩ-ʩʧʝʢʪʨʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 14g.  

 

ʈʠʩ. 2.11. ESI ʤʘʩʩ-ʩʧʝʢʪʨ 14g.  
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2.1.6. ʉʠʥʪʝʟ (3.2.2)ʮʠʢʣʘʟʠʥʦʮʠʘʥʠʥʘ ʮʠʥʢʘ 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʪʝʪʨʘʤʝʨʠʟʘʮʠʠ (3.2.2)ʮʠʢʣʘʟʠʥ-1,2-

ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ. ɺʘʨʠʘʥʪʦʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʜʠʢʘʨʙʦʥʠʪʨʠʣʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʧʠʩʘʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ (ʩʤ. ʈʘʟʜʝʣ 1.2.1). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʧʠʨʪʦʚʳʭ ʩʨʝʜʘʭ ʩ 

ʩʦʣʷʤʠ (ʘʮʝʪʘʪʘʤʠ, ʭʣʦʨʠʜʘʤʠ, ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘʤʠ) ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʤʝʪʘʣʣʦʚ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (~80%) ʠ ʤʘʣʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [171,172].  

ɹʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʧʨʠ ʵʪʦʤ 

ʫʜʘʯʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʫʩʣʦʚʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʙʦʪʝ [173], ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʢʠʧʷʯʝʥʠʠ ʣʠʪʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 7f ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʠ ʮʠʥʢʘ 

(ʉʭʝʤʘ 2.13, ʫʩʣʦʚʠʷ i). 

 

ʉʭʝʤʘ 2.13. ʉʭʝʤʘ ʠ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʪʝʪʨʘʤʝʨʠʟʘʮʠʠ  

ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 7f. 

ʊʘʢʞʝ ʜʣʷ ʪʝʨʘʤʝʨʠʟʘʮʠʠ 7f ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩ ʘʢʪʠʚʘʮʠʝʡ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʉʭʝʤʘ 2.13, ʫʩʣʦʚʠʷ ii ) ʚ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ 

ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʥʦʤʫ ʩʠʥʪʝʟʫ ʧʠʨʘʟʠʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [174]. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʘʩʧʣʘʚʝ ʛʠʜʨʦʭʠʥʦʥʘ ʩ ʙʦʣʴʰʠʤ 

ʠʟʙʳʪʢʦʤ ʘʮʝʪʘʪʘ ʮʠʥʢʘ (II). 

ʇʨʦʜʫʢʪ 15f ʦʢʘʟʘʣʩʷ ʧʦʜʚʝʨʞʝʥ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʠʣʦ ʝʛʦ 

ʚʳʜʝʣʝʥʠʝ ʠ ʧʦʩʣʝʨʝʘʢʮʠʦʥʥʫʶ ʦʯʠʩʪʢʫ. ɺ MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 

(ʨʠʩʫʥʦʢ 2.12) ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʨʘʛʤʝʪʘʮʠʠ.  
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ʈʠʩ. 2.12. MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨ 15f (ʙʝʟ ʤʘʪʨʠʮʳ).  

2.2. ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʄʝʪʦʜ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʘʚʥʦ ʩʪʘʣ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʪʨʦʝʥʠʷ ʢʘʢ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʠʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ, ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʤʝʪʦʜʘʤʠ 

1H ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʣʠʩ ɹʤʝʪʦʜʠʢʠ 2D ʗʄʈ 1H-1H (COSY, NOESY) ʠ 1H-13C (HSQC, HMBC) ʩ 

ʮʝʣʴʶ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʠʞʝ ʢʨʘʪʢʦ ʦʩʚʝʱʝʥʳ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʠʩ. 2.13. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʩʦʣʷʭ ʩʝʨʠʠ 3. 
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ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ 1H ʩʧʝʢʪʨʘʭ ʩʦʣʝʡ 3 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.2 ʠ 2.3. ɺ 

ʮʝʣʦʤ, ʟʥʘʯʝʥʠʷ ʠʜʝʥʪʠʯʥʳ ʜʣʷ ʚʩʝʡ ʩʝʨʠʠ (Ñ 0.1 ʤ.ʜ.) ʠ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ [175]. 1ʅ ʠ 13ʉ ʩʧʝʢʪʨʳ ʩʦʣʝʡ 3 ʧʨʠʚʝʜʝʥʳ 

ʚ ʇʨʠʣʦʞʝʥʠʠ (ʈʠʩ. ʇ2, ʇ9, ʇ15, ʇ21, ʇ27, ʇ33 ï 1H ʩʧʝʢʪʨʳ; ʈʠʩ. ʇ41, ʇ47, ʇ53, 

ʇ58, ʇ63, ʇ68 ï 13ʉ ʩʧʝʢʪʨʳ).  

ʊʘʙʣʠʮʘ. 2.2. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʦʣʝʡ 3 

(D2O/ʘʨʦʤ. ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ ʧ-H ʤ-H o-H 3-H 4-H 5-H 6-H 

3a 7.70 7.55 8.01 7.94 8.43 7.88 8.61 

3b - 7.65 7.85ï7.99 7.85ï7.99 8.45 7.85ï7.99 8.59 

3e 7.74 7.56 7.88; 8.03 8.03 8.51 8.03 8.59 

3f 7.75 7.57 8.02 8.02 8.49 8.02 8.58 

3g 7.72 7.54 7.97ï8.03 7.97ï8.03 8.46 7.97ï8.03 8.56 

3h 7.73 7.55 7.88; 8.04 7.98ï8.04 8.47 7.98ï8.04 8.57 

ʊʘʙʣʠʮʘ. 2.3. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʦʣʝʡ 3 

(D2O/ʘʣʠʬ. ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ C(O)CH2 Ŭ-CH2 ɓ-CH2 ɔ-CH2 ŭ-CH2 CH3 
tBu-H 

3a 6.35 - - - - 2.60 - 

3b 6.31 - - - - 2.61 1.28 

3e 6.35 2.89 - - - 1.25 - 

3f 6.36 2.87 1.68 - - 0.86 - 

3g 6.32 2.85 1.58 1.20 - 0.74 - 

3h 6.35 2.87 1.61 1.19 1.19 0.71  

ɺ 1H ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ 3 ʠʥʜʦʣʠʟʠʥʦʚ 4 (ʊʘʙʣ. 2.4) 

ʥʘʙʣʶʜʘʪʁʩʷ ʩʠʣʴʥʦʧʦʣʴʥʳʝ ʩʜʚʠʛʠ ʢʘʢ ʩʠʛʥʘʣʦʚ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (~0.3 ʤ.ʜ.), 

ʪʘʢ ʠ ï ʟʘʤʢʥʫʪʦʛʦ ʠʥʜʦʣʠʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ (~0.4ï1.7 ʤ.ʜ.). ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʧʨʦʪʦʥʳ 

(ʊʘʙʣ. 2.5) ʠʤʝʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʛʨʫʧʧ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ [175]. 1ʅ ʠ 13ʉ ʩʧʝʢʪʨʳ ʠʥʜʦʣʠʟʠʥʦʚ 4 ʧʨʠʚʝʜʝʥʳ ʚ 
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ʇʨʠʣʦʞʝʥʠʠ (ʈʠʩ. ʇ3, ʇ10, ʇ16, ʇ22, ʇ28, ʇ34 ï 1H ʩʧʝʢʪʨʳ; ʈʠʩ. ʇ42, ʇ48, ʇ53, 

ʇ54, ʇ59, ʇ63, ʇ64, ʇ69 ï 13ʉ ʩʧʝʢʪʨʳ).  

 

 

ʈʠʩ. 2.14. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʠʥʜʦʣʠʟʠʥʘʭ ʩʝʨʠʠ 4. 

ʊʘʙʣʠʮʘ. 2.4. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ 

ʠʥʜʦʣʠʟʠʥʦʚ 4 (ʉDCl3/ʘʨʦʤ.ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ ʧ-H ʤ-H o-H 1-H 3-H 5-H 6-H 7-H 8-H 

3ʘ*  7.70 7.55 8.01 2.60 

(ʉʅ3) 

6.35 

(ʉʅ2) 

8.61 

(6-ʅ) 

7.88 

(5-ʅ) 

8.43 

(4-ʅ) 

7.94 

(3-ʅ) 

4a 7.30 7.42 7.68 6.70 7.59 7.91 6.47 6.67 7.37 

4b - 7.43 7.60 6.68 7.57 7.90 6.45 6.64 7.35 

4e 7.32 7.45 7.56 - 7.54 7.87 6.43 6.63 7.38 

4f 7.24 7.38 7.45 - 7.43 7.79 6.35 6.55 7.37 

4g 7.30 7.38 7.49 - 7.46 7.80 6.37 6.58 7.38 

4h 7.27 7.35 7.47 - 7.45 7.75 6.34 6.54 7.37 

* ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ʊʘʙʣʠʮʘ. 2.5. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ 

ʠʥʜʦʣʠʟʠʥʦʚ 4 (ʉDCl3/ʘʣʠʬ.ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ Ŭ-CH2 ɓ-CH2 ɔ-CH2 CH3 
tBu-H 

4a - - - - - 

4b - - - - 1.35 

4e - - - 2.46 - 
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4f 2.82 - - 1.15 - 

4g 2.83 1.60 - 0.90 - 

4h 2.84 1.16ï1.61 1.16ï1.61 0.85 - 

ɺ 1ʅ ʩʧʝʢʪʨʘʭ ʜʠʵʬʠʨʦʚ 5 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʣʘʙʦʧʦʣʴʥʳʡ ʩʜʚʠʛ 

ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʦʩʪʦʚʘ 

(ʊʘʙʣ. 2.6) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʦʣʠʟʠʥʦʚ 4. ɿʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʍʠʤʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.7. 1ʅ ʠ 13ʉ ʩʧʝʢʪʨʳ 

ʜʠʵʬʠʨʦʚ 5 ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ (ʈʠʩ. ʇ4, ʇ11, ʇ17, ʇ23, ʇ29, ʇ35 ï 1H 

ʩʧʝʢʪʨʳ; ʈʠʩ. ʇ43, ʇ49, ʇ55, ʇ60, ʇ65, ʇ70 ï 13ʉ ʩʧʝʢʪʨʳ).  

 

ʈʠʩ. 2.15. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʜʠʵʬʠʨʘʭ ʩʝʨʠʠ 5. 

ʊʘʙʣʠʮʘ. 2.6. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʜʠɻʬʠʨʦʚ 5 

(ʉDCl3/ʘʨʦʤ. ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ 4-H 5-H 6-H 7-H 9,13-H 10,12-H 11-H 

4ʘ*  6.70 

(1-ʅ) 

7.37 

(8-ʅ) 

6.67 

(7-ʅ) 

6.47 

(6-ʅ) 

7.68 

(ʦ-ʅ) 

7.42 

(ʤ-ʅ) 

7.30 

(ʧ-ʅ) 

5a 7.45 7.90 7.85 8.36 7.79 7.50 7.42 

5b 7.49 7.90ï7.93 8.39 7.76 7.54 - 

5e - 7.85ï8.00 8.38 7.43ï7.61 

5f - 7.85ï8.00 8.40 7.43ï7.62 

5g - 7.79ï7.94 8.35 7.42ï7.60 
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5h - 7.79ï7.94 8.36 7.43ï7.61 

* ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ʊʘʙʣʠʮʘ. 2.7. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ (ʤ.ʜ.) ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʜʠɻʬʠʨʦʚ 5 

(ʉDCl3/ʘʣʠʬ. ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ Ŭ-CH2 ɓ-CH2 ɔ-CH2 CH3 
tBu-H 1-COOCH3 2-COOCH3

 

5a - - - - - 4.03 3.99 

5b - - - - 1.39 4.03 4.00 

5e - - - 2.71 - 4.01 3.79 

5f 3.15 - - 1.43 - 4.01 3.74 

5g 3.05 1.78 - 0.97 - 4.00 3.73 

5h 3.08 1.76 1.41 0.90 - 4.00 3.75 

ʉʦʚʦʢʫʧʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 1ʅ (ʈʠʩ. 2.16, ʊʘʙʣ. 2.8) ʠ 

13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣ ʥʝ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʜʠʪʴ ʬʘʢʪ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʜʠʵʬʠʨʘ 5a ʧʦʜ ʜʝʡʩʪʚʠʝʤ SOCl2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5ʘ(Cl) (ʉʭʝʤʘ 2.3), ʥʦ ʠ 

ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʧʦ 4-

ʧʦʣʦʞʝʥʠʶ (3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ.   

ʊʘʙʣʠʮʘ. 2.8. ɿʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʜʠʵʬʠʨʦʚ 5a ʠ 

5a(Cl) (ʉDCl3/ʘʨʦʤ. ʦʙʣ.).  

ʉʦʝʜʠʥʝʥʠʝ 4-H 5-H 6-H 7-H 9,13-H 10,12-H 11-H 

5a 7.45 7.90 7.85 8.36 7.79 7.50 7.42 

5a(Cl) - 7.90 7.77ï7.82 8.30 7.79 7.53 7.45 
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ʈʠʩ. 2.16. ʉʨʘʚʥʝʥʠʝ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ 5a ʠ 5a(Cl) ʚ CDCl3.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʬʠʨʘ 5ʘ ʜʠʤʝʨʘ 10 (ʉʭʝʤʘ 2.7) ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ 5ʘ(Cl) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 1ʅ ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʘʭ, ʧʨʠʪʦʤ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ (ʈʠʩ. 2.17ï2.19, ʊʘʙʣ. 2.9).      

ʊʘʢ, ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʚ 10 ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʊʘʙʣ. 2.9) ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ (ʈʠʩ. 

2.17), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʠʥ-10 ʠ ʘʥʪʠ-10 

ʨʦʪʘʤʝʨʦʚ (ʩʤ. ʈʘʟʜʝʣ 2.3, ʈʠʩ. 2.31) ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʚʨʝʤʝʥʥʫʶ 

ʰʢʘʣʫ ʨʘʟʨʝʰʝʥʠʷ ʗʄʈ, ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (15 ʢʢʘʣĀʤʦʣʴ-1, ʩʦʛʣʘʩʥʦ DFT). 

ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʚ 10 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʦʤʝʨʘ 5a ʥʘʨʷʜʫ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʩʠʛʥʘʣʘ 4-ʅ ʧʨʦʪʦʥʘ ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʪʥʳʡ ʩʠʣʴʥʦʧʦʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ 5-ʅ ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʦʚ 

ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʈʠʩ. 2.18, ʪʘʙʣ. 2.9). ʕʪʦʪ ʩʜʚʠʛ ʚʳʟʚʘʥ ʙʣʠʞʘʡʰʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʦʥʦʚ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

(3.2.2)ʮʠʢʣʘʟʠʥʦʚʦʡ ʩʫʙʲʝʜʠʥʠʮʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʵʢʨʘʥʠʨʫʶʱʝʤʫ ʵʬʬʝʢʪʫ ˊ-ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʥʝʡ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʜʘʥʥʳʝ 13ʉ ʗʄʈ ʚ ʩʣʫʯʘʝ 10 ʦʢʘʟʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʥʜʠʢʘʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ 
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ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʈʠʩ. 

2.19): ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 5a (ʈʠʩ. 

ʇ43) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 4-ʉ ʠ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ ʫʛʣʝʨʦʜʥʳʭ ʷʜʝʨ.  

 

ʈʠʩ. 2.17. 1H ʗʄʈ ʩʧʝʢʪʨ ʜʠʤʝʨʘ 10 ʚ CDCl3. 

 

ʈʠʩ. 2.18. ʉʨʘʚʥʝʥʠʝ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʤʦʥʦʤʝʨʘ 5a ʠ ʜʠʤʝʨʘ 10 ʚ CDCl3.  

ʊʘʙʣʠʮʘ. 2.9. ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ 5a ʠ 10.  

ʇʨʦʪʦʥ 
æŭ (ŭ10-ŭ5a)*, ʤ.ʜ. 

CDCl3 CD3CN DMSO-d6 ʘʮʝʪʦʥ-d6 

5 -0.35 (7.54-7.89) -0.37 (7.72-8.09) -0.42 (7.85-8.27) -0.30 (7.88-8.18) 

6 -0.06 (7.79-7.85) -0.09 (7.90-7.99) -0.08 (8.02-8.10) -0.05 (8.01-8.06) 

7  0.07 (8.43-8.36)  0.05 (8.45-8.40)  0.05 (8.47-8.42)  0.06 (8.50-8.44) 

oʨʪʦ -0.46 (7.33-7.79) -0.48 (7.32-7.80) -0.56 (7.25-7.81) -0.50 (7.38-7.88) 

ʤʝʪʘ -0.35 (7.15-7.50) -0.37 (7.17-7.54) -0.36 (7.21-7.57) -0.36 (7.20-7.56) 

ʧʘʨʘ -0.23 (7.19-7.42) -0.24 (7.22-7.46) -0.24 (7.23-7.47) -0.22 (7.24-7.46) 
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ʈʠʩ. 2.19. 13C ʗʄʈ ʩʧʝʢʪʨ ʜʠʤʝʨʘ 10 ʚ CDCl3. 

ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʫʙʲʝʜʠʥʠʮ ʜʠʤʝʨʘ 10 ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ 5-ʅ ʠ ʦǋ-ʅ ʧʨʦʪʦʥʦʚ ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʩʧʝʢʪʨʦʚ 1Hï1H NOESY 

ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʝ ʠ 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ (ʈʠʩ. ʇ90, ʇ91). ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʜʘʥʥʦʡ 

ʛʨʫʧʧʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʩʠʣʝʥʠʶ ʩʠʛʥʘʣʘ NOESY ʢʦʨʨʝʣʷʮʠʠ 5-ʅ ʠ ʦǋ-ʅ ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʩʠʣʴʥʦʧʦʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ 5-H, 6-H ʠ 7-H ʧʨʦʪʦʥʦʚ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ, ʘʮʝʪʦʥʘ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ 

ɼʄʉʆ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʨʦʩʩ-ʧʠʢʦʚ NOESY ʜʣʷ ʩʠʛʥʘʣʦʚ 5-ʅ ʠ ʦǋ-ʅ ʧʨʦʪʦʥʦʚ ʚʧʣʦʪʴ ʜʦ ʠʭ ʧʦʣʥʦʛʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ ʩʣʘʙʦʧʦʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʦʚ 5-H, 6-H ʠ 7-H ʧʨʦʪʦʥʦʚ 

(ʈʠʩ. ʇ92ïʇ94). 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ DFT ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʠʤʝʨʘ 10 (ʩʤ. ʥʠʞʝ, 

ʈʠʩ. 3.21) ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ 5-H ʠ ʦǋ-Ph ʩʦʩʪʘʚʣʷʝʪ 3.485ï3.613 ¡ ʜʣʷ 

ʘʥʪʠ-10 ʠ 4.277 ¡ (4.239 ¡ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ) ʜʣʷ ʩʠʥ-10, ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ 

ʜʘʥʥʳʭ ʧʨʦʪʦʥʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 1H ʠ 1Hï1H NOESY ʗʄʈ 






























































































































































































