
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ 

ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ ʀʄɽʅʀ ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ʇʈʆʅʀʅɸ ɽʢʘʪʝʨʠʥʘ ɺʘʣʝʨʴʝʚʥʘ 

 

 

 

ɺʆɼʆʈɸʉʊɺʆʈʀʄʓɽ ʆʂʊɸʕɼʈʀʏɽʉʂʀɽ ʀʆɼʀɼʅʓɽ ʂʃɸʉʊɽʈʅʓɽ 

ʂʆʄʇʃɽʂʉʓ ʄʆʃʀɹɼɽʅɸ ʀ ɺʆʃʔʌʈɸʄɸ ʀ ʀʍ ʉʊɸɹʀʃʀɿɸʎʀʗ 

ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓʄʀ ɼɽʂʉʊʈɸʅɸʄʀ 

 

 

 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʐʝʩʪʦʧʘʣʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2022  
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

Bn ï ʙʝʥʟʠʣ 

BSA (bovine serum albumin) ï ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ 

Bu ï ʙʫʪʠʣ 

CMC (carboxymethyl cellulose) ï ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ 

CMCh (carboxymethyl chitosan) ïʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ 

Dex (dextran) ï ʜʝʢʩʪʨʘʥ 

DMEM (Dulbecco's Modified Eagle Medium) ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦ ʩʧʦʩʦʙʫ ɼʫʣʴʙʝʢʢʦ 

ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ 

DOX (doxorubicin) ï ʜʦʢʩʦʨʫʙʠʮʠʥ 

EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) 

ï1-ʵʪʠʣ-3-(3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜ 

EPI (epirubicin) ï ʵʧʠʨʫʙʠʮʠʥ  

Et ï ʵʪʠʣ 

FA (folic acid) ï ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ 

FACS (fluorescence-activated cell sorter) ï ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʷ 

FITC (fluorescein isothiocyanate) ï ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ 

HA (hyaluronic acid) ï ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

HSA (human serum albumin) ï ʯʝʣʦʚʝʯʝʩʢʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ 

HEC (hydroxyethyl cellulose) ï 2-ʛʠʜʨʦʢʩʠʵʪʠʣʮʝʣʣʶʣʦʟʘ 

HeLa (ʢʣʝʪʢʠ ʨʘʢʠ ʰʝʡʢʠ ʤʘʪʢʠ) 

Hep-2 ï ʢʣʝʪʢʠ ʨʘʢʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ 

HPC (hydroxypropyl cellulose) ï 3-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʮʝʣʣʶʣʦʟʘ 

IC50 (half maximal inhibitory concentration) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

LD50 (median lethal dose) ï ʧʦʣʫʣʝʪʘʣʴʥʘʷ ʜʦʟʘ 

Lyz (lysozyme) ï ʣʠʟʦʮʠʤ 
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Me ï ʤʝʪʠʣ 

NHS (N-hydroxysuccinimide) ï N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜ 

OA (oleic acid) ï ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

PAA (polyacrylamide) ï ʧʦʣʠʘʢʨʠʣʘʤʠʜ 

PBS (phosphate buffered saline) ï ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

Ph ï ʬʝʥʠʣ 

PHEMA (poly(2-hydroxyethyl methacrylate) ï ʧʦʣʠʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪ 

PLGA (poly(lactic-co-glycolic acid) ï ʧʦʣʠ(ʤʦʣʦʯʥʘʷ-ʢʦ-ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ)  

PMPD (poly(m-phenylenediamine)) ï ʧʦʣʠ(ʤ-ʬʝʥʠʣʝʥʜʠʘʤʠʥ) 

PS ï ʧʦʣʠʩʪʠʨʦʣʘ 

PSS ï ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ 

QD (quantum dots) ï ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

SA (sodium alginate) ï ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ 

SOC (N-succinyl-N-octyl chitosan) ï N-ʩʫʢʮʠʥʠʣ-N-ʦʢʪʠʣʭʠʪʦʟʘʥ 

TH (tetracycline hydrochloride) ï ʪʝʪʨʘʮʠʢʣʠʥ ʛʠʜʨʦʭʣʦʨʠʜ 

TOPO (trioctylphosphine oxide) ï ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜ 

UCNP (upconversion nanoparticles) ï ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɻʇʍ - ʛʝʣʴʧʨʦʥʠʢʘʶʱʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʄʉʆ ʠʣʠ DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʀʉʇ-ɸʕʉ ï ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

ʂʃʉʄ ï ʢʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 
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ʄʊʊ-ʪʝʩʪ ï ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ 

ʅʏ ï ʥʘʥʦʯʘʩʪʠʮʳ 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʌʊʊ ï ʬʦʪʦʪʝʨʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ  
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʠʤʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ 

ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ, ʩʧʦʩʦʙʥʳ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ, ʬʦʪʦʢʘʪʘʣʠʟ, ʬʦʪʦʚʦʣʴʪʘʠʢʘ 

(ʩʦʟʜʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ) ʠ ʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʆʜʥʘʢʦ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʠʙʦ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʣʠʙʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʞʠʚʳʭ 

ʩʠʩʪʝʤʘʭ. 

ʉʠʥʪʝʟ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʦʚ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʩʧʠʩʦʢ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʠ ʜʘʩʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ. ʕʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʟʚʦʣʷʪ 

ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ 

ʚʢʣʶʯʝʥʠʝ ʚ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʥʝʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʘʪʨʠʮ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʜʝʢʩʪʨʘʥ ʠ ʝʛʦ 

ʦʢʠʩʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʘʪʨʠʮʳ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʶʤʠʥʦʬʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʠʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʤʦʞʝʪ ʨʘʩʢʨʳʪʴ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʧʝʨʚʳʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ ʧʦʥʷʪʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʚʝʣ ʘʤʝʨʠʢʘʥʩʢʠʡ 

ʭʠʤʠʢ-ʥʝʦʨʛʘʥʠʢ, ʧʨʦʬʝʩʩʦʨ ʌʨʘʥʢ ɸʣʴʙʝʨʪ ʂʦʪʪʦʥ ʚ 1964 ʛʦʜʫ [1]. ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 
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ʢʣʘʩʪʝʨʥʘʷ ʭʠʤʠʷ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʫʙʣʠʢʘʮʠʡ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʘʚʪʦʨʳ ʨʘʙʦʪ ʧʳʪʘʣʠʩʴ ʧʝʨʝʡʪʠ ʦʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʧʨʠʤʝʥʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʦʚʳʤ ʨʫʙʝʞʦʤ ʨʘʟʚʠʪʠʷ 

ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 2013 ʛʦʜ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʨʘʙʦʪʳ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʥʜ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʪʝʥʮʠʘʣʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩ ʧʨʠʢʣʘʜʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ 

ʠ ʤʝʜʠʮʠʥʳ ʘʚʪʦʨʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ 

ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ ʪʘʢʦʛʦ ʪʠʧʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʢʣʶʯʝʥʠʠ ʢʣʘʩʪʝʨʦʚ ʚ ʤʘʪʨʠʮʳ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɹʝʟʫʩʣʦʚʥʦ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʤʘʪʨʠʮʳ 

ʠʤʝʶʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʘʙʦʪ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʜʥʘʢʦ, ʦʩʪʘʚʣʷʝʪ ʦʪʢʨʳʪʳʤʠ ʝʱʝ ʦʯʝʥʴ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʪʝʨʥʘʷ ʭʠʤʠʷ 

ʧʨʝʦʜʦʣʝʣʘ ʙʦʣʴʰʦʡ ʧʫʪʴ ʠ ʩʝʡʯʘʩ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʢ 

ʵʪʘʧʫ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʈʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʘ ʯʪʦ ʠ 

ʥʘʧʨʘʚʣʝʥʥʘ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʚ ʧʦʣʠʩʘʭʘʨʠʜ ʜʝʢʩʪʨʘʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʠʥʪʝʟ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

[{M 6I8}L 6]
n ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ L; 

¶ ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ; 

¶ ʧʦʜʨʦʙʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʈʉɸ, ʗʄʈ-, ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 
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¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʠ/ʠʣʠ ʨʘʩʪʚʦʨʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ; 

¶ ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʠ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

(ʪʝʤʥʦʚʘʷ ʠ ʬʦʪʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʅʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʧʦʩʦʙʳ ʠʭ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʝʢʩʪʨʘʥʘ. ʊʘʢ, ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ Na2[{M 6I8}( RS)6] (M = Mo, W; R = Ph, 

Bn ʠ 4-tBuBnS). ʅʘ ʧʨʠʤʝʨʝ Na2[{M o6I8}( PhS)6] ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʪʠʦʢʦʤʧʣʝʢʩʦʚ 

ʚ ʘʮʝʪʦʥʝ ʠ ʚʦʜʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʪʠʦʬʝʥʦʣʷʪ-ʣʠʛʘʥʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʦʢʠʩʣʝʥʠʶ ʜʦ ʩʫʣʴʬʝʥʘʪʦʚ ʠ ʩʫʣʴʬʠʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʝʛʢʦ ʟʘʤʝʱʘʶʪʩʷ ʥʘ 

H2O/OHï. ɹʝʟ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (Bu4N)2[{M 6I8}(NO3)6] (M = Mo, W) c 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (ɼʄʉʆ ʠʣʠ DMSO) ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [{M6I8}( DMSO)6](NO3)4. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʣʠʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʢʣʘʩʪʝʨ ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤ ʘʥʘʣʦʛʦʤ. 

ɺ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ɼʄʉʆ-ʣʠʛʘʥʜʘʤʠ ʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʩʪʘʚ ʬʦʨʤ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, 

ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩʦ ʚʨʝʤʝʥʝʤ ʝʛʦ ʚʳʜʝʨʞʢʠ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢ, ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ [{ W6I8}( DMSO)6](NO3)4 

ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʜʝʨʞʠʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʪʝʤʥʦʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʧʝʨʚʳʡ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʨʠʤʝʨ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʘʣʠʩʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʜʝʢʩʪʨʘʥʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʣʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʣʴʜʝʛʠʜʥʳʝ, ʢʠʩʣʦʪʥʳʝ ʠ ʧʝʨʦʢʩʦʛʨʫʧʧʳ. ʅʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʝʢʩʪʨʘʥʘ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ. 
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ɺʢʣʶʯʝʥʠʝ [{M 6I8}( DMSO)6](NO3)4 (M = Mo, W) ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʥʝ ʪʦʣʴʢʦ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʥʠʷ ʦ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ, ʥʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʦ ʯʠʩʣʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʠʦʜʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʝ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʜʘʶʪ ʧʦʥʠʤʘʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨʝ. ʆʪʣʠʯʠʷ ʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʛʝʥʪʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

ʇʦʢʨʳʪʠʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʚʳʜʝʣʝʥʠʝ ʠʭ ʚ 

ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (CHNS, ʕɼʉ, ʀʉʇ-ɸʕʉ), 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʠʥʬʨʘʢʨʘʩʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ. 

ʄʦʜʠʬʠʢʘʮʠʶ ʧʦʣʠʩʘʭʘʨʠʜʘ ʜʝʢʩʪʨʘʥʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M 6I8}( DMSO)6](NO3)4 (M = Mo, W) ʩ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨ-

ʩʦʜʝʨʞʘʱʠʝ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʉʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʚ ʧʦʣʠʤʝʨ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʀʉʇ-ɸʕʉ. ʉ ʧʦʤʦʱʴʶ ʗʄʈ- ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ/ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʮʝʪʦʥʝ, ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠʣʠ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʢʨʘʩʥʦʤʫ ʩʚʝʪʫ ʜʝʪʝʢʪʦʨʘ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʩʬʝʨʫ. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʣʠʥʠʡ 

Hep-2 (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ). ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʄʊʊ-ʪʝʩʪʘ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʂʃʉʄ). ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʣʝʪʢʫ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ 

(FACS). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʤʧʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 400ï800 ʥʤ, ʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʄʊʊ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʝʨʝʢʨʝʩʪʥʳʭ ʘʥʘʣʠʟʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʨʝʤʷ ʩʭʦʜʷʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 8 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ, 6 ʠʟ ʢʦʪʦʨʳʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

¶ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M 6I8}( DMSO)6](NO3)4 (M = 

Mo, W) ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʝʢʩʪʨʘʥʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʈʉɸ, ʗʄʈ-, ʀʂ- ʠ ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ.); 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʥʦʚʘʷ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʢʣʝʪʦʯʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɼʠʩʩʝʨʪʘʥʪʦʤ 

ʙʳʣʠ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʘʚ ʦʢʠʩʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 
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ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: IV  

ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳè ICFM-2017 (ʅʦʚʦʩʠʙʠʨʩʢ, 2017), ɹʘʡʢʘʣʴʩʢʘʷ ʰʢʦʣʘ ʢʦʥʬʝʨʝʥʮʠʷ ɹʐʂʍ-2017 

(ʀʨʢʫʪʩʢ, 2017), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çCLUSPOM-2018è (ɾʠʬ-ʩʶʨ-ʀʚʝʪʪ, ʌʨʘʥʮʠʷ, 2018), 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çXXVII International Conference on Coordination and Bioinorganic 

Chemistryè (ʉʤʦʣʝʥʠʮʝ, ʉʣʦʚʘʢʠʷ, 2019), XXI ʤʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019), XVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʂʨʘʩʥʦʜʘʨ, 2020). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ 

Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 11 

ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. 

ʇʨʠʟʥʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ 

ʠ ʚʳʩʦʢʦʡ ʦʮʝʥʢʦʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʧ. 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳè, ʧ. 7 çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 186 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 66 ʨʠʩʫʥʢʦʚ ʠ 

10 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ 
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ʣʠʪʝʨʘʪʫʨʳ (250 ʥʘʠʤʝʥʦʚʘʥʠʷ) ʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 35 ʩʪʨʘʥʠʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝè, ʙʘʟʦʚʳʡ ʧʨʦʝʢʪ ʣʘʙʦʨʘʪʦʨʠʠ V.44.4.1. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ (ˉ 0300ï2019ï0013). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ 

(18ï33ï00209, 18ï33ï20061, 20ï33ï90087_ɸʩʧʠʨʘʥʪʳ). ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʦʜʜʝʨʞʘʥʳ ʩʪʠʧʝʥʜʠʝʡ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2019 ʛ.) ʠ ʩʪʠʧʝʥʜʠʝʡ 

ʠʤ. ʄ.ɺ. ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ (2021).  
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1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʦʨʤʫʣʦʡ [{ M6X8} L6]
n, ʛʜʝ M = Mo ʠʣʠ W, ʍ = ʛʘʣʦʛʝʥ (Cl, Br, I), L = 

ʣʠʛʘʥʜ. ɺ ʢʣʘʩʪʝʨʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʢʪʘʵʜʨ ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʚʧʠʩʘʥʥʳʡ ʚ 

ʢʫʙ ʠʟ ʚʦʩʴʤʠ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ 

ʤʝʪʘʣʣʘ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ɛ3-ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʦʤ. ʉʪʨʫʢʪʫʨʘ { M6X8}
4+ ʥʘʟʳʚʘʝʪʩʷ ʢʣʘʩʪʝʨʥʳʤ 

ʷʜʨʦʤ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʢ 

ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʠʥ ʦʨʛʘʥʠʯʝʩʢʠʡ/ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ L 

(ʨʠʩ. 1.1) [3]. ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʩʪʘʙʠʣʴʥʦ, ʘ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ 

ʣʘʙʠʣʴʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʠ ʚʘʨʴʠʨʦʚʘʪʴ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠʭ 

ʩʚʦʡʩʪʚʘ [4]. 

 

ʈʠʩ. 1.1. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{ M6X8}L6]n. 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʷʭ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ [5-12]. ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ (ʚʧʣʦʪʴ ʜʦ 

88 %) ʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʠʢʨʦʩʝʢʫʥʜ) [5, 13-23]. ɹʦʣʝʝ ʪʦʛʦ, 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ { M6X8}
4+ ʩʧʦʩʦʙʥʳ ʬʦʪʦʩʝʥʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (1O2): ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʭʦʜʠʪ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʟʙʫʞʜʝʥʥʦʡ 

ʚʳʩʦʢʦʘʢʪʠʚʥʦʡ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ [5, 7, 15, 21, 24-26]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ [27-31], ʬʦʪʦʢʘʪʘʣʠʟ [32-38], ʬʦʪʦʚʦʣʴʪʘʠʢʘ (ʩʦʟʜʘʥʠʝ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ) [39-42]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʚ 
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ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [23, 34, 43-47], ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ [48-50] ʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [10, 20, 49-54]. ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʨʘʩʪʚʦʨʠʤʳ ʠ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (pH = 7,4), ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʭʨʘʥʷʣʠ 

ʩʚʦʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʣʠʩʴ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʠ ʥʝ ʦʢʘʟʳʚʘʣʠ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ. 

1.1.1. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [55] 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʩ ʘʟʠʜʥʳʤʠ ʠ ʨʦʜʘʥʠʜʥʳʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Na2[{Mo 6I8}(N 3)6] ʠ Na2[{Mo 6I8}(NCS)6] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʨʘʩʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʢʦʤʧʣʝʢʩʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʚ ʚʦʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʛʠʜʨʦʢʩʦ ʬʦʨʤ 

[{Mo 6I8} L5OH]2ï (L = N3
ï ʠʣʠ NCSï), ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʠ ʥʝ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. 

ɻʠʜʨʦʣʠʟ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ. 

ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʠ ʰʝʡʢʠ 

ʤʘʪʢʠ) ʠ HEK 293T (ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ), ʢʦʤʧʣʝʢʩʳ ʩ ʘʟʠʜʥʳʤʠ ʠ 

ʨʦʜʘʥʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʦʷʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʥʝ 

ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ 

Na2[{Mo 6I8} L6], ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (L) ʚʳʩʪʫʧʘʝʪ 2-[2-(2-

ʤʝʪʦʢʩʠ)ʵʪʦʢʩʠ]ʘʮʝʪʘʪ (ʨʠʩ. 1.2) [12]. ɺʚʝʜʝʥʠʝ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʛʦʪʦʚʠʪʴ ʨʘʩʪʚʦʨʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

(ʚʧʣʦʪʴ ʜʦ 200 ʤʛ/ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʘʩʪʚʦʨʝ PBS (ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, pH=7,4) 

ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ 685 ʥʤ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʥʘʙʣʶʜʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʠ ʩʥʠʞʝʥʠʝ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (23 % ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʠ 7 % ʜʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ 3 ʜʥʷ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ). ɺ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ 

ʢʦʤʧʣʝʢʩʘ, ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʬʦʨʤʘ, ʚ ʢʦʪʦʨʦʡ ʦʜʠʥ 

ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ ʟʘʤʝʱʝʥ ʥʘ ʤʦʣʝʢʫʣʫ ʚʦʜʳ. ɼʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʆʅï/ʅ2ʆ 

ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. 

ɺʧʝʨʚʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 
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ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɸʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ ʥʝʪʦʢʩʠʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʙʦʣʝʝ 80 %), ʘ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʢʣʝʪʦʯʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ Hep-2 (ʢʣʝʪʢʠ ʨʘʢʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ) ʠ MRC-5 (ʬʠʙʨʦʙʣʘʩʪʳ 

ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʣʝʪʦʯʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ, 

ʪʘʢ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ Hep-2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ MRC-5 ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʅʘ ʧʨʠʤʝʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʦʩʪʨʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ in vivo ʥʘ ʤʳʰʘʭ (LD50 

(ʧʦʣʫʣʝʪʘʣʴʥʘʷ ʜʦʟʘ) = 390 Ñ 30 ʤʛ/ʢʛ), ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥ ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʢʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʣʫʯʝʥʥʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ LD50 ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʥʦ ʦʥ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʘʛʝʥʪ ʜʣʷ ʨʝʥʪʛʝʥ-

ʠʥʜʫʮʠʨʫʝʤʦʡ ʌɼʊ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʝʸ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʘ. 

 

ʈʠʩ. 1.2. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ 

[{Mo 6I8} L6]2ï (L  =  2-[2-(2-ʤʝʪʦʢʩʠ)ʵʪʦʢʩʠ]ʘʮʝʪʘʪ). 

ɺ ʨʘʙʦʪʝ ʄ. ɸʤʝʣʘ-ʂʦʨʪʝʩ ʙʳʣ ʧʦʣʫʯʝʥ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ 

K2[{ Mo6Br8}( CN)6] [56]. ʆʜʥʘʢʦ, ʘʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ. ɺʝʨʦʷʪʥʦ, ʜʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʪʘʙʠʣʝʥ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʢʘʢ ʮʠʘʥʠʜ-ʠʦʥʳ ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʘʤʠ ʩʠʣʴʥʦʛʦ ʧʦʣʷ 

ʠ ʦʙʳʯʥʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʣʣʦʤ, ʥʦ ʘʚʪʦʨʳ ʥʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʦʣʴʢʦ ʚ 2020 

ʛʦʜʫ ɸ. ʉ. ʇʨʦʥʠʥ ʠ ʩʦʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʩʝʨʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

Cs1,3Na0,7[{Mo 6I8}(CN)6], ʪʨʘʥʩ-(Bu4N)2[{ Mo6I8}( CN)4(MeO)2] ʠ ʪʨʘʥʩ-

(Bu4N)2[{ W6I8}( CN)2(MeO)4], ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ [57]. ɼʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʷʨʢʫʶ ʢʨʘʩʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ 

ʞʠʟʥʠ ʧʦʨʷʜʢʘ 100 ʤʠʢʨʦʩʝʢʫʥʜ. ʂʣʘʩʪʝʨʳ ʩ ʮʠʘʥʠʜʥʳʤʠ ʠ ʮʠʘʥʦʤʝʪʠʣʘʪʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ (ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ Cs1,3Na0,7[{Mo 6I8}(CN)6] ʧʦʣʫʯʝʥʳ 
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ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʠ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ 

ʤʝʩʷʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʮʠʘʥʠʜʥʳʡ ʠ ʮʠʘʥʦʤʝʪʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʳʤʠ ʧʨʠʤʝʨʘʤʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʤʠʤʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʵʬʬʝʢʪ ʫʟʦ (ʩʧʦʥʪʘʥʥʦʝ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʢʣʘʩʪʝʨʦʚ [10, 58]. ɼʣʷ ʵʪʦʛʦ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʪʚʦʨʷʣʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʢʦʪʦʨʳʡ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ, ʥʘʧʨʠʤʝʨ, ʚ 

ʊɻʌ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʣʠ ʚ ʚʦʜʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ (ʨʠʩ. 1.3). 

 

ʈʠʩ. 1.3. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʵʬʬʝʢʪ ʫʟʦ). 

ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʅʏ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(Bu4N)2[{Mo 6I8}(OCOCF3)6], ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 180 Ñ 80 ʥʤ [10]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʚ ʭʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʢʣʘʩʪʝʨʦʚ 

ʥʘ OHï/H2O. ʅʘʥʦʯʘʩʪʠʮʳ ʢʣʘʩʪʝʨʘ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʵʤʠʩʩʠʠ 665 ʥʤ ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 64 %. ʉʧʫʩʪʷ 6 ʜʥʝʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 41 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʛʠʜʨʦʣʠʟ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ 1O2 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ HeLa 

(ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʢʣʘʩʪʝʨʘ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ 

ʢʣʝʪʦʯʥʳʤ ʤʝʤʙʨʘʥʘʤ, ʥʝ ʧʨʦʷʚʣʷʶʪ ʪʝʤʥʦʚʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠ ʤʠʢʨʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʦ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʥʠʤ ʩʚʝʪʦʤ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) = 0,16 ʤʢM). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʅʏ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʨʝʥʪʛʝʥ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʌɼʊ. 
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ɺ ʩʝʨʠʠ ʨʘʙʦʪ ʂ. ʂʠʨʘʢʩʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, ʢʦʪʦʨʳʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʦʜʥʘʢʦ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ 

ɼʄʉʆ ʚ ʚʦʜʫ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ [20, 21, 53]. ɺ ʨʘʙʦʪʝ [21] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʳ Na2[{ Mo6I8}( OPOPhH)6] ʠ Na2[{ Mo6I8}( OPOPh2)6] (ʨʠʩ. 1.4) ʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ. ʊʘʢ, ʢʦʤʧʣʝʢʩ ʩ ʬʝʥʠʣʬʦʩʬʠʥʘʪʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʩʦ ʚʨʝʤʝʥʝʤ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩ ʩ ʜʠʬʝʥʠʣʬʦʩʬʠʥʘʪʥʳʤʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ï ʣʠʛʘʥʜ ʩ ʜʚʫʤʷ ʛʠʜʨʦʬʦʙʥʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʫʯʰʝ 

ʵʢʨʘʥʠʨʫʝʪ ʩʚʷʟʴ Mo-O, ʪʝʤ ʩʘʤʳʤ ʟʘʱʠʱʘʷ ʝʝ ʦʪ ʛʠʜʨʦʣʠʟʘ. ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʪʝʤʥʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ HeLa, ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʝʣʘʶʪ Na2[{Mo 6I8}(OPOPh2)6] ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. 

 

ʈʠʩ. 1.4. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{ Mo6I8}( OPOPhH)6]2ï (ʩʣʝʚʘ) ʠ 

ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Mo 6I8}(OPOPh2)6]2ï (ʩʧʨʘʚʘ). 

ʈʘʩʰʠʨʠʚ ʩʝʨʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Na2[{Mo 6I8} L6], ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (L) ʚʳʩʪʫʧʘʶʪ 

4'-ʢʘʨʙʦʢʩʠʙʝʥʟʦ-15-ʢʨʘʫʥ-5 ʠʣʠ ʭʦʣʘʪ ʠʦʥʳ  (ʨʠʩ. 1.5) [20]. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪ 

ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʝ, ʦʜʥʘʢʦ ʩʧʫʩʪʷ ʩʫʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʦʚ ï 

ʦʜʠʥ ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ ʟʘʤʝʱʘʝʪʩʷ ʥʘ OHï/H2O. ɺʳʜʝʨʞʠʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʠ 10 ʜʥʝʡ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʠ. 
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ʈʠʩ. 1.5. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ  

[{Mo 6I8} L6]2ï (L = 4'-ʢʘʨʙʦʢʩʠʙʝʥʟʦ-15-ʢʨʘʫʥ-5 ʠʦʥ (ʘ) ʠʣʠ  ʭʦʣʘʪ ʠʦʥ (ʙ)). 

ʇʦʤʠʤʦ ʘʥʠʦʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʢʘʪʠʦʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ 

[{Mo 6I8}(OCOC4H8PPh3)6]Br4 ʠ [{Mo6I8}(OCOC5H4NMe)6]Cl4 [53]. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ 

ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʘ ʠʭ ʚʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʛʠʜʨʦʣʠʟʫʶʪʩʷ. ɺ 

ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʥʝ ʦʙʣʘʜʘʶʪ ʪʝʤʥʦʚʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʠ HeLa. ɺ ʦʪʣʠʯʠʝ ʦʪ [{Mo6I8}(OCOC4H8PPh3)6]Br4, 

ʢʦʤʧʣʝʢʩ [{Mo6I8}(OCOC5H4NMe)6]Cl4 ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʣʠʷʥʠʝ 

ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʠ ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʪʝʨ [{Mo6I8}(OCOC5H4NMe)6]Cl4 ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʤ ʙʘʢʪʝʨʠʷʤ ʵʥʪʝʨʦʢʦʢʢ 

(E. Faecalis) ʠ ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ (S. aureus). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʢʨʘʡʥʝ ʤʘʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ. 

1.1.2. ɺʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʛʠʜʨʦʣʠʟʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʚ 

ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʩʫʭʦʤ ʚʠʜʝ, ʷʚʣʷʝʪʩʷ ʠʭ ʚʢʣʶʯʝʥʠʝ ʚ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʋʩʣʦʚʥʦ 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʤʘʪʨʠʮ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ, 

çʜʠʩʧʝʨʩʠʡè, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, SiO2 [2, 48, 50, 

59-63], ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [54, 64, 65] ʠ ʜʨ.), ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 
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ʧʦʣʠʤʝʨʳ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠ(ʤʦʣʦʯʥʘʷ-ʢʦ-ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ) [51, 52, 66], ʧʦʣʠʩʪʠʨʦʣ [7, 13, 34, 

43, 67, 68] ʠ ʜʨ.). ɼʘʣʝʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʘʙʦʪ. 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʡ ʤʘʪʨʠʮʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʠʦʢʩʠʜ 

ʢʨʝʤʥʠʷ SiO2 [2, 48, 50, 59-63]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Cs2[{Mo 6X8} X6] (X = Cl, Br, I) ʚ SiO2 ʦʙʨʘʟʫʶʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʣʝʛʢʦ ʜʠʩʧʝʨʛʠʨʫʝʤʳʝ ʚ 

ʚʦʜʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ [61, 

62]. ɺ ʨʘʙʦʪʝ 2013 ʛʦʜʘ ʙʳʣ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʩʧʦʩʦʙ ʩʚʷʟʳʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʩ ʤʘʪʨʠʮʝʡ [2]. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʳʡ ʛʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʘ ʠ 

ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ (Mo-O-Si), ʪʘʢ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʘ ʠ ʢʦʥʮʝʚʳʤʠ OH-ʛʨʫʧʧʘʤʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (Mo-OH2ĿĿĿO(H)-Si). ʊʘʢʞʝ 

ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ Cs2[{Mo 6X8} X6]@SiO2, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ Caco-2 (ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ) ʠ MRC-5 

(ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ). ʇʨʠ ʚʢʣʶʯʝʥʠʠ Cs2[{Mo 6I8}(C2F5COO)6] ʚ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [48]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ Cs2[{Mo 6I8}(C2F5COO)6]@SiO2 ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ 

ʪʨʘʥʩʬʝʨʨʠʥʦʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ɺ 

ʨʘʙʦʪʝ [50] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ 

(Bu4N)2[{ Mo6I8}( NO3)6]. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʈʘʜʘʭʣʦʨʠʥʘ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʘʜʘʭʣʦʨʠʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʧʫʭʦʣʝʡ). ʇʨʦʜʦʣʞʠʚ ʨʘʙʦʪʫ, ʘʚʪʦʨʳ ʢʦʥʲʶʛʠʨʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ {Mo6I8}@SiO2 ʩ 

ʥʘʥʦʘʥʪʠʪʝʣʘʤʠ C7b (ʘʥʪʠʪʝʣʘ ʣʘʤʳ, ʩʧʝʮʠʬʠʯʥʳ ʢ ʨʝʮʝʧʪʦʨʫ HER2) [63]. ʉʦʛʣʘʩʥʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ in vitro ʠ in vivo, ʥʘʥʦʯʘʩʪʠʮʳ {Mo6I8}@SiO2 ʦʙʣʘʜʘʶʪ 

ʩʝʣʝʢʪʠʚʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʢʘʢ ʚ ʢʣʝʪʢʠ ʣʠʥʠʠ SKBR3 (ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, 

ʢʣʝʪʢʠ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʶʪ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ ʢ ʨʝʮʝʧʪʦʨʫ HER2), ʪʘʢ ʠ ʚ ʦʧʫʭʦʣʴ, ʚʳʨʘʱʝʥʥʫʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠ(ʤʦʣʦʯʥʘʷ-ʢʦ-ʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ) (PLGA ). ɺ ʨʘʙʦʪʝ [51] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ (Bu4N)2[{Mo 6Br8}Br 6] ʠ PLGA. ɼʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʠ 4 ʥʝʜʝʣʴ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʟʘ ʵʪʦ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʝ ʦʙʨʘʟʫʝʪ ʩ ʧʦʣʠʤʝʨʦʤ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʝʥ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʠʟ ʤʘʪʨʠʮʳ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʛʨʘʝʪ 
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ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʢʘʢ, ʥʘʭʦʜʷʩʴ ʚʥʫʪʨʠ 

ʤʘʪʨʠʮʳ, ʢʣʘʩʪʝʨ ʟʘʱʠʱʝʥ ʦʪ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʥʘʷ 

ʩʫʩʧʝʥʟʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʬʦʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ 

ʢʣʝʪʢʘʤ ʣʠʥʠʠ A2780 (ʢʣʝʪʢʠ ʨʘʢʘ ʷʠʯʥʠʢʦʚ). ʈʘʩʰʠʨʠʚ ʩʝʨʠʶ, ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʥʘʥʦʯʘʩʪʠʮʳ 

ʥʘ ʦʩʥʦʚʝ Cs2[{Mo 6Br8}Br 6] ʠʣʠ Cs2[{Mo 6I8}(OOC2F5)6] ʠ PLGA [52, 66]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʦʥʠ ʦʩʪʘʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʠ 3 ʤʝʩʷʮʝʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʩ ʙʨʦʤʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Cs2[{Mo 6I8}(OOC2F5)6] 

ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ ʦʩʥʦʚʝ 

Cs2[{Mo 6I8}(OOC2F5)6] ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʬʦʪʦʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʘʛʝʥʪ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʨʘʧʠʠ. 

ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʠʩʪʠʨʦʣ. 

ɸ. ɹʝʣʪʨʘʥ ʠ ʩʦʘʚʪʦʨʳ ʩʦʨʙʠʨʦʚʘʣʠ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʣʠʩʪʠʨʦʣʘ (PS), ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʢʘʪʠʦʥʘ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Mo 6I8}(CH3COO)6]
2ï (ʨʠʩ. 1.6) [34]. 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ [Mo6I8(CH3COO)6]@PS [34]. 
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ʄʘʪʝʨʠʘʣ [{Mo 6I8}(CH3COO)6]@PS ʧʦʢʘʟʘʣ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʘʛʝʥʪ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʦʥʠʷʤ ʙʘʢʪʝʨʠʡ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ 

(Staphylococcus Aureus). ɺ ʧʨʦʜʦʣʞʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [43]. ʊʘʢ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʘʢʨʦʧʦʨʠʩʪʳʡ ʧʦʣʠʤʝʨ ʠ ʧʦʣʠʤʝʨ ʚ ʚʠʜʝ ʛʝʣʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ 

ʩʪʝʧʝʥʴʶ ʩʰʠʚʢʠ ʠ ʧʦʨʠʩʪʦʩʪʴʶ ʩʪʨʫʢʪʫʨ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʥʘ 

ʦʩʥʦʚʝ ʤʘʢʨʦʧʦʨʠʩʪʦʛʦ ʧʦʣʠʤʝʨʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʘʪʨʠʮ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚʩʝʛʦ ʪʨʠ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ. ʊʘʢ, ʚ [69] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʝʭʙʣʦʯʥʳʝ ʩʦʧʦʣʠʤʝʨʳ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜʘ (PEO) ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʢʩʠʜʘ (PPO) ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ [K(diglyme)(CH3CN)]2[{Mo 6I8} I6] ʠ 

[K2(diglyme)(CH3CN)5][{Mo 6I8} I6]. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʦʜʥʘʢʦ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʠ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʪʨʝʭʙʣʦʯʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ 

(PEO)13(PPO)30(PEO)13 ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʝʥ ʚ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ ʢʘʢ 

ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ ʜʥʷ, ʠ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʉʚʷʟʳʚʘʥʠʝ ʧʦʣʠʤʝʨʘ 

ʩ ʠʦʥʘʤʠ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʜʜʫʢʪʘ ʢʣʘʩʪʝʨ-

ʧʦʣʠʤʝʨ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʜʠʬʣʦʢʩʘʮʠʥʘ (ʘʥʪʠʙʠʦʪʠʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʘʪʝʨʠʣʘ ʢʣʘʩʪʝʨ-ʧʦʣʠʤʝʨ ʟʘ ʩʯʝʪ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʜʠʬʣʦʢʩʘʮʠʥʘ ʥʘ ʢʦʤʧʣʝʢʩ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʩʝʥʩʦʨ ʥʘ ʜʠʬʣʦʢʩʘʮʠʥ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ (PSS). ʊʘʢ, ʧʫʪʸʤ ʧʨʦʧʠʪʢʠ ʧʦʣʠʤʝʨʘ PSS ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (Bu4N)2[{Mo 6X8}(NO3)6] ʚ ʘʮʝʪʦʥʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

{Mo 6X8}@PSS (ʛʜʝ X = Cl, Br, I) [70]. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ NO3
ï 

ʣʠʛʘʥʜʦʚ ʥʘ ʩʫʣʴʬʦʛʨʫʧʧʳ PSS. ʄʘʪʝʨʠʘʣ ʩ ʠʦʜʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʧʨʦʷʚʣʷʝʪ ʥʘʠʣʫʯʰʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʨʦʤʠʜʥʳʤ ʠ ʭʣʦʨʠʜʥʳʤ ʘʥʘʣʦʛʘʤʠ. ɺʩʝ ʦʙʨʘʟʮʳ 

ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʝʪʢʘʤ ʣʠʥʠʠ Hep-2 ʠ HeLa (ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ), ʘ {Mo6I8}@PSS ʧʨʦʷʚʣʷʝʪ ʫʤʝʨʝʥʥʫʶ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʠ HeLa. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ 

(2,2 ʄɼʘ). 

ɺ ʨʘʙʦʪʝ [71] ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʥʲʶʛʘʪ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʯʝʣʦʚʝʢʘ ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ [{ W6I8}( DMSO)6](NO3)4. ɼʣʷ ʩʠʥʪʝʟʘ ʪʘʢʦʛʦ ʢʦʥʲʶʛʘʪʘ 
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ʛʦʨʷʯʠʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ɼʅʂ (ʨʘʩʧʣʘʚʣʝʥʥʘʷ ɼʅʂ ï ʵʪʦ ʪʝʨʤʠʯʝʩʢʠ 

ʨʘʩʧʣʝʪʝʥʥʘʷ ɼʅʂ) ʩʤʝʰʠʚʘʣʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʚʳʩʘʞʠʚʘʣʠ ʠʟʙʳʪʢʦʤ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ɼʅʂ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (ʠʩʭʦʜʥʳʡ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʦʙʨʘʟʫʷ ʢʦʚʘʣʝʥʪʥʳʝ ʠ/ʠʣʠ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʲʶʛʘʪ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʫʯʝʥʠʷ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʣʝʪʦʯʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ɼʅʂ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʦʙʨʘʟʮʘ ʚ ʨʘʢʦʚʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ in vivo ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʠʥ ʩʝʘʥʩ 

ʨʘʜʠʦʪʝʨʘʧʠʠ ʨʘʢʦʚʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʢʦʥʲʶʛʘʪʦʤ, ʧʨʠʚʦʜʠʪ ʢ 

ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʫ ʤʳʰʝʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʚʝ ʧʦʩʣʝʜʥʠʝ ʨʘʙʦʪʳ (ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ PSS ʠ ɼʅʂ) 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ, ʦʜʥʘʢʦ ʥʝ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

***  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʦʬʦʨʦʚ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʨʘʟʚʠʪʦ ʥʝ ʰʠʨʦʢʦ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʤʘʪʝʨʠʘʣʳ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʠʤʝʶʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ, ʘ ʠʤʝʥʥʦ ï ʥʠʟʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʢʫʧʦʨʢʠ ʩʦʩʫʜʦʚ 

ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ, ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʪʢʘʥʠ, ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʚ ʪʢʘʥʠ ʠ ʜʨ. 

ʀʟ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʢʦʪʦʨʳʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʝʜʠ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʪʘʢ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ. ʇʨʠʥʠʤʘʷ 

ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʤʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʩʘʭʘʨʠʜʘʭ 

ʠ ʠʤ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʩʣʝʜʫʶʱʘʷ ʛʣʘʚʘ.  
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1.2. ʇʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʘʢ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʤʘʪʨʠʮʳ 

1.2.1. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ 

ʇʦʣʠʩʘʭʘʨʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʧʨʦʩʪʳʭ 

ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʟʚʝʥʴʝʚ (ʨʠʩ. 1.7). ʄʦʥʦʩʘʭʘʨʠʜʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʩ ʣʶʙʦʡ ʠʟ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʤʦʥʦʩʘʭʘʨʠʜʘ, ʯʪʦ ʧʨʠʜʘʝʪ 

ʧʦʣʠʩʘʭʘʨʠʜʘʤ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ. 

ʇʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʦʩʣʠ (ʘʣʴʛʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ), ʨʘʩʪʝʥʠʷ (ʧʝʢʪʠʥ, ʮʝʣʣʶʣʦʟʘ, ʢʨʘʭʤʘʣ), ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (ʜʝʢʩʪʨʘʥ) ʠ ʞʠʚʦʪʥʳʝ 

(ʭʠʪʦʟʘʥ, ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) [72]. 

ʇʦʣʠʩʘʭʘʨʠʜʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʪʘʢʠʭ ʢʘʢ ʘʤʠʥʳ, ʩʫʣʴʬʘʪʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʮʝʧʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

[73]. ʅʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʳ ʠ 

ʧʦʣʫʯʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʦʡ ʠ ʪ.ʜ.). ɺʚʠʜʫ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʳ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʤʠ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ [74]. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦʣʫʯʘʶʪ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʚʩʝʤ ʵʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʝ 

ʧʦʣʠʤʝʨʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ. 
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ɼʝʢʩʪʨʘʥ 

ɼʝʢʩʪʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʧʦʣʠʤʝʨ ʛʣʶʢʦʟʳ, ʦʩʥʦʚʥʫʶ ʮʝʧʴ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʶʪ D-ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʝ ʟʚʝʥʴʷ, ʩʚʷʟʘʥʥʳʝ Ŭ-1,6-ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʧʨʠʤʝʨʥʦ 

95 %), ʘ Ŭ-1,3-ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ ʦʙʨʘʟʫʶʪ ʙʦʢʦʚʳʝ ʮʝʧʠ (ʨʠʩ. 1.7). ɼʝʢʩʪʨʘʥ ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʫʢʩʫʩʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ (ʥʘʧʨʠʤʝʨ, Leuconostoc mesenteroides) ʠ ʩʘʭʘʨʦʟʳ 

[75]. ʇʦʣʠʩʘʭʘʨʠʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ ʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʜʝʢʩʪʨʘʥʦʚ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʜʝʢʩʪʨʘʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʟʤʦʟʘʤʝʱʘʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʧʦʣʠʛʣʶʢʠʥ (Mw = 50-70 ʢɼʘ) ʠ ʨʝʦʧʦʣʠʛʣʶʢʠʥ 

(Mw =30-40 ʢɼʘ)), ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʦ-ʜʝʢʩʪʨʘʥ ʥʘʟʥʘʯʘʶʪ ʜʣʷ ʣʝʯʝʥʠʷ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʝʢʩʪʨʘʥʘ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʧʨʠ ʦʞʦʛʘʭ [76] ʠ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ 

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʢʣʝʷ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʢʨʦʚʦʪʝʯʝʥʠʝ [77]. 

ʍʠʪʦʟʘʥ 

ʍʠʪʦʟʘʥ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʣʶʢʦʟʘʤʠʥ ʠ N-ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥ, ʩʚʷʟʘʥʥʳʝ ɓ-1,4-

ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ. 1.7). ʍʠʪʦʟʘʥ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ ʠʣʠ ʧʦʣʥʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʭʠʪʠʥʘ. ʍʠʪʠʥ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʧʘʥʮʠʨʝ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʢʫʪʠʢʫʣʝ ʥʘʩʝʢʦʤʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʛʨʠʙʦʚ, ʠ ʷʚʣʷʝʪʩʷ 

ʚʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ ʧʦʩʣʝ ʮʝʣʣʶʣʦʟʳ [78]. ʍʠʪʦʟʘʥ 

ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʪʦʣʴʢʦ ʧʨʠ ʢʠʩʣʦʤ pH, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʧʦʣʠʤʝʨʘ ʚ ʢʘʪʠʦʥʥʫʶ ʬʦʨʤʫ. ʆʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʭʠʪʦʟʘʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʘ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʤʝʪʠʣʠʨʦʚʘʥʠʝ 

ʭʠʪʦʟʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥʘ (CMCh), ʢʦʪʦʨʳʡ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ [79]. ʍʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʠ ʙʠʦʘʜʛʝʟʠʚʥʳʤ ʧʦʣʠʤʝʨʦʤ, 

ʪʦ ʝʩʪʴ ʧʨʠ ʥʘʙʫʭʘʥʠʠ ʤʦʞʝʪ ʧʨʠʣʠʧʘʪʴ ʢ ʢʦʞʝ ʠʣʠ ʩʣʠʟʠʩʪʳʤ ʦʙʦʣʦʯʢʘʤ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʚʷʟʦʯʥʳʭ ʠʣʠ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʭ (ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʭ 

ʢʨʦʚʴ) ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʨʝʟ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ [80, 81]. ʍʠʪʦʟʘʥ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʢʘʢ ʙʠʦʧʝʩʪʠʮʠʜ [82]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʦʥ ʧʨʦʜʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ 

ʜʦʙʘʚʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʠ ʫʨʦʚʥʷ ʭʦʣʝʩʪʝʨʠʥʘ [83]. 

ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʜʠʩʘʭʘʨʠʜʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʘ ʠʤʝʥʥʦ Ŭ-1,4-D-ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ɓ-1,3-N-

ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥʘ (ʨʠʩ. 1.7). ʕʪʦʪ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʘʥʠʦʥʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ. ʂʦʤʤʝʨʯʝʩʢʠ 
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ʜʦʩʪʫʧʥʫʶ ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ 

ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʧʫʧʦʚʠʥʳ ʤʣʘʜʝʥʮʘ, ʧʝʪʫʰʠʥʦʛʦ ʛʨʝʙʥʷ, ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʧʫʪʝʤ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ Streptococci [84]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʤʫʢʦʘʜʛʝʟʠʶ (ʘʜʛʝʟʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʣʠʟʠʩʪʳʭ ʪʢʘʥʝʡ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʳ. ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ, ʪʘʢ ʢʘʢ ʝʝ ʨʝʮʝʧʪʦʨ (CD44) ʩʚʝʨʭʵʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [85, 

86]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʠʭ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʃʝʢʘʨʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʟʥʘʯʘʶʪ ʜʣʷ ʩʤʘʟʢʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʩʫʩʪʘʚʦʚ ʧʨʠ ʦʩʪʝʦʘʨʪʨʠʪʝ, ʚʷʟʢʠʝ ʛʝʣʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʠʣʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʨʫʩʪʘʣʠʢʘ, ʘ ʢʘʧʣʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʝʯʝʥʠʷ ʩʠʥʜʨʦʤʘ çʩʫʭʦʛʦ ʛʣʘʟʘè. ɺ ʢʦʩʤʝʪʦʣʦʛʠʠ 

ʦʛʨʦʤʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʠʥʲʝʢʮʠʠ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʨʘʟʛʣʘʞʠʚʘʥʠʷ 

ʤʦʨʱʠʥ ʠ ʫʚʣʘʞʥʝʥʠʷ ʢʦʞʠ [73, 87]. 

ʎʝʣʣʶʣʦʟʘ 

ʎʝʣʣʶʣʦʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʛʦʤʦʧʦʣʠʩʘʭʘʨʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ɓ-1,4-ʩʚʷʟʘʥʥʳʭ 

ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʟʚʝʥʴʝʚ (ʨʠʩ. 1.7). ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʮʝʣʣʶʣʦʟʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʦʜʥʦʡ ʮʝʧʠ (ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ) ʠʣʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʮʝʧʷʤʠ (ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ) ʧʦʣʠʤʝʨʘ. ʀʟ-ʟʘ 

ʩʠʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʯʠʩʪʘʷ ʮʝʣʣʶʣʦʟʘ ʥʝʨʘʩʪʚʦʨʠʤʘ ʚ ʚʦʜʝ. ʎʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʘ ʝʝ ʟʘʧʘʩʳ ʩʯʠʪʘʶʪʩʷ ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ, 

ʧʦʵʪʦʤʫ ʦʥʘ ʣʝʛʢʦ ʜʦʩʪʫʧʥʘ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʛʦ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʷʚʣʷʶʪʩʷ ʨʘʩʪʝʥʠʷ: ʚ ʢʫʩʪʘʨʥʠʢʘʭ ʩʦʜʝʨʞʠʪʩʷ 30 % ʮʝʣʣʶʣʦʟʳ, ʚ ʣʝʩʘʭ - 40-50 %, 

ʚ ʣʫʙʷʥʳʭ ʨʘʩʪʝʥʠʷʭ (ʣʝʥ) - 65-70 %, ʚ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʥʘʭ - ʩʚʳʰʝ 90 % [88]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʧʦʣʠʤʝʨʘ 

ï ʵʬʠʨʘʤ ʮʝʣʣʶʣʦʟʳ. ʕʬʠʨʳ ʮʝʣʣʶʣʦʟʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ɺʠʣʴʷʤʩʦʥʘ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʚʝʜʝʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʩʠʥʪʝʟ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ (CMC)) ʠʣʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʩʠʥʪʝʟ 3-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʮʝʣʣʶʣʦʟʳ (HPC) ʠ 2-ʛʠʜʨʦʢʩʠʵʪʠʣʮʝʣʣʶʣʦʟʳ 

(HEC)) [89]. ʂʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 

ʮʝʣʣʶʣʦʟʳ ʠ ʙʣʘʛʦʜʘʨʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, CMC ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʵʤʫʣʴʛʘʪʦʨ/ʩʪʘʙʠʣʠʟʘʪʦʨ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʩʤʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʦʡ (E466). ɺ ʤʝʜʠʮʠʥʝ 
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ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʥʦʩʠʪʝʣʴ ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʚʷʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [90]. 

ɼʨʫʛʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ 

ʇʦʤʠʤʦ ʜʝʢʩʪʨʘʥʘ, ʭʠʪʦʟʘʥʘ, ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʝʣʣʶʣʦʟʳ ʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ 

ʧʦʣʠʩʘʭʘʨʠʜʘʤ ʦʪʥʦʩʷʪʩʷ ʛʣʶʢʦʤʘʥʥʘʥ, ʢʘʨʨʘʛʠʥʘʥ, ʘʣʴʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʨʘʭʤʘʣ, ʛʝʧʘʨʠʥ, 

ʧʝʢʪʠʥ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʤʦʥʦʩʘʭʘʨʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ (ʨʠʩ. 1.7). ʊʘʢʠʝ ʧʦʣʠʤʝʨʳ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳ, ʙʠʦʩʦʚʤʝʩʪʠʤʳ, ʩʪʘʙʠʣʴʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

***  

ʇʦʣʠʩʘʭʘʨʠʜʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʝʪ ʜʝʪʘʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʘ 

ʠʤʝʥʥʦ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 
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1.2.2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʦʪ ʘʥʛʣ. quantum dots (QD)) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʤʝʨʦʤ 1-10 ʥʤ. ʗʨʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʷʚʣʷʶʪʩʷ 

ʭʘʣʴʢʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ II  ʠ III  ʛʨʫʧʧ (ʥʘʧʨʠʤʝʨ, CdS ʠ ZnS), ʘ ʪʘʢʞʝ ʪʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʠʥʜʠʷ (ʥʘʧʨʠʤʝʨ, Ag-In-S). ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ (ʦʪ 

ʚʠʜʠʤʦʛʦ ʜʦ ʙʣʠʞʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ), ʫʟʢʠʡ ʠ ʩʠʤʤʝʪʨʠʯʥʳʡ ʩʧʝʢʪʨ ʵʤʠʩʩʠʠ (ʨʠʩ. 1.8). 

 

ʈʠʩ. 1.8. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ QD ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʙʲʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʯʘʩʪʠʮʘʤ ʚʦʟʥʠʢʘʝʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʠʩʢʨʝʪʥʳʡ, ʘ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 1.9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨ ʵʤʠʩʩʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ [91, 92]. ɹʣʘʛʦʜʘʨʷ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ QD, ʘ ʪʘʢʞʝ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʤʦʛʫʪ ʥʘʡʪʠ ʠ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʥʠʢʝ (ʩʚʝʪʦʜʠʦʜʥʳʝ ʜʠʩʧʣʝʠ (LED)) [93], 

ʬʦʪʦʚʦʣʴʪʘʠʢʝ (ʵʣʝʤʝʥʪʳ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ) [94] ʠ ʙʠʦʤʝʜʠʮʠʥʝ (ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ, ʘʛʝʥʪʳ 

ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʙʠʦʩʝʥʩʦʨʳ) [95]. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠ ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ QD ʷʚʣʷʝʪʩʷ ʢʦʣʣʦʠʜʥʳʡ ʤʝʪʦʜ, 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

Mn+ (ʛʜʝ ʄ = Cd, Zn, In ʠ ʜʨ.) ʠʟ ʨʘʩʪʚʦʨʘ. ʇʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʠʦʥʥʳʭ ʠ ʢʘʪʠʦʥʥʳʭ ʯʘʩʪʠʮ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ QD, ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʠ ʩʦʩʪʘʚʘ. 
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ʈʠʩ. 1.9. ʉʭʝʤʘʪʠʯʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʩʪʨʦʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. 

ʇʦʤʠʤʦ ʨʘʟʤʝʨʘ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ 

ʜʝʬʝʢʪʦʚ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʤʝʪʘʣʣʦʚ-ʜʦʧʘʥʪʦʚ ʚ ʩʠʩʪʝʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ 

ʦʜʥʠʤ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ QD ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ çʵʢʨʘʥʠʨʫʝʪè 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʦʪ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [92]. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʙʠʦʤʝʜʠʮʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʠʣʠ ʙʠʦʩʝʥʩʦʨʦʚ. 

ɼʣ̫ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʦʙʣʘʜʘʣʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, 

ʙʳʣʠ ʫʩʪʦʡʯʠʚʳ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʷʣʠ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, 

ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʜʤʠʝʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (CdS, CdSe ʠ 

CdTe). ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ ʦʥʠ ʢʨʘʡʥʝ ʪʦʢʩʠʯʥʳ, ʚʚʠʜʫ ʯʝʛʦ ʠʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʨʳʚʘʪʴ ʟʘʱʠʪʥʳʤ ʩʣʦʝʤ, ʥʘʧʨʠʤʝʨ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʡ ʦʙʦʣʦʯʢʦʡ (ʧʦʣʠʤʝʨʘʤʠ, 

ʤʠʮʝʣʣʘʤʠ ʠ ʜʨ.). ɺ ʧʦʩʣʝʜʥʠʡ ʛʦʜʳ ʰʠʨʦʢʦ ʨʘʟʚʠʚʘʝʪʩʷ ʭʠʤʠʷ ʙʠʥʘʨʥʳʭ (ZnS) ʠ ʪʨʦʡʥʳʭ 

(AgInS, CuInS, AgInS/ZnS) QD ʙʝʟ ʢʘʜʤʠʷ (ñcadmium-free quantum dotò). QD ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʪʥʦʩʷʪ ʢ ʥʝʪʦʢʩʠʯʥʳʤ, çʟʝʣʝʥʳʤè ʥʘʥʦʯʘʩʪʠʮʘʤ [96]. 

ʇʦʤʠʤʦ ʪʦʢʩʠʯʥʦʩʪʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʝʱʝ ʦʜʥʠʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ QD 

ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʭ ʜʠʩʧʝʨʩʠʡ ʚ ʚʦʜʝ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ QD (ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʘʜʤʠʝʚʳʝ) ʢʘʢ ʧʨʘʚʠʣʦ ʧʦʣʫʯʘʶʪ ʚ ʚʳʩʦʢʦʢʠʧʷʱʠʭ 
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ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ 

ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜʘ ʠʣʠ ʛʝʢʩʘʜʝʮʠʣʘʤʠʥʘ) ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʣʠʛʘʥʜʘʤʠ [97]. ʇʨʠ ʧʝʨʝʚʦʜʝ ʪʘʢʠʭ QD 

ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʦʥʠ ʘʛʨʝʛʠʨʫʶʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʜʣʷ ʧʝʨʝʚʦʜʘ QD ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ [98]: 

(1) ʟʘʤʝʱʝʥʠʝ/ʧʦʢʨʳʪʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʢʨʳʪʠʡ QD ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʣʠʤʝʨʘʤʠ, ʤʠʮʝʣʣʘʤʠ ʠ ʣʠʛʘʥʜʘʤʠ; (2) ʧʨʷʤʦʡ ʩʠʥʪʝʟ QD ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʠʣʠ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ, ʪʦʢʩʠʯʥʳ ʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ [99]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʚʚʠʜʫ ʜʝʛʨʘʜʘʮʠʠ, ʬʦʪʦʣʠʟʘ ʠʣʠ ʦʢʠʩʣʝʥʠʷ [99]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʠʜʫ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʨʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ QD ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. ʇʦʣʠʤʝʨ ʧʘʩʩʠʚʠʨʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʣʣʦʠʜʥʫʶ ʠ ʦʧʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʝ ʠ ʩʥʠʞʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ QD (ʨʠʩ. 1.10). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠʣʠ ʙʠʦʤʦʣʝʢʫʣʳ ʜʣʷ ʧʨʠʜʘʥʠʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʠʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʤʝʪʦʢ. 

 

ʈʠʩ. 1.10. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ QD, ʧʦʢʨʳʪʳʭ ʧʦʣʠʤʝʨʦʤ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4 ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ QD/ʧʦʣʠʤʝʨ (ʨʠʩ. 1.11) [97]: (ʘ) ʧʦʢʨʳʪʠʝ QD ʧʦʣʠʤʝʨʦʤ 

(ʛʠʜʨʦʬʦʙʥʦʝ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ); (ʙ) ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; (ʚ) ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʣʠʤʝʨ; (ʛ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʣʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ QD. ɼʘʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʞʜʳʡ ʠʟ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ QD ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 
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ʈʠʩ. 1.11. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ QD/ʧʦʣʠʤʝʨ: 

ʛʠʜʨʦʬʦʙʥʦʝ/ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʘ), ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ (ʙ), ʟʘʤʝʱʝʥʠʝ 

ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʣʠʤʝʨ (ʚ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ (ʛ). 

1.2.2.1. ʇʦʢʨʳʪʠʝ QD ʧʦʣʠʤʝʨʦʤ (ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʦʢʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʩʠʥʪʝʟʠʨʫʶʪ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, QD ʠʤʝʶʪ 

ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ QD ʧʦʢʨʳʚʘʶʪ ʘʤʬʠʬʠʣʴʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʧʦʣʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ), ʧʨʠ ʵʪʦʤ ʛʠʜʨʦʬʦʙʥʳʡ ʬʨʘʛʤʝʥʪ 

ʧʦʣʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ QD. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [100] ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdSe/ZnS, ʧʦʢʨʳʪʳʝ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ 

(TOPO), ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʬʠʬʠʣʴʥʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʤʬʠʬʠʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʩʘʭʘʨʠʜ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʙʳʣ ʦʢʠʩʣʝʥ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ ʜʦ 2,3-ʜʠʘʣʴʜʝʛʠʜʘ, ʘ ʟʘʪʝʤ ʢ ʥʝʤʫ ʙʳʣ ʧʨʠʩʦʝʜʠʥʝʥ ʛʠʜʨʦʬʦʙʥʳʡ ʬʨʘʛʤʝʥʪ ï 

ʦʢʪʠʣʘʤʠʥ. ɻʠʜʨʦʬʦʙʥʳʝ ʬʨʘʛʤʝʥʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ (ʦʢʪʠʣʳ) 

çʠʥʪʝʨʢʘʣʠʨʫʶʪʩʷè ʚ ʛʠʜʨʦʬʦʙʥʳʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ QD (ʨʠʩ. 1.12). ɼʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʬʘʟʦʚʦʤʫ ʧʝʨʝʥʦʩʫ ʛʠʜʨʦʬʦʙʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʠʣʴʥʦʡ ʦʩʥʦʚʳ ʧʦʣʠʤʝʨʘ (ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʢʨʳʪʠʝ QD ʧʦʣʠʤʝʨʦʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʣʫʯʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, 

ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ BHK-21 (ʬʠʙʨʦʙʣʘʩʪʳ ʧʦʯʝʢ ʭʦʤʷʢʘ). ʆʜʥʘʢʦ, ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ QD/ʧʦʣʠʤʝʨ ʠ ʚʠʨʫʩ ʜʝʥʛʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʢʘʪʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʠʙʨʝʥʘ 
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ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ (ʥʘ ʩʥʠʤʢʘʭ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʝʣʝʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʣʝʢʩʘ QD/ʧʦʣʠʤʝʨ-

ʚʠʨʫʩ ʢ ʢʣʝʪʢʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʣʣʦʬʠʢʦʮʠʘʥʠʥ (ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʩʨʝʜʩʪʚʦ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ QD/ʧʦʣʠʤʝʨ-ʚʠʨʫʩ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

 

ʈʠʩ. 1.12. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdSe/ZnS, ʧʦʢʨʳʪʳʭ ʘʤʬʠʬʠʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ 

ʘʣʴʛʠʥʘʪ-ʦʢʪʠʣʘʤʠʥʦʤ (ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) [100]. 

ɺ ʩʝʨʠʠ ʨʘʙʦʪ ɿ. ʍʘʪʫʥ ʠ ʜʨ. [101, 102] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʜʤʠʝʚʳʭ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ TOPO, ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʝʧʘʨʠʥʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʤʠʮʝʣʣʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʢ ʛʝʧʘʨʠʥʫ ʙʳʣʘ ʧʨʠʩʦʝʜʠʥʝʥʘ 

ʜʝʟʦʢʩʠʭʦʣʝʚʘʷ (ʞʝʣʯʥʘʷ) ʢʠʩʣʦʪʘ. ʆʥʘ ʥʝ ʪʦʣʴʢʦ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʠʪʦʛʦʚʦʛʦ ʧʦʣʠʤʝʨʘ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʩʘʩʳʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ QD-ʧʦʣʠʤʝʨ ʚ ʪʦʥʢʦʤ ʢʠʰʝʯʥʠʢʝ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʊʊ-ʪʝʩʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʠ Caco-2 (ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ). ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʳʰʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ QD-ʧʦʣʠʤʝʨ ʚ ʦʨʛʘʥʠʟʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦ ʚʩʝʤ ʦʨʛʘʥʘʤ, ʘ ʩʧʫʩʪʷ 

72 ʯʘʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʚʝʜʝʥʠʝ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʜʤʠʡ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʦʨʛʘʥʘʭ ʠ ʙʳʩʪʨʦ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. 



35 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣ ʜʣʷ ʧʨʠʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ, ʯʪʦ ʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚ ʨʘʙʦʪʘʭ [103-106]. ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʦʜʨʦʙʥʝʡ ʩʪʘʪʴʶ ɼ. ɼʝʥʛ ʠ ʜʨ. [103]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʪʨʦʡʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CuInS2/ZnS. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʵʪʠʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 1-ʜʦʜʝʢʘʥʪʠʦʣ ʙʳʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʝʨʳ ʠ ʢʘʢ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʘʛʝʥʪ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʜʠʝʚʳʝ QD ʩ ʷʨʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʩʪʠʛʘʝʪ 80 %), ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʦʪ ʞʝʣʪʦʛʦ ʜʦ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʨʝʛʠʦʥʘ). ʍʠʪʦʟʘʥ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦ ʚʪʦʨʦʤʫ ʧʦʣʦʞʝʥʠʶ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʟʘʪʝʤ ʦʢʪʘʥʘʣʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʤʬʠʬʠʣʴʥʳʡ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʬʦʨʤʠʨʫʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʤʠʮʝʣʣʳ ʩ 

ʛʠʜʨʦʬʦʙʥʳʤ ʷʜʨʦʤ ʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʤʠʮʝʣʣʳ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ. ɻʠʜʨʦʬʦʙʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (1-ʜʦʜʝʢʘʥʪʠʦʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ) ʟʘ ʩʯʝʪ 

ʛʠʜʨʦʬʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʠʮʝʣʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ (ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʠʝ 

QD ʚ ʤʠʮʝʣʣʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 % ʦʪ ʟʘʛʨʫʟʢʠ QD). ʇʦʩʣʝ ʧʝʨʝʚʦʜʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʫ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʮʝʣʣʳ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ QD ʥʘ 

40 %. ʅʦ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ QD ʚ ʤʠʮʝʣʣʳ ʵʤʠʩʩʠʷ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʠ 3-5 ʜʥʝʡ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʛʦ ʪʫʰʝʥʠʷ ʵʤʠʩʩʠʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ in vitro ʠ 

in vivo, ʤʘʪʝʨʠʘʣ QD-ʧʦʣʠʤʝʨ ʥʝ ʦʙʣʘʜʘʝʪ ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʨʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

(ʉ[QD] ~10 ʤʢʛ/ʤʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro, ~8 ʤʢʛ/ʛ ʚʝʩʘ ʞʠʚʦʪʥʦʛʦ - in vivo), ʘ ʥʘʣʠʯʠʝ 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʤʠʮʝʣʣ ʚ ʢʣʝʪʢʠ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢ ʨʝʮʝʧʪʦʨʫ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ (Bel-7402 ï ʢʣʝʪʢʠ ʨʘʢʘ ʧʝʯʝʥʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʠʦʟʦʥʜ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʤʠʮʝʣʣ ʚ ʦʧʫʭʦʣʠ. 

1.2.2.2. ʇʦʢʨʳʪʠʝ QD ʧʦʣʠʤʝʨʦʤ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) 

ʉʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ ʧʦʢʨʳʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʠʤʝʨʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ (ʧʦʣʠʤʝʨʦʚ, ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʢ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ) ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɼʘʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʧʦʢʨʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ QD ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ 

ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʪʝʨʠʘʣʘ. 



36 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢʠʝ ʢʘʢ 

ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʘʷ ʠʣʠ ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ QD 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʟʘ ʩʯʝʪ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʉʨʝʜʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ ï ʭʠʪʦʟʘʥ. ɸʤʠʥʦʛʨʫʧʧʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ 

ʭʠʪʦʟʘʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʪʦʟʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [107-112]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʩʥʠʞʘʝʪ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, 

ɺ. ɻʦʨʤʝʡʜ ʠ ʜʨ. [110] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʠʩʭʦʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʤʘʪʝʨʠʘʣ QD-ʭʠʪʦʟʘʥ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʣʠʥʠʠ NIH3T3 (ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʤʳʰʠ). 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢʣʝʪʦʯʥʘʷ ʤʝʤʙʨʘʥʘ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʘʥʠʦʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʣʝʪʦʯʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʣʝʪʦʯʥʦʡ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʤʥʦʛʠʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʪʘʢʞʝ ʝʛʦ ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ 

ʢ ʤʘʪʝʨʠʘʣʘʤ ʟʘʯʘʩʪʫʶ ʧʨʠʩʦʝʜʠʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʙʠʦʤʦʣʝʢʫʣʳ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ çʇʦʢʨʳʪʠʝ QD ʧʦʣʠʤʝʨʦʤ (ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ)è [103-106]. ɺ 

ʨʘʙʦʪʘʭ [113, 114] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ: ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ Mn:ZnS ʠ ʭʠʪʦʟʘʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʦʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʢʣʝʪʢʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʘ 

ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ. ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʦʙʣʘʜʘʶʪ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʢ ʥʝʢʦʪʦʨʳʤ ʨʝʮʝʧʪʦʨʘʤ, ʪʦ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʙʠʦʤʦʣʝʢʫʣ 

ʢ ʧʦʣʠʤʝʨʫ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [115] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (HA), ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʚ ʢʣʝʪʢʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʘ CD44. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʪʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʠʜʨʦʬʦʙʥʦʝ ʧʦʢʨʳʪʠʝ CdSe/CdS/ZnS, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʣʝʠʣʘʤʠʥʘ, ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʘ, ʙʳʣʦ ʟʘʤʝʱʝʥʦ ʥʘ ʤʦʣʝʢʫʣʳ 

N-(2-ʘʤʠʥʦʵʪʠʣ)-6,8-ʜʠʤʝʨʢʘʧʪʦʦʢʪʘʥʘʤʠʜʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʠʪʠʦʣ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ QD ʠ ʧʝʨʚʠʯʥʳʡ ʘʤʠʥ ʜʣʷ ʧʨʠʜʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʣʦʠʜʘ, ʩʪʘʙʠʣʴʥʦʛʦ ʚ ʪʝʯʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ (ʨʠʩ. 1.13). ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ HA ʢ QD ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ 
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ʣʠʥʠʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʠ ʬʠʙʨʦʙʣʘʩʪʘʤ ʢʦʞʠ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, QD-HA 

ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʣʠʥʠʠ HeLa, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʘ HA, ʠ ʥʝ ʧʨʦʥʠʢʘʝʪ 

ʚ ʬʠʙʨʦʙʣʘʩʪʳ ʢʦʞʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʧʨʦʥʠʢʘʶʪ ʚ ʦʙʝ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ. ʀʟʙʠʨʘʪʝʣʴʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʚʣʝʥʘ ʚ ʥʠʭ ʩ ʧʦʤʦʱʴʶ ʨʝʮʝʧʪʦʨʦʚ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ (LYVE-1). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

QD-HA ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʩʦʩʫʜʳ in vivo ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ 

ʦʧʫʭʦʣʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ in vivo, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʩʢʨʠʥʠʥʛ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

 

ʈʠʩ. 1.13. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʧʦʢʨʳʪʳʭ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ). 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ. ʊʘʢ, ʚ [116] ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ CdS-CMC (CMC ï 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʙʳʯʠʡ 

ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ in vitro, ʘ ʚ [117] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʲʶʛʘʪ CdSe/CdS-ʭʠʪʦʟʘʥ-XO (XO - 

ʠʥʜʠʢʘʪʦʨ ʢʩʠʣʝʥʦʚʳʡ ʦʨʘʥʞʝʚʳʡ) ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʩʝʥʩʦʨʦʤ ʥʘ ʠʦʥʳ Pb2+. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ [118], ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ 

ʩʝʥʩʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Zn2+ in vivo. ʆʯʝʥʴ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʮʠʥʢʘ ʚ 

ʢʣʝʪʢʘʭ, ʪʘʢ ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʛʫʣʷʪʦʨʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʢʣʝʪʢʘʭ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʨʘʢʘ ʧʨʦʩʪʘʪʳ. ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʨʷʜʦʤ ʟʘ ʩʯʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ) ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥʦʤ (CMCh) ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʚʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ QD-ʧʦʣʠʤʝʨ ʨʘʩʪʚʦʨʘ ʩ ʠʦʥʘʤʠ ʮʠʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ 
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ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ CMCh ʤʦʞʝʪ ʩʝʣʝʢʪʠʚʥʦ ʘʙʩʦʨʙʠʨʦʚʘʪʴ Zn2+ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʰʠʪʳʭ ʧʦʣʠʤʝʨʦʚ (ʨʠʩ. 1.14). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ 

ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɼʦʙʘʚʣʝʥʠʝ ʠʦʥʦʚ 

ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

in vivo, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʥʘʥʦʩʝʥʩʦʨʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Zn2+ ʚ ʢʣʝʪʢʘʭ. 

 

ʈʠʩ. 1.14. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʥʘʨʫʞʝʥʠʷ Zn2+ ʩ ʧʦʤʦʱʴʶ QD-CMCh [118]. 

ɺ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʝʥʩʦʨ ʥʘ ʣʠʟʦʮʠʤ (Lyz), ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʪʠʧʫ 

çʚʢʣʶʯʝʥʠʝ-ʚʳʢʣʶʯʝʥʠʝè ʣʶʤʠʥʝʩʮʝʥʮʠʠ [119]. ʃʠʟʦʮʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʚʩʝʛʦ ʠʟ 129 ʘʤʠʥʦʢʠʩʣʦʪ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʟʦʮʠʤʘ ʚ 

ʤʦʯʝ ʠ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʣʝʡʢʝʤʠʠ (ʨʘʢʘ ʢʨʦʚʠ) ʠʣʠ ʤʝʥʠʥʛʠʪʘ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʟʨʘʙʦʪʢʘ ʥʘʜʝʞʥʦʛʦ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Lyz ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʃʠʟʦʮʠʤ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ N-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʳ (ʤʦʥʦʤʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʭʠʪʦʟʘʥʘ) ʠ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʠʤʝʨʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩ ʠʦʥʘʤʠ ʮʠʥʢʘ ʢ QD-

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (çʚʢʣʶʯʝʥʠʝè 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʫ Lyz ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 

ï çʚʳʢʣʶʯʝʥʠʝè ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʣʠʟʦʮʠʤ ʛʠʜʨʦʣʠʟʫʝʪ ʭʠʪʦʟʘʥ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ Zn2+ ʩ ʧʦʚʝʨʭʥʦʩʪʠ QD-ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ. ʂʨʦʤʝ 

ʪʦʛʦ, Lyz ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʥʘʥʦʩʝʥʩʦʨ ʢ ʣʠʟʦʮʠʤʫ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʦʮʠʤʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ. 
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1.2.2.3. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ 

ʉʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʧʦʢʨʳʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʠʤʝʨʦʤ ʦʩʥʦʚʘʥ ʥʘ ʢʦʚʘʣʝʥʪʥʦʤ 

ʩʚʷʟʳʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ QD. ɺ ʨʘʙʦʪʝ [120] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʟʦʥʜʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ 

(SPIO) ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ AgInS2/ZnS. ɼʣʷ ʵʪʦʛʦ SPIO, ʧʦʢʨʳʪʳʡ ʜʝʢʩʪʨʘʥʦʤ, ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʧʝʨʠʦʜʘʪʦʤ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʢʠʩʣʝʥʠʶ ʧʦʣʠʤʝʨʘ ʜʦ 2,3-ʜʠʘʣʴʜʝʛʠʜʘ ʜʝʢʩʪʨʘʥʘ. ɿʘʪʝʤ ʢ 

ʢʦʣʣʦʠʜʥʦʤʫ ʨʘʩʪʚʦʨʫ SPIO ʜʦʙʘʚʠʣʠ AgInS2/ZnS, ʧʦʢʨʳʪʳʝ ʛʣʫʪʘʪʠʦʥʦʤ (ʛʣʫʪʘʪʠʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʧʝʧʪʠʜ ɔ-ʛʣʫʪʘʤʠʣʮʠʩʪʝʠʥʠʣʛʣʠʮʠʥ). ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ QD ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʤʝʞʜʫ ʘʣʴʜʝʛʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʘʤʠʥʦʛʨʫʧʧʦʡ ʛʣʫʪʘʪʠʦʥʘ, 

ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ. 

ʇʦʤʠʤʦ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʧʦʣʠʤʝʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʠ ʘʤʠʥʦʛʨʫʧʧʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʠʜʘ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ [121, 122]. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʶʪ 

1-ʵʪʠʣ-3-(3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜ (EDC) ʠ N-ʛʠʜʨʦʢʩʠʩʫʢʮʠʥʠʤʠʜ (NHS) ʠʣʠ 

N-ʛʠʜʨʦʢʩʠʩʫʣʴʬʦʩʫʢʮʠʥʠʤʠʜ (ʩʫʣʴʬʦ-NHS). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [121] ʩʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdTe, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʛʣʫʪʘʪʠʦʥʦʤ (GSH), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ QD. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ 

EDC/NHS, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʧʦʣʠʤʝʨ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ï ʘʤʠʥʦʜʝʢʩʪʨʘʥ (DA-NH2) (ʨʠʩ. 1.15). 

ʂʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ CdTe ʩ ʘʤʠʥʦʜʝʢʩʪʨʘʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (80 %). ɺ [122] CuInS2/ZnS ʢʚʘʥʪʦʚʳʝ 

ʪʦʯʢʠ, ʧʦʢʨʳʪʳʝ 11-ʤʝʨʢʘʧʪʦʫʥʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʳʚʘʣʠ ʩ ʛʣʠʢʦʣʴ-ʭʠʪʦʟʘʥʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʘʛʝʥʪ ʜʣʷ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ in vivo. 
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ʈʠʩ. 1.15. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʘʤʠʥʦʜʝʢʩʪʨʘʥʘ [121]. 

ɺ ʨʘʙʦʪʝ [123] ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ ï ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (HA) (ʨʠʩ. 1.16). ɼʣʷ ʩʠʥʪʝʟʘ AgMn:In2S3/ZnS ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʣʫʪʘʪʠʦʥ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʝ ʪʦʣʴʢʦ ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʥʦ ʠ ʘʤʠʥʦʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʯʘʩʪʠʮ. ɺ ʭʦʜʝ in vitro ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ QD-HA ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʢʣʝʪʢʠ ʣʠʥʠʠ B16F1 (ʢʣʝʪʢʠ ʤʝʣʘʥʦʤʳ ʤʳʰʠ) ʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʠ 

ʰʝʡʢʠ ʤʘʪʢʠ). ʇʦʣʠʤʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʢʣʝʪʢʠ 

B16F1, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʝʡ ʨʝʮʝʧʪʦʨʘ CD44, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʘʪʝʨʠʘʣ ʢʘʢ ʘʛʝʥʪ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 
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ʈʠʩ. 1.16. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ [123]. 

1.2.2.4. ɿʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʣʠʤʝʨ 

ɿʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʣʠʤʝʨ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʛʨʫʧʧʘʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ɺ ʭʦʜʝ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʥʘ ʣʠʛʘʥʜʦʚ, ʚʚʝʜʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʦʣʠʤʝʨʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʠʤʝʨʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʪʠʦʣʴʥʳʝ, ʘʤʠʥʦ, ʬʦʩʬʠʥʦ ʠ ʢʘʨʙʦʢʩʠ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʘʩʩʠʚʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ QD 

ʩʠʣʴʥʝʝ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʣʠʛʘʥʜʳ. 

ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ [124-129]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʘ ʚʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdTe/CdS, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥʘ (CMCh) ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ QD ʧʦʣʠʤʝʨʦʤ ʟʘ ʩʯʝʪ ʭʝʣʘʪʠʨʦʚʘʥʠʷ 

ʘʤʠʜʥʦʡ ʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʘʤʠ [129]. ʇʦʣʫʯʝʥʥʳʡ QD-CMCh ʠʤʝʝʪ ʫʟʢʠʡ ʩʧʝʢʪʨ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ ʥʘ 530 ʥʤ, ʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʩʪʠʛʘʝʪ 

75 %. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ QD-CMCh ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʧʝʨʚʳʝ 10 ʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʯʪʠ ʥʘ 60 % ʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 30 ʜʥʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣ ʤʁʠʥʝʩʮʝʥʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʪʦʦʢʠʩʣʝʥʠʝʤ ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʪʦʤʦʚ ʪʝʣʣʫʨʘ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ. ʉʦ ʚʨʝʤʝʥʝʤ ʚ ʩʣʫʯʘʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʥʘʯʠʥʘʝʪ ʚʳʧʘʜʘʪʴ ʦʩʘʜʦʢ, ʠ ʯʝʨʝʟ 4 ʤʝʩʷʮʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʘʛʨʝʛʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ QD-

CMCh ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳ ʚ ʨʘʩʪʚʦʨʝ ʙʦʣʝʝ 10 ʤʝʩʷʮʝʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥʘ. ʅʘ ʧʨʠʤʝʨʝ ʢʣʝʪʦʢ ʣʠʥʠʠ MDCK 

(ʢʣʝʪʢʠ ʧʦʯʢʠ ʩʦʙʘʢʠ) ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ 
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ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʥʝ ʚʳʟʳʚʘʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʥʝ ʧʦʜʘʚʣʷʷ ʠʭ ʨʦʩʪ. ʇʨʦʜʦʣʞʠʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʚʪʦʨʳ 

ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ CdS-CMCh ʢʘʢ ʩʝʥʩʦʨ ʥʘ Hg2+ [130]. ʈʪʫʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʦʥʦʚ ʨʪʫʪʠ ʢ ʨʘʩʪʚʦʨʫ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ Hg2+ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ QD. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʠʦʥʦʚ ʨʪʫʪʠ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ MDCK. 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʝʥʩʦʨʳ ʥʘ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ɺ ʨʘʙʦʪʝ [131] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʜʘʪʘ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdS, ʧʦʢʨʳʪʳʭ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʦʡ. ʁʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ, ʠ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʙʦʨʴʙʳ ʩ ʝʛʦ ʜʝʬʠʮʠʪʦʤ ʷʚʣʷʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝ KIO3 ʚ ʧʦʚʘʨʝʥʥʫʶ ʩʦʣʴ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʜʘʪ ʠʦʥʘ ʚ ʧʦʚʘʨʝʥʥʦʡ 

ʩʦʣʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʫʰʝʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ QD ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʘ IO3
ī. ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ: 

ʩʥʘʯʘʣʘ CdS ʦʢʠʩʣʷʶʪʩʷ ʠʦʜʘʪʦʤ ʢʘʣʠʷ (ʫʨ. 1), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʤʝʱʝʥʠʶ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ QDs ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

IO3
ī + 3CdS(QD) + 6H+ Ÿ Iī + 3S + 3Cd2+ + 3H2O (1) 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ (NO3
ī, NO2

ī, Clī, Brī, BrO3
ī ʠ CH3COOī) ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʊʘʢʞʝ, ʠʩʧʦʣʴʟʫʷ ʵʪʦʪ ʤʝʪʦʜ, ʤʦʞʥʦ ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʠʦʜʠʜ ʠʦʥʘ, ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ Iī ʜʦ IO3
ī ʩ ʧʦʤʦʱʴʶ ʙʨʦʤʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦ ʩʝʣʝʢʪʠʚʥʳʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ, ʫʜʦʙʥʳʤ ʠ 

ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʜʘʪʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʡʦʜʘ ʚ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ. 

ɺ ʛʨʫʧʧʝ ɻ. ʈ. ɹʘʨʜʘʞʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ [132-135]. ʈʘʩʩʤʦʪʨʠʤ 

ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdTe/ZnS, ʧʦʢʨʳʪʳʝ ʢʘʨʨʘʛʠʥʘʥʦʤ, 

ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʥʘʥʦʩʝʥʩʦʨʘ ʥʘ ʵʧʠʨʫʙʠʮʠʥ (EPI) [135]. ʕʧʠʨʫʙʠʮʠʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʡ ʘʥʪʠʙʠʦʪʠʢ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʢʘ. ʂʘʢ ʠ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢ ʢʦʣʣʦʠʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 
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ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ (ʫʨ. 2), ʛʜʝ F0 ʠ F ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʫʰʠʪʝʣʷ (EPI) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, [Q] - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʫʰʠʪʝʣʷ (EPI) ʠ KSV ï ʢʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ 

ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ. 

ρ ὑ ὗ  (2) 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ KSV ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ CdTe/ZnS-ʢʘʨʨʘʛʝʥʘʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ EPI ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʪʘʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʪʦ ʝʩʪʴ ʬʣʫʦʨʦʬʦʨ ʠ ʪʫʰʠʪʝʣʴ ʦʙʨʘʟʫʶʪ ʥʝʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʇʦʣʫʯʝʥʥʳʡ ʥʘʥʦʩʝʥʩʦʨ CdTe/ZnS-ʢʘʨʨʘʛʝʥʘʥ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʵʧʠʨʫʙʠʮʠʥʫ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʠ ʙʠʦʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (L-ʮʠʩʪʝʠʥ, ʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʜʦʢʩʦʨʫʙʠʮʠʥ, ʩʫʣʴʬʘʪ 

ʢʘʣʠʷ, ʥʠʪʨʘʪ ʢʘʣʴʮʠʷ ʠ ʜʨ.), ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʧʠʨʫʙʠʮʠʥʘ ʚ 

ʢʦʤʤʝʨʯʝʩʢʦʤ ʧʨʝʧʘʨʘʪʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʣʠʟʢʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʧʦʤʦʱʴʶ ɺʕɾʍ (ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɼʣʷ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʢ 

ʧʦʣʠʤʝʨʘʤ ʧʨʠʩʦʝʜʠʥʷʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʊʘʢ, ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ 

ʘʤʠʥʦʜʝʢʩʪʨʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʣʠ ʪʠʦʛʨʫʧʧʘʤʠ ʩ ʧʦʤʦʱʴʶ ʨʝʘʛʝʥʪʘ ʊʨʫʘʪʘ 

(ʪʠʦʣʠʨʫʶʱʠʡ ʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ) [136]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ, ʪʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ CdSe/ZnS, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ TOPO. ʊʘʢ ʢʘʢ ʵʪʠ QD ʥʝ ʦʙʨʘʟʫʶʪ 

ʫʩʪʦʡʯʠʚʳʭ ʜʠʩʧʝʨʩʠʡ ʚ ʚʦʜʝ, ʪʦ ʩʥʘʯʘʣʘ TOPO ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʘ ʟʘʪʝʤ ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ 

ʪʠʦʜʝʢʩʪʨʘʥ (Dex-SH). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʚʳʧʘʜʘʣʠ ʚ ʦʩʘʜʦʢ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ CdSe/ZnS-Dex-SH ʦʩʪʘʚʘʣʩʷ ʩʪʘʙʠʣʝʥ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ NaCl. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʲʶʛʠʨʦʚʘʥʠʝ CdSe/ZnS-Dex-SH ʩʦ ʩʪʨʝʧʪʘʚʠʜʠʥʦʤ (ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʠʦʪʠʥʦʤ) ʧʨʠʚʦʜʠʪ ʢ ʩʧʝʮʠʬʠʯʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ 

ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʠʦʪʠʥʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʚʠʟʫʘʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. 

ɺ ʛʨʫʧʧʝ ɻ. ʈ. ɹʘʨʜʘʞʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʢ ʚʦʜʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʧʦʣʠʤʝʨʘ (ʛʣʶʢʦʤʘʥʥʘʥʘ, ʢʘʨʨʘʛʠʥʘʥʘ, ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠʣʠ ʢʨʘʭʤʘʣʘ) ʜʦʙʘʚʣʷʣʠ 

ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ï ʠʥʠʮʠʘʪʦʨ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80 ÁC 

ʧʝʨʩʫʣʴʬʘʪ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ʦʙʨʘʟʫʶʪ ʨʘʜʠʢʘʣʳ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʝ. ɼʘʣʝʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʚʠʥʠʣʦʚʳʝ 

ʤʦʥʦʤʝʨʳ (ʥʘʧʨʠʤʝʨ, ʘʢʨʠʣʦʚʫʶ ʢʠʩʣʦʪʫ, ʘʢʨʠʣʘʤʠʜ, 2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪ ʠʣʠ 

ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢ ʧʦʣʠʩʘʭʘʨʠʜʫ 

(ʨʠʩ. 1.17). ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʢʨʳʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

[98, 137-147]. 

 

ʈʠʩ. 1.17. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ; ʧʦʢʨʳʪʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʫʯʝʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ [140]. 

ɺ ʨʘʙʦʪʝ [140] ʢ ʛʣʶʢʦʤʘʥʥʘʥʫ ʙʳʣ ʧʨʠʩʦʝʜʠʥʝʥ ʧʦʣʠʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪ (PHEMA ), 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʢʨʳʪʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdTe (ʨʠʩ. 1.17). ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ï ʤʝʨʢʘʧʪʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʘ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʭʝʣʘʪʠʨʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʇʦʢʨʳʪʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ QD, ʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 29 % ʜʦ 46 %. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʘʙʠʣʝʥ ʚ ʚʦʜʝ, ʠ ʩʧʫʩʪʷ 

150 ʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʛʣʶʢʦʤʘʥʥʘʥ-PHEMA ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ, ʪʘʢ ʢʘʢ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʨʝʛʘʮʠʶ ʯʘʩʪʠʮ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʫʰʝʥʠʶ ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ [145] ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʠʩʣʝʥʥʳʡ ʢʨʘʭʤʘʣ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠ-2-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ, ʧʨʠ 

ʧʦʢʨʳʪʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdTe/ZnS ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (ʛʠʜʨʦʢʩʠʣʴʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʘʤʠʥʦ) 

ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʘ ʭʝʣʘʪʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʴ QD, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʧʘʩʩʠʚʘʮʠʠ, ʘ ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʢʘʢ ʩʝʥʩʦʨ ʥʘ ʪʝʪʨʘʮʠʢʣʠʥ ʛʠʜʨʦʭʣʦʨʠʜ (TH, ʘʥʪʠʙʠʦʪʠʢ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʣʝʯʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʪʝʪʨʘʮʠʢʣʠʥ 

ʛʠʜʨʦʭʣʦʨʠʜʘ ʢ ʚʦʜʥʦʤʫ ʢʦʣʣʦʠʜʫ QD-ʧʦʣʠʤʝʨ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ: ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʤʝʞʜʫ QD-ʧʦʣʠʤʝʨ ʠ TH, ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ QD-ʧʦʣʠʤʝʨ ʥʘ 

ʪʝʪʨʘʮʠʢʣʠʥ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʥʦʩʝʥʩʦʨ ʦʙʣʘʜʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ TH, ʪʘʢ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʩ ʪʝʪʨʘʮʠʢʣʠʥʦʤ (ʦʢʩʠʪʝʪʨʘʮʠʢʣʠʥʘ, ʛʝʥʪʘʤʠʮʠʥʘ, 

ʭʣʦʨʪʝʪʨʘʮʠʢʣʠʥʘ), ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ 

ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ TH ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ (ʚ ʤʦʯʝ, ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ). 

ʇʦʩʢʦʣʴʢʫ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʠʤʝʶʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ QD 

ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʉʨʝʜʠ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʣʴʙʫʤʠʥ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʙʝʣʢʦʤ ʚ ʢʨʦʚʠ ʠ ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (HSA) ʠ ʙʳʯʴʠʤ ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (BSA) [146]. ɼʣʷ ʵʪʦʛʦ 

CdTe QD ʙʳʣʠ ʧʦʢʨʳʪʳ ʧʦʣʠʤʝʨʦʤ ʥʘ ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ (SA) ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (PAA). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ QD-SA-PAA ʠ ʘʣʴʙʫʤʠʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʧʦ ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʪʨʠʧʪʦʬʘʥʘ (ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʚ HSA ʠ BSA) (ɚem ~ 350 ʥʤ) ʠ ʫʩʠʣʝʥʠʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ɚem ~ 530 ʥʤ). ʇʦ ʫʨʘʚʥʝʥʠʶ ʐʪʝʨʥʘ-ʌʦʣʴʤʝʨʘ (ʫʨ. 2) ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ (KSV) ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ KSV ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʫʰʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʤʝʞʜʫ ʬʣʫʦʨʦʬʦʨʦʤ ʠ ʪʫʰʠʪʝʣʝʤ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʫʨʘʚʥʝʥʠʷʤ 3-5 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʘ 

ʩʚʷʟʳʚʘʥʠʷ (Ka), ʢʦʣʠʯʝʩʪʚʦ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʥʘ HSA ʠʣʠ BSA (n), ʘ ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (ʵʥʪʘʣʴʧʠʷ (ȹH) ʠ ʵʥʪʨʦʧʠʷ (ȹS) ʨʝʘʢʮʠʠ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (ȹG)) ʨʝʘʢʮʠʠ ʩʚʷʟʳʚʘʥʠʷ 

QD-SA-PAA ʠ HSA ʠʣʠ BSA. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ n = 1, ʘ ʟʥʘʯʝʥʠʷ ʚʩʝʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʥʴʰʝ ʥʫʣʷ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʚʷʟʳʚʘʥʠʷ QD-SA-

PAA ʠ HSA ʠʣʠ BSA ʧʨʦʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, ʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʇʦʥʠʤʘʥʠʝ ʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ ʚʥʦʩʠʪ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ QD, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʣʝʢʘʨʩʪʚ ʠ ʩʢʨʠʥʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʦʙʣʘʜʘʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

[148, 149]. ʉʨʝʜʠ ʚʝʨʦʷʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ: (1) ʨʘʟʨʫʰʝʥʠʝ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ; (2) ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (Cd2+) ʚʥʫʪʨʠ ʢʣʝʪʢʠ; 

(3) ʛʝʥʝʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ɸʌʂ (ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ. 

ɼʣʷ CdTe ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʨʘʛʠʥʘʥʦʤ, ʩʰʠʪʳʤ ʩ ʧʦʣʠ-2-

ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʠ HTB 5637 (ʢʣʝʪʢʠ ʵʧʠʪʝʣʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʯʝʣʦʚʝʢʘ) 

ʚ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʚʧʣʦʪʴ ʜʦ 12 ʤʢʛ/ʤʣ) ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ [147]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ QD-ʧʦʣʠʤʝʨ ʠʥʛʠʙʠʨʫʝʪ ʨʦʩʪ ʙʘʢʪʝʨʠʡ B. Licheniformis 

(ʧʦʯʚʝʥʥʳʝ ʙʘʢʪʝʨʠʠ) ʠ E. Coli (ʙʘʢʪʝʨʠʠ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʘʛʝʥʪ. 

1.2.2.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ QD 

ʇʦʩʣʝʜʥʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ QD-ʧʦʣʠʩʘʭʘʨʠʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʘʪʘ ʜʣʷ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʫʯʘʶʪ 

ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʘ ʟʘʪʝʤ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ 

ʧʝʨʝʚʦʜʷʪ ʚ QD. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʚʥʫʪʨʠ 

ʧʦʣʠʤʝʨʘ, ʘ ʧʦʣʠʤʝʨ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ QD ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʚʦʣʴʥʦ ʧʦʧʫʣʷʨʝʥ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ [150-

161]. ʂ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ in situ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʟʝʣʝʥʳʤè, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʂʦʦʨʜʠʥʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʢ ʧʦʣʠʩʘʭʘʨʠʜʫ ʧʨʠʚʦʜʠʪ 

ʢ ʫʩʠʣʝʥʠʶ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ in situ ʥʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ [153]. 

ʂ ʨʘʩʪʚʦʨʫ ʭʠʪʦʟʘʥʘ (ʭʠʪʦʟʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 1 % ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ) ʜʦʙʘʚʣʷʶʪ 

ʩʦʣʴ ʢʘʜʤʠʷ (ʥʘʧʨʠʤʝʨ, Cd(NO3)2). ʇʨʠ ʵʪʦʤ ʠʦʥʳ Cd2+ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ (ïNH2 ʠʣʠ ïOH) ʭʠʪʦʟʘʥʘ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Cd2+@ʭʠʪʦʟʘʥ. 

ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ ʩʫʣʴʬʠʜ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdS, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʤ (ʨʠʩ. 1.18). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ QD ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʩʫʣʴʬʠʜ-ʠʦʥ ʙʳʩʪʨʦ. 

 

 

ʈʠʩ. 1.18. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdS in situ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʪʦʟʘʥʘ. 

ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʠʥʝʡʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʟʥʘʯʠʪ QD-ʭʠʪʦʟʘʥ 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʝʥʩʦʨ ʥʘ H2O2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʪ.ʜ. ʄʝʭʘʥʠʟʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ H2O2 ʜʦ ʢʦʥʮʘ 

ʥʝ ʷʩʝʥ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʷʜʨʘ CdS ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʘʛʨʝʛʘʮʠʠ ʠ ʧʦʪʝʨʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ QD, ʯʪʦ ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.19. 

 

ʈʠʩ. 1.19. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ H2O2 [153]. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ QD-ʭʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʦʤ ʥʘ ʠʦʥʳ Cu2+ ʠ 

Mn2+, ʧʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʤʘʨʛʘʥʮʘ, 

ʥʘʦʙʦʨʦʪ ï ʫʩʠʣʝʥʠʝ. ɺʝʨʦʷʪʥʦ, ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʭʠʪʦʟʘʥʫ (ʥʘʧʨʠʤʝʨ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ QD. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʧʦʟʚʦʣʠʣʘ ʨʘʟʨʘʙʦʪʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʝʢʪʠʚʥʳʭ ʥʘʥʦʩʝʥʩʦʨʦʚ [154, 162-164]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [154] ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʥʘʥʦʩʝʥʩʦʨ ʥʘ ʠʦʥʳ Cr3+. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdS ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʝʢʪʠʥʘ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʣʠʤʝʨʘ ʧʦʣʫʯʝʥʥʳʡ CdS-ʧʝʢʪʠʥ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ (K+, Cu2+, Cr3+, Ba2+, Ca2+, Cd2+, Hg2+, Mg2+, Ni2+, Zn2+, 

Al 3+, Fe3+) ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ QD, ʦʜʥʘʢʦ, ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cr3+ ʥʘʙʣʶʜʘʣʠʩʴ 

ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʝʥʩʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʘ 

Cr2O7
2ī ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ 

ʩʠʪʫʘʮʠʠ Cr2O7
2ī ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʥʦʩʝʥʩʦʨ ʙʳʣ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Cr3+ ʠ Cr2O7
2ī ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʘ ʠʤʝʥʥʦ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʠʥʢʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ: ʠʦʥʳ Zn2+, ʩʚʷʟʘʥʥʳʝ 

ʩ ïNH2 ʠʣʠ ïOH ʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ S2ï, ʬʦʨʤʠʨʫʷ ʷʜʨʦ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ZnS, 

ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʥʘʥʦʯʘʩʪʠʮ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʤ (ʨʠʩ. 1.20) [165]. 

ʇʦʣʫʯʝʥʥʳʡ ZnS-ʭʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʦʤ ʥʘ ʙʠʩʬʝʥʦʣ ɸ (2,2-ʙʠʩ(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʘʥ, 

BPA): ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʩʬʝʥʦʣʘ ɸ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɹʠʩʬʝʥʦʣ ɸ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʠ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʦʜʥʘʢʦ, ʷʚʣʷʝʪʩʷ ʵʥʜʦʢʨʠʥʥʳʤ ʨʘʟʨʫʰʠʪʝʣʝʤ ʠ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ BPA ʚ ʚʦʜʝ, 

ʘ ʪʘʢʞʝ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ: BPA ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ZnS QD ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ïOH BPA ʠ ïNH2/ïOH ʭʠʪʦʟʘʥʘ (ʨʠʩ. 1.20), ʭʠʪʦʟʘʥ 

ʯʘʩʪʠʯʥʦ ʦʪʩʦʝʜʠʥʷʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ QD. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ BPA ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʨʘʟʦʛʨʝʚʘʥʠʷ ʧʠʱʠ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ. ɼʣʷ ʵʪʦʛʦ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʬʨʘʛʤʝʥʪʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ, ʥʘʛʨʝʚʘʣʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʩʝʥʩʦʨʘ ZnS-ʭʠʪʦʟʘʥ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʷʚʠʣ 

ʩʝʙʷ ʢʘʢ ʧʨʦʩʪʦʡ, ʙʳʩʪʨʳʡ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ 

ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʢʨʠʥʠʥʛʘ ʙʠʩʬʝʥʦʣʘ ɸ. 
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ʈʠʩ. 1.20. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ZnS in situ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʪʦʟʘʥʘ ʠ 

ʤʝʭʘʥʠʟʤʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ QD [165]. 

ʇʦʤʠʤʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [154, 162-164], ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ [165] ʠʣʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [155] ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʦʛʫʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʙʠʦʩʝʥʩʦʨʳ ʥʘ ʚʠʨʫʩʳ [156] ʠ ʙʘʢʪʝʨʠʠ [157, 166-168]. ɺ [168] 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ CdS-ʭʠʪʦʟʘʥ (ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʧʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1.18) ʥʘ ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ S. aureus (ʟʦʣʦʪʠʩʪʳʡ ʩʪʘʬʠʣʦʢʦʢʢ) ʠ 

P. aeruginosa (ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʨʳʪʠʝ QD ʭʠʪʦʟʘʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʠ 1 ʤʝʩʷʮʘ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʘʛʨʝʛʘʮʠʠ), ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ 

(CdS, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ), ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʜʝʪʝʢʮʠʠ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʦʣʣʦʠʜʫ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʙʘʢʪʝʨʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʘʛʨʝʛʘʮʠʝʡ QD 

ʥʘ ʤʝʤʙʨʘʥʘʭ ʙʘʢʪʝʨʠʡ (ʦʪ ʘʥʛʣ. AIEE ï Aggregation-induced Emission Enhancement). ɼʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʤʝʤʙʨʘʥ ʙʘʢʪʝʨʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ (Ka ʧʦ ʫʨʘʚʥʝʥʠʶ 3) ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ȹH, ȹS, ȹG ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ 4-5). ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹG ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʤʝʤʙʨʘʥ ʙʘʢʪʝʨʠʡ 

ʩ CdS-ʭʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʩʧʦʥʪʘʥʥʳʤ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹS ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʛʠʜʨʦʬʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹH ï 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʭʠʪʦʟʘʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 

ʤʝʤʙʨʘʥʘʤʠ ʙʘʢʪʝʨʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʪʦʟʘʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʘʢʪʝʨʠʷʤʠ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʛʠʜʨʦʬʦʙʥʳʭ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ), ʢʦʪʦʨʳʝ 

ʜʦʧʦʣʥʷʶʪ ʠ ʫʩʠʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʩʝʥʩʦʨ ʥʘ ʙʘʢʪʝʨʠʠ ʠʤʝʝʪ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʳʩʪʨʦʪʫ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʷʤʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʭʦʨʦʰʫʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ 

ʘʛʝʥʪʳ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʪʘʙʠʣʴʥʳ ʚ 

ʚʦʜʝ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʭʦʨʦʰʦ 

ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ [99, 158, 169-171]. ɺ ʩʝʨʠʠ ʨʘʙʦʪ A. A. ʇ. ʄʘʥʩʫʨ ʠ ʜʨ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ (CMC) ʚʳʩʪʫʧʘʣʘ ʚ ʨʦʣʠ 

ʪʝʤʧʣʘʪʘ [96, 172, 173]. CMC ʷʚʣʷʝʪʩʷ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ pH 

ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦʣʠʤʝʨʦʤ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: (i) ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʦʤ 

ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ QD ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘ; 

(ii) ʢʦʣʣʦʠʜʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘ ʩʯʝʪ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʠ/ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʦʪʪʘʣʢʠʚʘʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ CMC; (iii) ʢʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʘʩʩʠʚʘʮʠʠ QD. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ pH ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ZnS ʠ ʨʦʩʪ ʥʘʥʦʯʘʩʪʠʮ [96]. ʇʨʠ ʢʠʩʣʦʤ pH (pH=3,5) ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ QD, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʱʝʣʦʯʥʦʤ pH (pH=10,5). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʪʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ Zn2+, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ɺʦʜʥʳʝ ʢʦʣʣʦʠʜʳ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʙʠʣʴʥʳ ʙʦʣʝʝ 12 ʤʝʩʷʮʝʚ, ʥʝʪʦʢʩʠʯʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʟʜʦʨʦʚʳʤ 

(HEK 293T ï ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ) ʠ ʨʘʢʦʚʳʤ (U-87 MG - ʛʣʠʦʙʣʘʩʪʦʤʘ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ) ʢʣʝʪʢʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ZnS-CMC ʣʫʯʰʝ ʧʨʦʥʠʢʘʝʪ ʚ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ, 

ʯʝʤ ʚ ʟʜʦʨʦʚʳʝ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʝʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʠʜʘʪʴ ʘʜʨʝʩʥʦʩʪʴ ʜʦʩʪʘʚʢʝ, 

ʚ [161, 174] ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʘ ʠʤʝʥʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʧʦʣʠʤʝʨʫ ʘʥʪʠʪʝʣ. ɺ 

ʦʪʣʠʯʠʠ ʦʪ ʵʪʦʛʦ ʚ [175, 176] ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʫʛʠʝ ʙʠʦʤʦʣʝʢʫʣʳ ï ʢ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʝ 

ʧʨʠʩʦʝʜʠʥʷʣʠ ʘʤʠʥʦʢʠʩʣʦʪʳ (ʮʠʩʪʝʠʥ ʠʣʠ ʧʦʣʠʘʨʛʠʥʠʥ). ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

AgInS2 ʠ CMC, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʩʪʨʘʪʝʛʠʠ: (i) ʩʠʥʪʝʟ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CMC ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ; 

(ii) ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ CMC ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 
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ʪʝʤʧʣʘʪ ʜʣʷ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ɺʪʦʨʘʷ ʩʪʨʘʪʝʛʠʷ ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ QD ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺʝʨʦʷʪʥʦ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʨʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʠ ʨʦʩʪ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ QD. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ AgInS2-CMC, ʦʜʥʘʢʦ, ʦʥʘ ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ CMC ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʜʟʝʪʘ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ (-18 ʤɺ ʚ ʩʣʫʯʘʝ ʮʠʩʪʝʠʥʘ ʠ -25 ʤɺ ʚ ʩʣʫʯʘʝ ʧʦʣʠʘʨʛʠʥʠʥʘ) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ (-52 ʤɺ), ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʤʝʤʙʨʘʥʘ ʢʣʝʪʢʠ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ, ʥʘ ʢʣʝʪʦʯʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʘʤʠʥʦʢʠʩʣʦʪ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʛʠʥʠʥʘ, 

ʧʦʣʫʯʝʥʥʳʡ ʥʘʥʦʢʦʥʲʶʛʘʪ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ ʢʘʢ ʧʝʧʪʠʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʦʝ ʥʘʩʳʱʝʥʠʝ 

ʢʣʝʪʦʢ. ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ [96], ʚʩʝ ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ AgInS2 ʠ CMC ʧʨʦʥʠʢʘʶʪ 

ʣʫʯʰʝ ʚ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ (HEK 293T), ʯʝʤ ʚ ʟʜʦʨʦʚʳʝ (U-87 MG). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʥʦʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ZnS, 

ʜʦʧʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ Cu2+ [160]. ɼʣʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨ ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʠ ʘʮʝʪʘʪʘ ʤʝʜʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʭʠʪʦʟʘʥʘ) ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ. ʇʦʣʫʯʝʥʥʳʝ QD 

ʧʨʦʷʚʣʷʶʪ ʩʣʘʙʫʶ ʵʤʠʩʩʠʶ ʥʘ 420 ʥʤ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ (ʥʘʧʨʠʤʝʨ, 

NaBH4, ʛʣʫʪʘʪʠʦʥʦʤ ʠʣʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ) ʧʦʷʚʣʷʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘ 540 ʥʤ ʩ 

ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 10 %. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʨʘʙʦʪʢʘ ʦʢʠʩʣʠʪʝʣʝʤ (K2S2O8) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʥʦʚʴ ʧʨʦʧʘʜʘʝʪ. ʀʟʤʝʥʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʚʷʟʘʥʦ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ (Cu2+ Ÿ Cu+) ʠʣʠ ʦʢʠʩʣʝʥʠʝʤ (Cu+ Ÿ Cu2+) ʜʦʧʘʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʥʘʪʦʣʢʥʫʣʠ ʘʚʪʦʨʦʚ ʥʘ ʤʳʩʣʴ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʳ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ Cu-ZnS-ʭʠʪʦʟʘʥ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʢ HeLa (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʠ HEK 293 

(ʵʤʙʨʠʦʥʘʣʴʥʳʝ ʢʣʝʪʢʠ ʧʦʯʢʠ ʯʝʣʦʚʝʢ) ʢʦʣʣʦʠʜʦʤ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʘʣʘʩʴ ʟʝʣʝʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʣʫʪʘʪʠʦʥʘ ʚ ʢʣʝʪʢʘʭ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʘ ʢʣʝʪʦʢ ʧʠʨʦʛʘʣʣʦʣʦʤ (ʛʝʥʝʨʘʪʦʨʦʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ) ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʩʪʨʦʡʢʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ QD ʧʨʠ ʧʦʤʦʱʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʦʚʳʡ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ. 

ʅʘʥʦʟʦʥʜʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʩʪʘʚʱʠʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʣʝʢʘʨʩʪʚ, ʯʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [159, 173, 177]. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʦ 
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ʪʦʤ, ʯʪʦ QD ʩʘʤʠ ʧʦ ʩʝʙʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ) [178, 179]. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ CdCl2 ʨʘʩʪʚʦʨʦʤ ʪʝʣʣʫʨʠʜ ʠʦʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ CdTe ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ [179]. ʇʨʠ 

ʠʥʢʫʙʘʮʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ HepG2 (ʢʣʝʪʢʠ ʛʝʧʘʪʦʤʳ ʯʝʣʦʚʝʢʘ) ʩ ʢʦʣʣʦʠʜʦʤ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʦ 32 ʤʢʄ) ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ (ɚex = 374 ʥʤ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ IC50 = 3,6 ʤʢʄ). 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʨʘʙʦʪʢʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ɸʌʂ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ CdTe-HA ʥʝ ʧʨʦʷʚʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʜʦʨʦʚʳʤ ʢʣʝʪʢʘʤ BRL 3A (ʢʣʝʪʢʠ ʧʝʯʝʥʠ ʢʨʳʩ) ʢʘʢ ʚ ʪʝʤʥʦʪʝ, ʪʘʢ ʠ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ. ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʢʣʝʪʦʯʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ CdTe-HA ʚ 

ʟʜʦʨʦʚʳʝ ʠ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʟʘ ʩʯʝʪ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʠ ʨʝʮʝʧʪʦʨʘ CD44, ʯʪʦ ʙʳʣʦ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʦ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʦʙʣʘʜʘʝʪ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʘʛʝʥʪ ʜʣʷ 

ʌɼʊ. 

***  

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʠʩʘʭʘʨʠʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʨʳʪʠʝ 

ʧʦʣʠʤʝʨʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ QD, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʜʘʝʪ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʛʠʙʨʠʜʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ 

(ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʚʘʞʥʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ.   
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1.2.3. ʉʪʘʙʠʣʠʟʘʮʠʷ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ 

ɸʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʦʪ ʘʥʛʣ. Upconversion nanoparticles (UCNP)) ï ɻ ʪʦ ʯʘʩʪʠʮʳ, 

ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʧʢʦʥʚʝʨʩʠʠ ʬʦʪʦʥʦʚ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

(ʦʙʣʘʩʪʠ ʀʂ ʠ ʙʣʠʞʥʝʛʦ ʀʂ) ʠ ʠʩʧʫʩʢʘʪʴ ʬʦʪʦʥʳ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ (ʋʌ, ʚʠʜʠʤʘʷ 

ʠ ʙʣʠʞʥʷʷ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ) (ʨʠʩ. 1.21). ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʥʝʣʠʥʝʡʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʘʥʪʠʩʪʦʢʩʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ɼʝʣʦ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʬʦʪʦʥʦʚ, ʵʥʝʨʛʠʷ 

ʢʦʪʦʨʳʭ ʩʫʤʤʠʨʫʝʪʩʷ, ʘ ʠʟʣʫʯʘʝʪʩʷ ʦʜʠʥ ʬʦʪʦʥ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ [180, 181]. ʗʚʣʝʥʠʝ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ, ʜʦʧʠʨʦʚʘʥʥʳʭ 

ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ Ln3+. ʊʝʪʨʘʬʪʦʨʦʠʪʪʨʠʘʪ ʥʘʪʨʠʷ (NaYF4) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʣʫʯʰʠʭ ʤʘʪʝʨʠʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʬʦʥʦʥʦʚ (ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʦʣʦʞʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ NaYF4. 

ɺʳʙʦʨ ʜʦʧʘʥʪʦʚ ʠʛʨʘʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʩʪʨʦʡʢʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘ ʠ ʝʛʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʎʚʝʪ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʥʘʩʪʨʦʝʥ: ʋʌ, ʚʠʜʠʤʳʡ (ʩʠʥʠʡ, 

ʟʝʣʝʥʳʡ, ʢʨʘʩʥʳʡ) ʠʣʠ ʙʣʠʞʥʠʡ ʀʂ. 

 

ʈʠʩ. 1.21. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ UCNP (ʩʣʝʚʘ) ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ ʘʢʪʠʚʘʪʦʨʘ (ʩʧʨʘʚʘ). 

ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʘʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʨʘʟʥʳʭ ʠʦʥʘ ʣʘʥʪʘʥʦʠʜʦʚ (Ln3+), ʢʦʪʦʨʳʝ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ ʘʢʪʠʚʘʪʦʨʘ. ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʙʣʠʞʥʝʛʦ 

ʀʂ ʜʠʘʧʘʟʦʥʘ ʚʦʟʙʫʞʜʘʝʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʢʘʩʢʘʜʥʦ ʧʝʨʝʜʘʝʪʩʷ ʘʢʪʠʚʘʪʦʨʫ. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʚʘʥʪʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʘʢʪʠʚʘʪʦʨ 

ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 1.21). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʨʦʣʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ʚʳʩʪʫʧʘʝʪ ʠʪʪʝʨʙʠʡ (Yb3+), ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʠʦʥʳ Ln3+ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʡ, ʪʘʢʠʝ ʢʘʢ Er3+, Tm3+ ʠ Ho3+ [180, 181]. 
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ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʥʘʩʪʨʘʠʚʘʝʤʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʙʦʣʴʰʠʤ ʘʥʪʠʩʪʦʢʩʦʚʳʤ 

ʩʜʚʠʛʦʤ ʠ ʫʟʢʠʤ ʩʧʝʢʪʨʦʤ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, UCNP ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ [182], ʩʝʥʩʦʨʠʢʝ [183, 184] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʞʥʝʛʦ 

ʀʂ ʠʟʣʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʚʝʪʘ ʚ 

ʪʢʘʥʠ ʠ ʥʠʟʢʫʶ ʘʫʪʦʬʣʫʦʨʝʩʮʝʥʮʠʶ ʢʣʝʪʦʢ ʠʣʠ ʪʢʘʥʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ UCNP ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ 

ʢʦʥʪʝʢʩʪʝ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ in vitro ʠ in vivo 

[185-190], ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [187, 191, 192], ʘ ʪʘʢʞʝ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ [190, 193]. ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ UCNP 

ʠʤʝʣʠ ʛʠʜʨʦʬʠʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʫʩʪʦʡʯʠʚʳʝ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʅ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʠ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ UCNP ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʩʦʣʴʚʦ/ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʠ ʩʦʦʩʘʞʜʝʥʠʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ 

ʤʝʪʦʜʦʚ UCNP ʧʦʣʫʯʘʶʪ ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʣʝʠʣʘʤʠʥ, 1-ʦʢʪʘʜʝʮʝʥ ʠʣʠ 

ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʣʘʩʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ UCNP ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. ʍʠʤʠʷ 

çʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭè ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʚʠʪʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʭʠʤʠʷ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʪʦʨʷʝʪ ʪʝ, ʯʪʦ ʫʞʝ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ ʜʣʷ ʩʠʩʪʝʤʳ QD/ʧʦʣʠʩʘʭʘʨʠʜ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ UCNP/ʧʦʣʠʩʘʭʘʨʠʜ (ʨʠʩ. 1.22): (ʘ) ʧʦʢʨʳʪʠʝ UCNP ʧʦʣʠʤʝʨʦʤ 

(ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ); (ʙ) ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ; (ʚ) ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ 

ʥʘ ʧʦʣʠʤʝʨ; (ʛ) ʤʦʜʠʬʠʢʘʮʠʷ çʯʘʩʪʠʮ ʙʝʟ ʣʠʛʘʥʜʦʚè; (ʜ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʣʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ UCNP. 
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ʈʠʩ. 1.22. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ UCNP/ʧʦʣʠʤʝʨ: 

ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʘ), ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ (ʙ), ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ 

ʧʦʣʠʤʝʨ (ʚ), ʤʦʜʠʬʠʢʘʮʠʷ çʯʘʩʪʠʮ ʙʝʟ ʣʠʛʘʥʜʦʚè (ʛ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ (ʜ). 

1.2.3.1. ʇʦʢʨʳʪʠʝ UCNP ʧʦʣʠʤʝʨʦʤ (ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʛʠʜʨʦʬʦʙʥʳʝ UCNP ʧʦʢʨʳʚʘʶʪ ʘʤʬʠʬʠʣʴʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʠʜʨʦʬʦʙʥʘʷ ʯʘʩʪʴ ʧʦʣʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʘ ʛʠʜʨʦʬʠʣʴʥʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʝ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʠʤʝʨ ʥʘʧʨʷʤʫʶ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ UCNP. 

ɺ [192] ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ NaYF4:Yb,Er ʠ 

ʘʤʬʠʬʠʣʴʥʦʛʦ ʭʠʪʦʟʘʥʘ (N-ʩʫʢʮʠʥʠʣ-N-ʦʢʪʠʣʭʠʪʦʟʘʥʘ) (SOC), ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʯʘʩʪʠʮʳ ʧʦ ʪʠʧʫ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ. UCNP ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʣʠʤʝʨʦʤ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʦʢʪʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ ʭʠʪʦʟʘʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 1.23). ʕʤʠʩʩʠʷ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʦ ʩʧʝʢʪʨʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ UCNP ʩʦʚʤʝʩʪʥʦ ʩ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʘʛʝʥʪʳ 

ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʪʢʘʥʝʚʳʭ ʦʧʫʭʦʣʝʡ, ʦʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟʚʝʩʪʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʬʦʙʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʪʘʣʦʮʠʘʥʠʥ ʮʠʥʢʘ (ZnPc), ʢʦʪʦʨʳʡ ʪʘʢʞʝ, ʢʘʢ ʠ UCNP ʚʢʣʶʯʠʣʠ ʚ ʘʤʬʠʬʠʣʴʥʳʡ 
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ʭʠʪʦʟʘʥ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʜʘʣʦʩʴ ʚʢʣʶʯʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʘ ʠʤʝʥʥʦ 10 %. 

ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ZnPc-ʭʠʪʦʟʘʥ-UCNP ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 1.23). ʂʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʷʚʣʷʝʪ ʥʠʟʢʫʶ 

ʪʝʤʥʦʚʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ UCNP (ʚʧʣʦʪʴ ʜʦ  

800 ʤʢʛ/ʤʣ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʣʠʥʠʠ MCF-7 (ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ʯʝʣʦʚʝʢʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʜʦ  

20 %. ʄʘʪʝʨʠʘʣ ZnPc-SOC-UCNP ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ZnPc ʠ UCNP 

ʩʦʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ. ʇʦʤʠʤʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ in vivo ʥʘ ʤʳʰʘʭ, 

ʧʨʠʚʠʪʳʭ ʦʧʫʭʦʣʴʶ S180 (ʵʧʠʪʝʣʠʘʣʴʥʘʷ ʦʧʫʭʦʣʴ ʤʳʰʝʡ). ɼʣʷ ʵʪʦʛʦ ʯʝʨʝʟ 3 ʠ 24 ʯʘʩʘ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ZnPc-SOC-UCNP (33 ʤʛ UCNP ʥʘ ʢʛ) ʚ ʦʧʫʭʦʣʝʚʫʶ ʪʢʘʥʴ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 980 ʥʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʧʫʩʪʷ 14 ʜʥʝʡ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʦʧʫʭʦʣʠ ʥʘ 76 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʤʳʰʝʡ. 

ʇʨʦʜʦʣʞʠʚ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʚʪʦʨʳ ʧʨʠʜʘʣʠ ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʟʘ 

ʩʯʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʤʬʠʬʠʣʴʥʦʛʦ ʭʠʪʦʟʘʥʘ ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ [191]. ɸʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʚ ʦʧʫʭʦʣʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʪʢʘʥʝʚʳʭ ʦʧʫʭʦʣʝʡ. 

 

ʈʠʩ. 1.23. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ UCNP/ʘʤʬʠʬʠʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ɸʌʂ [192]. 

ʇʦʣʫʯʠʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ZnPc-ʭʠʪʦʟʘʥ-UCNP ʚ ʢʘʯʝʩʪʚʝ 

ʘʛʝʥʪʘ ʜʣʷ ʌɼʊ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ, ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʠʟʫʯʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʦʣʠ ʌɼʊ-ʘʛʝʥʪʘ 

ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ [194]. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ in vitro 

ZnPc-ʭʠʪʦʟʘʥ-UCNP ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʙʘʢʪʝʨʠʷʤ, ʠʤʝʶʱʠʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʟʠʩʪʝʥʪʥʳʭ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʪʘʤʤ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ (MRSA), ʫʩʪʦʡʯʠʚʳʡ ʢ 

ʘʥʪʠʙʠʦʪʠʢʫ ʤʝʪʠʮʠʣʣʠʥʫ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vivo ʤʳʰʝʡ 
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ʠʥʬʠʮʠʨʦʚʘʣʠ MRSA, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʙʩʮʝʩʩʘ (ʛʥʦʡʥʦʤʫ ʚʦʩʧʘʣʝʥʠʶ) ʢʦʞʠ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʪʢʘʥʝʡ ʨʘʩʪʚʦʨʦʤ ZnPc-ʭʠʪʦʟʘʥ-UCNP ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ 

ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 660 ʠʣʠ 980 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʘʙʩʮʝʩʩʘ ʫ ʤʳʰʝʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʤʝʥʥʦ ʙʣʠʞʥʝʛʦ ʀʂ ʦʙʣʫʯʝʥʠʷ, ʘʚʪʦʨʳ ʧʦʢʨʳʚʘʣʠ ʘʙʩʮʝʩʩ ʢʫʩʦʯʢʦʤ ʩʚʠʥʦʡ ʪʢʘʥʠ ʪʦʣʱʠʥʦʡ  

1 ʩʤ, ʠʤʠʪʠʨʫʷ ʠʥʬʝʢʮʠʶ ʛʣʫʙʦʢʠʭ ʪʢʘʥʝʡ, ʠ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʦʡ 660 ʠʣʠ 980 ʥʤ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʬʝʢʮʠʠ ʢ ʠʥʬʝʢʮʠʠ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ ʪʢʘʥʝʚʳʭ ʦʧʫʭʦʣʝʡ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 660 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 980 ʥʤ ʠʟʤʝʥʝʥʠʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʘʛʝʥʪʳ ʜʣʷ 

ʌɼʊ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ ʠʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠʥʬʝʢʮʠʡ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʢʦʞʠ. 

1.2.3.2. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʢ ʣʠʛʘʥʜʫ 

ʉʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨʘ ʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʩʥʦʚʘʥ ʥʘ 

ʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʠ ʧʦʣʠʩʘʭʘʨʠʜʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʪʘʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʘ ʚʳʙʠʨʘʶʪ ʧʦʣʠʩʘʭʘʨʠʜʳ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ (ʭʠʪʦʟʘʥ) [186, 187, 193, 

195-197] ʠʣʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) [185, 198], ʢʦʪʦʨʳʝ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ UCNP. 

ʇʦʚʝʨʭʥʦʩʪʴ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ NaYF4:Yb,Er ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʧʦʣʠʘʣʣʠʣʘʤʠʥʦʤ, ʘ ʟʘʪʝʤ UCNP ʢʦʥʲʶʛʠʨʦʚʘʣʠ ʩ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (HA) ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ EDC/ʩʫʣʴʬʦ-NHS (ʨʠʩ. 1.24) [185]. ɸʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ çon-offè ʪʘʪʫʠʨʦʚʢʫ, ʯʪʦ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘ ʤʳʰʘʭ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʥʘʥʝʩʪʠ ʤʘʪʝʨʠʘʣ UCNP-HA ʚ ʚʠʜʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʠʩʫʥʢʘ ʥʘ ʢʦʞʫ ʞʠʚʦʪʥʦʛʦ ʠ ʩʤʳʪʴ ʯʝʨʝʟ 40 ʤʠʥʫʪ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 980 ʥʤ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʤ ʫʯʘʩʪʢʝ ʢʦʞʠ ʧʨʦʷʚʣʷʝʪʩʷ ʨʠʩʫʥʦʢ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʪʢʘʥʠ (ʚʧʣʦʪʴ ʜʦ 100 ʤʢʤ), ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʥʝʠʥʚʘʟʠʚʥʦʡ ʪʨʘʥʩʜʝʨʤʘʣʴʥʦʡ ʜʦʩʪʘʚʢʦʡ. 
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ʈʠʩ. 1.24. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ UCNP ʠ ʛʠʘʣʫʨʦʥʦʚʳʡ ʢʠʩʣʦʪʳ [185]. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ [186]. ʂʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʦʙʨʘʟʫʶʪ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ UCNP (ʅʏ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʦʤ) ʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʧʝʧʪʠʜʘ c(RGDyK), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʘʤʠʥʦʛʨʫʧʧʳ ʭʠʪʦʟʘʥʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ï 

ʧʠʨʦʬʝʦʬʦʨʙʠʜʘ (Ppa). ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʥʦʯʘʩʪʠʮʳ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʚ ʚʦʜʝ, 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ pH ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. ʂʘʢ ʫʞʝ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚʳʰʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʣʝʛʢʦ ʘʛʨʝʛʠʨʫʶʪ 

ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʉʚʷʟʳʚʘʥʠʝ ʧʠʨʦʬʝʦʬʦʨʙʠʜʘ ʩ ʭʠʪʦʟʘʥʦʤ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʩʘʤʦʘʛʨʝʛʘʮʠʶ Ppa, ʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ UCNP-ʭʠʪʦʟʘʥ-Ppa ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʝʤ ʯʠʩʪʳʡ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʣʠʞʥʠʤ 

ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʚʝʪʦʤ. ʅʘʣʠʯʠʝ ʧʝʧʪʠʜʘ c(RGDyK) ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʢ ʨʘʢʦʚʳʤ 

ʢʣʝʪʢʘʤ, ʪʘʢ ʢʘʢ ʦʥ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʨʝʮʝʧʪʦʨʘʤ ʠʥʪʝʛʨʠʥʘ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ 

ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʠʥʪʝʛʨʠʥʘ (MCF-7 ï ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ) ʩ 

UCNP-ʭʠʪʦʟʘʥ-Ppa-c(RGDyK) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ ʩʚʝʪʦʤ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʥʝ 

ʠʟʤʝʥʠʣʘʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʫʯʘʝ ʢʣʝʪʦʢ ʩ ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʠʥʪʝʛʨʠʥʘ (U87-MG - ʢʣʝʪʢʠ 

ʛʣʠʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ) ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʥʘ 30-50 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʦʡ ʢ ʠʥʪʝʛʨʠʥ-ʧʦʟʠʪʠʚʥʳʤ 

ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʘʛʝʥʪʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʦʧʫʭʦʣʠ ʠ ʜʣʷ ʌɼʊ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʪʝʨʘʧʠʠ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ 

ʧʨʝʧʘʨʘʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʘʛʝʥʪʳ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ 

ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ (ʌʊʊ) ʪʝʨʘʧʠʠ. ɺ [187] ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʜʣʷ ʌʊʊ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʦʠʩʪʳʡ 

ʜʠʭʘʣʴʢʦʛʝʥʠʜ ʤʦʣʠʙʜʝʥʘ MoS2, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ 

ʦʙʣʘʩʪʠ ʙʣʠʞʥʝʛʦ ʀʂ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʜʣʷ ʌɼʊ ï UCNP NaYF4:Yb,Er, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʛʦʤʦʛʝʥʥʳʡ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ 
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MoS2-ʭʠʪʦʟʘʥ, ʜʘʣʝʝ ʢ ʢʦʪʦʨʦʤʫ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʷʣʠ UCNP ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ UCNP. ɼʣʷ ʧʨʠʜʘʥʠʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʢ MoS2-ʭʠʪʦʟʘʥ-UCNP 

ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʩʦʝʜʠʥʷʣʠ ʬʦʣʠʝʚʫʶ ʢʠʩʣʦʪʫ (FA). ɿʘʛʨʫʟʢʫ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ZnPc ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʯʝʪ ʛʠʜʨʦʬʦʙʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ MoS2. ʊʘʢʦʡ ʧʦʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʙʦʣʴʰʦʡ ʟʘʛʨʫʟʢʠ ZnPc (11 %), ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ MoS2-ʭʠʪʦʟʘʥ-UCNP-ZnPc-FA ʣʘʟʝʨʦʤ 

808 ʥʤ (ʤʦʱʥʦʩʪʴ 1,2 ɺ/ʩʤ2) ʚ ʪʝʯʝʥʠʝ 6 ʤʠʥʫʪ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 55,3 ÁC, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʚʦʜʠʪʴ ʵʥʝʨʛʠʶ ʚ ʪʝʧʣʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 980 ʥʤ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʪ 

ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʄʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ 

MoS2-ʭʠʪʦʟʘʥ-UCNP-ZnPc-FA ʷʚʣʷʝʪʩʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ, ʘ ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʧʨʝʧʘʨʘʪʘ ʪʦʣʴʢʦ ʢ ʢʣʝʪʢʘʤ ʦʙʣʘʜʘʶʱʠʤʠ ʩʚʝʨʭʵʩʧʨʝʩʩʠʝʡ ʨʝʮʝʧʪʦʨʦʚ 

ʬʦʣʘʪʘ. ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro ʠ in vivo ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʌɼʊ ʠ ʌʊʊ 

ʦʢʘʟʳʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʪʝʨʘʧʠʠ ʨʘʢʘ, ʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ UCNP ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ 

ʥʘʥʦʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʥʦʚʳʡ ʢʣʘʩʩ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʪʦ ʝʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʝʨʘʧʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʩʦʟʜʘʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥʥʳʭ UCNP ʠ ʭʠʪʦʟʘʥʘ, ʯʝʨʥʦʡ ʩʦʣʠ ʈʫʩʩʝʥʘ (RBS) ʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ (DOX) [193]. ʏʝʨʥʘʷ 

ʩʦʣʴ ʈʫʩʩʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ NH4[Fe4S3(NO)7], ʢʦʪʦʨʳʡ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ïNH3 ʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʙʣʠʞʥʠʤ ʀʂ ʩʚʝʪʦʤ UCNP ʧʦʛʣʦʱʘʶʪ ʬʦʪʦʥʳ ʠ ʧʨʝʦʙʨʘʟʫʶʪ 

ʠʭ ʚ ʚʠʜʠʤʳʡ ʩʚʝʪ, ʘ RBS ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʛʣʦʱʘʝʪ ʚʠʜʠʤʳʡ ʩʚʝʪ ʠ ʚʳʜʝʣʷʝʪ NO-ʨʘʜʠʢʘʣ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. NO-ʨʘʜʠʢʘʣ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ 

ʯʘʩʪʠʮʝʡ ʠ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺʢʣʶʯʝʥʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʤʘʪʝʨʠʘʣ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ UCNP. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʠʟʤʝʥʝʥʠʶ pH: ʧʨʠ pH=7,0 DOX ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʥʘʥʦʩʬʝʨʘʭ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ pH ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧ ʭʠʪʦʟʘʥʘ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʮʝʧʠ ʭʠʪʦʟʘʥ-ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ DOX. ʊʘʢʘʷ pH-ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʭʠʤʠʦʪʝʨʘʧʠʠ, ʪʘʢ ʢʘʢ ʧʨʝʧʘʨʘʪ ʤʦʞʝʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

pH ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ UCNP-ʭʠʪʦʟʘʥ-RBS-DOX 

ʙʣʠʞʥʠʤ ʀʂ ʩʚʝʪʦʤ ʦʙʨʘʟʫʶʪʩʷ NO-ʨʘʜʠʢʘʣʳ, ʧʨʠʯʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ, 
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ʠʟʤʝʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʦʢʩʦʨʫʙʠʮʠʥʘ, ʪʦ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ pH=7,4 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ DOX, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ pH=5,0 ʟʘ 30 ʯʘʩʦʚ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 45 % ʧʨʝʧʘʨʘʪʘ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ in vivo ʠ in vitro ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʘʛʝʥʪʦʚ, ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʠ NO-ʨʘʜʠʢʘʣʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʧʨʝʧʘʨʘʪʳ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

1.2.3.3. ɿʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʣʠʤʝʨ 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʦʟʜʘʥʠʝ ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʱʝʥʠʠ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ UCNP ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʧʦʣʠʩʘʭʘʨʠʜʳ [199, 200]. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʘ ʠʤʝʣʠ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤʫ ʷʜʨʫ ʅʏ, 

ʯʝʤ ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʦʥ ʚʳʪʝʩʥʷʝʪ. 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʘ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʙʳʣ ʦʢʠʩʣʝʥ 

ʧʝʨʠʦʜʘʪʦʤ ʥʘʪʨʠʷ [199]. ɺ ʢʘʯʝʩʪʚʝ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ NaYF4:Yb,Er, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʂ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʦʢʠʩʣʝʥʥʦʛʦ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʮʠʢʣʦʛʝʢʩʘʥʘ ʩ UCNP, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʥʘ ʧʦʣʠʩʘʭʘʨʠʜ. ɺʳʜʝʣʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʚ ʚʦʜʝ, ʘ ʧʦʣʫʯʝʥʥʳʡ 

ʢʦʣʣʦʠʜ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʝʥ ʙʦʣʝʝ 180 ʜʥʝʡ. ɿʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ, ʦʜʥʘʢʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘʥʦʯʘʩʪʠʮ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʠ ʰʝʡʢʠ ʤʘʪʢʠ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʥʝ ʪʦʢʩʠʯʝʥ ʠ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ 

ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜ ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ [200]. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ UCNP-

ʭʠʪʦʟʘʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ pH ʠ ʠʦʥʥʦʡ ʩʠʣʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʝʥ ʠ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʘʛʣʦʤʝʨʘʮʠʠ. ʇʦʣʠʩʘʭʘʨʠʜ ʥʝ ʪʦʣʴʢʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʘʥʦʯʘʩʪʠʮʳ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ (ʨʝʟʫʣʴʪʘʪʳ in vitro ʠ in vivo ʠʩʩʣʝʜʦʚʘʥʠʡ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʘʪʝʨʠʘʣʳ UCNP/ʧʦʣʠʩʘʭʘʨʠʜ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ. 

1.2.3.4. ʄʦʜʠʬʠʢʘʮʠʷ çʯʘʩʪʠʮ ʙʝʟ ʣʠʛʘʥʜʦʚè 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʦʜʠʬʠʢʘʮʠʠ çʯʘʩʪʠʮ ʙʝʟ ʣʠʛʘʥʜʦʚè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʣʠʛʘʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʠ ʦʙʨʘʟʫʶʪʩʷ çʛʦʣʳʝè UCNP (ʨʠʩ. 1.25). ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʢʨʳʪʳʭ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (OA). ɼʣʷ 
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ʵʪʦʛʦ UCNP-OA ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʠʩʣʦʪʦʡ (ʥʘʧʨʠʤʝʨ, ʩʦʣʷʥʦʡ ʠʣʠ ʤʦʣʦʯʥʦʡ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʦʩʣʝʜʫʶʱʝʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ. ɹʣʘʛʦʜʘʨʷ ʩʠʣʴʥʦʤʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ Ln3+ ʚʦʟʥʠʢʘʝʪ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ -COOH, -NH2, -OH, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʫʧʥʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ [188-190, 201]. 

 

ʈʠʩ. 1.25. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʠʷ çUCNP ʙʝʟ ʣʠʛʘʥʜʦʚè. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ çʛʦʣʳʝè UCNP ʧʦʢʨʳʚʘʣʠ ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʩ ʧʦʣʠʤʝʨʠʟʫʝʤʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.26) 

[201]. ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʦʜʥʘʢʦ ʵʪʦ ʩʚʷʟʳʚʘʥʠʝ ʦʙʨʘʪʠʤʦʝ, ʠ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʤʳʚʢʝ ʦʙʨʘʟʮʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ UCNP. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴ ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʋʌ-ʩʚʝʪʘ (ʨʠʩ. 1.26). ʉʰʠʚʢʘ HA ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʧʦʢʨʳʪʠʶ UCNP, ʠ ʜʝʩʦʨʙʮʠʠ 

ʧʦʣʠʤʝʨʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʫʶʪʩʷ ʚ ʚʦʜʝ ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10ï500 ʤʢʛ/ʤʣ ʠ ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʢ ʢʣʝʪʢʘʤ ʩ 

ʚʳʩʦʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ ʨʝʮʝʧʪʦʨʦʚ CD44 (MDA-MB 231 - ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ). 
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ʈʠʩ. 1.26. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʪʠʷ çʛʦʣʳʭè UCNP ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʠʘʣʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʰʠʚʢʦʡ ʧʦʣʠʤʝʨʘ [201]. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʪʝʨʘʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʟʜʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʛʜʝ çʛʦʣʳʝè UCNP ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ 

ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ï ʜʦʢʩʦʨʫʙʠʮʠʥ [189, 190]. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʥʘʥʦʢʘʧʩʫʣʳ ʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ ʧʦʤʝʱʘʣʠ çʛʦʣʳʝè UCNP, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʩ pH=7,4 ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ [190]. ɼʘʣʝʝ ʚ ʥʘʥʦʢʘʧʩʫʣʳ 

ʟʘʛʨʫʞʘʣʠ ʜʦʢʩʦʨʫʙʠʮʠʥ, ʢʦʪʦʨʳʡ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʨʠ ʢʠʩʣʦʤ ʨʅ (pH ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ) ʜʦʢʦʩʨʫʙʠʮʠʥ 

ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ʊʘʢ, ʟʘ 72 ʯʘʩʘ ʧʨʠ ʨʅ=7,4 ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 21 % ʧʨʝʧʘʨʘʪʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʨʅ ʨʘʚʥʦʤ 5,5 ʠ 3,6 ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 43 % ʠ 47 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʠʟʫʘʣʠʟʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ UCNP ʠ pH-ʟʘʚʠʩʠʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʢʘʧʩʫʣʳ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ ʢʘʢ ʥʦʚʳʝ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ. 

1.2.3.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʜʣʷ ʩʠʥʪʝʟʘ UCNP 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʞʝ ʛʦʪʦʚʳʭ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʦʜʥʘʢʦ ʵʪʦ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʩʠʥʪʝʟʳ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʦʛʦ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʧʦʩʦʙʘ 

ʩʠʥʪʝʟʘ ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʭ UCNP ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ɺ [202] ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ NaYF4:Yb,Tm,Er, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥʦʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʘʩʪʚʦʨ ʚʦʜʘ/ʵʪʠʣʝʥʛʣʠʢʦʣʴ/ʵʪʘʥʦʣ ʜʦʙʘʚʣʷʣʠ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʭʠʪʦʟʘʥ, Y(NO3)3, Yb(NO3)3, Tm(NO3)3, Er(NO3)3 ʠ NaF, ʘ ʟʘʪʝʤ ʚʩʶ ʩʤʝʩʴ 

ʧʦʤʝʱʘʣʠ ʚ ʘʚʪʦʢʣʘʚ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 190 ÁC. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʨʘʚʝʥ ~320 ʥʤ. UCNP-

ʭʠʪʦʟʘʥ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʫʝʪʩʷ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʣʶʤʠʥʝʩʮʠʨʫʝʪ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 980 ʥʤ. ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʙʠʦʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʤʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro. UCNP-ʭʠʪʦʟʘʥ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ) ʚ ʜʠʘʧʘʟʦʥʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (0-200 ʤʢʛ/ʤʣ). ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʥʲʶʛʘʮʠʠ ʩ ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʦʡ (FA) UCNP-ʭʠʪʦʟʘʥ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʪʘʢ ʢʘʢ FA ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʝʣʢʘʤʠ 

ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʤʫ ʢʣʝʪʦʯʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʜʣʷ ʙʠʦʚʠʟʘʫʣʠʟʘʮʠʠ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʘʣʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ (HA) [183, 203]. ɼʣʷ 

ʵʪʦʛʦ ʚ ʨʘʩʪʚʦʨ ʚʦʜʘ/ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ/ʵʪʘʥʦʣ ʜʦʙʘʚʣʷʣʠ HA, (C17H35COO)3RE (RE = 

Y0,49Yb0,20Gd0,30Tm0,01), NaCl ʠ NH4F, ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʠ ʚ ʘʚʪʦʢʣʘʚ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ 160 ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (ʨʠʩ. 1.27). ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ (C17H35COO)3RE. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

(C17H35COO)3RE ʨʘʟʣʘʛʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠʦʥʳ RE
3+, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ 

ʩ ʠʦʥʘʤʠ Na+ ʠ Fī ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʪʚʝʨʜʳʤ ʪʝʣʦʤ ʠ ʞʠʜʢʦʩʪʴʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ RE3+ ʩ ʧʦʤʦʱʴʶ COOī ʠ ʆʅī ʛʨʫʧʧ. ʇʦʣʫʯʝʥʥʳʝ in situ UCNP-HA ʠʤʝʶʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~25 ʥʤ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 980 ʥʤ ʚ ʪʝʯʝʥʠʝ 180 ʤʠʥ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ UCNP-HA ʩʪʘʙʠʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʥʝʜʝʣʴ), ʧʨʠʯʝʤ ʠʟʤʝʥʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʠʣʠ pH ʨʘʩʪʚʦʨʘ 

ʥʠʢʘʢ ʥʝ ʚʣʠʷʶʪ ʥʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʠʦʥʘ Gd3+ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ ʄʈʊ-ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʧʨʝʧʘʨʘʪʘ ʚ ʢʣʝʪʢʠ. 
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ʈʠʩ. 1.27. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʥʪʝʟʘ UCNP-HA in situ [203]. 

ʇʦʤʠʤʦ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʘʥʦʩʝʥʩʦʨʳ ʥʘ ʛʠʘʣʫʨʦʥʠʜʘʟʫ. ɻʠʘʣʫʨʦʥʠʜʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ 

ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʘʪʴ HA, ʠʟʙʳʪʦʯʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩʦ ʤʥʦʛʠʤʠ 

ʨʘʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʘʣʫʨʦʥʠʜʘʟʳ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʨʘʢʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. ɺ [183] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʥʘʥʦʩʝʥʩʦʨ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʛʠʘʣʫʨʦʥʠʜʘʟʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ UCNP-

HA (ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ) ʠ ʵʣʝʢʪʨʦʥʦʙʦʛʘʪʦʛʦ 

ʧʦʣʠ(ʤ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ) (PMPD). PMPD ʩʚʷʟʳʚʘʝʪʩʷ ʩ UCNP-HA ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ (ʘʤʠʥʦʛʨʫʧʧʳ PMPD ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ HA ʦʙʨʘʟʫʶʪ ʘʤʠʜ 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʠʘʣʫʨʦʥʠʜʘʟʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʮʝʧʠ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʬʨʘʛʤʝʥʪ UCNP-HA ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ (ʨʠʩ. 1.28). ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʥʦʩʝʥʩʦʨ 

ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʠ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʤ, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʛʠʘʣʫʨʦʥʠʜʘʟʳ ʩʦʩʪʘʚʣʷʝʪ 

0,6 ʥʛ/ʤʣ. ɸʚʪʦʨʳ ʦʧʨʝʜʝʣʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʠʘʣʫʨʦʥʠʜʘʟʳ ʚ ʦʙʨʘʟʮʘʭ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ, ʠʩʧʦʣʴʟʫʷ UCNP-HA-PMPD ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʥʘʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʘʣʫʨʦʥʠʜʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʦʙʦʠʭ ʤʝʪʦʜʦʚ, ʥʝ ʦʪʣʠʯʘʶʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ UCNP-HA-PMPD ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʘʣʫʨʦʥʠʜʘʟʳ ʚ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ. 
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ʈʠʩ. 1.28. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʥʘʥʦʩʝʥʩʦʨʘ UCNP-HA-PMPD ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʠʘʣʫʨʦʥʠʜʘʟʳ [183]. 

***  

ʇʦʢʨʳʪʠʝ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

UCNP. ʇʦʣʠʤʝʨ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʘʜʨʝʩʥʫʶ 

ʜʦʩʪʘʚʢʫ, ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ çʢʦʥʪʝʡʥʝʨʘè ʜʣʷ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠʣʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ UCNP-ʧʦʣʠʩʘʭʘʨʠʜ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ. 
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1.3. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʚʳʜʘʶʱʠʤʩʷ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ɼʣʷ ʨʝʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥʠ ʷʚʣʷʣʠʩʴ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ/ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʛʠʜʨʦʣʠʟʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ/ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʠʤʝʝʪ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʤʘʪʨʠʮʘʤʠ ʜʣʷ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʧʦʣʠʤʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʣʶʤʠʥʦʬʦʨʦʚ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʷʚʣʷʝʪʩʷ ʚʝʨʥʳʤ ʰʘʛʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʝʤʫ ʠ 

ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʯʘʩʪʴ 

2.1. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Bruker D8 VENTURE, Bruker DUO ʠ Bruker-Nonius X8 Apex. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ Mo-KŬ (ɚ = 0,71073 ¡) ʩ ʛʨʘʬʠʪʦʚʳʤ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʬʨʘʢʪʦʛʨʘʤʤʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Philips APD 1700 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuKa (ɚ = 1,5406 ¡) 

ʠʟʣʫʯʝʥʠʷ, ʛʨʘʬʠʪʦʚʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʩʪʘʥʜʘʨʪʘ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ 

ʘʥʦʜʝ 40 ʢɺ, ʩʠʣʘ ʪʦʢʘ ï 35 ʤɸ. ʉʲʝʤʢʘ ʚʝʣʘʩʴ ʧʦ ʪʦʯʢʘʤ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʨʝʞʠʤ ʩʲʝʤʢʠ: ʰʘʛ 0,05Á; ʥʘʢʦʧʣʝʥʠʝ 2 ʩ, ʜʠʘʧʘʟʦʥ ʩʲʝʤʢʠ 5ï60Á. 

ʈʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʠʬʬʨʘʢʪʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʣʘʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Powder Cell for Windows v.2.4 (PCW). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C, H, N, S) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ 

EuroVector EA3000 ʠ Vario MICRO cube. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ) ʥʘ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʤ ʩʧʝʢʪʨʦʤʝʪʨʝ iCAP-6500 (Thermo Scientific) ʩ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ ʠ ʨʘʩʧʳʣʠʪʝʣʝʤ çSeaSprayè. ʉʦʦʪʥʦʰʝʥʠʝ ʪʷʞʝʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʕɼʉ) ʩ ʧʦʤʦʱʴʶ 

ʥʘʩʪʦʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi TM3000 TableTop SEM ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Bruker 

QUANTAX 70 EDS. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʚ 

ʜʠʘʧʘʟʦʥʝ 200ï800 ʥʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent Cary 60. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʧʠʩʳʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʣʶʦʨʠʤʝʪʨʝ Cary Eclipse (Agilent). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʣʶʦʨʠʤʝʪʨ Fluoromax-4, ʦʩʥʘʱʝʥʥʳʡ ʜʫʛʦʚʦʡ 

ʢʩʝʥʦʥʦʚʦʡ (ʙʝʟʦʟʦʥʦʚʦʡ) ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 150 ɺʪ, ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ R928P, ʠʥʪʝʛʨʠʨʫʶʱʝʡ 

ʩʬʝʨʦʡ Quanta-ű ʠ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʨʘʩʪʚʦʨʳ ʥʘʩʳʱʘʣʠ ʢʠʩʣʦʨʦʜʦʤ, ʚʦʟʜʫʭʦʤ ʠʣʠ ʘʨʛʦʥʦʤ. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʀʂ-ʩʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4000-400 ʩʤï1 ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ VERTEX 80. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʪʝʨʤʦʚʝʩʘʭ TG 209 F1 Iris (NETZSCH) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25ï600 ÁC ʠ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 
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10 K/ʤʠʥ ʚ ʪʦʢʝ ʛʝʣʠʷ (30 ʤʣ/ʤʠʥ). ʊʝʤʧʝʨʘʪʫʨʫ ʨʘʟʣʦʞʝʥʠʷ (Td max) ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʫ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʪ. ʝ. ʤʘʢʩʠʤʫʤ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. 1H ʗʄʈ-ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker 

Avance III 500. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ʕʣʝʢʪʨʦʩʧʨʝʡ-ʠʦʥʠʟʘʮʠʦʥʥʫʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ (ESI-MS) 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Bruker maXis 4G. 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʈʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) Libra 120 (Zeiss, Germany). 

ʌʦʪʦʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʉʧʝʢʪʨʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

ʟʘʧʠʩʳʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʯʘʩʪʠʮ 

ZetaSizer Nano-ZS. 

ɻʝʣʴʧʨʦʥʠʢʘʶʱʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʄʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ (Q) ʧʦʣʠʤʝʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʤ ʭʨʦʤʘʪʦʛʨʘʬʝ Agilent LC 1200 ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ 

PL-aquagel-OH Mixed C ʠ ʜʝʪʝʢʪʦʨʦʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

0,7 % ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NaN3, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 1 ʤʣ/ʤʠʥ. ʂʘʣʠʙʨʦʚʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʦʚ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ/ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜ (Agilent). ʇʦʣʠʤʝʨʳ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ (4 ʤʛ/ʤʣ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. 

2.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (Bu4N)2[{ M6I8}( NO3)6] ʠ Na2[{ M6I8}( OMe)6] (M = Mo, W) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ [11, 13, 18, 204]. ɺʩʝ ʥʝʫʧʦʤʷʥʫʪʳʝ ʨʝʘʢʪʠʚʳ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ ʯ.ʜ.ʘ. 

2.2.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ 

ʉʠʥʪʝʟ Na2[{Mo6I 8}(PhS)6] ʠ (Bu4N)2[{Mo6I 8}(PhS)6] (1): 

Na2[{ Mo6I8}( OMe)6] (100 ʤʛ, 0,055 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʠ 

ʜʦʙʘʚʣʷʣʠ PhSH (120 ʤʢʣ, 1,2 ʤʤʦʣʴ), ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʟʘʧʘʠʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ 100 oC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʧʨʠʢʘʧʳʚʘʣʠ ʢ ʜʠʵʪʠʣʦʚʦʤʫ ʵʬʠʨʫ (10 ʤʣ) ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʧʫʪʸʤ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (6000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ) ʠ ʧʨʦʤʳʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʭʦʜ 

86 ʤʛ (68 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ Mo:I:S = 6,0:8,0:6,3. 
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ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ [{Mo6I8}( PhS)6]
2ï m/z 1122,92, ʥʘʡʜʝʥʦ 1122,87 (ʨʠʩ. 3.2). 1H ʗʄʈ 

(Me2CO-d6): ŭ 6,83 (t, 1H, p-Ph), ŭ 6,98 (t, 2H, m-Ph), ŭ 7,24 (d, 2H, o-Ph) (ʨʠʩ. 3.3). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ (Bu4N)2[{ Mo6I8}( PhS)6] ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ Bu4NI (40 ʤʛ, 

0,11 ʤʤʦʣʴ) ʠ ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʘʥʘʣʦʛʠʯʥʦ Na2[{ Mo6I8}( PhS)6]. ʂʨʠʩʪʘʣʣʳ 

(Bu4N)2[{ Mo6I8}( PhS)6], ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 

93 ʤʛ (62 %) ɺʳʯʠʩʣʝʥʦ ʜʣʷ C68H102I8Mo6N2S6: C 29,8; H 3,7; N 1,0; S 7,0; ʥʘʡʜʝʥʦ: C 29,9; H 4,2; 

N 1,0; S 7,0. 

ʇʦʚʝʜʝʥʠʝ Na2[{Mo6I 8}(PhS)6] ʚ ʘʮʝʪʦʥʝ 

ʈʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{ Mo6I8}( PhS)6] ʚ ʘʮʝʪʦʥʝ (C = 4,3 ʤʄ) ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʜʥʝʚʥʦʤ ʩʚʝʪʝ ʠʣʠ ʦʙʣʫʯʘʣʠ ʋʌ ʣʘʤʧʦʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʕʉʇ (ʜʣʷ ʟʘʧʠʩʠ ʕʉʇ ʠʟ ʨʘʩʪʚʦʨʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʮʝʪʦʥʝ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ ʠ ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʘ ʟʘʪʝʤ 

ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ). ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ 

ʠʣʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʪʝʤʥʦʪʝ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʚʝʜʝʥʠʝ Na2[{Mo6I 8}(PhS)6] ʚ ʚʦʜʝ 

ɼʣʷ ʘʵʨʠʨʦʚʘʥʥʦʛʦ ʠ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Na2[{ Mo6I8}( PhS)6] (C = 1,2¶10ï5 ʄ) ʟʘʧʠʩʳʚʘʣʠ ʕʉʇ ʦʪ ʚʨʝʤʝʥʠ. 

ʉʠʥʪʝʟ Na2[{W6I 8}(PhS)6] ʠ (Bu4N)2[{W6I8}(PhS)6] (2): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (1) ʠʟ Na2[{ W6I8}( OMe)6] (100 ʤʛ, 0,043 ʤʤʦʣʴ) ʠ PhSH (100 ʤʢʣ, 

1,0 ʤʤʦʣʴ) ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ (1 ʤʣ). ɺʳʭʦʜ 64 ʤʛ (53 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ W:I:S = 6,0:8,8:6,2. ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ [{W6I8}( PhS)6]
2ï 

m/z 1386,65, ʥʘʡʜʝʥʦ 1386,51 (ʨʠʩ. 3.2). 1H ʗʄʈ (Me2CO-d6): ŭ 6,79 (t, 1H, p-Ph), ŭ 7,02 (t, 2H, 

m-Ph), ŭ 7,12 (d, 2H, o-Ph) (ʨʠʩ. 3.3). 

(Bu4N)2[{W 6I8}(PhS)6] ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (Bu4N)2[{Mo 6I8}(PhS)6]. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 81 ʤʛ (45 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C68H102I8N2S6W6: C 25,0; H 3,2; N 0,9; S 5,9; ʥʘʡʜʝʥʦ: C 26,6; H 3,1; N 1,0; S 5,9. 

ʉʠʥʪʝʟ Na2[{Mo6I 8}(BnS)6] ʠ (Bu4N)2[{Mo6I 8}(BnS)6] (3): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (1) ʠʟ Na2[{ Mo6I8}( OMe)6] (100 ʤʛ, 0,055 ʤʤʦʣʴ) ʠ BnSH (130 ʤʢʣ, 

1,1 ʤʤʦʣʴ) ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ (1 ʤʣ). ɺʳʭʦʜ 78 ʤʛ (59 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ Mo:I:S = 6,0:7,4:5,1. ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ [{Mo6I8}( BnS)6]
2ï 

m/z 1165,00, ʥʘʡʜʝʥʦ 1164,92 (ʨʠʩ. ʇ1). 1H ʗʄʈ (Me2CO-d6): ŭ 3,78 (d, 2H, CH2) ŭ 7,04 (t, 1H, 

p-Ph), ŭ 7,15 (t, 2H, m-Ph), ŭ 7,38 (d, 2H, o-Ph) (ʨʠʩ. ʇ3). 
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(Bu4N)2[{ Mo6I8}( BnS)6] ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (Bu4N)2[{ Mo6I8}( PhS)6]. ʂʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 65 ʤʛ (42 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C74H114I8Mo6N2S6: C 31,4; H 4,1; N 1,0; S 6,8; ʥʘʡʜʝʥʦ: C 31,5; H 4,0; N 1,0; S 6,7. 

ʉʠʥʪʝʟ Na2[{W6I 8}(BnS)6] ʠ (Bu4N)2[{W6I8}(BnS)6] (4): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (1) ʠʟ Na2[{ W6I8}( OMe)6] (100 ʤʛ, 0,043 ʤʤʦʣʴ) ʠ BnSH (100 ʤʢʣ, 

0,85 ʤʤʦʣʴ) ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ (1 ʤʣ). ɺʳʭʦʜ 40 ʤʛ (32 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ W:I:S = 6,0:9,6:6,7. ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ [{W6I8}( BnS)6]
2ï 

m/z 1428,73, ʥʘʡʜʝʥʦ 1428,58 (ʨʠʩ. ʇ1). 1H ʗʄʈ (Me2CO-d6): ŭ 3,89 (d, 2H, CH2) ŭ 7,04 (t, 1H, 

p-Ph), ŭ 7,14 (t, 2H, m-Ph), ŭ 7,37 (d, 2H, o-Ph) (ʨʠʩ. ʇ3). 

(Bu4N)2[{ W6I8}( BnS)6] ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (Bu4N)2[{ Mo6I8}( PhS)6]. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 39 ʤʛ (25 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ 

C74H114I8N2S6W6: C 26,6; H 3,4; N 0,8; S 5,7; ʥʘʡʜʝʥʦ: C 24,8; H 3,2; N 0,9; S 6,0. 

ʉʠʥʪʝʟ Na2[{Mo6I 8}(4-tBuBnS)6] ʠ (Bu4N)2[{Mo6I 8}(4-tBuBnS)6] (5): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (1) ʠʟ Na2[{ Mo6I8}( OMe)6] (100 ʤʛ, 0,055 ʤʤʦʣʴ) ʠ 4-tBuBnSH (200 ʤʢʣ, 

1,1 ʤʤʦʣʴ) ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ (1 ʤʣ). ɺʳʭʦʜ 87 ʤʛ (58 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ Mo:I:S = 6,0:8,5:6,0. ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

[{ Mo6I8}(4-tBuBnS)6]
2ï m/z 1333,32, ʥʘʡʜʝʥʦ 1333,60 (ʨʠʩ. ʇ1). 1H ʗʄʈ (Me2CO-d6): ŭ 1,26 (s, 9H, 

CH3), ŭ 3,76 (d, 2H, CH2), ŭ 6,81 (t, 1H, p-Ph), ŭ 7,19 (t, 2H, m-Ph), ŭ 7,30 (d, 2H, o-Ph) (ʨʠʩ. ʇ4). 

(Bu4N)2[{ Mo6I8}(4-tBuBnS)6] ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (Bu4N)2[{ Mo6I8}( PhS)6]. ʂʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 61 ʤʛ (35 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C98H162I8Mo6N2S6: C 37,2; H 5,2; N 0,9; S 6,1; ʥʘʡʜʝʥʦ: C 37,5; H 4,8; N 0,8; S 5,9. 

ʉʠʥʪʝʟ Na2[{W6I 8}(4-tBuBnS)6] ʠ (Bu4N)2[{W6I 8}(4-tBuBnS)6] (6): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (1) ʠʟ Na2[{ W6I8}( OMe)6] (100 ʤʛ, 0,043 ʤʤʦʣʴ) ʠ 4-tBuBnSH (160 ʤʢʣ, 

0,88 ʤʤʦʣʴ) ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ (1 ʤʣ). ɺʳʭʦʜ 29 ʤʛ (21 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ W:I:S = 6,0:8,4:6,5. ESI-MS: ʚʳʯʠʩʣʝʥʦ ʜʣʷ [{W6I8}(4-tBuBnS)6]
2ï 

m/z 1597,05, ʥʘʡʜʝʥʦ 1596,74 (ʨʠʩ. ʇ1). 1H ʗʄʈ (Me2CO-d6): ŭ 1,25 (s, 9H, CH3), ŭ 3,80 (d, 2H, 

CH2), ŭ 6,81 (t, 1H, p-Ph), ŭ 6,94 (t, 2H, m-Ph), ŭ 7,22 (d, 2H, o-Ph) (ʨʠʩ. ʇ4). 

(Bu4N)2[{ W6I8}(4-tBuBnS)6] ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (Bu4N)2[{ Mo6I8}( PhS)6]. ʂʨʠʩʪʘʣʣʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʝʪʘʥʦʣʝ. ɺʳʭʦʜ 30 ʤʛ (15 %). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C98H162I8N2S6W6: C 32,0; H 4,4; N 0,8; S 5,2; ʥʘʡʜʝʥʦ: C 32,3; H 4,0; N 1,0; S 5,1. 
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2.2.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ DMSO-ʣʠʛʘʥʜʘʤʠ 

ʉʠʥʪʝʟ [{Mo6I 8}(DMSO)6](NO3)4 (7): 

(Bu4N)2[{ Mo6I8}( NO3)6] 300 ʤʛ (0,122 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ɼʄʉʆ, ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ, ʟʘʧʘʠʚʘʣʠ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 100 oC ʚ ʪʝʯʝʥʠʝ 48 ʯ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ 

ʧʨʠʢʘʧʳʚʘʣʠ ʢ ʘʮʝʪʦʥʫ (150 ʤʣ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ 

ʦʪ ʨʘʩʪʚʦʨʘ ʧʫʪʸʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (6000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ), ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʭʦʜ  

274 ʤʛ (97 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ Mo:I:S = 6,0:7,9:6,1. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H36I8N4O18S6Mo6: C 6,2; H 1,6; N 2,4; S 8,3; ʥʘʡʜʝʥʦ: C 6,3; H 1,7; N 2,3; S 8,1. 

ʀʂ ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʦʝ ʢʦʣʝʙʘʥʠʝ ʩʫʣʴʬʦʛʨʫʧʧʳ (ɜ(SO) = 938 ʩʤï1). ʂʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʘʮʝʪʦʥʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɼʄʉʆ. 

ʉʠʥʪʝʟ [{W6I 8}(DMSO)6](NO3)4 (8): 

ʇʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ (7) ʠʟ (Bu4N)2[{ W6I8}( NO3)6] (300 ʤʛ, 0,101 ʤʤʦʣʴ) ʚ ɼʄʉʆ (3 ʤʣ). 

ɺʳʭʦʜ 270 ʤʛ (94 %). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʝʪ W:I:S = 

6,0:8,1:5,9. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H36I8N4O18S6W6: C 5,1; H 1,3; N 2,0; S 6,8; ʥʘʡʜʝʥʦ: C 5,3; H 1,4; 

N 2,0; S 6,7. ʀʂ ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʦʝ ʢʦʣʝʙʘʥʠʝ ʩʫʣʴʬʦʛʨʫʧʧʳ (ɜ(SO) = 932 ʩʤï1). 

ʂʠʥʝʪʠʢʘ ʛʠʜʨʦʣʠʟʘ [{M6I 8}(DMSO)6](NO3)4 

ɼʣʷ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ (7) ʠ (8) (5 ʤʄ) ʚ D2O ʟʘʧʠʩʳʚʘʣʠ 1H ʗʄʈ-ʩʧʝʢʪʨʳ. ʈʘʩʪʚʦʨʳ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 300,0, 320,0 ʠʣʠ 340,0 K (Ñ0,2 K) ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʧʝʢʪʨʳ ʢʘʞʜʳʝ 

30 ʤʠʥʫʪ, 3 ʤʠʥʫʪʳ, 47 ʩʝʢʫʥʜ ʜʣʷ (7) ʠ ʢʘʞʜʳʝ 24 ʯʘʩʘ, 60 ʤʠʥʫʪ, 15 ʤʠʥʫʪ ʜʣʷ 8. ʉʪʝʧʝʥʴ 

ʛʠʜʨʦʣʠʟʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ x = Iɼʄʉʆ-ʩ / [Iɼʄʉʆ-ʩ + Iɼʄʉʆ-ʢ], ʛʜʝ Iɼʄʉʆ-ʩ ʠ Iɼʄʉʆ-ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʛʨʘʣʳ ʧʨʦʪʦʥʦʚ ʩʚʦʙʦʜʥʳʭ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ɼʄʉʆ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ [{Mo6I 8}(DMSO)6](NO3)4 ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

100 ʤʢʣ 12,9 ʤʄ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) 

ʜʦʙʘʚʣʷʣʠ ʢ 900 ʤʢʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ DMEM  ʙʝʟ ʢʨʘʩʠʪʝʣʷ. ʆʩʘʜʢʠ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʩʨʘʟʫ ʚ 

ʩʣʫʯʘʝ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʚ ʩʣʫʯʘʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʙʠʨʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ. ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʠ CHNS ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ 

ʩʦʩʪʘʚʣʷʝʪ Mo:I = 6,0:8,1 ʠ ʥʝ ʩʦʜʝʨʞʠʪʩʷ S, P, C ʠ N. ɼʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 

4 ʜʥʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) (ʉḑ0,066 ʤʄ) ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʙʝʟ ʢʨʘʩʠʪʝʣʷ DMEM ʟʘʧʠʩʳʚʘʣʠ 

ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʚʨʝʤʝʥʠ. 
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2.3. ʇʦʣʠʩʘʭʘʨʠʜʳ ʜʝʢʩʪʨʘʥʳ 

2.3.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʝʢʩʪʨʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʇʦʣʠʛʣʶʢʠʥ 

ʬʠʨʤʳ çɹʠʦʭʠʤʠʢè ʠ ʈʝʦʧʦʣʠʛʣʶʢʠʥ ʬʠʨʤʳ çɹʝʣʤʝʜʧʨʝʧʘʨʘʪʳè, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 0,9 % ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʜʝʢʩʪʨʘʥʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ 30-40 ʢɼʘ (Dex35) 

ʠ 50-70 ʢɼʘ (Dex60) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʠʤʝʨʳ ʚʳʜʝʣʷʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʚʳʧʘʨʠʚʘʥʠʷ ʚʦʜʳ 

ʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ 95Áʉ. ɼʝʢʩʪʨʘʥʳ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ 6 ʢɼʘ (Dex6) ʠ 20 ʢɼʘ (Dex20) 

ʧʨʠʦʙʨʝʪʝʥʳ ʚ Alfa Aesar. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʦʙʨʘʟʮʘʤʠ Dex35 ʠ Dex60, ʢ Dex6 ʠ Dex20 ʜʦʙʘʚʣʷʣʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NaCl (13,6 ʤʛ ʥʘ 100 ʤʛ ʧʦʣʠʤʝʨʘ). ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 30 % ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

2.3.2. ʆʢʠʩʣʝʥʠʝ ʜʝʢʩʪʨʘʥʘ 

250 ʤʛ DexQ (ʛʜʝ Q ʵʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʜʝʢʩʪʨʘʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 6, 20, 35 ʠ 60 ʢɼʘ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 2,5 ʤʣ ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ 0,65, 1,3 ʠʣʠ 2,6 ʤʣ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʢʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 2,0 ʄ, 3,4 ʄ ʠʣʠ 5,0 ʄ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʣʠʚʘʣʠ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 100 Áʉ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ (1,5 ʯʘʩʘ). ʆʩʪʦʨʦʞʥʦ! ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ H2O2 

ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʦʦʧʘʩʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʠ ʩʨʝʜʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ (ʥʘʧʨʠʤʝʨ, ʟʘʱʠʪʥʳʝ ʦʯʢʠ). ʆʢʠʩʣʝʥʥʳʝ ʜʝʢʩʪʨʘʥʳ ʦʙʦʟʥʘʯʠʣʠ ʢʘʢ 

OxDexQ(n) (ʛʜʝ n = 1, 2, 3 - ʦʙʦʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ï 

2,0 ʄ, 3,4 ʄ ʠʣʠ 5,0 ʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

2.3.3. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʚʩʝʤʠ ʘʥʘʣʠʟʘʤʠ (ʢʨʦʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʦʛʨʫʧʧ) ʚʩʝ 

ʦʙʨʘʟʮʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʣʷ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʚʪʦʨʷʣʠ ʧʷʪʴ ʨʘʟ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʛʨʫʧʧ (ɔ) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʤʤʦʣʴ ʥʘ ʛʨʘʤʤ ʧʦʣʠʤʝʨʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ (-HC=O) ʛʨʫʧʧ 

ʉʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [205], ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʩ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʤʘ. 300 ʤʛ OxDexQ(n) ʨʘʩʪʚʦʨʷʣʠ ʚ 

60 ʤʣ H2O, ʜʦʙʘʚʣʷʣʠ 2 ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʪʠʤʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʅ ʠʥʜʠʢʘʪʦʨʘ, ʠ 

ʧʦʜʢʠʩʣʷʣʠ 0,1 ʄ ʨʘʩʪʚʦʨʦʤ HCl ʜʦ ʨʅ = 2,8 (ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʠʥʜʠʢʘʪʦʨʘ ʩʪʘʥʦʚʠʣʩʷ ʦʨʘʥʞʝʚʳʤ). 

ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʝʢʩʪʨʘʥʘ ʜʦʙʘʚʣʷʣʠ 16,0 ʤʣ 0,7 ʄ NH2OH ʠ ʮʚʝʪ ʠʥʜʠʢʘʪʦʨʘ ʤʝʥʷʣʩʷ ʥʘ 

ʞʝʣʪʳʡ ʚʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ pH. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʠʟʙʳʪʦʢ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʦʪʪʠʪʨʦʚʳʚʘʣʠ 0,100 ʄ HCl ʜʦ pH = 2,8 
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(ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ ʠʥʜʠʢʘʪʦʨʘ). ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʠʩʭʦʜʥʳʭ ʜʝʢʩʪʨʘʥʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 6 

‎  
˞

   (6), 

ʛʜʝ Vb - ʦʙʲʝʤ HCl, ʟʘʪʨʘʯʝʥʥʳʡ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʜʝʢʩʪʨʘʥʘ DexQ (ʚ ʣʠʪʨʘʭ), Vs 

- ʦʙʲʝʤ HCl, ʟʘʪʨʘʯʝʥʥʳʡ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ OxDexQ(n) (ʚ ʣʠʪʨʘʭ), CHCl = 0,1 ʄ, m ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ 

(ʚ ʛʨʘʤʤʘʭ). 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ (ïCOOH ʠ ïC(O)OOH) ʛʨʫʧʧ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ [205]. 200 ʤʛ OxDexQ(n) ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ H2O, ʦʙʨʘʙʘʪʳʚʘʣʠ 5 ʤʣ 0,5 ʄ ʘʮʝʪʘʪʦʤ 

ʢʘʣʴʮʠʷ ʠ ʩ ʧʦʤʦʱʴʶ ʚʦʜʳ ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʦ 50,0 ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʦʢʠʩʣʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʙʦʣʝʝ ʩʠʣʴʥʘʷ ʢʠʩʣʦʪʘ) ʨʝʘʛʠʨʫʶʪ ʩ ʘʮʝʪʘʪʦʤ ʢʘʣʴʮʠʷ (ʩʦʣʴʶ ʙʦʣʝʝ 

ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ) ʠ ʚʳʜʝʣʷʝʪʩʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʙʦʣʝʝ ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ). ɿʘʪʝʤ ʚʳʜʝʣʠʚʰʫʶʩʷ 

ʢʠʩʣʦʪʫ ʦʪʪʠʪʨʦʚʳʚʘʣʠ 50,0 ʤʄ NaOH, ʠʩʧʦʣʴʟʫʷ ʬʝʥʦʣʬʪʘʣʝʠʥ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ 

ʠʥʜʠʢʘʪʦʨʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʦʢʩʦ-ʛʨʫʧʧ (-O-O-) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʦ-ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʠ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 

[206]. 50 ʤʛ OxDexQ(n) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ H2O, ʜʦʙʘʚʣʷʣʠ 350 ʤʢʣ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 250 ʤʛ 

NaI ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʞʝʣʪʳʡ ʮʚʝʪ. ɺʳʜʝʣʠʚʰʠʡʩʷ ʡʦʜ 

ʦʪʪʠʪʨʦʚʳʚʘʣʠ 1,00 ʤʄ Na2S2O3 ʜʦ ʧʦʣʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʦʢʩʦ-ʛʨʫʧʧ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ: 

I2 + 2S2O3
2ï = 2Iï + S4O6

2ï. 

2.3.4. ʉʠʥʪʝʟ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʦʢʠʩʣʝʥʥʦʛʦ ʜʝʢʩʪʨʘʥʘ (NaOxDexQ(n)) 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ OxDexQ(n) (100 ʤʛ ʚ 1 ʤʣ H2O) ʦʙʨʘʙʘʪʳʚʘʣʠ 0,5ʄ NaOH ʜʦ pH = 7. ʇʦʩʣʝ 

ʨʘʩʪʚʦʨ ʧʨʠʢʘʧʳʚʘʣʠ ʢ ʵʪʘʥʦʣʫ (10 ʤʣ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ 

ʦʪ ʨʘʩʪʚʦʨʘ ʧʫʪʸʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (16000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ), ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ 

ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ ~ 100 %. 

2.3.5. ʆʧʨʝʜʝʣʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʘ 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ɖr ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʚʠʩʢʦʟʠʤʝʪʨʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20 ʤʛ/ʤʣ 

ʧʨʠ 25 . ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʷʣʠ 3 ʨʘʟʘ. ɖr = t/t0, ʛʜʝ ɖr - ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʷʟʢʦʩʪʠ, t - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩ ʦʙʨʘʟʮʦʤ, t0 - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʯʠʩʪʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ). 
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2.3.6. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʠʥ-ʠʟʦʪʠʦʮʠʘʥʘʪʘ ʢ ʧʦʣʠʤʝʨʫ 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʢ ʧʦʣʠʤʝʨʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

[207]. ɼʣʷ ʵʪʦʛʦ 100 ʤʛ DexQ ʠʣʠ NaOxDexQ(n) ʨʘʩʪʚʦʨʷʣʠ ʚ 15 ʤʣ ʙʝʟʚʦʜʥʦʛʦ ɼʄʉʆ ʠ 

ʜʦʙʘʚʣʷʣʠ 240 ʤʢʣ ʨʘʩʪʚʦʨʘ FITC  (ʬʣʫʦʨʝʩʮʝʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪʘ) ʚ ɼʄʉʆ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

10 ʤʛ/ʤʣ (6,2 ʤʢʤʦʣʴ), 9 ʤʢʣ 10 % ʨʘʩʪʚʦʨʘ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ɼʄʉʆ (0,65 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

(DexQ-FITC ʠʣʠ NaDexQ(n)-FITC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʠʟʙʳʪʢʘ ʘʮʝʪʦʥʘ (150 ʤʣ) ʠ ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʧʦʣʠʤʝʨ ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʘʮʝʪʦʥʦʤ. ɼʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʥʝʩʚʷʟʘʥʥʦʛʦ FITC ʦʙʨʘʟʝʮ ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ H2O ʠ ʚʳʩʘʞʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʦʥʘ (10 ʤʣ). ʊʘʢʫʶ ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʣʠ ʜʚʘʞʜʳ. 

2.4. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʜʝʢʩʪʨʘʥʦʚ 

2.4.1. ʇʦʣʫʯʝʥʠʝ M x@DexQ ʠ M x@NaOxDexQ(n) 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʠʥʪʝʟ Mx@DexQ ʠ 

Mx@NaOxDexQ(n) (ʛʜʝ x = 5 ʠ 100 ʜʣʷ DexQ ʠ x = 5, 10, 50 ʠ 100 ʜʣʷ NaOxDexQ(n) ï ɻ ʪʦ ʟʘʛʨʫʟʢʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{M6I8}( DMSO)6](NO3)4 (M = Mo ʠʣʠ W) ʚ ʤʛ ʥʘ 100 ʤʛ ʧʦʣʠʤʝʨʘ) 

ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 100 ʤʛ ʜʝʢʩʪʨʘʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ ʙʝʟʚʦʜʥʦʛʦ ɼʄʉʆ, 

ʜʦʙʘʚʣʷʣʠ 50, 100, 500 ʠʣʠ 1000 ʤʢʣ (ʜʣʷ x = 5, 10, 50 ʠʣʠ 100 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʨʘʩʪʚʦʨʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʩʫʰʝʥʥʦʤ ɼʄʉʆ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʤʛ/ʤʣ ʠ ʩ ʧʦʤʦʱʴʶ ɼʄʉʆ 

ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʜʦ 5 ʤʣ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʢ 25 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ 

ʚʳʧʘʜʝʥʠʝ ʦʨʘʥʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

(16000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ) ʠ ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʦʢʘ ʨʘʩʪʚʦʨ ʥʝ 

ʧʝʨʝʩʪʘʥʝʪ ʦʢʨʘʰʠʚʘʪʴʩʷ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʦʙʨʘʟʝʮ ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ 1 ʤʣ H2O, 

ʚʳʩʘʞʠʚʘʣʠ ʵʪʘʥʦʣʦʤ (10 ʤʣ), ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

2.4.2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʚ ʦʢʠʩʣʝʥʥʦʤ ʜʝʢʩʪʨʘʥʝ 

OxDex60(1) (500 ʤʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʚʦʜʳ, ʜʦʙʘʚʣʷʣʠ 500 ʤʛ NaBH3CN ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ Dex60(1)-Red ʚʳʩʘʞʠʚʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʠʟʙʳʪʢʦʤ 

ʘʮʝʪʦʥʘ (50 ʤʣ). ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (16000 ʦʙ/ʤʠʥ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ), ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʘʮʝʪʦʥʦʤ ʠ 1 ʨʘʟ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

2.4.3. ʇʦʣʫʯʝʥʠʝ Mx@Dex60(1)-Red 

Mo100@Dex60(1)-Red ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʦ Mx@DexQ ʠ Mx@NaOxDexQ(n) (ʧ. 2.4.1). 

2.4.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 10 ʤʛ Mx@DexQ, Mx@NaOxDexQ(n) 

(M = Mo, W, x = 5, 10, 50 ʠ 100, Q = 6, 20, 35 ʠ 60) ʠʣʠ Mo100@Dex60(1)-Red ʨʘʩʪʚʦʨʷʣʠ ʚ 50 ʤʢʣ 
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ʚʦʜʳ ʠ ʜʦʙʘʚʣʷʣʠ ʢ 450 ʤʢʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ DMEM ʙʝʟ ʢʨʘʩʠʪʝʣʷ (ʧʦʣʫʯʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ). 

ɿʘʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪʙʠʨʘʣʠ 30 ʤʢʣ, ʨʘʟʙʘʚʣʷʣʠ ʚ 200 ʨʘʟ ʚʦʜʦʡ ʠ ʟʘʧʠʩʳʚʘʣʠ ʕʉʇ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʈʘʩʪʚʦʨʳ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʭʨʘʥʠʣʠ ʚ ʪʝʤʥʦʪʝ. ʇʝʨʝʜ 

ʢʘʞʜʦʡ ʟʘʧʠʩʴʶ ʩʧʝʢʪʨʘ ʚʩʝ ʦʙʨʘʟʮʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (16000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ). 

2.5. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ 

ʂʣʝʪʢʠ ʨʘʢʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ (Hep-2) ʧʦʢʫʧʘʣʠ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ 

ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çɺʝʢʪʦʨè ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ EMEM ʠ DMEM 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʦʡ (10 %) ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ (5 % CO2 ʠ 

95 % ʚʦʟʜʫʭʘ) ʧʨʠ 37 ÁC. 

2.5.1. ʆʮʝʥʢʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʄʊʊ-ʪʝʩʪ 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5-7Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʘ, ʘ 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . ʂʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ 

3-(4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝ-ʥʠʣʪʝʪʨʘʟʦʣʠʡʙʨʦʤʠʜ (ʄʊʊ) ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

250 ʤʢʛ/ʤʣ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʆʙʨʘʟʦʚʘʥʥʳʡ ʬʦʨʤʘʟʘʥ ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʉʆ 

(100 ʤʢʣ). ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʤʝʪʨʘ Multiskan FC (Thermo 

Scientific, USA) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʠ ʪʨʠ ʨʘʟʘ ʚ ʨʘʟʥʳʝ ʜʥʠ. ʀʥʜʝʢʩ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʆʇ) Ĭ 100/ ʆʇʢʦʥʪʨʦʣʴ. 

2.5.2. ʆʮʝʥʢʘ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʷ (FACS) 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 6-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10Ĭ104 ʢʣʝʪʦʢ/ʣʫʥʢʘ, ʘ 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʘ 

ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦʙʘʚʣʷʣʠ ʢ ʢʣʝʪʢʘʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (PBS) ʩ ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ ʩʳʚʦʨʦʪʢʦʡ (10 %). ʉʫʩʧʝʥʟʠʶ 

ʢʣʝʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʝ CytoflexS (Beckman Coulter, USA). ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ ʠ ʬʠʣʴʪʨ ʵʤʠʩʩʠʠ ʥʘ 695 ʥʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 495 ʥʤ ʠ ʬʠʣʴʪʨ ʵʤʠʩʩʠʠ ʥʘ 

519 ʥʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ FITC. 
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2.5.3. ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʝʪʢʘʭ, ʀʉʇ-ɸʕʉ 

ʂʣʝʪʢʠ Hep-2 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2Ĭ106 ʢʣʝʪʦʢ ʥʘ 5 ʤʣ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚʳʩʝʚʘʣʠ ʚ ʯʘʰʢʫ 

ʇʝʪʨʠ ʩ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . 

ɿʘʪʝʤ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦʙʘʚʣʷʣʠ ʚ ʯʘʰʢʫ 

ʇʝʪʨʠ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɼʘʣʝʝ ʢʣʝʪʢʠ 

ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʩʪʝʨʠʣʴʥʳʤ ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ, ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

(1000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ). ʇʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʧʦʜʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʚ 

ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ. ʇʦʣʫʯʝʥʥʫʶ ʢʣʝʪʦʯʥʫʶ ʩʫʩʧʝʥʟʠʶ ʜʦʚʦʜʠʣʠ ʜʦ ʦʙʲʝʤʘ 300 ʤʢʣ ʚ ʩʪʝʨʠʣʴʥʦʤ 

ʙʫʬʝʨʝ ʪʘʢ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʘʣ ʧʦ 2 ʤʠʣʣʠʦʥʘ ʢʣʝʪʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʫʩʧʝʥʟʠʷʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ) ʥʘ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʤ ʩʧʝʢʪʨʦʤʝʪʨʝ iCAP-6500 

(Thermo Scientific) ʩ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ ʠ ʨʘʩʧʳʣʠʪʝʣʝʤ çSeaSprayè. 

2.5.4. ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5-7Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʘ, ʘ 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . ʂʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʞʝ ʪʝʤʥʦʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʣʝʪʢʠ ʦʙʣʫʯʘʣʠ ʣʘʤʧʦʡ L8253 (Hamamatsu, 

400ï800 ʥʤ, 220 ʤɺ/ʩʤ2) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂʣʝʪʢʠ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ 

ʩʨʝʜʝ ʙʝʟ ʢʦʤʧʣʝʢʩʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. 

2.5.5. ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʢʣʝʪʢʝ, ʇʕʄ 

ʂʣʝʪʢʠ Hep-2 ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʪʨʠʧʩʠʥʠʟʠʨʦʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ PBS. ʂʣʝʪʢʠ 

ʬʠʢʩʠʨʦʚʘʣʠ 2 % ʛʣʫʪʘʨʘʣʴʜʝʛʠʜʦʤ ʚ PBS ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʣʝʪʢʘʤ 

ʜʦʙʘʚʣʷʣʠ 1 % ʨʘʩʪʚʦʨ OsO4 ʚ PBS (1 ʤʣ) ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 1 ʯʘʩ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 

(1000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ) ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʫʣ ʥʘ ʜʥʝ ʤʠʢʨʦʧʨʦʙʠʨʢʠ. ʋʣʴʪʨʘʪʦʥʢʠʝ 

ʩʨʝʟʳ (70 ʥʤ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʤʠʢʨʦʪʦʤʘ Leica EM UC7 ʠ ʧʦʤʝʱʝʥʳ ʥʘ 

ʤʝʜʥʳʝ ʩʝʪʦʯʢʠ. ʆʙʨʘʟʮʳ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Libra 120 (Zeiss). 

2.5.6. ʆʮʝʥʢʘ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʢʦʥʬʦʢʘʣʴʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʂʃʉʄ) 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10Ĭ106 ʢʣʝʪʦʢ/ʣʫʥʢʘ, ʘ 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . ɿʘʪʝʤ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʠ ʜʘʣʝʝ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS 
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ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 4 % ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ. ʗʜʨʘ ʢʣʝʪʦʢ ʧʦʜʢʨʘʰʠʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ Hoechst 33342 ʠʣʠ DAPI (Sigma-Aldrich), ʘ ʮʠʪʦʩʢʝʣʝʪ ï Alexa Fluore-532 phalloidin. 

ʂʣʝʪʢʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ IN Cell Analyzer 2200 instrument (GE Healthcare, U.K.) ʠʣʠ 

Zeiss LSM 710 (Carl Zeiss Inc., Jena, Germany). 

2.5.7. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ 

ʂʣʝʪʢʠ Hep-2 ʚʳʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 7Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʘ, ʘ 

ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 5 % ʉʆ2 ʧʨʠ 37 . ɿʘʪʝʤ ʢʫʣʴʪʫʨʘʣʴʥʫʶ 

ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʩʚʝʞʝʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʠ ʜʘʣʝʝ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʣʝʪʢʠ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʩʨʝʜʝ ʙʝʟ 

ʦʙʨʘʟʮʘ ʠʣʠ ʩ H2O2 (100 ʤʢʄ), ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ 10 ʤʢʄ5(6)-ʢʘʨʙʦʢʩʠ-2',7'-

ʜʠʭʣʦʨʬʣʫʦʨʝʩʮʝʠʥ ʜʠʘʮʝʪʘʪʘ (DCFH-DA, Sigma-Aldrich) ʚ HEPES (4-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)-1-

ʧʠʧʝʨʘʟʠʥʵʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʘ) ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ 37  ʠ ʟʘʪʝʤ ʦʙʣʫʯʘʣʠ ʛʘʣʦʛʝʥʦʚʦʡ 

ʣʘʤʧʦʡ (500 ɺʪ, ɚ Ó 400 ʥʤ) ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʗʜʨʘ ʢʣʝʪʦʢ ʧʦʜʢʨʘʰʠʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ Hoechst 33342. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

IN Cell Analyzer 2200 (GE Healthcare, UK) ʩ 200-ʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ DCFH-DA ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IN Cell Investigator (GE Healthcare, UK). ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʩʨʝʜʥʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ DCFH-DA. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʚ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ/ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ, ʥʠʟʢʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ï ʚʢʣʶʯʝʥʠʝ ʥʘʥʦʨʤʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʘʧʢʦʥʚʝʨʩʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʤʘʪʨʠʮʘʤʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʠʦʜʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʠ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʥʠ ʤʦʛʫʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ 

ʦʙʟʦʨʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʘʥʥʦʛʦ ʪʠʧʘ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʡ ʨʘʩʰʠʨʠʣ ʩʧʠʩʦʢ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [208]. ɼʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʣʠ ʚ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʡ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʜʝʢʩʪʨʘʥ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ɼʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚ ʦʜʠʥ ʰʘʛ ʧʦʣʫʯʠʪʴ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ [209]. ɺʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʥʘʙʦʨʦʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [208, 210]. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʚ ʪʘʙʣʠʮʝ ʇ1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

3.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʠʙʜʝʥ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʦʣʴʬʨʘʤ ʦʙʣʘʜʘʶʪ 

ʩʨʦʜʩʪʚʦʤ ʢ ʩʝʨʝ [211]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʦʯʥʘʷ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʩʝʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʟʚʝʩʪʥʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʤʦʣʠʙʜʝʥʘ ʩ 
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ʪʠʦʣʠʛʘʥʜʘʤʠ, ʘ ʠʤʝʥʥʦ [{ Mo6Cl8}( RS)6]
2ï (R = Ph, Bn (ʙʝʥʟʠʣ), Et ʠ Bu) [212, 213] ʠ 

[{ Mo6I8}( SC6F4H)6]
2ï [214]. ɺ ʨʘʙʦʪʝ 2021 ʛʦʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʪʠʦʣʘʤʠ [{ M6I8}( SArf)6]
2ï (M = Mo ʠʣʠ W; SArf = 

p-SC6F4-C6F5, p-SC6F4Cl ʠ p-SC6F4CF3) [215]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʩ ʪʠʦʣʠʛʘʥʘʜʤʠ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʨʘʙʦʪʘʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʚʳʜʝʣʷʣʠ ʚ ʚʠʜʝ ʩʦʣʝʡ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ (Bu4N
+) ʠʣʠ ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʷ (PPN+), ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʨʘʩʪʚʦʨʠʤʳʤʠ ʚ ʚʦʜʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʪʠʦʢʦʤʦʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʳʣ ʚʳʙʨʘʥ ʢʦʤʧʣʝʢʩ ʩ ʣʝʛʢʦʫʭʦʜʷʱʠʤʠ ʤʝʪʠʣʘʪʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ï 

Na2[{M 6I8}( OMe)6] (M = Mo, W), ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʣʠʛʘʥʜʦʚ ï ʪʠʦʬʝʥʦʣ (PhSH), ʙʝʥʟʠʣʤʝʨʢʘʧʪʘʥ 

(BnSH) ʠ 4-(ʪʨʝʪ-ʙʫʪʠʣ)ʙʝʥʟʠʣʤʝʨʢʘʧʪʘʥ (4-tBuBnS). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʘʙʩʦʣʶʪʥʦʛʦ 

ʤʝʪʘʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʧʨʦʣʠʛʘʥʜʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʪʝʨ:RSH = 1:20 ʧʦ ʤʦʣʷʤ) ʚ 

ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 100 ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ ʰʝʩʪʴʶ ʪʠʦʣʠʛʘʥʜʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʥʦʚʳʭ ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Na2[{M 6I8}( RS)6] 

(M = Mo, W; R = Ph, Bn, 4-tBuBn). 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʝʤ ʡʦʜʠʩʪʳʤ (Bu4NI) ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʘ Na+ ʥʘ Bu4N
+ ʠ ʦʙʨʘʟʫʶʪʩʷ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʝ ʩʦʣʠ 

(Bu4N)2[{M 6I8}( RS)6] (M = Mo, R = Ph (1), Bn (3), 4-tBuBn (5); M = W, R = Ph (2), Bn (4), 

4-tBuBn (6)). ʇʫʪʝʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʤʝʪʘʥʦʣʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (1), (2), (4ï6), ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (1), (2), (4ï6), 

ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [{M6I8} L6]
n 

(M = Mo, W), ʩʦʜʝʨʞʘʱʠʭ 24 ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʠ ʠʤʝʶʱʠʭ 12 ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʪʘʣʣïʤʝʪʘʣʣ. ʂ ʢʘʞʜʦʡ ʛʨʘʥʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ M6 ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʨʠʛʦʥʘʣʴʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ɛ3-ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ Iï, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʯʝʨʝʟ 

ʘʪʦʤ ʩʝʨʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ L (L = PhSï, BnSï, 4-tBuBnSï) (ʨʠʩ. 3.1). 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʝʪʘʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʚ ʪʘʙʣʠʮʘʭ ʇ2ïʇ3. 
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ʈʠʩ. 3.1. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [{M6I8}(RS)6]2ï (M = Mo, W; R = Ph, Bn, 4-tBuBn). 

ʉʦʝʜʠʥʝʥʠʷ (1) ʠ (2) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʇʨ. ʛʨ. P21/n). 

ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʦʙʦʠʭ ʩʪʨʫʢʪʫʨ ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{M6I8}( PhS)6]
2ï ʠ 

ʦʜʠʥ ʢʘʪʠʦʥ Bu4N
+, ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʣʝʞʘʪ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ. 

ʉʦʝʜʠʥʝʥʠʝ (3) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʇʨ. ʛʨ. P-1). ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ 

ʩʪʨʫʢʪʫʨ ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʦʣʦʚʠʥʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Mo6I8}( BnS)6]
2ï, ʜʚʘ ʢʘʪʠʦʥʘ Bu4N

+ ʠ ʜʚʝ 

ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʦʣʘ ʩ ʟʘʩʝʣʝʥʥʦʩʪʷʤʠ 0,25 ʠ 0,5, ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ 

ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ (4) ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, 

ʦʜʥʘʢʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ R1 = 0,18, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʢʦʤʧʣʝʢʩ (4) ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʣʝʢʩʫ (3). 

ʉʦʝʜʠʥʝʥʠʷ (5) ʠ (6) ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʇʨ. ʛʨ. P-1). ʅʝʟʘʚʠʩʠʤʘʷ 

ʯʘʩʪʴ ʦʙʦʠʭ ʩʪʨʫʢʪʫʨ ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{M 6I8}(4-tBuBnS)6]
2ï, ʦʜʠʥ ʢʘʪʠʦʥ 

Bu4N
+ ʠ ʧʦ ʦʜʥʦʡ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʝ ʤʝʪʘʥʦʣʘ ʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʥʳʭ 

ʘʥʠʦʥʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ. 

ɻʝʦʤʝʪʨʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʥʘ 

ʛʝʦʤʝʪʨʠʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠʦʜʠʥʜʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ [15, 25, 57, 216]. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʠʥʳ ʩʚʷʟʝʡ MoïMo ʠ MoïI ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ 

ʦʪ 2,686(9) ʜʦ 2,689(8) ¡ ʠ ʦʪ 2,780(9) ʜʦ 2,785(10) ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʧʨʦʷʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʚʦʣʴʬʨʘʤʘ ʜʣʠʥʳ ʩʚʷʟʝʡ WïW ʠ WïI ʪʘʢʞʝ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʜʥʘʢʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʝʡ ʤʝʪʘʣʣïʤʝʪʘʣʣ (~ ʥʘ 0,01 ¡) ʠ ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʝʡ ʤʝʪʘʣʣïʠʦʜ (~ ʥʘ 

0,02 ¡). ʈʘʩʩʪʦʷʥʠʷ MïS ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,505(4)ï2,531(11) ¡ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ [214, 215]. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʣʠʥʘ ʩʚʷʟʠ MïS ʫʢʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ~0,03 ¡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ PhSï ʢ 
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ʢʦʤʧʣʝʢʩʘʤ ʩ BnSï ʠ 4-tBuBnSï. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʘʥʠʦʥʘʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ 

ʪʠʦʢʦʤʧʣʝʢʩʦʚ (Bu4N)2[{M 6I8}(SC12F9)6] (M = Mo, W) [215]. ʋʛʣʳ MïSïC ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 107,25(15)Á ʜʦ 112,40(17)Á ʠ ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʜʣʷ ʪʠʦʢʦʤʧʣʝʢʩʦʚ  (Bu4N)2[{M 6I8}(SC12F9)6] (M = Mo, W) [215]. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ 

ʉʦʝʜʠʥʝʥʠʝ ʄʝʪʘʣʣ ʄïʄ, ¡ MïI, ¡ MïS, ¡ 

(Bu4N)2[{M 6I8}( PhS)6] 
Mo 2,689(8) 2,780(13) 2,531(11) 

W 2,673(9) 2,803(14) 2,530(13) 

(Bu4N)2[{M 6I8}( BnS)6] Mo 2,688(9) 2,780(9) 2,508(14) 

(Bu4N)2[{M 6I8}( 4-tBuBnS)6] 
Mo 2,686(9) 2,785(10) 2,505(4) 

W 2,679(9) 2,809(12) 2,504(3) 

(Bu4N)2[{M 6I8}(SC12F9)6] 

[215] 

Mo 2,682(1) 2,776(8) 2,531(5) 

W 2,674(10) 2,799(8) 2,550(6) 

 

ʀʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʳ ʚʳʜʝʣʷʣʠ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ, ʪʘʢ ʢʘʢ ʦʞʠʜʘʣʦʩʴ, 

ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ɺʳʭʦʜ ʨʝʘʢʮʠʡ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ 

ʩʦʩʪʘʚʣʷʝʪ 21-53 %, ʘ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʦʥ ʚʳʰʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

58-68 %. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠʣʠ ʟʘʛʨʫʟʢʠ ʧʨʦʣʠʛʘʥʜʘ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʳʭ ʘʥʘʣʠʟʦʚ (ʕɼʉ ʠ CHNS-ʘʥʘʣʠʟʘ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ OMeï ʥʘ RSï. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʤʘʩʩ-ʩʧʝʢʪʨʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʣʘʩʪʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩ ʰʝʩʪʴʶ ʪʠʦʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 3.2, ʇ1). ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ ʪʠʦʣʠʛʘʥʜʘ (ʨʠʩ. 3.2, ʇ2), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʣʝʙʘʥʠʷ SïH 

ʛʨʫʧʧʳ (~ 2560 ʩʤï1), ʢʦʪʦʨʦʝ ʧʨʦʧʘʜʘʝʪ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʪʠʦʩʦʝʜʠʥʝʥʠʷ ʢ ʢʣʘʩʪʝʨʫ. 
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ʈʠʩ. 3.2. ʄʘʩʩ-ʩʧʝʢʪʨʳ Na2[{M 6I8}( PhS)6]  (M = Mo, W), ʟʘʧʠʩʘʥʥʳʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʩʣʝʚʘ); ʀʂ-ʩʧʝʢʪʨʳ 

PhSH ʠ Na2[{M 6I8}( PhS)6] (M = Mo, W) (ʩʧʨʘʚʘ). 

ɺʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ ʥʘ 1H ʗʄʈ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʚ Me2CO-d6 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʪʠʦʣʠʛʘʥʜʘʤ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ 

ʪʠʦʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʤʝʪʘʣʣʫ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ 

ʩʠʣʴʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʪʦʥʦʚ ʩʦʭʨʘʥʷʝʪʩʷ (ʨʠʩ. 

3.3, ʇ3-ʇ4). 

 

ʈʠʩ. 3.3. 1H ʗʄʈ-ʩʧʝʢʪʨʳ PhSH ʠ Na2[{M 6I8}( PhS)6]  (M = Mo, W) ʚ Me2CO-d6. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʪʚʦʨʠʤʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʥʦʣ, 

ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʉʆ ʠ ʜʨ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʚʦʜʝ ʨʘʩʪʚʦʨʠʤʳ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ PhSï ʠ 
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BnSï ʣʠʛʘʥʜʘʤʠ. ʂʦʤʧʣʝʢʩʳ Na2[{M 6I8}(4-tBuBnS)6] (M = Mo, W) ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʪʨʝʪʙʫʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

3.1.1. ʇʦʚʝʜʝʥʠʝ Na2[{Mo6I 8}(PhS)6] ʚ ʘʮʝʪʦʥʝ 

ɺ ʭʦʜʝ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʨʘʩʪʚʦʨʝ (ʢʘʢ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢ ʠ ʚ ʚʦʜʝ) ʩ ʦʙʨʘʟʮʘʤʠ ʧʨʦʠʩʭʦʜʷʪ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʧʦʚʝʜʝʥʠʷ ʪʠʦʢʦʤʧʣʝʢʩʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʥʘ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{M o6I8}( PhS)6]. ɼʣʷ ʥʘʯʘʣʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʚʳʙʨʘʥ 

ʘʮʝʪʦʥ. ʊʘʢ, ʥʘ 1H ʗʄʈ-ʩʧʝʢʪʨʝ Na2[{M o6I8}( PhS)6] (ʚ Me2CO-d6) ʩʦ ʚʨʝʤʝʥʝʤ ʚʩʝ ʪʨʠ ʩʠʛʥʘʣʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʦʣʠʛʘʥʜʘ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʘʜʘʶʪ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ï ʚ ʦʙʣʘʩʪʠ 

ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʧʦʣʷ (ʨʠʩ. 3.4). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʚʳʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʚʦʙʦʜʥʦʤʫ ʪʠʦʬʝʥʦʣʫ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʠʦʬʝʥʦʣʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʀʟ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʦʣʳ (RSï) ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴʩʷ ʜʦ ʩʫʣʴʬʝʥʘʪʦʚ (RSOï) ʠ 

ʩʫʣʴʬʠʥʘʪʦʚ (RSO2
ï) [217, 218], ʚ ʪʦʤ ʯʠʩʣʝ ʪʠʦʣʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʤʝʪʘʣʣʫ [219-221]. 

ɺʝʨʦʷʪʥʦ, ʥʦʚʳʝ ʩʠʛʥʘʣʳ ʥʘ 7,25-7,55 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʢʠʩʣʝʥʥʳʤ ʬʦʨʤʘʤ ʪʠʦʬʝʥʦʣʷʪ-

ʠʦʥʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʫ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʪʠʦʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʪʠʦʣʘʤʠ [{ M6I8}( SArf)6]
2ï 

ʩʪʘʙʠʣʴʥʳ ʥʘ ʚʦʟʜʫʭʝ [215]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʘʙʦʪʝ [212] ʘʚʪʦʨʳ ʫʢʘʟʘʣʠ, ʯʪʦ [{Mo6Cl8}( RS)6]
2ï 

(R = Ph, Bn (ʙʝʥʟʠʣ), Et ʠ Bu) ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ, ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʧʨʦʚʦʜʠʣʠ. 

 

ʈʠʩ. 3.4. 1H ʗʄʈ-ʩʧʝʢʪʨʳ Na2[{ Mo6I8}( PhS)6]  ʚ Me2CO-d6 ʦʪ ʚʨʝʤʝʥʠ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʠʟ ʨʘʩʪʚʦʨʘ Na2[{M o6I8}( PhS)6] ʚ ʘʮʝʪʦʥʝ ʥʘʯʠʥʘʝʪ ʚʳʧʘʜʘʪʴ ʦʩʘʜʦʢ, ʥʦ 

ʨʘʩʪʚʦʨ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʦʢʨʘʰʝʥ. ɼʣʷ ʦʩʘʜʢʘ ʠ ʢʦʤʧʣʝʢʩʘ, ʚʳʩʘʞʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʜʠʵʪʠʣʦʚʳʤ 
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ʵʬʠʨʦʤ, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʀʂ-ʩʧʝʢʪʨʳ. ʅʘ ʨʠʩʫʥʢʝ 3.5 ʚʠʜʥʦ, ʯʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʫ ʬʦʨʤʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʦʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ SO ʛʨʫʧʧʳ, ʘ ʚ ʦʩʘʜʢʝ, 

ʚʳʧʘʚʰʝʤ ʚ ʘʮʝʪʦʥʝ, ʧʦʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ SO2 ʛʨʫʧʧʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʦʙʨʘʟʫʶʪʩʷ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʩʫʣʴʬʝʥʘʪʳ (RSOï) ʠ ʩʫʣʴʬʠʥʘʪʳ (RSO2
ï). 

 

ʈʠʩ. 3.5. ʀʂ-ʩʧʝʢʪʨʳ Na2[{ Mo6I8}( PhS)6] ʠ ʬʦʨʤ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʦʩʘʜʢʘ (ʜʠʘʧʘʟʦʥ 450-1500 ʩʤï1). 

ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ Na2[{M o6I8}( PhS)6] ʚ ʘʮʝʪʦʥʝ ʧʨʠ ʜʥʝʚʥʦʤ ʩʚʝʪʝ ʥʘ ʕʉʇ ʢʦʤʧʣʝʢʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʧʝʢʪʨʘ (ʨʠʩ. ʇ5) (ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʘʥʦ 

ʩ ʚʳʧʘʜʝʥʠʝʤ ʦʙʨʘʟʮʘ ʠʟ ʨʘʩʪʚʦʨʘ). ɼʣʷ ʟʘʧʠʩʠ ʕʉʇ ʠʟ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʘʮʝʪʦʥʝ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʫ ʠ ʚʳʩʘʞʠʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʘ ʟʘʪʝʤ ʧʝʨʝʨʘʩʪʚʦʨʷʣʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʪʘʢ ʢʘʢ ʘʮʝʪʦʥʠʪʨʠʣ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʋʌ-

ʦʙʣʘʩʪʠ. ʅʘ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʥʘ 11 ʥʤ ʚ 

ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (ʨʠʩ. 3.6). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʦʚ 

ʋʌ ʣʘʤʧʦʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ ʧʨʦʠʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʦʣʴʢʦ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ 

ï ʚʤʝʩʪʦ 24 ʯʘʩʦʚ ʪʨʝʙʫʝʪʩʷ 50 ʤʠʥʫʪ (ʨʠʩ. 3.6, ʇ5). 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʪʠʦʬʝʥʦʣʷʪ-ʠʦʥʦʚ ʤʳ ʧʨʦʚʝʣʠ 

ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ 

ʣʘʤʧʦʡ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Na2[{M o6I8}( PhS)6] ʚ ʘʮʝʪʦʥʝ ʤʘʢʩʠʤʫʤ 

ʵʤʠʩʩʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ (727 ʥʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 
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ʵʤʠʩʩʠʠ ʩʜʚʠʛʘʝʪʩʷ ʥʘ 9 ʥʤ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (ʨʠʩ. ʇ6). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ 

ʢʠʩʣʦʨʦʜʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʢʠʩʣʝʥʠʠ ʪʠʦʬʝʥʦʣʷʪ-ʣʠʛʘʥʜʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝʤʥʦʪʝ, ʥʦ ʩ ʜʦʩʪʫʧʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺʝʨʦʷʪʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ [5, 7, 21], ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʘ ʦʥ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʢʠʩʣʷʝʪ ʪʠʦʣ ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ ʩʫʣʴʬʝʥʘʪʦʚ (RSOï), ʘ ʟʘʪʝʤ ʜʦ 

ʩʫʣʴʬʠʥʘʪʦʚ (RSO2
ï). 

 

ʈʠʩ. 3.6. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Na2[{ Mo6I8}( PhS)6] ʚ ʘʮʝʪʦʥʝ ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ʩʣʝʚʘ) ʠ ʩ ʦʙʣʫʯʝʥʠʝʤ 

ʣʘʤʧʦʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 365 ʥʤ (ʩʧʨʘʚʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

3.1.2. ʇʦʚʝʜʝʥʠʝ Na2[{Mo6I 8}(PhS)6] ʚ ʚʦʜʝ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ (ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ H2O/OHï). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ Na2[{M o6I8}( PhS)6] ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʘʪʩʷ ʬʦʨʤʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʦʣʴʢʦ ʩ ʪʠʦʬʝʥʦʣʷʪ-ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 3.7). ʆʜʥʘʢʦ, ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 24 ʯʘʩʘ, 

ʦʙʨʘʟʫʝʪʩʷ ʬʦʨʤʘ ʩ ʦʜʥʦʡ ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ [{Mo6I8}( PhS)5(OH)]2ï, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʩ 

ʦʢʠʩʣʝʥʥʳʤʠ ʪʠʦʬʝʥʦʣʷʪ-ʠʦʥʘʤʠ [{M o6I8}( PhS)6-x(PhSO)x]
2ï (x = 2, 4) (ʨʠʩ. 3.7). Cʦ ʚʨʝʤʝʥʝʤ ʠʟ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ ʩʧʫʩʪʷ ʜʚʘ ʜʥʷ ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʝʪ 

ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ï ʥʘ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {Mo6I8}
4+ ʧʨʠʭʦʜʠʪʩʷ 4 ʘʪʦʤʘ ʩʝʨʳ 

(ʠʣʠ 4 ʪʠʦʣʠʛʘʥʜʘ), ʘ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ (2 ʥʝʜʝʣʠ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ. ʅʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ, 

ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʦʤʫ 14-ʚʦʜʥʦʤʫ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʫ [{Mo6I8}(H 2O)2(OH)4]Ā14H2O [222]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʤʘʩʩ-
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ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʕɼʉ ʠ ʈʉɸ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʚʦʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ ʦʢʠʩʣʝʥʠʝ ʪʠʦʣʠʛʘʥʜʦʚ ʠ ʟʘʤʝʱʝʥʠʝ 

ʪʠʦʣʠʛʘʥʜʦʚ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ. 

 

ʈʠʩ. 3.7. ʄʘʩʩ-ʩʧʝʢʪʨʳ Na2[{M o6I8}( PhS)6]  ʚ ʚʦʜʝ ʦʪ ʚʨʝʤʝʥʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, 

ʘ ʩʠʤʫʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʮʚʝʪʥʳʝ. 

ʅʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ (ɚ = 301 ʥʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʧʝʢʪʨ ʥʝ ʤʝʥʷʝʪʩʷ (ʨʠʩ. 3.8). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ 

ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ. ɺʝʨʦʷʪʥʦ, ʪʦʣʴʢʦ ʦʢʠʩʣʝʥʥʳʝ ʪʠʦʣʠʛʘʥʜʳ 

ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʚʦʜʫ ʠ/ʠʣʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ 

ʪʠʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ: ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʙʠʣʝʥ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʠ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ [219]. 
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ʈʠʩ. 3.8. ʕʉʇ Na2[{M o6I8}( PhS)6] ʚ ʚʦʜʝ ʦʪ ʚʨʝʤʝʥʠ ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ (ʩʣʝʚʘ) ʠ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ (ʩʧʨʘʚʘ) 

ʨʘʩʪʚʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Na2[{M o6I8}( PhS)6] ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ 

ʪʠʦʢʣʘʩʪʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʙʘʟʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʚʷʟʴ MïS ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ ʠ 

ʪʠʦʣʠʛʘʥʜʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Na2[{M o6I8}( PhS)6] ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʤʦʤʝʥʪʘʣʴʥʦ 

ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʥʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ DMSO-ʣʠʛʘʥʜʘʤʠ 

ʇʨʦʜʦʣʞʠʚ ʨʘʙʦʪʫ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

(Bu4N)2[{M 6I8}(NO3)6] (M = Mo, W) c ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (ɼʄʉʆ ʠʣʠ DMSO) ʦʙʨʘʟʫʶʪʩʷ 

ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ [{M6I8}( DMSO)6](NO3)4 (M = Mo (7), W (8)). ɺʳʙʦʨ ʠʩʭʦʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ (Bu4N)2[{M 6I8}(NO3)6] ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʣʘʙʠʣʴʥʳʭ NO3
ï 

ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ [13, 50, 70, 223]. ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, CHNS ʘʥʘʣʠʟʘ ʠ ʕɼʉ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ NO3
ï ʥʘ 

ɼʄʉʆ. ʊʘʢ, ʥʘ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ ʢʦʣʝʙʘʥʠʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

NO3
ï ʛʨʫʧʧʳ (~1370 ʩʤï1). ʉʠʛʥʘʣ ʥʘ ~930-940 ʩʤï1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʶ S-O ʛʨʫʧʧʳ ɼʄʉʆ, 

ʢʦʪʦʨʳʡ ʟʘʤʝʪʥʦ ʩʜʚʠʥʫʪ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ɼʄʉʆ 

(1005 ʩʤï1), ʚʚʠʜʫ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʤʝʪʘʣʣʫ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 3.9) [224]. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ ɼʄʉʆ 

ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʚʦʨʠʤʳ ʚ ʅ2ʆ. 
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ʈʠʩ. 3.9. ʀʂ-ʩʧʝʢʪʨʳ (Bu4N)2[{ M6I8}( NO3)6] ʠ [{ M6I8}( DMSO)6](NO3)4 (M = Mo (ʩʣʝʚʘ), M = W (ʩʧʨʘʚʘ)). 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ (7) ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʘʮʝʪʦʥʘ ʚ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɼʄʉʆ. ʉʦʛʣʘʩʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P 3̀1c) ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ [{Mo6I8}( DMSO)6](NO3)4ĀMe2CO (ʦʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʝʪʘʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʚ ʪʘʙʣʠʮʝ ʇ4). ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{Mo6I8}( DMSO)6]
4+ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

ʈʠʩ. 3.10. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ [{Mo 6I8}( DMSO)6]4+. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ {Mo6I8}
4+ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʚ ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [13]. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ Mo6 ʩ ʜʣʠʥʘʤʠ 

ʩʚʷʟʝʡ MoïMo ʦʪ 2,6430(5) ʜʦ 2,6591(5) ¡. ʅʘʜ ʢʘʞʜʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʴʶ ʦʢʪʘʵʜʨʘ ʨʘʩʧʦʣʦʞʝʥ 

ɛ3-ʤʦʩʪʠʢʦʚʳʡ I-ʣʠʛʘʥʜ, ʜʣʠʥʳ ʩʚʷʟʝʡ MoïI ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2,7736(4) ï 2,7836 (4) ¡. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʢʘʞʜʳʡ ʘʪʦʤ Mo ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʤʦʣʝʢʫʣʦʡ ɼʄʉʆ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

(ʜʣʠʥʘ MoïO ʩʦʩʪʘʚʣʷʝʪ 2,133(6) ï 2,154(6) ¡). ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ (8) ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 
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ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ʆʜʥʘʢʦ, ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʦʚ (7) ʠ (8) 

ʩʦʚʧʘʜʘʶʪ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ (ʨʠʩ. ʇ7). 

3.2.1. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [{M6I 8}(DMSO)6](NO3)4 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.11, ʘ ʚʨʝʤʷ ʞʠʟʥʠ, ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ï ʚ ʪʘʙʣʠʮʝ 2. ɺʚʠʜʫ ʙʳʩʪʨʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʙʫʜʝʪ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (H2O ʠʣʠ D2O) ʧʨʦʚʦʜʠʣʠ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ. ʆʙʘ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʷʚʣʷʶʪ ʷʨʢʦ-ʢʨʘʩʥʫʶ (ʚ ʩʣʫʯʘʝ ʤʦʣʠʙʜʝʥʘ) / ʦʨʘʥʞʝʚʫʶ (ʚ ʩʣʫʯʘʝ ʚʦʣʴʬʨʘʤʘ) 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ (ʨʠʩ. ʇ8). ɿʘʤʝʥʘ ʣʠʛʘʥʜʦʚ NO3
ï ʥʘ ɼʄʉʆ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ɼʣʷ (7) ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ (8) ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ 

ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʛʠʜʨʦʣʠʟʦʤ 

ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʚʘʛʠʜʨʦʢʩʦ ʬʦʨʤʳ, ʪʘʢ ʢʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʨʦʷʚʣʷʶʪ ʩʣʘʙʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ [11]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ H2O ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʠʞʝ, 

ʯʝʤ ʚ D2O, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʫʶ ʜʝʟʘʢʪʠʚʘʮʠʶ ʚ H2O. 

 

ʈʠʩ. 3.11. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [{M6I8}(DMSO)6](NO3)4 (M = Mo, W) ʜʣʷ ʧʦʨʦʰʢʦʚ ʠ ʚ H2O/D2O 

(ʦʪʥʦʨʤʠʨʦʚʘʥʥʳʝ). ɼʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 355 ʥʤ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2.  

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [{M6I 8}(DMSO)6](NO3)4 (M = Mo, W). 

 
M = Mo M = W 

ɚɻʤ, ʥʤ Űɻʤ, ʤʢʩ ūɻ ʤ ɚɻʤ, ʥʤ Űɻʤ, ʤʢʩ ūɻ ʤ 

(Bu4N)2[{M 6I8}(NO3)6] ʧʦʨʦʰʦʢ 666a 
Ű1=96ʘ 

Ű2=26ʘ 
0,26a 660ʙ 7b 0,04ʙ 

[{M 6I8}(DMSO)6](NO3)4 

ʧʦʨʦʰʦʢ 681 
Ű1=66,6 

Ű2=164,7 
0,19 631 

Ű1=21,8 

Ű2=311,1 
0,18 

ʚ H2O 

(ʩʚʝʞ.) 
ï ï ï 668 

Ű1 = 6,61 

Ű2 = 185 
0,02 

ʚ D2O 

(ʩʚʝʞ.) 
ï ï ï 668 

Ű1 = 8,35 

Ű2 = 401 
0,04 

[{M 6I8}(OH)4(H2O)2]ĿnH2O ʧʦʨʦʰʦʢ ïʙ ïʙ ïʙ 700ʙ 5ʙ <001ʙ 

ʘ ï [13], ʙ ï [11] 

3.2.2. ʂʠʥʝʪʠʢʘ ʛʠʜʨʦʣʠʟʘ [{M6I 8}(DMSO)6](NO3)4 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M 6I8}( DMSO)6](NO3)4 ʚ ʚʦʜʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʘ ʩ 

ʙʦʣʴʰʠʤ ʟʘʨʷʜʦʤ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ, ʘ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ ʧʨʦʪʠʚʦʠʦʥʦʚ. 

ʆʜʥʘʢʦ, ʩʦ ʚʨʝʤʝʥʝʤ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʧʘʜʘʝʪ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ (ʨʠʩ. ʇ9), ʢʦʪʦʨʳʡ ʥʠ ʚ 

ʯʝʤ ʥʝ ʨʘʩʪʚʦʨʠʤ. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩ. ʇ10) ʠ ʕɼʉ (M:I:S=6,0:8,2:0), 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ɼʄʉʆ-ʣʠʛʘʥʜʦʚ ʠ ʦʙʨʘʟʫʝʪʩʷ 

ʘʢʚʘʛʠʜʨʦʢʩʦ ʬʦʨʤʳ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{M6I8}(H 2O)2(OH)4]ĀxH2O, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʨʘʥʝʝ [11, 59, 225]. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʘ (1) ʩ ʪʠʦʣʠʛʘʥʜʘʤʠ ï ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ [{Mo 6I8}(H 2O)2(OH)4]Ā14H2O [222] (ʧ. 3.1.2). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʢʠʭ ʬʦʨʤʘʭ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʤʳ 

ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (7) ʠ (8) ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʠʟʫʯʠʣʠ (i) ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, (ii) ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ c 

ʜʦʙʘʚʣʝʥʠʝʤ 1 % ɼʄʉʆ ʠ (iii) ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʚʳʜʝʨʞʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ 4 ʜʥʝʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʦʜʥʦʡ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ [{M 6I8}(DMSO)6-x(H2O)z(OH)y(NO3)k-y]4ïk (M = Mo, W, x = 0-6, z = 0-10, y = 0-3, 

k = 0-3). ʉʦʩʪʘʚ ʬʦʨʤ ʚ ʨʘʩʪʚʦʨʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩʦ ʚʨʝʤʝʥʝʤ ʝʛʦ ʚʳʜʝʨʞʢʠ. ɺ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ (7) ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʳʝ ʬʦʨʤʳ, ʪʘʢ ʠ 

ʬʦʨʤʳ, ʩʦʜʝʨʞʘʱʠʝ 1ï6 ʤʦʣʝʢʫʣ ɼʄʉʆ, ʘ ʚ ʚʳʜʝʨʞʘʥʥʦʤ 4 ʜʥʷ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ (ʨʠʩ. 3.12, ʇ12, ʪʘʙʣ. ʇ5, ʇ7). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʦʙʦʠʭ 

ʨʘʩʪʚʦʨʘʭ (8) (ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʠ ʚʳʜʝʨʞʘʥʥʦʤ 4 ʜʥʷ) ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʩʦʜʝʨʞʘʪ ɼʄʉʆ-
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ʣʠʛʘʥʜʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʛʠʜʨʦʣʠʟʫ (ʨʠʩ. 3.12, ʇ14, ʪʘʙʣ. 

ʇ8, ʇ10). ɿʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʨʘʥʝʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ [226-229]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

1 % ɼʄʉʆ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʬʦʨʤ ʩ ɼʄʉʆ-ʣʠʛʘʥʜʘʤʠ 

(ʨʠʩ. ʇ11, ʇ13, ʪʘʙʣ. ʇ6, ʇ9), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ. 

 

ʈʠʩ. 3.12. ʄʘʩʩ ï ʩʧʝʢʪʨʳ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) (ʩʚʝʨʭʫ) ʠ (8) (ʩʥʠʟʫ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʘ ʩʠʤʫʣʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʮʚʝʪʥʳʝ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ D2O ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
1H ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

300, 320 ʠ 340 ʂ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 
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ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ɼʄʉʆ. ʉʦ ʚʨʝʤʝʥʝʤ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ɼʄʉʆ, ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʝʛʦ 

ʟʘʤʝʱʝʥʠʠ, ʘ ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ʤʫʣʴʪʠʧʣʝʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ 

ʢʦʤʧʣʝʢʩʘ ʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴʶ ʧʨʦʪʦʥʦʚ (ʨʠʩ. 3.13). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ 

ʩʠʛʥʘʣʦʚ ɼʄʉʆ ʚ ʨʘʩʪʚʦʨʝ D2O ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʣʠʟʘ ʧʦ ʫʨʘʚʥʝʥʠʶ 7. ʀʥʪʝʛʨʘʣʴʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʦʥʦʚ ʩʚʦʙʦʜʥʳʭ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ɼʄʉʆ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ 

Iɼʄʉʆ-ʩ ʠ Iɼʄʉʆ-ʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʨʠ 

300 K ʜʣʷ (7). ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 320 ʠ 340 ʂ (ʨʠʩ. ʇ15-ʇ21). 

ὼ  ̒

̒ ̋
  (7) 

 

ʈʠʩ. 3.13. ʌʨʘʛʤʝʥʪ 1H ʗʄʈ ʚ D2O (ʩʣʝʚʘ) ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʛʠʜʨʦʣʠʟʘ (ʩʧʨʘʚʘ) ʧʨʠ 300 ʂ ʜʣʷ 

[{M o6I8}( DMSO)6](NO3)4. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ (keff) ʤʳ ʩʜʝʣʘʣʠ ʥʝʩʢʦʣʴʢʦ ʜʦʧʫʱʝʥʠʡ: 

(i) ʤʦʣʝʢʫʣʳ ɼʄʉʆ ʟʘʤʝʱʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ D2O ʚʚʠʜʫ ʠʟʙʳʪʢʘ ʧʦʩʣʝʜʥʝʛʦ (ʨʠʩ. 3.14); 

(ii ) ʩʢʦʨʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ [{M6I8}( DMSO)6-n(D2O)n]
4+ (n = 0-5) ʥʝ ʟʘʚʠʩʠʪ ʦʪ n; (iii) ʚʢʣʘʜ 

ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. ʂʠʥʝʪʠʢʫ ʛʠʜʨʦʣʠʟʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʢʘʢ ʨʝʘʢʮʠʶ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʫʨʘʚʥʝʥʠʶ 8. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 300, 320 ʠ 340 ʂ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ (k0) ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (Ea) ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ 

(ʫʨʘʚʥʝʥʠʝ 9), ʘ ʪʘʢʞʝ ʵʥʪʨʦʧʠʠ (ȹSÍ) ʠ ʵʥʪʘʣʴʧʠʠ (ȹHÍ) ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʕʡʨʠʥʛʘ (ʫʨʘʚʥʝʥʠʝ 10) (ʨʠʩ. ʇ20-21). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʣʠʟʘ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ ʚʳʰʝ ʥʘ 1-2 ʧʦʨʷʜʢʘ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ (8) ʚʳʰʝ, ʯʝʤ ʜʣʷ (7) 

ʧʨʠʤʝʨʥʦ ʥʘ 27 ʢɼʞ/ʤʦʣʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʷʟʴ W-DMSO ʩʠʣʴʥʝʝ, ʯʝʤ Mo-DMSO, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ (8). 
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ʈʠʩ. 3.14. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ [{M 6I8}( DMSO)6](NO3)4. 

 

ρ ὼ  Ὡὼὴ  (8) 

Ὧ  Ὧ Ὡὼὴ  (9) 

Ὧ  Ὡὼὴ
Ў

Ὡὼὴ
Ў

 (10), 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, kB ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3.  

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʣʠʟʘ [{M 6I 8}(DMSO)6](NO3)4. 

 T, ʂ k
eff
Ŀ106,

 
ʩ

-1

 t1/2 
Ea, ʢɼʞ 

ʤʦʣʴ-1 
k

0
Ŀ10ï10, ʩ

-1

 
æHÍ, ɼʞ 

K-1 ʤʦʣʴ-1 
æSÍ, ɼʞ ʤʦʣʴ-1 

(7) 

300 78 Ñ 2 2,5 Ñ 0,1 ʯ 

86 Ñ 4 7,6 Ñ 0,5 84 Ñ 4 ï44 Ñ 3 320 720 Ñ 20 16,0 Ñ 0,4 ʤʠʥ 

340 3900 Ñ 400 3,0 Ñ 0,3 ʤʠʥ 

(8) 

300 1,35 Ñ 0,04 5,9 Ñ 0,2 ʜ 

109,9 Ñ 0,1 1899 Ñ 2 107Ñ1 
(ï30,0 Ñ 0,5) 

Ŀ10-2 
320 21 Ñ 1 9,6 Ñ 0,5 ʯ 

340 240 Ñ 10 48 Ñ 2 ʤʠʥ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ, ʠʜʫʱʝʝ ʧʦ ʘʩʩʦʮʠʘʪʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʝʡ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʜʣʷ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ [230]. ɼʣʷ (7) ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ï44 Ñ 3 ʢɼʞ/ʤʦʣʴ, ʠ ʛʠʜʨʦʣʠʟ, ʚʝʨʦʷʪʥʦ, ʠʜʝʪ ʧʦ ʘʩʩʦʮʠʘʪʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɼʣʷ (8) 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ 0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʦʣʠʟ ʤʦʞʝʪ ʠʜʪʠ ʢʘʢ ʧʦ ʜʠʩʩʦʮʠʘʪʠʚʥʦʤʫ, ʪʘʢ ʠ ʧʦ 

ʘʩʩʦʮʠʘʪʠʚʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

MLnX + Y Ÿ MLnXY, MLnXY Ÿ MLnY + X ʘʩʩʦʮʠʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

MLnX Ÿ MLn + X, MLn + Y Ÿ MLnY ʜʠʩʩʦʮʠʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ 

3.2.3. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ [{W6I8}(DMSO)6](NO3)4 

ɻʠʜʨʦʣʠʟ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʆʜʥʘʢʦ, 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʮʠʩʧʣʘʪʠʥ (ʮʠʩ-ʜʠʘʤʤʠʥʜʠʭʣʦʨʦʧʣʘʪʠʥʘ(II)) ʠʣʠ RAPTA (ʢʣʘʩʩ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʷ Ru(II) ʩ ʘʨʝʥʦʤ, ʭʣʦʨʠʜʦʤ ʠ 1,3,5-ʪʨʠʘʟʘ-7-ʬʦʩʬʘʘʜʘʤʘʥʪʘʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ), 

ʛʠʜʨʦʣʠʟ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 
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ʜʘʥʥʳʭ ʤʳ ʦʮʝʥʠʣʠ ʚʨʝʤʷ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ [{ M6I8}(DMSO)6](NO3)4 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (37 Áʉ). ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʝʚʝʣʠʢʦ ʠ ʨʘʚʥʦ 

ʚʩʝʛʦ 52 ʤʠʥʫʪʳ, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ ï 34 ʯʘʩʘ, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʦʝ ʚʨʝʤʷ ʜʣʷ 

ʢʣʝʪʦʯʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʚʝʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ [{W 6I8}( DMSO)6](NO3)4 ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʣʠʟʘ ʥʘ 

ʪʝʤʥʦʚʫʶ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

ɺʣʠʷʥʠʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʠʣʠ 7 ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (8) ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 (ʢʣʝʪʢʠ 

ʨʘʢʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ) ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʄʊʊ-ʪʝʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0,016ï1,06 ʤM ʧʦʩʣʝ 6, 24 ʠ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ (ʨʠʩ. 3.15). ɼʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(8) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʩ 6 ʜʦ 48 ʯʘʩʦʚ ʪʝʤʥʦʚʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. 

ʆʜʥʘʢʦ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝ ʜʦʩʪʠʛʘʣʘʩʴ (IC50) 

ʚ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʪʦ ʝʩʪʴ IC50>1,06 ʤʄ (ʨʠʩ. 3.15(ʘ), ʪʘʙʣ. 4). 

ɺʳʜʝʨʞʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʦʷʚʣʷʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʟʥʘʯʝʥʠʝ IC50 

ʧʦʩʣʝ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʨʘʚʥʦ 0,85Ñ0,07 ʤʄ ʜʣʷ ʨʘʩʪʚʦʨʘ, ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ, ʠ 0,24Ñ0,01 ʤʄ 

ʜʣʷ ʨʘʩʪʚʦʨʘ, ʚʳʜʝʨʞʘʥʥʦʛʦ 7 ʜʥʝʡ (ʨʠʩ. 3.15(ʙ-ʚ), ʪʘʙʣ. 4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ 

ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʥʦʚʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʩ ɼʄʉʆ-ʣʠʛʘʥʜʘʤʠ. ɼʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ 

Na2[{Mo 6I8} L6] (L = 2-[2-(2-ʤʝʪʦʢʩʠ)ʵʪʦʢʩʠ]ʘʮʝʪʘʪ) ʟʥʘʯʝʥʠʷ IC50 ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʠ 

ʩʦʩʪʘʚʣʷʶʪ 0,36 Ñ 0,06 ʤʄ ʠ 0,42 Ñ 0,06 ʤʄ ʜʣʷ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 ʠ MRC-5 (ʬʠʙʨʦʙʣʘʩʪʳ 

ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [12]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ Na2[{Mo 6I8}(NCS)6] ʠ 

Na2[{Mo 6I8}(N 3)6] ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ HeLa (ʢʣʝʪʢʠ ʨʘʢʠ ʰʝʡʢʠ ʤʘʪʢʠ) ʠ HEK 293T (ʵʤʙʨʠʦʥʘʣʴʥʳʝ 

ʢʣʝʪʢʠ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ) [55]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ ʨʦʜʘʥʠʜʥʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʩ (8): ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʩ 24 

ʜʦ 72 ʯʘʩʦʚ ʩ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ HeLa ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (IC50 ʫʤʝʥʴʰʘʝʪʩʷ ʩ 33 ʜʦ 

18 ʤʢʄ). ɺʝʨʦʷʪʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ [{Mo 6I8}(NCS)5(OH)]2ï. 
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ʈʠʩ. 3.15. ʊʝʤʥʦʚʘʷ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ (8) ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ Hep-2. (ʘ) 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 6, 24 ʠ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ; (ʙ) ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ 6, 24 ʠ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ; (ʚ) ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ, ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʠʣʠ 7 ʜʥʝʡ ʨʘʩʪʚʦʨʦʚ ʧʦʩʣʝ 48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ; (ʛ) 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʨʘʩʪʚʦʨʦʚ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4.  

ɿʥʘʯʝʥʠʷ IC 50 ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʠ 7 ʜʥʝʡ ʨʘʩʪʚʦʨʦʚ (8). 

ʆʙʨʘʟʝʮ/ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ 
IC50, ʤM 

6 ʯ 24 ʯ 48 ʯ 

ʉʚʝʞ. >1,06 >1,06 >1,06 

ɺʳʜʝʨʞ. 4 ʜʥʷ 0,94Ñ0,03 0,89Ñ0,01 0,85Ñ0,07 

ɺʳʜʝʨʞ. 7 ʜʥʝʡ - - 0,24Ñ0,01 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʠ ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ (8) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,033, 0,066 

ʠ 0,132 ʤʄ (ʥʝʪʦʢʩʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʙʦʠʭ ʨʘʩʪʚʦʨʦʚ), ʠʥʢʫʙʠʨʦʚʘʣʠ 4 ʯʘʩʘ, ʘ ʟʘʪʝʤ 

ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ (ɚ = 400ï800 ʥʤ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʠ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (0,132 ʤʄ) ʨʘʩʪʚʦʨʳ ʧʨʦʷʚʣʷʶʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ: ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʜʣʷ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 28Ñ4 %, ʘ ʜʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ï 62 Ñ 2 % 

(ʨʠʩ. 3.15(ʛ)). 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʳʟʚʘʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) (ʚʢʣʶʯʘʷ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ), ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʦʥʜʘ 

5(6)-ʢʘʨʙʦʢʩʠ-2',7'-ʜʠʭʣʦʨʬʣʫʦʨʝʩʮʝʠʥ ʜʠʘʮʝʪʘʪʘ (DCFH-DA) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɸʌʂ ʚʥʫʪʨʠ 

ʢʣʝʪʦʢ. ʂʣʝʪʢʠ ʣʠʥʠʠ Hep-2 ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʠ 

ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ (8) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,25 ʤʄ, ʘ ʟʘʪʝʤ ʩ DCFH-DA ʠ 

ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ (ʨʠʩ. ʇ22-23). ʂʣʝʪʢʠ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʩʨʝʜʝ 

ʙʝʟ ʦʙʨʘʟʮʘ ʠʣʠ ʩ H2O2, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʚ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ɸʌʂ ʥʝ ʠʟʤʝʥʷʣʩʷ. ɺ ʩʣʫʯʘʝ ʩ 

ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ɸʌʂ ʙʳʣʦ ʥʘ ʫʨʦʚʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (8) ʫʨʦʚʝʥʴ ɸʌʂ ʥʘ 50 % ʚʳʰʝ, ʯʝʤ ʜʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ 

ʨʘʩʪʚʦʨʘ (8), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

(ʨʠʩ. 3.15(ʜ)).). 

ɻʠʜʨʦʣʠʟ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʪʝʤʥʦʚʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [{W 6I8}( DMSO)6](NO3)4 ʠ ʝʛʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʬʦʨʤ 

ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ. ɼʣʷ ʦʮʝʥʢʠ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʠ ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ (8) ʩ ʥʝʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (0,132 ʤʄ) ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʠʣʠ 4 ʯʘʩʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʜʝʨʞʘʥʥʳʡ 4 ʜʥʷ ʨʘʩʪʚʦʨ ʢʣʘʩʪʝʨʘ ʣʫʯʰʝ ʧʨʦʥʠʢʘʝʪ ʚ 

ʢʣʝʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ (ʨʠʩ. 3.16(ʘ)). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʛʠʜʨʦʣʠʟ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘ ʩ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ [11], ʚ ʩʣʫʯʘʝ ʩ ʚʳʜʝʨʞʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʘ ʫʞʝ ʯʝʨʝʟ 15 ʤʠʥʫʪ 

ʠʥʢʫʙʘʮʠʠ ʩ ʢʣʝʪʢʘʤʠ ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʟʘʤʝʪʥʘʷ ʵʤʠʩʩʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʙʨʘʟʮʘ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʂʃʉʄ), ʚʠʜʥʦ, ʯʪʦ ʚʳʜʝʨʞʘʥʥʳʡ 4 ʜʥʷ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (C = 0,132 ʤʄ, ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ 24 ʯʘʩʘ) ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ʦʢʦʣʦʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 3.16(ʙ-ʛ)). ʉʦʛʣʘʩʥʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ 

ʢʣʝʪʦʢ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ 40 ʥʤ (ʨʠʩ. ʇ24). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʨʘʟʤʝʨ ʦʜʥʦʛʦ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1 ʥʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʥʘʥʦʯʘʩʪʠʮ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 20 ʥʤ. ɺʝʨʦʷʪʥʦ, ʚ ʨʘʩʪʚʦʨʝ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ 
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ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʯʥʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ. 

 

ʈʠʩ. 3.16. ʇʨʦʮʝʥʪ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʠ 

ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ (8) (ʘ). ʀʟʦʙʨʘʞʝʥʠʷ ʂʃʉʄ (ʙ, ʚ, ʛ) ʢʣʝʪʦʢ Hep-2, 

ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (8). ʗʜʨʘ ʢʣʝʪʦʢ ʧʦʜʢʨʘʰʠʚʘʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ Hoechst 33342 (ʩʠʥʠʡ), ʮʠʪʦʩʢʝʣʝʪ ï Phalloidin (ʞʝʣʪʳʡ), ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʢʦʤʧʣʝʢʩʘ (8) ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʜʘʥʥʳʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʥʦʯʘʩʪʠʮʳ (ʚʳʜʝʨʞʘʥʥʳʡ 4 ʜʥʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ) ʣʝʛʯʝ ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ, ʯʝʤ 

ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ (ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʣʝʪʢʠ. ʅʘ 

ʨʠʩʫʥʢʝ ʇ24 ʚʠʜʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʢʣʘʩʪʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʦʜʥʦʤʝʤʙʨʘʥʥʦʡ ʚʠʟʠʢʫʣʳ, 

ʘ ʪʘʢʞʝ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ (ʕʇʈ). ʕʇʈ ʦʪʚʝʯʘʝʪ ʟʘ ʥʘʢʦʧʣʝʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʠ 

ʵʥʜʦʛʝʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ, ʠ ʧʝʨʝʛʨʫʟʢʘ ʕʇʈ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ 

ʨʘʩʰʠʨʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{W 6I8}( DMSO)6](NO3)4 ʦʙʣʘʜʘʝʪ ʷʨʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ/ʠʣʠ ʌɼʊ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʥʦʚʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ 
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ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

3.2.4. ʇʦʚʝʜʝʥʠʝ [{Mo6I 8}(DMSO)6](NO3)4 ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʅʘ ʧʨʠʤʝʨʝ [{W 6I8}( DMSO)6](NO3)4 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ ɼʄʉʆ-ʣʠʛʘʥʜʘʤʠ ʠ ʝʛʦ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʦʣʠʙʜʝʥʦʚʳʡ ʘʥʘʣʦʛ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʚʨʝʤʷ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ 37 Áʉ ʩʦʩʪʘʚʣʷʝʪ 52 ʤʠʥʫʪʳ), ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʘ (7) ʠ ʧʨʦʜʫʢʪʦʚ 

ʝʛʦ ʛʠʜʨʦʣʠʟʘ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʝʞʜʝ ʯʝʤ 

ʧʝʨʝʭʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʳ ʨʝʰʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 

ʫʩʣʦʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʠʤʝʥʥʦ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ [{Mo6I8}(DMSO)6](NO3)4 ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ pH ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚʳʰʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (pH=7,4 ï 

ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, pHḑ5ï6 ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ), ʠ ʚ ʝʝ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʣʠ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ (ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ 

[{Mo 6I8}(DMSO)6ïxïy(H2O)x(OH)y]
(4īy)+) ʠ ʚʳʜʝʨʞʘʥʥʳʡ 4 ʜʥʷ (ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ 

ʬʦʨʤʳ [{Mo6I8}(H 2O)6ïy(OH)y]
(4īy)+, y = 0ï3) ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʦʤʧʣʝʢʩʘ (C = 12,9 ʤʄ) ʜʦʙʘʚʣʷʣʠ ʢ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ DMEM ʙʝʟ ʢʨʘʩʠʪʝʣʷ (10:90 % ʧʦ 

ʦʙʲʝʤʫ, C = 1,29 ʤʄ) ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʷ (ʨʠʩ. 3.17). 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʤʛʥʦʚʝʥʥʦʝ 

ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ï ʨʘʩʪʚʦʨ ʤʫʪʥʝʣ ʯʝʨʝʟ 1 ʯʘʩ, ʘ 

ʧʦʣʥʦʝ ʦʩʘʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ 6 ʯʘʩʦʚ. ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʠ CHNS ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʦʩʘʜʢʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʢ ʠʦʜʫ ʩʦʩʪʘʚʣʷʝʪ 6,0:8,1, ʘ ʩʝʨʘ, ʬʦʩʬʦʨ, ʫʛʣʝʨʦʜ ʠ ʘʟʦʪ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ɼʄʉʆ-

ʣʠʛʘʥʜʦʚ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ 

ʢʦʤʧʣʝʢʩʘ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ. ɺʝʨʦʷʪʥʝʡ ʚʩʝʛʦ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ [{Mo 6I8}(H 2O)2(OH)4]ĀnH2O (AHĿnH2O), 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ Na2[{M o6I8}( PhS)6] ʠ [{W 6I8}( DMSO)6](NO3)4. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʕʄ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

(d ~ 80 ʥʤ) (ʨʠʩ. ʇ25). 
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ʈʠʩ. 3.17. ʌʦʪʦʛʨʘʬʠʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʦʪ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʜʢʦʚ, ʤʳ ʧʦʧʳʪʘʣʠʩʴ 

ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) ʠ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚ ʅ-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʟʘʥʠʤʘʝʪ ʥʝ ʤʝʥʝʝ 

5 ʜʥʝʡ, ʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʩʪʘʥʦʚʠʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤ. ʇʦ 

ʜʘʥʥʳʤ ʈʉɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘʤ [{Mo 6I8}(H 2O)2(OH)4]Ā2H2O 

(AHĿ2H2O) ʠ [{Mo 6I8}(H 2O)2(OH)4]Ā14H2O (AHĿ14H2O) [222]. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

AHĿ14H2O ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʤʠʩʩʠʠ, ʩʤʝʱʝʥʥʳʤ ʚ ʩʠʥʶʶ 

ʦʙʣʘʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ AHĿ2H2O [225]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʧʦʟʚʦʣʠʪ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʦʩʪʘʚ. 

ɼʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) (Cḑ0,066 ʤʄ) ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʟʘʧʠʩʳʚʘʣʠ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (ʨʠʩ. 3.18). ʇʝʨʝʜ 

ʟʘʧʠʩʴʶ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ, ʨʘʩʪʚʦʨʳ ʚʩʪʨʷʭʠʚʘʣʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʫʩʧʝʥʟʠʶ. ɼʣʷ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʨʷʜʫ ʩ ʙʘʪʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ʩ 645 ʜʦ 705 ʥʤ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʢʦʤʧʣʝʢʩʘ (7) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʚ 

ʚʠʜʝ AHĿ2H2O (ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʜʣʷ AHĿ2H2O 705 ʥʤ). ɺ ʩʣʫʯʘʝ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʩ 705 ʜʦ 690 ʥʤ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʠ ʜʘʥʥʳʝ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 
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ʨʘʩʪʚʦʨʘ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʤʦʤʝʥʪʘʣʴʥʦ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ AHĿ2H2O, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʤʝʜʣʝʥʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʙʦʣʝʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ AHĿ14H2O. 

 

ʈʠʩ. 3.18. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ (ʩʣʝʚʘ) ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ (ʩʧʨʘʚʘ) ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (7) ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʄʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʚʳʜʝʨʞʘʥʥʳʡ ʨʘʩʪʚʦʨ (7) ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ 

ʢʦʤʧʣʝʢʩʘ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ AHĿ2H2O, ʘ ʚ ʩʣʫʯʘʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (7) ʜʣʷ ʚʳʧʘʜʝʥʠʷ ʚ ʦʩʘʜʦʢ ʘʢʚʘʛʠʜʨʦʢʩʦ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʯʝʨʝʟ 

ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ɼʄʉʆ-ʣʠʛʘʥʜʦʚ (ʨʠʩ. 3.19). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʝʚʨʘʱʝʥʠʝ ʩʚʝʞʝʦʩʘʞʜʝʥʥʦʛʦ AHĿ2H2O ʚ AHĿ14H2O ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʫʩʪʷ 24 ʯʘʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʘʛʨʝʛʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʦʩʘʜʢʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʚʳʜʝʨʞʠʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ (7) ʚ ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʫʩʪʠʪʴ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ 

ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ. 

 

ʈʠʩ. 3.19. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʜʣʷ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (7). 
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3.2.5. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ [{Mo6I 8}(DMSO)6](NO3)4 

ɼʝʪʘʣʴʥʦ ʠʟʫʯʠʚ ʧʦʚʝʜʝʥʠʝ [{Mo 6I8}(DMSO)6](NO3)4 ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʤʳ ʧʝʨʝʰʣʠ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʣʠʷʥʠʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (7) ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 (ʢʣʝʪʢʠ 

ʨʘʢʘ ʛʦʨʪʘʥʠ ʯʝʣʦʚʝʢʘ) ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʄʊʊ ï ʪʝʩʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0,003ï1,29 ʤM ʧʦʩʣʝ 2, 5, 10 ʠ 24 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ (ʨʠʩ. 3.20). 

 

ʈʠʩ. 3.20. ʊʝʤʥʦʚʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) 

ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ Hep-2. 

ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ (7) ʧʦʩʣʝ 2 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝ 5 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (IC50 = 0,47 ʤʄ) ʠ 

ʧʦʩʣʝ 10 ʯʘʩʦʚ ï ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ (IC50 = 0,20 ʤʄ) (ʪʘʙʣ. 5). ɼʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) 

ʟʥʘʯʝʥʠʝ IC50 ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʧʣʦʪʴ ʜʦ 0,65 ʤʄ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝʪʦʢʩʠʯʥʦʡ. ʊʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ (ʧ. 3.2.3). ɺʝʨʦʷʪʥʦ, 

ʨʘʟʣʠʯʠʝ ʚ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʠʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʘ 

ʠʤʝʥʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ɼʄʉʆ-ʣʠʛʘʥʜʦʚ ʠ NO3
ï ʠʦʥʦʚ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ɼʄʉʆ-ʣʠʛʘʥʜʦʚ ʠ NO3
ï 

ʠʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʠ ʦʙʲʷʩʥʷʝʪ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (8). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʙʘʚʣʝʥʠʝ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʚʳʟʳʚʘʝʪ 

ʙʳʩʪʨʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʣʠʛʘʥʜʦʚ ɼʄʉʆ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʩʪ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ɼʄʉʆ ʠ NO3
ï ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʠ ʠʭ ʛʠʙʝʣʴ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, ʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʧʦʩʣʝ 2 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ 

(ʘʥʘʣʦʛʠʯʥʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ (8)), ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ 

ʪʦʢʩʠʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ (ʘʥʘʣʦʛʠʯʥʦ ʚʳʜʝʨʞʘʥʥʦʤʫ ʨʘʩʪʚʦʨʫ (8)). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʜʝʨʞʘʥʥʳʡ 

ʨʘʩʪʚʦʨ (7) ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʘ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼʄʉʆ ʠ NO3
ï ʥʝʚʳʩʦʢʘ ʜʣʷ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 5.  

ɿʥʘʯʝʥʠʷ IC 50 ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʨʘʩʪʚʦʨʦʚ (7). 

ʆʙʨʘʟʝʮ/ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ 
IC50, ʤM 

2 ʯ 5 ʯ 10 ʯ 24 ʯ 

ʉʚʝʞ. >1,29 0,47Ñ0,04 0,20Ñ0,01 0,19Ñ0,02 

ɺʳʜʝʨʞ. >1,29 >1,29 >1,29 >1,29 

 

ʂʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (7) ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ (FACS) ʠ ʀʉʇ-ɸʕʉ. ɼʣʷ ʵʪʦʛʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠ ʚʳʜʝʨʞʘʥʥʳʡ 4 ʜʥʷ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ (7) (C = 0,08 ʤʄ) ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʩ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ Hep-2 ʚ ʪʝʯʝʥʠʝ 2 ʠ 24 

ʯʘʩʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ FACS ʧʦʩʣʝ 2 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʚ ʩʣʫʯʘʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʢʣʘʩʪʝʨ ʧʨʦʥʠʢʘʝʪ ʚ 5,10 % ʢʣʝʪʦʢ, ʘ ʚ ʩʣʫʯʘʝ ʚʳʜʝʨʞʘʥʥʦʛʦ ï ʚ 11,79 % ʢʣʝʪʦʢ. ʇʦʩʣʝ 24 ʯʘʩʦʚ 

ʠʥʢʫʙʘʮʠʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 8,43 % ʠ 19,33 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3.21). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ FACS ʚʳʜʝʨʞʘʥʥʳʡ ʨʘʩʪʚʦʨ ʣʫʯʰʝ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʚ ʢʣʝʪʢʘʭ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 

 

ʈʠʩ. 3.21. ʇʨʦʮʝʥʪ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʣʠʥʠʠ Hep-2 ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʠ 

ʚʳʜʝʨʞʘʥʥʳʤ 4 ʜʥʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ (7). 
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ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ FACS ʚʦʟʤʦʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ 

ʬʦʨʤʫ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʢʦʣʴʢʫ ʥʝʢʦʪʦʨʳʝ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʩʣʘʙʦʡ 

ʵʤʠʩʩʠʝʡ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʝʪʢʘʭ ʩ ʧʦʤʦʱʴʶ ʀʉʇ-ɸʕʉ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ (ʪʘʙʣ. ʇ11). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, 

ʚ ʩʣʫʯʘʝ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʝʪʢʘʭ ʧʦʩʣʝ 2 ʯʘʩʦʚ 

ʠʥʢʫʙʘʮʠʠ ʙʳʣʦ ʦʯʝʥʴ ʥʠʟʢʠʤ (1,6 ʤʢʛ ʤʦʣʠʙʜʝʥʘ ʚ 106 ʢʣʝʪʦʢ), ʘ ʧʦʩʣʝ 24 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʵʪʦ 

ʟʥʘʯʝʥʠʝ ʫʚʝʣʠʯʠʣʦʩʴ (10,5 ʤʢʛ ʤʦʣʠʙʜʝʥʘ ʚ 106 ʢʣʝʪʦʢ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (7) ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʝʪʢʘʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʩʣʝ 2 ʯʘʩʦʚ 

ʠʥʢʫʙʘʮʠʠ (28,6 ʤʢʛ ʤʦʣʠʙʜʝʥʘ ʚ 106 ʢʣʝʪʦʢ), ʘ ʯʝʨʝʟ 24 ʯʘʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ 

(18,3 ʤʦʣʠʙʜʝʥʘ ʚ 106 ʢʣʝʪʦʢ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟ ʢʣʝʪʦʢ. ʉʢʦʨʝʝ 

ʚʩʝʛʦ, ʢʘʢ ʠ ʚʦʣʴʬʨʘʤʦʚʳʡ ʘʥʘʣʦʛ, ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ/ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ʉʦ ʚʨʝʤʝʥʝʤ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʦʨʤʳ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʷʪ ʚ ʥʘʥʦʯʘʩʪʠʮʳ AH (ʙʳʩʪʨʝʝ 

ʥʘʥʦʯʘʩʪʠʮʳ AH ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʳʜʝʨʞʘʥʥʦʤ ʨʘʩʪʚʦʨʝ) ʠ ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʤʦʣʠʙʜʝʥʘ ʚ ʢʣʝʪʢʘʭ ʧʦʩʣʝ 24 ʯʘʩʦʚ 

ʠʥʢʫʙʘʮʠʠ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

[{ W6I8}(DMSO)6](NO3)4, ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ/ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ ʬʦʨʤʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ (7), ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʄʉʆ ʠ NO3
ï. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ AH, ʦʥʠ ʙʦʣʝʝ ʠʥʝʨʪʥʳ ʠ 

ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʀʉʇ-ɸʕʉ, ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʩʣʫʯʘʝ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʥʥʳʝ FACS ʫʢʘʟʳʚʘʣʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ ʨʘʥʝʝ (ʨʠʩ. 3.21). ʉʥʘʯʘʣʘ ʥʘʥʦʯʘʩʪʠʮʳ AHĿ2H2O ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ, ʘ 

ʟʘʪʝʤ ʧʝʨʝʭʦʜʷʪ ʚ ʙʦʣʝʝ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʬʦʨʤʫ AHĿ14H2O ʥʘʨʷʜʫ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʚʳʚʝʜʝʥʠʝʤ 

ʠʟ ʢʣʝʪʦʢ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Mo 6I8}(DMSO)6](NO3)4. ɼʣʷ ʵʪʦʛʦ ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ (7) ʩ ʥʝʪʦʢʩʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ (0,02ï0,08 ʤʄ ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 0,02ï0,65 ʤʄ ʜʣʷ 

ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ), ʠʥʢʫʙʠʨʦʚʘʣʠ 2, 5, 10 ʠʣʠ 24 ʯʘʩʘ, ʘ ʟʘʪʝʤ ʦʙʣʫʯʘʣʠ ʩʚʝʪʦʤ (ɚ = 400ï

800 ʥʤ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ (ʨʠʩ. 3.22, ʇ26-ʇ27). ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ (7) ʥʝ ʧʨʦʷʚʣʷʝʪ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʚʦ ʚʩʝʤ 
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ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (7) 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʠʥʢʫʙʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ 2 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,08ï0,65 ʤʄ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝ 24 ʯʘʩʦʚ 

ʠʥʢʫʙʘʮʠʠ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ 0,02ï0,65 ʤʄ (ʨʠʩ. 3.22). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,65 ʤʄ ʬʦʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʧʦʩʣʝ 24 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʧʨʦʮʝʥʪ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ 

ʜʦʩʪʠʛʘʝʪ 50 %. ɺ ʮʝʣʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʛʠʜʨʦʣʠʟʘ (ʨʠʩ. 3.19) ʠ ʜʘʥʥʳʤʠ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʢʣʝʪʢʠ (ʪʘʙʣʠʮʘ ʇ11): 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʘʢʪʠʚʥʦʛʦ AHĿ14H2O ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʬʦʪʦʪʦʢʩʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʠʟ ʢʣʝʪʦʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ 

ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʚʥʫʪʨʠ ʢʣʝʪʦʢ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧ. 3.2.3 ʜʣʷ [{ W6I8}(DMSO)6](NO3)4 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʬʬʝʢʪʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ (7) ʠ (8), ʘ ʪʘʢʞʝ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ. 

 

ʈʠʩ. 3.22. ʌʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʳʜʝʨʞʘʥʥʦʛʦ 4 ʜʥʷ ʨʘʩʪʚʦʨʘ (7) ʥʘ ʢʣʝʪʢʘʭ ʣʠʥʠʠ 

Hep-2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʣʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [{Mo 6I8}(DMSO)6](NO3)4 ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ. 

ʆʜʥʘʢʦ, ʧʨʦʮʝʩʩʳ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʪʣʠʯʘʶʪʩʷ ï ʚ ʩʣʫʯʘʝ ʚʳʜʝʨʞʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʫʞʝ ʧʨʝʦʜʦʣʝʣ ʩʪʘʜʠʶ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʨʘʟʣʠʯʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʪʝʤʥʦʚʦʡ 

ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ) ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʘʙʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

AHĿ2H2O ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʬʦʨʤʫ AHĿ14H2O, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (7). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 
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ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʥʦʚʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʜʝʨʞʘʥʥʳʡ ʨʘʩʪʚʦʨ ʥʝ ʦʢʘʟʳʚʘʝʪ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʦ 1,29 ʤʄ), ʥʦ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʫʤʝʨʝʥʥʳʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʛʝʥʪ, ʩʥʠʞʘʶʱʠʡ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʜʦ 50 % ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʳʜʝʨʞʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʞʝ 

ʬʦʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

***  

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{M6I8}( DMSO)6](NO3)4 (M = 

Mo, W) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ/ʠʣʠ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʠʜʨʦʣʠʟʘ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʢʣʘʜʳʚʘʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ [{M6I8}( DMSO)6](NO3)4 ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 

3.3. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʝʢʩʪʨʘʥʘʤʠ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤʠ 

3.3.1. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʜʝʢʩʪʨʘʥʦʚ 

ʇʨʠʨʦʜʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, 

ʯʪʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. ɺ ʧʦʠʩʢʝ ʧʦʜʭʦʜʷʱʝʛʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʤʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʜʝʢʩʪʨʘʥʝ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʜʝʢʩʪʨʘʥ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʙʣʘʛʦʜʘʨʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ [231, 232]. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

(īOH) ʚ ʩʦʩʪʘʚʝ ʜʝʢʩʪʨʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ [233-235]. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʞʥʦ ʣʝʛʢʦ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ [236]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʜʝʢʩʪʨʘʥʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʘʣʴʜʝʛʠʜʥʳʝ (ïHC=O) ʠ/ʠʣʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ (ïCOOH) ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʜʝʢʩʪʨʘʥʘ 

ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʠʦʜʘʪ-ʠʦʥ (IO4
ï) [232], ʛʘʣʦʛʝʥʳ (ʥʘʧʨʠʤʝʨ, Br2) [237] ʠʣʠ ʨʝʘʛʝʥʪ ʌʝʥʪʦʥʘ (H2O2 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ Fe2+ ʠʣʠ Cu2+) [238] (ʪʘʙʣ. ʇ12). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʝʢʩʪʨʘʥʘ ʩ ʨʝʘʛʝʥʪʦʤ ʌʝʥʪʦʥʘ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʘʣʴʜʝʛʠʜʥʳʝ, ʪʘʢ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ [239], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʢʠʩʣʝʥʠʝ ʧʝʨʠʦʜʘʪ-ʠʦʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ 

ʛʣʶʢʦʧʠʨʘʥʦʟʥʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ [236, 240]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʨʦʤʘ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʝʪʦʥʳ, ʘ ʢʘʨʙʦʢʩʠʣʴʥʳʝ 
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ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʣʝʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ [241]. ʆʜʥʘʢʦ, ʚʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʝʘʢʮʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʝʢʩʪʨʘʥʘ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʧʦʣʥʦʩʪʴʶ çʟʝʣʝʥʳʤʠè, ʠʟ-

ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʠʣʠ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʘʪʴ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʦʪʭʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʩʪʦʛʦ, ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʤʝʪʦʜʘ ʦʢʠʩʣʝʥʠʷ ʜʝʢʩʪʨʘʥʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

3.3.1.1. ʆʢʠʩʣʝʥʠʝ ʜʝʢʩʪʨʘʥʦʚ 

ɺ ʧʦʠʩʢʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ ʤʳ ʦʩʪʘʥʦʚʠʣʠ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʧʝʨʦʢʩʠʜʝ ʚʦʜʦʨʦʜʘ (H2O2), 

ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʦʢʠʩʣʠʪʝʣʝʤ [242]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʩʘʭʘʨʠʜʳ ʜʝʢʩʪʨʘʥʳ DexQ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (Q = 6, 20, 35 ʠ 60 ʢɼʘ). 

ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʜʝʢʩʪʨʘʥʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠ H2O2 ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (2,0 ʄ, 3,4 ʄ ʠʣʠ 5,0 ʄ), ʚʳʣʠʚʘʣʠ ʩʤʝʩʴ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 100 Áʉ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʪʨʝʙʦʚʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʷ ʜʦ 

ʙʝʟʚʨʝʜʥʳʭ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠʷ ʜʝʢʩʪʨʘʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ 12 ʧʨʠʥʮʠʧʦʚ ʟʝʣʝʥʦʡ ʭʠʤʠʠ [243]. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

12 ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ OxDexQ(n), ʛʜʝ Q ï ʵʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʠʩʭʦʜʥʦʛʦ ʜʝʢʩʪʨʘʥʘ, ʘ n = 1, 2 ʠʣʠ 3 ï ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ï 

2,0 ʄ, 3,4 ʄ ʠʣʠ 5,0 ʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʜʝʢʩʪʨʘʥʘ ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʜʦ ʘʣʴʜʝʛʠʜʥʳʭ 

ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʝʨʦʢʩʦʛʨʫʧʧʳ (ïOOï), ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 

ʧʝʨʦʢʩʦʢʠʩʣʦʪ ïC(O)OOH (ʨʠʩ 3.23-3.24). ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʥʘʣʠʯʠʝ ʧʝʨʦʢʩʦʛʨʫʧʧ, ʤʳ ʧʨʦʚʝʣʠ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʝʘʢʮʠʶ: ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʝʢʩʪʨʘʥʘ ʜʦʙʘʚʠʣʠ ʡʦʜʠʜ ʥʘʪʨʠʷ, ʨʘʟʙʘʚʣʝʥʥʫʶ 

ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʭʣʦʨʦʬʦʨʤ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʩʣʦʡ ʭʣʦʨʦʬʦʨʤʘ ʦʢʨʘʰʠʚʘʣʩʷ ʚ ʨʦʟʦʚʳʡ 

ʮʚʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʢʠʩʣʝʥʠʠ ʠʦʜʠʜ ʠʦʥʘ ʧʝʨʦʢʩʦʛʨʫʧʧʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʡʦʜʘ. 

ʅʘʣʠʯʠʝ ʧʝʨʦʢʩʦʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʜʝʢʩʪʨʘʥʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʥʠʢʘʣʴʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ 

ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ, ʠʤʝʶʱʫʶ ʦʛʨʦʤʥʫʶ ʧʨʠʢʣʘʜʥʫʶ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʝʨʦʢʩʠʜʳ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʦʥʠ ʤʦʛʫʪ ʥʘʡʪʠ ʨʷʜ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʭ 

ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʘʥʪʠʛʝʣʴʤʠʥʪʥʳʭ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ [244, 245]. 

 

ʈʠʩ 3.23. ɺʦʟʤʦʞʥʳʡ ʧʫʪʴ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʜʝʢʩʪʨʘʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. 
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ʈʠʩ 3.24. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʷ ʜʝʢʩʪʨʘʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʘʢ ʢʘʢ ʧʝʨʦʢʩʠʜʳ ʥʝ ʩʪʘʙʠʣʴʥʳ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʪʦ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʦʢʩʦʛʨʫʧʧ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ OxDexQ(n) ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʜʦ pH=7, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʦʢʠʩʣʝʥʥʦʛʦ ʜʝʢʩʪʨʘʥʘ (NaOxDexQ(n)). 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʦʢʩʦʛʨʫʧʧ ʜʣʷ NaOxDexQ(n) ʙʳʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʦʢʩʦʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʫʜʘʣʝʥʳ. 

3.3.1.2. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʠʩʣʝʥʥʳʭ ʜʝʢʩʪʨʘʥʦʚ 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʩʚʦʙʦʜʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʛʣʠʢʦʟʠʜʥʳʭ (CH2ïOïCH) ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʤʠ 

ʢʦʣʴʮʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʳʭ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʠʤʝʨʦʚ OxDexQ(n) (ʨʠʩ. 3.25, 

ʪʘʙʣ. ʇ13). ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʦʢʠʩʣʝʥʠʝ ʜʝʢʩʪʨʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ OxDexQ(1) ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,8 

ʜʦ 14,0 ʢɼʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (Q) ʜʝʢʩʪʨʘʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʢʠʩʣʝʥʠʝ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (OxDexQ(2) ʠ OxDexQ(3)) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʤʝʨʦʚ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ) 3,9-4,5 ʢɼʘ. ʀʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʷʟʢʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʨʠ ʦʢʠʩʣʝʥʠʠ (ʨʠʩ. 3.25, ʪʘʙʣ. ʇ13). 

ɺʷʟʢʦʩʪʴ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʜʝʢʩʪʨʘʥʦʚ NaOxDexQ(n) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʷʟʢʦʩʪʠ 

OxDexQ(n). 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʫʤʝʥʴʰʝʥʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʜʝʢʩʪʨʘʥʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ H2O2 (ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ 

ʩʥʠʞʝʥʠʠ ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ) (ʪʘʙʣ. ʇ12) [246]. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʦʯʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʥʝʠʟʚʝʩʪʝʥ, ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʘʪʴ, ʧʦʯʝʤʫ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʜʝʢʩʪʨʘʥʘ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʨʷʜʢʘ 4 ʢɼʘ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ (CH2ïOïCH) 

ʧʦʜʚʝʨʞʝʥʳ ʙʦʢʦʚʳʝ ʮʝʧʠ ʧʦʣʠʤʝʨʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʜʝʢʩʪʨʘʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5 %, ʘ ʟʥʘʯʠʪ ʥʘ ʢʘʞʜʫʶ ʮʝʧʴ ʧʦʣʠʤʝʨʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 3,2 ʢɼʘ 

ʧʨʠʭʦʜʠʪʩʷ ʤʠʥʠʤʫʤ ʦʜʥʘ ʙʦʢʦʚʘʷ ʮʝʧʴ (ʝʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʙʦʢʦʚʘʷ ʮʝʧʴ ʩʦʜʝʨʞʠʪ ʦʜʥʦ 

ʛʣʶʢʦʧʠʨʘʥʦʟʥʦʝ ʢʦʣʴʮʦ). ʈʝʘʣʴʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʙʦʢʦʚʳʝ ʮʝʧʠ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʜʚʘ ʠʣʠ ʪʨʠ ʢʦʣʴʮʘ, ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʠ Q, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ 

OxDexQ(3). 

 

ʈʠʩ. 3.25. ʀʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʩʣʝʚʘ) ʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ (ʩʧʨʘʚʘ) ʧʦʣʠʤʝʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʦʢʠʩʣʝʥʠʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ, ʪʦ ʠʩʭʦʜʥʳʝ ʜʝʢʩʪʨʘʥʳ ʥʘʯʠʥʘʶʪ 

ʨʘʟʣʘʛʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 250 ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ OxDexQ(n) ʠ NaOxDexQ(n) ʠʤʝʶʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʝʨʚʳʝ ʠʟ ʥʠʭ ʧʦʷʚʣʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

~100ï250 Áʉ (ʨʠʩ. ʇ28). ɺʝʨʦʷʪʥʦ, ʨʘʟʣʦʞʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʷʟʘʥʦ ʩ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʤʝʨʘ 

ʠ ʢʘʨʙʦʥʠʟʘʮʠʝʡ. ʅʘʣʠʯʠʝ ʧʝʨʦʢʩʦʛʨʫʧʧ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ, ʪʘʢ ʢʘʢ ʢʨʠʚʳʝ ʊɻ ʜʣʷ ʦʢʠʩʣʝʥʥʳʭ ʜʝʢʩʪʨʘʥʦʚ ʠ ʠʭ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ (ʨʠʩ. ʇ28). ɼʣʷ ʚʩʝʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʣʦʞʝʥʠʷ (Td max, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ). 

ʆʢʠʩʣʝʥʠʝ ʜʝʢʩʪʨʘʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ Td max (ʢʨʦʤʝ Dex35 ʠ Dex60), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
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ʦ ʥʝʢʦʪʦʨʦʤ ʫʤʝʥʴʰʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʚʦʜ ʚ 

ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʦʢʠʩʣʝʥʥʦʛʦ ʜʝʢʩʪʨʘʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

(ʪʘʙʣ. ʇ13). 

3.3.1.3. ʉʦʩʪʘʚ ʦʢʠʩʣʝʥʥʳʭ ʜʝʢʩʪʨʘʥʦʚ 

ʅʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 200 ʥʤ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ h ʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʥʘ 270 ʥʤ (ʨʠʩ. ʇ29). ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʦʡ ʧʦʣʦʩʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʧʦʷʚʣʝʥʠʝʤ C=O ʛʨʫʧʧ. ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ (ʨʠʩ. 3.26, ʇ30) ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʥʘ 1730 

ʩʤï1, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʢʦʣʝʙʘʥʠʷʤ C=O ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ ʘʣʴʜʝʛʠʜʥʳʭ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʦʩʣʝ ʧʝʨʝʚʦʜʘ ʦʢʠʩʣʝʥʥʦʛʦ ʜʝʢʩʪʨʘʥʘ ʚ ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʣʝʙʘʥʠʷ ʥʘ 1730 ʩʤï1 ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʦʝ ʢʦʣʝʙʘʥʠʝ ʥʘ 1608 ʩʤï1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʨʫʧʧʝ COOï. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʘʨʳ 

ʢʠʩʣʦʪʘ/ʩʦʣʴ. 

 

ʈʠʩ. 3.26. ʀʂ-ʩʧʝʢʪʨʳ Dex35 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. 

ɼʘʣʝʝ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 1H ʠ 13C ʗʄʈ ʩʧʝʢʪʨʳ ʚ ɼʄʉʆ-d6. ʏʪʦʙʳ ʦʪʣʠʯʠʪʴ 

ʩʠʛʥʘʣʳ ʧʦʜʚʠʞʥʳʭ ʧʨʦʪʦʥʦʚ ïOH ʦʪ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧ ïCH ʜʣʷ OxDex60(3) ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

1H ʗʄʈ ʩʧʝʢʪʨʳ ʧʨʠ 25 ʠ 50 Áʉ. ɼʣʷ ʥʘʪʠʚʥʦʛʦ ʜʝʢʩʪʨʘʥʘ ʚʩʝ ʩʠʛʥʘʣʳ ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [236, 240, 247]. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʪʠʚʥʦʛʦ ʜʝʢʩʪʨʘʥʘ ʢ 

OxDex60(3) ʠʣʠ NaOxDex60(3) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʫʤʝʥʴʰʘʣʘʩʴ, ʘ 

ʬʦʨʤʘ ʧʠʢʘ ʩʪʘʥʦʚʠʣʘʩʴ ʤʝʥʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 
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ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʉʅ ʦʩʪʘʣʠʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ (ʨʠʩ. 3.27). ʕʪʠ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ 

ʧʨʦʪʦʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʢʦʣʝʮ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʭʨʘʥʝʥʠʠ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʝʢʩʪʨʘʥʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʚʩʝʭ 

ʦʢʠʩʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʥʘ 9,64 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʴʜʝʛʠʜʫ. 

ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʣʫʘʮʝʪʘʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ ʥʝʚʦʟʤʦʞʥʦ. ʅʘ 13C ʗʄʈ ʩʧʝʢʪʨʝ OxDexQ(3) (Q = 6 ʠʣʠ 60) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤʠ ʜʝʢʩʪʨʘʥʘʤʠ ʥʘ 170-180 ʤ.ʜ. ʠ 163 ʤ.ʜ. ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ 

ʢ ïCOOH ʠ ïC(O)OOH ʛʨʫʧʧʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ31), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣʳ ʘʣʴʜʝʛʠʜʥʳʭ 

ʛʨʫʧʧ ʥʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ. 

 

ʈʠʩ. 3.27. 1H ʗʄʈ ʩʧʝʢʪʨʳ Dex60 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ɼʄʉʆ-d6. ɺʩʪʘʚʢʘ ʦʙʣʘʩʪʠ ʩ ʩʠʛʥʘʣʦʤ 

ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʝʜʝʥʘ ʚ ʤʘʩʰʪʘʙʝ 1:50. (*) ʦʪʤʝʯʝʥ ʩʠʛʥʘʣ CH2 ʛʨʫʧʧʳ ʵʪʘʥʦʣʘ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ (ʨʠʩ. 3.28, ʪʘʙʣ. ʇ14) 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ: ʨʘʩʪʚʦʨ ʜʝʢʩʪʨʘʥʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʟʙʳʪʢʦʤ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʩʠʤ (ïC=NïOH), ʘ ʠʟʙʳʪʦʢ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʦʪʪʠʪʨʦʚʳʚʘʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʠʩʭʦʜʥʳʭ ʜʝʢʩʪʨʘʥʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʊʘʢ, ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʜʝʢʩʪʨʘʥʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ) ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʚ ʦʙʨʘʟʮʘʭ ʚʦʟʨʘʩʪʘʣʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʨʠʶ 

ʦʙʨʘʟʮʦʚ ʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʦʙʨʘʟʮʘ (1) ʢ (2) ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʦʙʨʘʟʮʘ 

(2) ʢ (3). ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʜʦʦʢʠʩʣʝʥʠʝʤ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʜʦ ʢʘʨʙʦʢʩʠʣʴʥʳʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ (ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʧʝʨʦʢʩʦ) (ʨʠʩ. 3.28, ʪʘʙʣ. 

ʇ14) OxDexQ(n) ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʟʙʳʪʢʦʤ ʘʮʝʪʘʪʘ ʢʘʣʴʮʠʷ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ ʙʦʣʝʝ 

ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ (ʦʢʠʩʣʝʥʥʦʛʦ ʜʝʢʩʪʨʘʥʘ) ʠ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ (ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ), 

ʘ ʟʘʪʝʤ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʦʪʪʠʪʨʦʚʳʚʘʣʠ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʥʦʣʬʪʘʣʝʠʥʘ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ ʚ ʦʢʠʩʣʝʥʥʦʤ ʜʝʢʩʪʨʘʥʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

çʢʠʩʣʦʪʥʦʩʪʴè OxDex6 ʙʳʣʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʦʢʩʦʛʨʫʧʧ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʙʨʘʪʥʳʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ (ʨʠʩ. 

3.28, ʪʘʙʣ. ʇ14). ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʦʛʨʫʧʧ ʚ OxDexQ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʚʳʰʘʝʪ 1 ʤʤʦʣʴ/ʛ ʜʣʷ OxDexQ(3) (M=6, 20 ʠ 35), ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʝʨʦʢʩʦ-

ʛʨʫʧʧ ʚ PBS-4 (ʪʚʝʨʜʳʡ ʧʝʨʙʦʨʘʪ ʥʘʪʨʠʷ ʪʝʪʨʘʛʠʜʨʘʪ, ʢʦʤʧʦʥʝʥʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʦʤʳʚʘʥʠʷ ʛʣʘʟ ʠ ʨʪʘ). 

 

ʈʠʩ. 3.28. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʤʦʣʴ ʥʘ ʛʨʘʤʤ ʧʦʣʠʤʝʨʘ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ 

ʜʝʢʩʪʨʘʥʘ. 

ɺ ʮʝʣʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ (ʪ.ʝ. ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ) ʚ 

ʧʦʣʠʤʝʨʘʭ ʚʩʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʯʠʩʣʦ ʘʣʴʜʝʛʠʜʥʳʭ 




















































































