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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

CD (Cyclodextrin) ï ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ 

EDS (Energy-dispersive X-ray spectroscopy) ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʷ 

ʄʊʊ ï 3-(4,5-ʜʠʤʝʪʠʣʪʠʘʟʦʣ-2-ʠʣ)-2,5-ʜʠʬʝʥʠʣʪʝʪʨʘʟʦʣʠʡʙʨʦʤʠʜ 

HeLa ï ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ 

IHF  (immortalized human fibroblasts) ï ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʬʠʙʨʦʙʣʘʩʪʳ 

ʆʄʂ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʂɺʕ ï ʢʣʘʩʪʝʨʥʳʝ ʚʘʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʌɼʊ ï ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ 

ɼʄʉʆ ʠʣʠ DMSO ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ʠʣʠ DMF  ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʆɺ ï ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

TBA  ï ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʉʂʕ ï ʩʪʘʥʜʘʨʪʥʳʡ ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 

PEt3 ï ʪʨʠʵʪʠʣʬʦʩʬʠʥ 

MeCN ï ʘʮʝʪʦʥʠʪʨʠʣ 

3,5-Me2pzH ï 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ 

EtOH  ï ʵʪʘʥʦʣ 

OTs ï ʪʦʟʠʣʘʪ ʠʦʥ 

ɾʂ ï ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ 

ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

BTA  ï ʙʝʥʟʦʪʨʠʘʟʦʣʘʪ ʠʦʥ 

Ph ï ʬʝʥʠʣ 

MAC  ï ʤʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ 

CGTase ï ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘ 

ʇʆʄ ï ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪ 

ʂʂ ï ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʀʂʊ ï ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʂɼ ï ʢʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 
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ʕʉ-ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʟʘʮʠʠ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ 

ɼʠʛʣʠʤ ï ʙʠʩ(2-ʤʝʪʦʢʩʠʵʪʠʣʦʚʳʡ)ʵʬʠʨ 

GPMG (Carr-Purcell-Meiboom-Gill ) ï ʂʘʨʨïʇʝʨʩʝʣʣïʄʝʡʙʫʤïɻʠʣʣ 

FBS (Fetal bovine serum) ï ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʙʳʯʴʷ ʩʳʚʦʨʦʪʢʘ 

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

ʩʨʝʜʘ 

PBS (phosphate buffered saline) ï ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

ʂʄ ï ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

DAPI  ï 4',6-ʜʠʘʤʠʜʠʥʦ-2-ʬʝʥʠʣʠʥʜʦʣ 

FACS (Fluorescence-activated cell sorter) ï ʧʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ 

ʉʈ ï ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ 

ɸʂ ï ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʅʘʯʠʥʘʷ ʩ ʥʘʙʣʶʜʝʥʠʷ ʩʠʩʪʝʤ çʟʘʤʦʢ-ʢʣʶʯè 

ʚ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʪʘʢʦʡ ʤʝʪʦʜ ʨʘʟʚʠʣʩʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ, ʩʝʥʩʦʨʦʚ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʘʤʦʨʝʧʣʠ-

ʮʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ ʠ ʜʨ. ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ (CD) ï ʮʠʢʣʠʯʝʩʢʠʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʝ ʠʟ ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʟʚʝʥʴʝʚ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1-12], ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʭʦ-

ʟʷʝʚʘʤʠ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʛʠʜʨʦʬʦʙ-

ʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʠʦʤʝʜʠ-

ʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʢʘʢ ʜʦʜʝʢʘʙʦʨʘʪʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ʠ ʤʝ-

ʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠ-

ʥʘʤʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʥʦ ʚʩʪʨʦʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʦʜʠʥ ʠʣʠ ʜʚʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʚʢʣʶ-

ʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʚ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥ.r ʊʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʠ ʚʨʝʤʝʥʘʤʠ 

ʞʠʟʥʠ ʵʤʠʩʩʠʠ, ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʜʨ. [13-20]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʦʥʠ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʢʦʤʧʦʥʝʥʪʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ. ʆʜʥʘʢʦ, ʯʘʩʪʦ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʠʣʠ ʥʝ ʩʪʘ-

ʙʠʣʴʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʟʘʚʠʩʠʤʦʩʪʝʡ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚʣʠʷʥʠʷ ʚʢʣʶʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʥʘ ʪʦʢʩʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʜʨ. ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ɻ ʣʝʢʪʨʦʥ-ʙʦʛʘʪʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʣʝʢʪʨʦʥ-ʙʝʜʥʳʤʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ʥʦʚʦʛʦ ʚʠʜʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥ.r ʊʘʢʦʡ 
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ʤʘʩʩʠʚ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʷʚʣʝʥʠʶ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠ ̫ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʠʦʤʝʜʠ-

ʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [13,18,20-31]. ʇʦʩʢʦʣʴʢʫ, ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʯʘʩʪʦ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠʣʠ ʥʝ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʢʣʶʯʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ, ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʭʦʪʷ ʦʥ ʪʦʞʝ ʤʦʞʝʪ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʧʨʠʜʘʥʠʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʭʠʤʠʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʯʝʥʴ ʰʠʨʦʢʦ 

ʠʟʫʯʝʥʘ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʟʥʠ ʯʝʣʦ-

ʚʝʢʘ [1-3,32-34]. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʠʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 

ʛʠʜʨʦʬʦʙʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʚʢʣʶʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʝʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʣʠʰʴ ʚ 2015 ʛʦʜʫ ʠ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ ʨʘʙʦʪ ʩ ʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ ʠ 

ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʚʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [35]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙ-

ʣʘʩʪʷʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ, ʘ ʪʘʢʞʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ-

ʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴ-

ʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ,ʁ ʠ ʠʭ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ.  

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ c ʨʘʟʣʠʯʥʤrʠ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ; 

¶ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʤʝʞʜʫ ʛʦʩʪʝʤ ʠ ʭʦʟʷʠʥʦʤ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

¶ ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʙʝʟ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ; 

¶ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʥʦʚʘʷ ʠ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ; 
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¶ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʮʝʣʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙ-

ʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ Ŭ-, ɓ- ʠ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ. ʇʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶ-

ʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʘ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ, ʠ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʘʟ-

ʤʝʨʦʚ ʛʦʩʪʷ ʠ ʭʦʟʷʠʥʘ ʠ ʭʘʦʪʨʦʧʥʳʤ ɻ ʬʬʝʢʪʦʤ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ. ɺʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ. 

ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʉʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʩʨʘʚʥʠʤʳʤʠ ʩ ʠʩʭʦʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝ-

ʥʠʷ ʦʙʣʘʜʘʶʪ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʥʠʢʘʶʪ ʚ 

ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʠ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚ ʟʜʦʨʦʚʳʝ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠ-

ʥʘʤʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ. ʇʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʫʩʣʦʚʣʝʥ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʞ-

ʜʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. ɼʣʷ ʩʠʩʪʝʤʳ ʩ ʥʘʥʦ çʢʦʣʝʩʦʤè 

{ Mo154} ʦʙʥʘʨʫʞʝʥ ʪʝʤʧʣʘʪʥʳʡ ʵʬʬʝʢʪ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʙʳʩʪʨʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʥʝ ʪʦʣʴʢʦ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ, ʥʦ ʠ ʠʤʝʶʪ ʮʝʥʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟ-

ʚʠʪʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠ ̫ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʠ ʪʨʝʭ-

ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʪʠʧʘʭ ʨʝʘʣʠʟʫʝʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ 
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ʜʣʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠ-

ʟʘʮʠʠ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʣʫʯʝ-

ʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʨʝʘʢ-

ʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʙʘʥʢʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʦʙ-

ʱʝʜʦʩʪʫʧʥʳʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ. ʂʣʘʩʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Na2[{ M6X8} Cl6] (M = Mo, W, X = Br, I) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʪʝʟʠʩʦʤ ʢʘʪʠʦʥʦʚ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙ-

ʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʙʣrʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʠʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʠ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʧʨʦʚʝʜʝʥʠʝʤ ʜʠʬʬʫʟʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʨʝʘʢʮʠ-

ʦʥʥʫʶ ʩʤʝʩʴ. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʘʥʠʦʥʦʤ ʪʠʧʘ ɼʦʫʩʦʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘ-

ʥʠʠ, ʘ ʩʠʩʪʝʤʳ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤ çʢʦʣʝʩʦʤè ʧʦʣʫʯʝʥʳ in situ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʧʨʠ-

ʟʥʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʳʝ ʘʥʘʣʠʟʳ CHN 

ʠ EDS, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʜʨ. ʇʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ 

ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʨʘʟʥʳʭ ʷʜʨʘʭ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʜʨ. ʂʦʥʩʪʘʥʪʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪ-

ʨʦʚʘʥʠʷ. ʇʨʠʜʘʥʠʝ ʭʠʨʘʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʠʩʩʣʝʜʦʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʢʨʘʩʥʦʤʫ ʩʚʝʪʫ ʜʝʪʝʢʪʦʨʘ. ʂʚʘʥ-

ʪʦʚʳʝ ʚʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʪʝʛʨʠʨʫʶʱʫʶ ʩʬʝʨʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʣʠʥʠʡ 

HeLa ʠ ʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ ʣʠʥʠʠ IHF. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʄʊʊ-ʪʝʩʪʘ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʥʬʦ-

ʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʣʝʪʢʫ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʤʝʪʨʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 
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ʣʘʤʧʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ Ó 400 ʥʤ, ʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʣʠ ʤʝʪʦʜʦʤ ʄʊʊ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʝ-

ʢʨʝʩʪʥʳʭ ʘʥʘʣʠʟʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ-

ʪʚʝʨʞʜʝʥʘ ʪʨʝʤʷ ʩʭʦʜʷʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ, ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝ-

ʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʠ ʠʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣ-

ʣʘʪʘʤʠ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʠʟʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʨʘʩʪʚʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʨʘʟʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʥʘ ʨʘʢʦʚʳʭ ʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʣʝʪʢʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʚʠ-

ʟʫʘʣʠʟʘʮʠʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʨʘ-

ʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. 

ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʠ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʩʠʥʪʝʟʳ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦ-

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʬʨʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʜʠʩʩʝʨʪʘʥʪʘ. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʝʞʜʫʥʘʨʦʜ-

ʥʦʛʦ ʫʨʦʚʥ:̫ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çJournees de Chimie de Coordination 2018è 

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

ʌʨʘʥʮʠʷ, 2018), ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çInternational workshop on transition metal 
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clusters IWTMC-VIè (ʊʶʙʠʥʛʝʥ, ɻʝʨʤʘʥʠʷ, 2018), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çJourn®es 

de Chimie de Coordination de la SCFè (ʄʦʥʧʝʣʴʝ, ʌʨʘʥʮʠʷ, 2019) ʠ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥ-

ʬʝʨʝʥʮʠʷ çXXVII  International Conference on Coordination and Bioinorganic Chemistryè 

(ʉʤʦʣʝʥʠʮʝ, ʉʣʦʚʘʢʠʷ, 2019). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦ-

ʚʘʥʠʷ Web of Science. ɺ ʤʘʪʝʨʠʘʣʘʭ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 6 

ʜʦʢʣʘʜʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʜʨʫ-

ʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʠʭ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʝʮʝʥʟʠʨʫʝ-

ʤʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 1. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè ʧʘʩʧʦʨʪʘ ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 163 ʩʪʨʘʥʠʮʘʭ, ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ ʨʘʙʦʪʳ ʩʦʜʝʨʞʠʪ 84 ʨʠʩʫʥʢʘ 

ʠ 11 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘ-

ʩʪʠ, ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (340 ʥʘʠʤʝʥʦʚʘʥʠ)̫ ʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 70 ʩʪʨʘʥʠʮʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪ-

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ 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, ʥʦʤʝʨ ʛʦʩ.ʨʝʛʠʩʪʨʘʮʠʠ: 0300-2014-0010. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ (17-53-16006) ʠ ʈʅʌ (15-

15-10006). ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʧʨʝʤʠʝʡ ʠʤ. ʘʢʘʜʝʤʠʢʘ 

ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʚ 2016-2017 ʠ 2017-2018ʛʛ. (ʀʅʍ ʉʆ ʈɸʅ) ʠ 

ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ ʚ 2017ʛ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʂʣʘʩʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫ʠʟʚʝʩʪʥ rʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʦʜʥʘʢʦ ʣʠʰʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʩʪʨʦʝʥʠʷ, ʯʪʦ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ 1964 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨ F.A. Cotton ʚʚʝʣ 

ʧʦʥʷʪʠʝ ñmetal atom clusterò [36], ʢʦʪʦʨʦʝ ʦʧʠʩʘʣ ʩʣʦʚʘʤʠ ñʊʝʨʤʠʥ ʢʣʘʩʪʝʨ ʢʘʞʝʪʩʷ ʧʦʜ-

ʭʦʜʷʱʠʤ ʜʣʷ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʳ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚʤʝʩʪʝ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʩʚʷʟʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, ʜʘʞʝ ʝʩʣʠ ʥʝʢʦʪʦʨʳʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʪʦʤʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʢʣʘʩʪʝʨʦʤò. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʣʠʛʘʥ-

ʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʦʤ. ʇʦʜ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʭʦʜʷʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʥʫʢʣʝʘʨʥʦʩʪʴʶ ʨʘʚʥʦʡ ʜʚʫʤ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʫʢʣʝʘʨʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʘʣʣʘ. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ, ʪ.ʝ. ʢʦʤʧʣʝʢʩʳ ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʳʝ ʤʝʪʘʣʣʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʝʩʪʠʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʠʤʝʥʥʦ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʘ 

[{ M6X8} L6]n (M = Mo, W; X = Cl, Br, I; L = ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ) ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩʦʩʪʘʚʘ [{Re6Q8} L6]n (Q = 

S, Se, Te; L = ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʥʳʭ ʰʝʩʪʠʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʩʣʝʜʫʶʱʘʷ ʛʣʘʚʘ. 

1.1. ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʆʄʂ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʵʜʨ 

ʠʟ ʰʝʩʪʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ (M6), ʚʧʠʩʘʥʥʳʡ ʚ ʢʫʙ ʠʟ ʚʦʩʴʤʠ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ X8 (ʛʘʣʦ-

ʛʝʥ ʠʣʠ ʭʘʣʴʢʦʛʝʥ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʚʥʫʪʨʝʥʥʠʡ ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʪʨʝ-

ʫʛʦʣʴʥʦʡ ʛʨʘʥʴʶ ʦʢʪʘʵʜʨʘ M6. ʇʦʣʫʯʘʝʤʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ {M6X8}  ʷʚʣʷ-

ʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʊʘʢʞʝ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥ ʦʜʥʠʤ ʚʥʝʰʥʠʤ (ʘʧʠʢʘʣʴʥʳʤ ʠʣʠ ʪʝʨʤʠʥʘʣʴʥʳʤ) ʣʠʛʘʥʜʦʤ L, ʢʦʪʦʨʳʡ ʤʦ-

ʞʝʪ ʙʳʪʴ ʣʶʙʦʡ ʧʨʠʨʦʜʳ (ʈʠʩ. 1). 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʆʄʂ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʦʢʘʟʳʚʘʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʦʡ ʪʝʦʨʠʷ 

ʢʣʘʩʪʝʨʥʳʭ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʷ ʆʄʂ ʨʝʥʠʷ ʪʠʧʠʯʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ 

ʩʦʩʪʘʚʣʷʝʪ +3 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʢʪʘʵʜʨ Re6 ʧʨʠʭʦʜʠʪʩʷ 24 ʢʣʘʩʪʝʨʥʳʭ ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʘ (ʂɺʕ) ʠ, ʬʦʨʤʘʣʴʥʦ, 2 ʵʣʝʢʪʨʦʥʘ ʥʘ ʢʘʞʜʫʶ Re-Re ʩʚʷʟʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʨʘʚʥʘ +2, ʯʪʦ ʪʘʢʞʝ ʜʘʝʪ 24 ʂɺʕ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 24 ʂɺʕ ʷʚʣʷʶʪʩʷ ñʤʘʛʠʯʝʩʢʠʤò ʯʠʩʣʦʤ ʜʣʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ, ʯʘʱʝ ʚʩʝʛʦ, ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʪʘʙʠʣʴʥʳʤʠ. 
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ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ M6X8} L6]n. M ï ʟʝʣʝʥʳʡ, X ï ʬʠʦʣʝʪʦʚʳʡ, L ï ʩʠʥʠʡ. 

ʆʄʂ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘ-

ʪʠʤʦʝ ʦʢʠʩʣʝʥʠʝ (ʧʝʨʝʭʦʜ ʦʪ 24 ʢ 23 ʂɺʕ) [15,16], ʚʳʩʦʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʡ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ 

[13,14,18,20], ʘ ʪʘʢʞʝ ʬʦʪʦ- ʠ ʨʝʥʪʛʝʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʚʠʜʠʤʦʡ ʠ 

ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ [14-17,19]. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢ-

ʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [21,22,25], ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ [26,28], ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝ-

ʨʘʧʠʠ (ʌɼʊ) [27,29], ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ [13,18,20], ʢʘʪʘʣʠʟʘʪʦʨʦʚ [23,24,30,31] ʠ ʜʨ. 

ʇʝʨʚʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʣʘʩʩʘ ʆʄʂ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ, ʦʧʠʩʘʥʥʳʡ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʱʸ ʚ 1848 ʛʦʜʫ [37]. ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʣʠʰʴ ʩʧʫʩʪʷ ʩʪʦʣʝʪʠʝ, ʢʦʛʜʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʜʫʢʪʳ 

[{ Mo6Cl8}( OH)4(H2O)2]Ŀ12H2O ʠ [{Mo6Cl8}Cl4(H2O)2]Ŀ6H2O, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʦʣʷʥʦʢʠʩʣʳʭ 

ʨʘʩʪʚʦʨʦʚ MoCl2 [38,39]. ʀ ʪʦʣʴʢʦ ʚ 1967 ʛʦʜʫ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʩʘʤʦʛʦ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ [40] ï [{ Mo6Cl8} Cl4/2Cl2], ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʝʤ 

MoCl3 ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ 

{ Mo6Cl8} 4+ ʩʚʷʟʘʥʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʩʦʩʝʜʥʠʤʠ ʷʜʨʘʤʠ ʯʝʨʝʟ ʘʪʦʤʳ ʭʣʦʨʘ, 

ʦʙʨʘʟʫʷ ʩʣʦʠ (ʈʠʩ. 2). ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [40] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠ ʜʠʛʘʣʦʛʝʥʠʜʳ 

ʚʦʣʴʬʨʘʤʘ WX2 (X = Cl, Br, I), ʪʦʞʝ ʷʚʣʷʪʁʩʷ ʢʣʘʩʪʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ. 

ʇʝʨʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʆʄʂ ʨʝʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʣʷ Na4Re6S12, 

K4Re6S12 ʠ Cs4Re6S13 ʚ 1978 ʛʦʜʫ [41]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʟʛʣʷʜ ʥʘ ʩʪʨʦ-

ʝʥʠʝ Re3Te2Br5 [42] ʠ Re3Se2X5 (X = Cl, Br) [42,43], ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1971 ʛʦʜʫ 

ʠ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʬʨʘʛʤʝʥʪʦʤ 

{ Re6Q8}.  
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ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ [{Mo6Cl8} Cl4/2Cl2]. Mo ï ʟʝʣʝʥʳʡ, Cl ï ʬʠʦʣʝʪʦʚʳʡ. 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʨʦʚ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʥʝ ʪʦʣʴʢʦ ʤʦʩʪʠʢʦʚʳʭ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, 

ʥʦ ʪʘʢʞʝ ʠ ʚʥʫʪʨʝʥʥʠʭ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [44]. 

ʇʦʟʞʝ ʵʪʦʪ ʚʟʛʣʷʜ ʥʘ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʥʦʪʘʮʠʷ ʐʝ-

ʬʝʨʘè. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʥʦʪʘʮʠʠ, ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʤʚʦʣʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ L i (i = inner) ʠ ʘʧʠʢʘʣʴʥʳʭ La (a = apical) ʣʠʛʘʥʜʦʚ. ɸ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʣʠʛʘʥʜ 

ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʩʠʤʚʦʣʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, La-a (ʤʦʩʪʠ-

ʢʦʚʳʡ ʚʥʝʰʥʠʡ ʜʣʷ ʦʙʦʠʭ ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ), L i-a (ʤʦʩʪʠʢʦʚʳʡ ʚʥʫʪʨʝʥʥʠʡ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʥʝʰʥʠʡ ʜʣʷ ʜʨʫʛʦʛʦ) ʠʣʠ La-i (ʤʦʩʪʠʢʦʚʳʡ ʚʥʝʰʥʠʡ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʣʷ ʜʨʫʛʦʛʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ Na4Re6S12, K4Re6S12 ʠ Cs4Re6S13 ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

M4[{ Re6Si
8}( S2)a-a

2/2Sa-a
4/2] (M = Na, K) ʠ Cs4[{ Re6Si

8}( S2)a-a
4/2Sa-a

2/2] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʫʜʦʙʥʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦ ʦʧʠʩʘʪʴ ʥʝ ʪʦʣʴʢʦ ʘʪʦʤʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʝʭʠʦʤʝʪʨʠʶ, ʥʦ ʠ 

ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ 

ʨʝʥʠʷ ʥʘʯʘʣʦʩʴ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

1.1.1. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʳʡ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ɿʘʯʘʩʪʫʶ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠ,̫ 

ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʦʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫ-

ʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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1.1.1.1. ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʝʪʩʷ 

ʜʠʭʣʦʨʠʜ ʤʦʣʠʙʜʝʥʘ [{Mo6Cl8} Cl4/2Cl2], ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ MoCl3 ʚ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ (950 ï 850 ÜC). ʆʜʥʘʢʦ ʧʦʟʞʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʝʛʦ ʧʦ-

ʣʫʯʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [45] ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʝʥ-

ʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 ÜC. ɸ ʚ ʨʘʙʦʪʝ [46] ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʘ ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʣʠʙʜʝʥʘ ʠ ʧʝʥʪʘʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ 

ʟʘʧʘʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 800 ÜC ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ MoBr2, ʪʦ ʧʝʨʚʳʝ ʨʘʙʦʪʳ 

ʪʘʢʞʝ ʦʧʠʩʳʚʘʣʠ ʨʘʟʣʦʞʝʥʠʝ ʪʨʠʙʨʦʤʠʜʘ MoBr3 ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 350 ÜC [47]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ MoI2 ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ MoCl5 ʠ ʩʫʭʦʛʦ HI [48]. ʏʫʪʴ ʧʦʟʞʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ MoX2 (X = Br, I), ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ HBr ʩ ʤʦʣʠʙʜʝʥʦʤ [49], ʪʨʠʠʦʜʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʜʠ- ʠ ʪʨʠʦʢʩʠʜʦʤ ʤʦʣʠʙʜʝʥʘ [37] 

ʠʣʠ MoCl2 ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʠʪʠʷ [50]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ MoX2 (X = Br, I) ʧʦʣʫʯʘʶʪ 

ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʘʤʧʫʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʦʣʠʙʜʝʥʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʨʦʤʘ/ʡʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-700 ÜC ʚ ʪʝʯʝʥʠʝ 1-3 ʩʫʪʦʢ 

[40]. 

ʍʦʪ̫ ʆʄʂ ʚʦʣʴʬʨʘʤʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʤʦʣʠʙʜʝʥʦʚʳʤ ʘʥʘʣʦʛʘʤ, ʠʭ ʩʠʥʪʝʟ ʥʝʤʥʦʛʦ ʦʪ-

ʣʠʯʘʝʪʩʷ. ʊʘʢ, WCl2 ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʨʘʟʣʦʞʝʥʠʝʤ WCl4 ʧʨʠ 500 ÜC. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

WBr2 ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʴʬʨʘʤʘ ʠ ʙʨʦʤʘ ʚ ʘʤʧʫʣʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ (760 ï 560 ÜC). ɸ WI2 ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʣʠʙʦ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ WCl6 ʩ HI ʧʨʠ 110 Áʉ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ ʚ ʚʘʢʫʫʤʝ ʜʦ 500 Áʉ, ʣʠʙʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ W(CO)6 ʩ I2 ʧʨʠ 120 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʧʨʠ 600 

Áʉ [40]. 

ʇʦʟʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ WCl2 ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ WCl6 

ʘʣʶʤʠʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 475-200 ÜC [51], ʘ ʪʘʢʞʝ ʨʪʫʪʴʶ, ʚʠʩ-

ʤʫʪʦʤ ʠʣʠ ʩʫʨʴʤʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʙʝʟ KCl ʩ ʥʘʛʨʝʚʦʤ ʜʦ 335-350 ÜC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ [52]. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʚʦʜʷʪ ʚ ʭʣʦʨʚʦʣʴʬʨʘʤʦʚʫ  ʁʢʠʩʣʦʪʫ 

(H3O)2[{W 6Cl8}Cl 6]Ŀ7H2O ʠ ʧʨʦʚʦʜʷʪ ʝʸ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 325 Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ WCl2. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʠʩʤʫʪʦʤ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠ ̫ʭʣʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʅʝʜʘʚʥʦ 

ʙʳʣ ʦʧʠʩʘʥ ʜʨʫʛʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ WBr2 ʧʦ ʘʥʘʣʦʛʠʠ ʩ WCl2, ʘ ʠʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

WBr6 ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʫʨʴʤʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350 Áʉ [53]. ɸ WI2 ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʧʦʣʫʯʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ WCl2 ʩ ʠʟʙʳʪʢʦʤ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʤʝʩʠ 

KI/LiI  (70/30 ʤʦʣʴ%) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 540 Áʉ, ʧʨʦʤʳʚʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪ ʨʝʘʛʝʥ-

ʪʦʚ ʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʥʘʛʨʝʚʦʤ ʜʦ 500 Áʉ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ [51]. ɺ 2017-

2018 ʛʦʜʫ ʜʦʢʪʦʨʘ M. Strºbele ʠ H.-J. Meyer [54,55] ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʠ ʡʦʜʠʜʳ ʚʦʣʴʬʨʘʤʘ 

ʠ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʫ  ʁʩʝʨʠ ʁʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʪʝʨʥʦʛʦ ʩʪʨʦʝʥʠ.̫ WI2 ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣ 
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ʧʦʣʫʯʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʮʝʧʦʯʢʦʡ ʧʨʝʚʨʘʱʝʥʠʡ: 1) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ WCl6 ʩ SiI4 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120 ÁC ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʜʘʣʝʥʠʠ I2 ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʪʦʢʝ 

ʘʨʛʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ W3I2, 2) ʨʘʟʣʦʞʝʥʠʝ W3I2 ʚ ʟʘʧʘʷʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠ 450 

ÁC ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 275 ÁC ʠ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 3 

ʩʫʪʦʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ W6I12Ŀ2I2, 3) ʫʜʘʣʝʥʠʝ I2 ʠʟ W6I12Ŀ2I2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-WI2 (W6I12) ʚ 

ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪʦʤ 350-25 ÁC ʚ ʪʝʯʝʥʠʝ 36 ʯʘʩʦʚ, 4) ʪʝʨʤʠʯʝ-

ʩʢʠʡ ʧʝʨʝʭʦʜ ʦʪ Ŭ-WI2 ʢ ɓ-WI2 ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠ 550 ÁC. ʀʤʝʥʥʦ ɓ-WI2 ʠ ̫ʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʣʷ ʚʩʝʭ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ. ʇʨʝʠʤʫʱʝ-

ʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʯʠʩʪʦʪʘ ʠ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦʟʞʝ ʚʩʝʭ ʚ ʨʷʜʫ ʤʦʣʠʙʜʝʥ ï ʚʦʣʴʬʨʘʤ ï ʨʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʨʝʥʠʷ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʦ-

ʝʜʠʥʝʥʠʡ M4[{ Re6Si
8}( S2)a-a

2/2Sa-a
4/2] (M = Na, K) ʠ Cs4[{ Re6Si

8}( S2)a-a
4/2Sa-a

2/2], ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʧʦ ʨʝʘʢʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ, ʢʘʨʙʦʥʘʪʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʠ 800 Áʉ [41]. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʚ ʩʪʘʪʴʝ [56] ʙʳʣʠ ʦʧʠʩʘʥʳ ʪʝ ʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʩʭʦʜʷ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʠʷ (ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʝʥʠʡ, ʧʝʨʨʝʥʘʪ ʢʘʣʠʷ ʠʣʠ ʜʠʩʫʣʴ-

ʬʠʜ ʨʝʥʠʷ), ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʠʣʠ ʥʘʪʨʠʷ ʠ ʩʝʨʳ ʧʨʠ 750 Áʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ʉʦ 

ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʨʫʛʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦ-

ʥʘʪʘ ʩʪʨʦʥʮʠʷ ʠʣʠ ʙʘʨʠʷ [57], ʦʢʩʠʜʘ ʝʚʨʦʧʠʷ (III ) [58] ʠ ʜʨ. [59-62]. ʍʠʤʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʪʝʣʣʫʨʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʙʦʣʝʝ ʩʢʫʜʥʘ. ʊʘʢ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʣʴʢʦ ʦʜʥʦ 

ʭʘʣʴʢʦʛʝʥʠʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʷʜʨʦʤ {Re6Te8} 2+ ï [{ Re6Te8} Te7] (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ Re6Te15, 

ʈʠʩ. 3), ʧʦʣʫʯʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ ʩ ʪʝʣʣʫʨʦʤ ʧʨʠ 800 Áʉ ʚ ʪʝ-

ʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ [63,64]. 

 

ʈʠʩ. 3. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Re6Te15. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢ-

ʩʘʤ ʨʝʥʠʷ. ɺ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʛʘʣʦʛʝʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩɹʷ ʢʘʢ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʪʘʢ 

ʠ ʙʳʪʴ ʪʝʨʤʠʥʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ ʠ ʙʨʦʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 800 ʜʦ 1100 Áʉ) 
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ʙʳʣʠ ʧʦʣʫʯʝʥʳ [{Re6Qi
7Bri}Bra-a

6/2] (Q = S, Se) [65] ʠ [{ Re6Qi
6Qi-a

2/2}Qa-i
2/2Bra-a4/2] (Q = S, Se, ʜʘʣʝʝ 

ʧʦ ʪʝʢʩʪʫ Re6Q8Br2) [66,67]. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʩʧʦʣʴʟʫʷ ʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʭʣʦʨ ʠʣʠ 

ReCl5 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʭʣʦʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʙʨʦʤʠʜʥʳʤ ʥʦʚʳʝ ʭʘʣʴ-

ʢʦʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ [68-70]. ɼʦʙʘʚʣʷʷ ʚ ʩʠʩʪʝʤʫ ʨʝʥʠʡ/ʭʘʣʴʢʦʛʝʥ ʨʘʟʥʳʝ ʛʘ-

ʣʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʩ 

ʯʠʩʪʦ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʪʘʢ ʠ ʩʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʤ [71-81]. ɺ ʥʘʩʪʦ-

ʷʱʠʡ ʤʦʤʝʥʪ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ Re6Q8Br2 (Q = S, Se) ʠʟ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ ʠ ʙʨʦʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

850 Áʉ [82] ʠ ʩʠʥʪʝʟ Re6Te15 ʠʟ ʨʝʥʠʷ ʠ ʪʝʣʣʫʨʘ ʧʨʠ 800 Áʉ [63,64]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʳʭ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ ʧʦʟʚʦ-

ʣʠʣʦ ʨʘʟʚʠʪʴ ʭʠʤʠʶ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ɼʘʣʝʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʛʦʤʦʣʠʛʘʥʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ, ʘ ʠʤʝʥʥʦ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʘʤʠ {Re6Q8} 2+ (Q = S, Se, 

Te) ʠ { M6X8} 4+ (M = Mo, W; X = Cl, Br, I). 

1.1.1.2. ʇʦʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟ ʨʝʥʠʷ, ʭʘʣʴʢʦʛʝʥʘ, ʙʨʦʤʘ/ʡʦʜʘ ʠ ʛʘʣʦʛʝʥʠʜʘ ʮʝʟʠʷ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ Cs4[{Re6Se8}I 6], Cs4[{Re6S8} X6]ĿCsX (X = Cl, Br), Cs4[{Re6S8}I 6]Ŀ2CsI 

[72,73]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʣʠʙʜʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ Cs2[{ Mo6X8}X6] (X = Br, I) ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʠʟ MoX2 ʠ CsX ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 950 ʠ 700 Áʉ ʜʣʷ X = Br ʠ I, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ [83]. ʆʜʥʘʢʦ, ʧʦʟʞʝ ʚ ʨʘʙʦʪʝ [84] ʦʧʠʩʘʥʦ ʧʦʣʫʯʝ-

ʥʠʝ ʢʦʤʧʣʝʢʩʘ Cs2[{ Mo6I8} I6], ʠʩʭʦʜʷ ʠʟ Mo, I2 ʠ CsI. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʆʄʂ ʚʦʣʴʬʨʘʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʪ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ WBr5, W ʠ A IBr (A = Li , 

Cu) ʠʣʠ A IIBr2 (A = Co, Mn, Cd, Ca, Eu ʠ Sr) ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝ-

ʥʠʷ A I[{ W6Br8} Br6] ʠ A II
2[{ W6Br8} Br6] [85]. ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʩʦʝʜʠʥʝʥʠʷ Na[{ W6I8} I6] 

ʠ A2[{ W6I8} I6] (A = K, Rb, Cs) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʣʘʩʪʝʨʘ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ W3I12 ʠ 

ʠʦʜʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ 550 Áʉ [86], ʘ ʩʦʝʜʠʥʝʥʠʝ Cs2[{ W6Br8} Br6] ʠʟ WBr6, 

ʩʫʨʴʤʳ ʠ CsBr [87] ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʧʦ ñʚʳʨʝʟʘʥʠʶò ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʫʞʝ ʛʦʪʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛ-

ʤʝʥʪʳ, ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʧʝʨʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʙʳʣʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʢʠʩʣʳʭ ʠʣʠ 

ʱʝʣʦʯʥʳʭ ʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʭ). ʂʠʧʷʯʝʥʠʝʤ ʜʠʭʣʦʨʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(H3O)2[{ Mo6Cl8} Cl6] [88]. ɿʘʤʝʥʠʚ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ ʥʘ ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʝ ʢʠʩ-

ʣʦʪʳ ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (H3O)2[{ Mo6Cl8} X6]Ŀ6H2O 

(X = Br, I) [89]. ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ MoCl2 ʤʦʞʥʦ ʨʘʩʪʚʦʨʠʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 
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ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï ɼʄʉʆ (ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ) ʠʣʠ ɼʄʌɸ (N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ), ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [{Mo6Cl8} Cl4L2] (L = DMSO ʠʣʠ DMF), ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʚ ʩʠʩʪʝʤʫ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{ Mo6Cl8} L6](ClO4)2 (L = DMSO ʠʣʠ DMF) [90]. ɼʨʫʛʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠ ̫ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ MoCl2 ʟʘʢʣʶʯʘʣʩʷ ʚ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ ʠ ʚʳʩʘʞʠʚʘ-

ʥʠʠ ʩʦʝʜʠʥʝʥʠʡ Cat2[{ Mo6Cl8} F6] (Cat = Cs ʠʣʠ NH4) ʩ ʧʦʤʦʱʴʶ ʬʪʦʨʠʜʘ ʮʝʟʠʷ ʠʣʠ ʘʤ-

ʤʦʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [91]. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥr  ʩʭʦʞʠʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʜʠʛʘʣʦʛʝʥʠʜʦʚ. ʊʘʢ, ʚ ʩʪʘʪʴʝ [51] ʦʧʠʩʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ WX2. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ 

(H3O)2[{ W6X8} Y6]Ŀ6H2O (X, Y = Cl, Br, I; X Í Y) ʧʨʠ ʢʠʧʷʯʝʥʠʠ WX2 ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʳʤʠ HY, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʛʘʣʦʛʝʥʠʜʦʚ ʮʝʟʠʷ ʠʣʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ. 

ɼʣʷ ʆʄʂ ʨʝʥʠʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʜʚʝ ʚʘʞʥʳʝ ʨʘʙʦʪʳ ʧʦ ʚʳʨʝʟʘʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ï ʧʦʣʫʯʝʥʠʝ ʮʠʘʥʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʮʠʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʝʥʠʷ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

Re6S8Br2, Re6Se8Br2 ʠʣʠ Re6Te15 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ 

[92-94]. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʤʠʥʦʚ, ʘʤʤʠʘʢʘ ʠ ʜʨ. ʩʦʝʜʠʥʝʥʠʡ [95-107]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʠʜʨʦʢ-

ʩʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ [{Re6Q8}( OH)6]4ï (Q = S, Se) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ Re6S8Br2 ʠʣʠ 

Re6Se8Br2 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʠʟʙʳʪʢʦʤ KOH ʚ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʪʠʛʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

280 Áʉ ʜʣʷ Q = S ʠ 200 Áʉ ʜʣʷ Q = Se [108]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʧʦʣʠʤʝʨʥʳʭ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫ-

ʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʘʢʠʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʟʘʤʝʱʝʥʠʝʤ ʚʥʝʰʥʠʭ 

ʣʠʛʘʥʜʦʚ. ʇʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʣʦ ʢ ʧʝʨʚʳʤ ʨʘʙʦʪʘʤ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʚʦʡʩʪʚ. 

1.1.2. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʵʪʘʧ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʩʠʥ-

ʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ. ʊʘʢ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʩʦʝʜʠ-

ʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ, ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʩɹʷ ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʣʶ-

ʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (ʆɺ) ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʦʩʥʦʚ-

ʥʳʤʠ ʤʦʪʠʚʘʤʠ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

1.1.2.1. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ɺʧʝʨʚʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʆʄʂ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ 1981 ʛʦʜʫ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʡ ʤʦʣʠʙʜʝʥʘ [{Mo6X8} X6]2ï (X = Cl, Br) ʠ ʚʦʣʴʬʨʘʤʘ [{W6Cl8} Cl6]2ï [15]. ʊʘʢ, ʙʳʣʘ 
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ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ɚɻʤ ~ 760, 775 ʠ 825 ʥʤ), 

ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʜʣʷ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʭ (TBA ) ʩʦʣʝʡ), ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ (ʘʮʝʪʦʥʠ-

ʪʨʠʣ ʜʣʷ TBA ʩʦʣʝʡ ʠ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ (H3O)2[{ Mo6Cl8} Cl6]). ɼʣʷ ʩʦʣʝʡ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8} Cl6]2ï ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥ ʞʠʟʥʠ (Űɻʤ) ï 120 ʤʢʩ ʚ ʪʚʝʨʜʦʤ 

ʪʝʣʝ ʠ 180 ʤʢʩ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʣʷ TBA ʩʦʣʠ ʠ 20 ʤʢʩ ʜʣʷ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʭʣʦʨʤʦʣʠʙʜʝʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ūɻʤ) ʩʦʩʪʘʚʠʣʠ 0,04 ʠ 0,005 ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ [Ru(bipy)3]2+ ʜʣʷ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʠ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʘ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Mo6Cl8} Cl6]2ï ʥʘ ʤʝʪʠʣʚʠʦʣʦʛʝʥ (1,1ǋ-ʜʠʤʝʪʠʣ-4,4ǋ-ʙʠʧʠʨʠʜʠʥʠʫʤ 

ʜʠʭʣʦʨʠʜ) [15]. 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʚʦʝʡ ʨʘʙʦʪʝ [16] ʪʝ ʞʝ ʘʚʪʦʨʳ ʫʪʦʯʥʠʣʠ ʜʘʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʣʦ-

ʨʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (TBA)2[{ Mo6Cl8} Cl6] (ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ɚʵʤ = 

805 ʥʤ, Űʵʤ = 180 ʤʢʩ ʠ ūʵʤ = 0,19), ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʣʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ (TBA)2[{ Mo6Br8} Br6] ʠ ʚʦʣʴʬʨʘʤʘ (TBA)2[{ W6Cl8} Cl6] ʢʘʢ 

ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ɚʵʤ = 830 ʠ 825 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʘʢ ʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ɚʵʤ = 825 ʥʤ, Űʵʤ 

130 ʤʢʩ, ūʵʤ = 0,23 ʠ ɚʵʤ = 880 ʥʤ, Űʤɻ = 2 ʤʢʩ, ūʵʤ = 0,017 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʤʝʪʠʣʚʠʦʣʦʛʝʥʫ, ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 

ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ [SiW12O40]4ï ʠ [PW12O40]3ï ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦ-

ʚʳʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ. ʏʫʪʴ ʧʦʟʞʝ 

ʚ ʨʘʙʦʪʘʭ [109-111] ʙʳʣʠ ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴ-

ʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ, ʩʭʦʞʝʛʦ ʩʦʩʪʘʚʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [112], ʧʦʩʚʷʱʝʥʳ ʚʣʠ-

ʷʥʠʶ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʳʭ ʩʦʣʝʡ ʢʦʤʧʣʝʢʩʘ 

[{ Mo6Cl8} Cl6]2ï. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ʋʌ ʩʚʝʪʦʤ ʚʦ ʚʩʝʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʨʦʤʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢʦʝ ʧʘʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʦʩʣʘʙʣʝʥʠʝʤ ʩʚʷʟʠ Mo-Cl 

ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʟʘʤʝʱʝʥʠʝʤ ʭʣʦʨʘ ʥʘ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʪʘʢʞʝ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʨʘʟʣʠʯʠʝ ʚ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʝʞʜʫ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʠ ʩʦʣʷʥʦ-

ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʘʤʠ ʦʙʲʷʩʥʷʶʪ ʦʙʨʘʪʠʤʳʤ ʟʘʤʝʱʝʥʠʝʤ ʚʥʝʰʥʠʭ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʚʦʜʫ ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ï ʪʫʰʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʳ. ɺ 

ʩʪʘʪʴʝ [113] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʰʠʨʦʢʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʉ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʩʠʥʛʣʝʪʥʦʡ ʬʦʨʤʳ) ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣʘ) ʩ 
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ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʜʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʚʦʣʴʬʨʘʤʘ ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʧʦ ʦʙʦʠʤ ʧʫʪʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. 

ɸ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʩ 1-ʤʝ-

ʪʠʣʮʠʢʣʦʛʝʢʩʝʥʦʤ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʛʝʥʝʨʘʮʠʠ 

ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 1H ʗʄʈ (ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ) 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʜʠʙʝʥʟʦʘʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ (ʈʠʩ. 4), ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ. 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʨʝʘʢʮʠʠ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠʦʢʩʝʥʘ ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʪʦ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʫʙʣʠʢʦ-

ʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ. ɺ ʥʘʯʘʣʝ 1999 ʛʦʜʘ ʚʳʭʦʜʠʪ ʨʘʙʦʪʘ ʜʦʢʪʦʨʘ R. Arratia-P®rez 

[114], ʧʦʩʚʷʱʝʥʥʘʷ ʨʘʩʯʝʪʘʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ [{Re6S8}X 6]4ï (X = Cl, Br, I) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʠ ʚʦʣʴ-

ʬʨʘʤʦʚʳʤʠ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ 

ʦʩʥʦʚʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʦʥʠ ʜʠʘʤʘʛʥʠʪʥʳ, ʘ ʦʩʥʦʚʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʠ ʚʦʟʙʫʞʜʝʥ-

ʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʷ ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ [{W6Cl8} Cl6]2ï, ʠ, ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ. ʏʫʪʴ ʧʦʟʞʝ ʪʝ ʞʝ ʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦ-

ʚʘʣʠ ʨʘʩʯʝʪʳ ʜʣʷ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʝʣʝʥʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ [115]. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚʳʭʦ-

ʜʠʪ ʩʪʘʪʴʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ [{Re6S8}X 6]4ï (X = Cl, Br, I) 

ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙ-

ʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [116]. ʊʘʢ, ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʩʜʚʠʛʘʣʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʚ 

ʨʷʜʫ Cl, Br, I (770, 780 ʠ 800 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (6,3, 5,4 ʠ 4,4 ʤʢʩ) ʠ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (0,039, 0,018 ʠ 0,015) ʧʘʜʘʣʠ. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʨʝʥʠʷ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥ ʞʠʟʥʠ ʠ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ. ɺ ʪʦʤ ʞʝ ʛʦʜʫ, ʛʨʫʧʧʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʷʧʦʥʩʢʠʭ ʫʯʝ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʣʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩʦʩʪʘʚʘ 

[{Re6Q8}( CN)6]4ï (Q = S, Se, Te) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʚ ʚʦʜʥʳʭ 

ʠ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ [17]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʝʥʘ 

ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʘʜʘʶʪ ʚ ʨʷʜʫ Se > S >>> Te. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ [117-119] 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʤʝʯʘʝʪʩʷ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ ʠ ʜʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʠ ʪʦʣʴʢʦ ʚ 



22 
 

2010 ʛʦʜʫ ʚ ʩʪʘʪʴʝ [120] ʧʦʢʘʟʘʥʘ ʛʝʥʝʨʘʮʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ, 

ʢʘʢ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2,3-ʜʠʬʝʥʠʣ-ʧʘʨʘ-ʜʠ-

ʦʢʩʝʥʘ (ʈʠʩ. 4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʆʄʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚʘʨʴʠʨʫʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʣʠʛʘʥʜʳ, ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʪʦʩʝʥ-

ʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. 

1.1.2.2. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʨʘʙʦʪʝ [15] ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ (ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʜʠʬʬʫʟʠʝʡ) 

ʦʢʠʩʣʝʥʠʝ (ʧʝʨʝʭʦʜ ʦʪ 24 ʢ 23 ʂɺʕ) ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (TBA)2[{ Mo6Cl8} Cl6] ʚ ʘʮʝʪʦ-

ʥʠʪʨʠʣʝ ʩ E1/2 = 1,29 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (Ag/Ag+). ʏʫʪʴ ʧʦʟʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ - (TBA)2[{ Mo6Br8}Br6] (E1/2 = 1,07 ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ Ag/Ag+) ʠ (TBA)2[{ W6Cl8} Cl6] (E1/2 = 0,83 ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/Ag+) [16]. ɸ ʚ ʨʘʙʦʪʝ 

[110] ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʧʦʯʪʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʘ ʠʤʝʥʥʦ (TBA)2[{ W6Cl8} Cl6], (TBA)2[{ W6Cl8} Br6], (TBA)2[{ W6Br8} Cl6], 

(TBA)2[{ W6Br8} Br6] ʠ (TBA)2[{ W6I8} I6], ʜʣʷ ʢʦʪʦʨʳʭ E1/2 ʩʦʩʪʘʚʠʣʠ 1,12, 1,16, 0,93, 0,97 ʠ 

0,71 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (Ag/AgCl). 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʜʘʪʠʨʫʶʪʩʷ 1996 ʛʦʜʦʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

(TBA)4[{Re6S8}X 6] (X = Cl, Br), ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩʦʩʪʘʚʠʣʠ 0,27 ʠ 

0,31 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʥʝ ʫʢʘʟʘʥ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʨʘʚ-

ʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ [72]. ɸ ʩʧʫʩʪʷ ʛʦʜ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʠ ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ï ʮʠʩ-[{Re6Se8} (PEt3)4(MeCN)2]2+ (E1/2 = 1,11 

ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʉʂʕ) ʠ [Re12Se16(PEt3)10]4+ (ʢʣʘ-

ʩʪʝʨʥʳʡ ʜʠʤʝʨ, ʩʦʝʜʠʥʝʥʥʳʡ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʩʝʣʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ, E1/2 = 1,37 ʠ 1,59 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂʕ) [121]. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ, ʧʦʩʚʷʱʝʥʥʫʶ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ 

ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [{Re6Q8}( CN)6]4ï (Q = S, Se, Te) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 0,60, 0,37 ʠ 0,11 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

Ag/AgCl [17]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʘʢ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ, ʪʘʢ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʪʦʣʴʢʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠʥʘʜʣʝʞʘʪ ʜʠʩʩʝʨʪʘʥʪʫ. 

1.1.3. ʄʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʤ ʆʄʂ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴ-

ʬʨʘʤʘ ʠ ʨʝʥʠʷ ʠ ʠʟʫʯʝʥʠʶ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
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ʩʚʦʡʩʪʚ, ʥʘʯʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦʜʭʦʜʳ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ, ʧʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʪʘʢ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦ-

ʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

1.1.3.1. ɿʘʤʝʱʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʠ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʉʧʫʩʪʷ ʛʦʜ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʦʨ-

ʛʘʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ (TBA)3[{Re6Se8} I6] (23-ʭ ʵʣʝʢ-

ʪʨʦʥʥʳʡ ʦʢʠʩʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ) [72], ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʧʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩ-

ʩʦʨʘ R.H. Holm ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ï ʪʨʠ-

ʵʪʠʣʬʦʩʬʠʥʦʤ (PEt3) ʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ [122]. ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩ ɹʚ ʘʮʝ-

ʪʦʥʠʪʨʠʣʝ ʠʣʠ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PEt3 ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʣʠʩʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʠʟʙʳʪʢʝ ʧʨʦ-ʣʠ-

ʛʘʥʜʘ ʚ ɼʄʌɸ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʤʝʱʝʥʠʝ ʚʩʝʭ ʠʦʜ-ʣʠʛʘʥʜʦʚ ʥʘ PEt3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[{Re6Se8}( PEt3)6]I2. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʧʨʦ-ʣʠʛʘʥʜʦʤ ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʦʙʨʘʟʦʚʘʥʠʝ 24 ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). 

ɿʘʪʝʤ, ʢʘʢ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʡ ʛʝʢʩʘʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʚʦʜʠʣʠ ʚ ʨʝʘʢ-

ʮʠʶ ʩ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʩʝʨʝʙʨʘ (AgBF4) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʣʠ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ ʜʦ-

ʙʘʚʣʝʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʤʝʱʝʥʠʶ ʠʦʜ-ʣʠʛʘʥʜʦʚ ʥʘ ʘʮʝʪʦʥʠʪʨʠʣ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʜʨʫʛʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ï ʪʨʠʤʝʪʠʣʘʮʝʪʦʥʠʪʨʠʣʘ, ɼʄʌɸ ʠ 

ɼʄʉʆ, ʘ ʘʮʝʪʦʥʠʪʨʠʣ ʙʳʣ ʟʘʤʝʱʝʥ ʥʘ ʧʠʨʠʜʠʥ [121]. ɺ ʨʘʙʦʪʝ [123] ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣ ʨʘʩʰʠʨʝʥ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ɼʄʌɸ, ʧʠʨʠʜʠʥʦʤ, 4,4ô-ʙʠʧʠ-

ʨʠʜʠʥʦʤ ʠ ʜʨ., ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʪʨʠ-

ʵʪʠʣʬʦʩʬʠʥʦʤ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʤʝʩʪʦ (TBA)3[{Re6Se8} I6] ʧʦʟʞʝ ʙʳʣʠ ʘʧʨʦ-

ʙʠʨʦʚʘʥʳ ʚ ʩʭʦʞʠʭ ʨʝʘʢʮʠʷʭ ʠ ʜʨʫʛʠʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʠʤʝʥʥʦ 

(TBA)4[{Re6S8} Br6] ʠ (TBA)4[{Re6S8} Cl6], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʚʝʣʠ ʢ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ PEt3 ʠ MeCN [124,125]. ʇʦʟʞʝ, ʠʩʧʦʣʴʟʫʷ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʝ ʩʦʣʠ ʩʝʨʝʙʨʘ (AgCN, AgSbF6), ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ CNï, OTsï 

(= ʪʦʟʠʣʘʪ ʠʦʥ) ʠ CO [126-129]. 

ʉʦʝʜʠʥʝʥʠʷ [{Re6Se8}( PEt3)6-x(MeCN)x]2+, ʙʣʘʛʦʜʘʨʷ ʧʨʦʯʥʦʡ ʩʚʷʟʠ Re-P ʠ ʩʣʘʙʦʩʚʷ-

ʟʘʥʥʳʤ ʣʘʙʠʣʴʥʳʤ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʣʠʛʘʥʜʘʤ, ʧʦʩʣʫʞʠʣʠ ʧʨʝʢʨʘʩʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ï ʜʝʥʜʨʠʤʝʨʦʧʦʜʦʙʥʳʭ [130,131], ʩʚʷʟʘʥ-

ʥʭr ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʣʠʛʘʥʜʳ, ʤʥʦʛʦʤʝʨʥʳʭ [132-134], ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʨʬʠʨʠʥʦʤ [135] 

ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ [136], ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʚ ʦʙʟʦʨʝ [137]. 



24 
 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʣʘʙʠʣʴʥʳʝ MeCN ʣʠʛʘʥʜʳ ʙʳʣʠ ʟʘʤʝʱʝʥʳ ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ ï ʠʟʦʥʠʢʦʪʠʥʦʚʫ  ʁʢʠʩʣʦʪʫ [138], ʥʠʢʦʪʠʥʘʤʠʜ ʠ 3,5-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʢʩʠʣʴʥʫ  ʁ

ʢʠʩʣʦʪʫ [139], ʠʟʦʥʠʢʦʪʠʥʘʤʠʜ [140], ʪʝʪʨʘʬʫʣʴʚʘʣʝʥ-ʬʦʩʬʠʥ ʠʣʠ ʬʝʨʨʦʮʝʥ-ʬʦʩʬʠʥ 

[141], ʯʪʦ ʧʨʠʚʝʣʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢ ʧʦʣʫʯʝʥʠ ʁʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʉʚʦʙʦʜʥʳʝ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʚ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʩ ʘʟʠʜʦʤ 

ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʠʣʠ ʜʨʫʛʠʤʠ ʘʟʠʜ-ʩʦʜʝʨʞʘʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʪʨʘʟʦʣʘʪʘʤʠ [142,143], ʠʤʠʥʘʤʠ [144,145], ʦʢʩʘʟʠʥʦʤ, ʦʢʩʘʟʦʣʠ-

ʥʦʤ ʠ ʢʘʨʙʦʢʩʘʤʠʜʦʤ [146]. ɸ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʘʤʤʠʘʢʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʘʮʝʪʘʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(HN=C(NH2)(CH3)), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʤʠʘʢʘ ʢ ʘʮʝʪʦʥʠʪ-

ʨʠʣʫ [147]. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ Y. Sasaki ʦʧʫʙʣʠʢʦʚʘʣʘ ʨʷʜ ʨʘ-

ʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ 

N-ʜʦʥʦʨʥʳʭ ʧʨʦ-ʣʠʛʘʥʜʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [119,148,149]. ʊʘʢ, ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʡ ʟʘʤʝʱʝʥʥʦʩʪʠ ʩ ʧʠʨʠʜʠʥʦʤ, 4-ʮʠʘʥʦʧʠʨʠʜʠʥʦʤ, ʧʠʨʘʟʠʥʦʤ, 

4,4ô-ʙʠʧʠʨʠʜʠʥʦʤ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥʦʤ, 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥʦʤ, 4-ʬʝʥʠʣʧʠʨʠʜʠʥʦʤ 

ʠ 1,2-ʙʠʩ(4-ʧʠʨʠʜʠʣ)ʵʪʘʥʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20-40 ɻ ʢʚʠʚʘʣʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦ-ʣʠʛʘʥʜʘ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʣʘ 

ʢʦʦʨʜʠʥʘʮʠʷ ʪʦʣʴʢʦ 2 ʠʣʠ 3 ʧʠʨʠʜʠʥ-ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʣʝʢʩʳ ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʤʝʩʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. ɸʚ-

ʪʦʨʳ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ, ʦʧʠʩʳʚʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʘ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʠʩʴ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. 

ʅʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʣʘʩʪʝʨʦʚ, ʧʨʠʚʣʝʢʘʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ 

ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʝʨʚʦʡ ʪʘʢʦʡ ʨʘʙʦʪʦʡ ʙʳʣʦ ʟʘʤʝʱʝʥʠʝ ʙʨʦʤ-

ʣʠʛʘʥʜʦʚ ʚ Cs4[{Re6S8} Br6] ʥʘ N3
ï ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [150]. ʆʧʠʩʘʥʥʳʝ ʚ 

2005 ʛʦʜʫ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʛʠʜʨʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

K4[{Re6Q8}( OH)6]Ŀ8H2O (Q = S, Se) [108] ʦʢʘʟʘʣʠʩʴ ʧʨʝʢʨʘʩʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʥʝʰʥʠʤʠ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [108,151]. ʉʦ ʚʨʝ-

ʤʝʥʝʤ, ʧʨʠ ʩʪʦʷʥʠʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ K4[{Re6Q8}( OH)6] ʚʳʧʘʜʘʶʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Re6Q8}( H2O)4(OH)2] [152], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʢ ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʘʤ ʛʠʜʨʦʢʩʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɸ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʢʠʩʣʳʡ pH (<5) ʧʨʦʠʩʭʦʜʠʪ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʛʝʢʩʘʘʢʚʘ-ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʦʣʠ 

[{Re6S8}( H2O)6][{Re6S6Br2} Br6] [152]. 
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ɻʠʜʨʦʢʩʦ-ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʨʫʛʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠ-

ʛʘʥʜʳ, ʥʦ ʠ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʮʝʪʘʪ ʠ ʬʦʨʤʠʘʪ [153,154] ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʠʨʠʜʠʥʘ [155,156]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʨʙʦʢʩʠ-

ʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (P(CH2CH2COOH)3 ʠʣʠ P(CH2CH2CONH2)(CH2CH2COOH)3) 

[13,18,157]. ʇʦʣʫʯʝʥʥʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩ r[{Re6Q8} L6]nï (n ʟʘʚʠʩʠʪ ʦʪ ʣʠʛʘʥʜʘ), ʛʜʝ 

ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʯʝʨʝʟ ʘʪʦʤ ʬʦʩʬʦʨʘ, ʦʢʘʟʘʣʠʩʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠ-

ʤʳʤʠ ʚ ʚʦʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ 

ʢʣʝʪʢʘʭ ʠ ʤʳʰʘʭ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʘʩʪʚʦʨʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʨʘʩ-

ʧʣʘʚ ʧʨʦ-ʣʠʛʘʥʜʘ. ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʘʢʠʭ ʨʘʙʦʪ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ [{Re6Q8}(3,5-

Me2pzH)6]Br2Ŀ2(3,5-Me2pzH) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʘʣʴʢʦʙʨʦʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Cs4[{Re6S8}Br 6]Ŀ2H2O ʠ Cs3[{Re6Se8}Br 6]ĿH2O ʩ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʤ (3,5-Me2pzH) ʧʨʠ 

200 Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ [158]. ʏʫʪʴ ʧʦʟʞʝ ʪʘʢʠʤ ʞʝ 

ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʨʘʥʩ-[{Re6Q8} L4X2] ʩ ʪʨʠʬʝʥʠʣʬʦʩ-

ʬʠʥʦʤ, ʪʨʠʬʝʥʠʣʘʨʩʠʥʦʤ, ʪʨʠʬʝʥʠʣʩʪʠʙʠʥʦʤ ʠ ʧʠʨʘʟʠʥʦʤ [159-162], ʘ ʪʘʢʞʝ ʢʘʪʠʦʥʥʳʝ 

ʩ 4-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ [{Re6Q8} L6]2+ [163]. ʅʘʢʦʧʣʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʚʠʥʫʪʴ ʪʝʦ-

ʨʠʶ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʢʘʪʠʦʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦ-ʣʠʛʘʥʜʘ, ʪ.ʝ. ʦʪ ʥʘʣʠʯʠ ̫ʣʘʙʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ. ʊʘʢ, 

ʪʘʢʠʝ ʧʨʦ-ʣʠʛʘʥʜʳ, ʢʘʢ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ, ʷʚʣʷʶʪʩʷ ñʧʨʦʪʦʥʥʳʤʠò, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ ʠ ʧʠʨʘʟʠʥ ï ñʘʧʨʦʪʦʥʥʳʤʠò. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʪʦʥʥʳʭ ʣʠʛʘʥʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʚʩʝʭ ʰʝʩʪʠ ʛʘʣʦʛʝʥ-ʣʠʛʘʥʜʦʚ ʥʘ ʦʨʛʘʥʠʯʝ-

ʩʢʠʡ, ʘ ʚ ʩʣʫʯʘʝ ʘʧʨʦʪʦʥʥʳʭ ʪʦʣʴʢʦ ʟʘʤʝʱʝʥʠʝ ʯʝʪʳʨʝʭ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ. ɼʘʥʥʘʷ ʪʝʦʨʠʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʘʭ 

ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 3-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ [164] ʠ ʠʤʠʜʘʟʦʣʦʤ 

[165], ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʰʝʩʪʠʟʘʤʝ-

ʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ [166], ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚ 

ʨʘʩʧʣʘʚʝ ʧʨʦ-ʣʠʛʘʥʜʘ ï 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ, ʦʜʥʘʢʦ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳ-

ʩʪʫʧʘʣʠ K4[{Re6Q8}(OH)6] (Q = S, Se). ʇʦʣʫʯʝʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ [{Re6Q8}( BTA)6]4ï (BTAï = ʙʝʥʟʦʪʨʠʘʟʦʣʘʪ-ʠʦʥ) ʪʘʢʞʝ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʚʳʰʝʦʧʠ-

ʩʘʥʥʫʶ ʪʝʦʨʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝ-

ʥʠʝʤ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʘʣʠʩʴ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʅʦ ʜʘʞʝ ʵʪʠʭ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙ  r

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚ rʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. 
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1.1.3.2. ɿʘʤʝʱʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ 

ʉʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠ ̫ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘ-

ʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʤʝʪʠʣʘʪ (OMe), ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʟʘʤʝ-

ʱʝʥʠʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʦʧʠʩʘʥʦ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ O-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʝʜʠʥʝʥʠʷ ʩ N- ʠʣʠ P-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʩʨʝʜʠ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʙʳʣʠ ʠʟʫ-

ʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʘʤʠ {Mo6X8} 4+ (X = Cl, Br). ʊʘʢ, ʤʝʪʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩ r

Na2[{ Mo6X8}( OMe)6] ʙʳʣʠ ʧʦʣʫʯʝʥ rʠʟ MoX2 ʠ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʝʪʘʥʦʣʝ 

[167,168]. ɺʳʩʦʢʘʷ ʣʘʙʠʣʴʥʦʩʪʴ OMeï ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʦʣʫʯʠʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʦʢʩʠ-, ʢʘʨʙʦʢʩʠ- ʠ ʪʠʦ-ʣʠʛʘʥʜʘʤʠ 

[169-173]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʤʧʣʝʢʩ r ʩ ʪʨʠʬʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(TBA)2[{Mo 6X8}( CF3SO3)6], ʧʦʣʫʯʝʥʥʳʝ ʠʟ (TBA)2[{Mo 6X8} X6] ʠ CF3SO3Ag [174,175], 

ʪʦʞʝ ʦʢʘʟʘʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠ ̫ʰʝʩʪʠʟʘʤʝʱʝʥʥʳʭ ʛʘʣʦʛʝʥʠʜʥʳʭ, ʨʦʜʘ-

ʥʠʜʥʳʭ, ʘʮʝʪʘʪʥʳʭ, ʠʟʦʮʠʦʥʘʪʥʳʭ, ʧʠʨʠʜʠʥ-ʧʨʦʠʟʚʦʜʥʳʭ, ʬʦʩʬʠʥʦʢʩʠʜʥʳʭ ʠ ʜʨ. ʢʦʤ-

ʧʣʝʢʩʦʚ [174-178]. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʩʦʣʠ ʩʝʨʝʙʨʘ (AgNO3, AgBF4), ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʦʤ-

ʧʣʝʢʩʳ in situ, ʪ.ʝ. ʜʦʙʘʚʣʷʪʴ ʧʨʦ-ʣʠʛʘʥʜ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤ-

ʧʣʝʢʩʳ [{Mo6X8}L 6]n ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ, ʮʠʘʥʠʜʥʳʤʠ, ʨʦʜʘʥʠʜʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ 

[179-182]. ʏʫʪʴ ʧʦʟʞʝ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠ ʥʠʪʨʘʪ, ʢʘʢ ʠ ʥʠʪʨʠʪ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʣʠʛʘʥʜʦʚ [183]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʨʠʬʣʘʪʦʤ ʩʝʨʝʙʨʘ, ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫ-

ʛʠʝ ʩʦʣʠ ʩʝʨʝʙʨʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʮʝʪʘʪ [184], ʪʨʠʬʪʦʨʘʮʝʪʘʪ [185], ʪʦʟʠʣʘʪ [186], ʧʨʦʠʟ-

ʚʦʜʥʳʝ ʙʝʥʟʦʘʪʘ ʩʝʨʝʙʨʘ [187], ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʰʝʩʪʠʟʘʤʝʱʝʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Mo6X8}L 6]2ï. 

ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʠʤ ʠʦʜʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Mo6I8} 4+) 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʥʘʯʘʣʦʩʴ ʩ ʨʘʙʦʪʳ [188], ʦʧʠʩʳʚʘʶʱʝʡ 

ʩʠʥʪʝʟ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (TBA)2[{Mo 6X8}(n-C3F7COO)6] (X = Br, I, ʈʠʩ. 5). ɼʘʥ-

ʥʘʷ ʨʘʙʦʪʘ ʚʧʝʨʚʳʝ ʦʧʠʩʳʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo6I8} 4+. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʣʠ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ, ʩʘʤʳʤʠ ʚʳʜʘʶʱʠʤʠʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʦʢ-

ʪʘʵʜʨʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ūʵʤ = 

0,59 ʠ Űʵʤ = 303 ʤʢʩ ʜʣʷ X = I, ūʵʤ = 0,36 ʠ Űʵʤ = 370 ʤʢʩ ʜʣʷ X = Br). ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʘʣʠ 

ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʟʘʤʝʱʝʥʠʶ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʦʩʪʘʪʢʠ ʢʘʨʙʦʥʦʚʳʭ ʠ ʙʝʥʟʦʩʫʣʴʬʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʦʣʘ ʠʣʠ ʪʠʦ-ʩʦʝʜʠʥʝ-

ʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʠʭ ʩʝʨʝʙʨʷʥʳʝ ʩʦʣʠ, ʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ [189-197]. 
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ʈʠʩ. 5. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [{Mo6X8}(n-C3F7COO)6]2ï. 

Mo ï ʟʝʣʝʥʳʡ, X ï ʬʠʦʣʝʪʦʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, F ï ʦʨʘʥʞʝʚʳʡ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʢʦʤʧʣʝʢʩ ʩ ʥʠʪʨʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (TBA)2[{Mo 6I8}( NO3)6] 

[198], ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʭʣʦʨ- ʠ ʙʨʦʤ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʧʦʤʦ-

ʱʴʶ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ʅʠʪʨʘʪʥʳʝ ʣʠʛʘʥʜʳ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʴʥʳʤʠ, ʯʪʦʙʳ ʟʘ-

ʤʝʩʪʠʪʴ ʠʭ ʥʘ ʜʨʫʛʠʝ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, N3
ï [199], Clï [200], SCNï [201], DMSO [202] 

ʠʣʠ ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʄʝʪʠʣʘʪʥʳʡ ʠʦʜʠʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʘʥʘʣʦʛʠʯʥʳʡ ʩʦʝʜʠʥʝʥʠʷʤ ʩ Cl ʠ Br ʚ ʢʣʘʩʪʝʨʥʦʤ 

ʷʜʨʝ, Na2[{ Mo6I8}( OMe)6] [203], ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠ.̫ ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʩ ʧʠʨʝʥ-1-ʢʘʨʙʦʢʩʠʣʘʪʦʤ, ʘʥʪʨʘʮʝʥ-9-

ʢʘʨʙʦʢʩʠʣʘʪʦʤ, ʢʣʦʟʦ-ʜʠʢʘʨʙʦʙʦʨʘʥʘʤʠ (ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʥʘ ʫʛʣʝʨʦʜʝ), ʘʜʘʤʘʥ-

ʪʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪʦʤ, 4-(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʙʝʥʟʦʘʪʦʤ [19,203,204]. ɸ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ 

[205], ʠʩʧʦʣʴʟʫʷ ʤʝʪʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʪʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫

[{Mo 6I8}(OCOC4H8PPh3)6]4+ ʠ [{Mo6I8}(OCOC5H4NMe)6]4+. 

ʇʦʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʪ-

ʢʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pKa ʢʠʩʣʦʪʳ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷ-

ʟʘʥʦ ʩʦ ʩʪʨʦʝʥʠʝʤ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʚʣʠʷʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ [194,206]. ʊʘʢ, ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ pKa ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ (ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ) ʫʚʝʣʠʯʠʚʘ-

ʶʪʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʞʠʟʥʠ), ʘ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʠʟʤʝʥʝʥʠʠ 

pKa ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ({Mo 6I8} 4+/{Mo 6I8} 5+) ʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ({Mo 6I8} 4+/{Mo 6I8} 3+) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʰʠʨʦʢʫʶ ʩʝʨʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʥʠ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʘʩʪʦ ʧʦʜʚʝʨʞʝʥʳ ʟʘʤʝʱʝʥʠʶ ʚʥʝʰʥʠʭ 

ʣʠʛʘʥʜʦʚ ʥʘ H2O/OH ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʤ 
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ʬʦʨʤʘʤ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʤ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʷʤ 

[{Mo 6I8}(H 2O)2(OH)4]ĿnH2O [199,202,207-209]. 

1.1.3.3. ɿʘʤʝʱʝʥʠʷ ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʦʣʴʬʨʘʤʘ 

ʈʦʣʴ ʜʦʛʦʥʷʶʱʝʛʦ ʚʳʧʘʣʘ ʥʘ ʜʦʣʶ ʭʠʤʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʆʜ-

ʥʘʢʦ, ʠʟ-ʟʘ ʩʭʦʞʝʛʦ ʩʪʨʦʝʥʠʷ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʪʘʢʠʝ ʞʝ 

ʧʦʜʭʦʜʳ ʟʘʤʝʱʝʥʠʷ ʚʥʝʰʥʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ. ʊʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʩʝʨʝʙʨʷʥʳʤʠ ʩʦʣʷʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʢʘʢ CH3COOï, C6H5COOï, C2F5COOï, OTsï, NO3
ï ʠ ʜʨ. [14,87,210-214]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Na2[{ W6I8}( OMe)6] [86]. ʊʘʢʞʝ ʚ ʨʷʜʝ 

ʨʘʙʦʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʟʘʤʝʱʝʥʠʝ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʧʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ [14,210]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʣʘʩʪʴ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʜʥʘʢʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʠʭ ʩʠʥʪʝʟʫ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʞʝʛʦʜʥʦʝ ʚʦʟʨʘʩ-

ʪʘʥʠʝ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʘʤ. 

1.1.4. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʯʘʱʝ ʚʩʝʛʦ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʨʘʩʪʚʦʨʠʤʳ 

ʚ ʚʦʜʝ ʠʣʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ, ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ. ɺ ʦʩʥʦʚʥʦʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʢʣʶʯʝʥʠʶ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʥʠʷ ʠ ʚʦʣʴʬʨʘʤʘ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʪʝʨ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝ-

ʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʪʘʣʠʟʝ, ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. 

ʆʜʥʠʤ ʠʟ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ. ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ (ɾʂ) 

ï ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʞʠʜʢʦʩʪʝʡ (ʪʝʢʫʯʝʩʪʴ), 

ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʦʚ (ʘʥʠʟʦʪʨʦʧʠʷ), ʚ ʢʦʪʦʨʦʝ ʧʝʨʝʭʦʜʷʪ ʥʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʧʨʝʜʝʣʸʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ). ʅʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ Y. Molard ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠ ʁʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʢʣʘʩʪʦʤʝʟʦʛʝʥʦʚ (ʦʩʥʦʚʥʘʷ ʝʜʠʥʠʮʘ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ): ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʠʦʥʦʚ [21,215-218], ʢʦʦʨʜʠʥʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [22,219-222] ʠʣʠ ʚʢʣʶʯʝʥʠʷ ʢʘʪʠʦʥʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʨʘʫʥ-ʵʬʠʨʳ [223-225]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʤʘʪʠʯʝ-

ʩʢʠʝ ʠʣʠ ʩʤʝʢʪʠʯʝʩʢʠʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ) ʬʘʟʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʚʝʜʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʤʝʰʠʚʘʪʴ 

ʩ ʢʦʤʤʝʨʯʝʩʢʠ-ʜʦʩʪʫʧʥʳʤʠ ɾʂ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʘʛʨʝʛʘʮʠʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ɾʂ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 
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ʩʨʘʚʥʠʤʳʤʠ ʩ ʠʩʭʦʜʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʪʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴʶ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ ʚ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʘ 

ʠʤʝʥʥʦ ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ [226] ʠʣʠ ʢʨʘʩʠʪʝʣʝʡ [227], ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʜʦ ʤʝʪʘʥʦʣʘ [23] ʠ ʜʨ. [24]. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʙʳʣʠ ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥ rʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʩ ʪʨʠʙʣʦʢʩʦʧʦʣʠʤʝʨʘʤʠ [228,229], ʘ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠ-

ʤʝʨʦʚ (ʄʆʂʇ) ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [230-233]. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ 

ʄʆʂʇ: [{Gd(H2O)3} 2(fdc){Re6Se8}(CN)6]ĿnH2O ʠ [{Gd(H2O)3} 2(tdc){Re6Se8}(CN)6]ĿnH2O 

(fdc = 2,5-ʬʫʨʘʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, tdc = 2,5-ʪʠʦʬʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʊʘʢʠʝ ʚʝ-

ʱʝʩʪʚʘ ʦʢʘʟʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʝ ʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʠ ʦʙʣʘʜʘʣʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʢʘʢ ʛʘʜʦʣʠʥʠʷ (ʧʘʨʘʤʝʛʥʝʪʠʟʤ), ʪʘʢ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ 

ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ) [234]. ɸ ʜʨʫʛʦʡ ʧʨʠʤʝʨ ï 

{[Mo 6I8(OCOC6H4PPh2)5.4(OCOC6H4POPh2)0.6]PdIIPd0
0.6} ʧʨʦʷʚʠʣ ʩʝʙʷ ʜʦʩʪʘʪʦʯʥʦ 

ʫʩʧʝʰʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ Suzuki-Miyaura [235]. 

ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʭr ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ, 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ [19,25,189,192,204,215,236-241] (ʈʠʩ. 6) ʠʣʠ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, 

ʥʘʧʨʠʤʝʨ, ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ [120,192,242-247]. ʆʜʥʘʢʦ, ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʦʩʚʷʱʝʥʥʳʤ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʆʄʂ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. ʊʘʢ, ʤʘʪʝ-

ʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ [{Mo6I8}(CH3COO)6]2ï ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʙʘʢʪʝ-

ʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [248,249], ʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʩ ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫʶ ʪʝʤʥʦʚʫʶ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯ-

ʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ [26,28,190,242,246,250]. ʄʠʢʨʦ-

ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʣʠʙʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʙʠʦʤʦʣʝʢʫʣ [251], ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʄʆʂʇ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʚ ʨʦʣʠ ʜʦʩʪʘʚʱʠʢʘ 

ʢʦʤʧʣʝʢʩʘ ʚ ʢʣʝʪʢʫ [252]. ʊʘʢʞʝ, ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩ ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳ ʢʘʢ ʘʛʝʥʪʳ ʜʣʷ ʌɼʊ [27,253]. 

 

ʈʠʩ. 6. ʌʦʪʦʛʨʘʬʠʠ ʪʘʙʣʝʪʦʢ ʠʟ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ Re6Se8}( TBP)4(MAC)2] (MAC = ʤʝʪʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ) ʧʦʜ ʋʌ ʩʚʝʪʦʤ. 
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ɺ ʦʙʱʝʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʝ. 

1.1.5. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʤʫʶ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʠʟʫ-

ʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ ʨʘʙʦʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʚ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʚʝʩʪʥʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘ. ʆʜʥʘʢʦ, 

ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʧʫʙʣʠʢʘʮʠʠ ʢʘʩʘʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ. 

ɻʨʫʧʧʘ ʫʯʝʥʳʭ [254] ʠʟʫʯʘʣʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʩʦʩʪʘʚʘ K4[{ Re6Q8}( OH)6]Ŀ8H2O (Q = S, Se), ʘ ʪʘʢʞʝ ʢʦʥʲʶʛʘʪʘ ʩʦʩʪʘʚʘ 

K4[{Re6S8}(OH)5(OOCïLeuPheGlyLeuPheGlyïNHïOCCH2ïMPEG550] ʥʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ (HeLa). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʡ ʩʝʨʠʠ ʪʦʣʴʢʦ 

K4[{ Re6S8}( OH)6]Ŀ8H2O ʢʦʤʧʣʝʢʩ ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʢʣʝʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʧʨʦʥʠʢʘʶʪ ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ 

ʠʟʫʯʝʥʠ ʁʪʦʢʩʠʯʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Bu4N)3[{ Re6Se8} I6], ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [255-257]. 

ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʨʳʩʘʭ ɺʠʩʪʘʨ ʧʨʠ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʤ ʚʚʝʜʝʥʠʠ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ K4[{ Re6S8}( CN)6] [258]. ʆʜʥʘʢʦ, ʧʨʠ ʚʩʢʨʳʪʠʠ ʧʘʚʰʠʭ ʢʨʳʩ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʭ ʩʤʝʨʪʴ ʥʘʩʪʫʧʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʩʝʨʜʝʯʥʦʡ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʯʪʦ ʚʳʟʚʘʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ. ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ 

[20,29,259], ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʦʚʴʶʪ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨʳ ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʚʩʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦ-

ʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʟʘ ʩʯʝʪ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ). ʂʦʤʧʣʝʢʩ Na4[{ Re6Te8}( CN)6], ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʣʫʯʰʝʡ ʨʝʥʪ-

ʛʝʥʦʢʦʪʨʘʥʦʩʪʴʶ, ʧʝʨʩʧʝʢʪʠʚʝʥ ʢʘʢ ʘʛʝʥʪ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʘʥʛʠʦʛʨʘʬʠʠ 

(ʈʠʩ. 7), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Na4[{ Re6Q8}( CN)6] (Q = S, Se), ʦʙʣʘʜʘʶʱʠʝ ʣʫʯʰʠʤʠ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʢʘʢ ʘʛʝʥʪʳ ʜʣʷ ʌɼʊ. 
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ʈʠʩ. 7. ʉʥʠʤʦʢ ʢʨʳʩʳ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʘʥʛʠʦʛʨʘʬʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ ʩʦʩʫ-

ʜʦʚ ʠ ʩʝʨʜʮʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʞʝ ʦʪʤʝʪʠʤ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʩ ʰʝʩʪʴʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠ-

ʛʘʥʜʘʤʠ ï 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ (BTA ) ʠ ʟʘʤʝʱʝʥʥʳʤʠ ʬʦʩʬʠʥʘʤʠ 

(P(CH2CH2CONH2)(CH2CH2COOH)2, P(CH2CH2COOH)3 ʠ Ph2P(CH2CH2COOH)). ɹʳʣʦ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ BTA ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʙʣʘʛʦʜʘʨʷ ʠʤ, 

ʩʧʦʩʦʙʥʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʧʨʦʥʠʢʘʶʪ ʚ ʢʣʝʪʢʠ [166]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩʳ ʩ ʟʘʤʝʱʝʥʥʳʤʠ 

ʬʦʩʬʠʥʘʤʠ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠʣʠ ʘʛʝʥʪʳ ʜʣʷ 

ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ (ʈʠʩ. 8) [13,18,157,164]. ʆʪʤʝʪʠʤ, ʯʪʦ, ʚʘʨʴʠʨʫʷ ʟʘʤʝʩʪʠʣʠ ʫ ʬʦʩʬʠʥʘ 

(CH2CH2CONH2, CH2CH2COO ʠʣʠ Ph), ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ (ʧʨʠ ʥʘʣʠʯʠʠ Ph-ʛʨʫʧʧ ʢʦʤʧʣʝʢʩʳ ʧʨʦʥʠ-

ʢʘʶʪ), ʘ ʪʘʢʞʝ ʦʩʤʦʣʷʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ (ʤʝʥʴʰʝ ʯʠʩʣʦ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʤʝʥʴʰʝ 

ʦʩʤʦʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ). 



32 
 

 

ʈʠʩ. 8. ʉʥʠʤʦʢ ʢʣʝʪʦʢ, ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʩ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴ-

ʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʂʨʘʩʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʣʘʩʪʝʨʦʚ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʣʦʢʘʣʠʟʘʮʠʶ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʪʦ ʟʜʝʩʴ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ 

[207], ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ Na2[{ Mo6I8}( N3)6] ʠ Na2[{ Mo6I8}( NCS)6], 

ʢʦʪʦʨʳʝ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʧʦʜʚʝʨʞʝʥʳ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʚ 

ʚʦʜʝ. ʆʜʥʘʢʦ, ʥʠʟʢʘʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʦʤʝʰʘʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (IC50) ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʢʣʝ-

ʪʦʢ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ ʥʝʜʘʚʥʶʶ ʨʘʙʦʪʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 

[{ M6I8}( DMSO)6](NO3)4 (M = Mo, W) [202]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦ ʚʨʝʤʝʥʝʤ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [{M 6I8}(DMSO)6-x(H2O)z(OH)y(NO3)k-y]4-k ( x=0ï6, z=0ï10, 

y=0ï3, k=0ï3), ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʚ ʨʘʟʳ ʥʠʞʝ. ɿʘʪʝʤ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʝʤʥʦʚʦʡ ʠ ʟʘʤʝʪ-

ʥʦʡ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʘʨʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʥʦʚʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʌɼʊ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʦʞʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʠ 

ʠ ʤʝʜʠʮʠʥʝ, ʦʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʛʠʜʨʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ. ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʦʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʳʝ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʘ 

ʠʤʝʥʥʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ï ʚʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʙʠʦʩʦʚ-

ʤʝʩʪʠʤʳʝ ʤʦʣʝʢʫʣʳ. 

1.2. ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ 

ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ (CD) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʮʠʢʣʠʯʝʩʢʠʭ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʩʫʙʲʝʜʠʥʠʮ ʛʣʶʢʦʟʳ, ʩʦʝʜʠʥʝʥʥʳʭ 
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ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ Ŭ-1,4, ʢʘʢ ʚ ʘʤʠʣʦʟʝ (ʬʨʘʛʤʝʥʪʝ ʢʨʘʭʤʘʣʘ). CD ʩʦʩʪʦʷʪ ʠʟ 5 ʠʣʠ 

ʙʦʣʝʝ Ŭ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜʥʳʭ ʟʚʝʥʴʝʚ. ʊʠʧʠʯʥʳʝ CD ʩʦʜʝʨʞʘʪ ʦʪ ʰʝʩʪʠ ʜʦ ʚʦʩʴʤʠ ʝʜʠ-

ʥʠʮ ʚ ʢʦʣʴʮʝ, ʩʦʟʜʘʚʘʷ ʬʦʨʤʫ ʪʦʨʘ: Ŭ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (6 ʟʚʝʥʴʝʚ, Ŭ-CD), ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

(7 ʟʚʝʥʴʝʚ, ɓ-CD) ʠ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (8 ʟʚʝʥʴʝʚ, ɔ-CD) (ʈʠʩ. 9). 

 

ʈʠʩ. 9. ʉʪʨʦʝʥʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ. ʉʥʠʟʫ ʫʢʘʟʘʥ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ. 

ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ ʠʤʝʶʪ ʪʦʨʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ, ʧʨʠʯʝʤ ʙʦʣʴʰʠʝ ʠ ʤʝʥʴʰʠʝ ʦʪʚʝʨʩʪʠʷ 

ʪʦʨʦʠʜʘ ʦʢʘʥʯʠʚʘʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʠ ʧʝʨʚʠʯʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʙʨʘʟʫʷ ʚʪʦʨʠʯʥʫʶ (ʦʪ ʘʥʛʣ. secondary) ʠ ʧʝʨʚʠʯʥʫʶ (ʦʪ ʘʥʛʣ. primary) ʛʨʘʥʠ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ, ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʪʦʨʦʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʬʦʙʥʦʡ ʠʣʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʛʠʜʨʦʬʠʣʴʥʦʡ, ʯʝʤ ʚʦʜʥʘʷ ʩʨʝʜʘ, 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʨʫʛʠʝ ʛʠʜʨʦʬʦʙʥʳʝ ʤʦʣʝʢʫʣʳ. ʅʘʧʨʦʪʠʚ, ʚʥʝʰʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʠʜʨʦʬʠʣʴʥʦʡ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤ (ʠʣʠ 

ʠʭ ʢʦʤʧʣʝʢʩʘʤ) ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. 

ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ, ʚ ʪʦʤ ʚʠʜʝ ʢʘʢ ʦʥʠ ʠʟʚʝʩʪʥʳ ʩʝʛʦʜʥʷ, ʥʘʟʳʚʘʣʠʩʴ çʮʝʣʣʶʣʦʟʠʥʦʤè, 

ʢʦʛʜʘ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ A. Villiers ʚ 1891 ʛʦʜʫ [260]. ɺʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ 

F. Schardinger ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ ʪʨʠ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ CD: -Ŭ, -ɓ ʠ -ɔ, ʠ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʪɻʠ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴʩʷ çʩʘʭʘʨʘʤʠ ʐʘʨʜʠʥʛʝʨʘè. ɺ ʪʝʯʝʥʠʝ 25 ʣʝʪ, 

ʤʝʞʜʫ 1911 ʠ 1935 ʛʦʜʘʤʠ, H.A. Pringsheim ʚ ɻʝʨʤʘʥʠʠ ʙʳʣ ʚʝʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ, ʯʪʦ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʚʦʜʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ [261]. ʂ ʩʝʨʝʜʠʥʝ 1970-ʭ ʛʦʜʦʚ 

ʢʘʞʜʳʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʙʳʣ ʩʪʨʫʢʪʫʨʥʦ ʠ ʭʠʤʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ, ʠ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʝʱʝ ʤʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ [262]. ʉ 1970-ʭ ʛʦʜʦʚ J. Szejtli ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʠ ʧʨʦʜʝʣʘʣʠ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʠʟʫʯʝʥʠʶ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʚ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥ rʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

[32]. 

ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ ʧʦʣʫʯʘʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʢʨʘʭʤʘʣʘ [263]. ʆʙʳʯʥʦ ʮʠʢ-

ʣʦʜʝʢʩʪʨʠʥ ʛʣʠʢʦʟʠʣʪʨʘʥʩʬʝʨʘʟʘ (CGTase) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʝ ʩ Ŭ-ʘʤʠʣʘʟʦʡ. ʉʥʘʯʘʣʘ 

ʢʨʘʭʤʘʣ ʨʘʟʞʠʞʘʝʪʩʷ ʣʠʙʦ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ŭ-ʘʤʠ-

ʣʘʟʳ, ʟʘʪʝʤ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ CGTase. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 
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CGTase ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

ʆʯʠʩʪʢʘ ʪʨʝʭ ʪʠʧʦʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʦʡ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʠ ʤʦʣʝʢʫʣ ʚ ʚʦʜʝ: ɓ-CD, ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ (18,5 ʛ/ʣ ʠʣʠ 16,3 

ʤʄ) (ʧʨʠ 25 Áʉ), ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʟʚʣʝʯʝʥ ʧʫʪʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ 

ʨʘʩʪʚʦʨʠʤʳʝ Ŭ- ʠ ɔ-CD (145 ʠ 232 ʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʙʳʯʥʦ ʦʯʠʱʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʦʨʦ-

ʛʠʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ çʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫ-

ʶʱʠʡ ʘʛʝʥʪè ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥ ʚʦ ʚʨʝʤʷ ʩʪʘʜʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ: ʪʘʢʠʝ 

ʘʛʝʥʪʳ (ʦʙʳʯʥʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʪʦʣʫʦʣ, ʘʮʝʪʦʥ ʠʣʠ ʵʪʘʥʦʣ) ʦʙʨʘ-

ʟʫʶʪ ʢʦʤʧʣʝʢʩ ʩ ʞʝʣʘʝʤʳʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʩʘʞʜʘʝʪʩʷ. ʂʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʦʩʘʞʜʘʝʤʳʡ ʮʠʢʣʦʜʝʢʩʪʨʠʥ, 

ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʂʦʤʧʘʥʠʷ Wacker 

Chemie AG ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʝʮʠʬʠʯʝʩʢʠ ʧʨʦʠʟʚʦ-

ʜʠʪʴ Ŭ-, ɓ- ʠʣʠ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ. ʕʪʦ ʦʯʝʥʴ ʮʝʥʥʦ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʪʘʢ ʢʘʢ ʪʦʣʴʢʦ ʘʣʴʬʘ- ʠ ʛʘʤʤʘ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʤʦʞʥʦ ʫʧʦʪʨʝʙʣʷʪʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʫʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

Ŭ-, ɓ- ʠ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ rʧʨʠʟʥʘʥʳ ʙʝʟʦʧʘʩʥʳʤʠ ʧʦ ʤʥʝʥʠʶ FDA (Food and Drug 

Administration, "ʋʧʨʘʚʣʝʥʠʝ ʝʜʳ ʠ ʣʝʢʘʨʩʪʚ") ʉʐɸ [33]. ɹʣʘʛʦʜʘʨʷ ʛʠʜʨʦʬʦʙʥʦʡ ʚʥʫʪ-

ʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʠ ʛʠʜʨʦʬʠʣʴʥʳʤ ʚʥʝʰʥʠʤ ʛʨʫʧʧʘʤ, ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʪʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯ-

ʥʳʭ ʣʝʢʘʨʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʦʢʦʨʪʠʟʦʥʘ, ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ, ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ, ʠʪʨʘʢʦʥʘ-

ʟʦʣʘ, ʭʣʦʨʘʤʬʝʥʠʢʦʣʘ [1]. ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʤʦ-

ʣʝʢʫʣʘʤʠ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ, ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʩʚʦʙʦʞ-

ʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [2]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʨʅ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʘʛʨʝʚʝ ʠʣʠ ʜʝʡʩʪʚʠʠ ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʱʝʧʣʷʪʴ Ŭ-1,4-

ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʥʦʤʝʨʘʤʠ ʛʣʶʢʦʟʳ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʫʩʠʣʠ-

ʚʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʣʝʢʘʨʩʪʚ ʚ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʬʘʨʤʘʮʝʚʪʠʢʝ, ʢʦʩʤʝʪʠʢʝ, ʙʠʦʪʝʭ-

ʥʦʣʦʛʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʜʘʞʝ ʚ ʜʦʙʳʯʝ ʥʝʬʪʠ. 

1.2.1. ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʩʧʦʩʦʙʦʤ ʩʚʷʟʳʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠ-

ʥʦʤ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʤʝʥʝʝ ʧʦʣʷʨʥʦʡ ʯʘʩʪʠ ʛʦʩʪʷ ʚ ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʣʦʩʪʴ CD [32]. 

ʊʘʢʦʝ ʚʢʣʶʯʝʥʠʝ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʠ ʫʜʘʣʝʥʠʶ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢʘʢ ʫ CD, ʪʘʢ ʠ ʫ ʛʦʩʪʷ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʚʳʩʚʦʙʦʞʜʝ-

ʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ ʧʦʣʦʩʪʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [34], ʭʦʪʷ 
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ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʪʘʢʞʝ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʦʭʚʘʪʳʚʘʶʪ ʧʦʯʪʠ 

ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʣʘʩʩʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʫʛʣʝʚʦʜʦʨʦʜʳ [4], ʩʧʠʨʪʳ [5,6], ʘʤʠʥʳ ʠ 

ʢʠʩʣʦʪʳ [7], ʘʤʠʥʦʢʠʩʣʦʪʳ [8,9], ʬʝʥʦʣʳ [10], ʘʟʦʩʦʝʜʠʥʝʥʠʷ [11], ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [12] ʠ ʜʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʛʦʩʪʷ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʚ ʨʦʣʠ ʭʦʟʷʠʥʘ: (1) ʊʝʭʥʠʢʘ ʩʦʦʩʘʞʜʝʥʠʷ ʧʦʣʝʟʥʘ ʜʣʷ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚ. ʄʦʣʝʢʫʣʳ ʛʦʩʪ̫ ʨʘʩʪʚʦʨʷʶʪ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝ-

ʣʷʭ (ʪʘʢʠʭ ʢʘʢ ʭʣʦʨʦʬʦʨʤ, ʙʝʥʟʦʣ, ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʪ.ʧ.), ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ, ʜʦʙʘʚʣʷʶʪ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʨʠ ʦʭʣʘ-

ʞʜʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʤʳʚʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠ-

ʪʝʣʝʤ ʠ ʩʫʰʘʪ [264-267]; (2) ɼʨʫʛʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ 

ʛʦʩʪ ̫ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʤr ʦʭʣʘʞʜʝʥʠʝʤ ʩʤʝʩʠ [265]; (3) ɼʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤʠ ʣʝʪʫʯʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʠʤʝʥʷʶʪ ʥʘʛʨʝʚ ʚ ʟʘʧʘ-

ʷʥʥʦʤ ʨʝʘʢʪʦʨʝ [268]. ʇʦʩʣʝ ʘʜʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʬʠʟʠ-

ʯʝʩʢʫʶ ʩʤʝʩʴ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʦʣʝʢʫʣʳ-ʭʦʟʷʠʥʘ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʶʪ ʚ ʢʦʥ-

ʪʝʡʥʝʨʝ ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʜʦ 140 Áʉ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ; (4) ʄʝʪʦʜ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʠʣʠ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʛʦʩʪʝʡ [267,269]. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ [270]. ʂ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠ,ʁ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠ,ʁ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʬʣʫʦʨʝʩʮʝʥʪʥʫ  ʁʩʧʝʢʪʨʦʩʢʦʧʠ ʁʠ ʢʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ (ʂɼ). 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʦʙʟʦʨʘ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦ-

ʣʝʢʫʣ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʧʨʠʯʝʤ 

ʜʣ̫ ʠʭ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ. ʐʠʨʦʢʠʡ 

ʥʘʙʦʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʢʣʶ-

ʯʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʦʝʥʠʶ ʢ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʩʪʘʣʦ 

ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

1.2.2. ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʇʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʦ 

ʚʢʣʶʯʝʥʠʶ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [271-274], ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ ʦʩʥʦʚʥʦʝ ʚʥʠ-

ʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤ, ʪʘʢʠʤ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʙʦʨʘʪʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ (ʇʆʄr ) ʠ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʘ ʚ ʥʘʫʯʥʳʭ ʛʨʫʧʧʘʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬʝʩʩʦʨʘ W.M. Nau ʠ ʧʨʦʬʝʩʩʦʨʘ E. Cadot (ʚ ʢʦʣʣʝʢʪʠʚʝ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʣʘʩʴ ʨʘʙʦʪʘ 

ʜʠʩʩʝʨʪʘʥʪʘ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʤʘʣʦ ʠʣʠ 



36 
 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳ ʠ ʟʘʯʘʩʪʫʶ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʪ.ʝ. ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʤʦ-

ʣʝʢʫʣʘʤʠ. ɺ ʵʪʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʧʨʠʯʝʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ 

ʤʝʞʜʫ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʣʦʩʪʴʶ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. 

1.2.2.1. ʂʦʤʧʣʝʢʩʳ ʩ ʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ 

ɹʦʨʘʪʥʳʝ ʢʣʘʩʪʝʨʳ ʪʠʧʘ [B12X12]2ï ʠ [B12X11Y2]2ï (X = H, Cl, Br, I ʠ Y = OH, SH, NH3
+, 

NR3
+) ʠʟʚʝʩʪʥʳ ʝʱʸ ʩ 1960 ʛʦʜʦʚ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʤʝʜʠʮʠʥʝ [275,276], ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ [277,278]. ʉʦʝʜʠ-

ʥʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʙʳʣʠ ʦʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [279] ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ W.M. Nau ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʜʝʢʘʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ɔ-CD. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 1H ʗʄʈ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʠ, ʘ ʠʤʝʥʥʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠ ̫ʛʦʩʪʝʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ CD ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠ ̫ʠʟʤʝʥʝʥʠ̫ ʩʠʛʥʘʣʦʚ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ H3, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʩʪʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʈʠʩ. 10), 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʢʣʶʯʝʥʠʠ ʛʦʩʪʷ ʚ ʤʦʣʝʢʫʣʫ ʭʦʟʷʠʥʘ. ʊʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʩʜʚʠʛ ʠ ʜʣʷ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ H5, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʣʫʙʦʢʦʝ ʚʢʣʶʯʝʥʠʝ ʛʦʩʪʷ ʚ CD. ɸʥʘ-

ʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʦʩʪʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ Job plot) ʧʦ-

ʢʘʟʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʢʣʘʩʪʝʨ:CD = 1:1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʦʚ 

ʩ CD) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ 1:2, ʛʜʝ ʢʣʘʩʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʪʦʨʠʯ-

ʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 11ɹ). 

 

ʈʠʩ. 10. ʈʘʩʧʦʣʦʞʝʥʠʝ OH-ʛʨʫʧʧ ʠ ʚʦʜʦʨʦʜʦʚ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʝ. 

ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ, ʪʘʢ ʢʘʢ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ 

(ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ) ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 1:2, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ʉ ʧʦʤʦʱʴʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 
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ʪʠʪʨʦʚʘʥʠʷ (ʀʂʊ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ K ʩʚʷʟʳʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 1:1 ʠ ʦʩʥʦʚʥʳʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʵʥʪʘʣʴʧʠʷ (ȹrH0), ʵʥʪʨʦʧʠʷ (ȹrS0) ʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (ȹrG0)). 

 

ʈʠʩ. 11. ʉʪʨʦʝʥʠʝ ʙʦʨʘʪʥʦʛʦ ʢʣʘʩʪʝʨʘ [B12Br12]2ï (ɸ) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ɔ-CD (ɹ). 

B ï ʟʝʣʝʥʳʡ, Br ï ʬʠʦʣʝʪʦʚʳʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ K ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 620 ʜʦ 960Ŀ103 Mï1 ʩ ʤʘʢʩʠʤʫʤʦʤ ʜʣʷ ʘʥʠ-

ʦʥʘ [B12Br12]2ï, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʪʁ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ CD, ʘ ʪʝʨʤʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʜʚʠʞʠʤ ʵʥʪʘʣʴʧʠʝʡ, ʧʨʠʯʝʤ 

ʚʝʣʠʯʠʥʘ ȹrS0 ʦʪʨʠʮʘʪʝʣʴʥʘ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ 

ʣʠʥʝʡʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʮʠʢ-

ʣʦʜʝʢʩʪʨʠʥʦʤ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʵʥʪʘʣʴʧʠʡʥʦ-ʵʥʪʨʦʧʠʡʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ/ʢʦʨʨʝʣʷʮʠʠ (ʦʪ 

ʘʥʛʣ. enthalpy-entropy compensation/correlation). ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʨʠ 

ʨʘʟʘ), ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ), 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʘʙʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʯʪʦ, ʦʜʥʘʢʦ, ̫ ʚʣʷʝʪʩʷ ʩʧʦʨʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝʤ) [279]. 

ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʦʙʲʷʩʥʷʶʪ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʞʜʫ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʙʦʨʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʘʢʠʝ ʘʥʠʦʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʧʨʠʨʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʘʚʪʦʨʦʚ ʢ ʧʦʥʷʪʠʷʤ ʭʘʦʪʨʦʧʥʦʛʦ (ʪ.ʝ. ʨʘʟʨʫʰʘʁɦʝʛʦ ʩʪʨʫʢʪʫʨʫ 

ʚʦʜʳ) ʠ ʢʦʩʤʦʪʨʦʧʥʦʛʦ (ʦʙʨʘʟʫʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ) ʵʬʬʝʢʪʦʚ. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ ʙʝʨʫʪ 

ʩʚʦʝ ʥʘʯʘʣʦ ʩ ʩʝʨʠʠ Hofmeisterôa [280] ï ʩʝʨʠʠ ʘʥʠʦʥʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʣʠʷʪʴ ʥʘ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʧʨʦʪʝʠʥʦʚ ʠ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʪʨʝʪʠʯʥʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨ. ʇʦʟʜʥʝʝ ʚ ʨʘ-

ʙʦʪʝ [281] ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʨʦʜʩʪʚʦ ʪʘʢʠʭ ʘʥʠʦʥʦʚ ʢ CD ʧʘʨʘʣʣʝʣʴʥʦ ʠʭ ʧʦʟʠʮʠʠ 

ʚ ʩʝʨʠʠ, ʘ ʠʤʝʥʥʦ ClO4
ï (ʭʘʦʪʨʦʧʥʳʡ ʠʦʥ) ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ, ʘ HPO4

2ï (ʢʦʩʤʦʪʨʦʧʥʳʡ 

ʠʦʥ) ʥʝʪ. ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʚʳʩʘʞʠʚʘʥʠʝ ʧʨʦʪʝʠʥʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʨʘʚʥʠʪʴ ʩʚʦʡʩʪʚʘ ʙʦʨʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʠʦʥʘʤʠ ʨʷʜʘ ʩʝʨʠʠ Hofmeisterôa ʠ 
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ʦʪʥʝʩʪʠ ʠʭ ʢ ʢʣʘʩʩʫ ʩʫʧʝʨʭʘʦʪʨʦʧʥʳʭ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʫʶ ʥʝʦʙʳʯʥʫʶ ʩʦʣʴ-

ʚʘʪʘʮʠʶ ʚʦʜʦʡ [282] ʠʣʠ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʠʧʠʜʘʤʠ ʠ ʧʨʦʪʝʠʥʘʤʠ [283]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ CD ʜʚʠʞʠʤ ʭʘ-

ʦʪʨʦʧʥʳʤ ʵʬʬʝʢʪʦʤ ʘʥʠʦʥʦʚ. ʄʝʭʘʥʠʟʤ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ: ʭʘʦʪʨʦʧ-

ʥʳʝ ʘʥʠʦʥʳ ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʚʦʜʝ, ʨʘʟʨʫʰʘʶʪ ʝʸ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʪʘʢʠʭ ʠʦʥʦʚ 

ʚ ʥʝʧʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʜʳ (ʦʪ ʘʥʛʣ. water structure recovery), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʝ ʚ ʵʥʪʨʦʧʠʠ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠ ʁʵʥʪʘʣʴʧʠʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʯʪʦ ʢʘʢ ʨʘʟ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦ ʜʘʥʥʳʤ ʀʂʊ. ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʪʝ ʞʝ ʘʚʪʦʨʳ 

ʦʧʫʙʣʠʢʫʶʪ ʦʙʟʦʨ, ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʡ ʢʦʩʤʦʪʨʦʧʥʳʡ, ʭʘʦʪʨʦʧʥʳʡ (ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʥʦ ʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʨʠʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶ-

ʯʝʥʠʷ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ) ʠ ʛʠʜʨʦʬʦʙʥʳʡ ʵʬʬʝʢʪʳ 

[284]. 

ʄʥʦʛʠʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ, ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʥʳʝ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ W.M. Nau, 

ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠ ʁʨʘʟʣʠʯʥʳʭ ʙʦʨʘʪʥʳʭ ʠ ʢʘʨʙʦʙʦʨʘʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʦ ʚʩʝʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʦʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [285-288]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʭʠʤʠʠ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ CD) ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ. 

1.2.2.2. ʂʦʤʧʣʝʢʩʳ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʨʘʙʦʪʳ ʧʦ ʚʢʣʶʯʝʥʠʶ ʧʦʣʠ-

ʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʚ CD. ʇʆʄʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʘʪʦʤʥʳʝ ʠʦʥr, ʢʦʪʦʨʳʝ ʩʦʩʪʦʪ̫ 

ʠʟ ʪʨʝʭ ʠʣʠ ʙʦʣʝʝ ʦʢʩʠʘʥʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʙʱʠʤʠ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʢʥʫʪʳʭ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʈʠʩ. 12). ɸʪʦʤʳ ʤʝ-

ʪʘʣʣʦʚ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ 6 ʛʨʫʧʧʳ (Mo, W) ʠʣʠ, ʨʝʞʝ, 5 

ʛʨʫʧʧʳ (V, Nb, Ta) ʚ ʠʭ ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ɺʳʜʝʣʷʶʪʩʷ ʜʚʘ ʰʠʨʦʢʠʭ ʩʝʤʝʡʩʪʚʘ: 

ʠʟʦʧʦʣʠʤʝʪʘʣʣʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʤʝʪʘʣʣʘ ʠ ʦʢʩʠʜʘ, ʠ ʛʝʪʝʨʦʧʦʣʠʤʝ-

ʪʘʣʣʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʦʢʩʠʜʘ ʠ ʦʢʩʠʘʥʠʦʥʘ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ (ʬʦʩʬʘʪ, 

ʩʠʣʠʢʘʪ ʠ ʪ. ʜ.). ʇʆʄʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʙʦʛʘʪʫʶ ʪʳʩʷʯʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʫ-

ʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ [289], ʤʝʜʠʮʠʥʝ [290,291], ʤʘʛʥʝʪʠʟʤʝ [292,293], ʢʘʪʘʣʠʟʝ [294-

298] ʠʣʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝ [299]. ɺ ʧʦʩʣʝʜʥʝʡ ʦʪʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʇʆʄ rʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦ-

ʨʘʤʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [300,301] ʠʣʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥɻʝʨʛʠʠ, ʪʘʢʦʡ ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʚʦʜʦʨʦʜ (ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ 

ʚʦʜʳ) [302]. 
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ʈʠʩ. 12. ʆʩʥʦʚʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ: [M6O19]2ï (ɸ), [XM 12O40]nï (ɹ) ʠ [X2M18O62]nï (ɺ). 

ʉʚʝʨʭʫ ʠʟʦʙʨʘʞʝʥ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ï MO6. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʇʆʄʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳ, ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʜʘʞʝ ʧʨʦʷʚʣʷʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ [303]. ʂʨʦʤʝ ʪʦʛʦ, 

ʇʆʄr, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʧʨʦʷʚʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ in vitro, ʪʘʢ ʠ in 

vivo, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫ  ʁ[304,305], ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ [306,307], ʧʨʦʪʠʚʦ-

ʚʠʨʫʩʥʫʶ [308,309] ʠ ʘʥʪʠʜʠʘʙʝʪʠʯʝʩʢʫʶ [290,310]. 

ʊʘʢ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅʦʙʝʣʝʚʩʢʦʛʦ ʣʘʫʨʝʘʪʘ ʧʨʦʬʝʩʩʦʨʘ J.F. Stoddart ʙʳʣʘ ʚʳʧʦʣ-

ʥʝʥʘ ʧʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʥʠʦʥʘ ʪʠʧʘ ʂʝʛʛʠʥʘ [PMo12O40]3ï ʩ ɔ- ʠ 

ɓ-CD [311]. ʉ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (1H, 13C ʠ 31P) ʙʳʣʦ ʠʟʫʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʗʄʈ ʪʠʪʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʣ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H5 ʠ H6, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʚʠʯʥʦʡ 

ʛʨʘʥʴʶ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ) ʠ 

ʚʢʣʶʯʝʥʠʝ ʚ ʧʦʣʦʩʪʴ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʧʨʦʪʦʥ H5 ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʩʪʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʠʛʥʘʣʳ ʦʩʪʘʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʥʝ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥʳ ʠʟʤʝʥʝʥʠʷʤ. ɹʦʣʝʝ ʪʦʛʦ, Job plot ʧʦ-

ʢʘʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1:2 ʜʣʷ ɔ-CD ʠ 1:1 ʜʣʷ ɓ-CD. ʀʂʊ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ: ʜʣʷ ɔ-CD K1:1 (ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1:1 ʠʟ ʩʚʦʙʦʜ-

ʥʦʛʦ ʇʆʄʘ ʠ CD) ʠ K1:2 (ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1:2 ʠʟ ʢʦʤʧʣʝʢʩʘ 1:1) ʩʦʩʪʘʚʠʣʠ 4,04Ŀ104 

ʠ 1,18Ŀ103 Mï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ɓ-CD ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ 

ʥʝ ʫʜʘʣʦʩʴ ʠ K1:1 (= 1,97Ŀ103) ʙʳʣʘ ʦʮʝʥʝʥʘ ʠʟ ʜʘʥʥʳʭ ʗʄʈ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

(La(H2O)9){[ PMo12O40]@2CD}  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

H3[PMo12O40], ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ LaCl3Ŀ7H2O (ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), ʘ ʤʦʥʦ-

ʢʨʠʩʪʘʣʣʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʩʣʘʠ-

ʚʘʥʠʝʤ ʵʪʘʥʦʣʘ ʥʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʣʠ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʘʮʝʪʦʥʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʘʩʪʚʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ 
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ʘʥʘʣʠʟʘ: ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 1:2 ʜʣʷ ɔ-CD, ʘ ʪʘʢʞʝ ʩʣʘʙʝʝ ʩʚʷʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 1:2 ʜʣʷ ɓ-

CD, ʧʨʠʯʝʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʇʆʄ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 13). 

 

ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ [PMo12O40]3ï ʩ ɔ- (ɸ) ʠ ɓ-CD (ɹ). 

ʍʦʪ̫ ʜʣʷ ɓ-CD ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1:1 ʚ ʨʘʩʪʚʦʨʝ, ʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩ 1:2 (ʧʦʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʦʪʤʝʯʘʣʦʩʴ ʜʣʷ ʙʦʨʘʪʥʳʭ 

ʢʣʘʩʪʝʨʦʚ). ʆʜʥʘʢʦ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʦʚ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʇʆʄʘ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʮʠʢʣʠ-

ʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ɔ-CD ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ [PMo12O40]3ï 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (+440 ʠ +340 ʤɺ) ʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (+320 ʤɺ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ɓ-CD ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ ʎɺɸ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʦʪ-

ʤʝʯʘʶʪ ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-CD, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʇʆʄ. ʅʝʤʥʦʛʦ ʧʦʟʞʝ ʧʨʦʬʝʩʩʦʨ W.M. Nau ʦʪʥʝʩʝʪ ʘʥʠʦʥ [PMo12O40]3ï 

ʢ ʭʘʦʪʨʦʧʥʳʤ ʘʥʠʦʥʘʤ [284]. ɸ ʚ 2018 ʛʦʜʫ ʚ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ 

[312] ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʜʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʭʠʨʘʣʴʥʦʩʪʠ) ʜʘʥʥʳʤ 

ʇʆʄʘʤ ʨʘʟʣʠʯʥʳʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʝ. 

ʇʦʟʞʝ, ʢʦʣʣʝʢʪʠʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ E. Cadot ʧʦʣʫʯʠʪ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶ-

ʯʝʥʠʷ ɔ-CD ʩ ʜʨʫʛʠʤ ʇʆʄʦʤ ï ʘʥʠʦʥʦʤ ʪʠʧʘ ɼʦʫʩʦʥʘ [P2W18O62]6ï [35]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

[PMo12O40]3ï, ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ [P2W18O62]6ï ʩ ɔ-CD ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ 

ʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʇʆʄ ʠ CD ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 1:2 ʠ 1:3 (ʈʠʩ. 14), ʧʨʠʯʝʤ ʩʪʝʭʠʦʤʝʪʨʠʷ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʝʘʛʝʥʪʘʤʠ. 
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ʈʠʩ. 14. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ [P2W18O62]6ï ʩ ɔ-CD: 1:1 (ɸ), 1:2 (ɹ), 1:3 (ɺ). 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʇʆʄʦʚ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ CD, ʯʪʦ 

ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʆʜʥʘʢʦ, ʥʘʙʣʶʜʘʝʤʦʝ ʩʠʣʴʥʦʝ ʩʤʝ-

ʱʝʥʠʝ ʪʦʣʴʢʦ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ H6 ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʩʣʘʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʘʥʠʦʥʦʤ ʪʠʧʘ ʂʝʛʛʠʥʘ, ʯʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ ʚ ʢʨʠʚʳʭ ʎɺɸ ï ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ CD. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʀʂʊ, ʩʦʩʪʘʚʠʣʠ 3,2Ŀ103 ʠ 

3,7Ŀ102 Mï1. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ 

ʇʆʄʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʜʨʫʛʠʤʠ ʇʆʄʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʟʜʝʣʝ 1.2.2.4 ʊʨʸʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʘ ʪʘʢʞʝ ʚ ʦʙʩʫʞʜʝʥʠʠ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪ r(ʨʘʟʜʝʣ 3.2. ʊʨʸʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ). 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʜʣʷ ʭʠʤʠʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ, ʘ ʪʘʢʞʝ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠ-

ʤʠʠ, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [313], ʧʦʩʚʷʱʝʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʥʠʦʥʦʚ ʪʠʧʘ ʃʠʥʜʢʚʠʩʪʘ 

[M6O19]2ï (M = Mo, W) ʩ ɔ-CD, ʚʳʧʦʣʥʝʥʥʘʷ ʪʘʢʞʝ ʚ ʢʦʣʣʝʢʪʠʚʝ ʧʨʦʬʝʩʩʦʨʘ E. Cadot. 

ʊʘʢʠʝ ʘʥʠʦʥʳ ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [314] ʠ ʧʦʣʫʯʝʥʳ 

ʪʦʣʴʢʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [315]. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [313] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ (ʜʦ pH = 2) ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʣʠʙʜʘʪʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘʪʘ ʥʘʪʨʠʷ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥʘ [M6O19]2ï ʠ ʝʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ɔ-CD 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 1:1, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1:1 ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʈʉɸ (ʈʠʩ. 15), ʘ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʪʦʜʦʤ 1H ʗʄʈ ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H3 

ʠ H5, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ CD. ʏʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʨʦʰʦ ʠʟ-

ʚʝʩʪʥʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʝ ʇʆʄʦʚ ʠʟ ʤʦʣʠʙʜʘʪʘ/ʚʦʣʴʬʨʘʤʘʪʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

pH ʨʘʩʪʚʦʨʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD ʩʚʦʜʠʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ ʘʥʠʦʥʘ ʪʠʧʘ ʃʠʥʜʢʚʠ-

ʩʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʟ CD ʚ ʨʘʩʪʚʦʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʇʆʄʳ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 16). 

ʉʦʝʜʠʥʝʥʠʝ ʩ W ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ pH, ʯʝʤ ʩʦʝʜʠʥʝʥʠʝ 

Mo, ʧʨʠ ʵʪʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-CD ʚ ʨʘʩʪʚʦʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ {[W6O19]@ɔ-CD} 2ï ʧʦʟʚʦʣʠʣʘ ʘʚʪʦʨʘʤ 
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ʚʧʝʨʚʳʝ ʠʟʫʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ï E1/2 ʩʦ-

ʩʪʘʚʠʣ -0,65 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʂʕ. 

 

ʈʠʩ. 15. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ {[M6O19]@ɔ-CD} 2ï, ʚʠʜ ʩʚʝʨʭʫ (ɸ) ʠ ʩʙʦʢʫ (ɹ). 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʱʸ ʦʜʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʘʥʠʦʥʘ ʪʠʧʘ ʂʝʛʛʠʥʘ [SiW12O40]4ï ʩ ɔ-CD [316]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ 

ʠʟʫʯʝʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1:1 ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʣʠʰʴ ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʥʝ ʙʳʣʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʦʢʪʝʥʘ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦ-

ʨʦʜʘ. 

 

ʈʠʩ. 16. ʉʭʝʤʘ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʡ ʠʦʥʦʚ ʤʦʣʠʙʜʘʪʘ (ʩʣʝʚʘ) ʠ ʚʦʣʴʬʨʘʤʘʪʘ (ʩʧʨʘʚʘ) ʧʨʠ ʨʘʟʣʠʯʥʦʤ pH. 
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1.2.2.3. ʂʦʤʧʣʝʢʩʳ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ ʩ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [35]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʚʢʣʶʯʝʥʠʝ ʪʘʥʪʘʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [{Ta6Br12}( H2O)6]2+ ʚ ɔ-CD. ʉʪʨʦʝʥʠʝ ʪʘʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ 

ʥʘʣʠʯʠʝʤ 12 Õ2-ʤʦʩʪʠʢʦʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʚʤʝʩʪʦ 8 Õ3-ʤʦʢʩʪʠʢʦʚʳʭ (ʈʠʩ. 17ɸ). 

ʊʘʢ, ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʙʳʣ ʧʦʣʫʯʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ, 

ʢʦʪʦʨʳʡ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ 1:2, ʛʜʝ ʢʦʤʧʣʝʢʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 17ɹ). ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʠ OH-ʛʨʫʧʧʘʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʤʠ ʙʨʦʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ 

C-H3 ʬʨʘʛʤʝʥʪʘʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 1H ʗʄʈ ʪʠʪʨʦʚʘʥʠʝʤ, ʦʜʥʘʢʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʦʩʪʷ (ʣʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ ʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʘʤʠ), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʰʠʨʦʢʠʭ ʩʠʛʥʘ-

ʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʦʝʜʠʥʝʥʠʶ ʚʢʣʶʯʝʥʠʷ, ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩʚʦ-

ʙʦʜʥʦʛʦ CD (ñʟʘʤʦʨʦʞʝʥʥʘʷò ʩʠʩʪʝʤʘ, ʤʝʜʣʝʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ ʠ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʬʦʨʤʘʤʠ). ɹʦʣʝʝ ʪʦʛʦ, ʩʧʝʢʪʨʳ ʧʝʨʝʩʪʘʶʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʂʂ:CD = 1:2 (ʂʂ = ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ), ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤ-

ʧʣʝʢʩʘ 1:2 ʚ ʨʘʩʪʚʦʨʝ. 

 

ʈʠʩ. 17. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Ta6Br12}( H2O)6]2+ (ɸ) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ɔ-CD (ɹ). 

Ta ï ʟʝʣʝʥʳʡ, Br ï ʬʠʦʣʝʪʦʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ. 
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ɼʘʥʥʳʝ ʀʂʊ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʯʝʥʴ ʧʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï K1:1 ʠ K1:2 ʩʦ-

ʩʪʘʚʠʣʠ 1,5Ŀ105 ʠ 1,3Ŀ105 Mï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʠʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ: ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʩʜʚʠʛ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ CD ʜʣʷ ʧʝʨʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʥʘ 0,13 ɺ ʠ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʚʪʦʨʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʥʘ 0,03 

ɺ, ʧʨʠʯʝʤ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʚʳʭ ʎɺɸ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

ʂʂ:CD = 1:2. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʯʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

1.2.2.4. ʊʨʸʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʩ CD, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [35] ʨʝʰʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʧʦ-

ʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʪʘʥʪʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩ [{ Ta6Br12}( H2O)6]2+ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ɔ-CD, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʷ ʩʦ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ CD, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʇʆʄ ʪʠʧʘ ɼʦʫʩʦʥʘ [P2W18O62]6ï 

ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ɔ-CD ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ CD. ɺʘʞʥrʤ ʷʚ-

ʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʳʡ ʟʘʨʷʜ ï ʢʘʪʠʦʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠ ʘʥʠʦʥʥʳʡ ʇʆʄ. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ ʠ ʇʆʄʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ CD ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʨʘʟʝʮ ʢʦʥʩʠʩʪʝʥʮʠʠ ʛʠʜʨʦ-

ʛʝʣʷ, ʘ ʩʦʩʪʘʚ ʚʳʩʫʰʝʥʥʦʛʦ ʛʝʣʷ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʢʘʟʘʣʩʷ 

K4[{ Ta6Br12}( H2O)6][ɔ-CD]2[P2W18O62]ĿnH2O. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʤʝʰʠʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ 

CD ʥʝ ʧʨʠʚʦʜʠʪ ʥʠ ʢ ʢʘʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ CD. ʇʨʠ ʤʝʜ-

ʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚ H-ʦʙʨʘʟʥʦʡ ʪʨʫʙʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʳ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʚʢʣʶʯʝʥʠʷ ʪʘʥʪʘʣʦʚʦʛʦ ʢʣʘʩʪʝʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʇʆʄʦʤ, ʧʨʠʯʝʤ 

ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʯʝʪʳʨʝ ʨʘʟʥʳʝ ʧʦʟʠʮʠʠ ʚʜʦʣʴ ʦʩʠ 4 ʧʦʨʷʜʢʘ (ʈʠʩ. 18). 

 

ʈʠʩ. 18. ʎʝʧʦʯʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ 

[{ Ta6Br12}( H2O)6][ɔ-CD]2[P2W18O62] (ʩʥʠʟʫ) ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʟʠʮʠʠ ʘʥʠʦʥʘ ʪʠʧʘ ɼʦʫʩʦʥʘ (ʩʚʝʨʭʫ). 



45 
 

ʊʘʢʞʝ, ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʦʪʢʠʝ OỄO ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʢʣʘ-

ʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʢʠʩʣʦʨʦʜʦʤ ʇʆʄʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 2,64-2,83 ¡. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʦʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʭʦʨʦʰʦ ʩʭʦʜʠʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʚʳʩʫ-

ʰʝʥʥʦʛʦ ʛʠʜʨʦʛʝʣʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʩʤʝʰʠ-

ʚʘʥʠʠ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʇʆʄʦʚ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʜʥʦʤ ʩʦ-

ʝʜʠʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʘʪʘ-

ʣʠʟʘ, ʯʪʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʛʣʘʚʝ 3.2 ʊʨʸʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [317] ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤ ʇʆʄ/CD ʚ 

ʜʨʫʛʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ. ʊʘʢ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʠʦʥʘ ʪʠʧʘ ɼʦʫʩʦʥʘ 

[P2W18O62]6ï, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ɔ-CD, ʩ ʤʦʣʠʙʜʝʥʦʚʳʤ ñʩʠʥʠʤ ʢʦʣʝʩʦʤò (ʦʪ ʘʥʛʣ. molyb-

denum blue wheel) [Mo154O462H14(H2O)70]14ï (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ {Mo154}) (ʈʠʩ. 19). 

 

ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʘ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{[P2W18O62]@2ɔ-CD} @{ Mo154}] 20ï. 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʠ in situ: ʤʦʣʠʙʜʘʪ ʥʘʪʨʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ, ʜʦʙʘʚʣʷʣʠ 

ʜʠʪʠʦʥʠʪ ʥʘʪʨʠʷ (ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʯʘʩʪʠ VI ʚʘʣʝʥʪʥʦʛʦ ʤʦʣʠʙʜʝʥʘ ʜʦ V) ʠ 1M HCl. 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʇʆʄʘ ʩ CD ʠ ʦʩʪʘʚʣʷʣʠ ʩʪʦʷʪʴ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 

ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʩʦʝʜʠ-

ʥʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʣʝʩʘ {Mo154}, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦ-

ʜʠʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʘʥʠʦʥʘ ʪʠʧʘ ɼʦʫʩʦʥʘ ʚ CD (ʈʠʩ. 19), ʧʨʠʯʝʤ ʩʦʝʜʠʥʝʥʠʝ 

ʚʢʣʶʯʝʥʠʷ ʇʆʄʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ ʠ ʧʨʦʯʥʦ ʨʘʟʤʝʱʝʥʦ ʚ ʧʦʣʦʩʪʠ { Mo154}, ʯʪʦ ʛʦʚʦ-

ʨʠʪ ʦ ʭʦʨʦʰʝʡ ʩʭʦʜʠʤʦʩʪʠ ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʝʡ ʠ ʚʥʝʰʥʠʭ ʜʠʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ɔ-CD, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʩʠʩʪʝʤʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʡ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ 1H 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʊʘʢ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʰʠʨʝʥʠʝ ʚʩʝʭ ʩʠʛʥʘʣʦʚ ʠ ʩʠʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H1 ʠ H2, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʩ 

çʢʦʣʝʩʦʤè. ʏʪʦ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 31P ʗʄʈ-

ʩʧʝʢʪʨʘʭ. ʊʘʢ, ʩʧʝʢʪʨʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʇʆʄʘ, ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʇʆʄʘ ʚ CD ʠ 

ʧʨʦʩʪʦ ʩʤʝʩʠ ʇʆʄ+{Mo154} ʠʤʝʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʩʠʛʥʘʣ ʥʘ ï12,34 ʤ.ʜ. ʆʜʥʘʢʦ, ʚ ʩʧʝʢʪʨʝ 

ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʩʠʛʥʘʣʳ ʥʘ ï12.43, ï12.53 ʠ ï12.69 ʤ.ʜ., 
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ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʬʦʨʤʘʤ ʚ ʩʠʩʪʝʤʝ ʇʆʄ/ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥ/{Mo154}.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʩʘʤʠ 

ʩʪʘʪʴ ʛʦʩʪʷʤʠ ʜʣʷ ʜʨʫʛʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʪʘʢʠʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ 

ʚ ʨʘʩʪʚʦʨʘʭ. 

1.3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʦʙʱʘʷ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʟʘ ʩʯʝʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʨʝʥʪʛʝʥʦʢʦʥʪʨʘʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʙʦ ʥʝ ʨʘʩʪʚʦʨʠʤʳ, ʣʠʙʦ ʥʝ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʝ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ pH, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʧʫʪʠ ʨʝ-

ʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: (1) ʚʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ (2) ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥ-

ʜʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʧʨʠʜʘʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʝ. ɺ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʧʦ-

ʤʦɦʴʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʜʭʦʜʘ (3), ʘ ʠʤʝʥʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʫʞʝ ʠʟʫʯʝʥʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʆʄʂ ʚ ʮʠʢ-

ʣʦʜʝʢʩʪʨʠʥ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʙʦʛʘʪʳʝ ʵʣʝʢʪʨʦʥʘʤʠ ʆʄʂ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʳ ʩ ʵʣʝʢʪʨʦʥʦʙʝʜʥʳʤʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʛʦʤʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ 

ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘ-

ʪʘʤʠ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ. A4[{ Re6Q8}( CN)6] (A = K, Na, Q = S, Se, Te) 

[20,29,92,94,318,319], K4[{ Re6Q8}( OH6]Ŀ8H2O (Q = S, Se) [108], (H3O)2[{ M6Cl8} Cl6]ĿnH2O 

(M = Mo (n=6), W(n=7)) [210,320], (TBA)2[{ M6I8}( NO3)6] (M = Mo, W) [14,198], 

(TBA)2[{ Mo6Br8}( NO3)6] [183] ʠ K6[P2W18O62]Ŀ19H2O [321] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ. ɺʩʝ ʥʝʫʧʦʤʷʥʫʪʳʝ ʨʝʘʢʪʠʚʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʣʘʩʩʫ ʯʜʘ 

ʠ ʚʳʰʝ, ʙʳʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ). ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ʦʪʙʠʨʘʣʠ ʧʦʜ ʧʦʣʷʨʠ-

ʟʘʮʠʦʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʘʨʘʪʦʥʦʚʦʝ ʤʘʩʣʦ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘ-

ʪʠʪʴ ʣʶʙʫʶ ʧʦʪʝʨʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ɼʘʥʥʳʝ ʩʦʙʠʨʘʣʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 VENTURE, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʜʚʫʤʝʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

PHOTON 100 CMOS, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʛʣʷʥʮʝʚʦʛʦ IɛS ʤʠʢʨʦʬʦʢʫʩʥʦʛʦ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʛʦ Mo KŬ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɚ = 0,71073 ¡). ʉʦʢʨʘʱʝʥʠʝ ʜʘʥʥʳʭ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SAINT V7.53a. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʣʘ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʫʶ ʧʦʧʨʘʚʢʫ ʥʘ ʧʦʛʣʦʱʝʥʠʝ (SADABS V2.10) ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʪʨʘʞʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ Olex2 [322], 

ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ShelXT [323] ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ Intrinsic Phasing ʠ ʫʪʦʯʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ShelXL [324] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʠ-

ʟʘʮʠʠ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʆʩʪʘʣʴʥʳʝ ʥʝ ʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʦ 

ʨʘʟʥʦʩʪʷʤ ʌʫʨʴʝ ʠ ʫʪʦʯʥʝʥʳ ʧʦ ʘʥʠʟʦʪʨʦʧʥʳʤ ʪʝʧʣʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʦʣʝʢʫʣʘʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ʚ ʊʘʙʣ. ʇ1. 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ). ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 6700 FT-IR Nicolet ʚ ʜʠʘʧʘʟʦʥʝ 400-4000 ʩʤ-1. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ). ɸʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʙʦʨʝ Mettler 

Toledo TGA/DSC 1, STARe ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ (50 ʤʣ/ʤʠʥ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 5ÁC/ʤʠʥ 

ʜʦ 700ÁC. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ). ɺʩʝ ʗʄʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘ-

ʧʠʩʘʥʳ ʚ D2O ʠʣʠ ʩʤʝʩʠ H2O ʠ D2O ʧʨʠ 27 ÁC. 77Se, 31P, 35Cl ʠ 125Te ʗʄʈ-ʩʧʝʢʪʨʳ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance 400 ʥʘ ʯʘʩʪʦʪʘʭ ʃʘʨʤʦʨʘ 76.3, 162.0, 39.2 and 

126.3 ʄɻʮ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʦʪʥʝʩʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʦʚ: 85 ʤʘʩʩ% H3PO4 ʜʣʷ 
31P ʠ 2M ʨʘʩʪʚʦʨ KCl 35Cl, ʠʣʠ ʠʩʧʦʣʴʟʫʷ H2SeO3 ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ (1272.6 ppm) ʜʣʷ 
77Se ʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ H6TeO6 (713 ppm) ʜʣʷ 125Te ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʚʪʦʨʠʯʥʳʭ ʵʪʘ-

ʣʦʥʦʚ. 183W ʗʄʈ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance 500 ʧʨʠ ʨʝʟʦ-

ʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 20.8 MHz ʦʩʥʘʱʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ 10-ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʛʦʣʦʚʢʦʡ ʟʦʥʜʘ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʤʤʘ-ʷʜʝʨ. ʉʧʝʢʪʨʳ 1ʅ ʗʄʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 300 
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ʄɻʮ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʦʪʥʝʩʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥʘ. ɺʨʝʤʷ ʧʦʧʝʨʝʯʥʦʡ 

ʠ ʧʨʦʜʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, T2 ʠ T1, ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çʂʘʨʨïʇʝʨʩʝʣʣïʄʝʡʙʫʤïɻʠʣʣè (GPMG, Carr-Purcell-Meiboom-Gill)  

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʚʝʨʩʠʠ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʄʝʪʦʜ ʠʥʚʝʨʩʠʠ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ 180Á-90Á) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ T1. T2 ʠʟʤʝʨʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ CPMG ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

90Á-Ű-180Á. ɼʣʠʪʝʣʴʥʦʩʪʴ 90Á-ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʘ 8,5 ʤʢʩ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʢʦʧʣʝʥʠʡ ï 1 

ʩʢʘʥ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ 12 ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʟʘʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʚʨʝʤʝʥ T1. ɿʘʜʝʨʞʢʘ ʧʝʨʝʜ ʩʢʘ-

ʥʦʤ (çʤʝʨʪʚʦʝ ʚʨʝʤè̫) ï 75 ʤʢʩ. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘ ʪʷʞʝʣʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ-

ʪʦʨʘ EX-23000BU ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM-6700F ʠʣʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ 

SEM-FEG JSM 7001-F. ʕʣʝʤʝʥʪʥʳʡ CHNS ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ EuroVector EA3000 

CHNS. 

ʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠ.̫ ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ) ʟʘʧʠʩʳʚʘʣʠ 

ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Ultrospec 

3300 pro ʠ Perkin-Elmer Lambda-750. 

ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ (ʀʂʊ). ʂʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʦʮʝʩʩʦʚ ʚʢʣʶʯʝʥʠʷ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ 

ʙʳʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ (ITC200, MicroCal Inc., ʉʐɸ). 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ʕʉ-ʄʉ). ʄʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʵʣʝʢʪʨʦʩʧʨʝʡ ʤʘʩʩ-ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Q-TOF, ʧʦʩʪʘʚʣʷʝʤʦʛʦ WATERS. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Fluorolog 3, ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʦʭʣʘʞʜʘʝʤʳʤ ʤʦʜʫʣʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʥʦʚ TBX-05-C 

(Horiba Jobin Yvon). ʕʪʦʪ ʞʝ ʠʥʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ 390 ʥʤ (SpectraLED-

390, Horiba Scientific). ʂʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʬʫʥʢ-

ʮʠʷʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

DAS6, v. 6.8, Horiba Jobin Yvon). ɸʙʩʦʣʶʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Quantaurus QY C11347-1 (Hamamatsu). ʂʠʩʣʦʨʦʜ ʫʜʘʣʷʣʠ 

ʥʘʩʳʱʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʥʝʧʨʝʨʳʚʥʳʤ ʧʦʪʦʢʦʤ ʘʨʛʦʥʘ. ʊʘʢʞʝ, ʘʙʩʦʣʶʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳ-

ʭʦʜʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ C9920ï03 Hamamatsu, ʦʩʥʘʱʝʥʥʦʡ ʢʩʝʥʦʥʦʚʦʡ 

ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 150 ɺʪ, ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʚ ʀʂ ʠ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʫ PMA-12. ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʢʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ (Jobin Yvon deltadiode, 375 ʥʤ) ʠ ʢʘ-

ʤʝʨʳ Hamamatsu C10910-25, ʦʩʥʘʱʝʥʥʦʡ ʙʣʦʢʦʤ ʤʝʜʣʝʥʥʦʡ ʦʜʥʦʢʨʘʪʥʦʡ ʨʘʟʚʝʨʪʢʠ. 
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ʉʠʛʥʘʣʳ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 30 ʥʤ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ORIGIN, ʠ ʦ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʙʦʪʢʠ ʩʫʜʠʣʠ ʧʦ ʫʤʝʥʴʰʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ɢ2 ʠ ʦʩʪʘʪʦʯʥʦʡ ʬʦʨʤʝ ʛʨʘʬʠʢʘ. ʀʟʤʝʨʝ-

ʥʠʷ O2 (1ȹg) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ NIR-PMT 

Hamamatsu H12397-75, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ IHR3. ɺʦʟʙʫʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʥʳʤ ʜʠʦʜʦʤ 375 ʥʤ (Jobin Yvon deltadiode). ʉʠʩʪʝʤʘ 

ʙʳʣʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʘ ʙʣʦʢʦʤ TCSPC (Time-correlated single photon counting, ʢʦʨʨʝʣʠʨʦ-

ʚʘʥʥʳʡ ʧʦ ʚʨʝʤʝʥʠ ʩʯʝʪʯʠʢ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ) ʜʣ̫ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠʟʣʫʯʝ-

ʥʠʷ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʂʨʠʚʳʝ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ Methrom Autolab PGSTAT230, ʫʧʨʘʚʣʷʝʤʦʤ ʢʦʤʧʴʶʪʝʨʦʤ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ NOVA. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʚ ʦʙʳʯʥʦʡ ʦʜʥʦʢʘʤʝʨʥʦʡ ʷʯʝʡʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʘ ï ʧʣʘʩʪʠʥʘ Pt, 

ʧʦʤʝʱʝʥʥʘ ̫ʚ ʠʟʦʣʠʨʫʶʱʫʶ ʢʘʤʝʨʫ ʩʦ ʩʧʣʦʰʥʳʤ ʩʪʝʢʣʦʤ. ʇʦʪʝʥʮʠʘʣʳ ʫʢʘʟʘʥʳ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

2,5 ʠʣʠ 25 ʤʄ HClO4 ʠ ʪʱʘʪʝʣʴʥʦ ʜʝʛʘʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 10 ʤʠʥʫʪ ʯʠʩʪʳʤ 

ʘʨʛʦʥʦʤ. 

ʂʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ (ʂɼ). ʉʧʝʢʪʨʳ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

200-350 ʥʤ ʥʘ ʩʘʤʦʜʝʣʴʥʦʤ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʝ (Laboratoire dôOptique et Biosciences, 

Ecole Polytechnique, Institut polytechnique de Paris, ʇʘʣʝʟʦ, ʌʨʘʥʮʠʷ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʂɼ-ʩʠʛʥʘʣʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʝʪʘ ʩ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ: ˗ˑ

!̌ !̐. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʫʧʨʫʛʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʘʟʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʙʳʩʪʨʘʷ ʤʦʜʫʣʷʮʠʷ ʩʚʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʂɼ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ CD (100 ʤʄ ʜʣʷ Ŭ- ʠ ɔ-CD, ʠ 

14 ʤʄ ʜʣʷ ɓ-CD). ɼʣʷ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʛʣʦʱʝʥʠʝ ʦʙʨʘʟʮʘ ʥʘ ʤʘʢʩʠʤʫʤʝ ʜʦʚʦʜʠʣʠ ʜʦ 1 

(ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʤʤ) . ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʣʘʩʪʝʨʦʚ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʫʨʦʚʥʝ 0,3, 

0,18 ʠ 0,06 ʤʄ ʜʣʷ K4[{ Re6Q8}( CN)6] Q = S, Se ʠ Te, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʛʥʘʣʳ ʂɼ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʛʨʘʜʫʩʘʭ, ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʃͯ  σςȢω !̌ !̐ . 

ʂʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ. ʃʠʥʠʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ HeLa (ʨʘʢ ʰʝʡʢʠ ʤʘʪʢʠ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʠʟ ATCC (ʥʦʤʝʨ ATCC CCL-2). ʀʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʬʠʙʨʦʙʣʘʩʪʳ (IHF), 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɸʣʝʢʩʘʥ-

ʜʨʦʤ ɻ. ʐʠʣʦʚʳʤ (ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ). ʂʣʝʪʢʠ ʩʦʜʝʨʞʘʣʠ ʚ ʩʨʝʜʝ 

DMEM ʩ 10% FBS (Gibco), ʧʨʠ 37 ÁC, ʘʪʤʦʩʬʝʨʝ 5% CO2 ʠ 90% ʚʣʘʞʥʦʩʪʠ. 

ʄʊʊ-ʘʥʘʣʠʟ. ʄʊʊ-ʪʝʩʪ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʫ [325]. ʂʣʝʪʢʠ ʚʳʩʝʠʚʘʣʠ ʚ 96-ʣʫʥʦʯ-

ʥʳʡ ʧʣʘʥʰʝʪ ʩ ʧʣʦʪʥʦʩʪʴʶ 3Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʫ ʠ ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʧʨʠʢʨʝʧʣʝʥʠ̫  
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ʢʣʝʪʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

72 ʯʘʩʦʚ ʧʨʠ 37 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ 5% CO2 ʥʘ ʚʦʟʜʫʭʝ. ʅʝʦʙʨʘʙʦʪʘʥʥʳʝ ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʜʦʢʩʦʨʫʙʠʮʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ 10 ʤʢʣ 

ʨʘʩʪʚʦʨʘ ʨʝʘʛʝʥʪʘ ʄʊʊ (3 ʤʛ/ʤʣ PBS) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʩʦʜʝʨʞʘʱʫʶ ʄʊʊ ʩʨʝʜʫ ʫʜʘʣʷʣʠ ʠ ʢʨʠʩʪʘʣʣʳ ʬʦʨʤʘʟʘʥʘ (ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʄʊʊ ʨʝʘʛʝʥʪʘ) ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʢʣ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʦʛʣʦʱʝʥʠʝ ʠʟʤʝʨʷʣʠ ʧʨʠ 620 ʠ 

570 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʤʠʢʨʦʧʣʘʥʰʝʪʦʚ (Thermo Scientific, 

Waltham, MA). ʇʨʦʮʝʥʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ (%) = OD(ʦʙʨʘʙʦʪʘʥʥʳʝ ʢʣʝʪʢʠ)/OD (ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʢʣʝʪʢʠ) Ĭ 100, 

ʛʜʝ OD ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ. 

ʂʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʆʙʨʘʟʮʳ ʜʣʷ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʂʄ) ʛʦʪʦ-

ʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʧʦʤʝʱʘʣʠ ʥʘ ʜʥʦ ʢʘʞʜʦʡ ʣʫʥʢʠ 12-ʣʫʥʦʯ-

ʥʦʛʦ ʧʣʘʥʰʝʪʘ. ʂʣʝʪʢʠ ʚʳʩʝʠʚʘʣʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 5Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʫ. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ PBS. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦʩʣʝ 24 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ ʧʦʢʨʦʚʥʳʝ 

ʩʪʝʢʣʘ ʫʜʘʣʷʣʠ ʩ ʧʣʘʥʰʝʪʘ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ PBS ʠ ʧʦʤʝʱʘʣʠ ʚ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ 

ʥʘ ʥʦʯʴ. ɿʘʪʝʤ ʢʘʞʜʦʝ ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʧʦʤʝʱʘʣʠ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʩ ʘʥʪʠʬʝʡʜʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ DAPI (4',6-ʜʠʘʤʠʜʠʥʦ-2-ʬʝʥʠʣʠʥʜʦʣ, Invitrogen). ʆʙʨʘʟʝʮ ʚʳʩʫʰʠʚʘʣʠ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ, ʘ ʢʨʘʷ ʧʦʢʨʦʚʥʳʭ ʩʪʝʢʦʣ ʧʨʠʞʠʤʘʣʠ ʢ ʧʨʝʜʤʝʪʥʳʤ ʩʪʝʢʣʘʤ ʣʘ-

ʢʦʤ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢ-

ʨʦʩʢʦʧʝ LSM 510 META (Carl Zeiss) ʚ ʎʝʥʪʨʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ. ʉʪʘʥʜʘʨʪʥʳʝ ʬʠʣʴʪʨʳ ʙʳʣʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʜʣʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (408 ʥʤ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 650 ʥʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘ-

ʥʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Zen 

(Carl Zeiss). 

ʇʨʦʪʦʯʥʘʷ ʮʠʪʦʤʝʪʨʠʷ (FACS). ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʝʡ ʢʣʝʪʢʠ ʚʳʩʝʠ-

ʚʘʣʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 105 ʢʣʝʪʦʢ/ʣʫʥʢʫ ʚ 6-ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ. ʂʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝ-

ʥʠʝ 24 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ PBS. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʩʣʝ 24 ʯ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʢʠ ʩʦʙʠʨʘʣʠ ʩ ʪʨʠʧʩʠʥʦʤ 

(Capricorn), ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʣʠ PBS ʠ ʩʨʘʟʫ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʝ BD 

FACSCanto II. ʉʦʝʜʠʥʝʥʠʷ Na-MX-2CD ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʢʘʥʘʣʝ APC (ʚʦʟʙʫʞʜʝʥʠʝ 595, 

633, 635 ʠ 647 ʥʤ; ʠʟʣʫʯʝʥʠʝ 660 ʥʤ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ APC-ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ P5. 

ʉʦʝʜʠʥʝʥʠʷ Na-WX-2CD ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʢʘʥʘʣʝ PE-Cy7 (ʚʦʟʙʫʞʜʝʥʠʝ 488 ʠ 532 ʥʤ; ʠʟ-

ʣʫʯʝʥʠʝ 785 ʥʤ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ PE-Cy7-ʧʦʟʠʪʠʚʥʦʡ ʧʦʧʫʣʷʮʠʠ P6. 

ʆʮʝʥʢʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʂʣʝʪʢʠ ʣʠʥʠʠ HeLa ʠ IHF ʚʳʩʝʠ-

ʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʩ ʧʣʦʪʥʦʩʪʴʶ 7Ĭ103 ʢʣʝʪʦʢ/ʣʫʥʢʫ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝ-

ʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʩʨʝʜʫ ʟʘʤʝʥʷʣʠ ʥʘ ʩʚʝʞʫ ,ʁ ʩʦʜʝʨʞʘʱʫ  ʁ Na2{[{ M6X8} Cl6]@(ɔ-
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CD)2}ĿnH2O (M = Mo, W, X = Br, I) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 31,25-125 ʤʢʄ, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɿʘʪʝʤ ʢʣʝʪʢʠ ʦʙʣʫʯʘʣʠ ʛʘʣʦʛʝʥʦʚʦʡ ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 500 ɺʪ (ɚÓ400 

ʥʤ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂʣʝʪʢʠ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʩʚʦʙʦʜʥʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʦʮʝʥʠʚʘʣʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʄʊʊ-ʘʥʘʣʠʟʘ, ʜʣʷ ʵʪʦʛʦ ʧʦ 10 ʤʢʣ ʨʘʩʪʚʦʨʘ ʄʊʊ ʨʝʘʛʝʥʪʘ (5 ʤʛ/ʤʣ) ʜʦʙʘʚʣʷʣʠ ʚ ʢʘʞʜʫʶ 

ʣʫʥʢʫ ʠ ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʬʦʨʤʘʟʘʥ ʠʟ ʄʊʊ-ʨʝʘʛʝʥʪʘ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʉʆ (100 ʤʢʣ). ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪ-

ʨʠʜʝʨʘ Multiskan FC (Thermo Scientific, ʉʐɸ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 620 ʥʤ. 

2.2. ʉʠʥʪʝʟʳ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʉʠʥʪʝʟ {[{Re6S8}(H2O)6]@ɔ-CD}(NO3)2Ŀ12H2O. 

K4[{ Re6S8}( OH)6]Ŀ8H2O (0,485 ʛ, 0,27 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ 0,5 

M HNO3 ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ pH = 1,5. ɿʘʪʝʤ ʥʘʚʝʩʢʫ 

ɔ-CD (0,704 ʛ, 0,54 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ ʢ ʨʘʩʪʚʦʨʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʠʣʠ ʫʧʘʨʠʚʘʪʴʩʷ ʥʘ ʚʦʟ-

ʜʫʭʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ (~1-2 ʤʣ). ʇʨʠ ʵʪʦʤ ʥʘ ʜʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʚʩrʫʝhʥʳ ʥʘ ʚʦʟʜʫʭʝ. ʏʘʱʝ ʚʩʝʛʦ ʢʨʠ-

ʩʪʘʣʣʳ ʩʦʜʝʨʞʘʪ KNO3, ʧʦʵʪʦʤʫ ʚʝʱʝʩʪʚʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠʟ ʚʦʜʳ. 

ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 425 ʤʛ (50% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C48H116N2O64Re6S8 

ʨʘʩʩʯʠʪʘʥʦ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ: C - 18,5; H - 3,7; N - 0,9; S - 8,2; ʥʘʡʜʝʥʦ: C - 18,5; H - 

3,6; N - 0,9; S - 8,2. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:S ʩʦʩʪʘʚʠʣʦ 6,0:7,9, ʧʨʠʯʝʤ ʚ ʦʙʨʘʟʮʘʭ 

ʦʪʩʫʪʩʪʚʫʝʪ K. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 9,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 

ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 12 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 8,9%). 

ʉʠʥʪʝʟ {[{Re6Se8}(H2O)6]@ɔ-CD}(NO3)2Ŀ10H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ {[{ Re6S8}(H2O)6]@ɔ-CD}(NO3)2Ŀ12H2O, ʠʩʧʦʣʴʟʫʷ 0,584 ʛ (0,27 

ʤʤʦʣʴ) K4[{ Re6Se8}( OH)6]Ŀ8H2O. ʇʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʣʦʞʝ-

ʥʠʝ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se ʩʦʩʪʘʚʠʣʦ 6,0:8,2, K ʦʪʩʫʪʩʪʚʫʝʪ. 

ʉʠʥʪʝʟ K 4{[{ Re6S8}(CN)6]@(Ŭ-CD)2}Ŀ15H2O. 

K4[{ Re6S8}( CN)6] (0,15 ʛ; 0,089 ʤʤʦʣʴ) ʠ Ŭ-CD (0,259 ʛ; 0,266 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 2 

ʤʣ ʚʦʜʳ. ʄʝʜʣʝʥʥʦʝ ʫʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

K4{[{ Re6S8}( CN)6]@(Ŭ-CD)2}Ŀ15H2O. ɺʳʭʦʜ: 0,26 ʛ (75% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤ-

ʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:S:K = 6,0:7,8:3,9. ɼʣʷ C78H150K4N6O75Re6S8 ʨʘʩ-

ʩʯʠʪʘʥʦ: C - 23,97; H - 3,87; N - 2,15, ʥʘʡʜʝʥʦ: C - 23,9; H - 4,0; N - 2,2. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, 

ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,8% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 15 ʤʦʣʝ-

ʢʫʣ H2O ʩʦʩʪʘʚʣʷʝʪ 6,9%). 

ʉʠʥʪʝʟ K 4[{Re6Se8}(CN)6]Ŀ(Ŭ-CD)Ŀ6H2O. 

K4[{ Re6Se8}( CN)6] (0,15 ʛ; 0,072 ʤʤʦʣɹ) ʠ Ŭ-CD (0,211 ʛ; 0,217 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 2 

ʤʣ ʚʦʜʳ. ʂʨʠʩʪʘʣʣʳ K4[{ Re6Se8}( CN)6]Ŀ(Ŭ-CD)Ŀ6H2O ʧʦʣʫʯʠʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ 
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ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ (10 ʤʣ ʚʠʘʣʘ ʩʦʜʝʨʞʘʣʘ 2 ʤʣ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʚ 250 ʤʣ ʩʦʩʫʜ ʩ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʝʤʦʡ ʢʨʳʰʢʦʡ, ʩʦ-

ʜʝʨʞʘʱʠʡ 50 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) ʯʝʨʝʟ ʜʚʘ ʜʥʷ. ʂʨʠʩʪʘʣʣʳ ʦʪʦʙʨʘʣʠ, ʧʨʦʤʳʣʠ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʴʶ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,148 ʛ (65% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6,0:8,2:4,0. ɼʣʷ 

C42H72K4N6O36Re6Se8 ʨʘʩʩʯʠʪʘʥʦ: C - 15,98; H - 2,30; N - 2,66; ʥʘʡʜʝʥʦ: C - 16,1; H - 2,2; N 

- 2,7. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 3,6% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠ-

ʪʘʥʥʘʷ ʧʦʪʝʨʷ 6 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 3,4%). ɼʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʙʨʘʣʠ ʟʘ ʦʩʥʦʚʫ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʠʥʪʝʟ K 4[{Re6Te8}(CN)6]Ŀ2(Ŭ-CD)Ŀ20H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4[{Re6Se8}(CN)6]Ŀ(Ŭ-CD)Ŀ6H2O, ʠʩʧʦʣʴʟʫʷ K4[{ Re6Te8}( CN)6] 

(0,15 ʛ; 0,061 ʤʤʦʣʴ) ʠ Ŭ-CD (0,177 ʛ; 0,182 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,209 ʛ (72% ʠʟ ʨʘʩʯʝʪʘ ʥʘ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Te:K ʩʦʩʪʘʚʠʣʦ 6,0:8,0:4,1. ɼʣʷ 

C78H160K4N6O80Re6Te8 ʨʘʩʩʯʠʪʘʥʦ: C - 19,60; H - 3,38; N - 1,76; ʥʘʡʜʝʥʦ: C - 19,4; H - 3,5; 

N - 1,8. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 7,5% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 20 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 7,6%). 

ʉʠʥʪʝʟ K 4{[{ Re6S8}(CN)6]@(ɓ-CD)2}Ŀ2(ɓ-CD)Ŀ25H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4[{Re6Se8}(CN)6]Ŀ(Ŭ-CD)Ŀ6H2O, ʠʩʧʦʣʴʟʫʷ K4[{ Re6S8}( CN)6] 

(0,074 ʛ; 0,044 ʤʤʦʣʴ) ʠ ɓ-CD (0,15 ʛ; 0,132 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,171 ʛ (58% ʠʟ ʨʘʩʯʝʪʘ ʥʘ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:S:K ʩʦʩʪʘʚʠʣʦ 6,0:8,2:4,1. ɼʣʷ 

C174H330K4N6O165Re6S8 ʨʘʩʩʯʠʪʘʥʦ: C - 31,27; H - 4,98; N - 1,26; ʥʘʡʜʝʥʦ: C - 31,4; H - 5,0; 

N - 1,3. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,9% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 25 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 6,8%). 

ʉʠʥʪʝʟ K 4{[{ Re6Se8}(CN)6]@(ɓ-CD)2}Ŀ2(ɓ-CD)Ŀ21H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4[{Re6Se8}(CN)6]Ŀ(Ŭ-CD)Ŀ6H2O, ʠʩʧʦʣʴʟʫʷ K4[{ Re6Se8}( CN)6] 

(0,091 ʛ; 0,044 ʤʤʦʣʴ) ʠ ɓ-CD (0,15 ʛ; 0,132 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,169 ʛ (55% ʠʟ ʨʘʩʯʝʪʘ ʥʘ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6,0:7,9:3,8. ɼʣʷ 

C174H322K4N6O161Re6Se8 ʨʘʩʩʯʠʪʘʥʦ: C - 29,88; H - 4,64; N - 1,20; ʥʘʡʜʝʥʦ: C - 30,0; H - 4,5; 

N - 1,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 5,4% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 21 ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʠʣʘ 5,4%). 

ʉʠʥʪʝʟ K 4{[{ Re6Te8}(CN)6]@(ɓ-CD)2}Ŀ2(ɓ-CD)Ŀ25H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4[{Re6Se8}(CN)6]Ŀ(Ŭ-CD)Ŀ6H2O, ʠʩʧʦʣʴʟʫʷ K4[{ Re6Te8}( CN)6] 

(0,109 ʛ; 0,044 ʤʤʦʣʴ) ʠ ɓ-CD (0,15 ʛ; 0,132 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,178 ʛ (54% ʠʟ ʨʘʩʯʝʪʘ ʥʘ 

ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Te:K ʩʦʩʪʘʚʠʣʦ 6,0:8,1:3,9. ɼʣʷ 

C174H330K4N6O165Re6Te8 ʨʘʩʩʯʠʪʘʥʦ: C - 27,99; H - 4,46; N - 1,13; ʥʘʡʜʝʥʦ: C - 28,0; H - 4,5; 

N - 1,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 25 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 6,0%). 
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ʉʠʥʪʝʟ Cs4K 8{[{ Re6S8}(CN)6]@(ɔ-CD)2}Ā2[{Re6S8}(CN)6]Ā2(ɔ-CD)Ā49H2O. 

K4[{ Re6S8}( CN)6] (0,1 ʛ, 0,059 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 1 ʤʣ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʠʣʠ 

1 ʤʣ ʨʘʩʪʚʦʨʘ ɔ-CD (0,25 ʛ, 0,178 ʤʤʦʣʴ) ʠ CsCl (0,05 ʛ, 0,297 ʤʤʦʣʴ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ʧʦʣʫʯʠʣʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ 

ʚʦʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʣʠ ʩʤʝʩʴʶ ʚʦʜʘ/ʵʪʠʣʦʚʳʡ 

ʩʧʠʨʪ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,15 ʛ (66 %). ɼʣʷ C210H418Cs4K8N18O209Re18S24 ʨʘʩ-

ʩʯʠʪʘʥʦ: C - 21,92; H - 3,66; N - 2,19; S - 6,69, ʥʘʡʜʝʥʦ: C - 22,0; H - 3,8; N - 2,1; S - 6,6. ʇʦ 

ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:S:K:Cs ʩʦʩʪʘʚʠʣʦ = 18:23,8:7,9:3,8. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ 

ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 7,7% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 49 ʤʦʣʝʢʫʣ H2O 

ʩʦʩʪʘʚʠʣʘ 7,67%). 

ʉʠʥʪʝʟ K 4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ40H2O. 

K4[{ Re6Se8}( CN)6] (0,082 ʛ, 0,042 ʤʤʦʣʴ) ʠ ɔ-CD (0,163 ʛ, 0,126 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 

10 ʤʣ ʚʦʜʳ. ʇʨʠ ʫʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ 

K4{[{ Re6Se8}( CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ40H2O. ɺʳʭʦʜ: 0,229 ʛ (82 % ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C150H290N6K4O145Re6Se8 ʨʘʩʩʯʠʪʘʥʦ: C - 28,14; H - 4,56; N - 1,31, 

ʥʘʡʜʝʥʦ: C - 28,2; H - 4,4; N - 1,4. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6:8,2:3,9. 

ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 7% ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʦʪʝʨʷ 40 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 7,3%). 

ʉʠʥʪʝʟ Na4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ21H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ40H2O, ʠʩʧʦʣʴʟʫʷ 

Na4[{ Re6Se8}( CN)6] ʚʤʝʩʪʦ K4[{ Re6Se8}( CN)6]. ɼʣʷ C150H282N6Na4O141Re6Se8 ʨʘʩʩʯʠʪʘʥʦ: C 

- 28,74; H - 4,54; N - 1,34; ʥʘʡʜʝʥʦ: C - 28,9; H - 4,4; N - 1,4. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ 

Re:Se:Na ʩʦʩʪʘʚʠʣʦ 6:7,9:4,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6% ʚ ʜʠʘʧʘ-

ʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 21 ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʠʣʘ 6,04%). 

ʉʠʥʪʝʟ Na4{[{ Re6Te8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ30H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ40H2O, ʠʩʧʦʣʴʟʫʷ 

Na4[{ Re6Te8}( CN)6] (0,1 ʛ, 0,042 ʤʤʦʣʴ) ʠ ɔ-CD (0,163 ʛ, 0,126 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,245 ʛ (86 

% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C150H300N6Na4O150Re6Te8 ʨʘʩʩʯʠʪʘʥʦ: C - 

26,42; H - 4,44; N - 1,23, ʥʘʡʜʝʥʦ: C - 26,5; H - 4,2; N - 1,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ 

Re:Te:Na ʩʦʩʪʘʚʠʣʦ 6:7,8:3,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 8% ʚ ʜʠʘ-

ʧʘʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 21 ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʠʣʘ 7,9%). 

ʉʠʥʪʝʟ K 4{[{ Re6Te8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ25H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na4{[{ Re6Te8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ30H2O, ʠʩʧʦʣʴʟʫʷ 

K4[{ Re6Te8}( CN)6] ʚʤʝʩʪʦ Na4[{ Re6Te8}( CN)6]. ɼʣʷ C150H290N6K4O145Re6Te8 ʨʘʩʩʯʠʪʘʥʦ: C 

- 26,52; H - 4,30; N - 1,24, ʥʘʡʜʝʥʦ: C - 26,7; H - 4,2; N - 1,2. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ 

Re:Te:K ʩʦʩʪʘʚʠʣʦ 6:7,8:4,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6% ʚ ʜʠʘʧʘ-

ʟʦʥʝ 50-200 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 21 ʤʦʣʝʢʫʣʳ H2O ʩʦʩʪʘʚʠʣʘ 6,6%). 
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ʉʠʥʪʝʟ K 3[{Re6Se8}(CN)6]ĿEtOH. 

ʂ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʝʨʪʦʤʫ ʧʦʨʦʰʢʫ K4[{ Re6Se8}( CN)6] (0,3 ʛ, 0,145 ʤʤʦʣʴ) ʜʦʙʘ-

ʚʠʣʠ 10 ʤʣ ʨʘʩʪʚʦʨʘ Br2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (~0,2 M) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺ 

ʭʦʜʝ ʨʝʘʢʮʠʠ ʮʚʝʪ ʧʦʨʦʰʢʘ ʠʟʤʝʥʷʣʩʷ ʩ ʦʨʘʥʞʝʚʦʛʦ ʥʘ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ. ʇʦʣʫʯʝʥʥʳʡ ʧʦ-

ʨʦʰʦʢ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ ʠ ʧʨʦʤʳʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʘʮʝʪʦʥʠʪʨʠ-

ʣʦʤ. ɿʘʪʝʤ, ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʪʚʦʨʠʣʠ ʚ 50 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʦʪʬʠʣʴʪʨʦʚʘʣʠ 

ʠ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ɺʳʭʦʜ: 0,286 ʛ (95%). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦ-

ʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6:7,9:3,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 2,2% 

ʚ ʜʠʘʧʘʟʦʥʝ 40-100 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ EtOH ʩʦʩʪʘʚʠʣʘ 2,2%). 

ʉʠʥʪʝʟ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ33H2O. 

ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) K 3[{Re6Se8}(CN)6]ĿEtOH  (0,202 ʛ, 0,097 ʤʤʦʣʴ) ʠ ɔ-CD (0,407 ʛ, 0,289 ʤʤʦʣʴ) ʨʘʩ-

ʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʚʦʜʳ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ33H2O; 

2) K4[{ Re6Se8}( CN)6] (0,2 ʛ, 0,097 ʤʤʦʣʴ) ʠ ɔ-CD (0,407 ʛ, 0,289 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 5 

ʤʣ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ ʧʘʨʫ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ KBr/Br2 ʚ ʚʦʜʝ (~ 0,2 

M) ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ33H2O. 

ɺʳʭʦʜ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʠʣ ~80% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ 

C150H306K3N6O153Re6Se8 ʨʘʩʩʯʠʪʘʥʦ: C - 27,62; H - 4,73; N - 1,29; ʥʘʡʜʝʥʦ: C - 27,5; H - 4,5; 

N - 1,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6:8,1:3,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ 

ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 9,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-160 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 33 ʤʦʣʝʢʫʣ H2O 

ʩʦʩʪʘʚʠʣʘ 9,1%). 

ʉʠʥʪʝʟ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}ĿK 3[{Re6Se8}(CN)6]Ŀ23H2O. 

ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʘʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) K 3[{Re6Se8}(CN)6]ĿEtOH  (0,202 ʛ, 0,097 ʤʤʦʣʴ) ʠ ɔ-CD (0,136 ʛ, 0,097 ʤʤʦʣʴ) ʨʘʩ-

ʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʚʦʜʳ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}ĿK 3[{Re6Se8}(CN)6]Ŀ23H2O; 

2) K4[{ Re6Se8}( CN)6] (0,2 ʛ, 0,097 ʤʤʦʣʴ) ʠ ɔ-CD (0,136 ʛ, 0,097 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 5 

ʤʣ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʝ ʜʦʙʘʚʠʣʠ ʧʘʨʫ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ KBr/Br2 ʚ ʚʦʜʝ (~ 0,2 

M) ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘ-

ʟʦʚʘʣʠʩʴ ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ K 3{[{ Re6Se8}(CN)6]@(ɔ-CD)2}ĿK 3[{Re6Se8}(CN)6]Ŀ23H2O. 

ɺʳʭʦʜ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʠʣ ~70% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ 

C108H206K6N12O103Re12Se16 ʨʘʩʩʯʠʪʘʥʦ: C - 18,32; H - 2,93; N - 2,38; ʥʘʡʜʝʥʦ: C - 18,5; H - 

3,0; N - 2,4. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K ʩʦʩʪʘʚʠʣʦ 6:8,0:3,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, 

ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-160 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 23 ʤʦʣʝ-

ʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 5,9%). 
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ʉʠʥʪʝʟ (TBA)2[{W6Br 8}(NO3)6]. 

ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʠʣʠ ʧʦ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʅʍ ʉʆ ʈɸʅ 

ʘʩʧʠʨʘʥʪʦʤ ɽʚʪʫʰʦʢ ɼ.ɺ. 0,5 ʛ (0,186 ʤʤʦʣʴ) (TBA)2[{ W6Br8} Br6] ʧʦʤʝʩʪʠʣʠ ʚ ʢʦʣʙʫ 

ʐʣʝʥʢʘ ʧʦʢʨʳʪʫʶ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʦʡ ʠ ʨʘʩʪʚʦʨʠʣʠ ʚ 30 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. ʇʦ-

ʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʝʘʵʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʪʦʢʦʤ ʘʨʛʦʥʘ. ʂ ʨʘʩʪʚʦʨʫ ʧʨʠ ʠʥʪʝʥ-

ʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ (0,188 ʛ, 1,114 ʤʤʦʣʴ). ɿʘʪʝʤ ʨʝʘʢʮʠʦʥ-

ʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟ ʚ ʜʝʥʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʝʘʵʨʠʨʦʚʘʣʠ ʘʨʛʦʥʦʤ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɿʘʪʝʤ, ʨʘʩ-

ʪʚʦʨ ʦʪʜʝʣʠʣʠ ʦʪ ʦʩʘʜʢʘ (AgBr), ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ (ʯʘʱʝ ʚʩʝʛʦ ʦʙ-

ʨʘʟʫʝʪ ʤʘʩʣʦ) ʠ ʦʙʨʘʙʦʪʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʪʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʚʝʪʫ ʠ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ: 

0,31 ʛ (64%). ɼʣʷ C32H72Br8N8O18W6 ʨʘʩʩʯʠʪʘʥʦ: C - 14,82; H - 2,8; N - 4,32; ʥʘʡʜʝʥʦ: C - 

14,6; H - 2,6; N - 4,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:Br ʩʦʩʪʘʚʠʣʦ 6:8,1. 

ʉʠʥʪʝʟ (TBA)2[{Mo6I 8}Cl6]. 

ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ [200]. 

(TBA)2[{ Mo6I8}( NO3)6] (1 ʛ, 0,407 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 200 ʤʣ ʘʮʝʪʦʥʘ ʠ ʜʦʙʘʚʠʣʠ 1 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʯʘʩʦʚ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʧʘʜʝʥʠʝ ʦʨʘʥʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʘ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʝ 

ʫʢʘʟʳʚʘʣʦ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲ-

ʝʤʘ ʠ ʢʦʤʧʣʝʢʩ ʚʳʩʘʜʠʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ (ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʘʩʣʦ) ʧʨʦʤʳʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʦʜʦʡ, ʚʳʩʫʰʠʣʠ, ʨʘʩʪʚʦʨʠʣʠ ʚ 150 ʤʣ 

ʘʮʝʪʦʥʘ ʠ ʫʧʘʨʠʣʠ ʨʘʩʪʚʦʨ ʜʦʩʫʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʝʱʝʩʪʚʘ 

(TBA)2[{Mo6I 8}Cl6]. ɺʳʭʦʜ: 0,84 ʛ (90%). ɼʣʷ C32H72Cl6I8Mo6N2 ʨʘʩʩʯʠʪʘʥʦ: C - 16,71; H - 

3,16; N - 1,22; ʥʘʡʜʝʥʦ: C - 16,6; H - 3,2; N - 1,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Mo:I:Cl 

ʩʦʩʪʘʚʠʣʦ 6:8,1:6,1. 

ʉʠʥʪʝʟ (TBA)2[{Mo6Br 8}Cl6]. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ (TBA)2[{Mo6I 8}Cl6], ʠʩʧʦʣʴʟʫʷ (TBA)2[{ Mo6Br8}( NO3)6] (1 ʛ, 

0,482 ʤʤʦʣʴ). ʉʪʘʜʠʷ ʦʙʨʘʟʦʚʘʥʠ ̫ʦʩʘʜʢʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʨʝʘʢ-

ʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺʳʭʦʜ: 0,848 ʛ (92%). ɼʣʷ C32H72Cl6Br8Mo6N2 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 20,07; H - 3,79; N - 1,46; ʥʘʡʜʝʥʦ: C - 20,1; H - 3,8; N - 1,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, 

ʦʪʥʦʰʝʥʠʝ Mo:Br:Cl ʩʦʩʪʘʚʠʣʦ 6:7,8:6,1. 

ʉʠʥʪʝʟ (TBA)2[{W6Br 8}Cl6]. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ (TBA)2[{Mo6I 8}Cl6], ʠʩʧʦʣʴʟʫʷ (TBA)2[{ W6Br8}( NO3)6] (1 ʛ, 

0,386 ʤʤʦʣʴ). ʉʪʘʜʠʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʨʝʘʢ-

ʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺʳʭʦʜ: 0,797 ʛ (85%). ɼʣʷ C32H72Cl6Br8W6N2 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 15,81; H - 2,99; N - 1,15; ʥʘʡʜʝʥʦ: C - 15,9; H - 2,8; N - 1,2. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, 

ʦʪʥʦʰʝʥʠʝ W:Br:Cl ʩʦʩʪʘʚʠʣʦ 6:7,9:6,0. 
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ʉʠʥʪʝʟ (TBA)2[{W6I 8}Cl6]. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ (TBA)2[{Mo6I 8}Cl6], ʠʩʧʦʣʴʟʫʷ (TBA)2[{ W6I8}( NO3)6] (1 ʛ, 0,336 

ʤʤʦʣʴ). ʀʥʦʛʜʘ, ʧʦʩʣʝ ʩʪʘʜʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠ-

ʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʪʘʚʘʣʦʩʴ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʘʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʠʣʠ ʦʪ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʧʝʨʝʜ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ. ɺʳʭʦʜ: 0,756 ʛ (80%). ɼʣʷ C32H72Cl6I8W6N2 ʨʘʩʩʯʠʪʘʥʦ: 

C - 13,65; H - 2,58; N - 1,00; ʥʘʡʜʝʥʦ: C - 13,7; H - 2,6; N - 1,1. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ 

W:I:Cl ʩʦʩʪʘʚʠʣʦ 6:8,0:5,9. 

ʉʠʥʪʝʟ Na2[{Mo6Br 8}Cl6]ĿMe2CO. 

(TBA)2[{Mo6Br 8}Cl6] (0,2 ʛ, 0,105 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 40 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. 

NaBPh4 (0,143 ʛ, 0,418 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ ʢ ʨʘʩʪʚʦʨʫ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ. ɿʘʪʝʤ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʩʪʠʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 10 ʤʠʥʫʪ. ʇʦ-

ʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ 

ʠ ʨʘʩʪʚʦʨʠʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʘʮʝʪʦʥʘ (~10 ʤʣ). ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʦʪ 

ʦʩʘʜʢʘ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʦʙʘʚʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢ 50 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ Na2[{Mo6Br 8}Cl6]ĿMe2CO ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ 

ʚʣʘʛʝ. ɺʳʭʦʜ: 0,144 ʛ (90%). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Mo:Br:Cl:Na ʩʦʩʪʘʚʠʣʦ 

6:7,9:6,0:2,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 2,8% ʚ ʜʠʘʧʘʟʦʥʝ 30-100 ÁC 

(ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 3,8%). 

ʉʠʥʪʝʟ Na2[{Mo 6I 8}Cl 6]Ŀ2Me2CO. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2[{Mo 6Br 8}Cl6]ĿMe2CO, ʠʩʧʦʣʴʟʫʷ (TBA)2[{Mo 6I8}Cl 6] (0,2 ʛ, 

0,087 ʤʤʦʣʴ) ʠ NaBPh4 (0,119 ʛ, 0,348 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,155 ʛ (90%). ʇʦ ʜʘʥʥʳʤ ʕɼʉ, 

ʦʪʥʦʰʝʥʠʝ Mo:I:Cl:Na ʩʦʩʪʘʚʠʣʦ 6:8,0:6,1:1,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ 

ʦʢʦʣʦ 5,0% ʚ ʜʠʘʧʘʟʦʥʝ 30-100 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 

5,9%). 

ʉʠʥʪʝʟ Na2[{W 6Br 8}Cl 6]Ŀ2Me2CO. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2[{Mo 6Br 8}Cl 6]ĿMe2CO, ʠʩʧʦʣʴʟʫʷ (TBA)2[{W 6Br8}Cl 6] (0,2 

ʛ, 0,082 ʤʤʦʣʴ) ʠ NaBPh4 (0,113 ʛ, 0,329 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,156 ʛ (90%). ʇʦ ʜʘʥʥʳʤ ʕɼʉ 

ʦʪʥʦʰʝʥʠʝ W:Br:Cl:Na ʩʦʩʪʘʚʠʣʦ 6:8,1:5,8:1,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ 

ʦʢʦʣʦ 4,6% ʚ ʜʠʘʧʘʟʦʥʝ 30-100 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 

5,5%). 

ʉʠʥʪʝʟ Na2[{W 6I 8}Cl 6]ĿMe2CO. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2[{Mo 6Br 8}Cl 6]ĿMe2CO, ʠʩʧʦʣʴʟʫʷ (TBA)2[{W 6I8}Cl 6] (0,2 ʛ, 

0,071 ʤʤʦʣʴ) ʠ NaBPh4 (0,097 ʛ, 0,284 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,156 ʛ (90%). ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʦʪ-

ʥʦʰʝʥʠʝ W:I:Cl:Na ʩʦʩʪʘʚʠʣʦ 6:8,0:5,8:2,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ 

ʦʢʦʣʦ 1,5% ʚ ʜʠʘʧʘʟʦʥʝ 30-100 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʘ ʩʦʩʪʘ-

ʚʠʣʘ 2,3%). 
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ʉʠʥʪʝʟ (H3O)2{[{ Mo6Cl8}Cl6]@(ɔ-CD)2}Ŀ16H2O. 

(H3O)2[{ Mo6Cl8} Cl6]Ŀ6H2O (0,2 ʛ, 0,163 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 10 ʤʣ ʵʪʠ-

ʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 1 ʤʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ɔ-CD (0,46 ʛ, 0,327 ʤʤʦʣʴ) ʜʦʙʘʚʠʣʠ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʧʨʦʜʫʢʪʘ (H3O)2{[{ Mo6Cl8}Cl6]@(ɔ-CD)2}Ŀ16H2O ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩ-

ʪʚʦʨʘ, ʧʨʦʤʳʣʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʠ ʩʪʦʷʥʠʠ ʚ ʪʝ-

ʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʧʘʣʠ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʨʫʛʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ (H3O)2{[{ Mo6Cl8}Cl6]@(ɔ-CD)2}Ŀ2((H3O)2[{Mo6Cl8}Cl6])Ŀ15H2O. ɺʳʭʦʜ: 0,36 ʛ 

(55% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C96H198Cl14Mo6O98 ʨʘʩʩʯʠʪʘʥʦ: C - 28,83; 

H - 4,99; ʥʘʡʜʝʥʦ: C - 28,5; H - 5,0. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Mo:Cl ʩʦʩʪʘʚʠʣʦ 6:14,1. 

ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 8,4% ʚ ʜʠʘʧʘʟʦʥʝ 50-130 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʦʪʝʨʷ 16 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 8,1%). 

ʉʠʥʪʝʟ (H3O)2{[{ W6Cl8}Cl6]@(ɔ-CD)2}Ŀ13H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ (H3O)2{[ {Mo6Cl8}Cl6]@(ɔ-CD)2}Ŀ16H2O, ʠʩʧʦʣʴʟʫʷ 

(H3O)2[{ W6Cl8} Cl6]Ŀ7H2O (0,2 ʛ, 0,114 ʤʤʦʣʴ) ʠ ɔ-CD (0,32 ʛ, 0,228 ʤʤʦʣʴ). ʇʨʠ ʩʪʦʷʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʧʘʣʠ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʨʫʛʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ (H3O)2{[{ W6Cl8}Cl6]@(ɔ-CD)2}Ŀ0,5((H3O)2[{W6Cl8}Cl6])Ŀ15H2O. ɺʳʭʦʜ: 0,25 ʛ 

(50%) ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ C96H192Cl14W6O95 ʨʘʩʩʯʠʪʘʥʦ: C - 25,84; H 

- 4,34; ʥʘʡʜʝʥʦ: C - 25,6; H - 4,3. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:Cl ʩʦʩʪʘʚʠʣʦ 6:14,2. ʇʦ 

ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-130 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʧʦʪʝʨʷ 13 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 6,1%). 

ʉʠʥʪʝʟ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O. 

Na2[{Mo6Br 8}Cl6]ĿMe2CO (0,15 ʛ, 0,098 ʤʤʦʣʴ) ʠ ɔ-CD (0,275 ʛ, 0,196 ʤʤʦʣʴ) ʨʘʩʪʚʦ-

ʨʠʣʠ ʚ 3 ʤʣ ʚʦʜʳ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺ ʭʦʜʝ ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 

ʩʫʪʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,274 ʛ (65% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). 

ɼʣʷ C96H190Br8Cl6Mo6Na2O95 ʨʘʩʩʯʠʪʘʥʦ: C - 26,56; H - 4,41, ʥʘʡʜʝʥʦ: C - 26,6; H - 4,3. ʇʦ 

ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Mo:Br:Cl:Na ʩʦʩʪʘʚʠʣʦ 6:8,2:6,0:1,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ 

ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 15 ʤʦʣʝʢʫʣ H2O 

ʩʦʩʪʘʚʠʣʘ 6,2%). 

ʉʠʥʪʝʟ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ10H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{Mo6Br 8}Cl6]ĿMe2CO (0,150 ʛ, 0,098 ʤʤʦʣʴ) ʠ ɔ-CD (0,412 ʛ, 0,294 ʤʤʦʣʴ). ɺʳʭʦʜ: 

0,404 ʛ (75% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C144H260Br8Cl6Mo6Na2O130 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 31,17; H - 4,73; ʥʘʡʜʝʥʦ: C - 31,2; H - 4,8. ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʦʪʥʦʰʝʥʠʝ Mo:Br:Cl:Na 

ʩʦʩʪʘʚʠʣʦ 6:8,0:6,1:1,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 3,0% ʚ ʜʠʘʧʘʟʦʥʝ 

50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 10 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 3,2%). 
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ʉʠʥʪʝʟ Na2{[{ Mo6I 8}Cl6]@(ɔ-CD)2}Ŀ11H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{Mo6I 8}Cl6]Ŀ2Me2CO (0,150 ʛ, 0,076 ʤʤʦʣʴ) ʠ ɔ-CD (0,213 ʛ, 0,152 ʤʤʦʣʴ). ɺʳʭʦʜ: 

0,225 ʛ (64% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C96H182I8Cl6Mo6Na2O91 ʨʘʩʩʯʠʪʘʥʦ: 

C - 24,78; H - 3,95; ʥʘʡʜʝʥʦ: C - 24,8; H - 3,8. ʇʦ ʜʘʥʥʳʤ ʕɼʉ ʦʪʥʦʰʝʥʠʝ Mo:I:Cl:Na 

ʩʦʩʪʘʚʠʣʦ 6:7,9:6,0:2,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4,2% ʚ ʜʠʘʧʘʟʦʥʝ 

50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 11 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 4,3%). 

ʉʠʥʪʝʟ Na2{[{ Mo6I 8}Cl6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ14H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{Mo6I 8}Cl6]Ŀ2Me2CO (0,150 ʛ, 0,076 ʤʤʦʣʴ) ʠ ɔ-CD (0,320 ʛ, 0,228 ʤʤʦʣʴ). ɺʳʭʦʜ: 

0,387 ʛ (85% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C144H268I8Cl6Mo6Na2O134 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 28,80; H - 4,50; ʥʘʡʜʝʥʦ: C - 28,7; H - 4,6. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Mo:I:Cl:Na 

ʩʦʩʪʘʚʠʣʦ 6:7,8:6,0:2,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4,4% ʚ ʜʠʘʧʘʟʦʥʝ 

50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 14 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 4,2%). 

ʉʠʥʪʝʟ Na2{[{ W6Br 8}Cl6]@(ɔ-CD)2}Ŀ9H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{W6Br 8}Cl6]Ŀ2Me2CO (0,150 ʛ, 0,071 ʤʤʦʣʴ) ʠ ɔ-CD (0,200 ʛ, 0,142 ʤʤʦʣʴ). ɺʳʭʦʜ: 

0,242 ʛ (72% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C96H178Br8Cl6W6Na2O89 ʨʘʩʩʯʠʪʘʥʦ: 

C - 24,27; H - 3,78; ʥʘʡʜʝʥʦ: C - 24,3; H - 3,8. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:Br:Cl:Na 

ʩʦʩʪʘʚʠʣʦ 6:7,8:5,9:2,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 3,2% ʚ ʜʠʘʧʘʟʦʥʝ 

50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 9 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 3,4%). 

ʉʠʥʪʝʟ Na2{[{ W6Br 8}Cl6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ15H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{W6Br 8}Cl6]Ŀ2Me2CO (0,150 ʛ, 0,071 ʤʤʦʣʴ) ʠ ɔ-CD (0,300 ʛ, 0,214 ʤʤʦʣʴ). ɺʳʭʦʜ: 

0,374 ʛ (85% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C144H270Br8Cl6W6Na2O135 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 28,01; H - 4,42; ʥʘʡʜʝʥʦ: C - 28,0; H - 4,6. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:Br:Cl:Na 

ʩʦʩʪʘʚʠʣʦ 6:7,9:5,8:2,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4,5% ʚ ʜʠʘʧʘʟʦʥʝ 

50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 15 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 4,4%). 

ʉʠʥʪʝʟ Na2{[{ W6I 8}Cl6]@(ɔ-CD)2}Ŀ13H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{W6I 8}Cl6]ĿMe2CO (0,150 ʛ, 0,062 ʤʤʦʣʴ) ʠ ɔ-CD (0,173 ʛ, 0,123 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,259 

ʛ (81% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C96H186I8Cl6W6Na2O93 ʨʘʩʩʯʠʪʘʥʦ: C - 

22,14; H - 3,60; ʥʘʡʜʝʥʦ: C - 22,3; H - 3,8. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:I:Cl:Na ʩʦʩʪʘʚʠʣʦ 

6:8,0:5,9:2,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4,7% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC 

(ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 13 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 4,5%). 

ʉʠʥʪʝʟ Na2{[{ W6I 8}Cl6]@(ɔ-CD)2}Ŀ(ɔ-CD)Ŀ16H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ Na2{[{ Mo6Br 8}Cl6]@(ɔ-CD)2}Ŀ15H2O, ʠʩʧʦʣʴʟʫʷ 

Na2[{W6I 8}Cl6]ĿMe2CO (0,150 ʛ, 0,062 ʤʤʦʣʴ) ʠ ɔ-CD (0,260 ʛ, 0,185 ʤʤʦʣʴ). ɺʳʭʦʜ: 0,283 
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ʛ (70%) ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ C144H272I8Cl6W6Na2O136 ʨʘʩʩʯʠʪʘʥʦ: C - 

26,37; H - 4,18; ʥʘʡʜʝʥʦ: C - 26,2; H - 4,2. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ W:I:Cl:Na ʩʦʩʪʘʚʠʣʦ 

6:7,8:6,2:2,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4,5% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC 

(ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 16 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 4,4%). 

ʉʠʥʪʝʟ K 2[{Re6S8}(H2O)6]2{[P2W18O62]@(ɔ-CD)2}Ŀ55H2O. 

K4[{ Re6S8}( OH)6]Ŀ8H2O (0,072 ʛ, 0,04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 2 ʤʣ 2ʄ H2SO4. 

K6[P2W18O62]Ŀ19H2O (0,1 ʛ, 0,02 ʤʤʦʣʴ) ʠ ɔ-CD (0,057 ʛ, 0,04 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 1,5 ʤʣ 

ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʤʝʰʘʣʠ ʠ ʦʩʪʘʚʠʣʠ ʩʪʦʷʪʴ ʥʘ ʚʦʟʜʫʭʝ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʧʘʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫

K 2[{Re6S8}(H2O)6]2{[P2W18O62]@(ɔ-CD)2}Ŀ55H2O, ʢʦʪʦʨʳʝ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦ-

ʤʳʣʠ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,16 ʛ (72%) ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨ-

ʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ C96H294K2O209P2Re12S16W18 ʨʘʩʩʯʠʪʘʥʦ: C - 10,48; H - 2,69; S - 4,65, 

ʥʘʡʜʝʥʦ: C - 10,6; H - 2,8; S - 4,5. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:S:K:P:W ʩʦʩʪʘʚʠʣʦ 

12:15,9:2,1:2,0:17,9. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 9,1% ʚ ʜʠʘʧʘʟʦʥʝ 50-

110 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 55 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 9,0%). 

ʉʠʥʪʝʟ K 2[{Re6Se8}(H2O)6]2{[P2W18O62]@(ɔ-CD)2}Ŀ42H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 2[{Re6S8}(H2O)6]2{[P2W18O62]@(ɔ-CD)2}Ŀ42H2O, ʠʩʧʦʣʴʟʫʷ 

K4[{ Re6Se8}( OH)6]Ŀ8H2O (0,088 ʛ, 0,04 ʤʤʦʣʴ) ʚʤʝʩʪʦ K4[{ Re6S8}( OH)6]Ŀ8H2O. ɺʳʭʦʜ: 

0,164 ʛ (70%) ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. ɼʣʷ C96H268K2O196P2Re12Se16W18 ʨʘʩʩʯʠ-

ʪʘʥʦ: C - 9,99; H - 2.34; ʥʘʡʜʝʥʦ: C - 10,0; H - 2,4. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K:P:W 

ʩʦʩʪʘʚʠʣʦ 12:16,0:2,2:2,1:18,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,4% ʚ ʜʠʘ-

ʧʘʟʦʥʝ 50-110 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 42 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 6,4%). 

ʉʠʥʪʝʟ K 4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}ĿK 6[P2W18O62]Ŀ33H2O. 

K4[{ Re6Se8}( CN)6] (0,129 ʛ, 0,062 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 1 ʤʣ ʚʦʜʳ. K6[P2W18O62]Ŀ19H2O 

(0,3 ʛ, 0,062 ʤʤʦʣʴ) ʠ ɔ-CD (0,174 ʛ, 0,124 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩʤʝʰʘʣʠ ʠ ʦʩʪʘʚʠʣʠ ʩʪʦʷʪʴ ʥʘ ʚʦʟʜʫʭʝ. ɺ ʭʦʜʝ ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 

ʯʝʨʝʟ ʩʫʪʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ K 4{[{ Re6Se8}(CN)6]@(ɔ-

CD)2}ĿK 6[P2W18O62]Ŀ33H2O, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʦʪ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʪ rʭʦʣʦʜʥʦʡ ʚʦ-

ʜʦʡ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,454 ʛ (74% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). 

ɼʣʷ C102H226K10N6O175P2Re6Se8W18 ʨʘʩʩʯʠʪʘʥʦ: C - 12,41; H - 2,31; N - 0,85; ʥʘʡʜʝʥʦ: C - 

12,6; H - 2,4; N - 0,9. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K:P:W ʩʦʩʪʘʚʠʣʦ 

6:7,9:9,8:2,1:18,0. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-

150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 33 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 6,0%). 

ʉʠʥʪʝʟ K 4{[{ Re6Te8}(CN)6]@(ɔ-CD)2}ĿK 6[P2W18O62]Ŀ33H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 4{[{ Re6Se8}(CN)6]@(ɔ-CD)2}ĿK 6[P2W18O62]Ŀ33H2O, ʠʩʧʦʣʴʟʫʷ 

K4[{ Re6Te8}( CN)6] (0,153 ʛ, 0,062 ʤʤʦʣʴ) ʚʤʝʩʪʦ K4[{ Re6Se8}( CN)6]. ɺʳʭʦʜ: 0,482 ʛ (76% 

ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ɼʣʷ C102H226K10N6O175P2Re6Te8W18 ʨʘʩʩʯʠʪʘʥʦ: C - 

11,93; H - 2,22; N - 0,82; ʥʘʡʜʝʥʦ: C - 12,0; H - 2,2; N - 0,8. ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ 
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Re:Te:K:P:W ʩʦʩʪʘʚʠʣʦ 6:8,0:9,9:2,0:18,1. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 

6,0% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 33 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 5,8%). 

ʉʠʥʪʝʟ K 2Na14H2{{[{ Re6Se8}(CN)6]@(ɔ-CD)2}@[Mo154O462H14(H2O)70]}Ŀ160H2O. 

Na2MoO4Ŀ2H2O (1,5 ʛ, 6,15 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ Na2S2O4 (0,1 ʛ, 0,575 ʤʤʦʣʴ) ʚ 1 ʤʣ ʚʦʜʳ ʠ 14 ʤʣ 1ʄ HCl. ʇʨʠ ʵʪʦʤ ʮʚʝʪ 

ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʥʘ ʪʝʤʥʦ-ʩʠʥʠʡ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 

K4[{ Re6Se8}( CN)6] (0,085 ʛ, 0,041 ʤʤʦʣʴ) ʠ ɔ-CD (0,115 ʛ, 0,082 ʤʤʦʣʴ), ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ 2 

ʤʣ ʚʦʜʳ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʦʩʪʘʚʠʣʠ ʩʪʦʷʪʴ ʚ 50 ʤʣ ʢʦʣʙʝ ʕʨʣʝʥʤʝʡ-

ʝʨʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʦʪʜʝʣʠʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʚʳ-

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʭʦʜ: 0,980 ʛ (76% ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ). ʇʦ ʜʘʥʥʳʤ 

ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Se:K:Na:Mo ʩʦʩʪʘʚʠʣʦ 6:8,2:2,1:13,8:154,4. ʇʦ ʜʘʥʥʳʤ ʊɻɸ, ʧʦʪʝʨʷ 

ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 9,1% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 160 ʤʦʣʝʢʫʣ 

H2O ʩʦʩʪʘʚʠʣʘ 9,1%). 

ʉʠʥʪʝʟ K 2Na14H2{{[{ Re6Te8}(CN)6]@(ɔ-

CD)2}@[Mo154O462H14(H2O)70]}ĿNa4{[{ Re6Te8}(CN)6]@(ɔ-CD)2}Ŀ240H2O. 

ʇʦʣʫʯʠʣʠ ʘʥʘʣʦʛʠʯʥʦ K 2Na14H2{{[{ Re6Se8}(CN)6]@(ɔ-

CD)2}@[Mo154O462H14(H2O)70]}Ŀ160H2O, ʠʩʧʦʣʴʟʫʷ K4[{ Re6Te8}( CN)6] (0,100 ʛ, 0,041 

ʤʤʦʣʴ) ʚʤʝʩʪʦ K4[{ Re6Se8}( CN)6]. ɺʳʭʦʜ: 1,1 ʛ (71%) ʠʟ ʨʘʩʯʝʪʘ ʥʘ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʇʦ ʜʘʥʥʳʤ ʕɼʉ, ʦʪʥʦʰʝʥʠʝ Re:Te:K:Na:Mo ʩʦʩʪʘʚʠʣʦ 12:16,1:1,9:18,2:154,2. ʇʦ ʜʘʥʥʳʤ 

ʊɻɸ, ʧʦʪʝʨʷ ʤʘʩʩ rʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 11,2% ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ÁC (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦʪʝʨʷ 

240 ʤʦʣʝʢʫʣ H2O ʩʦʩʪʘʚʠʣʘ 11,3%). 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʘʙʦʪʳ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. ʆʜʥʘʢʦ, ʆʄʂ ʟʘʯʘʩʪʫʶ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʠʣʠ ʥʝ ʩʪʘʙʠʣʴʥʳ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʨʘʩʪʚʦʨʘʭ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʅʘʨʷʜʫ ʩ 

ʵʪʠʤ, ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʆʄʂ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʠʭ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʢʘʢ in 

vitro, ʪʘʢ ʠ in vivo. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʘ ʠʤʝʥʥʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ, 

ʦʩʥʦʚʥʦʡ ʠʜʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʆʄʂ ʚ ʠʟʚʝʩʪʥʳʝ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚ-

ʰʠʝ ʩʝʙʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʤʦʣʝʢʫʣʳ ï ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ (CD). ʊʘʢ ʙʳʣ ʧʦʣʫʯʝʥ 

ʙʦʣʴʰʦʡ ʨʷʜ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [326-328], ʤʦ-

ʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [329] ʩ CD. ʀʩʧʦʣʴʟʫʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦ-

ʜʦʚ, ʙr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʥʘ 

ʩʚʦʡʩʪʚʘ ʆʄʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

[329,330]. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʆʄʂ@CD ʦʙʣʘʜʘʶʪ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʝ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʆʄʂ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴ-

ʬʨʘʤʘ [331]. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʢʦʤʙʠ-

ʥʠʨʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ï ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘʤʠ, ʯʪʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘ [329,332,333]. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

3.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʩ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʦʜʠʥ 

ʧʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʆʄʂ ʩ CD [35], ʘ ʠʤʝʥʥʦ [{Ta6Br12}( H2O)6]2+, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʘʯʘʪʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʩ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ, ʘ ʠʤʝʥʥʦ [{Re6Q8}(H2O)6]2+ (Q = S, Se) ʠ 

[{ Re6Q8}( CN)6]4ï (Q = S, Se, Te). ɺʳʙʦʨ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢ-

ʪʦʨʘʤʠ: 1) ʧʨʦʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ; 2) ʚʳʩʦʢʘ ̫ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ; 2) ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʜʣʷ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [20,29], ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʣʫʯʰʝʥʳ ʧʨʠ ʦʙ-

ʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. 

3.1.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɔ-CD ʩ [{Re6Q8}(H2O)6]2+ (Q = S, Se) 

ʂʘʪʠʦʥʥʳʝ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ [{Re6Q8}( H2O)6]2+ (Q = S, Se) ʙʳʣʠ ʧʝʨʚʳʤʠ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦʝ ʢ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʪʘʥʪʘʣʘ [{Ta6Br12}( H2O)6]2+, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟ-

ʚʝʩʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ɔ-CD [35]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ɔ-CD, 

K4[{ Re6Q8}( OH)6]Ŀ8H2O ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ HNO3 ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

pH 1,5. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʢʘʪʠʦʥʥʦʡ 

ʬʦʨʤʝ [{ Re6Q8}( H2O)6]2+. ʉʤʝʰʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ɔ-CD, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ, ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʘ 

{[{ Re6Q8}( H2O)6]@ɔ-CD}( NO3)2ĿnH2O (Q = S, n = 12 (1) ʠ Q = Se, n = 10 (2)), ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥ rʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʈʉɸ. ʀʂ-ʩʧʝʢʪʨʳ ʩʦʜʝʨ-

ʞʘʪ ʢʘʢ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʠʢʣʦʜʝʢʩʪʨʠʥʫ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʢʦ-

ʣʝʙʘʥʠʷ ʩʚʷʟʠ Re-S ɜRe-S = 413 ʩʤï1 ʜʣʷ 1 (ʈʠʩ. ʇ1). ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [{ Re6Se8}( H2O)6]2+, 

ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶ-

ʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʣʦʞʝʥʠʝ ʆʄʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʠ 

ʯʝʨʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʣʝʤʝʥʪ-

ʥʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

3.1.1.1. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 2 ʠʟʦʩʪʨʫʢʪʫʨʥʳ (ʧʨ. ʛʨ. I4) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Q8}( H2O)6]2+ ʩ ɔ-CD ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1, ʚ ʢʦʪʦʨʦʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 20ɸ). 

 

ʈʠʩ. 20. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ {[{ Re6Q8}( H2O)6]@ɔ-CD} 2+ (ɸ) ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ɹ). Re ï ʟʝʣʝʥʳʡ, Q ï ʬʠʦʣʝʪʦʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ. 

ɺʦʜʦʨʦʜ ʥʝ ʠʟʦʙʨʘʞʝʥ. 
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ɺ ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʩʝʣʝʥʥʳʝ ʧʦʟʠʮʠʠ. ʅʠʪʨʘʪʥʳʝ ʘʥʠʦʥʳ ʥʝ ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠʟ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʙʝʟ ʫʪʦʯʥʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʩʩʪʦʷʥʠʷ (Re-

Re, Re-Q, Re-O) ʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

(ʊʘʙʣ. ʇ2). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʯʥʳʭ ʚʦʜʦ-

ʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ: ʩʘʤʳʝ ʙʣʠʟʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

Õ3-Q ʠ H3 ʩʦʩʪʘʚʠʣʠ 3,55 ʠ 3,18 ¡ ʜʣʷ Q = S ʠ Se, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʨʘʩʩʪʦʷʥʠʷ OỄO 

ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʠ OH-ʛʨʫʧʧʘʤʠ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ ʩʦʩʪʘʚʠʣʠ 3,22 ¡. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʪʝ ʞʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʪʘʥʪʘʣʘ [{ Ta6Br12}( H2O)6]2+ ʩʦʩʪʘʚʠʣʠ 

ʦʢʦʣʦ 2,83 (ʤʝʞʜʫ Õ2-Br ʠ H3, ʠ ʤʝʞʜʫ H2O ʠ OH). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʚ ʨʘʟʤʝʨʘʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʨʘʩʩʪʦʷʥʠ̫ ʤʝʞʜʫ ʘʢʚʘ-

ʣʠʛʘʥʜʘʤʠ, ʠʟʤʝʨʝʥʥʳʝ ʯʝʨʝʟ ʮʝʥʪʨ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ (ʰʠʨʠʥʘ ʢʦʤʧʣʝʢʩʘ), ʩʦʩʪʘʚʣʷʶʪ 8 

¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ ʠ 8,75 ¡ ʜʣʷ ʪʘʥʪʘʣʘ. ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʘʭ 1 ʠ 2 ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʚ ʧʦʣʦʩʪʠ ɔ-CD, ʪʘʢ ʠ ʩʥʘʨʫʞʠ, ʠ 

ʚʦʚʣʝʯʝʥʳ ʚ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʢʚʘ-ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ. 20ɹ), ʘ ʪʘʢʞʝ ʩ ʜʨʫ-

ʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʧʨʠ ʫʧʘʢʦʚʢʝ ʩʪʨʫʢʪʫʨʳ (OỄO ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʠʣʠ 

2,57 ʠ 2,71 ¡ ʜʣʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʚ ʧʦʣʦʩʪʠ CD ʠ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʩʦʣʴʚʘʪʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʦʙʨʘʟʫʶʪ ʢʦʣʦʥʥʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001] (ʈʠʩ. 21). 

 

ʈʠʩ. 21. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2. ɹʦʣʴʰʠʤʠ ʢʨʘʩʥʳʤʠ ʰʘʨʘʤʠ ʠʟʦʙʨʘʞʝʥʳ 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 
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3.1.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ 

ʇʦʤʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʈʉɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʝʪʦʜʦʤ 1H ʗʄʈ ʪʠʪʨʦʚʘʥʠ ̫(ʈʠʩ. 22). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʦʯʝʥʴ ʩʣʘʙʦʤ ʝʛʦ ʭʘʨʘʢ-

ʪʝʨʝ. ʊʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʛʦʩʪʝʡ ʠ ʭʦʟʷʠʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʢʘʪʠʦʥʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [{ Re6Q8}( H2O)6]2+ ʠ ɔ-CD. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʝʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʨʠʯʝʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʢʘʢ ʩʣʘʙʦʝ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʤʝʥʴʰʠʝ ʧʦ 

ʨʘʟʤʝʨʫ CD, ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʥʝ ʫʜʘʣʦʩʴ. 

 

ʈʠʩ. 22. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɔ-CD ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{ Re6S8}( H2O)6]2+. ʂʦʥʮʝʥʪʨʘʮʠʷ CD ʚʘʨɹʠʨʫʝʪʩʷ ʦʪ 0,27 ʜʦ 10 ʤʄ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 3ʤʄ. 

3.1.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Ŭ-CD ʩ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te) 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ 

ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ. ʊʘʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩ rʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʠʟʢʠʡ pH, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦ-

ʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʢʣʘʩʪʝʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʜʝʪʘʣʴ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ. ʊʘʢʞʝ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʥʫʪ-

ʨʝʥʥʠʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʪ ʠʟʤʝʥʷʪʴ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʪʘʢʞʝ ʚʘʞʥʦ ʚ 

ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. ʇʦʵʪʦʤʫ, ʧʦʤʠʤʦ ɔ-CD, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʠʟʫʯʘʣʠʩ ɹCD ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ï Ŭ-CD ʠ ɓ-CD. 
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ʊʘʢ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}( CN)6]4ï (Q = S, Se, Te) ʠ Ŭ-CD 

ʚ ʚʦʜʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ (Q = S) ʠʣʠ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ (Q = Se, Te), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ï 

K4{[{ Re6S8}( CN)6]@(Ŭ-CD)2}Ŀ15H2O (3), K4[{ Re6Se8}( CN)6]Ŀ(Ŭ-CD)Ŀ6H2O (4) ʠ 

K4[{ Re6Te8}( CN)6]Ŀ2(Ŭ-CD)Ŀ20H2O (5). ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʵʣʝʤʝʥʪʥʳʤ 

ʘʥʘʣʠʟʦʤ ʠ ʊɻɸ, ʘ ʀʂ-ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʚʩʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ Ŭ-CD ʠ ʢʦʣʝʙʘʥʠʷ 

ɜCN~2100 ʩʤï1, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (ʈʠʩ. ʇ2). 

3.1.2.1. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 3. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2, ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥ rʚ ʜʚʘ Ŭ-CD ʟʘ ʩʯʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ ʩ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 23ɸ). ʕʢʚʘʪʦʨʠʘʣʴʥʳʝ ʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ ʢʦʤ-

ʧʣʝʢʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʘ ʜʚʝ ʜʨʫʛʠʝ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʧʦʣʦʩʪʷʭ CD. 

 

ʈʠʩ. 23. ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ {[{ Re6S8}( CN)6]@(Ŭ-CD)2} 4ï (ɸ). ɹʘʤʙʫʢʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ 

(ɹ) ʠ ʠʭ ʫʧʘʢʦʚʢʘ ʚʜʦʣʴ ʦʩʠ b (ɺ). Re ï ʟʝʣʝʥʳʡ, S ï ʞʝʣʪʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ʂʘʣʠʡ, ʚʦʜʦʨʦʜ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʠʟʦʙʨʘʞʝʥʳ. 

ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʤʥʦʞʝʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ: ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʮʠʘʥʠʜʥʳʝ ʛʨʫʧʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ OH-ʛʨʫʧʧʘʤʠ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩ-

ʩʪʦʷʥʠʷ NỄH-O ʩʦʩʪʘʚʣʷʶʪ 3,04 ¡, ʘ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʜʦʨʦ-

ʜʘʤʠ H3 ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ SỄH-C ʚ ʜʠʘʧʘʟʦʥʝ 2,6 ï 2,9 ¡. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ OH-ʛʨʫʧʧʘʤʠ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ ʨʘʟʥʳʭ Ŭ-CD ʩʦʩʪʘʚʣʷʶʪ 5,8 ¡, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪ-

ʩʫʪʩʪʚʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʉʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʯʝʨʝʟ ʧʝʨ-

ʚʠʯʥʳʝ ʛʨʘʥʠ CD, ʦʙʨʘʟʫʷ ʙʘʤʙʫʢʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. 23ɹ). ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 
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ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ ʚʢʣʶʯʝʥʠʷ (ʈʠʩ. 23ɺ). 

ɼʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʢʨʠʩʪʘʣʣʠʟʦ-

ʚʘʥʥʳʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ʉʦʝʜʠʥʝʥʠʝ 4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʡ ʛʨʫʧʧʝ P21, ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʡ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʥʠʷ ʠ ʦʜʠʥ Ŭ-CD. [{ Re6Se8}( CN)6]4ï ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥ-

ʪʨʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʯʝʪʳʨʴʤʷ CD, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚ ʧʣʦʩʢʦʩʪʠ bc 

(ʈʠʩ. 24ɸ). 

 

ʈʠʩ. 24. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ 4: ʩʣʦʠ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ bc (ɸ) ʠ ʫʧʘʢʦʚʢʘ ʩʣʦʝʚ (ɹ). 

Re ï ʟʝʣʝʥʳʡ, Se ï ʦʨʘʥʞʝʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ʂʘʣʠʡ, ʚʦʜʦʨʦʜ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʠʟʦʙʨʘʞʝʥʳ. 

ʆʩʴ C3 ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ Ŭ-CD. ɺ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʆʄʂ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʥʝʰʥʝʡ ʩʪʝʥʢʦʡ 

ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʠ Ŭ-CD. ʊʨʠ ʮʠʘʥʦ-ʛʨʫʧʧʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷ-

ʟʝʡ ʩ ʙʣʠʞʘʡʰʠʤʠ OH-ʛʨʫʧʧʘʤʠ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʠ CD ʩ NỄH-O ʨʘʩʩʪʦʷʥʠʷʤʠ 2,75-3,04 

¡. ʕʪʠ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ Ŭ-CD ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʤʝʨʥʳʭ ʛʠʙʨʠʜʥʳʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʣʦʝʚ. ɻʠʙʨʠʜʥʳʝ ʩʣʦʠ 

ʠʤʝʶʪ ʯʝʨʝʜʫʶʱʫʶʩʷ ʦʨʠʝʥʪʘʮʠʶ, ʛʜʝ ʧʝʨʚʠʯʥʳʝ ʛʨʘʥʠ ʩʣʦʷ ʦʙʨʘʱʝʥʳ ʢ ʧʝʨʚʠʯʥʳʤ 

ʛʨʘʥʷʤ ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ (ʈʠʩ. 24ɹ). 

ʉʦʝʜʠʥʝʥʠʝ 5 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P212121, ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ 

ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʡ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʥʠʷ ʠ ʜʚʘ ʥʝ-

ʟʘʚʠʩʠʤʳʭ Ŭ-CD. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʘ ʩ 4, ʪʘʢ ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʦʠ ʠʟ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ab, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ ʨʘʩʧʣʦʞʝʥ 

ʢʦʤʧʣʝʢʩ (ʈʠʩ. 25ɸ). ʏʝʪʳʨʝ ʮʠʘʥʦ-ʛʨʫʧʧʳ ʢʘʞʜʦʛʦ [{Re6Te8}(CN)6]4ï ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʚʥʝʰʥʝʡ ʩʪʝʥʢʦʡ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʭʦʟʷʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʪʠʧʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷ-

ʟʝʡ. 
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ʈʠʩ. 25. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ 5: ʩʣʦʠ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ab (ɸ) ʠ ʫʧʘʢʦʚʢʘ ʩʣʦʝʚ (ɹ). 

ʉʣʦʠ ʠʟ Ŭ-CD, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʠʟʦʙʨʘʞʝʥʳ ʩʠʨʝʥʝʚʳʤ ʮʚʝʪʦʤ. 

Re ï ʟʝʣʝʥʳʡ, Te ï ʢʦʨʠʯʥʝʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ʂʘʣʠʡ, ʚʦʜʦʨʦʜ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʠʟʦʙʨʘʞʝʥʳ. 

ɹʦʣʝʝ ʩʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʮʠʘʥʦ-ʛʨʫʧʧʘʤʠ ʠ ʙʣʠ-

ʞʘʡʰʠʤʠ OH-ʛʨʫʧʧʘʤʠ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ (NỄH-O ʨʘʩʩʪʦʷʥʠʷ ʦʢʦʣʦ 2,72 ¡). ɼʚʝ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʩʣʘʙʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʮʠʘʥʦ-ʛʨʫʧʧʘʤʠ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʧʝʨʚʠʯʥʳʭ ʛʨʘʥʝʡ CD (NỄH-O = 3.1 ¡), ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʣʦʝʚ. ʂʘʞ-

ʜʳʡ ʩʣʦʡ ʩʚʷʟʘʥ ʩ ʩʦʩʝʜʥʠʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ CD, ʦʙʨʘ-

ʟʫʷ çʜʚʦʡʥʳʝ ʩʣʦʠè. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ʠʟ Ŭ-CD ʙʝʟ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʧʦʣʦ-

ʞʝʥ ʤʝʞʜʫ ʵʪʠʤʠ çʜʚʦʡʥʳʤʠ ʩʣʦʷʤʠè, ʩʦʟʜʘʚʘʷ ʫʧʘʢʦʚʢʫ ʜʚʫʭ ʪʠʧʦʚ ʩʣʦʝʚ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z (ʈʠʩ. 25ɹ). ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʘʥʘ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ CD, ʘ ʪʘʢʞʝ ʢʘʪʠʦʥʘʤʠ ʢʘʣʠʷ. 

3.1.2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ 1H ʗʄʈ 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 1:2 ʜʣʷ Q = S ʠ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ (Q 

= Se, Te). 1H ʗʄʈ ʪʠʪʨʦʚʘʥʠʝ ʚ D2O, ʢʘʢ ʨʘʩʪʚʦʨʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣ ʜʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [{Re6Te8}(CN)6]4ï ʢ 

ʨʘʩʪʚʦʨʫ Ŭ-CD ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʩʧʝʢʪʨʝ (ʈʠʩ. ʇ3). ʉʣʘʙʳʝ ʩʜʚʠʛʠ 

ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʩʝʣʝʥʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ (ʈʠʩ. 

ʇ4). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʣʫʯʘʝ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘ-

ʣʦʚ ʧʨʦʪʦʥʦʚ H3, H5 ʠ H6 ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ H2 ʠ H4, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ (ʈʠʩ. ʇ5). ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ 

ʈʠʩ. 26 ʠʟʦʙʨʘʞʝʥʳ ʗʄʈ-ʩʧʝʢʪʨʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʯʝʪʳʨʝʭ ɻ ʢʚʠʚʘʣʝʥʪʦʚ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤ-

ʧʣʝʢʩʦʚ. 
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ʈʠʩ. 26. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ Ŭ-CD ʚ D2O ʙʝʟ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ CD = 2ʤʄ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘ-

ʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʘ-

ʙʠʣʴʥʫ  ʁʩʠʩʪʝʤʫ ʠ ʙʳʩʪʨʳʡ ʦʙʤʝʥ ʚ ʨʘʩʪʚʦʨʝ. 

3.1.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʩʚʦʡʩʪʚʘ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ. ʇʦ-

ʵʪʦʤʫ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʍʦʨʦhʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʦʙʣʘ-

ʜʘʶʪ ʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʧʝʨʝʭʦʜ ʦʪ 24 ʢ 23 ʂɺʕ. ʆʜ-

ʥʘʢʦ ʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʭ. ɼʣʷ ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʚʳʩʪʫʧʘʣ (TBA)PF6) [17]. ʇʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥʳ ʜʣʷ [{Re6Q8}(CN)6]4ï ʩʦ-

ʩʪʘʚʠʣʠ 0,60, 0,37 ʠ 0,11 ɺ ʜʣʷ Q = S, Se, Te, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl ʵʣʝʢ-

ʪʨʦʜʘ. 

ʊʘʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʢʨʠʚʳʭ ʎɺɸ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʝʢʣʦ-

ʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ, ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ ï ʧʣʘʩʪʠʥʘ Pt, ʧʦʤʝʱʝʥʥʘʷ ʚ ʠʟʦ-

ʣʠʨʫʶʱʫʶ ʢʘʤʝʨʫ ʩʦ ʩʧʣʦʰʥʳʤ ʩʪʝʢʣʦʤ, ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï ʩʪʘʥʜʘʨʪʥʳʡ ʢʘʣʦʤʝʣʴ-

ʥʳʡ ʵʣʝʢʪʨʦʜ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 0,025 ʄ ʨʘʩʪʚʦʨʝ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ (HClO4), ʚʳ-

ʩʪʫʧʘʶʱʝʡ ʚ ʨʦʣʠ ʵʣʝʢʪʨʦʣʠʪʘ, ʘ ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 50 ʤɺ/ʩ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʨʘʚʥʘ 0,5 ʤʄ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʩʪʚʦʨʳ ʪʱʘʪʝʣʴʥʦ ʜʝ-

ʛʘʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 10 ʤʠʥʫʪ ʯʠʩʪʳʤ ʘʨʛʦʥʦʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʘʪʤʦʩʬʝʨʫ ʘʨ-

ʛʦʥʘ ʚ ʭʦʜʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʈʠʩ. 27. ʂʨʠʚʳʝ ʎɺɸ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(CN)6] Q = S, Se, Te. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʎɺɸ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʚʩʝʭ ʮʠʘʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [{Re6Q8}(CN)6]4ï Q = S, Se, Te (ʈʠʩ. 27); ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʫʚʦʣʥʳ ʩʦʩʪʘ-

ʚʠʣʠ 0,82, 0,58 ʠ 0,29 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥ-

ʥʤrʠ ʩʦ ʩʜʚʠʛʦʤ ʢʨʠʚʳʭ ʠʟ-ʟʘ ʩʤʝʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ (ȹ ~0,2 ɺ). 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʨʠʘʮʠʷ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʘʥʦʜʥʦʛʦ (ɽʘ) ʧʠʢʘ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ (Ѝ˞ )̋, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʧʨʘʚʣʷʝʤʦʡ ʜʠʬʬʫʟʠʝʡ ʢʠ-

ʥʝʪʠʢʝ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ (ʈʠʩ. ʇ6). ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

Ŭ-CD ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩ-

ʪʚʦʨʫ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʨʘʩʪʚʦʨ ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ, ʠʟ ʣʠ-

ʪʝʨʘʪʫʨʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʢ Ŭ-CD, ʪʘʢ ʠ ɓ-CD, ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʭʣʦʨʘʪ 

ʠʦʥʦʤ (ClO4
ï), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ 

ʪʠʦ-ʢʦʤʧʣʝʢʩʘ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ, ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ CD (ʈʠʩ. 28). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʢʨʠʚʦʡ ʎɺɸ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ɹʦʣʝʝ 

ʪʦʛʦ, ʩʪʝʧʝʥʴ ʩʤʝʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ (ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʪʝʤ ʤʝʥʴʰʝ ʩʜʚʠʛ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʨʝʘʢʮʠʠ ʩ ʧʝʨʭʣʦʨʘʪ 

ʠʦʥʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʙʳʣʘ ʩʥʠʞʝʥʘ 

ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʣʠʷʥʠʝ ClO4
ï ʥʝʟʥʘʯʠʪʝʣʴʥʦ (C = 0,0025 ʄ). 

 

ʈʠʩ. 28. ʎɺɸ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ŭ-CD ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʢʪʨʦʣʠʪʘ (HClO4): 0,25 ʄ (ɸ), 0,025 ʄ (ɹ) ʠ 0,0025ʄ (ɺ). 
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ʅʘ ʈʠʩ. 29 ʠʟʦʙʨʘʞʝʥʳ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ Ŭ-CD ʢʦ ʚʩʝʤ ʮʠʘʥʠʜʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʝʣʝ-

ʥʦʤ ʠ ʪʝʣʣʫʨʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʨʠʚʳʭ ʎɺɸ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ CD. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ E1/2 ʠ 

ʩʣʘʙʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʙʳʩʪʨʳʤ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ/ʜʠʩʩʦʮʠʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʩʦʝʜʠʥʝ-

ʥʠʡ ʚʢʣʶʯʝʥʠʷ. 

 

ʈʠʩ. 29. ʂʨʠʚʳʝ ʎɺɸ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(CN)6], ʛʜʝ Q = S (ɸ), Se (ɹ), Te (ɺ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ŭ-CD ʚ 0,0025 ʄ HClO4. 

ɹʦʣʝʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʫ ʩ 

CD ʣʝʛʯʝ ʧʝʨʝʚʝʩʪʠ ʚ ʦʢʠʩʣʝʥʥʫʶ ʬʦʨʤʫ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʩʨʦʜ-

ʩʪʚʦʤ ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ CD, ʯʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝ-

ʥʠʡ ʪʦʢʘ ʘʥʦʜʥʦʛʦ (ɽʘ) ʠ ʢʘʪʦʜʥʦʛʦ (Eʢ) ʧʠʢʦʚ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ CD ʥʘ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ (ʈʠʩ. ʇ7). 

ʅʝʦʞʠʜʘʥʥʦ ʜʣʷ ʥʘʩ, ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʦʡ ʎɺɸ ʧʨʦʜʦʣʞʘʣʦʩʴ, ʜʘʞʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 50 ʵʢ-

ʚʠʚʘʣʝʥʪʦʚ Ŭ-CD ʢ [{Re6S8}(CN)6]4ï (ʈʠʩ. 30ɸ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʩʪʦʷʥʥʦʤ ʫʯʘʩʪʠʠ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠ-

ʩʘʥ ʜʚʫʤʷ ʨʝʘʢʮʠʷʤʠ (ʫʯʠʪʳʚʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 1:1 ʧʦ ʜʘʥ-

ʥʳʤ ʀʂʊ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʜʘʣʴʰʝ ʚ ʛʣʘʚʝ 3.1.5.2. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʢʘʣʦʨʠʤʝʪʨʠ-

ʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ): 

{ Re6}ʚʦʩʪ4ï + CD = [{ Re6}ʦʢʠʩʣ@CD]3ï + Ǜ    (1) 

[{Re6}ʚʦʩʪĿCD]4ï + CD = [{Re6}ʦʢʠʩʣ@2CD]3ï + Ǜ    (2) 

ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ K1:1 = 727 Mï1, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʝ 20 ʵʢʚʠʚʘʣʝʥʪʦʚ, ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʚ ʨʘʩ-

ʪʚʦʨʝ ʙʫʜʝʪ ʢʦʤʧʣʝʢʩ 1:1 (ʈʠʩ. 30ɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʝ 2 ʦʧʠʩʳʚʘʝʪ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ CD. 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ ʠ pCD = ïlg[CD], ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ 3, ʢʦʪʦʨʦʝ 

ʦʧʠʩʳʚʘʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʦʪ pCD, ʛʜʝ ὉȾ  ʷʚʣʷʝʪʩʷ ʧʦ-

ʪʝʥʮʠʘʣʦʤ ʧʦʣʫʚʦʣʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ [{Re6}ʦʢʠʩʣ@2CD]3ï

/[{Re6}ʚʦʩʪĿCD]4ï ʠʟ ʫʨʘʚʥʝʥʠʷ 2. 

ὉȾ 
̎́̂̌ὉȾ πȢπυω ὴ#$      (3) 



71 
 

 

ʈʠʩ. 30. ʂʨʠʚʳʝ ʎɺɸ K4[{Re6S8}(CN)6] ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ Ŭ-CD (ɸ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤ ʚ ʨʘʩ-

ʪʚʦʨʝ ʧʨʠ ʨʘʟʥʦʤ ʢʦʣʠʯʝʩʪʚʝ Ŭ-CD (ɹ) ʠ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʦʪ p(CD) (ɺ). 

ɼʣʷ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʛʜʝ ʪʘʥʛʝʥʩ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʙʣʠʟʦʢ ʢ ʟʥʘʯʝʥʠʶ 59 ʤɺ (ʈʠʩ. 30ɺ), ʘ ʟʥʘʯʝʥʠʝ ὉȾ  ʩʦʩʪʘʚʣʷʝʪ 609 ʤɺ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʨʘʚʥʝʥʠʠ 4, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʟ ʧʨʦʮʝʩʩʘ 

ʚ ʫʨʘʚʥʝʥʠʠ 2, ʛʜʝ K1:1 ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 1:1, ʘ ‍  

ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʷ 5, ʠ ὉȾ  ʧʦʪʝʥ-

ʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʆɺ ʧʨʦʮʝʩʩʘ ʙʝʟ CD. 

ὉȾ ὉȾ πȢπυω ,ÏÇ
ȡ
     (4) 

{Re6}ʦʢʠʩʣ3ï + 2 CD = [{Re6}ʦʢʠʩʣ@2CD]3ï    (5) 

ʊʘʢ, ʠʩʧʦʣʴʟʫʷ ὉȾ = 0,82 ɺ, K1:1 = 727 Mï1 ʠ ὉȾ= 0,609 ɺ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ‍ , ʢʦʪʦ-

ʨʘʷ ʩʦʩʪʘʚʠʣʘ 2,3 106 Mï2, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 

ʩ ʦʢʠʩʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʎɺɸ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ Ŭ-CD ʥʘ ʆɺ ʩʚʦʡʩʪʚʘ ʮʠʘʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ, ʯʪʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʈʉɸ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʗʄʈ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʠʟ ʎɺɸ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʦʥʩʪʘʥʪʫ ʩʚʷʟʳʚʘʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩ CD. 

3.1.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɓ-CD ʩ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te) 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʦʣʴʰʠʤ ʧʦ ʨʘʟʤʝʨʫ ɓ-CD. ʇʦʩʢʦʣʴʢʫ ɓ-

CD ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʁʚ ʚʦʜʝ ʠ ʫʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ɓ-CD ʠ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʣʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ CD, ʚʩʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ 
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ʩʧʠʨʪʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʨʝʘʛʝʥʪʦʚ. ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ K4{[{Re 6Q8}(CN)6]@(ɓ-

CD)2}Ŀ2(ɓ-CD)ĿnH2O, ʛʜʝ Q = S (n = 25, ʩʦʝʜʠʥʝʥʠʝ 6), Se (n = 21, ʩʦʝʜʠʥʝʥʠʝ 7), ʠ Te (n = 

25, ʩʦʝʜʠʥʝʥʠʝ 8). ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʊɻɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 

(ʈʠʩ. ʇ8), ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʉɸ, ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠ-

ʚʝʜʝʥʦ ʥʠʞʝ. 

3.1.3.1. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʄʝʪʦʜʦʤ ʈʉɸ ʢʦʤʧʣʝʢʩʦʚ 6, 7 ʠ 8 (ʧʨ. ʛʨ. P1) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʩʦʜʝʨʞʘʪ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Re6Q8}(CN)6]4ï, ʚʢʣʶʯʝʥʥʳʡ ʚ ʜʚʝ ʤʦ-

ʣʝʢʫʣʳ ɓ-CD (ʈʠʩ. 31ɸ), ʧʨʠʯʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ ʮʠʢ-

ʣʦʜʝʢʩʪʨʠʥʘ (ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ʩʦʝʜʠʥʝʥʠʶ 3). ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʯʝʪʳʨʴʤʷ ʮʠʘʥʦ-ʛʨʫʧʧʘʤʠ, ʥʝ ʧʘʨʘʣʣʝʣʴʥʘ ɓ-CD, ʧʨʠ-

ʯʝʤ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʵʪʠʭ ʛʨʫʧʧ ʫʯʘʩʪʚʫʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʛʨʘʥʷʤʠ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (NỄH-ʉ = 2,8-3,0 ¡). ɼʚʝ ʦʩʪʘʚʰʠʝʩʷ ʮʠʘʥʦ-ʛʨʫʧʧʳ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʧʦʣʦʩʪʠ ɓ-CD ʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʭʦʟʷʠʥʘ 

(NỄH-ʉ = 3,0-3,2 ¡). ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʤʦʣʝ-

ʢʫʣʳ ɓ-CD, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ (OỄO 

= 2,7-3,2 ¡), ʦʙʨʘʟʫʷ ʪʨʫʙʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [011] (ʈʠʩ. 31ɹ). 

 

ʈʠʩ. 31. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ {[{Re6Q8}(CN)6]@(ɓ-CD)2} 4ï (ɸ) ʠ ʝʛʦ ʫʧʘʢʦʚʢʘ ʚ 6, 7 ʠ 8 (ɹ). 

Re ï ʟʝʣʝʥʳʡ, Q ï ʬʠʦʣʝʪʦʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ʂʘʣʠʡ, ʚʦʜʦʨʦʜ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʝ ʠʟʦʙʨʘʞʝʥʳ. 

ʂʘʞʜʘʷ ʪʨʫʙʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʘ ʩ ʰʝʩʪʴʶ ʩʦʩʝʜʥʠʤʠ ʯʝʨʝʟ ʩʣʦʞʥʫʶ ʩʝʪʴ ʚʦ-

ʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʝʨʚʠʯʥʳʝ ʛʨʘʥʠ (OỄO = 2,7-2,9 ¡). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʡ 

ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʘʪʠʦʥʳ K+ ʠ ʤʦʣʝʢʫʣ rʚʦʜʳ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʤʝʞʜʫ ʪʨʫʙ-

ʯʘʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠ-

ʪʝʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ 

[{Re6Q8}(CN)6]4ï (Q = S, Se Te) c ɓ-CD ʦʜʠʥʘʢʦʚʳʡ. 

3.1.3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ 1H, 77Se ʠ 125Te ʗʄʈ 

ʉ ʧʦʤʦʱʴʶ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʮʠʘʥʠʜʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʩ ɓ-CD. ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ 
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ʨʘʩʪʚʦʨʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H3, H5 ʠ H6 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʣʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ), ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦ-

ʪʦʥʦʚ H2 ʠ H4 (ʈʠʩ. ʇ9-ʇ11). ɹʦʣʝʝ ʪʦʛʦ, ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ 

ʩʧʝʢʪʨ ʗʄʈ (ʈʠʩ. 32). ʀʥʬʦʨʤʘʪʠʚʥʝʝ ʚʩʝʛʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ H3, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʩʜʚʠʛ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ [{ Re6Se8}(CN)6]4ï, 

ʤʝʥʴʰʠʡ ʩʜʚʠʛ ʜʣʷ [{Re6S8}( CN)6]4ï ʠ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʡ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ ʪʝʣʣʫʨʦʤ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚʦ ʚʣʠʷʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ CD ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʫʶ ʩʪʝ-

ʧʝʥʴ ʚʢʣʶʯʝʥʠʷ ʛʦʩʪʷ ʚ ʧʦʣʦʩʪʴ ʤʦʣʝʢʫʣʳ ʭʦʟʷʠʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʦʤʠʤʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ 1ʅ ʗʄʈ ʪʠʪʨʦ-

ʚʘʥʠʷ, ʤʳ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦ ʩʪʦʨʦʥʳ 

ʛʦʩʪʷ, ʪ.ʝ. ʩ ʧʦʤʦʱʴʶ 77Se ʠ 125Te ʗʄʈ. 

 

ʈʠʩ. 32. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɓ-CD ʚ D2O ʙʝʟ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ CD = 2ʤʄ. 

ʆʜʥʘʢʦ, ʚ ʜʘʥʥʳʭ ʗʄʈ-ʩʧʝʢʪʨʘʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɓ-CD ʥʘʙʣʶʜʘʣʦʩʴ 

ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ: ʩ ï388 ʜʦ ï384 ʤ.ʜ. ʜʣʷ 77Se ʠ ʩ ï1127,0 ʜʦ 

ï1126,6 ʤ.ʜ. ʜʣʷ 125Te (ʈʠʩ. 33). 
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ʈʠʩ. 33. ʌʨʘʛʤʝʥʪʳ 77Se (ʩʣʝʚʘ) ʠ 125Te (ʩʧʨʘʚʘ) ʗʄʈ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]4ï 

(Q = Se, Te) ʚ D2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɓ-CD. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʈʉɸ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʭʦʟʷʠʥʘ, ʪʘʢ ʠ 

ʛʦʩʪʷ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʫʶ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ɓ-CD. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩ Q = Se, ʘ ʜʣʷ Q = Te ï ʩʘʤʦʝ ʩʣʘʙʦʝ. 

3.1.3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʂʘʢ ʠ ʜʣʷ Ŭ-CD, ʎɺɸ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʠʩʪʝʤʳ ʩ ɓ-CD, ʠʩʧʦʣʴʟʫʷ ʪʝ ʞʝ 

ʫʩʣʦʚʠʷ. ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʢʨʠʚʳʭ ʎɺɸ 

ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [{ Re6Q8}( CN)6]4ï ʚ ʩʣʫʯʘʝ Q = S, Se, ʘ 

ʜʣʷ Q = Te ʚʣʠʷʥʠʝ CD ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ (ʈʠʩ. 34), ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʜʘʥʥʳʤʠ 
1ʅ ʗʄʈ. 

 

ʈʠʩ. 34. ʂʨʠʚʳʝ ʎɺɸ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(CN)6], ʛʜʝ Q = S (ɸ), Se (ɹ), Te (ɺ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɓ-CD ʚ 0,0025 ʄ HClO4. 

ʊʘʢʞʝ, ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ CD ʥʘ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʘʥʦʜʥʦʛʦ (ɽʘ) ʠ ʢʘʪʦʜʥʦʛʦ (Eʢ) 

ʧʠʢʦʚ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ (ʈʠʩ. ʇ12). ʉʤʝʱʝʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘʙʣʶ-

ʜʘʣʦʩʴ ʜʘʞʝ ʧʨʠ 30 ɻ ʢʚʠʚʘʣʝʥʪʘʭ ɓ-CD (ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ) (ʈʠʩ. 35ɸ 

ʠ ɺ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ CD ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ʇʦ ʘʥʘ-

ʣʦʛʠʠ ʩ Ŭ-CD ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʦʪ pCD 
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(ʈʠʩ. 35ɹ ʠ ɻ) ʧʨʠ ʠʟʙʳʪʢʝ CD (>15 ʵʢʚʠʚʘʣʝʥʪʦʚ). ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘ-

ʬʠʢʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʘ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʣʠʟʦʢ ʢ 59 ʤɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ-

ʤʝʥʷʪʴ ʪʝ ʞʝ ʤʝʪʦʜr ʨʘʩʯʝʪʘ, ʢʘʢʠʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʩʠʩʪʝʤʳ ʩ Ŭ-CD. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ‍  ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ɓ-CD, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 3 106 ʠ 1.6 106 Mï2 ʜʣʷ Q = S ʠ Se, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʣʷ ʩʠʩʪʝʤʳ [{Re6S8}(CN)6]4ï ʠ Ŭ-CD, ʯʪʦ 

ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ Ŭ-CD ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʤ ʧʨʦʯʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʦʢʠʩʣʝʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ɓ-CD. 

 

ʈʠʩ. 35. ʂʨʠʚʳʝ ʎɺɸ K4[{Re6Q8}(CN)6] ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɓ-CD (ɸ ʠ ɺ) ʠ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʦʪ p(CD) (ɹ ʠ ɻ) (Q = S ʩʚʝʨʭʫ, Q = Se ʩʥʠʟʫ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʎɺɸ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ ɓ-CD ʥʘ ʢʦʤ-

ʧʣʝʢʩ ʩ ʪʝʣʣʫʨʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʩʠʩʪʝʤ ʧʦ ʪʠʧʫ ʛʦʩʪʴ-ʭʦʟʷʠʥ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

3.1.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɔ-CD ʩ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te) 

ʇʝʨʝʡʜʝʤ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʦʚ, ʘ ʠʤʝʥʥʦ ɔ-CD. ʊʘʢ, ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [{Re6Q8}( CN)6]4ï (Q = Se, Te) ʠ ɔ-CD, c ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ M4{[{ Re6Q8}( CN)6]@(ɔ-CD)2}Ŀ(ɔ-CD) nH2O (M = Na, K, 

n ʟʘʚʠʩʠʪ ʦʪ ʭʘʣʴʢʦʛʝʥʘ ʠ ʢʘʪʠʦʥʘ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ 

Na4{[{Re 6Te8} (CN)6]@(ɔ-CD)2}Ā(ɔ-CD)Ā30H2O (9) ʠK4{[ { Re6Se8}(CN)6]@(ɔ-CD)2}Ā(ɔ-

CD)Ā40H2O (10) ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ. ɺ ʩʣʫʯʘʝ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʩʭʦʞʘʷ ʨʝ-

ʘʢʮʠʷ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʳʭ ʢʨʠʩʪʘʣʣʦʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʧʦʵʪʦʤʫ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʠ ʮʝʟʠʷ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ Cs4K8{[Re6S8(CN)6]@(ɔ-CD)2}Ā2[Re6S8(CN)6]Ā2 (ɔ-

CD)Ā49H2O (11) ʙʳʣʠ ʪʘʢʞʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʊɻɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (ʈʠʩ. ʇ13), ʨʝʟʫʣʴʪʘʪʳ ʢʦ-

ʪʦʨʳʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

3.1.4.1. ʆʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʉʦʝʜʠʥʝʥʠʷ 9 ʠ 10 ʠʟʦʩʪʨʫʢʪʫʨʥʳ (ʧʨ. ʛʨ. I422) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʘʥʠʜʥʳʡ ʢʣʘ-

ʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʣʶʯʝʥʥʳʡ ʚ ʧʦʣʦʩʪʠ ʜʚʫʭ ɔ-CD ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 36ɸ). ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘʤʠ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2,8-3,1 ¡ (OỄO). 

ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʘʥʘ ʤʥʦʞʝʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʦʩʪʝʡ ʠ ʭʦʟʷʠʥʦʤ: ʢʘʞʜʘʷ 

ʮʠʘʥʠʜʥʘʷ ʛʨʫʧʧʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʫʯʘʩʪʚʫʝʪ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʩ OH-

ʛʨʫʧʧʘʤʠ ʚʪʦʨʠʯʥʦʡ ʛʨʘʥʠ CD (NỄO = 2,8-3,0 ¡) (ʈʠʩ. 36ɸ), ʘ ʚʥʫʪʨʝʥʥʠʝ ʣʠʛʘʥʜʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʦʪʦʥʘʤʠ H3, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʩʪʠ CD (HỄSe = 3,2-3,5 ¡ ʠ HỄTe 

= 3,1-3,4 ¡) (ʈʠʩ. 36ɹ). 

 

ʈʠʩ. 36. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ 9 ʠ 10. ʉʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ, ʛʜʝ ʦʨʘʥʞʝʚʳʤ ʧʫʥʢʪʠʨʦʤ ʫʢʘʟʘʥʳ ʚʦʜʦ-

ʨʦʜʥʳʝ ʩʚʷʟʠ NỄH-O (ɸ). ɺʠʜ ʩʚʝʨʭʫ, ʛʜʝ ʧʦʢʘʟʘʥʳ ʙʣʠʟʢʠʝ ʢʦʥʪʘʢʪʳ H3 (ʛʦʣʫʙʦʡ ʮʚʝʪ) ̉  Q (ɹ). ʊʨʫʙ-

ʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚʢʣʶʯʝʥʠʷ ʠ ʩʚʦʙʦʜʥʳʤ CD (ɺ). 

Re ï ʟʝʣʝʥʳʡ, Q ï ʬʠʦʣʝʪʦʚʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ʋʧʘʢʦʚʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʯʝʨʝʟ ʧʝʨ-

ʚʠʯʥʳʝ ʛʨʘʥʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001], ʦʙʨʘʟʫʷ ʪʨʫʙʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʈʠʩ. 36ɺ). ʊʘʢʞʝ, ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʩʚʦʙʦʜʥʳʡ CD (ʥʘ 



77 
 

ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʝ), ʢʦʪʦʨʳʡ ʟʘʢʨʳʚʘʝʪ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʝʨʚʠʯʥʳʝ ʛʨʘʥʠ ʪʨʫʙʯʘ-

ʪʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩ. 36ɺ). ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʥʘʙʣʶʜʘʝʤʫʶ 

ʜʣʷ ʜʦʜʝʢʘʙʦʨʪʥʦʛʦ ʢʣʘʩʪʝʨʘ [B12Br12]2ï ʩ ɔ-CD [279]. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

Na2{[ B12Br12]@(ɔ-CD)2}Ā(ɔ-CD), ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ CD, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʨʘʟʫʧʦʨʷ-

ʜʦʯʝʥʥʳʝ ʢʘʪʠʦʥʳ (Na+ ʠʣʠ K+) ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʥʫʪʨʠ ʙʦʣʴʰʠʭ ʧʫʩʪʦʪ ʤʝʞʜʫ ʪʨʫʙʯʘʪʳʤʠ 

ʫʟʣʘʤʠ. 

ʉʦʝʜʠʥʝʥʠʝ 11 (ʧʨ. ʛʨ. C2) ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶ-

ʯʝʥʠʷ. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ. 37). ʇʝʨʚʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ [{Re6S8}(CN)6]4ï ʚ ʜʚʘ ɔ-CD, ʧʨʠʯʝʤ ʢʦʤʧʣʝʢʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ CD (ʈʠʩ. 37ɸ). ɺ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʝʪʳʨʝ ʮʠʘʥʠʜ-

ʥʳʝ ʛʨʫʧʧʳ, ʣʝʞʘʱʠʝ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘ-

ʥʷʤ CD ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ ʮʠʘʥʦ-ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤʠ ʛʨʘʥʷʤʠ CD. 

 

ʈʠʩ. 37. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʦʝʜʠʥʝʥʠʠ 11. 

Re ï ʟʝʣʝʥʳʡ, S ï ʞʝʣʪʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

ɺʪʦʨʦʡ ʪʠʧ ʆʄʂ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʚʦʙʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʚʦ-

ʙʦʜʥʦʛʦ ɔ-CD, ʥʘʧʦʜʦʙʠʝ ʩʪʨʫʢʪʫʨ [{Re6Q8}(CN)6]4ï (Q = Se, Te) ʩ Ŭ-CD (ʩʦʝʜʠʥʝʥʠʷ 4 ʠ 

5) (ʈʠʩ. 37ɹ). ʊʘʢʠʝ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʘ ʫʯʘʩʪʚʫʶʪ ʚ ʫʧʘʢʦʚʢʝ ʩʦʝʜʠʥʝʥʠʷ 11, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 38. ʂʘʪʠʦʥʳ ʮʝʟʠʷ ʠ ʢʘʣʠʷ, ʥʘʡʜʝʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʝ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʦʣʦ OH-ʛʨʫʧʧ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʫʧʨʘ-

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʩʘʤʙʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ (9 (Q = Te) ʠ 10 (Q = 

Se)) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2, ʚ ʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʪʦʨʠʯʥʦʡ 

ʛʨʘʥʴʶ ɔ-CD. ʉʦʝʜʠʥʝʥʠʝ 11 ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ ʢʦʤʧʣʝʢʩʘ (Q = S) ʦʙʨʘʟʦʚʘʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʧʝʨʚʠʯʥʦʡ ʛʨʘʥʴʶ ɔ-CD. 
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ʈʠʩ. 38. ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ 11: ʚʠʜ ʚʜʦʣʴ ʦʩʠ ʩ (ɸ) ʠ ʚʜʦʣʴ ʦʩʠ b (ɹ). 

Re ï ʟʝʣʝʥʳʡ, S ï ʞʝʣʪʳʡ, O ï ʢʨʘʩʥʳʡ, C ï ʩʝʨʳʡ, N ï ʩʠʥʠʡ. 

3.1.4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ 1H, 77Se ʠ 125Te ʗʄʈ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦ-

ʱʴʶ 1ʅ ʗʄʈ ʪʠʪʨʦʚʘʥʠʷ. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʣʝʢʩʘ [{Re6S8}(CN)6]4ï ʢ ʨʘʩʪʚʦʨʫ ɔ-

CD ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H3 ʠ H5, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ (ʈʠʩ. 39). ɼʣʷ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ H2, H4 ʠ H6 ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ.  

 

ʈʠʩ. 39. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɔ-CD ʚ D2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ [{Re6S8}(CN)6]4ï. 

ʂʦʥʮʝʥʪʨʘʮʠʷ CD = 3ʤʄ. 

ʆʜʥʘʢʦ, ʭʦʪʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘ ʗʄʈ-ʩʧʝʢʪʨ (ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ Ŭ- ʠʣʠ ɓ-CD), ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʩʝ ʝʱʸ ʷʚʣʷʝʪʩʷ ʣʘʙʠʣʴʥʦʡ ʠ 

ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 12 ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʢ CD. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɔ-CD ʩ ʢʦʤʧʣʝʢʩʦʤ [{Re6Se8}(CN)6]4ï 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʚʩʝʭ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ CD: ʩʠʣʴʥʳʡ ʩʜʚʠʛ ʜʣʷ H3 ʠ ʚ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ʜʨʫʛʠʭ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠʩʴ 

ʙʣʠʟʢʠʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ H3 (ʈʠʩ. 40). ʏʪʦ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦ, 

ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ (ʣʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ) ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 
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ʦʪʥʦʰʝʥʠʷ ʂʂ:CD = 1:1, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝ ʪʘʢʦʡ ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ. 

 

ʈʠʩ. 40. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɔ-CD ʚ D2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ [{Re6Se8}(CN)6]4ï. 

ʂʦʥʮʝʥʪʨʘʮʠʷ CD = 3ʤʄ. 

ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ ʢʦʤʧʣʝʢʩʘ ʩ 

ʪʝʣʣʫʨʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʆʄʂ ʢ ʨʘʩʪʚʦʨʫ CD ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʷʚʣʝ-

ʥʠʝ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚʩʝʭ ʧʨʦʪʦʥʦʚ (ñʟʘʤʦʨʦʞʝʥʥʘʷò ʩʠʩʪʝʤʘ) ʠ ʠʭ ʫʰʠʨʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʪʦʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩ. 41). 

 
ʈʠʩ. 41. 1ʅ ʗʄʈ-ʩʧʝʢʪʨʳ ɔ-CD ʚ D2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ 

[{Re6Te8}(CN)6]4ï. ʉʠʛʥʘʣ ʧʨʦʪʦʥʦʚ H3 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʚʦʜʳ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ CD = 3ʤʄ. 

ɹʦʣʝʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʝʢʨʘʱʘʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʂʂ:CD 

= 0,5:1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ 1:2 ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ʇʦʤʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʭʦʟʷʠʥʘ, ʤʳ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʚʣʠʷ-

ʥʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʥʘ ʩʧʝʢʪʨʳ ʛʦʩʪʷ (ʈʠʩ. 42). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʵʬʬʝʢʪ, ʯʝʤ ʜʣʷ ʩʠʩʪʝʤ ʩ ɓ-

CD. ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ CD (ʣʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ) ʧʨʦʠʩʭʦʜʠʣʦ ʩʤʝʱʝʥʠʝ 

ʩʠʛʥʘʣʦʚ 77Se ʩ ï389 ʜʦ -392,6 ʤ.ʜ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ 125Te ʧʦʷʚʣʷʣʠʩʴ ʥʦʚʳʝ ʩʠʛ-

ʥʘʣʳ (ï1165 ʤ.ʜ. ʧʨʦʪʠʚ ï1127 ʤ.ʜ. ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʦʝʜʠʥʝʥʠʶ 

ʚʢʣʶʯʝʥʠʷ (ñʟʘʤʦʨʦʞʝʥʥʘʷò ʩʠʩʪʝʤʘ). 

 
ʈʠʩ. 42. 77Se (ʩʣʝʚʘ) ʠ 125Te (ʩʧʨʘʚʘ) ʗʄʈ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]4ï (Q = Se, Te) ʚ D2O ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɔ-CD. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʮʠʘʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɔ-CD, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʛʦ ʤʝʥʴʰʠʤʠ ʧʦ ʨʘʟ-

ʤʝʨʘʤ ʘʥʘʣʦʛʘʤʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʢʦʤ-

ʧʣʝʢʩʦʚ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ɔ-CD. 

3.1.4.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʎɺɸ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥ rʜʣʷ ʩʠʩʪʝʤʳ ʩ ɔ-CD. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʦʙ-

ʥʘʨʫʞʝʥ ʩʜʚʠʛ ʢʨʠʚʦʡ ʎɺɸ ʜʣʷ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ (ʈʠʩ. 43ɸ), ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʩʤʝʱʝʥʠʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʤʝʥʴʰʠʭ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥ,r ʙʳʣʦ ʥʘʡʜʝʥʦ ʘʙʩʦʣʶʪʥʦ ʜʨʫʛʦʝ ʚʣʠʷʥʠʝ CD ʥʘ ʎɺɸ ʢʨʠʚʳʝ ʢʦʤʧʣʝʢʩʦʚ ʩ Q = Se 

ʠ Te (ʈʠʩ. 43ɹ ʠ ɺ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʟʷʠʥʘ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʣʦ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʘʭ 

(ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʩʦʝʜʠʥʝʥʠʶ ʚʢʣʶʯʝʥʠʷ), ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʠʛʥʘʣʘ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ, ʘ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʚʳʭ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 2 ʵʢʚʠʚʘʣʝʥʪʦʚ CD ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ, ʪʦʢʠ ʘʥʦʜʥʳʭ 

ʧʠʢʦʚ ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ (ʈʠʩ. ʇ14). ʊʘʢʦʝ ʥʘʙʣʶ-

ʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʩʝ ʝʱʸ ʙʳʩʪʨʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD 

ʠ ʢʦʥʪʨʦʣʠʨʫʝʤ ʜʠʬʬʫʟʠʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʪʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ 

ʤʝʜʣʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤʳʤ. 
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ʈʠʩ. 43. ʂʨʠʚʳʝ ʎɺɸ ʢʦʤʧʣʝʢʩʦʚ K4[{Re6Q8}(CN)6], ʛʜʝ Q = S (ɸ), Se (ɹ), Te (ɺ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɔ-CD ʚ 0,025 ʄ HClO4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʤʝʜʣʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ/ʜʠʩʩʦʮʠʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʪʠʧʫ ʛʦʩʪʴ-ʭʦʟʷʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʜʦʧʦʣʥʷʶʪ ʠʭ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʭʦʞʘʷ ʣʘʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʜʣʷ Q = S ʠ ñʟʘʤʦʨʦʞʝʥ-

ʥʘò̫ ʩʠʩʪʝʤʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ Q = Te. ʂʦʤʧʣʝʢʩ ʩ ʩʝʣʝʥʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ 

ʷʜʨʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʤʙʠʥʠʨʫʝʪ ʜʚʝ ʩʠʩʪʝʤʳ: ʣʘʙʠʣʴʥʘʷ ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʠ ñʟʘʤʦʨʦ-

ʞʝʥʥʘʷò ʧʦ ʜʘʥʥʳʤ ʎɺɸ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʧʦʩʳʣʢʦʡ ʨʘʟʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 24 ʠ 23 ʂɺʕ ʩ ɔ-CD. 

ʂʘʢ ʠ ʜʣʷ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ, ʠʟ ʢʨʠʚʳʭ ʎɺɸ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝ-

ʥʝʥʳ ʢʦʥʩʪʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʠʩʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ɔ-CD. ʊʘʢ, ʘʥʘʣʦʛʠʯʥʦ ʩʠʩʪʝ-

ʤʘʤ ʩ Ŭ- ʠ ɓ-CD, ʚ ʩʣʫʯʘʝ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ ʢʨʠʚʳʭ ʎɺɸ ʜʘʞʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ 50 ʵʢʚʠʚʘʣʝʥʪʦʚ ɔ-CD (ʈʠʩ. 44ɸ). ʅʘʙʣʶʜʘʝʤʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʣʠ-

ʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ pCD, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʣʠʟʦʢ ʢ 59 ʤɺ (ʈʠʩ. 44ɹ). ʀʩʧʦʣʴʟʫʷ ʚʳ-

ʰʝʦʧʠʩʘʥʥʫʶ ʪʝʦʨʠʶ, ʙʳʣʘ ʦʮʝʥʝʥʘ ʛʣʦʙʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ‍ , ʢʦ-

ʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 2.2 107 M-2, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ Ŭ- ʠ ɓ-CD. ʇʦ-

ʩʢʦʣʴʢʫ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ Q = Se ʠ Te ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ɔ-CD, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ 1:1, ʪʘʢ ʠ 1:2 ʩʦʝʜʠʥʝʥʠʡ (ʧʦ ʜʘʥʥʳʤ 

ʀʂʊ ʦʧʠʩʘʥʥʳʤ ʥʠʞʝ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʦʞʥʦ ʪʦʣʴʢʦ ʢʨʠʚʳʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. 

 
ʈʠʩ. 44. ʂʨʠʚʳʝ ʎɺɸ K4[{Re6S8}(CN)6] ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɔ-CD (ɸ) ʠ ʣʠʥʝʡʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʦʪ pCD (ɹ). 



82 
 

ʊʘʢ, ʧʨʠ ʚʚʝʜʝʥʠʠ 0,5 ʵʢʚʠʚʘʣʝʥʪʦʚ CD ʚ ʨʘʩʪʚʦʨ, ʥʦʚʳʡ ʘʥʦʜʥʳʡ ʧʠʢ ʜʦʣʞʝʥ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʚ ʦʩʥʦʚʥʦʤ ʆɺ ʧʨʦʮʝʩʩʫ ʜʣʷ ñʟʘʤʦʨʦʞʝʥʥʳʭò ʩʠʩʪʝʤ 1:1 (ʫʨʘʚʥʝʥʠʝ 6). 

[{Re6}ʚʦʩʪ@CD]4ï = [{Re6}ʦʢʠʩʣ@CD]3ï + Ǜ    (6) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʥʩʪʘʥʪʫ ʫʩʪʦʡʯʠʚʦʩʪʠ (ὑȡ) ʩʦʝʜʠ-

ʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Re6Q8}(CN)6]3ï (Q = Se, Te) ʚ ɔ-CD ʠʟ ʫʨʘʚʥʝ-

ʥʠʷ 7, ʛʜʝ Ὁ  ʠ Ὁ  ʧʦʪʝʥʮʠʘʣʳ ʘʥʦʜʥʳʭ ʧʠʢʦʚ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʧʨʠʩʫʪʩʪʚʠʠ CD, ʘ K1:1 ï 

ʢʦʥʩʪʘʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 1:1 ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]4ï (Q = Se, Te) ʩ ɔ-CD 

(ʠʟ ʜʘʥʥʳʭ ʀʂʊ). 

Ὁ Ὁ πȢπυω ,ÏÇȡ
ȡ
     (7) 

ʊʘʢ, ὑȡ ʜʣʷ Q = Se ʠ Te ʩʦʩʪʘʚʠʣʠ 2,4Ŀ105 ʠ 1,0Ŀ107 Mï1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ, ʢʘʢ ʠ ʩʤʝʱʝʥʠʝ ʢʨʠʚʳʭ ʎɺɸ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʫʢʘʟʳ-

ʚʘʶʪ ʥʘ ʙʦʣʴʰʝʝ ʩʨʦʜʩʪʚʦ ʦʢʠʩʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ɔ-CD ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʬʦʨʤʘʤʠ. 

3.1.4.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʠʩʪʝʤ ʩ ɔ-CD ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʷʣʦ ʆɺ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ CD ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦ-

ʛʣʦʱʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ (ʈʠʩ. ʇ15), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʧʨʠʨʦʜʳ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 
ʈʠʩ. 45. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ K4[{ Re6Q8}( CN)6] (Q = S (ɸ), Se (ɹ), Te (ɺ)) (C = 0,08 ʤʄ) 

ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ (ʘ) ʠ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ (ʙ) ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ g-CD 

(5,1 ʤʄ (Q = S); 2,8 ʠ 5,4 ʤʄ (Q = Se); 0,1, 0,4 ʠ 5,0 ʤʄ (Q = Te)) (ʚ,ʛ,ʜ). 

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ (ʈʠʩ. 45) ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʩ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʤʠ ʤʘʢʩʠ-

ʤʫʤʘʤʠ ʵʤʠʩʩʠʠ (ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʚʣʠʷʥʠʷ CD ʥʘ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʣʝʢʩʦʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ g-

CD (ʊʘʙʣ. 1). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ [{Re6Q8}(CN)6]4ï ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

Q ū[ʘ] [17] ūCD[ʘ] Ű0/ʤʢʩ[ʘ] Ű/ʤʢʩ[ʙ] Ű0CD/ʤʢʩ[ʘ] ŰCD/ʤʢʩ[ʙ] 

S 0,009  < 0,01 1,17 1,06 1,27 1,15 

Se 0,015 0,03 2,12 1,50 4,25 2,53 

Te 0,004 0,01 0,43 0,34 0,75 0,69 

ū ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ūCD ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD (> 5 ʤM), Ű0 ʠ Ű ï ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, Ű0CD ʠ ŰCD ï ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD (> 20 ʤM). [ʘ]ɼʝʘʵʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ. [ʙ]ɸʵʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ. 

ʀʟʤʝʥʝʥʠʷ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʜʣʷ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦ-

ʜʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʩʣʘʙʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ 

Q = Se ʠʣʠ Te, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʪʘʢʪʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʚʩʣʝʜʩʪʚʠʝ ʚʢʣʶʯʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ CD, ʯʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪ ʧʝʨʝ-

ʜʘʯʫ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ H2O, ʧʨʠʚʦʜʷ-

ʱʫʶ ʢ ʦʙʰʠʨʥʦʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ [29]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʦʝ ʚʢʣʶʯʝ-

ʥʠʝ ʪʘʢʞʝ ʟʘʱʠʱʘʝʪ ʦʪ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ (ʊʘʙʣ. 1). 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʩʨʘʚʥʠʤ ʟʥʘʯʝʥʠʷ 1-(Ű/Ű0), ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʨʘʢʮʠʶ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʫʰʝ-

ʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʨʦʜʘ. ɼʣʷ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʩ g-CD ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 9%, ʯʪʦ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ [{Re6Se8}( CN)6]4ï 

ʬʨʘʢʮʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 29 ʜʦ 40 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ [{Re6Te8}(CN)6]4ï ʧʨʦʠʟʦʰʣʦ ʧʘʜʝ-

ʥʠʝ ʩ 21 ʜʦ 8%. ʕʪʠ ʵʬʬʝʢʪʳ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʭʦʪʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢ-

ʩʦʚ ʚʢʣʶʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʠʭ ʪʫʰʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ, ʦʥʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʪʨʫʜʥʝʥʠʝʤ ʜʠʬ-

ʬʫʟʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʫʰʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʠʩʣʦʨʦʜʦʤ. ɺ ʩʣʫʯʘʝ 

[{ Re6Se8}( CN)6]4ï ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʥʦʩʠʪ ʙʦʣʴʰʠʡ ʚʢʣʘʜ, ʯʝʤ ʫʤʝʥʴʰʝʥʠʝ 

ʜʠʬʬʫʟʠʠ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ [{Re6Te8}( CN)6]4ï ʩ g-CD ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʙʦʣʝʝ ʤʝʜʣʝʥʥʫʶ ʜʠʬʬʫʟʠʶ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪʫʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʩ ʧʦʤʦ-

ʱʴʶ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ 

ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ. 

3.1.5. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ CD ʠ [{Re6Q8}(CN)6]4ï (Q = S, Se, Te) 

ʇʦʤʠʤʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʠʩʪʝʤ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʩ-
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ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʠ ʢʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ. 

ʆʜʥʘʢʦ, ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʦʜʠʪʴ ʜʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ çʢʣʘʩʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ï ʮʠʢʣʦʜʝʢʩʪʨʠʥè ʚ ʩʨʘʚʥʝʥʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

3.1.5.1. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʘʩʩ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʠʛʥʘʣʳ ʩʦʝʜʠʥʝʥʠʡ ʩ CD ʚ ʩʦʦʪ-

ʥʦʰʝʥʠʠ 1:1 ʠʣʠ 1:2 (ʈʠʩ. ʇ16-ʇ24 ʠ ʊʘʙʣ. ʇ3-ʇ8), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʘ ʚʦ ʤʥʦʛʠʭ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʢʠʩʣʝʥʠʝʤ ʩʦ-

ʝʜʠʥʝʥʠʷ ʚ ʭʦʜʝ ʠʦʥʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ. ʆʜʥʘʢʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʢʦʥʢʫʨʝʥʪʥʘʷ ʤʘʩʩ-ʩʧʝʢ-

ʪʨʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚ ʨʘʩʪʚʦʨ ʭʦʟʷʠʥʘ ʜʦʙʘʚʣʷʶʪ ʜʚʘ ʨʘʟʥʳʭ ʛʦʩʪʷ ʠ ʩʨʘʚʥʠʚʘʶʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ [334]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʜʝʣʘʶʪʩ ̫ʚʳʚʦʜʳ ʦ ʪʦʤ, ʢʘʢʦʡ ʛʦʩʪʴ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʭʦʟʷʠʥʦʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʨʘʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʘ 

ʠʤʝʥʥʦ ʚʚʝʜʝʥʠʝ ʚʩʝʭ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ (Ŭ, ɓ ʠ ɔ, 2 ʵʢʚʠʚʘʣʝʥʪʘ ʢʘʞʜʳʡ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʮʠʘʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ [{ Re6S8} (CN)6]4ï 

ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʝ 1:1 ʩʦ ʚʩʝʤʠ CD ({[{ Re6S8}( CN)6](Ŭ-CD)} 3ï
 (m/z = 833,93), 

{[{ Re6S8}( CN)6](ɓ-CD)} 3ï
 (m/z = 887,94) ʠ {[{Re6S8}( CN)6](ɔ-CD)} 3ï

 (m/z = 941,97)) ʩ ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʛʥʘʣʦʚ (ʈʠʩ. 46 ʠ ʊʘʙʣ. ʇ9). 

 
ʈʠʩ. 46. ʌʨʘʛʤʝʥʪ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʘ [{ Re6S8}( CN)6]4ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʘʞʜʦʛʦ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (Ŭ, ɓ ʠ ɔ). 

ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ ʩʝʣʝʥʦʤ ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ ʥʘʙʣʶʜʘʣʠʩʴ ʬʦʨʤʳ ʩ ɓ- ʠ ɔ-CD 

({[{ Re6Se8}( CN)6](ɓ-CD)} 3ï
 (m/z = 1013,78) ʠ {[{Re6Se8}( CN)6](ɔ-CD)} 3ï (m/z = 1067,79)), 

ʜʣʷ ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʩ ɔ-CD ʙʳʣʘ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ɓ-CD, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʢʘʢʠʝ-ʣʠʙʦ ʬʦʨʤʳ ʩ ʤʝʥʴʰʠʤ ʧʦ ʨʘʟʤʝʨʫ Ŭ-CD (ʈʠʩ. ʇ25 ʠ ʊʘʙʣ. ʇ10). ɺ 
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ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ [{ Re6Te8}( CN)6]4ï ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʦʣʴʢʦ ʬʦʨʤʳ ʩ ɔ-CD 

({[{ Re6Te8}( CN)6](ɔ-CD)} 3ï
 (m/z = 1197,10)) (ʈʠʩ. ʇ26 ʠ ʊʘʙʣ. ʇ11). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʥʴʰʝʛʦ ʧʦ ʨʘʟʤʝʨʫ ʢʦʤʧʣʝʢʩʘ [{ Re6S8}( CN)6]4ï ʦʙʨʘʟʦ-

ʚʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩʦ ʚʩʝʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩʳ 

[{ Re6Se8}( CN)6]4ï ʠ [{Re6Te8}( CN)6]4ï ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ɔ-CD, ʯʪʦ ʭʦ-

ʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʉɸ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

3.1.5.2. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 

ʀʂʊ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʦʤ. ʊʘʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʵʥʪʘʣʴʧʠʷ (ȹrH*), ʵʥ-

ʪʨʦʧʠʷ (ȹrS*) ʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (ȹrG*), ʘ ʪʘʢʞʝ ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ (ʂ) ʮʠʘʥʠʜʥʳʭ ʢʣʘ-

ʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [{ Re6Q8}( CN)6]4ï ʩʦ ʚʩʝʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ (ʊʘʙʣ. 2). ɿʘʤʝ-

ʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʣʷ ʨʷʜʘ ʩʠʩʪʝʤ: [{ Re6Te8}( CN)6]4ï ʠ Ŭ- ʠʣʠ ɓ-CD, 

[{ Re6Se8}( CN)6]4ï ʠ Ŭ-CD, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʩʠʩʪʝʤ ʩ ɔ-CD ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʜʚʝ ʩʪʘʜʠʠ (1:1 ʠ 1:2), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʠʦ-ʢʦʤ-

ʧʣʝʢʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʪʦʨʘʷ ʩʪʘʜʠʷ (1:2) ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ (1:1). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ʂʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ (K) ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ [{Re6Q8}(CN)6]4ï ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʠ 

ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ 298 ʂ 

CD Q ʉʪʘʜʠʷ K, Mï1 
ȹrH* , 

ʢɼʞ/ʤʦʣʴ 

TȹrS*, 

ʢɼʞ/ʤʦʣʴ 

ȹrG*, 

ʢɼʞ/ʤʦʣʴ 

Ŭ-CD 

S 1:1 727 ï40,6 ï24,3 ï16,3 

Se 1:1 - - - - 

Te 1:1 - - - - 

ɓ-CD 

S 1:1 884 ï40,6 ï23,8 ï16,8 

Se 1:1 749 ï27,4 ï11,0 ï16,4 

Te 1:1 - - - - 

ɔ-CD 

S 1:1 900 ï63,2 ï46,4 ï16,8 

Se 
1:1 

1:2 

1500 

300 

ï30,4 

ï56,5 

ï12,3 

ï42,7 

ï18,1 

ï13,8 

Te 
1:1 

1:2 

37700 

12700 

ï25,3 

ï51,0 

+0,8 

ï27,7 

ï26,1 

ï23,4 

ʊʘʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʘʤʦʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

[{ Re6Te8}( CN)6]4ï ʩ ɔ-CD. ɿʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʢʦʥʩʪʘʥʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 

[{ Re6Se8}( CN)6]4ï ʠ ɔ-CD. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ ʩʨʘʚʥʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘ-

ʟʳʚʘʶʱʠʝ ʥʘ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʢʨʘʩʥʦ ʩʦʛʣʘʩʫ-

ʪʁʩʷ ʩʦ ʚʩʝʤʠ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 
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ɺʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ CD ʜʚʠʞʠʤʳ ʵʥʪʘʣʴʧʠʝʡ, ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʠʤʝʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʣʠʟʢʘʷ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʦʪ ʵʥʪʨʦʧʠʠ, ʯʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʚ ʣʠʪʝʨʘ-

ʪʫʨʝ ʢʘʢ ʵʥʪʘʣʴʧʠʡʥʦ-ʵʥʪʨʦʧʠʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (ʈʠʩ. 47). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʢʦʤʧʝʥʩʠʨʫʶʪ ʥʝʛʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʠʭ ʚʢʣʶʯʝʥʠʠ ʚ CD. ʊʘʢʦʝ ʥʘʙʣʶ-

ʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʘʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥ-

ʥʳʤʠ ʜʦʜʝʢʘʙʦʨʘʪʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ [279]. ɿʘʤʝʪʠʤ, ʯʪʦ ʥɻʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝ-

ʥʠʷ ʚʢʣʶʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʣʠʛʘʥʜʘ. ʆʜʥʘʢʦ, ʪʘʢʘʷ 

ʪʝʥʜʝʥʮʠʷ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [279] ʜʣʷ ʩʦʝʜʠ-

ʥʝʥʠʡ [B12X12]2ï (X = Cl, Br, I), ʢʦʪʦʨʳʝ ʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʣʠ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢʦʝ ʷʚʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʦʣʴ-

ʚʘʪʘʮʠʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʚʫʶʪ ʰʝʩʪʴ ʪʝʨ-

ʤʠʥʘʣʴʥʳʭ ʮʠʘʥʦ-ʣʠʛʘʥʜʦʚ, ʘ ʥʝ ʚʦʩʝʤʴ ʚʥʫʪʨʝʥʥʠʭ Q ʣʠʛʘʥʜʦʚ. 

 

ʈʠʩ. 47. ʕʥʪʘʣʴʧʠʡʥʦ-ʵʥʪʨʦʧʠʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʢʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʥʠʷ ï ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥ, ʫʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 1:1. 

ʊʘʢ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Q ʣʠʛʘʥʜʦʚ ʢ Re, ʦʩʣʘʙʣʷʝʪʩʷ Re-C ů-ʩʚʷʟʴ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ { C-N}, ʯʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʠʣʠʚʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝ-

ʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʩʦʣʴʚʘʪʥʦʡ ʩʬʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʦʪʨʦʧʥʳʡ 

ʵʬʬʝʢʪ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ S, Se, Te ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʜʚʠʞʫʱʠʭ ʩʠʣ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʠʦ-ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʩʝʤʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʧʨʠ-

ʤʝʨʥʦ ʩ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʩʪʘʥʪʦʡ ʩʚʷʟʳʚʘʥʠ̫, ʘ ʢʦʤʧʣʝʢʩʳ ʩ ʩʝʣʝʥʦʤ ʠ ʪʝʣʣʫʨʦʤ ʚ ʢʣʘʩʪʝʨ-

ʥʦʤ ʷʜʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩ ɔ-CD. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʜʨʫʛʦʡ ʬʘʢʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ CD ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʛʦʩʪʷ ʠ ʧʦʣʦʩʪʠ ʭʦʟʷʠʥʘ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʚʝʜʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʦʩʪʷ ʠ 
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ʭʦʟʷʠʥʘ (R), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʜʠʘʛʦʥʘʣʴʶ ʛʨʘʥʠ ʢʫʙʘ Q8 ʠ 

ʩʨʝʜʥʠʤ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ CD (ʈʠʩ. 48). 

 
ʈʠʩ. 48. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ 

ʨʘʩʯʝʪʘ R, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: R = DQ-Q / DCD (A). ʂʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʛʦʩʪʷ ʠ ʭʦʟʷʠʥʘ (ɹ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʩʪʝʤʳ ʛʦʩʪʴ-ʭʦʟʷʠʥ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ R ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0,82 ʜʦ 

1,5, ʚʢʣʶʯʘʷ ʟʥʘʯʝʥʠʝ R = 1, ʢʦʪʦʨʦʝ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʠʣʫʯʰʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʠʶ ʛʦʩʪʴ-ʭʦʟʷʠʥ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʪʝʣʣʫʨ-ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩ ʩ ɔ-CD ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ R, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʟʥʘʯʝʥʠʶ 1 (R = 0,97), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʪʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ K1:1 (ʈʠʩ. 48). ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʟʥʘʯʝʥʠʷ R = 0,97 ʚʩʝ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʯʝʥʴ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ K1:1 ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1000 ʜʦ ʥʫʣʷ. ʅʘʧʨʠʤʝʨ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟ-

ʤʝʨʘ ʤʝʞʜʫ ɓ-CD ʠ Se (R = 1.16) ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ S (R = 1.10) ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʟʥʘʯʝ-

ʥʠʷʤ ʢʦʥʩʪʘʥʪ K1:1 (K1:1 <1000). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ï ʭʘʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʢ-

ʣʦʜʝʢʩʪʨʠʥʘ ʢʘʢ ʩ ʚʥʫʪʨʝʥʥʠʤʠ, ʪʘʢ ʠ ʩ ʚʥʝʰʥʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩʠʤ-

ʤʝʪʨʠʷ ʛʦʩʪʷ ʠ ʭʦʟʷʠʥʘ, ʦʜʥʘʢʦ, ʠʭ ʜʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʚʢʣʶʯʝʥʠʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 
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ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʊʘʢ, ʜʣʷ ʪʠʦ-ʢʦʤʧʣʝʢʩʘ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʝʥʠʷ ʚʥʦʩʠʪ ʭʘʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ ʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ CD. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ, ʚʦ ʚʩʝʭ ʩʣʫ-

ʯʘʷʭ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʤʝʥʝʝ ʭʘʦʪʨʦʧʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Q = Se ʠʣʠ Te, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩ ʙʦʣʴʰʠʤ ʧʦ 

ʨʘʟʤʝʨʫ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʝʤ ʚʣʠʷʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ, ʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦʩʚʷʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ. 

3.1.5.3. ʂʨʫʛʦʚʦʡ ʜʠʭʨʦʠʟʤ 

ʀʥʜʫʮʠʨʦʚʘʥʥʳʡ ʮʠʨʢʫʣʷʨʥʳʡ ʜʠʭʨʦʠʟʤ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʘʭʠʨʘʣʴʥʳʡ 

ʛʦʩʪʴ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʭʠʨʘʣʴʥʳʤ ʭʦʟʷʠʥʦʤ, ʪʘʢʠʤ ʢʘʢ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ [312], 

ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ [335] ʠʣʠ ʙʝʣʢʠ [336]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦ-

ʠʟʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ [{Re6Q8}(CN)6]4ï ʠ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ 

CD. ʉʧʝʢʪʨ ʂɼ [{Re6Te8}(CN)6]4ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɔ-CD ʩʦʜʝʨʞʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʡ ʩʠʛʥʘʣ ʂʦʪʪʦʥʘ ʧʨʠ 212 ʥʤ, ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʧʨʠ 228 ʥʤ, ʠ ʜʚʘ ʩʣʘʙʳʭ ʠ ʰʠʨʦʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʘ ʧʨʠ 248 ʠ 300 ʥʤ (ʈʠʩ. 49). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ŭ- ʠ ɓ-CD ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʂɼ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

(ʈʠʩ. 49). 

 
ʈʠʩ. 49. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [{Re6Te8}(CN)6]4ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟ-

ʙʳʪʢʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ. 

ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [{Re6Se8}(CN)6]4ï ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʢʘʨʪʠʥʘ: ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘ-

ʣʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Ŭ- ʠ ɓ-CD ʠ ʜʚʘ ʠʥʪʝʥʩʠʚʥʳʭ ʩʠʛʥʘʣʘ ʂʦʪʪʦʥʘ ʧʨʠ 215 ʥʤ (ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ) ʠ 237 ʥʤ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ) (ʈʠʩ. ʇ27). ɼʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʪʠʦ-

ʢʦʤʧʣʝʢʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʣʘʙrʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʥʘ 224 ʠ 

281 ʥʤ (ʈʠʩ. ʇ28), ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ŭ- ʠ ɓ-CD, ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ Q = Se, Te, ʥʝ ʙʳʣʠ ʦʙʥʘ-

ʨʫʞʝʥʳ ʩʠʛʥʘʣʳ. 




























































































































































