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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʍɻʇʄ ï ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʈʌʕʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

EDX-ʘʥʘʣʠʟ (Energy dispersive X-ray) ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

XRPD (X-ray powder diffraction ) ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

DFT-ʨʘʩʯʸʪ (Density functional theory) ï ʨʘʩʯʸʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ 

ʀʉʇ-ɸʕʉ (ICP-AES) ï ʘʪʦʤʥʦ-ʵʤʠʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ 

ZFC (Zero Field Cooling) ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ   

FC (Field Cooling) ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

DOS (Density Of States) ï ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʪʦ ʝʩʪʴ ʯʠʩʣʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚ 

ʝʜʠʥʠʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʸʤʘ/ʧʣʦʱʘʜʠ 

EtOH  ï ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, C2H5OH 

MeCN ï ʘʮʝʪʦʥʠʪʨʠʣ, CH3CN 

NMP ï N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ, ʉ5H9NO 

DMF  ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, (CH3)2NCH 

dmp ï 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ, C5H8N2 

thiram  ï ʪʝʪʨʘʤʝʪʠʣʪʠʫʨʘʤʜʠʩʫʣʴʬʠʜ, C6H12N2S4 

tht  ï ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ 

bipy ï ʙʠʧʠʨʠʜʠʥ 

thiox ï 1,4-ʪʠʦʢʩʘʥ 

phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

en ï ʵʪʠʣʝʥʜʠʘʤʠʥ  

Ox ï ʦʢʩʘʣʘʪ, C2O4
2- 

OAc ï ʘʮʝʪʘʪ, CH3COO
-
 

4-tBu-py ï 4-ʪʨʝʪʙʫʪʠʣʧʠʨʠʜʠʥ 

atrz - ʪʨʘʥʩ-4,4'-ʘʟʦ-1,2,4-ʪʨʠʘʟʦʣ 



5 

 

LPCVD  (Low Pressure Chemical Vapor Deposition) ï ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʘʤʘʥʦʚʩʢʘʷ) 

ʑʄ ï ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ 

ʇʄ ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ 

ʈɿʄ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ 

ɼʊɸ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

pH ï ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, -lg([H
+
]) 

ʂʏ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʇʨ. ʛʨ. ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʇʕʗ ï ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

t1, t2, t3 ï ʚʨʝʤʷ ʥʘʛʨʝʚʘ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ ʠ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ 

ʚʜɺ ʢʦʥʪʘʢʪʳ ï ʚʘʥ ʜʝʨ ɺʘʘʣʴʩʦʚʳ ʢʦʥʪʘʢʪʳ 

ʌʄ ʬʘʟʘ ï ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʬʘʟʘ 

ɸʌ ʬʘʟʘ ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʬʘʟʘ 

ʉʇʄ ʧʦʚʝʜʝʥʠʝ ï ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʜʘʣʝʝ ʍɻʇʄ) ʥʘʟʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 

ʇM-Q-Hal (ʇM = ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, Q = S, Se, Te, Hal = F, Cl, Br, I), ʚ ʢʦʪʦʨʳʭ ʩ ʘʪʦʤʦʤ 

ʤʝʪʘʣʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʟʫʶʪ ʩʚʷʟʴ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʠ ʛʘʣʦʛʝʥʘ. ʍɻʇʄ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʣʘʩʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʭʘʣʴʢʦʛʝʥ-ʛʘʣʦʛʝʥ. ʉʚʦʡʩʪʚʦ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʦʚ ʠ ʛʘʣʦʛʝʥʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʧʦʩʦʙʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʩ ʨʘʟʤʝʨʥʦʩʪʷʤʠ ʦʪ 0D ʜʦ 3D. ɹʦʛʘʪʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʭʠʤʠʷ ʍɻʇʄ ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʭ ʠʟʫʯʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʍɻʇʄ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʇʄ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʜʝʣʘʣʠ ʫʧʦʨ 

ʥʘ ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ. ʉʚʦʡʩʪʚʦ ʚʘʥʘʜʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʝʣʘʝʪ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ: ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, 

ʩʪʨʦʝʥʠʷ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ, ʍɻʇʄ ʫʞʝ ʠʟʚʝʩʪʥʳ ʧʦʨʷʜʢʘ ʩʦʪʥʠ ʣʝʪ. ɿʘ 

ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʇʄ = 

W, Mo, Re, Nb, Ta, Ti, V, Ag, Pd, ʈɿʄ ʠ ʜʨʫʛʠʝ). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʝʩʷʪʢʠ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʴʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʟʦʨʥʳʭ. ɺ 2005-ʦʤ ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʝʨʠʷ 

ʨʘʙʦʪ ʦʙ V4S9Br4, ʠ ʩ ʪʝʭ ʧʦʨ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʠ ʦʜʥʦʛʦ ʥʦʚʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ 

ʚʘʥʘʜʠʷ. ʅʘʰʫ ʨʘʙʦʪʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʜʦʣʞʝʥʠʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʚʦʡʩʪʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʭʠʤʠʷ Nb ʠ Ta, ʩʦʩʝʜʝʡ 

V ʧʦ ʛʨʫʧʧʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʘ, ʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦ-, ʙʠ-, ʪʨʸʭ-, ʪʝʪʨʘ- ʠ 

ʰʝʩʪʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʤʝʨʥʦʩʪʷʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪ 0D ʜʦ 3D.  

ʎʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʤʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʇʦʠʩʢ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ ʠ ʠʭ ʩʠʥʪʝʟ. 

2. ʀʟʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 7 ʥʦʚʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ 

ʚʘʥʘʜʠʷ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ ʙʳʣʦ 3 ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʘ 

[V4OSe8I6]ĿXn (X = I2, 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ, n = 1 ʠʣʠ 2), ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ï 

[V4OSe8I5]Ð ʠ [V3Se12I2]I3Ŀ1/4I2 ʠ ʜʚʘ ʩʦʝʜʠʥʝʥʠ ̫çʛʠʙʨʠʜʥʦʛʦè ʩʪʨʦʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʸʤ 

ʩʦʩʪʘʚʝ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʪʘʢ ʠ ʮʝʧʦʯʢʫ ï [VSe4]x[V4OSe8I6]Ŀ2I2 (x = 4, 3.2). ɺʩʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ [V4OSe8I6]ĿI2 ʠ [V4OSe8I5]Ð ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɼʣ ̫ ʩʦʝʜʠʥʝʥʠʷ [V4OSe8I5]Ð ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʦʮʝʥʝʥʘ ʠʟ ʜʘʥʥʳʭ ʊɻɸ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ. ɺʧʝʨʚʳʝ ʚ 

ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʮʝʧʦʯʝʯʥʳʡ ʬʨʘʛʤʝʥʪ { VSe4}, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʚ 

ʭʠʤʠʠ ʚʘʥʘʜʠʷ, ʭʦʪʴ ʠ ʜʘʚʥʦ ʠʟʚʝʩʪʝʥ ʜʣʷ Nb ʠ Ta. ɺ ʩʠʩʪʝʤʝ V-O-Se-I ʧʦʣʫʯʝʥʳ ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʠ ʮʝʧʦʯʝʯʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ [V4OSe8I6] ʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʝʨʝʭʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʮʝʧʦʯʝʯʥʦʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʦʩʝʣʝʥʦʠʦʜʠʜʦʚ 

ʚʘʥʘʜʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 220-300Áʉ ʦʙʨʘʟʫʶʪʩʷ ʩʝʣʝʥʦʠʦʜʠʜʳ ʚʘʥʘʜʠʷ ʥʘ ʦʩʥʦʚʝ 

ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ V4O. ʉʨʝʜʠ ʥʠʭ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ, ʪʘʢ ʠ ʮʝʧʦʯʝʯʥʦʡ ʩʪʨʫʢʪʫʨʘʤʠ. ʉ ʧʦʤʦʱʴʶ DFT-ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʠ [VSe4]Ð ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʀʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ; ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʱʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʮʝʣʦʡ ʩʝʨʠʠ ʦʢʩʦʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʫʩʣʦʚʠʷʭ ʠʭ ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʢʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ, ʝʱʸ ʥʝ ʦʪʢʨʳʪʳʭ, 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʘʛʥʠʪʥʳʤ ʠ 
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ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ, ʠʭ ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ. ɼʣʷ ʧʦʠʩʢʘ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ɼʊɸ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʦʧʨʝʜʝʣʷʪʴ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ V-Q-Hal. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʳʙʨʘʥ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʧʦ ʍɻʇʄ ʠ ʧʦʟʚʦʣʷʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʳʰʝʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʟʣʠʯʥʳʝ ʛʘʟʦʚʳʝ ʩʨʝʜʳ. ʕʪʦ ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ ʧʦʜʭʦʜʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʯʠʩʪʦʪʦʡ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ ʦʜʥʦʬʘʟʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ; 

2. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ; 

3. ʈʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʧʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʀʂ-, ʂʈ-, ʈʌʕʉ-, 

ʕʇʈ-ʩʧʝʢʪʨʳ, ʪʝʨʤʦʛʨʘʤʤʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ; 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ 

ʧʦ ʧʦʠʩʢʫ ʠ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʠ ʦʯʠʩʪʢʠ ʚʝʱʝʩʪʚ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʦʤ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʷ ʧʦʨʦʰʢʦʚʫʶ ʜʠʬʨʘʢʪʦʤʝʪʨʠʶ, ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʈʉɸ ʠ ʜʨʫʛʠʝ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ 

ʧʝʨʚʠʯʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʩʯʸʪʫ ʵʥʝʨʛʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ. ʇʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚʳʧʦʣʥʝʥʘ 

ʨʘʩʰʠʬʨʦʚʢʘ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʉɸ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʨʫʛʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʪʝʟʠʩʦʚ ʠ ʧʨʝʟʝʥʪʘʮʠʡ ʢ 

ʢʦʥʬʝʨʝʥʮʠʷʤ, ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʜʣʷ ʬʨʘʛʤʝʥʪʘ 

[V4OSe8I6] ʙʳʣ ʚʳʧʦʣʥʝʥ ʢ.ʭ.ʥ. ɻʘʡʬʫʣʠʥʳʤ ʗ.ʄ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ CP2K ʠ BAND2022 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. ʍʠʩʘʤʦʚʳʤ ʈ. 

ʄ. ʠ ʜ.ʬ.-ʤ.ʥ. ʂʦʟʣʦʚʦʡ ʉ. ɻ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣ 

ʢ.ʬ.-ʤ.ʥ. ʃʘʚʨʦʚ ɸ. ʅ., ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʪʘʙʣʝʪʢʠ ʚʳʧʦʣʥʠʣ ʢ.ʪ.ʥ. ʂʫʟʥʝʮʦʚ ɺ. ɸ., 

ʟʘʧʠʩʴ ʠ ʜʝʢʦʥʚʦʣʶʮʠʶ ʈʌʕʉ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣ ʢ.ʬ.-ʤ.ʥ. ɸʩʘʥʦʚ ʀ. ʇ. ʈʝʰʝʥʠʝ ʩʪʨʫʢʪʫʨ ʠ 

ʫʪʦʯʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʩʜʝʣʘʣ ʢ.ʭ.ʥ. ʂʦʤʘʨʦʚ ɺ. ʖ. ɿʘʧʠʩʴ ʠ 

ʦʙʨʘʙʦʪʢʫ ʕʇʈ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣ ʜ.ʬ.-ʤ.ʥ. ʅʘʜʦʣʠʥʥʳʡ ɺ. ɸ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʛʦʚʦʨʠʪ ʠʭ ʧʫʙʣʠʢʘʮʠʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʞʫʨʥʘʣʘʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ: 1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 3. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ 

ʠ ʩʪʨʦʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 5. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

7. ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 2020 (ʄʅʉʂ 2020). 10-17 ʘʧʨʝʣʷ 2020 ʛ. 

ï ʅʦʚʦʩʠʙʠʨʩʢ, 2020. ʉ. 58; 

2. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2020è. 10-27 ʥʦʷʙʨʷ 2020 ʛ. ï ʄʦʩʢʚʘ, 2020. ʉ. 633; 

3. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 2021 (ʄʅʉʂ 2021). 12-23 ʘʧʨʝʣʷ 2021 ʛ. 

ï ʅʦʚʦʩʠʙʠʨʩʢ, 2021. ʉ. 54; 
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4. XII International Conference on Chemistry for Young Scientists Mendeleev 2021. 6-10 

ʩʝʥʪʷʙʨʷ 2021 ʛ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021, ʉ. 211;  

5. VI ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2022. 27 ï 30 ʩʝʥʪʷʙʨʷ 2022 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 

2022. ʉ. 47;  

6. IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ 

çʂʣʘʩʪʝʨ-2022è. 4 ï 7 ʦʢʪʷʙʨʷ 2022 ʛ. ï ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022, ʉ. 129;  

7. XV-ʛʦ Cʠʤʧʦʟʠʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè ʊʠʄ-2023. 3 ï 7 ʠʶʣʷ 2023 ʛ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2023, ʉ. 77; 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʧʝʨʝʯʝʥʴ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science ʠ Scopus. ʄʘʪʝʨʠʘʣʳ ʧʦ ʪʝʤʝ 

ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 7 

ʜʦʢʣʘʜʦʚ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 138 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 70 ʨʠʩʫʥʢʦʚ, 8 ʪʘʙʣʠʮ ʠ 37 

ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ (ʛʣ. 1), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʡ (ʛʣ. 3), ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (137 ʥʘʠʤʝʥʦʚʘʥʠʝ) ʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʌʝʜʝʨʘʣʴʥʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʍ ʉʆ ʈɸʅ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ V.44. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʭʠʤʠʠè, ʧʨʦʛʨʘʤʤʘ ʌʅʀ ʉʆ 

ʈɸʅ V.44.4. çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 21-13-00274 çCʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʧʦʣʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦ- ʠ ʦʢʩʦʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 4 ʠ 5 ʛʨʫʧʧè. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ʚʘʥʘʜʠʷ 

ɺ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ ʚʘʥʘʜʠʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʯʝʪʚʝʨʪʦʤ ʧʝʨʠʦʜʝ ʠ ʧʷʪʦʡ ʛʨʫʧʧʝ. 

ɽʛʦ ʩʦʩʝʜʷʤʠ ʧʦ ʛʨʫʧʧʝ ʷʚʣʷʶʪʩʷ ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ. ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʚʘʥʘʜʠʷ 

ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʩʪʚʦ ʦʢʨʘʩʦʢ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʟʚʘʣʠ ʚ ʯʝʩʪʴ ʜʨʝʚʥʝʩʢʘʥʜʠʥʘʚʩʢʦʡ ʙʦʛʠʥʠ ʢʨʘʩʦʪʳ ɺʘʥʘʜʠʩ. ʆʥ ʙʳʣ 

ʦʪʢʨʳʪ ʚ 1801 ʛ. ʤʝʢʩʠʢʘʥʩʢʠʤ ʤʠʥʝʨʘʣʦʛʦʤ ɸ. ʄ. ʜʝʣʴ ʈʠʦ. ɺʘʥʘʜʠʡ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ [Ar] 3d
3
4s

2
 ʠ ʜʣʷ ʥʝʛʦ ʠʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʚʩʝʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʦʪ -3 ʜʦ 

+5 ʚʢʣʶʯʠʪʝʣʴʥʦ [1]. ɺʘʥʘʜʠʡ ï ʵʪʦ ʪʠʧʠʯʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʠ ʜʣʷ ʥʝʛʦ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʪ +3 ʜʦ +5. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʚʘʥʘʜʠʡ ʦʪʥʦʩʷʪ ʢ ʛʨʫʧʧʝ ɸ ʧʦ ʇʠʨʩʦʥʫ, ʪʦ ʝʩʪʴ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʦʥ ʩʢʣʦʥʝʥ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʩ ʞʸʩʪʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ [2]. ɺ ʧʨʠʨʦʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ 

ʠʟʦʪʦʧʦʚ 
50

V ʠ 
51

V, ʧʦʩʣʝʜʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʚʘʥʘʜʠʡ ʠ ʥʝʢʦʪʦʨʳʝ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʜʘʶʱʠʤʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʤʝʪʘʣʣʫʨʛʠʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʠ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʚʘʥʘʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘ 

ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ [1]. V2O5 ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ 

ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ [3,4]. ʍʠʤʠʷ ʚʘʥʘʜʠʷ ʦʯʝʥʴ ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʙʠʥʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʛʘʣʦʛʝʥʠʜʦʚ, ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʦʢʩʠʜʦʚ ʠ ʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʣʦʞʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ 

ʤʳ ʟʘʪʨʦʥʝʤ ʥʝʢʦʪʦʨʳʝ ʨʘʟʜʝʣʳ ʠʟ ʭʠʤʠʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʥʘʜʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʥʘʤ ʧʦʣʫʯʠʪʴ ʧʨʠʤʝʨʥʦʝ ʧʦʥʠʤʘʥʠʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʨʦʜʩʪʚʝʥʥʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤ ʩʠʩʪʝʤʘʭ ʠ ʠʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

 

1.1.1. ʂʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ 

ɼʣʷ ʚʘʥʘʜʠʷ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʦʢʩʦʬʠʣʴʥʦʩʪ,ɹ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʦʡ ʠ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʭʠʤʠʷ ʝʛʦ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟʚʝʩʪʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ ʦʪ VO ʜʦ V2O5. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺʳʩʰʠʡ ʦʢʩʠʜ V2O5 ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʦʢʠʩʣʠʪʝʣʝʤ. 

ʇʦʤʠʤʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʤʘʩʩʘ ʦʢʩʠʜʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʟ-ʟʘ ʯʝʛʦ 

ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ V-O ʠʤʝʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʚʠʜ. ʆʢʩʠʜʳ ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʚʘʥʘʜʠʷ 

ʧʨʦʷʚʣʷʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ ʚ ʚʳʩʰʠʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʪʷʛʦʪʝʶʪ ʢ ʢʠʩʣʦʪʥʳʤ [1]. ʆʢʩʠʜʳ ʚʘʥʘʜʠʷ +3, +4 ʠ +5 ʘʤʬʦʪʝʨʥʳ ʠ 

ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʩ ʱʝʣʦʯʘʤʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʥʘʜʘʪʦʚ, ʪʘʢ ʠ ʩ ʢʠʩʣʦʪʘʤʠ, ʜʘʚʘʷ 

ʦʢʩʦʩʦʣʠ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʦʩʦʣʝʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʘʥʘʜʠʣʘ VO
2+

 ʠ ʚʘʥʘʜʠʥʘ 
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VO2
+
,
 
ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʘʥʘʜʠʷ. ʆʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʛʦʚʦʨʠʪ ʪʦ, ʯʪʦ ʩʫʣʴʬʘʪ ʚʘʥʘʜʠʣʘ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʨʝʘʢʪʠʚʦʤ ʠ 

ʧʨʦʜʘʸʪʩʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʩʦʩʪʘʚʦʚ VOSO4ĿnH2O, ʠʤʝʶʱʠʭ ʷʨʢʦ ʩʠʥʶʶ ʦʢʨʘʩʢʫ. 

ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ ʧʦʣʫʯʝʥʳ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ. ɹʦʣʴʰʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʢʩʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʯʠʥʘʷ ʦʪ ʢʘʪʘʣʠʟʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʘʪʝʨʠʘʣʘʤʠ ʩ 

ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [5]. 

ɹʣʘʛʦʜʘʨʷ ʘʤʬʦʪʝʨʥʦʡ ʧʨʠʨʦʜʝ ʥʝʢʦʪʦʨʳʭ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʨʘʩʪʚʦʨʦʚ ʱʝʣʦʯʝʡ ʠ ʢʠʩʣʦʪ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʨʘʰʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʠ ʵʪʦʤ 

ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʟʘʚʠʩʠʪ ʦʪ pH [2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ ʩʣʦʞʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʠʟʦʧʦʣʠʚʘʥʘʜʘʪʘʤʠ ʠ ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʘʥʠʦʥʥʫʶ 

ʧʨʠʨʦʜʫ. ɺ ʠʟʦʧʦʣʠʚʘʥʘʜʘʪʘʭ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʚʘʥʘʜʠʷ ʠ ʢʠʩʣʦʨʦʜʘ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʚ ʙʦʣʴʰʠʝ ʧʦʣʠʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ. ɺ ʭʠʤʠʠ 

ʠʟʦʧʦʣʠʚʘʥʘʜʘʪʦʚ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ ʷʚʣʷʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ 

[VO6], ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ [VO4] ʠ ʧʠʨʘʤʠʜʘʣʴʥʳʝ [VO5] (ʈʠʩʫʥʦʢ 1) [2,6]. ʀʟʦʧʦʣʠʚʘʥʘʜʘʪʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʘʶʪ ʨʘʩʪʚʦʨʥʳʤ ʩʠʥʪʝʟʦʤ, ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʢʠʩʣʦʪ ʠʣʠ ʱʝʣʦʯʝʡ ʢ 

ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʦʢʩʦʚʘʥʘʜʠʝʚʳʝ ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʫ NH4VO3, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʘʤʦʩʙʦʨʢʝ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ [7]. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʚʝʨʭ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʛʝʨʤʝʪʠʯʥʦʤ ʩʦʩʫʜʝ ï ʘʚʪʦʢʣʘʚʝ, ʙʦʤʙʝ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠʟʦʛʝʪʝʨʦʧʦʣʠʚʘʥʘʜʘʪ,r ʛʜʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʝʪʩʷ ʘʪʦʤ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ P, As ʠʣʠ Sb [2,8]. 

ɻʦʚʦʨʷ ʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʳʯʥʦ ʫʧʦʤʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʣʝʢʘʨʩʪʚ, ʨʘʚʥʦ ʢʘʢ ʚ ʢʘʪʘʣʠʟʝ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [9]. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʘʥʘʜʠʷ: (ʘ) ï ʪʝʪʨʘʵʜʨ, 

(ʙ) ï ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ, (ʚ) ï ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ, (ʛ) ʠ (ʜ) ï ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ. 

ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [6]  

 

1.1.2. ʍʘʣʴʢʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʘʥʘʜʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʘʪʨʦʥʠʪ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚ VS4, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʚ ʨʘʤʢʘʭ ʨʘʟʛʦʚʦʨʘ ʦ ʭʠʤʠʠ 
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ʚʘʥʘʜʠʷ. ɹʠʥʘʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ Q = S, Se, Te [2]. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʨʷʜʢʘ 800Áʉ, ʠʟ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤ V-Q ʠʤʝʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʚʠʜ, ʠ ʥʘ ʥʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʦʤ ʦʪ VQ ʚʧʣʦʪʴ ʜʦ V2Q9 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʣʴʢʦʛʝʥʘ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʙʝʜʥʳʝ ʧʦ ʭʘʣʴʢʦʛʝʥʫ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ V3S. 

ʍʘʣʴʢʦʛʝʥʠʜʳ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʘʤ ʦʪ ʦʢʩʠʜʦʚ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʪʷʞʸʥʥʳʭ ʩʪʨʫʢʪʫʨ: ʩʣʦʸʚ, ʮʝʧʝʡ. ɹʦʣʴʰʦʡ ʘʢʮʝʥʪ ʚ ʠʟʫʯʝʥʠʠ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ 

ʩʜʝʣʘʥ ʥʘ ʩʫʣʴʬʠʜʘʭ. ʊʦʣʴʢʦ ʚ ʩʠʩʪʝʤʝ V-S ʥʘʡʜʝʥʦ ʦʢʦʣʦ 20 ʬʘʟ [1]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʩ 

ʢʣʘʩʪʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ V-S, ʠ ʚ 2001 ʛʦʜʫ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʟʦʨ [10]. 

ʇʦʣʫʯʝʥʳ ʢʣʘʩʪʝʨʳ ʩ ʥʫʢʣʝʘʨʥʦʩʪʴʶ ʦʪ 2 ʜʦ 6, ʨʘʚʥʦ ʢʘʢ ʠ ʤʦʥʦʥʫʢʣʝʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʉʪʨʫʢʪʫʨ rʢʣʘʩʪʝʨʥʳʭ ʷʜʝʨ ʥʝʢʦʪʦʨʳʭ ʠʟ ʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʈʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2. (1) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ [V2Se13]
2-

 ʚ ʢʦʤʧʣʝʢʩʝ (NEt4)2[V2Se13], (2) ï ʩʪʨʫʢʪʫʨʘ 

ʷʜʨʘ [V3S7]
+
 ʚ ʢʦʤʧʣʝʢʩʝ [V3S7(bpy)3]PF6Ŀ2MeCN, (3) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ V4S4 ʚ ʢʦʤʧʣʝʢʩʝ 

(MeCp)4V4S4, (4) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ V5S6 ʚ ʢʦʤʧʣʝʢʩʝ (MeCp)5V5S6, (5) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ V6Se8O ʚ 

ʢʦʤʧʣʝʢʩʝ [V6Se8O(PMe3)6]. ɺʩʝ ʧʨʦʯʠʝ ʣʠʛʘʥʜʳ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ.  

 

ʇʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʢʦʚʘʥʦ ʢ ʧʨʠʤʝʥʝʥʠʶ ʭʘʣʴʢʦʛʝʥʠʜʦʚ 

ʚʘʥʘʜʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ-ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʑʄ, ʚ ʯʘʩʪʥʦʩʪʠ Na, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʘʪʨʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ [11]. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪ ʚʳʩʦʢʫʶ ʝʤʢʦʩʪʴ ʠ ʭʦʨʦʰʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʦʙʨʘʪʠʤʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʵʣʝʢʪʨʦʜʦʚ. ɼʣʷ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʭʘʨʘʢʪʝʨʥʦ ʙʦʛʘʪʩʪʚʦ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩʪʫʧʝʥʯʘʪʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ-

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʩʪʚʦ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʙʠʨʘʪʴ ʧʦʜ ʥʫʞʥʫʶ ʟʘʜʘʯʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ ʭʘʣʴʢʦʛʝʥʠʜ [12]. ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʩʫʣʴʬʠʜʳ VS2 ʠ VS4. VS2 - ʵʪʦ 

ʪʠʧʠʯʥʳʡ ʜʠʭʘʣʴʢʦʛʝʥʠʜ ʩ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʭʦʞʝʡ ʥʘ MoS2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ VS4 ʠʤʝʝʪ 

ʮʝʧʦʯʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩʫʥʦʢ 3) [12]. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
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ʩʦʟʜʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʭ, 

ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʑʄ ʠ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ 

(HER) [12]. 

 

 

ʈʠʩʫʥʦʢ 3. (1) ï ʩʪʨʫʢʪʫʨʘ 2D VS2, (2) ï ʩʪʨʫʢʪʫʨʘ 1D VS4. ɾʸʣʪʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ 

ʘʪʦʤʳ S, ʩʠʥʠʤ ï V. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [11] 

 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʥʘʠʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʤ ʧʦ ʭʘʣʴʢʦʛʝʥʫ ʷʚʣʷʝʪʩʷ 

ʩʝʣʝʥʠʜ V2Se9. ɽʛʦ ʧʦʣʫʯʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 300ÁC ʜʦ 340ÁC ʩʠʥʪʝʟʦʤ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʠ ʦʥ ʫʩʪʦʡʯʠʚ ʜʦ 400ÁC, ʧʦʩʣʝ ʯʝʛʦ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ VSe2. ʕʪʦʪ ʩʝʣʝʥʠʜ ʠʤʝʝʪ 

ʠʥʪʝʨʝʩʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩʫʥʦʢ 4), ʧʦʭʦʞʫʶ ʥʘ VS4. ɺ ʥʸʤ ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʦʢʨʫʞʝʥʠʠ ʠʟ ʤʦʩʪʠʢʦʚʳʭ ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧ, ʦʙʨʘʟʫʷ ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʦʯʢʫ, ʥʦ ʚʤʝʩʪʦ ʜʚʫʭ 

ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧ, ʯʝʨʝʟ ʦʜʥʦ ʟʚʝʥʴʷ ʮʝʧʠ ʩʦʝʜʠʥʷʶʪʩʷ ʬʨʘʛʤʝʥʪʘʤʠ Se5. [13] 

 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘ ʮʝʧʠ V2Se9. 

 

1.1.3. ɻʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ 

ɹʠʥʘʨʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ ʛʘʣʦʛʝʥʦʚ X = F, Br, Cl, I. ʅʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʟʘʚʠʩʠʪ ʦʪ ʛʘʣʦʛʝʥʘ ʠ ʤʝʥʷʝʪʩʷ ʦʪ +2 ʜʦ +5. ɺʳʩʰʠʤ 

ʛʘʣʦʛʝʥʠʜʦʤ ʷʚʣʷʝʪʩʷ VF5, ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʳ ʦʙʨʘʟʫʶʪ ʤʘʢʩʠʤʫʤ VX 4. ɺ ʪʚʸʨʜʦʤ ʪʝʣʝ ʬʪʦʨʠʜʳ 
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ʚʘʥʘʜʠʷ ʠʤʝʶʪ ʧʦʣʠʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʘʥʘʜʠʡ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʝʪ ʂʏ = 6 ʠ ʥʘʭʦʜʠʪʩʷ 

ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʬʪʦʨʘ. ɼʣʷ ʚʩʝʭ ʛʘʣʦʛʝʥʦʚ ʧʦʣʫʯʝʥ ʪʨʠʛʘʣʦʛʝʥʠʜ VX3 ʠ 

ʜʠʛʘʣʦʛʝʥʠʜ VX2. ʅʠʟʰʠʝ ʭʣʦʨʠʜʳ, ʙʨʦʤʠʜʳ ʠ ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ ʠʤʝʶʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ 

ʪʠʧʘ CdI2. ʄʥʦʛʠʝ ʠʟ ʛʘʣʦʛʝʥʠʜʦʚ ʚʝʩʴʤʘ ʥʝʫʩʪʦʡʯʠʚʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ ʠ ʙʳʩʪʨʦ 

ʛʠʜʨʦʣʠʟʫʶʪʩʷ, ʠ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʦʥʠ ʟʘʯʘʩʪʫʶ ʷʨʢʦ ʦʢʨʘʰʝʥʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʛʘʣʦʛʝʥʠʜʦʚ 

ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘʧʨʷʤʫʶ ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [1,2]. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʭʠʤʠʠ ʦʢʩʠʜʦʚ ʠ ʛʘʣʦʛʝʥʠʜʦʚ ʩʪʦʷʪ ʦʢʩʦʛʘʣʦʛʝʥʠʜʳ 

ʚʘʥʘʜʠʷ. ʉʨʝʜʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʢʩʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʩ ʢʘʪʠʦʥʘʤʠ 

VO
+
, VO

2+
, VO

3+
, VO2

+
. ʀʟ-ʟʘ ʩʢʣʦʥʥʦʩʪʠ ʢ ʛʠʜʨʦʣʠʟʫ ʤʥʦʛʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʦʢʩʦʛʘʣʦʛʝʥʠʜʦʚ 

ʚʘʥʘʜʠʷ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʟʫʯʝʥʳ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʜʝʪʘʣʴʥʦ, ʯʝʤ ʭʘʣʴʢʦʛʝʥʠʜʳ ʠ ʦʢʩʠʜʳ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʠʥʪʝʨʝʩʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ 

ʛʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʣʘ VOX2 ʦʙʣʘʜʘʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʥʩʦʨʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ ʬʦʪʦʚʦʣʴʪʘʠʢʠ [14].  

 

1.2. ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ IV , V ʛʨʫʧʧ 

ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ M-Q-Hal (M = ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣ, Q = S, Se, Te, Hal = F, Cl, Br, I), ʚ 

ʢʦʪʦʨʳʭ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʟʫʶʪ ʩʚʷʟʴ ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ ʠ ʭʘʣʴʢʦʛʝʥʘ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʢʨʘʱʸʥʥʦ ʍɻʇʄ 

[15]. ʇʨʠ ʵʪʦʤ ʛʘʣʦʛʝʥ ʠ ʭʘʣʴʢʦʛʝʥ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ -1 ʠʣʠ -2 ʩʦʦʪʚʝʩʪʚʝʥʥʦ, 

ʪʦ ʝʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʠʣʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʛʨʫʧʧ. ʂʦʦʨʜʠʥʘʮʠʷ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʥʦ ʵʪʦ ʥʝ 

ʤʝʰʘʝʪ ʦʪʥʦʩʠʪʴ ʢ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʨʫʛʠʝ ʬʨʘʛʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʠʩʣʦʨʦʜ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʠ ʨʘʟʣʠʯʥʳʝ ʩʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ. ʍɻʇʄ ʩʪʦʷʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʝʞʜʫ ʛʘʣʦʛʝʥʠʜʘʤʠ ʠ ʭʘʣʴʢʦʛʝʥʠʜʘʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʨʦʜʩʪʚʝʥʥʳ ʠʤ. ʉʚʦʡʩʪʚʦ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʦʚ ʠ ʛʘʣʦʛʝʥʦʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ, ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʧʦʩʦʙʦʚ ʩʚʷʟʳʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ, ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ 

ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʤʝʪʘʣʣ-ʭʘʣʴʢʦʛʝʥ-ʛʘʣʦʛʝʥ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʘʤʳʝ 

ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5. ʀʟʚʝʩʪʥʳ ʢʘʢ 

ʤʦʥʦʷʜʝʨʥʳʝ, ʪʘʢ ʠ ʧʦʣʠʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʥʫʢʣʝʘʨʥʦʩʪʴʶ ʦʪ 2 ʜʦ 6 ʩ ʨʘʟʤʝʨʥʦʩʪʷʤʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʦʪ 0D ʜʦ 3D. ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʢʣʘʩʪʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩʦ 

ʩʚʷʟʴʶ ʄ-ʄ. ɹʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʩʦʩʪʘʚʦʚ, ʩʪʨʫʢʪʫʨ ʠ ʩʚʷʟʥʦʩʪʝʡ, ʍɻʇʄ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ, 
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ʦʧʪʠʯʝʩʢʠʤʠ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʠʥʳʤʠ [16ï18]. ʕʪʦʤʫ ʙʦʣʴʰʦʤʫ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʧʦʩʚʷʱʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ [15,19ï24]. ʇʨʠ ʚʩʸʤ ʵʪʦʤ ʠʟʫʯʝʥʥʦʩʪʴ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʨʘʟʥʠʪʩʷ ʦʪ ʤʝʪʘʣʣʘ ʢ ʤʝʪʘʣʣʫ. ɺ ʩʣʫʯʘʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ Re ʠ Nb 

ʦʧʠʩʘʥʳ ʜʝʩʷʪʢʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʘʥʘʜʠʷ ʚʩʝʛʦ ʣʠʰʴ ʜʚʘ: VSCl [25] ʠ V4S9Br4 

[26]. Ti, V, Nb, Ta ʷʚʣʷʶʪʩʷ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʧʦ ʛʨʫʧʧʝ ʠ ʧʝʨʠʦʜʫ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʦʙʨʘʟʫʶʱʠʭʩʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʦʥʠ ʙʫʜʫʪ ʩʭʦʞʠ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ ʜʣʷ V, Ta ʠ Ti ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʪʝʪʨʘʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʷʜʨʦʤ 

M4Q ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ Ti, Nb ʠ Ta, ʥʦ ʥʝ V, ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ 

ʪʝʪʨʘʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʷʜʨʦʤ M4O ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʨʘʟʜʝʣʘ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʤʳ ʦʙʩʫʜʠʤ ʩʪʨʫʢʪʫʨʳ, ʩʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ Ti 

ʠ ʤʝʪʘʣʣʦʚ 5 ʛʨʫʧʧʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ Ti ʠ ʤʝʪʘʣʣʦʚ 5 ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ ʩʦʝʜʠʥʝʥʠʡ: ʩ ʮʝʧʦʯʝʯʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ [MQn], ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ P-, O-, N-ʣʠʛʘʥʜʘʤʠ, ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ 

M3 ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ, ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʪʝʪʨʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ M4OQnHalm ʠʣʠ 

M4Q9Haln ʠ ʰʝʩʪʠʷʜʝʨʥʳʤʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ. ʕʪʠ ʢʣʘʩʩʳ ʨʘʟʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʦ ʩʪʨʫʢʪʫʨʘʤ ʠ ʩʚʦʡʩʪʚʘʤ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʟʜʝʣʠʪʴ ʠʭ ʦʙʩʫʞʜʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʛʣʘʚʳ. ʀ ʥʘʯʥʸʤ ʦʙʩʫʞʜʝʥʠʝ ʩ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩ ʮʝʧʷʤʠ [MQn]. 

 

 

ʈʠʩʫʥʦʢ 5. (1) ï ʩʪʨʫʢʪʫʨʘ Nb2Se2I6, (2) ï ʩʪʨʫʢʪʫʨʘ Mo3S7Cl4, (3) ï ʩʪʨʫʢʪʫʨʘ V4S9Br4, (4) 

ï ʩʪʨʫʢʪʫʨʘ Cs2[Re6S8Br4]. 
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1.2.1. ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʮʝʧʦʯʝʯʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ [MQ n] 

ɼʣʷ ʤʝʪʘʣʣʦʚ ʧʷʪʦʡ ʛʨʫʧʧʳ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʧʦʯʝʯʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ [MQn] 

ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʠʤʝʨʝ ʙʠʥʘʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ 

(VS4, NbSe4, TaTe4 ʠ ʜʨʫʛʠʝ), ʦʜʥʘʢʦ ʚ ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴʩʷ ʘʪʦʤ ʛʘʣʦʛʝʥʘ. ʇʨʠ ʵʪʦʤ Hal ʤʦʞʝʪ ʣʠʙʦ ʚʢʣʶʯʘʪʴʩʷ ʚ ʩʦʩʪʘʚ ʩʘʤʦʡ ʮʝʧʦʯʢʠ, ʜʘʚʘʷ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ MQxHaly [27,28,37,29ï36] (ʪʠʧ 1) ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ Õ2-(Q2), Õ2-Hal 

ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʣʠʙʦ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʠʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ Hal
-
 

ʠʣʠ [MHal6]
-
, ʜʘʚʘʷ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ [MQ4]xHaly[MôHal6]z [38,39,48ï50,40ï47] (ʪʠʧ 2). ʇʨʠʤʝʨʳ 

ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 6.  

 

ʈʠʩʫʥʦʢ 6. (1) ï ʩʪʨʫʢʪʫʨʘ ʮʝʧʠ ʚ Nb3Se10Cl3, (2) ï ʚʠʜ ʷʯʝʡʢʠ ʚ (TaTe4)6I4(TaI6) 

 

ʍʠʤʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ ʩʣʫʯʘʝ Nb ʠ Ta, ʦʜʥʘʢʦ ʜʣʷ ʚʘʥʘʜʠʷ ʥʠ ʦʜʥʦʛʦ 

ʧʦʜʦʙʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. ʉʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩ ʮʝʧʷʤʠ [MQn] 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʀʟʚʝʩʪʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʮʝʧʷʤʠ [MQn]. ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 2 ʚʳʜʝʣʝʥʳ 

ʞʠʨʥʳʤ. 

 V Nb Ta 

S - - - 

Se - 

[NbSe4]3.33I  

[NbSe4]I 0.33 

[NbSe4]3I 

[NbSe4]4Br2 

[NbSe4]4Br 

[NbSe4]3Br 

Nb2Se2Br6 

Nb3Se10Cl3 

Nb6Se20Br6 

Nb3Se10Br2 

Nb3Se10Br3 

NbSeCl3 

Nb3Se5Cl7 

[TaSe4]2[TaBr6] 

[TaSe4]2I  

[TaSe4]3I  

[TaSe4]4Br 

[TaSe4]4Br2 

 

Te - 

[NbTe4]I  

Nb4Te17I4 

Nb2Te2Br6 

Nb2Te2I6 

Nb2Te6I 

Nb2Te8I12 

[TaTe4]6I4[TaI 6] 

[TaTe4]4I2[TaI 6] 

[TaTe4]I  

[TaTe4]4I2[PtI 6] 

 

ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 1 ʠ 2 ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦʯʝʢ [M
V
Q4], ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʤʝʪʘʣʣʘ 

ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ (Q2)
2-

 ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʧʨʦʪʷʞʸʥʥʫʶ ʮʝʧʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʪʦʤ ʤʝʪʘʣʣʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʘʥʪʠʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʭʘʣʴʢʦʛʝʥʦʚ. ʄʝʞʜʫ ʩʦʙʦʡ ʮʝʧʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʩʣʘʙʳʤʠ ʚʜɺ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪ ʢ ʥʠʟʢʦʨʘʟʤʝʨʥʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ 1D ʠʣʠ ʧʩʝʚʜʦ-1D ʩʪʨʫʢʪʫʨʫ. ʅʠʟʢʦʨʘʟʤʝʨʥʳʝ ʪʨʠʭʘʣʴʢʦʛʝʥʠʜʳ ʠ 

ʪʝʪʨʘʭʘʣʴʢʦʛʝʥʠʜr  M
V
 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʦʤʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ (ɺɿʇ) [51ï54]. ɸʥʘʣʦʛʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ 

ʧʦʢʘʟʘʥʳ ʠ ʜʣʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩ ʮʝʧʷʤʠ [MQn] [55,56], ʠʟ-ʟʘ ʯʝʛʦ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ɺɿʇ ʠ ʩʚʷʟʘʥʥʳʭ ʷʚʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʦʩʪʘʚʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʛʘʣʦʛʝʥʘ ʠ/ʠʣʠ 
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ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʠ ʥʘʭʦʜʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ [28] 

ʘʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʦʜʩʪʚʝʥʥʘʷ ʩʝʨʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʚ ʩʚʦʸʤ 

ʩʦʩʪʘʚʝ Hal, ʥʦ ʚʢʣʶʯʘʶʱʘʷ ʬʦʩʬʦʨ, ʯʪʦ ʜʝʣʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 1 ʠ 2 ʜʘʞʝ ʝʱʸ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  

ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 1 ʠʤʝʶʪ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʤʠʤʦ 

ʤʦʩʪʠʢʦʚʳʭ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ (Q2)
2-

 ʛʨʫʧʧ ʚ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʦʩʪʠʢʦʚʳʝ Hal ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʣʠʛʘʥʜʳ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ, ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ Hal ʚ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʠ ʦʪ ʥʘʣʠʯʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʣʠʛʘʥʜʦʚ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 1 ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʦʣʥʦʦʙʨʘʟʥʳʤʠ ʮʝʧʷʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʩʝʜʥʠʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʷʶʪʩʷ ʣʠʙʦ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʣʠʙʦ ʦʜʥʠʤ ʤʦʩʪʠʢʦʚʳʤ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʤ ʚ ʧʘʨʝ ʩ ʤʦʩʪʠʢʦʚʳʤ ʛʘʣʦʛʝʥʠʜʦʤ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʫ Nb6Se20Br6. ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʈʠʩ. 7) ʘʪʦʤʳ Nb1-Nb2 ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʤʦʩʪʠʢʦʤ (Se2)
2-
 ʠ ʤʦʩʪʠʢʦʤ Br

-
, ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Nb ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ 

ʪʝʨʤʠʥʘʣʴʥʳʡ Br
-
. Nb2-Nb3-Nb4 ʩʦʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ (Se2)

2-
 ʢʘʞʜʳʡ, ʧʨʠ ʵʪʦʤ 

ʘʪʦʤʳ Nb2-Nb3-Nb4 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʤʝʱʝʥʘ ʚʜʦʣʴ ʦʩʠ z 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ Nb1-Nb2. Nb4 ʠ Nb5 ʩʦʝʜʠʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ Nb1 ʠ Nb2 ʯʝʨʝʟ ʦʜʠʥ 

ʜʠʩʝʣʝʥʠʜʥʳʡ ʠ ʦʜʠʥ ʙʨʦʤʠʜʥʳʡ ʤʦʩʪʠʢ, ʦʜʥʘʢʦ ʪʝʨʤʠʥʘʣʴʥʳʝ Br
-
 ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝʞʝʣʠ ʚ ʩʣʫʯʘʝ Nb1 ʠ Nb2. ʇʦʩʣʝ ʵʪʦʛʦ ʮʝʧʴ ʩʥʦʚʘ ʩʤʝʱʘʝʪʩʷ 

ʚʜʦʣʴ ʦʩʠ z ʠ ʯʝʨʝʟ ʜʚʘ ʜʠʩʝʣʝʥʠʜʥʳʭ ʤʦʩʪʠʢʘ ʩʦʝʜʠʥʷʶʪʩʷ Nb5-Nb6-Nb1. ʈʘʩʩʪʦʷʥʠʷ 

Nb1éNb2 (3.9176 ¡), ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʘʣʦʛʝʥʠʜʥʳʡ ʤʦʩʪʠʢ, ʛʦʨʘʟʜʦ ʜʣʠʥʥʝʝ ʨʘʩʩʪʦʷʥʠʡ 

Nb2éNb3 (3.0856 ¡), Nb3éNb4 (3.0852 ¡), ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ 

ʜʠʩʝʣʝʥʠʜʳ.  

 

 

ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ Nb6Se20Br6 
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ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʯʝʪʘʶʪʩʷ ʮʝʧʦʯʢʠ ʜʚʫʭ ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ Nb3Se10Br2 (ʈʠʩ. 8). ɺ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʘʢ ʮʝʧʦʯʢʠ [NbSe4], ʪʘʢ ʠ ʮʝʧʦʯʢʠ ç[NbSe3Br]è. ɺ ʮʝʧ̫ʭ ç[NbSe3Br]è ʘʪʦʤʳ Nb ʩʦʝʜʠʥʷʶʪʩʷ 

ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʡ (Se2)
2-

 ʠ ʤʦʩʪʠʢ çSeBrè. ɺ ʩʪʘʪʴʝ [30], ʧʦʩʚʷʱʸʥʥʦʡ Nb3Se10Br2, ʘʚʪʦʨʳ 

ʦʧʠʩʳʚʘʶʪ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʫʶ ʧʨʠʨʦʜʫ 

ʤʦʩʪʠʢʘ çSeBrè ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ, ʥʦ ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ 1/3 ʩʣʫʯʘʝʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʚʳʩʪʫʧʘʝʪ Br
-
, ʘ ʚ 2/3 ʩʣʫʯʘʝʚ ï Se

2-
, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʣʠʙʦ ʪʨʝʫʛʦʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ [Se3], ʣʠʙʦ ʪʨʝʫʛʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ [Se2Br]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ 

ʥʠʦʙʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʡ ʘʪʦʤ Br. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩʣʦʠ ʩ ʮʝʧʦʯʢʘʤʠ 

[NbSe4] ʧʨʦʣʦʞʝʥʳ ʩʣʦʷʤʠ ʩ ʮʝʧʷʤʠ ç[NbSe3Br]è (ʈʠʩ. 8(2)). 

 

 

ʈʠʩʫʥʦʢ 8. (1) ï ʩʪʨʦʝʥʠʝ ʮʝʧʦʯʝʢ [NbSe4] ʠ ç[NbSe3Br]è ʚ ʩʪʨʫʢʪʫʨʝ Nb3Se10Br2, (2) ï 

ʫʧʘʢʦʚʢʘ ʮʝʧʦʯʝʢ ʚ ʩʪʨʫʢʪʫʨʝ Nb3Se10Br2 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ çdumbbellè, ʠʣʠ ʛʘʥʪʝʣʴ, ʪʘʢʠʝ 

ʢʘʢ Nb2Q2Hal6 (Q = Se, Te; Hal = Br, I). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ Hal
-
, ʯʝʤ 

(Q2)
2-

. ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ Nb2Se2I6 [34], ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 9. ɺ ʮʝʧʦʯʢʝ Nb2Se2I6 ʘʪʦʤʳ ʥʠʦʙʠʷ ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʦʜʠʥ 

ʤʦʩʪʠʢ (Se2)
2-

 ʠ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ I
-
 ʩ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 2.9030 ¡. ʄʝʞʜʫ ʩʦʙʦʡ ʧʘʨʳ 

ʘʪʦʤʦʚ ʥʠʦʙʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʫʤʷ ʤʦʩʪʠʢʘʤʠ I
-
 ʩ ʜʣʠʥʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 4.5409 ¡, ʦʙʨʘʟʫʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʪʷʞʸʥʥʫʶ ʮʝʧʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Nb ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ 

ʪʝʨʤʠʥʘʣʴʥʳʡ I
-
. ʉʦʝʜʠʥʝʥʠ ̫ NbSeHal3 ʷʚʣʷʝʪʩʷ ʠʟʦʪʠʧʥʳʤʠ Nb2Q2Hal6 ʠ ʧʦʩʪʨʦʝʥ r

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 
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ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʘ Nb2Se2I6 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 1 ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʣʠʛʘʥʜʦʤ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

Nb3Se5Cl7 [27]. ʉʪʨʫʢʪʫʨʘ Nb3Se5Cl7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 10. ɺ Nb3Se5Cl7 ʘʪʦʤʳ ʥʠʦʙʠʷ 

ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʫʤʷ ʤʦʩʪʠʢʘʤʠ (Se2)
2-

 ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 2.9437 ¡, ʣʠʙʦ ʯʝʨʝʟ ʜʚʘ ʤʦʩʪʠʢʘ 

Cl
-
 ʠ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ ʬʨʘʛʤʝʥʪ { Nb

5+
Cl5Se} ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ NbéNb ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʮʝʧʠ 

3.5490 ¡. ʌʨʘʛʤʝʥʪ { NbCl5Se} ʠʤʝʝʪ ʠʩʢʘʞʸʥʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ. ɸʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʝʛʦ ʢʘʢ ʜʠʘʤʘʛʥʝʪʠʢ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 100-300 ʂ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʝʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʯʝʪʳʨʸʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, Nb3Se5Cl7 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌʕʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ [Nb
4+

2Nb
5+

(Se2)
2-

Se
2-

Cl7
-
], ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʡ ʩʝʣʝʥʦʠʦʜʠʜ ʥʠʦʙʠʷ. 

 

 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʘ Nb3Se5Cl7 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʩʦʩʝʜʥʠʝ ʮʝʧʦʯʢʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ, ʢʘʢ ʫ Nb2Te6I (ʈʠʩ. 11) [32], ʦʙʨʘʟʫʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʣʦʠ. ɺ ʩʣʫʯʘʝ Nb2Te6I ʩʘʤʘ ʮʝʧʴ ʠʤʝʝʪ ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʝʨʚʳʝ ʜʚʘ ʘʪʦʤʘ 

Nb1 ʩʦʝʜʠʥʷʶʪʩʷ ʢʘʢ ʦʙʳʯʥʦ ʯʝʨʝʟ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ ʜʠʪʝʣʣʫʨʠʜʘ, ʥʦ ʟʘʪʝʤ ʚʪʦʨʦʡ Nb1 

ʩʦʝʜʠʥʷʝʪʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤ Nb2 ʚ ʮʝʧʠ ʯʝʨʝʟ ʦʜʠʥ ʤʦʩʪʠʢ (Te2)
2-

, ʦʜʠʥ Õ3-Te
2-
 ʠ ʦʜʠʥ Õ3-Te

1-
. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ Õ3-Te
1-

 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝʧʦʯʢʘʤʠ, ʦʙʨʘʟʫʷ 

ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʩ Õ3-Te
1-

 ʠʟ ʜʨʫʛʦʡ ʮʝʧʠ. ɼʘʣʝʝ Nb2 ʩʦʝʜʠʥʷʝʪʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤ Nb2 ʯʝʨʝʟ 

ʜʚʘ Õ3-Te
2-
, ʦʙʘ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʠ ʩ Nb1 ʚʳʰʝ ʠ ʥʠʞʝ ʧʦ ʮʝʧʠ. ʇʨʠ ʵʪʦʤ (Te2)

2-
, 

ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ Nb1 ʩ Nb2, ʚʳʩʪʫʧʘʝʪ ʝʱʸ ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ Nb2. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ Nb2 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʡ I
-
. 

 

 

ʈʠʩʫʥʦʢ 11. (1) - ʩʪʨʫʢʪʫʨʘ Nb2Te6I, (2) - ʩʪʨʦʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʮʝʧʠ ʚ ʩʪʨʫʢʪʫʨʝ 

Nb2Te6I 

 

ʉʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 2 ʫʩʪʨʦʝʥʳ ʠʥʘʯʝ. ʆʥʠ ʠʤʝʶʪ ʩʦʩʪʘʚ [MQ4]xIy[MôHal6]z ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ x, y ʠ z. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 2 z = 0 ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʥʠ ʥʝ ʠʤʝʶʪ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ [MôHal6], ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ [TaTe4]6I4[TaI6], 

[TaTe4]4I2[TaI6], [TaSe4]2[TaBr6] ʠ [TaTe4]4I2[PtI6]. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʠʦʥʥʫʶ ʧʨʠʨʦʜʫ, ʠ 

ʮʝʧʦʯʢʘ [MQ4] ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʘ ʚʳʩʪʫʧʘʝʪ Hal
-
 ʠ/ʠʣʠ [MHal6]

-
. 

ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 2 ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʧʦʤʷʥʫʪʳʡ ʨʘʥʝʝ [TaTe4]6I4[TaI6], 

ʯʴʷ ʩʪʨʫʢʪʫʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 12. ɺ ʮʝʧʦʯʢʘʭ [TaTe4] ʨʘʩʩʪʦʷʥʠʷ TaéTa ʯʝʨʝʜʫʶʪʩʷ ʠ 

ʨʘʚʥʷʶʪʩʷ 3.4026 ¡ ʠʣʠ 3.3751 ¡. ʂʦʤʧʣʝʢʩ [TaI6] ʠʤʝʝʪ ʚʠʜ ʠʩʢʘʞʸʥʥʦʛʦ ʦʢʪʘʵʜʨʘ, ʠ ʜʣʠʥʳ 

ʩʚʷʟʝʡ Ta-I ʨʘʚʥʳ ʜʣʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʘʪʦʤʦʚ I ʠ ʩʦʩʪʘʚʣʷʶʪ 2.7044, 2.7569 ʠ 2.7591 ¡. ɺ 

ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʮʝʧʷʤʠ [TaTe4] ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠʦʥʳ I
-
.  
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ʈʠʩʫʥʦʢ 12. (1) - ʩʪʨʫʢʪʫʨʘ [TaTe4]6I4(TaI6), (2) - ʚʠʜ ʜʚʫʭ ʷʯʝʝʢ ʚ [TaTe4]6I4(TaI6) 

 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʥʝʦʙʳʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 2 ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʝʣʣʫʨʦʠʦʜʠʜ ʥʠʦʙʠʷ 

Nb4Te17I4, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 13. ɺ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʦʤʠʤʦ 

ʧʨʠʚʳʯʥʳʭ (Te2)
2-

 ʛʨʫʧʧ ʚ ʮʝʧʦʯʢʘʭ, ʠʤʝʶʪʩʷ ʪʘʢʞʝ ʠ ʬʨʘʛʤʝʥʪʳ (Te3)
2-

 ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʄʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ Nb2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʝ ʜʠʪʝʣʣʫʨʠʜʥʳʝ ʛʨʫʧʧʳ, ʦʜʥʘʢʦ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ Nb2 ʠ Nb1 ʧʦʤʠʤʦ ʦʜʥʦʡ ʜʠʪʝʣʣʫʨʠʜʥʦʡ ʛʨʫʧʧʳ ʥʘʭʦʜʠʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 

Te5-Te6-Te7. Te6 ʦʙʨʘʟʫʝʪ ʩʚʷʟʴ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʥʠʦʙʠʷ, ʜʣʠʥʘ ʩʚʷʟʠ Te6-Nb1 ʨʘʚʥʷʝʪʩʷ 

2.8935 ¡. ɽʱʸ ʦʜʠʥ ʪʨʝʫʛʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ Te1-Te1-Te2 ʦʪʜʝʣʷʝʪ ʦʜʠʥ ʘʪʦʤ Nb1 ʦʪ ʩʦʩʝʜʥʝʛʦ 

Nb1. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ Te1-I, 3.1697 ¡ ʠ Te6-I, 3.5875 ¡ (ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ Te-I ʨʘʚʥʷʝʪʩʷ 4.25 ¡). ʈʘʩʩʪʦʷʥʠʷ Nb1éNb1 (4.2652 ¡) ʚ ʮʝʧʠ ʛʦʨʘʟʜʦ ʜʣʠʥʥʝʝ, ʯʝʤ 

Nb1éNb2 (3.1382 ¡) ʠ Nb2éNb2 (3.2117 ¡). 

 

 

ʈʠʩʫʥʦʢ 13. ʉʪʨʦʝʥʠʝ ʮʝʧʦʯʢʠ [Nb4(Te2)4
2-

(Te3)3
2-
] 
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ʇʨʦʩʪʦʡ ʩʠʥʪʝʟ ʵʪʠʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩʜʝʣʘʣ ʠʭ ʚʝʩʴʤʘ ʜʦʩʪʫʧʥʳʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʭ ʧʦʣʫʯʘʶʪ ʧʫʪʸʤ ʥʘʛʨʝʚʘ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 

400ÁC ʜʦ 800ÁC. ɺ [47] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʠ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʥʘʛʨʝʚʦʤ 

ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʣʫʯʘʪʴ ʚ ʭʦʣʦʜʥʦʤ ʢʦʥʮʝ ʘʤʧʫʣʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

[TaSe4]2(TaBr6) ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʠ, ʚʝʨʦʷʪʥʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ ʥʘ 

ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 1 ʠ ʪʠʧʘ 

2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2. ɼʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 1 ʠ ʪʠʧʘ 2 

ʉʦʝʜʠʥʝʥʠʝ 
ʀʩʭʦʜʥʳʝ 

ʚʝʱʝʩʪʚʘ 
ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʂʦʤʤʝʥʪʘʨʠʠ ʉʩʳʣʢʠ 

[NbSe4]3.33I  Nb + Se + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 700Áʉ, 15 ʜʥʝʡ - [46] 

[NbTe4]I  Nb + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 540Áʉ, 15 ʜʥʝʡ - [48] 

[NbSe4]I 0.33 Nb + Se + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 700Áʉ, 15 ʜʥʝʡ 
ʂʨʠʩʪʘʣʣʳ ʚʳʨʘʱʝʥʳ ʛʘʟʦʚʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ 
[40] 

[NbSe4]3I  Nb + Se + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 400-550Áʉ - [42] 

[NbSe4]4Br - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [42] 

[NbSe4]3Br - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [42] 

[TaSe4]2[TaBr 6] Ta + Se + Br2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 450Áʉ, 7 ʜʥʝʡ 

ʄʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ. ɺ ʧʝʯʠ ʠʤʝʣʩʷ ʥʝʙʦʣʴʰʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʠ ʧʨʦʜʫʢʪ 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʭʦʣʦʜʥʦʤ ʢʦʥʮʝ ʘʤʧʫʣʳ 

[47] 

[NbSe4]4Br 2 Nb + Se + Br2 
ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʨʘʜʠʝʥʪ 460/500Áʉ, 15 ʜʥʝʡ 
ʄʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ [39] 

[TaSe4]2I  Ta + Se + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 577-627Áʉ - [41] 

[TaSe4]3I  - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [42] 

[TaSe4]4Br - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [42] 

[TaSe4]4Br 2 - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [42] 

[TaTe4]6I 4[TaI 6] Ta + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 1:1:1 ʧʦ ʤʦʣʷʤ, 900Áʉ, 24 ʯʘʩʘ - [44] 

[TaTe4]4I 2[TaI 6] Ta + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 1:3.2:1.5 ʧʦ ʤʦʣʷʤ, 1000Áʉ, 24 ʯʘʩʘ 
ʂʦʤʧʦʥʝʥʪʳ ʧʝʨʝʪʠʨʘʣʠʩʴ ʚ ʩʪʫʧʢʝ ʧʝʨʝʜ 

ʩʠʥʪʝʟʦʤ 
[45] 

[TaTe4]I  Ta + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 480Áʉ, 15 ʜʥʝʡ - [48] 

[TaTe4]4I 2[PtI 6] Ta + Pt + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 680Áʉ - [50] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2. ɼʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 1 ʠ ʪʠʧʘ 2 

Nb4Te17I 4 Nb + Te + I2 
ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʨʘʜʠʝʥʪ 490/540Áʉ, 14 ʜʥʝʡ 
- [38] 

Nb3Se10Cl3 

Nb + Ag + Se ʚ 

ʵʚʪʝʢʪʠʯʝʩʢʦʡ 

ʩʤʝʩʠ AgCl/LiCl  

ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 1:1:3 ʧʦ ʤʦʣʷʤ, 630Áʉ, 3 ʜʥʷ ʠ ʟʘʪʝʤ 

ʦʭʣʘʞʜʝʥʠʝ ʜʦ 300Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʜʦ Tʢʦʤʥ 

- [33] 

Nb6Se20Br6 Nb + Se + Br2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 1:3:1 ʧʦ ʤʦʣʷʤ, 600-700Áʉ, 15 ʜʥʝʡ - [29] 

Nb3Se10Br2 Nb + Se + Br2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 1:3:1 ʧʦ ʤʦʣʷʤ, 600-500Áʉ, 14 ʜʥʝʡ - [30] 

Nb3Se10Br3 - ʉʠʥʪʝʟ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ - [37] 

Nb3Se5Cl7 NbSe2Cl2 + NbCl4 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 2:1 ʧʦ ʤʦʣʷʤ, 600-530Áʉ, 14 ʜʥʝʡ - [27] 

NbSeCl3 NbCl5 + Nb + Se ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 5:4:13 ʧʦ ʤʦʣʷʤ, 477Áʉ, 7 ʜʥʝʡ - [31] 

Nb2Se2Br6 Nb + Se + Br2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 800Áʉ, 4 ʜʥʷ 

ʈʝʘʛʝʥʪʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʘʤʧʫʣʫ ʚʥʫʪʨʠ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʘʢʘʥʯʠʢʘ. ʅʘʛʨʝʚ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʪʫʧʝʥʯʘʪʦ, ʩ ʰʘʛʦʤ ʚ 

100Áʉ ʧʦ 3-4 ʯʘʩʘ ʥʘ ʢʘʞʜʳʡ 

[34] 

Nb2Te2Br6 Nb + Te + Br2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 800Áʉ, 4 ʜʥʷ ɸʥʘʣʦʛʠʯʥʦ Nb2Se2Br6 [34] 

Nb2Te2I6 Nb + Se + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 800Áʉ, 4 ʜʥʷ ɸʥʘʣʦʛʠʯʥʦ Nb2Se2Br6 [34] 

Nb2Te6I Nb + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʦʦʪʥʦʰʝʥʠʝ 3:7:3 ʧʦ ʤʦʣʷʤ, 550Áʉ, 4 ʜʥʷ ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ I2 [32] 

Nb2Te8I12 Nb + Te + I2 ɸʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ, 620Áʉ - [35] 
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ʆʩʦʙʥʷʢʦʤ ʩʪʦʷʪ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ NbQ2Hal2 [57,58] (Q = S, Se; Hal = Cl, Br, I), ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʝʢʦʪʦʨʫʶ ʩʭʦʞʝʩʪʴ ʩ ʮʝʧʦʯʝʯʥʳʤʠ [MQn] ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʟ-ʟʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʧʦʩʦʙʘ 

ʩʚʷʟʳʚʘʥʠʷ ʘʪʦʤʦʚ Nb
4+

 ʯʝʨʝʟ ʤʦʩʪʠʢʠ (Q2)
2-
 ʠʣʠ Hal

-
 (ʈʠʩ. 14). ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʨʫʧʧʳ Nb2Q4 ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʸʚ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʦʠʩʪʳʝ ʤʦʪʠʚʳ, ʠ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ ʩʦʯʝʪʘʥʠʡ S, Se 

ï Hal (Hal = Cl, Br, I). ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 400-500ÁC ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʙʠʥʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ: NbQ4, Q2Hal2 (Q = S, Se; Hal = Cl, Br) 

 

 

ʈʠʩʫʥʦʢ 14. ʉʪʨʦʝʥʠʝ ʩʣʦʸʚ Nb2(Õ2-S2)2(Õ2-Cl)4 ʚ NbS2Cl2 

 

1.2.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ɺ ʥʝʜʘʚʥʝʤ ʦʙʟʦʨʝ [23] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʦʙʰʠʨʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʇʄ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʡʪʨʘʣʴʥʳʝ N-, P-, O-ʜʦʥʦʨʥʳʝ ʠ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ. ɺ 

ʦʙʟʦʨʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʧʨʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ Ti, Zr, Hf ʠ V. 

ʋʧʦʤʠʥʘʶʪʩ ̫ VSCl2 ʠ TiSCl2, ʦʜʥʘʢʦ ʵʪʠ ʚʝʱʝʩʪʚʘ ʥʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ 

ʩʪʨʫʢʪʫʨʥʦ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ Nb, Ta ʠ W ʩʠʪʫʘʮʠʷ ʨʘʟʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ, 

ʠ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʦʣʫʯʝʥʳ ʜʝʩʷʪʢʠ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʭʘʣʴʢʦʛʝʥʘ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ, S2Cl2, Sb2S3, Sb2Se3 ʠ ʜʨʫʛʠʭ. ʉʠʥʪʝʟ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʠ ʨʘʩʧʣʘʚʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʠʧʘ CS2. ʊʘʢʦʡ ʩʠʥʪʝʟ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʦʜʥʘʢʦ ʩʨʝʜʠ ʪʠʧʠʯʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʷʜ 

ʪʝʭʥʠʢ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʘʶʱʠʡʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜ ʤʦʞʥʦ ʟʘʪʝʤ 

ʚʚʦʜʠʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʣʫʯʘʷ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʩ 
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O-, P-, N-ʜʦʥʦʨʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʊʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʥʠʟʢʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ 

ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ. ɺ ʩʣʫʯʘʝ Nb ʠ Ta ʘʪʦʤ ʤʝʪʘʣʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +5. 

 

ʊʘʙʣʠʮʘ 3. ʉʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʥʠʟʢʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ 

 M
IV

 M
V
 

4 ʧʝʨʠʦʜ TiSCl2 VSCl2 

5 ʧʝʨʠʦʜ - 

[NbSCl3(MeCN)2] 

[NbSBr3(MeCN)2] 

[NbSeCl3(MeCN)2] 

[NbSeBr3(MeCN)2] 

[NbSHal3(bipy)], Hal = Cl, Br 

[NbSHal3(phen)], Hal = Cl, Br 

[NbSBr3(tht)2] 

[NbSCl3(tht)2] 

[NbSHal3(thiox)2], Hal = Cl, Br 

[NbSeCl3(thiox)2] 

[NbSCl3(OPPh3)2] 

[NbSCl3(SPPh3)] 

[NbSBr3(py)3] 

[Nb2Cl4S2(Õ-Cl)2(SMe2)2] 

[NbSCl3(SEt2)] 

[NbSCl3{RS(CH2)nSR}], R = Me, iPr, n = 2; R = Me, 

nBu, n = 3. 

[NbSCl3{MeSe(CH2)3SeMe}] 

[NbSCl3(SenBu2)] 

[NbSCl3(PMe3)3] 

[Nb2Hal4S3L4], Hal = Cl, Br, L = SMe2, tht 

[Nb2Hal4S3{PhS(CH2)2SPh}2], Hal = Cl, Br 

[Nb2Cl4S2(tht)4] 

[Nb2Hal4S2(MeCN)4], Hal = Cl, Br 

[Nb2Cl4S2(thf)4] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 3. ʉʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʥʠʟʢʦʡ 

ʥʫʢʣʝʘʨʥʦʩʪʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ 

  

[Nb2Cl4(Se2)2(SMe2)4] 

[Nb2Cl4(Se2)2(tht)4]  

[Nb4Br10Se3(MeCN)4] 

6 ʧʝʨʠʦʜ - 

[TaSCl4(dioxane)]
-
 

[(TaSCl4)2(Õ-dioxane)]
2-
 

[TaSHal3(SMe2)2] 

[TaSHal3(tht)2] 

[TaSHal3(MeCN)2] 

[TaSHal3{PhS(CH2)2SPh}] 

[TaSCl3{RS(CH2)2SR}], R = Me, iPr 

[TaSCl3{RS(CH2)3SR}], R = Me, nBu 

[TaSCl3{MeSe(CH2)2SeMe}] 

[TaSCl3{nBuSe(CH2)3SenBu}] 

[TaSCl3(OPPh3)2] 

[TaSCl3(phen)] 

[TaSCl3(bipy)] 

[TaSCl3(dppmO2)] 

[TaSCl3(dppeO2)] 

[TaSCl3(ppO2)] 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʠʜ, ʛʜʝ ʂʏ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʨʘʚʥʷʝʪʩʷ 6. ʆʧʠʩʘʥʳ ʩʣʫʯʘʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ [Nb2S2Cl6(SMe2)2] [59], ʯʴʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʈʠʩʫʥʢʝ 15. 

 

 

ʈʠʩʫʥʦʢ 15. ʉʪʨʦʝʥʠʝ ʜʠʤʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [Nb2S2(Õ2-Cl)2Cl4(SMe2)2] 



30 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʧʦʤʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (LPCVD), ʧʦʩʢʦʣʴʢʫ 

ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʣʝʪʫʯʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʫʜʦʙʥʦ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʚʝʱʝʩʪʚʦ (single source precursor), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜ, ʘ ʥʝ ʩʤʝʩʴ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʢʠ. 

 

1.2.3. ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʪʨʝʫʛʦʣʴʥʳʤ M3 ʷʜʨʦʤ 

ɼʣʷ Nb ʠ Ta ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʪʨyʭ̡̫ ʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ, ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ M3 [60ï69]. ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ M3QHal7 (M = Nb, Ta; Q = S, Se, Te; Hal = Cl, Br, I). ʉʪʨʦʝʥʠʝ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ, Nb3TeI7, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 16. ɺ ʮʝʥʪʨʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʪʨʝʫʛʦʣʴʥʠʢ ʠʟ ʘʪʦʤʦʚ Nb
3+

 ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-Nb 3.0588 ¡. ʅʘʜ ʧʣʦʩʢʦʩʪʴʶ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ Õ3-Te, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-Te 2.7121 ¡. ʇʘʨʳ ʘʪʦʤʦʚ Nb ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʦʩʪʠʢʦʚʳʤʠ Õ2-I (ʦʙʦʟʥʘʯʝʥ ʢʘʢ I2) ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-I2 2.7375 ¡. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Nb 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʪʨʠ I, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʸʚ. ʅʘ ʢʘʞʜʳʡ ʘʪʦʤ Nb ʧʨʠʭʦʜʠʪʩʷ ʧʦ 2 ʘʪʦʤʘ I, ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪʩʷ ʧʦ Õ2-ʪʠʧʫ ʩ ʩʦʩʝʜʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ I3, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-

I3 2.9120 ¡. ʀ ʥʘʢʦʥʝʮ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ Nb ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʦʜʥʦʤʫ ʘʪʦʤʫ I, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʩʦʩʝʜʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦ Õ3-ʪʠʧʫ, ʵʪʠ ʘʪʦʤʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ I1, ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ Nb-I1 

ʨʘʚʥʷʶʪʩʷ 3.0258 ï 3.0264 ¡.  

 

 

ʈʠʩʫʥʦʢ 16. (1) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʫʢʪʫʨʘ Nb3TeI7, (2) ï ʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ [Nb3(Õ3-Te)(Õ2-I)3I6/2I3/3] 
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ɺʩʝ ʦʩʪʘʣʴʥʳʝ M3QHal7 ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʫʧʘʢʦʚʢʘ ʩʣʦʸʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʨʦʜʩʪʚʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

Nb3SI7, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʘʧʦʯʥʳʡ Õ3-I, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʤ ʩʚʷʟʷʤ Nb-Nb 2.7671 ï 2.7801 ¡. M3QHal7 ʧʦʣʫʯʘʶʪ ʘʤʧʫʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ = 300-1000Áʉ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ɺ [67] ʘʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ Nb3TeI7 

ʤʦʞʥʦ ʣʝʛʢʦ ʟʘʤʝʩʪʠʪʴ Nb ʥʘ Ta ʧʫʪʸʤ ʨʝʘʢʮʠʠ ʤʝʞʜʫ Nb3TeI7 ʠ Ta3NbTe7 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 

ʜʘʚʘʷ Ta2NbTeI7, ʣʠʙʦ ʧʫʪʸʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Nb ʠ Ta, ʜʘʚʘʷ Ta3-xNbxTeI7 (x = 1, 

1.5, 2). ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʦʙʠʡ-ʥʘʩʳʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ 

ʪʘʥʪʘʣ-ʥʘʩʳʱʝʥʥʦʤʫ ʤʝʥʷʝʪʩʷ ʫʧʘʢʦʚʢʘ ʩʣʦʸʚ ʚ ʩʪʨʫʢʪʫʨʝ. ɺ ʩʣʫʯʘʝ TaNb2TeI7 ʨʝʘʣʠʟʫʝʪʩʷ 

ʫʧʘʢʦʚʢʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʪʠʧʫ Nb3SBr7, ʢʦʛʜʘ ʚʩʝ ʩʣʦʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʯʥʦʩʪʠ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʠ ʥʝ 

ʧʦʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɺ ʩʣʫʯʘʝ Ta-ʥʘʩʳʱʝʥʥʦʛʦ Ta2NbTeI7 ʨʝʘʣʠʟʫʝʪʩʷ ʫʧʘʢʦʚʢʘ 

ʪʠʧʘ Nb3SeI7, ʢʦʛʜʘ ʩʣʦʠ ʩʚʷʟʘʥʳ ʚʠʥʪʦʚʦʡ ʦʩʴʶ 63, ʠ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ ʧʦʚʸʨʥʫʪ ʥʘ 60Á 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ. 

ɺ [68] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Cs ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ CsNb3SBr7. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ 

ʠ ʜʨʫʛʠʝ ANb3QHal7 (A = Cs, Rb; Q = S, Se, Te; Hal = Cl, Br). ɺ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʨʝʘʣʠʟʫʶʪʩʷ ʮʝʧʦʯʝʯʥʳʝ ʤʦʪʠʚʳ, ʘ ʘʪʦʤ ʑʄ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʤʝʞʜʫ ʮʝʧʷʤʠ ʚ 

ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ʈʠʩ. 17). 

 

 

ʈʠʩʫʥʦʢ 17. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ CsNb3SBr7 

 

ɺ [63] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʥʪʝʨʝʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Nb7S2I19 ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ NbI5 

ʚ ʢʘʨʢʘʩ Nb3SI7. ʌʨʘʛʤʝʥʪʳ NbI5 ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪ ʚʠʜ ʠʩʢʘʞʸʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ 
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ʙʠʧʠʨʘʤʠʜʳ. ʕʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ [Nb3SI7]2[NbI5]. ɼʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʚʢʣʶʯʝʥʠʷ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʜʘʞʝ ʨʘʥʴʰʝ, ʯʝʤ ʩʘʤ ʩʣʦʠʩʪʳʡ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜ Nb3SI7. 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʠʥʪʝʨʝʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ Ta. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Ta4SI11, ʠʤʝʶʱʝʝ ʩʣʦʞʥʫʶ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɸʪʦʤʳ Ta ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʟʠʮʠʷʤ, ʠ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 18, ʢʦʛʜʘ 3 ʘʪʦʤʘ ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ Ta3, ʠ ʝʱʸ ʦʜʠʥ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ 

ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ I. ɺ [64] ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʘʪʦʤʘ Ta ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 18. ʅʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʦʥʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦʪ ʦʪʜʝʣʴʥʳʡ ʘʪʦʤ ʪʘʥʪʘʣʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ d
1
, ʪʦ 

ʝʩʪʴ Ta
4+

, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʣʫ (Ta
3+

)3Ta
4+

SI11. 

 

 

ʈʠʩʫʥʦʢ 18. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ Ta4SI11 

 

ʅʘʠʙʦʣʝʝ ʵʢʟʦʪʠʯʥʳʤ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩ 

ʪʨʝʫʛʦʣʴʥʳʤ ʷʜʨʦʤ M3 ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ UTa2O(S2)3Cl6 [69], ʯʴʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 19.  

 

 

ʈʠʩʫʥʦʢ 19. (1) ï cʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʣʦʠʩʪʦʛʦ UTa2O(S2)3Cl6, (2) ï 

ʩʪʨʦʝʥʠʝ ʩʣʦʷ ʚ ʩʪʨʫʢʪʫʨʝ UTa2O(S2)3Cl6 
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ɺ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢ M3 ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Ta ʠ ʦʜʥʠʤ ʘʪʦʤʦʤ U. 

ʄʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʷʶʪʩʷ ʪʨʝʤʷ ʤʦʩʪʠʢʦʚʳʤʠ Õ2-(S2)
2-

 ʛʨʫʧʧʘʤʠ ʠ ʦʜʥʠʤ Õ3-O. 

ʈʘʩʩʪʦʷʥʠʷ TaéTa ʨʘʚʥʷʶʪʩʷ 3.2973 ¡, ʘ TaéU 3.5881 ï 3.5986 ¡. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Ta 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʘ Cl, ʘ ʢ ʢʘʞʜʦʤʫ U ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 4 Cl, ʢʦʪʦʨʳʝ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʧʦ Õ2-ʪʠʧʫ ʩ ʩʦʩʝʜʥʠʤ ʬʨʘʛʤʝʥʪʦʤ çUTa2è, ʦʙʨʘʟʫʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʣʝʥʪʳ. ʈʘʩʩʪʦʷʥʠʷ MéM ʚ ʩʪʨʫʢʪʫʨʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʩʚʷʟʝʡ M-M ʚ 

ʢʣʘʩʪʝʨʝ M3, ʪʠʧʠʯʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ Ta-Ta ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ 3.1185 ï 3.3378 ¡, ʘ ʜʣʠʥʳ 

ʩʚʷʟʝʡ Ta-U ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 3.468 ï 3.709 ¡. 

 

1.2.4. ʊʝʪʨʘʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ M4OQnHalm ʠ M4Q9Haln 

ʊʝʪʨʘʷʜʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ 4 ʠ 5 ʛʨʫʧʧ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʩʘ: ʩʦʜʝʨʞʘʱʠʝ ʚ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ ʷʜʨʦ M4Q (Q = S, Se, Te) ʠ 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ ʷʜʨʦ M4O. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʛʝʦʤʝʪʨʠʷ ʢʦʤʧʣʝʢʩʘ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ. ɽʩʣʠ ʚ ʮʝʥʪʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ Õ4-Q, ʪʦ ʘʪʦʤʳ ʤʝʪʘʣʣʘ 

ʦʙʨʘʟʫʶʪ ʠʩʢʘʞʸʥʥʳʡ ʢʚʘʜʨʘʪ, ʘ ʭʘʣʴʢʦʛʝʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʥʠʤ (ʈʠʩ. 20(1)), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʩʣʫʯʘʝ Õ4-O ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʸʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʚʦʢʨʫʛ 

ʢʠʩʣʦʨʦʜʘ (ʈʠʩ. 20(2)). 

 

 

ʈʠʩʫʥʦʢ 20. (1) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ M4Q, (2) ï ʩʪʨʫʢʪʫʨʘ ʷʜʨʘ M4O. Q ï ʦʙʦʟʥʘʯʝʥ ʞʸʣʪʳʤ 

ʮʚʝʪʦʤ, O ï ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, M ï ʩʝʨʳʤ ʮʚʝʪʦʤ 

 

ɺʩʝʛʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ 12 [26,70,79ï83,71ï78] ʪʘʢʠʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʠ ʠʭ ʩʧʠʩʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4. ʉʧʠʩʦʢ ʪʝʪʨʘʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʘ ʨʘʟʤʝʨʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʍɻʇʄ 

 S Se Te 

Cl 
Ti4OS8Cl6 (0D) [70] 

Ti4OS8Cl6Ŀ2S8 (0D) [71]  
- - 

Br 

Ti4OS8Br6 (0D) [72] 

V4S9Br4 (2D) [26] 

Ta4S9Br8 (0D) [81] 

Ti4OSe8Br6 (0D) [75] - 

I Ta4S1.5Se7.5I8 (0D) [80] 

Ti4Se9I6 (1D) [74] 

Ta4Se9I8 (0D) [82] 

Ta4S1.5Se7.5I8 (0D) [80] 

Ti4OTe9I4 (1D) [73] 

Nb4(Te2)4Te4I (1D) [77] 

Nb4OTe9I4 (1D)[76] 

Ta4OTe9I4 (1D) [83] 

 

ʉʚʦʡʩʪʚʘ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʛʨʫʧʧ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʘʩʪʴ ʪʝʪʨʘʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʠʤʝʶʪ ʧʨʦʪʷʞʸʥʥʳʝ 1D ʠ 2D 

ʤʦʪʠʚʳ ʚ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʪʝʪʨʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʭ Ti, Nb ʠ Ta, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʚʘʥʘʜʠʷ ʧʦʣʫʯʝʥʦ ʚʩʝʛʦ ʦʜʥʦ 

ʧʦʜʦʙʥʦʝ ʩʦʝʜʠʥʝʥʠʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩʪʨʦʝʥʠʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩ ʷʜʨʦʤ M4Q9 ʥʘ ʧʨʠʤʝʨʝ Ta4Se9I8, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 21. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʘʤʧʫʣʴʥʳʤ 

ʤʝʪʦʜʦʤ, ʧʫʪʸʤ ʨʝʘʢʮʠʠ ʤʝʞʜʫ Ta, Se ʠ I2 ʧʨʠ 300Áʉ, ʚʟʷʪʳʤʠ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2.2:1. 

Ta4Se9I8 ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ (0D) ʩʪʨʦʝʥʠʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʧʘʢʦʚʢʫ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ Ta4(Õ2-Se2)4(Õ4-Se)I8. ɺ ʮʝʥʪʨʝ ʪʝʪʨʘʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʸʥʥʦʛʦ ʢʚʘʜʨʘʪʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 4 ʘʪʦʤʘ Ta c ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Ta-

Ta ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ 3.3231 ï 3.3925 ¡. ʅʘʜ ʧʣʦʩʢʦʩʪʴʶ ʢʚʘʜʨʘʪʘ Ta4 ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

Õ4-Se
2-

, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Ta-Se 2.5705 ï 2.5978 ¡. ʄʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʳ Ta ʩʚʷʟʳʚʘʶʪʩʷ ʧʦʧʘʨʥʦ 

ʤʦʩʪʠʢʦʚʳʤʠ ʜʠʩʝʣʝʥʠʜʥʳʤʠ Õ2-(Se2)
2-

 ʛʨʫʧʧʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Ta 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʜʚʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʘ I ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Ta-I 2.7282 ï 2.8076 ¡. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Ta ʚ ʩʦʝʜʠʥʝʥʠʠ ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʦʡ +4.5, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ 2Ta
4+

 + 2Ta
5+

, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 2 ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ. 
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ʈʠʩʫʥʦʢ 21. (1) - ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ Ta4Se9I8, ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ 

ʦʩʠ a, (2) - ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʝ Ta4Se9I8, ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʦʩʠ b 

 

ɺʩʝ ʧʨʦʯʠʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʷʜʨʦʤ M4Q ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʦ. ʂʦʤʧʣʝʢʩʳ ʧʦʭʦʞʝʛʦ 

ʩʪʨʦʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʈɿʄ [84,85]. ʇʨʠ ʵʪʦʤ ʪʝʨʤʠʥʘʣʴʥʳʝ Hal
-
 ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʜʘʚʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ 1D ʠ 2D ʩʪʨʫʢʪʫʨʳ. ʇʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩʝʛʦ ʜʚʘ, ʵʪʦ 1D Ti4Se9I6 ʠ 2D 

V4S9Br4. ʉʨʘʚʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ Ta4Se9I8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 22. 

 

 

ʈʠʩʫʥʦʢ 22. (1) ï ʤʦʣʝʢʫʣʷʨʥʳʡ Ta4Se9I8, (2) ï ʮʝʧʦʯʝʯʥʳʡ Ti4Se9I6, (3) ï ʩʣʦʠʩʪʳʡ 

V4S9Br4 

 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʠʦʙʨʦʤʠʜ V4
3.5+

(Õ2-S2)4(Õ4-

S)Br8/2, ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʤ ʚʘʥʘʜʠʷ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ ʤʝʞʜʫ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʘʤʧʫʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ, ʠ ʦʥʦ 
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ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. P4/nmm (ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: ʘ = 10.8639(7) ¡, c = 

6.9728(8) ¡, V = 822.96(12) ¡
3
, Z = 2). ʉʠʥʪʝʟ ʚʝʜʸʪʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʩʫʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 20Áʉ/ʯ ʦʭʣʘʞʜʘʝʪʩʷ. ʇʦʣʫʯʘʶʱʝʝʩʷ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʸʨʥʳʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ, ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɼʘʥʥʳʡ ʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʩʪʘʪʴʝ [26] ʘʚʪʦʨʳ ʫʧʦʤʠʥʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ 400ÁC. V4S9Br4 ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʝ 

ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ Ta4Se9I8. ʈʘʩʩʪʦʷʥʠʷ VéV ʚ ʢʦʤʧʣʝʢʩʝ ʨʘʚʥʳ 3.005 ¡. ɼʣʠʥʳ ʩʚʷʟʝʡ V-Õ4S 

ʨʘʚʥʷʶʪʩʷ 2.3728 ¡, ʩʚʷʟʝʡ V-Õ2S 2.3819 ï 2.3918 ¡, ʩʚʷʟʝʡ V-Br 2.5970 ï 2.6127 ¡. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʬʦʨʤʫʣʳ, ʚʘʥʘʜʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +3.5, ʪʦ ʝʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 2V
3+

 + 2V
4+

, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 6 ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʂʦʤʧʣʝʢʩ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ DFT-ʨʘʩʯʸʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ ʚʧʣʦʪʴ 

ʜʦ 100 ʂ, ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʨʘʚʥʦʡ 10(2) ʂ. ʆʜʥʘʢʦ ʥʠʞʝ 100 ʂ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʩʪʘʸʪ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʵʪʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʨʠ 15 ʂ. ɿʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʠ Õɻ ʬʬ = 1.77(3) ÕB ʥʘ ʘʪʦʤ ʚʘʥʘʜʠʷ ʧʨʠ 300 ʂ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʥʝʩʧʘʨʝʥʥʦʤʫ 

ʵʣʝʢʪʨʦʥʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʥʘ ʢʘʞʜʦʤ 

ʘʪʦʤʝ ʚʘʥʘʜʠʷ ʧʦ ʥʝʩʧʘʨʝʥʥʦʤʫ ʵʣʝʢʪʨʦʥʫ. ʆʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʘʙʦʝ. ʈʘʩʯʸʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 23) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʦ ʜʦʣʞʥʦ 

ʧʨʦʷʚʣʷʪʴ ʜʠʘʤʘʛʥʝʪʠʟʤ, ʧʦʩʢʦʣʴʢʫ 4 ʵʣʝʢʪʨʦʥʘ ʜʦʣʞʥʳ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʜʚʫʭ ʦʨʙʠʪʘʣʷʭ. 

ʆʜʥʘʢʦ ʟʘʟʦʨ ʤʝʞʜʫ ɺɿʄʆ ʠ ʙʣʠʞʘʡʰʠʤʠ ʩʚʦʙʦʜʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʥʝʚʝʣʠʢ, ʧʦʵʪʦʤʫ ʚ 

ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 300 ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʨʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʜʘʚʘʷ 

ʯʝʪʳʨʝ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʚʝʱʝʩʪʚʘ. ʀʟʤʝʨʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʢʘʟʘʣʦ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 15 ʂ ʠ ʘʥʦʤʘʣʠʶ ʧʨʠ 50 ʂ. ʕʪʘ ʘʥʦʤʘʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʦʤ 

ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ, ʩ ʨʘʩʧʘʨʠʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʳʰʝ 50 ʂ. ʇʨʠʯʸʤ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʪʘʙʠʣʴʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʗʥ-ʊʝʣʣʝʨʦʚʩʢʦʤʫ ʵʬʬʝʢʪʫ, ʠ ʚʝʨʦʷʪʥʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 15 ʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʵʪʠʤ. 

ʂʘʢ ʫʢʘʟʳʚʘʶʪ ʘʚʪʦʨʳ, ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʩʚʷʟʝʡ V-V ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʸʪʩʷ ʚʩʝʛʦ 2 
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ʵʣʝʢʪʨʦʥʘ, ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʥʜʝʬʠʮʠʪʥʫʶ ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ ʯʝʪʳʨʸʭʮʝʥʪʨʦʚʫʶ (2e-

4c) ʩʠʩʪʝʤʫ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʴʰʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ VéV ʚ 3.005 ¡. 

 

 

ʈʠʩʫʥʦʢ 23. ʈʘʩʩʯʠʪʘʥʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ ʜʣʷ (1) ï ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, (2) 

ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʬʨʘʛʤʝʥʪʘ [V4S9]
4+

 ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʄʆ [26]. ʇʦʜʧʠʩʠ ʧʦʜ ʦʨʙʠʪʘʣʷʤʠ ʧʦʢʘʟʳʚʘʶʪ ʚʢʣʘʜ ʦʨʙʠʪʘʣʝʡ 

V 3d ʠ S 3p ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [26] 

  

ɺ ʩʪʘʪʴʝ [80] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʷʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʨʘʟʫ ʜʚʘ ʭʘʣʴʢʦʛʝʥʘ, 

S ʠ Se, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩʤʝʰʘʥʥʦʝ ʧʦ ʭʘʣʴʢʦʛʝʥʫ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Ta4S1.5Se7.5I8. ɺ ʵʪʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʧʦʟʠʮʠʷ Õ4-Q ʥʘʮʝʣʦ ʟʘʥʷʪʘ S, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ 

ʪʘʢʞʝ ʩʝʨʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʯʘʩʪʠ ʧʦʟʠʮʠʡ ʚ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʛʨʫʧʧʘʭ. ʇʦ ʜʘʥʥʳʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʦʝ 

ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ʩʭʝʤʝ [Ta2
5+

Ta2
4+

]
18+

 ï [Ta2
5+

Ta
4+

Ta
5+

]
19+

. 

ɺʪʦʨʳʤ ʪʠʧʦʤ ʪʝʪʨʘʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ M4O. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʦʛʦ ʦʙʨʘʟʮʘ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʪʝʪʨʘ̫ ʜʝʨʥʳʡ ʪʠʦʭʣʦʨʠʜ Ti4OS8Cl6, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 24. ɺ ʮʝʥʪʨʝ 

ʩʪʨʫʢʪʫʨʳ Ti4OS8Cl6 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʸʥʥʦʛʦ 

ʪʝʪʨʘʵʜʨʘ ʥʘʭʦʜʷʪʩʷ 4 ʘʪʦʤʘ Ti, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Ti-O 2.0072 ï 2.0145 ¡. ɸʪʦʤʳ ʪʠʪʘʥʘ 

ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʧʘʨʥʦ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʨʸʙʨʘʤ ʤʦʩʪʠʢʦʚʳʤʠ Õ2-(S2)
2-

 ʛʨʫʧʧʘʤʠ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ 

Ti-S 2.3944 ï 2.5392 ¡. ʇʘʨʳ ʘʪʦʤʦʚ Ti1-Ti2 ʪʘʢʞʝ ʩʦʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ Õ2-Cl ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ 

Ti-Õ2Cl 2.5252 ï 2.5376 ¡. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʪʠʪʘʥʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʦʜʥʦʤʫ 

ʪʝʨʤʠʥʘʣʴʥʦʤʫ Cl ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Ti-Cl 2.2023 ï 2.2222 ¡. ɺ ʠʩʢʘʞʸʥʥʦʤ ʪʝʪʨʘʵʜʨʝ Ti4 ʝʩʪʴ 4 

ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷ TiéTi 3.1271 ï 3.1484 ¡ ʠ ʜʚʘ ʜʣʠʥʥʳʭ, ʨʘʚʥʳʭ 3.5547 ¡. ɺʩʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʷʜʨʦʤ M4O ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʦ. 
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ʈʠʩʫʥʦʢ 24. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ Ti4OS8Cl6 

 

ʏʘʩʪʴ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ M4O ʦʙʨʘʟʫʝʪ ʮʝʧʦʯʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʦʩʪʠʢʦʚʳʡ Õ2-Hal ʟʘʤʝʱʘʝʪʩʷ ʥʘ Õ2-Q, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʤʦʩʪʠʢʦʚʳʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʟʚʝʥʴʷʤʠ ʮʝʧʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ Ta4OTe9I4 (ʈʠʩ. 25). ɺ ʥʝʜʘʚʥʝʡ ʩʪʘʪʴʝ [83] ʘʚʪʦʨʳ ʩ ʧʦʤʦʱʴʶ DFT-

ʨʘʩʯʸʪʦʚ ʧʨʝʜʩʢʘʟʘʣʠ, ʯʪʦ Ta4Ote9I4 ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʜʦʣʴ ʦʩʠ z, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ. ɸʚʪʦʨʳ 

ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 25. ʉʪʨʦʝʥʠʝ ʮʝʧʦʯʢʠ Ta4O(Õ2-Te2)4(Õ2-Te)2/2I4 
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ɽʩʪʴ ʧʨʠʤʝʨ ʮʝʧʦʯʝʯʥʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ Nb ʩ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʤ 

ʩʪʨʦʝʥʠʝʤ. ɺ ʩʪʨʫʢʪʫʨʝ Nb4(Te2)4Te4I (ʈʠʩ. 26) [77] ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʤʝʞʜʫ 

ʟʚʝʥʴʷʤʠ ʮʝʧʠ ʚʳʩʪʫʧʘʶʪ Õ2-I. ʉʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ ʪʘʢʞʝ ʠʥʪʝʨʝʩʥʘ, ʧʦʪʦʤʫ ʯʪʦ 

ʚʤʝʩʪʦ ʯʝʪʳʨʸʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ Hal
-
 ʟʜʝʩʴ ʯʝʪʳʨʝ ʪʝʨʤʠʥʘʣʴʥʳʭ Te

2-
, ʧʦ ʦʜʥʦʤʫ ʥʘ 

ʢʘʞʜʳʡ ʘʪʦʤ Nb. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ M4O, ʦʜʥʘʢʦ ʢʠʩʣʦʨʦʜ ʚ ʮʝʥʪʨʝ ʢʦʤʧʣʝʢʩʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʝʨʦʷʪʥʦ, ʦʥ ʚʩʸ 

ʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʪʨʫʢʪʫʨʝ, ʦʜʥʘʢʦ ʥʝ ʙʳʣ ʥʘʡʜʝʥ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ, ʫʯʠʪʳʚʘʷ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ ʚ ʢʦʤʧʣʝʢʩʝ, ʩʦʚʩʝʤ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ. 

 

 

ʈʠʩʫʥʦʢ 26. ʉʪʨʦʝʥʠʝ ʮʝʧʦʯʢʠ Nb4(Õ2-Te2)4Te4(Õ2-I)2/2 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩ ʷʜʨʦʤ M4Q ʠ M4O ʦʯʝʥʴ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ. ʇʦʣʫʯʘʶʪ ʠʭ ʘʤʧʫʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʢʠʩʣʦʨʦʜʘ (H2O, ʚʦʟʜʫʭ, ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ M) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ = 400 ï 

1000Áʉ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʴʷʭ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʦʥʠ ʥʝ ʜʦʟʠʨʦʚʘʣʠ ʢʠʩʣʦʨʦʜ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩ,ɹ ʘ ʜʦʙʘʚʣʷʣʠ ʝʛʦ ʧʫʪʸʤ ʥʘʩʪʘʠʚʘʥʠʷ ʩʤʝʩʠ çM+Q+Halè ʥʘ ʚʦʟʜʫʭʝ. 

ʏʘʩʪʴ ʪʝʪʨʘʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ ʠʤʝʝʪ ʢʣʘʩʪʝʨʥʫʶ ʧʨʠʨʦʜʫ, 

ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʄ-ʄ. ʊʘʢʦʝ, ʥʘʧʨʠʤʝʨ, ʥʘʙʣʶʜʘʝʪʩʷ ʫ 

ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ V4S9Br4. ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ M-M ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ 

ʘʪʦʤʘʭ ʤʝʪʘʣʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʳ, ʪʦ ʝʩʪʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʥʝ 

d
0
. ʂʦʥʬʠʛʫʨʘʮʠʶ d

0
 ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʳ ʪʠʪʘʥʘ Ti4Se9I6, Ti4OQ8Hal6, 
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Ti4OTe9I4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʚ 

ʩʣʫʯʘʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 5 ʛʨʫʧʧʳ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʧʨʠʤʝʨ ʪʨʸʭʲʷʜʝʨʥʦʛʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘ Nb ʩʦʩʪʘʚʘ 

[(Te4)Nb3O(Te2)2I6]I ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʭʦʞʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ M4O, ʚ 

ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʷʜʨʦ Nb3O. ɸʪʦʤʳ ʥʠʦʙʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦʝʜʠʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʤʦʩʪʠʢʦʚʳʤʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʩʪʠʢʦʚʳʡ ʢʘʪʠʦʥ (Te4)
4+

, 

ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ [86]. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 27. 

 

 

ʈʠʩʫʥʦʢ 27. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [(Õ2-Te4)Nb3O(Õ2-Te2)2I6]I ʚ ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ 

 

1.2.5. ʐʝʩʪʠʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ 

ɺ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʨʘʩʩʤʦʪʨʠʤ ʰʝʩʪʠʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʣʷ Nb. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʝʨʠʷ ʰʝʩʪʠʷʜʝʨʥʳʭ ʪʨʠʛʦʥʘʣʴʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 

ʪʠʦʙʨʦʤʠʜʦʚ A3[Nb6SBr17] (A = Tl, K, Cs, Rb) [87,88]. ʉʪʨʫʢʪʫʨʘ Rb3[Nb6SBr17] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 28. ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ. ɼʣʠʥʳ ʩʚʷʟʝʡ Nb-Nb ʚ ʦʩʥʦʚʘʥʠʠ 

ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ Nb3 ʨʘʚʥʷʶʪʩʷ 2.9522 ï 2.9816 ¡. ɼʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ Nb ʠʟ 

ʨʘʟʥʳʭ Nb3 ʨʘʚʥʳ 3.2757 ï 3.2763 ¡. ɺʥʫʪʨʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ Õ6-S, ʩ 

ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-S 2.3676 ï 2.3784 ¡. ɸʪʦʤʳ Nb ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ Õ2-Br. 

ʅʘ ʘʪʦʤʳ Nb ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʦʜʥʦʤʫ ʙʨʦʤʠʜʥʦʛʦ ʤʦʩʪʠʢʫ, ʘ ʘʪʦʤʳ Nb ʠʟ 

ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʝʡ ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʫʤʷ Õ2-Br ʢʘʞʜʳʡ. ɼʣʠʥʳ ʩʚʷʟʝʡ Nb-Õ2-Br ʚ 

ʢʦʤʧʣʝʢʩʝ ʨʘʚʥʷʶʪʩʷ 2.5745 ï 2.6934 ¡. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Nb ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʝʱʸ ʧʦ ʦʜʥʦʤʫ 

ʪʝʨʤʠʥʘʣʴʥʦʤʫ Br ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ Nb-Br 2.6765 ï 2.7099 ¡. ɼʚʘ ʘʪʦʤʘ ʙʨʦʤʘ, Br9, ʚʳʩʪʫʧʘʶʪ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʰʝʩʪʠʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʧʝʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʩʪʦʷʥʠʝ Nb-Br9 ʠʟ-ʟʘ ʵʪʦʛʦ ʥʝʤʥʦʛʦ ʫʜʣʠʥʷʝʪʩʷ ʠ 

ʨʘʚʥʦ 2.7886 ¡. 
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ʈʠʩʫʥʦʢ 28. (1) ï ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Nb6(Õ6-S)(Õ2-Br)12Br4Br2/2], (2) - ʩʪʨʦʝʥʠʝ ʮʝʧʠ ʚ 

ʩʪʨʫʢʪʫʨʝ Rb3[Nb6SBr17] 

 

ɼʘʥʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʥʠʦʙʠʷ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 800ÁC ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NbHal5, AX (A = Cs, Rb, K) ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʦʙʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ 

Tl3[Nb6SBr17] ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʘʣʣʠʡ.  

ɼʣʷ ʥʠʦʙʠʷ ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜ ʩʦʩʪʘʚʘ Nb6SI9 ʠ ʝʛʦ 

ʛʠʜʨʠʜ Nb6HSI9 [89]. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʳ ʠʤʝʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʦʢʪʘʵʜʨ ʠʟ ʘʪʦʤʦʚ 

ʤʝʪʘʣʣʘ, ʚʧʠʩʘʥʥʳʡ ʚ ʢʫʙ ʠʟ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ (ʈʠʩ. 29). ʆʜʥʘʢʦ ʟʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ Õ3-

ʣʠʛʘʥʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʪʨʝʫʛʦʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʢʪʘʵʜʨʝ, ʚʳʩʪʫʧʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ I, ʠ 

S. ɼʣʠʥʳ ʩʚʷʟʝʡ Nb-Nb ʚ ʦʢʪʘʵʜʨʝ ʨʘʚʥʷʶʪʩʷ 2.8851 ï 2.9797 ¡. ʄʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʳ Nb ʧʦ 

ʪʨʝʫʛʦʣʴʥʳʤ ʛʨʘʥʷʤ ʩʦʝʜʠʥʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ Õ3-I ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Nb-Õ3-I 2.8251 ï 2.8995 ¡ 

ʠʣʠ ʤʦʩʪʠʢʦʚʳʤʠ Õ3-S ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ Nb-Õ3-S 2.4339 ï 2.4612 ¡. ʂ ʢʘʞʜʦʤʫ ʘʪʦʤʫ Nb 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʡ I, ʜʣʠʥʳ ʩʚʷʟʝʡ Nb-I 2.8532 ï 2.8649 ¡. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ Nb6HSI9 ʠ Nb6HSI9 ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪ ʮʝʧʠ, ʧʫʪʸʤ 

ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ I ʠ ʤʦʩʪʠʢʦʚʳʭ Õ3-S ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʚʝʥʴʷʤʠ. 
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ʈʠʩʫʥʦʢ 29. (1) - ʩʪʨʦʝʥʠʝ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ Nb6SI9, (2) - ʩʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ [Nb6(Õ3-

S)2/2(Õ3-I)6I6/2] 

 

ɼʘʥʥʳʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʧʨʦʩʪʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ Nb ʠ S ʩ ʜʦʙʘʚʣʝʥʠʝʤ Nb6I11 ʠʣʠ Nb3I8 ʚ ʟʘʧʘʷʥʥʦʤ ʥʠʦʙʠʝʚʦʤ ʩʦʩʫʜʝ, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʧʘʷʥ ʚ ʢʚʘʨʮʝʚʫʶ ʦʙʦʣʦʯʢʫ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 900-1000ÁC ʚ ʪʝʯʝʥʠʝ 5-10 

ʩʫʪʦʢ ʠ ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 95% ʜʘʸʪ ʠʩʢʦʤʳʡ ʧʨʦʜʫʢʪ. ʀʟʦʩʪʨʫʢʪʫʨʥʳʡ ʛʠʜʨʠʜ Nb6HSI9 

ʧʦʣʫʯʘʶʪ ʧʫʪʸʤ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ 300Áʉ Nb6SI9 ʚ ʘʪʤʦʩʬʝʨʝ H2. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʦʪʤʝʯʘʶʪ 

ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ Nb6SI9 ʧʨʠ ʩʪʦʷʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʜʘʞʝ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʱʝʣʦʯʘʭ ʠ 

ʢʠʩʣʦʪʘʭ, ʦʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʜʨʠʜ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ ʩ 

ʚʳʜʝʣʝʥʠʝʤ H2S. ʆʢʪʘʵʜʨ Nb6 ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʸʥ, ʦʜʥʘʢʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʠʜʨʠʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʣʘʩʪʝʨʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ ʠ ʫʟʢʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʱʝʣʴʶ ʚ 0.1 ʵɺ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʭʠʤʠʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ ʦʯʝʥʴ 

ʙʦʛʘʪʘ ʥʘ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʫʢʣʝʘʨʥʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 1 ʜʦ 6, ʯʘʩʪʦ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʮʝʧʦʯʝʯʥʳʝ ʠ ʩʣʦʠʩʪʳʝ ʤʦʪʠʚʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʚʦʡʩʪʚʦʤ ʛʘʣʦʛʝʥʦʚ ʠ ʭʘʣʴʢʦʛʝʥʦʚ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʨʝʩʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʘʭ CVD ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ. ʍʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ 

ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ ʨʘʟʜʝʣʷʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ, ʧʦʪʦʤʫ ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400-1000Áʉ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʬʦʢʫʩ 

ʚʥʠʤʘʥʠʷ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ Nb ʠ Ta, ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʦ 
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ʧʨʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ V, ʯʝʤʫ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʝʪ ʨʘʟʫʤʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʚʝʩʪʥʳʡ V4S9Br4 ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʜʨʫʛʠʤ ʧʦʣʫʯʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ Nb ʠ Ta ʩʪʨʫʢʪʫʨʫ ʠ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ 

ʧʦʜʭʦʜʳ ʜʣʷ Nb ʠ Ta, ʥʘ ʧʨʠʤʝʨʝ V ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʨʘʟʣʠʯʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ 

ʚʘʥʘʜʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʦʜʥʦʤʫ ʠʣʠ ʜʨʫʛʦʤʫ ʠʟ ʦʧʠʩʘʥʥʳʭ ʩʝʤʝʡʩʪʚ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʠ ʙʫʜʫʪ ʠʤʝʪʴ ʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ. ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʵʪʠʤʠ ʨʘʟʤʳʰʣʝʥʠʷʤʠ, 

ʤʳ ʠ ʥʘʯʘʣʠ ʥʘʰʫ ʧʦʠʩʢʦʚʫʶ ʨʘʙʦʪʫ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ 

ʚʘʥʘʜʠʷ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʜʝʣʘʭ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

2.1.1. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ 

ʇʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (99%) ʙʳʣ ʧʨʠʦʙʨʝʪʸʥ ʚ ʬʠʨʤʝ çʉʠʙʄʝʪʘʣʣʊʦʨʛè (ʈʦʩʩʠʷ) ʠ ʧʨʦʤʳʪ ʚ 

HCl, ʘ ʟʘʪʝʤ ʚʳʩʫʰʝʥ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ. ʄʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚʘʥʘʜʠʡ ʭʨʘʥʠʣʩʷ ʚ 

ʩʦʩʫʜʝ ʐʣʸʥʢʘ ʚ ʘʪʤʦʩʬʝʨʝ Ar. ʇʦʨʦʰʦʢ ʩʝʣʝʥʘ (99.99%, ʨʘʟʤʝʨ ʯʘʩʪʠʮ 50 ʤʢʤ) ʙʳʣ 

ʧʨʠʦʙʨʝʪʸʥ ʚ ʬʠʨʤʝ çʉʠʙʄʝʪʘʣʣʊʦʨʛè (ʈʦʩʩʠʷ). ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʡʦʜ (99%) ʙʳʣ ʧʨʠʦʙʨʝʪʸʥ 

ʚ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʜʠʥʝʥʠʠ çʁʦʜʦʙʨʦʤè (ʈʦʩʩʠʷ). ɼʠʩʝʣʝʥʠʜ ʚʘʥʘʜʠʷ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʦ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʚʝʱʝʩʪʚ ʚ ʟʘʧʘʷʥʥʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʧʨʠ 750Áʉ, ʩʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ. ɼʠʦʢʩʠʜ ʩʝʣʝʥʘ ʧʦʣʫʯʘʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʩʥʘʯʘʣʘ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʩʝʣʝʥ ʦʢʠʩʣʷʣʠ ʠʟʙʳʪʢʦʤ H2O2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ H2SeO3, ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʨʘʟʣʦʞʝʥʠʝ H2SeO3, 

ʥʘʛʨʝʚʘʷ ʝʛʦ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ ʧʨʠ 250Áʉ. ʇʦʣʫʯʘʶʱʠʡʩʷ SeO2 ʭʨʘʥʠʣʩʷ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ 

P2O5 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʳ.  

  

2.1.2. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʧʨʠʙʦʨʳ 

ɿʘʧʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ (XRPD) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Philips PW 1830/1710 (Cu KŬ ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ, ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ). ʆʙʨʘʟʝʮ ʨʘʩʪʠʨʘʣʠ 

ʚ ʩʪʫʧʢʝ ʩ ʛʝʢʩʘʥʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʘʶʱʠʡʩʷ ʨʘʩʪʚʦʨ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ 

ʥʠʟʢʦʬʦʥʦʚʫʶ ʢʨʝʤʥʠʝʚʫʶ ʢʶʚʝʪʫ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʧʦʣʫʯʘʣʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʚʝʱʝʩʪʚʘ. ɼʣʷ 

ʟʘʧʠʩʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʬʨʘʢʪʦʤʝʪʨ Bruker 

D8 Advance (Cu KŬ ʠʟʣʫʯʝʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʚʠʯʥʘʷ ʱʝʣʴ, ʣʠʥʝʡʥʳʡ ʜʝʪʝʢʪʦʨ LYNXEYE 

XE-T, 2ɗ 5-60Á). ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ.  

ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʪʙʠʨʘʣʠ ʚʨʫʯʥʫʶ ʠʟ ʤʘʩʩʳ 

ʧʨʦʜʫʢʪʘ. ʀʂ-ʩʧʝʢʪʨʳ ʚ ʜʘʣʴʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʟʘʧʠʩʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ 

VERTEX 80. ʀʂ-ʩʧʝʢʪʨʳ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʟʘʧʠʩʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʀʂ-

ʩʧʝʢʪʨʦʤʝʪʨʘ Scimitar FTS 2000 çDIGILABè; ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʩʩʦʚʘʣʠ ʩ ʩʫʭʠʤ KBr 

ʧʦʜ ʚʘʢʫʫʤʦʤ. ʂʈ-ʩʧʝʢʪʨʳ (ʈʘʤʘʥʦʚʩʢʠʝ) ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʟʘʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʈʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ LabRAM HR Evolution. ʕʇʈ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ɽ-

109 ʬʠʨʤʳ Varian ʚ ʍ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 77 ʠ 300 ʂ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʧʦ g-

ʬʘʢʪʦʨʫ ʠʩʧʦʣʴʟʦʚʘʣʠ E'- ʮʝʥʪʨ ʚ ʢʚʘʨʮʝ ʩ g = 2.0002. ɿʘʧʠʩʴ ʠ ʘʥʘʣʠʟ ʕʇʈ-ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʠʣ 

ʜ.ʬ.-ʤ.ʥ. ʅʘʜʦʣʠʥʥʳʡ ɺ. ɸ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʠʥʩʪʨʫʤʝʥʪʘ NETZSCH TG 209 F1 Iris Thermo Microbalance (ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʪʠʛʝʣʴ ʠʟ 

Al 2O3, ʟʘʧʠʩʴ ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʢʝ He, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10 ÁC/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 30-

830Áʉ). ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʫʶ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ (EDX) ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi TM3000 ʩ ʧʨʠʩʪʘʚʢʦʡ Bruker 

QUANTAX 70. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ 

Thermo Scientific iCAP-6500; ʚʩʢʨʳʪʠʝ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

HNO3. CHNS ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʥʘ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ Vario MICRO cube. ʕʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʠ ʩ ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʚ ʪʘʙʣʝʪʢʫ ʚʝʱʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʸʭ-

ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʠʟ ʛʨʘʬʠʪʦʚʦʡ ʧʘʩʪʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣ ʢ.ʪ.ʥ. ʂʫʟʥʝʮʦʚ ɺ. ɸ. ɼʊɸ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʦʙʨʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨʦʚ ʬʠʨʤʳ ʇʦʣʠʢʦʥ (ʈʦʩʩʠʷ) ʩ ʪʝʨʤʦʧʘʨʦʡ ʂ-ʪʠʧʘ. ʉʤʝʩʠ çV + Q (Q = S, Se, 

Te) + Hal (Hal = CCl4, Br2, I2)è ʧʦʤʝʱʘʣʠ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1 ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ 

ʦʙʲʸʤʦʤ 4 ʤʣ ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʠ ʟʘʧʘʠʚʘʣʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 10 ʂ/ʤʠʥ ʚ ʜʠʘʧʘʟʦʥʝ T = 25 ï 730ÁC, ʠ ʧʫʩʪʘʷ ʘʤʧʫʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʇʦʣʪʘʨʘʢ ʇ. ɸ. 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ T = 1.77 ï 300 ʂ ʧʨʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ H = 0-10 ʢʕ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SQUID ʤʘʛʥʠʪʦʤʝʪʨʘ Quantum Design MPMS-

XL. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʧʨʝʜʳʩʪʦʨʠʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ: ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ZFC); ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ (FC); ʠ ʧʨʠ 

ʨʘʟʚʸʨʪʢʝ ʧʦʣʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʘʨʘʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢp(T) ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʳʯʠʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʜʠʘʤʘʛʥʠʪʥʦʛʦ 

ʚʢʣʘʜʘ ɢd ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʦʡ ʇʘʩʢʘʣʷ ʠʟ ʦʙʱʝʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ=M/H. ʄʘʛʥʠʪʦʤʝʪʨʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʢ.ʬ.-ʤ.ʥ. ʃʘʚʨʦʚʳʤ ɸ. ʅ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

[V4(Õ4-O)(Õ2-Se2)4(Õ2-I)2I4], ʩʦʜʝʨʞʘʱʝʛʦ ʯʝʪʳʨʝ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (density functional theory, DFT) ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

ADF2017 [90,91] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ VWN+S12g ʠ VWN+S12h [92ï94] ʠ 

ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʘ TZP [95]. ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʘʢʫʫʤʝ ʚ ʨʘʤʢʘʭ 

ʩʠʤʤʝʪʨʠʠ C1, ʦʜʥʘʢʦ ʩʠʤʤʝʪʨʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʣʠʟʢʘ ʢ D2. ʈʘʩʯʝʪʥʳʡ ʀʂ-

ʩʧʝʢʪʨ ʥʝ ʩʦʜʝʨʞʘʣ ʤʥʠʤʳʭ ʯʘʩʪʦʪ. ʋʯʝʪ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ZORA (zero order regular approximation) [96]. ɿʘʨʷʜʳ ʘʪʦʤʦʚ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ɹʝʡʜʝʨʘ [97]. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ELF (Electron localization function) [98,99] 

ʙʳʣ ʧʨʦʚʝʜʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Dgrid-4.6 [100] ʩ ʨʘʟʤʝʨʦʤ ʩʝʪʢʠ 0.05 ʫ.ʝ. (0.026 ¡). 
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ʉʧʠʥʦʚʳʝ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 

ʘʪʦʤʘʭ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ QTAIM [97] ɼʘʥʥʳʡ ʨʘʩʯʸʪ ʜʣʷ ʥʘʩ ʧʨʦʠʟʚʸʣ ʢ.ʭ.ʥ. 

ɻʘʡʬʫʣʠʥ ʗ. ʄ. ʈʘʩʯʸʪ ʵʥʪʘʣʴʧʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Quantum 

ESPRESSO 7.1 [101] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ PAW PBEsol, ʚʟʷʪʦʛʦ ʠʟ PSlibrary 

[102]. ʇʨʠ ʨʘʩʯʸʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʫʣʴ pw.x ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ ʚ ʨʝʞʠʤʝ vc-relax. 

ʕʥʪʘʣʴʧʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʩʯʸʪʘ, ʟʘʪʝʤ ʧʝʨʝʚʦʜʠʣʘʩʴ ʚ ʢɼʞ/ʤʦʣʴ ʠ 

ʥʦʨʤʠʨʦʚʘʣʘʩʴ ʩ ʫʯʸʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚ ʷʯʝʡʢʝ ʠ ʵʥʝʨʛʠʡ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ.  

ʄ  rʧʨʠʤʝʥʠʣʠ ʨʘʩʯʸʪ ʤʝʪʦʜʦʤ DFT ʩ ʪʨʸʭʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ CP2K v.8.2 [103] ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʟʦʪʦʤ ʚ ʤʦʣʝʢʫʣʘʭ dmp ʚ ʩʦʝʜʠʥʝʥʠʠ [V4OSe8I6]Ŀdmp. ʈʘʩʯʸʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ 

ʛʘʫʩʩʦʚʳʭ ʚʦʣʥ [104] ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ PBE [105] ʩ D3(BJ) 

ʧʦʧʨʘʚʢʘʤʠ [106,107]. ɺʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʦʧʠʩʳʚʘʣʠʩʴ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ TZVP-MOLOPT-

GTH [108], ʚʥʫʪʨʝʥʥʠʝ ʵʣʝʢʪʨʦʥʳ ʦʧʠʩʳʚʘʣʠʩʴ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘʤʠ ɻʝʜʝʢʝʨʘ-ʊʝʪʪʝʨʘ-ʍʫʪʪʝʨʘ 

[109ï111]. ʋʪʦʯʥʷʝʤʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʘʣ ʚʩʝ ʘʪʦʤʳ ʠʟ ʦʜʥʦʡ ʷʯʝʡʢʠ (ʜʚʝ ʬʦʨʤʫʣʴʥʳʝ 

ʝʜʠʥʠʮʳ V4OSe8I6Ŀdmp, ʦʙʱʘʷ ʢʨʘʪʥʦʩʪʴ 9, ʯʝʪʳʨʝ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʥʘ ʬʦʨʤʫʣʴʥʫʶ 

ʝʜʠʥʠʮʫ) ʩ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʦʥʪʘʢʪʦʚ 

NéI ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ʇ1. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʤʠʥʦʨʥʦʡ (<1 %) 

ʜʝʟʦʨʠʝʥʪʘʮʠʠ ʬʨʘʛʤʝʥʪʘ [V4OSe8I6] ʠʣʠ ʢʘʢʦʡ-ʪʦ ʩʭʦʞʝʡ ʬʦʨʤʳ. ʇʦʜʦʙʥʳʡ ʨʘʩʯʸʪ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ CP2K ʤʳ ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ [V4OSe8I6]Ŀ2I2 ʠ [V4OSe6I3]2Ð. 

ʈʘʩʯʸʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ CP2K ʧʨʦʠʟʚʸʣ ʢ.ʭ.ʥ. ʍʠʩʘʤʦʚ ʈ. ʄ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ [V4OSe8I5]Ð ʤʳ ʧʨʠʤʝʥʠʣʠ ʨʘʩʯʸʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ BAND2022 [112] ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʣʦʪʥʦʩʪʠ PBEsol  [113] ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʤ 

ʙʘʟʠʩʦʤ TZP (Triple Zeta plus Polarization) ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ [95], ʩʢʘʣʷʨʥʳʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ 

ʵʬʬʝʢʪʳ ʫʯʠʪʳʚʘʣʠʩʴ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ZORA (The zeroth order regular approximation) [114]. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠʩʴ. ʕʥʝʨʛʠʷ (ȹE/FU, FU - formula unit) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʵʥʝʨʛʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʸ ʩʦʩʪʘʚ ʦʪʜʝʣʴʥʳʭ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʩʧʠʥʫ ʘʪʦʤʦʚ [115]. ʈʘʩʯʸʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ BAND2022 ʧʨʦʠʟʚʝʣʘ ʜ.ʬ.-ʤ.ʥ. 

ʂʦʟʣʦʚʘ ʉ. ɻ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʌʕʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ FLEXPS (Specs, ɻʝʨʤʘʥʠʷ) ʩ ʵʥʝʨʛʦʘʥʘʣʠʟʘʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ Phoibos 150 ʠ DLD 

ʜʝʪʝʢʪʦʨʦʤ. ɺʦʟʙʫʞʜʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʣʫʯʝʥʠʝʤ Mg KŬ. ʕʥʝʨʛʠʷ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʥʘʣʠʟʘʪʦʨʘ 20 ʵɺ. ɺʘʢʫʫʤ ʚ ʩʠʩʪʝʤʝ ~10
-10

 ʤʙʘʨ. ʂʘʣʠʙʨʦʚʢʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ C1s = 284.7 ʵɺ ʦʪ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʟ ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʩ ʫʯʝʪʦʤ ʩʝʯʝʥʠʷ ʬʦʪʦʠʦʥʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ. ʈʘʟʣʦʞʝʥʠʝ ʣʠʥʠʡ ʥʘ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ CasaXPS. ʃʠʥʠʠ C1s, O1s, N1s ʨʘʟʣʘʛʘʣʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʛʘʫʩʩʦʚʦʡ ʠ ʣʦʨʝʥʮʦʚʦʡ ʬʫʥʢʮʠʡ. ʉʧʝʢʪʨ ʚʘʥʘʜʠʷ V2p 1/2, 3/2 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʡ ʜʫʙʣʝʪ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʥʢʠ ʬʠʢʩʠʨʦʚʘʣʠ ʚʝʣʠʯʠʥʫ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ~7.33 ʵɺ ʠ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʚ ʜʫʙʣʝʪʝ 0.5. 

ʂʦʤʧʦʥʝʥʪʳ V2p 1/2, 3/2 ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʛʘʫʩʩ-ʣʦʨʝʥʮʦʚʳʤʠ ʣʠʥʠʷʤʠ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʘʪʝʣʣʠʪʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʂʦʤʧʦʥʝʥʪʘ V(IV) ʫʰʠʨʝʥʘ 

ʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ 

ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʣʦʨʝʥʮʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʦʤʧʦʥʝʥʪʘ V2p 1/2 ʫʰʠʨʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

V2p 3/2 ʚʩʣʝʜʩʪʚʠʝ ʢʦʩʪʝʨ-ʢʨʦʥʠʛʦʚʩʢʦʛʦ ʦʞʝ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʥʢʠ ʪʘʢʞʝ 

ʜʦʙʘʚʣʷʣʠʩʴ ʩʘʪʝʣʣʠʪʥʳʝ ʣʠʥʠʠ ʜʣʷ V2p 1/2, 3/2 ʢʦʤʧʦʥʝʥʪ. ɿʘʧʠʩʴ ʠ ʦʙʨʘʙʦʪʢʘ ʈʌʕʉ-

ʩʧʝʢʪʨʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʬ.-ʤ.ʥ. ɸʩʘʥʦʚʳʤ ʀ. ʇ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D8 Venture (ʜʝʪʝʢʪʦʨ PHOTON III  CMOS, Mo IÕS3.0 ʨʝʥʪʛʝʥʦʚʩʢʠʡ 

ʠʩʪʦʯʥʠʢ, MoKŬ ʠʟʣʫʯʝʥʠʝ ɚ = 0.71073 ¡ ʬʦʢʫʩʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣ ʄʦʥʪʝʣʷ, N2-

ʧʦʪʦʢʦʚʳʡ ʢʨʠʦʩʪʘʪ) ʧʨʠʤʝʥʷʷ 0.5Á ɤ- ʠ ű-ʩʢʘʥʠʨʫʶʱʠʝ ʪʝʭʥʠʢʠ. ʈʝʜʫʢʮʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ APEX 3 [116]. 

ʇʦʧʨʘʚʢʠ ʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʵʤʧʠʨʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SADABS ʚ ʤʦʜʝʣʠ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ [117]. 

ʉʪʨʫʢʪʫʨʳ ʨʝʰʘʣʠ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ SHELXT [118] ʠ ʫʪʦʯʥʷʣʠ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ SHELXL [119]. ʇʨʠ ʨʝʰʝʥʠʠ ʠ ʫʪʦʯʥʝʥʠʠ 

ʧʨʠʤʝʥʷʣʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ Olex2 [120]. ʇʦʣʦʞʝʥʠʝ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʢʘʨʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʫʪʦʯʥʷʣʦʩʴ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʫʪʦʯʥʝʥʠʠ. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʯʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʢʘʩʘʶʱʘʷʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ, ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʘʭ ʇ2-ʇ8. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 

[V4OSe8I6]Ŀdmp ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʳ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʦʢʦʣʦ 

ʯʘʩʪʥʳʭ ʧʦʟʠʮʠʡ, ʧʦʵʪʦʤʫ ʦʥʠ ʫʪʦʯʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ çʤʷʛʢʠʭè 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʚʝʥʩʪʚʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʜʣʠʥ ʩʚʷʟʝʡ (SADI), ʧʣʦʩʢʦʩʪʴ ʤʦʣʝʢʫʣ (FLAT) ʠ 

ʢʦʨʨʝʣʷʮʠʡ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʞʸʩʪʢʦʛʦ ʪʝʣʘ (RIGU). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʜʦʙʘʚʣʷʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʨʝʰʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʚʳʧʦʣʥʠʣ ʢ.ʭ.ʥ. ʂʦʤʘʨʦʚ ɺ. ʖ. ɸʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ Mercury 4.0  [121] ʠ CrystalExplorer [122]. ʆʙʨʘʙʦʪʢʫ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [123]. 
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2.2. ʉʠʥʪʝʟ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ 

2.2.1. ʉʠʥʪʝʟ [V4OSe8I6]ĿI 2 (ʩʦʝʜʠʥʝʥʠʝ 1) 

ʇʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (0.170 ʛ, 3.33 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.260 ʛ, 3.29 ʤʤʦʣʴ), ʡʦʜ ʚ 

ʛʨʘʥʫʣʘʭ (0.831 ʛ, 3.27 ʤʤʦʣʴ) ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁʚʦʜʫ (20 ʤʢʣ, 1.11 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ (10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 220Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 60 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 5 ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ 

ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ 

ʠʦʜʠʜʳ ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ 

ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, ʩʤʝʰʘʥʥʳʡ ʩ ʯʸʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʬʦʨʤʝ 

ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ (ʈʠʩʫʥʦʢ ʇ9). ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 73% ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʫʟʢʠ 

ʩʝʣʝʥʘ (ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʥʝʙʦʣʴʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʝʣʝʥʘ). ʌʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ï V4.0Se7.6I7.3 (ʨʘʩʯ. V4Se8I8). ɼʣʷ ʧʨʦʜʫʢʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ 

ʨʘʩʯʸʪʥʦʡ (ʈʠʩ. 30). ʀʂ-, ʂʈ- ʠ ʕʇʈ-ʩʧʝʢʪʨʳ ʜʣʷ [V4OSe8I6]ĿI2 ʧʨʠʚʝʜʝʥʳ ʚ ɻʣʘʚʝ 3. 

 

 

ʈʠʩʫʥʦʢ 30. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʚʝʨʭʫ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʩʥʠʟʫ - ʨʘʩʯʸʪʥʘʷ ʜʣʷ [V4OSe8I6]ĿI2 
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2.2.2. ʉʠʥʪʝʟ [V4OSe8I6]Ŀ2I 2 (ʩʦʝʜʠʥʝʥʠʝ 2) 

ʇʦʨʦʰʦʢ VSe2 (0.448 ʛ, 2.14 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ SeO2 (0.032 ʛ, 0.288 ʤʤʦʣʴ) ʠ ʡʦʜ ʚ 

ʛʨʘʥʫʣʘʭ (0.831 ʛ, 3.27 ʤʤʦʣʴ) ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʠʨʘʣʠ ʚ ʩʪʫʧʢʝ, ʘ ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʘʤʧʫʣʫ 

ʦʙʲʸʤʦʤ 20 ʤʣ (10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 250Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 48 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 5 

ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ ʠ ʜʨʫʛʠʭ 

ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ ʠʦʜʠʜʳ 

ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ ʧʝʩʦʯʥʦʡ ʙʘʥʝ 

(T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʘʤʧʫʣʳ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʠʟ ʯʸʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʘʣʦʯʝʢ ʠ 

ʯʸʨʥʦʛʦ ʦʩʘʜʢʘ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʦʙʦʠʭ ʚʠʜʦʚ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ï V4.0Se6.6I9.1 (ʨʘʩʯ. V4Se8I10), ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ ï 

V4Se6.9I9.5 (ʨʘʩʯ. V4Se8I10) (ʈʠʩʫʥʦʢ ʇ10).  ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʣʦʭʦ ʩʦʚʧʘʜʘʣʘ ʢʘʢ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʩ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ʜʨʫʛʠʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ, ʠ ʚʝʨʦʷʪʥʦ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʜʝ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ V4O9 ʠ V2O5. 

   

2.2.3. ʉʠʥʪʝʟ [V4OSe8I6]Ŀdmp (ʩʦʝʜʠʥʝʥʠʝ 3) 

ʇʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (0.180 ʛ, 3.53 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.268 ʛ, 3.39 ʤʤʦʣʴ), ʡʦʜ ʚ 

ʛʨʘʥʫʣʘʭ (0.872 ʛ, 3.43 ʤʤʦʣʴ), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁ ʚʦʜʫ (40 ʤʢʣ, 2.22 ʤʤʦʣʴ) ʠ 3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ (0.062 ʛ, 0.652 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ (10 ʩʤ ʚ 

ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 220Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 94 ʯ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 5 ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, 

ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ ʠʦʜʠʜʳ ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ 

ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, 

ʩʤʝʰʘʥʥʳʡ ʩ ʯʸʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʬʦʨʤʝ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ. ʇʨʦʜʫʢʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʦʤʳʚʘʣʠ EtOH ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ ʨʘʩʪʚʦʨʘ (3 ʨʘʟʘ ʧʦ 50 ʤʣ). ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʣ 83% ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʫʟʢʠ ʩʝʣʝʥʘ (ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʥʝʙʦʣʴʰʠʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʩʝʣʝʥʘ). ʈʝʟʫʣʴʪʘʪʳ CHN ʘʥʘʣʠʟʘ ʥʘ ʬʦʨʤʫʣʫ C5H7N2V4OSe8I6: C ï 3.2% (ʨʘʩʯ. 3.5%), N ï 1.5% 
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(ʨʘʩʯ. 1.6), H ï 0.6% (ʨʘʩʯ. 0.5%). ɼʣʷ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʨʘʩʯʸʪʥʦʡ (ʈʠʩ. 31).  ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 3. ɺʝʱʝʩʪʚʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʜʦʣʛʦ ʭʨʘʥʠʪʩʷ ʚ ʥʝʦʪʢʨʳʪʦʡ ʘʤʧʫʣʝ ʧʦʩʣʝ 

ʩʠʥʪʝʟʘ ʠ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʴ (ʤʝʩʷʮʝʚ) ʧʦʩʣʝ ʚʩʢʨʳʪʠʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʟʘʢʨʳʪʦʡ ʙʘʥʦʯʢʝ. 

ʉʦʝʜʠʥʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʛʝʢʩʘʥ, 

ʘʮʝʪʦʥ, ʙʝʥʟʦʣ, CCl4, CHCl3, EtOH, iPrOH, ɼʄʉʆ, ɼʄʌɸ. 

 

 

ʈʠʩʫʥʦʢ 31. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, (ʘ) ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ V4OSe8I6Ŀdmp, (b) ï ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [129] 

 

2.2.4. ʉʠʥʪʝʟ [V4OSe8I5]Ð (ʩʦʝʜʠʥʝʥʠʝ 4) 

ʇʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (0.135 ʛ, 2.65 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.428 ʛ, 5.42 ʤʤʦʣʴ), ʡʦʜ ʚ 

ʛʨʘʥʫʣʘʭ (0.846 ʛ, 3.33 ʤʤʦʣʴ) ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁʚʦʜʫ (20 ʤʢʣ, 1.11 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ (10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 290Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 69 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 5 ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ 

ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ 
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ʠʦʜʠʜʳ ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ 

ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, ʩʤʝʰʘʥʥʳʡ ʩ ʯʸʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʬʦʨʤʝ 

ʧʘʣʦʯʝʢ (ʈʠʩʫʥʦʢ ʇ11). ʇʨʦʜʫʢʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ EtOH ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (3 ʨʘʟʘ ʧʦ 50 ʤʣ). ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 80% ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʫʟʢʠ ʚʘʥʘʜʠʷ. ɼʣʷ 

ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ 

ʨʘʩʯʸʪʥʦʡ (ʈʠʩ. 32). ʀʉʇ-ɸʕʉ ʘʥʘʣʠʟ ʜʘʣ ʩʦʦʪʥʦʰʝʥʠʝ Se/V = 2.0 (ʨʘʩʯ. Se/V = 2.0). ɺ ʭʦʜʝ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʜʣʷ ɸʕʉ ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʡʦʜʘ, ʧʦʵʪʦʤʫ ʦʥ ʥʝ 

ʦʧʨʝʜʝʣʷʣʩʷ. ʌʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʘʣʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ï V4.0Se8.4I4.6 (ʨʘʩʯ. V4Se8I5). ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ɻʣʘʚʝ 3. 

 

 

ʈʠʩʫʥʦʢ 32. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʚʝʨʭʫ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʩʥʠʟʫ - ʨʘʩʯʸʪʥʘʷ ʜʣʷ [V4OSe8I5]Ð 

 

2.2.5. ʉʠʥʪʝʟ [VSe4]4[V4OSe8I 6]Ŀ2I 2 (ʩʦʝʜʠʥʝʥʠʝ 5) ʠ [VSe4]3.2[V4OSe8I 6]Ŀ2I 2 (ʩʦʝʜʠʥʝʥʠʝ 6) 

ʇʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (0.059 ʛ, 1.16 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.197 ʛ, 2.49 ʤʤʦʣʴ), ʡʦʜ ʚ 

ʛʨʘʥʫʣʘʭ (0.261 ʛ, 1.03 ʤʤʦʣʴ) ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁʚʦʜʫ (15 ʤʢʣ, 0.83 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ (10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 240Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ 24 ʯ. 
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ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ 

ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ ʠʦʜʠʜʳ ʩʝʣʝʥʘ) 

ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 

150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, ʩʤʝʰʘʥʥʳʡ ʩ ʯʸʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ (ʈʠʩʫʥʦʢ 

ʇ12). ʇʨʦʜʫʢʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ EtOH ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ ʨʘʩʪʚʦʨʘ (3 ʨʘʟʘ ʧʦ 

50 ʤʣ). ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 77% ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʫʟʢʠ ʚʘʥʘʜʠʷ. ɼʣʷ ʧʨʦʜʫʢʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ 

ʨʘʩʯʸʪʥʦʡ (ʈʠʩ. 33). ʌʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʘʣʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ï V8.0Se20.4I8.6 (ʨʘʩʯ. V8Se24I10). ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ɻʣʘʚʝ 3. 

 

 

ʈʠʩʫʥʦʢ 33. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʚʝʨʭʫ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʩʥʠʟʫ - ʨʘʩʯʸʪʥʘʷ ʜʣʷ [VSe4]4[V4OSe8I6]Ŀ2I2 

 

ʅʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ [VSe4]3.2[V4OSe8I6]Ŀ2I2 (6) ʚ ʚʠʜʝ ʯʸʨʥʳʭ ʧʘʣʦʯʝʢ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ [V4OSe8I6]ĿI2 (1) ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ: ʧʦʨʦʰʦʢ ʚʘʥʘʜʠʷ 

(0.170 ʛ, 3.34 ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.273 ʛ, 3.46 ʤʤʦʣʴ), ʡʦʜ ʚ ʛʨʘʥʫʣʘʭ (0.852 ʛ, 3.36 ʤʤʦʣʴ) 

ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁʚʦʜʫ (20 ʤʢʣ, 1.11 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ 

(10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. 

ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 220Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 60 ʯ. 
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ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 5 ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, 

ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ ʠʦʜʠʜʳ ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ 

ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, 

ʩʤʝʰʘʥʥʳʡ ʩ ʯʸʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ ʠ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ. ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʯʸʪʥʦʡ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 34. ʅʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʬʘʟʝ 

[VSe4]3.2[V4OSe8I6]Ŀ2I2, ʥʦ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ [VSe4]4[V4OSe8I6]Ŀ2I2.   

 

 

ʈʠʩʫʥʦʢ 34. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʚʝʨʭʫ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʩʥʠʟʫ - ʨʘʩʯʸʪʥʘʷ ʜʣʷ [VSe4]3.2[V4OSe8I6]Ŀ2I2 

 

2.2.6. ʉʠʥʪʝʟ [V3Se12I2]I 3Ŀ1/4I 2 (ʩʦʝʜʠʥʝʥʠʝ 7) 

ʅʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʯʸʨʥʳʭ ʧʘʣʦʯʝʢ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʷ [VSe4]3.2[V4OSe8I6]Ŀ2I2 (6) ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ: ʧʦʨʦʰʦʢ ʚʘʥʘʜʠʷ (0.060 ʛ, 1.18 

ʤʤʦʣʴ), ʧʦʨʦʰʦʢ ʩʝʣʝʥʘ (0.173 ʛ, 2.19 ʤʤʦʣʴ), ʡʦʜ ʚ ʛʨʘʥʫʣʘʭ (0.558 ʛ, 2.20 ʤʤʦʣʴ) ʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫ  ʁʚʦʜʫ (5 ʤʢʣ, 0.277 ʤʤʦʣʴ) ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ ʦʙʲʸʤʦʤ 20 ʤʣ 

(10 ʩʤ ʚ ʜʣʠʥʫ). ɸʤʧʫʣʫ ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʘʠʚʘʣʠ. 



54 

 

ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʜʦ 240Áʉ ʚ ʪʝʯʝʥʠʝ 2.4 ʯ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 70 

ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʦʭʣʘʞʜʘʣʠ ʩ ʧʝʯʴʶ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʚʳʢʣʶʯʝʥʥʦʤ ʥʘʛʨʝʚʝ ʚ ʪʝʯʝʥʠʝ 

ʧʨʠʤʝʨʥʦ 5 ʯʘʩʦʚ. ʇʝʨʝʜ ʚʩʢʨʳʪʠʝʤ ʘʤʧʫʣʳ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʡʦʜʘ 

ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ (ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʦʢʩʦʠʦʜʠʜʳ ʠ 

ʠʦʜʠʜʳ ʩʝʣʝʥʘ) ʦʪʛʦʥʷʣʠ ʚ ʜʨʫʛʦʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʧʫʪʸʤ ʥʘʛʨʝʚʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʚ 

ʧʝʩʦʯʥʦʡ ʙʘʥʝ (T = 150ÁC) ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʤʧʫʣʫ ʚʩʢʨʳʚʘʣʠ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʙʳʣ ʪʸʤʥʦ-ʩʝʨʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, ʩʤʝʰʘʥʥʳʡ ʩ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʜʝʥʜʨʠʪʘʤʠ. 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ ʈʠʩʫʥʢʝ 35 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʨʘʩʯyʪʥʦʡ ʜʣʷ [VSe4]3.2[V4OSe8I6]Ŀ2I2, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʵʪʦʤ ʩʠʥʪʝʟʝ.  

 

 

ʈʠʩʫʥʦʢ 35. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʩʚʝʨʭʫ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʩʥʠʟʫ - ʨʘʩʯʸʪʥʘʷ ʜʣʷ [VSe4]3.2[V4OSe8I6]Ŀ2I2. 
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ɻʃɸɺɸ 3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

3.1. ʉʠʥʪʝʟ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʤʳ ʩʪʘʚʠʣʠ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ ʜʣʷ 

ʣʶʙʳʭ ʩʦʯʝʪʘʥʠʡ V-Q-Hal. ʇʨʠ ʵʪʦʤ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʦʧʳʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ Ti, Nb ʠ Ta, ʙʳʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ/ʠʣʠ 

ʠʟʚʝʩʪʥʳʭ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʳ 

ʨʝʰʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʛʣʦ ʙʳ ʠʜʪʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚʘʥʘʜʠʷ. ʇʦʣʫʯʝʥʠʝ V4S9Br4 ʚʝʜʫʪ ʧʨʠ 450Áʉ, ʘ ʩʦʝʜʠʥʝʥʠʡ Nb ʠ Ta ʜʘʞʝ 

ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʥʘʣʦʛʠʯʥʦʝ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʠ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ. ɼʣʷ ʧʦʠʩʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʤʳ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

 

3.1.1. ɼʊɸ-ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜ ɼʊɸ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʛʨʝʚʘʝʤ ʜʚʘ ʦʙʨʘʟʮʘ, ʦʙʨʘʟʝʮ 

ʩʨʘʚʥʝʥʠʷ ʠ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʠ ʠʟʤʝʨʷʝʤ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʥʠʤʠ [124]. ʉʭʝʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ɼʊɸ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 36. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʚʳʩʪʫʧʘʣʘ ʥʝʟʘʧʘʷʥʥʘʷ ʧʫʩʪʘʷ ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʥʘʣʦʛʠʯʥʘʷ ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ, ʚ ʢʦʪʦʨʫʶ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1 

ʧʦʤʝʱʘʣʘʩʴ ʩʤʝʩʴ çV+Q+Halè (Q = S, Se, Te; Hal = CCl4, Br2, I2). ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʘʤʧʫʣʝ ʤʳ ʤʦʛʣʠ ʥʘ ʛʨʘʬʠʢʘʭ ɼʊɸ ʥʘʙʣʶʜʘʪʴ ʣʠʙʦ ʵʢʟʦʵʬʬʝʢʪ, ʪʦ ʝʩʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʣʠʙʦ, ʥʘʦʙʦʨʦʪ, ʵʥʜʦʵʬʬʝʢʪ, ʧʨʦʮʝʩʩ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ. ɹʘʟʦʚʘʷ ʣʠʥʠʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʵʪʦʤ ʤʦʛʣʘ 

ʠʤʝʪʴ ʥʝʧʨʦʩʪʦʡ ʚʠʜ, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʟʘʪʨʫʜʥʷʣʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʤ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʵʢʟʦʪʝʨʤʠʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʯʝʤ ʩʤʝʩʴ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʳ ʟʘʧʠʩʳʚʘʣʠ ʠ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ, ʠ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʳ 

ʪʦʞʝ ʤʦʛʣʠ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʬʬʝʢʪʘ. 



56 

 

 

ʈʠʩʫʥʦʢ 36. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɼʊɸ-ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ çV+Q+Halè ʠ ʧʦʣʫʯʝʥʘ 

ʩʝʨʠʷ ʛʨʘʬʠʢʦʚ ɼʊɸ (ʈʠʩʫʥʦʢ ʇ13-ʇ20). ʅʘʠʙʦʣʴʰʠʡ ʥʘʰ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣ ʵʢʩʧʝʨʠʤʝʥʪ 

çV+Se+I2è (ʈʠʩʫʥʦʢ 37). ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦ ʛʨʘʬʠʢʫ ʫ ʥʘʩ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʦʚ. ʇʝʨʚʳʡ ï ʵʪʦ ʵʥʜʦʵʬʬʝʢʪ ʥʘ 110Áʉ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʣʘʚʣʝʥʠʝʤ I2. ɺʪʦʨʦʡ ï ʵʪʦ ʦʯʝʥʴ 

ʠʥʪʝʥʩʠʚʥʳʡ ʵʢʟʦʵʬʬʝʢʪ ʥʘ 225Áʉ, ʯʪʦ ʚʝʩʴʤʘ ʥʝʦʞʠʜʘʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 218Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ Se, ʯʪʦ ʩʢʦʨʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʜʦʵʬʬʝʢʪʫ. ʋ ʵʪʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʵʬʬʝʢʪʘ ʝʩʪʴ ʧʣʝʯʦ ʚ ʦʙʣʘʩʪʠ 280Áʉ ʠ ʟʘʪʝʤ ʝʱʸ ʦʜʠʥ ʵʥʜʦʵʬʬʝʢʪ ʧʨʠ ʊ ~ 300Áʉ. 

 

 

ʈʠʩʫʥʦʢ 37. ɻʨʘʬʠʢ ɼʊɸ-ʵʢʩʧʝʨʠʤʝʥʪʘ çV+Se+I2è (ʢʨʠʚʘʷ ʥʘʛʨʝʚʘ)   
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ʅʘʣʠʯʠʝ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʵʢʟʦʵʬʬʝʢʪʘ ʥʘ 225Áʉ ʧʨʠʚʣʝʢʣʦ ʥʘʰʝ ʚʥʠʤʘʥʠʝ. ʄʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ Se ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʘʯʠʥʘʶʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢʠʝ-ʪʦ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʚʳʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʝʣʝʥʠʜʦʚ ʠ 

ʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʢʦʨʝʝ ʥʝʪʠʧʠʯʥʦ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʠʦʜʠʜʦʚ ʠ ʦʢʩʦʠʦʜʠʜʦʚ ʩʝʣʝʥʘ, ʠ ʦʥʠ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʢʘʢ ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʧʦʟʜʥʝʝ. ʅʘ ʢʨʠʚʦʡ ʦʭʣʘʞʜʝʥʠʷ ɼʊɸ-

ʵʢʩʧʝʨʠʤʝʥʪʘ çV+Se+I2è (ʈʠʩ. 38) ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʤʝʪʥʳʡ ʵʢʟʦʵʬʬʝʢʪ ʥʘ 220Áʉ, ʢʦʪʦʨʳʡ 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ Se, ʣʠʙʦ ʢʘʢʠʭ-ʪʦ ʜʨʫʛʠʭ ʬʘʟ. 

 

 

ʈʠʩʫʥʦʢ 38. ɻʨʘʬʠʢ ɼʊɸ-ʵʢʩʧʝʨʠʤʝʥʪʘ çV+Se+I2è (ʢʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ) 

 

ʇʦʜʦʙʥʳʡ ʘʥʘʣʠʟ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʧʨʦʚʝʜʸʥ ʜʣʷ ʚʩʝʭ çV-Q-Halè, ʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ, ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʦʚʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʚʘʥʘʜʠʷ. 

ɺ ʧʝʨʚʳʭ ʩʠʥʪʝʟʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʩʤʝʩʠ çV-Q-Halè 1:1:1, ʢʘʢ ʠ ʚ ɼʊɸ-

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʦʧʨʦʙʦʚʘʣʠ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ (ʊʘʙʣʠʮʘ 5), ʫʩʧʝʭʦʚ ʥʘʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʩʠʩʪʝʤʝ V-Se-I. ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʤʳ ʧʦʣʫʯʘʣʠ ʣʠʙʦ ʩʤʝʩʴ ʠʟʚʝʩʪʥʳʭ ʙʠʥʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʣʠʙʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ V-S-Br ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450ÁC ʤ  rʧʦʣʫʯʘʣʠ ʪʠʦʙʨʦʤʠʜ V4S9Br4. 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʠʩʪʝʤʘʭ V-Q-Hal 

 S Se Te 

Cl 

V+S+CCl4 (300ÁC) 

36V+110S+15CCl4+2V2O5 (300ÁC) 

36V+80S+15CCl4+2V2O5 (250ÁC, 300ÁC, 350ÁC) 

8VS2+3CCl4+2H2O (350ÁC) 

V+Se+CCl4 (350ÁC, 580ÁC) 

36V+80Se+15CCl4+2V2O5 

(250ÁC) 

8VSe2+3CCl4+2H2O (250ÁC) 

V+Te+CCl4 (350Áʉ) 

36V+80Te+15CCl4+2V2O5 (250ÁC) 

Br 

V+S+Br2 (150ÁC) 

18V+40S+15Br2+V2O5 (250ÁC, 400ÁC, 450ÁC) 

4VS2+3Br2+H2O (250ÁC) 

4V+8S+3Br2+H2O (250ÁC, 300ÁC, 350ÁC, 400ÁC, 450ÁC) 

4VS2+3Br2+H2O (400ÁC, 450) 

18VS4+15Br2+V2O5 (450ÁC) 

4VS4+3Br2+H2O (450ÁC) 

V+Se+Br2 (200ÁC) 

18V+40Se+15Br2+V2O5 

(250ÁC) 

VSe2+SeO2+Br2 (250ÁC) 

4VSe2+3Br2+H2O (250ÁC) 

V+Te+Br2 (260ÁC) 

18V+40Te+15Br2+V2O5 (250ÁC) 

I 

V+S+I2 (280ÁC, 300ÁC) 

18V+40S+15I2+V2O5 (250ÁC, 300ÁC) 

4V+8S+3I2+H2O (250ÁC, 300ÁC, 350ÁC) 

4VS2+3I2+H2O (300ÁC, 350ÁC) 

8VS2+6I2+2KMnO4 (250ÁC) 

4V+9S+4I2 (250ÁC, 300ÁC) 

V+Se+I2+H2O (220-300ÁC) 

V+Te+I2 (320ÁC) 

18V+40Te+15I2+V2O5 (250ÁC, 300ÁC, 450ÁC, 500ÁC, 600ÁC) 

4V+8Te+3I2+H2O (250ÁC, 300ÁC, 350ÁC, 400ÁC, 450ÁC, 500ÁC) 

4V+9Te+2I2+H2O (250ÁC, 300ÁC, 350ÁC, 400ÁC, 450ÁC, 500ÁC) 

4V+8TeI2+H2O (500ÁC) 

4V+9TeI2+H2O (500ÁC) 

18V+40TeI2+V2O5 (500ÁC) 

18V+45TeI2+V2O5 (500ÁC) 

18V+20I2+45Te+V2O5 (600Áʉ) 
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3.1.2. ʇʦʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɼʊɸ ʤʳ ʧʨʦʚʝʣʠ ʧʝʨʚʳʡ ʘʤʧʫʣʴʥʳʡ ʩʠʥʪʝʟ ʚ ʩʠʩʪʝʤʝ V-Se-I ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 220Áʉ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʥʪʝʟʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʳ ʧʦʣʫʯʠʣʠ ʯʸʨʥʳʝ (ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʥʘ ʧʨʦʩʚʝʪ) ʢʨʠʩʪʘʣʣʳ ʚ 

ʬʦʨʤʝ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʚʩʢʨʳʪʠʷ ʘʤʧʫʣʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠ ʦʪʜʘʥʳ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʥʦʚʦʤʫ ʪʝʪʨʘʷʜʝʨʥʦʤʫ ʦʢʩʦʩʝʣʝʥʦʠʦʜʠʜʫ ʚʘʥʘʜʠʷ [V4OSe8I6]ĿI2 (1) [125], ʢʦʪʦʨʳʡ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. P42/nbc c ʇʕʗ a = 11.84(1) ¡, c = 18.69 (1) ¡, V = 2619.2 (3) ¡
3
, Z = 4. 

ʆʩʥʦʚʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [V4OSe8I6]. ɼʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩʪʘʣʦ ʧʝʨʚʳʤ ʚ ʯʝʨʝʜʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ. 

ɺ ʮʝʥʪʨʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʦʜʥʘʢʦ ʩʧʝʮʠʘʣʴʥʦ ʚ ʩʠʥʪʝʟ ʤʳ ʢʠʩʣʦʨʦʜ 

ʥʝ ʜʦʙʘʚʣʷʣʠ. ʇʦʧʘʜʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʤʳ ʩʚʷʟʳʚʘʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ 

ʚʣʘʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʛʝʥʪʦʚ. ɽʩʣʠ ʚʘʥʘʜʠʡ ʤʳ ʩʧʝʮʠʘʣʴʥʦ ʦʯʠʱʘʣʠ ʠ ʭʨʘʥʠʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ Ar ʚ ʩʦʩʫʜʝ ʐʣʸʥʢʘ, ʪʦ ʧʦʨʦʰʦʢ Se ʭʨʘʥʠʣʩʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʙʳʣ ʚʣʘʞʥʳʤ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʚʢʫʧʝ ʩ ʚʳʩʦʢʦʡ ʦʢʩʦʬʠʣʴʥʦʩʪʴʶ ʚʘʥʘʜʠʷ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʜʦʟʠʨʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʤʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ ʨʝʘʛʝʥʪʳ, ʘ ʠʩʪʦʯʥʠʢʠ ʢʠʩʣʦʨʦʜʘ ʜʦʙʘʚʣʷʣʠ ʦʪʜʝʣʴʥʦ. 

ʄʳ ʧʨʦʙʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʠʩʣʦʨʦʜʘ: H2O, SeO2, V2O5, 

KMnO4, O2, ʚʦʟʜʫʭ. ɺʩʝ ʦʥʠ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʚ ʠʜʝʥʪʠʯʥʳʭ ʩʠʥʪʝʟʘʭ ʧʨʠʚʦʜʠʣʠ ʢ 

ʧʦʣʫʯʝʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ V2O5 ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʨʝʬʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʦʢʩʠʜʘʤ ʚʘʥʘʜʠʷ. ɺ 

ʠʪʦʛʝ ʩʨʝʜʠ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʤʳ ʧʨʝʜʧʦʯʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ H2O. 

ʀʟʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʩ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚʦʜʦʡ ʦʢʘʟʘʣʩʷ ʥʝ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʠʤʦ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʨʦʜʝ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ, ʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ ʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Se, ʘ ʚʦʩʧʨʦʠʟʚʦʜʠʣʩʷ ʩʠʥʪʝʟ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʠʟ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘʣʠʯʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʘʥʘʜʠʷ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʧʦʨʦʰʢʦʚʳʤʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ VI3, V6O13 ʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ 

Se (ʈʠʩʫʥʦʢ ʇ21). ʇʦʜ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ Se ʤʳ ʠʤʝʝʤ ʚ ʚʠʜʫ ʠʦʜʠʜʳ ʠ 

ʦʢʩʦʠʦʜʠʜʳ ʩʝʣʝʥʘ ʩʦʩʪʘʚʘ SeIx, SeOyIx. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʧʠʩʘʥʳ, ʥʘʧʨʠʤʝʨ 

ʚ [126]. ʏʘʩʪʦ ʚ ʥʘʰʠʭ ʩʠʥʪʝʟʘʭ ʧʨʠ ʜʦʩʪʘʚʘʥʠʠ ʝʱʸ ʪʸʧʣʦʡ ʘʤʧʫʣʳ ʠʟ ʧʝʯʠ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʯʸʨʥʦʡ ʞʠʜʢʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʩʪʳʚʘʣʘ ʙʳʩʪʨʦ ʧʨʠ 

ʦʩʪʳʚʘʥʠʠ ʘʤʧʫʣʳ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ ʩʧʫʩʪʷ ʚʨʝʤʷ ʪʚʝʨʜʝʣʘ, ʜʘʚʘʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʩʪʨʦ ʛʠʜʨʦʣʠʟʦʚʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ, 
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ʜʘʚʘʷ ʢʦʨʠʯʥʝʚʳʝ ʨʘʟʚʦʜʳ ʠ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʛʝʢʩʘʥʝ ʜʘʚʘʣʠ ʬʠʦʣʝʪʦʚʦʝ ʦʢʨʘʰʠʚʘʥʠʝ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ I2. ʆʜʥʘʢʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʠʥʪʝʟʘʭ 

ʙʦʣʴʰʠʝ ʠʟʙʳʪʢʠ I2, ʪʨʸʭ- ʠ ʯʝʪʳʨʸʭʢʨʘʪʥʳʝ, ʠ ʥʝ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ I2 ʥʘ ʩʪʝʥʢʘʭ, ʥʦ ʥʘʙʣʶʜʘʣʠ ʧʦʜʦʙʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʯʸʨʥʳʝ ʨʘʟʚʦʜʳ ʠ ʢʘʧʣʠ ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣʳ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʤ ʪʘʢ ʠ ʥʝ 

ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ, ʠʟ-ʟʘ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʚʦʟʜʫʭʝ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ ʚʥʝʰʥʠʤ 

ʧʨʠʟʥʘʢʘʤ ʦʥʦ ʧʦʭʦʞʝ ʥʘ I2, ʤʳ ʩʯʠʪʘʝʤ ʵʪʦʪ ʧʨʦʜʫʢʪ ʩʤʝʩʴʶ I2/SeIx/SeOyIx, ʧʦʩʢʦʣʴʢʫ ʯʠʩʪʳʡ 

I2 ʜʘʚʘʣ ʙʳ ʩʢʦʨʝʝ ʬʠʦʣʝʪʦʚʳʝ ʧʘʨʳ ʚ ʘʤʧʫʣʝ, ʥʝʞʝʣʠ ʯʸʨʥʫʶ ʞʠʜʢʫʶ ʤʘʩʩʫ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʠʥʪʝʟʘʭ ʨʝʘʢʮʠʷ ʥʝ ʰʣʘ ʜʦ ʢʦʥʮʘ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʥʫʞʥʳʡ ʧʨʦʜʫʢʪ ʦʢʘʟʳʚʘʣʩʷ ʩʤʝʰʘʥʥʳʤ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ Se, ʫʜʘʣʠʪʴ ʢʦʪʦʨʳʡ, ʥʝ ʨʘʟʨʫʰʠʚ 1, 

ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʵʪʦʤʫ ʤʳ ʥʘʯʘʣʠ ʨʘʙʦʪʫ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʥʪʝʟʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʤʳ 

ʧʨʦʙʦʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʙʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ (ʉʭʝʤʘ 1).  

ψὠὛὩ ὛὩὕ ψὍ ςὠὕὛὩὍ Ὅ ὛὩȟὝ ςςπЈὅ 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ 1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʭʦʪʴ ʠ ʦʢʘʟʘʣʩʷ ʫʩʧʝʰʥʳʤ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʣ ʢ ʤʝʥʝʝ ʯʠʩʪʦʤʫ 

ʧʨʦʜʫʢʪʫ ʠ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʚʳʭʦʜʫ. ʅʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʨʝʘʢʮʠʠ ʤʳ ʜʦʙʘʚʠʣʠ ʚ ʦʜʠʥ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʝʣʝʥ, ʠ ʪʘʢʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʣʘʩʴ ʥʘʤ ʥʘʠʙʦʣʝʝ ʣʦʛʠʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ I2
0
 ʜʦ I

-
 ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʠʩʣʠʣʩʷ, ʠ Se

2-
 ʚʳʛʣʷʜʝʣ 

ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʢʘʥʜʠʜʘʪʦʤ. ʌʘʢʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩʦʤ 

ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʥʪʝʟ ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʚʦʜʳ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʟʥʘʷ ʢʦʤʧʦʟʠʮʠʶ, 

ʩʪʝʭʠʦʤʝʪʨʠʶ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʳ ʧʨʦʚʝʨʠʣʠ, ʢʘʢ ʚʣʠʷʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʄʳ ʧʨʦʚʝʣʠ ʙʦʣʴʰʫʶ ʩʝʨʠʶ 

ʩʠʥʪʝʟʦʚ ʩ ʥʝʠʟʤʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220ÁC, ʛʜʝ ʤʳ ʚʘʨʴʠʨʦʚʘʣʠ 

ʚʨʝʤʷ ʥʘʛʨʝʚʘ (t1), ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ (t2) ʠ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ (t3) (ʉʭʝʤʘ 2). 

 

ʉʭʝʤʘ 2. ɺʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ 
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ɼʘʥʥʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʵʪʠʭ 

ʩʠʥʪʝʟʘʭ. ʊʘʢ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʩ t2 = 312 ʯ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʠ t2 = 72 ʯ. ʆʜʥʘʢʦ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʦʝ t2 ʤʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʚʳʭʦʜ ʚ ʨʝʘʢʮʠʠ ʩ t2 

= 24 ʯ ʙʳʣ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ t2 = 72. ʋʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ t1 ʠ t3 ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ, 

ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝ ʙʳʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ t1 = 2 ʯ, t2 = 72 ʯ, t3 ~ 5 ʯ 

(ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʝʯʴʶ). 

ɺ ʉʭʝʤʝ 2 ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʤʳ ʚʧʠʩʘʣʠ H2. ʌʘʢʪʠʯʝʩʢʠ, ʟʘ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʥʘʜ ʩʝʣʝʥʦʠʦʜʠʜʘʤʠ ʚʘʥʘʜʠʷ, ʥʘʤ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʦʜʦʨʦʜʦʤ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʅʘʣʠʯʠʝ ʚʦʜʦʨʦʜʘ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ H2 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʢʘʞʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʠ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʪʫʯʠʭ 

ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ HI. ʄʳ ʥʝʨʝʜʢʦ ʟʘʤʝʯʘʣʠ, ʯʪʦ ʚʩʢʨʳʪʠʝ ʘʤʧʫʣ ʧʨʦʠʩʭʦʜʠʪ ʩ ʭʣʦʧʢʦʤ ʠ ʙʝʣʳʤ 

ʜʳʤʦʤ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ HI, ʢʦʪʦʨʳʡ ʥʘ ʚʣʘʞʥʦʤ 

ʚʦʟʜʫʭʝ ʜʘʸʪ ʙʝʣʳʡ ʪʫʤʘʥ. ʍʣʦʧʦʢ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚʥʫʪʨʠ ʘʤʧʫʣʳ 

ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʢ ʜʘʚʣʝʥʠʶ ʦʪ H2O. ʆʜʥʘʢʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ 

ʤʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʪʝʭʠʦʤʝʪʨʠʶ ʠʩʭʦʜʷ ʠʤʝʥʥʦ ʠʟ ʦʙʨʘʟʦʚʘʥʠʷ H2. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ HI 

ʢʦʣʠʯʝʩʪʚʦ I2 ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ H2. 

ʉʠʥʪʝʟʠʨʫʷ 1, ʤʳ ʥʝʨʝʜʢʦ ʟʘʤʝʯʘʣʠ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ Se ʨʝʘʛʠʨʫʝʪ ʜʦ ʢʦʥʮʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʥ ʤʦʞʝʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʘʤʧʫʣʳ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʏʪʦʙʳ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ ʤʳ ʨʝʰʠʣʠ ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʚʘʨʴʠʨʦʚʘʣʠ ʩʦʦʪʥʦʰʝʥʠʝ V:Se:I2:H2O. ɺ ʭʦʜʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʫʩʪʘʥʦʚʠʣʠ ʥʝʢʦʪʦʨʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʥʝʜʦʩʪʘʪʢʘ Se ʚ ʨʝʘʢʮʠʠ (75% ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ) ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʝʩʴ ʩʝʣʝʥ ʧʨʦʨʝʘʛʠʨʫʝʪ ʠ ʥʝ 

ʩʢʘʞʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʥʘ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʥʝʨʝʜʢʦ ʚ ʥʘʰʠʭ ʩʠʥʪʝʟʘʭ ʤʳ ʧʨʠʤʝʥʷʣʠ 

ʵʪʦʪ ʧʦʜʭʦʜ. ɺʦ-ʚʪʦʨʳʭ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʠʩʪʦʯʥʠʢʘ ʢʠʩʣʦʨʦʜʘ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʥʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ ʦʢʩʠʜʦʚ 

ʚʘʥʘʜʠʷ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɹʝʟ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʩʣʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʦʤ, 

ʧʦʯʝʤʫ ʪʘʢ ʧʨʦʠʩʭʦʜʠʪ. ɺʦʟʤʦʞʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʵʪʘʧʦʤ ʚ ʧʦʣʫʯʝʥʠʠ ʦʢʩʦʩʝʣʝʥʦʠʦʜʠʜʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʚ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʜʘʚʣʝʥʠʝ 

I2. ʂʘʢ ʤʳ ʧʦʪʦʤ ʦʙʥʘʨʫʞʠʣʠ ʚ ʩʠʥʪʝʟʘʭ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʥʘʛʨʝʚʦʤ, ʚ ʨʝʘʢʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʛʘʟʦʚʳʡ ʪʨʘʥʩʧʦʨʪ. ɼʦʙʘʚʣʝʥʠʝ ʠʟʙʳʪʢʘ I2 ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʚʳʭʦʜʝ ʚ ʨʝʘʢʮʠʠ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʩʠʥʪʝʟʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʙʳʪʦʯʥʳʡ ʡʦʜ ʤʦʛ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʦʜʠʜʦʚ ʠ ʦʢʩʦʠʦʜʠʜʦʚ ʩʝʣʝʥʘ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʤʦʛʘʣʦ ʜʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʧʦ Se ʜʦ ʢʦʥʮʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʪʠʤʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 1, ʢʦʪʦʨʫʶ ʤʳ ʚʳʚʝʣʠ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʉʭʝʤʘ 3): 

 

τὠ ψὛὩ
̏ ̖̓̒̓̆̉̏̍Ȣ

υὍ ̓ ̑̏̊̎̏̊ ̉̈Ȣ̂ Ὄὕ̖̅̃̔̋̑́̓̎Ȣ  ̉̈Ȣ̂ ὠὕὛὩὍ Ὅ ςὌὍ 

 Ὕ ςςπЈὅȟὸ χς ̘ 

ʉʭʝʤʘ 3. ʆʧʪʠʤʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ 1 

 

ɺ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 1 ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʚʘʨʴʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʇʄ ʩʠʥʪʝʟʠʨʫʶʪ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʨʷʜʢʘ 800Áʉ, ʠ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ, ʧʦʜʥʷʚ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ, ʤʳ 

ʩʤʦʞʝʤ ʢʘʨʜʠʥʘʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʚʳʭʦʜ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ 

ʩʠʥʪʝʟʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 300Áʉ ʥʝ ʧʨʠʚʸʣ ʢ ʞʝʣʘʝʤʦʤʫ ʧʨʦʜʫʢʪʫ, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʠʞʝ 220Áʉ ʪʦʞʝ ʥʝ ʜʘʚʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʣʘʚʣʝʥʠʝ 

ʩʝʣʝʥʘ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 218Áʉ. ʆʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ 220-300Áʉ 

ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʥʝʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʣʫʯʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʠʥʪʝʟʘ 1, ʢʘʢ ʤʳ ʚʳʷʩʥʠʣʠ, ʦʩʪʘʣʘʩʴ ʊ = 220Áʉ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ [V4OSe8I6]ĿI2, ʘ ʜʨʫʛʠʭ, ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ [V4OSe8I6]Ŀ2I2 (ʩʦʝʜʠʥʝʥʠʝ 2) [127], ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ 1 

ʯʠʩʣʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ I2 ʥʘ ʦʜʠʥ ʢʦʤʧʣʝʢʩ V4O. 2 ʙʳʣʦ ʚʧʝʨʚʳʝ ʥʘʤʠ ʧʦʣʫʯʝʥʦ 

ʚ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʉʭʝʤʝ 4. 

 

ψὠὛὩ ὛὩὕ ψὍ ςὠὕὛὩὍ ςὍ ὛὩȟὝ ςυπЈὅȟὸ ρπ ̘ȟὸ τψ ̘ȟὸͯ  υ ̘ 

ʉʭʝʤʘ 4. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 2 

 

ɺ ʜʘʥʥʦʤ ʩʠʥʪʝʟʝ ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʯʸʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʢʚʘʜʨʘʪʥʳʭ 

ʧʣʘʩʪʠʥʦʢ ʠ ʧʘʣʦʯʝʢ. ʆʙʘ ʚʠʜʘ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʠ 

ʦʥ ʜʘʣ ʩʦʩʪʘʚ V4.0Se6.6I9.1 ʜʣʷ ʧʣʘʩʪʠʥʦʢ ʠ V4Se6.9I9.5 ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ. ʅʝʩʢʦʣʴʢʦ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʈʉɸ ʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ [V4OSe8I6]Ŀ2I2. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʪʦʙʨʘʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʦʢʘʟʘʣʩʷ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ, ʠ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ R1 = 15.83%. ʉʦʝʜʠʥʝʥʠʝ 2 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ.  ʉ2/ʩ, ʇʕʗ: a = 20.22(1) ¡, b = 11.81(1) ¡, c = 12.12(1) ¡, ɓ = 90.5(3)Á, 

V = 2892(3) ¡
3
, Z = 8. ʅʘʤʠ ʪʘʢʞʝ ʙʳʣ ʠʟʫʯʝʥ ʝʱʸ ʦʜʠʥ ʢʨʠʩʪʘʣʣ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʤʝʪʦʜʦʤ ʈʉɸ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʣʦʠʩʪʦʤʫ [V4OSe6I3]2Ð, ʚ ʢʦʪʦʨʦʤ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʩʣʦʞʥʫʶ ʩʚʷʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʜʠʩʝʣʝʥʠʜʥʳʝ ʠ ʡʦʜʦ-ʛʨʫʧʧʳ. 
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ʂʘʢ ʧʦʢʘʟʘʣ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ, ʩʪʨʫʢʪʫʨʘ [V4OSe6I3]2Ð ʷʚʣʷʝʪʩʷ ʣʦʞʥʦʡ ʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʨʠʩʪʘʣʣʘ 

ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ [127], ʯʪʦ ʤʳ ʧʦʜʨʦʙʥʝʝ ʦʙʩʫʜʠʤ ʚ ʨʘʟʜʝʣʝ 3.2.3. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʤʥʦʛʦ ʨʘʟ 

ʧʳʪʘʣʠʩʴ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʠʥʪʝʟ 2, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʳʡ ʈʉɸ, ʦʜʥʘʢʦ ʥʘʤ ʵʪʦ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ.  

ɺ ʪʝʯʝʥʠʝ ʨʘʙʦʪʳ ʤʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʥʘʤ ʫʜʘʚʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʤʠʤʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʢʘʢʫʶ-ʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʤʦʣʝʢʫʣʫ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʟʳʚʘʶʪ 

ʪʝʨʤʠʥʦʤ çcocrystalsè ʠʣʠ ʩʦʢʨʠʩʪʘʣʣʳ [128]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʩʦʢʨʠʩʪʘʣʣʳ ʩ I2 ʚ ʩʪʨʫʢʪʫʨʝ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʥʠʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʝʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʦʪʦʨʳʝ ʚʝʨʦʷʪʥʦ ʩʪʘʙʠʣʠʟʠʨʫʶʪ 

ʩʪʨʫʢʪʫʨʫ.  ɼʘʥʥʳʡ ʬʘʢʪ ʥʘʪʦʣʢʥʫʣ ʥʘʩ ʥʘ ʤʳʩʣʴ ʦ ʧʦʣʫʯʝʥʠʠ ʩʦʢʨʠʩʪʘʣʣʦʚ ʩ ʜʨʫʛʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʧʦʵʪʦʤʫ ʤʳ ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʉʭʝʤʘ 5), ʚ ʢʦʪʦʨʳʭ 

ʜʦʙʘʚʣʷʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟʙʳʪʦʢ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʧʳʪʘʷʩʴ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʠʜʘ 

[V4OSe8I6]ĿL (L = en, phen, 4,4ô-bipy, 2,2ô-bipy, 4-tBu-py, atrz, ʠʤʠʜʘʟʦʣ, ʧʠʨʘʟʦʣ, 3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ). 

 

τὠ ψὛὩτὍ Ὄὕ ὒ̅ ̠̆̒̓̉̋̑́̓̎Ȣ̉̈Ȣ̂ ὠὕὛὩὍ ὒ ςὌὍȟὝ ςςπЈὅȟὸ ωτ ̘ 

ʉʭʝʤʘ 5. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʦʢʨʠʩʪʘʣʣʦʚ [V4OSe8I6] ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

 

ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʧʨʦʜʫʢʪ ʦʪʤʳʚʘʣʩʷ ʧʦʜʭʦʜʷʱʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʙʳʣ EtOH. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ 

ʭʘʨʘʢʪʝʨʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ ʤʳ 

ʧʦʣʫʯʘʣʠ ʘʤʦʨʬʥʫʶ ʤʘʩʩʫ ʩ ʥʝʧʦʜʜʘʶʱʝʡʩʷ ʨʘʩʰʠʬʨʦʚʢʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ (ʧʠʨʘʟʦʣ, 4,4ô-bipy, 2,2ô-bipy) ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʯʝʡ ʧʨʦʬʠʣʴ ʙʳʣ ʧʦʭʦʞ ʥʘ ʢʘʨʪʠʥʫ, ʥʘʙʣʶʜʘʝʤʫʶ ʜʣʷ 1 ʠ 2, ʠ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʨʝʬʣʝʢʩʳ ʚ ʤʘʣʦʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 1 ʠ 2, ʦʜʥʘʢʦ ʧʦʣʫʯʠʪʴ 

ʢʨʠʩʪʘʣʣʳ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ (ʈʠʩʫʥʦʢ ʇ22). ʀʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʦʤ ʠʣʠ dmp. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʯʸʨʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʯʸʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥʦʢ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʠʩʢʦʤʦʤʫ ʩʦʝʜʠʥʝʥʠʶ [V4OSe8I6]Ŀdmp (ʩʦʝʜʠʥʝʥʠʝ 3) [129], ʢʦʪʦʨʦʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. 
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Pρ c ʇʕʗ a = 11.40(1) ¡, b = 11.79(1) ¡, c = 12.51(1) ¡, Ŭ = 90.3(2)Á, ɓ = 114.82(1)Á, ɔ = 

110.38(1)Á, V = 1408.29(17) ¡
3
, Z = 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 220-250Áʉ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ [V4OSe8I6]ĿX, ʛʜʝ X = I2, 2I2, dmp. ɺʦ ʚʩʝʭ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʣʠʩʴ ʚ ʚʠʜʝ ʩʦʢʨʠʩʪʘʣʣʦʚ ʠ ʥʠʢʦʛʜʘ ʚ ʚʠʜʝ ʯʠʩʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʷʯʝʡʢʝ. ʇʦ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩ [V4OSe8I6] 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʪʠʪʘʥʦʚʳʭ [Ti4OQ8X6]. ʇʨʠʯʸʤ ʚ ʩʣʫʯʘʝ ʪʠʪʘʥʘ ʪʦʞʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʩʦʢʨʠʩʪʘʣʣ [Ti4OS8Cl6]Ŀ2S8. ʂʨʠʩʪʘʣʣʳ ʪʠʦʭʣʦʨʠʜʘ ʪʠʪʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʨʝʘʢʮʠʠ 

ʧʦʨʦʰʢʘ ʪʠʪʘʥʘ ʩ ʩʝʨʦʡ ʠ S2Cl2 ʚ ʟʘʧʘʷʥʥʦʡ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ [Ti4OS8Cl6] (160Áʉ), ʣʠʙʦ [Ti4OS8Cl6]Ŀ2S8 (425Áʉ). 

ʆʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʯʠʩʪʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [V4OSe8I6], ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ Se, ʠ 

ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ. ɿʘʤʝʥʠʪʴ ʩʝʣʝʥ ʥʘ SeIx ʧʦ ʘʥʘʣʦʛʠʠ ʩ S2Cl2 ʪʦʞʝ ʥʝʣʴʟʷ, ʧʦʩʢʦʣʴʢʫ ʠʦʜʠʜʳ 

ʩʝʣʝʥʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʧʦʣʫʯʝʥʳ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʠʪʴ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʚ ʚʠʜʝ 

ʩʦʢʨʠʩʪʘʣʣʘ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ.   

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 220Áʉ ʜʦ 250Áʉ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 2, ʚʤʝʩʪʦ 

ʩʦʝʜʠʥʝʥʠʷ 1, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 250Áʉ ʜʦ 290Á ʠ ʩ 220Á ʜʦ 240Áʉ 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʜʨʫʛʠʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ, ʧʦʜʨʦʙʥʝʝ ʦ ʢʦʪʦʨʳʭ ʤʳ ʧʦʛʦʚʦʨʠʤ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ.  

 

3.1.3. ʇʦʣʫʯʝʥʠʝ ʮʝʧʦʯʝʯʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 250Áʉ ʠ ʚʧʣʦʪʴ ʜʦ 290Áʉ ʩʤʝʩʠ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʠ ʚʦʜʳ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʚʦʤʫ 

ʩʦʝʜʠʥʝʥʠʶ ʮʝʧʦʯʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [V4Ose8I5]Ð (ʩʦʝʜʠʥʝʥʠʝ 4). ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʧʝʨʚʳʝ ʪʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʚ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ 2, ʦʜʥʘʢʦ ʪʦʛʜʘ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤ ʫʜʘʣʦʩʴ ʜʦʚʝʩʪʠ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʡ (ʉʭʝʤʘ 6) ʠ ʦʪʦʙʨʘʪʴ ʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ. 

 

τὠ ψὛὩσȢυὍ ̐ ̏̌̔̓̏̑̎Ȣ  ̞̈Ȣ̂ Ὄὕ̖̅̃̔̋̑Ȣ  ̞̈Ȣ̂ ὠὕὛὩὍ ςὌὍȟὝ ςωπЈὅȟὸ φω ̘ 

ʉʭʝʤʘ 6. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 4 

 

4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. ʉ2/ʩ, ʇʕʗ a = 21.13 (1) ¡, b = 5.88 (1) ¡, c = 18.09 (1) ¡, ɓ = 

123.65(1)Á, V = 1872.81 (18) ¡
3
, Z = 4.  
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ʉʦʝʜʠʥʝʥʠʝ 1 ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 220Áʉ, ʠ ʦʥʦ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʉʦʝʜʠʥʝʥʠʝ 4 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 250-290Áʉ ʠ ʠʤʝʝʪ ʮʝʧʦʯʝʯʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 230-240Áʉ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʤʧʫʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦ ʉʭʝʤʝ 7 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ [VSe4]4[V4OSe8I6]Ŀ2I2 (ʩʦʝʜʠʥʝʥʠʝ 5), ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢʘʢ 

ʮʝʧʦʯʝʯʥʳʡ ʤʦʪʠʚ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ. 5 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. Ccce, ʇʕʗ a = 13.49(1) ¡, b 

= 28.97(1) ¡, c = 12.44 (1) ¡, V = 4861.9 (6) ¡
3
, Z = 4.  

 

ψὠ ςτὛὩ
 ̏  ̓̒ ̖̓̆̉̏̍Ȣ

φὍ ̐ ̏̌̔̓̏̑̎Ȣ  ̉̈Ȣ̂ Ὄὕ̙̆̒̓̉̋̑Ȣ  ̉̈Ȣ̂ ὠὛὩ ὠὕὛὩὍ ςὍ ςὌὍȟ  

Ὕ ςτπЈὅȟὸ τ ̘ȟὸ χς ̘ȟὸ ςτ ̘ 

ʉʭʝʤʘ 7. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ 5 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ V-Se-I ʚ ʩʠʥʪʝʟʝ ʧʨʠ 220Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʠ ʚʦʜʳ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʯʸʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ, ʢʦʪʦʨʳʝ ʤʳ 

ʦʪʦʙʨʘʣʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʈʉɸ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʥʝʩʪʠʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ çʛʠʙʨʠʜʫè ʩ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʘʚʘ 

[VSe4]3.2[V4OSe8I6]Ŀ2I2 (ʩʦʝʜʠʥʝʥʠʝ 6). ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʦʡ ʞʝ ʧʨ. ʛʨ. 

Ccce, ʯʪʦ ʠ 5, ʥʦ ʇʕʗ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʶʪʩʷ: a = 12.40(1) ¡, b = 29.91(1) ¡, c = 12.37(1) ¡, V = 

4589.0 (17) ¡
3
, Z = 4. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʠʜ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 5 ʠ 6 

(ʈʠʩ. 39).  

 

 

ʈʠʩʫʥʦʢ 39. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 5 (ʩʥʠʟʫ) ʠ 6 (ʩʚʝʨʭʫ) 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ [VSe4] ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʣʠʙʦ ʜʨʫʛʠʝ 

[VSe4]x[V4OSe8I6]Ŀ2I2 ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʋʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʝ 
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çʛʠʙʨʠʜʳè, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ. ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ çʛʠʙʨʠʜè ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʯʫʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 240Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 220Áʉ. ʆʜʥʘʢʦ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ çʛʠʙʨʠʜʘè ʦʯʝʥʴ 

ʙʣʠʟʢʠ ʢ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ 1, ʠ ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟ 6 ʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤ, ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ 

ʧʦʚʪʦʨʥʦ ʥʘʤ ʪʘʢ ʥʝ ʫʜʘʣʦʩʴ. ʀ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫ ʥʘʩ ʩʣʠʰʢʦʤ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦʙʳ 

ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ.  

ʇʦʩʣʝʜʥʠʤ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʮʝʧʦʯʝʯʥʳʡ [V3Se12I2]I3Ŀ1/4I2 

(ʩʦʝʜʠʥʝʥʠʝ 7). 7 ʧʦʣʫʯʘʣʦʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʘ ʧʨʠ 

240Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʧʘʣʦʯʝʢ. 

ʉʦʝʜʠʥʝʥʠʝ 7 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. P21/c ʠ ʇʕʗ a = 19.12(1) ¡, b = 13.68(1) ¡, c = 18.14(1) 

¡, V = 4745.6 (3) ¡
3
, Z = 8.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʦ, ʢʘʢʦʡ ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʧʦʣʫʯʝʥ, ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ: 220Áʉ ï 0D, 

230-250Áʉ ï çʛʠʙʨʠʜʥʳʝè ʠ 1D, 260-290ÁC ï 1D. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 260-290Áʉ 

ʧʨʘʢʪʠʯʝʩʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʫʜʝʪ ʮʝʧʦʯʝʯʥʳʡ [V4OSe8I5] (4). ʅʘ ʥʠʞʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʥʠʮʝ ʧʨʠ 220Áʉ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ 

[V4OSe8I6]ĿI2 (1) ʠ [V4OSe8I6]Ŀdmp (3). ɼʠʘʧʘʟʦʥ 230-250Áʉ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʨʘʟʫ ʤʥʦʞʝʩʪʚʘ ʬʘʟ: [V4OSe8I6]Ŀ2I2 (2), [VSe4]4[V4OSe8I6]Ŀ2I2 (5), [VSe4]3.2[V4OSe8I6]Ŀ2I2 (6), 

[V3Se12I2]I3Ŀ1/4I2 (7), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʘʤʳʤ ʚʝʨʦʷʪʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ  

[VSe4]4[V4OSe8I6]Ŀ2I2. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʵʪʠʭ ʛʨʘʥʠʮ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʚ ʩʠʥʪʝʟʘʭ 

ʧʨʠ 220Áʉ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʥʘʰʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʳʪʘ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ 10Áʉ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʦʜʝʣʝʡ ʤʫʬʝʣʴʥʳʭ ʧʝʯʝʡ ʠ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨʦʚ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʤʳ ʧʨʠʤʝʥʷʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʧʘʨʳ, ʢʦʪʦʨʘʷ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʪʝʥʢʝ ʘʤʧʫʣʳ.  

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʘʪʴ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʧʦʣʫʯʘʶʱʠʭʩʷ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ. ʆʥ 

ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʥʦʡ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʈʘʩʪʚʦʨʠʤʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ (ʡʦʜ, ʠʦʜʠʜʳ ʚʘʥʘʜʠʷ ʠ 

ʩʝʣʝʥʘ) ʦʪʤʳʚʘʣʠ EtOH, ʟʘʪʝʤ ʛʝʢʩʘʥʦʤ, ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʊʘʢʦʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʪʩʷ 

ʛʦʨʘʟʜʦ ʯʠʱʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ (VI3 ï ʵʪʦ 
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ʬʝʨʨʦʤʘʛʥʝʪʠʢ [130]). ʆʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʤʦʞʝʪ 

ʭʨʘʥʠʪʴʩʷ ʚ ʙʘʥʦʯʢʘʭ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʝʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ 

ʦʪʤʳʚʘʣʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʙʳʩʪʨʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʩʪʝʥʢʘʭ ʙʘʥʦʯʢʠ 

ʢʦʨʠʯʥʝʚʳʭ ʨʘʟʚʦʜʦʚ ʠ ʨʘʟʣʦʞʝʥʠʝ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ.  

 

3.2. ʉʪʨʫʢʪʫʨʳ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʜʝʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʦʚʳʭ 

ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ. ɹʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʜʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ. ʆʙʩʫʞʜʝʥʠʶ ʩʪʨʫʢʪʫʨ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʦʢ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʛʣʘʚʘ. 

 

3.2.1. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ʂʦʤʧʣʝʢʩ [V4OSe8I6] ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 1-6. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʧʦʩʪʨʦʝʥ ʘʥʘʣʦʛʠʯʥʦ 

ʪʝʪʨʘʷʜʝʨʥʳʤ ʦʢʩʦʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤ ʩ ʷʜʨʦʤ M4O, ʪʠʧʘ Ti4OS8Cl6, ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʩʪʨʦʝʥʠʝ 

ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 1 (ʈʠʩ. 40). ɺ ʮʝʥʪʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʧʦ 

ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʸʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʚʘʥʘʜʠʷ, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ V-O 1.942(1) 

¡. ɺ ʠʩʢʘʞʸʥʥʦʤ ʪʝʪʨʘʵʜʨʝ V4 ʝʩʪʴ ʜʚʘ ʢʦʨʦʪʢʠʭ ʨʘʩʩʪʦʷʥʠʷ 2.930(2) ¡, ʜʚʘ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷ 2.961(2) ¡ ʠ ʜʚʘ ʜʣʠʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷ 3.581(2) ¡. ʄʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʧʦ 

ʨʸʙʨʘʤ ʩʦʝʜʠʥʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ Õ2-(Se2) ʛʨʫʧʧʘʤʠ, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ V-Se ʚ 2.483(1) ï 

2.587(1) ¡, ʩʨʝʜʥʝʝ 2.542 ¡ ʠ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ I ʧʦ ʜʣʠʥʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ ʚ V4, ʩ ʜʣʠʥʘʤʠ 

ʩʚʷʟʝʡ V-Õ2-I 2.859(1) ¡. ʂʘʞʜʳʡ ʘʪʦʤ ʚʘʥʘʜʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʝʨʤʠʥʘʣʴʥʳʤ 

ʘʪʦʤʦʤ I, ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ V-I 2.657(1) ¡. ʈʘʩʩʪʦʷʥʠʷ Se-Se ʨʘʚʥʳ 2.300(2) ï 2.302(2) ¡. 

ʇʦʤʠʤʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ 1 ʚʭʦʜʠʪ ʤʦʣʝʢʫʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I2. 

 

 

ʈʠʩʫʥʦʢ 40. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [V4(Õ4-O)(Õ2-Se2)4(Õ2-I)2I4] 
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ɺ ʢʦʤʧʣʝʢʩʝ [V4OSe8I6] ʚʘʥʘʜʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʧʝʥʪʘʛʦʥʘʣʴʥʦ-

ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ (ʈʠʩ. 41). 

 

 

ʈʠʩʫʥʦʢ 41. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ V ʚ ʢʦʤʧʣʝʢʩʝ [V4OSe8I6]. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ 

[125] 

 

ʎʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʚʳʩʪʫʧʘʝʪ ʚʘʥʘʜʠʡ, ʢ ʢʦʪʦʨʦʤʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʛʨʫʧʧʳ Õ2-(Se2)
2-

, I
-
 ʠ Õ4-O

2-
, ʠ ʬʦʨʤʫʣʫ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

[V4
4+

O
2-

(Se2)4
2-

I6
-
], ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʚʘʥʘʜʠʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ d

1
 ʠ ʠʤʝʝʪ  

ʧʦ ʦʜʥʦʤʫ ʥʝʩʧʘʨʝʥʥʦʤʫ ʵʣʝʢʪʨʦʥʫ. ʋʯʠʪʳʚʘʷ ʨʘʩʩʪʦʷʥʠʷ VéV 2.961(2) ¡, ʦʜʥʦʟʥʘʯʥʦ 

ʩʢʘʟʘʪʴ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʩʚʷʟʴ V-V ʙʝʟ ʧʨʠʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʨʫʜʥʦ, ʭʦʪʴ ʠ ʨʘʩʩʪʦʷʥʠʷ VéV ʜʘʞʝ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʢʣʘʩʪʝʨʥʦʤ V4S9Br4 (3.005 ¡). ʇʦʵʪʦʤʫ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠ ʚ ʥʸʤ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ V-V, ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ 

DFT-ʨʘʩʯʸʪʦʤ. ʈʘʩʯʸʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʯʝʪʳʨʴʤʷ ʥʝʩʧʘʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʚʘʢʫʫʤʝ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, 

ʪʦʣʴʢʦ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ ʧʨʠʤʝʨʥʦ 5% (ʊʘʙʣʠʮʘ ʇ23). ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʠʜ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʈʠʩʫʥʦʢ ʇ24), ʤʝʪʦʜʦʤ ɹʝʡʜʝʨʘ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʟʘʨʷʜʳ (ʈʠʩʫʥʦʢ ʇ25). ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ, ʵʣʝʢʪʨʦʥʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʘ 4 ɺɿʄʆ. ʈʘʩʯʸʪ ʟʘʨʷʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʘ ʦʢʨʫʞʘʶʱʠʝ ʣʠʛʘʥʜʳ ʥʘʦʙʦʨʦʪ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʢʦʚʘʣʝʥʪʥʦʡ ʧʦʣʷʨʥʦʡ ʧʨʠʨʦʜʝ ʩʚʷʟʠ V-L. ʇʨʦʚʝʜʸʥʥʳʡ ʨʘʩʯʸʪ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʢʘʟʘʣ ʣʦʢʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʚʘʥʘʜʠʷ (ʈʠʩʫʥʦʢ ʇ26). ʀ ʚ 

ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ELF (ʈʠʩ. 42), ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ V, ʯʪʦ ʚʤʝʩʪʝ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʩʧʠʥʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʚʘʥʘʜʠʷ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 4 ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ M-M. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʦʣʠʷʜʝʨʥʳʡ, ʘ ʥʝ ʢʣʘʩʪʝʨʥʳʡ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 42. ʈʠʩʫʥʦʢ ELF ʜʣʷ ʢʦʤʧʣʝʢʩʘ [V4OSe8I6]. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125] 

 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 1 (ʈʠʩ. 43) ʢʦʤʧʣʝʢʩʳ [V4OSe8I6] ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʦʣʦʥʥʘʭ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c, ʧʨʠ ʵʪʦʤ ʚ ʦʜʥʦʡ ʢʦʣʦʥʥʝ ʩʦʩʝʜʥʠʝ ʬʨʘʛʤʝʥʪʳ ʯʝʨʝʜʫʶʪ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʦʩʠ 42. ʄʦʣʝʢʫʣʳ I2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ, ʠ ʧʨʠ ʵʪʦʤ ʦʥʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʟʠʮʠʷʤ (ʥʘ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʦʨʠʝʥʪʘʮʠʷ). 

 

 

ʈʠʩʫʥʦʢ 43. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 1, (1) - ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʦʩʠ c, (2) - ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ 

ʦʩʠ b. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125] 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ 2 ʫʩʪʨʦʝʥʘ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ (ʈʠʩ. 44(1)), ʦʜʥʘʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʚʜʦʣʴ ʦʜʥʦʡ ʢʦʣʦʥʥʳ, ʘ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ɺ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʩʦʝʜʠʥʝʥʠʷ 3 (ʈʠʩ. 44(2)) ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʦʣʦʥʥʘʭ 

ʚʜʦʣʴ ʦʩʠ c, ʧʨʠ ʵʪʦʤ ʦʜʥʘ ʢʦʣʦʥʥʘ ʧʦʚʸʨʥʫʪʘ ʥʘ 180Á ʚʜʦʣʴ ʦʩʠ a ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʝʜʥʝʡ. 

ʄʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ dmp ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠ ʥʘ ʛʨʘʥʷʭ ʷʯʝʡʢʠ. ʅʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʳ dmp ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ, ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ. ɺ 

ʩʦʝʜʠʥʝʥʠʠ 3 ʫ ʢʘʞʜʦʛʦ dmp ʝʩʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʘʟʦʪʝ. ɺ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ N1A ʠ N1B (ʚʘʨʠʘʥʪ 1), ʤʳ ʧʦʣʫʯʠʤ 

ʯʨʝʟʚʳʯʘʡʥʦ ʢʦʨʦʪʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ N-HéI ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ NéI ʚ 3.35 ʠ 3.37 ¡ 

(ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.53 ¡). ɺ ʩʣʫʯʘʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ N2A ʠ N2B (ʚʘʨʠʘʥʪ 

2) ʤʳ ʧʦʣʫʯʠʤ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ NéI ʚ 3.47 ʠ 3.71 ¡ (ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.53 ¡). 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʳ ʧʨʠʤʝʥʠʣʠ DFT-ʨʘʩʯʸʪ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ. ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʙʳʣʘ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʫʜʣʠʥʝʥʠʷ ʩʚʷʟʝʡ Se-Se ʚ ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧʘʭ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʤ  rʥʘʙʣʶʜʘʣʠ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʟʘʤʝʪʥʦʝ ʚʨʘʱʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣ 

dmp, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʝʢʫʣʳ ʜʨʫʛʦʛʦ ʪʠʧʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʣʠ ʩʚʦʶ ʠʟʥʘʯʘʣʴʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ NéI ʨʘʚʥʷʣʠʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3.5 ¡ 

(ʜʣʷ ʘʤʠʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ) ʠ 3.4 ¡ (ʜʣʷ ʠʤʠʥʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ). ʈʘʩʩʯʠʪʘʥʥʘʷ ʵʥʝʨʛʠʷ ʙʳʣʘ 

ʥʠʞʝ ʚ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪʘ 1, ʩ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ NéI, ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 

4.1 ʢɼʞ/ʤʦʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 2. ʆʜʥʘʢʦ ʵʪʘ ʨʘʟʥʠʮʘ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʘ, ʪʘʢ ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʥʝʪ ʩʪʨʦʛʦ ʦʜʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʦ ʚʘʨʠʘʥʪʫ 1. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʥʦʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ NéI ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʘʨʪʝʬʘʢʪʘʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʠʟ 

ʥʝʨʘʟʨʝʰʝʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʨʷʜʘ çʪʘʫʪʦʤʝʨʥʳʭè ʬʦʨʤ dmp. 

 

 

ʈʠʩʫʥʦʢ 44. (1) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 2, (2) ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 3. ʈʠʩʫʥʦʢ 

44(2) ʚʟʷʪ ʠʟ [129] 
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ɺ ʊʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʝʣʝʥʦʠʦʜʠʜʦʚ 1-3 ʠ [Ti4OS8Cl6]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʩʦʝʜʠʥʝʥʠʷ 1-3 ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʟʥʘʯʝʥʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ [V4OSe8I6] ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʭʦʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ VéV ʚ ʩʝʣʝʥʦʠʦʜʠʜʘʭ ʜʘʞʝ ʢʦʨʦʯʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʷ 

TiéTi ʚ ʪʠʦʭʣʦʨʠʜʝ ʪʠʪʘʥʘ. 

 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ 

ʉʦʝʜʠʥʝʥʠʝ 
ʈʘʩʩʪʦʷʥʠʷ MéM 

(ʤʠʥ., ʤʘʢʩ., ʩʨʝʜʥ.), ¡ 

ʈʘʩʩʪʦʷʥʠʷ 

MéO 

(ʤʠʥ., ʤʘʢʩ., 

ʩʨʝʜʥ.), ¡ 

ʈʘʩʩʪʦʷʥʠʷ 

MéQ (ʤʠʥ., 

ʤʘʢʩ., ʩʨʝʜʥ.), 

¡ 

ʈʘʩʩʪʦʷʥʠʷ MéHal 

(ʤʠʥ., ʤʘʢʩ., ʩʨʝʜʥ.), ¡ 

[Ti 4OS8Cl6] 

ʂʦʨʦʪʢʠʝ ï 3.127 (2), 

3.178(1), 3.147 

ɼʣʠʥʥʳʝ ï 3.555(1) 

2.007, 2.014, 

2.010 

2.394(2), 

2.539(2), 2.465 

ʊʝʨʤ. ï 2.202(2), 

2.222(2), 2.211  

ʄʦʩʪʠʢ. ï 2.525(2), 

2.538(2), 2.531 

[V 4OSe8I6]ĿI2 (1) 

ʂʦʨʦʪʢʠʝ ï 2.930(2), 

2.961(2), 2.945 

ɼʣʠʥʥʳʝ ï 3.581(2) 

1.942(1) 
2.483(1), 

2.587(1), 2.542 

ʊʝʨʤ. ï 2.657(1) 

ʄʦʩʪʠʢ. ï 2.859(1)  

[V 4OSe8I6]Ŀ2I2 (2) 

ʂʦʨʦʪʢʠʝ ï 2.95(3), 

2.96(4), 2.96 

ɼʣʠʥʥʳʝ ï 3.49(8), 

3.61(7), 3.55  

- 
2.37(3), 

2.63(3), 2.53 

ʊʝʨʤ. ï 2.63(3), 2.70(3), 

2.85 

ʄʦʩʪ. ï  2.78(4), 

2.92(4), 2.85 

[V 4OSe8I6]Ŀdmp (3) 

ʂʦʨʦʪʢʠʝ ï 2.927(1), 

2.982(1), 2.947 

ɼʣʠʥʥʳʝ ï 3.567(1), 

3.572(1), 3.569 

1.934(2), 

1.945(2), 

1.940 

2.498(1), 

2,600(1), 2.545 

ʊʝʨʤ. ï 2.692(1), 

2.751(1), 2.722 

ʄʦʩʪ. ï 2.859(1), 

2.871(1), 2.865  

 

ʉʦʝʜʠʥʝʥʠʷ 1-3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʢʨʠʩʪʘʣʣʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ 

ʧʦʤʠʤʦ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʠʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʤʦʣʝʢʫʣʘ. ʄʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ [V4OSe8I6] 

ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʝʞʜʫ ʥʠʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʳ 

ʩʨʘʚʥʠʚʘʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʩ ʩʫʤʤʦʡ ʠʭ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ (ʚʜɺ) ʨʘʜʠʫʩʦʚ, 

ʠʩʧʦʣʴʟʫʷ [121]. ʉʝʪʴ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 45. ɺ 
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ʢʦʣʦʥʥʘʭ [V4OSe8I6] ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʥʪʘʢʪʳ SeéSe (Se
a
1éSe

b
1, 3.78 ¡, ʩʫʤʤʘ ʚʜɺ 3.80 ¡). ɽʩʪʴ 

ʪʘʢʞʝ ʠ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʠʟ ʩʦʩʝʜʥʠʭ ʢʦʣʦʥ. ʕʪʦ ʢʦʥʪʘʢʪʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ I 

(I
a
1éI

b
1, 3.88 ¡, ʩʫʤʤʘ ʚʜɺ 3.96 ¡), ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ I ʠ ʤʦʩʪʠʢʦʚʳʤʠ Se 

(I
a
1éSe

b
1, 3.67 ¡ ʩʫʤʤʘ ʚʜɺ 3.88 ¡; I

a
1éSe

b
2, 3.47 ¡, ʩʫʤʤʘ ʚʜɺ 3.88 ¡) ʠ ʢʦʥʪʘʢʪʳ ʤʦʩʪʠʢʦʚʳʭ 

I ʩ ʤʦʩʪʠʢʦʚʳʤʠ Se (I
a
2éSe

b
2, 3.61 ¡, ʩʫʤʤʘ ʚʜɺ 3.96 ¡). ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ I2 

ʦʙʨʘʟʫʶʪ ʢʦʥʪʘʢʪʳ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʝ I (I
a
3éI

b
1, 3.54 ¡, 

ʩʫʤʤʘ ʚʜɺ 3.96 ¡). 

 

 

ʈʠʩʫʥʦʢ 45. ʉʭʝʤʘ ʚʜɺ ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 1, (1) ï ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ [V4OSe8I6], (2) 

ï ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʦʡ I2 ʠ ʢʦʤʧʣʝʢʩʦʤ [V4OSe8I6]. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125] 

 

ʇʦʜʦʙʥʫʶ ʩʭʝʤʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠ ʜʣʷ 3 (ʈʠʩ. 46). ɺ 

ʩʪʨʫʢʪʫʨʝ 3 ʨʝʘʣʠʟʫʶʪʩʷ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [V4OSe8I6] ʯʝʨʝʟ 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʡʦʜʘ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘʤʠ ʠ ʤʝʞʜʫ ʤʦʩʪʠʢʦʚʳʤʠ Se 

ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ: I
a
1éSe

b
12 (3.49 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I

a
3éSe

b
32 (3.45 ¡, ʩʫʤʤʘ 

ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I
a
2éSe

b
11 (3.49 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I

a
4éSe

b
31 (3.42 ¡, ʩʫʤʤʘ 

ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡) ʠ Se
a
22éSe

b
22 (3.70 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.80 ¡). ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 

dmp ʦʙʨʘʟʫʝʪ ʢʦʥʪʘʢʪʳ ʯʝʨʝʟ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʠ ʤʦʩʪʠʢʦʚʳʤʠ I 

ʢʦʤʧʣʝʢʩʘ: I
a
4éH

b
2b (2.90 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.18 ¡), I

a
13éH

b
4bc (3.00 ¡, ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ 3.18 ¡), I
a
1éN

b
1b (3.33 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.53 ¡).  
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ʈʠʩʫʥʦʢ 46. ʉʭʝʤʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ 3. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [129] 

 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 3 ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʯʸʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʴʜʘ (ʈʠʩʫʥʦʢ ʇ27). ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʴʜʘ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʳ IéH ʠ SeéI, ʥʘ ʢʦʪʦʨʳʝ 

ʧʨʠʭʦʜʠʪʩʷ ʧʦ 32% ʧʣʦʱʘʜʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʫʤʝʩʪʥʦ ʧʨʦʚʝʩʪʠ ʠ ʜʣʷ 2 (ʈʠʩ. 47). ʂʦʤʧʣʝʢʩʳ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʧʦʵʪʦʤʫ ʢʘʞʜʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʩʨʘʟʫ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ ʪʝʨʤʠʥʘʣʴʥʳʭ I ʩ 

Se: I
a
0AAéSe

b
 (3.587 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I

a
éSe

b
2A (3.593 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 

3.88 ¡), I
a
0AAéSe

b
0A (3.783 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), Se

a
1AéI

b
 (3.792 ¡, ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ 3.88 ¡). ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʨʝʘʣʠʟʫʶʪʩʷ ʠ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ I ʩ Se: 

I
a
003éSe

a
2A (3.751 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡). ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ I2 ʦʙʨʘʟʫʶʪ 

ʢʦʥʪʘʢʪʳ ʢʘʢ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ I, ʪʘʢ ʠ ʩ Se: I
ʢʨʠʩʪ

002éI
b
 (3.412 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), 

I
ʢʨʠʩʪ

005éI
b
0AA (3.427 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), I

ʢʨʠʩʪ
002éSe

b
2A (3.697 ¡, ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ 3.96 ¡), I
ʢʨʠʩʪ

005éSe
b
 (3.733 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), I

ʢʨʠʩʪ
002éSe

b
0A (3.817 ¡, 

ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), I
ʢʨʠʩʪ

005éSe
b
1A (3.847 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡). 

 



74 

 

 

ʈʠʩʫʥʦʢ 47. ʉʭʝʤʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ 2, (1) ï ʚʜʦʣʴ ʦʩʠ a, (2) ï ʚʜʦʣʴ ʦʩʠ ʩ, 

ʚʩʝ ʢʦʥʪʘʢʪʳ ʢʨʦʤʝ IéI ʦʧʫʱʝʥʳ 

 

ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʠ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 2 ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʢʠʩʣʦʨʦʜ ʚ ʢʦʤʧʣʝʢʩʝ [V4OSe8I6], ʯʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʙʥʘʨʫʞʠʪʴ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʣʸʛʢʠʡ ʘʪʦʤ ʚ ʦʢʨʫʞʝʥʠʠ ʪʷʞʸʣʳʭ (Se, I) ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ. ʆʜʥʘʢʦ 

ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʠʩʣʦʨʦʜ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʚ 2 ʪʝʪʨʘʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʝʥ ʘʥʘʣʦʛʠʯʥʦ ʩ 1 ʠ 3, ʠ ʠʤʝʝʪ ʙʣʠʟʢʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ. 

 

3.2.2. ʉʪʨʦʝʥʠʝ ʮʝʧʦʯʝʯʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ʎʝʧʦʯʝʯʥʳʝ ʩʝʣʝʥʦʠʦʜʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨ, 

ʯʝʤ ʤʦʣʝʢʫʣʷʨʥʳʝ. ɺ ʩʪʨʫʢʪʫʨʝ 4 ʢʦʤʧʣʝʢʩʥʳʝ ʬʨʘʛʤʝʥʪʳ [V4OSe8I6] ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʮʝʧʴ 

ʧʫʪʸʤ ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ ʤʦʩʪʠʢʦʚʦʛʦ Õ2-I, ʢʦʪʦʨʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʠʪʩʷ Õ4 (ʈʠʩ. 48). 

ʇʦʭʦʞʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ Nb ʠ Ta, ʦʜʥʘʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʦʛʦ 

ʘʪʦʤʘ ʚʳʩʪʫʧʘʣ Te. 

 

 

ʈʠʩʫʥʦʢ 48. ʉʪʨʦʝʥʠʝ [V4O(Õ2-Se2)4(Õ2-I)2/2I4] ʚ ʩʪʨʫʢʪʫʨʝ [V4OSe8I5]Ð (4). ɸʪʦʤʳ V 

ʦʙʦʟʥʘʯʝʥʳ ʪʸʤʥʦ-ʩʝʨʳʤ, ʢʠʩʣʦʨʦʜʘ ï ʢʨʘʩʥʳʤ, ʩʝʣʝʥʘ ï ʦʨʘʥʞʝʚʳʤ, ʡʦʜʘ ï ʬʠʦʣʝʪʦʚʳʤ. 

ʄʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Õ4-I ʦʙʦʟʥʘʯʝʥʳ ʤʘʣʝʥʴʢʠʤʠ ʰʘʨʠʢʘʤʠ.  
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 49. 

 

 

ʈʠʩʫʥʦʢ 49. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 4, (1) ï ʚʜʦʣʴ ʦʩʠ c, (2) ï ʚʜʦʣʴ ʦʩʠ b 

 

ɺ ʩʪʨʫʢʪʫʨʝ 4 ʮʝʧʦʯʢʠ [V4OSe8I5]Ð ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʩʪʠʢʦʚʳʝ I 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ b. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝʧʷʤʠ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ, 

ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ IéSe 3.79 ¡ (ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), SeéSe 3.60 ¡ (ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ 3.80 ¡), IéI 4.22 ¡ (ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), ʯʪʦ ʩʢʦʨʝʝ ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʩʣʘʙʦʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʮʝʧʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʜʝʣʠ 

ʩʪʨʫʢʪʫʨʳ 4 ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦʟʠʮʠʷ ʤʦʩʪʠʢʦʚʳʭ I ʟʘʩʝʣʝʥʘ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʘʨʪʝʬʘʢʪ ʢʘʢ ʥʘʣʠʯʠʝ ʨʘʟʨʳʚʘ ʚ ʮʝʧʠ, ʪʦ ʚ ʩʨʝʜʥʝʤ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʦʜʥʫ 

ʚʘʢʘʥʩʠʶ ʥʘ ʧʦʟʠʮʠʠ Õ4-I ʥʘ 10 ʢʦʤʧʣʝʢʩʦʚ [V4OSe8I6]. ʅʘʣʠʯʠʝ ʧʫʩʪʦʪʳ ʥʘ ʧʦʟʠʮʠʠ ʡʦʜʘ ʚʩʸ 

ʞʝ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʠ, ʚʦʟʤʦʞʥʦ, ʜʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʘʨʪʝʬʘʢʪʦʤ ʈʉɸ. 

ʉʦʝʜʠʥʝʥʠʝ 4 ʷʚʣʷʝʪʩʷ ʨʦʜʩʪʚʝʥʥʳʤ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ Nb4(Te2)4Te4I ʠ M4OTe9I4 (M = Ti, 

Nb, Ta), ʢʦʪʦʨʳʝ ʪʦʞʝ ʠʤʝʶʪ ʮʝʧʦʯʝʯʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ M4OTe9I4 ʮʝʧʷʭ, ʚ ʢʘʯʝʩʪʚʝ Õ4-

ʤʦʩʪʠʢʦʚʦʛʦ ʘʪʦʤʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʦʪʜʝʣʴʥʳʝ ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʮʝʧʠ, 

ʚʳʩʪʫʧʘʝʪ ʭʘʣʴʢʦʛʝʥ Te, ʘ ʥʝ ʛʘʣʦʛʝʥ I, ʢʘʢ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 4. ɺ Nb4(Te2)4Te4I ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʩʪʠʢʦʚʦʛʦ ʘʪʦʤʘ ʚʳʩʪʫʧʘʝʪ Õ4-I, ʘʥʘʣʦʛʠʯʥʦ 4, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʳʨʸʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ 

ʪʝʪʨʘʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʳʩʪʫʧʘʶʪ Te
2-

, ʘ ʥʝ Hal
-
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʠʝ 4 ʠʤʝʝʪ 

ʩʪʨʦʝʥʠʝ ʩ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʠ ʭʘʣʴʢʦʛʝʥʘ ʚ ʢʦʤʧʣʝʢʩʝ. ɺ 

ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʤʳ ʫʧʦʤʷʥʫʣʠ, ʯʪʦ ʚ Nb4(Te2)4Te4I ʦʪʩʫʪʩʪʚʫʝʪ ʢʠʩʣʦʨʦʜ, ʥʦ ʠʟ-ʟʘ 

ʩʭʦʞʝʩʪʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʘʤʠ ʩ ʷʜʨʦʤ M4O ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʦʥ ʚʩʸ ʞʝ ʝʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʛʦ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: [Nb4
4.75+

O
2-

(Te2)4
2-

Te4
2-

I
-
], ʪʦ ʝʩʪʴ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ 3Nb

5+
 + 1 Nb

4+
. ɺ 
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ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 4 ʩʠʪʫʘʮʠʷ ʧʦʭʦʞʘʷ, ʪʦʣʴʢʦ ʚʘʥʘʜʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʬʦʨʤʝ: [V4
3.75+

O
2-

(Se2)4
2-

I5
-
], 3V

4+
 + 1V

3+
. ɺ ʪʝʣʣʫʨʦʠʦʜʠʜʘʭ [M4

4+
O

2-
(Te2)4

2-
I4

-
] ʘʪʦʤʳ ʤʝʪʘʣʣʘ 

ʠʤʝʶʪ ʮʝʣʦʯʠʩʣʝʥʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 4+, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ 4 ʠ Nb4(Te2)4Te4I. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʝ ʮʝʧʦʯʝʯʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʤʝʪʘʣʣʦʚ 4-5 

ʛʨʫʧʧ ʜʦʚʦʣʴʥʦ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʩ ʮʝʧʷʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʚʜʦʣʴ ʦʩʠ b, ʠ ʜʦʚʦʣʴʥʦ 

ʜʣʠʥʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ QéHal, QéQ ʠ HaléHal ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝʧʷʤʠ ʚ ʷʯʝʡʢʝ. 

[VSe4]4[V4OSe8I6]Ŀ2I2 (5) ʠʤʝʝʪ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. 50), ʧʦʩʢʦʣʴʢʫ ʚ ʥʸʤ 

ʧʦʤʠʤʦ ʫʞʝ ʧʨʠʚʳʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [V4OSe8I6] ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I2, ʥʘʭʦʜʠʪʩʷ ʬʨʘʛʤʝʥʪ 

[V(Õ2-Se2)2]1Ð, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʢʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʘʥʘʣʦʛʠʯʥʦ VS4.  

 

 

ʈʠʩʫʥʦʢ 50. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 5 

 

ɺ ʮʝʧʦʯʢʘʭ [VSe4] ʘʪʦʤʳ ʚʘʥʘʜʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʘʥʪʠʧʨʠʟʤʘʪʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ ʠʟ Õ2-(Se2) ʛʨʫʧʧ. ɺ ʮʝʧʦʯʢʝ ʯʝʨʝʜʫʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ VéV 3.106(2) ʠ 3.117(2) ¡. ʀʟ-

ʟʘ ʪʘʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʮʝʧʦʯʝʯʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʪʠʚʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʤʳ ʥʘʟʳʚʘʝʤ 5 

çʛʠʙʨʠʜʦʤè. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ VéV ʚ ʮʝʧʷʭ ʨʘʚʥʷʶʪʩʷ 3.111 ¡, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʝʤ 3.028 ¡ ʜʣʷ VS4, ʚ ʢʦʪʦʨʦʤ ʯʝʨʝʜʫʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ 2.842(3) ¡ ʠ 3.214(3) ¡, ʠ 3.245 ¡ 

ʜʣʷ V2Se9, ʚ ʢʦʪʦʨʦʤ ʯʝʨʝʜʫʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ 2.842(2) ¡ ʠ 3.649(2) ¡. ɺ ʢʦʤʧʣʝʢʩʝ [V4OSe8I6] 

ʜʣʠʥʳ ʩʚʷʟʝʡ V-O, V-Se ʠ ʨʘʩʩʪʦʷʥʠʷ VéV ʦʯʝʥʴ ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢ ʜʣʠʥʘʤ ʩʚʷʟʝʡ ʚ 

ʜʨʫʛʠʭ ʧʦʣʫʯʝʥʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʘʭ, ʦʜʥʘʢʦ ʩʚʷʟʠ V-Iʪʝʨʤʠʥʘʣʴʥʳʡ ʥʝʤʥʦʛʦ ʫʜʣʠʥʝʥʳ, ʘ ʩʚʷʟʠ V-

Iʤʦʩʪʠʢʦʚʳʡ ʥʝʤʥʦʛʦ ʫʢʦʨʦʯʝʥʳ. ɺ 1 ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʷʟʝʡ V-I ʨʘʚʥʷʝʪʩʷ 2.657(1) ¡ (ʪʝʨʤʠʥʘʣʴʥʳʝ 
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ʘʪʦʤʳ) ʠ 2.859(1) ¡ (ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 5 ʜʣʠʥʳ ʨʘʚʥʷʶʪʩʷ 2.872(1) ¡ 

(ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ) ʠ 2.769(1) ¡ (ʤʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ). ɼʣʷ 5 ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ DFT-

ʨʘʩʯʸʪʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 5% (ʊʘʙʣʠʮʘ ʇ28). ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʸʪʫ DOS, ʩʦʝʜʠʥʝʥʠʝ 5 ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʪʘʣʣʦʤ. 

ʉʪʨʫʢʪʫʨʘ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 51. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 5 ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʫʧʘʢʦʚʢʫ ʩʣʦʸʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʮʝʧʠ [VSe4], ʠ ʩʣʦʸʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ [V4OSe8I6], ʢʦʪʦʨʳʝ ʧʦʧʝʨʝʤʝʥʥʦ ʯʝʨʝʜʫʶʪʩʷ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ 

ʤʦʣʝʢʫʣʳ I2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʮʝʧʷʤʠ ʠ ʪʝʪʨʘʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 51. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 5, (1) ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʦʩʠ a, (2) ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ 

ʦʩʠ c 

 

ʂʦʤʧʣʝʢʩʳ [V4OSe8I6] ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʘʪʦʤʘʤʠ Õ2-I ʚʜʦʣʴ ʦʩʠ c, ʢʘʢ ʠ ʮʝʧʦʯʢʠ [VSe4], 

ʢʦʪʦʨʳʝ ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʪʦʡ ʞʝ ʦʩʠ. ɺ ʩʪʨʫʢʪʫʨʝ 5 ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʝʪʴ ʢʦʨʦʪʢʠʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʈʠʩ. 52). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ, 

ʢʦʥʝʯʥʦ, ʢʦʥʪʘʢʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I2 ʩ ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʮʝʧʷʤʠ [VSe4], I
ʢʨʠʩʪ

1CéSe
ʮʝʧʴ

1B 

(3.408 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.80 ¡) ʠ ʢʦʥʪʘʢʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I ʩ ʢʦʤʧʣʝʢʩʦʤ 

[V4OSe8I6] ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʡ ʡʦʜ, I
ʢʨʠʩʪ

1CéI
ʢʦʤʧʣʝʢʩ

2A (3.491 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡). 

ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʢʦʥʪʘʢʪʳ ʮʝʧʴ-ʮʝʧʴ, Se
ʮʝʧʴ 1

2BéSe
ʮʝʧʴ 2

2B (3.376 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 

3.80 ¡), ʢʦʥʪʘʢʪʳ ʮʝʧʴ-ʢʦʤʧʣʝʢʩ, Se
ʮʝʧʴ

1BéSe
ʢʦʤʧʣʝʢʩ

1A (3.428 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.80 ¡) ʠ 

ʢʦʥʪʘʢʪʳ ʢʦʤʧʣʝʢʩ-ʢʦʤʧʣʝʢʩ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʡ ʡʦʜ ʠ ʤʦʩʪʠʢʦʚʳʡ ʩʝʣʝʥ, 

Se
ʢʦʤʧʣʝʢʩ1

2AéI
ʢʦʤʧʣʝʢʩ 2

2ɸ (3.746 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡). 
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ʈʠʩʫʥʦʢ 52. ʉʝʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 5. ʃʠʪʝʨʦʡ A ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʘʪʦʤʳ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ [V4OSe8I6], ʣʠʪʝʨʦʡ B ʚ ʩʦʩʪʘʚʝ ʮʝʧʠ [VSe4], ʣʠʪʝʨʦʡ C 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʘʪʦʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I 

 

ʀʟ-ʟʘ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [VSe4]3.2[V4OSe8I6]Ŀ2I2 (6) ʠʤʝʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʩ 

ʨʝʰʝʥʠʝʤ ʠ ʫʪʦʯʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʢʦʨʨʝʢʪʥʦ ʧʨʝʦʜʦʣʝʪʴ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʤʦʜʫʣʷʮʠʶ ʧʨʦʩʪʦ ʢʘʢ ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʦʚ 

ʫ ʥʝʢʦʪʦʨʳʭ ʘʪʦʤʦʚ. ʇʦʵʪʦʤʫ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʣʷ 6 ʫ ʥʘʩ ʥʝʪ ʭʦʨʦʰʝʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ, ʠ 

ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ ʦʥʦ ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʫʩʪʨʦʝʥʦ ʘʥʘʣʦʛʠʯʥʦ 5 ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʘʢʦʚʢʫ ʮʝʧʝʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʩ ʦʪʣʠʯʘʶʱʝʡʩʷ ʩʪʝʭʠʦʤʝʪʨʠʝʡ. ɼʣʷ 5 ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʫʪʸʤ ʨʘʩʯʸʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ (ʈʠʩʫʥʦʢ ʇ29). ʆʩʥʦʚʥʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʳ IéSe, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 58% ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʝʤ ʠʜʫʪ ʢʦʥʪʘʢʪʳ IéI, 24% ʠ SeéSe, 18%. 

ʇʦʩʣʝʜʥʠʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʯʴʶ ʩʪʨʫʢʪʫʨʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 

[V3Se12I2]I3Ŀ1/4I2 (7). 7 ʥʝ ʩʦʜʝʨʞʠʪ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ, ʯʪʦ ʥʝʦʙʳʯʥʦ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ 

ʦʢʩʦʬʠʣʴʥʦʩʪʴ ʚʘʥʘʜʠʷ, ʧʨʠʚʦʜʠʚʰʫʶ ʢ ʧʦʣʫʯʝʥʠʶ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʘʞʝ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ (ʈʠʩ. 53) 7 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʝʧʦʯʝʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɸʪʦʤʳ ʚʘʥʘʜʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʧʘʨʥʦ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 
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ʜʠʩʝʣʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ VéV ʚ 2.973 ï 2.978 ¡, ʦʙʨʘʟʫʷ 

ʣʠʥʝʡʥʳʝ ʬʨʘʛʤʝʥʪʳ V3Se8. ʂ ʧʝʨʚʦʤʫ ʘʪʦʤʫ ʚ ʬʨʘʛʤʝʥʪʝ V3 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʡʦʜ. ʉʣʝʜʫʶʱʠʡ ʘʪʦʤ ʚ ʮʝʧʠ ʩʚʷʟʘʥ ʯʝʨʝʟ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ ʜʠʩʝʣʝʥʠʜ ʠ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ 

(SeSeI) ʬʨʘʛʤʝʥʪ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ VéV ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 3.745 ï 3.752 ¡. ʇʦʩʣʝ 

ʯʝʛʦ ʩʥʦʚʘ ʠʜʸʪ ʣʠʥʝʡʥʳʡ ʬʨʘʛʤʝʥʪ V3Se8 ʩ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ VéV. ʇʨʠ ʵʪʦʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʘʩʪʠʮʘ I3
-
 ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ 

ʜʚʫʤ ʧʦʟʠʮʠʷʤ I2. ʉʦʝʜʠʥʝʥʠʝ 7 ʧʦʭʦʞʝ ʥʘ ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ Nb6Se20Br6, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ 

ʥʠʦʙʠʷ ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ (Se2)
2-

, ʦʙʨʘʟʫʷ ʚʦʣʥʦʦʙʨʘʟʥʫʶ ʮʝʧʴ. 

ʆʜʥʘʢʦ ʫ Nb6Se20Br6 ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʵʪʦʤ ʩʝʣʝʥʦʙʨʦʤʠʜʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ Õ2-Hal ʤʦʩʪʠʢʠ, ʚʤʝʩʪʦ ʢʦʪʦʨʳʭ ʚ 7 ʚʳʩʪʫʧʘʶʪ ʤʦʩʪʠʢʦʚʳʝ (SeSeI) ʬʨʘʛʤʝʥʪʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ Nb6Se20Br6 ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʩʪʨʫʢʪʫʨʝ ʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʘʥʠʦʥʳ, ʧʦʵʪʦʤʫ ʩʘʤʘ ʮʝʧʴ ʠʤʝʝʪ ʥʝʡʪʨʘʣʴʥʳʡ ʟʘʨʷʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ 7. ʇʨʠ ʵʪʦʤ 

ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʣʠʯʠʷ, ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ NbéNb 3.085 ¡ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ 

ʨʘʩʩʪʦʷʥʠʷʤ 2.975 ¡ ʚ 7. 

 

 

ʈʠʩʫʥʦʢ 53. ʉʪʨʦʝʥʠʝ [V3(Õ2-SeSeI)(Õ2-Se2)5I]I3Ŀ1/4I2. ɺʥʠʟʫ ʧʦʜʧʠʩʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʩʩʪʦʷʥʠʷ VéV ʚ ¡ 

 

ʈʘʩʩʪʦʷʥʠʷ VéV 2.973 ï 2.978 ¡ ʷʚʣʷʶʪʩʷ ʧʦʛʨʘʥʠʯʥʳʤʠ, ʠ ʦʜʥʦʟʥʘʯʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʥʘʣʠʯʠʠ ʩʚʷʟʝʡ V-V ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʠʭ ʥʝʣʴʟʷ. ɻʝʦʤʝʪʨʠʷ ʬʨʘʛʤʝʥʪʘ (SeSeI) ʙʣʠʟʢʘ ʢ Õ2-(Se2)
2-

, ʧʦʵʪʦʤʫ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʨʘʛʤʝʥʪ (SeSeI) ʠʤʝʝʪ ʟʘʨʷʜ 2-. ʏʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʟʘʨʷʜ ʦʪ I3
-
, ʚʩʷ ʮʝʧʦʯʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ 

ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: [V3
4.67+

(SeSeI)
2-

(Se2)5
2-

I
-
]
+
. ɼʚʘ ʘʪʦʤʘ ʚʘʥʘʜʠʷ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 5+, ʠ ʚ ʮʝʧʦʯʢʝ ʦʩʪʘʥʝʪʩʷ ʪʦʣʴʢʦ 1 d ʵʣʝʢʪʨʦʥ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʝʡ V-V. 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 54. ɺʦʣʥʦʦʙʨʘʟʥʳʝ ʮʝʧʠ [V3Se12I2] ʟʜʝʩʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʦʩʠ a, ʬʨʘʛʤʝʥʪʳ I3
-
 ʠ I2 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʮʝʧʷʤʠ.  

 

 

ʈʠʩʫʥʦʢ 54. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 7, (1) ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʦʩʠ a, (2) ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ 

ʦʩʠ c. ɺʳʙʨʘʥʘ ʦʜʥʘ ʦʨʠʝʥʪʘʮʠʷ ʠʟ ʚʦʟʤʦʞʥʳʭ I2 

 

ɺ ʩʪʨʫʢʪʫʨʝ 7 ʪʦʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ʉʭʝʤʘ ʢʦʥʪʘʢʪʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʳʛʣʷʜʠʪ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ, ʠ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ I2, ʧʦʵʪʦʤʫ ʤʳ ʦʙʩʫʜʠʤ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ, ʙʣʠʟʢʠʡ ʧʦ ʚʠʜʫ ʢ 

ʩʠʤʤʝʪʨʠʡʥʦ-ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ 7, ʚ ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʚʠʜʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ 

ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤʠ I3
-
, I2 ʩ ʮʝʧʴʶ [V3Se12I2] (ʈʠʩ. 55).  

 

 

ʈʠʩʫʥʦʢ 55. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 7 

 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ I3
-
 ʠ I2 ʦʙʨʘʟʫʶʪ ʢʦʥʪʘʢʪʳ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʜʠʩʝʣʝʥʠʜʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʮʝʧʠ: I
I3

004éSe
ʮʝʧʴ

 (3.3319 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I
I3

006éSe
ʮʝʧʴ

 (3.565 ¡, 
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ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡), I
I3

003éSe
ʮʝʧʴ

 (3.690 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡) ʠ I
I2

2éSe
ʮʝʧʴ

 

(3.696 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.88 ¡). ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ I3 ʠ I2: I
I2

1éI
I3

004 

(3.590 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡), I
I2

1éI
I3

005 (3.732 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.96 ¡). ɺ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʱʸ ʠ ʜʨʫʛʠʝ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝʧʷʤʠ, ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʢʦʥʪʘʢʪʳ Se
ʮʝʧʴ 1
éSe

ʮʝʧʴ 2
 (3.565, 3.588, 3.631, 3.634, 

3.741 ¡, ʩʫʤʤʘ ʚʜɺ ʨʘʜʠʫʩʦʚ 3.80 ¡) ʠ ʢʦʥʪʘʢʪʳ Se
ʮʝʧʴ 1
éI
ʮʝʧʴ 2

 (3.775, 3.827 ¡, ʩʫʤʤʘ ʚʜɺ 

ʨʘʜʠʫʩʦʚ 3.88 ¡), ʥʦ ʦʥʠ ʥʘ ʨʠʩʫʥʢʝ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ.  

ɼʣʷ 7 ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʸʥ DFT-ʨʘʩʯʸʪ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5% (ʊʘʙʣʠʮʘ 

ʇ30). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 7 ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʱʝʣʴʶ 0.7681 

ʵɺ. 

ɼʘʥʥʳʝ ʦ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 1-7 ʤʳ ʩʦʙʨʘʣʠ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ (ʊʘʙʣ. 7). 
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ʊʘʙʣʠʮʘ 7. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ  

ʉʦʝʜʠʥʝʥʠʝ ʈʘʩʩʪʦʷʥʠʷ VéV (ʤʠʥ., ʤʘʢʩ., ʩʨʝʜʥ.), ¡ 
ʈʘʩʩʪʦʷʥʠʷ VéO (ʤʠʥ., 

ʤʘʢʩ., ʩʨʝʜʥ.), ¡ 

ʈʘʩʩʪʦʷʥʠʷ VéSe (ʤʠʥ., 

ʤʘʢʩ., ʩʨʝʜʥ.), ¡ 

ʈʘʩʩʪʦʷʥʠʷ VéI (ʤʠʥ., ʤʘʢʩ., 

ʩʨʝʜʥ.), ¡ 

[V 4OSe8I6]ĿI2 (1) 
ʂʦʨʦʪʢʠʝ ï 2.930(2), 2.961(2), 2.945 

ɼʣʠʥʥʳʝ ï 3.581(2) 
1.942(1) 2.483(1), 2.587(1), 2.542 

ʊʝʨʤ. ï 2.657(1) 

ʄʦʩʪʠʢ. ï 2.859(1)  

[V 4OSe8I6]Ŀ2I2 (2) 
ʂʦʨʦʪʢʠʝ ï 2.95(3), 2.96(4), 2.96 

ɼʣʠʥʥʳʝ ï 3.49(8), 3.61(7), 3.55  
- 2.37(3), 2.63(3), 2.53 

ʊʝʨʤ. ï 2.63(3), 2.70(3), 2.85 

ʄʦʩʪ. ï  2.78(4), 2.92(4), 2.85 

[V 4OSe8I6]Ŀdmp (3) 
ʂʦʨʦʪʢʠʝ ï 2.927(1), 2.982(1), 2.947 

ɼʣʠʥʥʳʝ ï 3.567(1), 3.572(1), 3.569 
1.934(2), 1.945(2), 1.940 2.498(1), 2.600(1), 2.545 

ʊʝʨʤ. ï 2.692(1), 2.751(1), 2.722 

ʄʦʩʪ. ï 2.859(1), 2.871(5), 2.865  

[V 4OSe8I5]Ð (4) 
ʂʦʨʦʪʢʠʝ ï 2.931(1), 2.942(2), 2.936 

ɼʣʠʥʥʳʝ ï 3.575(1), 3.596(2), 3.586 
1.932(2), 1.948(2), 1.940 2.482(1), 2.596(12), 2.543 

ʊʝʨʤ. ï 2.680(1) 

ʄʦʩʪ. ï 2.840(1)   

[VSe4]4[V 4OSe8I6]Ŀ2I2 (5) 

ʂʦʨʦʪʢʠʝ ï 2.882(2), 2.973(2), 2.928 

ɼʣʠʥʥʳʝ ï 3.569(1) 

ɺ ʮʝʧʷʭ ï 3.106(2), 3.117(2), 3.111 

1.933(1) 

ʂʦʤʧʣʝʢʩ ï 2.559(1), 

2.570(1), 2.548 

ʎʝʧʠ ï 2.492(1), 

2.626(1), 2.551 

ʊʝʨʤ. ï 2.872(1)  

ʄʦʩʪ. ï 2.769(1)   

[VSe4]3.2[V 4OSe8I6]Ŀ2I2 

(6) 

ʂʦʨʦʪʢʠʝ ï 2.914(2), 2.948(2), 2.931 

ɼʣʠʥʥʳʝ ï 3.566(1) 

ɺ ʮʝʧʷʭ ï 3.09(3), 3.10(3), 3.10 

1.933(8) 

ʂʦʤʧʣʝʢʩ ï 2.504(9), 

2.567(11), 2.533 

ʎʝʧʠ ï 2.465(16), 

2.592(18), 2.522 

ʊʝʨʤ. ï 2.871  

ʄʦʩʪ. ï 2.745   

[V3Se12I2]I3Ŀ1/4I2 (7) 
ʂʦʨʦʪʢʠʝ ï 2.973(4), 2.987(4), 2.978 

ɼʣʠʥʥʳʝ ï 3.745(4), 3.752(4), 3.748 
- 2.435(3), 2.649(3), 2.567 2.888(3), 2.917(3), 2.903  
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3.2.3. ʅʝʪʨʠʚʠʘʣʴʥʦʝ ʣʦʞʥʦʝ ʨʝʰʝʥʠʝ ï [V4OSe6I3]2Ð 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʧʦʣʫʯʠʣʠ [V4OSe8I6]Ŀ2I2 (2), ʥʘʤʠ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ. ʄʳ ʦʪʦʙʨʘʣʠ ʠʟ ʵʪʦʡ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʦ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 2, ʜʨʫʛʦʡ 4, ʘ ʝʱʸ ʦʜʠʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʥʝʦʙʳʯʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʘ [V4OSe6I3]2Ð (ʩʦʝʜʠʥʝʥʠʝ 8). ɺ ʩʪʨʫʢʪʫʨʝ 

8 (ʈʠʩ. 56) ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʬʨʘʛʤʝʥʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʯʝʨʝʟ ʦʙʦʙʱʝʩʪʚʣʝʥʠʝ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʡʦʜʦʚ ʠ ʧʦʣʦʚʠʥʳ ʤʦʩʪʠʢʦʚʳʭ ʜʠʩʝʣʝʥʠʜʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʷʞʸʥʥʳʝ ʣʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʣʦʠ ʧʫʪʸʤ 

ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ ʤʦʩʪʠʢʦʚʳʭ ʡʦʜʦʚ ʢʦʤʧʣʝʢʩʦʚ. 8 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. Pccm 

 

 

ʈʠʩʫʥʦʢ 56. ʉʪʨʦʝʥʠʝ [V4(Õ4-O)(Õ2-Se2)2(Õ2-Se2)2/2(Õ2-I)2/2I4/2], ʤʦʩʪʠʢʦʚʳʝ I ʠ Se 

ʦʙʦʟʥʘʯʝʥʳ ʤʘʣʝʥʴʢʠʤʠ ʰʘʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʮʚʝʪʘ  

 

ʍʦʪʴ ʠ ʩʚʷʟʥʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 8 ʚʳʛʣʷʜʠʪ ʥʝʪʨʠʚʠʘʣʴʥʦ, ʥʦ ʚʩʸ ʫʢʣʘʜʳʚʘʝʪʩʷ 

ʚ ʧʨʠʚʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʆʜʥʘʢʦ ʤʳ ʦʪʤʝʪʠʣʠ 

ʥʝʢʦʪʦʨʳʝ ʩʪʨʘʥʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦ 8. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ, ʢʦʥʝʯʥʦ, ʧʦʜʦʟʨʠʪʝʣʴʥʘʷ ʧʦʭʦʞʝʩʪʴ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 2 ʠ 8 (ʈʠʩ. 57). ʊʝ ʨʝʬʣʝʢʩʳ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

8, ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʶʪʩʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 2, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘ ʩʘʤʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 2 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʬʣʝʢʩʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 

8, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2. ʇʦʵʪʦʤʫ ʫ ʥʘʩ ʚʦʟʥʠʢʣʘ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ 8 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʯʨʝʟʤʝʨʥʦ ʩʠʤʤʝʪʨʠʯʥʳʡ ʚʘʨʠʘʥʪ 2.  
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ʈʠʩʫʥʦʢ 57. ʉʨʘʚʥʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 8 (ʩʚʝʨʭʫ) ʠ 2 (ʩʥʠʟʫ) 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʇʕʗ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʇʕʗ ʜʨʫʛʦʛʦ ʧʨʦʩʪʳʤ 

ʢʨʘʪʥʳʤ ʫʤʥʦʞʝʥʠʝʤ (ʉʭʝʤʘ 8). 

 

 

ʉʭʝʤʘ 8. ʇʨʝʚʨʘʱʝʥʠʝ ʇʕʗ 2 ʚ ʇʕʗ 8  

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʢʣʘʜʢʘ ʬʨʘʛʤʝʥʪʦʚ V4OSe8Ix 2 ʠ 8 ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʭʦʞʘ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

(ʈʠʩʫʥʦʢ ʇ31). ʋ ʘʪʦʤʦʚ V, O ʠ ʯʘʩʪʠ ʘʪʦʤʦʚ Se ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʘʪʦʤʥʳʝ 

ʩʤʝʱʝʥʠʷ. ʉʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ SeéSe ʚ ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧʘʭ ʨʘʚʥʷʶʪʩʷ 2.59 ¡, ʯʪʦ ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʝ ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 2.38(18) ¡, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʦʭʦʞʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ CSD [131]. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʜʝʣʴ 

8, ʩʥʠʟʠʚ ʘʪʦʤʥʳʝ ʩʤʝʱʝʥʠʷ, ʧʫʪʸʤ ʫʪʦʯʥʝʥʠʷ ʟʘʩʝʣʸʥʥʦʩʪʝʡ ʧʦʟʠʮʠʡ ʠ ʧʫʪʸʤ ʦʧʠʩʘʥʠʷ ʯʘʩʪʠ 

ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʠʩʝʣʝʥʠʜʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʘ. ʕʪʠ ʤʘʥʠʧʫʣʷʮʠʠ 

ʧʨʠʚʝʣʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʟʥʘʯʝʥʠʡ R1 ʩ 13.0% ʜʦ 8.3%. ʕʪʠ ʫʣʫʯʰʝʥʠʷ ʷʚʥʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʯʝʛʦ-ʪʦ ʜʨʫʛʦʛʦ, ʘ ʠʩʭʦʜʥʘʷ 

ʤʦʜʝʣʴ 8 ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ ʘʨʪʝʬʘʢʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ.  
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ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʢʨʝʧʣʝʥʠʷ ʥʘʰʝʡ ʛʠʧʦʪʝʟʳ ʤʳ ʧʨʠʙʝʛʣʠ ʢ DFT-ʨʘʩʯʸʪʘʤ. ɼʣʷ 

ʵʪʦʛʦ ʤʳ ʧʨʦʚʝʣʠ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʯʸʪ ʵʥʝʨʛʠʡ 2 ʠ 8. ɺ ʩʣʫʯʘʝ 2 ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʢʘʞʜʳʡ ʢʦʤʧʣʝʢʩ ʢʘʢ ʩʦʜʝʨʞʘʱʠʡ 4 ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʜʦʙʘʚʠʣʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʮʝʥʪʨ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ 2 ʨʘʩʯʸʪ ʧʨʦʰʸʣ ʙʝʟ ʧʨʦʙʣʝʤ, ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ. ɺ ʩʣʫʯʘʝ 8, ʠʩʭʦʜʷ ʠʟ 

ʬʦʨʤʫʣʳ, ʚʘʥʘʜʠʡ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2.75, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ 

ʚʦʟʤʦʞʥʳʭ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʄʳ ʧʝʨʝʙʨʘʣʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʩʘʤʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʦʢʘʟʘʣʩʷ ʚʘʨʠʘʥʪ ʩ ʪʨʝʤʷ ʥʝʩʧʘʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʢʦʤʧʣʝʢʩ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ 8 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʉʥʠʟʠʣʠʩʴ ʜʣʠʥʳ ʩʚʷʟʝʡ Se-Se ʜʦ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʫ ʯʘʩʪʠ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʥʝ 

ʦʙʦʙʱʝʩʪʚʣʝʥʳ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʦʩʴ ʧʦʣʦʞʝʥʠʝ Õ2-I, ʘ 

ʫ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʜʠʩʝʣʝʥʠʜʥʳʭ ʛʨʫʧʧ ʨʘʩʩʪʦʷʥʠʷ Se-Se ʫʚʝʣʠʯʠʣʠʩʴ ʜʦ 2.99 ¡, ʪʦ ʝʩʪʴ, ʧʦ 

ʩʫʪʠ, ʦʥʠ ʩʪʘʣʠ ʤʦʥʦʩʝʣʝʥʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʊʘʢʦʝ ʩʠʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʸʪʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 8 ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ 2. 

ʀ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʝʛʦ ʘʨʛʫʤʝʥʪʘ, ʚ ʩʪʘʪʴʝ [127], ʧʦʩʚʷʱʸʥʥʦʡ ʵʪʦʡ ʦʰʠʙʢʝ, ʤʳ ʧʨʠʚʦʜʠʤ, 

ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʤʳ ʤʦʞʝʤ 

ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ 8 ʠʟ 2. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʪʨʘʥʩʣʷʮʠʶ 1/2b ʠ ʧʣʦʩʢʦʩʪʴ ém ʠ ʪʘʢʞʝ 

ʧʨʦʠʟʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʷʯʝʡʢʦʡ. 

 

3.3. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʚʘʥʘʜʠʷ 

ʉʦʝʜʠʥʝʥʠʷ 1-7 ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʜʣʷ ʭʠʤʠʠ ʚʘʥʘʜʠʷ, ʧʦʵʪʦʤʫ ʥʘʤ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ 

ʠʟʫʯʠʪʴ ʠʭ ʨʷʜʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʀ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 1, 3, 4 ʠ 5 ʥʘʤ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʨʷʜʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝ ʢʣʘʩʪʝʨʥʦʡ 

ʧʨʠʨʦʜʳ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʵʪʦʡ ʛʣʘʚʝ. 

 

3.3.1. ʇʝʨʚʠʯʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʝʪʦʜʘʤʠ ʊɻɸ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʅʘʰʫ ʨʘʙʦʪʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ ʤʳ ʥʘʯʘʣʠ ʩ 

ʠʟʫʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʅʘ ʈʠʩʫʥʢʝ 58 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʜʣʷ 

[V4OSe8I6]ĿI2 (1). 
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ʈʠʩʫʥʦʢ 58. ʊʝʨʤʦʛʨʘʤʤʘ [V4OSe8I6]ĿI2 (1) 

 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦ ʛʨʘʬʠʢʫ, [V4OSe8I6]ĿI2 ʪʝʨʷʝʪ ʢ 210Áʉ ʧʨʠʤʝʨʥʦ 4% ʦʪ ʤʘʩʩʳ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ, ʩ ʨʝʟʢʠʤ ʠʟʣʦʤʦʤ ʢʨʠʚʦʡ 

ʤʳ ʚʠʜʠʤ ʢ 250Áʉ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʤʘʩʩʳ, ʜʘʚʘʷ ʦʩʪʘʪʦʢ ʚ 75% ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ. ɺ 

ʩʠʥʪʝʟʝ, ʥʘʯʠʥʘʷ ʩ ʊ = 250Áʉ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʮʝʧʦʯʝʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

4, ʧʦʵʪʦʤʫ ʵʪʫ ʨʝʟʢʫʶ ʧʦʪʝʨʶ ʤʘʩʩʳ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4 ʠʟ 1, ʩʦʧʨʷʞʸʥʥʦʛʦ ʩ 

ʧʦʪʝʨʝʡ ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I2 ʠ ʦʜʥʦʛʦ ʤʦʩʪʠʢʦʚʦʛʦ ʡʦʜʘ. ʊʨʠ ʘʪʦʤʘ I ʩʦʩʪʘʚʣʷʶʪ 

ʧʨʠʤʝʨʥʦ 20% ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʘ, ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʩʭʝʤʘ ʚʳʛʣʷʜʠʪ ʦʧʨʘʚʜʘʥʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʵʪʦʤ ʠʟʣʦʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʧʨʠʤʝʨʥʦ 21% ʤʘʩʩʳ.  ʀ ʟʘʪʝʤ, ʩ ʩʝʨʠʝʡ ʠʟʣʦʤʦʚ 

ʢʨʠʚʦʡ ʢ 407Áʉ ʤʳ ʚʠʜʠʤ, ʢʘʢ ʢʨʠʚʘʷ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʩ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʦʡ 31%. ʌʠʥʘʣʴʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʷʚʣʷʝʪʩʷ VSe2. ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʢʘʨʪʠʥʳ ʤʳ 

ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʨʘʡʦʥʝ 250-407Áʉ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʣʝʥʠʜʘ ʚʘʥʘʜʠʷ V2Se9, 

ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ T Ò 340Áʉ, ʘ ʟʘʪʝʤ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ 

350-400Áʉ, ʛʜʝ ʥʘ ʛʨʘʬʠʢʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʝʱʸ ʦʜʠʥ ʠʟʣʦʤ ʢʨʠʚʦʡ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ V2Se9 [13]. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ 4 ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ: VxOy, VIx, VOyIx, SeIx, SeOyIx. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʫʶ 

ʥʘʤʠ ʩʭʝʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: [V4OSe8I6]ĿI2 ï [V4OSe8I5]Ð ï V2Se9 ï VSe2. 

ɺʦʟʤʦʞʥʦ, ʥʘʩʪʦʷʱʘʷ ʢʘʨʪʠʥʘ ʚʳʛʣʷʜʠʪ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ, ʠ ʚ ʧʨʦʤʝʞʫʪʢʝ 300-400Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʩʝʣʝʥʠʜʦʚ ʚʘʥʘʜʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 

ʡʦʜ, ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʚ ʩʪʨʫʢʪʫʨʝ 1, ʧʦʩʢʦʣʴʢʫ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʪʝʨʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʡʦʜʘ. ɸʥʘʣʦʛʠʯʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʤʳ ʟʘʪʝʤ ʫʩʪʘʥʦʚʠʣʠ ʠ ʜʣʷ 3. 
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ɺʦʟʤʦʞʥʳʡ ʧʝʨʝʭʦʜ 1 ʚ 4 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 250Áʉ ʧʦʢʘʟʘʣʩʷ ʥʘʤ ʯʨʝʟʚʳʯʘʡʥʦ 

ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʝʥʠʝʤ, ʠ ʧʦʵʪʦʤʫ ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʈʠʩʫʥʢʝ 59 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ 4.  

 

 

ʈʠʩʫʥʦʢ 59. ʊʝʨʤʦʛʨʘʤʤʘ [V4OSe8I5]Ð (4) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, [V4OSe8I5]Ð (4) ʫʩʪʦʡʯʠʚʦ ʧʨʠʤʝʨʥʦ ʜʦ 270Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʩʭʦʞʠʤ 

ʦʙʨʘʟʦʤ ʩ 1 ʨʘʟʣʘʛʘʝʪʩʷ, ʜʘʚʘʷ VSe2 ʚ ʢʘʯʝʩʪʚʝ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ 4 

ʚʝʜʸʪ ʩʝʙʷ ʩʦʝʜʠʥʝʥʠʝ [VSe4]4[V4OSe8I6]Ŀ2I2 (5), ʦʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʝ 5 ʥʘʯʠʥʘʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʯʫʪʴ 

ʨʘʥʴʰʝ, ʧʨʠ 213ÁC, ʯʪʦ ʚʠʜʠʤʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ [V4OSe8I6]ĿI2 (1) ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ I2 (ʈʠʩʫʥʦʢ ʇ32). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ 4 ʠʟ 1 ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 250-270Áʉ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʨʝʘʢʮʠʠ, ʤʳ ʧʨʠʤʝʥʠʣʠ DFT-ʨʘʩʯʸʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Quantum ESPRESSO. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʵʥʪʘʣʴʧʠʶ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 1 ʥʘ ʪʝ 

ʙʠʥʘʨʥʳʝ ʠ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʧʦʣʥʦʤ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʠ (ʉʭʝʤʘ 9). ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʩʭʝʤʳ, ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʠʜʸʪ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʪʨʘʪʦʡ 

ʵʥʝʨʛʠʠ ʚ 284 ʢɼʞ/ʤʦʣʴ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. ʕʪʠ 

ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 250Áʉ. 

 

 

ʉʭʝʤʘ 9. ʈʘʩʯʸʪ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 1 ʥʘ ʙʠʥʘʨʥʳʝ ʠ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ 
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ʇʦʩʣʝ ʵʪʦ ʤʳ ʧʦʩʯʠʪʘʣʠ ʵʥʪʘʣʴʧʠʶ ʨʝʘʢʮʠʠ ʧʝʨʝʭʦʜʘ 1 ʚ 4 (ʉʭʝʤʘ 10). ʇʦʣʫʯʠʚʰʝʝʩʷ 

ʟʥʘʯʝʥʠʝ ʚ 40 ʢɼʞ/ʤʦʣʴ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʵʪʦʤʫ ʨʘʟʫʤʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 1 ʩʚʳʰʝ 

250Áʉ. 

 

 

ʉʭʝʤʘ 10. ʈʘʩʯʸʪ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 1 ʚ 4 

 

ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʊɻɸ ʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʨʘʩʯʸʪʘ ʤʳ ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ 

ʢʦʪʦʨʦʤ ʚʟʷʣʠ ʥʘʚʝʩʢʫ 1 ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270Áʉ ʚ ʟʘʧʘʷʥʥʦʡ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʩʝʨʳʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʠ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʝʪʝʚʰʝʛʦ I2 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʅʘ ʈʠʩʫʥʢʝ 60 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʠ ʝʸ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʸʪʥʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʩʦʝʜʠʥʝʥʠʷ 4. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ [V4OSe8I6]ĿI2 (0D) ʚ [V4OSe8I5]Ð (1D) 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤ ʚ ʩʚʝʪʝ ʪʦʛʦ, ʯʪʦ 

ʨʘʥʝʝ ʧʦʜʦʙʥʳʡ ʧʝʨʝʭʦʜ 0D ʚ 1D ʜʣʷ ʪʝʪʨʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 4-5 ʛʨʫʧʧ ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʩʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ Se, VxOy.  

 

 

ʈʠʩʫʥʦʢ 60. ʉʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ [V4OSe8I6]ĿI2 (1) ʧʨʠ 

270Áʉ ʩ ʨʘʩʯʸʪʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ [V4OSe8I5]Ð (4). ɿʚʸʟʜʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʥʝʩʦʚʧʘʜʘʶʱʠʝ 

ʨʝʬʣʝʢʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʘʤ Se, VxOy 
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ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ [V4OSe8I6]Ŀdmp (3) ʪʘʢʞʝ ʙʳʣʘ ʦʮʝʥʝʥʘ (ʈʠʩʫʥʦʢ ʇ33). 

ʉʦʝʜʠʥʝʥʠʝ 3 ʧʦʢʘʟʳʚʘʣʦ ʩʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʩ 1, ʦʜʥʘʢʦ ʦʥʦ ʪʝʨʷʣʦ ʯʘʩʪʴ ʤʘʩʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʝ 3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʘ ʫʞʝ ʢ 120Áʉ, ʠ ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 3. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʤʦʣʝʢʫʣʘ I2 ʦʙʨʘʟʫʝʪ ʙʦʣʝʝ ʢʨʝʧʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʚ ʩʪʨʫʢʪʫʨʝ, ʯʝʤ 

ʤʦʣʝʢʫʣʘ dmp.  

ʂʦʛʜʘ ʤʳ ʧʨʦʚʦʜʠʣʠ DFT-ʨʘʩʯʸʪ ʜʣʷ ʬʨʘʛʤʝʥʪʘ [V4OSe8I6], ʤʳ ʨʘʩʩʯʠʪʘʣʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʀʂ-ʩʧʝʢʪʨ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʈʠʩʫʥʢʝ 61 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʸʪʥʦʛʦ 

ʀʂ-ʩʧʝʢʪʨʘ 1 ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʦʙʣʘʩʪʴ ʜʦ 500 ʩʤ
-1
. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʣʦʭʦʝ 

ʩʦʚʧʘʜʝʥʠʝ, ʨʘʟʚʝ ʯʪʦ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ ʥʝʤʥʦʛʦ ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʠ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʥʦʨʥʳʝ ʧʦʣʦʩʳ X1 ʠ X2, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʨʘʩʯʸʪʝ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʢʘʞʜʘʷ ʧʦʣʦʩʘ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʦʚʦʤʫ ʢʦʣʝʙʘʥʠʶ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʢʦʣʝʙʘʥʠʷ ʢʘʢʠʭ ʛʨʫʧʧ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ, ʠ ʩʦʦʪʥʝʩʪʠ ʠʭ ʩ ʧʦʣʦʩʘʤʠ (ʊʘʙʣ. 8). 

 

 

ʈʠʩʫʥʦʢ 61. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ 1 (ʩʚʝʨʭʫ) ʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [V4OSe8I6] (ʩʥʠʟʫ). ʇʦʣʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʢʦʣʝʙʘʥʠʷʤ, ʦʙʦʟʥʘʯʝʥʳ 

ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʜʠʥʘʢʦʚʳʤʠ ʙʫʢʚʘʤʠ. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125]  
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ʊʘʙʣʠʮʘ 8. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʨʘʩʩʯʠʪʘʥʥʦʤ ʀʂ-ʩʧʝʢʪʨʝ ʩ ʦʩʥʦʚʥʳʤ ʚʢʣʘʜʦʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ 

ʇʦʣʦʩʘ ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʢʦʣʝʙʘʥʠʝ 

ʇʦʣʦʩʘ c (91 ʩʤ
-1
) ɟr (V-Se2) 

ʇʦʣʦʩʘ d (101 ʩʤ
-1
) 

ɜ (V-V), ʜʚʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜʳ ʩ ʨʘʟʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ 

ʇʦʣʦʩʘ e (127 ʩʤ
-1
) ɜ (V-Se2), ʘʩʩʠʤʝʪʨʠʯʥʦʝ 

ʇʦʣʦʩʘ f (137 ʩʤ
-1
) ɜ (V-Se2), ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʇʦʣʦʩʘ g (147 ʠ 148 ʩʤ
-1
) ɜ (V-Se), ʜʚʘ ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ ʩ ʨʘʟʥʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʇʦʣʦʩʘ h (220 ʠ 221 ʩʤ
-1
) ɜ (V-V), ʜʚʘ ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ ʩ ʨʘʟʥʦʡ ʩʠʤʤʝʪʨʠʝʡ  

ʇʦʣʦʩʘ i (233 ʩʤ
-1
) ɜ (V-Iʪʝʨʤ), ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʬʨʘʛʤʝʥʪʘ V4  

ʇʦʣʦʩʘ j (264 ʩʤ
-1
) 

ɟr (V-Se), ʜʚʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜʳ ʩ ʨʘʟʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ 

ʇʦʣʦʩʘ l (286 ʩʤ
-1
) ɜ (V-Iʤʦʩʪʠʢ) 

ʇʦʣʦʩʘ m (339 ʩʤ
-1
) 

ɜ (Se-Se) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ɜ (V-Se), ʜʚʘ ʪʠʧʘ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʵʪʦʡ ʯʘʩʪʦʪʝ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʥʳʝ 

ʧʘʨʳ Se2 

ʇʦʣʦʩʘ n (495 ʩʤ
-1
) 

ɜ (V-O), ʜʚʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜʳ ʩ ʨʘʟʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ 

 

ʉʦʝʜʠʥʝʥʠʷ 1, 3, 4 ʠ 5 ʚʩʝ ʩʦʜʝʨʞʘʪ ʚ ʩʦʩʪʘʚʝ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ [V4OSe8I6], ʧʦʵʪʦʤʫ 

ʠʤʝʝʪ ʩʤʳʩʣ ʩʨʘʚʥʠʪʴ ʠʭ ʂʈ-ʩʧʝʢʪʨʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʈʠʩ. 62). ʇʨʠ ʵʪʦʤ, ʛʦʚʦʨʷ ʦʙ 5, ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʮʝʧʴ [VSe4] ʧʦʣʫʯʝʥʘ ʥʝ ʙʳʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ VS4 ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʘ ʧʘʪʨʦʥʠʪʘ ʠ ʪʦ, ʯʪʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʭʦʞʘʷ ʮʝʧʦʯʢʘ V2Se9, ʯʪʦ ʜʝʣʘʝʪ 5 

ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʝʛʦ ʩʚʦʡʩʪʚ. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʛʣʘʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 5 ʦʪ 3 ʠ 4, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʥʘ 171 ʠʣʠ 182 ʩʤ
-1

, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ I-I ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʝ I2. ʇʦʤʠʤʦ ʵʪʦʛʦ ʥʘ ʂʈ-

ʩʧʝʢʪʨʝ 3 ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʥʘ 208 ʩʤ
-1
, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ 

dmp. ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ, ʂʈ-ʩʧʝʢʪʨʳ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʚʦʣʴʥʦ ʧʦʭʦʞʠ, ʠ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʘʭ 

ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʝ ʩʠʣʴʥʦ. 
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ʈʠʩʫʥʦʢ 62. ʉʨʘʚʥʝʥʠʝ ʂʈ-ʩʧʝʢʪʨʦʚ (1) - 1 (ʢʨʘʩʥʳʤ) ʠ 3 (ʯʸʨʥʳʤ), (2) - 1 (ʢʨʘʩʥʳʤ) ʠ 4 (ʩʠʥʠʤ), (3) - 1 (ʢʨʘʩʥʳʤ) ʠ 5 (ʟʝʣʸʥʳʤ). ʅʘʜ 

ʧʦʣʦʩʘʤʠ ʧʦʜʧʠʩʘʥʦ, ʢʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʥʦʩʷʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʪʫ ʤʦʜʫ.  
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3.3.2. ɿʘʨʷʜʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʝʩʣʠ ʬʦʨʤʘʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʚ ʪʝʪʨʘ̫ ʜʝʨʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ: [V4
4+

O
2-

(Se2)4
2-

I6
-
]. ʊʦ ʝʩʪʴ ʚʘʥʘʜʠʡ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ d
1
 ʠ ʠʤʝʪʴ ʦʜʠʥ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʛʠʧʦʪʝʟʫ, ʤʳ 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʈʌʕʉ- ʠ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʈʌʕʉ-ʩʧʝʢʪʨ rʜʣʷ 1 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 63. 

 

 
ʈʠʩʫʥʦʢ 63. V2p ʈʌʕʉ-ʩʧʝʢʪʨʳ ʜʣʷ [V4OSe8I6]ĿI2 (1) ʠ [V4OSe8I6]Ŀdmp (3) 

 

ʍʘʨʘʢʪʝʨʥʦʡ ʜʣʷ V2p ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʵʥʝʨʛʠʡ 510-540 ʵɺ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʨʷʤʦ ʨʷʜʦʤ 

ʩ ʦʙʣʘʩʪʴʶ O1s 530-535 ʵɺ. ʂʘʢ ʤʳ ʚʠʜʠʤ ʧʦ ʈʌʕʉ-ʩʧʝʢʪʨʘʤ 1 ʠ 3, ʢʘʢ ʨʘʟ ʚ ʦʙʣʘʩʪʠ 530-535 

ʵɺ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ O1s, ʘ ʩʧʨʘʚʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʣʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʥʘʜʠʝʤ. ʉʧʝʢʪʨ V2p ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʥ-ʜʫʙʣʝʪ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ 7.33 ʵɺ. 

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʴ V2p3/2, ʜʣʷ V2p1/2 ʣʦʛʠʢʘ ʘʥʘʣʦʛʠʯʥʘʷ. ʇʦʣʦʩʘ V2p3/2 ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʝʢʦʥʚʦʣʶʮʠʠ. ʏʝʤ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʝʚʝʝ 

ʥʘ ʩʧʝʢʪʨʝ, ʪʦ ʝʩʪʴ ʯʝʤ ʵʥʝʨʛʠʷ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʤʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʦʞʝʥʠʷ ʠʭ 

ʤʘʢʩʠʤʫʤʘ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ [132]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ V(0) ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʨʘʡʦʥʝ 512.15 ʵɺ, ʘ 

ʢʦʤʧʦʥʝʥʪʘ V
5+

 ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʨʠ 517.20 ʵɺ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʨʝʬʝʨʝʥʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʘʢ, ʚ ʩʧʝʢʪʨʝ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʦʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, 

ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷ 516.67 ʵɺ, ʠ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʦ ʵʥʝʨʛʠʠ ʩʨʝʜʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʤʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʘʭ, ʧʦʵʪʦʤʫ ʤʳ ʝʸ ʩʦʦʪʥʦʩʠʤ ʩ V
5+

. 

ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʜʘʶʱʠʡ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʧʦʣʦʩʳ ʥʘ ʩʧʝʢʪʨʘʭ V2p, ʷʚʣʷʶʪʩʷ 
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ʢʦʤʧʦʥʝʥʪʳ ʥʘ 515.23 ʵɺ ʜʣʷ 1 ʠ 515.39 ʵɺ ʜʣʷ 3, ʢʦʪʦʨʳʤ ʤʳ ʩʦʦʪʥʦʩʠʤ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +4 

(ʚ ʣʠʪʝʨʘʪʫʨʝ 515.95 ɻ ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ V
4+

 ʚ VO2). ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʩʧʝʢʪʨʝ ʜʣʷ 1 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ ʥʘ 513.68, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ, ʯʝʤ ʤʳ ʦʞʠʜʘʝʤ 

ʜʣʷ V(0), ʥʦ ʤʝʥʴʰʝ ʯʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʙʳʣʦ ʜʣʷ V
3+

, ʧʦʩʢʦʣʴʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʦʩʘ ʫ 

V2O3 ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 515.50 ʵɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʦʥʝʥʪʫ ʥʘ 513.68 ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ 

ʥʠʟʢʦʚʘʣʝʥʪʥʳʤ V
2+

 ʠʣʠ V
1+
, ʜʣʷ VO ʧʨʠʚʦʜʷʪ ʟʥʘʯʝʥʠʝ ʚ 512.70 ʵɺ. ɺ ʩʪʘʪʴʷʭ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʣʷ ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʚʘʥʘʜʠʷ ʪʨʫʜʥʦ ʨʘʟʛʨʘʥʠʯʠʪʴ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 ʠ +1, ʧʦʵʪʦʤʫ ʪʘʢʫʶ ʟʘʧʠʩʴ ʤʳ ʠ ʦʩʪʘʚʠʣʠ. ʅʘʣʠʯʠʝ ʢʦʤʧʦʥʝʥʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ V
5+

 ʠ V
2+-1+
, ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʦʢʠʩʣʝʥʠʝʤ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʈʠʩʫʥʢʝ 64 ʧʨʝʜʩʪʘʚʣʝʥ Se 3d ʈʌʕʉ-ʩʧʝʢʪʨ ʜʣʷ 3, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘʤ Se3d3/2 (55.65 ʵɺ) ʠ Se3d5/2 (54.79 

ʵɺ), ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʩʝʣʝʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ Se2
2-
, ʧʦʩʢʦʣʴʢʫ 

ʘʥʘʣʦʛʠʯʥʘʷ ʧʦʣʦʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ (NbSe4)3I ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ 55.36 ʵɺ ʜʣʷ 

Se3d3/2 ʠ 54.49 ʵɺ ʜʣʷ Se3d5/2 [42]. ʅʘ ʨʠʩʫʥʢʝ 63 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ I 3d ʈʌʕʉ-ʩʧʝʢʪʨ 3, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʝ ʧʦʣʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʤʧʦʥʝʥʪʘʤ I3d3/2 (630.90 ɻ ɺ) ʠ I3d5/2 (619.45 

ʵɺ), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʤʝʥʥʦ I
-
, ʢʘʢ ʦʧʠʩʘʥʦ ʜʣʷ KI ʚ [133]. 

 

 

ʈʠʩʫʥʦʢ 64. Se 3d ʠ I 3d ʈʌʕʉ-ʩʧʝʢʪʨʳ ʜʣʷ 3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌʕʉ ʤʳ ʧʦʜʪʚʝʨʜʠʣʠ ʟʘʧʠʩʴ [V4
4+

O
2-

(Se2)4
2-

I6
-
]. 

ʂʨʦʤʝ ʈʌʕʉ-ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 1 ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʈʠʩ. 65).  
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ʈʠʩʫʥʦʢ 65. ʕʇʈ-ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 1, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ T = 77 ʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʘ 1. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125] 

 

ʉʧʝʢʪʨ ʕʇʈ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʥʪʨ c S = 1/2 ʚ ʚʠʜʝ ʦʜʠʥʦʯʥʦʡ ʰʠʨʦʢʦʡ ʣʠʥʠʠ ʩ g = 

1.9548 ʠ ʰʠʨʠʥʦʡ 27.6 mT. ɼʘʥʥʳʡ g-ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʩʦʩʪʦʷʥʠʷ V(IV). ʐʠʨʠʥʘ 

ʣʠʥʠʠ ʩʧʝʢʪʨʘ ʕʇʈ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʘʛʥʠʪʦ-

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʈʌʕʉ- ʠ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʝʤ 

ʩʦʩʪʦʷʥʠʝ d
1
 ʜʣʷ ʘʪʦʤʘ V ʚ ʢʦʤʧʣʝʢʩʝ [V4OSe8I6] ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ. ʆʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ ʥʝʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ 4-6 ʢʘʨʪʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʣʠʯʥʦʡ. ʊʘʢ ʜʣʷ 4 ʠʦʥʥʘʷ 

ʬʦʨʤʫʣʘ ʟʘʧʠʰʝʪʩʷ ʢʘʢ [V4
3.75+

O
2-

(Se2)4
2-

I5
-
]. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʘ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ +3.75, ʵʪʦ ʢʦʛʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 3V
4+

 (d
1
) ʠ 1V

3+
 (d

2
), ʪʦ 

ʝʩʪʴ 5 ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʪʝʪʨʘʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʬʨʘʛʤʝʥʪ. ɺ ʩʣʫʯʘʝ 5 ʤʳ ʠʤʝʝʤ ʪʨʠ ʬʨʘʛʤʝʥʪʘ 

ʚ ʩʪʨʫʢʪʫʨʝ, [VSe4], [V4OSe8I6] ʠ I2. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʙʳʣ ʙʳ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʡʦʜ ʠʤʝʝʪ ʥʝʡʪʨʘʣʴʥʳʡ ʟʘʨʷʜ, ʘ ʚʘʥʘʜʠʡ ʚ ʢʦʤʧʣʝʢʩʝ ʠ ʚ ʮʝʧʦʯʢʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ V
4+

. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩʭʦʞʝʛʦ ʩʪʨʦʝʥʠʷ, ʥʘʧʨʠʤʝʨ 

[TaTe4]6I4[TaI6], ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʠ ʚ ʥʠʭ ʮʝʧʦʯʢʘ [MQ4] ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩ [MôHal6] ʟʘʨʷʞʝʥ ʦʪʨʠʮʘʪʝʣʴʥʦ. ʀ ʝʩʣʠ ʡʦʜ ʚ ʥʘʰʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʧʦ ʜʘʥʥʳʤ ʈʉɸ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʘ, ʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 

ʠ ʮʝʧʦʯʢʠ ʤʳ ʥʝ ʤʦʞʝʤ ʫʚʝʨʝʥʦ ʩʢʘʟʘʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʥʝʡʪʨʘʣʴʥʳʤʠ. 

 

3.3.3. ʄʘʛʥʠʪʦʤʝʪʨʠʷ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

V ʚ ʩʦʩʪʦʷʥʠʠ d
1
 ʠʤʝʝʪ ʦʜʠʥ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[V4OSe8I6], ʵʪʦʪ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʘʪʦʤʘʭ ʚʘʥʘʜʠʷ, ʜʘʚʘʷ 4 
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ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ ʥʘ ʢʦʤʧʣʝʢʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʞʠʜʘʝʤ, ʯʪʦ ʥʘʰʠ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ 

ʧʨʦʷʚʣʷʪʴ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʕʪʦ ʧʦʙʫʜʠʣʦ 

ʥʘʩ ʢ ʧʨʦʚʝʜʝʥʠʶ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʯʴʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʳ ʠʟʫʯʠʣʠ, ʩʪʘʣʦ ʩʦʝʜʠʥʝʥʠʝ 1 (ʈʠʩ. 

66). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʨʫʯʥʫʶ ʦʪʦʙʨʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 66. (1) ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ [V4OSe8I6]ĿI2, 

ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʜʠʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʠ ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ (ʦʩʥʦʚʥʘʷ 

ʢʘʨʪʠʥʢʘ) ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ (ʚʩʪʘʚʢʘ) ʰʢʘʣʝ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ H = 0.2, 

1, 10 ʢʕ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ZFC), 

ʪʘʢ ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʦʤ 

(FC). ʐʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʨʝʛʫʣʷʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʳʯʠʪʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʘʚʠʩʠʤʦʛʦ ʦʪ ʧʦʣʷ ʚʢʣʘʜʘ. (2) ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

1/ɢp ʜʣʷ [V4OSe8I6]ĿI2 ʠʟʤʝʨʝʥʥʘ ̫ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ H = 0.2, 1 ʠ 10 ʢʕ. (3) ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʜʣʷ ʩʣʫʯʘʷ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ (ɗ = 

0). ʐʪʨʠʭʦʚʘʥʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʨʘʩʯʸʪʥʦʝ ʧʦʚʝʜʝʥʠʝ Õʵʬʬ ʧʦʩʣʝ ʚʳʯʝʪʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʦʣʷ ʚʢʣʘʜʘ. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ [125] 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 40-50 ʂ 

ʩʦʝʜʠʥʝʥʠʝ 1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʨʠ ʵʪʦʤ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʊ (ʈʠʩ. 66(1)). ʆʜʥʘʢʦ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 40-50 ʂ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ, ʢʦʪʦʨʳʡ ʚʦʟʨʘʩʪʘʝʪ 

ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ 1/T ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʝʪ ʧʣʘʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8-20 ʂ. ʕʪʦʪ ʚʢʣʘʜ ʟʘʚʠʩʠʪ 

ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʚʩʪʘʚʢʘ ʚ ʈʠʩ. 66(1)). ʈʝʟʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʢʫʧʝ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʢʨʠʚʳʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʈʠʩʫʥʦʢ ʇ34), ʥʘʧʦʤʠʥʘʝʪ ʧʦʚʝʜʝʥʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ (ʌʄ), ʥʦ ʚʩʸ ʞʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ ʚ ʜʚʫʭ ʤʦʤʝʥʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʌʄ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚ ʥʘʩʳʱʝʥʠʠ ʝʜʚʘ ʣʠ 

ʧʨʝʚʳʰʘʝʪ 2Ā10
ï2

 ÕB ʥʘ ʠʦʥ V, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʚʘʥʘʜʠʷ 

ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʫʧʦʨʷʜʦʯʝʥʠʠ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʤʠʥʦʨʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʌʄ ʬʘʟʳ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʠʣʠ ʩʣʘʙʦʛʦ ʌʄ 

(ʩʢʦʰʝʥʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ) ʫʧʦʨʷʜʦʯʝʥʠʷ ʟʜʝʩʴ ʥʝʧʨʠʤʝʥʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʦʩʪʘʶʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʤʳ ʥʝ ʚʠʜʠʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʬʝʨʨʠ- ʠʣʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʠʩʩʣʝʜʫʝʤʳʡ 

ʦʙʨʘʟʝʮ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʦʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʠ ʜʘʥʥʳʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʚ ZFC ʠ FC ʨʝʞʠʤʘʭ, ʠʜʝʘʣʴʥʦ ʩʦʚʧʘʜʘʶʪ. ʅʠʢʘʢʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʘʞʝ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 1 ʊʣ 

ʜʦ ʊ = 1.77 ʂ ʠ ʚʳʢʣʶʯʝʥʠʷ ʧʦʣʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʢʦʨʝʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ 

(ʉʇʄ) ʧʦʚʝʜʝʥʠʝ ʤʠʥʦʨʥʦʡ ʬʘʟʳ, ʥʝʞʝʣʠ ʥʘ ʌʄ. 

ʇʦʜʩʢʘʟʢʫ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʉʇʄ ʚʢʣʘʜʘ ʤʳ ʧʦʣʫʯʠʣʠ ʠʟ ʜʘʥʥʳʭ ʧʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʨʦʰʢʘ 1, ʩʤʝʰʘʥʥʦʛʦ ʩ ʢʨʠʩʪʘʣʣʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʘʣʠ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (<1%) ʌʄ ʬʘʟʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʨʘʚʥʦʡ ʧʨʠʤʝʨʥʦ 55 ʂ 

(ʈʠʩʫʥʦʢ ʇ35-36). ʊʘʢʦʝ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʌʄ ʬʘʟʳ ʥʝ ʜʘʸʪ ʥʘʤ ʥʘʧʨʷʤʫʶ ʦʙʥʘʨʫʞʠʪʴ ʝʸ ʥʘ 

ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʦʜʥʘʢʦ ʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ 

ʜʣʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ VI3 [130,134]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ 

ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʠ VI3, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʠʣʘ ʙʳ ʌʄ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʥʘʰʝʛʦ ʦʙʨʘʟʮʘ. ʅʘ ʤʦʤʝʥʪ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʝʱʸ ʥʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʯʠʩʪʢʠ ʥʘʰʠʭ ʩʝʣʝʥʦʠʦʜʠʜʦʚ, ʧʦʵʪʦʤʫ ʧʦʧʘʜʘʥʠʝ VI3 ʚʳʛʣʷʜʠʪ ʚʦʟʤʦʞʥʳʤ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ ʠʤʝʥʥʦ ʤʦʨʬʦʣʦʛʠʷ ʧʨʠʤʝʩʥʦʡ ʌʄ ʬʘʟʳ ʪʘʢ ʚʣʠʷʝʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʨʦʰʢʘ. ʅʘʙʣʶʜʘʝʤʳʡ ʉʇʄ ʚʢʣʘʜ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥ ʪʦʣʴʢʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ VI3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 1. ʀʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ 

ʃʘʥʞʝʚʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʉʇʄ ʚʢʣʘʜʘ ʚ M(H) ʤʳ ʦʮʝʥʠʣʠ, ʯʪʦ ʯʠʩʣʦ ʠʦʥʦʚ ʚʘʥʘʜʠʷ ʚ ʦʜʠʥʦʯʥʦʡ 

ʌʄ ʯʘʩʪʠʮʝ ʜʦʩʪʠʛʘʝʪ ʚʩʝʛʦ 50-100 ʰʪʫʢ. ʄʘʣʝʥʴʢʠʡ ʨʘʟʤʝʨ ʌʄ ʯʘʩʪʠʮ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʦʙʲʷʩʥʷʝʪ ʠʭ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ ʊ = 1.77 ʂ. 
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ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʤʳ 

ʤʦʞʝʤ ʚʳʯʝʩʪʴ ʝʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 1. ʇʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ ʧʨʠʚʝʜʝʥʘ ʚ 

ʚʠʜʝ ʰʪʨʠʭʦʚʘʥʥʦʡ ʣʠʥʠʠ ʥʘ ʈʠʩʫʥʢʝ 66(3). ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 1 

ʤʳ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 

65(2)). ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100-300 ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴʶ ʂʶʨʠ-ɺʝʡʩʩʘ ʩ ʙʦʣʴʰʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ɗ ~ -180 ʂ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʝʪʨʘ̫ ʜʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʭʦʨʦʰʦ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʥʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ɗ, ʥʠ ʬʦʨʤʘʣʴʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʩʘ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʦʪʨʘʞʘʶʪ ʠʩʪʠʥʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ. ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʢʦʨʝʝ ʧʦʢʘʟʳʚʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʤʝʥʪʘ ʪʝʪʨʘ̫ ʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ, ʧʨʝʜʧʦʣʦʞʠʚ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ [V4Ose8I6]. 

ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ 1 ʚʧʣʦʪʴ ʜʦ ʊ = 1.77 ʂ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ Õʵʬʬ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 66(3). ʆʥ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʧʨʠʤʝʨʥʦ 1.6 ÕB ʧʨʠ T =300 ʂ ʜʦ ʧʨʠʤʝʨʥʦ 0.4 ÕB ʧʨʠ T = 1.77 ʂ. ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʚʢʣʘʜ 

ʌʄ ʥʘʥʦʯʘʩʪʠʮ ʜʘʸʪ ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʦʣʷ ʧʠʢ ʥʘ ʢʨʠʚʦʡ Õʵʬʬ(ʊ), ʥʦ ʧʦʩʣʝ ʝʛʦ ʚʳʯʠʪʘʥʠʷ 

ʧʦʣʫʯʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʰʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ) ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʜʢʦʡ.  

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Õɻ ʬʬ å 1.6 ÕB ʥʘ ʠʦʥ ʚʘʥʘʜʠʷ ʥʘʭʦʜʠʪʩʷ 

ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʛʥʠʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ S = İ ʠʦʥʘ V
4+

 (d
1
). ʅʘʙʣʶʜʘʝʤʦʝ 

ʯʝʪʳʨʸʭʢʨʘʪʥʦʝ ʧʘʜʝʥʠʝ Õʵʬʬ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ (1) ï ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʜʦʚʦʣʴʥʦ ʪʠʧʠʯʥʳʤ ʜʣʷ ʠʦʥʦʚ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d
1
, (2) ï ʩʠʣʴʥʳʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ (ɸʌ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʠ ʪʝʪʨʘʷʜʝʨʥʳʭ ʚʘʥʘʜʠʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, (3) 

ï ʧʣʘʚʥʳʤ ʧʝʨʝʭʦʜʦʤ ʪʝʪʨʘʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʠʘʤʘʛʥʠʪʥʦʝ 

ʥʠʟʢʦʩʧʠʥʦʚʦʝ. ɺʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ (1) ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʦʜʥʫ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʮʝʥʪʨʘ ʩ S = İ ʠ ʟʥʘʯʝʥʠʝʤ g = 1.9548, ʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʧʠʥʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʘʥʘʜʠʷ. ɸʌ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʪʝʪʨʘʵʜʨʝ ʠʟ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʦ (ʧʦʜʦʙʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʨʠʤʝʨʘʤ 

ʠʟ ʭʠʤʠʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ [135]), ʯʪʦ ʜʦʣʞʥʦ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʜʘʣʴʥʝʛʦ ɸʌ 

ʧʦʨʷʜʢʘ. ɼʘʥʥʦʝ ʟʘʪʨʫʜʥʝʥʠʝ, ʦʜʥʘʢʦ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʠʚʘʥʠʶ ʯʝʪʳʨʸʭ ʩʧʠʥʦʚ ʚʥʫʪʨʠ 

ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʜʚʝ ɸʌ-ʩʚʷʟʘʥʥʳʭ ʧʘʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʢʨʠʚʳʭ. ɺ ʩʣʫʯʘʝ (3) ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʣʷʤ ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ Õʵʬʬ, ʝʩʣʠ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʜʠʘʤʘʛʥʠʪʥʳʤ, ʠ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʭʦʜʠʪʩʷ 

ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ 
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 (d
1
) ʩ S = İ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʩʣʘʙʦʝ ʤʘʛʥʠʪʥʦʝ (ʜʠʘʤʘʛʥʠʪʥʦʝ ʠʣʠ ʩ ɸʌ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚʥʫʪʨʠ ʪʝʪʨʘ̫ ʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ) ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʮʝʧʦʯʝʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 4 

(ʈʠʩ. 67).  

 

ʈʠʩʫʥʦʢ 67. (1) ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ ʠʟʤʝʨʝʥʥʦʡ 

ʜʣʷ 4 ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H = 1ʢʕ. (2) ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢpT (ʟʝʣʸʥʳʤ) ʠ 1/ɢp 

(ʢʨʘʩʥʳʤ). ʐʪʨʠʭʦʚʘʥʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʜʘʥʥʳʝ ɢpT ʜʣʷ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʦʙʨʘʟʮʘ 

ʠʟʤʝʨʝʥʥʳʝ ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʝʛʦ ʚ ʪʝʯʝʥʠʝ 5 ʤʝʩʷʮʝʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 

ʉʦʝʜʠʥʝʥʠʝ 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʊ = 1.77-300ʂ. ɿʥʘʯʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ɢ(T) ʠʣʠ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ 

ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ 

V4O ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʮʝʧʠ, ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʦʥʘʤʠ ʚʘʥʘʜʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʨʘʟʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤ, ʯʪʦʙʳ ʜʘʚʘʪʴ ʜʘʣʴʥʝʝ ʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʜʘʞʝ ʧʨʠ ʊ = 1.77 ʂ. ɼʣʷ ʧʦʜʦʙʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢp(T) ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʦʙʳʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʂʶʨʠ-ɺʝʡʩʩʘ ɢp(T) = C/(ʊ-ɗ) ʩ ʤʘʣʝʥʴʢʦʡ ʠʣʠ ʧʦʯʪʠ ʥʫʣʝʚʦʡ ɗ. ʆʜʥʘʢʦ, ʢʘʢ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʈʠʩʫʥʢʝ 67(2), ʢʨʠʚʘʷ 1/ɢp(T) ʜʘʣʝʢʘ ʦʪ ʣʠʥʝʡʥʦʛʦ ʚʠʜʘ ʜʘʞʝ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʫʜʘʝʪʩʷ ʦʧʠʩʘʪʴ ʟʘʢʦʥʦʤ ʂʶʨʠ-ɺʝʡʩʩʘ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʤʘʛʥʠʪʥʳʝ ʝʜʠʥʠʮʳ, ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ V4O, ʠʟʤʝʥʷʶʪ ʩʚʦʠ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ʏʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʨʘʛʤʝʥʪʦʚ V4O, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɢpT. ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ, ɢpT ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ɢpT º 0.085 

ʩʤ
3
K/ʤʦʣʴ (ʥʘ ʛʨʘʬʠʢʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʟʘʧʠʩʴ emuK/ʤʦʣʴ, ʛʜʝ emu ï electromagnetic unit, ʝʜʠʥʠʮʘ 






































