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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, 

ʪʘʢ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜ.r ʊʘʢ 

ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʜʘʣʦ ʚʳʩʦʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʣʠ 

ʪʷʞʝʣʳʝ ʘʪʦʤʳ, ʭʦʨʦʰʦ ʨʘʩʩʝʠʚʘʶʱʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʨʘʩʰʠʬʨʦʚʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʦʙʳʯʥʦ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʦʣʴʰʠʭ ʪʨʫʜʥʦʩʪʝʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ çʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡè ï ʜʘʚʣʝʥʠʡ ʧʦʨʷʜʢʘ 

ʤʠʣʣʠʦʥʦʚ ʘʪʤʦʩʬʝʨ, ʥʝʨʝʜʢʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʜʦ 1000 ęʉ ʠ ʙʦʣʝʝ, 

ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ.  

ʂʨʫʛ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ ʭʦʨʦʰʦ ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʠ 

ʧʨʦʮʝʩʩʦʚ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, 

ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣ  rï ʫʜʦʙʥʳʝ ʦʙʲʝʢʪ rʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʣʠʤʦʨʬʠʟʤʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ï ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʪʨʝʙʫʝʪ ʪʘʢʠʭ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʢʘʢ ʤʥʦʛʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 



6 
 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ï ʜʦ 100 000 ʘʪʤ., Ñ200 Áʉ), ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ 

ʨʫʪʠʥʥʳʝ ʠ ʩʦʧʨʷʞʝʥʳ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʘʙʩʦʣʶʪʥʦ ʜʨʫʛʦʛʦ ʨʦʜʘ. 

ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʧʨʠʝʤʳ, ʯʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʊʘʢ, ʤʥʦʛʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣ r

ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʚ ʥʝʟʘʚʠʩʠʤʦʡ 

ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʩʦʜʝʨʞʘʪ ʚ ʩʪʨʫʢʪʫʨʝ ʪʷʞʝʣʳʭ 

ʘʪʦʤʦʚ, ʭʦʨʦʰʦ ʨʘʩʩʝʠʚʘʶʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʣʠ ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦʡ ʨʘʩʰʠʬʨʦʚʢʫ ʩʪʨʫʢʪʫʨ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʫʩʧʝʰʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʜʠʥʠʯʥʳ ʠ ʩʢʦʨʝʝ ʚʳʩʪʫʧʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʢʣʶʯʝʥʠ.̫ ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, ʘ, ʥʝʨʝʜʢʦ, ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʪʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ çʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭè, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʩʪʘʣʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʣʠʰʴ ʩ 1990-ʭ ʛʦʜʦʚ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʤʦʱʥʦʛʦ ʤʝʪʦʜʘ, ʢʘʢ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʩʣʦʞʥʦʩʪʷʤʠ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʣʫʞʠʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʨʷʤʦʛʦ ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʠʟ-

ʟʘ ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʘ ʨʝʛʠʩʪʨʘʮʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʧʨʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʦʙʨʘʟʮʘ. ʄʝʪʦʜ ʜʘʝʪ 

çʫʩʨʝʜʥʝʥʥʫʶè ʧʦ ʚʩʝʤʫ ʢʨʠʩʪʘʣʣʫ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 
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ʠʟʫʯʘʶʪʩʷ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ (ʠʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʰʴ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʨʘʙʦʪ) ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʂ ʪʘʢʠʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʚʣʠʷʥʠʝ ʟʘʪʨʘʚʢʠ ʠ ʠʩʭʦʜʥʦʡ 

ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʚʣʠʷʥʠʝ ʧʝʨʝʜʘʶʱʝʡ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ) ʩʨʝʜʳ ʠ 

ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʠ ʠʭ ʧʨʘʚʠʣʴʥʳʡ ʫʯʝʪ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

 ʀʟ-ʟʘ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚʳʚʦʜʳ ʦ ʧʦʚʝʜʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʯʘʩʪʦ ʜʝʣʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʤʝʪʨʠʢʠ 

ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʧʦʣʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʪ rʘʪʦʤʦʚ ʠ ʧʘʨʘʤʝʪʨʳ 

ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʝʱʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʮʝʩʩʘ (ʨʝʘʢʮʠʠ ʠʣʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʚʝʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʤʥʦʛʠʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʚʣʠʷʥʠʝ 

ʠʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʯʘʚʰʠʤʩʷ ʧʨʦʮʝʩʩʦʤ, ʥʘ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʦʪʝʢʘʥʠʝ), ʘ ʪʘʢʞʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʨʠʩʪʘʣʣ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ, ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʜʘʞʝ ʩʦʚʝʨʰʘʪʴ 

çʧʨʳʞʢʠè. ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʨʝʘʛʝʥʪʘ ʠ ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ, ʥʦ ʠ ʦ ʤʦʥʦʪʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʘʤʠʭ ʵʪʠʭ ʬʘʟ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʩʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ 

ʫʜʘʸʪʩʷ ʧʨʝʦʜʦʣʝʪʴ, ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʘʞʝ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʢʨʠʩʪʘʣʣʝ ï ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ. ʇʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ 

ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ, ʥʦ ʠ ʦʙ ʠʭ ʦʪʢʣʠʢʝ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʤʦʞʝʪ 
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ʧʦʤʦʯʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ 

ʘʢʮʝʥʪ ʥʘ ʧʦʣʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʨʷʜʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʠ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɼʦ ʥʘʯʘʣʘ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʨʫʢʪʫʨ r ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʟʘʪʨʘʚʦʢ, ʠʩʭʦʜʥʦʡ 

ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʰʴ 

ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʨʘʙʦʪ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʥʘ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩ ̫ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʣʠʰʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʫʨʦʚʥʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʦʣʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Cl2 ʚ 1990-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʳʣʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʝʛʦʜʥʷ. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʪʨʫʜʥʦ ʚʳʧʦʣʥʠʤʳʝ ʚ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʫʜʝʣʷʪʴ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʤʝʪʦʜʠʢʘʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʊʘʢ, 

ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʦʙʨʘʟʮʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠʣʠ ʨʘʟʥʳʭ ʩʪʘʥʮʠʡ ʥʘ 

ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʪʢʣʠʢʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʣʠ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ï 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ 

ʫʩʣʦʚʠʷʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʫʩʪʘʥʦʚʠʪʴ ʩ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦ ʩʣʦʞʥʦʡ ʩʝʪʢʦʡ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʡ; 

- ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ (ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ, ʠʟʛʠʙ ʠʣʠ çʧʨʳʞʢʠè ʢʨʠʩʪʘʣʣʦʚ) ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʣʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ; 

- ʥʘʡʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʥʘʙʣʶʜʘʶʱʠʤʠʩʷ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʦʚ; 

- ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʟʘʪʨʘʚʢʠ, ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ ʠ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ 

ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ; 

- ʩʨʘʚʥʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʨʘʟʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʠ ʚʳʷʚʠʪʴ 

ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʵʪʠʭ ʜʘʥʥʳʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ in situ ʚʟʘʠʤʦʩʚʷʟʠ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʘ 

ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ï ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. ʈʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 
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ʜʣʷ ʢʨʠʩʪʘʣʣʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʠʣʠ ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʣʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʦʚʦʜʠʣʩʷ ʦʙʳʯʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ ʬʘʟʳ ʧʨʦʜʫʢʪʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺʳʚʦʜʳ 

ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʨʝʚʨʘʱʝʥʠʷ ʜʝʣʘʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ ʬʘʟʳ ʧʨʦʜʫʢʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʦʢʘʟʘʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟʫʯʝʥʠʝ ʤʦʥʦʪʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʝʚʨʘʱʝʥʠʷʭ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ï ʚʣʠʷʥʠʷ ʟʘʪʨʘʚʢʠ, ʠʩʭʦʜʥʦʡ 

ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ ʠ ʧʨʦʪʦʢʦʣʘ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʥʘʫʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʦʩʷʱʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʢʦʤʧʣʝʢʩʘ ʪʠʧʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʠ ʩʪʨʫʢʪʫʨ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʘʨʘʮʝʪʘʤʦʣʘ (çʭʦʟʷʠʥʘè), ʩ ʢʦʪʦʨʳʤʠ ʫ ʢʦʤʧʣʝʢʩʘ 

ʠʤʝʶʪʩʷ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʘʥʠʟʦʪʨʦʧʠʝʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ. ɺʳʷʚʣʝʥʘ ʨʦʣʴ ʧʠʨʠʜʠʥʘ (çʛʦʩʪʷè) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʝʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʝʛʦ 

ʦʢʨʘʩʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ 

ʥʠʢʝʣʷ.  
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ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʠ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʚʳʟʚʘʥʥʳʝ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠʣʠ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ 

ʩʝʨʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʩʦ ʩʣʦʞʥʦʡ ʩʝʪʢʦʡ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʤʦʥʦʛʠʜʨʘʪ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ, 

ʜʠʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ [Co(NH3)5NO2]Br2 ʠ [Co(NH3)5NO2]Cl(NO3), ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʩʞʘʪʠʝʤ, ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʪʝʭ ʞʝ 

ʢʨʠʩʪʘʣʣʘʭ, ʚʳʟʚʘʥʥʳʤʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʝʡ. ɼʣʷ 

[Co(NH3)5NO2]Br2 ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʠ 

6,9 ɻʇʘ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʚʧʘʣʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʨʦʜʫʢʪʘ ʩʚʷʟʝʚʦʡ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ [Co(NH3)5NO2]Br2 Ÿ [Co(NH3)5ONO]Br2, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʠ NO2-ʛʨʫʧʧʳ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʦʙʘʣʴʪʘ ʠ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ɼʣʷ [Co(NH3)5NO2]Cl(NO3) ʠʩʩʣʝʜʦʚʘʥʘ ʩʞʠʤʘʝʤʦʩʪʴ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʷʩʥʠʪʴ 

ʩʪʨʫʢʪʫʨʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ.  

ʇʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠʟʦʤʝʨʦʚ 

[Co(NH3)5NO2]Cl(NO3) / [Co(NH3)5ONO]Cl(NO3) ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ x, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʶ ʚ ʵʪʦʤ ʞʝ 

ʦʙʲʝʢʪʝ. 

ʅʘ ʧʨʠʤʝʨʝ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʫʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ. ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʚʙʣʠʟʠ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ɓ Ÿ ɔ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʨʝʜʣʦʞʝʥr 

ʦʙʲʷʩʥʝʥʠ ̫ʷʚʣʝʥʠʡ ʟʘʜʝʨʞʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʟʦʚʦʤʫ 
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ʧʝʨʝʭʦʜʫ ʠ ʟʘʪʫʭʘʥʠʷ ʦʪʢʣʠʢʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʨʘʤʢʘʭ 

ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʞʝʩʪʢʦʡ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ɓ Ÿ ɔ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ, ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʚʝʣʠʯʠʥʝ ʠʟʤʝʥʝʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ 

~0,5 ɻʇʘ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ï çʧʨʳʞʦʢè ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘ ʘʥʠʟʦʪʨʦʧʠʶ 

ʜʝʬʦʨʤʘʮʠʠ Sm2(C2O4)3Ŀ10H2O, Y2(C2O4)3Ŀ10H2O ʠ SmY(C2O4)3Ŀ10H2O ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʜʫʢʪʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ. 

ʆʙʥʘʨʫʞʝʥʦ ʠ ʦʙʲʷʩʥʝʥʦ ʥʝʦʙʳʯʥʦʝ ʷʚʣʝʥʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʜʣʷ Y2(C2O4)3Ŀ10H2O. 

ɺʣʠʷʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʠ ʪʦʣʘʟʘʤʠʜʘ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ, ʘ ʪʘʢʞʝ ɓ-ʘʣʘʥʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʠʤʦʨʬʠʟʤ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʠ ʩʝʪʢʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɼʣʷ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝʦʙʳʯʥʦʝ ʚʣʠʷʥʠʝ ʟʘʪʨʘʚʦʢ 

ʥʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. 

ʊʘʢ, ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʘʪʨʘʚʢʠ, ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʝ 

ʚʩʝʛʜʘ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʘʷ ʬʘʟʘ, ʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʚʧʝʨʚʳʝ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ 

ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʦʨ ʩʨʝʜʳ ʚ 
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ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʞʠʜʢʦʩʪʴ ʟʘʤʝʪʥʦ ʨʘʩʪʚʦʨʷʝʪ 

ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʥʦ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʪʥʳʭ ʩʨʝʜ ï ʛʝʣʠʷ, ʥʝʦʥʘ, 

ʧʘʨʘʬʠʥʘ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʢʨʠʩʪʘʣʣʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʘʟ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ɓ-ʘʣʘʥʠʥʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʬʘʟʫ V ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ, ʠ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʷʭ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʬʘʟʫ V ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʙʘʨʴʝʨʘ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʠʛʨʳʰ ʧʦ ʦʙʲʝʤʫ. ʅʘ 

ʧʨʠʤʝʨʝ ʪʦʣʘʟʘʤʠʜʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ, ʤʝʥʝʝ ʧʣʦʪʥʦʡ 

ʬʘʟʳ II  ʚ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʫʶ ʬʘʟʫ I ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʊʚʝʨʜʦʬʘʟʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ II  Ÿ I ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ.  

ɺ ʨʘʤʢʘʭ ʚʳʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʜʣʷ ʨʘʟʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ Ag KŬ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʩ ʛʠʙʨʠʜʥʳʤ ʩʯʝʪʦʤ ʬʦʪʦʥʦʚ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, 

ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʨʦʰʦ ʨʘʩʩʝʠʚʘʝʤʦʛʦ Mo KŬ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ CCD ʜʝʪʝʢʪʦʨʦʤ, ʠ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, 

ʪʘʢ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʠʭ ʩʙʦʨʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʜʫʣʷʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʩʪʘʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ çʧʨʦʙʣʝʤʥʳʭè ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʥʘ ʬʦʥʝ ʩʠʣʴʥʳʭ. ʕʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 
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ʧʨʠʤʝʨʝ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʦʡ ʥʝʩʦʨʘʟʤʝʨʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʛʠʙʨʠʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

ʧʨʷʤʦʛʦ ʩʯʝʪʘ ʬʦʪʦʥʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʨʘʟʚʠʪ 

ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʠ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʘ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ 

ʜʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ 

ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʘʟʳ ʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ 

(ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ, ʠʟʛʠʙ ʠʣʠ çʧʨʳʞʢʠè ʥʘ ʨʘʩʩʪʦʷʥʠʷ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʳʰʘʶʱʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ). ʇʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʦ 

ʚʣʠʷʥʠʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜ, ʘ ʪʘʢʞʝ ʪʘʢʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʘʚʢʠ, ʚʳʙʦʨ ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʦʨʬʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʦʪʦʢʦʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ 

ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. 

ɼʘʥʥʳʝ ʦʙ ʦʪʢʣʠʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʘʢʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʠ 

ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 
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ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʨʘʟʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʜʘʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʚʳʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʦʭʣʘʞʜʝʥʠʠ, ʠ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʚʝʨʜʦʬʘʟʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ, ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜ, ʘ 

ʪʘʢʞʝ ʪʘʢʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʘʚʢʠ, ʚʳʙʦʨ ʠʩʭʦʜʥʦʡ 

ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʨʦʪʦʢʦʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʚ ʨʘʙʦʪʝ, ï ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʦʧʪʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʷʯʝʡʢʠ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʜʣʷ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʪʦʢ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʩ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

- ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʠ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʝʪʢʘʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʚ ʩʤʝʰʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ 

ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʤʦʥʦʛʠʜʨʘʪʝ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ, 

ʜʠʛʠʜʨʘʪʝ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ; 
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- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʪʢʣʠʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

[Co(NH3)5NO2]Br2 ʠ [Co(NH3)5NO2]Cl(NO3) ʥʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ, ʘ ʪʘʢʞʝ 

ʠʭ ʩʚʷʟʴ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ; 

- ʛʠʧʦʪʝʟʘ ʦ ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠ̫  ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʠ ʝʛʦ ʟʘʜʝʨʞʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 

ɓ Ÿ ɔ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘ 

ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ Sm2(C2O4)3Ŀ10H2O, Y2(C2O4)3Ŀ10H2O ʠ 

SmY(C2O4)3Ŀ10H2O ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʠ ʝʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ; 

- ʟʘʢʣʶʯʝʥʠʝ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ʠ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʭʣʦʨʧʨʦʧʘʤʠʜʝ, ʪʦʣʘʟʘʤʠʜʝ ʠ ɓ-ʘʣʘʥʠʥʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜ ï ʛʝʣʠʷ, ʥʝʦʥʘ, ʧʘʨʘʬʠʥʘ, ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ; 

- ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʨʘʪʝʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ. ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠ ʚʟʘʠʤʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ. ʈʘʩʰʠʬʨʦʚʢʘ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʩʦʢʠʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʶʟʘ (IUCr). ɺʩʝ ʞʫʨʥʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʷʚʣʷʶʪʩʷ ʨʝʮʝʥʟʠʨʫʝʤʳʤʠ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʩʪʘʪʴʠ 

ʮʠʪʠʨʫʶʪʩʷ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʝ ʪʦʣʴʢʦ 

ʅʦʚʦʩʠʙʠʨʩʢʘ, ʥʦ ʠ ʈʦʩʩʠʠ. 



17 
 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ʆʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ: International School of Crystallography 46
th
 Course (30 ʤʘʷ - 8 ʠʶʥʷ 2013, 

ʕʨʠʯʝ, ʀʪʘʣʠʷ), 28
th
 European Crystallographic Meeting (25-29 ɸʚʛʫʩʪʘ 2013, 

ʋʦʨʠʢ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), Workshop çHot Topics in Contemporary Crystallographyè 

(10-15 ʤʘʷ 2014, ʐʠʙʝʥʠʢ, ʍʦʨʚʘʪʠʷ), International Symposium on the Reactivity of 

Solids (9-13 ʠʶʥʷ 2014, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ), 29
th
 European Crystallographic 

Meeting (23-28 ɸʚʛʫʩʪʘ 2015, ʈʦʚʠʥʴ, ʍʦʨʚʘʪʠʷ), 2015 IUCr High-Pressure 

Workshop (12-15 ʩʝʥʪʷʙʨʷ 2015, ʂʘʤʧʠʥʘʩ, ɹʨʘʟʠʣʠʷ), 30
th
 Meeting of the European 

Crystallographic Association (28 ʘʚʛʫʩʪʘ ï 1 ʩʝʥʪʷʙʨʷ 2016, ɹʘʟʝʣʴ, ʐʚʝʡʮʘʨʠʷ), 

54
th
 European High Pressure Research Group (EHPRG) International Meeting on High 

Pressure Science and Technology (4-9 ʩʝʥʪʷʙʨʷ 2016, ɹʘʡʨʦʡʪ, ɻʝʨʤʘʥʠʷ), IUCr 

High Pressure Workshop 2016 (20-24 ʩʝʥʪʷʙʨʷ 2016, ʇʭʦʭʘʥ, ʂʦʨʝʷ), XII 

International Conference GeoRaman-2016 (9-15 ʠʶʥʷ 2016, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ), 

ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʛʨʘʥʪʦʜʝʨʞʘʪʝʣʝʡ ʈʅʌ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ XXI-ʛʦ ʚʝʢʘè (20-24 ʥʦʷʙʨʷ 2016, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), IX International 

Voevodsky Conference çPhysics and Chemistry of Elementary Chemical Processesè 

(25-30 ʠʶʥʷ 2017, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ), 24
th
 Congress and General Assembly of the 

International Union of Crystallography (21-28 ʘʚʛʫʩʪʘ 2017, ʍʘʡʜʘʨʘʙʘʜ, ʀʥʜʠʷ), 55
th
 

European High Pressure Research Group Meeting: High Pressure Science and 

Technology (3-8 ɸʚʛʫʩʪʘ 2017, ʇʦʟʥʘʥʴ, ʇʦʣʴʰʘ), IX ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (4-8 ʠʶʥʷ 2018, ʉʫʟʜʘʣʴ, ʈʦʩʩʠʷ), V 

International Conference çFundamental Bases of Mechanochemical Technologiesè (25-

28 ʠʶʥʷ 2018, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ), Crystallography workshop çHot Topics in 

Contemporary Crystallography ï HTCCè (23-27 ʩʝʥʪʷʙʨʷ 2018, ɹʦʣ, ʍʦʨʚʘʪʠʷ), 2019 

IUCr & ECA High-Pressure Workshop (13-17 ʘʚʛʫʩʪʘ 2019, ɺʝʥʘ, ɸʚʩʪʨʠʷ), 32
nd

 

European Crystallographic Meeting (18-23 ʘʚʛʫʩʪʘ 2019, ɺʝʥʘ, ɸʚʩʪʨʠʷ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ ʚʩʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʨʦʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʤʘʛʠʩʪʨʘʥʪʦʤ ʕʜʠʥʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʗ. ɹʨʶʩ-ʉʤʠʪʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʚʪʦʨʘ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ESRF (ɻʨʝʥʦʙʣ,ɹ ʌʨʘʥʮʠʷ) ʚʳʧʦʣʥʝʥʳ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʧʨʠ 

ʦʧʨʝʜʝʣʷʶʱʝʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ɺ ʩʦʩʪʘʚ ʵʪʠʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʢʨʦʤʝ ʘʚʪʦʨʘ, 

ʚʭʦʜʠʣʠ: ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʧʨʝʚʨʘʱʝʥʠʷ ï ʜ.ʭ.ʥ. ʖ.ɺ. ʉʝʨʝʪʢʠʥ, ʢ.ʭ.ʥ. ʉ.ɸ. ʏʠʞʠʢ; 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ï ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʘ, ʜ.ʭ.ʥ. ʖ.ɺ. ʉʝʨʝʪʢʠʥ, ʢ.ʭ.ʥ. ʉ.ɻ ɸʨʭʠʧʦʚ, 

ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ. ɻʦʨʷʡʥʦʚ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ 

ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ɓ-ʘʣʘʥʠʥʘ ï ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʘ, ʢ.ʭ.ʥ. ʅ.ɸ. ʊʫʤʘʥʦʚ; 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ ï 

ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʘ, ʜ.ʭ.ʥ. ʖ.ɺ. ʉʝʨʝʪʢʠʥ, ʢ.ʭ.ʥ. ʉ.ɻ ɸʨʭʠʧʦʚ, ʢ.ʬ.-ʤ.ʥ. 

ʉ.ɺ. ɻʦʨʷʡʥʦʚ, ʅ.ɽ. ɹʦʛʜʘʥʦʚ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʷʣʠʩʴ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʧʦʣʫʯʝʥʳ ʢ.ʭ.ʥ. 

ɸ.ɻ. ʆʛʠʝʥʢʦ. ʈʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʢʠʥʝʪʠʢʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ 

[Co(NH3)5NO2]Cl(NO3) ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʘ ʜ.ʭ.ʥ. 

ɸ.ɸ. ʉʠʜʝʣʴʥʠʢʦʚʳʤ ʠ ʢ.ʭ.ʥ. ʉ.ɸ. ʏʠʞʠʢʦʤ. ʂʨʠʩʪʘʣʣʳ [Co(NH3)5NO2]Cl(NO3) ʠ 

[Co(NH3)5NO2]Br2 ʧʦʣʫʯʝʥʳ ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʦʡ, ʜ.ʭ.ʥ. ɸ.ɸ. ʉʠʜʝʣʴʥʠʢʦʚʳʤ, 

ɸ.ʉ. ʄʘʨʯʫʢʦʤ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ 

ʚʳʧʦʣʥʝʥʳ Ph.D. ɸ.ɸ.ʃ. ʄʠʭʘʣʴʯʫʢʦʤ ʠ Ph.D. ʂ.ɸ. ʄʦʨʨʠʩʦʥ. ɺʳʨʘʱʠʚʘʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Sm2(C2O4)3Ŀ10H2O, SmY(C2O4)3Ŀ10H2O, Y2(C2O4)3Ŀ10H2O ʠ 

ʠʟʫʯʝʥʠʝ ʠʭ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. 

ɸ.ɸ ʄʘʪʚʠʝʥʢʦ, ʇ.ɸ. ɻʨʠʙʦʚʳʤ, ɼ.ɺ. ʄʘʩʣʝʥʥʠʢʦʚʳʤ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʧʨʦʧʘʤʠʜʘ (ʢʨʦʤʝ ɓ-ʬʦʨʤʳ) ʧʦʣʫʯʝʥʳ ʢ.ʭ.ʥ. 

ʅ.ɺ. ʏʫʢʘʥʦʚʳʤ, ʅ.ɽ. ɹʦʛʜʘʥʦʚʳʤ, ɸ.ʉ. ʄʘʨʯʫʢʦʤ. ɿʘʛʨʫʟʢʘ ʷʯʝʝʢ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʛʘʟʦʚʳʤʠ ʩʨʝʜʘʤʠ (ʛʝʣʠʡ, ʥʝʦʥ) ʚʳʧʦʣʥʷʣʘʩʴ ʢ.ʭ.ʥ. ɸ.ɺ. ʂʫʨʥʦʩʦʚʳʤ, 



19 
 

Ph.D. ɼ. ʇʘʣʠʚʦʜʦʡ, Ph.D. ʄ. ʍʘʥʬʣʘʥʜʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʨʤ I ʠ II  ʪʦʣʘʟʘʤʠʜʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. ʉ.ɻ ɸʨʭʠʧʦʚʳʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʳ I ʪʦʣʘʟʘʤʠʜʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʢ.ʭ.ʥ. ɽ.ɸ. ʃʦʩʝʚʳʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. ɺ.ɸ. ɼʨʝʙʫʱʘʢʦʤ. ʇʦʜʛʦʪʦʚʢʘ ʢ 

ʧʫʙʣʠʢʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥʘ ʣʠʯʥʦ 

ʩʦʠʩʢʘʪʝʣʝʤ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʘʚʪʦʨʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ 1 ʤʦʥʦʛʨʘʬʠʷ [1], 22 

ʩʪʘʪʴʠ [2ï23] (ʚ ʪʦʤ ʯʠʩʣʝ 1 ʦʙʟʦʨ) ʚ ʧʨʦʬʠʣʴʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ɺɸʂ, ʘ ʪʘʢʞʝ 48 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺʩʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʩʪʘʪʴʠ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Scopus ʠ Web of 

Science. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 327 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ɻʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 604 ʠʩʪʦʯʥʠʢʦʚ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 76 ʨʠʩʫʥʢʦʚ ʠ 39 ʪʘʙʣʠʮ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʠ ʛʨʘʥʪʦʚ ʬʦʥʜʦʚ 

ʈʌʌʀ ʠ ʈʅʌ, ʚ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʢʦʪʦʨʳʤ ʫʯʘʩʪʚʦʚʘʣ ʩʦʠʩʢʘʪʝʣʴ ʟʘ ʚʨʝʤʷ 

ʩʚʦʝʡ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, 

ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʝ ʢʘʪʘʣʠʟʘ 

ʉʆ ʈɸʅ. ɺ ʜʚʫʭ ʛʨʘʥʪʘʭ ʈʌʌʀ ʩʦʠʩʢʘʪʝʣʴ ʚʳʩʪʫʧʘʣ ʚ ʨʦʣʠ ʨʫʢʦʚʦʜʠʪʝʣ.̫  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ. ʉʊʈʋʂʊʋʈʅʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ɺ 

ʄʆʃɽʂʋʃʗʈʅʓʍ ʂʈʀʉʊɸʃʃɸʍ ʀ ʄɽʊʆɼʓ ʀʍ ʀɿʋʏɽʅʀʗ 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʠʟʜʝʣʠʷʭ, ʘ 

ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠʥʪʝʨʝʩ ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʨʠʩʪʘʣʣʘʤ ʦʙʫʩʣʦʚʣʝʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʭ ʩʚʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʤ 

ʩ ʠʭ ʩʪʨʦʝʥʠʝʤ. ɺ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʤʝʥ ʵʣʝʢʪʨʦʥʘʤʠ. ɺʥʫʪʨʠ ʤʦʣʝʢʫʣ ʘʪʦʤʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʩʠʣʴʥʳʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʣʝʢʫʣʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʦʡ ʚ ʢʨʠʩʪʘʣʣʝ [24]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʦʙʳʯʥʦ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʫʝʤʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ ʠ ʫʛʣʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʫʧʘʢʦʚʢʫ ʚ ʢʨʠʩʪʘʣʣʝ. ʊʘʢʠʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʣʫʞʘʪ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ 

(ʥʝʥʘʧʨʘʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). ʇʦʤʠʤʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠʤʝʥʥʦ ʵʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʷʚʣʝʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ. ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʫʝʤʳ ʠ ʦʧʨʝʜʝʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʧʦʣʥʝ ʧʦʥʷʪʥʳʤ ʦʙʨʘʟʦʤ, ʪʦ ʜʣʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝ ʚʝʨʥʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ ʩ ʚʝʩʴʤʘ ʙʣʠʟʢʠʤʠ 

ʥɻʝʨʛʠʷʤʠ ʨʝʰʝʪʢʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʷʚʣʝʥʠʝʤ çʩʦʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡè (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ï çconcomitant 

polymorphismè), ʘ ʪʘʢʞʝ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠ ʪʨʫʜʥʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʠ 

ʧʦʚʝʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
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ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʥʦʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʥʠʟʦʪʨʦʧʥʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʩʞʠʤʘʝʤʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʀʤʝʥʥʦ ʵʪʦ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ çʢʣʘʩʩʠʯʝʩʢʠʝè ʧʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʞʜʦʡ ʠʟ ɻʣʘʚ 3-6 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪʩʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʠʤʝʶʱʝʡ ʦʪʥʦʰʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʦʙʩʫʞʜʘʝʤʳʤ ʚ ʵʪʠʭ ɻʣʘʚʘʭ ʠ ʚʢʣʶʯʘʶʱʠʡ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʧʝʯʘʪʠ ʫʞʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

 

1.1 ɺʠʜʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ 

ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʫʜʦʙʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʘ. ʇʨʦʮʝʩʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ï 

ʵʪʦ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʘ ʪʘʢʞʝ ʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʨʦʮʝʩʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ʠʟʤʝʥʷʝʪʩʷ ï ʵʪʦ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʚʥʝʜʨʝʥʠʝ ʛʦʩʪʝʚʳʭ 

ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣ, ʨʘʟʣʦʞʝʥʠʝ ʩʦʣʴʚʘʪʘ, ʢʣʘʪʨʘʪʘ, ʛʠʜʨʘʪʘ ʠ ʧʨ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʦʙʩʪʚʘ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʭ 

ʪʘʢʞʝ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ: 

ʘ) ʧʦ ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ï ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ, ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʘʤʦʨʬʠʟʘʮʠʷ; 
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ʙ) ʧʦ ʛʦʤʦʛʝʥʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʨʘʱʝʥʠʷ ï ʛʦʤʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʚ ʢʦʪʦʨʳʭ ʨʝʘʛʝʥʪ(ʳ) ʠ ʧʨʦʜʫʢʪ(ʳ) ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʛʝʥʪ(ʳ) ʠ ʧʨʦʜʫʢʪ(ʳ) ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʨʘʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʠʞʝ. ʆʪʜʝʣʴʥʦ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʢʦʪʦʨʳʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ. 

 

1.2 ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʪʚʨyʜʳʭ ʪʝʣʘʭ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʦʙʱʝʤ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʕʨʝʥʬʝʩʪʦʤ [25]. ɺ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʷʚʣʷʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʡ. 

ʊʚʝʨʜʦʬʘʟʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʯʘʩʪʦ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʤʦʥʦʪʨʦʧʥʳʝ 

(ʥʝʦʙʨʘʪʠʤʳʝ ʧʝʨʝʭʦʜʳ ʠʟ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ʚ ʩʪʘʙʠʣʴʥʫʶ) ʠ 

ʵʥʘʥʪʠʦʪʨʦʧʥʳʝ (ʦʙʨʘʪʠʤʳʝ), ʥʦ ʪʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʜʘʚʣʝʥʠʷ [26]. ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʧʨʝʨʳʚʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ (ʘʥʛʣ. continuous and 

discontinuous phase transitions), ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʝʪʩʷ 

ʣʠʙʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʣʠʙʦ 

ʥʝʧʨʝʨʳʚʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʜʘʚʣʝʥʠʡ [27]. ɺ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɹʶʨʛʝʨʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʳ ʪʠʧʘ çʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢè ʠ ʧʝʨʝʭʦʜʳ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʩʚʷʟʠ [28ï30]. ʕʪʠ ʠ ʜʨʫʛʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʦʚ ʢʨʠʪʠʢʦʚʘʣʠʩʴ ʄʥʶʭʦʤ [31]. ʆʜʥʦʡ ʠʟ 
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ʧʨʠʯʠʥ ʢʨʠʪʠʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʣʠʤʦʨʬʥʳʝ ʧʝʨʝʭʦʜʳ, ʧʦ ʤʥʝʥʠʶ 

ʄʥʶʭʘ, ʵʪʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʧʨʦʮʝʩʩʳ, ʠ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʦʥʠ ʥʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʦʛʣʘʩʥʦ ʜʝʪʘʣʴʥʦʤʫ 

ʘʥʘʣʠʟʫ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʄʥʶʭʦʤ, ʚʩʝʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 160 

ʪʠʧʦʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [32]. ʄʥʶʭ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʚʩʝ 

ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʨʦʜʳʰʘ ʥʘ ʜʝʬʝʢʪʘʭ 

ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʦʩʪʫ ʥʦʚʦʡ ʬʘʟʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ 

ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʧʨʠʨʦʜʳ, ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʨʦʩʪ ʥʦʚʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʠ ʵʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʜʚʝʨʛʘʣʘʩʴ ʢʨʠʪʠʢʝ [33], ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʪʦ, ʯʪʦ ʚ 

ʥʝʡ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʬʘʟʦʡ ʠ 

ʬʘʟʦʡ ʧʨʦʜʫʢʪʘ [34]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪʠʧʳ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʥʷʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʭ ʤʝʭʘʥʠʟʤʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [35]. ʂʘʞʜʘʷ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʳʜʝʣʠʪʴ ʦʜʥʫ ʝʜʠʥʩʪʚʝʥʥʦ ʚʝʨʥʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʫʜʦʙʥʦ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʘʚʥʶʶ 

ʠʩʪʦʨʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʨʘʙʦʪʳ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ 

ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ [36]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʄʝʛʦʫ [37]: ʣʶʙʘʷ ʪʚʝʨʜʘʷ 

ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʵʪʦʤʫ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘʭ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʧʦʥʷʪʠʡ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʪʚʝʨʜʦʤ ʚʝʱʝʩʪʚʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 
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ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ʕʪʘ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʟʘ 

ʨʝʜʢʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ, ʢʦʛʜʘ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʥʝ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚʘ ʚ ʪʦʯʢʝ ʂʶʨʠ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ, ʜʘʣʝʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʜʥʦʟʥʘʯʥʦ ʠ 

ʥʘʧʨʷʤʫʶ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ ʬʘʟʳ 

ʧʨʦʜʫʢʪʘ, ʪʦ ʝʩʪʴ ʪʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʳ, ʧʦʤʠʤʦ ʦʩʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

 

ʊʘʙʣʠʮʘ 1. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪʠʧʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʊʠʧ ʧʝʨʝʭʦʜʘ ʠ ʝʛʦ ʧʨʠʟʥʘʢʠ 

ʕʨʝʥʬʝʩʪʘ [25] ʇʝʨʚʦʛʦ ʨʦʜʘ 

(ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʟʤʝʥʷʝʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʥʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʘ, 

ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʥʦʚʦʡ ʬʘʟʳ) 

ɺʪʦʨʦʛʦ ʨʦʜʘ (ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʧʝʨʚʘʷ ï 

ʥʝʧʨʝʨʳʚʥʦ, ʥʝʪ ʛʠʩʪʝʨʝʟʠʩʘ) 

ʋʙʙʝʣʦʜʝ [27] ʇʨʝʨʳʚʥʳʝ 

(ʥʝʢʦʪʦʨʦʝ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʝʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ) 

ʅʝʧʨʝʨʳʚʥʳʝ 

(ʥʝʢʦʪʦʨʦʝ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ) 

ɹʶʨʛʝʨʘ 

[28ï30] 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ 

(ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʝʬʦʨʤʘʮʠʷ ʩʚʷʟʝʡ ʙʝʟ ʠʭ ʨʘʟʨʳʚʘ) 

ʈʝʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

(ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʨʳʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʝʡ) 

ʇʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ 

(ʠʟʤʝʥʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʘʪʦʤʦʚ) 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʩʚʷʟʠ  

(ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) 

- ʄʘʨʪʝʥʩʠʪʥʳʝ 

(ʥʘʣʠʯʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʠ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ) [38ï40] 

- 
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1.2.1 ʇʝʨʝʭʦʜʳ ʪʠʧʘ çʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢè 

ɺʦ ʤʥʦʛʠʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʪʠʧʘ çʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢè, 

ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʕʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʪʝʧʣʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ (ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ) [35,41]. ɺ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʤʝʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʘʢʦʛʦ 

ʪʠʧʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʤʝʪʘʥʝ [42ï44]. ɺ ʵʪʦʤ ʚʝʱʝʩʪʚʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 20,4 K ʤʦʣʝʢʫʣʳ ʫʧʦʨʷʜʦʯʝʥ.r ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ ʧʣʘʚʣʝʥʠʷ, ʚʩʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 

ʤʝʪʘʥʘ ʩʪʘʥʦʚʷʪʩʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ. ʊʘʢʞʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʝʢʦʪʦʨʳʭ ʥ-ʘʣʢʘʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʘʮʠʷ 

ʚʨʘʱʝʥʠʷ ʮʝʧʝʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʜʠʬʬʫʟʠʷ ʤʦʣʝʢʫʣ [45,46]. ɽʱʝ ʦʜʥʠʤ 

ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʣʫʞʠʪ ʧʝʨʝʭʦʜ ʚ ʬʝʥʘʥʪʨʝʥʝ 

[47,48], ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 72 ęʉ. ʇʨʠ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ ʬʝʥʘʥʪʨʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥ r ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ, ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣʘ 

ʦʙʲʷʩʥʝʥʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ ʬʝʥʘʥʪʨʝʥʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʧʦ ʵʥʝʨʛʠʠ 

ʧʦʣʦʞʝʥʠʷʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɼʘʥʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [47,48]. 

  

1.2.2 ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʝʨʝʭʦʜʳ 

ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʬʘʟ, ʥʘʟʳʚʘʝʤʦʡ ʠʥʚʘʨʠʘʥʪʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ. ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʪʘʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʘʣʣʫʨʛʠʠ [38ï40]. ɼʣʷ 

ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 
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ʦʨʠʝʥʪʘʮʠʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʘ [49,50]. ɺʦ ʚʨʝʤʷ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤʳ ʜʚʠʞʫʪʩʷ 

ʢʦʦʧʝʨʘʪʠʚʥʦ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʩʣʘʙʦ ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ 

ʤʝʞʜʫ ʬʘʟʘʤʠ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʚʨʘʱʝʥʠʷ [51]. ʇʨʠ ʵʪʦʤ ʦʙʝ ʬʘʟʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʤʝʨʦʚ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʠʤʝʥʥʦ ʢ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʘʨʪʝʥʩʠʪʥʳʝ 

ʧʝʨʝʭʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʙʝʟʜʠʬʬʫʟʠʦʥʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [50]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠ ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠ ̫ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʦʜʦʙʥʳʤʠ ʪʝʤ, 

ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʤʘʨʪʝʥʩʠʪʦʚ. ʊʘʢʠʝ ʧʨʠʤʝʨʳ ʙʳʣʠ ʥʘʟʚʘʥʳ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ [52]. ʇʨʠʤʝʨʳ ʪʘʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ï ʙʝʡʥʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʪʘʣʠ [53], ʨʘʟʣʦʞʝʥʠʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ [54] ʠ ʦʢʠʩʣʝʥʠʝ ʪʘʥʪʘʣʘ [55]. 

ʄʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʘʣʣʦʚ, 

ʩʧʣʘʚʦʚ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʠʥʝʨʘʣʦʚ [56,57] ʥʦ ʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʩʜʚʠʛʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ DL-ʥʦʨʣʝʡʮʠʥʘ, L-ʥʦʨʚʘʣʠʥʘ ʠ L-ʤʝʪʠʦʥʠʥʘ [58,59], 

ʦʢʪʘʛʠʜʨʦʘʥʪʨʘʮʝʥʘ [60]. ʄʘʨʪʝʥʩʠʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʳʨʴʠʨʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʥʦ ʠ ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʠ, ʢʘʢ ʵʪʦ, ʥʘʧʨʠʤʝʨ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 1,8-ʜʠʭʣʦʨ-10-ʤʝʪʠʣʘʥʪʨʘʮʝʥʘ [61]. ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʜʘʞʝ ʜʣʷ ʙʝʣʢʦʚ ʠ 

ʚʠʨʫʩʦʚ ʚ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [62]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʪʝʥʩʠʪʥʳʝ 

ʩʜʚʠʛʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʷʚʣʝʥʠʡ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʚ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ŬŸɓ ʚ 

1,4-ʜʠʭʣʦʨʙʝʥʟʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ 
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ʜʝʪʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ) ʤʦʞʝʪ ʙʳʪʴ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʵʪʠʭ ʬʘʟ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ [63,64]. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʠʟʫʘʣʴʥʦ ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʤʠʢʨʦʩʢʦʧ, ʧʨʠ ʵʪʦʤ ʥʦʚʘʷ ʬʘʟʘ ʨʘʩʪʝʪ ʚ ʚʠʜʝ ʦʛʨʘʥʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʥʫʪʨʠ 

ʪʚʝʨʜʦʡ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ, ʯʪʦ ʠ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [65]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʜʣʷ ʧʨʷʤʦʛʦ, ʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʬʘʟʘʤʠ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʘʤʠ 

ʠʩʭʦʜʥʦʡ ʬʘʟʳ ʠ ʬʘʟʳ ʧʨʦʜʫʢʪʘ, ʠ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 

ʥʘ ʨʘʩʪʫʱʠʡ ʢʨʠʩʪʘʣʣ ʥʦʚʦʡ ʬʘʟʳ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʣʠʷʥʠʷ çʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳè. 

ʇʨʠ ʵʪʦʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʦʜʥʦʤ ʤʝʩʪʝ (ʧʝʨʝʭʦʜ 

ʪʠʧʘ ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ), ʪʘʢ ʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ, ʠ ʪʠʧ ʧʝʨʝʭʦʜʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ ʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣ-ʧʦʣʠʢʨʠʩʪʘʣʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ 

ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʨʦʜʳʰʝʡ ï çʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠè. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʚʪʦʨʳ 

ʦʪʤʝʯʘʣʠ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʠʟʚʦʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʥʦʚʦʡ ʬʘʟʳ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʠʩʭʦʜʥʦʡ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ çʧʘʤʷʪʴè ʧʨʝʜʳʜʫʱʝʡ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʙʲʷʩʥʷʝʪʩʷ çʢʦʥʩʝʨʚʘʮʠʝʡè ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ [66], ʚʩʝ ʞʝ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʨʦʜʘ ʜʘʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʤʘʨʪʝʥʩʠʪʥʦʡ, ʩ 

ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʝ 

ʜʨʫʛʠʭ ʧʫʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ [66], ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʠʧʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ ʚ ʧʘʨʘ-ʥʠʪʨʦʬʝʥʦʣʝ [67] ʠ ʜʠʤʝʨʠʟʘʮʠʷ ʘʥʪʨʘʮʝʥʘ 

[68], ʭʦʪʷ ʘʚʪʦʨʳ [67] ʠ ʩʯʠʪʘʣʠ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. 
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1.2.3 ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ɺ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʕʨʝʥʬʝʩʪʦʤ [25], 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɺ ʩʣʫʯʘʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʝʨʚʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʜʘʚʣʝʥʠʶ (ʦʙʲʝʤ, 

ʵʥʪʨʦʧʠʷ) ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʣʠ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʨʠʩʪʘʣʣʝ ʠʩʭʦʜʥʘʷ ʬʘʟʘ ʠ ʬʘʟʘ ʧʨʦʜʫʢʪʘ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʴʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʘʛʨʝʛʘʪʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ. ɺ ʩʣʫʯʘʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʜʘʚʣʝʥʠʶ 

(ʪʝʧʣʦʝʤʢʦʩʪʴ, ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʶ 

ʠʟʤʝʥʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʧʨʠ 

ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʦʩʪʘ 

ʟʘʨʦʜʳʰʘ ʥʦʚʦʡ ʬʘʟʳ, ʘ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ 

ʧʨʦʠʩʭʦʜʷʪ ʩʦʛʣʘʩʦʚʘʥʥʦ. ʊʝʦʨʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʃʘʥʜʘʫ [69,70]. ɺ ʩʚʦʝʤ ʪʨʫʜʝ [71] ʃʘʥʜʘʫ ʠ ʃʠʬʰʠʮ 

ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʦʪ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ. 

1. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ 

ʩʦʩʪʦʷʥʠʝ ʪʝʣʘ ʤʝʥʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʨʘʟʦʤ. ʉʠʤʤʝʪʨʠʷ ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ 

ʫʢʘʟʘʪʴ, ʢ ʢʘʢʦʡ ʠʟ ʜʚʫʭ ʬʘʟ ʦʪʥʦʩʠʪʩʷ ʪʝʣʦ. ɺ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ 

ʨʦʜʘ ʪʚʝʨʜʳʝ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʚʠʜʝ ʜʚʫʭ ʬʘʟ ʠ ʧʝʨʝʩʪʨʦʡʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. 

2. ʆʪʩʫʪʩʪʚʠʝ ʩʢʘʯʢʘ ʩʦʩʪʦʷʥʠʷ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʪʝʣʘ (ʵʥʪʨʦʧʠʷ, ʦʙʲʝʤ) ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʦʯʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʩʪʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. ʊʦ ʝʩʪʴ 
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ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ; ʧʨʠ ʵʪʦʤ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʠʩʧʳʪʳʚʘʶʪ ʩʢʘʯʦʢ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ.  

3. ʇʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʝʥʠʝ ʧʝʨʝʛʨʝʚʘ ʠʣʠ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ. ʇʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʚʪʦʨʦʛʦ ʨʦʜʘ ʢʘʞʜʘʷ ʠʟ ʬʘʟ ʥʝ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʦ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʦʪ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ 

ʚʦ ʚʥʠʤʘʥʠʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ). 

4. ʇʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʟʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʥʝ ʧʦʜʯʠʥʝʥʳ 

ʥʠʢʘʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. ʇʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩʠʤʤʝʪʨʠʷ ʦʜʥʦʡ ʠʟ 

ʬʘʟ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʤʤʝʪʨʠʠ ʜʨʫʛʦʡ ʬʘʟʳ (ʙʦʣʝʝ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʘʷ ʬʘʟʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʳ). ɺʧʨʦʯʝʤ, ʥʠʯʪʦ ʥʝ ʟʘʧʨʝʱʘʝʪ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ 

ʦʙʦʠʭ ʪʠʧʦʚ ʧʨʦʪʝʢʘʪʴ ʚʦʦʙʱʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʚʦʦʙʱʝ ʥʝ ʩʚʷʟʘʥʳ ʩʦ ʩʤʝʱʝʥʠʷʤʠ ʘʪʦʤʦʚ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʚ ʪʦʯʢʝ ʂʶʨʠ.  

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʣʦʞʝʥʠʡ, ʥʝʪʨʫʜʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʧʝʨʚʦʤʫ ʠʣʠ ʚʪʦʨʦʤʫ ʨʦʜʫ 

ʥʝʦʙʭʦʜʠʤ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩʣʫʞʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ŬŸɓ ʚ 

1,4-ʜʠʭʣʦʨʙʝʥʟʦʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʦʧʠʩʘʥʥʳʡ ʚ ʧʘʨʘʛʨʘʬʝ, ʧʦʩʚʷʱʝʥʥʦʤ 

ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 214,5Ñ0,9 ɼʞ/ʤʦʣʴ [72], ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʭʦʜʘʤ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʂ ʜʨʫʛʠʤ 

ʚʝʱʝʩʪʚʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʦʪʥʦʩʷʪʩʷ ʛʝʢʩʘʭʣʦʨʵʪʘʥ [73], 

ʤʘʣʦʥʦʚʘʷ [74], ʛʣʫʪʘʨʦʚʘʷ, ʧʠʤʝʣʠʥʦʚʘʷ, ʩʫʙʝʨʠʥʦʚʘʷ ʢʠʩʣʦʪʳ [75] ʠ ʤʥʦʞʝʩʪʚʦ 

ʜʨʫʛʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʙʟʦʨʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ [76ï78].  

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʢʘʢ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʷʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ çʤʷʛʢʦʡ ʤʦʜʳè, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʨʝʰʝʪʦʯʥʳʭ 
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ʢʦʣʝʙʘʥʠʡ (ʤʦʜ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ [79]. ʂʦʥʮʝʧʮʠʷ çʤʷʛʢʦʡ ʤʦʜʳè ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʦʩʪʝʧʝʥʥʦ ʠ 

ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʘʭ [79ï81]. ʀʟʥʘʯʘʣʴʥʦ ʜʘʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ [79], ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [82]. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ˊ-ʩʠʩʪʝʤʘʤʠ [83], ʪʠʦʤʦʯʝʚʠʥʝ [84], ʜʠʬʝʥʠʣʝ [85], 

(CH3NH3)2MnCl4 [86]. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʷʞʝʣʦʤ ʤʝʪʘʥʝ CD4 [42]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʚʝʱʝʩʪʚʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʝʨʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʠʨʦʜʘ ʫ ʢʦʪʦʨʳʭ 

ʨʘʟʥʘʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʫʞʠʪ ʥʠʪʨʘʪ ʛʫʘʥʠʜʠʥʠʷ. ʕʪʦ ʚʝʱʝʩʪʚʦ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 296 K, ʠ 

çʥʝʧʨʝʨʳʚʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜè, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 384 K [87ï89]. 

  

1.3 ʇʨʝʚʨʘʱʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʄʥʦʛʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 

ʛʝʪʝʨʦʜʝʩʤʠʯʝʩʢʠʤʠ, ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʩʚʷʟʝʡ, ʢʘʢ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ, ʪʘʢ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ [90,91]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʢʨʠʩʪʘʣʣʝ ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣʳ, ʥʦ ʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʢʨʫʞʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʨʠʩʪʘʣʣ ʫʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [92ï94]. ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʧʦʭʠʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ, ʢʦʪʦʨʳʡ 

ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ ʜʨʫʛʠʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ï çʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʪʘʢʠʝ 

ʨʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʷʭ 
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ʘʪʦʤʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠè [95]. ʐʤʠʜʪ ʠ ʂʦʵʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ 

ʧʦʭʦʞʠʡ ʧʨʠʥʮʠʧ ï çʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʚ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ-ʨʝʘʛʝʥʪʝè [96ï99]. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʦʷʚʣʝʥʠʷ ʪʦʧʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʬʦʪʦʜʠʤʝʨʠʟʘʮʠʠ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʳ [100]. ʕʪʦ ʚʝʱʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʨʝʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʧʨʠʯʝʤ ʦʜʥʘ ʠʟ ʬʦʨʤ ʥʝ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʦʪʦʜʠʤʝʨʠʟʘʮʠʠ, ʘ ʜʚʝ ʜʨʫʛʠʝ ʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠ 

ʬʦʪʦʜʠʤʝʨʠʟʘʮʠʠ. ʅʠ ʦʜʥʘ ʠʟ ʪʨʝʭ ʪʚʝʨʜʳʭ ʬʦʨʤ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ. ɺ ʨʘʩʧʣʘʚʝ ʧʨʠ ʵʪʦʤ ʜʠʤʝʨʠʟʘʮʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʮʠʩ-ʪʨʘʥʩ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʷ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʜʠʤʝʨʠʟʘʮʠʷ ʚ ʜʠʝʥʘʭ ʠ ʜʠʘʮʝʪʠʣʝʥʘʭ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʧʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʠʥʮʠʧʦʤ ʠ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ [101ï104].  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ 

ʢʦʥʮʝʧʮʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ. ʈʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʴʶ ʥʘʟʳʚʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʦʙʲʝʤʦʤ ʠ ʬʦʨʤʦʡ, ʚ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʳ (ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ), ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʪʚʝʨʜʦʬʘʟʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ [97]. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʪʦʧʦʭʠʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʚʠʪʘ 

ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ [105ï112]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʝʜʣʘʛʘʣʠ 

ʥʝʤʥʦʛʦ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ, ʤʥʦʛʠʝ 

ʩʭʦʜʠʣʠʩʴ ʥʘ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʦʣʴʢʦ ʙʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʠʣʠ ʬʨʘʛʤʝʥʪʘ, ʚʩʪʫʧʘʶʱʝʛʦ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʠ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦ 

ʦʢʨʫʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʦʥʥʘʷ ʧʦʣʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʜʦ ʨʝʘʢʮʠʠ, ʘ ʣʶʙʳʤʠ 

ʠʭ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʨʝʥʝʙʨʝʛʘʣʠ. ʊʘʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʧʦʣʦʩʪʴ 

ʥʘʟʳʚʘʣʘʩʴ ʞʝʩʪʢʦʡ, ʠ ʤʦʛʣʘ ʙʳʪʴ ʧʘʩʩʠʚʥʦʡ ʠʣʠ ʘʢʪʠʚʥʦʡ [113]. ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠ 

ʧʘʩʩʠʚʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣ ʩʦ ʩʪʝʥʢʘʤʠ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ï 

ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ. ɺʣʠʷʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʥʘ 
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ʨʝʘʢʮʠʶ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʥʦʩʪʴʶ ʩʪʝʨʠʯʝʩʢʦʝ. ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʴ ʞʝʩʪʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʚ ʩʣʫʯʘʝ 

ʩʠʩʪʝʤ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʚ ʢʦʪʦʨʳʭ ʢʘʨʢʘʩ çʛʦʩʪʷè ʞʝʩʪʢʠʡ [114ï117]. ɼʣʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ, ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ çʛʠʙʢʦʡè ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ [113]. 

ɺ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ ʫʯʠʪʳʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 

ʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʨʝʘʛʠʨʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʠʟ-ʟʘ 

ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʧʨʠʨʦʜʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ [118]. ʂʣʘʩʩʠʯʝʩʢʠʤʠ 

ʧʨʠʤʝʨʘʤʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʠʪʨʦ- ʠ 

ʥʠʪʨʠʪʦ-ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ [119,120]. ʇʨʠ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʠʟʤʝʥʷʝʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʷ ʥʠʪʨʦ- ʠʣʠ ʥʠʪʨʠʪʦ-ʛʨʫʧʧʳ, ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʝʧʨʝʨʳʚʥʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʘʭ. ɹʦʣʴʰʝ ʧʨʠʤʝʨʦʚ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʢʥʠʛʘʭ ʠ 

ʦʙʟʦʨʘʭ [76,105,107,121ï123].  

 

1.4 ʇʨʝʚʨʘʱʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ 

ʊʘʢʠʝ ʪʚʝʨʜʦʬʘʟʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʘʢ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʨʝʣʘʢʩʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʠʤ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʣʘʢʩʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʱʝʩʪʚʘ ʠ 

ʧʨʠʨʦʜʳ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʘ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʢʨʠʩʪʘʣʣ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ 

çʧʨʳʞʢʠè, ʠʟʛʠʙʘʪʴʩʷ, ʩʢʨʫʯʠʚʘʪʴʩʷ, ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʪ.ʜ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʠʟʛʠʙʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥ r ʚ ʦʙʟʦʨʝ 

[124]. ʇʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʠʟʫʯʘʪʴ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʚʦʜʘ ʩʚʝʪʦʚʦʡ, ʪʝʧʣʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

[125ï128]. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʷʚʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʥʟʦʨʦʚ ʜʝʬʦʨʤʘʮʠʠ (ʢʘʢ ʦʪ ʚʝʣʠʯʠʥ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ), 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʠ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ [124]. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʛʦʤʦʛʝʥʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʪʚʝʨʜʦʬʘʟʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʧʨʦʜʫʢʪʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʣʦʢʘʣʴʥʦʛʦ 

ʜʝʬʝʢʪʘ. ɽʩʣʠ ʠʟʚʝʩʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ ʠ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʣʣʠʧʩʦʠʜ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʝʘʢʮʠʠ [129]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʞʘʪʠʶ ʠʣʠ ʨʘʩʪʷʞʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʩʦʦʪʥʝʩʪʠ ʠʭ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʢʨʠʩʪʘʣʣʝ (ʥʘʧʨʠʤʝʨ, 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ). ʀʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ 

[Co(NH3)5NO2]XY, ʛʜʝ X,Y = Cl
-
, Br

-
, I

-
, NO3

-
 [107,126,130ï137]. ʊʝʥʟʦʨʳ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʨʝʘʛʝʥʪʘ 

ʠ ʧʨʦʜʫʢʪʘ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʥʦ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʜʣʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [Co(NH3)5ONO]Br2 [133].  

ʆʜʥʠʤ ʠʟ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʨʘʥʝʝ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 

[Co(NH3)5NO2]Cl(NO3), ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʝʘʢʮʠʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ 
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[Co(NH3)5NO2]Cl(NO3) ½­½ nh [Co(NH3)5ONO]Cl(NO3). ʊʠʧ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ, 

ʠʟʛʠʙʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʠ ʜʝʬʝʢʪʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʤ ʦʙʣʫʯʝʥʠʷ. ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Cl(NO3) 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʠʭ ʩʚʝʪʦʤ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 254ï560 ʥʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʦʩʠ 

ʢʨʠʩʪʘʣʣʘ, ʢʨʠʩʪʘʣʣʳ ʟʘʤʝʪʥʦ ʠʟʛʠʙʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ [126]. 

ʀʟʛʠʙ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʧʨʠʢʨʝʧʣʷʷ ʟʝʨʢʘʣʦ ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʥʮʫ ʢʨʠʩʪʘʣʣʘ 

ʠ ʥʘʧʨʘʚʣʷʷ ʥʘ ʥʝʛʦ ʣʫʯ ʩʚʝʪʘ ʦʪ ʣʘʟʝʨʘ [138]. ʀʟʛʠʙ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤ, 

ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʫ  ʁ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʢʣʦʥ ʟʝʨʢʘʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠ ̫ʠ 

ʩʪʝʧʝʥʴʶ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʟʛʠʙʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪʘʣʣʘ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʦʙʨʘʪʥʦʡ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ ʠʟʛʠʙ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʩʚʷʟʘʪʴ ʝʛʦ ʩ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ. ʆʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʘʢ ʚ ʤʘʩʰʪʘʙʝ 

ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʪʘʢʫʶ ʫʩʪʘʥʦʚʢʫ 

ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʤʝʪʨʘ [138]. ʇʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʢʨʠʩʪʘʣʣʘ ʠ ʩʪʝʧʝʥʴʶ ʬʦʪʦʧʨʝʚʨʘʱʝʥʠʷ 

ʧʦʟʚʦʣʠʣʘ ʦʪʩʣʝʜʠʪʴ ʢʠʥʝʪʠʢʫ ʨʝʘʢʮʠʠ ʚ çʩʚʦʙʦʜʥʦʤè ʢʨʠʩʪʘʣʣʝ, ʘ ʪʘʢʞʝ ʚ 

ʢʨʠʩʪʘʣʣʝ, ʧʦʜʚʝʨʞʝʥʥʦʤ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʦʪ 

ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʡ ʦʜʥʦʦʩʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʝʘʢʮʠʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʨʘʩʰʠʨʷʣʘʩʴ ʚʜʦʣʴ ʦʩʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠ ʩʞʠʤʘʣʘʩʴ ʚ ʵʪʦʤ ʞʝ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʚʥʝʰʥʝʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʣʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʧʦʟʞʝ, ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ [130ï133,139]. ʄʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʧʨʠ 

ʭʠʤʠʯʝʩʢʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʛʝʪʝʨʦʩʧʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ, ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ çʧʨʳʞʢʠè ʠ ʩʤʝʱʝʥʠʷ 

ʢʨʠʩʪʘʣʣʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ [140]. 
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ʄʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʥʦ ʠ ʧʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʊʘʢ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ 

ʦʙʥʘʨʫʞʝʥʦ ʩʘʤʦʩʢʨʫʯʠʚʘʥʠʝ ʠ ʠʟʛʠʙ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [141ï146]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʨʝʜʠ ʨʷʜʘ ʚʝʱʝʩʪʚ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ, ʚʳʟʚʘʥʥʦʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʩʣʫʞʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʬʝʥʠʣʘʟʦʬʝʥʠʣʧʘʣʣʘʜʠʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ [147]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʚʫʭ ʬʘʟ ʜʦ ʠ ʧʦʩʣʝ 

ʧʝʨʝʭʦʜʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʪʦʧʢʠ ʤʦʣʝʢʫʣ ʩʢʦʣʴʟʷʪ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʥʦʩʠʪ ʤʘʨʪʝʥʩʠʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ, ʘ 

ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʩʦʩʪʘʚʠʚʰʫʶ ʧʨʠʤʝʨʥʦ 0,5 ʤ/ʩ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʧʦʨʷʜʢʘ 10
9
 ʤʦʣʝʢʫʣ ʚ ʩʝʢʫʥʜʫ [148]. ʄʝʭʘʥʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʟʚʘʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ. ʊʘʢ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʬʝʨʨʦʮʝʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʠʭ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ 77 K ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ [149]. ɸʚʪʦʨʳ [150] 

ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠ ʨʘʟʨʫʰʝʥʠʝ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ 

ʷʚʣʝʥʠʷʤʠ, ʘ ʧʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʝʣʘʢʩʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʥʘʢʦʧʣʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [151].  

ʄʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʣʝʢʫʣ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ɓ-ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ɔ-ʬʦʨʤʫ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ çʧʨʳʞʢʘʤʠè ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝʤ, ʦʜʥʘʢʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʟʘʤʝʪʥʳ ʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʦʨʦʪʝ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʫʧʘʢʦʚʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ [152ï159]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
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ʢʨʠʩʪʘʣʣʳ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʩʢʣʦʥʥʳ ʢ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʩʚʦʡʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚ ʭʦʜʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʢʘʧʣʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʨʝʣʘʢʩʘʮʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ [156]. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʧʨʦʮʝʩʩʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ, ʩʣʫʞʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʠʨʦʛʣʫʪʘʤʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʜʣʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 

ʢʨʠʩʪʘʣʣ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʘ 

ʜʣʷ ʨʘʮʝʤʘʪʘ ï ʥʝʪ [160,161]. ʕʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʫʧʘʢʦʚʢʘ 

ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ. ɹʦʣʴʰʝ ʧʨʠʤʝʨʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʙʟʦʨʝ 

[124].  

 

1.5 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ï 

ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ. ɼʦ ʪʦʛʦ, ʢʘʢ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʜʦʩʪʠʛʣʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʜʘʞʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʣʘʙʦ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʨʚʳʝ ʪʨʠ 

ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʣʫʞʠʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝʱʝʩʪʚ, ʵʥʪʘʣʴʧʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʠʟʫʯʘʪʴ ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 
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ʩʪʨʦʠʪʴ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ [162ï168]. ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʦʮʝʥʠʪʴ ʠʭ ʨʦʣʴ 

ʚ ʧʨʦʪʝʢʘʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʣʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [169,170].  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʦʣʫʯʠʣʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ). ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʯʘʩʪʦʪʘʭ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʵʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ 

ʜʦʧʦʣʥʷʶʱʠʤʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʤʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ, 

ʜʝʡʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ [171]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʂ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʦʛʨʘʥʢʝ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʟʘʧʠʩʘʥʥʳʭ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʂʈ-ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʦʨʠʝʥʪʘʮʠʡ ʢʨʠʩʪʘʣʣʘ, ʦʪʥʝʩʪʠ ʢʦʣʝʙʘʥʠ,̫ ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʨʥʳʤ ʘʥʘʣʠʟʦʤ [171ï178]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠ ʤʝʪʦʜ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

[171,179ï181]. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʣʫʞʠʪ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ 

ʛʦʤʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ [Co(NH3)5ONO]Br2 ½­½
T [Co(NH3)5NO2]Br2. ʅʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʫʜʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʪʴ ʢʠʥʝʪʠʢʫ 

ʨʝʘʢʮʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ [182]. 

ʅʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʛʥʝʪʠʢʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ (ʠʟʤʝʥʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ) ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [183]. ɺ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʤʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʥʠ ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʨʷʜʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ [183ï185]. 
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ɺʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʭʦʪʷ ʠ ʥʝʟʘʩʣʫʞʝʥʥʦ ʚʩʸ ʤʝʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ 

ʟʘ ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʘʪʦʤʦʚ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʨʘʢʪʠʯʝʩʢʠ 

çʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤè. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʘʨʪʝʥʩʠʪʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ 

ʜʘʞʝ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʢʨʠʩʪʘʣʣʝ [186,187], 

ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ [188]. ɽʩʣʠ 

ʠʟʚʝʩʪʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʪʦ ʠʟʤʝʨʷʷ ʫʛʣʳ ʤʝʞʜʫ 

ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʣʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʨʠʝʥʪʘʮʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʬʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʝʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʠ ʜʘʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ [16]. ɺ 

ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʵʪʦ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ɻʘʶʠ, ʚ ʢʦʪʦʨʦʤ ʫʛʣʳ 

ʤʝʞʜʫ ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʣʘ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʚʥʫʪʨʝʥʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

[189ï191]. ʀʤʝʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʦʙ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʷʭ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʧʨʦʜʫʢʪʘ ʠ 

ʨʝʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʦ ʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ 

ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʙʣʶʜʘʝʤʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʪʦʧʦʪʘʢʩʠʘʣʴʥʳʭ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [192,193]. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ). ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʢʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʟʘʧʘʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʞʝ ʧʦʷʚʠʣʩʷ ʪʝʨʤʠʥ 

çʗʄʈ-ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷè [194], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚ ʥʘʨʷʜʫ ʩ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ [195]. 

ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʪʦʯʥʳʤ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ 

ʭʠʤʩʜʚʠʛʦʚ [196ï198]. ʄʝʪʦʜ ʗʄʈ-ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [199]. ɺ ʢʦʤʙʠʥʘʮʠʠ ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ ʠ 
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ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʥ ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ [200]. ʆʙʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʝ ʠ ʙʦʣʴʰʝ ʧʨʠʤʝʨʦʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʙʟʦʨʝ 

[201]. 

ɻʦʨʘʟʜʦ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʙʨʠʣʣʶʵʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ, ʥʝʡʪʨʦʥʥʦʝ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ [105,107]. ʉʚʷʟʘʥʦ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ 

ʵʪʠʭ ʤʝʪʦʜʦʚ çʵʢʟʦʪʠʯʝʩʢʠʝè ʠ ʤʘʣʦʜʦʩʪʫʧʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ 

ʦʙʨʘʟʝʮ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʪʝʨʤʠʥʘʭ 

ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʠ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ. ʅʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʫʩʪʘʥʦʚʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʊʦʣʴʢʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ ʥʘʧʨʷʤʫʶ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʶʪ ʜʠʬʨʘʢʮʠʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʡʪʨʦʥʦʚ 

ʠ ʵʣʝʢʪʨʦʥʦʚ. ʄʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ [202], ʭʦʪ̫ ʠ ʧʦʣʫʯʠʣ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

[203ï205], ʦʩʪʘʝʪʩʷ ʤʘʣʦʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ ʧʝʨʚʳʭ, ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʧʨʝʮʝʩʩʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʠ 

ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʘ [206], ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʦʙʨʘʟʮʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ [207ï209]. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʣʠʷʶʪ ʥʘ ʦʙʨʘʟʝʮ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʪʝʭʥʠʯʝʩʢʠ. ʆʙʱʝʝ 

ʩʨʘʚʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʚ 

[210]. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ. ʆʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ, ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʤʝʪʦʜʘ (ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ), ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʕʪʦ ʜʝʣʘʝʪ ʥʝʡʪʨʦʥʥʫʶ ʜʠʬʨʘʢʮʠʶ ʥʝ ʩʘʤʳʤ 

ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʘʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʘʤʠʭ ʧʦ 

ʩʝʙʝ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʨʠʩʪʘʣʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ. 

ʇʦʵʪʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʠʭ 

ʫʯʘʩʪʠʝʤ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʦʧʨʝʜʝʣʠʚʰʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʢʘʢ ʨʘʟ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʘ,̫ ʘ ʩʘʤʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʧʨʦʩʪʦʝ ʠ ʥʘʜʝʞʥʦʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʨʫʙʢʠ (ʦʙʳʯʥʳʝ ʟʘʧʘʷʥʥʳʝ, ʤʠʢʨʦʬʦʢʫʩʥʳʝ, ʩ 

ʚʨʘʱʘʶʱʠʤʩʷ ʘʥʦʜʦʤ, ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʥʦʜʦʤ), ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʫʩʢʦʨʠʪʝʣʝ-ʩʠʥʭʨʦʪʨʦʥʝ 

(ʧʦʚʦʨʦʪʥʳʝ ʤʘʛʥʠʪʳ, ʚʠʛʛʣʝʨʳ, ʦʥʜʫʣʷʪʦʨʳ, ʰʠʬʪʝʨʳ) [211ï215]. ɼʣʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʣʫʯʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʷʨʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ [211]. ʕʪʦ ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ ʩʜʝʣʘʣʦ ʠʩʪʦʯʥʠʢʠ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in situ, 

ʪʘʢ ʢʘʢ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʝʤʫ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʩʪʝʥʢʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʢʘʤʝʨ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʟʝʮ [216]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ ʥʝ ʪʘʢʠʤ ʫʞ 
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ʦʜʥʦʟʥʘʯʥʳʤ, ʪʘʢ ʢʘʢ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʟʘʯʘʩʪʫʶ ʚʳʟʳʚʘʝʪ ʨʘʜʠʘʮʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʞʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʚʦʨʦʪʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʠʩʪʦʯʥʠʢʦʚ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʡ [217]. ʇʦʵʪʦʤʫ ʢʦʤʙʠʥʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʩʢʦʨʦʩʪʴ 

ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʠʙʦʨʝ ʢ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʣʫʯʘʝʤʦʤʫ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩʢʦʨʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʛʨʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʦʣʫʯʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʫʩʨʝʜʥʝʥʘ ʧʦ ʚʨʝʤʝʥʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʢʘʤʝʨʳ ʠ ʧʨʠ 

ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʚʳʩʪʫʧʘʝʪ ʝʱʝ ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʜʨʦʙʥʝʝ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. 

 

1.6 ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ 

ʅʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʚ ʠʩʪʦʨʠʠ ʨʘʩʰʠʬʨʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

NaCl ʚ 1914 ʛʦʜʫ [218], ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʫʞʝ ʙʦʣʝʝ ʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʟ ʩʝʙʷ ʦʪʜʝʣʴʥʫ  ʁ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʰʠʬʨʦʚʦʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʩʣʠ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʘʪʦʤʥʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʠ ʢʦʥʬʦʨʤʘʮʠʡ ʤʦʣʝʢʫʣ [219ï232]. ʇʨʠ 

ʟʘʨʦʞʜʝʥʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢ ʦʭʣʘʞʜʝʥʠʶ ʦʙʨʘʟʮʘ ʧʨʠʙʝʛʘʣʠ 

ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ 



42 
 

ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʞʠʜʢʠʤ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʤ. ʊʘʢ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʥʟʦʣʘ [219], ʙʨʦʤʘ [233], ʤʫʨʘʚʴʠʥʦʡ 

ʢʠʩʣʦʪʳ [234], ʦʢʩʠʜʦʚ ʩʝʨʳ [235], ʘʟʦʪʘ [236,237] ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʘ ʦʙʦʙʱʝʥʳ 

ʃʘʨʩʝʥʦʤ ʚ ʦʙʟʦʨʝ [238]. ʕʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚ ʦʙʱʝʤ, ʩʦʩʪʦʷʪ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ, ʫʣʫʯʰʝʥʠʠ ʨʘʟʨʝʰʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʠ 

ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʦʥ ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʣ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʠ ʧʨʝʮʠʟʠʦʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ 

ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʝ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ, ʥʦ ʠ ʨʝʰʠʪʴ 

ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʭʠʤʠʠ, ʧʨʠʯʝʤ ʵʪʦ ʢʘʩʘʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʚ 

ʦʙʱʝʤ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʷʭ [239]. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʦ ʠ ʠʟʫʯʘʪʴ ʩʪʨʫʢʪʫʨʳ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [240ï242].  

ɽʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ï ʵʪʦ ʠʟʫʯʝʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʀʟʫʯʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʤʦʥʦʪʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʤʦʞʝʪ ʜʘʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʘʢʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʣʴʥʳʭ ʠ 

ʩʣʘʙʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʘʞʝ ʚ ʨʘʥʥʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ 

ʩʪʨʫʢʪʫʨʝ [243ï246]. ʇʦʟʜʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ [247]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʘʜʝʞʥʦ, ʜʘʥʥʳʝ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʕʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ. ʆʩʦʙʝʥʥʦ 

ʠʥʬʦʨʤʘʪʠʚʥʦ ʩʨʘʚʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʦʜʥʫ 

ʠ ʪʫ ʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʭʦʜʝ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʪʚʝʨʜʦʬʘʟʥʫʶ ʩʚʷʟʝʚʫʶ ʠʟʦʤʝʨʠʟʘʮʠʶ 

[130,133ï136,139,248,249]. ʕʪʦ ʧʦʤʦʛʣʦ ʚʳʷʚʠʪʴ ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʜʨʫʛʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʦʙʲʷʩʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ [250ï252]. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ 

ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʪʠʦʬʝʥʘ [253], 

ʮʠʢʣʦʧʝʥʪʘʥʘ [254], ʮʠʢʣʦʛʝʢʩʘʥʘ [255], 1,2-ʜʠʭʣʦʨʵʪʘʥʘ [256]. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʯʘʩʪʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʘʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʯʘʩʪʦ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ 

ʤʘʛʥʠʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ [257ï259]. ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ [260]. ʕʪʫ ʦʩʦʙʝʥʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ï ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʠʣʠ ʩʪʘʪʠʯʝʩʢʦʛʦ [261ï263]. ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʘʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ 

ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʦ ʯʘʩʪʦʪʘʭ ʢʦʣʝʙʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʠʩʭʦʜʷ ʠʟ 

ʘʥʘʣʠʟʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʧʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ [264].  

ʇʦʩʢʦʣʴʢʫ ʦʭʣʘʞʜʝʥʠʝ ʠ ʥʘʛʨʝʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ ʪʝʭʥʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ, ʧʦʩʣʝ ʧʝʨʚʳʭ ʥʦʚʘʪʦʨʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʠ ʜʦʚʦʣʴʥʦ ʦʙʳʯʥʳʤʠ. ʄʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ [238,265]. 

ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʜʠʬʨʘʢʮʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʪʘʚʘʣʦʩʴ ʦʩʥʦʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʣʠʷʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʕʪʦʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʘʚʣʝʥʠʷ, ʭʦʪʷ ʜʘʚʣʝʥʠʝ, ʥʘʨʷʜʫ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʦʚʝʜʝʥʥʝr ɹʨʠʜʞʤʝʥʦʤ ʧʠʦʥʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʜʦʩʪʦʝʥʥʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ [266], ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ in situ ʪʘʢʠʝ 

ʷʚʣʝʥʠʷ, ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠ,̫ ʚʷʟʢʦʩʪʠ ʠʣʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʫʞʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ex situ, ʪʦ ʝʩʪʴ ʥʘ ʟʘʢʘʣʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘ 

ʧʝʨʚʳʭ ʧʦʨʘʭ ʧʨʠʤʝʥʷʣʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ [267]. ʉʠʪʫʘʮʠʷ ʨʝʟʢʦ ʠʟʤʝʥʠʣʘʩʴ ʚ 

1950-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʨʘʟʨʘʙʦʪʘʣʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʷʯʝʝʢ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ 

(ʨʘʙʦʪʳ [268,269] ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʚʳʟʚʘʥʥʳʝ ʜʘʚʣʝʥʠʝʤ, ʚʠʟʫʘʣʴʥʦ in situ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʢʘʢ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ in situ [270ï272]. ʕʪʠ 

ʜʦʩʪʠʞʝʥʠʷ ʩʜʝʣʘʣʠ ʚʦʟʤʦʞʥʳʤ ʦʪʩʣʝʞʠʚʘʪʴ ʦʪʢʣʠʢ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʥʘ 
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ʧʨʠʣʦʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʢʠʥʝʪʠʢʫ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʨʘʟʮʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʟʚʘʥʥʳʭ 

ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ. ɺ ʪʘʢʠʭ ʨʘʙʦʪʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, 

ʠʩʩʣʝʜʫʝʪʩʷ ʩʞʠʤʘʝʤʦʩʪʴ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʙʲʝʢʪʦʚ ʠ ʦʧʠʩʘʥʳ ʚʦ 

ʤʥʦʞʝʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ [273ï

276] ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ. ʉ ʨʘʟʚʠʪʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʜʦʩʪʠʛʥʫʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ, ʜʝʪʝʢʪʦʨʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʦʷʚʠʣʠʩʴ ʜʚʫʤʝʨʥʳʝ ʜʝʪʝʢʪʦʨʳ ʚʤʝʩʪʦ ʪʦʯʝʯʥʳʭ ʜʝʪʝʢʪʦʨʦʚ [277ï

280]) ʠ ʷʯʝʝʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʷʯʝʝʢ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ 

ʨʘʩʢʨʳʪʠʷ [277,281ï283]). ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʪʘʢʞʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʠ ʚ 

ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ [1,284ï288]. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʨʘʟʨʘʙʦʪʢʘʤ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʤ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʥʦ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ [289,290]. 

ʀʟʤʝʨʝʥʠʝ ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʠʥʝʨʘʣʦʚ [291]. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ, 

ʠʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʝʜʨʘʭ ʧʣʘʥʝʪ ʠʣʠ ʥʘ ʛʣʫʙʠʥʝ ʚ 

ʦʢʝʘʥʘʭ [292ï297]. ɼʣʷ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʦʪ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʤʝʥʝʝ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʥʝʢʫʙʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 
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ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʘʥʠʟʦʪʨʦʧʠʶ ʢʨʠʩʪʘʣʣʘ, ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʵʣʣʠʧʩʦʠʜ ʜʝʬʦʨʤʘʮʠʠ [298]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʟʚʘʥʥʦʡ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ r ʜʣʷ ʦʮʝʥʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʣʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ [243ï246]. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʩʣʫʯʘʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʩʞʘʪʠʝʤ [134ï136,299ï304]. 

ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʠʭ ʨʦʣʠ ʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ [299,305ï309]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʫʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʥʞʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ 

ʵʥʝʨʛʠʠ [7,19,310ï325]. ɼʘʥʥʳʝ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. ʊʘʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [326ï331]. 

ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʞʠʤʘʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ, ʥʝ ʧʨʝʪʝʨʧʝʚʘʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʤʦʜʝʣʝʡ. 

ʊʘʢ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʪ ʥʝʙʦʣʴʰʠʭ 

ʤʦʥʦʪʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠʟʫʯʘʪʴ ʧʨʠʨʦʜʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ [310,325,332ï344].  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʥʝʧʨʝʨʳʚʥʦʤ ʤʦʥʦʪʦʥʥʦʤ ʩʞʘʪʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʢʣʶʯʘʷ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ, ʨʘʟʤʝʨ ʠ 
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ʬʦʨʤʫ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ [118]. ɺ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʵʪʦʪ ʧʦʜʭʦʜ ʘʥʘʣʦʛʠʯʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʯʝʥʠʠ ʠ ʟʥʘʢʝ 

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʘʩʪʚʦʨʘʭ [345ï349]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣ ̫

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, 

ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ, ʯʝʤ ʜʣʷ ʪʦʡ ʞʝ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʝ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʘʥʠʟʦʪʨʦʧʥʘ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʥʝʛʦʤʦʛʝʥʥʳ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ [107,350ï352] ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʷʭ [20,124,353ï357], ʠ ʢɻʩʧʝʨʠʤʝʥʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʵʪʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫ  ʁ ʜʣʷ ʦʮʝʥʢʠ ʞʝʩʪʢʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʝʤ. ʊʘʢʞʝ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠ ʩʞʘʪʦʤ 

ʢʨʠʩʪʘʣʣʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʤʦʞʥʦ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ 

ʜʘʚʣʝʥʠʷ (ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ) ʥʘ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ [182,358ï365]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʬʦʨʤʫ ʠ 

ʨʘʟʤʝʨ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʩ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ ʠ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ.  

ʄʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʥʘʛʨʝʚʝ, ʦʭʣʘʞʜʝʥʠʠ ʠʣʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʘ ʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ 

ʪʨʝʙʫʶʪ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 1980ï1990-ʭ ʛʦʜʘʭ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [345ï

349]. ɺ 1990-ʭ ʛʦʜʘʭ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʬʦʪʦ- ʠ ʪʝʨʤʦʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 
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([107,130,131] ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ), ʪʘʢ ʢʘʢ ʪʚʝʨʜʦʬʘʟʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʛʝʥʝʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ (ʪ.ʥ. ʚʥʫʪʨʝʥʥʝʝ 

ʜʘʚʣʝʥʠʝ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, 

ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʨʦʣʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ [107,136,139,182,366ï368]. 

ɺʳʰʝʫʧʦʤʷʥʫʪʳʡ ʧʨʠʤʝʨ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʡ ʥʝ 

ʫʥʠʢʘʣʝʥ. ʕʪʦ ʞʝ ʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʆʥʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʢʣʶʯʝʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʦʧʨʝʜʝʣʷʪʴ ʢʠʥʝʪʠʢʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʨʦʥʪʘ ʧʨʝʚʨʘʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʠʥʠʮʠʠʨʦʚʘʪʴ ʩʘʤʦ ʪʚʝʨʜʦʬʘʟʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ [20,107,111,124,350ï354,369ï371]. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʤʠʪʘʮʠʠ ʜʝʬʦʨʤʘʮʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʪʝʨʤʦ- ʠʣʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʥʝ ʪʦʣʴʢʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʚʝʨʜʦʬʘʟʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ, ʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʝʭʘʥʠʟʤʦʚ 

[6,130,133,136,139,248,366]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʨʘʩʰʠʬʨʦʚʢʘ 

ʩʪʨʫʢʪʫʨ ʬʘʟ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ [273,275,276]. ʇʦʣʠʤʦʨʬʠʟʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʯʘʩʪʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠ [11,177,312,372ï375]. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʬʦʨʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʯʘʩʪʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳ. ʕʪʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ çʢʠʥʝʪʠʯʝʩʢʠ ʟʘʢʘʣʝʥʥʳʤʠè ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʙʘʨʴʝʨʦʚ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ. ɽʩʣʠ ʬʘʟʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʟʘʢʘʣʠʪʴ ʧʨʠ ʩʙʨʦʩʝ 

ʜʘʚʣʝʥʠʷ, ʪʦ ʥʦʚʫ  ʁ ʧʦʣʠʤʦʨʬʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʠʜʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʳ. ʕʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʦʨʤʳ 
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ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʭr ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʬʦʨʤ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [376ï378]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʢʠʥʝʪʠʯʝʩʢʠ. ʇʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ 

2-ʬʪʦʨʬʝʥʠʣʘʮʝʪʠʣʝʥʘ [379], L-ʩʝʨʠʥʘ [374], ɓ-ʘʣʘʥʠʥʘ [375]. ɼʣʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʢʦʨʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʢʘʟʘʣʘ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʬʘʟ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ɓ-ʘʣʘʥʠʥʘ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʨʠʷ ʪʨʫʜʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

2-ʬʪʦʨʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʞʘʪʠʷ. ʄʝʜʣʝʥʥʦʝ ʠ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʞʘʪʠʝ L-ʩʝʨʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟʳ IV, ʪʦʛʜʘ ʢʘʢ ʬʘʟʫ II 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʙʳʩʪʨʦʤ ʩʞʘʪʠʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ L-ʩʝʨʠʥʘ, ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʦʝ ʚʟʘʠʤʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʬʘʟ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʨʫʛʠʝ 

ʧʨʠʤʝʨʳ ʢʠʥʝʪʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʨʘʮʝʪʘʤʦʣʘ [300,373] ʠ ʩʦʣʴʚʘʪʦʚ L-ʘʣʘʥʠʥʘ [177], ʚ ʢʦʪʦʨʳʭ ʧʨʠ 

ʙʳʩʪʨʦʤ ʩʞʘʪʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ çʧʝʨʝʜʘʚʣʝʥʥʳʝ ʬʘʟʳè, ʪ.ʝ. ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ, ʯʝʤ ʛʨʘʥʠʮʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟʳ. ʕʪʠ 

ʧʨʠʤʝʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʧʨʝʜʳʩʪʦʨʠʷ ʦʙʨʘʟʮʘ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ.  

ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ [266]. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʳ ʠ ʬʘʟʳ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʟʘ ʨʝʜʢʠʤ 

ʠʩʢʣʶʯʝʥʠʝʤ [316,380,381]. ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʬʘʟ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʩ ʬʘʟʘʤʠ, ʧʦʣʫʯʝʥʥr ʤʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ 

ʟʘʨʦʜʳʰʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʘʟʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʪʦʢʦʣʘ 
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ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʩʠʩʪʝʤʫ ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ. ʅʘ ʧʨʘʢʪʠʢʝ, 

ʦʜʥʘʢʦ, ʞʠʜʢʦʩʪʴ ʯʘʩʪʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚʝʱʝʩʪʚʘ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪ.ʜ. [372]. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʇʦʤʠʤʦ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʜʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, 

ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʷʯʝʡʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʫ ʩʨʝʜʳ, 

ʧʝʨʝʜʘʶʱʝʡ ʜʘʚʣʝʥʠʝ. ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʩʨʝʜ 

ʚʦʟʤʦʞʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʊʘʢ, ʛʝʣʠʡ, 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ, ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʧʫʩʪʦʪʳ 

ʚ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚʘʭ, ʪʘʢʠʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ SiO2 

(ʢʨʠʩʪʦʙʘʣʠʪ) [382], As4O6 (ʘʨʩʝʥʦʣʠʪ) [383,384] ʠʣʠ ʣʸʜ [385]. 

 

1.7 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʚʳʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʚʠʜʥʦ, ʯʪʦ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʜʝʣʘʣʩʷ ʥʘ ʠʟʫʯʝʥʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. ʆʙʳʯʥʦ ʠʟʫʯʘʣʠʩʴ ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʦ ʠ ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʈʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʝ 

ʤʦʥʦʪʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʜʝʣʘʣʠʩʴ ʚʳʚʦʜʳ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʝ ʚʳʟʚʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʳʣʠ 

ʝʜʠʥʠʯʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʨʘʙʦʪ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʠʟʫʯʝʥʠʝ ʩʚʷʟʝʚʦʡ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʢʦʙʘʣʴʪʘ, ʫʧʦʤʷʥʫʪʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʣʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʩʪʘʣʦ 
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ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʪʢʣʠʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʥʦ ʠ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦ ʤʦʥʦʪʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʳ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʥʘʧʨʷʤʫʶ ʪʦʣʴʢʦ ʧʨʠʤʝʥʷʷ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʊʘʢ, ʜʦ ʥʘʯʘʣʘ 

ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 1) ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, 2) ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʢʘʢ ʧʝʨʝʜʘʶʱʘ ̫ʩʨʝʜʘ, ʠʩʭʦʜʥʘ ̫ʧʦʣʠʤʦʨʬʥʘ ̫ʤʦʜʠʬʠʢʘʮʠ,̫ ʥʘʣʠʯʠʝ 

ʟʘʪʨʘʚʢʠ ʠ ʧʨʦʪʦʢʦʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, 3) ʥʝ ʙʳʣʦ ʷʩʥʦʩʪʠ, ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʬʘʢʪʦʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʙʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʙʫʜʴ ʪʦ ʣʘʙʦʨʘʪʦʨʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʠʣʠ ʩʪʘʥʮʠʷ ʥʘ ʠʩʪʦʯʥʠʢʝ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ʩʤ. ɺʚʝʜʝʥʠʝ), ʨʝʰʝʥʠʶ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʳ ɻʣʘʚʳ 3-

6. 

ʊʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʠ, ʚʦ ʤʥʦʛʦʤ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, 

ʪʘʢʠʤʠ, ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʨʠʩʪʘʣʣ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʯʝʪʳʨʝ ʨʘʟʥʳʭ ʦʙʲʝʢʪʘ ï ʩʦʣʴʚʘʪ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ, ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪ 

ʥʠʢʝʣʷ, ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʦʢʩʘʣʘʪʳ DL-ʩʝʨʠʥʠʷ ʠ DL-ʘʣʘʥʠʥʠʷ. ʀʭ ʚʳʙʦʨ 
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ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʵʪʠʭ ʦʙʲʝʢʪʘʭ ʥʘʙʣʶʜʘʪʁʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʪʢʣʠʢʘ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ï ʩʤʝʥʘ 

ʛʝʦʤʝʪʨʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠʣʠ 

ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʣʠʙʦ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʠʟʣʘʛʘʶʪʩʷ ʚ ɻʣʘʚʝ 3. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʨʦʜʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʚ̫ʣʝʥʠʝ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

(ʠʣʠ) ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʨʦʮʝʩʩʦʚ ï ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʣʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ. ʇʝʨʚʳʡ 

ʪʠʧ ʦʙʲʝʢʪʦʚ ï ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Co(NH3)5NO2]XY, ʛʜʝ XY = Cl(NO3), Br2, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ (çʧʨʳʞʦʢè, ʠʟʛʠʙ ʢʨʠʩʪʘʣʣʘ) ʧʨʠ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ. ɺʪʦʨʦʡ ʪʠʧ ʦʙʲʝʢʪʦʚ ï ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ 

ʦʢʩʘʣʘʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Sm, Y), ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ. 

ʊʨʝʪʠʡ ʦʙʲʝʢʪ ï 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ (çʧʨʳʞʦʢè ʢʨʠʩʪʘʣʣʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʦʙʲʝʢʪʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ (ʠʣʠ) ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʩʘʤʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, 

ʠʟʣʘʛʘʶʪʩʷ ʚ ɻʣʘʚʝ 4. 

ʇʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʯʘʩʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʘʷ ʠʤʝʥʥʦ ʬʘʟʘ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʘ ʵʪʦ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʨʝʜʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ, ʚʳʙʦʨ ʩʪʘʨʪʦʚʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʥʘʣʠʯʠʝ ʟʘʪʨʘʚʢʠ ʠ ʧʨʦʪʦʢʦʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ 
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ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʙʳʣʦ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʭʣʦʨʧʨʦʧʘʤʠʜ, ʪʦʣʘʟʘʤʠʜ ʠ ɓ-ʘʣʘʥʠʥ, ʪʘʢ ʢʘʢ ʜʣʷ ʥʠʭ ʫʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦ 

ʧʨʦʥʘʙʣʶʜʘʪʴ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʪʨʘʚʢʠ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʚʳʙʦʨʘ ʠʩʭʦʜʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʪʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʬʘʟʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ, ʙʳʣ ʚʳʙʨʘʥ ʭʣʦʨʧʨʦʧʘʤʠʜ, ʩʢʣʦʥʥʳʡ ʢ ʧʦʣʠʤʦʨʬʠʟʤʫ [386ï395]. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ ʙʳʣ ʚʳʙʨʘʥ 

ɓ-ʘʣʘʥʠʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʥʝʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʨʫʜʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʝʣʠ ʦʪ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ [375]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʪʦʣʘʟʘʤʠʜ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ 

ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʠʟʣʘʛʘʶʪʩʷ ʚ ɻʣʘʚʝ 5. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʷʜ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʳʧʦʣʥʷʣʩʷ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ, ʪʘʢ 

ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʮʠʷʭ ʥʘ ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʝʱʝʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʢʦʧʠʪʴ ʠ ʦʙʦʙʱʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠʤʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩʣʘʙʦ ʨʘʩʩʝʠʚʘʶʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʧʳʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ 

1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʠ ʭʣʦʨʧʨʦʧʘʤʠʜʘ. ɺ ʧʝʨʚʦʤ ʦʙʲʝʢʪʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʩʠʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

[152ï159]. ʀʤʝʥʥʦ ʚ ʩʣʫʯʘʝ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ. ɺʪʦʨʦʡ ʦʙʲʝʢʪ ʩʢʣʦʥʝʥ ʢ 

ʧʦʣʠʤʦʨʬʠʟʤʫ [386ï395], ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʘ ʠʟ 
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ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʦʨʤ, ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜ, ʦʙʨʘʟʫʝʪ ʥʝʩʦʨʘʟʤʝʨʥʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʬʘʟʫ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ɺ ʩʣʫʯʘʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ 

ʬʘʟ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ ʢʨʠʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʣʘʙʳʭ ʩʘʪʝʣʣʠʪʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʪʘʢʞʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʣʘʛʘʶʪʩʷ ʚ ɻʣʘʚʝ 6.  
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʀʩʭʦʜʥʳʝ ʨʝʘʢʪʠʚʳ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ: 

ʧʘʨʘʮʝʪʘʤʦʣ (N-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ, MERCK-Schuchardt, ʭ.ʯ.), ʭʣʦʨʠʜ 

ʥʠʢʝʣʷ (II ) ʚ ʚʠʜʝ ʛʝʢʩʘʛʠʜʨʘʪʘ (ʭ.ʯ.), ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤ (ʜʠʦʢʩʠʤ ʙʫʪʘʥʜʠʦʥʘ-2,3, 

ʭ.ʯ.), ʛʣʠʮʠʥ (ʘʤʠʥʦʵʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʈʝʘʢʪʠʚ, ʯ. Ó 98 %), ʛʣʫʪʘʨʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʧʝʥʪʘʥʜʠʦʚʘʷ ʢʠʩʣʦʪʘ, Sigma-Aldrich, ʭ.ʯ. ² 99 %), DL-ʘʣʘʥʠʥ 

(2-ʘʤʠʥʦʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, Fluka, ʭ.ʯ. ² 99,0 %), DL-ʩʝʨʠʥ (2-ʘʤʠʥʦ-3-

ʛʠʜʨʦʢʩʠʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, ICN Biomedicals, ʭ.ʯ.), ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ 

(ʵʪʘʥʜʠʦʚʘʷ ʢʠʩʣʦʪʘ) ʚ ʚʠʜʝ ʜʠʛʠʜʨʘʪʘ (ʈʝʘʭʠʤ, ʭ.ʯ.), 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣ 

(Sigma-Aldrich, ʯ. ² 97 %), ʥʠʪʨʘʪ ʩʘʤʘʨʠʷ (III ) (ʪʝʭ.), ʥʠʪʨʘʪ ʠʪʪʨʠʷ (III ) (ʪʝʭ.), 

ʘʤʤʦʥʠʷ ʙʨʦʤʠʜ (ʭ.ʯ.), ʭʣʦʨʧʨʦʧʘʤʠʜ (4-ʭʣʦʨ-N-

[(ʧʨʦʧʠʣʘʤʠʥʦ)ʢʘʨʙʦʥʠʣ]ʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ, Sigma, ʯ. ² 97 %), ɓ-ʘʣʘʥʠʥ 

(3-ʘʤʠʥʦʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ, Fluka, ʭ.ʯ. ² 99,0 %), ʪʦʣʘʟʘʤʠʜ (N-[[(ʛʝʢʩʘʛʠʜʨʦ-

1ʅ-ʘʟʝʧʠʥ-1-ʠʣ)ʘʤʠʥʦ]ʢʘʨʙʦʥʠʣ]-4-ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʤʠʜ, Sigma), 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʧʠʨʠʜʠʥ (ʭ.ʯ.), ʵʪʘʥʦʣ (ʭ.ʯ.), ʤʝʪʘʥʦʣ (ʭ.ʯ.), ʭʣʦʨʦʬʦʨʤ 

(ɹʘʟʘ ˉ1 ʭʠʤʨʝʘʢʪʠʚʦʚ, ʯ. Ó 98 %), 1,4-ʜʠʦʢʩʘʥ (ʈʝʘʢʪʠʚ, ʯ.ʜ.ʘ.), ʧʘʨʘʬʠʥ (Roth), 

ʛʝʧʪʘʥ (ʭ.ʯ.), ʵʪʠʣʘʮʝʪʘʪ (ʭ.ʯ.), ʥ-ʧʝʥʪʘʥ (ʈʝʘʭʠʤ), 2-ʤʝʪʠʣʙʫʪʘʥ (Aldrich, 

ʭ.ʯ. ² 99 %). 

  

2.2 ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʉʦʣʴʚʘʪ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ 

ʢ.ʭ.ʥ. ɸ.ɻ. ʆʛʠʝʥʢʦ. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [9]. 1,4 ʛ ʧʘʨʘʮʝʪʘʤʦʣʘ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 330 K ʚ 2,11 ʛ ʧʠʨʠʜʠʥʘ. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʝʨʝʣʠʪ ʥʘ 

ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʫʶ ʜʦ 77 K. ʇʦʣʫʯʝʥʥʳʡ 

ʟʘʤʦʨʦʞʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʠʟʤʝʣʴʯʝʥ ʚ ʩʪʫʧʢʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 



56 
 

ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 230-260 K. 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪ ʥʠʢʝʣʷ (II ). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ 

ʤʘʛʠʩʪʨʘʥʪʦʤ ʫʥʠʚʝʨʩʠʪʝʪʘ ʕʜʠʥʙʫʨʛʘ ʗ. ɹʨʶʩ-ʉʤʠʪʦʤ. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [7]. 

ʅʘ ʜʥʦ ʧʨʦʙʠʨʢʠ ʙʳʣ ʧʦʤʝʱʝʥ 0,01 ʄ ʨʘʩʪʚʦʨ NiCl2Ŀ6H2O ʚ 40 % ʵʪʘʥʦʣʝ (3 ʤʣ). 

ʀʟʙʝʛʘʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʩʚʝʨʭʫ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʤʝʱʝʥʳ ʩʣʦʠ 40 % ʵʪʘʥʦʣʘ (3 ʤʣ) ʠ 0,01 ʄ ʨʘʩʪʚʦʨʘ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘ ʚ 

ʵʪʘʥʦʣʝ (3 ʤʣ). ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ. 

ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢ.ʭ.ʥ. ɽ.ɸ. ʃʦʩʝʚʳʤ. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [396]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʣʠʮʠʥʘ ʠ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ʄʦʥʦʛʠʜʨʘʪ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ. ʄʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʦʧʠʩʘʥʘ ʚ [397]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ DL-ʘʣʘʥʠʥʘ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ɼʠʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ. ʄʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʦʧʠʩʘʥʘ ʚ [398]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ DL-ʩʝʨʠʥʘ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 2:1. 

ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Br2. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ɸ.ʉ. ʉʢʨʳʧʥʠʢʦʤ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʨʝʢʫʨʩʦʨ [Co(NH3)5NO2](NO3)2 ʧʫʪʝʤ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ 

[Co(NH3)5ʉO3]NO3 ʩ NaNO2 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʤʤʠʘʢʘ; 

[Co(NH3)5ʉO3]NO3 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ (II), ʘʤʤʠʘʢʘ, ʢʘʨʙʦʥʘʪʘ 

ʘʤʤʦʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ [399]. 

ɼʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ [Co(NH3)5NO2]Br2 ʙʳʣ ʚʳʧʦʣʥʝʥ ɸ.ʉ. ʄʘʨʯʫʢʦʤ. ʄʝʪʦʜʠʢʘ 

ʦʧʠʩʘʥʘ ʚ [10]. 3,22 ʛ ʧʦʨʦʰʢʘ [Co(NH3)5NO2](NO3)2 ʨʘʩʪʚʦʨʷʣʦʩʴ ʚ 105 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʠ 348 K. ʂ ʨʘʩʪʚʦʨʫ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 7,45 ʛ NH4Br. 
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ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ [Co(NH3)5NO2]Br2 ʙʳʣ ʧʨʦʤʳʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, 

ʵʪʘʥʦʣʦʤ, ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʪʦʜʦʤ 

ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Cl(NO3). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜ.ʭ.ʥ. 

ɽ.ɺ. ɹʦʣʜʳʨʝʚʦʡ ʠ ʜ.ʭ.ʥ. ɸ.ɸ. ʉʠʜʝʣʴʥʠʢʦʚʳʤ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

[Co(NH3)5NO2](NO3)2 ʠ [Co(NH3)5NO2]Cl2 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʉʠʥʪʝʟʳ 

[Co(NH3)5NO2](NO3)2 ʠ [Co(NH3)5NO2]Cl2 ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʧʠʩʘʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʘʙʟʘʮʝ. 

1,2,4,5-ʊʝʪʨʘʙʨʦʤʙʝʥʟʦʣ. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [21]. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʨʘʩʪʚʦʨʘ 200 ʤʛ 

1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʚ 9 ʤʣ ʭʣʦʨʦʬʦʨʤʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

Sm2(C2O4)3Ŀ10H2O, Y2(C2O4)3Ŀ10H2O ʠ SmY(C2O4)3Ŀ10H2O. ʄʝʪʦʜʠʢʘ 

ʦʧʠʩʘʥʘ ʚ [18]. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʇ.ɸ. ɻʨʠʙʦʚʳʤ ʠ ʢ.ʭ.ʥ. ɸ.ɸ 

ʄʘʪʚʠʝʥʢʦ. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʩʤʝʰʠʚʘʥʠʠ 1 % 

ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 

60-70 Áʉ.  

Ŭ-ʍʣʦʨʧʨʦʧʘʤʠʜ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢ.ʭ.ʥ. ʅ.ɺ. ʏʫʢʘʥʦʚʳʤ. 

ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [393]. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʘʢʪʠʚʘ ʚ ʩʤʝʩʠ ʛʝʧʪʘʥʘ ʠ ʵʪʠʣʘʮʝʪʘʪʘ (1:1) ʩ 328 K ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɓ-ʍʣʦʨʧʨʦʧʘʤʠʜ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʘʩʪʚʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʘʢʪʠʚʘ ʚ ʵʪʘʥʦʣʝ.  

ɔ-ʍʣʦʨʧʨʦʧʘʤʠʜ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢ.ʭ.ʥ. ʅ.ɺ. ʏʫʢʘʥʦʚʳʤ. 

ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [393]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʟʘʤʦʨʦʟʢʝ ʜʦ 253 K 

ʨʘʩʪʚʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʘʢʪʠʚʘ ʚ ʩʤʝʩʠ ʛʝʧʪʘʥʘ ʠ ʵʪʠʣʘʮʝʪʘʪʘ (1:2). 

ŭ-ʍʣʦʨʧʨʦʧʘʤʠʜ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ɸ.ʉ. ʄʘʨʯʫʢʦʤ. 

ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [393]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʘʢʪʠʚʘ ʚ ʩʤʝʩʠ ʛʝʧʪʘʥʘ ʠ ʵʪʠʣʘʮʝʪʘʪʘ 

(2:1).  



58 
 

ɓ-ʘʣʘʥʠʥ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʘʢʪʠʚʘ. 

ʊʦʣʘʟʘʤʠʜ (ʬʦʨʤʘ II ). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢ.ʭ.ʥ. 

ʉ.ɻ. ɸʨʭʠʧʦʚʳʤ. ʄʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [12]. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʢʘʧʣʠ ʛʦʨʷʯʝʛʦ (338 K) ʨʘʩʪʚʦʨʘ ʪʦʣʘʟʘʤʠʜʘ ʚ ʜʠʦʢʩʘʥʝ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ 50 ʛ/ʣ). 

 

2.3 ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʨʘʟʮʘʤʠ ʠ ʬʦʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʢʨʦʩʢʦʧʳ 

ʃʆʄʆ ʄʉʇ-1, ʇʆʃɸʄ ʃ-213ʄ, Nikon AZ100, Olympus BX41 (ʂʈ-ʤʠʢʨʦʩʢʦʧ). 

 

2.4 ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʟʘʧʠʩʠ ʂʈ-ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʦʤʝʪʨ LabRAM HR 800 

ʬʠʨʤʳ HORIBA Jobin Yvon c CCD (charge-coupled device) ʜʝʪʝʢʪʦʨʦʤ. ɼʣʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʠʥʠʷ 488 ʥʤ Ar
+
-ʣʘʟʝʨʘ ʠʣʠ ʣʠʥʠʷ 

532 ʥʤ Nd:Y3Al 5O12-ʣʘʟʝʨʘ. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʥʘ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʘ ʥʝ 

ʙʦʣʝʝ 10 ʤɺʪ, ʨʘʟʤʝʨ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ï ʥʝ ʙʦʣʝʝ 2 ʤʢʤ. ɺʩʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʂʈ-ʤʠʢʨʦʩʢʦʧʘ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʜ ʫʛʣʦʤ 180Á ʠ 

ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ 2 ʩʤ
-1
. ɼʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʦʪ ʦʙʨʘʟʮʦʚ ʚ ʷʯʝʡʢʘʭ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʠʥʥʦʬʦʢʫʩʥʳʝ ʦʙʲʝʢʪʠʚʳ. 

 

2.5 ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ, ʪʘʢ ʠ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʥʘ 

ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ European Synchrotron Radiation Facility 

(ʩʦʢʨ. ESRF), ʛ. ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʦʜʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʨʠʦʩʠʩʪʝʤʘ 

700 Series Cryostream Cooler ʬʠʨʤʳ Oxford Cryosystems ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʩʫʰʢʦʡ ʪʦʢʘ ʘʟʦʪʘ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʣʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 100-400 K ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ Ñ0,5 K. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʠʬʨʘʢʪʦʤʝʪʨ Gemini R Ultra. ʏʝʪʳʨʝʭʢʨʫʞʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʩ 

ə-ʛʦʥʠʦʤʝʪʨʦʤ. ʀʟʛʦʪʦʚʣʝʥ ʬʠʨʤʦʡ Oxford Diffraction (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï 

Rigaku Oxford Diffraction). ʆʙʦʨʫʜʦʚʘʥ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ CCD (charge-coupled 

device) ʜʝʪʝʢʪʦʨʦʤ Ruby, ʟʘʧʘʷʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ (Mo KŬ, 0,71073 ¡) ʠ 

ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ɼʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CrysAlisPro [400,401]. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6. 

ɼʠʬʨʘʢʪʦʤʝʪʨ XtaLAB Synergy-S Dualflex. ʏʝʪʳʨʝʭʢʨʫʞʥʳʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ ʩ ə-ʛʦʥʠʦʤʝʪʨʦʤ. ʀʟʛʦʪʦʚʣʝʥ ʬʠʨʤʦʡ Rigaku Oxford Diffraction. 

ʆʙʦʨʫʜʦʚʘʥ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʛʠʙʨʠʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʧʨʷʤʦʛʦ ʩʯʝʪʘ ʬʦʪʦʥʦʚ 

(Hybrid Photon Counting, HPC ʜʝʪʝʢʪʦʨʦʤ) Dectris Pilatus3 X CdTe 300K, 

ʤʠʢʨʦʬʦʢʫʩʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ (Ag KŬ, 0,56087 ¡) ʩ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʬʦʢʫʩʠʨʫʶʱʝʡ ʦʧʪʠʢʦʡ. ɼʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CrysAlisPro [401]. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6. 

ɼʠʬʨʘʢʪʦʤʝʪʨ IPDS 2. ɼʚʫʭʢʨʫʞʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ. ʀʟʛʦʪʦʚʣʝʥ ʬʠʨʤʦʡ 

STOE. ʆʙʦʨʫʜʦʚʘʥ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ Image Plate ʜʝʪʝʢʪʦʨʦʤ, ʟʘʧʘʷʥʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ (Mo KŬ, 0,71073 ¡) ʠ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ɼʣʷ 

ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-AREA ʠ X-RED [402]. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʝʡ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ FaceIt
Video

 [403]. 

ʉʪʘʥʮʠʷ ESRF BM01A. ʉʪʘʥʮʠʷ ʦʙʦʨʫʜʦʚʘʥʘ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

IDT ʠ ʦʜʥʦʢʨʫʞʥʳʤ ʛʦʥʠʦʤʝʪʨʦʤ Huber [404]. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ Dectris Pilatus 2M ï ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʛʠʙʨʠʜʥʳʡ ʜʝʪʝʢʪʦʨ ʩ 
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ʧʨʷʤʳʤ ʩʯʝʪʦʤ ʬʦʪʦʥʦʚ (HPC ʜʝʪʝʢʪʦʨ). ɼʣʷ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʧʫʯʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʚʫʭʢʨʠʩʪʘʣʴʥʳʡ Si(111) ʤʦʥʦʭʨʦʤʘʪʦʨ. ɼʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

Pylatus [404], SNBL Toolbox [405] ʠ CrysAlisPro [401]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6. 

ʉʪʘʥʮʠʷ ESRF ID15B (ID09A). ʉʪʘʥʮʠʷ ʦʙʦʨʫʜʦʚʘʥʘ ʩʠʩʪʝʤʦʡ ʧʦʜʚʠʞʝʢ, 

ʦʜʥʦʢʨʫʞʥʳʤ ʛʦʥʠʦʤʝʪʨʦʤ [406], ʠ Flat Panel ʜʝʪʝʢʪʦʨʦʤ MAR555. ɼʣʷ 

ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Si(111) ʤʦʥʦʭʨʦʤʘʪʦʨ. ʉʙʦʨ ʠ ʧʝʨʚʠʯʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ, 

ʦʧʠʩʘʥʥʦʡ ʚ [407]. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CrysAlisPro [401].  

ʉʪʘʥʮʠʷ ESRF ID27. ʉʪʘʥʮʠʷ ʦʙʦʨʫʜʦʚʘʥʘ ʩʠʩʪʝʤʦʡ ʧʦʜʚʠʞʝʢ, 

ʦʜʥʦʢʨʫʞʥʳʤ ʛʦʥʠʦʤʝʪʨʦʤ, ʠ ʉʉD ʜʝʪʝʢʪʦʨʦʤ MAR165 [408]. ɼʣʷ 

ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʚʫʭʢʨʠʩʪʘʣʴʥʳʡ Si(111) ʤʦʥʦʭʨʦʤʘʪʦʨ. 

ʉʙʦʨ ʠ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʥʮʠʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ CrysAlisPro [401]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6. 

 

2.6 ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʂʦʥʩʪʨʫʢʮʠʠ ʷʯʝʝʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʷʯʝʡʢʠ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ.  

Almax-Boehler. ɺʠʥʪʦʚʘʷ ʷʯʝʡʢʘ. ʇʦʩʘʜʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʘʣʤʘʟʳ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ. ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ 

ʦʢʥʘ ʷʯʝʡʢʠ ʧʦ 2ɗ ʩʦʩʪʘʚʣʷʝʪ ~ 80Á. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʧʫʙʣʠʢʘʮʠʠ [282]. 
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ETH. ɺʠʥʪʦʚʘʷ ʷʯʝʡʢʘ. ʇʦʩʘʜʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʨʘʙʦʯʠʝ ʘʣʤʘʟʳ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʤʘʟʘ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ. ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʦʢʥʘ ʷʯʝʡʢʠ 

ʧʦ 2ɗ ʩʦʩʪʘʚʣʷʝʪ ~ 80Á. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʫʙʣʠʢʘʮʠʠ [409]. 

BX-90. ɺʠʥʪʦʚʘʷ ʷʯʝʡʢʘ. ʇʦʩʘʜʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʘʣʤʘʟʳ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ. ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʦʢʥʘ ʷʯʝʡʢʠ 

ʧʦ 2ɗ ʩʦʩʪʘʚʣʷʝʪ ~ 80Á. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʫʙʣʠʢʘʮʠʠ [279]. 

Letoullec. ʄʝʤʙʨʘʥʥʘʷ ʷʯʝʡʢʘ. ʇʦʩʘʜʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʘʣʤʘʟʳ ï Almax-

Boehler [410], ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ. 

ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʦʢʥʘ ʷʯʝʡʢʠ ʧʦ 2ɗ ʩʦʩʪʘʚʣʷʝʪ ~ 64Á. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʫʙʣʠʢʘʮʠʠ [411]. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ (ʧʨʦʢʣʘʜʢʠ ʤʝʞʜʫ ʘʣʤʘʟʘʤʠ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ (ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʛʨʘʬʘʭ). ɼʣʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʷʯʝʡʢʠ ʪʦʣʴʢʦ ʩ 

ʥʘʪʫʨʘʣʴʥʳʤʠ ʘʣʤʘʟʘʤʠ, ʠʤʝʶʱʠʤʠ ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʤʝʩʝʡ ʠ ʥʝ 

ʦʙʣʘʜʘʶʱʠʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ɼʣʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʷʯʝʡʢʠ ʢʘʢ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʚʳʩʦʢʦʯʠʩʪʳʤʠ ʘʣʤʘʟʘʤʠ, ʪʘʢ ʠ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ. ɼʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʘʭ ʠʟʤʝʨʷʣʦʩʴ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,05 ɻʇʘ [412,413] 

ʧʦ ʩʜʚʠʛʫ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʫʙʠʥʘ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʣʩʷ ʚ ʷʯʝʡʢʫ ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʚʤʝʩʪʝ ʩ ʦʙʨʘʟʮʦʤ.  

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʨʝʜʳ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ (ʩʤ. ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʛʨʘʬʘʭ). 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʷʯʝʝʢ ʥʠʟʢʦʢʠʧʷʱʝʡ ʩʤʝʩʴʶ ʥ-ʧʝʥʪʘʥʘ ʠ 2-ʤʝʪʠʣʙʫʪʘʥʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʢʘʤʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʟʘʛʨʫʟʢʫ ʷʯʝʡʢʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (243 K ʠ ʥʠʞʝ) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ 

ʞʠʜʢʦʩʪʠ. ʂʘʤʝʨʘ ʠʟʛʦʪʦʚʣʷʣʘʩʴ ʠʟ ʧʝʥʦʧʣʘʩʪʘ, ʢʨʳʰʢʘ ʢʘʤʝʨʳ ï ʠʟ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ. ʅʘ ʜʥʦ ʢʘʤʝʨʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʤʝʱʘʣʘʩʴ 

ʤʘʩʩʠʚʥʘʷ ʣʘʪʫʥʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʪʝʨʤʦʧʘʨʳ ʪʝʨʤʦʤʝʪʨʘ. ʅʘ 

ʧʣʘʩʪʠʥʫ ʧʦʤʝʱʘʣʘʩʴ ʷʯʝʡʢʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʝʤʢʦʩʪʴ ʩ ʣʝʛʢʦʢʠʧʷʱʝʡ 

ʞʠʜʢʦʩʪʴʶ, ʧʦʩʣʝ ʯʝʛʦ ʧʣʘʩʪʠʥʘ ʦʭʣʘʞʜʘʣʘʩʴ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʜʦ ʪʨʝʙʫʝʤʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʟʘʢʨʳʪʦʡ ʢʨʳʰʢʝ ʢʘʤʝʨʳ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʩʪʠʥʳ ʠ 

ʷʯʝʡʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʘʩʴ ʟʘʛʨʫʟʢʘ 

ʷʯʝʡʢʠ ʧʨʠ ʦʪʢʨʳʪʦʡ ʢʨʳʰʢʝ ʢʘʤʝʨʳ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʪʘʪʴʝ [3]. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʷʯʝʝʢ ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ (ʥʝʦʥ, ʛʝʣʠʡ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, 

ʦʧʠʩʘʥʥʘʷ ʚ [414]. ɿʘʛʨʫʟʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ɹʘʡʨʦʡʪʩʢʦʛʦ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ (BGI, ɹʘʡʨʦʡʪ, ɻʝʨʤʘʥʠʷ) ʠ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥʪʨʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ) ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʷʯʝʡʢʠ. 

 

2.7 ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

2.7.1 ʉʦʣʴʚʘʪ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ IPDS 2. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100 ï 275 K. 

ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʤ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ 

(ɛ = 0,09 ʤʤ
-1
). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʥ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʢʨʳʪ ʩʣʦʝʤ ʢʨʠʦʤʘʩʣʘ. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-97 [415] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXL-97 

[415]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ STRAIN [417]. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 816885 ï 816892. 
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ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣ ̫ʚʩʝʭ ʩʪʨʫʢʪʫʨ: 2(C8H9NO2)ĿC5H5N, Mr  = 381,42, ʤʦʥʦʢʣʠʥʥʘʷ, P21/c, Z = 

4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,35 Ĭ 0,30 Ĭ 0,30, ɛ = 0,09 ʤʤ
-1
, ʜʠʘʧʘʟʦʥ h, k, l: h = -21­20 (ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ 100 K h = -21­21), k = -11­11, l = -24­24, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 

281 ʧʘʨʘʤʝʪʨʫ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 100 125 150 175 

a, b, c (¡) 15,5127 (13), 

8,2524 (5), 

17,957 (2) 

15,5180 (14), 

8,2664 (5), 

17,978 (2) 

15,5225 (14), 

8,2788 (5), 

17,997 (2) 

15,5304 (15), 

8,2953 (6), 

18,026 (2) 

ɓ (Á) 122,004 (6) 121,982 (7) 121,964 (7) 121,942 (8) 

V (¡
3
) 1949,4 (3) 1956,1 (3) 1962,1 (3) 1970,7 (3) 

Dx (ʛ/ʩʤ
3
) 1,300 1,295 1,291 1,286 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

10933 10046 9208 8433 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ  

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

18297, 5247, 

3690 

18352, 5267, 

3547  

18407, 5289, 

3404 

18493, 5314, 

3219 

Rint 0,046 0,045 0,047 0,048 

R[F
2
> 2s(F

2
)], wR(F

2
), S 0,040, 0,095, 

1,00 

0,040, 0,093, 

0,98 

0,041, 0,092, 

0,94 

0,041, 0,096, 

0,92 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 5247 5267 5289 5314 

ȹɟmax, ȹɟmin (e ¡
-3

) 0,24, -0,22 0,24, -0,22 0,20, -0,18 0,19, -0,18 

 

 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 200 225 250 275 

a, b, c (¡) 15,5367 (16), 

8,3081 (6), 

18,051 (2) 

15,5427 (16), 

8,3248 (6), 

18,084 (2) 

15,5486 (17), 

8,3370 (7), 

18,116 (3) 

15,5533 (18), 

8,3475 (7), 

18,151 (3) 

ɓ (Á) 121,906 (8) 121,851 (8) 121,807 (8) 121,742 (9) 

V (¡
3
) 1978,0 (4) 1987,6 (4) 1995,7 (4) 2004,1 (4) 

Dx (ʛ/ʩʤ
3
) 1,281 1,275 1,269 1,264 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

7780 7347 6744 6367 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ  

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

18597, 5341, 

3081  

18685, 5363, 

2915  

18770, 5386, 

2702  

18870, 5416, 

2570  

Rint 0,050 0,050 0,053 0,052 

R[F
2
> 2ů(F

2
)], wR(F

2
), S 0,043, 0,095, 

0,89 

0,043, 0,098, 

0,89 

0,043, 0,101, 

0,86 

0,045, 0,108, 

0,87 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 5341 5363 5386 5416 

ȹɟmax, ȹɟmin (e ¡
-3

) 0,17, -0,17 0,17, -0,14 0,16, -0,14 0,16, -0,14 
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2.7.2 ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ IPDS 2. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʚ. ɼʣʷ ʧʝʨʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʫʜʘʣʦʩʴ 

ʩʦʙʨʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300, 275, 250, 

225 K. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 200 K ʢʨʠʩʪʘʣʣ ʦʪʢʣʝʠʣʩʷ ʦʪ ʩʪʝʢʣʷʥʥʦʛʦ ʜʝʨʞʘʪʝʣʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 225 ï 200 K. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʜʦʣʞʝʥ ʩ ʜʨʫʛʠʤ 

ʢʨʠʩʪʘʣʣʦʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʘ ʧʣʘʩʪʠʢʦʚʦʤ ʜʝʨʞʘʪʝʣʝ MiTeGen ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʦʤʘʩʣʘ. ɼʣʷ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 200, 175, 150, 125, 100 K. ʇʝʨʝʜ ʦʭʣʘʞʜʝʥʠʝʤ ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʪ 

ʥʝʛʦ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ 300 K. ʇʦʣʫʯʝʥʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʧʝʨʚʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʰʠʙʢʠ. 

ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʤ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ (ɛ = 

0,13 ʤʤ
-1
). ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 225 ï 200 K ʚ ʢʨʠʩʪʘʣʣʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʜʚʘ ʜʦʤʝʥʘ ʩ ʨʘʟʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʝʬʣʝʢʩʦʚ ~ 3:1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʬʣʝʢʩʦʚ ʦʪ ʙʦʣʴʰʝʛʦ ʜʦʤʝʥʘ, ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩ ʨʝʬʣʝʢʩʘʤʠ ʦʪ ʤʝʥʴʰʝʛʦ 

ʜʦʤʝʥʘ. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-97 [415] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXL-97 [415]. ɺ 

ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ STRAIN [417]. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 889409 ï 889417. 
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ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ r ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪʦʡ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ I) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: 

C5H8O4ĿC2H5NO2, Mr = 207,18, ʤʦʥʦʢʣʠʥʥʘʷ, P21/c, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,32 Ĭ 

0,17 Ĭ 0,10, m = 0,13 ʤʤ
-1
, ʜʠʘʧʘʟʦʥ h, k, l: h = -5­6, k = -28­24, l = -14­14, Mo KŬ 

ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 130 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ 

ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 225 250 275 300 

a, b, c (¡) 4,8888 (6), 20,859 

(2), 10,2664 (13) 

4,8960 (6), 20,878 

(2), 10,2701 (13) 

4,9022 (7), 20,901 

(3), 10,2730 (15) 

4,9110 (7), 20,922 

(3), 10,2744 (15) 

b (Á) 90, 114,648 (9), 90 90, 114,634 (9), 90 90, 114,60 (1), 90 90, 114,586 (10), 

90 

V (¡
3
) 951,6 (2) 954,3 (2) 957,0 (2) 959,9 (2) 

Dx (ʛ/ʩʤ
3
) 1,446 1,442 1,438 1,434 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

3782 3499 3205 3307 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

6775, 2558, 1594 6775, 2562, 1535 6792, 2570, 1461 6828, 2578, 1421 

Rint 0,043 0,045 0,047 0,046 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,042, 0,081, 0,88 0,044, 0,086, 0,88 0,043, 0,085, 0,87 0,048, 0,096, 0,89 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

2558 2562 2570 2578 

Drmax, Drmin (e ¡
-3

) 0,21, -0,18 0,16, -0,20 0,16, -0,17 0,19, -0,17 
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ʊʘʙʣʠʮʘ 4. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪʦʡ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ II) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: 

C5H8O4ĿC2H5NO2, Mr = 207,18, ʪʨʠʢʣʠʥʥʘʷ, ʈ-1, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,40 Ĭ 0,23 Ĭ 

0,10, m = 0,13 ʤʤ
-1
, ʜʠʘʧʘʟʦʥ h, k, l: h = -6­5, k = -27­27, l = -13­13, Mo KŬ ʠʟʣʫʯʝʥʠʝ, 

ʫʪʦʯʥʝʥʠʝ ʧʦ 259 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ 

ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 100 125 150 175 200 

a, b, c (¡) 4,8884 (7), 

20,136 (3), 

10,1518 (15) 

4,8952 (6), 

20,151 (3), 

10,1585 (13) 

4,9021 (7), 

20,167 (3), 

10,1686 (15) 

4,9098 (7), 

20,194 (3), 

10,1777 (15) 

4,9155 (7), 

20,215 (3), 

10,1862 (16) 

a, b, g (Á) 85,486 (13), 

113,065 (10), 

88,263 (12) 

85,518 (11), 

113,088 (9), 

88,264 (11) 

85,540 (11), 

113,122 (10), 

88,270 (11) 

85,571 (13), 

113,118 (10), 

88,306 (12) 

85,578 (14), 

113,133 (11), 

88,301 (13) 

V (¡
3
) 914,5 (2) 916,9 (2) 919,7 (2) 923,3 (2) 926,1 (2) 

Dx (ʛ/ʩʤ
3
) 1,505 1,501 1,496 1,490 1,486 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

8917 8370 7886 7461 6919 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

8816, 4247, 

2766 

9997, 4391, 

2935 

10066, 4417, 

2840 

9568, 4319, 

2580 

9663, 4312, 

2491 

Rint 0,052 0,038 0,040 0,052 0,055 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,053, 0,097, 

0,98 

0,039, 0,075, 

0,90 

0,039, 0,077, 

0,88 

0,049, 0,088, 

0,89 

0,049, 0,081, 

0,89 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

4247 4391 4417 4319 4312 

Drmax, Drmin (e ¡
-3

) 0,31, -0,29 0,23, -0,20 0,21, -0,20 0,22, -0,23 0,19, -0,21 

 

2.7.3 [Co(NH3)5NO2]Cl (NO3) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Cl(NO3) ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ IPDS 2. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 100 ï 393 K. 

ʉʥʘʯʘʣʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʨʠ ʥʘʛʨʝʚʝ ʦʪ 293 ʜʦ 393 K ʩ 

ʰʘʛʦʤ 10 K. ʇʦʩʣʝ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣ ʙʳʣ ʦʭʣʘʞʜʝʥ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʙʦʨ ʜʘʥʥʳʭ ʧʨʦʜʦʣʞʠʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 213 K ʩ ʰʘʛʦʤ 20 K. ɺ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʥʘʯʘʣʦʩʴ ʦʙʣʝʜʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʰʣʦʩʴ ʥʘʛʨʝʪʴ ʜʦ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʦʚʘ ʦʭʣʘʜʠʪʴ ʫʞʝ ʜʦ 193 K ʠ ʧʨʦʜʦʣʞʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʩʪʠʛʥʫʪʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ï 100 K. ʇʦʛʣʦʱʝʥʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʤ ʫʯʪʝʥʦ ʯʠʩʣʝʥʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ X-RED [402]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-2014 [420] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXL-

2014 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʈʘʩʯʝʪ ʦʙʲʝʤʘ ʧʦʣʦʩʪʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mercury [421] ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʝʪʦʜ çContact Surfaceè, ʨʘʜʠʫʩ ʧʨʦʙʳ ï 0,9 ¡, ʰʘʛ 

ʩʝʪʢʠ ï 0,2 ¡. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1470414 ï 1470434. 
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ʊʘʙʣʠʮʘ 5. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5NO2]Cl(NO3) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣ ̫ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: CoH15N7O5Cl, Mr  = 287,57, ʨʦʤʙʠʯʝʩʢʘʷ, Pnma, Z = 4, ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,30 Ĭ 0,20 Ĭ 0,15, ʜʠʘʧʘʟʦʥ h, k, l: ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ T < 233 K h = -8­8, ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʧʨʠ T Ó 233 K h = -9­8 , k = -8­8, l = -12­12, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 79 

ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 100 113 133 153 173 

a, b, c (¡) 14,7021 (11), 

7,1057 (8), 

9,6760 (7) 

14,7044 (11), 

7,1209 (8), 

9,6716 (7) 

14,7115 (11), 

7,1415 (8), 

9,6639 (7) 

14,7211 (11), 

7,1625 (8), 

9,6562 (7) 

14,7279 (11), 

7,1809 (8), 

9,6504 (7) 

V (¡
3
) 1010,84 (15) 1012,70 (15) 1015,31 (15) 1018,15 (15) 1020,62 (16) 

Dx (ʛ/ʩʤ
3
) 1,890 1,886 1,881 1,876 1,871 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

11727 11607 11513 11391 11203 

m (ʤʤ-1) 1,98 1,97 1,97 1,96 1,96 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 
[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

6811, 1119, 

960 

6815, 1121, 

970 

6849, 1123, 

966 

6847, 1123, 

962 

6877, 1124, 

958 

Rint 0,044 0,046 0,045 0,045 0,045 

R[F
2
 > 2s(F

2
)], wR(F

2
), 

S 

0,019, 0,048, 

1,02 

0,020, 0,049, 

1,02 

0,020, 0,052, 

1,02 

0,021, 0,052, 

1,03 

0,021, 0,053, 

1,04 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1119 1121 1123 1123 1124 

Drmax, Drmin (e ¡
-3

) 0,23, -0,38 0,28, -0,40 0,27, -0,40 0,28, -0,36 0,30, -0,37 

 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 193 213 233 253 273 

a, b, c (¡) 14,7390 (11), 

7,2001 (8), 

9,6461 (7) 

14,736 (2), 

7,2220 (11), 

9,6239 (13) 

14,755 (2), 

7,2394 (11), 

9,6181 (13) 

14,770 (2), 

7,2540 (11), 

9,6152 (13) 

14,787 (2), 

7,2696 (11), 

9,6113 (13) 

V (¡
3
) 1023,67 (16) 1024,2 (3) 1027,4 (3) 1030,2 (3) 1033,1 (3) 

Dx (ʛ/ʩʤ
3
) 1,866 1,865 1,859 1,854 1,849 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

11388 11072 10761 10678 10361 

m (ʤʤ-1) 1,95 1,95 1,95 1,94 1,94 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 
ʥʝʟʘʚʠʩʠʤʳʭ ʠ 
ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

6889, 1129, 

971 

6888, 1126, 

981 

6950, 1133, 

983 

6969, 1139, 

978 

6985, 1141, 

961 

Rint 0,047 0,066 0,048 0,048 0,045 

R[F
2
 > 2s(F

2
)], wR(F

2
), 

S 

0,022, 0,054, 

1,07 

0,026, 0,063, 

1,10 

0,027, 0,064, 

1,10 

0,027, 0,066, 

1,08 

0,027, 0,066, 

1,08 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1129 1126 1133 1139 1141 

Drmax, Drmin (e ¡
-3

) 0,31, -0,40 0,36, -0,42 0,27, -0,53 0,29, -0,56 0,30, -0,53 
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ʊʘʙʣʠʮʘ 5. ʇʨʦʜʦʣʞʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 293 303 313 323 333 

a, b, c (¡) 14,804 (2), 

7,2851 (11), 

9,6112 (14) 

14,815 (2), 

7,2951 (11), 

9,6129 (13) 

14,825 (2), 

7,3004 (11), 

9,6126 (14) 

14,832 (2), 

7,3084 (11), 

9,6102 (14) 

14,841 (2), 

7,3153 (11), 

9,6100 (13) 

V (¡
3
) 1036,6 (3) 1039,0 (3) 1040,3 (3) 1041,7 (3) 1043,3 (3) 

Dx (ʛ/ʩʤ
3
) 1,843 1,838 1,836 1,834 1,831 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

10181 10379 10213 10087 9978 

m (ʤʤ-1) 1,93 1,92 1,92 1,92 1,92 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

6968, 1141, 

966 

6985, 1143, 

964 

6992, 1144, 

960 

7004, 1146, 

961 

7017, 1148, 

974 

Rint 0,045 0,043 0,043 0,042 0,042 

R[F
2
 > 2s(F

2
)], wR(F

2
), 

S 

0,027, 0,065, 

1,08 

0,027, 0,063, 

1,12 

0,027, 0,065, 

1,13 

0,027, 0,066, 

1,11 

0,028, 0,067, 

1,11 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1141 1143 1144 1146 1148 

Drmax, Drmin (e ¡
-3

) 0,32, -0,42 0,31, -0,39 0,31, -0,39 0,32, -0,43 0,30, -0,43 

 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 343 353 363 373 383 393 

a, b, c (¡) 14,851 (2), 

7,3236 (11), 

9,6090 (13) 

14,860 (2), 

7,3294 (11), 

9,6098 (14) 

14,872 (2), 

7,3394 (11), 

9,6071 (14) 

14,877 (2), 

7,3463 (12), 

9,6072 (14) 

14,881 (2), 

7,3506 (12), 

9,6096 (14) 

14,896 (3), 

7,3587 (15), 

9,6062 (17) 

V (¡
3
) 1045,1 (3) 1046,7 (3) 1048,7 (3) 1050,0 (3) 1051,2 (3) 1053,0 (3) 

Dx (ʛ/ʩʤ
3
) 1,828 1,825 1,821 1,819 1,817 1,814 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

9936 9592 9567 9262 9175 5887 

m (ʤʤ-1) 1,91 1,91 1,91 1,90 1,90 1,90 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

7027, 1150, 

956 

7018, 1150, 

963 

7031, 1152, 

958 

7048, 1154, 

949 

7066, 1157, 

948 

7074, 1159, 

953 

Rint 0,042 0,041 0,042 0,040 0,041 0,041 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,028, 

0,067, 1,10 

0,029, 

0,067, 1,09 

0,028, 

0,066, 1,06 

0,029, 

0,068, 1,06 

0,029, 

0,069, 1,05 

0,029, 

0,067, 1,07 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

1150 1150 1152 1154 1157 1159 

Drmax, Drmin  

(e ¡
-3

) 

0,36, -0,43 0,30, -0,36 0,27, -0,39 0,27, -0,46 0,26, -0,40 0,25, -0,41 
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2.7.4 1,2,4,5-ʊʝʪʨʘʙʨʦʤʙʝʥʟʦʣ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ IPDS 2. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 273 ï 343 K ʩ ʰʘʛʦʤ 10 K. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʦʩʢʦʛʦ 

ʧʣʘʩʪʠʢʦʚʦʛʦ ʜʝʨʞʘʪʝʣʷ ʠ ʬʠʢʩʘʮʠʠ ʥʘ ʥʝʤ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦʤʘʩʣʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣ ʩʦʚʝʨʰʘʝʪ çʧʨʳʞʦʢè ʠ ʪʝʨʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʙʦʨʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣ ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʩʪʝʢʣʷʥʥʳʡ ʢʘʧʠʣʣʷʨ 

ʜʠʘʤʝʪʨʦʤ 0,2 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ 0,01 ʤʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ. 

ʇʦʣʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ CrysAlisPro [401]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-2016 [420] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

SHELXL-2017 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ShelXle [422]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ 

ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1578618 ï 1578625. 
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ʊʘʙʣʠʮʘ 6. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣ ̫ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C6H2Br4, Mr  = 393,72, ʤʦʥʦʢʣʠʥʥʘʷ, P21/n, Z = 2, ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,72 Ĭ 0,11 Ĭ 0,03, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 47 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 273 283 293 303 

a, b, c (¡) 4,0055 (2), 
10,6493 (4), 
10,2948 (4) 

4,0108 (2), 
10,6672 (4), 
10,2811 (4) 

4,0172 (2), 
10,6917 (4), 
10,2615 (4) 

4,0233 (2), 
10,7193 (4), 
10,2355 (5) 

b (Á) 100,172 (4) 100,168 (4) 100,175 (5) 100,184 (5) 

V (¡
3
) 432,24 (3) 432,96 (3) 433,81 (3) 434,47 (4) 

Dx (ʛ/ʩʤ
3
) 3,025 3,020 3,014 3,010 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1774 1749 1634 1637 

m (ʤʤ-1) 18,54 18,51 18,47 18,45 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 
ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

2898, 877, 763  2945, 877, 762  2971, 882, 757  3078, 886, 745  

Rint 0,035 0,030 0,031 0,022 

ɼʠʘʧʘʟʦʥ  

h, k, l 

h = -5­4,  
k = -12­13,  
l = -12­12 

h = -5­4,  
k = -12­13,  
l = -12­12 

h = -5­4,  
k = -12­13,  
l = -12­12 

h = -4­5,  
k = -13­13,  
l = -12­12 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,028, 0,074, 

1,03 

0,030, 0,081, 

1,04 

0,030, 0,079, 

1,03 

0,023, 0,052, 

1,04 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 877 877 882 886 

Drmax, Drmin (e ¡
-3

) 0,60, -0,56 0,52, -0,54 0,50, -0,56 0,63, -0,28 

 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 313 323 333 343 

a, b, c (¡) 4,0549 (3), 
11,0780 (5), 
9,8719 (5) 

4,0618 (3), 
11,1039 (5), 
9,8533 (5) 

4,0686 (3), 
11,1298 (5), 
9,8431 (5) 

4,0723 (3), 
11,1474 (6), 
9,8296 (6) 

b (Á) 100,585 (5) 100,618 (5) 100,640 (6) 100,671 (7) 

V (¡
3
) 435,90 (4) 436,79 (4) 438,06 (4) 438,50 (5) 

Dx (ʛ/ʩʤ
3
) 3,000 2,994 2,985 2,982 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1482 1477 1547 1481 

m (ʤʤ-1) 18,39 18,35 18,30 18,28 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 
ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

3020, 891, 725  3093, 892, 721  3048, 895, 696  3134, 893, 666  

Rint 0,033 0,026 0,038 0,035 

ɼʠʘʧʘʟʦʥ  

h, k, l 

h = -5­4,  
k = -13­13,  
l = -12­12 

h = -4­5,  
k = -13­13,  
l = -12­12 

h = -5­4,  
k = -13­13,  
l = -12­12 

h = -4­5,  
k = -13­13,  
l = -12­12 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,033, 0,088, 

1,04 

0,028, 0,067, 

1,07 

0,039, 0,100, 

1,03 

0,032, 0,073, 

1,05 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 891 892 895 893 

Drmax, Drmin (e ¡
-3

) 0,67, -0,43 0,56, -0,44 0,78, -0,59 0,58, -0,45 
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2.7.5 ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ 

[Co(NH3)5NO2] Cl(NO3) ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʚ ʭʦʜʝ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ 

[Co(NH3)5NO2]Cl(NO3) ½­½ nh [Co(NH3)5ONO]Cl(NO3) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʙʝʠʭ ʬʘʟ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 300 ʜʦ 175 K. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ IPDS 2. ʉʥʘʯʘʣʘ ʩʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʥʠʪʨʠʪʦ-ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʪʦ-ʬʦʨʤʳ ʠʟ ʠʩʭʦʜʥʦʡ ʥʠʪʨʦ-ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʜʘʚʣʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ ʤʦʱʥʦʩʪʴʶ 3 ɺʪ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʨʠʩʪʘʣʣ ʙʳʣ ʚʳʜʝʨʞʘʥ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ 

ʧʨʠ 353 K ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦ-ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ ʥʝʝ ʪʘʢʞʝ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʩʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʇʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7.  

 

ʊʘʙʣʠʮʘ 7. ʇʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʦʤʝʨʦʚ [Co(NH3)5NO2]Cl(NO3) ʠ 

[Co(NH3)5ONO]Cl(NO3) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: CoH15N7O5Cl, Mr  = 

287,57, ʨʦʤʙʠʯʝʩʢʘʷ, Pnma, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,40 Ĭ 0,03 Ĭ 0,03, Mo KŬ 

ʠʟʣʫʯʝʥʠʝ 

[Co(NH3)5ONO]Cl(NO3) (Pnma) 

ʊʝʤʧʝʨʘʪʫʨʘ 

(K) 

300 K 275 K 250 K 225 K 200K 175 K 

a, b, c (¡) 14,4851 

(56) 

7,5269 (28) 

9,4237 (50) 

14,4456 

(48) 

7,5226 (24) 

9,4218 (44) 

14,4136 

(44) 

7,5121 (22) 

9,4217 (41) 

14,3924 

(44) 

7,5119 (22) 

9,4165 (41) 

14,3612 

(41) 

7,5066 (21) 

9,4100 (38) 

14,3275 

(39) 

7,5013 (20) 

9,3995 (34) 

V (¡
3
) 1027,44 

(78) 

1023,85 

(68) 

1020,14 

(62) 

1018,05 

(62) 

1014,43 

(57) 

1010,21 

(53) 

ɼʠʘʧʘʟʦʥ 2ɗ 5,17Ÿ46,1

1 

5,21Ÿ46,2

6 

5,14Ÿ46,3

0 

5,14Ÿ46,6

0 

5,14Ÿ46,4

9 

5,21Ÿ47,4

1 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

468 530 560 592 614 632 
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ʊʘʙʣʠʮʘ 7. ʇʨʦʜʦʣʞʝʥʠʝ 

[Co(NH3)5NO2]Cl(NO3) (Pnma) 

ʊʝʤʧʝʨʘʪʫʨʘ 

(K) 

300 K 275 K 250 K 225 K 200K 175 K 

a, b, c (¡) 14,8337 

(41) 

7,2796 (20) 

9,5861 (39) 

14,8082 

(42) 

7,2689 (20) 

9,5918 (39) 

14,7905 

(39) 

7,2530 (19) 

9,5948 (37) 

14,7677 

(40) 

7,2323 (19) 

9,6004 (38) 

14,7582 

(37) 

7,2135 (18) 

9,6034 (36) 

14,7384 

(44) 

7,1896 (21) 

9,6121 (41) 

V (¡
3
) 1035,14 

(58) 

1032,45 

(58) 

1029,28 

(55) 

1025,38 

(56) 

1022,36 

(52) 

1018,53 

(61) 

ɼʠʘʧʘʟʦʥ 2ɗ 4,95Ÿ47,6

5 

5,01Ÿ47,7

8 

5,09Ÿ47,8

4 

5,05Ÿ47,8

8 

5,06Ÿ47,6

9 

5,05Ÿ47,7

0 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

723 748 771 781 785 771 

 

2.8 ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ 

2.8.1 ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪ ʥʠʢʝʣʷ (II)   

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 

600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 90 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ 

ʤʝʪʘʥʦʣʘ ʩ ʵʪʘʥʦʣʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ 

~10 ɻʇʘ [424,425]. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 0,2 ï 5,1 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ 

ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ 

ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ 

ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 ʠ Absorb-GUI [287]. 

ʀʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 
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ʫʩʣʦʚʠʷʭ. ʉʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-97 [415], ʫʪʦʯʥʝʥʠʝ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

SHELXL-97 [415]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʆʛʨʘʥʠʯʝʥʠʝ SIMU ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʩʝʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 5,1 ɻʇʘ. ʈʘʩʯʝʪ ʦʙʲʝʤʘ ʧʦʣʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ 0,2 ʠ 4,5 ɻʇʘ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mercury 

[421] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʝʪʦʜ çContact Surfaceè, ʨʘʜʠʫʩ ʧʨʦʙʳ ï 0,2 

¡, ʰʘʛ ʩʝʪʢʠ ï 0,1 ¡. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1022677 ī 1022686. 
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ʊʘʙʣʠʮʘ 8. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʷʭ. ɼʣ ̫ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C8H14N4NiO4, Mr  = 288,94, ʨʦʤʙʠʯʝʩʢʘʷ, Ibam, Z = 4, 

ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,14 Ĭ 0,06 Ĭ 0,04, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 55, ʧʘʨʘʤʝʪʨʳ 

ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʩʤʝʰʘʥʥʦ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,2 0,6 1,2 1,9 

a, b, c (¡) 16,5699 (16), 

10,4295 (13), 

6,4616 (4) 

16,5690 (18), 

10,3439 (16), 

6,4085 (4) 

16,4739 (16), 

10,2024 (14), 

6,2972 (4) 

16,3688 (17), 

10,0853 (15), 

6,1843 (4) 

16,2653 (17), 

10,0195 (14), 

6,0897 (4) 

V (¡
3
) 1116,66 (19) 1098,3 (2) 1058,41 (19) 1020,93 (19) 992,44 (19) 

Dx (ʛ/ʩʤ
3
) 1,719 1,747 1,813 1,880 1,934 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

481 792 848 870 859 

m (ʤʤ-1) 1,75 1,78 1,84 1,91 1,97 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ  

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

2344, 470, 264 3201, 465, 318 3067, 450, 321 2987, 445, 319 2905, 435, 312 

Rint 0,116 0,100 0,098 0,110 0,096 

ɼʠʘʧʘʟʦʥ h, k, l h = -19­18,  

k = -10­9,  

l = -8­8 

h = -19­19,  

k = -10­10,  

l = -8­8 

h = -19­19,  

k = -10­10,  

l = -8­8 

h = -19­18,  

k = -9­10,  

l = -8­8 

h = -18­18,  

k = -10­9,  

l = -8­8 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,053, 0,095, 

1,05 

0,044, 0,086, 

1,12 

0,045, 0,084, 

1,09 

0,061, 0,231, 

1,23 

0,041, 0,085, 

1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

470 465 450 445 435 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

0 0 0 0 0 

Drmax, Drmin (e ¡
-3

) 0,59, -0,52 0,34, -0,31 0,30, -0,27 1,14, -0,86 0,42, -0,37 

 

  



76 
 

ʊʘʙʣʠʮʘ 8. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,8 3,2 3,9 4,5 5,1 

a, b, c (¡) 16,1082 (14), 

9,9613 (12), 

5,9848 (3) 

16,0380 (11), 

9,939 (1), 

5,9397 (3) 

15,9507 (13), 

9,9145 (11), 

5,8872 (3) 

15,8529 (13), 

9,8959 (10), 

5,8379 (3) 

15,74120 (13), 

9,88870 (12), 

5,7878 (3) 

V (¡
3
) 960,31 (15) 946,79 (12) 931,03 (14) 915,85 (13) 900,93 (5) 

Dx (ʛ/ʩʤ
3
) 1,999 2,027 2,061 2,096 2,130 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

856 872 873 901 849 

m (ʤʤ-1) 2,03 2,06 2,10 2,13 2,17 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ  

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

2787, 429, 325 2805, 426, 328 2723, 422, 314 2699, 424, 317 2673, 423, 317 

Rint 0,076 0,089 0,095 0,081 0,106 

ɼʠʘʧʘʟʦʥ h, k, l h = -18­18,  

k = -10­10,  

l = -7­7 

h = -18­18,  

k = -10­10,  

l = -7­7 

h = -18­18,  

k = -10­10,  

l = -7­7 

h = -18­18,  

k = -10­10,  

l = -7­7 

h = -17­18,  

k = -10­10,  

l = -7­7 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,043, 0,087, 

1,11 

0,049, 0,090, 

1,14 

0,040, 0,096, 

1,07 

0,038, 0,090, 

1,08 

0,045, 0,105, 

1,04 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

429 426 422 424 423 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

0 0 0 0 42 

Drmax, Drmin (e ¡
-3

) 0,43, -0,43 0,35, -0,42 0,38, -0,36 0,36, -0,43 0,52, -0,43 
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2.8.2 ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 

100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ ʛʣʠʮʝʨʠʥ ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ 

~1,4 ɻʇʘ [425]. ʉʙʦʨ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 0,1, 0,3, 0,7, 1,0 ɻʇʘ, 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʫʜʘʣʦʩʴ ʪʦʣʴʢʦ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ 0,1 ʠ 0,7 ɻʇʘ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ 

ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb 

[426]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-97 [415], ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

SHELXL-97 [415]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ STRAIN [417]. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 9. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 910589 ʠ 910590. 
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ʊʘʙʣʠʮʘ 9. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C5H8O4ĿC2H5NO2, Mr = 207,18, 

ʪʨʠʢʣʠʥʥʘʷ, ʈ-1, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,20 Ĭ 0,12 Ĭ 0,02 , Mo KŬ ʠʟʣʫʯʝʥʠʝ, 

ʫʪʦʯʥʝʥʠʝ ʧʦ 119 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,1 0,7 

a, b, c (¡) 4,9180 (6), 20,285 (8), 

10,1651 (13) 

4,8468 (6), 20,177 (4),  

10,0209 (12) 

a, b, g (Á) 85,65 (2), 113,352 (9),  

88,33 (2) 

85,32 (2), 113,602 (9),  

88,180 (19) 

V (¡
3
) 926,4 (4) 892,8 (2) 

Dx (ʛ/ʩʤ
3
) 1,485 1,541 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

638 729 

m (ʤʤ-1) 0,13 0,14 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ [I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

3435, 918, 453 3834, 979, 542 

Rint 0,124 0,103 

ɼʠʘʧʘʟʦʥ h, k, l h = -5­5, 

k = -8­8, 

l = -11­11 

h = -5­5, 

k = -9­9, 

l = -11­11 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,110, 0,343, 1,10 0,101, 0,340, 1,09 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 918 979 

Drmax, Drmin (e ¡
-3

) 0,32, -0,24 0,37, -0,35 

 

2.8.3 ʄʦʥʦʛʠʜʨʘʪ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 90 ʤʢʤ 

ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 270 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʥ-ʧʝʥʪʘʥʘ ʩ 2-ʤʝʪʠʣʙʫʪʘʥʦʤ ʚ ʦʙʲʝʤʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~7 ɻʇʘ [424]. ʉʙʦʨ ʜʘʥʥʳʭ ʠ 

ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 

0,3 ï 5,4 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ 

ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Absorb [426]. ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SHELXS-97 [415], ʫʪʦʯʥʝʥʠʝ ʚʩʝʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-97 [415]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. 

ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ SIMU ʠ DELU ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʚʩʝʭ 

ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝ ISOR ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

0,01 ¡
2
 ʜʣʷ ʚʩʝʭ ʢʠʩʣʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ ʘʪʦʤʘ ʉ1. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ STRAIN [417]. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 950474 ī 950482. 
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ʊʘʙʣʠʮʘ 10. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C3H8NO2
+
ĿC2HO4

-
ĿH2O, Mr = 197,15, ʤʦʥʦʢʣʠʥʥʘʷ, 

P21/c, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,15 Ĭ 0,14 Ĭ 0,05, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 126 

ʧʘʨʘʤʝʪʨʘʤ c 132 ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,3 0,5 1,1 1,5 

a, b, c (¡) 12,456 (7), 6,4891 

(4), 11,338 (3) 

12,451 (6), 6,4259 

(4), 11,317 (2) 

12,421 (7), 6,2751 

(4), 11,273 (3) 

12,406 (10), 

6,1807 (6), 11,236 

(4) 

b (Á) 113,57 (5) 113,54 (4) 113,48 (5) 113,29 (7) 

V (¡
3
) 839,9 (5) 830,2 (5) 805,8 (5) 791,3 (7) 

Dx (ʛ/ʩʤ
3
) 1,559 1,577 1,625 1,655 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

1215 1220 1218 1211 

m (ʤʤ-1) 0,15 0,15 0,16 0,16 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

4770, 788, 508 4723, 795, 527 4503, 787, 497 4391, 763, 489 

Rint 0,084 0,080 0,079 0,077 

ɼʠʘʧʘʟʦʥ h, k, l h = -10­10,  

k = -8­8,  

l = -15­14 

h = -10­10,  

k = -8­8,  

l = -14­14 

h = -10­10,  

k = -7­7,  

l = -14­14 

h = -10­10,  

k = -7­7,  

l = -14­14 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,055, 0,115, 1,08 0,050, 0,111, 1,06 0,049, 0,112, 1,07 0,049, 0,104, 1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

788 795 787 763 

Drmax, Drmin  

(e ¡
-3

) 

0,14, -0,16 0,12, -0,17 0,15, -0,14 0,16, -0,13 
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ʊʘʙʣʠʮʘ 10. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,4 3,1 3,6 4,3 5,4 

a, b, c (¡) 12,142 (11), 

6,1377 (6), 

11,231 (5) 

12,037 (9), 

6,0534 (4), 

11,211 (4) 

11,976 (13), 

6,0032 (4), 

11,199 (4) 

11,905 (10), 

5,9492 (4), 

11,185 (3) 

11,807 (8), 

5,8748 (4), 

11,164 (4) 

b (Á) 116,97 (9) 117,41 (7) 117,61 (6) 117,79 (4) 117,98 (6) 

V (¡
3
) 746,0 (8) 725,2 (6) 713,5 (8) 700,7 (6) 683,9 (5) 

Dx (ʛ/ʩʤ
3
) 1,755 1,806 1,835 1,869 1,915 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

1247 1238 1209 1187 1173 

m (ʤʤ-1) 0,17 0,17 0,18 0,18 0,18 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

3999, 670, 480 3825, 652, 464 3789, 659, 475 3771, 648, 463 3699, 637, 461 

Rint 0,079 0,074 0,077 0,078 0,078 

ɼʠʘʧʘʟʦʥ h, k, l h = -0­10,  

k = -7­7,  

l = -14­14 

h = -0­10,  

k = -7­7,  

l = -14­14 

h = -0­10,  

k = -7­7,  

l = -14­14 

h = -0­10,  

k = -7­7,  

l = -14­14 

h = -0­10,  

k = -7­7,  

l = -14­14 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,048, 0,095, 

1,10 

0,044, 0,099, 

1,10 

0,049, 0,123, 

1,11 

0,049, 0,114, 

1,09 

0,048, 0,121, 

1,08 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

670 652 659 648 637 

Drmax, Drmin  

(e ¡
-3

) 

0,14, -0,19 0,19, -0,20 0,19, -0,22 0,17, -0,21 0,18, -0,21 

 

2.8.4 ɼʠʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 

100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʥ-ʧʝʥʪʘʥʘ ʩ 2-ʤʝʪʠʣʙʫʪʘʥʦʤ ʚ ʦʙʲʝʤʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~7 ɻʇʘ [424]. ʉʙʦʨ ʜʘʥʥʳʭ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 0,4 ï 4,0 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ 
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ʩʦʞʘʣʝʥʠʶ, ʢʘʯʝʩʪʚʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʫʜʘʣʦʩʴ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ STRAIN [417]. ʇʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 11.  

 

ʊʘʙʣʠʮʘ 11. ʇʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ 

ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: 2(C3H8NO3
+
)ĿC2O4

2-
Ŀ2(H2O), Mr = 336,26, 

ʤʦʥʦʢʣʠʥʥʘʷ, P21/ʩ, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,25 Ĭ 0,15 Ĭ 0,05, Mo KŬ ʠʟʣʫʯʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,4 1,0 1,4 2,0 

a (¡) 4,8472 (3) 4,8320 (4) 4,8217 (4) 4,8110 (4) 

b (¡) 17,0785 (13) 16,9564 (14) 16,8223 (14) 16,7098 (14) 

c (¡) 16,999 (5) 16,773 (6) 16,637 (6) 16,506 (6) 

ɓ (Á) 92,308 (12) 92,812 (14) 94,011 (14) 94,255 (14) 

V (¡
3
) 1406,1 (5) 1372,6 (6) 1346,1 (5) 1323,3 (5) 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1318 1345 1226 1181 

ɼʠʘʧʘʟʦʥ h, k, l h = -6­6,  

k = -21­21,  

l = -11­11 

h = -6­6,  

k = -21­21,  

l = -10­10 

h = -6­6,  

k = -21­21,  

l = -10­10 

h = -6­6,  

k = -21­21,  

l = -10­10 

     

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,5 3,0 3,5 4,0 

a (¡) 4,8044 (5) 4,8014 (4) 4,7912 (4) 4,7637 (17) 

b (¡) 16,6023 (17) 16,4937 (14) 16,3712 (14) 16,271 (7) 

c (¡) 16,366 (8) 16,263 (7) 16,181 (8) 16,17 (4) 

ɓ (Á) 94,85 (2) 95,477 (17) 95,760 (17) 95,85 (9) 

V (¡
3
) 1300,7 (7) 1282,0 (5) 1262,8 (6) 1247 (3) 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

958 944 889 436 

ɼʠʘʧʘʟʦʥ h, k, l h = -6­6,  

k = -21­21,  

l = -10­10 

h = -6­6,  

k = -21­20,  

l = -10­10 

h = -6­6,  

k = -20­20,  

l = -10­10 

h = -6­6,  

k = -20­20,  

l = -10­10 
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2.8.5 [Co(NH3)5NO2]Cl (NO3) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Cl(NO3) ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ 

ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ 

ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʤʝʪʘʥʦʣʘ ʩ ʵʪʘʥʦʣʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʩ 

ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~10 ɻʇʘ [424,425]. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʴ ʙʳʣʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʰʝʥʘ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʦʙʨʘʟʮʘ. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʨʚʘʣʝ 0,3 ï 4,8 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʨʘʥʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [Co(NH3)5NO2]Cl(NO3) ʦʪ ʜʘʚʣʝʥʠʷ 

[139]. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. 

ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ 

ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb [426]. 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

SHELXS-97 [415], ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-97 [415]. 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʆʛʨʘʥʠʯʝʥʠʝ ISOR ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 

0,01 ¡
2
 ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ ʘʪʦʤʘ N4 ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 3,8 ʠ 

4,8 ɻʇʘ. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 12. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 914918 ī 914926. 
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ʊʘʙʣʠʮʘ 12. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5NO2]Cl(NO3) ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɼʣ ̫ ʚʩʝʭ ʩʪʨʫʢʪʫʨ: CoH15N7O5Cl, Mr  = 287,57, ʨʦʤʙʠʯʝʩʢʘʷ, Pnma, Z = 4, ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,18 Ĭ 0,15 Ĭ 0,05, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 55 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,3 0,7 1,1 2,0 

a, b, c (¡) 14,8027 (17), 

7,274 (2), 

9,6315 (16) 

14,7368 (7), 

7,2185 (8), 

9,5666 (6) 

14,6499 (8), 

7,1378 (9), 

9,5131 (7) 

14,5711 (7), 

7,0559 (8), 

9,4718 (7) 

14,4467 (9), 

6,8970 (11), 

9,4324 (8) 

V (¡
3
) 1037,1 (4) 1017,67 (13) 994,76 (15) 973,82 (14) 939,83 (18) 

Dx (ʛ/ʩʤ
3
) 1,842 1,877 1,920 1,961 2,032 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

1743 1393 1353 1419 1322 

m (ʤʤ-1) 1,93 1,96 2,01 2,05 2,13 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

5527, 790, 575 5373, 774, 598 5191, 748, 571 5131, 743, 564 4988, 728, 544 

Rint 0,086 0,077 0,080 0,076 0,080 

ɼʠʘʧʘʟʦʥ h, k, l h = -18­18,  

k = -7­7,  

l = -11­11 

h = -18­18,  

k = -7­7,  

l = -11­10 

h = -18­18,  

k = -7­6,  

l = -11­10 

h = -18­18,  

k = -6­6,  

l = -11­11 

h = -18­18,  

k = -6­6,  

l = -11­11 

R[F
2
 > 2s(F

2
)], 

wR(F
2
), S 

0,063, 0,112, 

1,08 

0,054, 0,123, 

1,06 

0,050, 0,108, 

1,09 

0,048, 0,105, 

1,07 

0,049, 0,111, 

1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ 

ʚ ʫʪʦʯʥʝʥʠʠ 

790 774 748 743 728 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

0 0 0 0 0 

Drmax, Drmin (e ¡
-3

) 0,67, -0,54 0,44, -0,49 0,54, -0,43 0,45, -0,41 0,42, -0,40 
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ʊʘʙʣʠʮʘ 12. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,2 3,2 3,8 4,8 

a, b, c (¡) 14,4199 (8), 

6,8587 (9), 

9,4303 (7) 

14,3394 (6), 

6,7347 (7), 

9,4228 (5) 

14,2937 (6), 

6,6653 (7), 

9,4211 (5) 

14,2134 (7), 

6,5517 (8), 

9,4079 (6) 

V (¡
3
) 932,67 (15) 909,98 (11) 897,58 (11) 876,07 (13) 

Dx (ʛ/ʩʤ
3
) 2,048 2,099 2,128 2,180 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1340 1339 1306 1291 

m (ʤʤ-1) 2,14 2,20 2,23 2,28 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ 

ʠ ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4867, 708, 546 4694, 694, 531 4673, 688, 518 4422, 658, 508 

Rint 0,081 0,077 0,081 0,076 

ɼʠʘʧʘʟʦʥ h, k, l h = -18­18,  

k = -6­6,  

l = -11­11 

h = -18­18,  

k = -6­6,  

l = -11­11 

h = -18­18,  

k = -6­6,  

l = -11­11 

h = -18­18,  

k = -6­6,  

l = -11­11 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,046, 0,110, 

1,06 

0,046, 0,100, 

1,06 

0,045, 0,113, 

1,05 

0,049, 0,112, 

1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 708 694 688 658 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʫʪʦʯʥʝʥʠʠ 0 0 6 6 

Drmax, Drmin (e ¡
-3

) 0,43, -0,40 0,45, -0,39 0,54, -0,48 0,41, -0,52 

   

2.8.6 [Co(NH3)5NO2]Br2 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Br2 ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 

600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ 

ʤʝʪʘʥʦʣʘ ʩ ʵʪʘʥʦʣʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ 

~10 ɻʇʘ [424,425]. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʨʚʘʣʝ 0,2 ï 6,9 ɻʇʘ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ 

ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 
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ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 ʠ Absorb-GUI [287]. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʜʦ ʪʦʯʢʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʟʚʝʩʪʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ [427]. ʉʪʨʫʢʪʫʨʘ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SIR2004 [428]. ʋʪʦʯʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-2014 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ʇʨʠ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 6,9 ɻʇʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ DELU ʠ SIMU ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʈʘʩʯʝʪ 

ʦʙʲʝʤʘ ʧʦʣʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 6,9 ɻʇʘ ʧʦʩʣʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mercury 

[421] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʝʪʦʜ çContact Surfaceè, ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʨʘʜʠʫʩ ʧʨʦʙʳ ï 0,8 ¡, ʰʘʛ ʩʝʪʢʠ ï 0,2 ¡, ʧʨʠ 6,9 ɻʇʘ ʨʘʜʠʫʩ ʧʨʦʙʳ ï 

0,3 ¡, ʰʘʛ ʩʝʪʢʠ ï 0,2 ¡. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1423454 ī 1423466. 
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ʊʘʙʣʠʮʘ 13. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5NO2]Br2 ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣʷ 

ʚʩʝʭ ʩʪʨʫʢʪʫʨ: CoH15N6O2Br2, Mr = 349,93, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,20 Ĭ 0,20 Ĭ 0,05, Mo 

KŬ ʠʟʣʫʯʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ɼʣʷ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 6,9 ɻʇʘ: ʨʦʤʙʠʯʝʩʢʘʷ, ʉmcm, Z = 4, 

ʫʪʦʯʥʝʥʠʝ ʧʦ 36 ʧʘʨʘʤʝʪʨʘʤ, 42 ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʫʪʦʯʥʝʥʠʠ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ: 

ʤʦʥʦʢʣʠʥʥʘʷ, ʉ2/c, Z = 4, ʫʪʦʯʥʝʥʠʝ ʧʦ 52 ʧʘʨʘʤʝʪʨʘʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,2 0,6 1,0 1,6 

a, b, c (¡) 10,6807 (6), 

8,8299 (8), 

10,9759 (5) 

10,6575 (5), 

8,7649 (9), 

10,9567 (5) 

10,6184 (4), 

8,6082 (8), 

10,9307 (4) 

10,6243 (5), 

8,4030 (8), 

10,9113 (5) 

10,6792 (4), 

8,0977 (7), 

10,9004 (4) 

 b (Á) 94,604 (5) 94,589 (5) 94,591 (4) 94,483 (4) 94,192 (4) 

V (¡
3
) 1031,79 (12) 1020,21 (12) 995,92 (11) 971,14 (11) 940,11 (10) 

Dx (ʛ/ʩʤ
3
) 2,253 2,278 2,334 2,393 2,472 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1571 1795 1799 1835 1813 

m (ʤʤ-1) 9,38 9,49 9,72 9,97 10,30 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

2634, 605, 

532 

2719, 588, 

541 

2610, 569, 

518 

2651, 562, 

522 

2485, 528, 

490 

Rint 0,059 0,056 0,054 0,051 0,055 

ɼʠʘʧʘʟʦʥ h, k, l h = -12­12,  

k = -8­8,  

l = -13­13 

h = -12­12,  

k = -8­8,  

l = -13­13 

h = -12­12,  

k = -8­8,  

l = -13­13 

h = -12­12,  

k = -8­8,  

l = -13­13 

h = -12­12,  

k = -7­7,  

l = -13­13 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,029, 0,068, 

1,11 

0,027, 0,058, 

1,08 

0,027, 0,063, 

1,06 

0,024, 0,056, 

1,12 

0,024, 0,053, 

1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

605 588 569 562 528 

Drmax, Drmin (e ¡
-3

) 0,40, -0,36 0,50, -0,30 0,31, -0,34 0,33, -0,32 0,31, -0,45 
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ʊʘʙʣʠʮʘ 13. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,6 3,3 3,8 4,4 

a, b, c (¡) 10,6750 (5), 

7,8148 (8), 

10,8204 (4) 

10,6557 (4), 

7,7006 (7), 

10,7594 (4) 

10,6379 (4), 

7,6361 (6), 

10,7112 (3) 

10,6148 (4), 

7,5680 (7), 

10,6476 (4) 

 b (Á) 93,829 (4) 93,693 (4) 93,601 (3) 93,508 (3) 

V (¡
3
) 900,66 (11) 881,03 (9) 868,38 (8) 853,75 (9) 

Dx (ʛ/ʩʤ
3
) 2,581 2,638 2,677 2,722 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1806 1745 1743 1712 

m (ʤʤ-1) 10,75 10,99 11,15 11,34 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

2359, 502, 

457 

1398, 484, 

439 

1833, 478, 

443 

2262, 488, 

455 

Rint 0,056 0,041 0,049 0,055 

ɼʠʘʧʘʟʦʥ h, k, l h = -12­12,  

k = -7­7,  

l = -13­13 

h = -12­12,  

k = -7­7,  

l = -13­12 

h = -12­12,  

k = -7­7,  

l = -13­13 

h = -12­12,  

k = -7­7,  

l = -13­13 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,023, 0,055, 

1,11 

0,025, 0,051, 

1,12 

0,022, 0,050, 

1,08 

0,024, 0,058, 

1,08 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 502 484 478 488 

Drmax, Drmin (e ¡
-3

) 0,30, -0,35 0,32, -0,32 0,33, -0,26 0,33, -0,30 

 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 4,8 5,5 6,0 6,9 

a, b, c (¡) 10,6023 (5), 

7,5308 (7), 

10,6049 (4) 

10,5931 (4), 

7,4783 (7), 

10,5357 (4) 

10,5914 (5), 

7,4435 (7), 

10,4601 (4) 

10,7595 (5), 

7,4390 (6), 

10,0890 (4) 

 b (Á) 93,439 (4) 93,300 (4) 93,121 (4) 90 

V (¡
3
) 845,21 (9) 833,24 (9) 823,42 (9) 807,52 (8) 

Dx (ʛ/ʩʤ
3
) 2,750 2,789 2,823 2,878 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1704 1697 1683 1696 

m (ʤʤ-1) 11,45 11,62 11,76 11,99 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

2236, 482, 

451 

2182, 475, 

441 

2170, 469, 

438 

2137, 333, 

310 

Rint 0,055 0,050 0,056 0,062 

ɼʠʘʧʘʟʦʥ h, k, l h = -12­12,  

k = -7­7,  

l = -13­13 

h = -12­12,  

k = -7­7,  

l = -12­12 

h = -12­12,  

k = -7­7,  

l = -12­12 

h = -12­12,  

k = -7­7,  

l = -12­12 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,025, 0,060, 

1,07 

0,023, 0,056, 

1,10 

0,026, 0,062, 

1,09 

0,027, 0,064, 

1,05 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 482 475 469 333 

Drmax, Drmin (e ¡
-3

) 0,39, -0,38 0,44, -0,36 0,46, -0,39 0,64, -0,52 

 



89 
 

2.8.7 1,2,4,5-ʊʝʪʨʘʙʨʦʤʙʝʥʟʦʣ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ 

ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 500 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ 

ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʪʚʝʨʩʪʠʷ 280 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʤʝʪʘʥʦʣʘ ʩ ʵʪʘʥʦʣʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʩ 

ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~10 ɻʇʘ [424,425]. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʠʥʪʝʨʚʘʣʝ 0,3 ï 3,7 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ 

ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ 

ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 [287], ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ CrysAlisPro [401]. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʚʩʝʭ ʜʘʚʣʝʥʠʷʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʥʦʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-2017 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ 

ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ShelXle 

[422]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʇʨʠ 

ʫʪʦʯʥʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ DELU ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ 

ʚʩʝʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ SIMU ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0,001 ¡
2
 ʜʣʷ ʚʩʝʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 14. 
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ʊʘʙʣʠʮʘ 14. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɼʣ ̫ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C6H2Br4, Mr  = 393,72, ʤʦʥʦʢʣʠʥʥʘʷ, P21/n, Z = 2, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ 

(ʤʤ) 0,16 Ĭ 0,05 Ĭ 0,01, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 46 ʧʘʨʘʤʝʪʨʘʤ ʩ 32 ʦʛʨʘʥʠʯʝʥʠʷʤʠ, 

ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,3 0,4 0,7 1,1 

a, b, c (¡) 4,0142 (5), 

10,6808 (16), 

10,2645 (18) 

3,9710 (4), 

10,6935 (12), 

10,1249 (15) 

3,9442 (4), 

10,7540 (13), 

9,9642 (17) 

3,8943 (3), 

10,7415 (11), 

9,8359 (15) 

3,8578 (3), 

10,7053 (10), 

9,7510 (14) 

b (Á) 100,173 (13) 100,363 (11) 100,525 (12) 100,766 (10) 100,969 (10) 

V (¡
3
) 433,17 (11) 422,93 (9) 415,53 (10) 404,21 (8) 395,34 (8) 

Dx (ʛ/ʩʤ
3
) 3,019 3,092 3,147 3,235 3,307 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

510 531 508 537 531 

m (ʤʤ-1) 18,50 18,95 19,29 19,83 20,27 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

2162, 518, 

307 

2069, 492, 

315 

1934, 463, 

295 

2020, 477, 

312 

1941, 458, 

306 

Rint 0,091 0,084 0,089 0,088 0,088 

ɼʠʘʧʘʟʦʥ 

h, k, l 
h = -5­5,  

k = -11­11,  

l = -10­10 

h = -4­4,  

k = -11­11,  

l = -10­10 

h = -4­4,  

k = -11­11,  

l = -10­10 

h = -4­4,  

k = -11­11,  

l = -9­9 

h = -4­4,  

k = -11­11,  

l = -9­9 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,048, 0,082, 

0,99 

0,046, 0,085, 

1,00 

0,049, 0,091, 

0,96 

0,047, 0,104, 

1,00 

0,048, 0,103, 

1,03 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

518 492 463 477 458 

Drmax, Drmin (e ¡
-3

) 0,74, -0,68 0,69, -0,56 0,61, -0,57 0,73, -0,76 0,72, -0,63 
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ʊʘʙʣʠʮʘ 14. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 1,6 2,0 2,7 3,2 3,7 

a, b, c (¡) 3,7960 (3), 

10,6328 (10), 

9,6813 (13) 

3,7518 (2), 

10,5760 (9), 

9,6215 (12) 

3,7043 (3), 

10,5164 (10), 

9,5543 (14) 

3,6724 (4), 

10,486 (2), 

9,505 (3) 

3,6472 (5), 

10,448 (2), 

9,465 (2) 

b (Á) 101,099 (9) 101,212 (8) 101,366 (10) 101,46 (2) 101,598 (18) 

V (¡
3
) 383,45 (7) 374,49 (6) 364,90 (7) 358,73 (14) 353,29 (12) 

Dx (ʛ/ʩʤ
3
) 3,410 3,492 3,583 3,645 3,701 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

522 490 393 239 215 

m (ʤʤ-1) 20,90 21,40 21,96 22,34 22,68 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

1872, 450, 

307 

1777, 435, 

291 

1720, 424, 

286 

1491, 404, 

241 

1574, 409, 

231 

Rint 0,086 0,091 0,094 0,117 0,158 

ɼʠʘʧʘʟʦʥ 

h, k, l 
h = -4­4,  

k = -11­11, 

l = -9­9 

h = -4­4,  

k = -11­11,  

l = -9­9 

h = -4­4,  

k = -11­11,  

l = -9­9 

h = -4­4,  

k = -11­11,  

l = -9­9 

h = -4­4,  

k = -11­11,  

l = -9­9 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,047, 0,095, 

1,07 

0,051, 0,105, 

1,05 

0,050, 0,108, 

0,99 

0,058, 0,120, 

1,05 

0,085, 0,226, 

1,00 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

450 435 424 404 409 

Drmax, Drmin (e ¡
-3

) 0,86, -0,80 0,87, -0,82 0,97, -0,77 0,97, -1,16 1,34, -1,14 

 

2.8.8 Sm2(C2O4)3Ā10H2O, SmY(C2O4)3Ā10H2O ʠ Y2(C2O4)3Ā10H2O 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʩʦʣʝʡ Sm2(C2O4)3Ŀ10H2O, 

SmY(C2O4)3Ŀ10H2O ʠ Y2(C2O4)3Ŀ10H2O ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c 

ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʘʬʠʥ 

[429]. ʉʙʦʨ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ ~6 ɻʇʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ 

ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ 

ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ 
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ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 ʠ Absorb-GUI [287]. ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ 

Sm2(C2O4)3Ŀ10H2O, ʨʘʩʰʠʬʨʦʚʘʥʥʘʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʪʦʯʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-2016 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ 

ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. ʈʘʩʯʝʪ ʦʙʲʝʤʘ 

ʧʦʣʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Mercury 

[421] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʝʪʦʜ çSolvent Accessible Surfaceè, ʨʘʜʠʫʩ 

ʧʨʦʙʳ ï 1 ¡, ʰʘʛ ʩʝʪʢʠ ï 0,1 ¡. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 15, 16, 17. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1522147 ī 1522158, 

1522159 ī 1522171, 1522218 ī 1522229. 
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ʊʘʙʣʠʮʘ 15. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Sm2(C2O4)3Ŀ10H2O ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣ ̫

ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C6H20O18Sm2, Mr  = 372,46, ʤʦʥʦʢʣʠʥʥʘʷ, P21/ʩ, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ 

(ʤʤ) 0,25 Ĭ 0,08 Ĭ 0,03, ʜʠʘʧʘʟʦʥ h, k, l: h = -14­14 , k = -3­3 ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʈ Ò 1,6 ɻʇʘ, 

k = -2­2 ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʈ > 1,6 ɻʇʘ, l = -12­12, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʫʪʦʯʥʝʥʠʝ ʧʦ 67 

ʧʘʨʘʤʝʪʨʘʤ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,2  0,5 0,9 

a, b, c (¡) 11,5650 (4), 

9,648 (3), 

10,1371 (3) 

11,5671 (4), 

9,559 (3), 

10,1278 (3) 

11,5609 (4), 

9,425 (3), 

10,1137 (3) 

11,5494 (4), 

9,226 (4), 

10,1104 (4) 

b (Á) 118,898 (4) 118,955 (4) 119,024 (4) 119,132 (5) 

V (¡
3
) 990,3 (3) 979,8 (3) 963,6 (3) 941,0 (4) 

Dx (ʛ/ʩʤ
3
) 2,498 2,525 2,567 2,629 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

3675 3613 3488 3398 

m (ʤʤ-1) 5,98 6,04 6,14 6,29 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

5215, 673, 

630  

5150, 670, 

631  

4914, 635, 

594  

4760, 607, 

569  

Rint 0,056 0,058 0,063 0,063 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,040, 0,107, 

1,07 

0,040, 0,104, 

1,07 

0,034, 0,083, 

1,06 

0,031, 0,078, 

1,09 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 673 670 635 607 

Drmax, Drmin (e ¡
-3

) 0,76, -0,98 0,82, -0,96 0,63, -0,65 0,53, -0,76 

 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 1,6  2,1  2,7  3,3  

a, b, c (¡) 11,5394 (5), 

8,834 (4), 

10,1363 (4) 

11,5249 (6), 

8,610 (4), 

10,1323 (5) 

11,5159 (7), 

8,476 (5), 

10,1244 (5) 

11,5017 (8), 

8,342 (6), 

10,1133 (7) 

b (Á) 119,134 (5) 119,130 (6) 119,148 (7) 119,195 (8) 

V (¡
3
) 902,5 (4) 878,3 (5) 863,1 (5) 847,1 (6) 

Dx (ʛ/ʩʤ
3
) 2,741 2,817 2,866 2,920 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

2614 2824 2815 2670 

m (ʤʤ-1) 6,56 6,74 6,86 6,99 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4443, 573, 

540  

4534, 581, 

561  

4495, 580, 

557  

4430, 576, 

551  

Rint 0,063 0,061 0,060 0,060 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,039, 0,100, 

1,07 

0,032, 0,083, 

1,07 

0,032, 0,081, 

1,08 

0,031, 0,079, 

1,06 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 573 581 580 576 

Drmax, Drmin (e ¡
-3

) 1,09, -1,16 0,96, -0,90 1,05, -0,98 1,14, -1,07 
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ʊʘʙʣʠʮʘ 15. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 3,8  4,4  5,1 5,7 

a, b, c (¡) 11,4970 (7), 

8,243 (5), 

10,1090 (6) 

11,4955 (7), 

8,131 (5), 

10,1134 (6) 

11,4890 (7), 

8,026 (4), 

10,1165 (5) 

11,4822 (6), 

7,939 (4), 

10,1192 (5) 

b (Á) 119,256 (7) 119,316 (7) 119,419 (7) 119,511 (7) 

V (¡
3
) 835,8 (5) 824,2 (5) 812,5 (4) 802,8 (4) 

Dx (ʛ/ʩʤ
3
) 2,960 3,001 3,045 3,082 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

2610 2639 2733 2733 

m (ʤʤ-1) 7,08 7,18 7,29 7,37 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4395, 575, 

557  

4281, 563, 

541  

4205, 561, 

544  

4173, 565, 

543  

Rint 0,059 0,062 0,066 0,067 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,031, 0,078, 

1,05 

0,030, 0,076, 

1,06 

0,032, 0,080, 

1,09 

0,034, 0,088, 

1,11 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 575 563 561 565 

Drmax, Drmin (e ¡
-3

) 0,94, -1,01 0,92, -1,00 1,00, -1,02 1,14, -1,21 

 

ʊʘʙʣʠʮʘ 16. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ SmY(C2O4)3Ŀ10H2O ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣ ̫

ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C6H20O18SmY, Mr  = 341,74, ʤʦʥʦʢʣʠʥʥʘʷ, P21/ʩ, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ 

(ʤʤ) 0,17 Ĭ 0,07 Ĭ 0,05, ʜʠʘʧʘʟʦʥ h, k, l: h = -14­14 , k = -5­5 ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʈ Ò 2,4 ɻʇʘ, 

k = -4­4 ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʈ > 2,4 ɻʇʘ, l = -12­12, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ 

ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,2  0,6  1,1  

a, b, c (¡) 11,4650 (5), 

9,5903 (19), 

10,0224 (4) 

11,4631 (6), 

9,505 (2), 

10,0140 (5) 

11,4528 (5), 

9,381 (2), 

10,0066 (4) 

11,4301 (6), 

9,275 (2), 

10,0282 (5) 

b (Á) 118,817 (5) 118,878 (6) 118,940 (6) 118,948 (7) 

V (¡
3
) 965,5 (2) 955,5 (2) 940,8 (2) 930,3 (3) 

Dx (ʛ/ʩʤ
3
) 2,351 2,376 2,413 2,440 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

2633 2607 2537 2225 

m (ʤʤ-1) 6,11 6,17 6,27 6,34 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

5182, 923, 

826 

4312, 826, 

709 

5019, 890, 

791 

4787, 890, 

791 

Rint 0,060 0,062 0,065 0,064 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,040, 0,095, 

1,03 

0,039, 0,095, 

1,06 

0,041, 0,103, 

1,07 

0,046, 0,115, 

1,05 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 923 826 890 890 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 76 76 76 71 

Drmax, Drmin (e ¡
-3

) 0,69, -0,49 0,75, -0,43 0,78, -0,47 1,03, -0,58 

 

  



95 
 

ʊʘʙʣʠʮʘ 16. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 1,8  2,4  2,8  3,3  

a, b, c (¡) 11,3983 (6), 

9,135 (2), 

9,9822 (5) 

11,3787 (7), 

9,088 (2), 

9,9732 (6) 

11,3594 (8), 

9,026 (3), 

9,9426 (7) 

11,3212 (16), 

8,997 (6), 

9,8998 (14) 

b (Á) 118,940 (7) 118,999 (8) 118,954 (9) 118,911 (18) 

V (¡
3
) 909,6 (2) 902,0 (3) 892,0 (3) 882,7 (6) 

Dx (ʛ/ʩʤ
3
) 2,496 2,516 2,545 2,571 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

2232 1644 1479 797 

m (ʤʤ-1) 6,49 6,54 6,61 6,68 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4873, 865, 

762 

4732, 864, 

694 

4677, 854, 

661 

4510, 837, 

566 

Rint 0,069 0,087 0,096 0,131 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,049, 0,122, 

1,07 

0,085, 0,227, 

1,07 

0,094, 0,245, 

1,11 

0,145, 0,370, 

1,36 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 865 864 854 837 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 71 70 70 71 

Drmax, Drmin (e ¡
-3

) 1,14, -0,58 2,43, -2,28 3,46, -1,54 5,23, -2,35 

 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 3,8  4,6  5,3  6,2  

a, b, c (¡) 11,3207 (15), 

8,609 (8), 

9,9150 (17) 

11,3141 (15), 

8,379 (5), 

9,9247 (14) 

11,2855 (18), 

8,303 (6), 

9,8971 (17) 

11,254 (2), 

8,190 (8), 

9,875 (2) 

b (Á) 119,040 (19) 118,962 (18) 118,96 (2) 118,96 (3) 

V (¡
3
) 844,8 (9) 823,2 (5) 811,5 (6) 796,4 (8) 

Dx (ʛ/ʩʤ
3
) 2,687 2,757 2,797 2,850 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

666 632 621 609 

m (ʤʤ-1) 6,98 7,17 7,27 7,41 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4138, 795, 

484 

4185, 790, 

543 

4066, 774, 

500 

4000, 757, 

499 

Rint 0,143 0,129 0,153 0,142 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,107, 0,322, 

1,05 

0,086, 0,241, 

1,03 

0,082, 0,222, 

1,08 

0,083, 0,213, 

1,07 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 795 790 774 757 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 70 70 70 65 

Drmax, Drmin (e ¡
-3

) 1,72, -2,31 2,06, -1,79 1,18, -0,99 1,09, -1,23 
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ʊʘʙʣʠʮʘ 17. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Y2(C2O4)3Ŀ10H2O ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣ ̫ʚʩʝʭ 

ʩʪʨʫʢʪʫʨ: C6H20O18Y2, Mr  = 311,02, ʤʦʥʦʢʣʠʥʥʘʷ, P21/ʩ, Z = 4, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,20 

Ĭ 0,07 Ĭ 0,02, ʜʠʘʧʘʟʦʥ h, k, l: h = -14­14 , k = -3­3, l = -12­12, Mo KŬ ʠʟʣʫʯʝʥʠʝ, 

ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 0,3  0,4  1,0  1,5  

a, b, c (¡) 11,3863 (5), 

9,599 (4), 

9,9561 (5) 

11,3852 (6), 

9,507 (5), 

9,9468 (5) 

11,3820 (6), 

9,461 (5), 

9,9395 (5) 

11,3575 (7), 

9,309 (5), 

9,9561 (7) 

11,3410 (8), 

9,212 (5), 

9,9534 (8) 

b (Á) 118,756 (6) 118,818 (7) 118,853 (7) 118,908 (9) 118,91 (1) 

V (¡
3
) 954,0 (4) 943,3 (5) 937,5 (5) 921,4 (5) 910,2 (5) 

Dx (ʛ/ʩʤ
3
) 2,165 2,190 2,204 2,242 2,270 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

2393 2096 2076 1622 1405 

m (ʤʤ-1) 6,16 6,23 6,27 6,38 6,46 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4789, 709, 

639 

4754, 710, 

612 

4795, 715, 

617 

4680, 704, 

579 

4596, 700, 

558 

Rint 0,059 0,070 0,072 0,088 0,084 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,051, 0,130, 

1,06 

0,052, 0,134, 

1,06 

0,054, 0,139, 

1,07 

0,058, 0,150, 

1,04 

0,066, 0,178, 

1,04 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

709 710 715 704 700 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

72 72 72 72 72 

Drmax, Drmin (e ¡
-3

) 0,71, -0,70 0,66, -0,69 0,69, -0,70 0,69, -0,83 1,01, -0,65 

 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 2,0  2,5  3,2  3,6  

a, b, c (¡) 11,3294 (8), 

9,100 (5), 

9,9422 (8) 

11,3160 (7), 

8,994 (4), 

9,9230 (7) 

11,3203 (8), 

8,836 (5), 

9,9212 (10) 

11,3104 (10), 

8,589 (9), 

9,9150 (13) 

b (Á) 118,92 (1) 118,864 (8) 118,899 (11) 118,903 (14) 

V (¡
3
) 897,2 (5) 884,4 (4) 868,8 (6) 843,2 (9) 

Dx (ʛ/ʩʤ
3
) 2,303 2,336 2,378 2,450 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

1391 1323 1029 778 

m (ʤʤ-1) 6,55 6,65 6,77 6,97 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4532, 686, 

555 

3632, 610, 

478 

4341, 672, 

508 

3968, 618, 

452 

Rint 0,092 0,095 0,126 0,113 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,071, 0,181, 

1,07 

0,070, 0,196, 

1,10 

0,099, 0,292, 

1,04 

0,084, 0,237, 

1,03 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 686 610 672 618 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 72 72 72 72 

Drmax, Drmin (e ¡
-3

) 0,90, -0,74 0,98, -0,97 1,90, -1,31 1,71, -1,14 
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ʊʘʙʣʠʮʘ 17. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 4,2  4,7  5,4  6,1  

a, b, c (¡) 11,3019 (11), 

8,308 (6), 

9,9407 (12) 

11,2976 (9), 

8,215 (6), 

9,9382 (10) 

11,2876 (10), 

8,109 (7), 

9,9351 (11) 

11,2853 (10), 

8,007 (6), 

9,9410 (11) 

b (Á) 118,847 (14) 118,855 (12) 118,914 (13) 119,000 (13) 

V (¡
3
) 817,5 (6) 807,9 (6) 796,0 (7) 785,6 (6) 

Dx (ʛ/ʩʤ
3
) 2,527 2,557 2,595 2,630 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

984 1099 1094 1047 

m (ʤʤ-1) 7,19 7,28 7,39 7,48 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

4066, 588, 

451 

3598, 549, 

449 

3927, 573, 

473 

3831, 561, 

460 

Rint 0,112 0,100 0,104 0,109 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,086, 0,242, 

1,07 

0,083, 0,226, 

1,10 

0,088, 0,250, 

1,17 

0,084, 0,235, 

1,11 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 588 549 573 561 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 62 62 62 62 

Drmax, Drmin (e ¡
-3

) 1,52, -1,30 1,63, -0,97 1,65, -0,92 1,51, -1,06 

 

2.8.9 ʊʦʣʘʟʘʤʠʜ (ʬʦʨʤʘ II) 

ʇʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʪʦʣʘʟʘʤʠʜʘ I ʠ II  ʧʝʨʝʜ ʜʠʬʨʘʢʮʠʦʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʬʦʨʤʳ II  ʪʦʣʘʟʘʤʠʜʘ ʚ 

ʬʦʨʤʫ I ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 

100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʪʦʣʘʟʘʤʠʜʘ ʚ ʤʝʪʘʥʦʣʝ (ʧʨʝʜʝʣ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ʤʝʪʘʥʦʣʘ ~3,5 ɻʇʘ [424]). 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʚ ʷʯʝʡʢʫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʪʦʣʘʟʘʤʠʜʘ (ʬʦʨʤʘ II) 

ʜʘʚʣʝʥʠʝ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʜʦ 0,1 ɻʇʘ. ʇʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʙʨʘʟʮʘ. ɺ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ ʜʘʚʣʝʥʠʝ ʙʳʣʦ 

ʫʚʝʣʠʯʝʥʦ ʜʦ 6,1 ɻʇʘ. ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝ ʨʘʩʪʚʦʨʷʶʱʘʷ ʦʙʨʘʟʝʮ ʩʤʝʩʴ 

ʥ-ʧʝʥʪʘʥʘ ʩ 2-ʤʝʪʠʣʙʫʪʘʥʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʝʜʝʣʦʤ 



98 
 

ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~7 ɻʇʘ [424]. ʉʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʣʩ ̫ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra. ʉʙʦʨ ʜʘʥʥʳʭ ʠ 

ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 

0,3 ï 6,8 ɻʇʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ 

ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 ʠ Absorb-GUI [287]. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʳ II ʪʦʣʘʟʘʤʠʜʘ, ʨʘʩʰʠʬʨʦʚʘʥʥʘʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ [12], ʫʪʦʯʥʝʥʠʝ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-2014 

[420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʜʘʚʣʝʥʠʷʭ Ò 

6,1 ɻʇʘ, ʠ ʚ ʠʟʦʪʨʦʧʥʦʤ ï ʧʨʠ ʜʘʚʣʝʥʠʠ 6,8 ɻʇʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʛʨʘʥʠʯʝʥʠʷ SIMU ʠ DELU ʜʣʷ ʚʩʝʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝ 

SADI ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʘʟʝʧʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠ ʫʪʦʯʥʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 18. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1493069 ī 1493078. 
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ʊʘʙʣʠʮʘ 18. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʦʣʘʟʘʤʠʜʘ (ʬʦʨʤʘ II ) ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɼʣ ̫ʚʩʝʭ ʩʪʨʫʢʪʫʨ: C14H21N3O3S, Mr  = 311,40, ʪʨʠʢʣʠʥʥʘʷ, P-1, Z = 2, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ 

(ʤʤ) 0,17 Ĭ 0,10 Ĭ 0,02, ʜʠʘʧʘʟʦʥ h, k, l: h = -7­7 , k = -10­10 (k = -10­10 ʜʣʷ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ 0,3 ɻʇʘ), l = -6­6, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ 

ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,3  1,0  1,7  2,5  3,3  

a, b, c (¡) 6,3489 (4), 

8,8785 (5), 

13,387 (3) 

6,1901 (4), 

8,6946 (6), 

13,321 (3) 

6,0717 (3), 

8,5574 (5), 

13,251 (2) 

5,9953 (3), 

8,4598 (4), 

13,189 (2) 

5,9272 (3), 

8,3697 (4), 

13,124 (2) 

a, b, g (Á) 81,965 (10), 

85,674 (10), 

84,251 (5) 

81,572 (11), 

86,221 (10), 

83,180 (5) 

81,402 (9), 

86,675 (9), 

82,667 (5) 

81,453 (9), 

86,954 (9), 

82,427 (4) 

81,580 (8), 

87,185 (8), 

82,254 (4) 

V (¡
3
) 742,01 (16) 703,33 (16) 674,67 (13) 655,38 (13) 637,89 (12) 

Dx (ʛ/ʩʤ
3
) 1,394 1,470 1,533 1,578 1,621 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

762 839 906 930 942 

m (ʤʤ-1) 0,23 0,25 0,26 0,26 0,27 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ [I > 

2s(I)] ʨʝʬʣʝʢʩʦʚ 

3722, 1016, 

652  

3542, 979, 

660  

3415, 939, 

666  

3276, 904, 

643  

3135, 869, 

642  

Rint 0,097 0,095 0,087 0,087 0,085 

R[F
2
 > 2s(F

2
)], wR(F

2
), 

S 

0,053, 0,143, 

0,97 

0,049, 0,135, 

0,94 

0,047, 0,115, 

0,94 

0,042, 0,114, 

0,99 

0,042, 0,078, 

1,11 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1016 979 939 904 869 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

210 210 210 210 191 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

248 248 248 248 184 

Drmax, Drmin (e ¡
-3

) 0,13, -0,19 0,14, -0,18 0,14, -0,14 0,18, -0,20 0,14, -0,16 
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ʊʘʙʣʠʮʘ 18. ʇʨʦʜʦʣʞʝʥʠʝ 

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 4,0 4,7 5,5 6,1 6,8 

a, b, c (¡) 5,8787 (3), 

8,2985 (4), 

13,070 (2) 

5,8398 (3), 

8,2425 (4), 

13,031 (3) 

5,7996 (3), 

8,1816 (4), 

12,978 (3) 

5,7694 (3), 

8,1369 (4), 

12,941 (3) 

5,7365 (3), 

8,0902 (4), 

12,894 (2) 

a, b, g (Á) 81,714 (8), 

87,395 (8), 

82,183 (4) 

81,891 (8), 

87,556 (8), 

82,156 (4) 

82,064 (9), 

87,702 (9), 

82,134 (4) 

82,207 (9), 

87,842 (9), 

82,147 (4) 

82,422 (8), 

88,028 (8), 

82,178 (4) 

V (¡
3
) 624,86 (12) 614,97 (13) 604,02 (13) 596,16 (12) 587,59 (11) 

Dx (ʛ/ʩʤ
3
) 1,655 1,682 1,712 1,735 1,760 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

956 942 936 926 885 

m (ʤʤ-1) 0,28 0,28 0,29 0,29 0,29 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ [I > 

2s(I)] ʨʝʬʣʝʢʩʦʚ 

3135, 866, 

647 

3104, 856, 

641 

3047, 841, 

629 

3006, 824, 

629 

2957, 809, 

599 

Rint 0,082 0,083 0,085 0,079 0,084 

R[F
2
 > 2s(F

2
)], wR(F

2
), 

S 

0,044, 0,101, 

1,10 

0,043, 0,108, 

1,07 

0,041, 0,097, 

1,04 

0,044, 0,103, 

1,06 

0,050, 0,119, 

1,10 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

866 856 841 824 809 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

191 191 191 191 86 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

184 184 184 184 0 

Drmax, Drmin (e ¡
-3

) 0,17, -0,16 0,17, -0,18 0,15, -0,17 0,19, -0,17 0,21, -0,26 

 

2.9 ɼʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʧʨʝʚʨʘʱʝʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

[Co(NH3)5ONO]Cl(NO3) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʪʘʥʮʠʠ ID15B ʚ ESRF. ɼʣʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ~30 ʢʵɺ 

(ɚ = 0,4109 ¡). ɺʨʝʤʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʦʩʪʘʚʠʣʦ ~15 ʤʠʥʫʪ. ɺʩʝʛʦ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 12 ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʝʨʝʜ ʧʝʨʚʳʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠʩʭʦʜʥʳʡ ʢʨʠʩʪʘʣʣ [Co(NH3)5NO2]Cl(NO3) 

ʦʙʣʫʯʘʣʩʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʟʝʣʝʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3). 
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ʇʝʨʝʜ ʚʪʦʨʳʤ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʦʙʣʫʯʘʣʩʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ [Co(NH3)5ONO]Cl(NO3), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʙʦʨʦʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ in situ. ʕʢʩʧʝʨʠʤʝʥʪʳ 3-5 ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ~2 ʯʘʩʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

[Co(NH3)5ONO]Cl(NO3) Ÿ [Co(NH3)5NO2]Cl(NO3). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 6-9 ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʞʠʛʘʣʩ ̫ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ 

ʧʨʠ 333 K ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ, ʠ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 10 ʢʨʠʩʪʘʣʣ ʦʪʞʠʛʘʣʩ ̫ʧʨʠ 

343 K ʚ ʪʝʯʝʥʠʝ 50 ʤʠʥʫʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ [Co(NH3)5NO2]Cl(NO3). 

ʇʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 11 [Co(NH3)5NO2]Cl(NO3) ʦʙʣʫʯʘʣʩ ̫ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ 

ʩʚʝʪʦʤ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

[Co(NH3)5ONO]Cl(NO3) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʙʦʨʦʤ ʜʘʥʥʳʭ in situ. ʇʝʨʝʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ 12 ʧʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʦʪʞʠʛʘʣʩʷ ʪʝʯʝʥʠʝ 7 ʤʠʥʫʪ ʧʨʠ 333 K. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 12 ʦʙʨʘʟʮʦʚ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ x ʦʪ 0 ʜʦ 1. ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʤ ʫʯʪʝʥʦ ʵʤʧʠʨʠʯʝʩʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ CrysAlisPro [401]. 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

SHELXS-2016 [420] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXL-2016 [420]. ɺ ʢʘʯʝʩʪʚʝ 

ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ShelXle [422]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʠʪʦ-ʬʦʨʤʳ ʚ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʝ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʠʩʭʦʜʷ ʠʟ ʫʪʦʯʥʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʩʝʣʝʥʥʦʩʪʠ ʧʦʟʠʮʠʡ ʜʣʷ ʣʠʛʘʥʜʦʚ NO2 ʠ ONO, 

ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʜʦʣʞʥʳ ʜʘʚʘʪʴ 1. ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʵʪʠʭ 

ʣʠʛʘʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ DFIX, SIMU ʠ DELU. ʆʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 19. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1536477 ï 1536488. 
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ʊʘʙʣʠʮʘ 19. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5(NO2)x(ONO)1-x]Cl(NO3) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ x. ɼʣ ̫ʚʩʝʭ ʩʪʨʫʢʪʫʨ: CoH15N7O5Cl, Mr  = 287,57, ʨʦʤʙʠʯʝʩʢʘʷ, Pnma, Z = 4, 

ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,25 Ĭ 0,05 Ĭ 0,01, ɚ = 0,4109 ¡, ɛ = 0,43 ʤʤ
-1

, ʫʪʦʯʥʝʥʠʝ ʧʦ 76 

ʧʘʨʘʤʝʪʨʘʤ ʧʨʠ x = 0 ʠ 1 (ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ï 95), ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ 

ʤʦʜʝʣʠ ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ˉ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

1 2 3 4 5 6 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ONO 

0,6227 (85) 1 0,780 (11) 0,690 (11) 0,607 (10) 0,398 (10)  

a, b, c (¡) 14,6048 (15), 

7,4486 (4), 

9,5237 (5) 

14,4710 (9), 

7,5428 (3), 

9,4556 (5) 

14,5467 (12), 

7,4933 (4), 

9,4931 (5) 

14,5868 (13), 

7,4684 (3), 

9,5130 (5) 

14,6166 (11), 

7,4465 (3), 

9,5286 (5) 

14,7005 (12), 

7,3877 (3), 

9,5676 (5) 

V (¡
3
) 1036,05 (13) 1032,10 (9) 1034,78 (11) 1036,34 (12) 1037,12 (11) 1039,07 (11) 

Dx (ʛ/ʩʤ
3
) 1,844 1,851 1,846 1,843 1,842 1,838 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

526 671 560 510 588 640 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ 

ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

3398, 1050, 

820 

4527, 1111, 

871 

4495, 1122, 

828 

4452, 1120, 

782 

4384, 1121, 

811 

4406, 1121, 

813 

Rint 0,043 0,057 0,055 0,071 0,082 0,065 

ɼʠʘʧʘʟʦʥ  

h, k, l 
h = -13­17,  

k = -9­9, 

l = -11­11 

h = -18­15,  

k = -9­9,  

l = -11­11 

h = -15­18,  

k = -9­9,  

l = -11­11 

h = -16­18,  

k = -9­9,  

l = -11­11 

h = -18­15,  

k = -9­9,  

l = -11­11 

h = -16­18,  

k = -9­9,  

l = -11­11 

R[F
2
 > 

2s(F
2
)], 

wR(F
2
), S 

0,042, 0,120, 

1,19 

0,049, 0,145, 

1,20 

0,056, 0,171, 

1,13 

0,059, 0,174, 

1,14 

0,056, 0,168, 

1,13 

0,051, 0,152, 

1,07 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1050 1111 1122 1120 1121 1121 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʠʡ 

ʚ ʫʪʦʯʥʝʥʠʠ 

90 0 84 90 90 84 

Drmax, Drmin 

(e ¡
-3

) 

0,52, -0,51 0,70, -0,83 0,60, -1,06 1,24, -1,00 1,14, -0,76 0,89, -0,76 
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ʊʘʙʣʠʮʘ 19. ʇʨʦʜʦʣʞʝʥʠʝ 

ˉ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

7 8 9 10 11 12 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ONO 

0,292 (10) 0,233 (12) 0,191 (11) 0 1 0,4822 (90) 

a, b, c (¡) 14,7295 (11), 

7,3639 (3), 

9,5828 (4) 

14,7589 (12), 

7,3480 (3), 

9,5909 (4) 

14,7688 (10), 

7,3395 (3), 

9,5973 (4) 

14,8308 (13), 

7,2957 (4), 

9,6188 (5) 

14,4836 (12), 

7,5409 (4), 

9,4574 (5) 

14,6615 (14), 

7,4138 (4), 

9,5536 (5) 

V (¡
3
) 1039,42 (10) 1040,11 (11) 1040,30 (10) 1040,77 (12) 1032,92 (11) 1038,45 (13) 

Dx (ʛ/ʩʤ
3
) 1,838 1,836 1,836 1,835 1,849 1,839 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ 

ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

705 631 618 645 625 629 

ʏʠʩʣʦ 

ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ 

ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

4487, 1125, 

841 

4458, 1126, 

810 

4458, 1120, 

804 

4451, 1123, 

825 

4477, 1108, 

826 

4491, 1119, 

832 

Rint 0,055 0,067 0,067 0,069 0,064 0,058 

ɼʠʘʧʘʟʦʥ  

h, k, l 
h = -16­18,  

k = -9­9,  

l = -11­11 

h = -16­18,  

k = -9­9,  

l = -11­11 

h = -16­18,  

k = -9­9,  

l = -11­11 

h = -15­18,  

k = -9­9,  

l = -12­12 

h = -15­17,  

k = -9­9,  

l = -11­11 

h = -15­18,  

k = -9­9,  

l = -11­11 

R[F
2
 > 

2s(F
2
)], 

wR(F
2
), S 

0,050, 0,149, 

1,11 

0,057, 0,189, 

1,13 

0,055, 0,186, 

1,16 

0,049, 0,150, 

1,17 

0,055, 0,175, 

1,14 

0,046, 0,132, 

1,12 

ʏʠʩʣʦ 

ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

1125 1126 1120 1123 1108 1119 

ʏʠʩʣʦ 

ʦʛʨʘʥʠʯʝʥʠʡ 

ʚ ʫʪʦʯʥʝʥʠʠ 

90 84 84 0 0 90 

Drmax, Drmin 

(e ¡
-3

) 

0,75, -0,89 0,89, -1,01 0,71, -1,16 1,03, -0,89 0,60, -0,94 0,78, -0,71 
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2.10 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ Sm2(C2O4)3Ŀ10H2O ʠ Y2(C2O4)3Ŀ10H2O ʠ ʧʨʦʜʫʢʪʦʚ 

ʠʭ ʜʝʛʠʜʨʘʪʘʮʠʠ ï Sm2(C2O4)3Ŀ6H2O ʠ Y2(C2O4)3Ŀ6H2O 

ʀʩʭʦʜʥʳʝ ʜʝʢʘʛʠʜʨʘʪʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʜʝʛʠʜʨʘʪʘʮʠʠ ï ʛʝʩʢʘʛʠʜʨʘʪʳ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʇ.ɸ. ɻʨʠʙʦʚʳʤ, ɼ.ɺ. ʄʘʩʣʝʥʥʠʢʦʚʳʤ ʠ ʢ.ʭ.ʥ. ɸ.ɸ ʄʘʪʚʠʝʥʢʦ ʧʦ 

ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ [16,17]. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʚʳʧʦʣʥʷʣʦʩʴ ex situ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

SHELXS-97 [415] ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXL (ʚʝʨʩʠʠ 97 ʠ 2016) [415,420]. ɺ 

ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʤ ʫʯʠʪʳʚʘʣʦʩʴ ʵʤʧʠʨʠʯʝʩʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

CrysAlisPro [401]. ʆʩʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 20. ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ Sm2(C2O4)3Ŀ10H2O ʠ Sm2(C2O4)3Ŀ6H2O ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 

1521443 ʠ 1521444, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʨʠʝʥʪʘʮʠʦʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʧʨʝʚʨʘʱʝʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʜʦʤʝʥʦʚ Y2(C2O4)3Ŀ10H2O ʠ ʤʦʥʦʢʣʠʥʥʦʛʦ Y2(C2O4)3Ŀ6H2O. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CrysAlisPro [401]. ɸʥʠʟʦʪʨʦʧʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʜʘʥʥʳʤ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ 

Sm2(C2O4)3Ŀ10H2O Ÿ Sm2(C2O4)3Ŀ6H2O + 4H2O ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Win_Strain [423]. ʊʘʢʞʝ ʢ.ʭ.ʥ. ɸ.ɸ ʄʘʪʚʠʝʥʢʦ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʪʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ Sm2(C2O4)3Ŀ10H2O ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

[16]. 
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ʊʘʙʣʠʮʘ 20. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʛʠʜʨʘʪʦʚ, Mo KŬ ʠʟʣʫʯʝʥʠʝ, ʚʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ 

ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʫʪʦʯʥʷʣʠʩʴ 

ʩʤʝʰʘʥʥʦ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʤʝʞʩʣʦʝʚʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ DFIX  ʠ ISOR 

ʌʦʨʤʫʣʘ Sm2(C2O4)3Ŀ

10H2O 

Sm2(C2O4)3Ŀ

6H2O 

Y2(C2O4)3Ŀ 

10H2O 

Y2(C2O4)3Ŀ 

6H2O 

Y2(C2O4)3Ŀ 

6H2O 

Mr 372,46 336,43 311,02 274,99 274,99 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʩʠʤʤʝʪʨʠʠ 

P21/c P21/c P21/c P21/c P-1 

a, b, c (¡) 11,5863 (5), 

9,6080 (2), 

10,1371 (2) 

8,4368 (3), 

9,7963 (3), 

9,4986 (4) 

11,3868 (3), 

9,58497 (19), 

9,9387 (3) 

8,3024 (2), 

9,7217 (3), 

9,3446 (3) 

6,2956 (8), 

6,6979 (10), 

9,6903 (12) 

a, b, g (Á) 90, 118,906 

(2), 90 

90, 90,393 

(3), 90 

90, 118,768 

(4), 90 

90, 90,226 

(3), 90 

75,020 (12), 

80,901 (11), 

81,273 (12) 

V (¡
3
) 987,88 (5) 785,04 (5) 950,85 (5) 754,23 (4) 387,12 (9) 

Z 4 4 4 4 2 

Dx (ʛ/ʩʤ
3
) 2,504 2,846 2,173 2,422 2,359 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

4549 1917 3426 532 396 

m (ʤʤ-1) 5,99 7,51 6,18 7,76 7,56 

ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,30 Ĭ 0,10 

Ĭ 0,02 

0,12 Ĭ 0,10 

Ĭ 0,01 

0,40 Ĭ 0,15 Ĭ 

0,05 

0,20 Ĭ 0,05 

Ĭ 0,01 

0,20 Ĭ 0,14 

Ĭ 0,02 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

6384, 2022, 

1853 

4769, 1595, 

1181 

6221, 1942, 

1753 

4587, 1544, 

1101 

2363, 1469, 

1142 

Rint 0,033 0,035 0,038 0,046 0,069 

ɼʠʘʧʘʟʦʥ h, k, l h = -14­12, 

k = -12­11, 

l = -11­12 

h = -10­9,  

k = -12­10, 

l = -11­11 

h = -14­14, 

k = -11­11, 

l = -12­12 

h = -9­10,  

k = -11­12, 

l = -10­11 

h = -7­7,  

k = -8­8,  

l = -11­11 

R[F
2
 > 2s(F

2
)], wR(F

2
), S 0,022, 0,056, 

1,04 

0,030, 0,066, 

1,04 

0,031, 0,077, 

1,07 

0,032, 0,069, 

1,00 

0,085, 0,188, 

1,14 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ 

ʫʪʦʯʥʝʥʠʠ 

2022 1595 1942 1544 1469 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ 176 136 176 136 118 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

31 6 30 6 0 

Drmax, Drmin (e ¡
-3

) 0,76, -0,72 1,46, -0,74 0,48, -0,68 0,69, -0,45 1,22, -0,85 

 

2.11 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʘʣʠʯʠʷ ʟʘʪʨʘʚʢʠ ʥʘ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʂʨʠʩʪʘʣʣʳ Ŭ-, ɓ- ʠ ŭ-ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʙʳʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʛʨʫʞʝʥʳ ʚ ʦʜʥʫ ʷʯʝʡʢʫ c ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 
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Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 

100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʥ-ʧʝʥʪʘʥʘ ʩ 2-ʤʝʪʠʣʙʫʪʘʥʦʤ ʚ ʦʙʲʝʤʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~7 ɻʇʘ [424]. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʷʯʝʡʢʠ ʜʘʚʣʝʥʠʝ ʧʦʚʳʩʠʣʠ ʜʦ 0,5 ɻʇʘ ʠ ʚʳʜʝʨʞʘʣʠ ʷʯʝʡʢʫ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ, ʪʦʛʜʘ ʢʘʢ ʢʨʠʩʪʘʣʣʳ Ŭ- ʠ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʚʠʟʫʘʣʴʥʦ 

ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʫʧʘʣʦ ʜʦ 0,3 ɻʇʘ ʠ 

ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʠʛʣ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʨʘʟʤʝʨʘʭ 

ʢʨʠʩʪʘʣʣʘ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʘ 

ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ. ʂʨʠʩʪʘʣʣ Ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʚʠʟʫʘʣʴʥʦ ʥʝ ʠʟʤʝʥʷʣʩʷ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚ ʷʯʝʡʢʫ ʧʦʤʝʱʘʣʩ ̫

ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʩʪʚʦʨʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʨʦʩʪ ʥʦʚʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʷʯʝʡʢʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʂʈ-ʩʧʝʢʪʨʳ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 

~ 3 ɻʇʘ. ʀʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ex situ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʪʘʥʮʠʠ ESRF 

BM01A, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʩʪʨʫʢʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 

ʬʘʟʝ ɔ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ [390]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ Ŭ-, ɔ- ʠ ŭ-ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʢʨʠʩʪʘʣʣʳ ʜʘʥʥʳʭ ʬʦʨʤ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʷʯʝʡʢʫ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʘʨʘʬʠʥ [429]. ɼʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Gemini R Ultra. ʇʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 21. 
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ʊʘʙʣʠʮʘ 21. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʭʣʦʨʧʨʦʧʘʤʠʜʘ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

 

2.12 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤ 

ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʂʨʠʩʪʘʣʣʳ ɓ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʚ ʷʯʝʡʢʘʭ ʩ ʘʣʤʘʟʥʳʤʠ 

ʥʘʢʦʚʘʣʴʥʷʤʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʝʪʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 22. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʢʨʦʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʥʮʠʠ BM01A ʚ ESRF. 

ɼʣʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ 

~18 ʢʵɺ (ɚ = 0,69783 ¡). ɼʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʣʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʪʘʥʮʠʠ ID09A ʚ ESRF. ɼʣʷ ʵʪʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ~30 ʢʵɺ (ɚ = 0,413 ¡). 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʙʨʘʟʮʦʚ. ʈʘʩʯʝʪ 

ʦʙʲʝʤʘ ʧʦʣʦʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Mercury [421] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʝʪʦʜ çContact Surfaceè, ʨʘʜʠʫʩ 

ʧʨʦʙʳ ï 0,3 ¡ ʜʣʷ ʘʪʦʤʘ ʛʝʣʠʷ ʠ 0,4 ¡ ʜʣʷ ʘʪʦʤʘ ʥʝʦʥʘ, ʰʘʛ ʩʝʪʢʠ ï 0,3 ¡. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʩʭʝʤʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ɻʣʘʚʝ 5.  

 

  

ʇʦʣʠʤʦʨʬʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ 

(ʜʘʚʣʝʥʠʝ) 

a (¡) b (¡) c (¡) Ŭ (Á) ɓ (Á) ɔ (Á) V (¡
3
) 

Ŭ (0,35 ɻʇʘ) 5,0457 (13) 8,9617 (24) 26,612 (62) 90 90 90 1203 (3) 

ɔ (0,35 ɻʇʘ) 5,1849 (26) 9,0500 (19) 12,963 (25) 90 96,75 (12) 90 604 (1) 

ŭ (0,35 ɻʇʘ) 9,2382 (43) 9,9569 (46) 26,06 (11) 90 90 90 2397 (11) 

Ŭ (0,50 ɻʇʘ) 5,0201 (14) 8,9630 (27) 26,433 (70) 90 90 90 1189 (3) 

ɔ (0,50 ɻʇʘ) 5,1475 (30) 9,0399 (22) 12,818 (31) 90 95,89 (14) 90 593 (1) 

ŭ (0,50 ɻʇʘ) 9,2232 (92) 9,9444 (91) 25,79 (26) 90 90 90 2365 (24) 
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ʊʘʙʣʠʮʘ 22. ʂʦʥʩʪʨʫʢʮʠʠ ʷʯʝʝʢ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʉʨʝʜʘ ʂʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ); ʠʩʭʦʜʥʘʷ ʪʦʣʱʠʥʘ 

ʛʘʩʢʝʪʳ, ʪʦʣʱʠʥʘ ʛʘʩʢʝʪʳ ʩ 

ʠʥʜʝʥʪʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʜʠʘʤʝʪʨ 

ʦʪʚʝʨʩʪʠʷ (ʤʢʤ) 

ʅʝʦʥ BX-90, ʨʘʟʤʝʨ ʢʫʣʝʪʳ 600 ʤʢʤ. 0,16Ĭ0,14Ĭ0,02; 200, 100 , 250 

ʇʘʨʘʬʠʥ BX-90, ʨʘʟʤʝʨ ʢʫʣʝʪʳ 600 ʤʢʤ. 0,10Ĭ0,05Ĭ0,05; 200, 85, 300 

ɻʝʣʠʡ Letoullec, ʨʘʟʤʝʨ ʢʫʣʝʪʳ 600 ʤʢʤ. 0,05Ĭ0,04Ĭ0,02; 200,80, 350 

 

2.13 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʪʦʢʦʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤ ɓ-ʘʣʘʥʠʥʘ 

ɼʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ɓ-ʘʣʘʥʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʘʭ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʩʪʘʥʮʠʠ BM01A ʚ ESRF. ɼʣʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ~17 ʢʵɺ 

(ɚ = 0,71442 ¡). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ 

ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ETH ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 600 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʩʢʝʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʤʝʪʘʥʦʣʘ ʩ 

ʵʪʘʥʦʣʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 4:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ~10 ɻʇʘ 

[424,425]. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʴ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʰʝʥʘ ʦʢʩʠʜʦʤ 

ʢʘʣʴʮʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʵʪʘʥʦʣʝ. ɺʳʧʦʣʥʝʥʦ ʜʚʝ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 4,7, 5,5 ʠ 6,3 ɻʇʘ. ʉʙʦʨ 

ʜʘʥʥʳʭ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʟʘʥʷʣ ʦʢʦʣʦ 1 ʯʘʩʘ. ɼʣʷ ʩʪʨʫʢʪʫʨ ʧʨʠ 4,7 ʠ 5,5 

ʚʳʧʦʣʥʷʣʘʩʴ ʪʦʣʴʢʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʬʘʟʳ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʨʘʩʰʠʬʨʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʇʦʩʣʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʠ 6,3 ɻʇʘ 

ʢʨʠʩʪʘʣʣ ʙʳʣ ʚʳʜʝʨʞʘʥ ʧʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʪʝʯʝʥʠʠ ~15 ʯʘʩʦʚ. ʇʦ 

ʧʨʦʰʝʩʪʚʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʫʧʘʣʦ ʜʦ 6,2 

ɻʇʘ, ʠ ʩʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʝʱʝ ʨʘʟ. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʚʣʝʥʠʝ ʙʳʣʦ ʩʨʘʟʫ ʫʚʝʣʠʯʝʥʦ ʩ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʦ 8,0 ɻʇʘ. ʉʙʦʨ 
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ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʂʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʝʨʝʟ 5 ʤʝʩʷʮʝʚ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. 

ʏʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ 

ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb [426]. ʉʪʨʫʢʪʫʨʘ 

ɓ-ʘʣʘʥʠʥʘ ʙʳʣʘ ʨʝʰʝʥʘ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʚ ʧʨʷʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ FOX [430]. ʄʦʜʝʣʴ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ 

ʧʨʠ ʦʩʪʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʟʘʠʤʩʪʚʦʚʘʥʘ ʠʟ [431] ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ɓ-ʘʣʘʥʠʥʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ SHELXL-2014 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ X-STEP32 [416]. 

ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 6,3 ɻʇʘ 

ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʆʛʨʘʥʠʯʝʥʠʷ SIMU ʠ DELU ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʩʝʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 6,3 ɻʇʘ. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ 6,2 ʠ 8,0 ɻʇʘ ʫʪʦʯʥʝʥʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɸʥʠʟʦʪʨʦʧʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Win_Strain [423]. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 23. 

ʈʘʩʰʠʬʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ 

ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD [418,419] ʟʘ ʥʦʤʝʨʘʤʠ CCDC 1038625 ï 1038628. 
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ʊʘʙʣʠʮʘ 23. ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ 

ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ɓ-ʘʣʘʥʠʥʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɼʣʷ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨ: C3H7NO2, Mr = 89,10, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʘ (ʤʤ) 0,12 Ĭ 0,05 Ĭ 0,03 (ʜʣʷ ʪʦʯʢʠ ʧʨʠ 

8,0 ɻʇʘ ï 0,17 Ĭ 0,06 Ĭ 0,05), ɚ = 0,71442 ¡, ʧʘʨʘʤʝʪʨʳ ʅ-ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠʩʴ ʚ ʤʦʜʝʣʠ 

ʥʘʝʟʜʥʠʢʘ, ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʉʠʥʛʦʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʈʦʤʙʠʯʝʩʢʘʷ, 

Pbca 

(ʌʦʨʤʘ I) 

ʈʦʤʙʠʯʝʩʢʘʷ, 

Pbca 

(ʌʦʨʤʘ II)  

ʄʦʥʦʢʣʠʥʥʘʷ, 

P21/c 

(ʌʦʨʤʘ V) 

ʈʦʤʙʠʯʝʩʢʘʷ, 

Pbca 

(ʌʦʨʤʘ II)  

ɼʘʚʣʝʥʠʝ (ɻʇʘ) 0,0 6,3 6,2 8,0 

a, b, c (¡) 9,8829 (4), 

13,787 (7), 

6,0816 (3) 

9,4310 (8), 

12,826 (16), 

5,6952 (5) 

5,2593 (14), 

13,10 (4), 

4,7408 (10) 

9,1235 (14), 

12,78 (2), 

5,7014 (11) 

a, b, g (Á) 90, 90, 90 90, 90, 90 90, 94,32 (3), 

90 

90, 90, 90 

V (¡
3
) 828,7 (4) 688,9 (9) 325,7 (10) 665,0 (11) 

Z 8 8 4 8 

Dx (ʛ/ʩʤ
3
) 1,428 1,718 1,817 1,780 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

416 229 137 97 

m (ʤʤ-1) 0,12 0,14 0,15 0,15 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ 

[I > 2s(I)] ʨʝʬʣʝʢʩʦʚ 

746, 274, 244  567, 217, 195  309, 147, 114  606, 196, 142  

Rint 0,072 0,078 0,042 0,060 

ɼʠʘʧʘʟʦʥ h, k, l h = -10­13,  

k = -4­4,  

l = -6­6 

h = -10­12,  

k = -4­4,  

l = -6­6 

h = -5­6,  

k = -4­4,  

l = -5­5 

h = -11­7,  

k = -4­4,  

l = -5­5 

R[F
2
> 2s(F

2
)], wR(F

2
), S 0,036, 0,088, 

1,10 

0,055, 0,156, 

1,20 

0,136, 0,438, 

2,09 

0,081, 0,250, 

1,14 

ʏʠʩʣʦ ʨʝʬʣʝʢʩʦʚ ʚ ʫʪʦʯʥʝʥʠʠ 274 217 147 196 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ 56 56 25 26 

ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ 

ʫʪʦʯʥʝʥʠʠ 

0 40 0 0 

Drmax, Drmin (e ¡
-3

) 0,12, -0,13 0,16, -0,20 0,56, -0,43 0,27, -0,40 
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2.14 ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ. ʉʨʘʚʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʨʘʟʮʘ 1,2,4,5-ʪʝʪʨʘʙʨʦʤʙʝʥʟʦʣʘ ʚ ʷʯʝʡʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʩʤ. 

ʜʝʪʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʘʨʘʛʨʘʬʝ 2.8) ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ʧʨʠ 0,4 ɻʇʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ Gemini R Ultra ʠ XtaLAB 

Synergy-S Dualflex. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʨʘʪʝʛʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʝ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʥʝ ʷʚʣʷʶʪʩʷ çʭʦʨʦʰʝʡ ʧʨʘʢʪʠʢʦʡè. 

ʊʘʢʠʝ ʩʪʨʘʪʝʛʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʠʩʴ ʫʤʳʰʣʝʥʥʦ, ʯʪʦʙʳ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʨʘʩʰʠʬʨʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ XtaLAB Synergy-S Dualflex, ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

(ʘ) - ʯʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 

[287], ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ CrysAlisPro [401]. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, 

ʠʟ ʫʪʦʯʥʝʥʠʷ ʥʝ ʠʩʢʣʶʯʘʣʠʩʴ. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

(ʙ) ï ʯʠʩʣʝʥʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Absorb7 

[287], ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ CrysAlisPro [401]. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, 

ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. 

(ʚ) ï ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʳʧʦʣʥʝʥʘ ʚ CrysAlisPro [401]. ʋʯʪʝʥʦ ʪʦʣʴʢʦ ʧʦʛʣʦʱʝʥʠʝ ʦʙʨʘʟʮʦʤ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ 
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ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ɺʩʝ 

ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Gemini R Ultra, 

ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

(ʛ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʘ); 

(ʜ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʙ); 

(ʝ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʚ); 

(ʞ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʘ), ʪʦʣʴʢʦ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʫʪʦʯʥʝʥʳ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ; 

(ʟ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʙ), ʪʦʣʴʢʦ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʫʪʦʯʥʝʥʳ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ; 

(ʠ) ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (ʚ), ʪʦʣʴʢʦ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʫʪʦʯʥʝʥʳ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʚʩʝʭ ʜʘʚʣʝʥʠʷʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʥʦʤ ʚ ʧʘʨʘʛʨʘʬʝ 2.7. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ SHELXL-2018 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ShelXle [422]. 

ʇʦʜʨʦʙʥʳʝ ʪʘʙʣʠʮʳ ʩ ʦʩʥʦʚʥʳʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʯʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6. 

 

2.15 ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ 

ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɼʠʬʨʘʢʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ŭ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʪʘʥʮʠʷʭ BM01A ʠ ID27 ʚ ESRF. ɺ ʢʘʯʝʩʪʚʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʥ-ʧʝʥʪʘʥʘ ʩ 

2-ʤʝʪʠʣʙʫʪʘʥʦʤ ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʩ ʧʨʝʜʝʣʦʤ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ 

~7 ɻʇʘ [424]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ c ʘʣʤʘʟʥʳʤʠ 
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ʥʘʢʦʚʘʣʴʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ Almax-Boehler ʩ ʜʠʘʤʝʪʨʦʤ ʢʫʣʝʪ 500 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʘʩʢʝʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʩ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʥʜʝʥʪʠʨʦʚʘʥʥʘʷ ʜʦ 100 ʤʢʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 300 ʤʢʤ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʢʘʨʪʠʥʳ ʥʘ ʩʪʘʥʮʠʠ BM01A ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ 0,1 ʜʦ 5 ɻʇʘ ʩ ʰʘʛʦʤ ʥʝ ʙʦʣʝʝ 0,5 ɻʇʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʘʥʮʠʠ ID27 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 2,6 ɻʇʘ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʥʘ 

ʩʪʘʥʮʠʠ ID27 ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 0,2 ʜʦ 

6 ɻʇʘ ʩ ʰʘʛʦʤ ~0,5 ɻʇʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʘʥʮʠʠ BM01A ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 2,8 ɻʇʘ. ʈʘʩʰʠʬʨʦʚʢʘ ʩʪʨʫʢʪʫʨ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ.  

ʅʘ ʩʪʘʥʮʠʠ ID27 ʚʳʧʦʣʥʝʥ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʚ ʷʯʝʡʢʝ ʙʳʣʦ ʩʨʘʟʫ ʫʚʝʣʠʯʝʥʦ ʜʦ 6,0 ɻʇʘ ʠ 

ʩʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ. ʇʦʧʨʘʚʢʘ ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʣʤʘʟʘʤʠ ʠ ʦʙʨʘʟʮʦʤ ʫʯʪʝʥʘ ʵʤʧʠʨʠʯʝʩʢʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CrysAlisPro [401]. ʉʪʨʫʢʪʫʨʘ ʬʘʟʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ dual-space ʘʣʛʦʨʠʪʤʘ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ SHELXT [432]. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʦʙʨʘʟʮʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʦʪ ʘʣʤʘʟʘ ʠ ʛʘʩʢʝʪʳ, 

ʚ ʫʪʦʯʥʝʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

SHELXL-2018 [420]. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ShelXle [422]. ɺʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ 

ʫʪʦʯʥʝʥʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ. 

ʇʦʜʨʦʙʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʪʘʥʮʠʡ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɻʣʘʚʝ 6.  
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2.16 ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ 

ʠʭ ʨʘʩʰʠʬʨʦʚʢʠ  

ʈʘʩʰʠʬʨʦʚʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʩʦʢʠʤ ʢʨʠʪʝʨʠʷʤ 

ʢʘʯʝʩʪʚʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʶʟʘ (IUCr). ɼʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ Mercury [421]. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʨʘʩʰʠʬʨʦʚʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ PLATON ʠ ʚʝʙ-ʩʝʨʚʠʩʘ checkcif.iucr.org [433]. 
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ɻʃɸɺɸ 3. ʇʈʀʄɽʅɽʅʀɽ ɺʓʉʆʂʀʍ ɼɸɺʃɽʅʀʁ ʀ ʅʀɿʂʀʍ 

ʊɽʄʇɽʈɸʊʋʈ ɼʃʗ ʀɿʋʏɽʅʀʗ ʊɺɽʈɼʆʌɸɿʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʂʈʀʉʊɸʃʃɸʍ ʉʆ ʉʃʆɾʅʆʁ ʉɽʊʂʆʁ ɺʆɼʆʈʆɼʅʓʍ ʉɺʗɿɽʁ 

ʀʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʗʨʯʘʡʰʠʤ ʧʨʠʤʝʨʦʤ ʦʙʲʝʢʪʘ 

ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʪ ʚʦʜʘ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʝʝ ʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ. ʉʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʦʣʝʢʫʣʘʤʠ ʚʝʱʝʩʪʚʘ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝ 

ʪʦʣʴʢʦ ʚ ʞʠʜʢʦʡ, ʥʦ ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʗʚʣʷʷʩʴ ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʫʧʘʢʦʚʢʫ 

ʚʝʱʝʩʪʚʘ, ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʯʘʩʪʦ ʚʳʛʦʜʥʝʝ ʧʦ ʵʥʝʨʛʠʠ, ʯʝʤ ʧʣʦʪʥʘʷ 

ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ. 

ʇʨʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʠʣʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʠʣʠ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʚ ʟʘʨʦʜʳʰʝ ʥʦʚʦʡ ʬʘʟʳ ʩ 

ʠʭ ʦʢʨʫʞʝʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʠʣʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʤʦʣʝʢʫʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ ʧʨʝʚʨʘʱʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʷ ʩʝʪʢʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʤʘʣʦʛʦ 

ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʠ ʙʳʩʪʨʦʪʳ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɼʦʙʠʪʴʩʷ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʠʭ ʩʝʪʢʝ ʤʦʞʥʦ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠʣʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʣʠʷʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʷʚʣʷʶʪʩʷ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ in situ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʦʡ, ʛʝʦʤʝʪʨʠʝʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ï ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʝʱʝʩʪʚʘ. 

ʆʪʢʣʠʢ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ 

ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ. ʇʝʨʚʳʡ ï ʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʩʞʘʪʠʝ, ʨʘʩʪʷʞʝʥʠʝ 

ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ D-HéA). ɺʪʦʨʦʡ ï ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ ʛʝʦʤʝʪʨʠʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʙʝʟ ʨʘʟʨʳʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʩʞʘʪʠʝ, ʨʘʩʪʷʞʝʥʠʝ 

ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ D-HéA). ʊʨʝʪʠʡ ï ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ/ʠʣʠ 

ʨʘʟʨʳʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ (ʧʝʨʝʢʣʶʯʝʥʠʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʜʨ.).  

ɺ ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʪʠʧʳ 

ʦʪʢʣʠʢʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩ ʨʘʟʥʳʭ 

ʪʦʯʝʢ ʟʨʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ 

ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʧʠʨʠʜʠʥʘ ʥʘ ʫʧʘʢʦʚʢʫ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʩʝʪʢʫ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʣʠʤʦʨʬʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʅʘ ʧʨʠʤʝʨʝ 

ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʅʘ ʧʨʠʤʝʨʝ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʩʞʘʪʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʠ ʬʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʦʜʠʥʘʢʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ 

ʤʦʣʝʢʫʣ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʦʧʦʣʦʛʠʠ ʢʘʨʢʘʩʘ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ʅʘ ʧʨʠʤʝʨʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ 
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ʤʦʥʦʛʠʜʨʘʪʝ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʦʙʨʘʪʠʤʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʅʘ ʧʨʠʤʝʨʝ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ 

ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʦʙʨʘʪʠʤʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʪʨʝʭʤʝʨʥʳʤ ʢʘʨʢʘʩʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʘʨʫʰʝʥʠʶ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʣʦʩʢʦʩʪʝʡ. 

 

3.1 ɺʣʠʷʥʠʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʚ ʩʦʣʴʚʘʪʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ 

ʇʘʨʘʮʝʪʘʤʦʣ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʝʛʦ ʧʨʠʤʝʨʝ ʠʟʫʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʠʤʦʨʬʠʟʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [373,434ï436], ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [300,373,437], ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [438ï441], ʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʩʦʣʴʚʘʪʦʚ [378,442ï449]. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ, ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ 

ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ [418,419] ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʙʦʣʝʝ 30 ʩʪʨʫʢʪʫʨ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʧʠʨʠʜʠʥ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʠ ʜʦʣʞʝʥ ʭʦʨʦʰʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʤʦʣʝʢʫʣʦʡ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʜʦ ʥʘʯʘʣʘ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦ ʩʦʣʴʚʘʪʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʥʠ ʚ ʢʘʢʠʭ ʠʩʪʦʯʥʠʢʘʭ 

ʥʝ ʩʦʦʙʱʘʣʦʩʴ. ɺʧʝʨʚʳʝ ʢʨʠʩʪʘʣʣʳ ʜʘʥʥʦʛʦ ʩʦʣʴʚʘʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢ.ʭ.ʥ. 

ɸ.ɻ. ʆʛʠʝʥʢʦ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ [9] ʠ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʢʦʛʦ 

ʩʦʣʴʚʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʧʠʨʠʜʠʥ 

ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʚʷʟʳʚʘʥʠʝ 

ʩ ʧʘʨʘʮʝʪʘʤʦʣʦʤ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʣʠʤʦʨʬʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʠʤʝʥʥʦ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 
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ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʭ ʧʘʨʘʤʝʪʨʳ ʠ ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ. ʉʨʘʚʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʣʴʚʘʪʘ 

ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʘʨʘʮʝʪʘʤʦʣʘ ʧʦʤʦʞʝʪ ʧʦʥʷʪʴ, 

ʢʘʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʝʪʢʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʚʣʠʷʶʪ ʥʘ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʩʚʷʟʳʚʘʥʠʷ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠʥʪʝʨʝʩʥʳ ʚ ʩʚʝʪʝ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʠ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʧʘʨʘʮʝʪʘʤʦʣʘ ʥʘ 

ʦʨʛʘʥʠʟʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʦʣʴʚʘʪʘ, ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʤʦʣʝʢʫʣʷʨʥʘʷ ʫʧʘʢʦʚʢʘ ʠ ʦʪʢʣʠʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʦʩʪʫʧʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʘʨʘʮʝʪʘʤʦʣʘ I [450] ʠ II [451]. ʇʘʨʘʮʝʪʘʤʦʣ-III 

ʥʝʩʪʘʙʠʣʝʥ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʵʪʦʤʫ ʩʨʘʚʥʝʥʠʷ 

ʩ ʥʠʤ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ [436,452]. 

 

 

ʈʠʩʫʥʦʢ 1. ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ. 

ʊʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʦʷʪʥʦʩʪʠ 50% ʧʨʠ 200 K 

ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ 

ʧʠʨʠʜʠʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ 
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(ʨʠʩʫʥʦʢ 1). ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʦ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʧʘʨʘʮʝʪʘʤʦʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ 

ʢʦʥʬʦʨʤʘʮʠʷʭ. ʇʦʣʦʞʝʥʠʝ ʘʮʝʪʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʘʤ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ 

C5A-C4A-N1A-C7A ʠ C5B-C4B-N1B-C7B. ʇʨʠ 275 K ʵʪʠ ʫʛʣʳ ʨʘʚʥʳ 1,0(3)ę ʠ 

28,7(3)ę, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, 

ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʧʣʦʩʢʘʷ, ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʦʥʠʟʘʮʠʝʡ ʤʦʣʝʢʫʣʳ [453]. ɺ ʢʨʠʩʪʘʣʣʝ ʢʦʥʬʦʨʤʘʮʠʷ 

ʤʦʣʝʢʫʣʳ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʢʘʢ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʡ ʠʦʥʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [300,301], ʪʘʢ ʠ ʠʟ-ʟʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ [387]. ɿʥʘʯʝʥʠʷ 

ʵʪʠʭ ʫʛʣʦʚ C-C-N-C ʚ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ 

ʧʘʨʘʮʝʪʘʤʦʣʘ, ʧʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD 

[418,419], ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ 49ę. ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʤʦʣʝʢʫʣʳ ʧʘʨʘʮʝʪʘʤʦʣʘ ʥʝ ʧʣʦʩʢʠʝ, ʧʨʠʯʝʤ ʚ ʨʦʤʙʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʳ ʤʝʥʝʝ ʠʟʦʛʥʫʪʳ [437,451], ʯʝʤ ʚ ʤʦʥʦʢʣʠʥʥʦʡ [441,450]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʧʠʨʠʜʠʥʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʣʠʷʝʪ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʛʝʦʤʝʪʨʠʶ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʊʘʢ ʢʘʢ ʧʠʨʠʜʠʥ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʫʶ 

ʩʚʷʟʴ ʩ ʙʦʣʝʝ ʧʣʦʩʢʦʡ ʤʦʣʝʢʫʣʦʡ, ʪʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫʧʘʢʦʚʢʘ ʠ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ 

ʢʘʞʜʦʡ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʧʘʨʘʮʝʪʘʤʦʣʘ. 
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(ʘ) 

 

(ʙ) 

 

(ʚ) 

 

ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʦʩʥʦʚʥʳʝ ʤʦʪʠʚʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ (ʘ), ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʮʝʪʘʤʦʣʘ 

(ʬʦʨʤʘ I, ʙ) ʠ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʮʝʪʘʤʦʣʘ (ʬʦʨʤʘ II , ʚ). ʉʪʨʝʣʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʣʘʚʥʳʤ ʦʩʷʤ ʵʣʣʠʧʩʦʠʜʦʚ ʜʝʬʦʨʤʘʮʠʡ 

ʩʪʨʫʢʪʫʨ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (1 ï ʤʠʥʠʤʘʣʴʥʦʝ, 2 ï ʩʨʝʜʥʝʝ, 3 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ), ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʮʝʧʝʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʩʣʦʠ  

ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ, 

ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʘʨʘʮʝʪʘʤʦʣʘ I ʠ II, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ɺ ʩʦʣʴʚʘʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʢʦʪʦʨʳʝ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʘʨʘʮʝʪʘʤʦʣʘ. ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 
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ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʘʨʘʮʝʪʘʤʦʣʘ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ 

ʜʦʥʦʨʳ ʧʨʦʪʦʥʦʚ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʛʨʫʧʧʘʤʠ C=O ʘʮʝʪʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʠ ʢʘʢ 

ʘʢʮʝʧʪʦʨʳ ʧʨʦʪʦʥʦʚ, ʦʙʨʘʟʫʷ ʩʚʷʟʴ ʩ ʛʨʫʧʧʘʤʠ N-H ʘʮʝʪʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɿʘ 

ʩʯʝʪ ʵʪʠʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ. ɺ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʮʝʪʘʤʦʣʘ 

ʵʪʠ ʩʣʦʠ ʧʣʦʩʢʠʝ, ʘ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ï ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ. ɺ ʩʦʣʴʚʘʪʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ 

ʧʠʨʠʜʠʥʦʤ ʪʘʢʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɺʤʝʩʪʦ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ N-Héʆ=ʉ; ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʩʪʫʧʘʶʪ ʚ 

ʨʦʣʠ ʢʘʢ ʜʦʥʦʨʘ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʘ, ʦʙʨʘʟʫʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ, ʠ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʠʜʠʥʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʣʴʚʘʪʘ ʦʙʨʘʟʦʚʘʥʘ ʚʦʣʥʦʦʙʨʘʟʥʳʤʠ ʜʚʫʤʝʨʥʳʤʠ ʩʣʦʷʤʠ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʧʦʣʥʷʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ 

ʧʠʨʠʜʠʥʘ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʧʠʨʠʜʠʥʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʢʦʥʢʫʨʠʨʫʝʪ ʟʘ ʧʨʦʪʦʥ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʘʢʮʝʧʪʦʨʦʤ, 

ʘʮʝʪʘʤʠʜʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʩʦʣʴʚʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʠʤʝʥʥʦ O-HéN ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʩ ʤʦʣʝʢʫʣʦʡ ʧʠʨʠʜʠʥʘ. ʕʪʘ 

ʩʚʷʟʴ ʥʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ O-HéO ʠʟ-ʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʫ 

ʢʠʩʣʦʨʦʜʘ, ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʘʟʦʪʘ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʩʦʣʴʚʘʪ ʥʘ ʚʦʟʜʫʭʝ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʠʜʠʥʘ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. 

 

ʈʠʩʫʥʦʢ 3. ɼʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʴ 1, ʢʚʘʜʨʘʪʳ ï ʤʠʥʠʤʘʣʴʥʦʝ, ʦʩʴ 2, ʢʨʫʛʠ ï 

ʩʨʝʜʥʝʝ, ʦʩʴ 3, ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ 
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ʊʘʙʣʠʮʘ 24. ʆʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ  

ʋʛʦʣ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʷʤʠ (Á) 

 a (ů) b (ů) c (ů) 

ʆʩʴ 1  1,6(0,3) 90(0) 120,1(0,3) 

ʆʩʴ 2  90(0) 0(0) 90(0) 

ʆʩʴ 3  91,6(0,3) 90(0) 30,1(0,3) 

 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʝʪʢʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʤʦʛʣʠ ʥʝ ʧʦʚʣʠʷʪʴ ʥʘ ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʣʠʤʦʨʬʥʳʤʠ 

ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʆʭʣʘʞʜʝʥʠʝ ʩʦʣʴʚʘʪʘ ʜʦ 100 K ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. ʆʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʚ ʪʘʙʣʠʮʝ 24. ɼʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʭ ʮʝʧʝʡ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʦʙʨʘʟʫʶʱʠʭ 

ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʞʘʪʠʶ 

ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʩʣʦʝʚ ʧʦ ʪʠʧʫ çʛʘʨʤʦʰʢʠè ʠ ʠʭ ʩʢʦʣʴʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ, ʠ ʧʨʠ ʵʪʦʤ ʦʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

N1B-H1BéO2A (-x, -y+1, -z) ʠ O1A-H11AéN1S. ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʘʨʘʮʝʪʘʤʦʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʣʦʷʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤʠ ʧʘʨʘʮʝʪʘʤʦʣʘ, 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʩʙʣʠʞʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʦʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʪʨʫʢʪʫʨʘ 

ʩʦʣʴʚʘʪʘ ʷʚʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʮʝʧʝʡ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ ʉ
2
2(16), 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ N1A-H1AéO2B (-x, y+1/2, -z+1/2) ʠ 

O1B-H11BéO1A (-x+1, y-1/2, -z+1/2), ʘ ʩʨʝʜʥʷ ̫ ʩʞʠʤʘʝʤʦʩʪ ɹ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʥʦʦʙʨʘʟʥʳʤ ʩʣʦʷʤ. ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʦʝ, ʠ ʩʨʝʜʥʝʝ ʧʦ ʩʞʠʤʘʝʤʦʩʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʝʞʘʪ ʚ ʩʣʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʮʝʧʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʉ
2
2(6) ʠ ʉ

1
1(7) ʚ ʤʦʥʦʢʣʠʥʥʦʡ 
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ʤʦʜʠʬʠʢʘʮʠʠ, ʠ ʉ
1
1(9) ʠ ʉ

2
2(6) ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʩʦʣʴʚʘʪʝ ʠʟ-ʟʘ 

ʚʚʝʜʝʥʠʷ ʧʠʨʠʜʠʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʠʟʤʝʥʷʶʪʩʷ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʪʠʧʫ çʛʘʨʤʦʰʢʠè ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʝʩʪʢʠʭ 

ʩʣʦʝʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʩʞʘʪʠʝ 

ʢʦʪʦʨʳʭ ʚʥʫʪʨʠ ʩʣʦʷ ʟʘʪʨʫʜʥʝʥʦ, ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʙʣʠʞʝʥʠʶ ʩʣʦʝʚ.  

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʦʢʘʟʘʣʠʩʴ ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʜʝʬʦʨʤʘʮʠʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʠ 

O1B-H11BéO1A (-x+1, y-1/2, -z+1/2) ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʠ 

O1A-H11AéN1S ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʞʘʪʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʘʤʘ ʩʚʷʟʴ, ʢʘʢ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʩʣʘʙʝʝ O-HéO ʩʚʷʟʠ, ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʥʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩʣʘʙʦ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʦʥʘ ʥʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʚʥʫʪʨʠ ʩʣʦʝʚ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʞʠʤʘʝʤʦʩʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʉʚʷʟʠ ʤʝʞʜʫ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʦʣʝʢʫʣ ʧʘʨʘʮʝʪʘʤʦʣʘ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ, ʧʦʵʪʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠʭ ʜʣʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʘʣʦ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʛʨʫʧʧʘʤʠ N-H ʘʮʝʪʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ 

ʜʘʶʪ ʚʢʣʘʜ ʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʠʜʠʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʚ 

ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʠ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʘʞʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʂʘʢ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ 

ɻʣʘʚʘʭ, ʪʘʢʠʝ ʜʘʥʥʳʝ ʠʥʪʝʨʝʩʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʪʝʢʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʠʟʫʯʝʥʠʠ ʷʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 
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ʧʨʦʜʫʢʪʘ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʚʝʨʜʦʬʘʟʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʘʝʤʦʡ ʬʘʟʳ, ʥʦ ʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 4. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʞʠʤʘʝʤʦʩʪʴ 

 

3.2 ɺʣʠʷʥʠʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʚ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʝ ʥʠʢʝʣʷ (II ) 

ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʩ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʟʫʯʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [276]. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʙʱʝʤ ʠ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ [454ï456]. ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪ 

ʥʠʢʝʣʷ ʙʳʣ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʏʫʛʘʝʚʳʤ ʚ 1905 ʛʦʜʫ [457,458] ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʧʦʨʦʰʢʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʡ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʦʜʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ 
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ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʆʅ-ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʪʘʢʞʝ ʧʨʠʚʣʝʢʣʦ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʧʦʨʦʰʦʢ, ʙʫʜʫʯʠ ʧʦʤʝʱʝʥʥʳʤ ʚ ʷʯʝʡʢʫ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ, ʩʧʦʩʦʙʝʥ 

ʠʟʤʝʥʷʪʴ ʮʚʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ [459]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ 

ʥʠʢʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʦʮʝʥʢʠ ʜʘʚʣʝʥʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʇʘ [460,461] ʜʦ ʪʦʛʦ, 

ʢʘʢ ʩ ʵʪʦʡ ʮʝʣʴʶ ʩʪʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʠ ʪʦʯʥʳʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʫʙʠʥʘ [413]. ʊʦʥʢʠʡ ʩʣʦʡ ʧʦʨʦʰʢʘ 

ʧʦʤʝʱʘʣʩʷ ʚ ʷʯʝʡʢʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ 

ʚʠʟʫʘʣʴʥʦ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʥʘ ʧʨʦʩʚʝʪ [461]. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʚʦʨʘ, ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʥʦ ʠ 

ʚʠʜ ʩʧʝʢʪʨʘ [462,463]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʥʪʝʨʝʩ ʨʘʩʰʠʬʨʦʚʢʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʚ 

1940 ʛʦʜʫ [464], ʠ ʧʝʨʝʫʪʦʯʥʝʥʘ ʚ 1953 ʛʦʜʫ [465]. ɺ ʵʪʠʭ ʤʦʜʝʣʷʭ ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʙʳʣʠ ʨʘʚʥʦʫʜʘʣʝʥʳ ʦʪ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ. ɸʚʪʦʨʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʣʴʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʢʦʤʧʣʝʢʩ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ. ʕʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʪʝʤ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʆʅ-ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ ~1800 ʩʤ
-1
, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ çʥʦʨʤʘʣʴʥʳʭè ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʢʘʢ ʚ ʞʠʜʢʦʡ, 

ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ [466]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʩʚʷʟʠ ʆ-ʅ ʠʟ-ʟʘ ʩʙʣʠʞʝʥʠʷ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ʩʠʤʤʝʪʨʠʟʘʮʠʝʡ 

ʆ-ʅ..ʆ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ). ɸʚʪʦʨʳ ʵʪʦʡ ʞʝ ʩʪʘʪʴʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ NO ʚ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʦʩʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʩʝʭ ʩʚʷʟʝʡ NO ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 
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ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʆ-ʅéʆ. ɺ 2003 ʛʦʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʥʫʶ ʨʘʥʝʝ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʆ-ʅéʆ [467].  

ʈʘʥʝʝ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʦʛʦ 

ʦʙʨʘʟʮʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʦ ʜʘʚʣʝʥʠʡ 

7,4 ɻʇʘ [468]. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 7,4 ɻʇʘ ʦʙʨʘʟʝʮ ʧʨʝʪʝʨʧʝʚʘʝʪ ʦʙʨʘʪʠʤʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʆ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʥʝ 

ʩʦʦʙʱʘʣʦʩʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 2 ɻʇʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ [461]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʙʦʪʝ 

[468] ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ, ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʦʙʨʘʟʮʝ ʥʝ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʘʪʦʤʦʚ ʠ ʮʚʝʪʦʤ 

ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʦʩʪʘʚʘʣʘʩʴ 

ʥʝʠʟʚʝʩʪʥʦʡ. ʕʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩʣʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ 

ʥʠʢʝʣʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʥʠʞʝ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʤʝʞʜʫ ʘʥʠʟʦʪʨʦʧʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ 

ʛʝʦʤʝʪʨʠʝʡ ʢʦʤʧʣʝʢʩʘ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʛʠʩʪʨʘʥʪʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʕʜʠʥʙʫʨʛʘ ʗ. ɹʨʶʩ-ʉʤʠʪʦʤ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʠʤ ʞʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ. ʂʦʤʧʣʝʢʩ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʠ ʬʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. ʂʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ï Ibam. ɺ ʢʨʠʩʪʘʣʣʝ 

ʢʦʤʧʣʝʢʩ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ ʩ ʩʠʤʤʝʪʨʠʝʡ 2/m, ʢʘʞʜʳʡ ʘʪʦʤ ʥʠʢʝʣʷ 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʥʠʤʠ ʦʙʨʘʟʫʪʁʩʷ ʜʚʝ 
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ʩʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʝr ʩʚʷʟʠ. ʄʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʚ ʢʨʠʩʪʘʣʣʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʘʢʪʦʚ 

NiéNi, ʦʙʨʘʟʫʷ ʮʝʧʠ, ʧʨʠʯʝʤ ʚ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣʘʭ ʣʠʛʘʥʜʳ ʨʘʟʚʝʨʥʫʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚʦʢʨʫʛ ʢʦʥʪʘʢʪʦʚ NiéNi ʥʘ 90ę. ʄʦʣʝʢʫʣʳ ʠʟ ʨʘʟʥʳʭ 

ʮʝʧʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʫʧʘʢʦʚʢʫ, ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʄʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʝ, ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʬʦʨʤʫ ʧʨʠʟʤ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c.  

                   (ʘ)                                                                 (ʙ) 

            

                   (ʚ)                                                                  (ʛ) 

   

ʈʠʩʫʥʦʢ 5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ (ʘ) ʠ 

ʬʨʘʛʤʝʥʪʳ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʙ-ʛ) 

ʊʘʢ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʩʩʠʚʥʳʡ ʤʘʣʦʧʨʦʟʨʘʯʥʳʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣ, ʘ ʥʝ ʪʦʥʢʠʡ ʧʦʨʦʰʦʢ ʦʙʨʘʟʮʘ, ʪʦ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʦʪʩʣʝʞʠʚʘʣʠʩʴ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʜʣʷ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ 

ʥʠʢʝʣʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
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ʩʞʠʤʘʝʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʠ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʦʪ ʜʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʆʩʥʦʚʥʦʝ 

ʩʞʘʪʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c ʢʨʠʩʪʘʣʣʘ (~10 % ʧʨʠ 

ʜʘʚʣʝʥʠʠ 5,1 ɻʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʥʘ ~20 %), ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʮʝʧʝʡ ʢʦʥʪʘʢʪʦʚ NiéNi ʩʪʨʫʢʪʫʨʝ. ɺʜʦʣʴ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ a ʠ b ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 

ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʥʴʰʝʝ ʩʞʘʪʠʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʣʦ ~5 %. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ [468].  

                          (ʘ)                                                                 (ʙ) 

  
ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ (ʘ) ʠ 

ʦʙʲʝʤʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ (ʙ) ʦʪ ʜʘʚʣʝʥʠʷ  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʚʳʝ ȹa/a(P) ʠ ȹb/b(P) ʩʙʣʠʞʘʶʪʩʷ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ~6 ɻʇʘ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b , ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʚ ʚʠʜʝ ʠʟʣʦʤʘ ʢʨʠʚʦʡ ȹb/b(P) ʧʨʠ ʜʘʚʣʝʥʠʠ ~2 ɻʇʘ. 

ʊʘʢʦʡ ʞʝ, ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʠʟʣʦʤ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʨʠʚʦʡ ȹʩ/ʩ(P). ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ, ʨʘʩʩʤʦʪʨʝʚ ʦʙʲʝʤ ʧʦʣʦʩʪʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦʣʦʩʪʷʤʠ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. ɺʠʜʥʦ, ʯʪʦ ʩʞʘʪʠʝ 

ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ b ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʤʝʪʠʣʴʥʳʤʠ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 
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ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. ʕʪʦ, ʢʘʢ ʨʘʟ, ʦʙʲʷʩʥʷʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʞʠʤʘʝʤʦʩʪʠ ʚʜʦʣʴ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ 

ʤʦʞʥʦ ʙʳʣʦ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʩʚʳʰʝ ~2 ɻʇʘ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦ ʠ ʜʘʣʴʥʝʡʰʝʝ ʩʞʘʪʠʝ 

ʪʨʝʙʫʝʪ ʫʞʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ. ʊʦ ʞʝ ʩʘʤʦʝ ʢʘʩʘʝʪʩʷ ʠ ʩʞʘʪʠʷ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ c. ʉʞʘʪʠʝ ʚʜʦʣʴ ʵʪʦʡ ʦʩʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʙʣʠʞʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʥʠʢʝʣʷ, ʯʝʤ ʟʘʧʦʣʥʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʧʦʣʦʩʪʝʡ, 

ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ȹʩ/ʩ(P) ʥʝ ʪʘʢ ʚʳʨʘʞʝʥʦ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ȹb/b(P). ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʙʲʷʩʥʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 2 ɻʇʘ [461]. ɿʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ 

ʧʦʣʦʩʪʝʡ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʠ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʥʠʢʝʣʷ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ d -́ˊ
*
 ʠ 3dz2-4pz, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʮʚʝʪ ʢʦʤʧʣʝʢʩʘ [468]. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ b ʠ c ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʨʠ 7,4 ɻʇʘ, ʦ ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʣʦʩʴ ʨʘʥʝʝ [468], ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʧʦʚʦʨʦʪʦʤ ʤʦʣʝʢʫʣ ʚʦʢʨʫʛ ʢʦʥʪʘʢʪʦʚ NiéNi ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʩʣʫʯʘʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [469,470]. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ, ʢʦʤʧʣʝʢʩ ʦʩʪʘʝʪʩʷ 

ʞʝʩʪʢʠʤ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥ ʩʚʷʟʝʡ 

Ni-N, N-O, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʆ-ʅéʆ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 8. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʆ-ʅéʆ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ 

ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ [471ï473]. ɺ ʩʣʫʯʘʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʩʠʤʤʝʪʨʠʟʘʮʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ 

ʠʟʤʝʥʷʝʪʩʷ ʦʢʨʘʩʢʘ ʩʦʝʜʠʥʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 
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ʇʦʵʪʦʤʫ ʩʠʤʤʝʪʨʠʟʘʮʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʷʚʠʪʴ, 

ʘʥʘʣʠʟʠʨʫʷ ʨʘʩʩʪʦʷʥʠʷ N-O, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʨʘʚʥʠʚʘʪʴʩʷ ʧʨʠ ʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɸʥʘʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʣʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʦʞʝʥʠʷ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʜʠʛʠʜʨʘʪʝ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [474]. 

                      (ʘ)                                                               (ʙ) 

  
ʈʠʩʫʥʦʢ 7. ʇʦʣʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ (II ) ʧʨʠ 

0,2 ɻʇʘ (ʘ) ʠ ʧʨʠ 4,5 ɻʇʘ (ʙ) 

 

                (ʘ)                                     (ʙ)                                       (ʚ) 

 

ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʘʚʣʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ Ni-N1 (ʘ, ʦʪʢʨʳʪʳʝ ʩʠʤʚʦʣʳ) ʠ Ni-N2 (ʘ, 

ʟʘʢʨʘʰʝʥʥʳʝ ʩʠʤʚʦʣʳ), O1-N1 (ʙ, ʦʪʢʨʳʪʳʝ ʩʠʤʚʦʣʳ) ʠ O2-N2 (ʙ, ʟʘʢʨʘʰʝʥʥʳʝ 

ʩʠʤʚʦʣʳ), ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ O1-H1éO2 (ʚ) 

ʀʩʭʦʜʷ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 8, ʚʠʜʥʦ, ʯʪʦ ʜʣʠʥʳ 

ʩʚʷʟʝʡ N1-O1 ʠ N2-O2 ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʣʘʙʣʝʥʠʷ ʩʚʷʟʠ ʆ-ʅ ʚ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʤʠʛʨʘʮʠʠ ʧʨʦʪʦʥʘ ʚʜʦʣʴ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʪʘʢʞʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʟʘʮʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʜʣʠʥ N-O ʩʚʷʟʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ 
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ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ, ʦ ʢʦʪʦʨʦʤ ʩʦʦʙʱʘʣʦʩʴ ʚ 

[467]. ʕʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʠ ʬʨʘʛʤʝʥʪʘ 

N-O, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ 

ʢʦʦʨʜʠʥʘʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʠʥʳ ʩʚʷʟʠ N-O. ʇʨʠ ʩʠʤʤʝʪʨʠʟʘʮʠʠ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʩʪʝʧʝʥʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʩʚʷʟʠ N-O ʜʦʣʞʥʳ 

ʫʤʝʥʴʰʘʪʴʩʷ, ʯʝʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʆ-ʅéʆ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʵʪʘ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʘʷ ʠ ʝʝ ʜʘʣʴʥʝʡʰʝʝ 

ʩʞʘʪʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʟʘʪʨʫʜʥʝʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ɽ. ʉʪʘʨʝ (ʋʥʠʚʝʨʩʠʪʝʪ ʃʶʙʣʷʥʳ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʆ-ʅéʆ ʚ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʝ ʥʠʢʝʣʷ ʜʦʣʞʥʘ 

ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʪ.ʝ. ʩʚʷʟʴ ʆ-ʅ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʜʦʣʞʥʘ 

ʩʪʘʥʦʚʠʪʴʩʷ ʢʦʨʦʯʝ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʜʘʣʦʩʴ ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ 

ʥʠʢʝʣʷ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 5,1 ɻʇʘ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʥʝ ʩʚʷʟʘʥʦ ʥʠ 

ʩ ʩʠʤʤʝʪʨʠʟʘʮʠʝʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʥʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 

ʧʦʨʷʜʢʘ 2 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʶ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʚ 

ʩʚʷʟʠ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʧʦʣʦʩʪʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʩʝʡ b ʠ ʩ. ʉʤʝʥʘ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ 

ʥʠʢʝʣʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ d -́ˊ
*
 ʠ 3dz2-4pz, 

ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʮʚʝʪ ʢʦʤʧʣʝʢʩʘ.  
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3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʤʝʰʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʛʣʠʮʠʥʘ ʩ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʇʠʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʰʝʣʩʷ ʥʘ ʢʦʥʝʮ 2000-ʭ 

ʠ ʥʘʯʘʣʦ 2010-ʭ ʛʦʜʦʚ. ʄʥʦʛʠʝ ʠʟ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [475,476]; ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ [477ï479]. ʆʜʥʠʤ ʠʟ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʪʠʧʦʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [480] ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [481].  

ɻʣʠʮʠʥ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ, ʠ ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʥ ʚʭʦʜʠʪ [418,419]. ɻʣʫʪʘʨʦʚʘʷ ʢʠʩʣʦʪʘ ʪʘʢʞʝ 

ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [418,419]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʠ ʜʠʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʷʚʣʷʶʪʩʷ ʩʦʣʷʤʠ. ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʣʠʮʠʥʘ ʩ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʟʚʝʩʪʥʳʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʦʡ, ʥʝ ʷʚʣʷʶʱʠʤʩʷ ʩʦʣʴʶ. ɻʣʠʮʠʥ ʚ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʮʚʠʪʪʝʨ-

ʠʦʥʘ, ʘ ʛʣʫʪʘʨʦʚʘʷ ʢʠʩʣʦʪʘ ʥʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʘ. ʕʪʦʪ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʥʝʤ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʥʦʩʫ ʧʨʦʪʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʠ, ʢʘʢ ʵʪʦ ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʥʝʝ ʜʣʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ [474,482ï485].  
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                 (ʘ)                                                                (ʙ) 

                       

 

(ʚ) 

 

ʈʠʩʫʥʦʢ 9. ʅʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦ ʩʭʝʤʦʡ ʥʫʤʝʨʘʮʠʠ ʘʪʦʤʦʚ ʠ 

ʬʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ (ʘ) ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

(ʙ) ʬʘʟ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 300 ʠ 200 K, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ (ʚ) ʧʦʢʘʟʘʥʘ ʩʤʝʥʘ ʢʦʥʬʦʨʤʘʮʠʠ ʧʦʣʦʚʠʥʳ ʤʦʣʝʢʫʣ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ  

ʅʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩʦ ʩʭʝʤʦʡ ʥʫʤʝʨʘʮʠʠ ʘʪʦʤʦʚ ʠ 

ʬʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʝʱʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʩʠʤʤʝʪʨʠʠ P21/c, ʥʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʜʥʦʛʦ ʮʚʠʪʪʝʨ-ʠʦʥʘ ʛʣʠʮʠʥʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʢʨʠʩʪʘʣʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 225 ï 200 K ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʠ ʦʙʲʝʤʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʨʠʩʫʥʦʢ 10). ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʘ ʧʦʥʠʞʘʝʪʩʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ï P-1, ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 
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ʩʦʩʪʘʚʣʷʝʪ ~2,7 %. ʆʙʨʘʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʪʝʢʘʝʪ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʞʜʫ 225 ʠ 250 K. ʉ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʢ.ʭ.ʥ. 

ɺ.ɸ. ɼʨʝʙʫʱʘʢʦʤ) ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʙʦʣʝʝ ʪʦʯʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ï 218-228 K. ʅʘʙʣʶʜʘʝʤʳʡ ʛʠʩʪʝʨʝʟʠʩ ʠ ʨʘʟʙʨʦʩ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʘʟʥʳʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ 

ʜʣʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʪʚʝʨʜʳʭ ʦʙʲʝʢʪʘʭ ʠʟ-ʟʘ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ 

ʬʘʟʘʤʠ [2]. ʅʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩ P21/c ʥʘ P-1 ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʪʦʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʨʘʩʱʝʧʣʝʥʠʠ ʤʦʜ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʘʤʠʥʦʛʨʫʧʧ [2].  

 

ʈʠʩʫʥʦʢ 10. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʤʝʰʘʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (a ï ʢʨʫʛʠ, b ï ʨʦʤʙʳ, c ï 

ʪʨʝʫʛʦʣʴʥʠʢʠ)  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʨʘʟʨʳʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚʘ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [395,486]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʚ ʦʜʥʦʡ 
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ʠʟ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʵʪʦʡ ʞʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʩʚʦʙʦʜʥʦʡ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʝʥʝʝ ʚʳʛʦʜʥʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ 

ʥʝʧʦʜʝʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, 

ʯʝʤ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʛʝʦʤʝʪʨʠʷ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ï ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʠ ʚʦ ʚʩʝʤ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʛʝʦʤʝʪʨʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʦʥʘ ʦʩʪʘʝʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ 

ʚʳʛʦʜʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ, ʯʝʤ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʤʦʣʝʢʫʣ. 

ɼʘʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʠ ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩʚʷʟʘʥ ʥʝ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ. ʇʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʩ ʤʦʣʝʢʫʣʳ ʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʮʚʠʪʪʝʨ-ʠʦʥ ʛʣʠʮʠʥʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʠ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʥʠ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʘ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100 K. 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ-ʟʘ 

ʧʦʥʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ʚʜʚʦʝ ʫʚʝʣʠʯʠʣʦʩʴ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦ 

ʩʠʤʤʝʪʨʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦ ʩʠʤʤʝʪʨʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦ 

ʩʠʤʤʝʪʨʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʠ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʨʳʚʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺʦ 

ʚʨʝʤʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ, ʪ.ʝ. ʦʩʣʘʙʣʝʥʠʝ ʚʩʝʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʨʦʤʝ ʜʚʫʭ ï 

O4-H4éO1 (-x, 1/2+y, 1/2-z) ʠ N1-H1BéO3 (1-x, -1/2+y, 1/2-z). ʇʝʨʚʘʷ ʚʦ ʚʨʝʤʷ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʚʪʦʨʘʷ ï ʫʧʨʦʯʥʷʣʘʩʴ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʚ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʪʝʢʘʥʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʠʟʤʝʥʷʣʩʷ, ʜʣʷ ʚʩʝʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʣʠʙʦ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʣʠʙʦ ʦʭʣʘʞʜʝʥʠʝ ʚʦʚʩʝ ʥʝ ʚʣʠʷʣʦ ʥʘ ʠʭ ʜʣʠʥʫ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʷʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩʚʷʟʘʥ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ 

ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʥʬʦʨʤʘʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʢʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

 

ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʚ O-HéO ʠ N-HéO 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ. O-HéO: 1 ï O4-H4...O1 (-x, 1/2+y, 1/2-z), 2 ï O14-H14...O21 (1+x, -1+y, 

z), 3 ï O24-H24...O11 (-1+x, y, z), 4 ï O6-H6...O2 (1-x, 1-y, -z), 5 ï O16-H16...O12 (1-x, 1-y, 2-z), 

6 ï O26-H26...O22 (1-x, 2-y, 1-z). N-HéO: 1 ï N1-H1A...O5, 2 ï N11-H11A...O15, 3 ï 

N21-H21A...O25, 4 ï N1-H1B...O3 (1-x, -1/2+y, 1/2-z), 5 ï N11-H11B...O23 (1-x, 1-y, 1-z), 6 ï 

N21-H21B...O13 (1-x, 1-y, 2-z), 7 ï N1-H1C...O3 (x, 1,5-y, 1/2+z), 8 ï N11-H11C...O23, 9 ï 

N21-H21C...O13 (x, 1+y, z) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʚʳʷʚʠʣʦ, ʯʪʦ ʫʞʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ 0,1 ɻʇʘ 

ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʬʘʟʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʩʠʤʤʝʪʨʠʠ ʈ-1. ʋʪʦʯʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 12). 

ʀʜʝʥʪʠʯʥʦʩʪʴ ʬʘʟ ʙʳʣʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [2]. 

ɼʣʷ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʪʘʢʞʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ʆʨʠʝʥʪʘʮʠʠ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 25 ʠ ʥʘ ʨʠʩʫʥʢʝ 12. ɿʥʘʯʝʥʠʷ 
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                     (ʘ)                                                                (ʙ) 

 

                                (ʚ)                                                                (ʛ)  

 

ʈʠʩʫʥʦʢ 12. ʆʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ (300 Ÿ 225 K, ʘ), 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ (200 Ÿ 100 K, ʙ), ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʩʞʘʪʠʠ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (0,1 Ÿ 0,7 ɻʇʘ, ʛ). ʅʘʣʦʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʧʨʠ 200 K (ʟʝʣʝʥʳʡ) ʠ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 0,1 ɻʇʘ 

(ʩʠʥʠʡ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʬʨʘʛʤʝʥʪʝ (ʚ)  
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ʊʘʙʣʠʮʘ 25. ɿʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠ ʦʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʦʚ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ 

ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ (ʦʭʣʘʞʜʝʥʠʝ 300 Ÿ 225 K) 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,0008 (0,0001) 110 (1) 90 (0) 4 (1) 

ʆʩʴ 2 -0,0030 (0,0001) 90 (0) 0 (0) 90 (0) 

ʆʩʴ 3 -0,0050 (0,0001) 20 (1) 90 (0) 94 (1) 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ (ʦʭʣʘʞʜʝʥʠʝ 200 Ÿ 100 K) 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,0025 (0,0002) 89 (2) 53 (3) 39 (3) 

ʆʩʴ 2 -0,0045 (0,0002) 68 (6) 41 (4) 126 (4) 

ʆʩʴ 3 -0,0057 (0,0002) 22 (6) 106 (5) 102 (4) 

ʌʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ 0,1 Ÿ 0,7 ɻʇʘ) 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,0044 (0,0002) 85,3 (0,9) 14,7 (0,8) 73,8 (0,8) 

ʆʩʴ 2 -0,0130 (0,0001) 149 (1) 94,6 (0,9) 37 (1) 

ʆʩʴ 3 -0,0192 (0,0002) 60,4 (0,9) 103,9 (0,8) 57,2 (0,9) 

 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 25. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦ ʠ ʧʦʩʣʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʬʘʟʳ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʫʜʘʣʦʩʴ 

ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʦ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ 

0,1 ɻʇʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʜʘʚʣʝʥʠʝ, ʜʦʩʪʠʞʠʤʦʝ ʚ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʷʯʝʡʢʝ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʭʦʜʷ ʠʟ ʨʘʟʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʪʨʠʢʣʠʥʥʦʡ ʬʘʟʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʬʘʟ, 

ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. 

ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʣʫʯʘʝ DL-ʮʠʩʪʝʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʠ ʧʝʨʚʘʷ ʬʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳʤʠ, 

ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ʥʘʙʣʶʜʘʣʘʩʴ ʩʝʨʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [487]. ʉʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʜʣʷ 

ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʠʜʝʥʪʠʯʥʳ, ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ. ɺ 

ʦʩʥʦʚʥʦʤ, ʜʘʞʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʦʭʣʘʞʜʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ ʩ ʨʘʟʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [488]. ɺ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʳʭ (ʢʫʙʠʯʝʩʢʠʭ) 

ʢʨʠʩʪʘʣʣʦʚ, ʥʘʦʙʦʨʦʪ, ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʞʠʜʘʪʴ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʬʘʟʳ ʠ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʝʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

ʜʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʪʨʦʧʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 200 ï 225 K ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʦʙʨʘʪʠʤʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʡ ʤʦʣʝʢʫʣ ʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʥʠʞʘʣʘʩʴ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʘ ʩ ʤʦʥʦʢʣʠʥʥʦʡ 

ʜʦ ʪʨʠʢʣʠʥʥʦʡ. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 

ʫʞʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 0,1 ɻʇʘ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ. ɼʘʥʥʳʡ ʦʙʲʝʢʪ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʧʨʠʤʝʨʦʚ ʩʨʝʜʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʬʘʟʘ ʠ ʬʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʩʘʤ ʧʦ ʩʝʙʝ ʩʚʷʟʘʥ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʬʦʨʤʘʮʠʡ ʤʦʣʝʢʫʣ, ʘ ʥʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʝʪʢʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʪʘʢ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʩʪʘʥʦʚʷʪʩʷ ʩʣʘʙʝʝ ʠ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 
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3.4 ɺʣʠʷʥʠʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʛʠʜʨʘʪʘ 

ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ: ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ 

ʄʦʥʦʛʠʜʨʘʪ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʳ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʚʰʝʛʦʩʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ 

ɻʣʘʚʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʴ, ʪʦ ʝʩʪʴ ʤʦʣʝʢʫʣʳ 

ʘʣʘʥʠʥʘ ʚ ʥʝʤ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʢʘʪʠʦʥʦʚ ï ʘʣʘʥʠʥʠʷ, ʘ 

ʤʦʣʝʢʫʣʳ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ 

ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʩʝʪʢʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʪʦʣʴʢʦ ʛʝʪʝʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʦʣʠ 

ʘʣʘʥʠʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʘʤʠ. ʅʝʟʘʚʠʩʠʤʘʷ 

ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʛʠʜʨʘʪʘ 

ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 13. ɺʝʱʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

P21/c ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʝʜʠʥʠʮʘʤʠ ʩʣʫʞʘʪ ʮʝʧʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʨʦʪʢʠʤʠ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ. ʕʪʠ ʮʝʧʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝ ʥʘʧʨʷʤʫʶ, ʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʩ ʥʠʤʠ ʢʘʪʠʦʥʘʤʠ DL-ʘʣʘʥʠʥʠʷ ʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ ʙʳʣʘ ʨʘʥʝʝ ʨʘʩʰʠʬʨʦʚʘʥʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ 100 K, ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʥʸʤ ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ [178]. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 14. ʇʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʜʦ ʜʘʚʣʝʥʠʷ 1,5 ɻʇʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ (-7,2 %), ʯʝʤ ʪʦ, ʢʦʪʦʨʦʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 100 K (-2,1 %, [178]). ɺ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ 1,5 ï 2,4 ɻʇʘ ʧʨʦʠʟʦʰʝʣ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩ ̫

ʨʘʟʨʳʚʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ 
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ʜʘʚʣʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʩʦʩʪʘʚʠʣʦ æV/V = -5,7 %, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʤʫ ʧʨʠ ʜʘʚʣʝʥʠʠ 1,5 ɻʇʘ. ʉʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʙʳʣʦ 

ʦʙʨʘʪʠʤʳʤ ʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʫʭʫʜʰʝʥʠʝʤ 

ʢʘʯʝʩʪʚʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ.  

 

                 (ʘ)                                                                     (ʙ)  

 

ʈʠʩʫʥʦʢ 13.  ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦ ʩʭʝʤʦʡ ʥʫʤʝʨʘʮʠʠ ʘʪʦʤʦʚ (ʘ) ʠ 

ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʙ) ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ 

 

 

ʈʠʩʫʥʦʢ 14. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʛʠʜʨʘʪʘ 

ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ  
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ʅʝʩʤʦʪʨʷ ʥʘ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʤʦʪʠʚʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʩʦʭʨʘʥʠʣʠʩʴ, ʨʘʟʨʳʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʨʠʩʫʥʦʢ 15). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʪʨʝʭʮʝʥʪʨʦʚʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, N1-H1Aé(O1W, O2) (1-x, 1-y, 2-z), ʠ O1-H1é(O1W, O2 (1-

x,1/2+y,3/2-z)), ʚʤʝʩʪʦ ʜʚʫʭ ʩʪʘʥʜʘʨʪʥʳʭ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʜʦʥʦʨʥʳʤʠ ʘ ʘʢʮʝʧʪʦʨʥʳʤʠ ʘʪʦʤʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 16. ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ɼʚʝ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ, N1-1BéO5 ʠ O3-H3éO6 (x, -y+1/2, z-1/2), ʨʘʟʨʳʚʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʣʠʥʳ ʩʚʷʟʠ ʦʪ ʜʘʚʣʝʥʠʷ ʥʝ ʠʤʝʶʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʧʠ 

ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʨʦʪʢʠʤʠ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ O3-H3éO6 (x, -y+1/2, z-1/2), ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʞʝʩʪʢʦʛʦ 

ʢʘʨʢʘʩʘ, ʠ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʚʠʜʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʢʘʪʠʦʥʦʚ DL-ʘʣʘʥʠʥʠʷ ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʤʝʰʘʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʛʣʠʮʠʥʘ ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʩʝʪʢʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɾʝʩʪʢʦʩʪʴ ʮʝʧʝʡ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʥʝ ʜʦʩʪʠʛʘʣʦ ʪʝʭ 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ.  



143 
 

 

ʈʠʩʫʥʦʢ 15. ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ, 

ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ  

ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʠʟʤʝʥʝʥʠʝʤ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʧʦʩʣʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʞʘʪʠʠ. ʆʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15 ʠ ʚ ʪʘʙʣʠʮʝ 26. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ 

ʜʚʫʭ ʬʘʟ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 26. ʇʨʠ ʩʞʘʪʠʠ 

ʢʨʠʩʪʘʣʣʘ ʜʦ ʪʦʯʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʞʝʩʪʢʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʝʮ, ʩʦʝʜʠʥʷʶʱʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʮʝʧʠ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʘʣʘʥʠʥʠʷ ʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʉʨʝʜʥʝʝ ʧʦ ʞʝʩʪʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʙʣʠʟʢʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʮʝʧʝʡ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ. ʇʨʠ ʩʞʘʪʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ʪʦʯʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʵʪʠʭ ʦʩʝʡ ʚʟʘʠʤʥʦ 

ʠʟʤʝʥʷʶʪʩʷ. ʅʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʝʧʷʤ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, 

ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʳʤ ʞʝʩʪʢʠʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʝʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʘʣʘʥʠʥʠʷ ʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʠ ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʩʪʘʥʦʚʠʪʩʷ ʩʨʝʜʥʠʤ ʧʦ ʞʝʩʪʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʮʝʥʪʨʦʚʳʭ 

ʚʦʜʦʨʦʜʥʳʭ  ʩʚʷʟʝʡ  ʧʨʠʚʝʣʦ  ʢ  ʠʟʤʝʥʝʥʠʶ  ʘʥʠʟʦʪʨʦʧʠʠ  ʜʝʬʦʨʤʘʮʠʠ, ʧʨʠʯʝʤ ʠʭ 
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ʈʠʩʫʥʦʢ 16. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʦʥʦʨʥʳʤʠ ʘ ʘʢʮʝʧʪʦʨʥʳʤʠ ʘʪʦʤʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʪ ʜʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʣʝʛʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʵʣʣʠʧʩʦʠʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝ 

ʠʟʤʝʥʠʣʦʩʴ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʬʘʟʳ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ [178] ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ 

ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʣʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ ʚ 
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ʩʪʨʫʢʪʫʨʝ, ʧʦʜʚʝʨʛʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʝʧʷʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʘʤʠ, ʦʩʪʘʚʘʣʦʩʴ 

ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʤ. 

 

ʊʘʙʣʠʮʘ 26. ɿʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠ ʦʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʦʘ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ 

ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ 

ʌʘʟʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ 0,0 Ÿ 1,5 ɻʇʘ) 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,002 (0,001) 33 (4) 90 (0) 81 (4) 

ʆʩʴ 2 -0,0118 (0,0004) 123 (4) 90 (0) 9 (4) 

ʆʩʴ 3 -0,05792 (0,00008) 90 (0) 0 (0) 90 (0) 

ʌʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ 2,4 Ÿ 5,4 ɻʇʘ) 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,0057 (0,0004) 123 (1) 90 (0) 6 (1) 

ʆʩʴ 2 -0,0368 (0,0009) 33 (1) 90 (0) 84 (1) 

ʆʩʴ 3 -0,04283 (0,00006) 90 (0) 0 (0) 90 (0) 

  

ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʬʘʟʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ [473], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʘʭ. ʊʘʢʠʝ 

ʩʚʷʟʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʛʣʠʮʠʥʝ [489,490], 

DL-ʮʠʩʪʝʠʥʝ [487], L-ʩʝʨʠʥʝ [491ï494]. ɺ DL-ʩʝʨʠʥʝ ʪʘʢʠʝ ʩʚʷʟʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʠ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʢʨʠʩʪʘʣʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʯʝʤ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʟʤʝʥʷʣʘʩʴ [313,491]. 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ. ɺ ʩʣʫʯʘʝ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʩʞʘʪʠʠ ʜʦ 5,4 ɻʇʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʬʘʟʝ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʩʚʷʟʝʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʦʩʥʦʚʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ. ʇʨʠ ʪʘʢʦʤ 

ʧʨʝʚʨʘʱʝʥʠʠ ʩʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʫʜʝʨʞʠʚʘʶʪ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʦʩʥʦʚʥʦʡ 
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ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʡ ʢʘʨʢʘʩ, ʢʨʠʩʪʘʣʣ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ, ʠ ʝʛʦ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʩʣʝ ʩʙʨʦʩʘ 

ʜʘʚʣʝʥʠʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʕʪʦʪ ʪʠʧ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢ ʢʘʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʥʳʭ ʬʘʟ. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʤʦʥʦʛʠʜʨʘʪʝ ʛʠʜʨʦʦʢʩʘʣʘʪʘ 

DL-ʘʣʘʥʠʥʠʷ ʩʣʫʞʠʪ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʮʝʧʝʡ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʢʦʣʴʮʝʚʳʭ ʬʨʘʛʤʝʥʪʘʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʵʪʠ ʮʝʧʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʢʘʪʠʦʥʘʤʠ 

ʘʣʘʥʠʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʚʤʝʩʪʦ ʜʚʫʭ ʩʪʘʥʜʘʨʪʥʳʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ, ʪʘʢ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ 

ʤʦʪʠʚʦʚ. 

 

3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʛʠʜʨʘʪʘ 

ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ 

ɽʱʝ ʦʜʥʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʜʠʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʣʠ 

ʘʣʘʥʠʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ 

ʜʨʫʛʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʦʡ ʠ ʦʪʣʠʯʘʝʪʩʷ ʪʠʧʘʤʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʢʦʚʦʡ ʨʘʜʠʢʘʣ ʩʝʨʠʥʘ 

(-CH2OH) ʩʦʜʝʨʞʠʪ ʛʠʜʨʦʬʠʣʴʥʫʶ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚʳʩʪʫʧʘʷ ʢʘʢ ʚ 
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ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʚʦʜʦʨʦʜʘ. ɺ ʘʣʘʥʠʥʝ ʞʝ ʙʦʢʦʚʦʡ 

ʨʘʜʠʢʘʣ (-CH3) ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʚʦʜʦʨʦʜʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʥʝ ʤʦʞʝʪ. ʊʠʧʳ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚ ʮʝʣʦʤ ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠ ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʦʵʪʦʤʫ 

ʩʨʘʚʥʝʥʠʝ ʦʪʢʣʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʣʝʡ ʩʝʨʠʥʘ ʠ ʘʣʘʥʠʥʘ ʥʘ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ. 

ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 17. 

ɺʝʱʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʩʠʤʤʝʪʨʠʠ ï P21/c. ɺ ʢʨʠʩʪʘʣʣʝ ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ ʧʦʣʥʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʘ ʠ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʤʦʣʝʢʫʣʳ ʩʝʨʠʥʘ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʢʘʪʠʦʥʦʚ ʩʝʨʠʥʠʷ. ʂʘʪʠʦʥʳ ʩʝʨʠʥʠʷ, ʦʢʩʘʣʘʪ-ʘʥʠʦʥʳ ʠ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʝʜʠʥʠʮʳ ʚ ʢʨʠʩʪʘʣʣʝ ï ʵʪʦ 

ʮʝʧʠ ʜʚʫʭ ʚʠʜʦʚ, (1) ï ʠʟ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ (2) ï ʠʟ 

ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʘʪʠʦʥʦʚ ʩʝʨʠʥʠʷ ʠ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ. 

ʇʨʠʯʝʤ ʮʝʧʠ (2), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʮʝʧʝʡ, ʥʝ ʟʘʚʠʩʠʤʳʭ ʧʦ 

ʩʠʤʤʝʪʨʠʠ, ʥʦ ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʜʝʥʪʠʯʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʂʘʢ ʠ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʩʦʣʴ ʘʣʘʥʠʥʘ, ʜʠʛʠʜʨʘʪ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʙʳʣ 

ʠʩʩʣʝʜʦʚʘʥ ʨʘʥʝʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʨʘʩʰʠʬʨʦʚʘʥʘ ʚʧʣʦʪʴ ʜʦ 100 K [178]. ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʥʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, ʦʜʥʘʢʦ ʫʜʘʣʦʩʴ 

ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 18. ʅʘ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʨʘʟʨʳʚʦʚ, ʥʠ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʧʣʦʪʴ ʜʦ 4,0 ɻʇʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʩʪʘʙʠʣʴʥʘ. ɺʠʟʫʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  
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                                                           (ʘ) 

 

(ʙ)                                                             (ʚ) 

 

ʈʠʩʫʥʦʢ 17.  ʅʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-

DL-ʩʝʨʠʥʠʷ (ʘ) ʠ ʬʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʙ, ʚ). ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʩʞʘʪʠʠ ʜʦ 4,0 ɻʇʘ  
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ʈʠʩʫʥʦʢ 18. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ 

ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ  

ʀʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʨʠʝʥʪʘʮʠʷ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 27 ʠ ʥʘ ʨʠʩʫʥʢʝ 17. ʏʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 27. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʙʣʠʟʢʘ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

[178]. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʣʘʚʥʳʤ ʦʩʷʤ 1 ʠ 2 ʵʣʣʠʧʩʦʠʜʘ, ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʮʝʧʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʚʦʜʦʨʦʜʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʩʝʨʠʥʠʷ 

ʠ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʘʤʠ. ʅʘʠʙʦʣʝʝ ʣʝʛʢʦ ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʩʠ 3 ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʣʘʙʳʭ ʩʚʷʟʝʡ N-HéO, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ ʩʝʨʠʥʠʷ ʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 
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ʊʘʙʣʠʮʘ 27. ɿʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠ ʦʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ ʜʣʷ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 4,0 ɻʇʘ 

 

ɼʝʬʦʨʤʘʮʠʷ ʋʛʦʣ ʩ ʦʩʴʶ, Á 

+a (ů) +b (ů) +c (ů) 

ʆʩʴ 1 -0,0015 (0,0009) 30,7 (0,8) 90 (0) 122,4 (0,8) 

ʆʩʴ 2 -0,0532 (0,0004) 90 (0) 0 (0) 90 (0) 

ʆʩʴ 3 -0,081 (0,002) 59,3 (0,8) 90 (0) 32,4 (0,8) 

  

ʋʞʝ ʧʨʠ 4,0 ɻʇʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʩʪʘʣʠ ʥʘʙʣʶʜʘʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʨʘʩʩʝʷʥʠʷ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʳʰʝ 4,0 ɻʇʘ 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʦʙʨʘʟʮʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ 

(ʨʠʩʫʥʦʢ 19). ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʚʝʢʪʦʨʳ 

[010] ʠ [001], ʩʪʘʣʦ ʥʘʙʣʶʜʘʪʴʩʷ ʩʠʣʴʥʦʝ ʜʠʬʬʫʟʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʧʣʦʩʢʦʩʪʷʭ (100). ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ʘ, ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʦ ~ 4,7 ¡, ʪʦ 

ʝʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʦʢʘʟʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʪʨʦʥʫʪʦʡ. ʅʘʣʠʯʠʝ ʩʠʣʴʥʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʝ ʧʦʟʚʦʣʠʣʦ ʘʜʝʢʚʘʪʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ. ʂʨʠʩʪʘʣʣ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 

4,0 ɻʇʘ ʪʘʢʞʝ ʠʟʤʝʥʠʣʩʷ ʚʠʟʫʘʣʴʥʦ (ʨʠʩʫʥʦʢ 20), ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʩʪʘʣʠ 

ʚʠʜʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʦʤʝʥʦʚ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦ. ʇʨʠ ʩʙʨʦʩʝ ʜʘʚʣʝʥʠʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ.  
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ʈʠʩʫʥʦʢ 19. ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʝʚ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʭ ʚʝʢʪʦʨʳ [010] ʠ 

[001] (ʩʣʝʚʘ) ʠ [010] ʠ [100] (ʩʧʨʘʚʘ) 

  

3,5 ɻʇʘ 

 

 

 

 

 

 

4,0 ɻʇʘ 

 

 

 

 

 

 

5,2 ɻʇʘ 
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                      (ʘ)                              (ʙ)                               (ʚ) 

 

ʈʠʩʫʥʦʢ 20. ʌʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʘ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ ʧʨʠ 1,3 ɻʇʘ (ʘ), 

ʧʨʠ 6,2 ɻʇʘ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ (ʙ) ʠ ʧʨʠ 0,7 ɻʇʘ ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʨʘʟʛʨʫʟʢʝ 

ʈʘʩʰʠʬʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝ 

ʫʜʘʣʦʩʴ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ (100). ʀʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʚ ʩʝʪʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʘʨʫʰʘʣʘʩʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

çʧʦʣʦʩè ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ. 

ʆʙʨʘʪʠʤʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʜʠʛʠʜʨʘʪʝ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ 

ʩʣʫʞʠʪ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʚʳʟʚʘʥʥʦʛʦ ʜʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠʯʝʤ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦʝ ʧʨʠ 

ʜʝʢʦʤʧʨʝʩʩʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʘ, ʘ ʩʣʘʙʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʨʳʚʘʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʠ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʦʙʲʷʩʥʷʶʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 

ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʩʦʙʝʥʥʦʩʪ ɹ ʦʙʲʝʢʪʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ 

ʧʘʨʘʛʨʘʬʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʪʠʤʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚ ʯʘʩʪʠʯʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʝʥ ʠʣʠ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ, ʠʣʠ ʘʤʦʨʬʠʟʘʮʠʷ [276,495]. 
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3.6 ɿʘʢʣʶʯʝʥʠʝ ʢ ɻʣʘʚʝ 3 

ɺ ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ ʥʘ ʧʨʠʤʝʨʝ ʠʟʙʨʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʪʢʣʠʢʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ï ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ 

ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ (ʢʨʦʤʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʠʛʠʜʨʘʪʘ ʦʢʩʘʣʘʪʘ ʙʠʩ-DL-ʩʝʨʠʥʠʷ). ʅʘ ʧʨʠʤʝʨʝ 

ʩʦʣʴʚʘʪʘ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩ ʧʠʨʜʠʥʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʝʪ ʥʦʚʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʘʥʠʟʦʪʨʦʧʠʶ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʅʘ ʧʨʠʤʝʨʝ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʦʢʨʘʩʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʩʠʤʤʝʪʨʠʟʘʮʠʝʡ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʛʝʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʥʠʢʝʣʷ. ʅʘ ʧʨʠʤʝʨʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʛʝʦʤʝʪʨʠʠ ʩʝʪʢʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ (ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʛʣʠʮʠʥʘ 

ʩ ʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʦʡ), ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩʝʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʪʢʣʠʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʘʞʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʬʘʟ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ï ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʙʠʦʠʤʠʪʘʮʠʦʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʇʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 



154 
 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʪʢʣʠʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʚ ʥʠʭ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʥʦ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʦʪʢʣʠʢ ʩʪʨʫʢʪʫʨʳ ʥʘ ʣʶʙʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʠʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʂʦʥʢʨʝʪʥʳʝ 

ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ɻʣʘʚʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ. 
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ɻʃɸɺɸ 4. ʇʈʀʄɽʅɽʅʀɽ ʇɽʈɽʄɽʅʅʓʍ ɼɸɺʃɽʅʀʁ ʀ ʊɽʄʇɽʈɸʊʋʈ 

ɼʃʗ ʀɿʋʏɽʅʀʗ ʊɺɽʈɼʆʌɸɿʅʓʍ ʉʊʈʋʂʊʋʈʅʓʍ ʇʈɽɺʈɸʑɽʅʀʁ, 

ʉʆʇʈʆɺʆɾɼɸʖʑʀʍʉʗ ʄɸʂʈʆʉʂʆʇʀʏɽʉʂʀʄ ʄɽʍɸʅʀʏɽʉʂʀʄ 

ʆʊʂʃʀʂʆʄ ʂʈʀʉʊɸʃʃɸ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 

ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʚʦʜʘ ʩʚʝʪʦʚʦʡ, ʪʝʧʣʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʚʝʱʝʩʪʚʘʤʠ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʦʙʣʫʯʝʥʠʷ, ʥʘʛʨʝʚʘ ʠ ʪ.ʜ.) 

ʧʨʦʪʝʢʘʝʪ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʣʠ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʏʘʩʪʦ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ, ʪʦ ʝʩʪʴ ʝʛʦ ʠʟʛʠʙʫ, ʩʢʨʫʯʠʚʘʥʠʶ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʘʞʝ çʧʨʳʞʢʘʤè. ʆʥʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʦʣʥʳʤ ʠʣʠ ʯʘʩʪʠʯʥʳʤ 

ʩʦʭʨʘʥʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʟʚʦʣʷʷ ʥʘʡʪʠ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʥʦ ʠ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʷʚʣʝʥʠʷ 

ʠʥʪʝʨʝʩʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʚʠʞʝʥʠʶ (çʧʨʳʞʢʘʤè, ʩʢʨʫʯʠʚʘʥʠʶ ʠ ʜʨ.) ʠʣʠ 

ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ, ʢʘʢ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [124], ʧʦʤʦʞʝʪ ʚ 

ʙʫʜʫʱʝʤ ʩʦʟʜʘʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʰʠʥʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ, ʜʠʩʧʣʝʠ, 

ʥʦʚʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ, ʦʯʝʥʴ ʚʘʞʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʦʙʨʘʟʮʘ ʠ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘʥʠʟʦʪʨʦʧʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʢʨʠʩʪʘʣʣ ʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ.  

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʘʥʠʟʦʪʨʦʧʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʥʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 
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ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʪʘʢʞʝ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʦʪʢʣʠʢʫ ʢʨʠʩʪʘʣʣʘ ʠʣʠ 

ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʬʦʨʤʳ. ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥ r ʢʨʠʩʪʘʣʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʠʣʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʷʚʣʝʥʠʷ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʷ 

çphotosalient/thermosalient effectsè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [124,496,497]. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʉʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 28. ʅʘ 

ʧʨʠʤʝʨʘʭ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʬʦʨʤʳ.  

 

ʊʘʙʣʠʮʘ 28. ʉʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭʩʷ ʚ 

ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ, ʠ ʧʨʦʮʝʩʩʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʜʣʷ ʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʊʠʧ 

ʚʦʟʜʝʡʩʪʚʠʷ 

ʇʨʦʮʝʩʩ ʊʠʧ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ 

ʅʠʪʨʦʧʝʥʪʘʘʤʤʠʘʢʘʪʳ ʢʦʙʘʣʴʪʘ (III ) ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Co(NH3)5NO2]XY, ʛʜʝ 

XY = Cl(NO3), Br2 

ʆʙʣʫʯʝʥʠʝ 

ʚʠʜʠʤʳʤ 

ʩʚʝʪʦʤ 

ʈʝʘʢʮʠʷ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 

(ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʠʪʦ-ʢʦʤʧʣʝʢʩʘ) 

[Co(NH3)5NO2]XY ½­½ nh [Co(NH3)5ONO]XY 

çʇʨʳʞʢʠè, 

ʠʟʛʠʙ, 

ʨʘʟʨʫʰʝʥʠʝ 

ʂʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʦʢʩʘʣʘʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

(ʈɿʕ)2(C2O4)3Ŀ10H2O, ʛʜʝ (ʈɿʕ)2 = Sm2, Y2 ʠʣʠ SmY 

ʅʘʛʨʝʚʘʥʠʝ ʏʘʩʪʠʯʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ 

(ʈɿʕ)2(C2O4)3Ŀ10H2O ½­½T  (ʈɿʕ)2(C2O4)3Ŀ6H2O + 

+ 4H2O 

ʀʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ 

1,2,4,5-ʊʝʪʨʘʙʨʦʤʙʝʥʟʦʣ, C6H2Br4 

ʅʘʛʨʝʚʘʥʠʝ ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ɓ½­½T ɔ çʇʨʳʞʢʠè, 

ʨʘʟʨʫʰʝʥʠʝ 
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4.1 ɺʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

[Co(NH3)5NO2]Cl(NO3) ʠ [Co(NH3)5NO2]Br 2. ʉʚʷʟʴ ʩ ʬʦʪʦʤʝʭʘʥʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʝʚʘʷ 

ʠʟʦʤʝʨʠʟʘʮʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʘ, ʦʪʥʦʩʷʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ (III ) ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [Co(NH3)5NO2]XY, ʛʜʝ X,Y = Cl
-
, Br

-
, 

I
-
, NO3

-
 [126,130ï132,498]. ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Cl2 ʙʳʣ ʧʝʨʚʳʤ, ʚ ʢʦʪʦʨʦʤ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʚʷʟʝʚʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ [499]. ɽʛʦ ʧʦʨʦʰʦʢ ʠʟʤʝʥʷʣ ʮʚʝʪ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ï [Co(NH3)5ONO]XY. ɿʥʘʯʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʪʢʣʠʢ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʙʳʣ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ [Co(NH3)5NO2]Cl(NO3), ʠʟʥʘʯʘʣʴʥʦ ʦʰʠʙʦʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʢ [Co(NH3)5NO2]Cl2 [126]. ʂʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ 

ʫʜʦʙʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʨʘʩʪʫʪ ʚ ʚʠʜʝ ʫʜʣʠʥʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʙʨʫʩʢʦʚ (ʠʣʠ ʠʛʣ). ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ 

ʦʙʣʫʯʝʥʠʠ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʠʟʛʠʙ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠʣʠ 

ʥʘʙʣʶʜʘʶʪʩʷ çʧʨʳʞʢʠè, ʧʨʠ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣ ʧʨʝʦʜʦʣʝʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʝʛʦ ʨʘʟʤʝʨ [6,126]. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ 

ʢʨʠʩʪʘʣʣʘ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɽʱʝ ʦʜʥʦʡ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ 

ʧʨʦʪʝʢʘʝʪ ʛʦʤʦʛʝʥʥʦ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

NO2-ONO ʬʦʨʤ ʢʦʤʧʣʝʢʩʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʨʝʘʢʮʠʠ [126,133,500]. ʕʪʠ ʬʘʢʪʦʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʤʝʥʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʦʚ 

[Co(NH3)5NO2]Cl(NO3) ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʪʝʢʘʥʠʷ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʫʜʘʣʦʩʴ ʥʝ 

ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ ʠʟʛʠʙʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ [501], ʥʦ ʠ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ [355].  
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ʇʨʦʪʝʢʘʥʠʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ, ʟʘʚʠʩʠʪ ʦʪ ʘʥʠʟʦʪʨʦʧʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

[130,133,136,137]. ʈʘʥʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʥʠʟʦʪʨʦʧʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ [Co(NH3)5NO2]XY (ʛʜʝ XY = Cl2, Br2, Cl(NO3)) ʧʨʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ [139]. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʦʩʥʦʚʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʜʦ ~4 ɻʇʘ ʙʳʣʠ 

ʨʘʩʰʠʬʨʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ [Co(NH3)5NO2]Cl2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ [136,502]. ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʫʜʘʣʦʩʴ ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 

[Co(NH3)5NO2]Cl(NO3) ʠ [Co(NH3)5NO2]Br2 ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʢʘʢʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʧʦʤʦʛʘʶʪ 

ʧʦʣʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʘʢʦʛʦ ʨʦʜʘ.  

ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Cl(NO3) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ 

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ Pnma. ɼʝʬʦʨʤʘʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ [Co(NH3)5NO2]Cl(NO3) ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʬʨʘʛʤʝʥʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5NO2]Cl(NO3), ʘ ʪʘʢʞʝ ʩʚʷʟʴ ʫʧʘʢʦʚʢʠ 

ʢʦʤʧʣʝʢʩʘ ʩ ʬʦʨʤʦʡ ʢʨʠʩʪʘʣʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 21. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʚ 

ʨʘʙʦʪʝ [139]. ʇʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʢʨʠʩʪʘʣʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [010], ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ~-10 % ʧʨʠ ʜʘʚʣʝʥʠʠ 

4,8 ɻʇʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʵʪʦ ʞʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ï ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ONO-ʬʦʨʤʳ ʩʦʩʪʘʚʣʷʝʪ +3,5 % [132]. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

çʚʥʫʪʨʝʥʥʝʝ   ʜʘʚʣʝʥʠʝè,   ʢʦʪʦʨʦʝ   ʚʦʟʥʠʢʘʝʪ  ʚ  ʩʪʨʫʢʪʫʨʝ  ʧʨʠ  ʠʟʦʤʝʨʠʟʘʮʠʠ,  ʚ  
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(a)                                                              (ʙ) 

 

(ʚ) 

 

ʈʠʩʫʥʦʢ 21. ɼʝʬʦʨʤʘʮʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ 

[Co(NH3)5NO2]Cl(NO3) ʧʦʜ ʜʘʚʣʝʥʠʝʤ (ʘ), ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Cl(NO3) (ʙ), ʠ ʩʚʷʟʴ ʫʧʘʢʦʚʢʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʬʦʨʤʦʡ 

ʢʨʠʩʪʘʣʣʘ (ʚ) 

ʥʝʩʢʦʣʴʢʦ ɻʇʘ. ʇʨʠ ʪʘʢʠʭ ʚʝʣʠʯʠʥʘʭ ʜʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʩʞʘʪʠʠ, ʪʘʢ ʠ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʘʢʠʝ, ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʢʦʤʧʣʝʢʩʘ 

[Co(NH3)5NO2]Cl(NO3) ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʫʯʘʩʪʚʫʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, 

NO2-ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʠʪʨʠʪʦ-ʬʦʨʤʳ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ NO2-ʛʨʫʧʧʦʡ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʫʩʨʝʜʥʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 
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ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʪʨʝʙʫʝʪʩʷ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ [Co(NH3)5NO2]Cl(NO3) ʙʳʣʠ 

ʨʘʩʰʠʬʨʦʚʘʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʦ 4,8 ɻʇʘ. ɺʩʝʛʦ ʚ ʜʘʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ï N-HéO ʠ N-HéCl. 

ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ) 

ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 22. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ, ʝʝ ʜʣʠʥʘ ʠʟʤʝʥʷʣʘʩʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 2 ʜʦ 7 % ʧʨʠ ʩʞʘʪʠʠ ʜʦ 4,8 ɻʇʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʦʙʨʘʟʫʝʤʳʝ NO2-ʛʨʫʧʧʦʡ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʤʝʥʝ ʢʦʦʨʜʠʥʘʮʠʠ ʩ NO2 

ʥʘ ONO ʚ ʭʦʜʝ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʚʷʟʝʚʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ. ʆʜʥʘ ʠʟ ʵʪʠʭ ʩʚʷʟʝʡ, 

N2-H2BéO1 (īx+1/2, īy, zī1/2) ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡ, 

N3-H3BéO2 (x, yī1/2, īz+2), ʯʪʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʜʘʚʣʝʥʠʡ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʥʘʷ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ NO2-ʛʨʫʧʧʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʣʝʛʢʦʩʪʴ ʝʝ ʚʨʘʱʝʥʠʷ ʧʨʠ ʩʤʝʥʝ 

ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ONO. ʉʣʘʙʳʝ ʩʚʷʟʠ ʧʨʠ ʵʪʦʤ ʨʘʟʨʳʚʘʶʪʩʷ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ ʤʘʣʳ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʝʬʦʨʤʘʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʦʜʥʦʤ ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʝʛʦ ʬʦʨʤʳ ʠ ʦʙʲʝʤʘ, ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʩʦʩʝʜʥʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʢʘʪʠʦʥʘʤ ʟʘ ʩʯʝʪ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʧʨʫʞʠʥ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʩʢʦʨʷʝʪ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʲʷʩʥʷʷ çʧʨʳʞʢʠè ʢʨʠʩʪʘʣʣʦʚ ï ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ.  

ʂʦʤʧʣʝʢʩ [Co(NH3)5NO2]Br2 ʷʚʣʷʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʟ ʩʝʤʝʡʩʪʚʘ 

[Co(NH3)5NO2]XY (ʛʜʝ XY = Cl2, Br2, Cl(NO3)), ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʥʝʝ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʥʠʪʨʠʪʦ-ʬʦʨʤʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʧʦ 

ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ [133]. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʢʦʤʧʣʝʢʩ 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ [Co(NH3)5NO2]Cl2, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 
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ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ 

[136,502]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ [Co(NH3)5NO2]Br2 ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʣʦ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ 

ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʜʘʥʥʳʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 6,9 ɻʇʘ.  

 

ʈʠʩʫʥʦʢ 22. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʚ 

ʢʦʤʧʣʝʢʩʝ [Co(NH3)5NO2]Cl(NO3). ʆʙʦʟʥʘʯʝʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ: (1) - N3-H3AéCl1
v
, (2) 

- N3-H3BéCl1
iv
, (3) - N2-H2BéCl1, (4) - N2-H2CéCl1

iv
, (5) - N1-H1AéCl1, (6) - N1-

H1CéO3
i
, (7) - N2-H2BéO1

ii
, (8) - N2-H2AéO3, (9) - N3-H3BéO2

vi
, (10) - N3-H3CéO3

i
, 

(11) - N1-H1CéO3
ii
, (12) - N3-H3CéO4

ii
. ʂʦʜʳ ʩʠʤʤʝʪʨʠʠ: (i) xī1/2, y, īz+3/2; (ii) īx+1/2, 

īy, zī1/2; (iii) īx+1/2, y+1/2, zī1/2; (iv) īx+1/2, īy, z+1/2; (v) xī1/2, īy+1/2, īz+3/2; (vi) īx, 

yī1/2, īz+2 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ [Co(NH3)5NO2]Br2, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ [135,427]. 

ʂʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʩʠʤʤʝʪʨʠʠ C2/c. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ 6,0 ɻʇʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʞʠʤʘʣʘʩʴ ʘʥʠʟʦʪʨʦʧʥʦ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʦʪ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 23 ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʣʷ ʜʘʚʣʝʥʠʡ ʥʠʞʝ 4 ɻʇʘ [139]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 4 ʜʦ 6,9 ɻʇʘ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʦʪ 

1 ʘʪʤ ʜʦ 6,9 ɻʇʘ. ʅʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 24. 

ʅʘʧʨʘʚʣʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʤʫ ʠ ʩʨʝʜʥʝʤʫ ʩʞʘʪʠʶ ʚ ʧʣʦʩʢʦʩʪʠ (010), 
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ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ʧʨʠ 0,6 ɻʇʘ (ʨʠʩʫʥʦʢ 24). ɼʝʬʦʨʤʘʮʠʷ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʠʚʦʜʠʣʘ ʢ ʚʨʘʱʝʥʠʶ NO2-ʛʨʫʧʧʳ ʚʦʢʨʫʛ ʩʚʷʟʠ Co-NO2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [010], ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʚʷʟʠ 

Co-NO2. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʧʫʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʞʜʫ NO2-ʣʠʛʘʥʜʘʤʠ ʠ ʪʨʘʥʩ-NH3-ʣʠʛʘʥʜʘʤʠ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʥʠʞʝ 6,0 ɻʇʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʘ 

ʙʦʣʴʰʝ ʥʝ ʤʦʞʝʪ ʩʞʠʤʘʪʴʩʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʚʨʘʱʝʥʠʷ NO2-ʛʨʫʧʧʳ ʠ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ (ʩʤ. ʦʙʩʫʞʜʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʠʞʝ). 

 

ʈʠʩʫʥʦʢ 23. ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʜʘʚʣʝʥʠʷ ʜʣʷ 

[Co(NH3)5NO2]Br2, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ (ʟʘʢʨʘʰʝʥʥʳʝ ʩʠʤʚʦʣʳ), ʠ ʜʣʷ 

[Co(NH3)5NO2]Cl2 (ʧʫʩʪʳʝ ʩʠʤʚʦʣʳ), ʧʦʣʫʯʝʥʥʳʝ ʚ [136], ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʊʨʝʫʛʦʣʴʥʠʢʦʤ 

ʦʪʤʝʯʝʥʦ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ  

ɼʘʥʥʳʝ ʦ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [Co(NH3)5NO2]Br2 ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʥʠʞʝ 3,5 ɻʇʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʣʷ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ [Co(NH3)5NO2]Cl2 [136,139]. ɸʥʠʟʦʪʨʦʧʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʦʭʦʞʝʡ, ʥʦ ʥʝ ʠʜʝʥʪʠʯʥʦʡ (ʨʠʩʫʥʦʢ 25). 
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ʅʘʧʨʘʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʩʦʚʧʘʜʘʶʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ [010]. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʘʥʠʟʦʪʨʦʧʠʠ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʫʩʪʦʪ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʟʣʠʯʠʝʤ ʚ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ 

ʘʥʠʦʥʦʚ Cl
-
 ʥʘ Br

-
. ɼʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ a ʦʪ ʜʘʚʣʝʥʠʷ ʥʝ ʙʳʣʘ ʤʦʥʦʪʦʥʥʦʡ, ʥʘ ʥʝʡ ʥʘʙʣʶʜʘʣʩʷ ʤʠʥʠʤʫʤ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʥʠʞʝ 1 ɻʇʘ (ʨʠʩʫʥʦʢ 23). ʕʪʦʪ ʤʠʥʠʤʫʤ ʩʚʷʟʘʥ ʢʘʢ ʩʦ ʩʤʝʥʦʡ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʨʝʜʥʝʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʟʘʧʦʣʥʝʥʠʷʤʠ ʧʫʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʚʨʘʱʝʥʠʝ 

ʛʣʘʚʥʳʭ ʦʩʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ 

(ʨʠʩʫʥʢʠ 24 ʠ 25).  

 

ʈʠʩʫʥʦʢ 24. ʅʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʦʩʝʡ ʵʣʣʠʧʩʦʠʜʘ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

[Co(NH3)5NO2]Br2 ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʜʘʚʣʝʥʠʷ. ʇʫʥʢʪʠʨʥʳʝ ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ 

ʜʝʬʦʨʤʘʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ 6,0 ʠ 6,9 ɻʇʘ 

ʄʝʞʜʫ 6,0 ʠ 6,9 ɻʇʘ ʚ ʢʨʠʩʪʘʣʣʝ [Co(NH3)5NO2]Br2 ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ, ʭʦʪʷ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʜʘʚʣʝʥʠʷ 

(ʨʠʩʫʥʦʢ 23) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʨʝʥʜʘ ʠʣʠ ʨʘʟʨʳʚʘ. 

ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʠʣʦ ~ -1,5% (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ -20% ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʧʨʝʚʨʘʱʝʥʠʶ). 

ʄʦʥʦʢʨʠʩʪʘʣʣ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʩʦʭʨʘʥʠʣʩʷ, ʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

ʩʠʤʤʝʪʨʠʠ ʠʟʤʝʥʠʣʘʩʴ ʩ C2/c ʥʘ Cmcm. ʋʧʘʢʦʚʢʘ ʢʘʪʠʦʥʦʚ [Co(NH3)5NO2]
2+
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