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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

GS ï ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ 

MS1 ï ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

MS2 ï ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʫʯʘʩʪʠʝʤ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ  

ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ 

ɼʉʂ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ICSD ï ʙʘʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

XAFS ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

 

  



 

 

 6 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ  

ʈʫʪʝʥʠʡ ʦʙʨʘʟʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ (ʦʪ -2 ʜʦ +8). ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʭʠʤʠʠ ʨʫʪʝʥʠʷ ʟʘʥʠʤʘʝʪ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ +2, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʩʪʦʡʯʠʚʳʡ ʣʠʥʝʡʥʳʡ ʬʨʘʛʤʝʥʪ  

Ru-N-O ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ +3. ʀʤʝʥʥʦ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʫʧʧʠʨʦʚʢʠ 

(RuNO)
3+

 ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ. 

ʉʨʝʜʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠʣʠ ʚʳʜʝʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʘʟʦʪʘ. ʋʯʘʩʪʠʝ ʩʚʦʙʦʜʥʦʡ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠʮʳ NO ʚʦ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʧʘʨʘʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʤʠ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʪʝ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [1]. 

ɼʨʫʛʠʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʨʠʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʠ ʦʙʨʘʪʠʤʦʤ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʧʝʨʝʭʦʜʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʬʦʪʦʘʢʪʠʚʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʤʘʛʥʝʪʠʟʤ, ʦʩʦʙʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʉʠʥʝʨʛʠʟʤ 
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ʪʘʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʚ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ. 

ɺʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʘʣʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ [2, 3], ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4] ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [5]. 

ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʪʨʦʝʥʠʠ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʟʚʦʣʷʪ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴ ʚʩʝ 

ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ 

ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʅʍ ʉʆ ʈɸʅ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 44.4.7. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʦʟʜʘʥʠʝ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè) ʚ ʯʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ, 

ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ (ʠʟʚʝʩʪʥʳʭ) ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʥʦʤʝʨ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ: 0300-2014-0006. ʆʪʜʝʣʴʥʳʝ 

ʨʘʟʜʝʣʳ ʨʘʙʦʪʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʌʌʀ 14-03-31314 

çɸʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʨʫʪʝʥʠʷ ʚ 

ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ, ʵʢʩʪʨʘʢʪʘʭ ʠ ʨʝʵʢʩʪʨʘʢʪʘʭ ʦʪʭʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘè. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 

ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʠʟʘʡʥʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʦʣʛʦʞʠʚʫʱʠʤʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ɺ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʯʴ ʠʜʝʪ 

ʥʝ ʦ ʥʘʙʦʨʝ ʚʝʱʝʩʪʚ ʩ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ, ʘ ʦ 

ʝʜʠʥʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʏʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʦ, ʘ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ 

ʥʦʩʷʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɹʝʟʫʩʣʦʚʥʦ, ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʷʜʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʠʣʠ 

ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʣʠʛʘʥʜʦʚ, ʦʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʊʨʫʜʥʦʩʪʠ 

ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʩʠʥʪʝʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʫʪʝʤ ʧʨʷʤʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠʣʠ ʤʝʪʦʜʠʢ 
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ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ.  ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʚʪʦʨʳ ʥʝʨʝʜʢʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʤʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʜʝʣ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʪʦʭʠʤʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʘʜʠʶ ʥʘʢʦʧʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʨʷʜʦʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʚʳʷʚʣʝʥʠʝʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʘʣʳʤ ʦʪʣʠʯʠʝʤ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʠʟʚʝʩʪʥʳʭ ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʩʪʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʙʨʘʥʳ ʤʝʪʦʜʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʩ ʣʠʛʘʥʜʦʤ NO, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ; 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. 
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2. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟ ʛʨʘʥʝʚʳʭ ʠʟʦʤʝʨʦʚ ʪʨʠʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ; ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʗʄʈ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ. 

3. ʆʮʝʥʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʩʪʘʙʠʣʴʥʳʝ ʬʦʨʤʳ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. 

4. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʦʚ ʭʣʦʨʠʜʥʳʭ, 

ʘʤʤʠʥʥʳʭ ʠ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʥʘ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ; ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʚʧʝʨʚʳʝ. 

5. ʆʮʝʥʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʡ ʩʠʥʪʝʟʘ ʘʢʚʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʦʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤʘʭ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʦʤʝʨʠʟʘʮʠʠ; ʦ 

ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ, ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʩ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʙʦʨʦʤ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʅʘ ʦʙʰʠʨʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧ ʚ ʦʩʥʦʚʥʦʤ ʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 
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ɺʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʗʄʈ 
14
N ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ 

ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʝʚʳʝ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ, ʧʨʦʚʝʜʝʥʘ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʘʭ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʜʣʷ 

ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

ʇʨʦʚʝʜʝʥʘ ʜʦʩʪʦʚʝʨʥʘʷ ʦʮʝʥʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʘʢʚʘʪʘʮʠʠ 

ʭʣʦʨʦ- ʠ ʥʠʪʨʘʪʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʫ ON-Ru-NH3; ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʥʠʪʨʦ-, ʜʠʥʠʪʨʘʪʦ- ʠ 

ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʛʨʘʥʝʚʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʩʝʣʝʥʥʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ Ru-ON 

ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ, ʥʦ ʠ ʦʪ ʝʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜʘʤʠ ʈʌɸ, ʈʉɸ, ʊɻɸ, ʀʂʉ, ɼʉʂ, XAFS, ʗʄʈ 
14

N ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 4 ʥʦʚʳʭ 

ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʠʣʠ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥ. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

9 ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʘ ON-Ru-NH3 ʥʝʫʩʪʦʡʯʠʚʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ ʥʘ ʛʠʜʨʦʢʩʠʜ-ʠʦʥ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ; 
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ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʜʠʟʘʡʥ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʢʦʤʙʠʥʘʮʠʝʡ ʣʠʛʘʥʜʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʩʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʩʧʦʩʦʙʦʚ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʨʝʘʢʮʠʦʥʥʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ ʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʬʨʘʢʨʘʩʥʦʡ, ʗʄʈ ʠ XAFS 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʩʪʠʞʠʤʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʩʝʣʝʥʥʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ɼʉʂ ʠ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ. ʂʘʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʟʘʧʠʩʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʩ ʦʙʨʘʟʮʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʣʘʩʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʧʨʠʙʦʨʘ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʘʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʅʝʟʘʚʠʩʠʤʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʪʫʧʘʣ ʤʝʪʦʜ ɼʉʂ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʜʣʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʦʪʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʠʥʪʝʟʠʨʦʚʘʥʦ 10 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʷʜʫ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧ ʚ ʦʩʥʦʚʥʦʤ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʘʢʦʧʣʝʥʳ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʩʠʛʥʘʣʦʚ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ 
14

N ʗʄʈ, ʯʪʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʨʫʪʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʚʦʨʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
14

N ʩʠʛʥʘʣʳ ʦʪ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʩʤʝʱʝʥʳ ʥʘ 15-20 ʤ.ʜ. 

ʚ ʦʙʣʘʩʪʴ ʩʣʘʙʦʛʦ ʧʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʠ ʮʠʩ-ʢʦʦʨʜʠʥʘʮʠʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʟʦʤʝʨʦʚ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-NH3, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʜʘʣʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ c ʨʘʟʣʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʪʨʘʥʩ-

ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʫʪʝʥʠʷ ʚʢʣʶʯʝʥʳ ʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ICSD ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʡ ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʜʠʣʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 
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ï  ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠ ʦʙ ʠʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

ï  ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʛʨʘʥ-ʪʨʠʘʤʤʠʥʦ- ʠ ʮʠʩ-ʜʠʘʤʤʠʥʦ-

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-NH3; 

ï  ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʘʢʚʘ- ʠ ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʤʤʠʘʢ; ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʝʩʴ ʦʙʲʸʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ 

ʩʠʥʪʝʟʘ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʚʳʨʘʱʠʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ɼʉʂ, ʟʘʧʠʩʴ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʗʄʈ-ʩʧʝʢʪʨʦʚ, ʜʘʥʥʳʭ 

ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ. 

ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʜʛʦʪʦʚʢʘ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʩ ʠʪʦʛʦʚʳʤ 

ʫʪʦʯʥʝʥʠʝʤ ʬʦʨʤʫʣʠʨʦʚʦʢ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

XLVIII , XLIX  ʠ LIII  ʄʅʉʂ (ʅʦʚʦʩʠʙʠʨʩʢ-2010, 2011, 2015), ʥʘ XIX , XX ʠ XXI  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʝʨʥʷʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ, ʘʥʘʣʠʪʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (ʅʦʚʦʩʠʙʠʨʩʢ-2010, ʂʨʘʩʥʦʷʨʩʢ-2013, ɽʢʘʪʝʨʠʥʙʫʨʛ-

2016), ʥʘ XVI  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ (ʂʘʟʘʥʴ-2014) ʠ ʥʘ XIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʂʨʘʩʥʦʜʘʨ-2016). 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ 

ʪʝʟʠʩʳ 12 ʜʦʢʣʘʜʦʚ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ 

ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆ ʧʨʠʟʥʘʥʠʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʠʭ ʧʫʙʣʠʢʘʮʠʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 7. çʇʨʦʮʝʩʩʳ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 133 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 44 ʨʠʩʫʥʢʘ ʠ 19 

ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ (ʛʣ. 3), 

ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (118 ʥʘʠʤʝʥʦʚʘʥʠʡ). 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ 

ɸʚʪʦʨ ʨʘʙʦʪʳ [6] ʠʩʩʣʝʜʦʚʘʣ ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʩ ʥʠʪʨʦʟʦʛʨʫʧʧʦʡ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺʤʝʩʪʦ 

ʤʦʜʝʣʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʝ, G¿del ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʀ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʠʤʫʤʦʚ ʥʘ ʵʪʠʭ ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʦʣʞʥʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʩɹʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʥʝʡʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ 

ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʢʘʢ GS, ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʯʝʨʝʟ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ MS1 ʠ ʩʦʩʪʦʷʥʠʝ ʩ ɖ
2
-ʢʦʦʨʜʠʥʘʮʠʝʡ NO-ʛʨʫʧʧʳ 

ʦʪʤʝʯʘʪʴ ʢʘʢ MS2. 

1.1.1. ʅʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʠ ʩʦʣʠ ʥʠʪʨʦʧʨʫʩʩʠʜʘ 

ɺʧʝʨʚʳʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ 

ʥʘʙʣʶʜʘʣ ʚ 1977 ʛʦʜʫ Hauser ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ [7, 8]. ʆʙʲʝʢʪʦʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʠ ʜʚʫʭ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʳ ʞʝʣʝʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ: ʦʣʠʚʠʥʘ (Mg,Fe)SiO4 ʠ 

ʩʪʝʢʣʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʦʤ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʣʠ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʄʝʩʩʙʘʫʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʣʫʯʦʤ 

ʩʚʝʪʘ ʠʟ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʆʣʠʚʠʥ ʠ ʜʦʧʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ ʥʝ ʧʦʢʘʟʘʣʠ ʢʘʢʠʭ-

ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʄʝʩʩʙʘʫʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ, ʪʦʛʜʘ ʢʘʢ, ʦʙʣʫʯʠʚ ʤʦʥʦʢʨʠʩʪʘʣʣ 



 

 

 17 

Na2[FeNO(CN)5]Ö2ʅ2ʆ ʩʠʥʝ-ʟʝʣʝʥʳʤ ʩʚʝʪʦʤ, ʘʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʥʦʚʳʡ 

ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʜʫʙʣʝʪ ʚ ʩʧʝʢʪʨʝ. ʂ ʪʦʤʫ ʤʦʤʝʥʪʫ ʥʠʪʨʦʧʨʫʩʩʠʜ ʥʘʪʨʠʷ ʙʳʣ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ: ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʚʝʩʪʥʘ, ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʝʩʩʙʘʫʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [9]. ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: ʥʦʚʳʡ ʜʫʙʣʝʪ ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʢʪʨʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʥʴʰʝʡ 190K; ʧʨʠ 100K ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʴʥʦ ʚʦ ʚʨʝʤʝʥʠ; ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʧʨʦʬʠʣʴ ʠʩʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʬʠʟʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʥʝ ʢʦʤʙʠʥʘʮʠʠ ʬʦʨʤ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ; ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʣʫʯʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

Krasser ʩ ʩʦʘʚʪʦʨʘʤʠ [10, 11, 12, 13] ʦʧʫʙʣʠʢʦʚʘʣʠ ʦʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ. ɺ ʥʝʦʙʣʫʯʝʥʥʦʤ ʤʦʥʦʢʨʠʩʪʘʣʣʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 386 ʥʤ ʠ 480 ʥʤ, ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

ʦʪʥʦʩʷʪ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʩ d-ʦʨʙʠʪʘʣʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʥʘ ˊ*-

ʦʨʙʠʪʘʣʴ NO-ʛʨʫʧʧʳ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ 457,9 ʥʤ 

ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 680 ʥʤ ʚ ʦʧʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʤʦʥʦʢʨʠʩʪʘʣʣ Na2[FeNO(CN)5]Ö2ʅ2ʆ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʭʣʘʞʜʝʥʥʳʡ ʦʙʨʘʟʝʮ ʥʝ ʧʦʢʘʟʳʚʘʣ ʥʦʚʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʘ ʩ 514,5 ʥʤ ʠʣʠ 674,4 ʥʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʩʧʝʢʪʨʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʚʝʱʝʩʪʚʘ. ʂʈ ʩʧʝʢʪʨ ʧʨʠ 406,7 ʥʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʣʘʟʝʨʘ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʡ 

ʥʘʙʦʨ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ: ʧʦʣʦʩʘ ɜ(Fe-N) ʧʨʠ 668 ʩʤ
-1
 ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʨʠ 566 ʩʤ
-1
, ʧʦʣʦʩʘ ɜ(NO) ʧʨʠ 1958 ʩʤ

-1
 ʦʩʣʘʙʝʚʘʝʪ, ʥʦʚʘʷ 

ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ɜ(NO) ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ 1838 ʩʤ
-1
. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [14] ʦʧʨʝʜʝʣʠʣʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʪʘʙʠʣʴʥʦʝ ʠʟ ʜʘʥʥʳʭ ɼʉʂ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʢ ʧʨʠ 151K ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 
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ʢʨʠʚʦʡ ʨʘʩʧʘʜʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ɽʘʢʪ(MS2) = 48 ʢɼʞ/ʤʦʣʴ, Ao = 8Ö10
14

 ʩ
-1
). ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʠʢʘ ʧʨʠ 195K ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ɽʘʢʪ(MS1) = 68 

ʢɼʞ/ʤʦʣʴ, Ao = 5Ö10
15

 ʩ
-1
; ɽʘʢʪ(minor) = 65 ʢɼʞ/ʤʦʣʴ, Ao = 5Ö10

15
 ʩ

-1
). 

Morioka ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [15] ʠʩʩʣʝʜʦʚʘʣ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1836 ʩʤ
-1
, ʦʪʚʝʯʘʶʱʝʡ ʚʘʣʝʥʪʥʦʤʫ 

ʢʦʣʝʙʘʥʠʶ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ MS1 ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɸʢʪʠʚʥʳʡ ʨʘʩʧʘʜ MS1 ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

180-198 ʂ, ʢʨʠʚʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɜ(NO) ï ʚʨʝʤʷ 

ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠʨʦʚʘʣʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ɽʘʢʪ(MS1) = 58 ʢɼʞ/ʤʦʣʴ, Ao = 3Ö10
13

 ʩ
-1
. ɸʚʪʦʨ r ʨʘʙʦʪʳ 

ʦʙʲʷʩʥʠʣʠ ʵʪʦ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ɼʉʂ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʩ ʜʚʫʤʷ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʦʣʷʭ ʩ ʥʠʪʨʦʧʨʫʩʩʠʜ-ʘʥʠʦʥʦʤ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʧʘʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [16]. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʦʨʦʰʢʠ ʚʝʱʝʩʪʚ ʠ ʟʘʤʦʨʦʞʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ɼʉʂ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʣʠ ʩ ʢʘʪʠʦʥʘʤʠ H
+
, 

Li
+
, Na

+
, K

+
, Rb

+
, Cs

+
, Be

2+
, Mg

2+
, Ca

2+
, Sr

2+
, Ba

2+
, NH4

+
, Ag

+
, Tl

+
, Mn

2+
, Co

2+
, Ni

2+
, 

Cu
2+

, Zn
2+

, Hg
2+

, Pb
2+

, Al
3+

, ZrO
2+

, (CN3H6)
+
, [(CH3)4N]

+
, (CH3NH3)

+
, (CH3CN2H3)

+
, 

ʙʝʪʘʠʥ
+
. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʵʪʠʭ 

ʩʦʣʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʘʢʩʠʤʫʤʫ ʧʠʢʘ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʚ 5 ʂ/ʤʠʥ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚʪʦʨʦʡ ʧʠʢ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʡʦʥʝ 128-151K. 

ʄʘʢʩʠʤʫʤ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 181-223K. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʡʜʝʥʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʦʣʝʡ: Mg[Fe(CN)5NO]Ö7H2O (219K), 

Be[Fe(CN)5NO]Ö4H2O (222K), Cu[Fe(CN)5NO] (222K), Tl2[Fe(CN)5NO] (223K). ɺ 

ʩʣʫʯʘʝ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʜʠʛʠʜʨʘʪʝ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʙʝʟʚʦʜʥʦʡ ʩʦʣʠ, ʚ 
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ʩʣʫʯʘʝ ʙʝʪʘʠʥʘ ʚ ʙʝʟʚʦʜʥʦʡ ʩʦʣʠ ʤʘʢʩʠʤʫʤ ʜʣʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʥʘ 5K ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʛʠʜʨʘʪʦʤ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʣʫʯʘʝ ʩʦʣʝʡ ʩ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɺ ʧʝʨʚʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ 

R¿dlinger ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ ʟʘʤʝʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ ON-Fe-CN ʧʨʠ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ. ɸʚʪʦʨʳ ʩʜʝʣʘʣʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 

ʵʣʝʢʪʨʦʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʣʘʟʝʨʘ [17]. 

Carducci ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ [18] ʧʨʦʚʝʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʥʠʪʨʦʧʨʫʩʩʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ 

ʦʙʣʫʯʝʥʠʠ. ʄʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʨʠʨʦʚʘʣʠ ʚ ʢʘʤʝʨʝ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ʧʨʠ 50K ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʘʨʛʦʥʦʚʳʤ ʣʘʟʝʨʦʤ ʩ 488 ʥʤ, ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʦʤʝʨʠʟʘʮʠʠ ʨʝʬʣʝʢʩʘʤ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ MS1 ʦʙʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʨʦʛʨʝʚʘʣʠ 

ʧʨʠ 165K ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʨʤʠʯʝʩʢʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ MS2 

ʚ GS ʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʨʠʩʪʘʣʣʝ ʦʩʪʘʝʪʩʷ ʩʤʝʩʴ ʪʦʣʴʢʦ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ï 

ʦʩʥʦʚʥʦʛʦ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ MS2 ʢʨʠʩʪʘʣʣ ʩʦ ʩʤʝʩʴʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʙʣʫʯʘʣʠ 

ʩʚʝʪʦʤ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʚ 1064 ʥʤ. ʊʘʢʘʷ ʦʧʝʨʘʮʠʷ ʧʝʨʝʚʦʜʠʣʘ MS1 ʚ MS2. 

ɿʘʩʝʣʝʥʥʦʩʪʴ MS1 ʘʚʪʦʨʳ ʦʮʝʥʠʣʠ ʚ ~37% ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ɼʉʂ, ʜʣʷ 

MS2 ʟʘʩʝʣʝʥʥʦʩʪʴ ʚ ~10% ʦʧʨʝʜʝʣʠʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ɼʉʂ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʜʘʥʥʳʭ ɼʉʂ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ, ʢʠʥʝʪʠʢʘ ʥʘʩʳʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʩʝʤʠ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 1977 ʛʦʜ ʙʳʣ ʙʦʛʘʪʳʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʠʤʠʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʥʝ ʪʦʣʴʢʦ ʞʝʣʝʟʘ, ʥʦ ʠ ʥʠʢʝʣʷ. 

Rest ʩ ʩʦʘʚʪʦʨʘʤʠ [19] ʥʝʟʘʚʠʩʠʤʦ ʦʧʨʝʜʝʣʠʣʠ ʥʘʣʠʯʠʝ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʥʠʢʝʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ [NiNO(ɖ
5
-Cp)] ʚ ʦʭʣʘʞʜʝʥʥʦʡ ʜʦ 20 ʂ 

ʤʘʪʨʠʮʝ. ɸʚʪʦʨʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʘ 

ʩ ʤʝʪʘʣʣʘ ʥʘ ʥʠʪʨʦʟʠʣʴʥʳʡ ʣʠʛʘʥʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʵʪʦʛʦ ʥʠʢʝʣʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʤ ʈʉɸ ʚ ʨʘʙʦʪʝ [20] ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ MS2 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

47% ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʦʩʣʝ 458 ʥʤ ʦʙʣʫʯʝʥʠʷ ʧʨʠ 25 K. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ 

ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʠʤʝʥʥʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʠ 

ʚʦʟʤʦʞʥʦ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ ʟʘʚʠʩʪ̫ ʦʪ ʩʪʨʦʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 

1.1.2. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʨʫʪʝʥʠʷ, ʫ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʬʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʢʘʟʘʣʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʥʠʪʨʦʟʦʭʣʦʨʠʜʥʳʡ 

ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ K2[RuNOCl5] [21]. ʄʝʪʦʜʘʤʠ ɼʉʂ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʜʚʫʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ: MS1 ʠ MS2. ʕʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʶʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʘʜʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 68 ʠ 45  ʢɼʞ/ʤʦʣʴ, lgA0 15,5 ʠ 

15,7 ʜʣʷ  ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʟʞʝ, Fomitchev ʠ 

Coppens ʧʦʢʘʟʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʉɸ [22], ʯʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣ 

ʛʠʜʨʦʢʩʦʪʝʪʨʘʥʠʪʨʦ-ʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʢʘʣʠʷ, ʦʙʣʫʯʝʥʥʳʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʩʦʜʝʨʞʠʪ ʠʤʝʥʥʦ ʩʚʷʟʝʚʳʡ ʠʟʦʤʝʨ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ, ʘ ʥʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʠ ʜʦʣʛʦʞʠʚʫʱʝʝ ʩʦʩʪʦʷʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʠʨʦʜʦʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 
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ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (ʊʘʙʣʠʮʘ 1). ʅʘʧʨʠʤʝʨ, ʜʠʟʘʡʥ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʙʦʪʝ [23] ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ 

ʢʦʨʨʝʣʷʮʠʠ çʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡè. ʅʘ ʧʨʠʤʝʨʝ ʩʝʤʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʩʧʘʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʥʠʢʦʪʠʥʘʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʧʘʜʘ ʧʦʢʘʟʳʚʘʶʪ 

ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʘʤʤʠʘʢʘ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ (ʪʨʘʥʩ-[RuNO(en)2(H2O)]Cl2, 

ʪʨʘʥʩ-[RuNO(NH3)4(H2O)]Cl3 ʠ [RuNO(NH3)5]Cl3ĿH2O). ʆʜʥʘʢʦ, ʥʘ ʧʨʠʤʝʨʝ 

ʭʣʦʨʠʜʘ ʪʨʘʥʩ-ʘʢʚʘʪʝʪʨʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʣʦʨʠʜʘ ʪʨʘʥʩ-

ʛʠʜʨʦʢʩʦʪʝʪʨʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʘʜʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʢʦʪʦʨʦʛʦ ʥʘ 20K ʥʠʞʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʠʩʢʝ ʠʟʦʥʠʪʨʦʟʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʩʧʘʜʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʢʚʘʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʯʝʛʦ ʚʘʞʥʦ ʠʤʝʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʩʪʘʥʪʘʭ ʠʭ ʢʠʩʣʦʪʥʦʩʪʠ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1  

ʏʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘʭ 

ʂʦʤʧʣʝʢʩ  Td,MS1 Tmax, MS1  Td, MS2 Tmax, MS2  ʈʘʙʦʪʘ 

Na2[FeNO(CN)5]Ŀ2ʅ2ʆ 1949 182 200 1838 - 150  [24] 

Na2[RuNO(CN)5]Ŀ2ʅ2ʆ 1932 - ~230  - ~240 1648 [25] 

Na2[OsNO(CN)5]Ŀ2ʅ2ʆ 1897 - ~190 1790 - ~220 1546 [26] 

[RuNO(NH3)5]Cl3ĿH2O 1916 245 260 1798 212 225  [27, 28] 

ʪʨʘʥʩ-[RuNO(NH3)4(OH)]Cl2 1849 258 272 1716 189 204  [28, 29] 

ʪʨʘʥʩ-[RuNO(NH3)4(H2ʆ)]Cl3ĿH2O - 277 293 - 211 223  [29] 

[RuNO(NH3)5][Cr(CN)6] - - 266 - - 198  [30] 

[RuNO(NH3)4OH]3[Cr(OH)6Mo6O18]2Ŀ15H2O - - 265 - - 245  [31] 

K2[RuNO(NO2)4OH] 1886 187 199 - 152 166  [32] 

K2[RuNOCl5] 1895 - 216 1765 - - 1554 [33, 34] 

ʪʨʘʥʩ-[RuNO(en)2Cl]Cl2 1878 246 - 1744 - - - [35] 

ʮʠʩ-[RuNO(en)2Cl]Cl2 1901 206 - 1775 - - - [35] 

ʪʨʘʥʩ-[RuNO(en)2Br]Br2 1877 229 - 1738 - - - [35] 

ʮʠʩ-[RuNO(en)2Br]Br2 1902 211 - 1777 - - - [35] 

ʪʨʘʥʩ-[RuNO(en)2(H2O)]Cl3 1904 267 - 1786 - - - [35] 

ʪʨʘʥʩ-[RuNO(en)2(Hox)]Cl2 1900 277 - 1763 - - - [36] 

ʮʠʩ-[RuNO(en)2(Hox)]Cl2ĿEtOH 1917 226 - 1796 - - - [36] 

 

 



1.2. ɸʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ 

1.2.1. ʇʝʥʪʘ- ʠ ʮʠʩ-ʪʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ 

ʉʠʥʪʝʟ ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʤʤʠʘʢ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO-ʛʨʫʧʧʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ. ʇʨʦʩʪʝʡʰʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʶʪʩʷ ʩʦʣʠ ʧʝʥʪʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʭʣʦʨʠʜʥʘʷ ʩʦʣʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ Bottomley [37]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ [38]. 

ʆʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʠʥʪʝʟʫ ʷʚʣʷʝʪʩʷ ʥʠʪʨʦʟʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʝʥʪʘ- ʠʣʠ 

ʛʝʢʩʘʘʤʤʠʥʨʫʪʝʥʠʷ(III ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

[39] ʣʠʙʦ ʦʢʠʩʣʝʥʠʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ [40]. 

ʆʜʥʘʢʦ, ʩʠʥʪʝʟ ʧʝʥʪʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʙʦʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ. ɺ ʨʘʙʦʪʝ [41] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ 

[RuNO(NH3)5]Cl3ÖH2O ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʜʫʢʪʦʤ ʢʠʧʷʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʨʝʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʷʚʣʷʝʪʩʷ ʭʣʦʨʠʜ ʪʨʘʥʩ-

ʛʠʜʨʦʢʩʦʪʝʪʨʘʘʤʤʠʥʠʪʨʦʟʦʨʫʪʝʥʠ.̫ ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʥʘ ʛʠʜʨʦʢʩʠʜ-ʠʦʥ 

ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʘʥʩ-ʛʠʜʨʦʢʦʩʦʪʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ ʧʝʥʪʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ [42]. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʥʠʪʨʦʟʦʛʨʫʧʧʦʡ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ [RuNO(NH3)5]
3+

 

ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ (5 ʄ NaOH) ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ 

ʩʦʩʪʘʚʘ [Ru(NH3)5(NO2)]ClĿH2O [43, 44]. 

ʇʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʮʠʩ-ʪʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʪʝʩʥʝʥʠʠ 

ʦʜʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʠʟ ʛʠʜʨʦʢʩʦʧʝʥʪʘ-

ʘʤʤʠʥʨʫʪʝʥʠʷ(II) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʢʘ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʘʚʝʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʜʝʥʪʘʪʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʫ ʦʢʩʘʣʘʪ-ʘʥʠʦʥʘ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʵʪʦʡ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ 
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ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ, ʦʙʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʘ ʚʠʜʘ ʮʠʩ-[Ru(NH3)4X2]X, ʢʦʪʦʨʳʡ ʥʠʪʨʦʟʠʨʫʶʪ ʜʦ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʩ ʧʦʤʦʱʴʶ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) [45]. 

ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʠʩʣʦʪʘʤʠ ʠ ʱʝʣʦʯʘʤʠ 

ʮʠʩ-ʪʝʪʨʘʘʤʤʠʥʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʮʠʜʦʣʠʛʘʥʜʳ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʚʳʜʝʨʞʠʚʘʥʠʝ ʚ ʢʠʩʣʦʪʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʱʝʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ ʥʘ ʠʥʳʝ ʣʠʛʘʥʜʳ ʜʘʞʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʆʜʥʘʢʦ, ʨʝʘʢʮʠʷ ʩ ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʠ (0,01 M 

NaOH) ʧʨʦʪʝʢʘʝʪ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʵʪʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʩʦʣʠ ʢʘʪʠʦʥʘ ʪʨʘʥʩ-ʛʠʜʨʦʢʩʦʪʝʪʨʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʩ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-NH3 ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ. 

1.2.2. ʪʨʘʥʩ-ʊʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʇʝʨʚʳʤ ʦʧʠʩʘʥʥʳʤ ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʠʭʣʦʨʠʜ ʪʨʘʥʩ-ʛʠʜʨʦʢʩʦʪʝʪʨʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʚʳʭʦʜʦʤ ʤʝʥʝʝ 40% ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ [46] ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʥʘ ʩʦʣʠ 

ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʘʩʴ [47], ʠ ʥʘʠʣʫʯʰʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩ ʚʳʭʦʜʦʤ 95% 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʘʤʤʦʥʠʷ ʨʘʩʪʚʦʨʦʤ 

ʢʘʨʙʦʥʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ 70-80 
ʦ
ʉ [48]. ʀʣʴʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʟʘʤʝʥʘ 

ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʥʘ ʢʘʨʙʦʥʘʪ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʤʤʠʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ 
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ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ. 

ʂʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩʦʩʪʘʚʘ ʪʨʘʥʩ-

[RuNO(NH3)4(H2O)]
3+

 ʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ- 

[RuNO(NH3)4(OH)]
2+

 ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʘʙʦʪʝ [49]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʪʚʦʨʦʚ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 0,01 ʄ NaOH ʠʣʠ 0,01 M HCl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ ʜʣ̫ ʪʨʘʥʩ-[RuNO(NH3)4(H2O)]
3+

 ʦʧʨʝʜʝʣʠʣʠ 

ʢʘʢ pKa = 3,1(1) ʧʨʠ 0,1 M ʠʦʥʥʦʤ ʬʦʥʝ NaCl. ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ [48] ʦʮʝʥʠʣʠ 

ʵʪʫ ʢʦʥʩʪʘʥʪʫ ʢʠʩʣʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ ʗʄʈ 
14

N ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʠʦʥʥʦʡ ʩʠʣʝ. 

ɿʥʘʯʝʥʠʝ pKa ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʦʮʝʥʠʣʠ ʚ 1,4(1). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʩ ʢʠʩʣʦʪʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʠʜʦʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʩ 

ʪʨʘʥʩ-[RuNO(NH3)4Cl]Cl2 ʧʦʣʫʯʝʥ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʚ 6 M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʢʦʤʧʣʝʢʩʳ 

ʪʨʘʥʩ-[RuNO(NH3)4(SO4)](HSO4)ĿH2O ʠ ʪʨʘʥʩ-[RuNO(NH3)4(PO4)] ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ ʪʨʘʥʩ-ʛʠʜʨʦʢʩʦʪʝʪʨʘʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ ʩʝʨʥʦʡ 

ʠʣʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [50, 51]. 

1.2.3. ʊʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʉʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

ʦʩ-[RuNO(NH3)3Cl(H2O)]Cl2 ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [52] 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʘʤʤʦʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚʠʜʘ ʪʨʘʥʩ-[RuNO(NH3)4OH]Cl2, ʦʩʘʞʜʝʥʠʝ ʮʝʣʝʚʦʛʦ 

ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɺʳʭʦʜ ʭʣʦʨʦʘʢʚʘʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʠʣ ~45%. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʧʦʣʫʯʝʥʠʶ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʟʘʤʝʩʪʠʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥ ʢʠʧʷʯʝʥʠʝʤ ʘʢʚʘʢʦʤʧʣʝʢʩʘ 
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ʚ 12 M HCl ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ. ʆʜʥʘʢʦ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

ʦʩ-[Ru(NH3)3Cl2]Cl ʧʦʣʫʯʝʥ ʥʝ ʙʳʣ. 

ʆʜʥʘʢʦ ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦʙ ʵʪʦʤ ʜʠʭʣʦʨʦʢʦʤʧʣʝʢʩʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʨʘʙʦʪʝ [53]. ɻʠʜʨʘʪ ʭʣʦʨʠʜʘ ʦʩ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ 

ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʠʟ Na2[RuNO(NO2)4OH]Ö2H2O. ʇʦʩʣʝ ʘʤʤʠʥʠʨʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 

ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʨʫʪʝʥʠʷ ʧʝʨʝʚʝʣʠ ʚ ʭʣʦʨʦʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʙʦʪʘʚ ʠʭ 

ʠʟʙʳʪʢʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʧʘʨʠʚʘʥʠʝʤ 

ʜʦʩʫʭʘ. ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʠʣʠ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʘʤʤʠʥʠʨʦʚʘʥʠʠ 

ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʚ ʚʠʜʝ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ ʛʨʘʥ-[RuNO(NH3)2Cl3] ʦʪʜʝʣʠʣʠ 

ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʦʪ ʨʘʩʪʚʦʨʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʤʝʩʠ 

ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩ-[RuNO(NH3)3Cl(H2O)]Cl2 ʠ ʦʩ-[RuNO(NH3)3Cl2]Cl ʙʝʟ ʧʨʠʤʝʩʠ 

ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʚʥʦʚʴ ʫʧʘʨʠʣʠ. ɺʳʙʨʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʩʧʦʩʦʙ 

ʧʝʨʝʚʦʜʘ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʚ ʜʠʭʣʦʨʦʢʦʤʧʣʝʢʩ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ ʧʨʠ 215ʉ̄ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ 1 M HCl ʦʩ-[RuNO(NH3)3Cl2]Cl ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʨʘʩʪʚʦʨʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʜʚʫʭʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʨʝʘʢʮʠʠ 

ʥʠʪʨʦʟʦʪʝʪʨʘʥʠʪʨʦʢʦʤʧʣʝʢʩʘ ʩ ʘʤʤʠʘʢʦʤ ʚ ʨʘʙʦʪʝ [53] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʘ [RuNO(NH3)3(NO2)OH]
+
, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʶʪ ʚ ʮʝʣʝʚʦʡ 

ʭʣʦʨʦʢʦʤʧʣʝʢʩ ʦʙʨʘʙʦʪʢʦʡ ʠʟʙʳʪʢʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʆʜʥʘʢʦ, ʵʪʦ ʚʝʱʝʩʪʚʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [54]. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ ʛʠʜʨʦʢʩʦʪʝʪʨʘʥʠʪʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʚ 

ʩʤʝʰʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʦʙʨʘʟʫʝʪʩʷ, ʘʥʘʣʦʛʠʯʥʦ 

ʨʘʙʦʪʝ ʉʠʥʠʮʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [53], ʩʤʝʩʴ ʮʠʩ-ʜʠ- ʠ ʦʩ-ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʟʜʝʣʝʥʠʝ ʵʪʦʡ ʩʤʝʩʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ, ʠʩʧʦʣʴʟʫʷ ʤʘʣʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʠʜʨʦʢʩʦʜʠʥʠʪʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʡ 
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ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʧʝʨʝʜ ʚʳʜʝʣʝʥʠʝʤ ʮʝʣʝʚʦʛʦ [RuNO(NH3)3(NO2)OH]ClÖ0,5H2O. 

ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ 

ʮʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 20-30%. 

ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ, ʟʘʢʣʶʯʘʚʰʠʡʩʷ 

ʚ ʟʘʤʝʱʝʥʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʥʘ ʥʠʪʨʦʛʨʫʧʧʫ ʚ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʦʤ ʭʣʦʨʠʜʝ ʦʩ-ʭʣʦʨʦʘʢʚʘʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʠ. ʕʪʫ ʨʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ ʨʫʪʝʥʠʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʫʧʘʨʠʚʘʣʠ ʨʘʩʪʚʦʨ ʠ ʚʳʜʝʣʷʣʠ 

ʥʠʪʨʦʪʨʠʘʤʤʠʥʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩ. ʇʦʩʣʝ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʧʠʨʪʦʤ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 50-60%. 

ɺ ʨʘʙʦʪʝ [55] ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ ʩ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ, ʦʜʥʘʢʦ, ʘʢʚʘʢʦʤʧʣʝʢʩ ʞʝʣʘʝʤʦʛʦ ʩʦʩʪʘʚʘ 

[RuNO(NH3)3(NO2)(H2O)]
2+

 ʧʦʣʫʯʝʥ ʥʝ ʙʳʣ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 

ʨʘʩʪʚʦʨʘ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘ ʚ 3 M HNO3 ʧʨʦʠʟʦʰʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʠʩʣʦʪʳ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ ʩ ʝʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʘ ʠʤʝʥʥʦ 

[RuNO(NH3)3Cl(H2O)](NO3), ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʪʦʛʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʭʣʦʨʠʜ-

ʘʥʠʦʥʦʚ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʟʘʤʝʱʝʥʠʶ ʥʠʪʨʦʛʨʫʧʧ ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ. 

1.2.4. ɼʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʂʦʤʧʣʝʢʩ ʮʠʩ-[RuNO(NH3)2(NO2)2OH] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ, 

ʘʥʘʣʦʛʠʯʥʦʡ ʘʤʤʠʥʠʨʦʚʘʥʠʶ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ. ʀʩʭʦʜʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʙʳʣ ʪʨʘʥʩ-ʛʠʜʨʦʢʩʦʪʝʪʨʘʥʠʪʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ ʥʘʪʨʠʷ ʠ, ʟʘ ʩʯʝʪ 

ʩʠʣʴʥʦʛʦ ʪʨʘʥʩ-ʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ [56, 57], ʟʘʤʝʱʝʥʠʶ 

ʥʘ ʘʤʤʠʘʢ ʧʦʜʚʝʨʛʣʠʩʴ ʪʦʣʴʢʦ ʜʚʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʥʠʪʨʦʛʨʫʧʧʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʠʩʭʦʜʥʦʡ ʨʘʙʦʪʝ [58] ʥʝ ʙʳʣ ʧʨʠʚʝʜʝʥ ʚʳʭʦʜ ʜʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. 
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ʇʦʜʨʦʙʥʳʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʧʦʟʞʝ ʚ 

ʨʘʙʦʪʝ [54]. 

ɺ ʨʘʙʦʪʝ [59] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʩ-[RuNO(NH3)2(Nʆ2)2OH] ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʝʥ 

ʛʨʘʥ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʡ; ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʦʤʧʣʝʢʩ ʮʠʩ-[Ru(NO)(NH3)2(H2O)Cl2]ClĿH2O, ʩʦʜʝʨʞʘʱʠʡ ʤʦʣʝʢʫʣʫ 

ʚʦʜʳ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ, ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʙʦʪʝ [60] ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥ-[Ru(NO)(NH3)2Cl3]. 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʟʦʤʝʨʥʳʭ ʪʨʘʥʩ-ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[61, 62]. ʉ ʮʝʣʴʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩ-ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ, ʩʝʨʠʷ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ï ʭʣʦʨʦʢʦʤʧʣʝʢʩʳ ʙʳʣʘ ʧʨʦʡʜʝʥʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʮʠʩ-ʢʦʤʧʣʝʢʩʘʤʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʠʟʦʤʝʨʘ ʘʢʚʘʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

[Ru(NO)(NH3)2(H2O)Cl2]Cl ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ. 

1.2.5. ʄʦʥʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʪʝʪʨʘʭʣʦʨʦʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʘʪ-ʠʦʥ, ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [63]. 

[RuNO(NH3)3(H2O)Cl][RuNO(NH3)3(OH)Cl][RuNO(NH3)Cl4]2ClĿ2H2O, ʢʨʦʤʝ 

ʤʦʥʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʠʪ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʘʤʤʦʥʠʷ ʩ ʤʘʣʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ.  

ɽʱʝ ʦʜʥʠʤ ʤʦʥʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʤ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʈʉɸ, ʷʚʣʷʝʪʩʷ ʪʨʘʥʩ-PPh4[RuNO(S4)2(NH3)], ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [64] ʚ ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʙʨʘʙʦʪʢʝ 

ʥʠʪʨʦʟʦʪʨʠʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʩʫʣʴʬʠʜʘ ʪʝʪʨʘʬʝʥʠʣʬʦʩʬʦʥʠʷ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʥʘʩʳʱʝʥ ʘʤʤʠʘʢʦʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʣʫʯʝʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʥʦ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʫʟʢʦʛʦ ʥʘʙʦʨʘ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʚʝʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ ʪʨʘʥʩ-ʘʢʚʘʥʠʪʨʦʟʦ- ʠ 

ʪʨʘʥʩ-ʘʤʤʠʥʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʥʝʝ ʯʝʪʳʨʝʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ. 
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ɻʣʘʚʘ 2.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂʉ), ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

(XAFS) ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ), 

ʵʣʝʤʝʥʪʥʳʤ (ʕɸ), ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ (ʈʌɸ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ (ʈʉɸ) ʠ 

ʪʝʨʤʠʯʝʩʢʠʤ (ʊɻɸ) ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ). 

ʀʂ ʩʧʝʢʪʨʳ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʪʘʙʣʝʪʢʘʭ KBr 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Scimitar FTS 2000 (4000ï375 ʩʤ
ï1

). 

ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʪʘʪʝʡ ʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

XAFS-ʩʧʝʢʪʨʳ Ru K-ʢʨʘʷ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩʥʷʪʳ ʧʦ ʤʝʪʦʜʠʢʝ ʥʘ 

ʧʨʦʭʦʞʜʝʥʠʝ ʥʘ XAFS-ʩʪʘʥʮʠʠ 7C ʇʦʭʘʥʛʦʚʩʢʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠ 

ʇʦʭʘʥʛʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (PAL PUST, ʈʝʩʧʫʙʣʠʢʘ 

ʂʦʨʝʷ). ʆʙʨʘʙʦʪʢʘ EXAFS-ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ çɸʬʠʥʘè ʠ çɸʨʪʝʤʠʜʘè [65, 66]. ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

EXAFS-ʬʫʥʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 2,6 ʜʦ 

12,7 ¡
-1
. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ Ru ʧʨʦʚʦʜʠʣʦʩʴ 

ʫʪʦʯʥʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ r 1,0-2,0 ¡ ʩ ʫʯʝʪʦʤ ʚʢʣʘʜʦʚ ʦʪ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʳ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʷʜʨʘʭ 
14
N ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker MSL-400 ʥʘ ʯʘʩʪʦʪʝ ~28,9 ʄɻʮ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʗʄʈ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

Nuts Pro 6,0 [67]. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ (ʍʉ) ʚ ʰʢʘʣʝ d (ʤ.ʜ.) ʦʪʩʯʠʪʳʚʘʣʠ ʦʪ 

ʣʠʥʠʡ ʚʥʝʰʥʝʛʦ ʵʪʘʣʦʥʥʦʛʦ 1 ʄ ʨʘʩʪʚʦʨʘ NaNO3. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ d 

ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ ʣʠʥʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2 ʤ.ʜ. ʉʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʧʨʠ 

ʊʢʦʤʥ (293°3 K). 
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ʇʨʠ ʦʪʥʝʩʝʥʠʠ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʢ ʢʦʥʢʨʝʪʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʬʦʨʤʘʤ 

ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʡ ʨʝʧʝʨʥʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ, ʧʨʠʥʮʠʧʦʤ 

ʩʤʝʱʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʴʶ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ ʩ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʘ ʪʘʢʞʝ 

ʛʠʧʦʪʝʟʦʡ ʦ ʙʣʠʟʢʦʤ ʧʦʣʦʞʝʥʠʠ ʣʠʥʠʡ ʗʄʈ ʷʜʝʨ ʘʟʦʪʘ ʥʘ ʦʜʠʥʘʢʦʚʳʭ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʘʭ ʚ ʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [68, 69]. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ_3ʄ (R = 192 ʤʤ, 

CuKa-ʠʟʣʫʯʝʥʠʝ, Ni-ʬʠʣʴʪʨ, ʜʝʪʝʢʪʦʨ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʩ ʘʤʧʣʠʪʫʜʥʦʡ 

ʜʠʩʢʨʠʤʠʥʘʮʠʝʡ) ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 2q ʦʪ 5 ʜʦ 60
ʦ
. ʆʙʨʘʟʮʳ ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʤ 

ʩʣʦʝʤ ʥʘ ʛʣʘʜʢʫʶ ʩʪʦʨʦʥʫ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʥʦʩʪʴʶ ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʳ ʧʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʜʥʦʬʘʟʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʜʝʨʠʚʘʪʦʛʨʘʬʝ Paulic-Erdey Qï1000. ʄʘʩʩʘ ʥʘʚʝʩʦʢ ʩʦʩʪʘʚʣʷʣʘ 10-200 ʤʛ ʧʨʠ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ 0,1 ʤʛ. ʇʦʪʝʨʶ ʤʘʩʩʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ 

ʪʝʨʤʦʚʝʩʘʤʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʟʚʝʰʠʚʘʥʠʷʤʠ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ (ʪʦʯʥʦʩʪʴ 0,1 ʤʛ) ʜʦ ʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ. ʈʘʟʣʦʞʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʢʝ ʛʝʣʠʷ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 2 ʤʣ/ʩ) ʚ ʦʪʢʨʳʪʦʤ ʢʚʘʨʮʝʚʦʤ ʪʠʛʣʝ 

ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ 5-10̄ ʉ/ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʥʘ ʪʝʨʤʦʧʘʨʝ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʣʠ ʧʨʦʢʘʣʝʥʥʳʡ ʜʦ 1000ʉ̄ Al 2O3. 

ʆʧʝʨʘʮʠʠ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʝʩʘʭ OHAUS AR-3130 (°0,1 ʤʛ). 

ʕʣʝʤʝʥʪʥʳʡ CHN-ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Euro EA 3000. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʥʘ ʘʟʦʪ 

ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʠʚʘʣʠ ʩ ʛʣʶʢʦʟʦʡ [70]. 



 

 

 32 

2.2. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʨʝʘʢʪʠʚʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʫʪʝʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʨʘʙʦʪʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʩʪʚʦʨ 0,4 ʄ RuCl3 ʚ 0,5 ʄ HCl, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʟ 

ʪʨʝʭʭʣʦʨʠʩʪʦʛʦ ʨʫʪʝʥʠʷ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʆɸʆ "ʂʨʘʩʥʦʷʨʩʢʠʡ ʟʘʚʦʜ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠʤ. ɺ.ʅ. ɻʫʣʠʜʦʚʘ") ʤʘʨʢʠ "ʯ." ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ru 46,51%. ʈʘʩʪʚʦʨ 

ʛʦʪʦʚʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʥʘʚʝʩʢʫ RuCl3 ʨʘʩʪʚʦʨʷʣʠ ʚ 0,5 HCl ʠ 

ʢʠʧʷʪʠʣʠ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ ʢʘʣʠʷ ʠʣʠ ʘʤʤʦʥʠʷ ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [71]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʘʥʩ-Na2[RuNO(Nʆ2)4OH]Ö2ʅ2O [72] ʠ ʛʨʘʥ-[RuNO(NH3)2(NO3)3] [73] 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɺʩʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥ 

ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ, ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ ʀʂʉ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʣʠ ʩ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʧʦʨʦʰʢʦʚʦʡ ʙʘʟʝ ʜʘʥʥʳʭ [74] ʠʣʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʜʘʥʥʳʤ 

ʈʉɸ, ʀʂ-ʩʧʝʢʪʨʳ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʦʣʦʩ ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪʘʭ. 

2.3. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

2.3.1. ʉʠʥʪʝʟ ʭʣʦʨʠʜʘ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II) 

ʜʠʛʠʜʨʘʪʘ [75, 76] 

ʅʘʚʝʩʢʫ ~1 ʛ (3,7 ʤʤʦʣʴ) ʦʩ-[RuNO(NH3)2Cl3] ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ ʦʙʲʝʤʦʤ 

500 ʤʣ ʠ ʜʦʙʘʚʣʷʣʠ 200 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʚʟʚʝʩʠ 

ʨʳʞʝʛʦ ʮʚʝʪʘ ʜʦʙʘʚʣʷʣʠ 18 ʤʣ 0,1 ʄ NaOH. ʉʪʘʢʘʥ, ʥʘʢʨʳʪʳʡ ʯʘʩʦʚʳʤ 

ʩʪʝʢʣʦʤ, ʥʘʛʨʝʚʘʣʠ ʥʘ ʧʣʠʪʢʝ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʩʘʜʢʘ. ɿʘʪʝʤ 

ʬʠʣʴʪʨʦʚʘʣʠ ʚ ʛʦʨʷʯʝʤ ʚʠʜʝ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ (40 ʧʦʨ) ʠ ʫʧʘʨʠʚʘʣʠ 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ 

ʦʩ-[RuNO(NH3)2Cl3] (ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ~5 ʤʣ). 
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ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʳʧʘʚʰʠʡ ʨʳʞʠʡ ʦʩʘʜʦʢ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ). 

ʂ ʤʘʪʦʯʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ~0,2 ʤʣ HCl (ʢʦʥʮ.) ʠ ʦʩʘʞʜʘʣʠ ʮʝʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[RuNO(NH3)2(H2O)Cl2]ClÖ2H2O ʧʷʪʠʢʨʘʪʥʳʤ ʦʙʲʝʤʦʤ ʘʮʝʪʦʥʘ. 

ɺʳʧʘʚʰʠʡ ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ). ʆʩʘʜʦʢ 

ʧʨʦʤʳʚʘʣʠ 5 ʤʣ ʘʮʝʪʦʥʘ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. 

ɺʳʭʦʜ ʭʣʦʨʠʜʘ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʜʠʛʠʜʨʘʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ~55% (~0,7 ʛ ʠʣʠ 2,0 ʤʤʦʣʴ). ʀʂ-ʩʧʝʢʪʨʳ ʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [61]. ɼʘʥʥʳʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: N ï 12,84, H ï 3,93; ʚʳʯʠʩʣʝʥʦ ʜʣʷ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClÖ2H2O, %: N ï 12,91, H ï 3,72. 

2.3.2. ʉʠʥʪʝʟ ʥʠʪʨʘʪʘ ʮʠʩ-ʜʠʛʠʜʨʦʢʩʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II) [77] 

ʅʘʚʝʩʢʫ ~0,3 ʛ (0,9 ʤʤʦʣʴ) ʛʨʘʥ-[RuNO(NH3)2(NO3)3] ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ 

ʦʙʲʝʤʦʤ 50 ʤʣ ʠ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ 2 ʄ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ. ʇʦʣʫʯʝʥʥʫʶ 

ʚʟʚʝʩʴ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʥʘʛʨʝʚʘʣʠ ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ 20 ʤʠʥʫʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʦʩʘʜʦʢ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʪʚʦʨʷʣʩʷ. ʇʦʩʣʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ ʥʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʣʠ ʝʱʸ 10 ʤʠʥʫʪ. 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʣʠ 18 ʤʣ 0,1 ʄ NaOH ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 

2 ʩʫʪʦʢ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), ʧʨʦʤʳʚʘʣʠ 

1-2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (85-90%), 1-2 ʤʣ 96% ʩʧʠʨʪʘ ʠ 2 ʤʣ 

ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 20-30 

ʤʠʥ. 

ɺʳʭʦʜ ʥʠʪʨʘʪʘ ʮʠʩ-ʜʠʛʠʜʨʦʢʩʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II) 

ʩʦʩʪʘʚʣʷʝʪ ~10% (~1,3 ʛ ʠʣʠ 2,2 ʤʤʦʣʴ).  
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2.3.3. ʉʠʥʪʝʟ ʮʠʩ-ʛʠʜʨʦʢʩʦʜʠʥʠʪʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [78] 

ʅʘʚʝʩʢʫ 0,44 ʛ (1,1 ʤʤʦʣʴ) Na2[Ru(NO)(NO2)4(OH)]Ö2H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

2,0 ʤʣ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 0,25 ʛ (NH4)2CO3 

(2,6 ʤʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʘʙʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ. 

ɾʝʣʪʦ-ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʜʫʢʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʚʦʜʦʡ, ʩʧʠʨʪʦʤ, ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺʳʭʦʜ 

ʮʠʩ-ʛʠʜʨʦʢʩʦʜʠʥʠʪʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II) ʩʦʩʪʘʚʣʷʝʪ ~80% (0,24 ʛ ʠʣʠ 

0,88 ʤʤʦʣʴ). 

2.3.4. ʉʠʥʪʝʟ ʭʣʦʨʠʜʘ ʮʠʩ-ʜʠʭʣʦʨʦʛʠʜʨʦʢʩʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʡ(II)  

ʮʠʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [75, 76, 79, 80] 

ʅʘʚʝʩʢʫ 0,50 ʛ (1,8 ʤʤʦʣʴ) ʮʠʩ-[RuNO(NH3)2(NO2)2OH] ʧʦʤʝʩʪʠʣʠ ʚ 10 ʤʣ 

ʩʪʘʢʘʥ ʠ ʜʦʙʘʚʠʣʠ 4,5 ʤʣ 1 M ʨʘʩʪʚʦʨʘ HCl (4,5 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʚʟʚʝʩʴ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʪʝʯʝʥʠʠ ʪʨʝʭ ʩʫʪʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʘʩʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʩʘʜʦʢ ʮʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʮʠʩ-[RuNO(NH3)2Cl2(H2O)][RuNO(NH3)2Cl2OH]Cl. 

ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), ʧʨʦʤʳʚʘʣʠ 1-2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (85-90%), 1-2 ʤʣ 96% ʩʧʠʨʪʘ ʠ 2 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. 

ɺʳʭʦʜ ʭʣʦʨʠʜʘ ʮʠʩ-ʜʠʭʣʦʨʦʛʠʜʨʦʢʩʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʡ 

ʮʠʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 80% (0,39 ʛ ʠʣʠ 

1,4 ʤʤʦʣʴ). ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʡʜʝʥʦ, %: Cl ï 32,5(2), N ï 15,5(2), 

H ï 2,9(3); ʚʳʯʠʩʣʝʥʦ ʜʣʷ ʮʠʩ-[RuNO(NH3)2Cl2(H2O)][RuNO(NH3)2Cl2OH]Cl, %: 

Cl ï 32,67, N ï 15,49, H ï 2,79. 
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2.3.5. ʉʠʥʪʝʟ ʮʠʩ-ʪʝʪʨʘʭʣʦʨʦʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ(II) ʮʝʟʠʷ ʤʦʥʦʛʠʜʨʘʪʘ 

ʅʘʚʝʩʢʫ 1,00 ʛ (3,9 ʤʤʦʣʴ) ʦʩ-[RuNO(NH3)2Cl3] ʧʦʤʝʱʘʣʠ ʚ 

ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 50 ʤʣ ʠ ʜʦʙʘʚʣʷʣʠ 15 ʤʣ 16 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

(240 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʚʟʚʝʩʴ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʢʠʧʷʪʠʣʠ ʩ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʨʘʩʪʚʦʨ ʠʟ ʢʦʣʙʳ 

ʧʝʨʝʥʝʩʣʠ ʚ ʩʪʘʢʘʥ ʠ ʫʧʘʨʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʂ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚʷʟʢʦʡ ʤʘʩʩʝ 

ʜʦʙʘʚʠʣʠ 10 ʤʣ 12 M HCl ʠ ʚʥʦʚʴ ʫʧʘʨʠʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘ ʚʦʜʷʥʦʡ 

ʙʘʥʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 10 ʤʣ 

ʚʦʜʳ, ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʠʩʭʦʜʥʳʡ ʪʨʠʭʣʦʨʦʢʦʤʧʣʝʢʩ (0,054 ʛ, 

0,2 ʤʤʦʣʴ, 5%) ʠ ʧʨʦʤʳʣʠ ʦʩʘʜʦʢ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ. ʌʠʣʴʪʨʘʪ 

ʧʝʨʝʥʝʩʣʠ ʚ 50 ʤʣ ʩʪʘʢʘʥ ʠ ʢʠʧʷʪʠʣʠ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʜʦʙʘʚʠʣʠ 0,70 ʛ ʭʣʦʨʠʜʘ ʮʝʟʠʷ (4,2 ʤʤʦʣʴ) ʠ ʫʧʘʨʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩ 1 ʤʣ 

12 M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

ʆʩʘʜʦʢ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʣʠʯʥʳʝ ʩʦʣʠ ʮʝʟʠʷ, ʯʘʩʪʠʯʥʦ 

ʨʘʩʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʚʦʜʳ ʠ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ ʧʨʠ 

ʦʙʳʯʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 

ʙʝʩʮʚʝʪʥʦʛʦ ʬʠʣʴʪʨʘʪʘ. ɺʳʭʦʜ Cs2RuNOCl5 ʩʦʩʪʘʚʣ̫ ʝʪ 20% (0,45 ʛ, 

0,78 ʤʤʦʣʴ). ʉʦʙʨʘʥʥʳʡ ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩ 1 ʤʣ 12 M HCl ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. 

ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ Cs[RuNO(NH3)Cl4]ÖH2O ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ 

(40 ʧʦʨ), ʧʨʦʤʳʚʘʣʠ 1-2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (85-90%), 1-2 ʤʣ 

96% ʩʧʠʨʪʘ ʠ 2 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ 

ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. 

ɺʳʭʦʜ ʪʝʪʨʘʭʣʦʨʦʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʘʪʘ(II) ʮʝʟʠʷ ʤʦʥʦʛʠʜʨʘʪʘ 

ʩʦʩʪʘʚʣ̫ ʝʪ 75% (1,28 ʛ ʠʣʠ 2,9 ʤʤʦʣʴ). ʇʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉʪɸ ʢʨʠʩʪʘʣʣʳ 

ʧʦʣʫʯʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ 1 ʄ HCl. 
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2.3.6. ʉʠʥʪʝʟ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ(II) ʥʘʪʨʠʷ [81, 82, 83, 84] 

ʉʤʝʩʴ 1 ʛ (15 ʤʤʦʣʴ) NaNO2 ʠ 2,5 ʛ (6 ʤʤʦʣʴ) Na2[RuNO(NO2)4OH] Ŀ 2H2O 

ʧʦʤʝʩʪʠʣʠ ʚ ʛʨʫʰʝʚʠʜʥʫʶ ʢʦʣʙʫ ʥʘ 25 ʤʣ ʠ ʥʘʛʨʝʚʘʣʠ ʥʘ ʧʝʩʯʘʥʦʡ ʙʘʥʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 160-170 
0
C. ʂ ʥʘʛʨʝʪʦʡ ʩʤʝʩʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʣʠ ʧʦ 0,2-0,5 ʤʣ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 1,2 ʄ NaOH (ʚʩʝʛʦ 5 ʤʣ, 6 ʤʤʦʣʴ) ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʩʳʭʘʥʠʷ 

ʜʦ ʩʫʭʠʭ ʩʦʣʝʡ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʚʩʝʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 

ʧʷʪʴ ʧʦʨʮʠʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦ 0,2-0,4 ʤʣ ʩ ʚʳʩʫʰʠʚʘʥʠʝʤ ʧʦʩʣʝ 

ʢʘʞʜʦʡ ʧʦʨʮʠʠ. 

ʇʦʣʫʯʝʥʥʫʶ ʪʚʝʨʜʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʡ 2,5 ʤʣ ʚʦʜʳ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠ 

ʩʦʣʝʡ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʢ ʩʤʝʩʠ 2,5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʩʥʦʚʘ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʧʦʣʫʯʘʷ ʛʝʪʝʨʦʛʝʥʥʫʶ ʞʝʣʪʫʶ ʩʤʝʩʴ ʨʘʩʪʚʦʨʘ ʩ ʦʩʘʜʢʦʤ. 

ɾʝʣʪrʡ ʦʩʘʜʦʢ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), 

ʧʨʦʤʳʚʘʣʠ 2 ʤʣ 50% ʵʪʘʥʦʣʘ, 1 ʤʣ 96% ʵʪʘʥʦʣʘ, 1-2 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. 

ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʘʪʘ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ(II) ʥʘʪʨʠʷ ʩʦʩʪʘʚʣʷʝʪ ~85% 

(2,5 ʛ, 5 ʤʤʦʣʴ). 

2.3.7. ʉʠʥʪʝʟ ʛʨʘʥ-ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ(II ) ʥʘʪʨʠʷ [81, 84] 

ɺ ʩʪʘʢʘʥʯʠʢ, ʩʦʜʝʨʞʘʱʠʡ 10 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ, 

ʚʥʦʩʠʣʠ 1,9 ʛ (3,8 ʤʤʦʣʴ) Na4[Ru(NO2)6]ĿxH2O ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1,5 ʯ (ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʪʥʦʚʘʪʦʛʦ ʨʘʩʪʚʦʨʘ). ɿʘʪʝʤ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʩʪʘʢʘʥʯʠʢ 

ʧʣʝʥʢʦʡ Parafilm ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʪʨʦʝ ʩʫʪʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʣʠʩʴ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʮʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʤ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ (40 ʧʦʨ), 

ʧʨʦʤʳʚʘʣʠ 1-2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (85-90%), 1-2 ʤʣ 96% 
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ʩʧʠʨʪʘ ʠ 2 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ʪʝʯʝʥʠʝ 20-30 ʤʠʥ. 

ɺʳʭʦʜ ʪʨʠʛʠʜʨʘʪʘ ʛʨʘʥ-ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʩʦʩʪʘʚʣ̫ ʝʪ 

~95% (1,3 ʛ, 3,6 ʤʤʦʣʴ). 

2.3.8. ʉʠʥʪʝʟ ʭʣʦʨʠʜʘ ʛʨʘʥ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [81, 84] 

ʅʘʚʝʩʢʫ 0,47 ʛ (1,3 ʤʤʦʣʴ) Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ 

ʥʘ 50 ʤʣ, ʟʘʣʠʚʘʣʠ 20 ʤʣ 6 ʄ HCl, ʥʘʢʨʳʚʘʣʠ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʠ ʥʘʛʨʝʚʘʣʠ ʥʘ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ (ʚ ʪʝʯʝʥʠʝ ~2 ʯ). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʣʠʩʴ ʦʢʩʠʜʳ ʘʟʦʪʘ, ʘ ʷʨʢʦ-ʞʝʣʪʳʡ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʤʝʥʷʣʩʷ ʥʘ 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ 

(~3 ʤʣ) ʠ ʦʭʣʘʜʠʣʠ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʘʩʥʦ-ʙʦʨʜʦʚʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 80%, ʟʘʪʝʤ 96% ʵʪʘʥʦʣʦʤ, ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣ̫ ʝʪ ~95% (0,36 ʛ, 1,2 ʤʤʦʣʴ). 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ: ʥʘʡʜʝʥʦ, %: Cl ï 36,9, N ï 19,4, H ï 3,3; ʜʣʷ 

[RuNO(NH3)3Cl2]Cl ʚʳʯʠʩʣʝʥʦ, %: Cl ï 36,86, N ï 19,42, H ï 3,14. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʚ 6 ʄ 

HCl. 

2.3.9. ʉʠʥʪʝʟ ʦʩ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [85] 

ɺ ʩʪʘʢʘʥʯʠʢ, ʩʦʜʝʨʞʘʱʠʡ 10 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ, 

ʚʥʦʩʠʣʠ 1,9 ʛ (3,8 ʤʤʦʣʴ) Na4[Ru(NO2)6]ĿxH2O ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʯ. ɿʘʪʝʤ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʠʪʨʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʦʩʘʞʜʘʣʠ ʠʟ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʝʭʢʨʘʪʥʦʛʦ ʦʙʲʝʤʘ ʘʮʝʪʦʥʘ. ɺʳʜʝʣʠʚʰʫʶʩʷ ʤʘʩʩʫ ʣʠʤʦʥʥʦ-

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʠʣʠ ʚ ʪʦʢʝ 

ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʵʪʦʛʦ, ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʧʝʨʝʥʝʩʣʠ ʚ 25 ʤʣ ʩʪʘʢʘʥ, ʜʦʙʘʚʠʣʠ 

10 ʤʣ 3 M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʩʪʦʨʦʞʥʦ ʥʘʛʨʝʣʠ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʥʘ 
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ʧʣʠʪʢʝ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʣʩʷ ʩ ʞʝʣʪʦʛʦ ʥʘ ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʡ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ (~3 ʤʣ) ʠ ʦʭʣʘʜʠʣʠ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʘʩʥʦ-ʙʦʨʜʦʚʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl, ʟʘʪʝʤ 80% ʠ 96% ʵʪʘʥʦʣʦʤ, ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʦʩ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩʦʩʪʘʚʠʣ 

~50% (0,52 ʛ, 1,9 ʤʤʦʣʴ). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 

ʦʩʘʜʢʘ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʞʜʝʥʠʝʤ ʘʮʝʪʦʥʦʤ, ʚ 6 ʄ HCl. 

2.3.10. ʉʠʥʪʝʟ ʥʠʪʨʘʪʘ ʛʨʘʥ-ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  

[82, 83, 85] 

ʅʘʚʝʩʢʫ 0,50 ʛ (1,4 ʤʤʦʣʴ) Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʢʘʥ 

ʥʘ 10 ʤʣ ʠ ʜʦʙʘʚʣʣ̫ʠ 5 ʤʣ 0,55 M HNO3 (2,8 ʤʤʦʣʴ). ʉʳʧʫʯʠʡ ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʪʳ ʦʙʨʘʟʦʚʳʚʘʣ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʝʜʣʝʥʥʦ ʨʘʩʪʚʦʨʷʣʠʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʩʧʘʨʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʙʲʝʤʘ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʨʘʥʞʝʚʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʧʨʦʤrʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ (0,5 ʤʣ), ʟʘʪʝʤ 80% ʠ 96% ʵʪʘʥʦʣʦʤ, 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 

~70% (0,32 ʛ, 1 ʤʤʦʣʴ). ɸʥʘʣʠʟ: ʥʘʡʜʝʥʦ, %: N ï 29,4, H ï 2,9; ʜʣʷ 

[RuNO(NH3)3(NO2)2]NO3 ʚʳʯʠʩʣʝʥʦ, %: N ï 29,17, H ï 2,70. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ 

ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]Ŀ3H2O (0,15 ʛ) ʚ 2 

ʵʢʚʠʚʘʣʝʥʪʘʭ 0,120 ʄ HNO3. 
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2.3.11. ʉʠʥʪʝʟ ʧʝʨʭʣʦʨʘʪʘ ʛʨʘʥ-ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  

[83, 85] 

ʅʘʚʝʩʢʫ 0,30 ʛ (0,82 ʤʤʦʣʴ) Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʧʦʤʝʩʪʠʣʠ ʚ ʩʪʘʢʘʥ 

ʥʘ 10 ʤʣ ʠ ʜʦʙʘʚʠʣʠ 1,1 ʤʣ 1,48 M HClO4 (1,62 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʠʩʧʘʨʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʉʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʦʧʨʝʜʝʣʠʣʠ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ~50% 

(0,15 ʛ, 0,41 ʤʤʦʣʴ). 

2.3.12. ʉʠʥʪʝʟ ʤʦʥʦʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ 

ʛʨʘʥ-ʜʠʥʠʪʨʘʪʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [82, 83, 85] 

ʅʘʚʝʩʢʫ 1,0 ʛ Na[Ru(NH3)3(NO2)3]Ö3H2O (2,7 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ ~10 ʤʣ 

3 ʄ HNO3 ʚ 50 ʤʣ ʩʪʘʢʘʥʝ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ, ʨʘʩʪʚʦʨ 

ʠʥʪʝʥʩʠʚʥʦ ʧʝʥʠʣʩʷ ʠ ʧʨʠʦʙʨʝʣ ʦʨʘʥʞʝʚʳʡ ʦʪʪʝʥʦʢ. ɿʘʪʝʤ ʚʳʜʝʣʝʥʠʝ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʧʨʦʜʦʣʞʠʣʦʩʴ ʠ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʠʣʩʷ ʥʘ ʢʨʘʩʥʦ-ʙʫʨʳʡ. ʉʧʫʩʪʷ 30 

ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ ʧʦʜ ʯʘʩʦʚʳʤ ʩʪʝʢʣʦʤ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ ʧʨʝʢʨʘʪʠʣʦʩʴ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʩʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ ʦʭʣʘʜʠʣʠ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʘʩʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʨʦʤʳʣʠ ʚʦʜʦʡ, 80% ʨʘʩʪʚʦʨʦʤ ʵʪʘʥʦʣʘ, ʘʮʝʪʦʥʦʤ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ [RuNO(NH3)3(NO3)2]NO3ÖH2O ʩʦʩʪʘʚʣ̫ ʝʪ 84% 

(0,88 ʛ, 2,3 ʤʤʦʣʴ). ɸʥʘʣʠʟ: ʥʘʡʜʝʥʦ, %: N ï 25,8(4), H ï 2,9(5); ʜʣʷ 

[RuNO(NH3)3(NO3)2]NO3ÖH2O ʚʳʯʠʩʣʝʥʦ, %: N ï 25,4, H ï 2,9. ʄʦʥʦʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ 

ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]Ŀ3H2O (0,30 ʛ) ʚ 3 ʤʣ 8 ʄ 

HNO3. 
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2.3.13. ʉʠʥʪʝʟ ʥʠʪʨʘʪʘ ʜʠʛʠʜʨʦʢʩʦʥʠʷ 

ʛʨʘʥ-ʜʠʥʠʪʨʘʪʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [82, 83, 85] 

ʅʘʚʝʩʢʫ 0,5 ʛ Na[Ru(NH3)3(NO2)3]Ö3H2O (1,4 ʤʤʦʣʴ) ʟʘʣʠʣʠ ~5 ʤʣ 100% 

HNO3 ʚ 25 ʤʣ ʩʪʘʢʘʥʝ. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʣ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʡ ʦʪʪʝʥʦʢ. ʇʨʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʜʘʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʤʥʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʠ 

ʥʝʜʝʣʠ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʠʣʩʷ ʥʘ ʢʨʘʩʥʦ-ʙʫʨʳʡ. ʈʘʩʪʚʦʨ ʙʳʣ ʠʩʧʘʨʝʥ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʘʩʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ʇʨʦʤʳʚʢʘ ʚʦʜʦʡ ʣʠʙʦ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɺʳʭʦʜ [RuNO(NH3)3(NO3)2]NO3Ö2H2OÖHNO3 ʩʦʩʪʘʚʣʷʝʪ ~80% 

(1,1 ʤʤʦʣʴ). ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]Ŀ3H2O 

(0,27 ʛ) ʚ 3 ʤʣ 16 ʄ HNO3. 

2.3.14. ʉʠʥʪʝʟ ʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʦʩ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  

[84] 

ʅʘʚʝʩʢʫ 0,67 ʛ (2,2 ʤʤʦʣʴ) [Ru(NO)(NH3)3Cl(H2O)]Cl2 ʧʦʤʝʱʘʣʠ ʚ 

ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʟʘʣʠʚʘʣʠ 40 ʤʣ 

6 ʄ HCl ʠ ʢʠʧʷʪʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘ ʧʣʠʪʢʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ɺ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ 

ʨʘʩʪʚʦʨ ʩ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʤ ʦʩʘʜʢʦʤ ʫʧʘʨʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʸʤʘ (2 ʤʣ) ʠ ʦʭʣʘʞʜʘʣʠ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 80%, ʟʘʪʝʤ 96% ʵʪʘʥʦʣʦʤ, ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ~89% (0,59 ʛ, 

1,9 ʤʤʦʣʴ). ɸʥʘʣʠʟ: ʥʘʡʜʝʥʦ, %: Cl ï 34,7, N ï 18,5, H ï 3,6; ʜʣʷ 

[RuNO(NH3)3Cl2]ClĿH2O ʚʳʯʠʩʣʝʥʦ, %: Cl ï 34,70, N ï 18,28, H ï 3,62. 
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2.3.15. ʉʠʥʪʝʟ ʥʠʪʨʘʪʘ ʦʩ-ʥʠʪʨʦʘʢʚʘʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ(II)  [86] 

ʅʘʚʝʩʢʫ 0,4 ʛ (1,5 ʤʤʦʣʴ) [Ru(NO)(NH3)3(NO2)OH]ClÖ0,5H2O ʧʦʤʝʱʘʣʠ ʚ 

25 ʤʣ ʩʪʘʢʘʥ, ʟʘʣʠʚʘʣʠ 5 ʤʣ 16 ʄ HNO3 ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʦʭʣʘʞʜʘʣʠ ʥʘ ʣʝʜʷʥʦʡ ʙʘʥʝ ʠ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 80%, ʟʘʪʝʤ 96% ʵʪʘʥʦʣʦʤ, ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ 

ʩʫʰʠʣʠ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʳʭʦʜ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ ~89% (0,59 ʛ, 1,9 ʤʤʦʣʴ). 

ɸʥʘʣʠʟ: ʥʘʡʜʝʥʦ, %: N ï 26,4(3), H ï 3,3(5); ʜʣʷ 

[Ru(NO)(NH3)3(NO2)(H2O)](NO3)2 ʚʳʯʠʩʣʝʥʦ, %: N ï 26,5, H ï 3,0. 

2.4. ʄʝʪʦʜʠʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

2.4.1. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 

ɿʥʘʯʝʥʠʷ ʨʅ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʨʅ-ʤʝʪʨʘ / ʠʦʥʦʤʝʨʘ ɸʥʠʦʥ 4100 ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʥʘʙʦʨʦʤ ʵʣʝʢʪʨʦʜʦʚ 

(ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʕʉʉʈ 10101, ʠʦʥʩʝʣʝʢʪʠʚʥʳʡ 

ʵʣʝʢʪʨʦʜ ï ʩʪʝʢʣʷʥʥʳʡ ʵʣʝʢʪʨʦʜ ʕʉʃ 4307). ʂʘʣʠʙʨʦʚʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʘʤ, ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʅ 

°0,03 ʝʜ. ɼʣʷ ʪʠʪʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦʙʶʨʝʪʢʫ "Contiburette m 10" 

(ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ °10 ʤʢʣ). ʀʦʥʥʳʡ ʬʦʥ ʨʘʩʪʚʦʨʘ ʟʘʜʘʚʘʣʠ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʘʪʘ ʠʣʠ ʧʝʨʭʣʦʨʘʪʘ ʥʘʪʨʠʷ. ʇʨʠ 

ʪʠʪʨʦʚʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʦʥʥʦʛʦ ʬʦʥʘ ʚʢʣʘʜ 

ʠʦʥʥʦʡ ʩʠʣʳ ʫʯʠʪʳʚʘʣʠ ʧʝʨʝʩʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʝʡ ʧʦ ʚʪʦʨʦʤʫ 

ʧʨʠʙʣʠʞʝʥʠʶ ʪʝʦʨʠʠ ɼʝʙʘʷ-ʍʶʢʢʝʣʷ. 

ʈʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʛʦʪʦʚʠʣʠ ʠʟ ʠʟʚʝʩʪʥʦʡ ʥʘʚʝʩʢʠ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʪʤʝʨʝʥʥʦʤ ʦʙʲʝʤʝ 

ʚʦʜʳ, ʣʠʙʦ ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʚ ʚʦʜʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʛʦ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʠʣʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ. 
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2.4.2. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘʙʦʨʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʝʜʝʥʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Bruker APEX X8 (MoKa-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ CCD-ʜʝʪʝʢʪʦʨ). ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʦʤ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʠ ʫʪʦʯʥʝʥʳ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ (ʠʟʦʪʨʦʧʥʦʤ ʜʣʷ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ) ʧʨʠʙʣʠʞʝʥʠʠ, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʙʳʣʠ ʟʘʜʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ɺʩʝ 

ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤ SHELX-97 [87]. ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  2  

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʠʪʨʦʟʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʉʦʝʜʠʥʝʥʠʝ ʇʨ. 

ʛʨ. 

a, ¡ 

Ŭ,  ̄

b, ¡ 

ɓ,  ̄

c, ¡ 

ɔ,  ̄

R-ʬʘʢʪʦʨ 

[I>2ů(I)]  

ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 P21/n 7,6313(2) 12,1712(3) 

99,9080(1) 

11,8256(3) 0,0226 

ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ö3H2O P21/n 6,0824(2) 19,4031(4) 

94,655(1) 

9,9788(2) 0,0173 

ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl P21/n 6,5439(2) 22,3364(6) 

99,265(1) 

11,5706(3) 0,0186 

ʮʠʩ-[{ RuNO(NH3)2Cl2}( H3O2)]2Cl P21/n 15,0651(5) 6,3624(2) 

94,9690(10) 

15,3813(6) 0,0185 

ʮʠʩ-[RuNO(NH3)2(NO2)2OH] P21/c 10,4523(6) 12,7956(7) 

95,702(2) 

11,1058(6) 0,0250 

ʮʠʩ-[RuNO(NH3)2(H2O)(OH)2]NO3 P21/c 8,4652(4) 7,2343(4) 

96,926(2) 

12,4504(6) 0,0251 

ʮʠʩ-Cs[RuNO(NH3)Cl4]ÖH2O P21/n 12,1184(12) 6,9977(6) 

109,907(3) 

12,2676(12) 0,0772 

ʦʩ(ʮʠʩ)-[RuNO(NH3)2Cl3] P21/c 6,6617(8) 9,6053(12) 

103,600(3) 

11,5682(14) 0,0247 

ʛʨʘʥ-[RuNO(NH3)3(NO2)2]NO3 P-1 6,2211(6) 

88,529(4) 

7,1388(7) 

86,773(4) 

11,2678(8) 

76,092(4) 

0,0190 

ʛʨʘʥ-[RuNO(NH3)3(NO2)2]ClO4 Pbca 12,8087(15) 11,1237(13) 15,490(2) 0,0260 

ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3ÖH2O F-43m 10,527(12) 

ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3Ö 

ÖHNO3Ö2H2O 

Pna21 12,336(3) 7,1745(14) 16,167(3) 0,0260 
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2.4.3.ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ [88, 89] 

ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ (ɼʉʂ) NETZSCH DSC 204 F1 Phoenix, 

ʚʳʧʫʩʢʘʝʤʦʤ ʩ ʧʨʠʣʘʛʘʝʤʳʤ ʧʘʢʝʪʦʤ ʧʨʦʛʨʘʤʤ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʘʥʘʣʠʟʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʥʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Proteus analysis [90]. ʄʘʩʩʘ 

ʦʙʣʫʯʝʥʥʳʭ ʥʘʚʝʩʦʢ ʩʦʩʪʘʚʣʷʣʘ ~1-4 ʤʛ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (6, 9, 12 ʠ 15 K/ʤʠʥ) ʚ 

ʟʘʢʨʳʪʦʤ ʘʣʶʤʠʥʠʝʚʦʤ ʪʠʛʣʝ ʚ ʪʦʢʝ ʘʨʛʦʥʘ 25 ʤʣ/ʤʠʥ. 

2.4.4. ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ [91, 92] 

ɻʝʥʝʨʘʮʠʶ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʩ ʛʝʥʝʨʠʨʫʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ 443 ʥʤ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʥʝ 100 ʤɺʪ/ʩʤ
2
. ʇʨʝʩʩʦʚʘʥʥʳʝ ʪʘʙʣʝʪʢʠ KBr 

ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ (1-2 ʤʛ ʥʘ 100 ʤʛ ʙʨʦʤʠʜʘ ʢʘʣʠʷ) 

ʦʙʣʫʯʘʣʠ ʦʪ ʜʝʩʷʪʠ ʜʦ ʰʝʩʪʠʜʝʩʷʪʠ ʤʠʥʫʪ ʚ ʩʦʩʫʜʝ ɼʴʶʘʨʘ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. 

ɿʝʨʢʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʫʜʘ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, 

ʩʣʫʞʠʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʬʣʝʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʣ ʧʨʦʡʜʝʥʥʳʡ ʯʝʨʝʟ 

ʪʘʙʣʝʪʢʫ ʣʫʯ ʦʙʨʘʪʥʦ ʚ ʪʘʙʣʝʪʢʫ. 

ɿʘʪʝʤ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʙʳʩʪʨʦ ʧʝʨʝʥʦʩʠʣʠ ʠʟ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʦʩʪʝʧʝʥʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʪʘʙʣʝʪʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʟʚʦʣʠʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ. 
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ɻʣʘʚʘ 3.  ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

3.1. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʟʚʝʩʪʥʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʇʨʠ ʙʦʣʴʰʦʤ ʠʤʝʶʱʝʤʩʷ ʤʥʦʛʦʦʙʨʘʟʠʠ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, 

ʥʘʣʠʯʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʝʱʝʩʪʚ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ 

ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʥʦ ʫ ʵʪʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ 

ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʠ ʠʭ ʧʨʠʨʦʜʘ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʚʝʱʝʩʪʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ: ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ  [RuNO(py)4Cl](PF6)2ĿH2O 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ 92% ʟʘʩʝʣʝʥʥʦʩʪʴ MS1 [93], ʚ ʩʣʫʯʘʝ [RuNO(py)2(NO2)2OH]ĿH2O 

ʜʦʣʷ Ru-ON ʚ ʢʨʠʩʪʘʣʣʝ ʜʦʭʦʜʠʪ ʜʦ 66% [94], ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʦʚʝʨʞʠʤʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʂʨʦʤʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʩʣʫʯʘʝ 

ʥʘʣʦʞʝʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʠʥʦʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ ʩʘʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʩʠʩʪʝʤʝ ʣʴʜʦʤ, ʪʦʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʵʬʬʝʢʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʠʤʝʥʥʦ ʟʘ ʨʘʩʧʘʜ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʟʘʪʨʫʜʥʝʥʦ. 

ɹʦʣʝʝ ʥʘʜʝʞʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʘʣʝʥʪʥʦʝ ʢʦʣʝʙʘʥʠʝ ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʀʂ-ʩʧʝʢʪʨʝ. ʄʳ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ 11 ʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ ʠ ʦʙʣʫʯʠʣʠ 

ʪʘʙʣʝʪʢʠ ʩ ʚʝʱʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 443 ʥʤ. ʅʦʚʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʪ 1700 ʜʦ 1800 ʩʤ
-1
 ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘʤʠ ʚ ʀʂ ʩʧʝʢʪʨʘʭ 

ʚʩʝʭ 11 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣʠʮʘ 3). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  3  

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ  

ʠ ʠʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤ 

ʌʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʘ 

n(NO) 

GS, 

ʩʤ
-1

 

n(NO) 

MS1, 

ʩʤ
-1

 

ʛʨʘʥ-K2[RuNO(NO2)2Cl3] 1900 1774 

ʦʩ(ʪʨʘʥʩ)-[RuNO(NH3)2Cl3] 1884 1756 

ʪʨʘʥʩ-[RuNO(NH3)2(NO2)2OH] 
1879 

1859 

1756 

1736 

ʪʨʘʥʩ-[RuNO(NH3)2(NO3)2(H2O)] NO3ĿH2O 1923 1790 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O 1903 1770 

ʛʨʘʥ-[RuNO(NH3)2Cl3] 1884 1758 

ʮʠʩ-[RuNO(NH3)2(NO2)2OH] 
1907 

1882 

1781 

1760 

ʛʨʘʥ-[RuNO(NH3)2(NO3)3] 1938 1813 

ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O 1888 1755 

ʦʩ-[RuNO(NH3)3Cl(H2O)]Cl2 1923 1781 

[RuNO(NH3)5]Cl3ĿH2O 1911 1799 

 

ʕʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʠʪʨʦʟʦʢʦʤʣʝʢʩʘʭ. ʈʘʥʝʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 3, 

ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʄʳ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 1). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ  

ʚ MS1 ʦʪ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ GS 

 

ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʥʘ 127(5) ʩʤ
-1
 ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʚʘʣʝʥʪʥʦʛʦ 

ʢʦʣʝʙʘʥʠ ̫ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (ʜʝʨʞʘʪʝʣʴ ʜʣʷ ʦʙʨʘʟʮʘ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʦʭʣʘʞʜʘʣʩʷ) ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. ʊʘʢʦʡ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʣʠʯʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʠʭ ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʅʘʧʨʠʤʝʨ, ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʛʨʘʥ-ʜʠʥʠʪʨʦʪʨʠ-

ʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ-ʠʦʥʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ 

443 ʥʤ ʦʙʨʘʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʦʪʣʠʯʠʝ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1774 ʩʤ
-1
, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʶ ʠʟʦʥʠʪʨʦʟʦʛʨʫʧʧʳ ʚ MS1 ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-K2[RuNO(NO2)2Cl3]. ʉʦ ʚʨʝʤʝʥʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ 

n(MS1) = n(GS) - 127(5)  [ʩʤ-1]  
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ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʠ 

ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ MS1, ʠʩʯʝʟʘʝʪ. 

 

 

ʈʠʩ. 2. ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʛʨʘʥ-K2[RuNO(NO2)2Cl3] ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ ʥʠʪʨʦʟʦʛʨʫʧʧ 

(2000 ï 1600 ʩʤ
-1
). ʉʧʝʢʪʨ ʘ) ʟʘʧʠʩʳʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʧʝʢʪʨ ʙ) ï ʯʝʨʝʟ 

30 ʩʝʢʫʥʜ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʦʙʨʘʟʮʘ ʠʟ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʚ ʩʧʝʢʪʨʦʤʝʪʨ, ʩʧʝʢʪʨ  

ʚ) ï ʯʝʨʝʟ 60 ʩʝʢʫʥʜ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ, ʩʧʝʢʪʨ ʛ) ï ʯʝʨʝʟ 90 ʩʝʢʫʥʜ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʪʘʙʠʣʴʥʦʝ. ʊʘʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠʙʦʨʦʤ ʧʦ ʨʘʟʥʦʩʪʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʮʘ ʠ ʦʙʨʘʟʮʘ-ʩʨʘʚʥʝʥʠʷ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʩʝʨʠʷ ʢʨʠʚʳʭ 

ɼʉʂ, ʟʘʧʠʩʘʥʥʳʭ ʥʘʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-K2[RuNO(NO2)2Cl3]. ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʩʦʩʪʘʚʠʣʠ: Eʘʢʪ 

= 62,9(4) ʢɼʞ/ʤʦʣʴ, lgA0 = 14,1(3) ʩ
-1
, Td = 193(2) K. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ɼʉʂ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʠʯʠʝ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʮʝʥʠʚʘʪʴ ʠʭ ʟʘʩʝʣʝʥʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ 
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ʤʝʪʦʜʦʤ ɼʉʂ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʄʝʪʦʜʳ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʛʨʘʥ-K2[RuNO(NO2)2Cl3] ʙʫʜʫʪ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʦʚʳʭ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ. 

 

 

ʈʠʩ. 3. ʉʝʨʠʷ ʢʨʠʚʳʭ ɼʉʂ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥ-K2[RuNO(NO2)2Cl3]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʧʦʢʘʟʘʥʳ ʤʘʨʢʝʨʘʤʠ, ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʤʦʜʝʣʴʥʳʝ 

ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

 

3.2. ʇʦʣʫʯʝʥʠʝ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ 

ʆʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʩ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-NH3 ʧʨʠʚʦʜʠʪ ʢ ʧʝʥʪʘʘʤʤʠʥʦ- ʠʣʠ 

ʪʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤ, ʥʦ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʜʦ 

ʩʠʭ ʧʦʨ ʧʨʝʜʣʦʞʝʥ ʥʝ ʙʳʣ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʝʚʳʭ ʠʟʦʤʝʨʦʚ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʘʮʠʜʦʣʠʛʘʥʜʘʤʠ. 

ʇʣʘʥʠʨʫʷ ʩʠʥʪʝʟ ʛʨʘʥ-ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʤʳ ʨʝʰʠʣʠ 

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʯʪʦ 

ʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ 
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[95, 96], ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʩʠʣʴʥʳʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʪʨʘʥʩ-ʚʣʠʷʥʠʝʤ [56, 57]. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʨʝʜʧʦʩʳʣʦʢ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʥʠʪʨʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ [Ru(NO2)6]
4-
 ʩ ʘʤʤʠʘʢʦʤ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʥʝʚʦʛʦ ʠʟʦʤʝʨʘ [Ru(NH3)3(NO2)3]
-
, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʧʨʝʚʨʘʱʝʥ ʚ ʢʦʤʧʣʝʢʩʳ ʚʠʜʘ ʛʨʘʥ-[RuNO(NH3)3ʍ2]
+
 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʮʠʜʦʣʠʛʘʥʜʘʤʠ ʚ ʨʝʘʢʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʦʡ. 

ʀʩʭʦʜʥʳʡ ʨʫʪʝʥʠʡʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩ, ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪ-ʘʥʠʦʥ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʠ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʦʡ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. 

ɻʝʪʝʨʦʛʝʥʥʘʷ ʨʝʘʢʮʠʷ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʧʨʦʪʝʢʘʝʪ 

ʤʝʜʣʝʥʥʦ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ, ʢʠʧʷʯʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʘʤʤʠʘʢʘ ʩ ʚʦʟʚʨʘʪʦʤ ʦʪʛʦʥʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ 

ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ. ʆʜʥʘʢʦ, 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʚʝʩʪʥʦʤʫ ʮʠʩ-[RuNO(NH3)2(NO2)2OH]. ɺ ʨʘʙʦʪʝ [59] ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʤʠʘʢʘ ʩ ʛʠʜʨʦʢʩʦʪʝʪʨʘʥʠʪʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪʦʤ 

ʥʘʪʨʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʦʙʨʘʪʠʤʦʩʪʠ ʥʠʪʨʦ-

ʥʠʪʨʦʟʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʝʨʚʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠʩʭʦʜʥʦʡ ʢʘʣʠʝʚʦʡ ʩʦʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʝʘʛʠʨʫʝʪ ʩ 

ʘʤʤʠʘʢʦʤ ʧʦ ʨʝʘʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʡ ʫʞʝ ʦʧʠʩʘʥʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʣʠʝʚʘʷ 

ʩʦʣʴ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʝ ʧʦʜʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ-ʟʘ 

ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʙʦʯʥʳʤ 

ʧʨʦʜʫʢʪʘʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʤʳ ʚʟʷʣʠ ʟʘ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʫ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʚ ʨʘʙʦʪʝ [96], ʦʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʠ ʝʝ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ ʩʠʥʪʝʟʝ 

ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ [97]: 

Na2[RuNO(NO2)4OH]Ŀ2H2O + NaNO2 + NaOH = Na4[Ru(NO2)6]ĿxH2O + (3-x)H2O. 
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ʕʪʦ ʦʙʨʘʪʠʤʳʡ ʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ [98, 99], ʧʨʠʯʝʤ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʟʘʤʝʪʥʦ ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʥʠʪʨʦʟʦʪʝʪʨʘʥʠʪʨʦʢʦʤʧʣʝʢʩʘ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʥʫʞʥʫʶ ʩʪʦʨʦʥʫ, ʚ ʩʚʦʝʡ 

ʤʝʪʦʜʠʢʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʙʘʚʢʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚ 

ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 

ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʩ 60 [96] ʜʦ 86%. 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʚʫʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ: ʤʦʥʦʛʠʜʨʘʪʘ Na4[Ru(NO2)6]ĿH2O ʠ ʜʠʛʠʜʨʘʪʘ 

Na4[Ru(NO2)6]Ŀ2H2O, ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [97] ʠ [100]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʩʤʝʩʴ ʬʘʟ 

Na4[Ru(NO2)6]ĿxH2O ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 0,01 ʄ NaOH ʠ 

ʜʦʙʘʚʣʷʣʠ ʵʪʘʥʦʣ ʜʦ 70% ʩʦʜʝʨʞʘʥʠʷ. ɺʳʜʝʣʠʚʰʠʡʩʷ ʞʝʣʪʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ, ʟʘʪʝʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʣʠ ʚ ʪʦʢʝ 

ʚʦʟʜʫʭʘ. ɺ ʭʦʜʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ 98% ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦʬʘʟʥʳʡ 

ʧʨʦʜʫʢʪ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʛʠʜʨʘʪʫ 

Na4[Ru(NO2)6] Ŀ 2H2O. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʦʙʨʘʟʮʝ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʵʪʦʤʫ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʦʧʳʪʘʭ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʬʘʟ Na4[Ru(NO2)6]ĿxH2O. 

3.3. ʉʚʦʡʩʪʚʘ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ 

3.3.1. ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ 

ʪʨʝʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ ʥʘ ʤʦʣʝʢʫʣʳ NH3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʨʘʥʝʚʦʛʦ ʠʟʦʤʝʨʘ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ: 

Na4[Ru(NO2)6]ĿxH2O + 3NH3 + (3-x)H2O = 

= ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ŀ3H2O + 3NaNO2 
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ɺʳʜʝʨʞʠʚʘʥʠʝ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ  ʪʨʝʭ ʩʫʪʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʠʟ ʨʘʩʪʚʦʨʘ ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ ʠ ʢʨʫʧʥʳʭ ʦʨʘʥʞʝʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʩ ʚʳʭʦʜʦʤ, ʙʣʠʟʢʠʤ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ. 

ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪ-

ʘʥʠʦʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʪʦ ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʣʝʢʩ ʮʠʩ-[Ru(NO)(NH3)2(NO2)2(OH)], ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ 

ʈʌɸ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʟʘʤʝʱʝʥʠʷ ʚ ʱʝʣʦʯʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʥʠʪʨʦʛʨʫʧʧ ʥʘ OH
-
, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ ʥʠʪʨʦ-ʥʠʪʨʦʟʦʧʨʝʚʨʘʱʝʥʠʝʤ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʦʛʨʫʧʧʝ: 

[Ru(NH3)x(NO2)6-x]
x-4

 + OH
-
 = [Ru(NH3)x(NO2)5-x(OH)]

 x-4
 + NO2

-
 (0ÒxÒ2) 

[Ru(NH3)x(NO2)5-x(OH)]
 x-4

 + H2O = [Ru(NO)(NH3)x(NO2)4-x(OH)]
x-2

 + 2OH
-
 

[Ru(NO)(NH3)x(NO2)4-x(OH)]
x-2

 + (2-x)NH3 = 

= ʮʠʩ-[Ru(NO)(NH3)2(NO2)2(OH)] + (2-x)NO2
-
. 

ʊʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪ ʥʘʪʨʠʷ ʪʨʠʛʠʜʨʘʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʭ ʚʳʪʷʥʫʪʳʭ ʦʨʘʥʞʝʚʳʭ ʧʨʠʟʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ 

[Ru(NH3)3(NO2)3]
-
, ʢʘʪʠʦʥʦʚ Na

+
 ʠ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ɸʪʦʤ Ru 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʪʨʠ ʘʪʦʤʘ N, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʪʨʝʤ NH3ïʛʨʫʧʧʘʤ, ʠ ʪʨʠ ʘʪʦʤʘ N, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʪʨʝʤ NO2
-
-ʛʨʫʧʧʘʤ (ʨʠʩ. 4). ʆʩʥʦʚʥʳʝ  ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ 

Ru ï ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [RuN6], ʷʚʣʷʶʱʠʡʩʷ ʛʨʘʥʝʚʳʤ ʠʟʦʤʝʨʦʤ. 

ʈʘʟʥʠʮʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ Ru-NO2 (1,997 ¡) ʠ Ru-NH3 (2,145 ¡) 

ʩʦʩʪʘʚʣʷʝʪ 0,148 ¡. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ N-Ru-N ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 90Á ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 4,9Á. ɺ ʥʠʪʨʦʛʨʫʧʧʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʩʚʷʟʠ N-O ʤʝʥʷʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 1,239 ï 1,282 (ʩʨ. 1,252) ¡, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʆ-N-O 

ʩʦʩʪʘʚʣʷʝʪ 115,2Á. ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʦʢʪʘʵʜʨʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʨʫʧʧ NO2 ʠ NH3, ʩʦʩʪʘʚʣʷʝʪ 2,4Á. ʇʣʦʩʢʦʩʪʠ ʜʚʫʭ 
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ʥʠʪʨʦʛʨʫʧʧ ʨʘʟʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ ʥʠʪʨʦʛʨʫʧʧ, ʥʘ ʫʛʣʳ 97,0 ʠ 85,9Á, ʘ ʧʣʦʩʢʦʩʪʴ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ï ʥʘ ʫʛʦʣ 

34,1Á. 

 

 

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʠʛʠʜʨʘʪʘ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ 

 

ʂʘʪʠʦʥ ʥʘʪʨʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪ ʦʢʨʫʞʝʥʠʝ (6+1), ʦʙʨʘʟʦʚʘʥʥʦʝ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ 

ʥʠʪʨʦʛʨʫʧʧ. ʈʘʩʩʪʦʷʥʠʷ Na-O ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,343 ï 2,772 ¡ (ʩʫʤʤʘ ʠʦʥʥʳʭ 

ʨʘʜʠʫʩʦʚ Na ʠ O 2,37 ¡). ɺ ʩʪʨʫʢʪʫʨʝ Na-ʧʦʣʠʵʜʨʳ ʠʤʝʶʪ ʦʙʱʝʝ ʨʝʙʨʦ ʠ 

ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʪʦʷʥʠʝ NaéNa ʨʘʚʥʦ 3,836 ¡ (ʨʠʩ. 5). ɼʚʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ Na, ʚʳʧʦʣʥʷʶʪ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʦʣʴ ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ. ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʠʪʨʦʛʨʫʧʧʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ Ru, ʚʳʧʦʣʥʷʶʪ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʦʣʴ ʤʦʩʪʠʢʦʚ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ. 

ɺ ʢʨʠʩʪʘʣʣʝ ʢʘʪʠʦʥʳ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʲʝʜʠʥʝʥʳ 

ʩʠʩʪʝʤʦʡ ʅ-ʩʚʷʟʝʡ. ɼʦʥʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʣʠʛʘʥʜʦʚ NH3 ʠ 

ʤʦʣʝʢʫʣ ʚʦʜʳ, ʨʦʣʴ ʘʢʮʝʧʪʦʨʦʚ ʠʛʨʘʶʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧ. 

ʈʘʩʩʪʦʷʥʠʷ ʆ...N ʠ ʆ...ʆw, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʠʤʝʶʪ ʦʮʝʥʢʠ 

ʚ ʠʥʪʝʨʚʘʣʘʭ 2,88é3,14 ʠ 2,81é2,97 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  4  

ʆʩʥʦʚʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ  ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ŀ3H2O 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru-N(1) 

Ru-N(2) 

Ru-N(3) 

Ru-N(4) 

Ru-N(5) 

Ru-N(6) 

 

 

1,9766(13) 

2,0201(13) 

2,0131(13) 

2,1390(14) 

2,1419(15) 

2,1534(15) 

 

 

N(1)-O(11) 

N(1)-O(12) 

N(2)-O(21) 

N(2)-O(22) 

N(3)-O(31) 

N(3)-O(32) 

 

 

1,2460(18) 

1,2816(18) 

1,2561(18) 

1,2406(18) 

1,2508(19) 

1,2386(19) 

 

 

Na-O(3W) 

Na-O(2W) 

Na-O(1W) 

Na-O(22) 

Na-O(31) 

Na-O(1W) 

Na-O(32) 

Na-Na 

2,3427(17) 

2,4393(16) 

2,4489(16) 

2,4672(15) 

2,4716(16) 

2,5348(16) 

2,7718(17) 

3,8362(14) 

ʋʛʦʣ ɤ, Á ʋʛʦʣ ɤ, Á ʋʛʦʣ ɤ, Á 

N(1)-Ru-N(2) 

N(1)-Ru-N(3) 

N(1)-Ru-N(4) 

N(1)-Ru-N(5) 

N(1)-Ru-N(6) 

N(2)-Ru-N(3) 

N(2)-Ru-N(4) 

N(2)-Ru-N(5) 

N(2)-Ru-N(6) 

94,90(6) 

91,45(6) 

88,53(6) 

90,79(6) 

176,40(6) 

90,93(5) 

90,51(6) 

174,21(6) 

87,82(7) 

N(3)-Ru-N(4) 

N(3)-Ru-N(5) 

N(3)-Ru-N(6) 

N(4)-Ru-N(5) 

N(4)-Ru-N(6) 

N(5)-Ru-N(6) 

 

 

 

178,56(6) 

90,01(6) 

90,87(6) 

88,55(6) 

89,08(7) 

86,45(7) 

 

 

 

O(11)-N(1)-O(12) 

O(11)-N(1)-Ru 

O(12)-N(1)-Ru 

O(22)-N(2)-O(21) 

O(22)-N(2)-Ru 

O(21)-N(2)-Ru 

O(32)-N(3)-O(31) 

O(32)-N(3)-Ru 

O(31)-N(3)-Ru 

115,07(13) 

125,53(11) 

119,40(10) 

115,58(14) 

119,46(11) 

124,93(11) 

114,96(14) 

122,37(11) 

122,66(11) 

 

 

ʈʠʩ. 5. ʆʢʨʫʞʝʥʠʝ ʢʘʪʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʝ Na[Ru(NH3)3(NO2)3]Ŀ3H2O 
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ɺʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʨʝʬʣʝʢʩʳ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʨʦʠʥʜʠʮʠʨʦʚʘʥʳ ʧʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ŀ3H2O, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ 

ʦʜʥʦʬʘʟʥʦʩʪʴ. ʆʜʥʘʢʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. 

ʇʦ ʜʘʥʥʳʤ ʊɻɸ Na[Ru(NH3)3(NO2)3]Ŀ3H2O ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

20-140̄ ʉ ʪʝʨʷʝʪ ʪʨʠ ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ (ʧʦʪʝʨʷ ʤʘʩʩʳ 

14,34%, ʨʘʩʩʯʠʪʘʥʦ ʥʘ 3H2O 14,70%, ʨʠʩ. 6) . ʋʜʘʣʝʥʠʝ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ 

ʧʣʦʭʦ ʨʘʟʜʝʣʝʥʥʳʝ ʩʪʫʧʝʥʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ 

60̄ ʉ ʠ 105ʉ̄. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ʦʪʚʝʯʘʝʪ ʫʜʘʣʝʥʠʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ H2O (ʧʦʪʝʨʷ 

ʤʘʩʩʳ 4,73%, ʨʘʩʩʯʠʪʘʥʦ 4,90%), ʚʪʦʨʘʷ ï ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ (ʧʦʪʝʨʷ ʤʘʩʩʳ 

9,46%, ʨʘʩʩʯʠʪʘʥʦ 9,80%). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠʛʠʜʨʘʪ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʪʝʨʷʝʪ 

ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʫʞʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʜʠʛʠʜʨʘʪ Na[Ru(NH3)3(NO2)3]Ŀ2H2O. 

ʈʝʥʪʛʝʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʝʤ 

Na[Ru(NH3)3(NO2)3]Ŀ3H2O  ʧʨʠ 40
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 100 ʤʠʥ (ʧʦʪʝʨʷ ʤʘʩʩʳ 4,80%), 

ʧʦʢʘʟʘʣ, ʯʪʦ çʣʠʰʥʠʝè ʣʠʥʠʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʘʪ ʜʠʛʠʜʨʘʪʫ Na[Ru(NH3)3(NO2)3]Ŀ2H2O. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʜʚʫʭʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ 

Na[Ru(NH3)3(NO2)3]ĿyH2O (2<y<3) ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʤʝʩʠ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʜʣʷ Na4[Ru(NO2)6]ĿxH2O, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʬʘʟʥʦʛʦ 

ʜʠʛʠʜʨʘʪʘ Na[Ru(NH3)3(NO2)3]Ŀ2H2O. ʇʦ ʜʘʥʥʳʤ ʊɻɸ (ʨʠʩ. 7) ʫʜʘʣʝʥʠʝ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠʟ ʜʠʛʠʜʨʘʪʘ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʫ ʩʪʫʧʝʥʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 60-120̄ ʉ (ʤʘʢʩʠʤʫʤ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 99ʉ̄, ʧʦʪʝʨʷ 

ʤʘʩʩʳ 10,33%, ʨʘʩʩʯʠʪʘʥʦ ʥʘ 2H2O 10,32%). 
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ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʊɻɸ ʜʣʷ ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ö3H2O ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

 

 

ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʊɻɸ ʜʣʷ ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ö2H2O ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 
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ɺ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʪʨʠʛʠʜʨʘʪʘ ʛʨʘʥ-ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ 

ʥʘʪʨʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3635 ʩʨ, 3496 ʦʩ, 3413 ʩ 

(nH2O) 3345 ʦʩ, 3324 ʦʩ, 3259 ʩ, 3193 ʩ (nNH3), 1666 ʩʨ (ŭH2O), 1629 ʩ (ŭdNH3), 

1340 ʦʩ, 1304 ʦʩ (ɜʘʩʠʤNO2), 1260 ʦʩ, 12050 ʦʩ (ɜʩʠʤNO2), 1199 ʦʩ, 1157 ʦʩ 

(ŭdNH3), 831 ʩʨ, 779 ʩʣ (ŭsNO2), 723 ʩʣ, 699 ʩʣ (ɟrNH3, ɟH2O), 646 ʩʣ, 609 ʩʣ 

(ɟwNO2), 524 ʩʣ, 448 ʩʣ (ɤH2O), 391 ʩʣ (nRuïNH3). ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʤʠ ʨʘʥʝʝ 

ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʠ ʠʟʚʝʩʪʥʳʭ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. 

ʉʧʝʢʪʨ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ 

ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]Ŀ3H2O (ʨʠʩ. 8ʘ) ʩʦʜʝʨʞʠʪ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʭ ʣʠʥʠʠ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ~1:1. ʋʟʢʘʷ ʣʠʥʠʷ ʩ d = -404 ʤ.ʜ. ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʦʣʝʢʫʣʘʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ [48, 101]. ʐʠʨʦʢʘʷ ʣʠʥʠʷ ʩ d = 142 ʤ.ʜ. 

ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʥʠʪʨʦʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʨʫʪʝʥʠʷ(II), ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʟʦʛʨʫʧʧ [96, 98, 102]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪ-ʘʥʠʦʥ 

ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʠ ʥʠʪʨʠʪ-ʠʦʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1. ʆʜʥʘʢʦ ʚ ʩʧʝʢʪʨʝ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʩʷ ʜʚʝ ʣʠʥʠʠ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʆʜʥʘ ʠʟ ʥʠʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʟʦʛʨʫʧʧ, ʚʪʦʨʘʷ ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʘʤʤʠʘʢʘ. ʕʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʣʠʙʦ ʪʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʣʠʙʦ ʪʦ, ʯʪʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʜʣʝʥʥʦ 

ʧʨʦʪʝʢʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʜʨʫʛʦʡ ʢʦʤʧʣʝʢʩ. 

ʅʠʪʨʦʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ ʚ ʢʠʩʣʳʭ, 

ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [96, 98]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ II  ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʩʧʝʢʪʨʦʚ ʗʄʈ 
14

N (ʨʠʩ. 8). ʉʧʝʢʪʨ, ʟʘʧʠʩʘʥʥʳʡ ʩʧʫʩʪʷ 12 ʯʘʩʦʚ ʧʦʩʣʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʜʥʘʢʦ 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘ ʵʪʦ ʚʨʝʤʷ ʟʘʤʝʪʥʦ ʫʧʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 
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ʧʦʷʚʠʣʦʩʴ ʧʣʝʯʦ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ, ʩʤʝʱʝʥʥʦʝ ʚ 

ʩʠʣɹʥʦʝ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʚʳʨʦʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʣʘʙʳʭ ʣʠʥʠʡ. 

 

 

ʈʠʩ. 8. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʗʄʈ 
14

N ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʛʨʘʥ- Na[Ru(NH3)3(NO2)3]ĿyH2O ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: ʘ) ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʨʘʩʪʚʦʨ; ʙ) ʯʝʨʝʟ 12 ʯ; ʚ) ʯʝʨʝʟ 3 ʩʫʪʦʢ; ʛ) ʯʝʨʝʟ 7 ʩʫʪʦʢ; ʜ) ʨʘʩʪʚʦʨ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 

ʉʧʝʢʪʨʳ ʨʘʩʪʚʦʨʘ, ʟʘʧʠʩʘʥʥʳʝ ʩʧʫʩʪʷ 3 ʠ 7 ʩʫʪʦʢ ʧʦʩʣʝ ʝʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʥʠʪʨʦ-

ʥʠʪʨʦʟʦʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʠʯʝʤ ʟʘ 3 ʩʫʪʦʢ ʵʪʘ ʨʝʘʢʮʠʷ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʇʨʦʮʝʩʩ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʣʠʥʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ ʥʘ 51 ʤ.ʜ. ʚ 

ʩʠʣʴʥʦʝ ʧʦʣʝ, ʚ ʜʠʘʧʘʟʦʥ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʥʠʪʨʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ [96, 101, 104]. ʇʦʷʚʣʷʝʪʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ 

ʣʠʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʥʠʪʨʠʪ-ʠʦʥʘ (d = 232,5 ʤ.ʜ. [98]), ʩʠʣʴʥʦ ʨʘʩʪʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʟʦʛʨʫʧʧ (d = -
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35,8 ʤ.ʜ.) ʠ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʥʘ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ ON-Ru-NH3 (d = -374,5 ʤ.ʜ.). 

ʏʠʩʣʦ, ʧʦʣʦʞʝʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʧʝʢʪʨʝ 

ʨʠʩ. 8d ʣʠʥʠʡ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʜʦʤʠʥʠʨʫʶʪ 

ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦ- ʠ ʥʠʪʨʦʛʠʜʨʦʢʩʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʳ 

ʨʫʪʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʛʨʘʥ-ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʥ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʠʪʨʦʟʦʥʠʪʨʦʢʦʤʧʣʝʢʩʳ: 

ʛʨʘʥ-[Ru(NH3)3(NO2)3]
-
 + H2O = ʛʨʘʥ-[RuNO(NH3)3(NO2)2]

+
 + 2OH

-
 

ʛʨʘʥ-[RuNO(NH3)3(NO2)2]
+
 + OH

-
 = ʛʨʘʥ-[RuNO(NH3)3(NO2)(OH)]

+
 + NO2

-
. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  5  

ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ (ʍʉ) ʚ ʰʢʘʣʝ d (ʤ.ʜ.) ʠ ʦʪʥʝʩʝʥʠʝ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
14

N 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʂʦʤʧʣʝʢʩ 

ʍʉ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʛʘʥʜʘ, ʤ.ʜ. (ʚ ʩʢʦʙʢʘʭ ï 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ) 

NO2 NO 

NH3: 

ʪʨʘʥʩ- ʢ 

NO 

NH3: ʪʨʘʥʩ- ʢ NH3, 

Cl
-
, NO2

-
 

[Ru(NO2)6]
4-

 [96, 98] 146    

[Ru(NH3)x(NO2)5-xOH]
(x-4)

 [102] 145·165    

ʛʨʘʥ-[Ru(NH3)3(NO2)3]
-
 142(1)   -404(1) 

ʛʨʘʥ-[RuNO(NH3)3Cl2]
+ 

 -24,4(1) -364,9(1) -405,0(2) 

[RuNO(NH3)5]
3+ 

 -26,0(1) -369,0(1) -401,0(4) 

ʨʘʩʪʚʦʨ Na[Ru(NH3)3(NO2)3]Ŀ3H2O 

ʩʧʫʩʪʷ 7 ʩʫʪ., 

ʛʨʘʥ-[RuNO(NH3)3(NO2)x(OH)2-x]
+
 

91(1) -35,8(1) -374,5(1) -400,4(2) 

ʮʠʩ-[RuNO(NH3)2(NO2)2(OH)] [101] 94(2) -35,0(1)  -399,0(2) 

ʨʘʩʪʚʦʨ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ ʧʦʩʣʝ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ, 

ʮʠʩ-[RuNO(NH3)2(NO2)(OH)2] 

90,2(1) -36,8(1)  -400,6(2) 

ʪʨʘʥʩ-[RuNO(NH3)4(H2O)]
3+

 [48]
 

 -24,3(1)  -400,0(4) 

ʦʩ-[RuNO(NH3)3(H2O)Cl]
2+ 

 -22,3(1)  -397,7(2), -401,5(1) 

ʦʩ-[RuNO(NH3)3Cl2]
+ 

 -40,1(1)  -400,4(2), -404,0(1) 
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ʅʘ ʨʠʩ. 8e ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʩʧʘʨʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]ĿyH2O ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ -365·-375 ʤ.ʜ. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ ʥʘ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ ON-Ru-NH3 ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʟʘʤʝʱʝʥʠʶ. ʇʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʪʘʙʣ. 5) ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʨʫʪʝʥʠʷ ʚ ʵʪʦʤ 

ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʮʠʩ-[Ru(NO)(NH3)2(NO2)(OH)2], ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ 

ʭʦʜʝ ʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ: 

ʛʨʘʥ-[RuNO(NH3)3(NO2)2]
+
 + 2OH

-
 = ʮʠʩ-[Ru(NO)(NH3)2(NO2)(OH)2] + NO2

-
 + NH3 

ʛʨʘʥ-[RuNO(NH3)3(NO2)(OH)]
+
 + OH

-
 = ʮʠʩ-[Ru(NO)(NH3)2(NO2)(OH)2] + NH3. 

ʆʜʥʘʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʥʠʪʨʦʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ 

ʷʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩ, ʚ ʚʠʜʝ 

ʦʩ-[RuNO(NH3)2Cl3], ʚ ʢʦʪʦʨʦʤ ʥʘʧʨʦʪʠʚ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ ʘʮʝʪʦʥʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʨʫʪʝʥʠʷ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʩʪʘʨʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ 

ʥʠʪʨʦʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʣʠʤʦʥʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ: 

[Ru(NO2)6]
4-
 + xNH3 = [Ru(NH3)x(NO2)6-x]

x-4
 + xNO2

-
, ʛʜʝ x = 2 ʠʣʠ 3. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ ʦʙʨʘʙʦʪʘʣʠ ʵʪʫ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ: 

{Ru(NO2)}
+
 + 2H

+
 = {RuNO}

3+
 + H2O. 

ʈʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ ʜʠʘʤʤʠʥʦ- ʠ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʤ  rʦʩʫʱʝʩʪʚʠʣʠ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʤ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʤʘʣʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʟʦʤʝʨʥʳʭ 

ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ [59, 61] (ʛʨʘʥ- ʠ ʦʩ-ʠʟʦʤʝʨʦʚ ʩ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-Cl) ʦʢʘʟʘʣʘʩʴ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʥʦʚʦʛʦ ʠʟʦʤʝʨʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʠʤʝʥʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʘʥʘʣʦʛʠʯʝʥ ʫʩʣʦʚʠʷʤ, 

ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠʟʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩ ʩ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ ON-Ru-NH3 ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʘʷ ʬʦʨʤʘ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʦʢʦʤʧʣʝʢʩʘ ʩ 

ʢʠʩʣʦʪʦʡ, ʘ ʥʝ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʟʦʤʝʨʠʟʘʮʠʠ ʠʥʦʛʦ ʥʠʪʨʦʟʦʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ. 

ɺ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʪʝʪʨʘʥʠʪʨʦʜʠʘʤʤʠʥʨʫʪʝʥʘʪ-ʘʥʠʦʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʣʘʩʩʘ ʥʠʪʨʦʛʨʫʧʧ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʪʨʘʥʩ-ʧʘʨʪʥʝʨʦʤ: 

O2N-Ru-NH3 ʠ O2N-Ru-NO2. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʝʘʢʮʠʠ 

ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ O2N-Ru-NH3, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ 

ʘʥʘʣʠʟʦʤ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʉʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʜʫʢʪʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦʛʨʫʧʧʳ ʥʘ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ O2N-Ru-NO2, ʯʪʦ ʧʨʠʚʝʣʦ ʙʳ ʢ ʠʟʚʝʩʪʥʦʤʫ 

ʠʟʦʤʝʨʫ ʛʨʘʥ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʥʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʩʠʥʪʝʟʦʚ ʠʟʦʤʝʨʦʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʦʡ X-Ru-NO. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ ʦʩ-[RuNO(NH3)2Cl3], ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ 

ʩʤʝʩʠ ʘʤʤʠʥʦʥʠʪʨʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠʟ 6 M ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʎʝʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ [RuNO(NH3)2Cl3]. ʉʪʨʦʝʥʠʝ ʠ ʥʫʤʝʨʘʮʠʷ 

ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 9. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ 

ʩʦʝʜʠʥʝʥʠʠ ʦʩ-[RuNO(NH3)2Cl3] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 6. 

ʅʝʟʘʨʷʞʝʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʠʮʘ, ʷʚʣʷʶʱʘʷʩʷ ʦʩ-ʠʟʦʤʝʨʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [RuN3Cl3]. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʢʪʘʵʜʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʘʪʦʤʘ ʭʣʦʨʘ ʠ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ, ʚ 

ʪʨʘʥʩ-ʧʦʟʠʮʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʥʘʭʦʜʠʪʩʷ ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ. 

ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 90 ̄ʚ ʧʨʝʜʝʣʘʭ 4,9.̄ 

ɸʪʦʤ ʤʝʪʘʣʣʘ ʩʤʝʱʝʥ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Cl3N ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʥʘ ~ 0,11 ¡. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʥ ʩʚʷʟʝʡ Ru-Cl ʩʦʩʪʘʚʣʷʝʪ 

2,369 ¡. ʈʘʩʩʪʦʷʥʠʷ Ru-NH3 ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,105 - 2,115 ¡. ʌʨʘʛʤʝʥʪ 
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RuNO ʙʣʠʟʦʢ ʢ ʣʠʥʝʡʥʦʤʫ ʠ ʠʤʝʝʪ ʦʙʳʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ï 1,776, 1,113 ¡ ʠ ʫʛʦʣ 

Ru-N-O 176,6 .̄ 

 

 

ʈʠʩ. 9. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʦʩ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  6  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N(1) 

O(1)-N(1) 

1,776(2) 

1,113(3) 

Ru(1)-N(2) 

Ru(1)-N(3) 

2,115(2) 

2,105(2) 

Ru(1)-Cl(1) 

Ru(1)-Cl(2) 

Ru(1)-Cl(3) 

2,3620(6) 

2,3628(6) 

2,3808(7) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N(1)-Ru(1)-N(2) 

N(1)-Ru(1)-N(3) 

N(1)-Ru(1)-Cl(1) 

N(1)-Ru(1)-Cl(2) 

N(1)-Ru(1)-Cl(3) 

N(2)-Ru(1)-N(3) 

90,12(9) 

177,35(9) 

92,57(6) 

93,32(6) 

94,94(7) 

87,56(8) 

N(2)-Ru(1)-Cl(1) 

N(2)-Ru(1)-Cl(2) 

N(2)-Ru(1)-Cl(3) 

N(3)-Ru(1)-Cl(1) 

N(3)-Ru(1)-Cl(2) 

N(3)-Ru(1)-Cl(3) 

89,89(6) 

90,15(6) 

174,94(6) 

86,16(6) 

87,97(6) 

87,38(6) 

Cl(1)-Ru(1)-Cl(2) 

Cl(1)-Ru(1)-Cl(3) 

Cl(2)-Ru(1)-Cl(3) 

O(1)-N(1)-Ru(1) 

174,11(2) 

89,82(2) 

89,63(2) 

176,6(2) 

 

ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ X ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 10. ʉʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʣʦʠʩʪʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ 

ʫʧʘʢʦʚʘʥʳ ʚ ʩʣʦʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ Z ʩ d002 = 5,78 ¡. ʂʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ RuéRu ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 5,757 ¡. ʅʝʟʘʨʷʞʝʥʥʳʝ ʤʦʣʝʢʫʣʳ 
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ʦʙʲʝʜʠʥʝʥʳ ʩʣʘʙʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ N-HéCl. ʈʘʩʩʪʦʷʥʠʷ NéCl, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʠʤʝʶʪ ʦʮʝʥʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 3,38 ï 3,47 ¡. 

 

 

ʈʠʩ. 10. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ X 

 ʚ ʩʦʝʜʠʥʝʥʠʠ ʦʩ-[RuNO(NH3)2Cl3] 

ɸʪʦʤ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʤʝʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʩ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 3,02 ʠ 3,22 ¡, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʟʦʛʨʫʧʧ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ 

ʠʤʝʝʪ ʦʮʝʥʢʫ 2,95 ¡. 

3.3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Na[Ru(NH3)3(NO2)3]ĿyH2O ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [RuNO(NH3)3Cl2]Cl ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʨʝʘʢʮʠʠ: 

3Na[Ru(NH3)3(NO2)3]ĿyH2O + 12HCl = 

= 3[RuNO(NH3)3Cl2]Cl + 3NaCl + (3y+5)H2O + 4NOŷ + 2HNO3 
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ʋʩʪʦʡʯʠʚʦʩʪʴ ʮʠʩ-ʜʠʥʠʪʨʦʥʠʪʨʦʟʦ- ʠ ʤʦʥʦʥʠʪʨʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʦʚ 

ʨʫʪʝʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ [102, 103, 104] ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʩʪʫʧʝʥʯʘʪʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ: 

Na[Ru(NH3)3(NO2)3]ĿyH2O + 2HCl = 

= [RuNO(NH3)3(NO2)2]Cl + NaCl + (y+1)H2O 

3[RuNO(NH3)3(NO2)2]Cl + 6HCl = 

= 3[RuNO(NH3)3Cl2]Cl + 2H2O + 4NOŷ + 2HNO3 

ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʧʨʝʚʨʘʱʝʥʠʶ ʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʥʠʪʨʦʟʦʛʨʫʧʧʫ, ʧʨʠʯʝʤ ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ 

ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [96, 98]. ɼʣʷ ʟʘʤʝʱʝʥʠʷ 

ʜʚʫʭ ʦʩʪʘʚʰʠʭʩʷ ʥʠʪʨʦʛʨʫʧʧ ʚ ʛʨʘʥ-ʜʠʥʠʪʨʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʝ ʨʫʪʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʫʜʘʣʝʥʠʝ ʠʟ ʩʠʩʪʝʤʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ [103, 104], ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 

ʝʝ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ. 

 

 

ʈʠʩ. 11. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʭʣʦʨʠʜʘ 

ʛʨʘʥ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 
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ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ ʤʝʜʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧ 

ʥʘ ʭʣʦʨʠʜ-ʘʥʠʦʥʳ ʚ ʩʨʝʜʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʣʦʨʠʜ ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʢʨʘʩʥʳʭ ʧʨʠʟʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ 

[RuNO(NH3)3ʉl2]
+
 ʠ ʘʥʠʦʥʦʚ Cl

-
. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʘʪʩʷ ʧʦ ʜʚʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ. ʂʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ 

ʨʫʪʝʥʠʷ ʠʤʝʶʪ ʙʣʠʟʢʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 11), ʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7. ʂʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ 

[RuNO(NH3)3ʉl2]
+
, ʷʚʣʷʶʱʠʡʩʷ ʛʨʘʥ-ʠʟʦʤʝʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [RuN4ʉl2]. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʢʪʘʵʜʨʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʘʪʦʤʘ ʭʣʦʨʘ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ, ʟʘʥʠʤʘʶʱʠʝ ʮʠʩ-

ʧʦʣʦʞʝʥʠʷ. ɺ ʪʨʘʥʩ-ʧʦʟʠʮʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʥʘʭʦʜʠʪʩʷ ʪʨʝʪʴʷ ʤʦʣʝʢʫʣʘ 

ʘʤʤʠʘʢʘ. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 90 ̄ʚ ʧʨʝʜʝʣʘʭ 

6,9̄ . ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʩʤʝʱʝʥʳ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ Cl2N2 ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʥʘ ~ 0,13 ¡. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ Ru-Cl 

ʩʦʩʪʘʚʣʷʝʪ 2,378 ¡. ʈʘʩʩʪʦʷʥʠʷ Ru-NH3 ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,092 - 2,110 ¡. 

ʌʨʘʛʤʝʥʪʳ RuNO ʙʣʠʟʢʠ ʢ ʣʠʥʝʡʥʳʤ ʠ ʠʤʝʶʪ ʦʙʳʯʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʩʨ) ï 

1,752, 1,118 ¡, ʜʣʷ ʢʘʪʠʦʥʘ Ru(1) ʫʛʦʣ Ru-N-O ʫʤʝʥʴʰʝʥ ʜʦ 171,2 ̄ʧʨʦʪʠʚ 

179,1̄  ʫ ʢʘʪʠʦʥʘ Ru(2). 

ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 12. ʉʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʣʦʠʩʪʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ 

ʫʧʘʢʦʚʘʥʳ ʚ ʩʣʦʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ Z ʩ d002 = 5,73 ¡. ʂʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ Ru...Ru ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 5,509 ¡. ɼʚʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʘʥʠʦʥʘ ʭʣʦʨʘ ʩʚʷʟʘʥʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

N-ʅ...Cl. ʈʘʩʩʪʦʷʥʠʷ N...Cl, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʠʤʝʶʪ ʦʮʝʥʢʠ 

ʚ ʠʥʪʝʨʚʘʣʝ 3,22 ï 3,49 ¡. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  7  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N(1) 

Ru(1)-N(13) 

Ru(1)-N(12) 

Ru(1)-N(11) 

Ru(1)-Cl(11) 

1,7514(19) 

2,0969(19) 

2,1012(19) 

2,1097(19) 

2,3732(6) 

Ru(1)-Cl(12) 

Ru(2)-N(2) 

Ru(2)-N(23) 

Ru(2)-N(22) 

Ru(2)-N(21) 

2,3771(6) 

1,753(2) 

2,1030(19) 

2,0916(19) 

2,1002(19) 

Ru(2)-Cl(21) 

Ru(2)-Cl(22) 

O(1)-N(1) 

O(2)-N(2) 

 

2,3809(6) 

2,3820(6) 

1,140(2) 

1,097(3) 

 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N(1)-Ru(1)-N(11) 

N(1)-Ru(1)-N(12) 

N(1)-Ru(1)-N(13) 

N(1)-Ru(1)-Cl(11) 

N(1)-Ru(1)-Cl(12) 

N(11)-Ru(1)-N(12) 

N(11)-Ru(1)-N(13) 

N(11)-Ru(1)-Cl(11) 

N(11)-Ru(1)-Cl(12) 

N(12)-Ru(1)-N(13) 

N(12)-Ru(1)-Cl(11) 

96,90(9) 

96,47(8) 

173,60(8) 

89,39(6) 

91,90(6) 

88,31(8) 

88,48(8) 

173,09(6) 

89,36(6) 

87,13(8) 

88,14(6) 

N(12)-Ru(1)-Cl(12) 

N(13)-Ru(1)-Cl(11) 

N(13)-Ru(1)-Cl(12) 

Cl(11)-Ru(1)-Cl(12) 

N(2)-Ru(2)-N(21) 

N(2)-Ru(2)-N(22) 

N(2)-Ru(2)-N(23) 

N(2)-Ru(2)-Cl(21) 

N(2)-Ru(2)-Cl(22) 

N(21)-Ru(2)-N(22) 

N(21)-Ru(2)-N(23) 

171,52(6) 

85,43(6) 

84,66(6) 

93,30(2) 

92,55(9) 

92,55(9) 

179,94(11) 

93,41(7) 

94,26(7) 

88,88(8) 

87,39(8) 

N(21)-Ru(2)-Cl(21) 

N(21)-Ru(2)-Cl(22) 

N(22)-Ru(2)-N(23) 

N(22)-Ru(2)-Cl(21) 

N(22)-Ru(2)-Cl(22) 

N(23)-Ru(2)-Cl(21) 

N(23)-Ru(2)-Cl(22) 

Cl(21)-Ru(2)-Cl(22) 

O(1)-N(1)-Ru(1) 

O(2)-N(2)-Ru(2) 

 

173,61(6) 

89,97(6) 

87,47(9) 

88,55(6) 

173,13(6) 

86,65(6) 

85,71(6) 

91,90(2) 

171,23(19) 

179,1(2) 

 

 

 

ʈʠʩ. 12. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl. 

 

Z 

X 

0 
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ɸʪʦʤ ʢʠʩʣʦʨʦʜʘ ʆ(1) ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʤʝʝʪ ʙʣʠʞʘʡʰʠʡ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʪʘʢʪ ʩ ʘʪʦʤʦʤ ʭʣʦʨʘ ʩʦʩʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ~ 3,22 ¡, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʟʦʛʨʫʧʧ ʠʟ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ ʚʪʦʨʦʛʦ ʪʠʧʘ ʆ(2)...ʆ(2) ʠʤʝʝʪ ʦʮʝʥʢʫ 2,77 ¡. 

 

ʈʠʩ. 13. ʗʄʈ 
14

N ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʘ) ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl; ʙ) 

ʦʩ-[RuNO(NH3)3(H2O)Cl]Cl2; ʚ) ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O 

 

ʗʄʈ-ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ ʦʩ-[RuNO(NH3)3Cl2]Cl, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 13, 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʣʠʥʠʡ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ NO-ʛʨʫʧʧʘʤ (d = -24,4 ʤ.ʜ.) ʠ ʤʦʣʝʢʫʣʘʤ 

ʘʤʤʠʘʢʘ (d = -405,0 ʤ.ʜ.). ʊʨʝʪʴʷ ʣʠʥʠʷ (d = -364,9 ʤ.ʜ.) ʥʝ ʧʦʧʘʜʘʝʪ ʚ 

ʠʥʪʝʨʚʘʣ -394·-479 ʤ.ʜ., ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚʩʝʭ 

ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʗʄʈ 

ʥʘ ʷʜʨʘʭ ʘʟʦʪʘ [68]. ʆʜʥʘʢʦ ʚ ʦʙʟʦʨʝ [68] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ 

ʣʠʛʘʥʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʢ ʵʪʦʤʫ ʘʪʦʤʫ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʦʡ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʳ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟ ʜʘʥʥʳʭ ʧʦ ʗʄʈ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ 

ʚʳʷʚʣʷʪʴ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʠʭ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʳ, ʘ ʯʘʩʪʦ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʠ 

ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʦ ʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [68], ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʫ ON-M-NH3. ʕʪʦ ʜʘʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʣʠʥʠʷ ʩ d = -364,9 ʤ.ʜ. ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʣʝʢʫʣʘʤ ʘʤʤʠʘʢʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO-ʛʨʫʧʧʝ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʢʦʤʧʣʝʢʩ [RuNO(NH3)5]Cl3ĿH2O ʠ ʟʘʧʠʩʘʣʠ ʩʧʝʢʪʨ ʗʄʈ 
14

N ʝʛʦ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʕʪʦʪ ʩʧʝʢʪʨ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʪʨʠ ʣʠʥʠʠ (ʪʘʙʣ. 5), ʧʨʠʯʝʤ ʭʠʤʠʯʝʩʢʠʝ 

ʩʜʚʠʛʠ ʵʪʠʭ ʣʠʥʠʡ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʭʣʦʨʠʜʘ 

ʦʩ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʤʦʥʦʛʠʜʨʘʪʘ. ʀʩʭʦʜʷ ʠʟ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʣʠʥʠʠ ʩ d å -360·-370 ʤ.ʜ. ʧʨʠʥʘʜʣʝʞʘʪ ʤʦʣʝʢʫʣʘʤ ʘʤʤʠʘʢʘ ʥʘ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ ON-Ru-NH3. 

ɺ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʭʣʦʨʠʜʘ ʛʨʘʥ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3264 ʩ, 3222 ʩ, 3150 ʩ, 3084 ʩ, 

3055 ʩ (nNH3), 1916 ʦʩ, 1880 ʦʩ (nNO), 1619 ʩʨ, 1586 ʩʨ, 1551 ʩ, 1340 ʩʣ, 1328 ʩʨ, 

1306 ʩʨ, 1296 ʩʨ (ŭNH3), 869 ʩʣ, 848 ʩʨ, 814 ʩʨ, 783 ʩʣ (ɟrNH), 613 ʩʣ (nRuïNO), 

598 ʩʨ, 579 ʩʣ (ŭRuïNO), 511 ʩʣ, 490 ʩʨ, 475 ʩʨ (nRuïNH3). ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʝʱʝʩʪʚ, 

ʮʠʩ-[RuNO(NH3)2Cl3] ʠ ʪʨʘʥʩ-[RuNO(NH3)2Cl3] [54, 61], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʧʦʭʦʞʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

3.3.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [55], ʠʟʦʤʝʨ ʪʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʦʩʝʚʦʛʦ 

ʩʪʨʦʝʥʠʷ, [RuNO(NH3)3(NO2)OH]ClĿ0,5H2O, ʨʝʘʛʠʨʫʝʪ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʣʦʨʦʢʦʤʧʣʝʢʩʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ ʥʘ ʭʣʦʨʠʜ-
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ʘʥʠʦʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʦ-

ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʢʠʩʣʦʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʨʝʘʛʝʥʪʘ ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʭʣʦʨʥʘʷ ʢʠʩʣʦʪʘ. 

 

 

ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʠ ʧʨʦʪʠʚʦʠʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʭʣʦʨʘʪʘ 

ʦʩ-ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

 

ɺ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʥ-ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ ʩ ʢʠʩʣʦʪʘʤʠ, 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʪʨʝʙʫʝʪʩʷ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʢʠʩʣʦʪʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʨʫʪʝʥʠʝʚʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʄʝʜʣʝʥʥʦʝ ʠʩʧʘʨʝʥʠʝ 

ʨʘʩʪʚʦʨʘ Na[Ru(NH3)3(NO2)3]ĿxH2O ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Ru:H
+
 = 1:2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-[RuNO(NH3)3(NO2)2](ClO4). 

ʂʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʦʨʘʥʞʝʚʳʭ ʧʨʠʟʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. ʉʪʨʦʝʥʠʝ ʯʘʩʪʠʮ ʠ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 14. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 8. ʂʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [RuNO(NH3)3(NO2)2]
+
, ʷʚʣʷʝʪʩʷ ʛʨʘʥ-ʠʟʦʤʝʨʦʤ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [RuN6]. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʥʠʪʨʦʛʨʫʧʧʳ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ, ʟʘʥʠʤʘʶʱʠʝ ʮʠʩ-
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ʧʦʣʦʞʝʥʠʝ. ɺ ʪʨʘʥʩ-ʧʦʟʠʮʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʥʘʭʦʜʠʪʩʷ ʪʨʝʪʴʷ ʤʦʣʝʢʫʣʘ 

ʘʤʤʠʘʢʘ. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ ʙʣʠʟʢʠ ʢ ʠʜʝʘʣʴʥʳʤ 90 ̄ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʚ 5,5.̄ ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʨʫʪʝʥʠʷ ʩʤʝʱʝʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ~ 0,10 ¡. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʠʥ ʩʚʷʟʝʡ Ru-NO2 ʩʦʩʪʘʚʣʷʝʪ 2,066 ¡, ʨʘʩʩʪʦʷʥʠʝ Ru-NH3 ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 2,088 ï 2,120 ¡. ʈʘʩʩʪʦʷʥʠʷ ʚʦ ʬʨʘʛʤʝʥʪʝ RuNO ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʦʙʳʯʥʳʭ: Ru-N ʩʦʩʪʘʚʣʷʝʪ 1,756 ¡, N-O ï 1,127 ¡. ʋʛʦʣ Ru-N-O ʙʣʠʟʦʢ ʢ 

ʣʠʥʝʡʥʦʤʫ ʠ ʩʦʩʪʘʚʣʷʝʪ 176,8(2).̄ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  8  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʛʨʘʥ-[RuNO(NH3)3(NO2)2]ClO4 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N 

N-O 

Ru(1)-N(1) 

Ru(1)-N(2) 

Ru(1)-N(3) 

1,756(2) 

1,127(3) 

2,067(2) 

2,065(2) 

2,1118(18) 

Ru(1)-N(4) 

Ru(1)-N(5) 

N(1)-O(11) 

N(1)-O(12) 

N(2)-O(21) 

2,120(2) 

2,088(2) 

1,217(3) 

1,212(3) 

1,226(3) 

N(2)-O(22) 

Cl(1)-O(1) 

Cl(1)-O(2) 

Cl(1)-O(3) 

Cl(1)-O(4) 

1,221(3) 

1,401(2) 

1,420(2) 

1,429(2) 

1,411(3) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N-Ru(1)-N(1) 

N-Ru(1)-N(2) 

N-Ru(1)-N(3) 

N-Ru(1)-N(4) 

N-Ru(1)-N(5) 

N(1)-Ru(1)-N(2) 

N(1)-Ru(1)-N(3) 

N(1)-Ru(1)-N(4) 

N(1)-Ru(1)-N(5) 

N(2)-Ru(1)-N(3) 

91,49(10) 

90,58(9) 

95,53(9) 

93,90(9) 

177,47(9) 

89,89(8) 

172,87(9) 

88,89(8) 

87,13(9) 

88,79(7) 

N(2)-Ru(1)-N(4) 

N(2)-Ru(1)-N(5) 

N(3)-Ru(1)-N(4) 

N(3)-Ru(1)-N(5) 

N(4)-Ru(1)-N(5) 

O-N-Ru(1) 

O(11)-N(1)-Ru(1) 

O(12)-N(1)-Ru(1) 

O(11)-N(1)-O(12) 

O(21)-N(2)-Ru(1) 

175,39(8) 

87,31(8) 

91,89(8) 

85,81(8) 

88,19(9) 

176,8(2) 

121,05(18) 

119,4(2) 

119,5(2) 

119,33(16) 

O(22)-N(2)-Ru(1) 

O(21)-N(2)-O(22) 

O(1)-Cl(1)-O(2) 

O(1)-Cl(1)-O(3) 

O(1)-Cl(1)-O(4) 

O(2)-Cl(1)-O(3) 

O(2)-Cl(1)-O(4) 

O(3)-Cl(1)-O(4) 

121,34(17) 

119,3(2) 

110,30(18) 

109,15(16) 

112,2(2) 

109,97(17) 

106,74(17) 

108,41(19) 

 

ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Z ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 15. ɺ ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʩʣʦʚʥʳʝ ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ ʠʟ 

ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. ʉʣʦʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ Z ʩ d002 = 7,75 ¡, ʢʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ RuéRu ʩʦʩʪʘʚʣʷʝʪ 6,742 ¡. ʂʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ ʩʚʷʟʘʥʳ ʚ ʩʣʦʝ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ ʠ 

ʥʠʪʨʦʛʨʫʧʧʘʤʠ. ʍʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʘʢʠʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʨʘʩʩʪʦʷʥʠʷ NéO 

ʠʤʝʶʪ ʦʮʝʥʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 2,88é2,94 ¡. ɺʥʝʰʥʝʩʬʝʨʥʳʝ ʧʝʨʭʣʦʨʘʪ-ʘʥʠʦʥʳ 

ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 
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ʤʦʣʝʢʫʣʘʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ ʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʧʝʨʭʣʦʨʘʪ-

ʠʦʥʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2,92 ʜʦ 3,20 ¡. 

 

  

ʈʠʩ. 15. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Z ʜʣʷ 

ʛʨʘʥ-[RuNO(NH3)3(NO2)2](ClO4) 

 

3.3.4.ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 

ʅʘʪʨʠʝʚʘʷ ʩʦʣʴ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ ʨʝʘʛʠʨʫʝʪ ʩ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʝʪʩʷ 

ʥʠʪʨʘʪ ʛʨʘʥ-ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. ʂʦʤʧʣʝʢʩ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʦʨʘʥʞʝʚʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʇʘʨʘʤʝʪʨʳ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʘʥʘʣʦʛʠʯʥʳ ʧʝʨʭʣʦʨʘʪʥʦʡ ʩʦʣʠ (ʨʠʩ. 16). ʄʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 9. ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ 

[RuN6] ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 90 ̄ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5,0̄ . ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʠʥ ʩʚʷʟʝʡ Ru-NO2 ʩʦʩʪʘʚʣʷʝʪ 2,078 ¡, ʨʘʩʩʪʦʷʥʠʝ Ru-NH3 ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 2,089 ï 2,126 ¡. ʈʘʩʩʪʦʷʥʠʷ ʚʦ ʬʨʘʛʤʝʥʪʝ RuNO ʚ ʥʠʪʨʘʪʥʦʡ ʩʦʣʠ 
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ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʡ ʚ ʧʝʨʭʣʦʨʘʪʥʦʡ 

ʩʦʣʠ: Ru-N ʩʦʩʪʘʚʣʷʝʪ 1,7605(14), N-O ï 1,1316(19) ¡. ʋʛʦʣ Ru-N-O ʙʣʠʟʦʢ ʢ 

ʣʠʥʝʡʥʦʤʫ ʠ ʩʦʩʪʘʚʣʷʝʪ 177,30(5) .̄ 

 

 

ʈʠʩ. 16. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʥʠʪʨʘʪʘ 

ʛʨʘʥ-ʜʠʥʠʪʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  9  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʛʨʘʥ-[RuNO(NH3)3(NO2)2]NO3 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N(1) 

O(1)-N(1) 

Ru(1)-N(2) 

Ru(1)-N(3) 

Ru(1)-N(4) 

1,7605(14) 

1,1316(19) 

2,0745(13) 

2,0807(13) 

2,1257(13) 

Ru(1)-N(5) 

Ru(1)-N(6) 

O(21)-N(2) 

O(22)-N(2) 

O(31)-N(3) 

2,1119(13) 

2,0886(14) 

1,2314(19) 

1,246(2) 

1,2355(17) 

O(32)-N(3) 

O(71)-N(7) 

O(72)-N(7) 

O(73)-N(7) 

1,2293(18) 

1,248(2) 

1,242(2) 

1,2476(18) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N(1)-Ru(1)-N(2) 

N(1)-Ru(1)-N(3) 

N(1)-Ru(1)-N(4) 

N(1)-Ru(1)-N(5) 

N(1)-Ru(1)-N(6) 

N(2)-Ru(1)-N(3) 

N(2)-Ru(1)-N(4) 

N(2)-Ru(1)-N(5) 

N(2)-Ru(1)-N(6) 

91,24(6) 

91,73(6) 

94,95(6) 

94,49(6) 

178,62(5) 

91,27(5) 

89,06(5) 

174,24(5) 

87,44(6) 

N(3)-Ru(1)-N(4) 

N(3)-Ru(1)-N(5) 

N(3)-Ru(1)-N(6) 

N(4)-Ru(1)-N(5) 

N(4)-Ru(1)-N(6) 

N(5)-Ru(1)-N(6) 

O(1)-N(1)-Ru(1) 

O(21)-N(2)-Ru(1) 

O(22)-N(2)-Ru(1) 

173,30(5) 

89,15(5) 

87,89(5) 

89,86(5) 

85,44(5) 

86,84(6) 

177,25(13) 

120,43(12) 

120,16(11) 

O(21)-N(2)-O(22) 

O(31)-N(3)-Ru(1) 

O(32)-N(3)-Ru(1) 

O(31)-N(3)-O(32) 

O(71)-N(7)-O(72) 

O(71)-N(7)-O(73) 

O(72)-N(7)-O(73) 

119,37(14) 

119,57(10) 

119,78(11) 

120,64(13) 

121,07(16) 

118,69(15) 

120,23(16) 
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ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʨʘʥ-Na[Ru(NH3)3(NO2)3]ĿxH2O ʩ ʠʟʙʳʪʢʦʤ 

ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʪʝʢʘʝʪ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʛʨʫʧʧ ʩ ʠʭ ʟʘʤʝʱʝʥʠʝʤ ʥʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʠʟ 

ʨʘʩʪʚʦʨʘ ʚʠʜʠʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʙʫʨʦʛʦ ʛʘʟʘ, ʧʦ ʤʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʨʝʘʢʮʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʠʟ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʛʨʘʥ-ʜʠʘʢʚʘʪʨʠʘʤʤʠʥʦʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʥʦʛʠʜʨʘʪ ʥʠʪʨʘʪʘ 

ʛʨʘʥ-ʜʠʥʠʪʨʘʪʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 84% 

ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʚʝʥʥʦʡ ʛʨʫʧʧʝ F-43m, ʛʜʝ ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʚʝʱʝʩʪʚʝ ʥʝ ʫʜʘʣʦʩʴ; ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʦʜʥʦʛʦ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ. 

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: ʥʘʡʜʝʥʦ, %: 

N ï 25,8(4), H ï 2,9(5); ʜʣʷ [RuNO(NH3)3(NO3)2]NO3ÖH2O ʚʳʯʠʩʣʝʥʦ, %: N ï 

25,4, H ï 2,9. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 17) ʢʦʩʚʝʥʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʨʦʜʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʢʘʢ ʦ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʝ, ʘ ʥʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ. ʂʦʤʧʣʝʢʩ ʫʩʪʦʡʯʠʚ ʜʦ 80ʉ̄, ʚ 

ʠʥʪʝʨʚʘʣʝ 80ï136̄ ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʫʧʝʥʴ ʩ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʚ 4,7% ʦʪ ʠʩʭʦʜʥʦʡ 

ʥʘʚʝʩʢʠ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʧʦʪʝʨʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 4,7%. ɺ ʠʥʪʝʨʚʘʣʝ 200ï300̄ ʉ , 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 260 ʉ̄, ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʇʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʤʤʠʘʢʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʠ ʚʥʝʰʥʝʩʬʝʨʥʳʤ ʥʠʪʨʘʪ-ʠʦʥʦʤ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ 



 

 

 73 

ʥʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 58,9%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʪʴ 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ (ʨʘʩʯʝʪʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ 

59,8%): 

2[RuNO(NH3)3(NO3)2]NO3  (RuNO)2O3 + 6N2O¬ + 9H2O¬. 

ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʧʦʪʝʨʠ ʤʘʩʩʳ (300ï400̄ ʉ) ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʥʝʙʦʣʴʰʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʤʘʢʩʠʤʫʤ ʧʨʠ 416ʉ̄). ʇʦ ʜʘʥʥʳʤ [105], 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 400̄ C, ʦʪʚʝʯʘʝʪ ʨʘʩʧʘʜʫ 

ʛʨʫʧʧʠʨʦʚʢʠ RuNO
3+

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ RuO2. ʄʘʩʩʘ ʦʩʪʘʪʢʘ 35,6%, ʨʘʩʩʯʠʪʘʥʦ ʥʘ 

RuO2 34,5%. 

 

 

ʈʠʩ. 17. ʈʝʟʫʣʴʪʘʪʳ ʊɻɸ ʜʣʷ ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3ÖH2O ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

 

ɺ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʤʦʥʦʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʛʨʘʥ-

ʜʠʥʠʪʨʘʪʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ: 3272 ʦʩ, 3080 ʦʩ (nNH, nH2O, nOH), 1935 ʦʩ (nNO), 1603 ʩ (ŭH2O), 

½½½½ ­½
Co260
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1578 ʩʨ, 1310 ʩ, 1294 ʩʣ (ŭNH), 1505 ʩ, 996 ʩʨ, 871 ʩʣ, 758 ʩʣ (ɜNO3, ʢʦʦʨʜ), 1398 

ʦʩ, 1046 ʩʨ, 822 ʩʣ, 719 ʩʣ (ɜNO3, ʘʥʠʦʥ), 791 ʩʨ (ɟrNH), 601 ʩʣ (nRuïNO), 585 ʩʣ 

(ŭRuïNO), 511 ʩʨ, 461 ʩʣ (nRuïNH3). ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʜʠʥʠʪʨʘʪʦʢʦʤʧʣʝʢʩʘʤ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

[62]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʛʠʜʨʘʪʘ ʪʨʠʥʠʪʨʦʪʨʠʘʤʤʠʥʨʫʪʝʥʘʪʘ 

ʥʘʪʨʠʷ ʩ ʙʝʟʚʦʜʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʂʦʤʧʣʝʢʩ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʠʦʥʦʚ [RuNO(NH3)3(NO3)2]
+
, ʘʥʠʦʥʦʚ NO3

-
, ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʤʦʥʦʛʠʜʨʘʪʦʚ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 18). ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 10. ʂʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ, ʷʚʣʷʶʱʠʡʩʷ ʛʨʘʥ-ʠʟʦʤʝʨʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [RuN4Cl2]. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʢʪʘʵʜʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ, ʟʘʥʠʤʘʶʱʠʝ ʮʠʩ-ʧʦʣʦʞʝʥʠʷ.  

 

ʈʠʩ. 18. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ, ʘʥʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʩʪʨʫʢʪʫʨʝ 

[RuNO(NH3)3(NO3)2]NO3Ŀ2H2OĿHNO3. 
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ɺ ʪʨʘʥʩ-ʧʦʟʠʮʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ ʥʘʭʦʜʠʪʩʷ ʪʨʝʪʴʷ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ. 

ɺʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʢʪʘʵʜʨʝ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʳʭ 90 ̄ʚ ʧʨʝʜʝʣʘʭ 11,3 .̄ 

ɸʪʦʤʳ ʤʝʪʘʣʣʘ ʩʤʝʱʝʥʳ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ O2N2 ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʥʘ ~ 0,21 ¡. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ Ru-O ʩʦʩʪʘʚʣʷʝʪ 

2,066 ¡. ʈʘʩʩʪʦʷʥʠʷ Ru-NH3 ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,080 - 2,096 ¡. ʇʣʦʩʢʦʩʪʠ 

ʥʠʪʨʘʪʦʛʨʫʧʧ ʨʘʟʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʣʳ 42,2 

ʠ 69,1Á. ʌʨʘʛʤʝʥʪ RuNO ʙʣʠʟʦʢ ʢ ʣʠʥʝʡʥʦʤʫ: ʫʛʦʣ Ru-N-O ʩʦʩʪʘʚʣʷʝʪ 

177,42(14)̄, ʜʣʠʥʳ ʩʚʷʟʝʡ Ru-N ʠ N-O ʩʦʩʪʘʚʣʷʶʪ 1,7620(14) ʠ 1,1269(18) ¡. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1 0  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3Ŀ2H2OĿHNO3 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N 

N-O 

Ru(1)-O(11) 

Ru(1)-O(21) 

Ru(1)-N(5) 

Ru(1)-N(6) 

Ru(1)-N(7) 

1,7620(14) 

1,1269(18) 

2,0694(10) 

2,0624(12) 

2,0800(14) 

2,0962(15) 

2,0896(14) 

N(1)-O(11) 

N(1)-O(12) 

N(1)-O(13) 

N(3)-O(31) 

N(3)-O(32) 

N(3)-O(33) 

N(2)-O(21) 

1,312(2) 

1,2329(18) 

1,2259(18) 

1,264(3) 

1,2510(18) 

1,2536(19) 

1,298(2) 

N(2)-O(22) 

N(2)-O(23) 

N(4)-O(41) 

N(4)-O(42) 

N(4)-O(43) 

1,217(2) 

1,204(2) 

1,2385(19) 

1,217(2) 

1,3088(19) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N-Ru(1)-O(11) 

N-Ru(1)-O(21) 

N-Ru(1)-N(5) 

N-Ru(1)-N(6) 

N-Ru(1)-N(7) 

O(11)-Ru(1)-O(21) 

O(11)-Ru(1)-N(5) 

O(11)-Ru(1)-N(6) 

O(11)-Ru(1)-N(7) 

O(21)-Ru(1)-N(5) 

95,89(6) 

100,25(6) 

95,03(6) 

178,43(6) 

92,77(6) 

87,79(5) 

168,43(6) 

82,92(6) 

93,01(6) 

86,53(5) 

O(21)-Ru(1)-N(6) 

O(21)-Ru(1)-N(7) 

N(5)-Ru(1)-N(6) 

N(5)-Ru(1)-N(7) 

N(6)-Ru(1)-N(7) 

O-N-Ru(1) 

N(1)-O(11)-Ru(1) 

O(11)-N(1)-O(12) 

O(11)-N(1)-O(13) 

O(12)-N(1)-O(13) 

78,70(6) 

166,81(5) 

86,09(6) 

90,26(6) 

88,33(6) 

177,42(14) 

122,85(11) 

119,51(13) 

116,45(14) 

124,04(14) 

N(2)-O(21)-Ru(1) 

O(21)-N(2)-O(22) 

O(21)-N(2)-O(23) 

O(22)-N(2)-O(23) 

O(31)-N(3)-O(32) 

O(31)-N(3)-O(33) 

O(32)-N(3)-O(33) 

O(41)-N(4)-O(42) 

O(41)-N(4)-O(43) 

O(42)-N(4)-O(43) 

122,74(11) 

116,99(17) 

119,52(18) 

123,48(19) 

119,81(15) 

119,56(14) 

120,63(15) 

124,00(17) 

118,00(14) 

118,00(17) 

 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʥʝʰʥʝʩʬʝʨʥʦʤ ʥʠʪʨʘʪ-ʘʥʠʦʥʝ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,264 ï 

1,251 ¡. ɺ ʤʦʣʝʢʫʣʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʩʩʪʦʷʥʠʷ N-O ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1,217 ï 

1,239 ¡ ʜʣʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʜʦ 1,309 ¡ ʜʣʷ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʢʦʨʦʪʢʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ (O2NOéHéOH2, 
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ʨʘʩʩʪʦʷʥʠʝ O-O ʩʦʩʪʘʚʣʷʝʪ 2,468 ¡). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʧʦʤʷʥʫʪʘʷ ʤʦʣʝʢʫʣʘ 

ʚʦʜʳ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʠ ʚʥʝʰʥʝʩʬʝʨʥʳʤ 

ʥʠʪʨʘʪ ʘʥʠʦʥʦʤ (2,691 ʠ 2,732 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʋʧʘʢʦʚʢʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 19. 

 

 

ʈʠʩ. 19. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3Ŀ2H2OĿHNO3. 

 

ɺ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʜʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʛʨʘʥ-ʜʠʥʠʪʨʘʪʦ-

ʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3506 ʩʨ, 3422 ʩʨ, 3292 ʦʩ, 3207 

ʩ, 3103 ʧʣ (nNH, nH2O, nOH), 1951 ʦʩ (nNO), 1627 ʩʨ (ŭH2O), 1570 ʩʣ, 1330 ʩ, 

1284 ʩʣ (ŭNH), 1505 ʩ, 1013 ʩʣ, 992 ʩʨ, 758 ʩʣ (ɜNO3, ʢʦʦʨʜ), 1384 ʦʩ, 1358 ʦʩ, 1049 

ʩʨ, 836 ʩʣ, 824 ʩʣ (ɜNO3, ʘʥʠʦʥ), 793 ʩʨ (ɟrNH), 598 ʩʣ (nRuïNO), 497 ʩʨ, 473 ʩʣ 

(nRuïNH3). ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʥ-[RuNO(NH3)3(NO3)2]NO3ĿH2O. 

ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. ɺʘʣʝʥʪʥʦʝ ʢʦʣʝʙʘʥʠʝ 

ʥʠʪʨʦʟʦʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 1951 ʩʤ
-1
 ʠ ʩʤʝʱʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʠʜʝʥʪʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ, ʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ 

ʩʦʣʴʚʘʪʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʥʘ 15 ʩʤ
-1
. 

3.4.  ʊʨʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʦʩʝʚʦʛʦ ʩʪʨʦʝʥʠʷ 

3.4.1. ɼʠʭʣʦʨʦʪʨʠʘʤʤʠʥʠʪʨʦʟʦʨʫʪʝʥʠʡ ʭʣʦʨʠʜ ʤʦʥʦʛʠʜʨʘʪ 

ɸʚʪʦʨʳ [52] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʪʤʝʪʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʳ 

H2O-Ru-NO ʚ ʦʩ-[Ru(NO)(NH3)3Cl(H2O)]Cl2 ʢ ʟʘʤʝʱʝʥʠʶ ʥʘ ʭʣʦʨʠʜ-ʠʦʥ, 

ʫʢʘʟʘʚ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩ-[RuNO(NH3)3Cl2]Cl. ʆʜʥʘʢʦ, 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-

[RuNO(NH3)4(H2O)]Cl3 c ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʦʪʝʪʨʘʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʥʝ ʚʳʟʳʚʘʝʪ 

ʧʨʦʙʣʝʤ [42, 48]. ʄʳ ʩʥʠʟʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 6 ʄ (ʵʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʪʚʦʨʘ ʜʦ 109ʉ̄) ʠ ʫʚʝʣʠʯʠʣʠ ʚʨʝʤʷ 

ʥʘʛʨʝʚʘʥʠʷ ʜʦ ʧʷʪʠ ʯʘʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ 

ʢʦʤʧʣʝʢʩ ʩ ʚʳʭʦʜʦʤ 89%. 

ʉʧʝʢʪʨʳ ʗʄʈ 
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N ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʩ-[Ru(NO)(NH3)3Cl(H2O)]Cl2 ʠ ʦʩ-

[RuNO(NH3)3Cl2]ClĿH2O ʦʯʝʥʴ ʧʦʭʦʞʠ (ʪʘʙʣ. 5, ʨʠʩ. 13): ʦʙʘ ʩʦʜʝʨʞʘʪ ʧʦ ʦʜʥʦʡ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʣʠʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʥʠʪʨʦʟʦʛʨʫʧʧ ʠ ʧʦ ʦʜʥʦʡ ʰʠʨʦʢʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʣʠʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʜʚʫʭ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʜʚʫʭ ʣʠʥʠʡ ʥʘ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʘʭ H3N-Ru-NH3 ʠ Cl-Ru-NH3 ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

2:1. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʟʦʛʨʫʧʧ ʚ ʵʪʠʭ 

ʩʧʝʢʪʨʘʭ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (17,8 ʤ.ʜ.). ʃʠʥʠʷ ʩ d = -22,3 ʤ.ʜ. ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʥʠʪʨʦʟʦʛʨʫʧʧ ʥʘ ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ H2O-Ru-NO 

[42, 106], ʘ ʣʠʥʠʷ ʩ d = -40,1 ʤ.ʜ. ï ʚ ʜʠʘʧʘʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʥʘ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ Cl-Ru-NO [101, 106]. ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ [106], 
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ʟʘʤʝʱʝʥʠʝ ʚ ʥʠʪʨʦʟʦʭʣʦʨʦʢʦʤʧʣʝʢʩʘʭ ʨʫʪʝʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜ-

ʠʦʥʘ ʥʘ ʚʦʜʫ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO ʩʤʝʱʘʝʪ ʩʠʛʥʘʣ NO ʚ ʩʧʝʢʪʨʝ ʘʟʦʪʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 18 ʤ.ʜ. ʚ ʩʣʘʙʦʝ ʧʦʣʝ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ. 

ɺ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʭʣʦʨʠʜʘ ʦʩ-ʜʠʭʣʦʨʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʦʣʴʚʘʪʥʫʶ ʤʦʣʝʢʫʣʫ ʚʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ: 3584 ʩʨ, 3491 ʩʨ, 3260 ʦʩ, 3153 ʦʩ (nNH, nH2O), 1884 ʦʩ (nNO), 

1601 ʩʨ (ŭH2O), 1546 ʩʨ, 1303 ʩ, 1290 ʩ (ŭNH3), 848 ʩʨ (ɟH2O, ɟrNH3), 611 ʩʣ 

(nRuïNO), 496 ʧʣ, 483 ʩʨ (nRuïNH3). ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʝʜʠʥʝʥʠʷ 

ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʦʪʩʪʫʩʪʚʫʝʪ ʚ 

ʛʨʘʥʝʚʦʤ ʠʟʦʤʝʨʝ, ʠ ʧʦʣʦʞʝʥʠʝ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧʳ. ɺ 

ʩʣʫʯʘʝ ʛʨʘʥʝʚʦʛʦ ʠʟʦʤʝʨʘ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʠʪʨʦʟʦʛʨʫʧʧ ʥʘ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʝ ʚʠʜʘ ON-Ru-NH3 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʧʦʣʦʩʘʤʠ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1916 ʠ 1880 ʩʤ
-1
, ʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʩʝʚʦʤ ʠʟʦʤʝʨʝ ʥʘʣʠʯʠʝ 

ʪʨʘʥʩ-ʢʦʦʨʜʠʥʘʪʳ ʚʠʜʘ ON-Ru-Cl ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝʤʫ ʚʦʣʥʦʚʦʤʫ 

ʯʠʩʣʫ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (1884 ʩʤ
-1
). 

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ XAFS. ʅʘ ʨʠʩ. 

20 ʧʨʝʜʩʪʘʚʣʝʥʳ XANES ʩʧʝʢʪʨʳ Ru-ʢʨʘʝʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O ʠ ʢʦʤʧʣʝʢʩʘ-ʩʪʘʥʜʘʨʪʘ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʤʠ ʤʝʪʦʜʦʤ ʈʉɸ. ʇʨʠʚʝʜʝʥʥʳʝ ʩʧʝʢʪʨʳ 

ʩʦʝʜʠʥʝʥʠʡ ʘʥʘʣʦʛʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ʄʦʜʫʣʠ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʄʌʇ) EXAFS-ʬʫʥʢʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 21) ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʚ ʘʤʧʣʠʪʫʜʘʭ ʠ 

ʧʦʣʦʞʝʥʠʷʭ ʧʠʢʦʚ. ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ-ʩʪʘʥʜʘʨʪʘ, 

ʦʩʥʦʚʥʦʡ ʧʠʢ ʄʌʇ ʧʨʠ 1,6 ¡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʭʣʦʨʘ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʘʪʦʤʘʤʠ 

ʠ ʧʦʛʣʦʱʘʶʱʠʤ ʘʪʦʤʦʤ Ru ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,72 ʜʦ 2,32 ¡. ɺʪʦʨʦʡ ʧʠʢ 

ʄʌʇ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ ʠ ʭʣʦʨʘ, ʘ ʪʘʢʞʝ ʘʪʦʤʘʤ ʚʦʜʦʨʦʜʘ, 
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ʚʢʣʘʜʦʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠʟ-ʟʘ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʥʠʭ. ɺ ʪʘʙʣ. 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʛʦʥʢʠ 

ʠ EXAFS-ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʈʠʩ. 20. ʅʦʨʤʠʨʦʚʘʥʥʳʝ XANES ʩʧʝʢʪʨʳ Ru K-ʢʨʘʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O ʠ ʢʦʤʧʣʝʢʩʘ-ʩʪʘʥʜʘʨʪʘ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl 

 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ XAFS-ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

Ru ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʢʦʤʧʣʝʢʩʘ ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O ʙʣʠʟʢʘ ʢ 

ʪʘʢʦʚʦʡ ʚ ʛʨʘʥʝʚʦʤ ʠʟʦʤʝʨʝ. ɼʣʠʥʘ ʩʚʷʟʝʡ Ru-Cl ʜʣʷ ʭʣʦʨʠʜ-ʠʦʥʦʚ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦʛʨʫʧʧʝ (2,398 ¡) ʚ ʦʙʦʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʦʢʘʟʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ, ʘ ʵʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʭʣʦʨʠʜ-ʠʦʥʘ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ NO ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ (2,394 ¡), ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ 

ʜʣʷ ʥʠʪʨʦʟʦʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ [57]. 
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ʈʠʩ. 21. ʄʦʜʫʣʠ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ) ʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) EXAFS Ru K-ʢʨʘʝʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1 1  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ R ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O ʠ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl 

ʆʙʨʘʟʝʮ ʛʨʘʥ-[RuNO(NH3)3Cl2]Cl ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O 

ʄʝʪʦʜ PCA EXAFS EXAFS 

Ru-NO, ¡ 1,752 1,768 1,767 

Ru-Neq, ¡ 2,101 2,125 
2,120 

Ru-Ntrans, ¡ 2,100 2,117 

Ru-Cleq, ¡ 
2,378 2,398 

2,398 

Ru-Cltrans, ¡ 2,394 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʩʧʝʢʪʨʘ ʗʄʈ 
14

N ʨʘʩʪʚʦʨʘ ʦʩ-[RuNO(NH3)3Cl2]ClĿH2O ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚ 
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ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʷʪ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ ʦʩ-[RuNO(NH3)3Cl2]
+
, ʚ ʢʦʪʦʨʳʭ 

ʦʜʠʥ ʠʟ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʥʠʪʨʦʟʦʛʨʫʧʧʝ. 

3.4.2. ʅʠʪʨʘʪ ʦʩ-ʥʠʪʨʦʘʢʚʘʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠ ̫

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [55] ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʘ 

ʦʩ-ʥʠʪʨʦʛʠʜʨʦʢʩʦʪʨʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ ʪʘʢʦʡ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʢʘʢ 8 M 

HNO3, ʧʨʦʚʦʜʠʤʳʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ 

ʥʠʪʨʦʛʨʫʧʧʳ ʥʘ ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʭʣʦʨʠʜ-ʘʥʠʦʥ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʨʝʜʝ ʢʨʝʧʢʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʩ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʥʠʪʨʦʛʨʫʧʧʦʡ: ʚ ʨʘʙʦʪʝ [104] ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 
14

N 

ʗʄʈ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʢʘʢ ʩʤʝʰʘʥʥʳʝ 

ʘʢʚʘʥʠʪʨʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʘʷ ʥʘʤʠ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʦʛʦ 

ʦʩ-[RuNO(NH3)3(NO2)(OH)]ClĿ0,5H2O ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʠʪ-ʠʦʥʘ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʘ 

ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2, ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʤʠ ʩ ʚʳʭʦʜʦʤ 90%, 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʘʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʬʘʟʥʦʩʪʠ 

ʧʨʦʜʫʢʪʘ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ 0,001 M 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʠʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [RuNO(NH3)3(NO2)(H2O)]
2+

 ʠ ʜʚʘ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʥʠʪʨʘʪ-
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ʠʦʥʘ. ʉʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʩ ʥʫʤʝʨʘʮʠʝʡ ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 22. 

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 12. 

 

 

ʈʠʩ. 22. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1 2  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N  

N-O  

Ru(1)-O(1W)  

Ru(1)-N(1)  

Ru(1)-N(2) 

1,7309(16) 

1,138(2) 

2,0566(13) 

2,0854(17) 

2,0876(16) 

Ru(1)-N(3)  

Ru(1)-N(4)  

N(1)-O(11)  

N(1)-O(12)  

N(5)-O(51) 

2,1070(17) 

2,1025(16) 

1,219(2) 

1,243(2) 

1,240(2) 

N(5)-O(52)  

N(5)-O(53)  

N(6)-O(61)  

N(6)-O(62)  

N(6)-O(63) 

1,255(2) 

1,242(2) 

1,243(2) 

1,249(2) 

1,249(2) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N-Ru(1)-O(1W) 

N-Ru(1)-N(1) 

N-Ru(1)-N(2) 

N-Ru(1)-N(3) 

N-Ru(1)-N(4) 

O(1W)-Ru(1)-N(1) 

O(1W)-Ru(1)-N(2) 

O(1W)-Ru(1)-N(3) 

O(1W)-Ru(1)-N(4) 

179,20(7) 

90,51(7) 

94,21(7) 

93,55(7) 

93,99(7) 

89,91(6) 

85,10(6) 

86,03(6) 

86,69(6) 

N(1)-Ru(1)-N(2) 

N(1)-Ru(1)-N(3) 

N(1)-Ru(1)-N(4) 

N(2)-Ru(1)-N(3) 

N(2)-Ru(1)-N(4) 

N(3)-Ru(1)-N(4) 

O-N-Ru(1) 

O(11)-N(1)-Ru(1) 

O(12)-N(1)-Ru(1) 

90,52(7) 

175,92(7) 

88,44(7) 

89,56(7) 

171,73(6) 

90,91(7) 

178,51(16) 

120,53(14) 

117,64(14) 

O(11)-N(1)-O(12) 

O(51)-N(5)-O(52) 

O(51)-N(5)-O(53) 

O(52)-N(5)-O(53) 

O(61)-N(6)-O(62) 

O(61)-N(6)-O(63) 

O(62)-N(6)-O(63) 

121,77(18) 

120,42(19) 

119,62(19) 

119,95(19) 

120,39(17) 

120,99(18) 

118,62(18) 

 

ɸʪʦʤ ʨʫʪʝʥʠʷ ʠʤʝʝʪ ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ, 

ʦʪʢʣʦʥʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʦʪ 90 ʥʘ ʘʪʦʤʘʭ Ru ʥʝ ʧʨʝʚʳʰʘʶʪ 4,9Á. ɺ 
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ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʠ 

ʦʜʥʘ ʥʠʪʨʦʛʨʫʧʧʘ. ʈʘʩʩʪʦʷʥʠʷ RuïN(NH3) ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 2,087 ï 2,107 ¡, 

ʜʣʠʥʘ ʩʚʷʟʠ RuïN(NO2) 2,085 ¡. ɺ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʟʦ ʛʨʫʧʧʝ 

ʥʘʭʦʜʠʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 2,056 ¡ ʤʝʞʜʫ 

ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʨʫʪʝʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʘʛʤʝʥʪʘ RuïNO ʦʙʳʯʥʳ: ʩʚʷʟʠ RuïN ʠ Ruïʆ ʨʘʚʥʳ 1,731, 

1,138 ¡, ʫʛʦʣ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 178,5Á. ʈʘʟʥʠʮʘ ʜʣʠʥ ʩʚʷʟʝʡ ʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʥʠʪʨʦʛʨʫʧʧʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,024 ¡, ʝʝ 

ʧʣʦʩʢʦʩʪʴ ʦʙʨʘʟʫʝʪ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ (N4) ʫʛʦʣ 40,3Á. 

ɸʪʦʤ ʨʫʪʝʥʠʷ ʩʤʝʱʝʥ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚ ʩʪʦʨʦʥʫ NO-

ʛʨʫʧʧʳ ʥʘ 0,11 ¡. ɺ ʩʪʨʫʢʪʫʨʝ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ, ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʚʷʟʠ N-O 

ʠʤʝʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 1,24 ¡, ʫʛʦʣ ʆ-N-Oʩʨ ʨʘʚʝʥ 120Á, ʫʛʦʣ ʤʝʞʜʫ 

ʥʦʨʤʘʣʷʤʠ ʢ ʠʭ ʧʣʦʩʢʦʩʪʷʤ 93Á.  

ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 23. ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʪʠʦʥʳ ʩʚʷʟʘʥʳ ʩ ʚʥʝʰʥʝʩʬʝʨʥʳʤʠ 

ʘʥʠʦʥʘʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʆ-ʅ...ʆ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ, ʠ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʘʥʠʦʥʦʚ, ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʆ...ʆ ʠ ʅ...ʆ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʪʠ 

ʩʚʟ̫ʠ ʩʦʩʪʘʚʣʷʶʪ 2,64 ʠ 1,80 ¡. ɺ ʢʨʠʩʪʘʣʣʝ, ʚʩʝ ʘʤʤʠʥʦʛʨʫʧʧʳ ʢʦʤʧʣʝʢʩʘ 

ʫʯʘʩʪʚʫʶʪ ʪʘʢʞʝ ʚ ʩʣʘʙʳʭ ʅ-ʩʚʷʟʷʭ ʪʠʧʘ OéH-N, ʢʨʘʪʯʘʡʰʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ 

ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʡ NéO 3,02 ʠ ʅéʆ 2,42 ¡. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʢʦʤʧʣʝʢʩʦʚ RuéRu 5,951 ¡. 

ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ (ʩʤ
-1
): 3292 ʩ, 3227 ʩʨ (ɜH2O, ɜNH3), 1930 ʩ (ɜNO), 

1620 ʩʨ (ŭH2O), 1570 ʩʨ, 1535 ʩʣ (ŭdNH3), 1424 ʩ (ɜasNO2), 1385 ʩ (ɜNO3), 1353 ʩ, 

1334 ʩ, 1299 ʩ (ŭNH3, ɜsNO2), 1050 ʩʨ (ŭH2O), 851 ʩʣ, 842 ʩʣ, 823 ʩʨ (ɟrNH3, 

ɟwNO2), 626 ʩʨ (ɜRu-NO), 616 ʩʨ (ŭwNO2), 547 ʩʨ (ɜRu-OH2), 493 ʩʨ (ɜRu-NH3). 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ  ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 
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ʦʩ-[RuNO(NH3)3(NO2)(OH)]ClÖ0,5H2O. ʉʤʝʱʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʥʠʪʨʦʟʦʛʨʫʧʧʳ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʥʝʰʥʝʩʬʝʨʥʦʤʫ ʥʠʪʨʘʪ-ʘʥʠʦʥʫ, ʦʙʫʩʣʦʚʣʝʥʳ ʟʘʤʝʥʦʡ 

ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ NO3
-
. 

 

 

ʈʠʩ. 23. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ Y ʜʣʷ 

ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 

 

ʅʘʣʠʯʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚʦʜʥʦʛʦ 4,5 ʤʄ ʨʘʩʪʚʦʨʘ 

ʦʩ-[RuNO(NH3)3(NO2)(H2O)](NO3)2 ʩʦʩʪʘʚʣʷʝʪ 2,33. ʆʮʝʥʢʘ pKa ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ: 

[RuNO(NH3)3(NO2)(H2O)]
2+

 ė [RuNO(NH3)3(NO2)(OH)]
+
 + H

+
 

ʩʦʩʪʘʚʣʷʝʪ 2,4(2) ʥʘ ʦʩʥʦʚʘʥʠʠ 21 ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ (2,5-4,5 ʤʄ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʚʦʨʘ 20(1)Áʉ. ɺʳʜʝʣʝʥʠʝ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʠʟʤʝʨʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʝʰʝʥʳ ʥʘʤʠ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ. 

3.5. ɼʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

3.5.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ 

ʪʨʘʥʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ɺ ʨʘʙʦʪʝ [61] ʧʨʠʚʝʜʝʥ ʩʠʥʪʝʟ ʦʩ-[RuNO(NH3)2Cl3], ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʪʝʨʤʦʣʠʟʝ ʘʤʤʦʥʠʡʥʦʡ ʩʦʣʠ ʧʝʥʪʘʭʣʦʨʦʥʠʪʨʦʟʦʨʫʪʝʥʘʪ-ʘʥʠʦʥʘ. ɼʣʷ ʦʯʠʩʪʢʠ 

ʧʨʦʜʫʢʪʘ ʪʝʨʤʦʣʠʟʘ ʘʚʪʦʨʳ ʨʘʩʪʚʦʨʠʣʠ ʝʛʦ ʚ 0,1 M HCl ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʟʘʪʝʤ 

ʧʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʪʨʠʭʣʦʨʦʢʦʤʧʣʝʢʩʘ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ 

ʧʦʣʫʯʠʣʠ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʘʢʚʘʪʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ 

ʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʘʚʪʦʨʘʤ 

ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿH2O, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʝʪʦʜʦʤ 

ʈʉɸ. ɺʳʭʦʜ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʈʘʩʪʚʦʨ ʦʩ-ʪʨʠʭʣʦʨʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʯʠʩʪʦʡ ʚʦʜʝ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʚ ʦʩʥʦʚʥʦʤ ʘʢʚʘʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʳ ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʠʦʥʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ 

ʚʭʦʞʜʝʥʠʶ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʠ ʚʳʜʝʣʝʥʠʶ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩ-[RuNO(NH3)2Cl3]. 

ɼʦʙʘʚʣʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʱʝʣʦʯʠ ʧʦʟʚʦʣʠʣʦ ʥʘʤ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʘʢʚʘʢʦʤʧʣʝʢʩ ʚ ʨʘʩʪʚʦʨʝ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʙʣʦʢʠʨʦʚʘʪʴ 

ʦʙʨʘʪʥʦʝ ʚʭʦʞʜʝʥʠʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʢ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʛʠʜʨʦʢʩʦʜʠʭʣʦʨʦʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ ʢʠʩʣʦʪʥʦ-
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ʦʩʥʦʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʦʙʨʘʪʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʘʢʚʘʢʦʤʧʣʝʢʩʘ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ 5-ʪʠʢʨʘʪʥʦʛʦ ʦʙʲʝʤʘ ʘʮʝʪʦʥʘ ʢ ʪʘʢʦʤʫ ʨʘʩʪʚʦʨʫ 

ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʚʳʜʝʣʠʪʴ ʮʝʣʝʚʦʡ ʘʢʚʘʜʠʭʣʦʨʦʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩ ʚ ʪʚʝʨʜʫʶ 

ʬʘʟʫ. 

ʀʂ-ʩʧʝʢʪʨ ʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (55%) ʢʦʤʧʣʝʢʩʘ ʩʦʚʧʘʜʘʶʪ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʨʘʙʦʪʳ [61]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʩʤ. ʪʘʙʣ. 13) ʥʝ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʷʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 3  

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʪʨʘʥʩ-ʜʠʘʤʤʠʥʦʢʦʤʧʣʝʢʩʘ 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ w(N)% w(H)% 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʡʜʝʥʦ 12,84% 3,93% 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O 12,9% 3,7% 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿH2O 13,7% 3,3% 

 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʝʛʦ ʪʝʨʤʦʣʠʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ (ʨʠʩ. 24). ʊʝʨʤʦʛʨʘʤʤʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʭʦʞʘ ʥʘ ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʨʘʙʦʪʝ [42], ʛʜʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʪʝʨʤʦʣʠʟ 

[RuNO(NH3)5]Cl3ĿH2O. ʇʝʨʚʳʝ ʜʚʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʜʘʣʝʥʠʶ ʜʚʫʭ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʠ ʟʘʪʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O 

11,1 + 5,5%, ʥʘʡʜʝʥʦ ʧʦ ʢʨʠʚʦʡ ʫʙʳʣʠ ʤʘʩʩʳ 11,3 + 5,7%). ʄʳ ʧʨʦʚʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʛʨʝʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʜʦ 120 ʠ 225ʉ̄ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ, ʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ 

ʙʝʟʚʦʜʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʧʨʠ 120ʉ̄, ʚʥʦʚʴ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ (3420 ʩʤ
-1
) ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ (1625 ʩʤ

-1
) 
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ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ 

ʥʘʛʨʝʪʦʛʦ ʦʙʨʘʟʮʘ, ʩʥʦʚʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʝʛʦ ʥʘ ʚʦʟʜʫʭʝ. 

 

 

ʈʠʩ. 24. ʈʝʟʫʣʴʪʘʪʳ ʊɻɸ ʜʣʷ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClÖ2H2O ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

 

ʇʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʚ ʀʂ ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʧʨʠ 225 ʉ̄, ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ 

[61] ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʦʩ-[Ru(NO)(NH3)2Cl3]. 

ɺ ʨʘʙʦʪʝ [42] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʦʩ-[Ru(NO)(NH3)2Cl3] ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ [RuNO(NH2)Cl2] (ʨʘʩʩʯʠʪʘʥʦ 33,0%, 

ʥʘʡʜʝʥʦ 37,0%). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 
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ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʘʢʚʘʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʢʠʩʣʦʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʦʙʨʘʪʠʤʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩ. ʅʘ ʵʪʦʤ ʠ ʙʳʣ 

ʦʩʥʦʚʘʥ ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʠʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ 

ʪʨʘʥʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʢʦʤʧʣʝʢʩʘ. 

ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O ʨʘʩʪʚʦʨʦʤ NaOH ʥʘʤʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘ ʦʜʠʥ ʘʪʦʤ ʨʫʪʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʦʜʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʠ ʯʪʦ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ 

ʪʠʪʨʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 25. 

 

 

ʈʠʩ. 25. ʂʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O ʚ 2 M NaNO3 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʪʚʦʨʘ NaOH ʩ ʨʫʪʝʥʠʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʪʝʢʘʝʪ ʚ 

ʦʜʥʫ ʩʪʫʧʝʥʴ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʪʦʯʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʚʝʩʪʥʳʭ ʥʘʚʝʩʦʢ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʪʘʥʜʘʨʪ-ʪʠʪʨʫ, ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʱʝʣʦʯʠ, ʧʦʰʝʜʰʝʛʦ ʥʘ 

ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʘ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʢʦʤʧʣʝʢʩʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘʤʠ ʨʘʚʥʦʡ 326,2(9) ʛ/ʤʦʣʴ (P = 0,95, 9 

ʪʠʪʨʦʚʘʥʠʡ). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʬʦʨʤʫʣʦʡ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O (325,5 ʛ/ʤʦʣʴ). 

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʡ pH ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʙʘʚʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʪʠʪʨʘʥʪʘ 

ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]
+
. ʈʘʩʩʯʠʪʘʥʥʘʷ ʥʘʤʠ ʢʦʥʩʪʘʥʪʘ ʢʠʩʣʦʪʥʦʩʪʠ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ 8,0(6)Ŀ10
-5
 ʧʨʠ ʠʦʥʥʦʤ ʬʦʥʝ 2 ʄ 

NaNO3, 20
ʦ
ʉ, P = 0,95, 9 ʪʠʪʨʦʚʘʥʠʡ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʪʨʘʥʩ-

[RuNO(NH3)2Cl2(H2O)]ClĿ2H2O ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʥʘ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʘʢʚʘ- ʠ ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʦʤʧʣʝʢʩʝ ʚʦʟʤʦʞʥʦ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʛʦ 

ʘʢʚʘʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʜʠʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʘ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʨʘʥʩ-

ʭʣʦʨʦʜʠʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʦʩʥʦʚʘʥʠʷ. 

ʕʪʦ ʦʪʣʠʯʠʝ ʚ ʪʨʝʙʫʝʤʦʤ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʝ ʱʝʣʦʯʠ ʚʣʠʷʝʪ ʥʘ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ NaOH, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ 

ʢʠʩʣʦʪʥʳʭ ʬʦʨʤ. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʠʪʨʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʥʘʛʨʝʚʘʥʠʶ ʥʘ 

ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ T=95
o
C ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 26. 

 

ʈʠʩ. 26. ʂʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ ʩʤʝʩʠ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]
+
  

ʠ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]
2+

 ʚ 2 M NaNO3 
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ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]
+
 ʠ ʪʨʘʥʩ-[RuNO(NH3)2Cl(H2O)2]

2+
, ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʢʚʘʢʦʤʧʣʝʢʩʘ ʢ ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʫ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʥʘʤʠ ʠʟ ʟʘʪʨʘʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ NaOH ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʨʘʩʪʚʦʨʘ ʠ ʠʟʚʝʩʪʥʦʡ ʥʘʚʝʩʢʠ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʉ ʫʯʝʪʦʤ ʤʘʩʩʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʥʘʤʠ ʢʦʥʩʪʘʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʭʣʦʨʦʢʦʤʧʣʝʢʩʘ ʠʟ ʤʦʥʦʭʣʦʨʦʢʦʤʧʣʝʢʩʘ, ʦʪʚʝʯʘʶʱʘʷ ʫʨʘʚʥʝʥʠʶ: 

[RuNO(NH3)2Cl(H2O)2]
2+

 + Cl
-
 => [RuNO(NH3)2Cl2(H2O)]

+
 + H2O, 

ʩʦʩʪʘʚʠʣʘ ʨʘʚʥʦʡ 360(20) ʧʨʠ ʠʦʥʥʦʤ ʬʦʥʝ 2 ʄ NaNO3, 95
ʦ
ʉ,P = 0,95,  

6 ʪʠʪʨʦʚʘʥʠʡ. 

ʅʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʩʤʝʩʠ ʭʣʦʨʦ- ʠ ʜʠʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʠʷʭ, ʟʘʪʨʫʜʥʷʝʪ ʧʨʷʤʦʡ 

ʨʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʠʟ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʩʪʘʥʪʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʜʣʷ ʪʨʘʥʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʜʠʘʢʚʘ- ʠ ʤʦʥʦʘʢʚʘʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʨʠʚʫʶ 

ʪʠʪʨʦʚʘʥʠʷ ʜʣʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʳʭ ʜʠʩʩʦʮʠʘʮʠʡ 

ʜʠʘʢʚʘʢʦʤʧʣʝʢʩʘ. ɺʘʨʴʠʨʫʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ, ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: Ka1 = 2,3(6)Ŀ10
-3
; Ka2 = 2,1(6)Ŀ10

-7
 ʜʣʷ ʢʘʪʠʦʥʘ 

ʪʨʘʥʩ-ʭʣʦʨʦʜʠʘʢʚʘʜʠʘʤʤʠʥ-ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʨʠ ʠʦʥʥʦʤ ʬʦʥʝ 2 ʄ NaNO3, 

20
ʦ
ʉ,P = 0,95, 6 ʪʠʪʨʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʢʘʟʘʣʠ ʪʨʝʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ [61] ʩʦʜʝʨʞʠʪ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʧʨʠʝʤʣʝʤʳʤ ʚʳʭʦʜʦʤ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʠʦʥʦʚ ʚʠʜʘ ʪʨʘʥʩ-[RuNO(NH3)2Cl2(H2O)]
+
 ʠ ʪʨʘʥʩ-[RuNO(NH3)2Cl(H2O)2]

2+
, 

ʘ ʪʘʢʞʝ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʭ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʷ. 
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3.5.2. ʍʣʦʨʠʜ ʮʠʩ-ʜʠʭʣʦʨʦʛʠʜʨʦʢʩʦʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʡ 

ʮʠʩ-ʜʠʭʣʦʨʦʘʢʚʘʜʠʘʤʤʠʥʥʠʪʨʦʟʦʨʫʪʝʥʠʷ 

ʇʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʮʠʩ-ʠʟʦʤʝʨʘ ʘʢʚʘʜʠʘʤʤʠʥʦʜʠʭʣʦʨʦʢʦʤʧʣʝʢʩʘ 

ʥʠʪʨʦʟʦʨʫʪʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʜʣʷ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ, ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʇʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʝʣʝʚʦʡ ʢʦʤʧʣʝʢʩ, ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʨʫʪʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʩʘʜʢʘ ʛʨʘʥ-

[RuNO(NH3)2Cl3], ʠʤʝʶʱʝʛʦ ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɼʦʙʘʚʣʝʥʠʝ ʘʮʝʪʦʥʘ ʢ 

ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʘʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟ-

ʟʘ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʩ-[RuNO(NH3)2Cl2(H2O)]Cl ʚ ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʳʭ 

ʩʤʝʩʷʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʩ ʥʝʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʥ-[RuNO(NH3)2(NO3)3] ʩ 3 

ʵʢʚʠʚʘʣʝʥʪʘʤ7ʠ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʕʪʦʪ ʧʦʨʦʰʦʢ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣ,r 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʷʪ ʦʜʠʥ ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʭʣʦʨʠʜ-ʠʦʥ ʠ ʜʚʘ ʥʠʪʨʦʟʦʢʦʤʧʣʝʢʩʘ 

ʨʫʪʝʥʠʷ: ʦʜʠʥ ʢʘʪʠʦʥʥʳʡ [RuNO(NH3)2Cl2(H2O)]
+
, ʚʪʦʨʦʡ ï ʥʝʡʪʨʘʣʴʥʳʡ 

[RuNO(NH3)2Cl2OH], ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʩʚʷʟʘʥʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʠʣʴʥʦʡ (2,408(3) ¡) ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ. ʉʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʝʜʠʥʠʮ ʩ ʥʫʤʝʨʘʮʠʝʡ ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 27. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 14. 
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ʈʠʩ. 27. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 

ʮʠʩ-[RuNO(NH3)2Cl2(H2O)][RuNO(NH3)2Cl2OH]Cl. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1 4  

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ 

ʮʠʩ-[RuNO(NH 3)2Cl2(H2O)][RuNO(NH 3)2Cl2OH]Cl  

ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ ʈʘʩʩʪʦʷʥʠʝ d, ¡ 

Ru(1)-N(1) 

N(1)-O(1) 

Ru(1)-O(1W) 

Ru(1)-Cl(1) 

Ru(1)-Cl(2) 

1,735(2) 

1,151(3) 

2,0040(18) 

2,3749(6) 

2,3858(6) 

Ru(1)-N(11) 

Ru(1)-N(12) 

Ru(2)-N(2) 

N(2)-O(2) 

Ru(2)-O(2W) 

2,098(2) 

2,085(2) 

1,734(2) 

1,151(3) 

1,9876(18) 

Ru(2)-Cl(3) 

Ru(2)-Cl(4) 

Ru(2)-N(21) 

Ru(2)-N(22) 

2,3816(6) 

2,3878(6) 

2,097(2) 

2,084(2) 

ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ ʋʛʦʣ ɤ, ̄ 

N(1)-Ru(1)-O(1W) 

N(1)-Ru(1)-Cl(1) 

N(1)-Ru(1)-Cl(2) 

N(1)-Ru(1)-N(11) 

N(1)-Ru(1)-N(12) 

O(1W)-Ru(1)-Cl(1) 

O(1W)-Ru(1)-Cl(2) 

O(1W)-Ru(1)-N(11) 

O(1W)-Ru(1)-N(12) 

Cl(1)-Ru(1)-Cl(2) 

N(11)-Ru(1)-Cl(1) 

175,66(8) 

91,19(7) 

89,97(7) 

96,73(10) 

97,81(9) 

85,06(6) 

88,08(5) 

87,07(9) 

84,24(9) 

93,37(2) 

172,00(7) 

N(12)-Ru(1)-Cl(1) 

N(11)-Ru(1)-Cl(2) 

N(12)-Ru(1)-Cl(2) 

N(12)-Ru(1)-N(11) 

O(1)-N(1)-Ru(1) 

N(2)-Ru(2)-O(2W) 

N(2)-Ru(2)-Cl(3) 

N(2)-Ru(2)-Cl(4) 

N(2)-Ru(2)-N(21) 

N(2)-Ru(2)-N(22) 

O(2W)-Ru(2)-Cl(3) 

87,72(7) 

87,78(8) 

172,12(7) 

90,08(10) 

171,45(19) 

177,71(9) 

92,05(7) 

92,89(7) 

95,54(10) 

95,35(10) 

85,78(6) 

O(2W)-Ru(2)-Cl(4) 

O(2W)-Ru(2)-N(21) 

O(2W)-Ru(2)-N(22) 

Cl(3)-Ru(2)-Cl(4) 

N(21)-Ru(2)-Cl(3) 

N(22)-Ru(2)-Cl(3) 

N(21)-Ru(2)-Cl(4) 

N(22)-Ru(2)-Cl(4) 

N(22)-Ru(2)-N(21) 

O(2)-N(2)-Ru(2) 

87,90(6) 

86,62(9) 

83,88(9) 

90,97(2) 

172,40(7) 

89,23(7) 

89,01(8) 

171,74(7) 

89,69(10) 

174,80(19) 

 

ɸʪʦʤʳ ʨʫʪʝʥʠʷ ʚ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪ ʠʩʢʘʞʝʥʥʦ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ 

ʦʢʨʫʞʝʥʠʝ, ʦʪʢʣʦʥʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʦʪ 90 ʥʘ ʘʪʦʤʘʭ Ru ʥʝ ʧʨʝʚʳʰʘʶʪ 

7,8Á. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ 




















