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ɸʅʆʊɸʎɯʗ 

ɹʘʥʜʫʨʘ ʍ. ɺ. ʉʪʨʫʢʪʫʨʘ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ 

ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʥʘʫʢ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.18 ï ʬʽʟʠʢʘ ʽ ʭʽʤʽʷ ʧʦʚʝʨʭʥʽ. ɼɺʅɿ 

çʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘè, ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ, 2019. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʛʽʜʨʦʢʩʠʜ 

ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

ʆʢʩʠʜ ʛʨʘʬʝʥʫ ʩʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʍʘʤʝʨʩʘ (ʆɻ(ʍ)) ʽ ʄʘʨʢʘʥʦ-ʊʦʫʨʘ 

(ʆɻ(ʄʊ) ʪʘ ʚʽʜʥʦʚʣʝʥʦ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʘʟʠʥʫ (ɺʆɻ(ʍ) ʪʘ 

ɺʆɻ(ʄʊ)). ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʆɻ(ʍ) ʪʘ ʆɻ(ʄʊ) ʧʦʢʘʟʘʚ, ʱʦ ʆɻ(ʍ) ʫʪʚʦʨʝʥʠʡ ʘʛʣʦʤʝʨʘʮʽʻʶ 

ʧʘʢʝʪʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ 4-5 ʛʨʘʬʝʥʦʚʠʤʠ ʣʠʩʪʘʤʠ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ ʨʽʚʥʘ 

0,76 ʥʤ. ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʘʢʝʪʽʚ ʆɻ(ʍ) - ʙʣʠʟʴʢʦ 3,6 ʥʤ, ʘ ʪʦʚʱʠʥʘ - ʙʣʠʟʴʢʦ 

3,4 ʥʤ. ʆɻ(ʄʊ) ʩʬʦʨʤʦʚʘʥʠʡ ʙʽʣʴʰʠʤʠ ʧʘʢʝʪʘʤʠ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʪʘ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 6,6 ʪʘ 5,6 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʛʨʘʬʝʥʦʚʠʤʠ 

ʣʠʩʪʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʘʢʝʪ, ʨʽʚʥʘ 0,86 ʥʤ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʱʦ 

ɺʆɻ(ʍ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʢʝʪʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ 2ï3 ʣʠʩʪʘʤʠ ʛʨʘʬʝʥʫ. ʉʝʨʝʜʥʷ 

ʪʦʚʱʠʥʘ ʮʠʭ ʧʘʢʝʪʽʚ ʩʢʣʘʜʘʻ L=0,75 ʥʤ, ʘ ʜʽʘʤʝʪʨ ï D=2,5 ʥʤ. ɼʣʷ ɺʆɻ(MT) 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʦʚʱʠʥʠ L ʩʢʣʘʜʘʻ 1,06 ʥʤ, ʘ ʜʽʘʤʝʪʨʘ ï 7,50 ʥʤ, ʧʨʠ 

ʫʧʘʢʫʚʘʥʥʽ 3 ʣʠʩʪʽʚ ʛʨʘʬʝʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʪʝʨʽʘʣ ɺʆɻ(ʍ) ʫʪʚʦʨʝʥʠʡ ʘʛʣʦʤʝʨʘʪʘʤʠ ʧʣʘʩʪʠʥʦʢ ʟ 

ʤʽʞʰʘʨʦʚʦʶ ʚʽʜʩʪʘʥʥʶ ʙʣʠʟʴʢʦ 15-35 ʥʤ ʡ ʰʠʨʠʥʦʶ ʙʣʠʟʴʢʦ 5 ʥʤ. ɺʆɻ(ʄʊ) - 

ʚʠʧʘʜʢʦʚʦ ʘʛʨʝʛʘʪʦʚʘʥʽ ʧʘʢʝʪʠ ʛʨʘʬʝʥʫ ʟ ʰʠʨʠʥʦʶ 12 ʥʤ, ʟôʻʜʥʘʥʽ ʦʜʠʥ ʟ 

ʦʜʥʠʤ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʘʜʩʦʨʙʮʽʾ / ʜʝʩʦʨʙʮʽʾ, ʦʙʯʠʩʣʝʥʦ 

ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ - 1154 ʽ 856 ʤ2Öʛ-1 ʟʘ ʤʝʪʦʜʦʤ ɺɽʊ ʡ ʦʙôʻʤʠ 

ʤʝʟʦʧʦʨ 0,66 ʽ 0,29 ʩʤ3Öʛ-1. 
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ɹʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʧʠʩʘʥʦ 

ʤʝʭʘʥʽʟʤ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʪʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ. ɺʠʱʠʡ ʩʪʫʧʽʥʴ ʩʪʨʫʢʪʫʨʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ɺʆɻ(ʄʊ) ʩʧʨʠʷʻ ʤʽʛʨʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʛʨʘʬʽʪʦʚʽ ʬʨʘʛʤʝʥʪʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʤʝʟʦʧʦʨʠʩʪʫ ʩʽʪʢʫ ʽʟ 

ʥʠʞʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ. ʑʦʜʦ ɺʆɻ(ʍ), ʪʦ ʜʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʤʘʻ ʤʽʩʮʝ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʤʽʛʨʘʮʽʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʛʨʘʬʝʥʦʚʠʤʠ ʧʘʢʝʪʘʤʠ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ.  ʆʪʞʝ, 

ʦʪʨʠʤʘʥʽ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ɺʆɻ(ʍ) ʪʘ ɺʆɻ(MT) - 0,60-0,70 eɺ ʽ 

0,06-0,08 eɺ ʚʽʜʧʦʚʽʜʥʦ - ʨʝʟʫʣʴʪʘʪ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʟʨʘʟʢʽʚ. 

ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʪʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽʟ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʜʣʷ ʜʣʷ ʆɻ(ʍ) ʪʘ ʆɻ(MT) ʩʢʣʘʜʘʻ 0,06-0,07 ʽ 0,07-

0,10 ʝɺ ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʤʧʦʟʠʪʠ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʦʪʨʠʤʫʚʘʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʜʠʩʧʝʨʛʫʚʘʥʥʷʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ 

ʥʽʢʝʣʶ ʪʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ (ɺʆɻ(ʍ) ʪʘ 

ɺʆɻ(ʄʊ)). ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʆʂʈ ʫ ʛʽʜʨʦʢʩʠʜʽ ʥʽʢʝʣʶ ʩʪʘʥʦʚʠʪʴ 15 ʥʤ. 

ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ b-Ni(OH)2 / ɺʆɻ(ʍ) ʧʦʢʘʟʘʚ ʥʘʷʚ-

ʥʽʩʪʴ ʫ ʤʘʪʝʨʽʘʣʽ ʧʣʦʩʢʠʭ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʢʨʠʩ-

ʪʘʣʽʪʽʚ ʬʘʟʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʫ ʢʦʤʧʦʟʠʪʽ (ʜʦ 13 ʥʤ), ʟ ʯʦʛʦ ʟʨʦʙʣʝʥʦ ʧʨʠ-

ʧʫʱʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ  

b-Ni(OH)2 ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʚʘʜʞʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʛʨʘʬʝʥʫ ʫ ʧʨʦʩʪʽʨ ʤʽʞ 

ʰʘʨʘʤʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ. ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ  

b-Ni(OH)2 ʪʘ ɓ-Ni(OH)2 / ɺʆɻ(ʍ)  ʩʪʘʥʦʚʣʷʪʴ 20 ʽ 88 ʤ2/ʛ, ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ ʟʙʽʣʴʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʦʨʽʚʥʷʥʦ ʽʟ 

çʯʠʩʪʠʤè ʛʽʜʨʦʢʩʠʜʦʤ ʥʽʢʝʣʶ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʠʥʦʢ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʫ ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʫʤʦʚ ʩʠʥʪʝʟʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ.  
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ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʧʦʙʫʜʦʚʠ ʄʦʪʪʘ-ʐʦʪʪʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʽ ʜʣʷ  

b-Ni(OH)2, ʽ ʜʣʷ ʢʦʤʧʦʟʠʪʫ ɓ-Ni(OH)2 / ɺʆɻ(ʍ) ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʨʦʙʣʷʪʴ ʧʦʟʠʪʠʚʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʦʩʥʦʚʽ  

b-Ni(OH)2 ʪʘ ɓ-Ni(OH)2 / ɺʆɻ(ʍ) ʩʪʘʥʦʚʠʪʴ 1,38Ö1018 ʩʤ-3 ʪʘ 2,03Ö1018 ʩʤ-3 ʚʽʜʧʦ-

ʚʽʜʥʦ. 

ʉʬʦʨʤʦʚʘʥʽ ʝʣʝʢʪʨʦʜʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ɓ-Ni(OH)2 / ɺʆɻ(ʍ)  

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʠʪʦʤʦʶ ʻʤʥʽʩʪʶ 513 ʌÖʛ-1 ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʩʢʘʥʫʚʘʥʥʷ 0,5 ʤɺÖʩ-1 ʧʨʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʦʤʫ ʮʠʢʣʶʚʘʥʥʽ ʪʘ 494 ʌÖʛ-1 ʧʨʠ ʛʫʩʪʠʥʽ 

ʩʪʨʫʤʫ 0,08 ɸÖʛ-1 ʧʨʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ɓ-Ni(OH)2 / ɺʆɻ(ʍ) ʩʪʘʥʦʚʠʪʴ 17 ɺʪÖʛʦʜÖʢʛ-1 ʧʨʠ ʧʠʪʦʤʽʡ 

ʧʦʪʫʞʥʦʩʪʽ 20 ɺʪÖʢʛ-1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʟ  

ɓ-Ni(OH)2 / ɺʆɻ(ʍ) ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʰʘʨʫ ʪʘ ʧʩʝʚʜʦʻʤʥʦʩʪʽ ʽʟ ʚʢʣʘʜʦʤ  91 %. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʣʝʢʪʨʦʩʪʠʤʫʣʴʦʚʘ-

ʥʦʾ ʜʠʬʫʟʽʾ ʧʨʦʪʦʥʽʚ ʜʣʷ ɓ-Ni(OH)2 / ɺʆɻ(ʍ) ʩʪʘʥʦʚʠʪʴ 1,69Ö10-12 ʩʤ2Öʩ-1.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʛʨʘʬʝʥʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʽʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ ɓ-Ni(OH)2 / ɺʆɻ(ʄʊ) ʧʨʠ ʨʽʟʥʦʤʫ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʢʦʤʧʦʥʝʥʪ (2:1, 1:1 ʪʘ 1:2). 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ɓ-Ni(OH)2 / ɺʆɻ(ʄʊ)  ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʫ ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʤʽʩʪʫ ɺʆɻ(ʄʊ) ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʙʽʣʴʰʝʥʥʷ 

ʧʝʨʝʚʘʞʘʶʯʦʛʦ ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʘʮʽʾ ʢʨʠʩʪʘʣʽʪʽʚ b-Ni(OH)2 ʫ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝ 

ʟʛʘʜʘʥʦʤʫ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʩʠʥʪʝʟʽ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʜʠʩʧʝʨʛʫʚʘʥʥʷʤ. 

ʄʝʪʦʜʦʤ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʷʚʣʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʫʪʣʠʚʫ 

ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʜʣʷ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ b-Ni(OH)2 / ɺʆɻ(MT), ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʢʦʤʧʦʟʠʪʥʦʤʫ 
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ʤʘʪʝʨʽʘʣʽ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʽ ʻ 

ʜʦʤʽʥʘʥʪʥʠʤʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʧʨʠʯʦʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʯʘʩʪʦʪʠ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʧʣʠʚʫ ʚʫʛʣʝʮʝʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ. ʂʦʤʧʦʟʠʪ ʽʟ ʥʘʡʙʽʣʴʰʦʶ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ɺʆɻ(MT) -  

b-Ni(OH)2 / ɺʆɻ(ʄʊ) (1:2) ʚʠʷʚʣʷʻ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʣʝʞʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞ-

ʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʽʟ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ Ὁ=0,06 ʝɺ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʢʣʶʚʘʥʥʷ ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  

ɓ-Ni(OH)2 / ɺʆɻ(ʄʊ) ʧʨʠ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪ 2:1, 1:1, 1:2 ʧʦʢʘʟʘʚ, 

ʱʦ ʥʘʡʚʠʱʠʤ ʟʥʘʯʝʥʥʷʤ ʻʤʥʦʩʪʽ ʚʦʣʦʜʽʻ ʝʣʝʢʪʨʦʜ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʥʘʡʤʝʥʰʦʶ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʛʨʘʬʝʥʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ (145 ʌÖʛ-1 ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 0,5 ʤɺÖʩ-1). ʄʘʢʩʠʤʘʣʴʥʘ ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʜʣʷ 

ʢʦʤʧʦʟʠʪʽʚ b-Ni(OH)2 / ɺʆɻ(ʄʊ) ʩʢʣʘʜʘʻ 102 ʽ 89 ʌĿʛ-1 ʧʨʠ ʤʘʩʦʚʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪ 1:1 ʽ 1:2, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʢʦʤʧʦʥʝʥʪʠ ɺʆɻ(MT) ʥʝʛʘʪʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ, ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ, ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ, 

ʧʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʛʽʙʨʠʜʥʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ.  
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ABSTRACT 

 

Bandura Kh. V. The structure and electrochemical properties of nickel 

hydroxide / reduced graphene oxide composite materials. 

The dissertation for the Candidate degree in Physics and Mathematics. Specialty 

01.04.18 ï Physics and Chemistry of a surface. Vasyl Stefanyk Precarpathian 

National University, Ivano-Frankivsk, 2019. 

The electrochemical properties of nickel hydroxide / reduced graphene oxide 

composite materials have been investigated.  

Graphene oxide has been synthesized by Hummers (GO (H)) and Marcano-Tour 

(GO (MT)) methods with further chemical reduction using hydrazine (RGO (H) and 

RGO (MT)). The comparative analysis of investigation results showed that GO (H) is 

formed by agglomeration of packages, which are formed by 4-5 graphene sheets (the 

distance between sheets is 0.76 nm). The average diameter of GO (H) packages is about 

3.6 nm, and thickness of 3.4 nm. GO (ʄʊ) is formed by larger packages of average 

diameter and thickness of about 6.6 and 5.6 nm, respectively (the distance between 

graphene sheets in the package is about 0.86 nm). The obtained results showed that 

RGO(H) consists of packages that are formed by 2-3 graphene sheets. The average 

thickness of these packages is L=0.75 nm and diameter ï D=2.5 nm. RGO(MT) is 

formed by packages of thickness of about 1.06 nm and diameter ï 7.50 nm (one 

package contains 3 graphene sheets). Scanning electronic microscopy results showed 

that RGO(H) is formed by agglomerates with interlayer distance of about 15-35 nm 

and thickness of  5 nm. RGO(MT) is an aggregation of graphene packages of 

thickness of about 12 nm, that are merged together. Using BET method for nitrogen 

adsorption / desorption results the value of specific surface area have been obtained - 

1154 ʽ 856 m2Ög-1 and pore volume - 0,66 ʽ 0,29 ʩm3Ög-1 for RGO(H) and RGO(MT), 

respectively. 
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The electrical conductivity mechanisms for graphene oxide and reduced 

graphene oxide have been described. Higher structural homogeneity of RGO(MT) 

facilitates the migration of charge carriers in graphene fragments which form 

mesoporous greed with lower values of activation energy. Electrical conductivity in 

RGO(H) is caused by hopping migration of charge carriers between graphene 

packages that provides higher values of activation energies of charge transfer. Hence, 

the obtained different values of activation energy for RGO(H) and RGO(MT) ï 0.60-

0.70 eV and 0.06-0.08 eV, respectively are the results of morphological differences of 

the samples. The values of activation energy of protonic conductivity with hopping 

mechanism of charge transfer for GO(H) and GO(MT) are of about 0.06-0.07 and 

0.07-0.10 eV, respectively. 

Nickel hydroxide / reduced graphene oxide composite materials have been 

synthesized by ultrasound dispersion of hydrothermally synthesized nickel hydroxide 

and chemically reduced graphene oxide (RGO(H) and RGO(MT)). The average size 

of coherent scattering domains in nickel hydroxide is 15 nm. The analysis of the 

structure of b-Ni(OH)2 / RGO(H) composite material showed the presence of plane 

defects in this material and the decrease in average sizes of crystallites of nickel 

hydroxide phase in composite material (up to 13 nm). It is assumed that ultrasound 

dispersion causes the decrease in b-Ni(OH)2 particle sizes with possibility of insertion 

of graphene fragments into interlayer space of nickel hydroxide. Specific surface area 

values for b-Ni(OH)2 and ɓ-Ni(OH)2 / ɺʆɻ(ʍ) are of about 20 and 88 m2Țg-1, 

respectively. 

The obtained results of optical properties investigation revealed the increase in 

band gap energy for composite material, compared to the ñpureò nickel hydroxide. It 

is caused by the decrease in size of nickel hydroxide particles in composite material. 

This confirms the influence of synthesis conditions on composite material forming.  
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The obtained results from Mott-Shottky plots are the evidence of contribution of 

positive charge carriers to electrical conductivity for b-Ni(OH)2 and  

ɓ-Ni(OH)2 / RGO(H) composite material. The concentration of charge carriers for 

electrodes, based on b-Ni(OH)2  and ɓ-Ni(OH)2 / RGO(H) is of about 1.38Ö1018 cm-3 

and 2.03Ö1018 cm-3, respectively. 

The electrodes based on ɓ-Ni(OH)2 / RGO(H) are characterized by the maximal 

specific capacitance value of about 513 FÖg-1 at a scan rate of 0.5 mVÖs-1 for 

potentiodynamic cycling and 494 FÖg-1 at a current density of 0.08 ɸÖg-1 at galvanostatic 

testing. The maximal value of energy density for ɓ-Ni(OH)2 / RGO(H) composite material 

is of about  17 WÖhÖkg-1 at power density of about 20 WȚkg-1. It is confirmed experiment-

tally that for electrodes based on ɓ-Ni(OH)2 / RGO(H) composite material the specific 

capacitance consists of electrical double layer capacitance and pseudocapacitance with 

contribution of 91 %. The value of electrostimulated diffusion coefficient of protons for  

ɓ-Ni(OH)2 / RGO(H) composite material is of about 1.69Ö10-12 cm2Ös-1. 

The synthesis of ɓ-Ni(OH)2 / RGO(ʄʊ) composite materials with different 

components mass ratio (2:1, 1:1 ʪʘ 1:2) have been made to investigate the influence of 

graphene component on their structural, morphological, electrical and electrochemical 

properties. The investigation of the structure of ɓ-Ni(OH)2 / RGO(ʄʊ) showed that 

increasing of RGO(MT) in composite material causes the increase in predominant 

orientation degree of b-Ni(OH)2 crystallites in the direction that is perpendicular to 

crystallographic plane ʩ. It is in good agreement with the above mentioned process of 

composite material forming during ultrasound dispersion synthesis. 

Using impedance spectroscopy method the temperature sensitive dependence of 

an electrical conductivity on frequency for b-Ni(OH)2 / RGO(MT) composite 

materials has been revealed. It is caused by the presence in composite material of two 

components with different electrical conductivity mechanisms which are predominant 

at different temperature and frequency values. The increase in temperature and 
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frequency results in increasing of graphene component influence. The composite 

material with the highest mass fraction of RGO(MT) reveals the frequent independent 

temperature dependency of an electrical conductivity with the activation energy value 

of about Ὁ=0.06 eV. 

Analysing the potentiodynamic cycling data for ɓ-Ni(OH)2 / RGO(ʄʊ) composite 

materials at components mass ratio of about 2:1, 1:1, 1:2 it has been obtained that the 

highest value of specific capacitance is reached for the electrode based on composite 

material with the lowest mass fraction of graphene component (145 FÖg-1 at a scan rate of 

about 0.5 mVÖs-1). The maximal values of specific capacitance for b-Ni(OH)2 / RGO(ʄʊ) 

composite materials are 102 and 89 FĿg-1 at mass ratio of components 1:1 ʽ 1:2, 

respectively. It can be concluded that the increase in mass fraction of RGO(MT) in 

composite material nickel hydroxide / reduced graphene oxide has the negative 

influence on electrochemical properties of the composite materials. 

 

Keywords: reduced graphene oxide, nickel hydroxide, specific capacitance, 

specific surface area, hybrid electrochemical capacitor.  
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ ɯ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ʆɻ ï ʦʢʩʠʜ ʛʨʘʬʝʥʫ; 

ɺʆɻ ï ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ; 

ʇɽʐ ï ʧʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʰʘʨ; 

ɽɯʉ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʽʤʧʝʜʘʥʩʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 

ʎɺɸ ï ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ; 

ɽʂ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ; 

ʉɽʄ ïʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

BET ï ʤʝʪʦʜ ɹʨʫʥʘʫʝʨʘ-ɽʤʤʝʪʘ-ʊʝʣʣʝʨʘ; 

DFT ï ʪʝʦʨʽʷ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ; 

BJH ï ʤʝʪʦʜ ɹʘʨʨʝʪʘ-ɼʞʦʡʥʝʨʘ-ɻʘʣʝʥʜʠ.  
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʽʢʠ ʧʨʠʟʚʽʚ ʜʦ ʚʠʩʦʢʦʛʦ 

ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʟʘʨʷʜʞʫʚʘʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. ʉʝʨʝʜ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʡʤʘʶʪʴ ʛʽʙʨʠʜʥʽ ʩʫ-

ʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ, ʚ ʷʢʠʭ ʧʦʻʜʥʘʥʽ ʟʘʨʷʜ / ʨʦʟʨʷʜʥʽ ʧʨʦʮʝʩʠ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ (ʇɽʐ) ʥʘ ʦʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ ʪʘ ʧʝʨʝʙʽʛ ʬʘʨʘʜʝʾʚʩʴʢʠʭ ʨʝʘʢʮʽʡ 

ʥʘ ʽʥʰʦʤʫ. ɽʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ.  

ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʧʩʝʚʜʦʻʤʥʽʩʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʢʩʠʜʠ ʪʘ ʛʽʜʨʦʢʩʠʜʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ 

ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʙʽʛʫ ʰʚʠʜʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʠʭ ʻʤʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ b-Ni(OH)2, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʦʶ ʪʝʦʨʝʪʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ (1363 ʌÖʛ-1), ʰʘʨʫʚʘʪʦʶ 

ʚʽʜʢʨʠʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʥʠʟʴʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʚʘʨʪʽʩʪʶ. ɺʦʜʥʦʯʘʩ, ʥʠʟʴʢʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʤʘʣʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʢʣʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʫʩʧʽʰʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʬʘʨʘʜʝʾʚʩʴʢʦʛʦ 

ʝʣʝʢʪʨʦʜʘ. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʠʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʨʘʬʝʥ, ʡʦʛʦ ʦʢʩʠʜ ʪʘ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ. ɼʦʜʘʪʢʦʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʫʛʣʝʮʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʪʫ ʻ 

ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ ʪʘ ʚʠʩʦʢʘ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ. ɼʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ  

b-Ni(OH)2 / ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʘʨʘʣʝʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ 

ʤʝʭʘʥʽʟʤʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ï ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʇɽʐ ʥʘ 

ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʜ / ʝʣʝʢʪʨʦʣʽʪ, ʪʘ ʧʩʝʚʜʦʻʤʥʽʩʥʠʡ. ɺʘʞʣʠʚʦ, ʱʦ ʚ ʨʷʜʽ 

ʚʠʧʘʜʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʥʝʨʛʽʟʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʫ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ, ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ ʧʦʻʜʥʘʥʥʷʤʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʪʠʧ ʪʘ 

ʩʪʨʫʢʪʫʨʥʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʪʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ (ɺʆɻ), ʷʢʠʡ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʥʠʟʴʢʽʡ 

ʚʘʨʪʦʩʪʽ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʩʪʘʪʠ ʨʝʘʣʴʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʛʨʘʬʝʥʫ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʟʦʢʨʝʤʘ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ. ʇʦʰʫʢ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʻʤʥʽʩʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʣʦʱʠʥʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʟʠʪʫ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʨʽʰʝʥʥʶ ʘʩʧʝʢʪʽʚ ʷʢʦʛʦ ʧʨʠʩʚʷʯʝʥʝ ʮʝ 

ʜʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ ʥʘʜ 

ʜʠʩʝʨʪʘʮʽʻʶ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ɼɺʅɿ çʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽ-

ʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘè ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʨʦʻʢʪʫ ñɽʣʝʢʪʨʦʜʥʽ ʤʘ-

ʪʝʨʽʘʣʠ ʜʣʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʚʫʛʣʝʮʴ / ʩʫʣʴʬʽʜʠ ʯʠ 

ʦʢʩʠʜʠ ʤʝʪʘʣʽʚò (ˉ 0116U006805).  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ 

ʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʪʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʫʤʦʚʘʤʠ ʩʠʥʪʝʟʫ, ʩʪʨʫʢʪʫʨʥʠʤʠ, 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦ-

ʟʠʪʽʚ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʪʘ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ, ʦʪ-

ʨʠʤʘʥʦʛʦ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʛʨʘʬʝʥʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʫ ʢʦʤʧʦʟʠʪʽ 
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ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʥʘ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʽ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʻʤʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʩʠʩʪʝʤ ʚ ʣʫʞʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʤʧʦʟʠʪʫ ʛʽʜʨʦʢ-

ʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶ ʡʦʛʦ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʟʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʬʽʟʠʯ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʘʤʠ ʍʘʤʝʨʩʘ ʽ ʄʘʨʢʘʥʦ-ʊʦʫʨʘ 

ʪʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ; 

- ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ, ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢ-

ʩʠʜʫ ʛʨʘʬʝʥʫ, ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢ-

ʩʠʜ ʛʨʘʬʝʥʫ; 

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʩʠʥʪʝʟʫ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʫ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ʪʘ ʜʦʩʣ-̔

ʜʠʪʠ ʚʧʣʠʚ ʚʤʽʩʪʫ ʛʨʘʬʝʥʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʡʦʛʦ ʤʦʨʬʦʣʦʛʽʶ, ʝʣʝʢʪʨʠʯʥʽ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʚʠʚʯʠʪʠ ʢʽʥʝʪʠʢʫ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ ï ʣʫʞʥʠʡ ʝʣʝʢʪʨʦʣʽʪ; 

- ʩʬʦʨʤʫʚʘʪʠ ʛʽʙʨʠʜʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠ-

ʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʾʭ ʝʥʝʨʛʦʻʤʥʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʢʣʘʜʫ, ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʨʷʜ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʍ-ʧʨʦʤʝʥʝʚʠʡ ʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ, ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʘʜʩʦʨʙʮʽʡʥʘ ʧʦʨʦ-

ʤʝʪʨʽʷ, ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʝ ʮʠʢʣʶʚʘʥʥʷ, ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ, ʽʤʧʝʜʘʥʩʥʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



18 
 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

1. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʚʢʣʘʜʽʚ ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʪʘ ʬʘʨʘʜʝʾʚʩʴʢʦʾ ʻʤʥʦʩʪʽ ʫ ʟʘʛʘʣʴʥʫ ʧʠʪʦʤʫ ʻʤʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ.  

2. ɺʧʝʨʰʝ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʽʤʽʯʥʦ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʝʪʦʜʘʤʠ 

ʍʘʤʝʨʩʘ ʪʘ ʄʘʨʢʘʥʦ-ʊʦʫʨʘ. 

3. ʄʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

4. ɿôʷʩʦʚʘʥʦ ʚʧʣʠʚ ʚʤʽʩʪʫ ʛʨʘʬʝʥʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦ-

ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʟʠʪʫ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

5. ɿʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ 

ʪʘ ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʥʘ ʾʭ ʻʤʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʧʨʦʪʦʥʥʦʤʫ ʣʫʞ-

ʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ 

ʚʘʨʽʘʥʪʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ, 

ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠʩʪʨʦʾʚ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʧʩʝʚʜʦʻʤʥʽʩʥʦʛʦ ʪʠʧʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʝʥʝʨ-

ʛʦʻʤʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ-

ʥʦʚʣʝʥʦʛʦ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʢʠ ʧʦʣʷʛʘʻ ʚ ʧʣʘʥʫʚʘʥʥʽ ʤʝ-

ʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʙʦʨʽ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ 

[199, 202, 207, 210, 223, 224, 227, 230, 238, 246, 248, 253, 254]; ʦʪʨʠʤʘʥʥʽ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ ʤʝʪʦʜʘʤʠ ʍʘʤʝʨʩʘ ʪʘ ʄʘʨʢʘʥʦ-ʊʦʫʨʘ ʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ 

ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ [199, 202, 207, 210, 224, 227, 230, 238, 246, 248, 253, 254]; ʦʪʨʠʤʘʥ-

ʥʽ ʪʘ ʤʦʜʠʬʢ̔ʘʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʢʦʤʧʦʟʠʪʫ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ / ʚʽʜʥʦʚʣʝʥʠʡ 

ʦʢʩʠʜ ʛʨʘʬʝʥʫ [199, 230, 230, 246, 248, 253, 254]; ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜ-
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ʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [199, 202, 210, 224, 238, 246, 253]; ʜʦʩʣʽʜʞʝʥʥʽ ʦʧ-

ʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [199]; ʜʦʩʣʽʜʞʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʢʦʤʧʦʟʠʪʫ ʥʽʢʝʣʴ ʛʽʜʨʦʢʩʠʜ / ʚʽʜ-

ʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ [207, 210, 230, 246, 248, 254]; ʫʯʘʩʪʽ ʚ ʘʥʘʣʽʟʽ ʪʘ ʽʥʪʝʨ-

ʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [199, 202, 207, 210, 223, 224, 227, 230, 238, 246, 248, 

253, 254], ʦʬʦʨʤʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʡ [199, 202, 207, 210, 223, 224, 227, 230, 238, 246, 

248, 253, 254]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʧʨʦʬʽʣʴʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: XVI International 

Conference on Physics and Technology of Thin Films and Nanosystems (ICPTTFN-

XVI) (Ivano-Frankivsk, Ukraine, 2017); 3rd ISE Satellite Student Regional Symposium 

on Electrochemistry: Promising Materials and Processes in Applied Electrochemistry 

(Kyiv, Ukraine, 2018); 11-th International Conference: Electronic Processes in Organic 

and Inorganic Materials (Ivano-Frankivsk, Ukraine, 2018,); XIII Rzeszowska 

Konerencja Mğodych Fizyk·w (Rzeszow, Poland, 2018,); International research and 

practice conference: Nanotechnology and nanomaterials NANO-2018 (Kyiv, Ukraine, 

2018); 2018 IEEE 8th International Conference on Nanomaterials: Application & 

Properties NAP-2018 (Zatoka, Ukraine, 2018); ʍVII International Freik conference on 

physics and technology of thin films and nanosystems (Ivanʦ-Frankivsk, Ukraine, 2019); 

XIV Rzeszowska Konerencja Mğodych Fizyk·w (Rzesz·w, Poland, 2019). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʽ ʫ 13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 

ʟ ʥʠʭ 7 ʩʪʘʪʝʡ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ [199, 202, 207, 210, 223, 

224, 227], 5 ʟ ʷʢʠʭ ï ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ çScopusè [199, 202, 207, 210, 223], ʟʜʽʡʩʥʝʥʦ 6 

ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʽ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 255 ʥʘʡʤʝʥʫʚʘʥʴ. ʈʦʙʦʪʘ ʚʠʢ-

ʣʘʜʝʥʘ ʥʘ 175 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ ʪʘ ʤʽʩʪʠʪʴ 86 ʨʠʩʫʥʢʽʚ.  
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ʈʆɿɼɯʃ ɯ. ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʉʊʈʋʂʊʋʈʀ, 

ɺʃɸʉʊʀɺʆʉʊɽʁ ʊɸ ʄɽʊʆɼɯɺ ʆʊʈʀʄɸʅʅʗ ɻɯɼʈʆʂʉʀɼʋ ʅɯʂɽʃʖ, 

ɺɯɼʅʆɺʃɽʅʆɻʆ ʆʂʉʀɼʋ ɻʈɸʌɽʅʋ ʊɸ ʂʆʄʇʆɿʀʊɯɺ ʅɸ ɰʍ 

ʆʉʅʆɺɯ 

ɺʩʪʫʧ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ 

ʤʝʭʘʥʽʟʤʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ (ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʥʘ 

ʤʝʞʽ ʝʣʝʢʪʨʦʜ-ʝʣʝʢʪʨʦʣʽʪ ʪʘ ʧʝʨʝʙʽʛ ʦʙʦʨʦʪʥʠʭ ʯʠ ʢʚʘʟʽʦʙʦʨʦʪʥʠʭ 

ʬʘʨʘʜʝʾʚʩʴʢʠʭ ʨʝʘʢʮʽʡ), ʻ ʦʜʥʠʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ ʤʦʙʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ [1], ʪʦʤʫ ʪʨʠʚʘʻ 

ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʫʪʴʩʷ ʭʦʨʦʰʦʶ ʮʠʢʣʽʯʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ. ʆʜʥʠʤʠ ʽʟ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʘʥʠʭ ʮʽʣʝʡ (ʘ ʩʘʤʝ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʩʝʚʜʦʻʤʥʽʩʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʥʘʢʨʧʠʯʝʥʥʷ ʟʘʨʷʜʫ) ʻ ʦʢʩʠʜʠ ʪʘ ʛʽʜʨʦʢʩʠʜʠ 

ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʦʾ 

ʻʤʥʦʩʪʽ. ɺʠʩʦʢʽ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʻ, ʥʘʧʨʠʢʣʘʜ, 

ʦʢʩʠʜ ʨʫʪʝʥʽʶ, RuO2 (2000 ʌĿʛ-1 [2]), ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʠʤ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʧʦʰʫʢʫ ʜʝʰʝʚʰʠʭ ʚʘʨʽʘʥʪʽʚ. 

ɻʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʝʣʝʢʪʨʦʜʥʠʤ ʤʘʪʝʨʽʘ-

ʣʦʤ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʥʠʟʴʢʦʾ ʚʘʨʪʦʩʪʽ, ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ [3], ʧʨʦʪʝ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʜʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʡʦʛʦ ʫʩʧʽʰʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʨʦʣʽ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ, 

ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʤʝʭʘʥʽʟʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ï ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯ-
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ʥʦʛʦ ʰʘʨʫ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦ-

ʚʝʨʭʥʽ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʦʨʦʰʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʮʠʢʣʶʚʘʥʥʷ 

[4]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʽʜʤʽʥʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ [5,6,7], ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. ʉʘʤʝ ʧʦʻʜʥʘʥʥʷ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʽʟ ʦʢʩʠʜʘʤʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʛʽʜʨʦʢʩʠʜʦʤ 

ʥʽʢʝʣʶ, ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʪʘ, ʚʦʜʥʦʯʘʩ, ʧʦʢʨʘʱʠʪʠ 

ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ. 

1.1. ɻʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ: ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʝʪʦʜʠ 

ʦʪʨʠʤʘʥʥʷ. 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ 

ɻʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢ-

ʪʫʨʦʶ ʟ ʜʚʦʤʘ ʧʦʣʽʤʦʨʬʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ Ŭ-Ni(OH)2 ʪʘ ɓ-Ni(OH)2 [8,9].  

ɓ-Ni(OH)2 ï ʚʦʣʦʜʽʻ ʙʨʫʩʠʪʦʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʢʩʘʛʦ-

ʥʘʣʴʥʦʶ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ ʟ ʨʦʟʤʽʨʘʤʠ a = 0,3126 ʥʤ, c = 0,4605 ʥʤ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫ ʦʜʠʥʠʮʶ Ni(OH)2 (ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʧʦʨʷʜʢʦʚʘʥʦ 

ʫʧʘʢʦʚʘʥʠʭ ʰʘʨʽʚ Ni(OH)2 ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʤʽʞʧʣʦ-

ʱʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ). ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘʢʽ: ʥʽʢʝʣʴ 0, 0, 0, ʦʢʩʠʛʝʥ 1/3, 2/3, u ʪʘ 

2/3, 1/3, ό, ʜʝ u = 0,25 [10]. (ʈʠʩ.1.1.1.) 

ʅʘ ʨʠʩ.1.1.2. ʟʦʙʨʘʞʝʥʦ ʜʝʢʽʣʴʢʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ, ʱʦ ʧʨʦʻʢʪʫʶʪʴʩʷ 

ʚʥʠʟ ʧʦ ʦʩʽ ʩ. ɯʟ ʨʠʩʫʥʢʘ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʦʜʠʥ ʘʪʦʤ ʥʽʢʝʣʶ ʦʪʦʯʝʥʠʡ 

ʰʽʩʪʴʤʘ ʘʪʦʤʘʤʠ ʦʢʩʠʛʝʥʫ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʘʪʦʤʘ 

ʤʝʪʘʣʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʪʨʠ ʽʟ ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʜ ʧʣʦʱʠʥʦʶ ʥʽʢʝʣʶ, ʘ ʽʥʰʠʭ 

ʪʨʠ - ʧʽʜ ʥʝʶ. ɺʽʜʩʪʘʥʴ Ni-O ʩʪʘʥʦʚʠʪʴ 0,214 ʥʤ.  



22 
 

 

ʈʠʩ. 1.1.1. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ɓ-Ni(OH)2: 

ʧʨʦʻʢʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (ʘ), ʽ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ (u = 0,24 ʽ ɜ = 0,47 ʘʙʦ 

u = 0,2221 ʽ v = 0.4275 [11] (ʙ). ʉʝʨʝʜʥʽ 

ʩʬʝʨʠ ï Ni2+; ʚʝʣʠʢʽ ï O2-; ʤʘʣʝʥʴʢʽ ï ʅ+ [12] 

ʉʪʨʫʢʪʫʨʘ Ŭ-Ni(OH)2 ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʰʘʨʽʚ ɓ-Ni(OH)2, ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʘʨʘ-

ʣʝʣʴʥʦ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ ab ʪʘ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʚʦʜʠ ʫ 

ʤʽʞhʘʨʦʚʽʡ ʚʽʜʩʪʘʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʨʷʜʦʚʫ ʥʝʡʪʨʘʣʴʥʽʩʪʴ. ʉʪʨʫʢʪʫʨʘ  

Ŭ-Ni(OH)2 ̒  ʙʽʣʴʰ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʦʶ, ʥʽʞ ɓ-Ni(OH)2, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʣʦʱʠʥʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʭʘʦʪʠʯʥʦ. ɿʥʘʯʝʥʥʷ ʽʥʪʝʨʣʘʤʝʣʷʨʥʦʾ ʚʽʜʩʪʘʥʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

0,7 ʥʤ. 

 

ʈʠʩ. 1.1.3. ʉʪʨʫʢʪʫʨʘ Ŭ-Ni(OH)2ĿxH2O: ʧʨʦʻʢʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (ʘ), ʽ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʦʤʽʨʢʘ (ʙ), ʭ = 0,67 (ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ, 0,41 Ò x Ò 0,7). 

ʄʘʣʽ ʩʬʝʨʠ ï Ni2+; ʚʝʣʠʢʽï OH-, ʩʝʨʝʜʥʽï H2O [14]. 

 

 

ʈʠʩ. 1.1.2. ʉʪʨʫʢʪʫʨʘ ʥʽʢʝʣʴ (ɯɯ) 

ʛʽʜʨʦʢʩʠʜʫ: ʧʨʦʻʢʮʽʷ ʚʟʜʦʚʞ ʦʩʽ 

ʩ. ɺʝʣʠʢʽ ʢʨʫʛʠ ï ʘʪʦʤʠ ʦʢʩʠ-

ʛʝʥʫ, ʤʘʣʽ ï ʥʽʢʝʣʶ [13]. 
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ʈʠʩ.1.1.5. ʈʝʣʘʢʩʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʤʦʥʦʰʘʨʫ Ni(OH)2 

(a), ʜʠʩʧʝʨʩʽʾ ʬʦʥʦʥʽʚ ʧʨʦʭʦʜʷʪʴ ʧʦ 

ʥʘʧʨʷʤʢʘʭ ʚʠʩʦʢʦʾ ʩʠʤʝʪʨʽʾ ʚ ʟʦʥʽ 

ɹʨʽʣʣʶʻʥʘ ʤʦʥʦʰʘʨʫ Ni(OH)2 (ʙ). 

ɺʝʣʠʢʽ, ʩʝʨʝʜʥʽ ʪʘ ʤʘʣʽ ʢʫʣʽ - ʘʪʦʤʠ 

Ni, O ʪʘ H [17]. 

ʂʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʪʫʨʫ Ŭ-Ni(OH)2 ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ 

[Ni(OH)2ĿxH2O] ʟ x=0,5ï0,7 [14, 15] 

(ʨʠʩ.1.1.3). ʅʘ ʨʠʩ.1.1.4. ʟʦʙʨʘʞʝʥʦ 

ʩʪʨʫʢʪʫʨʫ ʛʽʜʨʘʪʦʚʘʥʦʾ ʬʦʨʤʠ ʛʽʜʨʦʢʩʠʜʫ 

ʥʽʢʝʣʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ɹʦʜʝ [16]. ʄʦʣʝ-

ʢʫʣʠ ʚʦʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ ʽ ʧʽʜ ʜʝʷʢʠʤʠ 

ʘʪʦʤʘʤʠ ʥʽʢʝʣʶ ʚʟʜʦʚʞ ʪʨʠʛʦʥʘʣʴʥʦʾ ʦʩʽ. 

ʆʢʨʝʤʽ ʝʣʝʤʝʥʪʘʨʥʽ ʢʦʤʽʨʢʠ, ʷʢʽ 

ʟʦʙʨʘʞʝʥʦ ʰʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ, ʚʠʜʽʣʝʥʦ 

ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 3Ni(OH)2Ŀ2H2ʆ ʷʢ 

ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʬʦʨʤʫʣʴʥʦʾ ʦʜʠʥʠʮʽ.  

 

ʋ ʤʦʥʦʰʘʨ ̔ʩʪʨʫʢʪʫʨʠ Ni(OH)2 ʘʪʦʤ 

Ni ʦʪʦʯʝʥʠʡ ʰʽʩʪʴʤʘ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ 

O, ʘ ʘʪʦʤʠ H ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ ʘʪʦʤʘʤʠ O. 

ʉʪʘʣʘ ʛʨʘʪʢʠ ʤʦʥʦʰʘʨʫ Ni(OH)2 

ʩʪʘʥʦʚʠʪʴ 0,3136 ʥʤ, ʜʦʚʞʠʥʘ ʟʚôʷʟʢʽʚ Ni-

O ʪʘ O-H ʩʪʘʥʦʚʠʪʴ 0,2097 ʥʤ ʪʘ 

0,0971 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ [17]. ʆʟʥʘʢʦʶ ʚʠʩʦ-

ʢʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʰʘ-

ʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ Ni(OH)2 ʻ ʪʝ, ʱʦ ʯʘʩʪʦʪʠ 

ʚʩʽʭ ʬʦʥʦʥʥʠʭ ʨʝʞʠʤʽʚ ʫ ʟʦʥʽ ɹʨʽʣʣʶʻʥʘ ʻ 

ʧʦʟʠʪʠʚʥʠʤʠ (ʨʠʩ.1.1.5.) 

  

 

ʈʠʩ.1.1.4. ʉʪʨʫʢʪʫʨʘ ʛʽʜʨʘʪʦʚʘʥʦʾ 

ʬʦʨʤʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ (ɯɯ), 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɹʦʜʝ: ʧʨʦʻʢʮʽʷ 

ʚʟʜʦʚʞ ʦʩʽ ʩ[16]. 
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ɺʠʱʽ ʦʢʩʠʜʠ ʥʽʢʝʣʶ 

ɻʽʜʨʘʪʦʚʘʥʽ ʩʧʦʣʫʢʠ ʥʽʢʝʣʶ, ʦʢʩʠʛʝʥʫ ʽ ʛʽʜʨʦʛʝʥʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʾʭ 

ʦʪʨʠʤʘʥʥʷ, ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʠ ʥʘʜʣʠʰʢʫ ʦʢʩʠʛʝʥʫ, ʚʠʱʦʤʫ, ʥʽʞ 

ʧʦʪʨʽʙʥʦ ʟʘ ʬʦʨʤʫʣʦʶ NiO.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʦʢʩʠʥʝʥʥʷ ʥʽʢʝʣʶ, ʫ ʧʨʦʩʪʦʨʽ ʤʽʞ ʰʘʨʘʤʠ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʘʪʽʦʥʽʚ ʣʫʛʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʻ 

ʤʽʩʮʝ ʟʤʽʥʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʛʜ̔ʨʦʢʩʠʜʫ ʥʽʢʝʣʶ (ɯɯɯ). ʊʘʢʠʤ ʯʠʥʦʤ 

ʬʦʨʤʫʻʪʴʩʷ ʬʘʟʘ ɔ-NiOOH (ʨʠʩ.1.1.6). ɺʠʤʽʨʶʚʘʥʥʷʤʠ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʪʘʢʠʭ ʩʧʦʣʫʢʘʭ ʥʽʢʝʣʴ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʚʘʣʝʥʪʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ 2 [18]. ɹʨʫʩʠʪʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ɓ-Ni(OH)2 ʧʨʠ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʦʢʠʩʥʝʥʥʽ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʚ ʩʪʘʥ +3 ʙʝʟ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ [19].  

 

ʈʠʩ.1.1.6.ʇʝʨʝʭʽʜ ɓ-Ni(OH)2 ʫ ɓ-NiOOH [19]. 

ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʟʘʟʥʘʶʪʴ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ 

ʚʽʜ a = 0,3126 ʥʤ, c = 0,4605 ʥʤ ʜʣʷ ɓ-Ni(OH)2 ʜʦ a = 0,283 ʥʤ, c = 0,485 ʥʤ ʜʣʷ  

ɓ-NiOOH. ʉʪʫʧʽʥʴ ʩʪʽʡʢʦʩʪʽ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʥʝʥʥʷ 

[20]. 

ɻʨʘʪʢʘ ɔ-NiOOH ʻ ʨʦʤʙʦʝʜʨʠʯʥʦʶ, ʥʘ ʨʠʩ.1.1.7. ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʫ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʧʦʪʨʽʡʥʫ ʢʦʤʽʨʢʫ, ʚʠʩʦʪʘ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʜʦʚʛʽʡ ʜʽʘʛʦʥʘʣʽ 

ʨʦʤʙʦʝʜʨʠʯʥʦʾ ʢʦʤʽʨʢʠ. ɸʪʦʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʚ ʧʨʦʻʢʮʽʾ ʥʘ ʚʽʩʴ ʘ. 
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ʈʠʩ.1.1.7. ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʘʪʦʤʽʚ ʚ ʫʧʦʨʷʜʢʦʚʘʥʠʭ 

ʰʘʨʘʭ ɔ-NiOOH: ʧʨʦʻʢʮʽʷ 

ʚʟʜʦʚʞ ʦʩʽ ʘ.[21] 

 

ʈʦʟʤʽʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘ 

ɻʣʝʤʩʝʨʦʤ ʽ ɸʡʥʝʨʛʘʥʜʦʤ [21] ʜʣʷ ɔ-ʥʽʢʝʣʴ 

ʦʢʩʠʛʽʜʨʦʢʩʠʜʫ ʩʪʘʥʦʚʣʷʪʴ a = 0,282 ʥʤ, 

c = 0,2065 ʥʤ.  

ʇʨʦʩʪʽʨ ʤʽʞ ʰʘʨʘʤʠ ʘʪʦʤʽʚ ʥʽʢʝʣʶ, ʱʦ 

ʟʙʝʨʽʛʘʶʪʴ ʦʢʪʘʝʜʨʠʯʥʝ ʦʪʦʯʝʥʥʷ ʘʪʦʤʘʤʠ 

ʢʠʩʥʶ, ʟʘʡʥʷʪʠʡ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, 

ʱʦ ʨʦʙʠʪʴ ʥʝʟʥʘʯʥʠʡ ʘʙʦ ʞʦʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

çʚʽʜʙʠʚʘʥʥʷè ɹʨʝʛʘ, ʘ ʪʽʣʴʢʠ ʫ ʟʘʛʘʣʴʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʝʡ ʧʨʦʤʽʞʥʠʡ 

ʤʘʪʝʨʽʘʣ ʚʦʣʦʜʽʻ ʪʘʢʠʤ ʞʝ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʷʢ 

ʽ ʟʚʠʯʘʡʥʠʡ (ʚʧʦʨʷʜʢʦʚʘʥʽ ʰʘʨʠ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ.1.1.7.). ʆʜʥʘʢ, ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʠʩʦʪʘ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʰʘʨʽʚ ʻ ʱʦʥʘʡʤʝʥʰʝ ʪʘʢʦʶ ʞ, 

ʷʢ ʫ ɓ-Ni(OH)2, ʪʦ ʧʨʦʩʪʽʨ, ʜʦʩʪʫʧʥʠʡ ʜʣʷ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ (21-3Ĭ4,6) = 0,72 ʥʤ, ʘʙʦ 

0,24 ʥʤ ʥʘ ʰʘʨ.  

 

ʈʠʩ.1.1.8. ʊʠʧʦʚʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʧʣʽʚʦʢ Ni(OH)2 ʥʘ ʥʽʢʝʣʝʚʽʡ ʧʽʜʢʣʘʜʮʽ [22]. 
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ʎʝ ʟʥʘʯʝʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʰʘʨʫ ʩʢʣʘʜʫ NiO(OH), ʘʣʝ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ ʽʦʥʘʤʠ OH- ʘʙʦ H2O. [13] 

ʅʘ ʨʠʩ.1.1.8. ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʠʧʦʚʫ ʜʠʬʨʘʢʪʦʛʨʘʤʫ ʜʣʷ ʧʣʽʚʦʢ Ŭ-Ni(OH)2 ʪʘ 

ɓ-Ni(OH)2. ɓ-Ni(OH)2 ʟ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʜʝʬʝʢʪʽʚ ʫʧʘʢʦʚʢʠ ʚʠʷʚʣʷʻ ʩʝʣʝʢ-

ʪʠʚʥʝ ʣʽʥʽʡʥʝ ʫʰʠʨʝʥʥʷ ʧʽʢʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʶ ʚʽʩʩʶ ʩ. ʍ-ʧʨʦ-

ʤʝʥʝʚʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ Ŭ-Ni(OH)2 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, 

ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ [22]. 

ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ɓ-Ni(OH)2 ʽ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʰʘʨʘʤʠ. 

ɸʚʪʦʨʠ [23] ʦʧʠʩʘʣʠ ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ɓ-Ni(OH)2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʟʦʥʥʠʡ ʧʽʜʭʽʜ ʪʘ ʪʝʦʨʽʶ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʽ ʙʘʟʫʶʯʠʩʴ ʥʘ ʪʚʝʨʜʞʝʥʥʽ, ʱʦ 

ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫ ʬʝʨʦʤʘʛʥʽʪʥʦʤʫ (ʌʄ) ʪʘ ʜʚʦʭ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʠʭ  

(ɸʌʄ) ʩʪʘʥʘʭ ï ɸ-ʪʠʧʫ (ɸɸʌʄ) ʽ ʉ-ʪʠʧʫ (ʉɸʌʄ). ʉɸʌʄ ʚʽʜʧʦʚʽʜʘʻ ʌʄ ʘʩ 

ʰʘʨʘʤ, ʷʢʽ ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʦ ʩʧʘʨʝʥʽ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ b, ʚ ʪʦʡ ʯʘʩ ʷʢ ɸɸʌʄ 

ʩʪʘʥ ʚʽʜʧʦʚʽʜʘʻ ʌʄ ʘb ʰʘʨʘʤ ʟ ɸʌʄ ʩʧʘʨʝʥʥʷʤ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʩ. ɸʌʄ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ɓ - Ni(OH)2 ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 28 ʂ ʙʫʣʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʘ [24] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʠʬʨʘʢʮʽʾ ʥʝʡʪʨʦʥʽʚ.  

 

ʈʠʩ.1.1.9. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ (a) ʽ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ɓ-Ni(OH)2 ʟ ʌʄ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤ 

(ʙ). ʈʽʚʝʥʴ ʌʝʨʤʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʘʢʩʠʤʫʤʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʄɺɿ [23]. 

ʎʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʽʟ ʤʘʛʥʽʪʥʠʤʠ ʧʨʠʤʽʪʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ 

(ʧʨʠʤʽʪʠʚʥʽ ʢʦʤʽʨʢʠ 1Ĭ1Ĭ1 ʜʣʷ ʌʄ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ 1Ĭ1Ĭ2 ʧʦʚʪʦʨʶʚʘʥʽ 
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ʩʫʧʝʨʢʦʤʽʨʢʠ ʜʣʷ ɸɸʌʄ ʢʦʥʬʽʛʫʨʘʮʽʾ). ʈʝʣʘʢʩʘʮʽʡʥʽ ʩʪʘʣʽ ʛʨʘʪʦʢ ʜʣʷ ʌʄ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ï a = 0,3183 ʥʤ, c = 0,4616 ʥʤ, ʘ ʜʣʷ ɸɸʌʄ ï a = 0,3182 ʥʤ, 

c = 0,9225 ʥʤ.  

 

ʈʠʩ.1.1.10. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ (a) ʽ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ɓ - Ni(OH)2 ʟ ɸɸʌʄ ʚʧʦʨʷʜ-

ʢʫʚʘʥʥʷʤ (ʙ). ʋ (a), Ni1, O1 ʪʘ O2 ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʰʘʨʽ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ Ni2, O3, ʪʘ O4 ï ʚ ʽʥʰʦʤʫ ʰʘʨʽ ʫ 1Ĭ1Ĭ2 ʧʦʚʪʦʨʶʚʘʥʠʭ ʩʫʧʝʨʢʦʤʽʨʢʘʭ [23]. 

 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ [23] ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʌʄ ʦʙʯʠʩʣʝʥʴ 

ʨʦʟʱʝʧʣʶʚʘʣʘʩʴ ʥʘ ʚʝʨʭʥʽ ʽ ʥʠʞʥʽ ʨʽʚʥʽ. ɼʣʷ ɸɸʌʄ ʢʦʥʬʽʛʫʨʘʮʽʾ ʮʽ ʨʽʚʥʽ ʙʫʣʠ 

ʚʠʨʦʜʞʝʥʠʤʠ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʤʘʛʥʽʪʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʰʘʨʘʤʠ ɓ - Ni(OH)2 ʻ 

ʩʣʘʙʢʦʶ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʨʽʟʥʠʮʷ ʝʥʝʨʛʽʡ ʫ ʩʫʧʝʨʢʦʤʽʨʢʘʭ 2Ĭ2Ĭ2 ʜʣʷ ʌʄ ʽ 

ɸɸʌʄ ʚʧʦʨʷʜʢʫʚʘʥʴ. 

ʋ ʌʄ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʚʝʨʭʥʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʽʚʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʪʦʯʮʽ M, ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʽʥʽʤʫʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ï ʫ ʪʦʯʮʽ ɻ 

ʚ ʦʙʝʨʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʆʨʙʽʪʘʣʽ O-2px ʪʘ O-2py ʻ ʚʠʨʦʜʞʝʥʠʤʠ ʽ ʥʘʣʝʞʘʪʴ ʜʦ 

ʚʘʣʝʥʪʥʠʭ ʟʦʥ ʧʦʙʣʠʟʫ ʨʽʚʥʷ ʌʝʨʤʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʨʙʽʪʘʣʽ O-2pz ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘ ʥʠʞʯʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʥʽʞ ʦʨʙʽʪʘʣʽ O-2px ʪʘ O-2py (ʨʠʩ.1.1.9,ʘ). ʑʦʜʦ 

ʜʚʦʭ ʟʦʥ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʤʘʣʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ (ʨʠʩ.1.1.9,ʙ), ʚʦʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʽʜʨʽʚʥʽʚ 3d, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ Ni (ʨʠʩ.1.1.9,ʘ). ʎʽ 3d ʧʽʜʨʽʚʥʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽg ʦʨʙʽʪʘʣʽ ʘʪʦʤʘ Ni(II). ʆʙʯʠʩʣʝʥʝ 
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ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ 2,91 ʝɺ. ʇʩʝʚʜʦʧʦʪʝʥʮʽʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ Ni(OH)2 ʻ ʧʨʷʤʦʟʦʥʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʽ ʟʥʘʯʝʥʥʷʤ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

Eg = 2,90 eɺ.  

ʑʦʜʦ ɸɸʌʄ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʄɺɿ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʪʦʯʢʠ ɻ ʜʦ 

ʪʦʯʢʠ ɸ, ʷʢʘ ʻ ʤʘʡʞʝ ʚʠʨʦʜʞʝʥʦʶ ʫ ʪʦʯʮʽ ʄ. ʄɿʇ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʦʯʮʽ ʤʽʞ 

ʪʦʯʢʘʤʠ ɻ ʪʘ ʄ, ʘ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ 3.02 eɺ 

(ʨʠʩ.1.1.10). ʍʦʯʘ ʽʩʥʫʶʪʴ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʌʄ ʽ ɸɸʌʄ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤʠ, 

ʚ ʮʽʣʦʤʫ ʟʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʩʭʦʞʠʤʠ. ʗʢ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʰʘʨʘʤʠ ɓ-Ni(OH)2 ʻ ʩʣʘʙʢʦʶ, ʘ, ʦʪʞʝ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʘʢʪʠʚʥʦʩʪʽ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ, ʜʦʨʝʯʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʠʰʝ 

ʦʜʠʥ ʰʘʨ Ni(OH)2. 

ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʰʘʨʫ Ni(OH)2 

ʇʽʜʢʘʟʢʫ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʫ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʚ ʦʩʦʙʣʠʚʽʡ ʛʝʦʤʝʪʨʽʾ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫʚʘʪʦʛʦ ʛʽʜʨʦʢʩʠʜʫ, ʫ ʷʢʽʡ ʧʦʚʝʨʭʥʽ 

Ni(OH)2 ʧʽʜʜʘʶʪʴʩʷ ʝʬʝʢʪʠʚʥʦʤʫ ʚʧʣʠʚʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ 

ʧʦʚʝʨʭʥʽ Ni(OH)2, ʦʙʯʠʩʣʶʶʪʴ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʰʘʨʦʚʦʛʦ Ni(OH)2 

(ʜʚʦʚʠʤʽʨʥʠʡ ʣʠʩʪ) ʷʢ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʟ 

ʩʪʨʫʢʪʫʨʦʶ ʦʙ'ʻʤʥʦʛʦ ɓ-Ni(OH)2 ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʘʪʦʤʠ Ni 

ʬʝʨʦʤʘʛʥʝʪʠʯʥʦ ʩʧʦʣʫʯʝʥʽ ʚ ʤʦʥʦʰʘʨʽ Ni(OH)2 [17]. 

ɸʚʪʦʨʠ [23] ʟôʷʩʫʚʘʣʠ, ʱʦ ʄɺɿ ʪʘ ʄɿʇ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʪʦʯʮʽ ɻ, ʘ ʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʨʽʚʥʝ 1,98 ʝɺ (ʨʠʩ.1.1.11). ʆʩʢʽʣʴʢʠ ʮʷ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʻ ʚʫʞʯʦʶ, ʥʽʞ ʫ ʌʄ (ʨʠʩ. 1.1.9,ʙ) ʪʘ ɸɸʌʄ (ʨʠʩ. 1.1.10,ʙ) ʥʘ 

1 ʝɺ, ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʤʦʥʦʰʘʨʫ Ni(OH)2 ʤʦʞʝ ʙʫʪʠ ʚʠʱʦʶ, ʥʽʞ ʫ  

ɓ-Ni(OH)2. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ çh ʣʷʭʫè ũ-M-K-ũ ʻ ʩʭʦʞʦʶ ʜʦ 

ʌʄ (ʨʠʩ. 1.1.9,ʙ) ʪʘ ɸɸʌʄ (ʨʠʩ.1.1.10,ʙ). ɺ ʨʝʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ çh ʣʷʭè ũ-M-K-

ũ ʚʽʜʧʦʚʽʜʘʻ ʚʥʫʪʨʽʰʥʴʦʣʠʩʪʦʚʽʡ ʧʣʦʱʽ. ʎʷ ʧʦʜʽʙʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 
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ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʣʠʩʪʘʤʠ ʥʝ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʰʘʨʽʚ 

Ni(OH)2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʛʥʽʪʥʘ ʚʟʘʻʤʦʜʽʷ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ʰʘʨʘʤʠ ɓ-Ni(OH)2 ̒  ʩʣʘʙʢʠʤʠ. 

 

ʈʠʩ.1.1.11. ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ (a) ʽ ʟʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʰʘʨʫ Ni(OH)2 ʽʟ ʌʄ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷʤ (ʙ). ʃʦʢʘʣʽʟʦʚʘʥʽ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ 2p-ʦʨʙʽʪʘʣʝʡ ʦʢʩʠʛʝʥʫ ʫ (a) 

ʨʦʟʱʝʧʣʶʶʪʴʩʷ ʥʘ 2pz ʪʘ (2px + 2py) [23]. 

ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ 

ʅʘʥʦʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ, ʚ 

ʮʽʣʦʤʫ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʟʥʠʟʫ-ʚʛʦʨʫ (bottom-up) ʪʘ ʟʛʦʨʠ-ʚʥʠʟ (top-

down). 

 

ʈʠʩ.1.1.12. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʠʥʪʝʟʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʂʘʪʝʛʦʨʽʷ ʩʠʥʪʝʟʽʚ ʟʥʠʟʫ-ʚʛʦʨʫ - ʮʝ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ 

ʢʣʘʩʪʝʨʽʚ ʜʦ ʥʘʥʦʯʘʩʪʠʥʦʢ. ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʥʘʣʝʞʘʪʴ ʟʦʣʴ-ʛʝʣʴ, ʭʽʤʽʯʥʝ 

ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʧʽʨʦʣʽʟ ʪʘ ʙʽʦʩʠʥʪʝʟ. 
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ʂʘʪʝʛʦʨʽʷ ʩʠʥʪʝʟʽʚ ʟʛʦʨʠ-ʚʥʠʟ - ʮʝ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ. ɼʦ ʥʝʾ ʥʘʣʝʞʘʪʴ: ʤʝʭʘʥʽʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʥʘʥʦʣʽʪʦʛʨʘʬʽʷ, ʣʘʟʝʨʥʘ ʘʙʣʷʮʽʷ, ʨʦʟʧʠʣʝʥʥʷ ʪʘ 

ʪʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ. 

ʋʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʽ ʷʢ ʬʦʨʤʘ, ʨʦʟʤʽʨ, 

ʩʪʘʥ ʘʛʣʦʤʝʨʘʮʽʾ, ʨʦʟʧʦʜʽʣ ʧʦʨ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʽʥʰʽ, ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ (ʨʠʩ.1.1.13). 

ʨʦʟʤʽʨ
ʧʦʚʝʨʭʥʝʚʠʡ 

ʟʘʨʷʜ

ʧʦʚʝʨʭʥʝʚʘ
ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ

ʧʦʨʠʩʪʽʩʪʴ/

ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ
ʩʢʣʘʜ

ʩʪʘʥ ʘʛʣʦʤʝʨʘʮʽʾʢʦʥʮʝʥʪʨʘʮʽʷʬʦʨʤʘ

ʩʪʨʫʢʪʫʨʘ/

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ

ʨʦʟʧʦʜʽʣ ʟʘ 
ʨʦʟʤʽʨʘʤʠ

ʧʦʚʝʨʭʥʝʚʝ 

ʫʪʚʦʨʝʥʥʷ

 

ʈʠʩ.1.1.13. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ [25]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ: ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʥʠʭ ʟʨʘʟʢʽʚ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ [26], ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʚʠʤʽʨʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ BET (ɹʨʫʥʘʫʝʨʘ-ɽʤʤʝʪʘ-ʊʝʣʣʝʨʘ), ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʫ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [27], 

ʜʘʥʽ ʧʨʦ ʧʦʚʝʨʭʥʶ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

(ʉɽʄ ʪʘ ʊɽʄ) [28], ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʨʷʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʜʠʩʧʝʨʩʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚ ʨʦʟʯʠʥʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʦʤʝʪʨ [29], 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʍ-ʧʨʦʤʝʥʝʚʦʶ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʻʶ [30]. 
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ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ (ʨʠʩ.1.1.14) ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ: 

ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ [31], ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ [32], ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʠʡ [33], 

ʪʝʤʧʣʘʪʥʠʡ [34] ʩʠʥʪʝʟʠ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ [35], ʤʝʭʘʥʽʯʥʝ 

ʧʦʜʨʽʙʥʝʥʥʷ [36], ʩʦʥʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ [14], ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʻ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ ʪʘ ʤʝʪʦʜ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʫ. 

 

ʈʠʩ.1.1.14. ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ Ni(OH)2: ʦʩʘʜʞʝʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʽ ʥʽʢʝʣʶ 

(II), ʥʘʧʨʠʢʣʘʜ ʜʦʜʘʚʘʥʥʷ KOH(aq) ʜʦ NiCl2(aq) (ʘ); ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʥʘ 

ʧʨʦʚʽʜʥʫ ʧʽʜʢʣʘʜʢʫ (b); ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ (c); ʭʽʤʽʯʥʝ ʩʪʘʨʽʥʥʷ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ  

Ŭ-Ni(OH)2 ʫ ɓ-Ni(OH)2 (d); ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʤʝʪʦʜ (e); ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ Ŭ/ɓ-

Ni(OH)2 ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʽʢʝʣʽ ʪʘ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ ʷʢ ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ 

ʘʙʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʫʪʚʦʨʝʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, ʯʘʩʪʦ ʧʽʜʢʣʘʜʝʥʽ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʦʢʩʠʜʦʤ ʥʽʢʝʣʶ (f) [26]. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ ï ʮʝ ʩʠʥʪʝʟ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʭʽʤʽʯʥʠʤʠ 

ʨʝʘʢʮʽʷʤʠ ʨʝʯʦʚʠʥ ʫ ʨʦʟʯʠʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʘʛʝʨʤʝʪʠʟʦʚʘʥʽʡ ʧʦʩʫʜʠʥʽ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ, ʚʠʱʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ, ʤʘʻ ʥʠʟʢʫ 

ʧʝʨʝʚʘʛ: 
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ʈʠʩ.1.1.15. ɸʚʪʦʢʣʘʚ ʜʣʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ. 

 

1) ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʧʦʣʫʢʠ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʽʟ ʩʪʘʥʘʤʠ ʦʢʠʩʥʝʥʥʷ (ʩʧʦʣʫʢʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ), ʷʢʽ ʚʘʞʢʦ 

ʜʦʩʷʛʪʠ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʜʫʢʪ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʦʜʠʥ ʢʨʦʢ. ɺʽʥ ʻ ʜʫʞʝ ʯʠʩʪʠʤ, ʘ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʡʦʛʦ ʫʪʚʦʨʶʶʪʴ, ʻ ʙʣʠʟʴʢʠʤʠ [37]. 

2) ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʤʝʪʦʜ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ, ʪʘʢ 

ʟʚʘʥʠʭ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʘʟ. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (~90 ǓC) ʨʝʘʢʮʽʾ 

ʭʽʤʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʯʝʨʝʟ ʛʘʟʦʧʦʜʽʙʥʫ ʬʘʟʫ ʚʞʝ ʥʝ ʻ ʩʫʪʪʻʚʠʤʠ [38]. 

3) ɺ ʧʝʨʝʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʰʚʠʜʢʽʩʪʴ ʛʽʜʨʦʣʽʟʫ ʻ ʚʠʩʦʢʦʶ, ʘ ʟʘʨʦʜʢʦ-

ʫʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʻ ʰʚʠʜʢʠʤ, ʪʦʤʫ ʯʘʩʪʠʥʢʠ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʦʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʟʘʟʚʠʯʘʡ ʻ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʪʘ ʦʜʥʦʨʽʜʥʠʤʠ. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ ʟʜʽʡʩʥʶʶʪʴ ʚ ʘʚʪʦʢʣʘʚʘʭ 

ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ (ʨʠʩ.1.1.15.). ʊʠʧʦʚʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʩʠʥʪʝʟʫ Ni(OH)2 ʻ 90-300 oC. ʇʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʚʠʩʪʫʧʘʶʪʴ NiCl2Ŀ6H2O [39], 

Ni((NO)3)2Ŀ9H2O [40], Ni(CH3COO)2 4H2O [41] ʘʙʦ 

NiSO4Ŀ6H2O [42] ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ NaOH ʘʙʦ ʨʽʟʥʠʤʠ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘʤʠ. ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʧʨʦʤʠʚʘʶʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʱʦʙ ʚʠʜʘʣʠʪʠ 

ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʪʘ ʩʫʰʘʪʴ ʥʘ ʧʦʚʽʪʨʽ. ʄʝʪʦʜ ʻ 

ʜʦʚʦʣʽ ʧʨʦʩʪʠʤ ʽ ʥʝʜʦʨʦʛʠʤ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ 

ʯʘʩʪʠʥʢʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʟ ʨʽʟʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ, ʱʦ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ, 

ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ ʩʠʥʪʝʟʫ. ʂʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʡ ʪʨʠʚʘʣʽʩʪʴ ʩʠʥʪʝʟʫ, ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ, ʚʝʣʠʯʠʥʘ 

ʪʠʩʢʫ ʫ ʩʠʩʪʝʤʽ [43].  
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ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʝʥʦ ʫ [44], ʜʝ 

ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʩʠʥʪʝʟʦʚʘʥʦ ʧʦʻʜʥʘʥʥʷʤ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʤʝʪʦʜʫ 

ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʫ. 

 

ʈʠʩ.1.1.16. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ Ni(OH)2 ʨʽʟʥʦʾ 

ʤʦʨʬʦʣʦʛʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ [44]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ Ni(OH)2 ʧʦʢʘʟʘʣʠ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʨʬʦʣʦʛʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʠʰʠʢʫʚʘʥʠʭ ʥʘʥʦʧʣʘʩʪʠʥʦʢ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʥʦʩʪʨʽʯʦʢ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʦʩʘʜʞʝʥʥʷ 333 ʂ ʩʠʥʪʝʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʚ ʬʦʨʤʫ ʥʘʥʦʧʣʘʩʪʠʥʦʢ ʟ ʜʽʘʤʝʪʨʦʤ 

450 ʥʤ ʪʘ ʪʦʚʱʠʥʦʶ 40-50 ʥʤ. ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʩʧʨʠʯʠʥʠʣʦ 

ʟʤʽʥʫ ʪʝʤʧʫ ʝʪʘʧʽʚ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʦʥʢʽ 

ʥʘʥʦʧʣʘʩʪʠʥʢʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʩʢʣʘʜʝʥʽ ʥʘʥʦʧʣʘʩʪʠʥʢʠ (ʘʛʣʦʤʝʨʘʪʠ) (ʪʦʚʱʠʥʘ 

250-400 ʥʤ). ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʘ ʩʘʤʝ, ʾʾ ʟʙʽʣʴʰʝʥʥʷ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʥʘʧʨʷʤʢʫ ʨʦʩʪʫ ʪʘ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ɿʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʘʜʞʝʥʥʷ ʜʦ 373 ʂ ʩʧʨʠʯʠʥʷʻ ʬʦʨʤʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʥʘʥʦʨʝʤʝʥʽʚ (ʜʦʚʞʠʥʘ ï 1-1.5 ʤʢʤ, ʰʠʨʠʥʘ ï 100-200 ʥʤ) ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ. 

ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ - ʢʦʤʧʘʢʪʥʘ, ʧʣʦʩʢʘ ʽ ʛʣʘʜʢʘ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʫ ʝʪʘʧʫ ʥʫʢʣʝʘʮʽʾ, ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʧʦʤ ʨʦʩʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʠʥʪʝʟʫ 393 K ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʦʥʢʠʭ ʩʧʣʶʱʝʥʠʭ 
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ʥʘʥʦʩʪʨʽʯʦʢ ʜʦʚʞʠʥʦʶ 0,5ï1,5 ʤʢʤ ʽ ʰʠʨʠʥʦʶ 250ï500 ʥʤ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ, 

ʚʥʘʩʣʽʜʦʢ ʚʠʱʦʛʦ ʪʝʤʧʫ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽ ʧʦʚʽʣʴʥʦʛʦ ʪʝʤʧʫ ʨʦʩʪʫ, ʘ ʪʘʢʦʞ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʩʪʫ ʽ 

ʬʦʨʤʠ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʷʢ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.1.16. 

ʄʝʪʦʜ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʢʠ 

ʫ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ. ʈʽʩʪ ʧʣʽʚʢʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʽʦʥ-ʽʦʥʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ 

ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʘʜʩʦʨʙʮʽʻʶ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʯʠʥʫ ʥʘ ʧʽʜʢʣʘʜʮʽ. 

ʋʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟ ʨʦʟʯʠʥʫ ʧʝʨʝʜʙʘʯʘʻ ʜʚʘ ʝʪʘʧʠ, ʘ ʩʘʤʝ ï 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ, ʪʘ ʨʽʩʪ ʯʘʩʪʠʥʦʢ [45]. 

ʊʦʥʢʫ ʧʣʽʚʢʫ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʚʽʣʴʥʠʤ ʧʨʦʮʝʩʦʤ 

ʛʽʜʨʦʣʽʟʫ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ, ʷʢʠʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ: 

Ni(NO3)2 + 2NH4OH Ÿ Ni(OH)2 + 2NH4NO3 

ʊʦʚʱʠʥʘ ʦʪʨʠʤʘʥʦʾ ʧʣʽʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ, ʧʨʠʯʦʤʫ ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ [46], 

ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝʧʝʨʝʨʚʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʚ ʦʙôʻʤʽ ʨʦʟʯʠʥʫ [47]. 

 

ɺʧʣʠʚ ʤʦʨʬʦʣʦʛʽʾ ʯʘʩʪʠʥʦʢ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ ʫʤʦʚ ʩʠʥʪʝʟʫ ʤʘʪʝʨʽʘʣʫ 

ʥʘ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ 

ʈʦʟʤʽʨ, ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ ʪʘ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ, ʱʦ ʡʦʛʦ ʫʪʚʦʨʶʶʪʴ, ʦʩʢʽʣʴʢʠ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʷʚʫ ʢʚʘʥʪʦʚʦ-

ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ. 

ɿʤʝʥʰʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʽʚ ʧʦʨʷʜʢʫ ʤʽʢʨʦʤʝʪʨʽʚ ʜʦ ʥʘʥʦʤʝʪʨʽʚ ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ ʥʘ ʧʝʨʝʙʽʛ ʟʘʨʷʜ-

ʨʦʟʨʷʜʥʠʭ ʧʨʦʮʝʩʽʚ ï ʚʦʥʠ ʧʨʦʪʽʢʘʶʪʴ ʰʚʠʜʰʝ ʽ ʻ ʙʽʣʴʰ ʦʙʦʨʦʪʥʠʤʠ ʚ 

ʝʣʝʢʪʨʦʜʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʤʫ Ni(OH)2 [48]. ʂʦʝʬʽʮʽʻʥʪ 
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ʧʨʦʪʦʥʥʦʾ ʜʠʬʫʟʽʾ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ Ni(OH)2 ʻ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʠʤ, ʥʽʞ ʜʣʷ 

ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ [49], ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʣʷ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ Ni(OH)2 ʻ ʚʠʱʠʤʠ, ʥʽʞ ʜʣʷ ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ Ni(OH)2. 

ʇʦʨʽʚʥʶʶʯʠ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʧʦʨʦʰʢʦʤ 

Ni(OH)2 ʘʚʪʦʨʠ [50] ʚʠʷʚʠʣʠ, ʱʦ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʡ Ni(OH)2 ʽʟ ʤʝʥʰʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʢʨʠʩʪʘʣʽʪʽʚ ʚʦʣʦʜʽʻ ʥʠʞʯʠʤ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʢʣʘʜʫ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʚʠʷʚʫ ʢʨʘʱʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ɿʚôʷʟʦʢ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʢʣʘʜʫ ʪʘ ʨʦʟʤʽʨʘʤʠ ʢʨʠʩʪʘʣʽʪʽʚ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʘʚʪʦʨʘʤʠ ʫ [51]. ʂʨʘʱʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʽʢʨʦʨʦʟʤʽʨʥʠʤ, ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʘʨʷʜ-

ʨʦʟʨʷʜʥʽ ʪʝʩʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʘʚʪʦʨʘʤʠ [52]. 

ʋ ʨʦʙʦʪʽ [53] ʜʣʷ Ni(OH)2, ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʦʛʦ ʥʘ ʧʽʥʦʥʽʢʝʣʴ ʟ ʧʦʨʠʩʪʦʶ 3D 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ ʧʦʢʘʟʘʥʦ, ʷʢ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚʧʣʠʚʘʻ ʥʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ 

ʨʝʘʢʮʽʾ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ ʥʘ ʦʩʥʦʚʽ Ni(OH)2: ʧʦʨʽʚʥʷʥʦ ʟ ʦʙ'ʻʤʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ Ni(OH)2, ʜʣʷ ʷʢʠʭ ʨʝʜʦʢʩ-ʧʽʢʠ ʻ ʛʦʩʪʨʽʰʠʤʠ, ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

Ni(OH)2 ʧʽʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʠʬʫʟʽʡʥʠʤ ʭʚʦʩʪʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʤʽʥʫʚʘʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʤʫ ʤʝʭʘʥʽʟʤʽ. ʆʢʨʽʤ ʤʽʞʟʝʨʝʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʟʝʨʥʘ Ni(OH)2 ʟʙʽʣʴʰʫʶʪʴ 

ʟʤʽʱʝʥʥʷ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʛʦ 

ʨʦʟʜʽʣʝʥʥʷ ʟʘʨʷʜʫ [53]. 

ɻʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʤʘʛʥʽʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʘ ʥʘ ʡʦʛʦ 

ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʨʦʟʤʽʨ ʟʨʘʟʢʘ, ʬʦʨʤʘ, ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʪʦʱʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ ʢʚʽʪʢʦʧʦʜʽʙʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ 25 Áʉ ʫ ʧʨʠʢʣʘʜʝʥʦʤʫ ʧʦʣʽ 5000 ɸĿʤ-1 [54] 

ʜʝʤʦʥʩʪʨʫʻ ʢʦʝʨʮʠʪʠʚʥʫ ʩʠʣʫ (ʅʩ), ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ (ʄs) ʪʘ 

ʟʘʣʠʰʢʦʚʠʡ ʤʘʛʥʝʪʠʟʤ (Mr) ʙʣʠʟʴʢʦ 184,3 ɸĿʤ-1, 49,2 emuĿʛ-1 ʽ 13,4 emuĿʛ-1, 

ʚʽʜʧʦʚʽʜʥʦ. ʇʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʦʙôʻʤʥʦʛʦ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ (100 ɸĿʤ-1, 55 emuĿʛ-1, 2,7 emuĿʛ-1) ʘʚʪʦʨʠ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, 
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ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʩʧʨʠʯʠʥʝʥʝ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʠʥʦʢ ʜʦ 

ʥʘʥʦʨʦʟʤʽʨʽʚ [55], ʘ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʄs ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʧʦʩʠʣʝʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ, ʱʦ ʟʤʝʥʰʠʣʦ ʟʘʛʘʣʴʥʠʡ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ [56]. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʭʘʨʘʢʪʝʨʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʤʦʨʬʦʣʦʛʽʶ, ʘʣʝ ʨʝʘʢʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʝ ʪʘʢʦʞ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʽʥʝʪʠʢʫ ʾʭ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʽʩʪ [57], 

ʪʦʙʪʦ ʨʦʟʤʽʨʠ ʪʘ ʤʦʨʬʦʣʦʛʽʶ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ 

ʩʠʥʪʝʟʫ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʽʟʥʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽ. ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ 

[58] ʦʪʨʠʤʫʚʘʣʠ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʟʤʽʥʶʶʯʠ ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢ, ʩʠʥʪʝʟʫʶʯʠ ʤʘʪʝʨʽʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 100 ʦʉ, ʦʪʨʠʤʘʥʦ 

ʧʨʦʜʫʢʪ, ʱʦ ʩʢʣʘʜʘʚʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʨʽʯʢʦʧʦʜʽʙʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 ʦʉ ï ʧʣʘʩʪʠʥʯʘʩʪʦʧʦʜʽʙʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʨʠʯʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʪʝʨʽʘʣʫ, 

ʫʪʚʦʨʝʥʦʛʦ ʯʘʩʪʠʥʢʘʤʠ ʫ ʬʦʨʤʽ ʥʘʥʦʧʣʘʩʪʠʥʦʢ, ʦʪʨʠʤʘʣʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ, ʷʢʝ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ɓ-Ni(OH)2.  

ʋ ʨʦʙʦʪʽ [35] ʜʦʩʣʽʜʞʫʚʘʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, 

ʧʦʨʽʚʥʶʶʯʠ ʢʦʤʝʨʮʽʡʥʠʡ ʧʦʨʦʰʦʢ Ni(OH)2, ʫʪʚʦʨʝʥʠʡ ʩʬʝʨʠʯʥʠʤʠ ʯʘʩʪʠʥ-

ʢʘʤʠ ʪʘ ʧʦʨʦʰʦʢ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʦʛʦ 

ʧʦʜʨʽʙʥʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʉɽʄ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʭʽʜʥʠʡ ʧʦʨʦʰʦʢ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ, ʙʣʠʟʴʢʦ 

ʫʢʣʘʜʝʥʠʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʫ ʧʦʨʠʩʪʽʩʪʴ. ʂʨʠʩʪʘʣʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ Ni(OH)2 ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʢʫʣʴʦʚʠʤ ʤʣʠʥʦʤ ʩʢʣʘʜʘʣʘʩʴ ʽʟ ʟʝʨʥʠʩʪʠʭ 

ʢʨʠʩʪʘʣʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ. ɿʘ ʤʝʪʦʜʦʤ BET ʘʚʪʦʨʠ 

[35] ʦʙʯʠʩʣʠʣʠ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʜʦ ʽ ʧʽʩʣʷ 

ʦʙʨʦʙʢʠ ï 10 ʽ 21 ʤ2Țʛ-1. ʈʝʟʫʣʴʪʘʪʠ ʟʘʨʷʜ / ʨʦʟʨʷʜʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʨʘʱʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʚʠʷʚʣʷʻ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ, 

ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʧʦʨʠʩʪʽʩʪʴ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʝʣʝʢʪʨʦʜ. 



37 
 

ɸʚʪʦʨʠ [59] ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʧʨʠ ʩʠʥʪʝʟʽ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʾ ʯʘʩʪʠʥʦʢ 

ʧʦʢʘʟʘʚ, ʱʦ ʤʘʪʝʨʽʘʣ, ʩʠʥʪʝʟ ʷʢʦʛʦ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʜʠʩʧʝʨʛʫ-

ʚʘʥʥʷʤ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʚʽʪʢʦʧʦʜʽʙʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ (0,75ï1 ʤʢʤ) ʪʦʥʢʠʭ ʥʘʥʦ-

ʧʣʘʩʪʠʥʦʢ ʟ ʪʦʚʱʠʥʦʶ 50 ʥʤ. ʄʘʪʝʨʽʘʣ ʙʝʟ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʝʣʠʢʠʭ ʘʛʨʝʛʘʪʽʚ (6-8 ʤʢʤ), ʱʦ ʫʪʚʦʨʝʥʽ ʪʦʚʩʪʠʤʠ ʥʘʥʦʧʣʘʩʪʠʥʢʘʤʠ ʟ 

ʪʦʚʱʠʥʦʶ 50-100 ʥʤ.  

ʋ ʨʦʙʦʪʽ [60] ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʪʘ 

ʤʦʨʬʦʣʦʛʽʻʶ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. Ni(OH)2 ʩʠʥʪʝʟʫʚʘʣʠ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ 

ʪʨʴʦʤʘ ʨʽʟʥʠʤʠ ʚʘʨʽʘʮʽʷʤʠ: ʙʝʟ ʇɸʈ, ʟ PEG-400 ʪʘ ʟ Tween-80. ɸʥʘʣʽʟ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʚ, ʱʦ 

ʤʘʪʝʨʽʘʣ, ʦʪʨʠʤʘʥʠʡ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʇɸʈ ʚʦʣʦʜʽʻ ʩʣʘʙʢʦ ʘʛʣʦʤʝʨʦʚʘʥʦʶ 

ʧʣʘʩʪʠʥʯʘʩʪʦʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʨʦʟʤʽʨʘʤʠ 50-80 ʥʤ; ʜʦʜʘʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʩʠʥʪʝʟʫ PEG-400 ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʪʦʥʢʦʾ ʧʣʘʩʪʽʚʮʝʧʦʜʽʙʥʦʾ (ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʢʠ 20-60 ʥʤ) ʪʘ ʛʦʣʢʦʚʦʾ ʩʪʨʫʢʪʫʨ ʟ ʜʽʘʤʝʪʨʘʤʠ ʽ ʜʦʚʞʠʥʦʶ ʛʦʣʦʢ ï 10-

20 ʥʤ ʪʘ 100-200 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ; ʤʘʪʝʨʽʘʣ, ʦʪʨʠʤʘʥʠʡ ʩʠʪʝʟʦʤ ʟ ʜʦʜʘʚʘʥʥʷʤ 

Tween-80, ʫʪʚʦʨʝʥʠʡ ʥʘʥʦʛʦʣʢʘʤʠ ʟ ʜʦʚʞʠʥʦʶ 100Ñ20 ʥʤ ʪʘ ʩʝʨʝʜʥʽʤ 

ʜʽʘʤʝʪʨʦʤ 10 ʥʤ. ɸʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʨʽʟʥʠʮʷ ʫ ʤʦʨʬʦʣʦʛʽʷʭ ʟʨʘʟʢʽʚ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʤôʷʢʠʤ ʪʝʤʧʣʘʪʥʠʤ ʝʬʝʢʪʦʤ ʇɸʈ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʩʽʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʻ 

ʤʘʪʝʨʽʘʣ ʟ ʥʘʡʤʝʥʰʠʤʠ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ, ʟ ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʝ, ʱʦ ʪʠʧ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʇɸʈ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ [61,62].  

ʋ [63] ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʩʠʥʪʝʟʫʚʘʣʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʦʙʨʦʙʢʦʶ ʤʽʢʨʦʭʚʠʣʷʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ 

ʪʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽʚ: ʩʝʯʦʚʠʥʠ, ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʪʘ ʘʤʽʘʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʥʪʝʟʫ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʟ NiCl2 ʪʘ ʩʝʯʦʚʠʥʠ ʦʪʨʠʤʘʥʦ 



38 
 

ʢʚʽʪʢʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ Ŭ-Ni(OH)2 ʽ ʥʝ ʚʠʷʚʣʝʥʦ ʬʘʟʠ ɓ-Ni(OH)2, ʧʨʦʪʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ, ʷʢ ʧʨʝʢʫʨʩʦʨʘ, ʧʦʢʘʟʫʻ ʚʠʱʠʡ ʩʪʫʧʽʥʴ 

ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ Ŭ-Ni(OH)2 ʪʘ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ, ʘʣʝ ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʻʶ ʞ, ʪʦʙʪʦ ʧʨʠ ʜʘʥʦʤʫ ʪʠʧʽ ʩʠʥʪʝʟʫ ʚʠʙʽʨ ʧʨʝʢʫʨʩʦʨʘ ʥʝʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ Ŭ-ʬʘʟʠ ʥʽʢʝʣʴ ʛʽʜʨʦʢʩʠʜʫ. ʑʦʜʦ ʚʧʣʠʚʫ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʦʢʩʠʜʫ 

ʥʽʢʝʣʶ, ʪʦ ʧʨʠ ʩʠʥʪʝʟʽ ʽʟ NaOH ʪʘ NH3ĿH2O, ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʷʚʠʣʠ ɓ-Ni(OH)2 ʟ ʯʘʩʪʠʥʢʘʤʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʫ ʬʦʨʤʽ ʧʣʘʩʪʽʚʮʽʚ (ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ NaOH ʯʘʩʪʠʥʢʠ ʻ ʤʝʥʰʠʤʠ). ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ 

ʤʽʢʨʦʭʚʠʣʴʦʚʘ ʦʙʨʦʙʢʘ ʦʙʫʤʦʚʣʶʻ ʦʜʥʦʨʽʜʥʫ ʬʦʨʤʫ ʪʘ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ Ŭ-Ni(OH)2 [63]. 

ʋ [3] ʟôʷʩʦʚʘʥʦ ʚʧʣʠʚ ʚʽʜʧʘʣʫ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ (100ʦʉ, 150 ʦʉ ʽ 200 ʦʉ, ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʧʘʣʫ ï 1,5 ʛʦʜ) ʥʘ ʻʤʥʽʩʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ. 

ʅʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʜʣʷ ʧʣʽʚʢʠ, ʚʽʜʧʘʣʝʥʦʾ ʧʨʠ 

ʥʘʡʤʝʥʰʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʛʣʠʥʫʪʘ ʚʦʜʘ, ʽʥʰʽ ʦʨʛʘʥʽʯ-

ʥʽ ʨʦʟʯʠʥʥʠʢʠ ʪʘ ʟʘʣʠʰʢʠ ʇɸʈ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʧʦʨ ʫʩʝʨʝʜʠʥʽ ʧʣʽʚʢʠ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʽ ʯʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʣʦʱʘ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ 

ʨʦʟʯʠʥʦʤ KOH. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʠ-

ʪʦʤʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʚʪʨʘʪʦʶ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʣʦʱʠ-

ʥʠ ʤʽʞ ʰʘʨʘʤʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ [64]. ɸʚʪʦʨʠ ʧʨʠʧʫʩʪʠʣʠ, 

ʱʦ ʛʽʜʨʘʪʦʚʘʥʠʡ ʧʨʦʰʘʨʦʢ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦ-

ʣʽʪʫ ʪʘ ʽʦʥʽʚ OH- ʚ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ [65]. 

ʉʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʭ [66,67], ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ H2O2 [68], ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʢʘʪʘʣʽʟʫ 

ʦʢʠʩʥʝʥʥʷ ʉʆ [69]. 
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ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʝʣʝʢʪʨʦʜʽ ʟ Ni(OH)2 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʽʩʥʫʻ ʫ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ ʬʦʨʤʘʭ:  

Ŭ- ʪʘ ɓ-Ni(OH)2. ʎʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʠ ʟʘʨʷʜʽ (ʦʢʠʩʥʝʥʥʽ) ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ɔ- ʪʘ 

ɓ-NiOOH ʚʽʜʧʦʚʽʜʥʦ [70,71]. ɯ ʩʪʨʫʢʪʫʨʠ, ʽ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʛʽʜʨʘʪʫʶʪʴʩʷ. ʉʝʨʝʜ ʨʽʟʥʠʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ,  

ɓ-ʬʦʨʤʘ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʘʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ-

ʧʨʝʢʫʨʩʦʨ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ [72], ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʚʠʩʦʢʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʩʠʣʴʥʦʤʫ ʣʫʞʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ. ɻ̔ ʜʨʦʢʩʠʜ ʥʽʢʝʣʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙʦʨʦʪʥʽʩʪʶ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʜʦ ɓ-NiOOH, ʷʢʠʡ ʤʘʻ ʧʦʜʽʙʥʫ 

ʰʘʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʘʨʷʜʞʘʥʥʽ ɓ-NiOOH 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ɔïNiOOH, ʷʢʠʡ ʪʘʢʦʞ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟʘ ʫʤʦʚ 

ʧʝʨʝʟʘʨʷʜʢʠ ʘʙʦ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʢʪʨʦʣʽʪʫ [73]. ʇʝʨʝʪʚʦʨʝʥʥʷ  

ɓ-NiOOH ʚ ɔ-NiOOH ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʘʤʠ ʚ ʦʙ'ʻʤʽ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

çʨʦʟʙʫʭʘʥʥʷè ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʩʫʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʩʝʧʘʨʘʪʦʨʽ. ʆʪʞʝ, 

ʫʪʚʦʨʝʥʥʷ ɔ-NiOOH ʟʥʘʯʥʦ ʧʦʰʢʦʜʞʫʻ ʥʽʢʝʣʝʚʠʡ ʝʣʝʢʪʨʦʜ ʽ ʩʧʨʠʯʠʥʷʻ 

ʧʦʰʢʦʜʞʝʥʷ ʢʦʤʽʨʢʠ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʯʠʥʘ ʝʬʝʢʪʫ ʧʘʤ'ʷʪʽ ʚ ʣʫʞʥʠʭ ʚʪʦʨʠʥʥʠʭ 

ʙʘʪʘʨʝʷʭ ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ɔ -NiOOH [74].  

ɯʥʰʘ ʧʦʣʽʤʦʨʬʥʘ ʬʦʨʤʘ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, Ŭ-Ni(OH)2 ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦ-

ʨʝʥʘ ʫ ʬʘʟʫ ɔ-NiOOH ʦʙʦʨʦʪʥʦ ʙʝʟ ʤʝʭʘʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɺʽʜ Ŭ / ɔ ʧʘʨʠ ʦʯʽ-

ʢʫʻʪʴʩʷ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ, ʥʽʞ ʚʽʜ ʧʘʨʠ ɓ(ɯɯ) / ɓ(ɯɯɯ). ʎʝ ʧʦʷʩʥʶ-

ʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʧʽʜ ʯʘʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ Ŭ-ɔ ʚ ʘʪʦʤʽ ʥʽʢʝʣʶ ʤʦʞʥʘ 

ʟʘʤʽʩʪʠʪʠ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚʥʘʩʣʽʜʦʢ ʚʠʱʦʛʦ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ (Ó3,5) 

ʥʽʢʝʣʶ ʚ ɔ-NiOOH [75,76]. ʍʦʯʘ ʧʘʨʘ Ŭ / ɔ ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦ-

ʚʝʜʽʥʢʫ, ʥʽʞ ʧʘʨʘ ɓ(ɯɯ) / ɓ(ɯɯɯ), ʧʨʦʪʝ Ŭ-Ni(OH)2 ̒  ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʩʪʘʙʽʣʴʥʠʤ ʫ 

ʩʠʣʴʥʦʤʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʰʚʠʜʢʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ɓ-Ni(OH)2.  

ɸʚʪʦʨʘʤʠ [77] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʫ ʨʝʘʢʮʽʶ ʥʽʢʝʣʝʚʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʟʘʟʚʠʯʘʡ ʚʚʘʞʘʶʪʴ ʪʚʝʨʜʦʬʘʟʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ʊʘʢʦʞ ʤʦʞʥʘ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ Ni(OH)2 ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʠʩʪʝʤʘ ɓ(II) / ɓ(III) ʩʣʽʜʫʻ 
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ʦʜʥʦʬʘʟʥʦʤʫ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʤʫ ʤʝʭʘʥʽʟʤʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ [78]. ʎʝʡ ʤʝʭʘʥʽʟʤ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [76]: 

Ni(OH)2+ʆʅ
-źNiOOH+H2O+e- 

 

ʈʠʩ. 1.1.17. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʭʽʤʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʷʢʦʛʦ ʻ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ [79]. 

ʅʘ ʨʠʩ. 1.11.18 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʨʷʜ / ʨʦʟʨʷʜʥʫ ʢʨʠʚʫ ʜʣʷ ʧʣʽʚʢʠ ʟ 

ʪʦʚʱʠʥʦʶ 1,0 ʤʢʤ ʧʨʠ ʚʝʣʠʯʠʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 90,5 ʤʢɸ/ʩʤ2. ʇʨʠ ʟʥʘʯʝʥʥʽ 

ʥʘʧʨʫʛʠ 0,35 ɺ ʚʽʜʥʦʩʥʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ Ag / AgC1 ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ 

ʜʠʬʫʟʽʷ ʧʨʦʪʦʥʽʚ ʜʦ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʧʣʽʚʢʘ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ / ʝʣʝʢʪʨʦʣʽʪ, ʜʝ, 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʽʦʥʘʤʠ ʛʽʜʨʦʢʩʠʣʫ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʤʦʣʝʢʫʣʠ ʚʦʜʠ. ɿʘʨʷʜʞʘʥʥʷ 

ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʨʠʚʘʻ ʜʦʪʠ, ʧʦʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʪʦʥʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʩʪʘʥʝ ʨʽʚʥʦʶ ʥʫʣʶ. ʇʨʠ ʮʽʡ 

ʫʤʦʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ. ʈʦʟʨʷʜʥʝ ʧʣʘʪʦ ʚʽʜʧʦʚʽʜʘʻ 

ʦʢʠʩʥʝʥʥʶ ʝʣʝʢʪʨʦʣʽʪʫ, ʷʢʝ ʦʧʠʩʫʻʪʴʩʷ ʨʝʘʢʮʽʻʶ: 
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2 22 4 4O H O e OH- -+ + ª  (E0=0,204 ʚʽʜʥʦʩʥʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ 

Ag / AgCl) 

ɯʟ ʨʠʩ.1.11.18 ʯʘʩ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ t, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʨʦʩʪʘʻ ʜʦ 0,5 ɺ ʚʽʜʥʦʩʥʦ Ag / AgCl. ʇʨʠ ʨʦʟʨʷʜʞʘʥʥʽ, ʧʨʦ-

ʪʦʥʠ ʜʠʬʫʥʜʫʶʪʴ ʫ ʧʣʽʚʢʫ ʪʘ ʽʥʪʝʨʢʘʣʶʶʪʴ ʫ ʤʽʞʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ ʛʽʜʨʦʢʩʠʜʫ 

ʥʽʢʝʣʶ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʙʣʠʟʴʢʦ 0,3 ɺ ʚʽʜʥʦʩʥʦ Ag / AgCl. ʏʘʩ ʧʦʚʥʦʛʦ 

ʨʦʟʨʷʜʫ t, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʝʥʮʽʘʣʦʤ ʟʥʘʯʝʥʥʷ 0 ɺ ʚʽʜʥʦʩʥʦ 

Ag / AgC1 [81]. 

 

ʈʠʩ. 1.11.18. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ ʟʘʨʷʜ/ʨʦʟʨʷʜʫ ʫ 3 ʄ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 

KOH ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʣʷ ʧʣʽʚʢʠ ʛʽʜʨʦʢʩʠʜʫ ʥʽʢʝʣʶ, ʪʦʚʱʠʥʦʶ 1 ʤʢʤ 

ʧʨʠ ʟʥʘʯʝʥʥʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 90,5 ʤʢɸ/ʩʤ2 [80]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʽʜʨʦʢʩʠʜ ʥʽʢʝʣʶ ʜʝ-

ʤʦʥʩʪʨʫʻ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʫ [53] ʧʦʚʽʜʦʤʣʝʥʦ, ʱʦ 

3D-ʧʦʨʠʩʪʠʡ Ni(OH)2, ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʽʥʦʥʽʢʝʣʽ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʜʝ-

ʤʦʥʩʪʨʫʻ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ 3152 ʌĿʛ-1 (1576 ʂʣĿʛ-1 ʯʠ 437,8 ʤɸĿʛʦʜĿʛ-1) 

ʧʨʠ 4 ɸĿʛ-1, ʧʨʦʪʝ ʧʨʠ 16 ɸĿʛ-1 ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʨʽʟʢʦ ʟʤʝʥʰʠʣʦʩʴ ʜʦ 

280 ʌĿʛ-1, ʘ ʧʽʩʣʷ 300 ʮʠʢʣʽʚ ʩʪʘʥʦʚʠʣʦ 48% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ.  
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ʈʠʩ.1.2.1. ɸʪʦʤʠ ʢʘʨʙʦʥʫ, ʟʚôʷʟʘʥʽ ʫ 

ʩʪʽʣʴʥʠʢʦʚʦʧʦʜʽʙʥʫ ʛʨʘʪʢʫ [85]. 

ɼʦʚʞʠʥʘ ʟʚôʷʟʢʫ ʉ-ʉ ʫ ʩʪʨʫʢʪʫʨʽ 

ʛʨʘʬʝʥʫ ʩʪʘʥʦʚʠʪʴ 0,142 ʥʤ. 

 

ʈʠʩ.1.2.2. ɸʣʦʪʨʦʧʥʽ ʬʦʨʤʠ ʚʫʛʣʝʮʶ: 

(a) 2D-ʛʨʘʬʝʥ (b) 0D-ʬʫʣʝʨʝʥʠ, (c) 

1D-ʚʫʛʣʝʮʝʚʘ ʥʘʥʦʪʨʫʙʢʘ (d) 3D-

ʛʨʘʬʽʪ [86]. 

ɼʞʽ ʪʘ ʽʥ. [81] ʩʠʥʪʝʟʫʚʘʣʠ ʪʦʥʢʽ ʧʣʽʚʢʠ ʥʘʥʦʧʦʨʠʩʪʦʛʦ Ni(OH)2 ʥʘ ʧʦʚʝʨʭ-

ʥʽ ʫʣʴʪʨʘʪʦʥʢʦʾ ʛʨʘʬʽʪʦʚʦʾ ʧʽʥʠ, ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ ʷʢʦʾ ʜʦʩʷʛʘʣʘ ʟʥʘʯʝʥʴ 

(1,56Ñ0,06)Ŀ103 ʌĿʛ-1 (216,7 ʤɸĿʛʦʜĿʛ-1) ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 0,5 ɸĿʛ-1, ʘ ʧʽʩʣʷ 1000 

ʮʠʢʣʽʚ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ ʟʘʨʷʜ-ʨʦʟʨʷʜʫ 10 ɸĿʛ-1 ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʩʪʘʥʦʚʠʣʦ 

ʧʨʠʙʣʠʟʥʦ 65% ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ.  

ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʛʽʜʨʦʢʩʠʜʫ 

ʥʽʢʝʣʶ ʻ ʥʠʟʴʢʘ ʮʠʢʣʽʯʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʚʘʞʘʁʯʠ ʥʘ ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ʚʩʴʦʛʦ 10-5~10-9 ʆʤ-1Ŀʤ-1 [82]), ʘ ʪʘʢʦʞ ʥʠʟʴʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ ʧʽʜ ʯʘʩ ʰʚʠʜʢʠʭ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʠʭ ʧʨʦʮʝʩʽʚ [83]. ʑʦʙ ʫʩʫʥʫʪʠ ʮʽ 

ʥʝʜʦʣʽʢʠ ʩʪʚʦʨʶʶʪʴ ʢʦʤʧʦʟʠʪʠ ʥʽʢʝʣʴ ʛʽʜʨʦʢʩʠʜʫ ʟ ʚʫʛʣʝʮʝʚʠʤ ʤʘʪʝʨʽʘʣʦʤ, 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʰʠʤ ʽʟ ʷʢʠʭ ʻ ʚʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ. 

1.2. ɺʽʜʥʦʚʣʝʥʠʡ ʦʢʩʠʜ ʛʨʘʬʝʥʫ: ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʚʣʘʩʪʠʚʦʩʪʽ, 

ʝʚʦʣʶʮʽʷ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘ ʩʧʦʩʦʙʠ ʚʽʜʥʦʚʣʝʥʥʷ 

 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʠ ʦʢʩʠʜʫ ʛʨʘʬʽʪʫ, ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʪʘ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ 

ɻʨʘʬʝʥ ï ʮʝ ʜʚʦʤʽʨʥʠʡ ʤʦʥʦʘʪʦʤʥʠʡ ʰʘʨ ʟʚ'ʷʟʘʥʠʭ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ ʫ sp2-

ʛʽʙʨʠʜʠʟʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʫ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ [84]. ʎʽ ʘʪʦʤʠ 
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ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ï 0,142 ʥʤ [87] (ʨʠʩ.1.2.1). 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʛʨʘʬʝʥ ï ʙʫʜʽʚʝʣʴʥʠʡ ʙʣʦʢ ʫʩʽʭ ʛʨʘʬʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʥ ʤʦʞʝ 

çʟʛʦʨʪʘʪʠʩʷè ʫ ʥʫʣʴʚʠʤʽʨʥʽ ʬʫʣʝʨʝʥʠ, ʦʜʥʦʚʠʤʽʨʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʪʘ 

ʫʧʘʢʦʚʫʚʘʪʠʩʴ ʫ ʪʨʠʚʠʤʽʨʥʠʡ ʛʨʘʬʽʪ [86] (ʨʠʩ.1.2.2.). 

ʆʩʦʙʣʠʚʫ ʮʽʢʘʚʽʩʪʴ ʛʨʘʬʝʥ ʚʠʢʣʠʢʘʻ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʭʽʤʽʯʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʥʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ - 2630 ʤ2Ŀʛ-1 [88], 

ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ï 5000 ɺʪĿʤ-1Ŀʂ-1 [7], ʚʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ï ʙʣʠʟʴʢʦ 250000 ʩʤ2Ŀɺ-1Ŀʩ-1 ʧʨʠ ʛʫʩʪʠʥʽ ʝʣʝʢʪʨʦʥʽʚ 

2Ŀ1011 ʩʤ-2 [89], ʜʫʞʝ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʖʥʛʘ ï 1 ʊʇʘ [90], ʜʫʞʝ ʚʠʩʦʢʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʚʽʪʣʘ Ű=98% [91], ʚʽʜʤʽʥʥʘ ʛʘʟʦʥʝʧʨʦʥʠʢʥʽʩʪʴ, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʪʦʚʱʠʥʫ ʛʨʘʬʝʥʘ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ ʦʜʠʥ ʘʪʦʤ - ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, 

ʘʥʦʤʘʣʴʥʠʡ ʢʚʘʥʪʦʚʠʡ ʝʬʝʢʪ ʍʦʣʣʘ ʪʦʱʦ [84]. ɿʘʚʜʷʢʠ ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʛʨʘʬʝʥ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʫ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʙʘʪʘʨʝʷʭ [92], ʫ ʤʝʜʠʮʠʥʽ [93], ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ [94] ʪʦʱʦ. 

 

ʈʠʩ.1.2.3. ʉʭʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʢʠʩʥʝʥʥʷ ʛʨʘʬʽʪʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʩʠʜʫ 

ʛʨʘʬʽʪʫ [95]. 

ʆʢʩʠʜ ʛʨʘʬʝʥʫ (ʆɻ) ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʭʽʤʽʯʥʫ ʩʧʦʣʫʢʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ 

ʫʪʚʦʨʝʥʘ ʧʘʢʝʪʘʤʠ ʣʠʩʪʽʚ ʛʨʘʬʝʥʫ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʣʦʢʘʣʽʟʦʚʘʥʽ ʢʦʚʘʣʝʥʪʥʦ 

ʟʚôʷʟʘʥʽ ʦʢʩʠʛʝʥʦʚʤʽʩʥʽ ʛʨʫʧʠ: ʥʘ ʙʘʟʘʣʴʥʽʡ ʧʣʦʱʠʥʽ - ʛʽʜʨʦʢʩʠʣʴʥʽ ʪʘ ʝʧʦʢʩʠʜʥʽ 

ʛʨʫʧʠ, ʥʘ ʢʨʘʷʭ ï ʢʘʨʙʦʢʩʠʣʴʥʽ, ʢʘʨʙʦʥʽʣʴʥʽ ʪʘ ʣʘʢʪʦʥʥʽ ʛʨʫʧʠ [96]. ʄʦʜʠʬʽʢʘʮʽʷ 
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ʈʠʩ.1.2.5. ʉʪʨʫʢʪʫʨʥʽ ʤʦʜʝʣʽ ʆɻ [99]. 

 

ʧʦʚʝʨʭʥʽ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʬʝʥʫ, ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ 

ʩʪʽʡʢʽ ʜʠʩʧʝʨʩʽʾ ʫ ʧʨʦʪʦʥʥʠʭ ʡ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʦʚʝʨʭʥʝʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʛʨʫʧʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʦʢʠʩʥʝʥʥʽ ʛʨʘʬʽʪʫ ʫ ʢʠʩʣʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʊʘʢʦʞ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʘʭ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʢʦʥʪʘʢʪʫʶʯʠ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ. 

 

ʈʠʩ.1.2.4. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʆɻ [97]. 

ʆʢʩʠʜ ʛʨʘʬʽʪʫ ï ʮʝ ʤʘʪʝʨʽʘʣ, ʱʦ ʻ ʩʧʦʨʽʜʥʝʥʠʤ ʜʦ ʆɻ, ʩʧʦʣʫʢʘ ʚʫʛʣʝʮʶ, 

ʢʠʩʥʶ ʽ ʚʦʜʥʶ ʫ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʜʽʾ ʥʘ ʛʨʘʬʽʪ 

ʩʠʣʴʥʠʭ ʦʢʠʩʥʶʚʘʯʽʚ [96]. 

ɺ ʦʢʩʠʜʽ ʛʨʘʬʽʪʫ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʉ / ʆ ʩʪʘʥʦʚʠʪʴ 1,62-2,57 

[94], ʘ ʜʣʷ ʆɻ ʚʦʥʦ ʩʪʘʥʦʚʠʪʴ 2-4, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʉ8ʆ4ʅ5 - ʉ8ʆ2ʅ3 [98].  

ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʤʘʪʝ-

ʨʽʘʣʘʤʠ ʧʦʚôʷʟʘʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʢʽʣʴ-

ʢʽʩʪʶ ʰʘʨʽʚ ʛʨʘʬʝʥʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʯʘʩʪʠʥʢʫ ʤʘʪʝʨʽʘʣʫ ï ʫ ʚʠʧʘʜʢʫ ʦʢʩʠ-

ʜʫ ʛʨʘʬʽʪʫ ʤʦʚʘ ʽʜʝ ʧʨʦ ʟʘʛʘʣʴʥʫ 

ʪʦʚʱʠʥʫ ʧʘʢʝʪʫ, ʷʢʘ ʩʧʽʚʤʽʨʥʘ ʽʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʬʨʘʛʤʝʥʪʘ ʫ ʙʘ-

ʟʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʫ ʚʠʧʘʜʢʫ ʦʢʩʠʜʫ 

ʛʨʘʬʝʥʫ - ʧʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʤʝ-

ʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ. ɺʽʜʥʦʰʝʥʥʷ 
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ʈʠʩ.1.2.6. ɺʘʨʽʘʮʽʾ ʤʦʜʝʣʽ ʃʝʨʬʘ-ʂʣʽʥʢʦʚʩʢʽ, 

ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʱʦʜʦ 

ʥʘʷʚʥʦʩʪʽ [104] ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ [105] 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʝʨʠʬʝʨʽʾ ʙʘʟʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ ʧʣʘʩʪʠʥ ʆɻ. 

 

ʉ / ʆ ʽ ʉ / ʅ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʫ 

ʦʢʠʩʥʝʥʥʷ (ʚʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘ ʩʢʣʘʜ ʦʢʠʩʥʶʚʘʯʘ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʫ ʦʢʠʩʥʝʥʥʷ, ʧʨʠʩʫʪʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ ʘʢʪʠʚʫʶʯʦʛʦ ʚʧʣʠʚʫ). ɹʫʜʦʚʘ 

ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʦʧʠʩʘʥʘ ʫ ʨʷʜʽ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ [99] (ʨʠʩ.1.2.4.). 

ɹʘʛʘʪʦ ʨʘʥʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʝʣʝʡ ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʦʧʠʩʫʚʘʣʠ ʡʦʛʦ, ʷʢ 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʨʝʰʽʪʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʠʩʢʨʝʪʥʠʭ ʧʦʚʪʦʨʶʚʘʥʠʭ ʚʫʟʣʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʆɻ, ʟʘ ɻʦʬʤʘʥʦʤ ʪʘ ʍʦʣʩʪʦʤ [100] (ʨʠʩ.1.2.5) ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʙʘʟʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʛʨʘʬʽʪʫ, ʟ çʯʠʩʪʦʶè 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʬʦʨʤʫʣʦʶ C2O. ʈʫʩʩ [101] ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʘʨʽʘʮʽʶ ʮʽʻʾ ʤʦʜʝʣʽ, 

ʷʢʘ ʚʢʣʶʯʘʣʘ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ ʫ ʙʘʟʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʤʽʩʪ ʚʦʜʥʶ 

ʚ ʆɻ, ʧʨʠʯʦʤʫ ʩʪʨʫʢʪʫʨʘ ʙʘʟʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʻ sp3-ʛʽʙʨʠʜʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ, ʘ 

ʥʝ sp2-ʛʽʙʨʠʜʠʟʦʚʘʥʦʶ. 

ʋ 1969 ʨ. ʐʦʣʴʮ ʪʘ ɹʝʤ 

[102] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʦʜʝʣʴ, 

ʷʢʘ ʧʦʚʥʽʩʪʶ çʚʠʜʘʣʠʣʘè 

ʝʧʦʢʩʠʜʥʽ ʪʘ ʝʪʝʨʥʽ ʛʨʫʧʠ, ʟʘʤʽ-

ʥʠʚhʠ ʾʭ ʟʚʠʯʘʡʥʠʤʠ ʭʽʥʦʾʜʘʤʠ 

ʥʘ ʛʦʬʨʦʚʘʥʽʡ ʦʩʥʦʚʽ. ʇʨʦʧʦ-

ʥʫʶʯʠ ʤʦʜʝʣʴ ʆɻ, ʅʘʢʘʜʞʽʤʘ 

ʪʘ ʄʘʮʫʦ [103] ʦʧʠʨʘʣʠʩʷ ʥʘ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʨʝʰʽʪʯʘʩʪʽ 

ʨʘʤʢʠ, ʩʭʦʞʽ ʥʘ ʧʦʣʽ(ʜʠʢʘʨʙʦʥ 

ʤʦʥʦʬʪʦʨʠʜ), (C2F)n, ʷʢʠʡ ʫʪʚʦ-

ʨʶʻ ʩʧʦʣʫʢʫ ʽʥʪʝʨʢʘʣʷʮʽʾ 

ʛʨʘʬʽʪʫ ʜʨʫʛʦʾ ʩʪʘʜʽʾ. ʆʩʪʘʥʥʽ 

ʤʦʜʝʣʽ [104, 105]  ʚʽʜʢʠʥʫʣʠ ʨʝ-

ʰʽʪʯʘʩʪʫ ʤʦʜʝʣʴ ʽ ʟʦʩʝʨʝʜʠʣʠ 


