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ɸʅʆʊɸʎɯʗ 

ɭʚʜʦʢʠʤʝʥʢʦ ɺ. ʖ. çʆʧʪʠʤʽʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʧʣʽʚʦʢ 

ʩʧʦʣʫʢ CuO, ZnO:Al, SnS ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾè.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 105 ï çʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠè. ï ʉʫʤʩʴʢʠʡ 

ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʉʫʤʠ, 2024. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʦʩʥʦʚ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʅʏ) ʪʘ 

ʧʣʽʚʦʢ ʩʧʦʣʫʢ CuO, ZnO:Al, SnS, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʘʤʠ ʜʨʫʢʫ, ʟʦʢʨʝʤʘ 

ʧʦʢʨʘʧʝʣʴʥʠʤ 3D ʜʨʫʢʦʤ ʪʘ ʨʦʟʧʠʣʝʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣ ʥʘ ʩʢʣʷʥʽ ʪʘ ʛʥʫʯʢʽ 

ʧʽʜʢʣʘʜʢʠ ʟʘ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʧʽʩʣʷʨʦʩʪʦʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ 

ʚʽʜʧʘʣʫ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʜʚʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ ʧʣʽʚʢʠ ʪʘ ʧʨʦʪʦʪʠʧʠ ʧʨʠʣʘʜʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ  

n-ZnO/p-CuO, ʷʢʽ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ, ʩʝʥʩʦʨʠʮʽ ʪʘ ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ 

ʩʧʨʠʷʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ ʪʘ 

ʭʘʣʴʢʦʛʝʥʽʜʥʠʭ ʩʧʦʣʫʢ ʪʘ ʨʦʟʰʠʨʝʥʥʶ ʟʘʩʪʦʩʫʚʘʥʴ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʫʯʘʩʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ ʽ ʧʨʠʩʪʨʦʷʭ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ, ʩʧʦʯʘʪʢʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ 

ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʪʘ ʧʨʦʚʝʜʝʥʦ ʚʠʙʽʨ ʧʨʝʢʫʨʩʦʨʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʅʏ 

ʦʢʩʠʜʽʚ ʪʘ ʩʫʣʴʬʽʜʽʚ ʤʝʪʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʩʢʣʘʜʦʤ, ʬʘʟʦʶ, 

ʬʦʨʤʦʶ, ʩʪʨʫʢʪʫʨʦʶ). ʇʦʪʽʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʪʝʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ 

ʦʪʨʠʤʫʚʘʣʠ ʥʘʥʦʯʦʨʥʠʣʘ ʟ ʧʦʪʨʽʙʥʦʶ ʛʫʩʪʠʥʦʶ ʪʘ ʚô̫ ʟʢʽʩʪʶ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʧʣʽʚʦʢ ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ, ʙʝʟʚʘʢʫʫʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʨʫʢʫ. 

ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʟʽ ʩʢʣʘʜʫ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʽʜ 

ʯʘʩ ʩʠʥʪʝʟʫ ʅʏ ʪʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʯʦʨʥʠʣ, ʧʣʽʚʢʠ ʧʽʜʜʘʚʘʣʠ ʧʽʩʣʷʨʦʩʪʦʚʽʡ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɺʽʜʧʘʣ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʫ 

ʩʪʨʫʢʪʫʨʽ ʪʦʥʢʠʭ ʰʘʨʽʚ, ʧʽʜʚʠʱʠʪʠ ʢʨʠʩʪʘʣʽʯʥʫ ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʧʦʢʨʘʱʠʪʠ 

ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʽʚʦʢ ʫ ʧʦʜʘʣʴʰʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ.  

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʘʩʧʝʢʪʠ, ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʩʠʥʪʝʟʫ ʅʏ ʩʧʦʣʫʢ CuO, ZnO:Al, SnS. ɿʦʢʨʝʤʘ, ʜʣʷ ʩʠʥʪʝʟʫ ʅʏ CuO ̔ ZnO:Al 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʣʽʦʣʴʥʦ-ʢʦʣʦʾʜʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʅʏ ʩʧʦʣʫʢʠ 

SnSx ʧʨʦʚʦʜʠʣʠ ʧô̫ ʪʴ ʩʠʥʪʝʟʽʚ ï ʧʦʣʽʦʣʴʥʦ-ʢʦʣʦʾʜʥʠʡ ʟ ʧʨʝʢʫʨʩʦʨʘʤʠ 

CS(NH2)2, Na2S, CH3C(S)NH2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 483 ʂ ʪʘ ʩʠʥʪʝʟ ʫ ʚʦʜʥʦ-

ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ ʟ ʧʨʝʢʫʨʩʦʨʘʤʠ CH3C(S)NH2, Na2S ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 293 

ʂ. ʇʦʢʘʟʘʥʦ, ʱʦ ʅʏ ʩʠʥʪʝʟʦʚʘʥʽ ʫ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ (ʊɽɸ) ʧʨʠ 293 ʂ ʟ 

ʦʩʘʜʞʫʚʘʯʝʤ Na2S ʤʘʣʠ ʩʪʝʭʽʦʤʝʪʨʽʶ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʫ ʜʦ ʩʧʦʣʫʢʠ SnS, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʩʠʥʪʝʟ ʚ ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʽ (ɼɽɻ) ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2 

ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʯʘʩʪʠʥʢʠ ʩʧʦʣʫʢʠ SnS2. 

ʆʜʝʨʞʘʥʽ ʅʏ ʜʠʩʧʝʨʛʫʚʘʣʠ ʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʘ ʥʝʪʦʢʩʠʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ ʪʘʢʠʭ ʷʢ ʩʫʤʽʰ ʚʦʜʘ-ʩʧʠʨʪ-ʛʣʽʢʦʣʴ-ʇɺʇ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʯʦʨʥʠʣʘ 

ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʽ ʨʦʟʯʠʥʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʯʦʨʥʠʣ, ʪʘʢʽ ʷʢ ʪʝʢʫʯʽʩʪʴ, ʚô̫ ʟʢʽʩʪʴ ʪʘ ʘʜʛʝʟʽʷ ʜʦ ʧʽʜʢʣʘʜʢʠ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʩʫʮʽʣʴʥʠʭ ʧʣʽʚʦʢ ʩʧʦʣʫʢʠ CuO ʧʦʢʨʘʧʝʣʴʥʠʤ ʜʨʫʢʦʤ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ 3D ʧʨʠʥʪʝʨ ʟʽʙʨʘʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʨʘʥʽʰʝ. ʆʜʥʘʢ, ʜʣʷ ʜʨʫʢʫ 

ʥʘʥʦʯʦʨʥʠʣʘʤʠ, ʩʪʘʥʜʘʨʪʥʠʡ ʝʢʩʪʨʫʜʝʨ ʥʝ ʧʽʜʭʦʜʠʚ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ 

ʜʦ ʚô̫ ʟʢʦʩʪʽ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʜʘʯʽ ʥʘʥʦʯʦʨʥʠʣ. ʊʦʤʫ, ʩʪʘʥʜʘʨʪʥʠʡ ʝʢʩʪʨʫʜʝʨ 

ʙʫʚ ʟʘʤʽʥʝʥʠʡ ʥʘ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʜʣʷ ʜʨʫʢʫ ʨʽʜʢʠʤʠ ʘʙʦ 

ʥʘʧʽʚʨʽʜʢʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʅʦʚʠʡ ʝʢʩʪʨʫʜʝʨ ʦʩʥʘʱʝʥʠʡ ʩʠʩʪʝʤʦʶ ʜʦʟʫʚʘʥʥʷ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʜʘʯʽ ʥʘʥʦʯʦʨʥʠʣ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ.  

ʇʣʽʚʢʠ ZnO, ZnO:Al ʪʘ SnS ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷʤ ʯʦʨʥʠʣ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʝʨʦʛʨʘʬ ʟ ʜʽʘʤʝʪʨʦʤ ʩʦʧʣʘ 0,2 ʤʤ. ɺʠʢʦʨʠʩʪʘʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʫʚʘʪʠ ʟʨʘʟʢʠ ʟ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ, ʤʦʨʬʦʣʦʛʽʯʥʠʭ, 

ʩʪʨʫʢʪʫʨʥʠʭ, ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ, ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʪʘ 

ʧʣʽʚʦʢ CuO, ZnO:Al, SnS ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʦʪʨʠʤʘʥʥʷ, ʘ ʩʘʤʝ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ  

Ta = (423-773 K), ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʧʘʣʫ ʪʘ ʚʤʽʩʪʫ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ (Al ï 1, 2, 3, 

5, 7, 10 ʘʪ. %). ʎʝ ʙʫʣʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʩʧʦʣʫʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʌɽʇ, ʩʝʥʩʦʨʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʤʽʜʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ, 

ʚʽʜʧʘʣʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 523 ʜʦ 673 ʂ, ʤʘʣʠ ʦʜʥʦʬʘʟʥʫ ʤʦʥʦʢʣʽʥʥʫ 

ʩʪʨʫʢʪʫʨʫ CuO. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ (723-773) ʂ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ CuO ʜʦ ʢʫʙʽʯʥʦʾ ʬʘʟʠ Cu2O. ʎʝʡ 

ʧʝʨʝʭʽʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʦʩʽ ʪʝʢʩʪʫʨʠ ʟʨʘʟʢʽʚ ʟ [002] ʜʦ [111]. ʋ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʣʽʚʢʠ ʬʘʟʠ CuO ʤʘʶʪʴ ʝʥʝʨʛʽʾ ʥʝʧʨʷʤʠʭ 

ʜʦʟʚʦʣʝʥʠʭ ʽ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ Eg = (1,59ï1,66) ʝɺ ʽ 

(1,77ï1,91) ʝɺ ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʬʘʟʠ Cu2O ʦʪʨʠʤʘʥʦ ʝʥʝʨʛʽʾ ʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ 

ʽ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʧʝʨʝʭʦʜʽʚ 2,17 ʝɺ ʽ 2,41 ʝɺ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ CuO ʥʘ ʛʥʫʯʢʽ 

(ʧʦʣʽʽʤʽʜʥʽ) ʧʽʜʢʣʘʜʢʠ ʤʝʪʦʜʦʤ 3D ʜʨʫʢʫ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʦʢʩʠʜʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʟʦʢʨʝʤʘ ʚ ʦʙʣʘʩʪʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʩʝʥʩʦʨʠʢʠ. 

ɺʧʝʨʰʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʣʽʚʢʠ SnS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ 

ʩʫʩʧʝʥʟʽʾ ʅʏ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʾʭ ʥʘ ʧʽʜʢʣʘʜʢʫ. ɺʠʢʦʨʠʩʪʘʥʦ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʽ ʪʘ ʜʝʰʝʚʽ ʢʦʤʧʦʥʝʥʪʠ, ̫ ʢ ʧʨʠ ʩʠʥʪʝʟʽ ʅʏ, ʪʘʢ ʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʘʥʦʯʦʨʥʠʣ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʫ ʪʝʨʤʽʯʥʦʛʦ 

ʚʽʜʧʘʣʫ ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (423-773) K ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʪʝʢʩʪʫʨʫ, ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʪʘ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʠʭ 

ʧʣʽʚʦʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ (723ï773) ʂ 
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ʟʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʩʫʣʴʬʽʜʥʦʾ ʩʧʦʣʫʢʠ ʜʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ SnO2. ʉʧʝʢʪʨʠ 

ʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʫʣʴʬʽʜʫ ʦʣʦʚʘ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜ 1,50 ʜʦ 4,5 ʝɺ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʫ ʟʨʘʟʢʘʭ 

ʜʚʦʭ ʬʘʟ SnS ʪʘ SnO2. ɺʠʟʥʘʯʝʥʦ ʝʥʝʨʛʽʾ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʬʘʟ SnS ʪʘ SnO2 

ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʯʠʩʪʦʾ 

ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ SnS ʙʫʚ ʟʨʘʟʦʢ ʚʽʜʧʘʣʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 523 ʂ ʤʘʪʝʨʽʘʣ 

ʷʢʦʛʦ ʤʘʚ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1,83 ʝɺ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʘʣʶʤʽʥʽʶ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʣʽʚʦʢ ZnO. ʈʦʟʤʽʨ ʅʏ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ (17Ñ3) ʥʤ 

(ʜʣʷ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ Al ï 2 ʘʪ. %) ʜʦ (27Ñ3) ʥʤ (ʜʣʷ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ Al ï 5 ʘʪ. 

%). ʇʨʠ ʮʴʦʤʫ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 3 ʘʪ. % ʥʝ ʟʤʽʥʶʻʪʴʩʷ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʢʣʶʯʝʥʥʷ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʫ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ZnO. ʇʨʠ ʚʤʽʩʪʽ ʘʣʶʤʽʥʽʶ ʚʠʱʝ 3 ʘʪ. % ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʜʽʣʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ Al2O3. ʉʧʝʢʪʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ (ʌʃ) ʚʽʜ ʟʨʘʟʢʽʚ ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Al 5, 7, 10 ʘʪ. % 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʢʩʠʜʽ ʪʘʢʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, 

ʷʢ ʚʘʢʘʥʩʽʾ ʮʠʥʢʫ. ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʣʷ ʟʨʘʟʢʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʣʶʤʽʥʽʶ 3 ʘʪ. %. ʁʦʛʦ ʩʧʝʢʪʨ ʤʽʩʪʠʚ ʽʥʪʝʥʩʠʚʥʫ ʩʤʫʛʫ ʌʃ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 492,5 ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʫ ʟʨʘʟʢʘʭ ʥʝʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʚʘʢʘʥʩʽʷ ʮʠʥʢʫ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʧʨʦʪʦʪʠʧ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʉɽ) ʟʽ 

ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ITO/ZnO(1ʘʪ.%Al)/n-ZnO/p-CuO, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʝʜʝʥʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʚʽʪʣʦʚʠʭ ʽ ʪʝʤʥʦʚʠʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) 

ʧʨʠʣʘʜʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʘʣʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʠʡ 

ʛʝʪʝʨʦʧʝʨʝʭʽʜ n-ZnO/p-CuO ʚʠʷʚʣʷʻ ʰʠʨʦʢʫ ʩʧʝʢʪʨʘʣʴʥʫ ʦʙʣʘʩʪʴ ʧʦʛʣʠʥʘʥʥʷ 

ʩʚʽʪʣʘ ʚʽʜ 350 ʜʦ 1000 ʥʤ. ʆʧʪʠʤʘʣʴʥʘ ʦʧʪʠʯʥʘ ʷʢʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʟʨʘʟʢʘʭ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 723 ʂ. ʊʘʢʦʞ ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʪʘʢʽʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʠʡ ʟʩʫʚ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʰʘʨʽʚ ZnO ʚ 

ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ, ʱʦ, ʤʦʞʣʠʚʦ, ʧʦʚô̫ ʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ 
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ʥʘʥʦʢʨʠʩʪʘʣʽʪʽʚ ʦʢʩʠʜʫ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʰʘʨʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ (2,25-2,28) ʝɺ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʥʦʚʽ ɺɸʍ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʠʭ ʽ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʤʘʶʪʴ ʚʠʨʘʞʝʥʠʡ 

ʜʽʦʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ n-ZnO/p-CuO ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʝʥʩʦʨʠʮʽ, ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ 

ʪʘ ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʽ ʫʪʚʦʨʝʥʥʷʤ 

ʧʝʨʝʭʽʜʥʠʭ ʰʘʨʽʚ ʥʘ ʛʨʘʥʠʮʽ ʤʽʞ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ 

ʫʟʛʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ 

ʅʘʥʦʯʘʩʪʠʥʢʠ, ʧʣʽʚʢʠ, CuO, ZnO, SnS, 3D ʜʨʫʢ, ʩʧʨʝʡ ʤʝʪʦʜ, ʩʪʨʫʢʪʫʨʘ, 

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ, ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽ, 

ʛʥʫʯʢʘ ʝʣʝʢʪʨʦʥʽʢʘ. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

1. ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

1. The effect of annealing treatment on the structural and optical properties of 

nanostructured CuxO films obtained by 3D printing / Yevdokymenko V., Dobrozhan 

O., Pshenychnyi R., Opanasyuk A., Gnatenko, Yu., Bukivskii A., Bukivskij P., 

Gamernyk R., ʂlymov O., Mu¶oz-Sanjos® V., Iba¶ez-Romero P., Gacevic Z. // 

Materials Science in Semiconductor Processing. ï 2023. ï V. 161. ˉ 107472, IF 

4.2, Q1. 

2. Study of optical and photoelectric properties of copper oxide films / 

Gnatenko Yu.P., Bukivskij P.M., Gamernyk R.V., Yevdokymenko V.Yu., 

Opanasyuk A.S., Bukivskii A.P., Furyer M.S., Tarakhan L.M. // Materials 

Chemistry and Physics. ï 2023. ï V. 307. ˉ 128175, IF 4.3, Q1. 

3. Effect of thermal annealing on the optical properties of 3D-printed 

nanostructured CuO films for flexible photovoltaic solar cells / Gnatenko Yu.P., 

Bukivskij P.M., Yevdokymenko V.Yu., Opanasyuk A.S., Bukivskii ɸ.P., Vertygel 

I.G., Ovcharenko O.I // Physica B: Physics of Condensed Matter. ï 2024. ï V. 677. 

ˉ 415737, IF 2.8, Q2. 
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4. The Annealing Effect on the Structure and Microstructure of Three-

Dimensional Printed Zinc Oxide Films / Yevdokymenko V., Dobrozhan O., 

Pshenychnyi R.; Kakherskyi S., Opanasyuk A., Gnatenko Y. // 2021 IEEE 3rd 

Ukraine Conference on Electrical and Computer Engineering, UKRCON 2021 - 

Proceedings. ï 2021. ï P. 454-458. 

5. SnS and SnS2 nanoparticles for printing third generation solar cells / 

Yevdokymenko V., Opanasyuk N., Ponomarova L, Gnatenko Yu. // UkrMiCo 2021 

- 2022 IEEE International Conference on Information and Telecommunication 

Technologies and Radio Electronics, Proceedings. ï 2021. ï P. 299-303. 

6. Morphological, Structural, Substructural Characteristics and Chemical 

Composition of ZnO Nanocrystals Doped with Aluminum / Yermakov M., 

Yevdokymenko V., Dobrozhan O., Ponomarova L., Opanasyuk A. // UkrMiCo 2021 

- 2022 IEEE International Conference on Information and Telecommunication 

Technologies and Radio Electronics, Proceedings. ï 2021. ï P. 289-294. 

2. ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

7. ɺʧʣʠʚ ʚʽʜʧʘʣʽʚ ʫ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʜʨʫʢʦʚʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ.ɭ., ʂʨʘʚʯʝʥʢʦ ʇ.ɽ., 

ɼʦʙʨʦʞʘʥ ʆ.ɸ., ʇʰʝʥʠʯʥʠʡ ʈ.ʄ., ʆʧʘʥʘʩʶʢ ɸ.ʉ. // ʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ (ʌɽɽ: 2021). ʄʘʪʝʨʽʘʣʠ ʪʘ ʧʨʦʛʨʘʤʘ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ (ʉʫʤʠ, 20ï24 ʢʚʽʪʥʷ 2021 

ʨʦʢʫ), ʉʫʤʠ, ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 2021, ʩ.106. 

8. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʤʦʨʬʦʣʦʛʽʶ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʥʘʜʨʫʢʦʚʘʥʠʭ 3ʜ ʧʨʠʥʪʝʨʦʤ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ., 

ʂʘʭʝʨʩʴʢʠʡ ʉ., ɼʦʙʨʦʞʘʥ ʆ., ʇʰʝʥʠʯʥʠʡ ʈ., ʆʧʘʥʘʩʶʢ ɸ. // ʄʽʞʥʘʨʦʜʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʬʽʟʠʢʠ ɽɺʈʀʂɸ-2021, 18-20 ʪʨʘʚʥʷ 2021 ʨ. ʃʴʚʽʚ, ʩ. 12. 

9. ʅʘʥʦʯʘʩʪʠʥʢʠ SnS ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʣ ʜʣʷ ʜʨʫʢʫ ʧʨʠʣʘʜʽʚ 

ʝʣʝʢʪʨʦʥʽʢʠ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ.ɭ., ʄʫʢʚʠʯ ɺ.ʖ., ʇʰʝʥʠʯʥʠʡ ʈ.ʄ., ʆʧʘʥʘʩʶʢ 

ɸ.ʉ. // 9-ʪʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʉʝʥʩʦʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ 
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ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾò (ʉɽʄʉʊ-9), ʋʢʨʘʾʥʘ, ʆʜʝʩʘ, 20 ï 24 ʚʝʨʝʩʥʷ 2021 

ʨ., ʩ. 40. 

10. ɺʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʝʣʝʢʪʨʦʥʽʢʠ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ.ɭ., ɼô̫ ʯʝʥʢʦ ʆ. ɺ., 

ʆʧʘʥʘʩʶʢ ɸ. ʉ. // 9-ʪʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʉʝʥʩʦʨʥʘ 

ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾò (ʉɽʄʉʊ-9), ʋʢʨʘʾʥʘ, ʆʜʝʩʘ, 20 ï 24 

ʚʝʨʝʩʥʷ 2021 ʨ., ʩ. 41. 

11. Synthesis and structural properties of Cu2ZnSn(SxSe1-x)4, SnS nanocrystals 

for printed solar cells / Yevdokymenko V., Kakherskyi S., Pshenychnyi R., 

Dobrozhan O., Opanasyuk A. // ʄʽʞʥʘʨʦʜʥʘ ʌʨʝʾʢʽʚʩʴʢʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ ʥʘʥʦʩʠʩʪʝʤ ʄʂʌʊʊʇʅ-XVIII, ʋʢʨʘʾʥʘ, ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ, 11-16 ʞʦʚʪʥʷ, 2021 ʨ., ʩ. 158. 

12. ɺʧʣʠʚ ʚʘʢʫʫʤʥʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʩʢʣʘʜ ʧʣʽʚʦʢ CuO, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʜʨʫʢʫ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ., ʇʰʝʥʠʯʥʠʡ ʈ., ɼô̫ ʯʝʥʢʦ ʆ., ʆʧʘʥʘʩʶʢ ɸ. // VI 

ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤè MEICS-2021, 

ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ, 24-26 ʣʠʩʪʦʧʘʜʘ, 2021 ʨ., ʩ. 183. 

13. ʉʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ ʪʘ ʽʥʜʽʻʤ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ., ɭʨʤʘʢʦʚ 

ʄ., ʇʰʝʥʠʯʥʠʡ ʈ., ʆʧʘʥʘʩʶʢ ɸ. // VI ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ 

ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤè MEICS-2021, ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ, 24-26 ʣʠʩʪʦʧʘʜʘ, 2021 

ʨ., ʩ.155. 

14. Effect of annealing temperature on the properties of copper oxide thin 

layers deposited by a 3D printer / Yevdokymenko V., Shapovalov O., Pshenychnyi 

R., Opanasyuk A. // ʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ (ʌɽɽ: 2022). ʄʘʪʝʨʽʘʣʠ 

ʪʘ ʧʨʦʛʨʘʤʘ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ (ʉʫʤʠ, 18ï22 ʢʚʽʪʥʷ 2022 ʨʦʢʫ), ʉʫʤʠ, ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 2022, ʩ.74. 
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15. ɺʧʣʠʚ ʚʽʜʧʘʣʽʚ ʥʘ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ / 

ɭʚʜʦʢʠʤʝʥʢʦ ɺ., ʇʰʝʥʠʯʥʠʡ ʈ., ʂlymov ʆ., ʆʧʘʥʘʩʶʢ ɸ., Mu¶oz-Sanjos® V. // 

ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ ɽɺʈʀʂɸ-2022, 18-20 ʪʨʘʚʥʷ 2022 ʨ. ʃʴʚʽʚ, ʩ. 7. 

16. ʆʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʰʘʨʽʚ SnS h ʣʷʭʦʤ ʾʭ 

ʚʽʜʧʘʣʽʚ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ., ʇʰʝʥʠʯʥʠʡ ʈ., ʂʣʠʤʦʚ ʆ., ʆʧʘʥʘʩʶʢ ɸ., Mu¶oz-

Sanjos® V. // VII ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʾ çʇʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤè 

MEICS-2022, ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ, 23-25 ʣʠʩʪʦʧʘʜʘ, 2022 ʨ., ʩ. 175. 

17. ʆʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʽʚʦʢ SnS ʜʣʷ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ / ɭʚʜʦʢʠʤʝʥʢʦ ɺ.ʖ., ʄʫʢʚʠʯ ɺ.ʖ., ʆʧʘʥʘʩʶʢ 

A.C. // ʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ (ʌɽɽ: 2023). ʄʘʪʝʨʽʘʣʠ ʪʘ 

ʧʨʦʛʨʘʤʘ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ (ʉʫʤʠ, 24ï28 ʢʚʽʪʥʷ 2023 ʨʦʢʫ), ʉʫʤʠ, ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 2023, ʩ. 69. 
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SUMMARY 

 

Yevdokymenko V. Yu. çOptimization of characteristics of nanoparticles and 

films of CuO, ZnO:Al, SnS compounds for solar energy convertersè. 

Ph.D. thesis submitted for the degree of a candidate of physical and 

mathematical sciences (Doctor of Philosophy), specialty 105 - ɸpplied physics and 

nanomaterials. ï Sumy State University, Sumy, 2024. 

This dissertation is devoted to the development of a material science basis for 

controlling the structure-sensitive characteristics of nanoparticles (NPs) and films of 

CuO, ZnO:Al, and SnS compounds obtained by printing methods, in particular, 

droplet 3D printing and sputtering of nanoinks on glass and flexible substrates under 

various physical and technological conditions. Special attention was paid to 

optimizing the characteristics of these materials by post-growth thermal annealing 

of single- and two-layer structures based on them. Consequently, n-ZnO/p-CuO 

heterojunction films and prototype device structures were created, which could be 

further used in solar energy, sensors, and flexible electronics. The results of this 

study can contribute to improving the technological processes of applying films of 

oxide and chalcogenide compounds and to the expansion of the applications of these 

materials in modern energy and electronic devices. 

To achieve the goal of this work, laboratory synthesis methods were 

developed, and precursors were selected to obtain single-phase NPs of metal oxides 

and sulfides with specific characteristics (composition, phase, shape, and structure). 

Then, using the synthesized particles, nanoinks with the required density and 

viscosity were obtained for applying films by scalable, energy-efficient, vacuum-

free printing methods. The films were subjected to a post-growth heat treatment to 

remove organic impurities from the composition, which were used during the 

synthesis of NPs and in the creation of inks. Annealing also makes it possible to 

reduce the number of defects in the thin layer structure, increase the crystalline 

quality of the material, and improve its electronic and optical properties, which are 
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important for ensuring the stability and efficiency of the films in their further use in 

various technological and industrial applications. 

Considering the above aspects, the optimal conditions for synthesizing the NP 

compounds, CuO, ZnO:Al, and SnS, were determined. In particular, the polyol-

colloid method was used to synthesize CuO and ZnO:Al NPs, which allows precise 

control over the morphology and size of the particles. Five syntheses were carried 

out to obtain the NP compounds SnSx-polyol-colloidal with precursors CS(NH2)2, 

Na2S, and CH3C(S)NH2 at a temperature of 483 K, and synthesis in an aqueous 

ammonium solution with precursors CH3C(S)NH2 and Na2S at a temperature 

of   293 K. It was shown that NPs synthesized in triethanolamine at 293 K with the 

precipitant Na2S had the stoichiometry closest to that of the SnS compound, while 

synthesis in diethylene glycol at 483 K with the precipitant CH3C(S)NH2 made it 

possible to obtain particles of the SnS2 compound. 

The resulting NPs were dispersed in environmentally safe and non-toxic 

solvents, such as water-alcohol-glycol-PVP, to create inks with controlled 

characteristics. These solvents stabilize the particles in suspension, allowing for the 

fine-tuning of nanoink properties such as flowability, viscosity, and adhesion to the 

substrate. 

A 3D printer previously assembled in the laboratory was used to apply 

continuous films of CuO compounds via drop printing. However, a standard extruder 

is unsuitable for printing with nano-inks because of the specific requirements for the 

viscosity and uniformity of the nano-ink supply. Therefore, the standard extruder 

was replaced with a specially developed extruder for printing liquid or semi-liquid 

materials. The new extruder was equipped with a dosing system that precisely 

controlled nano-ink delivery in droplets. ZnO, ZnO:Al, and SnS films were applied 

by ink spraying. An airbrush with a nozzle diameter of 0.2 mm was used for this. 

The methods used made it possible to obtain samples with reproducible 

characteristics, which ensured high stability and reliability of the results. 

The elemental composition and morphological, structural, substructural, 

optical, and electrical characteristics of NPs and CuO, ZnO:Al, and SnS films were 



12 
 

 

studied depending on the physical and technological conditions of production, 

namely synthesis methods, thermal annealing temperature Ta = (423-773 K), 

annealing medium, and content of the alloying admixture (Al ï 1, 2, 3, 5, 7,  

10 at. %). This is necessary for a deeper understanding of the influence of various 

technological parameters on the properties of materials to optimize their 

manufacturing processes and ensure stable and reproducible characteristics, which 

is critically important for the further use of these compounds for the creation of 

photoelectric converters, sensors, and elements of flexible electronics. 

It was shown that copper oxide films obtained on glass substrates, annealed at 

523 to 673 K temperatures, had a single-phase monoclinic CuO structure. When the 

annealing temperature was increased to (723-773) K, there was a transition from the 

monoclinic CuO phase to the cubic Cu2O phase. This transition was accompanied 

by a change in the texture axis of the samples from [002] to [111]. Depending on the 

temperature, films of the CuO phase have indirect allowed and direct forbidden 

interband transitions Eg = (1.59ï1.66) eV and (1.77ï1.91) eV, respectively. For the 

Cu2O phase, the energies of direct allowed and direct forbidden transitions of  

2.17 eV and 2.41 eV, respectively. In addition, the optimal technological conditions 

for applying CuO films on flexible (polyimide) substrates by the 3D printing method 

have been established, which opens up prospects for low-temperature applications 

of thin oxide layers for use in flexible electronics, particularly in solar energy and 

sensors. 

SnS films were obtained for the first time using inks based on a suspension of 

NPs by sputtering them onto a substrate. Environmentally safe and inexpensive 

components have been used for both the synthesis of NPs and the creation of 

nanoinks. A comprehensive study on the effect of thermal annealing over a wide 

temperature range (423-773) K on the chemical composition, texture, structure, 

substructure, and optical characteristics of the obtained films was also conducted. 

Increasing the annealing temperature to (723ï773) K leads to the transition of the 

sulfide compound to the tetragonal SnO2 phase. The absorption spectra of the studied 

samples of tin sulfide cover a wide spectral range from 1.5 to 4.5 eV due to the 
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presence of two phases, SnS and SnO2, in the samples. The energies of the interband 

transitions of the SnS and SnO2 phases and their dependence on the annealing 

temperature were determined. The closest to the pure orthorhombic SnS phase was 

the sample annealed at 523 K, the material of which had a band gap of 1.83 eV. 

It was found that the addition of aluminum has a positive effect on the 

structure of ZnO films. The size of the NPs when doping the material increased from 

(17Ñ3) nm (for the sample with an Al content of 2 at. %) to (27Ñ3) nm (for the 

sample with Al content ï 5 at. %). Simultaneously, the phase composition of the 

samples up to a concentration of 3 at. % does not change, which indicates the 

inclusion of an alloying impurity in the crystal lattice of nanostructured ZnO. When 

the aluminum content was above 3 at. %, secondary phase Al2O3 was released. The 

low-temperature photoluminescence (PL) spectra of samples with Al concentrations 

of 5, 7, and 10 at. % show a high concentration level in the oxide of such point 

defects as zinc vacancies. The best result was observed for the sample with an 

aluminum concentration of 3 at. %. Its spectrum contains an intense PL band with a 

wavelength of 492.5 nm, indicating a small number of zinc vacancy-type defects in 

the samples. 

During the research, a prototype of a solar cell with a complex structure of 

ITO/ZnO(1ʘʪ.%Al)/n-ZnO/p-CuO was created, after which the light and dark 

current-voltage characteristics of the device were measured at different annealing 

temperatures. The resulting n-ZnO/p-CuO heterojunction exhibited a wide spectral 

range of light absorption, from 350 to 1000 nm. Optimal optical quality was 

observed for the samples annealed at 723 K. It was also found that in such a 

heterostructure, there is a noticeable shift in the absorption edge of the ZnO layers 

to the long-wavelength region, which is possibly associated with an increase in the 

size of the oxide nanocrystallites. In addition, it was established that the width of the 

band gap for zinc oxide layers corresponds to (2.25-2.28) eV. 

The dark I-V characteristics of multilayer systems obtained by simple and 

low-energy chemical methods have pronounced diode characteristics. This indicates 

the possibility of creating devices based on n-ZnO/p-CuO heterojunctions for use in 
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sensors, solar energy, and flexible electronics. Such characteristics are caused by the 

formation of transitional layers at the interface between the materials, which lead to 

an improvement in the alignment of the crystal lattices of the contacting materials. 

Keywords 

Photoconverters, optical characteristics, semiconductors, films, nanoparticles, 

ZnO, SnS, CuO, 3D printing, spray method, structure, thermal annealing. 
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ʉʇʀʉʆʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ITO ï (In2O3)0,9+SnO2)0,1 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʌɽʇ ï ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯ 

ʉɽ ï ʩʦʥʷʯʥʠʡ ʝʣʝʤʝʥʪ 

ʅʏ ï ʥʘʥʦʯʘʩʪʠʥʢʠ 

ʇɽʄ ï ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ 

ʉɽʄ ï ʩʢʘʥʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ 

ʌʃ ï ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ 

ɺɸʍ ï ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʆʂʈ ï ʦʙʣʘʩʪʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

TCO ï ʧʨʦʟʦʨʽ ʧʨʦʚʽʜʥʽ ʦʢʩʠʜʠ 

AZO ï ʦʢʩʠʜ ʮʠʥʢʫ ʣʝʛʦʚʘʥʠʡ ʘʣʶʤʽʥʽʻʤ 

ɽɻ ï ʝʪʠʣʝʥʛʣʽʢʦʣʴ 

ɼɽɻ ï ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʴ 

ʊʊɽɻ ï ʪʝʪʨʘʝʪʠʣʝʥʛʣʽʢʦʣʴ 

ʇɺʇ ï ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥ 

ʇɸʈ ï ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ 

XRD ï ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʮʽʷ 

EDX ï ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

FTO ï ʜʠʦʢʩʠʜ ʦʣʦʚʘ ʣʝʛʦʚʘʥʠʡ ʬʪʦʨʦʤ 

FWHM ï ʧʽʚʰʠʨʠʥʘ ʤʘʢʩʠʤʫʤʫ 

ACFD ï ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʛʣʠʥʘʥʥʷ 

D ï ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ 

I i ï ʽʥʪʝʛʨʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ i-ʛʦ 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʽʢʫ 

N ï ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

Pi ï ʧʦʣʶʩʥʘ ʛʫʩʪʠʥʘ 

ű ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ ʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ 

ʧʣʦʱʠʥʠ 

(hkl) ï ʽʥʜʝʢʩʠ ʄʽʣʣʝʨʘ 

f ï ʦʨʽʻʥʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨ 

ɗ ï ʢʫʪ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ 

l ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

Ů ï ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ 

ɓ ï ʬʽʟʠʯʥʝ ʫʰʠʨʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ 

ʣʽʥʽʡ 

ʋʌ ï ʫʣʴʪʨʘʬʽʦʣʝʪ 

A0 ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

hɜ ï ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ 

n ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʶ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʝʭʘʥʽʟʤʫ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ 

V ï ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 

Ar ï ʘʨʛʦʥ 

d ï ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ  ʧʣʽʚʦʢ 

R(l) ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ 

T (l) ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ 

a (l) ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ  ̔ʛʥʫʯʢʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʢʨʠʪʠʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘ ʨʦʟʨʦʙʢʠ ʜʝʰʝʚʠʭ ʽ ʜʦʩʪʫʧʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʰʘʨʽʚ ʧʨʠʣʘʜʽʚ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʫ ʥʘʰ 

ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʢʩʠʜʠ ʤʝʪʘʣʽʚ ʪʘʢʽ ʷʢ SnO2, ITO 

((In2O3)0,9+SnO2)0,1) [1], [2], ʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ZnO, CuxO [3], [4]. ʉʢʣʘʜʦʚʽ 

ʦʢʩʠʜʥʠʭ ʩʧʦʣʫʢ h ʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ʧʨʠʨʦʜʽ, ʘ ʩʘʤʽ ʚʦʥʠ ʻ ʜʝʰʝʚʠʤʠ, 

ʩʪʽʡʢʠʤʠ ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʥʝʩʝʥʠʤʠ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʜʦʨʦʛʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʉʝʨʝʜ ʦʢʩʠʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʦʢʩʠʜ ʤʽʜʽ ʚʠʢʣʠʢʘʻ ʦʩʦʙʣʠʚʠʡ 

ʽʥʪʝʨʝʩ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʥʝʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʽʩʥʫʚʘʥʥʶ ʙʝʟʧʝʯʥʠʭ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʝʪʦʜʘʤ ʦʩʘʜʞʝʥʥʷ, ʰʠʨʦʢʽʡ ʨʦʟʧʦʚʩʶʜʞʝʥʦʩʪʽ ʽ ʜʝʰʝʚʠʟʥʽ 

ʢʦʤʧʦʥʝʥʪʽʚ [5], [6]. ʄʽʜʴ, ʙʫʜʫʯʠ ʙʘʛʘʪʦʚʘʣʝʥʪʥʦʶ, ʫʪʚʦʨʶʻ ʜʝʢʽʣʴʢʘ ʦʢʩʠʜʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ CuO ʪʘ Cu2O ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʨ-ʪʠʧʫ ʧʨʦʚʜ̔ʥʦʩʪʽ [7]. ɰʭ ʚʠʤʽʨʷʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʘʥʫ ʽ ʤʝʪʦʜʫ ʦʜʝʨʞʘʥʥʷ ʩʢʣʘʜʘʻ (1,3 ï 2,1) ʝɺ ʜʣʷ CuO ʽ (2,1 ï 2,6) ʝɺ ʜʣʷ 

Cu2O. ʇʨʦʚʽʜʥʽʩʪʴ p-ʪʠʧʫ ʚ ʮʠʭ ʦʢʩʠʜʘʭ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʽʩʥʫʚʘʥʥʷ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʚʘʢʘʥʩʽʡ Cu [8]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʨʠ ʮʴʦʤʫ, ʱʦ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʦʢʩʠʜʫ CuO ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʫʤʫ ʐʦʢʣʽ-ʂʚʘʡʟʝʨʘ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʩʦʥʷʯʥʠʭ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʌɽʇ) [9]. ʋ 

ʪʦʡ ʞʝ ʯʘʩ Cu2O ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʝʚʝʣʠʢʦʾ ʛʨʫʧʠ ʚʽʜʦʤʠʭ ʥʘ ʮʝʡ ʯʘʩ 

ʰʠʨʦʢʦʟʦʥʥʠʭ ʩʧʦʣʫʢ (NiO, MoO, Cu2O) ʟ ʜʽʨʢʦʚʠʤ ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ. ʆʜʥʘʢ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ ʩʧʦʣʫʢʘ Cu2O ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʣʦʶ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʢʦʶ ʾʭ ʨʫʭʣʠʚʽʩʪʶ (100 ʩʤ2ɺ-1ʩ-1 ʽ ʚʠʱʝ) [10], 
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[11]. ʊʦʤʫ ʮʝʡ ʤʘʪʝʨʽʘʣ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʉɽ) [12]. 

ʆʩʢʽʣʴʢʠ CuO ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʠʧʫ ʦʪʨʠʤʘʪʠ ʥʝ ʚʜʘʻʪʴʩʷ, ʌɽʇ ʟ 

ʧʦʛʣʠʥʘʣʴʥʠʤ ʰʘʨʦʤ ʟ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʚʦʨʶʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ, ʜʝ ʨʦʣʴ ʚʽʢʦʥʥʦʛʦ h ʘʨʫ n-ʪʠʧʫ ʚʠʢʦʥʫʻ ʩʧʦʣʫʢʘ ʟ ʰʠʨʦʢʦʶ 

ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ [13], [14]. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ̒  ʦʢʩʠʜ ʮʠʥʢʫ (ZnO) 

ʱʦ ʤʘ ̒Eg ~ 3,37 ʝɺ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʟʦʨʦʩʪʽ ʚ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ 

[15], [16]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʉɽ ʥʘ ʦʩʥʦʚʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ n-ZnO / p-CuO ʫ ʥʘʰ ʯʘʩ ʥʝ ʧʝʨʝʚʠʱʫʻ 3,83 % [17]. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʠʧʘʤʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʥʘʯʥʦʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʾ ʭ ʧʝʨʽʦʜʽʚ [18]. ʈʘʟʦʤ 

ʟ ʪʠʤ ʚ ʨʦʙʦʪʽ [19] ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʚ ʝʣʝʢʪʨʦʥʽʮʽ, ʩʝʥʩʦʨʠʮʽ ʪʘ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (CuO ʤʦʥʦʢʣʽʥʥʘ, ZnO ʛʝʢʩʘʛʦʥʘʣʴʥʘ ˇʨʘʪʢʘ) ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟʜʝʬʝʢʪʥʦʾ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʱʦ ʟʜʽʡʩʥʠʪʠ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʽʩʪ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʪʽʚ ZnO, 

ʧʦʻʜʥʘʚʰʠ ʛʨʘʥʴ (100) ʦʢʩʠʜʫ ʤʽʜʽ ʟ ʛʨʘʥʥʶ (101) ʦʢʩʠʜʫ ʮʠʥʢʫ [20].  

ʆʧʪʠʤʽʟʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ZnO ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʚʽʢʦʥʥʦʛʦ ʰʘʨʫ 

ʉɽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʌɽʇ. 

ʂʨʽʤ ʮʴʦʛʦ ʮʝʡ ʦʢʩʠʜ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʽ ʜʦʨʦʛʦʤʫ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʟʦʨʠʭ ʧʨʦʚʽʜʥʠʭ ʰʘʨʽʚ - ITO ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʨʠʣʘʜʘʭ ʝʣʝʢʪʨʦʥʽʢʠ. ʅʘʞʘʣʴ, ʰʘʨʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ZnO ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʚʠʷʚʠʣʠʩʷ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʦʥʠ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ 

ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʛʥʫʯʢʽ. ʉʘʤʝ ʪʦʤʫ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʣʝʛʫʚʘʥʥʶ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʦʥʦʨʥʠʤʠ ʪʘ ʘʢʮʝʧʪʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ [21]. ɸʣʶʤʽʥʽʡ ʻ 

ʪʨʘʜʠʮʽʡʥʦʶ ʜʦʥʦʨʥʦʶ ʜʦʤʽʰʢʦʶ ʚ ʦʢʩʠʜ ̔ʮʠʥʢʫ, ̫ ʢʘ ʟʙʽʣʴʰʫ ̒ʧʨʦʚʽʜʥʽʩʪʴ 
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ʩʧʦʣʫʢʠ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʶʯʠ ʤʘʪʝʨʽʘʣ ʧʨʦʟʦʨʠʤ, ʪʦʤʫ ʚʽʥ ʻ ʯʫʜʦʚʠʤ 

ʢʘʥʜʠʜʘʪʦʤ ʫ ʷʢʦʩʪʽ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʦʧʪʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʩʠʜʫ [22], [23]. 

ʑʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʛʣʠʥʘʣʴʥʠʭ 

ʰʘʨʽʚ ʌɽʇ ʻ ʩʫʣʴʬʽʜ ʦʣʦʚʘ ï SnS [24]. ʎʷ ʩʧʦʣʫʢʘ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ 

ʤʘʪʝʨʽʘʣʦʤ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʰʘʨʫʚʘʪʦʶ ʦʨʪʦʨʦʤʙʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʾʾ 

ʝʥʝʨʛʽʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʧʨʷʤʠʭ ʪʘ ʥʝʧʨʷʤʠʭ ʧʝʨʝʭʦʜʽʚ ʩʪʘʥʦʚʣʷʪʴ (1,4ï

1,5) ʪʘ (1,0ï1,1) ʝɺ ʚʽʜʧʦʚʽʜʥʦ [25]. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ZnO/SnS 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʉɽ ʘʙʦ ʬʦʪʦʜʝʪʝʢʪʦʨ [26], [27]. ɺʩʽ 

ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʜʦʨʦʛʽ, ʜʦʩʪʫʧʥʽ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʪʘ 

ʥʝʪʦʢʩʠʯʥʽ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʤʝʪʦʜʠ ʜʨʫʢʫ, ʦʩʦʙʣʠʚʦ ʪʘʢʽ ʷʢ ʨʦʟʧʠʣʝʥʥʷ ʥʘʥʦʯʦʨʥʠʣ 

ʪʘ ʧʦʢʨʘʧʝʣʴʥʠʡ ʜʨʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D ʧʨʠʥʪʝʨʫ, ʧʨʠʚʝʨʪʘʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ 

ʜʦʩʣʽʜʥʠʢʽʚ ʷʢ ʧʦʪʝʥʮʽʡʥʦ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʦʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʨʠʣʘʜʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎ ̔ ʤʝʪʦʜʠ 

ʚʽʜʟʥʘʯʘʪʁʴʩʷ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ, ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʚʽʜʥʦʩʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ, 

ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹ ʙʝʟʚʘʢʫʫʤʥʽ ʧʨʦʮʝʩʠ ʪʘ ʜʦʟʚʦʣʷʶʪ ɹ ʦʪʨʠʤʫʚʘʪʠ 

ʧʣʽʚʢʠ ʚʝʣʠʢʦʾ ʧʣʦʱʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [28], [29]. ʇʨʦʪʝ 

ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʅʏ) ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʅʏ ʪʘ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ 

ʽ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʪʦʜʫ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʆʪʞʝ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʣʽʚʦʢ CuO, ZnO:Al (AZO), SnS, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ, ʤʦʨʬʦʣʦʛʽʯʥʽ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʰʘʨʽʚ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʽ 

ʧ̔ ʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʮʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ ʫ ʢʦʥʪʝʢʩʪʽ 

ʧʦʰʫʢʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʪʘʙʽʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʉɽ, ʬʦʪʦ- ʪʘ ʛʘʟʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʪʦʱʦ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʢʦʤʧôʁ ʪʝʨʥʦʾ 

ʪʝʭʥʽʢʠ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʜʝʨʞʘʥʽ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ ˉ 0122U000787 (2022-2024 ʨʨ.) 

çʂʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʤ ʩʪʘʥʦʤ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ ʥʦʚʠʭ 

ʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʥʝʩʝʥʠʭ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʣʷ ʧʦʪʨʝʙ ʛʥʫʯʢʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠè (ʚʠʢʦʥʘʚʝʮʴ); ˉ 0124U000541 (2024 ʨ.) 

çʉʠʥʪʝʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʣʽʚʦʢ ʩʠʩʪʝʤʠ Cu-

Sn-S ʣʝʛʦʚʘʥʦʾ ʜʦʤʽʰʢʘʤʠ Zn, Mg, Mn, Se ʜʣʷ ʧʨʠʣʘʜʽʚ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʪʝʨʤʦʝʣʝʢʪʨʦʥʽʢʠè (ʚʠʢʦʥʘʚʝʮʴ); ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʜʦʛʦʚʦʨʦʤ 

ʄ/58-2023 ʚʽʜ 25.08.2023 ʨ. (2023-2024 ʨʨ.) ç3D-ʜʨʫʢʦʚʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʜʣʷ ʛʥʫʯʢʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚè (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); 

ʛʨʘʥʪʫ ʅɸʊʆ SPS Project 5916 (2021-2022 ʨʨ.) ç3D printed functional elements 

for flexible electronic devicesè (ʚʠʢʦʥʘʚʝʮʴ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʢʝʨʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʅʏ ʪʘ ʧʣʽʚʦʢ ʩʧʦʣʫʢ CuO, ZnO:Al, 

SnS, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʨʦʟʧʠʣʝʥʥʷ ʥʘʥʦʯʦʨʥʠʣ ʪʘ 3D ʜʨʫʢʫ ʟʘ ʨʽʟʥʠʭ 

ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ; ʾʭ 

ʧʦʜʘʣʴʰʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ, ʟʦʢʨʝʤʘ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʌɽʇ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʩʝʥʩʦʨʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦ ʾ

ʝʣʝʢʪʨʦʥʽʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ: 

ï ʩʪʚʦʨʠʪʠ ʪʘ ʥʘʣʘʛʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʠʥʪʝʟʫ ʅʏ 

ʩʧʦʣʫʢ CuO, ZnO:Al, SnS; 
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ï ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʩʠʥʪʝʟʫ ʅʏ ʧʦʪʨʽʙʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʨʦʟʤʽʨʽʚ ʪʘ 

ʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʦʣʴʥʦ-ʢʦʣʦʾʜʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʩʠʥʪʝʟʫ ʫ ʚʦʜʥʦ-

ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ; 

ï ʩʪʚʦʨʠʪʠ ʥʘʥʦʯʦʨʥʠʣʘ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʜʨʫʢʫ ʧʣʽʚʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚôʷʟʢʽʩʪʶ, ʪʝʢʫʯʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʚʠʩʠʭʘʥʥʷ) ʰʣʷʭʦʤ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʚ ʨʦʟʯʠʥʥʠʢʘʭ ʟ ʥʠʟʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ; 

ï ʤʦʜʠʬʽʢʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʨʘʥʽʰʝ 3D ʧʨʠʥʪʝʨ ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʥʦʩʠʪʠ ʪʦʥʢʽ ʰʘʨʠ ʩʧʦʣʫʢ CuO, ZnO:Al, SnS ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ 

ʥʘʥʦʯʦʨʥʠʣ ʪʘ ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʜʨʫʢʫ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ; 

ï ʜʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ, ʤʦʨʬʦʣʦʛʽʯʥʽ, ʦʧʪʠʯʥʽ ʪʘ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʪʘ ʧʣʽʚʦʢ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʪʦʜʽʚ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ; 

ï ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʱʦʙ ʜʦʩʷʛʪʠ ʦʜʝʨʞʘʥʥʷ ʟʨʘʟʢʽʚ 

ʟ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʦʚʱʠʥʦʶ, ʘʜʛʝʟʽʻʶ, ʨʦʟʤʽʨʘʤʠ, 

ʤʦʨʬʦʣʦʛʽʻʶ); 

ï ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽ ʁ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʝʩʝʥʠʭ ʰʘʨʽʚ ʰʣʷʭʦʤ ʾʭ 

ʧʽʩʣʷʨʦʩʪʦʚʦʛʦ ʚʽʜʧʘʣʫ; 

ï ʦʪʨʠʤʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʤʽʞ 

ʰʘʨʘʤʠ CuO, ZnO:Al, SnS; 

ï ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ, ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ, 

ʦʧʪʠʯʥʠʭ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʽʚ CuO, ZnO:Al, SnS, ʷʢ 

ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʪʝʨʦʩʠʩʪʝʤ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʬʘʟʦ- ʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʫ ʅʏ ʪʘ 

ʦʜʥʦ- ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ ʽ ʩʫʣʴʬʽʜʥʠʭ 

ʩʧʦʣʫʢ, ʥʘʥʝʩʝʥʠʭ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʤʦʨʬʦʣʦʛʽʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ, 

ʦʧʪʠʯʥʽ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʩʧʦʣʫʢ CuO, ZnO:Al, SnS, 

ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʥʘʥʦʯʦʨʥʠʣ ʪʘ ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʜʨʫʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3D ʧʨʠʥʪʝʨʽʚ ʥʘ ʩʢʣʷʥʠʭ ʪʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʧʨʠ ʨʽʟʥʠʭ 
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ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ʆʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʥʽ, ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ITO / ZnO:Al / n-ZnO / p-CuO. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʤʽʯʝʥʠʭ ʟʘʚʜʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʤʝʪʦʜʠ 

ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ: ʦʪʨʠʤʘʥʥʷ ʅʏ ʤʝʪʦʜʘʤʠ ʧʦʣʽʦʣʴʥʦ-

ʢʦʣʦʾʜʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʩʠʥʪʝʟʫ ʫ ʚʦʜʥʦ-ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ, ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ 

ʤʝʪʦʜʘʤʠ ʨʦʟʧʠʣʝʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣ ʪʘ ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʜʨʫʢʫ, ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ 

(ʇɽʄ) ʽ ʩʢʘʥʫʚʘʣʴʥʘ (ʉɽʄ) ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽ,ʾ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʤʽʢʨʦʘʥʘʣʽʟ, ʈʘʤʘʥʽʚʩʴʢʘ ʪʘ ʦʧʪʠʯʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽ,ʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ (ʌʃ) ʪʘ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʩʪʘʥʦʚʣʝʥʦ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʤʝʪʦʜʦʤ ʜʨʫʢʫ 

ʦʜʥʦʬʘʟʥʠʭ ʚʠʩʦʢʦʪʝʢʩʪʫʨʦʚʘʥʠʭ ʪʘ ʩʫʮʽʣʴʥʠʭ ʧʣʽʚʦʢ CuO ʥʘ ʩʢʣʷʥʠʭ  ̔ʛʥʫʯʢʠʭ 

ʧʽʜʢʣʘʜʢʘʭ. ʎʽ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʨʥʫ ʘʜʛʝʟʽʶ, ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʆʂʈ), ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʢʝʨʦʚʘʥʫ ʩʪʝʭʽʦʤʝʪʨʽʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʙʠʪʴ ʧʣʽʚʢʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ ʽ ʧʨʠʩʪʨʦʷʭ. ʊʘʢʦʞ, ʚʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ 

ʪʝʨʤʽʯʥʦʛʦ ʧʽʩʣʷʨʦʩʪʦʚʦʛʦ ʚʽʜʧʘʣʫ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʷʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʧʣʽʚʦʢ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʘʣʠʪʠ ʩʪʦʨʦʥʥʽ ʦʨʛʘʥʽʯʥʽ ʜʦʤʽʰʢʠ ʪʘ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʟ CuO ʜʦ Cu2O. 

2. ʈʝʘʣʽʟʦʚʘʥʦ ʧô̫ ʪʴ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʬʘʟʥʠʭ 

ʦʨʪʦʨʦʤʙʽʯʥʠʭ ʧʣʽʚʦʢ SnS: 1 ï ʩʠʥʪʝʟ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ 

CH3C(S)NH2; 2 ï ʩʠʥʪʝʟ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 3 ï 

ʩʠʥʪʝʟ ʚ ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʽ (ɼɽɻ) ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CS(NH2)2; 4 ï ʩʠʥʪʝʟ ʚ 

ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 5 ï ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ 

CH3C(S)NH2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʨʘʥʦ ʤʝʪʦʜ, ɦ ʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʦʬʘʟʥʽ ʅʏ ʩʧʦʣʫʢʠ SnS ʘʙʦ SnS2. 

3. ɺʧʝʨʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅʏ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʯʦʨʥʠʣ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʦʜʥʦʬʘʟʥʽ ʧʣʽʚʢʠ SnS. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, 

ʪʝʢʩʪʫʨʠ, ʩʪʨʫʢʪʫʨʥʠʭ, ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʩʣʷ ʾʭ 
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ʚʽʜʧʘʣʫ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʪʘʥʦʚʣʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ 

ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʧʣʽʚʦʢ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʽ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

4. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʧʣʽʚʦʢ ZnO:Al, CuO, SnS ʥʘ 

ʾʭ ʦʧʪʠʯʥʽ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʥʷ, 

ʚʽʜʙʠʚʘʥʥʷ, ʧʦʛʣʠʥʘʥʥʷ, ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ, h ʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ 

ʪʦʱʦ). ʅʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ ZnO, AZO ʪʘ CuO ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʠʢʣʶʯʥʦ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʚʦʨʝʥʦ ʧʨʦʪʦʪʠʧ ʉɽ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ITO/AZO/n-ZnO/p-CuO/Cu, ʚʠʤʽʨʷʥʽ ʡʦʛʦ ʦʧʪʠʯʥʽ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʜʝʰʝʚʽ ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʅʏ ʪʘ ʧʣʽʚʦʢ 

ʩʧʦʣʫʢ CuO, ZnO:Al, SnS ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ 

ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ, ʩʝʥʩʦʨʠʢʠ ʪʘ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ʇʨʦʚʝʜʝʥʽ ʢʦʤʧʣʝʢʩʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʘʣʠ ʥʦʚʽ ʜʘʥʽ ʧʨʦ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ, ʪʝʢʩʪʫʨʫ, ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʣʽʚʦʢ CuO, ZnO:Al, SnS, ʾʭ ʦʧʪʠʯʥʽ ʪʘ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ- ʪʘ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʦʢʩʠʜʥʠʭ 

ʪʘ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ. 

ʉʪʚʦʨʝʥʠʡ ʧʨʦʪʦʪʠʧ ʉɽ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ITO / ZnO:Al / n-ZnO / p-CuO / Cu 

ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-ZnO / p-CuO ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʰʝʚʠʭ ʌɽʇ ʪʘ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʣʦʱʽ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʧʦʣʷʛʘʻ ʫ ʩʘʤʦʩʪʽʡʥʦʤʫ ʘʥʘʣʽʟ ̔

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦ  ʁʜʠʩʝʨʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʙʨʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʪʘ ʧʣʽʚʦʢ. ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʨʘʟʦʤ ʽʟ 

ʥʘʫʢʦʚʠʤʠ ʢʝʨʽʚʥʠʢʘʤʠ ʜʦʢʪʦʨʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ɸ.ʉ. ʆʧʘʥʘʩʶʢʦʤ ʪʘ 

ʢʘʥʜʠʜʘʪʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʆ.ɸ. ɼʦʙʨʦʞʘʥʦʤ. ʉʠʥʪʝʟ ʅʏ ʩʧʦʣʫʢ ʦʢʩʠʜʽʚ ʽ 

ʩʫʣʴʬʽʜʽʚ ʤʝʪʘʣʽʚ ʧʨʦʚʦʜʠʚʩʷ ʩʧʽʣʴʥʦ ʟ ʢʘʥʜʠʜʘʪʦʤ ʭʽʤʽʯʥʠʭ ʥʘʫʢ ʈ.ʄ. 

ʇʰʝʥʠʯʥʠʤ (ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ). ɼʠʩʝʨʪʘʥʪ ʦʩʦʙʠʩʪʦ 

ʦʪʨʠʤʫʚʘʚ ʧʣʽʚʢʠ ZnO:Al, CuO, SnS ʪʘ ʧʨʦʚʦʜʠʚ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ, 
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ʩʪʨʫʢʪʫʨʥʠʭ, ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ, ʦʧʪʠʯʥʠʭ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʟʜʽʡʩʥʶʚʘʚ ʦʙʨʦʙʢʫ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʌʃ ʪʘ 

ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʟʨʘʟʢʽʚ ʚʠʢʦʥʘʥʽ ʩʧʽʣʴʥʦ ʟ ʜʦʢʪʦʨʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʖ.ʇ. 

ɻʥʘʪʝʥʢʦʤ, ʢʘʥʜʠʜʘʪʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ɸ.ʇ. ɹʫʢʽʚʩʴʢʠʤ, ʢʘʥʜʠʜʘʪʦʤ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ 

ɯ.ɻ. ɺʝʨʪʝʛʝʣʦʤ, ʥʘʫʢʦʚʠʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʇ.ʄ. ɹʫʢʽʚʩʴʢʠʤ, ʄ.ʉ. ʌʫʨô̒ ʨʦʤ, 

ʃ.ʄ. ʊʘʨʘʢʘʥʦʤ (ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) ʪʘ ʢʘʥʜʠʜʘʪʦʤ 

ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʈ.ɺ. ɻʘʤʝʨʥʠʢʦʤ (ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʃʴʚʽʚ, 

ʋʢʨʘʾʥʘ). ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʧʨʦʧʫʩʢʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʝʩʦʨʘ V. Mu¶oz-Sanjos® ʪʘ ʥʘʫʢʦʚʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʆ.ɺ. ʂʣʠʤʦʚʘ ʫʥʽʚʝʨʩʠʪʝʪʫ ɺʘʣʝʥʩʽʾ (ʤ. ɺʘʣʝʥʩʽʷ, ɯʩʧʘʥʽʷ), 

ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ P. Iba¶ez-Romero ʪʘ Z. Gaceevic Jovanovic ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʄʘʜʨʠʜʘ (ʤ. ʄʘʜʨʠʜ, ɯʩʧʘʥʽʷ). ʆʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʧʽʜʛʦʪʦʚʣʝʥʦ 

ʩʪʘʪʪʽ [30], [33], [34] ʪʘ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ [36]ï[48]. ʉʪʘʪʪʽ [31], [32], [35] ʥʘʧʠʩʘʥʽ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʷʣʘʩʷ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʩʝʤʽʥʘʨʘʭ. ʋʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ 

ʚʠʩʥʦʚʢʠ, ʚʠʥʝʩʝʥʽ ʥʘ ʟʘʭʠʩʪ, ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʷ ʽ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʪʘʢʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʩʝʤʽʥʘʨʘʭ: çʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ (ʌɽɽ)è (ʉʫʤʠ, 

2020, 2021 ʨʨ.), çɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤè MEICSè 

(ɼʥʽʧʨʦ, 2021, 2022, 2023 ʨʨ.), çʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ 

ʥʘʫʢʦʚʮʽʚ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ ɽɺʈʀʂɸè (ʃʴʚʽʚ, 2021, 

2022 ʨʨ.), ç9-ʪʘ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʉʝʥʩʦʨʥʘ 

ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾò (ʉɽʄʉʊ-9)è (ʆʜʝʩʘ, 2021 ʨ.), çIEEE 

Ukraine Conference on Electrical and Computer Engineering, UKRCONè (ʃʴʚʽʚ, 

2021 ʨ.), UkrMiCo 2021 - 2022 IEEE International Conference on Information and 

Telecommunication Technologies and Radio Electronics (ʂʠʾʚ, 2021 ʨ.). 
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ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 19 ʧʨʘʮʷʭ, ʟ 

ʷʢʠʭ 3 ʩʪʘʪʪʽ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʤʠ ʙʘʟʘʤʠ Scopus ʪʘ 

Web of Science Core Collection ʪʘ ʥʘʣʝʞʘʪʴ ʜʦ ʢʚʘʨʪʠʣ̔ ʚ Q1 - Q2, ʪʘ 3 ʩʪʘʪʪʽ ʫ 

ʤʘʪʝʨʽʘʣʘʭ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦ ʁʙʘʟʦ ʁScopus, 13 ʪʝʟ ʜʦʧʦʚʽʜʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʧô̫ ʪʠ ʨʦʟʜʽʣʽʚ, 

ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʧʝʨʝʣʽʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʣʘʜʝʥʘ ʥʘ 

207 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʟ ʷʢʠʭ 145 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, ʚʦʥʘ 

ʤʽʩʪʠʪʴ 71 ʨʠʩʫʥʢʠ ʽ 13 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 229 

ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1  

ʉʊʈʋʂʊʋʈʅɯ, ʆʇʊʀʏʅɯ ʊɸ ɽʃɽʂʊʈʆʌɯɿʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʅɸʅʆʏɸʉʊʀʅʆʂ ɯ ʇʃɯɺʆʂ ʉʇʆʃʋʂ CuO, ZnO:Al, SnS ɼʃʗ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ʉʆʅʗʏʅʆɰ ɽʅɽʈɻɯɰ (ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ) 

 

1.1. ʆʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʩʠʜʥʠʭ ʽ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ ʪʘ ʾʭ 

ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

 

ʇʨʦʟʦʨʽ ʧʨʦʚʽʜʥʽ ʦʢʩʠʜʠ (TCO) ʟʥʘʡʰʣʠ ʯʠʩʣʝʥʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ, ʩʝʥʩʦʨʠʮʽ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʚ ʷʢʦʩʪʽ 

ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ʷʢ ʩʚʽʪʣʦʜʽʦʜʠ, ʉɽ, ʛʥʫʯʢʽ ʝʣʝʢʪʨʦʥʥʽ ʧʘʥʝʣʽ, ʧʣʦʩʢʽ ʜʠʩʧʣʝʾ, 

[49]ï[51] ʜʘʪʯʠʢʠ ʛʘʟʫ [52] ʪʦʱʦ. ʆʢʩʠʜ ʽʥʜʽʡ-ʦʣʦʚʘ (ITO) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ TCO, ʦʜʥʘʢ ʦʙʤʝʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʽʥʜʽʶ ʻ ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʊʦʤʫ ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʧʦʰʫʢ 

ʜʝʰʝʚʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ITO [53]. ʆʢʩʠʜ ʮʠʥʢʫ, ʣʝʛʦʚʘʥʠʡ Al (ZnO:Al, ʪʦʙʪʦ 

AZO), ʫ ʥʘʰ ʯʘʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʮʴʦʤʫ 

ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʠʩʦʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʧʨʦʟʦʨʽʩʪʴ [54], [55].  

ʅʝʣʝʛʦʚʘʥʠʡ ZnO ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ (Eg = 3,37 ʝɺ). ʊʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʶ 

ʬʘʟʦʶ ʮʦɹʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʚʶʨʮʠʪ, ʱʦ ʤʘʻ ˇʨʘʪʢʫ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ. ʇʽʜ ʯʘʩ ʝʧʽʪʘʢʩʽʘʣʴʥʦʛʦ ʨʦʩʪʫ ʥʘ ʦʨʽʻʥʪʫʶʯʠʭ 

ʧʽʜʢʣʘʜʢʘʭ ʟ ʢʫʙʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʧʦʣʫʢʘ ʤʦʞʝ ʤʘʪʠ ˇʨʘʪʢʫ ʪʠʧʫ ʩʬʘʣʝʨʠʪʫ 

[56], ʘ ʧʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ (~10 ɻʇʘ) ˇʨʘʪʢʫ ʢʘʤʷʥʦʾ ʩʦʣʽ [57]. 

ɽʣʝʢʪʨʦʥʥʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʚʠʯʘʡʥʦ ʧʦʷʩʥʶʶʪʴ 

ʚʽʜʭʠʣʝʥʥʷʤ ʡʦʛʦ ʩʢʣʘʜʫ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʘʙʦ ʥʘʷʚʥʽʩʪʶ ʫ ˇʨʘʪʮʽ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʜʦʤʽʰʢʠ ʚʦʜʥʶ, ʚʥʘʩʣʽʜʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʾ ʧʨʠ ʩʠʥʪʝʟʽ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʰʘʨʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ʦʢʩʠʜʫ ʮʠʥʢʫ ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, 

ʚʠʷʚʠʣʠʩʷ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʛʨʘʜʫʶʪʴ ʫ ʯʘʩʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʷʢ ʧʨʦʟʦʨʠʭ ʝʣʝʢʪʨʦʜʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʛʥʫʯʢʽ. ʊʦʤʫ 

ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʣʝʛʫʚʘʥʥʶ ZnO ʘʢʮʝʧʪʦʨʥʠʤʠ ʪʘ ʜʦʥʦʨʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ [58], [59]. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʦʢʩʠʜʫ ʡʦʛʦ ʟʚʠʯʘʡʥʦ ʣʝʛʫʶʪʴ 

ʜʦʤʽʰʢʘʤʠ III ʪʘ VII ʛʨʫʧ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ. ʇʝʨʰʽ ʟ ʥʠʭ 

ʟʘʤʽʥʶʶʪʴ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʮʠʥʢ, ʜʨʫʛʽ ï ʢʠʩʝʥʴ [60], [61]. ʉʝʨʝʜ 

ʝʣʝʤʝʥʪʽʚ III ʛʨʫʧʠ ʟʘʟʚʠʯʘʡ ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Al, ʚʽʥ ʧʦʢʨʘʱʫʻ 

ʧʨʦʟʦʨʽʩʪʴ ʽ ʧʨʦʚʽʜʥʽʩʪʴ ZnO [62], [63].  

ʄʽʜʴ, ʙʫʜʫʯʠ ʙʘʛʘʪʦʚʘʣʝʥʪʥʦʶ, ʫʪʚʦʨʶʻ ʜʝʢʽʣʴʢʘ ʦʢʩʠʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

CuO ʪʘ Cu2O ̒ ʜʦʙʨʝ ʚʽʜʦʤʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨ-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ [64]. ɿʘʣʝʞʥʦ ʚʽʜ ʬʘʟʠ ʪʘ ʤʝʪʦʜʫ ʚʠʨʦʱʫʚʘʥʥʷ ʾʭ ʚʠʤʽʨʷʥʘ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ (1,3ï2,1) ʝɺ ʜʣʷ CuO ʪʘ (2,1ï2,6) ʝɺ ʜʣʷ Cu2O. ʈ-

ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ ʮʠʭ ʦʢʩʠʜʽʚ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ 

ʚʘʢʘʥʩʽʾ Cu ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʤʘʪʝʨʽʘʣʫ [64]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʧʪʠʯʥʘ 

ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ CuO ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʫʤʫ ʐʦʢʣʽ-ʂʚʘʡʟʝʨʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʽʦʢʩʠʜ ʤʽʜʽ (I) ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʚʝʣʠʢʦʾ ʛʨʫʧʠ 

ʚʽʜʦʤʠʭ ʰʠʨʦʢʦʟʦʥʥʠʭ ʩʧʦʣʫʢ (NiO, MoxOy, Cu2O) ʟ ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʢʩʠʜ Cu2O ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʣʦʶ ʝʬʝʢʪʠʚʥʦʶ ʤʘʩʦʶ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ 100 

ʩʤ2ɺ-1ʩ-1 ̔ ʚʠʱʝ [65]. ʆʙʠʜʚʘ ʦʢʩʠʜʠ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [66].  

ʋ ʩʫʯʘʩʥʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʉɽ, ʷʢ ʤʘʪʝʨʽʘʣ ʧʦʛʣʠʥʘʣʴʥʦʛʦ ʰʘʨʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʧʨʷʤʦʟʦʥʥʽ ʩʧʦʣʫʢʠ, ̫ ʢ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ (CdTe) ʪʘ 

ʜʠʩʝʣʝʥʽʜ ʤʽʜʽ-̔ ʥʜʽʶ-ʛʘʣʽʶ (Cu(In,Ga)Se2 ʘʙʦ CIGS). ʆʜʥʘʢ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʷʜʦʤ ʦʙʤʝʞʝʥʴ, ʟʦʢʨʝʤʘ ʜʝʬʽʮʠʪʦʤ ʪʝʣʫʨʫ (Te) ʽ ʽʥʜʽʶ (In) 

ʫ ʟʝʤʥʽʡ ʢʦʨʽ, ʘ ʪʘʢʦʞ ʪʦʢʩʠʯʥʩ̔ʪʶ ʢʘʜʤʽʶ (Cd) ʽ ʩʝʣʝʥʫ (Se). ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, 

ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʮʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘʢʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ 

ʩʧʦʣʫʢʠ, ʷʢ ʩʫʣʴʬʽʜ ʤʽʜʽ-ʮʠʥʢʫ-ʦʣʦʚʘ (Cu2ZnSnS4 ʘʙʦ CZTS), ʩʝʣʝʥʽʜ ʤʽʜʽ-

ʮʠʥʢʫ-ʦʣʦʚʘ (Cu2ZnSnSe4 ʘʙʦ CZTSe) ʪʘ ʩʫʣʴʬʽʜ ʦʣʦʚʘ (SnS).  
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ʇʝʨʝʚʘʛʦʶ ʦʩʪʘʥʥʴʦʛʦ ʧʝʨʝʜ ʢʝʩʪʝʨʠʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʛʦʤʦʛʝʥʥʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʚʪʦʨʠʥʥʠʭ ʩʧʦʣʫʢ ʽ ʬʘʟ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʫ ʩʠʩʪʝʤʽ. ʂʨʽʤ ʪʦʛʦ, SnS ʤʦʞʥʘ 

ʩʠʥʪʝʟʫʚʘʪʠ ʯʠʩʣʝʥʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʪʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [67]. ʈʘʟʦʤ ʟ ʪʠʤ, ʽʥʰʘ ʩʧʦʣʫʢʘ ʚ ʮʽʡ ʩʠʩʪʝʤʽ - ʜʽʩʫʣʴʬʽʜ ʦʣʦʚʘ (SnS2) 

ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʫʬʝʨʥʠʭ ʰʘʨʽʚ ʉɽ 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʚʝʣʠʢʫ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (Eg = (2,2-2,8) ʝɺ) ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ [68]. 

ʉʧʦʣʫʢʘ SnS2 ʤʘʻ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʪʠʧʫ CdI2, ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʠʭ ʘʪʦʤʥʠʭ ʰʘʨʽʚ Sn ʨʦʟʪʘʰʦʚʘʥʠʭ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ S [69]. 

ʐʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʜʽʩʫʣʴʬʽʜʫ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʚʘʣʝʥʪʥʦʛʦ ʽ ʚʘʥ-

ʜʝʨ-ɺʘʣʴʩʦʚʠʭ ʟʚô̫ ʟʢʽʚ. ʄʦʥʦʩʫʣʴʬʽʜ ʦʣʦʚʘ ʤʘʻ ʦʨʪʦʨʦʤʙʽʯʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ˇʨʘʪʢʦʶ ʪʠʧʫ Pbnm ʪʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ a = 0,43291; b = 

1,11923; c = 0,39838 ʥʤ [70]. 

ʉʧʦʣʫʢʘ SnS ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʚʽʜʥʽʩʪʴ p-ʪʠʧʫ, ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʚʘʢʘʥʩʽʷʤʠ ʦʣʦʚʘ ʚ ʾʾ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ [24]. ʂʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʚ ʮʴʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1015 ʜʦ 1017 ʩʤ-3, ʘ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ 

ʧʝʨʝʚʠʱʫʻ 15 ʩʤ2/ɺʩ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʦʥʦʩʫʣʴʬʽʜʫ ʦʣʦʚʘ 

ʟʤʽʥʶʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,1 ʜʦ 1,7 ʝɺ 

[67], [71]. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʤʘʪʠ ʥʝʧʨʷʤʫ 

ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ (Eg = 1,1 ʝɺ) [72]. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʥʰʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʝ ʞ ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʷʤʫ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʟ ʝʥʝʨʛʽʻʶ (1,4-1,5) ʝɺ 

[25], [73]. ʆʜʥʘʢ ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʟʥʘʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ (Ŭ = 

(104-105) ʩʤ-1) ʫ ʦʙʣʘʩʪʽ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ. ʇʨʦʪʝ ʧʦʪʦʯʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ ʉɽ ʥʘ 

ʦʩʥʦʚʽ SnS ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 4,36% [74]. ʊʘʢʘ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʝʟʘʜʦʚʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʷʢʽʩʪʶ ʥʘʥʝʩʝʥʠʭ ʧʣʽʚʦʢ ʪʘ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʽ ʚʢʣʶʯʝʥʴ ʚʪʦʨʠʥʥʠʭ ʬʘʟ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ 

ʩʠʩʪʝʤʽ Sn - S ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʪʘʢʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʘʟʠ ̫ ʢ SnS2, Sn2S3, 

Sn3S4 ʘʙʦ Sn4S5 [75]. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʽʞʬʘʟʥ̔  ʤʝʞʽ ʪʘ ʤʝʞʽ ʟʝʨʝʥ ʩʣʫʞʘʪʴ 
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ʝʬʝʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʜʣʷ ʛʝʥʝʨʦʚʘʥʠʭ ʩʚʽʪʣʦʤ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ.  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʩʧʦʣʫʢ ʫʟʘʛʘʣʴʥʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ZnO, CuO, SnS [3], [76], 

[77] 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ZnO CuO SnS 

ʇʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 

ʊʠʧ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 

ʚʶʨʪʮʠʪ 

(ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʘ ʬʘʟʘ) 

ʩʬʘʣʝʨʠʪ 

ʢʘʤôʷʥʘ ʩʽʣʴ 

ʤʦʥʦʢʣʽʥʥʘ ʦʨʪʦʨʦʤʙʽʯʥʘ 

ɻʫʩʪʠʥʘ r0, ʢʛ/ʤ
3 5605 6310 5080 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P63mc (ʚʶʨʪʮʠʪ) ʉ2/c Pbnm 

ʉʪʘʣʘ ˇʨʘʪʢʠ ʘ, ʥʤ 0,32495 (ʚʶʨʪʮʠʪ) 0,46883 0,43291 

ʉʪʘʣʘ ˇʨʘʪʢʠ b, ʥʤ 0,32495 (ʚʶʨʪʮʠʪ) 0,34229 1,11923 

ʉʪʘʣʘ ˇʨʘʪʢʠ ʩ, ʥʤ 0,52069 (ʚʶʨʪʮʠʪ) 0,51319 0,39838 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʐʠʨʠʥʘ ɿɿ Eg, ʝɺ (ʧʨʠ T = 

300 K) 
3,37 1,3 ï 2,1 1,1 ï 1,7 

ʈʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ mʝ, 

ʩʤ2/ɺÖʩ 
200 - - 

ʈʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ mh, ʩʤ
2/ɺÖʩ - 18 ï 48 50 ï 90 

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ 

m*e 
0,24 0,40  

ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʜʽʨʦʢ m*p 0,59 7,90 0,20 

ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ NC, ʤ
-3 

3Ā1024  7,32Ā1024 

ɻʫʩʪʠʥʘ ʩʪʘʥʽʚ ʫ ʚʘʣʝʥʪʥʽʡ 

ʟʦʥʽ NV, ʤ
-3 

6Ā1024  2,24Ā1024 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

e/e 
7,80/3,70 18,1 32/14 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʊp, ʂ 1975 1515 1154 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ a0, 10-6 ʂ-1 
4,31  3,77 

ʄʦʜʫʣʴ ʖʥʛʘ E, 106 ʅ/ʩʤ2 12,80 8,16  

ʊʝʨʤʽʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ kT, 

ɺʪ/ʩʤĀʂ 
0,54   

ʉʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʝʣʝʢʪʨʦʥʫ 

c, ʝɺ 
4,19 4,07 3,65 
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1.2. ʉʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʤʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ CuO, ZnO:Al, 

SnS  

1.2.1 ʄʝʪʦʜʠ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʦʢʩʠʜʥʠʭ ʪʘ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ 

 

ʄʦʨʬʦʣʦʛʽʷ ʪʘ ʨʦʟʤʽʨ ʅʏ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʩʪʨʠʞʥʝʚʽ, ʣʠʩʪʦʚʽ ʪʘ ʩʪʨʽʯʢʦʚʽ ʅʏ 

ZnO ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʉɽ, ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʜʽʦʜʽʚ ʪʘ ʛʘʟʦʚʠʭ 

ʜʘʪʯʠʢʽʚ [78], [79]. ʂʦʥʪʨʦʣʴ ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʅʏ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʻ ʦʩʥʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ʈʝʛʫʣʶʶʯʠ 

ʫʤʦʚʠ ʩʠʥʪʝʟʫ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩ, ʩʢʣʘʜ ʧʨʝʢʫʨʩʦʨʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ʘʙʦ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʦʪʨʽʙʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ 

ʬʦʨʤ ʅʏ [80]. 

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʅʏ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ, ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ, ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʜʝʰʝʚʠʟʥʽ ʦʜʝʨʞʘʥʠʭ 

ʯʘʩʪʠʥʦʢ. ʋ ʨʦʙʦʪʽ [81], ʩʠʥʪʝʟ ZnO ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 2 ʛ 

ʘʮʝʪʘʪʫ ʮʠʥʢʫ ʪʘ 10 ʛ ʛʨʘʥʫʣ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ ʫ 100 ʤʣ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ. 

ʆʪʨʠʤʘʥʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʥʘʛʨʽʚʘʣʠ ʜʦ ʢʠʧʽʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʚ ʨʦʟʯʠʥ 

ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ. ʈʦʟʯʠʥ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ 

ʮʴʦʤʫ ʫʪʚʦʨʶʚʘʚʩʷ ʛʫʩʪʠʡ ʛʝʣʴ. ʇʦʪʽʤ ʛʝʣʴ ʚʠʡʤʘʣʠ ʽʟ ʢʦʣʙʠ ʽ ʜʦʜʘʚʘʣʠ 25% 

HNO3 ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʠʩʣʦʪʥʦʾ ʨʝʘʢʮʽʾ. ʇʽʜ ʯʘʩ ʜʦʜʘʚʘʥʥʷ HNO3 ʩʫʤʽʰ 

ʙʝʟʧʝʨʝʨʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ. ʊʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʡ ʦʩʘʜ, ʱʦ ʧʣʘʚʘʚ ʥʘ ʧʦʚʝʨʭʥʽ, 

ʚʠʜʘʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʘʪʝʣʷ. ʆʩʘʜ ʬʽʣʴʪʨʫʚʘʣʠ, ʧʽʩʣʷ ʯʦʛʦ ʩʫʰʠʣʠ ʧʨʠ 353 

ʂ. ʉʫʭʠʡ ʧʦʨʦʰʦʢ ʚʽʜʧʘʣʶʚʘʣʠ ʧʨʠ 1073 ʂ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʚʘʣʠʩʴ ʅʏ ZnO. ʇʽʢʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʚʽʜ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʧʦʚʽʜʘʣʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʬʘʟʽ ʚʶʨʮʠʪʫ ZnO (ʨʠʩ.1.1 ʘ). ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʤʽʰʢʦʚʠʭ ʧʽʢʽʚ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ.  
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ʈʠʩʫʥʦʢ 1.1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʅʏ ZnO (ʘ), ʾʭ EDX ʩʧʝʢʪʨ (ʙ) ʪʘ ʇɽʄ 

ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ (ʚ) 

 

ʅʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 1.1 ʚ ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʫʪʚʦʨʝʥʥʷ ʅʏ 

ʤʘʡʞʝ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʨʦʟʤʽʨʘʤʠ ʤʽʞ (50ï70) ʥʤ. ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ ʟʨʘʟʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.1 ʙ, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ 

EDX, ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʚ ʯʠʩʪʫ ʬʘʟʫ ZnO. 

ʑʝ ʦʜʥʠʤ ʽʟ ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʅʏ ʻ ʧʦʣʽʦʣʴʥʠʡ 

ʩʠʥʪʝʟ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʚʽʜʦʤʽ ʷʢ ʧʦʣʽʦʣʠ, ʷʢ 

ʨʝʘʛʝʥʪʠ ʪʘ ʨʦʟʯʠʥʥʠʢʠ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ, ʟʘʟʚʠʯʘʡ, ʤʝʪʘʣʝʚʽ ʩʦʣʽ ʨʦʟʯʠʥʷʶʪʴ ʫ 

ʧʦʣʽʦʣʽ, ʪʘʢʦʤʫ ʷʢ ʝʪʘʥʦʣ, ʛʣʽʮʝʨʠʥ ʘʙʦ ʝʪʠʣʝʥʛʣʽʢʦʣʴ, ʽ ʧʽʩʣʷ ʮʴʦʛʦ 

ʢʦʥʪʨʦʣʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʦʙʨʦʙʢʫ ʦʪʨʠʤʫʶʪʴ ʅʏ ʙʘʞʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʽʜʦʤʦ, ʱʦ ʧʦʣʽʦʣʠ ʥʝ ʣʠʰʝ ʩʣʫʞʘʪʴ ʨʝʘʢʮʽʡʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʘʣʝ ʡ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʤʽʨ, ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʥʮʝʚʠʭ ʅʏ [82]. ʎʝʡ 

ʤʝʪʦʜ ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʧʨʦʩʪʦʪʦʶ, ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʟʤʽʨ ʪʘ 

ʤʦʨʬʦʣʦʛʽʶ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʅʏ, ʢʘʪʘʣʽʟʘʪʦʨʠ ʪʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʢʨʠʪʪʷ [83]. 
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ʊʘʢ ʫ ʨʦʙʦʪʽ [84] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʦʪʨʠʤʘʥʽ ʅʏ ZnO ʫ 

ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. ɸʮʝʪʘʪ ʜʠʛʽʜʨʘʪʫ ʮʠʥʢʫ (CH3COO)ZnĿ2H2O (1 ʄ) 

ʨʦʟʯʠʥʷʣʠ ʫ ʝʪʠʣʝʥʛʣʽʢʦʣʽ (ɽɻ) ʪʘ ʢʠʧô̫ ʪʠʣʠ ʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʠʢʫ ʧʨʠ 433 ʂ. ʇʽʩʣʷ ʡʦʛʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʩʫʤʽʰ ʢʠʧô̫ ʪʠʣʠ ʱʝ 

12 ʛʦʜʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʫʪʚʦʨʶʚʘʣʘʩʴ ʙʽʣʘ ʩʫʩʧʝʥʟʽʷ, ʱʦ ʤʽʩʪʠʣʘ ʅʏ ZnO. 

ʉʫʩʧʝʥʟʽʶ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 4000 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ 

ʯʘʩʪʠʥʢʠ ʚʽʜ ʧʨʝʢʫʨʩʦʨʫ. ʇʦʪʽʤ ʩʫʤʽʰ ʜʚʽʯʽ ʧʨʦʤʠʚʘʣʠ ʝʪʘʥʦʣʦʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʨʠʤʫʩʦʚʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʯʘʩʪʠʥʦʢ ZnO ʚ ʮʝʥʪʨʠʬʫʟʽ (4000 ʦʙ/ʭʚ, 15 ʭʚ). 

ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʩʫʰʠʣʠ ʚ ʧʝʯʽ ʧʨʠ 353 ʂ. ɺʠʱʝʚʢʘʟʘʥʫ ʧʨʦʮʝʜʫʨʫ 

ʧʦʚʪʦʨʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʨʝʘʢʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, 

ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʶ (ɼɽɻ) ʽ ʪʝʪʨʘʝʪʠʣʝʥʛʣʽʢʦʣʶ (ʊʊɽɻ).  

ɸʚʪʦʨʘʤʠ [84] ̔ ʥʜʝʢʩʦʚʘʥʽ ʧʽʢʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʚʽʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʧʦʣʽʦʣʽʚ ʅʏ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʚʶʨʮʠʪʥʽʡ ʬʘʟʽ ʦʢʩʠʜʫ ʮʠʥʢʫ (JCPDS 01-075-0576). ɺʽʜʙʠʚʘʥʴ 

ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʙʫʜʴ-̫ ʢʦʾ ʽʥʰʦʾ ʬʘʟʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʪʽʚ (ʾʭ ʆʂʈ) 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ cʧʽʚʚʽʜʥʦʰʝʥʥʷ ʐʝʨʨʝʨʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʦʙʨʘʥʽ ʚʽʜʙʠʪʪʷ 

ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ (102). ʈʦʟʨʘʭʦʚʘʥʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ZnO, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʧʦʣʽʦʣʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.2.  

 

ʊʘʙʣʠʮʷ 1.2 ς ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʐʝʨʨʝʨʘ 

ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʪʽʚ ʅʏ ZnO ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʨʦʟʯʠʥʥʠʢʽʚ 

ʈʦʟʯʠʥʥʠʢ ʂʫʪ 2ɗ, Á ʇʽʚʰʠʨʠʥʘ ɓ 
ʈʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ, ʥʤ 
ʌʦʨʤʘ 

ZnO/ɽɻ 47,694 0,390 23,3 ʉʬʝʨʠʯʥʘ 

ZnO/ɼɽɻ 47,849 0,265 34,3 ʉʬʝʨʠʯʥʘ + ʩʪʝʨʞʥʽ 

ZnO/ʊʊɽɻ 47,842 0,232 39,3 çɸʣʤʘʟʫè 
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ʅʘ ʨʠʩ. 1.2 ʘ-ʝ ʥʘʚʝʜʝʥʦ ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʅʏ ʦʢʩʠʜʫ ʮʠʥʢʫ, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ: ʚ ɽɻ (ʘ,ʙ), ɼɽɻ (ʚ,ʛ) ʪʘ 

ʊʊɽɻ (ʜ,ʝ). ʈʠʩ. 1.2 ʘ,ʙ ʩʚʽʜʯʘʪʴ, ʱʦ ʯʘʩʪʠʥʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʤʘʡʞʝ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ ʽ ʤʘʣʠʡ ʨʦʟʤʽʨ. 

ɽʪʠʣʝʥʛʣʽʢʦʣʴ ʟ ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʦʙô̒ ʤʥʽʰʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

(ʆʅ) ʦʙʤʝʞʫʻ ʨʽʩʪ ʫʩʽʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʦʱʠʥ ʤʘʪʝʨʽʘʣʫ, ʫʪʚʦʨʶʶʯʠ ʪʘʢʠʤ 

ʯʠʥʦʤ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʫ ʨʦʟʤʽʨʥʫ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʩʬʝʨʠ. ʅʘ ʨʠʩ. 1.2 ʚ,ʛ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʩʠʥʪʝʟʦʚʘʥʽ ʚ ɼɽɻ ʤʘʶʪʴ ʥʘʧʽʚʩʬʝʨʠʯʥʫ ʘʙʦ ʩʪʝʨʞʥʝʚʫ 

ʬʦʨʤʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2 ʜ,ʝ, ʩʠʥʪʝʟ ZnO ʚ ʊʊɽɻ ʜʘʻ ʮʽʢʘʚʫ 

çʘʣʤʘʟʥʫè ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʥʦʢ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʅʏ ZnO ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ɽɻ (ʘ), ɼɽɻ (ʙ), ʊʊɽɻ (ʚ) 

 

ʇʦʜʽʙʥʠʡ ʧʦʣʽʦʣʴʥʠʡ ʩʠʥʪʝʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʅʏ SnS. 

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [85] ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘʢʽ ʯʘʩʪʠʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʷʢ ʨʦʟʯʠʥʥʠʢʘ, ʪʘ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ (ʇɺʇ), ʷʢ ʩʪʘʙʽʣʽʟʘʪʦʨʘ 
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ʜʣʷ ʢʦʥʪʨʦʣʶ ʾʭ ʨʦʟʤʽʨʫ. ɼʣʷ ʩʠʥʪʝʟʫ SnS ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʦʣʽ SnCl2 ̔ Na2S. ʉʧʦʯʘʪʢʫ 0,1 ʄ SnCl2, 0,1 ʄ Na2S ̔ 0,15 ʄ ʇɺʇ ʨʦʟʤʽʰʫʚʘʣʠ 

ʚ 10 ʤʣ ɽɻ. ʇʦʪʽʤ ʦʜʥʦʯʘʩʥʦ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ Na2S ̔ ʇɺʇ ʫ ʨʦʟʯʠʥ SnCl2, 

ʷʢʠʡ ʫʞʝ ʙʫʚ ʧʦʤʽʱʝʥʠʡ ʫ ʢʦʣʙʫ ʪʘ ʥʘʛʨʽʪʠʡ ʜʦ 423 ʂ. ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʢʦʣʽʨ 

ʨʦʟʯʠʥʫ ʟʤʽʥʶʚʘʚʩʷ ʥʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʡ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʪʚʦʨʝʥʥʷ SnS. ʇʦʪʽʤ 

ʨʦʟʯʠʥ ʦʭʦʣʦʜʞʫʚʘʣʠ ʫ ʚʦʜʷʥʽʡ ʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 20 ʭʚʠʣʠʥ ʽ ʧʨʦʤʠʚʘʣʠ ʢʽʣʴʢʘ 

ʨʘʟʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʧʨʠ 5000 ʦʙ/ʭʚ. ʅʘ ʦʩʪʘʥʥɹ ʦʤʫ ʝʪʘʧʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʾ ʪʝʭʥʽʢʠ ʢʘʧʘʥʥʷ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʪʦʚʩʪʘ (ʢʽʣʴʢʘ ʤʽʢʨʦʥ) 

ʧʣʽʚʢʘ SnS. ɼʦʪʨʠʤʫʶʯʠʩʴ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʧʨʦʮʝʜʫʨʠ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʝʨʽʶ 

ʟʨʘʟʢʽʚ ʰʣʷʭʦʤ ʟʤʽʥʠ ʤʦʣʷʨʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Sn:S ʟ 1:1 ʜʦ 1:6 ʽ 1:12 ʫ 

ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʪʘ ʬʽʢʩʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɺʇ ʥʘ ʨʽʚʥʽ 0,15 ʄ. ʋʪʚʦʨʝʥʽ ʅʏ 

SnS ʤʘʣʠ ʬʦʨʤʫ ʥʘʥʦʩʪʝʨʞʥʽʚ ʰʠʨʠʥʦʶ (10-15) ʥʤ ʽ ʜʦʚʞʠʥʦʶ (30-40) ʥʤ. 

ʅʘ ʨʠʩ. 1.3 ʥʘʚʝʜʝʥʽ ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ, ʦʜʝʨʞʘʥʠʭ ʟ ʨʦʟʯʠʥʽʚ ʟ 

ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ Sn:S. ʈʘʤʘʥʽʚʩʴʢʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʥʘʷʚʥʽʩʪʴ ʚ 

ʧʣʽʚʢʘʭ ʚʪʦʨʠʥʥʠʭ ʬʘʟ, ʪʘʢʠʭ ʷʢ SnS2 (314,5 ʩʤ-1) ʽ Sn2S3 (59 ʩʤ
-1) ʨʘʟʦʤ ʽʟ 

ʬʘʟʦʶ SnS ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʣʷʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ Sn ̔ S ʫ ʨʦʟʯʠʥʽ 1:1. 

ʇʨʠ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʽ ʜʦ 1:6 ʬʘʟʘ SnS2 ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʻ, ʘ ʧʨʠ ʤʦʣʷʨʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ 1:12 ʫʪʚʦʨʶʻʪʴʩʷ ʪʽʣʴʢʠ ʬʘʟʘ SnS. ɸʢʪʠʚʥʽ ʧʽʢʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ SnS ʧʨʠ ʯʘʩʪʦʪʽ ʟʤʽʱʝʥʥʷ (218Ñ2) ʽ (164 Ñ2) ʩʤ-1 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʦʣʠʚʘʥʥʷʤ ʟʚô̫ ʟʢʽʚ ʤʽʞ Sn ʪʘ S, ʘ ʧʽʢ ʧʨʠ (290Ñ4) ʩʤ-1 ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʽ 

ʩʪʠʩʥʝʥʥʷ ʰʘʨʽʚ ʚʟʜʦʚʞ ʦʩʽ c. ʇʽʢ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ 315 ʩʤ-1 

ʚʽʜʧʦʚʽʜʘʻ ʩʠʤʝʪʨʠʯʥʽʡ ʤʽʞʰʘʨʦʚʽʡ ʤʦʜʽ SnS2. ʆʜʥʦʬʘʟʥʠʡ SnS ʤʘʚ 

ʦʨʪʦʨʦʤʙʽʯʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ (JCPDS ˉ 01-071-3679). 
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ʈʠʩʫʥʦʢ 1.3 ï ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ Sn ʪʘ S: 1:1, 1:6 ʪʘ 1:12. ɺʠʢʦʨʠʩʪʘʥʦ ʟʙʫʜʞʝʥʥʷ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l = 785 ʥʤ 

 

ʋ ʨʦʙʦʪʽ [86] ʘʚʪʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʫ ʅʏ CuO ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʦʩʪʠʡ 

ʭʽʤʽʯʥʠʡ ʤʝʪʦʜ ʦʩʘʜʞʝʥʥʷ. ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʙʫʚ ʪʘʢʠʤ: 2 ʛ CuSO4Ŀ5H2O 

ʨʦʟʯʠʥʷʣʠ ʫ 20 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʂʨʽʤ ʪʦʛʦ, 8 ʛ NaOH ʨʦʟʯʠʥʠʣʠ ʚ 200 

ʤʣ ʪʦʛʦ ʩʘʤʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʂʦʞʝʥ ʨʦʟʯʠʥ ʧʝʨʝʤʽʰʫʚʘʣʠ ʦʢʨʝʤʦ ʧʨʦʪʷʛʦʤ 

ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʚʦʭ ʛʦʤʦʛʝʥʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 0,4 ʤʦʣʴ/ʣ ʽ 1 ʤʦʣʴ/ʣ ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʯʠʥ ʛʽʜʨʦʢʩʠʜʫ 

ʥʘʪʨʽʶ ʜʦʜʘʚʘʣʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʤʽʜʽ, ʘ ʧʦʪʽʤ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ 

ʛʦʜʠʥʠ ʛʨʽʣʠ ʥʘ ʧʣʠʪʽ ʧʨʠ 373 ʂ ʪʘ ʧʦʩʪʽʡʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ. ʋʪʚʦʨʝʥʠʡ ʨʦʟʯʠʥ 

ʟʘʣʠʰʘʣʠ ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʮʝʩʦʤ 

ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʦʨʥʦʛʦ ʧʦʨʦʰʢʫ. ɺʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʦʙʝʨʝʞʥʦ ʟʙʠʨʘʣʠ ʽ ʩʫʰʠʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʧʨʠ 373 ʂ, ʱʦʙ 

ʚʠʧʘʨʫʚʘʪʠ ʚʩʽ ʟʘʣʠʰʢʠ ʨʦʟʯʠʥʥʠʢʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʡʦʛʦ ʧʦʜʨʽʙʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʝʨʘʤʽʯʥʦʾ ʩʪʫʧʢʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʚʘʣʠʩʴ ʥʘʥʦʨʦʟʤʽʨʥʽ 

ʯʘʩʪʠʥʢʠ ʦʢʩʠʜʫ ʤʽʜʽ. 
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ʇʽʩʣʷ ʩʠʥʪʝʟʫ ʅʏ CuO ʧʦʩʪʫʧʦʚʦ ʥʘʛʨʽʚʘʣʠ ʚ ʧʝʯʽ ʜʦ 573 ʂ, 673 ʂ ʽ 773 

ʂ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʮʽʣʴʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 275 ʂ ʟʘ ʭʚʠʣʠʥʫ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ ʾʾ ʧʽʜʪʨʠʤʫʚʘʣʠ ʧʦʩʪʽʡʥʦʶ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ, 

ʧʽʩʣʷ ʯʦʛʦ ʧʨʠʧʠʥʷʣʠ ʥʘʛʨʽʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʟʨʘʟʢʘʤ ʧʦʩʪʫʧʦʚʦ ʦʭʦʣʦʥʫʪʠ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ ʅʏ CuO ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4 ʘ. ɰʭ ʘʥʘʣʽʟ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʥʘ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʘʭ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ 

ʟ ʤʦʥʦʢʣʽʥʥʦʶ ʬʘʟʦʶ CuO (ʢʘʨʪʘ JCPDS ˉ 080-1268). ʋʩʽ ʟʨʘʟʢʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʦʜʥʘʢʦʚʽ ʧʝʨʝʚʘʞʥʽ ʦʨʽʻʥʪʘʮʽʾ [111] ʪʘ [002]. ɸʥʘʣʽʟ 

ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʾ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʭ 

ʧʽʢʽʚ ʚʽʜ ʟʨʘʟʢʽʚ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʧʽʚʰʠʨʠʥʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʣʽʥʽʡ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 22,3 ʥʤ ʜʦ 26,8 ʥʤ. 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʅʏ CuO ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʚ ʧʝʯʽ ʧʨʠ 573 ʂ, 673 ʂ ʽ 

773ʂ ʪʘ ʉɽʄ ʟʥʽʤʢʠ ʾʭ ʤʦʨʬʦʣʦʛʽʾ ʚʽʜʧʦʚʽʜʥʦ 
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ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʫʪʚʦʨʝʥʠʭ ʅʏ CuO ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4 

ʙ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʤʘʶʪʴ ʬʦʨʤʫ ʧʣʘʩʪʠʥʦʢ. ʐʚʠʜʢʝ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʮʽʣʴʦʚʦʾ ʟʘʧʫʩʢʘʻ ʧʨʦʮʝʩ ʟʘʨʦʜʞʝʥʥʷ ʟʝʨʝʥ ʟʘ 

ʢʦʨʦʪʢʠʡ ʯʘʩ, ʙʽʣʴʰ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻ ʚʠʩʦʢʠʡ ʪʠʩʢ ʫ 

ʨʝʘʢʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʡ ʩʧʨʠʷʻ ʚʟʘʻʤʥʽʡ ʜʠʬʫʟʽʾ ʤʽʞ ʤʘʣʠʤʠ ʽ 

ʧʨʦʤʽʞʥʠʤʠ ʟʝʨʥʘʤʠ ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʠʭ 

ʘʛʣʦʤʝʨʘʪʽʚ.  

 

1.2.2 ʄʝʭʘʥʽʟʤʠ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ 

 

ʄʝʭʘʥʽʟʤʠ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ ʅʏ ʫ ʥʘʰ ʯʘʩ ʚʽʜʥʦʩʥʦ ʜʦʙʨʝ ʚʠʚʯʝʥʽ. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʻ ʩʢʣʘʜʥʠʤ ʽ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, ʪʘʢʠʭ ʷʢ 

ʥʫʢʣʝʘʮʽʷ, ʧʦʜʘʣʴʰʠʡ ʨʽʩʪ ʟʘʨʦʜʢʽʚ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ [87]. ʅʫʢʣʝʘʮʽʷ ʻ ʧʝʨʰʠʤ 

ʢʨʦʢʦʤ ʫʪʚʦʨʝʥʥʷ ʅʏ ʽ ʚʢʣʶʯʘʻ ʫʪʚʦʨʝʥʥʷ ʤʘʣʠʭ ʢʣʘʩʪʝʨʽʚ ʘʙʦ ʷʜʝʨ, ʷʢʽ 

ʩʣʫʞʘʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʨʦʩʪʫ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʅʏ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʻ ʧʦʣʽʦʣʴʥʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʯʘʩʪʠʥʢʠ ʽʟ ʥʝʦʙʭʽʜʥʠʤ 

ʝʣʝʤʝʥʪʥʠʤ ʪʘ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʩʪʨʫʢʪʫʨʦʶ [88]. ʊʘʢʠʡ 

ʩʠʥʪʝʟ ʚʢʣʶʯʘʻ ʝʪʘʧ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ ʧʨʝʢʫʨʩʦʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʦʣʫ (ʩʝʨʝʜ ʪʠʧʦʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɽɻ, ɼɽɻ ̔  

ʊʊɽɻ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʪʘʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʷʢ ʇɺʇ ʘʙʦ ʽʥʰʠʭ ʛʣʽʢʦʣʽʚ. 

ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʪʠʧʫ ʧʨʝʢʫʨʩʦʨʽʚ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʨʝʘʢʮʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʨʦʟʤʽʨʠ, ʬʦʨʤʫ, 

ʬʘʟʦʚʠʡ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʅʏ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʦʣʽʦʣʴʥʦ-ʢʦʣʦʾʜʥʦʛʦ 

ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʫ ʯʘʩʽ ʚʽʜ ʧʨʦʮʝʩʫ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ. ɺʩʽ ʧʨʝʢʫʨʩʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʻ ʭʽʤʽʯʥʦ 

ʙʝʟʧʝʯʥʠʤʠ, ʘ ʩʘʤ ʧʨʦʮʝʩ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʦʛʦ ʢʦʣʦʾʜʥʦʛʦ ʤʝʪʦʜʫ, ʧʨʠ ʷʢʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʽ ʽ ʪʦʢʩʠʯʥʽ ʧʨʝʢʫʨʩʦʨʠ [89]. 
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ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʧʦʣʽʦʣʠ ʦʢʠʩʣʶʶʪʴʩʷ ʜʦ 

ʘʣʴʜʝʛʽʜʽʚ ʯʠ ʢʝʪʦʥʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʙʫʪʠʩʷ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ 

ʨʝʘʢʮʽʷʤ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʟ ʫʯʘʩʪʶ ʧʦʯʘʪʢʦʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʤʝʪʘʣʽʚ. ʆʨʛʘʥʽʯʥʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʚ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ, ʜʦʟʚʦʣʷʶʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʷʜʨʦ ʅʏ 

ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʭ ʤʘʡʙʫʪʥʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʦʟʤʽʨ ʽ ʬʦʨʤʫ). ɺʽʜʦʤʦ, ʱʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʟʤʽʨʠ ʅʏ ʪʘʢʦʞ ʤʦʞʥʘ 

ʜʦʜʘʚʘʥʥʷʤ ʽʦʥʽʚ ʽʥʰʠʭ ʩʧʦʣʫʢ, ʷʢ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʠʭ (ʽʦʥʽʚ ʭʣʦʨʫ, 

ʮʝʣʶʣʦʟʠ, ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʪʦʱʦ) [90]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʇɸʈ ʧʽʜ 

ʯʘʩ ʩʠʥʪʝʟʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʦʣʽʚ ʻ ʇɺʇ. ɺʦʥʘ ʫʪʚʦʨʶʻ ʟʚôʷʟʢʠ ʽʟ 

ʘʪʦʤʘʤʠ ʅʏ ʚʥʘʩʣʽʜʦʢ ʘʜʩʦʨʙʮʽ ʾʢʘʨʙʦʥʽʣʦʚʦʾ ʛʨʫʧʠ ʧʽʨʦʣʽʜʦʥʦʚʦʛʦ ʢʽʣʴʮʷ 

[91]. ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʇɺʇ-ʤʝʪʘʣ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʚʠʙʽʨʢʦʚʦʛʦ ʨʦʩʪʫ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʯʘʩʪʠʥʦʢ. 

ʅʘʧʨʠʢʣʘʜ, ʅʏ Ag ʤʘʶʪʴ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʯʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʧʣʦʱʠʥʠ (100), 

(111), ʨʽʩʪ ʷʢʠʭ ʙʣʦʢʫʻʪʴʩʷ ʪʘʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʽʩʪ 

ʢʨʠʩʪʘʣʽʚ ʫ ʥʘʧʨʷʤʽ [110]. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʬʦʨʤʠ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʪʽʚ ï ʥʘʥʦʜʨʦʪʽʚ [92]. ɿʤʽʥʘ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ʇɸʈ) ʪʘ 

ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʨʝʘʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʥʘʥʦʢʨʠʩʪʘʣʠ 

ʢʫʙʽʯʥʦʾ ʘʙʦ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. ʆʩʪʘʥʥʻ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʨʽʩʪ ʷʜʝʨ ʻ 

ʨʽʚʥʦʤʽʨʥʠʤ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤ 

ʧʣʦʱʠʥʘʤ. 

ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʅʏ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʨʷʜ ʝʪʘʧʽʚ [87]. ʅʘ ʧʝʨʰʦʤʫ ʟ ʥʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʨʝʘʢʮʽʡʥʠʭ ʘʪʦʤʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ ʧʨʝʢʫʨʩʦʨʽʚ ʤʝʪʘʣʽʚ ʟ ʚʽʜʥʦʚʥʠʢʘʤʠ ʯʠ 

ʦʢʠʩʥʠʢʘʤʠ. ʇʦʪʽʤ ʮʽ ʘʪʦʤʠ ʩʢʫʧʯʫʶʪʴʩʷ ʫ ʟʘʨʦʜʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ ʅʏ. ɺʽʜʧʦʚʽʜʥʘ ʤʦʜʝʣʴ ʨʦʩʪʫ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ 

ʃʘʤʝʨʽʚʩʴʢʦʾ [93]. ʇʨʦʮʝʩ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʨʦʟʯʠʥʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʩʪʘʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʩʫʪʪʻʚʦ ʧʝʨʝʥʘʩʠʪʠ ʨʝʘʢʮʽʡʥʠʡ ʨʦʟʯʠʥ, ʱʦ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʨʠʚʝʜʝ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʅʏ ʽʟ ʜʫʞʝ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ. ɯʩʥʫʻ ʧʨʘʚʠʣʦ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ, ʯʠʤ 
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ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ ʜʦʩʷʛʥʫʪʦ, ʪʠʤ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʙʫʜʫʪʴ 

ʤʘʪʠ ʟʘʨʦʜʢʠ ʥʘʥʦʢʨʠʩʪʘʣʽʚ [94]. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʩʪʫ 

ʚʠʭʽʜʥʠʭ ʷʜʝʨ. ɺʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʻʜʥʘʥʥʷ ʘʪʦʤʽʚ ʨʝʘʢʮʽʡʥʦʛʦ 

ʨʦʟʯʠʥʫ ʜʦ ʧʦʚʝʨʭʥʽ ʷʜʨʘ. ʗʢʱʦ ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʻ ʥʠʞʯʠʤ 

ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ, ʪʦ ʧʨʦʮʝʩ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʧʨʠʟʫʧʠʥʷʻʪʴʩʷ, ʦʜʥʘʢ ʅʏ 

ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʩʪʠ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʟ ʨʦʟʯʠʥʫ ʜʦ ʾʭ ʧʦʚʝʨʭʥʽ. 

ʂʦʥʪʨʦʣʶʶʯʠ ʚʽʜʟʥʘʯʝʥʽ ʧʨʦʮʝʩʠ, ʘ ʩʘʤʝ ʨʝʘʣʽʟʫʶʯʠ ʨʘʧʪʦʚʫ ʟʫʧʠʥʢʫ ʧʨʦʮʝʩʫ 

ʨʦʩʪʫ, ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʤʦʥʦʜʠʩʧʝʨʩʥʽ ʅʏ [94]. 

ʑʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʅʏ ʦʜʥʘʢʦʚʦʛʦ 

ʨʦʟʤʽʨʫ ʻ ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʰʣʷʭʦʤ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʞʝʢʮʽʾ ʧʨʝʢʫʨʩʦʨʽʚ [95]. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʚʞʜʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʚʪʦʨʠʥʥʠʡ ʨʽʩʪ ʅʏ, ʷʢʠʡ ʤʘʻ 

ʤʽʩʮʝ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʾʭ ʘʛʣʦʤʝʨʘʮʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʻ ʜʫʞʝ ʰʚʠʜʢʠʤ, ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ʨʝʘʢʮʽʡʥʦʤʫ ʨʦʟʯʠʥʽ ʩʪʘʙʽʣʴʥʠʭ ʷʜʝʨ ʪʘ ʥʝʩʪʘʙʽʣʴʥʠʭ ʟʘʨʦʜʢʽʚ. 

ʉʠʥʪʝʟʦʚʘʥʽ ʅʏ ʟʚʠʯʘʡʥʦ ʤʘʶʪʴ ʤʘʣʠʡ ʨʦʟʤʽʨ ʪʘ ʻ ʪʝʨʤʽʯʥʦ 

ʥʝʩʪʘʙʽʣʴʥʠʤʠ. ɿ ʤʝʪʦʶ ʾʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, 

ʜʦʜʘʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʇɸʈ ʜʦ ʧʨʝʢʫʨʩʦʨʽʚ, ʘʙʦ ʨʦʟʤʽʱʝʥʥʷ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʝʮʝʥʘʭ [96], [97]. 

ʉʪʘʙʽʣʽʟʫʚʘʪʠ ʩʫʤʽʰ ʅʏ ʫ ʯʘʩʽ ʪʘʢʦʞ ʤʦʞʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʰʣʷʭʦʤ 

ʨʦʟʤʽʱʫʶʯʠ ʽʦʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʨʠʯʥʦʾ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʟʚôʷʟʢʽʚ ʽʟ ʝʬʝʢʪʠʚʥʦʶ ʛʨʫʧʦʶ, 

ʱʦ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʜʦ ʾʭ ʧʦʚʝʨʭʥʽ [98]. ʅʏ ʤʦʞʥʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʭʣʦʨʦʚʠʤʠ ʘʙʦ 

ʮʠʪʨʘʪʥʠʤʠ ʽʦʥʘʤʠ, ʱʦ ʫʪʚʦʨʷʪʴ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʧʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ 

ʰʘʨ. ʂʫʣʦʥʽʚʩʴʢʽ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, 

ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʣʦʾʜʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʧʦʣʷʨʥʠʭ ʯʠ 

ʥʝʧʦʣʷʨʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ [99]. 
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1.2.3 ɺʘʢʫʫʤʥʽ ʪʘ ʙʝʟʚʘʢʫʫʤʥʽ ʤʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ  

 

ɺʘʢʫʫʤʥʽ ʪʘ ʙʝʟʚʘʢʫʫʤʥʽ ʤʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʥʽʢʫ, 

ʩʦʥʷʯʥʫ ʝʥʝʨʛʝʪʠʢʫ, ʢʘʪʘʣʽʟ, ʤʝʜʠʮʠʥʫ ʪʘ ʽʥʰʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʧʣʽʚʢʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʪʨʫʢʪʫʨʘ, 

ʪʦʚʱʠʥʘ, ʩʢʣʘʜ ʽ ʤʦʨʬʦʣʦʛʽʷ [100]. 

ʄʝʪʦʜʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʨʦʟʧʠʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

(ʤʘʛʥʝʪʨʦʥʥʝ ʪʘ ʧʫʯʢʘʤʠ ʽʦʥʽʚ) ʪʘ ʾʭ ʥʘʥʝʩʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ (ʽʤʧʫʣʴʩʥʝ 

ʣʘʟʝʨʥʝ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ, ʪʝʨʤʽʯʥʝ ʪʘ ʽʥʰʝ) [101]. ɺʦʥʠ ʤʘʶʪʴ ʨʷʜ 

ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʥʰʠʤʠ, ʪʘʢʽ ʷʢ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʯʠʩʪʦʪʠ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ, 

ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʷʭʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, 

ʩʫʙʣʽʤʘʮʽʾ ʘʙʦ ʨʦʟʧʠʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ, ʪʦʱʦ [102]. 

ɯʥʰʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ: ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʦʢ ʽ ʰʠʨʦʢʠʡ ʚʠʙʽʨ ʤʦʞʣʠʚʦʩʪʝʡ ʚʘʨʽʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʘʜʞʝʥʥʷ (ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʠ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʧʽʜʢʣʘʜʢʠ, ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ, ʪʦʱʦ) [100].  

ʇʨʦʪʝ ʚʘʢʫʫʤʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʚʘʢʫʫʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʻ ʛʨʦʤʽʟʜʢʠʤ ʽ ʜʦʨʦʛʠʤ. ʂʨʽʤ ʪʦʛʦ, ʫ ʢʦʞʥʦʤʫ ʟ 

ʚʘʢʫʫʤʥʠʭ ʤʝʪʦʜʽʚ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʜʘʻʪʴʩʷ ʘʙʦ ʟʥʘʯʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ 

ʥʘʛʨʽʚʘʥʥʶ, ʙʦʤʙʘʨʜʫʚʘʥʥʶ ʝʣʝʢʪʨʦʥʘʤʠ ʯʠ ʽʦʥʘʤʠ, ʘʙʦ ʜʽʾ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʨʠʚʫ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ ʤʦʣʝʢʫʣʘʭ ʚʠʭʽʜʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʽʚ ʯʠ ʤʦʣʝʢʫʣ ʪʘ ʽʥʰʠʭ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʝʭʽʦʤʝʪʨʽʶ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʜʝʥʩʘʪʽʚ 

[101]. ʎʽ ʬʘʢʪʦʨʠ ʧʨʠʚʝʣʠ ʜʦ ʧʦʰʫʢʫ ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ [103].  

  



47 
 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ ʽ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʛʘʟʦʬʘʟʥʝ 

ʦʩʘʜʞʝʥʥʷ ̔  ʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʫ, ʨʦʟʧʠʣʝʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʧʽʨʦʣʽʟʦʤ, 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʪʘ ʽʥʰʽ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʦʶ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʘʜʞʝʥʠʭ ʰʘʨʽʚ [104]. ɹʝʟʚʘʢʫʫʤʥʽ ʭʽʤʽʯʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘʥʦʩʠʪʠ ʧʣʽʚʢʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. ɺʦʥʠ ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʤʝʥʰ ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤʠ ʥʽʞ ʚʘʢʫʫʤʥʽ, ʣʝʛʢʦ 

ʤʘʰʪʘʙʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʚʠʩʫʚʘʶʪʴ ʤʝʥʰʽ ʚʠʤʦʛʠ ʜʦ ʦʙʣʘʜʥʘʥʥʷ [105]. 

 

1.2.4 ʄʝʪʦʜʠ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣ 

 

ɽʣʝʢʪʨʦʥʽʢʘ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʙʫʜʝ ʪʽʩʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʬʽʟʠʯʥʠʤ 

ʩʚʽʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʜʠʩʧʣʝʾʚ [106]. ɺʦʥʘ ʙʫʜʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʦʚʠʭ ʧʨʦʟʦʨʠʭ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ ʪʘ ʩʪʽʡʢʠʭ ʜʦ ʟʦʚʥʽʰʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʤʘʪʝʨʽʘʣʘʭ 

[107]. ɺʽʜʧʦʚʽʜʥʽ ʝʣʝʢʪʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʙʫʜʫʪʴ ʧʦʩʪʽʡʥʦ ʥʦʩʠʪʠʩʷ ʣʶʜʠʥʦʶ 

ʟʘʢʨʽʧʣʶʶʯʠʩʴ ʥʘ ʦʜʝʞʽ, ʰʢʽʨʽ ʘʙʦ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ [108]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʦʩʷʪʴʩʷ ʘʙʦ ʽʤʧʣʘʥʪʦʚʘʥʽ, ʧʦʪʨʽʙʥʽ ʥʦʚʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʾʭ 

ʩʪʚʦʨʝʥʥʷ.  

ɽʣʝʢʪʨʦʥʽʢʘ ʤʘʡʙʫʪʥʴʦʛʦ ʥʝ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʞʦʨʩʪʢʽ ʧʽʜʢʣʘʜʢʠ ʪʘ 

ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʮʝʩʠ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʤʘʩʢʠ ʘʙʦ ʬʦʪʦʣʽʪʦʛʨʘʬʽʶ ʟ 

ʥʘʩʪʫʧʥʠʤ ʪʨʘʚʣʝʥʥʷʤ. ɼʣʷ ʾʾ ʩʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʽ ʛʥʫʯʢʽ ʘʙʦ ʪʘʢʽ, ʱʦ 

ʨʦʟʪʷʛʫʶʪʴʩʷ, ʧʽʜʢʣʘʜʢʠ, ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʜʝʰʝʚʽ ʧʨʦʮʝʩʠ ʥʘʥʝʩʝʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʩʪʫʧʥʦʛʦ ʟʘ ʢʨʝʤʥʽʻʤ ʧʦʢʦʣʽʥʥʷ. ɼʦ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʦʨʛʘʥʽʢʘ, ʦʢʩʠʜʠ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʪʘ ʥʦʚʽ 

ʜʚʦʚʠʤʽʨʥʽ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʤʘʪʝʨʽʘʣʠ [109]. ɺʩʝ ʮʝ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
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ʥʝʜʦʨʦʛʦʾ, ʛʥʫʯʢʦʾ ʪʘ ʙʽʦʩʫʤʽʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ɸʜʠʪʠʚʥʠʡ ʜʨʫʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʪʝʨʽʚ (2D, 3D) ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʢʘʥʜʠʜʘʪʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʢʣʘʜʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ ʽ 

ʧʨʠʜʘʪʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʧʨʠʣʘʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʚʝʣʠʢʦʾ ʧʣʦʱʽ, 

ʜʝʰʝʚʠʟʥʽ, ʚʽʜʩʫʪʥʦʩʪʽ ʚʘʢʫʫʤʫ ʪʘ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʯʥʦʩʪʽ [28], [110]ï[112].  

ʅʘ ʮʝʡ ʯʘʩ (ʨʠʩ. 1.5) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʤʝʪʦʜʽʚ ʪʘʢʦʛʦ ʜʨʫʢʫ: ʩʪʨʫʤʝʥʝʚʠʡ ʜʨʫʢ (inkjet printing), ʥʘʥʝʩʝʥʥʷ 

ʨʦʟʧʠʣʶʚʘʥʥʷʤ (spray coating), ʜʨʫʢ ʛʨʘʚʽʨʫʚʘʥʥʷʤ (gravure printing), ʣʝʟʦʚʝ 

ʧʦʢʨʠʪʪʷ (blade coating), ʪʨʘʬʘʨʝʪʥʠʡ ʜʨʫʢ (screen printing) ʪʦʱʦ [113]. 

 

 

 

ʈʠʩʫʥʦʢ 1.5 - ʈʽʟʥʽ ʤʝʪʦʜʠ ʜʨʫʢʫ: ʩʪʨʫʤʝʥʝʚʠʡ ʜʨʫʢ (ʘ), ʜʨʫʢ ʨʦʟʧʠʣʝʥʥʷʤ 

(ʙ), ʜʨʫʢ ʛʨʘʚʽʨʫʚʘʥʥʷʤ (ʚ), ʣʝʟʦʚʝ ʧʦʢʨʠʪʪʷ (ʛ), ʪʨʘʬʘʨʝʪʥʠʡ ʜʨʫʢ (ʜ) 

 

ʉʪʨʫʤʝʥʝʚʠʡ ʜʨʫʢ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʜʨʫʢʫ ʟ ʦʛʣʷʜʫ ʥʘ 

ʡʦʛʦ ʢʦʤʝʨʮʽʡʥʠʡ ʫʩʧʽʭ ʚ ʦʬʽʩʥʠʭ ʧʨʠʥʪʝʨʘʭ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʥ ʧʨʦʩʫʥʫʚʩʷ 

ʜʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʤʝʪʦʜʫ ʦʩʘʜʞʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʥʝʦʨʛʘʥʽʯʥʦʾ ʪʘ 

ʦʨʛʘʥʽʯʥʦʾ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ [114]. ʂʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ 

ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʮʝ ʝʢʦʥʦʤʽʯʥʠʡ, ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʧʨʦʮʝʩ ʽʟ ʚʝʣʠʢʦʶ 

ʛʥʫʯʢʽʩʪʶ ʱʦʜʦ ʬʦʨʤʠ ʦʙô̒ ʢʪʫ ʜʨʫʢʫ, ʪʦʚʱʠʥʠ ʪʘ ʬʦʨʤʠ ʥʘʜʨʫʢʦʚʘʥʠʭ ʮʠʤ 

ʩʧʦʩʦʙʦʤ ʰʘʨʽʚ. ʆʜʥʘʢ ʢʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʪʝʭʥʦʣʦʛʽʾ ʚʩʝ ʱʝ ʻ ʟʙʝʨʝʞʝʥʥʷ 

ʮʠʭ ʧʝʨʝʚʘʛ ʧʨʠ ʚʠʩʦʢʽʡ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ [28]. 
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ɼʚʦʤʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʻ ʧʦʢʨʘʧʝʣʴʥʠʡ 

ʜʨʫʢ ʽ ʜʨʫʢ ʟʘ ʚʠʤʦʛʦʶ [115]. ʆʩʪʘʥʥʽʡ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʫ, ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ, ʦʪʞʝ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʷʚʠʚʩʷ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʢʠ [116].  

ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1.6 [115]. ɽʢʩʪʨʫʜʝʨ ʧʨʠʥʪʝʨʘ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʜ ʩʪʦʣʦʤ ʟ ʧʽʜʢʣʘʜʢʦʶ, 

ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʚʟʘʻʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʘʭ. ɺʽʥ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʭʘʥʽʟʤʫ ʧʦʩʪʽʡʥʦʾ ʧʦʜʘʯʽ ʯʦʨʥʠʣʘ. ɼʣʷ ʚʠʰʪʦʚʭʫʚʘʥʥʷ 

ʢʨʘʧʝʣʴ ʯʦʨʥʠʣ ʟ ʩʦʧʣʘ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʪʠʧʠ ʜʨʫʢʫʶʯʠʭ 

ʛʦʣʦʚʦʢ: ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʽ ʪʝʧʣʦʚʽ [117]. ɰʭ ʛʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦ ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʠʩʢ ʟʘʤʽʩʪʴ ʪʝʧʣʘ ʟ ʮʽʻʶ ʤʝʪʦʶ [116]. 

ʇʨʠ ʪʝʨʤʦʜʨʫʮʽ ʯʦʨʥʠʣʦ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʘʧʣʷ, ʷʢʘ ʧʘʜʘʻ ʥʘ ʧʽʜʢʣʘʜʢʫ. ʊʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʧô̒ ʟʦʜʨʫʮʽ ʥʝ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʦʨʥʠʣʦ, ʩʪʽʡʢʝ ʜʦ ʥʘʛʨʽʚʘʥʥʷ, ʨʦʙʠʪʴ ʮʝʡ ʤʝʪʦʜ 

ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʯʦʨʥʠʣ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʪʝʨʤʽʯʥʦʛʦ ʜʨʫʢʫ [118]. ʂʨʽʤ ʮʴʦʛʦ 

ʧôʻʟʦʛʦʣʽʚʢʠ ʤʝʥʰ ʩʭʠʣʴʥʽ ʜʦ ʟʘʩʤʽʯʫʚʘʥʥʷ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʽʚ 

ʯʦʨʥʠʣ. 

 

ʈʠʩʫʥʦʢ 1.6 - ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦʛʦ 

ʜʨʫʢʫ 
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ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʫ ʧʨʦʮʝʩʽ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʻ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʦʜʥʦʨʽʜʥʽʩʪʶ ʦʪʨʠʤʘʥʦʾ ʧʣʽʚʢʠ ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ. ʂʦʣʠ ʢʨʘʧʣʽ ʯʦʨʥʠʣ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʚʠʩʠʭʘʶʪʴ, ʥʘ ʩʚʦʾʡ ʧʝʨʠʬʝʨʽʾ ʫʪʚʦʨʶʶʪʴ ʢʽʣʴʮʝʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ. 

ɺʽʜʧʦʚʽʜʥʠʡ ʝʬʝʢʪ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʝʬʝʢʪʫ ʢʘʚʦʚʦʛʦ ʢʽʣʴʮʷ (ʨʠʩ.1.7) [119].  

 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʇʨʦʬʽʣʽ ʧʦʚʝʨʭʦʥʴ ʢʨʘʧʝʣʴ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʥʘʜʨʫʢʦʚʘʥʽ 

ʩʪʨʫʤʝʥʝʚʠʤ ʩʧʦʩʦʙʦʤ ʟ ʦʜʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʚʦʜʠ (ʘ) ʪʘ ʩʫʤʽʰʽ ʨʦʟʯʠʥʥʠʢʽʚ 

ʚʦʜʠ ʪʘ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 90/10 (ʙ) 

 

ɺʽʥ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʨʽʜʠʥʘ 

ʧʝʨʝʪʽʢʘʻ ʚʽʜ ʮʝʥʪʨʫ ʜʦ ʢʨʘʾʚ ʢʨʘʧʣʽ ʚʥʘʩʣʽʜʦʢ ʢʘʧʽʣʷʨʥʠʭ ʧʦʪʦʢʽʚ. ʋ ʚʠʧʘʜʢʫ 

ʜʨʫʢʫ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ, ʫʩʫʥʝʥʥʷ ʪʘʢʦʛʦ ʝʬʝʢʪʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʝʯʦʚʠʥʠ ʜʫʞʝ 

ʚʘʞʣʠʚʝ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ ʢʨʘʧʝʣʴ ʥʦʩʠʪʴ 

ʥʝʣʽʥʽʡʥʠʡ ʽ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʢʘʧʽʣʷʨʥʠʡ ʧʦʪʽʢ ʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʫʞʝ ʚʘʞʢʦ [120].  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪ ʢʘʚʦʚʦʛʦ ʢʽʣʴʮʷ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ, ʧʦ 

ʧʝʨʰʝ, ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʘʨʠ ʥʘʚʢʦʣʦ ʢʨʘʧʣʽ, ɦʦ ʩʫʰʠʪʴʩʷ. ʇʦ ʜʨʫʛʝ, ʰʣʷʭʦʤ 

ʜʨʫʢʫ ʝʣʝʤʝʥʪʫ ʽʟ ʩʫʤʽʰʽ ʨʦʟʯʠʥʥʠʢʽʚ, ʫ ʷʢʽʡ ʦʩʥʦʚʥʠʡ ʨʦʟʯʠʥʥʠʢ ʤʘʻ ʥʠʞʯʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ ʪʘ ʚʠʱʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʥʽʞ ʩʧʽʚʨʦʟʯʠʥʥʠʢ [119]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʚʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʩʠʣʴʥʦ ʟʤʝʥʰʫʻ 

ʡʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʘ ʢʨʘʷʭ ʢʨʘʧʣʽ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʨʦʟʯʠʥʥʠʢʘ 

ʣʦʢʘʣʴʥʦ ʚʠʱʘ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʫ ʥʘʜʨʫʢʦʚʘʥʦʤʫ ʝʣʝʤʝʥʪʽ ʽʥʜʫʢʫʻʪʴʩʷ ʛʨʘʜʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, 

ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʪʦʢʫ ʤʘʪʝʨʽʘʣʫ ï ʪʘʢ ʟʚʘʥʠʡ ʧʦʪʽʢ 

ʄʘʨʘʥʛʦʥʽ. ʈʝʟʫʣʴʪʫʶʯʘ ʮʠʨʢʫʣʷʮʽʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʜʥʦʨʽʜʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʫ ʚ ʝʣʝʤʝʥʪʽ (ʨʠʩ. 1.7 ʙ). 

 

1.3 ʉʪʨʫʢʪʫʨʥʽ, ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʧʣʽʚʦʢ CuO, ZnO:Al, SnS 

 

1.3.1 ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ, ʬʘʟʦʚʠʡ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʩʧʦʣʫʢ ʦʢʩʠʜʽʚ ʽ ʩʫʣʴʬʽʜʽʚ, 

ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʪʘ 3D ʜʨʫʢʫ  

 

ʂʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʜʝ ʧʣʽʚʢʠ ʩʧʦʣʫʢ CuO, ZnO, SnS ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʤʝʪʦʜʦʤ 

ʜʨʫʢʫ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʘ, ʘ ʩʪʨʫʢʪʫʨʥʽ, ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʽʚʦʢ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ [121]ï[126].  

ɸʚʪʦʨʠ [126] ʩʠʥʪʝʟʫʚʘʣʠ ʅʏ ZnO, ʩʪʚʦʨʠʣʠ ʯʦʨʥʠʣʦ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʣʠ ʡʦʛʦ ʜʣʷ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʪʘ ʣʽʥʽʡ ʥʘ 

ʧʽʜʢʣʘʜʢʘʭ Si ʪʘ ITO.  

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ XRD-ʩʧʝʢʪʨʠ ʅʏ ZnO, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ (a, ʙ) ʪʘ ʙʝʟ (ʚ, ʛ) ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦ 
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ʏʦʨʥʠʣʦ ʟ ʯʘʩʪʠʥʦʢ ZnO ʛʦʪʫʚʘʣʠ ʰʣ̫ ʭʦʤ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʫ ʩʫʤʽʰʽ 

ʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʽʟʦʧʨʦʧʘʥʦʣʫ ʪʘ ʪʦʣʫʦʣʫ. ɻʝʢʩʽʣʘʤʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ 

ʜʠʩʧʝʨʛʫʚʘʣʴʥʠʡ ʘʛʝʥʪ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʅʏ ZnO ʫ ʨʦʟʯʠʥʥʠʢʫ. ʋ 

ʪʠʧʦʚʦʤʫ ʯʦʨʥʠʣʽ, ʩʧʦʯʘʪʢʫ 0,1 ʛ ʩʠʥʪʝʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʨʦʟʤʽʱʫʚʘʣʠ 

ʚ 1 ʤʣ ʨʦʟʯʠʥʫ ʛʝʢʩʠʣʘʤʽʥʫ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʩʫʩʧʝʥʟʽʶ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʝʪʠʣʝʥʛʣʽʢʦʣʴ, ʽʟʦʧʨʦʧʘʥʦʣ ʽ ʪʦʣʫʦʣ ʟʤʽʰʫʚʘʣʠ ʫ ʤʘʩʦʚʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ 0,05:0,1:0,8. ʇʦʪʽʤ ʦʪʨʠʤʘʥʽ ʯʦʨʥʠʣʘ ZnO ʬʽʣʴʪʨʫʚʘʣʠ ʥʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʪʦʯʦʢ ʪʘ ʣʽʥʽʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʢʘʨʪʨʠʜʞ Dimatix (ʟ 16 ʬʦʨʩʫʥʢʘʤʠ). ʂʦʞʥʘ ʬʦʨʩʫʥʢʘ ʤʘʣʘ ʜʽʘʤʝʪʨʦʤ 16 ʤʢʤ, 

ʰʚʠʜʢʽʩʪʴ ʚʠʢʠʜʫ ʢʨʘʧʝʣʴ ʩʪʘʥʦʚʠʣʘ 3,3 ʤ/ʩ.  

ʋ ʨʦʙʦʪʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʚʯʘʣʠʩʷ ʅʏ ZnO. ʅʘ ʨʠʩ. 1.8 a,ʚ ʧʦʢʘʟʘʥʦ ʾʭ 

FESEM-ʟʦʙʨʘʞʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ 

ʦʢʩʠʜʫ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ (20Ñ5) ʥʤ. ʏʘʩʪʠʥʘ ʟʨʘʟʢʽʚ ʟʘʟʥʘʚʘʣʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʽʥʰʽ ʥʽ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʅʏ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʢʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤʫ ZnO 

(ʢʘʨʪʢʘ JCPDS ˉ 36-1451, a = 0,325 ʥʤ ʽ c = 0,521 ʥʤ). ʅʏ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʶ 

ʦʙʨʦʙʢʦʶ ʥʝ ʤʽʩʪʠʣʠ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ (ʨʠʩ. 1.8 ʙ), ʙʝʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ 

ʤʽʩʪʠʣʠ ʬʘʟʫ Zn(OH)2 (ʨʠʩ. 1.8 ʛ). ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʧʨʠ ʢʘʚʽʪʘʮʽʡʥʦʤʫ 

ʢʦʣʘʧʩʽ ʙʫʣʴʙʘʰʦʢ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʟʚʫʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʣʦʢʘʣʴʥʠʡ 

ʥʘʛʨʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʝʨʝʪʚʦʨʝʥʥʶ ʷʜʝʨ Zn(OH)2 ʫ ʷʜʨʘ ZnO, ʷʢʽ ʟʨʦʩʪʘʶʯʠ 

ʧʨʠʚʦʜʷʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʠʭ ʅʏ ʦʢʩʠʜʫ. 

ʅʘ ʢʨʘʧʣʷʭ ʯʦʨʥʠʣ ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʠ ʬʽʢʩʫʚʘʚʩʷ ʝʬʝʢʪ çʢʘʚʦʚʦʛʦ 

ʢʽʣʴʮʷè. ɸʚʪʦʨʘʤʠ [126] ʚʠʤʽʨʷʥʽ ʧʨʦʬʽʣʽ ʣʽʥʽʡ ʥʘʥʝʩʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʦʙʨʦʙʢʠ ʧʽʜʢʣʘʜʢʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʨʫʢʫ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʘ ʦʙʨʦʙʢʘ ʪʘ ʧʽʜʥʷʪʪʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 

308 ʂ ʩʧʨʠʷʣʘ ʟʤʝʥʰʝʥʥʶ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʯʦʨʥʠʣ ʟ 38,2ʦ ʜʦ 22,4ʦ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʰʠʨʠʥʠ ʥʘʜʨʫʢʦʚʘʥʦʾ ʣʽʥʽʶ ʥʘ ʧʽʜʰʘʨʽ ITO.  

ʊʦʥʢʽ ʧʣʽʚʢʠ CuO ʙʫʣʠ ʫʩʧʽʰʥʦ ʥʘʥʝʩʝʥʽ ʥʘ ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʧʨʝʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜʢʣʘʜʢʠ 523, 623, 673 ʽ 773 ʂ ʫ 

ʨʦʙʦʪʽ [127]. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʣʽʚʢʠ ʙʫʣʠ 
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ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ  ̔ʤʘʣʠ ʤʦʥʦʢʣʽʥʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʧʝʨʝʚʘʞʥʫ ʪʝʢʩʪʫʨʫ [111]. ɿʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʚʩʽʭ ʟʨʘʟʢʽʚ ʢʦʣʠʚʘʣʦʩʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 445 ʜʦ 779 ʥʤ. ɸʚʪʦʨʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʽʜʢʣʘʜʢʠ ʪʦʚʱʠʥʘ ʟʨʘʟʢʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʨʽʚʝʥʴ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʧʣʽʚʢʘʭ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [128]. 

ɸʚʪʦʨʠ [129] ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʨʫʢʪʫʨʥʫ ʷʢʽʩʪʴ ʧʣʽʚʦʢ SnS ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʨʝʶ ʥʘ ʨʽʟʥʠʭ ʧʽʜʢʣʘʜʢʘʭ, ʪʘʢʠʭ ʷʢ ʧʦʢʨʠʚʥʝ ʩʢʣʦ, ITO ʪʘ 

ʤʦʣʽʙʜʝʥ (ʨʠʩ. 1.9). ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1.9 ʙ) ʧʦʢʘʟʘʣʠ, ʱʦ 

ʫ ʩʧʝʢʪʨʘʭ ʬʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʜʠʬʨʘʢʮʽʡʥʠʡ ʧʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʙʠʚʘʥʥʶ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ (111). ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʣʝʞʘʚ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʚʠʢʦʨʠʩʪʘʥʦʾ ʧʽʜʢʣʘʜʢʠ.  

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ SnS (ʘ), ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʙ) ʪʘ  

ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ (ʚ) ʚʽʜ ʰʘʨʽʚ ʥʘʥʝʩʝʥʠʭ ʥʘ ʨʽʟʥʽ ʧʽʜʢʣʘʜʢʠ 
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ʈʘʤʘʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʨʠʩ. 1.9 ʚ) ʧʽʜʪʚʝʨʜʠʣʘ ʨʝʟʫʣʴʪʘʪʠ XRD, ʥʘ 

ʥʠʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʤʦʜʠ ʨʦʤʙʽʯʥʦʛʦ SnS. ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 1.9 ʘ) 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʨʠʩʪʘʣʽʪʠ ʧʣʽʚʦʢ ʤʘʣʠ ʬʦʨʤʫ ʧʣʘʩʪʠʥʦʢ. ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʠʷʚʠʚ ʥʘʷʚʥʽʩʪʴ ʩʽʨʢʠ ʪʘ ʦʣʦʚʘ ʫ ʤʘʡʞʝ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʣʷ 

ʧʣʽʚʦʢ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʩʢʣʦ, ʽ ʥʘʜʣʠʰʦʢ ʩʽʨʢʠ ʚ ʧʣʽʚʢʘʭ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʩʢʣʦ ʟ 

ʧʽʜʰʘʨʦʤ ITO ʪʘ Mo. ʇʣʽʚʢʠ, ʥʘʥʝʩʝʥʽ ʥʘ ʩʢʣʦ, ʤʘʣʠ ʙʽʣʴʰʽ ʟʝʨʥʘ ʽ ʚʠʩʦʢʫ 

ʰʦʨʩʪʢʽʩʪʴ, ʚʦʥʠ ʧʦʢʘʟʘʣʘ ʢʨʘʱʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʪʘ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ. 

 

1.3.2 ʆʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʦʢʩʠʜʽʚ ʪʘ 

ʩʫʣʴʬʽʜʽʚ ʤʝʪʘʣʽʚ 

 

ʉʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ,  

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ SnS, ʥʘʥʝʩʝʥʠʭ ʨʦʟʧʠʣʝʥʥʷʤ 

ʧʨʦʚʝʣʠ ʘʚʪʦʨʠ [121]. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʦʟʯʠʥ SnCl2Ö2H2O ʽ 

ʪʽʦʩʝʯʦʚʠʥʠ, ʷʢ ʜʞʝʨʝʣʘ ʽʦʥʽʚ Sn2+ ʽ S2- ʚʽʜʧʦʚʽʜʥʦ, ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ. ʇʣʽʚʢʠ ʙʫʣʠ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤʠ, ʤʽʩʪʠʣʠ 

ʦʨʪʦʨʦʤʙʽʯʥʫ ʬʘʟʫ SnS ʟ ʧʝʨʝʚʘʞʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ [111]. ʇʽʩʣʷ ʦʩʘʜʞʝʥʥʷ 

ʧʣʽʚʢʠ ʚʽʜʧʘʣʶʚʘʣʠ ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ  

(573ï773) ʂ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ ʽ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʧʘʣ ʟʤʽʥʶʻ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʪʘ 

ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʟʨʘʟʢʽʚ. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʦʧʪʠʯʥʽ ʪʘ 

ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ SnS ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʪʠʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʽ ʤʝʪʦʜʦʤ ʍʦʣʣʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 723 ʂ ʚʠʢʣʠʢʘʣʦ ʽʩʪʦʪʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ, ʾʭ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜ ʧʨʠ ʮʴʦʤʫ ʧʦʢʨʘʱʫʚʘʚʩʷ. 

ɸʚʪʦʨʘʤʠ ʮʽʻʾ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʠʚʯʝʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʥʘʥʝʩʝʥʠʭ 

ʩʧʨʝʡ ʤʝʪʦʜʦʤ ʧʣʽʚʦʢ SnS ʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʽ (200ï1100) ʥʤ, ʚʦʥʠ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.10 ʘ. ʆʧʪʠʯʥʫ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʊʘʫʢʘ.  
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ʈʠʩʫʥʦʢ 1.10 ï ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ (ʘ) ʽ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ SnS, ʥʘʥʝʩʝʥʠʭ 

ʩʧʨʝʡ-ʤʝʪʦʜʦʤ (ʙ), ʩʪʨʽʣʢʘ ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʥʥʷ a ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ; ʛʨʘʬʽʢ ʊʘʫʢʘ ʧʨʠ n = 1/2, ʧʦʢʘʟʫʻ, ʱʦ ʚ ʤʘʪʝʨʽʘʣʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʧʨʷʤʽ ʦʧʪʠʯʥʽ ʧʝʨʝʭʦʜʠ 

 

ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʧʣʽʚʦʢ SnS 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.10 ʙ. ɰʭ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʫʚʘʣʘʩʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʙʽʣʴʰʫʚʘʚʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

ʩʧʦʣʫʢʠ, ʱʦ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʫʱʽʣʴʥʝʥʥʷʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʝʨʝʥ. ʅʘ ʨʠʩ.  

1.10 ʚ ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʊʘʫʢʘ ʜʣ ̫ʧʣʽʚʢʠ SnS, ʚʽʜʧʘʣʝʥʦʾ ʧʨʠ 773 ʂ. ɰʭ ʘʥʘʣʽʟ 

ʩʚʽʜʯʠʪʴ, ɦ ʦ ʤʘʪʝʨʽʘʣ ʻ ʧʨʷʤʦʟʦʥʥʠʤ ʟ ʦʧʪʠʯʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

1,32 ʝɺ. 

ʋ ʨʦʙʦʪʽ [127] ʘʚʪʦʨʠ ʚʠʚʯʘʣʠ ʦʧʪʠʯʥʽ ʪʘ ʌʃ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ CuO 

ʦʜʝʨʞʘʥʠʭ ʩʧʨʝʻʤ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜʢʣʘʜʢʠ 523, 623, 673 ʽ 773 ʂ. ʅʘ 

ʨʠʩ. 1.11 ʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʬʽʢʠ (ahn)1/2 - hn ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ 

ʷʢʠʭ ʥʘ ʚʽʩʴ ʝʥʝʨʛʽʡ  ʜʦʟʚʦʣʠʣʘ ʘʚʪʦʨʘʤ ʚʠʟʥʘʯʘʪʠ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʤʘʪʝʨʽʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ Eg ʩʪʘʥʦʚʠʣʦ 2,55, 2,39, 2,41 ʽ 2,49 ʝɺ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ.  

ʅʘ ʨʠʩ. 1.11 ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ ʌʃ ʚʽʜ ʧʣʽʚʦʢ CuO, ʦʜʝʨʞʘʥʠʭ ʧʨʠ 

ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʘ ʟʙʫʜʞʝʥʥʽ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 260 ʥʤ. ɺʦʥʠ ʤʽʩʪʠʣʠ ʪʨʠ 

ʧʽʢʠ. ʇʽʢ 551 ʥʤ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ, ʥʽʞ ʧʽʢʠ 514 ʽ 540 ʥʤ. ɿʛʽʜʥʦ ʟ ʜʫʤʢʦʶ 

ʘʚʪʦʨʽʚ, ʩʧʝʢʪʨʠ ʌʃ ʟʨʘʟʢʽʚ CuO ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʧʣʽʚʢʠ ʤʘʣʠ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʘʭ. 
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ʈʠʩʫʥʦʢ 1.11 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʊʘʫʢʘ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ CuO (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʌʃ 

ʧʣʽʚʦʢ (ʙ), ʥʘʥʝʩʝʥʠʭ ʥʘ ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

1.3.3 ɺʧʣʠʚ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʪʘ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ 

 

ʗʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʷ, ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ  ̔ʧʣʽʚʢʠ ZnO ʣʝʛʫʶʪʴ ʪʘʢʠʤʠ ʜʦʤʽʰʢʘʤʠ, ʷʢ Al, Ga, In 

[130]ï[132]. ʅʝʚʝʣʠʢʠʡ ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʪʘ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʘʣʶʤʽʥʽʶ ʨʦʙʣʷʪʴ 

ʡʦʛʦ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ, ʷʢ ʣʝʛʫʶʯʠʡ ʤʘʪʝʨʽʘʣ [133]. 

ʅʏ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʣʝʛʦʚʘʥʽ Al ʜʦʩʣʽʜʞʫʚʘʣʠ ʫ ʮʽʣʦʤʫ ʨʷʜʽ ʨʦʙʽʪ [131], 

[134]ï[137]. ʊʘʢ ʫ ʨʦʙʦʪʽ [133] ʥʽʪʨʘʪ ʮʠʥʢʫ ʪʘ ʘʮʝʪʘʪ ʮʠʥʢʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ, 

ʷʢ ʧʨʝʢʫʨʩʦʨʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʢʩʠʜʫ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅʏ ʩʪʚʦʨʶʚʘʣʠ ʧʣʽʚʢʠ. ɸʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʢʣʘʜʫ 

ʧʨʝʢʫʨʩʦʨʽʚ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʤʦʨʬʦʣʦʛʽʶ 

ʧʦʚʝʨʭʥʽ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʘʪʯʠʢʽʚ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ 

ʧʣʽʚʦʢ AZO. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ, ʦʜʝʨʞʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ 

ʨʽʟʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.12. ɺʽʜʧʦʚʽʜʥʽ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʮʠʭ ʧʣʽʚʦʢ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.13. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʽʚ ʫ ʰʘʨʘʭ ʟʤʝʥʰʫʚʘʚʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Al ʫ ʧʨʝʢʫʨʩʦʨʽ ʚʽʜ 0 ʜʦ 5,0 ʘʪ. %. 
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ʈʠʩʫʥʦʢ 1.12 ïɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ AZO, ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ 

ʧʨʝʢʫʨʩʦʨʽʚ ʘʮʝʪʘʪʫ ʮʠʥʢʫ (ʘ) ʪʘ ʥʽʪʨʘʪʫ ʮʠʥʢʫ (ʙ) 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ AZO. ɺʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʮʝʪʘʪʫ ʮʠʥʢʫ: ʥʝʣʝʛʦʚʘʥʘ ʧʣʽʚʢʘ (ʘ), 1,0 ʘʪ. % (ʚ), 3,0 ʘʪ. % 

Al (ʜ) ʪʘ ʥʽʪʨʘʪʫ ʮʠʥʢʫ: ʥʝʣʝʛʦʚʘʥʽ (ʙ), 1,0 ʘʪ. % (ʛ) ʪʘ 3,0 ʘʪ. % Al (ʝ) 
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ʋ ʨʦʙʦʪʽ [138] ʜʦʩʣʽʜʞʝʥʽ ʧʣʽʚʢʠ AZO, ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʶ 

ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʣʶʤʽʥʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʨʠʩʪʽʩʪʴ 

ʰʘʨʽʚ ʪʘ ʾʭ ʤʦʨʬʦʣʦʛʽʷ (ʨʠʩ. 1.14) ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʧʽʜ 

ʯʘʩ ʚʠʩʠʭʘʥʥʷ. ʄʽʥʽʤʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʘʣʠ ʧʣʽʚʢʠ ʣʝʛʦʚʘʥʽ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (1,5ï2,0) ʘʪ. %, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʤʦʨʬʦʣʦʛʽʾ ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ Al ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʝʛʨʝʛʘʮʽʾ ʥʘ ʤʝʞʘʭ ʟʝʨʝʥ 

(ʨʠʩ. 1.14), ʽ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʥ ʧʦʯʠʥʘʻ ʜʦʤʽʥʫʚʘʪʠ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

 

 
 

ʈʠʩʫʥʦʢ 1.14 ï ʇɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ AZO ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʝʪʦʜʦʤ EDX (ʚʩʪʘʚʢʘ ʥʘ ʢʦʞʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ). ʂʦʥʮʝʥʪʨʘʮʽʷ Al ʫ ʧʨʝʢʫʨʩʦʨʽ ʩʢʣʘʜʘʣʘ 2 ʘʪ. % (ʘ, ʚ), 4 ʘʪ. % (ʙ, 

ʛ). ʋ ʚʠʧʘʜʢʘʭ ʨʠʩ. ʘ ʪʘ ʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʦʢʨʝʤʦʛʦ ʢʨʠʩʪʘʣʽʪʫ; 

ʫ ʚʠʧʘʜʢʘʭ ʙ ʽ ʛ ʚʠʙʠʨʘʣʘʩʷ ʜʽʣʷʥʢʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʟʝʨʥʘʤʠ ʪʘ ʾʭ ʤʝʞʘʤʠ 
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ʆʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʘʨʽʚ AZO ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʧʦʢʘʟʫʶʯʠ ʩʠʩʪʝʤʘʪʠʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʫʩʢʘʥʥʷ ʰʘʨʽʚ ʣʠʰʝ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʶʤʽʥʽʶ (1,5ï2,0) ʘʪ. % (ʨʠʩ. 1.15 ʘ,ʙ). ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʤʽʥʽʤʫʤʫ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʤʝʞʝʶ 

ʨʦʟʯʠʥʥʦʩʪʽ ɸl, ʘ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʬʘʢʪʦʨʽʚ: ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʾʭ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʚʠʜʽʣʝʥʥʷʭ (ʧʨʝʮʠʧʽʪʘʪʘʭ) ʘʣʶʤʽʥʽʶ. 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚʽʜ ʥʝʣʝʛʦʚʘʥʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ Al ʧʣʽʚʦʢ 

ZnO (ʘ), ʚʠʟʥʘʯʝʥʥʷ Eg ʤʘʪʝʨʽʘʣʫ ʤʝʪʦʜʦʤ ʊʘʫʢʘ ʽʟ ʟʘʣʝʞʥʦʩʪ ̔ 

(Ŭhɜ)2 - (hɜ) (ʙ) 

ʅʏ AZO ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʰʣʷʭʦʤ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚ ʨʦʙʦʪʽ [139]. ʎʝʡ 

ʤʝʪʦʜ ʧʦʣʝʛʰʫʻ ʚʢʣʶʯʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʣʝʛʫʶʯʦʾ 

ʜʦʤʽʰʢʠ, ʷʢʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʮʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ Al. 

ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʘʣʶʤʽʥʽʶ ʥʘ ʧʝʨʽʦʜ ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʘ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʨʠʩ. 1.16. 
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ʈʠʩʫʥʦʢ 1.16 ï ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ Al ʥʘ ʧʘʨʘʤʝʪʨʠ ˇʨʘʪʢʠ a ʽ c ʅʏ AZO 

 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʣʝʛʦʚʘʥʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʤ ʅʏ 

ʦʢʩʠʜʫ ʮʠʥʢʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 323 ʪʘ 673 ʂ ʚ ʨʽʟʥʽʡ ʘʪʤʦʩʬʝʨʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʘʪʤʦʩʬʝʨʽ ʚʦʜʥʶ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʢʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʦʢʩʠʜʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʩʠʣʝʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʣʝʛʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ.  

ɸʚʪʦʨʘʤʠ [139] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʩʠʥʪʝʪʠʯʥʦʤʫ ʧʦʚʽʪʨʽ ʧʠʪʦʤʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʟʨʘʟʢʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʰʽʩʪʴ ʧʦʨʷʜʢʽʚ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʛʝʥʝʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ 

ʚʥʝʩʝʥʥʽ ʫ ʦʢʩʠʜ ʜʦʤʽʰʢʠ. ɺʦʥʘ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʣʶʤʽʥʽʶ 7,7 ʘʪ. % ʽ ʧʘʜʘʻ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʾʾ ʟʙʽʣʴʰʝʥʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʘʪʤʦʩʬʝʨʽ ʚʦʜʥʶ ʙʫʣʘ ʚʠʱʦʶ, ʥʽʞ ʚ ʘʪʤʦʩʬʝʨʽ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʚʽʪʨʷ. 
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ʈʠʩʫʥʦʢ 1.18 ï ɿʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʦʢ ZnO ʪʘ AZO ʚʽʜ 

ʦʙʝʨʥʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʷʪʽ ʫ ʘʪʤʦʩʬʝʨʘʭ ʚʦʜʥʶ (ʘ) ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʚʽʪʨʷ 

(ʙ) ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʣʶʤʽʥʽʶ 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʅʏ ʪʘ ʧʣʽʚʢʠ ʩʧʦʣʫʢ ZnO, CuO, SnS ʤʘʶʪʴ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʝʣʝʢʪʨʦʥʽʢʠ, ʟʦʢʨʝʤʘ ʚ ʩʝʥʩʦʨʠʮʽ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ. ʅʘʧʨʠʢʣʘʜ, ʩʧʦʣʫʢʘ ZnO:Al ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʚʽʢʦʥʥʠʡ ʪʘ ʬʨʦʥʪʘʣʴʥʠʡ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʡ 

ʰʘʨʠ, ʘ CuO ʪʘ SnS ʤʦʞʫʪʴ ʩʪʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʠʤ ʧʦʛʣʠʥʘʣʴʥʠʤ 

ʰʘʨʘʤ ʉɽ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʮʽ ʩʧʦʣʫʢʠ ʻ ʩʪʽʡʢʠʤʠ ʚ 

ʘʪʤʦʩʬʝʨʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʂʦʤʧʦʥʝʥʪʠ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʻ ʥʝʪʦʢʩʠʯʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʩʪʫʧʥʠʤʠ. 

2. ɺʠʙʽʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʣʫʢ ʽʟ ʝʣʝʢʪʨʦʥʥʦʶ (ZnO:Al) ʪʘ ʜʽʨʢʦʚʦʶ 

(CuO, SnS) ʧʨʦʚʽʜʥʽʩʪʶ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʪʦʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʝʣʝʢʪʨʦʥʽʢʠ, ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ. 

3. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʤʝʪʦʜʠ ʜʨʫʢʫ ʧʣʽʚʦʢ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʟʜʦʙʫʣʠ ʟʥʘʯʥʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʯʝʨʝʟ ʾʭʥʶ ʧʨʦʩʪʦʪʫ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ, ʷʢ ʦʜʥʦʰʘʨʦʚʽ, ʪʘʢ ʽ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ ʪʘ 

ʧʨʠʩʪʨʦʷʭ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ ʰʘʨʽʚ ʪʘ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʜʦʤʽʰʦʢ ʾʭ ʯʘʩʪʦ ʧʽʜʜʘʶʪʴ ʪʝʨʤʽʯʥʠʤ ʚʽʜʧʘʣʘʤ. 

4. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʧʣʽʚʢʠ ʦʢʩʠʜʽʚ ʪʘ 

ʩʫʣʴʬʽʜʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʦʬʘʟʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʤʘʢʨʦ- ʽ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʜʝʬʝʢʪʽʚ ʧʘʢʫʚʘʥʥʷ ʪʘ ʜʠʩʣʦʢʘʮʽʡ, ʪʦʯʢʦʚʠʭ 

ʜʝʬʝʢʪʽʚ. ʇʨʦʪʝ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʩʪʨʫʢʪʫʨʥʽ, 

ʩʫʙʩʪʨʫʢʪʫʨʥʽ, ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʥʢʠʭ ʰʘʨʽʚ ZnO, 

CuO ʪʘ SnS, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʜʨʫʢʫ, ʪʘ ʚʧʣʠʚ ʥʘ ʥʠʭ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʦʜʝʨʞʘʥʥʷ ʥʘ ʮʝʡ ʯʘʩ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ Al ʩʧʦʣʫʢʠ ZnO ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ 

ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʧʨʠʣʘʜʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀʂɸ ɯ ʊɽʍʅɯʂɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

1. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʅʏ ʩʧʦʣʫʢ CuO, ZnO:Al, SnS ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʩʪʚʦʨʠʪʠ ʯʦʨʥʠʣʘ ʥʘ ʦʩʥʦʚʽ ʾʭ 

ʩʫʩʧʝʥʟʽʡ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ: 

- ʚʠʟʥʘʯʠʪʠ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʪʘʢʠʭ ʅʏ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʥʪʝʟʫ (ʩʢʣʘʜʫ ʧʨʝʢʫʨʩʦʨʽʚ, ʯʘʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ), ʜʦʩʣʽʜʠʪʠ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʽ 

ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʅʏ ʥʘ ʾʭ ʦʧʪʠʯʥʽ ʪʘ ʌʃ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

- ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʩʠʥʪʝʟʫ ʯʘʩʪʠʥʦʢ ʪʘ ʥʘ ʦʩʥʦʚʽ ʾʭ ʩʫʩʧʝʥʟʽʡ 

ʩʪʚʦʨʠʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʥʘʥʦʯʦʨʥʠʣʘ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ. 

2. ɺʠʷʚʠʪʠ ʚʧʣʠʚ ʬʽʟʠʢʦ- ʪʘ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ  ̔

ʧʽʩʣʷʨʦʩʪʦʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʽʚʦʢ ZnO:Al, CuO, SnS. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ: 

-  ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʟ 

ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʢ ʤʝʪʦʜʦʤ ʧʦʢʨʘʧʝʣʴʥʦʛʦ 3D ʜʨʫʢʫ ʪʘʢ ʽ 

ʪʝʭʥʽʢʦʶ ʨʦʟʧʠʣʝʥʥʷ ʨʦʟʯʠʥʫ ʥʘʥʦʯʦʨʥʠʣ; 

- ʜʦʩʣʽʜʠʪʠ ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʨʬʦʣʦʛʽʶ 

ʧʦʚʝʨʭʥʽ ʪʘ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʧʣʽʚʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʾʭ ʥʘʥʝʩʝʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ, ʘ ʩʘʤʝ: ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ, 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʢʪʨʠ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʩʧʝʢʪʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʌʃ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ; 

- ʚʩʪʘʥʦʚʠʪʠ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʦʧʪʠʯʥʠʤʠ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ, 

ʩʫʙʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʝʣʝʤʝʥʪʥʠʤ ʩʢʣʘʜʦʤ ʧʣʽʚʦʢ; 
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 - ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʪʘ 

ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ ʪʘ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ; 

- ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ʽ ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ ZnO:Al, CuO, 

SnS  ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʦʛʣʠʥʘʣʴʥʠʭ 

ʪʘ ʚʽʢʦʥʥʠʭ ʰʘʨʽʚ ʉɽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʧʨʠʣʘʜʽʚ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

3. ʉʪʚʦʨʠʪʠ ʧʨʦʪʦʪʠʧ ʉɽ ʟ ʰʘʨʘʤʠ ZnO:Al, CuO, SnS ʪʘ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʧʠʩʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

2.1 ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO:Al, CuO, SnS ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʯʦʨʥʠʣ ʥʘ ʾʭ ʦʩʥʦʚʽ 

 

ʋ ʥʘʰ ʯʘʩ ʡʜʝ ʧʦʰʫʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽʩʪʶ, ʚʽʜʩʫʪʥʽʩʪʶ ʚʘʢʫʫʤʫ ʧʨʠ 

ʦʜʝʨʞʘʥʥʽ, ʤʦʞʣʠʚʽʩʪʶ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʅʏ ʽ ʧʣʽʚʦʢ.  

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʜʝʨʞʫʚʘʪʠ ʪʦʥʢʽ ʰʘʨʠ ʩʧʦʣʫʢ ʦʢʩʠʜʽʚ  ̔ʩʫʣʴʬʽʜʽʚ 

ʤʝʪʘʣʽʚ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʩʧʦʯʘʪʢʫ ʩʠʥʪʝʟʫʶʪʴʩʷ ʅʏ ʧʦʪʨʽʙʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ, ʧʦʪʽʤ ʥʘ ʦʩʥʦʚʽ ʾʭ ʩʫʩʧʝʥʟʽʡ ʩʪʚʦʨʶʶʪʴʩʷ ʯʦʨʥʠʣʘ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʜʨʫʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʪʝʨʽʚ ʘʙʦ ʰʣʷʭʦʤ ʨʦʟʧʠʣʝʥʥʷ ʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʩʫʩʧʝʥʟʽʡ). ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʧʦʣʽʧʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ, ʚʦʥʠ ʚʽʜʧʘʣʶʶʪʴʩʷ ʫ ʨʽʟʥʽʡ ʘʪʤʦʩʬʝʨʽ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʙʝʟʢʠʩʥʝʚʽʡ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʽʩʣʷʨʦʩʪʦʚʦʛʦ ʚʽʜʧʘʣʫ ʧʦʚʠʥʝʥ 

ʜʦʟʚʦʣʠʪʠ ʦʯʠʩʪʠʪʠ ʧʣʽʚʢʠ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʧʨʠ ʩʠʥʪʝʟʽ ʅʏ ʽ ʩʪʚʦʨʝʥʥʽ ʯʦʨʥʠʣ, ʪʘ ʧʨʦʚʝʩʪʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʤʘʪʝʨʽʘʣʫ 

ʪʦʥʢʠʭ ʰʘʨʽʚ ʟ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʡ. ʄʘʣʠʡ ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ ʫ ʧʣʽʚʢʘʭ (ʥʘʥʦʤʝʪʨʦʚʠʡ) ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʝʥ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʾʭ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʰʘʨʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʙʽʣʴʰ ʢʨʫʧʥʽ ʟʝʨʥʘ. 
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ɺʣʘʩʪʠʚʦʩʪʽ ʅʏ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʪʘ ʫʤʦʚ ʩʠʥʪʝʟʫ, ʪʘʢʠʭ ʷʢ 

ʩʢʣʘʜ ʧʨʝʢʫʨʩʦʨʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʯʘʩ ʩʠʥʪʝʟʫ, ʨʅ ʨʦʟʯʠʥʫ  ̔ ʧʨʠʨʦʜʘ 

ʦʩʘʜʞʫʚʘʯʘ. ʑʦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʚʘʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʾʭ ʨʦʟʤʽʨ, ʬʘʟʫ, ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʫ ʪʘ ʩʢʣʘʜ ʰʣʷʭʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʅʏ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʚʯʘʣʠʩʷ ʫ ʜʠʩʝʨʪʘʮʽʾ, ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʣ ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ. 

ʆʪʨʠʤʘʥʥʷ ʅʏ CuO ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ (ʨʠʩ. 2.1). ʅʘʚʘʞʢʫ ʩʦʣʽ Cu(CH3CO2)2ÖH2O 

ʤʘʩʦʶ 1,2 ʛ ʨʦʟʯʠʥʷʣʠ ʚ 100 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʪʘ 4,5 ʛ ʇɺʇ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʚ ʪʨʠʛʦʨʣʽʡ ʢʦʣʙʽ ʥʘ 200 ʤʣ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʠʩʥʝʥʥʷ 

ʽʦʥʽʚ ʤʽʜʽ (ɯɯ) ʧʦʯʠʥʘʣʠ ʧʨʦʜʫʚʢʫ ʢʦʣʙʠ ʘʨʛʦʥʦʤ. ʆʢʨʝʤʦ ʚ ʩʪʘʢʘʥʽ ʛʦʪʫʚʘʣʠ 

ʨʦʟʯʠʥ ʦʩʘʜʞʫʚʘʯʘ, ʨʦʟʯʠʥʠʚʰʠ 0,72 ʛ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ ʚ 20 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʛʨʽʚʦʤ ʥʘ ʝʣʝʢʪʨʦʧʣʠʪʮʽ. ʇʦʪʽʤ ʧʦʚʽʣʴʥʦ 

ʜʦʜʘʚʘʣʠ ʦʜʝʨʞʘʥʠʡ ʨʦʟʯʠʥ ʛʽʜʨʦʢʩʠʜʫ ʜʦ ʨʦʟʯʠʥʫ ʘʮʝʪʘʪʫ ʤʽʜʽ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʥʘʛʨʽʚʘʣʠ ʫʪʚʦʨʝʥʫ ʩʫʤʽʰ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 343 ʂ ʽ ʚʠʪʨʠʤʫʚʘʣʠ 60 ʭʚ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʉʠʥʪʝʟʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʨʦʟʯʠʥʫ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 10 ʭʚ ʧʨʠ 5000 ʦʙ/ʭʚ ʟ ʥʘʩʪʫʧʥʦʶ ʪʨʠʢʨʘʪʥʦʶ 

ʚʽʜʤʠʚʢʦʶ ʡʦʛʦ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ.  

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʅʏ CuO 
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ʉʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ ʮʠʥʢʫ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʠ ʧʦʣʽʦʣʴʥʠʤ 

ʤʝʪʦʜʦʤ (ʨʠʩ. 2.2). ʗʢ ʨʝʘʢʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʪʠʣʝʥʛʣʽʢʦʣʴ. 

ɼʣʷ ʮʴʦʛʦ ʩʫʤʽʰ 8,8 ʛ ʜʠʛʽʜʨʘʪʫ ʘʮʝʪʘʪʫ ʮʠʥʢʫ, 40 ʤʣ ʝʪʠʣʝʥʛʣʽʢʦʣʶ, 1,76 ʛ 

ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʪʨʠʛʦʨʣʽʡ ʢʦʣʙʽ ʥʘ 50 ʤʣ. ʋ ʮʝʥʪʨʘʣʴʥʠʡ 

ʦʪʚʽʨ ʧʦʤʽʱʘʣʠ ʟʚʦʨʦʪʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʘ ʚ ʙʦʢʦʚʠʡ ʪʝʨʤʦʧʘʨʫ ʟôʻʜʥʘʥʫ ʟ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ ʢʦʣʙʦʥʘʛʨʽʚʘʯʘ. ʊʨʝʪʽʡ ʦʪʚʽʨ ʟʘʢʨʠʚʘʣʠ ʨʝʟʠʥʦʚʦʶ 

ʧʨʦʙʢʦʶ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʥʘ ʘʥʘʣʽʟ. ʆʜʝʨʞʘʥʫ ʩʫʤʽʰ 

ʥʘʛʨʽʚʘʣʠ ʜʦ 433 ʂ (ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 289 ʂ / ʭʚ) ʽ ʚʠʪʨʠʤʫʚʘʣʠ 

ʫ ʪʘʢʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ 180 ʭʚ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʜʽʣʷʣʠ ʩʠʥʪʝʟʦʚʘʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜ ʦʨʛʘʥʽʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ɽɻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. ɿʘʣʠʰʢʠ Eɻ ʚʽʜʤʠʚʘʣʠ 

ʝʪʘʥʦʣʦʤ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʙʦʚʪʫʚʘʥʥʽ ʟ ʥʘʩʪʫʧʥʠʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ. 

ɺʽʜʤʠʪʽ ʟʨʘʟʢʠ ʅʏ ZnO ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 333 ʂ ʫʧʨʦʜʦʚʞ 24 ʛʦʜ. 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʰʢʫ ZnO 

 

ʏʦʨʥʠʣʦ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʰʣʷʭʦʤ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 4 

ʤʣ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʚ, ʚʠʨʦʱʝʥʠʭ ʧʨʦʪʷʛʦʤ 120 ʭʚ, ʫ 6 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. 

ʅʏ ZnO ʣʝʛʦʚʘʥʽ Al ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ. ʗʢ 

ʨʝʘʢʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ɽɻ. ʅʘʚʘʞʢʠ ʩʦʣʝʡ 

Zn(CH3COO)2Ö2H2O ʪʘ Al(NO3)3Ö10H2O ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʯʦʚʠʥʠ 0,01 

ʤʦʣʴ ʟ ʤʦʣʴʥʦʶ ʯʘʩʪʢʦʶ ʩʦʣʽ ʘʣʶʤʽʥʽʶ 1,2,3,5,7 ʪʘ 10 ʘʪ. % ʧʦʤʽʘɦʣʠ ʫ 

ʜʚʦʛʦʨʣʫ ʢʦʣʙʫ ʥʘ 50 ʤʣ ʪʘ ʟʘʣʠʚʘʣʠ 10 ʤʣ ɽɻ. ɺʩʽ ʧʦʜʘʣʴʰʽ ʧʨʦʮʝʩʠ ʙʫʣʠ 

ʘʥʘʣʦʛʽʯʥʽ ʦʧʠʩʘʥʠʤ ʜʣʷ ʥʝʣʝʛʦʚʘʥʦʛʦ ʦʢʩʠʜʫ ʮʠʥʢʫ. 
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ʉʪʚʦʨʝʥʥʷ ʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʅʏ ZnO ʪʘ CuO ʧʨʦʚʦʜʠʣʦʩʷ ʚ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽʡ ʩʫʤʽʰʽ ʚʦʜʘ-ʩʧʠʨʪ-ʛʣʽʢʦʣʴ-ʇɺʇ. ɺʽʜʦʤʦ ʱʦ ʛʣʽʢʦʣʽ 

(ʜʚʦʘʪʦʤʥʽ ʩʧʠʨʪʠ) ʮʝ ʢʣʘʩ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʤʦʣʝʢʫʣʽ ʜʚʽ 

ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚô̫ ʟʢʽʩʪʴ, ʛʫʩʪʠʥʫ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʥʷ ʽ ʢʠʧʽʥʥʷ, ʜʦʙʨʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʚʦʜʽ ʽ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ 

(ʩʧʠʨʪʘʭ, ʢʝʪʦʥʘʭ, ʢʠʩʣʦʪʘʭ ʽ ʘʤʽʥʘʭ). ɺʦʥʠ ʻ ʥʠʟʴʢʦʪʦʢʩʠʯʥʠʤʠ, ʷʢʱʦ ʥʝ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ. ʊʦʙʪʦ, ʚʢʘʟʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʻ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ. 

ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʢʘʟʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʨʦʟʯʠʥʽ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʚô̫ ʟʢʽʩʪʴ, 

ʛʫʩʪʠʥʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʽ ʢʠʧʽʥʥʷ ʯʦʨʥʠʣ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʣʽʚʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʦʣʫʢ. ʉʣʽʜ ʪʘʢʦʞ 

ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʚʩʽ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʣ ʧʨʠ ʥʘʛʨʽʚʽ 

ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʦʜʫ ʪʘ ʣʝʪʶʯʽ ʛʘʟʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʟʽ ʟʨʘʟʢʽʚ 

ʚʽʜʧʘʣʦʤ. 

ʉʠʥʪʝʟ ʅʏ SnS ʟʜʽʡʩʥʶʚʘʣʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʦʤ ʧʦʣʽʦʣʴʥʦʛʦ 

ʩʠʥʪʝʟʫ (ʨʠʩ. 2.3) ʪʘ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʫ ʚʦʜʥʦ-ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ (ʨʠʩ. 

2.4).  

ʇʦʣʽʦʣʴʥʠʡ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ɼɽɻ (ʨʠʩ. 2.3). ʅʘʚʘʞʢʫ ʩʦʣʽ 

SnCl2 2H2O ʤʘʩʦʶ 0,904 ʛ (4 ʤʤʦʣʴ) ʨʦʟʯʠʥʷʣʠ ʚ 20 ʤʣ ɼɽɻ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ 

ʪʨʠʛʦʨʣʽʡ ʢʦʣʙʽ ʥʘ 50 ʤʣ. ʇʨʠ ʮʴʦʤʫ ʧʦʯʠʥʘʣʠ ʧʨʦʜʫʚʢʫ ʢʦʣʙʠ ʘʨʛʦʥʦʤ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʠʩʥʝʥʥʷ ʽʦʥʽʚ ʩʪʘʥʫʤʫ (ɯɯ). ʆʢʨʝʤʦ ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥ ʦʩʘʜʞʫʚʘʯʘ, 

ʨʦʟʯʠʥʠʚʰʠ 0,304 ʛ ʪʽʦʩʝʯʦʚʠʥʠ ʚ 5 ʤʣ ɼɽɻ, ʥʘʛʨʽʚʘʶʯʠ ʡʦʛʦ ʥʘ ʝʣʝʢʪʨʦʧʣʠʪʮʽ. 

ʇʦʪʽʤ ʧʦʚʽʣʴʥʦ ʜʦʜʘʚʘʣʠ ʦʜʝʨʞʘʥʠʡ ʨʦʟʯʠʥ ʪʽʦʩʝʯʦʚʠʥʠ ʜʦ ʨʦʟʯʠʥʫ ʩʪʘʥʫʤ 

(ɯɯ) ʭʣʦʨʠʜʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʛʨʽʚʘʣʠ ʫʪʚʦʨʝʥʫ ʩʫʤʽʰ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 483 ʂ ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʧʝʚʥʠʡ ʯʘʩ (20-120 ʭʚ). ʋ ʜʘʥʦʤʫ ʚʘʨʽʘʥʪʽ ʩʠʥʪʝʟʫ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʰʽ ʨʝʯʦʚʠʥʠ-ʦʩʘʜʞʫʚʘʯʽ, ʪʘʢʽ ʷʢ ʥʘʪʨʽʡ ʩʫʣʴʬʽʜ ʪʘ ʪʽʦʘʮʝʪʘʤʽʜ. 

ɿ ʮʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 483 ʂ ʪʘ ʽʥʪʝʨʚʘʣʦʤ 

ʚʠʪʨʠʤʢʠ 1 ʛʦʜ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ. ʋʪʚʦʨʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʥʪʝʟʫ  
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ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʅʏ SnS 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʅʏ SnS ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʫ ʚʦʜʥʦ-

ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ 

 

ʧʨʦʜʫʢʪ ʚʽʜʙʠʨʘʣʠ ʪʘ ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ɼɽɻ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʟ ʥʘʩʪʫʧʥʦʶ ʪʨʠʢʨʘʪʥʦʶ ʚʽʜʤʠʚʢʦʶ ʽʟʦʧʨʦʧʽʣʦʚʠʤ 

ʩʧʠʨʪʦʤ. ʋ ʢʽʥʮʽ ʚʠʩʫʰʫʚʘʣʠ ʦʩʘʜ ʧʨʠ 333 ʂ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ ʥʘ ʧʦʚʽʪʨʽ ʚ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ. 

ʄʝʪʦʜ ʦʩʘʜʞʝʥʥʷ ʫ ʚʦʜʥʦ-ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ (ʨʠʩ. 2.4) ʟʜʽʡʩʥʶʚʘʣʠ 

ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 293 ʂ. ʅʘʚʘʞʢʫ ʩʦʣʽ SnCl2 2H2O ʤʘʩʦʶ 0,904 ʛ  
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(4 ʤʤʦʣʴ) ʧʦʤʽʱʘʣʠ ʚ ʭʽʤʽʯʥʠʡ ʩʪʘʢʘʥ ʥʘ 50 ʤʣ ʽ ʨʦʟʯʠʥʷʣʠ ʚ 10 ʤʣ ʣʴʦʜʷʥʦʾ 

ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʥʘ ʝʣʝʢʪʨʦʧʣʠʪʮʽ. 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʯʠʥʫ ʜʦʜʘʚʘʣʠ 10 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ʋ 

ʩʪʘʢʘʥ ʥʘ 250 ʤʣ ʥʘʣʠʚʘʣʠ 20 ʤʣ 50 %-ʛʦ ʨʦʟʯʠʥʫ ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ ʪʘ ʩʪʘʚʠʣʠ 

ʥʘ ʤʘʛʥʽʪʥʫ ʤʽʰʘʣʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʠʤ ʷʢʦʨʝʤ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʧʦʚʽʣʴʥʦ ʜʦʜʘʚʘʣʠ ʜʦ ʥʴʦʛʦ ʨʦʟʯʠʥ ʩʪʘʥʫʤ (ɯɯ) ʭʣʦʨʠʜʫ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʚʘʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘ ʩʧʦʣʫʢʘ ʩʪʘʥʫʤʫ ʟ ʦʨʛʘʥʽʯʥʠʤ 

ʣʽʛʘʥʜʦʤ. ɼʦ ʫʪʚʦʨʝʥʦʛʦ ʨʦʟʯʠʥʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʜʦʜʘʚʘʣʠ 30 ʤʣ 

ʨʦʟʯʠʥʫ ʘʤʦʥʽʘʢʫ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʅ ʨʦʟʯʠʥʫ 11. ʆʢʨʝʤʦ ʫ ʩʪʘʢʘʥʽ ʥʘ 50 ʤʣ 

ʛʦʪʫʚʘʣʠ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʦʩʘʜʞʫʚʘʯʘ ʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦ 

ʦ̔ʥʽʚ ʩʪʘʥʫʤʫ 1:1. ʋ ʷʢʦʩʪʽ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʪʨʽʡ ʩʫʣʴʬʽʜ ʪʘ 

ʪʽʦʘʮʝʪʘʤʽʜ. ʈʦʟʯʠʥ ʦʩʘʜʞʫʚʘʯʘ ʧʦʚʽʣʴʥʦ ʚʣʠʚʘʣʠ ʚ ʘʤʦʥʽʘʯʥʠʡ ʨʦʟʯʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʩʪʘʥʫʤʫ ʪʘ ʧʨʦʜʦʚʞʫʚʘʣʠ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʋ 

ʚʠʧʘʜʢʫ ʟ Na2S ʩʫʤʽʰ ʚʠʪʨʠʤʫʚʘʣʠ 1 ʛʦʜ, ʘ ʟ CH3C(S)NH2 4 ʛʦʜ. ʋʪʚʦʨʝʥʠʡ 

ʧʨʦʜʫʢʪ ʚʽʜʙʠʨʘʣʠ ʪʘ ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʨʦʟʯʠʥʫ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʟ ʥʘʩʪʫʧʥʦʶ 

ʪʨʠʢʨʘʪʥʦʶ ʚʽʜʤʠʚʢʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʣʠ ʩʫʰʢʫ ʥʘ 

ʧʦʚʽʪʨʽ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 333 ʂ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧôʷʪʴ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ: 1 ï ʩʠʥʪʝʟ 

ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2; 2 ï ʩʠʥʪʝʟ ʚ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 3 ï ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ 

ʦʩʘʜʞʫʚʘʯʝʤ CS(NH2)2; 4 ï ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 5 ï 

ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2. 

 

2.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ 

CuO, ZnO:Al, SnS 

 

ʋ ʥʘʰ ʯʘʩ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʟ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ, ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ, 

ʤʘʣʦʶ ʚʘʛʦʶ, ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʽ, ʛʥʫʯʢʽ ʪʘ ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʚʘʞʘʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʶ ʩʬʝʨʦʶ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʫʮʽ ʪʘ ʪʝʭʥʽʮʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʥʽʢʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 
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ʩʢʣʘʜʥʦʛʦ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʣʽʪʦʛʨʘʬʽʷ ʥʘ ʪʚʝʨʜʠʭ ʽ ʞʦʨʩʪʢʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʣʘʩʪʠʥʘʭ, ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʭʽʤʽʯʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ 

ʧʨʦʧʦʥʫʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʷʢ ʥʘ ʪʚʝʨʜʠʭ (ʩʢʣʦ, ʜʝʨʝʚʦ, ʮʝʛʣʘ) 

ʪʘʢ ʽ ʥʘ ʛʥʫʯʢʠʭ ʧʦʚʝʨʭʥʷʭ (ʧʘʧʽʨ, ʛʫʤʘ, ʪʢʘʥʠʥʘ, ʰʢʽʨʘ), ʱʦ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʝʬʝʢʪʠʚʥʠʤ ʽ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʝʭʥʽʢʠ ʜʨʫʢʫ ʧʨʦʧʦʥʫʶʪʴ 

ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʫ ʷʢʦʤʫ ʮʠʬʨʦʚʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʜʨʫʢʫ 

ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʪʘ ʪʦʯʥʝ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʨʦʟʨʦʙʣʝʥʽ ʤʽʩʮʷ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʢʨʽʤ ʪʦʛʦ ʤʦʞʥʘ ʜʨʫʢʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ ʜʣʷ 

ʢʨʘʱʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠʩʪʨʦʶ.  

ɼʣʷ 2D ʜʨʫʢʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ ʩʪʨʫʤʝʥʝʚʽ 

ʧʨʠʥʪʝʨʠ, ʫ ̫ ʢʠʭ ʬʘʨʙʘ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʥʘʥʦʯʦʨʥʠʣʘ, ʱʦ ʤʽʩʪʷʪʴ ʩʫʩʧʝʥʟʽʶ ʅʏ 

ʤʝʪʘʣʽʚ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʤʫ 

ʦʨʛʘʥʽʯʥʦʤʫ ʘʙʦ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʉʴʦʛʦʜʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ 

ʪʝʭʥʽʢ ʪʘʢʦʛʦ ʜʨʫʢʫ: ʩʪʨʫʤʝʥʝʚʠʡ, ʪʨʘʬʘʨʝʪʥʠʡ, ʜʨʫʢ ʛʨʘʚʽʨʫʚʘʥʥʷʤ, ʨʘʢʝʣʴʥʝ 

ʥʘʥʝʩʝʥʥʷ (Blade coating), ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʨʦʟʧʠʣʶʚʘʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣ 

(ʩʧʨʝʡ ʤʝʪʦʜ) ʪʦʱʦ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʽʚ ʪʘ ʩʫʣʴʬʽʜʽʚ ʤʝʪʘʣʽʚ ʫ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʚʘ ʨʽʟʥʽ ʤʝʪʦʜʠ. ʊʦʥʢʽ ʰʘʨʠ SnS ʽ ZnO:Al ʦʜʝʨʞʫʚʘʣʠ ʨʦʟʧʠʣʝʥʥʷʤ ʯʦʨʥʠʣ 

ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʅʏ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʩʧʨʝʡ ʤʝʪʦʜ), ʫ ʪʦʡ 

ʯʘʩ ʷʢ ʩʧʦʣʫʢʠ CuO ʽ ZnO ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʜʨʫʢʫ. 

ɿʦʙʨʘʞʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ZnO:Al, SnS ʩʧʨʝʡ ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.5. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʽʩʪʦʣʝʪʫ ʟ ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʝʢʫʨʩʦʨʫ (1), ʩʦʧʣʘ (2) ʜʣʷ ʡʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ ʙʣʦʢʫ (3), ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ 

ʨʦʟʧʠʣʝʥʥʷ, ʘ ʩʘʤʝ ʟʘʜʘʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ, ʯʘʩ ʨʦʟʧʠʣʝʥʥʷ ʪʘ ʧʘʫʟ ʤʽʞ 

ʮʠʢʣʘʤʠ. ɼʦ ʧʽʩʪʦʣʝʪʫ ʧʽʜʢʣʶʯʝʥʦ ʢʦʤʧʨʝʩʦʨ ʟ ʨʝʛʫʣʷʪʦʨʦʤ ʪʠʩʢʫ (4), ʱʦ 

ʩʪʚʦʨʶʻ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʧʨʝʢʫʨʩʦʨʫ ʜʦ 

ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʪʦʾ ʧʽʜʢʣʘʜʢʠ. 
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ʈʠʩʫʥʦʢ 2.5 ï ɿʦʙʨʘʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʧʣʽʚʦʢ ZnO:Al, SnS ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʯʦʨʥʠʣ 

 

ʄʽʞ ʧʽʩʪʦʣʝʪʦʤ ʪʘ ʢʦʤʧʨʝʩʦʨʦʤ ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʣʘʧʘʥ 

(5), ʚ ʷʢʦʤʫ ʡʦʛʦ ʨʝʞʠʤʠ ʚʽʜʢʨʠʪʪʷ/ʟʘʢʨʠʪʪʷ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ ʙʣʦʢʫ (3). ʅʘʛʨʽʚ ʧʽʜʢʣʘʜʢʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʧʣʠʪʢʠ ʟ ʢʝʨʘʤʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʧʨʠ 

ʯʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ ʚ ʧʣʠʪʢʫ 

ʪʝʨʤʦʧʘʨʠ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʩʧʦʣʫʢ ZnO:Al ʪʘ SnS ʫ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʦʢ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʨʠʚʥʝ ʩʢʣʦ ʟ ʨʦʟʤʽʨʘʤʠ 5 ʩʤ Ĭ 2 ʩʤ Ĭ 125 ʤʢʤ. ʇʝʨʝʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʧʦʚʝʨʭʥ ʁʧʽʜʢʣʘʜʦʢ ʦʯʠʱʫʚʘʣʠ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ ʦʧʠʩʘʥʠʭ 

ʥʠʞʯʝ. ʅʘ ʚʠʩʫʰʝʥʽ ʧʽʜʢʣʘʜʢʠ ʨʦʟʧʠʣʶʚʘʣʠ ʯʦʨʥʠʣʘ ʥʘ ʦʩʥʦʚʽ ʅʏ. ʋ ʚʠʧʘʜʢʫ 

ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ZnO:Al ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ Ts = 623 ʂ, ʜʣʷ 

ʧʣʽʚʦʢ SnS ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ Ts = 373 ʂ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʦʧʣʦʤ 

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʽʩʪʦʣʝʪʘ ʪʘ ʧʦʚʝʨʭʥʝʶ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ 15 ʩʤ. ɼʣʷ 

ʪʨʘʥʩʧʦʨʪʫ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʝʢʫʨʩʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʪʽʢ 

ʘʨʛʦʥʫ ʟ ʪʠʩʢʦʤ 0,2 ʄʇʘ. ʐʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʩʢʣʘʜʘʣʘ 2 ʤʣ/ʭʚ ʧʨʠ ʦʙô̒ ʤʽ 

ʨʦʟʧʠʣʝʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʜʠʥ ʟʨʘʟʦʢ 5 ʤʣ. 

ɯʥʦʜʽ ʧʦʚʝʨʭʥ ̫ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʻ ʛʽʜʨʦʬʦʙʥʦʶ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, 

ʪʦʤʫ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʣʽʚʢʠ. ʆʙʨʦʙʢʘ ʧʽʜʢʣʘʜʢʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʣʘʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 
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1 ï ʦʯʠʱʝʥʥʷ ʚ ʤʠʣʴʥʦʤʫ ʨʦʟʯʠʥʽ (10 ʭʚ); 

2 ï ʧʦʣʦʩʢʘʥʥʷ ʚ ʜʝʽʦʥʽʟʦʚʘʥʽʡ ʚʦʜʽ (3 ʭʚ); 

3 ï ʦʙʨʦʙʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʘʮʝʪʦʥʽ (15 ʭʚ); 

4 ï ʦʙʨʦʙʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʨʦʟʯʠʥʽ ʽʟʦʧʨʦʧʽʣʦʚʦʛʦ ʩʧʠʨʪʫ (15 ʭʚ); 

5 ï ʨʦʟʤʽʱʝʥʥʷ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬ̔ (60 ʭʚ); 

6 ï ʦʙʨʦʙʢʘ ʋʌ-ʦʟʦʥʦʤ (20 ʭʚ). 

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤ ʻ ʦʙʨʦʙʣʝʥʥʷ 

ʧʽʜʢʣʘʜʦʢ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʘ ʦʟʦʥʦʤ (ʧʨʠʣʘʜ UV Ozone 

Cleaner, Ossila). 

ɼʣʷ ʩʪʨʫʤʝʥʝʚʦʛʦ ʜʨʫʢʫ ʧʣʽʚʦʢ ʯʦʨʥʠʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽ ʾʅʏ CuO 

ʥʘʤʠ ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʠʡ 3D ʧʨʠʥʪʝʨ ʪʘ ʩʪʚʦʨʝʥʘ 

ʧʨʠʩʪʘʚʢʘ ʜʦ ʥʴʦʛʦ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʨʫʢʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʙʫʜʴ 

ʷʢʦʾ ʬʦʨʤʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʤʦʯʫʶʪʴʩʷ ʮʠʤʠ ʯʦʨʥʠʣʘʤʠ. 

ɿʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʠʥʪʝʨʘ ʪʘ ʝʢʩʪʨʫʜʝʨʘ ʜʦ ʥʴʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

2.6. 

ʇʣʽʚʢʠ CuO ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʪʚʝʨʜʠʭ ʪʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʜʫʨ. ʅʘʥʝʩʝʥʥʷ ʩʪʚʦʨʝʥʠʭ ʥʘʥʦʯʦʨʥʠʣ (ʨʠʩ. 

2.7 ʘ, 2.7 ʙ) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʧʦʢʨʠʚʥʦʛʦ ʩʢʣʘ ʨʦʟʤʽʨʦʤ 5 ʩʤ Ĭ 2 ʩʤ 

Ĭ 125 ʤʢʤ, ʷʢʽ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʝʥʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ 

Ts = 373 ʂ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʰʧʨʠʮʦʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ 2 ʤʤ. 

ʐʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʩʢʣʘʜʘʣʘ 1 ʧʣʽʚʢʘ/ʭʚ. ʇʝʨʝʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣʘ ʜʦʜʘʪʢʦʚʦ ʜʠʩʧʝʨʛʫʚʘʣʠ. 

ʋ ʷʢʦʩʪʽ ʛʥʫʯʢʦʾ ʧʽʜʢʣʘʜʢʠ ʥʘʤʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʦʥʢʠʡ ʣʠʩʪ 

ʧʦʣʽʽʤʽʜʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʛʥʫʯʢʦʩʪʽ ʪʘ ʚʠʪʨʠʤʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʦ 573 ʂ ʙʝʟ ʜʝʬʦʨʤʘʮʽʾ. ʃʠʩʪ ʧʦʣʽʽʤʽʜʫ ʨʦʟʨʽʟʘʣʠ ʥʘ ʧʨʷʤʦʢʫʪʥʠʢʠ ʧʣʦʱʝʶ 

6,0 Ĭ 2,5 ʩʤ, ʮʝ ʽ ʙʫʣʘ ʧʽʜʢʣʘʜʢʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʾ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ, ʧʦʚʝʨʭʥʶ ʧʽʜʢʣʘʜʢʠ ʦʙʨʦʙʣʷʣʠ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʦʯʠʱʘʣʠ ʫ 

ʤʠʣʴʥʦʤʫ ʨʦʟʯʠʥʽ, ʧʦʣʦʩʢʘʣʠ ʚ ʜʝʽʦʥʽʟʦʚʘʥʽʡ ʚʦʜʽ, ʩʫʰʠʣʠ ʪʘ ʦʙʨʦʙʣʷʣʠ 

ʦʟʦʥʦʤ (ʧʨʠʣʘʜ UV Ozone Cleaner, Ossilla).  
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ʈʠʩʫʥʦʢ 2.6 ï 3D ʧʨʠʥʪʝʨ (ʘ) ʪʘ ʡʦʛʦ ʝʢʩʪʨʫʜʝʨ (ʙ) ʜʣʷ ʜʨʫʢʫ ʧʣʽʚʦʢ 

ʯʦʨʥʠʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʅʏ ʦʢʩʠʜʥʠʭ ʪʘ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ 

 

 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʇʨʦʙʽʨʢʘ ʟʽ ʩʪʚʦʨʝʥʠʤʠ ʯʦʨʥʠʣʘʤʠ ʚ ʤʦʤʝʥʪ ʟʘʧʨʘʚʣʝʥʥʷ 

ʧʨʠʥʪʝʨʘ ʽ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ (ʘ), ʧʽʩʣʷ ʧô̫ ʪʠ ʛʦʜʠʥ ʾʭ ʚʠʪʨʠʤʢʠ (ʙ) ʪʘ ʱʦʡʥʦ 

ʦʜʝʨʞʘʥʽ ʧʣʽʚʢʠ CuOx (ʚ) 
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ʇʽʜʢʣʘʜʢʫ ʨʦʟʤʽʱʘʣʠ ʧʦ ʮʝʥʪʨʫ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ ʧʨʠʥʪʝʨʘ, ʜʝ ʧʽʜʽʛʨʽʚ 

ʟʨʘʟʢʘ ʙʫʚ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ, ʟʘʢʨʽʧʣʶʶʯʠ ʢʨʘʾ ʧʽʜʢʣʘʜʢʠ ʜʣʷ ʾʾ ʫʪʨʠʤʘʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʚʘʣʠ ʤʝʞʽ ʜʨʫʢʫ ʟʨʘʟʢʘ. ʋ 

ʧʨʦʛʨʘʤʽ ʟʘʜʘʚʘʣʘʩʷ ʧʨʤ̫ʦʢʫʪʥʘ ʬʦʨʤʘ ʟʨʘʟʢʘ ʨʦʟʤʽʨʦʤ 2,0 Ĭ 2,5 ʩʤ, ̫ ʢʫ 

ʨʦʟʙʠʚʘʣʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʣʽʥʽʾ ʟʘ ̫ ʢʠʤʠ ʧʨʦʭʦʜʠʣʦ ʩʦʧʣʦ. ɼʘʣʽ ʧʽʜʽʙʨʘʣʠ 

ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʩʦʧʣʘ, ʪʘʢʫ ʱʦʙ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ 

ʯʦʨʥʠʣ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʛʦʣʢʦʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ 2 ʤʤ. ɼʣʷ 

ʫʪʚʦʨʝʥʥʷ ʩʫʮʽʣʴʥʦʾ ʨʽʚʥʦʤʽʨʥʦʾ ʧʣʽʚʢʠ ʥʘʥʦʩʠʣʠ 2 ʰʘʨʠ ʤʘʪʝʨʽʘʣʫ ʦʜʠʥ ʥʘ 

ʦʜʠʥ. ɼʨʫʛʠʡ ʰʘʨ ʥʘʥʦʩʠʚʩʷ ʧʽʩʣʷ ʚʠʩʠʭʘʥʥʷ ʧʝʨʰʦʛʦ. ʐʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ 

ʪʦʥʢʠʭ ʰʘʨʽʚ ʦʢʩʠʜʫ ʩʢʣʘʜʘʣʘ 1 ʰʘʨ/ʭʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ Ts 

= 333 ʂ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ ʩʫʰʠʣʠ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ. ʆʪʨʠʤʘʥʽ ʪʦʥʢʽ 

ʰʘʨʠ (ʨʠʩ. 2.7 ʚ) ʤʘʣʠ ʪʦʚʱʠʥʫ 6,5 ʤʽʢʨʦʥ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ 

ʚʽʜʧʘʣʶʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 433 ʂ ̔  573 ʂ ʧʨʦʪʷʛʦʤ 

ʨʽʟʥʦʛʦ ʯʘʩʫ (ʚʽʜ 10 ʜʦ 60 ʭʚʠʣʠʥ) ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʨʝʢʫʨʩʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʧʨʠ ʩʠʥʪʝʟʽ ʅʏ ʪʘ ʩʪʚʦʨʝʥʥʽ ʯʦʨʥʠʣ. 

 

2.3 ʄʝʪʦʜʠʢʠ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʪʘ ʧʣʽʚʦʢ 

2.3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

 

ʄʦʨʬʦʣʦʛʽ ʁ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʚʠʚʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʧʨʦʩʚʽʯʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ ʉɽʃʄɯ 

ʇɽʄ-125 ʂ ʧʨʠ ʨʦʙʦʯʽʡ ʥʘʧʨʫʟʽ 90 ʢɺ ʪʘ ʤʽʢʨʦʩʢʦʧʫ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ FEI Tecnai G2F20 S-Twin ʧʨʠ ʨʦʙʦʯʽʡ ʥʘʧʨʫʟʽ 200 ʢɺ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʚʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʽʢʨʦʩʢʦʧʽʚ SEO-SEM Inspect S50-B ʪʘ Hitachi S-

4800. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʽʢʨʦʩʢʦʧʽʚ ʧʨʦʚʦʜʠʣʠ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽ ̔

(ɽDX) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ AZtecOne ʟ 
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ʜʝʪʝʢʪʦʨʦʤ X-MaxN20 ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟ ʜʝʪʝʢʪʦʨʦʤ Bruker ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚʠʟʥʘʯʘʣʠ ʫ ʧôʷʪʠ ʪʦʯʢʘʭ ʟ 

ʧʦʜʘʣʴʰʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʅʏ ʪʘ ʧʣʽʚʦʢ ʚʽʜ 

ʩʪʝʭʽʦʤʝʪʨʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʽʜʥʦʰʝʥʥʷ ʉɸ/Cɺ. 

 

2.3.2 ʄʝʪʦʜʠʢʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʪʘ ʧʣʽʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ 4-07. ɸʥʘʣʽʟ 

ʧʨʦʚʦʜʠʚʩʷ ʚ Ni-ʬ̔ʣʴʪʨʦʚʘʥʦʤʫ KŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʤʽʜʥʦʛʦ ʘʥʦʜʘ. ɿʥʽʤʘʥʥʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ (ʰʚʠʜʢʽʩʪʴ - 16 

ʛʨʘʜʫʩʽʚ / ʭʚ, ʢʨʦʢ 0,1 ʛʨʘʜ) ʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ 2ɗ ʚʽʜ 20 ̄ʜʦ 80,̄ ʜʝ 2ɗ - ʢʫʪ ɹʨʝʛʛʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʬʦʢʫʩʫʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 

ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ.  

ʊʘʢʦʞ, ʯʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘ 

ʽʥʰʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ - Bruker D8 ADVANCE A25. ɼʣʷ ʘʥʘʣʽʟʫ, ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ KŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʽʜʥʦʛʦ ʘʥʦʜʘ ʟ ʬʽʣʴʪʨʘʮʽʻʶ Ni-

ʬʽʣʴʪʨʦʤ. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʘʧʠʩʫ ʟ 

ʢʨʦʢʦʤ 0,02 ʛʨʘʜʫʩʘ ʚ ʜʽʘʧʘʟʦʥʽ 2ɗ ʚʽʜ 20Á ʜʦ 80Á. 

ʆʪʨʠʤʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ ʥʦʨʤʫʚʘʣʠʩʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ 

(111) ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ ʦʢʩʠʜʫ ʤʽʜʽ, (002) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ ʦʢʩʠʜʫ ʮʠʥʢʫ ʪʘ 

(111) ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ ʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ. ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ 

ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʢʫʪʽʚ ʜʠʬʨʘʢʮʽʾ ʽ ʚʽʜʥʦʩʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ ʚʽʜ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʝʪʘʣʦʥʫ ʟʘ ʜʘʥʠʤʠ JCPDS (CuO ï ̄  00-048-1548, 

Cu2O ï ̄  00-005-0667, ZnO ï ̄  01-080-0074, SnS ï ̄  00-39-0354). 

ʗʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʧʣʽʚʦʢ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʤʝʪʦʜʦʤ ʍʘʨʨʽʩʘ, ʷʢʠʡ ʻ ʟʨʫʯʥʠʤ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʽ ʧʣʦʩʢʠʭ ʟʨʘʟʢʽʚ ʟ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʘ ʟʘ ʥʦʨʤʘʣʣʶ 

ʜʦ ʾʭ ʧʦʚʝʨʭʥʽ [111]. ʇʦʣʶʩʥʘ ʛʫʩʪʠʥʘ ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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 (2.1) 

ʜʝ Ii, I0i ï ̔ ʥʪʝʛʨʘʣʴʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ i-ʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʽʢʫ ʜʣʷ 

ʧʣʽʚʢʦʚʦʛʦ ʟʨʘʟʢʘ ʪʘ ʝʪʘʣʦʥʫ; 

N ï ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʜʫʚʘʣʠʩʷ ʟʘʣʝʞʥʦʩʪʽ Pi ï (hkl)i ʪʘ Pi ï ű, ʜʝ ű ï ʢʫʪ ʤʽʞ 

ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʜʦ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ, 

ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʚʘʥʥʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ, (hkl) ï ʽʥʜʝʢʩʠ ʄʽʣʣʝʨʘ. 

ɺʽʩʴ ʧʝʨʝʚʘʞʘʶʯʦʾ ʪʝʢʩʪʫʨʠ ʤʘʻ ʪʽ ʽʥʜʝʢʩʠ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ Pi. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʨʽʻʥʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʨʘʟʢʫ 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʽʟ ʚʠʨʘʟʫ . 

ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʣʠʭ a ʪʘ c ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ZnO ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

[140], [141]: 
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ʜʝ ɗ ï ʢʫʪ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ; 

l ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

(hkl) ï ̔ʥʜʝʢʩʠ ʄʽʣʣʝʨʘ. 

ʉʪʘʣʽ ˇʨʘʪʢʠ ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ SnS, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʤʘʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [142]: 
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ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʣʠʭ ˇʨʘʪʢʠ a, b ʽ c ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ CuO ʧʨʦʚʦʜʠʚʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ UnitCell [143]. 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʣʠʭ ̌ʨʘʪʢʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ZnO, ʦʨʪʦʨʦʤʙʽʯʥʦʛʦ SnS ʪʘ ʤʦʥʦʢʣʽʥʥʦʛʦ CuO, ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜ 

ʅʝʣʴʩʦʥʘ-ʈʽʣʣʽ ʪʘ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. ʉʧʦʯʘʪʢʫ ʧʨʦʚʝʣʠ ʣʽʥʽʡʥʫ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ OriginPro. ɼʘʣʽ, ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, 

ʟʘʩʪʦʩʫʚʘʣʠ ʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʚ ʽʪʝʨʘʮʽʡʥʫ 

ʧʨʦʮʝʜʫʨʫ. ʉʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʜʦʜʘʥʢʽʚ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

(2.2), (2.3), (2.4) ʜʣʷ ʢʦʞʥʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ʣʽʥʽʾ, ʘ ʧʦʪʽʤ ʚʽʜʙʠʨʘʣʠ ʪʽ ʟʥʘʯʝʥʥʷ, 

ʜʝ ʚʥʝʩʦʢ ʜʦʜʘʥʢʘ ʟ ʥʝʚʽʜʦʤʦʶ ʚʝʣʠʯʠʥʦʶ ʚʽʜʥʦʰʝʥʴ (a/c, c/a) ʙʫʚ 

ʤʽʥʽʤʘʣʴʥʠʤ. ɿ ʛʨʘʬʽʢʽʚ a(c)ï1/2Ācos2qĀ(1/sinq+1/q) ʚʠʟʥʘʯʘʣʠ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʘ ̔  ʩ ʪʘ ʾʭ ʚʽʜʥʦʰʝʥʥʷ ʩ/a. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʥʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʣʠʭ ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.2), (2.3), (2.4). ʎʷ ʽʪʝʨʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʚʘʣʘʩʷ 

ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ (ʜʦ ʧô̫ ʪʠ) ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʥʘʯʝʥʥʷ ʘ, ʩ ʪʘ ʩ/a ʥʝ ʟʘʣʠʰʘʣʠʩʴ 

ʩʪʘʙʽʣʴʥʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʘʣʽ ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 0,001%. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ ZnO, SnS ʪʘ CuO ʙʫʣʦ ʚʟʷʪʦ ʟ ʜʦʚʽʜʥʠʢʘ. ʆʙô̒ ʤʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ˇʨʘʪʦʢ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: Vʢʦʤ(ZnO) = 

0,866Öʘ2Öʩ, Vʢʦʤ(SnS) = ʘÖbÖʩ, Vʢʦʤ(CuO) = ʘÖbÖʩÖsinɓ. 

 

2.3.3 ʄʝʪʦʜʠʢʘ ʚʠʚʯʝʥʥʷ ʩʫʙʩʪʨʫʢʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʧʣʽʚʦʢ 

 

ɼʣʷ ʦʮʽʥʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʆʂʈ (L) ʪʘ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ (Ů) ʫ 

ʅʏ ʪʘ ʧʣʽʚʢʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʠʡ 

ʤʝʪʦʜ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʚʰʠʨʠʥʫ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ. ʑʦʙ 

ʨʦʟʜʽʣʠʪʠ ʫʰʠʨʝʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʠʭ (ɓ) ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

(b) ʝʬʝʢʪʽʚ ʧʨʦʚʦʜʠʣʘʩʷ ʘʧʨʦʢʩʠʤʘʮʽ ̫ʧʨʦʬʽʣʶ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʣʽʥʽʡ 

ʬʫʥʢʮʽʷʤʠ ʂʦʰʽ ʪʘ ɻʘʫʩʘ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʚʥʝʩʢʽʚ ʚʽʜ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʆʂʈ ʪʘ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ 
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ʍʦʣʣʘïɺʽʣʴʷʤʩʦʥʘ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʧʦ-ʨʽʟʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʫʪʘ 

ʜʠʬʨʘʢʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʫʚʘʣʠʩ ɹʛʨʘʬʽʢʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ lqbcos  ï ( )lqsin4  ʪʘ 

( )2cos lqb  ï ( )2sin4 lq . ʊʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʦʪʨʠʤʘʥʠʭ ʧʨʷʤʠʭ ʜʦ ʦʩʽ ʘʙʩʮʠʩ 

ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʧʣʽʚʢʘʭ, ʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 

ʧʨʷʤʦʾ ʟ ʚʽʩʩʶ ʦʨʜʠʥʘʪ - ʨʦʟʤʽʨ ʆʂʈ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʫʙʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʤʽʨʷʪʠʩ ̫ʬʽʟʠʯʥʝ ʫʰʠʨʝʥʥʷ ʚʽʜʙʠʚʘʥ ɹʚʽʜ ʧʣʦʱʠʥ ʟ ʢʨʘʪʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ ʄʽʣʣʝʨʘ. ʋ ʚʠʧʘʜʢʫ ʟʨʘʟʢʽʚ ZnO ̔ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʨʦʚʦʜʠʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥ ̫ʬʽʟʠʯʥʦʛʦ ʫʰʠʨʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ (100)ï

(200) ʪʘ (101)ï(202).  

ʋ ʚʠʧʘʜʢʫ ʅʏ ʪʘ ʧʣʽʚʦʢ CuO ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʩʫʙʩʪʨʫʢʪʫʨʠ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʐʝʨʨʝʨʘ-ʉʪʦʢʩʘ [144] ʚ 

ʥʘʧʨʷʤʘʭ [20-2], [202], [11-3] ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ (ʟʘ 

ʧʽʚʰʠʨʠʥʦʶ ʚʽʜʙʠʚʘʥ ɹʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (20-2), (202) ʪʘ (11-3). 

ʇʘʨʘʤʝʪʨʠ ʩʫʙʩʪʨʫʢʪʫʨʠ ʅʏ ʪʘ ʧʣʽʚʦʢ SnS ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʚʽʜʙʠʚʘʥʥʷʤʠ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (021), (111) ʪʘ (040). 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʪʘ ʨʦʟʤʽʨ ʆʂʈ ʫ ʟʨʘʟʢʘʭ 

ʪʘʢʦʞ ʦʮʽʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʣʽʥʽʾ ʧʦʪʨʽʡʥʦʶ 

ʟʛʦʨʪʢʦʶ ʬʫʥʢʮʽʡ [145].  

 

2.4 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ ̔

ʩʧʝʢʪʨʦʤʝʪʨʠ Renishaw InVia 90V727 ʪʘ Horiba MTB. Xplora (ʜʠʚ. ʨʠʩ. 2.8), 

ʟʥʽʤʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (300 ʂ). 

ʗʢ ʜʞʝʨʝʣʦ ʟʙʫʜʞʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw 

ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʣʘʟʝʨʽʚ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ: ɚ = 514,5 ʥʤ, ɚ = 633 ʥʤ ʪʘ ɚ = 

785 ʥʤ. ʈʦʟʩʽʷʥʠʡ ʩʠʛʥʘʣ ʬʽʢʩʫʚʘʚʩʷ ʜʚʦʭʬʦʪʦʥʥʠʤ ʜʝʪʝʢʪʦʨʥʠʤ ʤʘʩʠʚʦʤ. 
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ʈʠʩʫʥʦʢ 2.8 ï  ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʨʘʟʢʽʚ 

 

ʂʦʞʝʥ ʩʧʝʢʪʨ ʧʣʽʚʢʠ ʙʫʚ ʚʠʤʽʨʷʥʠʡ 20 ʨʘʟʽʚ ʟ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ ʧʨʠʙʣʠʟʥʦ 

5 ʩʝʢʫʥʜ. ʂʘʣʽʙʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʦʣʦʞʝʥʥʷ ʤʦʜʠ ʢʦʣʠʚʘʥʴ 520 ʩʤ-1 ʚʽʜ ʢʨʠʩʪʘʣʫ ʢʨʝʤʥʽʶ.  

ʇʨʠ ʨʦʙʦʪʽ ʟʽ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Horiba ʜʞʝʨʝʣʦʤ ʟʙʫʜʞʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʣʫʛʫʚʘʣʠ ʣʘʟʝʨʠ ʟ ʜʦʚʞʠʥʦʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ɚ = 532 ʥʤ, ɚ 

= 638 ʥʤ ʪʘ ɚ = 785 ʥʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 0,78 ʤɺʪ. ʈʘʤʘʥʽʚʩʴʢʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʣʠ ʪʨʠ ʥʘʢʦʧʠʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʪʨʠʚʘʣʦ 20 ʩʝʢʫʥʜ. 

ʆʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʽʢʨʦʩʢʦʧ Olympus Bx41 ʟ 50-ʢʨʘʪʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʽ ʜʠʬʨʘʢʮʽʡʥʦʶ ʨʝʰʽʪʢʦʶ 1200 ʣʽʥʽʡ ʥʘ ʤʤ-1. 

ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʣʦʩʷ ʫ 5 ʨʽʟʥʠʭ ʪʦʯʢʘʭ, ʧʦʪʽʤ ʚʽʜ 

ʢʦʞʥʦʛʦ ʩʧʝʢʪʨʫ ʚʽʜʥʽʤʘʚʩʷ ʩʧʝʢʪʨ ʧʽʜʢʣʘʜʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʯʝʥʥʷ 

ʫʩʝʨʝʜʥʶʚʘʣʠ ʪʘ ʦʪʨʠʤʫʚʘʣʠ ʪʦʯʥʠʡ ʩʧʝʢʪʨ ʚʽʜ ʥʘʰʠʭ ʧʣʽʚʦʢ. 

 

2.5 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ  

 

ʆʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Varian Cary 4000 (ʨʠʩ. 2.9), ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ l = (175-3300) ʥʤ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ Ñ0,1 ʥʤ ʫ ʋʌ-

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʪʘ Ñ0,4 ʥʤ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ.  
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ʆʩʥʦʚʥʘ ʩʭʝʤʘ ʦʧʪʠʢʠ ʚ Cary 4000 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.9; ʥʘ ʚʩʪʘʚʮʽ 

ʧʦʢʘʟʘʥʦ ʣʝʟʦ ʨʦʟʩʽʶʚʘʯʘ. ɿʨʘʟʢʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚ V-ʦʙʨʘʟʥʽʡ 

ʢʘʥʘʚʮʽ ʥʘʚʧʨʦʪʠ ʦʪʚʦʨʫ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ, ʢʦʥʪʨʦʣʴʥʠʡ ʧʨʦʤʽʥʴ ʧʨʦʭʦʜʠʚ 

ʯʝʨʝʟ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Varian Cary 4000 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʚʠʟʥʘʯʝʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʦʧʪʠʯʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ T(ɚ) ʽ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ R(ɚ) ʪʦʥʢʠʭ ʰʘʨʽʚ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

Eg, ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʟ ʮʠʭ ʩʧʝʢʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 
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ʋ ʚʠʧʘʜʢʫ ʤʘʣʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ, ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʧʨʦʱʫʚʘʣʦʩʷ ʜʦ ʚʠʜʫ ʥʘʚʝʜʝʥʦʛʦ ʫ [146]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʦʧʪʠʯʥʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʾʭ 

ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [147]: 
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 ( )ngEhAh -= nna 0 . (2.6) 

 

ʜʝ A0 ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ; 

hɜ ï ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ;  

n ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥ,ʁ ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. 

ʋ ʨʘʟʽ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟʥʘʯʝʥʥʷ n 

ʜʦʨʽʚʥʶʻ 1/2 ʽ 2 ʚʽʜʧʦʚʽʜʥʦ. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʣʽʥʽʡʥʦʾ 

ʜʽʣʷʥʢʠ ʛʨʘʬʽʢʽʚ ‌Ὤ’ Ὤ’, ‌Ὤ’
Ⱦ Ὤ’ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʚʽʩʴ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʧʨʷʤʠʭ ʪʘ ʥʝʧʨʷʤʠʭ ʟʦʥʦ-ʟʦʥʥʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ. ʋ ʨʘʟʽ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥʦ-ʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʦʨʜʠʥʘʪʠ ‌Ὤ’ Ⱦ Ὤ’ [148], [149]. ʂʨʽʤ ʪʦʛʦ, ʽʥʰʠʡ ʤʝʪʦʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Eg, ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ 

ʧʝʨʦh ʾʧʦʭʽʜʥʦ ʾʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʽʾ 

ʬʦʪʦʥʘ (ʤʝʪʦʜ ACFD) [150]. 

 

2.6 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ 

ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ  

 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʌʃ ʅʏ ʪʘ ʧʣʽʚʦʢ ʦʢʩʠʜʥʠʭ ʽ ʩʫʣʴʬʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʽ ʩʚʽʪʣʦʩʠʣʴʥʦʛʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʟ ʧʦʜʚʽʡʥʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʉɼʃ-1. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʧʝʢʪʨʽʚ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

2.10, ʜʝ ʤʦʥʦʭʨʦʤʘʪʦʨ ʉɼʃ-1 ʧʦʟʥʘʯʝʥʦ ʮʠʬʨʦʶ 9. 

ɼʞʝʨʝʣʦ ʩʚʽʪʣʘ 1 ʨʘʟʦʤ ʟ ʢʦʥʜʝʥʩʦʨʦʤ 3 ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ: ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʚʢʘʟʫʻ ʥʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ 

ʌʃ, ʘ ʧʨʷʤʘ ʣʽʥʽʷ - ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʯʠ ʧʦʛʣʠʥʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 2.10 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉɼʃ-1 ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ 

ʩʧʝʢʪʨʽʚ ʌʃ 

 

ɼʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʌʃ ʅʏ ʽ ʧʣʽʚʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ 

ʩʚʽʪʣʦʜʽʦʜ CUD 7GF1B, ʱʦ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦʚʞʠʥʫ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 274 ʥʤ, ʘ ʪʘʢʦʞ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 395 ʥʤ, 620 

ʥʤ, 850 ʥʤ, ʽ ʟʝʣʝʥʠʡ ʣʘʟʝʨ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 532 ʥʤ. 

ʉʚʽʪʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʦʜʽʦʜʫ ʩʪʘʥʦʚʠʪʴ 16 ʤɺʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298 ʂ, ʘ ʨʦʟʩʽʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - ʙʣʠʟʴʢʦ 950 ʤɺʪ. 

ʉʚʽʪʣʦʜʽʦʜʠ ʙʫʣʠ ʟʤʦʥʪʦʚʘʥʽ ʥʘ ʨʘʜʽʘʪʦʨʽ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ, ʷʢʠʡ 

ʦʭʦʣʦʜʞʫʚʘʚʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʊʘʢʠʡ ʤʦʥʪʘʞ ʟʘʙʝʟʧʝʯʫʚʘʚ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ 

ʩʚʽʪʣʦʜʽʦʜʽʚ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʌʃ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʽʜ 4,5 ʜʦ 70,0 

ʂ) ʚʠʢʦʨʠʩʪʘʥʦ ʛʝʣʽʻʚʠʡ ʢʨʽʦʩʪʘʪ, ʫ ʷʢʦʤʫ ʽ ʨʦʟʤʽʱʫʚʘʚʩʷ ʟʨʘʟʦʢ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʋʊʈɽʂʉ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 4,5 ʜʦ 50,0 ʂ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ʂ. 

ʉʧʝʢʪʨʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ʂʉɺʋ-23 ʧʨʠ 

ʪʘʢʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʨʠʣʘʜʫ: U = 40 ʢɺ, Iʘ = 25 ʤɸ, ʷʢ ʜʞʝʨʝʣʦ ʟʙʫʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ Cu ʘʥʦʜ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ, ʷʢʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʰʘʨʠ ʉɽ ʪʘ ʝʣʝʤʝʥʪʽʚ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʥʘʤʠ ʙʫʣʠ ʦʙʨʘʥʽ ʤʝʪʦʜʠ 

ʧʦʢʨʘʧʝʣʴʥʦʛʦ ʜʨʫʢʫ 3D ʧʨʠʥʪʝʨʦʤ ʪʘ ʨʦʟʧʠʣʝʥʥʷ ʥʘʥʦʯʦʨʥʠʣ, ʩʪʚʦʨʝʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʅʏ, ʥʘ ʧʽʜʢʣʘʜʢʫ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʮʠʭ ʤʝʪʦʜʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʦʢ, ʻ ʜʝʰʝʚʠʟʥʘ, ʥʠʟʴʢʘ 

ʝʥʝʨʛʦʟʘʪʨʘʪʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʚʝʣʠʢʽ ʧʣʦʱʽ ʪʘ 

ʚʝʣʠʢʦʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʰʘʨʽʚ ʥʘ ʙʫʜʴ-

ʷʢʠʭ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ (ʪʢʘʥʠʥʘʭ, ʰʢʽʨʽ, ʪʦʱʦ). ʋ ʮʽʣʦʤʫ, ʢʦʤʙʽʥʘʮʽʷ ʦʙʦʭ 

ʮʠʭ ʤʝʪʦʜʽʚ ʥʘʜʘʻ ʛʥʫʯʢʦʩʪʽ ʪʘ ʝʥʝʨʛʦʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʨʦʙʥʠʮʪʚʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʧʨʠʣʘʜʽʚ ʩʦʥʷʯʥʦ ʾʝʥʝʨʛʝʪʠʢʠ ʪʘ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

2. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʅʏ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʘʥʦʯʦʨʥʠʣ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʜʨʫʢʫ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ 

ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʩʧʦʣʫʢ ZnO, CuO ʪʘ SnS, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʦʩʘʜʞʝʥʥʷ ʫ 

ʚʦʜʥʦ-ʘʤʦʥʽʘʯʥʦʤʫ ʨʦʟʯʠʥʽ ʜʣʷ SnS. 

3. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʘʥ ̔ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

- ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽʷ (ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʝʢʩʪʫʨʠ 

ʨʦʩʪʫ, ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʣʠʭ ̌ ʨʘʪʢʠ ʪʘ ʦʙô̒ ʤʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʩʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʽʨʫ ʆʂʈ, ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ); 

- ʩʢʘʥʫʚʘʣʴʥʘ ʪʘ ʧʨʦʩʚʽʯʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ (ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʝʨʝʨʽʟʫ ʧʣʽʚʦʢ, ʚʠʚʯʝʥʥʷ ʬʦʨʤʠ ʅʏ, ʨʦʟʨʘʭʫʥʦʢ 

ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ̔ ʢʨʠʩʪʘʣʽʪʽʚ ʧʣʽʚʦʢ, ʾʭ ʪʦʚʱʠʥʠ). 

4. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʅʏ ʪʘ ʧʣʽʚʦʢ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʦʜ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

5. ʆʧʪʠʯʥʽ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ʚʠʚʯʘʣʠʩʷ 

ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ, ʈʘʤʘʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʌʃ. 



84 
 

 

ʈʆɿɼɯʃ 3 

ʄʆʈʌʆʃʆɻɯʗ ʇʆɺɽʈʍʅɯ, ʉʊʈʋʂʊʋʈʅɯ ɯ ʉʋɹʉʊʈʋʂʊʋʈʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸʅʆʏɸʉʊʀʅʆʂ ʊɸ ʇʃɯɺʆʂ ZnO:Al, CuO, SnS 

ʆɼɽʈɾɸʅʀʍ ʄɽʊʆɼɸʄʀ ʈʆɿʇʀʃɽʅʅʗ ɯ ɼʈʋʂʋ 

 

3.1 ʄʦʨʬʦʣʦʛʽʷ, ʩʪʨʫʢʪʫʨʘ, ʩʫʙʩʪʨʫʢʪʫʨʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ CuO  

 

3.1.1 ʉʪʨʫʢʪʫʨʘ, ʩʫʙʩʪʨʫʢʪʫʨʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ 

ʚʽʜʧʘʣʝʥʠʭ ʪʘ ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ CuO ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ 

 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʣʽʚʦʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ʫ ʥʘʰ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ̫ ʢ ʬʽʟʠʯʥʽ ʪʘʢ ʽ ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ [151], [152]. ʗʢ ʧʨʘʚʠʣʦ, 

ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʚʘʢʫʫʤʽ. ʍʽʤʽʯʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʙʝʟʟʘʧʝʨʝʯʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʚʘʢʫʫʤʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʜʝʰʝʚʠʟʥʽ ʪʘ ʧʨʦʩʪʦʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʥʦʩʥʽʡ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʩʪʽ, ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ, ʤʦʞʣʠʚʦʩʪʽ 

ʦʜʝʨʞʘʥʥʷ ʧʣʽʚʦʢ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʚʝʣʠʢʦʾ ʧʣʦʱʽ, ʚʢʣʶʯʘʶʯʠ ʛʥʫʯʢʽ, ʟ ʨʽʟʥʠʭ 

ʧʨʝʢʫʨʩʦʨʽʚ [153], [154]. ʆʜʥʘʢ ʧʣʽʚʢʠ ʥʘʥʝʩʝʥʽ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʩʪʨʫʢʪʫʨʥʫ ʷʢʽʩʪʴ ʪʘ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʠ ʧʨʝʢʫʨʩʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʾʭ 

ʦʜʝʨʞʘʥʥʽ.  

ʅʘʤʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʜʝʨʞʘʥʥʷ ʧʣʽʚʦʢ 

ʦʢʩʠʜʥʠʭ ʽ ʩʫʣʴʬʽʜʥʠʭ ʩʧʦʣʫʢ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʪʦʨʠʥʥʠʭ ʬʘʟ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʛʝʣʽʦʝʥʝʨʛʝʪʠʮʽ ʪʘ 

ʛʥʫʯʢʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ɺʽʥ ʚʢʣʶʯʘʻ ʾʭ ʦʜʝʨʞʘʥʥʷ ʫ ʪʨʠ ʝʪʘʧʠ: ʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ 

ʅʏ ʤʘʪʝʨʽʘʣʫ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʥʝʩʝʥʥʷʤ ʥʘʥʦʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʩʫʩʧʝʥʟʽʾ 

ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʚʘʢʫʫʤʥʠʭ ʤʝʪʦʜʽʚ ʽ, ʥʘʨʝʰʪʽ, ʧʽʩʣʷʨʦʩʪʦʚʠʡ 

ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ ʟʨʘʟʢʽʚ ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʫ.  
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ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ, ʩʪʝʭʽʦʤʝʪʨʽʶ, ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ, 

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ. ʋ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ Ta ʧʣʽʚʢʠ ʤʦʞʫʪʴ ʧʦʢʨʘʱʫʚʘʪʠ ʩʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʥʘʚʽʪʴ ʟʤʽʥʶʚʘʪʠ ʬʘʟʦʚʠʡ ʩʪʘʥ. ʊʘʢʦʞ, ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ, ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʟʘʣʠʰʢʽʚ ʯʠ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʚ ʧʣʽʚʢʘʭ ʧʽʩʣʷ ʾʭʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʥʘʥʝʩʝʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʫ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ  ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ CuO, ʥʘʥʝʩʝʥʠʭ 

ʜʨʫʢʦʤ ʥʘ 3D ʧʨʠʥʪʝʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʨʥʠʣ ʥʘ ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʡ ʅʏ. 

ʅʘ ʨʠʩ. 3.1 ʘ ʥʘʚʝʜʝʥʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʅʏ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʦʨʥʠʣ, ̔  ʧʣʽʚʢʠ CuO (3.1 ʙ), ʥʘʥʝʩʝʥʦʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʯʦʨʥʠʣ ʥʘ ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ. ʇʣʽʚʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʘ 

ʚʽʜʧʘʣʝʥʘ ʚ ʘʨʛʦʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 573 ʂ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. 

ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ 

ʚʩʪʘʚʮʽ ʨʠʩʫʥʢʫ, ʚʽʥ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʘ.  

 

 

ʈʠʩʫʥʦʢ. 3.1 ς ʄʦʨʬʦʣʦʛʽʷ ʅʏ (ʘ) ʽ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ CuO ʚʽʜʧʘʣʝʥʦʾ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ Ta = 573 ʂ (ʙ) ʥʘ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ. ɺʩʪʘʚʢʘ: ʨʝʟʫʣʴʪʘʪʠ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʮʽʻʾ ʧʣʽʚʢʠ ʤʝʪʦʜʦʤ EDX 
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ʗʢ ʩʚʽʜʯʠʪʴ ʨʠʩ. 3.1, ʩʠʥʪʝʟʦʚʘʥʽ ʅʏ ʤʘʶʪʴ ʛʦʣʯʘʩʪʫ ʬʦʨʤʫ (ʻ ʚʫʟʴʢʠʤʠ, 

ʜʦʚʛʠʤʠ ʪʘ ʟʘʛʦʩʪʨʝʥʠʤʠ). ɰʭ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʪʘ ʰʠʨʠʥʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʠʤ 

ʟʥʘʯʝʥʥʷʤ D1 = 117 ʥʤ ʽ D2 = 23 ʥʤ ʚʽʜʧʦʚʽʜʥʦ. ʇʣʽʚʢʠ ʦʢʩʠʜʫ ʤʽʜʽ ʻ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ, ʚʦʥʠ ʷʢ ʽ ʅʏ ʤʽʩʪʷʪʴ ʘʪʦʤʠ ʤʽʜʽ ʽ ʢʠʩʥʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ CuO ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʜʠʬʨʘʢʮʽʾ (XRD) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ 

ʟʨʘʟʢʽʚ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ta = (523-673) ʂ, ʤʽʩʪʷʪʴ ʚʽʜʙʠʪʪʷ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (11-1), (111), (20-2), (202), (11-3), (31-1), (113), 

(004), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʬʘʟʥʽʡ ʤʦʥʦʢʣʽʥʥʽʡ ʩʪʨʫʢʪʫʨʽ CuO (JCPDS ˉ 48-

1548). ɼʦʤʽʥʫʚʘʣʴʥʠʤʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʻ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʱʠʥ (11-1) ʪʘ 

(111).  

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʩʢʣʷʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ, ʚʽʜʧʘʣʝʥʠʭ ʫ ʘʨʛʦʥʽ ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ 

 

ʗʢ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʽʜ 673ʂ ʜʦ Ta = 

(723-773) ʂ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʚʠʛʣʷʜ. ʅʘ ʥʠʭ ʟôʷʚʣʷʶʪʴʩʷ 

ʚʽʜʙʠʚʘʥʥʷ ʚʽʜ ʧʣʦʱʠʥ: (110), (111), (200), (220), (311), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʫʙʽʯʥʽʡ ʬʘʟʽ Cu2O (JCPDS ˉ 05-0667). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʚʽʜʧʘʣʫ ʚ 

ʘʨʛʦʥʽ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʪʚʦʨʶʚʘʪʠ CuO ʫ Cu2O, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʧʘʣʫ ʟʨʦʩʪʘʻ ʜʦ 723 ʂ ʽ ʚʠʱʝ. ʇʦʜʽʙʥʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʘʚʪʦʨʠ ʨʦʙʦʪʠ 
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[155] ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʫ ʚʘʢʫʫʤʽ 2,66 10-4 ʇʘ ʧʨʦʪʷʛʦʤ 2 

ʛʦʜʠʥ ʚʽʜ 773 ʜʦ 873 ʂ ʜʣʷ ʧʣʽʚʦʢ CuO, ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʦʤ ʩʧʽʥ-ʢʦʘʪʽʥʛʘ ʥʘ 

ʧʽʜʢʣʘʜʢʘʭ ʟ SiO2/Si.  

ɿʛʽʜʥʦ ʟ [155], [156] ʧʨʦʮʝʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ CuO ʜʦ Cu2O ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʷʢ ʜʝʩʦʨʙʮʽʶ ʢʠʩʥʶ ʟʽ ʩʧʦʣʫʢʠ ʫ ʚʘʢʫʫʤ. ɿʤʽʥʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʧʣʽʚʦʢ ʧʨʠ ʮʴʦʤʫ ʚʠʢʣʠʢʘʥʘ ʤʽʛʨʘʮʽʻʶ ʤʝʞ ʬʘʟ ʤʽʞ ʦʢʩʠʜʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ 

ʜʠʬʫʟʽʻʶ ʢʠʩʥʶ ʚ ʨʝʘʢʮʽʾ 4CuOŸ2Cu2O+O2 ʚʟʜʦʚʞ ʛʨʘʥʠʮʴ ʬʘʟ, ʷʢʽ 

ʨʫʭʘʶʪʴʩʷ. ɺʝʣʠʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ 

ʪʘ ʟʙʽʣʴʰʫʻ ʨʫʭʣʠʚʽʩʪʴ ʘʪʦʤʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʝʚʝʣʠʢʠʡ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ (ʙʣʠʟʴʢʦ 50 ʂ) ʩʪʘʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ ʚ 

ʢʫʙʽʯʥʫ. ʈʘʟʦʤ ʟ ʪʠʤ ʧʽʢʽʚ ʚʽʜ ʬʘʟʠ ʯʠʩʪʦʾ ʤʽʜʽ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʘʚʪʦʨʠ [155] 

ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʦʥʽʚ Cu1+ ʜʦ Cu0 ʧʽʜ ʯʘʩ 

ʚʽʜʧʘʣʫ ʚ ʘʨʛʦʥʽ ʥʝ ʚʽʜʙʫʣʦʩʷ. 

ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʤʝʪʦʜʦʤ ʦʙʝʨʥʝʥʠʭ ʧʦʣʶʩʥʠʭ ʬʽʛʫʨ ʜʦʟʚʦʣʠʣʠ ʥʘʤ 

ʚʠʷʚʠʪʠ ʫ ʧʣʽʚʢʘʭ CuO ʘʢʩʽʘʣʴʥʫ ʪʝʢʩʪʫʨʫ ʨʦʩʪʫ [002] (ʨʠʩ.3.3 ʘ) ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʫ ʧʣʽʚʢʘʭ Cu2O ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʢʩʪʫʨʘ [111] (ʨʠʩ.3.3 ʙ). ɿʘʣʝʞʥʽʩʪʴ 

ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ f ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ Ta, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʚʩʪʘʚʮʽ 

ʨʠʩ. 3.3, ʚʢʘʟʫʻ ʥʘ ʚʧʣʠʚ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʷʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʟʨʘʟʢʽʚ. ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩʫʥʢʫ, ʪʝʢʩʪʫʨʦʚʘʥʽʩʪʴ ʚʽʜʧʘʣʝʥʠʭ ʰʘʨʽʚ ʥʝʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ Ta ʜʦ 573 ʂ (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩ. 3.3). 

ʇʨʠ ʙʽʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʧʣʽʚʦʢ ʩʪʨʽʤʢʦ ʧʦʢʨʘʱʫʻʪʴʩʷ, 

ʱʦ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʽʚ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʫʪʚʦʨʝʥʥʷʤ ʟʝʨʝʥ ʬʘʟʠ Cu2O. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʥʦʢʣʽʥʥʦʾ 

ʬʘʟʠ ʚ ʢʫʙʽʯʥʫ ʚʝʜʝ ʜʦ ʟʤʽʥʠ ʦʩʽ ʪʝʢʩʪʫʨʠ ʟʨʘʟʢʽʚ ʟ ʪʝʢʩʪʫʨʠ [002] ʜʦ ʪʝʢʩʪʫʨʠ 

[111]. 

 ɿʤʽʥʫ ʦʨʽʻʥʪʘʮʽʾ ʦʩʽ ʪʝʢʩʪʫʨʠ [022] ʧʣʽʚʦʢ CuO, ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʦʤ ʩʧʽʥ-

ʢʦʘʪʽʥʛʘ ʥʘ ʧʽʜʢʣʘʜʢʠ SiO2/Si, ʪʘ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʧʘʣʝʥʠʭ ʫ ʚʘʢʫʫʤʽ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 673 ʂ, ʜʦ [200] ʧʨʠ ʧʽʜʥʷʪʪʽ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 773 ʂ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [155]. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (Ta = 873 

ʂ), ʷʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʚʽʜʙʫʚʘʚʩʷ ʧʝʨʝʭʽʜ ʬʘʟʠ CuO ʫ Cu2O. ʇʨʠ ʮʴʦʤʫ ʨʽʩʪ  



88 
 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʣʶʩʥʦʾ ʛʫʩʪʠʥʠ Pi ʚʽʜ ʢʫʪʘ j ʤʽʞ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ 

ʪʘ ʥʦʨʤʘʣʣʶ ʜʦ ʚʽʜʙʠʚʘʶʯʦʾ ʧʣʦʱʠʥʠ ʜʣʷ ʧʣʽʚʦʢ CuO ʪʘ Cu2O. Ta, ʂ: 293 (1), 

523 (2), 573 (3), 623 (4), 673 (5), 723 (6), 773 (7). ɿʘʣʝʞʥʽʩʪʴ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ 

ʬʘʢʪʦʨʫ f ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ Tʘ (ʥʘ ʚʩʪʘʚʮʽ) 

 

ʢʫʙʽʯʥʦʾ ʬʘʟʠ Cu2O ʚʽʜʙʫʚʘʚʩʷ ʰʣʷʭʦʤ ʨʦʩʪʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ 

(111) ʟ ʥʘʡʤʝʥʰʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ. ʇʦʜʽʙʥʫ ʪʝʢʩʪʫʨʫ ʫ ʜʽʦʢʩʠʜʽ ʤʽʜʽ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʽ ʤʠ. ʆʜʥʘʢ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʘʚʪʦʨʠ [155] ʚʠʟʥʘʯʘʣʠ ʥʘʧʨʷʤ 

ʪʝʢʩʪʫʨʠ ʟʨʘʟʢʽʚ ʟʘ ʥʘʷʚʥʽʩʪʶ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʾ ʣʽʥʽʾ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ, 

ʱʦ ʻ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʠʤ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʽʜʧʘʣʫ ʚ ʘʨʛʦʥʽ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʧʣʽʚʦʢ ʦʢʩʠʜʫ 

ʤʽʜʽ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʾʾ ʩʪʘʣʽ (a, b, c, b) ʪʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (V), 

ʨʦʟʤʽʨ ʆʂʈ (L) ʪʘ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ (e) ʚ ʟʨʘʟʢʘʭ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1.  
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ʊʘʙʣʠʮʷ 3.1 ς ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʫʢʪʫʨʥʠʭ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʠ UnitCell) ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʽʚʦʢ CuxO 

ɿʨʘʟʦʢ a, ʥʤ b, ʥʤ c, ʥʤ b, Á 

V, 

103 

ʥʤ3 

L, ʥʤ e Ĭ103, ʫʤ.ʦʜ. 

(20-2) (202) (11-3) (20-2) (202) (11-3) 

CuO 

ʅʝʚʽʜʧ. 0,47079 0,34216 0,51283 99,25 81,53 7,5 6,4 6,2 4,8 5,6 5,8 

523 ʂ 0,47399 0,34233 0,51329 99,84 82,06 6,8 7,2 6,6 5,3 5,0 5,5 

573 ʂ 0,46866 0,34279 0,51276 99,54 81,23 7,2 6,6 7,5 5,1 5,5 4,8 

623 ʂ 0,46872 0,34117 0,51340 99,70 80,92 10,4 8,4 9,5 3,5 4,3 3,8 

673 ʂ 0,46990 0,34212 0,51354 99,69 81,37 7,1 7,2 7,1 5,1 5,0 5,1 

JCPDS 

48-1548 
0,46880 0,34230 0,51320 99,51 81,22       

Cu2O 

      (111) (200) (220) (111) (200) (220) 

723 ʂ 0,42724 - -  77,99 7,4 7,5 8,1 4,9 4,8 4,4 

773 ʂ 0,42741 - -  78,08 6,4 6,5 8,2 5,6 5,6 4,4 

JCPDS 

05-0667 
0,42696 - -  77,83       

 

ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ UnitCell cʪʘʣʽ ˇʨʘʪʢʠ (ʘ, b, c, b) 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ Ta < 673 ʂ, ʚʠʷʚʠʣʠʩʷ 

ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʠʤʠ ʜʦ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ CuO (ʢʘʨʪʢʘ ˉ 00ï48ï1548) ʟ 

ʬʘʟʦʶ ʪʝʥʦʨʠʪʫ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ ʜʦ Ta = (523-573) ʂ ʚʝʣʠʯʠʥʘ ʮʠʭ ʩʪʘʣʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʦʜʥʘʢ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ Ta ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʯʘʪʦʢ ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʘʞʣʠʚʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʧʨʠ Ta = 573 ʂ ʢʫʪ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʩʧʦʣʫʢʠ ʩʪʘʻ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ 

ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʧʨʠ ʮʽʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʤʠ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʦʯʘʪʦʢ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʢʩʪʫʨʠ ʤʘʪʝʨʽʘʣʫ.  

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ Ta ʚʠʱʝ 623 ʂ ʩʪʘʣʽ ʘ, b, c ʟʥʦʚʫ 

ʧʦʯʠʥʘʶʪʴ ʟʨʦʩʪʘʪʠ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʝʜʝ 

ʩʝʙʝ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʦʢʩʠʜʫ. 
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ʇʽʩʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ (723-773) ʂ ʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ  

ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (ʘ, V) ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʽ 

ʩʪʘʶʪʴ ʙʣʠʟʴʢʠʤʠ (ʘ = (0,42724-0,42741) ʥʤ, V = (77,99-78,08) ʥʤ3) ʜʦ 

ʝʪʘʣʦʥʥʠʭ ʜʘʥʠʭ Cu2O (ʢʘʨʪʢʘ ˉ 00ï05ï0667, ʘ = 0,42696 ʥʤ, V = 77,83 ʥʤ3) ʟ 

ʬʘʟʦʶ ʢʫʧʨʠʪʫ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʨʠ ʮʴʦʤʫ ʚʝʜʝ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʗʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʷ ʚ ʤʝʪʦʜʠʮʽ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʩʫʙʩʪʨʫʢʪʫʨʠ 

ʧʣʽʚʦʢ CuO ʧʨʦʚʦʜʠʚʩʷ ʥʘʤʠ ʚ ʥʘʧʨʷʤʘʭ [20-2] [202], [11-3] ʢʨʠʩʪʘʣʽʯʥʦʾ 

ˇʨʘʪʢʠ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ (ʟʘ ʚʽʜʙʠʚʘʥʥʷʤʠ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (20-

2) (202) ʪʘ (11-3). ʇʽʩʣʷ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʦʢ ʥʘ ʢʫʙʽʯʥʫ ʬʘʟʫ Cu2O ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʘʨʘʤʝʪʨʠ ʾʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʫ 

ʥʘʧʨʷʤʘʭ [111], [200], [220] ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʟʘ ʚʽʜʙʠʚʘʥʥʷʤʠ ʚʽʜ ʧʣʦʱʠʥ 

(111), (200) ʪʘ (220)). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʤʽʨʽʚ ʆʂʈ ʪʘ ʨʽʚʥʷ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʧʣʽʚʦʢ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʪʘ ʚ ʧʨʦʮʝʩʽ ʚʽʜʧʘʣʫ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 3.4 ʪʘ ʚ ʪʘʙʣʠʮʽ 3.1. 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʨʫ ʆʂʈ (ʘ) ʪʘ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ (ʙ) 

ʧʣʽʚʦʢ CuO ʪʘ Cu2O, ʟʥʘʡʜʝʥʠʭ ʟʘ ʧʽʚʰʠʨʠʥʦʶ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʚʽʜʙʠʚʘʥʴ, ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʚʽʜʧʘʣʫ Ta, ʂ: 293 (1), 523 (2), 573 (3), 623 

(4), 673 (5), 723 (6), 773 (7) 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ ʪʘ ʪʘʙʣʠʮʽ, ʜʦʩʣʽʜʞʝʥʽ ʧʣʽʚʢʠ ʤʽʩʪʠʣʠ ʦʙʣʘʩʪʽ ʆʂʈ, 

ʱʦ ʟʘ ʨʦʟʤʽʨʦʤ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ L = (6,2-7,5) ʥʤ. ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ 573 

ʂ ʮʝʡ ʨʦʟʤʽʨ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ, ʦʜʥʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ Ta ʱʝ 

ʥʘ 50 ʛʨʘʜʫʩʽʚ ʚʽʥ ʧʦʯʠʥʘʻ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʪʠ ʫ ʚʩʽʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʥʘʧʨʷʤʘʭ ʩʷʛʘʶʯʠ L = (8,4-10,4) ʥʤ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʫ ʨʽʟʥʠʭ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʥʘʡʙʽʣʴʰʝ L ʟʨʦʩʪʘʻ 

ʫ ʥʘʧʨʷʤʽ (20-2) ʩʷʛʘʶʯʠ 10,4 ʥʤ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ Ta = 673 ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ 

ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʽʚ ʆʂʈ ʜʦ (7,1-7,2) ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʚ ʧʣʽʚʢʘʭ ʥʦʚʦʾ ʬʘʟʠ. ʆʜʥʘʢ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʦ ʮʝ ʱʝ ʥʝ ʬʽʢʩʫʻʪʴʩʷ, 

ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʠʟʴʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʤʝʪʦʜʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʪʦʥʢʠʭ ʰʘʨʽʚ ʭʘʨʘʢʪʝʨʥʠʤ ʙʫʚ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ e = (4,8-5,8)Ö10-3, ʷʢʠʡ ʩʣʘʙʢʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ 573 ʂ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 623 ʂ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʜʦ (3,5-4,3)Ö10-3. 

ʉʠʪʫʘʮʽʷ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ Ta = 673 ʂ, ʢʦʣʠ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ 

ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʜʦ e = (5,0-5,1)Ö10-3. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ 723 ʂ, ʷʢ ʧʦʢʘʟʘʥʦ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʦ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʬʘʟʠ ʚ ʤʘʪʝʨʽʘʣʽ ʟ CuO ʜʦ Cu2O. ʇʨʠ 

ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʣʘʙʢʠʡ ʨʽʩʪ ʨʦʟʤʽʨʽʚ ʆʂʈ ʚ ʧʣʽʚʢʘʭ ʜʦ (7,4-8,1) ʥʤ, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʜʝʱʦ ʟʥʠʞʫʶʪʴʩʷ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʆʂʈ ʧʝʨʰ ʟʘ ʚʩʝ ʚ ʥʘʧʨʷʤʽ 

[220], ʫ ʪʦʡ ʯʘʩ ʷʢ ʚ ʽʥʰʠʭ ʥʘʧʨʷʤʘʭ ʮʝʡ ʨʦʟʤʽʨ ʜʝʱʦ ʥʘʚʽʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʦʙʪʦ ʨʽʩʪ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʡʜʝ ʚʠʙʽʨʢʦʚʦ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ 

ʚʠʥʠʢʥʝʥʥʷ ʫ ʰʘʨʘʭ ʪʝʢʩʪʫʨʠ ʨʦʩʪʫ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʧʝʨʰ ʟʘ ʚʩʝ ʫ ʥʘʧʨʷʤʘʭ [111] ʪʘ [200]. 
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3.1.2 ʉʪʨʫʢʪʫʨʘ ʚʽʜʧʘʣʝʥʠʭ ʪʘ ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ CuO ʥʘ ʛʥʫʯʢʠʭ 

ʧʽʜʢʣʘʜʢʘʭ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʣʽʚʦʢ ʥʘʥʝʩʝʥʠʭ ʥʘ ʛʥʫʯʢ ̔ʧʦʣʽʤ̔ʽʜʥ ̔ʧʽʜʢʣʘʜʢʠ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʜʝʱʦ ʚʽʜʤʽʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʘʜʞʝʥʠʤʠ ʥʘ ʩʢʣʽ. ʅʘ ʨʠʩ. 

3.5 ʥʘʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʚʽʜ ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ ʧʨʠ Ta = 433 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚʠʣʠʥ ʽ ʧʨʠ Ta = 573 ʂ ʟʘ 10, 30 ʽ 

60 ʭʚʠʣʠʥ. 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʛʥʫʯʢʠʭ ʧʦʣʽʽʤʽʜʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ. ʂʨʠʚʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʚʽʜʧʘʣʝʥʦʤʫ ̔  ʚʽʜʧʘʣʝʥʠʤ ʟʨʘʟʢʘʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Ta = 433 ʂ ʪʘ Ta = 573 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ JCPDS ˉ 48-1548, 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʤʽʩʪʷʪʴ ʚʽʜʙʠʪʪʷ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʣʦʱʠʥ (11-1), (111), (20-2), (202), (11-3), (31-1), (113), (311) ʽ (004) ʤʦʥʦʢʣʽʥʥʦʾ 

ʬʘʟʠ CuO. ʆʜʥʘʢ ʥʘ ʥʠʭ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʨʠ ʜʫʞʝ ʩʣʘʙʢʽ ʧʽʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʪʪʷʤ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (110), (200) ʽ (220) 

ʢʫʙʽʯʥʦʾ ʬʘʟʠ Cu2O (JCPDS ˉ 05-0667). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʧʽʢʠ ʧʨʘʢʪʠʯʥʦ 
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ʚʽʜʩʫʪʥʽ ʜʣʷ ʟʨʘʟʢʽʚ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Tʘ = 573 ʂ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʽ ʧʣʽʚʢʠ 

ʤʽʩʪʷʪʴ ʯʠʩʪʫ ʤʦʥʦʢʣʽʥʥʫ ʬʘʟʫ CuO. ɯʥʰʽ ʟʨʘʟʢʠ ʢʨʽʤ ʬʘʟʠ CuO ʤʽʩʪʷʪʴ ʜʫʞʝ 

ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʢʫʙʽʯʥʦʾ ʬʘʟʠ Cu2O. ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʚʽʜʧʘʣʫ ʧʨʠ ʙʽʣʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘʢʠʭ ʰʘʨʽʚ ʙʫʣʦ ʥʝʤʦʞʣʠʚʦ ʦʩʢʽʣʴʢʠ ʛʥʫʯʢʽ 

ʧʽʜʢʣʘʜʢʠ ʾʭ ʥʝ ʚʠʪʨʠʤʫʶʪʴ [157]. 

 

3.2 ʄʦʨʬʦʣʦʛʽʷ, ʩʪʨʫʢʪʫʨʘ, ʩʫʙʩʪʨʫʢʪʫʨʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ SnS  

 

3.2.1 ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʥʦʢ SnS ʦʜʝʨʞʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʅʏ ʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ (SnxSy) ̫ʢ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʣʽʪʽʻʚʽʡ ʙʘʪʘʨʝʾ ʪʘ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʩʧʨʠʷʪʣʠʚʽ ʦʧʪʦʝʣʝʢʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʤʦʞʥʘ ʣʝʛʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʫʤʦʚ ʩʠʥʪʝʟʫ. 

Cʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʩʧʦʣʫʢʠ Sn ̔ S hʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʫ 

ʧʨʠʨʦʜʽ, ʥʝʜʦʨʦʛʽ ʪʘ ʥʝʪʦʢʩʠʯʥʽ, ʷʢ ʽ ʩʘʤʘ ʩʧʦʣʫʢʘ. 

ʅʘ ʦʩʥʦʚʽ ʩʪʘʥʫʤʫ ʪʘ ʩʽʨʢʠ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʩʪʘʙʽʣʴʥʠʭ ʩʧʦʣʫʢ: ʤʦʥʦʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ (SnS), ʜʠʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ (SnS2) ʪʘ 

ʩʝʢʚʽʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ (Sn2S3) [67]. SnS2 ʟ n-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʉɽ, ʜʝ ʩʧʦʣʫʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʰʘʨʫ CdS, ʪʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʝʥʩʦʨʥʽʡ ʪʝʭʥʽʮʽ. ʆʜʥʦʯʘʩʥʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ ʩʧʦʣʫʢʘ SnS, 

ʱʦ ʤʘʻ ʧʨʦʚʽʜʥʽʩʪʴ ʨ-ʪʠʧʫ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʦʛʣʠʥʘʣʴʥʠʭ ʰʘʨʽʚ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʉɽ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʘʤʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ ʰʘʨʽʚ CdTe, CuInSe2, Cu(In,Ga)(S,Se)2, Cu2ZnSnS4 [158]. 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʚʯʝʥʥ ʁʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʥʠʭ ʽ 

ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ SnxSy ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ 

ʫʤʦʚ ʾʭ ʩʠʥʪʝʟʫ ʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅʏ SnS ʩʠʥʪʝʟʦʚʘʥʠʭ  

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. ʅʘ ʥʠʭ ʧʨʠʩʫʪʥʽ ʚʽʜʙʠʚʘʥʥʷ ʥʘ ʢʫʪʘʭ 

26,5Á, 28,2Á, 30,6Á, 31,8Á, 39,2Á, 41,7Á, 44,2Á, 50,2Á, 51,2Á, 52,2Á, 54,7Á, 58,5Á, 

60,6Á, 62,8Á, 64,6Á, 66,6Á, 69,9Á, 72,9Á, 77,3Á. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʅʏ ʤʘʶʪʴ ʜʚʦʬʘʟʥʫ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʥʪʝʟʫ ʟʘ 

ʚʘʨʽʘʥʪʦʤ 2 (ʟʨʘʟʦʢ 2), ʟ ʪʦʯʥʽʩʪʶ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ, ʦʪʨʠʤʘʥʽ 

ʦʜʥʦʬʘʟʥʽ ʅʏ ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ SnS. ɼʠʬʨʘʢʮʽʡʥʽ ʚʽʜʙʠʚʘʥʥʷ ʥʘ ʢʫʪʘʭ 26,5Á, 

31,8Á, 39,2Á, 44,2Á, 51,2Á, 64,6Á ʧʨʠ ʮʴʦʤʫ ʥʘʣʝʞʘʪʴ ʚʽʜʙʠʚʘʥʥʷʤ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (120), (111), (131), (141), (151), (251) ʬʘʟʠ (JCPDS 

ˉ 14-620). ɺʽʜʧʦʚʽʜʥʦ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʟʘ ʤʝʪʦʜʘʤʠ 4 ʪʘ 5 ʦʪʨʠʤʘʥʽ ʅʏ ʩʢʣʘʜʫ 

SnS2 ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (JCPDS ˉ 23-677). 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʅʏ SnS ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɿʨʘʟʢʠ 1-5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʥʪʝʟʘʤ ʦʧʠʩʘʥʠʤ ʚ ʤʝʪʦʜʠʮʽ 

 

ʈʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʮʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʝʜʝʥʦʛʦ ʤʝʪʦʜʦʤ EDX 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.7 (ʚʩʪʘʚʢʘ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʩʪʝʭʽʦʤʝʪʨʽʾ ʤʘʪʝʨʽʘʣʫ 

ʅʏ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʘʪʦʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʽʨʢʠ ʽ ʦʣʦʚʘ ɔ = ʉS/ʉSn. ɺʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.7. 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʪʝʭʽʦʤʝʪʨʽʷ ɔ = ʉS/ʉSn ʅʏ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ 

ʚʩʪʘʚʮʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ EDX ʩʧʝʢʪʨʫ ʚʽʜ ʅʏ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʦʜʦʤ 4 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ EDX ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ ʩʧʝʢʪʨʘʭ ʚʽʜ ʅʏ, ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʧô̫ ʪʴʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤ ʧʨʠʩʫʪʥʽ ʧʽʢʠ ʷʢ ʚʽʜ Sn ʪʘʢ ʽ ʚʽʜ S, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʯʘʩʪʠʥʢʘʭ. ʂʨʽʤ ʥʠʭ ʥʘ ʩʧʝʢʪʨʘʭ ʽʥʦʜʽ ʪʘʢʦʞ 

ʚʠʷʚʣʷʶʪʴʩʷ ʧʽʢʠ ʢʠʩʥʶ. 

ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʩʪʝʭʽʦʤʝʪʨʽʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʽʜ 0,74 ʜʣʷ ʟʨʘʟʢʘ 1 ʜʦ 1,79 ʜʣʷ ʟʨʘʟʢʘ 5. ʉʢʣʘʜ ʥʘʡʙʽʣʴʰ 

ʙʣʠʟʴʢʠʡ ʜʦ ʩʪʝʭʽʦʤʝʪʨʽʾ ʩʧʦʣʫʢʠ SnS ʤʘʶʪʴ ʟʨʘʟʢʠ 2 (g = 0,97) ʪʘ 3 (g = 0,99), 

ʘ ʜʦ ʩʧʦʣʫʢʠ SnS2 ï ʟʨʘʟʦʢ 5. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʨʷʜʫ 

ʟ ʨʝʥʪʛʝʥʽʚʩʴʢʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʽʻʶ ʪʘ ʈʘʤʘʥʽʚʩʴʢʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʫ ʟʨʘʟʢʫ 5 ʩʘʤʝ ʬʘʟʠ SnS2. ɿʨʘʟʢʠ 2 ʪʘ 3, 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʘʪʦʤʥʽ ʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʽ ʅʏ ʤʘʶʪʴ 

ʩʪʝʭʽʦʤʝʪʨʽʶ ʩʧʦʣʫʢʠ SnS. ʇʨʠ ʮʴʦʤʫ ʨʝʥʪʛʝʥʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʟʨʘʟʢʫ 2 ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ SnS. ɿʨʘʟʦʢ 3 ʩʢʦʨʽʰ 

ʟʘ ʚʩʝ ʻ ʜʚʦʬʘʟʥʠʤ, ʷʢ ʽ ʟʨʘʟʢʠ 1 ʪʘ 4. 
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3.2.2 ʄʦʨʬʦʣʦʛʽʷ, ʩʪʨʫʢʪʫʨʘ, ʩʫʙʩʪʨʫʢʪʫʨʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʚʽʜʧʘʣʝʥʠʭ ʪʘ ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ SnS ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ 

ʥʘʥʦʯʦʨʥʠʣ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ SnS, ʦʜʝʨʞʘʥʠʭ ʥʘ ʩʢʣʽ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʯʦʨʥʠʣ ʥʘ 

ʦʩʥʦʚʽ ʩʫʩʧʝʥʟʽʾ ʅʏ. ʉʠʥʪʝʟ ʯʘʩʪʠʥʦʢ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ 

ʦʩʘʜʞʫʚʘʯʝʤ Na2S. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʅʏ ʷʢ̔ ʤʘʶʪʴ ʤʘʡʞʝ 

ʦʜʥʦʬʘʟʥʫ ʦʨʪʦʨʦʤʙʽʯʥʫ ʩʪʨʫʢʪʫʨʫ SnS (ʜʠʚ. ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʜʽʣ). ɿ ʤʝʪʦʶ 

ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʝʨʝʰʢʦʜʞʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʚʘʢʘʥʩʽʡ 

ʩʽʨʢʠ ʪʦʥʢʽ ʰʘʨʠ ʙʫʣʠ ʚʽʜʧʘʣʝʥʽ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ (Ar) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 423 

ʂ, 523 ʂ, 573 ʂ, 623 ʂ, 673 ʂ, 723 ʂ, 773 ʂ. 

ʅʘ ʨʠʩ. 3.8 ʥʘʚʝʜʝʥʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʧʦʚʝʨʭʥʽ ʥʝ 

ʚʽʜʧʘʣʝʥʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 723 ʂ ʽ 773 ʂ ʧʣʽʚʦʢ SnS. ʅʠʞʯʝ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʽʤʢʠ ʧʝʨʝʨʽʟʽʚ ʮʠʭ ʰʘʨʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢ ʥʝʚʽʜʧʘʣʝʥʽ ʪʘʢ ʽ ʚʽʜʧʘʣʝʥʽ ʧʣʽʚʢʠ SnS ʤʘʣʠ ʭʦʨʦʰʫ 

ʘʜʛʝʟʽʶ ʜʦ ʧʽʜʢʣʘʜʢʠ, ʙʫʣʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʟ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ D = (3-15) ʥʤ ʪʘ ʥʝ ʤʽʩʪʠʣʠ ʚʠʜʠʤʠʭ ʪʦʯʢʦʚʠʭ ʦʪʚʦʨʽʚ. ʉʝʨʝʜʥʷ 

ʪʦʚʱʠʥʘ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʩʪʘʥʦʚʠʣʘ d = (3,43-4,07) ʤʢʤ ʽ ʥʝ ʟʘʣʝʞʘʣʘ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʽʜʧʘʣʶʚʘʥʥʽ ʘʜʛʝʟʽʷ ʧʣʽʚʦʢ ʜʦ 

ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ ʥʝ ʧʦʛʽʨʰʫʚʘʣʘʩʷ, ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʨʽʟʥʠʭ 

ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʘ ʦʜʥʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ. 
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ʈʠʩʫʥʦʢ 3.8 ï ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʧʦʚʝʨʭʥʽ ʪʘ ʧʝʨʝʨʽʟʫ ʧʣʽʚʦʢ 

SnS ʥʝʚʽʜʧʘʣʝʥʠʭ (a, ʛ) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊʘ, ʂ:  

623 (ʙ, ʜ), 773 (ʚ, ʝ) 

 

ʅʘ ʨʠʩ. 3.9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʩʧʝʢʪʨʘʭ ʚʽʜ ʥʝʚʽʜʧʘʣʝʥʠʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 

ʚʽʜʙʠʪʪʷ ʥʘ ʢʫʪʘʭ 26,70Á, 30,82Á, 31,77Á, 44,10Á, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʚʘʥʥʷʤ 

ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (021), (111), (040) (131) ʪʘ (141) ʦʨʪʦʨʦʤʙʽʯʥʦʾ 

ʬʘʟʠ (SnS ʢʘʨʪʘ JCPDS ˉ 39ï0354). ʇʨʠ ʮʴʦʤʫ ʜʦʤʽʥʫʚʘʣʴʥʠʤ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʙʫʚ ʧʽʢ (111). ʉʪʦʨʦʥʥʽ ʬʘʟʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʦ ʚ ʤʘʪʝʨʽʘʣʽ ʥʝ 

ʚʠʷʚʣʷʣʠʩʷ, ʪʦʙʪʦ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʚʠʷʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʪʦʜʫ.  

ɺʽʜʧʘʣ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʟʤʽʥʶʚʘʚ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʘʜʞʝʥʽ ʧʣʽʚʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʧʘʣʫ ʥʠʞʯʝ 623 ʂ ʙʫʣʠ 

ʦʜʥʦʬʘʟʥʠʤʠ ʪʘ ʤʽʩʪʠʣʠ ʪʽʣʴʢʠ ʬʘʟʫ SnS ʟ ʦʨʪʦʨʦʤʙʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ 

ʤʘʣʘ ʧʝʨʝʚʘʞʥʫ ʦʨʽʻʥʪʘʮʽʻʶ [040]. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ Ta ʜʦ 623 ʂ ʧʽʢʠ ʚʽʜ ʮʽʻʾ 

ʬʘʟʠ ʨʦʟʤʠʚʘʶʪʴʩʷ ʚ ʛʘʣʦ, ʨʘʟʦʤ ʟ ʪʠʤ ʟôʷʚʣʷʻʪʴʩʷ ʚʽʜʙʠʚʘʥʥʷ ʚʽʜ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ (001) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ SnS2 (ʢʘʨʪʘ JCPDS ˉ 

22ï0951). ʎʝ ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʣʘʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʩʽʨʢʠ ʟʘ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʧʽʜʯʘʩ ʾʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ  
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ʈʠʩʫʥʦʢ 3.9 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ SnS 

 

ʤʘʪʝʨʽʘʣʫ ʪʦʥʢʠʭ ʰʘʨʽʚ. ʇʨʠʩʫʪʥʽʩʪʴ ʛʘʣʦ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʣʽʚʢʠ ʩʪʘʶʪʴ 

ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʘʤʦʨʬʥʠʤʠ, ʪʦʙʪʦ ʾʭ ʨʦʟʤʽʨ ʟʝʨʝʥ ʩʫʪʪʻʚʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ. ʋ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ (723-773) ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʦʢʩʠʜʥʦʾ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ SnO2 (ʢʘʨʪʘ JCPDS ˉ 41ï1445), ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʦ ʦʢʠʩʥʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʚ ʦʙô̒ ʤʽ ʽ 

ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʪʘ, ʤʦʞʣʠʚʦ, ʚ ʘʨʛʦʥʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʣʶʩʥʦʾ ʛʫʩʪʠʥʠ ʈ(hkl) ʟʘ ʤʝʪʦʜʦʤ ʦʙʝʨʥʝʥʠʭ ʧʦʣʶʩʥʠʭ 

ʬʽʛʫʨ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʫ ʧʣʽʚʢʘʭ SnS ʩʣʘʙʢʦ ʚʠʨʘʞʝʥʫ ʪʝʢʩʪʫʨʫ ʨʦʩʪʫ [040] 

(ʨʠʩ. 3.10 ʘ). ʍʦʯʘ ʫ ʚʘʢʫʫʤʥʦ ʦʩʘʜʞʝʥʠʭ [159] ʪʘ ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʘʤʠ ʩʧʨʝʡ-

ʧʽʨʦʣʽʟʫ ʽ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ [160] ʧʣʽʚʢʘʭ ʟʚʠʯʘʡʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʢʩʪʫʨʘ 

ʨʦʩʪʫ [111]. ʇʦʜʘʣʴʰʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʜʦʟʚʦʣʠʚ 

ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʚʽʜʧʘʣʽʚ ʥʘ ʷʢʽʩʪʴ ʮʽʻʶ ʪʝʢʩʪʫʨʠ. ɺʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ Ta ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

3.10 ʙ.  
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ʈʠʩʫʥʦʢ 3.10 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʣʶʩʥʦʾ ʛʫʩʪʠʥʘ Pi ʚʽʜ ʢʫʪʘ j  ʤʽʞ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ 

ʽ ʥʦʨʤʘʣʣʶ ʜʦ ʚʽʜʙʠʚʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʧʣʽʚʦʢ SnS (ʘ) ʜʣʷ ʟʨʘʟʢʽʚ ʚʽʜʧʘʣʝʥʠʭ 

ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ Ta, ʂ: 293 (1), 423 (2), 473 (3), 523 (4), 573 (5) ʪʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ f (ʙ) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʪʝʢʩʪʫʨʦʚʘʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʰʘʨʽʚ ʻ ʥʠʟʴʢʦʶ ʽ ʜʝʱʦ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʠ ʚʽʜʧʘʣʽ ʟʨʘʟʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Ta = 423 ʂ. ʆʜʥʘʢ, ʫ ʧʣʽʚʢʘʭ 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊʘ > 423 ʂ ̫ʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʧʦʢʨʘʱʫʻʪʴʩʷ. 

ʆʩʦʙʣʠʚʦ ʩʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʪʝʢʩʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ ʟʨʘʟʢʘ ʚʽʜʧʘʣʝʥʦʛʦ 

ʧʨʠ ʊʘ = 573 ʂ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʧʦʜʽʙʥʝ ʷʚʠʱʝ ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʮʝʩʘʤʠ 

ʧʝʨʝʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʮʠʭ 

ʢʨʠʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʽʜʧʘʣʫ ʚ ʘʨʛʦʥʽ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʧʣʽʚʦʢ 

ʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʾʭ ʩʪʘʣʽ (a, b, c) ʪʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ (V), ʨʦʟʤʽʨ ʆʂʈ (L) ʪʘ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ (e) ʫ ʟʨʘʟʢʘʭ. ʆʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.2. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ UnitCell cʪʘʣʽ ˇʨʘʪʢʠ (ʘ, b, c) ʪʘ 

ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (V) ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Ta < 623 ʂ, ʚʠʷʚʠʣʠʩʷ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʠʤʠ ʜʦ ʝʪʘʣʦʥʥʠʭ 

ʟʥʘʯʝʥʴ SnS (ʢʘʨʪʢʘ ˉ 00ï39ï0354) ʟ ʦʨʪʦʨʦʤʙʽʯʥʦʶ ʬʘʟʦʶ, ʪʘ ʜʘʥʠʭ 

ʦʜʝʨʞʘʥʠʭ ʜʣʷ ʧʣʽʚʦʢ ʥʘʥʝʩʝʥʠʭ ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʽʤʧʫʣʴʩʥʦʛʦ  
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ʊʘʙʣʠʮʷ 3.2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʽʦʜʽʚ ˇʨʘʪʢʠ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʠ UnitCell) ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʽʚʦʢ  

ɿʨʘʟʦʢ, 

Ta, ʂ 

a, ʥʤ b, ʥʤ c, ʥʤ 
V, 103 

ʥʤ3 

L, ʥʤ e Ĭ103, ʫʤ.ʦʜ. 

(021) (111) (040) (021) (111) (040) 

SnS 

ʅʝʚʽʜʧ. 0,43210 1,12469 0,40315 195,92 2,7 12,6 1,8 13,0 2,8 19,7 

423 0,42212 1,12713 0,40713 193,71 4,6 13,0 2,2 8,1 2,7 18,4 

473 0,42811 1,12254 0,40399 194,15 4,0 13,8 2,1 8,9 4,0 17,0 

523 0,42606 1,12659 0,40523 194,51 4,5 9,4 1,9 7,9 3,8 18,2 

573 0,42338 1,13108 0,40755 195,38 2,6 10,7 1,7 13,8 3,3 21,1 

JCPDS 

39-0354 
0,43291 1,11923 0,39838 193,03       

623 - - - -       

673 - - - -       

SnO2 

     (110) (101) (211) (110) (101) (211) 

723 0,47354 - 0,32248 72,31 1,3 2,3 3,1 27,7 15,7 11,4 

773 0,47561 - 0,32249 72,95 1,7 1,5 1,1 20,2 23,4 13,5 

JCPDS 

41-1445 
0,47382 - 0,31871 71,55       

 

ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ (ʘ = (0,4306-0,4342) ʥʤ, b = (1,1200-1,1420) ʥʤ, c = (0,3965-

0,3985) ʥʤ) [160]. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʘʨʘʤʝʪʨ ˇʨʘʪʢʠ 

ʤʘʪʝʨʽʘʣʫ a ʚ ʦʩʥʦʚʥʦʤʫ ʟʤʝʥʰʫʚʘʚʩʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ b ʽ c ʟʨʦʩʪʘʣʠ. ʎʝ ʚʝʣʦ ʜʦ 

ʩʢʣʘʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ Ta ʦʙôʻʤʫ V ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʩʧʦʣʫʢʠ. ʇʨʠ 

ʚʽʜʧʘʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 423 ʂ ʾʾ ʦʙôʻʤ ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʚʘʚʩʷ (V = 193,71Ö10-3 
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ʥʤ3), ʘʣʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʯʠʥʘʚ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʪʠ ʜʦ 

ʟʥʘʯʝʥʴ V = 195,38Ö10-3 ʥʤ3. ʎʽ ʚʝʣʠʯʠʥʠ ʜʝʱʦ ʙʽʣʴʰʽ ʥʽʞ ʜʦʚʽʜʥʠʢʦʚʽ  

(V = 193,03Ö10-3 ʥʤ3), ʘʣʝ ʤʝʥʰʽ ʥʽʞ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʧʣʽʚʦʢ SnS ʦʜʝʨʞʘʥʠʭ 

ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʘ (V = 198,90Ö10-3 ʥʤ3) [121]. 

ʈʦʟʤʽʨ ʆʂʈ ʟʨʘʟʢʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʚ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʫ ʚ 

ʷʢʦʤʫ ʚʽʥ ʚʠʟʥʘʯʘʚʩʷ. ʅʘʡʙʽʣʴʰʠʤ ʚʽʥ ʙʫʚ ʫ ʥʘʧʨʷʤʽ [111] (L(111) = (8,8 ï 13,0) 

ʥʤ), ʦʜʥʘʢ, ʚ ʥʘʧʨʷʤʘʭ [021] ʪʘ [040] ʚʽʥ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ (4,5-4,6) ʥʤ. ʆʩʢʽʣʴʢʠ 

ʮʽ ʥʘʧʨʷʤʠ ʫʪʚʦʨʶʶʪʴ ʚʝʣʠʢʽ ʢʫʪʠ ʤʽʞ ʩʦʙʦʶ, ʆʂʈ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʙʫʣʠ 

ʚʠʪʷʛʥʫʪʠʤʠ, ʮʠʣʽʥʜʨʦʧʦʜʽʙʥʠʤʠ. ɺʽʜʧʘʣ ʩʣʘʙʢʦ ʚʧʣʠʚʘʚ ʥʘ ʨʦʟʤʽʨ ʮʠʭ 

ʦʙʣʘʩʪʝʡ ʚ ʥʘʧʨʷʤʘʭ [021] ʪʘ [040], ʭʦʯʘ ʧʨʠ Ta = 573 ʂ ʾʭ ʨʦʟʤʽʨ ʜʝʱʦ 

ʟʤʝʥʰʫʚʘʚʩʷ ʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ (1,7-2,6) ʥʤ. ʋ ʥʘʧʨʷʤʽ [111] ʨʦʟʤʽʨ L ʩʧʦʯʘʪʢʫ 

ʟʤʝʥʰʫʚʘʚʩʷ ʘʣʝ ʚʠʱʝ Ta = 473 ʂ, ʧʦʯʠʥʘʚ ʟʨʦʩʪʘʪʠ (ʜʠʚ. ʪʘʙʣ. 3.2). ʊʦʙʪʦ ʆʂʈ 

ʩʪʘʚʘʣʠ ʥʠʪʢʦʧʦʜʽʙʥʠʤʠ. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʦʟʤʽʨʫ ʆʂʈ ʚ ʥʘʧʨʷʤʽ [111] 

(L(111) = (9,3 ï 12,8) ʥʤ) ʫ ʥʝʚʽʜʧʘʣʝʥʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʫ ʚʘʢʫʫʤʽ ʧʨʠ Ta = 673 ʂ  

ʧʣʽʚʢʘʭ SnS, ʥʘʥʝʩʝʥʠʭ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʦʤ, ʦʜʝʨʞʘʥʽ ʫ [121].  

ɼʣʷ ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ ʚ ʥʘʧʨʷʤʘʭ [021] ʪʘ [040] ʙʫʚ ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ (e = (13,0-19,7)Ā10-3), ʷʢʠʡ ʦʜʥʘʢ 

ʟʥʠʞʫʚʘʚʩʷ ʧʨʠ ʚʽʜʧʘʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ (423-523) ʂ. ʊʘʢʽ ʧʣʽʚʢʠ ʤʘʣʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ Ta = 573 ʂ ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʚʘʣʦ ʨʽʚʝʥʴ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʚ ʟʨʘʟʢʘʭ. ʗʚʠʱʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ 

ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (623-673) ʂ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʚ ʦʙʣʘʩʪʽ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʭ ʧʽʢʽʚ ʤʦʥʦʩʫʣʴʬʽʜʫ ʦʣʦʚʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʣʦ, 

ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʘʤʦʨʬʥʠʭ (ʜʫʞʝ ʤʽʣʢʦʟʝʨʝʥʥʠʭ) ʤʘʪʝʨʽʘʣʽʚ, ʢʨʽʤ 

ʪʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ ʧʽʢ (001) ʤʘʣʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʩʧʦʣʫʢʠ SnS2.  

ʇʽʩʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ (723-773) ʂ ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ  

ˇʨʘʪʢʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʽ ʩʪʘʶʪʴ 

ʙʣʠʟʴʢʠʤʠ ʘ = (0,47354-0,47561) ʥʤ, c = (0,32248-0,32249), V = (72,31-72,95) 
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ʥʤ3 ʜʦ ʝʪʘʣʦʥʥʠʭ ʜʘʥʠʭ SnO2 (ʢʘʨʪʢʘ ˉ 00ï41ï1445, ʘ = 0,47382 ʥʤ,  

c = 0,31871, V = 71,55 ʥʤ3) ʟ ʬʘʟʦʶ ʢʫʧʨʠʪʫ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʨʠ ʮʴʦʤʫ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ SnS ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.11. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʚʽʜʧʘʣʝʥʽ 

ʧʣʽʚʢʠ ʤʽʩʪʠʣʠ ʜʝʷʢʠʡ ʥʘʜʣʠʰʦʢ ʦʣʦʚʘ ʥʘʜ ʩʽʨʢʦʶ (ʉSn = 52,59 ʘʪ. %, ʉS = 47,41 

ʘʪ. %, g = 1,11). ʇʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 423 ʂ ʤʘʪʝʨʽʘʣ ʩʪʘʻ ʧʨʘʢʪʠʯʥʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ (g = 1,00) ʽ ʮʝʡ ʩʪʘʥ ʧʦʯʠʥʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʣʠʰʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ 573 ʂ, ʢʦʣʠ ʧʣʽʚʢʠ ʧʦʯʠʥʘʶʪʴ ʟʙʽʜʥʶʚʘʪʠʩʷ ʩʽʨʢʦʶ  

(g = 1,01). ʇʨʦʮʝʩ ʦʩʦʙʣʠʚʦ ʧʨʠʰʚʠʜʰʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Ta = 623 ʂ  

(g = 1,29). ɺʠʱʝ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʽʚʢʠ ʩʪʘʶʪʴ ʩʫʪʪʻʚʦ ʟʙʽʜʥʝʥʠʤʠ ʩʽʨʢʦʶ ʪʘ 

ʟʙʘʛʘʯʝʥʠʤʠ ʦʣʦʚʦʤ (Ta = 673 ʂ, g =1,69). ʇʨʠ ʙʽʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʽʨʢʘ 

ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʟʽ ʟʨʘʟʢʫ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʦʢʠʩʣʝʥʥʷ ʦʣʦʚʘ  

(Ta = 723 ʂ, g =14,20). 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɿʘʣʝʞʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ SnS Ci ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ Ta, ʥʘ ʚʩʪʘʚʮʽ ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʚʽʜʥʦʰʝʥʥʷ ʘʪʦʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʝʣʝʤʝʥʪʽʚ g = ʉSn/CS 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ (423-523) ʂ ʜʦʟʚʦʣʠʚ ʩʫʪʪʻʚʦ 

ʧʦʢʨʘʱʠʪʠ ʩʪʝʭʽʦʤʝʪʨʽʶ ʦʜʝʨʞʘʥʠʭ ʧʣʽʚʦʢ. ɹʽʣʴʰʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʝʣʠ 

ʜʦ ʟʙʽʜʥʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʩʽʨʢʦʶ. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʣʠ ʽ ʘʚʪʦʨʠ 

[161], ʷʢʽ ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʚʽʜʧʘʣʽʚ ʫ ʘʟʦʪʽ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʽʚʦʢ SnS, ʥʘʥʝʩʝʥʠʭ ʚʘʢʫʫʤʥʠʭ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ. ɺʦʥʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ 

ʩʫʪʪʻʚʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʽʾ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʩʽʨʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʚ ʰʘʨʘʭ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 573 ʂ (g  = 1,02) ʪʘ 623 

ʂ (g = 1,03). ʋ ʧʣʽʚʢʘʭ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 573 ʂ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʪʘʢʦʞ 

ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ SnS2, ʧʨʠ ʮʴʦʤʫ ʪʦʚʱʠʥʘ 

ʟʨʘʟʢʽʚ ʟʤʝʥʰʫʚʘʣʘʩʷ. ʇʦʜʽʙʥʝ ʙʫʣʦ ʭʘʨʘʢʪʝʨʥʠʤ ʽ ʜʣʷ ʥʘʰʠʭ ʧʣʽʚʦʢ 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʙʽʣʴʰʽʡ ʪʝʤʧʝʨʘʪʫʨʽ Ta > 573 ʂ. ʋʪʚʦʨʝʥʥʷ ʬʘʟʠ SnS2 ʧʨʠ 

ʚʽʜʧʘʣʘʭ ʧʣʽʚʦʢ SnS ʚ ʘʪʤʦʩʬʝʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 523 ʂ 30 ʭʚʠʣʠʥ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʪʘʢʦʞ ʘʚʪʦʨʠ ʨʦʙʽʪ [160], [162] ʪʘ ʽʥʰʠʭ. 

 

3.3  Cʪʨʫʢʪʫʨʥ ̔ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ 

ʥʝʣʝʛʦʚʘʥʦʛʦ ʪʘ ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ ZnO 

 

3.3.1  Cʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ ʥʝʣʝʛʦʚʘʥʦʛʦ ZnO 

 

ʆʢʩʠʜ ʮʠʥʢʫ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʷʢʠʡ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʢʦʥʥʠʭ ʰʘʨʽʚ ʉɽ ʪʘ ʬʨʦʥʪʘʣʴʥʠʭ ʧʨʦʟʦʨʠʭ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʢʦʥʪʘʢʪʽʚ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʨʠʣʘʜʽʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, 

ʱʦ ZnO ʤʘʻ ʚʠʩʦʢʫ ʦʧʪʠʯʥʫ ʧʨʦʟʦʨʽʩʪʴ ʽ ʥʠʟʴʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ, ʥʝ ʤʽʩʪʠʪʴ ʚ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʽʜʢʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʜʦʨʦʛʠʭ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ [163]ï[165]. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʮʝʡ ZnO ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʦʩʥʦʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʧʨʦʟʦʨʠʭ ʧʨʦʚʽʜʥʠʭ ʰʘʨʽʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʪʘʢʠʤ ʷʢ ITO ((In2O3)0,9-(SnO2)0,1) ʪʘ FTO 

(SnO2:F) [166], [167]. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʙʽʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʨʝʢʦʤʙʽʥʘʮʽʾ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʤʽʞʬʘʟʥʠʤʠ ʤʝʞʘʤʠ, ʽ ʟʙʽʣʴʰʠʪʠ 
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ʜʦʚʛʦʪʨʠʚʘʣʫ ʩʪʽʡʢʽʩʪʴ ʧʨʠʣʘʜʽʚ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʧʽʜ ʯʘʩ ʾʭ 

ʨʦʙʦʪʠ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʽʚʦʢ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʾ ʭ ʜʨʫʢ 3D ʧʨʠʥʪʝʨʦʤ. ʄʝʪʦʜ ʜʨʫʢʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʟʨʘʟʢʠ ʥʘ ʪʚʝʨʜʠʭ ʪʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʙʫʜʴ-̫ ʢʦʾ ʬʦʨʤʠ, ʘ ʾʭ ʨʦʟʤʽʨʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʠʰʝ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʦʧʣʘ ʪʘ ʧʨʠʥʪʝʨʘ, ɦ ʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʮʴʦʛʦ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʛʦ 

ʚʽʜʧʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʩʫʰʝʥʽ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ 

ʜʨʫʢʫ ʯʦʨʥʠʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʫʩʧʝʥʟʽʡ, ʚʠʚʯʝʥʥʶ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ 

ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʟ ʤʝʪʦʶ ʾʭ 

ʦʧʪʠʤʽʟʘʮʽʾ.  

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʣʽʚʦʢ ZnO ʚʽʜʧʘʣʝʥʠʭ ʫ 

ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ʧʦʚʽʪʨʽ ʪʘ ʚʘʢʫʫʤʽ) ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʅʘ ʥʠʭ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚʽʜʙʠʪʪʷ ʥʘ ʢʫʪʘʭ (32.0-32.5)Á, (34.0-35.0)Á, (36.0-37.0)Á, (47.0-

47.5)Á, (56.0-57.0)Á, (62.5-63.0)Á, (66.0-67.0)Á, (67.5-68.0)Á, (68.0-69.0)Á, (72.5-

73.0)Á, (77.0-77.5)Á, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʚʘʥʥʷʤ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʣʦʱʠʥ (100), (002), (101), (102), (110), (103), (200), (112), (201), (004) ʪʘ (202) 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ ZnO. 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʧʣʽʚʦʢ ZnO ʚʽʜʧʘʣʝʥʠʭ ʥʘ ʧʦʚʽʪʨʽ (ʘ) ʪʘ ʫ 

ʚʘʢʫʫʤʽ (ʙ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊa, ʂ: 473 (1), 523 (2), 573 (3), 623 (4), 673 (5) 
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ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʤʝʪʦʜʦʤ ʍʘʨʨʽʩʘ [168] ʩʚʽʜʯʠʪʴ, ʱʦ ʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʧʣʽʚʢʘʭ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʢʩʽʘʣʴʥʘ ʪʝʢʩʪʫʨʘ ʨʦʩʪʫ [100], ʪʦʙʪʦ 

ʢʨʠʩʪʘʣʽʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ɦ ʦ ʚʽʩʴ c ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʬʘʟʠ ʤʘʪʝʨʽʘʣʫ ʻ ʧʘʨʘʣʝʣʴʥʦʶ ʧʽʜʢʣʘʜʮʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ 

ʥʘʜʨʫʢʦʚʘʥʠʭ ʰʘʨʽʚ ʜʦ 673 ʂ ʷʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʩʣʘʙʢʘ ʟʘʣʝʞʥʽʩʪʴ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʬʘʢʪʦʨʫ fi ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʴʦʤʫ 

ʽʥʪʝʨʚʘʣʽ. ʆʜʥʘʢ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ Ta ̫ ʢʽʩʪʴ ʪʝʢʩʪʫʨʠ ʩʫʪʪʻʚʦ 

ʧʦʢʨʘʱʫʚʘʣʘʩʷ, ʧʨʠ ʮʴʦʤʫ ʮʝ ʚʽʜʙʫʚʘʣʦʩʷ, ̫ʢ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘʢ ʽ 

ʯʘʩʫ ʚʽʜʧʘʣʽʚ ʪʦʥʢʠʭ ʰʘʨʽʚ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʽʚ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʣʽʚʦʢ ʩʘʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 673 ʂ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʙʩʪʨʫʢʪʫʨʠ ʧʣʽʚʦʢ, ʱʦ ʚʠʢʣʘʜʝʥʽ ʥʠʞʯʝ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ (100), (002), ʪʘ (101) ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʦʤʫ ʫ ʧʦʜʘʣʴʰʦʤʫ ʩʘʤʝ ʟʘ ʾʭ ʧʽʚʰʠʨʠʥʦʶ 

ʚʠʟʥʘʯʘʣʠʩʷ ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ. 

ʇʝʨʽʦʜ ˇʨʘʪʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, 

ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʘ ʜʦ ʚʚʝʜʝʥʥʷ ʜʦʤʽʰʦʢ, ʟʤʽʥ ʩʪʝʭʽʦʤʝʪʨʽʾ ʤʘʪʝʨʽʘʣʫ, 

ʚʚʝʜʝʥʥʷ ʜʦʤʽʰʦʢ, ʦʢʠʩʥʝʥʥʷ ʡʦʛʦ ʪʦʱʦ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ ʧʽʩʣʷ 1-ʾ  ʪʘ 5-ʾ  ʽʪʝʨʘʮʽʡ, ʷʢʽ ʙʫʣʠ 

ʚʽʜʧʘʣʝʥʽ ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʫ ʚʘʢʫʫʤʽ ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʊa, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.3. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ˇʨʘʪʢʠ a ʧʣʽʚʦʢ ZnO 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ̫ ʢ ʫ ʚʠʧʘʜʢʫ ʚʽʜʧʘʣʫ ʥʘ ʧʦʚʽʪʨʽ ʟ 0,32485 ʥʤ (473 ʂ) ʜʦ 0,32511 

ʥʤ (673 ʂ), ʪʘʢ ʽ ʫ ʚʠʧʘʜʢʫ ʚʽʜʧʘʣʫ ʫ ʚʘʢʫʫʤʽ ʟ 0,32493 ʥʤ (473 ʂ) ʜʦ 0,32506 

ʥʤ (673 ʂ), ʥʘʙʣʠʞʘʶʯʠʩʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ, ʜʦ 

ʜʦʚʽʜʥʠʢʦʚʠʭ ʜʘʥʠʭ (a = 0,32535 ʥʤ), ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʧʦʣʽʧʰʝʥʥʷʤ ʩʪʝʭʽʦʤʝʪʨʽʾ 

ʤʘʪʝʨʽʘʣʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ c ʧʣʽʚʦʢ ʚʽʜʧʘʣʝʥʠʭ ʫ 

ʧʦʚʽʪʨʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 0,52133 ʥʤ (473 ʂ) ʜʦ 0,52085 ʥʤ (673 ʂ), ʘ ʫ ʚʘʢʫʫʤʽ 

ʥʘʚʧʘʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 0,51965 ʥʤ (473 ʂ) ʜʦ 0,52059 ʥʤ (673 ʂ).  
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ʊʘʙʣʠʮʷ 3.3 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʣʠʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (a, c, 

c/a, V) ʧʣʽʚʦʢ ʚʽʜʧʘʣʝʥʠʭ ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʫ ʚʘʢʫʫʤʽ. 

ʇʦʚʽʪʨʷ 

Ta, ʂ 
1-ʘ ʽʪʝʨʘʮʽʷ 5-ʘ ʽʪʝʨʘʮʽʷ 

V, ʥʤ3 

a, ʥʤ c, ʥʤ c/a a, ʥʤ ʩ, ʥʤ c/a 

473 0,32485 0,52133 1,60483 0,32484 0,52269 1,60907 0,04776 

523 0,32493 0,51892 1,59702 0,32587 0,51495 1,58023 0,04736 

573 0,32466 0,51965 1,60060 0,32503 0,50805 1,56309 0,04648 

623 0,32511 0,52034 1,60050 0,32551 0,51863 1,59328 0,04759 

673 0,32511 0,52085 1,60207 0,32526 0,52023 1,59943 0,04766 

ɺʘʢʫʫʤ 

473 0,32493 0,51965 1,59927 0,32552 0,51713 1,58863 0,04745 

523 0,32493 0,52133 1,60444 0,32468 0,52241 1,60900 0,04769 

573 0,32464 0,52059 1,60359 0,32452 0,52110 1,60576 0,04752 

623 0,32493 0,52110 1,60373 0,32479 0,52168 1,60621 0,04766 

673 0,32506 0,52059 1,60152 0,32529 0,51962 1,59741 0,04762 

ɼʦʚʽʜʢʘ 
a = 0,32535 ʥʤ; c = 0,52151 ʥʤ; c/a = 1,60292; V = 0,04781 ʥʤ 

[JCPDS ˉ 01-080-0074] 

 

ʅʘ ʨʠʩ. 3.13 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ ʘ ʪʘ ʩ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʣʽʥʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʪʘʣʦʥʥʠʤ ʟʥʘʯʝʥʥʷʤ, 

ʥʘʚʝʜʝʥʠʤ ʫ ʣʽʪʝʨʘʪʫʨʽ ʜʣʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ [169]. ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩʫʥʢʫ, ʟʥʘʯʝʥʥʷ ʘ ̔  ʩ ʧʣʽʚʦʢ ʚʽʜʧʘʣʝʥʠʭ ʫ ʚʘʢʫʫʤʽ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (Ta = 673 ʂ) ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʝʪʘʣʦʥʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚô̫ ʟʘʥʦ ʟ ʾʭ ʭʦʨʦʰʦʶ ʩʪʝʭʽʦʤʝʪʨʽʻʶ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʟʘʣʠʰʢʦʚʠʭ ʜʦʤʽʰʦʢ, ɦʦ 

ʧʦʧʘʣʠ ʚ ʧʣʽʚʢʠ ʧʨʠ ʩʠʥʪʝʟʽ ʅʏ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʯʦʨʥʠʣ. ɺʽʜʥʦʰʝʥʥʷ ʩʪʘʣʠʭ 

ˇʨʘʪʢʠ c/a ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʚʽʜʧʘʣʝʥʠʭ ʫ ʦʙʦʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʨʠ ʮʴʦʤʫ ʩʧʘʜʘʻ. 

ʆʙô̒ ʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʧʣʽʚʦʢ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʚʝʣʠʯʠʥʘʤʠ a, c (5 ʪʘ 

ʽʪʝʨʘʮʽʷ), ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ V = 0,04776 ʥʤ ʧʨʠ ʚʽʜʧʘʣʶʚʘʥʥʽ ʥʘ ʧʦʚʽʪʨʽ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 473 ʂ. 
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ʈʠʩʫʥʦʢ 3.13 ï ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ˇʨʘʪʢʠ a ʪʘ c ʚʽʜʧʘʣʝʥʠʭ ʥʘ ʧʦʚʽʪʨʽ (ʘ) 

ʪʘ ʫ ʚʘʢʫʫʤʽ (ʙ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ (ʧô̫ ʪʘ ʽʪʝʨʘʮʽʷ) 

 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʆʂʈ ʪʘ ʨʽʚʥʽ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʧʣʽʚʢʘʭ ZnO, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (473-673) ʂ ʥʘ 

ʧʦʚʽʪʨʽ ʪʘ ʫ ʚʘʢʫʫʤʽ, ʫ ʥʘʧʨʷʤʘʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʣʦʱʠʥ (100), (002) ʪʘ (101) ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʪʘʙʣʠʮʽ 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʫʙʩʪʨʫʢʪʫʨʠ L, e  

ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʫ ʚʘʢʫʫʤʽ 

ʇʦʚʽʪʨʷ 

Ta, ʂ 
L, ʥʤ ŮĀ103, ʫʤ. ʦʜ. 

(100) (002) (101) (100) (002) (101) 

473 20,2 20,5 19,6 1,9 1,9 2,0 

523 20,1 20,4 19,7 1,9 1,9 2,0 

573 20,2 20,5 19,6 1,9 1,9 2,0 

623 20,1 21,2 20,6 1,9 1,8 1,9 

673 21,0 21,6 21,1 1,8 1,8 1,8 

ɺʘʢʫʫʤ 

473 19,2 19,4 18,8 2,0 1,9 2,0 

523 18,4 18,8 18,7 2,1 2,0 2,1 

573 18,9 19,3 18,7 2,0 2,0 2,1 

623 19,2 20,1 18,9 2,0 1,9 2,0 

673 18,9 19,6 18,7 2,0 2,0 2,1 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʧʦʚʽʪʨʽ ʟ 473 ʂ ʜʦ 673 

ʂ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʽʚʦʢ ʫ ʪʨʴʦʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʽʨʥʦ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʧʨʷʤʘʭ. ʊʘʢ ʫ 

ʥʘʧʨʷʤʽ [100] ʨʦʟʤʽʨ L ʟʨʽʩ ʟ 20,2 ʥʤ (473 ʂ) ʜʦ 21,0 ʥʤ (673 ʂ), ʫ ʪʦʡ ʯʘʩ ʷʢ ʫ 

ʥʘʧʨʷʤʽ [002] ʟ 20,5 ʥʤ (473 ʂ) ʜʦ 21,6 ʥʤ (673 ʂ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ ʫ 

ʟʨʘʟʢʘʭ, ʱʦ ʚʽʜʧʘʣʶʚʘʣʠʩʷ ʚ ʫʤʦʚʘʭ ʚʘʢʫʫʤʫ, ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʣʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ (ʜʠʚ. ʪʘʙʣʠʮʶ 3.4). ʅʘʡʙʽʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ ʚʽʜʙʫʣʦʩʷ ʫ ʥʘʧʨʷʤʽ [002], ʷʢʠʡ ʚ ʩʧʦʣʫʮʽ ZnO ̒ ʥʘʧʨʷʤʦʤ, ʱʦ 

ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʦʩʽ c ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʩʧʦʣʫʢʠ, ʽ ʻ ʥʘʧʨʷʤʦʤ 

ʥʘʡʰʚʠʜʰʦʛʦ ʨʦʩʪʫ ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʷʤʦʤ ʪʝʢʩʪʫʨʠ). 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʬʦʨʤʘ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʣʘ 

ʧʨʘʢʪʠʯʥʦ ʰʘʨʦʧʦʜʽʙʥʦ ,ʁ ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʾʭ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨ L ʫ 

ʪʨʴʦʭ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʘʭ. 

ʈʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʧʣʽʚʢʘʭ, ʚʽʜʧʘʣʝʥʠʭ ʥʘ ʧʦʚʽʪʨʽ, ʜʝʱʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʧʨʷʤʘʭ, ʦʜʥʘʢ ʜʣʷ ʟʨʘʟʢʽʚ ʚʽʜʧʘʣʝʥʠʭ ʫ 

ʚʘʢʫʫʤʽ ʚʽʥ ʟʨʦʩʪʘʻ ʫ ʥʘʧʨʷʤʘʭ [002] ʪʘ [101] ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ [100]. 

ɿʤʽʥʠ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʮʴʦʤʫ ʙʫʣʠ ʥʝʟʥʘʯʥʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʧʘʣ ʟʘ ʚʢʘʟʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʽʚʦʢ ZnO ʥʝ ʧʨʠʚʽʚ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ 

ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ. 

ʅʘ ʨʠʩ. 3.14 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4) ʚ ʥʘʧʨʷʤʢʘʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʣʦʱʠʥ (100), (002) ʪʘ (101) ʟʥʘʯʝʥʴ L ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʣʽʚʦʢ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʦʥʠ ʻ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ, ʘ ʨʦʟʤʽʨ ʟʝʨʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʧʽʚʧʘʜʘʻ ʟ ʨʦʟʤʽʨʘʤʠ 

ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ ʾʭ 

ʢʨʠʩʪʘʣʽʪʠ ʤʽʩʪʷʪʴ ʦʜʥʫ ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.14 ï  ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ Tʘ ʥʘ ʨʦʟʤʽʨ ʆʂʈ ʧʣʽʚʦʢ ZnO ʥʘ 

ʧʦʚʽʪʨʽ (ʘ) ʪʘ ʫ ʚʘʢʫʫʤʽ (ʙ) 

 

3.3.2  ɺʧʣʠʚ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʥʘ ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ, 

ʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʰʘʨʠ ʥʝʣʝʛʦʚʘʥʦʛʦ ʦʢʩʠʜʫ ʮʠʥʢʫ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʚʠʷʚʠʣʠʩʷ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʫ ʯʘʩʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʠ ʥʝʧʨʠʜʘʪʥʽ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ ʧʨʠʣʘʜʽʚ ʛʝʣʽʦʝʥʝʨʛʝʪʠʢʠ 

ʪʘ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ [170]. ʉʘʤʝ ʪʦʤʫ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʣʝʛʫʚʘʥʥʶ 

ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʥʦʨʥʠʤʠ ʪʘ ʘʢʮʝʧʪʦʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ [171]ï[173]. ʋ ʥʘʰ 

ʯʘʩ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʘʪʦʤʘʤʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ZnO ʪʘ ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [131], [174]. ʍ̔ ʤʽʯʥʽ ʝʣʝʤʝʥʪʠ 

III  ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʽ ʷʢ ʘʣʶʤʽʥʽʡ, ʽʥʜʽʡ  ̔ ʛʘʣʽʡ, 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʣʝʛʫʶʯʽ ʜʦʤʽʰʢʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ. ʉʘʤʝ ʦʢʩʠʜ ʮʠʥʢʫ ʣʝʛʦʚʘʥʠʡ ʘʣʶʤʽʥʽʻʤ ZnO:Al 

ʨʦʟʛʣʷʜʘʪ̒ʩɹ ̫ʩʴʦʛʦʜʥʽ ʚ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʟʘʤʽʥʠ ʦʢʩʠʜʥʦ ʾʩʧʦʣʫʢʠ ʽʥʜʽ ʁ

ʽ ʦʣʦʚʘ ï ITO [175], ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʷʢʦʾ ʻ ʜʝʬʽʮʠʪ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʧʣʘʥʝʪʽ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʡʦʛʦ ʚʠʩʦʢʫ ʮʽʥʫ [170]. 
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ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʣʝʛʫʚʘʥʥʷ Al ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʏ ZnO, 

ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʦʣʽʦʣʴʥʦʛʦ ʩʠʥʪʝʟʫ.  

ʅʘ ʨʠʩ. 3.16 ʥʘʚʝʜʝʥʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʅʏ ZnO 

ʣʝʛʦʚʘʥʦʛʦ Al, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʩʚʽʯʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦ ʾ

ʤʽʢʨʦʩʢʦʧʽʾ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʤʽʨ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʥʝʣʝʛʦʚʘʥʦʛʦ ZnO 

ʩʪʘʥʦʚʠʪʴ (15Ñ3) ʥʤ [176], [177]. ʈʦʟʤʽʨ ʅʏ ʦʢʩʠʜʫ ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ (17Ñ3) ʥʤ (ʜʣʷ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ Al ï 2 ʘʪ. %), ʜʦ (27Ñ3) ʥʤ 

(ʜʣʷ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ Al ï 5 ʘʪ. %).  

 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ZnO 

ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ: Al ï 2 ʘʪ. % (a), Al ï 5 ʘʪ. % (ʙ) 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅʏ AZO, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʢʫʨʩʦʨʽʚ, ʷʢʽ ʤʘʣʠ ʨʽʟʥʠʡ ʚʤʽʩʪ ʣʝʛʫʶʯʦʾ 

ʨʝʯʦʚʠʥʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.17 (a, ʙ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʣʝʛʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʻʤ, 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʢʫʪʘʭ (31,9-32,10)Ü, (34,50-

34,75)Ü, (36,45-36,55)Ü, (47,65-47,80)Ü, (56,75-56,85)Ü, (62,95-63,10)Ü, (66,40-

66,70)Ü, (68,00-68,15)Ü, (69,05-69,20)Ü, (72,35-72,75)Ü, (77,05-77,25)Ü, ʷʢʽ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʧʽʢʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (100), (002), (101), (102), (110), 

(103), (200), (112), (201), (004), (202) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ ZnO (JCPDS 36-145). 
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ʇʨʠ ʨʦʟʛʣʷʜʽ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʠʜʥʦ, ʱʦ ʟʨʘʟʢʠ ʟ ʚʤʽʩʪʦʤ Al ʤʝʥʰʝ 3 ʘʪ. % ʙʫʣʠ 

ʦʜʥʦʬʘʟʥʠʤʠ ʪʘ ʥʝ ʤʽʩʪʠʣʠ ʚʪʦʨʠʥʥʠʭ ʬʘʟ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʟʨʘʟʢʽʚ ʟ 

ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜʙʠʪʪʷ ʥʘ ʢʫʪʘʭ (26,75-27,00)Ü, 

(38,50-38,70)Ü, (41,15-41,45)Ü, (43,35-43,70)Ü, (52,10-52,35)Ü. ɺʦʥʠ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʧʽʢʘʤʠ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ (012), (110), (006), (113) ʪʘ (024) 

ʨʦʤʙʦʝʜʨʠʯʥʦʛʦ Al2O3 (JCPDS 00-046-1212). ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʮʠʭ ʧʽʢʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʚ ʧʨʝʢʫʨʩʦʨʽ ʽ ʚ ʦʪʨʠʤʘʥʠʭ 

ʟʨʘʟʢʘʭ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ Al ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʽʚ ʦʩʥʦʚʥʦʾ ʬʘʟʠ ZnO. 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʚʽʜ ʅʏ AZO, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʜʦʤʽʰʢʠ 

ʫ ʧʨʝʢʫʨʩʦʨʽ 

 

 



112 
 

 

ʋ ʪʘʙʣʠʮʽ 3.5 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ AZO. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʘ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 0,32967 ʥʤ (0 ʘʪ. % Al) ʜʦ 0,33053 

ʥʤ (2 ʘʪ. % Al), ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʦʥʦʪʦʥʥʝ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ˇʨʘʪʢʠ ʘ ʜʦ ʟʥʘʯʝʥʥʷ 0,32946 ʥʤ (10 ʘʪ. % Al). 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʩ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ Al ʚʽʜ 

0,52029 ʥʤ (0 ʘʪ. % Al) ʜʦ 0,52241 ʥʤ (10 ʘʪ. % Al). ʊʦʙʪʦ ʚʚʝʜʝʥʥʷ ʣʝʛʫʶʯʦʾ 

ʜʦʤʽʰʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʘʥʽʟʦʪʨʦʧʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 

ʤʘʪʝʨʽʘʣʫ. 

 

ʊʘʙʣʠʮʷ ï 3.5 ʉʪʨʫʢʪʫʨʥʽ ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʏ AZO 

ɺʤʽʩʪ,  

ʘʪ. % 
a, ʥʤ c, ʥʤ V, ʥʤ3 

L, ʥʤ ŮĀ103, ʫʤ. ʦʜ. 

(100) (002) (101) (100) (002) (101) 

ʅʏ ZnO:Al 

0 0,32967 0,52029 0,04897 8,2 7,5 8,4 4,4 4,8 4,3 

1 0,33026 0,52029 0,04914 8,7 7,9 8,8 4,2 4,6 4,1 

2 0,33053 0,52115 0,04931 8,7 7,7 8,9 4,2 4,7 4,1 

3 0,32961 0,52154 0,04907 8,4 7,3 8,7 4,3 4,9 4,2 

5 0,32961 0,52154 0,04907 8,3 6,9 8,7 4,4 5,2 4,2 

7 0,32947 0,52188 0,04906 8,3 7,0 9,1 4,4 5,2 4,0 

10 0,32946 0,52241 0,04911 8,2 5,8 8,8 4,4 6,2 4,1 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʡʜʝʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʣʠʭ ˇʨʘʪʦʢ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʦʙô̒ ʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʅʏ ʪʘ ʧʣʽʚʦʢ ɸZO. ɿʥʘʯʝʥʥʷ ʦʙô̒ ʤʫ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ZnO:Al ʩʧʦʯʘʪʢʫ ʟʙʽʣʴʰʫʚʘʣʠʩʷ ʚʽʜ 

0,04897 ʥʤ3 (0 ʘʪ. % Al) ʜʦ 0,04931 ʥʤ3 (2 ʘʪ. % Al), ʘ ʧʦʪʽʤ ʧʦʯʘʣʠ ʤʦʥʦʪʦʥʥʦ 

ʩʧʘʜʘʪʠ ʜʦ 0,04911 ʥʤ3 (10 ʘʪ. % Al). ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʠʜʽʣʝʥʥʷʤ ʜʦʤʽʰʢʠ 

ʧʦ ʛʨʘʥʠʮʷʤ ʟʝʨʝʥ ʤʘʪʝʨʽʘʣʫ. 

ɿʘʣʝʞʥʦʩʪʽ ʧʦʣʶʩʥʦʾ ʛʫʩʪʠʥʠ Pi ʚʽʜ ʢʫʪʘ j ʤʽʞ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ ʽ 

ʥʦʨʤʘʣʣʶ ʜʦ ʚʽʜʙʠʚʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʅʏ ɸZO ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.18. ɿ ʨʠʩʫʥʢʫ 

ʚʠʜʥʦ, ʱʦ ʟʨʘʟʢʠ ʜʦʙʨʝ ʪʝʢʩʪʫʨʦʚʘʥʽ.  
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ʈʠʩʫʥʦʢ 3.18 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʣʶʩʥʦʾ ʛʫʩʪʠʥʠ Pi ʚʽʜ ʢʫʪʘ 

j ʤʽʞ ʚʽʩʩʶ ʪʝʢʩʪʫʨʠ ʽ ʥʦʨʤʘʣʣʶ ʜʦ ʚʽʜʙʠʚʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʅʏ ɸZO ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʜʦʤʽʰʢʠ ʫ ʧʨʝʢʫʨʩʦʨʽ 

 

ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʤʝʪʦʜʦʤ ʦʙʝʨʥʝʥʠʭ ʧʦʣʶʩʥʠʭ ʬʽʛʫʨ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʫ 

ʣʝʛʦʚʘʥʦʤʫ ZnO ʪʝʢʩʪʫʨʫ ʨʦʩʪʫ [100], ʦʩʢʽʣʴʢʠ ʧʦʣʶʩʥʘ ʛʫʩʪʠʥʘ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʣʦʱʠʥʠ (100) ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʬʘʟʠ ZnO. ʊʘʢʘ ʪʝʢʩʪʫʨʘ ʨʦʩʪʫ ʻ ʥʝʪʠʧʦʚʦʶ ʜʣʷ ʦʢʩʠʜʫ ʮʠʥʢʫ, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ 

ʤʘʻ ʪʝʢʩʪʫʨʫ ʨʦʩʪʫ [002] [178].  

ʋ ʪʘʙʣʠʮʽ 3.6 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʅʏ ɸZO, 

ʧʨʦʚʝʜʝʥʦʛʦ ʤʝʪʦʜʦʤ EDX. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʥʘʥʦʢʨʠʩʪʘʣʘʭ ʣʝʛʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʚ ʧʨʝʢʫʨʩʦʨʽ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ Al ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 8,37 ʘʪ. % ʧʨʠ ʚʤʽʩʪʽ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʚ 

ʧʨʝʢʫʨʩʦʨʽ - 10 ʘʪ. %. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ EDX ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʘʣʶʤʽʥʽʡ ʜʦʙʨʝ ʚʙʫʜʦʚʫʻʪʴʩʷ ʚ ̌ʨʘʪʢʫ ZnO. 
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ʊʘʙʣʠʮʷ 3.6 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʅʏ ZnO ʣʝʛʦʚʘʥʠʭ Al 

ɺʤʽʩʪ Al ʚ 

ʧʨʝʢʫʨʩʦʨʽ,  

ʘʪ. % 

ɺʤʽʩʪ ʝʣʝʤʝʥʪʽʚ, ʘʪ. %  ʉʪʝʭʽʦʤʝʪʨʽʷ ʤʘʪʝʨʽʘʣʫ, ɔ 

CZn ʉO CAl ʉAl/ʉZn ʉZn/ʉO 

 

(ʉZn +ʉAl)/ʉO 

0 59,35 40,65 0,00 0 1,46 1,46 

1 64,11 34,88 1,01 0,02 1,84 1,87 

2 49,77 48,03 2,20 0,04 1,04 1,08 

3 51,18 46,10 2,82 0,06 1,11 1,17 

5 47,30 48,07 4,63 0,09 0,98 1,08 

7 37,68 56,90 5,42 0,14 0,66 0,76 

10 35,48 56,15 8,37 0,24 0,63 0,78 

 

ʅʘ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʪʝʭʽʦʤʝʪʨʽʶ ʤʘʪʝʨʽʘʣʫ  

(ɔ1 = ʉZn/ʉO, ɔ2 = (ʉZn +ʉAl)/ʉO). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝ ʞ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 

3.6. ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʚʝʜʝ ʜʦ ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʫ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʥʘʜʣʠʰʢʫ ʮʠʥʢʫ, ʜʦ ʥʘʜʣʠʰʢʫ ʢʠʩʥʶ. 

ʅʝʣʝʛʦʚʘʥʠʡ ZnO ʤʘʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ɔ1 = 1,46, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʤʘʪʝʨʽʘʣʽ ʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪ̔ ʚʘʢʘʥʩʽʡ ʢʠʩʥʶ (VZn) ʪʘ ʤʽʞʚʫʟʣʦʚʠʭ 

ʘʪʦʤʽʚ ʮʠʥʢʫ (Zni). ɺʽʜʦʤʦ [179], ʱʦ ʚʘʢʘʥʩʽʾ ʢʠʩʥʶ ʤʘʶʪʴ ʤʝʥʰʫ ʝʥʝʨʛʽʶ 

ʫʪʚʦʨʝʥʥʷ ʥʽʞ Zni, ʪʦʤʫ ʚʦʥʠ ʻ ʜʦʤʽʥʫʚʘʣʴʥʠʤʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʝʬʝʢʪʘʤʠ 

ʚ ʪʘʢʦʤʫ ʤʘʪʝʨʽʘʣʽ. 

ʇʨʠ ʣʝʛʫʚʘʥʥʽ ZnO ̔ʦʥʠ Al ʟʘʤʽʥʶʶʪʴ ʽʦʥʠ ʮʠʥʢʫ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ 

ʨʝʰʽʪʮʽ, ʱʦ ʩʧʦʯʘʪʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʩʪʝʭʽʦʤʝʪʨʽʾ ʦʢʩʠʜʫ ʜʦ 

ʟʥʘʯʝʥʥʷ ɔ1 = 1,84 (1 ʘʪ. % Al). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ Al ʧʨʠʚʦʜʠʪʴ ʜʦ  

ʧʦʢʨʘʱʝʥʥʷ ʩʪʝʭʽʦʤʝʪʨʽʾ ʤʘʪʝʨʽʘʣʫ, ʷʢʝ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ ʙʣʠʟʴʢʠʭ ʜʦ ʦʜʠʥʠʮʽ 

ʧʨʠ ʚʤʽʩʪʽ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʚʽʜ 2 ʘʪ. % ʜʦ 5 ʘʪ. % Al. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʣʝʛʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʘʪʦʤʽʚ 

ʢʠʩʥʶ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʫʪʚʦʨʝʥʥʷ ʫ ʩʧʦʣʫʮʽ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ Al2O3. ʇʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 
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ʣʝʛʫʶʯʦʶ ʜʦʤʽʰʢʠ ʤʘʪʝʨʽʘʣ ʩʪʘʻ ʜʚʦʬʘʟʥʠʤ. ɺ ʫʤʦʚʘʭ ʟʙʘʛʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʢʠʩʥʝʤ, ʦʩʥʦʚʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʦʢʩʠʜʽ ʩʪʘʶʪʴ ʚʘʢʘʥʩʽʾ ʮʠʥʢʫ (VZn) [180].  

ʉʪʨʫʢʪʫʨʥʫ ʷʢʽʩʪʴ ʅʏ ʦʮʽʥʶʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫

ʐʝʨʨʝʨʘ-ʉʪʦʢʩʘ. ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʨʦʟʤʽʨʠ ʆʂʈ ʟʨʘʟʢʽʚ ʫ ʥʘʧʨʷʤʘʭ [100], 

[002] ʪʘ [101] ʟʘ ʬʽʟʠʯʥʠʤ ʫʰʠʨʝʥʥʷʤ ʚʽʜʙʠʚʘʥʴ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʣʦʱʠʥ. ɺʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.5.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʨʠ L(101) ʦʢʩʠʜʫ ʫ ʥʘʧʨʷʤʽ [101] ʩʣʘʙʢʦ ʟʨʦʩʪʘʶʪʴ 

ʚʽʜ 8,4 ʥʤ (0 ʘʪ. % Al) ʜʦ 8,8 ʥʤ (10 ʘʪ. % Al). ʋ ʩʚʦʶ ʯʝʨʛʫ ʜʣʷ ʧʣʦʱʠʥʠ [100] 

ʨʦʟʤʽʨʠ ʆʂʈ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘʶʪʴ ʚʽʜ 8,2 ʥʤ (0 ʘʪ. % Al) ʜʦ 8,7 (1-2 ʘʪ. % Al), ʘ 

ʧʦʪʽʤ ʧʦʯʠʥʘʻ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʜʦ ʟʥʘʯʝʥʥʷ 8,2 ʥʤ (10 ʘʪ. % Al). 

ɸʥʘʣʦʛʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʘʶʪʴ ʨʦʟʤʽʨʠ ʆʂʈ ʫ ʥʘʧʨʷʤʽ [002]: ʩʧʦʯʘʪʢʫ L(002) 

ʟʨʦʩʪʘʻ ʚʽʜ 7,5 ʥʤ (0 ʘʪ. % Al) ʜʦ 7,9 ʥʤ (1 ʘʪ. % Al), ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 5,8 

ʥʤ (10 ʘʪ. % Al). ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʥʘʧʨʷʤʽʚ 

ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʚʽʜ 1 ʘʪ. % ʜʦ 3 ʘʪ. %. ʇʨʠ ʮʴʦʤʫ ʆʂʈ 

ʤʘʶʪʴ ʤʘʡʞʝ ʨʽʚʥʦʦʩʥʫ ʬʦʨʤʫ. 

ʋ ʪʘʙʣʠʮʽ 3.5 ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥ ̫

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʅʏ ZnO:Al. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʥ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʚʘʚʩʷ ʧʨʠ 

ʚʥʝʩʝʥʥ̔  ʚ ʤʘʪʝʨʽʘʣ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ. ʃʠʰʝ ʫ ʥʘʧʨʷʤʽ [002] ʚʽʥ ʜʝʱʦ ʟʨʽʩ ʚʽʜ 

4,8Ā10-3 (0 ʘʪ. % Al) ʜʦ 6,2Ā10-3 (10 ʘʪ. % Al).  

ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʆʂʈ ʪʘ ʨʽʚʥʷ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʅʏ ZnO:Al ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʧʦʪʨʽʡʥʦʾ ʟʛʦʨʪʢʠ, ʷʢʠʡ 

ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʧʘʨ ʧʘʨʘʣʝʣʴʥʠʭ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ [100]-[200] ʪʘ [101]-[202]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʤʽʨʠ ʆʂʈ ʅʏ ʣʝʛʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʥʘʧʨʷʤʽ [100]-

[200] ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʚʽʜ 8,5 ʥʤ (0 ʘʪ. % Al) ʜʦ 

11,9 ʥʤ (10 ʘʪ. % Al). ɸʥʘʣʦʛʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʘʻ ʧʘʨʘ ʧʣʦʱʠʥ [101]-[202], ʘ 

ʩʘʤʝ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʆʂʈ ʚʽʜ 8,5 ʥʤ (0% ʘʪ. Al) ʜʦ 10,6 ʥʤ (10 ʘʪ. % Al).  
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ʊʘʙʣʠʮʷ ï 3.7 ʈʦʟʤʽʨʠ ʆʂʈ ʪʘ ʨʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʨʦʟʨʘʭʦʚʘʥʽ 

ʤʝʪʦʜʦʤ ʧʦʪʨʽʡʥʦʾ ʟʛʦʨʪʢʠ. 

ɺʤʽʩʪ,  

ʘʪ. % 

L, ʥʤ Ů Ā103, ʫʤ. ʦʜ. 

(100)-(200) (101)-(202) (100)-(200) (101)-(202) 

ʅʏ ZnO:Al 

0 8,5 8,5 2,6 3,1 

1 9,0 9,0 2,5 2,7 

2 9,1 8,9 1,5 3,1 

3 8,9 8,7 0,6 3,2 

5 8,7 8,8 2,1 3,1 

7 9,2 9,2 3,3 2,9 

10 11,9 10,6 8,4 4,4 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ ʘʣʶʤʽʥʽʶ ʚ ʢʨʠʩʪʘʣʽʯʥʫ 

ˇʨʘʪʢʫ ʤʘʪʝʨʽʘʣʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʆʂʈ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʤʽʨʽʚ ʆʂʈ ʤʝʪʦʜʦʤ ʧʦʪʨʽʡʥʦʾ ʟʛʦʨʪʢʠ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʤʝʪʦʜʦʤ ʐʝʨʨʝʨʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʽʚʝʥʴ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʅʏ ZnO:Al ʟʥʘʡʜʝʥʠʡ ʟʘ ʧʘʨʦʶ ʧʣʦʱʠʥ [100]-

[200] ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʦʾ ʜʦʤʽʰʢʠ ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʚʘʚʩʷ 

ʚʽʜ 2,6Ā10-3 (0 ʘʪ. % Al)  ʜʦ 0,6Ā10-3 (3 ʘʪ. % Al), ʘ ʧʦʪʽʤ ʧʦʯʘʚ ʨʽʟʢʦ ʟʨʦʩʪʘʪʠ ʜʦ 

ʟʥʘʯʝʥʥʷ 8,4Ā10-3 (10 ʘʪ. % Al). ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ, 

ʚʠʟʥʘʯʝʥʝ ʟʘ ʧʘʨʦʶ ʧʣʦʱʠʥ [101]-[202], ʧʨʠ ʨʽʟʥʦʤʫ ʚʤʽʩʪʽ ʘʣʶʤʽʥʽʶ ʚ ʦʢʩʠʜʽ, 

ʩʣʘʙʢʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 2,7Ā10-3 ʜʦ 4,4Ā10-3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʚ ʤʘʪʝʨʽʘʣʽ ʧʨʠ ʚʚʝʜʝʥʽ ʘʣʶʤʽʥʽʶ ʫ ʟʨʘʟʢʠ 

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦ 3 ʘʪ. %. ʊʦʙʪʦ ʣʝʛʫʚʘʥʥʷ ʦʢʩʠʜʫ ʮʠʥʢʫ ʤʘʣʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʘʣʶʤʽʥʽʶ ʣʠʰʝ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʧʨʦʩʚʽʯʫʚʘʣʴʥʦʾ  ̔ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ ʪʘʢʦʞ EDX ʪʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ, ʙʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʪʝʨʤʽʯʥʠʭ 

ʚʽʜʧʘʣʽʚ ʥʘ ʤʦʨʬʦʣʦʛʽʶ, ʩʪʨʫʢʪʫʨʥʽ, ʩʫʙʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʅʏ ʪʘ ʧʣʽʚʦʢ ʩʧʦʣʫʢ CuO, ZnO, SnS, ʥʘʥʝʩʝʥʠʭ 

ʥʘ ʧʽʜʢʣʘʜʢʠ ʟʘ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ (ʩʝʨʝʜʦʚʠʱʝ ʩʠʥʪʝʟʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʪʘ ʚʽʜʧʘʣʫ, ʯʘʩ ʪʘ ʘʪʤʦʩʬʝʨʘ ʚʽʜʧʘʣʫ).  

2. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʚʽʜʧʘʣʝʥʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (523-673) ʂ ʤʘʶʪʴ ʦʜʥʦʬʘʟʥʫ ʩʪʨʫʢʪʫʨʫ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ (723-773) ʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʬʘʟʠ CuO ʟ ʤʦʥʦʢʣʽʥʥʦʶ 

ˇʨʘʪʢʦ ʁʜʦ ʬʘʟʠ Cu2O ʟ ʢʫʙʽʯʥʦʁ . ʎʝʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʨʠʚʦʜʠʪ ɹʜʦ ʟʤʽʥʠ ʦʩʽ 

ʪʝʢʩʪʫʨʠ ʟʨʘʟʢʽʚ ʟ [002] ʜʦ [111]. ʆʪʞʝ, ʚʠʷʚʣʝʥʦ, ʱʦ ʟʤʽʥʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʽʜʧʘʣʫ, ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʬʘʟʦʚʠʤ ʪʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʣʽʚʦʢ 

ʦʢʩʠʜʫ ʤʽʜʽ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ  

p-Cu2O / p-CuO, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ, ʧʨʦʩʪʠʤ 

ʚʽʜʧʘʣʦʤ ʟʨʘʟʢʽʚ. 

3. ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʽʚʦʢ CuO ʥʘ ʧʦʣʽʤ̔ʽʜʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ, ʩʚʽʜʯʘʪʴ, ʱʦ ʦʩʘʜʞʝʥʽ ʪʘ ʚʽʜʧʘʣʝʥʽ ʧʨʠ Ta = 433 ʂ hʘʨʠ ʤ̔ ʩʪʷʪʴ 

ʧʝʨʝʚʘʞʥʦ ʤʦʥʦʢʣʽʥʥʫ ʬʘʟʫ CuO ʟ ʜʦʤʽʰʢʘʤʠ Cu2O. ɺ̔ ʜʧʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

573 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʢʨʠʩʪʘʣʽʯʥʫ ̫ ʢʽʩʪʴ ʧʣʽʚʦʢ. ʊʘʢʽ 

ʰʘʨʠ ʤʽʩʪʷʪʴ ʣʠʰʝ ʤʦʥʦʢʣʽʥʥʫ ʬʘʟʫ CuO, ʢʨʽʤ ʪʦʛʦ, ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʆʂʈ ʧʣʽʚʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʜʣʷ ʧʣʽʚʦʢ 

CuO, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʦʣʽʤ̔ʽʜʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʤʝʪʦʜʦʤ 3D ʜʨʫʢʫ (Ta = 573 ʂ, t = 

30 ʭʚʠʣʠʥ). ʎʝ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʚ ʨʦʟʨʦʙʮʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʦʢ CuO ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʜʨʫʢʫ. ʊʘʢʽ ʧʣʽʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʛʥʫʯʢʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʟʦʢʨʝʤʘ ʚ ʦʙʣʘʩʪʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

4. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧô̫ ʪʴʦʭ ʚʘʨʽʘʥʪʽʚ ʩʠʥʪʝʟʫ ʅʏ SnS: 1 ï ʚ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2; 2 ï ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ 

ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 3 ï ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CS(NH2)2; 
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4 ï ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S; 5 ï ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ 

CH3C(S)NH2. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʪʝʭʽʦʤʝʪʨʽʻʶ ʟʨʘʟʢʽʚ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʫ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ɔ = ʉS/ʉSn ʚʽʜ 0,62 ʜʦ 1,79 ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ ʩʠʥʪʝʟʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʜʦ ʩʪʝʭʽʦʤʝʪʨʽʾ ʩʧʦʣʫʢʠ SnS ʤʘʶʪʴ 

ʟʨʘʟʢʠ ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ 2 (g = 0,97) ʪʘ 3 (g = 0,99), ʘ ʜʦ ʩʧʦʣʫʢʠ SnS2 ï 

ʟʘ ʤʝʪʦʜʦʤ 5. ɺʠʙʨʘʥʽ ʚʘʨʽʘʥʪʠ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʦʬʘʟʥʽ ʅʏ, ʷʢʽ ʤʽʩʪʷʪʴ ʦʨʪʦʨʦʤʙʽʯʥʫ ʬʘʟʫ SnS ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʬʘʟʫ SnS2. 

5. ɺʠʚʯʝʥʦ ʝʬʝʢʪ ʚʧʣʠʚʫ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ  ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 423 ʂ ʜʦ 

773 ʂ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ ʥʘ ʧʣʽʚʢʠ ʦʪʨʠʤʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ 2 (ʩʠʥʪʝʟ ʚ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S). ʇʦʢʘʟʘʥʦ, ʱʦ ʷʢ ʦʩʘʜʞʝʥʽ, ʪʘʢ 

ʽ ʚʽʜʧʘʣʝʥʽ ʧʣʽʚʢʠ ʤʘʶʪʴ ʦʨʪʦʨʦʤʙʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ ʜʦ (723ï773) ʂ ʟʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʜʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ ʬʘʟʠ SnO2. ʎʝʡ 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʽ ʨʽʚʥʷ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ. 

6. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʧʘʣ ʥʘ ʧʦʚʽʪʨʽ ʪʘ ʫ ʚʘʢʫʫʤʽ ʧʦ ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ 

ʨʦʟʤʽʨ ʆʂʈ ʚʠʤʽʨʷʥʠʡ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʬʘʟʠ ZnO. ʊʘʢ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʧʦʚʽʪʨʽ ʟ 473 ʂ ʜʦ 673 ʂ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʽʚʦʢ ʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʘʭ [100], [002], [101]. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ ʫ ʟʨʘʟʢʘʭ, ʱʦ ʚʽʜʧʘʣʶʚʘʣʠʩʷ ʫ ʚʘʢʫʫʤʽ, ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʤ, ʧʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ L ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ [002]. 

7. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʜʦ 3 ʘʪ. % ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʦʢ ZnO. ʈʦʟʤʽʨ ʅʏ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ (17Ñ3) ʥʤ (ʜʣʷ ʟʨʘʟʢʘ ʟ 

ʚʤʽʩʪʦʤ Al ï 2 ʘʪ. %), ʜʦ (27Ñ3) ʥʤ (ʜʣʷ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ Al ï 5 ʘʪ. %). 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʚʭʦʜʞʝʥʥʷ ʣʝʛʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ʨʝʰʽʪʢʫ ʥʘʥʦʢʨʠʩʪʘʣʽʚ  ZnO. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʦʪʢʫ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʟ 

3 ʘʪ. % ʜʦ 10 ʘʪ. % ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʦʢʘʟʘʣʠ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʬʘʟ. 
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ʈʆɿɼɯʃ 4  

ʆʇʊʀʏʅɯ ʊɸ ʌʆʊʆɽʃɽʂʊʈʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʅɸʅʆʏɸʉʊʀʅʆʂ ʊɸ ʇʃɯɺʆʂ ʆʂʉʀɼʅʀʍ ɯ ʉʋʃʔʌɯɼʅʀʍ 

ʉʇʆʃʋʂ 

 

ʈʘʤʘʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʪʘ ʧʣʽʚʦʢ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʬʘʟ ʯʝʨʝʟ ʟʤʽʥʫ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʾʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ [147]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʬʨʘʢʪʦʛʨʘʤ, ʨʽʟʥʽ 

ʦʢʩʠʜʠ ʪʘ ʩʫʣʴʬʽʜʠ ʤʝʪʘʣʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʩʪʦʪʥʦ ʨʽʟʥʽ ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ, 

ʦʩʢʽʣʴʢʠ ʢʦʣʠʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʠʤʝʪʨʽʾ [181]. ʉʘʤʝ ʪʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʮʝʡ ʤʝʪʦʜ. 

 

4.1 ʆʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ CuO 

 

4.1.1 ʉʧʝʢʪʨʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʽʚʦʢ ʥʘ ʩʢʣʷʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘʤʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (100-700) ʩʤ-1. ɺʽʜʧʦʚʽʜʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.1. ɺʽʜʦʤʦ, ʱʦ ʩʧʦʣʫʢʘ CuO ʥʘʣʝʞʠʪʴ ʜʦ 

ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ ʉ6
2h ʟ ʜʚʦʤʘ ʤʦʣʝʢʫʣʘʤʠ ʫ ʧʨʠʤʽʪʠʚʥʽʡ ʢʦʤʽʨʮʽ. ʆʧʪʠʯʥʽ 

ʬʦʥʦʥʥʽ ʤʦʜʠ ʮʴʦʛʦ ʦʢʩʠʜʫ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʟʦʥʠ ɹʨʽʣʶʝʥʘ ʟʘʜʘʶʪʴʩʷ ʚʠʨʘʟʦʤ 

ɻRA = 4Au + 5Bu + Ag + 2Bg, ʜʝ ɻ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ ʢʦʣʠʚʘʥʴ, Au ʪʘ Bu 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʤʦʜʘʤ; Ag ʪʘ Bg ï ʈʘʤʘʥʽʚʩʴʢʠʤ ʤʦʜʘʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʘʻʤʦ ʰʽʩʪʴ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʘʢʪʠʚʥʠʭ ʤʦʜ (3Au + 3Bu), ʪʨʠ ʟ ʷʢʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʢʫʩʪʠʯʥʠʭ (ʤʦʜʠ Au + 2Bu), ʘ ʪʨʠ ʜʦ ʈʘʤʘʥʽʚʩʴʢʠʭ (ʤʦʜʠ Ag + 

2Bg) [182].  
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ʈʠʩʫʥʦʢ 4.1 ï ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʚʽʜ ʰʘʨʽʚ CuO ʥʘʥʝʩʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜʢʣʘʜʢʠ, ʂ: ʥʝʚʽʜʧʘʣʝʥʠʡ ʟʨʘʟʦʢ (1), 523 (2), 573 (3), 623 (4), 

673 (5), 723 (6), 773 (7) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʥʘ ʩʧʝʢʪʨʽ ʚʽʜ ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠʩʫʪʥʽʡ 

ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʧʨʠ ʯʘʩʪʦʪʽ 298 ʩʤ-1 ʪʘ ʙʽʣʴʰ ʩʣʘʙʢʽ ʧʽʢʠ ʧʨʠ  ʯʘʩʪʦʪʘʭ  347 

ʩʤ-1 ʪʘ 620 ʩʤ-1, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʥʦʥʥʠʤ ʤʦʜʘʤ A1g, B1g ʽ B2g ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʦʥʦʢʣʽʥʥʦʛʦ CuO, ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʯʘʩʪʦʪʠ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ 

ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʪʘʢ ʫ ʨʦʙʦʪʘʭ [183]ï[188] ʘʚʪʦʨʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʽʢʠ ʟ 

ʯʘʩʪʦʪʘʤʠ (296-298), (346-350), (621-636) ʩʤ-1 ʱʦ ʥʘʣʝʞʘʣʠ ʦʢʩʠʜʫ ʤʽʜʽ (ʜʠʚ. 

ʪʘʙʣʠʮʶ 4.1). 

ʇʽʜ ʯʘʩ ʚʽʜʧʘʣʽʚ ʧʣʽʚʦʢ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʊʘ ¢ 673 ʂ ʚʠʛʣʷʜ ʈʘʤʘʥʽʚʩʴʢʠʭ 

ʩʧʝʢʪʨʽʚ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʚʘʚʩʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʦʙʫʤʦʚʣʝʥʠʡ ʬʦʥʦʥʥʦʶ ʤʦʜʦʶ A1g ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʚʘʚ 

ʩʚʦʶ ʧʽʚʰʠʨʠʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʚʽʜʧʘʣʝʥʠʤʠ ʰʘʨʦʤ (FWHM = 16,6 ʩʤ-1) ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ Ta = 623 ʂ (FWHM = 13,5 ʩʤ-1), ʧʽʩʣʷ ʮʴʦʛʦ ʮʷ ʥʘʧʽʚʰʠʨʠʥʘ ʜʝʱʦ 

ʟʙʽʣʴʰʫʚʘʣʘʩʷ (FWHM = 15,0 ʩʤ-1). ʆʜʥʦʯʘʩʥʦ ʚʽʜʧʘʣ ʚʽʚ ʜʦ ʟʤʽʱʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʧʽʢʫ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ (298 ʩʤ-1) ʩʧʦʯʘʪʢʫ ʚ 

ʩʪʦʨʦʥʫ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ (299 ʩʤ-1) ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʩʪʽ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʪʦʨʦʥʫ ʾʾ ʟʤʝʥʰʝʥʥʷ (297 ʩʤ-1).  
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ʊʘʙʣʠʮʷ 4.1 ï ʈʘʤʘʥʽʚʩʴʢʝ ʟʤʽʱʝʥʥʷ ʧʽʢʽʚ ʦʢʩʠʜʽʚ ʤʽʜʽ ʪʘ ʾʭ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

 Ta, ʂ ʈʘʤʘʥʽʚʩʴʢʠʡ ʟʩʫʚ, ʩʤ-1 ʇʦʩʠʣʘʥʥʷ 

CuO 

ʅʝʚʽʜʧ. 298 347 620 

ʅʘʰʽ 

ʨʝʟʫʣʴʪʘʪʠ 

 

523 299 346 620 

573 297 344 626 

623 297 346 624 

673 297 345 628 

Cu2O 
723 111 150 216 628 

773 110 149 218 633 

CuO 

 298 347 591 [188] 

296 346 631 [187] 

273 321 606 [186] 

288-295 330 621-628 [185] 

303 350 636 [184] 

301 348 633 [183] 

Cu2O 

  218  523 623 [188] 

   525 625 [189] 

150   528 623 [190] 

150 220 415 520 630 [191] 

Cu(OH)2 

  490 [188] 

292 488 [192] 

 460 [190] 

293 488 [193] 
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ɺʽʜʦʤʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʈʘʤʘʥʽʚʩʴʢʠʭ ʧʽʢʽʚ ʪʘ ʾʭ ʧʽʚʰʠʨʠʥʘ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʪʘ ʷʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʰʘʨʽʚ. ʊʦʤʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʽʚ ʩʪʨʫʢʪʫʨʥʘ ʷʢʽʩʪʴ ʧʣʽʚʦʢ ʧʦʢʨʘʱʫʚʘʣʘʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

Ta = 623 ʂ, ʘ ʧʦʪʽʤ ʜʝʱʦ ʧʦʛʽʨʰʫʚʘʣʘʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ɿʩʫʚ ʧʽʢʽʚ ʟʘ ʯʘʩʪʦʪʦʶ ʫ ʨʽʟʥʠʭ ʟʨʘʟʢʘʭ ʚʢʘʟʫʻ 

ʥʘ ʟʤʽʥʫ ʨʽʚʥʷ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʡ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [194].  

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 723 ʂ ʧʽʢʠ ʟ ʯʘʩʪʦʪʘʤʠ (297-

299) ʩʤ-1, (344-347) ʩʤ-1 ʪʘ (620-628) ʩʤ-1 ʫ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʘʭ ʟʥʠʢʘʶʪʴ, ʘ 

ʟʘʤʽʩʪʴ ʥʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʧʨʠ ʽʥʰʠʭ ʯʘʩʪʦʪʘʭ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤ 

ʘʥʘʣʽʟʦʤ ʩʧʝʢʪʨ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʫ Cu2O 

ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʦʜʠʥ ʬʦʥʦʥʥʠʡ ʧʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʯʽ ʚʠʨʦʜʞʝʥʽʡ T2g  

ʩʠʤʝʪʨʽʾ (ʪʨʠʢʨʘʪʥʦ ʚʠʨʦʜʞʝʥʘ ʤʦʜʘ T2g). ʆʜʥʘʢ ʪʠʧʦʚʠʡ ʩʧʝʢʪʨ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʢʠʩʫ ʤʽʜʽ ʥʘʙʘʛʘʪʦ ʙʘʛʘʪʰʠʡ ʪʘ ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʦʜʥʦʬʦʥʦʥʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʢʨʽʤ ʬʦʥʫ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʜʚʦʬʦʥʦʥʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʢʦʣʠʚʘʣʴʥʽ ʤʦʜʠ, ʷʢʽ ʙʫʣʠ ʟʘʙʦʨʦʥʝʥʽ ʚ ʽʜʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ, ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʈʘʤʘʥʽʚʩʴʢʠʤʠ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʩʠʤʝʪʨʽʾ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʧʨʠʩʫʪʥʽʩʪʶ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ [193]. 

ʅʘʤʠ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʯʦʪʠʨʠ ʈʘʤʘʥʽʚʩʴʢʽ ʘʢʪʠʚʥʽ ʬʦʥʦʥʥʽ ʤʦʜʠ, ʾʭ 

ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʣʠ (110-111) ʩʤ-1,  (149-150) ʩʤ-1,  (216-218) ʩʤ-1 ʪʘ (628-633) 

ʩʤ-1 ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʧʨʠ ʯʘʩʪʦʪʽ (216-218) ʩʤ-1 ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʬʘʟʠ Cu2O [189]. ɺʝʣʠʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʢʠ. ʎʝ ʦʜʥʘ ʽʟ ʟʘʙʦʨʦʥʝʥʠʭ 

ʈʘʤʘʥʽʚʩʴʢʠʭ ʤʦʜ ʬʘʟʠ Cu2O, ʷʢʘ ʩʪʘʻ ʘʢʪʠʚʥʦʶ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ 

ʚʽʜʙʦʨʫ. ɺʦʥʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʜʦʟʚʦʣʝʥʝ ʈʘʤʘʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ 2ũ12
ï ï ʤʦʜʠ 

Cu2O ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʅʘʨʷʜʫ ʟ  ʽʥʪʝʥʩʠʚʥʠʤ  ʧʽʢʦʤ  ʧʨʠ  ʯʘʩʪʦʪʽ (216-218) 

ʩʤ-1, ʧʽʢʠ (110-111) ʩʤ-1, (149-150) ʩʤ-1, (628-633) ʩʤ-1 ʩʚʽʜʯʘʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʚ 

ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ ʤʽʜʽ ʟʽ ʩʪʫʧʝʥʝʤ ʦʢʠʩʣʝʥʥʷ Cu+ [195].  
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ʇʽʢ ʟ ʯʘʩʪʦʪʦʶ (110-111) ʩʤ-1 ʧʦʚʠʥʝʥ ʙʫʚ ʙʫʪʠ ʥʝʘʢʪʠʚʥʠʤ, ʘʣʝ ʩʪʘʻ 

ʘʢʪʠʚʥʠʤ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʫ ˇʨʘʪʮʽ, ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʢʠʩʥʝʚʽ 

ʚʘʢʘʥʩʽʾ, ʪʦʜʽ ʷʢ ʧʽʢ ʙʣʠʟʴʢʦ 148 ʩʤ-1 ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʈʘʤʘʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ 

ʥʘ ʬʦʥʦʥʘʭ ʩʠʤʝʪʨʽʾ F1u. ʐʠʨʦʢʠʡ ʧʽʢ ʙʣʠʟʴʢʦ (628-633) ʩʤ-1 ʥʝʤʦʞʣʠʚʦ 

ʚʽʜʥʝʩʪʠ ʜʦ ʧʝʚʥʦʾ ʬʘʟʠ, ʦʩʢʽʣʴʢʠ ʷʢ ʬʘʟʘ CuO, ʪʘʢ ʽ Cu2O ʤʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʭʚʠʣʴʦʚʦʤʫ ʯʠʩʣʽ. 

 

4.1.2 ʉʧʝʢʪʨʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʽʚʦʢ ʥʘ ʛʥʫʯʢʠʭ 

ʧʽʜʢʣʘʜʢʘʭ 

 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʧʣʽʚʦʢ CuO 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʛʥʫʯʢʠʭ ʧʦʣʽʤ̔ʽʜʥʠʭ ʧʽʜʢʣʘʜʢʘʭ.  

 

 

ʈʠʩʫʥʦʢ 4.2 ï ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʚʽʜ ʧʣʽʚʦʢ CuO, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʦʣʽʤ̔ʽʜʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ. ʂʨʠʚʽ 1 ʽ 2-4 ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʚʽʜʧʘʣʝʥʠʤ ʽ ʚʽʜʧʘʣʝʥʠʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 433 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚʠʣʠʥ ʧʣʽʚʢʘʤ. ʂʨʠʚʽ 5-7 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʣʽʚʢʘʤ ʚʽʜʧʘʣʝʥʠʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 573 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 

ʭʚʠʣʠʥ ʚʽʜʧʦʚʽʜʥʦ 
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ʋ ʩʧʝʢʪʨʽ ʚʠʷʚʣʷʻʪʴʩʷ ʪʨʠ ʧʽʢʠ ʧʨʠ ʯʘʩʪʦʪʘʭ 298, 343 ʽ 629 ʩʤ-1. 

ʇʦʣʦʞʝʥʥʷ ʮʠʭ ʧʽʢʽʚ ʙʣʠʟʴʢʽ ʜʦ ʪʠʭ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ CuO ʧʨʠ 296, 346 ʽ 631 ʩʤ-1. ɺʽʜʧʦʚʽʜʥʽ ʧʽʢʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʘʢʪʠʚʥʠʤʠ ʤʦʜʘʤʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ Ag, B1g ʽ B2g ʚʽʜʧʦʚʽʜʥʦ [195], 

[196]. ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʽ ʧʣʽʚʢʠ 

ʤʽʩʪʷʪʴ ʤʦʥʦʢʣʽʥʥʫ ʬʘʟʫ CuO. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.2, ʩʧʝʢʪʨ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʦʩʘʜʞʝʥʠʭ ʧʣʽʚʦʢ 

CuO (ʢʨʠʚʘ 1) ʜʝʤʦʥʩʪʨʫʻ ʜʦʜʘʪʢʦʚʫ ʰʠʨʦʢʫ ʩʤʫʛʫ ʧʨʠ ʯʘʩʪʦʪʽ ʟʤʽʱʝʥʥʷ 600 

ʩʤ-1, ʷʢʘ ʟʥʠʢʘʻ ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 623 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ (ʢʨʠʚʘ 

5). ʈʘʥʽʰʝ ʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʫ ʚʠʧʘʜʢʫ ʧʣʽʚʦʢ CuO, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ [195]. ɿʦʢʨʝʤʘ, ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʜʦʜʘʪʢʦʚʠʡ ʧʽʢ ʧʨʠʙʣʠʟʥʦ ʧʨʠ 590 ʩʤ-1, ʷʢʠʡ ʧʝʨʝʢʨʠʚʘʚʩʷ ʟ ʧʽʢʦʤ B2g CuO, 

ʫʪʚʦʨʶʶʯʠ ʰʠʨʦʢʫ ʩʤʫʛʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.2, ʩʧʝʢʪʨʠ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 573 ʂ (ʢʨʠʚʽ 5-

7), ʥʝ ʤʽʩʪʷʪʴ ʰʠʨʦʢʦʾ ʩʤʫʛʠ ʧʨʠ 600 ʩʤ-1, ʱʦ ʧʦʚôʷʟʘʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ 

ʥʘʷʚʥʽʩʪʶ ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʦʢʩʠʜʫ ʤʽʜʽ ʪʘ, ʤʦʞʣʠʚʦ, ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ CuO2-

ʧʦʜʽʙʥʦʾ ʬʘʟʠ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʚʰʠʨʠʥʘ ʧʽʢʫ ʈʘʤʘʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ 298 ʩʤ-1 ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 573 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ 

(ʨʠʩ. 4.2, ʢʨʠʚʘ 5), ʻ ʥʘʡʤʝʥʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʢʦʶ ʜʣʷ ʦʩʘʜʞʝʥʠʭ ʪʘ ʽʥʰʠʭ 

ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ CuO. ʎʝʡ ʬʘʢʪ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ 

ʧʣʽʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʮʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ (Ta = 573 ʂ, ʯʘʩ 10 ʭʚʠʣʠʥ). 

ɺʽʜʦʤʦ [197], ʱʦ ʥʘʥʦʢʨʠʩʪʘʣʠ Cu2O ʤʘʶʪʴ ʢʫʙʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ O4h (Pn3ľm) ʟ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʤʽʨʢʦʶ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ 

ʯʘʩʪʠʥʢʠ. ʆʪʞʝ, ʽʩʥʫʻ 15 ʦʧʪʠʯʥʠʭ ʽ ʪʨʠ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷ ʪʘʢʦʾ ˇʨʘʪʢʠ. ɰ ʾ

ʩʠʤʝʪʨʽʷ ʧʨʠ k = 0 ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ A2u+Eu+T2g+3T1u+T2u [198], ʜʝ ʬʦʥʦʥʠ ʟ 

ʩʠʤʝʪʨʽʻʶ A2u-, Eu- ʽ T2u ʻ ʤʦʚʯʘʟʥʠʤʠ ʤʦʜʘʤʠ, ʪʦʙʪʦ ʥʽ ʘʢʪʠʚʥʠʤʠ 

ʈʘʤʘʥʽʚʩʴʢʠʤʠ, ʥʽ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ, ʩʠʤʝʪʨʽʷ 3T1u ʚʽʜʧʦʚʽʜʘʻ ʘʢʫʩʪʠʯʥʠʤ 

ʬʦʥʦʥʘʤ, ʘ ʩʠʤʝʪʨʽʷ T2g ʧʦʚôʷʟʘʥʘ ʟ ʘʢʪʠʚʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ˇʨʘʪʢʠ ʈʘʤʘʥʘ 

[198]. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʝʢʪʨ ʽʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʘ Cu2O ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʣʠʰʝ 

ʦʜʠʥ ʦʜʥʦʬʦʥʦʥʥʠʡ ʈʘʤʘʥʽʚʩʴʢʠʡ ʩʠʛʥʘʣ. ʆʜʥʘʢ ʫ [199] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʢ, 
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ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 515 ʩʤ-1, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʜʦʟʚʦʣʝʥʦʾ ʘʢʪʠʚʥʦʾ 

ʤʦʜʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (T2g) Cu2O. ʂʨʽʤ ʪʦʛʦ, ʽʥʰʽ ʧʽʢʠ ʧʨʠ 145, 218, 

412 ʽ 636 ʩʤ-1 ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʘʭ. ɺʦʥʠ ʧʦʚô̫ ʟʘʥʽ 

ʟ ʥʝʘʢʪʠʚʥʦʶ ʈʘʤʘʥʽʚʩʴʢʦʶ ʤʦʜʦʶ, ʦʙʝʨʪʦʥʥʦʶ ʤʦʜʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, 

ʯʝʪʚʝʨʪʦʶ ʬʦʥʦʥʥʦʶ ʤʦʜʦʶ ʽ ʟʘʙʦʨʦʥʝʥʦ ʁ ʤʦʜʦ  ʁ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ Cu2O ʚʽʜʧʦʚʽʜʥʦ [200], [201]. ʉʝʨʝʜ ʮʠʭ ʧʽʢʽʚ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʻ ʈʘʤʘʥʽʚʩʴʢʠʡ ʧʽʢ ʧʨʠ 218 ʩʤ-1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.2, ʫ 

ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʪʘʢʦʛʦ ʧʽʢʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʬʘʟʘ Cu2O ʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ 

ʦʢʩʠʜʫ ʤʽʜʽ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʣʠʰʝ ʚ ʥʝʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ. 

ʈʘʤʘʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ (ʨʠʩ. 4.2, ʢʨʠʚʘ 1) ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʧʽʢ ʧʨʠ 606 ʩʤ-1. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʜʽʙʥʠʡ ʧʽʢ ʧʨʠ 603 ʩʤ-1 ʨʘʥʽʰʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʘʭ ʟ Cu, 

Cu2O, Cu(OH)2 ʽ CuO [188]. ʎʝʡ ʧʽʢ ʙʫʚ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʩʤʫʛʠ ʚʘʣʝʥʪʥʠʭ 

ʢʦʣʠʚʘʥʴ CuīO ʤʝʪʘʩʪʘʙʽʣʴʥʦʛʦ ʦʢʩʠʜʫ CuIII. ʇʨʠʧʫʩʢʘʶʪʴ [188], ʱʦ ʟʘ 

ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʦʢʩʠʜ CuIII  ʧʦʜʽʙʥʠʡ CuO2, ʷʢʠʡ ʫʪʚʦʨʶʪ̒ʴʩʷ ʧʨʠ ʚʠʜʽʣʝʥʥʽ 

O2. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʢ ʈʘʤʘʥʘ ʧʨʠ 603 ʩʤ
-1 ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʷʢ ʤʘʨʢʝʨʥʫ 

ʩʤʫʛʫ ʦʢʩʠʜʫ CuIII. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʢ ʧʨʠ 605 ʩʤ-1, ʪʘʢʞʝ ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʠʯʠʥʝʥʠʡ ʤʝʪʘʩʪʘʙʽʣʴʥʦ  ʁ CuO2-ʧʦʜʽʙʥʦ ʁ ʬʘʟʦ ,ʁ ʷʢʘ ʟʥʠʢʘʻ ʧʽʜ ʯʘʩ 

ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ. ʋ [188] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʢ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ CuIII  

ʟôʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʘʭ CuO/Cu ʘʙʦ Cu(OH)2/Cu. ʐʠʨʠʥʘ ʩʤʫʛʠ 

ʙʣʠʟʴʢʦ 594 ʩʤ-1 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʦʥʘ ʧʦʭʦʜʠʪʴ ʚʽʜ ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨ ʦʢʩʠʜʫ 

Cu, ʷʢʽ ʥʝ ʻ ʘʢʪʠʚʥʠʤʠ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾʨʝʘʢʮʽ ʾʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ [188]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.2, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʘʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʫ 

ʤʽʜʽ ʥʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʚʠʢʣʠʢʘʻ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʰʠʨʦʢʦʾ ʩʤʫʛʠ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ ʙʣʠʟʴʢʦ 600 ʩʤ-1. ʎʷ ʩʤʫʛʘ ʧʨʘʢʪʠʯʥʦ 

ʟʥʠʢʘ ̒ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 573 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ (ʨʠʩ. 4.2, ʢʨʠʚʘ 

5). ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʝʬʝʢʪʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʧʦʷʚʫ ʮʽʻʾ 

ʰʠʨʦʢʦʾ ʩʤʫʛʠ, ʧʦʚôʷʟʘʥʠʭ ʥʘʩʘʤʧʝʨʝʜ ʟ ʥʘʷʚʥʽʩʪʶ ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʦʢʩʠʜʫ ʤʽʜʽ 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʢʘʭ, ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʰʠʨʠʥʘ 
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ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʽʢʫ ʧʨʠ 298 ʩʤ-1 ʟʤʝʥʰʫʻʪʴʩʷ ʟ 13 ʩʤ-1 ʜʣʷ ʱʦʡʥʦ ʚʠʨʦʱʝʥʦʛʦ 

ʟʨʘʟʢʘ ʜʦ 10 ʩʤ-1 ʜʣʷ ʟʨʘʟʢʘ, ʚʽʜʧʘʣʝʥʦʛʦ ʟʘ ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʢʨʠʩʪʘʣʽʯʥʫ ʪʘ ʦʧʪʠʯʥʫ 

ʷʢʽʩʪʴ ʧʣʽʚʦʢ CuO ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ, ʷʢʱʦ ʾʭ ʚʽʜʧʘʣʠʪʠ ʧʨʠ 573 ʂ 

ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ. ʎʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʫ 

ʜʦ 30 ʭʚʠʣʠʥ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʧʦʜʚʽʡʥʦʛʦ ʧʽʢʫ ʧʨʠ 298 ʩʤ-1. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ 

ʧʽʢʫ ʻ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʯʘʩʪʦʪʽ 295 (ʦʩʥʦʚʥʠʡ) ʽ 298 (ʧʝʨʝʛʠʥ) ʩʤ-1. ɹʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ , ʱʦ ʧʦʣʦʞʝʥʥʷ ʧʽʢʫ ʧʨʠ 298 ʩʤ-1 ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʅʏ 

CuO. ʊʘʢ ʫ [202], [203] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʧʦʣʦʞʝʥʥʷ ʧʽʢʫ 

ʩʠʤʝʪʨʽʾ A1g ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ 297 ʩʤ-1. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʦʣʦʞʝʥʥʷ ʮʴʦʛʦ ʧʽʢʫ ʫ 

ʚʠʧʘʜʢʫ ʅʏ ʨʦʟʤʽʨʦʤ 10 ʥʤ ʩʪʘʥʦʚʠʪʴ 282 ʩʤ-1 [202]. ɺʨʘʭʦʚʫʶʯʠ ʮʝʡ 

ʨʝʟʫʣʴʪʘʪ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʽʜʧʘʣ ʧʣʽʚʦʢ CuO ʧʨʠ 573 ʂ ʧʨʦʪʷʛʦʤ 30 

ʭʚʠʣʠʥ (ʨʠʩ. 4.2, ʢʨʠʚʘ 6) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʤʝʥʰʠʭ 

ʨʦʟʤʽʨʽʚ ʧʦʨʷʜ ʟ ʫʞʝ ʥʘʷʚʥʠʤʠ. ʎʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʚ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜ ʯʘʩ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ. 

 

4.1.3 ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʦʢ ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ 

 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʦʢ 

ʦʢʩʠʜʫ ʤʽʜʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʶʚʘʣʠ ʩʧʝʢʪʨʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ. ʅʘ ʨʠʩ. 4.3 

ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʟʥʷʪʽ ʧʨʠ T = 573 K ʚʽʜ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ 

ʧʨʠ Ta = 673 ʂ (ʢʨʠʚʘ 1) ʽ 723 ʂ (ʢʨʠʚʘ 2). ʋ ʩʧʝʢʪʨʽ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ (ʢʨʠʚʘ 1) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 500 ʥʤ (2,48 ʝɺ), ʘ ʪʘʢʦʞ ʻ ʦʟʥʘʢʘ ʫ 

ʚʠʛʣʷʜʽ ʧʝʨʝʛʠʥʫ ʧʨʠ 618 ʥʤ (2,01 ʝɺ), ʷʢʘ ʧʦʟʥʘʯʝʥʘ ʩʪʨʽʣʢʦʶ.  
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ʈʠʩʫʥʦʢ 4.3 ï ʉʧʝʢʪʨʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 673 ʂ  

(ʢʨʠʚʘ 1) ʪʘ 723 ʂ (ʢʨʠʚʘ 2) 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʤʘʢʩʠʤʫʤʫ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʠʪʴ ʙʣʠʟʴʢʘ ʜʦ 

ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʧʨʷʤʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʧʦʣʫʢʠ Cu2O (Eg = 2,41 ʝɺ). ʊʦʤʫ 

ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʝʡ ʤʘʢʩʠʤʫʤ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʨʷʤʠʤʠ 

ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʩʘʤʝ ʮʽʻʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ.  

ɺʦʜʥʦʯʘʩ ʧʦʷʚʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʝʢʪʨʘ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʜʦʚʞʠʥʽ 618 

ʥʤ (2,01 ʝɺ) ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʷʤʠʤʠ ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʬʘʟʠ 

CuO, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʪʘʢʠʭ ʧʝʨʝʭʦʜʽʚ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ 1,91 ʝɺ. ʉʧʝʢʪʨ 

ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʡ ʜʣʷ ʧʣʽʚʢʠ, ʚʽʜʧʘʣʝʥʦʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 723 ʂ 

(ʢʨʠʚʘ 2), ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʬʦʨʤʦʶ ʚʽʜ ʩʧʝʢʪʨʘ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʢʨʠʚʦʶ 1. ɿʦʢʨʝʤʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʠʱʝ 600 ʥʤ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʧʦʛʣʠʥʘʥʥʷ, ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʮʽʡ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʧʨʷʤʠʤʠ ʪʘ ʥʝʧʨʷʤʠʤʠ ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʧʦʚô̫ ʟʘʥʠʤʠ 

ʟ ʬʘʟʦʶ CuO. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ (l > 650 ʥʤ) ʟʥʘʯʥʦ ʤʝʥʰʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʣʽʚʢʘʤʠ, ʚʽʜʧʘʣʝʥʠʤʠ ʧʨʠ 673 ʂ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʟʨʘʟʢʽʚ, 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 723 ʂ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʚʥʝʩʦʢ 
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ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ CuO ʧʦʨʽʚʥʷʥʦ ʟ ʪʘʢʠʤ ʚʽʜ ʬʘʟʠ Cu2O. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʫʞʝ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 

ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʘʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

4.1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʥʘ ʩʢʣʷʥʠʭ 

ʧ̔ʜʢʣʘʜʢʘʭ 

 

ʅʘ ʨʠʩ. 4.4 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ R(l) 

ʪʘ ʧʨʦʧʫʩʢʘʥʥʷ T(l) ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ CuO, ʪʘ ʧʣʽʚʦʢ ʚʽʜʧʘʣʝʥʠʭ ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ Ta. ɺʠʜʥʦ, ʱʦ ʱʦʡʥʦ ʥʘʥʝʩʝʥʘ ʧʣʽʚʢʘ ʤʘʻ ʥʘʡʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ Ta ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʟʨʦʩʪʘʻ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʽʜʙʠʪʪʷ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʤ ʧʨʠ Ta ² 723 ʂ. ʇʦʜʽʙʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʠʡ ʟʤʝʥʰʝʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ.  

 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʧʝʢʪʨʠ ʚʽʜʙʠʪʪ ̫R(l) (ʘ) ʪʘ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ T(l) (ʙ) 

ʥʝʚʽʜʧʘʣʝʥʠʭ (1) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ Ta (ʂ): 

523 (2), 573 (3), 623 (4), 673 (5) , 723 (6), 773 (7) ʧʣʽʚʦʢ CuO. ʅʘ ʚʩʪʘʚʮʽ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ CuO ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʊʘʫʢʘ 
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ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʩʧʝʢʪʨʽʚ 

R(l), ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʟʨʘʟʢʽʚ, ʚʽʜʧʘʣʝʥʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨ (723ï773) ʂ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʽ ʤʽʥʽʤʫʤʽʚ ʩʧʝʢʪʨʽʚ 

ʙʫʣʦ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʦ ʪʦʚʱʠʥʫ ʧʣʽʚʦʢ, ʷʢʘ ʚʠʷʚʠʣʘʩʷ ʨʽʚʥʦʶ d = 0,443 ʤʢʤ. 

ʆʜʝʨʞʘʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ  ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ 

R(l), T(l) ʙʫʣʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʛʣʠʥʘʥʥʷ a (l) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ. 

ʅʘ ʨʠʩ. 4.5 ʘ,ʙ ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ 

ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʪʘ ʢʨʠʚʽ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ. ʂʨʠʚʘ 

1 (ʨʠʩ. 4.5 ʘ) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʮʠʭ ʧʣʽʚʦʢ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʟ 1,40 ʝɺ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʢʩʠʜʫ [204], 

[205], ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ, 

ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʝ ʦʧʪʠʯʥʠʤʠ ʥʝʧʨʷʤʠʤʠ ʜʦʟʚʦʣʝʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ Eg ʫ ʚʠʧʘʜʢʫ ʪʘʢʠʭ ʧʝʨʝʭʦʜʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1,40 ʝɺ.  

 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ (ʘ) ʪʘ ʧʝʨʰʦʾ 

ʧʦʭʽʜʥʦʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ (ʤʝʪʦʜ ACFD) (ʙ) ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ  

CuxO (1), ʪʘ ʧʣʽʚʦʢ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2-7) 

Ta, ʂ: 523, 573, 623, 673, 723 ̔ 773 ʚʽʜʧʦʚʽʜʥʦ 
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ɿô̫ ʩʦʚʘʥʦ, ɦ ʦ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ (> 1,50 ʝɺ) ʢʨʫʪʠʟʥʘ 

ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʽʥʰʠʭ, ʘ ʩʘʤʝ ʧʨʷʤʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ [205], 

ʟʥʘʯʝʥʥʷ Eg ʜʣʷ ʧʨʷʤʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʜʣʷ CuO ʩʪʘʥʦʚʠʪʴ 1,91 ʝɺ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ ʟʤʽʱʫʻʪʴʩʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʘ ʢʨʫʪʠʟʥʠ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʘ ʟʤʽʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ ʘʙʦ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʨʽʟʥʠʡ 

ʚʥʝʩʦʢ ʜʚʦʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ (CuO ʪʘ Cu2O) ʫ ʬʦʨʤʫ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.5 ʘ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ (523ï673) ʂ, ʟʤʽʱʫʻʪʴʩʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʩʪʦʨʦʥʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ 

ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʟʨʘʟʢʘ. ʂʨʽʤ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʟʩʫʚʫ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʨʫʪʠʟʥʠ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʝʨʝʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʤʦʞʝ ʟʫʤʦʚʣʶʚʘʪʠ ʭʘʨʘʢʪʝʨ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʟʩʫʚʫ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʨʝʟʫʣʴʪʘʪ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 3.1, ʜʝ ʜʣʷ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʫ [20-2] ʨʦʟʤʽʨ ʆʂʈ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ L, ʟʨʦʩʪʘʻ ʚʽʜ 

6,8 ʥʤ ʜʦ 10,4 ʥʤ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʽʜ 523 ʂ ʜʦ 623 ʂ.  

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 673 ʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ L ʜʦ 7,4 ʥʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʬʘʟʠ 

Cu2O. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʥʠʟʴʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʩʫʚʠ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ  

Ta = 673 ʂ ʪʘʢʦʞ ʟʫʤʦʚʣʝʥʽ ʮʽʻʶ ʧʨʠʯʠʥʦʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʘʥʦʢʨʠʩʪʘʣʽʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʧʝʚʥʫ ʜʠʩʧʝʨʩʽʶ ʩʚʦʾʭ ʨʦʟʤʽʨʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʪʠʭ ʨʦʟʤʽʨʽʚ, ʜʣʷ ʷʢʠʭ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ. 

ʆʪʞʝ, ʧʦʛʣʠʥʘʥʥʷ ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʝ ʦʧʪʠʯʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʟʘ ʫʯʘʩʪʶ ʥʘʥʦʢʨʠʩʪʘʣʽʪʽʚ ʽʟ ʪʨʦʭʠ ʙʽʣʴʰʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ, 

ʥʽʞ ʫ ʦʙô̒ ʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʘ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʘʥʩʘʤʙʣʶ 

ʥʘʥʦʢʨʠʩʪʘʣʽʪʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʾʭ ʚʽʜʥʦʩʥʠʭ 

ʚʢʣʘʜʽʚ. ʊʦʤʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʥʝʩʢʫ ʜʨʽʙʥʠʭ ʟʝʨʝʥ, ʷʢʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʮʝʩʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ, ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʙʫʜʝ ʟʤʽʱʫʚʘʪʠʩʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ 

ʩʪʦʨʦʥʫ ʩʧʝʢʪʨʘ. ʆʩʢʽʣʴʢʠ ʢʨʫʪʠʟʥʘ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʚʽʜ 523 ʂ ʜʦ 623 ʂ, ʮʝ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʦʢʨʘʱʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʪʘ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʥʝʚʽʜʧʘʣʝʥʠʤʠ ʧʣʽʚʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʧʘʣʫ 623 ʂ ̒  ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦ  ʁʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʟ ʥʘʡʙʽʣʴʰʠʤ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʥʦʟʝʨʝʥ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʨʘʱʦʶ ʦʧʪʠʯʥʦʶ ʷʢʽʩʪʶ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʪʘʙʣʠʮ ̔3.1, 

ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʽʚʝʥʴ 

ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʾ e ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʫ ʟʨʘʟʢʘʭ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 623 ʂ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 723 ʂ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʽʥʰʠʭ 

ʟʨʘʟʢʽʚ. ʊʫʪ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ ʩʠʣʴʥʦ ʟʤʽʱʝʥʠʡ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʫ ʩʪʦʨʦʥʫ. ʇʨʠ 

ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʛʣʠʥʘʥʥʷ ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ (< 2,00 ʝɺ) ʟʥʘʯʥʦ 

ʟʥʠʞʫʻʪʴʩʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʫ 

ʙʽʣʴʰ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ (< 1,50 ʝɺ). ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʧʦʛʽʨʰʝʥʥʷʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʪʘ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ, ʷʢʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʪʘʢʝ ʧʦʛʽʨʰʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ, ʤʦʞʝ ʙʫʪʠ ʫʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ʜʚʦʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʬʘʟ, ʘ ʩʘʤʝ CuO ʪʘ Cu2O. ʎʝ ʪʘʢʦʞ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 3.1 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ Cu2O ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 723 ʂ ̔  773 

ʂ, ʷʢʘ ʻ ʤʝʥʰ ʩʪʘʙʽʣʴʥʦʶ ʩʧʦʣʫʢʦʶ, ʥʽʞ CuO. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʩʫʤʽʰʽ ʬʘʟ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʠʪʴ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʨʦʟʦʨʦʩʪʽ ʧʣʽʚʦʢ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʥʘʥʦʟʝʨʥʘ Cu2O ʤʘʶʪʴ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʨʷʤʦʾ ʜʦʟʚʦʣʝʥʦʾ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

(ʙʣʠʟʴʢʦ 2,40 ʝɺ), ʥʽʞ ʘʥʘʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʧʦʣʫʢʠ CuO (1,90 ʝɺ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʬʘʟ ʧʦʚʠʥʥʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʟ ʝʥʝʨʛʽʻʶ ʚʠʱʝ 2,00 ʝɺ. 
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4.1.5 ɺʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʣʽʚʦʢ CuO ʥʘ ʩʢʣʷʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ ʤʝʪʦʜʘʤʠ ʊʘʫʢʘ ʪʘ ACFD 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʦʢʩʠʜʽʚ ʤʽʜʽ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ da/dE 

ʩʧʦʣʫʢʠ (ʤʝʪʦʜ ACFD) [206], [207] ʪʘ ʤʝʪʦʜ ʘʧʨʦʢʩʠʤʘʮʽʾ ʊʘʫʢʘ [208].  

ʅʘ ʨʠʩ. 4.5 ʙ ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ACFD ʜʣʷ 

ʥʝʚ̔ʜʧʘʣʝʥʦʾ ʧʣʽʚʢʠ (ʢʨʠʚʘ 1) ʪʘ ʧʣʽʚʦʢ, ʱʦ ʚʽʜʧʘʣʶʚʘʣʠʩʷ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʢʨʠʚʽ 2ï6). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʝʢʪʨ ACFD ʥʝʚʽʜʧʘʣʝʥʦʾ ʧʣʽʚʢʠ 

(ʢʨʠʚʘ 1)  ̒ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ. ɿʦʢʨʝʤʘ, ʥʘ ʥʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʠ 

ʧʨʠ ʝʥʝʨʛʽʾ 1,63 ʝɺ ʽ 1,91 ʝɺ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʦʞ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʩʠʣʴʥʦ ʟʘʪʷʛʥʫʪʠʡ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʢʨʘʡ ʩʧʝʢʪʨʫ ACFD ʜʦ 2,60 ʝɺ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ 

ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ [209]. ʄʠ ʧʨʠʧʫʩʪʠʣʠ, ʱʦ ʧʦʷʚʘ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ 

1,63 ʝɺ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʘ ʥʝʧʨʷʤʠʤʠ ʜʦʟʚʦʣʝʥʠʤʠ ʤʽʞʟʦʥʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ɺʽʜʦʤʦ, ʱʦ ʝʥʝʨʛʽʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʜʣʷ CuO ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ 

(1,10-1,70) ʝɺ [210]. ɼʨʫʛʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 1,91 ʝɺ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʨʷʤʠʭ 

ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʝʥʝʨʛʽʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʫ [205]. ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʢʨʘʡ ACFD ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ 

(2,20-2,60) ʝɺ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʠʡ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʜʣʷ ʩʧʦʣʫʢʠ Cu2O. ʆʪʞʝ, ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʤʽʩʪ ʥʝʚʝʣʠʢʦ ʾʢʽʣʴʢʦʩʪ̔ 

ʬʘʟʠ Cu2O ʫ ʥʝʚʽʜʧʘʣʝʥʽʡ ʧʣʽʚʮ.̔  

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʚʽʜʧʘʣ ʧʣʽʚʦʢ ʚʠʢʣʠʢʘʻ ʥʘʩʪʫʧʥʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʘʭ ACFD. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʩʧʝʢʪʨ, ʦʪʨʠʤʘʥʠʡ ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 523 ʂ, ʧʦʜʽʙʥʠʡ ʜʦ ʪʘʢʦʛʦ ʜʣʷ ʥʝʚʽʜʧʘʣʝʥʦʾ  ʧʣʽʚʢʠ. ʇʨʦʪʝ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʨʦʩʪʘʻ ʚʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʫ ACFD 

ʧʨʠ 1,62 ʝɺ. ɽʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʫ ʟʤʽʱʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ 

ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ ʽ ʚʽʜʧʦʚʽʜʘʻ 1,88 ʝɺ.  

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 573 ʂ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘ ACFD ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ (2,00-2,60) ʝɺ. 
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ɽʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʽʚ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ 1,65 ʝɺ ʪʘ 1,77 ʝɺ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʘʣʫ ʜʦ 623 ʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʚʫʞʝʥʥʷ ʩʧʝʢʪʨʫ ACFD ̔ 

ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʣʠʰʝ ʧʝʨʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʝʥʝʨʛʽʾ 1,59 ʝɺ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 

4.5 ʙ, ʧʣʽʚʢʠ, ʚʽʜʧʘʣʝʥʽ ʧʨʠ Ta = 673 ʂ, ʤʽʩʪʷʪʴ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʧʨʠ 1,66 ʝɺ ʽ 

1,86 ʝɺ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʪʷʛʥʫʪʠʡ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʢʨʘʡ ʩʧʝʢʪʨʘ 

ACFD. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʨʫʛʠʡ ʤʘʢʩʠʤʫʤ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ, ʥʽʞ ʧʝʨʰʠʡ 

ʤʘʢʩʠʤʫʤ. ʉʧʝʢʪʨ ACFD ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 723 ʂ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʽʥʰʠʭ ʩʧʝʢʪʨʽʚ. ɺʽʥ ʦʭʦʧʣʶʻ ʩʧʝʢʪʨʘʣʴʥʫ ʦʙʣʘʩʪʴ ʚʽʜ 1,80 ʝɺ ʜʦ 2,80 ʝɺ, ʘ 

ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʁʪʴʩʷ ʤʘʢʩʠʤʫʤʠ ʧʨʠ ʝʥʝʨʛʽʷʭ 1,87 ʝɺ, 2,17 ʝɺ ʽ 2,41 ʝɺ. 

ɿʤʽʥʫ ʚ ʩʧʝʢʪʨʘʭ ACFD ʜʣʷ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, ʧʨʠʧʫʩʪʠʚʰʠ ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥʦ-ʟʦʥʥʠʭ  

ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʩʧʦʣʫʢʠ CuO ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʠʙʣʠʟʥʦ 1,90 ʝɺ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʮʠʭ 

ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʝ ʧʦʨʫʰʝʥʥʷʤ ʧʨʘʚʠʣ ʚʽʜʙʦʨʫ 

ʚʥʘʩʣʽʜʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʬʘʟʠ Cu2O ʫ ʧʣʽʚʮʽ CuO. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʣʦʢʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ, ʚʠʢʣʠʢʘʥʦʛʦ ʮʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʬʘʟʠ Cu2O ʟʤʝʥʰʫʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʘʣ ʧʣʽʚʦʢ CuxO ʧʦʢʨʘʱʫʻ ʢʨʠʩʪʘʣʽʯʥʫ ʪʘ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʢʨʘʱʫ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ ʤʘʶʪʴ ʧʣʽʚʢʠ, ʚʽʜʧʘʣʝʥʽ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 623 ʂ, ʫ ʷʢʠʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ Cu2O. 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 723 ʂ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ 

Cu2O, ̫ʢʘ ʩʪʘʻ ʚʠʟʥʘʯʘʣʴʥʦʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʘ ʩʣʘʙʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠ 1,86 ʝɺ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʧʨʷʤʠʤʠ ʟʘʙʦʨʦʥʝʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʜʣʷ ʬʘʟʠ CuO. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʥʰʽ ʤʘʢʩʠʤʫʤʠ ʧʨʠ 

2,17 ʝɺ i 2,41 ʝɺ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʷʤʠʤ ʟʘʙʦʨʦʥʝʥʠʤ i ʧʨʷʤʠʤ ʜʦʟʚʦʣʝʥʠʤ 

ʧʝʨʝʭʦʜʘʤ, ʦʩʢʽʣʴʢʠ ʮ ̔ʝʥʝʨʛʽʾ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ̔ʟʥʘʯʝʥʥʷʤʠ (2,17 ʝɺ ʪʘ 

2,62 ʝɺ ʚʽʜʧʦʚʽʜʥʦ), ʥʘʚʝʜʝʥʠʤʠ ʫ [204]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ CuxO 
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ʜʫʞʝ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʦʢʨʝʤʘ, 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴ ʟ ʜʘʥʠʤʠ ʾʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʜʦʩʣʽʜʞʝʥʴ, 

ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʽʟ ʬʘʟʠ CuO ʫ Cu2O ʪʨʦʭʠ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ  

673 ʂ.  

ʋ ʮɹʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜ ʊʘʫʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʝʨʛʽʡ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ [208]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʝʢʪʨʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʫʚʘʣʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ‌Ὤ’ Ⱦ Ὤ’ , ‌Ὤ’ Ⱦ Ὤ’ , ʘ ʪʘʢʦʞ 

‌Ὤ’ Ὤ’, ʘ ʣʽʥʽʡʥʫ ʜʽʣʷʥʢʫ ʛʨʘʬʽʢʽʚ ʙʫʣʦ ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʦ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ 

ʚʽʩʴ. ɿʥʘʯʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʘʤʠ ACFD ̔ ʊʘʫʢʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.2. 

 

ʊʘʙʣʠʮʷ 4.2 ï ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʣʽʚʦʢ CuxO, 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʨʽʟʥʠʭ ʟʦʥʦ-ʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ. 

ʊʠʧ ʟʦʥʦ-ʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ / 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʘʣʫ. 

Ta, ʂ 

ʅʝʚʽʜʧ. 523 573 623 673 723 

ʅʝʧʨʷʤʘ ʜʦʟʚʦʣʝʥʘ ʟʦʥʘ (ʝɺ). 

ʄʝʪʦʜ ACFD (CuO). 
1,63 1,62 1,65 1,59 1,66 - 

ʇʨʷʤʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ (ʝɺ). 

ʄʝʪʦʜ ACFD (CuO). 
1,91 1,88 1,77 - 1,66 1,87 

ʇʨʷʤʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ (ʝɺ). 

ʄʝʪʦʜ ACFD (Cu2O). 
- - - - - 2,17 

ʇʨʷʤʘ ʜʦʟʚʦʣʝʥʘ ʟʦʥʘ (ʝɺ). 

ʄʝʪʦʜ ACFD (Cu2O). 
- - - - - 2,41 

ʅʝʧʨʷʤʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ 

(ʝɺ). ʄʝʪʦʜ ʊʘʫʢʘ (CuO). 
1,63 1,50 1,50 1,46 1,51 - 

ʇʨʷʤʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ (ʝɺ). 

ʄʝʪʦʜ ʊʘʫʢʘ (CuO). 
1,81 1,75 1,67 1,55 1,74 - 
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4.1.6 ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ CuO ʥʘ ʛʥʫʯʢʠʭ 

ʧʽʜʢʣʘʜʢʘʭ 

 

ʅʘ ʨʠʩ. 4.6 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʦʪʨʠʤʘʥʠʭ 

ʥʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʥʝʚʽʜʧʘʣʝʥʠʭ ʟʨʘʟʫ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ (ʢʨʠʚʘ 1) ʪʘ 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 433 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʪʘ 60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2-4 

ʚʽʜʧʦʚʽʜʥʦ). ʎʽ ʩʧʝʢʪʨʠ ʦʭʦʧʣʶʶʪʴ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜ 1,10 ʝɺ ʜʦ  

1,80 ʝɺ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ XRD-ʚʠʤʽʨʽʚ, ʧʦʛʣʠʥʘʥʥʷ ʟʫʤʦʚʣʝʥʝ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʶ ʤʦʥʦʢʣʽʥʥʦʾ ʬʘʟʠ CuO ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʝ ʟ ʜʦʟʚʦʣʝʥʠʤʠ 

ʥʝʧʨʷʤʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ [211]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʦʥʦʚʝ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʟʫʤʦʚʣʝʥʝ, ʥʘʩʘʤʧʝʨʝʜ, 

ʥʘʷʚʥʽʩʪʶ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʢʘʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʽ, 

ʤʦʞʣʠʚʦ, ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ, ʘ ʪʘʢʦʞ ʥʝʙʘʞʘʥʠʭ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ, ʷʢʽ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ. ɺʽʜʧʘʣ ʪʘʢʠʭ 

ʧʣʽʚʦʢ ʧʨʠ Ta = 433 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ (ʢʨʠʚʘ 2) ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʣʷ ʚʽʜʧʘʣʝʥʠʭ 

ʧʣʽʚʦʢ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʚʽʜʧʘʣʝʥʠʤʠ ʧʣʽʚʢʘʤʠ, 

ʘ ʢʨʫʪʠʟʥʘ ʾʭ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʫ ʜʦ 

30 ʭʚʠʣʠʥ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ, 

ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ (ʢʨʠʚʘ 3). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ ʟʘ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ɺʦʜʥʦʯʘʩ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʫ ʜʦ 60 

ʭʚʠʣʠʥ (ʢʨʠʚʘ 4) ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ, ʦʩʢʽʣʴʢʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʢʨʫʪʠʟʥʘ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʦʞʝʥʥʷʤ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ 

ʥʝʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ. 
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ʈʠʩʫʥʦʢ 4.6 ï ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ: 

ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ (ʢʨʠʚʘ 1) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 433 ʂ ʧʨʦʪʷʛʦʤ 10, 

30 ʽ 60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2 - 4 ʚʽʜʧʦʚʽʜʥʦ) 

 

ʎʽʢʘʚʦ ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʣʽʚʦʢ CuO ʟ ʾʭ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘʚʝʜʝʥʠʤʠ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ (ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʪʘ ʈʘʤʘʥʽʚʩʴʢʽ ʚʠʤʽʨʶʚʘʥʥʷ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ XRD ʚʠʤʽʨʶʚʘʥʴ, ʷʢ ʥʝʚʽʜʧʘʣʝʥʽ ʧʣʽʚʢʠ, ʪʘʢ ʽ ʚʽʜʧʘʣʝʥʽ ʧʨʠ Ta 

= 433 ʂ, ʤʽʩʪʷʪʴ ʧʽʢ ʚʽʜʙʠʪʪʷ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽʡ ʧʣʦʱʠʥʽ (110) ʢʫʙʽʯʥʦʾ ʬʘʟʠ Cu2O. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʮʽ 

ʧʣʽʚʢʠ ʤʽʩʪʷʪʴ ʜʫʞʝ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ Cu2O. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʫ ʚʽʜʙʠʪʪʷ (110) ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 433 ʂ ʧʨʦʪʷʛʦʤ 

30 ʭʚʠʣʠʥ, ʻ ʥʘʡʤʝʥʰʦʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʮʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʣʷ ʥʝʚʽʜʧʘʣʝʥʠʭ ̔  

ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ. ʎʝ ʢʦʨʝʣʶʻ ʟ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʧʣʽʚʢʠ, ʚʽʜʧʘʣʝʥʽ ʧʨʠ Ta = 433 ʂ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ, ʤʘʶʪʴ 

ʥʘʡʢʨʘʱʫ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʽʚʢʘʤʠ ʷʢ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ, ʪʘʢ ʽ ʧʽʜ 

ʯʘʩ ʚʽʜʧʘʣʫ ʧʨʦʪʷʛʦʤ 10 ʽ 60 ʭʚʠʣʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʬʘʟʠ Cu2O 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ. 
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ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʈʘʤʘʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʪʘ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ. ɿʦʢʨʝʤʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, 

ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 433 ʂ, ʤʽʩʪʷʪʴ ʰʠʨʦʢʫ ʩʤʫʛʫ 

ʙʽʣʷ 600 ʩʤ-1, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʥʘʷʚʥʽʩʪʶ ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʦʢʩʠʜʫ 

ʤʽʜʽ ʚ ʧʣʽʚʢʘʭ CuO. ʂʨʽʤ ʪʦʛʦ, ʥʝ ʚʠʢʣʶʯʝʥʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ 

CuO2-ʧʦʜʽʙʥʦʾ ʬʘʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʩʫʪʥʽʩʪʴ ʮʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʪʘʢʦʞ 

ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ ʧʣʽʚʦʢ CuO. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʯʘʩ ʚʽʜʧʘʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Ta = 433 ʂ ̔ ʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ 

ʧʣʽʚʦʢ, ʘ ʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʯʘʩʫ 30 ʭʚ. 

ʅʘ ʨʠʩ. 4.7 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ CuO ̫ʢ ʥʝʚʽʜʧʘʣʝʥʦʾ 

(ʢʨʠʚʘ 1), ʪʘʢ ʽ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 573 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2-

4 ʚʽʜʧʦʚʽʜʥʦ). ɺʠʜʥʦ, ʱʦ ʚʽʜʧʘʣ ʧʣʽʚʦʢ CuO ʧʨʠ Ta = 573 ʂ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ 

ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʝ (ʫ ʧʽʚʪʦʨʘ ʨʘʟʠ) ʟʥʠʞʝʥʥʷ ʬʦʥʫ ʧʦʛʣʠʥʘʥʥʷ (ʢʨʠʚʘ 2) 

ʧʦʨʽʚʥʷʥʦ ʟ ʬʦʥʦʤ ʧʦʛʣʠʥʘʥʥʷ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ (ʢʨʠʚʘ 1). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʨʫʪʠʟʥʠ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʱʦ ʦʧʪʠʯʥʘ ʷʢʽʩʪʴ ʧʣʽʚʦʢ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʚʽʜʧʘʣʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʧʽʢ ʚʽʜ ʧʣʦʱʠʥʠ (110), ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʥʘʷʚʥʽʩʪʶ ʬʘʟʠ Cu2O, ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʽʜʧʘʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʣʽʚʢʠ ʤʽʩʪʷʪʴ ʣʠʰʝ ʯʠʩʪʫ ʬʘʟʫ CuO. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʨʘʱʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʷʢʦʩʪʽ ʧʣʽʚʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʢʨʘʱʝʥʥʷʤ ʾʭ ʦʧʪʠʯʥʦʾ ʷʢʦʩʪʽ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʈʘʤʘʥʽʚʩʴʢʠʭ ʚʠʤʽʨʶʚʘʥʴ.  

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʫ ʜʦ 30 ʭʚʠʣʠʥ ʚʠʢʣʠʢʘʻ ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ ʟʩʫʚ 

ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ (ʨʠʩ. 4.7). ʆʧʪʠʯʥʘ ʷʢʽʩʪʴ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ Ta = 573 ʂ 

ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ (ʢʨʠʚʘ 3), ʜʝʱʦ ʧʦʛʽʨʰʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʾʭ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʽʚʢʘʤʠ, ʚʽʜʧʘʣʝʥʠʤʠ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ. 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʽʜʧʘʣʫ ʚʠʢʣʠʢʘʻ ʥʝʟʥʘʯʥʠʡ ʟʩʫʚ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ 

ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ (ʢʨʠʚʘ 4), ʘ ʬʦʥ ʧʦʛʣʠʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 4.7 ï ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʧʦʣʽʤ̔ʽʜʽ: ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ (ʢʨʠʚʘ 1) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 573 ʂ ʧʨʦʪʷʛʦʤ 10, 30 ʽ 

60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2 - 4 ʚʽʜʧʦʚʽʜʥʦ) 

 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ ʟʩʫʚ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʟʫʤʦʚʣʝʥʠʡ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʣʽʚʦʢ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʫʻʪʴʩʷ ʚʥʝʩʢʦʤ 

ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ʉʝʨʝʜ ʥʠʭ ʻ ʢʨʠʩʪʘʣʽʪʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʙʣʠʟʴʢʠʡ ʜʦ 

ʨʦʟʤʽʨʫ ʨʘʜʽʫʩʘ ʝʢʩʠʪʦʥʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʚʘʥʪʦʚʦ-

ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ ʟʩʫʚ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. 

ʊʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʽʚ ʚʠʢʣʠʢʘʻ ʟʤʽʱʝʥʥʷ ʢʨʘʶ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚʠʱʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʧʣʽʚʦʢ, ʚʽʜʧʘʣʝʥʠʭ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ, 

ʧʦʢʘʟʘʣʦ (ʨʠʩ. 4.2, ʢʨʠʚʘ 6), ʱʦ ʧʽʢ ʙʽʣʷ ʯʘʩʪʦʪʠ 298 ʩʤ-1 ʜʝʤʦʥʩʪʨʫʻ ʧʦʜʚʽʡʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʂʨʽʤ ʧʽʢʫ ʧʨʠ 298 ʩʤ-1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʝ ʦʜʠʥ ʧʽʢ ʧʨʠ 295 ʩʤ-1, ʱʦ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʷʚʫ ʢʨʠʩʪʘʣʽʪʽʚ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ 

ʨʦʟʤʽʨʘʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʽʥʰʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, 

ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʦʚʛʦʭʚʠʣʴʦʚʠʤ ʟʩʫʚʦʤ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ 

ʮʠʭ ʧʣʽʚʦʢ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ. ʆʜʥʘʢ ʮʶ 

ʨʽʟʥʠʮʶ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʝʨʰ ʟʘ ʚʩʝ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 



139 
 

 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʽʟʠʯʥʽ 

ʧʨʦʮʝʩʠ, ʧʦʚô̫ ʟʘʥʽ ʷʢ ʟ ʧʦʚʝʨʭʥʝʶ ʧʣʽʚʢʠ, ʪʘʢ ʽ ʟ ʾʾ ʦʙô̒ ʤʦʤ, ʪʦʙʪʦ ʟʘ ʚʩʽ̒ʁ 

ʪʦʚʱʠʥʦ  ʁʧʣʽʚʢʠ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ 6 ʤʽʢʨʦʥ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʽʥʬʦʨʤʘʮʽʷ ʦʜʝʨʞʫʻʪʴʩʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʥʘ 

ʛʣʠʙʠʥʽ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʥʘʥʦʤʝʪʨʽʚ [192]. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʧʽʢʫ ʧʨʠ 295 ʩʤ-1, ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʮʝ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ ʟʘ ʯʘʩ 

ʚʽʜʧʘʣʫ 30 ʭʚʠʣʠʥ ʧʨʠ Tʘ = 573 ʂ. ʈʘʟʦʤ ʟ ʮʠʤ, ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ 

CuO ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʨʠʩʪʘʣʽʪʽʚ ʫ ʾ ʭ ʦʙô̒ ʤʽ, ʱʦ ʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʟʩʫʚʫ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʛʨʘʬʽʢʽʚ ʊʘʫʢʘ  

‌Ὤ’ Ⱦ Ὤ’ ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʚʽʩʴ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʥʝʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʦʢʩʠʜʫ (ʜʠʚ. ʨʠʩ. 4.8). ʂʨʽʤ 

ʪʦʛʦ, ʥʘʤʠ ʪʘʢʦʞ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʽʟʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʣʠʥʘʥʥʷ (ACFD) ʚʜ̔ ʝʥʝʨʛʽʾ ʬʦʪʦʥʽʚ ʫ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ ʧʦʛʣʠʥʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ [209]. ʄʘʢʩʠʤʫʤ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ 

ʦʙʫʤʦʚʣʝʥʠʡ ʟʦʥʦ-ʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʘʥʽʰʝ ʮʝʡ ʤʝʪʦʜ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʧʣʽʚʢʘʭ ʦʢʩʠʜʫ ʤʽʜʽ 

[206], [207].  

ʅʘ ʨʠʩ. 4.9 ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ACFD ʧʣʽʚʦʢ CuO, ʷʢ ʥʝʚʽʜʧʘʣʝʥʠʭ, ʪʘʢ ʽ 

ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʯʘʩʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣ. 4.3. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 4.3, ʽʩʥʫʻ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʦʪʨʠʤʘʥʠʤʠ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʤʝʪʦʜ ʊʘʫʢʘ ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʝʧʨʷʤʠʤ ʜʦʟʚʦʣʝʥʠʤ ʦʧʪʠʯʥʠʤ ʧʝʨʝʭʦʜʘʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ, ʚʠʟʥʘʯʝʥʘ ʤʝʪʦʜʦʤ ACFD, ʟʫʤʦʚʣʝʥʘ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʚʝʨʭʦʤ 

ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʽ ʜʥʦʤ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 4.8 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ CuO ʥʘ ʧʦʣʽʽʤʽʜʽ ʟʘ 

ʊʘʫʢʦʤ: ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ (ʢʨʠʚʘ 1) ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 433 ʂ (ʘ) ʽ 

573 ʂ (ʙ) ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2 - 7 ʚʽʜʧʦʚʽʜʥʦ) 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ CuO ʥʘ ʧʦʣʽʽʤʽʜʽ, ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ (ʢʨʠʚʘ 1) ʪʘ ʚʽʜʧʘʣʝʥʠʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 433 ʂ (ʘ) ʽ 573 ʂ (ʙ) ʧʨʦʪʷʛʦʤ 10, 30 ʽ 60 ʭʚʠʣʠʥ (ʢʨʠʚʽ 2 - 7 

ʚʽʜʧʦʚʽʜʥʦ) 
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ʊʘʙʣʠʮʷ 4.3 ï  ɿʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʤʽʜʽ 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʛʥʫʯʢʠʭ ʧʽʜʢʣʘʜʢʘʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (Ta), 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ACFD ʽ ʊʘʫʢʘ. 

 

Ta/Eg, eɺ 

ʅʝʚʽʜʧ. Ta = 433 ʂ Ta = 573 ʂ 

t, ʭʚ 10 30 60 10 30 60 

ʄʝʪʦʜ 

ACFD 
1,61 1,60 1,60 1,64 1,57 1,54 1,53 

ʄʝʪʦʜ 

ʊʘʫʢʘ 
1,30 1,30 1,29 1,27 1,29 1,29 1,27 

 

4.2 ʆʧʪʠʯʥʽ ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ 

ʧʣʽʚʦʢ SnS 

 

4.2.1 ʉʧʝʢʪʨʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʣʽʚʦʢ  

 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʬʘʟʦʚʦʾ ʯʠʩʪʦʪʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʤʠ ʅʏ, 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʈʘʤʘʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʎʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.10. ʉʧʝʢʪʨʠ ʚʠʤʽʨʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ RENISHAW InVia Reflex ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʅʘ 

ʦʜʝʨʞʘʥʠʭ ʩʧʝʢʪʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʠ ʟ ʯʘʩʪʦʪʘʤʠ 115 ʩʤ-1, 185 ʩʤ-1, 204 

ʩʤ-1, 225 ʩʤ-1 ʪʘ 314 ʩʤ-1. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʻ ʧʽʢ ʟ 

ʯʘʩʪʦʪʦʶ 314 ʩʤ-1. 

ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʚʽʜ ʅʏ, ʦʜʝʨʞʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʠʥʪʝʟʫ ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ, ʩʚʽʜʯʠʪʴ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʬʘʟʦʚʠʡ ʩʢʣʘʜ. ʊʘʢ 

ʥʘ ʩʧʝʢʪʨʽ ʚʽʜ ʅʏ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʝʪʦʜʦʤ 5 (ʟʨʘʟʦʢ 5) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʠʥ 

ʜʦʤʽʥʘʥʪʥʠʡ ʧʽʢ ʥʘ ʯʘʩʪʦʪʽ 314 ʩʤ-1, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʤʦʜʽ ʬʦʥʦʥʥʠʭ ʢʦʣʠʚʘʥʴ 

A1g ï ʩʧʦʣʫʢʠ SnS2, ʘ ʪʘʢʦʞ ʩʣʘʙʢʠʡ ʧʽʢ ʧʨʠ 115 ʩʤ
-1, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʚʽʙʨʘʮʽʶ ʟʚô̫ ʟʢʫ ʤʽʞ ʘʪʦʤʘʤʠ Sn ʪʘ S. 
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ʈʠʩʫʥʦʢ 4.10 ï ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʅʏ SnxSy ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʩʠʥʪʝʟ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2 (1); 

ʩʠʥʪʝʟ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S (2); ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 

483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CS(NH2)2 (3); ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ 

Na2S (4); ʩʠʥʪʝʟ ʚ ɼɽɻ ʧʨʠ 483 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ CH3C(S)NH2 (5) 

 

ɼʦʜʘʪʢʦʚʽ ʧʽʢʠ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʯʘʩʪʦʪʘʭ 115 ʩʤ-1, 185 ʩʤ-1, 225 ʩʤ-1, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʜʘʤ ʢʦʣʠʚʘʥʴ Ag, A3g, Ag ï ʩʧʦʣʫʢʠ SnS, ʘ ʧʽʢ 204 ʩʤ-1 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʜʠ Ag ï ʩʧʦʣʫʢʠ SnS2. ʇʽʢʠ 115 ʩʤ
-1, 185 ʩʤ-1, 225 ʩʤ-1 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʤʽʞʘʪʦʤʥʫ ʚʽʙʨʘʮʽʶ ʤʽʞ ʤʝʪʘʣʦʤ (Sn) ʪʘ ʭʘʣʴʢʦʛʝʥʦʤ (S), ʘ 

ʧʽʢʠ 204 ʩʤ-1 ʪʘ 314 ʩʤ-1 ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʚʥʫʪʨʽʰʥʴʦʰʘʨʦʚʦʾ ʚʽʙʨʘʮʽʾ 

ʟʚô̫ ʟʢʽʚ ʭʘʣʴʢʦʛʝʥ (S) ï ʭʘʣʴʢʦʛʝʥ (S). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦ ʪʝ ʱʦ ʩʢʣʘʜ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʜʦ ʩʪʝʭʽʦʤʝʪʨʽʾ ʩʧʦʣʫʢʠ SnS ʤʘʶʪʴ ʟʨʘʟʢʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ 2 ʪʘ 3, ʘ ʜʦ ʩʧʦʣʫʢʠ SnS2 ʟʘ ʤʝʪʦʜʦʤ 5. 

ʉʧʝʢʪʨʠ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʚʽʜʧʘʣʝʥʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ 

SnS, ʦʜʝʨʞʘʥʠʭ ʨʦʟʧʠʣʝʥʥʷʤ ʯʦʨʥʠʣ ʅʏ ʩʠʥʪʝʟʦʚʘʥʠʭ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 

293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ Na2S, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.11.  
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ʈʠʩʫʥʦʢ 4.11 ï ʈʘʤʘʥʽʚʩʴʢʽ ʩʧʝʢʪʨʠ ʥʝʚʽʜʧʘʣʝʥʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʨʽʟʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʽʚʦʢ SnS 

 

ʋ ʩʧʝʢʪʨʘʭ ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʟʨʘʟʢʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧô̫ ʪʴ ʧʦʤʽʪʥʠʭ ʧʽʢʽʚ, 

ʧʨʠ ʯʘʩʪʦʪʘʭ ʟʤʽʱʝʥʥʷ (71Ñ1), (82Ñ1), (100Ñ1), (231Ñ1) ʪʘ (308Ñ2) ʩʤ-1. ʇʽʢʠ 

(71 Ñ 1) ʩʤ-1 ̔ (82 Ñ 1) ʩʤ-1 ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʙʠʪʪʷʤ ʚʽʜ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʦʢ ʥʘ ʷʢʽ 

ʥʘʥʦʩʠʣʠ ʧʣʽʚʢʠ. ʇʽʢʠ ʟ ʯʘʩʪʦʪʘʤʠ (100Ñ1) ʩʤ-1 ʪʘ (231Ñ1) ʩʤ-1 ̒  ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʜʣʷ ʤʦʜʠ Ag ʩʧʦʣʫʢʠ SnS [212], ʚʦʥʠ ʧʨʠʩʫʪʥʽ ʫ ʩʧʝʢʪʨʽ ʥʝʚʽʜʧʘʣʝʥʦʾ ʧʣʽʚʢʠ ʪʘ 

ʫ ʟʨʘʟʢʘʭ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊʘ = (423-573) ʂ. ʎʽ ʧʽʢʠ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʚʽʙʨʘʮʽʡ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʤʝʪʘʣʦʤ (Sn) ʽ ʭʘʣʴʢʦʛʝʥʦʤ (S). ʇʽʢ 

(308Ñ2) ʩʤ-1 ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʚʪʦʨʠʥʥʦʶ ʬʘʟʦʶ ʜʠʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ SnS2 [212], 

ʚʽʥ ʧʨʠʩʫʪʥʽʡ ʥʘ ʩʧʝʢʪʨʘʭ ʚʩʽʭ ʟʨʘʟʢʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʘʣʫ 723 ʂ. ʇʨʠ ʮʴʦʤʫ 

ʫ ʥʝʚʽʜʧʘʣʝʥʽʡ ʧʣʽʚʮʽ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʣʘ, ʦʜʥʘʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʽʜʧʘʣʽ 

ʟʨʘʟʢʽʚ. ʎʷ ʤʦʜʘ ʦʙʫʤʦʚʣʝʥʘ ʚʽʙʨʘʮʽʻʶ ʟʘʚô̫ ʟʢʽʚ ʭʘʣʴʢʦʛʝʥïʭʘʣʴʢʦʛʝʥ [213].  

ɺʽʜʧʦʚʽʜʥʠʡ ʈʘʤʘʥʽʚʩʴʢʠʡ ʧʽʢ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʝʚʽʜʧʘʣʝʥʽ ʧʣʽʚʢʠ SnS 

ʚʩʝ ʞ ʤʽʩʪʷʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ ʜʠʩʫʣʴʬʽʜʫ ʩʪʘʥʫʤʫ SnS2. ʎʷ 

ʨʽʟʥʠʮʷ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʈʘʤʘʥʽʚʩʴʢʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʚ ʦʩʘʜʞʝʥʽʡ ʧʣʽʚʮʽ ʬʘʟʘ SnS2 

ʧʨʠʩʫʪʥʷ ʚ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʥʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ. ʆʜʥʘʢ, 

ʦʩʢʽʣʴʢʠ ʨʘʤʘʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʜʫʞʝ ʯʫʪʣʠʚʠʤ ʤʝʪʦʜʦʤ, ʚʽʜʧʦʚʽʜʥʘ 
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ʬʘʟʘ, ʷʢʘ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʚ ʦʩʥʦʚʥʦʤʫ ʱʝ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ, 

ʜʦʙʨʝ ʚʠʷʚʣʷʻʪʴʩʷ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʬʦʨʤʘ ʦʜʝʨʞʘʥʠʭ ʈʘʤʘʥʽʚʩʴʢʠʭ ʩʧʝʢʪʨʽʚ ʩʣʘʙʢʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʚʽʜʧʘʣʽ ʧʣʽʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ Ta < 623 ʂ, ʧʨʠ ʮʴʦʤʫ ʚ 

ʦʩʥʦʚʥʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ. 

ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʬʦʨʤʘ ʩʧʝʢʪʨʽʚ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ, ʦʜʥʘʢ 

ʧʽʢʽʚ ʬʘʟʠ SnO2 ʥʘ ʥʠʭ ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚ ʦʩʥʦʚʥʦʤʫ ʜʘʶʪʴ 

ʚʽʜʙʠʚʘʥʥʷ ʧʨʠ ʯʘʩʪʦʪʽ ʟʤʽʱʝʥʥʷ ʚʠʱʽʡ 600 ʩʤ-1. 

 

4.2.2 ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʦʜʦʤ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ  

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʈʘʤʘʥʽʚʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʫʶʪ,ɹ ʱʦ ʅʏ, ʩʠʥʪʝʟʦʚʘʥʽ ʚ ʪʨʠʝʪʘʥʦʣʘʤʽʥʽ ʧʨʠ 293 ʂ ʟ ʦʩʘʜʞʫʚʘʯʝʤ 

Na2S, ʤʘʶʪʴ ʥʘʡʢʨʘʱʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʽ ʩʪʝʭʽʦʤʝʪʨʽʶ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʨʪʦʨʦʤʙʽʯʥʽʡ ʬʘʟʽ SnS. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʦʥʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʩʘʜʞʝʥʥʷ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ SnS ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʌʃ. ʊʘʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʜʫʞʝ ʯʫʪʣʠʚʠʤʠ 

ʥʝʨʫʡʥʽʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʪʦʨʠʥʥʠʭ ʬʘʟ. 

ʅʘ ʨʠʩ. 4.12 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨ ʌʃ ʧʣʽʚʦʢ SnS, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʨʽʜʢʦʛʦ ʛʝʣʽʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʙʫʜʞʝʥʥʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l = 274 ʥʤ. ɸʥʘʣʽʟ 

ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʦʛʦ ʩʧʝʢʪʨʫ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 717 ʥʤ 

(1,73 ʝɺ), ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʘ ʟʦʥʦ-ʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʦʩʥʦʚʥʦʾ ʬʘʟʠ SnS. 

ʅʠʟʴʢʦ ̔ ʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ (585-615) ʥʤ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʽʩʮʷ ʣʦʢʘʣʴʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʣʽʚʢʠ, ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ 

ʧʨʦʮʝʩʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚ SnS. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʽ 

ʧʨʦʮʝʩʠ ʚʢʣʶʯʘʶʪʴ ʩʪʘʥʠ ʜʝʬʝʢʪʽʚ, ʷʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʢʘʥʩʽʾ Sn ʘʙʦ 

ʤʽʞʚʫʟʣʦʚʽ ʘʪʦʤʠ S. ʆʙʠʜʚʘ ʚʣʘʩʥʽ ʜʝʬʝʢʪʠ ʫʪʚʦʨʶʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ 

ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʫ. ɯʥʰʘ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 450 ʥʤ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ 

ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʣʽʚʢʠ ʢʠʩʥʝʤ ʽ ʫʪʚʦʨʝʥʥʷʤ ʩʧʦʣʫʢʠ SnO2. 
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ʇʨʠʨʦʜʘ ʮʽʻʾ ʩʤʫʛʠ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʘ ʧʨʦʮʝʩʘʤʠ ʨʘʜʽʘʮʽʡʥʦʾ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʟʘ ʫʯʘʩʪʶ ʨʦʟʪʷʛʥʫʪʠʭ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʅʏ SnO2. 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʩʤʫʛʠ ʚʽʜ ʤʽʩʮʷ ʟʙʫʜʞʝʥʥʷ, 

ʦʯʝʚʠʜʥʦ, ʧʦʚô̫ ʟʘʥʘ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʜʝʬʦʨʤʘʮʽʾ ʢʨʠʩʪʘʣʽʪʽʚ Snʆ2. ʅʠʟʴʢʦ 

ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 538 ʥʤ ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʩʧʦʣʫʢʠ SnO2, ʟʘ ʷʢʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʦʥʽʟʦʚʘʥʽ ʚʘʢʘʥʩʽʾ ʢʠʩʥʶ. ʇʦʷʚʘ ʩʤʫʛʠ ʌʃ 

ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ (585-615) ʥʤ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʦʤʽʰʢʦʚʦʾ 

ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ SnS2, hʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ (2,00-2,40) ʝɺ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʘ ʩʤʫʛʘ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʧʨʦʮʝʩʘʤʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʟʘ 

ʫʯʘʩʪʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ʉʧʝʢʪʨ ʌʃ ʚʽʜ ʧʣʽʚʦʢ SnS ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʊ = 4,5 ʂ ʟʘ ʫʤʦʚʠ 

ʟʙʫʜʞʝʥʥ ̫ʩʚʽʪʣʦʤ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l = 274 ʥʤ 

 

ʅʘ ʨʠʩ. 4.13 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨ ʌʃ ʅʏ SnS, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʨʽʜʢʦʛʦ ʛʝʣʽʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʙʫʜʞʝʥʥʷ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l = 397 ʥʤ. ʋ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʟʙʫʜʞʝʥʥʷ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 1196 ʥʤ, ʧʦʷʚʘ 

ʷʢʦʾ, ʦʯʝʚʠʜʥʦ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʅʏ ʜʦʤʽʰʢʦʚʦʾ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ Sn2S3. 
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ʈʠʩʫʥʦʢ 4.13 ï ʉʧʝʢʪʨ ʌʃ ʚʽʜ ʧʣʽʚʦʢ SnS, ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʊ = 4,5 ʂ ʟʘ ʫʤʦʚʠ 

ʟʙʫʜʞʝʥʥʷ ʩʚʽʪʣʦʤ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ l = 397 ʥʤ 

 

4.2.3 ʆʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ SnS 

 

ʅʘ ʨʠʩ. 4.14 a ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ 

T(ɚ) ʧʣʽʚʦʢ SnS. ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.14 ʙ. ɺʽʜʦʤʦ, ʱʦ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘ ̒ʢʨʫʪʠʡ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʠʡ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʪʘ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ 

[214]. ʉʘʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ ʤʘʣʠ ʦʜʝʨʞʘʥʽ ʢʨʠʚʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʣʷ ʟʨʘʟʢʽʚ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

573 ʂ, ʥʘʡʤʝʥʰʠʡ ʜʣʷ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 723 ʂ. 

ʆʩʢʽʣʴʢʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ [214], ʪʦ 

ʘʥʘʣʦʛʽʯʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʊʘʫʢʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʧʣʽʚʦʢ 

SnS. ʈʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 4.4 ʪʘ ʜʣʷ ʚʠʧʘʜʢʫ 

ʧʨʷʤʦʟʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʠʩ. 4.15 ʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ Eg ʤʘʪʝʨʽʘʣʫ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ACFD (ʨʠʩ. 4.15 ʙ). 
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ʈʠʩʫʥʦʢ 4.14 ï ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ T(l) (ʘ) ʪʘ ʧʦʛʣʠʥʘʥʥʷ (ʙ) ʱʦʡʥʦ 

ʥʘʥʝʩʝʥʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ SnS 

 

 

 

ʈʠʩʫʥʦʢ 4.15 ï ɸʧʨʦʢʩʠʤʘʮʽʷ ʊʘʫʢʘ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʧʨʷʤʦʟʦʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʘ) ʪʘ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ʟʘ ʝʥʝʨʛʽʻʶ da/dE  

(ʙ) ʜʣʷ ʥʝʚʽʜʧʘʣʝʥʠʭ (1) ʽ ʚʽʜʧʘʣʝʥʠʭ  ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ Ta, ʂ: 423 (2), 

473 (3), 523 (4), 573 (5), 623 (6), 673 (7), 723 (8), 773 (9) ʟʨʘʟʢʽʚ 
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ʊʘʙʣʠʮʷ 4.4 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ɿʨʘʟʦʢ,  

Ta ,ʂ 

Eg, ʝɺ 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʊʘʫʢʘ ʜʣʷ 

ʧʨʷʤʦʟʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʊʘʫʢʘ 

ʜʣʷ ʥʝʧʨʷʤʦʟʦʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

ʄʝʪʦʜ 

ACFD 

SnS 

ʅʝʚʽʜʧ. 1,42 1,81 1,58 1,95 

423 1,60 1,87 1,59 2,04 

473  1,62 1,93 1,53 2,11 

523 1,48 1,83 1,57 1,98 

573 1,97 2,21 1,76 2,31 

623 1,80 2,22 1,85 3,46 

673   2,43 1,92 2,66 

SnO2 

723  3,85 2,08  

773 1,89 3,30 1,59/2,63 1,95 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 4.4, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg ʦʜʝʨʞʘʥʠʤʠ ʜʚʦʤʘ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʗʢ ʚʞʝ 

ʚʢʘʟʫʚʘʣʦʩʷ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʝʪʦʜ Taʫʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʽʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʝʧʨʷʤʠʤ ʜʦʟʚʦʣʝʥʠʤ ʦʧʪʠʯʥʠʤ 

ʧʝʨʝʭʦʜʘʤ ʩʧʦʣʫʢʠ [214]. ʋ ʪʦʡ ʞʝ ʯʘʩ Eg, ʚʠʟʥʘʯʝʥʘ ʤʝʪʦʜʦʤ ACFD, 

ʟʫʤʦʚʣʝʥʘ ʦʧʪʠʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʚʝʨʭʦʤ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʽ ʥʠʟʦʤ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ [215].  

ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ ʟʨʦʩʪʘʻ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʜʦ 473 ʂ. ɺʠʱʝ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʥʘ 

ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʱʦ ʦʯʝʚʠʜʥʦ ʦʙʫʤʦʚʣʝʥʦ ʧʦʢʨʘʱʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʾ 

ʷʢʦʩʪʽ ʪʘʢʠʭ ʟʨʘʟʢʽʚ. ʆʜʥʘʢ, ʚʞʝ ʧʨʠ Ta = 573 ʂ ʚ ʧʣʽʚʢʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ. 
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ʇʦʜʽʙʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ SnS ʚʽʜ 1,30 ʜʦ 1,42 ʝɺ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʘʚʪʦʨʠ [160] ʧʨʠ ʚʽʜʧʘʣʽ ʜʦ 623 ʂ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʠʭ ʧʣʽʚʦʢ SnS. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ Eg ʤʘʪʝʨʽʘʣʫ ʘʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʽʥʽʡʥʫ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʢʨʠʚʠʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ aÈn
Ⱦ
ï E, ʱʦ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ 

ʧʝʨʝʭʦʜʽʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ ʚʠʱʽʡ 723 ʂ ʥʘʰʽ ʟʨʘʟʢʠ ʤʘʣʠ ʟʥʘʯʝʥʥʷ Eg 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʧʦʣʫʢʠ SnO2. 

 

4.3 ɺʧʣʠʚ ʣʝʛʫʚʘʥʥʷ Al ʥʘ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʧ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʧʣʽʚʦʢ ZnO 

 

ʅʘ ʨʠʩ. 4.16 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʌʃ ʚʽʜ ʥʝʣʝʛʦʚʘʥʠʭ ʅʏ ZnO, 

ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʊ = 77 ʂ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʫ ʩʧʝʢʪʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʨʠ 416 ʥʤ, ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ ʢʨʠʣʦ ʷʢʦʾ ʧʨʦʷʚʣʷʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ 372,0 ʪʘ 362,5 ʥʤ. ɰʭ ʧʦʷʚʘ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʘ 

ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘ ʫʯʘʩʪʶ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʧʦʣʷʨʠʪʦʥʥʠʭ 

ʛʽʣʦʢ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʝʥʝʨʛʝʪʠʯʥʦ ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʣʴʥʦʛʦ 

ɸ-ʝʢʩʠʪʦʥʫ ʚ ZnO (367,2 ʥʤ). ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʌʃ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʟ l < 362 ʥʤ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʽʟ ʫʯʘʩʪʶ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʜʽʨʦʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ.  

 

 

ʈʠʩʫʥʦʢ 4.16 ï ʉʧʝʢʪʨ ʌʃ ʚʽʜ ʥʝʣʝʛʦʚʘʥʠʭ ʅʏ ZnO ʟʥʷʪʠʡ ʧʨʠ ʊ = 77 ʂ 
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ɯʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 416 ʥʤ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟ ʫʯʘʩʪʶ ʜʝʬʝʢʪʥʠʭ ʩʪʘʥʽʚ ʅʏ ZnO, ʷʢʽ, 

ʤʦʞʣʠʚʦ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʠʤ ʩʪʘʥʘʤ. ɯʥʰʘ ʩʤʫʛʘ ʧʨʠ 494,5 ʥʤ (2,51 ʝɺ) 

ʻ ʙʣʠʟʴʢʦʶ ʟʘ ʝʥʝʨʛʽʻʶ ʜʦ ʩʤʫʛʠ ʌʃ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʟ ʫʯʘʩʪʶ 

ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʚʘʢʘʥʩʽʡ Zn. ʆʢʨʽʤ ʪʦʛʦ, ʫ ʩʧʝʢʪʨʽ ʌʃ ʪʘʢʦʞ ʚʠʜʥʦ ʰʠʨʦʢʫ 

ʨʦʟʤʠʪʫ ʩʤʫʛʫ ʚ ʦʙʣʘʩʪʽ ʧʦʙʣʠʟʫ 620 ʥʤ (2,0 ʝɺ). ʇʦʷʚʘ ʪʘʢʦʾ ʩʤʫʛʠ ʌʃ ʤʦʞʝ 

ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘ ʫʯʘʩʪʶ ʨʽʚʥʷ ʜʝʬʝʢʪʽʚ ʪʠʧʫ 

ʚʘʢʘʥʩʽʡ ʢʠʩʥʶ. 

ʅʘ ʨʠʩ. 4.17 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ ʌʃ ʚʽʜ ʅʏ ZnO ʣʝʛʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʤ ʟ 

ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (1, 2, 3 ʪʘ 5 ʘʪ. %). ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʚ ʩʧʝʢʪʨʽ ʌʃ 

ʚʽʜ ʟʨʘʟʢʘ ʦʜʝʨʞʘʥʦʛʦ ʟ ʧʨʝʢʫʨʩʦʨʫ ʟ 1 ʘʪ. % Al ʻ ʣʽʥʽʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 397,5 

ʥʤ (ʨʠʩ. 4.17 ʘ). ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʘʢʘ ʣʽʥʽʷ ʧʨʠ 395 ʥʤ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʜʣʷ 

ʅʏ, ʣʝʛʦʚʘʥʠʭ Al ʫ [216]. ɺʦʥʘ ʧʨʠʧʠʩʫʻʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʽʟ 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʣʝʞʘʪʴ ʥʠʞʯʝ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʘ ʜʽʨʦʢ ʚʘʣʝʥʪʥʦʾ 

ʟʦʥʠ.  

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʉʧʝʢʪʨʠ ʌʃ ʚʽʜ ʅʏ ZnO ʦʜʝʨʞʘʥʠʭ ʟ ʧʨʝʢʫʨʩʦʨʫ, ʱʦ ʤʽʩʪʠʚ 

ʢʦʥʮʝʥʪʨʘʮʽ ʾAl - 1 ʘʪ. % (ʘ), 2 ʘʪ. % (ʙ), 3 ʘʪ. %(ʚ), 5 ʘʪ. % (ʛ) 
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ʆʢʨʽʤ ʮʴʦʛʦ, ʫ ʩʧʝʢʪʨʽ ʌʃ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʘ ʩʤʫʛʘ ʧʨʠ 620 ʥʤ, 

ʷʢʘ, ʷʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ ʨʘʥʽʰʝ, ʚʽʜʧʦʚʽʜʘʻ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤ ʧʨʦʮʝʩʘʤ ʽʟ 

ʫʯʘʩʪʶ ʚʘʢʘʥʩʽʾ ʢʠʩʥʶ. ʅʝ ʚʠʢʣʶʯʝʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʪʘʢʦʞ ʽʥʰʦʾ 

ʩʤʫʛʠ ʧʨʠ 550 ʥʤ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ ʽʥʰʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʜʝʬʝʢʪʦʤ, ʘ ʩʘʤʝ 

ʤʽʞʚʫʟʝʣʴʥʠʤ ʘʪʦʤʦʤ ʢʠʩʥʶ.  

ʉʧʝʢʪʨ ʌʃ ʚʽʜ ʅʏ, ʣʝʛʦʚʘʥʠʭ Al ʟ ʙʽʣʴʰʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (2 ʘʪ. %) 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.17 ʙ, ʪʫʪ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ ʣʽʥʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 419,5 ʥʤ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʘʢʘ ʣʽʥʽʷ ʌʃ ʪʘʢʦʞ ʧʨʦʷʚʣʷʣʘʩʴ 

ʜʣʷ ʥʝʣʝʛʦʚʘʥʠʭ ʅʏ ZnO (ʧʨʠ 416 ʥʤ). ʈʽʟʥʠʮʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʜʘʥʦʾ ʣʽʥʽʾ ʜʣʷ ʨʽʟʥʠʭ ʅʏ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʪʘʢʝ ʩʚʽʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʯʘʩʪʶ ʚ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ, ʝʥʝʨʛʽʷ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʅʏ. ʇʨʠ ʣʝʛʫʚʘʥʥʽ ʘʣʶʤʽʥʽʻʤ ʜʦʤʽʰʢʦʚʽ ʘʪʦʤʠ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʝ ʣʠʰʝ ʚ ʦʙôʻʤʽ ʅʏ, ʦʩʢʽʣʴʢʠ ʨʦʟʯʠʥʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ɯɯɯ ʛʨʫʧʠ 

ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʛʨʫʧʠ ɸ2ɺ6 ʩʢʣʘʜʘʻ ʤʝʥʰʝ 1 ʘʪ. %. ʊʦʤʫ, ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ ʣʝʛʫʚʘʥʥʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʅʏ ʘʙʦ ʥʘ ʛʨʘʥʠʮʷʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ. ʎʝ, ʙʝʟʫʤʦʚʥʦ, ʧʦʚʠʥʥʦ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ˇʨʘʪʢʠ ʅʏ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚʠʥʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʝʥʝʨʛʽʶ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʩʤʫʛʠ ʧʨʠ 495 ʥʤ 

ʟʫʤʦʚʣʝʥʝ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʘ ʫʯʘʩʪʶ ʘʢʮʝʧʪʦʨʥʦʛʦ ʨʽʚʥʷ, ʘ ʩʘʤʝ 

ʚʘʢʘʥʩʽʾ ʮʠʥʢʫ. ʉʤʫʛʘ ʌʃ ʚ ʦʙʣʘʩʪʽ 600 ʥʤ ʚ ʷʚʥʦʤʫ ʚʠʜʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, 

ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʢʘʥʩʽʡ ʢʠʩʥʶ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʟʨʘʟʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʅʏ, ʣʝʛʦʚʘʥʠʤʠ 1 ʘʪ. % ʘʣʶʤʽʥʽʶ.  

ʅʘ ʨʠʩ. 4.17 ʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʌʃ ʚʽʜ ʅʏ ZnO ʣʝʛʦʚʘʥʠʭ Al (3 ʘʪ. 

%), ʜʝ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʻ ʩʤʫʛʘ ʌʃ ʧʨʠ 423,5 ʥʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʷʢ ʥʝʣʝʛʦʚʘʥʠʭ, ʪʘʢ ʽ ʣʝʛʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʤ, 

ʧʦʚʝʨʭʥʝʚʽ ʩʪʘʥʠ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʚ ʧʨʦʷʚʽ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʤʫʛʘ 

ʌʃ ʧʨʠ 492,5 ʥʤ ʤʘʻ ʥʝʟʥʘʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʫ 

ʜʘʥʠʭ ʟʨʘʟʢʘʭ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ. 

ʊʘʢʦʞ ʚ ʩʧʝʢʪʨʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʫʟʴʢʘ ʩʤʫʛʘ ʧʨʠ 373,5 ʥʤ (3,33 ʝɺ). ʗʢ ʙʫʣʦ 
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ʚʽʜʤʽʯʝʥʦ ʚ ʨʦʙʦʪʽ [217], ʧʨʠʨʦʜʘ ʪʘʢʦʾ ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚʩʝ 

ʱʝ ʥʝ ʜʦ ʢʽʥʮʷ ʟôʷʩʦʚʘʥʦʶ. ɺʦʥʘ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʚôʷʟʘʥʠʤ ʥʘ ʜʦʥʦʨʽ 

ʝʢʩʠʪʦʥʘʤ, ʧʝʨʝʭʦʜʘʤ ʽʟ ʫʯʘʩʪʶ ʚʣʘʩʥʠʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʝʢʩʠʪʦʥʘʤ 

ʟʚôʷʟʘʥʥʠʤ ʥʘ ʧʨʦʪʷʞʥʠʭ ʜʝʬʝʢʪʘʭ ʪʠʧʫ ʜʠʩʣʦʢʘʮʽʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʚʩʝʩʪʦʨʦʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʘʥʦʾ ʣʽʥʽʾ 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʙʘʨôʻʨʽʚ ʤʽʞ ʽʥʪʝʨʬʝʡʩʘʤʠ. ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʮʝ ʘʚʪʦʨʠ [217] ʧʦʷʩʥʠʣʠ ʜʘʥʫ ʣʽʥʽʶ ʷʢ ʪʘʢʫ, ʱʦ ʟʫʤʦʚʣʝʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʝʢʩʠʪʦʥʽʚ ʟʚôʷʟʘʥʠʭ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʘ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ.  

ʅʘ ʨʠʩ. 4.17 ʛ ʧʦʢʘʟʘʥʦ ʩʧʝʢʪʨ ʌʃ ʚʽʜ ʅʏ, ʣʝʛʦʚʘʥʠʭ 5 ʘʪ. % Al. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʩʧʝʢʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʦʜʥʽʻʶ ʩʤʫʛʦʶ ʧʨʠ 422,5 ʥʤ. ɯʥʰʘ 

ʙʽʣʴʰ ʩʣʘʙʢʘ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʤʫʛʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 486,5 ʥʤ (2,549 ʝɺ). 

ʉʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʷʚʘ ʮʽʻʾ ʩʤʫʛʠ ʟʫʤʦʚʣʝʥʘ ʧʨʠʩʫʪʥʽʩʪʶ ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ. 

ʊʘʢʦʞ ʩʣʽʜ ʚʢʘʟʘʪʠ ʥʘ ʤʦʞʣʠʚʫ ʧʨʠʩʫʪʥʽʩʪʴ ʣʽʥʽʾ ʌʃ ʧʨʠ 372 ʥʤ.  

ʉʧʝʢʪʨ ʌʃ ʜʣʷ ʅʏ ZnO, ʣʝʛʦʚʘʥʠʭ 7 ʘʪ. % Al ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4.18 ʘ, 

ʪʫʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʣʽʥʽʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 371,5 ʥʤ ʪʘ ʩʤʫʛʘ ʧʨʠ 420,5 ʥʤ. ʅʘ 

ʨʠʩ. 4.18 ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʌʃ ʚʽʜ ʅʏ ZnO, ʦʜʝʨʞʘʥʠʭ ʟ ʧʨʝʢʫʨʩʦʨʫ, ʱʦ 

ʤʽʩʪʠʚ 10 ʘʪ. % Al.  

 

 

ʈʠʩʫʥʦʢ 4.18 ï ʉʧʝʢʪʨʠ ʌʃ ʚʽʜ ʅʏ ZnO ʦʜʝʨʞʘʥʠʭ ʟ ʧʨʝʢʫʨʩʦʨʫ, ʱʦ ʤʽʩʪʠʚ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ Al - 7 ʘʪ. % (ʘ), 10 ʘʪ. % (ʙ) 
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ʅʘ ʩʧʝʢʪʨʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʘ ʥʘʡʙʽʣʴʰ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʘ 

ʣʽʥʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 370,5 ʥʤ, ʷʢʘ, ʘʥʘʣʦʛʽʯʥʦ ʜʝʷʢʠʤ ʧʦʧʝʨʝʜʥʽʤ 

ʟʨʘʟʢʘʤ, ʤʦʞʝ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʘ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʝʢʩʠʪʦʥʽʚ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ 

ʧʦʚʝʨʭʥʽ ʅʏ ʘʙʦ ʥʘ ʛʨʘʥʠʮʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʝʨʝʥ. ɼʝʷʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʜʘʥʦʾ ʣʽʥʽʾ, ʤʦʞʣʠʚʦ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʫ ʝʥʝʨʛʽʾ 

ʟʚô̫ ʟʢʫ ʪʘʢʠʭ ʝʢʩʠʪʦʥʽʚ ʘʙʦ ʝʥʝʨʛʽʾ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʠʣʴʥʦʛʦ 

ʣʝʛʫʚʘʥʥʷ ʘʪʦʤʘʤʠ ʘʣʶʤʽʥʽʶ, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʩʘʤʝ ʚ ʮʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʙʣʘʩʪʷʭ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ɼʣʷ ʟʨʘʟʢʽʚ CuxO ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʚʩʪʘʥʦʚʣʝʥʦ, ɦʦ ʝʥʝʨʛʽʾ 

ʥʝʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ ʽ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʬʘʟʽ CuO 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ (1,59ï1,66) 

ʝɺ ʽ (1,77ï1,91) ʝɺ ʚʽʜʧʦʚʽʜʥʦ. ʋ ʚʠʧʘʜʢʫ ʬʘʟʠ Cu2O ʝʥʝʨʛʽʾ ʧʨʷʤʠʭ ʜʦʟʚʦʣʝʥʠʭ 

ʽ ʧʨʷʤʠʭ ʟʘʙʦʨʦʥʝʥʠʭ ʧʝʨʝʭʦʜʽʚ ʩʪʘʥʦʚʣʷʪʴ 2,17 ʝɺ ʽ 2,41 ʝɺ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʷʚʣʝʥʽ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʘʥʠʤ, ʦʪʨʠʤʘʥʠʤ ʧʽʜ ʯʘʩ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ 

ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟʽ. ʎʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʽʥʫ ʬʘʟʠ ʟ CuO ʥʘ Cu2O ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ ʟʨʘʟʢʽʚ, ʜʝʱʦ ʚʠʱʽʡ ʟʘ 673 ʂ. 

2. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʤʽʜʽ ʥʘ ʛʥʫʯʢʽʡ ʧʦʣʽʤ̔ʽʜʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʚʽʜʧʘʣʝʥʽ ʧʨʠ 573 ʂ ʟʘ ʯʘʩ 30 ʭʚ ʤʘʣʠ ʥʘʡʢʨʘʱʫ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʦ ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʫ 

ʧʣʽʚʦʢ ʟʘ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʬʦʥʦʚʝ ʧʦʛʣʠʥʘʥʥʷ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʨʫʪʠʟʥʘ ʢʨʘʶ ʧʦʛʣʠʥʘʥʥʷ 

ʟʨʘʟʢʘ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʦʨʷʜ ʟ ʫʞʝ ʽʩʥʫʶʯʠʤʠ ʅʏ ʫʪʚʦʨʶʶʪʴʩʷ 

ʥʘʥʦʢʨʠʩʪʘʣʽʪʠ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʘʤʦʨʬʥʦʾ ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ ʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜ ʯʘʩ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʽʜʧʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʣʚ̔ʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ʜʦʨʽʚʥʶʻ (1,53-1,64) ʝɺ. 

3. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʅʏ SnS ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʘ ʤʝʪʦʜʦʤ 2 ʧʦʢʘʟʘʣʠ, 

ʱʦ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʌʃ ʧʨʠ 717 ʥʤ (1,73 ʝɺ), ʟʫʤʦʚʣʝʥʘ ʟʦʥʘ-ʟʦʥʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʦʩʥʦʚʥʦʾ ʬʘʟʠ SnS. ʉʤʫʛʘ ʌʃ ʚ ʦʙʣʘʩʪʽ (585-615) ʥʤ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʣʽʜʽʚ ʜʦʤʽʰʢʦʚʦʾ ʚʪʦʨʠʥʥʦʾ ʬʘʟʠ SnS2, hʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ (2,00-2,40) ʝɺ. 

4. ʆʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʞʝ ʚʽʜʧʘʣʝʥʠʭ ʧʣʽʚʦʢ SnS ʧʦʢʘʟʘʣʠ, ʱʦ 

ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ ʚʽʜ 1,5 ʜʦ 4,5 ʝɺ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʫ ʟʨʘʟʢʘʭ ʜʚʦʭ ʬʘʟ SnS ʪʘ 
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SnO2. ɺʠʟʥʘʯʝʥʦ ʝʥʝʨʛʽʾ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʬʘʟ SnS ʪʘ SnO2 ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ʆʧʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʥʝ ʚʜʘʣʦʩʷ 

ʧʦʚʥʽʩʪʶ ʧʦʟʙʘʚʠʪʠʩʴ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ ʧʨʠ ʚʽʜʧʘʣʽ, ʘʣʝ ʟʨʘʟʦʢ ʚʽʜʧʘʣʝʥʠʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 523 ʂ ʙʫʚ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʯʠʩʪʦʾ ʦʨʪʦʨʦʤʙʽʯʥʦʾ ʬʘʟʠ SnS. 

ʋ ʥʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʪʘ ʚʽʥ ʤʘ ̒h ʠʨʠʥʫ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1,83 ʝɺ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʽ SnS. 

5. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʩʧʝʢʪʨʠ ʌʃ ʚʽʜ ʅʏ 

ZnO, ʣʝʛʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʤ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻ ʁ1, 2, 3, 5, 7, 10 ʘʪ. %. ʉʧʝʢʪʨʠ ʚʽʜ 

ʟʨʘʟʢʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 5, 7, 10 ʘʪ. % ʧʦʢʘʟʫʶʪʴ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ʥʠʭ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ - ʚʘʢʘʥʩʽʡ ʮʠʥʢʫ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʜʘʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥ.ɹ ʅʘʡʢʨʘʱ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʚ ʟʨʘʟʦʢ ʟ 3 ʘʪ. % Al. 

ʁʦʛʦ ʩʧʝʢʪʨ ʤʽʩʪʠʚ ̔ ʥʪʝʥʩʠʚʥʫ ʩʤʫʛʫ ʌʃ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 492,5 ʥʤ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʫ ʟʨʘʟʢʘʭ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʚʘʢʘʥʩʽʡ 

ʮʠʥʢʫ. ʂʨʽʤ ʪʦʛʦ, ʫ ʩʧʝʢʪʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʫʟʴʢʘ ʩʤʫʛʘ ʧʨʠ 373,5 ʥʤ (3,33 ʝɺ), 

ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʠʪʦʥʘʤ, ʟʚô̫ ʟʘʥʠʤ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʘ ʤʝʞ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʟʝʨʝʥ, ʘ ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʙʘʨô̒ ʨʽʚ ʤʽʞ 

ʽʥʪʝʨʬʝʡʩʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʟʫʤʽʪʠ 

ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʌʃ ʅʏ ZnO ̔ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʭʥʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʚ ʩʦʥʷʯʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʝʣʝʢʪʨʦʥʽʮʽ. 
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ʈʆɿɼɯʃ 5 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈ ʅɸ ʆʉʅʆɺɯ ʆʂʉʀɼɯɺ 

ʎʀʅʂʋ ʊɸ ʄɯɼɯ 

 

5.1 ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʩʫʙʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ITO/ZnO(1ʘʪ.%Al)/ 

n-ZnO/p-CuO 

 

ʋ ʥʘʰ ʯʘʩ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʣʘʜʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʚʩʝ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ. ʆʜʥʘʢ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʝʥ ʧʽʜʙʨ̔ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʜʽʙʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʪʠʧʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʧʝʨʽʦʜʘʤʠ ˇʨʘʪʢʠ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ [218]. ʗʢʱʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨ̌ʘʪʦʢ 

ʤʘʪʝʨʽʘʣʽʚ ʛʝʪʝʨʦʩʠʩʪʝʤʠ ʧʝʨʝʚʠʱʫʻ 4 %, ʪʦ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʪʘʥʘʤʠ ʥʘ ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ [219], [220]. ʎʝ 

ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʨʦʙʦʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʣʘʜʽʚ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʉɽ ʥʘ ʦʩʥʦʚʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ n-ZnO / p-Cu2O ʫ ʥʘʰ ʯʘʩ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,53 % [221], ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʜʣʷ ʧʨʠʣʘʜʽʚ ʟ ʧʝʨʝʭʦʜʦʤ n-ZnO / p-CuO ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʩʷʛʘʶʪʴ ʣʠʰʝ 3,83 % [17]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʦʶ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʧʝʨʽʦʜʽʚ ˇʨʘʪʢʠ ʮʠʭ ʦʢʩʠʜʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʽʥʪʝʨʬʝʡʩʽ 

ʤʽʞʬʘʟʥʠʭ ʩʪʘʥʽʚ ʟ ʚʝʣʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʨʦʙʦʪʽ [222] ʙʫʣʘ 

ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʭʦʜʽʚ ZnO / CuO ʚ ʝʣʝʢʪʨʦʥʽʮʽ 

ʪʘ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ (CuO, ʤʦʥʦʢʣʽʥʥʘ ʨ̌ʘʪʢʘ ʟ ʧʝʨʽʦʜʘʤʠ 

a = 0,4684 ʥʤ, b = 0,3425 ʥʤ, c = 0,5129 ʥʤ, ZnO, ʛʝʢʩʘʛʦʥʘʣʴʥʘ ˇʨʘʪʢʘ ʟ 

ʧʝʨʽʦʜʘʤʠ a = 0,3249 ʥʤ, c = 0,5206 ʥʤ) ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦ ʙʝʟʜʝʬʝʢʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʠʪʠ ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʽʩʪ ʧʣʽʚʦʢ CuO ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʪʽʚ ZnO, 

ʧʦʻʜʥʘʚʰʠ ʛʨʘʥʴ (100) ʦʢʩʠʜʫ ʤʽʜʽ ʟ ʛʨʘʥʥʶ (101) ʦʢʩʠʜʫ ʮʠʥʢʫ [222]. 

ʅʘʞʘʣʴ, ʫ ʚʠʧʘʜʢʫ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-ZnO / p-Cu2O ʤʽʞʬʘʟʥʘ ʛʨʘʥʠʮʷ 
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ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʜʝʬʝʢʪʥʦʶ ʽ ʧʦʪʨʽʙʥʦ ʚʚʦʜʠʪʠ 

ʧʨʦʤʽʞʥʽ ʰʘʨʠ, ʱʦ ʫʟʛʦʜʞʫʶʪʴ ʢʨʠʩʪʘʣʽʯʥʽ ˇʨʘʪʢʠ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʊʦʤʫ ʥʘʤʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʚʯʘʣʠʩʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ZnO / CuO. 

ʅʘ ʦʩʥʦʚʽ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʠʭ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʦʜʥʦʰʘʨʦʚʠʭ 

ʧʣʽʚʦʢ ʚ ʨʦʙʦʪʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʨʦʪʦʪʠʧʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʤʽʞ ʦʢʩʠʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʥʠʭ, ʦʧʪʠʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʧʝʨʝʭʦʜʦʤ n-ZnO/p-

CuO. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤ ʦʛʣʷʜʦʤ, ʪʘʢʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʭ ʪʘ ʛʘʟʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʧʨʦʟʦʨʠʭ 

ʫ ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʽ ʉɽ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʧʨʠʣʘʜʽʚ [223]ï[225]. ʅʘ ʨʠʩ. 5.1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʪʚʦʨʝʥʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʟ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ n-ZnO/p-CuO. 

 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ  

ITO/ZnO(1ʘʪ.%Al)/n-ZnO/p-CuO 
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ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʰʘʨʠ ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʧʦʯʝʨʛʦʚʦ ʥʘ ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ ʟ 

ʧʽʜʰʘʨʦʤ ITO ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʧʠʣʝʥʥʷ ʯʦʨʥʠʣ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʙʘʛʘʪʦʰʘʨʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʣʠʩʴ ʟ ʰʘʨʫ 

ʦʢʩʠʜʫ ʮʠʥʢʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʘʣʶʤʽʥʽʶ (ZnO (1 ʘʪ. % Al)), ʰʘʨʫ ʥʝʣʝʛʦʚʘʥʦʛʦ 

ʦʢʩʠʜʫ ʮʠʥʢʫ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ (n-ZnO) ʪʘ ʰʘʨʫ ʦʢʩʠʜʫ ʤʽʜʽ ʟ 

ʜʽʨʢʦʚʦʶ ʧʨʦʚʽʜʥʽʩʪʶ (p-CuO). ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘ 

ʧʦʚʝʨʭʥʶ ʰʘʨʫ CuO ʥʘʥʦʩʠʣʠʩʷ ʤʽʜʥʽ ʢʦʥʪʘʢʪʠ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʚ ʷʢʦʩʪʽ ʥʠʞʥʴʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʰʘʨ ITO. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨ ʚʦʥʠ ʧʽʜʜʘʚʘʣʠʩʷ ʚʽʜʧʘʣʫ ʫ 

ʚʘʢʫʫʤʽ ʧʨʦʪʷʛʦʤ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʝʨʞʘʥʘ 

ʙʘʛʘʪʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʦʪʦʪʠʧʦʤ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʉɽ. 

ɺʽʜʧʦʚʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.2 ʘ, ʥʘ ʨʠʩ. 

5.2 ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. 

 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʪʦʪʠʧ ʉɽ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ  

ITO/ZnO(1ʘʪ.%Al)/n-ZnO/p-CuO (ʘ) ʪʘ ʧʨʠʣʘʜ Ossila ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ɺɸʍ 

(ʙ) 

 

 


