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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʢʦʛʜʘ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʥʝʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ (ʯʝʨʝʟ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ) ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ. ʊʚʝʨʜʦʦʢʩʠʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʆʊʕ) ʷʚʣʷʶʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʚʦʜʘ 

ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ 

ʂʇɼ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʦʩʪʠʛʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ [1], 

ʥʝʞʝʣʠ ʂʇɼ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ (ʕʋ) ʥʘ ʊʆʊʕ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʠʣʫ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, 

ʥʦ ʠ ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ, ʥʦ ʠ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʪʝʧʣʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʘ ʪʝʭʥʦʣʦʛʠʷ ʊʆʊʕ 

ʵʣʝʢʪʨʦʣʠʪ-ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ï ʊʆʊʕ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʷʜʘ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʝ ʊʆʊʕ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦ ʧʨʠʯʠʥʝ 
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ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʦʡ 

(150 ʤʢʤ) ʥʝʩʫʱʝʡ ʘʥʠʦʥʥʦʡ ʤʝʤʙʨʘʥʳ, ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 800 ï 850 Áʉ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʚʳʭʦʜʘ ʙʘʪʘʨʝʡ ʥʘ ʨʘʙʦʯʠʝ ʨʝʞʠʤʳ. 

ʉʦʟʜʘʥʠʝ ʊʆʊʕ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʊʆʊʕ, ʧʦʥʠʞʝʥʠʝ ʠʭ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ, ʧʨʠ ʫʜʝʰʝʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʙʘʪʘʨʝʡ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʊʆʊʕ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʝʢʪʦʨʳ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʝ ʩʪʦʨʦʥʳ. 

ʇʦʥʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʯʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʥʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʝʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʊʆʊʕ, ʙʘʪʘʨʝʡ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ 

ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʩʭʝʤʫ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ. ɼʣʷ 

ʤʥʦʛʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʆʊʕ ʷʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 550 ï 750 Áʉ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʧʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʵʣʝʢʪʨʦʜʘʭ ʠ ʪʦʢʦʚʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʊʆʊʕ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʝʚʳʝ 

ʤʘʪʝʨʠʘʣʳ [2].  

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʆʊʕ, ʘ 

ʪʘʢʞʝ ʩʪʦʡʢʦʩʪʠ ʢ ʙʳʩʪʨʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʠʨʦʚʘʥʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʪʝʣ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʦʣʱʠʥ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʝʚ ʜʦ ʟʥʘʯʝʥʠʡ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ ʠ ʤʝʥʝʝ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ 

ʦʩʥʦʚʳ ʧʦʨʠʩʪʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʦʯʥʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʠʨʦʚʘʥʠʶ 

ʊʆʊʕ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʝʪ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ, ʦʩʦʙʝʥʥʦ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ 

ʫʩʣʦʚʠʝʤ ʩʥʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʆʊʕ ʠ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʣʦʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ 

ʫʜʝʰʝʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʥʘʥʦʩʠʤʳʭ ʩʣʦʝʚ.  

ɺʝʨʦʷʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʠʟ ʩʫʩʧʝʥʟʠʠ, ʪʘʢʠʝ ʢʘʢ: ʪʨʘʬʘʨʝʪʥʘʷ 

ʧʝʯʘʪʴ, ʘʵʨʦʟʦʣʴʥʘʷ ʧʝʯʘʪʴ ʠʟ ʩʫʩʧʝʥʟʠʠ, ʥʘʥʝʩʝʥʠʝ ʧʦʛʨʫʞʝʥʠʝʤ ʠ ʪ.ʧ., ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʚʷʟʫʶʱʠʭ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʤʝʪʦʜʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ 

ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʧʝʢʘʥʠʷ ʩʣʦʝʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʝʤʙʨʘʥ, ʢ ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʛʘʟʦʧʣʦʪʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʨʛʘʥʠʢʠ ʪʨʝʙʫʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʞʠʛʦʚ ʚ ʚʦʟʜʫʰʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʠʞʝ 300Á ʉ [4], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʥʳʭ ʩʣʘʙʦʧʨʦʚʦʜʷʱʠʭ ʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʜʫʨʘ 

ʦʙʞʠʛʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʜʦʣʛʦʡ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ [4].  

ʄʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʪʤʦʩʬʝʨʥʦʝ ʧʣʘʟʤʝʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ, ʚʘʢʫʫʤʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʛʘʟʦʢʠʩʣʦʪʥʦʝ 

ʥʘʧʳʣʝʥʠʝ ʠ ʪ.ʧ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 20 ʤʢʤ, 

ʢʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʩʣʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʣʝʢʪʨʦʜʦʚ ʊʆʊʕ [5 ï 9].  

ʄʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, 

ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʥʝʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʬʘʟʳ, ʩʣʦʞʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʝʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʤʦʨʬʦʣʦʛʠʠ ʧʦʜʣʦʞʢʠ [10 ï 13].  
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ʄʝʪʦʜ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ (aerosol deposition, vacuum kinetic 

spraying, AD) ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦʟʠʪʥʳʝ 

ʧʣʝʥʢʠ ʠʟ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ 0,1 ï100 ʤʢʤ. 

ʌʦʨʤʠʨʫʝʤʳʝ ʧʣʝʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʩʘʞʜʝʥʠʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ (ʜʦ 

10 ʤʤ3/ʤʠʥ) [14]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ 

ʊʆʊʕ ʤʝʪʦʜʦʤ AD. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʥʦʜʥʦʛʦ ʩʣʦʷ Ni/(Y2O3)0.08(ZrO2)0.92 (Ni/8YSZ) ʠʣʠ 

Ni/(Sc2O3)0.10(Y2O3)0.01(ZrO2)0.89 (Ni/10Sc1YSZ), Ni/Gd0.1Ce0.9O1.95 (Ni/GDC) ʥʘ 

ʧʦʨʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ, ʘ ʪʘʢʞʝ 

ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 8YSZ 

((Y2O3)0.08(ZrO2)0.92), GDC (Gd0.1Ce0.9O1.95) ʥʘ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʤ ʘʥʦʜʝ ʜʣʷ ʘʥʦʜ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʣʦʝʚ, ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD, ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ.  

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ AD; 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ AD; ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ (<10 ʤʢʤ) ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʥʘ 

ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʠʭ ʘʥʦʜʘʭ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ, ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʘʥʦʜʘ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʠʩʪʳʭ ʧʦʜʣʦʞʢʘʭ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ.  
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ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʘʥʦʜʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ AD ʥʘ ʧʦʨʠʩʪʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ, ʠ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ 

AD ʥʘ ʛʘʟʦʧʣʦʪʥʦʡ NiO/YSZ ʘʥʦʜʥʦʡ ʧʦʜʣʦʞʢʝ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʘʥʦʜʦʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ AD, ʠ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʵʣʝʢʪʨʦʣʠʪʥʦʡ 

ʤʝʤʙʨʘʥʦʡ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ AD.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʎʝʣʠ ʙʳʣ ʨʝʰʝʥ ʨʷʜ ɿʘʜʘʯ: 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʩʦʟʜʘʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʩʦʩʘ 600 ʣ/ʩ ʧʨʠ 100 ʇʘ, 

ʩʠʩʪʝʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʥʘ ʙʘʟʝ ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʫʜʘ, ʢʘʤʝʨʦʡ 

ʦʩʘʞʜʝʥʠʷ ʠ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʨʘʟʤʝʨʦʤ ʜʦ 200Ĭ200 ʤʤ. 

2. ʇʦʜʦʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ 

ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭʩʣʦʡʥʦʡ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʤʝʤʙʨʘʥʳ 

8YSZ+GDC ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʥʘ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʘʥʦʜʘʭ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 

3. ʀʟʛʦʪʦʚʣʝʥʳ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ ʜʠʘʤʝʪʨʦʤ 21 ʤʤ ʩ 

ʦʜʥʦʩʣʦʡʥʦʡ 8YSZ ʠ ʜʚʫʭʩʣʦʡʥʦʡ 8YSZ+GDC ʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ, 

ʦʩʘʞʜʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ.  

4. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ, ʩʦʩʪʘʚʘ 

ʧʦʨʦʰʢʘ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʘʥʦʜʘ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 

5. ʀʟʛʦʪʦʚʣʝʥʳ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ ʜʠʘʤʝʪʨʦʤ 23 ʤʤ ʩ 

ʘʥʦʜʦʤ Ni/GDC, ʦʩʘʞʜʝʥʥʳʤ ʤʝʪʦʜʦʤ AD, ʠ ʵʣʝʢʪʨʦʣʠʪʦʤ GDC, ʦʩʘʞʜʝʥʥʳʤ 
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ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʠ ʢʘʪʦʜʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ. 

6. ʀʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʊʆʊʕ, ʘ ʠʤʝʥʥʦ: ʠʟʤʝʨʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ), ʘ ʪʘʢʞʝ 

ʛʦʜʦʛʨʘʬ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʯʘʩʪʠ ʠʤʧʝʜʘʥʩʥʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʯʘʩʪʦʪʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ.  

7. ʉʦʟʜʘʥʘ ʩʙʦʨʢʘ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʟ ʜʚʫʭ ʤʝʤʙʨʘʥʥʦ-

ʵʣʝʢʪʨʦʜʥʳʭ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ 20Ĭ20 ʤʤ ʩ ʘʥʦʜʦʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʙʦʨʢʠ, ʘ ʪʘʢʞʝ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ.  

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʘʥʦʜʘ Ni/GDC ʩ ʩʫʙʤʠʢʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʜʣʷ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠʟ 8YSZ ʠ 

GDC ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʛʘʟʦʧʣʦʪʥʳʭ NiO/8YSZ ʠ 8YSZ ʩʣʦʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

3. ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʩʦʟʜʘʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʩʦʩʘ 600 ʣ/ʩ ʧʨʠ 100 ʇʘ, 

ʩʠʩʪʝʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʥʘ ʙʘʟʝ ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʫʜʘ, ʢʘʤʝʨʦʡ 

ʦʩʘʞʜʝʥʠʷ ʠ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʨʘʟʤʝʨʦʤ ʜʦ 200Ĭ200 ʤʤ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 

ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ Ni/GDC ʘʥʦʜʦʤ ʠ 



11 
 

ʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʥʘ ʦʩʥʦʚʝ 8YSZ ʠ GDC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠ ʦʙʞʠʛʘ. 

 

ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʥʦʜʥʳʝ ʩʣʦʠ Ni/GDC ʠ Ni/10Sc1YSZ ʪʦʣʱʠʥʦʡ 20 ï 50 ʤʢʤ ʥʘ 

ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ.  

ʄʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʵʣʝʢʪʨʦʣʠʪʥʘʷ ʤʝʤʙʨʘʥʘ 8YSZ ʪʦʣʱʠʥʦʡ 5 ʤʢʤ ʥʘ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ.  

ʄʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʜʚʫʭʩʣʦʡʥʘʷ 

ʵʣʝʢʪʨʦʣʠʪʥʘʷ ʤʝʤʙʨʘʥʘ 8YSZ + GDC ʥʘ ʥʠʢʝʣʴ/ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ 

ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʪʦʣʱʠʥʘʤʠ ʩʣʦʝʚ 2 ʤʢʤ ʠ 1 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʘʥʦʜʥʳʭ ʩʣʦʝʚ Ni/GDC, Ni/10Sc1YSZ ʠ 

ʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʩʣʦʷ 8YSZ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ 

ʚʘʢʫʫʤʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʊʆʊʕ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʥʦʜʦʤ Ni/GDC, ʦʩʘʞʜʝʥʥʳʤ ʥʘ ʧʦʨʠʩʪʫʶ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʊʆʊʕ ʩ ʦʜʥʦʩʣʦʡʥʳʤ 8YSZ ʠ ʜʚʫʭʩʣʦʡʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ 8YSZ+GDC, 

ʦʩʘʞʜʝʥʥʳʤʠ ʥʘ ʘʥʦʜʥʫʶ ʧʦʜʣʦʞʢʫ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ.  

ʀʟʛʦʪʦʚʣʝʥʘ ʩʙʦʨʢʘ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʦʙʞʠʛʦʤ ʚʩʝʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʝʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

950 Áʉ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʫʩʢʘ ʩʙʦʨʢʠ ʚ ʨʘʙʦʪʫ. ʇʨʦʚʝʜʝʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʙʦʨʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʷ ʧʦ 

ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʠʨʦʚʘʥʠʶ.  
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʤʝʤʙʨʘʥ 8YSZ (1 ï 15 ʤʢʤ) ʠ GDC (0,1 ï 1 ʤʢʤ) ʠʟ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ ʜʣʷ ʘʥʦʜ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʦʜʥʦʛʦ ʩʣʦʷ 

Ni/GDC ʩ ʩʫʙʤʠʢʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʟ ʩʫʭʦʛʦ 

ʧʦʨʦʰʢʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʪʘʨʝʡ ʊʆʊʕ ʙʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʙʞʠʛʦʚ.  

ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʩʦʟʜʘʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʩʦʩʘ 600 ʣ/ʩ ʧʨʠ 100 ʇʘ, ʩʠʩʪʝʤʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʥʘ ʙʘʟʝ ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʫʜʘ, ʢʘʤʝʨʦʡ ʦʩʘʞʜʝʥʠʷ ʠ 

ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʥʘ ʧʦʜʣʦʞʢʘʭ 

ʨʘʟʤʝʨʦʤ ʜʦ 200Ĭ200 ʤʤ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, 

ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʠʩʘʥʠʠ 

ʩʪʘʪʝʡ, ʦʬʦʨʤʣʝʥʠʠ ʟʘʷʚʢʠ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨ ʣʠʯʥʦ 

ʠʟʛʦʪʦʚʠʣ ʚʩʝ ʧʣʝʥʦʯʥʳʝ ʩʣʦʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ 

ʚʘʢʫʫʤʝ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʦʩʥʦʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʙʦʨʢʝ ʫʩʪʘʥʦʚʢʠ 

AD, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʥʘ ʧʦʜʣʦʞʢʠ ʨʘʟʤʝʨʦʤ ʜʦ 200Ĭ200 ʤʤ. ɸʚʪʦʨ 

ʣʠʯʥʦ ʟʘʥʠʤʘʣʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʝʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ AD. ɸʚʪʦʨ ʣʠʯʥʦ ʧʨʝʜʩʪʘʚʣʷʣ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 
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ʫʯʘʩʪʠʝʤ çʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝè (ʏʝʨʥʦʛʦʣʦʚʢʘ, 

2020, 2021, 2022, 2023); 15-ʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʣʦʜʝʞʥʳʝ 

ʥʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠè (ʌʨʷʟʠʥʦ, 2020); The 17th 

International Symposium on Solid Oxide Fuel Cells (SOFC-XVII ) (Digital meeting, 

2021); 6th Asian SOFC Symposium and Exhibition (Republic of Korea, 2021).  

 

ʇʫʙʣʠʢʘʮʠʠ 

ʋ ʜʠʩʩʝʨʪʘʥʪʘ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ:  

1. Aerosol deposition of thin-film solid electrolyte membranes for anode-

supported solid oxide fuel cells /I.S. Erilin, D.A. Agarkov, I.N. Burmistrov [et al.] // 

Materials Letters. ï 2020. ï Vol. 266. ï P. 127439. 

2. Aerosol Deposition of Thin-Film Single- and Bi-layered Solid Electrolytes for 

Intermediate Temperature Planar Solid Oxide Fuel Cells /I.S. Erilin, I.N. Burmistrov, 

D.A. Agarkov [et al.] // ECS Transactions. ï 2021. ï Vol. 103. ï P. 1695ï1703. 

3. Aerosol deposition of anode functional layer for metal-supported solid oxide 

fuel cells /I.S. Erilin, I.N. Burmistrov, D.A. Agarkov [et al.] // Materials Letters. ï 2022. 

ï Vol. 306. ï P. 130924. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 99 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʘ ʥʘ 158 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 86 

ʨʠʩʫʥʢʦʚ ʠ 9 ʪʘʙʣʠʮ.  
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1 ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

 

1.1 ɻʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ɺʩʝ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʚʠʜʫ 

ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ: ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʠʷ, 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ.ʜʨ. ʋʩʣʦʚʥʦ ʚʩʝ ʪʠʧʳ ʛʝʥʝʨʘʪʦʨʦʚ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ 

ʛʨʫʧʧʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʅʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʠʩʪʝʤʝ ʛʣʦʙʘʣʴʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʆʜʥʘʢʦ, ʚʝʨʦʷʪʥʦ, 

ʥʝ ʩʪʦʠʪ ʦʞʠʜʘʪʴ ʠ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ.  

ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʥʮʠʧʝ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ, ʛʜʝ ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ʦʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʧʝʨʝʭʦʜʠʪ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʟʘʪʝʤ ï ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʙʘʟʝ ʪʝʧʣʦʚʳʭ ʤʘʰʠʥ 

ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ ʩʚʦʠʤ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʂʇɼ ʧʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 40 ï 50 % [15], ʛʜʝ ɻʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 1. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʪʦʣʴʢʦ 

ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (ʥʝ ʤʝʥʝʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢɺʪ). ɼʣʷ 

ʛʝʥʝʨʘʪʦʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢɺʪ ʠ ʤʝʥʝʝ) ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʂʇɼ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 25 % ï 30 %.  

( .)
P

ʂʇɼ ʵʣʝʢʪʨ
H B
=
Ö

 (1) 

ʛʜʝ Pï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʛʝʥʝʨʘʪʦʨʦʤ, ɺʪ, Bï 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʩ, H ï ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ɼʞ/ʢʛ  
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ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʛʝʥʝʨʠʨʫʶʱʠʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʯʝʨʝʟ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʪʦʧʣʠʚʦʤ ʠ 

ʦʢʠʩʣʠʪʝʣʝʤ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ (ʊʆʊʕ), ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʚʠʜ ʊʆʊʕ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [16]. ʋʞʝ ʩʝʡʯʘʩ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʂʇɼ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʊʆʊʕ ʜʦʩʪʠʛʘʝʪ 60 % [1], ʢʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʂʇɼ 

ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ.  

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʚʦʜʦʨʦʜʝ ʠ ʢʠʩʣʦʨʦʜʝ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʪʳ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʂʇɼ ʮʠʢʣʘ ʂʘʨʥʦ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʳ ʧʨʠʥʷʪʘ 

273,15 ʂ) ʧʨʠ ʫʩʣʦʚʠʠ ʘʙʩʦʣʶʪʥʦʡ ʦʙʨʘʪʠʤʦʩʪʠ ʨʝʘʢʮʠʡ [16]. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 700 Áʉ ʠ ʥʠʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʂʇɼ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʂʇɼ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʠʜʝʘʣʴʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʮʠʢʣʘ ʂʘʨʥʦ 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʪʳ [16]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʦʙʨʘʪʠʤʦʩʪʴ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʝʧʣʦʚʳʭ ʤʘʰʠʥʘʭ, ʪʘʢ ʢʘʢ 

ʵʥʝʨʛʠʷ ʪʦʧʣʠʚʘ ʚ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʥʠʟʢʦʵʢʩʝʨʛʝʪʠʯʝʩʢʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ [17], 

ʪʘʢ ʯʪʦ ʨʝʘʣʴʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʣʠʞʝ ʢ ʩʚʦʝʤʫ ʠʜʝʘʣʫ ʥʝʞʝʣʠ 

ʪʝʧʣʦʚʘʷ ʤʘʰʠʥʘ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʂʇɼ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʝʪʘʥʝ ʠʣʠ ʩʠʥʪʝʟ-ʛʘʟʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʦʜʦʨʦʜʝ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʢ ʵʥʪʘʣʴʧʠʠ ( /G HD D ) ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʠ ʩʠʥʪʝʟ-ʛʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ [18].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʂʇɼ ʊʆʊʕ, ʜʘʥʥʳʡ ʪʠʧ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʄʘʣʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʊʆʊʕ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʝʡ. 

ɼʚʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ï ʧʦʠʩʢ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʠʩʢ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊʆʊʕ.  
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1.2 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʊʆʊʕ 

 

ʃʶʙʦʡ ʊʆʊʕ ʩʦʩʪʦʠʪ ʠʟ 3 ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ: ʘʥʦʜ, ʢʘʪʦʜ, ʵʣʝʢʪʨʦʣʠʪ. 

ɸʥʦʜ ï ʧʦʨʠʩʪʳʡ ʵʣʝʢʪʨʦʜ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠ ̫ʦʢʠʩʣʝʥʠʷ ʪʦʧʣʠʚʘ. 

ɸʥʦʜ, ʦʙʳʯʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʠʢʝʣʷ ʠ ʤʘʪʝʨʠʘʣʘ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʦʙʣʘʜʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʢʘʢ ʧʦ ʵʣʝʢʪʨʦʥʘʤ, ʪʘʢ ʠ ʧʦ ʠʦʥʘʤ 

ʢʠʩʣʦʨʦʜʘ. ʂʘʪʦʜ ï ʧʦʨʠʩʪʳʡ ʵʣʝʢʪʨʦʜ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʂʘʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪ ʠʣʠ ʦʜʥʦʬʘʟʥʳʡ 

ʩʤʝʰʘʥʥʳʡ ʧʨʦʚʦʜʥʠʢ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʢʘʢ ʧʦ ʵʣʝʢʪʨʦʥʘʤ, ʪʘʢ ʠ ʧʦ 

ʠʦʥʘʤ ʢʠʩʣʦʨʦʜʘ. ʕʣʝʢʪʨʦʣʠʪ ï ʛʘʟʦʧʣʦʪʥʘʷ ʢʝʨʘʤʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʧʨʦʚʦʜʷʱʘʷ 

ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ, ʥʦ ʥʝ ʧʨʦʚʦʜʷʱʘʷ ʵʣʝʢʪʨʦʥʳ.  

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʊʆʊʕ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʊʆʊʕ ʥʘ ʘʥʦʜ ʧʦʜʘʝʪʩʷ ʪʦʧʣʠʚʦ (ʚʦʜʦʨʦʜ, ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʩʠʥʪʝʟ-ʛʘʟ), ʥʘ ʢʘʪʦʜ ʧʦʜʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴ (ʚʦʟʜʫʭ). ʅʘ ʢʘʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʜʦ ʠʦʥʦʚ 

ʢʠʩʣʦʨʦʜʘ. ʀʦʥʳ ʢʠʩʣʦʨʦʜʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʢʠʩʣʦʨʦʜʥʳʤ ʚʘʢʘʥʩʠʷʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʘʥʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʟʘ ʩʯʝʪ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʦʪ ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ. ɿʘ ʩʯʝʪ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʥʦʜʝ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʘʥʦʜʘ ʢ ʢʘʪʦʜʫ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ [19].  
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ʄʦʞʥʦ ʥʘʟʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ.  

1. ʕʣʝʢʪʨʦʣʠʪ. ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ ʠʦʥʘʤ ʢʠʩʣʦʨʦʜʘ ʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ 

ʵʣʝʢʪʨʦʥʘʤ. ʉʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʘʟʦʧʣʦʪʥʦʡ.  

2. ɸʥʦʜ. ʄʘʪʝʨʠʘʣ ʘʥʦʜʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʢʠʩʣʝʥʠʶ ʚʦʜʦʨʦʜʘ ʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʉʪʨʫʢʪʫʨʘ ʘʥʦʜʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʨʘʟʚʠʪʦʡ ʪʨʝʭʬʘʟʥʦʡ ʛʨʘʥʠʮʝʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʚʦʜʥʠʢ| 

ʠʦʥʥʳʡ ʧʨʦʚʦʜʥʠʢ| ʛʘʟ. 

3. ʂʘʪʦʜ. ʄʘʪʝʨʠʘʣ ʢʘʪʦʜʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ. ʉʪʨʫʢʪʫʨʘ ʢʘʪʦʜʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʨʘʟʚʠʪʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʨʘʟʚʠʪʦʡ ʪʨʝʭʬʘʟʥʦʡ ʛʨʘʥʠʮʝʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʚʦʜʥʠʢ| ʠʦʥʥʳʡ 

ʧʨʦʚʦʜʥʠʢ| ʛʘʟ. 

ɺʩʝ ʩʣʦʠ ʊʆʊʕ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʢʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ r ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ) ʩʣʦʝʚ 

ʜʦʣʞʥ  rʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʙʣʠʟʢʠʤʠ. 

  



19 
 

1.3 ʊʠʧʳ ʊʆʊʕ 

 

ɺʩʝ ʊʆʊʕ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ.  

ʇʦ ʛʝʦʤʝʪʨʠʠ ʊʆʊʕ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʫʙʯʘʪʳʝ ʠ ʧʣʘʥʘʨʥʳʝ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʊʆʊʕ ʷʚʣʷʶʪʩʷ ʧʣʘʥʘʨʥʳʝ ʚ ʩʚʷʟʠ ʩ ʠʭ ʙʦʣʝʝ ʧʨʦʩʪʳʤ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ, ʧʨʦʩʪʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʦʢʦʩʲʝʤʘ ʠ ʢʦʤʤʫʪʘʮʠʝʡ ʚ ʙʘʪʘʨʝʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʪʨʫʙʯʘʪʳʝ ʊʆʊʕ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ: ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ-ʦʢʠʩʣʠʪʝʣʴʥʦʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ, ʧʨʦʩʪʘʷ ʛʘʟʦʚʘʷ ʛʝʨʤʝʪʠʟʘʮʠʷ [20].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʝʩʫʱʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʵʣʝʤʝʥʪʘ ʊʆʊʕ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʘʠʙʦʣʝʝ ʪʦʣʩʪʳʤ, ʊʆʊʕ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʣʠʪ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ, ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ, ʢʘʪʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʠ ʊʆʊʕ ʩ 

ʚʥʝʰʥʝʡ ʧʦʜʜʝʨʞʢʦʡ.  

ʕʣʝʢʪʨʦʣʠʪ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʠʜʦʤ ʊʆʊʕ. ɺ ʜʘʥʥʦʤ ʪʠʧʝ ʊʆʊʕ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʝʩʝʪ 

ʩʣʦʡ ʵʣʝʢʪʨʦʣʠʪʘ ʪʦʣʱʠʥʦʡ 150 ï 250 ʤʢʤ. ɹʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʵʣʝʢʪʨʦʣʠʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʛʘʟʦʚʫʶ ʛʝʨʤʝʪʠʟʘʮʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʊʆʊʕ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

800 ï 900 Áʉ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʴʰʠʤ 

ʩʢʦʨʦʩʪʷʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʨʠʚʦʜʷʪ ʢ ʙʳʩʪʨʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʊʆʊʕ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʙʘʪʘʨʝʡ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʩʭʝʤ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ.  

ɺ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ, ʥʝʩʫʱʠʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ 

ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʘʥʦʜ, ʝʛʦ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 400 ï 500 ʤʢʤ. ɹʣʘʛʦʜʘʨʷ 

ʧʝʨʝʥʦʩʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩ ʵʣʝʢʪʨʦʣʠʪʘ, ʝʛʦ ʪʦʣʱʠʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʘ ʜʦ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ 1 ï 10 ʤʢʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʝʛʦ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʙʦʯʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩʦʩʪʘʚʣʷʶʪ 700 ï 800 Áʉ.  
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ʂʘʪʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʯʪʦ ʠ 

ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ, ʥʦ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢʘʪʦʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʥʥʳʡ ʚʠʜ ʊʆʊʕ, 

ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ [21]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ, ʚʦʟʥʠʢʘʝʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʦʜʩʪʨʘʠʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝʢʘʥʠʷ ʜʨʫʛʠʭ ʩʣʦʝʚ ʧʦʜ ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ 

ʦʙʞʠʛʘ ʢʘʪʦʜʘ.  

ʊʆʊʕ ʩ ʚʥʝʰʥʝʡ ʧʦʜʜʝʨʞʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʚʩʝ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʣʦʠ ʷʚʣʷʶʪʩʷ ʪʦʥʢʠʤʠ (<50 ʤʢʤ), ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʨʜʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʥʝʰʥʷʷ ʧʦʜʜʝʨʞʢʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʥʝʧʨʦʚʦʜʷʱʝʡ ʢʝʨʘʤʠʢʦʡ, ʪʘʢ ʠ ʧʨʦʚʦʜʷʱʠʤ 

ʤʝʪʘʣʣʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʦʚʦʜʷʱʝʡ ʢʝʨʘʤʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʧʦʜʜʝʨʞʢʠ 

ʥʘʢʣʘʜʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʪʦʢʦʩʲʝʤʘ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʘʥʥʳʡ ʪʠʧ ʧʦʜʜʝʨʞʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʞʠʛʠ ʚ 

ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʦʪʣʠʯʠʠ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ. ʄʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʪʠʧʦʤ ʊʆʊʕ. ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʘ, ʪʨʝʙʫʝʤʳʝ ʥʘ ʨʘʟʦʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ ʊʆʊʕ (ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʣʦʷ, ʥʝʩʫʱʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʙʘʪʘʨʝʠ ʟʘ 

ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʧʨʦʢʣʘʜʦʢ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʦʣ ʚ ʧʦʣʴʟʫ ʩʚʘʨʢʠ 

ʧʦʜʣʦʞʢʠ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʣʦʢʘ ʊʆʊʕ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʧʠʩʘʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. ʃʝʛʢʘʷ ʦʢʠʩʣʷʝʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʜʝʣʘʝʪ 

ʢʨʘʡʥʝ ʥʝʨʝʢʦʤʝʥʜʫʝʤʳʤ ʦʙʞʠʛʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 

300 Áʉ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʁʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʦʟʜʫʰʥʦʤʫ ʦʙʞʠʛʫ ʜʝʣʘʶʪ ʩʣʦʞʥʳʤ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʩʧʝʥʟʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʪʨʝʙʫʝʪ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʠ 

ʜʦʣʛʠʭ ʦʙʞʠʛʦʚ ʢʘʢ ʚ ʚʦʟʜʫʰʥʦʡ, ʪʘʢ ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʘʭ [4].   
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1.4 ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ 

ʊʆʊʕ 

 

1.4.1 ʄʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʠʟ ʩʫʩʧʝʥʟʠʠ 

 

ʆʙʱʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʥʝʩʝʥʠʠ ʩʫʩʧʝʥʟʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʨʦʰʢʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ, 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʧʦʜʣʦʞʢʫ, ʩʫʰʢʝ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʦʙʞʠʛʝ ʥʘ ʚʦʟʜʫʭʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʤʝʪʦʜʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: ʊʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ 

(Screen printing) [22], ɸʵʨʦʟʦʣʴʥʘʷ ʧʝʯʘʪʴ ʠʟ ʩʫʩʧʝʟʠʠ (Spraying, inkjet printing) 

[23], ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ (Electrophoresis deposition) [24, 25], 

ʈʦʣʠʢʦʚʦʝ ʧʦʢʨʳʪʠʝ (Roller coating) [26], ʇʦʢʨʳʪʠʝ ʧʦʣʠʚʦʤ (Curtain coating) [27], 

ʇʦʢʨʳʪʠʝ ʩʦʩʢʘʣʴʟʳʚʘʥʠʝʤ (Slip casting) [28], ʅʘʥʝʩʝʥʠʝ ʧʦʛʨʫʞʝʥʠʝʤ (Dip 

coating) [29], ʅʘʥʝʩʝʥʠʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (Spin coating) [30].  

ʉʪʘʥʜʘʨʪʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʝʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʠʷ ʠʟ 

ʩʫʩʧʝʥʟʠʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 5 ï 100 ʤʢʤ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

<5 ʤʢʤ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʫʙʤʠʢʨʦʥʥʳʭ ʠ ʥʘʥʦʤʝʪʨʦʚʳʭ 

ʨʘʟʤʝʨʦʤ. ʆʜʥʘʢʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ ʠʟ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 

ʤʝʥʝʝ ʤʠʢʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʩʠʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʯʘʩʪʠʮ 

ʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʢ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ.  

ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʧʫʩʪʦʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ, 

ʩʣʦʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ 

ʩʧʝʢʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʧʣʦʪʥʳʭ ʧʣʝʥʦʢ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʟʦʧʣʦʪʥʦʡ ʧʣʝʥʢʠ 8YSZ, ʥʘʥʝʩʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ, ʪʨʝʙʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʩʚʳʰʝ 1400 Áʉ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʠʟ ʩʫʩʧʝʥʟʠʠ ʜʣʷ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʚʷʟʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʚʢʣʶʯʝʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʞʠʛʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ 

ʥʠʞʝ 300Á ʉ [4], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʜʫʨʘ ʦʙʞʠʛʘ ʚ ʩʣʫʯʘʝ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʣʛʦʡ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ [4]. 

 

1.4.2 ʄʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʣʘʚʣʝʥʠʠ ʧʦʨʦʰʢʘ ʥʘʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʧʳʣʝʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠʣʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʧʦʜʣʦʞʢʫ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʤʝʪʦʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: ɸʪʤʦʩʬʝʨʥʦʝ 

ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ (Atmospheric plasma spraying) [5], ɺʘʢʫʫʤʥʦʝ ʧʣʘʟʤʝʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ (Vacuum plasma spraying) [6], ʇʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ (Low-pressure plasma spraying) [7], ʇʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʩʫʩʧʝʥʟʠʡ 

(Suspension plasma spraying) [6, 8], ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʛʘʟʦʢʠʩʣʦʨʦʜʥʦʝ ʥʘʧʳʣʝʥʠʝ 

(High velocity oxy-fuel spraying) [9]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʙʞʠʛʝ (>1000 ÁC). ɹʣʘʛʦʜʘʨʷ 

ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʥʘʧʳʣʝʥʠʠ, 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʊʆʊʕ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚʩʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʣʦʠ ʊʆʊʕ ʟʘ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ, ʪʘʢ ʢʘʢ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʥʝ ʪʨʝʙʫʶʪ ʩʫʰʢʠ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʙʞʠʛʦʚ.  

ɺ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ: 

ʘʪʤʦʩʬʝʨʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ, ʚʘʢʫʫʤʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ, 

ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦʣʱʠʥʘ ʬʦʨʤʠʨʫʝʤʳʭ ʩʣʦʝʚ ʦʙʳʯʥʦ 
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ʧʨʝʚʳʰʘʝʪ 20 ʤʢʤ. ɼʘʥʥʘʷ ʪʦʣʱʠʥʘ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʧʨʠʚʦʜʠʪ 

ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ ʪʨʝʭʬʘʟʥʦʡ ʛʨʘʥʠʮʳ [27]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʦʞʥʦʩʪʷʤ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʜʦʚ.  

ɺʩʝ ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʟʜʘʥʠʷ ʊʆʊʕ.  

 

1.4.3 ʄʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

 

ɼʘʥʥʳʡ ʪʠʧ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʢʨʳʪʠʡ ʧʫʪʝʤ 

ʢʦʥʜʝʥʩʘʮʠʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ (ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ) ʥʘ ʧʦʜʣʦʞʢʝ. 

ɸʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʬʦʨʤʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʭʦʜʷʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʫʪʝʤ 

ʠʩʧʘʨʝʥʠʷ (Evaporations) ʠʣʠ ʨʘʩʧʳʣʝʥʠʷ (Sputtering) ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʡ 

ʢʣʘʩʩ ʤʝʪʦʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʬʠʟʠʯʝʩʢʦʝ ʛʘʟʦʬʘʟʥʦʝ ʦʩʘʞʜʝʥʠʝ (Physical vapor 

deposition) [10], ʭʠʤʠʯʝʩʢʦʝ ʛʘʟʦʬʘʟʥʦʝ ʦʩʘʞʜʝʥʠʝ (Chemical vapor deposition) 

[11]. ʌʠʟʠʯʝʩʢʦʝ ʛʘʟʦʬʘʟʥʦʝ ʦʩʘʞʜʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʝʨʝʚʦʜ ʤʘʪʝʨʠʘʣʘ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ: ʦʩʘʞʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʤ 

ʠʩʧʘʨʝʥʠʝʤ (Evaporation methods) [12], ʦʩʘʞʜʝʥʠʝ ʨʘʩʧʳʣʝʥʠʝʤ (Sputtering) [13].  

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʞʠʛʘʭ (>1000 ÁC). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʪʦʜʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʙʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ (ʭʠʤʠʯʝʩʢʦʝ ʛʘʟʦʬʘʟʥʦʝ 

ʦʩʘʞʜʝʥʠʝ), ʣʠʙʦ ʦʩʦʙʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʩʘʞʜʘʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ (ʠʤʧʫʣʴʩʥʦʝ 

ʣʘʟʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ, ʧʦʜʚʠʜ ʦʩʘʞʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʤ ʠʩʧʘʨʝʥʠʝʤ), ʣʠʙʦ 

ʩʣʦʞʥʦʩʪʴ ʁ ʚʳʜʝʨʞʠʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʩʘʞʜʝʥʠʶ ʦʢʩʠʜʦʚ (ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʧʦʜʚʠʜ 
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ʦʩʘʞʜʝʥʠʷ ʨʘʩʧʳʣʝʥʠʝʤ). ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʠʟ ʤʝʪʦʜʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʤʝʶʪ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʘʢʫʫʤʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʦʣʴʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʣʦʞʝʥʠʡ ʚ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

 

1.4.4 ʄʝʪʦʜ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (Cold spray) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ 

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟʚʝʩʪʥʳʡ ʢʘʢ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (Cold spray). ʆʩʥʦʚʳ ʤʝʪʦʜʘ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʉʉʉʈ 

ʚ ʀʥʩʪʠʪʫʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʉʆ ʈɸʅ [31]. ʇʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʧʫʪʝʤ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʘ ʚ ʛʘʟʝ-ʥʦʩʠʪʝʣʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 200  800 Áʉ ʠ ʜʘʚʣʝʥʠʝʤ ʜʦ 40 ʙʘʨ [32] ʠ 

ʩʦʫʜʘʨʝʥʠʝʤ ʠʭ ʩ ʧʦʜʣʦʞʢʦʡ. ʄʝʪʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ɺʘʨʠʘʥʪ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʥʠʟʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ (ʜʦ 10 ʙʘʨ) (Low pressure cold spray) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʝʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʝ ʢʝʨʘʤʠʢʠ 

ʚ ʦʩʘʞʜʝʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 20 ï 25 %, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʜʦʩʪʠʛʘʣʘ 50 %, ʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʣʝʥʢʝ ʥʝʨʘʚʥʦʤʝʨʥʦ 

(ʨʘʟʤʝʨ ʦʜʥʦʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʨʷʜʢʘ ʤʠʢʨʦʤʝʪʨʦʚ) [33, 34]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ 50 % ʜʦʣʠ ʢʝʨʘʤʠʢʠ ʚ ʦʩʘʞʜʝʥʥʦʤ ʩʣʦʝ, ʜʦʣʷ ʢʝʨʘʤʠʢʠ ʚ ʠʩʭʦʜʥʦʤ 

ʧʦʨʦʰʢʝ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 96 % [34], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʘʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʆʩʘʞʜʝʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʝʚ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʙʳʣʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʝʟʫʩʧʝʰʥʳʤ, ʘ ʚ ʪʝʭ ʨʝʜʢʠʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʝʨʘʤʠʯʝʩʢʠʡ ʩʣʦʡ ʫʜʘʚʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʠ ʜʝʬʝʢʪʥʦʡ [33]. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʫ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʦʩʘʞʜʝʥʠʷ 8YSZ, GDC ʠʣʠ 

Ni(NiO)/8YSZ, Ni(NiO)/GDC, ʢʘʢ ʚʧʨʦʯʝʤ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʘʥʦʜʦʚ ʠ 

ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʝʤʙʨʘʥ ʊʆʊʕ.  
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1.5 ʄʝʪʦʜ ʘʵʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ (Aerosol 

deposition, AD) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʣʦʝʚ ʊʆʊʕ 

 

ɺ 1980-ʭ ʛʦʜʘʭ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʝʨʚʳʝ ʫʩʧʝʭʠ ʧʦ ʦʩʘʞʜʝʥʠ ʁ

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʝʤ ʫʜʘʨʝʥʠʷ ʧʦʨʦʰʢʘ ʦ ʧʦʜʣʦʞʢʫ [35]. ʄʝʪʦʜ ʥʦʩʠʣ 

ʥʘʟʚʘʥʠʝ Gas deposition method ʠ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʤʝʨʦʤ <0,1 ʤʢʤ. ɺ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ ɸʢʝʜʦ ʩʦ ʩʚʦʝʡ ʛʨʫʧʧʦʡ 

ʧʨʦʜʦʣʞʠʣʠ ʨʘʟʚʠʚʘʪʴ ʤʝʪʦʜ ʫʜʘʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʝʨʘʤʠʢʠ [36 ï 38]. ɺ ʥʘʯʘʣʝ 

2000-ʭ ʤʝʪʦʜ ʦʙʨʝʣ ʩʚʦʶ ʩʦʚʨʝʤʝʥʥʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʭʝʤʫ [39], ʘʚʪʦʨʳ 

ʥʘʟʚʘʣʠ ʤʝʪʦʜ Aerosol deposition (AD). 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʤʝʪʦʜʘ AD, ʘ ʪʘʢʞʝ ʦʙʱʠʡ 

ʧʨʠʥʮʠʧ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʤʝʪʦʜʘ AD ʠ ʧʨʠʥʮʠʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ. 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʶʱʠʡ. ɺ ʩʠʩʪʝʤʫ ʛʝʥʝʨʘʮʠʠ 

ʘʵʨʦʟʦʣʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʪʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʧʦʤʝʱʘʝʪʩʷ ʩʫʭʦʡ 

ʧʦʨʦʰʦʢ ʧʣʘʥʠʨʫʝʤʦʛʦ ʢ ʦʩʘʞʜʝʥʠʶ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʠʩʪʝʤʝ 

ʛʝʥʝʨʘʮʠʠ ʘʵʨʦʟʦʣʷ ʜʘʥʥʳʡ ʧʦʨʦʰʦʢ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ, ʦʙʳʯʥʦ 

ʘʟʦʪʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʘʷ ʘʵʨʦʟʦʣʴʥʘʷ ʩʤʝʩʴ ʧʦʜʘʝʪʩʷ ʥʘ ʩʦʧʣʦ. ʀʟ 
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ʩʦʧʣʘ ʘʵʨʦʟʦʣʴʥʘʷ ʩʤʝʩʴ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 200 ï 400 ʤ/ʩ ʨʘʩʧʳʣʷʝʪʩʷ ʥʘ ʧʦʜʣʦʞʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʨʘʥʝʝ ʦʩʘʞʜʝʥʥʦʡ 

ʧʣʝʥʢʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʬʨʘʛʤʝʥʪʘʮʠʷ ʯʘʩʪʠʮ ʜʦ ʨʘʟʤʝʨʦʚ ʦʢʦʣʦ 10 ï 100 ʥʤ ʠ 

ʢʦʤʧʘʢʪʠʟʘʮʠʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʣʦʞʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʧʣʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʝʥʢʘ ʥʘ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʜʣʦʞʢʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʧʣʝʥʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ (100 ʥʤ ï 100 ʤʢʤ). 

ʀʪʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪ ɹ ʟʥʘʯʝʥʠʡ 95 % ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʩʘʞʜʝʥʠʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ (ʜʦ 

10 ʤʤ3/ʤʠʥ) [14].  

ʆʯʝʚʠʜʥʳ ʩʭʦʜʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʩʘʞʜʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʣʦʝʚ 

ʚ ʤʝʪʦʜʝ AD ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʷʤ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ. ɺ ʤʝʪʦʜʝ AD, ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʟʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʩ ʯʘʩʪʠʮʘʤʠ ʧʦʨʦʰʢʘ. ɺ ʧʝʨʚʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʦʨʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʦʪʦʢʦʤ ʛʘʟʘ ʩ 

ʩʠʣʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʦʨʤʫʣʦʡ 2, ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʜʣʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʜʣʦʞʢʝ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ.  

( )
21

2

p
g g p D

dw
m w w C A

dt
r= -  (2) 

ʛʜʝ  m ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ, t ï ʚʨʝʤʷ, grï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʤ3/ʩ, gw  ï 

ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʤ/ʩ, pw   ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʤ/ʩ, DC   ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, A  ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ ʯʘʩʪʠʮʳ, ʤ2.   

ʂʘʢ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʥʘʯʠʥʘʝʪ ʧʨʝʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ 

ʦʢʨʫʞʘʶʱʝʛʦ ʛʘʟʘ, ʥʘʯʠʥʘʝʪʩʷ ʚʪʦʨʘʷ ʟʦʥʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝʤ 
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ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ, ʪʘʢʞʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 2. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʪʦʨʤʦʟʷʱʝʤ ʫʯʘʩʪʢʝ ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʜʣʦʞʢʝ 

ʩʢʦʨʦʩʪʴ ʛʘʟʘ 0wg =^ , ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʛʨʘʥʠʯʥʘʷ 

ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ,ʢwp  ʧʨʠ ʢʦʪʦʨʦʡ ʝʝ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʦʩʘʜʠʪʴ ʥʘ ʧʦʜʣʦʞʢʫ ʚ 

ʚʠʜʝ ʧʣʝʥʢʠ, ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʥʦʨʤʘʣʴʥʦʤ ʢ ʧʦʜʣʦʞʢʝ ʥʘʧʨʘʚʣʝʥʠʠ ,l pʪʦʨʤ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʝʡ ʩʢʦʨʦʩʪʠ ,ʢwp  (ʬʦʨʤʫʣʘ 3). 

1 ,
2 ln,

,ʢ

wm pʥ
l pʪʦʨʤ

A C wg D pr

è øå õ
é ùæ ö=
é ùÖ æ ö
ç ÷ê ú

 (3) 

ʛʜʝ ,wpʥ - ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʥʘ ʚʭʦʜʝ ʚ ʪʦʨʤʦʟʷʱʠʡ ʫʯʘʩʪʦʢ,

,ʢwp  - ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʦʩʘʞʜʝʥʠʝ ʚ 

ʚʠʜʝ ʧʣʝʥʢʠ, m - ʤʘʩʩʘ ʯʘʩʪʠʮʳ.  

ɽʩʣʠ ʜʘʥʥʳʡ ʧʫʪʴ ʙʫʜʝʪ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʪʦʨʤʦʟʷʱʝʡ ʟʦʥʳ, ʪʦ ʦʩʘʞʜʝʥʠʝ 

ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʳʤ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ ʤʘʩʩ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʧʦʜʩʪʨʘʠʚʘʶʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʧʦʜ ʩʢʦʨʦʩʪʴ ʛʘʟʘ 

ʥʦʩʠʪʝʣʷ ʟʘ ʚʨʝʤʝʥʘ, ʤʥʦʛʦ ʤʝʥʴʰʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ 

ʪʨʘʝʢʪʦʨʠʷ ʯʘʩʪʠʮ ʙʣʠʟʢʘ ʢ ʣʠʥʠʷʤ ʪʦʢʘ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ. ʀʟ ʬʦʨʤʫʣʳ 2 ʚʠʜʥʦ, ʯʪʦ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʳ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʨʝʜʥʷʷ ʤʘʩʩʘ (ʠ ʨʘʟʤʝʨ) çʩʣʝʜʫʶʱʠʭè ʟʘ ʛʘʟʦʤ ʯʘʩʪʠʮ ʙʫʜʝʪ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʥʘ ʢʦʥʮʝ 

ʧʝʨʚʦʡ ʟʦʥʳ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʘ ʟʥʘʯʠʪ ʠ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʥʘ 

ʚʪʦʨʦʡ, ʪʦʨʤʦʟʷʱʝʡ ʟʦʥʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʧʨʠʝʤʣʝʤʦʡ ʩʢʦʨʦʩʪʠ ,ʢwp , ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ 3, ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʧʨʠ 

ʚʭʦʜʝ ʚ ʪʦʨʤʦʟʷʱʫʶ ʟʦʥʫ ʩʪʦʠʪ ʚ ʣʦʛʘʨʠʬʤʝ, ʘ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʚ ʪʦʨʤʦʟʷʱʝʡ ʟʦʥʝ 
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ʚ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʤʝʥʴʰʠʪʴ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʙʫʜʝʪ 

ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʘʚʠʪʴ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʜʦ ʧʦʜʣʦʞʢʠ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʙʦʣʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʝ 

ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʷʪ ʢ ʵʨʦʟʠʠ ʧʦʜʣʦʞʢʠ ʠʣʠ ʨʘʥʝʝ ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ, ʦʩʘʞʜʝʥʠʝ 

ʧʣʝʥʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʠʟʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʜʦ ʩʦʧʣʘ ʠ 

ʧʦʩʣʝ ʩʦʧʣʘ, ʥʦ ʠ ʘʙʩʦʣʶʪʥʳʝ ʜʘʚʣʝʥʠʷ. ɼʘʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [40, 41]. 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʠʜʝʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʯʥʳʭ ʩʣʦʝʚ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʊʆʊʕ 

ʤʝʪʦʜʦʤ AD ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ. ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʥʘʡʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1, ʠʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʜʘʣʝʝ.  

 

ʊʘʙʣʠʮʘ 1.1 ï ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʩʘʞʜʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʊʆʊʕ ʤʝʪʦʜʦʤ AD. 

ʆʩʘʞʜʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ 

ʇʦʜʣʦʞʢʘ ʆʩʦʙʝʥʥʦʩʪʠ ʉʩʳʣʢʘ 

8YSZ  NiO/YSZ ʅʈʎ ʊʆʊʕ 0,3 ɺ ʧʨʠ 750 Áʉ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 

1200 Áʉ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ 

[42] 

8YSZ Al 2O3, Au ʋʣʫʯʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʩʣʝ 

ʦʙʞʠʛʘ ʧʨʠ 900 Áʉ 

[43] 

8YSZ  Cu, ʩʪʘʣʴ ʆʪʩʫʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ [44] 

8YSZ, 12YSZ, 

16YSZ 

Al, ʩʪʘʣʴ ɺʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʠʨʦʣʠʟʘ ʧʦʨʦʰʢʘ, ʧʣʝʥʢʠ 

ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 300 ʤʢʤ 

[45] 

YSZ, LSCF Ni/GDC, YSZ ɿʥʘʯʝʥʠʷ ʅʈʎ ʊʆʊʕ 1,08 ɺ ʠ ʫʜʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ 0,71 ɺʪ/ʩʤ2 ʙʝʟ ʦʙʞʠʛʘ 

[46] 

GDCïGd2O3 YSZ ʆʩʘʞʜʝʥʠʝ ʥʘ ʧʣʦʱʘʜʴ 40Ĭ25 ʩʤ [47] 

LSGM NiO/YSZ ʈʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʣʝʥʢʠ ʧʦʩʣʝ ʦʙʞʠʛʘ, 

ʦʙʲʷʩʥʝʥʥʦʝ ʨʘʟʥʦʩʪʴʶ ʂʊʈ ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ 

[48] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.1.  

ʆʩʘʞʜʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ 

ʇʦʜʣʦʞʢʘ ʆʩʦʙʝʥʥʦʩʪʠ ʉʩʳʣʢʘ 

BaZrO3, BaSnO3, 

BaCeO3 

Al 2O3 ʋʣʫʯʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʩʣʝ 

ʦʙʞʠʛʘ ʧʨʠ 1000 Áʉ 

[49] 

SDC NiO/SDC ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ 1 ʤʢʤ, ʅʈʎ ʊʆʊʕ ʧʨʠ 500 Áʉ 

0,8 ɺ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1000 Áʉ 

[50] 

20 %GDC 8YSZ ʋʣʫʯʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ GDC ʧʨʠ ʦʙʞʠʛʝ ʧʨʠ 

1000 Áʉ 

[51] 

LSM/8YSZ 8YSZ ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 0,38 ɺʪ/ʩʤ2 ʧʨʠ 800 Áʉ ʙʝʟ 

ʦʙʞʠʛʘ ʢʘʪʦʜʘ 

[52] 

LSM/8YSZ 8YSZ ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 0,14 ɺʪ/ʩʤ2 ʧʨʠ 600 Áʉ [53] 

 

ʀʟʚʝʩʪʥʘ ʧʫʙʣʠʢʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʥʦʡ 

ʧʣʝʥʢʠ 8YSZ ʥʘ ʧʦʨʠʩʪʦʡ ʧʦʜʣʦʞʢʝ NiO/YSZ ʤʝʪʦʜʦʤ AD [42]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʫʩʧʝʰʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ 8YSZ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 8 ʤʢʤ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʦʙʞʠʛʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1200 Áʉ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʝʥʠʷʤ ʅʈʎ ʊʆʊʕ ʤʝʥʝʝ 0,3 ɺ ʧʨʠ 750 Áʉ. 

ʇʨʠ ʵʪʦʤ ʊʆʊʕ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʙʝʟ ʦʙʞʠʛʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʟʥʘʯʝʥʠʷ ʅʈʎ 1,1 ɺ 

ʧʨʠ 750 Áʉ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʥʝ ʧʨʠʚʦʜʷʪ ʦʙʲʷʩʥʝʥʠʡ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ.  

J. Exner ʠ ʜʨ. ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʝʚ 8YSZ, 

ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD [43]. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʞʠʛʝ ʦʩʘʞʜʝʥʥʳʭ 

8YSZ ʩʣʦʝʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 900 Áʉ, ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʣʫʯʰʘʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʩʚʷʟʠ ʩ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD ʧʣʝʥʦʢ, ʘ ʟʥʘʯʠʪ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʩʩʝʠʚʘʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘ ʤʝʞʟʝʨʥʦʚʳʭ ʛʨʘʥʠʮʘʭ.  

Mishra ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ 8YSZ ʥʘ 

ʛʘʟʦʧʣʦʪʥʳʝ ʧʦʜʣʦʞʢʠ ʠʟ ʤʝʜʠ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ [44]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʘʚʪʦʨʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ 8YSZ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʦʤ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʝʥʠʝʤ ʧʨʠ AD ʦʩʘʞʜʝʥʠʠ [39].  
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Song ʠ ʜʨ. ʠʟʫʯʘʣʠ AD ʦʩʘʞʜʝʥʠʝ 8YSZ, 12YSZ, 16YSZ ʧʦʨʦʰʢʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ in-situ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ, 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʩʭʝʤʫ AD ʫʩʪʘʥʦʚʢʠ [45]. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ: ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ 12YSZ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʠʟʛʦʪʦʚʠʪʴ ʩʣʦʡ 12YSZ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 300 ʤʢʤ.  

ʉhoi ʠ ʜʨ. ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʊʆʊʕ ʩ YSZ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʦʩʘʞʜʝʥʥʳʤ ʤʝʪʦʜʦʤ AD ʥʘ Ni/GDC ʘʥʦʜ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ LSCF ((La0.60Sr0.40)0.95Co0.20Fe0.80O3-x) ʢʘʪʦʜʘ ʥʘ YSZ 

ʵʣʝʢʪʨʦʣʠʪ [46]. ɸʚʪʦʨʳ ʟʘʷʚʠʣʠ ʚʧʝʯʘʪʣʷʶʱʠʝ ʟʥʘʯʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʊʆʊʕ 

ʙʝʟ ʦʙʞʠʛʘ YSZ ʠ LSCF ʩʣʦʝʚ: ʅʈʎ 1,08 ɺ, ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 0,71 ɺʪ/ʩʤ2, ʘ 

ʪʘʢʞʝ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 0,3 ï0,4 ʆʤĬʩʤ2 ʧʨʠ 750 ÁC. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʧʨʠʚʦʜʷʪ ʯʝʪʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ YSZ ʩʣʦʷ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ YSZ, ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ 

ʤʦʣʷʨʥʦʡ ʜʦʣʝ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʚ YSZ ʧʦʨʦʰʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ɺɸʍ ʠ ʛʦʜʦʛʨʘʬʘ ʠʤʧʝʜʘʥʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʣʠʯʥʳʭ ʦʪ 

750 Áʉ.  

Choi ʠ ʜʨ ʠʩʩʣʝʜʦʚʘʣʠ ʦʩʘʞʜʝʥʠʝ ʢʦʤʧʦʟʠʪʘ GDCïGd2O3 ʥʘ ʩʘʧʬʠʨʦʚʳʝ ʠ 

8YSZ ʧʦʜʣʦʞʢʠ ʤʝʪʦʜʦʤ AD, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ GDCïGd2O3, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ AD, ʚ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʊʆʊʕ ʤʝʞʜʫ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʢʘʪʦʜʦʤ 

[47].  

Wang ʠ ʜʨ. ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ La0.8Sr0.2Ga0.8Mg0.2O3 

(LSGM) ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʪʦʜʦʤ vacuum cold spray (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ AD) [48] 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʦʣʢʥʫʣʠʩʴ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ 

ʧʦʣʦʩʪʝʡ ʚ ʦʩʘʞʜʝʥʥʳʭ LSGM ʧʣʝʥʢʘʭ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʞʠʛʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʘʣʠ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʂʊʈ 

ʦʩʘʞʜʝʥʥʦʡ ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ. ʈʝʰʠʣʠ ʧʨʦʙʣʝʤʫ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 

ʦʙʞʠʛʝ ʘʚʪʦʨʳ ʧʫʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʦʙʞʠʛʘ LSGM ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ 

ʧʨʝʞʜʝ ʦʩʘʞʜʝʥʥʫʶ ʜʝʬʝʢʪʥʫʶ ʧʣʝʥʢʫ LSGM.  
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Exner ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ BaZrO3, BaSnO3, BaCeO3 

ʧʨʦʪʦʥʦʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʝʪʦʜʦʤ AD ʜʣʷ ʮʝʣʝʡ ʊʆʊʕ [49]. ɸʚʪʦʨʳ 

ʫʩʧʝʰʥʦ ʠʟʛʦʪʦʚʠʣʠ BaZrO3, BaSnO3, BaCeO3 ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 10 ʤʢʤ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʠʟ ʧʦʨʠʩʪʦʛʦ Al2O3. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ 

ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ AD ʧʣʝʥʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʦʤ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʩʣʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 1000 Áʉ.  

Wang ʠ ʜʨ. ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ Sm0,2Ce0,8O2-  (SDC) 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʘʥʦʜʥʫʶ ʧʦʜʣʦʞʢʫ NiO/SDC ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ 

[50]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʩʧʝʰʥʦ ʠʟʛʦʪʦʚʠʣʠ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʊʆʊʕ ʩ Ni/SDC 

ʘʥʦʜʦʤ, SDC ʵʣʝʢʪʨʦʣʠʪʦʤ, ʦʩʘʞʜʝʥʥʳʤ ʤʝʪʦʜʦʤ AD ʠ LSCF ʢʘʪʦʜʦʤ. ʊʦʣʱʠʥʘ 

ʵʣʝʢʪʨʦʣʠʪʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1 ʤʢʤ. ʇʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1000 ʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ 

ʅʈʎ ʧʨʠ 700 Áʉ ʙʳʣʦ ʨʘʚʥʦ 0,6 ɺ, ʘ ʧʨʠ 500 Áʉ ʜʦʩʪʠʛʣʦ ʟʥʘʯʝʥʠʡ 0,8 ɺ. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʅʈʎ ʚʦ ʤʥʦʛʦʤ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʮʝʨʠʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ.  

Seong ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠ ʦʩʘʞʜʝʥʠʝ Gd0.2Ce0.8O1.95 (20 %GDC) ʥʘ 8YSZ 

ʤʝʤʙʨʘʥʫ ʚ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ [51]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʥʘʨʫʞʠʣʠ ʟʘʤʝʪʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʦʙʞʠʛʝ 

20 %GDC ʩʣʦʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʣʫʯʰʝʥʠʝʤ 

ʘʜʛʝʟʠʠ ʠ ʩʚʷʟʘʥʥʦʩʪʠ ʯʘʩʪʠʮ 20 %GDC ʩʣʦʷ.  

ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʠ ʧʦ ʦʩʘʞʜʝʥʠʶ ʢʘʪʦʜʘ ʜʣʷ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. Baek ʠ ʜʨ [52]. ʬʦʨʤʠʨʦʚʘʣʠ ʢʦʤʧʦʟʠʪʥʳʡ ʢʘʪʦʜ 

LSM ((La0.80Sr0.20)0.95MnO3-x)/8YSZ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. ʆʩʘʞʜʝʥʠʝ 

ʢʘʪʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 8YSZ ʵʣʝʢʪʨʦʣʠʪʥʫʶ ʤʝʤʙʨʘʥʫ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʩʬʦʨʤʠʨʦʚʘʪʴ LSM/8YSZ ʢʦʤʧʦʟʠʪʥʳʡ ʢʘʪʦʜ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 20 ʤʢʤ ʩ ʨʘʟʚʠʪʦʡ 

ʩʫʙʤʠʢʨʦʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʥʘ ʛʘʟʦʧʣʦʪʥʦʡ 8YSZ ʤʝʤʙʨʘʥʝ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʊʆʊʕ ʩʦʩʪʘʚʠʣʘ 

0,38 ɺʪ/ʩʤ2 ʧʨʠ 800 Áʉ, ʧʦʣʥʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1,5 ʆʤĬʩʤ2. 
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ʇʦʩʣʝ 30 ʯʘʩʦʚ ʨʘʙʦʪʳ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʨʦʩʣʦ ʜʦ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ 

2,2 ʆʤĬʩʤ2 ʙʝʟ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʟʥʘʯʝʥʠʷʭ ʦʤʠʯʝʩʢʦʡ ʦʪʩʝʯʢʠ.  

Choi ʠ ʜʨ. ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʦʩʘʞʜʝʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʪʦʜʘ LSM/8YSZ ʥʘ 

8YSZ ʵʣʝʢʪʨʦʣʠʪʥʫʶ ʤʝʤʙʨʘʥʫ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ [53]. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ ʢʘʪʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 600 Áʉ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʫʜʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ LSM/8YSZ ʢʘʪʦʜ ʩ ʩʫʙʤʠʢʨʦʥʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨ ʪʦʣʱʠʥʦʡ 

ʦʢʦʣʦ 30 ʤʢʤ. ʇʨʠ 600 Áʉ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

0,14 ɺʪ/ʩʤ2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʊʆʊʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʤʝʪʦʜʦʤ AD, ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʦʩʘʞʜʝʥʠʶ ʵʣʝʢʪʨʦʣʠʪʘ ʠ 

ʢʘʪʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʦʜʘ, ʦʩʘʞʜʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ AD, ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʦʩʘʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 8YSZ ʠ GDC, ʷʚʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ ʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʚʝʜʝʥʠʡ ʦ 

ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʠʩʭʦʜʥʦʤʫ ʧʦʨʦʰʢʫ, ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʆʊʕ ʥʘ ʙʘʟʝ ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ.  
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2 ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʠʢʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ 

 

2.1 ʄʘʪʝʨʠʘʣʳ 

 

2.1.1 ʄʝʤʙʨʘʥʘ ʵʣʝʢʪʨʦʣʠʪʘ 

 

ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʊʆʊʕ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʤʝʪʦʜʦʤ AD ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʣʠʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: 8YSZ ʠ GDC. 8YSZ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʣʠʪʘ ʊʆʊʕ ʟʘ ʩʯʝʪ ʩʦʯʝʪʘʥʠ ̫ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʘʥʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʢ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʘʭ [16]. GDC, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʝʪ ʙʦӢʣʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʢ 

ʠʦʥʥʦʡ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʝʤ 8YSZ (ʨʠʩʫʥʦʢ 2.1) [16, 54]. 

ʅʘʣʠʯʠʝ ʟʘʤʝʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʝ GDC ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ GDC ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ, ʦʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʠʥʝʨʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʪʝʨʠʘʣʦʚ ʢʘʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʠʪʦʚ, GDC ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʢʦʙʘʣʴʪʠʪʥʳʤʠ ʢʘʪʦʜʘʤʠ ʠ 
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YSZ ʵʣʝʢʪʨʦʣʠʪʘʤʠ. ʂʊʈ ʜʣʷ 8YSZ ʠ GDC ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʶʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10,5 ï 11,0 ppm/K [55] ʠ 10,0 ï 13,0 ppm/K [56] ʚ ʜʠʘʧʘʟʦʥʝ 25 ï

 1000 Áʉ. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʊʆʊʕ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [54]. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʦʚ ʵʣʝʢʪʨʦʣʠʪʘ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʦʤʦʣʫ ʚ 

ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ Pulverisette 6 Classic Line (Fritsch GmbH, 

ɻʝʨʤʘʥʠʷ). ɼʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʯʘʩʪʦʪ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ 200 ï

 500 ʦʙ./ʤʠʥ. 

ʏʘʩʪʴ ʧʦʨʦʰʢʦʚ ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʪʢʝ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʯʠ Nabertherm HTCT 01/16 ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ C450 

(Nabertherm, ɻʝʨʤʘʥʠʷ) ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʂʘʯʝʩʪʚʦ ʧʣʝʥʢʠ, ʦʩʘʞʜʝʥʥʦʡ ʤʝʪʦʜʦʤ AD, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʨʦʰʢʘ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ AD, ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʦʪ 200 ʥʤ ʜʦ 5 ʤʢʤ [14]. ʅʘ ʨʠʩʫʥʢʘʭ 2.2 ï
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 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʪʦʜʦʤ AD. ʅʦʤʝʨʘ ʧʦʨʦʰʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʨʷʜʢʫ ʦʧʠʩʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʦʩʘʞʜʝʥʠʷ ʚ ʛʣʘʚʝ 3.  

ʇʦʨʦʰʦʢ ˉ1 (ʨʠʩʫʥʦʢ 2.2ʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʝ 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ (Qingdao Terio Corporation, ʂʠʪʘʡ).  

ʇʦʨʦʰʦʢ ˉ4 (ʨʠʩʫʥʦʢ 2.2ʙ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ-

ʧʦʣʠʢʨʠʩʪʘʣʣʠʪʳ ʨʘʟʤʝʨʦʤ 0,5 ï 2 ʤʢʤ, ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1300 Áʉ ʧʦʨʦʰʢʘ ˉ1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʤʦʣʦʤ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ 

ʰʘʨʘʤʠ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ((Y2O3)0.05(ZrO2)0.95) ʨʘʟʤʝʨʦʤ 8 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 

400 ʦʙ./ʤʠʥ.  

ʇʦʨʦʰʦʢ ˉ8 (ʨʠʩʫʥʦʢ 2.2ʚ) ï ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʥʘʥʦʤʝʪʨʦʚ, ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʧʦʨʦʰʢʘ ˉ1 ʦʙʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 Áʉ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʤʦʣʦʤ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʰʘʨʘʤʠ ʠʟ ʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ ʨʘʟʤʝʨʦʤ 5 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 400 ʦʙ./ʤʠʥ.  

 

  

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ 8YSZ ˉ1 (ʘ), ˉ4 (ʙ), ˉ8 (ʚ). 

300 ʥʤ 

(ʘ) 

300 ʥʤ 

(ʙ) 

300 ʥʤ 

(ʚ) 
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ʇʦʨʦʰʦʢ ˉ2 (ʨʠʩʫʥʦʢ 2.3ʘ) ʩʦʩʪʦʠʪ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 60 ʤʢʤ (SOFCMAN, ʂʠʪʘʡ) ï ʩʚʷʟʘʥʥʳʝ ʩʠʣʦʡ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʯʘʩʪʠʮ rʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ (ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, 12Ñ2 ʤ2/ʛ). 

ʇʦʨʦʰʦʢ ˉ5 (ʨʠʩʫʥʦʢ 2.3ʙ-ʚ) ï ʧʦʤʦʣʦʪʳʡ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ ʰʘʨʘʤʠ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʨʘʟʤʝʨʦʤ 5 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 400 ʦʙ./ʤʠʥ 

ʧʦʨʦʰʦʢ ˉ2. 

 

  

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ 8YSZ ˉ2 (ʘ), ˉ5 (ʙ), ˉ5 ʚ ʙʦʣʴʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ (ʚ). 

 

ʇʦʨʦʰʦʢ ˉ3 (ʨʠʩʫʥʦʢ 2.4ʘ) ï ʘʛʣʦʤʝʨʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 

100 ʥʤ (ʏʝʧʝʮʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜ, ʈʦʩʩʠʷ). 

10 ʤʢʤ 

(ʘ) 

3 ʤʢʤ 

(ʙ) 

300 ʥʤ 

(ʚ) 
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ʇʦʨʦʰʦʢ ˉ6 (ʨʠʩʫʥʦʢ 2.4ʙ-ʚ) ï ʧʦʤʦʣʦʪʳʡ ʚ ʰʘʨʦʚʦʡ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ ʰʘʨʘʤʠ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʨʘʟʤʝʨʦʤ 5 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʠ 400 ʦʙ./ʤʠʥ 

ʧʦʨʦʰʦʢ ˉ3. 

 

  

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ 8YSZ ˉ3 (ʘ), ˉ6 (ʙ), ˉ6 ʚ ʙʦʣʴʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ (ʚ). 

 

ʇʦʨʦʰʦʢ ˉ7 (ʨʠʩʫʥʦʢ 2.5ʘ-ʙ) ï ʘʛʣʦʤʝʨʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ (ʆʆʆ ʊ:ʉʇ, 

ʈʦʩʩʠʷ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʥʷʪʠʝ ʘʛʣʦʤʝʨʘʪʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʘʛʣʦʤʝʨʘʪʳ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʛʣʦʷʟʳʯʥʳʤ ʧʦʥʷʪʠʷʤʠ soft agglomerates and 

hard agglomerates (ʤʷʛʢʠʝ ʠ ʪʚʝʨʜʳʝ ʘʛʣʦʤʝʨʘʪʳ). ʆʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʘʛʣʦʤʝʨʘʪʦʚ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʪʦʛʦ, ʢʘʢ ʣʝʛʢʦ ʘʛʣʦʤʝʨʘʪʳ 

ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ. ɸʛʣʦʤʝʨʘʪʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ (ʥʘʧʨʠʤʝʨ, ʥʘ 160 ɺʪ) ʜʨʦʙʷʪʩʷ ʜʦ 

3 ʤʢʤ 

(ʘ) 

3 ʤʢʤ 

(ʙ) 

300 ʥʤ 

(ʚ) 
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʯʘʩʪʠʮ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ ʧʣʦʪʥʳʝ 

ʘʛʣʦʤʝʨʘʪʳ ʜʨʦʙʷʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʘʛʣʦʤʝʨʘʪʦʚ ʧʦʨʦʰʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʘʛʣʦʤʝʨʘʪʦʚ 

ʚʣʠʷʝʪ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ ʧʦʩʣʝ ʧʦʤʦʣʘ: ʯʝʤ ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʘʛʣʦʤʝʨʘʪʳ, ʪʝʤ 

ʙʦʣʝʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤ ʧʦʣʫʯʘʝʪʩʷ ʧʦʨʦʰʦʢ ʧʦʩʣʝ ʧʦʤʦʣʘ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʘʟʣʠʯʠʝ ʚ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ-ʘʛʣʦʤʝʨʘʪʦʚ ʧʦʨʦʰʢʦʚ ˉ5 ʠ ˉ6 ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʮʝʜʫʨʳ ʧʦʤʦʣʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ 

ˉ2 ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʟ ʩʝʙʷ ʤʝʥʝʝ ʧʣʦʪʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʯʝʤ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ˉ3, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʡ ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ˉ2 ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ 

ʧʦʤʦʣʘ. 

 

  

ʈʠʩʫʥʦʢ 2.5 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʘ 8YSZ ˉ7 (ʘ), ˉ7 ʚ ʙʦʣʴʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ (ʙ). 

 

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʘ GDC (ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 6,1 ʤ2/ʛ (Fuel Cell Materials, ʉʐɸ)), 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʦʩʘʞʜʝʥʠʷ GDC ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʤʝʤʙʨʘʥʳ. ʇʦʨʦʰʦʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ.  

 

3 ʤʢʤ 

(ʘ) 

300 ʥʤ 

(ʙ) 
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ʈʠʩʫʥʦʢ 2.6 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʘ GDC. 

 

2.1.2 ɸʥʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʪʝʨʠʘʣʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʦʜʘ ʊʆʊʕ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʢʘʢ ʘʥʠʦʥʥʦʡ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʳʩʦʢʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ ʚʦʜʦʨʦʜʘ, ʂʊʈ 

ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʂʊʈ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʧʦʜʣʦʞʢʠ [16]. ɺ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʙʳʣ ʚʳʙʨʘʥ Ni ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ 

ʤʝʪʘʣʣ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʘʥʦʜʘ ʊʆʊʕ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ ʦʢʩʠʜʦʚ [16]. ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʘʥʠʦʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

(Sc2O3)0.10(Y2O3)0.01(ZrO2)0.89 (10Sc1YSZ) ʠ Gd0.1Ce0.9O1.95 (GDC). 10Sc1YSZ 

ʦʙʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʠ 8YSZ, ʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʘʥʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [57]. GDC ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʘʥʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 2.1). ʂʨʦʤʝ 

ʪʦʛʦ, ʘʥʦʜʳ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʥʘ ʙʘʟʝ ʦʢʩʠʜʘ ʮʝʨʠʷ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ [16]. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 25 ï 1000 Áʉ ʂʊʈ Ni ʠ NiO 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʶʪ 15,0 ï 19,5 ppm/K ʠ 13,0 ï 18,0 ppm/K [58, 59].  

ɼʣʷ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʦʜʘ ʜʣʷ ʤʝʪʘʣʣ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʪʨʠ ʢʦʤʧʦʟʠʪʘ: NiO/10Sc1YSZ 

(63/37 ʤʘʩʩ.%), Ni/10Sc1YSZ (50/50 ʤʘʩʩ.%), Ni/GDC (50/50 ʤʘʩʩ.%). ʄʘʩʩʦʚʳʝ 

10 ʤʢʤ 

(ʘ) 

300 ʥʤ 

(ʙ) 
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ʦʪʥʦʰʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʝ NiO/10Sc1YSZ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʘʥʦʜʘ ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʞʠʛʦʤ 

[59]. ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ 10Sc1YSZ 

(Daiichi Kigenso Kagaku Kogyo CO., Ltd, ʗʧʦʥʠʷ), NiO (Fuel Cell Materials, ʉʐɸ), 

Ni (ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʋʨʆ ʈɸʅ, ʈʦʩʩʠʷ), GDC (KCeraCell, ʂʦʨʝʷ) 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ.  

 

  

  

ʈʠʩʫʥʦʢ 2.7 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ 10Sc1YSZ (ʘ), NiO (ʙ), Ni (ʚ), GDC (ʛ). 

 

2.1.3 ʂʘʪʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ʊʆʊʕ: LSM, LSC ((La0.80Sr0.20)0.95CoO3-x) ʠ LSCF. LSM ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʦʜʭʦʜʷʱʠʤ ʂʊʈ 10 ï

 12 ppm/K ʚ ʜʠʘʧʘʟʦʥʝ 25 ï 1000 Áʉ [60, 61], ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ 

300 ʥʤ 300 ʥʤ 

300 ʥʤ 300 ʥʤ 

(ʘ) (ʙ) 

(ʚ) (ʛ) 
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ʢʦʤʧʦʟʠʪʦʚ, ʦʙʳʯʥʦ, ʩ YSZ-ʩʦʝʜʠʥʝʥʠʷʤʠ. LSC ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ 

ʢʘʪʦʜʦʤ ʩ ʚʳʩʦʢʦʡ ʘʥʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʝʛʦ ʂʊʈ 19 ppm/K ʚ 

ʜʠʘʧʘʟʦʥʝ 25 ï 1000 Áʉ [61, 62] ʩʠʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʪʘʥʜʘʨʪʥʳʝ ʂʊʈ ʜʨʫʛʠʭ 

ʩʣʦʝʚ ʊʆʊʕ. ʂʨʦʤʝ ʪʦʛʦ, LSC ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʠʟʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʢʦʥʪʘʢʪʝ ʩ YSZ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ 

ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʥʝʧʨʦʚʦʜʷʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ SrZrO3 [63]. LSCF ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʢʦʙʘʣʴʪʠʪʦʤ, ʧʦʵʪʦʤʫ ʥʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʩɹʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ YSZ. 

ʆʜʥʘʢʦ ʝʛʦ ʂʊʈ 13 ï17 ppm/K ʚ ʜʠʘʧʘʟʦʥʝ 25 ï 1000 Áʉ [58, 61] ʚ ʦʪʣʠʯʠʝ ʦʪ LSC 

ʙʣʠʞʝ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʂʊʈ ʜʨʫʛʠʭ ʩʣʦʝʚ ʊʆʊʕ. LSCF ʦʙʣʘʜʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʘʥʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʝʞʜʫ LSM ʠ LSC [64]. ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ ʢʘʪʦʜʦʚ 

ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʜʭʦʜʷʱʠʭ ʦʙʣʘʩʪʷʭ.  

 

2.1.4 ʅʝʩʫʱʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʘ ʧʨʠ ʚʳʙʦʨʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʙʳʣ ʚʳʙʨʘʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʊʆʊʕ ʩʧʣʘʚ Crofer 22APU ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ VDM Metals (ɻʝʨʤʘʥʠʷ). 

ʉʦʩʪʘʚ ʩʪʘʣʠ Crofer 22APU ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʝ 2.1 [65].  

 

ʊʘʙʣʠʮʘ 2.1 ï ʉʦʩʪʘʚ ʩʧʣʘʚʦʚ Crofer 22APU, ʍ17ʅ2 ʠ AISI 430L.*   

ʄʘʨʢʘ C S P Mn Cr Si Ni Ti+Nb Ca Cu 

Crofer 

22APU 

0,03 Ò0,02 Ò0,05 0,3-0,8 20-24 Ò0,5 Ò0,5 0,03-0,2 ï Ò0,5 

ʍ17ʅ2 0,08-

0,17 

Ò0,02 Ò0,03 Ò0,35 15-19 Ò0,1 1,5-2,5 Ò0,08 Ò0,2 ï 

AISI 430L Ò0,07 Ò0,03 Ò0,04 1 16-18 Ò1 Ò0,5 ï ï ï 

*ɿʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ.  
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ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʘʣʣʫ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ 

ʊʆʊʕ ʩʣʝʜʫʶʱʠʝ: ʙʣʠʟʢʠʡ ʢ ʦʩʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʂʊʈ (ʜʣʷ Crofer 22APU ʂʊʈ 

ʩʦʩʪʘʚʣʷʝʪ 10,3-12,3 ppm/K ʚ ʜʠʘʧʘʟʦʥʝ 25 ï 900Á C), ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʜʦʣʛʦʡ ʚʳʜʝʨʞʢʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʣʷ Crofer 22APU 55 ï

 120 ʤʢʆʤĬʩʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 25-1000Á C), ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʨʘʙʦʪʳ ʊʆʊʕ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʨʦʰʢʠ ʩʧʣʘʚʘ Crofer 22APU ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʦʪʢʨʳʪʦʡ 

ʧʨʦʜʘʞʝ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʣʦʞʝʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ ʩʪʘʣʝʡ, ʩʭʦʞʠʝ 

ʧʦ ʩʦʩʪʘʚʫ ʩ Crofer 22APU. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ ʤʘʨʦʢ ʍ17ʅ2 

(ɸʆ çʇʆʃɽʄɸè, ʈʦʩʩʠʷ), ʘ ʪʘʢʞʝ AISI 430L (New Huarui Group Limited, ʂʠʪʘʡ). 

ʉʦʩʪʘʚʳ ʧʦʨʦʰʢʦʚ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(EDX) ʧʦʨʦʰʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.2, ʧʦʨʦʰʢʠ 

ʍ17ʅ2 ʠ AISI 430L ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ, ʥʝʞʝʣʠ 

Crofer 22APU, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʂʊʈ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʭʨʦʤʘ ʙʦʣʝʝ 18 % ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [66]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʪʘʙʣʠʮʘ 2.1), ʩʧʦʩʦʙʥʦʛʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʡʦʥʝ 900Á C [67]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ (ʙʦʣʝʝ 5 %) ʚ ʩʪʘʣʷʭ ʧʨʠʚʦʜʷʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʂʊʈ (ʜʦ 20 ppm/K ʠ ʙʦʣʝʝ) [68]. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʈʝʟʫʣʴʪʘʪʳ EDX ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚ ʍ17ʅ2 ʠ AISI 430L.*  

ʄʘʨʢʘ Fe Si Cr Mn Ni 

ʍ17ʅ2 80.2 ï 17.63 ï 2.2 

AISI 430L 75.87 1.26 20.02 2.05 0.78 

*ɿʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ.  
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2.2 ʄʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 

 

2.2.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʊʆʊʕ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʚʫʩʣʦʡʥʘʷ ʘʥʦʜʥʘʷ ʧʦʜʣʦʞʢʘʭ ʩʦʩʪʘʚʘ 

NiO/YSZ (KCeraCell, ʂʦʨʝʷ), ʪʦʣʱʠʥʦʡ 0,55 ʤʤ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.8 ï 2.9.  

 

  

ʈʠʩʫʥʦʢ 2.8 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʘʥʦʜʘ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʩʣʦʡ), ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʪʦʜʦʤ AD. 

 

  

ʈʠʩʫʥʦʢ 2.9 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʩʝʯʝʥʠ ̫ʧʦʜʣʦʞʢʠ ʘʥʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʪʦʜʦʤ AD. 

 

30 ʤʢʤ 1 ʤʢʤ 

10 ʤʢʤ 3 ʤʢʤ 
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʣʦʡ ʘʥʦʜʘ (ʚʝʨʭʥʠʡ ʩʣʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.9) ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

15 ʤʢʤ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʘʟʦʧʣʦʪʥʳʤ. ʊʦʢʦʩʲʝʤʥʳʡ ʩʣʦʡ ʦʙʣʘʜʘʝʪ 

ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʤʝʪʦʜʦʤ AD. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʪʦʜʦʤ AD ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʫʩʪʘʥʦʚʢʠ AD. ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ ʫʩʪʘʥʦʚʦʢ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.10 

(ʫʩʪʘʥʦʚʢʘ ˉ1) ʠ ʨʠʩʫʥʢʝ 2.11 (ʫʩʪʘʥʦʚʢʘ ˉ2). ʅʘ ʨʠʩʫʥʢʝ 2.12 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʬʦʪʦʛʨʘʬʠʠ ʫʩʪʘʥʦʚʢʠ ʀʌʊʊ ʈɸʅ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʳ 

(ʫʩʪʘʥʦʚʢʘ ˉ2). ʋʩʪʘʥʦʚʢʘ AD ˉ2 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʩʦʩʥʫʶ ʛʨʫʧʧʫ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 600 ʣ/ʩ ʧʨʠ 100 ʇʘ (ʨʠʩʫʥʦʢ 2.11), ʢʘʤʝʨʫ ʦʩʘʞʜʝʥʠʷ ʠ ʩʠʩʪʝʤʫ 

ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʘʞʜʘʪʴ ʩʣʦʠ ʥʘ ʧʦʜʣʦʞʢʘʭ ʨʘʟʤʝʨʦʤ 

ʜʦ 200Ĭ200 ʤʤ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʥʘ ʙʘʟʝ ʢʨʠʦʛʝʥʥʦʛʦ 

ʩʦʩʫʜʘ. ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ AD ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ.  
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ʈʠʩʫʥʦʢ 2.10 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ ʫʩʪʘʥʦʚʢʠ ˉ1. 
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ʈʠʩʫʥʦʢ 2.11 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ ʫʩʪʘʥʦʚʢʠ ˉ2. 

 

 

ʈʠʩʫʥʦʢ 2.12  ï ʌʦʪʦʛʨʘʬʠʠ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ AD (ʫʩʪʘʥʦʚʢʘ ˉ2) ʚ 

ʀʌʊʊ ʈɸʅ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʳ. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ ʤʝʤʙʨʘʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ 8YSZ ʠ 

GDC ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʧʘʨʘʛʨʘʬ 2.1.1). ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʚ ʢʘʤʝʨʝ ʦʩʘʞʜʝʥʠʷ 

0,07 ï 9 ʊʦʨʨ, ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʧʝʨʝʜ ʩʦʧʣʦʤ 0,0065 ï 5 ʙʘʨ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1 ï 15 ʤʤ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʩʦʧʣʘ 30 ï

 90Á. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʨʞʘʪʝʣʷ ʧʦʜʣʦʞʢʠ 0,5 ï 5 ʤʤ/ʩ. ɿʘʛʨʫʟʢʘ ʧʦʨʦʰʢʘ 

ʧʦʜʙʠʨʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʦʩʘʞʜʘʝʤʦʡ ʧʣʝʥʢʠ. ʈʘʟʤʝʨ ʠ 

ʛʝʦʤʝʪʨʠʷ ʦʙʣʘʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ, ʨʘʟʤʝʨʘ 

ʩʣʝʜʘ ʦʩʘʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 
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ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʟʦʪ ʢʘʢ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʛʘʟʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ 

ʊʆʊʕ ʜʠʘʤʝʪʨʦʤ 21 ʤʤ ʠ ʨʘʟʤʝʨʦʤ 50Ĭ50 ʤʤ (ʩʤ. ʛʣʘʚʘ 3), ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʩʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʘʨʘʛʨʘʬʝ 3.4 (ʪʘʙʣʠʮʘ 3.1 ï 3.2). ʕʣʝʤʝʥʪʳ ʩʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ AD-ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʪʥʳʤʠ ʩʣʦʷʤʠ ʥʘ ʘʥʦʜʥʳʭ ʧʦʜʣʦʞʢʘʭ 

ʦʙʞʠʛʘʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʧʝʯʠ Nabertherm HTCT 01/16 ʉ450. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʘʪʦʜʘ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 

ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʪʦʜʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʯʥʦʛʦ 

ʪʨʘʬʘʨʝʪʥʦʛʦ ʧʨʠʥʪʝʨʘ ʣʠʙʦ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ 

EKRA E2 (Asys Group, ɻʝʨʤʘʥʠʷ). ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʪʦʜʘ ʘʥʦʜ-

ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʜʥʳʝ ʧʘʩʪʳ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʦʚ: 

LSM/10Sc1CeSZ (60/40 ʤʘʩʩ.%), LSCF, LSCF/GDC (50/50 ʤʘʩʩ.%) ʠʣʠ LSC. ɼʣʷ 

LSM/10Sc1CeSZ, LSM ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʣʠʮʠʥ-ʥʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʠ ʩʤʝʰʘʥ ʩ 

10Sc1CeSZ (DKKK, ʗʧʦʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

HERAEUS V-006 (Heraeus Holding GmbH, ɻʝʨʤʘʥʠʷ). ɼʣʷ ʜʚʫʭʩʣʦʡʥʦʛʦ ʢʘʪʦʜʘ 

LSCF/GDC (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʣʦʡ) + LSCF (ʪʦʢʦʩʲʝʤʥʳʡ ʩʣʦʡ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʦʤʤʝʨʯʝʩʢʘ ̫ʧʘʩʪʘ LSCF (KCeraCell, ʂʦʨʝʷ), ʚ ʢʦʪʦʨʫʶ ʚʤʝʰʠʚʘʣʩʷ ʘʥʠʦʥʥʳʡ 

ʧʨʦʚʦʜʥʠʢ GDC (KCeraCell, ʂʦʨʝʷ). ɼʣʷ LSC ʢʘʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʧʘʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ KCeraCell, ʂʦʨʝʷ.  

ʉʫʰʢʘ ʢʘʪʦʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, 

ʟʘʪʝʤ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʉʧʝʢʘʥʠʝ 

ʢʘʪʦʜʦʚ ʚ ʩʣʫʯʘʝ LSM/10Sc1CeSZ ʠ LSCF/GDC+LSCF ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʯʠ Nabertherm HTCT 01/16 ʉ450 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

1100 Áʉ ʠ 1000 Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ LSC ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ in-situ, ʪʦ 

ʝʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʜʝʣʝʥʥʳʭ ʛʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 950 Áʉ.  

ɼʣʷ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ 21 ʤʤ ʜʠʘʤʝʪʨ ʢʘʪʦʜʘ ʩʦʩʪʘʚʣʷʣ 15 ʤʤ, ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʨʘʟʤʝʨʦʤ 50Ĭ50 ʤʤ ʨʘʟʤʝʨ ʢʘʪʦʜʘ ʩʦʩʪʘʚʣʷʣ 40Ĭ40 ʤʤ.  

 

2.2.2 ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ 

 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʠʟʛʦʪʦʚʠʪʴ ʪʚʝʨʜʦʦʢʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʦʩʥʦʚʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʊʆʊʕ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʨʘʟʤʝʨʦʤ ʦʪ 23 ʤʤ ʜʦ 

25Ĭ50 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʦʪ 0,3 ʜʦ 1,5 ʤʤ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʠʩʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʜʚʘ ʤʝʪʦʜʘ: 

¶ ʄʝʪʦʜ ʦʜʥʦʦʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ; 

¶ ʄʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠ.̫ 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʦʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʘ ʍ17ʅ2 (ɸʆ çʇʦʣʝʤʘè, ʈʦʩʩʠʷ) 

(ʨʠʩʫʥʦʢ 2.13) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʩʩʘ ʇʃɻ-20 (ʃʘʙʊʫʣʩ, ʈʦʩʩʠʷ) (ʈʠʩʫʥʦʢ 2.14). 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ ʧʦʜʣʦʞʢʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʘʟʚʠʪʦʡ ʤʘʛʠʩʪʨʘʣʴʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ. ʈʘʟʤʝʨ ʧʦʨ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʤʝʨʫ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʪʘʢʞʝ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʦʣʱʠʥʘ 



49 
 

ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʙʫʜʝʪ ʩʦʧʦʩʪʘʚʠʤʘ ʩ 

ʨʘʟʤʝʨʦʤ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʦʜʣʦʞʢʠ. ʀʟ ʨʠʩʫʥʢʘ 2.13 ʚʠʜʥʦ, ʯʪʦ 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʍ17ʅ2 ʚʢʣʶʯʘʝʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 100 ʤʢʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʣʦʞʝʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʯʘʩʪʠʮ ʜʘʥʥʦʛʦ 

ʨʘʟʤʝʨʘ, ʧʦʪʨʝʙʫʝʪ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʘʥʦʜʘ 

ʪʦʣʱʠʥʦʡ ʜʦ 100 ʤʢʤ, ʪʘʢʘʷ ʪʦʣʱʠʥʘ ʷʚʣʷʝʪʩʷ ʠʟʣʠʰʥʝʡ. ʉ ʧʦʤʦʱʴʶ ʛʨʦʭʦʪʘ 

ANALYSETTE 3 PRO (Fritsch GmbH, ɻʝʨʤʘʥʠʷ) ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʬʨʘʢʮʠʷ ʧʦʨʦʰʢʘ 

Ò20 ʤʢʤ (20-), ʠʟ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʝʩʩʦʚʘʥʠʝ.  

 

  

ʈʠʩʫʥʦʢ 2.13 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʘ ʍ17ʅ2 ʜʦ ʧʨʦʩʝʠʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʚʝʣʠʯʝʥʠʷʭ. 

 

  

ʈʠʩʫʥʦʢ 2.14 ï ʃʘʙʦʨʘʪʦʨʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ (ʩʣʝʚʘ) ʠ ʮʠʣʠʜʨʠʯʝʩʢʘʷ 

ʧʨʝʩʩ-ʬʦʨʤʘ (ʩʧʨʘʚʘ). 

100 ʤʢʤ 10 ʤʢʤ 
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ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʝʩʩ-ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 

23 ʤʤ, ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,8 ï 1,5 ʤʤ, 

ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ ʜʘʚʣʝʥʠʷ 40 ï 60 ʄʇʘ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ ʜʠʩʢʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʫʶ ʧʝʯʴ ʉʅɺʕ 

1.3.1./16 (ʊʝʨʤʦʢʝʨʘʤʠʢʘ, ʈʦʩʩʠʷ), ʛʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʧʝʢʘʥʠʝ ʧʦʜʣʦʞʝʢ ʚ ʚʘʢʫʫʤʝ 

10- 5 ʊʦʨʨ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ: 

¶ ʥʘʛʨʝʚ ʜʦ 1200 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 300 Áʉ/ʯʘʩ; 

¶ ʚʳʜʝʨʞʢʘ ʧʨʠ 1200 Áʉ ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʦʚ; 

¶ ʩʧʫʩʢ ʜʦ 900 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 300 Áʉ/ʯʘʩ; 

¶ ʩʚʦʙʦʜʥʦʝ ʦʩʪʳʚʘʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʝʯʝʥʠʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʜʠʘʤʝʪʨʦʤ 23 ʤʤ. ʊʦʣʱʠʥʘ ʧʦʜʣʦʞʢʠ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1 ʤʤ. ʇʦʜʣʦʞʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʧʦʨ ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 5ï10 ʤʢʤ ʩ ʭʦʨʦʰʦ ʩʧʝʯʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʟʝʨʥʘʤʠ. ʌʦʪʦʛʨʘʬʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʝʢ ʜʠʘʤʝʪʨʦʤ 23 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2.16. ʇʦʨʠʩʪʦʩʪʴ ʜʘʥʥʳʭ ʧʦʜʣʦʞʝʢ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ 

ʚʟʚʝʰʠʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 %.  

 

  

ʈʠʩʫʥʦʢ 2.15 ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ) ʠ ʩʝʯʝʥʠʷ (ʙ) ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʨʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʜʠʘʤʝʪʨʦʤ 23 ʤʤ. 

 

30 ʤʢʤ 30 ʤʢʤ 

(ʘ) (ʙ) 
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ʈʠʩʫʥʦʢ 2.16 ï ʉʝʨʠʷ ʧʦʜʣʦʞʝʢ ʠʟ ʤʝʪʘʣʣʘ ʤʘʨʢʠ ʍ17ʅ2, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʦʪʦʞʝʥʥʳʭ ʚ ʚʘʢʫʫʤʝ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʚ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʝ.  

ɼʣʷ ʮʝʣʝʡ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʪʦʣʱʠʥʳ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʩ 

ʧʦʤʦʱʴʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ (ʈʠʩʫʥʦʢ 2.17). ʂʝʨʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʚʢʣʶʯʘʶʪ 

ʨʘʤʢʫ ʠ ʧʣʦʱʘʜʢʫ. ɺʳʩʦʪʘ ʨʘʤʢʠ ʙʦʣʴʰʝ ʚʳʩʦʪʳ ʧʣʦʱʘʜʢʠ ʥʘ ʪʨʝʙʫʝʤʫʶ 

ʪʦʣʱʠʥʫ ʧʦʜʣʦʞʢʠ. ʌʦʨʤʳ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

3D ʧʨʠʥʪʝʨʘ CERAMAKER-900ʅ, ʩʧʦʩʦʙʥʦʛʦ ʧʝʯʘʪʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ 

(ɿɸʆ çʀʎ çɹʠʨʶʯè, ʈʦʩʩʠʷ). ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʣʦʞʝʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ 

ʟʘʩʳʧʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʥʘ ʧʣʦʱʘʜʢʫ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʨʘʤʢʫ, ʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʨʦʰʢʘ ʰʧʘʪʝʣʝʤ ʧʦʜ ʫʨʦʚʝʥʴ ʨʘʤʢʠ. ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʧʦʨʦʰʢʘ ʧʦʜ ʫʨʦʚʝʥʴ ʨʘʤʢʠ ʨʘʤʢʘ ʫʜʘʣʷʝʪʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʰʦʢ, 

ʟʘʩʳʧʘʥʥʳʡ ʚ ʤʘʪʨʠʮʫ, ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʩʩʦʚʘʥʠʶ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʦʰʦʢ AISI430L 

(New Huarui Group Limited, ʂʠʪʘʡ) (ʨʠʩʫʥʦʢ 2.18). ʈʝʟʫʣʴʪʘʪʳ EDX ʘʥʘʣʠʟʘ 

ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ɼʘʥʥʳʡ ʧʦʨʦʰʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʦʡ 

ʯʘʩʪʠʮ ʙʣʠʟʢʦʡ ʢ ʩʬʝʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ 
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ʠʟʚʠʣʠʪʦʩʪʠ ʠ ʜʣʠʥʳ ʢʘʥʘʣʦʚ, ʘ ʟʥʘʯʠʪ ʧʦʥʠʞʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʣʦʞʢʠ. ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʧʨʝʩʩʦʚʘʥʠʠ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦʨʦʰʢʘ ʥʘ 

ʬʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʛʨʦʭʦʪʘ ANALYSETTE 3 PRO (Fritsch GmbH, ɻʝʨʤʘʥʠʷ). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʨʘʢʮʠʷ ʧʦʨʦʰʢʘ ʩ ʨʘʟʤʝʨʦʤ  Ò50 ʤʢʤ (50-).  

 

 

ʈʠʩʫʥʦʢ 2.17 ï ʌʦʪʦʛʨʘʬʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʚ ʨʘʟʦʙʨʘʥʥʦʤ (ʩʣʝʚʘ), ʩʦʙʨʘʥʥʦʤ 

ʚʠʜʘʭ ʙʝʟ (ʧʦ ʮʝʥʪʨʫ) ʠ ʩ ʟʘʩʳʧʘʥʥʳʤ (ʩʧʨʘʚʘ) ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʦʰʢʦʤ. 

 

   

ʈʠʩʫʥʦʢ 2.18 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʨʦʰʢʘ AISI 430L ʜʦ ʧʨʦʩʝʠʚʘʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ. 

 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʝ ʧʦʨʦʰʦʢ ʧʦʤʝʱʘʝʪʩʷ ʚ ʚʘʢʫʫʤʥʫʶ 

ʧʝʯʴ ʉʅɺʕ 1.3.1./16 (ʊʝʨʤʦʢʝʨʘʤʠʢʘ, ʈʦʩʩʠʷ) ʜʣʷ ʩʧʝʢʘʥʠʷ. ʈʝʞʠʤ ʩʧʝʢʘʥʠʷ ʙʳʣ 

30 ʤʢʤ 10 ʤʢʤ 
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ʘʥʘʣʦʛʠʯʝʥ ʨʝʞʠʤʫ ʩʧʝʢʘʥʠʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʧʨʝʩʩʦʚʘʥʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨ r ʚʳʜʝʨʞʢʠ, ʩʦʩʪʘʚʣʷʚʰʝʡ 1100 Áʉ ʚ ʩʣʫʯʘʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʣʦʞʢʠ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʝ.  

ʅʘ ʨʠʩʫʥʢʝ 2.19 ʧʨʝʜʩʪʘʚʣʝʥʦ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʯʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ. ʌʦʪʦʛʨʘʬʠʷ ʩʝʨʠʠ ʧʦʜʣʦʞʝʢ 

ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.20. 

 

  

ʈʠʩʫʥʦʢ 2.19 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʯʝʥʠʷ (ʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʙ) ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʠ ʨʘʟʤʝʨʦʤ 25Ĭ50 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 2.20 ï ʌʦʪʦʛʨʘʬʠʷ ʩʝʨʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ ʨʘʟʤʝʨʦʤ 25Ĭ50 ʤʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʝ.  

 

30 ʤʢʤ 

(ʘ) (ʙ) 

30 ʤʢʤ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.19(ʘ), ʪʦʣʱʠʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʣʦʞʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,3 ʤʤ, ʨʘʟʤʝʨ ʧʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 5 ï 30 ʤʢʤ. ʇʨʦʮʝʥʪ 

ʧʦʨʠʩʪʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʚʟʚʝʰʠʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 ï 50 %.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʜʣʦʞʢʠ ʧʦʢʨʳʚʘʣʠʩʴ ʩʣʦʝʤ Ni ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ [69]. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʊʆʊʕ, ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ 23 ʤʤ ʚʳʨʝʟʘʣʠʩʴ ʠʟ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʝʢ ʨʘʟʤʝʨʦʤ 25Ĭ50 ʤʤ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʤʘʨʢʝʨʘ 

ʄʠʥʠʄʘʨʢʝʨ 2 - M50 (çʃʘʟʝʨʥʳʡ ʮʝʥʪʨè, ʈʦʩʩʠʷ).  

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʦʤ AD. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʤʝʪʦʜʦʤ 

AD ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʨʠ ʪʠʧʘ ʢʦʤʧʦʟʠʪʘ: NiO/10Sc1YSZ (63/37 ʤʘʩʩ.%), 

Ni/10Sc1YSZ (50/50 ʤʘʩʩ.%) ʠ Ni/GDC (50/50 ʤʘʩʩ.%) (ʩʤ. ʧʘʨʘʛʨʘʬ 2.1.2).  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʘʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ 

ʫʩʪʘʥʦʚʢʠ AD. ʅʘ ʨʠʩʫʥʢʘʭ 2.10ï2.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʥʳʭ 

ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3 ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʱʠʥ 

ʚ ʦʩʘʞʜʝʥʥʦʤ ʩʣʦʝ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʩʣʦʷ. ʇʨʠ 

ʦʩʘʞʜʝʥʠʠ ʘʥʦʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʜʦʣʞʥʳ 

ʧʨʝʪʝʨʧʝʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʜʨʦʙʣʝʥʠʝ ʜʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʠʤʳʤ ʦʩʦʙʝʥʥʦ ʜʣʷ ʯʘʩʪʠʮ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ, 

ʦʩʘʞʜʘʝʤʳʭ ʥʘ ʨʝʣʴʝʬʥʳʡ ʤʝʪʘʣʣ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʠʟʣʠʰʥʝʡ 

ʧʣʦʪʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʨʦʰʦʢ ʘʥʠʦʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʘʥʦʜʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʦʨʦʰʢʘ ʘʥʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚ ʘʥʠʦʥ ʠ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʚ ʧʣʘʩʪʠʢʦʚʦʤ ʢʦʥʪʝʡʥʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʨʦʚ ʠʟ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʩ ʧʦʤʦʱʴʶ 
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ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʘʣʢʦʚʦʡ ʤʝʣʴʥʠʮʳ ʄʐʃ-1 (ʆʆʆ çʇʈʆʄʉʊʈʆʁʄɸʐè, ʈʦʩʩʠʷ) 

(ʫʛʣʦʚʘ ̫ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 60 ʦʙ./ʤʠʥ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ).  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʚ 

ʢʘʤʝʨʝ ʦʩʘʞʜʝʥʠʷ 0,5 ï 6 ʊʦʨʨ, ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʧʝʨʝʜ ʩʦʧʣʦʤ 0,3 ï 5 ʙʘʨ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʧʦʜʣʦʞʢʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1 ï 10 ʤʤ. ʋʛʦʣ 

ʥʘʢʣʦʥʘ ʩʦʧʣʘ ʩʦʩʪʘʚʣʷʣ 90Á. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʨʞʘʪʝʣʷ ʧʦʜʣʦʞʢʠ 0,5 ï

 5 ʤʤ/ʩ. ɿʘʛʨʫʟʢʘ ʧʦʨʦʰʢʘ ʧʦʜʙʠʨʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ 

ʦʩʘʞʜʘʝʤʦʡ ʧʣʝʥʢʠ. ʈʘʟʤʝʨ ʠ ʛʝʦʤʝʪʨʠʷ ʦʙʣʘʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ 

ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ ʠ ʨʘʟʤʝʨʘ ʩʣʝʜʘ ʦʩʘʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ 

ʛʨʘʥʠʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʟʦʪ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʛʘʟʦʚ.  

ɺ ʧʘʨʘʛʨʘʬʝ 4.5 (ʪʘʙʣʠʮʘ 4.3 ï 4.4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʭʦʜʷʱʠʝ ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ Ni/10Sc1YSZ ʠ 

Ni/GDC.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʣʝʤʝʥʪʳ ʩ ʦʩʘʞʜʝʥʥʳʤ ʘʥʦʜʥʳʤ ʩʣʦʝʤ ʥʘ ʧʦʨʠʩʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʞʠʛʫ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʉʅɺʕ 1.3.1./16 

(ʊʝʨʤʦʢʝʨʘʤʠʢʘ, ʈʦʩʩʠʷ) ʚ ʚʘʢʫʫʤʝ 10-5 ʊʦʨʨ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʛʨʘʬʠʢʫ: 

¶ ʥʘʛʨʝʚ ʜʦ ʊ1 (ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʞʠʤʘ) ʩʦ ʩʢʦʨʦʩʪʴʶ 

200 Áʉ/ʯʘʩ; 

¶ ʚr ʜʝʨʞʢʘ ʧʨʠ ʊ1 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ; 

¶ ʩʧʫʩʢ ʜʦ 700 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 200 Áʉ/ʯʘʩ; 

¶ ʩʚʦʙʦʜʥʦʝ ʦʩʪʳʚʘʥʠʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨ.r 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ. 

ɼʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚ ʀʥʩʪʠʪʫʪʝ 

ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ. ɼʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ 
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ʙʳʣʦ ʚʳʙʨʘʥʦ ʢʘʢ ʦʪʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʝʤʙʨʘʥ 

ʊʆʊʕ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʛʘʟʦʧʣʦʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʙʝʟ ʪʨʝʙʦʚʘʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʍʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʦʪʢʘʯʠʚʘʣʘʩʴ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 5Ĭ10- 5 ʊʦʨʨ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʩʣʦʷ ʵʣʝʢʪʨʦʣʠʪʘ ʧʝʨʝʜ ʝʛʦ 

ʥʘʥʝʩʝʥʠʝʤ ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 300 Áʉ, ʘ 

ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʠʭ ʦʙʨʘʙʦʪʢʘ ʧʫʯʢʦʤ ʠʦʥʦʚ Ar, ʛʝʥʝʨʠʨʫʝʤʳʤ ʠʦʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩ ʟʘʤʢʥʫʪʳʤ ʜʨʝʡʬʦʤ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʦʥʥʦʡ ʦʯʠʩʪʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 20 ʤʠʥ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʟʨʷʜʘ 1,5 ʢɺ, ʪʦʢʝ 25-30 ʤɸ, ʜʘʚʣʝʥʠʠ Ar 

1Ĭ10-3 ʊʦʨʨ. ʇʦʩʣʝ ʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘʧʳʣʝʥʠʝ ʩʣʦʷ GDC ʧʫʪʝʤ 

ʨʘʩʧʳʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ Ce0.8Gd0.2 ʤʠʰʝʥʠ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ (ʆʆʆ çɻʠʨʤʝʪè, 

ʈʦʩʩʠʷ) ʚ ʘʪʤʦʩʬʝʨʝ Ar ʠ O2. ʄʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʣʘ 500 ɺʪ, ʩʫʤʤʘʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʨʘʚʥʷʣʦʩʴ 4,5Ĭ10-3 ʊʦʨʨ. ʈʘʩʭʦʜʳ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʨʘʚʥʷʣʠʩʴ 100 ʠ 50 ʤʣ/ʤʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʘʛʥʝʪʨʦʥ ʨʘʙʦʪʘʣ ʚ 

çʦʢʩʠʜʥʦʤè (ʦʪʨʘʚʣʝʥʥʦʤ) ʨʝʞʠʤʝ ʨʘʩʧʳʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ 

ʥʝʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʥʦ ʧʦʣʫʯʝʥʥʘʷ ʧʣʝʥʢʘ ʠʤʝʝʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʙʣʠʟʢʠʡ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʦ ʢʠʩʣʦʨʦʜʫ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʤʘʛʥʝʪʨʦʥʘ ʜʦ 

ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 95 ʤʤ, ʚʨʝʤʷ ʥʘʧʳʣʝʥʠʷ ï 5 ʯʘʩʦʚ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩ 

ʦʩʘʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ 

ʚ ʧʫʙʣʠʢʘʮʠʠ [70]. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʘʪʦʜʘ ʜʣʷ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ.  

ɼʣʷ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʪʦʜʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ 

ʧʨʠʥʪʝʨʘ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʬʘʨʝʪʥʳʭ ʩʝʪʦʢ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʘ ̫ ʵʣʝʢʪʨʦʜʥʘ ̫ ʧʘʩʪʘ LSC 

(KCeraCell, ʂʦʨʝʷ). ʉʫʰʢʘ ʢʘʪʦʜʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʟʘʪʝʤ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 
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ʉʧʝʢʘʥʠʝ ʢʘʪʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ in-situ, ʪʦ ʝʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʜʝʣʝʥʥʳʭ ʛʘʟʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʩʪʝʥʜʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʙʦʨʢʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 

ɼʣʷ ʨʘʩʢʨʳʪʠʷ ʧʦʪʝʥʮʠʘʣʘ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʘʥʦʜʦʤ, 

ʦʩʘʞʜʝʥʥʳʤ ʤʝʪʦʜʦʤ AD, ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʥʦʧʦʣʷʨʥʘʷ ʩʙʦʨʢʘ ʠʟ ʜʚʫʭ ʄʕɹ 

ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʨʘʟʤʝʨʦʤ 20Ĭ20 ʤʤ (ʜʘʣʝʝ ʉʙʦʨʢʘ). ɼʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʙʦʨʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʠ 3-D 

ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʉʙʦʨʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʯʝʨʪʝʞʝʡ 

ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʉʙʦʨʢʠ. 3-D ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2.21.  

 

 

ʈʠʩʫʥʦʢ 2.21 ï 3-D ʤʦʜʝʣʴ ʩʙʦʨʢʠ ʊʆʊʕ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

(1 ï ʜʘʚʷʱʘʷ ʧʣʘʩʪʠʥʘ, 2 ï ʦʧʦʨʥʘʷ ʧʣʘʩʪʠʥʘ, 3 ï ʢʝʨʘʤʠʯʝʩʢʠʝ ʨʘʟʜʝʣʠʪʝʣʠ, 4 ï

 ʤʦʥʦʧʦʣʷʨʥʘʷ ʧʣʘʩʪʠʥʘ, 5 ï ʪʨʫʙʳ, 6 ï ʢʘʪʦʜʥʘʷ ʩʝʪʢʘ, 7 ï ʠʟʦʣʠʨʫʶʱʘʷ 

ʧʨʦʢʣʘʜʢʘ, 8 ï ʄʕɹ ʊʆʊʕ.). 
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ʉʙʦʨʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʦʧʦʨʥʘʷ (1) ʠ 

ʜʘʚʷʱʘʷ (2) ʧʣʘʩʪʠʥʳ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʨʘʟʜʝʣʠʪʝʣʠ (3), ʤʦʥʦʧʦʣʷʨʥʳʝ ʧʣʘʩʪʠʥʳ 

(4), ʄʕɹ ʊʆʊʕ (8), ʢʘʪʦʜʥʘʷ ʪʦʢʦʩʲʝʤʥʘʷ ʩʝʪʢʘ (6), ʠʟʦʣʠʨʫʶʱʠʝ ʧʨʦʢʣʘʜʢʠ (7) ʠ 

ʧʦʜʚʦʜʷʱʠʡ ʪʦʧʣʠʚʦ ʠ ʦʢʠʩʣʠʪʝʣʴ ʪʨʫʙʳ (5). ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʪʜʝʣʴʥʳʝ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʧʘʨʥʦ ʚ ʩʙʦʨʢʝ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʦʡ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʄʕɹ ʊʆʊʕ ʧʦ ʘʥʦʜʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʠ 

ʟʘʛʝʨʤʝʪʠʟʠʨʦʚʘʪʴ ʪʦʧʣʠʚʥʦʝ ʛʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʢʦʣʴʥʳʭ ʠʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʛʝʨʤʝʪʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʉʙʦʨʢʠ. ʉʚʘʨʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʠ çʉ-4è (ʆʆʆ ʎʅʀʀ ʃʆʊ, ʈʦʩʩʠʷ). 

ʉʚʘʨʠʚʘʥʠʝ ʧʦʨʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʦʡ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚʥʘʭʣʝʩʪ. ʂʘʞʜʳʡ ʩʚʘʨʥʦʡ ʰʦʚ ʩʦʩʪʦʷʣ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʚʘʨʥʳʭ 

ʣʠʥʠʡ, ʧʨʠ ʵʪʦʤ ʯʝʤ ʜʘʣʴʰʝ ʥʘʭʦʜʠʣʘʩʴ ʩʚʘʨʥʘʷ ʣʠʥʠʷ ʦʪ ʮʝʥʪʨʘ ʧʦʜʣʦʞʢʠ, ʪʝʤ ʩ 

ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʧʨʦʚʦʜʠʣʘʩʴ ʩʚʘʨʢʘ. ʃʘʟʝʨʥʳʝ ʩʣʝʜʳ ʦʪ ʝʜʠʥʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʢʨʳʚʘʣʠʩʴ ʥʘ 70-80 %. 

ʇʦʜʘʯʘ ʠ ʦʪʚʦʜ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʨʫʙʘʤ, 

ʧʨʠʩʦʝʜʠʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʘʨʛʦʥʦʚʦʡ ʩʚʘʨʢʠ ʢ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʄʕɹ ʜʣʷ ʉʙʦʨʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʚʳʨʝʟʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ, ʩʚʘʨʢʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʥʘʧʳʣʝʥʠʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ 

ʥʘ ʧʦʜʣʦʞʢʫ, ʚʘʢʫʫʤʥʳʡ ʦʙʞʠʛ ʘʥʦʜʥʦʛʦ ʩʣʦʷ (ʦʧʮʠʦʥʘʣʴʥʦ), ʦʩʘʞʜʝʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʘʥʦʜ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʥʘʥʝʩʝʥʠʝ ʢʘʪʦʜʘ 

ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ 

ʄʕɹ ʊʆʊʕ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʚʦʜʘ ʩʙʦʨʢʠ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ 

(in-situ ʩʧʝʢʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʜʝʣʝʥʥʳʭ ʘʪʤʦʩʬʝʨ), ʪʘʢ ʠ ʚʥʝ ʉʙʦʨʢʠ. 

ʇʦʨʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʨʘʟʤʝʨʦʤ 25Ĭ50 ʤʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠʟ ʧʦʨʦʰʢʘ AISI430L ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʘʢʫʫʤʥʳʤ ʦʙʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 Áʉ. ʇʦʜʣʦʞʢʠ 
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ʧʦʢʨʳʚʘʣʠʩʴ ʩʣʦʝʤ Ni ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʜʠʬʬʫʟʠʠ. ʅʘ ʨʠʩʫʥʢʝ 2.22 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʰʣʠʬʦʚ ʩʝʯʝʥʠʡ ʧʦʜʣʦʞʝʢ ʧʦʩʣʝ ʧʦʢʨʳʪʠʷ Ni. ʌʦʪʦʛʨʘʬʠʷ 

ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʚʚʘʨʝʥʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʧʦʨʥʳʤ ʩʣʦʝʤ ʠ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.23. 

 

  

ʈʠʩʫʥʦʢ 2.22 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʰʣʠʬʦʚ ʩʝʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʝʢ 

ʧʦʩʣʝ ʧʦʢʨʳʪʠʷ ʩʣʦʝʤ Ni. 

 

  

ʈʠʩʫʥʦʢ 2.23 ï ʌʦʪʦʛʨʘʬʠʷ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʚʚʘʨʝʥʥʦʡ ʧʦʨʠʩʪʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ (ʘ) ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʙ). 

 

200 ʤʢʤ 

ʇʦʨʠʩʪʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ 

ʉʚʘʨʥʦʡ ʰʦʚ 

(ʘ) (ʙ) 

30 ʤʢʤ 3 ʤʢʤ 
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ʆʩʘʞʜʝʥʠʝ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʚʘʨʝʥʥʳʝ ʚ 

ʤʦʥʦʧʦʣʷʨʥʳʝ ʧʣʘʩʪʠʥʳ ʧʦʨʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ ʨʘʟʤʝʨʦʤ 20Ĭ20 ʤʤ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʳ, 

ʧʣʘʩʪʠʥʫ ʧʝʨʝʚʦʨʘʯʠʚʘʣʠ ʠ ʧʦʚʪʦʨʷʣʠ ʧʨʦʮʝʜʫʨʫ ʦʩʘʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʦʜʣʦʞʢʫ, ʚʚʘʨʝʥʥʫʶ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʳ. ʇʦʩʣʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʚʘʢʫʫʤʥʦʤʫ ʦʙʞʠʛʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ. ʅʘ ʨʠʩʫʥʢʝ 2.24 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ 

ʤʦʥʦʧʦʣʷʨʥʳʭ ʧʣʘʩʪʠʥ ʩ ʚʚʘʨʝʥʥʳʤʠ ʧʦʨʠʩʪʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞʢʘʤʠ ʠ 

ʩ ʦʩʘʞʜʝʥʥʳʤ ʘʥʦʜʥʳʤ ʩʣʦʝʤ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʚʘʢʫʫʤʝ (ʩʣʝʚʘ) ʠ ʙʝʟ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʢʫʫʤʝ (ʩʧʨʘʚʘ). ʇʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ ʩʣʦʷ 

Ni/GDC ʫʢʘʟʘʥʳ ʚ ʧʘʨʘʛʨʘʬʝ 4.5 (ʪʘʙʣʠʮʘ 4.4). 

 

 

ʈʠʩʫʥʦʢ 2.24 ï ʌʦʪʦʛʨʘʬʠʷ ʤʦʥʦʧʦʣʷʨʥʳʭ ʧʣʘʩʪʠʥ ʩ ʚʚʘʨʝʥʥʳʤʠ ʧʦʨʠʩʪʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞʢʘʤʠ ʠ ʩ ʦʩʘʞʜʝʥʥʳʤ ʘʥʦʜʥʳʤ ʩʣʦʝʤ ʩ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʚ ʚʘʢʫʫʤʝ (ʩʣʝʚʘ) ʠ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʢʫʫʤʝ (ʩʧʨʘʚʘ). 

 

ʆʩʘʞʜʝʥʠʝ ʩʣʦʷ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. ʌʦʪʦʛʨʘʬʠʠ ʤʦʥʦʧʦʣʷʨʥʳʭ ʧʣʘʩʪʠʥ ʩ ʄʕɹ ʩ 

ʦʩʘʞʜʝʥʥʳʤ ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʣʦʝʤ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.25.  
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ʈʠʩʫʥʦʢ 2.25 ï ʌʦʪʦʛʨʘʬʠʷ ʤʦʥʦʧʦʣʷʨʥʳʭ ʧʣʘʩʪʠʥ ʩ ʥʘʥʝʩʝʥʥʳʤ ʘʥʦʜʥʳʤ ʠ 

ʵʣʝʢʪʨʦʣʠʪʥʳʤ ʩʣʦʷʤʠ. 

 

ʇʨʦʮʝʩʩ ʤʦʥʪʘʞʘ ʩʙʦʨʢʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʩ ʤʦʥʦʧʦʣʷʨʥʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʰʘʛʠ: 

1. ʫʩʪʘʥʦʚʢʘ ʦʧʦʨʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘ ʧʦʩʪʘʤʝʥʪ ʚ ʛʦʨʷʯʝʡ ʟʦʥʝ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ (ʈʠʩʫʥʦʢ 2.26ʘ); 

2. ʫʩʪʘʥʦʚʢʘ ʠʟʦʣʠʨʫʶʱʝʡ ʧʨʦʢʣʘʜʢʠ (ʬʣʦʛʦʧʠʪ) ʚ ʧʘʟ ʦʧʦʨʥʦʡ 

ʧʣʘʩʪʠʥʳ (ʈʠʩʫʥʦʢ 2.26ʙ); 

3. ʫʩʪʘʥʦʚʢʘ ʥʠʞʥʝʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ ʚ ʩʙʦʨʝ ʩ ʢʘʪʦʜʥʳʤ 

ʪʦʢʦʩʲʝʤʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʠʟʦʣʠʨʫʶʱʫʶ ʧʨʦʢʣʘʜʢʫ (ʈʠʩʫʥʦʢ 2.26ʚ); 

4. ʥʘʥʝʩʝʥʠʝ LSC ʢʘʪʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹ ʊʆʊʕ ʩ ʦʧʦʨʥʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ (14Ĭ14 ʤʤ, ʧʣʦʱʘʜʴ ʢʘʪʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʙʦʨʢʠ ï 

3,92 ʩʤ2), ʥʘʥʝʩʝʥʠʝ ʩʪʝʢʦʣʴʥʦʛʦ ʛʝʨʤʝʪʠʢʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʚʘʨʥʦʛʦ ʰʚʘ; 

5. ʫʩʪʘʥʦʚʢʘ ʤʦʥʦʧʦʣʷʨʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʧʨʠʚʘʨʝʥʥʳʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 

ʥʘ ʥʠʞʥʠʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʨʘʟʜʝʣʠʪʝʣʴ (ʈʠʩʫʥʦʢ 2.26ʛ); 

6. ʫʩʪʘʥʦʚʢʘ ʚʝʨʭʥʝʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ ʚ ʩʙʦʨʝ ʩ ʢʘʪʦʜʥʳʤ 

ʪʦʢʦʩʲʝʤʥʳʤ ʵʣʝʤʝʥʪʦʤ (ʧʣʘʪʠʥʦʚʘʷ ʩʝʪʢʘ) ʥʘ ʤʦʥʦʧʦʣʷʨʥʫʶ ʧʣʘʩʪʠʥʫ 

(ʈʠʩʫʥʦʢ 2.26ʜ); 
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ʈʠʩʫʥʦʢ 2.26 ï ʇʨʦʮʝʩʩ ʤʦʥʪʘʞʘ ʩʙʦʨʢʠ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 

 

 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 
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7. ʫʩʪʘʥʦʚʢʘ ʜʘʚʷʱʝʡ ʧʣʘʩʪʠʥʳ ʩ ʧʦʜʢʣʝʝʥʥʦʡ ʠʟʦʣʠʨʫʶʱʝʡ 

ʧʨʦʢʣʘʜʢʦʡ (ʬʣʦʛʦʧʠʪ) ʥʘ ʚʝʨʭʥʠʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʨʘʟʜʝʣʠʪʝʣʴ (ʈʠʩʫʥʦʢ 2.26ʝ); 

8. ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʩʜʘʚʣʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ ï 10 ʢʛ; 

9. ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʪʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʚʦʜʦʚ; 

10. ʟʘʢʨʳʪʠʝ ʛʦʨʷʯʝʡ ʟʦʥʳ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʤʦʥʪʘʞʘ ʩʙʦʨʢʠ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʳʚʦʜʘʤ 

ʧʦʜʢʣʶʯʘʣʠʩʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ. ɺ ʨʦʣʠ ʘʥʦʜʥʳʭ ʪʦʢʦʚʳʭ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʚʦʜʦʚ ʚʳʩʪʫʧʘʣʠ ʛʘʟʦʧʦʜʚʦʜʷʱʠʝ ʪʨʫʙʳ. ʀʟʤʝʨʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʩʭʝʤʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Pt ʩʝʪʢʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʦʢʦʩʲʝʤʘ 

ʩʦ ʩʪʦʨʦʥʳ ʢʘʪʦʜʘ ʧʨʠ ʤʦʥʦʧʦʣʷʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʙʦʨʢʠ. 

ʌʦʪʦʛʨʘʬʠʠ ʉʙʦʨʢʠ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.27. 

 

  

ʈʠʩʫʥʦʢ 2.27 ï ʌʦʪʦʛʨʘʬʠʠ ʩʙʦʨʢʠ ʠʟ 2-ʭ ʤʝʪʘʣʣ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ. 
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2.3 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

 

2.3.1 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʊʆʊʕ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʤʝʪʦʜʘ ʦʩʥʦʚʘʥ ʥʘ ʦʙʣʫʯʝʥʠʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [71]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (Zeiss 

Supra 50 VP), ʩʥʘʙʞʝʥʥʦʛʦ ʤʦʜʫʣʝʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (EDX), ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʦʙʨʘʟʮʘ. ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 

100 ɺ ʜʦ 30 ʢɺ, ʫʚʝʣʠʯʝʥʠʝ ʦʪ 20 ʜʦ 900000 ʨʘʟ. ʄʠʢʨʦʩʢʦʧ ʦʩʥʘʱʝʥ ʜʝʪʝʢʪʦʨʦʤ 

ʚʪʦʨʠʯʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ 

ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʙʨʘʟʮʘ ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 

10 ʥʤ, ʜʣʷ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 1 ï 2 ʤʢʤ, ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 2 ï

 5 ʤʢʤ [72].  

 

2.3.2 ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ɼʣʷ ʵʢʩʧʨʝʩʩ-ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɼʣʷ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʠʢʨʦʩʢʦʧ Olympus BX51, ʗʧʦʥʠʷ. ʄʠʢʨʦʩʢʦʧ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʁ

ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʢ ʩʚʝʪʣʦʧʦʣʴʥʳʭ, ʪʘʢ ʠ ʪʝʤʥʦʧʦʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  
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2.3.3 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʀʌʊʊ ʈɸʅ. ʉʪʝʥʜ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʯʘʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʝʯʠ ʩ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʷʯʝʡʢʫ ʊʆʊʕ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʧʝʯʠ; ʢʦʤʧʣʝʢʩ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʪʝʥʮʠʦʩʪʘʪʘ-ʛʘʣʴʚʘʥʦʩʪʘʪʘ ʩ ʠʟʤʝʨʠʪʝʣʝʤ ʠʤʧʝʜʘʥʩʘ; 

ʛʘʟʦʧʦʜʘʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʙʘʣʣʦʥʳ ʩʦ ʩʞʘʪʳʤʠ ʛʘʟʘʤʠ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʪʨʫʙʢʠ ʩ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʦʡ ʠ ʩʠʩʪʝʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʩʭʦʜʘ ʛʘʟʘ (Bronkhorst, 

ʅʠʜʝʨʣʘʥʜʳ).  

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ ʊʆʊʕ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʘʟʦʚ ʦʪʜʝʣʴʥʦ ʧʦ ʘʥʦʜʥʦʤʫ ʠ ʢʘʪʦʜʥʦʤʫ ʵʣʝʢʪʨʦʜʫ ʊʆʊʕ ʠ ʬʫʥʢʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʷʯʝʡʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ. ʅʘ ʨʠʩʫʥʢʝ 2.28 

ʧʨʝʜʩʪʘʚʣʝʥʘ   3-D ʤʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʩ ʫʢʘʟʘʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ.  

ɻʘʟʦʧʦʜʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʘʪʴ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ 

ʧʦʪʦʢʠ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʭ ʨʘʩʭʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,04 

ʜʦ 2 ʥʣ/ʤʠʥ.  ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʄʕɹ ʊʆʊʕ (1) 

ʧʦʤʝʱʘʝʪʩʷ ʘʥʦʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ ʥʠʢʝʣʝʚʫʶ ʩʝʪʢʫ (2) ʠ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʚʳʙʦʨʢʫ ʘʥʦʜʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ (3), ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʜʚʦʜʷʱʠʝ ʠ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ. ɸʥʦʜʥʘʷ ʧʣʘʩʪʠʥʘ ʫʢʣʘʜʳʚʘʝʪʩʷ 

ʯʝʨʝʟ ʘʥʦʜʥʫʶ ʛʝʨʤʝʪʠʟʠʨʫʶʱʫʶ ʢʦʤʧʨʝʩʩʠʦʥʥʫʶ ʥʝʧʨʦʚʦʜʷʱʫʶ ʧʨʦʢʣʘʜʢʫ (4) 

ʥʘ ʘʥʦʜʥʳʡ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʙʣʦʢ (5), ʚ ʢʦʪʦʨʦʤ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʧʦʜʚʦʜʷʱʠʝ ʠ ʦʪʚʦʜʷʱʠʝ ʛʘʟ ʢʘʥʘʣʳ, ʧʨʦʢʣʘʜʢʘ (4) ʨʘʟʜʝʣʷʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʭʦʜ 

ʠ ʚʳʭʦʜ ʛʘʟʘ. ʅʘ ʘʥʦʜʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʟʘʭʚʘʪʦʤ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʄʕɹ ʊʆʊʕ, 

ʥʘ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʪʦʜ, ʫʢʣʘʜʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ 
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ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʧʨʦʢʣʘʜʢʘ (6), ʦʪʜʝʣʷʶʱʘʷ ʘʥʦʜʥʳʝ ʠ ʢʘʪʦʜʥʳʝ ʛʘʟʦʚʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʚʝʨʭʫ ʥʘ ʧʨʦʢʣʘʜʢʫ ʫʢʣʘʜʳʚʘʝʪʩʷ ʢʘʪʦʜʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʣʘʩʪʠʥʘ (7), ʨʝʙʨʘ ʢʘʪʦʜʥʦʡ ʧʣʘʩʪʠʥʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʛʘʟʦʚʳʝ ʢʘʥʘʣʳ, 

ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʢʘʪʦʜʫ ʄʕɹ ʊʆʊʕ. ʇʦʚʝʨʭ ʢʘʪʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʫʢʣʘʜʳʚʘʝʪʩʷ 

ʢʘʪʦʜʥʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʧʨʦʢʣʘʜʢʘ (8) ʠ ʢʘʪʦʜʥʳʡ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʙʣʦʢ (9).  

 

1
2

3

4

5

6

7

8

9

 

ʈʠʩʫʥʦʢ 2.28 ï 3-D ʤʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ. 1 ï ʄʕɹ ʊʆʊʕ, 2 ï ʥʠʢʝʣʝʚʘʷ 

ʩʝʪʢʘ, 3 ï ʘʥʦʜʥʘʷ ʧʣʘʩʪʠʥʘ, 4 ï ʘʥʦʜʥʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ ʧʨʦʢʣʘʜʢʘ, 5 ï

 ʘʥʦʜʥʳʡ ʛʘʟʦʨʘʩʧʨʝʜʝʪʣʠʪʝʣʴʥʳʡ ʙʣʦʢ, 6 ï ʮʝʥʪʨʘʣʴʥʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ 

ʧʨʦʢʣʘʜʢʘ, 7 ï ʢʘʪʦʜʥʘʷ ʧʣʘʩʪʠʥʘ, 8 ï ʢʘʪʦʜʥʘʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʘʷ ʧʨʦʢʣʘʜʢʘ, 9 ï

 ʢʘʪʦʜʥʳʡ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʙʣʦʢ.  
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ʉʚʝʨʭʫ ʢʘʪʦʜʥʦʛʦ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʳʙʦʨʢʘ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʩʜʘʚʣʠʚʘʶʱʝʛʦ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʛʘʟʦʚʦʡ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ 

ʣʫʯʰʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʂ ʢʘʪʦʜʥʳʤ ʠ ʘʥʦʜʥʳʤ ʧʣʘʩʪʠʥʘʤ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʪʦʢʦʚʳʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʚʦʜʘ, ʪʦ ʝʩʪʴ ʦʨʛʘʥʠʟʫʝʪʩʷ 

ʯʝʪʳʨʝʭʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ ʊʆʊʕ ʨʘʟʤʝʱʘʝʪʩʷ 

ʚ ʧʝʯʠ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʚʝʜʝʥʠʷ ʄʕɹ 

ʜʦ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 500 Áʉ ʜʦ 1000 Áʉ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʠʟʤʝʨʝʥʠʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ), ʩʧʝʢʪʨʦʚ ʠʤʧʝʜʘʥʩʘ ʠ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʶ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʩʪʘʪʘ/ʛʘʣʴʚʘʥʦʩʪʘʪʘ Autolab PGSTAT302N ʩ 

ʤʦʜʫʣʝʤ FRA32M (Metrohm, ʐʚʝʡʮʘʨʠʷ) (ʜʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3.20, 3.21, 3.23, 

3.24) ʠʣʠ ʧʦʪʝʥʮʠʦʩʪʘʪʘ/ʛʘʣʴʚʘʥʦʩʪʘʪʘ Reference 3000 (Gamry, ʉʐɸ) (ʦʩʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ). ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0,1 ɻʮ ʜʦ 

300 ʢɻʮ ʩ ʘʤʧʣʠʪʫʜʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʢʦʣʦ 20 ʤɺ. 
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3 ɸʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʊʆʊʕ 

ʩ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʦʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʘɻ ʨʦʟʦʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʚʘʢʫʫʤʝ 

(AD) 
 

3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ ʠ 

ʦʙʞʠʛʘ 

 

ʋ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ ʥʝʩʫʱʠʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʩʣʦʝʤ 

ʷʚʣʷʝʪʩʷ ʘʥʦʜ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʦʣʱʠʥʘ ʵʣʝʢʪʨʦʣʠʪʥʦʡ ʤʝʤʙʨʘʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʫʤʝʥʴʰʝʥʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʦʢʘʟʘʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʘʥʦʜʥʦʡ ʧʦʜʣʦʞʢʠ (KCeraCell, ʂʦʨʝʷ), ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʘʥʦʜ-ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʊʆʊʕ 

ʤʝʪʦʜʦʤ AD.  

 

3.1.1 ɺʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʩʘʞʜʘʝʤʳʭ ʧʦʨʦʰʢʦʚ 

 

ʈʘʙʦʪʳ ʧʦ ʦʩʘʞʜʝʥʠʶ ʧʦʨʦʰʢʘ ʥʘ ʧʦʜʣʦʞʢʘʭ ʜʠʘʤʝʪʨʦʤ 21 ʤʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ˉ1 (ʨʠʩʫʥʦʢ 2.10). ɼʣʷ ʦʩʘʞʜʝʥʠʷ 
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ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʢʨʫʛʣʦʝ ʩʫʞʘʶʱʝʝʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʧʣʦ ʩ ʚʳʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 

0,5 ʤʤ.  

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ˉ1 ï ˉ6 (ʨʠʩʫʥʦʢ 2.2 ï 2.4) ʤʝʪʦʜʦʤ AD. ʆʩʘʞʜʝʥʠʝ ʧʦʨʦʰʢʘ ˉ1 ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ ʥʠ ʧʨʠ ʢʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʩʘʞʜʝʥʠʷ (ʈʠʩʫʥʦʢ 3.1ʘ). 

ɺʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʧʨʠ ʫʜʘʨʝ ʦ ʧʦʜʣʦʞʢʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʠʣʠ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʨʤʦʟʷʱʝʛʦ ʩʣʦʷ ʜʣʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʯʘʩʪʠʮ ʜʘʥʥʦʡ 

ʤʘʩʩʳ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʨʦʰʢʘ ˉ2 (ʨʠʩʫʥʦʢ 3.1ʙ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʥʝ ʨʘʟʨʫʰʝʥʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʨʘʟʤʝʨʦʤ 

ʙʦʣʝʝ 100 ʤʢʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʬʦʨʤʠʨʫʝʤʦʡ 

ʧʣʝʥʢʠ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʨʦʰʢʘ ˉ3 (ʨʠʩʫʥʦʢ 3.1ʚ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʣʝʥʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʜʝʬʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʦʡ, ʦʩʘʞʜʝʥʥʦʡ ʠʟ ʘʛʣʦʤʝʨʘʪʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʆʩʘʞʜʝʥʠʝ ʧʦʨʦʰʢʘ ˉ4 (ʨʠʩʫʥʦʢ 3.1ʛ) ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʨʦʩʪʫ ʧʣʝʥʢʠ ʠʣʠ ʢʘʢʠʤ-

ʣʠʙʦ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʣʦʞʢʠ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʧʦʨʦʰʢʘ 8YSZ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ. ʆʩʘʞʜʝʥʠʝ ʧʦʨʦʰʢʘ ˉ5 

(ʨʠʩʫʥʦʢ 3.1ʜ) ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥɹh ʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʝʤ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ˉ2. ʂʦʣʠʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʵʣʝʢʪʨʦʣʠʪʝ, ʦʩʘʞʜʝʥʥʦʤ ʠʟ ʧʦʨʦʰʢʘ ˉ6 (ʨʠʩʫʥʦʢ 3.1ʝ), ʚʠʟʫʘʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʦʩʘʞʜʝʥʥʳʤ ʠʟ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ˉ3. 

ʆʙʲʷʩʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʘʛʣʦʤʝʨʘʪʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʥʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʩʪʘʣʠ ʙʦʣʝʝ ʩʢʣʦʥʳ ʢ ʧʦʚʪʦʨʥʦʤʫ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʝ ʛʝʥʝʨʘʮʠʠ ʘʵʨʦʟʦʣʷ ʠ ʘʵʨʦʟʦʣʴʥʦʤ ʪʨʘʢʪʝ.  

ʉ ʮʝʣʴʶ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD ʧʣʝʥʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʠʭ 

ʩʧʝʢʘʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 
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ʈʠʩʫʥʦʢ 3.1 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʡ ʧʦʜʣʦʞʢʠ ʧʦʩʣʝ 

ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʦʚ ˉ1 ï ˉ6 ʤʝʪʦʜʦʤ AD ʠʟ ʩʦʧʣʘ 0,5 ʤʤ ʠ ʫʩʪʘʥʦʚʢʦʡ ˉ1. 

 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʜʚʫʭ ʧʦʨʦʰʢʦʚ ˉ5 (ʨʠʩʫʥʦʢ 3.2ʘ) ʠ ˉ3 (ʨʠʩʫʥʦʢ 3.2ʙ), ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1350 Áʉ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝ ʨʘʟʨʫʰʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʩʘʞʜʝʥʠʷ ʘʛʣʦʤʝʨʘʪʳ ʚ ʩʣʫʯʘʝ ʧʦʨʦʰʢʘ ˉ5 ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʫʧʥʳʭ (ʜʦ 200 ʤʢʤ) ʜʝʬʝʢʪʦʚ. ʇʣʝʥʢʘ, ʦʩʘʞʜʝʥʥʘʷ ʠʟ ʧʦʨʦʰʢʘ 

ˉ3, ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʜʝʬʝʢʪʥʦʩʪʴʶ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ 

1 ʤʢʤ 30 ʤʢʤ 

30 ʤʢʤ 

(ʘ) (ʙ) 

30 ʤʢʤ 30 ʤʢʤ 

1 ʤʢʤ 

(ʚ) (ʛ) 

(ʜ) (ʝ) 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʩʢʚʦʟʥʳʤʠ ʜʣʷ 

ʤʝʤʙʨʘʥ ʪʦʣʱʠʥʦʡ ʜʦ 10 ʤʢʤ.  

 

  

ʈʠʩʫʥʦʢ 3.2 ï ʇʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʧʣʝʥʦʢ, ʦʩʘʞʜʝʥʥʳʭ ʤʝʪʦʜʦʤ AD ʠʟ 

ʧʦʨʦʰʢʦʚ ˉ5 (ʘ) ʠ ˉ3 (ʙ) ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1350 Áʉ. 

 

3.1.2 ɺʣʠʷʥʠʝ ʫʛʣʘ ʦʩʘʞʜʝʥʠʷ 

 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʦʩʪʠ ʧʣʝʥʦʢ 

ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ ʠʟ ʩʦʧʝʣ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʠ ʧʦʜ ʫʛʣʦʤ, 

ʦʪʣʠʯʥʳʤ ʦʪ 90Á. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜʭʦʜʷʱʠʡ 

ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʦʧʣʘ ʧʨʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʫʩʪʘʥʦʚʢʠ AD ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʦʨʦʰʢʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 60Á (90Á ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʧʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ). ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʦʢʘʟʘʥʳ ʉʕʄ-

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʦʩʘʞʜʝʥʥʳʭ ʠʟ ʧʦʨʦʰʢʦʚ ˉ5 

(ʨʠʩʫʥʦʢ 3.3ʘ-ʙ) ʠ 3̄ (ʨʠʩʫʥʦʢ 3.3ʚ-ʛ) ʧʦʜ ʫʛʣʦʤ 45Á. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝ ʨʘʟʜʨʦʙʠʚʰʠʝʩʷ ʘʛʣʦʤʝʨʘʪʳ ʨʘʟʤʝʨʦʤ 

ʙʦʣʝʝ 1 ʤʢʤ, ʩʘʤʠ ʧʣʝʥʢʠ ʩʦʩʪʦʷʪ ʠʟ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ, ʢʦʪʦʨʳʝ 

ʧʨʝʞʜʝ ʬʦʨʤʠʨʦʚʘʣʠ ʘʛʣʦʤʝʨʘʪʳ ʧʦʨʦʰʢʘ. ʆʪʩʫʪʩʪʚʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʜ ʫʛʣʦʤ 45Á ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʩʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʜʫʚʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʥʝ ʨʘʟʜʨʦʙʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ 

30 ʤʢʤ 30 ʤʢʤ 

(ʘ) (ʙ) 
























































































































































