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ʮʝʥʪʨʦʚ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʧʨʦʝʢʪ ç5 ʚ 100è. ʎʝʣʴ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ - 

ʩʪʘʥʦʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʛʦ ʧʦ ʪʠʧʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʶ 

ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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ʇʨʝʜʠʩʣʦʚʠʝ ʨʝʜʘʢʪʦʨʘ 

çʂʆʈʅʀè ʀ çʇʃʆɼʓè ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 
 

çʄʘʪʝʨʠʢè ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʨʠʩʫʥʦʢ), ʥʘ ʢʦʪʦʨʦʤ 

çʧʨʦʠʟʨʘʩʪʘʶʪè ʨʘʟʣʠʯʥʳʝ ʢʦʥʢʨʝʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ 

ʢʠʪʘʭ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ï ʣʘʟʝʨʘʭ, ʦʧʪʠʢʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. 

 

 
 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʶʙʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘʜʦ ʨʝʰʠʪʴ 3 ʟʘʜʘʯʠ:   

1) ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʜʝʡʩʪʚʠʷ) ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ (ʥʘ) ʚʝʱʝʩʪʚʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ (ʨʝʟʦʥʘʥʩʥʳʝ ï ʥʝʨʝʟʦʥʘʥʩʥʳʝ, ʧʦʛʣʦʱʝʥʠʝ ï

ʨʘʩʩʝʷʥʠʝ, ʬʦʪʦ ï ʠʣʠ, ʥʘʛʨʝʚʘʥʠʝ, ʟʘʢʘʣʢʘ, ʧʣʘʚʣʝʥʠʝ, ʨʘʟʤʷʛʯʝʥʠʝ, 

ʠʩʧʘʨʝʥʠʝ, ʨʘʟʣʦʞʝʥʠʝ, ʢʦʘʛʫʣʷʮʠʷ ʠ ʪ.ʜ.). ʈʝʰʠʪʴ ʵʪʦʪ ʚʦʧʨʦʩ, 

ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʠ ʟʥʘʥʠʷ ʜʦʣʞʥʳ 

ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʚʳʙʦʨʘ 

ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʟʘʜʘʯʘ 2) ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʟʘʜʘʯʘ 3), ʘ 

ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʨʝʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʩʨʝʜʩʪʚ 

ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ (ʧʦʪʦʤʫ ʯʪʦ çʭʦʨʦʰʘʷ ʪʝʦʨʠʷ ï ʵʪʦ 

ʚʝʩʴʤʘ ʚʛrʦʜʥʘʷ ʚʝʱʴ!è).  

2) ʂʘʢʦʡ ʪʠʧ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ (ʜʣʠʥʘ ʚʦʣʥʳ, ʨʝʞʠʤ ʦʧʝʨʘʮʠʠ ï 

ʥʝʧʨʝʨʳʚʥʳʡ ʠʣʠ ʠʤʧʫʣʴʩʥʦ-ʯʘʩʪʦʪʥʳʡ, ʤʦʱʥʦʩʪʴ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʧʦʧʝʨʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ 

ʧʫʯʢʝ, ʢʦʛʝʨʝʥʪʥʦʩʪʴ, ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʴ, ʧʦʣʷʨʠʟʘʮʠʷ, ʠ ʪ.ʜ. ʩ 
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ʫʯʝʪʦʤ ʥʘʜʝʞʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʩʪʦʠʤʦʩʪʠ? ʀ ʢʘʢ 

ʨʘʩʩʯʠʪʘʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ?  

 

3) ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʬʦʨʤʝ ʧʫʯʢʘ 

ʩʣʝʜʫʝʪ ʧʨʝʜʲʷʚʠʪʴ ʠ ʢʘʢʠʝ ʦʧʪʠʢʦʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʦʧʪʠʢʦʵʣʝʢʪʨʦʥʥʳʝ, ʠ ʪ.ʧ. ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ? ʊʘʢ ʢʘʢ ʦʧʪʠʯʝʩʢʠʡ ʧʫʯʦʢ ʧʨʠ ʣʘʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʥ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʧʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ï ʣʠʥʟʳ, ʦʙʲʝʢʪʠʚʳ, ʟʝʨʢʘʣʘ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ, ʦʧʪʠʢʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʢʘʥʝʨʳ ʠ ʩʠʩʪʝʤʳ, 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʠʘʬʨʘʛʤʘʤʠ ï ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ (ʨʘʟʤʝʨ 

ʧʷʪʥʘ ʚ ʬʦʢʫʩʝ, ʬʦʨʤʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʬʦʨʤʫ ʢʘʫʩʪʠʢʠ) 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. 

ʉʧʝʮʠʘʣʴʥʘʷ ʦʧʪʠʢʘ, ʦʧʪʠʢʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʦʧʪʠʢʦʘʢʫʩʪʠʯʝʩʢʠʝ, 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʤʦʜʫʣʷʪʦʨʳ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠ.̫ ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʧʝʨʝʜʘʯʠ ʣʘʟʝʨʥʦʡ ʵʥʝʨʛʠʠ (ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʧʦ 

ʦʧʪʦʚʦʣʦʢʥʫ, ʠ ʪ.ʜ.) ʠ ʝʛʦ ʢʦʣʣʠʤʘʮʠʠ, ʬʦʢʫʩʠʨʦʚʢʠ ʠʣʠ 

ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʠ ʪ.ʜ. 

ʕʪʦʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ ʨʘʟʨʘʙʦʪʦʢ 

ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʳʭ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʦʚʘʥ ʠ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʦʧʦʨʥʦʤ ʢʦʥʩʧʝʢʪʝ, ʛʜʝ ʚʩʣʝʜ ʟʘ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ: 

- ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ,  

- ʧʘʨʘʤʝʪʨʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʘʟʝʨʦʚ ʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ  

- ʦʧʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʜʦ ʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʧʦʯʪʠ ʢ ʣʶʙʦʡ ʣʘʟʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʙʫʜʴ ʪʦ ʨʝʟʢʘ ʤʝʪʘʣʣʦʚ ʠʣʠ 

ʦʙʨʘʙʦʪʢʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʨʠʚʘʨʢʘ ʦʪʩʣʦʠʚʰʝʡʩʷ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ ʠʣʠ 

ʣʝʯʝʥʠʝ ʢʘʨʠʝʩʘ ʟʫʙʦʚ, ʦʯʠʩʪʢʘ ʩʢʫʣʴʧʪʫʨ ʠʣʠ ʘʜʜʠʪʠʚʥʳʝ ʣʘʟʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʘ. 

ɺ ʧʦʩʣʝʜʥʝʡ ʛʣʘʚʝ ʥʘ ʦʩʥʦʚʝ ʝʞʝʛʦʜʥʳʭ ʦʙʟʦʨʦʚ ʠ ʧʨʦʛʥʦʟʦʚ 

ʨʳʥʢʘ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʫʙʣʠʢʫʝʤʳʭ ʚ ʞʫʨʥʘʣʝ ñLaser focus 

worldò, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 
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ɿʘʤʝʪʠʤ ʝʱʝ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʨʤʠʥ çʣʘʟʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè ʪʨʘʢʪʫʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʴʥʦ, ʠ ʚ ʥʠʭ ʚʢʣʶʯʘʶʪ, ʧʦ ʩʫʪʠ, 

ʚʩʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʩʪʴ ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ ʣʘʟʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ 

ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ 

ʥʘ ʝʛʦ ʚʳʩʦʢʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʃʠʜʝʨʦʤ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʶʪʩʷ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 

(ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʣʠʜʝʨʦʤ ʚʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ. ʀʤʝʥʥʦ ʦʩʥʦʚʘʤ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʣʘʟʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ï ʧʦʩʚʷʱʝʥʦ ʥʘʩʪʦʷʱʝʝ ʧʦʩʦʙʠʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʪʘʢʞʝ ʩʪʫʜʝʥʪʘʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ 

ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʠ ʚʦʦʙʱʝ ʚ 

ʦʙʣʘʩʪʠ ʬʦʪʦʥʠʢʠ. ʅʘʩʪʦʷʱʝʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʙʥʦʚʣʝʥʥʳʤ ʠ ʜʦʧʦʣʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ çɺʚʝʜʝʥʠʷ ʚ ʣʘʟʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠè, ʠʟʜʘʥʥʤr ʚ 2009 ʛʦʜʫ ʦʛʨʘʥʠʯʝʥʥʳʤ ʪʠʨʘʞʦʤ ʠ 

ʧʦʣʫʯʠʚʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʪʢʣʠʢʠ ʩʪʫʜʝʥʯʝʩʪʚʘ ʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 
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ɻʃɸɺɸ 1.  
 

ʆʉʅʆɺʅʓɽ ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ  

ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  
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1.1. ʆʉʅʆɺʅʓɽ ʂʈʀʊʀʏɽʉʂʀɽ ʊɽʍʅʆʃʆɻʀʀ ʀ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ʋʈʆɺɽʅʔ ʀʍ ʈɸɿɺʀʊʀʗ 

ɺ ʄʀʈɽ ʀ ɺ ʈʆʉʉʀʀ 

 ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʩʪʘ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ 

ʨʦʣʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ (ʥʝ ʪʦʣʴʢʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ 

ʤʝʜʠʮʠʥe, ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʝʢʪʦʨʝ, ʩʚʷʟʠ, ʦʙʦʨʦʥʥʦʤ ʩʝʢʪʦʨʝ, ʘ 

ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ) ʧʨʠʚʝʜʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʯʝʥʴ 

ʦʩʥʦʚʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʭ 

ʨʘʟʚʠʪʠʷ ʚ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʠ (ʧʦ ʚʝʨʩʠʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, 2005 ʛ.).  

  

 
 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʫʨʦʚʝʥʴ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. 
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ʍʦʪʷ ʧʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝ ʚʧʦʣʥʝ ʦʪʨʘʞʘʝʪ 

ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ ʥʝʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʜʚʘ ʚʘʞʥʳʭ ʜʣʷ ʥʘʩ ʚʳʚʦʜʘ: 

1) ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʠʩʢʫ ʢʨʠʪʠʯʝʩʢʠ  

ʚʘʞʥʳʭ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʠ 

2) ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʈʦʩʩʠʠ ʩʨʘʚʥʠʤ ʩ ʫʨʦʚʥʝʤ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. 

 

ʕʪʠ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ ʧʨʠ ʦʮʝʥʢʝ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʠʭ 

ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʙʘʢʘʣʘʚʨʦʚ ʠ 

ʤʘʛʠʩʪʨʦʚ ʧʦ ʣʘʟʝʨʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʩʠʩʪʝʤʘʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ çʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳè ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ.   
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1.2. ʆʉʅʆɺʅʓɽ ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʃɸɿɽʈʆɺ 

- ʄʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ ï ʩʚʘʨʢʘ, ʨʝʟʢʘ, ʫʧʨʦʯʥʝʥʠʝ. 

 

- ʄʠʢʨʦʪʝʭʥʦʣʦʛʠʠ ï ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʦʙʨʘʙʦʪʢʘ ʧʣʝʥʦʢ, 

ʥʘʥʝʩʝʥʠʝ ʧʣʝʥʦʯʥʳʭ ʩʣʦʝʚ, ʣʠʪʦʛʨʘʬʠʷ, ʧʦʜʩʪʨʦʡʢʘ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʧʪʠʢʘ, ʤʠʢʨʦʦʧʪʠʢʘ, ʤʠʢʨʦʤʝʭʘʥʠʢʘ 

ʤʠʢʨʦʭʠʤʠʷ ʠ ʜʨ. 

 

- ʃʘʟʝʨʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

 

- ʇʦʣʠʛʨʘʬʠʷ ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʯʘʪʥʳʭ ʬʦʨʤ, ʨʘʩʪʨʠʨʦʚʘʥʥʳʭ 

ʚʘʣʦʚ, ʣʘʟʝʨʥʘʷ ʧʝʯʘʪʴ (ʧʨʠʥʪʝʨʳ) ʠ ʜʨ. 

 

- ʆʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʚʦʣʦʢʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

- ʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ, ʢʘʪʘʣʠʟ ʠ ʪ.ʜ. 

 

- ɿʚʫʢʦ- ʠ ʚʠʜʝʦʟʘʧʠʩʴ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ. 

 

- ʀʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝcʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʜʝʬʝʢʪʦʩʢʦʧʠʷ. 

 

- ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 

 

- ʆʧʪʠʯʝʩʢʘʷ ʣʦʢʘʮʠʷ, ʥʘʚʠʛʘʮʠʷ, ʜʘʣʴʥʦʤʝʪʨʠʷ, ʙʘʪʠʤʝʪʨʠʷ. 

 

- ʃʘʟʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

- ʂʣʠʥʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘ ï ʭʠʨʫʨʛʠʷ, ʪʝʨʘʧʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ (ʚʩʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ), ʠ ʙʠʦʣʦʛʠʷ.  

 

- ɻʦʣʦʛʨʘʬʠʷ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. 

 

- ʈʝʩʪʘʚʨʘʮʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ (ʚ ʪ. ʯ. ʦʯʠʩʪʢʘ). 

 

- ɸʜʜʠʪʠʚʥʳʝ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
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1.3. ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʇʈʀʄɽʅɽʅʀʗ ʃɸɿɽʈʆɺ 

 

 

ʂʦʩʤʦʩ 
- ʣʘʟʝʨʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ, 

- ʨʘʟʚʝʜʢʘ ʠ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʘʭ, 

- ʫʜʘʣʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʩ ɿʝʤʣʠ ʠʣʠ ʠʟ ʢʦʩʤʦʩʘ. 

 

ʕʥʝʨʛʝʪʠʢʘ 
- ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʠʟ ʢʦʩʤʦʩʘ), 

- ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ, 

- ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ, 

- ʫʧʨʘʚʣʝʥʠʝ ʛʨʦʟʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ, 

- ʦʯʠʩʪʢʘ ʠ ʫʪʠʣʠʟʘʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦ-ʟʘʨʘʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ 
- ʨʝʟʢʘ ʙʝʪʦʥʘ, ʩʢʘʣ, ʢʘʤʥʷ, ʩʪʘʣʠ, ʩʪʝʢʣʘ ʠ ʪ.ʧ., 

- ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

- ʧʨʦʭʦʜʢʘ ʪʫʥʥʝʣʝʡ ʠ ʩʢʚʘʞʠʥ. 

 

ʕʢʦʣʦʛʠʷ ï ʦʯʠʩʪʢʘ ʩʨʝʜʳ 
- ʣʠʢʚʠʜʘʮʠʷ ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

- ʣʠʢʚʠʜʘʮʠʷ ʘʚʘʨʠʡ ʠ ʨʘʟʨʝʟʢʘ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ 

(ʜʠʩʪʘʥʮʠʦʥʥʘʷ), 

- ʣʠʢʚʠʜʘʮʠʷ ʘʚʘʨʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ, ʘʚʪʦ ʠ ʪ.ʧ.  

- ʨʘʟʨʝʟʢʘ ʥʘ ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʘʭ. 

 

ʃʘʟʝʨʥʦʝ ʦʨʫʞʠʝ 
- ʢʦʩʤʠʯʝʩʢʦʝ  

- ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʝ, ʦʩʣʝʧʣʷʶʱʝʝ. 

 

ʅʘʫʢʘ 

- ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʥʘʫʢ ʦ ʯʝʣʦʚʝʢʝ, 

- ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʘʟʝʨʳ. 
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1.4. ʅɽʂʆʊʆʈʓɽ ʍɸʈɸʂʊɽʈʅʓɽ ʇʈʀʄɽʈʓ ʇʈʀʄɽʅɽʅʀʗ 

ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʊɽʍʅʀʂɽ 

 

1.4.1. ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

 

 

 
(ʧʦ ʜʘʥʥʳʤ ʂ.Washio, NEC - Nippon Electronic Corporation) 

 

çɺ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʫʜʠʦʧʣʝʝʨʦʚ (iPod) ʠ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ iPhone ʦʯʝʥʴ ʪʨʫʜʥʦ ʥʘʡʪʠ ʭʦʪʷ ʙ  r ʦʜʥʫ ʜʝʪʘʣʴ, 

ʢʦʪʦʨʘʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 

(G.Overton, S.G.Anderson, T.Hausken, D.A.Belforte. Optoelectronics 

report, v.16, N1, 2009).   
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ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʫʪʙʫʢʦʚ 

 

 

 

 

 
 

(ʧʦ ʜʘʥʥʳʤ ʂ.Washio, NEC - Nippon Electronic Corporation) 

 

 çɹʫʜʴ ʟʜʝʩʴ ʪʦʣʴʢʦ ʦʜʥʘ ʣʘʟʝʨʥʘʷ ʦʧʝʨʘʮʠʷ ï ʣʠʪʦʛʨʘʬʠʷ, ʠ 

ʣʘʟʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʩʯʠʪʘʣʘʩʴ ʙʳ ʢʣʶʯʝʚʦʡ. ʅʦ ʙʝʟ ʣʘʟʝʨʦʚ ʥʝ 

ʦʙʦʡʪʠʩʴ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʠʩʧʣʝʝʚ ʠ ʚʩʝʭ ʧʝʨʠʬʝʨʠʡʥʳʭ 
ʫʩʪʨʦʡʩʪʚè (G.Overton, S.G.Anderson, T.Hausken, D.A.Belforte. 

Optoelectronics report, v.16, N1, 2009). 
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1.4.2. ʃʘʟʝʨʥʘʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ  

ʚ ʧʣʝʥʢʘʭ ʭʨʦʤʘ, ʪʠʪʘʥʘ ʠ ʪ.ʧ. 

 

 

ʇʈʀʅʎʀʇ ʃɸɿɽʈʅʆʁ ɿɸʇʀʉʀ: ʣʦʢʘʣʴʥʳʡ ʣʘʟʝʨʥʳʡ 

ʥʘʛʨʝʚ ʧʣʝʥʢʠ ʭʨʦʤʘ ʬʦʨʤʠʨʫʝʪ ʪʦʥʢʠʡ ʩʣʦʡ ʦʢʠʩʣʘ, ʫʩʪʦʡʯʠʚʦ-

ʛʦ ʢ ʪʨʘʚʠʪʝʣʷʤ ʭʨʦʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʨʘʚʣʠʚʘʥʠʷ ʭʨʦʤʘ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʘʷ ʪʦʧʦʣʦʛʠʷ çʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦè ʠʟʦʙʨʘ-

ʞʝʥʠʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

ʆʉʅʆɺʅʓɽ ɼʆʉʊʆʀʅʉʊɺɸ ʄɽʊʆɼɸ  

 

-  ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʧʠʩʠ. 

 

-  ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 

- ʇʨʦʩʪʦʪʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ.  

 

- ʇʨʦʩʪʦʪʘ ʢʦʥʪʨʦʣʷ ʧʨʷʤʳʤ ʠʟʤʝʨʝʥʠʝʤ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ  

 

-  ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʥʘ ʧʦʜʣʦʞʢʘʭ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʪʦʣʱʠʥʳ, ʘ 

ʪʘʢʞʝ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.   

 

1. ʀʩʭʦʜʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʣʝʥ-

ʢʘ ʭʨʦʤʘ  

2. ɿʘʧʠʩʴ  

ʩʢʨʳʪʦʛʦ  

ʠʟʦʙʨʘʞʝʥʠʷ  

3. ʇʨʦʷʚʣʝʥʠʝ 

ʨʠʩʫʥʢʘ 

4. ʂʦʥʝʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ -  

ʟʘʧʠʩʘʥʥʦʝ  

ʠʟʦʙʨʘʞʝʥʠʝ 
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ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  

   ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɼʆʕ) ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʭʝʤʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʜʠʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ 

ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʦʙʝ̡ʜʠʥʝʥʥʳʤ ʚ ʝʜʠʥʳʡ ɼʆʕ. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʶʪʩʷ ʛʘʙʘʨʠʪʳ, ʚʝʩ ʠ ʩʪʦʠʤʦʩʪ ɹʦʧʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠ ̫ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ 

ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʦʚ. ʉʨʝʜʠ ʥʠʭ: ʙʠʬʦʢʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ, ʣʘʟʝʨʥʳʝ 

ʦʙʲʝʢʪʠʚʳ, ʙʣʦʢ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʢʦʤʧʘʢʪ-ʜʠʩʢʘ, ʢʨʫʛʦʚʦʡ (ʠʤʧʫʣʴʩʥʳʡ) ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʠ ʜʨ. ʅʦ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ɼʆʕ ï ʵʪʦ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʩʨʘʚʥʠʤʘʷ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʬʦʪʦʰʘʙʣʦʥʦʚ ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʊʘ 

ʞʝ ʪʝʭʥʦʣʦʛʠʷ, ʥʦ ʜʨʫʛʘʷ ʪʦʧʦʣʦʛʠʷ ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʟʘʧʠʩʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʦʧʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ï

CD-ROM, CD-RW ʠ ʜʨ. 

 

 
 

ʀʟʦʙʨʘʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʤʠʪʘʪʦʨʘ ʜʠʘʤʝʪʨʦʤ 210 ʤʤ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʘ VISTA, ʨʘʙʦʪʘʝʪ ʚ 

ʏʠʣʠʡʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ)  (ʧʨʦʠʟʚʦʜʩʪʚʦ ʀɸʕ ʉʆʈɸʅ,                  

ɸ.ɻ. ʇʦʣʝʱʫʢ). 
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ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ɼʆʕ ʠ  

ʦʧʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ï CD-ROM, CD-RW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʘ.                                                              ʙ. 

ɸʉʄ-ʬʦʪʦʛʨʘʬʠʠ CD-ʜʠʩʢʘ: 

ʘ) ʙʝʟ ʟʘʧʠʩʠ, ʙ) ʩ ʟʘʧʠʩʴʶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʦʙʨʘʞʝʥʠʝ ɼʆʕ ʚ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ (ɸʉʄ), 

 ʟʘʧʠʩʘʥʥʦʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʪʝʨʤʦʭʠʤʠʠ (A.ɻ. ʇʦʣʝʱʫʢ) 
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1.4.3. ʃʘʟʝʨʥʦʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 

 

ɼʘʚʣʝʥʠʝ ʧʘʨʦʚ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ 

ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɺʩʝ ʵʪʠ 

ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʬʠʨʤʝ IBM, ʉʐɸ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ çʟʦʥʳ 

ʪʦʨʤʦʞʝʥʠʷè ʤʘʛʥʠʪʥʳʭ ʛʦʣʦʚʦʢ (ʜʦ 10000 çʣʘʟʝʨʥʳʭ ʙʘʤʧʦʚè)  

 

 

  
  

ʘ ʙ ʚ ʛ 

 

ʌʦʪʦʛʨʘʬʠʠ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʥʘʥʦʙʘʤʧʦʚè ʥʘ ʘʤʦʨʬʥʦʤ 

ʥʠʢʝʣʴ-ʬʦʩʬʦʨʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʜʠʩʢʝ (ʘ, ʙ , ʚ) ʠ ʩʪʝʢʣʷʥʥʦʡ 

ʧʦʜʣʦʞʢʝ (ʛ) (a, ʙ, ʚ ï A.Tam; ʛ ï Y.Lu). 

 

ʇʦʭʦʞʠʝ ʥʘ ʢʦʣʦʥʥʳ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ Si ʠ Ge, 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ Ti ʠ ʜʨ. ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʠ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ (ʨʠʩ. ʥʠʞʝ).  

 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚʤʝʩʪʦ ʘʥʪʠʦʪʨʘʞʘʶʱʠʭ ʩʣʦʝʚ. 
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ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ  

 

 
ʉʕʄ-ʩʥʠʤʦʢ çʧʠʥʛʚʠʥʦ-ʧʦʜʦʙʥʳʭè ʩʪʨʫʢʪʫʨ, ʩʦʟʜʘʥʥʳʭ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ (ʚ 

ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʬʦʪʦʛʨʘʬʠʷ ʢʦʣʦʥʠʠ ʧʠʥʛʚʠʥʦʚ ʚ ɸʥʪʘʨʢʪʠʢʝ) 

(T. Sarnet, 2008) 

 

 
ʉɿʄ-ʩʥʠʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ, ʦʙʣʫʯʝʥʥʦʛʦ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ 

ʠ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʯʠʩʣʦ ʩʢʘʥʠʨʦʚʘʥʠʡ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ N = 40 ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 4 ʥʩ, 30 ʥʩ, N = 30 ʜʣʷ 

200 ʥʩ) ʠ ʠʭ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ.  
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ʉʫʱʝʩʪʚʝʥʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʨʝʣʴʝʬ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ: ʣʦʢʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʦʪʢʦʣ, 

ʠʩʧʘʨʝʥʠʝ) ʠ ʛʝʥʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥʳ 

(ʇʕɺ), ʧʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ (LIPPS ï laser-induced periodic surface 

structures). ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ, 

(ʨʠʩ. ʥʠʞʝ) ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʪ.ʜ. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʣʘʟʝʨʦʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʤʧʣʘʥʪʦʣʦʛʠʠ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʨʝʞʠʤʳ 

ʣʘʟʝʨʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠʚʦʜʷʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʨʦʩʪʫ ʝʸ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʢʘʪʘʣʠʟʘ ʠ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ.  

ʃʘʟʝʨʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʪ.ʝ. ʩʦʟʜʘʚʘʪʴ ʨʝʣʴʝʬʳ ʩ 

ʛʝʦʤʝʪʨʠʝʡ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʜʦʙʥʳʤʠ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʚ ʞʠʚʦʡ 

ʧʨʠʨʦʜʝ.  

 
ʉʤʘʯʠʚʘʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʦʜʥʦʫʨʦʚʥʝʚʦʛʦ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 

ï ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ) ʨʝʣʴʝʬʦʚ. 

 

  
ʃʠʩʪ ʣʦʪʦʩʘ, ʢʘʢ ʧʨʠʤʝʨ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ: ʩʣʝʚʘ  ï 

ʬʦʪʦʛʨʘʬʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʧʨʘʚʘ  ï SEM-ʩʥʠʤʦʢ. 
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.1.4.4. ʆʙʨʘʙʦʪʢʘ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʧʣʘʟʤʳ (ʃʀʄʇ)  

 

 
ʆʙʱʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ LIPAA. 

(Laser-Induced Plasma assisted ablation, Sugioka, 2006)  

 

 
 

 
 

ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʤʝʪʦʜʘ ʃʀʄʇ  
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ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʃʀʄʇ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ:  

ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ > 104 ʂ (>1 ʵɺ) ʠ ʜʘʚʣʝʥʠʝ ~1 ɻʇʘ ʚ 

ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʘʣʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʩʨʘʚʥʠʤʦʝ ʩ ʨʘʟʤʝʨʦʤ 

ʟʦʥʳ ʦʙʣʫʯʝʥʠʷ (ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʧʷʪʥʦʤ). 

ʄʝʪʦʜ ʃʀʄʇ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʧʦʣʦʞʝʥʠʝʤ ʤʠʢʨʦʧʣʘʟʤʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟ-ʟʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʢ ʨʘʟʤʝʨʘʤ ʠ ʧʦʣʦʞʝʥʠʶ ʬʦʢʘʣʴʥʦʛʦ 

ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ (ʠʣʠ ʚ ʦʙʲʝʤʝ 

ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ).  ʃʀʄʇ ʩʧʦʩʦʙʥʘ ʫʜʘʣʷʪʴ ʣʶʙʦʡ ʤʘʪʝʨʠʘʣ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ (ʘʥʘʣʦʛʠʯʥʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤʫ ʪʨʘʚʣʝʥʠ)ʁ. 

 
 

 
 

 

ʃʠʥʟʦʚʳʡ ʨʘʩʪʨ ʠ ʜʠʬʨʘʢʮʠʦʥʥʘ ̫ʨʝʰʝʪʢʘ,  

 ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʃʀʄʇ 



23 

 

ʃʘʟʝʨʥʦʝ ʩʚʝʨʣʝʥʠʝ ʤʠʢʨʦʦʪʚʝʨʩʪʠʡ ʚ ʘʣʤʘʟʥʳʭ ʬʠʣʴʝʨʘʭ ʜʣʷ 

ʚʦʣʦʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩ ʧʦʤʦʱʴʶ ʃʀʄʇ 

ʆʙʲʝʤʳ ï ʜʦ 30 000 ʬʠʣʴʝʨ ʚ ʛʦʜ ʚ ʤʠʨʝ (3 ʪʳʩ. ʥʦʚʳʭ), ʚʨʝʤʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʚʝʨʣʝʥʠʷ ʢʘʞʜʦʡ ï 60 ʯʘʩʦʚ (48 ʯʘʩʦʚ ï ʩʚʝʨʣʝʥʠʝ 

ʯʝʨʥʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ 12 ʯʘʩʦʚ ï ʜʦʚʦʜʢʘ ʝʛʦ ʬʦʨʤʳ) 

 
ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʛʦ ʩʚʝʨʣʝʥʠʷ ʤʠʢʨʦʦʪʚʝʨʩʪʠʡ ʚ ʘʣʤʘʟʥʳʭ 

ʬʠʣʴʝʨʘʭ: 1 ï ʘʣʤʘʟʥʳʡ ʢʨʠʩʪʘʣʣ, 2 ï ʧʣʘʩʪʠʥʢʘ ʠʟ ʤʘʪʝʨʠʘʣʘ, 

ʭʦʨʦʰʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, 3 ï ʬʦʢʫʩʠʨʦʚʘʥʥʳʡ 

ʣʘʟʝʨʥʳʡ ʣʫʯ, 4 ï ʠʩʭʦʜʥʦʝ ʤʠʢʨʦʦʪʚʝʨʩʪʠʝ ʚ ʧʣʘʩʪʠʥʢʝ (2), 5 ï 

ʠʩʭʦʜʥʦʝ ʤʠʢʨʦʦʪʚʝʨʩʪʠʝ ʚ ʘʣʤʘʟʝ (ʛʨʘʬʠʪʦʚʘʷ ʧʨʝʛʨʘʜʘ), 6 ï 

ʚʭʦʜʥʦʡ ʠ ʩʤʘʟʘʥʥʳʡ ʢʦʥʫʩ, 7 ï ʨʘʙʦʯʠʡ ʢʘʥʘʣ, 8 ï ʚʳʭʦʜʥʦʡ ʢʦʥʫʩ. 

ʇʦʩʣʝʜʥʷʷ ʦʧʝʨʘʮʠʷ ï ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʯʠʩʪʢʘ. (ʇʘʪʝʥʪ ɺ.ʇ.ɺʝʡʢʦ, 

ʄ.ʅ.ʃʠʙʝʥʩʦʥ, çʉʧʦʩʦʙ ʧʨʦʰʠʚʢʠ ʦʪʚʝʨʩʪʠʡ ʚ ʧʨʦʟʨʘʯʥʳʭ 

ʧʣʘʩʪʠʥʘʭè ˉ 300977 ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʦʪ 5 ʩʝʥʪʷʙʨʷ 1969 ʛ .) 

 

 
ʌʦʪʦʛʨʘʬʠʷ ʘʣʤʘʟʥʦʡ ʬʠʣʴʝʨʳ ʥʘ ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ ʩʚʝʨʣʝʥʠʷ 

ʤʠʢʨʦʦʪʚʝʨʩʪʠʷ (ʪʦʣʱʠʥʘ ʘʣʤʘʟʘ 1.6 ʤʤ). ɺʨʝʤʷ ʣʘʟʝʨʥʦʛʦ 

ʩʚʝʨʣʝʥʠʷ 5ï8 ʤʠʥʫʪ. 
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1.4.5. ʇʨʠʤʝʨʳ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ 

 

 
300 ʤʠʢʨʦʥʥʘʷ 3D ʰʝʩʪʝʨʥʷ  

ʚ ʘʣʤʘʟʝ 

 

 ʊʨʝʫʛʦʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ 

ʩʘʧʬʠʨʦʚʦʤ ʩʪʝʢʣʝ 

 

 
SEM-ʬʦʪʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʚʦʣʦʩʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ  

ʵʢʩʠʤʝʨʥʳʤ ʣʘʟʝʨʦʤ 

 
ʉʥʷʪʠʝ ʠʟʦʣʷʮʠʠ ʩ ʧʨʦʚʦʜʘ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ 

 
ɿʤʝʝʚʠʜʥʳʡ ʦʙʨʘʟʝʮ ʩ 

ʰʠʨʠʥʦʡ ʣʠʥʠʠ 30 ʤʢʤ  

ʚ ʩʪʝʢʣʝ 

 
ʂʨʫʧʥʳʡ ʧʣʘʥ ʟʤʝʝʚʠʜʥʦʛʦ  

ʦʙʨʘʟʮʘ ʚ ʩʪʝʢʣʝ 
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1.4.6. ʃʘʟʝʨʥʘʷ ʧʦʣʠʨʦʚʢʘ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

ʌʠʟʠʯʝʩʢʘʷ ʠʜʝʷ ʣʘʟʝʨʥʦʡ ʧʦʣʠʨʦʚʢʠ ʩʪʝʢʣʷʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʭʦʜʥʘ ʩ ʦʛʥʝʚʦʡ ʧʦʣʠʨʦʚʢʦʡ ʩʪʝʢʣʘ: ʧʨʠ ʣʘʟʝʨʥʦʤ ʥʘʛʨʝʚʝ ʚʷʟʢʦʩʪʴ 

ʩʪʝʢʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʪʨʝʤʷʪʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʙʦʜʥʫʶ (ʧʦʚʝʨʭʥʦʩʪʥʫʶ) ʵʥʝʨʛʠʶ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʝʤ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʙʣʝʤʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ï ʵʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʣʥʳ ʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ r ʜʣʷ ʤʠʥʠ- ʠ 

ʤʠʢʨʦʦʧʪʠʢʠ ʠ ʜʘʞʝ ʜʣʷ ʤʘʢʨʦʦʧʪʠʢʠ. 

 

   

 

 
ʘ ʙ 

 

ʈʠʩʫʥʦʢ: ʣʘʟʝʨʥʘʷ ʧʦʣʠʨʦʚʢʘ ʩʪʝʢʣʘ: ʩʣʝʚʘ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʠʟ ʩʪʝʢʣʘ B-270 ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʦʣʠʨʦʚʢʠ (ʘ, ʩʚʝʨʭʫ) ʠ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʧʦʣʠʨʦʚʢʠ (ʘ, 

ʩʥʠʟʫ), ʧʦʢʘʟʘʥʘ ʧʝʨʝʭʦʜʥʘʷ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʦʙʣʫʯʝʥʥʦʡ ʠ 

ʥʝʦʙʣʫʯʝʥʥʦʡ ʟʦʥʦʡ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʤʝʨʝʥʥʳʡ ʧʨʦʬʠʣʴ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ (ʙ, ʩʚʝʨʭʫ) ʠ ʣʘʟʝʨʥʦʡ (ʙ, ʩʥʠʟʫ) ʦʙʨʘʙʦʪʢʠ ʩʪʝʢʣʷʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (F.Laquarta et al.). 
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ʃʘʟʝʨʥʘʷ ʘʩʬʝʨʠʟʘʮʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

 

ʄʘʪʝʨʠʘʣʳ: ʪʝʨʤʦʩʪʦʡʢʦʝ ʩʪʝʢʣʦ 

(ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ) (TʂC ~ 10-5ï10-6 

K-1) ʠʣʠ ʜʨʫʛʠʝ ʩʪʝʢʣʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ 

 
ʉʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʧʨʠ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 

 

 

 

 

 

 
ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ʰʠʨʠʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ ()ʩʢV D  ʜʣʷ 

ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ 

( )20.4 0.16 4.4 2.2=- - +y x . 

ʉ ʨʘʟʣʠʯʥʳʤ ʩʞʘʪʠʝʤ 1, 2, 3 

ʩʢʘʥʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ y, ʘ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʬʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ (x) ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʡ (-) ʣʠʥʟ (ʙ). 

 

 

ʌʦʪʦʛʨʘʬʠʠ ʘʩʬʝʨʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʣʠʥʟ ʧʦʩʣʝ ʣʘʟʝʨʥʦ-

ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʣʘʟʝʨʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʣʘʟʤʝʥʥʦʡ ʧʦʣʠʨʦʚʢʦʡ  

 

ʘ 

 

 

 

 

ʙ 
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1.4.7. ʃʘʟʝʨʥʘʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʄʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʤʫʟʝʡʥʳʭ 

ʠʥʪʝʨʴʝʨʦʚ, ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦʡ 

ʜʦʩʪʘʚʢʠ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʦ ï ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ  ʠ ʪ.ʜ. 

 

ʃʘʟʝʨʥʘʷ ʨʝʩʪʘʚʨʘʮʠʷ çʢʣʘʜʘè ʃʠʭʘʯʝʚʦʡ ʄ.ʀ.  

 
 

  

  
ʜʦ ʨʝʩʪʘʚʨʘʮʠʠ    ʧʦʩʣʝ ʨʝʩʪʘʚʨʘʮʠʠ 
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ʇʨʠʤʝʨʳ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ 

 

ʃʘʟʝʨʥʘʷ ʦʯʠʩʪʢʘ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʚʘʣʦʚ. 

ɺ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʤʥʦʛʦʪʠʨʘʞʥʘʷ ʧʝʯʘʪʴ) 

ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ 

ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʝʯʘʪʥʦʡ ʤʘʰʠʥʝ 

ʨʘʩʪʨʠʨʦʚʘʥʥʳʤ ʚʘʣʦʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

çʧʯʝʣʠʥʳʭ ʩʦʪè (ʨʠʩ. ʥʠʞʝ). ɺ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ ʤʠʢʨʦʷʯʝʡʢʠ 

ʟʘʙʠʚʘʶʪʩʷ ʢʨʘʩʢʦʡ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʦʚ ʦʪ ʦʩʪʘʚʰʝʡʩʷ ʥʘ ʩʪʝʥʢʘʭ ʠ ʜʥʝ ʷʯʝʝʢ ʢʨʘʩʢʠ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ 

ʠʤʧʫʣʴʩʥʳʤ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ.  

 

 
ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚʘʣʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ 

ʜʣʷ ʧʝʨʝʥʦʩʘ ʢʨʘʩʢʠ ʚ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʤʘʰʠʥʝ. 

 
ʉʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʆʆʆ çʃʘʟʝʨʒè)  

ʜʣʷ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ ʨʘʩʪʨʠʨʦʚʘʥʥʳʭ ʚʘʣʦʚ. 
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ʃʘʟʝʨʥʘʷ ʜʝʟʘʢʪʠʚʘʮʠʷ 

 

 
ʆʙʱʠʡ ʚʠʜ ʏʝʨʥʦʙʳʣʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

 

ɼʦʩʪʦʠʥʩʪʚʘ ʣʘʟʝʨʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ 
Á ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣ, 

Á ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʜʠʩʪʘʥʮʠʦʥʥʦ, 

Á ʣʦʢʘʣʴʥʦʩʪʴ ʠ ʫʪʠʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʦʯʠʩʪʢʠ;  

Á ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ  

                   ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʦʙʣʘʩʪʝʡ, 

Á ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʩʚʳʰʝ 3 ʤ2 ʚ ʯʘʩ), 

Á ʦʪʩʫʪʩʪʚʠʝ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʯʠʩʪʢʠ, 

Á ʤʦʙʠʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ  

                   ʩ ʚʦʣʦʢʦʥʥʳʤʠ ʣʘʟʝʨʘʤʠ. 

 

 
1 ï ʦʯʠʱʘʝʤʘʷ ʧʦʜʣʦʞʢʘ, 2 ï ʧʣʦʪʥʳʡ ʥʠʞʥʠʡ ʩʣʦʡ ʦʢʩʠʜʦʚ, 3 ï 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʦʢʩʠʜʦʚ, 4 ï ʧʣʝʥʢʘ, 5 ï ʧʨʦʜʫʢʪʳ ʦʯʠʩʪʢʠ, 6 ï ʣʘʟʝʨʥʳʡ 

ʧʫʯʦʢ (ɺ.ʅ. ʉʤʠʨʥʦʚ ʠ ʜʨ., ʇʘʪʝʥʪ 2468457 çʉʧʦʩʦʙ ʫʜʘʣʝʥʠʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʡ ʧʣʝʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘè). 
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1.4.8. ɸʜʜʠʪʠʚʥʳʝ ʣʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʧʨʠʥʮʠʧ  

 

 
ʉʭʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ(ʚʚʝʨʭʫ)  

ʠ ʤʝʪʦʜʦʚ 3-ʭ ʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʚʥʠʟʫ) 

 

   
ʧʦʩʣʦʡʥʳʡ ʩʠʥʪʝʟ 

ʠʟ ʮʝʣʣʶʣʦʟʥʦ- 

ʙʫʤʘʞʥʳʭ ʩʣʦʝʚ 

ʩʪʝʨʝʦ- 

ʣʠʪʦʛʨʘʬʠʷ 

ʩʧʝʢʘʥʠʝ  

ʠʟ ʧʦʨʦʰʢʦʚ 
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ʆʩʥʦʚʥʳʝ ʚʠʜʳ  

ʘʜʜʠʪʠʚʥʳʭ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʮʝʩʩ rʣʦʢʘʣʴʥʦʛʦ ʠʣʠ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʜʘʥʥʳʭ 3D-ʤʦʜʝʣʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, çʪʦʯʢʘè ʟʘ çʪʦʯʢʦʡè ʠʣʠ ʩʣʦʡ ʟʘ ʩʣʦʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

"ʚʳʯʠʪʘʶʱʠʭ" ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʪʘʣʦʦʙʨʘʙʦʪʢʠ ï 

ʬʨʝʟʝʨʦʚʘʥʠʷ, ʰʣʠʬʦʚʢʠ ʠ ʪ.ʧ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS) ʠ  

ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʣʘʚʣʝʥʠʝ (SLM)  

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ï ʪʝʭʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘ ̫ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʧʝʢʘʥʠʠ ʩʣʦʝʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʝ 

ʣʘʟʝʨʥʦʝ ʩʧʣʘʚʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʥʦʝ ʩʧʣʘʚʣʝʥʠʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʤʦʜʝʣʝʡ.  

 

 

 

 

 

 

 

 

  

 

 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ SLS                     ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ SLM 

 

            
            ʊʫʨʙʠʥʥʘʷ ʣʦʧʘʪʢʘ               ʕʣʝʤʝʥʪ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʤʧʣʘʥʪʘ  

      (Fraunhofer IWU) 
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ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA ʠʣʠ SL) 

ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ï ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʦʩʣʦʡʥʳʤ ʦʪʚʝʨʞʜʝʥʠʝʤ ʞʠʜʢʠʭ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

 

 

         
ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ SLA ʫʩʪʘʥʦʚʢʠ 

(ʃʳʩʳʯ ʄ.ʅ. ʠ ʜʨ.) 

 

ʄʦʜʝʣʴ ʯʝʨʝʧʘ  

 

  

ʃʘʟʝʨʥʘ ̫ ʤʠʢʨʦʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ( ʚʁʝʣʠʨʥʘʷ 

ʧʨʦʤʳʣhʝʥʥʦʩʪʴ).  

 

ɺ ʤʝʜʠʮʠʥʝ ʩʪʨʫʢʪʫʨʘ ʢʦʩʪʝʡ ʠʣʠ ʦʨʛʘʥʦʚ ʠʤʠʪʠʨʫʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʯʪʦʙʳ ʧʣʘʥʠʨʦʚʘʪʴ 

ʦʧʝʨʘʮʠʠ ʠʣʠ ʚʩʪʨʘʠʚʘʪʴ ʠʤʧʣʘʥʪʳ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 3-ʭ 

ʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʧʦʜʦʛʥʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ.  
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ʇʦʩʣʦʡʥʘʷ ʩʙʦʨʢʘ ʠʟ ʧʣʦʩʢʠʭ ʩʣʦʝʚ (LOM ) 

 

ʇʦʩʣʦʡʥʘʷ ʩʙʦʨʢʘ ʠʟ ʧʣʦʩʢʠʭ ʩʣʦʝʚ (Laminated Object 

Manufacturing, LOM) ï ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʟʘʜʘʥʥʦʡ ʚ ʢʦʤʧʴʶʪʝʨʝ ʤʦʜʝʣʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

(ʩʢʣʝʠʚʘʥʠʷ) ʵʣʝʤʝʥʪʦʚ, ʚʳʨʝʟʘʥʥʳʭ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ ʠʟ ʣʠʩʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ LOM- 

ʫʩʪʘʥʦʚʢʠ (ʃʳʩʳʯ ʄ.ʅ. ʠ ʜʨ.) 

 

ɻʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʤʦʜʝʣʴ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ 

(Mcor Technologies) 

 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʠ ʠʟ ʧʣʦʩʢʠʭ ʩʣʦʝʚ (LOM) ʥʘʰʣʘ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʠʟʘʡʥʘ. ʆʢʨʘʰʠʚʘʥʠʝ ʩʣʦʝʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʦʮʚʝʪʥʳʝ ʦʙʲʝʤʥʳʝ ʤʦʜʝʣʠ. 
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ʊʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʪʝʢʣʝ 
 

 

ʇʨʠʥʮʠʧ 

 

ʊʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʪʝʢʣʷʥʥʳʭ ʙʣʦʢʘʭ 

ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʡ ʟʘʧʠʩʠ ʨʘʩʩʝʠʚʘʶʱʠʭ ʪʦʯʝʢ. ɺʥʫʪʨʠ ʧʨʦʟʨʘʯʥʦʛʦ 

ʩʪʝʢʣʷʥʥʦʛʦ ʙʣʦʢʘ (ʧʨʠʟʤʳ, ʢʫʙʘ ʠ ʪ.ʧ.) ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʢʪ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. ʇʨʠʤʝʥʝʥʠʝ: ʚ ʨʝʢʣʘʤʝ, 

ʚ ʥʘʫʢʝ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʪʨʝʪʦʚ ʠ ʪ.ʧ. 

 

 

 
 

 
 

ʌʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʪʝʢʣʝ, 

ʟʘʧʠʩʘʥʥʳʭ ʢʦʤʧʘʥʠʝʡ çLaser Starè 

 

ʈʝʘʣʠʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʦʪʠʚʦʚ ʢʦʤʧʦʟʠʮʠʡ ï ʦʪ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ (ʮʝʨʢʚʝʡ, ʭʨʘʤʦʚ ʠ ʪ.ʧ.), ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙ̡ʝʢʪʦʚ (ʨʘʢʝʪ, ʩʘʤʦʣʝʪʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ) ʜʦ ʠʟʦʙʨʘʞʝʥʠʡ ʞʠʚʦʪʥʳʭ, 

ʢʘʨʪʠʥ ʩʧʦʨʪʠʚʥʳʭ ʠʛʨ, ʧʦʨʪʨʝʪʦʚ ʣʶʜʝʡ ʠ ʪ.ʜ. 
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1.5. ʂʆʉʄʀʏɽʉʂʀɽ ʇʈʀʄɽʅɽʅʀʗ ʃɸɿɽʈʆɺ 

1.5.1. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʣʘʟʝʨʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ  

ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ  

 
ʂʦʤʝʪʘ ɻʘʣʣʝʷ 8 ʤʘʨʪʘ 1986 ʛʦʜʘ 
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1.5.2. ʃʘʟʝʨʥʘʷ ʠʩʢʨʘ ʚ ʚʦʟʜʫʭʝ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ  

 

 

 

- ʃʘʟʝʨʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ ʚ ʘʪʤʦʩʬʝʨʝ 

- ʃʘʟʝʨʥʦʝ ʟʘʞʠʛʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

- ʋʧʨʘʚʣʝʥʠʝ ʛʨʦʟʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ, 

 

 

 

 
 

 

ʃʘʟʝʨʥʘʷ ʠʩʢʨʘ ʚ ʚʦʟʜʫʭʝ, ʩʦʟʜʘʥʥʘʷ ʠʤʧʫʣʴʩʦʤ 

TEA ʉʆ2-ʣʘʟʝʨʘ  
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ʃʘʟʝʨʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ ï 

ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʚʥʝʘʪʤʦʩʬʝʨʥʳʝ ʜʚʠʛʘʪʝʣʠ 

 

 

 

 
 

 

 

ʄʦʱʥʦʩʪʴ CO2-ʣʘʟʝʨʘ 20 ʢɺʪ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʷʛʘ 2,5 ʅ,  

ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʦʪʜʘʯʠ 12 ʜʠʥ/ɺʪ. 

 

 

 

 

 

  
 

 

ɸʧʧʘʨʘʪʳ ʩ ʣʘʟʝʨʥʳʤ ʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (Lightcraft). 
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ʃʘʟʝʨʥʦʝ ʟʘʞʠʛʘʥʠʝ ʛʦʨʶʯʝʡ ʩʤʝʩʠ 

ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

 

 

 
                                                                                      (E. Wintner) 

 

ʈʘʙʦʪʘʝʪ ʚ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥʘʭ ʚ ɸʚʩʪʨʠʠ  

ʠ ʚ ʦʧʳʪʥʳʭ ʘʚʪʦʤʦʙʠʣɹ ʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʚ ʗʧʦʥʠʠ 
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1.5.3. ʃʘʟʝʨʥʦʝ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʝ ʦʨʫʞʠʝ  

 

 

 
 

 

 

ʆʧʨʝʜʝʣʠʤ ʦʢʥʦ çʦʧʪʠʯʝʩʢʦʡè ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ʇʦ ʜʘʥʥʳʤ NASA ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʩʦʩʪʘʚʣʷʝʪ T~15 ʉ̄, ʦʪʩʶʜʘ ʠʟ ʟʘʢʦʥʘ ʩʤʝʱʝʥʠʷ ɺʠʥʘ 

(l MAX=0,28999/T) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ ~10 ʤʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʥʦ 

çʦʧʪʠʯʝʩʢʦʡè ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʙʣʠʟʢʦ ʢ ʜʣʠʥʝ ʚʦʣʥʳ 

CO2-ʣʘʟʝʨʘ. 
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ʃʘʟʝʨʥʦʝ ʨʘʩʢʘʣʳʚʘʥʠʝ ʣʴʜʦʚ 

 

 

 

 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʈʦʩʩʠʡʩʢʠʡ ʮʝʥʪʨ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ 

çɸʩʪʨʦʬʠʟʠʢʘè ʧʨʦʚʦʜʠʪ ʠʩʧʳʪʘʥʠʷ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʝʜʦʢʦʣʳ. ʂʘʢ ʧʠʰʝʪ ʛʘʟʝʪʘ çʋ 

ɹʝʣʦʛʦ ʤʦʨʷè, ʧʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ 30 ʢɺʪ 

ʧʨʦʚʝʜʝʥʳ ʚ ʥʦʷʙʨʝ 2017 ʛ. ʅʘ ʚʨʝʤʷ ʧʨʦʚʝʨʦʢ ʣʘʟʝʨ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʨʝʟʘʥʠʷ ʣʴʜʘ, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʜʠʟʝʣʴʥʳʡ 

ʣʝʜʦʢʦʣ çɼʠʢʩʦʥè. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʘʟʝʨ ʤʦʱʥʦʩʪʴʶ 200 ʢɺʪ 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʩʫʜʘ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʚ ʪʝʭ ʟʦʥʘʭ, ʛʜʝ 

ʪʦʣʱʠʥʘ ʣʴʜʘ ʜʦʩʪʠʛʘʝʪ 4-ʭ ʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʜʢʠ 

ʩʦʩʪʘʚʠʪ ʜʦ ʪʨʝʭ ʫʟʣʦʚ (5,6 ʢʤ/ʯʘʩ). 
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1.6. ʆʉʅʆɺʅʓɽ ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

ʃɸɿɽʈʆɺ ɺ ʄɽɼʀʎʀʅɽ 
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ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʜʠʮʠʥʝ 

 

 
ʇʦʣʥʦʝ ʯʠʩʣʦ ʧʨʦʮʝʜʫʨ ʧʦ ʣʘʟʝʨʥʦʤʫ ñʦʤʦʣʦʞʝʥʠʶò ʢʦʞʠ ʠ 

ʫʜʘʣʝʥʠʶ ʤʦʨʱʠʥ ʫʚʝʣʠʯʠʣʦʩʴ ʩʦ 120 000 ʚ 2000 ʛ. ʜʦ 550000 ʚ 

2006 ʛ. ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ Er ʣʘʟʝʨʦʚ 

(ʚʢʣʶʯʘʷ ʚʦʣʦʢʦʥʥʳʝ). ɽʱʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʨʳʥʦʢ 

ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʚʦʣʦʩ (~44% ʧʦʣʥʦʡ 

ʩʫʤʤʳ ʧʨʦʜʘʞ ʤʝʜʠʮʠʥʩʢʠʭ ʣʘʟʝʨʦʚ) ï ʯʠʩʣʦ ʧʨʦʮʝʜʫʨ ʫʚʝʣʠʯʠʣʦʩʴ 

ʩ 480 000 ʚ 2000 ʛ. ʜʦ 1.5 ʤʠʣʣʠʦʥʦʚ ʚ 2006 ʛ., ʠ ʠʭ ʯʠʩʣʦ ʫʜʚʦʠʣʦʩʴ ʢ 

2010 ʛ. ɹʳʩʪʨʦ ʨʘʩʪʫʱʠʡ ʩʝʢʪʦʨ ï ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʣʘʟʝʨʳ 

(ʦʧʪʠʯʝʩʢʘʷ ʢʦʛʝʨʝʥʪʥʘʷ ʪʦʤʦʛʨʘʬʠʷ), ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ 25% 

(>15% ʧʦʣʥʦʡ ʩʫʤʤʳ ʧʨʦʜʘʞ).  ɺ 2012-2016 ʛ.ʛ. ʠ ʜʘʣʝʝ ʨʳʥʦʢ 

ʣʘʟʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʨʘʩʪʝʪ ʝʱʝ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, ʚʢʣʶʯʘ ̫

ʚʩʝ ʣʘʟʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʬʪʘʣʴʤʦʣʦʛʠʠ, ʦʙʱʝʡ ʭʠʨʫʨʛʠʠ, 

ʩʪʦʤʘʪʦʣʦʛʠʠ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʜʝʨʤʘʪʦʣʦʛʠʠ ʠ 

ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʦ ʫʣʫʯʰʝʥʠʶ ʚʠʜʘ ʢʦʞʠ.  
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ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʜʠʮʠʥʝ 

 

ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʬʪʘʣʴʤʦʣʦʛʠʠ  

 

- ʧʨʠʚʘʨʢʘ ʩʝʪʯʘʪʢʠ, 

- ʢʦʨʨʝʢʮʠʷ ʟʨʝʥʠʷ (ʙʣʠʟʦʨʫʢʦʩʪʠ ʠ ʜʘʣʴʥʦʟʦʨʢʦʩʪʠ), 

- ʵʢʩʪʨʘʢʮʠ ̫ʢʘʪʘʨʘʢʪʳ, 

- ʣʝʯʝʥʠʝ ʛʣʘʫʢʦʤʳ 
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çʕʩʪʝʪʠʯʝʩʢʠʝè ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʦʚ (ʚ ʜʝʨʤʘʪʦʣʦʛʠʠ ʠ ʢʦʩ-

ʤʝʪʦʣʦʛʠʠ): ʫʜʘʣʝʥʠʝ ʤʦʨʱʠʥ, ʰʨʘʤʦʚ, ʪʘʪʫʠʨʦʚʦʢ, ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʚʦʣʦʩ, ʫʤʝʥʴʰʝʥʠʝ ʞʠʨʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (çʩʢʫʣʴʧʪʫʨʠʨʦʚʘʥʠʝè ʪʝʣʘ), 

ʦʩʚʝʪʣʝʥʠʝ ʢʦʞʠ ʠ ʪ.ʧ.)  

ʃʘʟʝʨʥʦʝ (ʬʦʪʦ)ʦʤʦʣʦʞʝʥʠʝ ʢʦʞʠ (ɸ.ɺ. ɹʝʣʠʢʦʚ) 

    
ʉʦʟʜʘʥʠʝ ʣʠʥʠʡ ʘʙʣʷʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

Groove optics (Palomar Lux2940Ê Groove) 

 

                                                                                  
 

   
ʈʝʟʫʣʴʪʘʪ (ʫʜʘʣʝʥʠʝ - ʨʘʟʛʣʘʞʠʚʘʥʠʝ ʤʦʨʱʠʥ) 

 

   
ɼʦ      ʇʦʩʣʝ 
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ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ (ɸ.ɺ. ɹʝʣʠʢʦʚ) 

 

- ʂʦʥʪʘʢʪʥʳʡ ʥʘʢʦʥʝʯʥʠʢ  

- ʅʝʢʦʥʪʘʢʪʥʳʡ ʥʘʢʦʥʝʯʥʠʢ (TEM00) 

- ʊʝʧʣʦʚʘʷ ʆʉ (APC) 

- ɼʠʦʜʥʘʷ ʥʘʢʘʯʢʘ ʢʨʠʩʪʘʣʣʘ YLF:Er 

 

ɼʠʦʜʥʳʡ ʣʘʟʝʨ (0.97ʤʢʤ) 

-  ʍʠʨʫʨʛʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʩ APC 

-  ʈʝʛʝʥʝʨʘʮʠʷ ʜʝʩʝʥ ʩ miniSpot 

-  ʅʘʢʘʯʢʘ ʵʨʙʠʝʚʦʛʦ ʣʘʟʝʨʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʕʨʙʠʝʚʳʡ ʣʘʟʝʨ (2.8-3ʤʢʤ) 
-  ʆʙʨʘʙʦʪʢʘ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ ʄ2 

-  ʍʠʨʫʨʛʠʷ ʢʦʩʪʠ ʠ ʢʦʨʥʝʡ ʟʫʙʦʚ 

-  Super bonding (ʪʝʢʩʪʫʨʳ) (5ʧ) 

-  ʍʠʨʫʨʛʠʷ ʠ ʪʝʨʘʧʠʷ ʢʦʨʥʝʚʦʛʦ ʢʘʥʘʣʘ 

-  ɺʥʫʪʨʝʥʥʝʝ ʦʪʙʝʣʠʚʘʥʠʝ (TEM00) 
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1.7. ʇʈɽʆɼʆʃɽʅʀɽ 

ɼʀʌʈɸʂʎʀʆʅʅʆɻʆ ʆʇʊʀʏɽʉʂʆɻʆ ʇʈɽɼɽʃɸ 

 ɺ ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʗʍ  

 

 

 

 

 
 

 

 

 

 

 

ɼʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʚ ʦʧʪʠʢʝ 

 

ʇʦʨʦʛʦʚʳʝ ʧʨʦʮʝʩʩʳ 

ʚ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

                                             

 

 

 

 

 

 
ʄʥʦʛʦʚʦʣʥʦʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʚ ʙʣʠʞʥʝʧʦʣʴʥʦʡ ʦʧʪʠʢʝ 

 

ŭ1=1/ů1 > ŭ2=1/ů2 > ŭ3=1/ů3 

I I I 

ů1 ů2 ů3 

I max 

ȹʭ 

Iʧʦʨ 

I  

ʭ 

ɚ 

ʆʆʧʧʪʪʠʠʯʯʝʝʩʩʢʢʦʦʝʝ  ʨʨʘʘʟʟʨʨʝʝhh ʝʝʥʥʠʠʝʝ  ŭ  ʠʠ  ʢʢʦʦʥʥʪʪʨʨʘʘʩʩʪʪ  ʂ = dI/dr 

r 
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ɻʃɸɺɸ 2. 
 

 ʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ 

ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʄɸʊɽʈʀɸʃʆɺ 
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2.1. ʆʉʅʆɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɺʆɿɼɽʁʉʊɺʀʗ 

ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ʊɺɽʈɼʓɽ ʉʈɽɼʓ  

- ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʦʚ ï 

 N(1/ʩʤ2Ŀʩ) = q/hn (2.1) 

 

ʤʥʦʛʦʬʦʪʦʥʥʳʝ ʧʨʦʮʝʩʩʳ 

(c ʧʣʦʪʥʦʩʪʴʶ ʬʦʪʦʥʦʚ ʜʦ 1030 ʠ ʙʦʣʝʝ) 

 

- ʙʦʣʴʰʦʝ ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ  

 Pʉɺ= (1+R)ĀI/c (ʅ/ʤ2) (2.2) 

 

ʛʜʝ R ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ, I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1 ɺʪ, 

ʬʦʢʫʩʠʨʦʚʢʝ ʚ ʧʷʪʥʦ ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ ʜʣʷ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʰʝʥʠ ʚʝʣʠʯʠʥʘ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 3,5 ʅ/ʤ2)  

 

- ʚʳʩʦʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

1
24

l

q
E

c

på õ
=æ ö
eç ÷ 

(2.3) 

 

(ʙʳʩʪʨʦʧʝʨʝʤʝʥʥʦʝ 1015 ɻʮ, ʥʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʠʟʤʝʨʠʤʘ ʩ ʚʥʫʪʨʠʘʪʦʤʥʦʡ ~ 109 ɺ/ʩʤ) 

(ʧʨʠ 
6 710 10q¢ - ɺʪ/ʩʤ2, 

1510f º  ɻʮ, 
5 610 10lE ¢ -  ɺ/ʩʤ)  

 

- ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ  

 
W

q
S
=
t

  (= P/S) ɼʞ/ʩʤ2 ʩ (ɺʪ/ʩʤ2) (2.4) 

 

ʛʜʝ W  ï ʵʥʝʨʛʠʷ ʚ ʠʤʧʫʣʴʩʝ, S ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʫʯʢʘ, 
t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʦʯʝʥʴ ʣʦʢʘʣʴʥʳʡ ~ 1 m2 ʩ ʙʦʣʴʰʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʜʦ 109 ʛʨʘʜ/ʩʤ 

ʠ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 1015 ʛʨʘʜ/ʩʝʢ ʠ ʙʦʣʝʝ ï ʥʘʛʨʝʚ. 
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2.2. ʆʉʅʆɺʅʓɽ ʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ 

ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

1. ʀʩʧʘʨʝʥʠʝ (ʠ ʘʙʣʷʮʠʷ ï ʫʥʦʩ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚ ʚʠʜʝ 

ʧʘʨʘ, ʨʘʩʧʣʘʚʘ ʠ ʜʘʞʝ ʪʚʝʨʜʳʭ ʬʨʘʛʤʝʥʪʦʚ) ï ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʣʶʙʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʤʠʢʨʦʪʝʭʥʦʣʦʛʠʷʭ; ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ. 

2. ʇʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠ ʩʚʘʨʢʝ ʠ ʧʘʡʢʝ. 

3. ʅʘʛʨʝʚʘʥʠʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʝʥʠʷ (ʠʣʠ ʧʣʘʚʣʝʥʠʷ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʚʷʟʢʦ-ʪʝʢʫʯʝʡ ʬʘʟʝ (ʜʦʧʦʣʥʝʥʥʦʝ 

ʪʝʤ ʠʣʠ ʠʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ï ʚʳʪʷʞʢʦʡ, ʚʨʘʱʝʥʠʝʤ ʠ 

ʪ.ʧ.) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʪʝʢʣʘ ʠ ʪ.ʧ. 

4. ʅʘʧʨʘʚʣʝʥʥʦʝ ʣʦʢʘʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ, ʚʳʟʳʚʘʶʱʝʝ ʧʦʷʚʣʝʥʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʧʨʘʚʣʷʝʤʦʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (laser forming), ʧʨʠʯʝʤ ʥʝ 

ʪʦʣʴʢʦ ʩ ʮʝʣʴʶ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʙʦʨʢʠ ʠ 

ʶʩʪʠʨʦʚʢʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ 

ʞʠʜʢʫʶ ʩʨʝʜʫ ʜʣʷ ʣʘʟʝʨʥʦʡ çʢʦʚʢʠè (laser peening) ʠ ʦʯʠʩʪʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʢʘʚʠʪʘʮʠʷ (ʭʦʣʦʜʥʦʝ ʢʠʧʝʥʠʝ) ʚ ʞʠʜʢʦʩʪʠ ʜʣʷ 

çʛʠʜʨʦʣʘʟʝʨʥʦʡè ʦʙʨʘʙʦʪʢʠ, ʚ ʪ.ʯ. ʚ ʤʝʜʠʮʠʥʝ (ʉ.ʅ. ʉʤʠʨʥʦʚ) 

6. ʌʦʪʦʘʙʣʷʮʠʷ, ʪʝʨʤʦʢʦʘʛʫʣʷʮʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʢʘʥʷʤʠ 

ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʥʦʚ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʝʣʠʥʝʡʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʩʣʘʙʦʧʦʛʣʦʱʘʶʱʠʭ ʩʨʝʜʘʭ), ʚ ʩʝʣʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

(ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ). ʄʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʣʴʥʳʝ ʠ ʩʚʝʨʭʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʬʦʢʫʩʘ 

ʧʫʯʢʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ (ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ, ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʙʦʨʢʘ ï laser trapping), ʛʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʚʣʝʥʠʝ ʩʚʝʪʘ. 
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ʃʘʟʝʨʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ 

(laser trapping) 

 

 
ʇʨʠʥʮʠʧʳ laser trapping 

 0 1n c c=  (2.5), 1 0DP P P= - , 
dP

F
dt

=  (2.6) 

 
 

ʌʦʪʦʛʨʘʬʠʷ: ʠʣʣʶʩʪʨʘʮʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʣʘʟʝʨʥʦʡ 

ʤʠʢʨʦʤʘʥʠʧʫʣʷʮʠʠ ʯʘʩʪʠʮʘʤʠ ʧʦʣʠʩʪʠʨʝʥʘ 1d=  ʤʢʤ: ʤʢʤ  ʠ 

ʠʝʨʦʛʣʠʬ çʩʚʝʪè, (ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ï 145 ʤɺʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1.06 

ʤʢʤ). 

 

 
çʉʧʨʦʝʮʠʨʦʚʘʥʥʳʝè laser trapping ʠʟʦʙʨʘʞʝʥʠʷ. 

ʄʘʩʰʪʘʙ ï 10 ʤʢʤ. 
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ʄʥʦʛʦʬʦʪʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʛʣʦʱʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʥʦʚ ʚ ʣʘʟʝʨʥʦʤ ʧʫʯʢʝ 

ʨʝʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʤʥʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʟʨʘʯʥʳʝ ʩʨʝʜʳ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝ-

ʥʠʷ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

 
ʉʭʝʤʘ ʤʥʦʛʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. CB ï ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, VB ï 

ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ, Eg ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. (K. Sugioka, 2014). 

 

 

ʉʧʠʨʘʣʴʥʳʡ ʤʠʢʨʦʢʘʥʘʣ ʚ ʦʙʲʝʤʝ ʧʦʨʠʩʪʦʛʦ ʩʪʝʢʣʘ (a), ʩʦʟʜʘʥʥʳʡ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʦʤ (ʥʘ ʚʩʪʘʚʢʝ ʩʣʝʚʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʩʧʠʨʘʣʴʥʦʛʦ ʤʠʢʨʦʢʘʥʘʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ); (b) Y-ʦʙʨʘʟʥʳʝ ʤʠʢʨʦʬʣʶʠʜʥʳʝ ʢʘʥʘʣʳ, ʟʘʧʠʩʘʥʥʳʝ 

ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ. (K. Sugioka, 2012). 
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2.3. ʇʆɻʃʆʑɽʅʀɽ ʉɺɽʊɸ ʀ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ʕʅɽʈɻʀʀ 

ʉɺɽʊɸ ɺ ʊɽʇʃʆ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʧʣʦʚʦʤ 

ʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʤ ʧʦʜʨʦʙʥʝʝ. 

 

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ʇʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʟʘʢʦʥʫ () ( )0 1 xq x q R e-a= -  (2.7) ʧʨʠ 

ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ 1d=
a

~ 

10-5ï10-6 ʩʤ ʜʣʷ ʤʝʪʘʣʣʦʚ (ʩʢʠʥ-ʩʣʦʡ). 

 

 

  

 

ʅʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ  

ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʧʣT  

ʇʣʘʚʣʝʥʠʝ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʪʳ ʧʣʘʚʣʝʥʠʷ ʧʣL  

 

  

 

ɼʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ  

ʜʦ ʪʦʯʢʠ ʠʩʧʘʨʝʥʠʷ  

(ʢʠʧʝʥʠʷ)  
atmPPbv TT

=
=  

ʀʩʧʘʨʝʥʠʝ 

ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧL  

 

 

 
 

  

 

ɼʚʠʞʝʥʠʝ ʠʩʧʘʨʷʝʤʦʡ   ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ  

 ʩʦ ʩʢʦʨʦʩʪʴʶ V0 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʣʘʟʤʳ 

ʨʘʟʣʝʪ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ  

 

ɻʨʘʥʠʮʘ 

ʞʠʜʢʦʡ 

ʬʘʟʳ 

ʊʝʧʣʦʧʨʦ- 

ʚʦʜʥʦʩʪ ɹ

ʉʚʝʪ 
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2.4. ʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ, ɺʆɿʅʀʂɸʖʑʀɽ ʅɸ 

ʇʆɺɽʈʍʅʆʉʊʀ ʊɺɽʈɼʓʍ ʊɽʃ ʇʈʀ ʃɸɿɽʈʅʆʄ ʅɸɻʈɽɺɽ  

 

ʕʤʠʩʩʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ  

 

- ʜʝʩʦʨʙʮʠʷ ʛʘʟʘ, 

- ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ, 

- ʪʝʨʤʦʠʦʥʥʘʷ ʵʤʠʩʩʠʷ, 

- ʵʤʠʩʩʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, 

- ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ), 

- ʛʝʥʝʨʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ (ʣʦʢʘʣʴʥʳʝ) 

 

- ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, 

- ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ Fe-C ʩʧʣʘʚʘʭ (ʟʘʢʘʣʢʘ ʩʪʘʣʝʡ), 

- ʫʧʨʘʚʣʝʥʠʝ ʧʣʦʪʥʦʩʪʴʶ ʧʦʨʠʩʪʳʭ ʩʨʝʜ (ʩʪʝʢʦʣ), 

- ʘʤʦʨʬʠʟʘʮʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʝʢʣʦʢʝʨʘʤʠʢ, 

- ʘʤʦʨʬʠʟʘʮʠʷ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ï ʚʟʘʠʤʥʘʷ ʜʠʬʬʫʟʠʷ 

ʥʘʛʨʝʪʳʭ ʩʣʦʝʚ (ʤʠʢʨʦʤʝʪʘʣʣʫʨʛʠʷ), 

- ʦʪʞʠʛ ʜʝʬʝʢʪʦʚ (ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ), 

- ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ. 

 

 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʤʝʨʘʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ 

 

- ʣʦʢʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʣʠʪʦʛʨʘʬʠʷ), 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʠʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

- ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ,  

- ʧʦʣʠʤʝʨʠʟʘʮʠʷ (ʠ ʜʝʩʪʨʫʢʮʠʷ) ʧʦʣʠʤʝʨʦʚ, 

- ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, 

- ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʬʦʪʦʪʨʘʚʣʝʥʠʝ. 
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ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ 

ʧʨʠ ʣʘʟʝʨʥʦʤ ʥʘʛʨʝʚʝ (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

 

ʊʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

 

- ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʚʢʣʶʯʘʷ ʠʤʧʫʣʴʩʥʦʝ,  

       ʧʦʷʚʣʝʥʠʝ ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʡ (shock cleaning), 

- ʛʝʥʝʨʘʮʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʢʦʚʢʘ), ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʝ, 

- ʛʝʥʝʨʘʮʠʷ ʫʣʴʪʨʘʟʚʫʢʘ (ʜʝʬʝʢʪʦʩʢʦʧʠʷ), 

- ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʙʦʡ ʚ ʧʨʦʟʨʘʯʥʳʭ ʜʠʵʣʝʢʪʨʠʢʘʭ- ʚ ʧʨʦʟʨʘʯʥʳʭ      

ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ (ʟʘʞʠʛʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʠ ʪ.ʧ.), 

- ʩʚʝʪʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

- ʣʘʟʝʨʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ, 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ (ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ) 

 

- ʧʣʘʚʣʝʥʠʝ (ʩʚʘʨʢʘ, ʧʘʡʢʘ), 

- ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ: ʠʩʧʘʨʝʥʠʝ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ, 

(ʨʝʟʢʘ, ʩʚʝʨʣʝʥʠʝ ʦʪʚʝʨʩʪʠʡ, ʤʘʨʢʠʨʦʚʢʘ, ʛʨʘʚʠʨʦʚʢʘ) ʦʯʠʩʪʢʘ ʠ ʪ.ʧ.) 

- ʦʙʲʝʤʥʦʝ ʢʠʧʝʥʠʝ - ʪʝʨʤʠʯʝʩʢʦʝ ʠ ʭʦʣʦʜʥʦʝ (ʢʘʚʠʪʘʮʠʷ), 

- ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʠ ʛʦʨʝʥʠʝ, 

- ʜʝʪʦʥʘʮʠʷ ʘʢʪʠʚʥʳʭ (ʜʠʩʪʘʥʮʠʦʥʥʘʷ) ʠ ʚʟʨʳʚ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜ. 
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ʃʘʟʝʨʥʘʷ ʟʘʢʘʣʢʘ 

ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ 

 

 

 
 

  
 

 

 

 

ʈʠʩʫʥʦʢ: 

ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʚ 

ʩʪʘʣʠ ʈ6ʄ5: ʘ ï ʥʘ 

ʚʦʟʜʫʭʝ ʍ100, ʙ ï ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʥʘ ʚʦʟʜʫʭʝ 

ʍ500, ʚ ï ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ 

ʍ100. 

 

 

ʙ 

ʘ 

ʚ 
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ʃʘʟʝʨʥʘʷ ʘʤʦʨʬʠʟʘʮʠʷ ʩʪʝʢʣʦʢʝʨʘʤʠʢ 

 

ʃʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʝʨʚʦʛʦ ʨʦʜʘ 

(ʘʤʦʨʬʠʟʘʮʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ) ʚ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʬʦʪʦʥʠʢʠ.   

 

 
 

ʌʦʪʦʛʨʘʬʠʷ ʠʩʭʦʜʥʘʷ ʧʣʘʩʪʠʥʘ ʩʠʪʘʣʣʘ 

ʉʊ-50-1 (TiO2-SiO2, Al2O3, CaO, MgO) 

(ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ) 

 

 
 

ʌʦʪʦʛʨʘʬʠʷ ʪʦʡ ʞʝ ʧʣʘʩʪʠʥ r 

ʧʦʩʣʝ ʣʦʢʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʘʤʦʨʬʠʟʘʮʠʠ 

(ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʥʟʦʚʦʛʦ ʨʘʩʪʨʘ) 
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2.5. ʌʀɿʀʂɸ ʃɸɿɽʈʅʆɻʆ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʊʆʅʂʆʇʃɽʅʆʏʅʆʁ ʊʆʇʆʃʆɻʀʀ 
 

 

 

 

1. ʋʜʘʣʝʥʠʝ 

ʧʣʝʥʦʢ 

(ʠʩʧʘʨʝʥʠʝ ʘʙʣʷʮʠʷ) 

2. ʃʦʢʘʣʴʥʦʝ 

ʣʘʟʝʨʥʦʝ 

ʦʩʘʞʜʝʥʠʝ 

3. ʃʦʢʘʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ - 

ʩʝʣʝʢʪʠʚʥʦʝ ʪʨʘʚʣʝʥʠʝ 

1. 

 
ʵʢʩʧʦʟʠʮʠʷ 

(ʫʜʘʣʝʥʠʝ) 

1. 

 
ʵʢʩʧʦʟʠʮʠʷ 

(ʦʩʘʞʜʝʥʠʝ) 

1. 

 
ʵʢʩʧʦʟʠʮʠʷ 

(ʦʢʠʩʣʝʥʠʝ) 

2. 

 
ʨʝʟʫʣʴʪʘʪ - 

ʦʪʚʝʨʩʪʠʝ 

ʚ ʧʣʝʥʢʝ 

2. 

 
ʨʝʟʫʣʴʪʘʪ - 

ʣʦʢʘʣʴʥʘʷ 

ʢʦʥʜʝʥʩʘʮʠʷ 

2. 

 
HCl + Al  

ʢʘʪʘʣʠʟʘʪʦʨ 

ʩʝʣʝʢʪʠʚʥʦʝ 

ʪʨʘʚʣʝʥʠʝ 

  

3. 

 
ʨʝʟʫʣʴʪʘʪ - 

ʧʣʝʥʦʯʥʳʡ  ʵʣʝʤʝʥʪ 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ 

ʣʦʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ (LIFT ) 
 

 
 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ LIFT (Laser-Induced Film Transfer) 

 

 

 
LIFT: ʜʠʥʘʤʠʢʘ ʦʪʣʝʪʘ ʪʦʥʢʦʡ (460 ʥʤ) ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 110 

ʤɼʞ/ʩʤ2 (Fardel, 2010)  
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2.6. ʃɸɿɽʈʅɸʗ ʆʏʀʉʊʂɸ ʇʆɺɽʈʍʅʆʉʊɽʁ 

ʊɺɽʈɼʓʍ ʊɽʃ ʆʊ ʏɸʉʊʀʎ  

 
ʀʣʣʶʩʪʨʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʩʫʭʦʡ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʤʠʢʨʦʯʘʩʪʠʮ.  

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʚʝʨʜʳʝ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʫʭʦʡ 

ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ ʆʥ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʤʦʱʥʦʩʪʠ ʜʦ ʊʧʣ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʦʯʠʱʘʝʤʦʡ 

ʧʦʜʣʦʞʢʠ. ʀʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ ʧʦʛʣʦʱʘʶʱʝʡ ʯʘʩʪʠʮʳ ʠʣʠ 

ʧʦʛʣʦʱʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʨʤʦʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʢʦʨʝʥʠʶ ʯʘʩʪʠʮʳ/ʧʦʚʝʨʭʥʦʩʪʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʨʫʰʘʝʪʩʷ (ʘʜʛʝʟʠʦʥʥʘʷ) ʩʚʷʟʴ ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ 

ʧʦʜʣʦʞʢʦʡ ʠ ʯʘʩʪʠʮʘ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʀʣʣʶʩʪʨʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʚʣʘʞʥʦʡ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʚʦʜʳ). 

 

 
ʘ                       ʙ 

ʌʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ Si ʧʦʜʣʦʞʢʠ ʩ 0.2 ʤʢʤ Au ʯʘʩʪʠʮʘʤʠ, KrF-

ʣʘʟʝʨ (0.2 ɼʞ/ʩʤ2, 4 ʠʤʧʫʣʴʩʘ, ʧʣʝʥʢʘ ʚʦʜʳ): 

ʘ) ʜʦ ʦʯʠʩʪʢʠ, ʙ) ʧʦʩʣʝ ʦʯʠʩʪʢʠ. 
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2.7. ʊɽʇʃʆʌʀɿʀʂɸ ʃɸɿɽʈʅʆɻʆ ʅɸɻʈɽɺɸʅʀʗ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ T ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ P, 

ʧʦʛʣʦʱʝʥʥʦʡ ʝʜʠʥʠʮʝʡ ʧʣʦʱʘʜʠ S: 
S

Pq=  (2.8), ʛʜʝ q ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ, WP=
t

 (2.9) (W  ï ʵʥʝʨʛʠʷ ʚ 

ʠʤʧʫʣʴʩʝ, t ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ). 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ T  ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ q ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʠʧʘ: 

 

 
( ), , ,Q x y z tT

a T
t c

µ
- D =

µ r
 (2.10) 

 

ʛʜʝ D ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ = 
2

2

2

2

2

2

z

T

y

T

x

T

µ

µ
+

µ

µ
+

µ

µ
, Q ï ʦʙʲʝʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, a  ï 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, r ï ʧʣʦʪʥʦʩʪʴ, c  ï ʪʝʧʣʦʝʤʢʦʩʪʴ. 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (2.10) ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʦʜʥʦ 

ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, 6 ʛʨʘʥʠʯʥʳʭ ʠ ʦʧʨʝʜʝʣʠʪʴ Q(x, y, z, t). 

 

 , , ,0 ʥx y zT T= , , , , ʥx t y t z tT T T T=¤ =¤ =¤= = = (2.11), 

 

 
0, 0, 0,

0
t t t

T T T

x y z

µ µ µ
= = =

µ µ µ
,  ( )0 1 xQ q R e-a= - a  

 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʴ ʤʝʞʜʫ T  ʠ q 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ: 

 

( )1  - ʧʦʛʣʦʱʝʥʥʘʷ ʤʦʱʥʦʩʪʴ

, , , ,  - ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ

, , ,  - ʘʨʛʫʤʝʥʪʳ

q R

T f c a R

x y z t

-è ø
é ù

= r aé ù
é ù
ê ú
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ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʪʘʣʣʦʚ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.10) ʧʨʠ 

ʫʩʣʦʚʠʷʭ (2.11) ʜʣʷ ʢʨʫʛʣʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ï ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʩ 

ʨʘʜʠʫʩʦʤ 0r , ʙʫʜʝʪ: 

 

 0 0
ʥ

2 (1 ) 1
( ierfc )

2

q R a r
T T

k a

- t
= - +

p t
 (2.12) 

 

ʧʨʠ 
0r a>> t (ʠʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ) 

 

 0
ʥ

2 (1 )q R a
T T

k

- t
= +

p
 (2.13) 

 

ʧʨʠ 
0r a<< t (ʥʝʧʨʝʨʳʚʥʳʡ ʥʘʛʨʝʚ) 

 

 0 0
ʥ

(1 )q R r
T T

k

-
= +  (2.14) 

 

 

ʌʦʨʤʫʣʳ (2.13) ʠ (2.14) ʧʦʟʚʦʣʷʶʪ ʧʦʩʯʠʪʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

ʧʦʨʦʛʦʚʫʶ (ʢʨʠʪʠʯʝʩʢʫʶ) ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦʨq , ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T : 

 

 

 

 
( )

( )
ʧʦʨ ʥ

ʠʤʧ
2 1

T T k
q

R a

- p
=

- t
   (2.15)                

( )
( )

ʧʦʨ ʥ

ʥʝʧʨ

01

T T k
q

R r

-
=
-

   (2.16) 

 

 

ʇʦʨʦʛʠ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ɺʪ/ʤ2) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1, ʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ï ʚ ʪʘʙʣʠʮʝ 2.2. 
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                     ʊʘʙʣʠʮʘ 2.1 

ʄʘʪʝʨʠʘʣ 
ʠʩʧT , ʂ k, ɺʪ/ʤ Ö ʂ 1A R= - 

(ʜʣʷ 1.06l= ) 

310a -Ö , ʤ2/ʩ 

Al  2793 237 0.07 0.103 

Cu 2816 401 0.09 0.12 

W 5953 174 0.32 0.068 

Fe 3145 80 0.37 0.024 

 

 

 

 

ʊʘʙʣʠʮʘ 2.2 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ 

Al  Cu W Fe 

ʠq  ʠq  ʠq  ʠq  

3

1 10-t = ʩ 2.4 Ö 1010 2.9 Ö 1010 1.0 Ö 1010 3.6 Ö 109 

7

2 10-t = ʩ 2.4 Ö 1012 2.9 Ö 1012 1.0 Ö 1012 3.6 Ö 1011 

 

 

 

 

ʇʦʨʦʛʠ ʠʩʧʘʨʝʥʠʷ (ɺʪ/ʤ2) ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʣʘʟʝʨʦʚ (ʠʩʪʦʯʥʠʢ 

ʥʝʧʦʜʚʠʞʥʳʡ) ʩʦʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (2.16) ʧʨʠ ʨʘʜʠʫʩʝ ʣʘʟʝʨʥʦʛʦ 

ʧʷʪʥʘ 0 15r =  ʤʢʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

 

 

 

ʊʘʙʣʠʮʘ 2.3 

ʇʷʪʥʦ 0 15r =  ʤʢʤ Al  Cu W Fe 

ʠq  6.1 Ö 1011 7.3 Ö 1011 1.5 Ö 1011 4.9 Ö 1010 
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2.8. ʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʃɸɿɽʈʅʆʁ ʆɹʈɸɹʆʊʂʀ: 

ʀʉʇɸʈɽʅʀɽ ï ɼɺʀɾɽʅʀɽ ʌʈʆʅʊɸ ʈɸɿɼɽʃɸ ʌɸɿ ï 

ʆɼʅʆʄɽʈʅɸʗ ʄʆɼɽʃʔ, 

(ɼɺʀɾɽʅʀɽ ʌʈʆʅʊɸ ʀʉʇɸʈɽʅʀʗ ɺʅʋʊʈʔ ʄɸʊɽʈʀɸʃɸ) 

 

ʕʥʝʨʛʠʷ W, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ hSW=  

(ʧʨʝʥʝʙʨʝʛʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ), ʨʘʚʥʘ: 

 ( )m m v m vE cT L c T T L=W + + - +è øê úr r  (2.17) 

ɼʣʷ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 
F

q
St
=  (S ï ʧʣʦʱʘʜʴ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, t  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ) ʫʨʘʚʥʝʥʠʝ 

(2.17) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ: 

 ( )ʠ ʧʣ ʠ

h
q cT L L

t
= r + + (2.18) 

ʛʜʝ ʦʙʳʯʥʦ 
3

ʠ 10cTr º  ɼʞ/ʩʤ3, 
3

ʧʣ 10L ¢  ɼʞ/ʩʤ3, 
4

ʠ 10L ²  ɼʞ/ʩʤ3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʨʦʥʪʘ 

ʠʩʧʘʨʝʥʠʷ 0V =h/Ű ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʧʦʛʣʦʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʧʦʪʨʘʯʝʥʘ ʪʦʣʴʢʦ ʥʘ ʠʩʧʘʨʝʥʠʝ (ʧʨʝʥʝʙʨʝʛʘʷ 

ʠcTr , ʧʣ ʠL L<< ) ʨʘʚʥʘ: 

 
0

ʠ

q
V

L
=  (2.19) 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʢʦʨʦʩʪʴ V  ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ 0T  (ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ) 

ʬʦʨʤʫʣʦʡ ʌʨʝʥʢʝʣʷ: 

 
*

0 ʟʚ
0

exp TV C
T

å õº -æ ö
ç ÷

 (2.20) 

ʛʜʝ ʟʚC  ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, 
*

* ʠL
T

k
= , (k  ï ʧʦʩʪʦʷʥʥʘʷ 

ɹʦʣʴʮʤʘʥʘ, 
*T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʝʥʠʷ, 

*

ʠL  ï ʵʪʦ ʠL , ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ 

ʘʪʦʤ). 
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ɺʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (2.18) ʠ (2.19) ʚʝʣʠʯʠʥʳ 0T , 0V  

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. 

                                                                         ʊʘʙʣʠʮʘ.2.4 

NN q, ɺʪ/ʩʤ2 0T , K 0V , ʩʤ/ʩ h, ʩʤ 

1 106 4050 14.3 2.5 Ö 10-2 

2 5 Ö 106 4800 70.0 5.2 Ö 10-3 

3 107 5100 1.42 Ö 102 2.5 Ö 10-3 

4 5 Ö 107 6400 6.8 Ö 102 5.3 Ö 10-4 

5 108 7000 1.32 Ö 103 2.7 Ö 10-4 

 

h  ï ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ (ʦʪʚʝʨʩʪʠʷ) ʚ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʠʩʧʘʨʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ 

- ʛʣʫʙʠʥʘ ʦʪʚʝʨʩʪʠʷ h  

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ t, ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0V : 

           
0

ʠ

q
h V

L
= t= t       (2.21) 

- ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ  

ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 

0 constd d= =  

- ʦʪʩʫʪʩʪʚʫʝʪ ʞʠʜʢʘʷ ʬʘʟʘ ï 

ʪʦʣʴʢʦ ʠʩʧʘʨʝʥʠʝ 

- ʚr ʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

- ʚr ʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

 
 

ʈʠʩʫʥʦʢ: 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ  

ʤʠʢʨʦ-ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʆʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʦ ʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʫ 

ʧʨʠ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʘʭ (ʦʪ ʥʩʝʢ ʜʦ ʧʢʩʝʢ) ʥʦ ʥʝ ʨʘʙʦʪʘʝʪ ʧʦʩʣʝ 

0t t> , ʢʦʛʜʘ 0h d> . ʇʦʯʝʤʫ ? 

hʪʝʦʨ. 

 

 

hʵʢʩʧ. 
 

dʵʢʩʧ. 

dʪʝʦʨ. 

h , d 

t0                                                   t  
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2.9. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ (1) 

 

 
ʌʦʪʦʛʨʘʬʠʠ ʧʨʦʜʦʣʴʥʳʭ ʰʣʠʬʦʚ  

çʣʘʟʝʨʥʳʭè ʣʫʥʦʢ ʚ ʩʪʘʣʠ, 1h=  ʤʤ. 

 

 

  
ʘ) ʙ) 

  
ʚ) ʛ) 

 

ɺʠʜ çʩʚʝʨʭʫè ʥʘ çʣʘʟʝʨʥʳʝè ʣʫʥʢʠ ʚ ʩʪʘʣʠ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ: ʘ) ~ ʤʩ, ʙ) ~ ʤʢʩ, ʚ) ~ ʥʩ, ʛ) ~ ʬʩ) 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (2) 

 

 

 

 

ʘ 

 

 
 

 

  

ʙ 

 

 

 

ʉʭʝʤʘ (ʚʚʝʨʭʫ) ʠ ʬʦʪʦʛʨʘʬʠʷ (ʚʥʠʟʫ),  

 ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ 

 ʚ ʪʝʯʝʥʠʝ, ʘ) ʠ ʧʦʩʣʝ, ʙ) ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚ) ʵʢʩʧʝʨʠʤʝʥʪ  
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2.10. ɼɺʋʄɽʈʅɸʗ ɼɺʋʍʌɸɿʅɸʗ (ɼɼ) ʄʆɼɽʃʔ 

ʃɸɿɽʈʅʆʁ ʆɹʈɸɹʆʊʂʀ 

 

ʆʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʥʢʠ ʩ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʝʝ ʛʣʫʙʠʥʘ h  

ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʨʘʟʤʝʨʦʤ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ 0r , ʪʘʢ ʢʘʢ 

ʙʦʣʝʝ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʨʦʩʪʫ ʝʝ 

ʜʠʘʤʝʪʨʘ. 

 

 

ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ h  ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ, ʢʘʢ ʧʨʝʞʜʝ, 

ʤʦʜʝʣʴʶ ʠʩʧʘʨʝʥʠʷ, ʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ d  ʙʦʣʝʝ 

ʩʣʦʞʥʦ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʥʘʛʨʝʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʩʪʝʥʦʢ. 

 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʠʟ-ʟʘ 

ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʠʟʦʪʝʨʤʘʤʠ ʠʩʧʘʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠT  ʠ ʧʣʘʚʣʝʥʠʷ ʧʣT  (ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ). 

 

 

ɼʨʫʛʠʝ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʷ:   

- ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ, 

- ʧʨʷʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʩʪʝʥʢʘʤʠ ʠʟ-ʟʘ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʣʫʯʘ, 

- ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʧʘʨʦʤ, 

- ʨʘʜʠʘʮʠʦʥʥʳʡ ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʩʪʨʫʝʡ ʧʘʨʘ  

ʠ ʩʪʝʥʢʘʤʠ, 

- ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  

 

ʂ ʵʪʠʤ ʷʚʣʝʥʠʷʤ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ: 

- ʨʝʘʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʦʪʜʘʯʠ ʧʘʨʦʚ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʫʜʘʣʷʪʴ 

ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʦʪʚʝʨʩʪʠʷ, 

- ʵʬʬʝʢʪʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ 

ʠʩʧʘʨʝʥʠʷ (ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʦʡ). 
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ɼɼ ʤʦʜʝʣʴ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ (2) 

 

 

 
ʘ 

 
 

 

ʙ 

 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʜʚʫʤʝʨʥʦʛʦ ʤʠʢʨʦ-ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ,(ʘ), 

ʠ ʜʠʘʛʨʘʤʤʘ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʦʪʚʝʨʩʪʠʷ h  ʠ 

ʜʠʘʤʝʪʨʘ 2d r= , (ʙ ) ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʚʧʘʜʝʥʠʷ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʣʠʥʟʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

(g ï ʧʦʣʦʚʠʥʘ ʫʛʣʘ ʩʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ, ( )0tg 2D l Fg= -a , 

 0D  ï ʜʠʘʤʝʪʨ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, l  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʘʟʝʨʦʤ 

ʠ ʧʝʨʝʜʥʠʤ ʬʦʢʫʩʦʤ ʣʠʥʟʳ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ F ,  

0r  ï ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʦʪʚʝʨʩʪʠʷ (ʨʘʚʝʥ ʨʘʜʠʫʩʫ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ),  

a ï ʫʛʦʣ ʨʘʩʭʦʜʠʤʦʩʪʠ ʧʫʯʢʘ). 
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2.11. ɼɸɺʃɽʅʀɽ ʆʊɼɸʏʀ ʇʈʀ ʀʉʇɸʈɽʅʀʀ. 

ʋʈɸɺʅɽʅʀɽ ʂʃɸʋɿʀʋʉɸ-ʂʃɸʇɽʁʈʆʅɸ 

ɼʘʚʣʝʥʠʝ ʦʪʜʘʯʠ ʧʘʨʦʚ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʧʣʘʚʣʝʥʠʠ, 

ʠʥʪʝʥʩʠʚʥʦʤ ʠʩʧʘʨʝʥʠʠ) ʪʚʝʨʜʳʭ ʪʝʣ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʢʘʢ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʯʥʦʩʪʠ (ʠʩʢʘʞʝʥʠʝ ʛʨʘʥʠʮʳ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʷʤʠ ʨʘʩʧʣʘʚʘ), ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

(ʚʳʥʦʩ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ).  

 

 

 

                  
ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 

ʞʠʜʢʦʩʪʠ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʩʦʙʩʪʚʝʥʥʳʤ ʧʘʨʦʤ: 

ʥʧ ʦʪʜ ʙʦʤʙP P P= +  

ʘ ʜʘʚʣʝʥʠʝ ʦʪʜʘʯʠ ʚ ʩʣʫʯʘʝ 

ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʈʆʊɼ=ʈʥʧ 

ʦʪʜ ʥʧ0.5P P= , 

 

  
ʉʚʷʟʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ T ʜʘʝʪʩʷ ʬʦʨ-

ʤʫʣʦʡ ʂʣʘʫʟʠʫʩʘ-ʂʣʘʧʝʡʨʦʥʘ: 

     
ɻʜʝ ɛ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, Lʄu,

 ï 

ʩʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ, R ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, P0 ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T0.  



70 

 

2.12. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʄɽʊʆɼʓ ʀɿʋʏɽʅʀʗ 

ʌʀɿʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. 

 

1. ʊʝʤʧʝʨʘʪʫʨʘ: 

- ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʧʠʨʦʤʝʪʨʠʷ ï ʠʟʤʝʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘʛʨʝʪʦʛʦ ʪʝʣʘ, ʟʘʢʦʥ ɺʠʥʘ ï 
max ʮʚ 2897Tl =  ʤʢʤ Ŀ ʛʨʘʜ (2.24); 

 

- ʟʦʥʜʦʚʳʝ ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ ʪʝʨʤʦʵʤʠʩʩʠʠ, ʟʘʢʦʥ ʈʠʯʘʨʜʩʦʥʘ 

(ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ) 

 
2 ʚʳʭexp

W
I AT

kT

å õ
= -æ ö

ç ÷
,   (2.25) 

Wɺʓʍ ï ʨʘʙʦʪʘ ʚʳʭʦʜʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, A ï ʢʦʥʩʪʘʥʪʘ.  

 

- ʠʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ (ʦʧʪʠʯʝʩʢʘʷ 

ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʬʦʨʤʫʣʘ ʉʘʭʘ (ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʜʣʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ) 

 
( )

5
2 2

2
exp

1

i
kT W

C
P kT

a å õ
= -æ ö

-a ç ÷
   (2.26) 

a ï ʩʪʝʧʝʥʴ ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ, P  ï ʜʘʚʣʝʥʠʝ (ʩʫʤʤʘʨʥʦʝ), C  

- ʢʦʥʩʪʘʥʪʘ 

3
2

2

2 e i

c

m g

h g

på õ
æ ö
ç ÷

, W  ï ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ; 

 

- ʨʝʛʠʩʪʨʘʮʠʷ ʬʨʦʥʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʤʝʪʘʣʣʦʛʨʘʬʠʷ, 

ʪʝʨʤʦʢʦʘʛʫʣʷʮʠʷ ʠ ʜʨ.); 

 

- ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʙʦʣʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ) 

()0 0 Tr=r +r ( 0r>>r), ()~i T Tr , ʪ.ʝ. () ()~T t R T  ʜʦ ʧʣT ; 

 

- ʪʝʨʤʦʧʘʨʥʳʡ ʤʝʪʦʜ. 
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2. ʀʥʪʝʛʨʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

 

- ʧʦʨʦʛʠ ï ʚʠʟʫʘʣʴʥʳʡ ï ʧʦ ʬʘʢʝʣʫ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ï ʧʦ ʩʣʝʜʫ, ʧʦ 

ʢʚʘʨʮʝʚʦʤʫ ʨʝʟʦʥʘʪʦʨʫ; 

 

- ʠʤʧʫʣʴʩ ʦʪʜʘʯʠ ï ʧʦ ʤʘʷʪʥʠʢʫ, ʧʦ ʢʣʠʥʫ, ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʋɿ-ʜʘʪʯʠʢʘ. 

 

 

3. ɼʘʚʣʝʥʠʝ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ï ʚ ʤʠʰʝʥʠ ʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

- ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

- ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

 

 

4. ʂʠʥʝʪʠʢʘ   

- ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʢʠʥʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʘ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ. 

 

 

5. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʟʦʥ ʚʦʟʜʝʡʩʪʚʠʷ: 

 

ʄʦʨʬʦʣʦʛʠʷ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ  

 

ï  ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ,  

ï ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ,  

ï ʩʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ,  

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ 

 

ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ,  

ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ  

                   (ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ),  

ï ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ï ʜʠʬʨʘʢʮʠʷ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʨ. ʤʝʪʦʜʳ,  

 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ 

 

ï ʜʠʬʨʘʢʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʠ ʜʨ. - 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʣʫʥʢʠ 

ʤʝʪʦʜʦʤ ʩʢʦʨʦʩʪʥʦʡ ʢʠʥʦʩʲʝʤʢʠ 

 

 

 

 

 
 

 

 

 

 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʤʝʪʘʣʣʳ: 1 ï ʟʘʜʘʶʱʠʡ ʛʝʥʝʨʘʪʦʨ, 2 ï ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ, 3, 4 ï 

ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ, 5 ï ʢʘʣʦʨʠʤʝʪʨ, 6 ï ʣʠʥʟʘ, 7 ï ʤʠʰʝʥʴ, 

8 ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʢʠʥʦʢʘʤʝʨʘ ʌʇ-22 ʠʣʠ ʩʢʦʨʦʩʪʥʦʡ 

ʬʦʪʦʨʝʛʠʩʪʨʘʪʦʨ ʉʌʈ-2, 9 ï ʬʦʪʦʵʣʝʤʝʥʪ ʌ-5, ʦʩʮʠʣʣʦʛʨʘʬ ʆʂ-

17. 
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ʂʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʦʚ 

 

 

 
 

ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʣʫʥʢʠ ʠ ʩʪʨʫʠ ʠʩʧʘʨʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʘʛʥʠʡ; 

ʩ̡ ʝʤʢʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʢʦʨʦʩʪʥʦʡ ʢʠʥʦʢʘʤʝʨʦʡ ʌʇ-22 ʩʦ ʩʢʦʨʦʩʪʴʶ 

100000 ʢʘʜʨʦʚ/ʩ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ, ʧʨʠʢʣʝʝʥʥʫʶ ʢ ʦʙʨʘʟʮʫ, 

ʣʫʯ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʥʘ ʛʨʘʥʠʮʫ ʩʪʝʢʣʦ ï ʤʝʪʘʣʣ. 

ʃʘʟʝʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ. 130W=  ɼʞ, 65Q=  ʢɼʞ/ʩʤ2. 
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ɻʃɸɺɸ 3.  
 

ʇɸʈɸʄɽʊʈʓ  

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʃɸɿɽʈʆɺ  

ʀ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 
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3.1. ʃɸɿɽʈʅɸʗ ʆɹʈɸɹʆʊʂɸ ʄɸʊɽʈʀɸʃʆɺ: ɺɿɸʀʄʆʉɺʗɿʔ 

ʄɽɾɼʋ ʈɽɾʀʄɸʄʀ ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ ʀ 

ʇɸʈɸʄɽʊʈɸʄʀ ʃɸɿɽʈʆɺ 

 

ʏʪʦ ʪʘʢʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʣʘʟʝʨ? 

 

ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʣʘʟʝʨʦʚ 

ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʧʣʦʚʦʤ ʜʝʡʩʪʚʠʠ ʩʚʝʪʘ, ʫʩʣʦʚʠʤʩʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʣʘʟʝʨʘʤ ʦʪʥʦʩʠʪʴ ʪʝ ʣʘʟʝʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʥʘʛʨʝʪʴ ʦʙʲʝʢʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʛʜʘ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ 

ʧʨʦʠʩʭʦʜʷʪ ʪʝ ʠʣʠ ʠʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ: ʠʟʤʝʥʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʬʠʟʠʯʝʩʢʠʝ 

ʧʝʨʝʭʦʜʳ - ʧʣʘʚʣʝʥʠʝ, ʠʩʧʘʨʝʥʠʝ ʠ ʪ.ʜ. 

ʌʦʨʤʫʣʳ (2.15) ʠ (2.16) ʛʣ. 2 ʧʦʟʚʦʣʷʶʪ ʧʦʩʯʠʪʘʪʴ ʧʦʨʦʛʦʚʫʶ 

(ʢʨʠʪʠʯʝʩʢʫʶ) ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦʨq , ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʥʘʛʨʝʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T : 

ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚ ʠʩʧʘʨʝʥʠʷ ʧʦʨq  ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ 

ʠʤʧʫʣʴʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (2.15) ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʘʭ 2.2 ʠ 2.3 ʛʣ. 2. ʇʦʨʦʛʠ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ɺʪ/ʤ2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2, ʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ 

ʣʘʟʝʨʦʚ (ʠʩʪʦʯʥʠʢ ʥʝʧʦʜʚʠʞʥʳʡ) ʚ ʪʘʙʣʠʮʝ 2.3 (ʛʣ.2) 

 

ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʠʩʧʘʨʝʥʠʷ Cu ʧʨʠ 
710-t=  ʩ  

ʧʦʨ 12

ʠʤʧ 2.9 10q = Ö  ɺʪ/ʤ2 , ʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨ 11

ʥʝʧʨ7.3 10q = Ö  ɺʪ/ʤ2. 

ʊʝʧʝʨʴ ʣʝʛʢʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʢʨʠʪʝʨʠʡ ʜʣʷ ʤʦʱʥʦʩʪʠ   

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  ʣʘʟʝʨʦʚ. 

 

ʀʟ P qS=   (3.1), 

ʧʨʠ 02 30r =  ʤʢʤ (
910S -º  ʤ2) 

ʧʦʨ 3

ʠʤʧ 2.9 10P = Ö  ɺʪ, 
ʧʦʨ 2

ʥʝʧʨ7.3 10P = Ö  ɺʪ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ (ʢʘʢ ʚ ʠʤʧʫʣʴʩʥʦʤ ʪʘʢ ʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ)  ʩʦʩʪʘʚʣʷʝʪ  

 
310Pº  ɺʪ 
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ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʠʪʝʨʠʡ ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭè ʣʘʟʝʨʦʚ (ʢʦʥʝʯʥʦ, ʚʩʝ ʝʱʝ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʪʝʨʠʘʣʘ, ʪʠʧʘ ʦʧʝʨʘʮʠʠ ʠ  ʩʪʝʧʝʥʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ). 

ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠ ̫ʚʣʠʷʝʪ ʪʦʣʴʢʦ 

ʥʘ ʪʠʧ ʦʧʝʨʘʮʠʠ ʠ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʘ ʥʝ 

ʥʘ ʚʝʣʠʯʠʥʫ (ʧʦʨʦʛʦʚʦʡ) ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ. 

 

ʌʦʨʤʫʣʳ (2.14, 2.15, 2.16, 3.1) ʧʦʣʝʟʥʳ ʜʣʷ ʦʮʝʥʢʠ ʥʝ ʪʦʣʴʢʦ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʣʦʪʥʦʩʪʝʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ï 

ʩʪʨʫʢʪʫʨʥʳʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʪ.ʜ., ʚʢʣʶʯʘʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʙʠʦʪʢʘʥʷʭ, ʧʦʜʦʙʥʳʝ ʪʝʨʤʦʢʦʘʛʫʣʷʮʠʠ ʙʝʣʢʘ ʠ ʪ.ʜ., ʥʦ ʠ ʯʪʦʙʳ 

ʦʮʝʥʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ 

ʬʦʢʫʩʠʨʦʚʢʠ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʠ 

ʪ.ʜ. 

3.2. ʆʉʅʆɺʅʓɽ ʇɸʈɸʄɽʊʈʓ ʀɿʃʋʏɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʃɸɿɽʈʆɺ 

 

1. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 
ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ï ʧʣʦʪʥʦʩʪʴ 

ʤʦʱʥʦʩʪʠ,  WPq
S S

= =
t

 (ʪʦʣʴʢʦ ʜʣʷ ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ). 

ʅʝʦʙʭʦʜʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴʶ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʝʧʨP  ʠʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʠʤʧP  ʠʟʣʫʯʝʥʠʷ, ʧʦʩʣʝʜʥʷʷ 

ʩʚʷʟʘʥʘ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ P  ʢʘʢ: 

 

 ʠʤʧ
PP

f
=

t
  (3.2) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʤʘʣʦʡ P  (ʠʣʠ W) ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʢʦʨʦʪʢʠʭ t ( ʠʤʧP Wt=ï 

ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ) ï ʧʨʠʤʝʨ ʥʘʥʦ-, ʧʠʢʦ- ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʝ ʣʘʟʝʨʳ. 
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2. ɼʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

 

ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʦʡ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ (ʚ ʚʠʜʠʤʦʡ ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʀʂ-ʦʙʣʘʩʪʠ ʜʣʷ ʩʪʝʢʣʘ, ʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ï ʜʣʷ 

ʧʣʘʩʪʤʘʩʩ ʠ ʧʦʣʠʤʝʨʦʚ). ʇʦʛʣʦʱʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʚʠʩʠʪ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ: 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ R, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ 1A R= - ʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦʛʣʦʱʝʥʠʷ a (ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ 1d=
a

). 

 

3. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ Ű 

 

- ʵʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʫ ʠʤʧʫʣʴʩʥʳʭ ʣʘʟʝʨʦʚ ʠʣʠ ʚʨʝʤʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫ ʥʝʧʨʝʨʳʚʥʳʭ ʣʘʟʝʨʦʚ*. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ: 

- ʧʦʨʦʛʦʚʫʶ ʵʥʝʨʛʠʶ ʠʤʧʫʣʴʩʘ 
ʠ

ʠʤʧ
2

kT
W

A a

p
= t (3.3), 

- ʛʣʫʙʠʥʫ ʧʨʦʛʨʝʪʦʛʦ ʩʣʦʷ ʧʨ~x at  (3.4) 

  

  ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʡʩʷ ʞʠʜʢʦʡ ʬʘʟʳ, 

- ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʷ ʦʪʜʘʯʠ ʧʘʨʦʚ ʠ ʠ~P W t   (3.5), 

- ʚʝʣʠʯʠʥʫ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 
ʪʤ~F t, 

- ʵʢʨʘʥʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʘʨʦʚ ʥʘ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, 

- ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʘ ʦʙʣʫʯʝʥʥʦʡ ʟʦʥʳ (ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ~ t), 

- ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʨʦʛʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ  

   (ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ  ʨʘʟʤʝʨʘ ʦʙʣʫʯʝʥʥʦʡ ʟʦʥʳ). 

*ʂʦʤʤʝʥʪʘʨʠʠ: 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʫ ʣʘʟʝʨʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʨʘʚʥʦ:                                  0 ʩʢd Vt=                              (3.6), 

ʛʜʝ 0d  - ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʚ ʬʦʢʫʩʝ, ʩʢV  - ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ (3.6) ʥʘʜʦ, ʯʪʦʙʳ ʧʣʦʪʥʦʩʪʴ 

ʧʦʪʦʢʘ ʧʨʝʚʳʰʘʣʘ ʧʦʨʦʛʦʚʫʶ, ʪ.ʝ. ʩʦʙʣʶʜʘʣʦʩʴ ʫʩʣʦʚʠʝ (3.3).  
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ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʜʦ ʪʘʢʞʝ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʩʧ ʠ~h Vt, ʠ ʯʝʤ 

ʤʝʥʴʰʝ t, ʪʝʤ ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ ʩʣʦʷ, ʠʩʧʘʨʝʥʥʦʛʦ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ. 
 

ɺʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ: 

 

- ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ï ʤʦʜʫʣʷʮʠʷ ʜʦʙʨʦʪʥʦʩʪʠ     

(ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʘʷ) 

Nd:YAG ï ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʘʷ, 

ʩʪʝʢʣʦ:Nd ï ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʘʷ, 

ʨʫʙʠʥʦʚʳʡ ʠ ʜʨʫʛʠʝ ï ʧʘʩʩʠʚʥʘʷ ï ʥʘʩʳʱʘʶʱʠʝʩʷ ʧʦʛʣʦʪʠʪʝʣʠ, 

ʧʨʠʤʝʩʠ ʚ ʛʘʟʘʭ, 

- ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ ï ʧʨʷʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʜʫʣʷʮʠʷ, 

ʜʨʫʛʠʝ ʣʘʟʝʨʳ ï ʚʥʝʨʝʟʦʥʘʪʦʨʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʤʦʜʫʣʷʮʠʷ 

 

- CO2-ʤʦʱʥʳʝ ʣʘʟʝʨʳ ï ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ 

(ʧʨʝʨʳʚʘʪʝʣʴ ï ʦʙʪʶʨʘʪʦʨ, ʥʝʚʳʛʦʜʥʦ ʧʦ ʤʦʱʥʦʩʪʠ) 

ʧʘʩʩʠʚʥʘʷ ï ʩʚʝʪʦʬʠʣʴʪʨʳ, ʧʨʠʤʝʩʠ ʚ ʩʤʝʩʠ ʛʘʟʦʚ 

 

- ʉʆ2-ʚʦʣʥʦʚʦʜʥʳʝ ʣʘʟʝʨʳ ï ʧʦ ʧʠʪʘʥʠʶ (ʥʘʢʘʯʢʘ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʨʘʟʨʷʜʦʤ) 

 

- ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ï ʠʤʧʫʣʴʩʥʘʷ ʥʘʢʘʯʢʘ 
3~ 10-t  ʩ 

ʠʤʧʫʣʴʩʥʘʷ ʥʘʢʘʯʢʘ ʩ ʤʦʜʫʣʷʮʠʝʡ ʜʦʙʨʦʪʥʦʩʪʠ, 
7~ 10-t  ʩ, 

ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʜ, 
12~ 10-t  ʩ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʝ, 
15~ 10-t  ʩ, ʠ  

ʘʪʪʦʩʝʢʫʥʜʥʳʝ, 
18~ 10-t  ʩ, ʠʤʧʫʣʴʩʳ, 
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- N2, Cu, ʵʢʩʠʤʝʨʥʳʡ ʣʘʟʝʨ ʠ ʪʦʤʫ ʧʦʜʦʙʥʳʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ (ʩʘʤʦʦʛʨʘʥʠʯʝʥʥʳʝ ʚʝʨʭʥʠʝ 

ʧʝʨʝʭʦʜʳ ï ʤʘʣʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ), 
8~ 10-t  ʩ 

 

- CO2, Ar  ï ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ï ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʫʯʢʘ ʠʣʠ 

ʜʚʠʞʝʥʠʝ (ʚʨʘʱʝʥʠʝ) ʦʙʲʝʢʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢV . 

- ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ ʟʘ ʩʯʝʪ 

ʥʘʢʘʯʢʠ ʠʣʠ ʥʘʢʘʯʢʘ ʠʤʧʫʣʴcʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʜʠʦʜʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ t ʦʪ ~ 10-7 ʜʦ 10-12-15 ʩ.  

 

ʈʘʟʣʠʯʥʳʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʦʚ ʠ ʚʘʨʠʘʥʪʳ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.1. 

 

 

ʊʘʙʣʠʮʘ 3.1 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʩ 

ɺʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ 

(ʪʠʧ ʣʘʟʝʨʘ, ʨʝʞʠʤ ʤʦʜʫʣʷʮʠʠ) 

ʄʠʣʣʠʩʝʢʫʥʜʳ, 10-3 Nd:YAG - ʣʘʟʝʨ - ʨʝʞʠʤ ʩʚʦʙʦʜʥʦʡ ʛʝʥʝʨʘʮʠʠ, 

ʠʤʧʫʣʴʩʥʳʡ ʉʆ2-ʣʘʟʝʨ, ʩʢʘʥʠʨʫʶʱʠʡ ʉʆ2-

ʣʘʟʝʨ, ʩʢʘʥʠʨʫʶʱʠʡ Nd:YAG - ʣʘʟʝʨ, 

ʩʢʘʥʠʨʫʶʱʠʡ Ar-ion - ʣʘʟʝʨ 

ʄʠʢʨʦʩʝʢʫʥʜʳ, 10-6 Nd:YAG - ʣʘʟʝʨ: ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ, 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ, ʜʠʦʜʥʘʷ 

ʥʘʢʘʯʢʘ. ʀʤʧʫʣʴʩʥʳʡ ʉʆ2-ʣʘʟʝʨ 

ʅʘʥʦʩʝʢʫʥʜʳ, 10-9 ɸʟʦʪʥʳʡ ʣʘʟʝʨ, ʣʘʟʝʨ ʥʘ ʧʘʨʘʭ ʤʝʜʠ, 

ʵʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ, ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ. 

ʇʠʢʦʩʝʢʫʥʜʳ, 10-12 Nd:YAG - ʣʘʟʝʨ: ʨʝʞʠʤ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʦʜ, ʵʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ, ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ. 

ʌʝʤʪʦʩʝʢʫʥʜʳ, 10-15 Ti:ʩʘʧʬʠʨ - ʣʘʟʝʨ: ʨʝʞʠʤ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʦʜ, ʵʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ, ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ.. 

ɸʪʪʦʩʝʢʫʥʜʳ, 10-18 Ti:ʩʘʧʬʠʨ - ʣʘʟʝʨ 
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4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. 

ʄʦʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ (TEMmn) 

 
ʀʟʦʙʨʘʞʝʥʠʷ ʤʦʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʫʯʢʦʚ  

ʥʝʢʦʪʦʨʳʭ ʥʠʟʰʠʭ ʧʦʨʷʜʢʦʚ. 

ʋʛʣʦʚʘʷ ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʫʯʢʘ 

  ʜ

ʜ

A
b

l
a=  (3.7) 

ʛʜʝ a ï ʧʦʣʥʳʡ ʫʛʦʣ ʨʘʩʭʦʜʠʤʦʩʪʠ ʧʫʯʢʘ, l ï ʜʣʠʥʘ ʚʦʣʥʳ, 
ʜb  ï

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʚʳʭʦʜʥʦʛʦ ʦʢʥʘ ʣʘʟʝʨʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ 

ʜʠʬʨʘʢʮʠʶ, 
ʜA  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. 

ɺʝʣʠʯʠʥʳ 
ʜb  ʠ 

ʜA, ʠ a ʜʣʷ ʨʘʟʥʳʭ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.2 

ʊʠʧ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʜb  
ʜA  

ʇʦʣʥʳʡ 

ʫʛʦʣ 
ʂʦʤʤʝʥʪʘʨʠʠ 

ʆʜʥʦʤʦʜʦʚʳʡ 

(ɻʘʫʩʩʦʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ) 
02w  4 1.26=

p
 1.26

D

l
 

02D wº , 0w  ï 

ʨʘʜʠʫʩ 

ʧʝʨʝʪʷʞʢʠ 

ʄʥʦʛʦʤʦʜʦʚʳʡ b

D
N

 

1.26 1.26 bN
D

l
 

bN  ï ʯʠʩʣʦ 

ʦʪʜʝʣʴʥʳʭ ʣʫʯʝʡ 

ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ 

ɼʠʬʨʘʢʮʠʦʥʥʦ-

ʦʛʨʘʥʠʯʝʥʥʳʡ 
D  2.44 2.44

D

l
 

D  ï ʜʠʘʤʝʪʨ 

ʥʫʣʝʚʦʛʦ 

ʤʘʢʩʠʤʫʤʘ 
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ʄ2 ï ʢʦʥʮʝʧʮʠʷ ʢʘʯʝʩʪʚʘ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ 

 

ʂʘʯʝʩʪʚʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝʤ ʝʛʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ) ʨʘʩʭʦʜʠʤʦʩʪʠ a ʢ 

ʨʘʩʭʦʜʠʤʦʩʪʠ ʪʦʛʦ ʞʝ ʣʘʟʝʨʘ, ʝʩʣʠ ʙʳ ʦʥ ʠʟʣʫʯʘʣ ʦʜʥʦʤʦʜʦʚʳʡ 

ɻʘʫʩʩʦʚʩʢʠʡ ʧʫʯʦʢ, ɻa : 

 

 

 

 

 

 

 

 

  2

ɻM =a a  (3.8) 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ,  

 ɻ 0 min4w da =l p = l p   (3.9) 

ʛʜʝ 0w  - ʨʘʜʠʫʩ ʧʫʯʢʘ ʚ ʧʝʨʝʪʷʞʢʝ. 

 

ʇʦʢʘʞʝʤ, ʢʘʢ ʥʘʡʪʠ ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʚ ʬʦʢʫʩʝ ʣʠʥʟʳ ʯʝʨʝʟ 
2M . 

ʉʯʠʪʘʷ, ʯʪʦ ʫʛʦʣ ʢʦʥʫʩʥʦʩʪʠ ʧʫʯʢʘ ʧʦʩʣʝ ʣʠʥʟʳ (ʫʛʣʦʚʘʷ ʘʧʝʨʪʫʨʘ) 

ʨʘʚʝʥ: 

 ʣ ʣ2D fa =   (3.10) 

ʧʦʣʫʯʠʤ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʫʯʢʘ ʚ ʬʦʢʫʩʝ ʣʠʥʟʳ mind  ʢʘʢ: 

 

   2

min ʣ8d M f D= l p  (3.11) 

ʏʝʨʝʟ 2M  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ: ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ z ʧʦ 

ʧʫʪʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʨʘʜʠʫʩ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ zR  ʧʨʠ ʣʶʙʦʤ z, 

ʈʵʣʝʝʚʩʢʠʡ ʨʘʜʠʫʩ ʧʫʯʢʘ R, ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ ʠ ʨʘʟʤʝʨ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʘʢʪʦʨ 2M  ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʝʘʣʴʥʳʡ ʤʥʦʛʦʤʦʜʦʚʳʡ ʧʫʯʦʢ ʢʘʢ ʦʜʥʦʤʦʜʦʚʳʡ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 
2

ʤ Ml = l. 

 

ʃʘʟʝʨ Ŭ Ŭɻ 
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ʀʥʚʘʨʠʘʥʪ ʃʘʛʨʘʥʞʘ-ɻʝʣʴʤʛʦʣʴʮʘ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʚʘʨʠʘʥʪʘ ʃʘʛʨʘʥʞʘ-ɻʝʣʴʤʛʦʣʴʮʘ J, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʦ 

ʩʫʪʠ, ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ: 

  constD D J¡ ¡a= a = =    (3.12) 

 
1                        2                                   3 

ʉʭʝʤʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

(1, 3) ʠ ʩʦʛʣʘʩʫʶʱʠʭ (2) ʢʦʤʧʦʥʝʥʪʦʚ. 

ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ J, ʪʝʤ ʚʳʰʝ ʢʘʯʝʩʪʚʦ ʧʫʯʢʘ. 

ɿʥʘʯʝʥʠʷ ʠʥʚʘʨʠʘʥʪʘ J  ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʣʘʟʝʨʦʚ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3.3.    

                                                                                  ʊʘʙʣʠʮʘ 3.3 

ʊʠʧ ʣʘʟʝʨʘ 

ʉʚʝʪʦʚʦʡ 

ʜʠʘʤʝʪʨ 

D, ʤʢʤ 

ʇʦʣʥʳʡ ʫʛʦʣ 

ʨʘʩʭʦʜʠʤʦʩʪʠ 
a, rad 

ʀʥʚʘʨʠʘʥʪ 

ʃʘʛʨʘʥʞʘ-

ɻʝʣʴʤʛʦʣʴʮʘ 

J  

ɿʘʤʝʯʘʥʠʷ 

ʜʣʷ 

~1l  ʤʢʤ 

ʆʜʥʦʤʦʜʦʚʳʡ 

ʚʦʣʦʢʦʥʥʳʡ 

ʣʘʟʝʨ 

10 0.1 1 

~J l, 

ʨʘʚʝʥ 

ʜʠʬʨ. 

ʧʨʝʜʝʣʫ 

ʄʥʦʛʦʤʦʜʦʚʳʡ 

ʚʦʣʦʢʦʥʥʳʡ 

ʣʘʟʝʨ 

200 

400 

0.2 

0.2 

40 

80 

J>>l, 

ʜʘʣʝʢʦ 

ʦʪ ʜʠʬʨ. 

ʧʨʝʜʝʣʘ 

ʇʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʳʡ ʣʘʟʝʨ 
10

100
 1.04

0.12
 10.4

12
 

J>>l, 

ʜʘʣʝʢʦ 

ʦʪ ʜʠʬʨ. 

ʧʨʝʜʝʣʘ 

 ʄʝʪʦʜ ʠʥʚʘʨʠʘʥʪʘ ʃʘʛʨʘʥʞʘ-ɻʝʣʴʤʛʦʣʴʮʘ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ 

ʨʘʩʯʝʪʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʝʥʝʨʘʮʠʠ ʠ ʜʦʩʪʘʚʢʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 



83 

 

3.3. ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ çʂɸʏɽʉʊɺɸè ʀɿʃʋʏɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʃɸɿɽʈʆɺ: ʂʆɻɽʈɽʅʊʅʆʉʊʔ, 

ʄʆʅʆʍʈʆʄɸʊʀʏʅʆʉʊʔ, ʇʆʃʗʈʀɿɸʎʀʗ. 

ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

5. ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʚʦ 

ʚʨʝʤʝʥʠ ʩʜʚʠʛ ʬʘʟʳ ʜʣʷ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʝʢ ʧʫʯʢʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʪʘʢʞʝ ʥʝʠʟʤʝʥʥʦʩʪʴ ʬʦʨʤʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ (ʚʦ ʚʨʝʤʝʥʠ). 

ɺʳʜʝʣʷʶʪ ʚʨʝʤʝʥʥʫʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʛʝʨʝʥʪʥʦʩʪʴ. ɺʨʝʤʝʥʥʘʷ 

ï ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʜʣʠʥ 

ʦʧʪʠʯʝʩʢʦʛʦ ʭʦʜʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ï ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʬʘʟʦʚʳʭ 

ʩʚʦʡʩʪʚ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ. 

ɺʨʝʤʝʥʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʴ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ï ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʬʘʟʘ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʥʝ ʦʩʪʘʶʪʩʷ 

ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʳʤʠ, ʪ.ʝ. ʩʪʝʧʝʥʴ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 1k¸ . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʝʝ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ F ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʜʚʝ ʯʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʩʣʦʞʝʥʠʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ: 

  max min

max min

I I

I I

-
F=

+
   (3.13) 

ɺ ʩʣʫʯʘʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟ max minI I= , 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʥʠ 0F =. ʇʨʠ ʧʦʣʥʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ min 0I =  ʠ ʢ 1F =. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʨʝʤʷ ʠ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʳ ʢʦʥʝʯʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 

ʣʠʥʠʠ ʛʝʥʝʨʘʮʠʠ (ʫʩʠʣʝʥʠʷ) ʣDn, ʢʦʛʜʘ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t ʤʦʛʫʪ 

ʠʟʣʫʯʘʪʴʩʷ ʨʘʟʥʳʝ n ʚ ʧʨʝʜʝʣʘʭ ʣʶʤDn . ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

() () ( )( )cos 2 ,gE rt E r t r t= pn +j, ʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʳ ( ),r tj  ʩʠʥʭʨʦʥʥʳʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t=  

ʢʦʣʝʙʘʥʠʡ (ʩ ʯʘʩʪʦʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʥʘ ʣDn) ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩʦ 
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ʚʨʝʤʝʥʝʤ ʜʦ ʣ2 tDjº pDn, ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʤʘʢʩʠʤʫʤʫ 2p ʯʝʨʝʟ 

ʚʨʝʤʷ  

  ʢʦʛ
ʣ

1t =
Dn   (3.14) 

ʕʪʦ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʳʡ ʩʜʚʠʛ 

ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʠʥʳ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ, 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʟʘ ʵʪʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʠʟʣʫʯʝʥʠʝ, ʥʘʟʳʚʘʶʪ ʜʣʠʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʦʛL : 

 ʢʦʛ ʢʦʛ
ʣ

cL c= t =
Dn

 (3.15) 

ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʢʦʛt  ʠ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʢʦʛL  

ʠʟʣʫʯʝʥʠʝ çʧʦʤʥʠʪè ʦ ʩʠʥʭʨʦʥʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʝʟʦʥʘʪʦʨʘ. ɿʥʘʯʝʥʠʷ ʢʦʛt  ʠ ʢʦʛL  ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʘʟʝʨʦʚ. ɺ ʛʘʟʦʚʳʭ ʣʘʟʝʨʘʭ, ʛʜʝ ʤʘʣʘ 3 6

ʣ 10 10Dn = - ɻʮ, 
3 6

ʢʦʛ10 10- -t = -  c ʠ 4 7

ʢʦʛ10 10L = -  ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʘʭ, ʛʜʝ ʠʟʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʜʦʣʴʥʳʭ 

ʤʦʜ, 
12

ʣ~10Dn  ɻʮ ʠ 
12

ʢʦʛ10-t =  ʩ, 
2

ʢʦʛ3 10L -= Ö  ʤ. 

ʅʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʨʝʤʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʦʩʥʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ ï ʜʣʠʥ, 

ʫʛʣʦʚ, ʩʢʦʨʦʩʪʝʡ, ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʪ.ʧ. 

 

ʈʦʣʴ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ (ʚ ʩʨʝʜʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ï ʪ.ʝ. ʩ ʧʦʛʣʦʱʝʥʠʝʤ) ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʠʥʪʝʨʬʝʨʠʨʫʶʱʝʡ ʩ 

ʧʘʜʘʶʱʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

  

 

ʌʦʪʦʛʨʘʬʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʟʣʫʯʝʥʠʷ 

Nd:YAG - ʣʘʟʝʨʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1t= ʤʩ, 
60.7 10q= Öɺʪ/ʩʤ2 (ɸ.ʄ. ɹʦʥʯ-ɹʨʫʝʚʠʯ, 

ʄ.ʅ. ʃʠʙʝʥʩʦʥ) 
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(a) ʎʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ (ʩʧʨʘʚʘ) ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʦʛʦ ʩʢʘʥʝʨʘ. 

(b) SEM-ʩʥʠʤʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ 

ʨʘʟʣʠʯʥʦʡ ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʩʦʟʜʘʥʥʳʭ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (B. Dusser, 2009). 

2. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʣʫʯʝʚʳʝ ʠʣʠ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʥʘʙʦʨ 10ï100 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʥʳʭ ʣʘʟʝʨʦʚ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʫʯʢʠ ʢʦʪʦʨʳʭ 

ʩʦʙʠʨʘʶʪʩʷ ʚ ʦʜʥʦ ʧʷʪʥʦ ʩ ʧʦʤʦʱʴʶ ʬʦʢʫʩʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. ʕʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʠʥʝʝʢ ʠ ʤʘʪʨʠʮ, ʜʣʷ 

ʤʥʦʛʦʣʫʯʝʚʳʭ ʉʆ2-ʣʘʟʝʨʦʚ ʠ ʪ.ʜ. ʇʨʠ ʩʣʦʞʝʥʠʠ ʜʚʫʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ (ʩʚʝʪʦʚʦʡ) ʠ ʧʨʦʠʟʚʦʣʴʥʳʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʠ  ʠ 

ʬʘʟʘʤʠ  ʦʙʨʘʟʫʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʠ ʬʘʟʦʡ . 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʩʜʚʠʛ ʬʘʟ  ʩʣʫʯʘʡʥʳʡ (ʭʘʦʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʠʡʩʷ), ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʧʷʪʥʝ () 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ  ʠ ʙʫʜʝʪ ʨʘʚʥʘ ʩʫʤʤʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ (ʪʘʢ ʢʘʢ  ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʨʘʚʝʥ 0) 


