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ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ - ʫʯʘʩʪʥʠʢ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

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 



6 

 

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). 

 

 

 



15 

 

 

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  


