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ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʀʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠ 

ʝʣʝʤʝʥʪʠ 

ʩʪʨ. 2 ʦʪ é  
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɺʲʚʝʜʝʥʠʝ 
ʀʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ (ʀʉ) ʩʘ ʤʠʢʨʦʝʣʝʢʪʨʦʥʥʠ ʝʣʝʤʝʥʪʠ. ʊʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ 

ʤʠʥʠʘʪʶʨʥʠ ʨʘʟʤʝʨʠ ʠ ʪʝʛʣʦ, ʤʘʣʢʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʤʦʱʥʦʩʪ ʠ ʥʠʩʢʘ ʮʝʥʘ, ʢʘʪʦ ʚ 

ʩʲʱʦʪʦ ʚʨʝʤʝ ʠʤʘʪ ʧʦʚʠʰʝʥʘ ʥʘʜʝʞʜʥʦʩʪ ʠ ʟʥʘʯʠʪʝʣʥʘ ʩʣʦʞʥʦʩʪ. ʊʝʭʥʦʣʦʛʠʷʪʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠʤ ʧʦʟʚʦʣʷʚʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʮʷʣʘ ʩʠʩʪʝʤʘ ʚ ʝʜʠʥʩʪʚʝʥʘ  

ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ (ʯʠʧ), ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʜʝʩʝʪʢʠ ʤʠʣʠʦʥʠ ʪʨʘʥʟʠʩʪʦʨʠ. 
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʇʨʠʣʦʞʝʥʠʝ 
ʆʛʨʦʤʥʘ ʯʘʩʪ ʦʪ ʩʲʚʨʝʤʝʥʥʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ ʟʘʧʦʯʚʘ ʩ ʦʪʢʨʠʚʘʥʝ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘ 

ʧʨʝʟ 1947 ʛʦʜʠʥʘ ʠ ʧʦʩʣʝʜʚʘʣʦʪʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ (ʀʉ) ʚ 

ʥʘʯʘʣʦʪʦ ʥʘ 60-ʪʝ ʛʦʜʠʥʠ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʀʉ ʩʪʘʥʘʭʘ ʚʲʟʤʦʞʥʠ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʢʦʤʧʶʪʨʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʠ, ʢʦʩʤʠʯʝʩʢʠ ʠ ʘʚʠʦ 

ʦʙʦʨʫʜʚʘʥʝ, ʟʘʙʘʚʣʝʥʠʷ, ʘʚʪʦʤʦʙʠʣʥʘ ʠ ʤʝʜʠʮʠʥʩʢʘ ʝʣʝʢʪʨʦʥʠʢʘ, ʥʘʚʠʛʘʮʠʦʥʥʠ 

ʩʠʩʪʝʤʠ, ʘʫʜʠʦ ʠ ʚʠʜʝʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ.  

ʩʪʨ. 4 ʦʪ é  
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʎʝʣʠ ʠ ʧʨʝʜʧʦʩʪʘʚʢʠ 

ʇʦʟʥʘʚʘʪʝ 

 
 

 

ʈʘʟʙʠʨʘʪʝ 

 

 

ɸʥʘʣʠʟʠʨʘʪʝ 

 

ʆʮʝʥʷʚʘʪʝ 

ʇʨʝʜʧʦʩʪʘʚʢʠ: ʧʦʣʫʧʨʦʚʦʜʥʠʮʠ, ʙʠʧʦʣʷʨʥʠ ʠ MOS 

ʪʨʘʥʟʠʩʪʦʨʠ  

ʈʘʟʛʣʝʞʜʘʪ ʩʝ ʦʩʥʦʚʥʠ ʧʦʥʷʪʠʷ ʠ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ, 

ʢʣʶʯʦʚʠʪʝ ʧʨʦʮʝʩʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠʤ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ. 

ʉʣʝʜ ʠʟʫʯʘʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʘ ʚʠʝ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ: 
 

ʂʘʢʚʦ ʝ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ 

ʊʠʧʦʚʝʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 
 
 

ʇʣʘʥʘʨʥʦ-ʝʧʠʪʘʢʩʠʘʣʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʆʩʥʦʚʥʠʪʝ ʧʨʦʮʝʩʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʠʣʠʮʠʝʚʠ ʀʉ 

ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʨʝʘʣʠʟʠʨʘʥʠ ʚ ʀʉ 

 
ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʦʣʘʮʠʷ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ 

ʇʨʦʙʣʝʤʠʪʝ ʧʨʠ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʧʘʩʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ 
 

ʇʨʝʜʠʤʩʪʚʘʪʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʙʠʧʦʣʷʨʥʠ, MOS ʠ CMOS 

ʀʉ  
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʀʥʪʝʛʨʘʣʥʘʪʘ ʩʭʝʤʘ (ʥʘʨʠʯʘʥʘ ʦʱʝ ʯʠʧ ʠʣʠ ʤʠʢʨʦʯʠʧ) ʩʝ ʜʝʬʠʥʠʨʘ, ʢʘʪʦ 

ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʥʝʨʘʟʨʠʚʥʦ ʩʚʲʨʟʘʥʠ ʝʣʝʤʝʥʪʠ, ʠʟʛʦʪʚʝʥʠ ʚʲʨʭʫ ʠʣʠ ʚ ʦʙʱʘ 

ʧʦʜʣʦʞʢʘ. ʄʥʦʞʝʩʪʚʦ ʪʨʘʥʟʠʩʪʦʨʠ, ʜʠʦʜʠ, ʨʝʟʠʩʪʦʨʠ ʠ ʢʦʥʜʝʥʟʘʪʦʨʠ ʩʘ 

ʧʨʦʠʟʚʝʜʝʥʠ ʢʘʪʦ ʝʜʥʦ ʮʷʣʦ ʠ ʩʘ ʟʘʪʚʦʨʝʥʠ ʚ ʦʙʱ ʢʦʨʧʫʩ. ʎʷʣʘʪʘ ʩʭʝʤʘ ʩʝ 

ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʝʜʠʥ ʥʝʜʝʣʠʤ ʢʦʤʧʦʥʝʥʪ.  

ʂʘʢʚʦ ʝ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ? 

ʩʪʨ. 6 ʦʪ é  
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʀʉ 
ʉʧʦʨʝʜ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟa ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠʤ, ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʩʣʝʜʥʠʪʝ: 

ʊʠʧʦʚʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ  

ʄʦʥʦʣʠʪʥʠ ʉʣʦʡʥʠ 

ʍʠʙʨʠʜʥʠ 

ʊʲʥʢʦʩʣʦʡʥʠ ɼʝʙʝʣʦʩʣʦʡʥʠ ɹʠʧʦʣʷʨʥʠ MOS 

NMOS PMOS 

CMOS 

ʉʤʝʩʝʥʠ 
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʇʨʠ ʤʦʥʦʣʠʪʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʚʩʠʯʢʠ ʝʣʝʤʝʥʪʠ ʩʝ ʠʟʛʦʪʚʷʪ ʚ ʦʙʝʤʘ ʥʘ 

ʦʙʱʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘ ʧʦʜʣʦʞʢʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʙʠʧʦʣʷʨʥʠ ʠʣʠ MOS ʀʉ 

ʩʧʦʨʝʜ ʥʘʣʠʯʥʠʪʝ ʚ ʪʷʭ ʪʨʘʥʟʠʩʪʦʨʠ. ʉʲʱʝʩʪʚʫʚʘʪ ʠ ʩʤʝʩʝʥʠ ʤʦʥʦʣʠʪʥʠ ʀʉ, 

ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʠ ʜʚʘʪʘ ʪʠʧʘ ʪʨʘʥʟʠʩʪʦʨʠ. ʅʝʟʘʚʠʩʠʤʦ, ʯʝ ʩʲʜʲʨʞʘʪ ʤʠʣʠʦʥʠ 

ʪʨʘʥʟʠʩʪʦʨʠ, ʪʝʟʠ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ ʩʘ ʩ ʨʘʟʤʝʨʠ ʦʪ ʥʷʢʦʣʢʦ ʤʠʣʠʤʝʪʨʘ.  

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘ 

ʧʦʜʣʦʞʢʘ 

ʄʦʥʦʣʠʪʥʠ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 
ʀʉ 

ʀʛʣʘ 

ʩʪʨ. 8 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʉʣʦʡʥʠ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 

ʉʣʦʡʥʠʪʝ ʀʉ ʩʝ ʠʟʛʨʘʞʜʘʪ ʦʪ ʧʨʦʚʦʜʷʱ ʠʣʠ ʥʝʧʨʦʚʦʜʷʱ ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʩʝ 

ʥʘʥʘʩʷ ʚʲʨʭʫ ʠʟʦʣʘʮʠʦʥʥʘ ʧʦʜʣʦʞʢʘ. ʉʧʦʨʝʜ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʩʣʦʷ ʩʝ ʜʝʣʷʪ ʥʘ 

ʪʲʥʢʦʩʣʦʡʥʠ ʠ ʜʝʙʝʣʦʩʣʦʡʥʠ ʀʉ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʠʟʛʦʪʚʷʥʝ ʩʘʤʦ ʥʘ ʧʘʩʠʚʥʠ 

ʝʣʝʤʝʥʪʠ ï ʨʝʟʠʩʪʦʨʠ ʠ ʢʦʥʜʝʥʟʘʪʦʨʠ.   

Al SiO2 

ʂʦʥʜʝʥʟʘʪʦʨ 

NiCr 

ʈʝʟʠʩʪʦʨ 
ʀʟʦʣʘʮʠʦʥʥʘ 

ʧʦʜʣʦʞʢʘ 
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ʩʪʨ. 9 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʍʠʙʨʠʜʥʠʪʝ ʀʉ ʦʙʝʜʠʥʷʚʘʪ ʩʣʦʡʥʠ ʧʘʩʠʚʥʠ ʝʣʝʤʝʥʪʠ ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʠ 

ʜʨʫʛʠ ʜʠʩʢʨʝʪʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʤʦʥʪʠʨʘʥʠ ʚʲʨʭʫ ʠʟʦʣʘʮʠʦʥʥʘʪʘ ʧʦʜʣʦʞʢʘ.  

ʀʟʦʣʘʮʠʦʥʥʘ 

ʧʦʜʣʦʞʢʘ 

ʂʦʨʧʫʩ ʥʘ 

ʭʠʙʨʠʜʥʘ ʀʉ 

ʈʝʟʠʩʪʦʨ 

ɹʦʙʠʥʘ 
ʂʦʥʜʝʥʟʘʪʦʨ 

ʀʉ 

ʍʠʙʨʠʜʥʠ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 

ʩʪʨ. 10 ʦʪ é  

ʃʠʥʝʡʥʠ ʠ ʮʠʬʨʦʚʠ ʀʉ 

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʉʧʦʨʝʜ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʩʠ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ 

ʮʠʬʨʦʚʠ ʠ ʣʠʥʝʡʥʠ. ʃʠʥʝʡʥʠʪʝ ʀʉ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʘʥʘʣʦʛʦʚʠʪʝ ʩʭʝʤʠ ï ʘʫʜʠʦ 

ʫʩʠʣʚʘʪʝʣʠ, ʨʝʛʫʣʘʪʦʨʠ ʥʘ ʥʘʧʨʝʞʝʥʠʝ, ʦʧʝʨʘʮʠʦʥʥʠ ʫʩʠʣʚʘʪʝʣʠ ʠ ʜʨ. ʇʨʠ ʪʷʭ 

ʩʠʛʥʘʣʲʪ ʝ ʥʝʧʨʝʢʲʩʥʘʪ ʚʲʚ ʚʨʝʤʝʪʦ. ʇʨʠ ʮʠʬʨʦʚʠʪʝ ʩʭʝʤʠ ʀʉ ʩʠʛʥʘʣʠʪʝ ʠʤʘʪ 

ʜʚʝ ʥʠʚʘ. ʊʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʢʦʤʧʶʪʨʠʪʝ, ʢʦʤʧʶʪʲʨʥʠʪʝ ʤʨʝʞʠ, ʢʘʣʢʫʣʘʪʦʨʠ 

ʮʠʬʨʦʚʠ ʯʘʩʦʚʥʠʮʠ ʠ ʤʥʦʛʦ ʜʨʫʛʠ.   
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ʩʪʨ. 11 ʦʪ é  

ʉʪʝʧʝʥ ʥʘ ʠʥʪʝʛʨʘʮʠʷ 

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʉʧʦʨʝʜ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʨʘʥʟʠʩʪʦʨʠ ʚ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ ʪʝ ʩʝ ʢʣʘʬʠʮʠʨʘʪ 

ʢʘʪʦ ʪʘʢʠʚʘ ʩ ʤʘʣʢʘ, ʩʨʝʜʥʘ, ʛʦʣʷʤʘ ʠ ʩʚʨʲʭʛʦʣʷʤʘ ʩʪʝʧʝʥ ʥʘ ʠʥʪʝʛʨʘʮʠʷ.  

ʉʲʛʣʘʩʥʦ ʟʘʢʦʥʘ ʥʘ ʄʫʨ ʙʨʦʷʪ ʥʘ ʪʨʘʥʟʠʩʪʦʨʠʪʝ ʚ ʀʉ ʩʝ ʫʜʚʦʷʚʘʪ ʟʘ 1,5 

ʛʦʜʠʥʠ. Tʦʟʠ ʟʘʢʦʥ ʝ ʠʣʶʩʪʨʠʨʘʥ ʩ ʝʚʦʣʶʮʠʷʪʘ ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʠʪʝ ʥʘ 

ʬʠʨʤʘʪʘ ʀʥʪʝʣ.  

ɻʦʨʜʲʥ ʄʫʨ 

ʩʪʨ. 12 ʦʪ é  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʀʉ 

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʄʦʥʦʣʠʪʥʠʪʝ ʀʉ ʩʝ ʠʟʛʨʘʞʜʘʪ ʥʘ ʩʣʦʝʚʝ ʚʲʨʭʫ ʩʠʣʠʮʠʝʚʘ ʧʣʘʩʪʠʥʘ ʢʘʪʦ ʚ 

ʝʜʠʥʝʥ ʪʝʭʥʦʣʦʛʠʯʝʥ ʧʨʦʮʝʩ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʩʪʦʪʠʮʠ ʀʉ. ɺʩʠʯʢʠ 

ʦʧʝʨʘʮʠʠ ʩʝ ʠʟʚʲʨʰʚʘʪ ʚ Ăʯʠʩʪʠ ʩʪʘʠñ, ʢʲʜʝʪʦ ʩʝ ʧʦʜʜʲʨʞʘ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʧʨʘʭ ʠ 

ʧʨʠʤʝʩʠ, ʢʦʠʪʦ ʙʠʭʘ ʧʦʚʨʝʜʠʣʠ ʮʝʣʠʷ ʯʠʧ.  
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ʩʪʨ. 13 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʀʉ ʝ ʩʣʦʞʥʘ. ʊʷ ʩʝ ʩʲʩʪʦʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʩʣʦʝʚʝ, ʢʦʠʪʦ ʩʝ 

ʩʲʟʜʘʚʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʚ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʩʢʦʩʪ ʧʨʠ ʪʘʢʘ ʥʘʨʝʯʝʥʠʷ ʧʣʘʥʘʨʝʥ 

ʧʨʦʮʝʩ. ʇʣʘʥʘʨʥʠʷʪ ʧʨʦʮʝʩ ʱʝ ʩʝ ʠʣʶʩʪʨʠʨʘ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʜʠʥ MOS 

ʪʨʘʥʟʠʩʪʦʨ, ʥʝʟʘʚʠʩʠʤʦ ʯʝ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʤʠʣʠʦʥʠ ʪʨʘʥʟʠʩʪʦʨʠ. 

ʇʣʘʥʘʨʝʥ ʧʨʦʮʝʩ 
ʉʪʨʫʢʪʫʨʘ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʉʣʦʝʚʝ 

ʩʪʨ. 14 ʦʪ é  

ʆʢʠʩʣʝʥʠʝ 

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʧʦʜʣʦʞʢʘ ʦʪ ʨ-ʩʠʣʠʮʠʡ ʩʝ ʧʦʢʨʠʚʘ ʩʲʩ  SiO2 ʢʘʪʦ ʩʝ ʦʢʠʩʣʷʚʘ 

ʧʨʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʨʝʜʘ ʦʪ ʯʠʩʪ ʢʠʩʣʦʨʦʜ. ʇʦʣʫʯʝʥʠʷʪ ʠʟʦʣʘʮʠʦʥʝʥ 

ʩʣʦʡ ʟʘʱʠʪʘʚʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʧʨʠ ʧʦʩʣʝʜʚʘʱʠʪʝ ʦʧʝʨʘʮʠʠ.  

ʇʦʜʣʦʞʢʘ 

SiO2 
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ʩʪʨ. 15 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ 

ʀʟʦʙʨʘʞʝʥʠʷ ʚʲʨʭʫ SiO2 ʩʝ ʩʲʟʜʘʚʘʪ ʩ ʦʧʝʨʘʮʠʷ, ʥʘʨʝʯʝʥʘ ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ. 

ɺʲʨʭʫ ʧʣʘʩʪʠʥʘʪʘ ʩʝ ʥʘʥʘʩʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʝʥ ʩʣʦʡ ï ʬʦʪʦʨʝʟʠʩʪ. ɿʘ ʚʩʷʢʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʠʟʧʦʣʟʚʘ ʩʲʦʪʚʝʪʥʘ ʤʘʩʢʘ. ʇʨʠ ʦʙʣʲʯʚʘʥʝ ʩ UV ʥʝʟʘʱʠʪʝʥʘʪʘ 

ʦʙʣʘʩʪ ʦʪ ʬʦʪʦʨʝʩʠʩʪʘ ʩʝ ʧʦʣʷʨʠʟʠʨʘ, ʢʦʝʪʦ ʧʨʦʤʝʥʷ ʨʘʟʪʚʦʨʠʤʦʩʪʪʘ ʤʫ. 

SiO2 

ʌʦʪʦʨʝʟʠʩʪ 

ʄʘʩʢʘ 

UV ʩʚʝʪʣʠʥʘ 

ʩʪʨ. 16 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɽʮʚʘʥʝ 

ɽʢʩʧʦʥʠʨʘʥʠʷʪ (ʨʘʟʪʚʦʨʠʤ) ʬʦʪʦʨʝʟʠʩʪ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʩ ʬʣʫʦʨʦʚʦʜʦʨʦʜʥʘ 

ʢʠʩʝʣʠʥʘ. ʆʧʝʨʘʮʠʷʪʘ ʩʝ ʥʘʨʠʯʘ ʝʮʚʘʥʝ. ʇʨʠ ʪʦʚʘ ʩʝ ʦʪʚʘʨʷ ʧʨʦʟʦʨʝʮ ʢʲʤ 

ʩʠʣʠʮʠʝʚʘʪʘ ʧʦʜʣʦʞʢʘ ʩ ʬʦʨʤʘ, ʦʧʨʝʜʝʣʝʥʘ ʦʪ ʤʘʩʢʘʪʘ. ɺʧʦʩʣʝʜʩʪʚʠʝ ʩʝ 

ʦʪʩʪʨʘʥʷʚʘ ʠ ʦʩʪʘʥʘʣʠʷʪ ʬʦʪʦʨʝʟʠʩʪ. 

ʇʨʦʟʦʨʝʮ ʇʨʦʟʦʨʝʮ 
SiO2 
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ʩʪʨ. 17 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɿʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʩʣʝʜʚʘʱ ʩʣʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʩʲʱʠʪʝ 

ʦʧʝʨʘʮʠʠ ï ʦʢʠʩʣʝʥʠʝ, ʧʦʢʨʠʚʘʥʝ ʥʘ ʦʢʠʩʣʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʣʠʩʠʣʠʮʠʡ, 

ʧʦʣʘʛʘʥʝ ʥʘ ʬʦʪʦʨʝʟʠʩʪ, ʚʪʦʨʘ ʤʘʩʢʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʦʙʣʲʯʚʘʥʝ ʩ 

UV ʩʚʝʪʣʠʥʘ ʠ ʝʮʚʘʥʝ. ɺ ʨʝʟʫʣʪʘʪ ʩʝ ʩʲʟʜʘʚʘʪ ʜʚʘ ʧʨʦʟʦʨʝʮʘ ʢʲʤ ʩʠʣʠʮʠʷ. 

ʆʩʪʘʥʘʣʠʷʪ ʧʦʣʠʩʠʣʠʮʠʡ ʩʣʫʞʠ ʟʘ ʛʝʡʪ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘ.  

ʌʦʨʤʠʨʘʥʝ ʥʘ ʛʝʡʪʘ 

ʇʦʣʠʩʠʣʠʮʠʡ UV ʩʚʝʪʣʠʥʘ 
ʇʦʣʠʩʠʣʠʮʠʝʚ 

ʛʝʡʪ 

ʄʘʩʢʘ 

ʩʪʨ. 18 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

           ʃʝʛʠʨʘʥʝ 

ɺʲʚʝʞʜʘʥʝ ʥʘ ʧʨʠʤʝʩʠ ʚ ʦʪʚʦʨʝʥʠʪʝ ʢʲʤ ʩʠʣʠʮʠʷ ʧʨʦʟʦʨʮʠ ʩʝ ʠʟʚʲʨʰʚʘ ʩ 

ʦʧʝʨʘʮʠʷʪʘ ʣʝʛʠʨʘʥʝ. ʇʨʠ ʥʝʷ ʚ ʧʦʜʣʦʞʢʘʪʘ ʩʝ ʚʢʘʨʚʘʪ ʘʪʦʤʠ ʥʘ ʬʦʩʬʦʨ ʠʣʠ 

ʙʦʨ ʟʘ ʩʲʟʜʘʚʘʥʝ ʩʲʦʪʚʝʪʥʦ ʥʘ ʦʙʣʘʩʪʠ ʩ N- ʠʣʠ P-ʧʨʦʚʦʜʠʤʦʩʪ. ʃʝʛʠʨʘʱʠʪʝ 

ʘʪʦʤʠ ʩʝ ʡʦʥʠʟʠʨʘʪ, ʫʩʢʦʨʷʚʘʪ ʠ ʙʦʤʙʘʥʜʠʨʘʡʢʠ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʠʤʧʣʘʥʪʠʨʘʪ 

ʚ ʥʝʷ. ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘʪ ʦʙʣʘʩʪʠʪʝ ʟʘ ʜʨʝʡʥʘ ʠ ʩʦʨʩʘ  

ʉʦʨʩ 

ɼʨʝʡʥ 
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ʩʪʨ. 19 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʂʦʥʪʘʢʪʠ 

ʉʲʱʠʪʝ ʦʧʝʨʘʮʠʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʥʪʘʢʪʥʠ ʦʪʚʦʨʠ ï ʦʢʠʩʣʝʥʠʝ 

ʥʘ ʮʷʣʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ ʩ ʤʘʩʢʘ ʟʘ ʦʪʚʦʨʠʪʝ ʢʲʤ ʦʙʣʘʩʪʠʪʝ ʥʘ 

ʩʦʨʩʘ, ʛʝʡʪʘ ʠ ʜʨʝʡʥʘ ʠ ʝʮʚʘʥʝ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʬʦʪʦʨʝʩʠʩʪʘ.  

ʂʦʥʪʝʢʪʥʠ ʦʪʚʦʨʠ 

ʩʪʨ. 20 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʄʝʪʘʣʠʟʘʮʠʷ 

ɸʪʦʤʠ ʥʘ ʤʝʪʘʣ (ʘʣʫʤʠʥʠʡ) ʩʝ ʦʪʣʘʛʘʪ ʚʲʨʭʫ ʮʷʣʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʟʘʧʲʣʚʘʡʢʠ 

ʢʦʥʪʘʢʪʥʠʪʝ ʦʪʚʦʨʠ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʧʦʣʟʚʘ ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ ʩʲʩ ʩʲʦʪʚʝʪʥʘ 

ʤʘʩʢʘ ʠ ʩʣʝʜ ʝʮʚʘʥʝ ʩʝ ʬʦʨʤʠʨʘʪ ʤʝʪʘʣʥʠ ʧʣʦʱʘʜʢʠ ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʝʣʝʢʪʨʠʯʝʩʢʠ ʧʨʦʚʦʜʥʠʮʠ. ʆʧʝʨʘʮʠʷʪʘ ʩʝ ʥʘʨʠʯʘ ʤʝʪʘʣʠʟʘʮʠʷ. 

ʄʝʪʘʣʥʠ ʧʣʦʱʘʜʢʠ 
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ʩʪʨ. 21 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʊʝʩʪʚʘʥʝ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʝʮʠʟʝʥ ʢʦʥʪʨʦʣ ʥʘ ʚʩʠʯʢʠ ʦʧʝʨʘʮʠʠ. 

ʇʣʘʩʪʠʥʠʪʝ ʩʝ ʪʝʩʪʚʘʪ ʩ ʢʦʤʧʶʪʝʨʥʦ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʙʦʨʫʜʚʘʥʝ ʚ ʯʠʩʪʠ ʩʪʘʠ, 

ʢʲʜʝʪʦ ʧʝʨʩʦʥʘʣʲʪ ʠʤʘ ʢʦʩʪʶʤʠ, ʧʦʜʦʙʥʠ ʥʘ ʪʝʟʠ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ.   

ʩʪʨ. 22 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʊʨʘʥʟʩʠʩʪʦʨʠʪʝ ʠ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʟʘʝʜʥʦ ʩʲʩ ʩʪʦʪʠʮʠ  

ʩʲʩʝʜʠ ʚʲʨʭʫ ʝʜʥʘ ʧʦʜʣʦʞʢʘ. ʉʣʝʜ ʪʝʩʪʚʘʥʝ ʥʘ ʧʣʘʩʪʠʥʘʪʘ ʪʷ ʩʝ  ʥʘʨʷʟʚʘ ʩ 

ʜʠʘʤʘʥʪʝʥʠ ʨʝʟʮʠ ʠ ʚʩʷʢʘ ʀʉ ʩʝ ʤʦʥʪʠʨʘ ʚ ʤʝʪʘʣʝʥ, ʧʣʘʩʪʤʘʩʦʚ ʠʣʠ 

ʢʝʨʘʤʠʯʝʥ ʢʦʨʧʫʩ. ʏʠʧʲʪ ʩʝ ʩʚʲʨʟʘ ʢʲʤ ʢʦʨʧʫʩʘ ʩʲʩ ʟʣʘʪʥʠ ʧʨʦʚʦʜʥʠʮʠ, 

ʢʦʠʪʦ ʩʝ ʧʨʠʪʠʩʢʘʪ ʧʦʜ ʥʘʣʷʛʘʥʝ ʢʲʤ ʢʦʥʪʘʢʪʥʠʪʝ ʧʣʦʱʘʜʢʠ (ʦʧʝʨʘʮʠʷʪʘ ʩʝ 

ʥʘʨʠʯʘ ʙʦʥʜʠʨʘʥʝ).  

ɸʩʝʤʙʣʠʨʘʥʝ 

ʅʘʨʷʟʚʘʥʝ ʥʘ ʧʣʘʩʪʠʥʘʪʘ ʆʩʥʦʚʘ ʟʘ ʤʦʥʪʠʨʘʥʝ 

ɿʣʘʪʥʠ ʧʨʦʚʦʜʥʠʮʠ 

ʂʦʥʪʘʢʪʥʠ 

ʧʣʦʱʘʜʢʠ 
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ʩʪʨ. 23 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɺʠʜʦʚʝ ʢʦʨʧʫʩʠ 

ʂʦʨʧʫʩʠʪʝ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʘ ʝʬʝʢʪʠʚʥʦʪʦ ʠʟʦʣʠʨʘʥʝ ʥʘ ʀʉ ʦʪ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ 

ʠ ʟʘ ʦʙʣʝʢʯʘʚʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠ ʤʦʥʪʠʨʘʥʝʪʦ ʡ ʚ ʝʣʝʢʪʨʦʥʥʠ ʩʠʩʪʝʤʠ. ʏʘʩʪ 

ʦʪ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʢʦʨʧʫʩʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘʪʘ.  

 

ʩʪʨ. 24 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɹʠʧʦʣʷʨʥʠʪʝ ʀʉ ʩʲʜʲʨʞʘʪ ʙʠʧʦʣʷʨʥʠ ʪʨʘʥʟʠʩʪʦʨʠ ʠ ʜʨʫʛʠ ʧʘʩʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ. 

ʊʝ ʩʝ ʠʟʛʦʪʚʷʪ ʚ ʦʙʱ ʪʝʭʥʦʣʦʛʠʯʝʥ ʧʨʦʮʝʩ, ʢʦʡʪʦ ʦʙʭʚʘʱʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ 

ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʦʧʝʨʘʮʠʠ ʩʧʨʷʤʦ ʥʝʦʙʭʦʜʠʤʠʪʝ ʟʘ ʠʟʛʦʪʚʷʥʝ ʥʘ MOS ʀʉ ʩʭʝʤʠ.  

ɹʠʧʦʣʷʨʥʠ ʀʉ 
ɼʠʬʫʟʠʦʥʥʘ ʧʝʱ 

ʇʣʘʩʪʠʥʠ 
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ʩʪʨ. 25 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʇʣʘʩʪʠʥʘʪʘ (p ʧʦʜʣʦʞʢʘ) ʩʝ ʧʦʩʪʘʚʷ ʚ ʧʝʱ, ʧʨʝʟ ʢʦʷʪʦ ʧʨʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʝ ʧʨʦʧʫʩʢʘ ʛʘʟ ʦʪ ʩʠʣʠʮʠʝʚʠ ʘʪʦʤʠ ʠ ʜʦʥʦʨʥʠ ʧʨʠʤʝʩʠ ( P ʠʣʠ As). ɺʲʨʭʫ 

ʧʦʜʣʦʞʢʘʪʘ ʥʘʨʘʩʪʚʘ ʪʲʥʲʢ ʩʣʦʡ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʝʥ ʩʠʣʠʮʠʡ (ʥʘʨʝʯʝʥ 

ʝʧʠʪʘʢʩʠʘʣʝʥ ʩʣʦʡ). ʇʨʦʮʝʩʲʪ ʩʝ ʥʘʨʠʯʘ ʝʧʠʪʘʢʩʠʷ. ʉʣʝʜ ʪʦʚʘ ʧʣʘʩʪʠʥʘʪʘ 

ʯʨʝʟ ʦʢʠʩʣʝʥʠʝ ʩʝ ʧʦʢʨʠʚʘ ʩʲʩ  ʩʣʦʡ ʦʪ SiO2 . 

ʇʦʜʣʦʞʢʘ 

ʅʘʨʘʩʪʚʘʥʝ ʥʘ 

ʝʧʠʪʘʢʩʠʘʣʝʥ ʩʣʦʡ 

ʇʦʜʣʦʞʢʘ 

SiO2 

ɽʧʠʪʘʢʩʠʘʣʝʥ ʩʣʦʡ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʧʦʣʷʨʥʠ ʀʉ 

ʩʪʨ. 26 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʌʦʨʤʠʨʘʥʝ ʥʘ ʦʩʪʨʦʚʯʝ 

ʏʘʩʪ ʦʪ SiO2  ʩʝ ʝʮʚʘ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʢʨʠʚʘ ʯʘʩʪ ʦʪ ʝʧʠʪʘʢʩʠʘʣʥʠʷ ʩʣʦʡ. ʉʣʝʜ 

ʪʦʚʘ ʧʣʘʩʪʠʥʘʪʘ ʩʝ ʧʦʩʪʘʚʷ ʚ ʧʝʱ ʠ ʘʪʦʤʠ ʥʘ ʘʢʮʝʧʪʦʨʥʠ ʧʨʠʤʝʩʠ (B ʠʣʠ Ga) 

ʥʘʚʣʠʟʘʪ ʯʨʝʟ ʜʠʬʫʟʠʷ ʚ ʝʧʠʪʘʢʩʠʘʣʥʠʷ ʩʣʦʡ. ʊʘʢʘ ʩʝ ʬʦʨʤʠʨʘ n - ʪʠʧ ʦʩʪʨʦʚʯʝ.  

ɼʠʬʫʟʠʷ ʥʘ 

ʨ-ʧʨʠʤʝʩʠ 

SiO2 
SiO2 

ʆʩʪʨʦʚʯʝ ɽʧʠʪʘʢʩʠʘʣʝʥ ʩʣʦʡ 

ʇʦʜʣʦʞʢʘ ʇʦʜʣʦʞʢʘ 

ɺʩʝʢʠ ʝʣʝʤʝʥʪ ʩʝ ʠʟʛʦʪʚʷ ʚ 

ʦʪʜʝʣʥʦ ʦʩʪʨʦʚʯʝ 
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ʩʪʨ. 27 ʦʪ é  

ʇʈʆɽʂʊ BG051PO001--4.3.04-0042 

Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʌʦʨʤʠʨʘʥʝ ʥʘ ʙʘʟʘʪʘ 

ʇʨʦʮʝʩʠ ʥʘ ʦʢʠʩʣʝʥʠʝ, ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ, ʝʮʚʘʥʝ ʠ ʣʝʛʠʨʘʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʟʘ ʬʦʨʤʠʨʘʥʝ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʦʪ ʪʨʘʥʟʠʩʪʦʨʘ. ɿʘ ʙʘʟʘʪʘ ʩʝ 

ʦʪʚʘʨʷ ʧʨʦʟʦʨʝʮ ʚ n-ʝʧʠʪʘʢʩʠʘʣʥʠʷ ʩʣʦʡ ʠ ʩʝ ʠʟʚʲʨʰʚʘ ʜʠʬʫʟʠʷ ʥʘ 

ʘʢʮʝʧʪʦʨʥʠ ʧʨʠʤʝʩʠ. 

ɼʠʬʫʟʠʷ ʥʘ 

ʨ-ʧʨʠʤʝʩʠ 

SiO2 

ʇʦʜʣʦʞʢʘ 

ʆʩʪʨʦʚʯʝ 

C 
ɺ 
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ɿʘ ʝʤʠʪʝʨʘ ʩʝ ʦʪʚʘʨʷ ʧʨʦʟʦʨʝʮ ʚ ʨ-ʙʘʟʘʪʘ ʠ ʩʝ ʠʟʚʲʨʰʚʘ ʜʠʬʫʟʠʷ ʩ ʜʦʥʦʨʥʠ 

ʧʨʠʤʝʩʠ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ n-ʦʙʣʘʩʪ. 

ɼʠʬʫʟʠʷ ʥʘ 

n-ʧʨʠʤʝʩʠ 

SiO2 

ʇʦʜʣʦʞʢʘ 

ʌʦʨʤʠʨʘʥʝ ʥʘ ʝʤʠʪʝʨʘ 

ɺ 

ɽ 

C 
ʆʩʪʨʦʚʯʝ 
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʀʟʚʦʜʠ 

ʀʟʚʦʜʠʪʝ ʟʘ ʝʤʠʪʝʨʘ, ʙʘʟʘʪʘ ʠ ʢʦʣʝʢʪʦʨʘ ʩʝ ʬʦʨʤʠʨʘʪ ʩ ʤʝʪʘʣʠʟʘʮʠʷ.  

ɺʝʨʪʠʢʘʣʝʥ ʨʘʟʨʝʟ 

ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ 

ʇʦʛʣʝʜ ʦʪʛʦʨʝ 

ɺ 

ɽ 

C 
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Ăʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʫʯʝʥʝ ʧʨʝʟ  

ʮʝʣʠʷ ʞʠʚʦʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʤʧʝʪʝʥʮʠʠò 

ʇʨʦʝʢʪʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʬʠʥʘʥʩʦʚʘʪʘ ʧʦʜʢʨʝʧʘ ʥʘ 

ʆʧʝʨʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠò, 

ʩʲʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʦʮʠʘʣʝʥ ʬʦʥʜ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ                        

ʀʥʚʝʩʪʠʨʘ ʚʲʚ ʚʘʰʝʪʦ ʙʲʜʝʱʝ! 

ʇʘʩʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ 

ɽʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʨʘʥʟʠʩʪʦʨʠʪʝ, ʩʝ ʬʦʨʤʠʨʘʪ ʠ ʧʘʩʠʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʟʘ ʢʦʠʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʯʘʩʪ ʦʪ ʦʧʝʨʘʮʠʠʪʝ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘʪʘ. ʊʲʡ ʢʘʪʦ 

ʧʨʦʮʝʩʠʪʝ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʦʙʨʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʪʦʚʘ ʥʘʣʘʛʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʨʭʫ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʘʩʠʚʥʠʪʝ ʝʣʝʤʝʥʪʠ.  


