
ʉʚʝʪʣʠʥʘ 
 Åʉʚʝʪʣʠʥʘʪʘ ʝ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦ ʠʟʣʲʯʚʘʥʝ ʩ ʜʲʣʞʠʥʘ 

ʥʘ ʚʲʣʥʘʪʘ ʚʲʚ ʚʠʜʠʤʠʷ ʟʘ ʯʦʚʝʰʢʦʪʦ ʦʢʦ ʜʠʘʧʘʟʦʥ ʥʘ 
ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠʷ ʩʧʝʢʪʲʨ, ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʦʪ 400 ʜʦ 
750 nm. ʇʦʥʷʢʦʛʘ ʢʲʤ ʧʦʥʷʪʠʝʪʦ ʩʚʝʪʣʠʥʘ ʩʝ ʚʢʣʶʯʚʘʪ 
ʠ ʠʥʬʨʘʯʝʨʚʝʥʠʪʝ ʠ ʫʣʪʨʘʚʠʦʣʝʪʦʚʠʪʝ ʣʲʯʠ. 

Åʇʝʪʪʝ ʦʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʩʘ ʷʨʢʦʩʪ, 
ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ, ʧʦʣʷʨʠʟʘʮʠʷ, ʬʘʟʘ ʠ ʦʨʙʠʪʘʣʝʥ 
ʲʛʣʦʚ ʤʦʤʝʥʪ. 

Åʉʧʦʨʝʜ ʩʲʚʨʝʤʝʥʥʘʪʘ ʬʠʟʠʢʘ ʩʚʝʪʣʠʥʘʪʘ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʲʣʥʦʚʦ-ʢʦʨʧʫʩʢʫʣʷʨʥʦ ʣʲʯʝʥʠʝ, ʪ.ʝ. 
ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʧʨʦʷʚʷʚʘ ʢʘʪʦ ʧʦʪʦʢ ʦʪ ʯʘʩʪʠʮʠ 
(ʬʦʪʦʥʠ), ʢʦʠʪʦ ʤʦʛʘʪ ʥʘʧʨʠʤʝʨ ʜʘ ʠʟʙʠʚʘʪ ʝʣʝʢʪʨʦʥʠ 
(ʬʦʪʦʝʣʝʢʪʨʠʯʝʥ ʝʬʝʢʪ), ʘ ʚ ʜʨʫʛ ʩʣʫʯʘʡ ʩʝ ʜʲʨʞʘʪ 
ʢʘʪʦ ʚʲʣʥʘ - ʥʘʙʣʶʜʘʚʘʪ ʩʝ ʷʚʣʝʥʠʷʪʘ ʜʠʬʨʘʢʮʠʷ ʠ 
ʠʥʪʝʨʬʝʨʝʥʮʠʷ. ʉʧʦʨʝʜ ʢʚʘʥʪʦʚʘʪʘ ʤʝʭʘʥʠʢʘ 
ʬʦʪʦʥʠʪʝ ʥʷʤʘʪ ʤʘʩʘ, ʢʦʝʪʦ ʩʣʝʜʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʦʪ 
ʪʝʦʨʠʷʪʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦʩʪʪʘ. 



ɽʩʪʝʩʪʚʝʥʠ 

 ʠʟʪʦʯʥʠʮʠ ʥʘ ʩʚʝʪʣʠʥʘ  

 Å ʩʣʲʥʮʝ 

Å ʟʚʝʟʜʠ 

Å ʛʘʣʘʢʪʠʢʠ 

Å ʩʚʝʪʢʘʚʠʮʠ  

Å ʧʦʣʷʨʥʦ ʩʠʷʥʠʝ  

 



 ʉʣʲʥʮʝʪʦ ʝ ʟʚʝʟʜʘ ʚ ʮʝʥʪʲʨʘ ʥʘ ʥʘʰʘʪʘ ʉʣʲʥʯʝʚʘ 
ʩʠʩʪʝʤʘ. ʇʣʘʥʝʪʘʪʘ ɿʝʤʷ ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʚ ʦʨʙʠʪʘ 
ʦʢʦʣʦ ʉʣʲʥʮʝʪʦ, ʢʘʢʪʦ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠ ʧʣʘʥʝʪʠ, 
ʘʩʪʝʨʦʠʜʠ, ʢʦʤʝʪʠ ʠ ʢʦʩʤʠʯʝʩʢʠ ʧʨʘʭ. ɻʣʘʚʥʘʪʘ ʟʚʝʟʜʘ 
ʚ ʝʜʥʘ ʧʣʘʥʝʪʘʨʥʘ ʩʠʩʪʝʤʘ ʙʠʚʘ ʥʘʨʠʯʘʥʘ Ăʩʣʲʥʮʝʪʦñ 
ʥʘ ʩʠʩʪʝʤʘʪʘ (ʠʣʠ Ăʩʣʲʥʮʘñ ʥʘ ʩʠʩʪʝʤʘʪʘ ʚ ʩʣʫʯʘʡ ʥʘ 
ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʟʚʝʟʜʘ). ɽʥʝʨʛʠʷʪʘ ʠʜʚʘʱʘ ʦʪ ʩʣʲʥʮʝʪʦ 
ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʧʦʜʲʨʞʘ ʧʦʯʪʠ 
ʮʝʣʠʷ ʞʠʚʦʪ ʥʘ ɿʝʤʷʪʘ ʯʨʝʟ ʬʦʪʦʩʠʥʪʝʟʘʪʘ, ʦʩʚʝʥ ʪʦʚʘ 
ʪʦ ʝ ʦʧʨʝʜʝʣʷʱʦ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʚʨʝʤʝʪʦ.  



 ɿʚʝʟʜʠʪʝ ʩʘ ʥʝʙʝʩʥʠ ʪʝʣʘ, 

ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʛʦʣʷʤʦ ʢʲʣʙʦ ʛʘʟ, 

ʧʨʦʠʟʚʝʞʜʘʱʦ ʝʥʝʨʛʠʷ ʯʨʝʟ ʪʝʨʤʦʷʜʨʝʥ 

ʩʠʥʪʝʟ, ʧʨʝʜʠʤʥʦ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ 

ʚʦʜʦʨʦʜ ʚ ʭʝʣʠʡ. ʊʘʟʠ ʝʥʝʨʛʠʷ ʩʝ 

ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʧʦʜ 

ʬʦʨʤʘʪʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦ ʠʟʣʲʯʚʘʥʝ.  



  

 

 

  

 ɻʘʣʘʢʪʠʢʘ (ʥʘ ʩʪʘʨʦʛʨʲʮʢʠ: ũŬɚŬɝɑŬɠ ð 

ʄʣʝʯʝʥ ʧʲʪ) ʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʩʚʲʨʟʘʥʘ 

ʩʠʩʪʝʤʘ ʦʪ ʟʚʝʟʜʠ, ʤʝʞʜʫʟʚʝʟʜʝʥ ʛʘʟ ʠ ʧʨʘʭ, 

ʧʣʘʟʤʘ ʠ ʥʝʚʠʜʠʤʘ ʪʲʤʥʘ ʤʘʪʝʨʠʷ  



 ʉʚʝʪʢʘʚʠʮʘʪʘ ʝ ʝʣʝʢʪʨʠʯʝʩʢʠ ʠʟʢʨʦʚ 

ʨʘʟʨʷʜ, ʩʲʜʲʨʞʘʱ ʦʛʨʦʤʥʘ ʝʥʝʨʛʠʷ, 

ʢʦʷʪʦ ʩʝ ʦʩʚʦʙʦʞʜʘʚʘ ʧʦʜ ʬʦʨʤʘʪʘ 

ʥʘ ʩʠʣʥʦ ʣʲʯʝʥʠʝ.  



    ʇʦʣʷʨʥʦʪʦ ʩʠʷʥʠʝ ʝ ʦʧʪʠʯʝʥ 
ʬʝʥʦʤʝʥ, ʥʘʙʣʶʜʘʚʘʥ ʚ ʥʝʙʝʪʦ ʥʘʜ 
ʧʦʣʷʨʥʠʪʝ ʨʘʡʦʥʠ ʥʘ ɿʝʤʷʪʘ, 
ʦʙʨʘʟʫʚʘʱʦ ʩʝ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ ʟʘʨʝʜʝʥʠ 
ʯʘʩʪʠʮʠ ʦʪ ʩʣʲʥʯʝʚʠʷ ʚʷʪʲʨ ʩ 
ʤʘʛʥʠʪʦʩʬʝʨʘʪʘ. ʗʚʣʝʥʠʝʪʦ ʤʦʞʝ ʜʘ 
ʩʝ ʦʧʨʠʣʠʯʠ ʥʘ ʧʦʨʘʟʠʪʝʣʥʦ ʢʨʘʩʠʚ 
ʪʘʥʮ ʥʘ ʨʘʟʥʦʮʚʝʪʥʠ ʩʚʝʪʣʠʥʠ ʚ 
ʥʝʙʝʪʦ.  



 



ʀʟʢʫʩʪʚʝʥʠ 

 ʠʟʪʦʯʥʠʮʠ ʥʘ ʩʚʝʪʣʠʥʘ  

Áʉʚʝʱʠ ʠ ʬʘʢʣʠ 

Áɽʣʝʢʪʨʠʯʝʩʢʘ ʣʘʤʧʘ 

Áʃʫʤʠʥʝʩʮʝʥʪʥʠ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ  

Áʉʚʝʪʦʜʠʦʜʠ 

Áʃʘʟʝʨʠ 


