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ʧʨʠ ʧʦʜʜʝʨʞʢʝ 
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ɸʩʩʦʮʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ (ɸʉʕʈ) 

 

 

 

 

 

 

 

ʉɹʆʈʅʀʂ ʊʈʋɼʆɺ 

 

I I  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ 
 

22-24 ʤʘʷ 2014 
 

 

 

 

 

 

 

 

 

 

 

 

 

ʏʝʙʦʢʩʘʨʳ, 2014 



2 

 

ʋɼʂ 621.472-022.53(082)  
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ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ  ʤʘʪʝʨʠʘʣʳ  ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ  

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʨʫʜʳ II 
ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʏʝʙʦʢʩʘʨʳ, 22-24 ʤʘʷ 2014 ʛʦʜʘ) / ʇʦʜ 
ʨʝʜʘʢʮʠʝʡ ɸ.ɺ. ʂʦʢʰʠʥʦʡ, ɸ.ɺ. ʉʤʠʨʥʦʚʘ, ɺ.ɼ. ʂʦʯʘʢʦʚʘ, ɺ.ʇ. 
ɸʬʘʥʘʩʴʝʚʘ, ɽ.ʀ. ʊʝʨʫʢʦʚʘ, ɸ.ɺ. ɹʦʙʳʣʷ - ʏʝʙʦʢʩʘʨʳ: ʪʠʧʦʛʨʘʬʠʷ 
çʇʦʣʠʛʨʘʬʠʢʘè, 2014 - 186 ʩ.  
 
 
 
 
ʉʙʦʨʥʠʢ ʚʳʧʫʱʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-08-

06821).  
 
 
ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʚʢʣʶʯʘʝʪ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʫʯʘʩʪʥʠʢʦʚ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʥɻʝʨʛʝʪʠʢʠ 3- ʛʦ ʧʦʢʦʣʝʥʠʷ 

(ʏʝʙʦʢʩʘʨʳ, 22-24 ʤʘʷ 2014 ʛʦʜʘ)è. ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʩʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʩʦʩʪʦʷʥʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠ 

ʧʨʠʢʣʘʜʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ (ʦʩʚʝʱʝʥʠʝ ʨʝʢʣʘʤʥʳʭ ʱʠʪʦʚ, ʚʳʚʝʩʦʢ ʠ ʦʩʪʘʥʦʚʦʢ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘʚʪʦʥʦʤʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʛʦʨʦʜʩʢʠʭ 

ʧʘʨʢʦʚ). 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʩʦʣʥʝʯʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʯʠʪʘʪʝʣʝʡ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

ɸʚʪʦʨʳ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʫʜʝʪ ʪʘʢʞʝ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʣʘʩʪʠ ʠ ʙʠʟʥʝʩʘ ʧʦ ʰʠʨʦʢʦʤʫ 

ʚʥʝʜʨʝʥʠʷ ʬʦʪʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ.  
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ʇʈɽɼʀʉʃʆɺʀɽ 

 
ɸʩʩʦʮʠʘʮʠʷ ʤʦʣʦʜʳʭ ʬʠʟʠʢʦʚ ʏʫʚʘʰʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ) ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʦʣʦʜʝʞʥʦʡ 

ʧʦʣʠʪʠʢʠ ʏʫʚʘʰʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʇʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè ʧʨʦʚʝʣʘ II ʚʩʝʨʦʩʩʠʡʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ 

çʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ 3-ʛʦ ʧʦʢʦʣʝʥʠʷè.  

ʂʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʝʥʘ ʧʝʨʩʧʝʢʪʠʚʘʤ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ 

ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ, ʚ 

ʩʚʝʪʝ ʧʦʩʣʝʜʥʠʭ ʩʦʙʳʪʠʡ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ 

ʤʦʥʪʘʞ ʧʠʣʦʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʫʚʘʰʠʠ, ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ  ʠ ʜʨ., ʦʪʢʨʳʪʠʝ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʫʯʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ "ʬʦʪʦʚʦʣʴʪʘʠʢʘ" ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʬʦʪʦʚʦʣʴʪʘʠʢʝ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ).  

ʆʩʥʦʚʥʦʡ ʪʝʤʘʪʠʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʛʝʪʝʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʨʘʩʣʠ, ʧʨʠʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʣʘʩʪʠ ʠ ʙʠʟʥʝʩʘ.  

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʭʦʜʠʣʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

1. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʦʩʥʦʚʝ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ) 

2. ʊʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʭʦʜʦʚ ʥʘ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʕ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʣʦʝʚ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) 

3. ʅʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ ʵʬʬʝʢʪʳ ʜʣʷ ʌʕʇ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʵʬʬʝʢʪʳ - ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ Si, ʚʥʝʜʨʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʣʘʟʤʦʥʠʢʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʵʬʬʠʮʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʪ.ʧ.) 

4. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʩʯʝʪʯʠʢʠ ʢʘʯʝʩʪʚʘ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʥʚʝʨʪʦʨʳ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ ʚ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʩʠʩʪʝʤʘʭ ʠ ʜʨ.) 

5. ʇʨʘʢʪʠʯʝʩʢʦʝ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ; ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʦʙʦʙʱʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɸʚʪʦʨʳ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʩʙʦʨʥʠʢ ʦʢʘʞʝʪʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʣʥʝʯʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʯʠʪʘʪʝʣʝʡ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

 

 

 

                       
    ʆʪ ʢʦʣʣʝʢʪʠʚʘ ɸʩʩʦʮʠʘʮʠʠ ʤʦʣʦʜʳʭ ʬʠʟʠʢʦʚ ʏʫʚʘʰʠʠ 



4 

 

ʂɸɹʀʅɽʈʊ ʄʀʅʀʉʊʈʆɺ ʆʎɽʅʀʃ ʈɽɿʋʃʔʊɸʊʓ ɼɺʋʍ ʌʎʇ 

 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʈʦʩʩʠʡʩʢʦʡ ʛʘʟʝʪʳ  

(ʌʝʜʝʨʘʣʴʥʳʡ ʚʳʧʫʩʢ)  

N6355 ʦʪ 11 ʘʧʨʝʣʷ 2014 ʛ. 

ʊʝʢʩʪ: ɺʣʘʜʠʤʠʨ ʂʫʟʴʤʠʥ 

 

 
 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʧʦʜʚʝʣʦ ʠʪʦʛʠ ʨʝʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ  

"ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ" ʠ "ʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ", ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʙʳʣʦ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ. ʆʙʝ ʧʨʦʛʨʘʤʤʳ ʟʘʚʝʨʰʠʣʠʩʴ ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ.  

- ʇʦ ʠʪʦʛʘʤ ʧʦʣʫʯʝʥ ʜʦʩʪʘʪʦʯʥʦ ʚʥʫʰʠʪʝʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʚʥʝʜʨʝʥʘ ʠ ʜʘʞʝ ʜʦʚʝʜʝʥʘ ʜʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ, - ʟʘʷʚʠʣ 

ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨ ɼʤʠʪʨʠʡ ʄʝʜʚʝʜʝʚ, ʦʪʢʨʳʚʘʷ ʟʘʩʝʜʘʥʠʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. - ʆʙʲʝʤ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʦʟʜʘʥ ʟʘ ʩʯʝʪ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʩʦʩʪʘʚʠʣ ʧʦʨʷʜʢʘ 215 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ. ʆʪʜʘʯʘ ʝʩʪʴ, ʧʨʠʯʝʤ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ ʜʘʞʝ, ʯʝʤ ʤʳ ʧʣʘʥʠʨʦʚʘʣʠ, ʘ ʤʳ ʧʣʘʥʠʨʦʚʘʣʠ ʦʢʦʣʦ 150 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ.  

ʕʬʬʝʢʪ, ʚʦʟʤʦʞʥʦ, ʤʦʛ ʙʳʪʴ ʠ ʙʦʣʴʰʝ, ʝʩʣʠ ʙʳ ʚʳʰʝ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʩʭʦʜʦʚ. ʕʪʦ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ, ʧʦʜʯʝʨʢʥʫʣ ʛʣʘʚʘ ʢʘʙʤʠʥʘ. ɺʩʝʛʦ ʞʝ ʥʘ ʜʚʝ ʌʎʇ 

ʧʦʪʨʘʯʝʥʦ 270 ʤʣʨʜ ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ 200 ʤʣʨʜ ʧʨʠʰʣʠʩʴ ʥʘ ʬʝʜʝʨʘʣʴʥʳʡ ʙʶʜʞʝʪ.  

"ɻʣʘʚʥʦʝ, ʥʘʚʝʨʥʦʝ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʩʪʘʣʘ ʩʪʠʤʫʣʦʤ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠʟ 

ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʠ ʚʫʟʦʚʩʢʦʛʦ ʩʝʢʪʦʨʦʚ", - ʩʯʠʪʘʝʪ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨ. ɽʱʝ ʮʝʥʥʝʝ, ʯʪʦ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʢʘʜʨʘʤ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʜʦ 35 ʣʝʪ, ʠ ʚ ʠʪʦʛʝ ʙʦʣʝʝ 

20 ʪʳʩʷʯ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʧʨʦʜʦʣʞʠʣʠ ʟʘʥʠʤʘʪʴʩʷ ʥʘʫʢʦʡ.  

"ʀʪʦʛʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ", - ʟʘʷʚʠʣ ʤʠʥʠʩʪʨ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ɼʤʠʪʨʠʡ ʃʠʚʘʥʦʚ, ʢʦʥʩʪʘʪʠʨʦʚʘʚ, ʯʪʦ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʝʠʭ 

ʌʎʇ ʜʦʩʪʠʛʥʫʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʬʦʨʤʣʝʥʦ ʙʦʣʝʝ 5 ʪʳʩʷʯ ʧʘʪʝʥʪʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʦ 90 

ʪʳʩʷʯ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʟʘʱʠʱʝʥʦ ʙʦʣʝʝ 12 ʪʳʩʷʯ ʜʠʩʩʝʨʪʘʮʠʡ.  

ɻʣʘʚʘ ʤʠʥʦʙʨʥʘʫʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʩʧʝʭʠ ʪʦʣʴʢʦ ʥʘ ʪʨʝʭ ʧʨʠʤʝʨʘʭ. 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʀʦʬʬʝ ʨʘʟʨʘʙʦʪʘʣ ʘʚʪʦʥʦʤʥʳʝ ʛʠʙʨʠʜʥʳʝ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʠ ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ 
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ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʦʢ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʕʊ ʫʚʠʜʝʣʘ ʩʚʝʪ ʧʝʨʚʘʷ ʤʝʣʢʦʩʝʨʠʡʥʘʷ ʧʘʨʪʠʷ 

ʥʦʩʠʤʳʭ ʘʧʧʘʨʘʪʦʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʩ ʠʤʧʣʘʥʪʠʨʫʝʤʳʤ ʨʦʪʦʨʥʳʤ 

ʥʘʩʦʩʦʤ ʢʨʦʚʠ. ɸ ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ ʩʦʟʜʘʣ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʯʝʣʦʚʝʢʘ, ʦʢʘʟʳʚʘʶʱʠʡ ʧʦʤʦʱʴ ʣʶʜʷʤ 

ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʋʩʧʝʭ ʜʚʫʭ ʟʘʚʝʨʰʠʚʰʠʭʩʷ ʌʎʇ ʜʘʝʪ ʥʘʜʝʞʜʳ ʥʘ ʫʜʘʯʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʦʡ 

ʧʨʦʛʨʘʤʤʳ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʙʠʥʝʪʦʤ 

ʤʠʥʠʩʪʨʦʚ ʥʘ ʩʨʦʢ ʜʦ 2020 ʛʦʜʘ. "ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʨʳʚʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʘʢʮʝʥʪ ʠʤʝʥʥʦ ʥʘ ʧʦʜʜʝʨʞʢʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ", - ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʦʙʲʷʩʥʠʣ ʝʝ ʩʫʪʴ ʤʠʥʠʩʪʨ ʃʠʚʘʥʦʚ.  

ʇʨʠʟʳʚʘʝʪ ʤʠʥʠʩʪʝʨʩʪʚʦ ʥʝ ʟʘʙʳʚʘʪʴ ʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʜʦʭʦʜʦʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. "ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʝʜʣʦʞʝʥʠʷ ʦ 

ʚʢʣʶʯʝʥʠʠ ʚ "ʜʦʨʦʞʥʳʝ ʢʘʨʪʳ" ʚʝʜʦʤʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʝ ʥʘʫʯʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʤʝʨ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʠ ʮʝʣʝʚʳʤʠ ʫʢʘʟʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʘʡʩʢʠʭ ʫʢʘʟʘʭ 

ʧʨʝʟʠʜʝʥʪʘ", - ʟʘʷʚʠʣ ʛʣʘʚʘ ʤʠʥʦʙʨʥʘʫʢʠ. ʅʘ ʟʘʩʝʜʘʥʠʠ ʢʘʙʠʥʝʪ ʤʠʥʠʩʪʨʦʚ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʠʣ ʨʷʜ ʦʯʝʨʝʜʥʳʭ ʩʫʙʩʠʜʠʡ ʜʣʷ ʨʝʛʠʦʥʦʚ. ʊʘʢ, 40 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʯʝʤ 

ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʠʣʠ ʪʘʢʞʝ ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ ʠ ʉʝʚʘʩʪʦʧʦʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ɼʤʠʪʨʠʡ 

ʄʝʜʚʝʜʝʚ ʩʦʦʙʱʠʣ ʦ ʧʦʜʧʠʩʘʥʠʠ ʠʤ ʨʘʩʧʦʨʷʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʥʠʩʪʨʦʚ ʠ ʛʫʙʝʨʥʘʪʦʨʦʚ. "ʉʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʚʥʫʪʨʠ ʪʝʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʪʘʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, - ʦʪʤʝʪʠʣ ʦʥ. - ɺ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʨʝʡʪʠʥʛʘʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʪʝʧʝʨʴ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠʭ ʨʝʛʠʦʥʘ, ʧʨʠʯʝʤ ʚ ʙʦʣʝʝ 

ʧʦʣʥʦʤ ʚʘʨʠʘʥʪʝ".  
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ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ 
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ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ 

 

ɸ.ɺ. ɹʦʙʳʣʴ
1
, ɺ.ɼ. ʂʦʯʘʢʦʚ

2
 

1
 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ. ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2 ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʅ. ʋʣʴʷʥʦʚʘ, ʏʝʙʦʢʩʘʨʳ 
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ɺ [1] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʯʪʠ 2000 ʘʚʪʦʥʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 40 ʣʝʪ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʦʢʦʣʦ 0,8% 

/ ʛʦʜ. ɹʦʣʴʰʠʥʩʪʚʦ, 78% ʚʩʝʭ ʜʘʥʥʳʭ, ʩʦʦʙʱʠʣʠ ʦ ʩʢʦʨʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ <1% / ʛʦʜ. 

ʊʝʤʧʳ ʜʝʛʨʘʜʘʮʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ, ʭʦʪʷ ʦʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʙʣʠʞʝ ʢ 1 % / ʛʦʜ, ʯʝʤ ʢ 0,5% / ʛʦʜ,  

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 25-ʣʝʪʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʛʘʨʘʥʪʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʪʘʢʠʭ ʢʘʢ ʣʠʥʝʡʥʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʪʚʝʪʳ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ ʦ ʜʦʣʛʦʩʨʦʯʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʥʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʚʦʧʨʦʩʘ.  ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʪʝʤʧ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʢʘʟʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʜʦ 25 ʣʝʪ ʠ ʙʦʣʝʝ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ (PV) ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʜʠʟʘʡʥʝʨʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [2]. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʭ 

ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ɺʪ/ʤ
2
 ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʭ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ   ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ [2] 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ - ʨʝʰʝʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʣʥʝʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʚʫʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʩʪʘʭ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʦʮʝʥʢʘʤ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝʜʦʦʮʝʥʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ 

ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ɺ ʩʪʘʪʴʝ [3] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʎʫʢʫʙʝ, 

ʗʧʦʥʠʷ. ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʟʥʘʯʝʥʠʷ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʧʘʥʝʣʷʤʠ ʤʦʱʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʢʘʞʜʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʦʪʝʨʴ: ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʟʘʪʝʥʝʥʠʷ, ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ ʚ 

ʫʩʪʘʥʦʚʢʝ, ʧʦʪʝʨʴ ʚ ʠʥʚʝʨʪʝʨʝ ʠ ʜʨʫʛʠʭ ʧʦʪʝʨʴ. ʈʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʦ-ʨʘʟʥʦʤʫ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʦʜʫʣʝʡ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʤʦʜʫʣʝʡ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ, ʜʝʣʘʝʪ 

ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʫʣʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ. ɺ ʩʪʘʪʴʝ [4] ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ 10 ʫʩʪʘʥʦʚʦʢ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʝʚʝʨʥʦʡ ʀʪʘʣʠʠ, ʢʘʢ ʚ ʛʦʨʦʜʩʢʠʭ, ʪʘʢ ʠ ʩʝʣʴʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʝʡ 5 ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (p-Si, m-Si, m-Si - 

Ŭ-Si, CdTe CIS). ɺʚʦʜʠʪʩʷ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ï ɼʦʩʪʫʧʥʦʩʪʴ 
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ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʢ ʦʞʠʜʘʝʤʦʤʫ 

ʟʥʘʯʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʦʣʴʢʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʢʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʨʠʯʠʥʫ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷ, ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʝʡ ʩʨʝʜ,r ʪʘʢ ʠ ʜʝʛʨʘʜʘʮʠʷ ʩʘʤʦʛʦ ʤʦʜʫʣʷ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʩʪʦʷʥʠʝ ʤʦʜʫʣʷ 

ʦʧʠʩʳʚʘʶʪ ɺɸʍ ʤʦʜʫʣʷ. ʉʪʘʪʴʷ [5] ʦʧʠʩʳʚʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ ʜʣʷ ʩʣʦʞʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʠʟ ʤʦʜʫʣʝʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʠ ʠʟʤʝʨʷʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʙʦʣʝʝ ʧʦʣʥʦ ï ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʦʢ ʠ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʢʠ, ʥʦ ɺɸʍ ʤʦʜʫʣʷ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ: 

ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʘʪʝʥʝʥʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʘʥʝʣʠ. 

ɺ ʦʪʯʝʪʝ [6] ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ 

ʨʘʟʣʠʯʥʳʭ ʨʳʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʫʯʘʩʪʥʠʢʦʚ), ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

(ʙʦʣʴʰʠʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ) ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʥʠʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʨʳʥʦʯʥʫʶ ʩʪʨʘʪʝʛʠʶ ʟʘʪʨʘʪ ʠ ʚʦʟʚʨʘʪʘ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʧʨʠʙʳʣʴʥʳʭ ʟʘʪʨʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʠ ʂʠʪʘʡ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ 

ʣʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ  

[7]. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ Microgrid ʚʢʣʶʯʘʣʘ ʩʝʪʝʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʰʠʨʝʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʥʝʨʛʦʫʩʪʘʥʦʚʢʘ 

ʚʢʣʶʯʘʣʘ  ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ, ʛʝʥʝʨʘʮʠʶ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ , 

ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʩʠʪʫʘʮʠʡ.  ʉʠʩʪʝʤʫ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʚʝʪʨʦʚʳʭ ʪʫʨʙʠʥ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʦʯʝʪʘʥʠʠ - ʚʝʪʝʨ / ʩʦʣʥʮʝ / ɼɺʉ. ʇʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ 

(Microgrid). ɺ ʩʪʘʪʴʝ [8] ʦʧʠʩʳʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʮʠʬʨʦʚʦʡ (ʜʠʩʢʨʝʪʥʦʡ) ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ, ʩʦʛʣʘʩʥʦ [9], ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʩʥʷʪʠʷ ɺɸʍ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʵʪʠ ʠʟʤʝʨʝʥʠʷ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠ ̫ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʚ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʪʘʪʴʷ [33] ʦʧʠʩʳʚʘʝʪ ʧʨʠʤʝʨ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʜʫʣʷ ʩʦʪʦʚʦʡ ʩʚʷʟʠ GSM ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ. ɹʝʩʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʚʦʜʥʘʷ ʩʝʪʴ 

ʩʚʷʟʠ ʠ ʝʸ ʧʨʦʢʣʘʜʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʫʯʝʙʥʦʡ ʠ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʫʯʠʪʳʚʘʷ ʠʭ ʦʧʳʪ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʘʚʪʦʥʦʤʥʳʭ ʩʦʣʥʮʝ-ʚʝʪʨʦ-ɼɺʉ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ) ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʉɺɼʕ) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʠʪʴ ʢʦʤʧʣʝʢʩ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʮʝʧʦʯʢʝ ï ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʛʝʥʝʨʘʮʠʠ,  ʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʥʘʜʝʞʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʉɺɼʕ.  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʟʘʜʘʯ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʢʦʥʢʨʝʪʥʳʭ 

ʤʝʪʦʜʘʭ ʠ ʧʦʜʭʦʜʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʦʙʱʠʡ ʧʣʘʥ ʨʘʙʦʪ: 

-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ;   
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- ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʦʣʥʝʯʥʳʭ 

ʩʪʨʫʢʪʫʨ; 

- ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ; 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʩʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ  

ʠʭ ʮʝʣʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʞʠʤʘʭ ʫʩʢʦʨʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ; 

- ʚʳʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʘʯʝʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ; 

- ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ɸʉɺɼʕ. 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ  ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ  ɸʉɺɼʕ 

- ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʛʝʥʝʨʘʮʠʠ, ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  

- ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʤʝʝʪʩʷ ʭʦʨʦʰʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʟʘʜʝʣ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʪʘʥʜʝʤʥʳʭ Ŭ-Si:H/µc-Si:H 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʥʘʯʘʣʴʥʳʤ ʢʧʜ 10.4% ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʧʦʪʦʢʘ ʧʘʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ 1 ʠ 10 ʢɺʪ/ʤ2 (AM1.5G). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ 500 ʯ ʵʢʩʧʦʟʠʮʠʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʠʣʠ 

ʧʦʩʣʝ 300 ʤʠʥʫʪ ʧʨʠ ʧʣʦʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ ʚ 10 ʨʘʟ. Cʥʠʞʝʥʠʝ ʢʧʜ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʦʩʪʘʚʠʣʦ 1.2ī1.4 ʘʙʩ%. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʨʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ (ʦʙʦʨʚʘʥʥʳʭ) ʩʚʷʟʝʡ ʚ ʩʣʦʷʭ i-Ŭ-Si:H ʠ i-µc-Si:H. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʣʘʚʘʶʱʠʭ ʩʚʷʟʝʡ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʦʙʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʵʢʩʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʪ ʚʨʝʤʝʥʠ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʯʝʪʥʳʭ ʪʝʤʧʦʚ ʜʝʛʨʘʜʘʮʠʠ ʪʦʢʘ ʠ ʢʧʜ 

ʪʘʥʜʝʤʥʦʛʦ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [1,2].  

ʈʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʘ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ Ŭ-Si:H/µc-

Si:H ʨʘʟʤʝʨʦʤ ʜʦ 100 Ĭ 100 ʤʤ ʥʘ ʩʚʝʪʦʚʫʶ ʜʝʛʨʘʜʘʮʠʶ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ (ʜʦ 10 ʢɺʪ/ʤ2). ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚ 100 ʨʘʟ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʥʦʩʪʴʶ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ [3,4].  

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩʝʨʝʙʨʘ ʚ 

ʬʦʪʦʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʭ ʩʪʝʢʣʘʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʅʘʥʦʯʘʩʪʠʮʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʣʦʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʩʪʝʢʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʝʚʦʡ ʤʠʛʨʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʠ ʢ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʲʝʤʝ ʩʪʝʢʣʘ ʚ ʚʠʜʝ 
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ʩʣʦʝʚ. ʊʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʚʳʩʦʢʠʤ ʂʇɼ.  

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, ʤʦʥʪʘʞʫ ʠ ʠʩʧʳʪʘʥʠʷʤ ʩʝʪʝʚʦʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

ʪʘʥʜʝʤʥʦʛʦ ʪʠʧʘ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 2 kW. ʆʧʠʩʘʥʳ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʩʪʘʥʮʠʡ ʪʘʢʦʛʦ ʨʦʜʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʚʦʟʤʦʞʥʦʡ ʦʢʫʧʘʝʤʦʩʪʠ ʩʪʘʥʮʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʯʝʣʦʚʝʢʘ ʠ (ʠʣʠ) ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 
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ʕʃɽʂʊʈʆʅʅʆɽ ʆɹʋʏɽʅʀɽ ɺ ʇʈʆɻʈɸʄʄɸʍ ʇʆɺʓʐɽʅʀʗ 

ʂɺɸʃʀʌʀʂɸʎʀʀ ʇʆ ʉʆʃʅɽʏʅʆʁ ʌʆʊʆʕʅɽʈɻɽʊʀʂɽ 

 

ɸʬʘʥʘʩʴʝʚ ɺ.ʇ.
 1
, ʆʭʦʪʢʠʥ ɻ.ʇ.

 2
, ʊʠʤʦʬʝʝʚ ɸ.ɺ

1
. 

1
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè  

ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

VPAfanasiev@mail.ru 
2
ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ, ʏʝʙʦʢʩʘʨʳ 

 

 

ʉʦʣʥʝʯʥʘʷ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʤʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʪʝʤʧʘʤʠ ʨʦʩʪʘ, ʜʦʩʪʠʛʘʶʱʠʤʠ 25% ʚ ʛʦʜ. 

ɺ ʩʚʷʟʠ ʩ ʟʘʧʫʩʢʦʤ ʆʆʆ çʍʝʚʝʣè ʚ ʛ. ʅʦʚʦʯʝʙʦʢʩʘʨʩʢʝ (ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ) 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ɽʚʨʦʧʝ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ.  

ɺ 2010 ʛʦʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè ʚʳʠʛʨʘʣ ʢʦʥʢʫʨʩ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʠ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʧʝʨʝʞʘʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ 
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ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ɻʂ 

çʈʦʩʥʘʥʦʪʝʭè ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʣʘʩʴ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʫʞʜ ʆʆʆ 

çʍʝʚʝʣè ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʛ. ʅʦʚʦʯʝʙʦʢʩʘʨʩʢʝ ʠ ʆʆʆ çʅʊʎ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʌʊʀ ʠʤ. ɸ.ʌ.ʀʦʬʬʝè ʚ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ.  

ɺ 2011 ʛʦʜʫ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

çʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ çʪʦʥʢʠʭ ʧʣʝʥʦʢè Oerlikonè (380 

ʯʘʩʦʚ) ʧʨʦʰʣʠ ʦʙʫʯʝʥʠʝ 25 ʩʣʫʰʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʛʦʪʦʚʠʣʠ ʠ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣʠ 

ʚʳʧʫʩʢʥʳʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ.   

ɸʥʘʣʠʟ ʢʘʜʨʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʆʆʆ çʍʝʚʝʣè ʚ ʛ. ʅʦʚʦʯʝʙʦʢʩʘʨʩʢʝ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ, ʥʦ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʘʜʨʦʚ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʞʠʪʝʣʝʡ ʨʝʛʠʦʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ 

ʉʇʙɻʕʊʋ ʙʳʣʘ ʦʪʢʨʳʪʘ ʤʘʛʠʩʪʝʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ çʉʦʣʥʝʯʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʘʷ 

ʬʦʪʦʵʥʝʨʛʝʪʠʢʘè (ʢʦʜ: 210144.68) ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠʷ ʕʣʝʢʪʨʦʥʠʢʘ ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ. ʋʯʝʙʥʳʡ ʧʣʘʥ ʧʨʦʛʨʘʤʤʳ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʪʝʭ 

ʜʠʩʮʠʧʣʠʥʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʩ ʈʦʩʥʘʥʦ. ɺ 

2011 ï 2013 ʛʦʜʘʭ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʘʛʠʩʪʝʨʩʢʠʝ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʚʰʠʝ 

ʚʳʧʫʩʢʥʠʢʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ ʏʫʚʘʰʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ 

ʀ.ʅ.ʋʣʴʷʥʦʚʘ (ʏʫʚɻʋ). 

ɺ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʚʟʘʠʤʦʚʳʛʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʤʝʞʜʫ ʏʫʚɻʋ ʠ ʉʇʙɻʕʊʋ ʟʘʢʣʶʯʝʥ ʜʦʛʦʚʦʨ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʏʫʚɻʋ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ çʊʦʥʢʦʧʣʝʥʦʯʥʘʷ ʩʦʣʥʝʯʥʘʷ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘè, ʥʘ ʢʦʪʦʨʦʡ ʦʙʫʯʘʣʦʩʴ 12 

ʯʝʣʦʚʝʢ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʯʝʙʥʦ-ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʠ ʛʨʘʬʠʢ ʟʘʥʷʪʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ çʊʦʥʢʦʧʣʝʥʦʯʥʘʷ ʩʦʣʥʝʯʥʘʷ 

ʬʦʪʦʵʥʝʨʛʝʪʠʢʘè. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʚ ʉʇʙɻʕʊʋ ʥʦʩʠʣʘ 

ʤʝʞʢʘʬʝʜʨʘʣʥɹʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʆʆʆ çʅʊʎ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʌʊʀ ʠʤ. ɸ.ʌ.ʀʦʬʬʝè, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ.  

ʉʇʙɻʕʊʋ ʦʢʘʟʳʚʘʣ ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʠ 

ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʚ ʏʫʚɻʋ ʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʙʘʢʘʣʘʚʨʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʦʙʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺʳʧʫʩʢʥʠʢʠ ʙʘʢʘʣʘʚʨʠʘʪʘ ʏʫʚɻʋ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʤʦʛʫʪ ʧʨʦʜʦʣʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ  ʧʦ 

ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ʚ ʉʇʙɻʕʊʋ. 

ʋʯʠʪʳʚʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʟʘʢʘʟʯʠʢʘ, ʚ ʉʇʙɻʕʊʋ ʠ ʏɻʋ ʚʥʝʜʨʷʶʪʩʷ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʙʝʟ 

ʦʪʨʳʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ çʊʦʥʢʦʧʣʝʥʦʯʥʘʷ ʩʦʣʥʝʯʥʘʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʘʷ ʬʦʪʦʚʦʣʴʪʘʠʢʘè (ʚ ʨʘʤʢʘʭ ʧʨʝʟʠʜʝʥʪʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ) ʠ çʊʝʭʥʦʣʦʛʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷè (ʚ ʨʘʤʢʘʭ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʈʆʉʅɸʅʆ) [1], 

ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʘʢʪʠʚʥʦʩʪʝʡ ʩʣʫʰʘʪʝʣʝʡ: 

¶ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʥʷʪʠʷ; 

¶ ʢʦʥʪʨʦʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ; 

¶ ʚʳʧʦʣʥʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ; 

¶ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʩ ʫʜʘʣʝʥʥʳʤ 

ʜʦʩʪʫʧʦʤ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ; 

¶ ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; 

¶ ʢʦʥʩʫʣʴʪʘʮʠʠ. 
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ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʟʘʥʷʪʠʷ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ, ʚʝʙʠʥʘʨʦʚ ʠʣʠ ʩʠʩʪʝʤ ʢʣʘʩʩʘ çcoursecastingè, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʦʥʣʘʡʥʦʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʟʘʧʠʩʴ ʟʘʥʷʪʠʷ ʠ ʩʜʝʣʘʪʴ ʝʝ 

ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʩʤʦʪʨʘ.  

ɽʩʣʠ ʩʠʩʪʝʤʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ ʠʣʠ ʧʣʘʪʬʦʨʤʘ ʚʝʙʠʥʘʨʦʚ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʠʩʠ ʟʘʥʷʪʠʷ, ʪʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʟʘʧʠʩʠ ʩʢʨʠʥʢʘʩʪʦʚ, ʥʘʧʨʠʤʝʨ 

Camtasia Studio. 

ʂʦʥʪʨʦʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʬʦʨʤʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʩʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ (ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʩʣʫʰʘʪʝʣʝʡ), 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ (ʪʝʢʫʱʠʡ ʢʦʥʪʨʦʣʴ) ʠ ʠʪʦʛʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ [2]. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʢʣʘʩʩʘ LMS (Learning Management System), ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, QuestionMark Perception ʠʣʠ Respondus. 

 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Blackboard Collaborate 

 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʫʰʘʪʝʣʷ ʩ ʨʝʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʫʜʘʣʝʥʥʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ, ʣʠʙʦ ʚ 

ʩʨʝʜʝ ʚʝʙʠʥʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ 

ʩʪʦʣʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʚʝʙʠʥʘʨʘ ʧʦ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʣʫʰʘʪʝʣʷ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʬʦʨʤʘʪʝ SCORM, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʝʯʘʪʥʦʤ 

ʚʠʜʝ ʙʝʟ ʧʦʪʝʨʠ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʣʫʰʘʪʝʣʶ 

ʚ ʬʦʨʤʘʪʘʭ ʩʣʘʡʜ-ʣʝʢʮʠʡ, ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ, ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʫʢʘʟʘʥʠʡ.  

 



13 

 

 
ʈʠʩ. 2. ʄʫʣʴʪʠʤʝʜʠʡʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʧʦʩʦʙʠʝ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Websoft CourseLab 

 

ʉʣʘʡʜ-ʣʝʢʮʠʠ ï ʵʪʦ ʧʨʝʟʝʥʪʘʮʠʠ ʩ ʟʘʢʘʜʨʦʚʳʤ ʛʦʣʦʩʦʤ ʣʝʢʪʦʨʘ. ʇʦ ʢʘʞʜʦʡ ʪʝʤʝ 

ʩʣʘʡʜ-ʣʝʢʮʠʠ ʩʣʫʰʘʪʝʣʶ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʦʪʚʝʪʠʪʴ ʥʘ 3-5 ʚʦʧʨʦʩʦʚ ʜʣʷ 

ʩʘʤʦʧʨʦʚʝʨʢʠ, ʜʘʣʴʥʝʡʰʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʩʣʘʡʜ-ʣʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʪʚʝʪʦʚ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʘʢʝʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʘʡʜ-

ʣʝʢʮʠʡ ï Articulate Studio, Camtasia Studio, Adobe Captivate. 

ʕʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʩʣʦʞʥʦʩʪʠ (ʨʠʩ. 2), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʣʫʰʘʪʝʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʥʠʭ ʦʨʠʝʥʪʠʨʦʚ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ 

ʜʣʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʚʩʝʭ 

ʚʠʜʦʚ ʘʢʪʠʚʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʪʴ  ʢʘʯʝʩʪʚʝʥʥʦʝ, 

ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʜʦʩʪʫʧʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ. 
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learning)//ʀʟʚʝʩʪʠʷ ʄɸʅ ɺʐ, ˉ2 (60), 2012, ʉ. 90-97.  

2. Designing Web-Based Training: How to Teach Anyone Anything Anywhere 

Anytime By William Horton, 2000, New York: Wiley. 
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ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʉʆʃʅɽʏʅʆʁ ʕʅɽʈɻɽʊʀʂʀ ʅɸ 

ʂʈɽʄʅʀʀ 

 
1,2
ʊʝʨʫʢʦʚ ɽ.ʀ. 

1
ʅʊʎ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʌʊʀ  ʠʤ. ɸ.ʌ. ʀʦʬʬʝ 

2
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ 

 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʚʠʪ ʚʦʧʨʦʩ, ʥʘ ʦʩʥʦʚʝ ʢʘʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʩʧʨʦʩ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ? 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ: GaAs, c-Si, ʘ-Si,CIS ʠ CdTe. ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 

ʢʨʘʩʠʪʝʣʷʭ ʠ ʦʨʛʘʥʠʢʝ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʂʇɼ ʠ ʥʝʨʝʰʝʥʥʦʩʪʴʶ ʧʨʦʙʣʝʤ ʩ  ʠʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʨʳʥʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ (41 %) ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ (45 %). ʆʩʪʘʣʴʥʳʝ 14 % ʨʳʥʢʘ ʟʘʥʠʤʘʶʪ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ a-Si,CIS ʠ CdTe. 

ʀʩʭʦʜʷ ʠʟ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ, ʫʯʠʪʳʚʘʷ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʥʘʣʠʯʠʝ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʣʦʛʠʝʡ (ʢʘʢ ʥʘ 

ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʫʪʠʣʠʟʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ) ʤʳ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʥʘʟʝʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ CdTe, CIS ʠ GaAs. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʨʝʤʥʠʡ ʙʳʣ 

ʠ ʦʩʪʘʝʪʩʷ  ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʨʳʥʢʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʠʤʝʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʢʘʢ ʚ ʧʣʘʥʝ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ. 

ʈʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʢʨʝʤʥʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

çʢʣʘʩʩʠʯʝʩʢʠʭè ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 25 %, ʨʘʟʨʘʙʦʪʢʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ n-c-Si/p-a-Si:H 

(HIT-heterojunction with intristic thin layers) c ʂʇɼ 24,7 % ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ, ʤʥʦʛʦʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʝʨʝʥʝʩʝʥʠʷ (ʥʘʥʝʩʝʥʠʷ) ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʩʪʝʢʣʦ ʠʣʠ ʜʨʫʛʠʝ ʧʦʜʣʦʞʢʠ ʤʝʪʦʜʘʤʠ spin-off ʠʣʠ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʪʦʣʱʠʥʳ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ ʠ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʙʘʟʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʢʘʢ ʥʘʫʯʥʳʭ, ʪʘʢ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʧʨʦʙʣʝʤ. ɺ ʥʘʫʯʥʦʤ ʧʣʘʥʝ ʵʪʦ ʢʘʩʘʝʪʩʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ ʘʢʪʠʚʥʳʭ ʩʣʦʷʭ ʤʦʜʫʣʷ, ʫʣʫʯʰʝʥʠ ̫ʢʘʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʩʣʦʝʚ ʚ 

ʛʝʪʝʨʦʢʘʩʢʘʜʘʭ ʠ ʩʘʤʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ, ʫʣʫʯʰʝʥʠ ̫ʜʠʟʘʡʥʘ ʤʦʜʫʣʝʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʤʝʨʪʚʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʫʣʷ.  

ɸʥʘʣʠʟʠʨʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʂʇɼ ʤʦʜʫʣʝʡ ʜʦ 14ï15 %, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʙʦʣʝʝ ʜʝʰʝʚʳʭ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʜʫʣʷ (ʥʦʚʳʝ ʧʦʜʣʦʞʢʠ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʧʫʩʠʨʦʚʘʥʠʷ), 

ʘʜʘʧʪʘʮʠʠ ʥʦʚʳʭ ʫʜʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢ ʫʩʣʦʚʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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 ɹɸɿɸ ɿʅɸʅʀʁ: ʕʂʉʇɽʈʀʄɽʅʊ, ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɸʅɸʃʀɿ 

ɼɸʅʅʓʍ, ʀʉʂʋʉʉʊɺɽʅʅʓɽ ʅɽʁʈʆʅʅʓɽ ʉɽʊʀ  

 

ɸʙʨʫʢʦʚ ɺ.ʉ., ɸʙʨʫʢʦʚ ʉ.ɺ., ʉʤʠʨʥʦʚ ɸ.ɺ., ʂʘʨʣʦʚʠʯ ɽ.ɺ. 

ʏʝʙʦʢʩʘʨʳ, ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʃʫʯʰʝʝ, ʯʪʦ ʩʜʝʣʘʥʦ ʚ ʵʪʦʤ ʤʠʨʝ,  

ʩʜʝʣʘʥʦ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ! 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ, ʘʥʘʣʠʟʦʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʚ ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʦʥʠ ʧʦʣʫʯʝʥʳ.  

ʕʪʠ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

- ʢʘʢ ʣʫʯʰʝ ʦʙʦʙʱʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ? 

- ʤʦʞʥʦ ʣʠ ʠʭ ʦʙʦʙʱʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʨʝʰʘʪʴ, ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʝ 

ʟʘʜʘʯʠ? 

- ʤʦʞʥʦ ʣʠ ʠʭ ʦʙʦʙʱʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʝʱʝ ʥʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʷʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ?  

ɽʩʪʴ ʪʘʢʞʝ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ:    

- ʢʘʢ ʧʦʚʳʩʠʪʴ ʮʝʥʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

- ʢʘʢ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

- ʢʘʢ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ, ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ  

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʵʪʠ ʚʦʧʨʦʩʳ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ɹʘʟʳ 

ɿʥʘʥʠʡ. 

ʇʦʜ ɹʘʟʦʡ ɿʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʤʳ ʧʦʥʠʤʘʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ:  

- ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʩʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʩʝʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʦʙʲʝʢʪʘ,  

- ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ ʦʜʥʠʭ ʧʝʨʝʤʝʥʥʳʭ ʯʝʨʝʟ ʜʨʫʛʠʝ, 

- ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ 

- ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ, ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ,  

- ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʝʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ  

- ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʄʳ ʥʝ ʜʫʤʘʝʤ, ʯʪʦ ʢʪʦ-ʪʦ ʠʟ ʪʝʭ, ʢʪʦ ʟʘʥʠʤʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠʣʠ 

ʧʨʠʢʣʘʜʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʪʢʘʞʝʪʩʷ ʦʪ ʵʪʦʛʦ ʩʨʝʜʩʪʚʘ! 

ɼʨʫʛʦʝ ʜʝʣʦ ï ʚʦʟʤʦʞʥʦ ʣʠ ʵʪʦ? 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ - Data Mining (DM), ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ), ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  

 

ʄʝʪʦʜʦʣʦʛʠʷ 

Data Mining ʚ ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ), ʝʝ ʘʥʘʣʠʟʘ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. DM ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 
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ʜʘʥʥʳʭ - ʦʯʠʩʪʢʠ (ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʝ ʜʫʙʣʠʢʘʪʦʚ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʡ); ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʬʘʢʪʦʨʥʳʡ ʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ), ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʣʠʥʝʡʥʘʷ ʠ ʣʦʛʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʠ, ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ, ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʧʨʘʚʠʣʘ).  

ɺ ʮʝʣʦʤ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ çʦʙʥʘʨʫʞʝʥʠʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʝʟʥʳʭ ʟʥʘʥʠʡè ʚ ʪʘʙʣʠʮʘʭ, ʙʘʟʘʭ ʜʘʥʥʳʭ (ʥʝ ʧʫʪʘʪʴ ʩ ʙʘʟʦʡ ʟʥʘʥʠʡ!), ʢʦʪʦʨʳʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʬʠʥʘʥʩʦʚʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʟʘ ʨʫʙʝʞʦʤ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 50 ʠʟ 100 ʢʨʫʧʥʝʡʰʠʭ 

ʙʘʥʢʦʚ ʉʐɸ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʠʭ ʤʝʪʦʜʘʭ, 

50 ï ʧʣʘʥʠʨʫʶʪ ʚʥʝʜʨʠʪʴ ʠʭ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʈʦʩʩʠʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʦʪʜʝʣʘʭ Business Intelligence ʥʝʢʦʪʦʨʳʭ ʢʨʫʧʥʳʭ ʬʠʨʤ, ʠʣʠ ʚ ʤʝʜʠʮʠʥʝ - ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ.  

ʉʨʝʜʠ ʩʨʝʜʩʪʚ Data Mining ʤʦʞʥʦ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ (ʀʅʉ). ʀʅʉ ï ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʦʥʠ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʩʥʦʚʝ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʣʝʞʠʪ ʪʝʦʨʝʤʘ ʠʟʚʝʩʪʥʳʭ ʩʦʚʝʪʩʢʠʭ ʤʘʪʝʤʘʪʠʢʦʚ ʂʦʣʤʦʛʦʨʦʚʘ ʠ 

ɸʨʥʦʣʴʜʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʀʅʉ ʪʝʦʨʝʤʦʡ ʍʝʭʪ-ʅʠʣʴʩʝʥʘ. ʀʅʉ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ (ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ) 

ʜʘʥʥʳʝ, çʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝè (ʥʝʧʦʣʥʳʝ) ʚʳʙʦʨʢʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʣʴʥʦ 

ʥʝʣʠʥʝʡʥʳʝ ʩʚʷʟʠ. ʀʅʉ ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ 

ʙʦʣʝʝ ʜʚʫʭ.  

ʀʅʉ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ: 

1. ʂʦʛʜʘ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʬʦʨʤʘʣʠʟʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʜʝʨʞʠʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʫ ʜʘʞʝ ʚ ʚʠʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ). 

2. ʂʦʛʜʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʘ, ʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ (ʧʨʠʤʝʨʳ ï ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ, ʫʨʘʚʥʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ). 

3. ʂʦʛʜʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʠ ʝʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʝʝ 

ʨʝʰʝʥʠʷ, ʥʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʫʧʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ 

ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʘʤ (ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʠ 

ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ). 

 

ʄʦʜʝʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ  

ʅʘʰʠ ʀʅʉ-ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʧʣʸʥʦʢ ʣʠʥʝʡʥʦ-ʮʝʧʦʯʝʯʥʦʛʦ 

ʫʛʣʝʨʦʜʘ (ʃʎʋ) ʩ ʚʥʝʜʨʸʥʥʳʤʠ ʚ ʥʠʭ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʦʚ (ʃʎʋɸ). 

ɺʧʝʨʚʳʝ ʃʎʋɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʏʫʚʘʰʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʚ 

ʤʝʞʚʫʟʦʚʩʢʦʡ (ʏɻʋ-ʄɻʋ) ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʬ. ʂʦʯʘʢʦʚ ɺ.ɼ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʥʦʫ-

ʭʘʫ. ʃʎʋɸ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʬʦʪʦʜʘʪʯʠʢʦʚ, ʩʝʥʩʦʨʦʚ, ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʤʳ ʧʨʦʚʦʜʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ (ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʂʦʢʰʠʥʦʡ ɸ.ɺ. ʠ ʂʨʘʩʥʦʚʦʡ 

ɸ.ɻ.).  

ʇʨʠʤʝʨ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1 (ʩʢʨʠʥʰʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

Loginom Studio, ʩʦʜʝʨʞʘʱʝʡ ʚʩʝ ʩʨʝʜʩʪʚʘ Data Mining ʠ ʝʱʝ ʤʥʦʛʦʝ ʜʨʫʛʦʝ ï ʩʤ. 

www.basegroup.ru ). 

 
ʊʘʙʣʠʮʘ 1. ʇʨʠʤʝʨ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ çɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʃʎʋɸè 

(ʚʠʜʥʦ ʪʦʣʴʢʦ ʥʘʯʘʣʦ ʪʘʙʣʠʮʳ, ʚʩʝʛʦ ʚ ʪʘʙʣʠʮʝ ʦʢʦʣʦ 700 ʩʪʨʦʢ).  

 
 

ɿʘʪʝʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʙʨʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘ ʀʅʉ 

ʠ ʧʨʦʚʝʜʝʥʦ ʝʝ ʦʙʫʯʝʥʠʝ.  

ʆʙʫʯʝʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʚʩʝʭ ʩʪʦʣʙʮʦʚ, 

ʢʨʦʤʝ çCurrentè (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ) ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜʥʦʡ ʩʣʦʡ ʀʅʉ (ʚʭʦʜʥʳʝ 

ʜʘʥʥʳʝ), ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ çCurrentè ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ 

ʀʅʉ (ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ) ʠ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ ʀʅʉ ï ʤʝʪʦʜʘ 

çʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠè ʩʦʟʜʘʚʘʣʘʩʴ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʀʅʉ-ʤʦʜʝʣʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ (ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ) ʟʥʘʯʝʥʠʝ çCurrentè ʠ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ çCurrentè ʦʪ ʣʶʙʦʡ ʠʟ ʚʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  (ʚʩʝ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ 

Loginom Studio ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ).  

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʀʅʉ-ʤʦʜʝʣʠ. 

 

http://www.basegroup.ru/
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ʈʠʩ. 1. ɸʨʭʠʪʝʢʪʫʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ï ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃʎʋɸ. ʅʘ ʯʝʨʥʦʤ ʬʦʥʝ ʩʣʝʚʘ ï ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʳ ʧʨʦʩʪʦ ʚʚʦʜʠʪʝ ʩʚʦʠ 

ʜʘʥʥʳʝ, ʠ ʀʅʉïʤʦʜʝʣʴ ʤʛʥʦʚʝʥʥʦ ʚʳʜʘʝʪ ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ ʫʢʘʟʘʥʥʦʛʦ ʚʘʤʠ ʬʘʢʪʦʨʘ. ʇʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ.  

 

 
ʈʠʩ. 2. ʕʢʨʘʥ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ çɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʃʎʋɸè ʜʣʷ 

ʩʣʫʯʘʷ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ ʢʘʜʤʠʷ (48) ʠ ʪʝʣʣʫʨʘ (52). ʅʘʜ ʛʨʘʬʠʢʦʤ ï ʥʘʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʘʢʪʦʨʦʚ ʠ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ. 
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ʈʠʩ. 3. ɸʨʭʠʪʝʢʪʫʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ï ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃʎʋɸ, ʨʝʰʘʶʱʝʡ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ, ʢʘʢʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪ ʥʘʜʦ ʚʥʝʜʨʠʪʴ ʚ ʃʎʋɸ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʚʦʣʴʪʘʤʧʝʨʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʇʨʠ ʦʙʫʯʝʥʠʠ ʀʅʉ ï ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝ ʞʝ ʜʘʥʥʳʝ (ʊʘʙʣ. 1), ʥʦ ʤʝʥʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ: ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʚʭʦʜʥʳʤ ʬʘʢʪʦʨʦʤ, ʘ ʥʦʤʝʨ ʠ ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʘ 1 ï ʚʳʭʦʜʥʳʤʠ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

 

 
ʈʠʩ. 4. ʕʢʨʘʥ ʤʦʜʝʣʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ, ʢʘʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪ ʥʘʜʦ 

ʚʥʝʜʨʠʪʴ ʚ ʃʎʋɸ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʚʦʣʴʪʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʢʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ). ʇʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʤʝʨʘ ʠ ʛʨʫʧʧʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʥʝʜʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʃʎʋ. ɿʝʣʝʥʘʷ ʣʠʥʠʷ - ʥʦʤʝʨ ʛʨʫʧʧʳ. 
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ʈʠʩ. 5. ʕʢʨʘʥ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ çɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʃʎʋɸè ʜʣʷ 

ʩʣʫʯʘʷ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʦʚ ʣʠʪʠʷ (3) ʠ ʘʩʪʘʪʘ (85). ʅʘ ʛʨʘʬʠʢʦʤ ï ʥʘʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ. ɺʩʝ ʦʥʠ 

ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ ï ʚ ʪʘʙʣʠʮʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʀʅʉ ʚʩʝ ʵʪʠ ʟʥʘʯʝʥʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ï ʵʪʦ ʧʨʦʛʥʦʟ ʥʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ! 

 

 
ʈʠʩ. 6. ʕʢʨʘʥʳ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʨʠʚʝʜʝʥʘ ʪʦʣʴʢʦ ʤʘʣʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ). 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʜʣʷ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʃʎʋɸ ʠ ʜʣʷ 

çʬʦʪʦʜʘʪʯʠʢʦʚè ʥʘ ʦʩʥʦʚʝ ʃʎʋ (ʩʦʟʜʘʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʵʥʜʚʠʯʠ ʠʟ ʃʎʋ ʠ ʩʝʨʝʙʨʘ, 

ʢʘʜʤʠʷ, ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ). 
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʵʪʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ɹʘʟʫ ɿʥʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʃʎʋ, ʢʦʪʦʨʘʷ:    

- ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʦʙʲʝʢʪʘ,  

- ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ ʦʜʥʠʭ ʧʝʨʝʤʝʥʥʳʭ ʯʝʨʝʟ ʜʨʫʛʠʝ, 

- ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ, ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ,  

- ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʝʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ  

- ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʕʪʠ ʤʦʜʝʣʠ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʵʪʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

ʄʳ ʧʨʠʛʣʘʰʘʝʤ ʢ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʚʩʝʭ, ʢʪʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʩʦʟʜʘʥʠʠ ʩʚʦʝʡ 

çʣʦʢʘʣʴʥʦʡè ʙʘʟʳ ʟʥʘʥʠʡ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-02-97071). 
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_______________________________________________________________ 

ʅɸʇʈɸɺʃɽʅʀɽ  

«ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʦʩʥʦʚʝ» 
(ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ) 

 

 
ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿʈɸɹʆʊʆʂ ʊʆʅʂʆʇʃɽʅʆʏʅʓʍ 

ʉʆʃʅɽʏʅʓʍ ʄʆɼʋʃɽʁ ʅɸ ɻʀɹʂʀʍ ʇʆɼʃʆɾʂɸʍ   

 

ɸʬʘʥʘʩʴʝʚ ɺ.ʇ.
1
, ɸʬʘʥʘʩʴʝʚ  ʇ.ɺ.

 1
, ʊʝʨʫʢʦʚ ɽ.ʀ.

2,3
 

1
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʃʕʊʀè,ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 
2
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ. ʌ. ʀʦʬʬʝ ʈɸʅ,  ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

3
ʆʆʆ çʅʊʎ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʌʊʀ ʠʤ. ɸ.ʌ. 

ʀʦʬʬʝè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

VPAfanasiev@mail.ru 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʦʢ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʤʦʜʫʣʝʡ (ʊʉʄ) ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ. ʇʨʠʚʝʜʝʥ ʦʙʟʦʨ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʊʉʄ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʊʉʄ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʉʄ ʥʘ 

ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʈʦʩʩʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ CIGSS (Cu(InGa)(SeS)2), CdTe, a-Si:H ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ 

ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ (pc-Si:H) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʊʉʄ. ʌʦʨʤʫʣʠʨʫʶʪʩʷ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʠʙʢʠʭ ʧʦʜʣʦʞʝʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʨʷʜʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨ.), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʠʙʢʠʭ ʧʦʜʣʦʞʝʢ ʩʣʝʜʫʶʱʠʝ: ʌ-400, TefzelLZ, TefzelCLZ, 

Teonex, ʇʄ-ɹʋ, KaptonDuPont.  ʅʘʨʷʜʫ ʩ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʛʠʙʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʧʦʜʣʦʞʝʢ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ çʦʪ ʨʦʣʠʢʘ ʢ ʨʦʣʠʢʫè (rolltorollmethod) ʧʦʟʚʦʣʠʪ ʝʱʝ ʙʦʣʴʰʝ ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʉʄ.  ʄʘʣʳʡ ʚʝʩ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ 

ʜʝʣʘʶʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ 

ʩʣʦʞʥʫʶ, ʥʝ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʦʜʝʞʜʝ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʢʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʋʥʠʢʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʚʦʜʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʣʷʪʴ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʉʄ 

ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʧʝʯʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ɻʝʪʝʨʦʧʝʨʝʭʦʜ ʪʘʢʠʭ ʊʉʄ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ ʪʦʣʴʢʦ ʚ ʩʣʦʷʭ ʧʦʣʠʤʝʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʠ ʵʣʝʢʪʨʦʘʢʮʝʪʦʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʘʥʠʷʭ (Heliatek, MitsubishiChemical) ʩʦʟʜʘʥʳ 

ʉʄ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʦ ʟʥʘʯʝʥʠʝʤ ʂʇɼ ʨʘʚʥʳʤ 11 ï 12 %, 

ʯʪʦ ʩʪʘʚʠʪ ʨʘʟʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʉʕ ʚ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. 

mailto:VPAfanasiev@mail.ru
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ʅʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ  ʚ ʀʥʩʪʠʪʫʪʝ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʠʟ ʞʠʜʢʦʛʦ ʨʘʩʪʚʦʨʘ 

çʯʝʨʥʠʣè ʤʝʪʦʜʦʤ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ ʥʘ ʨʘʟʣʠʯʥʫʶ ʦʩʥʦʚʫ. ɺ ʩʦʩʪʘʚ ʬʦʪʦʘʢʪʠʚʥʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʦʙʘʚʣʝʥʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

(ʬʪʘʣʦʮʠʘʥʠʥʳ ʠʣʠ ʧʦʨʬʠʨʠʥʘʪʳ ʤʝʪʘʣʣʦʚ), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʩʚʝʪʘ ʚ ʪʦʥʢʦʤ ʩʣʦʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʤʝʨ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʘʜʘ ʵʢʩʠʪʦʥʦʚ ʥʘ ʩʚʦʙʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʣʘʟʤʦʥʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʩʚʝʪʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʂʇɼʊʉʄ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ~ 1,5 ʨʘʟʘ. 

ɺ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʛʠʙʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʦʜʣʦʞʢʝ 10ʭ10 ʩʤ
2
, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʙʘʪʘʨʝʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ 24 ʤʦʜʫʣʝʡ. ʂʘʞʜʳʡ ʠʟ ʤʦʜʫʣʝʡ ʩʦʜʝʨʞʘʣ 72 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʤʘʪʨʠʮʫ 9ʭ8. ʉʪʨʫʢʪʫʨʘ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʷʣʘ ʠʟ 

ʥʠʞʥʝʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 150 ʥʤ, n-i-p ʩʪʨʫʢʪʫʨʳ ʠʟ a-Si:H 

(50 ʥʤ n-ʩʣʦʡ, 300 ʥʤ i-ʩʣʦʡ ʠ 20 ʥʤ p-ʩʣʦʡ), ʠ ʚʝʨʭʥʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ZnO:Al 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 90 ʥʤ. ɺʩʝ ʩʣʦʠ ʬʦʪʦʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʢʘʩʢʘʜʘ ʦʩʘʞʜʘʣʠʩʴ ʤʝʪʦʜʦʤ 

PECVD ʩ ɺʏ-ʨʘʟʨʷʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ɺɸʍ ʜʣʷ ʚʩʝʭ ʤʦʜʫʣʝʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʦʩʚʝʱʝʥʠʠ ɸʄ1.5G ʦʪ 

ʠʤʠʪʘʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 960 ɺʪ/ʤ
2
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ 

ʙʘʪʘʨʝʠ ʥʘ ʛʠʙʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʦʜʣʦʞʢʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 

1,5 %. 

 
ʈʠʩ.1. ɺɸʍ ʦʜʥʦʡ ʩʝʢʮʠʠ ʤʦʜʫʣʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ 18 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ɸʄ1.5 

 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʳʡ ʊʉʄ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʧʦʜʣʦʞʝʢ ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʜʫʣʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʫʣʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘ 

ʛʠʙʢʠʭʧʦʣʠʤʝʨʥʳʭ ʧʦʜʣʦʞʢʘʭ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʦʜʫʣʝʡ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (<150 
0
ʉ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʢʨʝʤʥʠʡ pc-Si:H, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʩʠʣʘʥʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʳ ʢʨʝʤʥʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʥʝʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʡ 

ʬʦʣʴʛʝ ʠʟ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʈɽʊ) ʧʨʠ Td=110 
0
C ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ º5% . ʇʨʠ ʵʪʦʤ ʛʠʙʢʠʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʧʣʦʱʘʜʴʶ 40 ʩʤ
2
, 

ʩʦʩʪʦʷʱʠʝ ʠʟ 10 ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 3%. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʜʫʣʝʡ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝʤ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊʉʄ, ʪʘʢ ʠ 

ʩʪʨʫʢʪʫʨʳ ʩʘʤʠʭ ʤʦʜʫʣʝʡ. 

_______________________________________________________________ 

 

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʇɽʂʊʈɸʃʔʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʅɸ ʆʉʅʆɺɽ C-SI, ȷ-SI, µC-

SI ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʈɸɹʆʊʓ ɺ ʈɽɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ 

ʕʂʉʇʃʋɸʊɸʎʀʀ 

 
ɼ.ɸ. ɹʦʛʜʘʥʦʚ

1,2
, ɸ.ɺ. ɹʦʙʳʣʴ

1
, ɺ.ʅ. ɺʝʨʙʠʮʢʠʡ

1
, ɻ.ɸ. ʀʚʘʥʦʚ

1
, 

ʉ.ɸ. ʂʫʜʨʷʰʦʚ
1.2

, ɻ.ɸ. ɻʦʨʙʘʪʦʚʩʢʠʡ
1
. 

1 ʌʠʟʠʢʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2 ʉʇʙɸʋ ʅʆʎʅʊ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʪʝʣ.(965) 751-10-06, ʵʣ. ʧʦʯʪʘ: dmitrii.a.bogdanov@gmail.com 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ( STC): ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ - 1000 ɺʪ/ʤ
2
, ʩʧʝʢʪʨ 

ʠʟʣʝʯʝʥʠʷ ï ɸʄ 1.5, ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʥʝʣʠ ï 25 ęʉ. ʆʜʥʘʢʦ, ʤʝʥʝʝ 1% ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʥʳʤ ʪʝʩʪʦʚʳʤ ʫʩʣʦʚʠʷʤ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʚʘʪʴ ʵʥʝʨʛʦʚʳʨʘʙʦʪʢʫ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʦh ʠʙʢʘ ʨʘʩʯʸʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 40% [2]. ɼʘʞʝ ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʥʝʟʘʚʠʩʠʤʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʫʣʷ [3,4], 

ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʣʠʰʴ ʤʦʜʫʣʝʡ 

ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ [5]. 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʜʣʠʥʥʳ ʧʫʪʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ. ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ 

ʧʨʝʬʝʢʪʫʨʝ ʉʠʛʘ, ʗʧʦʥʠʷ [6], ʩʚʳʰʝ 95% ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʙʳʣʠ ʩʤʝʱʝʥʳ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ 

ʬʦʪʦʥʘ ʧʨʝʚʳʰʘʣʘ 2 ʵɺ, ʧʨʠ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʝʢʪʨʘ 1,87 ʵɺ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʨʝʤʥʠʷ: c-Si, Ŭ-Si, µc-Si ʨʘʟʣʠʯʥʳ, ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ - ʚ ʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʚʝʩʴ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ ʠ ʠʥʬʨʘʢʨʘʩʥʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʩʤʝʱʝʥʠʠ ʩʧʝʢʪʨʘ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ. 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚ ʩʣʫʯʘʝ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʘʥʜʝʤʥʦʛʦ Ŭ-Si/µc-Si ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʘʢ ʞʝ ʚʦʟʨʘʩʪʸʪ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʩʣʘʙʣʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʠ ʩʠʥʝʛʦ 

ʩʚʝʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ 
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ʘʪʤʦʩʬʝʨʳ, ʘʪʤʦʩʬʝʨʥʳʡ ʦʟʦʥ. ʇʘʨʳ ʚʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʩʧʝʢʪʨʘ ʚ ʟʦʥʝ 

ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [7]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʦʟʦʥʘ, ʘʵʨʦʟʦʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʜʣʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

 
ʈʠʩ. 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʠ ʘʵʨʦʟʦʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʜʣʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

 

ʊʘʢ ʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʦʙʣʘʯʥʦʩʪʠ ʥʘ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ: ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʥʦʡ 

ʚʦʣʥʳ ʙʦʣʝʝ 500 ʥʤ ʩʥʠʞʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʱʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʛʦ ʩʚʝʪʘ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʚʦʟʨʘʩʪʘʝʪ [8]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʦʙʣʘʯʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʠ ɸʄ, ʘ ʪʘʢ ʞʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ ʠ ʘʵʨʦʟʦʣʝʡ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ ʩ-Si ʠ ʪʘʥʜʝʤʥʦʛʦ a-Si/mc-Si ʤʦʜʫʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʌʊʀ ʠʤ ʀʦʬʬʝ ʠ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʱʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠ ʜʠʬʬʫʟʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʛʦ ʫʛʣʘ 

ʚʳʩʦʪʳ ʩʦʣʥʮʘ ʠ ʦʙʣʘʯʥʦʩʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʥʠ: 8, 11, 13 ʦʢʪʷʙʨʷ ʠ 6 

ʥʦʷʙʨʷ 2013 ʛʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʴʶ. ɼʣʷ ʨʘʩʯʸʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʣʦʞʝʥʠʷ ʩʦʣʥʮʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʠʟʤʝʨʝʥʠʡ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʫʛʣʦʚ ʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʧʨʷʤʦʛʦ 

ʠ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ, ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʦʜʫʣʷʤʠ, ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʢ ʟʥʘʯʝʥʠʷʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ (STC), ʜʣʷ ʵʪʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʜʫʣʝʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ɺɸʍ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʦʜʥʘʢʦ, ʢʘʢ ʠ 

ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ, ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʤʦʜʫʣʝʡ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʤʝʥʴʰʝ ʯʝʤ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ. ʇʨʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʦ 150 ɺʪ/ʤ
2 
ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʥʠʞʝʥʠʝ ʜʣʷ ʪʦʥʢʦʧʣʸʥʦʯʥʦʛʦ, ʜʣʷ 8 

ʦʢʪʷʙʨʷ 2013 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 24,96 % ʠ 12.59 %, ʧʨʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʦ 50 ɺʪ/ʤ
2
 

34,35 % ʠ 17.3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦ 150 ɺʪ/ʤ2 

ʚʳʨʘʙʦʪʢʘ ʥʘ ɺʘʪʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʦʥʢʦʧʣʸʥʦʯʥʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʤʦʜʫʣʷ 

ʚʳʰʝ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʪʘʥʜʝʤʥʦʛʦ ʤʦʜʫʣʷ Ŭ-Si/µc-Si, 

ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʢʨʳʰʝ ʌʊʀ ʜʣʷ 8 ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʠ ʪʘʥʜʝʤʥʦʛʦ ʤʦʜʫʣʷ Ŭ-Si/µc-Si ʜʣʷ 8 ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʙʦʪʢʘ ʥʘ ɺʘʪʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʱʠʥʳ ʘʪʤʦʩʬʝʨʳ (ɸʄ), ʦʙʣʘʯʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʙʫʜʝʪ ʚʳʰʝ ʫ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʠ ʪʘʥʜʝʤʥʳʭ Ŭ-

Si/µc-Si, ʯʝʤ ʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ 

ʠʟ-ʟʘ ʤʘʣʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʤʦʜʫʣʝʡ 

ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʧʨʠʤʦʨʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʦʙʣʘʯʥʘʷ ʧʦʛʦʜʘ ʠ ʟʠʤʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʟʢʠ ʢ ʥʫʣʶ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

[1] T. Minemoto, S. Nagae, H. Takakura, (2007). Impact of spectral irradiance distribution 

and temperature on the outdoor performance of amorphous Si photovoltaic modules. Solar 

Energy Materials & Solar Cells. Vol. 91, pp. 919ï923 

[2] W. Durisch,J.Urban, (1996). Characterisation of solar cells and modules under actual 

operating conditions. Renewable Energy Vol. 8 issue 1-4, pp 359-366 

[3] Crystalline silicon terrestrial photovoltaic (PV) modulesðdesign qualification and type 

approval, CEI/IEC 61215. 

[4] Photovoltaic devicesðParts 1 ï10, CEI/IEC 60904, IEC Geneva, Switzerland.  

[5] R. Kenny, A Ioannides, H. Mullejans, (2006). Performance of thin film PV modules. Thin 

Solid Films Vol. 511-512, pp. 663-672 

[6] T. Minemotoa, M. Todaa, S. Nagaea, M. Gotoh, (2007). Effect of spectral irradiance 

distribution on the outdoor performance of amorphous Si//thin-film crystalline Si stacked 

photovoltaic modules. Solar Energy Materials & Solar Cells Vol. 91 pp. 120ï122 

[7] http://rredc.nrel.gov/solar/models/SMARTS/relatedrefs/SMARTS2_report.pdf 

[8] J.S. Bartlett, A.M. Ciotti, R.F. Davis and J.J. Cullen, (1998). The spectral effects of 

clouds on solar irradiance. Journal of geophysical research, Vol. 103, No. 12, pp 31,017-

31,031.6 

 

 

 

 


