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 ʋɼʂ 530  

 

ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

VII  ʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ (ɻʦʤʝʣʴ, 25 ʘʧʨʝʣʷ 2018 ʛ.): ʤʘʪʝʨʠʘʣʳ: ʚ 3 ʯ. ʏ. 1. ï              

ʕʣʝʢʪʨʦʥʥʳʝ ʪʝʩʪʦʚʳʝ ʜʘʥʥʳʝ (9,54  ʄɹ). ï ɻʦʤʝʣʴ: ɻɻʋ ʠʤ. ʌ. ʉʢʦʨʠʥʳ, 

2018. ï ʉʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: IE ʦʪ 11 ʚʝʨʩʠʠ ʠ ʚʳʰʝ ʠʣʠ ʣʶʙʦʡ                       

ʘʢʪʫʘʣʴʥʳʡ ʙʨʘʫʟʝʨ, ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʦʪ 56 ʢʙʠʪ. ï ʈʝʞʠʤ                      

ʜʦʩʪʫʧʘ: http:// conference.gsu.by. ï ɿʘʛʣʘʚʠʝ ʩ ʵʢʨʘʥʘ. 
 

ɺ ʤʘʪʝʨʠʘʣʘʭ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʦʙ-

ʱʝʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʠʢʠ; ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʠ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ; ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʤʝʪʦʜʠʢʝ ʧʨʝ-

ʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ ʚ ʰʢʦʣʝ ʠ ʚʫʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʝʢʪʥʦʤʫ ʦʙʫʯʝʥʠʶ; 

ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʉʋɹɼ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʮʝʩʩʘʭ ʠ ʩʠʩʪʝʤʘʭ ʧʝʨʝ-

ʜʘʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟʜʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʯʘʩʪʝʡ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʝʢ-

ʮʠʷʤ: çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè, çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè. 

ɺ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʩʪʘʪʴʠ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʟʤʝʱʝʥʳ ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʫʯʠʪʝʣʝʡ ʰʢʦʣ, ʛʠʤʥʘʟʠʡ, ʢʦʣʣʝʜʞʝʡ, ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʝʡ ʚʫʟʦʚ.  
 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɼ.ʃ. ʂʦʚʘʣʝʥʢʦ (ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ),  

ɸ.ʃ. ʉʘʤʦʬʘʣʦʚ (ʟʘʤ. ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ), 

ɸ.ɸ. ʉʝʨʝʜʘ (ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ),  

ɺ.ʅ. ʄʳʰʢʦʚʝʮ, ɺ.ɽ. ɻʘʡʰʫʥ, ɺ.ɺ. ɸʥʜʨʝʝʚ, ɽ.ɸ. ɼʝʡ, ɺ.ɼ. ʃʝʚʯʫʢ,  

ɸ.ɺ. ɺʦʨʫʝʚ, ɽ.ɹ. ʐʝʨʰʥʝʚ, ʊ.ʇ. ɾʝʣʦʥʢʠʥʘ 
 

 

ʋʆ çɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳè  

246019, ɻʦʤʝʣʴ,  ʫʣ. ʉʦʚʝʪʩʢʘʷ, 104,  

ʪʝʣ. (232) 57-16-73, 57-75-20  

http://www.gsu.by   
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ 

  

ʇʈɽɼʉɽɼɸʊɽʃʔ 

ʍʘʭʦʤʦʚ ʉ. ɸ. ï ʨʝʢʪʦʨ ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ 

ʏʃɽʅʓ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʀʊɽʊɸ 

ʉʝʤʯʝʥʢʦ ʀ.ɺ. ï ʧʨʦʨʝʢʪʦʨ ʧʦ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɼʝʤʠʜʝʥʢʦ ʆ.ʄ. ï ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʜ-ʨ ʪʝʭʥ.  ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʠʢʠʪʶʢ ʖ.ɺ. ï ʧʨʦʨʝʢʪʦʨ ʧʦ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ɻɻʋ  

ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʨʫʢ ɸ.ɺ. ï ʧʝʨʚʳʡ ʧʨʦʨʝʢʪʦʨ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʙʠʦʣ.  ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʦʛʘʯʝʚ ɸ.ɺ. ï ʜʠʨʝʢʪʦʨ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, 

 ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ɹʝʣʘʨʫʩʠ,  

ʜ-ʨ ʭʠʤ.  ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʄʘʢʩʠʤʝʥʢʦ ʅ.ɺ. ï ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ 

 

ʇʈɽɼʉɽɼɸʊɽʃʔ 

ʉʝʨʜʶʢʦʚ ɸ. ʅ. ï ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʧʪʠʢʠ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

 ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ɹʝʣʘʨʫʩʠ 

ɿɸʄ. ʇʈɽɼʉɽɼɸʊɽʃʗ 

ʂʦʚʘʣʝʥʢʦ ɼ. ʃ. ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  

ʪʝʭʥʦʣʦʛʠʡ ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ,  

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʃɽʅʓ ʆʈɻʂʆʄʀʊɽʊɸ: 

ɼʝʨʶʞʢʦʚʘ ʆ.ʄ. ï ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ ʠ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. 

ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʤʦʬʘʣʦʚ ɸ.ʃ. ï ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ ʠ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻʘʡʰʫʥ ɺ.ɽ. ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʦʧʪʠʢʠ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 



4 
 

 

ɸʥʜʨʝʝʚ ɺ.ɺ. ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʝʚʯʫʢ ɺ.ɼ. ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɸʉʆʀ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʳʰʢʦʚʝʮ ɺ.ʅ. ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʨʘʜʠʦʬʠʟʠʢʠ  

ʠ ʵʣʝʢʪʨʦʥʠʢʠ ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ,  

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʝʨʰʥʝʚ ɽ.ɹ. 

 

ï ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʦʙʱʝʡ ʬʠʟʠʢʠ  

ɻɻʋ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʊɺɽʊʉʊɺɽʅʅʓʁ ʉɽʂʈɽʊɸʈʔ 

ʉʝʨʝʜʘ ɸ.ɸ. ï ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ  

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɻɻʋ ʠʤʝʥʠ  

ʌ. ʉʢʦʨʠʥʳ ʧʦ ʅʀʈʉ 

 

 

ʉɽʂʎʀʀ ʂʆʅʌɽʈɽʅʎʀʀ 

 

1. çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

ʇʨʝʜʩʝʜʘʪʝʣʠ: 

ʄʳʰʢʦʚʝʮ ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ. 

ɻʘʡʰʫʥ ɺʣʘʜʠʤʠʨ ɽʚʛʝʥʴʝʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ. 

 

2. çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè 
ʇʨʝʜʩʝʜʘʪʝʣʠ: 

ɸʥʜʨʝʝʚ ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ, ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, ʜʦʮʝʥʪ. 

ɼʝʡ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ. 

 

3. çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡè 

ʇʨʝʜʩʝʜʘʪʝʣʠ: 

ʃʝʚʯʫʢ ɺʠʢʪʦʨ ɼʤʠʪʨʠʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ. 

ɺʦʨʫʝʚ ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ. 

 

4.çʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠè 

ʇʨʝʜʩʝʜʘʪʝʣʠ: 

ʐʝʨʰʥʝʚ ɽʚʛʝʥʠʡ ɹʦʨʠʩʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ. 

ɾʝʣʦʥʢʠʥʘ ʊʘʤʘʨʘ ʇʝʪʨʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ. 
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ʇʆʈʗɼʆʂ ʈɸɹʆʊʓ ʂʆʅʌɽʈɽʅʎʀʀ  

 

25 ʘʧʨʝʣʷ 2018ʛ. 

9
00
ï 11

00
 ï ʨʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ï ʢʦʨʧʫʩ 5, ʬʦʡʝ ʚʪʦʨʦʛʦ ʵʪʘʞʘ 

(ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102). 

11
00
ï 13

00
 ï ʦʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ ï ʢʦʨʧʫʩ 5, 

ʘʫʜ. 2-25 (ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102). 

13
15
ï 16

00
 ï ʨʘʙʦʪʘ ʩʝʢʮʠʡ. 

 

ʄɽʉʊɸ ʈɸɹʆʊʓ ʉɽʂʎʀʁ 

 

1.  çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

     ʂʦʨʧʫʩ 5, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102,  ʘʫʜ. 2-11. 

2.  çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè 

     ʂʦʨʧʫʩ 5, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102,  ʘʫʜ. 2-25. 

3.  çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡè 

         ʂʦʨʧʫʩ 5, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102,  ʘʫʜ. 4-16. 

4. çʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠè 

     ʂʦʨʧʫʩ 5, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 102,  ʘʫʜ. 4-28. 

   

ʇʃɽʅɸʈʅʆɽ ɿɸʉɽɼɸʅʀɽ 

 

1. ʍʘʭʦʤʦʚ ʉ. ɸ., ʜ-ʨ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ, ʜʦʮʝʥʪ, ʨʝʢʪʦʨ ʫʯʨʝʞʜʝʥʠ ̫

ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌʨʘʥ-

ʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ 

 

2. ʉʘʤʦʬʘʣʦʚ ɸ.ʃ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʬʘ-

ʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ʈʝʟʫʣʴʪʘʪ ʫʯʘʩʪʠʷ ʬʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʧʨʦʛʨʘʤʤʝ Erasmus+. ʇʨʦʝʢʪ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʛʠ-

ʩʪʝʨʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʚ ʙʝʣʦʨʫʩʩʢʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ 
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ʐʢʦʣʘ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ  

çʇʨʠʤʝʥʝʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ  

ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 

 

3. ʉʝʤʯʝʥʢʦ ɸ.ɺ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʨʘʜʠʦʬʠʟʠ-

ʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʇʅʀʃ ʇʄ 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ʂʘʨʧʠʥʩʢʠʡ ɼ.ɺ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʅʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ ʧʦ ʤʘʪʝʨʠ-

ʘʣʦʚʝʜʝʥʠʶè 

TRANSFERR: ʧʝʨʝʭʦʜ ʢ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤ ʩ ʩʫʧʝʨʩʚʦʡʩʪʚʘʤʠ 

 

4. ʉʠʜʩʢʠʡ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʇʅʀʃ ʇʄ, 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʨʘʜʠʦʬʠʟʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ,  

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ʇʨʠʤʝʥʝʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ 

 

5. ʈʫʩʳʢʠʥ ɸ.ʉ., ʘʩʧʠʨʘʥʪ   

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ʆʧʪʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʣʴ-ʛʝʣʴ TiO2                  

ʠ SiO2 ʧʦʢʨʳʪʠʡ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

 

6. ʄʦʩʢʚʠʯʸʚ ʄ.ʀ., ʘʩʧʠʨʘʥʪ 

ʋʯʨʝʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè 

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ              

ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʐʢʦʣʘ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʇʨʠʤʝʥʝʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ  

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 
 

A. Lukoviak
1
, W. Strek

1
, O. Ignatenko

2
, D. Karpinsky

2
, 

V. Gaishun
3
, D. Kovalenko

3
, A. Semchenko

3
 

 

TRANSFERR: THE WAY TO THE SUPERFERROIC MATERIALS  

 
1
Institute of Low Temperature and Structures Research PAN, Okolna st. 2, 

Wroclaw, Poland 
2
Scientific-Practical Materials Research Centre of NAS of Belarus,  

P. Brovki str, 19, 220072, Minsk, Belarus 
3
F. Skorina

 
Gomel State University, Sovetskaya 104, Gomel, 246019, Belarus  

 

At present Francisk Skaryna Gomel State University together with col-

leagues from other organizations participates in the international project of 

HORIZON 2020 Maria Sklodowska-Curie Rise. The main goal of the project is 

development of complex oxides systems with superior functional properties by 

creating the novel class of materials by introducing structurally metastable 

states. Controllability of the functional parameters will be achieved using differ-

ent chemical substituting schemes favoring the superior properties via modifica-

tion of chemical bond character, variation of the structural parameters and con-

trolling the defectiveness/stoichiometry of the compounds. 

A need of efficient materials having outstanding functional properties with 

controllable characteristics and those which meet demanding ecological re-

strictions motives researchers to look at complex transition metal oxides with 

perovskite-like structure [1-3]. It is well known that manganites and ferrites 

possess several unique properties such as magnetization/magnetotransport and 

magnetoelectric coupling being enhanced near the structural phase boundaries. 

 Clarification of the exact structure and magnetic properties of nanoscale 

clusters is a tough technological and scientific challenge as the size of the na-

noscale regions is smaller than the typical spot size for conventional X-ray 

diffractometers. Therefore, the diffraction patterns of different phases are 

overlapped making a determination of crystal structure to be extremely com-

plicated. Moreover, local structural defects can significantly modify diffrac-

tion patterns and hamper structural analysis.  
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To overcome the declared difficulties the participants of the Project com-
bine the macroscopic (X-ray, synchrotron and neutron diffraction) and local-

scale (scanning probe and transmission electron microscopy, 
EXAFS/XANES) measurements. Investigations of magnetization, magneto-
electric coupling, dielectric and magnetotransport properties are also very 
important. Analysis of the crystal structure and physical properties under the 
external stimuli will extent the information about the phase stability and in-
dustrial perspectives of the samples. It is very important to bind data about 
the crystal structure and physicochemical properties of complex oxides with 
metastable state. 

Particularly the three-phase coexistence region has been observed for the   
Pr-doped bismuth ferrite ceramics upon temperature increase by the participants 
from Ukraine and Belarus [4-6] using diffraction methods as well as HR-TEM 

microscopy (Figures 1, 2). The structural data analysis has confirmed the trans-
formation of the anti-polar orthorhombic phase with temperature increase into 
the non-polar orthorhombic one (space group Pnma) via the phase coexistence 
state. This transformation is accompanied by a decrease of the unit cell volume 
of about 1%. It should be noted that this transition is in accordance with the 
groupïsubgroup relation between the appropriate space groups Pbam and 
Pnma. Recently the participants from SPMRC have specified the temperature-
driven structural transition in the RE (rare-earth)-doped compounds into the 
non-polar orthorhombic phase. The structural data obtained for the compounds 
with single phase rhombohedral structure stable at room testify a revival of the 
anti-polar orthorhombic phase with increasing temperature prior to the for-
mation of the non-polar orthorhombic phase (Figure 2). 
 

 
 

Figure 1 ï HRTEM image of the 

Bi0.875Pr0.125FeO3 at the phase bound-

ary. The regions with  

different structural symmetry are marked 

by dot lines. Insets show FFT images of 

different structural phases 

 

Figure 2 ï The XRD pattern of the 

Bi0.89Pr0.11FeO3 compound  

obtained at room temperature. The inset 

shows an evolution of the structural peaks, 

tiny peak attributed to the anti-polar phase 

is highlighted 
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This fact highlights intriguing phase evolution and related physical prop-

erties attributed to the compounds near the phase boundary regions. The par-

ticipants consider a specific role of the anti-polar phase acting as a mediator 

between the polar rhombohedral and the non-polar orthorhombic phases 

across the temperature- and composition driven phase transition. 

Taking these features into account one can suggest that the ionic size ef-

fect is not the only factor influencing the structural transitions. Preliminary 

investigations of the oxides doped with different rare-earth ions have re-

vealed an ambiguous background underlying the observed phase transitions 

(chemical bond character, defects, structural peculiarities etc.).  

The triple point appearance is a general feature of the Pr-doped com-

pounds and the issues concerning their structural stability near the triple point 

are of particular interest. It should be noted that the triple-point-type mor-

photropic phase boundary was recently observed in ferroelectric solid solu-

tions based on BiFeO3 - PbTiO3 and Ba(Ti0.8Hf0.2)O3-(Ba0.7Ca0.3)TiO3 sys-

tems. The detailed study of the structural parameters (unit cell parameters, 

bond lengths and angles) of the lead-free compounds with compositions near 

the phase boundary has fundamental significance and practical perspectives 

and will be implemented during the project realization. 

Francisk Skaryna Gomel State University one of the largest scientific re-

search and studying centre in Belarus which has righteously received the 

recognition of national and international scientific society. High qualified 

specialists working in the field of technology of processing of materials, op-

timisation of technological processes, theoretical investigations of materials 

properties. Francisk Skaryna Gomel State University has accumulated exten-

sive experience in the synthesis of ferroelectric structures by sol-gel method, 

and the achieved parameters are comparable with the parameters of samples 

obtained by vacuum methods. The original version of the sol-gel method is 

patented in the Eurasian Economic Union. The developed techniques can be 

used to synthesize other systems, such as ferromagnets.  

The laboratories of the FSGSU are equipped with unique modern high tech-

nology equipment that will be used for powders and thin films preparation and 

their physical characterization. The staff of the university works in close coop-

eration with various leading research and educational institutions and has the 

experience of participation in the mobility and training programs as well as in 

introduction of the developed products to the internetional market. 

The efficient knowledge transfer is a crucial issue for a multidisciplinary 

consortium (Figure 3) which has been formed in the frames of TRANSFERR 

project. Within the consortium the teams own the complementary knowledge 

which can be exchanged in a synergistic way mutually enriching the expertise 

and consequently the competitive advantages of all the involved partners. Each 

partner of the consortium will actively contribute to the planned objectives 



10 
 

along with knowledge exchange. The contribution of partners to the 

knowledge, the available experimental facilities, and expertise transfer are 

specified in other sections. The contributions of different partners will be 

based on their strongest expertise thus forming complementary competences. 
  

 
 

Figure 3 ï Scheme of the researchers exchange between the participants 
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ɺ ʫʯʨʝʞʜʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳè ʚ ʇʨʦʙʣʝʤʥʦʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʅʀʃ ʇʄ 

ɻɻʋ)  ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦ-

ʣʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʵʣʝʢʪʨʦʥʠʢʝ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʨʦʰʢʠ SBT, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʟʦʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʤʫʶ ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 13ï29 ʥʤ. ɺʩʝ ʧʦʨʦʰʢʠ SBT ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ. ʇʦ ʧʨʠʯʠʥʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ (ʦʨʠʝʥʪʘʮʠʠ 

ʟʝʨʝʥ) ʚ SBT-ʧʣʝʥʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ (006) ʠ (117) ʥʘ ʫʛʣʘʭ 2ɗ, 21, 

35ę ʠ 35,8ę ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʘʣʦʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʬʘʟʳ 

SBT. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʟʦʣʠ ʩʦʩʪʘʚʘ SBT2 ʠ SBT4 ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʚ ʤʘʪʝʨʠʘʣʝ. 

ʉ ʮʝʣʴʶ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʪʘʥʪʘʣʘʪʘ ʚʠʩʤʫʪʘ-ʩʪʨʦʥʮʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʠʣʠ ʨʘʟ-

ʜʝʣʴʥʳʡ ʛʠʜʨʦʣʠʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ SBT1 (ʵʪʦʢʩʠʜʘ ʪʘʥʪʘʣʘ, ʥʠʪ-

ʨʘʪʦʚ ʚʠʩʤʫʪʘ ʠ ʩʪʨʦʥʮʠʷ), SBT2 (ʧʝʥʪʘʭʣʦʨʠʜʘ ʪʘʥʪʘʣʘ, ʥʠʪʨʘʪʦʚ ʚʠʩ-

ʤʫʪʘ ʠ ʩʪʨʦʥʮʠʷ). ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ SBT-ʧʣʸʥʦʢ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʧʣʸʥʢʦʦʙʨʘʟʫ-

ʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨ ʟʝʨʝʥ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

SBT-ʧʣʸʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ 100ï140 ʥʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʦʣʷ ʩʦʩʪʘʚʘ SBT1 ʚ ʧʣʸʥʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʙʨʦʩ 

ʟʝʨʝʥ ʧʦ ʨʘʟʤʝʨʘʤ (ʦʪ 80 ʜʦ140 ʥʤ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʧʣʸʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ (ʟʦʣʷ) 

ʙʳʣ ʚʟʷʪ ʟʦʣʴ SBT2. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʉʄ ï ʠʟʦʙʨʘʞʝʥʠʡ SBT ʧʣʝʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʝʥʪʘʭʣʦʨʠʜʘ ʪʘʥʪʘʣʘ, ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
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ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʨʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SBT-ʧʣʸʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʙʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 800 Áʉ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 80 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʨʘʙʦʪʢʠ 600 Áʉ 

(110 ʥʤ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʦ 750ï800 Áʉ, ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ) SBT- ʧʣʸʥʦʢ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʧʦʨʷʜʢʘ 80ï82 ʥʤ. 

ʕʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʦʩʪʦʤ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʬʘʟʳ ʧʝ-

ʨʦʚʩʢʠʪʘ ʚ SBT-ʧʣʝʥʢʘʭ, ʦʪʦʞʞʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750 Áʉ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʝʪ. 

ʋʚʝʣʠʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (Pʦʩʪ), ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (Eʢʦ-

ʵʨ) ʚ ʧʦʣʫʯʝʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ SBT-ʧʣʸʥʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢ ʨʘʩ-

ʯʝʪʥʦʤʫ, ʯʪʦ ʚʝʜʸʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ ʩʦ ʩʬʝʨʠʯʝ-

ʩʢʦʡ ʬʦʨʤʦʡ ʟʝʨʝʥ. çʈʘʙʦʯʠʤè ʠʦʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʣʷʨʠʟʘʮʠʦʥ-

ʥʳʝ ʩʚʦʡʩʪʚʘ SBT-ʩʪʨʫʢʪʫʨ, ʷʚʣʷʝʪʩʷ ʠʦʥ ʩʪʨʦʥʮʠʷ.  

ʇʨʠ ʩʥʠʞʝʥʠʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʥʘ-

ʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ Pʦʩʪ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʘ ʨʘʟʤʝʨ ʟʝʨʥʘ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʜʦ 116 ʥʤ (ʦʙʨʘʟʝʮ ˉ5), ʯʪʦ ʜʝʣʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

SBT-ʩʪʨʫʢʪʫʨ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʧʣʝʥʦʢ ʚ ʵʥʝʨ-

ʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ. ʆʙʨʘʟʝʮ ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʚʠʩʤʫʪʘ (1:2,3:2,0 

Sr/Bi=0.52) ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʫʙʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ                    

ʩ ʦʩʪʘʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʦʙʣʘʜʘʝʪ ʥʝʙʦʣʴʰʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ               

ɽʢʦʵʨ= 3,3ʢɺ/ʩʤ, Pʦʩʪ= 2,4 ʤʢʂʣ/ʩʤ
2
. ɿʝʨʥʦ ʠʤʝʝʪ ʢʚʘʟʠʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ 

ʩ ʨʘʟʤʝʨʦʤ 103 ʥʤ, ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ 13 ʥʤ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥ-

ʥʦʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ˉ4 (1:2,3:2,0 Sr/Bi=0.52) ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʦʙʨʘʟʮʦʚ ˉ 1, 2, 3, 5. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʴʪ-ʟʘʨʷʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɿʍ) 

ʠ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʩ ʧʦʜʚʠʞʥʳʤʠ ʟʘʨʷʞʝʥʥʳʤʠ ʜʦʥʦʨʘʤʠ ʙʳʣʦ ʧʨʦʚʝ-

ʜʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʘʤʠ ʚ ʨʘʤʢʘʭ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ɻʠʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ-ɼʝʚʦʥʰʠʨʘ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʜʝʘʣʴʥʦʤʫ ʦʤʠʯʝʩʢʦʤʫ ʢʦʥ-

ʪʘʢʪʫ ʧʣʝʥʢʠ ʩ ʵʣʝʢʪʨʦʜʘʤʠ. ʄʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʟʜʘʚʘʣʠ ʧʝʨʝʤʝʥʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʣʦʩʴ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɼʣʷ ʵʪʦʛʦ ʢ ʦʜʥʦʤʫ ʠʟ ʵʣʝʢʪʨʦʜʦʚ (ʚʝʨʭʥʠʡ) ʧʨʠʢʣʘʜʳʚʘʣʠ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ () ()tUtU wsin= , ʚʪʦʨʦʡ ʵʣʝʢʪʨʦʜ (ʥʠʞʥʠʡ) ʦʩʪʘʚʘʣʩʷ ʟʘʟʝʤ-

ʣʝʥʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʜʦʥʦʨʦʚ, ʚ ʧʣʝʥʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʦʩʪʫ ʧʨʦʚʦʜʠʤʦʩʪʠ.  
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ɺ ʋʆ çɻɻʋ ʠʤ. ʌ. ʉʢʦʨʠʥʳè ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çʀʅʊɽɻʈɸʃè ʧʨʝʜ-

ʣʦʞʝʥʘ ʩʭʝʤʘ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʨʠʩʫʥʦʢ) ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʪʘʥʪʘʣʘʪʘ ʥʠʦʙʘʪʘ ʚʠʩʤʫʪʘ-

ʩʪʨʦʥʮʠʷ (ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 400011099.010-2011) 

ʇʦʣʫʯʝʥʥʘʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʩʣʦʷ ʜʣʷ FRAM ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʟʦʣʴ-ʛʝʣʴ ʢʦʤ-

ʧʦʟʠʮʠʠ Sr-Bi-Ta ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʆɸʆ çʀʅʊɽɻʈɸʃè. 

ʉʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʣʠ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʜʦ 8 ʤʢʂʣ/ʩʤ
2
, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʘʥʘʣʦʛʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʟʦʣʴ-ʛʝʣʴ 

ʢʦʤʧʦʟʠʮʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʝʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʦʚʦʛʦ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʷ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ FeRAM. 

 

 

ɸ.ʉ. ʈʫʩʳʢʠʥ (ɻɻʋ ʠʤʝʥʠ ʌ.ʉʢʦʨʠʥʳ, ɻʦʤʝʣʴ) 

ʅʘʫʯ. ʨʫʢ. ɺ.ɽ. ɻʘʡʰʫʥ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʆʇʊʀʏɽʉʂʀɽ ʀ ʉʊʈʋʂʊʋʈʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ɿʆʃʔ-ɻɽʃʔ TiO2 ʀ SiO2 ʇʆʂʈʓʊʀʁ, ʃɽɻʀʈʆɺɸʅʅʓʍ 

ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ ʕʃɽʄɽʅʊɸʄʀ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʦʝ ʥʘʫʯʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʠʥʪʝʟʦʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʦʥʢʠʭ ʧʦʢʨʳʪʠʡ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʥʦʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ɹʝʣʘʨʫʩʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʢʦ ʧʦʚʳʩʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ. ʉʨʝʜʠ ʪʦʥ-

ʢʦʧʣʝʥʦʯʥʳʭ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘ-

ʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʠʭ ʦʢʠʩʣʦʚ ʦʢʩʠʜʦʚ (Tiʆ2, Zrʆ2, Siʆ2 ʠ 

ʜʨ.) [1].  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʧʦ-

ʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʢʝ ʠ ʤʠʢʨʦʵʣʝʢ-

ʪʨʦʥʠʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʩʣʦʞʥʳʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʣʝʥʢʠ ʥʘ ʦʩ-

ʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʦ-

ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʟʨʘʯʥʳʭ ʢʦʥ-

ʪʘʢʪʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʨʦ-

ʟʨʘʯʥʦʩʪʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝ-

ʣʦʤʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʝʡʯʘʩ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ TiO2 

ʧʣʝʥʦʢ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʝʢʦʪʦʨʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [2]. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʦʝʥʠʝʤ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʨʦʚʥʝʡ. ɹʣʠʟʦʩʪʴ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʠʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʟʘʨʷʜʘ ʷʜʨʘ 

(ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ) ʩʪʨʫʢʪʫʨʘ ʜʚʫʭ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʨʦʚʥʝʡ (ʦʙʦʣʦʯʢʠ ʆ ʠ ʈ) ʫ ʘʪʦʤʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʪʘʢ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʳ ʟʘʧʦʣʥʷʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʣʝʞʘʱʠʡ 

4f-ʫʨʦʚʝʥʴ [3]. 

TiO2 ʟʦʣʴ-ʛʝʣʴ ʧʣʝʥʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʵʪʦʢʩʠʜʘ ʪʠʪʘʥʘ [Titan (IV) 

etoxide Ti(OC2H5)4]. ʏʘʩʪʠʮʳ Ce ʠ Ag ʚʚʦʜʠʣʠ ʚ ʟʦʣʴ ʚ ʚʠʜʝ ʩʦʣʝʡ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ Ce ï 1% ʠ Ag ï 1%. ʇʣʝʥʢʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ.  

ʆʪʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʧʝʯʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʦʪ 200 
o
C ʜʦ 800 

o
C ʚ ʪʝʯʝʥʠʠ 60 ʤʠʥʫʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʪʦʣʱʠʥʳ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʦ-

ʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʦʪ 2.11 ʜʦ 1.97) ʠ ʪʦʣʱʠʥʳ (ʦʪ 160 ʥʤ ʜʦ 90 ʥʤ) ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʧʣʦʪʥʝʥʠʝʤ ʧʣʝʥʦʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʦʙʘʚʣʝʥʠʝ 

Ag ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʜʦ n = 2.24. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ TiO2 (ʉe1%) ʠ 

TiO2 (ʉe1%+Ag0.5%) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ Ce ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʙʣʘ-

ʩʪʠ 430 ʥʤ ʙʣʠʟʢʠʡ ʢ 96%. ɼʦʙʘʚʣʝʥʠʝ ʩʝʨʝʙʨʘ (Ag) ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝ-

ʥʠʶ ʜʘʥʥʦʛʦ ʧʠʢʘ ʚ ʦʙʣʘʩʪʴ 400 ʥʤ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ TiO2 ʧʣʸʥʦʢ 
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ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ SiO2 ʧʣʸʥʦʢ 
 

ʄʝʪʦʜʦʤ ɸʉʄ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ-

ʣʫʯʝʥʥʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ TiO2 ʟʦʣʴ-ʛʝʣʴ ʧʦʢʨʳʪʠʡ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʛʣʘʜʢʘʷ ʙʝʟ ʚʠʜʠʤʳʭ ʚʢʣʶʯʝʥʠʡ, ʠʤʝʝʪ ʥʠʟʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ï 4ï10 ʥʤ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʩʥʦʚʳ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ / ɸ.ʀ. ʄʘʢʩʠʤʦʚ, 

ɺ.ɸ. ʄʦʰʥʠʢʦʚ, ʖ.ʄ. ʊʘʠʨʦʚ, ʆ.ɸ. ʐʠʣʦʚʘ. ï ʉʇʙ.: ʆʆʆ çʊʝʭʥʦʤʝ-

ʜʠʘè, ʠʟʜ-ʚʦ çʕʣʤʦʨè, 2008. ï ʉ.255.  

2. Sumio Sakka, Hiromitsu ʂosuka. Sol-gel science and technology // 

Processing characterization and applications. ï Vol. 1: Sol-Gel processing. ï 

P. 59-65, 331-334.  

3. Haxel G., Hedrick J., Orris J. (2006). "Rare earth elements critical re-

sources for high technology". Reston (VA): United States Geological Survey. 

USGS Fact Sheet: 087Ȥ02. Retrieved 2012-03-13. 

 

 

ʄ.ʀ. ʄʦʩʢʚʠʯʸʚ (ɻɻʋ ʠʤʝʥʠ ʌ.ʉʢʦʨʠʥʳ, ɻʦʤʝʣʴ) 

ʅʘʫʯ. ʨʫʢ. ɺ.ɽ. ɻʘʡʰʫʥ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼ ʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸʅʆɼʀʉʇɽʈʉʅʓʍ 

ʇʆʈʆʐʂʆɺ ʅɸ ʆʉʅʆɺɽ ʉʆɽɼʀʅɽʅʀʁ ʂʈɽʄʅʀʗ  

ʀ ʇɽʈɽʍʆɼʅʓʍ ʕʃɽʄɽʅʊʆɺ 

 

ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʬʝʨʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟ-

ʜʝʣʠʡ ʩ ʥʦʚʳʤʠ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʧʨʠʤʝʥʝʥʠʷʤʠ ʚ ʰʠʨʦʢʠʭ ʦʙʣʘ-

ʩʪʷʭ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʦʰʢʦʚ ʩ ʥʦʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  
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ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʦʙʨʘʟʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ  

ʧʦʨʦʰʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ (1 ï ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʘ;  

2 ï ʫʣʘʚʣʠʚʘʪʝʣʴ-ʮʠʢʣʦʥ; 3 ï ʝʤʢʦʩʪʴ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦʨʦʰʢʘ;  

4 ï ʩʧʠʨʘʣʴ ʥʘʛʨʝʚʘ; 5 ï ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

6 ï ʧʠʩʪʦʣʝʪ ʨʘʩʧʳʣʠʪʝʣʷ; 7 ï ʢʦʤʧʨʝʩʩʦʨ ʨʘʩʧʳʣʠʪʝʣʷ;  

8 ï ʢʦʤʧʨʝʩʩʦʨ ʫʣʘʚʣʠʚʘʪʝʣʷ; 9 ï ʚʳʪʷʞʢʘ) 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʷ ʮʝʨʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʭʣʦʨʠʜ ʮʝʨʠʷ (III). ʍʣʦʨʠʜ ʮʝʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʦʝ ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʣʴ ʤʝʪʘʣʣʘ ʮʝʨʠʷ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʬʦʨʤʫ-

ʣʦʡ CeCl3, ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. ʊʨʝʙʫʝʤʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʘ ʮʝʨʠʷ ʩʤʝʰʠʚʘʣʠ ʩ ʙʝʟʚʦʜʥʳʤ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨ-

ʪʦʤ ʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʨʠʛʦʪʦʚ-

ʣʝʥʥʳʡ ʟʦʣʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʫʪʦʢ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʷ ʪʠʪʘʥʘ, ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʵʪʦʢʩʠʜ ʪʠʪʘʥʘ. ʊʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʢʩʠʜʘ ʪʠʪʘʥʘ ʩʤʝʰʠʚʘ-

ʣʠ ʩ ʙʝʟʚʦʜʥʳʤ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ, ʜʦʙʘʚʣʷʣʠ ʚ ʧʦʣʫʯʝʥʥʫʶ 

ʩʤʝʩʴ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʊʘʢ ʢʘʢ ʧʨʦ-

ʭʦʞʜʝʥʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʘʣʢʦʢʩʠʜʦʚ ʪʠʪʘʥʘ 

ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 
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ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5-7 ʩʫʪʦʢ. ʇʦʩʣʝ ʩʦʟʨʝʚʘʥʠʷ ʚ ʧʦʣʫ-

ʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʚʦʜʠʣʠ ʩʦʣʠ ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʦʪ 1 ʤʘʩʩ.% ʜʦ 5 ʤʘʩʩ.% ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʨʘʩʪʚʦʨ ʝʱʝ ʩʫʪʢʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ 

ʙʘʣʘʥʩʘ [1]. 

ʇʦʣʫʯʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʥʳʭ ʧʦʨʦʰʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʟʦʣʴ ʨʘʩʧʳʣʷʝʪʩʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʥʘ ʨʘʩʢʘ-

ʣʝʥʥʫʶ ʜʦʢʨʘʩʥʘ ʩʧʠʨʘʣʴ ʥʘʛʨʝʚʘ ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʣʘʤʝ-

ʥʝʥʠʝ ʠ ʚʳʛʦʨʘʥʠʝ ʩʧʠʨʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʋʣʘʚʣʠʚʘʥʠʝ ʯʘʩʪʠʮ, ʚʳʥʦʩʠʤʳʭ ʪʝʧʣʦʚʳʤ ʧʦʪʦ-

ʢʦʤ ʚʚʝʨʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʷ ʮʠʢʣʦʥʥʦʛʦ 

ʪʠʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘʜ ʪʨʫʙʦʡ.  

 

           
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʦʙʨʘʞʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ  

ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ  

ʤʠʢʨʦʩʢʦʧʘ XJM500B 

 

ʀʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫ-

ʯʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʤʝʣʢʦʜʠʩ-

ʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʥʝ ʠʤʝʝʪ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʟʦʣʴ-ʛʝʣʴ ʧʦʢʨʳʪʠʷ 

ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ / ɺ.ɺ.ɺʘʩʴʢʝʚʠʯ [ʠ ʜʨ.] // ʇʨʦʙʣʝʤʳ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠ-

ʢʠ ʠ ʪʝʭʥʠʢʠ 2015. ï  ̄4 (25). ï ʉ. 7ï10.  
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ʉʝʢʮʠʷ 1. ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʝʜʩʝʜʘʪʝʣʠ: 

ʄʳʰʢʦʚʝʮ ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɻʘʡʰʫʥ ɺʣʘʜʠʤʠʨ ɽʚʛʝʥʴʝʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ. 

 

ʄ.ʌ.ʉ.ʍ. ɸʣ-ɹʂʘʤʘʣʠ (ɻɻʊʋ ʠʤʝʥʠ ʇ.ʆ.ʉʫʭʦʛʦ, ɻʦʤʝʣʴ) 

ʅʘʫʯ. ʨʫʢ. ɸ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʚʝʜ. ʥʘʫʯ. ʩʦʪʨ. ʅʀʏ, 

ʟʘʚʝʜʫʶʱʠʡ (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ) ʅʀʃ çʊʝʭʥʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ  

ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳè  

 

ʀɿʄɽʅɽʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ɿʆʃʔ-ɻɽʃʔ ʄɸʊɽʈʀɸʃʆɺ ʇʋʊɽʄ ʀʍ ʉʊʈʋʂʊʋʈʀʈʋʖʑɽʁ 

ʊɽʈʄʆʆɹʈɸɹʆʊʂʀ ɺ ʂʆʅʊʈʆʃʀʈʋɽʄʓʍ  

ɻɸɿʆɺʓʍ ʉʈɽɼɸʍ 
 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʠʧʘ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ ʠ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢ-ʜʠʵʣʝʢʪʨʠʢ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʨʠʩʫʪ-

ʩʪʚʠʝʤ ʯʘʩʪʠʮ ʩʚʝʨʭʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤ. ʍʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʝ ʩʠʣʠʢʘʪʥʳʝ 

(ʢʚʘʨʮʝʚʳʝ) ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʩʪʝʢʣʘ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʠʥʪʝʨʝʩʥʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ.  

ʇʦʣʫʯʝʥʠʝ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʨʠʮ (ʩʪʝʢʦʣ, ʧʦʨʦʰʢʦʚ ʠ 

ʧʣʝʥʦʢ), ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʬʘʟʳ ʪʘ-

ʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʘʚʦʜʢʠ, 

ʪ.ʝ. ʧʨʠ ʚʪʦʨʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʩ-

ʥʦʚʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʤʘʪʨʠʮʳ. ʈʘʟʤʝʨ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʢ-

ʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʚ ʩʣʦʞʥʳʭ ʩʪʝʢʣʘʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ            

(ʪ.ʝ. ʩʘʤ ʧʨʦʮʝʩʩ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠ-

ʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʳ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʰʠʭʪʳ (ʜʦ 1400ï700 Üʉ) ʚ ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʯʪʦ ʩʫʞʘʝʪ ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʢʦʥʝʯʥʫʶ ʤʘʪʨʠʮʫ-ʥʦʩʠʪʝʣʴ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʢʚʘʨʮʝʚʳʭ ʧʣʝʥʦʢ ʠ ʩʪʝʢʦʣ) ʧʨʠʤʝʥʷʣʩʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ (ʩʤ. ʨʠʩʫʥʦʢ 1), 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʦʢʘʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ  
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ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʘʜʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʠ ʟʘʚʝʨʰʘʶʱʠʡʩʷ ʧʦʣʫʯʝʥʠʝʤ ʤʘʪʝʨʠʘ-

ʣʘ ʚʳʩʦʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʣʠ ʠʤʝʶʱʝʛʦ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʜʣʷ ʧʣʝʥʦʢ). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʦʩʥʦʚʦʡ 

ʤʘʪʨʠʮʳ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʘʷ ʘʤʦʨʬ-

ʥʘʷ ʬʘʟʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʛʠʜʨʦʣʠʟʦʤ ʠ ʧʦʣʠʢʦʥʜʝʥ-

ʩʘʮʠʝʡ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʝʢʦʣ ʩʦ ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ, ʠʟʤʝʥʷʶʱʠʤʠ ʝʝ ʩʚʦʡʩʪʚʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ ʧʦʣʫʯʝʥʠʷ  

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ 

 

ɺ ʚʠʜʝ ʚʝʱʝʩʪʚ-ʜʦʧʘʥʪʦʚ ʙʨʘʣʠʩʴ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ), ʢʦʪʦʨʳʝ ʚʚʦʜʠʣʠʩʴ ʚ ʟʦʣʴ-ʛʝʣʴ ʤʘʪʨʠʮʫ ʣʠʙʦ 

ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʣʷ-ʧʨʝʢʫʨʩʦʨʘ, ʣʠʙʦ ʚ ʧʦʣʫʯʘʝʤʳʝ ʧʦʨʠʩʪʳʝ 

ʩʨʝʜʳ ʠʟ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (ʢʩʝʨʦʛʝʣʠ) ï ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʧʨʦʧʠʪʢʠ ʚ 

ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ. ʇʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦ-

ʜʠʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʦʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʚʦʜʦʨʦʜʝ ʧʝʨʝʭʦʜʠʣʠ ʚ ʩʦʩʪʦʷ-

ʥʠʝ ʦʪʜʝʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʘ CuÜ(AgÜ):SiO2 ʚ ʩʨʝʜʝ ʩʝʨʦʚʦʜʦ-

ʨʦʜʘ ʠʣʠ ʧʘʨʘʭ ʩʝʨʳ (ʩʝʣʝʥʘ) ʚʳʟʳʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʩʫʣʴʬʠʜʦʚ (ʩʝʣʝʥʠʜʦʚ) ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩʣʦʞʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʷʪ ʜʘʣʴʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʘʤʠʭ ʤʘʪʨʠʮʘʭ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ  
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ʘʤʦʨʬʥʳʤʠ (ʩʪʝʢʣʦʦʙʨʘʟʥʳʤʠ), ʥʦ ʠʭ ʨʘʟʚʠʪʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʦʢʘ-

ʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʠ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ 

çʚʳʨʘʱʠʚʘʝʤʳʭè ʥʘʥʦʯʘʩʪʠʮ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʪʝʢʣʘʭ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 10
12
ï10

13
 ʤ

-3
,  

ʘ ʚ ʧʣʝʥʢʘʭ ʦʥʘ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʥʘ 1ï2 ʧʦʨʷʜʢʘ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʦʛʣʠ 

ʙʳʪʴ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʦʪʜʝʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦ-

ʯʘʩʪʠʮ, ʬʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʈʕʄ (ʤʠʢʨʦʘʥʘʣʠʟʦʤ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ). 

 

 

ɸ.ɺ. ɸʩʪʨʝʡʢʦ (ɻɻʊʋ ʠʤʝʥʠ ʇ.ʆ. ʉʫʭʦʛʦ, ɻʦʤʝʣʴ) 

ʅʘʫʯ. ʨʫʢ. ɸ.ʊ. ɹʝʣʴʩʢʠʡ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ɺʃʀʗʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɺʆʃʆʏʀʃʔʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ  

ʅɸ ʊʆʃʑʀʅʋ ʌʆʈʄʀʈʋɽʄʆɻʆ ʇʆʂʈʓʊʀʗ 
 

ʇʨʠ ʚʦʣʦʯʝʥʠʠ ʧʨʦʚʦʣʦʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʣʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤ ʨʘʙʦʯʝʡ ʟʦʥʳ: ʢʦʥʠʯʝʩʢʫʶ, ʨʘʜʠʘʣʴʥʫʶ 

ʚʳʧʫʢʣʫʶ, ʨʘʜʠʘʣʴʥʫʶ ʚʦʛʥʫʪʫʶ ʠ ʩʠʛʤʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʦʣʦʢʠ ʩ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ʨʘʙʦʯʝʡ ʟʦʥʳ. 

 
 

ʈʠʩʫʥʦʢ 1 

 

ʉʦʛʣʘʩʥʦ [1], ʢʘʥʘʣ ʚʦʣʦʢʠ (ʨʠʩʫʥʦʢ 1) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʦʯʝʥʠʷ ʜʝ-

ʣʠʪʩʷ ʥʘ ʯʝʪʳʨʝ ʟʦʥʳ: ʚʭʦʜʥʘʷ ʟʦʥʘ 1, ʨʘʙʦʯʘʷ ʟʦʥʘ 2, ʢʘʣʠʙʨʫʶʱʘʷ ʟʦ-

ʥʘ 3 ʠ ʚʳʭʦʜʥʘʷ ʟʦʥʘ 4.  

ɸʥʘʣʠʟʠʨʫʷ ʥʘʟʥʘʯʝʥʠʷ ʵʪʠʭ ʟʦʥ, ʤʦʞʥʦ ʧʨʠʜʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦ-

ʛʦ ʧʦʨʦʰʢʘ ʥʘ ʧʨʦʚʦʣʦʢʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʨʘʙʦʯʘʷ ʟʦʥʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʫʛʣʦʤ 2  ʠ ʜʣʠʥʦʡ ʨl . 
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ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʫʛʣʘ ʨʘʙʦʯʝʛʦ ʢʦʥʫʩʘ ʚʦʣʦʢʠ 2  ʥʘ ʪʦʣ-

ʱʠʥʫ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʨʠ ʧʘʨʪʠʠ ʚʦʣʦʢ ʠʟ 

ʩʪʘʣʠ ʍ12, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʜʣʠʥʫ ʨʘʙʦʯʝʡ ʟʦʥʳ 5,8ʨ=l  ʤʤ.  

ʇʝʨʚʘʷ ʧʘʨʪʠʷ ʚʦʣʦʯʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʪʝʤ, 

ʯʪʦ ʫʛʦʣ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʦʣʦʢ ʠʟʤʝʥʷʣʩʷ ʦʪ ʫʛʣʘ 
02 6  ʜʦ ʫʛʣʘ 

02 22 , ʘ ʜʠʘʤʝʪʨ ʢʘʣʠʙʨʫʶʱʝʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʣ ʤʤ8,3ʢ=d .  

ɺʪʦʨʘʷ ʧʘʨʪʠʷ ʚʦʣʦʯʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʧʝʨʚʦʡ ʪʝʤ, 

ʯʪʦ ʙʳʣ ʫʚʝʣʠʯʝʥ ʜʠʘʤʝʪʨ ʢʘʣʠʙʨʫʶʱʝʡ ʟʦʥʳ ʚʦʣʦʢʠ ʩ ʤʤ8,3ʢ=d  ʜʦ 

ʤʤ0,5ʢ=d  ʠ ʙʳʣ ʫʚʝʣʠʯʝʥ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʦʣʦʢʠ ʦʪ ʫʛʣʘ 
02 4 ʜʦ ʫʛʣʘ 02 30 . 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦ-

ʢʨʳʪʠʡ ʠʟ ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʇʆ2 ʥʘ ʧʨʦʚʦʣʦʢʫ ʤʘʨʢʠ ʄ1, ʫ ʢʦʪʦʨʦʡ ʝʝ 

ʠʩʭʦʜʥʳʡ ʜʠʘʤʝʪʨ d  ʙʳʣ ʨʘʚʝʥ ʜʠʘʤʝʪʨʫ ʢʘʣʠʙʨʫʶʱʝʡ ʟʦʥʳ ʚʦʣʦʢʠ ʢd

. ʀʩʧʦʣʴʟʫʷ ʚʦʣʦʢʠ ʧʝʨʚʦʡ ʧʘʨʪʠʠ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʨʳ-

ʪʠʷ ʥʘ ʧʨʦʚʦʣʦʢʫ ʩ ʠʩʭʦʜʥʳʤ ʜʠʘʤʝʪʨʦʤ ʤʤ8,3=d . ʉʢʦʨʦʩʪʴ ʚʦʣʦʯʝ-

ʥʠʷ ʧʨʦʚʦʣʦʢʠ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ 

ʙʳʣʘ ʨʘʚʥʘ 074,0=V ʤ/ʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʨʦʚ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʥʘ ʤʠʢʨʦʰʣʠʬʘʭ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʡ ʧʘʨʪʠʠ ʚʦʣʦʢ, ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩʫʥʦʢ 2 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʨʘʙʦʯʝʡ ʟʦ-

ʥ  rʚʦʣʦʢʠ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʦʯʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʪʦʨʦʡ ʧʘʨʪʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʧʨʦʚʦʣʦʢʫ ʩ ʠʩʭʦʜʥʳʤ ʜʠʘʤʝʪ-

ʨʦʤ ʤʤ5=d  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʦʣʦʯʝʥʠʷ.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘ-

ʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ, ʯʪʦ 

ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ʆʜʥʘʢʦ ʪʦʣʱʠʥʘ ʧʦʨʦʰʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʚʦʣʦʯʝʥʠʷ ʤ/ʩ03,0=V  (ʢʨʠʚʘʷ 1) ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦ ʩʢʦʨʦʩʪʠ ʚʦʣʦʯʝ-

ʥʠʷ ʤ/ʩ134,0=V  (ʢʨʠʚʘʷ 2). 

 

 
 

ʈʠʩʫʥʦʢ 3 

 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨl  ʚʦʣʦʢʠ ʥʘ 

ʪʦʣʱʠʥʫ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚʦʣʦʢʠ ʩ ʫʛʦʣ ʨʘʙʦ-

ʯʝʡ ʟʦʥʳ 
02 8 , ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʣʠʙʨʫʶʱʝʡ ʟʦʥʳ ʚʦʣʦʢʠ ʤʤ0,5ʢ=d ,         

ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʟʦʥʳ. 

ʉʢʦʨʦʩʪʴ ʚʦʣʦʯʝʥʠʷ  ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʦʡ ʠ ʙʳʣʘ ʨʘʚʥʘ ʤ/ʩ106,0=V . ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

  
 

ʈʠʩʫʥʦʢ 4  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʦʣʦʢʠ ʠ ʩʢʦʨʦʩʪʠ ʚʦʣʦʯʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦ-

ʯʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʫʜʣʠʥʝʥʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʦʡ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠ-

ʯʠʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʥʘ ʧʨʦʚʦʣʦʢʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʝʨʣʠʥ ʀ.ʃ. ʊʝʦʨʠʷ ʚʦʣʦʯʝʥʠʷ / ʀ.ʃ. ʇʝʨʣʠʥ, ʄ.ɿ. ɽʨʤʘʥʦʢ. ï 

ʀʟʜ. 2-ʝ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1971. ï 448 ʩ.  

 

 

ʖ.ɺ. ɸʫʪʢʦ (ɻʨɻʋ ʠʤʝʥʠ ʗ.ʂʫʧʘʣʳ, ɻʨʦʜʥʦ) 

ʅʘʫʯ. ʨʫʢ. ɸ.ʉ. ɸʥʪʦʥʦʚ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
 

ʈɽɸʃʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʀ ɼʀʌʌʋɿʀʆʅʅʆɻʆ 

ʅɸʉʓʑɽʅʀʗ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊʈʀʎ  

ʅɸʅʆʏɸʉʊʀʎɸʄʀ ʄɽʊɸʃʃʆɺ 

ɺʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʷʶ-
ʱʠʤ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 
ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʠʣʠ ʩʚʷʟʫʶʱʝʝ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʫʟʣʦʚ 
ʪʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʘʣʠʬʘʪʠʯʝ-
ʩʢʠʝ ʧʦʣʠʘʤʠʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʘʜʛʝʟʠʦʥʥʦ-
ʧʨʦʯʥʦʩʪʥʳʭ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1, 2]. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ, ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ 
ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʩʬʝʨʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʘ ʚ 
ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʚʚʝʜʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘ-
ʩʪʠʮ ʚ ʤʘʪʨʠʯʥʦʤ ʧʦʣʠʤʝʨʥʦʤ ʢʦʤʧʦʥʝʥʪʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʦʙʳʡ ʥʘʫʯʥʳʡ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ-
ʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦ-
ʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ [3]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭ-
ʥʦʣʦʛʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ. 
ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ ʤʘʨʦʢ: ʇɸ 6-210/310 ʥʠʟʢʦʚʷʟʢʠʡ (ʌʠʣʠʘʣ 
çɿʘʚʦʜ ʍʠʤʚʦʣʦʢʥʦè ʆɸʆ çɻʨʦʜʥʦ ɸʟʦʪè), PA11 Rilsan (Arkema,                
ʌʨʘʥʮʠʷ). ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʤʘʪʨʠʯʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
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ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʜʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʠʬʬʫʟʠʦʥʥʳʤ ʥʘʩʳʱʝʥʠʝʤ ʧʦ-
ʨʦʰʢʘ ʧʦʣʠʘʤʠʜʘ ʇɸ 6 10 %-ʳʤ ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʠʘʪʘ ʤʝʜʠ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. 
ɼʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʧʦʣʠʘʤʠʜʘ 11 ʧʨʠʤʝʥʷʣʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ 

ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 80 ʤʢʤ. ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʯʘʩʪʠ-
ʮʳ ʧʦʣʠʘʤʠʜʘ ʇɸ 6 ʧʦʣʫʯʘʣʠ ʢʨʠʦʛʝʥʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʚ ʤʝʣʴʥʠʮʝ 
ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʤʠʥʫʩ 198 Áʉ). ʅʝʦʙ-
ʭʦʜʠʤʫʶ ʬʨʘʢʮʠʶ ʧʦʣʠʘʤʠʜʘ ʇɸ 6 (80ï180 ʤʢʤ) ʧʦʣʫʯʘʣʠ ʦʪʩʝʚʦʤ. 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʸʨʜʦʛʦ 

ʩʫʙʩʪʨʘʪʘ (ʩʪʘʣʴ 45) ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʧʦʨʦʰʢʘ. 
ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʘʜʛʝʟʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠ 
ʟʘʱʠʪʥʳʭ) ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡ-

ʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʚʝʜʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʯʘʩʪʠʮ ʤʝʜʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʠʤʝʝʪ ʦʩʦʙʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʘʢʪʠ-
ʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪ.ʢ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ 
ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʵʬʬʝʢʪʘ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʩʤʝʰʝʥʠʷ.  
ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘ-

ʩʪʠʮ ʤʝʜʠ ʚ ʩʦʩʪʘʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʦ-
ʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ ʇɸ 6 ʧʦʚʳʰʘʝʪ ʩʪʦʡʢʦʩʪʴ 
ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ (ʠʟʜʝʣʠʡ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝ-
ʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝ-
ʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʦʩʪʘʚ ʢʦʤ-
ʧʦʟʠʪʘ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ ʇɸ 6, ʤʦ-
ʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʜʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,1 ʤʘʩ. %, ʦʙʣʘʜʘ-
ʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ (ʨʠʩʫʥʦʢ 1) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʤʦʜʠʬʠʮʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʥʘ ʪʨʠʙʦ-
ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ.  

 
1 ï ʇɸ6; 2 ï ʇɸ6+0,1 ʤʘʩ. % Cu; 3 ï ʇɸ11 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʢʨʳʪʠʡ  

ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ 
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ʅʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦ-

ʢʨʳʪʠʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʜʠ, ʚ 1,75 ʨʘʟ ʠ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʷʤʠ, ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʤʠ ʠʟ ʧʦʣʠʘʤʠʜʘ ʇɸ6. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

 
ʘ) ʙ) ʚ) 

ʘ) ï ʇɸ 6; ʙ) ï ʇɸ 6+0,1 ʤʘʩ. % Cu; ʚ) ï ʇɸ 11; 

ʈʠʩʫʥʦʢ 2 ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ  

ʠʟ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ ʇɸ 6 ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʦʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʦʣʠʘʤʠʜʘ)               

ʚ 10 %-ʥʦʤ ʨʘʩʪʚʦʨʝ ʬʦʨʤʠʘʪʘ ʤʝʜʠ ʧʦʟʚʦʣʠʣʘ ʜʦʩʪʠʯʴ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʜʛʝʟʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ, ʪʨʠʙʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ʈʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʩʦʩʪʘʚʳ ʠ ʪʝʭʥʦʣʦʛʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳ-

ʪʠʡ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʳ ʠʤʧʦʨʪʥʦʛʦ ʘʥʘʣʦʛʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʤʠʜʘ ʇɸ 11 ʧʦʜ ʪʦʨʛʦ-

ʚʦʡ ʤʘʨʢʦʡ Rilsan. 
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ʅɸ ʆʉʅʆɺɽ ʉʄɽʉɽʁ ʊɽʈʄʆʇʃɸʉʊʀʏʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ, ʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ 

ʨʝʞʠʤʦʚ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ, ʘʜʛʝʟʠ-

ʦʥʥʳʭ) ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʠʟʜʝʣʠʷ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʨʘʟʣʠʯʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ, ʫʩʪʦʡʯʠʚʫʶ ʢ ʜʝʡ-

ʩʪʚʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʩʢʦʨʦʩʪʝʡ, 

ʪʝʤʧʝʨʘʪʫʨ, ʘʢʪʠʚʥʳʭ ʩʨʝʜ [1, 2]. 

ɺ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘ-

ʥʠʤʘʶʪ ʩʤʝʩʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʚʤʝʱʝʥʠʝʤ ʤʘʪʨʠʯʥʦʛʦ ʠ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ, 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʤʝʩʝʚʳʝ ʤʘʰʠʥʦʩʪʨʦ-

ʠʪʝʣʴʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʨʠʮ ʚʩʣʝʜʩʪʚʠʝ 

ʜʦʩʪʫʧʥʦʩʪʠ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʯʥʦʩʪʥʳʭ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ, ʘʜʛʝʟʠʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢʣʘʩʩʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʧʦʣʠʘʤʠʜʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ, ʪʝʧ-

ʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʇɸ6, ʇɸ 6.6, 

ʇɸ11, ʇɸ12. ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʩʪʘʚʢʠ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ ʠʣʠ ʛʨʘʥʫʣ. ʇʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʬʨʘʢʮʠʠ ʧʦʣʫʯʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʤʝʣʴʯʝʥʠ-

ʝʤ ʛʨʘʥʫʣ, ʦʭʣʘʞʜʸʥʥʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (ʤʠʥʫʩ 198 Áʉ). 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʩ-

ʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʨʠʙʦʨʝ 

Termoflex ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ (5õ10) ʛʨʘʜ/ʤʠʥ. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʩʤʝʩʠ ʥʘ 

ʪʚʸʨʜʫʶ ʧʦʜʣʦʞʢʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʘʪʠʯʝʩʢʠʤ ʦʧʣʘʚʣʝʥʠʝʤ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʊʧ = ʊʧʣ + (10ï20) Áʉ, ʛʜʝ ʊʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʙʦʣʝʝ 

ʪʫʛʦʧʣʘʚʢʦʛʦ (ʤʘʪʨʠʯʥʦʛʦ) ʢʦʤʧʦʥʝʥʪʘ (ʪʝʭʥʦʣʦʛʠʷ ʉʆ). ɺʪʦʨʳʤ ʚʘʨʠ-

ʘʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʤʝʱʝʥʠʷ ʙʳʣʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ                  
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ʚ ʚʷʟʢʦ-ʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ ʣʠʪʴʝʚʦʡ ʤʘʰʠʥʳ 

ʩʦ ʰʥʝʢʦʚʳʤ ʧʣʘʩʪʠʢʘʪʦʨʦʤ (ʪʝʭʥʦʣʦʛʠʷ ʃʄ) ʧʨʠ ʨʝʞʠʤʘʭ, ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʥʳʭ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. ʊʨʝʪʴʠʤ ʚʘʨʠʘʥʪʦʤ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷ-

ʣʦʩʴ ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʷʟʢʦ-ʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ ʚ ʜʚʫʭʰʥʝʢʦ-

ʚʦʤ ʩʤʝʩʠʪʝʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʢʦʤʧʦʟʠʪʘ ʚ ʣʠʪʴʝʚʦʡ ʤʘ-

ʰʠʥʝ ʩʦ ʰʥʝʢʦʚʳʤ ʧʣʘʩʪʠʢʘʪʦʨʦʤ (ʪʝʭʥʦʣʦʛʠʷ ʉʄʃʄ). 

ʆʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʰʠʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ 

ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʘʥʯʝʥʠʷ. 

 ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʬʦʨʤʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʛʝʪʝʨʦ-

ʬʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ ʩ ʚʳʨʘʞʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ 

ʬʘʟʳ (ʇɸ11, ʇɸ12) ʚ ʤʘʪʨʠʯʥʦʤ ʧʦʣʠʘʤʠʜʝ (ʇɸ6, ʇɸ6.6). ʇʨʠ ʵʪʦʤ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ ʤʝʞʜʫ ʬʘʟʘʤʠ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʪʦʣʱʠʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʧʣʘʚʦʚ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʚʤʝʱʸʥʥʦʡ ʤʘʪʨʠʮʳ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ 

ʩʦʭʨʘʥʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʘʤʠʜʘ (ʇɸ6, ʇɸ6.6) ʠ ʧʨʠʜʘʸʪ ʧʦʢʨʳʪʠʶ ʧʦ-

ʚʳʰʝʥʥʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʠ ʩʤʘʟʢʠ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʣʝʛʢʦʧʣʘʚʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʇɸ11, ʇɸ12). 

ɼʣʷ ʠʟʜʝʣʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʃʄ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʩʧʣʘʚʦʚ ʤʘʪʨʠʯʥʦʛʦ 

ʠ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ ʪʝʨʤʦʧʣʘʩʪʘʚ-

ʪʦʤʘʪʘ ʩʦ ʰʥʝʢʦʚʦʡ ʧʣʘʩʪʠʢʘʮʠʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʪʝʨʦʬʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʤʘʢʨʦʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ ʤʘʢ-

ʨʦʤʦʣʝʢʫʣ ʇɸ6 (ʇɸ6.6) ʠ ʇɸ11 (ʇɸ12) ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʩʣʦʸʚ 

ʠʟ ʩʦʚʤʝʱʸʥʥʳʭ ʩʤʝʩʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʩʪʦʷʪʝʣʴʩʪʚʫ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʣʦʜʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʰʠʨʦʢʦʛʦ ʤʘʨʦʯʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠʟʜʝʣʠʡ ʠʟ 

ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʉʄʃʄ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʤʝʩʝʚʳʝ ʢʦʤʧʦ-

ʟʠʪʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʳʭ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ (ʇɸ11, ʇɸ12) ʟʘʧʦʣʥʷʝʪ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʯʥʦʛʦ 
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ʢʦʤʧʦʥʝʥʪʘ (ʇɸ6, ʇɸ6.6), ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʝʪʝʨʦʬʘʟʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ, 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʪʝʧʣʦʚʦʤʫ ʩʪʘʨʝʥʠʶ. 

ʕʬʬʝʢʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʉʆ, 

ʃʄ, ʉʄʃʄ) ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʤʝʞʬʘʟʥʳʝ ʩʣʦʠ ʥʘʥʦʨʘʟʤʝʨ-

ʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫ-

ʯʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʤʝʱʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʟʘʜʘʥ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʄ.ɺ. ɹʦʙʢʦʚʘ (ɹɻʋ, ʄʠʥʩʢ) 

ʅʘʫʯ. ʨʫʢ. ɽ.ɸ. ʄʝʣʴʥʠʢʦʚʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʉɺɽʊʆɺʓʍ ʇʋʏʂʆɺ ʉ ɿɸɼɸʅʅʆʁ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʆʁ ʉʊʈʋʂʊʋʈʆʁ ʅɸ ʆʉʅʆɺɽ  

ʌɸɿʆɺʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ 

ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʍ ɸʅʀɿʆʊʈʆʇʅʓʍ ʕʃɽʄɽʅʊɸʍ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʠʟʦʪʨʦʧʥʳʝ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ (ɾʂ) ʵʣʝ-

ʤʝʥʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʤʠ ʧʫʯʢʘʤʠ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɸʢʪʫ-

ʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ɾʂ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪʦʚʦʡ ʧʫʯʦʢ ʚ ʧʫʯʦʢ ʩ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʠʣʠ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʊʘʢʠʝ ʩʚʝʪʦʚʳʝ ʧʦʣʷ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʣʘʟʝʨʥʦʡ ʨʝʟʢʝ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ ʦʪ ʧʦʣʷʨʠʟʘ-

ʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ [1]. 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ, ʠʟʛʦʪʦʚʣʝʥ ʠ 

ʠʩʩʣʝʜʦʚʘʥ ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʡ ɾʂ ʵʣʝʤʝʥʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ ʧʣʘʥʘʨʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʥʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʠʨʝʢʪʦʨʘ ʤʦ-

ʣʝʢʫʣ ɾʂ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ [2]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠ ʫʧʨʘʚʣʷʝʤʫʶ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʫʶ ɾʂ ʧʣʘʩʪʠʥʫ ʩ ʥʝʦʜʥʦʨʦʜ-

ʥʳʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

ʊʦʧʦʣʦʛʠʷ ʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ɾʂ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʦʧʨʝʜʝʣʝ-

ʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 1, ʘ), ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʥʘʙʝʛʘ ʬʘʟʳ ʤʝʞʜʫ 

ʦʙʳʢʥʦʚʝʥʥʳʤ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʤ ʣʫʯʘʤʠ ʨʘʚʥʳʤ ȹʌ = ˊ(2n+1) ʵʣʝ-

ʤʝʥʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ, ʬʦʨʤʠʨʫʶʱʘʷ ʨʘʜʠ-

ʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ (ʨʠʩʫʥʦʢ 1, ʙ). ɿʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ 

ʥʘʙʝʛʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʥʝʰʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʫ-

ʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʟʦʢʨʘʩʠʪʝʣʴ Ata-2 [3], ʚ ʪʦʥ-

ʢʦʡ ʧʣʝʥʢʝ ʢʦʪʦʨʦʛʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 440 ʥʤ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ. ɼʘʥʥʳʡ 

ʘʟʦʢʨʘʩʠʪʝʣʴ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ ʩʮʝʧʣʝʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ɾʂ, ʦʙ-

ʣʘʜʘʝʪ ʪʝʨʤʦ- ʠ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

 

                                                         

ʘ      ʙ 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʨʝʢʪʦʨʘ  

ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ɾʂ ʷʯʝʡʢʫ  

ʠʟʣʫʯʝʥʠʷ ʚ ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ɾʂ ʵʣʝʤʝʥʪʘ ʩ ʪʦʧʦʣʦʛʠʝʡ ʜʠʨʝʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʝʡ ʨʘʜʠʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʫʯʢʘ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʩʪʘ-

ʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʚʝʪʦʜʠʦʜʘ, ʜʚʫʭ ʢʦʤʧʴʶʪʝʨʥʦ ʫʧʨʘʚʣʷʝʤʳʭ 

ʚʨʘʱʘʪʝʣʝʡ (ʩ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʦʙʨʘʟʮʦʤ) ʠ ʱʝʣʠ ʚ ʚʠʜʝ ʩʝʢʪʦʨʘ ʚ ʜʚʘ 

ʛʨʘʜʫʩʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʣʘ ʦʜʥʦʨʦʜʥʘʷ ʟʘʩʚʝʪʢʘ ʷʯʝʡʢʠ. ʕʢʩ-

ʧʦʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 20 ʩʝʢʫʥʜ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 440 ʥʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

15 ʤɺʪ/ʩʤ
2
, ʧʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ ʙʳʣʘ ʚ 

ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ɾʂ ʵʣʝʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.  

 

 
ɹʝʟ ʥʘʧʨʷʞʝʥʠʷ 

 
1,30 ɺ 

 
1,5 ɺ 

 
1,9 ɺ 

 
2,2 ɺ 

 
2,6 ɺ 

 
3,1 ɺ 

 
8 ɺ 

 

ʈʠʩʫʥʦʢ 2 ï ʉʝʯʝʥʠʝ ʧʨʦʬʠʣʷ ʛʘʫʩʩʦʚʘ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʧʦʩʣʝ  

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʵʣʝʤʝʥʪ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ɾʂ ʷʯʝʡʢʝ ʥʘʧʨʷʞʝʥʠʷ 

 

ʅʘ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʥʘʧʨʘʚʣʷʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʛʝʣʠʡ-

ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 632,8 ʥʤ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠ-

ʝʡ ʥʘ ɾʂ ʷʯʝʡʢʫ ʧʦʜʘʚʘʣʦʩʴ ʚʥʝʰʥʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0 ʜʦ 8 ɺ, ʯʪʦ ʦʪʚʝʯʘʣʦ ʟʥʘʯʝʥʠʷʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʦ 4 ʢɺ/ʩʤ ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ          

17 ʤʢʤ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2 ʨʝʟʫʣʴʪʘʪʦʚ, ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ, ʧʨʦʡʜʷ ʯʝʨʝʟ ɾʂ ʵʣʝʤʝʥʪ, ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʢʘʨʪʠʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʧʫʯʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦ-

ʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʣʠʯʠʝ ʧʨʦʚʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʧʫʯʢʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʦ-

ʚʦʛʦ ʧʦʣʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʯʢʘ ʩ ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘ ɾʂ 

ʷʯʝʡʢʫ ʥʘʧʨʷʞʝʥʠʷ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʟʦʚʦʤʫ ʥʘʙʝʛʫ ʤʝʞʜʫ ʦʙʳʢʥʦʚʝʥʥʳʤ ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʳʤ ʣʫʯʘʤʠ ȹʌ = ˊ(2n+1). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɾʂ- ʵʣʝʤʝʥʪ ʩʦ ʩʣʦʞʥʦʡ ʪʦʧʦʣʦʛʠʝʡ 

ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ɾʂ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽɺʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʇʈʆɼʋʂʊɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʋʈʆɺʅʗ 

ɿɸʇʆʃʅɽʅʅʆʉʊʀ ʇɸʈʂʆɺʆʂ 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʫ ʢʘʞʜʦʡ ʩʝʤʴʠ 

ʠʤʝʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴ, ʧʦʵʪʦʤʫ ʢʨʘʡʥʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʤʝʩʪʝ ʩʪʦʷʥ-

ʢʠ ʘʚʪʦʤʦʙʠʣʷ. ɺʦʟʣʝ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʩʪʦʷʥʦʢ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʙʨʦʥʠʨʦʚʘʥʠʷ ʤʝʩʪ, ʘ ʪʘʢʞʝ, ʟʘʯʘʩʪʫʶ, ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʤʝʩʪ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʘʭʦʞʜʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ, ʥʘ ʧʦʠʩʢʠ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ ʪʝʨʷʝʪʩʷ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʜʫʢʪʠʚʥʦ. ʆʧʪʠʤʘʣʴʥʦ ʙʳʣʦ ʙʳ ʟʘʨʘʥʝʝ ʦʧʦʚʝ-

ʱʘʪʴ ʚʦʜʠʪʝʣʝʡ ʦ ʪʦʤ, ʝʩʪʴ ʣʠ ʩʚʦʙʦʜʥʳʝ ʤʝʩʪʘ ʥʘ ʚʳʙʨʘʥʥʦʡ ʧʘʨʢʦʚʢʝ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʙʳ ʬʠʢʩʠ-

ʨʦʚʘʣʘ ʧʘʨʢʦʚʢʠ, ʠ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʧʦʟʥʘʚʘʣʘ 

ʙʳ ʩʚʦʙʦʜʥʳʝ ʤʝʩʪʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʘʣʠʟʫ-

ʶʱʝʛʦ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦ-

ʙʦʜʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʟʘʜʘʯʠ. 

2. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʠ-

ʧʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ. 

3. ʀʟʫʯʠʪʴ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʧʦʠʩʢʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
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4. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ 

5. ʇʨʦʚʝʩʪʠ ʦʙʫʯʝʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ. 

6. ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʦʟʜʘʥʥʳʭ ʩʝʪʝʡ ʥʘ ʪʝʩʪʦ-

ʚʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. 

7. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʦʮʝʥʠʪʴ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʳʭ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ (ʦʙʲʝʢʪʦʚ, ʩʠʛʥʘʣʦʚ, ʩʠ-

ʪʫʘʮʠʡ, ʷʚʣʝʥʠʡ ʠʣʠ ʧʨʦʮʝʩʩʦʚ) ï ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʝʛʦ ʩʚʦʡʩʪʚ ʧʦ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʶ (ʦʧʪʠʯʝʩʢʦʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ) ʠʣʠ ʘʫʜʠʦʟʘʧʠʩʠ (ʘʢʫʩʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ) ʠ ʜʨʫ-

ʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʙʨʘʟ ï ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʚ ʩʠ-

ʩʪʝʤʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʘʷ (ʚʳʜʝʣʷʶʱʘʷ) ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʛʨʫʧʧʫ ʦʙʲʝʢʪʦʚ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʨʠʟʥʘʢʫ.  

ʅʘʧʨʷʤʫʶ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʨʘʟʦʚ ʩʚʷʟʘʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ï ʪʝʦʨʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʙʲʝʢ-

ʪʦʚ. ʂʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʩʪʨʝʤʠʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʇʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ: 

1. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ (ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦ-

ʪ,r ʘʚʪʦʥʦʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ). 

2. ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

3. ʉʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʥʜʝʢʩʘʮʠʠ ʙʘʟ 
ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ). 

4. ʉʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʘʥʘʣʠʟ 
ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ). 

5. ʉʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʜʣʷ ʩʠʩʪʝ-

ʤʳ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). 

6. ʉʠʩʪʝʤʳ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

7. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʬʦʪʦʛʨʘʬʠʷ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩ ʢʘʤʝʨʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʚʟʷʪʴ ʩʚʝʨʪʦʯʥʫʶ ʩʝʪʴ. ɺ ʦʙʳʯʥʦʡ ʩʝʪʠ, 

ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʧʨʠʯʝʤ 

ʢʘʞʜʘʷ ʩʚʷʟʴ ʠʤʝʝʪ ʩʚʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɺ ʩʚʸʨ-

ʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʦʧʝʨʘʮʠʠ ʩʚʸʨʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʦʛʨʘʥʠ-

ʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʫʶ çʜʚʠʛʘʶʪè ʧʦ ʚʩʝ-

ʤʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʩʣʦʶ (ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ             

ʚʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ), ʬʦʨʤʠʨʫʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʩʜʚʠʛʘ ʩʠʛʥʘʣ ʘʢʪʠ-

ʚʘʮʠʠ ʜʣʷ ʥʝʡʨʦʥʘ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦʟʠʮʠʝʡ. ʊʦ ʝʩʪʴ 

https://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%80%D0%BE%D0%B1%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%80%D0%BE%D0%B1%D0%BE%D1%82
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%B2%D1%82%D0%BE%D0%BD%D0%BE%D0%BC%D0%BD%D0%BE%D0%B5_%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82%D0%BD%D0%BE%D0%B5_%D1%81%D1%80%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%BE&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B2%D0%B8%D0%B4%D0%B5%D0%BE%D0%BD%D0%B0%D0%B1%D0%BB%D1%8E%D0%B4%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%84%D0%BE%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
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ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʤʘʪʨʠʮʘ ʚʝʩʦʚ, ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʷʜʨʦʤ ʩʚʸʨʪʢʠ. ɽʸ ʠʥʪʝʨʧʨʝ-

ʪʠʨʫʶʪ ʢʘʢ ʛʨʘʬʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʠʟʥʘʢʘ, ʥʘʧʨʠʤʝʨ, 

ʥʘʣʠʯʠʝ ʥʘʢʣʦʥʥʦʡ ʣʠʥʠʠ ʧʦʜ ʦʧʨʝʜʝʣʸʥʥʳʤ ʫʛʣʦʤ. ʊʦʛʜʘ ʩʣʝʜʫʶʱʠʡ 

ʩʣʦʡ, ʧʦʣʫʯʠʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʮʠʠ ʩʚʸʨʪʢʠ ʪʘʢʦʡ ʤʘʪʨʠʮʝʡ ʚʝ-

ʩʦʚ, ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʩʣʦʝ ʠ ʝʸ 

ʢʦʦʨʜʠʥʘʪʳ, ʬʦʨʤʠʨʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʢʘʨʪʫ ʧʨʠʟʥʘʢʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ 

ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘʙʦʨ ʚʝʩʦʚ ʥʝ ʦʜʠʥ, ʘ ʮʝʣʘʷ ʛʘʤʤʘ, ʢʦʜʠ-

ʨʫʶʱʘʷ ʵʣʝʤʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʣʠʥʠʠ ʠ ʜʫʛʠ ʧʦʜ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ). ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʷʜʨʘ ʩʚʝʨʪʢʠ ʥʝ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ 

ʟʘʨʘʥʝʝ, ʘ ʬʦʨʤʠʨʫʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʫʪʸʤ ʦʙʫʯʝʥʠʷ ʩʝʪʠ. 

 

 

ʇ.ʈ. ɹʫʙʝʰʢʦ (ɻʨɻʋ ʠʤʝʥʠ ʗ. ʂʫʧʘʣʳ, ɻʨʦʜʥʦ) 

ʅʘʫʯ. ʨʫʢ. ɸ.ɸ. ʇʠʚʦʚʘʨʯʠʢ, ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ɺʆɼʆʕʄʋʃʔʉʀʆʅʅʓɽ ʉʄɸɿʂʀ  

ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ ʇɽʉʏɸʅʆ-ʉʄʆʃʗʅʓʍ ʉʊɽʈɾʅɽʁ  

ʇʆ ʅɸɻʈɽɺɸɽʄʆʁ ʆʉʅɸʉʊʂɽ 

  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘ-
ʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʩʪʝʨʞʥʝʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʧʝʩʯʘʥʦ-ʩʤʦʣʷʥʳʭ ʩʤʝʩʝʡ 
ʧʦ ʥʘʛʨʝʚʘʝʤʦʡ ʦʩʥʘʩʪʢʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ ʩʪʝʨʞʥʝʡ ʧʦ ʥʘʛʨʝʚʘʝʤʦʡ ʦʩʥʘʩʪʢʝ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʫʰʢʠ 
ʩʪʝʨʞʥʝʡ ʚ ʩʫʰʠʣʘʭ; ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʪʝʨʞʥʝʡ (120ï
500 ʄʇʘ), ʤʘʣʘʷ ʦʩʳʧʘʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʚʦʢ ʩ ʯʠ-
ʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʩʪʝʨʞʥʝ-
ʚʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ ʦʙʣʘʜʘʶʪ 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʣʠʧʘʪʴ ʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ, 
ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʡ, ʠʭ ʨʘʟʤʝʨʥʫʶ ʪʦʯʥʦʩʪʴ, 
ʫʚʝʣʠʯʠʚʘʝʪ ʙʨʘʢ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʩʲʸʤʝ ʚʳʩʦʢʘʷ ʧʨʠʣʠʧʘʝ-
ʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʨʞʥʝʡ, ʧʨʠ ʠʭ ʠʟ-
ʚʣʝʯʝʥʠʠ. ʅʘʠʙʦʣʴʰʝʡ ʧʨʠʣʠʧʘʝʤʦʩʪʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ 
ʷʱʠʢʘ ʦʙʣʘʜʘʶʪ ʩʪʝʨʞʥʝʚʳʝ ʩʤʝʩʠ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝ-
ʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʬʝʥʦʣʦ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ [1ï2].           
ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʣʠʧʘʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʝʩʯʘ-
ʥʦ-ʩʤʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʟʢʠ, ʢʦʪʦʨʘʷ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʜʝʡʩʪʚʠʝ ʩʠʣ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʩʪʝʨʞʥʝʤ ʠ ʣʠʪʝʡʥʦʡ 
ʦʩʥʘʩʪʢʦʡ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʞʜʫ ʩʪʝʨʞʥʝʤ ʠ ʩʪʝʨʞʥʝʚʳʤ ʷʱʠʢʦʤ) ʚ 
ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʘʶʪ ʧʨʠʣʠʧʘʝʤʦʩʪʴ 
ʩʤʝʩʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʝ [1ï4].ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 
ʩʦʟʜʘʥʠʝ ʠʤʧʦʨʪ ʟʘʤʝʱʘʶʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝ-
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ʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʦʡ ʩʤʘʟʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʠʟʛʦ-
ʪʦʚʣʝʥʠʠ ʧʝʩʯʘʥʦ-ʩʤʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ ʧʦ ʥʘʛʨʝʚʘʝʤʦʡ ʦʩʥʘʩʪʢʝ, ʧʨʠʤʝ-
ʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʙʨʘʢ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʩʪʝʨʞʥʝʡ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʦʡ 
ʩʤʘʟʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʩʯʘʥʦ-ʩʤʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ, ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʤʘʟʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʣʠʤʝ-

ʪʠʣʩʠʣʦʢʩʘʥʦʚʘʷ ʞʠʜʢʦʩʪʴ ʤʘʨʢʠ ʇʄʉ 300. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ 
ʚʳʩʦʢʦʡ ʨʘʟʜʝʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʨʤʦ-
ʩʪʦʡʢʦʩʪʴʶ (ʜʦ 305 Áʉ), ʥʠʟʢʦʡ ʛʘʟʦʪʚʦʨʥʦʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 
573 ʂ (15 ʩʤ

3
/ʛ) ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʩʣʷʥʫʶ ʨʘʩʪʠʪʝʣʴʥʫʶ ʩʫʙʩʪʘʥ-
ʮʠʶ (ʄʈʉ), ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ 
ʠ ʞʠʨʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (12 %), ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦ-
ʪʳ (72 %), ʧʘʣʴʤʠʪʠʥʦʚʦʡ (14 %) ʠ ʬʦʩʬʦʣʠʧʠʜʦʚ (4 %). ɺ ʢʘʯʝʩʪʚʝ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʦʡ ʩʤʘʟʢʠ ʩ ʚʳʩʦʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʠʦʥʦʛʝʥʥʦʝ ʤʦʶʱʝʝ ʩʨʝʜʩʪʚʦ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʷ 
ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʤʘʟʢʠ ʚʳʩʪʫʧʘʣʘ ʚʦʜʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʘʟʦʢ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 

 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʩʤʘʟʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ ʠʩʩʣʝ-

ʜʫʝʤʳʝ ʩʦʩʪʘʚʳ ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʳʭ ʩʤʘʟʦʢ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ ʦʪ 1:25, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʩʪʝʨʞʥʝʡ. 

ʉʤʘʟʢʫ ʥʘʥʦʩʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʠʩʪʦʣʝʪʘ-ʨʘʩʧʳʣʠʪʝʣʷ ʩ ʨʘʩʩʪʦʷʥʠʷ           

0,5 ʤ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ ʚ ʩʝʪʠ 0,25 ʄʇʘ. ɺʨʝʤʷ ʨʘʩʧʳʣʝʥʠʷ ʩʤʘʟʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ ʩʦʩʪʘʚʣʷʣʦ 2ï3 ʩ. 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʘʟʦʢ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʥʘʣʠʧʘʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 
ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ ʩ ʥʦʤʝʨʘʤʠ 1 ʠ 2 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʧʘʥʠʝ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭ-

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  

ʚ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʘʟʢʠ, % 

1 2 3 4 5 

ʇʄʉ 300 10,0 10,0 10,0 10,0 10,0 

ʄʈʉ 3,0 5,0 8,0 10,0 15,0 

ʇɸɺ 3,0 3,0 3,0 3,0 3,0 

ɺʦʜʘ ʆʩʪ. ʆʩʪ. ʆʩʪ. ʆʩʪ. ʆʩʪ. 
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ʥʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟ-
ʢʦʡ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʢʦʣʠ-
ʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʄʈʉ (3 ʠ 5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦ-
ʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ, ʠ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʵʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʧʨʠ ʚʜʫʚʘ-
ʥʠʠ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʦʦʙʨʘʟʫʶʱʫʶ ʧʦʣʦʩʪʴ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʩʤʘʟʢʠ 3 (ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚ-
ʢʠ ʄʈʉ ʢ ʦʩʥʦʚʝ ʩʤʘʟʢʠ ʙʦʣʝʝ 8 %) ʥʘʣʠʧʘʥʠʝ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ ʦʪʩʫʪʩʪʚʫʝʪ.  
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʩʤʘʟʦʢ 4 ʠ 5 ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʨʘʢ ʩʪʝʨʞʥʝʡ ʧʦ ʢʘʯʝʩʪʚʫ ʠʭ ʧʦʢʨʘʩʢʠ, ʘ ʠʤʝʥʥʦ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ ʤʝʩʪʘʤʠ ʥʝ ʦʢʨʘʰʠʚʘʝʪʩʷ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʧʨʦʠʩ-
ʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʤʘʟʢʠ ʥʘ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʪʝʨʞʥʝʚʦʛʦ ʷʱʠʢʘ, ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʠ ʵʨʦʟʠʦʥʥʦʡ ʩʧʦʩʦʙ-
ʥʦʩʪʠ ʩʤʘʟʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʄʈʉ ʜʦʙʘʚʢʠ, 
ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʧʘʜʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʤʘʟʢʠ ʥʘ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʩʪʝʨʞʥʷ. 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʩʪʝʨʞʥʝʡ ʠʟ ʧʝʩʯʘʥʦ-ʩʤʦʣʷʥʳʭ ʩʪʝʨʞʥʝʡ ʧʦ ʥʘʛʨʝʚʘʝʤʦʡ ʦʩʥʘʩʪʢʝ ʚ ʢʘ-
ʯʝʩʪʚʝ ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʦʡ ʩʤʘʟʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʩʪʘʚ ʥʘ 
ʦʩʥʦʚʝ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʡ ʞʠʜʢʦʩʪʠ ʤʘʨʢʠ ʇʄʉ 300 ʩ ʜʦʙʘʚʢʦʡ 
ʄʈʉ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʄʈʉ ʚ ʩʦʩʪʘʚʝ ʩʤʘʟʢʠ ʜʦʣʞʥʦ 
ʩʦʩʪʘʚʣʷʪʴ 8 %.  
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ʕʃɽʂʊʈʆʅʅʆ-ʃʋʏɽɺɸʗ ʆɹʈɸɹʆʊʂɸ  

ʇʆʃʀɺʀʅʀʃʍʃʆʈʀɼɸ 
 

ɺʚʝʜʝʥʠʝ 

ʃʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʜʘʥʠʷ ʠʤ ʟʘʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ (ʙʠʦ-

ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʘʥʪʠʪʨʦʤʙʦʛʝʥʥʦʩʪʴ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʋʌ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʝʛʦʩʷ ʟʘʤʝʪʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʃʘʟʝʨʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʪʦʥʢʦʛʦ ʩʣʦʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʦʩʘʞʜʝʥʠʷ. 
 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʬʦʨʤʠʨʦʚʘʣʠ ʠʟ ʘʢʪʠʚʥʦʡ 

ʛʘʟʦʚʦʡ ʬʘʟʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʘʢʫʫʤʝ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʠʩʧʝʨʛʠʨʫʝʤʘʷ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʤʠʰʝʥʴ ʧʦʜʚʝʨ-

ʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʋʌ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ɚ=266ʥʤ). ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʢʨʳʪʠʡ ʚ ʫʩʣʦʚʠʷʭ ʣʘʟʝʨʥʦʛʦ ʘʩʩʠʩʪʠʨʫ-

ʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʰʝʥʠ ʜʠʘʤʝʪʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʧʷʪʥʫ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (7 ʤʤ). 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ ʧʦʣʠʚʠʥʠʣ-

ʭʣʦʨʠʜʘ (ʇɺʍ, ɻʆʉʊ 14039-78), ʘ ʪʘʢʞʝ ʧʦʨʦʰʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʩʢʘʙʣʠʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʨʦʰʦʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ çʚʪʦʨʠʯʥʦʛʦ ʇɺʍè.  

ʊʦʣʱʠʥʘ ʦʩʘʞʜʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʚʘʨʮʝ-

ʚʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʪʦʣʱʠʥʳ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʢʨʳʪʠʷ ʦʜʠʥʘʢʦ-

ʚʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨ-

ʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ                       

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʠʩʪʘʚʢʠ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʀʂ ʩʧʝʢʪʨʝ ʧʦʨʦʰʢʘ ʇɺʍ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʬʠʢʩʠʨʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʦʪʤʝʯʝʥ-
ʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʦʣʠʤʝʨʝ ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʘʥʥʳʝ ʧʦʣʦʩʳ 
ʦʙʫʩʣʦʚʣʝʥʳ ʚʥʝʧʣʦʩʢʦʩʪʥʳʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ              
CïH ʩʚʷʟʝʡ ʜʣʷ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʥʟʦʣʘ. 
ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʣʠʤʝʨ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʧʦʪʦʢʘ ʠʥʠʮʠʠʨʫʝʪ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ ʇɺʍ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 
ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ 
ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʠ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷ-
ʟʷʤʠ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠ-

ʟʘʮʠʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʢʨʳʪʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 
ʩʦʜʝʨʞʠʪ ʙʝʥʟʦʣʴʥʳʝ ʢʦʣʴʮʘ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʣʝʛʢʦ ʦʪʱʝʧʣʷʶʪʩʷ ʦʪ ʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪʢʘʯʠʚʘʶʪʩʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʢʘʯʢʠ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʧʨʦʪʝʢʘʝʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʜʣʦʞʢʝ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ 

ʚ ʚʘʢʫʫʤʝ ʧʦʨʦʰʢʘ çʚʪʦʨʠʯʥʦʛʦ ʇɺʍè ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʦ-
ʜʝʨʞʘʥʠʷ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʠ ʦʪʞʠʛʝ 
ʧʨʦʮʝʩʩ ʦʪʱʝʧʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝ-
ʭʦʜʦʤ ʠʭ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʠʜʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʰʠʪʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʩʦ-
ʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʩʥʠʞʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʩ, ʦʪ-
ʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʪʞʠʛʘ (500Áʉ) ʥʘ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 
ʪʦʥʢʦʛʦ ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. 
ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʘ ʚʦʟʜʫʭʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʦʢʠʩʣʝʥʠʝʤ 

ʪʦʥʢʦʛʦ ʩʣʦʷ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʨʦʩʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʩʳ ʚʘ-
ʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C = O ʩʚʷʟʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ               
ʨʘʟʨʫʰʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʮʝʧʦʯʝʢ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʦʙʨʘʟʦʚʘʥʠʶ, ʢʘʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʰʠʚʦʢ, ʪʘʢ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷ-
ʟʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʨʝʜʳ ʦʪʞʠʛʘ, ʪʝʨʤʦʦʙʨʘʙʦʪ-
ʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʪʱʝʧʣʝʥʠʶ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ. 
ʃʘʟʝʨʥʦʝ ʋʌ ʘʩʩʠʩʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʠʜʠʤʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ. ʈʝʟʫʣʴ-
ʪʘʪ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʳʝ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʜʫʢʪʳ 
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ʜʝʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 
ʣʘʟʝʨʥʘʷ ʘʢʪʠʚʘʮʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷʟʝʡ ʥʝ ʟʘʤʝʪʥʘ ʚ ʦʙʱʝʡ ʢʘʨʪʠʥʝ 

ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺʦʟʜʝʡʩʪʚʠʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʨʦʰʦʢ 

ʇɺʍ ʠʥʠʮʠʠʨʫʝʪ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ, ʦʥʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʦʯʝʢ. ʊʝʨʤʠʯʝʩʢʠ ʠʥʠʮʠʠʨʫʝʤʘʷ 

ʮʠʢʣʠʟʘʮʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʥʢʠʡ ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ çʚʪʦʨʠʯʥʦʛʦè ʇɺʍ ʦʙʨʘʟʦʚʘʥ 

ʧʦʣʠʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩ ʜʣʠʥʦʡ ʨʘʚʥʦʡ 3ï4. 

ʃʘʟʝʨʥʦʝ ʥʘʥʦʩʝʢʫʥʜʥʦʝ ʋʌ ʘʩʩʠʩʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩ-

ʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʇɺʍ. ɺʣʠʷʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʘʧʝʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʬʦʨʤʠ-

ʨʫʶʱʠʭ ʪʦʥʢʠʡ ʩʣʦʡ. ʀʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʦʩʘʞʜʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʩʣʦʷ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʘʟʝʨʥʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ɽ.ʉ. ɹʳʯʢʦʚ (ɻɻʋ ʠʤʝʥʠ ʌ.ʉʢʦʨʠʥʳ, ɻʦʤʝʣʴ)  

ʅʘʫʯ. ʨʫʢ. ʇ.ɺ. ɹʳʯʢʦʚ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʊʉʂɸʅʀʈʆɺɸʅʅʆɻʆ ʇʆʏɽʈʂɸ  

ɼʃʗ ɻɽʅɽʈɸʎʀʀ ʇʉɽɺɼʆʈʋʂʆʇʀʉʅʆɻʆ ʊɽʂʉʊɸ 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʛʣʫʙʦʢʦʛʦ ʦʙʫ-

ʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʡ, ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʪʨʠʚʠʘʣʴʥʦʡ ʠ ʜʝʰʸʚʦʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʣʠʯʝʩʪʚʦ ʚʝʙ ʩʝʨʚʠʩʦʚ ʠ ʜʝʩʢʪʦʧʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʦʟʥʘʪʴ ʧʝʯʘʪʥʳʡ ʠʣʠ ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ, ʥʘʧʨʠʤʝʨ, 

çSupport Vector Machineè. ʆʜʥʘʢʦ, ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʪʦʝʩʪʴ ʧʝʨʝʚʦʜ ʠʟ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʬʦʨʤʘʪʘ ʚ ʧʩʝʚʜʦʨʫʢʦʧʠʩʥʳʡ, ʪʘʢʞʝ ʩʧʦʙʥʘ ʨʝʰʠʪʴ ʮʝ-

ʣʳʡ ʨʷʜ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ:  

1. ʉʦʟʜʘʥʠʝ ʧʩʝʚʜʦʨʫʢʦʧʠʩʥʳʭ ʦʪʢʨʳʪʦʢ ʠʣʠ ʧʠʩʝʤ;  

2. ʉʦʟʜʘʥʠʝ email ʩʦʦʙʱʝʥʠʡ ʚ ʨʫʢʦʧʠʩʥʦʤ ʩʪʠʣʝ; 

3. ʉʦʟʜʘʥʠʝ ʢʦʥʩʧʝʢʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʧʩʝʚʜʦʨʫʢʦʧʠʩʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʩʪʘʜʠʠ:  

1. ɸʥʘʣʠʟ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʪʝʢʩʪʘ, ʠʩʧʦʣʴʟʫʷ ʦʜʥʫ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʩʝ-

ʪʝʡ ʨʝʢʫʨʝʥʪʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ;  

2. ʌʠʣʴʪʨʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ, ʥʦʨʤʠʨʦʚʘʥʠʝ, ʨʘʟʜʝʣʝʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʩʚʷʟʢʠ Python3 + MSSQL; 

3. ʆʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʠʙʣʠʦʪʝʢʦʡ ReportLab ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʙʘʟʳ ʨʫʢʦʧʠʩʥʳʭ ʩʠʤʚʦʣʦʚ. 

ɹʳʣʦ ʩʦʟʜʘʥʦ WEB ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʩʝʚʜʦʨʫʢʦʧʠʩʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ Python, Django, Amazon C2, 

APACHE, MsSQL ʠ Reportlab.  

ɺʝʙ ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʬʨʝʡʤʚʦʨʢ bootstrap ʜʣʷ ʬʨʦʥʪʝʥʜʘ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʭʨʘʥʠʪ ʚ ʩʝʪʝʚʦʤ ʭʨʘʥʠʣʠʱʝ Amazon S3. ɺʩʝ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʭʨʘʥʷʪʩʷ ʚ Amazon S3 ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ.  
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ʅʘʫʯ. ʨʫʢ. ʆ.ʖ. ʉʤʠʨʥʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
  

 ʈɽʃɸʂʉɸʎʀʀ ʋʇʈʋɻʀʍ ʅɸʇʈʗɾɽʅʀʁ  

ɺ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈɸʍ SiGe 
 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʨʝʩʩʥʦʡ, ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʤʝʪʦʜʠʢʦʡ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ GexSi1-x  

[1]. ʆʜʥʘʢʦ ʥʘ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʂʈʉ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ 

ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʛʝʨʤʘʥʠʠ ʠ ʢʨʝʤʥʠʷ [2, 3]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝ-

ʜʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ  

ʥʘ ʦʙʲʝʤʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ GexSi1-x 

(ʭ = 0 ï 0.123), ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʧʣʘʚʢʠ. ʉʧʝʢ-

ʪʨʳ ʂʈʉ ʟʘʧʠʩʳʚʘʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʤʦʱʴʶ 

Nanofinder High End (Lotis TII) ï ʤʠʢʨʦʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ 3D ʩʢʘʥʠʨʫʶʱʠʤ ʢʦʥʬʦʢʘʣʴʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʈʝʛʠ-

ʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʭʝʤʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʨʘʟʨʝ-

ʰʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʦʩʪʘʚʣʷʣʦ 0.3 ʩʤ-1. ʇʦʜʚʦʜʠʤʘʷ ʢ ʦʙʨʘʟʮʫ ʤʦʱ-

ʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 2 ʤɺʪ, ʘ ʜʠʘʤʝʪʨ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʧʫʯʢʘ ï ʦʢʦʣʦ 1 ʤʢʤ. 

ʀʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʦʟʙʫʞʜʝʥʠʝ ʠʟʣʫʯʝʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠ-

ʥʦʡ ʚʦʣʥʳ 532 ʥʤ.  






