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ɹɹʂ 30+22.1 

ʄ 75 

 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʃʝʙʝʜʝʚʘ ʅʘʜʝʞʜʘ ɸʥʘʪʦʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʚ ʦʙʣʘʩʪʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, 

ʧʨʦʬʝʩʩʦʨ ʬʠʣʦʩʦʬʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʘʜʨʦʚʦʡ ʘʢʘʜʝʤʠʠ, ʛ. ʂʠʝʚ, ʯʣʝʥ ɽʚʨʘʟʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʊʝʣʝʚʠʜʝʥʠʷ ʠ ʈʘʜʠʦ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɺʦʣʢʦʚ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ ï ʢʘʥʜ. ʤʝʜ. ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ çʉʠʙɸʂè; 

ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʙʠʟʥʝʩ-ʢʦʥʩʫʣʴʪʘʥʪ 

ɸʢʘʜʝʤʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʨʳʥʢʘ, ʚʝʜʫʱʠʡ ʢʦʥʩʫʣʴʪʘʥʪ ʧʦ ʩʪʨʘʪʝʛʠʠ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤ, 

çʂʦʥʩʘʣʪʠʥʛʦʚʘʷ ʬʠʨʤʘ çʇʘʨʪʥʝʨʳ ʠ ɹʦʨʦʚʢʦʚè; 

ɿʘʭʘʨʦʚ ʈʦʤʘʥ ʀʚʘʥʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʚʨʘʯ ʧʩʠʭʦʪʝʨʘʧʝʚʪ ʚʳʩʰʝʡ 

ʢʘʪʝʛʦʨʠʠ, ʢʘʬʝʜʨʘ ʧʩʠʭʦʪʝʨʘʧʠʠ ʠ ʩʝʢʩʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʄɸʇʆ) ʛ. ʄʦʩʢʚʘ; 

ɿʝʣʝʥʩʢʘʷ ʊʘʪʴʷʥʘ ɽʚʛʝʥʴʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʚ ʖʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ; 

ʂʘʨʧʝʥʢʦ ʊʘʪʴʷʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʢʘʥʜ. ʬʠʣʦʩ. ʥʘʫʢ, ʨʝʮʝʥʟʝʥʪ ɸʅʉ çʉʠʙɸʂè; 

ʂʦʧʳʣʦʚ ɸʣʝʢʩʝʡ ʌʠʣʠʧʧʦʚʠʯ ï ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮ. ʢʘʬʝʜʨʳ ʈʘʜʠʦʪʝʭʥʠʢʠ ʀʥʩʪʠʪʫʪʘ 

ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʂʨʘʩʥʦʷʨʩʢ; 

ʂʦʩʪrʣʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ ï ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʢʘʥʜ. ʬʠʣʦʣ. ʥʘʫʢ, ʜʦʮ. ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ (ʈɸʅʍʠɻʉ), 

ʛ. ʄʦʩʢʚʘ; 

ʇʦʧʦʚʘ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ ʠʥʩʪʠʪʫʪʘ ʜʝʪʩʪʚʘ ʅɻʇʋ; 

ʗʢʦʚʠʰʠʥʘ ʊʘʪʴʷʥʘ ʌʝʜʦʨʦʚʥʘ ï ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ., ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ 

ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʘʢʘʜʝʤʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʣʝʥ ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʃʠʛʠ. 

 

ʄ 75 ʄʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ. 
ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʍʍʍIʍ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄʦʩʢʚʘ: 

ʀʟʜ. çʄʎʅʆè. ï 2016. ï  ̄10 (39) / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ. ï URL: http://www.nauchforum.ru/archive/MNF_tech/10(39).pdf 
 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʍʍʍIʍ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʥʘʫʢʠè ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ 

ʰʢʦʣ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  

ɼʘʥʥʦʝ ʠʟʜʘʥʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʤʘʛʠʩʪʨʘʤ, ʩʪʫʜʝʥʪʘʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʚʩʝʤ 

ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  

ʉʙʦʨʥʠʢ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʈʀʅʎ (ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʝʢʩ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ) ʥʘ 

ʧʣʘʪʬʦʨʤʝ eLIBRARY.RU. 
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ʆʛʣʘʚʣʝʥʠʝ  

ʉʝʢʮʠʷ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 8 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʊʈɸʅʉʇʆʈʊʅʆʁ ʃʆɻʀʉʊʀʂʀ  
ɺ ʂɸɿɸʍʉʊɸʅɽ 
ɸʙʠʪʦʚ ɸʨʤʘʥʉʘʤʘʪʦʚʠʯ 
ɸʡʪʙʘʝʚ ʄʫʨʟʘʙʦʣʘʪ ʄʫʣʢʫʣʘʥʦʚʠʯ 

8 

ʇʈʀʄɽʅɽʅʀɽ ʉɺɽʈʊʆʏʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ  
ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ɼʆʈʆɾʅʓʍ ɿʅɸʂʆɺ 
ɹʘʙʘʝʚ ɸʥʜʨʝʡ ʄʠʭʘʡʣʦʚʠʯ 
ɸʣʝʢʩʝʝʥʢʦ ʖʣʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ 
ɸʚʜʝʝʚʘ ʊʘʪʴʷʥʘ ɻʝʥʥʘʜʴʝʚʥʘ 
ʐʝʡʢʠʥʘ ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ 
ʃʷʰʦʚ ʄʘʢʩʠʤ ɺʘʩʠʣʴʝʚʠʯ 

16 

ɸʅɸʃʀɿ ʅʆʈʄɸʊʀɺʅʆʁ ɹɸɿʓ ʇʆɼɻʆʊʆɺʂʀ ʇʈʆɽʂʊʆɺ 
ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʆɹʒɽʂʊʆɺ ʂɸʇʀʊɸʃʔʅʆɻʆ 
ʉʊʈʆʀʊɽʃʔʉʊɺɸ ɺ ʈʌ 
ɸʣʠʝʚ ʐʘʤʠʣʴ ʄʫʭʪʘʨʘʭʤʝʜʦʚʠʯ 
ʊʠʤʦʬʝʝʚʘ ɽʣʝʥʘ ɽʚʛʝʥʴʝʚʥʘ  

22 

ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 
ɸʥʘʭʠʥ ʅʠʢʦʣʘʡ ʖʨʴʝʚʠʯ 
ɻʨʦʰʝʚ ʅʠʢʦʣʘʡ ɻʝʥʥʘʜʴʝʚʠʯ 
ʆʥʦʧʨʠʡʯʫʢ ɼʝʥʠʩ ɸʣʝʢʩʝʝʚʠʯ 

28 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ 
ʊʈɽʍʉʃʆʁʅʆɻʆ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ 
AlGaAs/ GaAs/ GaAs 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

32 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ 
ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ʏɽʊʓʈɽʍʉʃʆʁʅʆʁ 
ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ AlGaAs/GaAs/GaAs/Ge 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

37 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ 
ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ʇʗʊʀʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 
AlGaAs/GaAs/GaAs//InP/Ge 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

42 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ 
ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ  
AlGaAs / InP / Ge 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 
 
 
 

47 



 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʏɽʊʓʈɽʍʉʃʆʁʅʆɻʆ 
ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 
AlGaAs/GaAs/InP/Ge 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

52 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɼʅʆʂɸʉʂɸɼʅʆɻʆ 
ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʅɸ ʆʉʅʆɺɽ 
GaAs 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

56 

ʈɸʉʏɽʊ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʀ 
ʀɿɻʆʊʆɺʃɽʅʀʀ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ 
ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ AlxGa1-xAs - GaAs 
ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

61 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ 
ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ʊʈɽʍʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 
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ʉɽʂʎʀʗ 1.  

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʊʈɸʅʉʇʆʈʊʅʆʁ ʃʆɻʀʉʊʀʂʀ  

ɺ ʂɸɿɸʍʉʊɸʅɽ 

ɸʙʠʪʦʚ ɸʨʤʘʥʉʘʤʘʪʦʚʠʯ 

ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʊʊʊʠʊ,  
ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɿ. ɸʣʜʘʤʞʘʨ,  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʦʩʪʘʥʘʡ 

ɸʡʪʙʘʝʚ ʄʫʨʟʘʙʦʣʘʪ ʄʫʣʢʫʣʘʥʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ,  
ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɿ. ɸʣʜʘʤʞʘʨ, 

 ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʦʩʪʘʥʘʡ 
 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʉʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝʚʦʟʦʢ 

ʛʨʫʟʦʚ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʥʦʚʣʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʧʦ ʦʙʲʝʤʫ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʧʦ ʢʘʯʝʩʪʚʫ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ 

ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʴʩʪʚʘ ʠ ʟʜʦʨʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʩʪʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʦʛʠʩʪʠʢʠ, ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʪ.ʝ. ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʫʩʣʫʛ ʧʦ ʙʳʩʪʨʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʦʩʪʘʚʢʝ ʪʦʚʘʨʦʚ. 

ɺʦʟʨʦʩʰʘʷ ʩʪʦʠʤʦʩʪʴ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʠʣʳ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʚʦʜʫ ʝʛʦ ʚ ʜʨʫʛʠʝ ʩʪʨʘʥʳ. 

ʆʧʨʝʜʝʣʷʶʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʷʚʣʷʝʪʩʷ ʯʝʪʢʦʩʪʴ 

ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʬʦʨʤʣʝʥʠʷ ʩʜʝʣʦʢ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʟʚʠʪʳʭ ʦʙʱʝʩʪʚʘʭ ʩʪʘʥʦʚʠʪʩʷ ʫʩʠʣʠʚʘʶʱʘʷʩʷ ʨʦʣʴ ʣʦʛʠʩʪʠʢʠ 

[5;4;8]. 

ɺ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, 

ʧʦʤʠʤʦ ʮʝʥʳ ʚʭʦʜʠʪ ʦʨʛʘʥʠʟʘʮʠʷ ʙʳʩʪʨʳʭ ʧʦʩʪʘʚʦʢ, ʠ ʵʪʦ ʥʝʨʝʜʢʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʘʞʥʝʝ ʮʝʥʳ. ʆʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʜʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʦʪ ʩʜʝʣʦʢ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʯʠʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʮʝʥʦʚʳʭ. ʇʨʦʠʟʦʰʣʘ ʩʤʝʥʘ ʘʢʮʝʥʪʦʚ ʚ ʨʳʥʦʯʥʦʤ ʩʧʨʦʩʝ ʩ ʙʦʣʝʝ ʥʠʟʢʠʭ ʮʝʥ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʮʠʠ ʥʘ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ, ʰʠʨʦʢʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʧʨʦʜʫʢʮʠʠ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʂʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʘʥʠʷʤ 

ʜʘʝʪ ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʪ.ʝ. ʧʦʣʥʳʡ ʧʘʢʝʪ ʫʩʣʫʛ ʧʨʠ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʪʦʚʘʨʘ, ʚʢʣʶʯʘʶʱʝʝ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ, ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʪʦʚʘʨʘ 

ʚ ʨʝʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛʠ (ʧʨʦʜʫʢʮʠʠ) 

ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʟʘʜʝʨʞʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʩʯʝʨʧʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ ʦʙʲʷʩʥʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʜʦʙʳʯʝʡ ʩʳʨʴʷ ʠ ʨʝʘʣʠʟʘʮʠʝʡ 

ʧʨʦʜʫʢʮʠʠ. ʊʘʢ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 2% ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ʪʨʘʥʩʧʦʨʪʝ ï 5, ʦʩʪʘʚʰʠʝʩʷ 93% 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ [3]. ʃʦʛʠʩʪʠʯʝʩʢʘʷ 

ʮʝʧʦʯʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʨʘʟʨʳʚ, ʠʥʪʝʛʨʠʨʫʷ ʚ ʦʙʱʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʥʦ-ʟʘʢʫʧʦʯʥʫʶ ʬʫʥʢʮʠʶ. 

ʂʦʤʧʘʥʠʠ ï ʧʦʩʪʘʚʱʠʢʠ ʫʩʣʫʛ ʜʣʷ ʵʢʦʥʦʤʠʠ ʢʘʧʠʪʘʣʘ, ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʠ 

ʫʙʳʪʢʦʚ ʥʘʭʦʜʷʪ ʥʦʚʳʝ ʬʦʨʤʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʫʨʦʡ. ʈʘʩʰʠʨʷʝʪʩʷ 

ʧʨʘʢʪʠʢʘ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʝʰʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʳʡ 

ʜʦʩʪʫʧ ʢ ʥʦʚʳʤ ʨʳʥʢʘʤ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʣʫʯʰʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʤʝʩʪʥʦʡ ʩʧʝʮʠʬʠʢʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʘʤʦʞʝʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʥʘʮʠʦʥʘʣʴʥʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʊʝʥʜʝʥʮʠʶ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʦʡ ʙʘʟʳ ʢʣʠʝʥʪʫʨʳ ʩ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʪʦʢʦʤ ʧʨʦʜʫʢʮʠʠ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʧʘʨʪʥʝʨʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʪʦʨʛʦʚʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ 

ʛʣʦʙʘʣʴʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ. 
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ʉʥʠʞʝʥʠʶ ʨʘʩʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ʊʘʢ, 

ʝʩʣʠ ʛʨʫʟ, ʫʞʝ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʫʪʠ, ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʚʠʪʴ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ 

ʩʨʦʢʠ, ʪʦ ʝʛʦ ʤʦʛʫʪ ʩʥʷʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʩʫʜʥʘ ʚ ʙʣʠʞʘʡʰʝʤ ʧʦʨʪʫ ʠ ʧʝʨʝʜʘʪʴ ʥʘ 

ʚʦʟʜʫʰʥʳʡ ʠʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʝʨʝʚʦʟʢʠ 

ʚ ʩʤʝʰʘʥʥʳʭ ʩʦʦʙʱʝʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠʭ ʚʘʨʠʘʥʪ ï ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʚʦʜʥʦʝ. 

ʇʨʠ ʪʘʢʦʤ ʩʦʦʙʱʝʥʠʠ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ ʥʝ ʪʦʣʴʢʦ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʪ ʧʝʨʝʚʘʣʢʠ 

ʛʨʫʟʦʚ, ʥʦ ʠ ʚʳʠʛʨʳʚʘʝʪ ʚ ʵʢʦʥʦʤʠʠ ʥʘ ʩʢʚʦʟʥʦʤ ʪʘʨʠʬʝ, ʙʦʣʝʝ ʥʠʟʢʦʤ, ʯʝʤ 

ʩʫʤʤʘʨʥʳʡ ʪʘʨʠʬ ʥʘ ʤʥʦʛʠʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʘ.  

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʮʝʧʦʯʢʘ, ʪ.ʝ. ʩʭʝʤʘ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʘ, ʤʦʞʝʪ 

ʠʤʝʪʴ ʚʠʜ ʧʨʷʤʦʛʦ ʪʨʘʥʟʠʪʘ, ʩʙʳʪʘ ʪʦʚʘʨʦʚ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʢʣʘʜʦʚ ʠʣʠ ʩʦʟʜʘʥʠʷ 

ʩʙʦʨʦʯʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʩʪʨʘʥʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. ɺ ʦʮʝʥʢʫ ʚʭʦʜʷʪ ʥʝ 

ʪʦʣʴʢʦ ʧʨʷʤʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʜʦʩʪʘʚʢʠ, ʥʦ ʠ ʩʙʳʪʦʚʳʝ, 

ʠʟʜʝʨʞʢʠ ʚʥʫʪʨʠʦʪʨʘʩʣʝʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʦ ʟʦʥʘʤ ʜʫʙʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, 

ʟʘʪʨʘʪʳ ʩʙʦʨʦʯʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ɺ ʨʷʜʝ ʧʦʨʪʦʚ ʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʪʝʨʤʠʥʘʣʘʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʩʪʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʘʨʠʬʳ: ʟʘ ʭʨʘʥʝʥʠʝ ʛʨʫʟʦʚ, ʪʝʨʤʠʥʘʣʴʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʦʥʪʝʡʥʝʨʦʚ, ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʫʩʣʫʛʠ. 

ɺ ʛʣʦʙʘʣʴʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʨʫʟʦʧʦʪʦʢʦʚ ʧʦ ʦʧʪʠʤʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺʩʝʛʦ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ ʦʢʦʣʦ 

80 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ (ʄʊʂ), ʧʦ ʢʦʪʦʨʳʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʝʨʝʚʦʟʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʤʠʨʝ. ɺʝʜʫʱʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʠʛʨʘʝʪ ʝʚʨʦʧʝʡʩʢʠʡ ʨʳʥʦʢ, ʠʤʝʶʱʠʡ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʚʥʫʪʨʝʥʥʠʝ 

ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 2 ʨʘʟʘ. 

ɺ ʨʘʤʢʘʭ ɽʉ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʪʨʘʥʟʠʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʊʨʘʥʩʝʚʨʦʧʝʡʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ (ʊɽʄ). ɺ 

ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʝʝ ʨʘʟʚʠʪʠʷ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
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ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʥʘ 

ɺʦʩʪʦʢ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʝʪʷʤʠ ʪʨʝʪʴʠʭ ʩʪʨʘʥ. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʄʊʂ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ, ʪ.ʝ., ʧʦ-ʩʫʱʝʩʪʚʫ, ʵʢʩʧʦʨʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ. 

ʅʘʙʦʨ ʠʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ, ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʊʨʘʥʟʠʪʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ ʜʦʣʞʥʳ 

ʩʦʟʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʚʘʨʦʚ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʮʝʣʝʚʫʶ ʧʝʨʝʚʦʟʢʫ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ 

ʣʦʛʠʩʪʠʢʦʡ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʘʥʟʠʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʢʫ, ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʨʠʬʦʚ, ʩʦ-

ʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ, ʩʦʙʣʶʜʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʜʨ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʣʦʛʠʩʪʠʢʠ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʤʝʞʜʫ ʪʝʤ ʚ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ 

60% ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʩʜʝʣʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʦʨʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ, ʧʨʠ ʝʛʦ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

(ʚ ʩʨʝʜʥʝʤ ʤʝʥʝʝ 6 ʯʝʣʦʚʝʢ ʥʘ 1 ʢʚ. ʤ), ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʮʝʥʪʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʥʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʩʪʨʘʥʳ. ʅʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 70% ʛʨʫʟʦʦʙʦʨʦʪʘ ʠ 50 ï 

ʧʘʩʩʘʞʠʨʦʦʙʦʨʦʪʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ. 

ʇʣʦʱʘʜʴ ʂʘʟʘʭʩʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 2,7 ʤʣʥ.ʢʚ. ʢʤ ï 9 ʤʝʩʪʦ ʚ ʤʠʨʝ, 4 ï 

ʚ ɽʚʨʘʟʠʠ. ʅʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 2 % ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʅʘʰʘ ʩʪʨʘʥʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ɽʚʨʘʟʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ 

ʦʪ ʚʩʝʭ ʯʝʪʳʨʝʭ ʦʢʝʘʥʦʚ. 

ʈʝʩʧʫʙʣʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʦʪ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ ɺʦʣʛʠ ʜʦ ʧʦʜʥʦʞʠʷ 

ɸʣʪʘʡʩʢʠʭ ʛʦʨ ʥʘ 300 ʢʤ ʠ ʦʪ ʶʛʘ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʥʘ ʩʝʚʝʨʝ 

ʜʦ ʧʫʩʪʳʥʠ ʂʳʟʳʣʢʫʤ ʥʘ ʶʛʝ ʥʘ 1600ï1700 ʢʤ. 
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ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʨʘʥʠʮ 15000 ʢʤ, ʠʟ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 3000 ï ʤʦʨʩʢʠʝ. 

ʅʘ ʩʝʚʝʨʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʂʘʟʘʭʩʪʘʥ ʛʨʘʥʠʯʠʪ ʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ, ʥʘ 

ʚʦʩʪʦʢʝ ï ʩ ʂʠʪʘʝʤ, ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ï ʩ ʂʳʨʛʳʟʩʪʘʥʦʤ, ʥʘ ʶʛʝ ï ʩ 

ʋʟʙʝʢʠʩʪʘʥʦʤ, ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ï ʩ ʊʫʨʢʤʝʥʠʩʪʘʥʦʤ, ʂʘʩʧʠʡ ʦʪʜʝʣʷʝʪ ʝʛʦ ʦʪ 

ʈʦʩʩʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʘ, ʀʨʘʥʘ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʝʚʳʰʘʝʪ 14 ʪʳʩ. ʢʤ. ʆʥʠ 

ʩʚʷʟʳʚʘʶʪ ʚʩʝ ʨʝʛʠʦʥʳ ʨʝʩʧʫʙʣʠʢʠ ʠ ʯʝʨʝʟ 15 ʩʪʳʢʦʚʳʭ ʧʫʥʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʚʷʟʠ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʘʰʠʤ ʩʦʩʝʜʷʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʥʟʠʪʥʳʭ ʧʝʨʝʚʦʟʦʢ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʘ ʷʚʣʷʝʪʩʷ 

ʧʦʛʨʘʥʠʯʥʳʡ ʧʝʨʝʭʦʜ ɼʨʫʞʙʘ-ɸʣʘʰʘʥʴʢʦʫ ʥʘ ʂʘʟʘʭʩʪʘʥʩʢʦ-ʂʠʪʘʡʩʢʦʡ 

ʛʨʘʥʠʮʝ. ʉʝʛʦʜʥʷ ʵʪʦ ʢʣʶʯʝʚʦʝ ʟʚʝʥʦ ʊʨʘʥʩʘʟʠʘʪʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ [1]. 

ʆʜʥʘʢʦ ʩ ʧʦʟʠʮʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʦʩʥʦʚʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʯʠʩʣʦ ʛʣʘʚʥʳʭ ʧʫʪʝʡ ʥʘ ʧʝʨʝʛʦʥʘʭ, ʨʘʩʯʝʪʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ, ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʘʚʪʦʜʦʨʦʛʘʤʠ ʚ ʦʜʥʦʤ ʫʨʦʚʥʝ, 

ʢʘʟʘʭʩʪʘʥʩʢʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʢʦʨʠʜʦʨʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 

ɺʝʩʴʤʘ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʤʠʨʦʚʦʡ ʦʧʳʪ ʠ ʦʧʳʪ ʩʪʨʘʥ ʉʅɻ. ɹʝʟ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʠ ʙʝʟ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʠʭ ʧʨʠʚʣʝʯʝʥʠʶ ʚ 

ʦʙʥʦʚʣʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʚʠʚʘʪʴ ʧʝʨʝʚʦʟʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ɺ ʦʪʨʘʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʠ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʝ ʤʦʜʝʣʠ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʫʪʝʚʦʡ ʪʝʭʥʠʢʠ, ʠʟʥʦʰʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʡ ʠ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʫʩʪʘʨʝʚʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʨʠʜʦʨʦʚ 

ʜʣʷ ʪʨʘʥʟʠʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʘʨʠʬʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʫʩʪʨʘʥʝʥʠʝ ʙʘʨʴʝʨʦʚ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʩʣʫʛ ʜʦʣʞʥʦ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʢʘʢ ʪʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 
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ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛʘʭ ʥʝʦʙʭʦʜʠʤʳ ʠʥʚʝʩʪʠʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʫʪʠ, ʥʦʚʳʡ 

ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʩʚʷʟʠ. 

ʇʨʦʮʝʩʩʳ ʩʦʮʠʘʣʴʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʣʠʢʚʠʜʘʮʠʠ ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ 

ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʦʜʥʦʟʥʘʯʥʦ ʪʨʝʙʫʶʪ ʦʙʲʝʜʠʥʝʥʠʷ ʝʚʨʦʧʝʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʢʦʤʧʘʥʠʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʰʘʛʠ ʚ ʩʪʦʨʦʥʫ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʟʘʮʠʠ ʵʪʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʘʥʠʮʳ ʠʤʝʶʪ ʤʝʥʝʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʝʤ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʜʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʣʠʥʠʷʭ ʜʨʫʛʦʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʜʦʣʞʥʳ ʩʪʘʪʴ ʯʘʩʪʴʶ ʝʜʠʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʵʣʝʤʝʥʪʦʤ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʵʢʦʥʦʤʠʢʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʈʂ ʧʨʠʥʷʪ ʨʷʜ ʤʝʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʚʪʦʧʝʨʝʚʦʟʦʢ 

ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ. ʉʥʠʞʝʥʳ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ (ʩ ʷʥʚʘʨʷ 2002 ʛ.) ʩʪʘʚʢʠ 

ʩʙʦʨʦʚ ʟʘ ʧʨʦʝʟʜ ʠʥʦʩʪʨʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ (ʩ 300 ʜʦ 

174 ʜʦʣʣ.). ʋʧʨʘʟʜʥʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʩʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʘʚʪʦʜʦʨʦʛʘʭ ʨʝʩʧʫʙʣʠʢʠ ʚ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʩʪʘʥʦʚʦʢ ʠ ʧʨʦʚʝʨʦʢ ʠʥʦʩʪʨʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɼʦʚʝʜʝʥʳ ʜʦ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤ (ʄʠʥʩʢʦʝ ʉʦʛʣʘʰʝʥʠʝ 

ʦ ʤʘʩʩʘʭ ʠ ʛʘʙʘʨʠʪʘʭ) ʜʦʧʫʩʪʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʝʟʜʘ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʧʦ ʦʙʱʝʡ ʤʘʩʩʝ 

ʩ 38 ʜʦ 44 ʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʜʦ 10 ʪ ʥʘ ʦʜʠʥʦʯʥʫʶ 

ʦʩʴ. ʆʪʤʝʥʝʥʘ ʧʣʘʪʘ ʟʘ ʧʨʦʝʟʜ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʤʦʩʪʫ ʯʝʨʝʟ 

ʨʝʢʫ ʋʨʘʣ ʠ ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʠʜʨʦʫʟʝʣ. ʃʠʢʚʠʜʠʨʦʚʘʥʳ ʧʝʨʝʜʚʠʞʥʳʝ ʧʦʩʪʳ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʘʚʪʦʜʦʨʦʛʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʙʲʝʟʜʥʳʭ 

ʜʦʨʦʛʘʭ ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʪʨʝʙʦʚʘʥʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʜʦʛʦʚʦʨʦʚ ʠ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 
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ʇʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʘ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʘʷ ʢʦʤʠʩʩʠʷ, ʚ 

ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʚʳʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʠ ʨʘʟʚʠʪʠʶ 

ʝʜʠʥʳʭ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʫʥʢʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʥʦʚʣʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʧʦ ʦʙʲʝʤʫ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʧʦ ʢʘʯʝʩʪʚʫ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ 

ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʟʜʦʨʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ: 

¶ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʨʳʥʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʨʘʚʝʜʣʠʚʫʶ 

ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʳʥʢʝ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʤʠ ʧʨʠ ʛʦʨʦʜʩʢʠʭ ʘʜʤʠʥʠʩʪʨʘʮʠʷʭ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʭ ʩʚʦʜʠʣʠʩʴ ʙʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʣʠʪʠʢʠ 

(ʘʥʘʣʠʟ, ʧʣʘʥʠʨʦʚʘʥʠʝ) ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʭ ʥʘ ʪʝʥʜʝʨʥʦʡ ʦʩʥʦʚʝ, ʢʦʥʪʨʦʣʶ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ 

ʘʩʧʝʢʪʦʚ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʷ); 

¶ ʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʨʦʮʝʜʫʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʪʠʧʘʤ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʚʥʝʜʨʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʥʘʙʞʝʥʠʷ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ, ʦʩʥʦ-

ʚʘʥʥʫʶ ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʘʥʘʣʠʟʝ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʝʪʘʣʝʡ, ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ. 

ʆʩʥʦʚʫ ʪʨʘʥʟʠʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ ʚʦʟʜʫʰʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʝʪʳ ʘʚʠʘʢʦʤʧʘʥʠʡ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʠ ʩʪʨʘʥ ʉʅɻ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʠʟ ɽʚʨʦʧʳ, ʈʦʩʩʠʠ ʚ ʩʪʨʘʥʳ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʨʛʘʥʠʟʦʚʘʥʘ ʰʠʨʦʢʘʷ ʩʝʪʴ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʘʥʟʠʪʥʳʭ ʧʦʣʝʪʦʚ. ʅʘ ʜʦʣʶ ʊʨʘʥʩʘʟʠʘʪʩʢʦʡ ʩʝʪʠ ʤʘʨʰʨʫʪʦʚ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 30% ʦʙʱʝʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ ɸʟʠʝʡ. ʅʘ ʢʘʟʘʭʩʪʘʥʩʢʦʤ ʨʳʥʢʝ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʨʘʙʦʪʘʶʪ 

ʪʘʢʠʝ ʢʨʫʧʥʝʡʰʠʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʘʚʠʘʢʦʤʧʘʥʠʠ, ʢʘʢ ʃʶʬʪʛʘʥʟʘ, ʂʃʄ, 
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ɹʨʠʪʘʥʩʢʠʝ, ʊʫʨʝʮʢʠʝ ʘʚʠʘʣʠʥʠʠ ʠ ʜʨ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʣʘʥʠʨʫʶʪ ʨʘʩʰʠʨʠʪʴ 

ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʩʦʝʜʠʥʠʪʴ ʛʦʨʦʜʘ ʨʝʩʧʫʙʣʠʢʠ ʩ 

ʢʨʫʧʥʝʡʰʠʤʠ ʚʦʟʜʫʰʥʳʤʠ ʧʦʨʪʘʤʠ ɽʚʨʦʧʳ. 

ɺ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʪʨʘʥʟʠʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ ʚʦʟʜʫʰʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʩʧʫʙʣʠʢʠ ʚʥʝʜʨʝʥʳ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʦʣʝʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʧʫʩʢʥʘʷʩʧʦʩʦʙʥʦʩʪʲ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠʢʨʘʪʥʳʡ ʟʘʧʘʩ, ʦʪʢʨʳʪʳ 

ʥʦʚʳʝ ʚʦʟʜʫʰʥʳʝ ʪʨʘʩʩʳ ʠ ʢʦʨʠʜʦʨʳ, ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʘʥʟʠʪʥʳʭ ʧʦʣʝʪʦʚ [2]. 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʥʝʪ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʵʢʦʥʦʤʠʢʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ, ʢʦʦʨʜʠʥʘʮʠʷ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʚʝʪʚʝʡ ʠ ʫʨʦʚʥʝʡ ʚʣʘʩʪʠ, ʙʠʟʥʝʩʘ, 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʦʙʱʝʩʪʚʘ ʦʙʝʩʧʝʯʘʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʚ ʠʥʪʝʨʝʩʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
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ʇʈʀʄɽʅɽʅʀɽ ʉɺɽʈʊʆʏʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ  

ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ɼʆʈʆɾʅʓʍ ɿʅɸʂʆɺ 

ɹʘʙʘʝʚ ɸʥʜʨʝʡ ʄʠʭʘʡʣʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) 
ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʛ. ʐʘʭʪʳ,  

ʈʌ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʐʘʭʪʳ 

ɸʣʝʢʩʝʝʥʢʦ ʖʣʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) 
ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʛ. ʐʘʭʪʳ, 

ʈʌ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʐʘʭʪʳ 

ɸʚʜʝʝʚʘ ʊʘʪʴʷʥʘ ɻʝʥʥʘʜʴʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) 
ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʛ. ʐʘʭʪʳ,  

ʈʌ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʐʘʭʪʳ 

ʐʝʡʢʠʥʘ ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʀʥʩʪʠʪʫʪ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ (ʬʠʣʠʘʣ) 
ɼʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʛ. ʐʘʭʪʳ, 

ʈʌ, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʐʘʭʪʳ 

ʃʷʰʦʚ ʄʘʢʩʠʤ ɺʘʩʠʣʴʝʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  
ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɼɻʊʋ),  

ʈʌ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʩʜʝʣʘʣʘ ʙʦʣʴʰʦʡ ʰʘʛ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʤ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʫʞʝ ʪʝʩʪʠʨʫʶʪʩʷ ʢʦʤʧʘʥʠʷʤʠ Google Inc, 

Volvo, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʝ ʚʝʨʩʠʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʢʦʤʧʘʥʠʠ Tesla Motors [2]. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʜʦʨʦʛʝ ʠ 

ʧʨʠʥʠʤʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʚʪʦʤʦʙʠʣʝʤ. ʊʘʢʞʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʦʪʜʝʣʴʥʦ ʦʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ, ʜʘʶʱʝʡ ʨʝʢʦʤʝʥʜʘʮʠʠ (ʩʥʠʟʠʪʴ 

ʩʢʦʨʦʩʪʴ, ʧʨʝʜʫʧʨʝʜʠʪʴ ʦ ʧʝʰʝʭʦʜʥʦʤ ʧʝʨʝʭʦʜʝ) ʚʦʜʠʪʝʣʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʜʝʡʩʪʚʠʡ ʥʘ ʜʦʨʦʛʝ. 
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ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʥʘʢʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʷʚʠʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ - ʥʝʢʦʪʦʨʳʝ ʟʥʘʢʠ ʤʦʛʫʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʥʝʧʨʘʚʠʣʴʥʦ ʠʟ-ʟʘ: ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ; 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ ʟʥʘʢʦʚ; ʥʘʣʠʯʠʷ ʧʨʝʜʤʝʪʦʚ, ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʟʥʘʢʘ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʦʙʣʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʜʝʨʞʘʪ ʦʙʨʘʟ 

ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ Maximally stable 

extremal regions (ʜʘʣʝʝ MSER) [4, ʩ. 553].  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʠʤʝʝʪʩʷ ʣʠ ʥʘ ʚʳʙʨʘʥʥʦʡ 

ROI ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʸʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

(convolutional neural network, ʜʘʣʝʝ CNN). ʊʘʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ ʧʦʣʥʦʩʚʷʟʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ [3, ʩ. 1237], ʚ ʧʣʘʥʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʟʘ ʩʯʝʪ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʛʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ 

CNN ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʠʥʚʘʨʠʘʥʪʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʨʤʝ, ʧʦʚʦʨʦʪʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʣʷ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, 

ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ɹʣʦʢ ʩʚʝʨʪʢʠ ̄ 1

ɹʣʦʢ ʩʚʝʨʪʢʠ ̄ 2

ɹʣʦʢ ʩʚʝʨʪʢʠ ̄ 3

ʇ
ʦ
ʣ
ʥ
ʦ
ʩ
ʚ̫
ʟʥr
ʡ
 ʢ
ʣ
ʘ
ʩ
ʩ
ʠ
ʬ
ʠ
ʢ
ʘ
ʪ
ʦ
ʨ

ʉʣʦʡ ̄ 1

ʉʣʦʡ ̄ 2

ɹʣʦʢ ʩʚʝʨʪʢʠ ̄ 4

Convolution2D

ʏʠʩʣʦ ɻʣʝʤʝʥʪʦʚ ʥʘ ʚrʭʦʜʝ: 100

Activation

ʌʫʥʢʮʠ̫: RELU

MaxPooling2D

ʀʟʦʙʨʘʞʝʥʠʝ

ʈʘʟʤʝʨ: 32ʭ32 px

Convolution2D

ʏʠʩʣʦ ɻʣʝʤʝʥʪʦʚ ʥʘ ʚrʭʦʜʝ: 150

Activation

ʌʫʥʢʮʠ̫: RELU

MaxPooling2D

Convolution2D

ʏʠʩʣʦ ɻʣʝʤʝʥʪʦʚ ʥʘ ʚrʭʦʜʝ: 250

Activation

ʌʫʥʢʮʠ̫: RELU

MaxPooling2D

Flatten

Dense

ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ: 120

Activation

ʌʫʥʢʮʠ̫: RELU

Dense

ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ: 44

Activation

ʌʫʥʢʮʠ̫: SOFTMAX

Dropout

ʈʘʟʤʝʨ: 0.5

Convolution2D

ʏʠʩʣʦ ɻʣʝʤʝʥʪʦʚ ʥʘ ʚrʭʦʜʝ: 200

Activation

ʌʫʥʢʮʠ̫: RELU

MaxPooling2D

 

ʈʠʩʫʥʦʢ 1.ʉʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʚʝʨʩʠʠ 2.7, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʙʠʙʣʠʦʪʝʢʠ OpenCV ʠ Matplotlib ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʙʠʙʣʠʦʪʝʢʫ Keras ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, Python ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ Cuda, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʅʘ ʧʝʨʚʳʡ ʩʚʝʨʪʦʯʥʳʡ ʩʣʦʡ ʩʝʪʠ ʧʦʩʪʫʧʘʝʪ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɼʘʣʝʝ 

ʩʣʝʜʫʶʪ ʯʝʨʝʜʫʶʱʠʝʩʷ 4 ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʷ ʠ 4 ʩʣʦʷ ʧʦʜʚʳʙʦʨʢʠ. ɺ ʢʘʞʜʦʤ 

ʩʚʝʨʪʦʯʥʦʤ ʩʣʦʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʷʜʨʦ ʩʚʝʨʪʢʠ ʨʘʟʤʝʨʦʤ 3x3 ʠ ʬʫʥʢʮʠʷ 
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ʘʢʪʠʚʘʮʠʠ Relu. ʏʠʩʣʦ ʢʘʨʪ ʧʨʠʟʥʘʢʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʝʚ 100, 150, 250 

ʠ 200 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ ʠ ʩʣʦʝʚ ʧʦʜʚʳʙʦʨʢʠ ʧʦʜʘʶʪʩʷ ʥʘ 

ʚʭʦʜ ʧʦʣʥʦʩʚʷʟʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ-ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ 

ʩʣʦʷ, ʩʦʩʪʦʷʱʠʭ ʠʟ 120 ʠ 44 ʥʝʡʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʝʨʚʦʤ ʩʣʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ Relu, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʠʢʘ Dropout, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʦʙʫʯʝʥʠʷ ʜʝʣʘʪʴ ʥʝʜʦʩʪʫʧʥʳʤʠ ʦʪ 0 ʜʦ 

50% ʥʝʡʨʦʥʦʚ ʩʣʦʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʵʬʬʝʢʪʘ ʧʝʨʝʦʙʫʯʝʥʠʷ 

ʩʝʪʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʦʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʫʥʢʮʠʷ Softmax, ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʧʨʠ ʨʝʰʝʥʠʠ ʤʫʣʴʪʠʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. 

ʌʦʨʤʘʪ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ German Traffic Sign Recognition Benchmark 

(GTSRB), ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ 

ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ 

2011 [5]. ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 51 839 ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 15ʭ15 ʜʦ 250ʭ250 ʧʠʢʩʝʣʝʡ. ʂʘʞʜʦʝ ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ 

ʦʜʠʥ ʠʟ 43 ʚʠʜʦʚ ʥʝʤʝʮʢʠʭ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ. ʀʟʦʙʨʘʞʝʥʠʷ ʫʞʝ ʨʘʟʜʝʣʝʥʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:3 ʥʘ ʪʝʩʪʦʚʳʝ ʠ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ ʫʞʝ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʘ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ 

ʥʠʭ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ, ʠ ʥʘʭʦʜʷʪʩʷ ʚ 43 ʧʘʧʢʘʭ.  

GTSRB ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʪ.ʢ. ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʟʥʘʢʦʚ ʦʜʥʦʛʦ ʚʠʜʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʤʝʨʘʤʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʮʚʝʪʘ, ʥʘʢʣʦʥʦʤ ʠ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ 

ʟʥʘʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ GTSRB ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʝʮʝʜʝʥʪʘʤ, ʪ.ʝ. ʩʦʜʝʨʞʘʪ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʟʥʘʢʘ (ʨʠʩʫʥʦʢ 2). ʆʜʥʘʢʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʧʦʜʘʚʘʝʤʦʤ ʥʘ ʚʭʦʜ 

ʩʝʪʠ, ʟʥʘʢ ʤʦʞʝʪ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ï ʵʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʝʮʝʜʝʥʪʳ 

(ʨʠʩʫʥʦʢ 3). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʛʣʘ ʨʘʟʣʠʯʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʨʝʮʝʜʝʥʪʳ, ʢ GTSRB ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝ 
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ʩʦʜʝʨʞʘʱʠʝ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ ʠʩʢʦʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʟʥʘʢʦʚ: ʵʣʝʤʝʥʪʳ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ, ʚʳʚʝʩʢʠ ʤʘʛʘʟʠʥʦʚ, ʬʘʨʳ ʠ ʢʦʣʝʩʘ 

ʘʚʪʦʤʦʙʠʣʝʡ. 

 

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʮʝʜʝʥʪʦʚ 

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʝʮʝʜʝʥʪʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʫʯʝʥʠʝ ʩʝʪʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʪʬʦʨʤʳ Cuda ʥʘ ʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ GeForce 

GT 740M. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʪʴ ʩ 97% ʪʦʯʥʦʩʪʴʶ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ [1, ʩ. 289]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʦʨʦʛʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ 

ʜʦʙʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʩʫʱʝʩʪʚʫʶʱʠʝ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ 

ɸʣʛʦʨʠʪʤ ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, % 

ʄʝʪʦʜ ʧʦʨʦʛʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

(ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʘʣʛʦʨʠʪʤ) 
97 

ʄʝʪʦʜ ʧʦʠʩʢʘ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ, ʧʦʣʥʦʩʚʷʟʥʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ 
88ï90 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 92ï94 

ʄʝʪʦʜ ʣʠʥʝʡʥʦʛʦ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 87 

ʄʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ 76 
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ɿʘʢʣʶʯʝʥʠʝ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʥʘʜ ʘʣʛʦʨʠʪʤʦʤ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʦʩʪʠʛʥʫʪʴ ʵʪʦʛʦ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʣʠʙʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ MSER, ʣʠʙʦ ʧʦʣʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ ʢ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ ʩ ʚʠʜʝʦʧʦʪʦʢʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 16-37-

60016, ˉ 14-07-00816). 
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ɸʅɸʃʀɿ ʅʆʈʄɸʊʀɺʅʆʁ ɹɸɿʓ ʇʆɼɻʆʊʆɺʂʀ ʇʈʆɽʂʊʆɺ 

ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʆɹʒɽʂʊʆɺ ʂɸʇʀʊɸʃʔʅʆɻʆ  

ʉʊʈʆʀʊɽʃʔʉʊɺɸ ɺ ʈʌ 

ɸʣʠʝʚ ʐʘʤʠʣʴ ʄʫʭʪʘʨʘʭʤʝʜʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʌ, ʛ. ʀʚʘʥʦʚʦ 

ʊʠʤʦʬʝʝʚʘ ɽʣʝʥʘ ɽʚʛʝʥʴʝʚʥʘ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʵʢʦʥ ʥʘʫʢ, ʜʦʮ., 
 ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʈʌ, ʛ. ʀʚʘʥʦʚʦ 

 

ɺʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʨʫʜʦʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʢ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʝʝ ʦʪ ʥʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʨʘʙʦʪʘʥʥʘʷ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʠ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʜʣʷ ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʦʢʫʤʝʥʪʦʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʝʢʪ ʦʙʲʝʢʪʘ ʷʚʣʷʣʩʷ ʉʅʠʇ 3.01.01-85 

çʆʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè [8]. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʪʘʢʞʝ, ʢʘʢ ʫʪʨʘʪʠʚʰʠʝ ʩʠʣʫ ʩ ʝʛʦ ʚʚʝʜʝʥʠʝʤ ʥʦʨʤʳ  

(ʉʅ 47-74 ʠ ʉʅ 370-78) ʥʝ ʩʦʜʝʨʞʠʪ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʘ ʥʦʩʠʪ ʙʦʣʝʝ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ.  

ɺ ʨʦʣʠ ʧʝʨʚʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʩʬʝʨʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʪʫʧʘʝʪ, ʠʟʜʘʥʥʳʡ ʚ 1987 ʛʦʜʫ ɺʉʅ 41-85ʨ çʀʥʩʪʨʫʢʮʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʝʢʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ 
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ʞʠʣʳʭ ʟʜʘʥʠʡè [1]. ɺ ʠʥʩʪʨʫʢʮʠʠ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʝʢʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʦʣʞʝʥ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʤʝʪʦʜʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʶ 

ʩʨʦʢʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɺ 2005 ʛʦʜʫ ʉʅʠʇ 3.01.01-85 ʫʪʨʘʪʠʣ ʩʚʦʶ ʩʠʣʫ ʚ ʩʚʷʟʠ ʩʦ ʚʩʪʫʧʣʝʥʠʝʤ ʚ 

ʜʝʡʩʪʚʠʝ ʉʅʠʇ 12-01-2004 çʆʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘè [9]. ɺʦ ʚʚʝʜʝʥʠʠ 

ʫʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʠʤʝʶʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʣʷ ʜʦʙʨʦʚʦʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʱʠʝ ʧʨʘʚʠʣʘ 

ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ 2011 ʛʦʜʫ ʩ ʮʝʣʴʶ ʘʢʪʫʘʣʠʟʘʮʠʠ ʉʅʀʇʘ ʠʟʜʘʥ ʩʚʦʜ 

ʧʨʘʚʠʣ ʉʇ 48.13330.2011 [7]. ɼʦʢʫʤʝʥʪ ʠʤʝʝʪ ʪʫ ʞʝ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʠ ʉʅʠʇ  

12-01-2004, ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʫʢʘʟʘʥʠʝ ʦ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ, ʪʦ ʝʩʪʴ ʩ 

ʚʚʝʜʝʥʠʝ ʉʇ ʥʦʨʤʳ ʧʨʠʦʙʨʝʪʘʶʪ ʦʙʷʟʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʇ 48.13330.2011 ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʥʦʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʥʦʩ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʥʦ 

ʪʦʣʴʢʦ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʰʝʥʠʷ. ɺʦʧʨʦʩʘʤ 

ʧʨʦʝʢʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʧʦʩʚʷʱʝʥ ʧʫʥʢʪ 5.7. ʋʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʝʢʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʇʆʉ) ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʜʣʷ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʚʘʨʠʘʥʪʥʫʶ ʧʨʦʨʘʙʦʪʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʥʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʦʮʝʥʢʠ. 

ʇʦʣʦʞʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, 

ʢ ʢʦʪʦʨʦʡ ʦʪʥʝʩʝʥʳ ʧʨʦʝʢʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ (ʇʇʈ) ʠ ʠʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʨʝʰʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. ɺ ʧʫʥʢʪʝ 5.7.4 ʦʧʨʝʜʝʣʝʥʦ ʜʚʘ 

ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ ʇʇʈ: ʚ ʧʦʣʥʦʤ (ʦʙʷʟʘʪʝʣʝʥ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʫʩʣʦʚʠʷʭ) ʠ ʥʝʧʦʣʥʦʤ ʦʙʲʝʤʝ. ɺ ʩʣʝʜʫʶʱʝʤ ʧʦʜʧʫʥʢʪʝ, ʢʦʪʦʨʳʡ ʦʪʩʫʪʩʪʚʦʚʘʣ 
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ʚ ʉʅʠʇ 12-01-2004, ʧʝʨʝʯʠʩʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʝʢʪʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ: 

 

 

ʈʠʩʫʥʦʢ 1. ʉʦʩʪʘʚ ʇʇʈ ʧʦ ʉʇ 48.13330.2011 

 

ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʜʦʢʫʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʥʝʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʇʇʈ.  

ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 6 ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʜʝʢʩʘ [4]. ɿʘʢʦʥʦʤ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʲʝʢʪʦʚ ï 

ʥʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ. ʉʦʛʣʘʩʥʦ ʧ. 12 ʩʪ. 

48 ʚ ʩʦʩʪʘʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʚʢʣʶʯʘʶʪʩʷ 12 ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ. 

ʉʦʩʪʘʚʫ ʨʘʟʜʝʣʦʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʩʚʷʱʝʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 87 çʉʦʩʪʘʚ ʨʘʟʜʝʣʦʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʦʙʲʝʢʪʳ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʪʠʭ ʨʘʟʜʝʣʦʚè [6], ʫʪʚʝʨʞʜʝʥʥʦʝ ʚ 

2008 ʛʦʜʫ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʢʫʤʝʥʪ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʣʩʷ. ɺ ʧʦʩʪʘʥʦʚʣʝʥʠʠ ʯʝʪʢʦ 

ʧʨʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʟʜʝʣʦʚ ʚ ʪʝʢʩʪʦʚʦʡ ʯʘʩʪʠ, ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʚ ʨʘʟʜʝʣʘʭ, ʛʜʝ 

ʦʥʘ ʪʨʝʙʫʝʪʩʷ.  

ɺʩʪʫʧʠʚʰʠʡ ʚ ʩʠʣʫ ʩ 01.07.2010 ʛʦʜʘ ʇʨʠʢʘʟ ʄʠʥʨʝʛʠʦʥʘ ʈʌ N 624 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʇʝʨʝʯʥʷ ʚʠʜʦʚ ʨʘʙʦʪ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʠʟʳʩʢʘʥʠʷʤ, ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʧʠʪʘʣʴʥʦʤʫ 

ʨʝʤʦʥʪʫ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘè [5] ʩʦʜʝʨʞʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʉʧʠʩʦʢ ʠʟ 13 ʚʠʜʦʚ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʀʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʦʙʱʠʝ ʫʢʘʟʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʘʢʪʠʢʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʲʸʤʥʳʡ ʜʦʢʫʤʝʥʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʧʦʨʷʜʦʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ï ɺʉʅ 58-88(ʨ) çʇʦʣʦʞʝʥʠʝ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʡ, ʦʙʲʝʢʪʦʚ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷè [7]. ʇʝʨʚʳʝ ʛʣʘʚʳ ʜʦʢʫʤʝʥʪʘ ʧʦʩʚʷʱʝʥʳ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ: ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʩʤʦʪʨʦʚ ʦʙʲʝʢʪʦʚ, ʩʫʙʲʝʢʪʳ, ʥʘ 

ʢʦʪʦʨʳʭ ʚʦʟʣʦʞʝʥʘ ʵʪʘ ʬʫʥʢʮʠʷ ʠ ʪ.ʜ. ɻʣʘʚʘ 5 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ 

ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʢ ʥʠʤ ʦʪʥʝʩʝʥʳ: 

ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʧʣʘʥʠʨʦʚʢʠ, ʩʦʦʨʫʞʝʥʠʝ ʥʘʜʩʪʨʦʝʢ, ʚʩʪʨʦʝʢ, ʧʨʠʩʪʨʦʝʢ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʠʯʥʘʷ ʨʘʟʙʦʨʢʘ ʧʦʤʝʱʝʥʠʡ; ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʨʫʞʥʳʭ ʩʝʪʝʡ; ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʩ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦʤ ʧʨʠʜʦʤʦʚʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. 

ʅʦʨʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʛʨʫʧʧʦʚʳʤ ʤʝʪʦʜʦʤ ʚ ʛʦʨʦʜʘʭ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʲʝʢʪʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʞʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʩʦʩʪʘʚ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʦʙʲʝʢʪʦʚ:  

¶ ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠ 

ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʦʙʲʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʠʶ ʨʘʙʦʪ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʤʦʨʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʦʚ 

ʟʜʘʥʠʷ ʧʦʩʚʷʱʝʥʳ: ɺʉʅ 53-86(ʨ) ʇʨʘʚʠʣʘ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʞʠʣʳʭ 
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ʟʜʘʥʠʡ; ɺʉʅ 57-88(ʨ) ʇʦʣʦʞʝʥʠʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʞʠʣʳʭ 

ʟʜʘʥʠʡ; ɻʆʉʊ 31937-2011 [3] ʜʨ.; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʨʘʙʦʪ ʧʦ ʧʝʨʝʧʣʘʥʠʨʦʚʢʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʝʨʝʥʘʟʥʘʯʝʥʠʶ ʧʦʤʝʱʝʥʠʡ ʟʘʤʝʥʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʨʫʛʠʤ 

ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʙʦʪʘʤ; 

¶ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ;  

¶ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʙʦʪ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʥʦʨʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʟʘʪʨʘʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ, 

ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ, 

ʦʙʲʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʪ.ʜ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʧʦʧʳʪʢʠ ʦʪʢʘʟʘ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʦʧʨʦʩʘʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʥʦʨʤʠʨʦʚʘʥʠʶ. ɺ 

ʨʘʤʢʘʭ ʵʪʦʡ ʨʝʬʦʨʤʳ ʚ ʩʫʙʲʝʢʪʘʭ ʈʌ ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ. ʇʨʠʥʷʪʦʝ ʚ 

ʄʦʩʢʚʝ çʇʦʣʦʞʝʥʠʝ ʦ ʝʜʠʥʦʤ ʧʦʨʷʜʢʝ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʄʦʩʢʚʝè ʦʪ 11.11.94 ʛ. ˉ 561-ʈʄ. ʆʜʥʘʢʦ ʟʘʢʦʥ ʥʝ ʤʦʛ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʥʝ ʩʦʜʝʨʞʘʣ 

ʫʢʘʟʘʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. / ʇʨʠʥʷʪʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʥʦʨʤʘʪʠʚʳ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʣʠʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘ, 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʨʝʤʦʥʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʶ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʦʣʴʰʘʷ 
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ʠʭ ʯʘʩʪʴ ʫʪʨʘʪʠʣʘ ʩʠʣʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ 

ʥʦʨʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʥʦʨʤʘʪʠʚʥʘʷ ʠ ʤʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ.  
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ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

ɸʥʘʭʠʥ ʅʠʢʦʣʘʡ ʖʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ɻʨʦʰʝʚ ʅʠʢʦʣʘʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ʆʥʦʧʨʠʡʯʫʢ ɼʝʥʠʩ ɸʣʝʢʩʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

(ʢʦʤʧʦʟʠʪʘʭ). ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʧʘʥʝʣʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʠʭ ʩʚʦʡʩʪʚʘ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ï ʵʪʦ ʤʘʪʝʨʠʘʣ, ʩʦʟʜʘʥʥʳʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʶʱʠʭʩʷ 

ʨʘʟʜʝʣʴʥʳʤʠ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ ʬʠʥʠʰʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʭʦʨʦʰʦ 

ʥʘʙʣʶʜʘʝʤʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʥʠʤʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʢʦʤʧʦʟʠʪ) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʢʘʪʝʛʦʨʠʡ ʵʣʝʤʝʥʪʦʚ: ʘʨʤʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʠ ʤʘʪʨʠʮʘ. ɸʨʤʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ 

ʧʨʠʜʘʝʪ ʤʘʪʝʨʠʘʣʫ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʠ 

ʫʧʨʫʛʦʩʪʴ. ʄʘʪʨʠʮʘ ʞʝ ʦʢʨʫʞʘʝʪ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʩʚʦʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʠʜʘʚʘʷ 

ʬʦʨʤʫ ʠʟʜʝʣʠʶ. 

 

 

ʈʠʩʫʥʦʢ 1. ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʚʦʡʩʪʚ ʘʨʤʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʨʠʮʳ. ʕʬʬʝʢʪʠʚʥʘʷ 
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ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʆʙʲʝʜʠʥʷʷ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʫʯʘʶʪ ʜʨʫʛʦʡ 

ʤʘʪʝʨʠʘʣ, ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʭʦʨʦʰʠʭ ʢʘʯʝʩʪʚ, ʠ ʢʦʪʦʨʳʡ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʦʠ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʩʚʦʡʩʪʚʘʤ. ʆʜʥʘʢʦ, ʩʦʝʜʠʥʠʚ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʚʦʝʜʠʥʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʦʟʠʪʳ ʠʣʠ ʩʧʣʘʚʳ ʣʝʛʯʝ ʧʦ ʤʘʩʩʝ, ʯʝʤ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʝʣʷʤ ʠ ʘʨʭʠʪʝʢʪʦʨʘʤ ʫʤʝʥʴʰʠʪʴ 

ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʠʚ, ʠʣʠ ʜʘʞʝ ʫʣʫʯʰʠʚ ʝʸ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ:  

1) ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ (ʧʨʦʯʥʦʩʪʴ 3600 ʄʇʘ); 

2) ʚʳʩʦʢʘʷ ʞʸʩʪʢʦʩʪʴ (ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 120ï250 ɻʇʘ); 

3) ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ; 

4) ʚʳʩʦʢʘʷ ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ; 

5) ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʝʡʰʠʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʢʠʨʧʠʯ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʛʣʠʥʳ ʠ ʩʦʣʦʤʳ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʠ ʝʱʸ ʚ ʜʨʝʚʥʝʤ ɽʛʠʧʪʝ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʰʣʠ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʩʪʨʦʝʥʠʠ ʢʦʨʘʙʣʝʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ. ɸ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʦʤʧʦʟʠʪʦʤ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥ, 

ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʊʘʙʣʠʮʘ 1.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ ʠʟ ʩʪʝʢʣʘ ʠ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʀʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʀʟ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʊʋ 2296-001-

20994511ï2006 

ʊʋ 5714-007-

13101102ï2009 

ʊʋ 5769-001-

09102892ï2012 

ʊʋ 1916-001-

60513556ï2010 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ 
1100 ʄʧʘ 1000 ʄʇʘ 1200 ʄʇʘ 1600 ʄʧʘ 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ 
50 ɻʧʘ 45 ɻʇʘ 55 ɻʇʘ 130 ɻʧʘ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʘʶʪ ʧʦ ʚʠʜʫ 

ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ: 

¶ ʩʢʝʣʝʪʥʳʝ (ʠʭ ʥʘʯʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʧʦʣʥʝʥʳ ʩʚʷʟʫʶʱʠʤ); 

http://dic.academic.ru/dic.nsf/ruwiki/244090
http://dic.academic.ru/dic.nsf/ruwiki/33511
http://dic.academic.ru/dic.nsf/ruwiki/598586
http://dic.academic.ru/dic.nsf/ruwiki/244097
http://dic.academic.ru/dic.nsf/ruwiki/244100
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¶ ʥʘʧʦʣʥʝʥʥʳʝ ʧʣʘʩʪʠʢʠ (ʘʨʤʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ); 

¶ ʩʣʦʠʩʪʳʝ; 

¶ ʚʦʣʦʢʥʠʩʪʳʝ (ʘʨʤʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ); 

¶ ʥʘʩʳʧʥʳʝ (ʛʦʤʦʛʝʥʥʳʝ). 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʢʦʤʧʦʟʠʪʳ ʚʩʸ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʭʦʜʷʪ ʚ ʜʘʥʥʫʶ 

ʩʬʝʨʫ, ʢʦʪʦʨʳʤ ʥʘʭʦʜʷʪ ʰʠʨʦʯʘʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. ʕʪʦ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ: 

1) ɺʦ-ʧʝʨʚʳʭ, ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ ʧʨʦʯʥʦʩʪʴ, ʢʘʢ ʠ 

ʤʝʪʘʣʣʳ. ɸ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʠʟʜʝʣʠʷ ʚʦʦʙʱʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʥʠʢʘʣʴʥʳ, ʪʘʢ 

ʢʘʢ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ, ʥʘ ʩʨʝʟ, ʥʘ ʩʢʨʫʯʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʥʘ ʨʘʟʨʳʚ. 

2) ɺʦ-ʚʪʦʨʳʭ, ʢʦʤʧʦʟʠʪʳ (ʫʯʠʪʳʚʘʷ ʜʦʩʪʦʡʥʫʶ ʧʨʦʯʥʦʩʪʴ) ʛʦʨʘʟʜʦ ʣʝʛʯʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʤʝʪʘʣʣʦʤ, ʯʪʦ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

3) ɺ-ʪʨʝʪʴʠʭ, ʢʦʤʧʦʟʠʪʳ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʷʪ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ. 

ʉʦʣʥʝʯʥʳʝ ʣʫʯʠ ʠ ʦʩʘʜʢʠ ʥʠʢʘʢ ʥʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʝʛʘʪʠʚʥʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʦ ʝʩʪʴ, ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʝ ʙʘʣʢʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʚʥʝʰʥʝʡ. 

4) ʊʘʢʞʝ ʢʦʤʧʦʟʠʪʳ ʥʝ ʪʝʨʷʶʪ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʩʘʤʳʤʠ 

ʘʢʪʠʚʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

5) ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʥʠʭ ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʵʧʦʢʩʠʜʥʳʭ ʠʣʠ ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ 

ʧʣʘʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʨʠ ʧʦʞʘʨʝ. ɹʝʩʩʧʦʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʜʳʤʷʪ ʠ ʥʝ ʚʳʜʝʣʷʶʪ ʦʧʘʩʥʳʡ ʜʠʦʢʩʠʜ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʘʣʶʤʠʥʠʝʚʳʝ 

ʢʦʤʧʦʟʠʪʥʳʝ ʧʘʥʝʣʠ. ʆʥʠ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʢʨʘʩʠʚʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʜʣʷ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʬʘʩʘʜʦʚ ʟʜʘʥʠʷ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʠʭ ʚ ʦʙʣʠʮʦʚʦʯʥʳʭ ʨʘʙʦʪʘʭ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʧʘʥʝʣʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʘʥʝʣʠ ï ʛʠʙʢʠʡ ʥʦ ʦʯʝʥʴ ʧʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 

ʩ ʣʝʛʢʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʄʘʪʝʨʠʘʣ ʧʦʜʜʘʝʪʩʷ 
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ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢʠʤ ʢʘʢ: ʛʠʙʢʘ, ʨʝʟʢʘ, ʩʚʝʨʣʝʥʠʝ, 

ʩʚʘʨʢʘ, ʬʨʝʟʝʨʦʚʢʘ. ɸ ʪʘʢʞʝ, ʠʭ ʤʦʥʪʘʞ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʚʫʢʦʠʟʦʣʷʮʠʶ ʠ 

ʚʠʙʨʦʠʟʦʣʷʮʠʶ.  

ɸʣʶʤʠʥʠʡ ʥʝ ʧʦʜʚʝʨʞʝʥ ʢʦʨʨʦʟʠʠ, ʧʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʫʩʪʦʡʯʠʚ ʢ 

ʚʳʧʘʜʝʥʠʶ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʥʝ ʙʦʠʪʩʷ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʥʳʡ 

ʢʦʤʧʦʟʠʪ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʥ ʩʦʟʜʘʥ ï ʣʝʛʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʘʣʶʤʠʥʠʷ, 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʰʫʤʦʠʟʦʣʷʮʠʷ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʍʦʨʦʰʦ ʧʦʜʘʚʣʷʝʪ ʰʫʤʳ, ʜʦʥʦʩʷʱʠʝʩʷ ʩ ʫʣʠʮʳ. ɺʠʙʨʦʠʟʦʣʷʮʠʷ. 

¶ ɸʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʜʦʣʛʦʚʝʯʥʳ (ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʝʝ 

ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ!!!), ʘ ʪʘʢ ʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 

¶ ʄʥʦʛʦʩʣʦʡʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʘʥʝʣʠ ʥʝ ʜʘʝʪ ʝʡ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. 

¶ ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʧʦʜʚʝʨʞʝʥ ʛʦʨʝʥʠʶ ʠ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ. 

¶ ʄʘʪʝʨʠʘʣ ʥʝ ʦʢʠʩʣʷʝʪʩʷ, ʥʝ ʧʦʜʚʝʨʞʝʥ ʢʦʨʨʦʟʠʠ. ʗʚʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʪʜʝʣʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ.  

ʀʪʘʢ, ʧʦʜʚʝʜʷ ʠʪʦʛ ʚʩʝʤʫ ʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʠʟʜʝʣʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʚʥʦ ʥʘʰʣʠ ʚ ʤʠʨʦʚʦʡ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ɹʦʣʝʝ 30% ʦʪ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ, ʘ ʵʪʦ 

ʦʢʦʣʦ 4 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ. ɸ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʭʦʜʷʪ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʞʠʣʳʭ ʟʜʘʥʠʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʦʤʧʦʟʠʪʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [ʩʘʡʪ]. URL: http://vadi.com.ua/index.php?siteid=5. 

2. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ [ʩʘʡʪ]. URL: http://www.carbon-

info.ru/info/art1/. 

http://vadi.com.ua/index.php?siteid=5
http://www.carbon-info.ru/info/art1/
http://www.carbon-info.ru/info/art1/
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʊʈɽʍʉʃʆʁʅʆɻʆ 

ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ALG aAs/ GaAs/ GaAs 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

 ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭʩʣʦʡʥʦʡ 

ʩʪʨʫʢʪʫʨʳ AlGaAs/ GaAs/ GaAs ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʠʟʤʝʥʝʥʠʷ ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʠ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʫʜʫʪ 

ʤʝʥʷʪʴʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ: ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs, ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʣʦʷ AlGaAs ʠ ʜʚʫʭ ʩʣʦʝʚ GaAs, ʧʨʠʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʣʫʯʰʝʡ ʧʝʨʝʜʘʯʠ ʬʦʪʦʥʦʚ ʚ ʛʣʫʙʠʥʫ ʤʘʪʝʨʠʘʣʘ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

PC1D. ʉʣʦʠ A1GaAs ʠ GaAs ʠʤʝʝʪ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʨʘʜʠʘʮʠʦʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʧʨʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʩʣʦʷ AlGaAs p- ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 1,817 ʵɺ (ʟʘʚ. ʦʪ ʩʦʩʪʘʚʘ) ʠ ʜʚʘ ʩʣʦʷ GaAs 

n - ʪʠʧʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,42 ʵɺ, ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʧʦʟʚʦʣʷʶʪ ʧʦʛʣʦʱʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʪʦʥʦʚ. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʬʦʪʦʥʳ ʚ ʰʠʨʦʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʦʪ 300 ʥʤ ʜʦ 

2500 ʥʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʠʤʝʥʷʶʪ ʤʥʦʛʦʩʣʦʡʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʝʤʳʤʠ ʩʣʦʷʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ 

ʩʣʦʡ ʫʩʪʨʦʡʩʪʚʘ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ 

ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ (ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʚʦʣʥ, ʯʪʦ ʜʣʷ ʦʜʥʦʧʝʨʝʭʦʜʥʳʭ ʷʯʝʝʢ ʥʝʜʦʩʪʠʞʠʤʦ [2]. 

ʂʇɼ ʤʥʦʛʦʩʣʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʯʝʤ ʫ ʦʜʥʦʢʘʩʢʘʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʧʨʝʜʝʣʴʥʳʡ ʂʇɼ ʜʣʷ ʦʜʥʦʧʝʨʝʭʦʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ ʥʘ 

ʦʩʥʦʚʝ GaAs ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 28%. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʘʥʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʠ ʩʘʤʠ ʤʘʪʝʨʠʘʣʳ 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ 
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(GaAs, AlGaAs, ʠ ʜʨ.) ʩʪʦʷʪ ʥʘʤʥʦʛʦ ʜʦʨʦʞʝ ʯʝʤ Si ʤʘʪʝʨʠʘʣʳ. ʊʠʧʠʯʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʥʘ ʦʩʥʦʚʝ GaAs ʩʦʩʪʦʠʪ ʠʟ ʦʯʝʥʴ ʪʦʥʢʦʛʦ ʩʣʦʷ AlGaAs ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʥʘ ʨʠʩʫʥʦʢ 1 [1]. ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʘʥʝʣʠ ʫʩʪʨʦʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʚʥʘʯʘʣʝ ʧʘʜʘʣ ʥʘ ʰʠʨʦʢʦʟʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʵʪʦ AlGaAs ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʦʪʦʨʦʛʦ ʤʳ ʤʦʞʝʤ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʩʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʷʭ. 

ʌʦʪʦʥʳ ʧʘʜʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʶʪʩʷ ʚ ʧʝʨʚʦʤ ʩʣʦʝ 

(AlGaAs), ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʭʦʜʠʪ ʚʦ ʚʪʦʨʦʡ ʩʣʦʡ, ʚ 

ʢʦʪʦʨʦʤ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʧʦʛʣʦʱʘʶʪʩʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ, ʘ 

ʥʝʧʦʛʣʦʱʝʥʥʦʝ ʠʟʣʫʯʝʥʠʷ ʧʨʦʭʦʜʠʪ ʚ ʪʨʝʪʠʡ ʩʣʦʡ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʮʝʩʩ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʚʝʪ ʥʝ ʜʦʩʪʠʛʥʝʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʣʦʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʘʠʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ [3]. ɺʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ AlGaAs ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʦʪʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʪʨʝʭ ʩʣʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 
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ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ɺɸʍ ʫʩʪʨʦʡʩʪʚʘ  

ʘ) ʪʦʣʱʠʥʘ AlGaAs 0.1 ʤʢʤ ʙ) ʪʦʣʱʠʥʘ AlGaAs 8 ʤʢʤ 

 

ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʩʣʦʡ ʦʪʚʝʯʘʝʪ ʟʘ 

ʬʦʪʦʛʝʥʝʨʘʮʠʶ. ʉʥʠʞʝʥʠʝ ʂʇɼ ʩʦʩʪʘʚʠʣʦ ʩ 28,93% ʜʦ 26,9%. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ AlGaAs ʩ 1017 ʜʦ 1020 ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʣʝʜʩʪʚʠʠ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʤʘʪʝʨʠʘʣʘ ʠ ʜʠʘʧʘʟʦʥʘ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ ʨʠʩʫʥʦʢ 3 [4]. 

 

 

ʈʠʩʫʥʦʢ 3. ʘ) ʣʝʛʠʨʦʚʘʥʠʷ AlGaAs 1017 ʙ) ʣʝʛʠʨʦʚʘʥʠʷ AlGaAs 1020 

 

ʃʝʛʠʨʦʚʘʥʠʷ ʜʚʫʭ ʩʣʦʝʚ GaAs ʜʦ 1019, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩ 28,67% ʜʦ 21,8% ʨʠʩʫʥʦʢ 4. ʇʨʠʤʝʥʝʥʠʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʢ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʂʇɼ ʩ 28,67% 

ʜʦ 29,48%. 
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ʈʠʩʫʥʦʢ 4. ɺʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʝʚ GaAs ʥʘ ɺɸʍ ʫʩʪʨʦʡʩʪʚʘ ʘ) ʩʣʦʠ 

GaAs ʧʨʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 1017 ʙ) ʧʨʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 1017 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ AlGaAs/ GaAs/ GaAs ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʥʪʨʦʣʷ ʪʦʣʱʠʥʳ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʩʪʫʨ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʠʯʴ 

ʂʇɼ 29,03%, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭʩʣʦʡʥʳʭ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ [5;6]. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 
ʄʘʪʝʨʠʘʣ ʊʦʣʱʠʥʘ, ʤʢʤ ʉʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

AlGaAs 0.1 1016 P 

GaAs 0.1 1017 N 

GaAs 1,3 1016 N 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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5-konstrukcii-solnechnyh-elementov.html (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 30.10.16). 

2. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ɸʨʩʝʥʠʜ-ʛʘʣʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ï [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï http://solarb.ru/arsenid-galievye-solnechnye-batarei (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

30.10.16). 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ 

ʅɸ ʆʉʅʆɺɽ ʏɽʊʓʈɽʍʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 

ALG aAs/GaAs/GaAs/Ge 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʝʪʳʨʝʭʩʣʦʡʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/GaAs/Ge c 

ʧʦʤʦʱʴʶ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʳ PC1D.ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʜ ʩʪʘʥʜʘʨʪʥʳʤʠ 

(ʵʪʘʣʦʥʥʳʤʠ) ʫʩʣʦʚʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 25Áʉ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

1000 ɺʪ/ʤ2, ʠ ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚʘ 110 ʩʤ2. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʩʣʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/GaAs/Ge 

 

ɼʣʷ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʦʪʦʥʦʚ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʳʭ ʟʦʥ. ɺ ʢʘʯʝʩʪʚʝ 
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ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʠʤʝʥʷʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ AlGaAs, GaInP, 

AlInP ʠ ʪ.ʜ. ʉʣʦʡ AlGaAs ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ (400 ... 670 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ. ɼʘʣʝʝ ʚ ʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʣʦʠ GaAs ʩʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ çʩʨʝʜʥʝʛʦè ʫʯʘʩʪʢʘ (670 ...  

900 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʟʘʪʝʤ ʩʣʦʡ Ge ï ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʀʂ ï 

ʯʘʩʪʠ (900 ... 1650 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ [1;7;8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʷ. ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʜʣʷ 

AlGaAs (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ), GaAs ʠ Ge ʨʘʚʥʳ 5,658 ᴠ, 5.87 ᴠ ʠ 5,66 ᴠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4;5;9]. ʂʘʢ ʤʳ ʚʠʜʠʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʜʦʚʦʣʴʥʦ 

çʪʦʣʩʪʳʡè ʩʣʦʡ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʨʫʛʦʤ ʤʘʪʝʨʠʘʣʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʫʭʫʜʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [6;9]. ʂʇɼ ʜʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 1. 

%ÆÆρππϽ7 Ⱦ3Ͻ%      1) 

ʛʜʝ: Eff ï ʂʇɼ, %; S ï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘ, ʤ2; E ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, 

ɺʪ/ʤ2 (ʦʙʳʯʥʦ 1000 ɺʪ/ʤ2); Wp ï ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʧʨʠ 25ʦʉ, ɺʪ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs ʨʠʩʫʥʦʢ 2 Na ʩ 10
17 ʜʦ 

1019 ʩʤ-3 ʧʨʦʠʩʭʦʜʠʪ, ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʏʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ, ʪʝʤ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʫʨʦʚʥʝʡ ʠ ʜʘʞʝ ʟʦʥ ʚ 

ʨʘʟʨʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ [1ï3]. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ GaAs n ï ʪʠʧ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 

Nd ʩ 1017 ʜʦ 1019 ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʱʝʥʠʷ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʩ 28,36% ʜʦ 31.036%. 

ɼʘʥʥʦʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʩʣʝʜʩʪʚʠʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʢʘʢ ʦʧʠʩʳʚʘʣʦʩʴ ʚʳʰʝ, ʠ ʩʜʚʠʛ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ çʩʨʝʜʥʝʛʦè 

ʫʯʘʩʪʢʘ (670 ... 900 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢ ʙʦʣʝʝ ʙʣʠʟʢʦʡ ʢ ʀʂ ï ʯʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʪʦʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʢʦʪʦʨʳʝ ʥʝ ʧʦʛʣʦʪʠʣʠʩʴ ʩʣʦʝʤ GaAs p ï 
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ʪʠʧ, ʧʦʛʣʦʱʘʶʪʩʷ ʩʣʦʝʤ GaAs n ï ʪʠʧ ʩʦ ʩʪʝʧʝʥʴʶ ʣʝʛʠʨʦʚʘʥʠʷ Nd =1 1019, 

ʧʦʩʢʦʣʴʢʫ ʩʣʦʡ Ge ʥʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʪʠʪʴ ʪʫ ʯʘʩʪʴ ʬʦʪʦʥʦʚ ʢʦʪʦʨʘʷ 

ʧʦʛʣʦʱʘʝʪʩʷ ʩʣʦʝʤ GaAs n ï ʪʠʧ [3]. 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʣʦʷ AlGaAs ʘ) Na =1Ā1016 ʂʇɼ- 30,99% ʙ) Na =1Ā1019 ʂʇɼ- 23,66% 

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʣʦʷ GaAs ʘ) Nd =1Ā1016 ʂʇɼ- 28,36% ʙ) Nd =1Ā1019 ʂʇɼ- 31.036 % 

 

ʇʦʚʳʰʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʩ 110 ʩʤ2 ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ 3,409 ɺʪ ʜʦ 3,689 ɺʪ ʨʠʩʫʥʦʢ 

4. ʋʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʧʨʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʪʦ ʧʦʟʚʦʣʠʣʦ 
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ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʩ 30,33% ʜʦ 31.036%, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʧʪʠʯʝʩʢʠʡ 

ʧʦʪʝʨʴ ʠ ʣʫʯʰʝʡ ʧʝʨʝʜʘʯʠ ʬʦʪʦʥʦʚ ʚ ʛʣʫʙʠʥʫ ʤʘʪʝʨʠʘʣʦʚ [3]. 

 

 

ʈʠʩʫʥʦʢ 4.ɿʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʝʛʦ ʧʣʦʱʘʜʠ ʘ) ʧʨʠ 110 ʩʤ2 

P=3,409 ɺʪ ʙ) ʧʨʠ 120 ʩʤ2 P = 3,689 ɺʪ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

AlGaAs/GaAs/GaAs/Ge ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ, ʘ ʪʘʢʞʝ 

ʧʦʜʙʦʨʘ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

31.036%. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 
ʄʘʪʝʨʠʘʣ ʊʦʣʱʠʥʘ, ʤʢʤ ʉʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

AlGaAs 0.2 1016 P 

GaAs 2.1 1016 P 

GaAs 1.3 1019 N 

Ge 1,1 1017 N 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ 

ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ʇʗʊʀʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 

ALG aAs/GaAs/GaAs//InP/Ge 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

 ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʷʪʠʩʣʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/GaAs/InP/Ge c ʧʦʤʦʱʴʶ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʳ PC1D [7ï9]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʜ ʩʪʘʥʜʘʨʪʥʳʤʠ 

(ʵʪʘʣʦʥʥʳʤʠ) ʫʩʣʦʚʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 25Áʉ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

1000 ɺʪ/ʤ2, ʠ ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚʘ 110ʩʤ2. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʥʥʘʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ. ɼʣʷ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʳʭ ʟʦʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʠʤʝʥʷʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʠʝ ʢʘʢ 

AlGaAs, GaInP, AlInP ʠ ʪ.ʜ. ʉʣʦʡ AlGaAs ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʫʞʠʪ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ (400...670 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ. 

ɼʘʣʝʝ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʦʠ GaAs ʠ InP ʩʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

çʩʨʝʜʥʝʛʦè ʫʯʘʩʪʢʘ (670 ... 900 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʟʘʪʝʤ ʩʣʦʡ Ge ï 

ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʀʂ ï ʯʘʩʪʠ (900 ... 1650 ʥʤ) ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ 

[1;2;3;6]. ʊʘʢʞʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʳ ʠʩʧʦʣʴʟʫʝʤʳ ʚ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʙʣʠʟʢʠ ʧʦ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʸʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥʫ 

ʩʣʦʝʚ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ PC1D ʥʘ 

ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ñʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡò ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʚʤʝʩʪʥʦ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ ʇʫʘʩʩʦʥʘ 

ʠ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ. 
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   1) 

ʛʜʝ: ‐ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʩʣʦʷ, ʀ ï 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, q ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, p(x,t) ʠ n(x,t) ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʩʣʦʝ, • ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ND ʠ 

NA ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ ʠ ʘʢʮʝʧʪʦʨʦʚ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʩʣʦʝ, jn ʠ jp ï 

ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʜʳʨʦʯʥʦʛʦ ʪʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Gn(x, t) ʠ Gp(x, t) ï 

ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, Rn(x, t) ʠ Rp(x, t) ï ʩʢʦʨʦʩʪʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ [4]. 

 

 

ʈʠʩʫʥʦʢ 1. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

AlGaAs/GaAs/GaAs//InP/Ge 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ 

AlGaAs. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ʂʇɼ 
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ʫʩʪʨʦʡʩʪʚʘ, ʧʦʪʦʤʫ ʯʪʦ ʚʝʨʭʥʝʡ ʩʣʦʡ AlGaAs ʦʪʚʝʯʘʝʪ ʟʘ ʟʘ ʬʦʪʦʛʝʥʝʨʘʮʠʶ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦ ï ʜʳʨʦʯʥʳʭ ʧʘʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ [2;4;5]. 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs  

ʘ) ʂʇɼ 34,89 % ʧʨʠ 0,2ʤʢʤ ʙ) ʂʇɼ 26,98% ʧʨʠ 6 ʤʢʤ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ 

AlGaAs ʩ Nd=1Ŀ10
17 ʜʦ Nd=1Ŀ10

19 ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ʂʇɼ ʩ 34,48% ʜʦ 

27,60%.  

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ 

AlGaAs ʘ) ʂʇɼ 34,48% ʧʨʠ Nd=1Ā1017 ʙ) ʂʇɼ 27,60% ʧʨʠ Nd=1Ā1019 

 

ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ, ʪʝʤ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʫʨʦʚʥʝʡ ʠ ʜʘʞʝ ʟʦʥ ʚ 
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ʨʘʟʨʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ [2;5]. ʅʘ 

ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʧʨʠ ʨʘʟʥʦʡ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʦʚʳʰʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ɺɸʍ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʜʥʘʢʦ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʘʢʠʤ ʧʫʪʝʤ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʮʝʥʝ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʧʣʦʱʘʜʠ  

ʘ) ʧʨʠ 110 ʩʤ2 P=3,83 ɺʪ ʙ) ʧʨʠ 125 ʩʤ2 P=4,150 ɺʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʷʪʠʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʧʦʜʙʦʨ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʣʝʛʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʂʇɼ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦ 34,48% ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ  

ʅɸ ʆʉʅʆɺɽ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ ALG aAs / InP / Ge 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʜʣʷ ʫʯʝʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʘʚʠʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʦʣʱʠʥʘ, ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʫʩʪʨʦʡʩʪʚʘ, ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʚʨʝʤʷ ʠ 

ʨʝʩʫʨʩʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʪʨʝʭʩʣʦʡʥʫʶ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʝ AlGaAs / InP / Ge ʨʠʩʫʥʦʢ 1 [9;11;10]. 

ɼʘʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʙʫʜʝʪ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʦʡ 

ʧʨʦʛʨʘʤʤʳ PC1D [6]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʜ ʩʪʘʥʜʘʨʪʥʳʤʠ (ʵʪʘʣʦʥʥʳʤʠ) ʫʩʣʦʚʠʷʤʠ 

ʧʦʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 25Áʉ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ/ʤ2, ʠ ʧʣʦʱʘʜʴ 

ʫʩʪʨʦʡʩʪʚʘ 110 ʩʤ2. ʄʥʦʛʦʩʣʦʡʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩʪʨʦʷʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʢʘʞʜʳʤ ʩʣʦʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ ʫʩʪʨʦʡʩʪʚʘ 

ʢʘʢ ʧʨʘʚʠʣʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʙʦʣʝʝ ʫʟʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [1;2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʝʨʚʦʤ ʩʣʦʝ ʧʦʛʣʦʱʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʝ ʬʦʪʦʥʳ, ʚ ʩʣʝʜʫʶʱʝʤ ʙʦʣʝʝ ʫʟʢʦʟʦʥʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ 

ʧʦʛʣʦʱʘʶʪʩʷ ʫʞʝ ʤʝʥʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ ʠ ʪ.ʜ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ 

ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨ ʠ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ [2;5]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ AlGaAs, InP, Ge [4;7;8]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʦʡ 

AlGaAs p ï ʪʠʧ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,817 ʵɺ (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ), ʠ 
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ʩʣʦʠ InP ʠ Ge n ï ʪʠʧʘ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ 1,34 ʵɺ ʠ 0,67 ʵɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʜʣʷ AlGaAs, InP ʠ Ge ʨʘʚʥʳ 5,658 ᴠ, 5,653 ᴠ ʠ 5,66 ᴠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʨʩʝʥʠʜ 

ʘʣʶʤʠʥʠʷ-ʛʘʣʣʠʷ, ʬʦʩʬʠʜʘ ʠʥʜʠʷ ʠ ʛʝʨʤʘʥʠʷ ʦʯʝʥʴ ʤʘʣʘ [3;10]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʤʳ ʤʦʞʝʤ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥʫ ʧʣʝʥʦʢ ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ, ʢʦʪʦʨʳʝ ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʚʝʜʫʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʝʷʥʠʷ ʠ ʪ.ʜ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs ʩ 0.1 ʤʢʤ ʜʦ 9.5 ʤʢʤ, ʠ ʩʪʝʧʝʥʴ 

ʣʝʛʠʨʦʚʘʥʠʷ AlGaAs ʩ 1017 ʜʦ 1019.  

 

 

ʈʠʩʫʥʦʢ 1. ʊʨʝʭʩʣʦʡʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ 

AlGaAs, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʜʘʥʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʧʘʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʩʣʦʡ AlGaAs ʦʪʚʝʯʘʝʪ ʟʘ 
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ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ. ʀ 

ʯʝʤ ʪʦʣʱʝ ʙʫʜʝʪ ʩʣʦʡ AlGaAs, ʪʝʤ ʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʚ ʩʣʦʝ AlGaAs ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʜʣʷ Ge, InP,AlGaAs 

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs  

ʘ) ʇʨʠ ʪʦʣʱʠʥʝ 0.1 ʤʢʤ ʂʇɼ 28,29 % ʙ) ʇʨʠ ʪʦʣʱʠʥʝ 9.5 ʤʢʤ 22,32 % 

 

ʋʚʝʣʠʯʝʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs ʩʚʝʨʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ, ʩ 28,29% ʜʦ 19,84%, ʧʦ 

ʧʨʠʯʠʥʝ ʠʟʤʝʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ ʩʣʦʷ AlGaA ʚ ʩʣʝʜʩʪʚʠʠ 

ʣʝʛʠʨʦʚʘʥʠʷ [6;7]. 
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ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ 

AlGaAs ʘ) ʇʨʠ 1017 ʂʇɼ 28,29% ʙ) ʇʨʠ 1019 ʂʇɼ 19,84% 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʜʙʦʨ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʱʝʥʥʳʭ ʟʦʥ 

ʧʦʟʚʦʣʷʝʪ ʧʦʛʣʦʱʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ 

ʪʦʣʱʠʥʳ ʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʚ 28,29 %. 
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10.1109_pvsc.2012.6317766.pdf (Date of the application 27.10.16). 

  

http://scitation.aip.org/content/aip/proceeding
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʏɽʊʓʈɽʍʉʃʆʁʅʆɻʆ 

ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 

ALG aAs/GaAs/InP/Ge 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʦʩʥʦʚʝ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/InP/Ge ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʳ PC1D [6;9;10]. ʇʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʜ 

ʩʪʘʥʜʘʨʪʥʳʤʠ (ʵʪʘʣʦʥʥʳʤʠ) ʫʩʣʦʚʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 25Áʉ, 

ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 1000 ɺʪ/ʤ2, ʠ ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚʘ 110 ʩʤ2 [1ï4]. ɼʣʷ 

ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ. ɼʘʥʥʳʡ ʩʦʣʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʨʠʩʫʥʦʢ 1. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʬʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀ ʩ ʢʘʞʜʳʤ ʩʣʝʜʫʶʱʠʤ 

ʩʣʦʝʤ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʜʣʷ AlGaAs, GaAs, Ge ʠ InP ʨʘʚʥʳ 5,658 ᴠ,5.87 ᴠ, 

5,66 ᴠ ʠ 5,653 ᴠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5;11ï14]. ʂʘʢ ʤʳ ʚʠʜʠʤ ʧʝʨʠʦʜ ʨʝʰʸʪʦʢ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ 

ʪʦʣʱʠʥʫ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʨʫʛʦʤ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ 

ʫʭʫʜʰʝʥʠʶ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʩʣʫʯʘʷ AlxGa1-xAs ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʢʘʢ ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ ʪʘʢ ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʥʷʣʘʩʴ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs c 0.3 ʤʢʤ ʜʦ 5 ʤʢʤ ʨʠʩʫʥʦʢ 2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ɺɸʍ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʤʝʥʴʰʠʣʦʩʴ, ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʥʠʟʠʣʦʩʴ ʩ 31,04% ʜʦ 28,01%. ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʩʣʦʡ AlGaAs ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʪʦʛʝʥʝʨʘʮʠʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦ - ʜʳʨʦʯʥʳʭ ʧʘʨ [3]. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

 

 

ʈʠʩʫʥʦʢ 2.ɿʘʚʩʠʤʦʩʪʴ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs  

ʘ) 0.3 ʤʢʤ 31,04 % ʙ) 5 ʤʢʤ 28,01% 

 

ʀ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʝʤ ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs, ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʩʤʦʞʝʪ ʧʦʢʠʥʫʪʴ ʩʣʦʡ AlGaAs [5;6;8]. 
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ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs, Na ʩ 10
17 ʜʦ 1019 ʩʤ-3 

ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʱʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʞʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʠ ʜʠʘʧʘʟʦʥʘ ʧʦʛʣʦʱʘʝʤʳʭ 

ʬʦʪʦʥʦʚ ʨʠʩʫʥʦʢ 3 [3;4;7]. 

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs  

ʘ) ʧʨʠ Na =1Ā1017 ʂʇɼ- 31,04 % ʙ) ʧʨʠ Na =1Ā1019 ʂʇɼ- 26,42 % 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/InP/Ge. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 
ʄʘʪʝʨʠʘʣ ʊʦʣʱʠʥʘ, ʤʢʤ ʉʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

AlGaAs 0,3 1016 P 

GaAs 1,7 1016 P 

InP 2,7 1017 N 

Ge 1,3 1019 N 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

AlGaAs/GaAs/InP/Ge ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʝʚ, ʠ ʩʪʝʧʝʥʴʶ ʠʭ 

ʣʝʛʠʨʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʘʪʴ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 31,04%, ʯʪʦ 

ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʠʷ. ʂʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ï 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï https://alternativenergy.ru/solnechnaya-energetika/5-

konstrukcii-solnechnyh-elementov.html (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 30.10.16). 



 

56 

 

2. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ɸʨʩʝʥʠʜ-ʛʘʣʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ï [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï http://solarb.ru/arsenid-galievye-solnechnye-batarei (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

30.10.16). 

3. ɻʨʠʙʢʦʚʩʢʠʡ ɺ.ʇ. ʊʝʦʨʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʄʠʥʩʢ, çʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘè, 1975, ï 464 ʩ. 

4. ʏʦʧʨʘ ʂ., ɼʘʩ ʉ. ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ: ʇʝʨ. ʩ ʘʥʛʣ. ʩ 

ʩʦʢʨʘʱʝʥʠʷʤʠ. ï ʄ.: ʄʠʨ, 1986. ï 435 ʩ. 

5. Al-Bustani A., Feteha M.Y. A new double heterojunction AlGaAs-GaAs stru-cture 

for space solar cells. Renewable Energy. 1994. Vol. 5, ˉ 1ï4, P. 281ï284. 

6. Esfandyarpour Rahim. Multi-Junction Solar Cells. ï [Electronic source] ï 

http://large.stanford.edu/courses/2012/ph240/esfandyarpour-r2/ (Date of the 

application 28.10.16). 

7. Hauga Halvard, Birger R. Olaisen [et al.]. A graphical user interface for 
multivariable analysis of silicon solar cells using scripted PC1D simulations. 

Energy Procedia. 2013. Vol. 38, P. 72ï79. 
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on the AlGaAs/GaAs Tandem Solar Cell for Concentrator Photovoltaic 

Performances. Journal of Nano- and Electronic Physics. 2016. Vol. 8 ˉ1, 

01015(4pp). 

9. Introduction. Motivation and Background. ï [Electronic source] ï 

http://shodhganga.inflibnet.ac.in/bitstream/10603/70563/10/10_chapter1.pdf. 

10. Simulation of Tunnel Junction in Cascade Solar Cell (GaAs/Ge) Using AMPS-1D. 

Benmoussa Dennai, Ben Slimane H., Helmaoui A. Journal of nano- and electronic 

physics. Vol. 6. ˉ4, (2014). 
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12. Therez F., Alcubilla R. and Chikouche A.. AlGaAs-GaAs Solar Cell Development: 

Electrical Analysis And Prospects For Space Application", Solar Cells, 1986,vol. 

18, P. 163ï170. 

13. Venkatasubramanian R., Timmon M. L., Colpitts T. S., [et al.]. Advances in the 

development of an A1GaAs/GaAs cascade solar cell using a patterned germanium 

tunnel interconnect. Solar Cells. 1991. Vol. 30, P.345ï354. 

14. Vladimir Khvostikov, Nikolay Kalyuzhnyy, Sergey Mintairov eat al. 

AlGaAs/GaAs Photovoltaic Converters For High Power Narrowband Radiation. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆɼʅʆʂɸʉʂɸɼʅʆɻʆ 

ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʅɸ ʆʉʅʆɺɽ GaAs 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ AIIIBV [4]. 

ʅʘʣʠʯʠʝ ʫ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ çʧʨʷʤʦʡè ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʰʠʨʠʥʦʡ 1,42 ʵɺ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʦʛʣʦʱʝʥʠʶ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʪʨʝʙʫʝʪʩʷ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʚʩʝʛʦ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ, 

ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʜʝʣʘʝʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ GaAs ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ [1;2]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʜʥʦʢʘʩʢʘʜʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ GaAs ʩʪʘʣʠ ʦʯʝʥʴ ʘʢʪʠʚʥʳʤʠ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʩʪʦʷ ʧʨʠ ʂʇɼ 25,1% ʚ ʪʝʯʝʥʠʝ 1990ï2007 [5ï7]. 

ʇʨʝʜʝʣʴʥʳʡ ʨʝʢʦʨʜ ʂʇɼ ʜʣʷ ʦʜʥʦʢʘʩʢʘʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ GaAs 

ʩʦʩʪʘʚʣʷʝʪ 28,1% [7]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ GaAs ʪʨʘʜʠʮʠʦʥʥʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʠʝ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʣʦʷ GaAs. ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ GaAs. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ PC1D ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʥʜʘʨʪʥʦʡ çʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʡè ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 1.ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ GaAs 

 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʚʤʝʩʪʥʦ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ ʇʫʘʩʩʦʥʘ 

ʠ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ. 

ừ
Ử
Ừ

Ử
ứ
Ͻ
Ͻ ὴὼȟὸ ὲὼȟὸ ὔ ὔ

Ͻ
ȟ

Ὃ ὼȟὸ Ὑ ὼȟὸ

Ͻ
ȟ

Ὃ ὼȟὸ Ὑ ὼȟὸ

    1) 

ʛʜʝ: ‐ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʩʣʦʷ, ʀ ï 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, q ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, p(x,t) ʠ n(x,t) ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʩʣʦʝ, • ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ND ʠ 

NA ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ ʠ ʘʢʮʝʧʪʦʨʦʚ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʩʣʦʝ, jn ʠ jp ï 

ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʜʳʨʦʯʥʦʛʦ ʪʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Gn(x, t) ʠ Gp(x, t) ï 

ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, Rn(x, t) ʠ Rp(x, t) ï ʩʢʦʨʦʩʪʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ [3]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʣʴʪ ï 

ʘʤʧʝʨʥʳʝ ʠ ʚʦʣʴʪ ï ʚʘʪʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ GaAs n - ʪʠʧʘ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʣʦʷ GaAs ʩ 5 

ʤʢʤ ʜʦ 0.2 ʤʢʤ ʫʜʘʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ 24,43 % ʜʦ 

26,08%. ʋʚʝʣʠʯʝʥʠʷ ʂʇɼ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ GaAs 



 

59 

 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʨʭʥʝʛʦ n-ʩʣʦʷ ʩʚʷʟʘʥʥʦ ʩ ʬʦʪʦʛʝʥʝʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʚʝʨʭʥʝʤ ʩʣʦʝ. ʊʦʣʱʠʥʘ ʥʠʞʥʝʛʦ ʩʣʦʷ GaAs ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ 0,9 ʤʢʤ. 

ʂʇɼ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 2. 

%ÆÆρππϽ7 Ⱦ3Ͻ%     2) 

ʛʜʝ: Eff ï ʂʇɼ, %; S ï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘ, ʤ2; E ï ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ɺʪ/ʤ2 

(ʦʙʳʯʥʦ 1000 ɺʪ/ʤ2); Wp ï ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʧʨʠ 25ʦʉ, ɺʪ. 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʦʪ ʪʦʣʱʠʥʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ  

ʘ) ʇʨʠ ʪʦʣʱʠʥʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 5 ʤʢʤ ʙ) ʇʨʠ ʪʦʣʱʠʥʝ 0.3 ʤʢʤ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʣʴʪ ï ʘʤʧʝʨʥʳʭ ʠ ʚʦʣʴʪ ï ʚʘʪʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ 

ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ 110 ʩʤ2 ʨʠʩʫʥʦʢ 3 (ʘ) ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 2.89 ɺʪ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦ 150 ʩʤ2 ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 3.912 ɺʪ ʨʠʩʫʥʦʢ 3 (ʙ). ʀʟ ʨʠʩʫʥʢʘ 3 

ʤʳ ʚʠʜʠʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʦʜʥʘʢʦ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ 

ʨʘʙʦʪʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʰʝ 

1017 ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʨʠʩʫʥʦʢ 4.  
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ʈʠʩʫʥʦʢ 3. ɺʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʘ)110 ʩʤ2 ʙ) 150 ʩʤ2 

 

 

ʈʠʩʫʥʦʢ 4. ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ GaAs ʘ)1017  

ʙ) 1019 ʥʘ ʚʦʣʴʪ ï ʘʤʧʝʨʥʳʝ ʠ ʚʦʣʴʪ ï ʚʘʪʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʜʙʦʨʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʢ ʪʦʣʱʠʥʘ, ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ, ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʂʇɼ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ GaAs ʚ 26,08%. ʏʪʦ ʜʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʨʝʤʥʠʝʚʳʭ ʧʘʥʝʣʝʡ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ 

ʘʨʩʝʥʠʜʝ ʛʘʣʣʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʝʨʷʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʝʨʝʛʨʝʚʝ. ɸ ʟʥʘʯʠʪ, ʠʤ ʥʫʞʥʦ ʤʝʥʴʰʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʣʘʶʪ ʜʘʥʥʳʝ ʬʦʪʦʷʯʝʡʢʠ ʦʯʝʥʴ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ [2]. 
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ʈɸʉʏɽʊ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʀ ʀɿɻʆʊʆɺʃɽʅʀʀ 

ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 

AlxGa1-xAs - GaAs 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ AlGaAs -

GaAs ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ (Ga, Al) 

ʚʭʦʜʷʱʠʭ ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ AlxGa1-xAs, ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ ʩ ʪʦʯʥʦ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ [1]. 

ʀʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʩʣʦʝ AlxGa1-xAs ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨ 

ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʵʪʠʤ ʩʣʦʝʤ, ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘ ʨʝʰʝʪʢʠ ʦʩʘʞʜʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʦʩʘʞʜʘʝʤʦʛʦ 

ʩʣʦʷ, ʢʦʪʦʨʫʶ ʤʳ ʤʦʞʥʦ ʦʩʘʜʠʪʴ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. ɽʩʣʠ ʪʦʣʱʠʥʘ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ ʤʝʥʴʰʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ, ʪʦ ʩʣʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʫʧʨʫʛʦ ʥʘʧʨʷʞʝʥʥʳʤ (ʧʩʝʚʜʦʤʦʨʬʥʳʤ) [1]. 

ɺʝʣʠʯʠʥʘ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʰʝʪʦʢ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ a0 ʠ ʧʦʜʣʦʞʢʠ aS ʨʠʩʫʥʦʢ 1. 

ʇʦʩʣʝ ʧʨʝʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʥʘʧʨʷʞʝʥʥʘʷ ʨʝʰʸʪʢʘ ʥʘʯʠʥʘʝʪ 

ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʷʤ ʜʠʩʣʦʢʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʠʩʫʥʦʢ 1 (ʚ). ɺ 

ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʢʘʢʠʭ-ʣʠʙʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ, ʢ ʧʨʠʤʝʨʫ 

ʪʦʯʝʯʥʳʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʵʪʦ ʚʝʜʝʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʦʢʠ ʫʪʝʯʢʠ, ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʝʷʥʠʷ, ʰʫʤʳ 

ʠ ʪ.ʜ. [1]. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦʪ 

ʬʘʢʪʦʨ ʢʦʪʦʨʳʡ ʙʝʟʫʩʣʦʚʥʘ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʂʇɼ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʨʘʩʯʸʪ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʩʦʩʪʘʚʘ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʜʠʩʣʦʢʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlxGa1-xAs/GaAs ʨʠʩʫʥʦʢ 2 [4;6].  
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ: ʘ) ʨʝʰʝʪʦʯʥʦ 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ aS = a0, ʙ) ʧʩʝʚʜʦʤʦʨʬʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ 

aS < a0, ʚ) ʨʝʣʘʢʩʠʨʦʚʘʥʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ aS < a0, 

 

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

AlxGa1-xAs/GaAs 

 

ɼʣʷ ʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʠʤ ʨʘʩʯʝʪ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʦʪ ʩʦʩʪʘʚʘ ʜʣʷ AlxGa1-

xAs ʦʪ x=0 ʜʦ x=1. ʇʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʜʣʷ AlAs ʠ GaAs aAC = 5.661 ɸ ʠ aBC = 

5.653 ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʠʦʜʘ ʨʝʰʝʪʢʠ ʘ(ʭ) ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʚʠʜʘ AxB1-xC ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʘʚʠʣʦʤ ɺʝʛʘʨʜʘ, ʛʜʝ ʧʝʨʠʦʜ ʨʝʰʸʪʢʠ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʭ ʠ ʧʝʨʠʦʜʦʚ ʨʝʰʝʪʢʠ ʚʭʦʜʷʱʠʭ ʚ ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (1), ʨʠʩʫʥʦʢ 3 [2;3;5]. 

( ) BCAC axaxxa Ö-+Ö= 1)(     (1) 

 

 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ a(x) ʦʪ ʩʦʩʪʘʚʘ ʜʣʷ AlxGa1-xAs 
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ɿʘʪʝʤ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʡ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ ʧʝʨʠʦʜʦʚ ʨʝʰʝʪʦʢ ‐ ʤʘʪʝʨʠʘʣʦʚ 

Al xGa1-xAs ʠ GaAs ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (2), ʨʠʩʫʥʦʢ 4 [3]. 

‐ ὼ        (2) 

 

 
ʈʠʩʫʥʦʢ 4.ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʡ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʦʢ Ů0(x) ʦʪ ʩʦʩʪʘʚʘ  

ʜʣʷ ʩʣʦʝʚ AlxGa1-xAs/GaAs 

 

ɿʘʜʘʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ VGaAs=0.31 ɛ ʠ VAlAs=0.352 ɛ. ʉ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʷ (3) ʨʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Al xGa1-xAs [2]: 

ὠ ὼϽὠ ρ ὼϽὠ  (3) 

 

ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʪʦʣʱʠʥʫ ʩʣʦʷ AlxGa1-xAs ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ 

ʛʝʥʝʨʘʮʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘ ʩʣʦʝ GaAs ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (4), 

ʨʠʩʫʥʦʢ 5. 

Ὄ
Ͻ Ͻ

ϽϽ Ͻ
ϽÌÎ

ϽϽ
ρ(4) 

 

 
ʈʠʩʫʥʦʢ 5. ʂʨʠʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ ʦʪ ʩʦʩʪʘʚʘ  

ʜʣʷ ʩʣʦʝʚ AlxGa1-xAs/ GaAs 
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ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

AxB1-xC ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (5) ʨʠʩʫʥʦʢ 6.  

Eg (x) = x Ā Eg AC + (1 - x) Ā Eg BC ï c Ā x Ā (1 ï x)(5) 

ʛʜʝ: c ï ʧʘʨʘʤʝʪʨ ʠʟʛʠʙʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʜʣʷ 0,143 ʜʣʷ AlxGa1-xAs  

 

 
ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʩʦʩʪʘʚʘ  

ʜʣʷ AlxGa1-xAs 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʩʦʩʪʘʚʘ ʩʣʦʷ AlGaAs, ʠ ʧʝʨʠʦʜʘ ʨʝʰʝʪʢʠ ʦʪ 

ʩʦʩʪʘʚʘ. ʀʟʤʝʥʷʷ ʩʦʩʪʘʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ AlGaAs, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ AIIIBV ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʘʪʴ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ  

ʅɸ ʆʉʅʆɺɽ ʊʈɽʍʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ ALG aAs/GaAs/Ge 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/Ge ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʳ PC1D.ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʝʥʠʷ. ʇʦʜ ʩʪʘʥʜʘʨʪʥʳʤʠ 

(ʵʪʘʣʦʥʥʳʤʠ) ʫʩʣʦʚʠʷʤʠ ʧʦʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 25Áʉ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

1000 ɺʪ/ʤ2, ʠ ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚʘ 110 ʩʤ2. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ (ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʩʣʦʡʥʘʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʛʜʝ ʩʣʦʡ AlGaAs n ï ʪʠʧʘ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,817 ʵɺ (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ), GaAs p ï ʪʠʧ 1,42 ʵɺ, ʠ Ge p ï 

ʪʠʧ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 0,67 ʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʜʘʥʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʵʪʦ AlGaAs [1;2]. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ 

ʧʘʜʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʶʪʩʷ ʚ ʵʪʦʤ ʩʣʦʝ, ʦʩʪʘʣʴʥʘʷ ʞʝ ʯʘʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʭʦʜʠʪ ʚʦ ʚʪʦʨʦʡ ʩʣʦʡ, ʛʜʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʦʝ 

ʧʦʛʣʦʱʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ, ʘ ʦʩʪʘʣʴʥʳʝ ʬʦʪʦʥʳ 

ʧʨʦʭʦʜʷʪ ʚ ʪʨʝʪʠʡ ʩʣʦʡ ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʝʥʴʰʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ Ge [2]. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣʳ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2 [4,5,6]. 

ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ ʜʣʷ AlGaAs, GaAs ʠ Ge ʨʘʚʥʳ 5,658 ᴠ, 5.87 ᴠ ʠ 5,66 ᴠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2;4]. ʂʘʢ ʤʳ ʚʠʜʠʤ ʩʪʝʧʝʥʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʰʝʪʦʢ AlGaAs, GaAs ʠ Ge, ʥʝʚʝʣʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ 

ʩʣʦʝʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ, 
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ʢʦʪʦʨʳʝ ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʷʚʣʝʥʠʝ ʪʦʢʦʚ ʫʪʝʯʝʢ ʠ ʪ.ʜ. [9;11]. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʩʣʦʡʥʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʥʷʣʘʩʴ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs c 0.1 ʤʢʤ  

ʜʦ 8 ʤʢʤ, ʩʪʝʧʝʥʴ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩ 1017 ʜʦ 1019. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʣʦʷ 

AlGaAs ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 [3;4;5]. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚʝʨʭʥʠʡ ʩʣʦʡ AlGaAs ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʪʦʛʝʥʝʨʘʮʠʶ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ʀ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʝʤ ʤʝʥʴʰʝ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ (ʪ.ʝ. ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs), 

ʪʝʤ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʧʦʢʠʥʝʪ ʩʣʦʡ AlGaAs ʠ 

ʚʥʝʩʸʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ [3]. ʀʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ 

AlGaAs, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʱʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʪʦʤʫ ʯʪʦ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʧʨʠʤʝʩʝʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʠʟʤʝʥʠʪʴʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ, ʥʘʩʝʣʝʥʥʦʩʪʴ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʧʝʨʝʭʦʜʦʚ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʫʨʦʚʥʝʡ ʠ ʜʘʞʝ ʟʦʥ ʚ 

ʨʘʟʨʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʠʘʧʘʟʦʥ ʧʦʛʣʘʱʘʝʤʳʭ ʬʦʪʦʥʦʚ [3;7;10]. 

 

 

ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ʥʘ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ  

ʘ) ʇʨʠ ʪʦʣʱʠʥʝ 0.1 ʤʢʤ ʂʇɼ 27,01% ʙ) ʇʨʠ ʪʦʣʱʠʥʝ 8 ʤʢʤ ʂʇɼ 23,17% 

 

 

ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs ʥʘ ʂʇɼ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʘ) ʇʨʠ 1017 27,01% ʙ) ʇʨʠ 1019 ʂʇɼ 23,9% 
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ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/Ge 

ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʬʦʪʦʥʦʚ ʚ 

ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʯʝʤ ʫ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs, ʠ ʩʪʝʧʝʥʠ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʜʦʩʪʠʯʴ ʂʇɼ ʚ 27.02% [8]. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʝʭʩʣʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

AlGaAs/GaAs/Ge. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 
ʄʘʪʝʨʠʘʣ ʊʦʣʱʠʥʘ, ʤʢʤ ʉʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

AlGaAs 0.1 1017 N 

GaAs 1.3 1017 P 

Ge 0,8 1018 P 
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ʨʝʩʫʨʩ] ï http://solarb.ru/arsenid-galievye-solnechnye-batarei (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

30.10.16). 
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ʩʦʢʨʘʱʝʥʠʷʤʠ. ï ʄ.: ʄʠʨ, 1986. ï 435 ʩ. 
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physics. Vol. 6. ˉ4, (2014). 
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ʀɿɻʆʊʆɺʃɽʅʀɽ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ɸʂʉɽʃɽʈʆʄɽʊʈɸ  

ʅɸ ʆʉʅʆɺɽ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʄʀʂʈʆʆɹʈɸɹʆʊʂʀ 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

 ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʦʩʥʦʚʘʥ ʥʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʫʩʢʦʨʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʧʨʠʣʦʞʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ [1;6]. ɺ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʪʘʢʠʭ ʢʘʢ 

ʦʢʩʠʜ ʮʠʥʢʘ (ZnO), ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ (AlN) ʠ ʮʠʨʢʦʥʘʪ ï ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ (PZT), 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʩʫʪʩʪʚʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʨʝʰʝʪʢʘʭ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʣʦʞʝʥʥʦʝ ʚʥʝʰʥʝʝ 

ʜʘʚʣʝʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʴʝʟʦʨʝʟʠʩʪʠʚʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ 

ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʨʷʜʳ, ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʧʠʪʘʥʠʶ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʷʜʦʚ ʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ [6]. 

 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʘʢʩʝʣʝʨʦʤʝʪʨʝ ʠʩʧʳʪʳʚʘʝʪ 

ʜʘʚʣʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʶ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʶ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʨʷʜʦʚ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɿʘʨʷʜʳ ʩʦʟʜʘʥʥʳʝ 

ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʫʭʦʜʷʪ ʢ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ 

ʵʣʝʢʪʨʦʜʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʝ V, ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʩʢʦʨʝʥʠʶ [6;7]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʘʢʩʝʣʝʨʦʤʝʪʨ ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ. ɺ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʘʢʩʝʣʝʨʦʤʝʪʨʝ 

ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ, ʢʦʥʩʦʣʴʥʘʷ ʙʘʣʢʘ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ [8]. ʋʩʢʦʨʝʥʠʝ ʚʜʦʣʴ ʦʩʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʠʟʛʠʙ ʢʘʥʪʠʣʝʚʝʨʥʦʡ ʙʘʣʢʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʷ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ZnO. ɿʘʪʝʤ ʟʘʨʷʜ 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣʦʤ ZnO ʫʩʠʣʠʚʘʝʪʩʷ ʚʦʩʧʨʠʥʠʤʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʢʦʥʩʦʣʴʥʦʛʦ ʪʠʧʘ ʨʠʩʫʥʦʢ 3. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʘʥʥʦʛʦ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ [6;8]. 

 

 
 

 
 

1) ʆʯʠʩʪʢʘ ʧʦʜʣʦʞʢʠ ʰʪʘʪʥʳʤ ʤʝʪʦʜʦʤ RCA ʜʣʷ ʫʜʘʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʧʝʨʝʜ ʦʩʘʞʜʝʥʠʝʤ ʩʣʦʝʚ ʨʠʩʫʥʦʢ 3 (ʘ) [3;4]. 

2) ʅʘʥʝʩʝʥʠʷ ʩʣʦʷ SiO2 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PECVD ʠʩʧʦʣʴʟʫʷ ʪʘʢʠʝ ʛʘʟʳ 

ʢʘʢ ʤʦʥʦʩʠʣʘʥ SiH4 ʠ ʟʘʢʠʩʴ ʘʟʦʪʘ N2O. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʡ ʧʦʪʦʢ Ar, ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʛʘʟʦʚ ʥʘ ʘʢʪʠʚʥʳʝ ʨʘʜʠʢʘʣʳ 

ʨʠʩʫʥʦʢ 3 (ʙ) [2;5]. 
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ʈʠʩʫʥʦʢ 3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

 

3) ʅʘʥʝʩʝʥʠʷ ʬʦʪʦʨʝʟʠʩʪʘ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠ ʧʦʚʝʨʭ ʥʝʛʦ 

ʥʘʥʦʩʠʤ ʩʣʦʡ ʬʦʪʦʰʘʙʣʦʥʘ ʨʠʩʫʥʦʢ 3 (ʚ, ʛ). 

4) ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ ʚʩʢʨʳʪʠʝ ʷʢʦʨʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʨʠʩʫʥʦʢ 3 (ʜ). 

5) ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʦʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʨʠʩʫʥʦʢ 3 (ʝ). ʅʘʥʝʩʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ PECVD ʧʨʠ ʧʦʤʦʱʠ ʪʘʢʠʭ ʛʘʟʦʚ ʢʘʢ ʤʦʥʦʩʠʣʘʥ SiH4, 

ʬʦʩʬʠʥ ʈʅ3ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʦʪʦʢ Ar.  
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6) ʅʘʥʝʩʝʥʠʷ ʩʣʦʷ Si3N4. ɼʘʥʥʳʡ ʩʣʦʡ ʥʘʥʦʩʠʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PECVD 

ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ ʨʝʘʢʮʠʡ ʨʠʩʫʥʦʢ 3 (ʸ).  

3 SiH4 + 4 NH3 Ÿ Si3N4 + 24 H2, 

3SiH4 + 2N2Ÿ Si3N4 +6H2 

ʉʣʦʡ Si3N4, ʦʩʘʞʜʘʶʪ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, 

ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʢʦʤʧʝʥʩʘʪʦʨ ʜʣʷ ʩʣʦʷ ZnO, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʩʞʠʤʘʶʱʫʶ ʥʘʛʨʫʟʢʫ. 

7) ʅʘʥʝʩʝʥʠʝʤ ʩʣʦʷ ZnO ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʠʩʫʥʦʢ 3 (ʞ). 

8) ʅʘʥʝʩʝʥʠʝ ʪʦʥʢʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ Pt ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʨʠʩʫʥʦʢ 3 (ʟ). 

9) ʋʜʘʣʝʥʠʷ ʩʣʦʷ SiO2 ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 49% 

ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʚ ʪʝʯʝʥʠʝ 1.5ï2 ʤʠʥʫʪ. ɿʘ 

ʪʝʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʤʝʩʪʠʪʴ ʚ ʜʝʠʦʥʠʟʦʚʘʥʥʫʶ ʚʦʜʫ, ʧʦʩʣʝ ʵʪʦʛʦ ʚ ʩʧʠʨʪ, 

ʟʘʪʝʤ ʧʦʤʝʩʪʠʪʴ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʥʘ 10 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110Áʉ 

ʨʠʩʫʥʦʢ 3 (ʠ). 

ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʩ ʥʠʟʢʦʡ 

ʤʦʱʥʦʩʪʴʶ ʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʣʠʪʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʭʝʤʳ 

ʩʯʠʪʳʚʘʥʠʷ, ʦʥʠ ʥʝ ʦʙʣʘʜʘʶʪ ʦʪʢʣʠʢʦʤ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʪʘʢ ʢʘʢ ʟʘʨʷʜ 

ʛʝʥʝʨʠʨʫʝʤʳʡ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ ʨʘʩʩʘʩʳʚʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʦʧʝʨʘʮʠʡ ʩ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʥʝʚʦʟʤʦʞʥʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ [6;8].  

ʊʘʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʦʣʝʙʘʥʠʡ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. 
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ɺʃʀʗʅʀɽ ʊʆʃʑʀʅʓ ʀ ʉʊɽʇɽʅʀ ʃɽɻʀʈʆɺɸʅʀʗ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ ʅɸ ʆʉʅʆɺɽ 

ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ ALG aAs ï InP 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ AlGaAs ï InP. ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ PC1D. ʇʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ AlGaAs 

ʠ InP ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ 1,817 ʵɺ (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ) ʠ 1,35 ʵɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʦʜʥʦʢʘʩʢʘʜʥʳʝ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ 

ʟʦʥ, ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʛʣʦʱʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʪʦʥʦʚ, ʯʪʦ 

ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ [2]. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ Si, ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ 

ʬʦʪʦʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʙʦʣʴʰʝ, ʯʝʤ 1100 ʥʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʪʦʥʳ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʥʝ ʧʦʛʣʦʱʘʶʪʩʷ 

[1;6;8]. ʂʘʢ ʘʨʩʝʥʠʜ ʘʣʶʤʠʥʠʷ-ʛʘʣʣʠʷ ʪʘʢ ʠ ʬʦʩʬʠʜ ʠʥʜʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʷʤʦʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʩʦʝʜʠʥʝʥʠʡ AIIIBV [3].  

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʦʡ AlGaAs p ï ʪʠʧ, ʘ ʥʠʞʥʠʡ ʩʣʦʡ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ 

ʠʟʛʦʪʦʚʣʝʥ ʠʟ InP n ï ʪʠʧ. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ InP ʠ 

AlGaAs (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ) ʩʦʩʪʘʚʣʷʶʪ 5,653 ᴠ ʠ 5,658 ᴠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʨʘʱʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʝ ʵʧʠʪʘʢʩʠʘʣʴʥʦʝ ʩʣʦʠ AlGaAs ʥʘ ʩʣʦʝ 

InP ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʥʘ 

ʛʝʪʝʨʦʛʨʘʥʠʮʝ InP ï AlGaAs, ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʚʦʜʘ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ ʠ ʪ.ʜ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʢʘʩʢʘʜʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 

ʦʩʥʦʚʝ AlGaAs ï InP. ʆʩʫʱʝʩʪʚʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠ-
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ʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ PC1D [4;9]. ɺ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs c 0.1 ʜʦ ʤʢʤ 9 ʤʢʤ, 

ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ InP ʩ 1017 ʜʦ 1019, ʠ ʩʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs 

ʩ 1017 ʜʦ 1019. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ʥʘ ɺɸʍ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2 [5;7;10]. ʊʦʣʱʠʥʘ ʩʣʦʷ InP ʙʳʣʘ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʠ ʩʦʩʪʘʚʣʷʣʘ  

1,3 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

AlGaAs - InP 

 

ɼʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ɺɸʍ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʣʦʝ AlGaAs ʥʘʯʠʥʘʝʪʩʷ 

ʬʦʪʦʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ, ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʷ AlGaAs ʦʪ 0.1 ʜʦ ʤʢʤ 

9 ʤʢʤ ʫʤʝʥʴʰʝʥʠʷ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 26,39% ʜʦ 21,97%. 

 

 

ʈʠʩʫʥʦʢ 2.ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ 

AlGaAs ʘ ) ʂʇɼ 26,39% ʧʨʠ 0.1 ʤʢʤ ʙ) ʂʇɼ 21,97% ʧʨʠ 9 ʤʢʤ 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ InP ʚ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ɺɸʍ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʝʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 

AlGaAs/GaAs/InP, ʛʜʝ ʥʘʦʙʦʨʦʪ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ, ʠʟ-ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʦʷʭ ʰʠʨʦʢʦʟʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʡ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʪʨʝʪʝʡ ʩʣʦʡ ʧʦʩʪʫʧʘʶʪ 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʝʩʷ  

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ InP ʘ) 1017 ʙ) 1019 

 

ʫʟʢʦʟʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ InP 

ʪʘʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [5;6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʦʙʦʨʦʪ 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ɺɸʍ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ AlGaAs ï InP ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʥʠʮʳ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʚ 

ʤʘʪʝʨʠʘʣʘʭ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ InP ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ ʩʥʠʞʘʝʪʩʷ. 

 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʦʪ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs  

ʘ) 1017 ʙ) 1019 
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ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʠʩʧʦʣʴʟʫʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ AlGaAs ʠ InP ʚ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʂʇɼ ʜʣʷ ʦʜʥʦʢʘʩʢʘʜʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʩʪʝʧʝʥʠ ʠʭ ʣʝʛʠʨʦʚʘʥʠʷ ʤʳ ʜʦʩʪʠʛʣʠ ʂʇɼ ʚ 26,39%. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ʕʃɽʄɽʅʊɸ 

ʅɸ ʆʉʅʆɺɽ ʊʈɽʍʉʃʆʁʅʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ ʉʊʈʋʂʊʋʈʓ 

ALG aAs/GaAs/InP 

ɹʝʩʧʦʣʫʜʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 
ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

 ʈʌ, ʛ. ʊʘʛʘʥʨʦʛ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/InP. ʀʟʚʝʩʪʥʦ ʯʪʦ ʦʜʥʦʢʦʤʧʦ-

ʥʝʥʪʥʳʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʳ ʥʝ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʬʦʪʦʥʳ ʚ ʰʠʨʦʢʦʤ 

ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʦʪ 300 ʥʤ ʜʦ 2500 ʥʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ 

ʧʨʠʤʝʥʷʶʪ ʤʥʦʛʦʩʣʦʡʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʨʘʱʠʚʘʝʤʳʤʠ 

ʩʣʦʷʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ (ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ). ɼʣʷ AlGaAs n ï ʪʠʧʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 

1,817 ʵɺ (ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ), GaAs p ï ʪʠʧ 1,42 ʵɺ, ʠ InP p ï ʪʠʧ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1,35 ʵɺ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʡ ʤʘʪʝʨʠʘʣ AlGaAs, ʠ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ ʧʘʜʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʶʪʩʷ 

ʚ ʧʝʨʚʦʤ ʩʣʦʝ, ʦʩʪʘʣʴʥʘʷ ʞʝ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʭʦʜʠʪ ʚʦ ʚʪʦʨʦʡ ʩʣʦʡ, 

ʛʜʝ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʝʤ ʩʣʦʝ ʧʦʛʣʦʱʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʬʦʪʦʥʳ, ʘ ʦʩʪʘʣʴʥʳʝ ʬʦʪʦʥʳ ʧʨʦʭʦʜʷʪ ʚ ʪʨʝʪʠʡ ʩʣʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʤʝʥʴʰʝʡ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ InP. ɼʘʥʥʳʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʛʨʫʧʧʳ AIIIBV 

[1;2]. ʅʘʣʠʯʠʝ ʫ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ çʧʨʷʤʦʡè ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʰʠʨʠʥʦʡ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ InP ʠ GaAs 

AlGaAs 5,653 ᴠ 5.87 ᴠ ʠ 5,658 ᴠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ ʬʦʩʬʠʜʘ ʠʥʜʠʷ, ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ ʠ 

ʘʨʩʝʥʠʜʘ ʘʣʶʤʠʥʠʷ-ʛʘʣʣʠʷ ʦʯʝʥʴ ʤʘʣʘ [3;8]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 
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ʪʨʝʭʩʣʦʡʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʣʦʱʘʜʴ ʫʩʪʨʦʡʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 110 ʩʤ2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

PC1D [9]. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʥʷʣʘʩʴ ʪʦʣʱʠʥʘ ʩʣʦʷ AlGaAs c 8 ʤʢʤ 

ʜʦ 0.1 ʤʢʤ, ʩʪʝʧʝʥʴ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩ 1017 ʜʦ 1019. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʣʦʷ 

AlGaAs ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 [4;5;11].  

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʩʣʦʡʥʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

 

 

ʈʠʩʫʥʦʢ 2.ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ 

AlGaAs ʘ ) ʂʇɼ 28.34% ʧʨʠ 0.1 ʤʢʤ ʙ) ʂʇɼ 17.84% ʧʨʠ 12 ʤʢʤ 

 

ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ AlGaAs ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚʝʨʭʥʠʡ ʩʣʦʡ 

AlGaAs ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʪʦʛʝʥʝʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʀʟʤʝʥʝʥʠʷ ʩʪʧʝʥʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʱʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʞʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʠ ʜʠʘʧʘʟʦʥʘ ʧʦʛʣʦʱʘʝʤʳʭ ʬʦʪʦʥʦʚ ʨʠʩʫʥʦʢ 3 [6]. 

 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʪʝʧʝʥʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʩʣʦʷ AlGaAs ʘ) ʂʇɼ 28.34% ʧʨʠ 1017 ʙ) ʂʇɼ 21,82% ʧʨʠ 1020 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

AlGaAs/GaAs/InP ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʛʣʦʱʝʥʠʝ ʬʦʪʦʥʦʚ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʝ ʯʝʤ ʫ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʝʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʠ ʩʪʝʧʝʥʠ ʠʭ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʂʇɼ ʚ 28.34%, ʯʪʦ 

ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʣʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ InP - GaAs 26.33% [8]. ɺ 

ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭʩʣʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ AlGaAs/GaAs/InP. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 
ʄʘʪʝʨʠʘʣ ʊʦʣʱʠʥʘ, ʤʢʤ ʉʪʝʧʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʊʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ 

AlGaAs 0.1 1016 N 

GaAs 0.1 1017 P 

InP 0,8 1016 P 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʠʷ. ʂʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ï 
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konstrukcii-solnechnyh-elementov.html (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 30. 10.16). 

2. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ɸʨʩʝʥʠʜ-ʛʘʣʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ï [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï http://solarb.ru/arsenid-galievye-solnechnye-batarei (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

30.10.16). 
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ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʄɸʊɽʈʀɸʃʆɺ  

ʇʈʀ ɺʆɿɺɽɼɽʅʀʀ ɿɼɸʅʀʁʁ  

ɹʦʙʢʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ʉʘʚʢʠʥ ɻʨʠʛʦʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʤʥʦʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʘʣʴʥʝʡʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʜʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘʰʣʠ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʤʘʪʝʨʠʘʣʦʚ: 

ʜʝʨʝʚʦ, ʰʣʘʢʦʙʣʦʢ, ʛʘʟʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ, ʧʦʨʠʟʦʚʘʥʥʳʡ ʢʠʨʧʠʯ, ʤʠʥʝʨʘʣʴʥʘʷ 

ʚʘʪʘ, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ, ʧʫʩʪʦʪʝʣʳʡ ʛʣʠʥʷʥʳʡ ʢʠʨʧʠʯ, ʧʝʥʦʙʝʪʦʥ, ʢʝʨʘʤʟʠʪʦ-

ʙʝʪʦʥ ʠ ʜʨʫʛʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʧʦʨʠʟʦʚʘʥʥʳʡ ʠ ʧʦʣʥʦʪʝʣʳʡ ʢʠʨʧʠʯ, ʰʣʘʢʦʙʣʦʢ ʠʟ ï ʟʘ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚʳʙʦʨ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʩʨʘʚʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʝ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʞʠʣʦʛʦ ʦʙʲʝʢʪʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʠ ʨʘʩʯʝʪʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʜʥʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʧʣʦʱʘʜʴʶ 60 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʚ 

ʫʤʝʨʝʥʥʦʡ ʟʦʥʝ ʠʟ ʰʣʘʢʦʙʣʦʢʘ, ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʠ ʧʦʨʠʟʦʚʘʥʥʦʛʦ ʢʠʨʧʠʯʘ.  

ʇʦʣʥʦʪʝʣʳʡ ʢʠʨʧʠʯ ï ʵʪʦ ʠʟʜʝʣʠʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʛʣʠʥʳ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʩʪʦʪʳ. ʀʟ ï ʟʘ ʩʚʦʝʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ 

ʧʦʣʥʦʪʝʣʳʡ ʢʠʨʧʠʯ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ. ʇʣʦʪʥʳʡ ʧʦʣʥʦʪʝʣʳʡ ʢʠʨʧʠʯ ʥʝ ʠʤʝʝʪ 

ʚʦʟʜʫʰʥʳʭ ʧʫʩʪʦʪ, ʧʦʵʪʦʤʫ ʯʝʨʝʟ ʥʝʛʦ ʣʝʛʢʦ ʚʳʭʦʜʠʪ ʛʦʨʷʯʠʡ ʚʦʟʜʫʭ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʩʦʦʨʫʞʝʥʠʷ. 
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ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʟʘʤʦʨʦʟʢʝ ʠ ʦʪʪʘʠʚʘʥʠʶ ʚ ʥʘʩʳʱʝʥʥʦʤ 

ʚʦʜʦʡ ʩʦʩʪʦʷʥʠʠ, ʧʨʠʯʝʤ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʶʪʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʐʣʘʢʦʙʣʦʢ ï ʵʪʦ ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʠʨʧʠʯ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʚʠʙʨʦʧʨʝʩ-

ʩʦʚʘʥʠʝʤ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʩʘʜʢʦʡ ʚ ʬʦʨʤʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʰʣʘʢʦʙʝʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘʧʦʣʥʠʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʰʣʘʢ. ʅʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʰʣʘʢʦʙʣʦʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʝʛʦ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʊʘʢʞʝ 

ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʡ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʣʝʛʦʢ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ. 

ʉʦʭʨʘʥʝʥʠʝ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʣʶʙʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʅʦ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʠʤʦʩʪʴ ʰʣʘʢʦʙʣʦʢʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʥʫʞʜʘʝʪʩʷ ʚ ʛʠʜʨʦʠʟʦʣʷʮʠʠ (ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʡʦʥʘʭ, ʧʦʜʚʝʨʛʘʶʱʠʤʩʷ ʥʘʚʦʜʥʝʥʠʷʤ ʠ 

ʧʘʚʦʜʢʘʤ). ʐʣʘʢʦʙʣʦʢ ʠʤʝʝʪ ʰʝʨʦʭʦʚʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʣʠʮʦʚʳʚʘʪʴ ʜʣʷ ʧʨʠʜʘʥʠʷ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʧʨʦʯʥʦʩʪʴ, ʤʘʪʝʨʠʘʣ ʥʫʞʜʘʝʪʩʷ ʚ ʙʝʨʝʞʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʦʛʨʫʟʢʝ, ʪʘʢ 

ʢʘʢ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʶ.  

ʉʨʘʚʥʠʚʘʷ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʜʦʤʦʚ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʨʠʟʦʚʘʥʥʳʡ ʢʠʨʧʠʯ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʆʥ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʤʘʩʩʫ (ʝʛʦ 

ʧʣʦʪʥʦʩʪʴ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ), ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ. 

ʇʦʨʠʟʦʚʘʥʥʳʡ ʢʠʨʧʠʯ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ 

ʥʠʟʢʦʛʦ ʨʘʩʭʦʜʘ ʨʘʩʪʚʦʨʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʦʜʥʦʩʣʦʡʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʝʥ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʪʝʧʣʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ[1]. 

ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʦʜʥʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʧʣʦʱʘʜʴʶ  

60 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʜʣʷ ʰʣʘʢʦʙʣʦʢʘ, ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʠ ʧʦʨʠʟʦʚʘʥʥʦʛʦ 

ʢʠʨʧʠʯʘ ʚʳʧʦʣʥʝʥ ʜʣʷ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʝʨʥʳʭ ʠ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ, 

ʧʝʨʝʢʨʳʪʠʡ ʩʦʛʣʘʩʥʦ ʉʅʠʇ 23-02-2003. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 



 

87 

 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ. ʈʘʩʯʝʪ ʧʣʘʪʳ 

ʟʘ ʦʪʦʧʣʝʥʠʝ ʚʳʧʦʣʥʝʥ ʧʨʠ ʩʪʦʠʤʦʩʪʠ 1 ɻʢʘʣ 1170 ʨʫʙʣʝʡ[3]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʧʦ 

ɻʆʉʊ 530 ï 80 ʥʘ ʨʘʩʪʚʦʨʝ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 0,7 ɺʪ/(ʤȚ0ʉ), ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʦʨʤ ʉʅʠʇ [2] ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘʨʫʞʥʦʡ ʩʪʝʥʳ ʥʝʠʥʪʝʨʝʩʝʥ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦ ʧʨʠʯʠʥʝ ʥʝʨʘʟʫʤʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʣʷ 

ʫʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘʨʫʞʥʳʭ ʩʪʝʥ: 1) ʢʣʘʜʢʘ ʚ 0,5 ʢʠʨʧʠʯʘ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʠʟʦʣʷʮʠʠ 5 ʩʘʥʪʠʤʝʪʨʦʚ 

0,5 ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʠʨʧʠʯʘ; 2) ʢʣʘʜʢʘ ʚ 1 ʰʣʘʢʦʙʣʦʢ, ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 

ʠʟʦʣʷʮʠʠ 5 ʩʘʥʪʠʤʝʪʨʦʚ ʠ 0,5 ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʠʨʧʠʯʘ. ʄʠʥʝʨʘʣʴʥʫʶ ʚʘʪʫ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʫʪʝʧʣʠʪʝʣʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʝʭ ʚʠʜʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʦʣʥʦʪʝʣʳʡ ʢʠʨʧʠʯ ʐʣʘʢʦʙʣʦʢ 
ʇʦʨʠʟʦ-

ʚʘʥʥʳʡ 

ʢʠʨʧʠʯ 
ʇʦʣʥʦʪʝʣʳʡ 

ʢʠʨʧʠʯ 
ʋʪʝʧʣʠʪʝʣʴ ʐʣʘʢʦʙʣʦʢ ʋʪʝʧʣʠʪʝʣʴ 

ʆʙʣʠʮʦ-

ʚʦʯʥʳʡ 

ʢʠʨʧʠʯ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ɺʪ/(ʤȚ0ʉ) 
0,73 0,047 0,51 0,047 0,44 0,135 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ, 

ɺʪ/(ʤ2Ț0ʉ) 
0,642 0,43 0,254 

ɿʘʪʨʘʪʳ ʥʘ 

ʜʦʩʪʘʚʢʫ, 

ʚʦʟʚʝʜʝʥʠʝ ʠ 

ʫʪʝʧʣʝʥʠʝ, ʨʫʙʣʝʡ 

160890 200390 70370 

ʉʪʦʠʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, 

ʨʫʙʣʝʡ 
170850 220770 330860 

ʇʣʘʪʘ ʟʘ 

ʦʪʦʧʣʝʥʠʝ ʚ ʤʝʩʷʮ 

ʧʨʠ ʩʨʝʜʥʝʡ tʥ ʟʘ 

ʦʪʦʧʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ, ʨʫʙʣʝʡ 

7 423 5 320 3 185 

 

ɿʘʪʨʘʪʳ ʥʘ ʩʪʦʠʤʦʩʪʴ ʠʟʦʣʷʮʠʠ ʠʩʢʣʶʯʘʶʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʦʜʥʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʠʟ ʧʦʨʠʟʦʚʘʥʥʦʛʦ ʢʠʨʧʠʯʘ, ʪʝʤ ʩʘʤʳʤ ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʘʚʢʫ 

ʤʘʪʝʨʠʘʣʘ ʠ ʩʘʤʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʤʘ ʩʦʢʨʘʱʘʶʪʩʷ. ʀʪʦʛʦʚʘʷ ʩʫʤʤʘ ʜʣʷ 
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ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʝʥ ʠʟ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʨʘʚʥʘ 331740 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʣʘʢʦʙʣʦʢʘ ï 421160 ʪʳʩʷʯ ʨʫʙʣʝʡ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʨʠʟʦʚʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ï 401230 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʦʨʠʟʦʚʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʧʦ ʨʘʩʯʝʪʘʤ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʦʙʦʛʨʝʚ ʟʜʘʥʠʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʝʛʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʝʥ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʧʦʨʠʟʦʚʘʥʥʳʡ ʢʠʨʧʠʯ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʝʥ ʞʠʣʦʛʦ ʜʦʤʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʦʪʦʧʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ. ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʠʟʦʚʘʥʥʦʛʦ ʢʠʨʧʠʯʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʚʦʟʚʝʜʝʥʠʝ ʠ ʜʦʩʪʘʚʢʫ ʤʘʪʝʨʠʘʣʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɹʆʊʓ ʉʊɸʃɽɹɽʊʆʅʅʓʍ ɹɸʃʆʂ 

ɹʦʙʢʦʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ʉʘʚʢʠʥ ɻʨʠʛʦʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʨʦʛʨʝʩʩʘ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ. ɺʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ 

ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ 

ʨʘʩʭʦʜʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʝʰʝʥʠʠ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʞʝʣʝʟʦʙʝʪʦʥʫ ʠ 

ʙʝʪʦʥʫ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 25% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʉʪʝʨʞʥʝʚʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ, ʪʘʚʨʦʚʦʛʦ ʠʣʠ ʜʚʫʪʘʚʨʦʚʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ɻʦʨʘʟʜʦ ʨʝʞʝ ʬʦʨʤʘ ʩʝʯʝʥʠʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʫʩʪʦʪʥʦʡ, 

ʪʦ ʝʩʪʴ ʢʦʨʦʙʯʘʪʦʡ ʙʝʟ ʟʘʧʦʣʥʝʥʠʷ ʙʝʪʦʥʦʤ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʣʝʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʩʪʨʫʢʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʙʝʪʦʥʘ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʦ 5% 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʮʝʤʝʥʪʦʚ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝʤʝʥʪ ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʤʘʨʦʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʚʘʞʥʦʡ ʧʨʠʯʠʥʦʡ, ʪʘʢ ʢʘʢ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ. 
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ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʠʟʛʠʙʘʝʤʳʭ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚʥʝʰʥʝʡ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʙʝʪʦʥʥʦʛʦ ʷʜʨʘ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʥʘʯʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʠ ʙʝʪʦʥʘ (vbå 0,18 õ 0,25, vs å 0,3). ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʟʛʠʙʘʶʱʝʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʩʪʘʣʝʙʝʪʦʥʥʦʡ ʙʘʣʢʝ, ʷʜʨʦ ʠ 

ʦʙʦʡʤʘ ʥʘʯʠʥʘʶʪ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʟʘʛʨʫʟʢʠ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ʀʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚʘʭ, 

ʚʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʩʪʨʝʤʠʪʴʩʷ ʦʪʦʨʚʘʪʴʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʥʝʤ ʨʘʜʠʘʣʴʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʨʫʰʝʥʠʶ ʩʮʝʧʣʝʥʠʷ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ ʩ 

ʙʝʪʦʥʥʳʤ ʷʜʨʦʤ. ʌʘʢʪʦʨʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʷʚʣʷʝʪʩʷ ʫʩʘʜʢʘ 

ʙʝʪʦʥʘ ʠ ʥʝʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʙʝʪʦʥʘ ʩ ʦʙʦʣʦʯʢʦʡ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʟʘ 

ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ [1;2]. ʊʘʢ ʢʘʢ ʩʪʘʣʴʥʳʝ ʧʨʦʢʘʪʥʳʝ 

ʧʨʦʬʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʥʝʰʥʝʡ ʘʨʤʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʨʘʙʦʯʫʶ ʚʳʩʦʪʫ ʩʝʯʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʦʧʘʣʫʙʢʠ ʠ ʧʦʚʳʩʠʪʴ ʨʘʙʦʪʫ ʙʝʪʦʥʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʵʢʦʥʦʤʠʷ 

ʤʝʪʘʣʣʘ ʙʣʘʛʦʜʘʨʷ ʟʘʤʝʥʝ ʯʘʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʙʘʪʦʥʦʤ, ʫʚʝʣʠʯʝʥʠʝ 

ʦʛʥʝʩʪʦʡʢʦʩʪʠ (ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʥʝʰʥʠʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ 80% ʦʪ ʦʛʥʝʫʧʦʨʥʦʩʪʠ ʢʦʣʦʥʥ, ʩʜʝʣʘʥʥʳʭ ʠʟ 

ʦʙʳʯʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʤʝʪʘʣʣʘ ʜʦ 50% ʚ 

ʦʜʥʦʵʪʘʞʥʳʭ ʟʜʘʥʠʷʭ ʟʘʤʝʥʷʶʪ ʩʪʘʣʴʥʦʡ ʢʘʨʢʘʩ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ, ʢʦʪʦʨʳʡ 

ʚʳʧʦʣʥʝʥ ʠʟ ʙʝʪʦʥʘ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʚʥʝʰʥʠʤ ʘʨʤʠʨʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʢʦʨʨʦʟʠʷ 

ʚʥʝʰʥʝʡ ʘʨʤʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʥʘʷ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʣʠʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 
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ʚʥʝʰʥʶʶ ʘʨʤʘʪʫʨʫ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʦʝ 

ʧʦʚʳʰʘʝʪ ʦʛʥʝʫʧʦʨʥʳʝ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʙʘʣʦʢ. 

ʈʘʙʦʪʘ ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʴʥʳʭ ʪʨʫʙ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʠʣʠ 

ʙʝʪʦʥʦʤ, ʚʦ ʤʥʦʛʦ ʨʘʟ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ[3].  

ʇʦʵʪʦʤʫ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʠʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ 

ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

ɼʣʷ ʦʧʳʪʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʦ 4 ʦʙʨʘʟʮʘ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ 

80ʭ160 ʤʠʣʣʠʤʝʪʨʦʚ. ʆʙʨʘʟʮʳ ʠʟʛʦʪʦʚʠʣʠ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʢʦʪʦʨʦʡ ůp,y = 370 ʄʇʘ, ʩ ʪʦʨʮʦʚ ʦʙʨʘʟʮʳ ʙʳʣʠ ʟʘʢʨʳʪʳ ʧʣʘʩʪʠʥʘʤʠ 170ʭ90 

ʪʦʣʱʠʥʦʡ 10 ʤʠʣʣʠʤʝʪʨʦʚ. ɼʚʝ ʩʝʨʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʙʝʪʦʥʘ ɺ30, 

ʪʦʣʱʠʥʘ ʤʝʪʘʣʣʘ 3 ʤʠʣʣʠʤʝʪʨʘ (ɺʆʄ-3), ʘ ʜʨʫʛʠʝ ʜʚʝ ʩʝʨʠʠ ʠʟ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ 

ʙʝʪʦʥʘ ʩ ʪʦʣʱʠʥʦʡ ʤʝʪʘʣʣʘ 5 ʤʠʣʣʠʤʝʪʨʦʚ (ɺʆʄ-5). ɼʣʠʥʘ ʦʙʨʘʟʮʦʚ 1500 

ʤʠʣʣʠʤʝʪʨʦʚ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʤʝʥʷʣʠʩʴ 

ʧʨʠʙʦʨʳ: ʇɸʆ-6, ʊɸ-2, ʵʣʝʢʪʨʦʪʝʥʟʦʨʝʟʠʩʪʦʨʳ ʪʠʧʘ ʇʂɹ ʠ ʠʥʜʠʢʘʪʦʨʳ 

ʯʘʩʦʚʦʛʦ ʪʠʧʘ. 

ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʠʣʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʝʯʥʳʡ ʠ ʥʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʙʝʪʦʥʘ. 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʚ ʦʧʳʪʝ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʙʘʣʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʝʥʠʝ ʙʘʣʦʢ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʜʝʡʩʪʚʠʝ ʤʦʤʝʥʪʘ 

ʊʠʧ ʢʦʥʩʪʨʫʢʮʠʠ 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, Fu 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ, f  

(ʥʘʛʨʫʟʢʘ 30 ʢʅ) 

(ʢʅ) (%) (ʤʤ) (%) 

ʉʪʘʣʝʙʝʪʦʥʥʘʷ ʙʘʣʢʘ  

(BOM-3) 
69.13 100.0 3.89 24.8 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʙʘʣʢʘ 

(ʪʦʣʱʠʥʘ ʣʠʩʪʘ 3 ʤʤ) 
34.88 50.9 15.27 95.5 

ɾʝʣʝʟʦʙʝʪʦʥʥʘʷ  

ʙʘʣʢʘ (ʘʨʤʠʨʦʚʘʥʠʝ 22ɲ1 

ɸ-400) 

59.64 86.6 15.94 100.0 

ʉʪʘʣʝʙʝʪʦʥʥʘʷ ʙʘʣʢʘ  

 (BOM-5) 
134.83 100.0 1.25 3.8 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ (ʪʦʣʱʠʥʘ 

ʣʠʩʪʘ 5 ʤʤ) 
71.67 53.5 9.69 31.1 

ɾʝʣʝʟʦʙʝʪʦʥʥʘʷ  

ʙʘʣʢʘ (ʘʨʤʠʨʦʚʘʥʠʝ 22ɲ7 

ɸ-400) 

60.71 45.1 31.16 100.0 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʧʦʷʚʠʣʘʩʴ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʙʘʣʢʦʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩʝʨʠʠ 

ɺʆʄ-3. 

ʉʪʘʣʝʙʝʪʦʥʥʳʝ ʙʘʣʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ: BOʄ-3 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘ 49,1%, ʘ ʩ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 13,4%; BOʄ-5 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʘ 46,5%, ʘ ʩ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 54,9%. 

ʈʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦ ʩʝʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʪʝ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ[1;2;3]. ʈʘʟʨʫʰʝʥʠʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʦʬʨʳ ʩ ʚʝʨʭʥʝʡ ʟʦʥʝ ʩʞʘʪʠʷ ʙʘʣʢʠ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʪʦʥʘ ʚ 

ʧʨʠʣʝʛʘʶʱʠʭ ʦʙʣʘʩʪʷʭ. ʅʘ ʩʪʘʜʠʠ ʧʝʨʝʜ ʨʘʟʨʫʰʝʥʠʝʤ ʥʘʙʣʶʜʘʣʠʩʴ 

ʜʝʬʦʨʤʘʮʠʠ, ʦʪʢʣʦʥʷʶʱʠʝʩʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʥʘ 15% ʠ ʙʦʣʴʰʝ. 

ʇʨʠ ʫʩʠʣʠʠ ʨʘʚʥʦʤ F = Fu ʦʙʦʣʦʯʢʘ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʚʳʛʠʙʘʣʘʩʴ, ʧʳʪʘʷʩʴ 

ʧʨʠʥʷʪʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʟʦʛʥʫʪʫʶ ʬʦʨʤʫ. ʅʘ ʰʢʘʣʝ ʦʪʩʯʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʩʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʥʦʛʦ 

ʷʜʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʳʰʘʝʪ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʣʝʙʝʪʦʥʥʦʡ ʙʘʣʢʠ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʦʛʠʙʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʙʘʣʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ 

ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʙʝʪʦʥʦʤ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʩʝʯʝʥʠʷ. 
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ʈʌ, ʛ. ʄʦʩʢʚʘ 
 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʠʤʝʝʪ ʨʷʜ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʥʳʭ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʪʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʧʨʦʙʣʝʤʘʤ ʣʠʪʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦʧʨʦʩʳ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 

ʣʠʪʴʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʣʠʪʴʷ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ 

ʣʠʪʴʝ (ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʦʨʫʞʝʥʠʡ, ʟʜʘʥʠʡ, ʤʦʩʪʦʚ ʠ ʪ.ʧ.) ʠ 

ʩʢʫʣʴʧʪʫʨʥʦʝ ʣʠʪʴʝ (ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ, ʤʦʥʫʤʝʥʪʘʣʴʥʳʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ 

ʠʟʜʝʣʠʷ: ʩʪʘʪʫʠ, ʙʶʩʪʳ, ʢʦʤʧʦʟʠʮʠʠ ʠ ʜʨ.).  

ʂʘʢ ʠ ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʚʠʜʝ ʣʠʪʴʷ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʦʪʣʠʚʦʢ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʜʝʬʝʢʪʳ. ɼʣʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʣʠʪʴʷ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʵʩʪʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʢʠ, 

ʧʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʥʘ ʠʟʜʝʣʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʣʠʪʴʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ (ʨʠʩʫʥʦʢ 1). 

ʂ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʜʝʬʝʢʪʘʤ ʦʪʥʦʩʷʪ ʧʝʩʯʘʥʳʝ ʠ ʫʩʘʜʦʯʥʳʝ 

ʨʘʢʦʚʠʥʳ, ʥʝʨʦʚʥʦʩʪʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʜʦʣʠʚʳ, ʥʝʩʧʘʠ [3]. ɼʘʥʥʳʝ 

ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʣʠʢʚʠʜʠʨʦʚʘʥʳ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʢʘʢ ʥʘʧʣʘʚʢʘ, ʥʘʧʳʣʝʥʠʝ, ʧʘʡʢʘ, ʫʩʪʘʥʦʚʢʘ ʟʘʢʣʝʧʦʢ ʠ ʪ.ʧ. 
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ʈʠʩʫʥʦʢ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʣʠʪʝʡʥʳʭ ʜʝʬʝʢʪʦʚ [2] 

 

ʆʜʥʘʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ ʥʝ ʚʝʣʠʢ. ʋ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʣʠʚʦʢ ʨʘʟʤʝʨʳ ʜʝʬʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳ. 

ʇʦʵʪʦʤʫ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʣʠʢʚʠʜʘʮʠʠ ʪʘʢʠʭ 

ʜʝʬʝʢʪʦʚ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʭ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʝʤʦʥʪʘ ʠ 

ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʵʩʪʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʜʝʣʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ, ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʥʠʤʘʪʴʩʷ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʯʘʩʪʷʭ 

ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʣʠ ʚʦʦʙʱʝ 

ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʜʘʥʠʷ ʥʫʞʥʦʡ ʥʘʤ ʬʦʨʤʳ ʠ 

ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 



 

96 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʦʩʥʦʚʳ (ʙʘʟʠʩʘ) ʠ ʘʢʪʠʚʘʪʦʨʘ, ʥʘʧʦʣʥʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʀʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠʣʠ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ï ʛʣʘʚʥʦʡ 

ʯʘʩʪʴʶ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɸʢʪʠʚʘʪʦʨʳ (ʦʪʚʝʨʜʠʪʝʣʠ) ʚʣʠʷʶʪ ʥʘ 

ʚʨʝʤʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʦʩʪʦʡʢʦʩʪʴ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ.  

ʀʟʥʘʯʘʣʴʥʦ ʘʢʪʠʚʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʚʷʟʢʦʩʪʠ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʩʦʩʪʘʚʳ ʦʪ ʚʷʟʢʠʭ (ʪʠʢʩʦʪʨʦʧʥʳʭ) ʧʘʩʪ, ʜʦ 

ʞʠʜʢʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʤʦʥʪʘ). 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʧʨʠʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʦʩʣʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨʫʛʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʠ ʣʠʢʚʠʜʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʢʘʭ ʤʝʪʘʣʣʦʧʦ-

ʣʠʤʝʨʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʪʝʧʣʦʚʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ [4; 5]. ʄʘʣʝʡʰʝʝ ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʆʜʥʘʢʦ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ʮʚʝʪʦʤ ʠ ʬʘʢʪʫʨʦʡ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʪʴ 

ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʠʟʜʝʣʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʙʦʨʘ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ. ɼʣʷ ʵʪʦʛʦ, ʚʥʘʯʘʣʝ ʙʳʣ ʩʜʝʣʘʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʩʧʣʘʚʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʦʢ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʮʚʝʪʘ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʦʢ. 
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ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʩʪʘʪʫʡ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʳʡ ʯʫʛʫʥ. ɽʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʣʠʟʦʢ ʢ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ. ʊʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʤʦʥʫʤʝʥʪʘʣʴʥʳʭ 

ʩʢʫʣʴʧʪʫʨ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠʤʝʥʷʶʪ ʦʣʦʚʷʥʠʩʪʫʶ ʙʨʦʥʟʫ ʤʘʨʢʠ 

ɹʨʆʎʉ 5-5-5. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ. 

ʊʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʦʢ ʧʨʠʤʝʥʷʶʪ ʣʘʪʫʥʴ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 75ï88% ʤʝʜʠ, 25ï10% ʮʠʥʢʘ, ʜʦ 3% ʦʣʦʚʘ ʠ ʜʦ 3% 

ʩʚʠʥʮʘ[2]. 

ɼʣʷ ʣʠʪʴʷ ʩʢʫʣʴʧʪʫʨ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʭʨʦʤʦʥʠʢʝʣʝʚʫʶ ʩʪʘʣʴ 

ʤʘʨʢʠ ʍ18ʅ9, ʪ.ʢ. ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʭʦʨʦʰʠʤʠ ʣʠʪʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɼʘʣʝʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʘʩʩʦʨʪʠʤʝʥʪ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʠʨʤ ʠʭ ʚʳʧʫʩʢʘʶʱʠʭ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

çʮʝʥʘ-ʢʘʯʝʩʪʚʦè ʦʢʘʟʘʣʠʩʴ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦʣʴʩʢʦʡ ʬʠʨʤʳ ñChesterMolecularò. ɸʩʩʦʨʪʠʤʝʥʪ ʝʝ ʤʘʪʝʨʠʘʣʦʚ (ʧʦ ʮʚʝʪʦʚʦʡ 

ʛʘʤʤʝ) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʜʝʬʝʢʪʦʚ ʦʪʣʠʚʦʢ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʬʘʢʪʠʯʝʩʢʠ ʠʟ ʣʶʙʳʭ ʣʠʪʝʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʬʠʨʤʳ ñChesterMolecularò ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʣʠʪʝʡʥʳʭ ʜʝʬʝʢʪʦʚ 

ʅʘʟʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

METALSUPER  ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʦʪʣʠʚʢʘʭ ʠʟ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ 

METAL SUPER AL  ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʦʪʣʠʚʢʘʭ 

METAL SUPER BR  ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʙʨʦʥʟʦʚʳʭ ʦʪʣʠʚʢʘʭ 

METAL SUPER MS  ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʣʘʪʫʥʥʳʭ ʦʪʣʠʚʢʘʭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʩʧʝʭʦʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 

ʦʪʣʠʚʢʘʭ. 
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ʕʃɽʂʊʈʆʅʅɸʗ ʂʆʄʄɽʈʎʀʗ ɺ ʊʋʈʀʉʊʉʂʆʁ ʆʊʈɸʉʃʀ 

ɻʦʣʳʰʝʚ ʄʘʢʩʠʤ ɸʣʝʢʩʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ),  

ʈʌ, ʛ. ʏʝʣʷʙʠʥʩʢ 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʙʠʟʥʝʩʝ. ʀʥʪʝʨʥʝʪ, ʢʘʢ 

ʛʣʦʙʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʢʘʢ ʚʥʫʪʨʠ ʙʠʟʥʝʩʘ, ʪʘʢ ʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʉʝʛʦʜʥʷ ʟʥʘʯʝʥʠʝ ʩʣʦʚʘ 

çʙʠʟʥʝʩè ʩʪʘʣʦ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʤ 

ʜʝʩʷʪʴ-ʧʷʪʥʘʜʮʘʪʴ ʣʝʪ ʥʘʟʘʜ.  

ɺ ʩʦʚʝʨʰʝʥʥʦ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ ʙʠʟʥʝʩʘ ʚʳʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ 

ʙʠʟʥʝʩ [4, c.89]. ʇʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʝʪʩʷ ʣʶʙʘʷ ʜʝʣʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʚʷʟʝʡ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʚʳʛʦʜʳ ʠ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ (ʝ-commerce). ʂʦʤʤʝʨʮʠʷ ʵʪʦ ʪʦʨʛʦʚʘʷ ʠ ʪʦʨʛʦʚʦ-

ʧʦʩʨʝʜʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʫʯʘʩʪʠʝ ʚ ʧʨʦʜʘʞʝ ʠʣʠ ʩʦʜʝʡʩʪʚʠʝ ʧʨʦʜʘʞʝ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʇʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʣʶʙʳʝ ʬʦʨʤʳ 

ʩʜʝʣʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʦʨʦʥ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠʣʠ ʦʙʤʝʥʘ, ʘ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʧʨʘʚʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʫʛʦʡ ʠʣʠ ʪʦʚʘʨʦʤ ʧʝʨʝʜʘʝʪʩʷ 

ʦʪ ʦʜʥʦʛʦ ʣʠʮʘ ʢ ʜʨʫʛʦʤʫ. ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʪʘʢʠʝ ʬʫʥʢʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʢʘʢ ʤʘʨʢʝʪʠʥʛ, ʧʨʦʜʘʞʠ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʧʨʠ ʧʦʤʦʱʠ ʀʥʪʝʨʥʝʪʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʥʘ 

ʩʝʨʚʝʨʘʭ ʢʦʤʧʘʥʠʠ, ʦʢʘʟʳʚʘʶʱʝʡ ʫʩʣʫʛʠ. ɼʦʩʪʫʧ ʢ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʢʣʠʝʥʪʘʤ ʧʦ ʟʘʧʨʦʩʘʤ ʠʟ ʧʨʦʛʨʘʤʤ-ʙʨʘʫʟʝʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʨʘʟʫ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘʧʨʷʤʫʶ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ ʜʝʣʠʪʩʷ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ (ʪʘʙʣ. 1): 

¶ business-to-business (B2B) ï ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ 

ʫʨʦʚʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʘʥʠʷʤʠ. ʇʨʠ ʜʘʥʥʦʤ ʚʠʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

¶ business-to-consumer (B2C) ï ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʨʦʟʥʠʯʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʪʦʨʛʦʚʣʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʘʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʫʩʣʫʛ. 

¶ business-to-administration (B2A) ï ʢ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʚʟʘʠʤʦ-

ʦʪʥʦʰʝʥʠʷ ʙʠʟʥʝʩʘ ʠ ʨʘʟʣʠʯʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʩʪʨʫʢʪʫʨ. 

¶ consumer-to-administration (C2A) ï ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʨʘʟʚʠʪʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʦʮʠʘʣʴʥʦʡ ʠ 

ʥʘʣʦʛʦʚʦʡ ʩʬʝʨʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʫʩʣʫʛ. 

¶ consumer-to-consumer (C2C) ï ʧʷʪʘʷ ʢʘʪʝʛʦʨʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʜʣʷ ʦʙʤʝʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ ʦʙʤʝʥ ʦʧʳʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʢʦʡ-ʣʠʙʦ 

ʢʦʤʧʘʥʠʝʡ, ʦʪʟʳʚʳ ʦʙ ʦʢʘʟʘʥʥʳʭ ʫʩʣʫʛʘʭ, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʪʦʚʘʨʘʭ ʠ ʪ.ʜ. 

ʊʘʙʣʠʮʘ 1. 

ʂʘʪʝʛʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ 

 ʇʦʪʨʝʙʠʪʝʣʴ ʇʨʦʜʘʚʝʮ ɸʜʤʠʥʠʩʪʨʘʮʠʷ 

 

 

 

ʇʨʦʜʘʚʝʮ 

ɺ2ʉ 

ʇʨʠʤʝʨ: 

ʂʦʤʤʝʨʯʝʩʢʠʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʪʫʨʘʛʝʥʪʩʪʚʦʤ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʤ 

ɺ2ɺ 

ʇʨʠʤʝʨ: 

ʂʦʤʤʝʨʯʝʩʢʠʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʪʫʨʘʛʝʥʪʩʪʚʦʤ ʠ 

ʪʫʨʦʧʝʨʘʪʦʨʦʤ 

ɺ2ɸ 

ʇʨʠʤʝʨ: 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʫʨʦʧʝʨʘʪʦʨʦʚ ʩ 

ʧʦʩʦʣʴʩʪʚʘʤʠ, ʢʦʥʩʫʣʴʩʪʚʘʤʠ, 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ 

 

 

 

 

ʇʦʪʨʝʙʠʪʝʣʴ 

ʉ2ʉ 

ʇʨʠʤʝʨ: 

ʉʘʡʪʳ ʩ ʦʪʟʳʚʘʤʠ ʦʙ 

ʦʪʝʣʷʭ, ʪʫʨʘʭ, 

ʥʘʟʝʤʥʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʪ.ʜ. 

 ʉ2ɸ 

ʇʨʠʤʝʨ: 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʙʨʘʱʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʢʦʥʩʫʣʴʩʪʚʦ, 

ʧʦʩʦʣʴʩʪʚʦ ʠʣʠ ʢ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʦʨʛʘʥʘʤ 



 

101 

 

ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʢʫʧʘʪʝʣʷʤ ʥʝ ʪʨʘʪʠʪʴ 

ʚʨʝʤʷ ʥʘ ʦʙʱʝʥʠʝ ʩ ʧʨʦʜʘʚʮʦʤ, ʭʦʞʜʝʥʠʝ ʧʦ ʤʘʛʘʟʠʥʘʤ ʠʣʠ ʦʬʠʩʘʤ ʢʦʤʧʘʥʠʡ, 

ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʶʙʦʤ ʚʦʧʨʦʩʝ ʜʘʞʝ ʥʝ 

ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ. ʇʨʦʜʘʚʝʮ ʞʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʚʦʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʥʝʝ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠʛʨʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʥʘ 

ʘʨʝʥʜʝ ʙʦʣʴʰʠʭ ʧʦʤʝʱʝʥʠʡ ʠ ʥʘʡʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʂʨʦʤʝ ʚʩʝʛʦ 

ʧʨʦʯʝʛʦ, ʝʩʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʤʘʛʘʟʠʥ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʫʨʬʠʨʤʳ, ʪʦ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʠʪʴ ʚʩʝ ʜʦʢʫʤʝʥʪʳ ʜʣʷ ʪʫʨʠʩʪʘ 

ʝʱʝ ʜʦ ʝʛʦ ʧʨʠʝʟʜʘ ʚ ʦʬʠʩ [4, c.91]. ɽʱʝ ʚ 1960-ʭ ʛʦʜʘʭ, ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʝʨʚʳʭ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʫʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʘʥʜʘʨʪʳ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʕʪʠ 

ʥʘʙʦʨʳ ʧʨʘʚʠʣ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʪʠʧʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ EDI (Electronic Data Interchange). 

ʊʫʨʠʟʤ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʳʥʢʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʤʤʝʨʮʠʠ ʠ ʦʥʣʘʡʥ-ʙʠʟʥʝʩʘ. ɺ ʜʘʥʥʦʡ ʩʬʝʨʝ ʙʦʣʝʝ 60% ʚʩʝʭ ʩʜʝʣʦʢ 

ʩʦʚʝʨʰʘʶʪʩʷ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ, ʤʝʥʝʝ 40%, ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʜʝʣʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʘʷ ʪʫʨʠʩʪʠʯʝʩʢʘʷ 

ʢʦʤʧʘʥʠʷ, ʙʫʜʴ ʪʦ ʪʫʨʘʛʝʥʪʩʪʚʦ ʠʣʠ ʪʫʨʦʧʝʨʘʪʦʨ, ʠʤʝʝʪ ʩʚʦʝ ʚʝʙ-

ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ. ʀ ʪʫʨʘʛʝʥʪʩʪʚʘ, ʠ ʪʫʨʦʧʝʨʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʨʥʝʪ ʜʣʷ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ, ʨʝʢʣʘʤʳ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʪʫʨʠʩʪʦʚ ʦ ʩʧʝʮʧʨʝʜ-

ʣʦʞʝʥʠʷʭ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪ.ʜ.  

ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʙʨʦʥʠʨʦʚʘʥʠʷ çʪʫʨʦʧʝ-

ʨʘʪʦʨ-ʪʫʨʘʛʝʥʪè, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɺ2ɺ-ʢʣʘʩʩʫ. ʕʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʧʨʦʩʪʳʤ ʠ ʥʘʠʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʛʣʦʙʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʙʨʦʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ Amadeus ʠ Galileo, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʟʘʙʨʦʥʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʪʫʨʦʧʝʨʘʪʦʨʦʚ [1]. ʅʦ ʩʫʱʝʩʪʚʫʶʪ 

ʪʘʢʞʝ ʠ ʪʘʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʳ ʦʬʠʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [4, c.54] 

ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʘʡʪʘʤʠ ʢʦʤʧʘʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʙʝʟʫʩʣʦʚʥʳʭ ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʪʫʨʠʟʤʘ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
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ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ çʉɸʄʆ-ʉʦʬʪè ʠ ʝʝ ʩʠʩʪʝʤʘ çʉɸʄʆ-ʪʫʨʘʛʝʥʪè. ʕʪʘ ʩʠʩʪʝʤʘ 

ʩʦʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʢ ʫʯʝʪ ʢʣʠʝʥʪʦʚ, ʧʨʦʜʘʥʥʳʭ ʪʫʨʦʚ, ʧʣʘʪʝʞʝʡ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʦʪʯʝʪʦʚ, ʟʘʜʘʯ ʠ ʥʘʧʦʤʠʥʘʥʠʡ, ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʧʦʠʩʢʘ ʠ ʙʨʦʥʠʨʦʚʘʥʠʷ çɸʥʜʨʦʤʝʜʘè, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʠ ʧʝʯʘʪʴ 

ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʦʙʱʝʥʠʷ ʩ ʢʣʠʝʥʪʘʤʠ [2]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʨʳʥʢʘ. ʈʳʥʦʢ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ ʦʯʝʥʴ ʜʠʥʘʤʠʯʝʥ, ʠ ʥʘʭʦʜʠʪʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʫʨʩ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʳ, ʥʘʣʠʯʠʝ 

ʤʝʩʪ ʥʘ ʨʝʡʩʘʭ ʠ ʪ.ʜ. ʎʝʥʳ ʤʝʥʷʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ, ʧʦʵʪʦʤʫ 

ʧʦʨʦʡ ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʪʫʨ, ʢʦʪʦʨʦʛʦ ʫʞʝ ʥʝʪ ʚ ʧʨʦʜʘʞʝ. 

ɺ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʪʫʨʠʩʪʩʢʠʝ ʙʠʟʥʝʩ-ʨʝʩʫʨʩʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ [3]: 

¶ ʧʦʨʪʘʣʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʪʫʨʠʩʪʠʯʝʩʢʠʤʠ ʨʘʟʜʝʣʘʤʠ; 

¶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʩʘʡʪʳ; 

¶ ʛʣʦʙʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʙʨʦʥʠʨʦʚʘʥʠʷ; 

¶ ʩʘʡʪʳ ʪʫʨʦʧʝʨʘʪʦʨʦʚ; 

¶ ʩʘʡʪʳ ʪʫʨʘʛʝʥʪʩʪʚ; 

¶ ʩʘʡʪʳ ʛʦʩʪʠʥʠʮ; 

¶ ʧʝʨʩʦʥʘʣʴʥʳʝ ʩʪʨʘʥʠʮʳ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠʟ ʧʝʨʝʯʥʷ, ʧʦʯʪʠ ʚʩʝ ʩʘʡʪʳ ʩʬʝʨʳ ʪʫʨʠʟʤʘ ʪʝʩʥʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʝʡ, ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʢʘʢʠʭ-ʣʠʙʦ ʩʜʝʣʦʢ. ʇʦʯʪʠ ʥʘ ʢʘʞʜʦʤ ʩʘʡʪʝ ʥʘ ʩʘʤʦʤ ʟʘʤʝʪʥʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʢʫʧʢʫ ʠʣʠ ʙʨʦʥʠʨʦʚʘʥʠʝ 

ʪʫʨʘ, ʘʚʠʘʙʠʣʝʪʦʚ, ʠʣʠ ʦʢʘʟʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʫʩʣʫʛ, ʥʘʧʨʠʤʝʨ ʦʬʦʨʤʣʝʥʠʝ ʚʠʟʳ. 

ʏʪʦʙʳ ʩʘʡʪ ʟʘʠʥʪʝʨʝʩʦʚʳʚʘʣ ʠ ʩʦʟʜʘʚʘʣ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʫ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʦʝ, ʯʪʦʙʳ ʢʣʠʝʥʪ 

ʯʫʚʩʪʚʦʚʘʣ ʩʝʙʷ ʢʦʤʬʦʨʪʥʦ ʥʘʭʦʜʷʩʴ ʥʘ ʩʪʨʘʥʠʮʝ. ɽʛʦ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʘʭ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ. ɽʩʣʠ ʧʨʠ ʚʠʜʝ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʫʜʫʪ ʨʘʟʙʝʛʘʪʴʩʷ ʛʣʘʟʘ, ʪʦ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʥ ʜʦʡʜʝʪ ʜʦ 
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ʩʣʝʜʫʶʱʝʡ ʩʪʨʘʥʠʮʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʥ ʜʦʣʞʝʥ ʩʨʘʟʫ ʞʝ ʥʘʡʪʠ ʚʩʝ ʩʩʳʣʢʠ ʠ 

ʨʘʟʜʝʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʛʦ ʟʘʧʨʦʩʫ. ʆʪʩʶʜʘ ʧʦʷʚʠʣʦʩʴ 

çʧʨʘʚʠʣʦ ʪʨʝʭ ʢʣʠʢʦʚè ï ʠʤʝʥʥʦ ʪʘʢʦʝ ʯʠʩʣʦ ʧʝʨʝʭʦʜʘ ʧʦ ʩʩʳʣʢʝ ʩʯʠʪʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʝʞʥʳʝ ʩʠʩʪʝʤʳ, ʙʝʟ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ ʧʦʪʝʨʷʣʠ ʙʳ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʠʭ 

ʬʫʥʢʮʠʡ. ɺʘʞʥʦʩʪʴ ʧʣʘʪʝʞʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʬʝʨʝ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʪʫʨʠʟʤʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʧʝʨʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʠʥʪʝʨʥʝʪ, ʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʙʝʟ ʧʣʘʪʝʞʝʡ ʥʝ ʠʤʝʣʦ ʙʳ 

ʩʤʳʩʣʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ B2B, B2C ʠ ʜʨʫʛʠʭ ʢʘʪʝʛʦʨʠʡ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫ ʩʪʦʨʦʥ ʜʦʛʦʚʦʨʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʣʠʯʥʳʝ ʜʝʥʴʛʠ ʜʣʷ ʦʧʣʘʪʳ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ɺ ʪʫʨʠʟʤʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟʥʘʣʠʯʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʴʛʠ. ɽʩʣʠ 

ʵʤʠʩʩʠʷ ʜʝʥʝʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʦʪʢʨʳʪʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʩʯʝʪʦʚ, ʪʦ ʨʝʯʴ ʠʜʝʪ 

ʦ ʙʝʟʥʘʣʠʯʥʳʭ ʨʘʩʯʝʪʘʭ. ʅʦ ʝʩʣʠ ʵʤʠʩʩʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʦʪʢʨʳʪʠʷ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʩʯʝʪʘ, ʘ ʙʦʣʝʝ ʪʦʛʦ, ʠ ʙʝʟ ʫʯʘʩʪʠʷ ʙʘʥʢʘ, ʘ ʪʦʣʴʢʦ ʣʠʰʴ 

ʧʣʘʪʝʞʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʴʛʘʭ.  

ʂ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʙʝʟʥʘʣʠʯʥʳʭ ʜʝʥʝʛ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʣʠʯʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʪʫʨʠʟʤʘ ʦʪʥʦʩʷʪ: 

¶ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʜʘ ʠ ʪʨʘʥʟʘʢʮʠʠ ʩ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʯʝʪʘ 

ʥʘ ʜʨʫʛʦʡ; 

¶ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʘʤʦʡ ʧʣʘʪʝʞʥʦʡ ʩʠʩʪʝʤʳ; 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʣʠʤʦʩʪʴ ʠ ʦʙʲʝʜʠʥʷʝʤʦʩʪʴ (ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʚʳʜʘʯʝ ʩʜʘʯʠ); 

¶ ʚʳʩʦʢʘʷ ʧʦʨʪʘʪʠʚʥʦʩʪʴ (ʚʝʣʠʯʠʥʘ ʩʫʤʤʳ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʘ ʩ ʨʘʟʤʝʨʘʤʠ ʠ 

ʛʘʙʘʨʠʪʘʤʠ ʜʝʥʝʛ); 

¶ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʝʨʝʩʯʝʪʝ ʩʫʤʤʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʥʟʘʢʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʠʪʫʣʴʥʳʝ ʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʨʝʘʣʴʥʳʭ ʜʝʥʝʛ. ʉʠʩʪʝʤʳ 
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ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʠʪʫʣʴʥʳʭ ʟʥʘʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʘʣʶʪʝ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ WebMoney. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʣʫʛ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʤʥʦʛʦ ʧʨʦʙʣʝʤ 

ʠ ʙʘʨʴʝʨʦʚ ʜʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʪʘʢʠʭ 

ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ, ʥʝʜʦʚʝʨʠʝ ʠ ʧʨʦʜʘʚʮʦʚ, ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʩʠʩʪʝʤʘʤ ʦʧʣʘʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ, ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʨʦʚʩʪʚʘ ʠ ʠʥʪʝʨʥʝʪ-ʦʙʤʘʥʦʚ. ɼʣʷ ʠʭ 

ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʝ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʟʘʱʠʪʫ ʧʨʘʚ 

ʧʦʪʨʝʙʠʪʝʣʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʥʪʝʨʥʝʪ-ʙʠʟʥʝʩʦʤ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʚʝʜʝʥʠʝʤ ʙʠʟʥʝʩʘ ʚ ʠʥʪʝʨʥʝʪʝ. 
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʆʊɽʏɽʉʊɺɽʅʅʓɽ ɻɽʆɼɽɿʀʏɽʉʂʀɽ 

ʊɽʍʅʆʃʆɻʀʀ 

ɸʥʘʭʠʥ ʅʠʢʦʣʘʡ ʖʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ɻʨʦʰʝʚ ʅʠʢʦʣʘʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ʆʥʦʧʨʠʡʯʫʢ ɼʝʥʠʩ ɸʣʝʢʩʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

ʇʦʥʦʤʘʨʸʚʘ ʊʘʪʴʷʥʘ ɸʥʜʨʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʉ. ʊʫʨʛʝʥʝʚʘ, 
ʈʌ, ʛ. ʆʨʸʣ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʳʥʢʝ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɻʝʦʜʝʟʠʷ ʵʪʦ ʦʜʥʘ ʠʟ ʦʪʨʘʩʣʝʡ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʛʦʩʫʜʘʨʩʪʚʦʦʙʨʘʟʫʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʠʪʠʯʝʩʢʦʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ, 

ʚʦʝʥʥʦʝ, ʠ ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʚʝʜʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʩʥʦʚʦʡ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʘʭ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʪʨʘʥʳ, ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʦʨʦʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʚ ʩʬʝʨʝ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʥʝʣʴʟʷ 

ʦʙʦʡʪʠʩʴ ʙʝʟ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʥʦʩʪʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʪʦʯʥʦʩʪʠ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʨʪʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʥʳ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʤʠʨʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʫʩʧʝʰʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ.  

ʂʦʤʧʘʥʠʷ çʈʘʜʘʨʥʳʝ ʠ ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè ʧʨʝʜʩʪʘʚʠʣʘ ʛʣʫʙʠʥʥʳʡ 

ʛʝʦʨʘʜʘʨ çʇʠʪʦʥ-3è ï ʤʦʥʦʩʪʘʪʠʯʝʩʢʠʡ ʛʝʦʨʘʜʘʨ ʩ ʦʜʥʦʡ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʝʡ 

ʘʥʪʝʥʥʦʡ, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʤʫ ʚ ʤʠʨʝ ʥʝʪ. ɻʝʦʨʘʜʘʨ ʇʠʪʦʥ-3 ï ʮʠʬʨʦʚʦʡ, 
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ʧʦʨʪʘʪʠʚʥʳʡ, ʧʝʨʝʥʦʩʠʤʳʡ ʦʜʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʨʘʜʘʨ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʣʫʙʦʢʠʭ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʟʳʩʢʘʥʠʡ 

(ʛʣʫʙʠʥʦʡ ʜʦ 50 ʤʝʪʨʦʚ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʨʝʜʘʭ). ʇʨʠʙʦʨ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʛʜʝ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʨʝʜʳ. ʆʧʝʨʘʪʦʨ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʜʠʩʧʣʝʝ ʚ ʚʠʜʝ ʪ.ʥ. ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʝʤʦʛʦ ʨʘʜʘʨʦʛʨʘʤʤʦʡ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʞʝʩʪʢʠʡ 

ʜʠʩʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʦʙʨʘʙʦʪʢʘ, ʨʘʩʧʝʯʘʪʢʘ ʥʘ ʧʨʠʥʪʝʨʝ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʪ.ʜ.). 

ʂʦʤʧʘʥʠʷ ZARA AERO ʟʘʥʠʤʘʝʪʩʷ ʚʳʧʫʩʢʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʣʠʥʝʡʢʠ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ï ZALA  GEO, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ZALA 421-22ʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʝʪʘ/ʧʦʩʘʜʢʠ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʚʦʩʴʤʠʨʦʪʦʨʥʦʡ ʩʭʝʤʝ. 

ɸʧʧʘʨʘʪ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʜʘʞʝ ʥʘ ʩʘʤʦʡ ʪʨʫʜʥʦʧʨʦʭʦʜʠʤʦʡ ʤʝʩʪʥʦʩʪʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʳʩʦʪʳ ʜʦ 1000 ʤʝʪʨʦʚ ʠ ʥʘ 

ʫʜʘʣʝʥʠʠ ʜʦ 5 ʢʤ ɹʇʃɸ ʦʩʥʘʱʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʮʝʣʝʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ 

ʪʠʧʘ ç16ɽ+è. ɸʧʧʘʨʘʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʩʲʝʤʢʫ ʢʘʢ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ. 

ɼʣʷ ɹʇʃɸ ZALA 421-22ʌ ʩ ʫʯʝʪʦʤ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʳʣʘ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʮʝʣʝʚʘʷ ʥʘʛʨʫʟʢʘ Z-22ʌ1/ɺʢ ʥʘ ʛʠʨʦʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʥʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ 

ʬʦʪʦʩʥʠʤʢʠ, ʘ ʪʘʢʞʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʣʝʜʠʪʴ ʟʘ ʧʦʣʝʪʦʤ ɹʇʃɸ, ï 

ʜʦʙʘʚʠʣʠ ʚ Zala Aero. ï ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Z-22ʌ1/ɺʢ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʚ 

ʩʚʦʝʤ ʢʣʘʩʩʝ: ʦʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʜʘʞʝ ʩ ʚʳʩʦʪʳ ʜʦ 200 ʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʯʘʡʰʠʤ ʢʘʯʝʩʪʚʦʤ. ɹʣʘʛʦʜʘʨʷ ʫʩʠʣʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʜʘʥʥʦʡ ʮʝʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʞʝʥʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʬʦʪʦʩʥʠʤʢʦʚ. 
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ʂʦʤʧʘʥʠʷ çʂʈɽɼʆ-ɼʀɸʃʆɻè ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʡ 

CREDO ʜʣʷ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʠʟʳʩʢʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

CREDO DAT ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʥʘʙʦʨ ʨʝʰʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʝʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦ-

ʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʦʙʨʘʙʦʪʢʫ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʪʦʯʥʦʩʪʠ, ʦʙʨʘʙʦʪʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ 

ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʛʝʦʠʜʘ ʠ ʢʦʤʧʣʝʢʩʘ 

ʨʝʜʫʢʮʠʦʥʥʳʭ ʧʦʧʨʘʚʦʢ, ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ. ɼʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) ï 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʠ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʩʠʪʫʘʮʠʠ, ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ CREDO ʃʀʅɽʁʅʓɽ ʀɿʓʉʂɸʅʀʗ (CREDO ʊʆʇʆʇʃɸʅ). 

ʀʩʭʦʜʥʘʷ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʎʄʄ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʢʘʢ ʠʭ ʧʨʦʛʨʘʤʤ CREDO DAT, ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʩʤʦʩʥʠʤʢʦʚ ʣʠʙʦ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʩʪʨʦʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʩʠʪʫʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ CREDO ʃʀʅɽʁʅʓɽ ʀɿʓʉʂɸʅʀʗ 

(CREDO ʊʆʇʆʇʃɸʅ) ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʦʯʝʯʥʳʭ, ʣʠʥʝʡʥʳʭ ʠ 

ʧʣʦʱʘʜʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʩ ʦʪʦʙʨʘ-

ʞʝʥʠʝʤ ʫʩʣʦʚʥʳʤʠ ʟʥʘʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤ ʤʘʩʰʪʘʙʦʤ ʩʲʝʤʢʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʝʣʴʝʬʘ. ʉʦʟʜʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʬʠʣʴ ʨʝʣʴʝʬʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 17 ʜʝʢʘʙʨʷ 2010 ʛ. 
ˉ 2378-ʨ çʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ ʜʦ 2020 ʛ.è. 

2. ʂʘʣʠʥʠʥ ɸ.ʉ. ʊʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʚ CREDO ʜʣʷ ʨʝʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ // ɺʝʩʪʥʠʢ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ. ï 2015. ï ˉ 2. ï 
ʉ. 6ï7. 

3. Aviation Explorer ʉʦʜʨʫʞʝʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʪʦʚ ï [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.aex.ru/news/2014/4/16/119458.html 
(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 1.11.2016). 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʉʀʉʊɽʄʓ ʈɸʉʏɽʊɸ ɺʅɽʋʏɽɹʅʆʁ 

ʅɸɻʈʋɿʂʀ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

ɼʨʦʟʜʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʌ, ʛ. ʊʦʣʴʷʪʪʠ 

ɻʫʱʠʥʘ ʆʢʩʘʥʘ ʄʠʭʘʡʣʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, 
ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮ., ʊʦʣʴʷʪʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʌ, ʛ. ʊʦʣʴʷʪʪʠ 

 

ɺ ʮʝʣʷʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʯʝʪʘ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʇʇʉ) ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʣʘʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʤʥʦʞʝʩʪʚʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʢʘʢ ʫʯʝʙʥʫʶ, ʪʘʢ ʠ 

ʚʥʝʫʯʝʙʥʫʶ ʥʘʛʨʫʟʢʫ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʦʚ. ɺʥʝʫʯʝʙʥʘʷ ʥʘʛʨʫʟʢʘ 

ʚʢʣʶʯʘʝʪ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʤʝʪʦʜʠʯʝʩʢʫʶ ʬʫʥʢʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ [2]: 

1. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʤʝʪʦʜʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʚʳʰʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

2. ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ, ʧʦʠʩʢ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʤʝʪʦʜʦʚ, ʬʦʨʤ ʠ 

ʩʨʝʜʩʪʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ 

ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʦʩʥʦʚʝ ʝʸ ʣʝʞʘʪ ʠʟʫʯʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ, ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʝʢʪʠʚʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʣʠ 

ʦʪʜʝʣʴʥʳʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʧʨʘʢʪʠʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʦʭʚʘʪʳʚʘʝʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʨʝʘʣʠʟʘʮʠʶ 

ʠ ʢʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʪʨʘʪʝʛʠʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʣʘʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʦʰʠʙʢʠ, ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʠʣʠ ʠʤʝʪʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʙʦʪ ʧʨʠ ʦʪʤʝʥʝ ʠʣʠ ʚʦʟʣʦʞʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ 

ʨʘʙʦʪ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɽʩʣʠ ʥʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʩʝ 

ʨʘʙʦʪʳ, ʪʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʚʳʭ ʠʣʠ ʦʪʤʝʥʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʚʦʟʥʠʢʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪ ʘʫʜʠʪʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ɺʋɿʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʚʥʫʪʨʝʥʥʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʤʦʱʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʠʝʤʥʦʡ ʢʦʤʠʩʩʠʠ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʦʙʠʣʠʝ ʜʦʩʪʠʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʨʘʩʯʝʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʘʫʜʠʪʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʯʘʱʝ ʚʩʝʛʦ 

ʣʦʞʠʪʩʷ ʥʘ ʧʣʝʯʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʇʦʜʦʙʥʦʝ ʚʦʟʥʠʢʘʝʪ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ: 

¶ ʨʘʟʦʙʱʝʥʥʦʩʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʇʇʉ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʦʪʜʝʣʦʤ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʫʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʙʦʪʳ ʩ 

ʥʠʤʠ; 

¶ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʤʝʶʱʠʭʩʷ ʥʦʨʤʘʪʠʚʦʚ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʚʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʠʩʢʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, 

ʩʧʦʩʦʙʥʦʛʦ ʨʝʰʠʪʴ ʦʙʦʟʥʘʯʝʥʥʫʶ ʧʨʦʙʣʝʤʫ: ʧʦʟʚʦʣʠʣʘ ʙʳ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʊʘʢʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʫʧʨʘʟʜʥʠʪʴ ʯʘʩʪʴ ʠʩʧʦʣʥʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: 

¶ ʠʤʝʪʴ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ, ʩ ʥʘʣʠʯʠʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ; 

¶ ʦʪʩʣʝʞʠʚʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʦ ʤʝʩʷʮʘʤ ʠ ʩʝʤʝʩʪʨʘʤ, ʫʚʝʜʦʤʣʷʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʧʝʨʝʛʨʫʞʝʥʥʳʝ ʠ ʥʝʟʘʛʨʫʞʝʥʥʳʝ ʤʝʩʷʮʳ; 

¶ ʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦ 

ʧʦʜʦʡʪʠ ʢ ʠʥʩʪʨʫʤʝʥʪʘʨʠʶ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʨʘʟʨʘʙʦʪʢʘ. ʆʜʥʠʤ ʠʟ ʫʜʘʯʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ CRM-ʩʠʩʪʝʤʘ 

EspoCRM.  

 

 

ʈʠʩʫʥʦʢ 1. ɸʜʤʠʥʠʩʪʨʘʪʦʨʩʢʘʷ ʧʘʥʝʣʴ EspoCRM 

 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʯʝʥʴ ʤʦʱʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʘ ʤʦʜʫʣʴʥʘʷ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʛʠʥʦʚ, ʧʦʤʠʤʦ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʩʚʦʙʦʜʥʦʡ ʣʠʮʝʥʟʠʝʡ 

GNU GPLv3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʝʝ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʚ ʮʝʣʦʤ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ 
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ʚʩʝʤ ʚʦʟʣʦʞʝʥʥʳʤ ʥʘ ʥʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ. ʉʠʩʪʝʤʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ 

ʤʦʜʫʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʩʭʝʤʝ (ʨʠʩ. 2). 

 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʜʝʣʠʪʴʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʬʫʥʢʮʠʦʥʘʣʝ, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʩʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ ʟʘʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʛʨʘʬʠʢʦʤ ʥʘ ʫʯʝʙʥʳʡ ʛʦʜ (ʥʘʧʨʠʤʝʨ: ʥʘʧʠʩʘʥʠʝ ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ, ʟʘʷʚʢʠ ʥʘ ʛʨʘʥʪ, ʫʯʘʩʪʠʝ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʪ.ʜ.). ʇʦʩʣʝ ʵʪʦʛʦ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ ʠ ʩ ʫʯʝʪʦʤ 

ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʟʘʜʘʯ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʦʪʯʝʪ ʟʘ ʤʝʩʷʮ/ʩʝʤʝʩʪʨ/ʛʦʜ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʧʨʝʜʩʪʦʷʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʫʚʝʜʦʤʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʠ ʥʝʟʘʛʨʫʞʝʥʥʳʭ ʤʝʩʷʮʘʭ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʦʧʪʠʤʘʣʴʥʦ ʥʘ ʚʝʩʴ ʫʯʝʙʥʳʡ ʛʦʜ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʊɺʆʈʀʄʆʉʊʀ ʅɸʅʆʇʆʈʆʐʂʆɺʆʁ 

ʃʀɻɸʊʋʈʓ Cu-SiC ʅɸ ʇʆʃʋʏɽʅʀɽ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ɸʃʖʄʀʅʀɽɺʆɻʆ ʉʇʃɸɺɸ 

ʀʚʘʥʦʚʘ ɸʥʘʩʪʘʩʠʷ ʅʠʢʦʣʘʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, 

 ʈʌ, ʛ. ʉʘʤʘʨʘ 

 

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʚʩʝ ʯʘʱʝ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʦʙʣʝʤ 

ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʚʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʦʨʦʡ ʜʦʩʪʘʚʣʷʶʪ 

ʦʛʨʦʤʥʳʝ ʫʙʳʪʢʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ï ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʝʛʦ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (2,7 ʛ/ʩʤ3, ʧʨʦʪʠʚ 7,8 ʛ/ʩʤ3 ʜʣʷ ʞʝʣʝʟʘ ʠ 8,94 ʛ/ʩʤ3 ʜʣʷ ʤʝʜʠ) ʠ 

ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʥʦʧʦʨʦʰ-

ʢʦʚʦʡ ʣʠʛʘʪʫʨʳ Cu-SiC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʧʣʘʚʢʠ. 

ʃʫʯʰʠʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ  

Al -SiC ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʬʘʟʥʳʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ 

ʧʩʝʚʜʦʣʠʛʘʪʫʨ ʥʘ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʘʚʢʠ. ʇʣʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ GRAFICARBO ʩ ʮʠʬʨʦʚʳʤ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 1200Áʉ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʦʡ ʪʠʛʣʷ 2000 ʛʨ. ɺ 

ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ɸ7 ʚʚʦʜʠʣʠʩʴ ʣʠʛʘʪʫʨʳ ʚ ʚʠʜʝ ʙʨʠʢʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʜʝʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ. ʇʣʘʚʢʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦ ʜʚʫʤ ʨʝʞʠʤʘʤ: ʨʝʞʠʤ ˉ1 ï ʧʨʠ 950Áʉ ʧʨʠ ʚʳʜʝʨʞʢʝ 35 ʤʠʥʫʪ (ʦʙʨʘʟʮʳ  

ˉ 1, 2) ʠ ʨʝʞʠʤ ˉ2 ï ʧʨʠ 750Áʉ ʩ ʚʳʜʝʨʞʢʦʡ 2 ʯʘʩʘ (ʦʙʨʘʟʮʳ ˉ 3, 4). ʉʦʩʪʘʚ 

ʣʠʛʘʪʫʨʳ, ʫʩʠʣʠʝ ʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʚʦʜʘ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

  



 

114 

 

ʊʘʙʣʠʮʘ 1. 

ʉʦʩʪʘʚ ʣʠʛʘʪʫʨʳ, ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ˉ 

ʦʙʨʘʟʮʘ 

ʆʩʥʦʚʘ 

ʩʧʣʘʚʘ/ ʚʝʩ, 

ʛʨ. 

ʉʦʩʪʘʚ 

ʣʠʛʘʪʫʨʳ/ ʚʝʩ, 

ʛʨ. 

ɼʘʚʣʝʥʠʝ 

ʧʨʝʩʩʦʚʘʥʠʷ, 

ʪʦʥʥ ʩʠʣ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʚʦʜʘ 

ʣʠʛʘʪʫʨʳ, Üʉ 

ɺʨʝʤʷ 

ʚʳʜʝʨʞʢʠ, 

ʤʠʥ 

1 ɸ7/200 ʛʨ. Cu-2,5%SiC/ 5 35 950 35 

2 ɸ7/200 ʛʨ. Cu-2,5%SiC/ 5  25 950 35 

3 ɸ7/100 ʛʨ. Cu-2,5%SiC/ 5  35 750 120 

4 ɸ7/100 ʛʨ. Cu-2,5%SiC/ 5 25 750 120 

 

ʈʝʞʠʤ ˉ1 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʣʠʪʴʝ ʩʣʠʪʢʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ *100 ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ. 

ʉʪʨʫʢʪʫʨʳ ʩʣʠʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʣʠʪʴʝ ʨʝʞʠʤʦʤ 1.  

ʘ ï ʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ɸ7; ʙ ï ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ 1; ʚ ï ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ 2 

 

ɹʳʣ ʠʩʩʣʝʜʦʚʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ ˉ1, ˉ2, ʩʧʣʘʚʣʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950Üʉ ʩ 

ʚʳʜʝʨʞʢʦʡ 35 ʤʠʥʫʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʣʘʚʢʝ ʦʙʨʘʟʮʦʚ ʧʦ 1-ʤʫ ʨʝʞʠʤʫ 

ˉ ʦʙʨʘʟʮʘ ɸʣʶʤʠʥʠʡ,%  ʄʝʜʴ,%  ʋʛʣʝʨʦʜ,%  ʂʠʩʣʦʨʦʜ,%  

1 85,71 2,2 5,11 6,48 

2 88,36 2,22 4,49 4,44 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 1 ʠ ʩʦʩʪʘʚʘ Al+ Cu-2,5%SiC ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 500 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 1, 2. ʘ ï ʦʙʨʘʟʝʮ ˉ1; ʙ ï ʦʙʨʘʟʝʮ ˉ2 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʣʠʪʢʦʚ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʢʨʝʤʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʥʝ ʚʳʷʚʣʷʝʪʩʷ. ʄʝʜʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʜʣʷ SiC, 

ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʘʣʶʤʠʥʠʷ. ʀʟ ʢʘʨʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 1, 2 ʚʠʜʥʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʘ ʤʝʜʴ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ (Al, Cu, C) 

ʦʙʨʘʟʮʘ ˉ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʦʙʨʘʟʮʘ ˉ2 ʥʘ ʨʠʩʫʥʢʝ.4. 

 

 

ʈʠʩʫʥʦʢ 3. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ ˉ1 

 

 

ʈʠʩʫʥʦʢ 4. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ ˉ2 
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ʈʝʞʠʤ ˉ2 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʣʠʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʣʠʪʴʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ 

ʚʳʜʝʨʞʢʦʡ 2 ʯʘʩʘ, ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ *500 ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ. ʉʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʣʠʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 

ʈʠʩʫʥʦʢ 5. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 3,4. ʋʚʝʣʠʯʝʥʠʝ *500 

 

ʀʟ ʬʦʪʦʛʨʘʬʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1-ʤ ʨʝʞʠʤʦʤ ʧʣʘʚʢʠ ʨʘʩʪʚʦʨʝʥʠʝ ʙʨʠʢʝʪʘ ʧʨʦʰʣʦ ʣʫʯʰʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ˉ 3 ʠ 4, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ3.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʣʘʚʢʝ ʦʙʨʘʟʮʦʚ ʧʦ 2-ʤʫ ʨʝʞʠʤʫ 

ˉ ʦʙʨʘʟʮʘ Al,%  Cu,% O,% Ag,% C,% Si, % 

3 89.72 3.64 1.67 0.54 4.29 - 

4 88.77 1.61 2.80 2.19 3.62 0.39 

 

ʀʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʠʜʥʦ, ʯʪʦ ʤʝʜʴ ʨʘʩʪʚʦʨʠʣʘʩʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

(ʧʨʠʤʝʨʥʦ 1,6%), ʯʝʤ ʧʦ ʧʝʨʚʦʤʫ ʨʝʞʠʤʫ ʧʣʘʚʢʠ (ʧʨʠʤʝʨʥʦ 2,2%). ʊʘʢ ʞʝ 

ʧʨʦʷʚʠʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ, ʧʨʠ 1-ʤ ʨʝʞʠʤʝ ʧʣʘʚʢʠ ʢʨʝʤʥʠʡ 

ʚʦʦʙʱʝ ʥʝ ʦʙʥʘʨʫʞʠʣʩʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ˉ 3 ʠ 4, ʤʝʜʴ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʢʘʢ ʠ ʥʘ ʦʙʨʘʟʮʘʭ, ʩʧʣʘʚʣʝʥʥʳʭ ʧʦ 1-ʤʫ 

ʨʝʞʠʤʫ ʧʣʘʚʢʠ.  

ʇʨʠ ʵʪʦʤ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʘ ʤʝʜʴ 
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ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ ˉ 3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6, ʦʙʨʘʟʮʘ ˉ4 ï ʥʘ ʨʠʩʫʥʢʝ 7.  

 

 

ʈʠʩʫʥʦʢ 6. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ ˉ3 

 

 

ʈʠʩʫʥʦʢ 7. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ ˉ4 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʣʠʪʢʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ 

ʰʘʛʦʤ 5 ʤʤ ʥʘ ʧʨʠʙʦʨʝ ʈʦʢʚʝʣʣʘ ʧʦ ʰʢʘʣʝ ɺ ʩ ʥʘʛʨʫʟʢʦʡ 100 ʢʛ ʩʪʘʣʴʥʳʤ 

ʰʘʨʠʢʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʪʚʝʨʜʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5.  

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʪʚʝʨʜʦʩʪʠ 

ˉ 

ʦʙʨʘʟʮʘ 

ˉ ʟʘʤʝʨʘ 

1 2 3 4 5 6 7 8 9 

ʇʣʘʚʢʘ ʧʨʠ 950Üʉ ʩ ʚʳʜʝʨʞʢʦʡ 30 ʤʠʥʫʪ 

1 17 24 27 31 48 45 33 30 33 

2 18 23 28 36 28 22 27 32 30 

ʇʣʘʚʢʘ ʧʨʠ 750Üʉ ʩ ʚʳʜʝʨʞʢʦʡ 120 ʤʠʥʫʪ 

3 25 32 40 47 56 49 54 39 27 

4 10 16 16 14 15 14 14 11 12 
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ʀʟ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ˉ1, 2 ʚʳʧʣʘʚʣʝʥʥʳʭ ʧʦ 

ʧʝʨʚʦʤʫ ʨʝʞʠʤʫ ʧʣʘʚʢʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘʷ HRB 25-32. ʊʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ˉ3 ʠ 4 ʪʦʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʠʤ ʟʥʘʯʝʥʠʷʤ ʪʚʝʨʜʦʩʪʠ.  

ʀʟʣʦʤʳ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ. ʍʨʫʧʢʠʡ ʠʟʣʦʤ ʠʤʝʝʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚ ʥʝʤ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʤʝʪʘʣʣʘ. ʍʨʫʧʢʠʡ ʠʟʣʦʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʚʝʨʜʦʩʪʠ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʥʝ ʨʘʩʪʚʦʨʠʚʰʠʭʩʷ ʯʘʩʪʠʮ 

ʣʠʛʘʪʫʨʳ. 

ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʥʦʧʦʨʦʰʢʦʚʦʡ 

ʣʠʛʘʪʫʨʳ Cu-SiC ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʣʘʚʢʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʨʝʞʠʤʘʤ, ʤʠʢʨʦʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʪʣʠʚʦʢ, ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʪʚʝʨʜʦʩʪʠ. ʇʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʚʩʝʤʫ 

ʦʙʲʝʤʫ ʩʣʠʪʢʘ. 

2. ʄʝʜʴ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʣʘ ʚ ʩʦʩʪʘʚ ʣʠʛʘʪʫʨʳ ʠ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʜʣʷ SiC, 

ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʘʣʶʤʠʥʠʷ. 

3. ʂʨʝʤʥʠʡ ʧʨʠ ʤʠʢʨʦʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʚʳʷʚʣʷʝʪʩʷ. 

4. ɿʘʤʝʨʳ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʧʨʦʯʥʝʥʠʠ ʩʧʣʘʚʘ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʆʪʨʘʙʦʪʘʪʴ ʨʝʞʠʤʳ ʧʣʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜʳ ʚʚʦʜʘ ʣʠʛʘʪʫʨ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʫʨʛʘʥʦʚʘ ʖ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʥʦ ʫʧʨʦʯʥʝʥʥʳʭ 

ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [ʊʝʢʩʪ] / 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʄʦʩʢʚʘ. 2008. ï 226 ʩ. 
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2. ʃʘʭʪʠʥ ʖ. ɺ., ʃʝʦʥʪʴʝʚʘ ɺ.ʇ. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ [ʊʝʢʩʪ]: ʋʯʝʙʥʠʢ ʜʣʷ 
ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. ï 493 ʩ. 

3. ʄʠʭʝʝʚ ʈ.ʉ., ʏʝʨʥʳʰʦʚʘ ʊ.ɸ. ɼʠʩʢʨʝʪʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʩʠʩʪʝʤʳ Al-TiC (ʦʙʟʦʨ) [ʊʝʢʩʪ] / ʄʠʭʝʝʚ ʈ.ʉ., ʏʝʨʥʳʰʦʚʘ ʊ.ɸ. // 

ɿʘʛʦʪʦʚʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ˉ 11, 2008. ï C. 44ï53 ʩ.  

4. ʊʠʪʦʚʘ ʖ.ɺ. ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʠ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ [ʊʝʢʩʪ] / ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ʉʘʤʘʨʘ. 2013. ï 27ʩ.  
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ʈɸʉʏɽʊ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺʅɽɼʈɽʅʀʗ 

ʉʈɽɼʉʊɺ ʄʆʅʀʊʆʈʀʅɻɸ ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ  

ɸɺʊʆʇɸʈʂɸ çɹʋʄɽʈè 

ʀʩʝʥʦʚʘ ʆʣʴʛʘ ʈʘʰʠʜʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʤʘʛʠʩʪʨ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ,  
ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɿ. ɸʣʜʘʤʞʘʨ, 
ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʦʩʪʘʥʘʡ 

ʉʪʘʨʦʞʫʢ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʂʦʩʪʘʥʘʡʩʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɿ. ɸʣʜʘʤʞʘʨ, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʦʩʪʘʥʘʡ 
 

ʌʠʥʘʥʩʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʪʦʧʘʨʢʘ çɹʫʤʝʨè ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʚʘʨʥʦ-

ʜʝʥʝʞʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʨʫʛʦʦʙʦʨʦʪʦʤ ʩʨʝʜʩʪʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʳʨʫʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʫʛʠ. ɺʳʨʫʯʢʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʘʚʪʦʧʘʨʢʘ ʦʪ ʧʝʨʝʚʦʟʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʘʨʠʬʦʚ ʥʘ ʧʝʨʝʚʦʟʢʫ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʪʘʪʴʠ 

ʨʘʩʭʦʜʦʚ ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʘʚʪʦʧʘʨʢ çɹʫʤʝʨè. ɺ ʠʭ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʟʘʪʨʘʪ 

ʘʚʪʦʧʘʨʢʘ ʚʭʦʜʷʪ ʟʘʪʨʘʪʳ ʥʘ ʬʦʥʜ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʩʦʮʠʘʣʴʥʳʝ ʦʪʯʠʩʣʝʥʠʷ, 

ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʪʝʭʥʠʢʠ, ʘʚʪʦʤʦʙʠʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʠ ʜʨʫʛʠʝ ʟʘʪʨʘʪʳ [2]. 

ʊʘʙʣʠʮʘ 1. 

ʇʦʜʩʯʝʪʳ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ 

ˉ ʧ/ʧ ʉʪʘʪʴʷ ʨʘʩʭʦʜʦʚ ʉʫʤʤʘ, ʪʳʩ. ʪʝʥʛʝ ʉʪʨʫʢʪʫʨʘ, % 

1 ʌʦʥʜ ʦʧʣʘʪʳ ʪʨʫʜʘ 73320,5 26,7 

2 ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ 19063,5 7 

3 ɸʚʪʦʤʦʙʠʣʴʥʦʝ ʪʦʧʣʠʚʦ 116151 42,3 

4 ʉʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 23230,2 8,5 

5 ɿʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʰʠʥ 9078 3,3 

6 ɿʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 3698,5 1,3 

7 ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ 20000 7,3 

8 ʅʘʣʦʛʠ 5632 2,05 

9 ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ 4475 1,7 

 ʀʪʦʛʦ 274648,7 100% 
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ʆʙʱʘʷ ʚʳʨʫʯʢʘ ʦʪ ʧʝʨʝʚʦʟʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘ 2015 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 

255328,6 ʪʳʩ.ʪʝʥʛʝ. ʏʠʩʪʳʡ ʫʙʳʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 19320,1 ʪʳʩ. ʪʝʥʛʝ ʟʘ ʦʪʯʝʪʥʳʡ 

ʛʦʜ. 

ʈʘʩʩʯʠʪʘʝʤ ʨʘʟʤʝʨ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

ʊʘʙʣʠʮʘ 2. 

ɿʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ˉ ʧ/ʧ ʇʦʢʘʟʘʪʝʣʴ ʉʪʦʠʤʦʩʪʴ, ʪʝʥʛʝ ʉʪʨʫʢʪʫʨʘ 

1 ʇʨʠʝʤʥʠʢʠ ɻʣʦʥʘʩʩ/GPS ʦʥʣʘʡʥ 48500 19,8 

2 ɸʚʪʦɻʨʘʬ GSM-ʣʘʡʪ 52500 4,7 

3 ʇʂ (ʩʝʨʚʝʨ)  185000 75,5% 

 ʀʪʦʛʦ 286000 100% 

 

ʊʘʙʣʠʮʘ 3. 

ʊʝʢʫʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʚʪʦʧʘʨʢʘ ʩʨʝʜʩʪʚʘʤʠ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ˉ ʧ/ʧ ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʪʝʥʛʝ ʉʪʨʫʢʪʫʨʘ 

1 ʉʦʪʦʚʘʷ ʩʚʷʟʴ 1680000 97,4 

2 ɺʳʜʝʣʝʥʥʘʷ ʩʝʪʴ (ʚ ʤʝʩ).  45600 2,6 

 ʀʪʦʛʦ 1725600 100% 

 

ʉʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ ʚʭʦʜʠʪ ʚ ʩʪʦʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʪʘ. ʆʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʠʪ: 

 ̠̏̂̚ ˗̐ ̑ ˗́ ̃̓̏ːˍˡ) ˗́ ̃̓,̏ ʪʝʥʛʝ (1) 

ʛʜʝ: 

 ̠̐  ̑ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ɻʣʦʥʘʩʩ/GPS ʦʥʣʘʡʥ, ʰʪ; 

˗́ ̃̓̏ːˍˡ ï ʢʦʣʠʯʝʩʪʚʦ ɸʚʪʦɻʨʘʬ GSM-ʣʘʡʪ, ʰʪ; 

˗́ ̃̓̏ ï ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʘʚʪʦʧʘʨʢʝ çɹʫʤʝʨè. 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ: 

˗̏ ̂̚ τψυππυςυππυπ υπυππππ ʪʝʥʛʝ 

ʊʨʝʙʫʝʪʩʷ ʀʥʪʝʨʥʝʪ ʥʘ ʛʦʜ ʪʝʢʫʱʠʡ, ʩʦʪʦʚʘʷ ʩʚʷʟʴ ʩ ʢʘʞʜʳʤ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʥʘ ʛʦʜ ʠ ʧʦʢʫʧʢʘ ʢʦʤʧʣʝʢʪʦʚ ʩʠʩʪʝʤ ʥʘ 50 ʘʚʪʦʤʘʰʠʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʘʚʪʦʧʘʨʢʘ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ʢʣʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ  

4 ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘ. 
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ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʘʚʪʦʧʘʨʢʘ çɹʫʤʝʨè 

ʥʘʧʨʘʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʥʦʨʤʫ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 7ï 

15 ʧʨʦʮʝʥʪʦʚ [1]. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ 

ʥʘ ʘʚʪʦʤʦʙʠʣʴ ʠ ʧʦʚʳʰʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʦʜʠʪʝʣʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʙʝʨʝʤ 

ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 7%. 

ɺ ʛ. ɸʩʪʘʥʘ ʚ ʩʪʦʣʠʯʥʦʤ ʘʚʪʦʧʘʨʢʝ çɹʫʤʝʨè ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʤʘʰʠʥ: 

1. ʍʶʥʜʘʡ ɸʢʮʝʥʪ ï 20 ʰʪ. 

2. ʂʠʘ ʈʠʦ ï 10 ʰʪ. 

3. ʌʦʣʴʢʩʚʘʛʝʥ ʇʦʣʦ ï 10 h ʪ. 

4. ʈʝʥʦ ï 10 ʰʪ. 

ʎʝʥʘ ʥʘ ʪʦʧʣʠʚʦ ʤʘʨʢʠ ɸʀ-92 ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 18.04.2015 ʛʦʜ ʥʘ 

ʟʘʧʨʘʚʢʘʭ çʂʘʟʄײʥʘʡɻʘʟè ʩʦʩʪʷʚʣʷʝʪ 99 ʪʝʥʛʝ. ɺʦʟʴʤʝʤ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʥʦʨʤʫ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʩʪʦʣʠʯʥʳʭ ʪʘʢʩʠ: ʚ ʥʝʜʝʣʶ ʘʚʪʦʤʘʰʠʥʘ ʧʨʦʝʟʞʘʝʪ 

ʦʢʦʣʦ 400 ʢʤ, ʟʘ ʤʝʩʷʮ ï 1600 ʢʤ, ʟʘ ʛʦʜ ï 19200 ʢʤ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʝʜʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʢʘʣʴʢʫʣʷʪʦʨʘ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʳ 4ï7. 

ʊʘʙʣʠʮʘ 4. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʷ Kia Rio 1.5 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʚ ʛʦʜ ʜʣʷ 10 ʤʘʰʠʥ ʧʨʠ ʩʨʝʜʥʝʤ ʧʨʦʙʝʛʝ 19200 ʢʤ ʠ 

ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʘ 99 

ʉʪʘʪʴʷ ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʣ ɺʳʜʝʣʝʥʠʝ ʉʆ2 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 15744  1574,4 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 14752,13  15567,67 

ʕʢʦʥʦʤʠʷ 991,87 176,33 

ʀʪʦʛʦ ʵʢʦʥʦʤʠʷ ʚ ʪʝʥʛʝ: 98195,33  
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ʊʘʙʣʠʮʘ 5. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʷ Hyundai Accent 1.5 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʚ ʛʦʜ ʜʣʷ 20 ʤʘʰʠʥ ʧʨʠ ʩʨʝʜʥʝʤ ʧʨʦʙʝʛʝ 19200 ʢʤ ʠ 

ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʘ 99 

ʉʪʘʪʴʷ ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʣ ɺʳʜʝʣʝʥʠʝ ʉʆ2 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 34176 3417,6 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 32022,91 33793,23 

ʕʢʦʥʦʤʠʷ 2153,09 382,77 

ʀʪʦʛʦ ʵʢʦʥʦʤʠʷ ʚ ʪʝʥʛʝ: 213155,71  

 

ʊʘʙʣʠʮʘ 6. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʷ Volkswagen Polo 1.6 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʚ ʛʦʜ ʜʣʷ 10 ʤʘʰʠʥ ʧʨʠ ʩʨʝʜʥʝʤ ʧʨʦʙʝʛʝ 19200 ʢʤ ʠ 

ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʘ 99 

ʉʪʘʪʴʷ ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʣ ɺʳʜʝʣʝʥʠʝ ʉʆ2, ʣ 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 12480 1248 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 11693,76 12340,22 

ʕʢʦʥʦʤʠʷ 786,24 139,78 

ʀʪʦʛʦ ʵʢʦʥʦʤʠʷ ʚ ʪʝʥʛʝ: 77837,76  

 

ʊʘʙʣʠʮʘ 7. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʷ Renault Logan 1.4 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʚ ʛʦʜ ʜʣʷ 10 ʤʘʰʠʥ ʧʨʠ ʩʨʝʜʥʝʤ ʧʨʦʙʝʛʝ 19200 ʢʤ ʠ 

ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʘ 99 

ʉʪʘʪʴʷ ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʣ ɺʳʜʝʣʝʥʠʝ ʉʆ2, ʣ 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 13440 1344 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 12593,28 13289,47 

ʕʢʦʥʦʤʠʷ 846,72 150,53 

ʀʪʦʛʦ ʵʢʦʥʦʤʠʷ ʚ ʪʝʥʛʝ: 83825,28  
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ʈʘʩʩʯʠʪʘʝʤ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

˪̏ ̂̚ ˪  ˪   ˪   ˪  ,ʪʝʥʛʝ (2) 

˪̏ ̂̚ ωψρωυȟσσςρσρυυȟχρχχψσχȟχφψσψςυȟςψ  τχσπρτȟπψ ʪʝʥʛʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʧʘʨʢʘ çɹʫʤʝʨè ʧʨʠʥʝʩʝʪ ʵʢʦʥʦʤʠʶ 473014,08 ʪʝʥʛʝ ʚ ʛʦʜ. 

ʆʧʨʝʜʝʣʠʤ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ: 

 ˟̏ ̋
˗̏ ̂̚

˪̏ ̂̚
, ʣʝʪ (3) 

ʛʜʝ: Kʦʙ ɦï ʨʘʟʤʝʨ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ; 

ʕʦʙ ɦï ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʥʘ ʪʦʧʣʠʚʝ. 

˟̏ ̋ ȟ
 10 ʣʝʪ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʧʘʨʢʘ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʠʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʘʚʪʦʤʘʰʠʥʳ, ʥʦ ʠ ʩʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʦ, ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʧʨʦʝʢʪʦʤ ʜʣʷ ʘʚʪʦʧʘʨʢʘ çɹʫʤʝʨè.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʀʥʪʝʨʥʝʪ ʩʘʡʪ WWW.avtomaster.ru. 

2. ʅʘʧʦʣʴʩʢʠʡ ɻ. ʄ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʉʊʆ. ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 2008. 

 

  

http://www.avtomaster.ru/
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ʋʄɽʅʔʐɽʅʀɽ ɼʆʇʆʃʅʀʊɽʃʔʅʓʍ ʇʆʊɽʈʔ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

ʆʊ ʅɽʉʀʄʄɽʊʈʀʀ ʅɸɻʈʋɿʂʀ ʌɸɿ 

ʂʦʚʘʣʝʥʢʦ ɺʣʘʜʠʩʣʘʚ ɸʥʜʨʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤʝʥʠ ʊ. ʌ. ɻʦʨʙʘʯʸʚʘ,  

ʈʌ, ʛ. ʂʝʤʝʨʦʚʦ 

ʉʠʯʝʚʩʢʠʡ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ, ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤʝʥʠ ʊ. ʌ. ɻʦʨʙʘʯʸʚʘ,  

ʈʌ, ʛ. ʂʝʤʝʨʦʚʦ 

ɼʦʣʛʦʧʦʣ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʜʦʮ., ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʸʚʘ,  

ʈʌ, ʛ. ʂʝʤʝʨʦʚʦ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʤʦʪʦʢ çʟʚʝʟʜʘ-ʟʚʝʟʜʘè, çʟʚʝʟʜʘ-ʟʠʛʟʘʛè ʠ çʟʚʝʟʜʘ-ʟʚʝʟʜʘè ʩ ʩʠʤʤʝʪʨʠʨʫʶʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʯʝʪ ʩʨʦʢʘ 

ʦʢʫʧʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʉʋ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ, ʘʥʘʣʠʟ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʉʋ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ɺ ʩʝʪʷʭ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʥʘʛʨʫʟʢʦʡ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʬʘʟʥʳʝ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʜʥʦʬʘʟʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʬʘʟʘʤ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʩʠʤʤʝʪʨʠʷ ʠʟ-ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʝʢʦʩʘ 

ʬʘʟ ʠ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʦʪ ʫʨʘʚʥʠʪʝʣʴʥʳʭ ʪʦʢʦʚ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ çʟʠʛʟʘʛè ʠʣʠ ʩʥʘʙʞʝʥʥʳʭ 

ʩʠʤʤʝʪʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʉʋ). 
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ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 0,4 ʢɺ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ çʟʚʝʟʜʘ-ʟʚʝʟʜʘè 

(Y/Yʥ). ʕʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʚ ʩʝʪʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʦʜʥʦʬʘʟʥʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʩʠʤʤʝʪʨʠʷ ʚ ʠʭ 

ʥʘʛʨʫʟʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʚ ʣʠʥʠʷʭ 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʘʣʠʯʠʝʤ ʪʦʢʦʚ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʥʘʛʨʫʟʢʘ ï ʦʜʥʘ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʦʜʥʦʬʘʟʥʳʭ ʥʘʛʨʫʟʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ Y/Zʥ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ 

ʩʠʤʤʝʪʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʥʝʩʠʤʤʝʪʨʠʠ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ.  

ʊʘʢ ʢʘʢ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʫʩʣʦʚʥʦ ʧʦʩʪʦʷʥʥʳ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʝʨʷʤʠ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʦʠʟʚʝʜʝʤ 

ʩʨʘʚʥʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦ ʧʦʪʝʨʷʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʟʘʚʠʩʷʱʠʤ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 100 ʢɺɸ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʤʦʪʦʢ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʥʘʛʨʫʟʢʝ. 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ.1, ʧʨʠ ʤʘʣʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʟʘʛʨʫʟʢʠ (ʜʦ 0,4) 

ʥʝʩʠʤʤʝʪʨʠʷ ʥʘʛʨʫʟʢʠ (25%) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʪ.ʢ. ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʨʘʙʦʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʠ ʚ ʥʝʤ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ. ʅʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʩʠʤʤʝʪʨʠʝʡ ʥʘʛʨʫʟʢʠ ʬʘʟ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ 30% ʦʪ ʧʦʪʝʨʴ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

Sʥ, ʢɺɸ Iʥʙ 
Pʢ, ɺʪ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ 

Y/Yʥ Y/Zʥ Y/Yʥ ʩ ʉʋ 

100 0 1970 2265 1970 

100 0,1 1941 2127 1854 

100 0,2 2125 2014 1770 

100 0,25 2278 1967 1739 

100 0,3 2492 1926 1716 

100 0,4 3073 1863 1693 

100 0,5 3857 1825 1702 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʂɿ ʦʪ ʚʝʣʠʯʠʥʳ ʫʨʘʚʥʠʪʝʣʴʥʦʛʦ ʪʦʢʘ 

 

ʇʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩʦ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ 

Y/Zʥ ʙʦʣʴʰʝ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ, ʯʝʤ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ, ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʩʠʤʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʪʝʨʴ. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʩʠʤʤʝʪʨʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʧʨʝʚʦʩʭʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ çʟʠʛʟʘʛè ʧʨʠ ʣʶʙʦʤ ʫʨʦʚʥʝ ʥʝʩʠʤʤʝʪʨʠʠ. 

ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʩʠʤʤʝʪʨʠʨʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

(Iʥʙ=0,25). 

ʊʘʙʣʠʮʘ 2. 

ʉʨʘʚʥʝʥʠʝ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʄʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ,  

Sʥ, ʢɺɸ 

ʇʦʪʝʨʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʈʢ, ɺʪ 

Y/Yʥ Y/Zʥ Y/Yʥ ʩ ʉʋ 

25 633 599 530 

40 979 878 777 

63 1450 1278 1130 

100 2278 1967 1739 

160 3272 2645 2339 

250 4665 3694 3266 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 2 (ʨʠʩ. 3) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʩʠʤʤʝʪʨʠʨʫʶʱʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 100 ʢɺɸ ʠ ʚʳʰʝ. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʂɿ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ Iʥʙ = 0,25 

 

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʉʋ ʩ ʙʦʣʴʰʝʡ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʫʜʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʥʘ ʝʜʠʥʠʮʫ ʤʦʱʥʦʩʪʠ.  

 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ, ʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʦʪʝʨʴ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ 
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ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʉʋ ʚ ʩʝʪʷʭ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʉʋ ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʊʄɻ-250/10/0,4 ʋ1 ʋ/ʋʥ-0 ʩʪʦʠʤʦʩʪʴʶ 161 660 ʨʫʙʣʝʡ ʠ 

ʊʄɻʉʋ-250/10/0,4 ʋ1 ʋ/ʋʥ-0 ʩʪʦʠʤʦʩʪʴʶ 191 160 ʨʫʙʣʝʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʤʝʥʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.  

ʕʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʛʦʜ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʄɻʉʋ ʩʦʩʪʘʚʠʪ: 

,44,12430 ʯʢɺʪtPW ʊ Ö=ÖD=D      (1) 

ʛʜʝ: DPʊ ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʨʴ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ɺʪ; t ï ʯʠʩʣʦ ʯʘʩʦʚ, ʯ. 

ʊʘʨʠʬ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʩʝʪʝʚʳʭ 

ʢʦʤʧʘʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ 1,81 ʨʫʙ/ʢɺʪĀʯ. ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʚ ʜʝʥʝʞʥʦʤ 

ʵʢʚʠʚʘʣʝʥʪʝ ʩʦʩʪʘʚʠʪ: 

.,1,22499 ʨʫʙTWʕ ʕʕ=ÖD=D      (2) 

ʛʜʝ: ʊɻ ʵ
 ï ʪʘʨʠʬ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʨʫʙ./ʢɺʪĿʯ. 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʊʄɻʉʋ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʄɻ, ʛʦʜ: 

,3,1
1,22499

29500
ʛʦʜʘ

ʕ

Inv
DP ==

D
=      (3) 

ʛʜʝ: Inv ï ʨʘʟʥʠʮʘ ʦʙʲʝʤʦʚ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʊʄɻʉʋ ʠ ʊʄɻ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʊʄɻʉʋ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʷʭ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ï ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ 

ʥʘʛʨʫʟʢʘ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.online-

electric.ru/articles.php?id=76. 

2. ʉʠʤʤʝʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʉʨʝʜʩʪʚʦ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ 0,4 ʢɺ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.news.elteh.ru/arh/2005/31/14.php. 

  

http://www.online-electric.ru/articles.php?id=76
http://www.online-electric.ru/articles.php?id=76
http://www.news.elteh.ru/arh/2005/31/14.php
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ʉʆɿɼɸʅʀɽ ʊʀʇʆɺʓʍ ʐʂʆʃ ʅʆɺʆɻʆ ʆɹʈɸɿʎɸ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆɼʋʃʔʅʆɻʆ ʇʈʀʅʎʀʇɸ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʂʦʨʦʚʠʥʘ ɽʢʘʪʝʨʠʥʘ ʀʛʦʨʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 
ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʉʪʨʦʠʪʝʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè (ʅʀʋ ʄɻʉʋ), 
ʈʌ, ʛ. ʄʦʩʢʚʘ 

ʇʷʪʥʠʮʢʘʷ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ  
ʠ ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘè, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  
çʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʉʪʨʦʠʪʝʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè (ʅʀʋ ʄɻʉʋ),  
ʈʌ, ʛ. ʄʦʩʢʚʘ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʦʚʴ ʩʪʨʦʷʱʠʭʩʷ ʟʜʘʥʠʡ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʦʝʢʪʘʤ 

ʠ ʧʨʦʝʢʪʘʤ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ 

ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʤʘʪʝʨʠʘʣʴʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʤʝʩʪʠʤʦʩʪʠ ʟʜʘʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʤʦʜʫʣʴʥʦʩʪʠ ʠ 

ʟʜʘʥʠʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʤ ʟʜʘʥʠʶ ʩʦʭʨʘʥʷʪʴ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʩ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʥʝ ʫʩʪʘʨʝʚʘʪʴ ʤʦʨʘʣʴʥʦ, ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʥʫʞʜ ʤʝʥʷʶʱʠʭʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ 

çʉʦʜʝʡʩʪʚʠʝ ʩʦʟʜʘʥʠʶ ʚ ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʠʩʭʦʜʷ ʠʟ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʦʡ ʧʦʪʨʝʙʥʦʩʪʠ) ʥʦʚʳʭ ʤʝʩʪ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭè ʥʘ 

2015ï2025 ʛʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʫʯʝʥʠʷʤʠ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 5 ʜʝʢʘʙʨʷ 2014ʛ. ˉ ʇʨ-2821 ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 
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ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 8 ʜʝʢʘʙʨʷ 2014 ʛ. ˉ ɼʄ-ʇ13-9024 ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʪʠʧʦʚʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʘʥʠʪʘʨʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤʘʪʠʚʦʚ. 

ʂʦʤʧʣʝʢʪʦʚʘʥʠʝ ʟʜʘʥʠʷ ʰʢʦʣʳ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ. 

1. ʉʫʱʝʩʪʚʫʶʪ ʙʘʟʦʚʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʠʧʳ ʤʦʜʫʣʝʡ. 

2. ɹʘʟʦʚʳʝ ʢʦʤʧʦʥʦʚʢʠ ʟʜʘʥʠʡ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʪʦʚʘʪʴ ʠʟ ʦʩʥʦʚʥʳʭ 

ʤʦʜʫʣʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʟ 

ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʝʡ ʥʘ ʨʘʟʥʳʭ ʩʪʫʧʝʥʷʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʱʝʡ ʥʘʧʦʣʥʷʝʤʦʩʪʠ ʠ 

ʥʘʣʠʯʠʷ ʧʨʦʬʠʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʦʞʝʣʘʥʠʡ ɿʘʢʘʟʯʠʢʘ.  

3. ɺ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʰʢʦʣʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʝ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ, ʧʫʪʝʤ 

ʧʨʠʩʪʨʘʠʚʘʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʪʠʭ ʤʦʜʫʣʝʡ ʢ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʦʙʲʝʢʪʫ. 

4. ʄʦʜʫʣʴ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ, ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʝ ʟʜʘʥʠʝ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʦʜʫʣʷ ʚ ʟʜʘʥʠʠ ʰʢʦʣʳ. ɼʣʷ ʢʘʞʜʦʡ ʰʢʦʣʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʜʫʣʷ ʜʦʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

5. ʂʘʞʜʳʡ ʫʯʝʙʥʳʡ ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʪʜʝʣʴʥʳʡ ʚʭʦʜ ʩ ʫʣʠʮʳ.  

6. ʎʝʥʪʨʘʣʴʥʳʡ ʚʭʦʜ ʞʝʣʘʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʚ ʦʙʱʝʰʢʦʣʴʥʦʤ ʘʪʨʠʫʤʝ, 

ʚʦʢʨʫʛ ʘʪʨʠʫʤʘ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʦʙʱʘʷ ʢʦʤʧʦʟʠʮʠʷ ʠʟ ʤʦʜʫʣʝʡ (ʫʯʝʙʥʳʭ ʠ 

ʦʙʱʝʰʢʦʣʴʥʳʭ).  

ʃʠʥʝʡʥʘʷ ʠ ʨʘʜʠʘʣʴʥʘʷ ʢʦʤʧʦʥʦʚʢʠ. 

ʂʦʤʧʦʥʦʚʢʘ ʤʦʜʫʣʝʡ ʚ ʝʜʠʥʦʝ ʰʢʦʣʴʥʦʝ ʟʜʘʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ 

ʣʠʥʝʡʥʦʡ ʠʣʠ ʨʘʜʠʘʣʴʥʦʡ ʩʭʝʤʝ. 

ɺ ʣʠʥʝʡʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʤʦʜʫʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʧʨʦʪʷʞʝʥʥʦʛʦ 

ʘʪʨʠʫʤʘ. ɼʘʥʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʪʜʝʣʴʥʳʭ ʚʭʦʜʦʚ ʚ ʤʦʜʫʣʠ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʮʝʣʴʶ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʦʜʫʣʝʡ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʥʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʞʢʦʚ 

ʠ ʩʝʢʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʣʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʦʩʥʦʚʝ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ ʞʠʪʝʣʝʡ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ. 

ɺ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʤʦʜʫʣʠ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʢʦʤʧʘʢʪʥʦ ʚʦʢʨʫʛ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʚʦʨʠʢʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʘʪʨʠʫʤʦʤ, ʠ ʷʚʣʷʶʱʝʛʦʩʷ ʮʝʥʪʨʦʤ 

ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʥʫʪʨʝʥʥʠʡ ʜʚʦʨʠʢ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʢʣʶʯʘʪʴ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʩʨʝʜʩʪʚʘʤ ʫʩʪʘʥʦʚʢʠ ʚ ʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʪʜʳʭʘ, ʫʣʠʯʥʳʭ ʪʨʝʥʘʞʝʨʦʚ, ʠʛʨʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʦʟʤʦʞʥʦ ʪʘʢ ʞʝ 

ʫʩʪʨʦʡʩʪʚʦ ʟʠʤʥʝʛʦ ʩʘʜʘ, ʪʝʧʣʠʮ, ʮʚʝʪʥʠʢʦʚ ʠʣʠ ʰʢʦʣʴʥʦʛʦ ʦʛʦʨʦʜʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠ ʫʭʦʜʘ ʟʘ ʨʘʩʪʝʥʠʷʤʠ.  

ʂʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʠʧʦʚʳʭ ʤʦʜʫʣʝʡ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʟʜʘʥʠʡ ʰʢʦʣ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʪʠʧʦʚʳʭ ʤʦʜʫʣʝʡ. ʇʨʠʥʮʠʧ 

ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʣʘʩʩʦʚ ʠʣʠ ʜʨʫʛʠʭ ʧʦʤʝʱʝʥʠʡ ʙʣʠʟʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʦʜʥʫ 

ʫʯʝʙʥʫʶ ʝʜʠʥʠʮʫ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ) 

ʩʪʨʫʢʪʫʨʦʡ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪ 2 ʜʦ 6 ʧʦʤʝʱʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʪʠʧʦʚʦʡ ʤʦʜʫʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʥʠʨʦʚʦʯʥʫʶ ʷʯʝʡʢʫ ʟʜʘʥʠʷ, ʥʘʜʝʣʝʥʥʫʶ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʥʦ ʠʤʝʶʱʫʶ ʛʠʙʢʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʰʢʦʣʳ ʠʣʠ ʧʝʜʘʛʦʛʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʚʦʛʦ ʤʦʜʫʣʷ ʨʘʟʨʘʙʦʪʘʥʳ ʧʣʘʥʠʨʦʚʦʯʥʘʷ ʩʭʝʤʘ, ʩʦʩʪʘʚ 

ʧʦʤʝʱʝʥʠʡ ʤʦʜʫʣʷ, ʦʧʠʩʘʥʠʝ ʤʦʜʫʣʷ, ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʠʣʣʶʩʪʨʘʮʠʠ 

ʧʦ ʚʘʨʠʘʥʪʘʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʜʫʣʷ, ʨʘʟʤʝʱʝʥʠʶ ʝʛʦ ʥʘ ʵʪʘʞʘʭ ʟʜʘʥʠʷ. 

ʊʠʧʦʚʳʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ 

ʨʝʰʝʥʠʷ ʟʜʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʰʢʦʣʳ.  

ʋʯʝʙʥʳʝ ʤʦʜʫʣʠ. 

ʋʯʝʙʥʳʝ ʤʦʜʫʣʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʛʨʫʧʧʦʚʳʭ ʠ/ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʥʷʪʠʡ, ʢʘʙʠʥʝʪʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʩʮʠʧʣʠʥ, 
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ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʟʘʥʷʪʠʡ ʚ ʢʦʤʘʥʜʝ (ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ), ʦʪʢʨʳʪʳʝ 

ʫʯʝʙʥʳʝ ʟʦʥʳ ʠ ʟʦʥʳ ʧʨʦʜʣʸʥʥʦʛʦ ʜʥʷ, ʘ ʪʘʢ ʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʦʪʢʨʳʪʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʧʦʥʷʪʥʦʡ ʫʯʘʱʝʤʫʩʷ ʩʪʨʫʢʪʫʨʦʡ. 

ʊʨʘʥʩʬʦʨʤʠʨʫʝʤʳʝ ʫʯʝʙʥʳʝ ʠ ɸʈʊ-ʤʦʜʫʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʞʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʣʘʩʩʘʤʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʥʠ ʤʦʛʫʪ 

ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʫʯʝʙʥʳʝ ʟʦʥʳ ʠ ʢʘʙʠʥʝʪʳ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʧʦʤʦʱʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʧʝʨʝʜʚʠʞʥʦʡ ʤʝʙʝʣʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʢʦʥʮʝʧʮʠʠ ʦʩʥʦʚʥʳʝ ʫʯʝʙʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ (ʢʦʨʠʜʦʨʳ, ʨʝʢʨʝʘʮʠʠ) 

ʧʣʦʱʘʜʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʅʝ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦʝ 

ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʢʣʘʩʩʘ ʠ ʢʦʨʠʜʦʨʘ. 

ʋʯʝʙʥʳʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ, ʪ.ʝ. ʚʦʟʤʦʞʥʘ ʟʘʤʝʥʘ 

ʤʦʜʫʣʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʛʘʙʘʨʠʪʘʤ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʚʳʧʦʣʥʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʰʢʦʣʳ. 

ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʫʯʠʪʝʣʷ.  

ɿʘʜʘʯʠ ʫʯʠʪʝʣʝʡ ʠ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʥʠʭ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ 

ʧʦʣʥʦʛʦ ʜʥʷ, ʪʘʢ ʞʝ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʅʘ ʩʤʝʥʫ ʫʯʠʪʝʣʴʩʢʠʤ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʢʘʙʠʥʝʪʘʤ ʜʦʣʞʥʳ ʧʨʠʡʪʠ ʢʘʬʝʜʨʳ, ʩ ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ ʠ ʤʝʩʪʘʤʠ ʨʘʙʦʪʳ ʚ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧʘʭ, ʛʜʝ ʫʯʠʪʝʣʷ ʤʦʛʫʪ 

ʛʦʪʦʚʠʪʴʩʷ ʢ ʫʨʦʢʘʤ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʚʝʜʝʥʥʳʝ ʟʘʥʷʪʠʷ ʠ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʳ 

ʫʯʝʥʠʢʦʚ. ʇʨʠ ʢʘʬʝʜʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʝʥʠʝ ʧʦʜʩʦʙʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ ʠ ʢʦʤʥʘʪʳ ʦʪʜʳʭʘ (ʚʦʟʤʦʞʥʦ ʨʘʟʤʝʱʝʥʠʝ ʚ 

ʥʝʡ ʯʘʡʥʦʡ ʢʫʭʥʠ).  

ɸʢʪʦʚʳʡ ʟʘʣ 

ɸʢʪʦʚʳʡ ʠʣʠ ʟʨʠʪʝʣʴʥʳʡ ʟʘʣ ï ʵʪʦ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʚ ʰʢʦʣʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʘʟʜʥʠʢʦʚ, ʪʚʦʨʯʝʩʢʠʭ ʚʝʯʝʨʦʚ, ʦʪʯʝʪʥʳʭ ʢʦʥʮʝʨʪʦʚ ʠ ʪ.ʧ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 
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ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʟʨʠʪʝʣʴʥʦʛʦ ʟʘʣʘ ʷʚʣʷʶʪʩʷ ʩʮʝʥʘ ʠ ʟʘʩʮʝʥʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʪʘʢʞʝ ʛʨʠʤʝʨʥʳʝ, ʢʦʩʪʶʤʝʨʥʳʝ, ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʜʝʢʦʨʘʮʠʡ ʠ ʪ.ʧ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʟʘʣʘ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ, ʚʦʟʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʢʣʘʩʩʦʚ-

ʩʪʫʜʠʡ ʀɿʆ, ʤʫʟʳʢʠ ʠ ʜʨʫʛʠʭ ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʪʚʦʨʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. ʇʨʠ 

ʦʙʲʝʜʠʥʝʥʠʠ ʟʨʠʪʝʣʴʥʦʛʦ ʟʘʣʘ, ʢʘʙʠʥʝʪʦʚ ʀɿʆ, ʤʫʟʳʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (ʧʨʠ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ï ʧʨʠʢʣʘʜʥʦʝ ʪʚʦʨʯʝʩʪʚʦ) ʚ ʝʜʠʥʳʡ ɸʈʊ-ʤʦʜʫʣʴ, ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʦʤʝʱʝʥʠʡ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʥʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʧʝʪʠʮʠʦʥʥʳʭ ʟʘʣʦʚ ʠ ʩʪʫʜʠʡ, ʤʘʩʪʝʨʩʢʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʢʦʨʘʮʠʡ 

ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʠ ʜʨʫʛʠʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʟʘʥʷʪʠʡ.  

ʉʪʦʣʦʚʘʷ  

ʄʦʜʫʣʠ ʩʪʦʣʦʚʳʭ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʠʪʘʥʠʷ ʫʯʘʱʠʭʩʷ: 

1. ʉʪʦʣʦʚʘʷ ʥʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ (ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʠʪʘʥʠʷ ʫʯʘʱʠʭʩʷ 1ï11 

ʢʣʘʩʩʦʚ) 

2. ʉʪʦʣʦʚʘʷ ʩ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ (ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʠʪʘʥʠʷ ʫʯʘʱʠʭʩʷ 1ï11 ʢʣʘʩʩʦʚ) 

3. ʉʪʦʣʦʚʘʷ ʩ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ ʠ ʨʘʟʜʝʣʴʥʳʤʠ 

ʢʫʭʥʷʤʠ (ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʜʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʜʦʰʢʦʣʴʥʠʢʦʚ ʠ ʫʯʘʱʠʭʩʷ 1ï

11 ʢʣʘʩʩʦʚ). ɺ ʪʘʢʠʭ ʩʪʦʣʦʚʳʭ ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʷ ʙʣʦʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʦʤʝʱʝʥʠʡ (ʢʣʘʜʦʚʳʝ, ʭʦʣʦʜʠʣʴʥʳʝ ʢʘʤʝʨʳ, ʨʘʟʛʨʫʟʦʯʥʳʝ, ʙʳʪʦʚʳʝ 

ʧʦʤʝʱʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʮʝʭʘ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ) ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʦʪʦʢʦʚ ʧʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʧʠʱʠ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ.  

ɹʠʙʣʠʦʪʝʢʘ-ʤʝʜʠʘʪʝʢʘ 

ʉʦʚʨʝʤʝʥʥʳʡ ʬʦʨʤʘʪ ʙʠʙʣʠʦʪʝʢʠ ï ʤʝʜʠʘʪʝʢʘ ï ʵʪʦ ʤʥʦʛʦʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʘʙʦʪʳ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ; 

ʭʨʘʥʝʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ ʫʯʝʙʥʳʭ ʠ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʩ ʨʫʙʨʠʢʘʮʠʝʡ ʧʦ ʧʨʝʜʤʝʪʘʤ; ʭʨʘʥʝʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ 

ʫʯʝʙʥʳʭ ʠ ʩʧʨʘʚʦʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ 
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(ʩʪʘʪʝʡ, ʢʥʠʛ, ʨʘʙʦʪ ʫʯʘʱʠʭʩʷ); ʜʦʩʪʫʧ ʢ ʜʨʫʛʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ 

(ʩʦʪʨʫʜʥʠʢʠ ʠ ʫʯʘʱʠʝʩʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʨʦʩʩʠʡʩʢʠʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ ʠ ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʘʤ); ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ, ʚʠʜʝʦʭʨʦʥʠʢ 

ʰʢʦʣʳ (ʚʠʜʝʦ-ʣʝʪʦʧʠʩʠ); ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʝʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʥʳʤ ʟʘʧʨʦʩʘʤ; ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʣʶʙʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʧʦʨʪʠʚʥʳʝ ʤʦʜʫʣʠ  

ʄʦʜʫʣʠ ʩʧʦʨʪʠʚʥʳʭ ʟʘʣʦʚ ʚʳʧʦʣʥʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ ï ʩ ʟʘʣʘʤʠ 

9ʭ18 ʠ 12ʭ24ʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʣʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʬʠʟʢʫʣʴʪʫʨʳ (ʠʟ ʨʘʩʯʝʪʘ 5ʤĮ ʥʘ ʟʘʥʠʤʘʶʱʝʛʦʩʷ) ʠ ʢʣʘʩʩʦʚ ʜʣʷ 

ʟʘʥʷʪʠʡ ʰʘʭʤʘʪʘʤʠ (ʜʣʷ ʜʣʠʪʝʣʴʥʦ ʠ ʚʨʝʤʝʥʥʦ ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʫʯʘʱʠʭʩʷ). ɼʣʷ 

ʩʧʝʮ ʛʨʫʧʧ ʠ ʦʩʚʦʙʦʞʜʸʥʥʳʭ ʦʪ ʟʘʥʷʪʠʡ ʘʢʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʩʧʦʨʪʘ ʫʯʘʱʠʭʩʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʜʝʚʘʣʢʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʰʢʘʬʯʠʢʘʤʠ, ʥʦ ʙʝʟ 

ʜʫʰʝʚʳʭ. ʊʘʢʠʝ ʨʘʟʜʝʚʘʣʢʠ ʤʦʛʫʪ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʘʱʠʤʠʩʷ ʤʣʘʜʰʠʭ 

ʢʣʘʩʩʦʚ  

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʧʦʤʝʱʝʥʠʷ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʧʦʤʝʱʝʥʠʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ 

ʩʦʩʪʘʚ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚʥʫʪʨʴ 

ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ ʠʣʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʫʯʝʙʥʳʤ ʤʦʜʫʣʷʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʢʦʤʧʦʥʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʟʜʘʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ. 

ɺʳʚʦʜ 

ɿʜʘʥʠʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʩ ʫʯʝʪʦʤ 

ʧʨʠʥʮʠʧʘ ʤʦʜʫʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʚʘʪʴ ʢʘʢ çʙʘʟʦʚʳʝè ʢʦʤʧʦʥʦʚʢʠ ʟʜʘʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʪʘʢ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʢʦʤʧʦʥʦʚʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ (çʦʧʮʠʦʥʥʳʝè) ʤʦʜʫʣʠ ʧʦ ʞʝʣʘʥʠʶ ɿʘʢʘʟʯʠʢʘ. ʇʨʠʥʮʠʧ ʤʦʜʫʣʴʥʦʩʪʠ 

ʤʦʞʝʪʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ 
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ʟʜʘʥʠʷ, ʥʦ ʠ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʤʦʜʫʣʝʡ). ɸ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʤ 

ʢʦ ʚʩʝʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʟʜʘʥʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʣʠʢʣʠʥʠʢʠ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ 

ʮʝʥʪʨʳ, ʙʠʙʣʠʦʪʝʢʠ, ʙʘʩʩʝʡʥʳ, ʩʧʦʨʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʮʝʥʪʨʳ ʜʦʰʢʦʣʴʥʦʛʦ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʝʡ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ 

ʤʦʜʫʣʴʥʦʩʪʠ ʪʘʢ ʞʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʥʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʦʙʱʝʝ 

ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʟʘ ʩʯʝʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʝʨʝʥʥʳʭ ʨʝʰʝʥʠʡ. 
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ʈʌ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚʫʟʦʚ ï ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʦʙʦ ʦʩʪʨʦ ʵʪʦʪ ʚʦʧʨʦʩ ʚʩʪʘʝʪ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʘʜʘʧʪʘʮʠʠ ʢ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ.  

ʋʥʠʚʝʨʩʠʪʝʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʪʨʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʥʘʣʠʯʠʠ ʢʦʪʦʨʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ 

ʨʦʩʩʠʡʩʢʘʷ ʵʢʦʥʦʤʠʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʨʦʩʩʠʡʩʢʠʭ 

ʚʫʟʦʚ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʜʨʘʭ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʣʝʞʘʱʝʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʠʭ ʧʦʜʛʦʪʦʚʢʠ, ʘ 

ʪʘʢʞʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʤʝʶʱʝʡʩʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʘʟʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʠʭʩʷ ʧʨʦʪʠʚʦʨʝʯʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʘʤʧʫʩʦʚ ʜʣʷ ʢʨʫʧʥʳʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʜ ʢʘʤʧʫʩʦʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ, ʢʦʤʧʣʝʢʩ 

ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʟʘʢʨʝʧʣʝʥʥʳʭ ʟʘ ʚʫʟʦʤ, ʠʣʠ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ (ʩʪʫʜʝʥʯʝʩʢʠʡ ʠʣʠ ʠʥʩʪʠʪʫʪʩʢʠʡ) ʛʦʨʦʜʦʢ, ʧʦ-ʜʨʫʛʦʤʫ. ʉʦ 

ʚʨʝʤʝʥ ʉʉʉʈ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʦʨʦʜʢʦʚ 

ʨʘʟʤʝʱʘʝʪʩʷ ʣʠʰʴ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʟʜʘʥʠʡ: ʫʯʝʙʥʳʝ ʢʦʨʧʫʩʘ, ʦʙʱʝʞʠʪʠʷ, 
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ʩʧʦʨʪʢʦʤʧʣʝʢʩ, ʩʪʦʣʦʚʘʷ ʠ ʟʦʥʘ ʦʪʜʳʭʘ. ʆʜʥʘʢʦ ʵʪʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʷʚʣʷʝʪʩʷ ʥʝ 

ʩʦʚʩʝʤ ʚʝʨʥʦʡ, ʠ ʠʥʪʝʨʝʩʦʚʘʪʴ ʥʘʩ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʘʷ. 

ʇʦʥʷʪʠʝ ʢʘʤʧʫʩʘ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʉʐɸ, ʩʣʦʚʦ ñcampusò ʠʤʝʝʪ 

ʣʘʪʠʥʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʦʙʦʟʥʘʯʘʣʦ çʧʦʣʝè, çʦʪʢʨʳʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè). 

ɺʧʝʨʚʳʝ ʢʘʤʧʫʩʦʤ ʥʘʟʚʘʣʠ ʪʝʨʨʠʪʦʨʠʶ, ʟʘʢʨʝʧʣʝʥʥʫʶ ʟʘ ʇʨʠʥʩʪʦʥʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʝʱʝ ʚ XVIII  ʚʝʢʝ [1]. ʉʪʫʜʝʥʯʝʩʢʠʝ ʢʘʤʧʫʩʳ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʠʤʝʶʪ ʦʯʝʥʴ ʨʘʟʚʠʪʫʶ ʩʣʦʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʂʨʦʤʝ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ, ʢʘʤʧʫʩʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ. ʇʦ ʩʫʪʠ, ʵʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʦʙʦʩʦʙʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʣʠʙʦ ʚʫʟʫ, 

ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʰʝʭʦʜʥʦʝ. 

ʂʘʤʧʫʩʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ: 

¶ ʧʦʤʝʱʝʥʠʷ ʦʩʥʦʚʥʳʭ ʫʯʝʙʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʚʳʩʰʠʭ ʢʦʣʣʝʜʞʝʡ, 

ʬʘʢʫʣʴʪʝʪʦʚ ʠ ʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʫʯʝʙʥʳʝ ʘʫʜʠʪʦʨʠʠ); 

¶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ, ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʮʝʥʪʨʳ; 

¶ ʥʘʫʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ; 

¶ ʩʪʨʫʢʪʫʨʳ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʢʘ ð ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨ, ʦʬʠʩ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʅʀʆʂʈ, ʠʥʞʝʥʝʨʥʳʡ ʮʝʥʪʨ; 

¶ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; 

¶ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ; 

¶ ʩʧʦʨʪʠʚʥʦ-ʫʯʝʙʥʳʡ ʢʦʤʧʣʝʢʩ, ʙʘʩʩʝʡʥ, ʩʪʘʜʠʦʥ; 

¶ ʢʦʥʛʨʝʩʩ-ʮʝʥʪʨ ʠ ʢʦʥʮʝʨʪʥʳʡ ʟʘʣ; 

¶ ʩʪʦʣʦʚʳʝ ʠ ʠʥʳʝ ʦʙʲʝʢʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ; 

¶ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʠʣʠ ʦʪʨʘʩʣʝʚʦʡ ʤʫʟʝʡ; 

¶ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʤʧʫʩ ï ʵʪʦ ʦʙʦʩʦʙʣʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ 

ʫʥʠʚʝʨʩʠʪʝʪʫ, ʢʦʣʣʝʜʞʫ ʠʣʠ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʣʝʩʦʧʘʨʢʦʚʦʡ 

ʠʣʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʝ ʠ ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʫʯʝʙʥʳʝ ʢʦʨʧʫʩʘ, ʛʦʩʪʠʥʠʮʫ, 

ʢʦʪʪʝʜʞʥʳʡ ʛʦʨʦʜʦʢ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 
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ʠʥʩʪʠʪʫʪʳ, ʩʪʫʜʝʥʯʝʩʢʠʝ ʦʙʱʝʞʠʪʠʷ, ʣʘʙʦʨʘʪʦʨʠʠ, ʙʠʙʣʠʦʪʝʢʠ, ʩʪʦʣʦʚʳʝ, 

ʩʧʦʨʪʠʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʢʘ, 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦʩʣʝʜʠʧʣʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʠʣʠ ʦʪʨʘʩʣʝʚʦʡ 

ʤʫʟʝʡ, ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʮʝʥʪʨʳ, ʘ ʪʘʢʞʝ ʤʘʛʘʟʠʥʳ, ʙʘʨʳ, 

ʢʘʬʝ[2]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʘʤʧʫʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʪʘʪʴ 

ʮʝʥʪʨʦʤ ʥʘʫʯʥʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʩʦʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʠʟʫʯʝʥʠʶ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʜʘʥʥʦʛʦ ʚʠʜʘ [3]. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʵʪʦʡ ʪʝʤʝ ʥʝ ʫʜʝʣʷʝʪʩʷ, ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦʦʨʫʞʝʥʠʡ ʜʘʚʥʦ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʣʘʩʴ ʠ 

ʫʩʪʘʨʝʣʘ. ʇʦʩʦʙʠʝ ʢ ʉʅʠʇ 2.08.02-89 çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʮʝʥʪʨʦʚè ʩʦʜʝʨʞʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʥʦʨʤʳ, ʫʩʪʘʨʝʚʰʠʝ ʠ ʥʝʘʢʪʫʘʣʴʥʳʝ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ [4]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʠʜʝʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ 

ʛʦʨʦʜʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦʧʫʣʷʨʥʦʡ. ʅʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʝʥʥʳʡ 

ʥʝʜʘʚʥʦ ʚ ʄʦʩʢʚʝ ʢʘʤʧʫʩ ʰʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ çʉʢʦʣʢʦʚʦè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʜʢʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʩʦʝʜʠʥʷʶʱʝʝ ʥʝʩʢʦʣʴʢʦ ʢʦʨʧʫʩʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʧʣʘʥʠʨʦʚʢʝ, ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʥʝ ʚʳʭʦʜʷ ʥʘ 

ʫʣʠʮʫ. ɿʜʝʩʴ ʝʩʪʴ ʣʝʢʮʠʦʥʥʳʝ ʟʘʣʳ, ʘʫʜʠʪʦʨʠʠ, ʥʝʩʢʦʣʴʢʦ ʢʘʬʝ ʠ ʨʝʩʪʦʨʘʥʦʚ, 

ʙʠʙʣʠʦʪʝʢʘ, ʙʦʣʴʰʦʡ ʩʧʦʨʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, ʛʦʩʪʠʥʠʮʘ, ʢʦʪʪʝʜʞʥʳʡ ʛʦʨʦʜʦʢ 

ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ [5]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʤʧʫʩ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʥʠʨʦʚʢʫ, ʝʛʦ ʪʝʨʨʠʪʦʨʠʷ 

ʦʪʜʝʣʝʥʘ ʦʪ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ, ʧʨʠʥʷʪʦ ʨʘʟʤʝʱʘʪʴ ʢʘʤʧʫʩʳ ʚ ʨʝʢʨʝʘʮʠʦʥʥʦʡ 

ʠʣʠ ʣʝʩʦʧʘʨʢʦʚʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ, ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʦʙʲʝʢʪʳ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʛʫʪ ʠʤʝʪʴ ʠ ʜʨʫʛʠʝ ʧʨʠʥʮʠʧʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʘʤʧʫʩʦʚ ʚ ʛʦʨʦʜʩʢʦʡ ʧʣʘʥʠʨʦʚʢʝ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʤʳ ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ: 

¶ ʛʦʨʦʜʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ; 
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¶ ʛʦʨʦʜʩʢʠʝ ʣʦʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ (ʢʘʤʧʫʩʥʦʛʦ) ʪʠʧʘ; 

¶ ʟʘʛʦʨʦʜʥʳʝ (ʧʨʠʛʦʨʦʜʥʳʝ) ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʢʘʤʧʫʩʳ. 

ʇʝʨʚʳʡ ʪʠʧ: ʛʦʨʦʜʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʪʠʧʘ. ʇʦ ʩʚʦʝʡ 

ʩʫʪʠ ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʢʘʤʧʫʩ, ʘ ʢʦʤʧʣʝʢʩ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʟʜʘʥʠʡ ʠ 

ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʨʝʜʝ ʛʦʨʦʜʘ. ʇʨʠʤʝʨʦʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ ʠ ɽʚʨʦʧʳ. ɸʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠʤʝʶʪ ʠʤʝʥʥʦ ʪʘʢʦʡ ʪʠʧ ʢʘʤʧʫʩʦʚ. 

ɺʪʦʨʦʡ ʪʠʧ: ʛʦʨʦʜʩʢʠʝ ʣʦʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʤʧʫʩʳ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʝ. ʆʙʦʩʦʙʣʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ, ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʧʦʠʩʢʦʤ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʊʨʝʪʠʡ ʪʠʧ: ʟʘʛʦʨʦʜʥʳʝ (ʧʨʠʛʦʨʦʜʥʳʝ) ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʢʘʤʧʫʩʳ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʠ ʵʬʬʝʢʪʠʚʥʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʯʝʨʪʦʡ ʛʦʨʦʜʘ 

ʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʪʠʧʘʤʠ 

ʢʘʤʧʫʩʦʚ. 

ʈʘʟʤʝʱʝʥʠʝ ʫʯʝʙʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʛʦʨʦʜʝ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʞʠʣʦʡ ʟʦʥʳ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʣʦʱʘʜʠ. ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʘʨʢʦʚʦʡ ʟʦʥʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʢʨʳʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʪʠʧʳ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɹʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʪʠʧʦʣʦʛʠʷ ʨʘʟʤʝʱʝʥʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʩʠʪ ʚʝʩʴʤʘ ʨʘʟʤʳʪʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ ʁʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʝʨʚʦʤʫ ʠ 

ʚʪʦʨʦʤʫ ʪʠʧʘʤ, ʘ ʥʦʚʳʝ ʟʜʘʥʠʷ ʜʣʷ ʝʛʦ ʨʘʟʚʠʪʠʷ ʩʦʟʜʘʶʪʩʷ ʧʦ ʪʨʝʪʴʝʤʫ ʪʠʧʫ ʟʘ 

ʯʝʨʪʦʡ ʛʦʨʦʜʘ [6]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʢʘʤʧʫʩʦʚ: 
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¶ ʢʣʘʩʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʰʝʭʦʜʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʚʩʝʭ ʩʦʦʨʫʞʝʥʠʡ ʢʦʤʧʣʝʢʩʘ; 

¶ ʥʘʣʠʯʠʝ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ; 

¶ ʦʨʛʘʥʠʟʘʮʠʷ ʛʠʙʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʝʨʝʧʣʘʥʠʨʦʚʢʫ; 

¶ ʥʝʨʝʛʫʣʷʨʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʟʜʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ; 

¶ ʚʳʜʝʣʝʥʠʝ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʮʝʥʪʨʝ ʢʘʤʧʫʩʘ; 

¶ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʤʧʫʩʘ ʚ ʞʠʚʦʧʠʩʥʦʡ ʣʘʥʜʰʘʬʪʥʦʡ ʩʨʝʜʝ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʨʝʰʝʥʠʡ; 

¶ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʘʤʧʫʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʟʘ ʨʫʙʝʞʦʤ ʭʘʨʘʢʪʝʨʥʦ 

ʙʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʠ ʥʘ ʫʨʦʚʥʝ 

ʛʝʥʧʣʘʥʘ, ʠ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʡ ʞʠʣʦʡ ʷʯʝʡʢʠ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʢʘʤʧʫʩʳ ʠʤʝʶʪ ʨʘʟʚʠʪʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʥʝʦʙʳʯʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʦʙʨʘʟ. ʇʨʦʝʢʪʥʘʷ 

ʠʜʝʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪ ʠʜʝʶ ʫʜʦʙʥʦʛʦ ʠ ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʣʠʱʘ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʩʪʘʥʦʚʠʪʩʷ ʚʳʜʝʣʝʥʠʝ 

ʣʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʱʝʛʦʩʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʝʛʦ 

ʠʥʪʝʨʝʩʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʧʝʰʥʦʤʫ ʨʘʟʚʠʪʠʶ ʣʠʯʥʦʩʪʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʘʤʧʫʩʘ ʧʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʮʝʣʦʩʪʥʦʡ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʨʠʝʤʦʚ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʤʧʫʩʦʚ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʝʜʠʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʢʦʤʧʣʝʢʩʘ, 

ʦʙʦʙʱʝʥʠʝ ʬʦʨʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʨʠʫʤʥʦʡ ʧʣʘʥʠʨʦʚʢʠ 

ʧʦʤʝʱʝʥʠʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʚʷʟʠ 

ʦʙʲʝʤʦʚ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʮʝʣʦʩʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʥ 

ʪʘʢʞʝ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʧʨʠʥʮʠʧʘʤ ʵʩʪʝʪʠʢʠ. ʆʙʨʘʟ ʟʜʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ 

ʟʘʧʦʤʠʥʘʶʱʠʤʩʷ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʣʘʢʦʥʠʯʥʳʤ ʠ 
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ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʘʶʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʟʘʤʳʩʣʦʚ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ʇʦʜʭʦʜʷ ʢ ʚʳʙʦʨʫ 

ʮʚʝʪʦʚʦʛʦ ʨʝʰʝʥʠʷ ʩʪʦʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʪʨʦʛʦʩʪʠ ʠ ʤʨʘʯʥʦʩʪʠ, ʪʘʢʞʝ ʚʘʞʥʦ 

ʦʩʪʝʨʝʛʘʪʴʩʷ ʠʟʙʳʪʦʯʥʦʡ ʷʨʢʦʩʪʠ ʮʚʝʪʦʚ. 

ʇʨʦʙʣʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʯʝʩʢʠʭ ʢʘʤʧʫʩʦʚ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʘ ʚʚʠʜʫ ʦʙʦʩʪʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʘʤʧʫʩʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʨʷʜʘ ʚʘʞʥʳʭ ʟʘʜʘʯ: ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʧʣʘʥʠʨʦ-

ʚʦʯʥʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 
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ʄɽʊɸɼɸʅʅʓɽ ɼʀʅɸʄʀʏɽʉʂʀʍ ʋʏɽɹʅʓʍ ʆɹʒɽʂʊʆɺ  

ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʆɹʋʏɸʖʑɽʁ ʉʀʉʊɽʄɽ MATCH -BRIDGE 

ɼʘʚʣʝʪʰʠʥ ɼʘʤʠʨ ʈʘʚʠʣʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ,  

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

ʄʝʜʚʝʜʝʚʘ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮ. ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ, 

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʥʘʩʪʨʦʡʢʠ ʤʝʪʘʜʘʥʥʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ Math-Bridge, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʦʙʫʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʢʝ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ. ʅʘʯʠʥʘʷ ʩ 2015 ʛʦʜʘ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʘʙʦʪʳ 

ʧʦ ʦʩʚʦʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʝʥʪʘ ʚ ʩʠʩʪʝʤʝ Math-

Bridge ʚʝʜʫʪʩʷ ʢʦʣʣʝʢʪʠʚʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ 

ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʊɽʄʇʋʉ ï ʄɽʊɸʄɸʊʅ ˉ 543851 

ï TEMPUS-1-2013-1-DE-TEMPUS-JPCR çʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚ 

ʈʦʩʩʠʠè [1, ʩ. 447].  

ʉʠʩʪʝʤʘ Math-Bridge ï ʧʝʨʚʘʷ ʦʙʱʝʝʚʨʦʧʝʡʩʢʘʷ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʦʥʣʘʡʥ-ʨʝʞʠʤʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʤʝʩʪʥʳʤʠ 

ʫʩʠʣʠʷʤʠ ʜʝʚʷʪʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠʟ ʩʝʤʠ ʩʪʨʘʥ ɽʚʨʦʧʳ. ʂʦʦʨʜʠʥʘʪʦʨʦʤ ʠ 

ʛʣʘʚʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʧʨʦʝʢʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ Math-Bridge ʷʚʣʷʝʪʩʷ 

çʅʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫè (DFKI, 

ɻʝʨʤʘʥʠʷ, ʦʪʜʝʣʝʥʠʝ ʚ ʛ. ʉʘʘʨʙʨʶʢʢʝʥ) ï ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʥʝʢʦʤʤʝʨʯʝʩʢʠʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚ ʦʙʣʘʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ʩʠʩʪʝʤʝ ʩʦʟʜʘʥʳ ʢʦʣʣʝʢʮʠʠ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ ʥʘ ʜʝʩʷʪʠ ʝʚʨʦʧʝʡʩʢʠʭ ʷʟʳʢʘʭ. ʆʩʝʥʴʶ 2015 ʛʦʜʘ 

ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʊɽʄʇʋʉ ï ʄɽʊɸʄɸʊʅ ʚ ʂʘʟʘʥʩʢʦʤ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ɸ. ʅ. ʊʫʧʦʣʝʚʘ ʙʳʣʠ ʥʘʯʘʪʳ 

ʨʘʙʦʪʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʨʫʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ Math-Bridge, ʪʘʢ ʢʘʢ ʚ ʧʨʦʝʢʪʝ 

ʟʘʜʘʯʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ Math-Bridge ʥʘ ʩʘʡʪʝ 

ʠ ʟʘʜʘʯʘ ʨʫʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʤʝʥʥʦ ʜʣʷ ʂʅʀʊʋ-ʂɸʀ. 

ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʨʠʥʠʤʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʧʦ 

ʫʩʪʘʥʦʚʢʝ ʩʠʩʪʝʤʳ Math-Bridge ʥʘ ʩʘʡʪʝ ʂʅʀʊʋ-ʂɸʀ, ʧʦ ʧʝʨʝʚʦʜʫ ʠʥʪʝʨʬʝʡʩʘ 

ʠ ʷʟʳʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ [2, ʩ. 3ï7]. ʂ ʣʝʪʫ 2016 ʛʦʜʘ 

ʨʘʙʦʪʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʨʫʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ Math-Bridge ʚ ʂʅʀʊʋ-ʂɸʀ 

ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ ʠ ʈʦʩʩʠʡʩʢʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ-ʧʘʨʪʥʝʨʳ ʧʨʦʝʢʪʘ ʊɽʄʇʋʉ ï 

ʄɽʊɸʄɸʊʅ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʨʘʟʨʘʙʦʪʢʫ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ ʚ ʩʠʩʪʝʤʝ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ.  

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʙʱʝʤ ʦʙʟʦʨʝ ʨʘʙʦʪʳ [3, ʩ. 452], ʫʯʝʙʥʳʝ ʦʙʲʝʢʪʳ ʚ 

ʩʠʩʪʝʤʝ Math-Bridge ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ ï ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ 

ʩʪʘʪʠʯʝʩʢʠʭ [3, ʩ. 459] ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ [3, ʩ. 460ï461] ʦʙʲʝʢʪʦʚ. ʇʦʜʨʦʙʥʦ 

ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʠʜʘ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ 

[4, ʩ. 528ï541], ʚ ʢʦʪʦʨʦʡ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʨʝʜʘʢʪʦʨʘ ʤʝʪʘʜʘʥʥʳʭ ʢʘʢ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʠ ʨʝʜʘʢʪʦʨʘ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʥʠʛʠ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʩʪʘ ʜʣʷ ʪʝʢʫʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʠʣʠ ʵʢʟʘʤʝʥʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʫʨʩʘ ʧʦ ʟʘʧʨʦʩʘʤ ʦʙʫʯʘʝʤʦʛʦ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚ ʩʠʩʪʝʤʝ 

Math-Bridge ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʫʣ ʩ ʫʯʝʙʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. ʈʘʟʨʘʙʦʪʢʫ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ, 

ʚ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʧʨʘʚʦ ʙʳʪʴ ʘʚʪʦʨʦʤ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʘʢʦʛʦ 

ʧʨʘʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʘʡʪʘ ʩʠʩʪʝʤʳ Math-Bridge (ʨʠʩ.1). 

ʂʨʦʤʝ ɸʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ɸʚʪʦʨʘ, ʚ ʩʠʩʪʝʤʝ Math-Bridge ʠʤʝʶʪʩʷ ʝʱʝ ʜʚʘ ʚʠʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʋʯʠʪʝʣʴ (ʇʨʝʧʦʜʘʚʘʪʝʣʴ) ʠ ʯʣʝʥʳ ʛʨʫʧʧʳ (ʉʪʫʜʝʥʪʳ), ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʠʩʮʠʧʣʠʥ ʠ 

ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʥʠʛʘʤ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʤ ʢʫʨʩʘʤ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʛʨʫʧʧʘ ʤʦʞʝʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʠʣʠ ʵʢʟʘʤʝʥʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʌʦʨʤʘ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʚ ʩʠʩʪʝʤʝ Math-Bridge 

 

ɺ ʨʦʣʠ ɸʚʪʦʨʘ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʣʶʙʳʝ ʫʯʝʙʥʳʝ ʦʙʲʝʢʪʳ (ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ), ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ, ʪʝʩʪʳ ʠ ʵʢʟʘʤʝʥʳ ï ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʧʫʣʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʂʦʤʘʥʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʥʶ 

çɸʚʪʦʨʠʥʛè. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʩʝʤʠ ʚʠʜʦʚ 

ʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪʨʝʭ ʚʠʜʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʫʧʨʘʞʥʝʥʠʡ). 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: çɸʢʩʠʦʤʘè, 

çʆʧʨʝʜʝʣʝʥʠʝè, çʇʨʠʤʝʨè, çʄʝʪʦʜè, çɿʘʤʝʪʢʘ ʠʣʠ ʜʨʫʛʦʡ ʪʝʢʩʪè, 

çɼʦʢʘʟʘʪʝʣʴʩʪʚʦè ʠ çʋʪʚʝʨʞʜʝʥʠʝè. ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʫʧʨʘʞʥʝʥʠʡ: çʋʧʨʘʞʥʝʥʠʝè, çɹʳʩʪʨʦʝ (Quick) 

ʫʧʨʘʞʥʝʥʠʝè, çʋʧʨʘʞʥʝʥʠʝ ʠʟ ʰʘʙʣʦʥʘè. 
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ʈʠʩʫʥʦʢ 2. ʆʢʥʦ ʚʳʙʦʨʘ ʚʠʜʘ ʦʙʲʝʢʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɸʚʪʦʨ 

 

ɺ ʨʘʙʦʪʝ [4, ʩ. 530ï540] ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʫʧʨʘʞʥʝʥʠʡ ʩ 

ʧʨʠʤʝʨʘʤʠ ʩʦʟʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʫʧʨʘʞʥʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʥʦ ʥʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʷ ʦʧʠʩʘʥʠʶ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʜʘʥʥʳʭ, ʪʦ 

ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʟʜʘʚʘʝʤʳʭ ʫʧʨʘʞʥʝʥʠʷʭ.  

ɼʘʣʝʝ ʚʳʧʦʣʥʠʤ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʜʘʥʥʳʭ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʞʥʝʥʠʡ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʚ ʩʠʩʪʝʤʝ Math-Bridge.  

ʈʘʙʦʪʘ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʚ ʨʝʜʘʢʪʦʨʝ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʩʠʩʪʝʤʝ Math-Bridge 

ʈʝʜʘʢʪʦʨ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ (Content Creator) ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʠ 

ʦʙʲʝʢʪʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʜʝʣʫ ʤʘʪʝʤʘʪʠʢʠ 

(ʘʢʩʠʦʤʳ, ʦʧʨʝʜʝʣʝʥʠʷ, ʫʧʨʘʞʥʝʥʠʷ ʠ ʜʨ.). ɺ ʩʦʩʪʘʚ ʨʝʜʘʢʪʦʨʘ Content Creator 

ʚʭʦʜʠʪ ʨʝʜʘʢʪʦʨ ʤʝʪʘʜʘʥʥʳʭ. ʕʪʦʪ ʨʝʜʘʢʪʦʨ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʦʙʫʯʝʥʠʷ. ʆʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʨʝʜʘʢʪʦʨʘ Content 

Creator ʜʣʷʩʦʟʜʘʥʠʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ Math-Bridge, ʪʘʢ ʢʘʢ ʣʶʙʦʡ 

ʦʙʲʝʢʪ ʦʙʫʯʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʝʪʘʜʘʥʥʳʝ. ʇʨʠ ʵʪʦʤ ʤʝʪʘʜʘʥʥʳʝ ʩ 

ʦʧʠʩʘʥʠʝʤ ʪʠʧʘ ʦʙʲʝʢʪʘ, ʘʚʪʦʨʘ, ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ ʩʦʟʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ. 

ɿʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʤʦʞʥʦ ʚʠʜʝʪʴ ʚ ʧʨʘʚʦʤ ʦʢʥʝ ʈʝʜʘʢʪʦʨʘ 

ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠʯʝʤ, ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 

ʦʙʲʝʢʪʘ ʠ ʜʘʥʥʳʝ ʘʚʪʦʨʘ ʦʙʲʝʢʪʘ ʠʟʤʝʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʣʝ ʩʦʭʨʘʥʝʥʠʷ 
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ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʦʧʫʙʣʠʢʦʚʘʥʠʷ (ʨʘʟʤʝʱʝʥʠʷ ʚ ʘʚʪʦʨʩʢʦʡ ʠʣʠ ʦʙʱʝʡ ʢʦʣʣʝʢʮʠʠ 

ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ Publish Collection) [5, ʩ. 75]. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ 

ʥʘʩʪʨʦʡʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʘʜʘʥʥʳʭ ʠʤʝʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ. ʂ ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʫʧʨʘʞʥʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʥʝ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʫʤʝʥʠʡ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʫʤʝʥʠʡ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʫʧʨʘʞʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ 

ʤʝʪʘʜʘʥʥʳʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʛʦ ʪʠʧʘ ʫʧʨʘʞʥʝʥʠʡ. ʋʧʨʘʞʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʟʜʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʞʠʤʘ çʋʧʨʘʞʥʝʥʠʝè ʚ ʈʝʜʘʢʪʦʨʝ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʞʠʤʘ çʋʧʨʘʞʥʝʥʠʝ ʠʟ ʰʘʙʣʦʥʘè. ʅʘ ʨʠʩ. 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʫʧʨʘʞʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʜʥʫ ʠʪʝʨʘʮʠʶ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʚʚʦʜʘ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʦʪʚʝʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʧʨʘʚʦʤ 

ʦʢʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʬʦʨʤʘ ʩ ʧʦʣʷʤʠ ʤʝʪʘʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, 

ʚʳʙʨʘʚ ʢʦʤʘʥʜʫ çʀʟʤʝʥʠʪʴ ʤʝʪʘʜʘʥʥʳʝè.  

 

 

ʈʠʩʫʥʦʢ 3. ʈʘʙʦʪʘ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʫʯʝʙʥʦʛʦ ʦʙʲʝʢʪʘ çʋʧʨʘʞʥʝʥʠʝè 

 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʠʟʤʝʥʝʥʠʷ ʤʝʪʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

çʀʟʤʝʥʠʪʴ ʤʝʪʘʜʘʥʥʳʝè, ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʤʦʞʥʦ ʧʦʰʘʛʦʚʦ ʚʳʧʦʣʥʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʝʪʘʜʘʥʥʳʭ. 
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ʐʘʛ 1: ɺʳʙʨʘʪʴ ʪʠʧ ʤʝʪʘʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʞʥʝʥʠʷ (ʩʤ. 

ʨʠʩ. 4). 

 

 

ʈʠʩʫʥʦʢ 4. ɺʳʙʦʨ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ 

 

ʐʘʛ 2: ʋʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, 

çʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠè (ʨʠʩ. 5). 

 

 

ʈʠʩʫʥʦʢ 5. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ 

 

ʐʘʛ 3: ʉʦʭʨʘʥʠʪʴ ʥʘʩʪʨʦʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʤʝʪʘʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ çʉʦʭʨʘʥʠʪʴè ʚ ʧʨʘʚʦʤ ʦʢʥʝ ʙʫʜʫʪ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʥʘʩʪʨʦʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʤʝʪʘʜʘʥʥʳʭ (ʨʠʩ. 6). 
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ʈʠʩʫʥʦʢ 6. ʉʦʭʨʘʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘʩʪʨʦʡʢʫ ʚʩʝʭ ʠʟʤʝʥʷʝʤʳʭ ʧʦʣʝʡ ʩ 

ʤʝʪʘʜʘʥʥʳʤʠ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ 

ʫʤʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʠʧ ʤʝʪʘʜʘʥʥʳʭ çʆʪʥʦʰʝʥʠʝè.  

 

 

ʈʠʩʫʥʦʢ 7. ʉʦʭʨʘʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ 

 

ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ çʋʯʠʪè (ʨʠʩ. 7) ʜʣʷ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ çʆʪʥʦʰʝʥʠʝè 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʚʳʙʦʨʫ ʢʣʘʩʩʘ ʚ ʦʥʪʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʢʦʤʧʝʪʝʥʮʠʡ (ʨʠʩ. 8). 
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ʈʠʩʫʥʦʢ 8. ɺʳʙʦʨ ʢʣʘʩʩʘ ʚ ʦʥʪʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ 

 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ 

ʤʝʪʘʜʘʥʥʳʭ çʆʪʥʦʰʝʥʠʝè. 

 

 

ʈʠʩʫʥʦʢ 9. ʈʝʟʫʣʴʪʘʪ ʥʘʩʪʨʦʡʢʠ ʟʥʘʯʝʥʠʷ ʪʠʧʘ ʤʝʪʘʜʘʥʥʳʭ 

çʆʪʥʦʰʝʥʠʝè 

 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʚ ʤʝʪʘʜʘʥʥʳʭ, 

ʩʦʟʜʘʥʥʦʝ ʫʧʨʘʞʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʫʙʣʠʢʦʚʘʪʴ. ɿʘʪʝʤ ʩʦʟʜʘʥʥʳʝ ʫʧʨʘʞʥʝʥʠʷ 
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ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʝʪʘʜʘʥʥʳʭ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʪʨʘʥʠʮʘʭ ʢʥʠʛʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʠʣʠ ʩʪʨʘʥʠʮʘʭ ʪʝʩʪʘ (ʜʣʷ ʪʝʢʫʱʝʡ ʘʪʪʝʩʪʘʮʠʠ ʠʣʠ 

ʵʢʟʘʤʝʥʘ). ɽʩʣʠ ʢʥʠʛʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʠʣʠ ʵʢʟʘʤʝʥʘ ʝʱʝ ʥʝ ʩʦʟʜʘʥʘ, ʪʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʘ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʢʦʤʘʥʜʳ çʉʦʜʝʨʞʘʥʠʝ 

ʢʫʨʩʘ/ʵʢʟʘʤʝʥʘè ʢʦʤʘʥʜʳ çʉʦʟʜʘʪʴè ʚ ʈʝʜʘʢʪʦʨʝ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʤʝʥʶ 

çɸʚʪʦʨʠʥʛè (ʨʠʩ. 10). 

 

 

ʈʠʩʫʥʦʢ 10. ɺʭʦʜ ʚ ʨʝʞʠʤ ʩʦʟʜʘʥʠʷ ʢʥʠʛʠ ʚ ʤʝʥʶ çɸʚʪʦʨʠʥʛè 

 

ɽʩʣʠ ʢʥʠʛʘ ʫʞʝ ʩʦʟʜʘʥʘ, ʧʝʨʝʡʪʠ ʢ ʝʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʤʝʥʶ çʋʧʨʘʚʣʝʥʠʝè, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çʉʦʜʝʨʞʘʥʠʝè ʚʳʙʨʘʪʴ ʚ 

ʩʪʨʦʢʝ ʩ ʠʤʝʥʝʤ ʢʥʠʛʠ ʢʫʨʩʘ ʢʦʤʘʥʜʫ çʈʝʜʘʢʪʠʨʦʚʘʪʴè  (ʨʠʩ. 11).  

 

 

ʈʠʩʫʥʦʢ 11. ɺʭʦʜ ʚ ʨʝʞʠʤ ʩʦʟʜʘʥʠʷ ʢʥʠʛʠ ʚ ʤʝʥʶ çʋʧʨʘʚʣʝʥʠʝè 

 

ʂʦʤʘʥʜʳ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʛʣʘʚʣʝʥʠʷ ʚ ʢʥʠʛʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʚ 

ʩʠʩʪʝʤʝ Math-Bridge ʘʥʘʣʦʛʠʯʥʳ ʢʦʤʘʥʜʘʤ ʦʙʳʯʥʦʡ LMS, ʥʘʧʨʠʤʝʨ, 
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Blackboard. ʆʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʤʝʱʝʥʠʷ ʫʯʝʙʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʩʪʨʘʥʠʮʝ 

ʜʨʫʛʘʷ ʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʣʝʛʢʦʡ ʦʧʝʨʘʮʠʝʡ: ʜʦʩʪʘʪʦʯʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 

ʧʦʠʩʢʘ ʚ ʚʠʜʝ ʣʫʧʳ ʟʘʛʨʫʟʠʪʴ ʥʘʟʚʘʥʠʝ ʦʙʲʝʢʪʘ ʚ ʧʨʘʚʦʝ ʦʢʥʦ ʠ ʟʘʪʝʤ ʩ 

ʧʦʤʦʱʴʶ ʣʝʚʦʡ ʢʥʦʧʢʠ ʄʳʰʠ ʧʝʨʝʪʘʱʠʪʴ ʠʤʷ ʦʙʲʝʢʪʘ ʥʘ ʦʪʢʨʳʪʫʶ ʩʪʨʘʥʠʮʫ 

ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʦʢʥʝ (ʨʠʩ. 12), ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ çʉʦʭʨʘʥʠʪʴè.  

 

 

ʈʠʩʫʥʦʢ 12. ɿʘʧʦʣʥʝʥʠʝ ʩʪʨʘʥʠʮ ʢʥʠʛʠ ʫʯʝʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

 

ʇʫʙʣʠʢʘʮʠʷ ʢʥʠʛʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʤʝʥʶ çʋʧʨʘʚʣʝʥʠʝè ï ʢʦʤʘʥʜʘ 

çʉʦʜʝʨʞʘʥʠʝè, ʜʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚ ʩʪʨʦʢʝ ʩ ʠʤʝʥʝʤ ʢʥʠʛʠ ʢʫʨʩʘ 

ʢʦʤʘʥʜʫ çʆʧʫʙʣʠʢʦʚʘʪʴè  (ʩʤ. ʨʠʩ. 11).  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʩʦʟʜʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʠʣʠ ʪʝʩʪ ʛʣʘʟʘʤʠ 

ʩʪʫʜʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʡʪʠ ʚ ʩʠʩʪʝʤʫ Math-Bridge ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ-

ʫʯʝʥʠʢʘ, ʧʦʜʧʠʩʘʥʥʦʛʦ ʥʘ ʵʪʦʪ ʢʫʨʩ ʠʣʠ ʪʝʩʪ. ɼʦʩʪʫʧ ʢ ʢʥʠʛʘʤ ʠ ʪʝʩʪʘʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ɸʜʤʠʥʠʩʪʨʘʪʦʨʦʤ. ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ ʩ 

ʫʧʨʘʞʥʝʥʠʷʤʠ ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʤʝʪʘʜʘʥʥʳʤʠ ʚ ʨʝʞʠʤʝ ʫʯʝʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 13. ʋʧʨʘʞʥʝʥʠʷ, ʩʦʙʨʘʥʥʳʝ ʚ ʵʪʦʤ ʪʝʩʪʝ ʠʤʝʶʪ ʥʘʩʪʨʦʝʥʥʳʝ ʧʦʣʷ 

ʟʥʘʯʝʥʠʡ ʤʝʪʘʜʘʥʥʳʭ. ʉʪʨʘʥʠʮʳ ʪʝʩʪʘ ʠʤʝʶʪ ʠʥʜʠʢʘʪʦʨʳ ʧʨʦʛʨʝʩʩʘ ʚ ʚʠʜʝ 

ʙʝʣʳʭ ʢʨʫʛʦʚ. 
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ʈʠʩʫʥʦʢ 13. ʇʨʠʤʝʨ ʪʝʩʪʘ ʩ ʫʧʨʘʞʥʝʥʠʷʤʠ ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʤʝʪʘʜʘʥʥʳʤʠ 

 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʧʨʘʞʥʝʥʠʷ ʩʝʛʤʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʵʪʦʤʫ ʫʧʨʘʞʥʝʥʠʶ ʚ ʙʝʣʦʤ ʢʨʫʞʢʝ ʩʪʨʘʥʠʮʳ ʟʘʧʦʣʥʷʝʪʩʷ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʘʪʠʩʪʠʢʘ ʫʩʧʝʰʥʳʭ ʠ ʥʝʫʩʧʝʰʥʳʭ ʧʦʧʳʪʦʢ ʨʝʰʝʥʠʷ 

ʫʧʨʘʞʥʝʥʠʡ ʚ ʪʝʩʪʝ ʩʦʙʠʨʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ Math-Bridge ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ 

ʦʪʯʝʪʦʚ. ɺʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʦʪʯʝʪʦʚ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʫʨʩʦʚ ʠ ʪʝʩʪʦʚ ʚ ʩʠʩʪʝʤʝ Math-Bridge ʚ ʂʅʀʊʋ-ʂɸʀ ʧʨʦʜʦʣʞʘʝʪʩʷ.  
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ʕʃɽʂʊʈʆʅʅʆɻʆ 

ʋʏɽɹʅʆɻʆ ʂʋʈʉɸ ɺ LMS BLACKBOARD  

ɻʘʚʨʠʢʦʚ ɸʥʪʦʥ ʉʝʨʛʝʝʚʠʯ 

ʩʪʫʜʝʥʪ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ, 

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

ʄʝʱʝʨʷʢʦʚ ɸʨʪʫʨ ʄʠʭʘʡʣʦʚʠʯ 

ʩʪʫʜʝʥʪ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ,  

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

ʄʫʪʠʛʫʣʣʠʥ ɸʟʘʪ ɺʘʩʳʣʦʚʠʯ 

ʩʪʫʜʝʥʪ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ,  

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

ʄʝʜʚʝʜʝʚʘ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮ. ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ, 

ʈʌ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ 

 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʥʣʘʡʥ ʦʙʫʯʝʥʠʝ ʤʝʪʦʜʘʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ E - learning 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ (ʕʆʈ) ï ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʠ ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʤʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʘʜʘʥʥʳʝ ʦ ʥʠʭ, ʛʜʝ ʤʝʪʘʜʘʥʥʳʝ ï 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʕʆʈ. 
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ʉʪʨʫʢʪʫʨʘ ʕʆʈ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʙʣʦʢʦʚ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʦʙʲʝʢʪʳ 

ʩʦʜʝʨʞʘʥʠʷ:  

¶ ʪʝʢʩʪ; 

¶ ʛʨʘʬʠʯʝʩʢʠʝ ʠʣʣʶʩʪʨʘʮʠʠ; 

¶ ʵʣʝʤʝʥʪʳ ʛʠʧʝʨʤʝʜʠʘ; 

¶ ʧʨʦʛʨʘʤʤʳ.  

ɺʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠʤʝʝʪ 

ʩʤʝʰʘʥʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ï Blended Learning, ï ʵʪʦ ʦʩʦʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ ʦʙʫʯʝʥʠʝ ʚ ʘʫʜʠʪʦʨʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʩʨʝʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʪʫʧʘʶʪ LMS ï 

Learning Management System ï (ʘʥʛʣ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʦʙʫʯʝʥʠʝʤ). ʇʨʠʤʝʨʦʤ LMS ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

Blackboard, ʷʚʣʷʶʱʘʷʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʨʝʜʦʡ ʂʅʀʊʋ-ʂɸʀ. 

ɹʣʘʛʦʜʘʨʷ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ Blended Learning: 

¶ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴʩʷ ʚ ʛʨʫʧʧʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʤʘ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʥʝʛʦ ʚʨʝʤʷ; 

¶ ʩʪʫʜʝʥʪ ʩʘʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ; 

¶ ʟʘʪʨʘʪʳ ʥʘ ʦʙʫʯʝʥʠʝ ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʩʦʢʨʘʱʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ; 

¶ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʠʩʮʠʧʣʠʥʠʨʫʝʪ ʠ ʧʦʤʦʛʘʝʪ ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʇʦʷʚʣʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʠ Web-ʪʝʭʥʦʣʦʛʠʡ ʜʘʣʦ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ Blended 

Learning ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠ ʩʤʝʰʘʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʢʫʨʩʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʘʥʥʳʭ ʪʠʧʘʭ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʥʝʩʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ [1, ʩ. 53].  
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ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʳʡ ʢʫʨʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠ ʩʤʝʰʘʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʭʦʨʦʰʝʡ 

ʧʦʜʜʝʨʞʢʦʡ ʦʯʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʛʜʝ ʚʩʸ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ [2, ʩ 979].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ LMS. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʕʆʈ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ JavaScript. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʪʦʜʦʚ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʫʯʝʙʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʠʤʝʶʱʠʤ 

ʩʣʦʞʥʫʶ ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʜʠʩʮʠʧʣʠʥʳ ʧʦ 

ʤʘʪʝʤʘʪʠʢʝ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʪʴ ʘʣʛʦʨʠʪʤʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʰʘʛʘʭ ʩ ʮʝʣʴʶ ʠʭ ʠʟʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [3, ʩ.74ï76]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʠ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʧʫʩʢʥʠʢʫ, ʚʳʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʝʪʝʥʮʠʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʫʤʝʥʠʝ ʨʝʰʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʫʤʝʥʠʷ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚ ʨʝʞʠʤʝ 

ʦʥʣʘʡʥ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʨʝʜʝ ʚʦʟʤʦʞʥʦ ʩʨʝʜʩʪʚʘʤʠ ʥʝʢʦʪʦʨʳʭ LMS. ʇʨʠʤʝʨʦʤ 

ʪʘʢʦʡ LMS ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ Math-

Bridge, ʚ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ (ʫʧʨʘʞʥʝʥʠʡ). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ Math-Bridge 

ʫʧʨʘʞʥʝʥʠʷ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 
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ʪʨʝʥʠʥʛʘ ʧʦ ʨʝʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʣʠ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʫʤʝʥʠʡ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ [4, ʩ. 526].  

ʆʙʳʯʥʳʝ LMS ʪʘʢʠʭ ʚʩʪʨʦʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʝ ʩʦʜʝʨʞʘʪ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʕʆʈ ʚ ʪʘʢʠʭ LMS ʚʦʟʤʦʞʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʨʝʞʠʤʝ ʪʨʝʥʠʥʛʘ 

ʚʩʪʨʦʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʪʘʢʠʭ LMS ʥʝʪ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ Blackboard ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠʤʝʨʘʤʠ 

ʪʘʢʠʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʜʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʥʘ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ, ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, çʛʦʨʷʯʘʷ ʪʦʯʢʘè. 

ɸʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʬʫʥʢʮʠʡ ʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʷʟʳʢʝ JavaScript 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʬʫʥʢʮʠʡ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ 

ʷʟʳʢʝ JavaScript.  

ɼʣʷ ʨʘʙʦʪʳ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʥʦʨʤʘʣʴʥʳʡ, ʨʘʚʥʦʤʝʨʥʳʡ, ʧʦʢʘʟʘʪʝʣʴʥʳʡ), ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤʳ ʚʳʚʦʜʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ çʇʦʩʪʨʦʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1. ɸʣʛʦʨʠʪʤ çʇʦʩʪʨʦʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʬʫʥʢʮʠʠ ʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷè 

 

ɺʳʧʦʣʥʠʤ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦ ʰʘʛʘʤ. 

1) ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʚʝʩʪʠ 

ʚʨʫʯʥʫʶ ʦʙʲʸʤ ʚʳʙʦʨʢʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 1000.  
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2) ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 25. 

3) ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ: ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ 

ʚʳʙʨʘʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʣʠʙʦ ʚʚʝʩʪʠ ʜʘʥʥʳʝ 

ʚʨʫʯʥʫʶ. 

1. ʈʘʚʥʦʤʝʨʥʳʡ ʟʘʢʦʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a, b; ʛʜʝ ï100ÒaÒ100, a<bÒ200; 

2. ʇʦʢʘʟʘʪʝʣʴʥʳʡ ʟʘʢʦʥ ʩ ʧʘʨʘʤʝʪʨʦʤ l, ʛʜʝ 0<lÒ10. 

3. ʅʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ m,s2; ʛʜʝ ï100ÒmÒ100, 0<s2Ò10; 

4. ʈʫʯʥʦʡ ʚʚʦʜ ʜʘʥʥʳʭ. ɼʦʧʫʩʢʘʝʪʩʷ ʚʚʦʜ ʥʝ ʙʦʣʝʝ 100 ʯʠʩʝʣ ʯʝʨʝʟ ʧʨʦʙʝʣ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʩʷʪʠʯʥʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʯʢʘ.  

4) ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʜʫʪ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʚʳʙʦʨʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʬʫʥʢʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʦʩʠ ʘʙʩʮʠʩʩ ʙʫʜʫʪ ʧʦʢʘʟʘʥʳ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 

5) ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʮʝʥʢʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F*(x) ʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʣʦʤʘʥʦʡ F**( x). 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʦʚ ʥʘ ʛʨʘʬʠʢʝ ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ. 

6) ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʠ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʛʠʩʪʦʛʨʘʤʤʳ f*(x) ʠ ʧʦʣʠʛʦʥʘ ʯʘʩʪʦʪ f**( x). ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʦʚ ʥʘ 

ʛʨʘʬʠʢʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ 

ʬʫʥʢʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʘʩʩʤʦʪʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦ ʰʘʛʘʤ: 

1) ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ n ï ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ 100 ʮʠʢʣʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ n ʨʘʚʥʦʡ 30 ʠ 

ʟʘʧʠʩʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʘʞʜʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʦʪ 

ʦʮʝʥʠʚʘʝʤʦʡ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ 100 ʦʪʢʣʦʥʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʜʣʷ ʦʙʲʝʤʘ 

ʚʳʙʦʨʢʠ n ʨʘʚʥʦʡ 60 ʠ 90. ɼʘʣʝʝ ʚʳʚʦʜʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ 

ʦʮʝʥʠʚʘʥʠʷ F(x) ʦʪ n. 

2) ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ n ï ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ 100 ʮʠʢʣʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ n ʨʘʚʥʦʡ 30 ʠ 

ʟʘʧʠʩʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʘʞʜʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʦʪ 

ʦʮʝʥʠʚʘʝʤʦʡ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʣʷ 

ʧʦʣʫʯʝʥʥʳʭ 100 ʦʪʢʣʦʥʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʜʣʷ ʦʙʲʝʤʘ 

ʚʳʙʦʨʢʠ n ʨʘʚʥʦʡ 60 ʠ 90. ɼʘʣʝʝ ʚʳʚʦʜʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ 

ʦʮʝʥʠʚʘʥʠʷ f(x) ʦʪ n. 

ɺʳʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï F(x) ʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï f(x) ʦʪ n ï ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ n ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʚʦʟʨʘʩʪʘʣʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ȹF ʠ ȹf. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʚ 

LMS Blackboard ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʣʛʦʨʠʪʤʘʤ ʦʮʝʥʠʚʘʥʠʷ 

ʬʫʥʢʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʳʙʦʨʢʝ ʠʟʤʝʨʝʥʠʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ, ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʠʣʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʚʳʙʦʨʢʝ, ʚʚʝʜʸʥʥʦʡ ʩ 

ʢʣʘʚʠʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʬʫʥʢʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ n ï ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ. 
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ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ LMS 

Blackboard  

ɺʳʧʦʣʥʠʤ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʩʨʝʜʫ LMS Blackboard, ʠʩʧʦʣʴʟʫʷ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʨʘʙʦʪʝ ʚ ʩʠʩʪʝʤʝ [6, ʩ. 36ï54]. 

1. ʇʝʨʝʭʦʜʠʤ ʚ ʠʥʪʝʨʝʩʫʶʱʠʡ ʥʘʩ ʢʫʨʩ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ çʊʝʦʨʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè. ʈʝʞʠʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ 

ʙʳʪʴ ʚʢʣʶʯʝʥ: . 

2. ʇʝʨʝʭʦʜʠʤ ʚʦ ʚʢʣʘʜʢʫ Content Collection ʚ ʤʝʥʶ çʋʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤè 

(ʨʠʩ. 3). 

 

 

ʈʠʩʫʥʦʢ 3. ʄʝʥʶ çʋʧʨʘʚʣʝʥʠʝ ʢʫʨʩʦʤè ʚ LMS Blackboard 

 

3. ɺʳʙʠʨʘʝʤ ʚʳʜʝʣʝʥʥʫʶ ʥʘʤ ʦʙʣʘʩʪʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ LMS Blackboard  

(ʨʠʩ. 4). 

 

 
ʈʠʩʫʥʦʢ 4. ɺʳʙʦʨ ʢʫʨʩʘ ʚ Content Collection 
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4. ʉʦʟʜʘʝʤ ʧʘʧʢʫ. ʏʪʦʙʳ ʥʘʰʠ ʜʘʥʥʳʝ ʣʝʞʘʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦ (ʨʠʩ. 5). 

 

 

ʈʠʩʫʥʦʢ 5. ʉʦʟʜʘʥʠʝ ʧʘʧʢʠ ʜʣʷ ʟʘʧʠʩʠ ʧʨʦʛʨʘʤʤ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʘʧʢʠ, ʚʳʙʠʨʘʝʤ çʆʪʧʨʘʚʠʪʴè, ʟʘʪʝʤ ʚ ʚʳʧʘʜʘʶʱʝʤ ʤʝʥʶ 

çɿʘʛʨʫʟʠʪʴ ʧʘʢʝʪè. ɼʘʣʝʝ ʚʩʝ ʬʘʡʣʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʤʝʩʪʠʪʴ ʚ ʘʨʭʠʚ ʬʦʨʤʘʪʘ ñZIPò. ʇʦʩʣʝ ʯʝʛʦ ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ ñʆʙʟʦʨò ʠ 

ʚʳʙʠʨʘʝʤ ʥʘʰ ʘʨʭʠʚ (ʨʠʩ. 6).  

 

 

ʈʠʩʫʥʦʢ 6. ɼʦʙʘʚʣʝʥʠʝ Zip-ʘʨʭʠʚʘ 

 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ Zip-ʘʨʭʠʚʘ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʚ Content Collection 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʪʦʯʢʘ ʚʭʦʜʘ ʥʘ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʘʥʠʮʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ.  

ʇʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʢʫʨʩʝ ʧʨʝʜʩʪʘʚʣʝʥ  

ʥʘ ʨʠʩ. 7. 

 

 
ʈʠʩʫʥʦʢ 7. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ JavaScript ʚ 

ʂʅʀʊʋ-ʂɸʀ ʧʨʦʜʦʣʞʘʶʪʩʷ.  
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɹɸɿʓ ɼɸʅʅʓʍ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ çʅɸʋʏʅɸʗ ʈɸɹʆʊɸ ʂɸʌɽɼʈʓè 

ʅʝʭʦʪʠʥʘ ɺʘʣʝʨʠʷ ʀʛʦʨʝʚʥʘ 

ʙʘʢʘʣʘʚʨ, ʉʇʙɻʕʊʋ çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ), 
ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʦʨʘʙʣʝʚ ʖʨʠʡ ɸʥʘʪʦʣʴʝʚʠʯ  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬ. ɸʇʋ, ʉʇʙɻʕʊʋ çʃʕʊʀè 
ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)  
ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʢʘʬʝʜʨʳ ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʥʘʨʷʜʫ ʩ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʜʛʦʪʦʚʢʠ 

ʫʯʝʙʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ (ʤʦʜʫʣʷʤ) ʢʘʬʝʜʨʳ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ) ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢ ʵʪʠʤ 

ʨʘʙʦʪʘʤ ʪʘʢʞʝ ʩʪʫʜʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʦ 

ʩʤʝʞʥʳʤʠ ʢʘʬʝʜʨʘʤʠ ʜʨʫʛʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʩ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʨʫʙʝʞʥʳʤʠ. 

ʊʘʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʴʰʦʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʘʥʘʣʠʟʘ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʨʝʤʝʥʠ ʥʘ ʝʝ ʦʙʨʘʙʦʪʢʫ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʘʬʝʜʨʝ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʝʝ ʩʧʝʮʠʬʠʢʫ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʡ. 

çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1.1. ʫʯʝʪ ʧʫʙʣʠʢʘʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ; 

1.2. ʫʯʝʪ ʜʠʩʩʝʨʪʘʮʠʡ (ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ);  

1.3. ʫʯʝʪ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʥʠʭ ʵʢʩʧʦʥʘʪʦʚ;  

1.4. ʫʯʝʪ ʧʨʦʝʢʪʦʚ ʢʘʬʝʜʨʳ (ʅʀʈ, ʆʂʈ);  

1.5. ʫʯʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʆʀʉ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ; 

1.6. ʫʯʝʪ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ. 
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ʉʦʟʜʘʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʘʬʝʜʨʳ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʙʫʤʘʞʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʨʫʜʦʝʤʢʠʝ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʦʪʯʝʪʘ, ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʅʀʈ. ʊʘʢ ʢʘʢ ʮʝʣʴʶ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʢʘʬʝʜʨʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʇʙɻʕʊʋ, ʪʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʪʘʢʦʡ ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʜʘʥʥʦʡ ʢʘʬʝʜʨʝ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ çʅʘʫʯʥʘʷ ʨʘʙʦʪʘè ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʬʝʜʨʳ ʠ ʧʨʠʚʝʩʪʠ ʦʧʠʩʘʥʠʝ ʚʩʝʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʥʦʪʘʮʠʠ IDEF0 ʩʨʝʜʩʪʚʘʤʠ CASE-ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

All Fusion Process Modeler 4.0. ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1, ʦʧʠʩʳʚʘʝʪ ʛʣʦʙʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʤʦʜʫʣʷ. 

 

 

ʈʠʩʫʥʦʢ 1. ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʫʨʦʚʝʥʴ ɸ-0) 
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ɼʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʬʝʜʨʳ ʢʦʥʪʝʢʩʪʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʙʳʣʘ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. ɺ ʧʨʦʮʝʩʩʝ 

ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʥʪʝʢʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʷʪʴ ʬʫʥʢʮʠʡ:  

¶ çɺʝʜʝʥʠʝ ʫʯʝʪʘ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚè  

¶ çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳè  

¶ çɺʝʜʝʥʠʝ ʫʯʝʪʘ ʧʫʙʣʠʢʘʮʠʡè  

¶ çɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʡè  

¶ çʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠè.  

 

 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʫʨʦʚʝʥʴ ɸ0) 

 

ʂʆʅʎɽʇʊʋɸʃʔʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ:  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ɹɼ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʥʠʤʠ, ʩʪʨʦʠʪʩʷ ʙʝʟ ʫʯʝʪʘ ʤʦʜʝʣʠ ɹɼ ʠ ʩʠʥʪʘʢʩʠʩʘ ʉʋɹɼ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʳʭ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ɹɼ.  
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ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ (ʥʦʪʘʮʠʷ ʏʝʥʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɹɼ), ʩʦʟʜʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ, ʠ ʚʳʜʝʣʠʚʰʘʷ ʦʩʥʦʚʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʜʣʝʞʘʱʠʝ ʦʭʚʘʪʫ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ɹɼ. 

 

 

ʈʠʩʫʥʦʢ 3. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

 

ɺ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʷʟʠ N:M, ʦʥʠ ʫʜʘʣʷʶʪʩʷ, ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʫʱʥʦʩʪʠ ʠ ʟʘʤʝʥʷʶʪʩʷ ʜʚʫʤʷ ʩʚʷʟʷʤʠ ʪʠʧʘ 1:M. 

ʃʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ IDEF1X: 

ʅʘ ʵʪʘʧʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʣʦʛʠʯʝʩʢʫʶ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʥʦ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʉʋɹɼ. ʉʭʝʤʘ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʣʷʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ. ɼʣʷ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʥʘʙʦʨ ʩʭʝʤ 

ʦʪʥʦʰʝʥʠʡ (ʩ ʫʢʘʟʘʥʠʝʤ ʢʣʶʯʝʡ), ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ (ʚʥʝʰʥʠʝ 

ʢʣʶʯʠ). ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʢʞʝ ʜʦʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʪʨʠʙʫʪʦʚ ʜʣʷ 

ʩʫʱʥʦʩʪʝʡ.  
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ʈʠʩʫʥʦʢ 4. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʌʠʟʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ IDEF1X: 

ʌʠʟʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʩʦʟʜʘʥʠʝ ʩʭʝʤʳ ɹɼ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʢʦʥʢʨʝʪʥʦʡ ʉʋɹɼ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʥʘʟʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ɹɼ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠʥʜʝʢʩʦʚ. 

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʦʧʠʩʳʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʦʙʲʝʢʪʦʚ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʥʘ ʫʨʦʚʥʝ ʦʙʲʝʢʪʦʚ ʉʋɹɼ MS Acccess. 

 
ʈʠʩʫʥʦʢ 5. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʦʣʦʞʝʥʠʝ ʦ ʢʘʬʝʜʨʝ ʉʇʙɻʕʊʋ çʃʕʊʀè ʦʪ 25 ʜʝʢʘʙʨʷ 2008 ʛ., ʧʨʦʪʦʢʦʣ  

ˉ 4, ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʥʝʩʝʥʥʳʤʠ ʨʝʰʝʥʠʝʤ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʫʥʠʚʝʨʩʠʪʝʪʘ  

14 ʘʧʨʝʣʷ 2009 ʛʦʜʘ. 
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ʗɼɽʈʅʓɽ ʈɸʂɽʊʅʓɽ ɼɺʀɻɸʊɽʃʀ 

ʅʠʢʫʣʦʚ ʄʠʭʘʠʣ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  
ʈʌ, ʛ.ʏʝʣʷʙʠʥʩʢ  

ʄʘʣʳʰʝʚ ɽʚʛʝʥʠʡ ʈʦʤʘʥʦʚʠʯ 

ʩʪʫʜʝʥʪ, ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  
ʈʌ, ʛ.ʏʝʣʷʙʠʥʩʢ  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʣʝʪʘʪʴ ʚ ʦʪʢʨʳʪʳʡ 

ʢʦʩʤʦʩ. ɽʱʝ ʥʝ ʤʥʦʛʠʤ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ, ʧʦʣʸʪʳ ʯʝʣʦʚʝʢʘ ʟʘ ʧʨʝʜʝʣʳ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʙʳʣʠ ʤʝʯʪʦʡ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʣʸʪʯʠʢʦʚ ʠʩʧʳʪʘʪʝʣʝʡ. ʉʝʡʯʘʩ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʫʚʝʨʝʥʥʦ ʜʦʩʪʠʛʘʝʪ ʦʨʙʠʪʳ ʟʝʤʣʠ, ʘ ʢʦʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠ 

ʘʧʧʘʨʘʪʳ ʨʘʩʩʝʷʥʳ ʧʦ ʚʩʝʡ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʢʦʩʤʦʩ ʥʘ 

ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ ʠ ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʥʝʚʳʩʦʢʠʤ ʂʇɼ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʷʛʦʡ ʠ 

ʙʦʣʴʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʦʧʣʠʚʘ ʢ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʳ ʧʦʣʸʪʳ 

ʚ ʢʦʩʤʦʩ ʧʦʢʘ ʜʦʨʦʛʠ ʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʴʶ. 

ʋʞʝ ʩʝʡʯʘʩ ʫʯʸʥʳʝ ʨʘʙʦʪʘʶʪ ʥʘʜ ʥʦʚʳʤʠ ʪʠʧʘʤʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʠʜʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʷʜʝʨʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʷʜʝʨʥʳʝ, ʨʘʙʦʪʘʶʪ ʥʘ ʜʝʣʝʥʠʠ ʠʣʠ ʩʠʥʪʝʟʝ 

ʷʜʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ, ʣʠʙʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʪʦʨʦʡ ʩʦʟʜʘʸʪʩʷ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ.  

ʗʜʝʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

¶ ʷʜʝʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʜʝʣʝʥʠʷ ʷʜʨʘ; 

¶ ʷʜʝʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩʠʥʪʝʟʘ ʷʜʨʘ. 

ʇʝʨʚʳʡ ʪʠʧ, ʜʝʣʝʥʠʝ ʷʜʨʘ ï ʧʨʦʮʝʩʩ ʨʘʩʱʝʧʣʝʥʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʥʘ ʜʚʘ 

(ʨʝʞʝ ʪʨʠ) ʷʜʨʘ ʩ ʙʣʠʟʢʠʤʠ ʤʘʩʩʘʤʠ, ʥʘʟʳʚʘʝʤʳʭ ʦʩʢʦʣʢʘʤʠ ʜʝʣʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ: ʣʸʛʢʠʝ ʷʜʨʘ (ʚ 

ʦʩʥʦʚʥʦʤ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ), ʥʝʡʪʨʦʥʳ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʳ. ɼʝʣʝʥʠʝ ʪʷʞʸʣʳʭ ʷʜʝʨ ï 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʠʟʣʫʯʝʥʠʷ. ɼʝʣʝʥʠʝ ʷʜʝʨ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʠ 

ʷʜʝʨʥʦʤ ʦʨʫʞʠʠ. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʜʝʣʝʥʠʠ ʷʜʝʨ, 

ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʷʜʝʨʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʪ.ʯ. ʠ ʜʣʷ ʨʘʢʝʪ. ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ 

ʨʘʩʧʘʜʘ ʪʷʞʸʣʦʛʦ ʷʜʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʧʨʠ 

ʫʧʨʘʚʣʷʝʤʦʤ ʧʨʦʮʝʩʩʝ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʩʷ: 

¶ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʩʦʟʜʘʥʠʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʸʞʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʝʛʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʥʘ ʨʘʟʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳ ʦʪʭʦʜʦʚ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʘʢʪʦʨʘ 

ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʝʣʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ʧʦʚʳʰʝʥʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʪ.ʯ. ʠ çʞʸʩʪʢʦʝè, ʦʧʘʩʥʦʝ ʜʣʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ; 

¶ ʦʛʨʘʥʠʯʝʥʥʳʝ ʟʘʧʘʩʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʫʪʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ 

ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. 

ɺʪʦʨʦʡ ʪʠʧ, ʪʝʨʤʦʷʜʝʨʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʧʨʘʚʣʷʝʤʦʤ 

ʪʝʨʤʦʷʜʝʨʥʦʤ ʩʠʥʪʝʟʝ ʪʷʞʸʣʳʭ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠʟ ʙʦʣʝʝ ʣʸʛʢʠʭ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʟʨʳʚʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ 

(ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʪʝʨʤʦʷʜʝʨʥʳʭ ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ), ʥʦʩʠʪ ʫʧʨʘʚʣʷʝʤʳʡ 

ʭʘʨʘʢʪʝʨ. ʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʢʮʠʷ ʨʘʩʧʘʜʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʠʟ ʪʷʞʸʣʳʭ ʷʜʝʨ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ ʣʸʛʢʠʝ ʷʜʨʘ. ɺ ʦʩʥʦʚʥʳʭ ʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʮʝʣʷʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʝʡʪʝʨʠʡ (2H) ʠ 

ʪʨʠʪʠʡ (3H), ʘ ʚ ʙʦʣʝʝ ʦʪʜʘʣʸʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʛʝʣʠʡ-3 (3He) ʠ ʙʦʨ-11 (11B). 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʝʨʤʦʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʠʥʪʝʟʘ ʦʪʥʦʩʠʪʩʷ: 
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¶ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʷʜʝʨʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ; 

¶ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʟʘʧʘʩʳ ʪʦʧʣʠʚʘ ʚ ʢʦʩʤʦʩʝ ʠ ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ; 

¶ ʤʝʥʴʰʝʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʜʝʨʥʳʤʠ ʩʠʣʦʚʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʝʨʤʦʷʜʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ ʥʘ ɿʝʤʣʝ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʘʙʦʯʠʭ ʧʨʦʪʦʪʠʧʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʪʝʨʤʦʷʜʝʨʥʳʤ ʩʠʥʪʝʟʦʤ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʩʝ ʩʣʦʞʥʦʩʪʠ ʩ ʩʦʟʜʘʥʠʝʤ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʦʥʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ, ʯʝʤ ʷʜʝʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʝʣʝʥʠʷ ʷʜʨʘ, 

ʢʘʢ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʇʦʜʨʘʟʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʷʜʝʨʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʘʢʝʪ: 

¶ ʷʜʝʨʥʦ-ʨʝʘʢʪʠʚʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ; 

¶ ʠʤʧʫʣʴʩʥʦ-ʚʟʨʳʚʥʳʝ; 

¶ ʵʣʝʢʪʨʦ-ʷʜʝʨʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ. 

ʗʜʝʨʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ (ʗʈɼ) ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʥʮʠʧ ʦʙʳʯʥʳʭ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɽʛʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʠ ʠʟ ʧʨʦʜʫʢʪʦʚ ʷʜʝʨʥʦʡ ʠʣʠ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʥʘʛʨʝʚʘʝʤʳʭ ʛʘʟʦʚ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʨʝʘʢʪʦʨʘ. ʊʠʧʠʯʥʳʡ ʧʨʦʝʢʪ ʷʜʝʨʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 1. 

ʊʘʢʦʡ ʜʚʠʛʘʪʝʣʴ ʧʨʦʩʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʟʜʘʸʪ ʚʳʩʦʢʫʶ 

ʪʷʛʫ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤʠ) ʟʘ ʩʯʸʪ ʚʳʙʨʦʩʘ ʨʘʩʢʘʣʸʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ 

ʜʚʠʛʘʪʝʣʷ, ʥʝ ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤ ʂʇɼ. ʇʦ ʠʟʨʘʩʭʦʜʦʚʘʥʠʶ ʥʘʛʨʝʚʘʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʨʦʜʘ, ʝʛʦ ʥʘʜʦ ʟʘʧʨʘʚʣʷʪʴ ʩʥʦʚʘ. ʆʪʢʨʳʪʳʡ ʨʝʘʢʪʦʨ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʮʝʥʥʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʪʴ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʟʝʤʣʝ ʚʙʣʠʟʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʗʈɼ: ʪʚʝʨʜʦʬʘʟʥʳʝ, ʞʠʜʢʦʬʘʟʥʳʝ ʠ ʛʘʟʦʬʘʟʥʳʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ [2]. 

 

 

ʈʠʩʫʥʦʢ 1. ʗʜʝʨʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ 

 

ʀʤʧʫʣʴʩʥʳʡ ʷʜʝʨʥʳʡ ʜʚʠʛʘʪʝʣʴ - ʪʠʧ ʜʚʠʛʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʜʚʠʞʝʥʠʝ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʜʝʪʦʥʘʮʠʠ, ʘ ʥʝ ʟʘ ʩʯʸʪ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʠ. 

ɼʚʠʛʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ 

ʚʦʣʥʳ, ʪʨʝʙʫʝʪʩʷ ʦʙʥʦʚʣʝʥʠʝ ʧʦʚʪʦʨʥʘʷ ʚʳʛʨʫʟʢʘ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ [1]. 

ʇʨʠʥʮʠʧ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʧʦʜʨʳʚʝ ʷʜʝʨʥʦʛʦ ʠʣʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʟʘʨʷʜʘ ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ ʚʙʣʠʟʠ ʢʦʨʘʙʣʷ, ʢʦʪʦʨʳʡ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʚʟʨʳʚʥʦʡ 

ʚʦʣʥʳ, ʟʘ ʩʯʸʪ ʦʪʪʘʣʢʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʦʪ ʢʦʨʘʙʣʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʜʝʤʧʬʝʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʠ ʟʘʱʠʪʫ ʢʦʨʧʫʩʘ 

ʨʘʢʝʪʳ. ʉʝʨʠʡʥʦ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʪʝʩʪʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʘʤʦʣʸʪʘʭ ʚ 2008 ʛʦʜʫ [1]. ʊʠʧʠʯʥʳʡ 

ʧʨʦʝʢʪ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 2. 

ɼʘʥʥʳʡ ʪʠʧ ʜʚʠʛʘʪʝʣʷ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʜʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ, ʘ ʟʘʧʘʩ ʪʦʧʣʠʚʘ 

ʨʘʚʝʥ ʢʦʣʠʯʝʩʪʚʫ ʷʜʝʨʥʳʭ ʟʘʨʷʜʦʚ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ ʪʝʨʤʦʷʜʝʨʥʳʝ ʟʘʨʷʜʳ ʚʚʠʜʫ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʤʦʛʫʱʝʩʪʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʷʜʝʨʥʳʤʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʝʪʘʨʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʠ ʧʦʚʳʰʝʥʥʳʡ 

ʠʟʥʦʩ ʜʝʤʧʬʝʨʘ, ʘ ʪʘʢʞʝ ʢʨʘʡʥʝ ʥʠʟʢʠʡ ʂʇɼ [3]. 
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ʈʠʩʫʥʦʢ 2. ʀʤʧʫʣʴʩʥʦ-ʚʟʨʳʚʥʦʡ ʷʜʝʨʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ 

 

ʕʣʝʢʪʨʦ-ʷʜʝʨʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ï ʵʪʦ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʟʚʝʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʦʪ ʷʜʝʨʥʦʛʦ ʠʣʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ɼʝʣʷʪʩʷ ʥʘ 3 ʦʩʥʦʚʥʳʭ ʚʠʜʘ: 

ʊʘʙʣʠʮʘ 1.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 
 

ɺ ʦʩʥʦʚʫ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʣʦʞʝʥ ʨʘʟʛʦʥ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʷʜʝʨʥʦʛʦ ʠʣʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʆʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ 

ʂʇɼ, ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʭʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 
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ʧʣʘʥʝʪʳ, ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ. ɼʘʥʥʳʡ ʪʠʧ 

ʷʜʝʨʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʤʝʞʧʣʘʥʝʪʥʳʭ ʠ ʤʝʞʟʚʸʟʜʥʳʭ ʧʝʨʝʣʸʪʘʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʗʜʝʨʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ï 

URL: https://ru.wikipedia.org/wiki/ʗʜʝʨʥʳʡ_ʨʘʢʝʪʥʳʡ_ʜʚʠʛʘʪʝʣʴ (ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 18.11.2016). 

2. ʗʜʝʨʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ. ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ï 

URL: http://www.sovkos.ru/cosmicheskie-apparaty/yadernye-raketnye-

dvigateli.html (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.11.2016). 

3. ʗʜʝʨʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ï ʙʫʜʫʱʝʝ ʢʦʩʤʦʥʘʚʪʠʢʠ. ï [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ï URL: http://pandia.ru/text/78/414/76454.php (ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 17.11.2016). 
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http://pandia.ru/text/78/414/76454.php
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʄʆɼʋʃʗ ʀʅɺɽʅʊɸʈʀɿɸʎʀʀ  

ʅɸ ʆʉʅʆɺɽ ʇʈʆʊʆʂʆʃɸ SNMP 

ʆʚʩʷʥʥʠʢʦʚʘ ɸʣʴʙʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʩʪʫʜʝʥʪ ʪʨʝʪʴʝʛʦ ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ  
(ʧʦ ʦʪʨʘʩʣʷʤ)è, ʆʩʢʦʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʉʪʘʨʦʦʩʢʦʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɸ.ɸ. ʋʛʘʨʦʚʘ çʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʉʠʉè, 

ʈʌ, ʛ. ʉʪʘʨʳʡ ʆʩʢʦʣ 

ɸʨʪʶʭʠʥʘ ɼʘʨʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʆʩʢʦʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʢʦʣʣʝʜʞ ʉʪʘʨʦʦʩʢʦʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɸ.ɸ. ʋʛʘʨʦʚʘ çʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʀʉʠʉè, 

ʈʌ, ʛ. ʉʪʘʨʳʡ ʆʩʢʦʣ 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʇʆ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚʩʝʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʥʩʪʠʪʫʪʘ, ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʥʝʣʠʮʝʥʟʠʦʥʥʳʤ ʠ 

ʥʝʨʘʟʨʝʰʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʥʩʪʠʪʫʪʘ, ʪʝʤ 

ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʪʠʚ ʩʘʥʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʚʝʨʷʶʱʠʭ ʦʨʛʘʥʦʚ ʠ ʦʙʝʩʧʝʯʠʚ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʢʦʣ SNMP, ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʝʘʣʠʟʫʶʱʝʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʢʦʤʤʫʪʘʪʦʨʳ ʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ) ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʘʪʴ ʢʦʤʘʥʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ. 

ʇʝʨʝʭʦʜʫ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʢ ʧʘʢʝʪʥʦʡ 

ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʩʦʧʫʪʩʪʚʫʝʪ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʢʦʥʪʨʦʣʶ 

ʩʝʪʝʡ. ʈʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʦʚʷʪʩʷ ʢʘʯʝʩʪʚʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠ 

ʢʦʤʧʣʝʢʩʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʵʪʠ ʟʘʜʘʯʠ ʦʪʜʝʣʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʟʘʚʠʩʷʪ ʟʘʪʨʘʪʳ 

ʢʦʤʧʘʥʠʠ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩʝʪʠ.  

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ï ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ. 

ʉ ʝʸ ʧʦʤʦʱʴʶ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 
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ɽʩʣʠ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʠ ʩʝʪʝʚʳʭ ʤʘʰʠʥʘʭ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʨʞʘʪʴ ʰʪʘʪ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʥʠʤʘʪʴʩʷ 

ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʪʝʨʧʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʜʝʥʝʞʥʳʝ ʧʦʪʝʨʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʡ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʇʆ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʚʩʝʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠʥʩʪʠʪʫʪʘ, ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʥʝʣʠʮʝʥʟʠʦʥʥʳʤ ʠ 

ʥʝʨʘʟʨʝʰʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʥʩʪʠʪʫʪʘ, ʪʝʤ 

ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʪʠʚ ʩʘʥʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʚʝʨʷʶʱʠʭ ʦʨʛʘʥʦʚ ʠ ʦʙʝʩʧʝʯʠʚ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʢʦʣ SNMP, ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʝʘʣʠʟʫʶʱʝʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʢʦʤʤʫʪʘʪʦʨʳ ʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ) ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʘʪʴ ʢʦʤʘʥʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ: 

ʂʣʘʩʩʳ: 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʦʚ: 

¶ SNMPClient ɺʳʧʦʣʥʝʥʠʝ SNMP-ʟʘʧʨʦʩʦʚ, ʧʦʜʜʝʨʞʢʘ MIB; 

¶ MySQLClient ɺʳʧʦʣʥʝʥʠʝ SQL-ʩʢʨʠʧʪʦʚ. 

ʆʙʨʘʙʦʪʯʠʢʠ ʢʦʤʘʥʜ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ: 

¶ DataImport ʇʝʨʝʥʦʩ ʜʘʥʥʳʭ ʠʟ ɹɼ SNMP ʚ ɹɼ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ; 

¶ DataManage ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ɹɼ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ; 

¶ DataExport ʇʝʨʝʥʦʩ ʜʘʥʥʳʭ ʠʟ ɹɼ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʚ ɹɼ GLPI. 

ʊʘʡʤʝʨ ʧʝʨʝʙʦʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ. ʉʢʨʠʧʪʳ ʟʘʧʫʩʢʘʶʪʩʷ 

ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤ ʙʣʦʢʦʤ ʧʦ ʪʘʡʤʝʨʫ ʣʠʙʦ ʧʦ ʢʦʤʘʥʜʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ 

ʠʥʪʝʨʬʝʡʩʘ. 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

GET  StringsQueryLabel  StringsOID 

ʇʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʠʟ SNMP ʧʦ ʟʘʧʨʦʩʫ sOID ʠ ʟʘʥʦʩʠʪ ʚʦ ʚʨʝʤʝʥʥʫʶ 

ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʘ ʚ ʚʠʜʝ ʧʘʨ (OID, Value), ʧʦʤʝʯʝʥʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʩʝʩʩʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ sQueryLabel 

SQL  StringsSQLQuery 

ɺʳʧʦʣʥʷʝʪ SQL-ʩʢʨʠʧʪ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʜʘʥʥʳʝ ʚʦ ʚʨʝʤʝʥʥʳʭ ʪʘʙʣʠʮʘʭ. 

ʄʦʞʝʪ ʠʟʤʝʥʷʪʴ ʚʳʧʦʣʥʷʝʤʳʡ ʘʣʛʦʨʠʪʤ, ʜʦʙʘʚʣʷʷ ʠ ʫʜʘʣʷʷ ʢʦʤʘʥʜʳ. 

MAP  StringsSQLQuery   StringsEntityClass 

ɺʳʙʠʨʘʝʪ ʜʘʥʥʳʝ ʠʟ ʚʨʝʤʝʥʥʳʭ ʪʘʙʣʠʮ ʚ ʚʠʜʝ ʟʘʧʠʩʝʡ ʩ ʠʤʝʥʦʚʘʥʥʳʤʠ 

ʧʦʣʷʤʠ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʩʫʱʥʦʩʪʠ ʠʟ ɹɼ GLPI. ɺʳʙʨʘʥʥʳʝ 

ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʦʤ ʦʪʦʙʨʘʞʝʥʠʷ ɹɼ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚ ɹɼ GLPI. ʊʠʧ 

ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʧʠʩʳʚʘʶʪ ʟʘʧʠʩʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

sEntityClass. 
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ʈʠʩʫʥʦʢ 2. ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʩʢʨʠʧʪʘ 

 

ʋʥʠʯʪʦʞʝʥʥʳʭ ʩʫʱʥʦʩʪʝʡ GLPI: 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʭʨʘʥʷʝʤʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ: 

1. ɿʘʧʠʩʴ çCisco ʩ ID ʠ ʥʫʣʝʚʳʤʠ ʧʦʣʷʤʠè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ 

ʩʫʱʥʦʩʪʠ Cisco ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ID. 

2. ɿʘʧʠʩʴ ñWire ʩ ʜʚʫʤʷ PortIDò ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʘʙʣʠʮʫ 

glpi_networking_wire. ʇʨʠ ʵʪʦʤ ɿʘʧʠʩʠ, ʢʦʥʬʣʠʢʪʫʶʱʠʝ ʩ ʜʘʥʥʦʡ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʘʣʷʶʪʩʷ. 

ɿʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤʤʫʪʘʪʦʨʦʤ ʦʪʚʝʯʘʝʪ ʢʣʘʩʩ CiscoEntry, ʧʦ 

ʧʨʦʪʦʢʦʣʫ SNMP ʦʥ ʦʧʨʘʰʠʚʘʝʪ ʚʳʙʨʘʥʥʫʶ ʮʠʩʢʫ ʦ ʚʩʝʭ ʝʸ ʧʘʨʘʤʝʪʨʘʭ: 

¶ ɺʩʝ ʢʦʥʝʯʥʳʝ ʫʟʣʳ ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʥʝʡ$ 

¶ ɺʩʝ ʤʦʩʪʳ ʜʦ ʩʣʝʜʫʶʱʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʜʥʦʡ ʮʠʩʢʝ ʠ ʫʢʘʟʘʪʝʣʠ ʥʘ ʜʨʫʛʠʝ 

ʦʙʲʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʩʢʦʡ: 

¶ ʅʘʙʦʨ çMAC-ʟʘʧʠʩʝʡè, ʥʘʡʜʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʮʠʩʢʝ. 

¶ ʅʘʙʦʨ çʟʘʧʠʩʝʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡè, ʥʘʡʜʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʮʠʩʢʝ.  

 



 

182 

 

 

ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʩʧʠʩʢʘ ʠ ʦʙʭʦʜʘ ʢʦʤʤʫʪʘʪʦʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʤʫʪʘʪʦʨʦʚ 

 

ʂʣʘʩʩ SnmpClient ʩʣʫʞʠʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʧʦ ʧʨʦʪʦʢʦʣʫ SNMP, ʚ ʢʦʥʩʪʨʫʢʪʦʨ ʧʝʨʝʜʘʶʪʩʷ ʦʙʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʜʢʣʶʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 5. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ 
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ʈʠʩʫʥʦʢ 6. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʚ ʩʝʪʠ, 

ʚʳʯʠʩʣʷʪʴ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʩʪʨʦʠʪʴ ʢʘʨʪʫ ʩʝʪʠ ʠ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦʙ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ Cisco, 2-ʝ ʠʟʜ.: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çɺʠʣʴʷʤʝè, 2012. 

2. ʂʦʯʥʠ ɼ.ʖ. ʄʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʤʥʦʛʦʢʨʠʪʝ-

ʨʠʘʣʴʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʤʝʪʦʜʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ // ʉʙ. ʪʨʫʜʦʚ 

ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʈɸʅ, ï 2011, ˉ 7, ʉ. 4ï18. 

3. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ JSP-ʧʨʦʛʨʘʤʤʠʩʪʦʚ / ʇʝʨʶ ʩ ʘʥʛʣ. ï M.: 

ʂʋɼʀʎ-ʆɹʈɸɿ, 2014.  
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ʉʇɽʎʀʌʀʂɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆɹʑɽʉʊɺɽʅʅʓʍ  

ʀ ʈɽʂʈɽɸʎʀʆʅʅʓʍ ʇʈʆʉʊʈɸʅʉʊɺ  

ɺ ʇʈʆʄʓʐʃɽʅʅʆʄ ʄɽɻɸʇʆʃʀʉɽ 

ʆʩʪʘʥʠʥʘ ɸʥʘʩʪʘʩʠʷ ʀʛʦʨʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ, 
ʈʌ, ʛ. ʏʝʣʷʙʠʥʩʢ 

ʉʝʨʦʚʘ ʃʶʙʦʚʴ ɸʥʘʪʦʣʴʝʚʥʘ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʜʦʮ., ʟʘʚ. ʢʘʬʝʜʨʦʡ çɸʨʭʠʪʝʢʪʫʨʘ ʠ ʜʠʟʘʡʥè,  
ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ,  

ʈʌ, ʛ. ʏʝʣʷʙʠʥʩʢ 

 

ɹʦʣʝʝ 50% ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ ʧʨʦʞʠʚʘʝʪ ʚ ʛʦʨʦʜʘʭ, ʚ ʈʦʩʩʠʠ ʫʨʦʚʝʥʴ 

ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʜʦʩʪʠʛ 74%. ʀ ʯʠʩʣʝʥʥʦʩʪʴ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ. ɺʩʝ 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʜʠ ʥʫʞʜʘʶʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚ ʛʦʨʦʜʘʭ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ 

ʧʨʦʞʠʚʘʥʠʷ. ʀʤ ʥʝʦʙʭʦʜʠʤʳ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʪʜʳʭʘ, ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʦʨʤʘʪʠʚʥʳʝ 

ʜʦʢʫʤʝʥʪʳ: ʚ 2008 ʛʦʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ çʂʦʥʮʝʧʮʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 

ʛʦʜʘè [2], ʚ 2012 ʛʦʜʫ ï çʉʪʨʘʪʝʛʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘè, ʚ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʩʦʟʜʘʥʠʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʦʙʲʝʢʪʦʚ[3].  

ɻʦʨʦʜ ï ʵʪʦ ʦʨʛʘʥʠʟʤ, ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʟʘʢʦʥʘʤ ʪʝʦʨʠʠ 

ʫʨʙʘʥʠʟʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʪʝʦʨʠʝʡ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʛʦʨʦʜʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʯʘʩʪʝʡ ʠ ʵʣʝʤʝʥʪʦʚ [1, 9].  

ʄʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 60ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʘʩʧʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ 
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ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʦʜʦʚ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ, ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʤʦʛʫʪ ʚʝʩʴʤʘ ʦʪʣʠʯʘʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʝʩʷ ʛʦʨʦʜʘ 

ʧʨʦʭʦʜʷʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ: ʯʝʤ ʜʨʝʚʥʝʝ ʛʦʨʦʜ, ʪʝʤ ʙʦʣʴʰʝ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʦʥ ʟʘʭʚʘʪʳʚʘʝʪ ʦʪ 

ɸʥʪʠʯʥʦʩʪʠ, ʉʨʝʜʥʝʚʝʢʦʚʴʷ ʠ ʜʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʠ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚ ʠʤʝʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʷʪʳ ʥʝʢʦʪʦʨʳʝ ʠʩʪʦʨʠʯʝʩʢʠ 

ʩʣʦʞʠʚʰʠʝʩʷ ʛʦʨʦʜʘ ʥʘ ʧʫʪʠ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʜʦ 

ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʘ ʠʤʝʥʥʦ 2 ʩʪʦʣʠʮʳ: ʄʦʩʢʚʘ ʠ ʇʘʨʠʞ, 

ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ 

ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʭʩʷ ʛʦʨʦʜʘʭ 

 

ɸʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʄʦʩʢʚʳ ʠ ʇʘʨʠʞʘ, ʠʤʝʶʱʠʭ çʢʣʘʩʩʠʯʝʩʢʫʶè ʩʠʩʪʝʤʫ ʨʘʟʚʠʪʠʷ, ʧʦʢʘʟʳʚʘʝʪ, 
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ʯʪʦ ʚ ʮʝʣʦʤ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʛʦʨʦʜʩʢʦʡ ʩʠʩʪʝʤʳ ʆʈʇ ʜʝʡʩʪʚʫʝʪ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʦʨʦʜʘʭ, ʢʘʞʜʘʷ ʠʟ 

ʟʦʥ ʛʦʨʦʜʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʩʚʦʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ [4].  

ʅʦ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚ, ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʣʦʜʳʭ ʛʦʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʝʛʘʧʦʣʠʩʦʚ. ʆʙʨʘʟʦʚʘʥʥʳʝ ʚ XVIII ïXX ʚʝʢʘʭ ʛʦʨʦʜʘ ʠʜʫʪ ʧʦ ʜʨʫʛʦʤʫ ʧʫʪʠ 

ʨʘʟʚʠʪʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʧʨʦʭʦʜʷʪ ʚʩʝʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʵʪʘʧʦʚ ʠ ʥʝ ʥʝʩʫʪ ʥʘ ʩʝʙʝ 

ʦʪʧʝʯʘʪʦʢ ʨʘʟʣʠʯʥʳʭ ʵʧʦʭ. ɿʘʯʘʩʪʫʶ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʛʦʨʦʜʦʚ ʷʚʣʷʣʦʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʝʥʠʝ ʣʶʜʝʡ ʞʠʣʴʝʤ, ʨʘʙʦʪʦʡ, ʘ 

ʩʦʟʜʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʙʳʣʦ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ 

ʟʘʜʘʯʝʡ.  

ʅʘʧʨʠʤʝʨ, ʛʦʨʦʜʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ  

ʚ XVIII  ʚʝʢʝ, ʩʪʨʦʠʣʠʩʴ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ, ʧʦʵʪʦʤʫ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʜʠʣʦʩʴ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʚʦʜʦʚ. ʆʙʱʝʩʪʚʝʥʥʳʝ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʦʨʤʠʨʦ-

ʚʘʣʠʩʴ ʚ ʩʪʠʭʠʡʥʦʤ ʠ ʩʢʫʜʥʦʤ ʚʠʜʝ, ʥʝ ʦʙʨʘʟʫʷ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʛʣʘʩʥʦ 

ʨʠʩʫʥʢʫ 2. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʛʘʧʦʣʠʩʘʭ.  
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ʈʠʩʫʥʦʢ 2. ʉʠʩʪʝʤʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʝʛʘʧʦʣʠʩʝ 

 

ɺʓɺʆɼ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʭʩʷ 

ʛʦʨʦʜʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ ʚ ʘʩʧʝʢʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ 

ʚʳʷʚʠʣ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʨʘʟʚʠʚʘʣʘʩʴ 

ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, ʥʦ ʩʦ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʦʡ ʚ ʢʘʞʜʦʤ ʛʦʨʦʜʝ. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʛʦʨʦʜʘ ʥʝ ʠʤʝʶʪ ʪʘʢʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʠ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʜʘʥʥʳʭ 

ʤʝʛʘʧʦʣʠʩʘʭ ʚ ʧʨʦʝʢʪʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ ʣʶʜʝʡ, 

ʨʝʰʘʷ ʧʨʦʙʣʝʤʳ ʠʭ ʥʝʜʦʩʪʘʪʢʘ, ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʤʘʣʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ʆɹɿʆʈ ʊɽʍʅʆʃʆɻʀʀ HIGH LEVEL SYNTHESIS  

ʇʠʦʥʪʢʦʚʩʢʠʡ ʉʝʨʛʝʡ ʀʛʦʨʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, 
ʈʌ, ʛ. ʄʦʩʢʚʘ 

ʇʝʨʝʚʝʨʟʝʚ ɸʣʝʢʩʝʡ ʃʝʦʥʠʜʦʚʠʯ 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, 
ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, 

ʈʌ, ʛ. ʄʦʩʢʚʘ 

 

ʊʝʭʥʦʣʦʛʠʷ High Level Synthesis ʧʦʷʚʠʣʘʩʴ ʚ ʥʘʯʘʣʝ 2000-ʳʭ ʛʦʜʦʚ ʠ 

ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʢʦʤʧʘʥʠʷʤʠ-ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: Cadence (Stratus), Synopsis (SymphonyC), Altera (A++), 

Xilinx (VivadoHLS), Mentor Graphics (Catapult C) ʠ ʜʨʫʛʠʤʠ (ʨʠʩ. 1 ʘ, ʙ). 

High Level Synthesis (HLS) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʜ RTL-ʫʨʦʚʥʷ (RTL ï 

Register Transmission Level, ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ) ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, 

ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʷʟʳʢʠ C, C++, SystemC ʠ 

SystemVerilog) [1]. 

ʈʘʩʪʫʱʠʝ ʦʙʲʸʤʳ ʣʦʛʠʯʝʩʢʠʭ ʷʯʝʝʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʇʃʀʉ 

ʩʥʠʞʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ RTL-ʢʦʜʘ ʠ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ, ʙʦʣʝʝ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʋʚʝʣʠʯʠ-

ʚʘʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ 

ʫʨʦʚʥʝ RTL ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʢʠʤ, ʧʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦ ʧʝʨʝʡʪʠ ʥʘ ʫʨʦʚʝʥʴ 

ʚʳʰʝ ï ʭʦʪʴ ʵʪʦ ʠ ʧʨʠʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ (ʪʘʢ ʢʘʢ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʟʘʚʝʜʦʤʦ ʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʠ) ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʠʪ 

ʧʨʠʚʣʝʯʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʷʟʳʢʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, 

ʫʧʨʦʩʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʧʠʩʳʚʘʪʴ ʘʣʛʦʨʠʪʤ ʧʦʜ ʷʟʳʢʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ Verilog ʠʣʠ VHDL (ʪʘʢ ʢʘʢ HLS ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʢʦʜ, ʥʘʧʠʩʘʥʥʳʡ 

ʥʘ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʚ ʢʦʜ RTL-ʫʨʦʚʥʷ). ʇʦʤʠʤʦ RTL-ʢʦʜʘ, ʠʥʩʪʨʫʤʝʥʪʳ 

HLS ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʧʦʚʝʜʝʥʯʝʩʢʠʡè (ʚ 
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ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ñuntimedò) ʢʦʜ, ʪʦ ʝʩʪʴ ʢʦʜ ʥʝ 

ʠʤʝʶʱʠʡ ʧʨʠʚʷʟʢʠ ʢʦ ʚʨʝʤʝʥʠ (ʥʝ ʩʦʜʝʨʞʠʪ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʦʩʪʘʥʦʚʢʠ 

ʧʨʦʮʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ ʬʫʥʢʮʠʷ wait). 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʃʀʉ ʠ ʷʟʳʢʦʚ ʘʧʧʘʨʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ (HDL) 

ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʷʟʳʢʠ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʥʠʭ ʟʘʜʘʯ: 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʤʥʠʪʴ ʦ ʧʨʘʚʠʣʴʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, 

ʫʯʠʪʳʚʘʪʴ ʣʘʪʝʥʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ ʥʝ ʚʧʦʣʥʝ ʵʢʚʠʚʘʣʝʥʪʥʳ ʦʧʝʨʘʪʦʨʘʤ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʈʘʟʥʳʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʣʦʞʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʦʧʝʨʘʪʦʨʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʠʩʚʘʠʚʘʥʠʷ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ñContinuous assignmentò) ʠ ʚʥʫʪʨʠ ʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʮʠʬʨʦʚʘʷ ʩʭʝʤʦʪʝʭʥʠʢʘ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʥʦʨʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʸ ʙʦʣʴʰʝ ʪʷʛʦʪʝʝʪ ʢ ʩʠʥʭʨʦʥʥʳʤ ʩʭʝʤʘʤ. ɺ ʠʪʦʛʝ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʙʘʟʝ ʇʃʀʉ 

ʪʨʘʪʠʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʯʴʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ HLS ʧʘʢʝʪʘ ʚʳʩʪʫʧʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʩʫʱʥʦʩʪʠ: 

¶ ʀʩʭʦʜʥʳʡ ʢʦʜ ʥʘ ʷʟʳʢʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ; 

¶ ɺʨʝʤʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ 

ñTiming constraintsò), ʟʘʜʘʶʪ ʩʧʠʩʦʢ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ 

ʟʘʜʝʨʞʢʠ ʥʘ ʚʥʝʰʥʠʭ ʧʦʨʪʘʭ; 

¶ ʉʧʝʮʠʬʠʢʘʮʠʷ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʳ (ʢʦʥʚʝʡʝʨ, ʨʘʟʚʸʨʥʫʪʳʡ ʮʠʢʣ ʠ 

ʧʨʦʯʝʝ); 

¶ ɼʠʨʝʢʪʠʚʳ ʢʦʤʧʠʣʷʪʦʨʘ, ʟʘʜʘʶʱʠʝ ʢʘʢ ʜʚʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘ, 

ʪʘʢ ʠ ʜʣʷ ʫʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʦʨʪʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ IP-ʷʜʨʘ). 
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ʈʠʩʫʥʦʢ 1 (ʘ). ʄʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ Cadence Stratus HLS 

 

 

ʈʠʩʫʥʦʢ 1 (ʙ). ʄʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ Xilinx Vivado HLS 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʩʠʥʪʝʟ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʭʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʠʟʤʝʥʷʷ 

ʠʩʭʦʜʥʳʡ ʢʦʜ. ʅʝʢʦʪʦʨʳʝ HLS-ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʦʱʘʶʪ ʨʘʙʦʪʫ ʩ ʧʘʤʷʪʴʶ, 

ʰʠʥʘʤʠ ʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʦʟʚʦʣʷʷ ʧʨʦʛʨʘʤʤʠʩʪʫ ʠʩʧʦʣʴʟʦʚʘʪʴ 



 

193 

 

ʘʙʩʪʨʘʢʮʠʶ ʚ ʚʠʜʝ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʠ ʟʘʪʝʤ ʫʢʘʟʳʚʘʷ 

ʩʠʥʪʝʟʘʪʦʨʫ ʙʠʙʣʠʦʪʝʢʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʪʫ ʠʣʠ ʠʥʫʶ ʰʠʥʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʜ, ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

HLS, ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʣʘʪʝʥʪʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʷʯʝʝʢ) ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʭʫʜʰʫʶ ʩʪʦʨʦʥʫ ʦʪ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ ʯʠʩʪʦʛʦ ʣʠʩʪʘ RTL-ʢʦʜʘ, ʚʩʝʛʜʘ ʦʩʪʘʸʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʫʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘʤʠ HLS-

ʠʥʩʪʨʫʤʝʥʪʦʚ RTL-ʢʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʊʦ ʝʩʪʴ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʟʘ ʩʯʸʪ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʦʱʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʧʦʜʜʝʨʞʢʘ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʢʦʜʘ. 

ɺ ʮʝʣʦʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʚʝʢʪʦʨʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ: 

1) ʋʥʠʬʠʢʘʮʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʇʆ. ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʇʆ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʇʃʀʉ, ʥʦ ʠ ʜʣʷ ʩʠʩʪʝʤ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ, ʇʂ ʠ ʪ. ʜ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʩʢʦʨʷʝʪʩʷ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ 

ʢʘʢ ʧʨʦʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʘʧʧʘʨʘʪʥʫʶ 

ʧʣʘʪʬʦʨʤʫ, ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ HLS. 

2) ʇʝʨʝʥʦʩ ʛʦʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʨʫʯʥʫʶ ʧʦʨʪʠʨʦʚʘʪʴ ʥʘ HDL. 

3) ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʢʨʠʩʪʘʣʣʝ (SoC), ʛʜʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ CPU ʠ FPGA. 

ʇʝʨʚʳʝ ʜʚʘ ʩʣʫʯʘʷ ʠʥʪʝʨʝʩʥʳ ʩʢʦʨʝʝ ʤʝʥʝʜʞʝʨʘʤ, ʯʝʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʪʘʢ 

ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ ʠ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ, ʥʦ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪʘʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʩʠʥʪʝʟʘ ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʣʠʟʘʮʠʷʤʠ, 

ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʦʜ HDL. ɺ ʯʘʩʪʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ 

(ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʠʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʞʸʩʪʢʠʝ 



 

194 

 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʝʩʫʨʩʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʩʦʤʥʝʥʠʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʤʝʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʩ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝʤ ʚʣʦʞʝʥʥʳʭ ʮʠʢʣʦʚ. ʀʟ ʧʨʝʠʤʫʱʝʩʪʚ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʢʦʜʘ ʠ ʙʠʙʣʠʦʪʝʢ ʥʘ C, C++, Matlab ʠ 

ʧʨʦʯʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʵʪʦʛʦ ʚʳʪʝʢʘʝʪ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʟʨʘʙʦʪʢʘ ʠʜʸʪ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʜ ʥʝʩʢʦʣʴʢʦ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʂʦʤʧʘʥʠʷ Xilinx ʟʘʷʚʣʷʝʪ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʣʦʛʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ FPGA, ʩʪʘʨʳʝ ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʥʘ ʷʟʳʢʘʭ 

VHDL ʠ Verilog) ʫʞʝ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʠ ʝʩʪʴ ʙʦʣʴʰʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʇʃʀʉ ʙʫʜʝʪ ʚʝʩʪʠʩʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʷʟʳʢʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʠʧʘ ʉ ʠ ʉ++. ʋʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʩʨʝʜʩʪʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Xilinx Vivado HLS ʨʘʟʨʘʙʦʪʢʘ 

ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʞʥʦ ʫʡʪʠ ʦʪ ʧʦʥʷʪʠʷ çʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘè, ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʇʃʀʉ, ʘ ʚʩʶ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʦʜ ʇʃʀʉ ʫʞʝ ʜʝʣʘʪʴ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʘ [2]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʳʭ ʧʨʦʝʢʪʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥʘ ʠ 

ʫʧʨʦʱʝʥʘ. ʂ ʧʨʠʤʝʨʫ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʩʪʦʛʦ ʬʠʣʴʪʨʘ ʩ ʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʚʝʜʸʪʩʷ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʨʘʩʯʸʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ ʚ Matlab, ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʠʩʘʥʠʠ ʮʠʢʣʘ ʩʦ ʩʯʸʪʯʠʢʦʤ ʪʠʧʘ çforè ʥʘ 

ʷʟʳʢʝ C. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʜʠʨʝʢʪʠʚʳ ʢʦʤʧʠʣʷʪʦʨʫ 

HLS (ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʴʶ ʠ ʩʢʦʨʦʩʪʴʶ 

ʨʘʙʦʪʳ ʩʭʝʤʳ), ʠ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ, ʠʩʧʦʣʴʟʫʷ ʜʠʨʝʢʪʠʚʳ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʘʚʢʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, 

ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʚʳʭʦʜʥʦʡ RTL-ʢʦʜ ʥʝ ʧʨʠʣʘʛʘʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʮʝʣʦʤ, ʨʘʟʨʘʙʦʪʯʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ASIC ʠ FPGA ʥʝ ʩʣʠʰʢʦʤ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ[3], ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢʦʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʛʨʘʝʪ ʨʦʣʴ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ï ʧʨʦʛʨʘʤʤʠʩʪʳ, ʦʩʚʦʠʚʰʠʝ HDL-ʷʟʳʢʠ, ʥʝ ʩʣʠʰʢʦʤ 
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ʩʪʨʝʤʷʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʚʘʠʚʘʪʴ C++, 

ʠʟʫʯʘʪʴ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ ʠ ʜʠʨʝʢʪʠʚʳ HLS-

ʢʦʤʧʠʣʷʪʦʨʘ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʥʝʷʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʦʰʠʙʢʠ, ʚʦʟʥʠʢʰʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ HLS. ɺʳʩʦʢʦʫʨʦʚʥʝʚʳʝ 

ʧʨʦʛʨʘʤʤʠʩʪʳ ʞʝ ʥʘʦʙʦʨʦʪ, ʥʝ ʩʣʠʰʢʦʤ ʩʪʨʝʤʷʪʩʷ ʚʥʠʢʘʪʴ ʚ ʘʧʧʘʨʘʪʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ. ɺ ʩʨʝʜʝ HDL-ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ HLS ï ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʤʘʣʦʧʦʧʫʣʷʨʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʧʨʦʜʚʠʛʘʝʤʘʷ ʤʘʨʢʝʪʦʣʦʛʘʤʠ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʇʃʀʉ [6]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ, ʦʜʥʘʢʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʥʘʰʣʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʚ ʚʠʜʝ 

LLVM (Low Level Virtual Machine ð ʧʣʘʪʬʦʨʤʦʥʝʟʘʚʠʩʠʤʫʶ ʚʠʨʪʫʘʣʴʥʫʶ 

ʤʘʰʠʥʫ), ʪʘʢ ʢʘʢ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ ʚ HDL[5]. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʜʭʦʜ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʩʠʩʪʝʤʘʭ ʥʘ 

ʢʨʠʩʪʘʣʣʝ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʥʷʪʴ çʙʳʩʪʨʳʝè ʚʳʯʠʩʣʝʥʠʷ 

ʥʘ ʇʃʀʉ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʝ CPU. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ-ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʨʦʯʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʠʜʝʦ, ʘ 

ʪʘʢʞʝ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ[3]. ʆʜʥʘʢʦ ʪʘʢʠʝ 

SoC-ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ[7]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʞʥʦ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʛʦʪʦʚʳʝ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʉʥʂ (çʉʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʣʝè). 

ʀʟʚʝʩʪʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʤʧʘʥʠʷ Google ʧʨʠʤʝʥʷʣʘ HLS-ʠʥʩʪʨʫʤʝʥʪ Catapult C 

ʜʣʷ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʠʜʝʦʢʦʜʝʢʘ VP9 ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʠʤʝʚʰʝʡʩʷ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʠʟʤʝʥʷʷ ʷʟʳʢ ʨʘʟʨʘʙʦʪʢʠ [4]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʇʈʀʄɽʅɽʅʀɽ ʀʅʊɽʈʅɽʊ-ʊɽʍʅʆʃʆɻʀʁ  

ɺ ʕʃɽʂʊʈʆʅʅʆʁ ʂʆʄʄɽʈʎʀʀ 

ʈʳʥʜʠʥʘ ɸʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʩʪʫʜʝʥʪ, ʉʤʦʣʝʥʩʢʠʡ ʬʠʣʠʘʣ çʅʀʋè ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ,  
ʈʌ, ʛ.ʉʤʦʣʝʥʩʢ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʥʘʠʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʥʝʪ-

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʝʜʝʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʚʳʩʪʫʧʘʝʪ ʩʝʪʴ Internet, ʚ ʢʦʪʦʨʦʡ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚʩʝ 

ʧʨʦʝʢʪʳ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ: 

1. ʕʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʙʠʟʥʝʩʘ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʢ ʜʦʢʫʤʝʥʪʘʤ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʩʙʦʨʘ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʩʨʝʜʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʥʝʦʙʭʦʜʠʤʳʤ ʜʦʢʫʤʝʥʪʘʤ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʥʘʧʨʠʤʝʨ ʢʘʢ 1ʉ: ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, Oracle UCM ʠ ʪ.ʜ. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʩʣʦʞʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʠʟʥʝʩ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ 

ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʩʣʫʞʠʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʦ 
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ʧʨʠʢʣʘʜʥʳʤ ʦʙʣʘʩʪʷʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʘʥʘʣʠʟʦʤ ʧʦʩʪʫʧʠʚʰʠʭ ʜʘʥʥʳʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʘʣʝʝ 

ʵʢʩʧʝʨʪʘʤʠ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ʕʣʝʢʪʨʦʥʥʳʡ ʤʘʨʢʝʪʠʥʛ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʤʤʝʨʮʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʣʠʝʥʪʘʤ, 

ʧʨʦʜʚʠʞʝʥʠʝ ʙʨʝʥʜʘ ʪʦʚʘʨʘ ʠ ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʮʝʩʩʘʭ ʢʫʧʣʠ-ʧʨʦʜʘʞʠ ʠ ʦ ʩʦʩʪʦʷʥʠʠ ʨʳʥʢʘ ʚ ʮʝʣʦʤ. ʇʨʠʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ ʧʨʝʜʦʩʪʘʚʠʪ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʧʨʠʚʣʝʯʝʥʠʠ 

ʦʙʰʠʨʥʦʡ ʘʫʜʠʪʦʨʠʠ ʢʣʠʝʥʪʦʚ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ 

CRM-ʩʠʩʪʝʤʳ (ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʧʦʢʫʧʘʪʝʣʷʤʠ). 

4. ʕʣʝʢʪʨʦʥʥʘʷ ʪʦʨʛʦʚʣʷ. ɼʘʥʥʳʡ ʚʠʜ ʪʦʨʛʦʚʣʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦ ʧʨʠʯʠʥʘʤ ʩʥʠʞʝʥʠʷ ʪʦʨʛʦʚʳʭ 

ʠʟʜʝʨʞʝʢ, ʧʨʦʚʝʜʝʥʠʷ ʪʦʨʛʦʚʳʭ ʦʧʝʨʘʮʠʡ ʫʜʘʣʝʥʥʦ (ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ), ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʘʢʮʠʡ ʠ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʠʭ ʧʘʨʪʥʝʨʦʚ ʧʦ ʙʠʟʥʝʩʫ. ʇʨʠʤʝʨʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʦʨʛʦʚʣʠ ʚʳʩʪʫʧʘʶʪ ʠʥʪʝʨʥʝʪ-ʩʠʩʪʝʤʳ ebay.com, ozon.ru, amazon.ru, 

netzmartk.de, yahoo.com. 

ɺ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʧʦʧʫʣʷʨʥʳʤʠ 

ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʤʝʪʢʠ web-ʩʪʨʘʥʠʮ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ web-ʢʦʥʪʝʥʪʘ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ web, ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ web-ʢʦʥʪʝʥʪʘ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ web) 

(ʨʠʩʫʥʦʢ 1). ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʘʟʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʛʨʫʧʧʫ web-ʪʝʭʥʦʣʦʛʠʡ. 
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ʈʠʩʫʥʦʢ 1. ɻʨʫʧʧʠʨʦʚʢʘ Web-ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ 

 

ʗʟʳʢʠ ʨʘʟʤʝʪʢʠ (ʪʝʢʩʪʘ) ï ʥʘʙʦʨʳ ʩʠʤʚʦʣʦʚ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʪʝʢʩʪ ʩ ʮʝʣʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʩʪʨʦʝʥʠʠ ʠʣʠ 

ʚʳʚʦʜʝ. ʊʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʧʠʩʘʥ ʷʟʳʢʦʤ ʨʘʟʤʝʪʢʠ, ʚʢʣʶʯʘʝʪ 

ʪʘʢʞʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʢʫʤʝʥʪʘ 

(ʥʘʧʨʠʤʝʨ, ʩʧʠʩʢʠ, ʚʳʜʝʣʝʥʠʷ, ʟʘʛʦʣʦʚʢʠ ʠ ʪ.ʜ.). ɺ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ 

ʷʟʳʢ ʨʘʟʤʝʪʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʘʚʣʷʪʴ ʚ ʜʦʢʫʤʝʥʪ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠʤʝʥʷʶʪʩʷ ʷʟʳʢʠ ʨʘʟʤʝʪʢʠ ʚʝʟʜʝ, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤ ʚʳʚʦʜ ʬʦʨʤʘʪʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʨʝʢʣʘʤʥʦʡ, ʪʦʨʛʦʚʦʡ ʠ 

ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʩʬʝʨ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ. 

ʗʟʳʢʠ web-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʷʤʠ. ʉ ʧʦʤʦʱʴʶ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʷʟʳʢʦʚ ʨʘʟʤʝʪʢʠ, ʦʧʠʩʳʚʘʝʪʩʷ ʣʦʛʠʢʘ (ʧʦʚʝʜʝʥʠʝ) ʧʨʠʣʦʞʝʥʠʷ. ʗʟʳʢʠ web-

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʭ ʧʦʩʪʦʷʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ), ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 2), ʩʠʩʪʝʤʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 2. ʗʟʳʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ web-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ  

ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ 

 

ʂ ʠʥʩʪʨʫʤʝʥʪʘʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ web-ʢʦʥʪʝʥʪʦʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʜʣʷ web ʦʪʥʦʩʷʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ web-ʢʦʥʪʝʥʪʦʤ (Web 

content management system, Web CMS ʠʣʠ WCMS) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʙʳʯʥʦ 

ʚ ʚʠʜʝ web-ʧʨʠʣʦʞʝʥʠʷ, ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ HTML-

ʩʦʜʝʨʞʠʤʳʤ. Web CMS ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʙʦʣʴʰʠʤʠ, ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʤʠʩʷ ʢʦʣʣʝʢʮʠʷʤʠ web-ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʤʠ 

ʢʘʢ HTML ʜʦʢʫʤʝʥʪʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʢʘʨʪʠʥʢʠ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʦʱʘʝʪ 

ʧʨʦʮʝʩʩʳ ʩʦʟʜʘʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʨʝʰʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʧʦʜʜʝʨʞʢʦʡ 

ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ web-ʢʦʥʪʝʥʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ web-

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ Perl, PHP, Python, SOAP, XForms ʠ ʜʨʫʛʠʝ. WCMS ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʷʟʳʢʘʤʠ ʨʘʟʤʝʪʢʠ, ʥʘʧʨʠʤʝʨ ʩ XML ʯʝʨʝʟ 

ʨʘʩʰʠʨʝʥʠʝ ebXML (electronic buisiness XMLïXML ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ). 
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ɻʣʘʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʩʠʩʪʝʤ Web CMS ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʦʪʢʨʳʪʦʡ XML-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʝ ʛʣʦʙʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ. ʇʦ ʧʨʠʯʠʥʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʠʣʦʞʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʩʠʩʪʝʤʘʭ, ʧʦʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʦʙʲʝʜʠʥʝʥʠʷ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʩʝʭ ʚʠʜʦʚ 

ʩʝʨʚʠʩʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ. ɿʘʜʘʯʘ web-ʠʥʪʝʛʨʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʦʙʲʝʜʠʥʠʪʴ ʨʘʟʥʦʨʦʜʥʳʝ web-ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʜʠʥʫʶ ʩʨʝʜʫ ʥʘ ʦʩʥʦʚʝ 

ʩʝʪʠ Internet, ʘ ʢʨʦʤʝ ʪʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ WCMS, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʨʘʟʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ɺʠʜʳ ʩʠʩʪʝʤ WCMS, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ 

ʇʣʘʪʬʦʨʤʘ ʇʨʠʤʝʨ ʩʠʩʪʝʤʳ WCMS 

PHP 

1. AdaptCMS Lite 

2. ATutor 

3. 3. b2evolution 

JAVA 

1. OpenCms 

2. jAPS 

3. 3. Liferay 

PYTHON 

1. Django-cms 

2. MoinMoin 

3. 3. Plone 

PERL 

1. Bricolage 

2. dlosxom 

3. 3. MojoMojo 

Ruby on Rails 

1. Flagship Docs 

2. Radiant 

3. 3. Typo 

ASP.NET 

1. DotNetNuke 

2. mojoPortal 

3. 3. CompositeCl 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ web-ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʤʤʝʨʮʠʠ (ʪʘʙʣʠʮʘ 2) ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ web-

ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ ʷʚʣʷʶʪʩʷ PHP, PYTHON, RUBY (ʷʟʳʢʠ 

web-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) ʠ JSP.NET (ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ). 
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ʊʘʙʣʠʮʘ 2. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ web-

ʪʝʭʥʦʣʦʛʠʡ 

 

ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ 

PHP 
Java 

Script 
Python Ruby ASP.NET JSP HTML  

ʉ
ʬ
ʝ
ʨ
ʘ
 
ʵ
ʣ
ʝ
ʢ
ʪ
ʨ
ʦ
ʥ
ʥ
ʦ
ʛ
ʦ
 

ʙ
ʠ
ʟ
ʥ
ʝ
ʩ
ʘ

 

ʉʠʩʪʝʤʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
+ - + + + + - 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 
+ + + + + + + 

ʆʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ +- - +- +- +- + - 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ 
+- - + + +- +- - 

ʕʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ + - + + + + - 

ʉʘʡʪ + + +- +- +- +- + 

ʇʦʨʪʘʣ + + +- +- +- +- + 

ɸʫʢʮʠʦʥ + + +- +- +- +- + 

 

ʄʠʨʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʦʮʝʥʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ web-

ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʫʙʣʠʢʫʶʪʩʷ ʨʝʡʪʠʥʛʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 3) [1;2]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3 

ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ web-ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ 

ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ ʷʚʣʷʶʪʩʷ PHP (55%), JSP (30%), Puthon, Ruby ʠ 

Perl (ʧʦ 20% ʫ ʢʘʞʜʦʛʦ). 

17 15 15 15
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20 20
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100

ASP.NET CSS HTML Java

Script

JSP Perl PHP Python Ruby

Web-ʪʝʭʥʦʣʦʛʠʠ

%

ʀʩʧʦʣʴʟʫʶʪʩʷʅʝ ʠʩʧʦʣʴʟʫʶʪʩʷ

 

ʈʠʩʫʥʦʢ 3. ʉʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ web-ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚʝʩʪʠ ʙʠʟʥʝʩ, ʘ ʠʤʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʥʠʞʘʪʴ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʚʦʜʠʪʴ 

ʘʥʘʣʠʟ ʨʳʥʢʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʠ 

ʧʨʦʮʝʩʩʳ ʢʫʧʣʠ-ʧʨʦʜʘʞʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, 

ʫʧʨʘʚʣʷʪʴ ʧʝʨʩʦʥʘʣʦʤ ʠ ʚʳʙʠʨʘʪʴ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʚʝʜʝʥʠʷ 

ʙʠʟʥʝʩʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. TIOBE Software. ʂʦʤʧʘʥʠʷ ʦʮʝʥʢʠ ʩʪʘʥʜʘʨʪʦʚ ʦʮʝʥʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: http://www.tiobe.com/. 

2. ʉʦʮʠʘʣʴʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ï [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: http://www.catb.org/. 

3. ɼʝʥʠʩʦʚ ɼ.ʇ. ʀʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʠʟʥʝʩʝ ʠ ʢʦʤʤʝʨʮʠʠ / 

ɼ.ʇ. ɼʝʥʠʩʦʚ. ïʄ.: ʃʘʙʦʨʘʪʦʨʠʷ ʢʥʠʛʠ, 2012. 112 ʩ. 

  

http://www.tiobe.com/
http://www.catb.org/
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ɸʅɸʃʀɿ ɺɽʅʊʀʃʔʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ  

ʉ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄʀ ʀʉʊʆʏʅʀʂʆɺ ʊʆʂɸ 

ʄʝʥʜʳʙʘʝʚ ʉʝʨʛʘʟʳ ɸʤʝʨʛʘʣʠʝʚʠʯ 

ʧʨʦʬ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʇʘʚʣʦʜʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ʠʤ. ʉ. ʊʦʨʘʡʛʳʨʦʚʘ,  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʇʘʚʣʦʜʘʨ 

ʀʩʝʥʦʚ ʉʫʣʪʘʥʙʝʢ ʉʘʥʩʳʙʘʝʚʠʯ 

ʢʘʥʜ. ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬ., ʜʝʢʘʥ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʬʘʢʫʣʴʪʝʪʘ, ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʩʪʘʥʘ 

ʉʘʡʙʦʣʘʪʦʚʘ ɸʡʟʘʜʘ ʂʘʥʘʪʙʝʢʢʳʟʳ 

ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ,  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʩʪʘʥʘ 
 

ɺ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʜʘʥ ʘʥʘʣʠʟ ʚʝʥʪʠʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʝʢʦʤʝʥʜʦʚʘʥ ʪʦʢʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʠʤʝʶʱʠʡ ʝʩʪʝʩʪʚʝʥʥʫʶ ʪʦʢʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  

ʋʩʢʦʨʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʦʩʥʦʚʥʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʨʠ ʯʘʩʪʦʪʝ 50 ɻʮ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʝʝ 30% ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʣʷʝʪʩʷ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ[4]. 

ɼʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

(ʵʣʝʢʪʨʦʣʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ, 

ʟʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʵʣʝʢʪʨʦʜʫʛʦʚʳʝ ʧʝʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʵʣʝʢʪʨʦʩʚʘʨʢʘ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʧʣʘʟʤʘʪʨʦʥʳ) ʪʨʝʙʫʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʠʪʘʶʱʝʛʦ ʪʦʢʘ. ʕʪʠ ʧʦʪʨʝʙʠʪʝʣʠ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʫʶ 

ʚʦʣʴʪʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʤʘʣʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʵʪʠ ʧʦʪʨʝʙʠʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʛʨʫʟʢʦʡ ʚ ʚʠʜʝ ʧʨʦʪʠʚʦ-ʕɼʉ. 

ʂʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ 

ʧʦʪʨʝʙʠʪʝʣʶ, ʟʘʚʠʩʠʪ ʦʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ 

ʦʧʪʠʤʘʣʴʥʦʤ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢ ʠ ʧʦʪʨʝʙʠʪʝʣʴ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ñʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝò ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʩ ʤʘʣʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢ ʪʦʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ [3]. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʠʭ ʚʠʜʳ. 

1) ʄʘʛʥʠʪʦ-ʪʠʨʠʩʪʦʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʄʊʇ), ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʨʦʩʩʝʣʠ ʥʘʩʳʱʝʥʠʷ ʩ ʨʘʟʜʝʣʸʥʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʙʤʦʪʢʘʤʠ (ʨʠʩʫʥʦʢ 1). ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ 

ʨʘʙʦʪʳ ʧʦ ʩʠʣʦʚʦʡ ʮʝʧʠ. ʊʦʢ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʥʝ ʟʘʚʠʩʠʪ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʯʘʩʪʦʪʳ ʩʝʪʠ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ [5]. 

2) ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʜʦʟʠʨʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʠʟ ʩʝʪʠ ʚ ʥʘʛʨʫʟʢʫ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʷʚʣʝʥʠʝ ʧʝʨʝʟʘʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʢʣʶʯʸʥʥʦʛʦ ʚ ʜʠʘʛʦʥʘʣʴ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʤʦʩʪʘ (ʨʠʩʫʥʦʢ 2). ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʪʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʞʠʤʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʦʢʘ ʧʨʠ ʨʘʙʦʪʝ 

ʥʘ ʥʘʛʨʫʟʢʫ ʩ ʢʨʫʪʦʧʘʜʘʶʱʝʡ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

3) ɸʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ (ɸɻ) ʩ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. Ha ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ 

ɸɻ ʥʘ ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

4) ɺʝʥʪʠʣʴʥʦ-ʝʤʢʦʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʜʠʦʜʥʦ-

ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʩʭʝʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʙʣʠʟʢʦʤ ʢ ʢʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ 

ʮʝʧʠ ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 4). 

5) ʋʧʨʘʚʣʷʝʤʳʝ ʚʝʥʪʠʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʪʦʢʫ. 

ʇʦʩʪʦʷʥʩʪʚʦ ʪʦʢʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʝʣʠʯʠʥʳ 
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ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʘʛʥʠʪʥʦ-ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʜʦʟʠʨʦʚʘʥʥʦʡ ʧʝʨʝʜʘʯʝʡ.  

ʕʥʝʨʛʠʠ ʠʟ ʩʝʪʠ ʚ ʥʘʛʨʫʟʢʫ 

 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ 

Z
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʚʝʥʪʠʣʴʥʦ-ʝʤʢʦʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʝʥʪʠʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɿʊ ï ʟʘʜʘʪʯʠʢ ʪʦʢʘ; ʈT ï ʨʝʛʫʣʷʪʦʨ 

ʪʦʢʘ; ʋɺʇ ï ʫʧʨʘʚʣʷʝʤʳʡ ʚʝʥʪʠʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʅ ï ʥʘʛʨʫʟʢʘ;  

ɼʊ ï ʜʘʪʯʠʢ ʪʦʢʘ 

 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʦʢʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʀʊ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ; ɺʂ ï ʚʝʥʪʠʣʴʥʳʡ ʢʦʤʧʣʝʢʪ 

 

ʋʧʨʘʚʣʷʝʤʳʝ ʚʝʥʪʠʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ 

ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʦʢʘ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ (ʊɺ9, ɺɸʂ, ɺɸʂʈ ʠ ʜʨ.). ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ. ʆʜʥʘʢʦ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ, ʜʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʩʣʦʞʥʦʩʪʴ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ; 
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ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ; ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ 

ʧʠʪʘʶʱʫʶ ʩʝʪʴ [2]. 

ʊʘʢ ʢʘʢ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ɺɸʍ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳ ʧʫʣʴʩʘʮʠʷʤ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʪʦʢʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʛʣʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʣʠʟʢʠʭ ʢ ʜʝʚʷʥʦʩʪʦ ʛʨʘʜʫʩʦʚ. 

6) ʊʦʢʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʊʇʇ), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʙʘʟʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʪʦ ʯʥʠʢʘ ʪʦʢʘ (ʇʀʊ) ʠ ʦʙʣʘʜʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʦʢʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʊʦʢʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚʝʥʪʠʣʴʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʪʦʢʫ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

[5]: 

¶ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʚʳʭʦʜʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ; 

¶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʯʘʩʪʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʦʨʦʪʢʠʤ ʟʘʤʳʢʘʥʠʷʤ (ʨʝʞʠʤʫ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ); 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ 

ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʤʦʱʥʦʩʪʠ, ʩ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʘʨʤʦʥʠʢ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʝʪʝʚʦʛʦ ʪʦʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʙʣʘʜʘʷ ʥʝʩʢʦʣʴʢʦ ʭʫʜʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʛʨʝʛʘʪʘʤʠ ʩʝʨʠʠ ʊɺ9, ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʩ ʇʀʊ ʧʦʢʘʟʘʣʠ ʣʫʯʰʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ ʠʭ ʂʇɼ ʩʦʩʪʘʚʣʷʝʪ 93ï96% (ʫ ʘʛʨʝʛʘʪʦʚ ʩʝʨʠʠ ʊɺ9 ʦʪʚʝʪʩʪʚʝʥʥʦ 91ï

93%). ɺ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʫ ʠʩʪʦʧʥʠʢʦʚ ʩ 

ʇʀʊ0,91ï0,96% (ʸʤʢʦʩʪʥʦʡ), ʫ ʘʛʨʝʛʘʪʦʚ ʊɺ9 ʦʥ ʩʦʩʪʘʚʣʷʝʪ 0,87ï0,93 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʤʦʱʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʜʦ 0,6. ʋ ʠʩʪʦʯʥʠʢʦʚ ʩ ʇʀʊ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʝ ʙʳʚʘʝʪ0,9 [1]. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ 

ʨʝʘʢʪʦʨʦʚ. ʈʘʩʯʸʪ ʜʝʣʘʣʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʤʦʩʪʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʩ ʚʳʭʦʜʥʳʤ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ 

ʬʠʣʴʪʨʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʪʦʢʘ ʥʘ ʥʠʟʢʦʦʤʥʫʶ ʘʢʪʠʚʥʫʶ 

ʥʘʛʨʫʟʢʫ ʩ ʠʥʜʫʢʪʠʚʥʳʤ ʬʠʣʴʪʨʦʤ. ʇʨʠ ʧʦʣʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʪʘʢʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʙʣʠʟʦʢ ʢ 

0,5 (ʙʝʟ ʫʯʝʪʘ ʢʦʤʧʝʥʩʘʮʠʠ) ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʙʘʟʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʵʥʝʨʛʦʸʤʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʵʣʝʢʪʨʦʥʠʢʠ. ï ʅ.: 2009. ˉ 1. 
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ʂʆʅʎɽʇʊʋɸʃʔʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʐɽʃʔʌʆɺʓʍ 

ʉʆʆʈʋɾɽʅʀʁ 

ɸʢʫʣʠʯ ɺʣʘʜʠʤʠʨ ɺʠʪʘʣʴʝʚʠʯ 

ʩʪʫʜʝʥʪ ʛʨ.1450,  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʄʦʨʩʢʦʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè,  

ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺʝʩ ʧʣʘʪʬʦʨʤʳ ʩʦʩʪʘʚʣʷʝʪ 188800 ʪ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

65000 ʪ ʚ ʛʦʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʘʪʬʦʨʤʘ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʧʨʠʤʝʨʥʦ ʟʘ 3 ʛʦʜʘ. 

ʉʪʦʠʤʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʠʪ: 

3776000002000188800Sʞʙʪ =Ö=  $ 

ʇʨʝʜʧʨʠʷʪʠʝʤ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʧʣʘʪʬʦʨʤʳ ʷ ʚʳʙʠʨʘʶ ʉʫʭʦʡ ʜʦʢ ʚ ʧʦʨʪʫ 

ɺʦʩʪʦʯʥʳʡ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 1700 ʢʤ 

1) ɹʫʢʩʠʨʦʚʢʘ ʆʆ ʥʘ ʧʣʘʚʫ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 

ʕʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʦʧʝʨʘʮʠʷ.  

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪ ʧʦʨʪʘ ɺʦʩʪʦʯʥʳʡ ʜʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 900ʤʠʣʴ. ʉʢʦʨʦʩʪʴ ʙʫʢʩʠʨʦʚʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʙʫʢʩʠʨʦʚʦʯʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʥʷʪʘ 3 ʫʟʣʘ(1,5 ʤ/ʩ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʙʫʢʩʠʨʦʚʱʠʢʦʤ ʚ ʧʫʪʠ: 

ʩʫʪʦʢʯ
ʫʟʣʘ

ʤʠʣʴ
V

lt 5,12300
3

900 ====  

ʀʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʚ ʤʦʨʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʨʝʤʷ ʚ ʧʫʪʠ 

ʫʪʨʘʠʚʘʝʪʩʷ. ʊ.ʦ. ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʙʳʪʴ ʚʦʚʨʝʤʷ ʥʘ ʤʝʩʪʦ, 

ʙʫʢʩʠʨʦʚʱʠʢʫ ʧʦʪʨʝʙʫʝʪʩʷ 1 ʤʝʩʷʮ. 

ɼʣʷ ʦʧʝʨʘʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 1 ʦʢʝʘʥʩʢʠʡ 

ʙʫʢʩʠʨ ʪʷʛʦʡ ʙʦʣʝʝ 1500ʢʅ, ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʟʦʥʳ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʫʢʩʠʨʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʧʦ ʙʦʢʘʤ ʦʪ ʦʩʥʦʚʥʦʛʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

2 ʙʫʢʩʠʨʘ ʪʷʛʦʡ ʜʦ 50 ʪ.ʩ. ʠ 1 ʪʘʢʦʡ ʞʝ ʙʫʢʩʠʨ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʧʦʟʘʜʠ ʧʦʥʪʦʥʘ 

ʠ ʠʜʫʱʠʡ ʣʘʛʦʤ ʚʧʝʨʝʜ, ʩʣʫʞʘʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ. ʊʘʢʞʝ 

ʧʦʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʨʷʜʦʤ 1 ʨʝʟʝʨʚʥʳʡ ʦʢʝʘʥʩʢʠʡ ʙʫʢʩʠʨ ʥʘ ʩʣʫʯʘʡ ʚʳʭʦʜʘ ʠʟ 

ʩʪʨʦʷ ʦʩʥʦʚʥʦʛʦ ʙʫʢʩʠʨʘ. 
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ʉʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ 1 ʙʫʢʩʠʨʘ, ʪʷʛʦʡ ʙʦʣʝʝ 1500 ʪ.ʩ. ʩʦʩʪʘʚʣʷʝʪ 

35000$/ʩʫʪʢʠ, ʘ ʤʘʣʦʛʦ ʙʫʢʩʠʨʘ ï 12000$. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘ ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʘʨʝʥʜʫ ʙʫʢʩʠʨʦʚ ʠ ʜʦʩʪʘʚʢʫ 

ʦʧʦʨʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʢʦʣʦʥʥʘʤʠ ʥʘ ʤʝʩʪʦ ʩʦʩʪʘʚʠʪ: 

328600031)120003350002( =ÖÖ+Ö=ʙʫʢʩ.ʆʆS $ 

2) ʇʦʛʨʫʞʝʥʠʝ ʆʆ ʥʘ ʤʝʩʪʦ 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʦʛʦʜʦʦʛʨʘʥʠʯʝʥʥʘʷ ʦʧʝʨʘʮʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʛʨʫʟʠʪʴ ʦʧʦʨʥʦʝ ʦʩʥʦʚʘʥʠʝ ʥʘ ʤʝʩʪʦ, ʥʘʤ  

ʧʦʪʨʝʙʫʝʪʩʷ 4 ʙʫʢʩʠʨʘ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʩʪʷʪʩʷ ʧʦ ʫʛʣʘʤ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʝʝ 

ʫʜʝʨʞʘʥʠʷ ʥʘʜ ʟʘʜʘʥʥʳʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ. 

ɺʦʟʴʤʝʤ ʪʨʠ ʙʫʢʩʠʨʘ ʪʷʛʦʡ ʜʦ 50 ʪ.ʩ., ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʥʝʝ, ʠ ʝʱʝ ʦʜʠʥ 

ʪʘʢʦʡ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʫʢʩʠʨ. ɸʨʝʥʜʘ ʜʘʥʥʳʭ ʙʫʢʩʠʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 

12000$/ʩʫʪʢʠ ʟʘ ʦʜʠʥ ʙʫʢʩʠʨ. 

ʆʧʝʨʘʮʠʷ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʟʘʧʦʣʥʝʥʠʠ ʧʦʥʪʦʥʘ ʦʩʪʘʚʰʠʤʩʷ ʞʠʜʢʠʤ 

ʙʘʣʣʘʩʪʦʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 3 ʩʫʪʦʢ. ʆʪʩʶʜʘ, 

ʝʝ ʩʪʦʠʤʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ: 

1440003)120004( =ÖÖ= ʩʫʪʦʢS ʆʆ ʧʦʛʨʫʞ. $ 

3) ɹʫʢʩʠʨʦʚʢʘ ɺʉ ʥʘ ʙʘʨʞʝ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 

ʕʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʦʧʝʨʘʮʠʷ.  

ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʦʨʩʢʠʭ ʧʣʘʪʬʦʨʤ 

ʶʞʥʦʢʦʨʝʡʩʢʘʷ ʢʦʤʧʘʥʠʷ çʉʘʤʩʫʥʛè. 

ʉ ʧʦʤʦʱʴʶ ʦʛʨʦʤʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʜʦʤʢʨʘʪʦʚ, ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ, ʩʦʦʨʫʞʝʥʠʝ ʩʪʘʚʠʪʩʷ ʥʘ ʧʦʛʨʫʟʦʯʥʫʶ ʨʘʤʫ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʩʪʨʦʝʥʥʦʡ ʙʘʨʞʝ ʊ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 

ʄʘʩʩʘ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 24000ʪ. ɼʣʷ ʝʛʦ ʙʫʢʩʠʨʦʚʢʠ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʨʞʫ T-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʜʦ 40 000ʪ. 

ʉʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ ʜʘʥʥʦʡ ʙʘʨʞʠ ʩʦʩʪʘʚʠʪ 35000$/ʩʫʪʢʠ. 
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ɼʣʷ ʙʫʢʩʠʨʦʚʢʠ ʙʘʨʞʠ ʠʩʧʦʣʴʟʫʝʤ ʪʝ ʞʝ ʩʘʤʳʝ ʙʫʢʩʠʨʳ, ʯʪʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʧʦʨʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʕʪʦ ʜʚʘ ʦʢʝʘʥʩʢʠʭ 

ʙʫʢʩʠʨʘ, ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ, ʘ ʪʘʢʞʝ ʠ ʪʨʠ ʙʫʢʩʠʨʘ ʪʷʛʦʡ ʜʦ 50 ʪ.ʩ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 11 ʜʥʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʨʘʚʥʘ: 

160600011)40000120003350002(Sʙʫʢʩ.ɺʉ =Ö+Ö+Ö= $ 

4) ʉʪʳʢʦʚʢʘ ɺʉ ʩ ʆʆ 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʦʛʦʜʦʦʛʨʘʥʠʯʝʥʥʘʷ ʦʧʝʨʘʮʠʷ.  

ʅʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʤʦʥʪʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʥʘʧʣʳʚʘ ʚʝʨʭʥʝʝ 

ʩʪʨʦʝʥʠʝ ʧʣʘʪʬʦʨʤʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʩʭʝʤʳ ʩʪʳʢʦʚʢʠ ʚ ʨʘʡʦʥ 

ʨʘʟʤʝʱʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʥʘʤʠ ʜʦʩʪʘʚʣʝʥʳ ʥʘ ʙʘʨʞʝ ʚʝʨʭʥʝʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʥʘʜ ʆʆ. ɿʘʪʝʤ ʙʘʨʞʘ ʦʧʫʩʢʘʝʪʩʷ, ʧʫʪʝʤ ʙʘʣʣʘʩʪʠʨʦʚʢʠ. 

ɺʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 9 ʯʘʩʦʚ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʥʘʤ ʧʦʪʨʝʙʫʶʪʩʷ ʙʫʢʩʠʨʳ, ʪʷʛʦʡ ʜʦ 50 ʪ.ʩ. ʚ 

ʨʘʟʤʝʨʝ 4 ʰʪʫʢ. 

ʉʃɽɼʆɺɸʊɽʃʔʅʆ, ʉʊʆʀʄʆʉʊʔ ɼɸʅʅʆʁ ʆʇɽʈɸʎʀʀ 

ʈɸʉʉʏʀʊʓɺɸɽʄ ʊɸʂ: 

240005,0)120004( =ÖÖ= ʩʫʪʦʢSʫʩʪʘʥ.ɺʉ  $ 

5) ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʠʪʦʛʝ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʞʝʣʝʟʦʙʝʪʦʥʘ ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʩ ʫʯʝʪʦʤ 

ʤʦʨʩʢʠʭ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʠʪ: 

3826600002400016060001440003286000377600000Sʆɹʑ =++++= $ 

ʀʪʦʛʦ ʩʫʤʤʘ ʩʦʩʪʘʚʠʣʘ 382 ʤʠʣʣʠʦʥʘ 660 ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. 
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ʊʘʙʣʠʮʘ 1. 

ʇʣʘʥ-ʛʨʘʬʠʢ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʡ ʠ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʅɸʀʄɽʅʆɺɸʅʀɽˉʧ/ʧ ʅɽɼɽʃʀ

1 2 3 54 76

1

2

3

4

5

6

ɺr ʚʦʜ ʠʟ ʜʦʢʘ

ɹʫʢʩʠʨʦʚʢʘ ʆʆ

ʋʩʪʘʥʦʚʢʘ ʆʆ

ʇʨʦʪʠʚʦʨʘʟʤr ʚʥr ʝ 

ʦʧʝʨʘʮʠʠ

ɹʫʢʩʠʨʦʚʢʘ ɺʉ

ʋʩʪʘʥʦʚʢʘ ɺʉ

 

 

  




