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ʕʃɽʂʊʈʆʊɽʍʅʀʂɸ 
 

ʂ.ʆ. ɸʨʙʫʟʦʚ, ʂ.ɽ. ʂʦʨʥʝʝʚ, ʩʪʫʜ., ɺ.ɺ. ʌʝʜʦʪʦʚ, ʘʩʧ.;  

ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɿɸɼɸʊʏʀʂɸ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʅɸ 

ɼʀʅɸʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ɺ ʕʃɽʂʊʈʆʇʈʀɺʆɼɽ1 

 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ (ʕʇ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝʤ ʨʷʜʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʙʦʪʝ ʧʨʠʚʦʜʘ ʢʘʢ ʚ ʩʪʘʪʠʢʝ, ʪʘʢ ʠ ʚ ʜʠʥʘʤʠʢʝ.  

ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʕʇ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʠʣʠʡ ʥʘ ʵʣʝʤʝʥʪʳ 

ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ ʠʤʝʝʪ 

ʩʢʘʯʢʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʨʦʩʢʦʚ ʪʦʢʘ, ʚ ʥʝʩʢʦʣʴʢʦ ʢʨʘʪ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʅʘʣʠʯʠʝ ʵʪʠʭ ʙʨʦʩʢʦʚ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʜʘʨʥʳʤ 

ʥʘʛʨʫʟʢʘʤ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʷʭ ʕʇ [1], ʫʩʢʦʨʷʶʱʠʭ ʠʟʥʦʩ ʧʨʠʚʦʜʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. 

 ɼʣʷ ʕʇ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʠʡ 

ʢʦʥʪʫʨ ʪʦʢʘ ʦʪ ʚʥʝʰʥʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 2,5-3,0 ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ [2], ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʧʘʩʧʦʨʪʥʦʡ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʣʠʯʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʠʥʪʝʨʚʘʣʦʚ ʨʘʙʦʪʳ ʕʇ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʪʦʢʘ ʚ 2,5-3,0 ʨʘʟʘ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚʩʣʝʜʩʪʚʠʝ ʝʝ 

ʧʝʨʝʛʨʝʚʘ ʠ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʤʝʭʘʥʠʢʠ ʕʇ. ʀʟʚʝʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʤʝʩʪʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ. ɿʘʜʘʪʯʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ɿʀ) ʬʦʨʤʠʨʫʝʪ 

ʧʣʘʚʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʫʩʢʝ ʕʇ. 

 ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʇ ʧʨʠ ʝʛʦ ʧʫʩʢʝ ʩ ʥʘʣʠʯʠʝʤ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʙʝʟ ʥʝʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FSWF-2026-0010. 



4 

 ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʦ ʩʭʝʤʝ 

ʠʟ [4], ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʥʝʰʥʠʡ ʫʩʠʣʠʪʝʣʴ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʙʠʣʠʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʪʨʦʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ ʜʠʦʜʦʚ ʩ ʟʘʜʘʥʠʝʤ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʙʦʷ ʜʠʦʜʘ, ʨʘʚʥʦʡ 10 ɺ. ʇʝʨʚʳʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʦʪʚʝʯʘʝʪ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʚʪʦʨʦʡ ï ʟʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʩʠʛʥʘʣʘ, ʪʨʝʪʠʡ ï ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʈʘʩʯʝʪ ʪʝʤʧʘ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ɿʀ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὗ̃ ̜̖

Ὗ

Ὑ̃ ̖Ͻὅ̃ ̖
Ͻὸȟ 

 
ʛʜʝ: Ὗ̃ ̜ ̖ ï ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, Ὗ ï ʩʠʛʥʘʣ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, Ὑ̃  ̖ï ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʠʥʚʝʨʩʥʦʤʫ ʚʭʦʜʫ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 2, ὅ̃  ̖ï ʟʥʘʯʝʥʠʝ 

ʸʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

2. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʨʝʜʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MatLab 

 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʕʇ ʧʨʠ ʝʛʦ ʧʫʩʢʝ ʩ ʥʘʣʠʯʠʝʤ ʠ 

ʙʝʟ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʕʇ ʩ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ ʪʘʙʣʠʮʳ 1 
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʅʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʦʱʥʦʩʪʴ 45 ʢɺʪ 

ʅʘʧʨʷʞʝʥʠʝ 220 ɺ 

ʊʦʢ ʷʢʦʨʷ 233,8 ɸ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 286,5 ʅĿʤ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 0,6 ʢʛĿʤĮ 

ʉʢʦʨʦʩʪʴ ʥʦʤʠʥʘʣʴʥʘʷ 157 ʨʘʜ/ʩ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʠʛʥʘʣʘ 

ʟʘʜʘʥʠʷ (ʨʠʩʫʥʦʢ 3, ʘ) ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 

3, ʙ). 

 

 
)͊ 

 
͋ύ 

ʈʠʩʫʥʦʢ 3 ï ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʫʩʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʙʝʟ (ʘ) ʠ ʧʨʠ ʥʘʣʠʯʠʠ (ʙ) ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʅʘ ʨʠʩʫʥʢʝ 3, ʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ 550 ʅʤ ʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʩʠʛʥʘʣʝ ʟʘʜʘʥʠʷ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 1500 

ʦʙ/ʤʠʥ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1,1 ʩ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 820 ʅʤ. ʅʘ ʫʯʘʩʪʢʝ ʨʘʟʛʦʥʘ ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʝʨʞʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 700 ʅʤ, ʧʦʩʣʝ ʚʳʭʦʜʘ ʥʘ 

ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 

ʧʨʠʣʦʞʝʥʥʦʤʫ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

ʅʘ ʨʠʩʫʥʢʝ 3, ʙ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ 550 ʅʤ ʠ 

ʥʘʣʠʯʠʠ ʟʘʜʘʪʯʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʘʩʪʨʦʝʥʥʦʛʦ ʥʘ ʪʝʤʧ ʨʘʟʛʦʥʘ ʧʨʠʤʝʨʥʦ 2,2 

ʩ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 670 

ʅʤ. ʅʘ ʫʯʘʩʪʢʝ ʨʘʟʛʦʥʘ ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʜʝʨʞʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 626 ʅʤ, ʧʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʧʨʠʣʦʞʝʥʥʦʤʫ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

ɺʳʚʦʜ. ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦʛʦ 

ɿʀ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ ʪʝʤʧ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʥʠʟʠʪʴ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ 

(ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʘ ɿʀ) ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ 

ʧʨʠʚʦʜʘ. ɺʳʙʦʨ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʟʘʜʘʯʝʡ ʤʝʞʜʫ 

ʜʦʧʫʩʪʠʤʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʨʝʙʫʝʤʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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https://vunivere.ru/work14536?screenshots=1, ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.03.2026 

 
 
 
 

ʄ.ɸ. ɺʘʚʠʣʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ʉ.ʇ. ʂʫʨʠʣʠʥ, ʜ.ʪ.ʥ., 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʁ ʂʆʈʆʊʂʆɿɸʄʂʅʋʊʆɻʆ ʈʆʊʆʈɸ 

ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʉ ʇʆʅʀɾɽʅʅʆʁ ʂʈɸʊʅʆʉʊʔʖ 

ʇʋʉʂʆɺʆɻʆ ʊʆʂɸ 
 

ɸʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʫʜʦʙʩʪʚʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʚʦʜʘʭ ʥʘʩʦʩʦʚ, 

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʦʥʚʝʡʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʨʘʪʥʦʩʪʴ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ. ɺ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʪʦʢ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʜʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʧʝʨʝʛʨʫʟʢʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʠ ʧʦʚʳʰʝʥʥʳʤ ʪʝʧʣʦʚʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. 

ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 300 ʢɺʪ. ʇʨʠ ʠʭ ʟʘʧʫʩʢʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʥʘʫʯʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʩʭʝʤʥʳʝ, ʪʘʢ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. ʉʨʝʜʠ 

ʩʭʝʤʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʩʢʦʚʳʭ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʪʠʨʠʩʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʠ ʯʘʩʪʦʪʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ʧʫʩʢʘ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʧʫʩʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʂ ʪʘʢʠʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʦʡʥʦʡ ʢʣʝʪʢʠ ʨʦʪʦʨʘ, 

ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʠʭ ʧʘʟʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʭ ʢʦʣʝʮ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʠʣʠʪʴ ʵʬʬʝʢʪ 

ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʨʦʪʦʨʘ. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʨʘʪʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʤʦʱʥʦʩʪʴʶ 30 ʢɺʪ ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 1500 ʦʙ/ʤʠʥ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ FEMM, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʪʦʨʮʝʚʦʡ ʦʙʣʘʩʪʠ ʨʦʪʦʨʘ, ʚʢʣʶʯʘʷ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʝʝ ʢʦʣʴʮʦ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ ʟʘʜʘʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʫʶ ʩʪʘʣʴ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʩʪʘʣʴ. 

ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʜʚʫʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ: ʧʫʩʢʦʚʦʛʦ 

ʨʝʞʠʤʘ ʧʨʠ ʯʘʩʪʦʪʝ ʪʦʢʘ 50 ɻʮ ʠ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʧʨʠ ʯʘʩʪʦʪʝ ʪʦʢʘ 1 ɻʮ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʵʪʠʭ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʪʦʨʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʝʛʦ ʢʦʣʴʮʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ 
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ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1.02, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ï ʦʢʦʣʦ 0.96. 

ɼʘʣʝʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʨʦʪʦʨʘ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʦʜʠʬʠʢʘʮʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʭ 

ʢʦʣʝʮ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ 

ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʵʢʨʘʥʦʚ. ʆʥʠ ʦʪʣʠʯʘʣʠʩʴ ʨʘʟʤʝʨʘʤʠ, ʬʦʨʤʘʤʠ, 

ʪʦʣʱʠʥʦʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʴʮʘ. ʅʝʢʦʪʦʨʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʣʠ ʤʝʜʥʳʝ ʚʩʪʘʚʢʠ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʚ ʧʫʩʢʦʚʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʩʪʠʛ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 17, 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʜʣʷ 50 ɻʮ. 

ɹʘʟʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʝʛʦ ʢʦʣʴʮʘ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʬʦʨʤʫ ʨʘʟʤʝʨʦʤ 31ʭ14 ʤʤ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʦʪʦʟʘʤʳʢʘʶʱʝʛʦ ʢʦʣʴʮʘ ʚ ʨʝʞʠʤʝ ʧʫʩʢʘ  

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʝʛʦ ʢʦʣʴʮʘ ʠʤʝʝʪ 

ʪʨʘʧʝʮʝʠʜʘʣʴʥʫʶ ʬʦʨʤʫ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʵʢʨʘʥ ʪʦʣʱʠʥʦʡ 2 

ʤʤ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʠ ʤʝʜʥʫʶ ʥʘʢʣʘʜʢʫ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʥʘ ʩʢʦʰʝʥʥʦʡ 

ʯʘʩʪʠ ʪʨʘʧʝʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2  
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʦʪʦʟʘʤʳʢʘʶʱʝʛʦ ʢʦʣʴʮʘ ʚ ʨʝʞʠʤʝ ʧʫʩʢʘ  

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʝʤ ʢʦʣʴʮʝ. ɺ ʧʫʩʢʦʚʦʤ ʨʝʞʠʤʝ ʪʦʢ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʥʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʣʝʪʢʠ ʨʦʪʦʨʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʚ ʧʫʩʢʦʚʦʤ ʨʝʞʠʤʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʳ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʧʫʩʢʦʚʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ 10-20 ʨʘʟ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʫʩʢʦʚʦʡ ʪʦʢ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ʠ ʂʇɼ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʝ 20 ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʢʨʘʪʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʪʦʨʮʝʚʦʡ ʦʙʣʘʩʪʠ ʨʦʪʦʨʘ ʠ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʭ ʢʦʣʝʮ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʦʪʦʨʘ ʚ ʧʫʩʢʦʚʦʤ ʨʝʞʠʤʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʧʫʩʢʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
ʃʠʪʝʨʘʪʫʨʘ 

[1]. ʂʦʧʳʣʦʚ, ʀ. ʇ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ: ʋʯʝʙʥʠʢ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ. 4-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧ./ ʀ. 

ʇ. ʂʦʧʳʣʦʚ, ɹ. ʂ. ʂʣʦʢʦʚ, ɺ. ʇ. ʄʦʨʦʟʢʠʥ, ɹ. ʌ. ʊʦʢʘʨʝʚ.ï ʄ.: ʖʨʘʡʪ, 2016. - 767 ʩ 

[2]. ɹʫʣʴ, ʆ. ɹ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ: ʄʘʛʥʠʪʥʳʝ ʮʝʧʠ, ʧʦʣʷ ʠ ʧʨʦʛʨʘʤʤʘ 

FEMM: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ/ ʆ. ɹ. ɹʫʣʴ.ï ʄ.: ɸʢʘʜʝʤʠʷ, 2005. - 336 ʩ.  

[3]. ɺʦʣʴʜʝʢ, ɸ. ʀ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. ʄʘʰʠʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ ɸ. ʀ. ɺʦʣʴʜʝʢ, ɺ. ɺ. 

ʇʦʧʦʚ.ï ʉʇʙ.: ʇʠʪʝʨ, 2008. - 350 ʩ.  
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ɼ.ɸ. ɺʝʨʪʦʛʫʟʦʚ, ʘʩʧ.; ʨʫʢ. ɺ.ʌ. ʃʘʯʫʛʠʥ, ʜ.ʪ.ʥ. 

ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè 

 
ʇʈʀʄɽʅɽʅʀɽ ʃʆɻʀʏɽʉʂʆʁ ɿɸʑʀʊʓ ɼʃʗ ʃʀʂɺʀɼɸʎʀʀ 

ʆɼʅʆʌɸɿʅʓʍ ɿɸʄʓʂɸʅʀʁ ʅɸ ɿɽʄʃʖ ɺ ʉɽʊʀ ʉ ʅʀɿʂʆʆʄʅʓʄ 

ɿɸɿɽʄʃɽʅʀɽʄ ʅɽʁʊʈɸʃʀ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʪʷʭ 6-35 ʢɺ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʥʠʟʢʦʦʤʥʦʝ 

ʨʝʟʠʩʪʠʚʥʦʝ ʟʘʟʝʤʣʝʥʠʝ ʥʝʡʪʨʘʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʦʙʲʝʢʪʘʭ 

[1]. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʟʝʤʣʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ (ɿʆɿɿ). 

ɿʆɿɿ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʦʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

(ʃʕʇ), ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ (ʈʇ) ʠʣʠ ʨʝʢʣʦʫʟʝʨʘʤʠ. ɺ 

ʠʪʦʛʝ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʫ ɿʆɿɿ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ 1 ʩʝʢʫʥʜʳ. ʇʨʠʤʝʨ ʪʘʢʦʡ 

ʩʝʪʠ ʩ ʫʢʘʟʘʥʠʝʤ ʚʳʜʝʨʞʝʢ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

ɿʆɿɿ 

1,9 ʩ

ɿʆɿɿ 

1,3 ʩ

ɿʆɿɿ 

1,6 ʩ
ɿʆɿɿ 

1,3 ʩ

ɿʆɿɿ 

0,7 ʩ

ɿʆɿɿ 

1,0 ʩ

ɿʆɿɿ 

0,4 ʩ

ʢ ʊʇ

ʢ ʈʇ

ʢ ʈʋ ɺʅ

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ɿʆɿɿ ʚ ʩʝʪʠ ʩ ʥʠʟʢʦʦʤʥʳʤ ʨʝʟʠʩʪʠʚʥʳʤ 

ʟʘʟʝʤʣʝʥʠʝʤ ʥʝʡʪʨʘʣʠ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʆɿɿ, ʜʣʠʪʝʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʘʚʘʨʠʡʥʦʛʦ ʪʦʢʘ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʚʳʜʝʨʞʝʢ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʟʘʱʠʪʳ ʘʙʩʦʣʶʪʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʂ/ʉ), ʯʪʦ, ʦʜʥʘʢʦ, 

ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʱʠʪ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʟʘʱʠʪʘ (ʃɿ) [2]. ɺ 
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ʧʨʦʩʪʝʡʰʝʤ ʠʩʧʦʣʥʝʥʠʠ ʜʣʷ ʨʘʙʦʪʳ ʟʘʱʠʪʳ ʜʦʩʪʘʪʦʯʥʦ ʩʠʛʥʘʣʦʚ ʧʫʩʢʘ ɿʆɿɿ 

ʃʕʇ. ʇʨʠ ʪʘʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʃɿ ʥʘ ʙʣʦʢʠʨʫʶʱʝʤ ʩʠʛʥʘʣʝ (ɹʉ) ʤʦʞʝʪ 

ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ ʠ ʦʙʣʘʜʘʝʪ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ ʥʘ ʦʞʠʜʘʥʠʝ ʩʠʛʥʘʣʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʃɿ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʠʛʥʘʣʦʤ (ʨʠʩ. 2). 

 

ʘ)

ʙ)

ʇʫʩʢ ʉʆɿɿ 2

&ʇʫʩʢ ɿʆɿɿ 2

ʉʨʘʙ. ʀʆ ʃɿ 2

ʉʨʘʙ. ʇʆ ʃɿ 2

ʇʫʩʢ ɿʆɿɿ 1

ʇʫʩʢ ʃɿ 1

&

ʉʨʘʙ. ʀʆ ʃɿ 2 (ɹʉ)

ʉʨʘʙ. ʇʆ ʃɿ 2 (ʈʉ)

ʉʨʘʙ. ʃɿ 1

ʆʪʢʣ. ʃɿ 2

ʚ)

&

&

ʇʫʩʢ ʃɿ 1

ʉʨʘʙ. ʇʆ ʃɿ 2 (ʈʉ)

ʉʨʘʙ. ʃɿ 1 ʩ t

ʉʨʘʙ. ʇʆ ʃɿ 2 (ɹʉ)

 
ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʃɿ: ʘ ï ʬʫʥʢʮʠʷ ʃɿ ʩʦ ʩʪʦʨʦʥʳ 

ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ; ʙ ï ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʮʘ; ʚ ï ʨʘʙʦʪʘ ʧʨʠ ʦʪʢʘʟʝ ʢ/ʩ 

 

ɺ ʢʘʯʝʩʪʚʝ ɹʉ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʥʘʣ ʧʫʩʢʘ ɿʆɿɿ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ (ʈʉ) ï ʩʠʛʥʘʣ ʧʫʩʢʘ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʜʥʦʬʘʟʥʳʭ 

ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ (ʉʆɿɿ). ʇʨʠ ʪʘʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʢ/ʩ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʚʦʜʘ ʠʟ ʨʘʙʦʪʳ ʃɿ. ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʃɿ ʚ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʣʦʛʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ [3], 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠ ʦʪʢʘʟʝ ʂ/ʉ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʈɿɸ (ʋʈɿɸ) ʨʘʙʦʪʘʪʴ ʃɿ ʢʘʢ ʥʘ 

ʩʚʦʝʤ ʫʯʘʩʪʢʝ, ʪʘʢ ʠ ʥʘ ʩʤʝʞʥʦʤ ï ʚ ʟʦʥʝ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ (ʨʠʩ. 3). 
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ʃɿ 1

ʃɿ 2

ʃɿ 4

ʉʆɿɿ 2

ɿʆɿɿ 2

ɿʆɿɿ 2

ʃɿ 3
ʉʆɿɿ 3

ɿʆɿɿ 3 ɿʆɿɿ 2

ʉʆɿɿ 3

ʟʦʥʘ 1

ʟʦʥʘ 2

ʟʦʥʘ 3

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʙʦʪʘ ʢʦʤʧʣʝʢʩʘ ʃɿ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʃɿ 3 
 

ʆɿɿ ʤʝʞʜʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʪʦʢʘ ʠ ʚʚʦʜʦʤ ʢʘʙʝʣʷ ʚʭʦʜʠʪ ʚ ʟʦʥʫ 3, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʃɿ 3 ʠ ʃɿ 4. ʃɿ 3 ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʈʉ ʦʪ ʃɿ 4 ʜʦʣʞʥʘ ʩʨʘʙʦʪʘʪʴ ʠ 

ʦʪʢʣʶʯʠʪʴ ʩʝʢʮʠʦʥʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ (ʉɺ) ʙʝʟ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʋʈɿɸ ʉɺ ʩʠʛʥʘʣʳ ʚ ʚʳʰʝʩʪʦʷʱʫʶ ʟʘʱʠʪʫ ʚʚʦʜʥʦʛʦ 

ʚʳʢʣʶʯʘʪʝʣʷ (ɺɺ) ʥʝ ʧʝʨʝʜʘʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʃɿ 2 ʙʣʦʢʠʨʫʝʪʩʷ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ [3] ʧʦ ʠʩʪʝʯʝʥʠʶ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ, ʨʘʚʥʦʡ ʩʪʫʧʝʥʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʃɿ 2 ʦʪʢʣʶʯʠʪ ɺɺ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ ʆɿɿ ʚ ʟʦʥʝ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʂ/ʉ ʠʣʠ ʋʈɿɸ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʪʫʧʝʥʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʳʭ ʚʳʜʝʨʞʝʢ ʚʨʝʤʝʥʠ 1ï2 ʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʩʝʪʝʡ ʩ ʥʠʟʢʦʦʤʥʳʤ ʨʝʟʠʩʪʠʚʥʳʤ ʟʘʟʝʤʣʝʥʠʝʤ ʥʝʡʪʨʘʣʠ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʝʪʝʡ ʫʯʝʪ ʩʥʠʞʝʥʥʳʭ 

ʚʳʜʝʨʞʝʢ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠʟʦʣʷʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. ʆʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʥʠʟʢʦʦʤʥʦʛʦ ʨʝʟʠʩʪʠʚʥʦʛʦ ʟʘʟʝʤʣʝʥʠʷ ʥʝʡʪʨʘʣʠ ʚ ʩʝʪʠ 6 ʢɺ ʤʝʛʘʧʦʣʠʩʘ / ɼ. ɹ. ɻʚʦʟʜʝʚ, ɸ. 

ɸ. ʂʦʨʦʣʝʚ, ɸ. ʅ. ʅʘʟʘʨʳʯʝʚ [ʠ ʜʨ.] // ʕʣʝʢʪʨʠʯʝʩʪʚʦ. 2025. ˉ 7. ʉ. 17-29. 

[2]. ɾʫʨʘʚʣʝʚ ʀ. ɸ. ʇʨʠʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʣʠʥʠʠ ʩ ʘʙʩʦʣʶʪʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʪ ʦʜʥʦʬʘʟʥʳʭ 

ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ ʚ ʩʝʪʠ 20 ʢɺ ɻ. ʄʦʩʢʚʳ // ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘ : ʊʝʟʠʩʳ 

ʜʦʢʣʘʜʦʚ, ʄʦʩʢʚʘ, 12ï13 ʤʘʨʪʘ 2020 ʛʦʜʘ. ʄʦʩʢʚʘ: ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ "ʎʝʥʪʨ 

ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʫʛ " ʈɸɼʋɻɸ", 2020. ʉ. 1060. 

[3]. ʄʘʨʫʜʘ ʀ. ʌ. ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʘ ʜʚʦʡʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʃʦʛʠʯʝʩʢʠʝ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ // 

ʕʣʝʢʪʨʠʯʝʩʪʚʦ. 2011. ˉ 1. ʉ. 17-25.  
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ɼ.ɸ. ɺʝʨʪʦʛʫʟʦʚ, ʄ.ɽ. ʄʘʨʪʳʥʦʚ, ʘʩʧ.; ʨʫʢ. ɺ.ʌ. ʃʘʯʫʛʠʥ, ʜ.ʪ.ʥ. 

ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè 

 
ʇʈʀʄɽʅɽʅʀɽ ʎʀʌʈʆɺʆʁ ɼʀʉʊɸʅʎʀʆʅʅʆʁ ɿɸʑʀʊʓ 

ʉ ɿɸɺʀʉʀʄʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʆʁ ɺʈɽʄɽʅʀ ɺ ʉɽʊʗʍ 6-10 ʢɺ 

 
ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ 6-10 ʢɺ ʢʦʤʧʣʝʢʩ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ 

ʘʚʪʦʤʘʪʠʢʠ (ʈɿɸ) ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʪʦʢʦʚʳʭ ʟʘʱʠʪ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʇʋʕ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʘʢʞʝ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʟʘʱʠʪʘ (ɼɿ) [1]. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 6-10 ʢɺ ʷʚʣʷʶʪʩʷ ʨʝʞʠʤʳ ʩ 

ʨʝʚʝʨʩʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ. ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʧʨʠʤʝʥʷʣʠʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʫʥʢʪʳ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ 

ʈɿɸ (ʋʈɿɸ). ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʄʊɿ ʩ ʟʘʚʠʩʠʤʦʡ ʚʳʜʝʨʞʢʦʡ 

ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʠ ʨʝʰʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʟʘʱʠʪ 

(ɼɿ) ʩ ʪʘʢʦʡ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ ï ʪʠʧʘ ɼɿ-10 ʠʣʠ ʂʈɿɸ-ʉ [2], ʠʤʝʶʱʠʭ 

ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʨʝʤʝʥʠ (ʍɺ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʣʦʥʘ, ʠ ʢʨʫʛʦʚʫʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʨʘʙʘʪʳʚʘʥʠʷ (ʍʉ). 

ʉ ʫʯʝʪʦʤ ʧʦʷʚʣʝʥʠʷ ʄʇ ʪʝʨʤʠʥʘʣʦʚ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʟʘʱʠʪʘʭ ʩ ʟʘʚʠʩʠʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʨʝʤʝʥʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʳ. ɼʣʷ ɼɿ ʪʠʧʘ ɼɿ-10 ʠ ʂʈɿɸ-ʉ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʦʪʩʪʨʦʡʢʘ ʦʪ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʩʨʘʙʘʪʳʚʘʥʠʷ; 

- ʦʜʠʥʘʢʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʍʉ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 

- ʦʜʠʥʘʢʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʍɺ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʨʫʛʦʚʦʡ ʍʉ ʜʣʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʯʝʪʘ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʥʘʜʝʞʥʦʡ ʦʪʩʪʨʦʡʢʠ ʦʪ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʨʫʛʠʝ ʚʠʜʳ ʍʉ ï ʵʣʣʠʧʪʠʯʝʩʢʠʝ, 

ʪʨʝʫʛʦʣʴʥʳʝ ʠ ʧʦʣʠʛʦʥʘʣʴʥʳʝ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʠʣʠ 

ʪʨʝʫʛʦʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

ɺʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ɼɿ ʩ ʟʘʱʠʪʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʋʈɿɸ, ʚʤʝʩʪʦ ʦʜʥʦʡ ʍʉ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʢʨʫʛʦʚʳʝ ʍʉ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚ 1 ʠ 3 ʢʚʘʜʨʘʥʪʳ. ɼʣʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʳʭ ʠʣʠ ʦʜʥʦʡ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʍʉ ʩ 

ʥʝʟʘʚʠʩʠʤʦʡ ʥʘʩʪʨʦʡʢʦʡ ʛʨʘʥʠʮ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʥʝʥʠʷ ʮʠʬʨʦʚʦʡ ɼɿ ʩ ʟʘʚʠʩʠʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩ ʫʯʝʪʦʤ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʇ ʪʝʨʤʠʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʨʠʩ. 1): 

ʠʩʧʦʣʥʝʥʠʝ ʩ ʜʚʫʤʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʤʝʱʝʥʠʝʤ ʍʉ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ (I.1 ʠ I.2) ʠ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʍʉ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʩ ʟʘʚʠʩʠʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (II ) (ʨʠʩ. 1, ʘ) ʠ 

ʠʩʧʦʣʥʝʥʠʝ ʩ ʥʝʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʫʛʦʚʦʡ ʍʉ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ (I) ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʍʉ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʩ ʟʘʚʠʩʠʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (II ) (ʨʠʩ. 1, ʙ), ʠʥʜʝʢʩ ç.1è ʠ ç.2è 

ʦʟʥʘʯʘʶʪ ʧʨʷʤʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʦʙʨʘʪʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʍʉ ʠʣʠ ʧʘʨʘʤʝʪʨʳ 

ʩʨʘʙʘʪʳʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʠʩʧʦʣʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʘʙʘʪʳʚʘʥʠʷ 

 

ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʧʦ ʚʨʝʤʝʥʠ ʩʦ ʩʤʝʞʥʳʤʠ ʟʘʱʠʪʘʤʠ ʚʳʙʠʨʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʠ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʠ ɼɿ: 1, 2 ï ʦʜʠʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ; 1ô, 2ô ï ʜʚʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ 

 

ʅʝʨʝʰʝʥʥʦʡ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ɼɿ ʩ ʟʘʚʠʩʠʤʦʡ ʍɺ ʩ ʄʊɿ ʩ 

ʟʘʚʠʩʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʣʠ ʧʣʘʚʢʠʤʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷʤʠ. ʇʨʠʤʝʨʳ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʟʘʱʠʪ ʪʠʧʘ ɼɿ-10 ʠ ʂʈɿɸ-ʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [3] ʠ ʥʠʞʝ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʩʦʛʣʘʩʦʚʘʥʠʷ ɼɿ ʩʦ ʩʤʝʞʥʦʡ ʄʊɿ ʩ ʟʘʚʠʩʠʤʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 

ʆʩʥʦʚʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʝʨʝʚʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʠ ʠʟ ʦʩʝʡ I-t 

ʚ ʦʩʠ Z-t. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʦʜʥʘʢʦ, 

ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʇ ʪʝʨʤʠʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ɼɿ ʩ ʍɺ 

ʧʦ ʪʦʢʫ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʫʩʢʝ ʍʉ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʯʪʦ ʚʳʙʨʘʥʘ ʫ ʩʤʝʞʥʳʭ ʄʊɿ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʤʝʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʤʝʨʳ ʪʘʢʦʛʦ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʘʥʳ ʚ [3, 4]. 

ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʦʜʥʦʪʠʧʥʳʭ ɼɿ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥʘ ʍɺ ʩ ʜʚʫʤʷ 

ʥʘʢʣʦʥʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʦʩʪ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʥʘʯʠʥʘʪʴʩʷ ʩ ʢʦʥʮʘ 

ʟʦʥʳ ʧʨʝʜʳʜʫʱʝʡ ʩʪʫʧʝʥʠ, ʯʪʦ ʩʥʠʟʠʪ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʚʜʦʣʴ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʚ ʟʦʥʝ ʜʘʣʴʥʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʢʝ ʙʫʜʝʪ ʥʠʞʝ, ʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʦ ʩʤʝʞʥʳʤ ʜʘʩʪ ʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʢʣʦʥʘ ʍɺ. ʉʨʘʚʥʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʠ ʩ ʜʚʫʤʷ ʥʘʢʣʦʥʘʤʠ 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʟʘʱʠʪ ʪʠʧʘ ɼɿ-10 ʠʣʠ ʂʈɿɸ-ʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ɼɿ: 1, 2 ï ʧʨʠʤʝʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʜʚʫʤʷ ʥʘʢʣʦʥʘʤʠ, 1ô, 2ô ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɼɿ-10 ʠʣʠ ʂʈɿɸ-ʉ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʦʡ ɼɿ ʩ ʟʘʚʠʩʠʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʫʘʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ çʮʠʬʨʦʚʠʟʘʮʠʠè ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ 6-10 ʢɺ. ʉ ʫʯʝʪʦʤ ʠʤʝʶʱʝʛʦʩʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʝʨʝʭʦʜ ʦʪ ʕʄ ʠ ʇʇ 

ʠʩʧʦʣʥʝʥʠʷ ʢ ʄʇ ʪʝʨʤʠʥʘʣʘʤ ʥʝ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʠ ʫʣʫʯʰʘʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʈɿɸ ʚ ʮʝʣʦʤ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄɸʐʀʅ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

ʇʈʀ ʇʀʊɸʅʀʀ ʆʊ ʈɸɿʃʀʏʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 

ʈʘʟʚʠʪʠʝ ʩʠʣʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʨʠʚʝʣʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʤʘʰʠʥ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʠʪʘʥʠʷ 

ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʬʦʨʤʠʨʫʶʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ 

(ɺɻ). ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ɺɻ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ʉɼ) ʠ ʫʯʝʪ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʥʘʥʠʡ ʦ ʤʝʪʦʜʘʭ ʫʯʝʪʘ ɺɻ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ (ʉʄ), ʧʦʟʚʦʣʷʶʱʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ɺɻ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ɺɻ ʥʘ ʨʘʙʦʪʫ ʉɼ, ʟʘʧʠʪʳʚʘʝʤʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ɺɻ ï ʵʪʦ ʛʘʨʤʦʥʠʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʰʠʥʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʯʘʩʪʦʪʝ ʦʪ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. ʀʭ ʥʝʯʝʪʥʳʡ 

ʩʧʝʢʪʨ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʚʩʝʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʠ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ɺɻ ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ (ɺɻ ʩ ʤʝʥʴʰʠʤ 
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ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʠ ʛʘʨʤʦʥʠʢʠ ʟʫʙʮʦʚʦʛʦ ʧʦʨʷʜʢʘ) ʠʟ-ʟʘ ʠʭ ʙʦʣʴʰʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʫ ʤʘʰʠʥʳ. 

ɺɻ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʛʜʝ ʧʝʨʚʳʡ ʚʠʜ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʦʡ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʣʠʥʝʡʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʚʪʦʨʦʡ - 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ [1].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʉɼ ʤʦʛʫʪ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ) ʠʣʠ 

ʧʝʨʝʤʝʱʘʪʴʩʷ (ʧʦʜʚʠʞʥʘʷ ʫʩʪʘʥʦʚʢʘ). ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʉɼ ʧʠʪʘʝʪʩʷ 

ʥʘʧʨʷʤʫʶ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (ʧʨʠʚʦʜʳ ʥʘʩʦʩʦʚ ʠ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʠʥʭʨʦʥʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ) ʠ ʪʷʞʸʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ (ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʜʨʦʙʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʢʘʪʥʳʝ ʩʪʘʥʳ). ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʪʘʢʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠ ̫ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʪʦʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʂʇɼ ʤʘʰʠʥʳ [2]. 

ʇʦʜʚʠʞʥʘʷ ʫʩʪʘʥʦʚʢʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʪʷʛʦʚʳʝ ʧʨʠʚʦʜʳ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʦʚ, ɹʇʃɸ). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʘʢʠʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ 

ʙʘʪʘʨʝʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ ʤʘʰʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʤʘʣʦʤ ʚʝʩʝ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʦ ʩʧʦʩʦʙʫ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʉɼ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ 

ʜʚʠʛʘʪʝʣʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. ʇʝʨʚʳʡ 

ʪʠʧ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʉɼ, ʚ ʢʦʪʦʨʦʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʦʪʦʨʘ 

ʩʦʟʜʘʸʪʩʷ ʦʙʤʦʪʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʠʪʘʝʤʦʡ ʯʝʨʝʟ ʱʝʪʢʠ ʠʣʠ ʙʝʩʱʝʪʦʯʥʫʶ 

ʩʠʩʪʝʤʫ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ. ɺʪʦʨʦʡ ʪʠʧ ʚʦʟʙʫʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʉɼʇʄ, ʚ 

ʢʦʪʦʨʦʤ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʝ ʤʘʛʥʠʪʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

[3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʦʙʨʘʱʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʤʘʛʥʠʪʳ ʨʘʟʤʝʱʘʶʪ ʥʘ ʩʪʘʪʦʨʝ ʠʣʠ ʥʘ ʨʦʪʦʨʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ɺɻ ʚ ʉʄ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ 

ʧʦʜʚʠʞʥʦʛʦ ʪʠʧʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʚʳʟʚʘʥʥʳʭ 5-ʡ ʠ 7-ʡ ʛʘʨʤʦʥʠʢʘʤʠ, ʠʩʧʦʣʴʟʫʶʪ ʫʢʦʨʦʯʝʥʠʝ ʰʘʛʘ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʘ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʫʣʴʩʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʢʦʩ ʧʘʟʦʚ ʩʪʘʪʦʨʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʟʫʙʮʦʚʳʭ ʜʝʣʝʥʠʡ ʠ ʩʢʦʩ 

ʠʣʠ ʩʝʛʤʝʥʪʘʮʠʷ ʤʘʛʥʠʪʦʚ ʨʦʪʦʨʘ. 3-ʶ ʛʘʨʤʦʥʠʢʫ, ʚʳʟʳʚʘʶʱʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʤʝʜʠ, ʧʦʜʘʚʣʷʶʪ ʧʫʪʝʤ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ 

ʦʙʤʦʪʢʠ ʚ ʟʚʝʟʜʫ ʠʣʠ ʪʨʝʫʛʦʣʴʥʠʢ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʚ ʉɼʇʄ ʜʦʙʘʚʣʷʶʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʥʳʝ ʥʘʢʦʥʝʯʥʠʢʠ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ 

ʬʦʨʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ [3]. 

ʇʠʪʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʉɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʸʭʬʘʟʥʳʤ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʥʦʝ 
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ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʠʤʤʝʪʨʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʂʘʯʝʩʪʚʦ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ, ʂʇɼ, 

ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʰʠʥʳ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʠʟ-ʟʘ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʝʦʙʣʘʜʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦ ʚʩʝʡ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʧʨʠ ʧʠʪʘʥʠʠ ʥʘʧʨʷʤʫʶ ʦʪ ʩʝʪʠ 

ʥʝʠʟʙʝʞʥʳ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ ʦʙʳʯʥʦ ʦʩʪʘʝʪʩʷ 

ʤʘʣʳʤ, ʧʦʨʷʜʢʘ 5ï8% (ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɻʆʉʊ 

321442013), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʝʣʷʤ ʨʘʙʦʪʘʪʴ ʚ ʧʦʯʪʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ɺɻ ʠʩʧʦʣʴʟʫʶʪ ʧʘʩʩʠʚʥʳʝ ʬʠʣʴʪʨʳ (ʨʠʩ. 1) [4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʘʩʩʠʚʥʦʛʦ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʬʠʣʴʪʨʘ. 

 

ɺɻ ʚʳʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʠ ʥʝʙʦʣʴʰʠʝ ʧʫʣʴʩʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʝʞʜʝ ʚʩʝʛʦ 5-ʡ ʠ 7-ʡ ʛʘʨʤʦʥʠʢ. ʇʦʜ 

ʚʣʠʷʥʠʝʤ 6-ʡ, 12-ʡ ʛʘʨʤʦʥʠʢ ʬʦʨʤʠʨʫʶʪʩʷ ʧʘʨʘʟʠʪʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ ʠ 

ʚʠʙʨʘʮʠʡ [1]. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʨʦʪʦʨʝ ʉɼ ʧʫʩʢʦʚʦʡ ʦʙʤʦʪʢʠ ʪʦʢʠ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚ ʝʝ ʢʦʥʪʫʨʘʭ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʫʤʝʥʴʰʘʶʪ 

ʘʤʧʣʠʪʫʜr ʧʫʣʴʩʘʮʠʡ ʵʪʠʭ ʤʦʤʝʥʪʦʚ, ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʷ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ɺɻ. 

ʇʠʪʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʉɼ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ), ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʣʦʚʦʡ ʠʥʚʝʨʪʦʨ 

ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 2).  ʅʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʟʘ ʩʯʸʪ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, 

ʧʨʠʙʣʠʞʸʥʥʦʝ ʧʦ ʬʦʨʤʝ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ, ʩ ʟʘʜʘʥʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʯʘʩʪʦʪʦʡ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʉɼʇʄ ʤʝʪʦʜʦʤ ʐʀʄ 

 

ɺʚʠʜʫ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʷʚʣʝʥʠʝ ɺɻ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʐʀʄ ʥʝʠʟʙʝʞʥʦ. ʀʩʢʘʞʝʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʠ ʣʦʢʘʣʴʥʳʤ ʧʝʨʝʛʨʝʚʘʤ ʤʘʛʥʠʪʦʚ, 

ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʬʝʨʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ ʚ ʩʠʩʪʝʤʘʭ ʧʠʪʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʧʨʘʢʪʠʢʝ ʦʛʨʘʥʠʯʝʥʦ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʦʛʦ ʪʠʧʘ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʠʭ 

ʢʦʤʧʘʢʪʥʦʩʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʥʜʫʢʪʠʚʥʳʭ ʠ ʸʤʢʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ɺɻ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʉɼ 7- ,̫ 13-

,̫ 19-  ̫ ʛʘʨʤʦʥʠʢʠ ʩʦʟʜʘʶʪ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʤʦʤʝʥʪʘ 

[2]. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʧʫʣʴʩʘʮʠʡ ʤʦʤʝʥʪʘ 6-ʛʦ ʠ 12-ʛʦ ʧʦʨʷʜʢʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʚʚʝʜʝʥʠʷ 

ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʤʝʨʝʥʥʦ ʚʚʦʜʷʪ 5-ʶ, 7-ʶ ɺɻ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ɺɻ ʤʦʛʫʪ ʩʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʉʄ.  

ʍʘʨʘʢʪʝʨ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʘ ʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʠ 

ʘʚʪʦʥʦʤʥʳʭ ʠʥʚʝʨʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʟʘʤʝʪʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨ,ɹ ʨʦʩʪʘ ʚʠʙʨʘʮʠʡ, ʥʘʛʨʝʚʘ 

ʥʝʠʟʙʝʞʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʉɼ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʧʝʢʪʨʫ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ɺɻ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʘʨʤʦʥʠʢ, ʩʦʟʜʘʶʱʠʭ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʦʪʳ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʉɼ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥʳ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʂʇɼ ʪʘʢʠʝ ʛʘʨʤʦʥʠʢʠ, ʥʘʧʨʦʪʠʚ, ʥʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʮʝʣʠ ʚʚʠʜʫ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʪʝʨʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ ʉʄ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʬʝʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆʎɽʅʂɸ ʅɸɼɪɾʅʆʉʊʀ ʆɹʆʈʋɼʆɺɸʅʀʗ ʉ ʋʏɪʊʆʄ ʀʊ 

ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ 

 

ʇʝʨʝʭʦʜ ʢ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ (ʎʇʉ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʪʨʝʥʜʦʚ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺʥʝʜʨʝʥʠʝ ʩʪʘʥʜʘʨʪʘ 

ʄʕʂ 61850, ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʚʷʟʝʡ ʥʘ ʩʝʪʠ ʠʟ ʦʧʪʦʚʦʣʦʢʥʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (IED) ʧʨʠʟʚʘʥʳ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. 

ʇʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʥʝ ʪʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʥʦ ʠ ʥʦʚʳʝ ʨʠʩʢʠ. ɽʩʣʠ ʥʘʜʝʞʥʦʩʪʴ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʚʳʢʣʶʯʘʪʝʣʝʡ) ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠ ʦʧʠʩʘʥʘ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʪʦ ʚʣʠʷʥʠʝ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʦʙʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʧʦʜʩʪʘʥʮʠʠ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʪʩʷ. ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. ʉʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ, 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩʘʤʠʭ ʫʩʪʨʦʡʩʪʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʢʘʟ ʢʦʤʤʫʪʘʪʦʨʘ Ethernet ʠʣʠ ʩʙʦʡ ʚ ʨʘʙʦʪʝ ʇʆ 
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ʧʫʩʢʦʚʦʛʦ ʦʨʛʘʥʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʦʪʢʘʟʦʤ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʚʚʦʜʘ [1]. ʎʝʣʴ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʀʊ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ ʇʉ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʎʇʉ 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʙʝʟʦʪʢʘʟʥʦʩʪʠ 

ʩʣʫʞʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ R. ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʨʘʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʠʣʠ ʥʘʨʘʙʦʪʢʠ 

ʦʪʢʘʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʥʘʩʪʫʧʠʪ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ 

ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʥʠʤʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ 

ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʚʦ ʚʨʝʤʝʥʠ [2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ R ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ t ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
t

eR
Ö-

=
l

 ,   (1) 

 

ʛʜʝ ɚ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ, 1/ʯ; t ï ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʯ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ Q, 

ʧʦʢʘʟʳʚʘʶʱʘʷ, ʩ ʢʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʲʝʢʪ ʦʪʢʘʞʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦʢʨʘʪʥʦ ʥʘ 

ʠʥʪʝʨʚʘʣʝ t: 

1-=RQ , (2) 
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ʉʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ T (ʯ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʠʣʠ ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ) ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ: 

 

l

1
=T , (3) 

 

ɼʣʷ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʪʘʢʦʛʦ ʙʣʦʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ: 

 

21_
1 QQR

ʧʘʨʙʣʦʢʘ
Ö-= (4) 

 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʥʘʜʸʞʥʦʩʪʴ ʙʣʦʢʘ ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ: 

 

21_
RRR

ʧʦʩʣʙʣʦʢʘ
Ö=  (5) 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʪʠʧʦʚʘʷ ʩʭʝʤʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 220 ʢɺ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2. ɺʩʝ ʵʣʝʤʝʥʪʳ 

ʟʜʝʩʴ ʦʙʲʝʜʠʥʝʥʳ ʮʠʬʨʦʚʦʡ ʩʝʪʴʶ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ. ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩʦʧʨʷʞʝʥʠʷ ʩ ʰʠʥʦʡ ʧʨʦʮʝʩʩʘ (ʋʉʐ) ʠ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ 

Sampled Values. ɼʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʘʤʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ, 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷʤʠ, ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ, ʧʨʠʙʦʨʘʤʠ ʫʯʸʪʘ ʠ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʧʨʦʪʦʢʦʣʫ GOOSE [3]. 

ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʎʇʉ ʚʳʧʦʣʥʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ: ʢʦʤʘʥʜʳ ʥʘ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ (ʂɸ) ʧʦʜʘʶʪʩʷ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ (ɸʈʄ) ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠʣʠ ʦʪ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʮʝʥʪʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʎʇʉ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʀʕʋ) ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ ʩʚʷʟʠ (ɺʆʃʉ), ʧʨʝʚʨʘʱʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʜʩʪʘʥʮʠʠ ʚ 

ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʝʨʚʠʩʳ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʦʚ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʀʕʋ ï ʝʸ ʧʦʣʫʯʘʪʝʣʷʤʠ 

ʠ ʦʙʨʘʙʦʪʯʠʢʘʤʠ. ʇʨʠ ʦʮʝʥʢʝ ʥʘʜʸʞʥʦʩʪʠ ʎʇʉ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʩʪʘʥʮʠʡ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʩʦʧʨʷʞʝʥʠʷ ʩ 

ʰʠʥʦʡ ʧʨʦʮʝʩʩʘ, ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʠ ʩʚʷʟʠ, ʥʘʜʸʞʥʦʩʪʠ ʩʝʪʝʚʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ, 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʨʤʠʥʘʣʦʚ ʈɿɸ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʧʝʨʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʈʋ 220ʢɺ ʎʇʉ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ. ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t 

ʧʨʠʥʷʪ ʨʘʚʥʳʤ 2190 ʯʘʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʀʊ-ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʯʸʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ (1)-(5) ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʦ ʥʘʜʝʞʥʦʩʪʠ: ʘ) ʈʋ 220ʢɺ; ʙ ï ʙʣʦʢ 

ʨʘʟʲʝʜʠʥʠʪʝʣʷ; ʚ ï ʙʣʦʢ ʚʳʢʣʶʯʘʪʝʣʷ 
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ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 
ʆʙʦʟʥʘʯʝʥʠʝ 

ʙʣʦʢʘ ʥʘ ʨʠʩ. 3 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ɺʨʝʤʷ 

ʥʘʨʘʙʦʪʢʠ 
ʥʘ ʦʪʢʘʟ ʊ, ʯ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 
ʦʪʢʘʟʦʚ ɚ, 1/ʯ 

ɺʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ R 

ʈ-1 (ʈ-2, ʈ-3) ʈʘʟʲʝʜʠʥʠʪʝʣʴ 

(GW22-252) 

120000 8,3Ŀ10 0,982 

ɺ-1 ɺʳʢʣʶʯʘʪʝʣʴ 

(LW36-252) 

80000 1,25Ŀ10 0,973 

ʋʉʐ ʊʝʨʤʠʥʘʣ (ɹʕʄʇ 

ʈʋ) 

120000 8,3Ŀ10 0,982 

ɺʆʃʉ L1=20ʤ ʃʠʥʠʷ ɺʆʃʉ ʥʘ 1 

ʢʤ 

- 3,5Ŀ10 0,999 

L2=15ʤ 

ɹʣʦʢ 

ɺʆʃʉ 

ʮʝʣʠʢʦʤ 

ʂʦʤʤʫʪʘʪʦʨ ʂʦʤʤʫʪʘʪʦʨ 

(SICOM3024) 

300000 3,3Ŀ10 0,999 

ɹʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ 

ɸʈʄ (ʠʥʪʝʨʬʝʡʩ) 

ʦʧʝʨʘʪʦʨʘ 

90000 1,1Ŀ10 0,999 

ʂʦʥʪʨʦʣʣʝʨ ʇʉ 

(ARIS-2808) 

100000 1,0Ŀ10 

ʎʊʊ ʎʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʪʦʢʘ (ʊʊʕʆ-220) 

120000 8,3Ŀ10 0,982 

ʎʊʅ ʎʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʥʘʧʨʷʞʝʥʠʷ 

(ɼʅɽʕ-220) 

120000 8,3Ŀ10 0,982 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʙʣʠʮʳ 1, ʜʣʷ ʙʣʦʢʘ ʨʘʟʲʝʜʠʥʠʪʝʣʷ ʠʪʦʛʦʚʘʷ ʥʘʜʸʞʥʦʩʪʴ 

ʩʦʩʪʘʚʠʪ: 

 

956,0999,0982,0982,0
8
=ÖÖ=

ʈ
R  

 

ɼʣʷ ʙʣʦʢʘ ʚʳʢʣʶʯʘʪʝʣʷ ʥʘʜʸʞʥʦʩʪʴ ʨʘʚʥʘ: 

 

948,0999,0982,0973,0
8
=ÖÖ=

ɺ
R  

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʚʝʣʠʯʠʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʈʋ 220ʢɺ: 

 

784,0948,0956,0982,0
33

321220
=ÖÖ=ÖÖÖÖÖÖ=

--- ʈʎʊʊɺʎʊʊʈʈʎʊʅʢɺʈʋ
RRRRRRRR  

 

ʉʦʛʣʘʩʥʦ [4], ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ R ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ 0,996, 

ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ R 

ʜʣʷ ʈʋ 220ʢɺ ʎʇʉ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 0,784, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʠ ʫʩʪʫʧʘʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. 
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ʅʠʟʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ: 

1. ɹʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʳʭ ʮʝʧʝʡ. 

2. ʋʷʟʚʠʤʦʩʪʴ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʤʝʥʴʰʝʡ ʥʘʜʸʞʥʦʩʪʴʶ ʚ 

ʩʪʨʫʢʪʫʨʝ ʦʙʣʘʜʘʶʪ ʮʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʘ ʪʘʢʞʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ ʩ ʰʠʥʦʡ ʧʨʦʮʝʩʩʘ (ʋʉʐ). 

3. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʝʨʚʘ. ʈʷʜ ʧʦʟʠʮʠʡ, ʚʢʣʶʯʘʷ ʩʠʣʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ (ʋʉʐ, 

ʮʠʬʨʦʚʳʝ ʊʊ ʠ ʊʅ), ʨʘʙʦʪʘʶʪ ʚ ʝʜʠʥʠʯʥʦʤ ʵʢʟʝʤʧʣʷʨʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʪʦʯʢʠ 

ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʫʤʤʠʨʦʚʘʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʸʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ. ɼʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠ ̫ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʥʦ 

ʩʝʡʯʘʩ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʝʪ ʨʝʘʢʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: 

ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʪʨʝʤʠʪʝʣʴʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʪʨʘʩʣʠ 

ʩʬʦʨʤʠʨʫʶʪ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʝʝ ʥʘʜʝʞʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʩʸ ʨʘʚʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, 

ʫʣʫʯʰʝʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʇʉ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1]. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʮʠʬʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ / ʂʘʬʝʜʨʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʖɿɻʋ ï ʂʫʨʩʢ, 2019. ï 56 ʩ. 

[2]. ʂʠʪʫʰʠʥ, ɺ.ɻ. ʅʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ / ɺ.ɻ. ʂʠʪʫʰʠʥ. ï ʄ.: ɺʳʩʰ. ʰʢ., 

1984. ï 256 ʩ. 

[3] ʉʊʆ 56947007 - 25.040.30.309-2020. ʂʦʨʧʦʨʘʪʠʚʥʳʡ ʧʨʦʬʠʣʴ ʄʕʂ 61850. ʋʪʚʝʨʞʜʝʥ ʠ ʚʚʝʜʸʥ ʚ ʜʝʡʩʪʚʠʝ 

ʧʨʠʢʘʟʦʤ ʇɸʆ çʌʉʂ ɽʕʉè / ʇɸʆ çʈʦʩʩʝʪʠè ʦʪ 05.10.2020 ˉ 335/458 

[4] ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʭʝʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ 

ʆɸʆ çʈɾɼè ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʆɸʆ çʈɾɼè, ʆɸʆ çʌʉʂ ɽʕʉè ʠ çʍʦʣʜʠʥʛ ʄʈʉʂè // ʆʪʯʝʪ ɿɸʆ ʇʌʂ çʉʢʘʪè. ï 

ʄ., 2012. ï 108 ʩ 

  



26 

ɸ.ɼ. ɼʦʙʨʝʥʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʂʠʩʣʷʢʦʚ, ʩʪ. ʧʨʝʧ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʊɽʇʃʆɺʀɿʀʆʅʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ: 

ʇʈɽʀʄʋʑɽʉʊɺɸ ʀ ʅɽɼʆʉʊɸʊʂʀ 

 
ʇʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ï ʦʩʥʦʚʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ. ʆʥʦ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ: ʙʳʪ, ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʵʥʝʨʛʝʪʠʢʘ ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʫʩʪʦʡʯʠʚʳʤ ʨʦʩʪʦʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʚʝʨʝʥʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʨʳʥʢʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʉʚʦʝʚʨʝʤʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ʧʦʟʚʦʣʷʝʪ: 

- ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ; 

- ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʨʦʩʪʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ; 

- ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ; 

- ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ (ʥʘ ʨʝʤʦʥʪ/ʟʘʤʝʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʟʙʝʞʘʪʴ ʫʙʳʪʢʦʚ ʦʪ 

ʧʨʦʩʪʦʷ ʨʘʙʦʪʳ); 

- ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ ʠ/ʠʣʠ ʟʘʧʣʘʥʠʨʦʚʘʪʴ 

ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʝʡʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ 

ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ 

ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪ.ʝ. ʨʝʤʦʥʪ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ 

ʨʝʘʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʘ ʥʝ ʧʦ ʩʠʩʪʝʤʝ ʧʣʘʥʦʚʳʭ ʨʘʙʦʪ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʝʢʫʪ 

ʟʘ ʩʦʙʦʡ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ ʚ ʩʪʘʪʴʝ [1]: ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʜʠʘʛʥʦʩʪʠʢʘ 

ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʠʩʧʳʪʘʥʠʝ ʧʦʚʳʰʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʜʨ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʠʥʫʩʳ ʠʟʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ; 

- ʦʪʢʣʶʯʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʩʝʪʠ ʧʠʪʘʥʠʷ, ʧʨʦʩʪʦʡ ʨʘʙʦʪʳ; 

- ʩʣʦʞʥʦʩʪʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʫʙʳʪʢʦʚ ʦʪ ʧʨʦʩʪʦʷ 

ʨʘʙʦʪʳ ʠ ʟʘʢʫʧʢʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʜʘʪʯʠʢʦʚ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ 

ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʥʠ ʠʩʢʣʶʯʘʶʪ ʢʦʥʪʘʢʪ 

ʧʝʨʩʦʥʘʣʘ ʩ ʪʦʢʦʚʝʜʫʱʠʤʠ ʯʘʩʪʷʤʠ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʘʶʪ ʪʦʯʥʫʶ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ. 

ʂ ʯʠʩʣʫ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʦʪʥʦʩʠʪʩʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ, 

ʟʘʥʠʤʘʶʱʠʡ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʬʝʨʝ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʕʪʦ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʠʪʴ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʜʝʬʝʢʪʳ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʠ/ʠʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʘʣʝʝ ï ʊʂ), ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʥʥʳʭ ʊʂ.  

ʊʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʪʘʥʮʠʦʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʣʝʝ, ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʛʨʘʤʤ, 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʪʯʝʪ ʩ ʬʠʢʩʘʮʠʝʡ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʩʪʝʧʝʥʴʶ ʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʦ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʘʤʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ [2]. ʇʦʢʘʟʘʪʝʣʝʤ 

ʥʘʣʠʯʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ 

ʦʙʣʘʩʪʷʤʠ (ʨʠʩ. 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʨʤʦʛʨʘʤʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʜʝʬʝʢʪʥʳʤ ʨʘʜʠʘʪʦʨʦʤ 

 

ʂ ʧʨʠʙʦʨʘʤ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʊʂ, 

ʦʪʥʦʩʷʪʩʷ: 

- ʧʠʨʦʤʝʪʨ ï ʠʟʤʝʨʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

- ʪʝʧʣʦʚʠʟʦʨ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʊʂ, ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʥʫʶ 

ʪʝʧʣʦʚʫʶ ʢʘʨʪʠʥʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʪʝʨʤʦʛʨʘʤʤʫ). ɺ ʜʠʘʛʥʦʩʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʧʣʦʚʠʟʦʨʳ ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 0,1Ј ʠ ʩʦ 
ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 8-12 ʤʢʤ. 

ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʫʣʘʚʣʠʚʘʪʴ 

ʀʂ-ʠʟʣʫʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʪʝʤʧʝʨʘʪʫʨʫ [3]. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʊʂ ʦʮʝʥʢʘ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: 

- ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʥʘʛʨʝʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʠʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï ʧʨʝʚʳʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʟʣʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʥʘʣʦʛʠʯʥʳʭ ʫʟʣʦʚ ʜʨʫʛʠʭ ʬʘʟ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʝʢʪʥʦʩʪʠ ï ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ ʧʨʝʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, 
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ʠʟʤʝʨʝʥʥʦʤʫ ʥʘ ʮʝʣʦʤ ʫʯʘʩʪʢʝ ʧʨʦʚʦʜʘ, ʦʪʩʪʦʷʱʝʤ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 1 ʤ [4].  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʊʂ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ: ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ɸʉ/DC ʪʦʢʘ, 

ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ/ʥʘʧʨʷʞʝʥʠʷ, ʚʳʢʣʶʯʘʪʝʣʠ, 

ʢʦʥʜʝʥʩʘʪʦʨʳ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʠ ʠ ʜʨ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ [5]: 

- ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ (ʬʠʣʴʪʨʳ, ʚʝʥʪʠʣʷʪʦʨʳ ʠ ʪ.ʜ.); 

- ʥʘʛʨʝʚʳ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ ʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩʪʘʪʦʨʘ; 

- ʧʨʦʙʦʡ ʠʟʦʣʷʮʠʠ; 

- ʥʘʨʫʰʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʤʘʩʣʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʜʨ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʊʂ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʊʂ ʦʪʥʦʩʷʪʩʷ: 

- ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ/ʜʠʩʪʘʥʮʠʦʥʥʦʩʪʴ ʤʝʪʦʜʘ; 

- ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʩʝʪʠ; 

- ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʝʧʝʥʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʜʝʬʝʢʪʘ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ; 

- ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʤʘʣʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʊʂ:  

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ; 

- ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ; 

- ʥʘʛʨʫʟʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 30% ʦʪ Ὅ̎̏.̍ 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʤʠʥʫʩʦʤ ʊʂ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʊʂ 

ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʧʦʣʫʯʝʥʠʷ ʥʝʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʜʨʦʙʥʝʝ ʦʟʥʘʢʦʤʠʤʩʷ ʩ 

ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʊʂ [6]. 

1. ʀʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ (ὑ̉ )̈ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʟʣʫʯʘʪʴ 
ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʏʝʤ ʚʳʰʝ ὑ̉  ̈ ( 0,9 1,0), ʪʝʤ 

ʪʦʯʥʝʝ ʧʨʠʙʦʨ ʬʠʢʩʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʪʝʨʠʘʣʘ, ʘ ʥʝ ʦʪʨʘʞʝʥʥʫʶ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʛʣʘ 

ʦʙʟʦʨʘ, ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ.  

- ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

- ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʫʛʣʘ ʦʙʟʦʨʘ 0Ј-40Ј ʜʣʷ ʤʝʪʘʣʣʦʚ ʠ 0Ј-60Ј. ï ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ 
ὑ̉  ̈ ʤʘʪʝʨʠʘʣʘ ʧʦʩʪʦʷʥʝʥ. ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʦʙʲʝʢʪʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ὑ̉  ̈ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʊʂ; 

- ʪ.ʢ. ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʥʳʤʠ ὑ̉ ȟ̈ ʧʨʠ ʊʂ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʟʘʙʣʫʞʜʝʥʠʝ ʦ ʧʝʨʝʛʨʝʚʝ ʦʪʜʝʣʴʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ çʧʝʨʝʛʨʝʪʦʛʦè ʫʯʘʩʪʢʘ ï ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ὑ̉ ȟ̈ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪ, 
ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ.  

2. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

ʉʦʣʥʝʯʥʳʝ ʣʫʯʠ ʥʘʛʨʝʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʠʩʢʘʞʘʷ ʨʝʘʣʴʥʫʶ 

ʪʝʧʣʦʚʫʶ ʢʘʨʪʠʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩ. 2). ʆʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʵʪʦʛʦ 

ʬʘʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʳ ʊʂ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɼʣʷ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʊʂ ʩʣʝʜʫʝʪ 

ʧʨʦʚʦʜʠʪʴ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʠʣʠ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʇʨʠʯʝʤ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ 

ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʊʂ ʥʝ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʭʦʜʘ ʩʦʣʥʮʘ, ʘ ʩʧʫʩʪʷ 1-2 ʯʘʩʘ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʝʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʩ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʚ 

ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʦʙʲʝʢʪʘ ʩ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʳʰʝʥʠʝ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 15Ј#) 
 

3. ɺʝʪʝʨ 

ʉʠʣʴʥʳʡ ʚʝʪʝʨ ʩʧʦʩʦʙʝʥ ʦʭʣʘʞʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. ɺʣʠʷʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ (ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 1-7 ʤ/ʩ): 

 

ЎὝ

ЎὝ

ὠ

ὠ

ȟ

 

 

ʇʫʩʪʴ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ЎὝ) ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 1 ʤ/ʩ (ὠ) 

ʩʦʩʪʘʚʣʷʝʪ 10Јὅ. ʆʧʨʝʜʝʣʠʤ, ʩʢʦʣʴʢʦ ʩʦʩʪʘʚʠʪ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ЎὝ) 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 7 ʤ/ʩ (ὠ).  

 

ЎὝ ЎὝϽ
ὠ

ὠ

ȟ

ρπϽ
ρ

χ

ȟ

τȟςЈὅ 

 

ʀʪʘʢ, ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʠʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʊʂ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦʛʦʜʫ. ʅʝ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʧʨʝʚʳʰʘʝʪ 8 ʤ/ʩ.  

4. ʅʘʛʨʫʟʢʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʢʦʚʝʜʫʱʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ:  

 

ЎὝ

ЎὝ

Ὅ

Ὅ
Ȣ 

 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʊʂ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʥʝ ʤʝʥʝʝ 30% ʦʪ Ὅ̎̏,̍ ʪ.ʢ. ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʝʨʤʦʛʨʘʤʤ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʊʂ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ 

ʰʪʠʣʴ, ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʠʣʠ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʝ ʤʝʥʝʝ 30% 

ʦʪ Ὅ̎̏,̍ ʫʯʠʪʳʚʘʷ ʜʘʣʴʥʦʩʪʴ ʠ ʫʛʦʣ ʦʙʟʦʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʊʂ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʦʙʣʘʜʘʶʱʠʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʪʦʯʥʦʩʪʴʶ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʩʪʴʶ, ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʙʝʩʢʦʥʪʘʢʪʥʦʤʫ ʢʦʥʪʨʦʣʶ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʊʂ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʤʝʥʠʤ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʪʝʤ ʩʘʤʳʤ ʩʦʩʪʘʚʣʷʷ ʢʦʥʢʫʨʝʥʮʠʶ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨʳ, 

ʚʣʝʢʫʱʠʝ ʟʘ ʩʦʙʦʡ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʊʂ, ʠ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʚ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷʭ.  
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ʈ.ɸ. ɽʣʠʩʝʝʥʢʦ, ʩʪʫʜ., ʉ.ɸ. ɿʘʟʳʢʠʥ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʂʠʩʣʷʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʅɸɹɹɽʈʅʓɽ ʎɽʇʀ ɺ ʉʀʃʆɺʆʁ ʕʃɽʂʊʈʆʅʀʂɽ 

 

 ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʣʦʚʳʝ 

ʢʣʶʯʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʙʦʣʴʰʠʭ ʪʦʢʘʭ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʘʨʘʟʠʪʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʘʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʙʠʪʴ ʩʠʣʦʚʳʝ 

ʵʣʝʤʝʥʪʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʟʘʱʠʪʳ ʦʪ 

ʧʨʦʙʦʝʚ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ 

ʬʠʣʴʪʨʳ-ʦʛʨʘʥʠʯʠʪʝʣʠ ï ʩʥʘʙʙʝʨʳ.  

 ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʨʘʙʦʪʳ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʝʡ ʚ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʘʥʘʣʠʟ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠ 

ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʩʯʝʪʘ RCD-ʩʥʘʙʙʝʨʘ ʜʣʷ ʤʦʱʥʦʛʦ 

IGBT-ʢʣʶʯʘ. 

1. ʌʠʟʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ 

 ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʣʦʚʳʭ ʢʣʶʯʘʭ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ȟ . ʃʶʙʦʡ ʨʝʘʣʴʥʳʡ 

ʧʨʦʚʦʜʥʠʢ ʠʤʝʝʪ ʧʘʨʘʟʠʪʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ,, ʢʦʪʦʨʘʷ ʥʘʢʘʧʣʠʚʘʝʪ ʵʥʝʨʛʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 7 ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ): 7 ,). 

 ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʟʘʧʠʨʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ (ʭʘʨʘʢʪʝʨʥʳʡ ʩʣʫʯʘʡ ʜʣʷ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ). ɺ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʪʝʯʝʪ ʪʦʢ ʥʘʛʨʫʟʢʠ, ʘ ʚ 

ʤʦʤʝʥʪ ʟʘʧʠʨʘʥʠʷ ʪʦʢ ʥʘʯʥʝʪ ʨʝʟʢʦ ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʵʪʦʪ 

ʤʦʤʝʥʪ ʧʘʨʘʟʠʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ , ʙʫʜʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʵʪʦʤʫ 

ʠʟʤʝʥʝʥʠʶ, ʩʦʟʜʘʚʘʷ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ E, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʩʦʚʧʘʜʘʪʴ ʩ ʫʙʳʚʘʶʱʠʤ ʪʦʢʦʤ. ʕʪʫ ʕɼʉ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ: 

% ,Ͻ . ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ, ʩʦʟʜʘʚʘʷ 

ʦʧʘʩʥʳʡ ʚʳʙʨʦʩ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʣʣʝʢʪʦʨʝ ʩʠʣʦʚʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

 ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʮʝʩʩ ʟʘʧʠʨʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʝʛʦ ʦʪʢʨʳʪʠʷ, ʪ.ʢ. ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʠʦʜʝ ʤʝʥʷʝʪ ʧʦʣʷʨʥʦʩʪʴ, ʠ ʦʥ ʜʦʣʞʝʥ ʟʘʢʨʳʪʴʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʦʢ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʢʦ ʦʙʨʳʚʘʝʪʩʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʟʘʢʨʳʪʠʝ ʜʠʦʜʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʧʘʨʘʟʠʪʥʦʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ,, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʨʝʜʥʦʤʫ ʚʳʙʨʦʩʫ 
ʥʘʧʨʷʞʝʥʠʷ. 

 ʇʦʤʠʤʦ ʦʜʥʦʢʨʘʪʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʘʨʘʟʠʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ ʚʳʭʦʜʥʘʷ 

ʝʤʢʦʩʪʴ ʪʨʘʥʟʠʩʪʦʨʘ ʠʣʠ ʝʤʢʦʩʪʴ ʜʠʦʜʘ ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ LC-ʢʦʥʪʫʨ. 
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ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʧʦʨʦʞʜʘʝʪ ʚ ʵʪʦʤ ʢʦʥʪʫʨʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʀʭ ʯʘʩʪʦʪʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ Æ
ЍϽ
. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʝʡ 

2.1. ʉ-ʩʥʘʙʙʝʨʳ 

 ʇʨʦʩʪʝʡʰʠʤ ʪʠʧʦʤ ʩʥʘʙʙʝʨʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʯʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʩʠʣʦʚʦʤʫ ʢʣʶʯʫ, ʦʙʳʯʥʦ ʤʝʞʜʫ ʢʦʣʣʝʢʪʦʨʦʤ ʠ 

ʵʤʠʪʪʝʨʦʤ IGBT ʠʣʠ ʩʪʦʢʦʤ ʠ ʠʩʪʦʢʦʤ MOSFET (ʩʤ. ʨʠʩ.1(ʘ)). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʳ ʩʥʘʙʙʝʨʦʚ 

 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ ʥʝ 

ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʩʢʘʯʢʦʤ, ʪʝʤ ʩʘʤʳʤ ʦʥ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʶʯʝ ʚ ʤʦʤʝʥʪ ʟʘʧʠʨʘʥʠʷ, ʩʥʠʞʘʷ ʚʳʙʨʦʩ. ʆʜʥʘʢʦ ʫ ʪʘʢʦʛʦ 

ʩʥʘʙʙʝʨʘ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʵʥʝʨʛʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʩʘʤʦʤ ʢʣʶʯʝ, ʚʳʟʳʚʘʷ 

ʙʨʦʩʦʢ ʪʦʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʥʝʦʙʭʦʜʠʤʘ ʦʯʝʥʴ ʥʠʟʢʘʷ ʧʘʨʘʟʠʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʤʦʥʪʘʞʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʉ-ʩʥʘʙʙʝʨʳ ʧʨʠʤʝʥʷʪʁʩʷ ʦʛʨʘʥʠʯʝʥʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʘʣʦʤʦʱʥʳʭ ʩʭʝʤʘʭ. 

2.2. RC-ʩʥʘʙʙʝʨʳ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩʠʣʦʚʦʤʫ ʢʣʶʯʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʫʯʘʩʪʦʢ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʨʝʟʠʩʪʦʨʘ (ʩʤ. ʨʠʩ.1(ʙ)). ʈʝʟʠʩʪʦʨ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʜʝʤʧʬʠʨʫʝʪ ʧʘʨʘʟʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ LC-ʢʦʥʪʫʨʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʝʤʢʦʩʪʴʶ ʠ 

ʧʘʨʘʟʠʪʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ. ʊʘʢʠʝ ʩʥʘʙʙʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʜʠʦʜʦʚ, 

ʪʠʨʠʩʪʦʨʦʚ ʠ ʩʠʤʠʩʪʦʨʦʚ, ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚ 

ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʮʝʧʷʭ, ʘ ʪʘʢʞʝ ʚ ʤʘʣʦʤʦʱʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʩʥʘʙʙʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʂʇɼ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

2.3. RCD-ʩʥʘʙʙʝʨʳ 

 ʕʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʥʘʙʙʝʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʦʜ, ʢʦʥʜʝʥʩʘʪʦʨ ʠ 

ʨʝʟʠʩʪʦʨ (ʩʤ. ʨʠʩ.1(ʚ)). ɼʠʦʜ ʧʦʜʢʣʶʯʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʦʦʤʥʳʡ 

ʧʫʪʴ ʜʣʷ ʪʦʢʘ ʚʳʙʨʦʩʘ ʧʨʠ ʟʘʧʠʨʘʥʠʠ ʢʣʶʯʘ, ʯʪʦ ʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʟʘʨʷʜʢʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʪʝʨʠ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ ʥʫʣʶ. ʈʝʟʠʩʪʦʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨʫ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʜʠʦʜʦʤ ʠ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ 

ʢʣʶʯ ʦʪʢʨʳʪ. ɼʣʷ RCD-ʩʥʘʙʙʝʨʦʚ ʪʦʞʝ ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʴ ʥʘ 

ʨʝʟʠʩʪʦʨʝ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʤʘʣʳʭ ʪʦʢʘʭ 

ʥʘʛʨʫʟʢʠ ʠʣʠ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ʕʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʥʘʙʙʝʨʦʚ ʧʨʠʤʝʥʷʪʩʷ 

ʚ ʤʦʱʥʳʭ IGBT-ʠʥʚʝʨʪʦʨʘʭ, ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʩʚʘʨʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ 

ʠ ʦʙʨʘʪʥʦʭʦʜʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʪʦʢʘʭ. 

2.4. ɼʚʫʭʢʘʩʢʘʜʥʳʝ ʩʥʘʙʙʝʨ r

 ɼʚʫʭʢʘʩʢʘʜʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ RC ʠ RCD-

ʩʥʘʙʙʝʨʦʚ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ (ʩʤ. ʨʠʩ.1(ʛ)). ʊʠʧʠʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ 

ʤʘʣʦʠʥʜʫʢʪʠʚʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʤʘʣʦʡ ʝʤʢʦʩʪʴʶ (ʩʣʶʜʷʥʦʡ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʠʡ) 

ʜʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʘʤʳʭ ʨʝʟʢʠʭ ʧʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʩʥʦʚʥʦʡ ʥʘʢʦʧʠʪʝʣʴʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨ ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʠ (ʧʣʝʥʦʯʥʳʡ) ʩ ʮʝʧʴʶ ʨʘʟʨʷʜʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ. 

ɼʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʧʦʤʦʛʘʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʚʳʙʨʦʩʦʚ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʩʥʘʙʙʝʨʦʚ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʚ ʩʥʘʙʙʝʨʥʦʡ ʮʝʧʠ ʠ ʫʩʣʦʞʥʷʝʪ ʢʦʤʧʦʥʦʚʢʫ, ʪʨʝʙʫʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʥʪʘʞʘ. 

2.5. ʕʥʝʨʛʦʨʝʢʫʧʝʨʘʪʠʚʥʳʝ (ʙʝʟʜʠʩʩʠʧʘʪʠʚʥʳʝ) ʩʥʘʙʙʝʨʳ 

 ɺʤʝʩʪʦ ʨʝʟʠʩʪʦʨʘ ʚ ʜʘʥʥʳʭ ʩʭʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʜʠʦʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ. 

ʕʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʧʘʨʘʟʠʪʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʚ ʩʥʘʙʙʝʨʥʳʡ 

ʢʦʥʜʝʥʩʘʪʦʨ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʮʝʧʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

ʂʣʶʯʝʚʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʘʥʥʳʭ ʩʥʘʙʙʝʨʦʚ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʳ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʠ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʤʷʛʢʦʛʦ 

ʚʳʢʣʶʯʝʥʠʷ ʧʨʠ ʤʘʣʳʭ ʪʦʢʘʭ ʥʘʛʨʫʟʢʠ. ʊʘʢʠʝ ʮʝʧʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʦʡ ʪʝʭʥʠʢʝ, ʛʜʝ ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʂʇɼ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ.  

3. ʇʨʘʢʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ RCD-ʩʥʘʙʙʝʨʦʚ 

 ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʝʡ, 

ʧʝʨʝʡʜʝʤ ʢ ʦʟʥʘʢʦʤʣʝʥʠʶ ʩ ʪʝʤ, ʢʘʢ ʞʝ ʠʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʩʯʝʪ RCD-ʩʥʘʙʙʝʨʘ. 

 ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʬʦʨʤʫʣʘʤ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ. ʆʥʠ ʙʝʨʫʪʩʷ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʠʣʦʚʦʡ ʢʣʶʯ, ʧʘʨʘʤʝʪʨʦʚ 

ʩʭʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʦʮʝʥʢʠ ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ (ʪʠʧʠʯʥʳʝ ʜʣʷ ʤʦʜʫʣʷ ʥʘ 500 ʘʤʧʝʨ):  

- ʢʦʤʤʫʪʠʨʫʝʤʳʡ ʪʦʢ ) υρπ ̱ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʳʢʣʶʯʘʪʴ ʪʨʘʥʟʠʩʪʦʨ. ɽʛʦ ʙʝʨʫʪ ʠʟ ʨʘʩʯʝʪʘ ʩʭʝʤʳ; 

- ʥʘʧʨʷʞʝʥʠʝ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 5 ψππ ˏ ï ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ, ʜʦ 

ʢʦʪʦʨʦʛʦ ʟʘʨʷʞʝʥʳ ʢʦʥʜʝʥʩʘʪʦʨʳ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ; 
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- ʧʘʨʘʟʠʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʰʠʥʳ , συ ̎ː̎ ï ʵʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʢʦʥʪʫʨʘ ʢʦʤʤʫʪʘʮʠʠ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʝʝ ʩʣʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʝʝ ʦʮʝʥʠʚʘʶʪ ʥʘ 

ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʠʟʤʝʨʷʶʪ; 

- ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ Æ υ ̋ː̗ ï ʯʘʩʪʦʪʘ ʐʀʄ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

- ʜʦʧʫʩʪʠʤʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ Ў5 ρππ ˏ ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʥʘ ʢʦʪʦʨʫʶ ʤʳ 

ʨʘʟʨʝʰʘʝʤ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʢʣʶʯʝ ʧʨʝʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ. ɺʳʙʠʨʘʝʪʩʷ 

ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʶʯʝ ʥʝ 

ʧʨʝʚʳʰʘʣʘ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʩ ʟʘʧʘʩʦʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʤʦʜʫʣʷ ʥʘ 1200 ɺ, ʧʨʠ 5 ψππ ˏ ʤʦʞʥʦ ʟʘʜʘʪʴ Ў5 ςππσππ ˏ, ʥʦ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʙʫʜʝʪ ʚʟʷʪʦ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʝʩʪʢʦʩʪʠ. 

3.1. ʈʘʩʯʝʪ ʝʤʢʦʩʪʠ ʩʥʘʙʙʝʨʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

# ,Ͻ
Ў

συϽρπϽ ωρπ ̎ ,l 

 

ɺʳʙʠʨʘʝʤ ʙʣʠʞʘʡʰʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʥʦʤʠʥʘʣ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ: #
ρ ̍̋.l 

3.2. ʈʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʥʘʙʙʝʨʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ 

ʦʪʩʫʪʩʪʚʠʷ çʟʚʦʥʘè ʚ LC-ʢʦʥʪʫʨʝ 

 

2 ςϽ
,

#
2 ςϽ

συϽρπ

ρπ
πȢσχτ ̨ ȟ̍ 

 

ɺʳʙʠʨʘʝʤ ʙʣʠʞʘʡʰʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʥʦʤʠʥʘʣ ʩ ʟʘʧʘʩʦʤ: 2 πȢσω ̨ .̍ 

ʏʪʦʙʳ ʢʦʥʜʝʥʩʘʪʦʨ ʫʩʧʝʣ ʨʘʟʨʷʜʠʪʩʷ ʟʘ ʚʨʝʤʷ, ʧʦʢʘ ʪʨʘʥʟʠʩʪʦʨ ʦʪʢʨʳʪ, ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʩʷ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

 

2
ρ

σÆ#

ρ

σϽυπππϽρπ
φφȢχ ̨ ȟ̍ 

 

ʕʪʦ ʫʩʣʦʚʠʝ ʜʘʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ, ʥʘʰʝ ʟʥʘʯʝʥʠʝ 2 πȢσω ̨  ̍ʧʦʧʘʜʘʝʪ ʚ 

ʥʝʛʦ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʟʨʷʜʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

3.3. ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʨʝʟʠʩʪʦʨʘ 

 

0
ρ

ς
Ͻ#ϽЎ5 ϽÆ

ρ

ς
ϽρπϽρππϽρπ ςυ ˏ ȟ̓ 

 

ɺʳʙʠʨʘʝʤ ʥʦʤʠʥʘʣ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ 1.5-2 ʨʘʟʘ ʙʦʣʴʰʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ, 

ʯʪʦʙʳ ʦʩʪʘʚʠʪʴ ʟʘʧʘʩ, ʚʦʟʴʤʝʤ 0 υπ ˏ Ȣ̓ 
3.4. ʇʦʜʙʦʨʢʘ ʜʠʦʜʘ  

 ʂʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʩʥʘʙʙʝʨʥʦʤʫ ʜʠʦʜʫ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʘʣʦʝ 

ʚʨʝʤʷ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʜʠʦʜ ʜʦʣʞʝʥ 

ʤʛʥʦʚʝʥʥʦ ʟʘʢʨʳʪʴʩʷ, ʯʪʦʙʳ ʨʘʟʦʨʚʘʪʴ ʮʝʧʴ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʯʝʨʝʟ ʢʣʶʯ. 
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ɿʘʪʷʥʫʪʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʙʨʦʩʢʘʤ ʪʦʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ. 

ʇʦʵʪʦʤʫ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʠʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟ ʢʣʘʩʩʘ ʫʣʴʪʨʘʙʳʩʪʨʳʭ ʜʠʦʜʦʚ ʩ 

ʚʨʝʤʝʥʝʤ ʦʙʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ t ʤʝʥʴʰʝ 100 ʥʘʥʦʩʝʢʫʥʜ, ʘ ʚ ʩʣʫʯʘʝ 

ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʩʭʝʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʩʷ ʜʠʦʜʳ ʐʦʪʪʢʠ. ʊʘʢʞʝ ʜʠʦʜ ʜʦʣʞʝʥ 

ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʤʧʫʣʴʩʥʳʭ 

ʪʦʢʦʚ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʢʦʤʤʫʪʠʨʫʝʤʦʤʫ ʪʦʢʫ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥ ʨʘʚʝʥ 

510 ɸ). ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʫ çʧʠʢʦʚʳʡ 

ʥʝʧʦʚʪʦʨʷʶʱʠʡʩʷ ʪʦʢè. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʧʨʦʙʠʚʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʜʠʦʜʘ 5̅  ʪʘʢʞʝ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ: 

 

Ὗ̅ Ὗ Ў5 Ὗ̅ ωππ ˏ ï ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ. 

 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʣʦʚʳʭ 

ʢʣʶʯʘʭ, ʠ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʥʘʙʙʝʨʥʳʭ ʮʝʧʝʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʠʣʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʥʘʙʙʝʨʦʚ (C, RC, RCD, 

ʜʚʫʭʢʘʩʢʘʜʥʳʝ ʠ ʵʥʝʨʛʦʨʝʢʫʧʝʨʘʪʠʚʥʳʝ): ʠʭ ʫʩʪʨʦʡʩʪʚʦ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʤʦʱʥʦʛʦ IGBT-ʢʣʶʯʘ (510 ɸ, 800 ɺ) ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʦʤʠʥʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ (# ωρπ ̎ )l, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʘ (2
πȢσω ̨ )̍, ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʨʝʟʠʩʪʦʨʘ (0 υπ ˏ )̓, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʜʠʦʜʫ: ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʫʣʴʪʨʘʙʳʩʪʨʳʤ (Ô ρππ ̎ )̒, ʚʳʜʝʨʞʠʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ 
ʪʦʢʠ ʚʝʣʠʯʠʥʦʡ 510 ɸ ʠ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (Ὗ̅

ωππ ˏ). 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʉ.ɸ. ɿʘʟʳʢʠʥ, ʈ.ɸ. ɽʣʠʩʝʝʥʢʦ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʂʠʩʣʷʢʦʚ, ʩʪ. ʧʨʝʧʦʜ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʉʊʈʆɽʅʀʗ ʉʆɺʈɽʄɽʅʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʏɸʉʊʆʊʓ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʘʚʣʷʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ 

ʚʩʝʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʏʘʩʪʦʪʥʦ-ʫʧʨʘʚʣʷʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ 

ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʇʏ) ï ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʜʥʦʡ 

ʯʘʩʪʦʪʳ ʚ ʵʥʝʨʛʠʶ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʨʫʛʦʡ ʯʘʩʪʦʪʳ [1]. ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ 

ʇʏ ʨʘʟʚʠʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʤʝʪʦʜʘʤʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʪʘʢʞʝ ʤʝʥʷʣʠʩʴ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, 

ʚʳʷʚʣʝʥʠʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʝʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʠʭ ʨʦʪʦʨʘ. ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʦʪʥʶʜʴ ʥʝ ʩʦʚʝʨʰʝʥʥʘ, ʠʤʝʣʘ ʤʥʦʞʝʩʪʚʦ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ, ʢʘʢ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʠʟʢʠʡ 

ʂʇɼ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʞʝʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʠʛʜʝ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʙʳʣ ʩʦʚʝʨʰʸʥ ʥʘʫʯʥʳʡ ʧʨʦʨʳʚ ʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʦʙʨʝʪʝʥʠʝʤ ʪʘʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ, 

ʢʘʢ ʪʨʘʥʟʠʩʪʦʨʳ ʠ ʪʠʨʠʩʪʦʨʳ. ʉ ʵʪʠʤ ʩʚʷʟʘʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʧʦʷʚʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ 

(ʅʇʏ) ʠ ʠʥʚʝʨʪʦʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ [4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

 

ɹʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʠʥʚʝʨʪʦʨʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʨʠʩ. 1), ʩʦʩʪʦʷʱʠʝ ʠʟ 3 ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ:  
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1) ʚʳʧʨʷʤʠʪʝʣʷ ï ʜʠʦʜʥʳʡ ʤʦʩʪ, ʬʦʨʤʠʨʫʶʱʠʡ ʠʟ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʣʫʚʦʣʥ; 

2) LC ʬʠʣʴʪʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʩʢʘʯʢʘʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʩʛʣʘʞʠʚʘʶʱʠʡ 

ʩʠʛʥʘʣ ʚʳʧʨʷʤʠʪʝʣʷ (ʟʚʝʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ); 

3) ʠʥʚʝʨʪʦʨ ï ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʧʝʨʝʤʝʥʥʦ ʦʪʢʨʳʚʘʷʩʴ ʠ ʟʘʢʨʳʚʘʷʩʴ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ, ʬʦʨʤʠʨʫʶʪ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʢʚʘʞʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ, 

ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʜʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʨʦʪʦʨ ʢʦʪʦʨʦʛʦ ʩʪʘʥʝʪ ʚʨʘʱʘʪʴʩʷ ʩ 

ʪʨʝʙʫʝʤʦʡ ʯʘʩʪʦʪʦʡ. 

ɺ ʮʝʣʦʤ, ʠʥʚʝʨʪʦʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʘʢʪʠʯʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

ï ʤʦʛʫʪ ʧʠʪʘʪʴʩʷ ʢʘʢ ʦʪ ʦʜʥʦʬʘʟʥʦʡ, ʪʘʢ ʠ ʦʪ ʤʥʦʛʦʬʘʟʥʳʭ ʩʝʪʝʡ; 

ï ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʤʦʜʫʣʠʨʫʝʤʳʭ ʯʘʩʪʦʪ (ʜʦ 2000 ɻʮ); 

ï ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʢʘʢ ʤʘʣʦʡ ʪʘʢʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 

(ʩʚʳʰʝ 500 ʢɺʪ); 

ï ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʂʇɼ: 95-98%. 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʠʭ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʂʦʥʜʝʥʩʘʪʦʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʩʪʦʷʥʥʳʭ ʧʝʨʝʧʘʜʦʚ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʙʦʣʴʰʠʭ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʪʦʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʂʇɼ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ, 

ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢ ʧʦʣʦʤʢʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʙʦʣʴʰʠʤ 

ʫʙʳʪʢʘʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ [3]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʨʠʩ. 2), ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʥʚʝʨʪʦʨʥʳʭ, ʥʝ ʠʤʝʶʪ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʥʠʭ ʪʦʢ ʦʜʥʦʡ ʯʘʩʪʦʪʳ ʥʝ 

ʚʳʧʨʷʤʣʷʝʪʩʷ, ʘ ʩʨʘʟʫ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʦʢ ʜʨʫʛʦʡ ʯʘʩʪʦʪʳ. ʆʙʳʯʥʦ ʦʥʠ ʩʦʩʪʦʷʪ 

ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʩʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ 6 ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʣʠ 

ʪʠʨʠʩʪʦʨʦʚ, ʦʙʳʯʥʦ ʧʦ ʦʜʥʦʤʫ ʤʦʩʪʫ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ. ʇʦʧʝʨʝʤʝʥʥʦ 

ʦʪʢʨʳʚʘʷʩʴ ʠ ʟʘʢʨʳʚʘʷʩʴ, ʪʨʘʥʟʠʩʪʦʨʳ ʧʨʦʧʫʩʢʘʶʪ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ 
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ʩʠʥʫʩʦʠʜʳ, ʢʦʪʦʨʫʶ ʬʦʨʤʠʨʫʝʪ ʧʠʪʘʥʠʝ ʩʝʪʠ [2]. ɼʘʣʝʝ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ 

ʨʘʟʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʯʘʩʪʠ ʩʠʛʥʘʣʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʦʜʠʥ, ʧʦ ʬʦʨʤʝ ʙʣʠʟʢʠʡ ʢ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ. ɿʜʝʩʴ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʜʝʘʣʴʥʫʶ ʩʠʥʫʩʦʠʜʫ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʤʥʦʞʝʩʪʚʦ 

ʛʘʨʤʦʥʠʢ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ 

ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. 

ɻʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ 

ʷʚʣʷʶʪʩʷ: 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʷʭ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʄɺʪ) 

ʟʘ ʩʯʸʪ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʧʨʦʙʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʳʰʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʮʝʣʦʤ; 

ï ʚʳʜʝʨʞʠʚʘʶʪ ʧʝʨʝʛʨʫʟʢʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʠʭ ʪʠʨʠʩʪʦʨʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʜʥʘʢʦ, ʅʇʏ ʧʨʠ ʤʥʦʞʝʩʪʚʝ ʧʣʶʩʦʚ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʤʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ï ʦʥʠ ʩʧʦʩʦʙʥʳ ʩʤʦʜʫʣʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʠʤʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ. 

ʈʘʟʚʠʪʠʝ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʢʦʥʮʝ XX ʚʝʢʘ, ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ (IGBT), ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʦʷʚʠʣʠʩʴ 

ʤʘʪʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʄʇʏ), ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ 

ʟʘʚʝʨʰʝʥʳ ʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ [5].  

ʄʘʪʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʚ ʪʝʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʤʥʦʛʦ 

ʩʦʚʝʨʰʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

 

ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʭʦʞʝ ʩ ʅʇʏ: 

ʦʥʠ ʦʙʘ ʨʘʙʦʪʘʶʪ ʙʝʟ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʄʇʏ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ 9 ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʢʣʶʯʝʡ (IGBT ʪʨʘʥʟʠʩʪʦʨʦʚ), ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʦ 3 

ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 3). ʂʘʢ ʠ ʚ ʅʇʏ, ʢʣʶʯʠ ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʟʘʢʨʳʚʘʶʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʥʦ ʚ ʄʇʏ ʟʘʢʨʳʪʠʝ ʢʣʶʯʝʡ ʧʨʦʠʩʭʦʜʠʪ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʅʇʏ. ʇʦʵʪʦʤʫ ʄʇʏ ʥʘ ʚʳʭʦʜʝ ʩʧʦʩʦʙʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠ ʙʦʣʴʰʝʡ, ʯʝʤ ʯʘʩʪʦʪʘ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. 

 ʂ ʪʦʤʫ ʞʝ, ʄʇʏ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʚʦʜʠʪʴ ʵʥʝʨʛʠʶ ʢ ʜʚʠʛʘʪʝʣʶ, ʥʦ ʠ 

ʦʪʚʦʜʠʪʴ ʝʝ ʙʝʟ ʥʘʜʦʙʥʦʩʪʠ ʪʦʨʤʦʟʥʳʭ ʨʝʟʠʩʪʦʨʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʨʝʞʠʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʣʶʯʠ ʟʘʤʳʢʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʧʨʷʤʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʜʚʠʛʘʪʝʣʷ ʠ ʠʩʪʦʯʥʠʢʘ (ʨʝʞʠʤ BYPASS). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʄʇʏ: 

ï ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʤʦʜʫʣʠʨʫʝʤʳʭ ʯʘʩʪʦʪ; 

ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʙʣʠʟʢʫʶ ʢ ʩʠʥʫʩʦʠʜʝ ʬʦʨʤʫ, ʯʝʤ ʫ ʅʇʏ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʧʘʩʩʠʚʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ IGBT 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʙʦʨʘ. 

ʆʜʥʘʢʦ, ʄʇʏ ʪʘʢʞʝ ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ 

ʂʇɼ (ʙʣʠʟʢʦʛʦ ʢ 100 %) ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʢʦʤʤʫʪʘʮʠʶ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ ʥʘ 

ʯʘʩʪʦʪʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, 

ʢʘʢ ʠ ʅʇʏ, ʩʥʠʞʘʝʪ ʠʭ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [6] ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ 

ʠʜʝʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʨʷʤʳʭ ʤʘʪʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ (ʅʄʇʏ), 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ (ʨʠʩ. 

4). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʅʄʇʏ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʪʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʣʫʞʠʪ ʜʚʫʭ ʟʚʝʥʴʝʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʭʦʞʘʷ ʩ ʠʥʚʝʨʪʦʨʘʤʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʅʝʧʨʷʤʦʡ ʤʘʪʨʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

 

ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ɸʀʅ, ʩʪʨʫʢʪʫʨʘ ʅʄʇʏ ʥʝ ʩʦʜʝʨʞʠʪ 

ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʛʘʙʘʨʠʪʥʳʤ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ɺ 

ʠʪʦʛʝ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʠʣʘ ʥʝ 

ʪʦʣʴʢʦ ʠʩʢʣʶʯʠʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʄʇʏ, ʥʦ ʠ ʦʙʲʝʜʠʥʠʪʴ 
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ʜʦʩʪʦʠʥʩʪʚʘ ʠʥʚʝʨʪʦʨʥʳʭ ʠ ʤʘʪʨʠʯʥʳʭ (ʢʣʘʩʩʠʯʝʩʢʠʭ) ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʯʘʩʪʦʪʳ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʚʝʨʪʦʨʥʳʝ ʇʏ ʠ ʅʇʏ, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʇʦʷʚʣʝʥʠʝ ʅʄʇʏ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʩʬʝʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʥʝ  ʪʦʣʴʢʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʅʄʇʏ ï ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè 

 
ʃʆɻʀʏɽʉʂɸʗ ɿɸʑʀʊɸ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸ 6-35 ʢɺ 

ɺ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʓʍ ʋʉʊʈʆʁʉʊɺɸʍ ʈɿɸ 

 
ɼʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 6-35 ʢɺ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 4 ʄɺɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[1] ʠ [2] ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʟʘʱʠʪ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʢʦʚʘʷ ʦʪʩʝʯʢʘ (ʊʆ) ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ (ʄʊɿ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʂɿ ʥʘ ʚʳʚʦʜʘʭ ʦʙʤʦʪʢʠ ʅʅ 

ʦʪʢʣʶʯʘʝʪʩʷ ʄʊɿ. ɿʘʜʝʨʞʢʠ ʚ ʦʪʢʣʶʯʝʥʠʠ ʚʳʟʳʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ 

ʨʝʰʝʥʠʷʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ʃʦʛʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʃɿʊ) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ 

ʧʦʥʠʞʘʶʱʠʭ ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠ ʤʝʞʜʫʬʘʟʥʳʭ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʷʭ ʥʘ ʦʰʠʥʦʚʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʨʝʟʝʨʚʥʘʷ ʟʘʱʠʪʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʱʠʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ɼɿʊ) ʯʪʦ ʤʳ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ  

ʃɿʊ ʥʘ ʙʘʟʝ ʄʊɿ ʩ ʇʆʅ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʟʘʱʠʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʛʦʩʪʦʶʱʫʶ ɼɿʊ, ʪʘʢ ʢʘʢ ʃɿʊ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ/ 
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ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʃɿʊ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʨʤʠʥʘʣʘʭ ʊʘʚʨʠʜʘ ʕʣʝʢʪʨʠʢ 

ʦʩʥʦʚʘʥ ʥʘ ʫʩʢʦʨʝʥʠʠ ʄʊɿ ʚʳʢʣʶʯʘʪʝʣʷ ʦʪʭʦʜʷʱʝʡ ʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʣʠʥʠʠ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʣʦʢʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʪ ʟʘʱʠʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʩʪʦʨʦʥʝ ʅʅ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʄʊɿ ʩ ʇʆʅ ʤʘʣʦʤʦʱʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʦʪʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1 ʜʦ 3 ʩʝʢʫʥʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʘʚʘʨʠʡʥʳʭ ʪʦʢʦʚ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɺʳʜʝʨʞʢʘ 

ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ɼʣʠʪʝʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʊʘʢʠʝ ʟʘʜʝʨʞʢʠ ʩʥʠʞʘʶʪ ʦʙʱʫʶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʘʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʱʠʪʳ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʃɿʊ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʩʠʛʥʘʣ, 

ʙʣʦʢʪʨʫʶʱʠʡ ʣʠʙʦ ʨʘʟʨʝʱʘʶʱʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʚʳʜʝʨʞʢʘ 

ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 100-150 ʤʩ  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʃɿʊ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʯʝʤ ʜʣʷ 

ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ (ʈʉ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʇʆʅ. ʕʪʦ ʧʦʚʳʩʠʪ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʱʠʪʳ. ʌʫʥʢʮʠʷ ʃɿʊ ʜʦʣʞʥʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ 

ʫʩʪʨʦʡʩʪʚʝ ʈɿɸ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʋʈɿɸ ʊ) ʠ ʚ ʫʩʪʨʦʡʩʪʚʝ ʈɿɸ ʚʚʦʜʥʦʛʦ 

ʚʳʢʣʶʯʘʪʝʣʷ (ʋʈɿɸ ɺɺ). 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨ: ʘ) ʜʣʷ ʋʈɿɸ ʊ; ʙ) ʜʣʷ ʋʈɿɸ ɺɺ 
 

ɺ ʋʈɿɸ ʊ ʨʝʘʣʠʟʦʚʘʥ ʬʫʥʢʮʠʦʥʘʣ ʢʦʥʪʨʦʣʷ ʧʫʩʢʘ ʄʊɿ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʨʘʟʨʝʰʘʶʱʝʛʦ ʠ ʙʣʦʢʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʦʚ (ʈʉ ʠ ɹʉ), ʦʪʢʣʶʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʳʢʣʶʯʘʪʝʣʷ (ʦʪʢʣ. ɺ) ʠ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜʳ ʥʘ ʦʪʢʣʶʯʝʥʠʝ ɺɺ (ʦʪʢʣ. ɺɺ). 

ɺ ʋʈɿɸ ɺɺ ʨʝʘʣʠʟʦʚʘʥ ʬʫʥʢʮʠʦʥʘʣ ʢʦʥʪʨʦʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʇʆʅ (ʩʨʘʙ. 

ʇʆʅ) ʠ ʧʫʩʢʘ ʄʊɿ ɺɺ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʈʉ ʠ ɹʉ. 

ʇʨʠ ʨʘʙʦʪʝ ʊʅ ʨʘʙʦʪʘʝʪ ʧʦ ʜʚʫʤ ʩʠʛʥʘʣʘʤ ʠ ʙʝʟ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ, ʝʩʣʠ 

ʩʨʘʙʘʪʳʚʘʝʪ ʙʣʦʢʠʨʦʚʢʘ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʮʝʧʝʡ ʥʘʧʨʷʞʝʥʠʷ (ɹʅʅ), ʪʦ 

ʩʨʘʙʘʪʳʚʘʝʪ ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ, ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ ʃɿʊ 
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ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʂɿ ʚ 

ʟʦʥʝ ʠ ʚʥʝ ʟʦʥʳ ʙʝʟ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʥʘ ʦʞʠʜʘʥʠʝ ʩʠʛʥʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʙʦʪʘ ʃɿʊ ʧʨʠ ʂɿ (ʩʣʝʚʘïʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʂɿ ʥʘ ʚʳʚʦʜʘʭ ʊ, ʩʧʨʘʚʘ 

ï ʧʨʠ ʚʥʝʰʥʝʤ ʂɿ ʥʘ ʰʠʥʘʭ ʅʅ) 

 

ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʨʘʙʘʪʳʚʘʥʠʝ ʃɿʊ 

ʢʘʢ ʧʨʠ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʂɿ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʋʈɿɸ ɺɺ ʠʣʠ ʢʘʥʘʣʘ 

ʩʚʷʟʠ. ʇʨʠ ʦʪʢʘʟʝ ʋʈɿɸ ɺɺ ʠʣʠ ʢ/ʩ ʃɿʊ ʥʘʜʝʞʥʦ ʙʣʦʢʠʨʫʝʪʩʷ ʧʨʠ ʂɿ. 

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʨʘʙʦʪʘʝʪ ʄʊɿ ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʙʦʪʘ ʃɿʊ (ʩʣʝʚʘ-ʧʨʠ ʦʪʢʘʟʝ ʋʈɿɸ ɺɺ, ʩʧʨʘʚʘ-ʧʨʠ ʦʪʢʘʟʝ ʢʘʥʘʣʘ 

ʩʚʷʟʠ (ɹʉ) ʚ ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʂɿ) 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ, ʧʨʠʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʱʠʪ ʠʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʟʘʱʠʪʳ. ʊʘʢʞʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʨʝʰʝʥʠʷ ʧʦ ʃɿʊ (çʊʘʚʨʠʜʘ ʕʣʝʢʪʨʠʢè, çʕʩʪʨʘè, çSiemensè, çABBAè) ʥʦ ʦʥʠ ʥʝ 

ʟʘʢʨʝʧʣʝʥʳ ʚ ʅʊɼ  

ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʠ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʣʠʰʥʝʤʫ ʩʨʘʙʘʪʳʚʘʥʠʶ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʃɿʊ ʩ 

ʜʚʫʤʷ ʢʘʥʘʣʘʤʠ (ɹʉ ʠ ʈʉ) ʟʘʱʠʪʘ ʥʝ ʪʨʝʙʫʝʪ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʣʶʙʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 6ï35 

ʢɺ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʘʙʦʪʳ  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɽ. ɼ. ʂʠʨʝʝʥʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʊ.ʉ. ʃʘʨʴʢʠʥʘ, ʩʪ. ʧʨ., 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ ʉʀʉʊɽʄ 

ʀʄʇʋʃʔʉʅʆ-ʌɸɿʆɺʆɻʆ ʋʇʈɸɺʃɽʅʀʗ (ʉʀʌʋ) 

 
ʉʠʩʪʝʤʦʡ ʠʤʧʫʣʴʩʥʦ ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉʀʌʋ) ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʠʤʧʫʣʴʩʳ ʜʣʷ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ, ʫ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʬʘʟʘ ʠʤʧʫʣʴʩʘ (ʜʣʷ ʪʠʨʠʩʪʦʨʦʚ). ʆʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʉʀʌʋ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʫʛʣʦʤ ʦʪʢʨʳʪʠʷ ʧʨʠʙʦʨʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʦʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʣʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʉʀʌʋ ʩʯʠʪʘʶʪʩʷ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʠʤʧʫʣʴʩʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ ʠ ʤʦʱʥʦʩʪʠ; ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʬʘʟʳ (ʟʘʜʝʨʞʢʠ) 

ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ; ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʩʝʪʴʶ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ; ʦʙʝʩʧʝʯʝʥʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʤʝʞʜʫ ʮʝʧʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʠʣʦʚʳʤʠ ʮʝʧʷʤʠ; ʟʘʱʠʪʘ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʫʧʨʘʚʣʝʥʠʷ Ŭ (ʫʛʦʣ ʟʘʜʝʨʞʢʠ). ʆʥ 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʭʦʜʘ 

ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ: ʝʩʣʠ Ŭ = 0Ј, ʪʦ ʧʨʠʙʦʨ ʦʪʢʨʳʚʘʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ 

ʧʝʨʝʭʦʜʘ, ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʝʨʞʠʚʘʝʪ ʦʪʢʨʳʪʠʝ ʪʠʨʠʩʪʦʨʘ, ʧʨʠ 

ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʩʨʝʜʥʝʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʭʝʤʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 1 ï 130Ј ʠʣʠ 2 ï 30Ј. 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʩʝʪʴʶ 

(ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʦʣʴ), ʟʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ 
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ʧʠʣʦʦʙʨʘʟʥʦʝ ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʠʛʥʘʣʦʤ ʟʘʜʘʥʠʷ 

(ʫʧʨʘʚʣʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ). ʀʤʧʫʣʴʩ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʤʦʤʝʥʪ ʨʘʚʝʥʩʪʚʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʘ ʧʦʩʣʝ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ 

ʪʠʨʠʩʪʦʨʘ. 

ʉʝʤʝʡʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1. ɻʨʘʬʠʢʠ 

ʧʦʩʪʨʦʝʥʳ ʚ Matlab. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʝʤʝʡʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ  

 

ʉʠʩʪʝʤʳ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉʀʌʋ) ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ, ʩʪʨʫʢʪʫʨʝ ʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ. 

ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʉʀʌʋ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʚʳʝ, ʮʠʬʨʦʚʳʝ ʠʣʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. ʂʘʞʜʳʡ ʪʠʧ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

[1, 2] 

ɸʥʘʣʦʛʦʚʳʝ ʉʀʌʋ: ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭ, 

ʢʦʤʧʘʨʘʪʦʨʘʭ, ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ. ʀʩʧʦʣʴʟʫʶʪ ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʳ. ʆʯʝʥʴ ʥʘʜʸʞʥʳ, ʥʦ ʤʝʥʝʝ ʛʠʙʢʠ ʚ ʥʘʩʪʨʦʡʢʝ. ʇʨʠʤʝʥʷʶʪʩʷ 

ʚ ʪʠʨʠʩʪʦʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʚʘʞʥʘ ʥʘʜʸʞʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ. 

ʎʠʬʨʦʚʳʝ (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ) ʉʀʌʋ: ʦʩʥʦʚʘʥʳ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ 

ʠʣʠ ʇʃʀʉ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ). ʇʨʝʦʙʨʘʟʫʶʪ 

ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ 
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ʬʫʥʢʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʚʷʟʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʠʨʠʩʪʦʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʛʘʣʴʚʘʥʠʢʝ, ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʉʀʌʋ: ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʥʘʩʳʱʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʀʤʧʫʣʴʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʳʱʝʥʠʷ. ʅʘʜʸʞʥʳ ʧʨʠ ʨʘʙʦʪʝ 

ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʠʤʝʶʪ ʧʨʦʩʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʫʩʪʘʨʝʚʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟ-

ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. 

ʉʠʩʪʝʤʳ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉʀʌʋ) ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ. 

ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩ ʬʘʟʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʧʫʣʴʩʦʚ 

ʦʪʧʠʨʘʥʠʷ, ʩʭʝʤʘ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʀʌʋ ʩ ʬʘʟʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʧʫʣʴʩʦʚ ʦʪʧʠʨʘʥʠʷ 

(ʨʠʩ. 2) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʣʦʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ɹʉ), ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʪʦʯʢʫ 

ʥʘʯʘʣʘ ʦʪʩʯʸʪʘ ʚʨʝʤʝʥʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʝ ʬʘʟʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɹʉ ʨʘʟʨʝʰʘʝʪ ʦʪʩʯʸʪ ʠʥʪʝʨʚʘʣʘ ʬʘʟʳ ʜʣʷ ʩʤʝʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʜʦʤ ʦʮʠʬʨʦʚʢʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ). ʕʪʦʪ ʢʦʜ ʧʦʜʘʸʪʩʷ ʥʘ ʚʭʦʜʳ ʟʘʛʨʫʟʢʠ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʩʯʸʪʯʠʢʘ ʊʆʌ. ʂʦʛʜʘ ʢʦʜ ʚ ʩʯʸʪʯʠʢʝ ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ ʜʦ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʠʤʧʫʣʴʩ. ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ (ɹʌʀ) 

ʨʘʩʰʠʨʷʝʪ ʠʤʧʫʣʴʩ ʠ ʩʦʛʣʘʩʫʝʪ ʝʛʦ ʤʦʱʥʦʩʪʴ ʩ ʤʦʱʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ 

ʫʧʨʘʚʣʝʥʠʷ. 

   

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʀʌʋ ʩ ʬʘʟʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʧʫʣʴʩʦʚ 

ʦʪʧʠʨʘʥʠʷ 

 
ɺ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʉʀʌʋ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʨʠʩ.3) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ɹʉ), ʛʝʥʝʨʘʪʦʨ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʚʘʞʥʦʩʪʠ 
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ʠʤʧʫʣʴʩʦʚ (ɻʈʉ), ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʋʄ), ʙʣʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ (ɹʌʀ) ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʨʝʛʫʣʷʪʦʨ. ɸʤʧʣʠʪʫʜʘ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴʶ ʠʥʪʝʨʚʘʣʦʚ ʦʪʢʨʳʚʘʥʠʷ ʢʣʶʯʝʡ, 

ʢʘʢ ʠ ʚ ʬʘʟʥʳʭ ʩʭʝʤʘʭ. ʐʀʄ-ʉʀʌʋ ʧʨʦʱʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʜʸʞʥʝʝ ʬʘʟʥʳʭ 

ʩʭʝʤ.  

   

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉʀʌʋ ʩ ʰʠʨʦʢʦ-ʠʤʧʫʣʴʩʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʉʀʌʋ (ʨʠʩ. 4) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʙʣʦʢʠ: ʫʟʝʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʉ), ʛʝʥʝʨʘʪʦʨ ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɻʇʅ), ʜʚʘ 

ʫʟʣʘ ʩʨʘʚʥʝʥʠʷ (ʋʉ1, ʋʉ2), ʜʚʘ ʫʩʠʣʠʪʝʣʷ-ʬʦʨʤʠʨʦʚʘʪʝʣʷ (ʋʌ1, ʋʌ2).  

ʋʟʝʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʷʯʝʡʢʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʅʘʧʨʷʞʝʥʠʝ ʩ ʚʳʭʦʜʘ ʫʟʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ɻʇʅ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʝʥ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ. 

ʅʘʧʨʷʞʝʥʠʝ ʩ ɻʇʅ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʚʭʦʜ ʦʜʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ ʠ ʥʘ ʚʭʦʜ ʜʨʫʛʦʛʦ ʫʩʠʣʠʪʝʣʷ ï ʧʝʨʚʦʛʦ ʫʟʣʘ ʩʨʘʚʥʝʥʠʷ.  

   

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʉʀʌʋ 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʉʀʌʋ 

ʤʦʞʥʦ ʩʚʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʉʀʌʋ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʥʘʣʦʛʦʚʘʷ ʉʀʌʋ ʎʠʬʨʦʚʘʷ (ʄʇ) ʉʀʌʋ ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʉʀʌʋ 

ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʆʧʝʨʘʮʠʦʥʥʳʝ 

ʫʩʠʣʠʪʝʣʠ, 

ʢʦʤʧʘʨʘʪʦʨʳ, 

ʣʦʛʠʯʝʩʢʠʝ 

ʤʠʢʨʦʩʭʝʤʳ 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, 

ʇʃʀʉ, 

ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʦʨʳ 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʜʨʦʩʩʝʣʠ 

ʥʘʩʳʱʝʥʠʷ, 

ʤʘʛʥʠʪʥʳʝ 

ʫʩʠʣʠʪʝʣʠ 

ʊʦʯʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʘ Ŭ 

ʉʨʝʜʥʷʷ (ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʨʝʡʬʘ ʆʋ) 

(ʧʦʛʨʝʰʥʦʩʪʴ 2-5Á) 

ɺʳʩʦʢʘʷ (ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ) 

(ʧʦʛʨʝʰʥʦʩʪʴ < 0.1Á) 

ʅʠʟʢʘʷ 

(ʧʦʛʨʝʰʥʦʩʪʴ  

5-10Á) 

ɻʠʙʢʦʩʪʴ ʅʠʟʢʘʷ 

(ʩʭʝʤʦʪʝʭʥʠʢʘ 

çʞʝʩʪʢʘʷè) 

ɺʳʩʦʢʘʷ 

(ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) 

ʆʯʝʥʴ ʥʠʟʢʘʷ 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ (ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʨʘʟʚʦʜʢʝ) 

ɺʳʩʦʢʘʷ 

ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ 

ɿʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʪʘʨʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ɺʳʩʦʢʘʷ (ʢʚʘʨʮʝʚʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ) 

ʅʠʟʢʘʷ (ʟʘʚʠʩʠʪ ʦʪ 

ʩʚʦʡʩʪʚ 

ʤʘʛʥʝʪʠʢʦʚ) 

ʉʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ 

ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ (ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʥʠʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) 

ʅʠʟʢʘʷ 

ʉʪʦʠʤʦʩʪʴ ʅʠʟʢʘʷ (ʜʣʷ 

ʧʨʦʩʪʳʭ ʩʭʝʤ) 

ʉʨʝʜʥʷʷ/ɺʳʩʦʢʘʷ (ʜʣʷ 

ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ) 

ʅʠʟʢʘʷ 

(ʫʩʪʘʨʝʚʰʠʝ 

ʢʦʤʧʦʥʝʥʪʳ) 

ɼʠʘʛʥʦʩʪʠʢʘ ʆʪʩʫʪʩʪʚʫʝʪ ʠʣʠ 

ʤʠʥʠʤʘʣʴʥʘ 

ʈʘʟʚʠʪʘʷ 

(ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ, 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ) 

ʆʪʩʫʪʩʪʚʫʝʪ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʥʝʡ 

ʩʣʦʞʥʦʩʪʠ, ʛʜʝ 

ʚʘʞʥʘ ʥʘʜʝʞʥʦʩʪʴ 

ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʮʠʟʠʦʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʤʝʪʘʣʣʫʨʛʠʷ, ʪʨʘʥʩʧʦʨʪ 

ʋʩʪʘʨʝʚʰʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʨʝʤʦʥʪ 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. ʄʘʢʦʚʩʢʠʡ, ɸ.ʃ. ʉʠʣʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. / ʄʘʢʦʚʩʢʠʡ ɸ.ʃ. ï ʄʠʥʩʢ: ɹɻʋʀʈ, 2017 ï 250 ʩ.  

[2]. ʈʫʜʝʥʢʦ, ɺ.ʉ. ʆʩʥʦʚʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɺ.ʉ. ʈʫʜʝʥʢʦ, ɺ.ʀ. ʉʝʥʴʢʦ, ɺ.ɺ. 

ʊʨʠʬʦʥʶʢ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1980. ï 423 ʩ. 
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ɸ.ʉ. ʂʫʜʨʷʰʦʚ, ʘʩʧ.; ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ "ʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʊɸɹʀʃʀɿɸʎʀʗ ɼʀʅɸʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ, 

ʇʋʊɽʄ ɺɺɽɼɽʅʀʗ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆʁ ʆɹʈɸʊʅʆʁ ʉɺʗɿʀ 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʥʦʛʦʢʦʥʪʫʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʦʙʨʘʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʠʧʦʚʳʝ ʥʘʩʪʨʦʡʢʠ 

ʚʣʦʞʝʥʥʳʭ ʧʦʜʯʠʥʝʥʥʳʭ ʢʦʥʪʫʨʦʚ ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʥʘʩʪʨʦʝʥʥʳʤʠ ʥʘ 

ʤʦʜʫʣʴʥʳʡ ʠʣʠ ʩʠʤʤʝʪʨʠʯʥʳʡ ʦʧʪʠʤʫʤ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʭʦʨʦʰʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʩʠʥʪʝʟʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ 

ʢʦʥʪʫʨʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤ ʩʣʝʜʷʱʝʤ ʧʨʠʚʦʜʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʳʤʠ ʤʝʞʜʫ 

ʩʨʝʜʥʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʤʘʣʳʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʢʦʦʨʜʠʥʘʪʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʣʦʞʥʷʝʪʩʷ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʥʦ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʧʨʠʥʮʠʧʳ 

ʩʠʥʪʝʟʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ 

ʙʣʦʢʦʚ ʫʤʥʦʞʝʥʠʷ ʠʣʠ ʜʝʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ [1]. ʊʦʛʜʘ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʵʪʦʤ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʥʘ ʧʨʠ ʠʭ ʠʟʤʝʥʝʥʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ: 

ʆʩʥʦʚʥʦʡ ʢʦʥʪʫʨ: ʇ-ʨʝʛʫʣʷʪʦʨ ʧʦ ʧʦʣʦʞʝʥʠʶ/ʩʢʦʨʦʩʪʠ (çʩʠʣʦʚʘʷè 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ); 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ: ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ (çʛʠʙʢʦʡè) ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʠʟʤʝʥʷʶʱʝʡ: 

- ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ Ὧ; 

- ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ Ὕ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʩʢʦʨʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʦʣʦʞʝʥʠʶ/ʩʢʦʨʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʠʤ ʙʣʦʢʦʤ ʫʤʥʦʞʝʥʠʷ (ʨʠʩ. 

1). 

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 
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ὡ ὴ  
ρπ

ὴπȟρὴ ρ
ȟ 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉɸʈ ʩ ʮʝʧʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(1 ï ʮʝʧʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ çʛʠʙʢʦʡè ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, 2 ï ʮʝʧʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

çʩʠʣʦʚʦʡè ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ) 

 
ʎʝʧʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: 

- ɺ ʢʘʯʝʩʪʚʝ çʛʠʙʢʦʡè ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʟʚʝʥʦ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ T2p (ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʝ), ʚʳʜʝʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʥʫʶ ʚʳʭʦʜʥʦʡ 

ʚʝʣʠʯʠʥʳ x; 

- ʉʚʷʟʴ ʟʘʤʳʢʘʝʪʩʷ ʚ ʙʣʦʢ ʫʤʥʦʞʝʥʠʷ, ʚ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʩʠʛʥʘʣʘ çʛʠʙʢʦʡè ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʤʘʩʰʪʘʙʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ m ʠ ʩʠʛʥʘʣʦʤ 

ʦʰʠʙʢʠ ;ʁ  

- ɺʥʫʪʨʝʥʥʠʡ ʩʫʤʤʘʪʦʨ ʩʠʛʥʘʣʦʚ ʨʝʛʫʣʷʪʦʨʘ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʠʪʦʛʦʚʦʝ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ. 

ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʚʚʝʜʝʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʋʨʘʚʥʝʥʠʝ 

ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ: 

 
‐ ὼ ὼ

ᾀ άϽὯϽὝϽὼϽ‐

ᾀӶὝὴὼὯ ὴρ ὴὝὼ
, 

 

ʛʜʝ z ï ʚʳʭʦʜ ʙʣʦʢʘ ʫʤʥʦʞʝʥʠʷ; m ï ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʙʣʦʢʘ 

ʫʤʥʦʞʝʥʠʷ; k0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ; T2 ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

çʛʠʙʢʦʡè ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; ‐ ï ʦʰʠʙʢʘ ʩʣʝʞʝʥʠʷ.  

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

 

άὝ ὼ ὼ π, 

 

ʛʜʝ — άὝ ὼ ὼ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʝʣʠʯʠʥʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʦʰʠʙʢʠ (ʚ ʣʠʥʝʡʥʳʭ ʉɸʈ ʚʳʙʠʨʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʢʦʤʧʨʦʤʠʩʩʥʳʭ ʪʨʝʙʦʚʘʥʠʡ). 



50 

ɿʘʜʘʯʘ ʩʠʥʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ T2 ʠ m, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ: 

- ʚʝʣʠʯʠʥʘ ɗ ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʭʦʨʦʰʝʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʜʚʠʞʝʥʠʷ (ʧʨʠ ʙʦʣʴʰʠʭ ʦʰʠʙʢʘʭ); 

- ʚʝʣʠʯʠʥʘ ɗ ʧʨʠʥʠʤʘʣʘ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʟ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʠʪʦʛʝ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʙʲʝʢʪ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ: 

 

Ὗ ὯϽ‐ άϽὯϽὝϽὼϽ‐ ‐ϽὯ άϽὯϽὝϽὼ. 

 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦ ʢʘʥʘʣʫ ʦʰʠʙʢʠ ʩʪʘʥʦʚʠʪʩʷ 

ʧʝʨʝʤʝʥʥʳʤ ʠ ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʫʝʪ ʩʚʦʸ ʩʦʙʩʪʚʝʥʥʦʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

  

Ὧ̐ ̆̑ Ὧ άϽὯϽὝϽὼȢ 

 

ʇʨʦʚʝʜʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʚ 

ʧʘʢʝʪʝ MATLAB /Simulink. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʆʉ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ T2 ʠ 

m (ʨʠʩ. 3). ɺʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʄʥʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʪ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ. ʂʦʵʬʬʠʮʠʝʥʪ T2 ʦʧʨʝʜʝʣʷʝʪ ʠʥʝʨʮʠʦʥʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʆʉ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ: 

- ʫʣʫʯʰʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤʳ; 

- ʧʨʦʩʪʦʪʘ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ; 

ʅʝʜʦʩʪʘʪʢʠ:  

- ʩʣʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ; 

- ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʤʘʣʳʭ ʩʠʛʥʘʣʘʭ; 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʚʚʝʜʝʥʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1]. ɼʦʛʘʥʦʚʩʢʠʡ ʉ. ɸ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ï ʄʦʩʢʚʘ, çʕʥʝʨʛʠʷè, 1973. 

ɹʠʙʣʠʦʪʝʢʘ ʧʦ ʘʚʪʦʤʘʪʠʢʝ. ɺʳʧʫʩʢ 465. 

[2]. ʈʫʙʘʥ ɸ.ʀ. ɸʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ : ʤʦʥʦʛʨʘʬʠʷ / ɸ. ʀ. ʈʫʙʘʥ. ï ʂʨʘʩʥʦʷʨʩʢ : 

ʉʠʙ. ʬʝʜʝʨ. ʫʥ-ʪ, 2015. ï 140 ʩ. 
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ɸ.ɸ. ʄʠʭʘʡʣʦʚ, ʩʪʫʜ.; ʨʫʢ. ʂ.ʀ. ʉʚʠʨʠʜʝʥʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɻɽʅɽʈɸʊʆʈ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ɿɺʋʂɸ 

 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʟʚʫʢ (ʥʘʧʨʘʚʣʝʥʥʦʝ ʟʚʫʢʦʚʦʝ ʠʟʣʫʯʝʥʠʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʟʚʫʢʦʚʳʭ ʣʫʯʝʡ, ʧʦʟʚʦʣʷʷ ʧʝʨʝʜʘʚʘʪʴ ʟʚʫʢ ʪʦʯʥʦ 

ʚ ʮʝʣʴ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ.  

ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʟʚʫʢʘ ʦʙʰʠʨʥʘ: 

1. ʈʝʢʣʘʤʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʚʠʪʨʠʥʳ: ʩʦʟʜʘʥʠʝ ʟʦʥ ʟʚʫʢʘ, ʛʜʝ ʩʦʦʙʱʝʥʠʝ 

ʩʣʳʰʠʪ ʪʦʣʴʢʦ ʯʝʣʦʚʝʢ, ʩʪʦʷʱʠʡ ʚ ʫʟʢʦʤ ʣʫʯʝ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʜ ʚʠʪʨʠʥʦʡ ʠʣʠ 

ʩʪʝʥʜʦʤ. 

2. ʄʫʟʝʠ ʠ ʚʳʩʪʘʚʢʠ: ʅʘʧʨʘʚʣʝʥʥʦʝ ʘʫʜʠʦ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʵʢʩʧʦʥʘʪʘ, ʥʝ ʤʝʰʘʶʱʝʝ ʧʦʩʝʪʠʪʝʣʷʤ ʚʦʢʨʫʛ. 

3. ʉʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ: ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ ʠʣʠ 

ʢʦʤʘʥʜ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʘʧʨʠʤʝʨ ʩ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʠ ɹʇʃɸ 

4. ʇʝʨʩʦʥʘʣʴʥʳʡ ʟʚʫʢ: ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʟʦʥʳ ʟʚʫʢʘ ʙʝʟ ʰʫʤʦʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ ʦʢʨʫʞʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ ʚ ʦʬʠʩʘʭ ʠ ʧʨʦʯʠʭ ʨʘʙʦʯʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʀ. ʪ. ʜ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝ ʪʘʢ ʤʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʘʯʘʩʪʫʶ 

ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛ ʩʪʦʠʤʦʩʪʠ ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʧʦʢʫʧʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʚʦʠʭ ʮʝʣʷʭ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʜʠʩʪʨʠʙʴʶʪʝʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ï RIWA. ɺ 

ʘʩʩʦʨʪʠʤʝʥʪʝ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʦʤ ʧʨʠʥʮʠʧʝ, 

ʥʘʧʨʠʤʝʨ Acouspade classic ʠʣʠ Audfly fs mini (ʨʠʩ. 1) [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʠ Acouspade (ʩʣʝʚʘ) ʠ Audfly (ʩʧʨʘʚʘ) 

 

ʋʩʪʨʦʡʩʪʚʦ Audfly ʩʦʜʝʨʞʠʪ ʘʥʪʝʥʥʫʶ ʨʝʰʸʪʢʫ, ʚʝʨʦʷʪʥʦ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʠʟʣʫʯʘʪʝʣʷʭ TCT40-16T, ʠ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʪʦʨʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʦʚʘʥʦ 

ʥʘ ʩʭʦʞʠʭ ʠʟʣʫʯʘʪʝʣʷʭ. ʋʩʪʨʦʡʩʪʚʘ ʧʦ ʟʘʚʝʨʝʥʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʙʦʪʘʶʪ ʩ 

ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ 150-16000 ɻʮ. ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʭʝʤʳ çʩʜʝʣʘʡ ʩʘʤè 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʦʣʥʦ-ʤʦʩʪʦʚʳʝ ʜʨʘʡʚʝʨʳ ʠ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

[2].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʫʣʠʨʫʶʪ 

ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʥʝʩʫʱʫʶ ʯʘʩʪʦʪʫ 40 ʢɻʮ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʧʦʣʫʯʘʝʪʩʷ ʵʬʬʝʢʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʛʝʥʝʨʘʮʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ 

ʧʨʝʜʣʦʞʝʥʘ ʫʧʨʘʚʣʷʶʱʘʷ ʩʭʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʝ (ʇʃʀʉ), ʧʦʣʥʦ-ʤʦʩʪʦʚʦʤ ʜʨʘʡʚʝʨʝ, ʧʦʚʳʰʘʶʱʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʣʷ ʜʨʘʡʚʝʨʘ ʠ I2S 

ɸʎʇ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ (ʨʠʩ. 2). 

 

I2S ̇ ˢ˽ ˽˶ˮ˿

ˮͫͭͦ;͙ͤ͟ 
ͤ͊ͨͪΎ͔͙͗ͤΎ

рˤ

˽͍ͦ·΄͊Ό΅͙͚ 
͔͍͔ͨͪͦ͋ͪ͊ͦ͊ͭ͘͡Έ

рˤ

˽͍͚ͦͤͦͣͦͫͭͦͦ͡ 
͚͍͔͒ͪ͊ͪ

нлˤ

˾͔΄͖ͭ͊͟ 
͙ͯ͘͡;͔͔͚͊ͭ͡

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʟʚʫʢʘ 

 

ɺʭʦʜʷʱʠʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʧʦ ʠʥʪʝʨʬʝʡʩʫ I2S ʥʘ ʇʃʀʉ ʢʘʢ ʧʦʪʦʢ ʙʘʡʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʚʥʝʰʥʝʝ ʪʘʢʪʠʨʦʚʘʥʠʝ ʇʃʀʉ ʛʝʥʝʨʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʜʣʷ 

ʧʦʣʥʦ-ʤʦʩʪʦʚʦʛʦ ʜʨʘʡʚʝʨʘ ï ʩʥʘʯʘʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʝʨʭʥʷʷ ʧʦʣʫʚʦʣʥʘ ʩ 

ʤʦʜʫʣʷʮʠʝʡ 0-100% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʪʝʤ ʥʠʞʥʷʷ 

ʧʦʣʫʚʦʣʥʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʜʫʣʷʮʠʝʡ. 

ɿʥʘʷ ʪʘʢʪʠʨʦʚʘʥʠʝ ʇʃʀʉ ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʪʘʡʤʠʥʛʠ ʜʣʷ 

ʚʳʚʦʜʘ ʩʠʛʥʘʣʘ ʥʘ ʥʦʞʢʠ. ʇʃʀʉ ʠʩʧʦʣʴʟʫʝʪ ʠʩʪʦʯʥʠʢ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ 100 

ʄɻʮ. ʇʦʣʥʳʡ ʧʝʨʠʦʜ ʩʠʛʥʘʣʘ ʧʨʦʠʟʦʡʜʝʪ ʟʘ: 

f fpga / fsignal = 100000000/40000 = 2500 ʪʘʢʪʦʚ, ʛʜʝ f fpga ï ʪʘʢʪʠʨʦʚʘʥʠʝ ʇʃʀʉ, 

fsignal ï ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʚʦʣʥʳ. 

ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʩʭʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʯʝʪʯʠʢ, ʢʦʪʦʨʳʡ ʩʙʨʘʩʳʚʘʪʴʩʷ ʚ ʥʦʣʴ 

ʢʘʞʜʫʶ ʧʦʣʦʚʠʥʫ ʚʦʣʥʳ. ʂʘʞʜʫʶ ʧʦʣʦʚʠʥʫ ʚʦʣʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ 

ʧʦʣʷʨʥʦʩʪʠ, ʙʫʜʝʪ ʚʳʩʪʘʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʚʦʜ ʫʧʨʘʚʣʝʥʠʷ ʜʨʘʡʚʝʨʦʤ ʚ 

'1'. ɿʘʪʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1250 ʩʠʛʥʘʣ ʙʫʜʝʪ ʜʝʨʞʘʪʴʩʷ ʚ '1' ï ʯʝʤ ʜʦʣʴʰʝ, ʪʝʤ 

ʙʦʣʴʰʝ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʟʘʧʦʣʥʝʥʠʝ. 

ʇʨʠʥʠʤʘʝʤʳʝ ʜʘʥʥʳʝ ʩ ɸʎʇ ʧʨʠʥʠʤʘʶʪ 256 ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ (8 ʙʠʪ), 

ʧʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʟʘʧʦʣʥʝʥʠʝ ʙʳʣʦ ʙʦʣʴʰʝ ʫʤʥʦʞʘʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘ 4 ï 

ʜʝʣʘʝʤ ʣʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚʣʝʚʦ ʥʘ 2 ï ʧʦʣʫʯʘʝʤ ʜʠʘʧʘʟʦʥ ʦʪ 0 ʜʦ 1024 

ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʐʀʄ ʦʜʥʘʢʦ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟʢʫ 

ʥʘ ʜʨʘʡʚʝʨ (ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʣʶʯʝʡ ʥʝ ʠʜʝʘʣʴʥʘʷ, ʧʦʵʪʦʤʫ ʣʫʯʰʝ 

ʩʥʘʯʘʣʘ ʦʪʢʣʶʯʠʪʴ ʢʘʥʘʣ, ʧʦʜʦʞʜʘʪʴ, ʘ ʟʘʪʝʤ ʚʢʣʶʯʠʪʴ ʜʨʫʛʦʡ), ʘ ʪʘʢ ʞʝ 

ʫʤʝʥʴʰʘʝʪ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʩʠʥʪʝʟʝ ʜʠʟʘʡʥʘ ʣʦʛʠʢʠ ʚʥʫʪʨʠ ʇʃʀʉ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʤʦʜʫʣʷʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʨʘʡʚʝʨʦʤ ʠʟʣʫʯʘʪʝʣʝʡ 

 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʧʠʰʝʤ ʙʣʦʢ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʇʃʀʉ ʥʘ ʷʟʳʢʝ 

ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ (VHDL).  

ʉʯʝʪʯʠʢ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, ʟʘʜʚʠʞʢʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʩʜʚʠʛʘ 

ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʨʘʟʨʝʰʘʶʱʠʡ ʩʠʛʥʘʣ ʜʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʘ, ʪʘʢ ʞʝ ʜʚʝ 

ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʜʘʥʠʷ ʧʝʨʠʦʜʦʚ ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʦʣʥʳ. 

ʇʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʩʝ ʦʧʝʨʘʮʠʠ, ʘ 

ʠʤʝʥʥʦ: ʛʣʘʚʥʳʡ ʩʯʝʪʯʠʢ, ʧʝʨʝʢʣʶʯʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ, ʩʙʨʦʩ ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚ ʥʦʣʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ 

ʪʝʢʫʱʝʡ ʧʦʣʫʚʦʣʥʳ ʠ ʚʳʚʦʜ ʩʠʛʥʘʣʘ ʧʨʷʤʦʛʦ ʠ ʠʥʚʝʨʩʥʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 20 ʠʟʣʫʯʘʪʝʣʝʡ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʧʦʣʥʦ-ʤʦʩʪʦʚʦʛʦ ʜʨʘʡʚʝʨʘ, ʧʦʚʳʰʘʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʇʃʀʉ ʠ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʠʥʪʝʨʬʝʡʩʫ I2S, ʠ 

ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʣʛʦʨʠʪʤʝ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ. 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʢ ʧʠʪʘʥʠʶ ʠ ʠʩʪʦʯʥʠʢʫ ʘʫʜʠʦʩʠʛʥʘʣʘ 

ʩʦʟʜʘʝʪʩʷ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʡ ʣʫʯ ʟʚʫʢʘ, ʵʬʬʝʢʪ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʠʡ. ʇʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʚʥʫʪʨʠ ʣʫʯʘ ʟʚʫʢ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʙʳʯʥʳʡ ʜʠʥʘʤʠʢ, ʣʝʛʢʦ 

ʦʧʦʟʥʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʦʜʥʘʢʦ ʝʩʣʠ ʚʳʡʪʠ ʠʟ ʟʦʥʳ ʠʟʣʫʯʝʥʠʷ ʵʪʦʛʦ 

ʣʫʯʘ, ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʩʨʘʟʫ ʞʝ ʪʝʨʷʝʪʩʷ. ʀʩʪʦʯʥʠʢʦʤ ʩʣʳʰʠʤʦʛʦ ʟʚʫʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʩʪʦ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥ ʠʟʣʫʯʘʝʤʳʡ ʩʠʛʥʘʣ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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parametric-speaker-of-your-own/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.26)  
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ɼ.ʉ. ʉʫʭʠʥʝʥʢʦ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʂʠʩʣʷʢʦʚ, ʩʪ. ʧʨ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʄɽʊʆɼʆɺ ʂʆʅʊʈʆʃʗ ʉʆʉʊʆʗʅʀʗ ʀɿʆʃʗʎʀʀ 

ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

 

ʉʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚ ɻʥʝʨʛʦʩʠʩʪʝʤʘʭ ʩʪʨʘʥʳ ʚʘʞʥʝʡʰʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʉʪʘʙʠʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʥʘʩʝʣʝʥʠʝʤ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʣʦʚʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤ ʠʤʫʱʝʩʪʚʦʤ ʧʦʜʩʪʘʥʮʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʢʘʢ ʚ ʤʠʨʝ, ʪʘʢ ʠ ʈʌ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʫʞʝ 

ʠʩʯʝʨʧʘʣʠ ʩʚʦʡ ʨʘʩʯʝʪʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʜʘʯʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʪʘʢʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʰʠʨʥʦʛʦ ʥʘʙʦʨʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ 

ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʣʫʞʠʪ ʤʝʪʦʜ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ (ʍɸʈɻ). ʆʙʳʯʥʦ ʨʝʯʴ ʠʜʝʪ ʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ 

ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʛʨʝʚʦʚ (ʧʨʝʚʳʰʘʶʱʠʭ 150Áʉ), ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʳʭ ʠ ʜʫʛʦʚʳʭ 

ʨʘʟʨʷʜʦʚ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʣʶʯʝʚʳʭ ʛʘʟʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ (ʚʦʜʦʨʦʜ ï H2, ʤʝʪʘʥ ï CH4, 

ʘʮʝʪʠʣʝʥ ï C2H2, ʵʪʠʣʝʥ ï C2H4, ʵʪʘʥ ï C2H6, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ï ʉʆ, ʜʠʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ ï CO2) ʠ ʘʥʘʣʠʟ ʠʭ ʚʟʘʠʤʥʳʭ ʧʨʦʧʦʨʮʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʪʁʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʘʟʦʚʳʜʝʣʝʥʠʝ. ʅʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʤʠ ʫʨʦʚʥʷʤʠ (ʪʘʙʣ. 1), ʘ ʥʝ ʧʨʦʩʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. 

 

ʊʘʙʣʠʮʘ 1 ï ɻʨʘʥʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ ʛʘʟʦʚ 
 ʂʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ, %ʦʙ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ H2 Cʅ4 ʉ2ʅ2 ʉ2ʅ4 C2H6 ʉʆ CO2 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʝʤ 110 ï 

500 ʢɺ 

0,01 0,01 0,001 0,01 0,005 
πȟπυ

πȟπφ
 
πȟςπȟτ

πȟφπȟψ
 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʝʤ 750 

ʢɺ 

0,003 0,002 0,001 0,002 0,001 0,05 0,40 
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ʈʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʆ ʠ CO2 ʚ ʪʘʙʣ. 1 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʟʘʱʠʪ ʤʘʩʣʘ ʦʪ ʦʢʠʩʣʝʥʠʷ ʠ ʩʨʦʢʘʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʯʠʩʣʠʪʝʣʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʘʟʦʪʥʦʡ ʠʣʠ ʧʣʝʥʦʯʥʦʡ ʟʘʱʠʪʘʤʠ ʤʘʩʣʘ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʳʭʘʥʠʝʤ. ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉO2 ʧʨʠʚʝʜʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʘʢ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʦ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 10 ʣʝʪ, ʪʘʢ ʠ ʩʦ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʙʦʣʝʝ 10 ʣʝʪ ï ʫʢʘʟʘʥʳ ʚ ʩʢʦʙʢʘʭ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʜʝʬʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʢʘʪʝʛʦʨʠʠ: ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʨʫʰʝʥʠʷ ʚ ʦʙʤʦʪʢʘʭ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʥʘʩʦʩʦʚ, ʚʚʦʜʦʚ, ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ). ɼʠʘʛʥʦʩʪʠʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʮʝʥʢʝ ʧʨʦʧʦʨʮʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ ʩ ʨʘʟʣʠʯʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʨʘʟʨʷʜʳ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ 

ʯʝʪʳʨʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʘʮʠʷʤ: ʜʦ 150Áʉ, ʦʪ 150 ʜʦ 300Áʉ, ʦʪ 300 ʜʦ 700Áʉ 

ʠ ʩʚʳʰʝ 700Áʉ [1]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʪʠʧ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʢʦʣʦ 90%. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ 

ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʬʝʢʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʶʪ ʪʨʝʫʛʦʣʴʥʠʢ Duvalôʷ. ʄʝʪʦʜ 

ʪʨʝʫʛʦʣʴʥʠʢʘ Duvalôʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟ ʪʨʸʭ ʢʣʶʯʝʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 1), ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ 

ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʚ ʭʦʜʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [2]. 

ʅʝʦʩʧʦʨʠʤʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ 

ʟʘʢʣʶʯʝʥʠʡ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ 

ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʨʝʫʛʦʣʴʥʠʢ Duvalôʷ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ɼʶʚʘʣʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʜʝʬʝʢʪʦʚ: 

¶ PD ï ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ; 

¶ D1 ï ʨʘʟʨʷʜʳ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ; 

¶ D2 ï ʨʘʟʨʷʜʳ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ; 

¶ T1 ï ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 300ÁC; 

¶ T2 ï ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʠʥʪʝʨʚʘʣʝ 300ï700ÁC; 

¶ T3 ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ (ʩʚʳʰʝ 700ÁC). 

ʆʙʣʘʩʪʴ DT ʥʘ ʜʠʘʛʨʘʤʤʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʤʝʰʘʥʥʳʝ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʝʪʦʜʘ ʩʪʨʦʠʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ (P1, P2, P3), ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ (CH4), ʵʪʠʣʝʥʘ (C2H4) ʠ ʘʮʝʪʠʣʝʥʘ (C2H2) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 

ʜʦ 100% ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [2]. 

ʂʨʦʤʝ ʍɸʈɻ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠʤʝʥʷʶʪ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜ rʢʦʥʪʨʦʣʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʛʦʤʤʝʪʨ ʩ 

ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 2500 ɺ, ʘ ʧʨʠ ʟʘʤʝʨʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ 

ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ï 1000 ɺ. ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ: 10ÁC ï ʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 150 ʢɺ ʚʢʣʶʯʠʪʝʣʴʥʦ; 20ÁC ï ʫ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʝʤ 220 ï 750 ʢɺ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʧʝʨʚʳʝ ʣʠʙʦ 

ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʥʠʞʝ 50% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʟʘʚʦʜʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʳʪʘʥʠʡ ʤʘʩʣʘ (ʦʙʣʘʩʪʴ ʨʠʩʢʘ) ʠ (ʠʣʠ) 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʘʟʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʘʩʣʝ, ʘ ʪʘʢʞʝ ʚ ʦʙʲʝʤʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʇʦʤʦʛʘʝʚ ʖ.ʄ. [3] ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ, ʘ ʦʪʨʘʞʘʝʪ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʤʦʤʝʥʪ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʥʪʨʦʣʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ ʚ ʨʘʤʢʘʭ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʟʤʝʨʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʚ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʇʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʢ ʜʠʵʣʝʢʪʨʠʢʫ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʥʝʛʦ ʧʨʦʪʝʢʘʝʪ ʪʦʢ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʸʤʢʦʩʪʥʦʡ ʠ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʥʛʝʥʩ ʫʛʣʘ 
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ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ ʢ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ÔὫ‏ ́

̒
ϽρππϷ, ʛʜʝ Ὅ́ ï ʘʢʪʠʚʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ, Ὅ̒ ï ʸʤʢʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʦʩʪʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʷʮʠʠ ʧʨʠ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʙʱʝʝ ʫʚʣʘʞʥʝʥʠʝ, ʩʪʘʨʝʥʠʝ ʠ ʜʝʬʝʢʪʳ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ʊʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʥʦʡ 

ʧʨʠʤʝʩʠ ʚ ʤʘʩʣʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ U-ʦʙʨʘʟʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ tgŭ (ʨʠʩ. 2) ʚ ʬʫʥʢʮʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 50Áʉ). ɼʣʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʘʛʠ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʚʣʝʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ tgŭ [4].  

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ tgŭ ʦʪ ʩʪʝʧʝʥʠ ʠ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʤʘʩʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʟʘʚʦʜʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʝʜʳʜʫʱʠʭ ʠʟʤʝʨʝʥʠʡ. ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʝʛʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʂʨʠʪʝʨʠʝʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦ 

ʧʨʠʝʤʣʝʤʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʩʪʫʧʘʝʪ ʟʥʘʯʝʥʠʝ tgŭ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʝ 1%, ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 20ÁC ʠ ʚʳʰʝ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤ ʤʘʩʣʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ 

ʮʝʣʣʶʣʦʟʥʦʡ (ʙʫʤʘʞʥʦ-ʤʘʩʣʷʥʦʡ) ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʠʟʦʣʷʮʠʠ ʙʝʟ ʚʩʢʨʳʪʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʧʨʦʙ ʪʚʸʨʜʦʡ ʠʟʦʣʷʮʠʠ. 
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ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʨʫʢʮʠʷ ʮʝʣʣʶʣʦʟʥʦʡ ʠʟʦʣʷʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ï 

ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ɼʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʢʣʶʯʝʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʨʘʥʘ ʷʚʣʷʝʪʩʷ ʬʫʨʬʫʨʦʣ. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʤʤʳ ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʨʝʜʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʫʨʦʚʥʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 0,0015% ʤʘʩʩʳ, 

ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʬʫʨʬʫʨʦʣʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 0,001% ʧʦ ʤʘʩʩʝ. 

ʇʨʝʚʳʰʝʥʠʝ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ʮʝʣʣʶʣʦʟʥʦʡ ʠʟʦʣʷʮʠʠ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʫʛʣʫʙʣʸʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

ʇʦʤʠʤʦ ʬʫʨʬʫʨʦʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʬʫʨʘʥʘ. ɹ.ɸ. 

ɸʣʝʢʩʝʝʚ [5] ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʫʨʬʫʨʘʣʴʜʝʛʠʜʘ FAL ʠ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʇ (ʨʠʩ. 3): 

 

log2FAL = ï 0,00287Āʉʇ + 3,4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʫʨʬʫʨʘʣʴʜʝʛʠʜʘ ʦʪ ʩʪʝʧʝʥʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʉʇ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ 

ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʠʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʞʠʜʢʦʩʪʥʳʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʜʝʛʨʘʜʘʮʠʠ ʪʚʸʨʜʦʡ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʦʩʪʘʪʦʯʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ ʙʫʤʘʞʥʦ-ʤʘʩʣʷʥʦʡ ʠʟʦʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʳ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɿʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʩʨʦʢ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ [5]. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩʚʷʟʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʙʫʤʘʞʥʦʡ 

ʠʟʦʣʷʮʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʉʇ: 

 

LOCT = l/K(1/ʉʇt ï l/ʉʇk), 

 

ʛʜe Locʪ ï ʦʩʪʘʪʦʯʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ; ʉʇt ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ 

ʉʇ; ʉʇk ï ʟʥʘʯʝʥʠʝ ʉʇ ʚ ʥʘʯʘʣʝ ʦʪʩʯʝʪʘ ʩʪʘʨʝʥʠʷ; ʂ - ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʫʩʣʦʚʠʡ ʩʪʘʨʝʥʠʷ, ʧʨʠ ʊʅ.ʅ.ʊ == 70ʦʉ ʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (1...1,5)10-8, 

ʧʨʠ 90ʦʉ ï (1,5...2,5)10-8, ʧʨʠ 110ʦʉ ï (2...5)10-8. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʩʣʫʞʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʠʟʦʣʷʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʯʘʩʪʦʪʫ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʷʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʧʨʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʨʝʤʦʥʪʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʦʪʨʘʙʦʪʘʚʰʠʭ ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʧʦʜʦʟʨʝʥʠʠ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʩʚʝʥʥʳʭ 

ʤʝʪʦʜʦʚ.  

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʜʠʘʛʥʦʩʪʠʢʝ 

ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʠʩʯʝʨʧʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʨʘʩʯʝʪʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʅʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʩʧʦʩʦʙʝʥ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʧʦʜʪʚʝʨʜʠʣ ʩʚʦʶ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʛʨʝʚʦʚ ʠ ʨʘʟʨʷʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ɼʶʚʘʣʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʝʬʝʢʪʦʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʠʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ 

ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʩʣʫʞʘʪ ʙʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʫʚʣʘʞʥʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʜʥʘʢʦ ʧʨʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʨʝʤʝʥʠ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʘʩʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʩʪʫʧʥʳʡ ʢʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʦʛʜʘ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʷʤʳʤ ʩʧʦʩʦʙʦʤ 

ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ʉʠʩʪʝʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʦʙʦʩʥʦʚʳʚʘʪʴ ʧʨʦʜʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʦʪʢʣʶʯʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʜʩʪʘʥʮʠʡ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʇɽʏɸʊʅʆʁ ʇʃɸʊʓ 

ɹɽɿɼɸʊʏʀʂʆɺʓʍ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ ʇɽʈɽʄɽʅʅʆɻʆ 

ʊʆʂɸ ʉ ʌʋʅʂʎʀʆʅɸʃʔʅʓʄ ʈɸɿɼɽʃɽʅʀɽʄ ɿɸɼɸʏ ʅɸ 

ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɸʍ 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʦʪʢʘʟʫ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ (ʵʥʢʦʜʝʨʦʚ, 

ʨʝʟʦʣʴʚʝʨʦʚ), ʫʩʣʦʞʥʷʶʱʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʧʨʠʚʦʜʘ, ʪʨʝʙʫʶʱʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʫʜʦʨʦʞʘʶʱʠʭ 

ʩʠʩʪʝʤʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʦʜʠʢʪʦʚʘʥ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʠʪʦʛʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ 

ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʙʝʟʜʘʪʯʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʘ ʭʦʪʷ 

ʙʳ ʤʝʣʢʦʡ ʩʝʨʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʘʣʠʟʘʮʠʷ 

ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʡ 

ʯʘʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʧʨʠʚʦʜʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ 

ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ, ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ, ʜʚʫʤʝʨʥʳʭ ʩʢʦʣʴʟʷʱʠʭ 

ʨʝʞʠʤʦʚ, ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʘʰʠʥʳ [1], [2]. 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʝʯʘʪʥʘʷ 

ʧʣʘʪʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʪʘʢʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʦʤʝʭʘʤ ʠ ʪʦʯʥʦʩʪʴ ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʟʜʝʩʴ ʚʳʩʪʫʧʘʶʪ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʭ. 

ʇʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʙʝʟʜʘʪʯʠʢʦʚʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ 

ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʠ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʜʥʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʟʘʯʘʩʪʫʶ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʯʘʪʥʦʛʦ ʤʦʥʪʘʞʘ ʠ ʜʝʢʦʤʧʦʟʠʮʠʝʡ 

ʬʫʥʢʮʠʦʥʘʣʘ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʜʭʦʜʝ ʬʫʥʢʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʨʪʦʨʦʤ 

ʚ ʩʦʩʪʘʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ), ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʜʚʫʤʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 
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ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʇʨʠʚʝʜʝʤ ʦʧʠʩʘʥʠʝ ʜʚʫʭʧʨʦʮʝʩʩʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ˉ1, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ 32-ʙʠʪʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ (ʥʘʧʨʠʤʝʨ, STM32F4xx 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʡ) ï ʩʤ. ʨʠʩʫʥʦʢ 1. ʕʪʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʰʝʥʠʝ 

ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʢʠʥʝʤʘʪʠʢʠ, ʚ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘʙʣʶʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ 

ʠ ʚʳʙʨʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʧʦʩʪʨʦʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʜʣʷ ʪʨʝʭ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʩ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʦʮʝʥʢʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʬʦʥʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ [3], [4]. 

ʇʝʨʠʬʝʨʠʡʥʦʝ ʷʜʨʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ˉ2 (ʥʘʧʨʠʤʝʨ, STM32F1ʭʭ) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʪʦʨʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʐʀʄ-ʩʠʛʥʘʣʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʇʏ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ˉ1 ʠ ˉ2 ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩ SPI. 

ɼʣʷ ʦʪʣʘʜʢʠ ʠ ʧʨʦʰʠʚʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʘʟʲʝʤ JTAG 

(ʠʣʠ SWD), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʠʩʭʝʤʥʳʝ ʦʪʣʘʜʯʠʢʠ. ʆʩʪʘʣʴʥʳʝ 

ʨʘʟʲʝʤʳ, ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʧʝʨʠʬʝʨʠʶ, ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʜʘʪʯʠʢʦʚ, ʢʣʶʯʝʡ) ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʧʦ ʠʥʪʝʨʬʝʡʩʘʤ UART, SPI 

ʠʣʠ IĮC. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ˉ1 
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ʈʠʩʫʥʦʢ 2 ï ʇʝʨʠʬʝʨʠʡʥʦʝ ʷʜʨʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ˉ2 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʠʪʘʥʠʝ 24 ɺ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʭʝʤʫ ʯʝʨʝʟ ʨʘʟʲʝʤ MF-4MRA. ʇʦ ʮʝʧʷʤ 

ʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʬʠʣʴʪʨʫʶʱʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, ʘ ʜʨʦʩʩʝʣʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʦʙʨʘʟʫʶʪ LC-ʬʠʣʴʪʨʳ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʧʦ ʣʠʥʠʷʤ ʧʠʪʘʥʠʷ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʯʘʩʪʝʡ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʠʪʘʥʠʝ ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʜʘʪʯʠʢʦʚʳʤ ʧʨʠʚʦʜʦʤ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʥʘ ʨʠʩʫʥʢʝ 4 ʩʦʜʝʨʞʠʪ ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ ʢʘʥʘʣʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʚʷʟʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ADM0712E. ʕʪʦ 

ʪʨʘʥʩʠʚʝʨʳ ʩʪʘʥʜʘʨʪʘ RS-485/RS-422 ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʝʡ 

(ʮʠʬʨʦʚʳʤʠ ʠʟʦʣʷʪʦʨʘʤʠ). ʀʥʪʝʨʬʝʡʩʥʳʝ ʤʠʢʨʦʩʭʝʤʳ (ADM0712E) ʧʝʨʝʚʦʜʷʪ 

ʩʠʛʥʘʣʳ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ (3.3V ʠʣʠ 5V) ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʩʪʘʥʜʘʨʪʘ RS-485 (ʣʠʥʠʠ A ʠ B) ʠ ʦʙʨʘʪʥʦ. 

ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʦʣʷʮʠʶ ʤʝʞʜʫ ʮʝʧʷʤʠ 

ʢʦʥʪʨʦʣʣʝʨʘ (ʩʪʦʨʦʥʘ VCC/GND) ʠ ʚʥʝʰʥʠʤ ʠʥʪʝʨʬʝʡʩʦʤ (ʩʪʦʨʦʥʘ ʧʠʪʘʥʠʷ, 

ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʨʘʟʲʝʤʘʤ XP15/XP12). ʕʪʦ ʟʘʱʠʱʘʝʪ ʜʦʨʦʛʫʶ ʫʧʨʘʚʣʷʶʱʫʶ 

ʵʣʝʢʪʨʦʥʠʢʫ ʦʪ ʧʨʦʙʦʷ ʧʨʠ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʠʣʠ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭʘʭ ʥʘ 

ʜʣʠʥʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ. ʅʘ ʣʠʥʠʷʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ A ʠ B ʢʘʞʜʦʛʦ 

ʢʘʥʘʣʘ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʟʠʩʪʦʨʳ R39 ʠ R40 (ʥʦʤʠʥʘʣʦʤ 120 ʆʤ). ʕʪʦ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʢʦʥʝʯʥʳʝ (ʪʝʨʤʠʥʠʨʫʶʱʠʝ) ʨʝʟʠʩʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʠʪʦʡ ʧʘʨʳ ʠ ʧʦʜʘʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʡ 

ʩʠʛʥʘʣʘ ʥʘ ʢʦʥʮʘʭ ʜʣʠʥʥʦʡ ʣʠʥʠʠ. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩʣʫʞʘʪ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʫʝʪ ʜʚʘ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʳʭ ʢʘʥʘʣʘ ʩʚʷʟʠ RS-

485. ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʣʷ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʪʘʢʠʝ ʫʟʣʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʡ ʩʚʷʟʠ ʩ ʇʏ. 

ʅʘʣʠʯʠʝ ʪʝʨʤʠʥʠʨʫʶʱʠʭ ʨʝʟʠʩʪʦʨʦʚ ʠ ʬʠʣʴʪʨʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʥʘ 

ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʭ.  

 

 
ʈʠʩʫʥʦʢ 4 ï ʂʘʥʘʣ ʩʚʷʟʠ RS-485 
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ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʫʯʝʪʦʤ ʨʘʟʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ ʠ ʪʦʧʦʣʦʛʠʠ ʟʘʟʝʤʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʙʝʟʜʘʪʯʠʢʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʤʘʰʠʥ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ [3 ï 5]) ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʩʠʩʪʝʤʘʤ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʥʦ ʙʝʟ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɸʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ, 

ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʪʴʝ, ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʭʦʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʝʡ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʮʝʣʦʤ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɸʅɸʃʀɿ ɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʇʈʀ ʈɽɻʋʃʀʈʆɺɸʅʀʀ 

ʅɸʇʈʗɾɽʅʀʗ ʊʈɽʍʌɸɿʅʆɻʆ ʊʈɽʍʂʃʖʏɽɺʆɻʆ 

ʊʈɸʅɿʀʉʊʆʈʅʆɻʆ ɺʓʇʈʗʄʀʊɽʃʗ 2 

 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʠʢʪʫʶʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʦʧʦʣʦʛʠʠ ʩʠʣʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʪʦʧʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 ï ʪʨʝʭʬʘʟʥʳʡ 

ʪʨʝʭʢʣʶʯʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ [1], [2]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ 

ʵʪʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʷʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

                                                           
2 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FSWF-2026-0010. 
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʠʩʯʠʩʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʨʘʟʜʝʣʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʝʭʢʣʶʯʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʚʳʧʨʷʤʠʪʝʣʷ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʭʝʤʘ ʨʠʩʫʥʢʘ 1 ʫʧʨʦʱʝʥʘ ʜʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʭʦʜʥʘʷ 

ʪʨʝʭʬʘʟʥʘʷ ʩʝʪʴ ʩʦ ʚʭʦʜʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʤ 

ʚʳʧʨʷʤʠʪʝʣʝʤ ʨʠʩʫʥʢʘ 1 ʟʘʤʝʥʝʥʘ ʥʘ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʢʘʨʪʠʥʳ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʠʧʦʚʘʷ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʘʷ. 

 ʕʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʠʩʫʥʢʘ 2 ʩʚʦʡʩʪʚʝʥʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʠ ʧʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʂ. ʇʨʠ 

ʟʘʤʢʥʫʪʦʤ ʢʣʶʯʝ ʂ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʷʜ ʸʤʢʦʩʪʠ ʉ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪ 

ʩʝʪʠ ʥʘʛʨʫʟʢʦʡ. ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʤʦʱʥʦʩʪʠ ʦʪ 

ʸʤʢʦʩʪʠ ʉ ʢ ʥʘʛʨʫʟʢʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʪʦʨʦʡ ʨʝʞʠʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʥʠʞʝ ʨʘʩʩʫʞʜʝʥʠʷʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʧʨʦʱʝʥʥʘʷ ʩʠʣʦʚʘʷ ʩʭʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʝʭʢʣʶʯʝʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 
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ʇʘʨʘʤʝʪʨʦʤ ʥʘʙʣʶʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ. ʅʦ ʧʨʦʮʝʩʩʳ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ. ʆ ʪʦʤ, ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʧʦʣʫʯʠʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʠʩʘʥʠʝ ʩʭʝʤʳ ʨʠʩʫʥʢʘ 2. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʥʝʟʘʚʠʩʠʤʳʝ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʣʶʯ ʂ ʨʘʟʦʤʢʥʫʪ: 

 
Ὗ Ὗ π ˏȟ

Ὥ Ὥ π ̱ȟ

Ὥ Ὥ π ̱Ȣ
ρ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ 

ʜʣʷ ʩʭʝʤʳ ʨʠʩʫʥʢʘ 2: 

 
Ὥ Ὥ Ὥ πȟ

Ὥ ϽὙ Ὗ Ὗ Ὁȟ
Ὥ ϽὙ Ὗ ὟȢ

ς 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʭʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʥʘʛʨʫʟʢʝ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʪʦ ʧʨʠʥʫʞʜʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

 

ừ
Ừ

ứ Ὥ̐̑ Ὥ̐̑
Ὁ

Ὑ Ὑ
ȟ

Ὗ̐̑ Ὥ̐ Ͻ̑Ὑ
ὉϽὙ

Ὑ Ὑ
Ȣ

σ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ, ʠʤʝʝʪ ʚʠʜ: 

 

ὤὴ
ὒϽὒϽὅϽὴ ὙϽὒϽὅ ὒϽὙ ϽὅϽὴ ὙϽὙ Ͻὅ ὒ ὒ Ͻὴ Ὑ Ὑ

ὒϽὅϽὴ Ὑ ϽὅϽὴ ρ
Ȣ τ 

 

ʇʦʣʫʯʝʥʥʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʠ ʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʪʨʠ ʢʦʨʥʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʚʦʜʷʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 
ὥ ὒϽὒϽὅȟ

ὦ ὙϽὒϽὅ ὒϽὙϽὅȟ
ὧ ὙϽὙϽὅ ὒ ὒȟ

Ὠ Ὑ ὙȢ

υ 
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ʉ ʧʨʠʥʷʪʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʙʱʝʛʦ 

ʚʠʜʘ: 

 
ὥϽὴ ὦϽὴ ὧϽὴ Ὠ πȢ φ 

 
ʈʝʰʝʥʠʝ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʨʤʫʣʳ ʂʘʨʜʘʥʦ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ 

ʚʠʜʫ ʚʚʦʜʠʤ ʧʝʨʝʤʝʥʥʫʶ: 

 

ὴ ώ
ὦ

σϽὥ
Ȣ 

 
ʇʦʜʩʪʘʚʠʚ ʠ ʫʧʨʦʩʪʠʚ, ʧʦʣʫʯʘʝʤ ʢʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʢʘʥʦʥʠʯʝʩʢʦʤ 

ʚʠʜʝ: 

 

ừ
Ử
Ừ

Ử
ứ

ώ ᾀϽώ ή πȟ

ᾀ
σϽὥϽὧ ὦ

σϽὥ
ȟ

ή
ςϽὦ ωϽὥϽὦϽὧ ςχϽὥϽὨ

ςχϽὥ
Ȣ

χ 

 
ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʧʝʨʝʤʝʥʥʫʶ Q ʚ ʩʠʪʫʘʮʠʷʭ >, = ʠʣʠ < 0 ʠ ʧʦ ʪʘʙʣʠʮʝ 1 ʦʧʨʝʜʝʣʠʪʴ 

ʬʫʥʢʮʠʶ ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

 

ὗ
ᾀ

σ

ή

ς
Ȣ ψ 

 
ʊʘʙʣʠʮʘ 1 ï ʇʦʚʝʜʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

Q ὴȟὴȟὴ Ὗ̒ ὸ̃ 

> 0 

ὴᶰὙ
ὴ ‌ ὮϽ‍
ὴ ‌ ὮϽ‍

 ὃϽὩ Ͻ ὩϽϽὃ ϽÃÏÓ‍Ͻὸ ὃ ϽÓÉÎ‍Ͻὸ  

= 0 

ὴᶰὙ
ὴᶰὙ
ὴᶰὙ

 

ὴ ὴ 6 ὴ ὴ 6 ὴ
ὴ 

͙͙͡ 
ὴ ὴ  ὴ 

Ὡ ϽϽὃ  ὃ Ͻὸ  ὃ ϽὩ Ͻ 
͙͙͡ 

Ὡ ϽϽὃ  ὃ Ͻὸ  ὃ Ͻὸ  
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< 0 

ὴᶰὙ
ὴᶰὙ
ὴᶰὙ

 

ὴ ὴȟὴ ὴȟὴ ὴ 

ὃϽὩ Ͻ  ὃ ϽὩ Ͻ  ὃ ϽὩ Ͻ 

 
ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʧʦʜʙʦʨʘ ʵʣʝʤʝʥʪʦʚ 

ʩʭʝʤʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʨʷʜʘ ʠ 

ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʧʨʠ Q > 0). ʇʨʠ Q Ò 0 ʭʘʨʘʢʪʝʨ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʦʩʠʪ ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʳ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʡ 

ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ 

ʩʭʝʤʳ, ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʤʝʥʥʦ ʜʣʷ ʩʣʫʯʘʷ ʧʨʠ Q < 0. 

ʂʦʨʥʠ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ Q, ʚ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠʤʝʶʪ ʚʠʜ: 

 

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ

ώ ‌ ‍ȟ

ώ
‌ ‍

ς
ὮϽ
‌ ‍

ς
ϽЍσȟ

ώ
‌ ‍

ς
ὮϽ
‌ ‍

ς
ϽЍσȟ

‌
ή

ς
ὗȟ

‍
ή

ς
ὗȢ

ω 

 

ʇʨʠ Q < 0 ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩ ʝʛʦ ʟʘʨʷʜʘ, ʠʤʝʝʪ ʚʠʜ: 

 

Ὗ ὸ Ὗ̐ ὸ̑ Ὗ̒ ὸ̃
ὉϽὙ

Ὑ Ὑ
ὃϽὩ Ͻ  ὃ ϽὩ Ͻ  ὃ ϽὩ ϽȢ 

 

ɼʣʷ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ: 

 

ừ
ỬỬ
Ừ

ỬỬ
ứ Ὗ̒̃  ὃϽὩ

Ͻ  ὃ ϽὩ Ͻ  ὃϽὩ Ͻ
ὉϽὙ

Ὑ Ὑ
ȟ

ὨὟ̒̃
Ὠὸ

ὴϽὃϽὩ Ͻ  ὴϽὃ ϽὩ Ͻ ὴϽ ὃ ϽὩ Ͻ πȟ

ὨὟ̒̃
Ὠὸ

ὴ ϽὃϽὩ Ͻ  ὴ Ͻὃ ϽὩ Ͻ ὴ Ͻ ὃ ϽὩ Ͻ πȢ

 

 

ʆʪʢʫʜʘ ʧʨʠ t = 0 ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʠʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὃȟ ὃȟ ὃ: 
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ừ
ỬỬ
Ừ

ỬỬ
ứὃ

ὉϽὙϽὴϽὴ

ὙϽὴ Ὑ Ͻὴ ὙϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ ὙϽὴϽὴ
ȟ

ὃ
ὉϽὙϽὴϽὴ

ὙϽὴ Ὑ Ͻὴ ὙϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ ὙϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ
ȟ

ὃ
ὉϽὙϽὴϽὴ

ὙϽὴ Ὑ Ͻὴ ὙϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ ὙϽὴϽὴ ὙϽὴϽὴ Ὑ ϽὴϽὴ
Ȣ

 

 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ Q = 0 ʠʣʠ Q > 0 ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʥʝ ʩʧʨʘʚʝʜʣʠʚʳ, ʪ.ʢ. 

ʩʚʦʙʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʜʨʫʛʦʤʫ ʟʘʢʦʥʫ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ 1. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ ʪʘʢ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʝ Q < 0, ʪʦʛʜʘ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʠʤʝʪʴ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʠ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʦʡ.  

ɺʳʚʦʜʳ. 

ɺ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʚʳʙʦʨʫ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ 

ʩʭʝʤʳ ʪʨʝʭʬʘʟʥʦʛʦ ʪʨʝʭʢʣʶʯʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ, ʠʩʭʦʜʷ ʠʟ 

ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʥʘʛʨʫʟʢʠ. ɿʘʚʳʰʝʥʠʝ, ʢʘʢ ʠ ʟʘʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠ ʩʭʝʤʘ ʤʦʞʝʪ ʚʤʝʩʪʦ 

ʨʘʙʦʪʳ ʩ ʘʧʝʨʠʦʜʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʡʪʠ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʙʦʨ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʦʛʦ 

ʨʘʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʤʝʥʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ ʩʭʝʤʳ, ʧʦʟʚʦʣʠʪ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʡʪʠ ʢ ʚʦʧʨʦʩʫ ʚʳʙʦʨʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʪʦʯʥʦʩʪʴʶ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇɽʈɽɻʈʋɿʆʏʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ 

ɼɺʀɻɸʊɽʃɽʁ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

 
ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʉɼ) 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʝʛʦ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʟʚʠʚʘʝʤʳʤ ʤʦʤʝʥʪʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʨʘʟʚʠʪʴ ʜʚʠʛʘʪʝʣʴ ʙʝʟ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ [1]. 

ʆʜʥʘʢʦ ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʄmax/ʄʥʦʤ) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʠʰʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʛʨʫʟʢʫ. ɺ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʥʘʛʨʝʚ 

ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʢ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʦʢʘ ʥʘʛʨʫʟʢʠ [2]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʉɼ ʩ ʷʚʥʦʧʦʣʶʩʥʳʤ ʨʦʪʦʨʦʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʣʠʷʝʪ ʥʘ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʛʨʫʟʢʘʭ. ʉɼ ʤʦʞʝʪ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʨʘʟʚʠʚʘʪʴ ʤʦʤʝʥʪ, ʧʨʝʚʳʰʘʶʱʠʡ ʥʦʤʠʥʘʣʴʥʳʡ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ.  

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ. ɽʩʣʠ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʘʣʫ 

ʧʨʝʚʳʰʘʝʪ ʄʤʘʢʩ, ʜʚʠʛʘʪʝʣʴ çʚʳʧʘʜʘʝʪ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘè ï ʨʦʪʦʨ 

ʟʘʪʦʨʤʘʞʠʚʘʝʪʩʷ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ. ʇʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʝʜʝʣ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʦ ʢʦʪʦʨʦʛʦ ʉɼ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ. 

- ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʝʨʝʛʨʫʟʢʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʛʨʝʚʫ ʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʫʩʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴʩʷ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ. ʆʜʥʘʢʦ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʧʝʨʝʛʨʫʟʢʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʨʝʚʫ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ.  

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʕɼʉ 

ʚʦʟʙʫʞʜʝʥʠʷ ʬʘʟʳ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʉɼ (ɽ0), ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʄʤʘʢʩ. [3]. 

ʆʩʥʦʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʉɼ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʦʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
 

˙̞ ̍

Í5%

8
ÓÉÎʃ 

 

ʛʜʝ: m ï ʯʠʩʣʦ ʬʘʟ; U ï ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʙʤʦʪʢʠ ʷʢʦʨʷ; E0 ï ʕɼʉ, 

ʠʥʜʫʮʠʨʫʝʤʘʷ ʚ ʦʙʤʦʪʢʝ ʷʢʦʨʷ ʪʦʢʦʤ ʚʦʟʙʫʞʜʝʥʠʷ; Xd - ʩʠʥʭʨʦʥʥʦʝ 
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ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ; ɗ - ʫʛʦʣ ʤʝʞʜʫ 

ʕɼʉ E0 ʠ ʥʘʧʨʷʞʝʥʠʝʤ U (ʫʛʦʣ ʥʘʛʨʫʟʢʠ).  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ɗå90Ü.  

ʉʪʦʠʪ ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʧʦʥʷʪʠʷ: 

- ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʧʦ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʉɼ ʙʝʟ ʥʘʨʫʰʝʥʠʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʚʨʘʱʝʥʠʷ; 

-  ʜʣʠʪʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ, ʦʧʨʝʜʝʣʷʝʤʘ ̫ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʦʢ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʟʦʣʷʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʉɼ ʤʦʱʥʦʩʪʴʶ 132ʢɺʊ, ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʚʣʠʷʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʷʢʦʨʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʥʘʩʪʫʧʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ, ʯʝʤ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  [4, 5], 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 

 

ʊʘʙʣʠʮʳ 1 ï ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʜʚʠʛʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ  ɿʥʘʯʝʥʠʝ  

P2, ʢɺʪ 132 

Uʥʦʤ, ɺ 380 

nʥʦʤ, ʦʙ/ʤʠʥ 600 

ɖ, % 92 

cosű 0,9 
˙

˙̎ ̏̍
  1,86 

xd
* 1,17 

xq
* 0,762 

Ўגʧʨʝʜ, Üʉ 80 

Ўגʥʦʤ, Üʉ 46 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. 

ʄ* 0,6 0,8 1,0 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,86 

Ўג,Üʉ 21,1 30,5 46,0 63,1 72,8 83,3 94,6 107,5 121,8 137,5 146,2 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʢʦʨʥʦʡ 

ʦʙʤʦʪʢʠ ʉɼ Ўג ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʄ*. 
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ʈʠʩʫʥʦʢ 1 ï ɻʠʩʪʦʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʦʪ ʥʘʛʨʫʟʢʠ 

 

ɼʣʷ ʠʟʦʣʷʮʠʠ ʢʣʘʩʩʘ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ ɺ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 80Üʉ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʘʶʱʝʡ 

ʩʨʝʜʳ 40Üʉ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ 120Üʉ) [6].  

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 46,0Üʉ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʧʘʩ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 34 Üʉ. 

ʆʜʥʘʢʦ ʧʨʠ ʄ*=1,4 Ўג ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʧʨʝʜʝʣ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ.1 ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʢʦʨʥʦʡ 

ʦʙʤʦʪʢʠ ʦʪ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ, ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʛʨʫʟʢʠ ʂʤ 

ʉɼ ʧʦ ʤʦʤʝʥʪʫ ʨʘʚʝʥ 1,86, ʦʜʥʘʢʦ ʝʛʦ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ 

ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʂʤ Ò 1,35. ɺʩʣʝʜʩʪʚʠʝ ʧʨʝʚʳʰʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʥʝʜʦʧʫʩʪʠʤʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʨʠʚʝʜʝʪ 

ʢ ʧʨʝʚʳʰʝʥʠʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʦʢ, ʥʘʨʫʰʝʥʠʶ 

ʠʟʦʣʷʮʠʠ ʠ ʚʳʭʦʜʫ ʜʚʠʛʘʪʝʣʷ ʠʟ ʩʪʨʦʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ: 

- ʜʣʠʪʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʝʪ 1,35ʄʥʦʤ, ʯʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 78 Üʉ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʦ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ (1,86) ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʜʣʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʛʨʝʚʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʉɼ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʉɼ ʨʘʟʚʠʚʘʪʴ ʤʦʤʝʥʪ 1,86 ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʙʝʟ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʝʛʦ 

ʧʝʨʝʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʥʘʛʨʝʚʦʤ ʦʙʤʦʪʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʧʝʨʝʛʨʫʟʢʦʡ ʚ ʜʣʠʪʝʣʴʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʩʣʫʞʠʪʴ ʥʝ ʩʪʘʪʠʯʝʩʢʘʷ ʧʝʨʝʛʨʫʞʘʝʤʦʩʪʴ ʉɼ, ʘ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʘʰʠʥʳ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʉɼ ʩ ʧʝʨʝʛʨʫʟʢʦʡ ʜʘʞʝ 

ʩ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʤʦʪʦʢ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʨʫʛʠʭ 
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ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʀʅʍʈʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ʉ ʇʆʉʊʆʗʅʅʓʄʀ ʄɸɻʅʀʊɸʄʀ 

 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʪʝʦʨʠʠ ʮʝʧʝʡ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʠ, ʤʦʤʝʥʪʳ, 

ʧʦʪʝʨʠ ʠ ʜʨʫʛʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʠʥʳ ʧʦʣʷ ʚ ʚʦʟʜʫʰʥʦʤ 

ʟʘʟʦʨʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [1]. 

ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ: 

 

ὶέὸὉᴆ
ᴆ
 , 

ὶέὸὌᴆ ὐᴆ
ᴆ
, 

ὨὭὺὈᴆ ”, 

ὨὭὺὄᴆ π. 
 

ʋʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʩʦʝʜʠʥʸʥʥʳʝ ʚ ʫʟʣʘʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʜʙʠʨʘʶʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ 

ʬʫʥʢʮʠʠ, ʘ ʣʦʢʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ, ʨʝʰʝʥʠʝ 
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ʢʦʪʦʨʦʡ ʜʘʸʪ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ (ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ, ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʪ. ʜ.) ʚ ʫʟʣʘʭ ʩʝʪʢʠ.  

ʉʨʝʜʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʩʯʝʪʳ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʧʨʦʛʨʘʤʤʘ FEMM. 

ʆʩʥʦʚʥʳʤʠ ʝʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʨʠʧʪʳ ʥʘ ʷʟʳʢʝ Lua ï 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʸʪʳ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝ

ʥʝʥʠʠ ʪʦʢʦʚ, ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ) ʠ ʠʟʚʣʝʢʘʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨ

ʳ: ʤʘʛʥʠʪʥʫʶ ʠʥʜʫʢʮʠʶ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʠ ʪ. ʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ LUA-ʩʢʨʠʧʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ) ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ.   

ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ, ʩʦʭʨʘʥʝʥʠʠ ʬʘʡʣʘ ʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ FEMM, ʘ 

ʟʘʪʝʤ ʢʦʥʩʦʣʴ LUA, ʨʠʩ. 1.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ LUA-ʩʮʝʥʘʨʠʝʤ (1 ï ʚʚʦʜ/ʚʳʚʦʜ LUA-ʩʮʝʥʘʨʠʷ, 2 

ï ʟʘʛʨʫʟʢʘ LUA-ʩʮʝʥʘʨʠʷ) 

 

LUA-ʩʮʝʥʘʨʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʙʦʨʘ ʢʦʤʘʥʜ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ [2]. ʉʘʤ ʩʮʝʥʘʨʠʡ ʫʜʦʙʥʝʝ ʟʘʧʠʩʳʚʘʪʴ 

ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ. ʂʘʢ ʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʢʨʠʧʪʘ ʜʣʷ 

ʥʘʯʘʣʘ ʧʨʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ, ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ ʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʯʘʣʦ LUA-ʩʮʝʥʘʨʠʷ 
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ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪ ɹʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʚʦʡʩʪʚʘ ʩʨʝʜ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʘʥʜ mi_addboundprop ʠ mi_addmaterial. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʙʳʣʠ 

ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʚʦʟʜʫʭ, ʩʪʘʣʴ 2013, ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʠʟ ʩʧʣʘʚʘ 

NdFeB, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʝ ʠ ʢʦʥʝʯʥʳʝ ʩʪʦʨʦʥʳ ʢʘʪʫʰʝʯʥʳʭ ʛʨʫʧʧ ʧʦ ʬʘʟʘʤ.  

ɿʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʟʘʜʘʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉɼʇʄ, ʘ ʠʤʝʥʥʦ 

ʨʘʟʤʝʨʳ ʩʪʘʪʦʨʥʦʛʦ ʫʟʣʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʤʘʥʜʳ: mi_addnode 

(ʧʦʩʪʨʦʝʥʠʝ ʪʦʯʢʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ), mi_addarc (ʧʦʩʪʨʦʝʥʠʝ ʜʫʛʠ), 

mi_addsegment (ʜʦʙʘʚʣʝʥʠʝ ʩʝʛʤʝʥʪʘ). ʇʦ ʠʪʦʛʫ ʨʘʙʦʪʳ LUA - ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʉɼʇʄ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʉɼʇʄ ʚ ʧʨʦʛʨʘʤʤʝ FEMM 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʢʨʠʧʪʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʝʪ ʧʝʨʝʩʪʨʦʡʢʫ 

ʤʦʜʝʣʠ ʠ ʥʦʚʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʠʢʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɼ. ɸ. ʐʫʣʘʢʦʚʘ, ʤʘʛ.; ʨʫʢ. ʉ. ʇ. ʂʫʨʠʣʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸʎʀʆʅɸʈʅʓʍ ʈɽɾʀʄʆɺ ʉʀʅʍʈʆʅʅʆɻʆ 

ɼɺʀɻɸʊɽʃʗ ʉ ʇʆʉʊʆʗʅʅʓʄʀ ʄɸɻʅʀʊɸʄʀ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ). ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉɼʇʄ ʷʚʣʷʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʥʘ ʢʦʪʦʨʫʶ ʚʳʭʦʜʠʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʉɼʇʄ. 

ʉʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʜʦʩʪʦʠʥʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ 

ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʫʨʦʚʥʶ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ 

ʉɼʇʄ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʥʭʨʦʥʠʟʤʘ ʧʨʠ ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʉɼʇʄ. 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉɼʇʄ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʩ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ 

 
ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʉɼʇʄ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ (ʉʋ), ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ), 

ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ (ʊɻ), ʟʘʜʘʶʱʝʛʦ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ ʉʋ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ 

ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ (ʈʄ), ʩʦʟʜʘʶʱʝʡ ʥʘʛʨʫʟʢʫ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ 

ʧʫʩʢʘ ʠ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʉʋ ʩʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ 

ʧʠʪʘʥʠʷ f, ʟʘʜʘʪʴ ʬʘʟʦʚʳʡ ʫʛʦʣ ɗU ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ q 

ʨʦʪʦʨʘ, ʘʤʧʣʠʪʫʜʫ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ Ua. ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ 

ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ ʄʩ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʳʤ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʉɼʇʄ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥʳ 

ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ Ua, ʚʝʢʪʦʨ ʪʦʢʘ ʷʢʦʨʷ I ʠ ʕɼʉ ʨʝʘʢʮʠʠ ʷʢʦʨʷ ʜʣʷ 
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ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ, ʪʦ 

ʦʥʘ ʦʪʦʙʨʘʞʝʥʘ ʢʦʩʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʫʛʣʘ ʥʘʛʨʫʟʢʠ ɗU. ʉʚʷʟʴ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ 

ʥʘʛʨʫʟʢʠ ʄʩ ʠ ʫʛʣʦʤ ɗU ʟʘʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʩ(ɗU). ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥ ʪʘʢʞʝ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʝʢʪʦʨ ʪʦʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ If ʠ 

ʝʛʦ ʕɼʉ ʚ ʦʙʤʦʪʢʝ ʷʢʦʨʷ jXadIfɤ. 

 
ʈʠʩʫʥʦʢ 2 ï ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʦʪʨʘʞʘʝʪ 

ʩʦʩʪʦʷʥʠʝ ʉɼʇʄ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ɤ. ʅʘ ʨʠʩ. 

2 ʧʦʢʘʟʘʥʘ ʪʘʢʞʝ ʦʩʴ ʬʘʟʳ çʘè ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʠ ʫʛʦʣ ɗ, ʟʘʜʘʶʱʠʡ ʪʝʢʫʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʦʩʠ çʘè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ çqè ʨʦʪʦʨʘ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʪʝʢʫʱʝʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ʫʛʦʣ ɗ) 

ʠ ʚʝʢʪʦʨʘ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʫʛʦʣ ɗ+ɗU). ʈʠʩ. 3(ʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʩʠʥʭʨʦʥʥʦʤʫ ʚʨʘʱʝʥʠʶ ʨʦʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʟʘʠʤʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ɗU 

ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʈʠʩ. 3(ʙ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʥʦʤʫ ʧʫʩʢʫ ʉɼʇʄ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʟʘʠʤʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ɗU ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʈʠʩ. 3(ʙ) ʦʪʦʙʨʘʞʘʝʪ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʧʨʠʥʮʠʧ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʠʥʭʨʦʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʩʝʡ ʨʦʪʦʨʘ ʚ ʣʶʙʦʤ 

ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ, ʪʘʢ ʠ ʚ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ɿʘʜʘʯʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʚʦʟʣʘʛʘʝʪʩʷ 

ʥʘ ʉʋ. 
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ʈʠʩʫʥʦʢ 3 ï ʋʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ (ʧʫʥʢʪʠʨ) ʠ ʦʩʠ q ʨʦʪʦʨʘ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) (ʘ) ʧʨʠ ʘʩʠʥʭʨʦʥʥʦʤ ʚʨʘʱʝʥʠʠ, (ʙ) ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʧʫʩʢʝ 

 

ʉɼʇʄ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

 

ὟÓÉÎ— ‫Ὥὼ ὶὭ,                                    (1) 

ὟÃÏÓ— ‫Ὥὼ ὶὭ ‫Ὥὼ ,                             (2) 

ὓ Ὥὼ Ὥ ὭὭὼ ὼ .                                    (3) 

 

ʋʨʘʚʥʝʥʠʷ (1) ʠ (2) ʦʧʠʩʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʉɼʇʄ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦ ʦʩʷʤ d ʠ q ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʨʘʞʝʥʠʝ (3) ʜʘʝʪ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʉɼʇʄ, ʢʦʪʦʨʳʡ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʤʝʥʪʦʤ ʥʘʛʨʫʟʢʠ ʄʩ. 

ʋʨʘʚʥʝʥʠʷ (1) ï (3) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʉɼʇʄ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʉ ʝʸ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘʛʨʫʟʢʠ 

ʃ, ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ Ua ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɤ ʜʣʷ ʟʘʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʦʯʝʢ ʧʨʦʮʝʩʩʦʚ ʧʫʩʢʘ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʦ ʤʦʜʝʣʠ (1)-(3) ʙʳʣʦ ʥʘʡʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ὓ ὓὧ ὪὟȟ—ȟ‫ȟ 
 

ʢʦʪʦʨʦʝ ʜʣʷ ʉɼʇʄ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ra=0.05, 

xad=1.7, xd=1.8, xaq=0.8, xq=0.9, If=1.5 ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʚʳʨʘʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʥʘ ʨʠʩ. 4. 

 

 

 
ʈʠʩʫʥʦʢ 4 ï ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʉɼ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ ʥʘ ʨʠʩ. 4 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʫʛʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 5), ʥʘ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʩʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 
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ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʉʋ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʩʦʩʪʦʠʪ ʚ ʚʳʙʦʨʝ ʠʣʠ ʩʤʝʥʝ ʵʪʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʋʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ 

 

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ 

ʟʘʜʘʯʠ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ ʥʘ ʨʠʩ. 4. 

ɿɸɼɸʏɸ 1 ï ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʥʳʤ ʧʫʩʢʦʤ ʉɼʇʄ. ʉʧʦʩʦʙʦʤ ʯʘʩʪʦʪʥʦʛʦ 

ʧʫʩʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ START1 ʩ ʦʙʝʩʪʦʯʝʥʥʦʡ ʦʙʤʦʪʢʦʡ 

ʩʪʘʪʦʨʘ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʨʦʪʦʨʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ FINISH1, ʩ 

ʪʦʢʘʤʠ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʠ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ  .‫ 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʳʤ ʧʫʩʢʦʤ ʉɼ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʫʛʣʘ ʥʘʛʨʫʟʢʠ ʃ ʜʣʷ 

ʟʥʘʯʝʥʠʡ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʶ FINISH1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʃ ʥʘ ʧʝʨʝʭʦʜʝ START1 -> FINISH1 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ Maple ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʡ ʚʳʯʠʩʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʜʣʷ ʩʣʫʯʘʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʦʪʳ ɤ*=1 (50 ʦʙ/ʩ ʜʣʷ 

ʜʚʫʭʧʦʣʶʩʥʦʛʦ ʉɼʇʄ). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ 

ʩʦʩʪʘʚʣʷʝʪ 0.852 ʦ.ʝ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʌʨʘʛʤʝʥʪ Maple ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ɿɸɼɸʏʀ 1 
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ɿɸɼɸʏɸ 2. ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʯʠʤʠ ʨʝʞʠʤʘʤʠ ʉɼʇʄ. ʉʧʦʩʦʙʦʤ ʯʘʩʪʦʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

START2 ʚ ʜʨʫʛʦʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ FINISH2, ʦʪʣʠʯʘʶʝɦʝʩʷ ʦʪ 

ʩʦʩʪʦʷʥʠʷ START2 ʧʦʚʳʰʝʥʥʦʡ ʠʣʠ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʨʝʞʠʤʘʤʠ ʉɼ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʫʛʣʘ ʥʘʛʨʫʟʢʠ ʃ 

ʜʣʷ ʟʥʘʯʝʥʠʡ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʤʝʥʪʘ 

ʥʘʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʶ FINISH2. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ START2 

ʩʦʚʧʘʜʘʶʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ FINISH1 (ʩʤ. ɿɸɼɸʏʋ 1). 

ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ Maple ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʡ ʚʳʯʠʩʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʜʚʠʛʘʪʝʣʷ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʯʘʩʪʦʪʳ ɤ=1 ʦ.ʝ. ʥʘ ʩʪʘʮʠʦʥʘʨʥʫʶ ʯʘʩʪʦʪʫ ɤ=2 ʦ.ʝ. ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ 

ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʧʨʝʞʥʠʤ ʠ ʨʘʚʥʳʤ 0.852 ʦ.ʝ. 

 

 
ʈʠʩʫʥʦʢ 7 ï ʌʨʘʛʤʝʥʪ Maple ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ɿɸɼɸʏʀ 2 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ: 

1.ɿʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉɼʇʄ. 

2. ɿʘʜʘʯʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʝʡ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʫʩʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

3. ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʉɼʇʄ, 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʢʪʦʨʘʤʠ, ʟʘʜʘʶʱʠʤʠ ʩʪʘʮʠʦʥʘʨʥʫʶ ʪʦʯʢʫ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʩʪʘʮʠʦʥʘʨʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠ ʫʛʦʣ ʥʘʛʨʫʟʢʠ. 

5. ʇʨʠʚʝʜʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ ʟʘʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʯʘʩʪʦʪʥʦʛʦ ʧʫʩʢʘ ʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1]. ʏʫʧʨʠʥʘ ʅ. ɺ., ʇʫʛʘʯʝʚ ɸ. ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʷʛʦʚʳʤ ʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ //ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ. ï 2022. ï ʊ. 2. ï ˉ. 55. ï ʉ. 

10-17. 

[2]. ʉʠʧʘʡʣʦʚ ɻ. ɸ. ʠ ʜʨ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ (ʩʧʝʮʠʘʣʴʥʳʡ ʢʫʨʩ). ï 1987. 
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ɼ. ɸ. ʐʫʣʘʢʦʚʘ, ʤʘʛ.; ʨʫʢ. ɺ. ʃ. ʄʘʢʩʠʤʢʠʥ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʂ ʀʉʉʃɽɼʆɺɸʅʀʖ ʉʀʅʍʈʆʅʅʓʍ 

ɼɺʀɻɸʊɽʃɽʁ ʉ ʇʆʉʊʆʗʅʅʓʄʀ ʄɸɻʅʀʊɸʄʀ 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʊʘʢʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʧʨʦʩʪʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʱʝʪʦʯʥʦ-ʩʢʦʣʴʟʷʱʠʡ ʫʟʝʣ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʫʩʢʦʚʘʷ ʦʙʤʦʪʢʘ) ʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʫʩʢʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ:  

1) ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ a, b, c,  

2) ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Ŭɓ, ʢʦʪʦʨʘʷ ʫʩʣʦʚʥʦ ʩʚʷʟʘʥʘ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʩʪʘʪʦʨʦʤ (ɤʩ=0, ʛʜʝ ɤʩ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ), 

3) ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ dq, ʫʩʣʦʚʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʨʦʪʦʨʦʤ (ɤʩ= 

ɤr, ʛʜʝ ɤrï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ). 

ɺ ʧʝʨʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʨʝʘʣʴʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʤʦʜʝʣʷʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʪʨʝʭʬʘʟʥʦʡ ʤʘʰʠʥʳ ʢ ʧʝʨʝʤʝʥʥʳʤ ʜʚʫʭʬʘʟʥʦʡ ʤʦʜʝʣʠ ʠ ʥʘʦʙʦʨʦʪ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʦʙʤʦʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ ʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʦʤʝʥʪʦʚ 

ʥʘ ʚʘʣʫ ʤʘʰʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ. ʀʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʧʨʦʚʦʜʠʤʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚʘʞʥʦ 

ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ.  

ɺ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʠʪʘʥʠʠ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʪʨʝʭʬʘʟʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚʝʢʪʦʨʳ ʄɼʉ ʬʘʟ ʦʙʨʘʟʫʶʪ 

ʪʨʝʭʣʫʯʝʚʫʶ ʟʚʝʟʜʫ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʬʘʟ: a, b, c. (ʨʠʩ 1) [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 
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ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʣʶʙʘʷ ʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʷʚʣʷʝʪʩʷ ʤʘʰʠʥʦʡ ʩ ʷʚʥʦʧʦʣʶʩʥʳʤ ʨʦʪʦʨʦʤ, ʧʦʵʪʦʤʫ 

ʫʢʘʟʳʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ d ʠ, ʦʧʝʨʝʞʘʶʱʘʷ ʝʸ ʥʘ ʫʛʦʣ /́2, ʧʦʧʝʨʝʯʥʘʷ ʦʩʴ q.  

ʊʘʢʞʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘ ʦʩʥʦʚʥʦʡ ʨʝʞʠʤ ʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ ʧʨʠʥʠʤʘʝʤ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ. ʊʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

 

Ὗ ὶὭ ,                                                   (1) 

Ὗ ὶὭ ,                                                   (2) 

Ὗ ὶὭ ,                                                   (3) 

 

ʛʜʝ  ὟȟὟȟὟ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʦʙʤʦʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ, 
 ȟ ȟ  -ʧʦʣʥʳʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʦʙʤʦʪʦʢ ʬʘʟ ʩʪʘʪʦʨʘ, ὭȟὭȟὭ ï ʧʦʣʥʳʝ ʪʦʢʠ 

ʦʙʤʦʪʦʢ ʬʘʟ ʩʪʘʪʦʨʘ, ὶ ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

 

ὓ ὓ ὐ ,                                                   (4) 

 

ʛʜʝ ὓ  ï ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ, J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ɤ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ a, b, c ̫ ʚʣʷʶʪʩʷ ʥʘʛʣʷʜʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʦʜʝʣʠ 

ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʥʘʛʨʫʟʢʠ ʠ ʫʯʝʪ ʨʝʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠʤʝʥʷʶʪ 

ʨʝʜʢʦ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʳʭ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʥʝʧʦʜʚʠʞʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

ɹʦʣʝʝ ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʧʨʘʢʪʠʢʝ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

Ŭ, ɓ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʚʝ ʦʙʤʦʪʢʠ ʥʘ ʩʪʘʪʦʨʝ ʠ ʷʚʥʦʧʦʣʶʩʥʳʡ 

ʨʦʪʦʨ, ʧʦʣʝ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. (ʨʠʩ. 2) [2]. 
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ʈʠʩʫʥʦʢ 2 ï ʉʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚ ʥʝʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʠʤʝʶʪ ʚʠʜ: 

 

Ὗ ὙὭ ὒ ὒ ὭÓÉÎς— ϽÃÏÓς—

ὒ ὒ Ὥ—‫ϽÃÏÓς ὒ ὒ ÓÉÎς— ˡ‫ÓÉÎ—                       (5) 

Ὗ ὙὭ ὒ ὒ ὭÃÏÓς— ϽÃÏÓς—

ὒ ὒ Ὥ—‫ϽÓÉÎς ὒ ὒ ÓÉÎς— ˡ‫ÃÏÓ—                       (6) 

 

ʛʜʝ Ū- ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (4) ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ: 

ὓ ὴ
ά

ς

ὒ ὒ

ς
ÓÉÎς—Ὥ Ὥ ὒ ὒ ÃÏÓς—ὭὭ ˡὭÓÉÎ—

ˡὭÓÉÎ—  

 

ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Ŭɓ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ Ūm: 

 

                                                          (7) 
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ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʦʪʥʦʩʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʦʡ ʠ ʩʦʟʜʘʝʪ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʩʠʥʪʝʟʘ 

ʨʝʛʫʣʷʪʦʨʦʚ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ dq, (ʨʠʩ. 1) 

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ dq, ʠʤʝʶʪ ʚʠʜ: 

 

ό ὶὭ ‫‪ ,                                                 (8) 

ό ὶὭ ‫‪ ‪  ,                                         (9) 

 

ʛʜʝ ‪   - ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʘʛʥʠʪʘʤʠ, ʩ 

ʦʙʤʦʪʢʦʡ ʷʢʦʨʷ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (4) ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ: 

 

ὓ ὭϽὭὒ ‪ ὭὭὒ 

 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ dq ʦʪʥʦʩʷʪʩʷ: 

ʫʩʪʨʘʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʦʪʦʨʘ, 

ʧʨʦʩʪʦʪʘ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʣʷʜʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʅʠ ʦʜʥʘ ʠʟ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɽ.ʈ. ʖʜʝʥʢʦʚ, ʘʩʧ.; ʨʫʢ. ʉ.ʇ. ʂʫʨʠʣʠʥ, ʧʨʦʬ. 

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɺʓɹʆʈ ʂʆʄʇʆʅɽʅʊʆɺ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ 

ʆʇʈɽɼɽʃɽʅʀʗ ʊɽʂʋʑɽɻʆ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɸʉʀʅʍʈʆʅʅʓʍ ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʁ 
 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ (ɸɼ) 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʐʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ (ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʠ ʪʝʧʣʦʚʳʝ ʤʝʪʦʜʳ) ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʨʷʜ 

ʜʝʬʝʢʪʦʚ, ʦʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʩʦʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʦʪ ʨʝʞʠʤʘ 

ʥʘʛʨʫʟʢʠ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ɸɼ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʝʛʦ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ‌‍ [1]. ɺ 
ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʨʝʘʢʮʠʠ 

ʦʙʲʝʢʪʘ ʥʘ ʠʤʧʫʣʴʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ ʧʦʩʣʝ 

ʧʨʠʚʝʜʝʥʠʷ ʢ ʪʦʢʘʤ ʩʪʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ [1,2]: 

 

ό ὤὭȟ 
 

ʛʜʝ ό ό   ό   ό  ï ʚʝʢʪʦʨ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʪʦʨʘ, Ὥ
Ὥ   Ὥ   Ὥ ï ʚʝʢʪʦʨ ʬʘʟʥʳʭ ʪʦʢʦʚ, Z ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʜʚʠʛʘʪʝʣʷ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ɸɼ (ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʘʨʝʥʠʝ, 

ʫʭʫʜʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʜʝʛʨʘʜʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʧ.) ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʵʣʝʤʝʥʪʦʚ Z, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʪʦʢʦʚʳʭ ʨʝʘʢʮʠʡ ʥʘ 

ʟʘʜʘʥʥʦʝ ʪʝʩʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [1] ʩʚʷʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ Ŭɓ. ɺ ʤʝʪʦʜʝ [2] 

ʨʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ʪʝʩʪʠʨʫʝʪʩʷ ʪʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʝʤ 

ʚʝʢʪʦʨʘʤ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʤʝʱʝʥʥʳʤ ʥʘ  ʚ ʧʣʦʩʢʦʩʪʠ Ŭɓ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʨ ʬʘʟ ʩʪʘʪʦʨʘ. 

ɺ ʧʘʪʝʥʪʝ [2] ʪʝʩʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʚ ʬʦʨʤʝ ʜʝʣʴʪʘ-

ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ ♯◄. ɺ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ♯◄ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʢʦʨʦʪʢʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ὸ ʘʤʧʣʠʪʫʜʳ 

ςὟ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʘʣʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʜʚʠʛʘʪʝʣʷ ʠ ʜʘʣʝʝ ʜʦʣʞʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷʭ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ὸ ʬʦʨʤʘ ʪʦʢʦʚʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʘ, ʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
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ʜʚʠʛʘʪʝʣʷ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʤʧʣʠʪʫʜʝ ʨʝʘʢʮʠʠ, ʯʪʦ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʧʦʩʦʙʝ [2]. 

ʉʧʦʩʦʙ [2] ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʭ ʦʧʳʪʦʚ ʚʥʝʰʥʝʛʦ ʮʠʢʣʘ ʧʨʠ 

ʥʝʧʦʜʚʠʞʥʦʤ ʨʦʪʦʨʝ. ɺ ʢʘʞʜʦʤ ʦʧʳʪʝ ʦʜʥʘ ʬʘʟʘ ʩʪʘʪʦʨʘ ʨʘʟʦʤʢʥʫʪʘ, ʘ ʥʘ ʜʚʝ 

ʜʨʫʛʠʝ ʧʦʜʘʝʪʩʷ ʪʝʩʪʦʚʳʡ ʠʤʧʫʣʴʩ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʚʩʪʨʝʯʥʦ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʭʝʤʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʦʧʳʪʦʚ 

ˉ 

ʦʧʳʪʘ  

ʉʦʝʜʠʥʝʥʥʳʝ 

ʬʘʟʳ 

ʈʘʟʦʤʢʥʫʪʘʷ 

ʬʘʟʘ 

ɸʤʧʣʠʪʫʜʳ ʪʦʢʦʚ ʌʦʨʤʠʨʫʝʤʳʡ 

ʩʪʦʣʙʝʮ Ὃ 

1 A-B C Ὥ ȟὭ  Ὣ  

2 B-C A Ὥ ȟὭ  Ὣ  

3 C-A B Ὥ ȟὭ  Ὣ  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʦʧʳʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʢʫʱʘʷ ʤʘʪʨʠʮʘ ɻʨʠʥʘ Ὃ, 

ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ [2] ʷʚʣʷʶʪʩʷ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ 

ʪʦʢʦʚʳʭ ʨʝʘʢʮʠʡ. ʅʘʣʠʯʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʘʤʧʣʠʪʫʜ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʨʝʤ ʦʩʷʤ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ. 

ʕʪʘʣʦʥʥʘʷ ʤʘʪʨʠʮʘ ɻʨʠʥʘ Ὃ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʠʩʧʨʘʚʥʦʤ ʜʚʠʛʘʪʝʣʝ ʧʨʠ 

ʧʝʨʚʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ (ʫʩʣʦʚʥʦ t = 0) ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚʤʝʩʪʝ 

ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʤʧʫʣʴʩʘ. ɼʣʷ ʪʝʢʫʱʝʛʦ ʪʝʩʪʘ ʧʨʠ ʩʨʦʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ t 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʪʝʢʫʱʠʭ ʦʪʢʣʦʥʝʥʠʡ [2]: 

 

ɝὋ ȿὋ Ὃȿ , 

 

ʛʜʝ Ὥ  ï ʵʪʘʣʦʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʚʳʜʝʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ: 

 

ɝ  ÍÁØ ɝ , 

ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ: 

 

’ ,  ”ὸ ρ ,  Ὕ ρὸ, 

 

ʛʜʝ Ä  ï ʧʨʝʜʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʵʤʧʠʨʠʯʝʩʢʠ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʝʪ: 

ʚʳʧʨʷʤʠʪʝʣʴ, ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ, ʢʦʤʤʫʪʘʪʦʨ ʬʘʟ, ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ ʪʦʢʘ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʥʝʰʥʝʛʦ ɸʎʇ, ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ 

STM32F767ZI, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ ʦʧʳʪʘʤʠ, ʩʙʦʨ ʠʟʤʝʨʝʥʠʡ, ʨʘʩʯʝʪ 

Ὃ, ɝὋ  ʠ ʧʦʢʘʟʘʪʝʣʝʡ (4), ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʧʨʷʤʠʪʝʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʜʠʦʜʥʳʡ ʤʦʩʪ. 

ɻʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ: 
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- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʘʤʧʣʠʪʫʜʳ 2U ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ὸ 

ʩ ʟʘʜʘʥʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʠ/ʠʣʠ ʪʦʢʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʤʦʪʦʢ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

- ʩʠʥʭʨʦʩʠʛʥʘʣ (ʪʨʠʛʛʝʨ) ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʜʘʯʠ ʠʤʧʫʣʴʩʘ ʠ ʠʟʤʝʨʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ. 

ʇʘʨʘʤʝʪʨʳ 2U ʠ ὸ ʚʳʙʠʨʘʶʪʩʷ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ʩ ʫʯʝʪʦʤ ʝʛʦ ʥʦʤʠʥʘʣʴʥʳʭ ʪʦʢʦʚ ʠ ʜʦʧʫʩʪʠʤʳʭ ʪʝʨʤʦ- ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʬʠʢʩʠʨʫʶʪʩʷ ʢʘʢ ʵʪʘʣʦʥʥʳʝ (ʩʦʚʤʝʩʪʥʦ ʩ Ὃ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʦʙʨʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʮʝʧʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʘʥʟʠʩʪʦʨʘ MOSFET, ʩʪʦʷʱʝʛʦ ʚ ʮʝʧʠ ʠʟ ʜʚʫʭ ʬʘʟ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʚʩʪʨʝʯʥʦ-ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʨʝʟʠʩʪʦʨʘ. 

ʋʧʨʘʚʣʝʥʠʝ MOSFET ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. ɺ ʮʝʧʠ ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʷʞʝʥʠʝ 2U, ʯʪʦ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. 

ʂʦʤʤʫʪʘʮʠʷ ʜʦʣʞʥʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʪʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟ ʪʘʙʣ. 1 ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʨʘʟʤʳʢʘʥʠʝ ʪʨʝʪʴʝʡ ʬʘʟʳ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ. ɺ 

ʧʨʦʪʦʪʠʧʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʝʡʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ; ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʢʦʤʧʘʢʪʥʦʤʫ 

ʠʩʧʦʣʥʝʥʠʶ ʚʦʟʤʦʞʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʡ ʠʟʦʣʷʮʠʠ, ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠ 

ʠʤʧʫʣʴʩʥʳʭ ʨʝʞʠʤʘʭ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʯʥʳʭ ʨʝʞʠʤʦʚ ʚʚʦʜʷʪʩʷ ʘʧʧʘʨʘʪʥʳʝ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʙʣʦʢʠʨʦʚʢʠ, ʠʩʢʣʶʯʘʶʱʠʝ ʧʦʜʘʯʫ ʠʤʧʫʣʴʩʘ ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʢʦʤʤʫʪʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʮʝʧʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 6 MOSFET, 

3 ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʢʨʳʚʘʶʪ ʚʭʦʜʳ ʦʙʤʦʪʦʢ, ʘ ʦʩʪʘʣʴʥʳʝ 3 ʩʦʝʜʠʥʷʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚʳʭʦʜʳ ʦʙʤʦʪʦʢ. ʋʧʨʘʚʣʝʥʠʝ MOSFET ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙ [2] ʠʩʧʦʣʴʟʫʝʪ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʚʳʜʝʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ Ὥ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ. 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʧʦʜʭʦʜʘ: 

1) ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʦʨʤʳ i(t) ʢʦʨʦʪʢʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʠʩʢʦʤ ʤʘʢʩʠʤʫʤʘ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ (ʮʠʬʨʦʚʦʡ peak-hold);   

2) ʘʥʘʣʦʛʦʚʦʝ ʚʳʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ (ʚʳʧʨʷʤʣʝʥʠʝ |i(t)| ʠ ʩʭʝʤʘ peak-hold) 

ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʮʠʬʨʦʚʢʦʡ ʫʜʝʨʞʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʧʨʦʪʦʪʠʧʝ ʚʳʙʨʘʥ ʧʝʨʚʳʡ ʧʦʜʭʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɸʥʘʣʦʛʦʚʳʡ ʪʨʘʢʪ 

ʚʢʣʶʯʘʝʪ ʜʘʪʯʠʢ ʪʦʢʘ (ʥʘʧʨʠʤʝʨ, ʰʫʥʪ ʩ ʫʩʠʣʠʪʝʣʝʤ) ʠ ʚʥʝʰʥʠʡ ɸʎʇ, ʢʦʪʦʨʳʡ 

ʧʦ ʠʥʪʝʨʬʝʡʩʫ SPI ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʙʣʦʢʫ; ʩʙʨʦʩ peak-hold 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʜ ʢʘʞʜʳʤ ʦʧʳʪʦʤ. 

ʈʝʘʣʠʟʘʮʠʷ peak-hold ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. 

ʌʫʥʢʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚʢʣʶʯʘʶʪ: ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʪʘʮʠʝʡ ʠ 

ʧʦʜʘʯʝʡ ʠʤʧʫʣʴʩʘ, ʬʠʢʩʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚʦʡ ʨʝʘʢʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʤʘʪʨʠʮʳ Ὃ, ʚʳʯʠʩʣʝʥʠʝ (2)ï(4), ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦ 

ʠʥʪʝʨʬʝʡʩʘʤ ʩʚʷʟʠ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷʤʠ ʥʘʜ 

ʤʘʪʨʠʮʘʤʠ 3Ĭ3 ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ; ʧʦʵʪʦʤʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ STM32F767ZI ʜʦʩʪʘʪʦʯʥʦ, ʘ ʢʣʶʯʝʚʳʤʠ ʩʪʘʥʦʚʷʪʩʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʠʬʝʨʠʠ (ʪʘʡʤʝʨʳ, SPI, DMA). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ɿʘʛʨʫʟʢʘ ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ: Ὃ, Ὥ , Ä , ʧʘʨʘʤʝʪʨʳ ʠʤʧʫʣʴʩʘ (2U ʠ ὸ).   

2. ʇʦʜʛʦʪʦʚʢʘ ʦʧʳʪʘ: ʫʩʪʘʥʦʚʢʘ ʢʦʤʤʫʪʘʮʠʠ ʩʦʛʣʘʩʥʦ ʪʘʙʣ. 1, ʩʙʨʦʩ peak-

hold.   

3. ʇʦʜʘʯʘ ʠʤʧʫʣʴʩʘ ʠ ʬʠʢʩʘʮʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʦʚ Ὥ , Ὥ , Ὥ  (ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʥʘʣʘʭ).   

4. ʇʦʚʪʦʨ ʰʘʛʦʚ 2ï3 ʜʣʷ ʪʨʝʭ ʦʧʳʪʦʚ.   

5. ʌʦʨʤʠʨʦʚʘʥʠʝ Ὃ, ʨʘʩʯʝʪ ɝὋ, ɝ , ’, ”ὸ, Ὕ .   

6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʜʦʧʫʩʢʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʦʚ 

ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʩ ʫʩʨʝʜʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʠ ʢʦʥʪʨʦʣʝʤ ʨʘʟʙʨʦʩʘ (ʥʘʧʨʠʤʝʨ, ʧʦ 

ʉʂʆ). 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʢʪʥʳʡ ʥʘʙʦʨ 

ʟʥʘʯʝʥʠʡ: 

 

ɝ  ’ ”ὸ Ὕ , 

 

ʘ ʪʘʢʞʝ ʩʣʫʞʝʙʥʳʝ ʧʦʣʷ: ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʜʚʠʛʘʪʝʣʷ, ʜʘʪʘ/ʚʨʝʤʷ, ʧʘʨʘʤʝʪʨʳ 

ʠʤʧʫʣʴʩʘ, ʚʝʨʩʠʷ ʘʣʛʦʨʠʪʤʘ, ʪʝʢʫʱʘʷ ʤʘʪʨʠʮʘ Ὃ (ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

[1.] ʂʫʨʠʣʠʥ ʉ.ʇ. ʄʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ // ɺʝʩʪʥʠʢ ʄʕʀ. 2022. ˉ6. ʉ. 11ï20. DOI: 10.24160/1993-6982-2022-6-11-20.   

[2.] ʇʘʪʝʥʪ RU 2794240 C1. ʉʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʆʧʫʙʣ. 13.04.2023.   
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ʈ.ɽ. ʄʘʛʠʜʦʚ, ʘʩʧ.; ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

ʬʠʣʠʘʣ ʌɻɹʆʋ  ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɹʆʊʓ ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ ʉ ʋʏɪʊʆʄ 

ɿʆʅ ʇʆɺʓʐɽʅʅʆʁ ɺʀɹʈɸʎʀʀ 

 
ʇʨʠ ʨʘʙʦʪʝ ʩʪʘʥʦʯʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʫʩʣʦʞʥʷʶʱʠʭ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪʨʝʙʫʶʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʩʨʝʜʩʪʚʘʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʠʙʨʘʮʠʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʙʨʘʮʠʠ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ï ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ 

ʫʯʸʪʘ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʜʠʘʛʨʘʤʤʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʚʝʨʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʸʤ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʩʥʷʪʳʝ ʥʘ ʨʝʘʣʴʥʦʤ ʩʪʘʥʢʝ, ʠ ʦʪʨʘʞʘʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʚʠʙʨʘʮʠʠ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʚ ʬʫʥʢʮʠʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʰʧʠʥʜʝʣʷ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 [1]. 

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʙʨʘʮʠʠ ʧʨʠ 

ʩʚʝʨʣʝʥʠʠ ʚ ʬʫʥʢʮʠʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʰʧʠʥʜʝʣʷ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʜʠʘʛʨʘʤʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʥʦ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʨʝʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʘʩʪʝʡ 

ʩʪʘʥʢʘ. ɿʘʯʘʩʪʫʶ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʢʦʚ ʩ 

ʏʇʋ, ʦʩʥʘʱʝʥʥʳʭ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʦʡ. ɺʩʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʝ 

ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ï ʩ ʵʢʟʝʤʧʣʷʨʘʤʠ ʩʪʘʥʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʣʠʙʦ ʩʘʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʩʪʘʥʢʘ ʟʘʢʘʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ, ʣʠʙʦ ʘʚʪʦʨ ʨʘʩʧʦʣʘʛʘʝʪ 

ʩʪʘʥʢʦʤ ʠ ʤʦʞʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʦʞʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʦʜʦʙʥʘʷ ʨʠʩʫʥʢʫ 1, ʠʟʚʝʩʪʥʘ, ʘ ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʰʧʠʥʜʝʣʷ ʩʦʩʪʦʠʪ ʚ ʝʝ ʫʯʝʪʝ ʥʘ ʠʟʚʝʩʪʥʳʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʦʙʭʦʜʘ 

ʫʯʘʩʪʢʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʜʠʘʛʨʘʤʤʳ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ 2,5 ʤʤ, ʥʫʞʥʦ ʜʦʧʫʩʢʘʪʴ ʪʦʣʴʢʦ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ: 0 ï 250, 1500, 2000, 2500 ʦʙ/ʤʠʥ.  

ɿʘʜʘʜʠʤ ʨʘʟʨʝʰʝʥʥʳʝ ʟʦʥʳ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ [2] ʠ ʧʨʦʚʝʨʠʤ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʣʠʥʝʡʥʦʤ 

ʧʝʨʝʭʦʜʝ (ʩ ʟʘʜʘʥʥʳʤ ʪʝʤʧʦʤ) ʦʪ ʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʢ ʜʨʫʛʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ) ʠ 

ʨʠʩʫʥʢʝ 3 (ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ). 

 
ʈʠʩ. 2 ï ɻʨʘʬʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ (ʅĿʤ) ʥʘ ʨʝʞʠʤʝ 

ʧʨʠ ʦʧʝʨʘʮʠʠ ʩʚʝʨʣʝʥʠʷ 
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ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʦʙ/ʤʠʥ) ʥʘ 

ʨʝʞʠʤʝ ʧʨʠ ʦʧʝʨʘʮʠʠ ʩʚʝʨʣʝʥʠʷ 
 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʦʚ 2 ʠ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʦʪʨʘʙʘʪʳʚʘʝʪ ʟʘʜʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʘʮʠʡ.  

ɺʳʚʦʜ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʘʜʘʥʠʠ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ, ʫʜʘʝʪʩʷ 

ʫʩʧʝʰʥʦ ʦʙʭʦʜʠʪʴ ʠʥʪʝʨʚʘʣʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ, ʠʩʢʣʶʯʘʷ ʧʦʷʚʣʝʥʠʝ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʚʝʨʣʠʣʴʥʦʛʦ 

ʩʪʘʥʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 
[1]. Manufacturing Automation: Metal Cutting Mechanics, Machine Tool Vibrations, and CNC Design/ Yusuf Altintas ï 

second edition, Cambridge University Press, 2012, page ï 149. 

[2]. ʄʘʛʠʜʦʚ ʈ.ɽ., ʈʦʞʢʦʚ ɺ.ɺ. ʅɸʉʊʈʆʁʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʏɸʉʊʆʊʅʓʄ ʇʈʀɺʆɼʆʄ 

ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ// ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʅɽʈɻɽʊʀʂɸ ʀ ʕʂʆʅʆʄʀʂɸ 

(ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʙ. ʪʨʫʜʦʚ XXII  -ʦʡ ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ. ɺ 2 ʪ. ʊ 1. ï 

2025. ï 505 ʩ.  
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ʈ.ɽ. ʄʘʛʠʜʦʚ, ʘʩʧ.; ʨʫʢ. ɺ.ɺ. ʈʦʞʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɺʓɹʆʈ ʊʀʇɸ ʇʈʀɺʆɼɸ ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ ʇʈʀ 

ʏɸʉʊʆʊʅʆʄ ʋʇʈɸɺʃɽʅʀʀ 

 

ɼʣʷ ʩʪʘʥʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʰʧʠʥʜʝʣʷ ʩʚʝʨʣʠʣʴʥʦʛʦ ʩʪʘʥʢʘ, ʚʳʙʦʨ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʧʨʠʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʟʘʜʘʯʝʡ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ. ʉʪʘʥʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʯʘʱʝ 

ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʚ ʩʣʦʞʥʦʤ ʧʦʚʪʦʨʥʦ-ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʝʨʝʛʨʫʟʢʘʤʠ ʠ ʧʘʫʟʘʤʠ, ʠʥʦʛʜʘ ʜʘʞʝ ʩ ʫʜʘʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʠ ʠʤʝʥʥʦ ʝʛʦ ʚʝʣʠʯʠʥʘ ʚ ʪʝʭ ʞʝ ʛʘʙʘʨʠʪʘʭ ʤʘʰʠʥʳ 

ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʪʘʨʪʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʳʙʦʨ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ, ʢʨʘʡʥʝ 

ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʢʘ. ʈʘʥʝʝ ʚ 

[1] ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʘʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʦʯʥʦʛʦ ʧʨʠʚʦʜʘ ʦʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩ ʚʝʢʪʦʨʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝʚʳʩʦʢʘʷ ʮʝʥʘ, 

ʭʦʨʦʰʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʤʦʤʝʥʪʘ ʠ ʩʢʦʨʦʩʪʠ. 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʦʚʝʜʸʤ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʦʨʘʙʦʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʨʘʥʝʝ MatLab-

ʤʦʜʝʣʴ ʙʣʦʢʦʤ ʥʘʛʨʫʞʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʠʤʠʪʠʨʫʶʱʠʤ ʧʨʠʣʦʞʝʥʠʝ 

ʨʝʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʳʤʠ 

ʩʚʸʨʣʘʤʠ.  

ʂʨʠʚʘʷ ʤʦʤʝʥʪʘ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʟʘʜʘʸʪʩʷ ʩʣʝʜʫʶʱʝʡ ʥʝʩʣʦʞʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʡ ʥʘʜ ʦʩʥʦʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ 

ʦʧʝʨʘʮʠʶ ʩʚʝʨʣʝʥʠʷ. 

ʄʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʩʚʷʟʘʥ ʩ ʤʦʱʥʦʩʪʴʶ ʩʦʦʪʥʦʰʝʥʠʝʤ:  

Mc = Pc Ĭ 9550 / n, ʅʤ, 

ʛʜʝ Pc ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ. 

ʉʦʙʩʪʚʝʥʥʦ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ: 

Pc = Vc Ĭ Dc Ĭ fn Ĭ kc / (240 Ĭ 10
3), 

ʛʜʝ kc ï ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ, ʅ/ʤʤĮ, Dc ï ʜʠʘʤʝʪʨ ʩʚʝʨʣʝʥʠʷ, ʤʤ, fn ï 

ʧʦʜʘʯʘ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ, ʤʤ/ʦʙ, Vc - ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʤ/ʤʠʥ. 

ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

Vc = ˊ Ĭ Dc Ĭ n / 1000, 

ʛʜʝ n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ, ʦʙ/ʤʠʥ. 
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ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʦʜʘʯʫ ʩʚʝʨʣʘ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʢʦʪʦʨʘʷ ʟʘʜʘʸʪʩʷ ʢʘʢ:  

Vf = fn Ĭ n, ʤʤ/ʤʠʥ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʚʝʨʣʝʥʠʷ ʥʘ 

ʩʪʘʥʢʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʩʚʝʨʣʝʥʠʠ  

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

Kc, ʅ/ʤʤĮ 1500 

Dc, ʤʤ 16 

Vf, ʤʤ/ʤʠʥ 20 

 

ʇʨʠ ʧʨʠʥʷʪʳʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʅʤ) ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʚʘʣʘ ʧʨʠ ʩʚʝʨʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

 

 
ʈʠʩ. 4 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ (ʩʠʥʠʡ ʛʨʘʬʠʢ ï ʨʘʩʩʯʠʪʘʥʥʳʡ, 

ʢʨʘʩʥʳʡ ʛʨʘʬʠʢ ï ʟʘʜʘʥʥʳʡ) 

 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

(ʦʙ/ʤʠʥ) ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʚʘʣʘ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 5 ï ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʩʠʥʠʡ 

ʛʨʘʬʠʢ ï ʟʘʜʘʥʥʘʷ, ʢʨʘʩʥʳʡ ʛʨʘʬʠʢ ï ʠʟʤʝʨʝʥʥʘʷ) 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʚʝʨʣʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ 

ʜʚʠʛʘʪʝʣʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʚʳʰʘʶʱʠʡ ʥʦʤʠʥʘʣʴʥʦʝ ʧʘʩʧʦʨʪʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɺ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʛʜʝ 

ʧʝʨʝʩʪʘʚʣʷʝʪʩʷ ʨʝʤʝʥʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʤʝʪʨ ʰʢʠʚʦʚ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚ 

K ʨʘʟ, ʨʦʚʥʦ ʚ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʨʘʩʪʸʪ ʤʦʤʝʥʪ (ʧʨʠ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʧʦʪʝʨʷʤʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ ʤʝʭʘʥʠʯʝʩʢʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ, ʨʝʜʫʢʪʦʨʦʤ.  

ʇʨʠ ʵʪʦʤ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʦʯʥʦʛʦ ʧʘʨʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʚʦʜʝ ʩʪʘʥʢʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʩʠʥʭʨʦʥʥʳʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʪʠʧʦʤ ʧʨʠʚʦʜʘ ʩʭʦʞʝʡ ʣʠʙʦ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

[1]. ʄʘʛʠʜʦʚ ʈ.ɽ., ʈʦʞʢʦʚ ɺ.ɺ. ʅɸʉʊʈʆʁʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʏɸʉʊʆʊʅʓʄ ʇʈʀɺʆɼʆʄ 

ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ// ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʅɽʈɻɽʊʀʂɸ ʀ ʕʂʆ-ʅʆʄʀʂɸ 

(ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʉʙ ʪʨʫʜʦʚ XXII -ʦʡ ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ. ɺ 2 ʪ. ʊ 1. ï 

2025. ï 505 ʩ.  

[2]. ʋʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ: ʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ ʧʦ ʢʫʨʩʫ çʉʧʝʮʠʘʣʴʥʳʝ ʨʘʟʜʝʣʳ 

ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘè. /ɼʘʥʠʣʦʚ ʇ.ɽ., ʂʨʫʪʠʢʦʚ ʂ.ʂ., ʈʦʞʢʦʚ ɺ.ɺ. ï 2-e ʠʟʜ., ʠʩʧʨ. ï ʉʤʦʣʝʥʩʢ, 2012. ï 100 ʩ. 
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ʉɽʂʎʀʗ 2 

ʊɽʇʃʆʕʅɽʈɻɽʊʀʂɸ 
 

ʀ.ɺ. ɻʦʣʫʟʦʚʘ, ʩʪʫʜ., ʋ.ɸ. ʊʢʘʯʝʚʘ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʀ. ʂʠʩʝʣʝʚʘ, ʩʪ.ʧʨ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʊɽʇʃʆɺʓʍ ʇʆʊɽʈʔ ʀ ʂʃʀʄɸʊʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʅɸ ʅɸɼɽɾʅʆʉʊʔ ʊɽʇʃʆɺʓʍ ʉɽʊɽʁ 

 
ʉʠʩʪʝʤʳ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʬʦʨʪʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʚʳʩʪʫʧʘʶʪ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ . ʆʜʥʘʢʦ, ʢʘʢ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʤ ʟʚʝʥʦʤ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʧʦʟʠʮʠʡ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʩʝʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʥʦʚʥʦʝ ʯʠʩʣʦ ʘʚʘʨʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʧʨʝʨʳʚʘʥʠʝʤ ʧʦʩʪʘʚʦʢ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ [1]. 

ʅʘʜʝʞʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʩʚʦʡʩʪʚʦ, 

ʚʢʣʶʯʘʶʱʝʝ ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʩʦʭʨʘʥʷʝʤʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʘʜʝʞʥʦʩʪʠ ʩʣʫʞʘʪ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ɚ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

P, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ Ὧ̄ ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ű. 

ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʚʦʟʨʘʩʪʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʳʝ ʧʦʪʝʨʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠ 

ʫʩʢʦʨʷʶʪʩʷ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʵʪʦ ʚʣʠʷʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʛʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʡ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʇʨʠ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʥʝʜʦʦʪʧʫʩʢʦʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ. ɺʝʣʠʯʠʥʘ ʥʝʜʦʦʪʧʫʩʢʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ű, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʨʝʤʷ ʣʠʢʚʠʜʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʪʪʘʠʚʘʥʠʷ ʛʨʫʥʪʘ, ʧʨʦʛʨʝʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʝʨʩʦʥʘʣʘ. 

ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʠ 

ʦʪʘʧʣʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʡ. ʇʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ 



97 

ʪʝʧʣʦʧʦʪʝʨʠ ʟʜʘʥʠʷ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʥʬʠʣʴʪʨʘʮʠʷ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʥʝʧʣʦʪʥʦʩʪʠ ʚ ʦʢʦʥʥʳʭ ʠ ʜʚʝʨʥʳʭ ʧʨʦʝʤʘʭ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ, ʪʨʝʙʫʷ ʧʦʚʳʰʝʥʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʂʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʠʩʪʦʯʥʠʢʝ ʠ ʝʛʦ 

ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʛʨʘʬʠʢʫ, 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʤʫ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʅʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʛʨʘʬʠʢʘ, ʥʘʧʨʠʤʝʨ, ʥʝʜʦʛʨʝʚ ʠʣʠ ʧʝʨʝʛʨʝʚ ʩʝʪʝʚʦʡ ʚʦʜʳ, 

ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʜʠʩʢʦʤʬʦʨʪʫ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʣʠʙʦ ʢ ʥʝʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʧʝʨʝʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʛʣʦʚʳʭ ʠ ʪʦʨʮʝʚʳʭ ʢʚʘʨʪʠʨʘʭ, ʪʝʧʣʦʧʦʪʝʨʠ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʨʝʜʠʥʝ ʟʜʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʠʭ 

ʩʝʪʝʡ, ʥʦ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʚʢʣʶʯʘʷ 

ʩʪʦʷʢʠ, ʧʦʜʚʦʜʢʠ ʠ ʦʪʦʧʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. ʈʘʟʙʘʣʘʥʩʠʨʦʚʢʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʳʟʚʘʥʥʘʷ ʟʘʩʦʨʝʥʠʝʤ ʪʨʫʙ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʣʘʜʢʦʡ, 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʧʨʦʛʨʝʚʫ ʧʦʤʝʱʝʥʠʡ ʧʦ ʵʪʘʞʘʤ ʠ ʩʪʦʷʢʘʤ. 

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʚʦʣʶʮʠʶ 

ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʩʯʝʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɻʨʘʜʫʩʦ-ʩʫʪʢʠ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (ɻʉʆʇ) ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʤ ʚ ʩʝʙʝ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʘʢ ʠ 

ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ɻʉʆʇ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʨʘʟʥʳʭ ʣʝʪ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ 

ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʚʘʝʤʳʭ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ɻʨʘʜʫʩʦ-ʩʫʪʢʠ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ (ɻʉʆʇ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ ʠ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʵʪʦʪ 

ʧʝʨʠʦʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʜʝʣʴʥʦʛʦ ʫʯʝʪʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ɻʉʆʇ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʩʫʨʦʚʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʪʝʧʣʦʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ. 

 

ː˞˛ ̃  Ỗ Ô̏ Ú̓̏ ȟ̓Ј˞ˇ̒ ̔̓, 
 

ʛʜʝ Ô̏  ̓ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, Áʉ, Ú̏ -̓ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʩʫʪ/ʛʦʜ, ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʠʥʠʤʘʝʤʳʝ ʧʦ ʩʚʦʜʫ ʧʨʘʚʠʣ ʜʣʷ ʧʝʨʠʦʜʘ ʩʦ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʝ ʙʦʣʝʝ 8 Áʉ, ʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ, ʜʝʪʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʜʦʤʦʚ-

ʠʥʪʝʨʥʘʪʦʚ ʜʣʷ ʧʨʝʩʪʘʨʝʣʳʭ ʥʝ ʙʦʣʝʝ 10 Áʉ;Ỗ - ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʟʜʘʥʠʷ, Áʉ [2]. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɻʉʆʇ ʦʭʚʘʪʳʚʘʶʪ ʥʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʟʘʱʠʪʳ 

ʟʜʘʥʠʡ, ʨʘʩʯʝʪʳ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʮʝʥʢʫ ʬʘʢʪʠʯʝʩʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʟʜʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʨʝʙʫʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 
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ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɻʉʆʇ: ʯʝʤ ʚʳʰʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ, ʪʝʤ ʙʦʣʴʰʝ 

ʥʝʦʙʭʦʜʠʤʘʷ ʪʦʣʱʠʥʘ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ɻʉʆʇ ʩʣʫʞʠʪ ʙʘʟʦʚʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʦʧʣʠʚʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ɻʉʆʇ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʧʨʠʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʢ ʝʜʠʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʘʞʝʥ ʧʨʠ ʦʮʝʥʢʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ: ʩ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘʶʪ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʠ ʧʦʚʳʰʘʶʪʩʷ ʨʠʩʢʠ ʟʘʤʝʨʟʘʥʠʷ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʯʪʦ ʜʠʢʪʫʝʪ ʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʠ ʢʘʯʝʩʪʚʫ ʠʟʦʣʷʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ɻʉʆʇ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʢʘʢ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ɻʉʆʇ ʜʣʷ ʛʦʨʦʜʘ ʉʤʦʣʝʥʩʢʘ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ, 

ʜʝʡʩʪʚʦʚʘʚʰʠʭ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʞʠʣʳʭ 

ʟʜʘʥʠʡ ʩ ʨʘʩʯʝʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ὸ̃  ̎= 20 Áʉ [3]. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ɻʉʆʇ ʜʣʷ ʛ. ʉʤʦʣʝʥʩʢʘ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ 

ʨʘʟʥʳʭ ʣʝʪ 

ʅʦʨʤʘʪʠʚʥʳʡ 

ʜʦʢʫʤʝʥʪ 

ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ  ὸ̏ ,̓ Áʉ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥ

ʦʩʪʴ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ᾀ̏ ,̓ ʩʫʪ 

ɻʉʆʇ,  

Ј˞ˇ̒ ̔̓ 

ʉʅʠʇ 2.01.01 -82 -2,7 210 4767 

ʉʅʠʇ 23-01-99 -2,4 215 4816 

ʉʇ 131.13330.2012 -2,0 209 4598 

ʉʇ 131.13330.2018 -2,0 209 4598 

ʉʇ 131.13330.2020 -2,0 207 4554 

ʉʇ 131.13330.2025 -1,4 206 4408 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʉʤʦʣʝʥʩʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʝʨʠʦʜ ʩ 1982 ʧʦ 2025 ʛʦʜ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ɻʉʆʇ ʜʣʷ 

ʛʦʨʦʜʘ ʉʤʦʣʝʥʩʢʘ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 359 ÁʉĿʩʫʪ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7,5% ʦʪ 

ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ ʩʥʠʞʝʥʠʝ ʦʪʨʘʞʘʝʪ ʢʘʢ ʨʝʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʬʠʢʩʠʨʫʝʤʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʪʘʢ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ɻʉʆʇ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʠʶ 

ʪʨʝʙʫʝʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʙʳʪʦʯʥʳʤ ʢʘʧʠʪʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʇʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʨʝʞʥʠʝ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ɻʉʆʇ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʟʘʚʳʰʝʥʠʷ ʜʦʛʦʚʦʨʥʳʭ ʪʝʧʣʦʚʳʭ 



99 

ʥʘʛʨʫʟʦʢ ʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʣʘʪʝʞʝʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʝ ʦʩʥʘʱʝʥʥʳʭ 

ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʝʪʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ. 

ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ɻʉʆʇ ʜʣʷ ʉʤʦʣʝʥʩʢʘ ʠ ʨʘʩʯʝʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʷʪʠʜʥʝʚʢʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ ɻʉʆʇ ʥʘ 359 ÁʉĿʩʫʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʪʠʚʘʤʠ 1982 

ʛʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʷʛʯʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʜʥʘʢʦ ʥʝ ʠʩʢʣʶʯʘʝʪ 

ʨʠʩʢʘ ʘʚʘʨʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʭʦʣʦʜʘʥʠʡ. ʇʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʘ ʤʝʨ. ʂ ʯʠʩʣʫ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɻʉʆʇ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʪʦʣʱʠʥʳ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙ ʩ 

ʩʠʩʪʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʠʩʣʦ ʦʪʢʣʶʯʘʝʤʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠ ʘʚʘʨʠʠ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʘʶʪ 

ʨʝʛʫʣʷʨʥʳʡ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚ ʧʝʨʠʦʜʳ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʛʜʘ 

ʜʝʬʝʢʪʳ ʠʟʦʣʷʮʠʠ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳ, ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ 

ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚʥʝʜʨʝʥʠʝ ʧʦʛʦʜʦʟʘʚʠʩʠʤʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʶʱʝʛʦ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʯʝʪʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ 

ʘʚʘʨʠʡʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʣʦʢʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ, ʜʨʝʥʘʞ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʧʝʨʝʜʚʠʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʤʝʥʥʦ ʩʦʯʝʪʘʥʠʝ 

ʵʪʠʭ ʛʨʫʧʧ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʘʚʘʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʧʦʭʦʣʦʜʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʦʷʥʠʝ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʦʩʪʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʜʝʞʥʦʩʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʊʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ, ʧʦʤʠʤʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʣʫʞʘʪ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʣʠʷʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ɺʳʧʦʣʥʝʥʥʳʡ ʥʘ ʧʨʠʤʝʨʝ ʛ. ʉʤʦʣʝʥʩʢʘ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ɻʉʆʇ ʟʘ ʧʝʨʠʦʜ 1982ï2025 ʛʛ. ʩʥʠʟʠʣʠʩʴ ʥʘ 359 ÁʉĿʩʫʪ 

(ʦʢʦʣʦ 7,5 %), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʫʩʪʘʨʝʚʰʠʭ ʥʦʨʤʘʪʠʚʦʚ ʚʝʜʝʪ ʢ ʟʘʚʳʰʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ 

ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ ʟʘʪʨʘʪʘʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʨʦʧʨʠʷʪʠʷ ï 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ï ʧʦʟʚʦʣʷʶʪ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʡ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʕʂʆʅʆʄʀʗ ʊɽʇʃʆɺʆʁ ʕʅɽʈɻʀʀ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʈʦʩʩʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʩʝʨʴʝʟʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ: ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʥʦʩ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʤʦʨʘʣʴʥʦ 

ʫʩʪʘʨʝʚʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʚʚʝʜʝʥʥʦʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ, 

ʯʘʩʪʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʥʠʟʢʠʤ ʂʇɼ ʠ ʥʝʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ 

ʧʦʜʘʯʫ ʪʝʧʣʘ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʩʪʝʤʘ, ʧʨʠʥʮʠʧʳ 

ʢʦʪʦʨʦʡ ʥʝ ʧʝʨʝʩʤʘʪʨʠʚʘʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʦʩʪʨʦ ʥʫʞʜʘʝʪʩʷ ʚ 

ʤʘʩʰʪʘʙʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʟʘʜʘʯʠ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʥʝʜʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʨʝʚʰʝʛʦ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ.  

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʢʦʚʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʢʦʤʤʫʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʫʥʢʪʦʚ, ʦʩʦʙʝʥʥʦ 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ, ʯʘʩʪʦ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʡ 

ʧʦʜʦʛʨʝʚ ʩʝʪʝʚʦʡ ʚʦʜʳ. ɺ ʪʘʢʠʝ ʧʝʨʠʦʜʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʠ ʨʘʟʛʨʫʟʢʠ ʦʩʥʦʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜʢʣʶʯʘʪʴ ʧʠʢʦʚʳʝ 

ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʪʳ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ 

ʩʝʙʷ ʪʨʠ ʢʣʶʯʝʚʳʭ ʟʚʝʥʘ ï ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʪʝʧʣʦʚʳʝ ʩʝʪʠ ʠ ʢʦʥʝʯʥʳʡ 

ʧʦʪʨʝʙʠʪʝʣʴ, - ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ. ɽʸ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

 

ʈʦʣʴ ʦʩʥʦʚʥʦʛʦ ʠ ʧʠʢʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʥʷʶʪ 

ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʊʕʎ) ʠʣʠ ʢʦʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʊʕʎ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ (ʪʝʧʣʦʬʠʢʘʮʠʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʠʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ (ʇʊʄ) ʧʦʚʩʝʤʝʩʪʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ ʠʟ ʩʪʘʣʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 35-209 ʄɺʪ. ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʊʕʎ. 

ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʘʢʪʫʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʪʝʧʣʦʩʥʘʙʞʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʚʝʢʪʦʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ: 

- ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʢʨʳʪʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʮʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʤʦʱʥʦʩʪʝʡ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʬʠʢʦʚ; 

- ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʦʢʨʳʪʠʝ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʟʙʳʪʦʯʥʦʛʦ ʧʘʨʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʙʦʨʘʭ ʪʫʨʙʠʥ; 

- ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʢʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ; 

- ʫʩʠʣʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʠ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʪʦʨʠʯʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʘʛʨʝʩʩʠʚʥʳʤʠ ʛʘʟʘʤʠ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ 

ʪʝʧʣʦʛʝʥʝʨʠʨʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

 2. ʆʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʪʭʦʜʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

 ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʩʭʝʤʘʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ 

ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʢʦʞʫʭʦʪʨʫʙʯʘʪʳʝ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ. ɺ ʧʨʦʮʝʩʩʝ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʦʢ ʦʙʨʘʟʫʶʪʩʷ 

ʦʪʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʦʢ, ʧʝʨʝʨʘʩʭʦʜ ʧʘʨʘ, 

ʧʘʜʝʥʠʝ ʂʇɼ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ 
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ʩʪʘʥʦʚʷʪʩʷ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʨʝʤʦʥʪʥʳʝ 

ʨʘʙʦʪʳ. 

 ɿʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʨʳʚʦʤ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ 

ʘʧʧʘʨʘʪʦʚ ʩʤʝʰʠʚʘʶʱʝʛʦ ʪʠʧʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100%. ʀʥʪʝʥʩʠʚʥʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʢʠʧʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʜʠʘʤʝʪʨʘʤ (ʥʝ ʙʦʣʝʝ 100 ʤʤ), ʯʪʦ ʩʜʝʨʞʠʚʘʣʦ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʚʦʜʝ ʠ ʧʘʨʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ 

ʚʦʟʥʠʢʘʣʘ ʚʠʙʨʘʮʠʷ, ʯʪʦ ʪʨʝʙʦʚʘʣʦ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ.  

 ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʫʜʘʣʦʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ çʂʆʉʉɽʊè (ʨʠʩ.2). ʆʩʦʙʝʥʥʦʩʪʴ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʜʥʘ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʵʞʝʢʪʦʨ, ʜʨʫʛʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ - ʚ ʦʢʨʫʞʘʶʱʫʶ ʝʛʦ ʧʦʣʦʩʪʴ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʪʝʢʫʱʠʡ ʨʘʩʭʦʜ ʧʘʨʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʨʝʜʳ ʚ ʜʠʘʧʘʟʦʥʝ 25-90% ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ [2]. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʩʭʝʤʘ ʧʦʪʦʢʦʚ ʩʧʝʰʠʚʘʶʱʝʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

ʤʦʜʝʣʠ çʂʆʉʉɽʊè 

 

 ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʪʠʧʘ ʚ ʩʭʝʤʘʭ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʭʠʤʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʢʦʪʝʣʴʥʳʭ ʠ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʱʫʪʠʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʜʦʩʪʠʛʘʝʤʳʡ ʟʘ ʩʯʝʪ: 

- ʚʳʩʦʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʦʨʷʜʢʘ 99%); 
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- ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘ, ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, 

ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʩʫʤʤʘʨʥʘʷ ʵʢʦʥʦʤʠʷ ʜʦʩʪʠʛʘʝʪ 20-30%); 

- ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʧʣʘʥʦʚʳʭ 

ʨʝʤʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʪʨʫʜʦʝʤʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢ ʦʪʦʧʠʪʝʣʴʥʦʤʫ ʩʝʟʦʥʫ; 

- ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʧʨʠ ʟʘʤʝʥʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʯʝʨʧʘʚʰʝʛʦ ʩʚʦʡ ʨʝʩʫʨʩ; 

- ʦʪʢʘʟʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʚʦʟʚʨʘʪʘ ʢʦʥʜʝʥʩʘʪʘ. 

3. ʆʙʥʦʚʣʝʥʠʝ ʢʦʪʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʫʪʝʤ ʟʘʤʝʥʳ ʤʦʨʘʣʴʥʦ ʠ 

ʬʠʟʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʠʭ ʘʛʨʝʛʘʪʦʚ. 

ʉʦʚʦʢʫʧʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʜʝʥʠʠ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 165 ʪʳʩ. ɻʢʘʣ/ʯ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʪʣʦʚ ʧʨʝʚʳʰʘʝʪ 110 ʪʳʩʷʯ ʝʜʠʥʠʮ, ʘ ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʥʘ ʚʳʨʘʙʦʪʢʫ ʪʝʧʣʘ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 40 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɹʦʣʝʝ 60% ʢʦʪʣʦʚ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʩʪʨʦʡ 30-40 ʣʝʪ ʥʘʟʘʜ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʨʧʘʣʠ ʨʝʩʫʨʩ, ʟʘʣʦʞʝʥʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʕʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠʭ ʥʠʟʢʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʅʘʧʨʠʤʝʨ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʘʣʦʤʦʱʥʳʭ ʢʦʪʣʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 70 ʜʦ 84%, 

ʪʦʛʜʘ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʘʥʘʣʦʛʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʂʇɼ ʥʘ ʫʨʦʚʥʝ 92-93%. 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʩʪʘʨʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʦʩʪʘʚʣʷʝʪ 170-230 ʢʛ ʫ.ʪ./ɻʢʘʣ, 

ʯʪʦ ʥʘ 14-70 ʢʛ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ (156-157 ʢʛ ʫ.ʪ./ɻʢʘʣ). 

ʉʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʤʘʩʰʪʘʙʥʳʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʦʜʥʘʢʦ ʪʝʤʧʳ ʦʙʥʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ. 

ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʢʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʙʣʠʞʘʡʰʠʝ 5-10 ʣʝʪ ʦʞʠʜʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 30-40% ʚʩʣʝʜʩʪʚʠʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʬʦʥʜʦʚ.  ʄʦʜʝʨʥʠʟʘʮʠʷ ʠ ʟʘʤʝʥʘ ʠʟʥʦʰʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ 

ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʫʤʝʥʴʰʠʪʴ ʪʘʨʠʬ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʨʘʩʣʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʤʝʥʴʰʠʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʩʦʟʜʘʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʜʝʨʞʠʚʘʥʠʷ ʨʦʩʪʘ 

ʪʘʨʠʬʦʚ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

 

[1]. ʕʥʝʨʛʦʩʦʚʝʪ: ʩʘʡʪ ï URL: http://www.energosovet.ru/entech.php?id=1 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.03.2026) 

[2]. ʇʦʩʪʘʚʱʠʢʠ ʄʘʰʠʥ ʠ ʆʙʦʨʫʜʦʚʘʥʠʷ: ʩʘʡʪ -  URL: https://www.oborudunion.ru/catalog/energosberegayuschiy-

teploobmennik-kosset-1000333832/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.03.2026) 

 

 
  



104 

ʇ.ʉ. ʍʘʨʣʘʤʦʚ, ʘʩʧ., ɽ.ɸ. ʏʝʨʥʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʅʠʢʠʬʦʨʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʄɽʊʆɼʓ ʊɽʆʈʀʀ ʅɽʏɽʊʂʀʍ ʄʅʆɾɽʉʊɺ ɺ ɿɸɼɸʏɸʍ 

ʉʀʉʊɽʄʅʆɻʆ ɸʅɸʃʀɿɸ ʅɸɼɽɾʅʆʉʊʀ ɺ 

ʉʃɸɹʆʌʆʈʄɸʃʀɿʋɽʄʓʍ ʇʈʆʎɽʉʉɸʍ  

ʊʆʇʃʀɺʅʆ-ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʊʕʂ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʪʨʝʙʫʶʱʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʧʨʦʘʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʟʘʯʘʩʪʫʶ 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʥʷʪʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʜʘʪʯʠʢʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʝʜʠʥʳʡ ʢʦʥʪʫʨ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʂ. ɺ. ʑʫʨʠʥ [1], ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ 

ɸ. ʅ. ɹʘʣʘʥʦʚʘ [2], ʜʣʷ ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʥʝʧʦʣʥʦʪʦʡ, ʥʝʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʢʣʘʩʩʠʯʝʩʢʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʟʘʯʘʩʪʫʶ ʥʝʵʬʬʝʢʪʠʚʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ 

ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʘ ʘʚʘʨʠʠ ʥʦʩʷʪ ʨʝʜʢʠʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʠʤʝʶʪ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʩʧʦʩʦʙʥʳʭ ʦʧʝʨʠʨʦʚʘʪʴ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʝ 

ʧʨʦʮʝʩʩʳ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ, ʦʧʠʩʘʥʥʳʝ ʚ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʯʝʙʥʠʢʘʭ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ (ʥʘʧʨʠʤʝʨ, ʆ. ɺ. ɹʫʣʳʛʠʥʦʡ, 

ɸ. ɸ. ɽʤʝʣʴʷʥʦʚʘ, ʅ. ɿ. ɽʤʝʣʴʷʥʦʚʦʡ ʠ ɸ. ɸ. ʂʫʢʫʰʢʠʥʘ [3]), ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʵʣʝʤʝʥʪʦʚ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʪʢʘʟʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʶʪ 

ʄ. ʖ. ʄʝʤʝʥʢʦʚʘ, ɽ. ʃ. ɽʠʞʝʚʩʢʘʷ ʠ ʖ. ɼ. ʖʝʤʝʥʢʦʚ [4], ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʊʕʂ (ʥʘʧʨʠʤʝʨ, ʥʦʚʳʭ ʪʠʧʦʚ 

ʪʫʨʙʠʥ ʠʣʠ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ), ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ 

ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʜʘʥʥʳʭ ʟʘʪʨʫʜʥʝʥʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ, ʪʘʢʠʝ ʢʘʢ ʠʟʥʦʩ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʝʛʦʜʥʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʪʘʥʦʚʷʪʩʷ ʪʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʤʝʪʦʜʳ 

ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ 

ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʝ ʧʨʦʮʝʩʩʳ. 
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ɺ ʦʪʣʠʯʠʠ ʦʪ ʯʝʪʢʦʡ ʠʣʠ ʙʠʥʘʨʥʦʡ ʣʦʛʠʢʠ, ʛʜʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʠʩʪʠʥʥʳʤʠ ʠʣʠ ʪʦʣʴʢʦ ʣʦʞʥʳʤʠ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʦʧʝʨʠʨʫʝʪ ʩʪʝʧʝʥʷʤʠ 

ʠʩʪʠʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, çʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘè, çʩʨʝʜʥʠʡ ʨʠʩʢ ʦʪʢʘʟʘè ʠʣʠ 

çʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠè), ʧʨʝʦʙʨʘʟʫʝʤʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʪʦʜʳ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʫʶʪ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ ʥʝʯʝʪʢʦʡ ʦʮʝʥʢʠ 

ʩʠʪʫʘʮʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʡ. ʊʘʢ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚ ʊʕʂ ʥʝʯʝʪʢʠʝ 

ʨʝʛʫʣʷʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʦʱʥʦʩʪʠ, 

ʛʜʝ ʪʦʯʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʥʘ ʠʣʠ 

ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʪʝʦʨʠʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʕʂ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʬʘʟʟʠʬʠʢʘʮʠʠ ʚ ʤʝʪʦʜʝ ʢʘʞʜʳʡ ʚʭʦʜʥʦʡ 

ʧʘʨʘʤʝʪʨ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʘʤ, ʘ 

ʪʘʢʞʝ ʩʪʨʦʷʪʩʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ 

(ʥʘʧʨʠʤʝʨ, çʥʠʟʢʘʷ ʚʠʙʨʘʮʠʷè, çʩʨʝʜʥʷʷ ʚʠʙʨʘʮʠʷè, çʚʳʩʦʢʘʷ ʚʠʙʨʘʮʠʷè). ʇʨʠ 

ʵʪʦʤ ʬʦʨʤʘ ʠ ʛʨʘʥʠʮʳ ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʵʢʩʧʝʨʪʘʤʠ ʠʣʠ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʝʪʦʜʘʤʠ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, Fuzzy C-means) ʥʘ 

ʦʩʥʦʚʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʙʨʠʜʥʫʶ ʬʫʥʢʮʠʶ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 

 

 
 

ʛʜʝ: vi ï ʟʥʘʯʝʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʧʦʜʩʠʩʪʝʤʳ i ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʚʝʢʪʦʨʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʡ ʧʨʦʮʝʩʩ ʚ ʊʕʂ;  

a, b, c ï ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ;  

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʫʪʠʟʥʳ;  

Ŭ ï ʘʤʧʣʠʪʫʜʘ ʢʦʨʨʝʢʮʠʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʬʫʥʢʮʠʷ ʢʦʤʙʠʥʠʨʫʝʪ ʩʚʦʡʩʪʚʘ ʩʠʛʤʦʠʜʳ (S-ʦʙʨʘʟʥʦʡ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ) ʠ ʧʦʨʦʛʦʚʳʭ ʬʠʣʴʪʨʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʕʂ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʬʫʥʢʮʠʠ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʟʘʧʫʩʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʝʥʥʦʡ ʚʳʙʦʨʢʠ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ 

ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʭʦʜʝ ʟʘʧʫʩʢʘ ʘʤʧʣʠʪʫʜʘ ʢʦʨʨʝʢʮʠʠ, ʫʯʠʪʳʚʘʶʱʘʷ 

ɛ
vi

(x) = 

ừ
Ừ

ứ
0, ʧʨʠ  x Ò a,                                            

1

1 + e-k(x - b)
 + Ŭ Āsin

x́-a

c -a
, ʧʨʠ a < x Ò c, 

 1, ʧʨʠ x > c,                                              
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ʢʦʣʝʙʘʥʠʷ ʜʘʥʥʳʭ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Ŭ > 0,3. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʕʊɸʇ 1 ï ʉɹʆʈ ʀ ʇʈɽɼɺɸʈʀʊɽʃʔʅɸʗ ʆɹʈɸɹʆʊʂɸ ɼɸʅʅʓʍ

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ 

(ʜʘʪʯʠʢʠ ʠ ɸʉʋ ʊʇ)

ʅʘʧʨʠʤʝʨ, ʚʠʙʨʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʥʘʧʨʷʞʝʥʠʝ, ʨʘʩʭʦʜ ʠ ʪ.ʜ.

ʂʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ 

(ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ)

ʅʘʧʨʠʤʝʨ, ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ (ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʣʘʩʩʘ ʜʝʬʝʢʪʘ), ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʪ.ʜ.

ʕʊɸʇ 2 ï ʌɸɿɿʀʌʀʂɸʎʀʗ 

(ʧʝʨʝʚʦʜ ʚ ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʝ)

ʇʨʠʩʚʦʝʥʠʝ ʢʘʞʜʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦʤ 

(ʥʘʧʨʠʤʝʨ: {ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ, ʚʳʩʦʢʠʡ})

ʕʢʩʧʝʨʪʥʦʝ ʥʘʩʪʨʘʠʚʘʥʠʝ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʣʠ ʥʘʩʪʨʘʠʚʘʥʠʝ ʯʝʨʝʟ ʥʝʯʝʪʢʫʶ 

ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

(ʥʘʧʨʠʤʝʨ: ɛ(ʥʠʟʢʘʷ) = 0,0; 

ɛ(ʩʨʝʜʥʷʷ) = 0,3; ɛ(ʚʳʩʦʢʘʷ) = 0,7)

ʕʊɸʇ 3 ï ʅɽʏɽʊʂʀʁ ʃʆɻʀʏɽʉʂʀʁ ɺʓɺʆɼ

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ

ʅʘʧʨʠʤʝʨ, ɽʉʃʀ (ɺʠʙʨʘʮʠʷ ɺʓʉʆʂɸʗ) ʀ (ʊʝʤʧʝʨʘʪʫʨʘ ʉʈɽɼʅʗʗ) ʊʆ (ʉʦʩʪʦʷʥʠʝ 

ʧʦʜʰʠʧʥʠʢʘ ʊʈɽɹʋɽʊ ɺʅʀʄɸʅʀʗ)

ʄʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤ ʄʘʤʜʘʥʠ)

ɸʢʢʫʤʫʣʷʮʠʷ ʟʘʢʣʶʯʝʥʠʡ ʧʦ ʨʘʟʥʳʤ 

ʧʦʜʩʠʩʪʝʤʘʤ 

(ʥʘʧʨʠʤʝʨ, ʧʦʜʩʠʩʪʝʤʘ çʀʟʦʣʷʮʠʷè ʠ ʪ.ʜ.)

ʕʊɸʇ 4 ï ɼɽʌɸɿɿʀʌʀʂɸʎʀʗ ʀ 

ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʈɽɿʋʃʔʊɸʊʆɺ 

(ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ)

ʕʊɸʇ 5 ï ɸɼɸʇʊɸʎʀʗ ʀ ɼʆʆɹʋʏɽʅʀɽ 

(ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʘ)

 
ʈʠʩʫʥʦʢ 1 ï ʄʝʪʦʜ ʥʝʯʝʪʢʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʊʕʂ 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʪʝʩʪʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ 
ʊʠʧ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʊʦʯʥʦʩʪʴ, % ɻʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ɺʨʝʤʷ, ʤʩ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ 68,4 ʅʠʟʢʘʷ 5,2 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ 86,3 ɺʳʩʦʢʘʷ 7,8 
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʘʜʘʧʪʠʚʝʥ ʢ ʘʧʧʘʨʘʪʫ ʠʥʪʫʠʮʠʦʥʠʩʪʩʢʠʭ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ɼʘʥʥʳʡ ʘʧʧʘʨʘʪ, ʢʘʢ ʫʢʘʟʳʚʘʶʪ ʊ. ʊ. ɿ. ʅʛʫʝʥ ʠ 

ʃ. ɺ. ʏʝʨʥʝʥʴʢʘʷ [5], ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʫʞʜʝʥʠʝ ʵʢʩʧʝʨʪʘ 

ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʥʘʣʠʯʠʠ ʩʚʦʡʩʪʚʘ, 

ʥʦ ʠ ʩʪʝʧʝʥʴʶ ʩʦʤʥʝʥʠʷ (ʥʝʫʚʝʨʝʥʥʦʩʪʠ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʤʠʤʦ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʪʝʧʝʥʴ 

ʥʝʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʠʥʪʫʠʮʠʦʥʠʩʪʩʢʠʡ ʠʥʜʝʢʩ), 

ʢʦʪʦʨʳʡ ʬʦʨʤʘʣʠʟʫʝʪ ʤʝʨʫ ʢʦʣʝʙʘʥʠʷ ʠʣʠ ʚʦʟʜʝʨʞʘʥʠʷ ʦʪ ʩʫʞʜʝʥʠʷ. ɼʘʥʥʳʡ 

ʘʧʧʘʨʘʪ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʢʨʠʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʊʕʂ, ʛʜʝ ʮʝʥʘ ʦʰʠʙʦʯʥʳʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʪʦʨʦʞʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʯʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʧʦʟʚʦʣʷʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʨʦʙʘʩʪʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ ʦʮʝʥʢʠ, ʩʥʠʞʘʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʝʧʦʣʥʦʪʦʡ ʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʵʢʩʧʝʨʪ ʤʦʞʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʚʦʝ ʩʫʞʜʝʥʠʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʥʘʣʠʯʠʠ ʢʦʨʨʦʟʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,7, 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʝʝ ʦʪʩʫʪʩʪʚʠʠ ï 0.1, ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʰʠʝʩʷ 0,2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʦʣʶ ʩʦʤʥʝʥʠʷ, ʚʳʟʚʘʥʥʫʶ ʥʝʧʦʣʥʦʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʥʝʯʝʪʢʦʩʪʴʶ 

ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚ 

ʧʦʟʚʦʣʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʫʯʠʪʳʚʘʷ ʥʝ ʪʦʣʴʢʦ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʜʝʬʝʢʪʦʚ, ʥʦ ʠ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʡʪʠ ʦʪ ʩʠʩʪʝʤʳ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ 

ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʴʶ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʠʩʪʨʘʣʴʥʳ 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʠʣʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʩʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʝʦʫʩʣʦʚʠʷ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ.  
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ʀ.ɼ. ʑʝʛʣʦʚ, ʩʪʫʜ.; ʨʫʢ. ɸ.ɸ. ɹʳʢʦʚ, ʢ.ʧ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʊɽʍʅʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʎʀʌʈʆɺʆʁ 

ʊɽʇʃʆʕʃɽʂʊʈʆʎɽʅʊʈɸʃʀ ʉʄʆʃɽʅʉʂʆʁ ʊʕʎ-2 ʉ 

ɺʆɿʄʆɾʅʆʉʊʔʖ ʀʅʊɽɻʈɸʎʀʀ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʵʪʘʧʥʦʡ ʢʦʥʮʝʧʮʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʡ, 

ʚʢʣʶʯʘʶʱʝʡ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ ʛʠʙʨʠʜʥʦʡ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʎʠʬʨʦʚʘʷ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ (ʎʊʕʎ) ï ʵʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʦ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IIoT), ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʥʘʣʠʪʠʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʶ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜ ʧʝʨʝʭʦʜʦʤ ʢ ʮʠʬʨʦʚʦʡ 

ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2, ʚʢʣʶʯʘʶʱʘʷ: 

- ʮʠʬʨʦʚʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ; 

- ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ; 

- ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ; 

- ʠʥʪʝʛʨʘʮʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʠ ʩʠʩʪʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ (Smart Grid). 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʩ 

ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʘ 

ʉʤʦʣʝʥʩʢʦʡ ʊʕʎ-2 ʢ ʬʦʨʤʘʪʫ ʮʠʬʨʦʚʦʡ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʩ ʠʥʪʝʛʨʘʮʠʝʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʦʮʝʥʢʘ ʝʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ [2]. 
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ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ ʚ ʩʪʨʫʢʪʫʨʫ ʊʕʎ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʛʠʙʨʠʜʥʦʡ 

ʩʭʝʤʝ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʝʨʝʤʝʥʥʦʩʪʴ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ [3]. ɼʣʷ ʫʩʣʦʚʠʡ ʉʤʦʣʝʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ: 

1. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʷʭ ʩʪʘʥʮʠʠ (5-

10 ʄɺʪ). 

2. ɹʠʦʪʦʧʣʠʚʥʳʡ ʢʦʪʸʣ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ 

ʦʪʭʦʜʦʚ. 

3. ʉʠʩʪʝʤʳ ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (BESS) ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ 

ʧʠʢʦʚ ʥʘʛʨʫʟʢʠ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʫʤʝʥʴʰʠʪʴ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʩʪʘʥʮʠʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʮʠʬʨʦʚʫʶ 

ʤʦʜʝʨʥʠʟʘʮʠʶ, ʘ ʠʤʝʥʥʦ ʚʥʝʜʨʝʥʠʝ ʝʜʠʥʦʡ ʧʣʘʪʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ; ʫʩʪʘʥʦʚʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʚʠʙʨʘʮʠʠ; ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩʪʘʥʮʠʠ; 

ʚʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʪʫʨʙʠʥ 

ʠ ʢʦʪʣʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ʇʦ ʦʮʝʥʢʘʤ, ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ 

ʩʦʩʪʘʚʠʪʴ 3ï5 % ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʛʝʥʝʨʘʮʠʠ. ʉʦʣʥʝʯʥʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʧʦʢʨʳʚʘʝʪ ʯʘʩʪʴ ʜʥʝʚʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʪʝʣʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩʠʨʦʚʢʫ. ɹʠʦʪʦʧʣʠʚʥʳʡ ʢʦʪʸʣ ʩʥʠʞʘʝʪ ʜʦʣʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʣʘʥʩʝ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʘ ʩʧʨʦʩʘ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʳʥʦʯʥʳʭ ʮʝʥ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʢʦʥʪʫʨʘ: 

- ʠʥʪʝʛʨʘʮʠʷ ʩʪʘʥʮʠʠ ʚ ʨʝʛʠʦʥʘʣʴʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ 

(Smart Grid); 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʦʧʝʨʘʪʦʨʦʤ ʵʥʝʨʛʦʩʠʩʪʝʤʳ; 

- ʚʥʝʜʨʝʥʠʝ ʢʠʙʝʨʟʘʱʠʪʳ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ: 

- ʮʠʬʨʦʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ; 

- ʤʦʜʝʨʥʠʟʘʮʠʶ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʆʞʠʜʘʝʤʳʝ ʵʬʬʝʢʪʳ: 

- ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 10-15 %; 

- ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ; 



110 

- ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ COϜ ʥʘ 8-12%; 

- ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 7-10 ʣʝʪ ʧʨʠ ʫʩʣʦʚʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʫʯʘʩʪʠʷ ʚ ʧʨʦʛʨʘʤʤʘʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ 

ʛʝʥʝʨʘʮʠʠ. 

ʇʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʡ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ; ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʩʬʝʨʝ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʦʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʢʠ [4]. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʉʤʦʣʝʥʩʢʘʷ ʊʕʎ-2 ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʠʥʪʝʛʨʘʮʠʠ ɺʀʕ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʦʵʪʘʧʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʩʥʠʟʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʥʮʠʠ. ʎʠʬʨʦʚʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʊʕʎ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ 

ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 
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ɺ.ɺ. ʗʥʯʫʢ, ʘʩʧ.; ʨʫʢ. ɺ.ʅ. ʈʦʤʘʥʶʢ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 
ɸɹʉʆʈɹʎʀʆʅʅʓʁ ʊɽʇʃʆɺʆʁ ʅɸʉʆʉ ʉ ɻɸɿʆɺʓʄ  

ʇʈʀɺʆɼʆʄ ʅɸ ʇʈʆʄʓʐʃɽʅʅʆ-ʆʊʆʇʀʊɽʃʔʅʆʁ ʊʕʎ 

 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʥʘ 2026-2030 ʛʛ., ʢ 2030 ʛʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʪʠʪʴ 

ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 37 % ʦʪ ʫʨʦʚʥʷ 1990 ʛʦʜʘ [1]. ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʚ ɹʝʣʘʨʫʩʠ, 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ [2]. 

ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʚ 2024 ʛʦʜʫ 62,25 % ʚʩʝʡ ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʣʫʯʝʥʦ ʟʘ ʩʯʝʪ ʧʨʷʤʦʛʦ ʩʞʠʛʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ [3], ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [4, 5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʚʢʣʶʯʝʥʠʝ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ɸɹʊʅ) ʩ ʪʝʧʣʦʚʫʶ ʩʭʝʤʫ ʧʨʦʤʳʰʣʝʥʥʦ-

ʦʪʦʧʠʪʝʣʴʥʦʡ ʊʕʎ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʝʚʦʟʚʨʘʪʦʤ ʢʦʥʜʝʥʩʘʪʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʦʤʫ 

ʮʠʢʣʫ. ʇʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʝʨʛʝʪʠʯʝʩʢʦʛʦ ʂʇɼ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ 

ʥʘ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʥʮʠʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 

ʚʳʨʘʙʦʪʢʫ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ.  

ʕʢʦʥʦʤʠʷ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʙʨʦʩʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʘʨʦʚʦʡ 

ʪʫʨʙʠʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ɸɹʊʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʙʠʨʘʝʶʪʩʷ ʠʟ ʪʨʘʢʪʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʨʷʜʢʘ 350-400Áʉ. 

ɺʢʣʶʯʘʪʴ ɸɹʊʅ ʚ ʩʠʩʪʝʤʫ ʧʦʜʦʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʩʣʝʜʫʝʪ ʥʘ 

ʩʪʘʥʮʠʷʭ ʧʨʦʤʫʟʣʦʚ, ʘ ʠʤʝʥʥʦ: ʅʦʚʦʧʦʣʦʮʢʘʷ ʊʕʎ, ʄʦʟʳʨʩʢʘʷ ʊʕʎ ʠ 

ɻʨʦʜʥʝʥʩʢʘʷ ʊʕʎ-2, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʚʦʟʚʨʘʪʳ ʢʦʥʜʝʥʩʘʪʘ. 

ɺʦʟʚʨʘʪ ʢʦʥʜʝʥʩʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʙʦʨʦʚ ʧʘʨʘ ʥʘ ʅʦʚʦʧʦʣʦʮʢʦʡ ʊʕʎ ʠ 

ʄʦʟʳʨʩʢʦʡ ʊʕʎ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ɻʨʦʜʥʝʥʩʢʦʡ ʊʕʎ-2 ʜʣʷ ʦʪʦʧʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʥʝʚʦʟʚʨʘʪ ʢʦʥʜʝʥʩʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 70%, ʜʣʷ ʤʝʞʦʪʦʧʠʪʝʣʴʥʦʛʦ ï 45%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ʪʫʨʙʠʥʘʤʠ ʪʠʧʘ ʇʊ-60 ʠ 

ʇʊ-70, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʘʥʥʳʭ ʩʪʘʥʮʠʷʭ. 
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ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʧʫʩʢʘ ʧʘʨʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 

ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʩʪʘʥʮʠʠ, ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʜʦʛʨʝʚʘ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʧʘʨʘ ʚ ʦʪʙʦʨʳ ʥʘ ʧʦʜʦʛʨʝʚ ʧʠʪʘʪʝʣʴʥʦʡ 

ʚʦʜʳ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʳʨʘʙʦʪʢʘ ʩʥʠʞʘʝʪʩʷ.  

ʅʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʂʇɼ ʵʥʝʨʛʦʙʣʦʢʘ (ʧʦ ʪʝʢʫʱʠʤ 

ʥʘʛʨʫʟʢʘʤ) ʧʦʣʫʯʝʥ 5,3 %, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʂʇɼ ï 4,0 %.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʳʢʘʶʱʝʡ ʩʪʘʥʮʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʨʠʥʷʪʘ ʂʕʉ ʩ ʫʜʝʣʴʥʳʤ 

ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ 302,8 ʛ ʫ.ʪ./ʢɺʪĿʯ [6]. ʇʨʠ ʵʪʦʤ ʛʦʜʦʚʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ ʥʘ ʫʢʘʟʘʥʥʳʭ 

ʩʪʘʥʮʠʷʭ ʩʦʩʪʘʚʠʪ 12,8 ʪʳʩ. ʪ ʫ.ʪ./ʛʦʜ.  

ʇʦ ʜʘʥʥʳʤ ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɸɹʊʅ, ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ɸɹʊʅ ʩ ʧʨʠʚʦʜʦʤ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ɸɹʊʅ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʤʦʱʥʦʩʪʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ [7], ʧʨʦʩʪʦʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ 

ʙʦʣʝʝ 10 ʣʝʪ. ʉ ʫʯʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ɼʝʧʘʨʪʘʤʝʥʪʘ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦ 

ʨʘʩʯʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 2026 ʛʦʜʫ 195 

ʜʦʣʣʣʘʨʦʚ ʉʐɸ [8], ʧʦʣʫʯʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʨʦʩʪʳʝ ʩʨʦʢʠ 

ʦʢʫʧʘʝʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʝ ʠ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 2 ʣʝʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ɸɹʊʅ (ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʦʩʦʩʦʚ) ʜʣʷ 

ʧʦʜʦʛʨʝʚʘ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ ʊʕʎ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ɸɹʊʅ 

ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʪʙʠʨʘʝʤʳʭ ʠʟ ʪʨʘʢʪʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʩʫʤʤʘʨʥʦʛʦ ʦʪʧʫʩʢʘ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ɸɹʊʅ 

ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ ʚ ʪʝʧʣʦʚʫʶ ʩʭʝʤʫ ʙʣʦʢʦʚ ʪʫʨʙʠʥ ʇʊ-60 ʠ ʇʊ-

70 ʥʘ ʅʦʚʦʧʦʣʦʮʢʦʡ ʊʕʎ, ʄʦʟʳʨʩʢʦʡ ʊʕʎ ʠ ɻʨʦʜʥʝʥʩʢʦʡ ʊʕʎ-2 ʛʦʜʦʚʘʷ 

ʵʢʦʥʦʤʠʷ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ɹʝʣʦʨʫʩʩʢʦʡ ʆʕʉ ʩʦʩʪʘʚʠʪ 12,8 ʪʳʩ. ʪ ʫ. ʪ. 

ʇʨʦʩʪʳʝ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ɸɹʊʅ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ 

ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʥʝʨʛʦʙʣʦʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʜʣʷ ʚʩʝʭ ʩʪʘʥʮʠʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 2 ʣʝʪ ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

[1]. ʇʨʦʛʨʘʤʤʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʥʘ 2026ï2030 ʛʛ. // ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʧʨʘʚʦʚʦʡ ʠʥʪʝʨʥʝʪ-ʧʦʨʪʘʣ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.01.2026).  

[2]. Our world in data. Greenhouse gas emissions by sector [ʩʘʡʪ]. ï Oxford, 2026. ï URL: 

https://ourworldindata.org/grapher/ghg-emissions-by-sector?country=~BLR (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.01.2026). 

[3]. Our world in data. Electricity mix [ʩʘʡʪ]. Oxford, 2026. URL: https://ourworldindata.org/electricity-mix (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 20.01.2026). 

[4]. ʗʥʯʫʢ ɺ.ɺ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʮʠʢʣʝ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ 

ʇʊ-60 / ɺ.ɺ. ʗʥʯʫʢ, ɺ.ʅ. ʈʦʤʘʥʶʢ // ʕʥʝʨʛʝʪʠʢʘ. ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʲʝʜʠʥʝʥʠʡ ʉʅɻ. 2023. ˉ6. ʉ. 509ï529. 

[5]. ʗʥʯʫʢ ɺ.ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢʦʪʣʘ ʜʣʷ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ / ɺ.ɺ. ʗʥʯʫʢ, ɺ.ʅ. ʈʦʤʘʥʶʢ // ʕʥʝʨʛʝʪʠʢʘ. ʀʟʚʝʩʪʠʷ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʜʠʥʝʥʠʡ ʉʅɻ. 2025. ˉ4. ʉ. 343ï352. 

[6]. ɼʝʧʘʨʪʘʤʝʥʪ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʋʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ ʥʘ ʦʪʧʫʩʢ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʵʥʝʨʛʠʠ ʠ 

ʧʦʪʝʨʠ ʚ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʩʝʪʷʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 2025 ʛʦʜʫ ʚ ʨʘʩʯʝʪʘʭ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ [ʩʘʡʪ]. ʄʠʥʩʢ, 2026. URL: https://energoeffect.gov.by/programs/forming/spravka/20250217_news1 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 20.01.2026). 

[7]. ʀʅʉʊʈʋʂʎʀʗ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ : ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ, ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʵʥʝʨʛʝʪʠʢʠ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ ʠ ʂʦʤʠʪʝʪʘ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʉʦʚʝʪʝ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧ. ɹʝʣʘʨʫʩʴ ʦʪ 

24.12.2003 ˉ252/45/7 // ɼʝʧʘʨʪʘʤʝʥʪ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. URL: 

https://energoeffect.gov.by/supervision/framework/-24122003-252457 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2026). 

[8]. ɼʝʧʘʨʪʘʤʝʥʪ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆ ʨʘʩʯʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ 1 ʪʦʥʥʳ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 2026 ʛʦʜʫ [ʩʘʡʪ]. 

ʄʠʥʩʢ, 2026. URL: https://energoeffect.gov.by/programs/forming/spravka/20250422_sprav-2 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

26.01.2026). 
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ʉɽʂʎʀʗ 3 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ 

ʊɽʍʅʆʃʆɻʀʀ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 
 

ɸ.ʇ. ɸʙʨʘʤʦʚ, ʩʪʫʜ.; ʨʫʢ. ʂ.ʀ.ʉʚʠʨʠʜʝʥʢʦʚʘ, ʢ.ʥ.ʪ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 
ɸʅɸʃʀɿ ɺɽʈʉʀʁ ʇʈʆʊʆʂʆʃɸ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ MODBUS 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

Modbus, ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʝʨʩʠʡ Modbus RTU ʠ Modbus TCP/IP ʧʦ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʢʘʢ ʩʧʦʩʦʙ 

ʧʝʨʝʜʘʯʠ, ʩʢʦʨʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32 ʠ 

ʠʥʪʝʨʬʝʡʩʘ RS-485. ʆʪʤʝʯʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʦʪʦʢʦʣʘ (ʧʨʦʩʪʦʪʘ, ʦʪʢʨʳʪʦʩʪʴ, 

ʰʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʝʛʦ ʢʣʶʯʝʚʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʫʷʟʚʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Modbus, Modbus RTU, Modbus TCP, RS-485, STM32, 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʢʣʶʯʝʚʦʡ ʨʦʣʴʶ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ɸʉʋ ʊʇ) ʠ "ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ" (IoT). ʉ ʨʦʩʪʦʤ 

ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʦʜʥʦʤ ʦʙʲʝʢʪʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʜʝʞʥʦʤ, ʧʨʦʩʪʦʤ ʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ, 

ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʇʨʦʪʦʢʦʣ Modbus, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʦʪʢʨʳʪʦʩʪʠ ʠ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ, ʫʞʝ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʦʩʪʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʦ ʥʘʯʘʣʘ ʚʩʝʦʙʱʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʪʠ, Modbus 

ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʬʝʨʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʨʦʪʦʢʦʣʘ Modbus, ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʦʩʥʦʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʠ 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʪʦʢʦʣʘ ʚ ʩʚʷʟʢʝ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ STM32 ʠ 

ʠʥʪʝʨʬʝʡʩʦʤ RS-485.[1] 

ʊʝʧʝʨʴ ʨʘʟʙʝʨʝʤ ʩʫʱʥʦʩʪʴ ʠ ʧʦʥʷʪʠʝ ʪʝʭʥʦʣʦʛʠʠ. Modbus ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʢʨʳʪʳʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʨʦʪʦʢʦʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ 

çʢʣʠʝʥʪ-ʩʝʨʚʝʨè (ʠʣʠ çʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʡè). ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ 

Modicon (Schneider Electric) ʚ 1979 ʛʦʜʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʘʭ (ʇʃʂ) [2]. ʎʝʣʴ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʢʦʣʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʩʪʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ Modbus ʷʚʣʷʝʪʩʷ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ 

ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ (7-ʡ ʫʨʦʚʝʥʴ) ʤʦʜʝʣʠ OSI. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʪʦʢʦʣ 
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ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʫʧʘʢʦʚʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʥʦ ʥʝ ʧʨʠʚʷʟʘʥ ʞʝʩʪʢʦ ʢ 

ʢʦʥʢʨʝʪʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ. ʀʥʬʦʨʤʘʮʠʷ ʚ ʧʨʦʪʦʢʦʣʝ Modbus 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʚʠʜʝ PDU (Protocol Data Unit), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʜ ʬʫʥʢʮʠʠ ʠ 

ʙʣʦʢ ʜʘʥʥʳʭ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ PDU 

çʦʙʦʨʘʯʠʚʘʝʪʩʷè ʚ ADU (Application Data Unit), ʜʦʙʘʚʣʷʷ ʘʜʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ, ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʪʦʢʦʣʘ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ Modbus RTU (Remote Terminal Unit) ʠ 

Modbus ASCII ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ Modbus TCP/IP ʜʣʷ 

ʩʝʪʝʡ Ethernet. Modbus RTU ʠʩʧʦʣʴʟʫʝʪ ʜʚʦʠʯʥʫʶ ʢʦʜʠʨʦʚʢʫ ʜʘʥʥʳʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ. Modbus 

ASCII, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʜʠʨʫʝʪ ʢʘʞʜʳʡ ʙʘʡʪ ʜʚʫʤʷ ASCII-ʩʠʤʚʦʣʘʤʠ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ, ʥʦ ʜʝʣʘʝʪ ʩʦʦʙʱʝʥʠʷ ʯʠʪʘʝʤʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʘʫʟʳ ʚ ʧʝʨʝʜʘʯʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʰʠʙʦʢ. Modbus TCP/IP ʠʥʢʘʧʩʫʣʠʨʫʝʪ PDU ʚ ʧʘʢʝʪ TCP/IP, ʜʦʙʘʚʣʷʷ ʢ ʥʝʤʫ 

ʩʧʝʮʠʘʣʴʥʳʡ ʟʘʛʦʣʦʚʦʢ MBAP (Modbus Application Protocol), ʥʦ ʫʜʘʣʷʷ ʧʨʠ ʵʪʦʤ 

ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ, ʪʘʢ ʢʘʢ ʝʝ ʬʫʥʢʮʠʶ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ 

TCP. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʝ 

ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʘ: ʢʣʘʩʩʠʯʝʩʢʠʡ Modbus RTU, ʨʘʙʦʪʘʶʱʠʡ ʧʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʣʠʥʠʷʤ, ʠ ʩʦʚʨʝʤʝʥʥʳʡ Modbus TCP, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʚ 

ʩʝʪʷʭ Ethernet. ʀʭ ʚʳʙʦʨ ʦʧʨʝʜʝʣʷʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʠ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ. Modbus RTU ʠʟʥʘʯʘʣʴʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʨʘʙʦʪʳ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ RS-232, RS-422 

ʠ RS-485. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʷʚʣʷʝʪʩʷ RS-485 ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʝʪʠ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʫʩʪʨʦʡʩʪʚ (ʜʦ 32 ʙʝʟ ʧʦʚʪʦʨʠʪʝʣʝʡ ʠ ʜʦ 247 ʩ ʧʦʚʪʦʨʠʪʝʣʷʤʠ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 

1200 ʤʝʪʨʦʚ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʚʠʪʦʡ ʧʘʨʳè ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ RS-485 ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʧʦʣʫʜʫʧʣʝʢʩʥʦʡ, ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩʪʨʦʛʦ 

ʧʦʜʯʠʥʝʥ ʘʨʭʠʪʝʢʪʫʨʝ çʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʡè (master-slave). ɺʝʜʫʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

(master) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʘʰʠʚʘʝʪ ʢʘʞʜʦʝ ʚʝʜʦʤʦʝ (slave), ʦʪʧʨʘʚʣʷʷ ʟʘʧʨʦʩ 

ʠ ʦʞʠʜʘʷ ʦʪʚʝʪ. ɺʝʜʦʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, Modbus TCP ʨʘʙʦʪʘʝʪ ʧʦʚʝʨʭ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ Ethernet 

(ʚʠʪʘʷ ʧʘʨʘ ʢʘʪʝʛʦʨʠʠ 5e/6, ʦʧʪʦʚʦʣʦʢʥʦ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʛʨʘʬʠʝʡ (ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ). ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʪʘʢʠʭ ʩʝʪʷʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ (ʜʦ 1 ɻʙʠʪ/ʩ ʠ ʙʦʣʝʝ). ɺ ʩʝʪʷʭ 

TCP/IP ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ ʚʝʜʫʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʨʦʣʠ ʩʝʨʚʝʨʘ, ʪʘʢ ʠ ʢʣʠʝʥʪʘ [3]. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. Modbus RTU, ʨʘʙʦʪʘʷ ʥʘ ʪʠʧʦʚʳʭ 

ʩʢʦʨʦʩʪʷʭ 9600-115200 ʙʠʪ/ʩ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ 
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ɸʉʋ ʊʇ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɽʛʦ ʥʘʜʝʞʥʦʩʪʴ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʦʥʪʘʞʘ ʩʝʪʠ: ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʣʠʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʨʝʟʠʩʪʦʨʦʚ (120 ʆʤ), ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʟʝʤʣʝʥʠʷ ʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʢʘʙʝʣʷ. ʅʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ʮʝʣʦʩʪʥʦʩʪʴ ʧʘʢʝʪʦʚ ʚ RTU 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ CRC16, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʥʝʮ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʘʢʝʪʘ RTU 

ʠʩʧʦʣʴʟʫʝʪ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ (ʪʘʡʤʘʫʪʳ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʚʨʝʤʝʥʥʳʤ ʟʘʜʝʨʞʢʘʤ. 

Modbus TCP, ʠʩʧʦʣʴʟʫʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ Ethernet, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʳ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʢʦʤʤʫʪʘʪʦʨʳ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ). ʅʘʜʝʞʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʧʨʦʪʦʢʦʣʦʤ TCP, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʩʘʤʦʛʦ Modbus-ʧʘʢʝʪʘ 

ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʦʦʙʱʝʥʠʡ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʝʚʳʤ ʩʪʝʢʦʤ 

[4]. 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. Modbus RTU ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʥʝʙʦʣʴʰʠʭ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʤʝʥ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʢʣʠʤʘʪʦʤ, ʣʦʢʘʣʴʥʳʝ ʱʠʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʫʯʝʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʟʜʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʣʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʧʦʣʘʜʦʢ. 

Modbus TCP ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʢʨʫʧʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ SCADA, 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʦʙʣʘʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʝʡ Ethernet ʫʧʨʦʱʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʰʝ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʦʤʤʫʪʘʪʦʨʘʭ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʥʪʨʦʣʣʝʨʘʭ. 

ɺ ʨʘʤʢʘʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʝʤʝʡʩʪʚʘ STM32 ʠ ʠʥʪʝʨʬʝʡʩʘ RS-485, 

ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus RTU. ɺʳʙʦʨ STM32 ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʰʠʨʦʢʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ʧʝʨʠʬʝʨʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ (USART). 

ʌʠʟʠʯʝʩʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʦʧʦʣʦʛʠʠ "ʦʙʱʘʷ ʰʠʥʘ" ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʙʝʣʷ ʥʘ ʦʩʥʦʚʝ ʚʠʪʦʡ ʧʘʨʳ. ɼʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ (TTL 3.3V ʠʣʠ 

5V) ʠ ʣʠʥʠʝʡ RS-485 ʧʨʠʤʝʥʷʣʘʩʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ-ʪʨʘʥʩʠʚʝʨ 

MAX485. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʧʨʠʝʤʘ/ʧʝʨʝʜʘʯʠ ʪʨʘʥʩʠʚʝʨʘ, ʪʘʢ ʢʘʢ RS-485 ï ʵʪʦ 

ʧʦʣʫʜʫʧʣʝʢʩʥʘʷ ʰʠʥʘ. ɺʳʚʦʜ RE/DE ʪʨʘʥʩʠʚʝʨʘ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʦʪʜʝʣʴʥʦʡ 

ʣʠʥʠʠ GPIO ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʷʟʳʢʝ C ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Keil 

uVision, ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʧʝʨʠʬʝʨʠʠ (USART, ʪʘʡʤʝʨʳ), 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʫʨʦʚʥʷ Modbus RTU ʠ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  
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ɹʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ Modbus: ʯʪʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʭʨʘʥʝʥʠʷ 

(Holding Registers) ʠ ʯʪʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ (Discrete Inputs). ʉʪʨʫʢʪʫʨʘ 

ʧʘʢʝʪʘ Modbus RTU ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʘʜʨʝʩ ʚʝʜʦʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (1 ʙʘʡʪ), ʢʦʜ ʬʫʥʢʮʠʠ (1 ʙʘʡʪ), ʙʣʦʢ ʜʘʥʥʳʭ (ʧʝʨʝʤʝʥʥʘʷ ʜʣʠʥʘ) ʠ 

ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ CRC16 (2 ʙʘʡʪʘ). ɼʣʷ ʨʘʩʯʝʪʘ CRC16 ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʪʘʙʣʠʯʥʳʡ ʤʝʪʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ ʥʘ 

ʩʢʦʨʦʩʪʠ 115200 ʙʦʜ ʧʨʠ ʜʣʠʥʝ ʣʠʥʠʠ ʩʚʷʟʠ ʜʦ 50 ʤʝʪʨʦʚ. ɼʘʥʥʳʡ ʦʧʳʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʚʷʟʢʘ STM32 + RS-485 + Modbus RTU ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʜʦʨʦʛʠʭ, ʥʦ ʥʘʜʝʞʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʯʝʚʠʜʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʧʨʦʪʦʢʦʣ 

Modbus ʦʙʣʘʜʘʝʪ ʩʝʨʴʝʟʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʚʦʧʨʦʩʳ ʩʝʪʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ 

ʩʪʦʷʣʠ ʪʘʢ ʦʩʪʨʦ, ʦʥ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʤʝʭʘʥʠʟʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ 

ʦʪʧʨʘʚʠʪʴ ʢʦʨʨʝʢʪʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʘʢʝʪ ʚ ʩʝʪʴ Modbus, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʨʦʣʠ ʚʝʜʫʱʝʛʦ (master) ʠ ʦʪʜʘʚʘʪʴ ʢʦʤʘʥʜʳ ʚʝʜʦʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʫʛʨʦʟʫ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ɸʪʘʢʘ ʪʠʧʘ çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè (Man-in-the-Middle) ʧʦʟʚʦʣʷʝʪ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʠ ʧʦʜʤʝʥʷʪʴ ʧʘʢʝʪʳ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʝ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʜʘʪʯʠʢʘʤʠ ʠʣʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [5]. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʚʠʜʝ (ʦʪʩʫʪʩʪʚʠʝ ʰʠʬʨʦʚʘʥʠʷ) ʜʝʣʘʝʪ 

ʧʨʦʪʦʢʦʣ ʫʷʟʚʠʤʳʤ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʠ. ɿʣʦʫʤʳʰʣʝʥʥʠʢ, 

ʧʦʣʫʯʠʚ ʜʦʩʪʫʧ ʢ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʧʦʜʢʣʶʯʠʚʰʠʩʴ ʢ ʰʠʥʝ 

RS-485 ʠʣʠ ʚʦʡʜʷ ʚ ʩʝʛʤʝʥʪ ʩʝʪʠ Ethernet), ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ ʠ 

ʧʦʣʫʯʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʨʠʩʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ. ʅʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʠ ʢʘʙʝʣʴʥʳʤ ʪʨʘʩʩʘʤ. ʅʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ï ʩʝʛʤʝʥʪʘʮʠʷ ʩʝʪʝʡ ɸʉʋ ʊʇ ʩ 

ʧʦʤʦʱʴʶ ʤʝʞʩʝʪʝʚʳʭ ʵʢʨʘʥʦʚ, ʚʳʜʝʣʷʷ ʪʨʘʬʠʢ Modbus ʚ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ, 

ʥʝ ʠʤʝʶʱʫʶ ʧʨʷʤʦʛʦ ʚʳʭʦʜʘ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ ʠʣʠ ʠʥʪʝʨʥʝʪ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʰʣʶʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 

ʛʣʫʙʦʢʫʶ ʠʥʩʧʝʢʮʠʶ ʧʘʢʝʪʦʚ (DPI) ʠ ʬʠʣʴʪʨʘʮʠʶ ʢʦʤʘʥʜ Modbus. ʉʦʚʨʝʤʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʤʝʪʦʜʳ ʫʩʠʣʝʥʠʷ ʟʘʱʠʪʳ ʥʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ, ʥʘʧʨʠʤʝʨ, ʚʥʝʜʨʝʥʠʝ ʣʝʛʢʦʚʝʩʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʝʨʠʬʠʢʘʮʠʠ ʫʟʣʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʧʝʨʘʮʠʠ XOR ʩ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ. ʊʘʢʠʝ ʤʝʪʦʜʳ, ʙʫʜʫʯʠ 

ʩʦʚʤʝʩʪʠʤʳʤʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʪʦʢʦʣʘ, ʚʥʦʩʷʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʘʜʝʨʞʢʠ (ʤʝʥʝʝ 2%) ʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʘʪʘʢʘʤ ʧʦʜʤʝʥʳ, 

ʥʝ ʪʨʝʙʫʷ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʝʛʦ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ [6]. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʪʦʢʦʣ Modbus ʥʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʝ 40 ʣʝʪ, ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʦʩʪʦʪʘ, ʦʪʢʨʳʪʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʦʙʝʩʧʝʯʠʣʠ ʝʤʫ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ 

ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʚʝʨʩʠʡ Modbus RTU 

ʠ Modbus TCP ʚʳʷʚʠʣʦ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ: RTU 

ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʣʦʢʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ ʥʘ ʙʘʟʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TCP/IP ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʫʶ IT-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ Modbus RTU ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʭʝʤ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʪʝʢ ʧʨʦʪʦʢʦʣʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʘʧʧʘʨʘʪʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʥʝʜʦʨʦʛʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɻʣʘʚʥʳʤ ʚʳʟʦʚʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Modbus ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʨʦʞʜʝʥʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʰʠʬʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʠʥʪʝʛʨʘʪʦʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ï 

ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ ʩʝʪʝʡ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʜʩʪʨʦʝʢ. ʅʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʵʪʦʪ 

ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʩʢʘʞʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 
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ɸ.ɸ. ɸʥʜʨʶʱʝʥʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʆ.ɺ. ɹʫʣʳʛʠʥʘ ʢ.ʵ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 
ʇʈʆʄʓʐʃɽʅʅʓʁ ʀʅʊɽʈʅɽʊ ɺɽʑɽʁ:  

ɹɽɿʆʇɸʉʅʆʉʊʔ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʫʜʘʣʸʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʪʚʝʪʦʚ ʥʘ ʵʪʠ ʚʳʟʦʚʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

(IIoT), ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʩʥʦʚʫ ʜʣʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʘ 

2025 ʛʦʜ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʦʛʣʦ ʚʳʨʘʩʪʠ ʥʘ 15%, ʜʦʩʪʠʛʥʫʚ ʦʢʦʣʦ 181 ʤʣʨʜ 

ʨʫʙʣʝʡ. 

ɺ ʦʙʱʝʤ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]:  

1. ʉʝʥʩʦʨʥʳʝ ʜʘʪʯʠʢʠ ʠ ʫʩʪʨʦʡʩʪʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʦʢʘʟʘʥʠʡ ʩ ʨʘʟʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʝʥʩʦʨʳ, ʠʟʤʝʨʠʪʝʣʠ ʜʘʚʣʝʥʠʷ, 

ʜʚʠʛʘʪʝʣʴʥʳʝ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ).  

2. ʉʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʤʝʥ ʩʦʙʨʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ 

çʦʙʣʘʢʝè ʠʣʠ ʥʘ ʩʝʨʚʝʨʝ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʝ 

ʢʘʥʘʣʳ ʩʚʷʟʠ: ʙʝʩʧʨʦʚʦʜʥʳʝ ʠ ʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʥʠʟʢʦ 

ʧʦʪʨʝʙʣʷʶʱʠʝ ʩʝʪʠ ʠ ʪ.ʜ.  

3. ʎʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʢʘʢ ʣʦʢʘʣʴʥʦ, ʪʘʢ ʠ ʥʘ ʩʪʦʨʦʥʥʠʭ ʩʝʨʚʠʩʘʭ (ʥʘʧʨʠʤʝʨ, ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ).  

4. ʀʥʩʪʨʫʤʝʥʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, 

ʠʟʚʣʝʢʘʪʴ ʮʝʥʥʳʝ ʚʳʚʦʜʳ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʦʢʨʫʞʝʥʠʷ.  

5. ʇʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʥʝʛʦ. ʂ ʧʦʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʪʥʦʩʷʪ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩʳ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʜʝʩʢʪʦʧʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ɺʥʝʜʨʝʥʠʝ IIOT ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʙʣʘʛʦʜʘʨʷ: ʨʦʩʪʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʢʣʶʯʸʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʟʚʠʪʠʶ ʩʪʘʥʜʘʨʪʦʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʨʘʩʰʠʨʝʥʠʶ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʥʘʜʝʞʥʳʭ IIoT-

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠ ʟʘʯʘʩʪʫʶ 

ʫʜʘʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. 
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ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʨʝʰʝʥʠʝʤ ʦʩʪʘʝʪʩʷ 

ʧʨʦʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ. ʆʜʥʘʢʦ ʜʣʷ ʜʘʪʯʠʢʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ 

ʥʘ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʦʙʲʝʢʪʘʭ, ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʣʠ ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʘʭ, ʪʘʢʦʡ 

ʩʧʦʩʦʙ ʥʝʧʨʠʤʝʥʠʤ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʙʘʪʘʨʝʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʤʥʦʛʦʣʝʪʥʶʶ ʨʘʙʦʪʫ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʠʭ 

ʩʣʫʞʙʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ 

ʫʩʪʨʦʡʩʪʚ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʩʥʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʧʦʪʨʝʙʣʝʥʠʝʤ, çʧʨʦʩʳʧʘʷʩʴè ʣʠʰʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʭʘʨʚʝʩʪʠʥʛ ï 

ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʋʩʪʨʦʡʩʪʚʘ IIoT ʤʦʛʫʪ ʦʩʥʘʱʘʪʴʩʷ ʤʠʥʠʘʪʶʨʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʜʣʷ ʧʠʪʘʥʠʷ ʦʪ ʚʠʙʨʘʮʠʡ ʨʘʙʦʪʘʶʱʠʭ ʤʦʪʦʨʦʚ, ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʜʘʞʝ ʦʪ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʮʝʭʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʟʘʤʝʥʳ 

ʙʘʪʘʨʝʡ. ɺʳʙʦʨ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʩʚʷʟʠ, ʪʘʢʠʭ ʢʘʢ LoRaWAN ʠ 

NB-IoT, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʜʝʣʘʷ ʪʘʢʠʝ 

ʨʝʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ ʠ ʧʨʘʢʪʠʯʥʳʤʠ 

ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʘʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʚʦʟʨʘʩʪʘʝʪ ʠ ʯʠʩʣʦ ʫʛʨʦʟ, ʢʦʪʦʨʳʤ ʦʥʘ ʧʦʜʚʝʨʞʝʥʘ [2]. ʅʝʢʦʪʦʨʳʝ ʫʛʨʦʟʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ IIoT-ʩʠʩʪʝʤ 
ʋʛʨʦʟʘ ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ 

ɸʪʘʢʠ ʯʝʨʝʟ 

ʥʝʙʝʟʦʧʘʩʥʳʝ 

ʧʨʦʰʠʚʢʠ ʠ 

ʫʷʟʚʠʤʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʥʘ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʫʩʪʘʥʦʚʢʠ 

ʩʢʨʳʪʦʛʦ ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ 

ʂʨʠʪʠʯʝʩʢʠʝ ʫʷʟʚʠʤʦʩʪʠ IP-

ʢʘʤʝʨ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʫʜʘʣʸʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʠʟʦʙʨʘʞʝʥʠʶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ, 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠʣʠ ʢʨʘʞʠ 

ʜʘʥʥʳʭ 

ɸʪʘʢʠ DDoS ʯʝʨʝʟ 

IoT-ʙʦʪʥʝʪʳ 

ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʟʘʭʚʘʪʳʚʘʶʪ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʘ ʥʠʭ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʜ, 

ʢʦʪʦʨʳʡ ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʚ ʙʦʪʥʝʪʳ ï 

ʩʝʪʠ ʜʣʷ ʘʪʘʢ 

ɸʪʘʢʘ ʥʘ ʩʝʨʚʝʨʳ ʢʨʫʧʥʳʭ 

ʩʪʨʠʤʠʥʛʦʚʳʭ ʧʣʘʪʬʦʨʤ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʠʟ-ʟʘ 

ʢʦʪʦʨʦʡ ʨʘʙʦʪʘ ʩʘʡʪʦʚ ʙʳʣʘ 

ʧʨʝʨʚʘʥʘ 

ʇʝʨʝʭʚʘʪ ʜʘʥʥʳʭ 

çʯʝʣʦʚʝʢ 

ʧʦʩʝʨʝʜʠʥʝè 

(Man-in-the-

Middle) 

ɺ ʩʝʪʷʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʰʠʬʨʦʚʘʥʠʝʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ 

ʤʦʛʫʪ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, 

ʠʟʤʝʥʷʪʴ ʠʭ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ 

ɺʟʣʦʤ ʙʘʟʳ ʜʘʥʥʳʭ ʢʘʟʠʥʦ 

ʯʝʨʝʟ ʪʝʨʤʦʩʪʘʪ ʚ ʘʢʚʘʨʠʫʤʝ, 

ʥʘʥʝʩʷ ʠʛʦʨʥʦʤʫ ʟʘʚʝʜʝʥʠʶ 

ʩʝʨʴʸʟʥʳʡ ʨʝʧʫʪʘʮʠʦʥʥʳʡ 

ʫʱʝʨʙ 

ʋʩʪʘʥʦʚʢʘ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ 

(Malware) 

ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʚʥʝʜʨʷʶʪ 

ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʠʝ 

ʟʘʨʘʞʸʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʰʧʠʦʥʘʞʘ, ʩʦʟʜʘʥʠʷ ʙʦʪʥʝʪʦʚ 

ʠʣʠ ʩʘʙʦʪʘʞʘ 

ʉ 2019 ʧʦ 2020 ʛʦʜ ʙʦʪʥʝʪ 

Mozi ʙʳʣ ʠʩʪʦʯʥʠʢʦʤ 90% 

ʛʣʦʙʘʣʴʥʦʛʦ IoT-ʪʨʘʬʠʢʘ, 

ʟʘʨʘʞʘʷ ʤʘʣʦʤʦʱʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʨʦʫʪʝʨʳ 

ʠ ʚʠʜʝʦʨʝʢʦʨʜʝʨʳ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ IIoT-ʩʠʩʪʝʤ 
ɺʟʣʦʤ ʯʝʨʝʟ 

ʩʣʘʙʳʝ ʧʘʨʦʣʠ ʠ 

ʜʝʬʦʣʪʥʳʝ 

ʥʘʩʪʨʦʡʢʠ 

ɸʪʘʢʫʶʱʠʝ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ 

ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʫʞʝ ʠʟʚʝʩʪʥʳ ʠʣʠ ʣʝʛʢʦ 

ʧʦʜʙʠʨʘʶʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʥʘʩʪʨʦʡʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʟʣʦʤʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʢ ʪʦʯʢʫ 

ʚʭʦʜʘ ʚ ʙʦʣʝʝ ʟʘʱʠʱʸʥʥʫʶ ʩʝʪʴ 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʩʪʘʚʣʷʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʤʝʥʷʪʴ 

ʧʘʨʦʣʴ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨ. 

ʂʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʟʘʱʠʪʘ ʧʝʨʠʤʝʪʨʘ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʰʠʚʦʢ ʩ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʦʡ ʠʭ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʱʘʪʝʣʴʥʳʡ ʘʫʜʠʪ ʠ ʚʳʙʦʨ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ 

ʚʥʝʜʨʝʥʠʷ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʝʪʝʚʳʭ ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ DDoS ʠ ʩʦʟʜʘʥʠʝ 

ʙʦʪʥʝʪʦʚ, ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʝʛʤʝʥʪʘʮʠʷ ʩʝʪʠ, ʠʟʦʣʠʨʫʶʱʘʷ 

ʫʩʪʨʦʡʩʪʚʘ IIoT ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (IDS/IPS). 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʘ ʟʘʱʠʪʘ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʫʛʨʦʟ ʧʝʨʝʭʚʘʪʘ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʢʚʦʟʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ (TLS/SSL) ʠ VPN-ʪʫʥʥʝʣʝʡ. ʅʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʙʷʟʘʪʝʣʴʥʘ ʩʤʝʥʘ ʧʘʨʦʣʝʡ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʦʪʢʣʶʯʝʥʠʝ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʝʨʚʠʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ.  ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʇʆ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʥʪʠʚʠʨʫʩʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʨʝʜʦʥʦʩʥʳʤ ʧʨʦʛʨʘʤʤʘʤ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʨʘʟʚʠʪʠʠ IIoT ʟʘʥʠʤʘʝʪ ʠʥʪʝʛʨʘʮʠʷ ʚ ʥʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ, ʩʦʙʠʨʘʝʤʳʭ ʩ ʩʝʪʝʡ ʜʘʪʯʠʢʦʚ, ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʥʦʤʘʣʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʀʀ-ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʦʪʢʘʟʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʠʙʨʘʮʠʦʥʥʳʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʧʣʘʥʦʚʦʛʦ ʢ ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ. ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: ʤʝʪʦʜʳ ʀʀ ʩʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ, ʫʧʨʘʚʣʷʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʠ ʜʘʞʝ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ 

ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʚ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ.  

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ 

IIoT ʜʦʣʞʥʘ ʧʨʝʚʨʘʪʠʪʴʩʷ ʠʟ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʘʢʪʠʚʥʫʶ, 

ʩʘʤʦʦʙʫʯʘʶʱʫʶʩʷ ʫʧʨʘʚʣʷʶʱʫʶ ʧʣʘʪʬʦʨʤʫ, ʩʧʦʩʦʙʥʫʶ ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝè 

 

ʀʄʇʋʃʔʉʅʆɽ ʉʎɽʅɸʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʅɸ ʆʉʅʆɺɽ ʅɽʏɽʊʂʀʍ ʂʆʅʀʊʀɺʅʓʍ ʂɸʈʊ 

 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʝ ʢʘʢ: ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, 

ʧʦʣʠʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪ.ʜ. ɺʩʝ ʵʪʠ ʩʠʩʪʝʤʳ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʘʟʣʠʯʥʳʤʠ ʩʚʷʟʷʤʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ 

ʦʧʠʩʘʥʠʶ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʧʦʣʥʦʪʦʡ ʜʘʥʥʳʭ ʦ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ 

ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʘʜʘʧʪʘʮʠʷ ʢ ʥʠʤ ʪʨʝʙʫʶʪ ʪʨʫʜʦʝʤʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʚʝʜʝʥʠʝ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ 

ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʪʨʫʜʥʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʶʱʝʤ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʮʝʥʘʨʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʩʮʝʥʘʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʢʦʛʥʠʪʠʚʥʳʭ ʢʘʨʪ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʮʝʩʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜ r ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʠʭ ʢʦʛʥʠʪʠʚʥʳʭ ʢʘʨʪ. ʅʝʯʸʪʢʘʷ ʢʦʛʥʠʪʠʚʥʘʷ ʢʘʨʪʘ (ʅʂʂ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʚʟʚʝʰʝʥʥʳʡ ʛʨʘʬ, ʢʦʥʮʝʧʪʳ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʪ 0 ʜʦ 1 (ὅ ɴ πȟρ), ʘ ʜʫʛʠ ʥʝʯʸʪʢʠʝ 

(ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ) ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʠ ʧʨʠʥʠʤʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʪ -1 

ʜʦ 1 (ύ [ɴ-1,1]). ʄʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ. 

ʅʂʂ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʚʝʩʦʚ W=[ύ ]nĬn, ʛʜʝ: 

ɺ ʅʂʂ ʧʨʝʜʣʦʞʝʥʥʳʭ ɹ. ʂʦʩʢʦ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʥʮʝʧʪʦʚ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ [1]: 
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ὅὸ ρ Ὢ ύ Ö ὅὸȟ         

 

ʛʜʝ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʮʝʧʪ ὅ ʚ ʅʂʂ, 

ʘ Ὢὼ  
ɚ

 ï ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ɚ>0, ʯʘʩʪʦ ɚ=1). 

ʇʘʨʘʤʝʪʨ ɚ ʫʧʨʘʚʣʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʠʥʘʤʠʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʢʦʥʮʝʧʪʘ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. ɺʣʠʷʥʠʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʜʨʫʛʠʭ 

ʢʦʥʮʝʧʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʥʦʡ 

ʜʠʥʘʤʠʢʠ ʚ ʅʂʂ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʠʥʝʨʮʠʷ ʩʦʩʪʦʷʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʨʝʰʘʝʪ ʠʥʝʨʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʥʮʝʧʪʦʚ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ: 

 

ὅὸ ρ Ὢὅὸ ύ Ö ὅὸȟ              

 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʧʘʤʷʪʴ ʢʦʥʮʝʧʪʘ ʦ ʝʛʦ ʧʨʝʜʳʜʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʧʪʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʫʯʠʪʳʚʘʝʪʩʷ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ (ὅὸ). ʕʪʦ ʜʘʝʪ ʅʂʂ ʩʚʦʡʩʪʚʦ ʠʥʝʨʮʠʠ 
ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʡ 

ʢʦʥʮʝʧʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʤʧʫʣʴʩʥʦʝ ʩʮʝʥʘʨʥʦʝ ʢʦʛʥʠʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʠʤʧʫʣʴʩʥʦʤ ʩʮʝʥʘʨʥʦʤ 

ʢʦʛʥʠʪʠʚʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʧʪʦʚ ʚ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʩʷ. ʉʠʛʥʘʣ, ʧʦʩʪʫʧʠʚʰʠʡ ʚ 

ʦʜʥʫ ʠʟ ʚʝʨʰʠʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʮʝʧʦʯʢʝ ʢ ʜʨʫʛʠʤ ʚʝʨʰʠʥʘʤ. ʕʪʦʪ ʩʠʛʥʘʣ 

ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʠʣʠ ʟʘʪʫʭʘʪʴ [2]. ɺ ʠʤʧʫʣʴʩʥʦʤ ʩʮʝʥʘʨʥʦʤ ʢʦʛʥʠʪʠʚʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [3]: 

 

ὅὸ ρ Ὢ ὅὸ ὅÖὸύ ὸ‏ ρ ȟ ὸ πȢ   

 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ ʚ ʩʠʩʪʝʤʝ. ɺ ʚʳʨʘʞʝʥʠʝ ʚʚʝʣʠ 

ʵʣʝʤʝʥʪ ʦʧʠʩʳʚʘʶʱʠʡ ʠʤʧʫʣʴʩ: ‏ὸ ρ ï ʚʥʝʰʥʠʡ ʠʤʧʫʣʴʩ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ 

ʢʦʥʮʝʧʪ Ὥ ʚ ʤʦʤʝʥʪ ὸ ρ.  
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ʅʦ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʥʝʨʮʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ ʧʦ ʢʦʛʥʠʪʠʚʥʦʡ ʢʘʨʪʝ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʠʥʝʨʮʠʷ 

ʩʦʩʪʦʷʥʠʷ, ʥʦ ʥʝ ʠʥʝʨʮʠʷ ʜʚʠʞʝʥʠʷ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʥʝ ʧʦʣʫʯʠʪʩʷ ʧʨʦʩʣʝʜʠʪʴ ʢʘʢ ʩʠʩʪʝʤʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʨʝʤʝʥʥʦʡ ʚʩʧʣʝʩʢ ʠ ʢʦʛʜʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʠʤʝʥʥʦ ʠʤʧʫʣʴʩʥʦʡ ʜʠʥʘʤʠʢʠ ʢʦʛʥʠʪʠʚʥʦʡ ʢʘʨʪʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʢʦʛʥʠʪʠʚʥʦʡ 

ʢʘʨʪʝ: 

ὅὸ ρ ὅὸ ύ Öὅ ὸ ὅὸ ρ                

 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʘʱʝʥʠʡ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ [4]. ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʜʣʷ ʟʘʪʫʭʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʨʘʜʠʫʩ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 1. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʨʦʩʪ ʠʣʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʦʨʤʘʣʠʟʘʮʠʠ. 

ʅʦ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʩʠʩʪʝʤʘ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʝ ʠʟʤʝʥʷʪʩʷ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʙʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʅʂʂ, ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʦʣʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ.  

 

  ὅὸ ρ Ὢ ὅὸ ὅὸÖύ ‌ ύ Öὅ ὸ ὅὸ ρ

ὸ‏ ρ              ρ 

 

ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʠʥʝʨʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʨʘʚʥʦʚʝʩʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʚʦʣʥʦʚʳʝ ʵʬʬʝʢʪʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʜʠʥʷʝʪ 3 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʧʪʦʚ, ʘ ʠʤʝʥʥʦ: 

- ʠʥʝʨʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ὅὸ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʥʝʧʨʝʨʳʚʥʦʩʪʴ 

ʪʨʘʝʢʪʦʨʠʡ; 

- ʨʘʚʥʦʚʝʩʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ὅὸύ , ʦʪʨʘʞʘʶʱʫʶ ʩʪʨʝʤʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢ 

ʘʪʪʨʘʢʪʦʨʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ; 

- ʚʦʣʥʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ ύ ὅ ὸ ὅὸ ρ, ʤʦʜʝʣʠʨʫʶʱʫʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʢʦʛʥʠʪʠʚʥʦʡ ʢʘʨʪʝ. 
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ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʧʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ρ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʝ ʪʦʣʴʢʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʜʨʫʛʠʭ ʢʦʥʮʝʧʪʦʚ, ʥʦ ʠ ʠʭ ʧʨʠʨʘʱʝʥʠʷʤ (ʠʤʧʫʣʴʩʘʤ) ʚ ʤʦʤʝʥʪ ὸ. ʊʘʢʞʝ ʜʣʷ 
ʚʳʯʠʩʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʥʘʯʝʥʠʷʭ 

ʢʦʥʮʝʧʪʦʚ ʥʘ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʪʘʢʪʘʭ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʠʥʝʨʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʛʜʝ ʚʣʠʷʥʠʝ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ 

ʤʛʥʦʚʝʥʥʦ, ʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ‏ὸ ρ ʠ ʩʦʜʝʨʞʠʪ 

ʩʠʛʤʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ Ὢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ ʜʦʧʫʩʪʠʤʳʤ ʜʠʘʧʘʟʦʥʘʤ [0,1] ʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʚ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʥʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ‌, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʟʘʜʘʥʠʷ ʩʠʣʳ ʚʣʠʷʥʠʷ 
ʠʥʝʨʮʠʠ ʜʚʠʞʝʥʠʷ ʠʤʧʫʣʴʩʘ ʧʦ ʩʠʩʪʝʤʝ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï Cʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ  
ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʚʦʣʥʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

0.0-0.2 

ʉʠʩʪʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʝʪ ʧʘʤʷʪʴʶ ʦ 

ʧʨʝʜʳʜʫʱʠʭ ʩʦʩʪʦʷʥʠʷʭ. ʈʝʘʢʮʠʷ ʥʘ ʠʤʧʫʣʴʩ 

 .ʤʛʥʦʚʝʥʥʘʷ, ʥʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ‏

0.3-0.5 

ʅʠʟʢʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ. ʉʠʩʪʝʤʘ ʩʛʣʘʞʠʚʘʝʪ 

ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʭʦʜ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 

ʤʦʥʦʪʦʥʥʳʡ, ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

0.6-0.7 

ʆʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ. ʋʤʝʨʝʥʥʘʷ ʧʘʤʷʪʴ ʦ ʪʨʝʥʜʝ 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʙʝʟ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ.  

0.8-1 

ɺʳʩʦʢʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ. ʉʠʩʪʝʤʘ çʧʨʦʣʝʪʘʝʪè 

ʪʦʯʢʫ ʨʘʚʥʦʚʝʩʠʷ, ʬʦʨʤʠʨʫʷ ʟʘʪʫʭʘʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷ.  

 

ʉʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʮʝʥʘʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʂʂ: 

ʐʘʛ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʐʘʛ 2. ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟ ʪʘʙʣʠʮʳ 1 

ʐʘʛ 3. ɺʳʙʦʨ ʢʦʥʮʝʧʪʦʚ, ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʦʢʘʟʘʥʳ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʝʨʝʜ ʢʘʞʜʳʤ ʰʘʛʦʤ ʠʪʝʨʘʮʠʠ 

ʐʘʛ 4. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (1), ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ 

ʐʘʛ 5. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ 

ʠʤʧʫʣʴʩʥʦʛʦ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʂʂ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʠʥʝʨʮʠʶ ʩʦʩʪʦʷʥʠʷ, ʠʥʝʨʮʠʶ ʜʚʠʞʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʧʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʠʩʪʝʤʫ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʟʚʘʥ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʊɽʍʅʀʏɽʉʂʀʁ ɸʋɼʀʊ ɺɽɹ-ʈɽʉʋʈʉʆɺ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ 

ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʎʀʌʈʆɺʆɻʆ ʄɸʈʂɽʊʀʅɻɸ 

 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʚʝʙ-ʨʝʩʫʨʩʳ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʘʣʠ ʢʣʶʯʝʚʳʤ ʢʘʥʘʣʦʤ ʧʨʦʜʚʠʞʝʥʠʷ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʆʜʥʘʢʦ 

ʤʝʜʣʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʘʡʪʳ ʪʝʨʷʶʪ ʥʝ ʪʦʣʴʢʦ ʪʨʘʬʠʢ, 

ʥʦ ʠ ʨʝʘʣʴʥʫʶ ʧʨʠʙʳʣʴ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ Liquid Web (2025), 67% 

ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʨʷʶʪ ʜʦʭʦʜʳ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʨʝʩʫʨʩʦʚ, ʘ 

26% ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʦʪʢʘʟʦʚ, ʧʨʝʚʳʰʘʶʱʠʤ 30% [1]. ʄʝʪʨʠʢʠ Core 

Web Vitals (CWV) ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʧʦʟʠʮʠʠ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, 

ʢʦʥʚʝʨʩʠʶ ʠ ʚʦʟʚʨʘʪ ʠʥʚʝʩʪʠʮʠʡ (ROI) ʚ ʮʠʬʨʦʚʦʤ ʤʘʨʢʝʪʠʥʛʝ. ɺʚʝʜʝʥʥʳʝ 

Google ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ I/O 2021 ʠ ʩʪʘʚʰʠʝ ʦʙʷʟʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ 

ʨʘʥʞʠʨʦʚʘʥʠʷ ʩ ʤʘʨʪʘ 2022 ʛʦʜʘ, ʧʦʢʘʟʘʪʝʣʠ CWV ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʩʘʡʪʘ, ʥʦ ʠ ʝʛʦ ʢʦʤʤʝʨʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2]. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʨʦʜʚʠʞʝʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʘʫʜʠʪ ʚʝʙ-ʨʝʩʫʨʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʚ ʮʠʬʨʦʚʦʡ 

ʩʨʝʜʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʝʥʪʥʦʛʦ ʠʣʠ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʘʫʜʠʪʘ, ʪʝʭʥʠʯʝʩʢʠʡ ʘʫʜʠʪ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʘʩʧʝʢʪʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʭʥʠʯʝʩʢʫʶ 

ʛʦʪʦʚʥʦʩʪʴ ʚʝʙ-ʨʝʩʫʨʩʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʙʠʟʥʝʩ-ʟʘʜʘʯ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʘʫʜʠʪ ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ ʚʳʧʦʣʥʷʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ (ʚʳʷʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʜʣʷ 

ʧʨʦʜʚʠʞʝʥʠʷ), ʘʥʘʣʠʪʠʯʝʩʢʫʶ (ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʤʘʨʢʝʪʠʥʛʦʚʳʝ KPI) ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ (ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʫʣʫʯʰʝʥʠʷ 

ʙʠʟʥʝʩ-ʧʦʢʘʟʘʪʝʣʝʡ). ʆʙʲʝʢʪʘʤʠ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʘʶʪ ʧʷʪʴ ʢʨʠʪʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʙ-ʨʝʩʫʨʩʘ, ʚʢʣʶʯʘʶʱʘʷ ʚʨʝʤʷ 

ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮ, ʦʪʢʣʠʢ ʩʝʨʚʝʨʘ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʩʫʨʩʦʚ. ɺʦ-ʚʪʦʨʳʭ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʠʥʜʝʢʩʠʨʫʝʤʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ 

ʩʢʘʥʠʨʦʚʘʪʴ ʠ ʠʥʜʝʢʩʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ (robots.txt, XML-ʢʘʨʪʳ ʩʘʡʪʘ, ʤʝʪʘʪʝʛʠ). ɺ-

ʪʨʝʪʴʠʭ, ʪʝʭʥʠʯʝʩʢʦʝ SEO, ʦʭʚʘʪʳʚʘʶʱʝʝ ʩʪʨʫʢʪʫʨʫ URL, HTTP-ʢʦʜʳ 

ʩʦʩʪʦʷʥʠʷ, ʢʘʥʦʥʠʯʥʦʩʪʴ ʩʪʨʘʥʠʮ ʠ ʘʨʭʠʪʝʢʪʫʨʫ ʚʥʫʪʨʝʥʥʠʭ ʩʩʳʣʦʢ. ɺ-

ʯʝʪʚʝʨʪʳʭ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʙ-ʨʝʩʫʨʩʘ, ʚʢʣʶʯʘʷ SSL-ʩʝʨʪʠʬʠʢʘʮʠʶ, ʟʘʱʠʪʫ ʦʪ 
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ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ɺ-ʧʷʪʳʭ, ʤʦʙʠʣʴʥʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʪʟʳʚʯʠʚʳʡ ʜʠʟʘʡʥ ʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʩ 

ʧʨʠʦʨʠʪʝʪʦʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʚ ʫʩʣʦʚʠʷʭ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʢʦʣʦ 60% ʛʣʦʙʘʣʴʥʦʛʦ 

ʚʝʙ-ʪʨʘʬʠʢʘ [3, 4]. 

ʎʝʥʪʨʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʝʙ-ʨʝʩʫʨʩʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʦʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ Core Web Vitals. ʊʨʠ 

ʦʩʥʦʚʥʳʝ ʤʝʪʨʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʚʝʙ-

ʩʪʨʘʥʠʮʝʡ (ʊʘʙʣ. 1.). Largest Contentful Paint (LCP) ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ 

ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʝʥʪʘ ʩʪʨʘʥʠʮʳ, ʧʨʠ ʵʪʦʤ ʮʝʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

2,5 ʩʝʢʫʥʜ. Interaction to Next Paint (INP), ʟʘʤʝʥʠʚʰʠʡ First Input Delay ʚ ʤʘʨʪʝ 

2024 ʛʦʜʘ, ʦʮʝʥʠʚʘʝʪ ʦʪʟʳʚʯʠʚʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 200 ʤʠʣʣʠʩʝʢʫʥʜ. Cumulative 

Layout Shift (CLS) ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʠʟʫʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʪʨʘʥʠʮʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʢʣʠʢʠ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩ 

ʮʝʣʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʝ ʙʦʣʝʝ 0,1 [5]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʩʚʝʥʥʳʭ 

ʤʝʪʨʠʢ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʚʝʙ-ʧʦʢʘʟʘʪʝʣʷʤ, 

ʨʘʩʰʠʨʷʷ ʦʭʚʘʪʳʚʘʝʤʫʶ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʠ ʧʦʤʦʛʘʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʦʙʣʝʤ. ʂ ʧʨʠʤʝʨʫ, Time to First Byte (TTFB) ʠ First Contentful Paint (FCP) 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʠ ʧʦʣʝʟʥʳ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʧʨʦʙʣʝʤ ʩ LCP [5]. 

 

ʊʘʙʣʠʮʘ 1 ï ʄʝʪʨʠʢʠ Core Web Vitals ʠ ʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ 
ʄʝʪʨʠʢʘ ʆʧʠʩʘʥʠʝ ʎʝʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

LCP ɺʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ ʜʦ ʧʦʣʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʪʝʥʪʘ 

(ʛʣʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚʠʜʝʦ, ʙʦʣʴʰʦʡ ʪʝʢʩʪ, ʙʘʥʥʝʨ) 

Ò 2,5 ʩ 

INP ɺʨʝʤʷ ʤʝʞʜʫ ʜʝʡʩʪʚʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʢʣʠʢ, ʥʘʞʘʪʠʝ, 

ʚʚʦʜ ʪʝʢʩʪʘ) ʠ ʚʠʟʫʘʣʴʥʳʤ ʦʪʢʣʠʢʦʤ ʙʨʘʫʟʝʨʘ 

Ò 200 ʤʩ 

CLS ʉʦʚʦʢʫʧʥʘʷ ʜʦʣʷ ʥʝʧʨʝʜʚʠʜʝʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚʠʜʠʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʘʥʠʮʳ ʚʦ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

Ò 0,1 

 

ʄʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʤʝʪʨʠʢ Core Web Vitals ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʟ ʮʝʧʦʯʢʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ (ʊʘʙʣ. 2). ʅʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʦʧʳʪʝ, ʯʪʦ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠ ʧʦʟʠʮʠʠ ʩʘʡʪʘ ʚ ʧʦʠʩʢʝ. ʊʘʢ, 

ʧʣʦʭʦʝ ʟʥʘʯʝʥʠʝ LCP (ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʩʚʳʰʝ 4 ʩʝʢʫʥʜ) ʚʝʜʝʪ ʢ ʨʦʩʪʫ 

ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʘʟʦʚ, ʯʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʘʢ ʧʨʠʟʥʘʢ 

ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʘʡʪʦʤ [6]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʟʠʮʠʠ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʚʳʜʘʯʝ Google ʠ Yandex ʩʥʠʞʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ CWV ʧʨʠʟʥʘʥʳ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʥʞʠʨʦʚʘʥʠʷ. ʇʘʜʝʥʠʝ ʚʠʜʠʤʦʩʪʠ ʨʝʩʫʨʩʘ 

ʚʳʟʳʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʨʘʬʠʢʘ, ʨʦʩʪ ʟʘʪʨʘʪ ʥʘ ʧʣʘʪʥʦʝ 

ʧʨʦʜʚʠʞʝʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝ ROI. 
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ʊʘʙʣʠʮʘ 2 ï ʉʪʨʫʢʪʫʨʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʝʙ-ʨʝʩʫʨʩʦʚ 
ʅʘʧʨʘʚʣʝʥʠʝ 

ʵʬʬʝʢʪʘ 

ʄʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʀʟʤʝʨʠʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʆʨʛʘʥʠʯʝʩʢʠʡ 

ʪʨʘʬʠʢ 

ʋʣʫʯʰʝʥʠʝ ʧʦʟʠʮʠʡ ʚ ʧʦʠʩʢʦʚʦʡ 

ʚʳʜʘʯʝ ʟʘ ʩʯʝʪ Core Web Vitals 

ʈʦʩʪ ʧʦʩʝʱʘʝʤʦʩʪʠ 

ʉʪʦʠʤʦʩʪʴ 

ʧʨʠʚʣʝʯʝʥʠʷ  

ʇʦʚʳʰʝʥʠʝ ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ ʚ 

ʢʦʥʪʝʢʩʪʥʦʡ ʨʝʢʣʘʤʝ 

ʉʥʠʞʝʥʠʝ ʮʝʥʳ ʢʣʠʢʘ ʠ 

ʩʪʦʠʤʦʩʪʠ ʧʦʢʘʟʦʚ, ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʣʠʢʘʙʝʣʴʥʦʩʪʠ  

ʂʦʥʚʝʨʩʠʷ ʋʣʫʯʰʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ ʠ 

ʩʥʠʞʝʥʠʝ ʦʪʢʘʟʦʚ 

ʇʨʷʤʦʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʚʝʨʩʠʠ  

ʇʦʞʠʟʥʝʥʥʘʷ 

ʮʝʥʥʦʩʪʴ  

ʇʦʚʳʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʠ 

ʣʦʷʣʴʥʦʩʪʠ 

ʈʦʩʪ ʧʦʚʪʦʨʥʳʭ ʧʦʢʫʧʦʢ 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʨʠʢ: ʤʝʜʣʝʥʥʳʡ INP 

ʩʥʠʞʘʝʪ ʜʦʣʶ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥʥʳʭ ʮʝʣʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʘ ʚʳʩʦʢʠʡ CLS 

ʚʳʟʳʚʘʝʪ ʨʘʟʜʨʘʞʝʥʠʝ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʳʤ ʢʣʠʢʘʤ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʭʫʜʰʘʝʪ ʧʦʟʠʮʠʠ ʩʘʡʪʘ, ʟʘʤʳʢʘʷ ʮʠʢʣ ʩʥʠʞʝʥʠʷ ʧʦʠʩʢʦʚʦʡ ʚʠʜʠʤʦʩʪʠ ʠ 

ʧʨʠʙʳʣʴʥʦʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʣʫʯʰʝʥʠʝʤ ʤʝʪʨʠʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʘʡʪʦʚ ʠ ʨʦʩʪʦʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʘʙʦʪʘ Google 

ʠ Deloitte ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 30 ʤʣʥ ʩʝʩʩʠʡ ʧʦ 37 ʩʘʡʪʦʤ ʚʝʜʫʱʠʭ ʝʚʨʦʧʝʡʩʢʠʭ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʭ ʙʨʝʥʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʚʩʝʛʦ 

ʥʘ 0,1 ʩʝʢʫʥʜʳ ʜʘʝʪ ʦʱʫʪʠʤʳʡ ʧʨʠʨʦʩʪ ʢʦʥʚʝʨʩʠʡ ʚ 8,4% ʚ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ, 

+10,1% ʚ ʧʫʪʝʰʝʩʪʚʠʷʭ, +40,1% ʧʝʨʝʭʦʜʦʚ ʚ ʣ ʢʁʩʝ ʠ +21,6% ʚ ʣʠʜʦʛʝʥʝʨʘʮʠʠ, ʠ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʦʪʢʘʟʦʚ ʜʦ 8,3%, ʨʦʩʪʝ ʩʨʝʜʥʝʛʦ ʯʝʢʘ ʥʘ 9,2% ʠ 

ʧʨʦʩʤʦʪʨʦʚ ʩʪʨʘʥʠʮ ʥʘ 5-8% ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʦʨʦʥʢʠ ʧʨʦʜʘʞ [7]. ɼʨʫʛʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪ Portent ʥʘ 20 ʩʘʡʪʘʭ ʚ B2B ʠ B2C ʩʝʛʤʝʥʪʘʭ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ: ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʚʝʨʩʠʠ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 1 ʜʦ 2 ʩʝʢʫʥʜ, ʩʦʩʪʘʚʣʷʷ 

ʚ ʩʨʝʜʥʝʤ 3,05%, ʠ ʩʥʠʞʘʷʩʴ ʜʦ 0,67% ʧʨʠ ʟʘʛʨʫʟʢʝ ʟʘ 4 ʩʝʢʫʥʜʳ [6]. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʚʝʨʩʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʟʘʛʨʫʟʢʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʨʩʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ Core Web Vitals ʠ ʢʦʨʨʝʣʷʮʠʠ ʠʭ ʩ ʢʣʶʯʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʠ ʨʝʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (Real User Monitoring, 

RUM). ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʠʥʩʪʨʫʤʝʥʪʳ Google 

Lighthouse, WebPageTest, GTmetrix, Yandex Monium ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʪʝʩʪʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ. RUM, ʦʩʥʦʚʘʥʥʳʡ ʥʘ Performance Observer 

API ʠ Chrome User Experience Report, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʦ ʨʝʘʣʴʥʦʤ ʦʧʳʪʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʪʨʦʡʩʪʚ, ʩʝʪʝʚʳʭ ʫʩʣʦʚʠʡ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʫʜʠʪʦʨʠʠ [8]. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʤʝʪʨʠʢʘʤʠ ʠ ʙʠʟʥʝʩ-ʨʝʟʫʣʴʪʘʪʘʤʠ: 

ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ LCP ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪʢʘʟʦʚ, INP ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʫʩʧʝʰʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʳʭ ʟʘʜʘʯ, CLS ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴʶ ʢʣʠʝʥʪʦʚ. 

ʇʨʦʮʝʩʩ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʚ ʧʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʵʪʘʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ 

ʘʫʜʠʪʘ, ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʪʦʨʦʡ 

ʵʪʘʧ ï ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʠʥʜʝʢʩʠʨʫʝʤʦʩʪʴ, ʪʝʭʥʠʯʝʩʢʦʝ 

SEO, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʙʠʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ). ʊʨʝʪʠʡ ʵʪʘʧ ï ʘʥʘʣʠʪʠʯʝʩʢʠʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʦʩʥʦʚʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʙʠʟʥʝʩ-ʤʝʪʨʠʢʠ ʠ ʩʣʦʞʥʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʨʠʮʳ çʚʣʠʷʥʠʝ-

ʫʩʠʣʠʷè. ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ï ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʦʮʝʥʢʦʡ ʪʨʝʙʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʷʪʳʡ ʵʪʘʧ ï 

ʢʦʥʪʨʦʣʴʥʳʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʩʠʩʪʝʤʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʶʯʝʚʳʭ 

ʤʝʪʨʠʢ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʜʦʩʪʠʛʥʫʪʳʭ ʫʣʫʯʰʝʥʠʡ [3]. 
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ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʝʙ-

ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʙʠʟʥʝʩ-ʮʝʣʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʝʡ. ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ KPI ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʫʚʝʜʦʤʣʝʥʠʷʤʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ 

ʧʨʦʚʝʨʦʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ROI ʦʪ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʨʠʢ ʩ 

ʙʠʟʥʝʩ-ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʪʝʭʥʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʠʡ ʘʫʜʠʪ ʚʝʙ-ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʚʷʟʴ ʤʝʞʜʫ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʕʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ Core Web Vitals ʫʣʫʯʰʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʤʝʪʨʠʢʠ, ʧʦʚʳʰʘʝʪ ʧʦʟʠʮʠʠ ʚ ʧʦʠʩʢʦʚʳʭ 

ʩʠʩʪʝʤʘʭ ʠ ʥʘʧʨʷʤʫʶ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʚʝʨʩʠʶ, ʜʦʭʦʜ ʠ ROI. ɺʚʝʜʝʥʠʝ ʤʝʪʨʠʢ 

CWV ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʘʥʞʠʨʦʚʘʥʠʷ Google ʫʩʠʣʠʣʦ 

ʟʥʘʯʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʝʛʫʣʷʨʥʳʡ ʘʫʜʠʪ 

ʧʝʨʝʩʪʘʝʪ ʙrʪʴ ʦʧʮʠʦʥʘʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ ʠ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ ʫʩʪʦʡʯʠʚʳʡ 

ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʢʦʥʢʫʨʝʥʪʥʦʡ ʮʠʬʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʇʈʆɻʈɸʄʄʅʓɽ ʇʈʆɼʋʂʊʓ ɼʃʗ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ 

 

ʅʘ ʨʫʙʝʞʝ XX-XXI ʚʝʢʦʚ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʩʪʫʧʠʣʦ ʚ ʵʨʫ ʮʠʬʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɽʞʝʜʥʝʚʥʦ ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ: ʦʪ ʬʠʥʘʥʩʦʚʳʭ 

ʪʨʘʥʟʘʢʮʠʡ ʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʆʜʥʘʢʦ 

ʧʨʦʩʪʦʝ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ, 

ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 

ï ʦʪ ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʵʪʘʧʥʳʡ 

ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʩʙʦʨ, ʦʯʠʩʪʢʫ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʚʨʫʯʥʫʶ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʠʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʜʘʚʥʦ ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʦʙʰʠʨʥʦʛʦ 

ʨʳʥʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʝʛʦʜʥʷ ʩʧʝʢʪʨ 

ʜʦʩʪʫʧʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ: ʦʥ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʧʨʦʩʪʳʭ 

ʪʘʙʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ (Microsoft Excel, Google Sheets), ʜʦʩʪʫʧʥʳʭ ʤʘʩʩʦʚʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ, ʜʦ ʩʣʦʞʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (Python, R) ʩ ʪʳʩʷʯʘʤʠ 

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʤʦʱʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ (Power BI, Tableau), 

ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʪʨʦʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʘʰʙʦʨʜʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʷʤʠ. ʆʩʦʙʫʶ ʥʠʰʫ ʟʘʥʠʤʘʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ 

çʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠè (Hadoop, Spark), ʘ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʇʣʘʪʬʦʨʤʘ PolyAnalyst ʠ ʇʆ 

ʉʪʘʪʉʦʬʪ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʚʳʙʦʨʘ: ʜʣʷ 

ʨʘʟʥʳʭ ʟʘʜʘʯ ï ʙʫʜʴ ʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʘʞ, ʩʝʛʤʝʥʪʘʮʠʷ ʢʣʠʝʥʪʦʚ, ʥʘʫʯʥʳʝ 

ʨʘʩʯʝʪʳ ʠʣʠ ʦʙʨʘʙʦʪʢʘ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ ï ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. ʆʰʠʙʢʘ ʚ ʚʳʙʦʨʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʟʘʪʨʘʪʘʤ, ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʥʘʣʠʪʠʢʘ ʠʣʠ 

ʧʦʣʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʦʙʟʦʨ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ 

ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʵʚʦʣʶʮʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʩʪʠ ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʇʆ ʚ ʢʦʥʪʝʢʩʪʝ 
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ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʥʘʯʠʥʘʶʱʠʭ ʘʥʘʣʠʪʠʢʦʚ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʙʠʟʥʝʩʘ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʀʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 
ʅʘʟʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʉʪʦʠʤʦʩʪʴ 

Python ʆʙʨʘʙʦʪʢʘ ʠ ʦʯʠʩʪʢʘ ʜʘʥʥʳʭ (Pandas), 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (Scikit-learn, 

TensorFlow), ʚʠʟʫʘʣʠʟʘʮʠʷ (Matplotlib, 

Seaborn), ʨʘʙʦʪʘ ʩ ʥʝʡʨʦʩʝʪʷʤʠ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʇʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʦ. 

ʈʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʣʠʮʝʥʟʠʠ Open 

Source (PSF License). ʆʪʩʫʪʩʪʚʫʶʪ 

ʧʣʘʪʥʳʝ ʚʝʨʩʠʠ ʠ ʧʦʜʧʠʩʢʠ. 

Microsoft 

Power BI 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʘʰʙʦʨʜʦʚ, 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʤʥʦʞʝʩʪʚʫ ʠʩʪʦʯʥʠʢʦʚ 

ʜʘʥʥʳʭ, ʚʠʟʫʘʣʠʟʘʮʠʷ "drag-n-drop", 

ʧʫʙʣʠʢʘʮʠʷ ʦʪʯʝʪʦʚ ʚ ʦʙʣʘʢʝ, ʠʥʪʝʛʨʘʮʠʷ 

ʩ Excel ʠ SharePoint. 

ɹʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ: Power BI Desktop ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

ʇʣʘʪʥʳʝ ʧʦʜʧʠʩʢʠ: Power BI Pro (ʦʢʦʣʦ 

1000 ʨʫʙ./ʤʝʩ), Power BI Premium (ʦʪ 

5000 ʨʫʙ./ʤʝʩ). ɽʩʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʝ 

ʣʠʮʝʥʟʠʠ. 

Tableau ʄʦʱʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ, 

ʠʥʪʫʠʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʨʘʙʦʪʘ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ 

ʠʩʪʦʨʠʡ (ʩʪʦʨʠʪʝʣʣʠʥʛ), ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ɹɼ. 

ʇʣʘʪʥʘʷ ʧʦʜʧʠʩʢʘ: Tableau Creator 

(ʦʢʦʣʦ 70$/ʤʝʩ), Tableau Explorer 

(35$/ʤʝʩ), Tableau Viewer (12$/ʤʝʩ). 

ɽʩʪʴ ʙʝʩʧʣʘʪʥʘʷ ʦʟʥʘʢʦʤʠʪʝʣʴʥʘʷ 

ʚʝʨʩʠʷ ʥʘ 14 ʜʥʝʡ. ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ï ʙʝʩʧʣʘʪʥʘʷ ʣʠʮʝʥʟʠʷ 

ʥʘ 1 ʛʦʜ. 

ʇʣʘʪʬʦʨʤʘ 

PolyAnalyst 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ (Text 

Mining), ʚʠʟʫʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʠʟʚʣʝʯʝʥʠʝ 

ʩʫʱʥʦʩʪʝʡ ʠʟ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʪʝʢʩʪʘ. 

ʂʦʤʤʝʨʯʝʩʢʘʷ ʣʠʮʝʥʟʠʷ. ʎʝʥʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜ 

ʟʘʢʘʟʯʠʢʘ. ɼʦʩʪʫʧʥʳ ʢʦʨʧʦʨʘʪʠʚʥʳʝ 

ʧʘʢʝʪʳ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ. ɽʩʪʴ 

ʜʝʤʦʚʝʨʩʠʷ ʧʦ ʟʘʧʨʦʩʫ. ɺʢʣʶʯʝʥʘ ʚ 

ʨʝʝʩʪʨ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʇʆ. 

R ʐʠʨʦʢʠʡ ʥʘʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(ʨʝʛʨʝʩʩʠʷ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ), ʢʘʯʝʩʪʚʝʥʥʘʷ 

ʥʘʫʯʥʘʷ ʛʨʘʬʠʢʘ (ggplot2), ʘʥʘʣʠʟ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʘʢʝʪʳ ʜʣʷ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ. 

ʇʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʦ. 

ʈʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʣʠʮʝʥʟʠʠ GNU 

GPL (Open Source). ɺʩʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʢʝʪʳ ʠ ʙʠʙʣʠʦʪʝʢʠ 

ʪʘʢʞʝ ʙʝʩʧʣʘʪʥʳ. 

SQL ʅʘʧʠʩʘʥʠʝ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, 

ʬʠʣʴʪʨʘʮʠʷ ʠ ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ, 

ʦʙ̡ʝʜʠʥʝʥʠʝ ʪʘʙʣʠʮ, ʩʦʟʜʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʘʤʠ 

ʜʘʥʥʳʭ. 

ɿʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʉʋɹɼ: 

MySQL, PostgreSQL ï ʙʝʩʧʣʘʪʥʦ (Open 

Source). 

Microsoft SQL Server ï ʦʪ 900$/ʤʝʩ 

(Enterprise), ʝʩʪʴ ʙʝʩʧʣʘʪʥʘʷ ʚʝʨʩʠʷ 

Express. 

Oracle Database ï ʦʪ 350$/ʤʝʩ 

(ʩʪʘʥʜʘʨʪʥʘʷ). 

Excel ʉʚʦʜʥʳʝ ʪʘʙʣʠʮʳ, ʙʘʟʦʚʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʧʦʩʪʨʦʝʥʠʝ 

ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ, ʬʠʣʴʪʨʘʮʠʷ 

ʜʘʥʥʳʭ, ʤʘʢʨʦʩʳ (VBA), ʥʘʜʩʪʨʦʡʢʠ ʜʣʷ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʟʦʚʳʝ ʚʝʨʩʠʠ: Excel 2021 ï ʦʢʦʣʦ 

8000 ʨʫʙ. 

ʇʦʜʧʠʩʢʘ: Microsoft 365 Personal (ʦʢʦʣʦ 

5000 ʨʫʙ./ʛʦʜ), Microsoft 365 Family 

(ʦʢʦʣʦ 7000 ʨʫʙ./ʛʦʜ). ɼʣʷ 
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ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ ï ʦʪ 400 

ʨʫʙ./ʤʝʩ ʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

Apache 

Spark 

ʇʘʢʝʪʥʘʷ ʠ ʧʦʪʦʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (MLlib), 

ʨʘʙʦʪʘ ʩ SQL ʠ ʛʨʘʬʘʤʠ, ʚʳʯʠʩʣʝʥʠʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 

ɹʝʩʧʣʘʪʥʦ (Open Source, Apache 2.0). 

Apache 

Hadoop 

ʈʘʩʧʨʝʜʝʣʝʥʥʦʝ ʭʨʘʥʝʥʠʝ (HDFS) ʠ 

ʦʙʨʘʙʦʪʢʘ (MapReduce) ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

ʥʘ ʢʣʘʩʪʝʨʘʭ, ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ 

(YARN). 

ɹʝʩʧʣʘʪʥʦ (Open Source, Apache 2.0). 

Google 

Sheets 

ʆʙʣʘʯʥʳʝ ʪʘʙʣʠʮʳ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʝʨʚʠʩʘʤʠ Google, ʀʀ-

ʘʥʘʣʠʪʠʢʘ (Gemini), ʜʠʘʛʨʘʤʤʳ, ʨʘʙʦʪʘ 

ʦʬʣʘʡʥ. 

ɹʝʩʧʣʘʪʥʦ ʜʣʷ ʣʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʣʘʪʥʦ ʚ Google Workspace ʜʣʷ 

ʙʠʟʥʝʩʘ. 

Yandex 

DataLens 

ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʠ ʬʘʡʣʘʤ, 

ʩʦʟʜʘʥʠʝ ʜʘʪʘʩʝʪʦʚ, ʚʠʟʫʘʣʠʟʘʮʠʷ (ʙʦʣʝʝ 

15 ʪʠʧʦʚ ʯʘʨʪʦʚ, ʢʘʨʪʳ), ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʜʘʰʙʦʨʜʳ, ʚʩʪʨʘʠʚʘʥʠʝ ʚʦ ʚʥʝʰʥʠʝ 

ʩʘʡʪʳ, ʀʀ-ʘʛʝʥʪ çʅʝʡʨʦʘʥʘʣʠʪʠʢè ʜʣʷ 

ʜʠʘʣʦʛʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʝʩʧʣʘʪʥʦ: ʪʘʨʠʬ Community ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʣʘʪʥʦ: ʪʘʨʠʬ Business 

(ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʨʘʩʯʝʪ). 

ɽʩʪʴ Open Source ʚʝʨʩʠʷ. ɺʢʣʶʯʝʥ ʚ 

ʨʝʝʩʪʨ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʇʆ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʙʝʨʝʤ 2 ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʩʝʨʚʠʩʘ: çGoogle Sheetsè ʠ çYandex DataLensè.  

Google Sheets ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʯʥʳʡ ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʭʨʘʥʝʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʙʘʟʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ 

ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʠ ʬʫʥʢʮʠʡ, ʧʨʦʚʦʜʠʪʴ ʩʦʨʪʠʨʦʚʢʫ ʠ ʬʠʣʴʪʨʘʮʠʶ ʜʘʥʥʳʭ, 

ʩʪʨʦʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ. ɹʣʘʛʦʜʘʨʷ ʦʙʣʘʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ. ʇʨʦʜʫʢʪ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʵʢʦʩʠʩʪʝʤʦʡ Google, ʚʢʣʶʯʘʷ Google Analytics ʠ Google 

BigQuery, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɼʣʷ ʣʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Google Sheets ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ, ʙʠʟʥʝʩ-ʚʝʨʩʠʠ 

ʜʦʩʪʫʧʥʳ ʚ ʨʘʤʢʘʭ ʧʦʜʧʠʩʢʠ Google Workspace. ʇʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ ʜʝʣʘʝʪ 

ʠʥʩʪʨʫʤʝʥʪ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ. ɽʛʦ ʛʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʙʝʩʧʣʘʪʥʦʩʪʴ, ʣʝʛʢʦʩʪʴ ʦʩʚʦʝʥʠʷ ʠ 

ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʚʷʟʘʥʳ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

Yandex DataLens ʷʚʣʷʝʪʩʷ BI-ʩʠʩʪʝʤʦʡ (ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʦʡ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ, ʠʭ 

ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʬʦʨʤʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʘʰʙʦʨʜʦʚ. ʇʨʦʜʫʢʪ ʥʝ 

ʭʨʘʥʠʪ ʜʘʥʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʨʘʙʦʪʘʝʪ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ClickHouse, 

PostgreSQL), ʬʘʡʣʘʤʠ CSV, ʩʝʨʚʠʩʘʤʠ ʗʥʜʝʢʩʘ (ʄʝʪʨʠʢʘ) ʠ CRM-ʩʠʩʪʝʤʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʷʝʤʳʭ ʧʦʣʝʡ, ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʘʨʪ ʠ ʙʦʣʝʝ 15 ʪʠʧʦʚ ʯʘʨʪʦʚ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ 

ʜʦʩʪʫʧʘ ʠ ʚʩʪʨʘʠʚʘʥʠʝ ʦʪʯʝʪʦʚ ʚʦ ʚʥʝʰʥʠʝ ʩʘʡʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 
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ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʀʀ-ʘʛʝʥʪʘ çʅʝʡʨʦʘʥʘʣʠʪʠʢè ʜʣʷ ʜʠʘʣʦʛʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

Yandex DataLens ʧʨʝʜʣʘʛʘʝʪ ʙʝʩʧʣʘʪʥʳʡ ʪʘʨʠʬ Community ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ 

ʯʠʩʣʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʣʘʪʥʳʡ ʪʘʨʠʬ Business ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʘʩʯʝʪʦʤ 

ʩʪʦʠʤʦʩʪʠ. ʇʨʦʜʫʢʪ ʚʢʣʶʯʝʥ ʚ ʨʝʝʩʪʨ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʢʦʥʪʝʢʩʪʝ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʂʣʶʯʝʚʳʝ ʧʣʶʩʳ: ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʤʦʱʥʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ, ʨʘʙʦʪʘ ʩ ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʄʠʥʫʩʳ: ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʦʩʚʦʝʥʠʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʡ ʜʣʷ 

ʚʚʦʜʘ ʠ ʧʝʨʚʠʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʛʣʷʜʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

Google Sheets ʠ Yandex DataLens ʧʦ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ. Google Sheets ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʝʜʝʥʠʷ ʫʯʝʪʘ, ʩʧʠʩʢʦʚ, ʧʨʦʩʪʳʭ 

ʨʘʩʯʝʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʘʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʘ ʩʣʦʞʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʪʨʫʜʦʤ. Yandex DataLens, ʥʘʧʨʦʪʠʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ: ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʤʠʣʣʠʦʥʳ ʩʪʨʦʢ, ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ ʦʪʯʝʪʳ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʟʥʝʩʘ. ʇʨʠ ʵʪʦʤ ʠʥʩʪʨʫʤʝʥʪ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʠ, ʜʣʷ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʥʘʚʳʢʦʚ SQL. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Google Sheets ʠ Yandex DataLens ʥʝ ʢʦʥʢʫʨʠʨʫʶʪ, ʘ 

ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. Google Sheets ʫʜʦʙʝʥ ʜʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʘ Yandex DataLens ï ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʘʥʘʣʠʪʠʢʠ ʠ ʥʘʛʣʷʜʥʳʭ ʜʘʰʙʦʨʜʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ Google Sheets ʠ Yandex 

DataLens 

0

1

2

3

4

5
ʇʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ

ʈʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ 

ʜʘʥʥʳʤʠ

ɺʦʟʤʦʞʥʦʩʪʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ

ʀʥʪʝʛʨʘʮʠʷ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ

ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ

ɹʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ

ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ Google Sheets ʠ 

Yandex DataLens

Google Sheets Yandex DataLens



135 

 
ɸʥʘʣʠʟ ʜʘʥʥʳʭ ï ʥʝʦʙʭʦʜʠʤʳʡ ʩʪʘʨʪʦʚʳʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ. ʅʘ 

ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʭ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʦ ʫ ʢʘʞʜʦʛʦ ʝʩʪʴ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ: ʦʥʠ ʤʦʛʫʪ ʟʘʪʨʫʜʥʷʪʴ ʩʙʦʨ 

ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʣʠʙʦ ʦʩʪʘʚʘʪʴʩʷ ʥʝʟʘʤʝʪʥʳʤʠ ʚ ʨʘʙʦʪʝ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʧʫʣʷʨʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ: ʠʭ 

ʠʟʫʯʝʥʠʝ ʧʦʤʦʛʘʝʪ ʩʫʟʠʪʴ ʢʨʫʛ ʧʦʠʩʢʘ. ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʩʥʘʯʘʣʘ ʥʫʞʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʠ ʘʥʘʣʠʟʘ, ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ 

ʠ ʪʠʧʳ ʜʘʥʥʳʭ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʢʘʯʝʩʪʚʫ, ʫʜʦʙʩʪʚʫ 

ʠ ʩʪʦʠʤʦʩʪʠ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʩʙʦʨʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʨʪʠʨʦʚʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʋʏɽʊɸ ʋʉʃʋɻ ʅɸ ʆʉʅʆɺɽ 

ɸʅɸʃʀɿɸ ʋɻʈʆɿ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 
ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʢʣʘʤʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʪʦʯʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʜʘʞʠ ʩʚʦʠʭ 

ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʜʣʷ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝʠʟʙʝʞʥʦ ʧʦʨʦʞʜʘʝʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʴʶ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʙʳʩʪʨʦʤ ʜʦʩʪʫʧʝ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʱʠʱʘʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʪ 

ʚʥʫʪʨʝʥʥʠʭ ʫʛʨʦʟ. ʉʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʨʝʢʣʘʤʥʳʭ ʘʛʝʥʪʩʪʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʦʙʨʘʱʝʥʠʝ ʩ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʚʢʣʶʯʘʷ ʢʣʠʝʥʪʩʢʠʝ ʙʘʟʳ, 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʜʠʘʙʶʜʞʝʪʘʭ, ʜʦʛʦʚʦʨʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʤʝʜʠʘʧʣʘʥʳ. ʋʪʝʯʢʘ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʪʝʨʷ ʢʣʠʝʥʪʦʚ ʠ ʩʝʨʴʝʟʥʳʡ ʨʝʧʫʪʘʮʠʦʥʥʳʡ ʫʱʝʨʙ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʝʪʦʜʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣʠ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

https://blog.karpov.courses/analiticheskie-instrumenty-luchshie-programmy-dlya-obrabotki-i-analiza-dannyh/
https://blog.karpov.courses/analiticheskie-instrumenty-luchshie-programmy-dlya-obrabotki-i-analiza-dannyh/
https://moluch.ru/archive/379/83970
https://www.megaputer.ru/sistemy-analiza-dannyh-programmy-kak-vybrat-luchshee-reshenie/
https://cyberleninka.ru/article/n/struktura-programmnogo-produkta-dlya-semanticheskogo-analiza-tekstovoy-informatsii
https://cyberleninka.ru/article/n/struktura-programmnogo-produkta-dlya-semanticheskogo-analiza-tekstovoy-informatsii
https://practicum.yandex.ru/blog/instrumenty-analitiki/
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ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʫʯʝʪʘ ʫʩʣʫʛ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘ ʤʝʨʳ ʟʘʱʠʪʳ ʜʦʙʘʚʣʷʶʪʩʷ ʫʞʝ 

ʧʦʩʪʬʘʢʪʫʤ, ʩʦʟʜʘʚʘʷ ʫʷʟʚʠʤʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʧʨʝʜʧʠʩʘʥʠʷʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʷʤʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ [1], ʚʦʟʣʘʛʘʶʱʝʛʦ ʥʘ 

ʦʧʝʨʘʪʦʨʦʚ ʦʙʷʟʘʥʥʦʩʪʴ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʧʳʪʳʚʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʥʦʨʤ ʚ ʦʧʝʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʫʯʝʪ ʠ ʧʨʦʜʘʞʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʣʝʤʤʦʡ ʤʝʞʜʫ 

ʵʨʛʦʥʦʤʠʯʥʦʩʪʴʶ ʩʠʩʪʝʤ ʠ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʟʘʱʠʪʳ, ʯʪʦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʨʝʛʣʘʤʝʥʪʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʢʨʝʧʣʝʥʠʷ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʦʩʥʦʚʥʦʤ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʧʦʚʳʭ ʧʣʘʪʬʦʨʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, CRM-ʩʠʩʪʝʤ) ʩ ʠʭ ʚʩʪʨʦʝʥʥʳʤʠ ʨʦʣʝʚʳʤʠ ʤʦʜʝʣʷʤʠ 

ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠ ʧʨʠʤʝʥʝʥʠʠ ʧʝʨʠʤʝʪʨʦʚʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʥʘʧʨʠʤʝʨ, ɻʆʉʊ 

[2]). ʕʪʠ ʨʝʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʨʘʚ 

ʜʦʩʪʫʧʘ, ʧʨʠʚʷʟʘʥʥʦʝ ʢ ʜʦʣʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʦʚʳʡ 

ʢʦʥʪʨʦʣʴ ʠ ʘʫʜʠʪ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʩʦʛʣʘʰʝʥʠʷ ʦ ʥʝʨʘʟʛʣʘʰʝʥʠʠ ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʫʣʴʪʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʫʩʠʣʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ ʧʣʘʪʬʦʨʤ ʥʝ ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʜʦʩʪʫʧ ʧʦʜ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʫʯʝʪʘ ʨʝʢʣʘʤʥʳʭ ʫʩʣʫʛ, ʛʜʝ, ʥʘʧʨʠʤʝʨ, 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʩʪʫʧʝ ʢ ʙʶʜʞʝʪʫ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʣʠʰʴ ʵʪʘʧʦʤ 

ʩʦʛʣʘʩʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʚʥʝʜʨʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʢʫʱʠʝ ʤʝʨʳ ʟʘʱʠʪʳ ʫʯʝʪʘ ʫʩʣʫʛ 

ʥʝʵʬʬʝʢʪʠʚʥʳ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ï ʪʠʧʦʚʳʝ ʨʦʣʝʚʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʠʛʥʦʨʠʨʫʶʪ ʢʦʥʪʝʢʩʪ ʦʧʝʨʘʮʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʠ ʠʥʩʘʡʜʝʨʦʚ, ʧʦʟʚʦʣʷʷ ʠʤ 

ʣʝʛʠʪʠʤʥʦ ʚʳʛʨʫʞʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʢʣʠʝʥʪʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʩʚʦʠʭ 

ʧʦʣʥʦʤʦʯʠʡ. ʉʪʘʪʠʯʥʦʩʪʴ ʥʘʩʪʨʦʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ ʫʛʨʦʟʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʧʳʪʢʠ ʤʘʩʩʦʚʦʛʦ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ 

ʧʝʨʝʜ ʫʚʦʣʴʥʝʥʠʝʤ ʠʣʠ ʜʦʩʪʫʧ ʢ ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʫʩʣʫʛ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʴʷ 

ʨʘʙʦʪʘ ʵʪʦʛʦ ʥʝ ʪʨʝʙʫʝʪ. ʀʥʮʠʜʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʝ ʧʨʠʚʠʣʝʛʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʫʪʝʯʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ 

ʟʘʱʠʪʥʳʭ ʤʝʨ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʟʘʤʝʜʣʝʥʠʶ ʨʘʙʦʪʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʜʦʚʦʣʴʩʪʚʦ ʧʝʨʩʦʥʘʣʘ ʠ 

ʧʦʧʳʪʢʠ ʦʙʦʡʪʠ ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ, ʧʨʝʜʧʠʩʘʥʥʳʝ 

ʨʝʛʫʣʷʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʘʜʘʧʪʠʚʥʳʤ ʤʦʜʝʣʷʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʫʩʣʫʛ 

ʨʝʢʣʘʤʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʠʪʴ ʤʦʜʫʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʘʩʢʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʫʜʠʪʘ. ʕʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ 

ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ çʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦ ʜʠʟʘʡʥʫè, ʧʦʟʚʦʣʷʷ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ 

ʚʠʜʠʤʦʩʪʴʶ ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʧʦʣʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʩʪʘʨʝʚʰʠʭ 

ʨʝʰʝʥʠʡ, ʩʢʨʳʚʘʶʱʠʭ ʮʝʣʳʝ ʨʘʟʜʝʣʳ, ʥʘʰ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʠʨʫʝʪ ʢʦʥʪʝʢʩʪ 

ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʤʘʩʢʠʨʫʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʝʩʣʠ ʝʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, 

ʯʪʦ ʩʦʪʨʫʜʥʠʢʠ ʚʠʜʷʪ ʪʦʣʴʢʦ ʪʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʫʞʥʳ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʟʘʜʘʯ. ʉʪʨʫʢʪʫʨʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʜʦʩʪʫʧʘ ʠ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʫʩʣʫʛ.  
ʈʦʣʴ 

ʧʦʣɹʟʦʚʘʪʝʣʷ 

ʂʦʥʪʘʢʪʥʳʝ 

ʜʘʥʥʳʝ ʢʣʠʝʥʪʘ 

ʄʝʜʠʘʙʶʜʞʝʪ 

ʧʘʢʝʪʘ 

ʄʘʨʞʠʥʘʣʴʥʦʩʪʴ 

ʩʜʝʣʢʠ 
ʄʝʨʘ ʟʘʱʠʪʳ 

ɸʢʢʘʫʥʪ-

ʤʝʥʝʜʞʝʨ 

ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʉʢʨʳʪʦ ʄʘʩʢʠʨʦʚʘʥʠʝ 

ʧʦʣʷ UI 

ɹʫʭʛʘʣʪʝʨ ʉʢʨʳʪʦ ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʐʠʬʨʦʚʘʥʠʝ ʧʨʠ 

ʭʨʘʥʝʥʠʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʦʪʜʝʣʘ ʧʨʦʜʘʞ 

ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʇʦʣʥʳʡ ʜʦʩʪʫʧ ʇʦʣʥʳʡ ʜʦʩʪʫʧ ɼʚʫʭʬʘʢʪʦʨʥʘʷ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʂʨʝʘʪʠʚʥʳʡ 

ʧʨʦʜʶʩʝʨ 

ʏʘʩʪʠʯʥʳʡ 

ʜʦʩʪʫʧ 

ʉʢʨʳʪʦ ʉʢʨʳʪʦ ɿʘʧʨʝʪ ʥʘ 

ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ 

 

ɺ ʥʝʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʘʪʨʠʙʫʪʘʤ 

ʫʩʣʫʛʠ, ʪʘʢʠʤ ʢʘʢ ʤʝʜʠʘʙʶʜʞʝʪ, ʤʘʨʞʠʥʘʣʴʥʦʩʪʴ ʠ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʧʝʮʠʬʠʢʝ ʨʝʢʣʘʤʥʦʛʦ ʙʠʟʥʝʩʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʨʠʛʛʝʨʦʚ ʥʘ ʫʨʦʚʥʝ 

ʉʋɹɼ. ʕʪʠ ʪʨʠʛʛʝʨʳ ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʟʘʧʨʦʩʳ ʥʘ ʚʳʙʦʨʢʫ ʜʘʥʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʘʩʢʠʨʫʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʷ, ʝʩʣʠ ʨʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʫʨʦʚʥʶ ʜʦʩʪʫʧʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʧʦʜʩʠʩʪʝʤʘ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʘʥʦʤʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ 

ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʥʝʮʝʣʝʚʦʡ ʧʨʦʩʤʦʪʨ ʢʣʠʝʥʪʩʢʠʭ ʩʫʱʥʦʩʪʝʡ ʠʣʠ ʧʦʧʳʪʢʠ 

ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ SQL-ʠʥʲʝʢʮʠʡ. ɼʘʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʦʘʢʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠʥʩʘʡʜʝʨʩʢʠʭ ʫʛʨʦʟ. ʆʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʨʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʠʤʧʣʝʤʝʥʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʚʳʩʪʫʧʘʶʪ: ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʙʳʪʦʯʥʳʭ 

ʧʨʠʚʠʣʝʛʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʦʢʨʘʱʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʘ ʠʥʮʠʜʝʥʪʳ 

ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʜʦʩʪʫʧʥʦʡ ʩʦʪʨʫʜʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʥʦʤʦʯʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʝʨʛʠʶ ʤʝʞʜʫ 

ʶʟʘʙʠʣʠʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴʶ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʜʘʥʥʳʭ ʙʝʟ 

ʧʦʪʝʨʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʛʫʣʷʪʦʨʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ 
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ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʙʦʪʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. 
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ʈɽɸʃʀɿɸʎʀʗ ʇʈʆʊʆʂʆʃɸ MODBUS RTU ɼʃʗ ʉʀʉʊɽʄʓ 

ʄʆʅʀʊʆʈʀʅɻɸ ʄʀʂʈʆʂʃʀʄɸʊɸ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ 

ʇʆʄɽʑɽʅʀʗʍ 

 

ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ [1, 2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʙʘʟʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɺɽʅ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

Modbus RTU. 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ: ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ ʆɺɽʅ 

ʉʇʂ207.03.00-CS-WEB ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ Master-ʫʩʪʨʦʡʩʪʚʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʮʠʢʣʠʯʝʩʢʠʡ ʦʧʨʦʩ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʚ ʆɺɽʅ ʊʈʄ202 (Slave-

ʫʩʪʨʦʡʩʪʚʘ), ʩʦʝʜʠʥʸʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ RS-485. ʊʝʨʤʦʨʝʛʫʣʷʪʦʨʳ 

ʧʦʣʫʯʘʶʪ ʧʦʢʘʟʘʥʠʷ ʦʪ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʊʉʇ100 Pt (Pt100) ʠ ʧʝʨʝʜʘʶʪ ʠʭ 

ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʥʘ ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʇʨʦʪʦʢʦʣ Modbus ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ [3]. ɼʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ï 

Modbus ASCII ʠ Modbus RTU [3, 4]. 

Modbus RTU ʠʩʧʦʣʴʟʫʝʪ ʜʚʦʠʯʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴ ʢʘʜʨʘ (ʢʘʞʜʳʡ 

ʙʘʡʪ ʜʘʥʥʳʭ ʧʝʨʝʜʘʸʪʩʷ ʦʜʥʠʤ ʙʘʡʪʦʤ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Modbus ASCII. ʅʝʜʦʩʪʘʪʢʦʤ ʚʳʩʪʫʧʘʝʪ 

ʧʨʠʚʷʟʢʘ ʢ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ (ʪʘʡʤʘʫʪ ʤʝʞʜʫ ʩʠʤʚʦʣʘʤʠ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ 1,5 ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʩʠʤʚʦʣʘ). 

ɺ ʢʦʥʪʝʢʩʪʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʙʳʩʪʨʳʡ ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ (ʧʝʨʠʦʜ ʦʧʨʦʩʘ ʥʝ ʙʦʣʝʝ 1 ʩʝʢʫʥʜʳ ʩʦʛʣʘʩʥʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʊʈʄ202), ʧʨʠʤʝʥʝʥʠʝ Modbus RTU ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ [5]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʪʠ Modbus ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦ ʧʨʠʥʮʠʧʫ 

çʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʡè. ʂʘʞʜʳʡ ʮʠʢʣ ʦʙʤʝʥʘ ʠʥʠʮʠʠʨʫʝʪʩʷ ʤʘʩʪʝʨ-ʫʩʪʨʦʡʩʪʚʦʤ 

(ʧʘʥʝʣʴ ʉʇʂ207), ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʝʜʦʤʦʤʫ 

(ʊʈʄ202). ʆʪʚʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʟʘʧʨʦʩʫ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʪʚʝʪʘ ʚ ʪʝʯʝʥʠʝ 200 ʤʩ ʩʠʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʪʘʡʤʘʫʪ ʠ ʧʝʨʝʭʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʮʠʢʣʫ ʦʧʨʦʩʘ. ɺ ʨʝʞʠʤʝ RTU ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ çʩʳʨʦʤè ʜʚʦʠʯʥʦʤ ʚʠʜʝ ʙʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʲʸʤ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʠʸʤʥʠʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ ʧʘʫʟʳ 

ʤʝʞʜʫ ʙʘʡʪʘʤʠ ï ʢʘʜʨ ʩʯʠʪʘʝʪʩʷ ʟʘʚʝʨʰʸʥʥʳʤ, ʝʩʣʠ ʠʥʪʝʨʚʘʣ ʧʨʝʚʳʰʘʝʪ 3,5 

ʧʝʨʠʦʜʘ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ. 

ʇʨʠʤʝʨ ʟʘʧʨʦʩʘ ʚʝʜʫʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʯʠʥʘʷ ʩ 

ʘʜʨʝʩʘ 1, ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 1 (ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ 

ʚʠʜʝ). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʟʘʧʨʦʩʥʦʛʦ ʢʘʜʨʘ ʧʨʦʪʦʢʦʣʘ Modbus RTU 
ʕʣʝʤʝʥʪ ʢʘʜʨʘ ʐʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦ

ʝ ʟʥʘʯʝʥʠʝ 

ʅʘʟʥʘʯʝʥʠʝ ʧʦʣʷ 

ɸʜʨʝʩ ʚʝʜʦʤʦʛʦ 01h ɸʜʨʝʩ ʊʈʄ202 ʚ ʩʝʪʠ 

ʂʦʜ ʬʫʥʢʮʠʠ 04h ʏʪʝʥʠʝ ʚʭʦʜʥʳʭ ʨʝʛʠʩʪʨʦʚ 

ɸʜʨʝʩ ʨʝʛʠʩʪʨʘ (ʩʪʘʨʰʠʡ) 00h ʉʪʘʨʰʠʡ ʙʘʡʪ ʘʜʨʝʩʘ 

ɸʜʨʝʩ ʨʝʛʠʩʪʨʘ (ʤʣʘʜʰʠʡ) 02h ʄʣʘʜʰʠʡ ʙʘʡʪ ʘʜʨʝʩʘ (ʨʝʛʠʩʪʨ 2) 

ʂʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʦʚ (ʩʪʘʨʰʠʡ) 00h ʉʪʘʨʰʠʡ ʙʘʡʪ ʢʦʣʠʯʝʩʪʚʘ 

ʂʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʦʚ (ʤʣʘʜʰʠʡ) 01h ʏʪʝʥʠʝ 1 ʨʝʛʠʩʪʨʘ 

CRC-16 (ʤʣʘʜʰʠʡ) 90h ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ 

CRC-16 (ʩʪʘʨʰʠʡ) 45h ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ 

 

ʇʨʠʤʝʨ ʦʪʚʝʪʘ ʦʪ ʚʝʜʦʤʦʛʦ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 25.0ÁC 

(ʟʥʘʯʝʥʠʝ ʚ ʨʝʛʠʩʪʨʝ 250, ʪʘʢ ʢʘʢ ʤʘʩʰʪʘʙ 10:1), ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʘʚ ʦʪʚʝʪʥʦʛʦ ʢʘʜʨʘ ʦʪ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʊʈʄ202 
ʇʦʣʝ ʢʘʜʨʘ ɿʥʘʯʝʥʠʝ (hex) ʆʧʠʩʘʥʠʝ 

ɸʜʨʝʩ ʚʝʜʦʤʦʛʦ 01h ɸʜʨʝʩ ʊʈʄ202 

ʂʦʜ ʬʫʥʢʮʠʠ 04h ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʬʫʥʢʮʠʠ 

ʂʦʣʠʯʝʩʪʚʦ ʙʘʡʪ ʜʘʥʥʳʭ 02h 2 ʙʘʡʪʘ ʜʘʥʥʳʭ ʚ ʦʪʚʝʪʝ 

ɼʘʥʥʳʝ (ʩʪʘʨʰʠʡ ʙʘʡʪ) 00h ʉʪʘʨʰʠʡ ʙʘʡʪ ʟʥʘʯʝʥʠʷ 

ɼʘʥʥʳʝ (ʤʣʘʜʰʠʡ ʙʘʡʪ) FAh 250 = 25.0ÁC (ʤʘʩʰʪʘʙ 10:1) 

CRC-16 (ʤʣʘʜʰʠʡ) 40h ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ 

CRC-16 (ʩʪʘʨʰʠʡ) 52h ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ 

 

ɺʝʨʠʬʠʢʘʮʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʪʦʢʦʣʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʘ CRC-

16. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʚʝʨʠʬʠʢʘʮʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ: 

1. ɸʣʛʦʨʠʪʤ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ: ʧʨʠʸʤʥʠʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ 

CRC ʜʣʷ ʧʨʠʥʷʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʘʡʪʦʚ ʠ ʩʨʘʚʥʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʦʡ ʠʟ ʢʘʜʨʘ. ʀʜʝʥʪʠʯʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ. 

2. ɸʣʛʦʨʠʪʤ ʥʫʣʝʚʦʛʦ ʦʩʪʘʪʢʘ: ʧʨʠʸʤʥʠʢ ʧʨʦʜʦʣʞʘʝʪ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ 

ʜʝʣʝʥʠʝ, ʚʢʣʶʯʘʷ ʙʘʡʪʳ CRC. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʠʪʦʛʦʚʳʡ ʦʩʪʘʪʦʢ ʜʝʣʝʥʠʷ 

ʨʘʚʝʥ ʥʫʣʶ [4]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʙʳʣ 

ʚʳʙʨʘʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʝʢʪʝ. 

ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʸʤ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʘʡʪʦʚ ʥʘ ʛʝʥʝʨʘʪʦʨʥʳʡ ʧʦʣʠʥʦʤ 0x8005 ʩ ʥʘʯʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 0xFFFF. ʇʨʠ ʨʘʩʯʸʪʝ CRC ʚʩʝ ʩʠʤʚʦʣʳ ʢʘʜʨʘ ʫʯʠʪʳʚʘʶʪʩʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʩʪʦʨʦʥʝ ʧʘʥʝʣʠ ʦʧʝʨʘʪʦʨʘ ʉʇʂ207 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CODESYS 3.5 SP11 [6]. ɸʣʛʦʨʠʪʤ ʦʧʨʦʩʘ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ (State Machine), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʝʟ ʟʘʚʠʩʘʥʠʷ ʟʘʜʘʯʠ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [7]. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ: 

- fbComControl2: ʫʧʨʘʚʣʝʥʠʝ ʧʦʨʪʦʤ COM2 (ʥʘʩʪʨʦʡʢʘ ʩʢʦʨʦʩʪʠ 9600 ʙʠʪ/ʩ, 

8 ʙʠʪ ʜʘʥʥʳʭ, 2 ʩʪʦʧʦʚʳʭ ʙʠʪʘ, ʙʝʟ ʯʸʪʥʦʩʪʠ); 

- fbTRM202: ʦʧʨʦʩ ʤʦʜʫʣʷ ʊʈʄ202 ʧʦ ʧʨʦʪʦʢʦʣʫ Modbus RTU; 

- PV_2: ʤʘʩʩʠʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ); 

- iStateCom2: ʧʝʨʝʤʝʥʥʘʷ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ (0-3); 

- tCycle: ʪʘʡʤʝʨ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʦʧʨʦʩʘ (20 ʤʩ). 

ʃʦʛʠʢʘ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʩ ʯʝʪʳʨʴʤʷ 

ʩʦʩʪʦʷʥʠʷʤʠ. ʅʘ ʵʪʘʧʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (ʩʦʩʪʦʷʥʠʝ 0) ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦʢʨʘʪʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʮʠʢʣʠʯʝʩʢʠ 

ʧʝʨʝʭʦʜʠʪ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʘ (1) Ÿ ʟʘʧʫʩʢ ʪʘʡʤʝʨʘ 

ʧʘʫʟʳ (2) Ÿ ʦʞʠʜʘʥʠʝ ʠʩʪʝʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ 20 ʤʩ (3) Ÿ ʚʦʟʚʨʘʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʟʘʧʨʦʩʘ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʢʣʶʯʘʝʪ ʙʣʦʢʠʨʦʚʢʫ ʟʘʜʘʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʚʨʝʤʷ ʮʠʢʣʘ ʦʧʨʦʩʘ. 
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ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ ʩʦ ʩʪʦʨʦʥʳ ʚʝʜʦʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʪʩʣʝʞʠʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʚʳʚʦʜʦʚ ʙʣʦʢʘ fbTRM202 xDone, xError ʠ 

eError, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ PV_2 ʠ iStateCom2. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʩʠʩʪʝʤʳ 
ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʅʦʨʤʘʪʠʚʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 

ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 9600 ʙʠʪ/ʩ ï ɼʦʧʫʩʪʠʤʦ 

ɺʨʝʤʷ ʦʧʨʦʩʘ 1 ʜʘʪʯʠʢʘ 850 ʤʩ Ò1000 ʤʩ ɼʦʧʫʩʪʠʤʦ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ 18 ʩʝʢ Ò30 ʩʝʢ ɼʦʧʫʩʪʠʤʦ 

ʂʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ 2 (ʨʘʩʰ. ʜʦ 4) Ó2 ɼʦʧʫʩʪʠʤʦ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 0.3% Ò0.5% ɼʦʧʫʩʪʠʤʦ 

 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʧʦʩʣʝ ʩʙʦʷ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʧʦʜʢʣʶʯʝʥʠʷ ʩ ʪʘʡʤʘʫʪʦʤ 200 ʤʩ ʥʘ ʢʘʞʜʫʶ ʧʦʧʳʪʢʫ. ʇʨʠ ʦʙʨʳʚʝ ʩʚʷʟʠ 

ʩʠʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʦʰʠʙʢʫ ʠ ʧʳʪʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʇʦʩʣʝ 3 ʥʝʫʜʘʯʥʳʭ ʧʦʧʳʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʪʨʝʚʦʛʠ ʜʣʷ ʦʧʝʨʘʪʦʨʘ. 

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʆɺɽʅ ʚ ʧʨʦʝʢʪʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʙʠʙʣʠʦʪʝʢʘ OwenCommunication ʚʝʨʩʠʠ 3.5.11.7. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʦʨʪʦʤ, ʚʢʣʶʯʘʷ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ (ʩʢʦʨʦʩʪʴ 9600 ʙʠʪ/ʩ, 8N2), 

ʦʪʧʨʘʚʢʫ ʠ ʧʨʠʸʤ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

ʆʧʠʩʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʠʩʧʳʪʘʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʰʣʠ ʚ ʫʩʣʦʚʠʷʭ ʆʆʆ 

çʇʂ ʇʨʦʣʦʛè. ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʜʦ 4 ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʧʨʦʩʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3.2 ʩʝʢʫʥʜʳ, ʯʪʦ ʦʩʪʘʸʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʙʨʳʚʝ 

ʣʠʥʠʠ RS-485 ʩʠʩʪʝʤʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʚ ʩʨʝʜʥʝʤ ʟʘ 18 ʩʝʢʫʥʜ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʝʜʦʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʊʈʄ202. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʘ Modbus RTU ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʘʥʝʣʴʶ ʦʧʝʨʘʪʦʨʘ ʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʡ [8]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʱʸʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʣʠʥʠʠ RS-

485 ʧʨʦʛʨʘʤʤʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʪʯʠʢʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʈɽɸʃʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʉʋʐʀʃʔʅʆʁ ʂɸʄɽʈʆʁ 

ʅɸ ɹɸɿɽ CODESYS 3.5 

 

ʉʫʰʠʣʴʥʳʝ ʢʘʤʝʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʜʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʡ 

ʢʘʤʝʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʫʰʠʣʴʥʦʡ 

ʢʘʤʝʨʦʡ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʦʩʥʦʚʘʥ ʥʘ ʩʦʟʜʘʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ) ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʛʨʝʛʘʪ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʧʣʦʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ ʩʦʟʜʘʸʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʤʠʢʨʦʢʣʠʤʘʪ [1] (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ: 
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- ʟʘʜʚʠʞʢʠ ʧʨʠʪʦʯʥʦʡ ʠ ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ; 

- ʟʘʜʚʠʞʢʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ; 

- ʩʪʫʧʝʥʠ ʥʘʛʨʝʚʘ ʢʘʣʦʨʠʬʝʨʦʚ; 

- ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʙʣʦʢʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʟʘʜʚʠʞʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʢʘʤʝʨʳ (ʦʢʨʘʩʢʘ, ʩʫʰʢʘ, ʦʭʣʘʞʜʝʥʠʝ, ʧʨʦʜʫʚʢʘ). ɺ ʨʝʞʠʤʝ ʦʢʨʘʩʢʠ ʟʘʜʚʠʞʢʘ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 

ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩʦʦʙʱʘʣʦʩʴ ʩ ʚʳʪʷʞʥʳʤ ʚʦʟʜʫʭʦʚʦʜʦʤ 

ʦʢʨʘʩʦʯʥʦʡ ʢʘʙʠʥʳ, ʘ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʠʪʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ï ʩ 

ʧʨʠʪʦʯʥʳʤ ʚʦʟʜʫʭʦʚʦʜʦʤ [1]. ɺ ʨʝʞʠʤʝ ʩʫʰʢʠ ʟʘʜʚʠʞʢʘ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʩʦʝʜʠʥʷʝʪ ʚʭʦʜ ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩ ʧʨʠʪʦʯʥʳʤ ʢʘʥʘʣʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʫʭ ʥʘʯʠʥʘʝʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʨʫʛʫ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʰʠʣʴʥʦʡ 

ʢʘʤʝʨʦʡ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (ʇʃʂ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CODESYS 3.5 SP17 [2]. ʃʠʯʥʳʡ ʚʢʣʘʜ 

ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʩʦʟʜʘʥʠʠ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ 
ʈʝʞʠʤ ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ɺʨʝʤʷ, ʤʠʥ ʇʦʣʦʞʝʥʠʝ ʟʘʜʚʠʞʝʢ 

ʆʢʨʘʩʢʘ 20ï30 ï ʈʝʮʠʨʢʫʣʷʮʠʷ ʟʘʢʨʳʪʘ 

ʇʨʦʜʫʚʢʘ 20ï30 5 ʈʝʮʠʨʢʫʣʷʮʠʷ ʟʘʢʨʳʪʘ 

ʉʫʰʢʘ 60 30ï60 ʈʝʮʠʨʢʫʣʷʮʠʷ ʦʪʢʨʳʪʘ 

ʆʭʣʘʞʜʝʥʠʝ 20ï25 10ï15 ʈʝʮʠʨʢʫʣʷʮʠʷ ʟʘʢʨʳʪʘ 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʦʜʫʣʴʥʦʤʫ 

ʧʨʠʥʮʠʧʫ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ (Tasks Configuration) 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʪʨʠ ʟʘʜʘʯʠ ʩ ʨʘʟʥʳʤʠ ʧʨʠʦʨʠʪʝʪʘʤʠ ʠ ʧʝʨʠʦʜʘʤʠ 

ʚʳʧʦʣʥʝʥʠʷ: 

- MainTask (100 ʤʩ) ï ʦʩʥʦʚʥʦʡ ʮʠʢʣ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. 

- FastTask (10 ʤʩ) ï ʙʳʩʪʨʳʝ ʧʨʦʚʝʨʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

- SlowTask (1000 ʤʩ) ï ʤʝʜʣʝʥʥʳʝ ʩʝʨʚʠʩʥʳʝ ʬʫʥʢʮʠʠ (ʘʨʭʠʚʘʮʠʷ, 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ). 

2. ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʚʠʞʢʘʤʠ (FB_DamperControl) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʤʷ ʟʘʜʚʠʞʢʘʤʠ 

(ʧʨʠʪʦʯʥʘʷ, ʚʳʪʷʞʥʘʷ, ʧʝʨʝʧʫʩʢʥʘʷ). ɺʨʝʤʷ ʧʦʣʥʦʛʦ ʭʦʜʘ ʟʘʜʚʠʞʝʢ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ 150ï180 ʩ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʡʤʘʫʪ 

180 ʩʝʢʫʥʜ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ 1,2 [3]. 

3. ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʝʚʦʤ (FB_HeatingControl) 
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ʈʝʘʣʠʟʫʝʪ ʠʤʧʫʣʴʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 17 ʩʪʫʧʝʥʷʤʠ ʥʘʛʨʝʚʘ ʢʘʣʦʨʠʬʝʨʦʚ. 

ʄʦʱʥʦʩʪʴ ʢʘʣʦʨʠʬʝʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʩʪʫʧʝʥʷʤ ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

(ʰʘʛ ~2,95 ʢɺʪ). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʣʠʧʘʥʠʷ ʢʦʥʪʘʢʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʤʧʫʣʴʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ 30 ʩ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 2 ʩ. 

4. ʄʦʜʫʣʴ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ (FB_PIDController) 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

όὸ  ὑὴὩὸ  ὑὭ᷿ ὩὸὨὸ  ὑὨ
ὨὩὸ

Ὠὸ
ȟ 

 

ʛʜʝ u(t) ï ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘ, %), e(t) ï ʦʰʠʙʢʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, Kp, Ki, Kd ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ [4]. 

ɼʣʷ ʦʙʲʝʢʪʘ ʩ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʝʡ (ʩʫʰʠʣʴʥʘʷ ʢʘʤʝʨʘ) ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ɿʠʛʣʝʨʘ-ʅʠʢʦʣʩʘ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʝʢʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ Kp=30, Ki=500, Kd=50, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ 

ʘʛʨʝʩʩʠʚʥʦʡ ʥʘʩʪʨʦʡʢʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʭʦʜʘ ʥʘ ʫʩʪʘʚʢʫ. 

5. ʄʦʜʫʣʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ (FB_ErrorMonitor) 

ʆʩʫʱʝʩʪʚʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʪʦʚʳʭ ʢʘʨʪ ʦʰʠʙʦʢ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ, 

ʫʧʨʘʚʣʝʥʠʝ ʩʠʨʝʥʦʡ, ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʘʪʯʠʢʘʤʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

(State Machine) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʦʤ ʩʫʰʢʠ. ɸʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʝʨʝʢʣʶʯʘʝʪ ʨʝʞʠʤʳ: ʠʥʠʮʠʘʣʠʟʘʮʠʷ, ʦʢʨʘʩʢʘ (20ï30ÁC), ʧʨʦʜʫʚʢʘ (5 ʤʠʥ), 

ʩʫʰʢʘ (60ÁC), ʦʭʣʘʞʜʝʥʠʝ ʠ ʟʘʚʝʨʰʝʥʠʝ ʮʠʢʣʘ ʩ ʘʨʭʠʚʘʮʠʝʡ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʩʪʝʥʜʝ ʚ ʆʆʆ çʇʂ ʇʨʦʣʦʛè, ʠʤʠʪʠʨʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʨʝʜʫ. ɹʳʣ 

ʟʘʜʝʡʩʪʚʦʚʘʥ ʨʝʞʠʤ ʩʠʤʫʣʷʮʠʠ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CODESYS, 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʭʦʜʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʩʫʰʢʠ; 

- ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʜʚʠʞʝʢ; 

- ʨʝʘʢʮʠʷ ʥʘ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʇʘʨʘʤʝʪʨ ʊʨʝʙʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ ʈʝʟʫʣʴʪʘʪ 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ 

ʩʫʰʢʠ 

Ò15 ʤʠʥ 12 ʤʠʥ ɼʦʧʫʩʪʠʤʦ 

ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 

Ñ2ÁC Ñ1,5ÁC ɼʦʧʫʩʪʠʤʦ 

ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʟʘʜʚʠʞʝʢ 

Ò180 ʩ 165 ʩ ɼʦʧʫʩʪʠʤʦ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʘʚʘʨʠʶ Ò1 ʩ 0,8 ʩ ɼʦʧʫʩʪʠʤʦ 
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ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ: 

- ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʜʣʷ 

ʢʘʤʝʨ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

- ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; 

- ʘʨʭʠʚʘʮʠʷ ʜʘʥʥʳʭ ʢʘʞʜʳʝ 5 ʤʠʥʫʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʨʝʣʝʡʥʦʡ 

ʣʦʛʠʢʠ ʧʦʢʘʟʘʣʦ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʥʘ 40%; 

- ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʥʘ 15ï20% ʟʘ ʩʯʸʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘʛʨʝʚʘ; 

- ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 25%; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʨʝʞʠʤʘʤʠ ʥʘ 30%. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʘʥʝʣʴʶ 

ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ ʤʦʜʫʣʴ FB_PanelSynchronization. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 8 ʙʠʪʦʚʳʤ ʩʠʛʥʘʣʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʫʩʪʘʚʢʠ, 

ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʪʫʩʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ɺʳʙʦʨ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʟʘʱʠʪʘ ʩʠʣʦʚʳʭ ʮʝʧʝʡ ʚʳʧʦʣʥʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [5]. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ 

ʟʘʱʠʪʳ: ʢʦʥʪʨʦʣʴ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʘʚʘʨʠʡʥʦʝ ʦʪʢʣʶʯʝʥʠʝ 

ʧʨʠ T > 80ÁC); ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʦʞʝʥʠʷ ʟʘʜʚʠʞʝʢ (ʙʣʦʢʠʨʦʚʢʘ ʥʘʛʨʝʚʘ ʧʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ); ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʦʚ (ʦʩʪʘʥʦʚʢʘ ʥʘʛʨʝʚʘ 

ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʚʝʥʪʠʣʷʮʠʠ); ʟʘʱʠʪʘ ʦʪ ʧʦʚʪʦʨʥʦʛʦ ʧʫʩʢʘ (ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʟʘʧʫʩʢʘʤʠ ʥʝ ʤʝʥʝʝ 30 ʤʠʥ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʦʡ ʥʘ 

ʙʘʟʝ CODESYS 3.5 ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʫʰʢʠ ʠʟʜʝʣʠʡ. 

ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʩʠʩʪʝʤʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʤʝʨ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʠʥʪʝʛʨʘʮʠʶ 

ʩ ʩʠʩʪʝʤʦʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (SCADA) ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; 

ʜʦʙʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʫʜʘʣʸʥʥʦʛʦ ʜʦʩʪʫʧʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ; 

ʨʝʘʣʠʟʘʮʠʶ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʇʆɼʍʆɼ  

ʂ ʇʆɺʓʐɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ  

ʇʈʆʂɸʊɸ ʉʇʆʈʊʀɺʅʆɻʆ ʉʅɸʈʗɾɽʅʀʗ  

 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʫʩʣʫʛ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ ʠ ʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʚʳʰʝʥʠʝʤ ʠʥʪʝʨʝʩʘ 

ʥʘʩʝʣʝʥʠʷ ʢ ʟʜʦʨʦʚʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʨʘʟʚʠʪʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʫʨʠʟʤʘ ʠ 

ʩʝʟʦʥʥʳʤʠ ʚʠʜʘʤʠ ʘʢʪʠʚʥʦʩʪʠ [1]. ʇʨʦʢʘʪ ʩʧʦʨʪʠʚʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ 

(ʛʦʨʥʦʣʳʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʥʦʫʙʦʨʜʳ, ʚʝʣʦʩʠʧʝʜʳ, SUP-ʜʦʩʢʠ, ʙʝʛʦʚʳʝ ʣʳʞʠ 

ʠ ʜʨ.) ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʝʛʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ 

ʬʠʥʘʥʩʦʚʳʡ ʧʦʨʦʛ ʚʭʦʜʘ ʚ ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠʥʚʝʥʪʘʨʷ ʰʠʨʦʢʠʤ ʩʣʦʷʤ ʥʘʩʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʫʥʢʪʦʚ ʧʨʦʢʘʪʘ ʜʦ ʩʠʭ ʧʦʨ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ: ʨʫʯʥʦʡ 

ʫʯʸʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʧʦʪʝʨʷʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʢʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʦʰʠʙʦʢ ʚ ʫʯʸʪʝ ʦʩʪʘʪʢʦʚ ʠ ʩʪʘʪʫʩʘ ʠʥʚʝʥʪʘʨʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʚʦʡʥʳʭ 

ʚʳʜʘʯʘʭ, ʧʦʪʝʨʷʭ ʧʦʟʠʮʠʡ ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʤ ʚʳʷʚʣʝʥʠʠ ʠʟʥʦʩʘ. ʆʩʦʙʝʥʥʦ 

ʦʩʪʨʦ ʵʪʠ ʧʨʦʙʣʝʤʳ ʦʱʫʱʘʶʪʩʷ ʚ ʧʝʨʠʦʜʳ ʩʝʟʦʥʥʳʭ ʧʠʢʦʚ, ʢʦʛʜʘ ʧʦʪʦʢ 

ʢʣʠʝʥʪʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʩʦʪʨʫʜʥʠʢʠ ʬʠʟʠʯʝʩʢʠ ʥʝ ʫʩʧʝʚʘʶʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɼʣʠʪʝʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʘʨʝʥʜʳ (ʚ ʩʨʝʜʥʝʤ 15 

ʤʠʥʫʪ ʥʘ ʢʣʠʝʥʪʘ ʚ ʧʠʢʦʚʳʝ ʯʘʩʳ) ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʯʝʨʝʜʝʡ, ʩʥʠʞʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʫʥʢʪʘ ʠ ʧʨʷʤʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʦʪ ʫʰʝʜʰʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʣʠʝʥʪʦʚ. ʅʠʟʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ 

ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʣʠʯʠʠ ʠ ʩʪʘʪʫʩʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʦʷʥʥʳʤ ʢʦʥʬʣʠʢʪʘʤ ʠ ʥʝʜʦʚʦʣʴʩʪʚʫ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʥʠʞʘʶʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʘʢʪʠʚʦʚ, ʫʚʝʣʠʯʠʚʘʶʪ ʠʟʜʝʨʞʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʪʝʨʝ ʢʣʠʝʥʪʦʚ ʠʟ-ʟʘ ʥʝʫʜʦʙʥʦʛʦ ʩʝʨʚʠʩʘ ʠ ʫʭʫʜʰʘʶʪ ʦʙʱʫʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʫʥʢʪʘ ʧʨʦʢʘʪʘ [2]. 
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ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʝʙ-ʩʠʩʪʝʤ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʠʭ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʮʝʩʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʩʣʫʛ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʳʤ ʧʣʘʪʬʦʨʤʘʤ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚʩʝ ʢʣʶʯʝʚʳʝ ʦʧʝʨʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʫʯʸʪʘ ʨʝʩʫʨʩʦʚ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʠ ʟʘʤʝʪʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʣʠʝʥʪʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ [3]. 

ɺʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʚʦʜʷʪ ʧʨʦʮʝʩʩʳ ʚ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʛʜʝ 

ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʂʣʠʝʥʪ ʧʦʣʫʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʘ ʯʝʨʝʟ ʙʨʘʫʟʝʨ ʚ ʣʶʙʦʝ ʫʜʦʙʥʦʝ 

ʚʨʝʤʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʭʘʪʴ ʚ ʧʫʥʢʪ ʧʨʦʢʘʪʘ ʟʘʨʘʥʝʝ. ʆʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʚʳʙʠʨʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʟʘʜʘʸʪ ʧʘʨʘʤʝʪʨʳ, ʚʠʜʠʪ ʘʢʪʫʘʣʴʥʦʝ ʥʘʣʠʯʠʝ, 

ʩʨʘʚʥʠʚʘʝʪ ʚʘʨʠʘʥʪʳ ʠ ʙʨʦʥʠʨʫʝʪ ʧʦʟʠʮʠʶ ʦʥʣʘʡʥ. ʇʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʨʦʥʠ 

ʢʣʠʝʥʪ ʤʦʞʝʪ ʟʘʙʨʘʪʴ ʟʘʢʘʟ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʥʝʛʦ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʫʥʢʪʘ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ ʪʝʭ, ʢʪʦ ʧʣʘʥʠʨʫʝʪ ʧʦʝʟʜʢʠ ʟʘʨʘʥʝʝ ʠʣʠ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʫ ʦʯʝʨʝʜʝʡ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʦʞʠʜʘʥʠʷ ʥʘ ʤʝʩʪʝ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʘʨʝʥʜʳ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʠʤ ʠ 

ʢʦʤʬʦʨʪʥʳʤ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʪʘʪʢʘʤʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʚʦʡʥʳʝ ʧʨʦʜʘʞʠ ʠ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʫʯʸʪʝ ʜʘʞʝ ʚ ʩʘʤʳʝ 

ʟʘʛʨʫʞʝʥʥʳʝ ʜʥʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʨʘʩʯʸʪʦʚ ʬʦʨʤʠʨʫʝʪ 

ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʛʦʚʦʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʥʣʘʡʥ-ʦʧʣʘʪʫ ʠ ʤʛʥʦʚʝʥʥʳʡ ʚʦʟʚʨʘʪ 

ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʦʪʧʨʘʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʧʦʜʪʚʝʨʞʜʝʥʠʠ, 

ʥʘʧʦʤʠʥʘʥʠʷʭ ʦ ʚʦʟʚʨʘʪʝ ʠ ʘʢʮʠʷʭ. ɺʩʸ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʠ 

ʜʦʚʝʨʠʝ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʠʩʫ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ-

ʢʦʥʩʫʣʴʪʘʮʠʠ: ʢʣʠʝʥʪ ʤʦʞʝʪ ʟʘʜʘʪʴ ʚʦʧʨʦʩʳ ʤʝʥʝʜʞʝʨʫ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʡ ʯʘʪ, 

ʤʝʩʩʝʥʜʞʝʨʳ ʠʣʠ ʬʦʨʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʷʤʦ ʥʘ ʩʘʡʪʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʦʚʝʪ ʧʦ ʚʳʙʦʨʫ ʩʥʘʨʷʞʝʥʠʷ, ʨʘʟʤʝʨʫ ʠʣʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʧʦʚʳʰʘʝʪ 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʧʦʢʫʧʢʝ ʫʩʣʫʛʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʫʟʢʘ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ: ʦʥʠ 

ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʦʪ ʨʫʪʠʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʜʦʛʦʚʦʨʦʚ, ʨʫʯʥʦʛʦ ʧʦʠʩʢʘ ʠʥʚʝʥʪʘʨʷ 

ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʦʧʨʦʩʳ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʝʣʷʪʴ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʞʠʚʦʤʫ ʦʙʱʝʥʠʶ ʩ ʢʣʠʝʥʪʘʤʠ ʥʘ ʚʳʜʘʯʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ. ʂʣʠʝʥʪ ʚʦʩʧʨʠʥʠʤʘʝʪ ʧʫʥʢʪ 

ʧʨʦʢʘʪʘ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ, ʫʜʦʙʥʳʡ ʠ ʟʘʙʦʪʣʠʚʳʡ ʩʝʨʚʠʩ ï ʩ ʧʨʦʟʨʘʯʥʳʤ 

ʥʘʣʠʯʠʝʤ, ʛʠʙʢʠʤ ʛʨʘʬʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʟʘʢʘʟʘ, ʙʳʩʪʨʳʤʠ ʦʪʚʝʪʘʤʠ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʞʠʜʘʥʠʷʤʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʢʘʪʘ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʧʦʜʭʦʜʦʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 



148 

ʊʘʙʣʠʮʘ 1 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʝʙ-ʩʠʩʪʝʤʳ ʧʨʦʢʘʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 
ɸʩʧʝʢʪ ʊʨʘʜʠʮʠʦʥʥʳʡ 

ʧʫʥʢʪ ʧʨʦʢʘʪʘ 

(ʨʫʯʥʦʡ ʤʝʪʦʜ) 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʫʥʢʪ ʧʨʦʢʘʪʘ  

(ʚʝʙ-ʩʠʩʪʝʤʘ) 

ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʜʣʷ ʢʣʠʝʥʪʘ 

ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʜʣʷ ʧʫʥʢʪʘ 

ʧʨʦʢʘʪʘ 

ʆʬʦʨʤʣʝʥʠʝ 

ʘʨʝʥʜʳ 

10ï20 ʤʠʥ ʥʘ 

ʢʣʠʝʥʪʘ, ʙʫʤʘʞʥʳʡ 

ʜʦʛʦʚʦʨ, ʦʯʝʨʝʜʠ 

ʇʦʣʥʦʝ ʦʥʣʘʡʥ-

ʦʬʦʨʤʣʝʥʠʝ, ʚʳʜʘʯʘ ʟʘ 

1-3 ʤʠʥʫʪʳ 

ʕʢʦʥʦʤʠʷ 

ʚʨʝʤʝʥʠ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʦʯʝʨʝʜʝʡ 

ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʨʦʩʪ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʫʥʢʪʘ 

ɹʨʦʥʠʨʦʚʘʥʠʝ ʊʦʣʴʢʦ ʥʘ ʤʝʩʪʝ, ʚ 

ʯʘʩʳ ʨʘʙʦʪʳ ʧʫʥʢʪʘ 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʙʨʦʥʠʨʦʚʘʥʠʝ 24/7, 

ʚʳʙʦʨ ʫʜʦʙʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʠʷ 

ʇʦʣʥʘʷ 

ʛʠʙʢʦʩʪʴ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʤʦʞʥʦ 

ʦʬʦʨʤʠʪʴ 

ʟʘʨʘʥʝʝ 

ʈʘʚʥʦʤʝʨʥʘʷ 

ʟʘʛʨʫʟʢʘ ʚ 

ʪʝʯʝʥʠʝ ʜʥʷ, 

ʤʝʥʴʰʝ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ 

ɼʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʘʣʠʯʠʠ 

ʈʫʯʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦ 

ʞʫʨʥʘʣʫ, ʯʘʩʪʦ 

ʥʝʪʦʯʥʦʩʪʠ 

ʆʪʦʙʨʘʞʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʋʚʝʨʝʥʥʦʩʪʴ ʚ 

ʥʘʣʠʯʠʠ 

ʥʫʞʥʦʛʦ ʪʦʚʘʨʘ 

ʀʩʢʣʶʯʝʥʠʝ 

ʜʚʦʡʥʳʭ ʧʨʦʜʘʞ 

ʠ ʦʰʠʙʦʢ ʫʯʸʪʘ 

ʂʦʥʩʫʣʴʪʘʮʠʠ 

ʠ ʧʦʜʜʝʨʞʢʘ 

ʊʦʣʴʢʦ ʦʯʥʦ ʠʣʠ ʧʦ 

ʪʝʣʝʬʦʥʫ 

(ʦʞʠʜʘʥʠʝ) 

ʆʥʣʘʡʥ-ʯʘʪ ʧʨʷʤʦ ʥʘ 

ʩʘʡʪʝ, ʦʙʨʘʱʝʥʠʝ ʥʘ 

ʧʦʯʪʫ ʠ ʚ 

ʤʝʩʩʝʥʜʞʝʨʘʭ 

ɹʳʩʪʨʳʡ ʦʪʚʝʪ 

ʚ ʫʜʦʙʥʦʤ 

ʬʦʨʤʘʪʝ 

ʉʥʠʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʦʪʨʫʜʥʠʢʦʚ 

ʆʧʣʘʪʘ ʠ 

ʜʦʢʫʤʝʥʪʳ 

ʅʘʣʠʯʥʳʝ/ʪʝʨʤʠʥʘʣ

, ʙʫʤʘʞʥʳʝ 

ʜʦʛʦʚʦʨʳ 

ʆʥʣʘʡʥ-ʦʧʣʘʪʘ, 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʛʦʚʦʨ, 

ʤʛʥʦʚʝʥʥʳʡ ʚʦʟʚʨʘʪ 

ʟʘʣʦʛʘ 

ʋʜʦʙʩʪʚʦ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʙʦʪʳ ʩ 

ʙʫʤʘʞʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ 

ʋʩʢʦʨʝʥʠʝ 

ʨʘʩʯʸʪʦʚ, 

ʩʥʠʞʝʥʠʝ ʦʰʠʙʦʢ 

ʚ ʜʦʢʫʤʝʥʪʘʭ 

ʆʙʱʘʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥ

ʦʩʪʴ ʜʣʷ 

ʢʣʠʝʥʪʘ 

ʅʠʟʢʘʷ (ʦʞʠʜʘʥʠʝ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʛʠʙʢʦʩʪʠ, 

ʥʝʫʜʦʙʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ) 

ɺʳʩʦʢʘʷ (ʩʦʚʨʝʤʝʥʥʳʡ 

ʩʝʨʚʠʩ, ʫʜʦʙʩʪʚʦ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ) 

ʉʦʚʨʝʤʝʥʥʳʡ ʠ 

ʫʜʦʙʥʳʡ 

ʩʝʨʚʠʩ, 

ʙʳʩʪʨʦʝ 

ʦʬʦʨʤʣʝʥʠʝ 

ʘʨʝʥʜʳ 

ʈʦʩʪ ʣʦʷʣʴʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʚʪʦʨʥʳʭ 

ʦʙʨʘʱʝʥʠʡ ʠ 

ʚʳʨʫʯʢʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʚʥʝʜʨʝʥʠʝ ʚʝʙ-ʩʠʩʪʝʤ ʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ 

ʢʘʢ ʜʣʷ ʢʣʠʝʥʪʘ (ʛʠʙʢʦʩʪʴ, ʩʢʦʨʦʩʪʴ, ʫʜʦʙʩʪʚʦ), ʪʘʢ ʠ ʜʣʷ ʧʫʥʢʪʘ ʧʨʦʢʘʪʘ 

(ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʣʦʷʣʴʥʦʩʪʠ). 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠ ʦʮʝʥʠʪʴ ʦʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ 

ʦʪ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʦʥʠʤʥʳʡ ʦʥʣʘʡʥ-ʦʧʨʦʩ ʩʨʝʜʠ 30 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʦʩʥʦʚʥʦʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ (ʚʦʟʨʘʩʪ 18-35 ʣʝʪ). ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʦʩʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʦʩʪʨʦʪʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: 80% ʦʪʤʝʪʠʣʠ 

ʦʯʝʨʝʜʠ ʠ ʜʦʣʛʦʝ ʦʬʦʨʤʣʝʥʠʝ ʢʘʢ ʛʣʘʚʥʳʝ ʙʘʨʴʝʨʳ, ʘ 70% ʛʦʪʦʚʳ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʘʨʝʥʜʳ ʧʨʠ ʦʞʠʜʘʥʠʠ ʙʦʣʝʝ 10 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ 83% ʨʝʩʧʦʥʜʝʥʪʦʚ ʚʳʩʦʢʦ 

ʦʮʝʥʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʟʘʢʘʟʘ ʚ 

ʫʜʦʙʥʦʝ ʚʨʝʤʷ, ʘ ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʚʘʞʥʦʩʪʠ ʦʥʣʘʡʥ-ʙʨʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 4,7 

ʙʘʣʣʘ ʠʟ 5. 73% ʦʧʨʦʰʝʥʥʳʭ ʛʦʪʦʚʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʥʣʘʡʥ-ʢʦʥʩʫʣʴʪʘʮʠʶ ʯʝʨʝʟ 

ʯʘʪ, ʘ 70% ï ʧʣʘʪʠʪʴ ʥʘ 5-10% ʙʦʣʴʰʝ ʟʘ ʩʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʩʝʨʚʠʩ. ʆʙʱʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʮʠʬʨʦʚʦʛʦ ʩʝʨʚʠʩʘ ʦʪʤʝʪʠʣʠ 93% ʨʝʩʧʦʥʜʝʥʪʦʚ. 
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ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʨʦʩʘ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʢ 100ïʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠ ʦʪʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ 

(ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʷʚʥʦ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʠʩʧʳʪʳʚʘʝʪ 

ʥʝʫʜʦʙʩʪʚʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʨʦʢʘʪʘ 

ʩʧʦʨʪʠʚʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ, ʘ ʧʦʜʘʚʣʷʶʱʠʝ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʤʝʯʘʝʪ ʫʜʦʙʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʨʝʰʝʥʠʷʤ 

ʥʘ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʝʚʠʜʥʘ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʢʘʪʘ ʩʧʦʨʪʠʚʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ ʠʜʸʪ ʥʘ ʧʦʣʴʟʫ ʙʠʟʥʝʩʫ ʚ ʮʝʣʦʤ: ʦʥʘ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʠʩʢʠ, 

ʫʣʫʯʰʘʝʪ ʢʣʠʝʥʪʩʢʠʡ ʦʧʳʪ ʠ ʫʩʠʣʠʚʘʝʪ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʦʟʠʮʠʠ ʧʫʥʢʪʦʚ ʧʨʦʢʘʪʘ 

ʥʘ ʨʳʥʢʝ ʫʩʣʫʛ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʨʦʩʪʦ ʫʩʪʨʘʥʷʶʪ 

ʪʝʢʫʱʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʥʦ ʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʠ ʘʜʘʧʪʘʮʠʠ ʢ 

ʦʞʠʜʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɼ. ɺʣʘʩʦʚ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʉʚʠʨʠʜʝʥʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʈɸɿʈɸɹʆʊʂɸ ɸʈʍʀʊɽʂʊʋʈʓ ɺɽɹ-ʊʈɽʅɸɾɽʈɸ ʉ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʄ ɸʉʉʀʉʊɽʅʊʆʄ ʅɸ ʆʉʅʆɺɽ ɹʆʃʔʐʀʍ 

ʗɿʓʂʆɺʓʍ ʄʆɼɽʃɽʁ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ ʥʘ ʦʩʥʦʚʝ LLM ʩʧʦʩʦʙʥʳ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʫʯʝʥʠʝ, ʦʙʲʷʩʥʷʪʴ ʩʣʦʞʥʳʝ ʪʝʤʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʪʝʤʧʫ ʩʪʫʜʝʥʪʘ. 

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʦʪʯʸʪʫ ʢʦʤʧʘʥʠʠ The Business Research Company, 

ʚ 2024 ʛʦʜʫ ʦʙʲʸʤ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʩʪʘʚʠʣ 3,44 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ, ʘ ʢ 2029 ʛʦʜʫ, ʧʦ ʧʨʦʛʥʦʟʘʤ, 

ʜʦʩʪʠʛʥʝʪ 24,19 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʪʝʤʧʝ ʨʦʩʪʘ 47,7% (ʨʠʩ. 

1) [1]. 

 

 
ʈʠʩ. 1. ʇʨʦʛʥʦʟ ʨʦʩʪʘ ʨʳʥʢʘ LLM ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘ 2024-2029 ʛʛ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʩ ʀʀ-ʬʫʥʢʮʠʷʤʠ, 

ʤʥʦʛʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʳ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʚʝʙ-ʪʨʝʥʘʞʝʨʘ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʩʩʠʩʪʝʥʪʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʪʘʢʦʛʦ ʪʨʝʥʘʞʝʨʘ ʠ 

ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, 

ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM) ʜʣʷ ʧʦʤʦʱʠ ʩʪʫʜʝʥʪʘʤ. 
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ɸʥʘʣʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʠ ï ʦʪ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʦʥʪʝʥʪʘ ʜʦ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʘʩʩʠʩʪʝʥʪʦʚ. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʧʣʘʪʬʦʨʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʢʘʢ 

ʨʦʩʩʠʡʩʢʠʡ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ: Stepik, Duolingo ʠ Khan Academy. 

1. Stepik 

ʆʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ 

Stepik, ʦʙʲʝʜʠʥʷʶʱʘʷ ʤʠʣʣʠʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʳʩʷʯʠ ʢʫʨʩʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʦʛʦ LLM-ʘʩʩʠʩʪʝʥʪʘ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʡ ʷʟʳʢʦʚʦʡ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʥʘ 

Stepik ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ 

ʷʟʳʢʦʚʳʤʠ ʤʦʜʝʣʷʤʠ: ʘʚʪʦʨʳ ʧʫʙʣʠʢʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʫʨʩʳ ʧʦ 

ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʫ, ʩʦʟʜʘʥʠʶ AI-ʘʩʩʠʩʪʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ LLM-ʧʨʠʣʦʞʝʥʠʡ 

ʜʣʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ [2, 3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Stepik ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ LLM ʩʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʬʦʨʤʠʨʫʷ ʩʦʦʙʱʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʦʟʜʘʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ. 

2. Duolingo  

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ LLM ʷʚʣʷʝʪʩʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʟʳʢʦʚ Duolingo. ɺ 2023 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʝʤʠʫʤ-ʧʦʜʧʠʩʢʘ Duolingo Max, ʛʜʝ ʥʘ ʙʘʟʝ GPT-4 ʨʘʙʦʪʘʶʪ ʬʫʥʢʮʠʠ çExplain 

My Answerè (ʦʙʲʷʩʥʝʥʠʝ ʦʰʠʙʦʢ) ʠ çRoleplayè (ʜʠʘʣʦʛʠ ʩ AI-ʧʝʨʩʦʥʘʞʘʤʠ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ) [4]. ʇʦʤʠʤʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʫʥʢʮʠʡ, LLM 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʨʘʟʨʘʙʦʪʢʠ ʫʨʦʢʦʚ. ɺ ʢʦʤʧʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʜʝʪʘʣʴʥʳʭ ʧʨʦʤʧʪʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʛʝʥʝʨʘʮʠʶ 

ʢʦʥʪʝʥʪʘ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʤʦʜʝʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ 

[4]. ʕʪʦʪ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʚ 

ʩʦʟʜʘʥʠʠ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

LLM.  

3. Khan Academy  

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʦʜʭʦʜ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʳ Khan Academy, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʦʚʘʣʘ GPT-4 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʘʩʩʠʩʪʝʥʪʘ Khanmigo [5]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, Khanmigo 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ: ʦʥ ʥʝ ʚʳʜʘʸʪ ʛʦʪʦʚʳʭ ʦʪʚʝʪʦʚ, ʘ 

ʟʘʜʘʸʪ ʥʘʚʦʜʷʱʠʝ ʚʦʧʨʦʩʳ, ʥʘʧʨʘʚʣʷʷ ʩʪʫʜʝʥʪʘ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ 

(ʩʦʢʨʘʪʦʚʩʢʠʡ ʤʝʪʦʜ). ɸʩʩʠʩʪʝʥʪ ʠʩʧʦʣʴʟʫʝʪ ʩʦʢʨʘʪʦʚʩʢʠʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ: 

ʚʤʝʩʪʦ ʛʦʪʦʚʳʭ ʦʪʚʝʪʦʚ ʦʥ ʟʘʜʘʸʪ ʥʘʚʦʜʷʱʠʝ ʚʦʧʨʦʩʳ, ʧʦʤʦʛʘʷ ʩʪʫʜʝʥʪʫ ʧʨʠʡʪʠ 

ʢ ʨʝʰʝʥʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ [5]. ʆʧʳʪ Khan Academy ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʱʫʶ 

ʪʝʥʜʝʥʮʠʶ: ʜʘʞʝ ʠʤʝʷ ʜʦʩʪʫʧ ʢ ʩʘʤʳʤ ʤʦʱʥʳʤ ʤʦʜʝʣʷʤ, ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʚʦʙʦʜʫ LLM ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʤʧʪʦʚ ʠ ʧʨʘʚʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦʙʳ ʘʩʩʠʩʪʝʥʪ ʚʸʣ ʩʝʙʷ ʧʨʝʜʩʢʘʟʫʝʤʦ ʠ ʩʣʝʜʦʚʘʣ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ.  

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ (ʪʘʙʣʠʮʘ 

1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ LLM, ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ: Duolingo Max ʜʦʩʪʫʧʝʥ ʣʠʰʴ ʧʦ ʧʣʘʪʥʦʡ ʧʦʜʧʠʩʢʝ ʠ ʥʝ 
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ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, Khanmigo ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʚ 

ʉʐɸ, ʘ Stepik, ʭʦʪʷ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ, ʥʝ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʦʛʦ ʘʩʩʠʩʪʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʚʝʙ-ʪʨʝʥʘʞʝʨʘ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʩʩʠʩʪʝʥʪʦʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ 

ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʫʯʝʙʥʳʝ ʢʫʨʩʳ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ 

ʇʣʘʪʬʦʨʤʘ ʊʠʧ ʜʦʩʪʫʧʘ 
ʀʥʪʝʛʨʘʮʠʷ 

LLM  

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

ɼʦʩʪʫʧʥʦʩʪʴ ʚ 

ʈʌ 

Stepik ʆʪʢʨʳʪʳʡ 

ʅʝ ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʦʡ 

LLM  

ʈʝʢʦʤʝʥʜʘʮʠʠ 

ʢʫʨʩʦʚ 
ʇʦʣʥʘʷ 

Duolingo ʇʨʦʧʨʠʝʪʘʨʥʳʡ GPT-4 

ʆʙʲʷʩʥʝʥʠʝ ʦʰʠʙʦʢ, 

ʨʦʣʝʚʳʝ ʜʠʘʣʦʛʠ, 

ʛʝʥʝʨʘʮʠʷ ʟʘʜʘʥʠʡ 

ʆʛʨʘʥʠʯʝʥʘ 

(ʧʣʘʪʥʘʷ 

ʧʦʜʧʠʩʢʘ) 

Khan Academy ʆʪʢʨʳʪʳʡ 
GPT-4 

(Khanmigo) 

ʇʝʨʩʦʥʘʣʴʥʳʡ 

ʘʩʩʠʩʪʝʥʪ. 

(ʈʝʧʝʪʠʪʦʨ ʧʦ 

ʤʘʪʝʤʘʪʠʢʝ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, 

ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʵʢʟʘʤʝʥʘʤ, 

ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʜʠʘʣʦʛʠ, ʜʝʙʘʪʳ) 

(ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʪʦʣʴʢʦ ʚ ʉʐɸ, 

ʧʣʘʪʥʘʷ 

ʧʦʜʧʠʩʢʘ) 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 
ï 

API 

GigaChat/ 

OpenAI 

ɸʜʘʧʪʠʚʥʳʝ 

ʦʙʲʷʩʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʛʦʪʦʚʳʭ 

ʧʨʦʤʧʪʦʚ 

ɺʳʩʦʢʘʷ 

 

ʆʙʦʙʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ: ʦʥʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʘʩʩʠʩʪʝʥʪʘ (ʢʘʢ ʚ Khan Academy), ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʮʠʝʡ (ʢʘʢ ʚ Duolingo) 

ʠ ʙʳʪʴ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʨʫʙʝʞʥʳʭ 

ʘʥʘʣʦʛʦʚ). 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʟʚʠʚʘʝʪ ʫʩʧʝʰʥʳʝ ʧʦʜʭʦʜʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʣʘʪʬʦʨʤ. ʂʘʢ ʠ ʚ Duolingo, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʪʘʣʴʥʳʭ ʧʨʦʤʧʪʦʚ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʮʠʝʡ, ʘ ʧʦʚʝʜʝʥʠʝ ʘʩʩʠʩʪʝʥʪʘ, ʧʦʜʦʙʥʦ Khanmigo, 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʫʜʝʥʪʘ 

ʢ ʨʝʰʝʥʠʶ ʯʝʨʝʟ ʧʦʜʩʢʘʟʢʠ). ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʪʨʝʥʘʞʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʨʦʤʧʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʫʯʝʙʥʳʭ ʟʘʜʘʯ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ: ʃʫʢʠʥʩʢʠʡ ʠ ɻʦʨʰʝʥʝʚʘ [6] ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʀʀ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʷ ʧʨʝʜʤʝʪʘ, ʥʦ ʠ 

ʚʣʘʜʝʥʠʷ ʩʪʨʘʪʝʛʠʷʤʠ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʧʨʦʩʦʚ ï ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ, ʦʧʨʝʜʝʣʝʥʠʷ 
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ʢʦʥʪʝʢʩʪʘ ʠ ʠʪʝʨʘʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ, ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʦʤʧʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʘʩʩʠʩʪʝʥʪʘ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʚʘʣʠʜʥʳʤ ʜʘʞʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʛʣʫʙʦʢʠʤʠ 

ʥʘʚʳʢʘʤʠ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 2): 

 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ (ʩʪʫʜʝʥʪ) ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ. 

2. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ (ʬʨʦʥʪʝʥʜ) ʧʝʨʝʜʘʸʪ ʥʘ ʩʝʨʚʝʨ ʢʦʥʪʝʢʩʪ ʟʘʜʘʯʠ (ʪʝʤʫ, 

ʪʠʧ ʟʘʧʨʦʩʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ). 

3. ʉʝʨʚʝʨ (ʙʵʢʝʥʜ) ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʫʯʝʙʥʦʡ 

ʟʘʜʘʯʠ ʠ ʦʙʨʘʱʘʝʪʩʷ ʢ ʙʘʟʝ ʧʨʦʤʧʪʦʚ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʰʘʙʣʦʥʦʤ. 

4. ɹʘʟʘ ʧʨʦʤʧʪʦʚ ʚʦʟʚʨʘʱʘʝʪ ʩʝʨʚʝʨʫ ʛʦʪʦʚʳʡ ʰʘʙʣʦʥ, ʩʦʜʝʨʞʘʱʠʡ 

ʨʦʣʝʚʫʶ ʫʩʪʘʥʦʚʢʫ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʞʝʣʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʚʝʪʘ. 

5. ʉʝʨʚʝʨ ʬʦʨʤʠʨʫʝʪ ʠʪʦʛʦʚʳʡ ʧʨʦʤʧʪ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʰʘʙʣʦʥ ʢʦʥʢʨʝʪʥʳʝ 

ʜʘʥʥʳʝ ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʝ ʧʨʠʤʝʨʘ ʠʣʠ ʚʦʧʨʦʩ ʩʪʫʜʝʥʪʘ), ʠ ʦʪʧʨʘʚʣʷʝʪ 

ʝʛʦ ʢ LLM-ʤʦʜʫʣʶ ʯʝʨʝʟ API. 

6. LLM -ʤʦʜʫʣʴ (GigaChat ʠʣʠ OpenAI) ʛʝʥʝʨʠʨʫʝʪ ʦʪʚʝʪ ʠ ʚʦʟʚʨʘʱʘʝʪ ʝʛʦ 

ʥʘ ʩʝʨʚʝʨ. 

7. ʉʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʦʪʚʝʪ ʠ ʧʝʨʝʜʘʸʪ ʝʛʦ ʚ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩ. 

8. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʦʪʦʙʨʘʞʘʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʘʩʩʠʩʪʝʥʪʦʤ ʦʙʲʷʩʥʝʥʠʝ 

ʠʣʠ ʧʦʜʩʢʘʟʢʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʆʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʙʘʟʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʧʨʦʤʧʪʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʯʝʙʥʳʭ ʟʘʜʘʯ (ʦʙʲʷʩʥʝʥʠʝ ʧʦʥʷʪʠʷ, ʧʨʦʚʝʨʢʘ 

ʧʦʥʠʤʘʥʠʷ, ʧʦʜʩʢʘʟʢʘ ʢ ʨʝʰʝʥʠʶ) ʚ ʥʝʡ ʭʨʘʥʠʪʩʷ ʰʘʙʣʦʥ ʧʨʦʤʧʪʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʫʯʸʪʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ [6]. 

ʐʘʙʣʦʥʳ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

- ʨʦʣʝʚʦʡ ʢʦʥʪʝʢʩʪ ï ʦʧʨʝʜʝʣʷʝʪ ʨʦʣʴ ʘʩʩʠʩʪʝʥʪʘ; 
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- ʦʛʨʘʥʠʯʝʥʠʷ ï ʟʘʜʘʶʪ ʨʘʤʢʠ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ; 

- ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʪʘ ï ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʦʙʲʷʩʥʝʥʠʷ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʰʘʙʣʦʥ ʜʠʥʘʤʠʯʝʩʢʠ ʜʦʧʦʣʥʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ 

ʜʘʥʥʳʤʠ ʟʘʜʘʯʠ ï ʥʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʝʤ ʧʨʠʤʝʨʘ, ʚʦʧʨʦʩʦʤ ʩʪʫʜʝʥʪʘ ʠʣʠ ʝʛʦ 

ʧʨʝʜʳʜʫʱʠʤ ʦʪʚʝʪʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʧʦʜ 

ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʩʠʪʫʘʮʠʶ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʦʙʱʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʩʩʠʩʪʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʚʝʙ-

ʪʨʝʥʘʞʸʨʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ LLM-ʨʝʰʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, 

ʚʳʷʚʣʝʥʳ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘ ʧʣʘʪʬʦʨʤʘʭ Duolingo, 

Khan Academy ʠ Stepik, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʚʝʙ-ʪʨʝʥʘʞʝʨʘ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʩʩʠʩʪʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʨʦʤʧʪʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʶ ʧʨʘʢʪʠʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʳʩʰʝʤ ʦʙʨʘʟʦʚʘʥʠʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʈʍʀʊɽʂʊʋʈɸ ɿɸʑʀʊʓ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 

ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽɺʆɻʆ ɸɺʊʆʕʅʂʆɼɽʈɸ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (Internet Of 

Things, IoT) ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʩʩʦʚʦʤʫ ʧʦʜʢʣʶʯʝʥʠʶ ʢ ʩʝʪʠ ʜʘʪʯʠʢʦʚ, 

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʙʳʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʦʜʫʣʝʡ. ʇʦ ʦʮʝʥʢʘʤ 

ʦʪʨʘʩʣʝʚʳʭ ʘʥʘʣʠʪʠʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ IoT-ʫʩʪʨʦʡʩʪʚ ʫʞʝ ʠʩʯʠʩʣʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ 

ʤʠʣʣʠʘʨʜʦʚ, ʠ ʵʪʘ ʮʠʬʨʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ [1]. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʫʧʨʦʱʸʥʥʳʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʨʝʜʢʦ ʦʙʥʦʚʣʷʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʫʷʟʚʠʤʘʷ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʨʝʜʘ, ʛʜʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʪʘʢʠ ʥʘ IoT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʯʘʩʪʦ ʥʦʩʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʘʩʢʠʨʫʶʪʩʷ ʧʦʜ ʣʝʛʠʪʠʤʥʳʡ ʪʨʘʬʠʢ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʘ ʦʩʥʦʚʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʮʝʥʘʨʠʷʤ ʘʪʘʢ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʦʙʥʘʨʫʞʝʥʠʶ ʘʥʦʤʘʣʠʡ ʚ 

ʩʝʪʝʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ IoT-ʫʩʪʨʦʡʩʪʚ ʩ ʫʯʸʪʦʤ ʠʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ. 

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ IoT-ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʫʩʪʨʦʡʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʰʣʶʟʳ ʠ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʟʘʱʠʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ: ʩʠʛʥʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ, ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ, 

ʤʝʭʘʥʠʟʤʳ ʰʠʬʨʦʚʘʥʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ [2]. ʉʠʛʥʘʪʫʨʥʳʝ ʤʝʪʦʜʳ 

ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʠʟʚʝʩʪʥʳʭ ʫʛʨʦʟ, ʥʘʧʨʠʤʝʨ DDoS-ʘʪʘʢ, ʙʦʪʥʝʪ-ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ IoT, ʥʦ ʠʟ-ʟʘ 

ʧʨʠʚʷʟʢʠ ʢ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʰʘʙʣʦʥʘʤ ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ ʪʠʧʳ 

ʘʪʘʢ [1]. ʇʦʚʝʜʝʥʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣʘʭ, 

ʪʨʝʙʫʶʪ ʨʫʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ 

ʫʩʪʨʦʡʩʪʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʜʦʣʷ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʪʨʘʬʠʢʘ ʩʦʟʜʘʸʪ ʝʜʠʥʫʶ 

ʪʦʯʢʫ ʦʪʢʘʟʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʜʝʨʞʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ IoT. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʊʘʢ, ʚ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ 

Murat Kuzlu, Corinne Fair ʠ Ozgur Guler ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʰʣʶʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 
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ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʦʪʢʘʟʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 

ʢʣʘʩʩʘ CICIDS ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʀʀ-ʧʦʜʭʦʜʳ ʢ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʘʪʘʢ ʚ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ IoT-ʩʠʩʪʝʤʘʭ [1]. ʊʘʢʠʝ ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ 

ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʙʦʪʥʝʪ-ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʨʪʦʚ. ʆʜʥʘʢʦ ʚʦ 

ʤʥʦʛʠʭ ʨʝʰʝʥʠʷʭ ʦʙʫʯʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʜʘʯʠ 

ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʚ ʦʙʣʘʢʦ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣʳ ʩʚʷʟʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʜʝʣʠ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʶʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʸʥʥʳʭ ʧʨʠʤʝʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʟʘʱʠʪʳ IoT ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʀʀ-ʤʝʪʦʜʦʚ - ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʨʘʚʥʠʪʴ ʵʪʠ 

ʧʦʜʭʦʜʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ IoT-ʩʨʝʜʘʭ, ʛʜʝ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ, ʚʢʣʶʯʘʷ ʦʪʨʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʜʫʨʳ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ IoT 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʨʘʟʚʸʨʪʳʚʘʥʠʠ ʚ IoT 

ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. ʆʜʥʘʢʦ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʨʝʩʫʨʩʥʦ-ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʦʙʥʦʚʣʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʟʘʱʠʪʳ IoT-ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʬʝʜʝʨʘʪʠʚʥʦʛʦ 

ʄʝʪʦʜ ʀʀ ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʠ ʚ IoT 

ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠ 

ʦʙʫʯʝʥʠʝ ʧʨʘʚʠʣʘʤ  

ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʟʥʘʢʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʨʘʬʠʢʘ ʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʘʪʘʢ. 

ʄʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ 

ʩʦʩʝʜʝʡ (k-NN - k-Nearest 

Neighbors) 

ʇʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ 

ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ 

ʢʦʨʨʝʢʪʥʳʭ ʧʨʠʟʥʘʢʘʭ. 

ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʳʙʦʨʫ ʤʝʪʨʠʢʠ ʠ 

ʧʘʨʘʤʝʪʨʘ k ʠ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʥʥʳʭ. 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

(SVM - Support Vector 

Machine) 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʛʠʙʢʦʩʪʴ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʷʜʨʘ. 

ʊʨʝʙʫʝʪ ʨʘʟʤʝʪʢʠ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ. 

ɸʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ: 

ʩʣʫʯʘʡʥʳʡ ʣʝʩ (Random 

Forest) ʠ ʛʨʘʜʠʝʥʪʥʳʡ 

ʙʫʩʪʠʥʛ  

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ 

ʪʘʙʣʠʯʥʳʭ ʧʨʠʟʥʘʢʘʭ. 

ʅʫʞʜʘʝʪʩʷ ʚ ʦʙʥʦʚʣʝʥʠʠ ʧʨʠ 

ʜʨʝʡʬʝ ʪʨʘʬʠʢʘ ʠ ʯʘʩʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ 

ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, 

ʚʢʣʶʯʘʷ ʘʚʪʦʵʥʢʦʜʝʨʳ  

ʅʝʣʠʥʝʡʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʦʤʘʣʠʡ. 

ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ ʠ 

ʥʘʣʠʯʠʝ ʫʷʟʚʠʤʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʥʘ ʜʘʥʥʳʝ/ʤʦʜʝʣʴ. 

ʌʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ 

(Federated Learning) 

ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ ʫʪʝʯʢʠ 

ʜʘʥʥʳʭ ʠ ʫʯʸʪ ʣʦʢʘʣʴʥʦʡ 

ʩʧʝʮʠʬʠʢʠ ʩʝʛʤʝʥʪʦʚ. 

ʈʠʩʢʠ ʦʪʨʘʚʣʝʥʠʷ ʦʙʥʦʚʣʝʥʠʡ ʠ 

ʥʫʞʝʥ ʢʦʥʪʨʦʣʴ ʦʙʥʦʚʣʝʥʠʡ ʠ 

ʟʘʱʠʪʘ ʘʛʨʝʛʘʮʠʠ. 
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ʦʙʫʯʝʥʠʷ ʠ ʣʸʛʢʦʡ ʥʝʡʨʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʤʝʪʨʠʢ ʥʘ ʫʨʦʚʥʝ 

ʰʣʶʟʘ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʰʣʶʟʘʤʠ IoT-ʩʝʛʤʝʥʪʦʚ ʙʝʟ ʧʝʨʝʜʘʯʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʘ ʦʙʤʝʥʫ ʧʦʜʣʝʞʘʪ ʪʦʣʴʢʦ ʦʙʥʦʚʣʸʥʥʳʝ ʚʝʩʘ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ 

ʚʢʣʶʯʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʸʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʪʨʦʠʪʩʷ ʧʦ 

ʪʨʸʭʫʨʦʚʥʝʚʦʤʫ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʷʪʩʷ IoT-ʫʩʪʨʦʡʩʪʚʘ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ. ʆʥʠ ʥʝ ʚʳʧʦʣʥʷʶʪ ʚʳʯʠʩʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʫʯʝʥʠʝʤ, ʠ 

ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʩʚʦʝʤʫ ʰʣʶʟʫ. ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʦʙʨʘʟʫʶʪ ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʰʣʶʟʳ. ʀʤʝʥʥʦ ʥʘ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʝʪʝʚʳʭ ʤʝʪʘʜʘʥʥʳʭ. ʌʠʢʩʠʨʫʶʪʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʯʘʩʪʦʪʘ ʦʪʧʨʘʚʢʠ 

ʧʘʢʝʪʦʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ, ʪʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ, 

ʥʘʧʨʠʤʝʨ MQTT ʠ CoAP. ɺʘʞʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʠʡ 

ʧʨʦʬʠʣʴ ʪʨʘʬʠʢʘ, ʘ ʥʝ ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʮʝʥʪʨʘʣʴʥʳʤ ʩʝʨʚʝʨʦʤ ʘʛʨʝʛʘʮʠʠ, ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʩʧʨʝʜʝʣʸʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʠ ʦʙʲʝʜʠʥʷʝʪ ʧʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ [3]. ʅʦ ʩʘʤ ʪʨʘʬʠʢ ʯʝʨʝʟ 

ʥʝʛʦ ʥʝ ʧʨʦʭʦʜʠʪ, ʧʦʵʪʦʤʫ ʝʜʠʥʦʡ ʪʦʯʢʠ ʦʪʢʘʟʘ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʨʝʩʫʨʩʘʤ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʘʭ ʦʩʥʦʚʘʥʘ ʥʘ 

ʘʚʪʦʵʥʢʦʜʝʨʝ ʠ ʦʙʨʘʙʦʪʢʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʩʝʪʝʚʳʭ ʤʝʪʘʜʘʥʥʳʭ ʚ ʩʢʦʣʴʟʷʱʠʭ 

ʚʨʝʤʝʥʥʳʭ ʦʢʥʘʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʢʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʟʘʜʘʥʥʳʡ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦ ʩʪʘʪʠʩʪʠʢʘʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʜʘʥʥʳʭ ʩʝʛʤʝʥʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʠʥʪʝʨʚʘʣʳ, ʥʘʧʨʠʤʝʨ ʧʦ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʠ ʜʠʩʧʝʨʩʠʠ [4]. ʊʝʤ ʩʘʤʳʤ, ʧʦʟʚʦʣʷʷ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʝʛʤʝʥʪʘʤʠ ʠ ʫʧʨʦʩʪʠʪʴ ʧʦʩʣʝʜʫʶʱʫʶ ʘʛʨʝʛʘʮʠʶ ʣʦʢʘʣʴʥʳʭ 

ʦʙʥʦʚʣʝʥʠʡ. 

 

ʐʣʶʟ / ʣʦʢʘʣʴʥʳʡ ʫʟʝʣ
ʎʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ 

ʢʦʦʨʜʠʥʘʮʠʠ
ʉʝʛʤʝʥʪʳ ʩʝʪʠ

1. ʉʙʦʨ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʩʝʪʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʫʨʦʚʥʝ ʰʣʶʟʘ 

(ʯʠʩʣʦ ʧʘʢʝʪʦʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ, 

ʯʘʩʪʦʪʘ ʩʦʝʜʠʥʝʥʠʡ, ʜʦʣʷ 

ʥʝʫʩʧʝʰʥʳʭ ʧʦʧʳʪʦʢ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ)

2. ʃʦʢʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ 

ʦʙʣʝʛʯʸʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʤʦʜʝʣʠ ʥʘ 

ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ

3. ʇʝʨʝʜʘʯʘ ʦʙʥʦʚʣʸʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʢʦʦʨʜʠʥʘʮʠʠ

4. ɸʛʨʝʛʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ

5. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʙʥʦʚʣʸʥʥʦʡ ʤʦʜʝʣʠ ʧʦ 

ʩʝʛʤʝʥʪʘʤ ʩʝʪʠ

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʘʥʦʤʘʣʠʡ ʚ IoT-ʩʝʪʠ 
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ʉ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʰʣʶʟʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʧʘʢʪʥʳʡ ʧʦʣʥʦʩʚʷʟʥʳʡ ʘʚʪʦʵʥʢʦʜʝʨ ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ: ʚʭʦʜʥʳʤ, ʩʢʨʳʪʳʤ ʩ 

ʫʤʝʥʴʰʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʚʳʭʦʜʥʳʤ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʈʘʟʤʝʨ ʩʢʨʳʪʦʛʦ ʩʣʦʷ ʚʳʙʠʨʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʥʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʯʪʦʙʳ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ 

ʪʳʩʷʯ ʠ ʦʙʫʯʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ARM-ʧʨʦʮʝʩʩʦʨʘʤʠ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʃʦʢʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʨʦʪʢʠʤʠ ʩʝʩʩʠʷʤʠ ʥʘ ʙʫʬʝʨʝ ʧʦʩʣʝʜʥʠʭ ʦʢʦʥ: ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ ʩ 

ʦʧʪʠʤʠʟʘʪʦʨʦʤ Adam ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʦ ʯʠʩʣʫ ʠʪʝʨʘʮʠʡ ʠʣʠ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʘʜʘʧʪʘʮʠʶ ʤʦʜʝʣʠ ʚ 

ʦʙʫʯʘʶʱʠʡ ʙʫʬʝʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʢʣʶʯʘʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʰʠʙʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʝʢʫʱʠʡ ʧʦʨʦʛ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʥʘ ʵʪʘʧʝ ʠʥʬʝʨʝʥʩʘ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʦʰʠʙʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ï ʜʣʷ ʦʯʝʨʝʜʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʚʳʭʦʜʦʤ 

ʘʚʪʦʵʥʢʦʜʝʨʘ [5]. ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʣʝʛʠʪʠʤʥʦʛʦ ʪʨʘʬʠʢʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ʦʩʪʘʸʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘʢʦ ʝʩʣʠ ʥʘ 

ʚʭʦʜ ʧʦʩʪʫʧʘʶʪ ʥʝʪʠʧʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʚʩʧʣʝʩʢ ʟʘʧʨʦʩʦʚ 

ʧʨʠ DDoS-ʘʪʘʢʝ, ʪʦ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʧʦʨʦʛʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʩʠʛʥʘʣ ʦ ʚʦʟʤʦʞʥʦʤ ʠʥʮʠʜʝʥʪʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʌʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʩʝʨʚʝʨ ʬʦʨʤʠʨʫʝʪ ʛʣʦʙʘʣʴʥʫʶ ʤʦʜʝʣʴ ʠ ʧʝʨʝʜʘʸʪ ʝʸ ʰʣʶʟʘʤ. ɿʘʪʝʤ ʢʘʞʜʳʡ 

ʰʣʶʟ ʚʳʧʦʣʥʷʝʪ ʣʦʢʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʦʢʠʜʘʶʪ ʝʛʦ ʧʨʝʜʝʣʳ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʵʪʘʧʘ ʥʘ ʩʝʨʚʝʨ ʦʪʧʨʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʦʙʥʦʚʣʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʝʨʚʝʨ ʘʛʨʝʛʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ 

ʦʙʥʦʚʣʝʥʠʷ ʧʫʪʸʤ ʫʩʨʝʜʥʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʥʦʚʫʶ ʛʣʦʙʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʧʦʚʪʦʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʰʣʶʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʮʠʢʣ ʦʙʫʯʝʥʠʷ 

ʧʨʦʜʦʣʞʘʝʪʩʷ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʝʟ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ [3]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʪʘʢʘʤ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʚʚʦʜʠʪʩʷ 

ʢʦʥʪʨʦʣʴ ʦʪʢʣʦʥʝʥʠʡ ʦʙʥʦʚʣʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʰʣʶʟʦʚ. ʊʦ ʝʩʪʴ ʩʝʨʚʝʨ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʦʙʥʦʚʣʝʥʠʡ ʠ ʝʩʣʠ ʧʘʨʘʤʝʪʨʳ, 

ʧʨʠʩʣʘʥʥʳʝ ʦʪʜʝʣʴʥʳʤ ʰʣʶʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʥʦʚʣʝʥʠʡ ʜʨʫʛʠʭ 

ʫʟʣʦʚ, ʪʦ ʝʛʦ ʚʢʣʘʜ ʚ ʘʛʨʝʛʘʮʠʶ ʚʨʝʤʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʠʩʢʘʞʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʰʣʶʟʘ ʠʣʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

IoT-ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʘʥʦʤʘʣʴʥʳʡ ʪʨʘʬʠʢ ʠ ʪʝʤ ʩʘʤʳʤ 

ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʣʦʢʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʟʘʱʠʪʳ IoT-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʲʝʜʠʥʷʝʪ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʳʡ ʘʚʪʦʵʥʢʦʜʝʨ ʠ ʤʝʭʘʥʠʟʤ 

ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʰʠʙʢʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪ 

ʙʣʦʢʠʨʦʚʢʫ ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʫʟʣʘ, ʠʟʦʣʷʮʠʶ ʩʝʛʤʝʥʪʘ ʠʣʠ ʫʚʝʜʦʤʣʝʥʠʝ 
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ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʘʪʘʢ ʙʝʟ 

ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʚ ʦʙʣʘʯʥʫʶ ʩʨʝʜʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʥʦʩ ʘʥʘʣʠʟʘ ʠ 

ʣʦʢʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʰʣʶʟʦʚ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣʳ ʩʚʷʟʠ ʠ 

ʫʤʝʥʴʰʘʝʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʥʪʨʘʣʠʟʘʮʠʝʡ ʦʙʨʘʙʦʪʢʠ ʪʨʘʬʠʢʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʦʪʢʣʦʥʝʥʠʡ ʦʙʥʦʚʣʝʥʠʡ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʠʩʪʝʤʳ ʢ ʦʪʨʘʚʣʝʥʠʶ ʤʦʜʝʣʠ ʠ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫʤʥʦʛʦ 

ʜʦʤʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ IoT ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʰʣʶʟʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʩʝʛʤʝʥʪʘ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʈʍʀʊɽʂʊʋʈʅʓɽ ʆʉʅʆɺʓ ɼɽʎɽʅʊʈɸʃʀɿʆɺɸʅʅʆʁ ʉʍɽʄʓ 

ɼɺʋʍʌɸʂʊʆʈʅʆʁ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ ɺ ʈʆʗʍ ɹɽʉʇʀʃʆʊʅʓʍ 

ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ ʀ ʅɸɿɽʄʅʓʍ ʋʉʊʈʆʁʉʊɺ  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʯʘʩʪʳʭ ʠʟʤʝʥʝʥʠʡ ʩʝʪʝʚʦʡ ʪʦʧʦʣʦʛʠʠ [1]. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʦʝʚʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ ʩʦʛʣʘʩʦʚʘʥʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ɹʇʃɸ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘʙʣʶʜʝʥʠʷ, ʩʙʦʨʘ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʦʝʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʟʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʅʋ), ʚʢʣʶʯʘʷ ʩʪʘʥʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʤʦʙʠʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ ʠ ʨʝʪʨʘʥʩʣʷʪʦʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʤʝʩʪʥʘʷ 

ʨʘʙʦʪʘ ɹʇʃɸ ʠ ʅʋ ʬʦʨʤʠʨʫʝʪ ʛʠʙʨʠʜʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚʳʩʪʫʧʘʝʪ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʸʞʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʫʩʪʨʦʡʩʪʚ. ʊʘʢ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʦʙʲʸʤ ʧʘʤʷʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʧʘʩ ɹʇʃɸ 

ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʅʘʟʝʤʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝʤ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʧʦʩʦʙʥʘ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʩʣʦʞʥʳʝ ʟʘʱʠʪʥʳʝ 

ʤʝʭʘʥʠʟʤʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʜʦʚʝʨʝʥʥʦʛʦ ʮʝʥʪʨʘ ʥʘ 

ʥʘʟʝʤʥʦʤ ʫʟʣʝ ʬʦʨʤʠʨʫʝʪ ʫʷʟʚʠʤʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʨʦʤʝʪʘʮʠʷ 

ʣʠʙʦ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʪʘʢʦʛʦ ʫʟʣʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʝʪʠ ʠ 

ʨʝʟʢʦ ʫʭʫʜʰʘʝʪ ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʢʘʟʘʤ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ɹʇʃɸ ʠ ʅʋ ʚʳʩʪʫʧʘʶʪ ʨʘʚʥʦʧʨʘʚʥʳʤʠ ʫʟʣʘʤʠ, ʛʜʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʨʝʩʫʨʩʦʝʤʢʠʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘʟʝʤʥʳʤ ʫʟʣʘʤ, ʥʝ 

ʥʘʨʫʰʘʷ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʩʠʩʪʝʤʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʚʳʩʪʫʧʘʝʪ 

ʤʝʭʘʥʠʟʤ ʜʚʫʭʵʪʘʧʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʧʦʜʣʠʥʥʦʩʪʠ ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ. ʇʦʜʣʠʥʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʣʠ ʅʋ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʦ 

ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʧʦʨʦʛʦʚʫʶ ʧʦʜʧʠʩʴ, ʦʙʲʝʜʠʥʷʷ 

ʩʚʦʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʜʧʠʩʠ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ 

ʫʩʪʨʘʥʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʝʜʠʥʦʛʦ ʜʦʚʝʨʝʥʥʦʛʦ ʮʝʥʪʨʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʠʜʝʥʪʠʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʦʝʜʠʥʝʥʠʷ - ʙʫʜʴ ʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɹʇʃɸ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʠʭ ʩʦʧʨʷʞʝʥʠʝ ʩ ʅʋ. ʀʥʠʮʠʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʧʨʦʯʠʭ ʫʯʘʩʪʥʠʢʦʚ ʪʘʢʞʝ 

ʜʦʩʪʫʧʥʳ ʣʶʙʦʤʫ ʫʟʣʫ ʩʝʪʠ. 
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ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʦʩʥʦʚʘ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ: ʣʝʛʢʦʚʝʩʥʳʡ ʧʨʦʪʦʢʦʣ EDHOC 

(Ephemeral Diffie-Hellman Over COSE - ʧʨʦʪʦʢʦʣ ʥʘ ʦʩʥʦʚʝ ʵʬʝʤʝʨʥʦʛʦ ʦʙʤʝʥʘ 

ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʘʢʪʥʳʭ ʙʠʥʘʨʥʳʭ ʬʦʨʤʘʪʦʚ) ʩ 

ʧʦʨʦʛʦʚʳʤʠ ʧʦʜʧʠʩʷʤʠ ʥʘ ʦʩʥʦʚʝ BLS (Boneh-Lynn-Shacham - ʩʭʝʤʘ ʧʦʜʧʠʩʠ 

ɹʦʥʝ-ʃʠʥʥʘ-ʐʘʭʘʤʘ), ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʢʣʶʯʘ ʧʦ ʧʨʦʪʦʢʦʣʫ 

ʇʝʜʝʨʩʝʥʘ ʠ ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ (PUF) ʜʣʷ ʟʘʱʠʪʳ ʜʦʩʪʫʧʘ ʢ 

ʜʦʣʝ ʢʣʶʯʘ.  

ɺ ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʱʸʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʦʧʠʨʘʝʪʩʷ ʥʘ EDHOC - ʣʝʛʢʠʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʥʝʭʚʘʪʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ɹʇʃɸ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʝʛʦ ʚʳʙʦʨʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʦʪʦʢʦʣʦʤ TLS (Transport Layer Security). ʈʝʟʫʣʴʪʘʪʳ 

ʵʪʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 1 [2, 3]. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦʣʦʚ TLS ʠ EDHOC 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʇʨʦʪʦʢʦʣʳ 

TLS EDHOC  

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ 

ɺʳʩʦʢʘʷ, ʪʨʝʙʫʝʪ ʨʝʩʫʨʩʦʸʤʢʦʡ 

ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʧʪʦʛʨʘʬʠʝʡ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʩʝʨʪʠʬʠʢʘʪʦʚ (ʧʨʦʮʝʜʫʨʘ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʟʘʥʠʤʘʝʪ 

143,33 ʤʩ ʚ ʚʝʨʩʠʠ 1.3) 

ʅʠʟʢʘʷ, ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ IoT ʩ 

ʬʦʨʤʘʪʘʤʠ CBOR/COSE ʠ 

ʵʬʝʤʝʨʥʳʤ ɼʠʬʬʠ-ʍʝʣʣʤʘʥʦʤ 

ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

(ʧʨʦʮʝʜʫʨʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ 150-250 ʤʩ) 

ʈʘʟʤʝʨ ʩʦʦʙʱʝʥʠʡ ɿʥʘʯʠʪʝʣʴʥʳʡ, ʠʟ-ʟʘ ʧʦʜʨʦʙʥʳʭ 

ʟʘʛʦʣʦʚʢʦʚ ʠ ʨʘʩʰʠʨʝʥʠʡ (>1 ʂɹ, 

ʥʘʧʨʠʤʝʨ 615 ʙʘʡʪ ʚ ʚʝʨʩʠʠ 1.3) 

ʄʠʥʠʤʘʣʴʥʳʡ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʤʧʘʢʪʥʳʤ ʬʦʨʤʘʪʘʤ (100-

200 ʙʘʡʪ) 

ʕʪʘʧʳ ʦʙʤʝʥʘ  4-6 ʰʘʛʦʚ 2-3 ʰʘʛʘ 

ʇʦʜʜʝʨʞʢʘ ʫʩʪʨʦʡʩʪʚ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ 

ʅʠʟʢʘʷ, ʪ.ʢ. ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʤʦʱʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʦʙʲʝʤ ʧʘʤʷʪʠ ʜʦ 

61 ʢɹ ʚ ʚʝʨʩʠʠ 1.3) 

ɺʳʩʦʢʘʷ, ʪ.ʢ. ʦʧʪʠʤʠʟʠʨʦʚʘʥ 

ʜʣʷ ʩʣʘʙʳʭ ʩʝʪʝʡ ʙʝʟ ʧʦʪʝʨʴ 

ʜʘʥʥʳʭ (ʦʙʲʝʤ ʧʘʤʷʪʠ:  

25-30 ʢɹ) 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʦʤʧʨʦʤʝʪʘʮʠʠ 

ʉʨʝʜʥʷʷ, ʪʘʢ ʢʘʢ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ  ɺʳʩʦʢʘʷ, ʩ ʧʨʷʤʦʡ 

ʩʝʢʨʝʪʥʦʩʪʴʶ ʠ ʚʟʘʠʤʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ɺʳʩʦʢʦʝ (7.6 ʤɼʞ ʚ ʚʝʨʩʠʠ 1.3 ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʱʠʤ ʢʣʶʯʦʤ ʠ 

ʘʣʛʦʨʠʪʤʦʤ AES-128-CCM) 

ʅʠʟʢʦʝ, ʟʘ ʩʯʸʪ ʤʘʣʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʙʳʩʪʨʦʪʳ (4.5-6 

ʤɼʞ ʚ ʧʨʦʮʝʜʫʨʝ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ) 

ʋʨʦʚʝʥʴ ʤʦʜʝʣʠ OSI ʊʨʘʥʩʧʦʨʪʥʳʡ ʇʨʠʢʣʘʜʥʦʡ 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʥʳʝ 

ʠʟʜʝʨʞʢʠ ʧʨʦʪʦʢʦʣʘ TLS, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʳʩʦʢʦʤ ʧʦʪʨʝʙʣʝʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʵʥʝʨʛʠʠ, ʫʚʝʣʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʩʣʫʞʝʙʥʦʛʦ 

ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʚ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʦʙʲʸʤʫ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʚ ʨʦʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ɹʇʃɸ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʪʦʧʦʣʦʛʠʠ, ʟʘʪʨʫʜʥʝʥʦ 

ʠʟʙʳʪʦʯʥʳʤʠ ʨʝʩʫʨʩʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ɺ ʧʨʦʪʠʚʦʚʝʩ ʵʪʦʤʫ, EDHOC 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʱʠʱʸʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
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ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʘʢʪʥʳʝ ʬʦʨʤʘʪʳ CBOR (Concise Binary 

Object Representation) / COSE (CBOR Object Signing and Encryption) ʠ 

ʤʠʥʠʤʠʟʠʨʫʷ ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʤʝʥʦʚ ʩʦʦʙʱʝʥʠʷʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ EDHOC ʩʪʨʦʠʪʩʷ ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʦʮʝʩʩ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʵʪʘʧʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʮʝʥʘʨʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʅʋ ʠʥʠʮʠʠʨʫʝʪ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʨʢʠ 

ʣʝʛʠʪʠʤʥʦʩʪʠ ɹʇʃɸ ʚ ʨʦʝ.  

ʂʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʠʨʫʝʪ ʧʘʨʫ ʢʣʶʯʝʡ ʥʘ ʦʩʥʦʚʝ ʵʬʝʤʝʨʥʦʛʦ ʦʙʤʝʥʘ 

ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ [4]. ʅʘʟʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʙʠʨʘʝʪ ʩʣʫʯʘʡʥʦʝ ʧʨʠʚʘʪʥʦʝ 

ʯʠʩʣʦ Áɴ  : ʠ ʚʳʯʠʩʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʫʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ: 

 

 ὃ ὫάέὨ ὴȟ                                              (1) 

 

ʛʜʝ: a ς ʩʣʫʯʘʡʥʦʝ ʧʨʠʚʘʪʥʦʝ ʯʠʩʣʦ, ʚʳʙʨʘʥʥʦʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ὤ; p ς 

ʩʣʫʯʘʡʥʦʝ ʧʨʦʩʪʦʝ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʦʥʝʯʥʦʝ ʧʦʣʝ ὤ; g - ʦʙʨʘʟʫʶʱʠʡ 

ʵʣʝʤʝʥʪ (ʛʝʥʝʨʘʪʦʨ) ʮʠʢʣʠʯʝʩʢʦʡ ʧʦʜʛʨʫʧʧʳ ʧʦʨʷʜʢʘ q ʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ 

ʛʨʫʧʧʝ ʧʦʣʷ ὤ. 

ɹʇʃɸ ʘʥʘʣʦʛʠʯʥʦ ʚʳʙʠʨʘʝʪ ʧʨʠʚʘʪʥʦʝ ʯʠʩʣʦ ὦɴ  ὤ ʠ ʚʳʯʠʩʣʷʝʪ 

ʧʫʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ: 

 

 ὄ ὫάέὨ ὴȟ                                               (2) 
 

ʛʜʝ b ς ʩʣʫʯʘʡʥʦʝ ʧʨʠʚʘʪʥʦʝ ʯʠʩʣʦ, ʚʳʙʨʘʥʥʦʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ὤ. 

ʇʫʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʚ ʧʠʨʠʥʛʦʚʦʤ ʨʝʞʠʤʝ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʱʝʛʦ ʩʝʢʨʝʪʘ: 

 

ὑ  ὃάέὨ ὴ ὄάέὨ ὴ Ὣ άέὨ ὴ,                         (3)  
 

ʛʜʝ K ς ʦʙʱʠʡ ʩʝʘʥʩʦʚʳʡ ʩʝʢʨʝʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʚʳʚʦʜʘ 

ʢʣʶʯʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʘʥʩʦʚʳʡ ʢʣʶʯ.  

ʋʢʘʟʘʥʥʳʡ ʢʣʶʯ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʚʳʩʪʫʧʘʷ ʧʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʚʝʨʠʬʠʮʠʨʫʶʱʠʤ ʧʨʠʩʫʪʩʪʚʠʝ ʫʟʣʦʚ ʚ ʘʢʪʠʚʥʦʤ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʩʝʘʥʩʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʜʣʠʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʝʠʤʠ ʩʪʦʨʦʥʘʤʠ ʢʘʥʘʣʘ ʩʚʷʟʠ - 

ʙʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠ ʥʘʟʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ - ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʩʪʦʨʦʥʘ ʠʥʠʮʠʠʨʦʚʘʣʘ ʩʦʝʜʠʥʝʥʠʝ. 

ɿʘʱʠʱʸʥʥʳʡ ʢʘʥʘʣ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʭʚʘʪ, ʬʘʣʴʩʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ ʠ 

ʘʪʘʢʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʩʨʝʜʥʠʢʦʤ, ʥʦ ʥʝ ʚʝʨʠʬʠʮʠʨʫʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʟʣʘ 

ʢ ʘʚʪʦʨʠʟʦʚʘʥʥʦʤʫ ʨʦʶ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʧʦʨʦʛʦʚʳʭ ʚʝʣʠʯʠʥ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʱʸʥʥʦʛʦ 
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ʩʦʝʜʠʥʝʥʠʷ. ʇʘʨʘʤʝʪʨ n ʦʪʨʘʞʘʝʪ ʩʦʚʦʢʫʧʥʫʶ ʯʠʩʣʝʥʥʦʩʪʴ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʦʛʜʘ ʢʘʢ k ς ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʦʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʨʨʝʢʪʥʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʧʦʜʧʠʩʠ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʶʪʩʷ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʜʠʥʦʦʙʨʘʟʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʜʣʷ ɹʇʃɸ, 

ʪʘʢ ʠ ʜʣʷ ʅʋ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʛʦʚʦʡ ʩʭʝʤʳ ʧʦʜʧʠʩʠ BLS, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʪʝʨ-ʢʣʶʯʘ ʙʝʟ 

ʜʦʚʝʨʝʥʥʦʛʦ ʮʝʥʪʨʘ. ʆʜʥʘʢʦ BLS ʠʩʧʦʣʴʟʫʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩ 

ʙʠʣʠʥʝʡʥʳʤʠ ʩʧʘʨʠʚʘʥʠʷʤʠ, ʛʜʝ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʛʨʫʧʧʝ ʪʦʯʝʢ 

ʢʨʠʚʦʡ, ʘ ʥʝ ʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʛʨʫʧʧʘʭ ʤʦʜʫʣʴʥʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʘʢʪʥʳʝ ʧʦʜʧʠʩʠ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ. 

ʄʘʩʪʝʨ-ʢʣʶʯ ʛʨʫʧʧʳ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʡ (DKG), ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʭʝʤʝ ʇʝʜʝʨʩʝʥʘ [5]. 

ʂʘʞʜʳʡ ʫʟʝʣ ὔ (ʛʜʝ i - ʥʦʤʝʨ ʫʟʣʘ ʦʪ 1 ʜʦ n) ʚʳʙʠʨʘʝʪ ʩʣʫʯʘʡʥʳʡ ʧʦʣʠʥʦʤ 

ʩʪʝʧʝʥʠ k - 1: 

 

Ὢὼ  ὥȟ ὥȟὼ ὥȟὼ  ȢȢȢ ὥȟ ὼ ȟ               (4) 

 

ʛʜʝ: ὥȟ ς ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ ʫʟʣʘ ὔ, ὥ  ɴὤ; 

ὥȟ ς ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʢʣʘʜ ʫʟʣʘ ὔ ʚ ʦʙʱʠʡ ʤʘʩʪʝʨ-ʢʣʶʯ; k - 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʣʝʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʧʠʩʠ. 

ʋʟʣʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ὪὮ ʧʦ ʟʘʱʠʱʸʥʥʳʤ ʢʘʥʘʣʘʤ EDHOC, 

ʧʦʩʣʝ ʯʝʛʦ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʬʦʨʤʠʨʫʝʪ ʩʚʦʶ ʜʦʣʶ ʤʘʩʪʝʨ-ʢʣʶʯʘ: 

 

ί  В ὪὮȟ                                            (5) 

 

ʛʜʝ: ὪὮ ς ʟʥʘʯʝʥʠʝ ʧʦʣʠʥʦʤʘ ʦʪ ʫʟʣʘ ὔ ʚ ʪʦʯʢʝ j; n ς ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ ʚ ʩʝʪʠ. 

ʇʦʣʥʳʡ ʤʘʩʪʝʨ-ʢʣʶʯ ʨʘʚʝʥ ʩʫʤʤʝ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʚʩʝʭ ʧʦʣʠʥʦʤʦʚ: 

 

ί  В ὥȟȟ                                               (6) 

 

ʛʜʝ ὥȟ ς ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʢʣʘʜ ʫʟʣʘ ὔ ʚ ʦʙʱʠʡ ʤʘʩʪʝʨ-

ʢʣʶʯ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦ ʦʥ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʝʛʦ ʢʦʤʧʨʦʤʝʪʘʮʠʶ ʜʘʞʝ ʧʨʠ ʟʘʭʚʘʪʝ ʯʘʩʪʠ ʫʟʣʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʛʨʫʧʧʦʚʦʡ ʧʫʙʣʠʯʥʳʡ ʢʣʶʯ P, ʠʟʚʝʩʪʥʳʡ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ, ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ: 

 

ὖ  ίϽὋ,                                                  (7) 
 

ʛʜʝ: 

s ς ʧʦʣʥʳʡ ʤʘʩʪʝʨ-ʢʣʶʯ; G ς ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʘʷ ʛʝʥʝʨʘʪʦʨʥʘʷ ʪʦʯʢʘ 
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ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʭʝʤʝ BLS. 

ɼʦʣʠ ʤʘʩʪʝʨ-ʢʣʶʯʘ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʳʭ 

ʬʫʥʢʮʠʡ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʟʘʜʝʡʩʪʚʫʶʪʩʷ 

SRAM PUF (Static Random-Access Memory Physical Unclonable Function - 

ʬʠʟʠʯʝʩʢʠ ʥʝʢʣʦʥʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ), 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʥʠʮʠʘʣʠʟʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʆɿʋ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʱʠʱʸʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ PUF, ʪʘʢʠʝ 

ʢʘʢ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʠʢʨʦʩʭʝʤʳ, ʤʦʥʪʠʨʫʶʱʠʝʩʷ ʥʘ ʧʣʘʪʫ ɹʇʃɸ. ʅʘ ʅʋ 

ʠʩʧʦʣʴʟʫʶʪʩʷ PUF, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʜʦʚʝʨʝʥʥʦʤ ʧʣʘʪʬʦʨʤʝʥʥʦʤ ʤʦʜʫʣʝ TPM 

(Trusted Platform Module). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʜʦʣʷ ʢʣʶʯʘ ʥʝ ʭʨʘʥʠʪʩʷ ʚ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ, ʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʝʡ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʥʘ ʟʝʤʣʝ - ʧʫʪʝʤ ʟʘʛʨʫʟʢʠ 

ʧʨʦʰʠʚʢʠ ʚ ʢʦʥʪʨʦʣʣʝʨʳ ɹʇʃɸ ʠ ʅʋ. ɺ ʧʨʦʮʝʩʩʝ ʞʝ ʧʦʣʸʪʘ, ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʦʷ, ʜʦʣʠ ʢʣʶʯʝʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ 

ʪʝʢʫʱʠʤʠ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʯʝʨʝʟ ʟʘʱʠʱʸʥʥʳʝ ʢʘʥʘʣʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʧʧʳ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʛʠʙʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʪʨʳʚ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʦʪ ʨʦʷ ʠ ʟʘʱʠʪʠʪʴ ʦʪ ʥʘʨʫʰʝʥʠʡ 

ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ ʨʦʷʭ ɹʇʃɸ ʠ ʅʋ. 

ʇʨʠʤʝʥʝʥʠʝ EDHOC ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʱʠʱʸʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʘ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʤʘʩʪʝʨ-ʢʣʶʯʘ, ʧʦʨʦʛʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ PUF ʩʦʟʜʘʶʪ ʫʩʪʦʡʯʠʚʫʶ ʙʘʟʫ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʣʶʯʝʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʝʟ ʦʧʦʨʳ ʥʘ ʝʜʠʥʳʡ ʜʦʚʝʨʝʥʥʳʡ ʮʝʥʪʨ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʄɽʍɸʅʀɿʄ ʂʆʃʃɽʂʊʀɺʅʆʁ ɺɽʈʀʌʀʂɸʎʀʀ ʋɿʃʆɺ ʀ 

ʆɹʅʆɺʃɽʅʀʗ ʂʃʖʏɽʁ ɺ ʈʆɽ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ 

ɸʇʇɸʈɸʊʆɺ ʀ ʅɸɿɽʄʅʓʍ ʋʉʊʈʆʁʉʊɺ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʨʦʝʚʳʭ ʩʠʩʪʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʠ ʥʘʟʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʅʋ) ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʱʸʥʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʥʦ ʠ ʟʘʜʘʯʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʢ ʜʦʚʝʨʝʥʥʦʡ ʛʨʫʧʧʝ, 

ʜʦʧʫʱʝʥʥʦʡ ʢ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʜʝʡʩʪʚʠʡ [1]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʨʦʷ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʫʪʨʘʪʝ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʜʦʚʝʨʠʷ ʚ ʨʦʝ 

ɹʇʃɸ ʠ ʅʋ ʩʦʟʜʘʸʪ ʪʦ, ʯʪʦ ʫʯʘʩʪʥʠʢʠ ʪʘʢʦʡ ʩʝʪʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʳ ʢʦʨʦʪʢʠʝ ʩʝʘʥʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʘʚʘ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʜʦʧʫʩʢʝ 

ʫʯʘʩʪʥʠʢʘ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʩʪʦʷʥʥʦ ʜʦʩʪʫʧʥʦʤʫ ʮʝʥʪʨʫ ʜʦʚʝʨʠʷ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʭʝʤʳ ʠ ʧʨʦʮʝʜʫʨʳ ʦʪʟʳʚʘ ʢʣʶʯʝʡ ʤʦʛʫʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʙʳʪʦʯʥʳʤʠ ʥʘʢʣʘʜʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʥʘ ʭʨʘʥʝʥʠʝ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʚʪʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʦʝʚʳʭ ʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʢʦʤʧʘʢʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʱʠʱʸʥʥʦʛʦ ʢʘʥʘʣʘ ʠ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʝʛʠʪʠʤʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʦʭʨʘʥʷʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʘʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʦʪʜʝʣʴʥʳʭ 

ʫʟʣʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʜʣʷ ɹʇʃɸ ʠ ʅʋ ʟʘʱʠʪʘ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ 

EDHOC (Ephemeral Diffie-Hellman Over COSE - ʧʨʦʪʦʢʦʣ ʥʘ ʦʩʥʦʚʝ ʵʬʝʤʝʨʥʦʛʦ 

ʦʙʤʝʥʘ ɼʠʬʬʠïʍʝʣʣʤʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʘʢʪʥʳʭ ʙʠʥʘʨʥʳʭ ʬʦʨʤʘʪʦʚ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʭʚʘʪʫ ʠ ʧʦʜʜʝʣʢʝ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʱʠʱʸʥʥʦʛʦ ʢʘʥʘʣʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʛʨʫʧʧʦʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʦʪʥʦʩʠʪʩʷ ʣʠ 

ʧʦʜʢʣʶʯʠʚʰʠʡʩʷ ʫʟʝʣ ʢ ʯʠʩʣʫ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʦʷ. ʇʦʵʪʦʤʫ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʱʠʱʸʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʪʘʧ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʣʣʝʢʪʠʚʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʣʝʛʠʪʠʤʥʦʩʪʠ 

ʫʟʣʘ ʩʦ ʩʪʦʨʦʥʳ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʵʪʘʧʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʯʘʩʪʥʠʢʘ ʢ ʜʦʚʝʨʝʥʥʦʡ ʛʨʫʧʧʝ ʠ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʳʭ ʧʦʜʧʠʩʝʡ, ʠʭ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʚʝʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʫʧʧʦʚʦʛʦ ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʱʠʱʸʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘʙʦʨ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʣʝʜʫʶʱʫʶ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʫʟʣʘ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʛʨʫʧʧʦʚʦʡ ʦʪʢʨʳʪʳʡ 

ʢʣʶʯ P, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʦʣʠ ʤʘʩʪʝʨ-ʢʣʶʯʘ ʫʯʘʩʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ 

ʟʘʧʨʦʩʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʡ ʧʨʦʚʝʨʢʝ 

ʧʦʜʣʠʥʥʦʩʪʠ. ʀʭ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʪʘʙʣʠʮʝ 1 [2, 3]. 

ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʩʦʦʙʱʝʥʠʡ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʫʯʘʩʪʥʠʢʠ ʩʝʪʠ ʚ ʭʦʜʝ ʧʨʦʚʝʨʢʠ 

ʧʦʜʣʠʥʥʦʩʪʠ. ʀʭ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢ ʢʦʣʣʝʢʪʠʚʥʦʤʫ ʧʦʜʪʚʝʨʞʜʝʥʠʶ 

ʣʝʛʠʪʠʤʥʦʩʪʠ ʫʟʣʘ.   

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʜʫʨʳ ʢʦʣʣʝʢʪʠʚʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ 
ʇʘʨʘʤʝʪʨ ʈʦʣʴ ʚ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʚʝʨʠʬʠʢʘʮʠʠ 

ɿʥʘʯʝʥʠʝ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʫʟʣʘ 

ʥʘʟʥʘʯʝʥʠʷ 

ʉʚʷʟʳʚʘʝʪ ʟʘʧʨʦʩ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʘʜʨʝʩʘʪʦʤ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʫʶ 

ʘʜʨʝʩʘʮʠʶ ʧʨʦʚʝʨʢʠ 

ʚʳʙʨʘʥʥʦʤʫ ʫʟʣʫ. 

ɺʨʝʤʝʥʥʘʷ ʤʝʪʢʘ ʌʠʢʩʠʨʫʝʪ ʤʦʤʝʥʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʘ. 

ʇʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠʷ. 

ʉʣʫʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ ʇʨʠʜʘʸʪ ʟʘʧʨʦʩʫ 

ʫʥʠʢʘʣʴʥʦʩʪʴ. 

ʀʩʢʣʶʯʘʝʪ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʦʣʠ 

ʤʘʩʪʝʨ-ʢʣʶʯʘ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʳʭ 

ʧʦʜʧʠʩʝʡ. 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ k ʆʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʯʠʩʣʦ ʯʘʩʪʠʯʥʳʭ ʧʦʜʧʠʩʝʡ. 

ɿʘʜʘʸʪ ʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ. 

ɸʛʨʝʛʠʨʦʚʘʥʥʘʷ 

ʧʦʨʦʛʦʚʘʷ ʧʦʜʧʠʩʴ 

ʆʙʲʝʜʠʥʷʝʪ ʯʘʩʪʠʯʥʳʝ 

ʧʦʜʧʠʩʠ ʚ ʝʜʠʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʣʝʛʠʪʠʤʥʦʩʪʠ 

ʫʟʣʘ. 

ɻʨʫʧʧʦʚʦʡ ʦʪʢʨʳʪʳʡ 

ʢʣʶʯ P 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʧʦʜʧʠʩʠ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʠʪʦʛʦʚʫʶ 

ʚʝʨʠʬʠʢʘʮʠʶ ʫʟʣʘ. 

 

ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʧʝʰʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʟʘʧʫʩʢʘʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʷʷ 

ʧʨʦʚʝʨʢʘ ʧʦʜʣʠʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ. ʀʥʠʮʠʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʟʘʧʨʦʩ, 

ʚʢʣʶʯʘʶʱʠʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʘʟʥʘʯʝʥʠʷ, ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ 

ʠ ʩʣʫʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ. ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʭʝʰʠʨʦʚʘʥʠʷ 

ʧʫʙʣʠʯʥʦʛʦ ʢʣʶʯʘ ʣʠʙʦ ʘʢʪʫʘʣʴʥʦʛʦ ʵʬʝʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʮʝʣʝʚʦʤʫ ɹʇʃɸ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʰʠʙʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʜʨʝʩʘʪʘ ʟʘʧʨʦʩʘ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʪʘʢʦʛʦ ʟʘʧʨʦʩʘ ɹʇʃɸ ʛʝʥʝʨʠʨʫʝʪ ʦʪʚʝʪʥʦʝ ʩʦʦʙʱʝʥʠʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʚʳʯʠʩʣʝʥʥʦʝ ʭʝʰ-ʟʥʘʯʝʥʠʝ, ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʠ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʫʙʣʠʯʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪ ʝʛʦ ʩʦʩʝʜʥʠʤ ʫʟʣʘʤ ʩʝʪʠ. 

ʂʘʞʜʳʡ ʩʦʩʝʜʥʠʡ ʫʟʝʣ ʧʨʦʚʝʨʷʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʝʪʢʠ 

ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪ ʜʦʣʶ ʧʦʜʧʠʩʠ [4]: 
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„  ίϽὌά ,                                             (1) 
 

ʛʜʝ: m ς ʧʨʦʚʝʨʷʝʤʦʝ ʩʦʦʙʱʝʥʠʝ; ί ς ʜʦʣʷ ʤʘʩʪʝʨ-ʢʣʶʯʘ ʫʟʣʘ; Ὄά  ς 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʭʵʰ-ʬʫʥʢʮʠʷ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʩʦʦʙʱʝʥʠʝ m ʚ ʪʦʯʢʫ ʥʘ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʝ ʤʝʥʝʝ k ʜʦʣʝʡ ʦʥʠ ʘʛʨʝʛʠʨʫʶʪʩʷ ʚ ʢʦʣʣʝʢʪʠʚʥʫʶ 

ʧʦʜʧʠʩʴ [5]: 

 

„ В „ᶰ ,                                                (2)  
 
ʛʜʝ I ï ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ, ʧʨʝʜʦʩʪʘʚʠʚʰʠʭ ʜʦʣʠ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʜʧʠʩʴ ʧʝʨʝʜʘʝʪʩʷ ʅʋ ʯʝʨʝʟ ʢʘʥʘʣ, ʟʘʱʠʱʸʥʥʳʡ 

ʧʨʦʪʦʢʦʣʦʤ EDHOC, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʸ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʫʙʣʠʯʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʢʣʶʯʘ P. ɺ ʩʭʝʤʝ BLS (Boneh-Lynn-Shacham ï ʩʭʝʤʘ 

ʧʦʜʧʠʩʠ ɹʦʥʝ-ʃʠʥʥʘ-ʐʘʭʘʤʘ) ʚʝʨʠʬʠʢʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʙʠʣʠʥʝʡʥʦʛʦ ʩʧʘʨʠʚʘʥʠʷ e [4]: 

 

Ὡ „ȟὋ  ὩὌάȟὖȟ                                      (3)  
 

ʛʜʝ G ï ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʘʷ ʛʝʥʝʨʘʪʦʨʥʘʷ ʪʦʯʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʭʝʤʝ BLS. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʣʝʛʠʪʠʤʥʦʩʪʠ ɹʇʃɸ ʤʠʥʠʤʫʤ k ʯʣʝʥʘʤʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ 

ʜʨʫʛʠʭ ʫʟʣʦʚ ʩʝʪʠ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʢʘʢ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʪʘʢ 

ʠ ʥʘʟʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʥʠʮʠʠʨʫʶʱʠʡ ʫʟʝʣ ʧʦʣʫʯʘʝʪ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʧʦʜʧʠʩʴ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʝʸ 

ʚʝʨʠʬʠʢʘʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʧʫʙʣʠʯʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʢʣʶʯʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʚʝʨʠʬʠʢʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʝʛʠʪʠʤʥʦʩʪʠ ʫʟʣʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. ʇʨʦʮʝʜʫʨʘ 

ʟʘʧʫʩʢʘʝʪʩʷ ʝʞʝʜʥʝʚʥʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʨʦʷ. 

ʀʥʠʮʠʘʪʦʨʦʤ ʦʙʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʦʡ ʫʟʝʣ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʠ - ʚʢʣʶʯʘʷ ʩʙʦʨ ʩʣʫʞʝʙʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʵʪʘʧʦʚ 

ʧʨʦʪʦʢʦʣʘ - ʦʙʳʯʥʦ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʥʘʟʝʤʥʳʝ ʫʟʣʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʙʥʦʚʣʝʥʠʝ ʜʦʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʙʝʟ ʩʤʝʥʳ ʤʘʩʪʝʨ-

ʢʣʶʯʘ: ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʚʳʙʠʨʘʝʪ ʥʦʚʦʝ ʧʨʠʚʘʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʟʘʪʝʤ ʯʝʨʝʟ ʭʵʰ 

ʧʨʝʜʳʜʫʱʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ ʬʦʨʤʠʨʫʝʪ ʝʛʦ 

ʥʦʚʫʶ ʚʝʨʩʠʶ ʠ ʧʝʨʝʜʘʸʪ ʫʚʝʜʦʤʣʝʥʠʝ ʧʦ EDHOC. ɽʩʣʠ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ 

ʢʦʤʧʨʦʤʝʪʘʮʠʠ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʮʠʢʣʫ ʧʦʚʪʦʨʥʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʡ. 
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʦʣʣʝʢʪʠʚʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʩʪʨʦʠʪʩʷ ʥʝ ʥʘ 

ʨʝʰʝʥʠʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʝʪʠ, ʘ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʯʘʩʪʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʨʫʧʧʳ. ʂʦʤʙʠʥʘʮʠʷ 

ʧʦʨʦʛʦʚʦʡ ʧʦʜʧʠʩʠ BLS ʠ ʟʘʱʠʱʸʥʥʦʛʦ ʦʙʤʝʥʘ ʯʝʨʝʟ EDHOC ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢ ʧʨʦʮʝʜʫʨʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʫʤʝʥʴʰʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʦʭʨʘʥʷʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʨʦʷ. ʆʜʥʘʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʣʶʯʝʡ: ʟʘ ʩʯʸʪ ʵʪʦʛʦ ʩʥʠʞʘʝʪʩʷ ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʤʧʨʦʤʝʪʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʨʝʚʰʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʜʚʫʭʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʨʦʝʚ ɹʇʃɸ ʠ 

ʥʘʟʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ 

ʘʚʪʦʥʦʤʥʦʩʪʴ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʝʡ ʜʦʚʝʨʝʥʥʦʡ ʩʨʝʜʳ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɺʃʀʗʅʀɽ ɺʓɹʆʈɸ ʉʍɽʄʓ ɸʇʇʈʆʂʉʀʄɸʎʀʀ ɼʃʗ 

ʂʆʅɺɽʂʊʀɺʅʆɻʆ ʏʃɽʅɸ ʅɸ ʋʉʊʆʁʏʀɺʆʉʊʔ ʏʀʉʃɽʅʅʆɻʆ 

ʈɽʐɽʅʀʗ ʋʈɸɺʅɽʅʀʗ ʇɽʈɽʅʆʉɸ ɺ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ 

ʂʆʆʈɼʀʅɸʊɸʍ3 

 

ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ 

ʩʫʭʠʭ ʩʤʝʩʝʡ ʥʘ ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʚʣʝʢʫʪ ʧʦʩʣʝʜʩʪʚʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ʅʘʧʨʠʤʝʨ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʧʣʘʚʝʥʷ (ʧʝʩʦʢ, ʢʚʘʨʮʠʪ), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʣʘʚʢʦʩʪʠ ʠʤʝʶʱʠʭʩʷ ʧʨʠʤʝʩʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʰʣʘʢʘ, ʚ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʰʠʭʪʳ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʧʝʢʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʚ ʭʠʤʠʢʦ-ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʘʛʣʦʤʝʨʘʮʠʠ ʠʣʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ ʦʢʘʪʳʰʝʡ [1]. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʰʠʭʪʳ (ʩʤʝʩʠ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʧʣʘʚʝʥʷ) ʤʦʞʝʪ ʙʳʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʩʣʦʞʥʝʥʠʝʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʩʤʝʰʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ, ʠ ʧʦʟʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʩʭʝʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ, ʧʦʨʦʞʜʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ, ʨʘʟʣʠʯʘʶʪ 

ʢʦʥʚʝʢʮʠʶ ʠ ʜʠʬʬʫʟʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ. ʇʨʠʯʝʤ ʢʦʥʚʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʠ ʚʳʥʫʞʜʝʥʥʳʤ (ʥʘʩʦʩʳ, ʤʝʰʘʣʢʠ 

ʠ ʪ.ʧ.). ɺ ʪʫʨʙʫʣʝʥʪʥʦʤ ʠʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤ ʩʤʝʩʠʪʝʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʝʱʝʩʪʚʘ 

ʥʦʩʠʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʤʝʩʠʪʝʣʷ (ʣʦʧʘʩʪʠ, 

ʥʘʧʨʘʚʣʷʶʱʠʝ, ʩʪʝʥʢʠ). ʉʘʤ ʩʤʝʩʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ ʩ 

ʟʘʛʨʫʟʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʳʨʴʷ (ʠʩʪʦʢʦʤ) ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʛʨʫʟʢʠ (ʩʪʦʢʦʤ). 

ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʠ ʢʦʥʚʝʢʪʠʚʥʳʝ ʯʣʝʥʳ. 
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,             (1) 

                                                           
3 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʧʨʦʝʢʪ FSWF-2026-0010. 
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z

µ

µ
  ï ʢʦʥʚʝʢʪʠʚʥʳʡ ʯʣʝʥ ʫʨʘʚʥʝʥʠʷ, 

2

2

c

z

µ

µ
 ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥ 

ʫʨʘʚʥʝʥʠʷ, 
1 c

r
r rr

µ µå õ
æ ö

µ µç ÷
 ï ʨʘʜʠʘʣʴʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥ,  ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʩʠ, 
z

v  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʤ/ʩ, zD  ʠ rD  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʝʚʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʤ/ʩ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠʣʠ ʤʝʪʦʜ ʩʝʪʦʢ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʚʘ ʫʩʣʦʚʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʚʤʝʩʪʦ ʦʙʣʘʩʪʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʣʘʩʪʴ ʝʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ï ʩʝʪʢʫ, ʚʦ-ʚʪʦʨʳʭ, ʚʳʧʦʣʥʠʪʴ ʟʘʤʝʥʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʥʘ ʨʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: ʧʨʠ r = R, 
c

0
r

µ
=

µ
, ʘ ʧʨʠ r = 0, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 0/0 ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

ʜʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʯʣʝʥʘ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤ ʧʨʘʚʠʣʘ ʃʦʧʠʪʘʣʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʯʣʝʥʘ ʫʨʘʚʥʝʥʠʷ (1) 

ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʤʝʩʠʪʝʣʷ.  
2

2

c 2c c

r r r r
1 2r0 0

r

c
lim lim = =

r
r

r r

µµ µ µ

µ µ µ µ
µ

­ ­
µ

µ
=

µ
  

 

ʌʠʟʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʚ, ʯʪʦ ʧʦʩʣʝ ʨʘʩʢʨʳʪʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʪʦʯʢʝ r = 0 ʧʨʝʦʙʨʘʟʫʝʪʩʷ, ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʧʨʠʤʝʪ ʚʠʜ 
2 2

z z r2 2

c c c c
=D -v +2D

t z z r

µ µ µ µ

µ µ µ µ
 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʧʨʠ t=0, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ(t, 

r) = c(0, r) = c(r), ʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʥʝʯʥʦʝt = t  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʩʠ 

ʙʫʜʝʪ ʦʜʥʦʨʦʜʥʳʤ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ  
c

0
t

µ
=

µ
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

z = 0 ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ c(t,0,r) = cʚʭʦʜʥʘʷ(t), ʘ ʜʣʷ z = L ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʟʘ 

ʚʳʭʦʜʦʤ ʩʤʝʩʠʪʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʩʪʘʸʪ ʠʟʤʝʥʷʪʴʩʷ π. 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʚʳʙʝʨʝʤ ʨʘʚʥʦʤʝʨʥʫʶ 

ʩʝʪʢʫ ʩ ʦʙʣʘʩʪʴʶ ʨʝʰʝʥʠʷ  [ ]r 0,RÍ , [ ]z 0,LÍ . ɺʚʝʜʝʤ ʫʟʣʳ ʧʦ ʨʘʜʠʫʩʫ 

0 1 Nr 0 r ... r R= < < < =  ʠ ʧʦ ʦʩʠ 0 1 Nz 0 z ... z L= < < < =. 

ʈʘʩʩʤʦʪʨʠʤ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʨʦʠʟʚʦʜʥʦʡ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʯʣʝʥʘ 

ʫʨʘʚʥʝʥʠʷ, ʥʘ ʧʨʠʤʝʨʝ ʩʭʝʤʳ ʧʨʘʚʦʡ ʨʘʟʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʤ ʨʘʟʣʦʞʝʥʠʝ 

ʬʫʥʢʮʠʠ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʩ ʫʯʝʪʦʤ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʤʝʪʦʜʦʤ ʧʨʘʚʦʡ ʨʘʟʥʦʩʪʠ ʙʫʜʝʪ 

ʧʦʣʫʯʘʪʴʩʷ ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ i,j+1c(z ) ʚ ʦʢʨʝʩʪʥʦʩʪʠ i,jz  (ʈʠʩ. 1). 
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zi,j+1zi,j-1 zi,j  
 

ʈʠʩ. 1. ʈʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. 

 
2 2

3

j 2

c ( z) c
c(z + z) = c( z) + z O(( z) )

z 2 z
jz

µ D µ
D D D + + D

µ µ
 

ʛʜʝ O( z)D  ï ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɺʳʨʘʞʘʝʤ ʧʨʦʠʟʚʦʜʥʫʶ: 
2

j 2

2

c(z + z) c( z )c z c
O(( z) )

z z 2 z
j j

j

z z

D - Dµ D µ
= - + D

µ D µ
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʘʚʘʷ ʨʘʟʥʦʩʪʴ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʛʣʘʚʥʳʡ ʯʣʝʥ ʧʦʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʰʘʛʘ ʩʝʪʢʠ zD .  

i,j+1 i,j

i,j

c cc

z ȹz

-µ
º

µ
 

ɸʥʘʣʦʛʠʯʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʘʝʤ ʣʝʚʫʶ ʨʘʟʥʦʩʪʴ: 

i,j i,j-1

i,j

c cc

z ȹz

-µ
º

µ
 

ʀ ʮʝʥʪʨʘʣʴʥʫʶ ʨʘʟʥʦʩʪʴ: 

i,j+1 i,j-1

i,j

c cc

z 2ȹz

-µ
º

µ
 

ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʦʯʝʥʴ ʚʘʞʝʥ ʧʨʠ ʨʝʰʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʮʝʥʢʫ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʝʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ 

ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʂʫʨʘʥʪʘ-ʌʨʠʜʨʠʭʩʘ-ʃʝʚʠ (CFL), 

ʢʦʪʦʨʦʝ ʟʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʢʘʟʳʚʘʝʪ ʚʨʝʤʝʥʥʫʶ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʨʝʰʝʥʠʷ: 
v t

CFL= 1
z

D
¢

D
 

ʛʜʝ æt ï ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ, æz ï ʰʘʛ ʧʦ ʦʩʠ z, vï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʷʚʥʳʭ ʩʭʝʤ ʵʪʦ ʢʣʶʯʝʚʦʡ ʧʘʨʘʤʝʪʨ, 

ʩʚʷʟʳʚʘʶʱʠʡ ʚʨʝʤʝʥʥʫʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʩʢʨʝʪʠʟʘʮʠʶ. ɺʣʠʷʥʠʝ CFL ʥʘ 

ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʯʣʝʥʘ [2]. 

ʇʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʩʝʪʢʠ. ɼʣʷ ʣʝʚʦʡ ʨʘʟʥʦʩʪʠ ʚ ʫʨʘʚʥʝʥʠʠ ʧʝʨʝʥʦʩʘ ʦʰʠʙʢʘ 

ʢʨʦʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʜʠʬʬʫʟʠʶ. ʇʦʵʪʦʤʫ ʩʭʝʤʳ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʢʣʦʥʥʳ ʢ ʥʝʙʦʣʴʰʦʤʫ ʨʘʟʤʳʪʠʶ ʨʝʟʢʠʭ ʛʨʘʥʠʮ, ʜʘʞʝ ʝʩʣʠ 

ʜʠʬʬʫʟʠʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳʝ ʥʫʣʶ. ʎʝʥʪʨʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, 
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ʠʤʝʶʱʘʷ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʨʠ 

ʤʘʣʳʭ CFL (Ò 0,3) ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʯʝʤ 

ʧʨʦʪʠʚʦʧʦʪʦʯʥʳʝ ʩʭʝʤʳ ʙʣʘʛʦʜʘʨʷ ʤʝʥʴʰʝʡ ʯʠʩʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ. ʆʜʥʘʢʦ ʩ 

ʨʦʩʪʦʤ ʯʠʩʣʘ ʚ ʨʝʰʝʥʠʠ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʦʰʠʙʢʠ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʦʩʮʠʣʣʷʮʠʡ. ʇʨʠ ʟʥʘʯʝʥʠʠ CFL ʙʣʠʟʢʠʤ 

ʢ 1 ʘʤʧʣʠʪʫʜʘ ʦʰʠʙʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʷʚʥʳʭ ʮʝʥʪʨʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ʅʘ ʨʠʩ. 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʢʘʢ ʚʳʙʦʨ ʩʭʝʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ CFL ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ 

ʨʘʩʯʝʪʘ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʨʦʪʠʚ ʧʦʪʦʢʘ (upwind) ʦʩʪʘʸʪʩʷ ʫʩʪʦʡʯʠʚʳʤ 

ʥʘ ʚʩʸʤ ʠʥʪʝʨʚʘʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʥʦʩʪʴ ʧʨʦʪʠʚ ʧʦʪʦʢʘ: ʝʩʣʠ v > 0 ï ʣʝʚʫʶ, v < 0 ï ʧʨʘʚʫʶ. ʎʝʥʪʨʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʩʝʪʢʝ ʠ ʤʘʣʦʤ CFL ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʦ ʥʘ 

ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʘʭ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʦʩʮʠʣʣʷʮʠʠ. ɼʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʩʳʧʫʯʠʭ ʩʨʝʜ ʵʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ ʠ ʝʩʪʴ ʨʠʩʢ ʘʛʣʦʤʝʨʘʮʠʠ (ʩʣʠʧʘʥʠʠ) 

ʢʦʤʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʧʦ ʧʦʪʦʢʫ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʥʘʨʘʩʪʘʥʠʶ ʦʰʠʙʢʠ ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʩʯʝʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʪʘʢʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ, ʥʘʨʫʰʘʷ ʪʝʤ 

ʩʘʤʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ CFL ʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ. ɼʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫʟʣʳ ʩ ʟʘʩʪʦʡʥʳʤʠ 

ʟʦʥʘʤʠ, ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʜʝʞʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʪʠʚʦʧʦʪʦʯʥʳʝ ʩʭʝʤʳ ʩ CFL Ò1, ʯʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ 

ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʦʩʮʠʣʣʷʮʠʡ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʝʰʝʥʠʷ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹɿʆʈ ʉʋʑɽʉʊɺʋʖʑʀʍ ʄɽʊʆɼʆɺ ʋʇʈɸɺʃɽʅʀʗ ʉʆʎʀʆ-

ʂʀɹɽʈʌʀɿʀʏɽʉʂʀʄʀ ʉʀʉʊɽʄɸʄʀ 

 

ʇʦʥʷʪʠʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʂʌʉ) ʦʧʠʩʳʚʘʝʪ ʢʣʘʩʩ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦ - ʚ ʠʭ ʨʘʙʦʪʫ ʚʦʚʣʝʯʝʥʳ ʦʧʝʨʘʪʦʨʳ, 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʧʨ. [1] ʂʦʛʜʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʡ ʪʠʧ - ʩʦʮʠʦʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

(ʉʂʌʉ), ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʝʜʠʥʳʡ ʢʦʥʪʫʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʙʦʩʥʦʚʘʚʰʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʂʌʉ, ʩʪʘʣ H. Zhuge [2]. ʇʨʠʤʝʨʳ ʉʂʌʉ 

ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʚʢʣʶʯʘʶʪ: çʫʤʥʳʡè ʜʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʝʪʠ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʦʚʩʶʜʫ, ʚʢʣʶʯʘʷ çʫʤʥʳʡè ʜʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʝʪʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ ʠ ʧʨ. 

ɺʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʉʂʌʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ɹ.ɺ. ʉʦʢʦʣʦʚʳʤ, ɸ.ʇ. ʂʦʚʘʣʝʚʳʤ, ʅ.ɻ. ʄʫʩʪʘʬʠʥʳʤ ʠ ʜʨ. [3]. ʋʧʨʘʚʣʝʥʠʝ 

ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʧʨʘʚʣʝʥʠʷ ʦʙʳʯʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʫʩʣʦʞʥʷʶʪ ʵʪʫ ʟʘʜʘʯʫ [4]: 

- ʥʘʣʠʯʠʝ ʯʝʣʦʚʝʢʘ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ (ʧʦʚʝʜʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʣʠʥʝʡʥʦ, ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 
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ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʣʦʛʠʢʝ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʪʨʫʜʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ); 

- ʤʥʦʛʦʤʦʜʘʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʵʣʝʤʝʥʪʳ ʉʂʌʉ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʜʘʥʥʳʤʠ ʧʦ ʨʘʟʥʳʤ ʢʘʥʘʣʘʤ ʠ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ, ʚʢʣʶʯʘʷ ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ 

ʜʘʪʯʠʢʦʚ, ʛʦʣʦʩʦʚʳʝ ʢʦʤʘʥʜʳ, ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʪʝʢʩʪʦʚʳʝ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ); 

- ʥʝʧʦʣʥʦʪʘ ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ, ʟʘʧʘʟʜʳʚʘʶʱʠʤʠ ʠʣʠ ʩʦʜʝʨʞʘʪʴ 

ʦʰʠʙʢʠ, ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʣʥʘʷ ʠ 

ʢʘʨʪʠʥʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʝʜʦʩʪʫʧʥʘ); 

- ʤʘʩʰʪʘʙʥʦʩʪʴ (ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʥʠʤʠ ʨʘʩʪʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʉʂʌʉ, 

ʚʢʣʶʯʘʶʱʠʭ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ); 

- ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʨʝʜʳ (ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂʌʉ 

ʤʝʥʷʶʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ: ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʫʯʘʩʪʥʠʢʠ, ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ 

ʬʠʟʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʤʝʥʷʝʪʩʷ ʥʘʛʨʫʟʢʘ, ʚʦʟʥʠʢʘʶʪ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ.). 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʤʘʩʰʪʘʙʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʉʂʌʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʉʂʌʉ 
 ʄʝʪʦʜ ʉʫʪʴ ʤʝʪʦʜʘ ʆʛʨʘʥʠʯʝʥʠʷ 
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ʆʧʪʠʤʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʥʪʝʟ 

ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʊʨʝʙʫʶʪ ʪʦʯʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʝ 

ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠ 

ʩʦʮʠʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʳ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʦʰʠʙʢʠ, 

ʝʝ ʠʥʪʝʛʨʘʣʘ ʠ ʧʨʦʠʟʚʦʜʥʦʡ 

ɸʜʘʧʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʪʨʦʡʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʲʝʢʪʘ 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʩʦʮʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ 
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ʉʠʪʫʘʮʠʦʥʥʳʝ 

ʤʦʜʝʣʠ 

ɸʥʘʣʠʟ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ 

ʚʳʙʦʨ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʠʪʫʘʮʠʠ 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ 

ʫʟʣʦʚ ʠ ʩʚʷʟʝʡ ʧʨʠ 

ʤʘʩʰʪʘʙʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ 

ʇʨʦʜʫʢʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʨʘʚʠʣ 
ʅʘʙʦʨ ʧʨʘʚʠʣ ʚʠʜʘ çʩʠʪʫʘʮʠʷ - 

ʜʝʡʩʪʚʠʝè, ʩʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʫʩʣʦʚʠʡ 

ʉʣʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʧʨʘʚʠʣ, 

ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʧʨʘʚʠʣʘʤʠ 

ʧʨʠ ʙʦʣʴʰʦʤ ʠʭ ʯʠʩʣʝ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʉʂʌʉ 
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CBR ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʧʳʪʘ 

ʂʘʯʝʩʪʚʦ ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʥʦʪʳ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ, 

ʩʣʘʙʘʷ ʘʜʘʧʪʘʮʠʷ ʢ ʥʦʚʳʤ 

ʩʠʪʫʘʮʠʷʤ 

 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʜʣʷ ʉʂʌʉ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ ʧʦʩʪʫʧʘʝʪ ʧʦʣʥʦ ʠ ʪʦʯʥʦ, ʯʪʦ ʜʣʷ ʉʂʌʉ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʉʠʪʫʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ɼ.ɸ. 

ʇʦʩʧʝʣʦʚʳʤ ʚ 1980-ʭ ʛʦʜʘʭ, ʧʨʝʜʣʘʛʘʝʪ ʠʥʦʡ ʧʦʜʭʦʜ: ʚʤʝʩʪʦ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʢʫʱʘʷ ʩʠʪʫʘʮʠʷ ʠ ʧʦʜʙʠʨʘʝʪʩʷ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʩʣʘʙʦʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʜʘʯ, ʥʦ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʩʠʩʪʝʤʳ ʧʝʨʝʙʦʨ ʩʠʪʫʘʮʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʩʫʱʝʩʪʚʠʤʳʤ. ʈʘʟʚʠʪʠʝ ʠʜʝʡ 

ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʝʯʝʪʢʠʭ ʩʠʪʫʘʮʠʦʥʥʳʭ ʩʝʪʝʡ - 

ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʫʟʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʪʫʘʮʠʷʤ, ʘ ʜʫʛʠ - 

ʧʝʨʝʭʦʜʘʤ ʩ ʥʝʯʝʪʢʠʤʠ ʦʮʝʥʢʘʤʠ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʟʜʝʩʴ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʥʝʪʦʯʥʦʡ ʠ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʉʂʌʉ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʵʣʝʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠ ʩʚʷʟʝʡ ʚ ʪʘʢʦʡ ʩʝʪʠ ʨʘʩʪʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʯʪʦ 

ʧʦʨʦʞʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚ ʪʘʢʦʤ ʛʨʘʬʝ. 

ʇʨʝʮʝʜʝʥʪʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʨʘʥʝʝ ʚʩʪʨʝʯʘʚʰʠʭʩʷ ʩʠʪʫʘʮʠʡ ʠ ʧʨʠʥʷʪʳʭ ʚ ʥʠʭ ʨʝʰʝʥʠʡ. ʂʘʥʦʥʠʯʝʩʢʠʡ 

ʮʠʢʣ CBR (Case-Based Reasoning) ʚʢʣʶʯʘʝʪ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʝʛʦ 

ʧʨʝʮʝʜʝʥʪʘ, ʝʛʦ ʘʜʘʧʪʘʮʠʶ ʢ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʰʝʥʠʷ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʥʦʚʦʛʦ ʦʧʳʪʘ [5]. ɼʣʷ ʉʂʌʉ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʩʠʪʫʘʮʠʦʥʥʫʶ ʩʝʪʴ ʧʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ, ʘ 

ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʩʠʪʫʘʮʠʷʭ ʤʝʪʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʙʝʩʩʠʣʴʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ 

ʩʧʦʩʦʙʝʥ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʉʂʌʉ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠ ʩʦʮʠʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ. 

ʉʠʪʫʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʝʯʝʪʢʠʝ ʩʠʪʫʘʮʠʦʥʥʳʝ ʩʝʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦʨʦʞʜʘʶʪ ʟʘʜʘʯʠ ʪʘʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʠʭ ʨʝʰʝʥʠʝ 

ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʇʨʝʮʝʜʝʥʪʥʳʡ ʧʦʜʭʦʜ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʤʝʶʱʠʤʩʷ ʦʧʳʪʦʤ ʠ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ 

ʩʠʪʫʘʮʠʷʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ, 

ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝʯʝʪʢʠʝ ʩʠʪʫʘʮʠʦʥʥʳʝ 

ʩʝʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 
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ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʯʝʪʢʠʭ ʩʠʪʫʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʶ 

ʦʙʲʝʢʪʘ; ʧʨʝʮʝʜʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʪʨʦʠʪʴ ʜʘʥʥʳʝ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʧʦʩʦʙʥʳʭ 

ʥʘʭʦʜʠʪʴ ʧʨʠʝʤʣʝʤʳʝ ʨʝʰʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʦʠʩʢʘ ʟʘ ʨʘʟʫʤʥʦʝ 

ʚʨʝʤʷ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʙʦʨʫ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FSWF-2026ï0010 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʆʉʅʆɺʅʓɽ ʄɽʊʆɼʓ ʅɽʁʈʆʉɽʊɽɺʆɻʆ ʋʇʈɸɺʃɽʅʀʗ: 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ [1]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʥʝ ʚʩʝʛʜʘ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ, ʧʨʠʩʫʱʠʤʠ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ [2]. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʪʝʤ, ʢʘʢ 

ʥʝʡʨʦʩʝʪʴ ʚʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʘʢʠʝ ʟʘʜʘʯʠ ʦʥʘ ʧʨʠ ʵʪʦʤ ʨʝʰʘʝʪ 

[3]. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʜʨʘʞʘʶʱʝʝ, ʛʠʙʨʠʜʥʦʝ, 

ʤʥʦʛʦʤʦʜʫʣʴʥʦʝ, ʠʥʚʝʨʩʥʦʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ ʦʩʥʦʚʝ ʧʦʜʨʘʞʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ   ʨʠʩ. 

1, ʣʝʞʠʪ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʜʝʡʩʪʚʦʚʘʪʴ ʪʘʢ, ʢʘʢ ʜʝʡʩʪʚʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʨʝʛʫʣʷʪʦʨ ʠʣʠ ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ. ɼʣʷ ʵʪʦʛʦ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ: ʟʘʧʠʩʳʚʘʶʪ, ʢʘʢʠʝ 

ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʘʢʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʥ 

ʚʳʜʘʝʪ [1]. ʆʙʳʯʥʦ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ ʩ 
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ʦʜʥʠʤ-ʜʚʫʤʷ ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʝʪʴ ʥʘʩʪʨʘʠʚʘʶʪ ʪʘʢ, 

ʯʪʦʙʳ ʝʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʙʳʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠ ʢ ʜʝʡʩʪʚʠʷʤ ʵʪʘʣʦʥʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɼʣʷ 

ʪʝʧʣʦʪʝʭʥʠʢʠ ʪʘʢʦʡ ʤʝʪʦʜ ʘʢʪʫʘʣʝʥ, ʯʪʦʙʳ ʧʦʚʪʦʨʠʪʴ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ 

ʢʦʪʝʣʴʥʦʡ ʚ ʪʠʧʦʚʳʭ ʩʠʪʫʘʮʠʷʭ, ʥʦ ʧʨʠ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʨʝʞʠʤʦʚ ʦʥ ʥʝ ʙʫʜʝʪ 

ʵʬʬʝʢʪʠʚʝʥ. 

ɻʠʙʨʠʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʥʝʡʨʦʩʝʪʴ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ, ʦʙʲʝʜʠʥʷʷ ʠʭ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ 

ʚ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʘʭ, ʘ ʥʝʡʨʦʩʝʪʴ ʚʥʦʩʠʪ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʧʦʟʚʦʣʷʷ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʥʝʫʯʪʸʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ, ʛʜʝ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʨʘʞʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ ʥʝʡʨʦ-ʇʀɼ 

ʨʝʛʫʣʷʪʦʨʘ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʵʪʦʛʦ ʧʦʜʭʦʜʘ [3]. 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʥʝʡʨʦʩʝʪʴ ʚʢʣʶʯʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʫ 

ʠ ʥʝ ʟʘʤʝʥʷʝʪ ʝʛʦ, ʘ ʜʦʧʦʣʥʷʝʪ. ʅʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʠ ʧʦʜʘʶʪʩʷ ʪʨʠ ʩʠʛʥʘʣʘ: 

ʪʝʢʫʱʘʷ ʦʰʠʙʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ e(t), ʝʸ ʠʥʪʝʛʨʘʣ ʠ ʧʨʦʠʟʚʦʜʥʘʷ. ʕʪʠ ʩʠʛʥʘʣʳ 

ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʩʪʦʷʱʝʤ, ʧʨʦʰʣʦʤ ʠ ʙʫʜʫʱʝʤ ʧʦʚʝʜʝʥʠʠ ʦʰʠʙʢʠ. 

ʅʝʡʨʦʩʝʪʴ ʘʥʘʣʠʟʠʨʫʝʪ ʠʭ ʠ ʬʦʨʤʠʨʫʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ 

ʟʘʪʝʤ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʇʦʣʫʯʝʥʥʦʝ 

ʩʫʤʤʘʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʘʸʪʩʷ ʥʘ ʦʙʲʝʢʪ. 

ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʦʪʨʘʙʘʪʳʚʘʪʴ 

ʪʠʧʦʚʳʝ ʨʝʞʠʤʳ, ʘ ʥʝʡʨʦʩʝʪʴ ʙʝʨʸʪ ʥʘ ʩʝʙʷ ʟʘʜʘʯʫ ʢʦʤʧʝʥʩʘʮʠʠ ʩʣʦʞʥʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʝʰʥʠʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʫʯʝʩʪʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʨʝʛʫʣʷʪʦʨʝ.  

 



178 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʛʦ ʥʝʡʨʦ-ʇʀɼ ʫʧʨʘʚʣʝʥʠʷ 

(ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ) 

 

ɺ ʪʝʧʣʦʪʝʭʥʠʢʝ ʧʘʨʘʣʣʝʣʴʥʳʡ ʥʝʡʨʦ-ʇʀɼ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ 

ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʅʝʡʨʦʩʝʪʴ, ʧʦʣʫʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʰʠʙʢʝ ʠ ʝʸ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʤʦʞʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ, ʧʦʜʜʝʨʞʠʚʘʷ 

ʢʦʤʬʦʨʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ. 

ɸʥʘʣʦʛʠʯʥʦ, ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʝʡ, ʯʪʦ 

ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʝʟ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʘʧʧʘʨʘʪʥʦʡ 

ʯʘʩʪʠ [3]. 

ʄʥʦʛʦʤʦʜʫʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʦʜʥʘ ʥʝʡʨʦʩʝʪʴ, ʘ ʮʝʣʳʡ ʥʘʙʦʨ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ [4]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʤʥʦʛʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʝʞʠʤʘʭ: ʧʫʩʢ ʠ ʦʩʪʘʥʦʚ, ʥʦʤʠʥʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɽʜʠʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʢʘʢʦʡ-ʪʦ 

ʦʜʠʥ ʨʝʞʠʤ, ʚ ʜʨʫʛʠʭ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʫ ʠʟ 

ʧʨʷʤʦʡ ʠ ʠʥʚʝʨʩʥʦʡ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ʇʨʷʤʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʫʝʪ 

ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ, ʘ ʠʥʚʝʨʩʥʘʷ ï ʚʳʯʠʩʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʄʦʜʫʣʠ ʦʙʫʯʘʶʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʢʨʝʪʥʦʤʫ, 

ʟʘʨʘʥʝʝ ʚʳʜʝʣʝʥʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ. ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʫʧʝʨʚʠʟʦʨ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʝʪ ʧʝʨʝʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʚʝʩʦʚ) ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʨʝʞʠʤʫ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ: ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʚʩʝʭ ʠʥʚʝʨʩʥʳʭ 

ʤʦʜʝʣʝʡ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʝʩʦʚ, ʠ ʦʙʱʝʝ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʘʸʪʩʷ ʥʘ ʦʙʲʝʢʪ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ.  
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ʈʠʩ. 3. ʉʭʝʤʘ ʤʥʦʛʦʤʦʜʫʣʴʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨ ʧʨʷʤʳʭ ʠ 

ʠʥʚʝʨʩʥʳʭ ʤʦʜʝʣʝʡ ï ʵʪʘʧ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʀʥʚʝʨʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4, ʦʩʥʦʚʘʥʦ ʥʘ 

ʪʦʤ, ʯʪʦ ʥʝʡʨʦʩʝʪʴ ʫʯʠʪʩʷ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʥʝ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʳʭʦʜ, ʘ ʧʦ ʞʝʣʘʝʤʦʤʫ ʚʳʭʦʜʫ ʥʘʭʦʜʠʪʴ ʥʫʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ [1, 

5]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ: ʧʝʨʮʝʧʪʨʦʥʳ, 

RBF-ʩʝʪʠ, ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʝʪʠ. ʆʙʫʯʘʪʴ ʠʥʚʝʨʩʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʧʦ-ʨʘʟʥʦʤʫ. 

ʄʦʞʥʦ ʧʨʦʩʪʦ ʧʦʜʘʚʘʪʴ ʥʘ ʦʙʲʝʢʪ ʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ, ʟʘʧʠʩʳʚʘʪʴ, ʯʪʦ 

ʧʦʣʫʯʘʝʪʩʷ ʥʘ ʚʳʭʦʜʝ, ʠ ʫʯʠʪʴ ʩʝʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʚʳʭʦʜʫ. ɸ 

ʤʦʞʥʦ ʩʥʘʯʘʣʘ ʦʙʫʯʠʪʴ ʧʨʷʤʫʶ ʤʦʜʝʣʴ, ʘ ʧʦʪʦʤ ʯʝʨʝʟ ʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ 

ʦʰʠʙʢʫ ʦʙʨʘʪʥʦ, ʯʪʦʙʳ ʥʘʩʪʨʦʠʪʴ ʠʥʚʝʨʩʥʫʶ ʩʝʪʴ. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʠʥʚʝʨʩʥʘʷ 

ʩʝʪʴ ʨʘʙʦʪʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʧʦʪʦʤʫ ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ, 

ʙʝʟ ʚʩʷʢʠʭ ʠʪʝʨʘʮʠʡ. ɺ ʪʝʧʣʦʪʝʭʥʠʢʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʜʣʷ 

ʙʳʩʪʨʳʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʪʫʨʦʚ, ʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʦʥ ʥʝ ʧʦʜʦʡʜʝʪ.  

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʦʙʦʙʱʝʥʥʦʛʦ ʠʥʚʝʨʩʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ: ʩʣʝʚʘ ï ʨʝʞʠʤ 

ʦʙʫʯʝʥʠʷ ʠʥʚʝʨʩʥʦʛʦ ʥʝʡʨʦʵʤʫʣʷʪʦʨʘ; ʩʧʨʘʚʘ ï ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ 
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ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʡʨʦʩʝʪʴ ʟʜʝʩʴ ʥʝ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, 

ʧʦʤʦʛʘʷ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʝ ʨʘʙʦʪʘʪʴ ʣʫʯʰʝ. ʀʜʝʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ 

ʥʝʡʨʦʩʝʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʨʝʛʫʣʷʪʦʨʦʤ, ʛʜʝ 

ʦʥʘ ʙʫʜʝʪ ʨʝʰʘʪʴ ʢʘʢʠʝ-ʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʩ ʢʦʪʦʨʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʩʧʨʘʚʣʷʶʪʩʷ ʧʣʦʭʦ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʥʝʡʨʦʩʝʪʴ ʦʙʫʯʘʶʪ ʨʝʰʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ, ʧʦʜʘʶʪ ʥʘ ʝʝ 

ʚʭʦʜ ʠʟʤʝʨʷʝʤʳʝ ʩʠʛʥʘʣʳ, ʘ ʝʝ ʚʳʭʦʜ ʣʠʙʦ ʩʫʤʤʠʨʫʶʪ ʩ ʩʠʛʥʘʣʦʤ ʦʩʥʦʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ. 

ʆʙʫʯʘʪʴ ʝʝ ʤʦʞʥʦ ʢʘʢ ʟʘʨʘʥʝʝ ʥʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʠʟʤʝʥʝʥʠʷʤ. ʅʝʡʨʦʩʝʪʴ ʥʝ ʟʘʤʝʥʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʣʠʰʴ ʜʦʧʦʣʥʷʝʪ ʝʛʦ, ʧʦʵʪʦʤʫ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʭʨʘʥʷʶʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʞʝ ʨʘʙʦʪʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʝʛʦ ʢʘʨʜʠʥʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. 

 

 
ʈʠʩ. 5. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʛʣʷʜʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʄʝʪʦʜ ʉʫʱʥʦʩʪʴ ʧʦʜʭʦʜʘ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʇʦʜʨʘʞʘ

ʶʱʝʝ 

ʅʝʡʨʦʩʝʪʴ ʦʙʫʯʘʝʪʩʷ 

ʢʦʧʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠʣʠ 

ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ 

ʩʦʙʠʨʘʶʪʩʷ ʜʘʥʥʳʝ: ʚʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ ʨʝʛʫʣʷʪʦʨʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

- ʧʨʦʩʪ ʚ 

ʨʝʘʣʠʟʘʮʠʠ; 

- ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʦʧʳʪ ʩʧʝʮʠʘʣʠʩʪʘ. 

- ʥʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ 

ʥʦʚʳʤ ʩʠʪʫʘʮʠʷʤ; 

- ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʨʘʙʦʪʘʝʪ ʧʣʦʭʦ. 

ɻʠʙʨʠʜʥʦ

ʝ 

ʅʝʡʨʦʩʝʪʴ ʨʘʙʦʪʘʝʪ ʚʤʝʩʪʝ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ. 

ɺʦʟʤʦʞʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʥʝʡʨʦ-ʇʀɼ, ʛʜʝ 

ʥʝʡʨʦʩʝʪʴ ʥʘʩʪʨʘʠʚʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ Kp, Ki, Kd ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

- cʦʯʝʪʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʛʠʙʢʦʩʪʴʶ 

ʥʝʡʨʦʩʝʪʠ; 

- ʤʦʞʥʦ ʚʥʝʜʨʷʪʴ 

ʧʦʵʪʘʧʥʦ. 

- ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʥʘʩʪʨʦʡʢʠ ʩʨʘʟʫ ʜʚʫʭ 

ʨʝʛʫʣʷʪʦʨʦʚ; 

- ʩʣʦʞʥʦʩʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ 
ʄʥʦʛʦʤʦ

ʜʫʣʴʥʦʝ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʫʣʝʡ-

ʨʝʛʫʣʷʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʦʙʲʝʢʪʘ (ʧʫʩʢ, ʥʦʤʠʥʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ, ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʠ ʪ.ʜ.). ʉʫʧʝʨʚʠʟʦʨ ʚʳʙʠʨʘʝʪ 

ʘʢʪʠʚʥʳʡ ʤʦʜʫʣʴ ʠʣʠ 

ʬʦʨʤʠʨʫʝʪ ʚʟʚʝʰʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. 

- ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʚ ʢʘʞʜʦʤ ʨʝʞʠʤʝ; 

- ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ 

ʤʦʜʫʣʠ ʙʝʟ 

ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ. 

- ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʨʝʞʠʤʘʤʠ ʠ ʧʨʘʚʠʣʘ 

ʧʝʨʝʢʣʶʯʝʥʠʷ/ʚʟʚʝʰʠ

ʚʘʥʠʷ; 

- ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ ʠ ʧʘʤʷʪʠ. 

ʀʥʚʝʨʩʥʦ

ʝ 

ʅʝʡʨʦʩʝʪʴ ʫʯʠʪʩʷ ʨʝʰʘʪʴ 

ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʧʦ ʞʝʣʘʝʤʦʤʫ 

ʚʳʭʦʜʫ ʥʘʭʦʜʠʪʴ ʥʫʞʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. ɼʣʷ ʦʙʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʧʨʷʤʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʣʠʙʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʰʠʙʢʠ ʯʝʨʝʟ 

ʦʙʫʯʝʥʥʫʶ ʧʨʷʤʫʶ ʤʦʜʝʣʴ. 

- ʦʯʝʥʴ ʙʳʩʪʨʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

(ʚʳʯʠʩʣʝʥʠʝ 

ʧʨʦʭʦʜʠʪ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ); 

- ʝʜʠʥʦʦʙʨʘʟʠʝ 

ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʥʳʭ 

ʦʙʲʝʢʪʦʚ.  

- ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʯʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʥʦʡ 

ʦʙʨʘʪʥʦʡ ʤʦʜʝʣʠ; - 

ʜʣʷ ʠʥʝʨʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʘ. 

 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʲʝʢʪʘ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʘ ʪʘʢʞʝ 

ʜʦʩʪʫʧʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʦʜʨʘʞʘʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʯʝʡ 

ʦʧʳʪ ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. ɻʠʙʨʠʜʥʳʝ ʩʭʝʤʳ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ. ʄʥʦʛʦʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ 

ʦʧʨʘʚʜʘʥ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʨʝʟʢʦ ʤʝʥʷʶʱʠʤʠʩʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. ʀʥʚʝʨʩʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʞʝ ʨʘʙʦʪʘʶʱʠʭ ʩʠʩʪʝʤ ʙʝʟ ʠʭ ʢʘʨʜʠʥʘʣʴʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ. ʇʨʦʛʥʦʟʠʨʫʶʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʙʫʜʫʱʝʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʨʘʙʦʪʘʪʴ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʤʝʝʪ ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʝʥ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʵʪʘʧʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʥʘʜʝʞʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩ 

ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʥʝʡʨʦʩʝʪʝʡ. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʅɸʃʀɿ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʀ ɺʅɽɼʈɽʅʀʗ ʅɽʁʈʆʅʅʓʍ 

ʄʆɼɽʃɽʁ ɺ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʓ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ 

ʠʥʪʝʨʝʩʘ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʩʦ ʩʪʦʨʦʥʳ ʙʠʟʥʝʩʘ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʞʠʦʪʘʞ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ, ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʩ ʧʘʨʘʜʦʢʩʘʣʴʥʦʡ ʩʠʪʫʘʮʠʝʡ: ʚʥʝʜʨʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʞʠʜʘʝʤʦʤʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʨʦʩʪʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʦʝ 

ʥʦʙʝʣʝʚʩʢʠʤ ʣʘʫʨʝʘʪʦʤ ʈʦʙʝʨʪʦʤ ʉʦʣʦʫ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʧʦʭʝ 

ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ, ʩʝʛʦʜʥʷ ʦʙʨʝʪʘʝʪ ʥʦʚʦʝ ʟʚʫʯʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʧʘʨʘʜʦʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʉʦʣʦʫè ʜʣʷ ʵʧʦʭʠ ʀʀ [1]. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʜʦʤʠʥʠʨʦʚʘʚʰʠʡ ʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʤʳʩʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ, ʠʩʭʦʜʠʪ ʠʟ ʧʨʝʟʫʤʧʮʠʠ, ʯʪʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʣʶʙʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʛʦʜʥʘ ʚʩʝʛʜʘ ʠ ʚʝʟʜʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʥʫ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʫʜʘ ʤʘʰʠʥʥʳʤ, ʘ 

ʟʘʤʝʱʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʢʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [2]. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ ʥʘ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʇʝʨʚʳʡ ʪʠʧ ï ʨʫʪʠʥʥʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ (R-ʪʠʧ). ʂ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʳ ʩ ʯʝʪʢʦ ʧʨʦʧʠʩʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, 

ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʚʭʦʜʥʳʤ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ ʚʳʭʦʜʝ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʩʯʝʪ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, 

ʚʝʜʝʥʠʝ ʩʢʣʘʜʩʢʦʛʦ ʫʯʝʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʦʪʯʝʪʥʦʩʪʠ. ɺ ʵʪʠʭ 

ʧʨʦʮʝʩʩʘʭ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʝ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʥʝ 
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ʭʫʞʝ, ʘ ʟʘʯʘʩʪʫʶ ʙʳʩʪʨʝʝ ʠ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

[3]. ʀʥʚʝʩʪʠʮʠʠ ʚ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ R-ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʳ. 

ɺʪʦʨʦʡ ʪʠʧ ï ʨʫʪʠʥʥʳʝ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ (N-ʪʠʧ). ʕʪʘ 

ʢʘʪʝʛʦʨʠʷ ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʮʝʩʩʳ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʝʨʘʮʠʡ, 

ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʪʨʝʙʫʶʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠʣʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʧʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʢʨʝʜʠʪʥʳʡ ʩʢʦʨʠʥʛ ʚ ʙʘʥʢʘʭ, ʘʥʘʣʠʟ ʦʙʨʘʱʝʥʠʡ ʚ ʩʣʫʞʙʫ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʦʙʨʘʙʦʪʢʫ ʧʝʨʚʠʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʧʨʦʚʝʨʢʫ ʶʨʠʜʠʯʝʩʢʠʭ ʜʦʛʦʚʦʨʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʀʤʝʥʥʦ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʩʦʯʝʪʘʶʱʠʝ ʨʫʪʠʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʛʥʠʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

[2, 3]. ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʨʘʟʨʳʚ ʤʝʞʜʫ ʩʣʦʞʥʦʩʪʴʶ ʠ ʦʙʲʝʤʦʤ ʧʦʩʪʫʧʘʶʱʠʭ 

ʜʘʥʥʳʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʦ ʠʭ ʦʙʨʘʙʦʪʢʝ ï ʩ ʜʨʫʛʦʡ, ʠ ʵʪʦʪ ʨʘʟʨʳʚ ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʦʜʦʣʝʪʴ ʥʝʡʨʦʩʝʪʴ [4]. 

ʊʨʝʪʠʡ ʪʠʧ ï ʢʨʝʘʪʠʚʥʳʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (C-ʪʠʧ). ʂ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʵʤʧʘʪʠʠ, ʠʥʪʫʠʮʠʠ, 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʢʦʥʪʝʢʩʪʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʨʝʰʝʥʠʷʤ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʮʝʣʝʧʦʣʘʛʘʥʠʶ. ʇʨʠʤʝʨʘʤʠ ʩʣʫʞʘʪ ʧʨʦʚʝʜʝʥʠʝ ʩʣʦʞʥʳʭ 

ʧʝʨʝʛʦʚʦʨʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʨʝʥʜ-ʧʦʣʠʪʠʢʠ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʦʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʘʩʩʠʩʪʝʥʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʢʣʘʜʢʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʯʝʣʦʚʝʢʦʤ, ʥʦ ʥʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʮʝʥʥʦʡ 

ʟʘʤʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘ [3]. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʨʦʮʝʩʩʳ N-ʪʠʧʘ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʟʜʝʩʴ ʣʦʢʘʣʠʟʦʚʘʥ ʦʩʥʦʚʥʦʡ ʧʦʪʝʥʮʠʘʣ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʨʫʪʠʥʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʪʨʫʜʘ 

ʤʘʰʠʥʥʳʤ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ 

çʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʛʥʠʪʠʚʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠè (ʂʂʀ). ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʠʟʤʝʨʷʝʪ ʜʦʣʶ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʢʦʪʦʨʘʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʠʤ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ 

ʨʫʪʠʥʥʳʭ ʤʳʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʣʝʞʘʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ὑὑὍ ̏̂̆̆̍̚ ̜̒̌̉̓Ȣ

̏̂̆̆̚
ρzππϷ, 
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ʛʜʝ Tʦʙʱʝʝ ï ʦʙʱʝʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʘ, ʫʯʠʪʳʚʘʝʤʦʝ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ Tʤʳʩʣʠʪ. ï ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʫʥʠʢʘʣʴʥʫʶ ʪʚʦʨʯʝʩʢʫʶ ʠʣʠ ʵʢʩʧʝʨʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʪʨʝʙʫʶʱʫʶ ʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʶʨʠʩʪ ʪʨʘʪʠʪ 

70% ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʝʟʣʠʯʝʥʥʳʡ ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ ʜʦʛʦʚʦʨʦʚ ʠ 

ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʦʡ ʩʫʜʝʙʥʦʡ ʧʨʘʢʪʠʢʠ ʚʤʝʩʪʦ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʟʘʱʠʪʳ 

ʠʥʪʝʨʝʩʦʚ ʢʦʤʧʘʥʠʠ ʚ ʩʣʦʞʥʳʭ ʩʧʦʨʘʭ, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʂʂʀ = 70%. ʏʝʤ ʚʳʰʝ 

ʟʥʘʯʝʥʠʝ ʂʂʀ, ʪʝʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʬʦʥʜʘ ʦʧʣʘʪʳ ʪʨʫʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʩʚʦʙʦʞʜʝʥʘ ʠʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʙʦʣʝʝ ʮʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʫʩʧʝʰʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʠ ʪʝʤ ʚʳʰʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. 

ʅʘʤʠ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʟʥʘʯʝʥʠʷ 

ʂʂʀ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 1. ʕʤʧʠʨʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʜʣʷ ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʂʂʀ 

ɿʥʘʯʝʥʠʝ 

ʂʂʀ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʄʝʥʝʝ 30% ɺʥʝʜʨʝʥʠʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ: ʜʦʣʷ ʨʫʪʠʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʦʧʝʨʘʮʠʡ ʩʣʠʰʢʦʤ ʤʘʣʘ, ʯʪʦʙʳ ʦʢʫʧʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, 

ʠʥʪʝʛʨʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. 

ɺʳʩʚʦʙʦʞʜʘʝʤʦʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʘ ʥʝ ʩʦʟʜʘʩʪ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

30-50% ɿʦʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ: ʬʦʨʤʘʣʴʥʦ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʅʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʛʦʪʦʚʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ 

ʢ ʠʟʤʝʥʝʥʠʷʤ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ. 

50-75% ɿʦʥʘ ʫʩʪʦʡʯʠʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʧʨʦʝʢʪ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʙʫʜʝʪ ʨʝʥʪʘʙʝʣʝʥ. ʕʢʦʥʦʤʠʷ ʦʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʨʝʤʝʥʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʥʘ ʙʦʣʝʝ ʮʝʥʥʳʝ ʟʘʜʘʯʠ ʩ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʩʠʪ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ. 

ɹʦʣʝʝ 75% ɿʦʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ: ʧʨʦʮʝʩʩ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʝʨʩʦʥʘʣʘ. ɺʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʥʝ ʪʦʣʴʢʦ ʞʝʣʘʪʝʣʴʥʦ, ʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʠʩʢ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, ʯʴʷ ʪʝʢʫʱʘʷ 

ʟʘʥʷʪʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʂʂʀ, ʷʚʣʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʩʦʛʣʘʩʥʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʨʦʮʝʩʩʦʚ R-ʪʠʧʘ ʜʘʞʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʂʂʀ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʪ 
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ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʜʝʰʝʚʳʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʣʷ ʧʨʦʮʝʩʩʦʚ C-ʪʠʧʘ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʘʩʩʠʩʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʠ ʂʂʀ ʟʜʝʩʴ ʜʦʣʞʝʥ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʥʝ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘ, ʘ ʢʘʢ 

ʠʥʜʠʢʘʪʦʨ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘʤ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʂʂʀ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʤʝʥʥʦ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ N-ʪʠʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʢʦʥʦʤʠʶ, ʥʦ ʠ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʙʣʝʤʳ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ, ʢʦʛʜʘ ʚʳʩʦʢʦʦʧʣʘʯʠʚʘʝʤʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚʳʥʫʞʜʝʥʳ 

ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʫ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʭ ʢʚʘʣʠʬʠʢʘʮʠʠ. ɺʳʩʦʢʠʡ ʂʂʀ (ʙʦʣʝʝ 

50%) ʚ ʧʨʦʮʝʩʩʘʭ N-ʪʠʧʘ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʧʘʥʠʷ ʥʝʩʝʪ ʩʢʨʳʪʳʝ 

ʠʟʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ, 

ʠ ʚʥʝʜʨʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʩʧʦʩʦʙʥʦ ʵʪʠ ʠʟʜʝʨʞʢʠ ʫʩʪʨʘʥʠʪʴ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʂʂʀ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʘʢʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʘʢ ʨʠʩʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʩʪʘʚʘʥʠʷ ʦʪ ʢʦʥʢʫʨʝʥʪʦʚ. ɺ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʨʳʥʦʯʥʦʡ 

ʩʨʝʜʝ ʜʘʞʝ ʧʨʦʮʝʩʩʳ ʩ ʫʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʂʂʀ (30ï50%) ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ 

ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ, ʝʩʣʠ ʢʦʥʢʫʨʝʥʪʳ ʫʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʣʫʯʘʶʪ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʨʳʥʦʯʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʠʥʷʪʠʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʟʥʘʯʝʥʠʝ ʂʂʀ ʜʦʣʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʘʥʘʣʠʟʦʤ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ 

ʧʨʠʦʨʠʪʝʪʘʤʠ ʢʦʤʧʘʥʠʠ. ʆʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠʤʝʥʥʦ ʂʂʀ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʙʘʟʦʚʦʛʦ, ʧʝʨʚʠʯʥʦʛʦ ʬʠʣʴʪʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʪʩʝʷʪʴ ʟʘʚʝʜʦʤʦ 

ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʱʠʡ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʝʜʠʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʛʥʠʪʠʚʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩʯʝʪʝ ʂʂʀ, ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʥʘ ʪʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʛʜʝ ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʧʦʩʦʙʥʳ ʧʨʠʥʝʩʪʠ ʠʟʤʝʨʠʤʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʦʪʜʘʯʫ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ ʚ ʧʨʦʮʝʩʩʘʭ N-ʪʠʧʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʂʂʀ, ʧʨʝʚʳʰʘʶʱʠʤʠ 50%. 

ʉʪʨʘʪʝʛʠʷ ʪʦʯʝʯʥʦʛʦ ʚʥʝʜʨʝʥʠʷ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʟʥʘʯʝʥʠʝ ʂʂʀ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʜʭʦʜʘ ʪʦʪʘʣʴʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʨʘʟʙʦʨʘ, ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʧʘʨʘʜʦʢʩʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè ʠ 

ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʡ, ʠʟʤʝʨʠʤʳʡ ʧʨʠʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʠʟʥʝʩʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʊʀʇʆɺʓʍ ʆʊʂɸɿʆɺ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ ʀ ʀʍ 

ʇɽʈɺʀʏʅʓʍ ʇʈʀɿʅɸʂʆɺ ʇʆ ɼɸʅʅʓʄ ɺʀɹʈʆɼɸʊʏʀʂʆɺ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʥʝʟʘʧʥʳʡ ʦʪʢʘʟ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʜʦʨʦʛʦʩʪʦʷʱʝʤʫ ʨʝʤʦʥʪʫ, ʥʦ ʠ ʢ 

ʜʣʠʪʝʣʴʥʳʤ ʧʨʦʩʪʦʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʥʝ ʚʩʝʛʜʘ 

ʵʬʬʝʢʪʠʚʥʘ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪ ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ (ʪʝʨʤʦʛʨʘʬʠʷ, ʘʥʘʣʠʟ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ, 

ʢʦʥʪʨʦʣʴ ʯʘʩʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ) ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. 

ɺʠʙʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʱʠʤ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ. 

ɺʠʙʨʘʮʠʷ ɻ ʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚʦʟʥʠʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʩʠʣ 

ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʀʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1]. 

ʂ ʤʝʭʘʥʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ (ʜʠʩʙʘʣʘʥʩ) 

ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ (ʨʦʪʦʨʘ, ʤʫʬʪʳ, ʰʢʠʚʘ), ʜʝʬʝʢʪʳ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʥʝʩʦʦʩʥʦʩʪʴ ʚʘʣʦʚ, ʜʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ 

[5]. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʘʢʪʦʨʳ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʘʰʠʥʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 

ʟʘʟʦʨʘ, ʧʫʣʴʩʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠʟ-ʟʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʦʣʷ, 

ʦʙʨʳʚʳ ʩʪʝʨʞʥʝʡ ʨʦʪʦʨʘ, ʚʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ ʚ ʦʙʤʦʪʢʘʭ [3]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʠʙʨʘʮʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʜʘʪʯʠʢʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʚʨʘʱʘʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ 

(ʦʙʦʨʦʪʥʫʶ ʯʘʩʪʦʪʫ fʚʨ = n/60 ɻʮ, ʛʜʝ n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚ ʦʙ/ʤʠʥ), ʝ y

ʛʘʨʤʦʥʠʢʠ, ʩʫʙʛʘʨʤʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʷʮʠʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɸʥʘʣʠʟ 

ʘʤʧʣʠʪʫʜ ʠ ʯʘʩʪʦʪ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʜʝʬʝʢʪ. 
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ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʧʦʜʜʘʶʱʠʭʩʷ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʛʨʫʧʧ. ɺ ʪʘʙʣʠʮʝ 

1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʫʢʦʚʦʜʩʪʚ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ [1, 3, 5]. 

 

ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʠʭ ʚʠʙʨʘʮʠʦʥʥʳʝ 

ʧʨʠʟʥʘʢʠ 
ʂʘʪʝʛʦʨʠʷ 

ʦʪʢʘʟʘ 

ʊʠʧʦʚʘʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ 
ʇʝʨʚʠʯʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʦʪʢʘʟʳ 

ɼʠʩʙʘʣʘʥʩ 

ʨʦʪʦʨʘ 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʝ (1Ĭfʚʨ). 

ɸʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʠ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɺʠʙʨʘʮʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʜʠʘʣʴʥʘʷ 

ʅʝʩʦʦʩʥʦʩʪʴ 

ʚʘʣʦʚ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʥʘ ʚʪʦʨʦʡ (2Ĭfʚʨ) ʠ ʪʨʝʪʴʝʡ 

(3Ĭfʚʨ) ʛʘʨʤʦʥʠʢʘʭ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʳ. ʏʘʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʦʩʝʚʳʤʠ ʚʠʙʨʘʮʠʷʤʠ. 

ʀʟʥʦʩ 

ʧʦʜʰʠʧʥʠʢʦʚ 

ʢʘʯʝʥʠʷ 

ʇʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʚʠʙʨʘʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʰʫʤʘ (çʧʦʜʰʠʧʥʠʢʦʚʦʛʦè ʰʫʤʘ). ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʜʝʬʝʢʪʘ ʚʦʟʥʠʢʘʶʪ ʜʠʩʢʨʝʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ 

ʯʘʩʪʦʪʘʭ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦ ʛʝʦʤʝʪʨʠʠ ʧʦʜʰʠʧʥʠʢʘ: 

ʯʘʩʪʦʪʘ ʧʝʨʝʢʘʪʳʚʘʥʠʷ ʪʝʣ ʢʘʯʝʥʠʷ ʧʦ ʥʘʨʫʞʥʦʤʫ ʠ 

ʚʥʫʪʨʝʥʥʝʤʫ ʢʦʣʴʮʘʤ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ ʠ 

ʜʝʬʝʢʪʘ ʪʝʣ ʢʘʯʝʥʠʷ. 

ʀʟʥʦʩ 

ʧʦʜʰʠʧʥʠʢʦʚ 

ʩʢʦʣʴʞʝʥʠʷ 

ɺʦʟʨʘʩʪʘʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʝ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʟʘʟʦʨʦʚ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʩʫʙʛʘʨʤʦʥʠʢ 

(İ, ӎ ʦʪ fʚʨ) ʠ ʤʘʩʣʷʥʦʡ ʚʠʙʨʘʮʠʠ (ʚʠʙʨʘʮʠʷ ʩ 

ʯʘʩʪʦʪʦʡ, ʙʣʠʟʢʦʡ ʢ ʧʦʣʦʚʠʥʝ ʦʙʦʨʦʪʥʦʡ). 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

ʦʪʢʘʟʳ 

ʆʙʨʳʚ ʠʣʠ 

ʪʨʝʱʠʥʘ 

ʩʪʝʨʞʥʝʡ 

çʙʝʣʠʯʴʝʡ 

ʢʣʝʪʢʠè (ʨʦʪʦʨ) 

ʇʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʚʠʙʨʘʮʠʠ ʙʦʢʦʚʳʭ ʧʦʣʦʩ ʚʦʢʨʫʛ 

ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʳ ʠ ʚʦʢʨʫʛ ʛʘʨʤʦʥʠʢ ʧʠʪʘʶʱʝʡ ʩʝʪʠ 

(50 ɻʮ), ʦʪʩʪʦʷʱʠʭ ʥʘ ʫʜʚʦʝʥʥʫʶ ʯʘʩʪʦʪʫ ʩʢʦʣʴʞʝʥʠʷ 

(2ĿsĿfc). ʍʘʨʘʢʪʝʨʥʘ ʤʦʜʫʣʷʮʠʷ ʚʠʙʨʘʮʠʠ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʩ ʯʘʩʪʦʪʦʡ ʩʢʦʣʴʞʝʥʠʷ. 

ɺʠʪʢʦʚʦʝ 

ʟʘʤʳʢʘʥʠʝ ʚ 

ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ 

ʋʚʝʣʠʯʝʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ ʜʚʦʡʥʦʡ ʯʘʩʪʦʪʝ ʩʝʪʠ (2Ĭfc, 

100 ɻʮ) ʠʟ-ʟʘ ʠʩʢʘʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʷʚʣʝʥʠʷ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʨʦʪʦʨʘ ʢ 

ʩʪʘʪʦʨʫ. ɺʠʙʨʘʮʠʷ ʤʦʞʝʪ ʠʩʯʝʟʘʪʴ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʧʠʪʘʥʠʷ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʚʦʟʜʫʰʥʦʛʦ 

ʟʘʟʦʨʘ 

(ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʨʦʪʦʨʘ) 

ʈʦʩʪ ʚʠʙʨʘʮʠʠ ʥʘ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʝ ʠ ʯʘʩʪʦʪʝ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʣʶʩʘ (ʚ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥʘʭ). 

ʉʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ 

ʯʘʩʪʦʪʝ ʩʝʪʠ. 

ɼʝʬʝʢʪʳ 

ʢʦʣʣʝʢʪʦʨʥʦ-

ʱʝʪʦʯʥʦʛʦ ʫʟʣʘ 

(ʤʘʰʠʥʳ ʧʦʩʪ. 

ʪʦʢʘ) 

ʀʩʢʨʝʥʠʝ ʚʳʟʳʚʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʚʠʙʨʘʮʠʶ, 

ʧʝʨʝʜʘʶʱʫʶʩʷ ʥʘ ʱʝʪʢʦʜʝʨʞʘʪʝʣʠ ʠ ʢʦʨʧʫʩ. ʀʟʥʦʩ 

ʧʣʘʩʪʠʥ ʢʦʣʣʝʢʪʦʨʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʚʠʙʨʘʮʠʶ ʥʘ 

ʯʘʩʪʦʪʝ, ʢʨʘʪʥʦʡ ʯʠʩʣʫ ʧʣʘʩʪʠʥ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. 
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ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʫ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʚʝʨʪʠʢʘʣʴʥʦʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʧʦʧʝʨʝʯʥʦʤ ʠ ʦʩʝʚʦʤ) ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨʘʭ ʜʚʠʛʘʪʝʣʷ [2]. 

ɼʠʘʛʥʦʩʪʠʢʘ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʢʘʢ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ (ʜʦ 20 ʢɻʮ) ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ, ʪʘʢ ʠ ʚ ʫʟʢʠʭ ʧʦʣʦʩʘʭ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ 

(ʜʦ 500 ɻʮ) ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʦʨʦʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʄʝʪʦʜ ʩʧʝʢʪʨʘ ʦʛʠʙʘʶʱʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʠʙʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ, ʤʦʜʫʣʠʨʫʶʱʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ [4]. 

ɺʘʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ 

ʨʘʙʦʪʘʶʱʝʤ ʜʚʠʛʘʪʝʣʝ ʠ ʥʘ ʚʳʙʝʛʝ (ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ). ʀʩʯʝʟʥʦʚʝʥʠʝ 

ʚʠʙʨʘʮʠʠ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ [5]. 

ʇʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʦʪʢʘʟʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʛʝʥʝʨʠʨʫʶʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʯʘʩʪʦʪʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɿʥʘʥʠʝ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʧʨʦʩʪʦʛʦ 

ʢʦʥʪʨʦʣʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʢ ʫʛʣʫʙʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʢʦʥʢʨʝʪʥʳʡ ʜʝʬʝʢʪ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ 

ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʳ (ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ), ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʠ ʥʘ 

ʯʘʩʪʦʪʝ 100 ɻʮ (ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ) ʠ ʧʦʷʚʣʝʥʠʝ 

ʤʦʜʫʣʷʮʠʦʥʥʳʭ ʙʦʢʦʚʳʭ ʧʦʣʦʩ (ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʦʪʦʨʘ ʠ ʧʦʜʰʠʧʥʠʢʦʚ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ 

ʤʝʩʪ ʜʠʘʛʥʦʩʪʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ï 2014. ï ˉ 2 (2). ï ʉ. 59ï63. ï URL: https://izdat.istu.ru/index.php/ISM/article/view/1867 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

11.03.2026). 
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ʀ.ʉ. ɻʨʠʰʠʥ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʀ. ɻʘʚʨʠʣʦʚ, ʩʪ. ʧʨʝʧ. 

ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʆɹʒɽʄɸ ʍʈɸʅʀʃʀʑɸ ɼɸʅʅʓʍ ɺ 

ʉʀʉʊɽʄɸʍ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ ʉ 

ʋʏɽʊʆʄ ʉʇɽʎʀʌʀʂʀ ɺʀɹʈʆɼʀɸɻʅʆʉʊʀʂʀ 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʝʤʢʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʜʣʷ 

ʜʘʥʥʳʭ ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʦʢʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ IT-ʤʦʥʠʪʦʨʠʥʛ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʜʦ 

ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʟʣʦʚ ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʢʘʢ ʥʘ 

ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʫ ʨʝʪʨʦʩʧʝʢʪʠʚʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʠ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʭʨʘʥʠʣʠʱʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʪʨʘʪʝʛʠʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʭʨʘʥʝʥʠʷ: ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʚʨʝʤʷ, ʘ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ: 

 

ὠ̒̉̒̓̆̍ὕ̜ᶻВ ὠ̋́̎́̌́ В ὤ̄̑̆̄́̓ Ὑz, (1) 

 

ʛʜʝ: 

ὠ̋́̎́̌ὅ́ Ὕzz Ὂᶻ ᶻρ ‎ᶻ ,    (2) 

ὤ̄̑̆̄́ ̓ὅ Ὕzᶻ ᶻ ᶻρ ‎ᶻ ,   (3) 

 

ʛʜʝ: 

O ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ; 

C ï ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʨʦʜʥʳʭ ʢʘʥʘʣʦʚ ʦʙʲʝʢʪʘ; 

R ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʧʣʠʢʘʮʠʠ ʜʘʥʥʳʭ;  

F ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ɻʮ;  

T ï ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ, ʩʝʢʫʥʜ;  

B ï ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ, ʙʠʪ;  

‎ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʦʯʥʦʩʪʠ ʥʘ ʩʣʫʞʝʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʉʋɹɼ;  

  ;ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ‏

Kj ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʨʝʞʠʚʘʥʠʷ ʜʣʷ j-ʛʦ ʫʨʦʚʥʷ ʘʛʨʝʛʘʮʠʠ;  

Tj ï ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʩʝʢ;  

Bj ï ʨʘʟʨʷʜʥʦʩʪʴ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʙʠʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʦʨʤʫʣ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʙʣʦʯʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʤʷ ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ: ʥʘʣʠʯʠʝʤ ʨʘʟʥʦʨʦʜʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ 
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ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

(ʩʞʘʪʠʝ, ʩʣʫʞʝʙʥʳʝ ʨʘʩʭʦʜʳ). 

ɹʘʟʦʚʘʷ ʯʘʩʪʴ ʬʦʨʤʫʣʳ ὅ Ὕzz Ὂᶻ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʲʝʤʘ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ: ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʩʯʝʪʦʚ ʥʘ ʨʘʟʨʷʜʥʦʩʪʴ ʦʜʥʦʛʦ ʦʪʩʯʝʪʘ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ. 

ʄʥʦʞʠʪʝʣʴ ρ ‎ ʚʚʝʜʝʥ ʜʣʷ ʫʯʝʪʘ ʩʣʫʞʝʙʥʳʭ ʩʪʨʫʢʪʫʨ ʙʘʟʳ ʜʘʥʥʳʭ. ɺ 
ʦʪʣʠʯʠʝ ʦʪ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʝʥʠʷ, ʛʜʝ ʜʘʥʥʳʝ ʧʨʦʩʪʦ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʉʋɹɼ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʜʝʢʩʳ, ʚʨʝʤʝʥʥʳʝ ʤʝʪʢʠ ʠ 

ʪʝʛʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ. ɼʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʵʪʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʠʥʜʝʢʩʘʮʠʷ ʧʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʦʡ. 

ʄʥʦʞʠʪʝʣʴ ρ  ʦʪʨʘʞʘʝʪ ʵʬʬʝʢʪ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. ɺʠʙʨʦʩʠʛʥʘʣʳ ‏

ʦʙʣʘʜʘʶʪ ʠʟʙʳʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪʩʷ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʥʦ ʩ 

ʜʚʫʤʷ ʚʘʞʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ Kj ʨʘʟ ( ) ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʨʝʜʢʠʤ ʦʪʩʯʝʪʘʤ, ʥʘʧʨʠʤʝʨ, 

ʭʨʘʥʝʥʠʝ ʥʝ ʚʩʝʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʪʦʣʴʢʦ ʩʧʝʢʪʨʦʚ ʠʣʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ (ʉʂɿ) ʟʘ ʠʥʪʝʨʚʘʣ. ɺʦ-ʚʪʦʨʳʭ, ʚʚʦʜʠʪʩʷ 

ʩʦʙʩʪʚʝʥʥʘʷ ʨʘʟʨʷʜʥʦʩʪʴ Bj, ʪʘʢ ʢʘʢ ʘʛʨʝʛʘʪʳ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʠʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ. 

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʩʫʤʤʫ ʢʘʥʘʣʴʥʳʭ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ 

ʫʯʝʪʘ ʩʪʨʘʪʝʛʠʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʠʪʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʢʘʞʜʳʡ ʪʠʧ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʞʘʪ ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ‏ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ [3, 4, 5]. 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʞʘʪʠʷ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʛʥʘʣʘ 

ʊʠʧ ʜʘʥʥʳʭ ʍʘʨʘʢʪʝʨ ʩʠʛʥʘʣʘ 
ʊʠʧʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʞʘʪʠʷ ʙʝʟ ʧʦʪʝʨʴ 

ʉʳʨʘʷ ʚʠʙʨʘʮʠʷ 
ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ, 

ʙʣʠʟʢʠʡ ʢ ʰʫʤʫ 
1,5-2,5 

ʉʧʝʢʪʨʳ ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ 3-5 

ɸʛʨʝʛʠʨʦʚʘʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ 
ʄʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʝʩʷ 8-12 

ʊʝʤʧʝʨʘʪʫʨʘ, ʪʦʢ ʇʣʘʚʥʳʝ ʪʨʝʥʜʳ 4-6 

 

ʂʦʵʬʬʠʮʠʝʥʪ ‎ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʉʋɹɼ ʩʦʩʪʘʚʣʷʝʪ 0,2-

0,3 (20-30%), ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ [1, 2]. 
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ʈʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʶʱʫʶ 10 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʘʱʝʥ: 

2 ʢʘʥʘʣʘʤʠ ʚʠʙʨʘʮʠʠ, F = 25,6 ʢɻʮ, B = 24 ʙʠʪ, ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʩʳʨʳʭ ʜʘʥʥʳʭ 

T = 30 ʜʥʝʡ; 

1 ʢʘʥʘʣʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, F = 10 ɻʮ, B = 16 ʙʠʪ, T = 30 ʜʥʝʡ; 

1 ʢʘʥʘʣʦʤ ʪʦʢʘ, F = 1 ʢɻʮ, B = 16 ʙʠʪ, T = 30 ʜʥʝʡ. 

ɼʣʷ ʚʠʙʨʦʩʠʛʥʘʣʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʫʨʦʚʥʷ ʘʛʨʝʛʘʮʠʠ: 

ʉʧʝʢʪʨʳ: K1 = 100, B1 = 32 ʙʠʪ, T1 = 365 ʜʥʝʡ; 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: K2 = 3600, B2 = 32 ʙʠʪ, T2 = 1095 ʜʥʝʡ (3 

ʛʦʜʘ). 

ʇʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ: ɔ = 0,25; ŭ = 2 (ʚʠʙʨʘʮʠʷ), 4 (ʩʧʝʢʪʨʳ), 10 (ʘʛʨʝʛʘʪʳ), 

5,0 (ʪʦʢ, ʪʝʤʧʝʨʘʪʫʨʘ); R = 2 (ʩʠʥʭʨʦʥʥʘʷ ʨʝʧʣʠʢʘʮʠʷ). 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʪʨʝʙʫʝʤʦʛʦ 

ʦʙʲʝʤʘ ʭʨʘʥʠʣʠʱʘ ʜʣʷ ʦʜʥʦʛʦ ʧʨʠʚʦʜʘ (ʚ ʛʠʛʘʙʘʡʪʘʭ): 

ʚʠʙʨʘʮʠʷ: 

 

ὠ̋́̎́̌́ ̃̉Ȣ̂ ςz ςυωςπππςzυφππᶻ ᶻρ πȢςυz ςσρȟχτ ː ;ˎ 

ʪʝʤʧʝʨʘʪʫʨʘ: 

ὠ̋́̎́̌́ ̓̆Ȣ̍ ρz ςυωςπππρzπz ᶻρ πȢςυz πȟπρςπχ ː ;ˎ 

ʪʦʢ: 

ὠ̋́̎́̌́ ̓̏Ȣ̋ ρz ςυωςπππρzπππzᶻρ πȢςυz ρȟςρ ː ;ˎ 

 

ʩʧʝʢʪʨʳ: 

 

ὤ̄̑̆̄Ȣ̃̉Ȣ̂ ςz σφυzψφτππz ᶻ ᶻρ πȢςυz ρψȟψ ː ;ˎ 

ʉʂɿ: 

ὤ̄̑̆̄́̓ ̃̉Ȣ̂ ςz σφυzψφτππz ᶻ ᶻρ πȢςυz πȟςπψυυ ː ;ˎ 

 

ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʥʘ ʦʜʠʥ ʧʨʠʚʦʜ: 251,97 ɻɹ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʠʟ 

ʜʝʩʷʪʠ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʧʣʠʢʘʮʠʠ: 

 

ὠ̒̉̒̓̆̍ρ̜πz В ὠ̋́̎́̌́ В ὤ̄̑̆̄́̓ ςz ρπzςυρȟωχzς

υπσωȟτ ː .ˎ 

 

ɺʳʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʨʝʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʝ. ʉʨʦʢʠ ʭʨʘʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ 

ʠʟ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʨʝʞʠʚʘʥʠʷ (100, 3600) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʘʥʜʘʨʪʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʦʩʨʝʜʥʝʥʠʷ. ʈʝʧʣʠʢʘʮʠʷ R ʨʘʚʥʘʷ 2 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. 
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ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʥʳʝ ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʘʥʘʣʦʛ ï ʬʦʨʤʫʣʘ ʜʣʷ TDMS ʬʘʡʣʦʚ (ʬʦʨʤʘʪʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʘʥʠʝʡ National Instruments ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʩʠʤʫʣʷʮʠʡ) ï ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʩʳʨʳʝ ʜʘʥʥʳʝ ʙʝʟ ʧʦʧʨʘʚʦʢ ʥʘ 

ʩʞʘʪʠʝ, ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʉʋɹɼ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʘʛʨʝʛʘʮʠʶ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʟʘʜʘʯʘʤ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʧʨʠʛʦʜʥʘ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʧʧʘʨʘʪʥʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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 ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʉʈɸɺʅɽʅʀɽ ʇʆɼʍʆɼʆɺ ʂ ʉʆɿɼɸʅʀʖ ʀɻʈʆɺʆɻʆ ʄʀʈɸ ɺ 

ɼɺʋʄɽʈʅʆʁ ʈʆʃɽɺʆʁ ʀɻʈɽ 

 

ʉʦʟʜʘʥʠʝ ʠʛʨʦʚʦʛʦ ʤʠʨʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʣʶʙʦʡ ʨʦʣʝʚʦʡ ʠʛʨʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʚ ʥʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʛʨʦʢʘ, ʩʦʟʜʘʝʪʩʷ ʘʪʤʦʩʬʝʨʘ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʥʦʚʘ ʜʣʷ ʠʛʨʦʚʳʭ 

ʤʝʭʘʥʠʢ. ʇʦʥʠʤʘʷ ʚʘʞʥʦʩʪʴ ʵʪʠʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʯʠʢ ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʙʦʨʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʠʛʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʠʛʨʦʚʦʡ ʦʧʳʪ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʧʨʦʝʢʪʘ ʠʛʨʦʚʳʝ ʤʠʨʳ ʚ ʨʦʣʝʚʦʡ ʠʛʨʝ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʬʦʨʤʳ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʟʝʤʝʣʴʷ ʩ ʢʦʨʠʜʦʨʘʤʠ ʠ 

ʩʝʢʨʝʪʥʳʤʠ ʢʦʤʥʘʪʘʤʠ ʠʣʠ ʧʝʱʝʨʳ ʩ ʠʭ ʦʨʛʘʥʠʯʥʦʡ, ʧʨʠʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʪʢʨʳʪʳʝ ʤʠʨʳ, ʛʜʝ ʠʛʨʦʢ ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʊʘʢ ʞʝ ʚʦʟʤʦʞʥʳ ʛʦʨʦʜʘ ʩ 

ʧʣʘʥʠʨʦʚʢʦʡ ʫʣʠʮ ʠ ʢʚʘʨʪʘʣʦʚ ʠ ʠʥʪʝʨʴʝʨʳ ʟʜʘʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʤʝʱʝʥʠʷʤʠ. ʊʘʢ ʢʘʢ ʢʘʞʜʳʡ ʪʠʧ ʤʠʨʦʚ ʦʙʣʘʜʘʝʪ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʨʘʟʨʘʙʦʪʯʠʢʫ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʙʠʨʘʪʴ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʤʠʨʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 

ʟʘʜʘʯʠ. 

ʉʨʝʜʠ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʠʛʨʦʚʦʛʦ ʤʠʨʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʫʯʥʦʝ 

ʩʦʟʜʘʥʠʝ ʠ ʧʨʦʮʝʜʫʨʥʫʶ ʛʝʥʝʨʘʮʠʶ. 

https://prometheus.io/


193 

ʈʫʯʥʦʝ ʩʦʟʜʘʥʠʝ ʤʠʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʫʨʦʚʥʷ 

ʨʘʟʤʝʱʘʝʪʩʷ ʜʠʟʘʡʥʝʨʦʤ ʚʨʫʯʥʫʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʥʘʜ ʩʪʨʫʢʪʫʨʦʡ ʤʠʨʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʳʝ 

ʣʦʢʘʮʠʠ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʣʦʛʠʯʝʩʢʫʶ ʩʚʷʟʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ ʮʝʣʦʩʪʥʦʩʪʴ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʨʠ ʨʫʯʥʦʤ ʧʦʜʭʦʜʝ ʤʦʛʫʪ ʨʘʩʩʪʘʚʣʷʪʴ ʘʢʮʝʥʪʳ, ʩʦʟʜʘʚʘʪʴ 

ʟʘʧʦʤʠʥʘʶʱʠʝʩʷ ʦʨʠʝʥʪʠʨʳ ʠ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧ ʧʨʦʭʦʞʜʝʥʠʷ, ʦʜʥʘʢʦ 

ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʨʝʠʛʨʘʙʝʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʣʦʢʘʮʠʷʭ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʛʨʦʚʦʡ 

ʢʦʥʪʝʥʪ ʩʦʟʜʘʝʪʩʷ ʥʝ ʚʨʫʯʥʫʶ ʭʫʜʦʞʥʠʢʘʤʠ, ʘ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʮʝʜʫʨʫ [1]. ʏʪʦʙʳ ʥʝ ʧʦʪʝʨʷʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ 

ʨʘʟʨʘʙʦʪʢʠ, ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʭʫʜʦʞʥʠʢʠ ʠ ʜʠʟʘʡʥʝʨʳ ʚʩʝ ʝʱʝ ʤʦʛʣʠ ʚʣʠʷʪʴ ʥʘ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʥʘʩʪʨʘʠʚʘʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʜʫʨʳ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 
ʜʣʷ ʠʥʜʠ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʥʝʙʦʣʴʰʠʭ ʩʪʫʜʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ, ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʜʫʨʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʣʦʛʠʯʝʩʢʦʡ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʥʦʩʪʠ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʠʨʦʚ, ʪ.ʢ. ʘʣʛʦʨʠʪʤʳ ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʥʝ ʧʨʦʩʪʦ ʩʣʫʯʘʡʥʳʝ 

ʥʘʙʦʨʳ ʪʘʡʣʦʚ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʢʣʶʯʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ, 

ʧʨʠʤʝʥʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʠʨʦʚ. 

1. Binary Space Partitioning (BSP). 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʟʝʤʝʣʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʢʦʤʥʘʪ ʠ ʢʦʨʠʜʦʨʦʚ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʩʦʟʜʘʝʪʩʷ ʢʦʨʥʝʚʦʡ ʫʟʝʣ, ʪ.ʝ. ʚʩʷ ʜʦʩʪʫʧʥʘʷ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ʫʨʦʚʥʷ, ʠ ʵʪʘ ʦʙʣʘʩʪʴ ʨʝʢʫʨʩʠʚʥʦ ʜʝʣʠʪʩʷ ʥʘ ʤʝʥʴʰʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ (ʚʝʨʪʠʢʘʣʴʥʳʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠʣʠ ʩʣʫʯʘʡʥʦ) ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʢʘʞʜʦʤ ʧʦʣʫʯʝʥʥʦʤ ʣʠʩʪʝ ʩʦʟʜʘʝʪʩʷ 

ʢʦʤʥʘʪʘ, ʦʙʳʯʥʦ ʩ ʦʪʩʪʫʧʦʤ ʦʪ ʛʨʘʥʠʮ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʇʨʠ ʦʙʭʦʜʝ ʘʣʛʦʨʠʪʤʦʤ 

ʜʝʨʝʚʘ ʩʥʠʟʫ-ʚʚʝʨʭ, ʢʦʤʥʘʪʳ ʩʦʝʜʠʥʷʶʪʩʷ ʢʦʨʠʜʦʨʘʤʠ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʮʝʥʪʨʳ ʢʦʤʥʘʪ ʩʦʝʜʠʥʷʶʪʩʷ ʧʨʷʤʳʤʠ 

ʢʦʨʠʜʦʨʘʤʠ, ʩʦʝʜʠʥʷʶʪʩʷ ʩʣʫʯʘʡʥʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʤʥʘʪ ʣʠʙʦ ʩʦʟʜʘʶʪʩʷ 

ʊ-ʦʙʨʘʟʥʳʝ ʠʣʠ ɻ-ʦʙʨʘʟʥʳʝ ʢʦʨʠʜʦʨʳ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪ ʢ 

ʦʜʥʦʦʙʨʘʟʥʦʩʪʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʩʪʠ ï ʬʦʨʤʳ ʪʦʣʴʢʦ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʧʨʷʤʳʝ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ BSP ʛʘʨʘʥʪʠʨʫʝʪ ʩʚʷʟʘʥʥʦʩʪʴ ʚʩʝʭ ʢʦʤʥʘʪ ʤʝʞʜʫ ʩʦʙʦʡ [2]. 

2. Wave Function Collapse (WFC). 

ʗʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʚʜʦʭʥʦʚʣʝʥʥʳʤ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʠʩʧʦʣʴʟʫʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʩʦʟʜʘʝʪʩʷ ʩʝʪʢʘ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʠ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʚ ʥʝʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ (ʩʦʜʝʨʞʠʪ ʚʩʝ ʪʘʡʣʳ ʠʟ ʚʭʦʜʥʦʛʦ ʥʘʙʦʨʘ). ɺʳʙʠʨʘʝʪʩʷ 

ʷʯʝʡʢʘ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʪʨʦʧʠʝʡ (ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ) ʠ 

çʢʦʣʣʘʧʩʠʨʫʝʪè ʚ ʦʜʥʦ ʠʟ ʩʦʩʪʦʷʥʠʡ. ʕʥʪʨʦʧʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ H(x) = -Ɇ(p_i Ĭ 

log(p_i)), ʛʜʝ p_i ï ʚʝʨʦʷʪʥʦʩʪʴ i-ʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʣʝʝ ʠʥʬʦʨʤʘʮʠʷ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʦʩʝʜʥʠʝ ʷʯʝʡʢʠ ï ʧʨʦʚʝʨʷʝʪʩʷ, ʢʘʢʠʝ ʪʘʡʣʳ ʚʦʟʤʦʞʥʳ ʩ 

ʪʦʣʴʢʦ ʯʪʦ ʚʳʙʨʘʥʥʳʤ. ʅʝʜʦʧʫʩʪʠʤʳʝ ʚʘʨʠʘʥʪʳ ʫʜʘʣʷʶʪʩʷ ʠʟ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ, ʧʦʢʘ ʚʩʝ ʷʯʝʡʢʠ ʥʝ ʢʦʣʣʘʧʩʠʨʦʚʘʥʳ ʠʣʠ 

ʢʘʢʘʷ-ʪʦ ʠʟ ʥʠʭ ʦʢʘʞʝʪʩʷ ʙʝʟ ʚʘʨʠʘʥʪʦʚ (ʙʫʜʝʪ ʧʝʨʝʟʘʧʫʩʢ ʠʣʠ ʚʦʟʚʨʘʪ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʪʫ). ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʦʜʥʦʤ 

ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʚʠʜʝ ʧʨʠʤʝʨʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʛʜʘ ʘʣʛʦʨʠʪʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʘʥʘʣʠʟʠʨʫʝʪ ʢʘʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʝʩʪʴ ʚ ʧʨʠʤʝʨʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʯʠʢ 

ʩʘʤ ʟʘʜʘʝʪ ʧʨʘʚʠʣʘ ʩʦʩʝʜʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʦʙʨʘʟʮʫ ʠʣʠ ʧʨʘʚʠʣʘʤ ʨʝʟʫʣʴʪʘʪ 

ʧʦʣʫʯʘʝʪʩʷ ʢʨʘʩʠʚʳʤ, ʘ ʥʝ ʩʣʫʯʘʡʥʳʤ ï ʪʘʡʣʳ ʩʦʯʝʪʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

3. ʉʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ. 

ʕʪʦ ʘʣʛʦʨʠʪʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ "ʘʛʝʥʪʦʚ" ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ 

ʩʝʪʢʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʚʘʷ ʧʨʦʭʦʜʳ, ʢʦʤʥʘʪʳ ʠ ʢʦʨʠʜʦʨʳ. ʕʪʦ ʩʘʤʳʡ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʤʝʪʦʜ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʘʛʝʥʪ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʠʟ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʦʥ ʚʳʙʠʨʘʝʪ ʩʣʫʯʘʡʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʚʚʝʨʭ, ʚʥʠʟ, ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ) 

ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʣʝʪʢʫ. ʂʘʞʜʘʷ ʧʦʩʝʱʝʥʥʘʷ ʢʣʝʪʢʘ 

ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʧʦʣ (ʧʨʦʭʦʜʠʤʘʷ ʦʙʣʘʩʪʴ). ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʠʣʠ ʢʣʝʪʦʢ [4]. 

4. ʂʣʝʪʦʯʥʳʝ ʘʚʪʦʤʘʪʳ. 

ʕʪʦ ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʝʪʢʠ ʢʣʝʪʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ. ʉʦʩʪʦʷʥʠʝ ʢʣʝʪʢʠ 

ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʢʦʣʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʧʨʘʚʠʣ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʦʩʪʦʷʥʠʷʭ ʩʦʩʝʜʥʠʭ ʢʣʝʪʦʢ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʟʘʧʦʣʥʷʝʪʩʷ ʤʘʪʨʠʮʘ ʩʣʫʯʘʡʥʦ, ʛʜʝ ʢʘʞʜʘʷ ʢʣʝʪʢʘ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʵʪʦ ʣʠʙʦ ʧʦʣ, ʣʠʙʦ ʩʪʝʥʘ). 

ʗʯʝʡʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʩʪʝʥʘʤʠ. ʋ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʚʥʫʪʨʠ ʝʩʪʴ 

8 ʩʦʩʝʜʝʡ, ʚʢʣʶʯʘʷ ʜʠʘʛʦʥʘʣʴʥʳʝ ï ʝʩʣʠ ʫ ʥʝʝ, ʥʘʧʨʠʤʝʨ, 5 ʠ ʙʦʣʝʝ ʩʦʩʝʜʝʡ, ʪʦ 

ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʩʪʝʥʦʡ, ʝʩʣʠ ʤʝʥʴʰʝ 5 ï ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʤ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʝʥ, ʩʪʦʷʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʩʪʘʶʪʩʷ, ʘ ʪʝ, ʯʪʦ ʩʪʦʷʣʠ ʧʦ ʦʜʠʥʦʯʢʝ ʠʩʯʝʟʘʶʪ, 

ʥʝʙʦʣʴʰʠʝ ʧʫʩʪʦʪʳ ʟʘʧʦʣʥʷʶʪʩʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ 

ʙʝʩʧʦʨʷʜʦʢ ʩʘʤʦʦʨʛʘʥʠʟʫʝʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʠʜ ʧʝʱʝʨ. ʅʦ ʵʪʦʪ ʤʝʪʦʜ ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʧʫʩʪʦʪʳ, ʦʪʨʝʟʘʥʥʳʝ ʦʪ ʜʨʫʛʠʭ ʧʝʱʝʨ [2]. 

5. ʐʫʤ ʇʝʨʣʠʥʘ. 

ʕʪʦ ʛʨʘʜʠʝʥʪʥʳʡ ʰʫʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʝʜʠʥʠʯʥʳʭ 

ʚʝʢʪʦʨʦʚ (ʥʘʧʨʘʚʣʝʥʠʡ ʛʨʘʜʠʝʥʪʘ). ʋ ʥʝʛʦ ʝʩʪʴ ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʩʣʫʯʘʡʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ. ʐʫʤ ʇʝʨʣʠʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ, ʪʝʢʩʪʫʨ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʳ ʥʝ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʘ ʥʝʧʨʝʨʳʚʥʳʝ (0.0-1.0) [2]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʩʦʟʜʘʝʪʩʷ ʩʝʪʢʘ ʩ ʫʟʣʘʤʠ ʚ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ (i,j) ʟʘʜʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʛʨʘʜʠʝʥʪ (ʚʝʢʪʦʨ), ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ 

ʢʘʢʫʶ-ʪʦ ʩʪʦʨʦʥʫ. ɼʣʷ ʪʦʯʢʠ (x,y) ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʙʣʠʞʘʡʰʠʭ 

ʯʝʪʳʨʝʭ ʫʟʣʦʚ. ʆʪ ʥʠʭ ʧʨʦʚʦʜʠʪʩʷ ʚʝʢʪʦʨ ʢ ʵʪʦʡ ʪʦʯʢʝ ʠ ʙʝʨʝʪʩʷ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʩ ʚʝʢʪʦʨʦʤ ʵʪʦʛʦ ʫʟʣʘ ï ʧʦʣʫʯʘʝʪʩʷ 4 ʯʠʩʣʘ. ɼʘʣʴʰʝ ʚʳʧʦʣʥʷʝʪʩʷ 
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ʠʥʪʝʨʧʦʣʷʮʠʷ 4 ʟʥʘʯʝʥʠʡ. ɺ ʠʪʦʛʝ ʯʠʩʣʦ ʧʣʘʚʥʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʢʣʝʪʢʘʤ. 

ʐʫʤ ʇʝʨʣʠʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʤʘʪʨʠʮʳ, ʛʝʥʝʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʪʘ ʯʘʩʪʴ, 

ʢʦʪʦʨʫʶ ʤʳ ʚʠʜʠʤ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʙʝʩʢʦʥʝʯʥʳʡ ʤʠʨ [2]. 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʬʫʥʢʮʠʷ ʇʝʨʣʠʥʘ ʛʝʥʝʨʠʨʫʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʥʝʦʜʥʦʨʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʫʤʤʠʨʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʰʫʤʘ (ʦʢʪʘʚ) ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. 

6. L-ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʘʶʪ ʚ 2 ʵʪʘʧʘ: ʩʥʘʯʘʣʘ ʦʥʠ ʛʝʥʝʨʠʨʫʶʪ ʩʪʨʦʢʫ ʩʠʤʚʦʣʦʚ ʧʦ ʧʨʘʚʠʣʘʤ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʟʘʤʝʥʳ, ʘ ʟʘʪʝʤ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʵʪʫ ʩʪʨʦʢʫ ʢʘʢ ʢʦʤʘʥʜʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʕʪʦʪ ʧʦʜʭʦʜ ʥʝ ʛʝʥʝʨʠʨʫʝʪ ʤʠʨ, ʥʦ 

ʥʘʧʦʣʥʷʝʪ ʝʛʦ, ʦʩʦʙʝʥʥʦ ʮʝʥʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʚʝʪʚʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ 

ʠ ʧʨʦʮʝʜʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʫʨʦʚʥʝʡ.  

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ L-ʩʠʩʪʝʤ: ʘʢʩʠʦʤʘ, ʘʣʬʘʚʠʪ, ʧʨʘʚʠʣʘ ʧʝʨʝʧʠʩʳʚʘʥʠʷ 

[3]. 

ɸʢʩʠʦʤʘ ï ʥʘʯʘʣʴʥʘʷ ʩʪʨʦʢʘ ʩʠʤʚʦʣʦʚ, ʩ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, F.  

ɸʣʬʘʚʠʪ ï ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ. 

ʆʙʳʯʥʦ ʵʪʦ ʙʫʢʚʳ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʠʣʠ ʯʘʩʪʠ ʦʙʲʝʢʪʘ. 

ʇʨʘʚʠʣʘ ʧʝʨʝʧʠʩʳʚʘʥʠʷ ï ʥʘʙʦʨ ʧʨʘʚʠʣ ʚʠʜʘ ʩʠʤʚʦʣ Ÿ ʩʪʨʦʢʘ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʨʫʛʠʭ 

ʩʠʤʚʦʣʦʚ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, F Ÿ F-F++F-F. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʪʝʥʪʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʠʨʘ. ɺ 

ʪʘʙʣʠʮʝ 1 ʜʝʪʘʣʴʥʦ ʨʘʟʦʙʨʘʥʳ ʩʝʤʴ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʜʚʫʤʝʨʥʳʭ 

ʤʠʨʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʣʦʛʠʢʠ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʨʘʟʨʘʙʦʪʯʠʢʫ ʦʩʦʟʥʘʥʥʦ ʚʳʙʠʨʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʦʝʢʪʦʚ 
ʄʝʪʦʜ ʇʨʠʦʨʠʪʝʪ 

ʨʘʟʨʘʙʦʪʢʠ 

ʊʠʧ ʢʦʥʪʝʥʪʘ ʆʙʦʩʥʦʚʘʥʠʝ 

ʈʫʯʥʦʝ 

ʩʦʟʜʘʥʠʝ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʠ ʛʝʡʤʧʣʝʡʥʳʡ 

ʙʘʣʘʥʩ 

ʉʶʞʝʪʥʳʝ ʫʨʦʚʥʠ, 

ʦʙʫʯʝʥʠʝ, ʢʣʶʯʝʚʳʝ 

ʣʦʢʘʮʠʠ 

ʈʘʟʨʘʙʦʪʯʠʢ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʳʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʘʞʜʳʤ ʪʘʡʣʦʤ 

ʉʣʫʯʘʡʥʦʝ 

ʙʣʫʞʜʘʥʠʝ 

ʉʢʦʨʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʠ 

ʩʦʟʜʘʥʠʝ 

çʝʩʪʝʩʪʚʝʥʥʳʭè 

ʣʠʥʠʡ 

ʈʝʢʠ, ʪʨʦʧʳ, 

ʛʨʘʥʠʮʳ ʙʠʦʤʦʚ, 

ʠʟʚʠʣʠʩʪʳʝ ʧʝʱʝʨʳ 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʙʳʩʪʨʦ 

ʩʦʟʜʘʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ, ʥʝ 

ʧʨʷʤʫʶ ʣʠʥʠʶ ʠʣʠ ʦʙʣʘʩʪʴ  

ʂʣʝʪʦʯʥʳʝ 

ʘʚʪʦʤʘʪʳ 

ʉʠʤʫʣʷʮʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ ʠ 

çʝʩʪʝʩʪʚʝʥʥʳʭè 

ʬʦʨʤ 

ʇʝʱʝʨʳ ʩ ʤʷʛʢʠʤʠ 

ʢʨʘʷʤʠ, ʦʩʪʨʦʚʘ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʦʩʪʠ, 

ʨʘʟʨʫʰʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ 

ʅʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ ʧʨʦʩʪʳʭ 

ʧʨʘʚʠʣ ʧʨʝʚʨʘʱʘʶʪ ʩʣʫʯʘʡʥʳʡ 

ʰʫʤ ʚ ʩʚʷʟʥʳʝ ʢʣʘʩʪʝʨʳ ʩ 

çʝʩʪʝʩʪʚʝʥʥʳʤʠè ʛʨʘʥʠʮʘʤʠ. 

ʕʪʦ ʣʫʯʰʠʡ ʚʳʙʦʨ, ʢʦʛʜʘ ʥʫʞʥʦ 

ʙʳʩʪʨʦ ʩʦʟʜʘʪʴ ʬʦʥ ʜʣʷ ʫʨʦʚʥʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʧʨʦʝʢʪʦʚ 
BSP ʉʪʨʫʢʪʫʨʥʘʷ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʤʦʜʫʣʴʥʦʩʪʴ 

ʇʦʜʟʝʤʝʣʴʷ: ʢʦʤʥʘʪʳ, 

ʩʚʷʟʘʥʥʳʝ 

ʢʦʨʠʜʦʨʘʤʠ. 

ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦ ʜʝʣʠʪ 

ʦʙʣʘʩʪʴ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ. 

ʇʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʩʦʟʜʘʥʠʶ 

ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʦʚʥʝʡ 

WFC ʃʦʢʘʣʴʥʘʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʨʝʛʠʦʥʦʚ ʠ ʵʩʪʝʪʠʢʘ 

ʉʦʛʣʘʩʦʚʘʥʥʳʝ 

ʪʘʡʣʦʚʳʝ ʤʠʨʳ, 

ʛʦʨʦʜʘ, ʠʥʪʝʨʴʝʨʳ, 

ʤʦʟʘʠʢʠ 

ʇʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪ ʯʝʨʝʟ ʥʘʙʦʨ ʧʨʘʚʠʣ ʠ 

ʧʨʠʤʝʨʦʚ 

ʐʫʤ 

ʇʝʨʣʠʥʘ 

ʇʣʘʚʥʦʩʪʴ ʛʨʘʜʠʝʥʪʘ 

ʠ ʙʝʩʢʦʥʝʯʥʘʷ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʂʦʥʪʠʥʝʥʪʳ, ʢʘʨʪʳ 

ʚʳʩʦʪ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʙʠʦʤʦʚ, ʙʦʣʴʰʠʝ 

ʣʘʥʜʰʘʬʪʳ 

ʉʦʟʜʘʥʠʝ ʧʣʘʚʥʦ ʤʝʥʷʶʱʝʛʦʩʷ 

ʰʫʤʘ, ʛʜʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ 

ʚʩʝʛʜʘ ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ. ʕʪʦ 

ʦʩʥʦʚʘ ʣʶʙʦʛʦ ʙʦʣʴʰʦʛʦ ʤʠʨʘ 

L-

ʩʠʩʪʝʤʳ 

ɺʠʟʫʘʣʴʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ 

ʭʫʜʦʞʥʠʢʦʚ 

 

ʈʘʩʪʝʥʠʷ, ʜʝʨʝʚʴʷ, 

ʢʫʩʪʳ, ʢʦʨʘʣʣʳ, 

ʨʘʟʚʝʪʚʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʬʣʦʨʳ ʚ ʠʛʨʝ 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʠʩʦʚʘʪʴ 

ʪʳʩʷʯʠ ʫʥʠʢʘʣʴʥʳʭ ʩʧʨʘʡʪʦʚ 

ʜʝʨʝʚʴʝʚ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ BSP ʛʝʥʝʨʘʮʠʷ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʟʝʤʝʣʠʡ ʩ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʥʘʪ ʠ ʢʦʨʠʜʦʨʦʚ. 

WFC ʛʝʥʝʨʘʮʠʷ ʥʫʞʥʘ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʨʝʜʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʣʝʪʦʯʥʳʝ ʘʚʪʦʤʘʪʳ ʠ ʩʣʫʯʘʡʥʦʝ 

ʙʣʫʞʜʘʥʠʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʝʱʝʨʥʳʭ ʩʠʩʪʝʤ. ʐʫʤ ʇʝʨʣʠʥʘ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʚʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʘ L-ʩʠʩʪʝʤʳ ï ʜʣʷ ʚʝʪʚʷʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʳʙʦʨ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʠʛʨʦʚʦʛʦ ʤʠʨʘ ʚ ʜʚʫʤʝʨʥʦʡ 

ʠʛʨʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʈʫʯʥʦʝ ʩʦʟʜʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʪʨʫʢʪʫʨʦʡ ʫʨʦʚʥʝʡ. ʆʜʥʘʢʦ ʵʪʦʪ 

ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʨʝʠʛʨʘʙʝʣʴʥʦʩʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʠʨʳ, ʪʝʤ ʩʘʤʳʤ ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ, ʥʦ 

ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʪʨʝʙʫʶʪ 

ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʞʝ ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ 

ʧʦʜʭʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ. ʇʨʘʚʠʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɽ. ɼʫʜʠʥ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʉʚʠʨʠʜʝʥʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹʆʉʅʆɺɸʅʀɽ ɺʓɹʆʈɸ ʄɽʊʆɼʆɺ ʊɽʉʊʀʈʆɺɸʅʀʗ ʅɸ 

ʇʈʆʅʀʂʅʆɺɽʅʀɽ ɼʃʗ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ɺɽɹ-ʇʈʀʃʆɾɽʅʀʁ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʨʠʩʢ ʧʨʦʚʝʜʝʥʠʷ ʫʩʧʝʰʥʦʡ 

ʭʘʢʝʨʩʢʦʡ ʘʪʘʢʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʜʣʷ ʠʤʝʶʱʠʭʩʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʝ 

ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʨʫʯʥʦʝ 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʙʦʣʴʰʝ ʫʷʟʚʠʤʦʩʪʝʡ, ʥʦ ʙʦʣʝʝ ʟʘʪʨʘʪʥʦ ʧʦ ʚʨʝʤʝʥʠ ʠ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʪ ʪʝʩʪʠʨʦʚʱʠʢʘ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʙʳʩʪʨʦʝ, ʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʦ ʢ ʣʦʛʠʢʝ ʨʘʙʦʪʳ 

ʧʨʠʣʦʞʝʥʠʷ. 

ɺʦʧʨʦʩ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ) ʧʫʪʝʤ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ 

ʉ.ʀ. ʄʘʢʘʨʝʥʢʦ [1, 2], ʚ ʥʠʭ ʞʝ ʧʨʠʚʝʜʝʥʘ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʨʠʤʝʥʝʥʘ ʜʘʣʝʝ ʚ ʩʪʘʪʴʝ. ʇʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʨʷʜ ʪʝʨʤʠʥʦʚ. 

ʆʙʲʝʢʪ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ), ʜʣʷ 

ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ, ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ï ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʤʦʱʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʝʝ ʨʘʙʦʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʤʝʨʝʥʥʦ ʚʳʙʨʘʥʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʘʪʘʢʘ ï ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʶ 

ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʢ ʥʝʡ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ï ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʦʙʲʝʢʪʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚ ʥʸʤ ʫʷʟʚʠʤʦʩʪʝʡ ʧʫʪʝʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ. 

ʋʷʟʚʠʤʦʩʪʴ ï ʥʝʜʦʩʪʘʪʦʢ ʦʙʲʝʢʪʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʦʛʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʘʪʘʢʠ, ʚʣʝʢʫʱʠʤ ʟʘ ʩʦʙʦʡ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ, 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ/ʠʣʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʪʠʧʘʭ ʘʨʭʠʪʝʢʪʫʨ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʄ.ɸ. ʊʠʪʤʫʩ ʚ ʩʚʦʝʡ ʢʥʠʛʝ [3] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʪʠʧʘ ʘʨʭʠʪʝʢʪʫʨ: ʤʦʥʦʣʠʪʥʫʶ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ. 

ʄʦʥʦʣʠʪʥʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʚʩʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʜʥʦʤ ʩʝʨʚʝʨʝ (ʈʠʩ. 1), ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʩʧʦʣʦʞʝʥ ʪʦʣʴʢʦ ʷʨʣʳʢ ʜʣʷ ʟʘʧʫʩʢʘ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʠʣʠ 

ʧʨʦʩʪʳʭ ʧʨʠʣʦʞʝʥʠʡ - ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ. ʅʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ, ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ: 
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- ʧʦʩʢʦʣʴʢʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʦʤ, ʝʩʣʠ ʥʫʞʥʦ ʚʥʝʩʪʠ ʚ ʥʝʛʦ 

ʢʘʢʦʝ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʝ, ʪʦ ʩʦʙʠʨʘʪʴ, ʪʝʩʪʠʨʦʚʘʪʴ ʠ ʨʘʟʚʝʨʪʳʚʘʪʴ ʝʛʦ ʧʨʠʜʝʪʩʷ 

ʮʝʣʠʢʦʤ; 

- ʦʰʠʙʢʘ, ʚʦʟʥʠʢʰʘʷ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʡ ʝʛʦ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ; 

- ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʝʪ ʟʘʪʨʦʥʫʪʴ ʜʨʫʛʦʡ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʰʠʙʢʘʤ ʩʙʦʨʢʠ ʠ ʟʘʪʨʘʪʘʤ ʨʝʩʫʨʩʦʚ ʥʘ ʦʪʣʘʜʢʫ. 

 

 
ʈʠʩ. 1 ï ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʥʝʟʘʚʠʩʠʤʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʙʤʝʥʠʚʘʶʱʠʝʩʷ ʟʘʧʨʦʩʘʤʠ (ʨʠc. 2). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʦʚʣʷʪʴ ʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʧʦʚʣʠʷʶʪ 

ʥʘ ʦʩʪʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʂ ʪʦʤʫ ʞʝ, ʨʘʟʚʝʨʪʳʚʘʪʴ ʪʘʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ 

ʨʘʩʰʠʨʷʪʴ ʝʛʦ ʛʦʨʘʟʜʦ ʫʜʦʙʥʝʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ: 

- ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ ʥʝʦʙʭʦʜʠʤʳ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ; 

- ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ 

ʚʣʠʷʶʪ ʥʘ ʦʩʪʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʠʩʢ, ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʝʚʳʭ ʟʘʧʨʦʩʦʚ, 

ʚ ʩʣʫʯʘʝ ʥʝʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʝʪʠ ʠʣʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʩʥʠʟʠʪʩʷ. 

 

 
ʈʠʩ. 2 ï ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ 
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ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʤʝʪʦʜ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʢʘʢʠʝ ʤʝʪʦʜʳ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʯʪʦ ʦʥʠ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʶʪ. ɸʚʪʦʨʳ ʉ.ʀ. ʄʘʢʘʨʝʥʢʦ, ɺ.ɻ. 

ɽʨʳʰʦʚ ʠ ʂ.ɸ. ʃʘʨʠʦʥʝʮ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [1, 4] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ çʙʝʣʦʛʦè, çʯʝʨʥʦʛʦè ʠ çʩʝʨʦʛʦè ʷʱʠʢʦʚ. çɹʝʣʳʡè ʷʱʠʢ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʫ ʪʝʩʪʠʨʦʚʱʠʢʘ ʧʦʣʥʳʡ ʥʘʙʦʨ ʩʚʝʜʝʥʠʡ ʦ 

ʧʨʠʣʦʞʝʥʠʠ, ʦʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦ ʥʘʣʠʯʠʷ ʩʠʩʪʝʤ ʟʘʱʠʪ. ʇʨʠ çʯʝʨʥʦʤè ʷʱʠʢʝ, 

ʥʘʦʙʦʨʦʪ, ʠʥʬʦʨʤʘʮʠʶ ʧʨʠʜʝʪʩʷ ʩʦʙʠʨʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ 

ʥʝʪ. çʉʝʨʳʡè ʷʱʠʢ ï ʥʝʯʪʦ ʩʨʝʜʥʝʝ; ʠʤʝʝʪʩʷ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʩʪʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʘʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʟʘʨʘʥʝʝ (ʥʘʧʨʠʤʝʨ, ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ 

ʥʘ ʩʙʦʨ ʜʘʥʥʳʭ). 

ʉ ʜʨʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʫʯʥʳʤ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ. ʈʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʦʠʩʢʦʤ ʫʷʟʚʠʤʦʩʪʝʡ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʯʝʣʦʚʝʢ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ, ʠ ʯʝʤ 

ʦʥʘ ʚʳʰʝ, ʪʝʤ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʣʫʯʰʝ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʯʠʪʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʩʢʘʥʝʨʦʚ ʧʦʨʪʦʚ, ʩʢʘʥʝʨʦʚ 

ʫʷʟʚʠʤʦʩʪʝʡ, ʘʥʘʣʠʟʘʪʦʨʦʚ ʧʨʦʪʦʢʦʣʦʚ, ʫʪʠʣʠʪ ʜʣʷ ʧʦʜʙʦʨʘ ʧʘʨʦʣʝʡ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʦʪ ʚʝʥʜʦʨʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʛʣʫʙʠʥʘ ʧʦʢʨʳʪʠʷ (ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʷʟʚʠʤʦʩʪʝʡ ʧʦʣʫʯʠʪʩʷ ʥʘʡʪʠ), ʨʠʩʢ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʪʨʫʜʦʝʤʢʦʩʪʴ (ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ), ʩʪʦʠʤʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ (ʥʘʩʢʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʳ 

ʥʘʭʦʜʠʤʳʝ ʫʷʟʚʠʤʦʩʪʠ).  

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ɺʠʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ɻʣʫʙʠʥʘ 

ʧʦʢʨʳʪʠʷ 

ʈʠʩʢ ʦʪʢʘʟʘ 

ʩʠʩʪʝʤʳ ʚ ʭʦʜʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʊʨʫʜʦʝʤ

ʢʦʩʪʴ 

ʉʪʦʠʤʦʩʪʴ ʊʦʯʥʦʩʪʴ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

(ʙʝʣʳʡ ʷʱʠʢ) 

ʉʨʝʜʥʷʷ ʅʠʟʢʠʡ ʅʠʟʢʘʷ ʅʠʟʢʘʷ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ open-

source ʫʪʠʣʠʪ) ʣʠʙʦ 

ʚʳʩʦʢʘʷ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ) 

ʉʨʝʜʥʷʷ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

(ʩʝʨʳʡ ʷʱʠʢ) 

ʉʨʝʜʥʷʷ ʅʠʟʢʠʡ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

(ʯʝʨʥʳʡ ʷʱʠʢ) 

ʅʠʟʢʘʷ ʉʨʝʜʥʠʡ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

ʈʫʯʥʦʡ 

(ʙʝʣʳʡ ʷʱʠʢ) 

ɺʳʩʦʢʘʷ ʅʠʟʢʠʡ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

ʈʫʯʥʦʡ 

(ʩʝʨʳʡ ʷʱʠʢ) 

ʉʨʝʜʥʷʷ ʉʨʝʜʥʠʡ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʈʫʯʥʦʡ 

(ʯʝʨʥʳʡ ʷʱʠʢ) 

ʉʨʝʜʥʷʷ ɺʳʰʝ ʩʨʝʜʥʝʛʦ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ. ɺʳʙʠʨʘʪʴ ʢʘʢʦʡ-

ʪʦ ʦʜʠʥ ʤʝʪʦʜ ï ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʥʫʞʥʦ 

ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʙʦʣʴʰʝ, ʯʝʤ ʦʜʥʘ: ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʝʞʝʛʦʜʥʦʝ ʧʣʘʥʦʚʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʣʝ 
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ʚʳʭʦʜʘ ʫ ʥʝʛʦ ʦʙʥʦʚʣʝʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʝʜʘʚʥʦ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʧʨʦʚʝʨʢʘ ʫʷʟʚʠʤʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʙʥʘʨʫʞʠʣʠ ʙʝʣʳʝ ʭʘʢʝʨʳ (ʧʦ 

ʧʨʦʛʨʘʤʤʝ bug-bounty) ʠ ʪʘʢ ʜʘʣʝʝ. ɼʣʷ ʧʣʘʥʦʚʳʭ ʧʨʦʚʝʨʦʢ ʧʦʜʦʡʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ, ʪʘʢ ʢʘʢ ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʲʝʢʪʦʚ, ʠ ʤʝʪʦʜ çʩʝʨʦʛʦ ʷʱʠʢʘè, ʚʝʜʴ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʚʝʨʷʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʯʘʩʪʠʯʥʦ ʠʟʚʝʩʪʥʦ ʠ ʥʝ ʠʟʤʝʥʷʣʦʩʴ. ʅʝʜʘʚʥʦ ʦʙʥʦʚʣʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, 

ʧʨʠʦʙʨʝʪʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʩ ʫʷʟʚʠʤʦʩʪʴʶ, ʥʘʡʜʝʥʥʦʡ ʧʦ 

ʧʨʦʛʨʘʤʤʝ bug-bounty, ʣʫʯʰʝ ʧʨʦʚʝʨʠʪʴ ʚʨʫʯʥʫʶ, ʧʦʩʢʦʣʴʢʫ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ (ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʠʟʢʘ ʢ 100%) ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʫʶ ʫʷʟʚʠʤʦʩʪʴ, ʠ 

ʵʪʦ ʙʫʜʝʪ çʙʝʣʳʡè ʷʱʠʢ, ʪʘʢ ʢʘʢ ʢʦʜ ʠʟʚʝʩʪʝʥ ʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʝʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʧʨʦʥʠʢʥʦʚʝʥʠʝ // ʆʙʨʘʙʦʪʢʘ, ʧʝʨʝʜʘʯʘ ʠ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ 22. 2022. ʉ. 208-212. 
 

 
ʄ.ɸ. ɾʠʪʫʰʢʠʥ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʉʚʠʨʠʜʝʥʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹɿʆʈ ʀ ɸʅɸʃʀɿ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ-ɸʅɸʃʆɻʆɺ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʄɽɼʀʎʀʅʉʂʆɻʆ ʉʊʈɸʍʆɺɸʅʀʗ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦʯʥʦʩʪʠ ʫʯʝʪʘ ʧʦʣʠʩʦʚ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʟʘʠʤʦʨʘʩʯʝʪʦʚ ʤʝʞʜʫ ʩʪʨʘʭʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʟʘʩʪʨʘʭʦʚʘʥʥʳʤʠ ʣʠʮʘʤʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʘʭʦʚʱʠʢʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʢʦʥʢʫʨʝʥʪʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʪʨʘʩʣʠ, ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʧʦʣʠʩʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ɽʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

(ɽɻʀʉɿ) ʪʨʝʙʫʶʪ ʦʪ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʛʠʙʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʩʠʣʠʚʘʶʱʠʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʩʪʨʘʭʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʉʪʨʘʭʦʚʳʝ 

ʢʦʤʧʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʩ ʢʣʠʝʥʪʘʤʠ, ʥʦ ʠ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ 
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ʫʯʨʝʞʜʝʥʠʷʤʠ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʬʦʥʜʘʤʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʨʝʚʰʠʭ ʠʣʠ ʯʘʩʪʠʯʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ, ʨʦʩʪʫ ʯʠʩʣʘ ʦʰʠʙʦʢ 

ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) çʄʝʜʠʮʠʥʩʢʦʝ 

ʩʪʨʘʭʦʚʘʥʠʝè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʯʝʪʘ ʢʣʠʝʥʪʦʚ, ʧʦʣʠʩʦʚ ʆʄʉ/ɼʄʉ ʠ 

ʩʪʨʘʭʦʚʳʭ ʩʣʫʯʘʝʚ, ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʠʰʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ 

ʫʣʫʯʰʝʥʥʳʡ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʨʝʰʝʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ: ç1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8è, 

çʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝè ʠ ʄʀʉ çʀʥʬʦʢʣʠʥʠʢʘè. 

1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʧʦʧʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʝ 

ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8è, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ 

ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ ʧʦʜ ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʛʦ ʦʬʠʩʘ ʟʘ ʩʯʝʪ ʛʣʫʙʦʢʦʡ 

ʢʘʩʪʦʤʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʢʣʶʯʝʚʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ: ʦʪ 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʚʝʜʝʥʠʷ ʜʦʛʦʚʦʨʦʚ ʩʪʨʘʭʦʚʘʥʠʷ (ʢʘʢ ʆʄʉ, ʪʘʢ ʠ ɼʄʉ) ʜʦ ʫʯʝʪʘ 

ʩʪʨʘʭʦʚʳʭ ʚʳʧʣʘʪ. ɹʣʘʛʦʜʘʨʷ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʙʫʭʛʘʣʪʝʨʩʢʠʤ ʠ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʫʯʝʪʦʤ, ʦʥʘ ʬʦʨʤʠʨʫʝʪ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʦʩʩʠʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʫʯʝʪʘ ʠ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʧʘʨʪʥʝʨʩʢʦʡ ʩʝʪʠ 

ʧʦʜʜʝʨʞʢʠ. ɻʣʘʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ, ʚʳʩʦʢʠʝ 

ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʡ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ ʠ 

ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʨʘʙʦʪʦʢ. 

 ç1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8è ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʰʪʘʪʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʣʠ ʧʘʨʪʥʝʨʦʚ-ʚʥʝʜʨʝʥʮʝʚ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʪʠʧʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ. ʆʙʥʦʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 

ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩʠʣʘʤʠ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʕʪʦ 

ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ IT-ʦʪʜʝʣ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʚʦʢʫʧʥʫʶ 

ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʩʠʩʪʝʤʦʡ [1].   

ʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝ. ʕʪʦ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ (SaaS), ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʢʦʤʧʘʥʠʝʡ ʉʂɹ ʂʦʥʪʫʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 1ʉ, 

çʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝè ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʪʨʘʭʦʚʳʤ ʘʛʝʥʪʦʤ ʠ ʢʣʠʝʥʪʦʤ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʣʠʩʘ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʨʘʭʦʚʘʥʠʷ ʚʳʝʟʞʘʶʱʠʭ ʟʘ 

ʨʫʙʝʞ), ʦʬʦʨʤʣʷʪʴ ʝʛʦ ʠ ʚʝʩʪʠ ʙʘʟʫ ʢʣʠʝʥʪʦʚ. ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ï ʜʦʩʪʫʧʥʦʩʪʴ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʙʨʘʫʟʝʨ, ʠ ʥʠʟʢʘʷ 
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ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʦʙʣʘʯʥʦʡ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ, ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʩʝʪ ʠ ʦʛʨʘʥʠʯʝʥʠʷ: ʬʫʥʢʮʠʦʥʘʣ ʞʝʩʪʢʦ ʟʘʜʘʥ ʚʝʥʜʦʨʦʤ ʠ ʥʝ ʧʦʜʣʝʞʠʪ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ 

ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʧʨʦʚʘʡʜʝʨʘ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʢʨʠʪʠʯʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʠʪʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʪʘʨʠʬʳ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʦʛʫʪ ʨʘʩʪʠ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ 

ʰʪʘʪʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ çʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝè ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʨʦʟʥʠʯʥʳʡ ʩʝʛʤʝʥʪ ï ʩʪʨʘʭʦʚʘʥʠʝ ʚʳʝʟʞʘʶʱʠʭ ʟʘ ʨʫʙʝʞ, 

ʧʫʪʝʰʝʩʪʚʠʡ, ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʢʣʠʝʥʪʘʤʠ ʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ɼʄʉ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʬʫʥʢʮʠʦʥʘʣ ʩʝʨʚʠʩʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʚ ʦʙʣʘʯʥʦʤ ʩʝʨʚʠʩʝ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʚʨʝʤʝʥʥʳʭ 

ʧʨʦʙʣʝʤʘʭ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʠʣʠ ʚ ʧʝʨʠʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ 

ʩʪʦʨʦʥʝ ʧʨʦʚʘʡʜʝʨʘ [2]. 

ʄʀʉ çʀʥʬʦʢʣʠʥʠʢʘè. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʝ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʨʘʙʦʪʝ ʩ 

ɼʄʉ ʠ ʩʪʨʘʭʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. çʀʥʬʦʢʣʠʥʠʢʘè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʫʣʠ ʜʣʷ 

ʫʯʝʪʘ ʦʢʘʟʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ, ʚʳʩʪʘʚʣʝʥʠʷ ʩʯʝʪʦʚ ʩʪʨʘʭʦʚʳʤ ʢʦʤʧʘʥʠʷʤ, 

ʢʦʥʪʨʦʣʷ ʚʟʘʠʤʦʨʘʩʯʝʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ɽɻʀʉɿ ʠ ʠʤʝʝʪ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. ʂ ʩʠʣʴʥʳʤ ʩʪʦʨʦʥʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʛʣʫʙʦʢʫʶ ʧʨʦʨʘʙʦʪʢʫ ʤʝʜʠʮʠʥʩʢʦʡ ʩʧʝʮʠʬʠʢʠ, ʥʘʣʠʯʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʣ̫ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʣʠʥʠʢʠ ʠ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʥʘʩʪʨʦʡʢʠ ʧʨʘʚ 

ʜʦʩʪʫʧʘ. ʆʜʥʘʢʦ ʩʠʩʪʝʤʘ ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ 

ʫʯʨʝʞʜʝʥʠʷ, ʘ ʥʝ ʥʘ ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ, ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʦʥʘʣ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʨʘʭʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʠ ʧʦʣʠʩʘʤʠ (ʦʩʦʙʝʥʥʦ ʆʄʉ) ʚ ʥʝʡ ʦʛʨʘʥʠʯʝʥ ʠ ʪʨʝʙʫʝʪ 

ʜʦʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, çʀʥʬʦʢʣʠʥʠʢʘè ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ 

ʨʝʰʝʥʠʝʤ, ʠʟʙʳʪʦʯʥʳʤ ʜʣʷ ʟʘʜʘʯ ʥʝʙʦʣʴʰʦʡ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʩʨʘʚʥʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ç1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8è 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʧʨʦʜʫʢʪʘʤʠ ʩʝʤʝʡʩʪʚʘ 

1ʉ, ʥʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʪʨʝʙʫʶʪʩʷ 

ʜʦʨʘʙʦʪʢʠ. çʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝè ʧʨʝʜʦʩʪʘʚʣʷʝʪ API ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ, ʦʜʥʘʢʦ 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʦʤ ʩʘʤʦʛʦ ʩʝʨʚʠʩʘ. ʄʀʉ 

çʀʥʬʦʢʣʠʥʠʢʘè ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʤʦʜʫʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɽɻʀʉɿ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʥʦ ʠʟʙʳʪʦʯʥʦ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ [3]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ, 

ʚʘʞʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʀʉ, ʩʦʩʪʘʚʣʝʥʘ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ (ʊʘʙʣ. 1). ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʪʠʧ ʨʝʰʝʥʠʷ ʠ ʩʧʦʩʦʙ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʣʠʝʥʪʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦ ʩʪʨʘʭʦʚʘʥʠʝʤ. 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ-ʘʥʘʣʦʛʦʚ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8 ʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝ ʄʀʉ çʀʥʬʦʢʣʠʥʠʢʘè 

ʊʠʧ ʨʝʰʝʥʠʷ ʇʣʘʪʬʦʨʤʝʥʥʦʝ ʆʙʣʘʯʥʦʝ (SaaS) ʆʪʨʘʩʣʝʚʦʝ (ʄʀʉ) 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʅʘ ʩʝʨʚʝʨʝ ʢʦʤʧʘʥʠʠ ʅʘ ʩʝʨʚʝʨʝ 

ʧʨʦʚʘʡʜʝʨʘ 

ʅʘ ʩʝʨʚʝʨʝ ʢʦʤʧʘʥʠʠ 

ʆʩʥʦʚʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣ 

ʇʦʣʥʳʡ ʮʠʢʣ ʫʯʝʪʘ 

(ʆʄʉ/ɼʄʉ, 

ʙʫʭʛʘʣʪʝʨʠʷ, 

ʜʦʛʦʚʦʨʳ) 

ʆʬʦʨʤʣʝʥʠʝ, ʨʘʩʯʝʪ, 

ʙʘʟʘ ʢʣʠʝʥʪʦʚ (ʬʦʢʫʩ 

ʥʘ ʨʠʪʝʡʣ) 

ʋʯʝʪ ʤʝʜʫʩʣʫʛ, 

ʚʟʘʠʤʦʨʘʩʯʝʪʳ ʩ ʉʂ, 

ʠʥʪʝʛʨʘʮʠʷ ʩ ɽɻʀʉɿ 

ʂʣʠʝʥʪʩʢʠʝ 

ʠʥʪʝʨʬʝʡʩʳ 

ʊʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʥʘ ʇʂ, ʚʝʙ-ʜʦʩʪʫʧ 

ʦʛʨʘʥʠʯʝʥ 

ʉʦʚʨʝʤʝʥʥʳʡ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩ 

ɺʝʙ-ʠʥʪʝʨʬʝʡʩ 

ʈʘʙʦʪʘ ʩʦ 

ʩʪʨʘʭʦʚʘʥʠʝʤ 

ʇʦʣʥʳʡ ʮʠʢʣ (ʆʄʉ ʠ 

ɼʄʉ) 

ʊʦʣʴʢʦ ɼʄʉ 

(ʨʦʟʥʠʮʘ) 

ʋʯʝʪ ɼʄʉ (ʩʦ ʩʪʦʨʦʥʳ 

ʢʣʠʥʠʢʠ) 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʠ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʩʧʝʮʠʬʠʢʫ. ʇʣʘʪʬʦʨʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʦʣʥʦʪʫ ʠ ʛʠʙʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ʆʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʥʘʧʨʦʪʠʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʩʪʦʤʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʥʘʜ ʜʘʥʥʳʤʠ. ʆʪʨʘʩʣʝʚʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 

ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʣʠʥʠʢ ʠ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʨʘʙʦʪʳ ʩʪʨʘʭʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ çʄʝʜʠʮʠʥʩʢʦʝ ʩʪʨʘʭʦʚʘʥʠʝè. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ (SQL Server Express) ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ 

ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʘʞʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ, ʥʝ 

ʪʨʝʙʫʶʱʝʛʦ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ 

ʢʣʠʝʥʪʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ç1ʉ: ʉʪʨʘʭʦʚʘʥʠʝ 8è, ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʜʦʩʪʫʧ ʯʝʨʝʟ ʙʨʘʫʟʝʨ ʩ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʠʩʘ çʂʦʥʪʫʨ.ʉʪʨʘʭʦʚʘʥʠʝè, ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨʝ ʢʦʤʧʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʩʦʙʣʶʜʝʥʠʝ ʧʦʣʠʪʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀ ʥʘʢʦʥʝʮ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʄʀʉ çʀʥʬʦʢʣʠʥʠʢʘè, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʠʤʝʥʥʦ ʥʘ 

ʩʪʨʘʭʦʚʫʶ ʢʦʤʧʘʥʠʶ, ʘ ʥʝ ʥʘ ʤʝʜʠʮʠʥʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʫʯʝʪʘ ʧʦʣʠʩʦʚ ʆʄʉ ʠ ɼʄʉ, ʢʣʠʝʥʪʦʚ ʠ 

ʩʪʨʘʭʦʚʳʭ ʩʣʫʯʘʝʚ, ʙʝʟ ʠʟʙʳʪʦʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʩʧʝʮʠʬʠʢʠ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥ ʦʙʟʦʨ ʠʟʚʝʩʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ-ʘʥʘʣʦʛʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʬʝʨʝ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʠʭ ʘʥʘʣʠʟ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʢʣʶʯʝʚʳʭ 

ʪʨʝʙʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʚ 
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ʩʬʝʨʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ, ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚ ʩʝʙʝ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʥʘ ʙʘʟʝ ASP.NET Core MVC ʠ ʉʋɹɼ SQL Server Express. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʝʙ-ʜʦʩʪʫʧ ʩ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ ʢʦʤʧʘʥʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʫʩʪʨʘʥʷʝʪ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝè 
  

ʈɸɿʈɸɹʆʊʂɸ ɸʈʍʀʊɽʂʊʋʈʓ ʄʆɹʀʃʔʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ 

ʋʇʈɸɺʃɽʅʀʗ ʉɽʄɽʁʅʆʁ ɸʇʊɽʏʂʆʁ ʅɸ ANDROID 

 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʳʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʝʯʝʥʠʷ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʝʤʝʡ ʭʨʘʥʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʧʨʦʙʣʝʤ: ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʨʦʢʘʭ ʛʦʜʥʦʩʪʠ, ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʭʨʘʥʝʥʠʶ ʠ ʥʘʨʫʰʝʥʠʶ ʨʝʞʠʤʘ ʧʨʠʸʤʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʨʦʯʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʥʝʩʦʙʣʶʜʝʥʠʝ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ, ʧʦʷʚʣʷʶʪʩʷ 

ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʕʢʦʥʦʤʠʢʘ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʛʦʩʫʜʘʨʩʪʚʘè, ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʧʫʱʝʥʘ ʫʩʣʫʛʘ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʮʝʧʪʦʚ ʚ 

ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ çʊʝʣʝʤʝʜ-72è [1]. ʄʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʩʝʤʝʡʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʨʝʰʝʥʠʷ. ʈʳʥʦʢ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ ʜʣʷ ʩʝʤʝʡ ʙʳʣ ʦʮʝʥʝʥ ʚ 2,38 

ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2025 ʛʦʜʫ ʠ, ʧʦ ʧʨʦʛʥʦʟʘʤ, ʜʦʩʪʠʛʥʝʪ 5,16 

ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʉʐɸ ʢ 2032 ʛʦʜʫ, ʫʚʝʣʠʯʠʚʰʠʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 11,69%. 

ʂʣʶʯʝʚʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʨʦʩʪʘ ʚʳʩʪʫʧʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʙʘʟʝ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʙʘʟʝ Android ʠ iOS ʠ ʠʥʪʝʛʨʘʮʠʷ ʩ ʥʦʩʠʤʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ 
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ʨʘʩʧʠʩʘʥʠʝ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ, ʧʦʣʫʯʘʪʴ ʥʘʧʦʤʠʥʘʥʠʷ ʠ ʚʝʩʪʠ ʫʯʸʪ ʩʦʩʪʦʷʥʠʷ 

ʟʜʦʨʦʚʴʷ. 

ʆʜʥʘʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʘ ʯʘʩʪʴ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʜʦʤʘʰʥʝʡ 

ʘʧʪʝʯʢʦʡ, ʦʩʪʘʸʪʩʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ Medisafe. ɼʘʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʧʨʠʸʤʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʦʪʧʨʘʚʢʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʚʝʜʦʤʣʝʥʠʡ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʧʨʠʸʤʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʭʝʤʳ 

ʣʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ. ʆʩʥʦʚʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʣʦʞʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʣʥʦʮʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ɽʱʸ ʦʜʥʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ Pills Time, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʚʠʪʘʤʠʥʦʚ, ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʧʦʜʨʦʙʥʳʡ ʜʥʝʚʥʠʢ ʧʨʠʝʤʘ. ʆʜʥʘʢʦ ʬʫʥʢʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ ʠ ʢʦʥʪʨʦʣʷ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʦʛʨʘʥʠʯʝʥʥʦ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʠʣʦʞʝʥʠʝ Mewdicate, ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʧʦʤʠʥʘʥʠʡ ʦ ʧʨʠʸʤʝ ʣʝʢʘʨʩʪʚ ʠ 

ʦʪʩʣʝʞʠʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʟʜʦʨʦʚʴʷ. ʌʫʥʢʮʠʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ ʫ 

ʯʣʝʥʦʚ ʩʝʤʴʠ ʨʝʘʣʠʟʦʚʘʥʘ ʦʛʨʘʥʠʯʝʥʥʦ ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʩʝʤʝʡʥʦʛʦ ʜʦʩʪʫʧʘ. ʆʙʣʘʯʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚ ʧʣʘʪʥʦʡ ʚʝʨʩʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʨʦʚʝʜʸʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʬʫʥʢʮʠʠ ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʧʨʠʸʤʝ ʣʝʢʘʨʩʪʚ ʠ ʚʝʜʝʥʠʷ ʢʫʨʩʦʚ 

ʣʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʠ ʫʯʸʪʘ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʩʦʚʤʝʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ ʨʝʘʣʠʟʦʚʘʥʳ ʦʛʨʘʥʠʯʝʥʥʦ ʠʣʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʠʪ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ, ʦʩʪʘʚʘʷʩʴ 

ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʳʤ ʠ ʫʜʦʙʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
ʂʨʠʪʝʨʠʡ Medisafe Mewdicate Pills 

Time 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʩʠʩʪʝʤʘ 

ʅʘʧʦʤʠʥʘʥʠʷ ʦ ʧʨʠʸʤʝ 

ʣʝʢʘʨʩʪʚ 
ṉ ṉ ṉ ṉ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʫʨʩʦʚ 

ʣʝʯʝʥʠʷ 
ṉ ṍ ṉ ṉ 

ʂʘʣʝʥʜʘʨʴ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ ṉ ṉ ṉ ṉ 

ʋʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʣʝʢʘʨʩʪʚ ṍ ṍ ṍ ṉ 

ʂʦʥʪʨʦʣʴ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ṍ ṍ ṍ ṉ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
ɺʝʜʝʥʠʝ ʟʘʤʝʪʦʢ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʦʛʨʘʥʠʯʝʥʦ ṉ ṍ ṉ 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʩʝʤʝʡʥʳʡ 

ʜʦʩʪʫʧ) 

ʦʛʨʘʥʠʯʝʥʦ ʦʛʨʘʥʠʯʝʥʦ ṍ ṉ 

ʆʙʣʘʯʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ṉ ʦʛʨʘʥʠʯʝʥʦ ʦʛʨʘʥʠʯʝʥʦ ṉ 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʰʪʨʠʭ-ʢʦʜʘ ṍ ṍ ṍ ṉ 

ʋʧʨʘʚʣʝʥʠʝ ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ 

(ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ) 
ṍ ṍ ṍ ṉ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʦ ʧʨʠʝʤʝ ṉ ʦʛʨʘʥʠʯʝʥʦ ṍ ṉ 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ 

ʬʨʝʡʤʚʦʨʢʘ Flutter. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ 

ʤʦʜʫʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ 

ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʫʧʨʦʩʪʠʪʴ ʝʸ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʣʝʛʯʘʝʪ ʧʦʜʜʝʨʞʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʚʳʰʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʦʜʘ [3]. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʩʠʩʪʝʤʳ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷ: ʢʣʠʝʥʪʩʢʠʡ 

ʫʨʦʚʝʥʴ ʠ ʫʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. 

ʂʣʠʝʥʪʩʢʠʡ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʏʝʨʝʟ ʜʘʥʥʳʡ 

ʫʨʦʚʝʥʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʫʨʩʦʚ ʣʝʯʝʥʠʷ ʠ ʨʘʙʦʪʘ ʩ 

ʢʘʣʝʥʜʘʨʸʤ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʋʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʨʝʘʣʠʟʘʮʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʜʦʙʘʚʣʝʥʠʷ 

ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʩʧʠʩʘʥʠʷ ʧʨʠʸʤʘ ʣʝʢʘʨʩʪʚ, ʢʦʥʪʨʦʣʴ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʫʨʩʘʤʠ 

ʣʝʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ʄʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʦʙʣʘʩʪʴ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠ ̫[4]. ʂ ʦʩʥʦʚʥʳʤ ʤʦʜʫʣʷʤ ʦʪʥʦʩʷʪʩʷ: 

- ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ; 

- ʤʦʜʫʣʴ ʢʘʣʝʥʜʘʨʷ ʠ ʨʘʩʧʠʩʘʥʠʷ ʧʨʠʸʤʘ; 

- ʤʦʜʫʣʴ ʢʫʨʩʦʚ ʣʝʯʝʥʠʷ; 

- ʤʦʜʫʣʴ ʩʝʤʝʡʥʦʛʦ ʜʦʩʪʫʧʘ. 
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ʊʘʢʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʩʦʟʜʘʸʪ 

ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʦʙʘʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʰʪʨʠʭ-ʢʦʜʦʚ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʘʤʠ, ʢʦʪʦʨʳʡ ʚʳʷʚʠʣ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ ʬʫʥʢʮʠʡ ʫʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʧʘʨʘʪʦʚ, 

ʢʦʥʪʨʦʣʷ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʩʝʤʝʡʥʦʛʦ ʜʦʩʪʫʧʘ. ʕʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʘʟʝ Flutter, ʚʢʣʶʯʘʶʱʘʷ ʢʣʠʝʥʪʩʢʠʡ ʫʨʦʚʝʥʴ ʠ ʫʨʦʚʝʥʴ ʙʠʟʥʝʩ-

ʣʦʛʠʢʠ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʦʜʫʣʷʤʠ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʢʨʳʪʴ ʚʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʘʥʘʣʦʛʦʚ ʠ 

ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʤʘʰʥʝʡ ʘʧʪʝʯʢʦʡ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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https://национальныепроекты.рф/news/pilotnyy-proekt-s-elektronnymi-medretseptami-zapustili-v-tyumenskoy-oblasti/0
https://национальныепроекты.рф/news/pilotnyy-proekt-s-elektronnymi-medretseptami-zapustili-v-tyumenskoy-oblasti/0
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ʊ.ʉ. ʀʚʘʥʮʦʚ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʉ. ʌʝʜʫʣʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʇʈʆɺɽɼɽʅʀʗ ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʍ 

ɺʀɹʈʆʀʉʇʓʊɸʅʀʁ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʪ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʪʝʤʧʝʨʘʪʫʨʝ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʚʠʙʨʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʪʝʩʪʠʨʦʚʘʪʴ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʦʚʝʨʢʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ: 

- ʚʠʙʨʦʩʪʝʥʜʘ, ʥʘ ʢʦʪʦʨʳʡ ʢʨʝʧʷʪ ʦʙʲʝʢʪ ʠ ʜʘʪʯʠʢʠ ï ʘʢʩʝʣʝʨʦʤʝʪʨʳ; 

- ʫʩʠʣʠʪʝʣʷ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ ï ʧʦʜʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ 

ʢ ʩʪʝʥʜʫ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʝʡ; 

- ʢʦʤʧʴʶʪʝʨʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʝʡ (ʉʋɺ) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʩʠʛʥʘʣ, ʧʦʣʫʯʘʝʤʳʡ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʘʜʘʥʠʶ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʚ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʫʩʠʣʠʪʝʣʴ. 

https://docs.flutter.dev/app-architecture/recommendations
https://docs.flutter.dev/app-architecture/recommendations
https://mobikul.com/modular-architecture-in-flutter-a-quick-guide/
https://mobikul.com/modular-architecture-in-flutter-a-quick-guide/
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ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʜʘʥʠʷ, ʫʧʨʘʚʣʷʝʪ 

ʭʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʠ ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ: ʛʨʘʬʠʢʠ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʠʩʧʳʪʘʥʠʷ ʉʋɺ ʧʦʜʘʝʪ ʥʘ ʩʪʝʥʜ ʩʠʛʥʘʣ ʤʘʣʦʛʦ ʫʨʦʚʥʷ, ʯʪʦʙʳ 

ʥʝ ʧʦʚʨʝʜʠʪʴ ʩʪʝʥʜ ʚ ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʫʩʠʣʠʪʝʣʷ, ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʝʛʦ 

ʧʦʚʳʰʘʝʪ ʜʦ ʫʨʦʚʥʷ, ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ ʉʋɺ ʠʟʤʝʥʷʝʪ 

ʩʠʛʥʘʣ, ʧʦʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ ʥʘ ʦʙʲʝʢʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʠʛʥʘʣ ʩ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʘʜʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʩʣʝʜʠʪ ʟʘ 

ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʭʦʜʘ ʠʩʧʳʪʘʥʠʷ ï ʧʨʦʚʝʨʷʝʪ, ʥʝ ʧʨʝʚʳʩʠʣʠ ʣʠ ʟʥʘʯʝʥʠʷ 

ʫʩʢʦʨʝʥʠʷ ʥʘ ʩʪʝʥʜʝ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ. 

ʕʪʘʧ ʧʝʨʝʭʦʜʘ ʦʪ ʩʣʘʙʦʛʦ ʩʠʛʥʘʣʘ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʫʨʦʚʥʶ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʧʨʦʛʨʘʤʤʦʡ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʟʛʦʥʦʤ ʠʣʠ ʚʳʭʦʜʦʤ ʥʘ ʨʘʙʦʯʠʡ 

ʨʝʞʠʤ. ɿʘʯʘʩʪʫʶ ʧʨʦʮʝʩʩ ʚʳʭʦʜʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʥʦʡ ʯʘʩʪʴʶ ʠʩʧʳʪʘʥʠʷ ʚʚʠʜʫ ʩʣʝʜʫʶʱʠʭ ʧʨʠʯʠʥ: 

- ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʨʝʞʠʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ɸʏʍ ʠ ʌʏʍ ʩʠʩʪʝʤʳ 

ʩʪʝʥʜ/ʫʩʠʣʠʪʝʣʴ/ʦʙʲʝʢʪ ʠʩʧʳʪʘʥʠʷ. ɽʩʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ ʧʨʦʠʟʦʡʜʝʪ ʦʰʠʙʢʘ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʜ ʟʘʜʘʥʥʳʤ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ; 

- ɸʏʍ ʠ ʌʏʍ ʤʦʛʫʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʤʝʥʷʪʴʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʛʨʫʟʢʠ. ɺ 

ʭʫʜʰʝʤ ʩʮʝʥʘʨʠʠ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʦʥʘʥʩʥʳʤ ʩʢʘʯʢʘʤ, ʩʧʦʩʦʙʥʳʤ 

ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪ, ʥʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʚʠʙʨʦʩʪʝʥʜ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦʠʩʧʳʪʘʥʠʡ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʳʡ ʚʟʛʣʷʜ ʥʘ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʨʘʟʛʦʥʘ ʠ ʚʳʚʦʜʘ ʚʠʙʨʦʩʪʝʥʜʘ ʥʘ ʟʘʜʘʥʥʳʡ ʨʝʞʠʤ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʦʧʝʨʘʪʦʨʦʤ ʚʨʫʯʥʫʶ. ʂʦʥʪʨʦʣʴ ʘʤʧʣʠʪʫʜʳ ʧʨʦʚʦʜʠʣʩʷ 

ʚʠʟʫʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʤʦʱʥʦʩʪʴʶ ï ʧʫʪʝʤ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʫʩʠʣʠʪʝʣʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʙʳʣ 

ʙʝʟʦʧʘʩʝʥ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʛʦ ʬʘʢʪʦʨʘ. 

ʉʫʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʯʘʩʪʦ ʧʨʠʚʦʜʠʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʦʩʢʘʢʠʚʘʣʘ 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʝʟʦʥʘʥʩʘʤ. ʕʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʪʘʥʦʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. 

ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʝʡ (ʉʋɺ) ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. ʆʜʥʘʢʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʜʝʣʠʡ ʠ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ 

ʩʠʩʪʝʤʝ çʩʪʝʥʜ-ʦʩʥʘʩʪʢʘ-ʦʙʲʝʢʪè ʠʩʢʣʶʯʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʳ [3].  

ɼʣʷ ʚʳʭʦʜʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʠʩʪʝʤʫ 

ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜʳ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ: 
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- ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʥʳʭ 

ʜʘʥʥʳʭ ʠʣʠ ʘʧʨʠʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʩʪʝʤʳ ʙʝʟ ʦʧʝʨʘʪʠʚʥʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

- ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ (ʨʘʟʛʦʥʘ), 

ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʩ ʢʦʥʪʨʦʣʴʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. 

ʄʝʪʦʜʳ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜʘʯʫ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʤʘʣʦʛʦ ʫʨʦʚʥʷ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʦʩʥʦʚʥʳʤ 

ʠʩʧʳʪʘʥʠʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʭʦʜʳ: 

- (ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʠʙʨʘʮʠʷ) (ʐʉɺ): ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʧʦʣʫʯʠʪʴ ɸʏʍ ʥʘ ʚʩʝʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ; 

- cʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʦʪ ʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʧʝʢʪʨʘ. 

ɺ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ çʫʩʠʣʠʪʝʣʴ ï ʚʠʙʨʦʩʪʝʥʜ ï ʦʙʲʝʢʪ ʠʩʧʳʪʘʥʠʡè 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʤʦʛʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘ 

10-40% ʠ ʙʦʣʝʝ.  

ʊʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʷ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ 

ʧʨʠ ʨʘʟʛʦʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʥʝ ʙʫʜʝʪ ʫʯʪʝʥʦ ʥʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ ʦʰʠʙʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʧʨʝʜʚʠʜʝʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʫʥʠʯʪʦʞʝʥʠʝ ʚʠʙʨʦʮʠʦʥʥʦʛʦ 

ʩʪʝʥʜʘ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʠʙʨʦʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʝ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʝʘʣʴʥʦʝ ʚʠʙʨʦʠʩʧʳʪʘʥʠʝ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ, ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʘʥʘʣʠʟʦʤ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ 

(ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʥʝ ʤʦʞʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʧʦʥʠʤʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʧʥʦʛʦ 

ʦʙʲʝʢʪʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʣʦʢʘʣʴʥʳʝ ʨʝʟʦʥʘʥʩʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ 

ʦʩʪʘʪʴʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ ʥʠʞʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʨʦʣʣʝʨʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʨʝʞʠʤ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭʩʷ ʘʥʘʣʠʟʦʤ ʧʦ 

ʫʧʨʘʚʣʷʶʱʝʤʫ ʢʘʥʘʣʫ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʘʣʠʟʫʝʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʘʩʯʝʪ ɸʏʍ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʘʥʘʣʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ. 
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ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʢʨʝʧʣʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʧʣʘʪʬʦʨʤʝ ʚʠʙʨʦʩʪʝʥʜʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʩʥʘʩʪʢʠ. 

ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʘʪʯʠʢʦʚ (ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ): 

- ʢʦʥʪʨʦʣʴʥʳʡ ʜʘʪʯʠʢ ï ʚ ʪʦʯʢʝ ʫʧʨʘʚʣʝʥʠʷ (ʥʘ ʩʪʦʣʝ ʩʪʝʥʜʘ ʠʣʠ ʚʙʣʠʟʠ ʫʟʣʘ 

ʢʨʝʧʣʝʥʠʷ); 

- ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ï ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʦʙʲʝʢʪʘ, ʛʜʝ ʦʞʠʜʘʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʪʢʣʠʢʠ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʚʷʟʴ ʜʘʪʯʠʢʦʚ ʩ ʉʋɺ ʠ ʧʨʦʚʝʨʢʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʩʠʣʠʪʝʣʷ 

ʤʦʱʥʦʩʪʠ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ ʜʘʥʥʳʭ 

ɼʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʫʩʢʘ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʦʨ ʟʘʜʘʝʪ ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʘʩʧʦʨʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʦʩʪʝʥʜʘ, ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʯʪʦʙʳ 

ʘʤʧʣʠʪʫʜʘ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 5ï10% ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʡ. 

3. ʇʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ɸʏʍ. 

ɼʘʥʥʳʡ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʤʝʪʦʜʠʢʠ. ʅʘ ʚʠʙʨʦʩʪʝʥʜ ʧʦʜʘʝʪʩʷ 

ʪʝʩʪʦʚʳʡ ʩʠʛʥʘʣ (ʐʉɺ ʠʣʠ ʩʢʦʣʴʟʷʱʠʡ ʩʠʥʫʩ) ʤʘʣʦʛʦ ʫʨʦʚʥʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ: 

ʉʙʦʨ ʜʘʥʥʳʭ ʩʦ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʈʘʩʯʝʪ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ (ɸʏʍ) ʜʣ̫ ʢʘʞʜʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʦ 

ʚʩʝʡ ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʫʩʨʝʜʥʝʥʥʳʡ ʠʣʠ 

ʦʜʠʥʦʯʥʳʡ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʰʘʥʩ ʧʨʦʧʫʩʢʘ ʣʦʢʘʣʴʥʳʭ 

ʨʝʟʦʥʘʥʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʥʝ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ ʜʘʪʯʠʢʫ. 

4. ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʠʙʨʦʠʩʧʳʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ɸʏʍ ʩ ʟʘʜʘʥʥʳʤʠ ʜʦʧʫʩʢʘʤʠ. ʉʠʩʪʝʤʘ 

ʬʦʨʤʠʨʫʝʪ ʦʪʯʝʪ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ: 

- ʛʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (ʜʣʷ ʐʉɺ) ʠʣʠ ʘʤʧʣʠʪʫʜʳ 

(ʜʣʷ ʩʠʥʫʩʘ); 

- ʪʘʙʣʠʮʫ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ; 

- ʨʘʩʯʝʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʥʦʤʠʥʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʠʩʧʳʪʘʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʚʦʜʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʠʙʨʘʮʠʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ɽʛʦ 
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ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʚʳʭʦʜʷʱʝʛʦ ʟʘ 

ʨʘʤʢʠ ʫʧʨʦʱʝʥʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʥʝʨʘʮʠʠ ʤʘʪʨʠʮʳ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɹʣʘʛʦʜʘʨʷ ʩʠʥʭʨʦʥʥʦʤʫ ʩʙʦʨʫ 

ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ, ʩʠʩʪʝʤʘ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʫ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʚ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʙʥʘʨʫʞʝʥʠʝ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʣʦʢʘʣʴʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ 

ʫʧʫʩʢʘʶʪʩʷ ʠʟ ʚʠʜʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʪʝʨʘʪʠʚʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʠ ʥʠʟʢʠʭ 

ʫʨʦʚʥʷʭ ʚʦʟʙʫʞʜʝʥʠʷ (ʜʦ 10% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ) ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʪʢʘʟʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʢʦʥʝʮ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʦʡ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʘʚʥʝʥʠʝ ʝʝ ʩ ʟʘʜʘʥʥʳʤʠ ʜʦʧʫʩʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʜʪʚʝʨʜʠʪʴ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʠ ʩʜʝʣʘʪʴ 

ʥʘʜʝʞʥʳʝ ʧʨʦʛʥʦʟʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʧʨʝʚʨʘʱʘʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟ ʬʦʨʤʘʣʴʥʦʡ ʬʘʟʳ ʧʦʜʛʦʪʦʚʢʠ ʚ ʧʦʣʥʦʮʝʥʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʳʩʦʢʦʪʦʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɻʀɹʈʀɼʅʓʁ ʇʆɼʍʆɼ ʂ ʋʉʊʈɸʅɽʅʀʖ ʅɽɼʆʉʊɸʊʂʆɺ 

ʄʀʂʈʆʉɽʈɺʀʉʅʓʍ ɸʈʍʀʊɽʂʊʋʈ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸɻɽʅʊɸ ʅɸ ʆʉʅʆɺɽ LSTM 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʦʜʫʣʷʤʠ. ʇʨʠ 

ʵʪʦʤ ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʩʝʨʚʠʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʨʢʝʩʪʨʘʪʦʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʣʦʛʠʢʫ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʪʜʝʣʴʥʳʝ ʵʪʘʧʳ 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪ ʤʠʢʨʦʩʝʨʚʠʩʳ. ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ, ʛʜʝ ʢʘʞʜʳʡ ʰʘʛ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʟʦʚʫ ʢʦʥʢʨʝʪʥʦʛʦ ʤʠʢʨʦʩʝʨʚʠʩʘ-ʦʙʨʘʙʦʪʯʠʢʘ.  ʥʘʟrʚʘʶʪʩʷ 

ʩʮʝʥʘʨʠʷʤʠ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʦʨʢʝʩʪʨʘʪʦʨʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʪʠʧʝ ʩʠʩʪʝʤ  - ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ. 
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ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʛʨʘʥʠʮ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʦʨʢʝʩʪʨʘʪʦʨʦʤ ʠ ʩʝʨʚʠʩʘʤʠ. ɺʳʟʚʘʥ ʦʥ ʪʝʤ, ʯʪʦ ʙʠʟʥʝʩ-

ʣʦʛʠʢʘ, ʢʦʪʦʨʘʷ ʧʦ ʟʘʤʳʩʣʫ ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʘ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʳʭ 

ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʤʠʛʨʠʨʫʝʪ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʦʨʢʝʩʪʨʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ. ʀʟʥʘʯʘʣʴʥʦ ʟʘʜʫʤʘʥʥʳʡ ʢʘʢ ʣʝʛʢʦʚʝʩʪʥʳʡ ʢʦʦʨʜʠʥʘʪʦʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 1. ɸ), ʚʳʙʠʨʘʶʱʠʡ ʦʜʠʥ ʠʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʨʢʝʩʪʨʘʪʦʨ ʧʦ ʤʝʨʝ 

ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʟʥʝʩ ʩʠʩʪʝʤʳ ʦʙʨʘʩʪʘʝʪ ʜʦʧʦʣʥʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʧʨʘʚʠʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʫʩʣʦʚʥʳʝ 

ʧʝʨʝʭʦʜʳ ʠ ʢʨʠʪʝʨʠʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʜʦʤʝʥʥʳʭ ʩʝʨʚʠʩʦʚ (ʨʠʩ 2. ɸ). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʨʢʝʩʪʨʘʪʦʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʥʦʣʠʪʥʳʡ ʫʟʝʣ, ʪʝʤ ʩʘʤʳʤ 

ʥʘʨʫʰʘʷ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʉʝʨʚʠʩʳ ʪʝʨʷʶʪ 

ʘʚʪʦʥʦʤʥʦʩʪʴ, ʯʘʩʪʴ ʩʝʨʚʠʩʥʳʭ ʧʨʦʮʝʜʫʨ ʩʣʠʚʘʝʪʩʷ ʩ ʦʨʢʝʩʪʨʘʪʦʨʦʤ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, çʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʥʦʣʠʪʘè ï 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʘʥʪʠ-ʧʘʪʪʝʨʥʘ [2], ʧʨʠ ʢʦʪʦʨʦʤ ʩʝʨʚʠʩʳ ʬʠʟʠʯʝʩʢʠ ʨʘʟʜʝʣʝʥʳ, 

ʥʦ ʣʦʛʠʯʝʩʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʜʝʢʦʤʧʦʟʠʮʠʠ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʨʢʝʩʪʨʘʮʠʷ ʩʦʟʜʘʸʪ ʝʜʠʥʫʶ ʪʦʯʢʫ ʦʪʢʘʟʘ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʜʝʨʞʢʠ ʠʟ-ʟʘ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʠʟʙʳʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʦʨʢʝʩʪʨʘʪʦʨʦʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʝʨʚʠʩʘʤʠ [2, 3]. 
ʋʢʘʟʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʠ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʮʝʥʘʨʠʝʚ ʦʙʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʦʝ 

ʠʟʤʝʥʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʮʠʢʣʳ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʚʳʚʦʜʘ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʳʥʦʢ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʨʢʝʩʪʨʘʪʦʨ ʫʧʨʘʚʣʷʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 2. 

ɸ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʮʝʥʘʨʠʝʚ (ʨʠʩ. 2.ɹ), ʦʜʥʘʢʦ, 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʩʦʜʝʨʞʘʪ ʠʟʙʳʪʦʯʥʳʝ ʰʘʛʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʨʝʩʫʨʩʦʚ.  
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ʈʠʩʫʥʦʢ 2. ʉʠʩʪʝʤʘ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ 

 

ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ (ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʢʨʠʪʝʨʠʷ) ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʜʘ ʦʨʢʝʩʪʨʘʪʦʨʘ ʠ ʩʮʝʥʘʨʠʝʚ (ʨʠʩ. 1. ɹ, ʨʠʩ. 2. ɹ), ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʠ ʦʪʣʘʜʢʦʡ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʨʝʛʫʣʷʪʦʨʥʳʝ ʠʣʠ ʨʳʥʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ [1].  
ʌʠʥʘʥʩʦʚʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʝʜ ʩʣʦʞʥʳʤ ʚʳʙʦʨʦʤ: ʣʠʙʦ 

ʤʠʨʠʪʴʩʷ ʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʴʶ ʦʨʢʝʩʪʨʘʪʦʨʘ ʠ ʟʘʤʝʜʣʝʥʠʝʤ 

ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ, ʣʠʙʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʨʠʩʢʦʚʘʥʥʳʡ ʠ ʟʘʪʨʘʪʥʳʡ ʨʝʬʘʢʪʦʨʠʥʛ 

ʚʩʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʪʨʘʩʣʝʚʳʝ ʘʥʘʣʠʪʠʢʠ ʦʪʤʝʯʘʶʪ [2, 4], ʯʪʦ ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤ 

ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʣʦʛʠʢʦʡ ʦʨʢʝʩʪʨʘʮʠʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʫʩʠʣʠʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʛʜʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʛʨʘʥʠ ʜʦʤʝʥʥʳʭ 

ʩʝʨʚʠʩʦʚ. ʇʦʧʳʪʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʡʪʠ ʢ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʭʦʨʝʦʛʨʘʬʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʪʨʫʜʥʦʩʪʷʤ ʢʦʦʨʜʠʥʘʮʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʪʨʘʥʟʘʢʮʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ [3]. 
ʂʘʢ ʫʢʘʟʘʥʦ ʚ [1], ʚʳʙʦʨ ʤʝʞʜʫ ʦʨʢʝʩʪʨʘʮʠʝʡ ʠ ʭʦʨʝʦʛʨʘʬʠʝʡ ï ʵʪʦ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʠ ʩʚʷʟʘʥʥʦʩʪʴʶ. ʆʨʢʝʩʪʨʘʮʠʷ ʫʤʝʩʪʥʘ ʜʣʷ 

ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʨʢʝʩʪʨʘʪʦʨ ʥʝ ʩʦʜʝʨʞʠʪ ʙʠʟʥʝʩ-

ʣʦʛʠʢʠ ʩʮʝʥʘʨʠʝʚ ʠ ʚʳʧʦʣʥʷʝʪ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ. 
 ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʩʫʱʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʣʝʛʢʦʚʝʩʥʦʤʫ ʦʨʢʝʩʪʨʘʪʦʨʫ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ-ʩʦʚʝʪʥʠʢʘ (ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʝʨʚʠʩʘ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʙʦʨʘ ʩʮʝʥʘʨʠʷ ʦʙʨʘʙʦʪʢʠ) (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3. ɺʳʙʦʨ ʩʮʝʥʘʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʘʛʝʥʪʦʤ-

ʩʦʚʝʪʥʠʢʦʤ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʝʜʣʘʛʘʝʤʳʤ ʧʦʜʭʦʜʦʤ ʦʨʢʝʩʪʨʘʪʦʨ ʩʦʭʨʘʥʷʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʆʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʫʩʢʘʝʪ ʤʠʢʨʦʩʝʨʚʠʩʳ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʳʙʨʘʥʥʳʤ ʩʮʝʥʘʨʠʝʤ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. 

ɺʩʝ ʩʮʝʥʘʨʠʠ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ.  ʋʧʨʦʱʸʥʥʳʝ ʩʮʝʥʘʨʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʢʦʨʨʝʢʪʥʦʩʪʴ. ʂʘʞʜʳʡ ʠʟ 

ʫʧʨʦʱʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʡ ʦʜʥʦʟʥʘʯʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, 

ʥʘʟʳʚʘʝʤʳʡ ʠʥʜʝʢʩʦʤ ʩʮʝʥʘʨʠʷ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɸʈʍʀʊɽʂʊʋʈʅʓʍ ʇʆɼʍʆɼʆɺ 

ʆʈɻɸʅʀɿɸʎʀʀ ɼɸʅʅʓʍ ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ ɺɽɹ-ʇʃɸʊʌʆʈʄ ɼʃʗ 

ɺʀɿʋɸʃʔʅʆɻʆ ʂʆʅʊɽʅʊɸ 

 
ʇʦʜ ʚʝʙ-ʧʣʘʪʬʦʨʤʦʡ ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʥʠʤʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ ʚʝʙ-ʙʨʘʫʟʝʨʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʥʘ ʩʝʨʚʝʨʥʦʡ ʩʪʦʨʦʥʝ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʪʠʧʦʚ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʦ 

ʩʧʦʩʦʙʫ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʪʠʧʘ: ʤʦʥʦʣʠʪʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʤʠʢʨʦʩʝʨʚʠʩʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʤʦʜʝʣʴ ʢʘʢ ʙʘʟʦʚʳʡ ʧʘʪʪʝʨʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

[1]. 

ʉʧʝʮʠʬʠʢʘ ʧʣʘʪʬʦʨʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʩ ʚʠʟʫʘʣʴʥʳʤ 

ʢʦʥʪʝʥʪʦʤ, ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. ɺ ʪʝʦʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ 

ʪʨʠ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ: ʭʨʘʥʝʥʠʝ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʩʝʨʚʝʨʘ ʩ 

ʨʘʟʤʝʱʝʥʠʝʤ ʤʝʪʘʜʘʥʥʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ; ʭʨʘʥʝʥʠʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ 

BLOB (Binary Large Object); ʦʙʲʝʢʪʥʦʝ ʭʨʘʥʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʘʯʥʳʭ 

ʭʨʘʥʠʣʠʱ (Cloud Storage). ʂʘʞʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ, ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʫʙʣʠʢʘʮʠʶ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ (ʬʦʪʦʛʘʣʝʨʝʡ) ʩ ʫʤʝʨʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʪʠʤʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 

ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʬʨʝʡʤʚʦʨʢʘ Django ʠ ʭʨʘʥʝʥʠʷ ʤʝʜʠʘʬʘʡʣʦʚ ʚ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʩʝʨʚʝʨʘ. ɼʘʥʥʳʡ ʩʪʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʣʥʦʪʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʣʠ ʦʙʲʝʢʪʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʠʚʝʜʝʪ 

ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʦʩʪʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʳʠʛʨʳʰʘ ʚ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʥʘ ʷʟʳʢʝ Python ʥʘʠʙʦʣʝʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʠ ʬʨʝʡʤʚʦʨʢʘ: Django, Flask ʠ FastAPI. ʀʭ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ 

FURPS (Functionality, Usability, Reliability, Performance, Supportability), 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦ ʧʷʪʠ ʢʣʶʯʝʚʳʤ ʢʘʪʝʛʦʨʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï FURPS-ʘʥʘʣʠʟ ʩʝʨʚʝʨʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ 
ʂʨʠʪʝʨʠʡ Django Flask FastAPI 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ɺʳʩʦʢʘʷ. ɺʩʪʨʦʝʥʥʘʷ 

ʘʜʤʠʥʢʘ, ORM, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, 

ʬʦʨʤʳ 

ʅʠʟʢʘʷ. ʊʨʝʙʫʝʪʩʷ 

ʨʫʯʥʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʉʨʝʜʥʷʷ. ʆʧʪʠʤʘʣʝʥ 

ʜʣʷ API, ʥʦ ʪʨʝʙʫʝʪ 

ʰʘʙʣʦʥʠʟʘʪʦʨ ʜʣʷ 

SSR 

ʇʨʘʢʪʠʯʥʦʩʪʴ 

ɺʳʩʦʢʘʷ. 

ʀʥʪʫʠʪʠʚʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʙʦʛʘʪʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʉʨʝʜʥʷʷ. ʊʨʝʙʫʝʪʩʷ 

ʧʦʥʠʤʘʥʠʝ 

ʠʥʪʝʛʨʘʮʠʠ 

ɺʳʩʦʢʘʷ. 

ɸʚʪʦʜʦʢʫʤʝʥʪʘʮʠʷ, 

ʧʦʜʩʢʘʟʢʠ ʪʠʧʦʚ 

ʅʘʜʝʞʥʦʩʪʴ 

ɺʳʩʦʢʘʷ. ɿʨʝʣʳʡ 

ʬʨʝʡʤʚʦʨʢ ʩ 

ʙʦʣʴʰʠʤ 

ʩʦʦʙʱʝʩʪʚʦʤ 

ʉʨʝʜʥʷʷ. ɿʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ 

ʨʘʩʰʠʨʝʥʠʡ 

ɺʳʩʦʢʘʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʦʙʨʘʙʦʪʢʝ 

ʦʰʠʙʦʢ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ɼʦʩʪʘʪʦʯʥʘʷ ʜʣʷ 

ʪʠʧʦʚʳʭ ʟʘʜʘʯ 
ɼʦʩʪʘʪʦʯʥʘʷ 

ɺʳʩʦʢʘʷ 

(ʘʩʠʥʭʨʦʥʥʦʩʪʴ) 

ʇʦʜʜʝʨʞʠʚʘʝʤʦʩʪʴ 

ɺʳʩʦʢʘʷ. 

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʅʠʟʢʘʷ (ʨʠʩʢ 

çʩʧʘʛʝʪʪʠ-ʢʦʜʘè) 

ɺʳʩʦʢʘʷ (ʪʠʧʠʟʘʮʠʷ, 

ʘʚʪʦʜʦʢʫʤʝʥʪʘʮʠʷ) 

 

Django ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ 

Python, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʙʳʩʪʨʫʶ 

ʨʘʟʨʘʙʦʪʢʫ, ʠ ʦʙʰʠʨʥʦʡ ʵʢʦʩʠʩʪʝʤʦʡ [2]. Flask, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʷ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʚʳʙʠʨʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ 

ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [3]. FastAPI, ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʘʣʠʜʘʮʠʠ 

ʜʘʥʥʳʭ, ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ API ʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ [4]. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʨʠʪʝʨʠʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʣʘʪʬʦʨʤʘʤ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʦʣʥʦʪʘ, ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ 

ʤʦʥʦʣʠʪʥʦʡ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ 

ʂʨʠʪʝʨʠʡ ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʦʣʥʦʪʘ 
ʇʦʣʥʘʷ. ɺʩʝ ʤʦʜʫʣʠ ʚ ʦʜʥʦʤ 

ʧʨʦʝʢʪʝ. 

ʇʦʣʥʘʷ, ʥʦ ʪʨʝʙʫʝʪ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ 

ʩʝʨʚʠʩʘʤʠ. 

ʉʨʦʢ ʨʘʟʨʘʙʦʪʢʠ 
ʅʠʟʢʠʡ. ɽʜʠʥʘʷ ʢʦʜʦʚʘʷ 

ʙʘʟʘ, ʧʨʦʩʪʘʷ ʦʪʣʘʜʢʘ. 

ɺʳʩʦʢʠʡ. ʊʨʝʙʫʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ɼʦʩʪʘʪʦʯʥʦ 2 ʷʜʝʨ ʠ 2 ɻɹ 

ʆɿʋ. 
ʊʨʝʙʫʝʪ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ ʥʘ 

ʦʨʢʝʩʪʨʘʮʠʶ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ 
ɺʳʩʦʢʘʷ. ɽʜʠʥʳʡ ʢʦʥʪʫʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʉʨʝʜʥʷʷ. ʋʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ 

ʂʨʠʪʝʨʠʡ ʄʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 
ʆʛʨʘʥʠʯʝʥʥʘʷ 

(ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʮʝʣʠʢʦʤ). 
ɺʳʩʦʢʘʷ (ʥʝʟʘʚʠʩʠʤʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ) 
ʉʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ 

ʂʨʠʪʝʨʠʡ ʌʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ ɹʘʟʘ ʜʘʥʥʳʭ (BLOB) 
ʆʙʣʘʯʥʦʝ 

ʭʨʘʥʠʣʠʱʝ 

ʉʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ 

ʈʝʟʝʨʚʥʦʝ 

ʢʦʧʠʨʦʚʘʥʠʝ 
ʉʨʝʜʥʷʷ ʩʣʦʞʥʦʩʪʴ ʅʠʟʢʘʷ ʩʣʦʞʥʦʩʪʴ ɺʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ 

ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʬʘʡʣ 
ɼʦ 25 ʄɹ ï 

ʜʦʧʫʩʪʠʤʦ 
ʈʠʩʢ ʜʝʛʨʘʜʘʮʠʠ ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʊʨʘʥʟʘʢʮʠʦʥʥʘʷ 

ʮʝʣʦʩʪʥʦʩʪʴ 
ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʉʪʦʠʤʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʚ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʣʷ ʧʨʦʝʢʪʦʚ ʩ ʫʤʝʨʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʙʲʝʢʪʥʦʝ ʭʨʘʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʥʦ ʚʥʦʩʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʝʛʦ ʧʨʦʚʘʡʜʝʨʘ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʘʙʣʠʮ 2 ʠ 3 ʧʦʟʚʦʣʷʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʦ ʢʦʤʙʠʥʘʮʠʷ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʝʥʠʷ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʛʜʘ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ (ʤʠʢʨʦʩʝʨʚʠʩʳ ʠʣʠ ʦʙʣʘʯʥʦʝ ʭʨʘʥʝʥʠʝ) ʧʨʠʚʝʜʫʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ 

ʫʩʣʦʞʥʝʥʠʶ ʩʠʩʪʝʤʳ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʣʘʪʬʦʨʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʫʙʣʠʢʘʮʠʶ ʬʦʪʦʛʘʣʝʨʝʡ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʪʘʢʦʛʦ ʬʦʨʤʘʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ ʫʧʨʦʩʪʠʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Django ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ (ʟʘʱʠʪʘ 

ʦʪ CSRF, ʩʠʩʪʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ORM). ɺʳʙʦʨ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʤʝʜʠʘʬʘʡʣʦʚ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʤʝʪʘʜʘʥʥʳʭ ʚ ʨʝʣʷʮʠʦʥʥʦʡ 

ʙʘʟʝ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, MySQL) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʨʝʟʝʨʚʥʦʛʦ 

ʢʦʧʠʨʦʚʘʥʠʷ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʢʦʥʪʝʥʪʦʤ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʛʨʫʟʢʦʡ 

ʚʨʝʜʦʥʦʩʥʳʭ ʬʘʡʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ HTTP-

ʟʘʛʦʣʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ X-Content-Type-Options: nosniff (ʧʨʝʜʦʪʚʨʘʱʘʝʪ MIME-

ʩʥʠʬʬʠʥʛ) ʠ Content-Disposition: attachment (ʧʨʠʥʫʞʜʘʝʪ ʢ ʟʘʛʨʫʟʢʝ, ʘ ʥʝ ʢ 

ʨʝʥʜʝʨʠʥʛʫ ʙʨʘʫʟʝʨʦʤ) [5]. ʄʝʭʘʥʠʟʤ ʜʦʩʪʫʧʘ ʢ ʛʘʣʝʨʝʷʤ ʧʦ ʫʥʠʢʘʣʴʥʦʡ ʩʩʳʣʢʝ 

(share-key) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ UUID ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʚʪʦʨʠʟʘʮʠʠ 

ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʤ ʧʦʨʦʛ ʚʭʦʜʘ ʜʣʷ ʢʣʠʝʥʪʘ. 

ɺʳʜʚʠʥʫʪʘʷ ʛʠʧʦʪʝʟʘ ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʨʘʚʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ (ʪʘʙʣʠʮʘ 2) ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʠʝ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʥʠʟʢʫʶ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʪʘʨʪʘ ʧʨʦʝʢʪʘ. ɸʥʘʣʠʟ 

ʬʨʝʡʤʚʦʨʢʦʚ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ FURPS (ʪʘʙʣʠʮʘ 1) ʚʳʷʚʠʣ, ʯʪʦ Django, ʫʩʪʫʧʘʷ 

FastAPI ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʠʪ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʧʦʣʥʦʪʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʶ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʝʥʪʘ. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʭʨʘʥʝʥʠʷ (ʪʘʙʣʠʮʘ 3) ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʢʦʤʧʨʦʤʠʩʩʦʤ: ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʨʘʟʤʝʨ ʬʘʡʣʘ (ʜʦ 25 ʄɹ) ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠʚʝʣʦ ʙʳ ʢ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦʤʫ ʨʦʩʪʫ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ, ʟʘʣʦʞʝʥʥʳʤ ʚ 

ʛʠʧʦʪʝʟʝ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʬʦʪʦʛʘʣʝʨʝʡ 

ʩ ʫʤʝʨʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. 
ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ʀ. ʂʘʨʘʛʫʟʦʚ, ʩʪʫʜ.; ʨʫʢ. ʂ.ʀ. ʉʚʠʨʠʜʝʥʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ɸʅɸʃʀɿ ʈɽɾʀʄʆɺ ʋʇʈɸɺʃɽʅʀʗ ʐɸɻʆɺʓʄ ɼɺʀɻɸʊɽʃɽʄ  

 

ʐʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ (ʐɼ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ ʤʘʰʠʥ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʪʠʧʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʭ ʠʥʦʛʜʘ ʦʰʠʙʦʯʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʢʘʢ ʤʥʦʛʦʬʘʟʥʳʝ (ʦʙʳʯʥʦ ʜʚʫʭʬʘʟʥʳʝ). ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʩʦʚʩʝʤ 

ʚʝʨʥʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʦʩʦʙʳʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʤʦʞʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʥʘʟʚʘʪʴ ʬʘʟʦʚʳʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ çʬʘʟʦʚʦʩʪʠè ʜʚʠʛʘʪʝʣʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʪʝʨʤʠʥ ʢ ʰʘʛʦʚʦʤʫ ʜʚʠʛʘʪʝʣʶ 

ʚ ʦʙʱʝʤ ʢʦʥʪʝʢʩʪʝ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʦʝʥʠʝ ʙʠʧʦʣʷʨʥʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ  

 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʨʘʜʠʦʧʦʤʝʭ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʜʚʠʛʘʪʝʣʝʡ. ʂʣʶʯʝʚʘʷ ʧʨʠʯʠʥʘ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʚʠʞʥʳʭ 

ʪʦʢʦʩʲʝʤʥʳʭ ʢʦʥʪʘʢʪʦʚ (ʢʦʣʣʝʢʪʦʨʘ), ʢʦʪʦʨʳʝ ʚ ʢʦʣʣʝʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʷʭ 

ʛʝʥʝʨʠʨʫʶʪ ʧʦʤʝʭʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʣʣʝʢʪʦʨʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʨʘʱʝʥʠʷ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʝʰʥʝʛʦ ʜʨʘʡʚʝʨʘ. ʂʘʢ ʛʦʚʦʨʠʪʩʷ, ʟʘ ʚʩʝ ʭʦʨʦʰʝʝ ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʐɼ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʪʦʙʨʘʞʘʶʪ ʬʦʨʤʫ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ, ʘ 

ʥʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʵʪʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʣʠ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʘʭ. 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʦʢ ʦʧʨʝʜʝʣʷʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʪʦʛʜʘ ʢʘʢ ʬʦʨʤʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʥʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ [2]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʘʭ ʫʧʨʘʚʣʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʟʦʚʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2. 

ʇʝʨʚʳʡ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ, ï ʧʦʦʯʝʨʸʜʥʦʝ ʚʢʣʶʯʝʥʠʝ ʬʘʟ ʙʝʟ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ (ʨʠʩ. 2, ʘ). ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʦʟʙʫʞʜʝʥʘ ʪʦʣʴʢʦ ʦʜʥʘ 

ʦʙʤʦʪʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʠʟʚʝʩʪʝʥ ʢʘʢ çʚʦʣʥʦʚʦʡè ʠʣʠ çʧʦʣʥʦʰʘʛʦʚʳʡ ʩ ʦʜʥʦʡ 

ʬʘʟʦʡè. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʦʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʦʪʦʨʘ ʩʦʚʧʘʜʘʶʪ ʩ 

ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʚ ʦʙʝʩʪʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʝʜʦʩʪʘʪʦʢ ï 

ʥʝʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʤʦʪʦʢ: ʜʣʷ ʙʠʧʦʣʷʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 

ʪʦʣʴʢʦ 50% ʦʙʤʦʪʦʢ, ʜʣʷ ʫʥʠʧʦʣʷʨʥʳʭ ï 25%. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ. 

ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʩʧʦʩʦʙ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʙʝʠʭ ʬʘʟ 

(ʨʠʩ. 2, ʙ) ï ʝʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʦʣʥʦʰʘʛʦʚʳʤ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʬʘʟ. ʈʦʪʦʨ 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʤʝʞʜʫ ʟʫʙʮʘʤʠ ʩʪʘʪʦʨʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʧʨʠʤʝʨʥʦ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʣʥʦʚʳʤ ʨʝʞʠʤʦʤ. ʋʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘ ʰʘʛ ʦʩʪʘʸʪʩʷ ʪʝʤ ʞʝ, ʥʦ ʪʦʯʢʘ 

ʨʘʚʥʦʚʝʩʠʷ ʩʤʝʱʘʝʪʩʷ ʥʘ ʧʦʣʦʚʠʥʫ ʰʘʛʘ. ɼʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʰʘʛʘ 
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(ʥʘʧʨʠʤʝʨ, 18Á) ʵʪʦ ʩʤʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʤʳʤ ï ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ 

ʚʦʟʤʦʞʝʥ ʧʦʚʦʨʦʪ ʥʘ 9Á. ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʨʦʪʦʨʘ ʚ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪ ʪʦʢ ʫʜʝʨʞʘʥʠʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʪʦʨʤʦʟʘʭ.  

ʉʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ ï ʧʦʣʫʰʘʛʦʚʳʡ ʨʝʞʠʤ (ʨʠʩ. 2, ʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʛʦ ʠ ʜʚʫʭʬʘʟʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʧʦʣʦʚʠʥʫ ʦʩʥʦʚʥʦʛʦ ʰʘʛʘ (ʥʘʧʨʠʤʝʨ, 0,9Á ʚʤʝʩʪʦ 1,8Á). ʊʘʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʥʦ ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʰʘʛʦʚʳʡ ʨʝʞʠʤ 

(ʨʠʩ. 2, ʛ), ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʢ ʚ ʦʙʤʦʪʢʘʭ ʠʟʤʝʥʷʝʪʩʷ ʧʣʘʚʥʦ, ʬʦʨʤʠʨʫʷ ʤʥʦʞʝʩʪʚʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʨʦʪʦʨʘ. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʨʘʡʚʝʨʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʀʤʝʥʥʦ ɻ ʪʦʪ ʤʝʪʦʜ ʠʥʦʛʜʘ 

ʦʰʠʙʦʯʥʦ ʧʨʠʥʠʤʘʶʪ ʟʘ ʨʘʙʦʪʫ ʤʥʦʛʦʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʛʦʪʦʚʳʝ ʜʨʘʡʚʝʨʳ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ï DM556 (ʨʠʩ. 3). ɼʨʘʡʚʝʨ ʚʳʧʦʣʥʷʝʪ ʢʦʤʤʫʪʘʮʠʶ ʦʙʤʦʪʦʢ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ ʨʝʞʠʤʦʤ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʨʘʡʚʝʨʘ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ DM556 

 

ɼʨʘʡʚʝʨ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʢʦʤʤʫʪʘʮʠʠ ʪʦʢʦʚ ʚ 

ʦʙʤʦʪʢʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʠ ʨʝʞʠʤʦʤ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1] ʈʝʥʪʶʢ, ɺ. ʐʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ // ʕʣʝʢʪʨʠʢ. ï 2012. ï ˉ 11. ï ʉ. 45ï50. URL: 

https://yadi.sk/d/kZzJlwnBAQJGK (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.03.2026). 
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[2] LMD18245 3A, 55V DMOS Full-Bridge Motor Driver. Texas Instruments Inc., April 2013. URL: 

https://www.ti.com/lit/ds/symlink/lmd18245.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.03.2026). 

 

 
ɸ.ʉ. ʂʠʩʝʣʝʚ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʀ. ʌʦʤʠʥ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɽʐɽʅʀʁ ɼʃʗ ʉʆɿɼɸʅʀʗ 

ɿɸʑʀʑɽʅʅʆʁ ʉɽʊɽɺʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʇʈɽɼʇʈʀʗʊʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʧʨʦʙʣʝʤ r ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʃɺʉ) 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʧʦʟʠʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʦ ʠ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ, 

ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʚ ʟʘʱʠʱʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ɸʀʉ) ʧʨʝʜʧʨʠʷʪʠʷ. ʆʪʜʝʣʴʥʦ 

ʨʘʩʢʨʳʪʳ ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʪʘʢ ʥʘ ʚʥʝʰʥʝʤ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʩʦʭʨʘʥʝʥʠʝ ʬʫʥʢʮʠʡ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʩʝʨʚʝʨʥʳʭ ʨʦʣʝʡ ʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʙʦʨ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʃɺʉ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʝʜʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʱʠʱʝʥʥʳʤ ʩʝʪʝʚʳʤ ʦʙʤʝʥʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʦʤʤʫʪʘʪʦʨ, ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʤʦʜʝʨʥʠʟʘʮʠʷ, 

ʩʝʨʚʝʨ, ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ, IP-ʪʝʣʝʬʦʥʠʷ, VPN-ʪʦʥʥʝʣʠʨʦʚʘʥʠʝ.  

ɺʦʧʨʦʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʥʘ 

ʙʘʟʝ ɸʀʉ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʣʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʫʭʛʘʣʪʝʨʩʢʠʝ, 

ʢʘʜʨʦʚʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʜʘʥʥʳʝ, ʟʘʤʝʥʘ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʙʘʟʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʃɺʉ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɸʥʘʣʠʟ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʩʦʟʜʘʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʃɺʉ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʢʣʶʯʘʝʪ 

ʚʦʩʝʤʴ ʩʝʨʚʝʨʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. ɼʝʡʩʪʚʫʶʱʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʫʙʝʞʥʳʭ 

ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʵʪʦʤʫ ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
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ʟʘʤʝʥʝ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʰʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ, ʪʨʝʙʫʝʤʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʟʘʱʠʱʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʧʧʘʨʘʪʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦʩʪʨʦʝʥʠʷ ʃɺʉ  

 

ʂʨʠʪʝʨʠʡ 
ɼʝʡʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ 
ʇʨʝʜʣʘʛʘʝʤʦʝ 

ʨʝʰʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʂʦʤʤʫʪʘʮʠʷ 

ʜʦʩʪʫʧʘ 

4 ʢʦʤʤʫʪʘʪʦʨʘ 

Cisco WS-C3550-

12T 

4 ʢʦʤʤʫʪʘʪʦʨʘ 

Eltex MES2324 
ʉʦʭʨʘʥʷʶʪʩʷ ʢʦʤʤʫʪʘʮʠʷ ʠ 

VLAN; ʝʩʪʴ ʨʝʟʝʨʚ ʧʦʨʪʦʚ 

ʇʦʛʨʘʥʠʯʥʳʡ 

ʫʟʝʣ 
Cisco RVS4000 

ʂʦʥʪʠʥʝʥʪ  

4 IPC-R550 
ʉʦʭʨʘʥʷʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʡ ʫʟʝʣ; 

ʫʩʠʣʠʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʄʕ ʠ VPN 
ʈʘʙʦʯʠʝ 

ʩʪʘʥʮʠʠ 
Windows 10 ʥʘ 97 

ɸʈʄ 
Astra Linux  

Desktop SE 
ʉʦʭʨʘʥʷʶʪʩʷ ʦʬʠʩʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʘ ɸʈʄ 

ʉʝʨʚʝʨʥʘʷ ʆʉ 
Windows Server 

2019 ʥʘ 8 ʩʝʨʚʝʨʘʭ 
Astra Linux 

 Server 
ʉʝʨʚʝʨʥʳʝ ʨʦʣʠ ʩʦʭʨʘʥʷʶʪʩʷ 

ʧʨʠ ʫʥʠʬʠʢʘʮʠʠ ʆʉ 
ʉʣʫʞʙʘ 

ʢʘʪʘʣʦʛʘ 
Microsoft Active 

Directory 
ALD Pro 

ʉʦʭʨʘʥʷʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʤʝʥʦʤ 

ʉʋɹɼ 
Microsoft SQL 

Server 2019 
PostgreSQL 

ʉʦʭʨʘʥʷʶʪʩʷ ʨʝʣʷʮʠʦʥʥʘʷ ɹɼ ʠ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʟʘʤʝʥʘ ʢʦʤʤʫʪʘʪʦʨʦʚ Cisco WS-C3550-12T ʥʘ 

Eltex MES2324 ʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ Cisco RVS4000 ʥʘ ʂʦʥʪʠʥʝʥʪ 4 IPC-

R550 ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʬʫʥʢʮʠʠ ʢʦʤʤʫʪʘʮʠʠ, ʩʝʛʤʝʥʪʘʮʠʠ ʩʝʪʠ ʠ 

ʧʦʛʨʘʥʠʯʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʫʩʠʣʠʪʴ ʟʘʱʠʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʰʥʝʛʦ 

ʢʦʥʪʫʨʘ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʛʨʘʥʠʯʥʦʡ ʟʘʱʠʪʳ 

ʂʨʠʪʝʨʠʡ ɼʝʡʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʈʦʣʴ ʚ ʩʝʪʠ 

Cisco ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʢʣʶʯʝʥʠʝ ɸʈʄ ʠ 

ʩʝʨʚʝʨʦʚ; ʚʥʝʰʥʠʡ 

ʢʦʥʪʫʨ ʦʙʩʣʫʞʠʚʘʝʪʩʷ 

ʦʪʜʝʣʴʥʦ 

MES2324 ʚʳʧʦʣʥʷʶʪ 

ʢʦʤʤʫʪʘʮʠʶ ʜʦʩʪʫʧʘ; 

ʂʦʥʪʠʥʝʥʪ 4 ï ʬʫʥʢʮʠʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʫʟʣʘ 

ɸʨʭʠʪʝʢʪʫʨʥʘʷ 

ʨʦʣʴ ʥʝ 

ʫʪʨʘʯʠʚʘʝʪʩʷ 

ʉʝʛʤʝʥʪʘʮʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʝ 

ʪʨʘʬʠʢʦʤ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʙʘʟʦʚʳʝ 

ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʪʘʮʠʠ ʠ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ 

VLAN, QoS, multicast ʠ 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʌʫʥʢʮʠʠ ʥʝ 

ʥʠʞʝ 

ʀʥʪʝʨʬʝʡʩʥʳʡ 

ʨʝʟʝʨʚ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʉʭʝʤʘ ʧʦʢʨʳʚʘʝʪ 

ʪʝʢʫʱʠʡ ʧʘʨʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

24 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʨʪʘ 

ʠ 4 uplink-ʧʦʨʪʘ ʥʘ 

ʢʦʤʤʫʪʘʪʦʨ 

ɽʩʪʴ ʟʘʧʘʩ 

ʨʘʟʚʠʪʠʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 ï ʉʨʘʚʥʝʥʠʝ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʛʨʘʥʠʯʥʦʡ 

ʟʘʱʠʪʳ 

ʂʨʠʪʝʨʠʡ ɼʝʡʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɿʘʱʠʪʘ 

ʧʝʨʠʤʝʪʨʘ 

ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ 

ʧʦʩʪʨʦʝʥ ʥʘ ʩʝʪʝʚʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʩ ʙʘʟʦʚʳʤʠ 

ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʂʦʥʪʠʥʝʥʪ 4, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʄʕ, 

UTM, VPN ʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʚʪʦʨʞʝʥʠʡ 

ɿʘʱʠʪʥʳʝ 

ʬʫʥʢʮʠʠ ʚʳʰʝ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʂʨʠʪʠʯʝʩʢʠʝ ʩʝʪʝʚʳʝ 

ʨʦʣʠ ʟʘʚʠʩʷʪ ʦʪ 

ʟʘʨʫʙʝʞʥʳʭ 

ʧʦʩʪʘʚʱʠʢʦʚ 

ʂʣʶʯʝʚʳʝ ʨʦʣʠ 

ʧʝʨʝʚʦʜʷʪʩʷ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʈʠʩʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʥʠʞʘʶʪʩʷ 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʯʠʭ ʤʝʩʪ, 

ʩʝʨʚʝʨʥʘʷ ʆʉ ʠ ʩʣʫʞʙʘ ʢʘʪʘʣʦʛʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʚʳʙʦʨʝ 

ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʩʝʨʚʠʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʝʥʠʝ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʫʨʦʚʥʷ 
ʂʨʠʪʝʨʠʡ ɼʝʡʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʈʘʙʦʯʠʝ ʤʝʩʪʘ Windows 10, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ɸʈʄ ʜʣʷ ʦʬʠʩʥʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʨʘʙʦʪʳ 

Astra Linux Desktop SE 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʠʧʦʚʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ 

ʌʫʥʢʮʠʠ ɸʈʄ 

ʩʦʭʨʘʥʷʶʪʩʷ 

ʉʝʨʚʝʨʥʘʷ ʆʉ 8 ʩʝʨʚʝʨʦʚ 

ʨʘʙʦʪʘʶʪ ʧʦʜ 

Windows Server 

2019 

ʉʝʨʚʝʨʥʳʝ ʨʦʣʠ 

ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ Astra 

Linux Server ʙʝʟ ʩʤʝʥʳ 

ʘʧʧʘʨʘʪʥʦʡ ʙʘʟʳ 

ʉʝʨʚʝʨʥʳʝ ʨʦʣʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ 

ʫʥʠʬʠʢʘʮʠʠ ʆʉ 

ɸʧʧʘʨʘʪʥʘʷ ʙʘʟʘ ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʩʝʨʚʝʨʳ HPE 

ProLiant ML350 

Gen10 

ʇʝʨʝʭʦʜ ʥʘ Astra Linux 

Server ʚʳʧʦʣʥʷʝʪʩʷ ʙʝʟ 

ʩʤʝʥʳ ʩʝʨʚʝʨʥʦʡ 

ʧʣʘʪʬʦʨʤʳ HPE ProLiant 

ML350 Gen10 

ɸʧʧʘʨʘʪʥʘʷ ʙʘʟʘ 

ʩʦʭʨʘʥʷʝʪʩʷ 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ 

ʋʯʝʪʥʳʝ ʟʘʧʠʩʠ ʠ 

ʢʦʤʧʴʶʪʝʨʳ 

ʫʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ 

Active Directory 

ALD Pro ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʜʦʤʝʥ, ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʠ 

ʧʦʣʠʪʠʢʠ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ 

ʬʫʥʢʮʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ 

ɿʘʱʠʪʥʳʝ 

ʤʝʭʘʥʠʟʤʳ 

ɿʘʱʠʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʆʉ ʠ 

ʚʥʝʰʥʠʭ ʩʨʝʜʩʪʚ 

ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʠ 

ʩʦʚʤʝʩʪʠʤʳʝ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ 

ʋʨʦʚʝʥʴ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʥʝ 

ʩʥʠʞʘʝʪʩʷ 

 

ɼʣʷ ʩʝʨʚʝʨʥʳʭ ʩʣʫʞʙ ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʦʯʪʦʚʳʡ ʦʙʤʝʥ, ʉʋɹɼ, ʪʝʣʝʬʦʥʠʷ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʧʦʜʩʠʩʪʝʤʳ. ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʭʨʘʥʝʥʠʷ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʘʟʥʘʯʝʥʠʷ ʩʝʨʚʠʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4 ï ʉʨʘʚʥʝʥʠʝ ʩʝʨʚʝʨʥʳʭ ʩʣʫʞʙ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʦʜʩʠʩʪʝʤ 

ʂʨʠʪʝʨʠʡ 
ɼʝʡʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɼʦʤʝʥ ʠ 

ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ 

Active Directory ʥʘ 

ʩʝʨʚʝʨʝ ʢʦʥʪʨʦʣʣʝʨʘ 

ʜʦʤʝʥʘ 

ALD Pro ʥʘ Astra Linux 

Server 

ʉʦʭʨʘʥʷʶʪʩʷ ʫʯʝʪʥʳʝ 

ʟʘʧʠʩʠ, ʜʦʤʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ 

ʇʦʯʪʦʚʳʡ 

ʦʙʤʝʥ 

ʇʦʯʪʦʚʳʡ ʩʝʨʚʝʨ ʩ 

ʇʆ Postfix 

ʉʚʷʟʢʘ Exim + Dovecot ʩ 

ʜʦʤʝʥʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ 

ʉʦʭʨʘʥʷʶʪʩʷ ʧʝʨʝʜʘʯʘ 

ʩʦʦʙʱʝʥʠʡ ʠ ʜʦʩʪʫʧ ʢ 

ʧʦʯʪʦʚʳʤ ʷʱʠʢʘʤ 

ʍʨʘʥʝʥʠʝ ʠ 

ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ 

Microsoft SQL Server 

2019 
PostgreSQL 

ʉʦʭʨʘʥʷʶʪʩʷ ʪʘʙʣʠʮʳ, 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʜʦʩʪʫʧ ʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ɹɼ 

IP-ʪʝʣʝʬʦʥʠʷ Asterisk MetPBX 
ʉʦʭʨʘʥʷʝʪʩʷ ʨʦʣʴ 

ʩʝʨʚʝʨʥʦʡ IP-ɸʊʉ 

ɹʠʟʥʝʩ- ʠ 

ʠʥʞʝʥʝʨʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.2 

ʠ ʠʥʞʝʥʝʨʥʦʝ ʇʆ ʥʘ 

Windows-ʧʣʘʪʬʦʨʤʝ 

1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ; 

ʥʝʩʦʚʤʝʩʪʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ 

ʌʫʥʢʮʠʠ ʧʦʜʩʠʩʪʝʤ 

ʩʦʭʨʘʥʷʶʪʩʷ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʢʨʠʪʠʯʥʳʭ 

ʫʟʣʦʚ 

ʈʝʟʝʨʚʥʳʝ ʩʝʨʚʝʨʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʢʣʶʯʝʚʳʭ ʩʝʨʚʠʩʦʚ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ 

ʜʦʧʦʣʥʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ 

ʢʦʧʠʨʦʚʘʥʠʷ 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪʩʷ 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʦʭʨʘʥʷʝʪ 

ʩʦʩʪʘʚ ʢʣʶʯʝʚʳʭ ʩʝʨʚʠʩʦʚ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ ʟʥʘʯʠʤʳʭ 

ʬʫʥʢʮʠʡ. ɼʣʷ ʩʝʪʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʩʦʭʨʘʥʷʶʪʩʷ ʢʦʤʤʫʪʘʮʠʷ, VLAN, 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʪʨʘʬʠʢʘ ʠ ʢʦʥʪʨʦʣʴ ʚʥʝʰʥʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʥʘ ʧʣʘʪʬʦʨʤʝʥʥʦʤ 

ʫʨʦʚʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʨʘʙʦʪʘ 

ʦʩʥʦʚʥʳʭ ʩʝʨʚʝʨʥʳʭ ʩʣʫʞʙ. 

ʉʚʦʜʥʘʷ ʦʮʝʥʢʘ ʦʞʠʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 5. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʝʥʥʦ ʧʦʢʘʟʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ʊʘʙʣʠʮʘ 5 ï ʆʞʠʜʘʝʤʳʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʂʨʠʪʝʨʠʡ 
ɼʝʡʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ 
ʇʨʝʜʣʘʛʘʝʤʦʝ 

ʨʝʰʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ 
ʈʘʟʥʦʨʦʜʥʳʡ ʥʘʙʦʨ 

ʟʘʨʫʙʝʞʥʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʩʝʨʚʠʩʦʚ 

ɹʦʣʝʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʩʨʝʜʘ ʥʘ ʙʘʟʝ Astra 

Linux ʠ ALD Pro 

ʉʦʧʨʦʚʦʞʜʝʥʠʝ 

ʫʧʨʦʱʘʝʪʩʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5 ï ʆʞʠʜʘʝʤʳʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʂʨʠʪʝʨʠʡ 
ɼʝʡʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪ 

ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ 

ʈʘʟʥʦʨʦʜʥʳʡ ʥʘʙʦʨ 

ʟʘʨʫʙʝʞʥʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʩʝʨʚʠʩʦʚ 

ɹʦʣʝʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʩʨʝʜʘ ʥʘ ʙʘʟʝ Astra 

Linux ʠ ALD Pro 

ʉʦʧʨʦʚʦʞʜʝʥʠʝ 

ʫʧʨʦʱʘʝʪʩʷ 

ɿʘʱʠʪʘ ʧʝʨʠʤʝʪʨʘ 

ʉʝʪʝʚʦʡ ʫʟʝʣ ʩ 

ʙʘʟʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʟʘʱʠʪʳ 

ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʄʕ ʩ 

VPN ʠ ʢʦʥʪʨʦʣʝʤ 

ʪʨʘʬʠʢʘ 

ʇʦʚʳʰʘʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʟʘʱʠʪʳ 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʈʘʩʰʠʨʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʭʝʤʦʡ 

ʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʧʦʩʪʘʚʢʘʤʠ 

ʂʦʤʤʫʪʘʪʦʨʳ ʠ 

ʜʦʤʝʥʥʘʷ ʩʨʝʜʘ ʠʤʝʶʪ 

ʟʘʧʘʩ ʨʘʟʚʠʪʠʷ 

ʈʘʟʚʠʪʠʝ ʩʝʪʠ 

ʫʧʨʦʱʘʝʪʩʷ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʦʪʢʘʟʘʤ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʧʦ 

ʦʪʜʝʣʴʥʳʤ 

ʢʨʠʪʠʯʥʳʤ ʫʟʣʘʤ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʮʝʣʝʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ 

ʈʠʩʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʥʠʞʘʶʪʩʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʩʪʫʧʘʶʪ 

ʜʝʡʩʪʚʫʶʱʠʤ ʧʦ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʬʫʥʢʮʠʠ ʨʘʙʦʯʠʭ 

ʤʝʩʪ, ʩʝʨʚʝʨʥʳʭ ʨʦʣʝʡ, ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʘʟ ʜʘʥʥʳʭ, ʧʦʯʪʦʚʦʛʦ ʦʙʤʝʥʘ ʠ IP-

ʪʝʣʝʬʦʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜ ʥʘ ʙʦʣʝʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ʫʧʨʦʱʘʝʪ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʟʜʘʝʪ ʟʘʧʘʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʠ 

ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ.  

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʵʪʘʧʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ ʙʝʟ ʫʪʨʘʪʳ ʧʨʠʢʣʘʜʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʥʘʟʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʝʨʚʠʩʦʚ. ʇʦ ʨʷʜʫ ʧʦʟʠʮʠʡ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʂʆʅʊɽʂʉʊʅʆ-ɿɸɺʀʉʀʄʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʀɻʈʆʂɸ ʉ ʆɹʒɽʂʊɸʄʀ ɺ 3D-ʉʈɽɼɽ 

 

 ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʠʛʨʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʨʘʬʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ, 

ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ ʠ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʛʨʦʚʳʤ ʦʢʨʫʞʝʥʠʝʤ [1]. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʥʪʫʠʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʦʙʲʝʢʪʘʤʠ ʩʮʝʥʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʛʨ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦ ʠ ʪʦ ʞʝ ʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʣʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʢʦʥʪʝʢʩʪʘ [2]. 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʢʦʨʨʝʢʪʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʠʛʨʦʚʦʡ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʩʠʩʪʝʤʳ. 

 ʇʫʩʪʴ ʟʘʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ὕ έȟέȟȢȢȢȟέ , ʤʥʦʞʝʩʪʚʦ 

ʩʦʩʪʦʷʥʠʡ ʠʛʨʦʢʘ Ὓ ʠ ʤʥʦʞʝʩʪʚʦ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ὅ. ʊʦʛʜʘ ʧʨʦʮʝʩʩ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʪʦʙʨʘʞʝʥʠʷ 

Ὢȡὕ Ὓ ὅ ᴼὃ, ʛʜʝ ὃ ï ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ. 

 ʂʦʥʪʝʢʩʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ὅ Ὠȟὺȟὴ, ʛʜʝ Ὠ ï 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ, ὺ ï ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʛʣʷʜʘ ʠʛʨʦʢʘ, ὴ ï ʩʦʩʪʦʷʥʠʝ 
ʠʛʨʦʢʘ. 

 ʋʩʣʦʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʜʘʸʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὅέ ρ, ʝʩʣʠ Ὠ Ὠ ὧ᷈έί— ‌ ὧ᷈έὲὨὴ, ʛʜʝ — ï ʫʛʦʣ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʟʛʣʷʜʘ ʠ ʦʙʲʝʢʪʦʤ, ‌ ï ʧʦʨʦʛ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ὧέὲὨὴ 

ï ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʩʪʦʷʥʠʝʤ ʠʛʨʦʢʘ. 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʘʟʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʬʘʢʪʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʣʫʯʘ ʩ ʦʙʲʝʢʪʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʦʨʠʪʝʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʚʝʜʸʤ ʬʫʥʢʮʠʶ 

ʦʮʝʥʢʠ: ὖέ ύ ẗ ύ ẗὧέί— ύ ẗίέ, ʛʜʝ Ὠ ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʦʙʲʝʢʪʘ, — ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʟʛʣʷʜʘ ʠʛʨʦʢʘ ʠ ʦʙʲʝʢʪʦʤ, ίέ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ ʦʙʲʝʢʪʘ, ύὭ ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

 ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʡ ʦʙʲʝʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʠʛʨʦʢʘ ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʦʙʲʝʢʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 
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ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ ʠ ʫʣʫʯʰʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ [2]. 

 ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ʧʝʨʝʜ 

ʠʛʨʦʢʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʫʯʝʚʦʛʦ ʟʘʧʨʦʩʘ, ʧʨʦʚʝʨʢʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ, 

ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʦʨʠʪʝʪʘ, ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʲʝʢʪʘ ʠ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʥʦʚʣʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʩʮʝʥʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ. 

 ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 1. 

 

 
ʈʠc. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʦʢʘ ʩ 

ʦʙʲʝʢʪʘʤʠ 

 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʝʥʘ ʚ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ Godot 

[3]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʫʯʝʚʦʡ ʟʘʧʨʦʩ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʛʣʷʜʘ ʠʛʨʦʢʘ ʩ ʦʙʲʝʢʪʦʤ ʩʮʝʥʳ. ʇʦʩʣʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ 
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ʨʘʩʩʪʦʷʥʠʝ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ ʠʛʨʦʢʘ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʧʨʠʦʨʠʪʝʟʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʚʠʞʢʝ Godot 

 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, 

ʥʘʧʨʠʤʝʨ ʦʪʢʨʳʪʠʝ ʜʚʝʨʠ, ʘʢʪʠʚʘʮʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʠʣʠ ʧʦʜʙʦʨ ʧʨʝʜʤʝʪʘ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʣʦʛʠʢʠ: 

ʠʛʨʦʢ ʠʥʠʮʠʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʢʦʥʢʨʝʪʥʘʷ ʨʝʘʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʠʤ 

ʦʙʲʝʢʪʦʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʦʙʣʝʛʯʘʝʪ ʝʸ ʨʘʩʰʠʨʝʥʠʝ. 

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ 

ʢʦʥʩʪʘʥʪʥʦʝ ʚʨʝʤʷ: Ὕὲ ὕρ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʩʠʩʪʝʤʘʭ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [4]. 

 ɸʣʛʦʨʠʪʤ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʪʨʸʭʤʝʨʥʦʡ ʚʠʜʝʦʠʛʨʳ 

ʥʘ ʜʚʠʞʢʝ Godot, ʛʜʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʚʝʨʷʤʠ, ʧʨʝʜʤʝʪʘʤʠ ʠ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʟʘʜʝʨʞʝʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

 ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʦʢʘ ʩ 

ʦʙʲʝʢʪʘʤʠ ʚ 3D-ʩʨʝʜʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʫʜʦʙʩʪʚʦ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʤʝʥʠʤʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʛʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

 1. ʅʦʚʘʢ ɼʞ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ. ï ʄ. : ɼʄʂ ʇʨʝʩʩ, 2014. 624 ʩ. 

 2. ʐʝʣʣ ɼʞ. ʀʩʢʫʩʩʪʚʦ ʛʝʡʤʜʠʟʘʡʥʘ. ʂʥʠʛʘ ʣʠʥʟ : ʧʝʨ. ʩ ʘʥʛʣ. ï ʄ. : ʄʘʥʥ, ʀʚʘʥʦʚ ʠ ʌʝʨʙʝʨ, 2019. 

640 ʩ. 
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 3. Godot Engine. ʆʬʠʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ. URL: https://docs.godotengine.org (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

18.02.2026). 

 4. ʂʦʨʤʝʥ ʊ., ʃʝʡʟʝʨʩʦʥ ʏ., ʈʠʚʝʩʪ ʈ., ʐʪʘʡʥ ʂ. ɸʣʛʦʨʠʪʤʳ: ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ : ʧʝʨ. ʩ ʘʥʛʣ. ï 

ʄ. : ɺʠʣʴʷʤʩ, 2019. 1328 ʩ. 

 
ɸ.ɺ. ʂʣʶʝʚ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʉ. ʌʝʜʫʣʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʅɸʃʀɿ ʊɽʍʅʆʃʆɻʀʁ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸɼɽɾʅʆʉʊʀ 

ʉɽʈɺɽʈʅʓʍ ʇʈʀʃʆɾɽʅʀʁ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʥʝʧʨʝʨʳʚʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʷ, ʯʘʪ-ʙʦʪʳ, ʦʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʳ ʠ ʩʝʨʚʠʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʫʩʣʫʛʘʤ ʚ ʨʝʞʠʤʝ 24/7. ɹʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘʙʦʪʘ ʚʣʠʷʝʪ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ, ʚʦʧʨʦʩʳ ʥʘʜʝʞʥʦʩʪʠ, 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʩʙʦʝʚ ï ʪʝʭʥʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ, ʷʚʣʷʶʱʠʝʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʪʘʢʠʭ 

ʩʝʨʚʠʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʛʨʦʤʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʣʦʷʣʴʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʢ ʢʦʤʧʘʥʠʠ.  

ʉʝʨʚʝʨʥʳʝ ʩʙʦʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʨʦʜʦʡ ʩʝʨʚʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: 

ʩʝʪʝʚʳʝ ʨʘʟʨʳʚʳ, ʦʰʠʙʢʠ ʚ ʢʦʜʝ, ʟʘʚʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʙʣʝʤʳ ʩ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ ʠʣʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʦʧʨʦʩʳ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʳ ʧʦʩʣʝ ʩʙʦʝʚ 

ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʘʨʠʘʥʪʳ ʩʙʦʝʚ ʚ ʥʘʯʘʣʝ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤʳ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʢʦʩʠʩʪʝʤʘ Linux ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʟʘʜʘʯ ʙʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʩʨʝʜʝ Linux 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʩʝʨʚʠʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʙʫʜʫʪ ʠʟʚʝʩʪʥʳʝ ʚʘʨʠʘʥʪʳ: Systemd, Supervisor ʠ Docker. ʂʘʞʜʳʡ ʧʨʝʜʣʘʛʘʝʪ 

ʩʦʙʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʥʪʨʦʣʶ ʩʦʩʪʦʷʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠʣʦʞʝʥʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʝʪʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ 

ʠʭ ʘʨʭʠʪʝʢʪʫʨʝ, ʤʝʭʘʥʠʟʤʘʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʙʦʝʚ, ʩʪʨʘʪʝʛʠʷʤ ʧʝʨʝʟʘʧʫʩʢʘ, 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ, ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʜʝʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʠʩʪʝʤʦʡ ʤʝʥʝʜʞʝʨʘ. 

ʊʝʭʥʦʣʦʛʠʷ Systemd ï ʵʪʦ ʩʠʩʪʝʤʥʳʡ ʤʝʥʝʜʞʝʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, 

ʚʩʪʨʦʝʥʥʳʡ ʚ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʪʨʠʙʫʪʠʚʦʚ Linux. ʋʧʨʘʚʣʷʝʪ 

ʩʣʫʞʙʘʤʠ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʧʨʠ ʟʘʛʨʫʟʢʝ ʠ ʧʝʨʝʟʘʧʫʩʢ ʧʨʠ ʩʙʦʷʭ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʷʜʨʦʤ ʥʘʧʨʷʤʫʶ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʚʳʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʩʠʩʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʞʠʟʥʝʥʥʳʤ 

ʮʠʢʣʦʤ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ. ʈʘʙʦʪʘ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʙʳʪʴ 

ʥʘʜʝʞʥʳʤ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ. ʆʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʳ Systemd ʩʦʩʪʘʚʣʷʝʪ ʢʦʥʮʝʧʮʠʷ 

ʶʥʠʪʦʚ ï ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʝʙʝ ʧʘʨʘʤʝʪʨʳ ʟʘʧʫʩʢʘ 

ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʠʭ ʦʩʪʘʥʦʚʢʠ, ʧʝʨʝʟʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʧʨʠ ʩʙʦʷʭ. ʌʫʥʢʮʠʦʥʘʣ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ, ʦʪʩʣʝʞʠʚʘʷ ʢʦʜʳ ʚʦʟʚʨʘʪʘ ʠ ʩʠʛʥʘʣʳ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʤʝʞʜʫ ʩʝʨʚʠʩʘʤʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʨʘʙʦʪʳ ʩʣʫʞʙ [1]. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ Systemd ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: ʛʣʫʙʦʢʫʶ ʠʥʪʝʛʨʘʮʠʶ ʩ ʷʜʨʦʤ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʩʙʦʷ ʧʨʦʮʝʩʩʘ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚ ʚʳʩʦʢʦʡ ʩʚʷʟʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʩʙʦʡ ʧʨʦʮʝʩʩʘ ʢʨʠʪʠʯʝʥ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. Systemd ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʟʘʧʫʩʢʘʪʴʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʟʘʛʨʫʟʢʠ ʠ ʙʳʪʴ ʯʘʩʪʴʶ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʊʝʭʥʦʣʦʛʠʷ Supervisor ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʝʪ ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʯʝʨʥʠʤʠ ʩʝʨʚʠʩʘʤʠ ʚʥʫʪʨʠ ʧʨʦʝʢʪʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʧʦ 

ʤʦʜʝʣʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʛʜʝ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʦʨʜʠʥʘʪʦʨ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʧʦʜʧʨʦʮʝʩʩʳ. ʅʘʩʪʨʦʡʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ, ʚ 

ʢʦʪʦʨʦʤ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʤʘʥʜʳ ʩʪʘʨʪʘ ʧʨʠʣʦʞʝʥʠʡ, ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʳ 

ʟʘʜʘʝʪʩʷ ʢʦʤʘʥʜʘ ʟʘʧʫʩʢʘ, ʨʘʙʦʯʘʷ ʜʠʨʝʢʪʦʨʠʷ, ʧʝʨʝʤʝʥʥʳʝ ʦʢʨʫʞʝʥʠʷ ʠ 

ʧʦʣʠʪʠʢʘ ʧʝʨʝʟʘʧʫʩʢʘ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʝʨʝʟʘʛʨʫʟʢʫ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʭ ʘʚʘʨʠʡʥʦʤ ʟʘʚʝʨʰʝʥʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʨʝʜʩʪʚʘ ʣʦʛʠʨʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚʳʚʦʜʘ ʠ ʦʰʠʙʦʢ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʷʪʴ ʧʨʦʮʝʩʩʳ ʚ 

ʛʨʫʧʧʳ ʠ ʥʘʟʥʘʯʘʪʴ ʧʨʠʦʨʠʪʝʪʳ, ʟʘʜʘʚʘʷ ʧʦʨʷʜʦʢ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʦʩʪʘʥʦʚʢʠ. 

ʀʥʩʪʨʫʤʝʥʪ ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ 

ʚ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʠ [2]. ʆʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʝ ʦʙʣʘʜʘʝʪ ʧʨʘʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʤʝʞʜʫ ʩʠʩʪʝʤʥʳʤʠ 

ʩʣʫʞʙʘʤʠ ʠ ʥʝ ʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ 

ʩʙʦʡ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʥʝʜʞʝʨʘ Systemd. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ Supervisor ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʮʝʥʘʨʠʷʭ, ʛʜʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʠʩʪʝʤʥʳʭ 

ʩʝʨʚʠʩʦʚ.  

ʊʝʭʥʦʣʦʛʠʷ Docker ï ʵʪʦ ʩʠʩʪʝʤʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʫʧʘʢʦʚʢʠ ʠ ʠʟʦʣʷʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʚʤʝʩʪʝ ʩ ʠʭ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ ï ʢʦʥʪʝʡʥʝʨʳ. ɺ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʤʝʭʘʥʠʟʤʳ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Linux, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʠʟʦʣʷʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʨʝʩʫʨʩʦʚ. 

ʂʦʥʪʝʡʥʝʨʳ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʝʝ ʷʜʨʦ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. Docker ʨʘʙʦʪʘʝʪ ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʛʦ ʢʦʥʪʝʡʥʝʨʘ, 



233 

ʥʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ. ʇʨʠʣʦʞʝʥʠʷ ʟʘʧʫʩʢʘʶʪʩʷ ʚʥʫʪʨʠ 

ʢʦʥʪʝʡʥʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʠʟ ʦʙʨʘʟʦʚ ï ʰʘʙʣʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʙʠʙʣʠʦʪʝʢʠ ʠ ʥʘʩʪʨʦʡʢʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʧʝʨʝʟʘʛʨʫʟʢʫ ʧʨʠ ʩʙʦʷʭ. ʇʦʣʠʪʠʢʠ ʧʝʨʝʟʘʧʫʩʢʘ ʧʦʟʚʦʣʷʶʪ ʟʘʧʫʩʢʘʪʴ ʢʦʥʪʝʡʥʝʨʳ 

ʧʦʚʪʦʨʥʦ ʚ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʠʣʠ ʧʦʩʣʝ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ, ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʦʚʪʦʨʥʦʛʦ ʩʪʘʨʪʘ ʠ ʧʦʣʫʯʘʪʴ ʩʠʛʥʘʣʳ ʦʪ ʢʦʥʪʝʡʥʝʨʘ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʤʝʝʪʩʷ ʦʨʢʝʩʪʨʘʮʠʷ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ ʟʘʜʘʯ ʥʘ ʜʨʫʛʠʝ ʫʟʣʳ 

ʢʣʘʩʪʝʨʘ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. ʇʦʜʭʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʩʨʝʜʳ ʠ ʫʧʨʦʱʘʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʝʨʚʝʨʘʭ, ʠʟʦʣʷʮʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʢʦʥʪʝʡʥʝʨʦʚ ʥʝʟʘʚʠʩʠʤʦʡ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʯʪʦ ʟʘʱʠʱʘʝʪ ʠʭ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʙʣʝʤ ʚ ʜʨʫʛʠʭ ʢʦʥʪʝʡʥʝʨʘʭ [3]. 

ʉʚʦʡʩʪʚʘ Docker-ʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʫʥʠʬʠʢʘʮʠʠ 

ʦʢʨʫʞʝʥʠʷ, ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ  
ʂʨʠʪʝʨʠʡ Systemd Supervisor Docker 

ʋʨʦʚʝʥʴ ʨʘʙʦʪʳ 
ʉʠʩʪʝʤʥʳʡ 

ʫʨʦʚʝʥʴ ʆʉ 

ʋʨʦʚʝʥʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ 

ʂʦʥʪʝʡʥʝʨʥʘʷ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ 

ʉʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ-ʚʳʩʦʢʘʷ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʟʘʧʫʩʢʘ 

ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʊʠʧ ʠʥʩʪʨʫʤʝʥʪʘ 

ʉʠʩʪʝʤʘ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ 

ʤʝʥʝʜʞʝʨ 

ʩʝʨʚʠʩʦʚ ʆʉ 

ʄʝʥʝʜʞʝʨ 

ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʣʦʞʝʥʠʡ 

ʉʠʩʪʝʤʘ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ  

ʀʟʦʣʷʮʠʷ ʦʢʨʫʞʝʥʠʷ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 
ʇʦʣʥʘʷ ʢʦʥʪʝʡʥʝʨʥʘʷ 

ʠʟʦʣʷʮʠʷ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴ 
ʅʠʟʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

ʋʧʨʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʇʨʷʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʆʛʨʘʥʠʯʝʥʦ, ʯʝʨʝʟ 

ʧʨʠʦʨʠʪʝʪʳ 
ʏʝʨʝʟ ʦʨʢʝʩʪʨʘʮʠʶ  

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʩʙʦʡ 

ʧʨʦʮʝʩʩʘ 
ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ï ʨʝʰʘʷ ʠʩʭʦʜʥʳʝ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʧʨʠʣʦʞʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʦʜʭʦʜʘʭ. ʊʝʭʥʦʣʦʛʠʠ Systemd ʠ Supervisor ʫʧʨʘʚʣʷʶʪ ʧʨʦʮʝʩʩʘʤʠ ʥʘʧʨʷʤʫʶ ʚ 

ʩʨʝʜʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʠʟʦʣʷʮʠʠ. ʕʪʦ ʜʘʸʪ ʧʨʷʤʦʡ ʜʦʩʪʫʧ 

ʢ ʨʝʩʫʨʩʘʤ ʭʦʩʪʘ, ʥʦ ʜʝʣʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʠʟʤʝʥʝʥʠʷʤ 
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ʦʢʨʫʞʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ Docker ʟʘʧʫʩʢʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ 

ʢʦʥʪʝʡʥʝʨʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʘʙʦʪʳ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʨʚʝʨʘ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʙʦʡ ʧʨʦʮʝʩʩʘ ʩʠʩʪʝʤʘ Systemd ʠʩʧʦʣʴʟʫʝʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʠ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʙʩʪʨʘʢʮʠʡ. ʄʝʥʝʜʞʝʨ 

Supervisor ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʚʝʩʥʳʤ ʨʝʰʝʥʠʝʤ, ʪʨʝʙʫʝʪ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ-

ʤʝʥʝʜʞʝʨʘ. ʉʠʩʪʝʤʘ Docker ʟʘʪʨʘʪʥʘ ʧʦ ʥʘʢʣʘʜʥʳʤ ʨʘʩʭʦʜʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʨʘʙʦʪʦʡ ʫʨʦʚʥʝʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʠʟʦʣʷʮʠʝʡ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʟʘʪʨʘʪʳ ʥʝ ʢʨʠʪʠʯʥʳ, ʥʦ ʜʣʷ ʧʨʦʩʪʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʙʳʪʦʯʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʠʣʦʞʝʥʠʶ. ʉʠʩʪʝʤʘ Systemd ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʠʩʘʤʠ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʆʧʪʠʤʘʣʝʥ ʜʣʷ ʚʘʞʥʳʭ ʩʠʩʪʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʦʥʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʭʥʦʣʦʛʠʷ Supervisor ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʛʢʦʚʝʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʩʪʦʪʫ 

ʥʘʩʪʨʦʡʢʠ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ-ʧʦʪʦʤʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʀʥʩʪʨʫʤʝʥʪ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʢʨʠʧʪʦʚ 

ʠʣʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʜʣʷ ʟʘʧʫʩʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʘʭ, ʛʜʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Systemd ʙʫʜʝʪ ʠʟʙʳʪʦʯʥʳʤ. ʊʝʭʥʦʣʦʛʠʷ Docker ʧʨʝʜʣʘʛʘʝʪ 

ʢʦʥʮʝʧʮʠʶ ʠʟʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ, ʛʜʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʪʨʦʝʥʥʳʤʠ ʧʦʣʠʪʠʢʘʤʠ ʧʝʨʝʟʘʧʫʩʢʘ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦ ʚ ʤʠʢʨʦʩʝʨʚʠʩʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  

ʊʝʭʥʦʣʦʛʠʷ Systemd ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚ 

ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ ʠʟ-ʟʘ ʠʥʪʝʛʨʘʮʠʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʠʩʪʨʠʙʫʪʠʚʦʚ Linux ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʣʫʞʙʘʤʠ. ʕʪʦ ʩʘʤʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ, ʦʙʣʘʜʘʶʱʘʷ ʰʠʨʦʢʦʡ ʧʦʜʜʝʨʞʢʦʡ ʠ 

ʩʪʘʙʠʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʦʡ. ʈʘʙʦʪʘ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʚʦʜʠʪ ʢ 

ʤʠʥʠʤʫʤʫ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʙʦʝʚ, ʜʝʣʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʣʫʞʙʘʤʠ 

ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤ. 
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ɼ.ʃ. ʂʦʚʘʣʝʚ, ʩʪʫʜʝʥʪ; ɸ.ʉ. ʌʝʜʫʣʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʅɸʃʀɿ ʅɽʁʈʆʉɽʊɽɺʓʍ ɸʈʍʀʊɽʂʊʋʈ ɺ ɿɸɼɸʏɸʍ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈɽʏʀ 

 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ (ASR) ï ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER), ʩʢʦʨʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (RTF), ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʝʩʫʨʩʘʤ ʠ ʜʘʥʥʳʤ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʢʣʘʩʩʘ ʘʨʭʠʪʝʢʪʫʨ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

(ASR): ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN), ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) 

ʠ ʥʝʡʨʦʩʝʪʠ-ʪʨʘʥʩʬʦʨʤʝʨʳ. ʇʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ: ʚʳʜʝʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʠʧʦʚʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ (ASR) ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʠ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʛʦʣʦʩʦʚʳʭ ʜʘʥʥʳʭ. ɺʥʝʜʨʝʥʠʝ ʛʦʣʦʩʦʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ, ʩʝʨʚʠʩʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʘʩʰʠʬʨʦʚʢʠ ʘʫʜʠʦʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʫʙʪʠʪʨʠʨʦʚʘʥʠʷ ʚʠʜʝʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ.  

ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN) ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ (ASR). ʅʘʣʠʯʠʝ ʧʝʪʝʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʧʨʝʜʳʜʫʱʠʭ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʪʝʢʫʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʩʠʛʥʘʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʫʜʠʦʧʦʪʦʢʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʝʜʦʩʪʘʪʢʠ: 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʫʯʝʥʠʷ, ʧʨʦʙʣʝʤʘ ʟʘʪʫʭʘʥʠʷ ʛʨʘʜʠʝʥʪʦʚ, 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʯʘʩʪʦʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠʟ ʩʧʝʢʪʨʦʛʨʘʤʤ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʠ ʧʘʤʷʪʠ [1]. 

ɺ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ (CNN) ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠʦʙʨʘʙʘʪʳʚʘʶʪ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. 

ɸʨʭʠʪʝʢʪʫʨʳ QuartzNet ʠ Jasper ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʰʠʨʝʥʥʳʝ ʩʚʝʨʪʢʠ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʨʝʮʝʧʪʠʚʥʦʛʦ ʧʦʣʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʳʩʦʢʠʡ ʧʘʨʘʣʣʝʣʠʟʤ 

ʚʳʯʠʩʣʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʨʝʤʝʥʥʳʤ ʚʘʨʠʘʮʠʷʤ. ʅʝʜʦʩʪʘʪʢʠ: ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥʪʝʢʩʪʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʛʣʫʙʠʥʫ ʩʝʪʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʙʘʣʘʥʩʘ 

ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ [1]. 

ʅʝʡʨʦʩʝʪʠ-ʪʨʘʥʩʬʦʨʤʝʨʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʝʣʠʢʦʤ 

ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʩʘʤʦʚʥʠʤʘʥʠʷ, ʦʮʝʥʠʚʘʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʝʜʣʦʞʝʥʠʠ. ɻʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

Conformer ʦʙʲʝʜʠʥʷʝʪ ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʠ ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʙʣʦʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʚʳʩʦʢʠʡ ʧʘʨʘʣʣʝʣʠʟʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) [2]. 
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ʅʝʜʦʩʪʘʪʢʠ: ʢʚʘʜʨʘʪʠʯʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʜʘʥʥʳʤ ʠ 

ʨʝʩʫʨʩʘʤ. ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ: 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʪʠʪʨʳ, ʤʝʜʠʮʠʥʩʢʘʷ ʠ ʶʨʠʜʠʯʝʩʢʘʷ ʨʘʩʰʠʬʨʦʚʢʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ 

(WER) ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʤ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʜʘʥʥʳʭ. ɼʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ WER [3]. 
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ʦʰʠʙʦʢ 

ʚ ʩʣʦʚʘʭ 

(WER) 

ɼʦʣʷ 

ʟʘʤʝʥ 

ɼʦʣʷ 

ʧʨʦʧʫʩʢʦʚ 

ɼʦʣʷ 

ʚʩʪʘʚʦʢ 

ʏʘʩʪʦʪʘ 

ʦʰʠʙʦʢ 

ʚ ʩʣʦʚʘʭ 

(WER) 

ɼʦʣʷ 

ʟʘʤʝʥ 

ɼʦʣʷ 

ʧʨʦʧʫʩʢʦʚ 

ɼʦʣʷ 

ʚʩʪʘʚʦ

ʢ 

1 0,571 0,252 0,113 0,206 0,534 0,193 0,045 0,296 

2 0,459 0,211 0,128 0,120 0,416 0,177 0,040 0,200 

3 0,539 0,236 0,117 0,186 0,527 0,177 0,047 0,303 

4 0,529 0,267 0,154 0,170 0,572 0,201 0,040 0,332 

5 0,631 0,262 0,173 0,195 0,581 0,175 0,060 0,346 

6 0,581 0,252 0,077 0,252 0,525 0,191 0,041 0,293 

7 0,610 0,260 0,155 0,196 0,650 0,209 0,064 0,377 

8 0,532 0,259 0,137 0,137 0,486 0,200 0,048 0,238 

9 0,571 0,274 0,180 0,118 0,514 0,229 0,084 0,202 

10 0,645 0,306 0,087 0,252 0,612 0,202 0,054 0,356 

ʉʨ. 

ʟʥʘʯ. 
0,573 0,259 0,132 0,183 0,542 0,195 0,052 0,294 

ʉʪʘʥʜ. 

ʆʪʢʣʦ

ʥ. 

0,063 0,018 0,038 0,079 0,086 0,018 0,033 0,105 

 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ WER ʜʣʷ ʤʦʜʝʣʠ Google ʩʦʩʪʘʚʣʷʝʪ 0.573 (57.3%), ʜʣʷ 

ʤʦʜʝʣʠ Whisper ï 0.583 (58.3%). ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ. 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫ Whisper (0.078) ʚʳʰʝ, ʯʝʤ ʫ Google (0.063). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ Whisper ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʧʧʳ ʜʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ Google. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʦʜʝʣʝʡ ʩʝʤʝʡʩʪʚ Vosk ʠ Whisper. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʘʫʜʠʦʬʘʡʣʘʭ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5, 10, 20 ʠ 29 ʩʝʢʫʥʜ. [3] 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ: ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʤʦʜʝʣʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʜʝʨʞʢʫ ʦʙʨʘʙʦʪʢʠ. 
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ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ Vosk ʠ Whisper 
ʀʩʭʦʜʥʳʡ 

ʘʫʜʠʦʬʘʡʣ, 

ʩʝʢ 

ʉʝʤʝʡʩʪʚʦ ʤʦʜʝʣʝʡ Vosk ʉʝʤʝʡʩʪʚʦ ʤʦʜʝʣʝʡ Whisper 

 ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, 

ʉʝʢ 

ʅʘʟʚʘʥʠʝ 

ʤʦʜʝʣʠ 

ʏʘʩʪʦʪʘ 

ʦʰʠʙʦʢ ʚ 

ʩʣʦʚʘʭ 

(WER) 

ɺʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, 

ʩʝʢ 

ʅʘʟʚʘʥʠʝ 

ʤʦʜʝʣʠ 

ʏʘʩʪʦʪʘ 

ʦʰʠʙʦʢ ʚ 

ʩʣʦʚʘʭ 

(WER) 

5 0,21 
small-ru-

0.22 
0,266 2,3 base.bin 0,196 

10 0,42 
small-ru-

0.22 
0,193 2,3 base.bin 0,154 

20 0,8 
small-ru-

0.22 
0,25 2,8 base.bin 0,123 

29 1,2 
small-ru-

0.22 
0,339 3,3 base.bin 0,231 

5 1,8 ru-0.22 0,2 22,4 medium.bin 0,123 

10 3,5 ru-0.22 0,193 23,2 medium.bin 0,113 

20 6,5 ru-0.22 0,134 25,5 medium.bin 0,83 

29 9,2 ru-0.22 0,262 27,4 medium.bin 0,175 

5 1,9 ru-0.42 0,133 42 large.bin 0,101 

10 3,4 ru-0.42 0,129 45,5 large.bin 0,85 

20 6,7 ru-0.42 0,115 46,7 large.bin 0,76 

29 9 ru-0.42 0,252 55,3 large.bin 0,144 

 

ʄʦʜʝʣʴ Vosk ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʝ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ; ʤʦʜʝʣʴ Whisper ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʥʦ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʢʦʨʦʪʢʠʭ ʬʨʘʛʤʝʥʪʘʭ (5 ʩ) ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʩʦʧʦʩʪʘʚʠʤʘ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʜʦ 20 ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʫʣʫʯʰʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʈʦʩʪ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) ʥʘ ʬʨʘʛʤʝʥʪʝ 29 ʩ ʜʣʷ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ 

ʤʦʜʝʣʝʡ, ʦʙʫʩʣʦʚʣʝʥ ʫʭʫʜʰʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʧʝʮʠʬʠʢʦʡ ʨʝʯʠ ʚ 

ʜʘʥʥʦʤ ʬʘʡʣʝ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʠʩʪʦʯʥʠʢʦʚ [2][3]. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (Google, Whisper, Vosk) ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʂ 

ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʟʘʜʝʨʞʢʘ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʝʤʘʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɺʳʜʝʣʝʥʠʝ ʵʪʠʭ ʤʝʪʨʠʢ 

ʧʦʟʚʦʣʠʣʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ, ʛʜʝ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʛʦ 

ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2, ʤʦʜʝʣʴ Whisper 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʪʨʘʥʩʢʨʠʙʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ (ʤʦʜʝʣʠ ʩʝʤʝʡʩʪʚ Google, Vosk), ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ 

ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ. 
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ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1, ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) ʜʣʷ ʤʦʜʝʣʠ 

Whisper ʩʦʩʪʘʚʣʷʝʪ 0,542, ʯʪʦ ʥʘ 5,4% ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʷ ʤʦʜʝʣʠ Google (0,573). 

ʉʪʨʫʢʪʫʨʘ ʦʰʠʙʦʢ ʤʦʜʝʣʠ Whisper ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʜʦʣʝʡ 

ʧʨʦʧʫʩʢʦʚ (0,052 ʧʨʦʪʠʚ 0,132 ʫ ʤʦʜʝʣʠ Google), ʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʩʪʘʚʦʢ (0,294 ʧʨʦʪʠʚ 0,183). ʄʝʥʴʰʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) ʫ ʤʦʜʝʣʠ Whisper (0,063 ʧʨʦʪʠʚ 0,086 ʤʦʜʝʣʠ 

Google), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ɼʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 2 ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʜʝʣʠ ʩʝʤʝʡʩʪʚʘ Whisper 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʦ ʚʩʝʭ ʩʨʘʚʥʠʤʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ʇʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩʣʦʚʠʷʭ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʫʜʠʦ 29 ʩ): ʤʦʜʝʣʴ 

Whisper çbase.binè ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) ʜʦʩʪʠʛʘʝʪ 23,1% ʧʨʦʪʠʚ 

33,9% ʫ ʤʦʜʝʣʠ Vosk çsmall-ru-0.22è; çmedium.binè ï 17,5% ʧʨʦʪʠʚ 26,2% ʫ 

ʤʦʜʝʣʠ Vosk çru-0.22è; çlarge.binè ï 14,4% ʧʨʦʪʠʚ 25,2% ʫ ʤʦʜʝʣʠ Vosk 

çru-0.42è. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʦʜʝʣʠ Whisper ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER) ʥʘ 30ï45%. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʫ ʤʦʜʝʣʝʡ Whisper (ʦʪ 2,3 ʜʦ 55,3 ʩ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʤʦʜʝʣʠ) ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ Vosk (ʦʪ 0,21 ʜʦ 9,2 ʩ), 

ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʋʯʠʪʳʚʘʷ ʩʪʘʙʠʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ 

ʩʣʦʚʘʭ (WER) ʚʦ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʷʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʩʭʦʜʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ Whisper ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʜʦʧʫʩʪʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʨʘʜʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (WER). 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝè 
  

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʆʐʀɹʆʂ 

ʅɸʏʀʅɸʖʑʀʍ ɹɸʈɸɹɸʅʑʀʂʆɺ ʅɸ ʆʉʅʆɺɽ ɼɸʅʅʓʍ ʉ MIDI -

ʂʆʅʊʈʆʃʃɽʈʆɺ 
  

ʆʙʫʯʝʥʠʝ ʠʛʨʝ ʥʘ ʫʜʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʪʨʝʙʫʶʱʠʡ ʨʘʟʚʠʪʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ, ʯʫʚʩʪʚʘ ʨʠʪʤʘ ʠ ʢʦʥʪʨʦʣʷ 

ʜʠʥʘʤʠʢʠ. ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʦʛʜʘ ʫ 

ʥʘʯʠʥʘʶʱʝʛʦ ʤʫʟʳʢʘʥʪʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ 

ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ [1]. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ MIDI  (Musical 

Instrument Digital Interface) ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʜʘʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʛʨʫ ʙʘʨʘʙʘʥʱʠʢʘ, ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʠʩʧʨʘʚʣʝʥʠʶ. MIDI -ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʫʜʘʨʘ (onset), ʩʠʣʝ ʫʜʘʨʘ (velocity), ʚʳʩʦʪʝ ʥʦʪʳ 

(pitch) ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʚʫʯʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʤʘʩʪʝʨʩʪʚʘ [2]. 

ɺ ʨʘʙʦʪʝ ʅʘʦʢʠ ʀʚʘʤʠ ʠ ʄʘʩʘʥʦʙʫ ʄʠʫʨʳ [3] ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʧʨʘʢʪʠʢʠ çdrum-loop performanceè (DLP) ï ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʠʩʧʦʣʥʝʥʠʷ ʙʘʟʦʚʳʭ 

ʨʠʪʤʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ. ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʠʩʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʘʨʪʠʪʫʨʝ ʠ ʚʳʷʚʣʷʝʪ ʦʰʠʙʢʠ, ʚʢʣʶʯʘʷ ʧʨʦʧʫʱʝʥʥʳʝ 

ʥʦʪʳ ʠ ʦʪʢʣʦʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʘʪʘʢʠ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʫʝʪ ʦʰʠʙʢʠ, ʥʦ ʠ ʚʠʟʫʘʣʠʟʠʨʫʝʪ 

ʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʥʠʪʝʣʶ ʥʝʤʝʜʣʝʥʥʦ ʦʩʦʟʥʘʚʘʪʴ ʩʚʦʠ 

ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ [3]. 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʘʥʘʣʠʟʝ MIDI -ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʝʥʠʝ 

ʚʳʨʘʟʠʪʝʣʴʥʦʛʦ (ʯʝʣʦʚʝʯʝʩʢʦʛʦ) ʠ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʛʦ (ʢʚʘʥʪʠʟʦʚʘʥʥʦʛʦ) 

ʠʩʧʦʣʥʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʜʘʪʘʩʝʪʦʤ GigaMIDI [4] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʵʚʨʠʩʪʠʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʨʘʟʠʪʝʣʴʥʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ: 

1. DNVR (Distinctive Note Velocity Ratio) ï ʘʥʘʣʠʟ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʫʜʘʨʘ, ʦʪʨʘʞʘʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʩʧʦʣʥʝʥʠʠ [4]. 

2. DNODR (Distinctive Onset Deviation Ratio) ï ʘʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ ʘʪʘʢʠ ʥʦʪ ʦʪ ʠʜʝʘʣʴʥʦʡ ʨʠʪʤʠʯʝʩʢʦʡ ʩʝʪʢʠ [4]. 

3. NOMML (Note Onset Median Metric Level) ï ʘʥʘʣʠʟ ʧʦʟʠʮʠʡ ʘʪʘʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ [4]. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, çʥʝʚʳʨʘʟʠʪʝʣʴʥʳʝ MIDI -ʪʨʝʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʫʨʦʚʥʠ velocity ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʘʪʘʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʪʨʦʥʦʤʠʯʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʠʪʤʠʢʝ. 

ʅʘʧʨʦʪʠʚ, ʚʳʨʘʟʠʪʝʣʴʥʳʝ MIDI -ʪʨʝʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʥʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʠ ʙʦʣʴʰʝʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ velocity, ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʥʘʤʠʢʦʡè [4]. 

ʈʠʪʤʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʩʚʷʟʘʥʳ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʩʦʙʣʶʜʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʫʜʘʨʘʤʠ. ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʪʢʣʦʥʝʥʠʝʤ ʚʨʝʤʝʥʠ ʘʪʘʢʠ (onset deviation) ʦʪ ʵʪʘʣʦʥʥʦʡ ʨʠʪʤʠʯʝʩʢʦʡ ʩʝʪʢʠ. ɺ 
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ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʘʥʘʣʠʟʫ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ MIDI -ʠʩʧʦʣʥʝʥʠʷ [4], 

ʦʪʢʣʦʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʘʪʘʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʦʪʣʠʯʘʶʱʠʡ çʞʠʚʦʝè ʠʩʧʦʣʥʝʥʠʝ ʦʪ ʢʚʘʥʪʠʟʦʚʘʥʥʦʛʦ. ɼʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʙʘʨʘʙʘʥʱʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳ ʢʘʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ (ʫʩʪʦʡʯʠʚʦʝ 

ʫʩʢʦʨʝʥʠʝ ʠʣʠ ʟʘʤʝʜʣʝʥʠʝ), ʪʘʢ ʠ ʩʣʫʯʘʡʥʳʝ ʬʣʫʢʪʫʘʮʠʠ [3]. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʩʠʣʳ ʫʜʘʨʘ 

ʤʫʟʳʢʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʫ. ɸʥʘʣʠʟ ʚʘʨʠʘʪʠʚʥʦʩʪʠ velocity ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʠʩʧʦʣʥʠʪʝʣʴ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʠʥʘʤʠʢʫ [4]. ɼʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʙʘʨʘʙʘʥʱʠʢʦʚ ʪʠʧʠʯʥʳ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʠʣʳ ʫʜʘʨʘ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʢʨʝʱʝʥʜʦ ʠ ʜʠʤʠʥʫʵʥʜʦ, ʯʨʝʟʤʝʨʥʦ 

ʞʝʩʪʢʠʝ ʠʣʠ ʩʣʘʙʳʝ ʫʜʘʨʳ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʦʰʠʙʢʠ ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʫʜʘʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʝʯʥʦʩʪʷʤʠ. ʀʚʘʤʠ ʠ ʄʠʫʨʘ [3] ʚ ʩʚʦʝʡ ʩʠʩʪʝʤʝ DLP 

ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʦʥʪʨʦʣʶ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʨʷʜʢʘ ʫʜʘʨʦʚ: çʧʨʘʢʪʠʢʫʷ 

DLP, ʙʘʨʘʙʘʥʱʠʢ ʫʯʠʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩʚʦʠ ʨʫʢʠ ʠ ʥʦʛʠ ʚ ʧʨʝʜʧʠʩʘʥʥʦʤ 

ʧʦʨʷʜʢʝ ʠ ʥʘʥʦʩʠʪʴ ʫʜʘʨʳ ʧʦ ʫʩʪʘʥʦʚʢʝ ʩ ʟʘʜʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶè [3]. 

ʂ ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʧʫʩʢʦʤ ʥʦʪ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʳʛʨʘʥʳ ʩʦʛʣʘʩʥʦ ʧʘʨʪʠʪʫʨʝ, ʠʣʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʣʠʰʥʠʭ ʫʜʘʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʀʚʘʤʠ ʠ ʄʠʫʨʳ [3] ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʩʧʝʮʠʘʣʴʥʦ 

ʦʪʩʣʝʞʠʚʘʝʪ çʧʨʦʧʫʱʝʥʥʳʝ ʥʦʪʳè ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦʨʠʶ ʦʰʠʙʦʢ. 

ɼʦʙʘʚʣʝʥʠʝ ʣʠʰʥʠʭ ʫʜʘʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢ ʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [5]. 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ MIDI -ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʦʯʠʩʪʢʫ ʦʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, MIDI -ʢʦʥʪʨʦʣʣʝʨʳ ʤʦʛʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ: ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʢʘʙʝʣʝʡ, 

ʧʨʦʙʣʝʤʳ ʩ ʟʘʟʝʤʣʝʥʠʝʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʚʦʜʢʠ [5]. ʊʠʧʠʯʥʘʷ ʧʨʦʙʣʝʤʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʦʨʫʤʘ: çʠʥʦʛʜʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʘʢʠʝ-ʪʦ 

ʩʦʚʝʨʰʝʥʥʦ ʣʠʰʥʠʝ ʠ ʠʟ ʥʠʦʪʢʫʜʘ ʤʠʜʠ ʩʠʛʥʘʣʳ, ʪʦ ʙʠʰʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʟʚʫʢ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʷ ʧʵʜ ʥʝ ʪʨʦʛʘʶè [5]. ʊʘʢʠʝ ʘʨʪʝʬʘʢʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʝʠʚʘʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʫʜʘʨʘʤʠ (ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ, ʤʝʥʴʰʠʡ ʢʦʪʦʨʦʛʦ ʩʯʠʪʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ) ʠ ʧʦ velocity (ʩʣʠʰʢʦʤ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʰʫʤʦʚʳʤʠ). 

ɹʘʟʦʚʳʡ ʤʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʠʪʤʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʜʘʨʦʚ ʩ ʵʪʘʣʦʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʦʡ, ʟʘʜʘʥʥʦʡ ʤʝʪʨʦʥʦʤʦʤ 

ʠʣʠ ʧʘʨʪʠʪʫʨʦʡ [3]. ɼʣʷ ʢʘʞʜʦʛʦ ʫʜʘʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ȹt = t_actual ï 

t_reference. ʅʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʦʰʠʙʢʠ: 

- ʦʧʝʨʝʞʝʥʠʝ (ȹt < -T); 

- ʟʘʧʘʟʜʳʚʘʥʠʝ (ȹt > T); 

- ʪʦʯʥʦʝ ʧʦʧʘʜʘʥʠʝ (|ȹt| Ò T), 

ʛʜʝ T ï ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʜʦʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

(ʦʙʳʯʥʦ 10-30 ʤʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʘ) [3]. 
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ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ (HMM) 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ [6]. ɺ ʨʘʙʦʪʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʘʥʘʣʠʟʫ ʧʦʣʠʬʦʥʠʯʝʩʢʠʭ MIDI -ʠʩʧʦʣʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ 

ʩʣʝʜʦʚʘʥʠʷ ʟʘ ʧʘʨʪʠʪʫʨʦʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʰʠʙʢʠ ʠʩʧʦʣʥʝʥʠʷ, 

ʦʨʥʘʤʝʥʪʠʢʫ ʠ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʶ ʛʦʣʦʩʦʚ [6]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (RNN) ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʨʘʙʦʪʝ 

çReal-time error correction and performance aid for MIDI  instrumentsè [7] 

ʧʨʝʜʣʘʛʘʶʪʩʷ çʦʙʱʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʦʤʦʱʠ ʚ ʠʩʧʦʣʥʝʥʠʠ ʥʘ MIDI -

ʠʥʩʪʨʫʤʝʥʪʘʭè. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʨʝʡʤʚʦʨʢ RUMAA (Repeat-Aware Unified 

Music Audio Analysis), ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 2025 ʛʦʜʫ [8]. ʕʪʘ ʪʨʘʥʩʬʦʨʤʝʨ-

ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʲʝʜʠʥʷʝʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʘʨʪʠʪʫʨʳ ʩ ʠʩʧʦʣʥʝʥʠʝʤ, 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ ʚ ʝʜʠʥʦʤ ʧʦʜʭʦʜʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʦʰʠʙʦʢ [8]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥ ʥʘʙʦʨ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ 

ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ: 

ʉʨʝʜʥʝʝ ʘʙʩʦʣʶʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (MAD) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʚʨʝʤʝʥʠ ʘʪʘʢʠ ʦʪ ʵʪʘʣʦʥʥʦʡ ʩʝʪʢʠ: MAD = (1/N) * Ɇ|ȹt_i| [3]; 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ (SDD) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʠʪʤʘ: SDD = ã((1/(N-1)) * Ɇ(ȹt_i ï ɛ)Į) [3]; 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ velocity (CVV) ï ʦʪʥʦʰʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ velocity ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ: CVV = ů_velocity / ɛ_velocity [4]. 

ʀʥʜʝʢʩ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ (Performance Accuracy Index, PAI) ï 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʨʠʪʤʠʯʝʩʢʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʦʯʥʦʩʪʴ: PAI = w  * (1 ï MAD_norm) + w  * (1 ï CVV_norm) + w  * 

Accuracy_pitch [3]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʰʠʙʦʢ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʙʘʨʘʙʘʥʱʠʢʦʚ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʛʣʘ 

ʙʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʛʨʫ ʫʯʝʥʠʢʘ, ʚʳʷʚʣʷʪʴ ʝʛʦ ʩʣʘʙʳʝ ʤʝʩʪʘ 

ʠ ʧʨʝʜʣʘʛʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʠʭ ʢʦʨʨʝʢʮʠʠ [3]. 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʣʠʯʘʪʴ ʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

(ʩʚʠʥʛ, ʨʫʙʘʪʦ) ʠ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʦʰʠʙʢʠ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ MIDI -ʠʩʧʦʣʥʝʥʠʷ [4], çʨʘʟʣʠʯʝʥʠʝ ʥʝʚʳʨʘʟʠʪʝʣʴʥʳʭ ʠ 

ʚʳʨʘʟʠʪʝʣʴʥʳʭ MIDI -ʪʨʝʢʦʚ ʩʣʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ MIDI -ʬʘʡʣʳ ʠʟʥʘʯʘʣʴʥʦ ʥʝ 

ʩʦʜʝʨʞʘʪ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠè. 

ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ 

MIDI -ʜʘʪʘʩʝʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ɼʦʩʪʫʧʥʦʩʪʴ ʪʘʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʢʘʢ GigaMIDI, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʝʝ 1.4 ʤʠʣʣʠʦʥʘ MIDI -ʬʘʡʣʦʚ [4], ʠ 

Groove MIDI, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʜʘʪʘʩʝʪ ʜʣʷ ʫʜʘʨʥʳʭ ʠʟ 1150 ʬʘʡʣʦʚ [9], 

ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʰʠʙʦʢ ʥʘʯʠʥʘʶʱʠʭ 

ʙʘʨʘʙʘʥʱʠʢʦʚ ʥʘ ʦʩʥʦʚʝ MIDI -ʜʘʥʥʳʭ. ɺʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʦʰʠʙʦʢ: 

ʨʠʪʤʠʯʝʩʢʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ, ʦʰʠʙʢʠ ʧʨʦʧʫʩʢʘ ʠ ʜʦʙʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʦʪʢʣʦʥʝʥʠʡ ʚʨʝʤʝʥʠ 

ʘʪʘʢʠ, ʘʥʘʣʠʟ ʚʘʨʠʘʪʠʚʥʦʩʪʠ velocity ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ. ʇʨʝʜʣʦʞʝʥ ʥʘʙʦʨ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʛʨʝ ʥʘ ʫʜʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʊʈɽʅɼʆɺ ʀ 

ɻɽʅɽʈɸʎʀʀ ʉʀɻʅɸʃʆɺ ɺ ʊʆʈɻʆɺʓʍ ʊɽʈʄʀʅɸʃɸʍ 

 
ʌʠʥʘʥʩʦʚʳʝ ʨʳʥʢʠ ʩʝʛʦʜʥʷ ʫʩʪʨʦʝʥʳ ʩʣʦʞʥʦ. ɿʘ ʥʠʤʠ ʩʣʝʜʷʪ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʳ, ʠ ʦʙʳʯʥʳʝ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʟʘʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʥʠʮʝ ʢʫʨʩʦʚ. 

ɽʞʝʜʥʝʚʥʦ ʤʠʣʣʠʦʥʳ ʫʯʘʩʪʥʠʢʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʦʚʝʨʰʘʶʪ ʩʜʝʣʢʠ ʩ ʚʘʣʶʪʦʡ, 

ʘʢʮʠʷʤʠ, ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʄʥʦʛʦʝ 

ʨʝʰʘʝʪ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʪʳ ʧʦʥʠʤʘʝʰʴ ʨʳʥʦʢ ʠ ʢʦʛʜʘ ʧʨʠʥʠʤʘʝʰʴ ʨʝʰʝʥʠʝ 

ʚʦʡʪʠ ʠʣʠ ʚʳʡʪʠ ʠʟ ʩʜʝʣʢʠ. 

ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʜʥʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ ʟʘʥʠʤʘʝʪ ʪʨʝʥʜ ï ʪʦ ʝʩʪʴ 

ʢʫʜʘ ʚʦʦʙʱʝ ʜʚʠʞʝʪʩʷ ʮʝʥʘ. ʋʤʝʥʠʝ ʦʧʨʝʜʝʣʠʪʴ ʪʝʢʫʱʠʡ ʪʨʝʥʜ ʠ ʧʨʝʜʩʢʘʟʘʪʴ 

ʤʦʤʝʥʪ ʝʛʦ ʨʘʟʚʦʨʦʪʘ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʦʡ ʫʩʧʝʰʥʦʡ ʪʦʨʛʦʚʣʠ. ʆʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʪʨʝʡʜʝʨʦʚ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʦʨʛʦʚʳʝ ʪʝʨʤʠʥʘʣʳ, ʪʘʢʠʝ ʢʘʢ MetaTrader 4, ʧʨʝʜʣʘʛʘʶʪ 

ʜʝʩʷʪʢʠ ʨʘʟʣʠʯʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ. ʅʦ ʦʙʠʣʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʯʘʩʪʦ ʥʝ ʧʦʤʦʛʘʝʪ, ʘ, ʥʘʦʙʦʨʦʪ, ʤʦʞʝʪ ʟʘʧʫʪʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: çʂʘʢʠʝ ʤʝʪʦʜʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʙʦʪʘʶʪ, ʘ ʢʘʢʠʝ 

ʩʦʟʜʘʶʪ ʠʣʣʶʟʠʶ ʧʦʥʠʤʘʥʠʷ ʨʳʥʢʘ?è.  
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʥʜʦʚ ʠ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʦʥʷʪʠʝ ʪʨʝʥʜʘ ʠ ʝʛʦ ʚʠʜʳ 

ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦʜ ʪʨʝʥʜʦʤ ʧʦʥʠʤʘʝʪʩʷ ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʮʝʥʳ ʬʠʥʘʥʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʙʳʯʥʦ ʚʳʜʝʣʷʪʁ ʪʨʠ ʪʠʧʘ ʪʨʝʥʜʘ: 

ʇʨʠ ʚʦʩʭʦʜʷʱʝʤ ʪʨʝʥʜʝ ʢʘʞʜʳʡ ʥʦʚʳʡ ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʧʨʝʜʳʜʫʱʝʛʦ. ʊʘʢʦʡ ʨʳʥʦʢ ʥʘʟʳʚʘʶʪ çʙʳʯʴʠʤè, ʧʦʩʢʦʣʴʢʫ 

ʧʦʢʫʧʘʪʝʣʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʧʨʦʜʘʚʮʳ. ɺʦʩʭʦʜʷʱʠʡ ʪʨʝʥʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʞʠʜʘʥʠʝʤ ʫʯʘʩʪʥʠʢʦʚ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ. 

ʅʠʩʭʦʜʷʱʠʡ ʪʨʝʥʜ ï ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʤʘʢʩʠʤʫʤʳ ʠ 

ʤʠʥʠʤʫʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʥʠʞʘʶʪʩʷ. ʕʪʦ çʤʝʜʚʝʞʠʡè ʨʳʥʦʢ, ʛʜʝ 

ʜʦʤʠʥʠʨʫʶʪ ʧʨʦʜʘʚʮʳ, ʦʞʠʜʘʶʱʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʘʜʝʥʠʷ ʮʝʥʳ. ʅʘ ʪʘʢʦʤ ʨʳʥʢʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʥʘʩʪʨʦʝʥʠʷ ʠ ʩʪʨʘʭʠ ʫʯʘʩʪʥʠʢʦʚ. 

ɹʦʢʦʚʦʡ ʪʨʝʥʜ (ʬʣʵʪ) ï ʮʝʥʘ ʜʚʠʞʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʦʨʠʜʦʨʝ ʤʝʞʜʫ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤʠ ʫʨʦʚʥʷʤʠ ʧʦʜʜʝʨʞʢʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ ʪʘʢʠʝ ʧʝʨʠʦʜʳ 

ʨʳʥʦʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʠʣʳ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʧʨʦʜʘʚʮʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ, ʠ 

ʯʝʪʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʪ [2]. 

ʅʘʜʦ ʩʢʘʟʘʪʴ: ʠʜʝʘʣʴʥʳʡ ʪʨʝʥʜ ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʈʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʮʝʥʳ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʩʣʫʯʘʡʥʦʩʪʠ ʠ ʰʫʤʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɺʦʩʧʨʠʷʪʠʝ ʪʨʝʥʜʦʚ ʪʨʝʡʜʝʨʘʤʠ: ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʳʥʢʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʝʙʦʣʴʰʦʡ ʦʧʨʦʩ 

ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʦʨʛʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 50 ʯʝʣʦʚʝʢ 

ï ʦʪ ʥʘʯʠʥʘʶʱʠʭ ʪʨʝʡʜʝʨʦʚ ʩʦ ʩʪʘʞʝʤ ʤʝʥʝʝ ʛʦʜʘ ʜʦ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʩ ʦʧʳʪʦʤ 

ʙʦʣʝʝ 5 ʣʝʪ. ʈʝʩʧʦʥʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʣʦʩʴ ʦʪʚʝʪʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʦʧʨʦʩʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʥʜʦʚ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʪʨʝʡʜʝʨʦʚ 

ɺʦʧʨʦʩ ɺʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ ʈʝʟʫʣʴʪʘʪ 

ʂʘʢ ʯʘʩʪʦ ʚʳ ʦʧʨʝʜʝʣʷʝʪʝ 

ʪʨʝʥʜ ʧʨʘʚʠʣʴʥʦ? 

ʇʦʯʪʠ ʚʩʝʛʜʘ (ʙʦʣʝʝ 80%) 12% 

 ʏʘʩʪʦ (60-80%) 34% 

 ʇʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ 

ʩʣʫʯʘʝʚ 

42% 

 ʈʝʜʢʦ (ʤʝʥʝʝ 40%) 12% 

ʂʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʳ 

ʠʩʧʦʣʴʟʫʝʪʝ? 

ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ 78% 

 ʉʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ 64% 

 ɼʨʫʛʠʝ ʠʥʜʠʢʘʪʦʨʳ 38% 

ʏʪʦ ʜʣʷ ʚʘʩ ʚʘʞʥʝʝ? ʈʘʥʥʠʡ ʩʠʛʥʘʣ (ʤʦʞʝʪ ʙʳʪʴ 

ʣʦʞʥʳʤ) 

36% 

 ʇʦʜʪʚʝʨʞʜʝʥʥʳʡ ʩʠʛʥʘʣ (ʩ 

ʟʘʜʝʨʞʢʦʡ) 

64% 
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ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʮʠʬʨʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʚʝʱʝʡ: 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʨʝʡʜʝʨʦʚ (42%) ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʥʜ ʧʨʘʚʠʣʴʥʦ ʣʠʰʴ ʧʨʠʤʝʨʥʦ 

ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʯʪʦ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩʣʫʯʘʡʥʳʤ ʫʛʘʜʳʚʘʥʠʝʤ. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯʠ ʜʘʞʝ ʜʣʷ ʦʧʳʪʥʳʭ ʫʯʘʩʪʥʠʢʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʦʩʪʘʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ (78%), 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ. ʊʨʝʡʜʝʨʳ ʜʦʚʝʨʷʶʪ ʩʦʙʩʪʚʝʥʥʳʤ ʛʣʘʟʘʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ. 

ʉ ʣʦʞʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʩʪʘʣʢʠʚʘʣʦʩʴ ʧʦʯʪʠ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 64% ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ 

ʩʠʛʥʘʣʳ, ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʧʦʩʪʫʧʘʶʪ ʩ ʟʘʜʝʨʞʢʦʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ ʯʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʘʚʷʪ ʚ ʧʨʠʦʨʠʪʝʪ ʥʘʜʝʞʥʦʩʪ ɹʘ ʥʝ ʩʢʦʨʦʩʪʴ. 

ʆʙʟʦʨ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʥʜʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʥʜʦʚ. 

ɺʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ. 

ʉʘʤʳʡ ʦʯʝʚʠʜʥʳʡ ʩʧʦʩʦʙ ï ʧʨʦʩʪʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʛʨʘʬʠʢ. ʊʨʝʡʜʝʨ 

ʦʪʢʨʳʚʘʝʪ ʛʨʘʬʠʢ ʮʝʥʳ ʠ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʚʘʝʪ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥʦ ʜʚʠʞʝʥʠʝ. ɼʣʷ 

ʚʦʩʭʦʜʷʱʝʛʦ ʪʨʝʥʜʘ ʭʘʨʘʢʪʝʨʥʳ ʨʘʩʪʫʱʠʝ "ʛʦʨʢʠ" (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʚʳʰʘʶʱʠʭʩʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ), ʜʣʷ ʥʠʩʭʦʜʷʱʝʛʦ ï ʧʘʜʘʶʱʠʝ, ʜʣʷ 

ʬʣʵʪʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʇʣʶʩ ʚ ʪʦʤ, ʯʪʦ ʥʠʯʝʛʦ ʦʩʦʙʦʛʦ ʟʥʘʪʴ ʥʝ ʥʘʜʦ. ʆʪʢʨʳʣ ʛʨʘʬʠʢ ï ʠ ʩʤʦʪʨʠʰʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʘʩʰʪʘʙʘ ʛʨʘʬʠʢʘ, 

ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʨʘʟʚʦʨʦʪʘ. 

ʊʨʝʥʜʦʚʳʝ ʣʠʥʠʠ. 

ʊʨʝʥʜʦʚʳʝ ʣʠʥʠʠ ï ʵʪʦ ʨʘʟʚʠʪʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʤʝʪʦʜʘ. ʊʨʝʡʜʝʨ ʧʨʦʚʦʜʠʪ 

ʣʠʥʠʶ ʧʦ ʜʚʫʤ ʠʣʠ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʪʦʯʢʘʤ: ʜʣʷ ʚʦʩʭʦʜʷʱʝʛʦ ʪʨʝʥʜʘ ï ʧʦ 

ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʫʤʘʤ, ʜʣʷ ʥʠʩʭʦʜʷʱʝʛʦ ï ʧʦ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʘʤ. ʇʦʢʘ 

ʮʝʥʘ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʚʦʩʭʦʜʷʱʝʡ ʣʠʥʠʠ ʠʣʠ ʥʠʞʝ ʥʠʩʭʦʜʷʱʝʡ, ʪʨʝʥʜ ʩʯʠʪʘʝʪʩʷ 

ʜʝʡʩʪʚʫʶʱʠʤ. ʇʨʦʙʦʡ ʣʠʥʠʠ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʚʦʟʤʦʞʥʦʡ ʩʤʝʥʝ ʪʨʝʥʜʘ. 

ʕʪʦ ʫʞʝ ʪʦʯʥʝʝ, ʯʝʤ ʧʨʦʩʪʦ ʚʟʛʣʷʜ, ʥʦ ʚʩʸ ʨʘʚʥʦ ʝʩʪʴ ʤʝʩʪʦ ʜʣʷ ʣʠʯʥʦʛʦ 

ʚʳʙʦʨʘ ï ʛʜʝ ʠʤʝʥʥʦ ʨʠʩʦʚʘʪʴ ʣʠʥʠʶ. 

 ʉʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ. 

ʉʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ï ʠʭ ʝʱʸ ʥʘʟʳʚʘʶʪ (Moving Averages) ï ʤʥʦʛʠʝ 

ʪʨʝʡʜʝʨʳ ʣʶʙʷʪ ʟʘ ʧʨʦʩʪʦʪʫ ʨʘʩʯʸʪʦʚ. ʀʥʜʠʢʘʪʦʨ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʨʝʜʥʶʶ ʮʝʥʫ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʠ ʦʪʦʙʨʘʞʘʝʪ ʝʝ ʚ ʚʠʜʝ ʣʠʥʠʠ. ʂʦʛʜʘ ʪʝʢʫʱʘʷ ʮʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ, ʪʨʝʥʜ ʩʯʠʪʘʝʪʩʷ ʚʦʩʭʦʜʷʱʠʤ, ʥʠʞʝ ï 

ʥʠʩʭʦʜʷʱʠʤ. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʩ 

ʨʘʟʥʳʤʠ ʧʝʨʠʦʜʘʤʠ: ʙʳʩʪʨʫʶ (ʩ ʤʘʣʳʤ ʧʝʨʠʦʜʦʤ) ʠ ʤʝʜʣʝʥʥʫʶ (ʩ ʙʦʣʴʰʠʤ 

ʧʝʨʠʦʜʦʤ). ʂʦʛʜʘ ʙʳʩʪʨʘʷ ʧʝʨʝʩʝʢʘʝʪ ʤʝʜʣʝʥʥʫʶ ʩʥʠʟʫ ʚʚʝʨʭ ï ʵʪʦ ʩʠʛʥʘʣ ʢ 

ʧʦʢʫʧʢʝ, ʩʚʝʨʭʫ ʚʥʠʟ ï ʢ ʧʨʦʜʘʞʝ [3]. 

ʆʩʮʠʣʣʷʪʦʨʳ. 
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RSI (Relative Strength Index) ʠʣʠ Stochastic ʩʤʦʪʨʷʪ ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʮʝʥʳ ʠ ʧʦʢʘʟʳʚʘʶʪ, ʥʝ ʧʦʨʘ ʣʠ ʨʳʥʢʫ ʨʘʟʚʝʨʥʫʪʴʩʷ. ʆʥʠ ʠʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʮʝʥʳ ʠ ʦʪʦʙʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʣʠʥʠʠ, ʢʦʣʝʙʣʶʱʝʡʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʙʳʯʥʦ ʦʪ 0 ʜʦ 100). 

ʂʦʛʜʘ ʦʩʮʠʣʣʷʪʦʨ ʜʦʩʪʠʛʘʝʪ ʚʝʨʭʥʠʭ ʟʥʘʯʝʥʠʡ (ʚʳʰʝ 70), ʨʳʥʦʢ ʩʯʠʪʘʝʪʩʷ 

ʧʝʨʝʢʫʧʣʝʥʥʳʤ ï ʚʦʟʤʦʞʝʥ ʨʘʟʚʦʨʦʪ ʚʥʠʟ. ʂʦʛʜʘ ʦʩʮʠʣʣʷʪʦʨ ʦʧʫʩʢʘʝʪʩʷ ʢ 

ʥʠʞʥʠʤ ʟʥʘʯʝʥʠʷʤ (ʥʠʞʝ 30), ʨʳʥʦʢ ʧʝʨʝʧʨʦʜʘʥ ï ʚʦʟʤʦʞʝʥ ʨʘʟʚʦʨʦʪ ʚʚʝʨʭ. 

ʅʦ ʝʩʪʴ ʥʶʘʥʩ: ʢʦʛʜʘ ʪʨʝʥʜ ʤʦʱʥʳʡ, ʦʩʮʠʣʣʷʪʦʨʳ ʧʦʜʦʣʛʫ ʟʘʚʠʩʘʶʪ ʚ 

ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʷʭ ʠ ʦʙʤʘʥʳʚʘʶʪ.  

 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʝʥʜʦʚ 

ʄʝʪʦʜ ʆʙʲʝʢʪʠʚʥʦʩʪʴ 
ʉʢʦʨʦʩʪʴ 

ʩʠʛʥʘʣʘ 

ɿʘʱʠʪʘ ʦʪ 

ʰʫʤʘ 
ʉʣʦʞʥʦʩʪʴ 

ɺʠʟʫʘʣʴʥʳʡ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʅʠʟʢʘʷ 

ʊʨʝʥʜʦʚʳʝ 

ʣʠʥʠʠ 
ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

ʉʢʦʣʴʟʷʱʠʝ 

ʩʨʝʜʥʠʝ 
ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ʆʩʮʠʣʣʷʪʦʨʳ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʠʜʝʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʥʝʪ. ɺʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ ʜʘʝʪ 

ʙʳʩʪʨʳʝ, ʥʦ ʩʫʙʲʝʢʪʠʚʥʳʝ ʩʠʛʥʘʣʳ. ʉʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʦʙʲʝʢʪʠʚʥʳ ʠ ʭʦʨʦʰʦ 

ʬʠʣʴʪʨʫʶʪ ʰʫʤ, ʥʦ ʩʠʣʴʥʦ ʟʘʧʘʟʜʳʚʘʶʪ. ʆʩʮʠʣʣʷʪʦʨʳ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʥʦ ʤʦʛʫʪ ʜʘʚʘʪʴ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʠʣʴʥʳʝ ʪʨʝʥʜʳ. 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʳ ʦʙʳʯʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʜʥʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʩʤʝʰʠʚʘʶʪ ʜʚʘ ʠʣʠ ʪʨʠ. ʅʘʧʨʠʤʝʨ, ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʩʮʠʣʣʷʪʦʨʳ ʜʣʷ ʧʦʠʩʢʘ ʪʦʯʝʢ ʚʭʦʜʘ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʉʘʤʘʷ ʯʘʩʪʘʷ ʛʦʣʦʚʥʘʷ ʙʦʣʴ ʪʨʝʡʜʝʨʘ ï ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

ʅʘʧʨʠʤʝʨ, ʨʳʥʦʯʥʳʡ ʰʫʤ: ʩʣʫʯʘʡʥʳʝ ʜʸʨʛʘʥʠʷ ʮʝʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ 

ʩ ʦʩʥʦʚʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʆʩʦʙʝʥʥʦ ʩʠʣʝʥ ʰʫʤ ʥʘ ʤʘʣʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

(ʤʠʥʫʪʥʳʭ, ʯʘʩʦʚʳʭ). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ï ʚʳʭʦʜ ʚʘʞʥʳʭ ʥʦʚʦʩʪʝʡ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘʷʚʣʝʥʠʡ ʧʦʣʠʪʠʢʦʚ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʤʦʣʥʠʝʥʦʩʥʳʝ, ʥʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ ʮʝʥʳ. 

ʇʩʠʭʦʣʦʛʠʷ ʪʦʣʧʳ ï ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʭʘʦʪʠʯʥʳʤ ʜʚʠʞʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʩʤʝʥʷʶʪʩʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ. 
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ʄʘʥʠʧʫʣʷʮʠʠ ï ʢʨʫʧʥʳʝ ʠʛʨʦʢʠ ʠʥʦʛʜʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʶʪ ʣʦʞʥʳʝ 

ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʤʝʣʢʠʭ ʪʨʝʡʜʝʨʦʚ ʥʘ ʦʪʢʨʳʪʠʝ ʧʦʟʠʮʠʡ, ʘ 

ʟʘʪʝʤ ʜʚʠʛʘʶʪ ʮʝʥʫ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʦʧʨʦʩʘ, 82% ʪʨʝʡʜʝʨʦʚ ʨʝʛʫʣʷʨʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʣʦʞʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʥʠʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: 

- ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʜʠʢʘʪʦʨʦʚ; 

- ʘʥʘʣʠʟ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ; 

- ʦʞʠʜʘʥʠʝ ʟʘʢʨʳʪʠʷ ʩʚʝʯʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʙʦʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ ʚʦʣʘʪʠʣʴʥʦʩʪʠ. 

ʃʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʝʪ ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʸʤʦʚ ʬʠʣʴʪʨʘʮʠʠ. 

ʆʜʥʘʢʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ï 

ʢʘʞʜʳʡ ʪʨʝʡʜʝʨ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʩ ʫʯʝʪʦʤ ʩʚʦʝʛʦ ʩʪʠʣʷ 

ʪʦʨʛʦʚʣʠ ʠ ʪʝʨʧʠʤʦʩʪʠ ʢ ʨʠʩʢʫ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ ʪʨʝʥʜʘ ʠ ʝʛʦ ʚʠʜʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʩʭʦʜʷʱʝʛʦ, ʥʠʩʭʦʜʷʱʝʛʦ ʠ ʙʦʢʦʚʦʛʦ ʪʨʝʥʜʦʚ. 

ʆʨʛʘʥʠʟʦʚʘʥ ʠ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʦʨʛʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ, 

ʧʦʟʚʦʣʠʚʰʠʡ ʚʳʷʚʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʪʨʝʡʜʝʨʳ ʧʨʠ 

ʨʘʩʧʦʟʥʦʚʘʥʠʠ ʪʨʝʥʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʫʯʘʩʪʥʠʢʦʚ (42%) ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʥʜ ʣʠʰʴ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʘ 82% 

ʨʝʛʫʣʷʨʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʣʦʞʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʥʜʦʚ: ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʥʜʦʚʳʭ ʣʠʥʠʡ, ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʠ ʦʩʮʠʣʣʷʪʦʨr. ɺʳʷʚʣʝʥʳ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʦʙʲʝʢʪʠʚʥʦʩʪʠ, 

ʩʢʦʨʦʩʪʠ ʩʠʛʥʘʣʘ, ʟʘʱʠʪʳ ʦʪ ʰʫʤʘ ʠ ʩʣʦʞʥʦʩʪʠ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʠ ʦʜʠʥ 

ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. 

ʕʪʘ ʨʘʙʦʪʘ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ ʠ ʥʦʚʠʯʢʘʤ, ʠ ʪʝʤ, ʢʪʦ ʫʞʝ ʜʘʚʥʦ ʪʦʨʛʫʝʪ. 

ʇʦʥʠʤʘʥʠʝ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʠ ʩʧʦʩʦʙʫ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʃɸʊʌʆʈʄ ʈɽɸʃʀɿɸʎʀʀ 

ɸɺʊʆɿɸʇʏɸʉʊɽʁ: ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʊʈɽɹʀʊɽʃʔʉʂʀʍ 

ʇʈɽɼʇʆʏʊɽʅʀʁ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʧʝʨʝʭʦʜʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʠ ʨʳʥʦʢ 

ʘʚʪʦʟʘʧʯʘʩʪʝʡ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʘʛʝʥʪʩʪʚ, ʧʦ ʠʪʦʛʘʤ 2025 ʛʦʜʘ ʜʦʣʷ ʦʥʣʘʡʥ-ʧʨʦʜʘʞ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʳʥʢʘ 

ʘʚʪʦʢʦʤʧʦʥʝʥʪʦʚ ʜʦʩʪʠʛʣʘ 43% [1]. ʇʦʢʫʧʘʪʝʣʠ ʚʩʝ ʯʘʱʝ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ 

ʧʦʩʝʱʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʘʛʘʟʠʥʦʚ, ʦʪʜʘʚʘʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʥʪʝʨʥʝʪ-ʧʣʦʱʘʜʢʘʤ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʮʝʥ 

ʠ ʜʦʩʪʫʧʘ ʢ ʰʠʨʦʢʦʤʫ ʘʩʩʦʨʪʠʤʝʥʪʫ, ʚʢʣʶʯʘʷ ʨʝʜʢʠʝ ʧʦʟʠʮʠʠ. ɼʣʷ ʚʣʘʜʝʣʴʮʝʚ 

ʨʦʟʥʠʯʥʳʭ ʤʘʛʘʟʠʥʦʚ ʘʚʪʦʟʘʧʯʘʩʪʝʡ ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʦʥʣʘʡʥ-ʧʨʦʜʘʞ ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝʚʝʨʥʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʥʘʣʘ ʩʙʳʪʘ 

ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʥʝʦʧʨʘʚʜʘʥʥʳʝ ʟʘʪʨʘʪʳ, ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʠ ʧʦʪʝʨʶ 

ʨʳʥʦʯʥʳʭ ʧʦʟʠʮʠʡ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʥʘʣʦʚ ʦʥʣʘʡʥ-ʧʨʦʜʘʞ ʘʚʪʦʟʘʧʯʘʩʪʝʡ, ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚʳʷʚʣʝʥʠʠ 

ʨʝʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʳʥʦʯʥʳʭ ʜʘʥʥʳʭ 2024ï2026 

ʛʦʜʦʚ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʘʚʪʦʟʘʧʯʘʩʪʝʡ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʨʢʝʪʧʣʝʡʩʳ. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢʨʫʧʥʳʝ 

ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ, ʪʘʢʠʝ ʢʘʢ Ozon, Wildberries ʠ Avito [2]. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʨʳʥʦʢ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʜʝʣʠ), 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʨʦʜʘʚʮʫ ʜʦʩʪʫʧ ʢ ʤʥʦʛʦʤʠʣʣʠʦʥʥʦʡ ʘʫʜʠʪʦʨʠʠ. ʉʦʛʣʘʩʥʦ 

ʨʝʡʪʠʥʛʫ CNews ʟʘ 2025 ʛʦʜ, Avito ʧʨʠʟʥʘʥ ʣʫʯʰʝʡ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʧʨʦʜʘʞʠ ʘʚʪʦʪʦʚʘʨʦʚ: ʥʘ ʧʣʦʱʘʜʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ 75 ʤʠʣʣʠʦʥʦʚ ʪʦʚʘʨʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʘʨʢʝʪʧʣʝʡʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʧʫʥʢʪʳ ʚʳʜʘʯʠ ʟʘʢʘʟʦʚ, ʢʫʨʴʝʨʩʢʘʷ ʜʦʩʪʘʚʢʘ) ʠ ʚʩʪʨʦʝʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʜʚʠʞʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʨʝʥʜʠʨʦʚʘʥʠʷ, ʚʟʠʤʘʶʪ ʢʦʤʠʩʩʠʶ ʩ ʧʨʦʜʘʞ ʦʪ 5 ʜʦ 15 ʧʨʦʮʝʥʪʦʚ 

ʠ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʦʜʙʦʨʘ ʟʘʧʯʘʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʠʩʢ ʧʦ VIN-ʢʦʜʫ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʥʝʪ-ʛʠʧʝʨʤʘʨʢʝʪʳ. ɺʪʦʨʫʶ ʢʘʪʝʛʦʨʠʶ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʬʠʣʴʥʳʝ ʧʣʦʱʘʜʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʘʚʪʦʟʘʧʯʘʩʪʠ: Exist.ru, Autodoc.ru ʠ ʜʨʫʛʠʝ [1]. ɼʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʜʘʶʪ 

ʛʣʫʙʦʢʠʤʠ ʢʘʪʘʣʦʛʘʤʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʧʨʘʚʦʯʥʠʢʘʤʠ 

TecDoc, ʠ ʧʨʝʜʣʘʛʘʶʪ ʨʘʩʰʠʨʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ: ʧʦʜʙʦʨ ʧʦ VIN, 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ çɻʘʨʘʞʘè ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ, 
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ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʬʠʣʴʪʨʳ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʜʘʚʮʫ ʟʜʝʩʴ ʚʳʰʝ, ʯʝʤ ʥʘ 

ʤʘʨʢʝʪʧʣʝʡʩʘʭ, ʦʜʥʘʢʦ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ ʪʘʢʠʝ ʧʣʦʱʘʜʢʠ ʚʳʩʪʫʧʘʶʪ ʵʪʘʣʦʥʦʤ 

ʪʦʯʥʦʩʪʠ ʧʦʜʙʦʨʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʟʣʦʚ. 

 ʊʨʘʜʠʮʠʦʥʥʘʷ ʨʦʟʥʠʮʘ. ʌʠʟʠʯʝʩʢʠʝ ʘʚʪʦʤʘʛʘʟʠʥʳ ʠ ʨʳʥʦʯʥʳʝ ʪʦʯʢʠ 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ ʩʨʦʯʥʳʭ ʧʦʢʫʧʦʢ ʠ ʜʣʷ ʢʣʠʝʥʪʦʚ, 

ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʣʠʯʥʳʡ ʦʩʤʦʪʨ ʪʦʚʘʨʘ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʣʦʢʘʣʴʥʳʡ ʦʭʚʘʪ ʘʫʜʠʪʦʨʠʠ ʜʝʣʘʶʪ ʠʭ ʫ̫ʟʚʠʤʳʤʠ 

ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ [3]. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʫʩʪʥʳʡ ʦʧʨʦʩ ʩʨʝʜʠ ʧʦʢʫʧʘʪʝʣʝʡ ʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʤʘʛʘʟʠʥʘ ʘʚʪʦʟʘʧʯʘʩʪʝʡ, ʚ ʢʦʪʦʨʦʤ ʷ ʨʘʙʦʪʘʶ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ 

ʫʯʘʩʪʠʝ 20 ʨʝʩʧʦʥʜʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. 

ʆʧʨʦʩ ʚʢʣʶʯʘʣ ʚʦʧʨʦʩʳ ʦ ʚʦʟʨʘʩʪʝ, ʧʦʣʝ, ʩʪʘʞʝ ʚʦʞʜʝʥʠʷ, ʧʨʝʜʧʦʯʠʪʘʝʤʳʭ 

ʢʘʥʘʣʘʭ ʧʦʢʫʧʢʠ, ʧʨʠʯʠʥʝ ʚʳʙʦʨʘ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʧʨʦʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʦ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʧʨʠ ʧʦʢʫʧʢʝ ʘʚʪʦʟʘʧʯʘʩʪʝʡ 

 ɺʦʟʨʘʩʪ ʉʪʘʞ ʚʦʞʜʝʥʠʷ ʆʩʥʦʚʥʦʡ ʢʘʥʘʣ ʇʨʠʯʠʥʘ ʚʳʙʦʨʘ 

11 18-25 ɼʦ 3 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʎʝʥʘ 

22 18-25 ɼʦ 3 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʋʜʦʙʩʪʚʦ 

33 18-25 3-10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ɸʩʩʦʨʪʠʤʝʥʪ 

44 26-35 3-10 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʎʝʥʘ 

55 26-35 >10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ɸʩʩʦʨʪʠʤʝʥʪ 

66 26-35 3-10 ʣʝʪ ʈʦʟʥʠʮʘ ʇʦʩʤʦʪʨʝʪʴ ʚʞʠʚʫʶ 

77 26-35 >10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ʋʜʦʙʩʪʚʦ 

88 36-50 >10 ʣʝʪ ʈʦʟʥʠʮʘ ʇʨʠʚʳʯʢʘ 

99 36-50 >10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ɸʩʩʦʨʪʠʤʝʥʪ 

110 36-50 3-10 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʋʜʦʙʩʪʚʦ 

111 36-50 >10 ʣʝʪ ʈʦʟʥʠʮʘ ʉʨʦʯʥʦʩʪʴ 

112 36-50 >10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ʋʜʦʙʩʪʚʦ 

113 50+ >10 ʣʝʪ ʈʦʟʥʠʮʘ ʇʨʠʚʳʯʢʘ 

114 50+ >10 ʣʝʪ ʈʦʟʥʠʮʘ ʇʦʩʤʦʪʨʝʪʴ ʚʞʠʚʫʶ 

115 50+ 3-10 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʎʝʥʘ 

116 18-25 ɼʦ 3 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʎʝʥʘ 

117 26-35 ɼʦ 3 ʣʝʪ ʄʘʨʢʝʪʧʣʝʡʩ ʎʝʥʘ 

118 36-50 >10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ʋʜʦʙʩʪʚʦ 

119 50+ >10 ʣʝʪ ʈʦʟʥʠʮʘ ʇʦʩʤʦʪʨʝʪʴ ʚʞʠʚʫʶ 

220 26-35 3-10 ʣʝʪ ʉʧʝʮ. ʩʘʡʪ ʎʝʥʘ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ɺ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 18-25 ʣʝʪ (4 ʨʝʩʧʦʥʜʝʥʪʘ) 3 ʯʝʣʦʚʝʢʘ (75%) 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʤʘʨʢʝʪʧʣʝʡʩʳ, 1 ʯʝʣʦʚʝʢ (25%) ʚʳʙʠʨʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
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ʩʘʡʪʳ. ʈʦʟʥʠʯʥʳʝ ʤʘʛʘʟʠʥʳ ʚ ʜʘʥʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʥʝ ʧʦʣʴʟʫʶʪʩʷ 

ʩʧʨʦʩʦʤ (0%). ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʙʦʨʘ ʜʣʷ ʤʦʣʦʜʳʭ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʷʚʣʷʶʪʩʷ ʮʝʥʘ (2 ʯʝʣʦʚʝʢʘ) ʠ ʫʜʦʙʩʪʚʦ (1 ʯʝʣʦʚʝʢ). ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʠʭ ʦʨʠʝʥʪʘʮʠʶ 

ʥʘ ʤʘʨʢʝʪʧʣʝʡʩʳ, ʛʜʝ ʵʪʠ ʢʨʠʪʝʨʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʳ. 

ʉʨʝʜʠ ʨʝʩʧʦʥʜʝʥʪʦʚ 26-35 ʣʝʪ (7 ʯʝʣʦʚʝʢ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ: ʤʘʨʢʝʪʧʣʝʡʩʳ ʚʳʙʨʘʣʠ 3 ʯʝʣʦʚʝʢʘ (43%), ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʩʘʡʪʳ ï 3 ʯʝʣʦʚʝʢʘ (43%), ʨʦʟʥʠʮʫ ï 1 ʯʝʣʦʚʝʢ (14%). ɸʥʘʣʠʟ ʤʦʪʠʚʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʝʥʦʚʦʡ ʬʘʢʪʦʨ ʜʦʤʠʥʠʨʫʝʪ ʫ ʧʦʢʫʧʘʪʝʣʝʡ ʤʘʨʢʝʪʧʣʝʡʩʦʚ, 

ʪʦʛʜʘ ʢʘʢ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʫʜʦʙʩʪʚʦ ʩʪʘʥʦʚʷʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʘʡʪʦʚ. 

ɺ ʛʨʫʧʧʝ 36-50 ʣʝʪ (6 ʨʝʩʧʦʥʜʝʥʪʦʚ) ʣʠʜʠʨʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʘʡʪʳ 

ï 3 ʯʝʣʦʚʝʢʘ (50%). ʈʦʟʥʠʮʫ ʧʨʝʜʧʦʯʣʠ 2 ʯʝʣʦʚʝʢʘ (33%), ʤʘʨʢʝʪʧʣʝʡʩʳ ï 1 

ʯʝʣʦʚʝʢ (17%). ɼʣʷ ʜʘʥʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʚʳʩʪʫʧʘʶʪ ʘʩʩʦʨʪʠʤʝʥʪ (2 ʯʝʣʦʚʝʢʘ) ʠ ʫʜʦʙʩʪʚʦ (2 ʯʝʣʦʚʝʢʘ), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʚʳʙʦʨʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ. ʇʦʢʫʧʘʪʝʣʠ, ʚʳʙʠʨʘʶʱʠʝ ʨʦʟʥʠʮʫ, 

ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʨʠʚʳʯʢʦʡ, ʩʨʦʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʤʦʪʨʝʪʴ ʪʦʚʘʨ 

ʚʞʠʚʫʶ. 

ʉʨʝʜʠ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʪʘʨʰʝ 50 ʣʝʪ (3 ʯʝʣʦʚʝʢʘ) ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ (2 

ʯʝʣʦʚʝʢʘ, 67%) ʚʳʙʠʨʘʶʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʨʦʟʥʠʮʫ. ʆʜʠʥ ʨʝʩʧʦʥʜʝʥʪ (33%) 

ʧʨʝʜʧʦʯʝʣ ʤʘʨʢʝʪʧʣʝʡʩ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʘʡʪʳ ʚ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ 

ʥʝ ʚʳʙʠʨʘʣ ʥʠʢʪʦ (0%). ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʙʦʨʘ ʨʦʟʥʠʮʳ ʷʚʣʷʶʪʩʷ 

ʧʨʠʚʳʯʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʯʥʦ ʦʩʤʦʪʨʝʪʴ ʪʦʚʘʨ ʧʝʨʝʜ ʧʦʢʫʧʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʩʤʝʱʝʥʠʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʦʪ 

ʨʦʟʥʠʮʳ ʚ ʩʪʦʨʦʥʫ ʦʥʣʘʡʥ-ʢʘʥʘʣʦʚ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʨʘʩʪʘ ʨʝʩʧʦʥʜʝʥʪʦʚ, 

ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʜʦʤʠʥʠʨʫʶʱʠʝ 

ʤʦʪʠʚʳ ʚʳʙʦʨʘ. ʄʦʣʦʜʝʞʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʮʝʥʫ ʠ ʫʜʦʙʩʪʚʦ ʤʘʨʢʝʪʧʣʝʡʩʦʚ, 

ʩʪʘʨʰʝʝ ʧʦʢʦʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʧʨʠʚʳʯʢʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʤʦʪʨʘ 

ʚ ʨʦʟʥʠʮʝ, ʘ ʨʝʩʧʦʥʜʝʥʪʳ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ ʮʝʥʷʪ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʫʜʦʙʩʪʚʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʘʡʪʦʚ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʜʙʦʨʘ ʟʘʧʯʘʩʪʝʡ. 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʦʧʨʦʩʘ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʦʝʡ 

ʙʘʢʘʣʘʚʨʩʢʦʡ ʨʘʙʦʪʳ. ɺ ʨʘʤʢʘʭ ʜʠʧʣʦʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ Android-ʧʨʠʣʦʞʝʥʠʝ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʘʚʪʦʟʘʧʯʘʩʪʝʡ ʠ ʠʭ ʟʘʢʘʟʘ [4,5]. ʇʨʠʣʦʞʝʥʠʝ 

ʧʦʤʦʞʝʪ ʢʘʢ ʧʦʢʫʧʘʪʝʣʷʤ, ʪʘʢ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʨʦʟʥʠʯʥʳʭ ʤʘʛʘʟʠʥʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʦʜʘʞ 

ʘʚʪʦʟʘʧʯʘʩʪʝʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʪʝʟʠʩ ʦ ʨʦʩʪʝ ʟʥʘʯʠʤʦʩʪʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ.  
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ʀ.ɸ. ʂʦʟʣʦʚʩʢʠʡ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ʉʚʠʨʠʜʝʥʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹɿʆʈ ʀ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ 

ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʉʆʉʊɸɺʃɽʅʀʗ ʋʏɽɹʅʆɻʆ ʈɸʉʇʀʉɸʅʀʗ 

 

ʉʦʩʪʘʚʣʝʥʠʝ ʫʯʝʙʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʯʝʙʥʳʭ ʛʨʫʧʧ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʜʠʩʮʠʧʣʠʥ, ʘʫʜʠʪʦʨʥʦʛʦ ʬʦʥʜʘ ʠ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ [1, 2, 3]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʪ ʢʘʯʝʩʪʚʘ 

ʨʘʩʧʠʩʘʥʠʷ ʟʘʚʠʩʷʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʬʣʠʢʪʦʚ ʧʦ 

ʚʨʝʤʝʥʠ, ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʫʜʠʪʦʨʠʡ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʦʠʪʴ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʥʦ ʠ 

ʚʳʙʨʘʪʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ [1, 3, 4]. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʘʣʠʟʘʮʠʶ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. ʇʫʩʪʴ E ï 

ʤʥʦʞʝʩʪʚʦ ʟʘʥʷʪʠʡ, G ï ʤʥʦʞʝʩʪʚʦ ʫʯʝʙʥʳʭ ʛʨʫʧʧ, P ï ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, R ï ʤʥʦʞʝʩʪʚʦ ʘʫʜʠʪʦʨʠʡ, T - ʤʥʦʞʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʩʣʦʪʦʚ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʟʘʥʷʪʠʷ e  ɴE ʟʘʜʘʶʪʩʷ ʛʨʫʧʧʘ g(e), ʧʨʝʧʦʜʘʚʘʪʝʣʴ p(e), ʪʠʧ ʟʘʥʷʪʠʷ 

k(e) ʠ ʪʨʝʙʫʝʤʘʷ ʚʤʝʩʪʠʤʦʩʪʴ n(e). ʊʦʛʜʘ ʜʚʦʠʯʥʘʷ ʧʝʨʝʤʝʥʥʘʷ x(e, t, r) 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ ʟʘʥʷʪʠʝ e ʥʘʟʥʘʯʝʥʦ ʚ ʩʣʦʪ t  ɴT ʠ ʘʫʜʠʪʦʨʠʶ r  ɴR, 

ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

x(e, t, r) = 1, ʝʩʣʠ ʟʘʥʷʪʠʝ e ʥʘʟʥʘʯʝʥʦ ʚ ʩʣʦʪ t ʠ ʘʫʜʠʪʦʨʠʶ r; 0 ï ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ. 

 

×(tɴT) ×(rRɴ) x(e, t, r) = 1,   e ɴ E, 

×(e: g(e)=g) ×(rRɴ) x(e, t, r) Ò 1,   g  ɴG, t ɴ  T, 

×(e: p(e)=p) ×(rRɴ) x(e, t, r) Ò 1,   p  ɴP, t ɴ  T. 

 

ʇʝʨʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʦʝ ʟʘʥʷʪʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʟʥʘʯʝʥʦ 

ʨʦʚʥʦ ʦʜʠʥ ʨʘʟ. ɺʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʢʣʶʯʘʶʪ ʢʦʥʬʣʠʢʪʳ ʧʦ ʫʯʝʙʥʳʤ 

ʛʨʫʧʧʘʤ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ. ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʠʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʘʫʜʠʪʦʨʠʷʤ: ʚ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʨʝʤʝʥʥʦʡ ʩʣʦʪ ʦʜʥʘ ʘʫʜʠʪʦʨʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʘ ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʦʜʥʦ ʟʘʥʷʪʠʝ. ʊʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʦʧʫʩʪʠʤʦʩʪʴ ʨʝʰʝʥʠʷ. 

ʂʨʦʤʝ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʷʛʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʨʘʩʧʠʩʘʥʠʷ: ʯʠʩʣʦ çʦʢʦʥè, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʫʟʢʠ 

ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ, ʥʝʞʝʣʘʪʝʣʴʥʦʩʪʴ ʧʦʟʜʥʠʭ ʟʘʥʷʪʠʡ, ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ 
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ʠ ʫʯʝʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʰʪʨʘʬʘ: 

 

F(x) = w1W1 + w2W2 + w3W3 + w4W4 + w5W5, 

 

ʛʜʝ Wi ï ʚʝʣʠʯʠʥʘ ʥʘʨʫʰʝʥʠʷ i-ʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ, ʘ wi ï ʝʛʦ ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. ʊʘʢʘʷ ʟʘʧʠʩʴ ʧʦʟʚʦʣʷʝʪ ʥʘ ʷʟʳʢʝ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʦʧʠʩʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʜʦʧʫʩʪʠʤʦʩʪʴ ʨʘʩʧʠʩʘʥʠʷ, ʥʦ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ [1, 4]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʚ ʚʫʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ, ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʳ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ [1, 2, 3]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʰʘʛʦʚʦ 

ʨʘʟʤʝʱʘʶʪ ʜʠʩʮʠʧʣʠʥʳ ʚ ʩʝʪʢʝ ʯʘʩʦʚ ʜʦ ʟʘʧʦʣʥʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ. ʕʚʨʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʥʝ ʠʤʝʶʪ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʨʦʛʦʡ ʩʭʝʤʳ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ; ʥʘʧʨʠʤʝʨ, ʩʥʘʯʘʣʘ ʤʦʛʫʪ ʥʘʟʥʘʯʘʪʴʩʷ ʟʘʥʷʪʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʢʦʥʬʣʠʢʪʦʚ ʧʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜʳ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ ʧʝʨʝʤʝʥʥʳʝ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʢʨʠʪʝʨʠʡ 

ʢʘʯʝʩʪʚʘ ʚ ʝʜʠʥʦʡ ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ [1, 2, 3]. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 
ʄʝʪʦʜ ʉʦʜʝʨʞʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʤʝʪʦʜʳ 

ɿʘʥʷʪʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʩʝʪʢʝ 

ʨʘʩʧʠʩʘʥʠʷ ʧʦ 

ʚʳʙʨʘʥʥʦʤʫ ʧʨʘʚʠʣʫ 

ʥʘʟʥʘʯʝʥʠʷ 

ʇʨʦʩʪʦʪʘ 

ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʈʘʥʥʠʝ ʥʘʟʥʘʯʝʥʠʷ 

ʤʦʛʫʪ ʫʭʫʜʰʘʪʴ 

ʠʪʦʛʦʚʦʝ ʢʘʯʝʩʪʚʦ 

ʨʘʩʧʠʩʘʥʠʷ 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʚʠʣʘ 

ʚʳʙʦʨʘ ʠ ʣʦʢʘʣʴʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ; ʧʨʠʦʨʠʪʝʪ 

ʧʦʣʫʯʘʶʪ ʥʘʠʙʦʣʝʝ 

ʢʦʥʬʣʠʢʪʥʳʝ ʟʘʥʷʪʠʷ 

ʍʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʠ 

ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ 

ʫʣʫʯʰʘʪʴ ʨʝʰʝʥʠʝ 

ʅʝ ʛʘʨʘʥʪʠʨʫʶʪ 

ʥʘʭʦʞʜʝʥʠʝ 

ʛʣʦʙʘʣʴʥʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ 

ʄʝʪʦʜʳ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ɿʘʜʘʯʘ ʟʘʜʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʙʠʥʘʨʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʣʠʥʝʡʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʝʡ 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʨʦʛʫʶ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʠ 

ʧʦʟʚʦʣʷʶʪ 

ʫʯʠʪʳʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ 

ʦʛʨʘʥʠʯʝʥʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʇʨʠ ʨʦʩʪʝ 

ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ 

ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʶʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ 

ʉʦʯʝʪʘʶʪ ʬʦʨʤʘʣʴʥʫʶ 

ʤʦʜʝʣʴ, 

ʜʝʢʦʤʧʦʟʠʮʠʶ, 

ʵʚʨʠʩʪʠʢʠ ʠ ʦʮʝʥʢʫ 

ʰʪʨʘʬʦʚ 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʢʘʯʝʩʪʚʦʤ ʨʝʰʝʥʠʷ ʠ 

ʚʨʝʤʝʥʝʤ 

ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ 

ʊʨʝʙʫʶʪ ʚʳʙʦʨʘ 

ʩʪʨʫʢʪʫʨʳ 

ʘʣʛʦʨʠʪʤʘ ʠ 

ʥʘʩʪʨʦʡʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʢʠ 
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ɼʘʥʥʳʝ ʪʘʙʣ. 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʫʜʦʙʥʳ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʧʠʩʘʥʠʷ. ʀʭ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ, ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ 

ʥʘʟʥʘʯʝʥʠʷ ʟʘʥʷʪʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʘʢʠʝ ʤʝʪʦʜʳ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʝʨʚʳʡ ʵʪʘʧ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ, ʘ ʥʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ [2, 3]. 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʳʩʪʨʦ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʠ ʫʣʫʯʰʘʪʴ ʫʞʝ ʥʘʡʜʝʥʥʳʡ ʚʘʨʠʘʥʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʮʝʜʫʨ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ [1, 2, 4]. 

ʄʝʪʦʜʳ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʨʦʛʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʟʘʜʘʯʫ ʚ ʚʠʜʝ ʝʜʠʥʦʡ 

ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʛʨʫʧʧ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʘʫʜʠʪʦʨʠʡ ʠ ʚʨʝʤʝʥʥʳʭ ʩʣʦʪʦʚ ʪʘʢʘʷ ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʢʨʫʧʥʦʡ. 

ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʧʦʜʭʦʜʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʬʦʨʤʘʣʠʟʘʮʠʶ, ʰʪʨʘʬʥʫʶ ʬʫʥʢʮʠʶ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʡ 

ʧʦʠʩʢ [1, 3, 4]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʩʪʨʦʛʦʩʪʠ ʤʦʜʝʣʠ, ʥʦ ʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʛʦ ʚʫʟʘ. ɽʩʣʠ 

ʯʠʩʣʦ ʢʦʥʬʣʠʢʪʦʚ ʧʦ ʘʫʜʠʪʦʨʠʷʤ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʚʝʣʠʢʦ, ʪʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʧʨʠʦʨʠʪʝʪʘ ʠ ʧʦʵʪʘʧʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʞʝ 

ʩʪʨʫʢʪʫʨʘ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʫʩʪʦʡʯʠʚʘ ʠ ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʨʘʥʝʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʦ, ʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʪʨʦʛʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [1, 3]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʨʘʩʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ 

ʦʜʠʥ, ʘ ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʈʘʩʧʠʩʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʷʤʳʝ ʢʦʥʬʣʠʢʪʳ, ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ: ʦʥʦ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʠʝ 

ʧʝʨʝʨʳʚʳ ʤʝʞʜʫ ʟʘʥʷʪʠʷʤʠ, ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʥʷʤ ʥʝʜʝʣʠ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʫʜʠʪʦʨʠʡ. ʇʦʵʪʦʤʫ ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ 

ʚʳʩʪʫʧʘʝʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [1, 4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʪʨʝʙʫʝʪ ʩʦʯʝʪʘʥʠʷ 

ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʨʝʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʦʙʣʘʩʪʴ 

ʨʝʰʝʥʠʡ, ʘ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʦʝʥʠʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʥʦ ʠ 

ʝʛʦ ʦʧʝʨʘʪʠʚʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʘʚʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʜʦʩʪʫʧʥʦʩʪʠ ʘʫʜʠʪʦʨʠʡ ʠ ʜʨʫʛʠʭ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʳʩʪʨʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʨʝʰʝʥʠʝ 
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ʙʝʟ ʧʦʣʥʦʛʦ ʧʝʨʝʩʯʝʪʘ ʚʩʝʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʠʩʘʥʠʷ ʠ 

ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʚʫʟʘ [1, 2, 4]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʛʦʩʪʴʶ 

ʦʧʠʩʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʦ ʠ ʫʜʦʙʩʪʚʦʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʪʫ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ, ʘ ʬʦʨʤʘʣʴʥʳʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʨʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʟʦʨ ʧʦʜʭʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʘʢ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ [1, 3, 4]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʞʝʩʪʢʠʝ, ʪʘʢ ʠ ʤʷʛʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʧʠʩʘʥʠʝ ʙʝʟ ʢʦʥʬʣʠʢʪʦʚ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʝʛʦ ʣʦʢʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦ ʰʪʨʘʬʥʦʡ ʬʫʥʢʮʠʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʦʩʦʙʝʥʥʦ ʫʜʦʙʝʥ ʜʣʷ ʚʫʟʦʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʙʣʶʜʘʪʴ ʫʯʝʙʥʳʝ 

ʧʣʘʥʳ, ʫʯʠʪʳʚʘʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʫʜʠʪʦʨʥʳʡ ʬʦʥʜ [1, 2, 4]. 

ʊʝʤ ʩʘʤʳʤ ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʬʦʨʤʘʣʴʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʦ ʠ ʢʘʢ ʟʘʜʘʯʘ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ʏʝʤ ʧʦʣʥʝʝ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʪʝʤ ʚʳʰʝ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʦʵʪʦʤʫ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʛʠʙʢʦʩʪʠ ʤʦʜʝʣʝʡ, 

ʨʘʩʰʠʨʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʘʣʛʦʨʠʪʤʦʚ 

ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʚ ʮʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ [1, 3, 

4]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʯʠʪʳʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʭ 

ʨʘʩʧʠʩʘʥʠʷʭ ʠ ʪʠʧʦʚʳʭ ʢʦʥʬʣʠʢʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʷʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ, ʥʦ ʠ ʧʦʚʳʰʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʡ ʚ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʫʯʝʙʥʳʭ ʮʠʢʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʝʥʠʝ ʚʘʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʚʳʙʦʨ ʤʝʪʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʡ 

ʩʪʨʘʪʝʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ [1, 2, 3]. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʀ ʉʊʈʋʂʊʋʈʅʓʍ ʆʉʆɹɽʅʅʆʉʊɽʁ 

ʇʈʆʊʆʂʆʃɸ MCP ɺ ʕʂʆʉʀʉʊɽʄɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ 

ʉɽʈɺʀʉʆɺ 

 

ʅʝʜʘʚʥʠʡ ʚʩʧʣʝʩʢ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʙʘʟʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ 

ʤʦʜʝʣʝʡ (LLM) ʩʬʦʨʤʠʨʦʚʘʣ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʷʚʠʣʩʷ Model Context Protocol (MCP), 

ʧʨʝʜʣʘʛʘʶʱʠʡ ʣʝʛʢʦʚʝʩʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʦʚ, ʩʝʨʚʝʨʦʚ 

ʠ ʚʥʝʰʥʠʭ ʨʝʩʫʨʩʦʚ. MCP ʦʧʨʝʜʝʣʷʝʪ ʛʠʙʢʠʡ ʤʝʭʘʥʠʟʤ ʦʧʠʩʘʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʷ 

ʠ ʚʳʟʦʚʘ ʚʥʝʰʥʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʥʫʪʨʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʤʦʜʝʣʠ. 

Model Context Protocol (MCP) ï ʵʪʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʦʪʢʨʳʪʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʙʘʟʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʢ ʚʥʝʰʥʠʤ 

ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ, ʠʥʩʪʨʫʤʝʥʪʘʤ ʠ ʩʝʨʚʠʩʘʤ [1ï3]. ʆʥ ʩʣʫʞʠʪ çʩʣʦʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ LLM ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʢʪʫʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠ API ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʧʦʨʪ USB-C ʩʦʝʜʠʥʷʝʪ ʢʦʤʧʴʶʪʝʨ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [3]. 

ɺ ʨʘʤʢʘʭ MCP ʀʀ-ʧʨʠʣʦʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ MCP-ʭʦʩʪ (MCP Host), 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ çʤʦʥʪʠʨʦʚʘʪʴè ʚʥʝʰʥʠʝ MCP-ʩʝʨʚʝʨʳ ʯʝʨʝʟ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ MCP-ʢʣʠʝʥʪʦʚ [4]. ʂʘʞʜʳʡ MCP-ʩʝʨʚʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʜʢʣʶʯʝʥʥʦʡ ʀʀ-ʩʠʩʪʝʤʝ: ʂʦʥʪʝʢʩʪʥʳʝ ʨʝʩʫʨʩʳ (ʜʘʥʥʳʝ); ʇʨʦʤʧʪʳ 

(ʰʘʙʣʦʥʳ); ʀʥʩʪʨʫʤʝʥʪʳ (ʬʫʥʢʮʠʠ). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʙʝʟʦʧʘʩʥʦ ʠʟʚʣʝʢʘʪʴ ʩʚʝʞʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ [5]. ʅʘʧʨʠʤʝʨ, MCP-ʩʝʨʚʝʨ ʤʦʞʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʩʪʨʫʤʝʥʪ weather/current (ʪʝʢʫʱʘʷ ʧʦʛʦʜʘ) ʠʣʠ ʨʝʩʫʨʩ 

database/schema (ʩʭʝʤʘ ʙʘʟʳ ʜʘʥʥʳʭ); MCP-ʢʣʠʝʥʪ ʀʀ-ʧʨʠʣʦʞʝʥʠʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʠʥʪʝʛʨʠʨʫʝʪ ʠʭ ʚ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʤʦʜʝʣʠ [6, 

8]. 

MCP ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʜʠʛʤʳ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè, ʠʩʧʦʣʴʟʫʶʱʝʡ 

ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ JSON-RPC 2.0 ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ (stateful) 

[1, 9]. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʙʳʪʴ ʤʦʥʦʣʠʪʥʳʤ ʬʨʝʡʤʚʦʨʢʦʤ, MCP ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʦʩʥʘʱʝʥʥʳʭ LLM, ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʚʥʝʰʥʠʝ ʨʝʩʫʨʩʳ, ʧʦʣʫʯʘʪʴ ʢ ʥʠʤ ʜʦʩʪʫʧ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ. 

ʕʪʦʪ ʜʠʟʘʡʥ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʨʘʩʩʤʦʪʨʝʥʠʷ LLM ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʢʩʪʘ, ʥʦ ʠ ʢʘʢ ʦʨʢʝʩʪʨʘʪʦʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʨʘʟʥʦʨʦʜʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʝʨʚʠʩʘʤʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ MCP ʧʦʩʪʨʦʝʥʘ ʚʦʢʨʫʛ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʧʘʨʘʜʠʛʤʳ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʝʩʩʠʦʥʥʦʝ (stateful) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ JSON-

RPC 2.0 [1, 9]. MCP ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʥʳʤ ʬʨʝʡʤʚʦʨʢʦʤ; ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʥ 

ʧʨʝʜʣʘʛʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 
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ʦʩʥʘʱʝʥʥʳʝ LLM, ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʥʝʰʥʠʝ ʨʝʩʫʨʩʳ, ʧʦʣʫʯʘʪʴ ʢ ʥʠʤ ʜʦʩʪʫʧ 

ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ. 

ʊʘʢʦʡ ʜʠʟʘʡʥ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʚʦʩʧʨʠʷʪʠʷ LLM ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʢʩʪʘ, ʥʦ ʠ ʢʘʢ ʦʨʢʝʩʪʨʘʪʦʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʛʝʪʝʨʦʛʝʥʥʳʤʠ (ʨʘʟʥʦʨʦʜʥʳʤʠ) ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʝʨʚʠʩʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʈʠʩʫʥʢʝ 1, ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʚʢʣʶʯʘʶʪ: 

 MCP-ʭʦʩʪ (ʇʨʠʣʦʞʝʥʠʝ): ʇʨʠʣʦʞʝʥʠʝ, ʦʩʥʘʱʝʥʥʦʝ LLM (ʥʘʧʨʠʤʝʨ, 

Claude Desktop, ʯʘʪ-ʠʥʪʝʨʬʝʡʩ ʠʣʠ ʧʣʘʛʠʥ ʜʣʷ IDE), ʢʦʪʦʨʦʝ ʠʥʠʮʠʠʨʫʝʪ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʨʚʝʨʘʤʠ. ʍʦʩʪ ʩʦʟʜʘʝʪ ʦʪʜʝʣʴʥʳʡ MCP-ʢʣʠʝʥʪ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʝʨʚʝʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʥ ʧʦʜʢʣʶʯʘʝʪʩʷ [2, 4]. 

1) MCP-ʢʣʠʝʥʪ: ʆʙʲʝʢʪ ʢʣʠʝʥʪʘ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʭʦʩʪ ʠ ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʩʦʝʜʠʥʝʥʠʝ çʦʜʠʥ ʢ ʦʜʥʦʤʫè ʩ MCP-ʩʝʨʚʝʨʦʤ. ɽʩʣʠ ʭʦʩʪ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ n 

ʩʝʨʚʝʨʘʤ, ʫ ʥʝʛʦ ʙʫʜʝʪ n ʵʢʟʝʤʧʣʷʨʦʚ MCP-ʢʣʠʝʥʪʦʚ. 

2) MCP-ʩʝʨʚʝʨ: ʉʣʫʞʙʘ (ʣʦʢʘʣʴʥʘʷ ʠʣʠ ʫʜʘʣʝʥʥʘʷ), ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ 

ʢʦʥʪʝʢʩʪʥʳʝ ʜʘʥʥʳʝ ʠ ʠʩʧʦʣʥʷʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ [3, 5]. ʉʝʨʚʝʨʳ ʤʦʛʫʪ 

ʟʘʧʫʩʢʘʪʴʩʷ ʣʦʢʘʣʴʥʦ ʯʝʨʝʟ ʪʨʘʥʩʧʦʨʪ stdio ʠʣʠ ʚ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʯʝʨʝʟ ʧʦʪʦʢʦʚʳʡ HTTP [9]. 

3) ʆʙʨʘʙʦʪʯʠʢ ʢʦʥʪʝʢʩʪʘ (ʦʧʮʠʦʥʘʣʴʥʦ): ʅʝʢʦʪʦʨʳʝ ʧʨʦʜʚʠʥʫʪʳʝ ʘʛʝʥʪʥʳʝ 

ʬʨʝʡʤʚʦʨʢʠ ʚʥʝʜʨʷʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʦʙʨʘʙʦʪʯʠʢ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ 

ʟʘʧʨʦʩʳ ʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʤʫ ʩʝʨʚʝʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʟʘʧʨʦʩʘ [10]. 

ʇʨʠʤʝʨ: ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʩʠʪ çʦʙʦʙʱʠʪʴ ʧʦʩʣʝʜʥʠʝ ʟʘʷʚʢʠ ʚ 

ʪʝʭʧʦʜʜʝʨʞʢʫè, ʦʙʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʥʘʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʢ ʩʝʨʚʝʨʫ, ʧʦʜʢʣʶʯʝʥʥʦʤʫ 

ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʢʦʤʧʘʥʠʠ. ʀ ʥʘʦʙʦʨʦʪ, ʟʘʧʨʦʩ ʪʠʧʘ çʩʛʝʥʝʨʠʨʫʡ UML-ʜʠʘʛʨʘʤʤʫ 

ʠʟ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘè ʙʫʜʝʪ ʦʪʧʨʘʚʣʝʥ ʩʝʨʚʝʨʫ ʘʥʘʣʠʟʘ ʢʦʜʘ ʠʣʠ ʧʣʘʛʠʥʫ 

IDE. 

ʆʙʦʙʱʘʶ ʣʦʛʠʢʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʦʙʨʘʙʦʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʭʦʩʪʫ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʟʘʧʨʦʩʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʧʠʩʳʚʘʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʩʝʨʚʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʟʚʘʥ. 

 

 
ʈʠʩ. 1. ʊʠʧʦʚʘʷ ɸʨʭʠʪʝʢʪʫʨʘ MCP 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ ʚʥʝʰʥʠʭ ʨʝʩʫʨʩʦʚ ʚ 

LLM -ʧʨʠʣʦʞʝʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʨʘʜʠʮʠʦʥʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ  

ʀʥʪʝʛʨʘʮʠʷ ʥʘ ʙʘʟʝ 

ʧʨʦʪʦʢʦʣʘ MCP 

ɸʨʭʠʪʝʢʪʫʨʘ ɾʝʩʪʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʜʦʤ ʧʨʠʣʦʞʝʥʠʷ ʠ API. 

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

(Host-Client-Server) ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʊʨʝʙʫʝʪʩʷ ʥʘʧʠʩʘʥʠʝ 

ʥʦʚʦʛʦ ʢʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʩʝʨʚʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʷʜʨʘ ʭʦʩʪʘ. 

ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʈʘʟʥʦʨʦʜʥʳʝ ʬʦʨʤʘʪʳ 

(REST, GraphQL, SOAP), 

ʪʨʝʙʫʶʱʠʝ ʧʘʨʩʠʥʛʘ. 

ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ JSON-

RPC 2.0 ʩʦ ʩʪʨʦʛʦʡ ʩʭʝʤʦʡ 

ʨʝʩʫʨʩʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʧʨʘʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʥʝʢʪʦʨʘ. 

ʀʟʦʣʠʨʦʚʘʥʥʦʝ 

ʠʩʧʦʣʥʝʥʠʝ ʥʘ ʩʪʦʨʦʥʝ 

ʩʝʨʚʝʨʘ ʩ ʯʝʪʢʦ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʆʙʥʘʨʫʞʝʥʠʝ 

ʬʫʥʢʮʠʡ 

ʉʪʘʪʠʯʝʩʢʦʝ 

(ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʚ ʢʦʜʝ). 

ɼʠʥʘʤʠʯʝʩʢʦʝ ï ʢʣʠʝʥʪ 

ʩʘʤ ʦʧʨʘʰʠʚʘʝʪ ʩʝʨʚʝʨ ʦ 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʭ. 

 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ MCP ʦʧʠʩʳʚʘʝʪ ʩʢʚʦʟʥʦʡ ʰʘʙʣʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ LLM ʯʝʨʝʟ ʩʚʦʝʛʦ ʢʣʠʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʚʳʟʳʚʘʝʪ ʬʫʥʢʮʠʠ ʩʝʨʚʝʨʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʧʨʦʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ: LLM, ʜʝʡʩʪʚʫʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʜʝʣʝʛʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ MCP-ʢʣʠʝʥʪʫ. ʂʣʠʝʥʪ 

ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʤʝʥʠʚʘʝʪʩʷ ʩ ʩʝʨʚʝʨʦʤ ʚʝʨʩʠʷʤʠ ʧʨʦʪʦʢʦʣʘ ʠ 

ʥʘʙʦʨʘʤʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʥʘ ʫʚʝʜʦʤʣʝʥʠʷ [2, 4]. 

ʆʙʥʘʨʫʞʝʥʠʝ: ʧʦʩʣʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪ ʚʳʧʦʣʥʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʨʝʩʫʨʩʦʚ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʟʘʧʨʦʩʳ tools/list ʠʣʠ resources/list) [5, 

6]. 

ʈʝʛʠʩʪʨʘʮʠʷ: ʍʦʩʪ-ʧʨʠʣʦʞʝʥʠʝ ʦʙʲʝʜʠʥʷʝʪ ʧʦʣʫʯʝʥʥʳʝ ʩʧʠʩʢʠ ʚ ʝʜʠʥʳʡ 

ʨʝʝʩʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʦʤʫ LLM ʤʦʞʝʪ ʦʙʨʘʱʘʪʴʩʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ 

ʦ ʪʦʤ, ʢʘʢ ʣʫʯʰʝ ʚʳʧʦʣʥʠʪʴ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ: ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʪʘʚʠʪ ʟʘʜʘʯʫ (ʥʘʧʨʠʤʝʨ, çʥʘʡʜʠ 

ʧʦʩʣʝʜʥʠʝ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠè ʠʣʠ çʩʦʩʪʘʚʴ ʨʝʟʶʤʝ ʜʦʢʫʤʝʥʪʘè), LLM ʚʳʙʠʨʘʝʪ 

ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʠʥʠʮʠʠʨʫʝʪ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ, ʦʪʧʨʘʚʣʷʷ ʟʘʧʨʦʩ 

tools/call ʩ ʫʢʘʟʘʥʠʝʤ URI ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʘʨʛʫʤʝʥʪʦʚ. 
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ʆʙʨʘʙʦʪʢʘ ʥʘ ʩʝʨʚʝʨʝ: ʉʝʨʚʝʨ ʚʳʧʦʣʥʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʶ 

(ʥʘʧʨʠʤʝʨ, ʦʧʨʘʰʠʚʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʠʣʠ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ ʚ ʚʝʙ-ʩʝʪʠ) ʠ 

ʚʦʟʚʨʘʱʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ [3, 8]. 

ɿʘʚʝʨʰʝʥʠʝ: ʇʦʣʫʯʝʥʥʳʡ ʦʪʚʝʪ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʚʝʨʳ ʤʦʛʫʪ ʦʪʧʨʘʚʣʷʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʝʩʣʠ ʠʭ ʜʦʩʪʫʧʥʳʝ ʧʨʠʤʠʪʠʚʳ ʠʟʤʝʥʷʶʪʩʷ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʠ 

LLM, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʩʝʛʜʘ ʨʘʙʦʪʘʶʪ ʩ ʘʢʪʫʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

[9]. 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ MCP. ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʩʮʝʥʘʨʠʷʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ MCP ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʨʦʚʥʷ: 

stdio: ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʷʟʴ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ ʙʝʟ ʩʝʪʝʚʳʭ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ. 

HTTP/S (ʩ ʧʦʜʜʝʨʞʢʦʡ Server-Sent Events): ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʥʳʭ 

ʩʝʨʚʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʪʦʢʦʚʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ [2, 4]. 

ʇʦʤʠʤʦ ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, MCP ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ 

ʩʝʩʩʠʦʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ: ʧʦʩʣʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪ ʠ ʩʝʨʚʝʨ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʘʢʪʠʚʥʫʶ ʩʝʩʩʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ RPC-ʚʳʟʦʚʦʚ ʯʝʨʝʟ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʢʘʥʘʣ ʩʚʷʟʠ [3]. ʊʘʢʦʡ ʜʠʟʘʡʥ ʧʦʟʚʦʣʷʝʪ ʀʀ-ʧʨʠʣʦʞʝʥʠʷʤ ʙʫʢʚʘʣʴʥʦ 

çʧʝʨʝʥʦʩʠʪʴ ʩʚʦʡ ʢʦʥʪʝʢʩʪè ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʨʝʜʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʰʦʚʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ [3]. 

ʅʘ ʵʪʦʤ ʬʫʥʜʘʤʝʥʪʝ ʚʦʟʥʠʢʣʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ, 

ʨʘʩʰʠʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʜʨʘ MCP: 

ɸʛʝʥʪʥʳʝ ʬʨʝʡʤʚʦʨʢʠ: ʥʝʢʦʪʦʨʳʝ ʧʨʦʝʢʪʳ ʜʦʧʦʣʥʷʶʪ ʧʨʦʪʦʢʦʣ 

ʧʨʦʜʚʠʥʫʪʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚ ʠʤʝʥ ʠʣʠ 

ʩʦʟʜʘʥʠʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʝʡ ʜʘʥʥʳʭ [10]. 

ʃʦʛʠʢʘ ʨʘʩʩʫʞʜʝʥʠʡ: ʜʨʫʛʠʝ ʨʝʘʣʠʟʘʮʠʠ ʚʩʪʨʘʠʚʘʶʪ ʤʝʭʘʥʠʟʤʳ 

çʨʘʟʤʳʰʣʝʥʠʷè, ʜʝʣʝʛʠʨʫʷ ʫʪʦʯʥʷʶʱʠʝ ʧʦʜʚʦʧʨʦʩʳ ʦʙʨʘʪʥʦ ʤʦʜʝʣʠ ʜʣʷ 

ʜʝʪʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ [6, 8]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʨʘʟʣʠʯʠʷ, ʚʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʝʜʠʥʳʭ ʙʘʟʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ: ʨʫʢʦʧʦʞʘʪʠʷ, ʦʙʥʘʨʫʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʷ ʠ ʫʚʝʜʦʤʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ MCP. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ MCP ʢʘʢ 

ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʩ ʚʥʝʰʥʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʨʝʜʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʦʪ ʤʦʥʦʣʠʪʥʳʭ ʩʠʩʪʝʤ ʢ ʤʦʜʫʣʴʥʦʡ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʙʘʨʴʝʨʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʨʚʠʩʦʚ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʨʦʚʥʝʡ stdio ʠ HTTP ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʦʪʦʢʦʣʦʤ JSON-RPC 2.0 ʩʦʟʜʘʝʪ ʛʠʙʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʜʘʥʥʳʭ ʠ ʚʳʟʦʚʘ ʚʥʝʰʥʠʭ ʬʫʥʢʮʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʝʜʨʝʥʠʝ MCP ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʠʟ 
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ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʢʦʥʪʝʥʪʘ ʚ ʧʦʣʥʦʮʝʥʥʳʝ ʦʨʢʝʩʪʨʘʪʦʨʳ ʩʣʦʞʥʳʭ 

ʀʊ-ʵʢʦʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʦʧʝʨʠʨʦʚʘʪʴ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʥʦʨʦʜʥʳʭ ʩʝʨʚʠʩʦʚ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʢʦʥʪʝʢʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʇʈʆʄʇʊ-ʀʅɾʀʅʀʈʀʅɻ ʂɸʂ ʅʆɺɸʗ ʇɸʈɸɼʀɻʄɸ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ: ʆʊ ʕʂʉʇɽʈʀʄɽʅʊɸ ʂ ʀʅɾɽʅɽʈʅʆʁ 

ɼʀʉʎʀʇʃʀʅɽ 

 

ɻʝʥʝʨʘʪʠʚʥʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʦʯʥʦ ʚʦʰʸʣ ʚ ʠʥʜʫʩʪʨʠʶ: 

ʤʦʜʝʣʠ ʚʨʦʜʝ GPT-5, YandexGPT ʠ GigaChat ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, 

ʛʝʥʝʨʠʨʫʶʪ ʢʦʥʪʝʥʪ ʠ ʧʠʰʫʪ ʢʦʜ. ʂʣʶʯʝʚʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʠʤʠ ʩʪʘʣ ʧʨʦʤʧʪ ï ʠʥʩʪʨʫʢʮʠʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʥʘʧʨʘʚʣʷʶʱʘʷ 

ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ. ʊʦ, ʯʪʦ ʥʘʯʠʥʘʣʦʩʴ ʢʘʢ ʧʨʦʩʪʦʝ ʦʙʱʝʥʠʝ ʩ ʯʘʪ-ʙʦʪʦʤ, ʩʝʛʦʜʥʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʫʶ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʤʧʪʦʚ. ɺʦʟʥʠʢʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ: ʤʦʞʥʦ ʣʠ ʩʯʠʪʘʪʴ ʥʘʧʠʩʘʥʠʝ ʧʨʦʤʧʪʦʚ ʬʦʨʤʦʡ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ? ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʢʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʤʧʪʦʚ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ï ʠʪʝʨʘʪʠʚʥʦʛʦ 

ʫʪʦʯʥʝʥʠʷ, ʤʦʜʫʣʴʥʦʩʪʠ, ʫʯʸʪʘ ʢʦʥʪʝʢʩʪʘ ʠ ʜʘʞʝ ʶʥʠʪ-ʪʝʩʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʜʘ ʧʨʦʤʧʪ ʦʩʪʘʸʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʠ ʢʨʘʡʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʤʝʣʴʯʘʡʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʬʦʨʤʫʣʠʨʦʚʦʢ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʝ ʚʳʟʦʚʳ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʦʪʢʨʳʚʘʝʪ ʜʠʩʢʫʩʩʠʶ ʦ ʤʝʩʪʝ 

ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʚ ʠʝʨʘʨʭʠʠ ʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʩʜʚʠʛʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʜʚʝ 

ʧʘʨʘʜʠʛʤʳ ʧʦ ʨʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʧʝʨʠʨʫʝʪ ʬʦʨʤʘʣʴʥʳʤʠ ʷʟʳʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Python, Java 

ʠʣʠ C++, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʪʨʦʛʠʤ ʩʠʥʪʘʢʩʠʩʦʤ ʠ ʦʜʥʦʟʥʘʯʥʦʡ ʩʝʤʘʥʪʠʢʦʡ. 

ʂʦʤʧʠʣʷʪʦʨ ʠʣʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦ: 

ʦʜʠʥʘʢʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʜʘʸʪ ʦʜʠʥʘʢʦʚʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. ʇʨʦʤʧʪ-

ʠʥʞʠʥʠʨʠʥʛ ʠʩʧʦʣʴʟʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʥʝʦʜʥʦʟʥʘʯʝʥ, ʤʝʪʘʬʦʨʠʯʝʥ ʠ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤ. ʉʨʝʜʘ ʠʩʧʦʣʥʝʥʠʷ ï ʵʪʦ 

ʙʦʣʴʰʘʷ ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ (ʜʘʞʝ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʨʦʤʧʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠʟ-ʟʘ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ 

ʛʝʥʝʨʘʮʠʠ ʠʣʠ ʦʙʥʦʚʣʝʥʠʡ ʤʦʜʝʣʠ ʥʘ ʩʪʦʨʦʥʝ ʧʨʦʚʘʡʜʝʨʘ). ɺʤʝʩʪʦ ʞʸʩʪʢʦʡ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʚʦʟʤʦʞʥʳʭ ʦʪʚʝʪʦʚ, ʯʪʦ ʩʙʣʠʞʘʝʪ ʧʨʦʤʧʪ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʥʘ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʝʜʠʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʩʪʨʦʢʘ ʢʦʜʘ, 

ʬʫʥʢʮʠʷ ʠʣʠ ʢʣʘʩʩ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʟʘʢʦʥʘʤ ʢʦʤʧʦʟʠʮʠʠ ʠ ʤʦʜʫʣʴʥʦʩʪʠ. ɺ 

ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʝ ʝʜʠʥʠʮʝʡ ʚʳʩʪʫʧʘʝʪ ʧʨʦʤʧʪ ï ʵʪʦ ʪʝʢʩʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʠʥʩʪʨʫʢʮʠʶ, ʢʦʥʪʝʢʩʪ, ʧʨʠʤʝʨʳ ʠ ʫʢʘʟʘʥʠʷ ʥʘ ʬʦʨʤʘʪ ʚʳʚʦʜʘ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʥʦʩʠʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʢʦʛʜʘ ʠʥʞʝʥʝʨ ʬʦʨʤʫʣʠʨʫʝʪ 

ʛʠʧʦʪʝʟʫ, ʪʝʩʪʠʨʫʝʪ ʝʸ ʥʘ ʤʦʜʝʣʠ, ʘʥʘʣʠʟʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ ʠ ʫʪʦʯʥʷʝʪ ʧʨʦʤʧʪ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 
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ʪʦʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ʦʩʥʦʚʘʥ ʥʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ ʠ ʛʝʥʝʨʘʮʠʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʯʠʢ ʥʝ ʧʠʰʝʪ 

ʘʣʛʦʨʠʪʤ, ʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʞʝʣʘʝʤʳʡ ʧʘʪʪʝʨʥ ʯʝʨʝʟ ʧʨʠʤʝʨʳ few-shot ʠʣʠ 

ʦʧʠʩʳʚʘʝʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʧʦʣʘʛʘʷʩʴ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʦʙʦʙʱʘʪʴ ʠ 

ʜʦʩʪʨʘʠʚʘʪʴ [1]. 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ʦʙʣʘʜʘʝʪ ʙʦʛʘʪʳʤ ʘʨʩʝʥʘʣʦʤ ʪʝʭʥʠʢ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. Zero-

shot ʠ few-shot ʧʨʦʤʧʪʠʥʛ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪ ʪʦʣʴʢʦ ʟʘʜʘʥʠʝ; ʚʦ ʚʪʦʨʦʤ ï ʝʱʸ ʠ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʟʘʜʘʶʱʠʭ ʞʝʣʘʝʤʳʡ ʩʪʠʣʴ ʠ ʩʪʨʫʢʪʫʨʫ. 

ʀʥʩʪʨʫʢʪʠʚʥʳʡ ʧʨʦʤʧʪʠʥʛ ʧʨʝʜʧʦʣʘʛʘʝʪ ʯʸʪʢʦʝ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʨʦʣʠ, ʟʘʜʘʯʠ, 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʬʦʨʤʘʪʘ ʚʳʚʦʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʠʶ ʢʦʥʪʨʘʢʪʘ ʬʫʥʢʮʠʠ. 

Chain-of-Thought ʧʨʝʜʣʘʛʘʝʪ ʤʦʜʝʣʠ ʨʘʩʩʫʞʜʘʪʴ ʚʩʣʫʭ, ʛʝʥʝʨʠʨʫʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʰʘʛʠ ʧʝʨʝʜ ʬʠʥʘʣʴʥʳʤ ʦʪʚʝʪʦʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʥʘ 

ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʣʦʛʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. Self-Consistency ʠʩʧʦʣʴʟʫʝʪ 

ʛʝʥʝʨʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʮʝʧʦʯʝʢ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʦʪʚʝʪʘ, ʧʦʜʦʙʥʦ ʤʘʞʦʨʠʪʘʨʥʦʤʫ ʛʦʣʦʩʦʚʘʥʠʶ. Tree of Thoughts 

ʨʘʩʰʠʨʷʝʪ ʵʪʦʪ ʧʦʜʭʦʜ, ʟʘʩʪʘʚʣʷʷ ʤʦʜʝʣʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ. Retrieval-Augmented Generation 

ʜʦʧʦʣʥʷʝʪ ʧʨʦʤʧʪ ʠʥʬʦʨʤʘʮʠʝʡ ʠʟ ʚʥʝʰʥʝʡ ʙʘʟʳ ʟʥʘʥʠʡ, ʧʦʟʚʦʣʷʷ ʤʦʜʝʣʠ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʩʥʠʞʘʷ çʛʘʣʣʶʮʠʥʘʮʠʠè, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ 

ʦʙʨʘʱʝʥʠʶ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. Automatic Prompt Engineering ʠʩʧʦʣʴʟʫʝʪ ʩʘʤʫ ʤʦʜʝʣʴ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʧʨʦʤʧʪʦʚ, ʘ ʠʥʩʪʨʫʤʝʥʪʳ ʚʨʦʜʝ DSPy 

ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʟʘʜʘʯʫ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʧʨʠʙʣʠʞʘʷ ʧʨʦʤʧʪ-

ʠʥʞʠʥʠʨʠʥʛ ʢ ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ʇʝʨʝʭʦʜ ʦʪ ʦʪʜʝʣʴʥʳʭ ʧʨʦʤʧʪʦʚ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ ʪʨʝʙʫʝʪ 

ʩʠʩʪʝʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ, ʯʪʦ ʧʦʨʦʜʠʣʦ ʥʦʚʫʶ ʜʠʩʮʠʧʣʠʥʫ 

PromptOps. ʂʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ DevOps ï ʵʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ   ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʤʧʪʘʤʠ. ɽʩʣʠ ʚ DevOps ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʜ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʪʦ ʚ PromptOps ï ʵʪʦ ʧʨʦʤʧʪʳ, ʠʭ ʚʝʨʩʠʠ, ʢʦʥʪʝʢʩʪ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʚʢʣʶʯʘʝʪ Prompt CI/CD: ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʤʧʪʦʚ, A/B ʪʝʩʪʳ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʛʝʥʝʨʘʮʠʡ [2]. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ PromptOps ʚʢʣʶʯʘʶʪ 

ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʤʧʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʢʘʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ ʪʝʩʪʦʚʳʭ ʢʝʡʩʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʧʨʦʚʝʨʢʫ ʢʘʯʝʩʪʚʘ ʧʦ ʤʝʪʨʠʢʘʤ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ, A/B ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʥʳʭ ʧʨʦʤʧʪʦʚ ʥʘ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʤʦʥʠʪʦʨʠʥʛ 

çʜʨʠʬʪʘè ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʚʝʜʝʥʠʠ ʤʦʜʝʣʠ ʩʦ ʚʨʝʤʝʥʝʤ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʪʝʢʩʪʦʤ (ʪʘʙʣʠʮʘ 1). ʇʨʠʤʝʨʘʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʣʫʞʘʪ Microsoft 

Prompt Flow, LangSmith ʠ OpenLayer. ʂʦʥʮʝʧʮʠʷ Promptware ʦʧʠʩʳʚʘʝʪ ʢʣʘʩʩ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʣʶʯʝʚʘʷ ʣʦʛʠʢʘ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʧʨʦʤʧʪʳ, 

ʘ ʥʝ ʯʝʨʝʟ ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʦʜ. ʆʪʣʘʜʢʘ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʣʦʛʠʨʦʚʘʥʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʮʝʧʦʯʝʢ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 
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ʦʪʚʝʪʦʚ, ʘ ʵʚʦʣʶʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʝʭʘʥʠʟʤʳ ʥʝʧʨʝʨʳʚʥʦʡ ʘʜʘʧʪʘʮʠʠ, 

ʧʦʜʦʙʥʳʝ CI/CD ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [3]. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ DevOps ʠ PromptOps 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ DevOps 

(ʪʨʘʜʠʮʠʦʥʥʳʡ) 

PromptOps 

ʆʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ 

ʀʩʭʦʜʥʳʡ ʢʦʜ, 

ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʇʨʦʤʧʪʳ, ʠʭ ʚʝʨʩʠʠ, ʢʦʥʪʝʢʩʪ, 

ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ɾʠʟʥʝʥʥʳʡ 

ʮʠʢʣ 

CI/CD (ʥʝʧʨʝʨʳʚʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʠ 

ʜʦʩʪʘʚʢʘ) 

Prompt CI/CD (ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʤʧʪʦʚ, A/B ʪʝʩʪʳ, ʤʦʥʠʪʦʨʠʥʛ 

ʢʘʯʝʩʪʚʘ ʛʝʥʝʨʘʮʠʡ) 

ʂʣʶʯʝʚʳʝ 

ʧʨʦʙʣʝʤʳ 

ʆʰʠʙʢʠ ʚ ʢʦʜʝ, 

ʢʦʥʬʣʠʢʪʳ ʩʣʠʷʥʠʷ, 

ʧʨʦʩʪʦʠ 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʮʠʡ, çʜʨʠʬʪè 

ʧʨʦʤʧʪʦʚ (ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʦ 

ʚʨʝʤʝʥʝʤ), ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ 

ʀʥʩʪʨʫʤʝʥʪʳ Git, Jenkins, Docker, 

Kubernetes 

ʉʠʩʪʝʤʳ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʧʪʦʚ, ʧʣʘʪʬʦʨʤʳ ʜʣʷ A/B 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʤʧʪʦʚ (ʥʘʧʨʠʤʝʨ, 

Prompt flow), ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʥʠʪʦʨʠʥʛʘ LLM 

 

ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʧʨʠʚʸʣ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʦʣʠ. ɸʥʘʣʠʟ ʚʘʢʘʥʩʠʡ ʥʘ ʧʣʘʪʬʦʨʤʘʭ 

hh.ru, LinkedIn ʠ Indeed ʧʦʢʘʟʳʚʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʫʧʦʤʠʥʘʥʠʡ prompt 

engineer ʠ AI interaction designer ʚ 2023-2026 ʛʦʜʘʭ. ɽʩʣʠ ʚ 2022 ʛʦʜʫ ʵʪʦ ʙʳʣʘ 

ʵʢʟʦʪʠʯʝʩʢʘʷ ʥʠʰʘ, ʪʦ ʩʝʛʦʜʥʷ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʷ ʗʥʜʝʢʩ, ʉʙʝʨ, ʊ-

ʙʘʥʢ, OpenAI ʠ Microsoft, ʦʪʢʨʳʚʘʶʪ ʰʪʘʪʥʳʝ ʧʦʟʠʮʠʠ ʜʣʷ ʧʨʦʤʧʪ-ʠʥʞʝʥʝʨʦʚ. 

ɿʘʨʧʣʘʪʥʳʝ ʦʞʠʜʘʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʟʘʨʧʣʘʪʘʤʠ middle-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʶʪ ʠʭ ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ɸʥʘʣʠʟ ʚʘʢʘʥʩʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ 

ʢʦʤʧʝʪʝʥʮʠʠ ʧʨʦʤʧʪ-ʠʥʞʝʥʝʨʘ: ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʨʘʙʦʪʳ LLM, ʚʢʣʶʯʘʷ 

ʘʨʭʠʪʝʢʪʫʨʫ ʪʨʘʥʩʬʦʨʤʝʨʘ, ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ, ʪʦʢʝʥʠʟʘʮʠʶ ʠ ʧʘʨʘʤʝʪʨʳ 

ʛʝʥʝʨʘʮʠʠ; ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʢʦʤʧʝʪʝʥʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʯʫʚʩʪʚʦ ʷʟʳʢʘ ʠ 

ʫʤʝʥʠʝ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʠʥʩʪʨʫʢʮʠʠ; ʥʘʚʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ 

Python ʜʣʷ ʨʘʙʦʪʳ ʩ API LLM; ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʥʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ PromptOps; ʘ 

ʪʘʢʞʝ ʧʨʝʜʤʝʪʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʙʫʜʴ ʪʦ ʶʨʠʩʧʨʫʜʝʥʮʠʷ, 

ʤʝʜʠʮʠʥʘ ʠʣʠ ʬʠʥʘʥʩʳ. 

ʋʥʠʚʝʨʩʠʪʝʪʳ ʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʟʘʧʨʦʩ ʨʳʥʢʘ. 

Coursera, Udemy ʠ Skillbox ʧʨʝʜʣʘʛʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʫʨʩʳ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʥʠʷʤʠ ʠ ʢʝʡʩʘʤʠ. DeepLearning.AI ʩʦʚʤʝʩʪʥʦ ʩ OpenAI 

ʚʳʧʫʩʪʠʣ ʢʫʨʩ çChatGPT Prompt Engineering for Developersè, ʩʪʘʚʰʠʡ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ. ʇʦʷʚʣʷʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʦʪ ʢʦʤʧʘʥʠʡ 

PromptBase ʠ AI Certification Board, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʫʨʦʚʝʥʴ ʚʣʘʜʝʥʠʷ 
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ʪʝʭʥʠʢʘʤʠ ʧʨʦʤʧʪʠʥʛʘ. ʇʨʦʤʧʪ-ʠʥʞʝʥʝʨ ʩʝʛʦʜʥʷ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʚʛʣʫʙʴ, 

ʩʪʘʥʦʚʷʩʴ ʵʢʩʧʝʨʪʦʤ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʤʦʜʝʣʷʤ ʠ ʪʝʭʥʠʢʘʤ, ʪʘʢ ʠ ʚʰʠʨʴ, ʧʝʨʝʭʦʜʷ 

ʚ ʨʘʟʨʘʙʦʪʢʫ AI-ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʩʪʘʥʦʚʷʩʴ ʘʨʭʠʪʝʢʪʦʨʦʤ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʫ ʨʦʣʴ ʢʘʢ ʚʭʦʜʥʫʶ ʪʦʯʢʫ ʜʣʷ ʧʦʟʠʮʠʡ ML-

ʠʥʞʝʥʝʨʘ ʠʣʠ AI-ʧʨʦʜʫʢʪ-ʤʝʥʝʜʞʝʨʘ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʪʨʠ-ʧʷʪʴ ʣʝʪ 

ʧʨʦʬʝʩʩʠʷ ʩʪʘʥʝʪ ʪʘʢʦʡ ʞʝ ʩʪʘʥʜʘʨʪʥʦʡ, ʢʘʢ DevOps-ʠʥʞʝʥʝʨ. ʆʜʥʘʢʦ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ: ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʙʳʩʪʨʦʝ ʫʩʪʘʨʝʚʘʥʠʝ ʟʥʘʥʠʡ, ʢʦʛʜʘ ʪʝʭʥʠʢʠ, 

ʨʘʙʦʪʘʚʰʠʝ ʛʦʜ ʥʘʟʘʜ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʚʳʭʦʜʦʤ ʥʦʚʳʭ ʤʦʜʝʣʝʡ, ʠ 

ʩʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʨʝʙʫʶʱʘʷ ʤʝʪʨʠʢ ʠ ʙʝʥʯʤʘʨʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʧʝʯʘʪʣʷʶʱʠʝ ʫʩʧʝʭʠ, ʧʘʨʘʜʠʛʤʘ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʍʨʫʧʢʦʩʪʴ ʧʨʦʤʧʪʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʣʝʡʰʝʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʥʦʤʫ, ʯʘʩʪʦ ʦʰʠʙʦʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʤʧʪʳ 

ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʦʥʪʨʦʣʷ. ʇʨʦʙʣʝʤʘ ʜʨʠʬʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʠ ʥʘ ʩʪʦʨʦʥʝ 

ʧʨʦʚʘʡʜʝʨʘ ʦʙʥʦʚʣʷʶʪʩʷ ʙʝʟ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʠ ʧʨʦʤʧʪ, ʦʪʣʠʯʥʦ ʨʘʙʦʪʘʚʰʠʡ 

ʤʝʩʷʮ ʥʘʟʘʜ, ʤʦʞʝʪ ʥʘʯʘʪʴ ʜʘʚʘʪʴ ʩʙʦʠ ʥʘ ʥʦʚʦʡ ʚʝʨʩʠʠ, ʪʨʝʙʫʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʜʘʧʪʘʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʝʪʨʠʢ ʩʦʟʜʘʸʪ ʩʠʪʫʘʮʠʶ, 

ʛʜʝ ʥʝʪ ʫʩʪʦʷʚʰʠʭʩʷ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʧʨʦʤʧʪʘ. ʏʪʦ ʚʘʞʥʝʝ, ʥʝʚʦʟʤʦʞʥʦ 

ʠʟʤʝʨʠʪʴ ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʫ ʠʣʠ ʢʨʝʘʪʠʚʥʦʩʪʴ ʦʪʚʝʪʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʷʟʚʠʤʦʩʪʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʤʧʪ ʠʥʲʝʢʮʠʡ, ʢʦʛʜʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 

ʩʣʦʤʘʪʴ ʠʩʭʦʜʥʫʶ ʠʥʩʪʨʫʢʮʠʶ ʠ ʟʘʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʚʳʧʦʣʥʷʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʜʝʡʩʪʚʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʟʘʱʠʪʝ [4]. ʅʘʢʦʥʝʮ, ʵʪʠʯʝʩʢʠʝ ʠ 

ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʤʠ: ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʪʦ ʥʝʩʸʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʨʝʜ, ʧʨʠʯʠʥʸʥʥʳʡ ʛʝʥʝʨʘʮʠʝʡ ʤʦʜʝʣʠ ï ʨʘʟʨʘʙʦʪʯʠʢ 

ʧʨʦʤʧʪʘ ʠʣʠ ʧʨʦʚʘʡʜʝʨ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʨʝʛʫʣʠʨʦʚʘʥ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ. 

ʈʘʟʚʠʪʠʝ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʢʘʢ ʧʘʨʘʜʠʛʤʳ ʙʫʜʝʪ ʠʜʪʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʷʚʣʝʥʠʝ 

ʧʣʘʪʬʦʨʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ ʧʨʦʤʧʪʳ ʧʦʜ ʟʘʜʘʥʥʳʝ ʤʝʪʨʠʢʠ, ʯʪʦ 

ʧʨʠʙʣʠʟʠʪ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ʢ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʛʜʝ 

ʢʦʤʧʠʣʷʪʦʨ ʙʝʨʸʪ ʥʘ ʩʝʙʷ ʨʫʪʠʥʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʨʠʚʝʜʸʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʬʦʨʤʘʪʳ ʧʨʦʤʧʪʦʚ, ʤʝʪʨʠʢʠ 

ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʪʦʢʦʣʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʜʝʣʘʝʪ ʥʦʨʤʦʡ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʷʟʳʢʘʭ, ʘ ʩʣʦʞʥʳʝ ʷʟʳʢʦʚʳʝ ʬʫʥʢʮʠʠ ʜʝʣʝʛʠʨʫʶʪʩʷ LLM ʯʝʨʝʟ 

ʪʱʘʪʝʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʧʨʦʤʧʪʳ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʝʚʦʣʶʮʠʷ ʚʳʨʘʟʠʪʩʷ 

ʚʦ ʚʢʣʶʯʝʥʠʠ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʚ ʦʙʷʟʘʪʝʣʴʥʳʝ ʢʫʨʩʳ ʧʦ ʧʨʦʛʨʘʤʤʥʦʡ 

ʠʥʞʝʥʝʨʠʠ, ʘ ʚʦʟʤʦʞʥʦ, ʠ ʚ ʧʦʷʚʣʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʘʬʝʜʨ ʠʥʞʝʥʝʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʀʀ. 

ʇʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ʧʝʨʝʨʦʩ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʦʙʱʝʥʠʷ ʩ ʯʘʪ-ʙʦʪʦʤ ʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʶʱʫʶ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ï ʦʪ ʷʟʳʢʘ 
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ʠ ʦʪʣʘʜʢʠ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠʩʮʠʧʣʠʥ 

PromptOps ʠ ʢʦʥʮʝʧʮʠʠ Promptware ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʨʝʣʦʩʪʠ ʧʦʜʭʦʜʘ ʠ ʝʛʦ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʝʘʣʴʥʳʡ ʩʝʢʪʦʨ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʧʨʦʬʝʩʩʠʷ ï 

ʧʨʦʤʧʪ-ʠʥʞʝʥʝʨ, ʢʦʪʦʨʘʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʩʪʘʥʝʪ ʧʦʣʥʦʮʝʥʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, 

ʩʝʨʪʠʬʠʢʘʮʠʝʡ ʠ ʢʘʨʴʝʨʥʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʭʨʫʧʢʦʩʪʠ ʧʨʦʤʧʪʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʦʚ 

ʢʘʯʝʩʪʚʘ, ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʝʰʝʥʠʝ ʵʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛ ʥʝ ʦʪʤʝʥʷʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʥʦ ʩʦʟʜʘʸʪ 

ʥʘʜ ʥʠʤ ʥʦʚʳʡ ʘʙʩʪʨʘʢʪʥʳʡ ʩʣʦʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʴ 

ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʨʘʥʝʝ ʪʨʝʙʦʚʘʚʰʠʭ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
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ɺ.ʇ. ʂʨʘʩʠʢʦʚ, ʩʪʫʜ.; ʨʫʢ ʄ.ʄ. ɿʝʨʥʦʚ ʢ.ʪ.ʥ. ʜʦʮ.; 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʆɹɿʆʈ ʀ ʉʈɸɺʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ ʂ 

ʈɽɸʃʀɿɸʎʀʀ ɹɽʉʂʆʅʊɸʂʊʅʓʍ ʀʅʊɽʈʌɽʁʉʆɺ ʋʇʈɸɺʃɽʅʀʗ 
 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʮʠʬʨʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʚʝʢʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʚʚʦʜʘ (ʤʳʰʴ, ʢʣʘʚʠʘʪʫʨʘ) ʚ ʨʷʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (Natural User Interfaces, NUI) ʧʨʦʜʠʢʪʦʚʘʥʘ 

ʚʳʟʦʚʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʘʥʠʪʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʝʨʘʪʦʨʳ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʚ 

ʟʘʱʠʪʥʦʤ ʩʥʘʨʷʞʝʥʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʧʘʥʝʣʝʡ [3]. ɺ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʚʚʦʜ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʠʪʴ ʩʪʝʨʠʣʴʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ. 

ʆʩʦʙʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʮʝʧʮʠʷ Edge AI ï 

ʧʝʨʝʥʦʩ ʥʝʡʨʦʩʝʪʝʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʘʚʪʦʥʦʤʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʤʦʜʫʣʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ SoC Rockchip RK3566 ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʥʝʡʨʦʧʨʦʮʝʩʩʦʨʦʤ 

(NPU) ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʢʝʣʝʪʘ ʣʘʜʦʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʫʩʪʨʦʡʩʪʚʝ ʟʘʭʚʘʪʘ, ʨʘʟʛʨʫʞʘʷ ʨʝʩʫʨʩʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʇʂ [7]. ɼʘʥʥʳʝ ʪʝʟʠʩʳ 

ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ 

ʩʨʘʚʥʝʥʠʝ ʧʷʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʦʯʥʫʶ ʵʤʫʣʷʮʠʶ 

ʬʫʥʢʮʠʡ ʪʘʯʧʘʜʘ. 

ɸʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʨʭʠʪʝʢʪʫʨ 

I. MediaPipe Hands (Google). ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʫʥʠʢʘʣʴʥʳʡ 

ʜʚʫʭʵʪʘʧʥʳʡ ʢʦʥʚʝʡʝʨ ʠʥʬʝʨʝʥʩʘ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʇʦʪʘʧʦʚʘ ɸ.ʉ., ʥʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʦʜʝʣʴ BlazePalm ʥʘʭʦʜʠʪ ʣʘʜʦʥʴ, ʘ ʥʘ ʚʪʦʨʦʡ ï ʨʝʛʨʝʩʩʠʦʥʥʘʷ 

ʩʝʪʴ ʚʳʯʠʩʣʷʝʪ 21 ʢʣʶʯʝʚʫʶ ʪʦʯʢʫ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ [2]. ɺʩʪʨʦʝʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʨʝʤʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʶʪ çʰʫʤè ʢʦʦʨʜʠʥʘʪ, 

ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʣʘʚʥʦʡ ʵʤʫʣʷʮʠʠ ʢʫʨʩʦʨʘ [3]. 

II. YOLO11 Pose. ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʤʝʡʩʪʚʘ çOne-stageè ʜʝʪʝʢʪʦʨʦʚ, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ʧʦʠʩʢ ʦʙʲʝʢʪʘ ʠ ʜʝʪʝʢʮʠʶ ʝʛʦ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʚ ʝʜʠʥʳʡ ʧʨʦʭʦʜ 

[6]. ʄʦʜʝʣʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʥʟʦʨʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ RKNN [7]. 

ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ MediaPipe, ʦʥʘ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʧʘʣʴʮʝʚ [4]. 

III. MoveNet Lightning. ʄʦʜʝʣʴ ʦʪ Google, ʠʩʧʦʣʴʟʫʶʱʘʷ ʮʝʥʪʨʦʠʜʥʳʡ 

ʧʦʜʭʦʜ ʠ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ (heatmaps) [5]. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ 

ʟʘʜʝʨʞʢʦʡ ʠʥʬʝʨʝʥʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, MoveNet ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʢʘʯʝʩʪʚʫ 

ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [3]. 
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IV. OpenPose (Lightweight). ʄʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʦʜʭʦʜ Bottom-Up. 

ʆʙʣʘʜʘʝʪ ʵʪʘʣʦʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʢʢʣʶʟʠʷʤ [1]. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ, ʩʦʟʜʘʶʱʘʷ 

ʟʘʜʝʨʞʢʠ, ʥʝʜʦʧʫʩʪʠʤʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

V. PoseNet. ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʙʘʟʝ MobileNet. ʇʨʦʩʪʘ ʚ ʧʦʨʪʠʨʦʚʘʥʠʠ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʘʥʘʣʦʛʘʤ ʧʦ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

(Mean Endpoint Error) [1, 4]. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʤ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦ ʢʨʠʪʝʨʠʷʤ, 

ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ 
ʄʦʜʝʣʴ ʂʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

MediaPipe 

3D-ʩʢʝʣʝʪʠʟʘʮʠʷ (21 

ʪʦʯʢʘ). 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ. 

ʋʤʝʨʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʩʠʩʪʝʤʫ. 

YOLO11 

ɼʝʪʝʢʮʠʷ ʧʦʟʳ ʚ ʦʜʠʥ 

ʧʨʦʭʦʜ. 

ɺʳʩʦʢʠʡ FPS ʥʘ NPU 

RK3566. 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʞʝʩʪʦʚ ʧʘʣʴʮʝʚ. 

MoveNet 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʫʩʪʘʚʦʚ ʧʦ heatmaps. 

ʄʠʥʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ 

ʠʥʬʝʨʝʥʩʘ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʦʩʚʝʱʝʥʠʶ. 

OpenPose 

ʉʙʦʨʢʘ ʩʢʝʣʝʪʘ 

Bottom-Up. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʝʨʝʢʨʳʪʠʷʤ. 

ʂʨʘʡʥʝ ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʩʠʩʪʝʤʫ. 

PoseNet 

ʈʝʛʨʝʩʩʠʷ ʪʦʯʝʢ ʯʝʨʝʟ 

MobileNet. 

ʇʨʦʩʪʦʪʘ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʧʦʜʜʝʨʞʢʠ. 

ɺʳʩʦʢʠʡ çʰʫʤè 

ʢʦʦʨʜʠʥʘʪ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʤʦʜʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʇɸʂ ʥʘ ʙʘʟʝ SoC RK3566 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝʣʴʶ ʢʘʯʝʩʪʚʘ FURPS (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 ï FURPS-ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
ʉʨʝʜʩʪʚʦ ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʇʨʘʢʪʠʯʥʦʩʪʴ ʅʘʜʝʞʥʦʩʪʴ 

MediaPipe ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

YOLO11 ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ 

MoveNet ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

OpenPose ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

PoseNet ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ ʚ ʜʠʥʘʤʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʠʥʬʝʨʝʥʩʘ ʤʦʜʝʣʠ YOLO11 ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ 

NPU, ʘʨʭʠʪʝʢʪʫʨʘ MediaPipe Hands ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʜʝʣʠ ʩʪʨʦʠʪʴ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ 3D-ʩʢʝʣʝʪ ʠʟ 21 ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʣʘʜʦʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʞʝʩʪʳ, ʪʘʢʠʝ ʢʘʢ ʟʘʭʚʘʪ ʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʩ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʦʱʝʥʥʳʭ Pose-ʤʦʜʝʣʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʚʩʪʨʦʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʨʝʤʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ MediaPipe 

ʵʬʬʝʢʪʠʚʥʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʵʬʬʝʢʪ çʜʨʦʞʘʥʠʷè ʢʫʨʩʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʚʠʛʘʮʠʠ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʪʘʯʧʘʜʘ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ARM-ʘʨʭʠʪʝʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʳ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʧʦʪʦʢʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ SoC RK3566 ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʨʝʡʤʚʦʨʢʘ MediaPipe Hands. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ Edge AI  ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʚʳʥʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʧʝʨʠʬʝʨʠʡʥʳʡ ʤʦʜʫʣʴ, ʠʩʢʣʶʯʘʷ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʦʩʥʦʚʥʦʛʦ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʦʧʝʨʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ Bluetooth HID 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʘʧʧʘʨʘʪʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʝʛʦ ʚ ʣʶʙʫʶ ʩʦʚʨʝʤʝʥʥʫʶ ʆʉ ʙʝʟ ʫʩʪʘʥʦʚʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʨʘʡʚʝʨʦʚ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ 

ʤʝʜʠʮʠʥʩʢʦʤ ʩʝʢʪʦʨʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʛʠʭ ʥʦʨʤ ʩʘʥʠʪʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʙʦʪʘ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʞʝʩʪʦʚ ʧʦʜ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ. 
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ɺʥʝʜʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʷʤʠ ʥʘ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʙʝʟʦʧʘʩʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ [1] ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ Security Vision ʠ ScanFactory 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʇʆ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʨʠʩʢʠ ʩʪʦʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʙʠʙʣʠʦʪʝʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʤʝʱʘʝʪ 

ʬʦʢʫʩ ʩ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ ʥʘ ʧʨʦʘʢʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʫʛʨʦʟ. ʂʘʢ ʦʪʤʝʯʘʝʪ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʨʠʬʠʢʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ CICADA8, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʢʦʣʦ 35% ʫʷʟʚʠʤʦʩʪʝʡ ʚʥʝʰʥʝʛʦ ʧʝʨʠʤʝʪʨʘ ʚʩʝ ʝʱʝ ʪʨʝʙʫʶʪ ʛʣʫʙʦʢʦʡ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ. ʈʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪʢʘʟʘ ʥʘ ʵʪʘʧʝ 

ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠʣʠ ʩʙʦʨʢʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʢʩʧʝʨʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ, 

ʠʩʢʣʶʯʘʷ ʠʭ ʧʦʷʚʣʝʥʠʝ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʨʝʜʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʠ 

ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʉʨʝʜʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʧʦʚʳʰʝʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʨʝʘʣʴʥʦʡ ʜʦʩʪʠʞʠʤʦʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʚʥʝʜʨʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʥʪʝʛʨʘʮʠʶ ʚ 

ʢʦʥʚʝʡʝʨʳ CI/CD ʠ ʧʣʘʪʬʦʨʤʳ ʦʨʢʝʩʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʜʘʥʥʳʭ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʫʷʟʚʠʤʳʝ ʤʝʪʦʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʀʀ, ʦʜʥʘʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʜʘʧʪʘʮʠʝʡ ʧʨʦʮʝʩʩʘ 

ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ (ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʠʪʝʨʘʮʠʡ 

ʘʥʘʣʠʟʘ) ʠ ʫʯʝʪʦʤ ʢʦʥʪʝʢʩʪʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ 

ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʝʢʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʫʯʝʪʝ ʚʣʠʷʥʠʷ 

ʧʨʝʜʳʜʫʱʠʭ ʠʪʝʨʘʮʠʡ ʘʥʘʣʠʟʘ, ʢʦʥʪʝʢʩʪʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʥʮʠʧʘ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ SCA-ʩʢʘʥʝʨʳ ʩʧʦʩʦʙʥʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʷʤʳʝ ʠ 

ʪʨʘʥʟʠʪʠʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʮʝʥʠʚʘʶʪ ʣʠʮʝʥʟʠʦʥʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘʥʘʣʠʟʠʨʫʶʪ ʛʨʘʬʳ ʚʳʟʦʚʦʚ ʤʝʪʦʜʦʚ ʙʠʙʣʠʦʪʝʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʦʬʠʣʴ ʠ ʦʧʳʪ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʩʧʝʮʠʬʠʢʘ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʢʦʜʦʚʦʡ ʙʘʟʳ ʠʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʮʝʥʢʝ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʠʣʫ ʩʚʦʝʡ ʵʚʨʠʩʪʠʯʝʩʢʦʡ 
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ʧʨʠʨʦʜʳ ʠ ʩʣʦʞʥʦʩʪʠ ʬʦʨʤʘʣʠʟʘʮʠʠ [2]. ɼʣʷ ʫʯʝʪʘ ʪʘʢʠʭ ʘʩʧʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤ 

ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʘʥʘʣʠʟ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ 

ʟʥʘʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʝʢʪʘ ʠ 

ʬʘʢʪʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ ʫʷʟʚʠʤʦʩʪʝʡ, ʘ ʧʨʘʚʠʣʘ, ʟʘʜʘʚʘʝʤʳʝ ʩʧʝʮʠʘʣʠʩʪʦʤ, 

ʫʪʦʯʥʷʶʪ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʨʝʘʣʴʥʳʡ ʨʠʩʢ ʫʷʟʚʠʤʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʩɹʷ ʥʝ ʘʙʩʪʨʘʢʪʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʦʧʘʩʥʦʩʪʴʶ, ʘ ʠʩʭʦʜʷ ʠʟ ʢʦʥʪʝʢʩʪʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

ɻʦʚʦʨʷ ʦ ʢʦʥʪʝʢʩʪʝ, ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʩʧʝʢʪʘ: 

ʩʪʘʪʠʯʝʩʢʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʷʟʚʠʤʦʛʦ ʢʦʜʘ ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ 

ʧʨʦʛʨʘʤʤʳ, ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ, ʦʪʨʘʞʘʶʱʠʡ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʢʦʜʘ ʚʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (SAST) ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʨʠʢ ʨʘʟʨʘʙʦʪʢʠ (Development Process Metrics). 

ʂʦʥʮʝʧʪʫʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʧʦʜʭʦʜʘ ʚʳʩʪʫʧʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʙʠʥʘʨʥʦʡ ʣʦʛʠʢʠ 

çʫʷʟʚʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ/ʦʪʩʫʪʩʪʚʫʝʪè ʢ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʦʧʝʨʠʨʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʜʘʥʥʳʤʠ ʠʟ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʙʘʟ ʫʷʟʚʠʤʦʩʪʝʡ, ʥʦ ʠ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʠʟʚʣʝʢʘʝʤʦʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʝʢʪʘ ʠ ʠʩʪʦʨʠʠ ʝʛʦ ʠʟʤʝʥʝʥʠʡ [3]. ɼʣʷ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʦʮʝʥʢʠ ʚʚʦʜʠʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʠʩʢʘ - ʚʟʚʝʰʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʦʪ ʪʨʸʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʙʘʟʦʚʳʝ ʘʪʨʠʙʫʪʳ ʫʷʟʚʠʤʦʩʪʠ 

(ʪʠʧ ʫʷʟʚʠʤʦʩʪʠ ʧʦ CWE ʠ ʦʮʝʥʢʘ CVSS). ɺʦ-ʚʪʦʨʳʭ, ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʫʷʟʚʠʤʦʩʪʠ ʚ ʢʦʜʝ: ʬʘʢʪ ʠʤʧʦʨʪʘ ʙʠʙʣʠʦʪʝʢʠ, ʚʳʟʦʚ ʫʷʟʚʠʤʦʛʦ 

ʤʝʪʦʜʘ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʥʝʛʦ ʜʘʥʥʳʭ. ɺ-ʪʨʝʪʴʠʭ, ʬʘʢʪʦʨʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ - ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ: ʯʘʩʪʦʪʘ ʠʟʤʝʥʝʥʠʡ ʚ ʬʘʡʣʘʭ 

ʩ ʫʷʟʚʠʤʦʡ ʙʠʙʣʠʦʪʝʢʦʡ, ʦʧʳʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʘʣʠʯʠʝ ʧʣʘʥʦʚʳʭ ʨʘʙʦʪ ʥʘʜ 

ʢʦʤʧʦʥʝʥʪʦʤ. 

ʉʪʘʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʝʪʦʜʠʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʘʥʘʣʠʟ ʢʦʜʘ: 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʨʘʟʙʦʨ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʘʙʩʪʨʘʢʪʥʦʛʦ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ, ʛʨʘʬ ʚʳʟʦʚʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʘʢʪ 

ʚʳʟʦʚʘ ʫʷʟʚʠʤʦʛʦ ʤʝʪʦʜʘ, ʘ ʘʥʘʣʠʟ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʦʪʩʣʝʞʠʚʘʝʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʘʨʛʫʤʝʥʪʦʚ - ʦʪ ʢʦʥʩʪʘʥʪ ʜʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ. ʈʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʯʠʪʳʚʘʝʪ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ: ʫʷʟʚʠʤʦʩʪʴ ʚ ʨʝʜʢʦ 

ʠʟʤʝʥʷʝʤʦʤ ʤʦʜʫʣʝ ʩʦʟʜʘʸʪ ʩʪʘʙʠʣʴʥʳʡ ʨʠʩʢ, ʪʦʛʜʘ ʢʘʢ ʚ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʢʦʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʝʸ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ 

ʫʷʟʚʠʤʦʩʪʝʡ ʚʦʟʨʘʩʪʘʝʪ. ɸʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʝʪʘʜʘʥʥʳʤ ʨʝʧʦʟʠʪʦʨʠʷ - 

ʯʘʩʪʦʪʝ ʢʦʤʤʠʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʫ ʘʚʪʦʨʦʚ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʦʮʝʥʢʫ 

ʢʨʠʪʠʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʯʘʱʝ. 

ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ʠʪʝʨʘʪʠʚʝʥ ʠ ʚʩʪʨʦʝʥ ʚ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1). 

ʇʝʨʚʠʯʥʘʷ ʦʮʝʥʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʫʷʟʚʠʤʦʩʪʠ, ʥʦ ʢʣʶʯʝʚʦʝ 

ʦʪʣʠʯʠʝ ʧʦʜʭʦʜʘ ï ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʥʪʝʢʩʪʘ. ʇʨʠ ʥʘʩʪʫʧʣʝʥʠʠ 

ʩʦʙʳʪʠʡ-ʪʨʠʛʛʝʨʦʚ (ʥʦʚʳʡ ʢʦʤʤʠʪ, Pull Request, ʠʩʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ) ʫʨʦʚʝʥʴ 

ʢʨʠʪʠʯʥʦʩʪʠ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ. 
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ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʧʨʘʚʠʣ çʫʩʣʦʚʠʝ-

ʜʝʡʩʪʚʠʝè, ʥʘʧʨʠʤʝʨ: çɽʉʃʀ ʫʷʟʚʠʤʳʡ ʤʝʪʦʜ ʚʳʟʳʚʘʝʪʩʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʀ ʤʦʜʫʣʴ ʢʨʠʪʠʯʝʥ, ʊʆ ʢʣʘʩʩ ʨʠʩʢʘ ʧʦʚʳʰʘʝʪʩʷè. ɺʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʧʨʦʝʢʪ. 

ʇʨʦʟʨʘʯʥʦʩʪʴ ʧʦʜʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʨʦʙʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʠʪʦʛʦʚʦʡ 

ʦʮʝʥʢʠ - ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ ʜʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʚʣʠʷʣʠ ʥʘ ʨʝʰʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʜʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʦʡ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʘ ʜʦʧʦʣʥʷʝʪ ʠʭ, ʠʩʧʦʣʴʟʫʷ ʦʙʱʝʧʨʠʥʷʪʳʝ 

ʤʝʪʨʠʢʠ ʢʘʢ ʦʩʥʦʚʫ ʠ ʢʦʨʨʝʢʪʠʨʫʷ ʠʭ ʩ ʫʯʸʪʦʤ ʢʦʥʪʝʢʩʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʸʥʥʘʷ ʩʭʝʤʘ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʫʷʟʚʠʤʦʩʪʝʡ ʩʪʦʨʦʥʥʠʭ 

ʙʠʙʣʠʦʪʝʢ 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʩʪʨʦʝʥʠʶ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤ r ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʠʟʥʘʯʘʣʴʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʚ DevSecOps-ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ SCA-ʨʝʰʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʧʠʩʢʠ ʥʘʡʜʝʥʥʳʭ CVE, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʤʦʜʝʣʠ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʧʝʮʠʘʣʠʩʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʦʮʝʥʢʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʧʨʦʝʢʪʘ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʥʘ ʪʨʠʘʞ ʠʥʮʠʜʝʥʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʬʦʢʫʩʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ 

(ʥʘʧʨʠʤʝʨ, ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʦʙʥʦʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʦʰʠʙʦʢ ʚ ʥʝʡ) ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ - 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʚ ʪʝʭ ʬʨʘʛʤʝʥʪʘʭ ʢʦʜʘ, ʢʦʪʦʨʳʝ ʝʱʸ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʜʝʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ 

ʢʨʠʪʠʯʥʦʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʪʦʨʦʥʥʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘ ʦʩʥʦʚʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ 

ʜʘʥʥʳʭ ʠ ʢʦʥʪʝʢʩʪʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʥ ʬʦʨʤʘʣʠʟʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʫʷʟʚʠʤʦʩʪʷʭ ʢ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʦʙ ʠʭ ʧʨʠʦʨʠʪʠʟʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ, ʘʥʘʣʠʟ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʡ ʠ ʩʠʩʪʝʤʫ 

ʚʟʚʝʰʝʥʥʳʭ ʧʨʘʚʠʣ. ʄʝʪʦʜʠʢʘ ʟʘʢʣʘʜʳʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʨʦʮʝʩʩʘʤ ʨʘʟʨʘʙʦʪʢʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʋʇʈɸɺʃɽʅʀɽ ʈʀʉʂɸʄʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʇʈʀ ʉʀʉʊɽʄʅʆʁ ʀʅʊɽɻʈɸʎʀʀ 

 
ɺʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʥʝʠʟʙʝʞʥʳʤ ʚʝʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʝʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪ ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʣʦʞʠʚʰʘʷʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʨʛʘʥʠʟʘʮʠʡ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʥʦʚʳʝ, ʟʘʯʘʩʪʫʶ 

ʩʢʨʳʪʳʝ, ʫʷʟʚʠʤʦʩʪʠ. ʈʝʰʝʥʠʝ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʰʠʙʢʠ ʚ 

ʧʨʦʪʦʢʦʣʘʭ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʘʜʘʧʪʘʮʠʷ ʧʨʦʜʫʢʪʘ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚ ʬʫʥʢʮʠʦʥʠʨʫʶʱʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʦʞʝʪ ʢʘʟʘʪʴʩʷ ʤʥʦʛʠʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʚʳʩʰʝʛʦ ʟʚʝʥʘ 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʟʘʚʝʨʰʘʶʱʠʤʠ ʵʪʘʧ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʙʠʟʥʝʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʳʪ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʝʡʩʳ ʜʨʫʛʠʭ 

ʢʦʤʧʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʦʰʝʜʰʝʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʠʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ - ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ, ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʤʦʞʝʪ ʩʪʘʪʴ ʪʦʯʢʦʡ ʫʷʟʚʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʷʤ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ Positive Technologies, ʦʜʥʦʛʦ 

ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʤʝʞʜʫ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ ʠ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʮʠʜʝʥʪʦʚ ʀɹ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ [1]. ʇʨʠ ʵʪʦʤ ʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

[2], ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ ʚʭʦʜʘ ʚ 

ʟʘʱʠʱʝʥʥʳʝ ʩʠʩʪʝʤʳ. ɺʳʩʦʢʠʝ ʪʝʤʧʳ ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʧʨʠʦʨʠʪʝʪʘ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ï 

ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ, ʩʦʟʜʘʶʱʠʡ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʂʘʢ 

ʦʪʤʝʯʘʶʪ ʵʢʩʧʝʨʪʳ, ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʦʨʛʘʥʠʟʘʮʠʠ ï 

ʚʝʩʢʘʷ ʧʨʠʯʠʥʘ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ ʧʨʦʮʝʜʫʨʘ ʘʫʜʠʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʬʦʨʤʘʣʴʥʦʡ ʧʨʦʚʝʨʢʦʡ, ʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʟʘʱʠʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʮʝʥʢʫ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʠʩʢʦʚ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʚʳʷʚʣʝʥʠʶ ʫʷʟʚʠʤʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʳʭ ʀʊ-

ʨʝʰʝʥʠʡ. ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʠʧʠʯʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʩʪʳʢʝ ʩʠʩʪʝʤ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. 
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ɸʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʣʝʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [3]. ʆʜʥʘʢʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʝʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʧʨʦʚʝʨʢʫ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʥʝʜʨʷʝʤʳʤ 

ʨʝʰʝʥʠʝʤ ʠ ʜʝʡʩʪʚʫʶʱʝʡ ʀʊ-ʘʨʭʠʪʝʢʪʫʨʦʡ, ʚʢʣʶʯʘʷ ʘʧʧʘʨʘʪʥʦʝ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʘ ʬʦʥʝ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʠʩʢʦʚ ʘʫʜʠʪ ʜʘʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʪʘʥʜʘʨʪʘʤ ʠ ʨʝʛʣʘʤʝʥʪʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʚʝʜʝʥʠʝ ʘʫʜʠʪʘ ï ʥʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʦʙʥʘʨʫʞʝʥʥʳʡ ʠʥʮʠʜʝʥʪ, ʘ ʧʨʦʘʢʪʠʚʥʳʝ 

ʤʝʨʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʙʦʙʱʝʥʳ ʫʷʟʚʠʤʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ (ʪʘʙʣʠʮʘ 1). 

ɸʥʘʣʠʟ ʪʠʧʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʨʠʩʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʭʦʜʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʠʣ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ 

[4]. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʧʦʩʣʫʞʠʣʘ ʢʨʠʪʠʯʥʦʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʥʮʠʜʝʥʪʦʚ ʀɹ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ï ʦʪ ʥʘʨʫʰʝʥʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʜʦ ʧʦʣʥʦʛʦ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʠʭ ʢʘʢ ERP ʠʣʠ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ (ʉʂʋɼ), ʦʜʥʦʡ ʠʟ ʨʝʛʫʣʷʨʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʫʛʨʦʟ 

ʷʚʣʷʝʪʩʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʠʚʠʣʝʛʠʡ. ʇʨʠʯʠʥʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʣʥʦʝ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʨʦʣʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʤʘʪʨʠʮʝʡ ʧʨʘʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʦʙʥʦʡ ʦʰʠʙʢʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ ʨʘʤʢʠ ʠʭ ʜʦʣʞʥʦʩʪʥʳʭ ʧʦʣʥʦʤʦʯʠʡ ʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ. ʈʦʩʪ ʤʘʩʰʪʘʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ, ʧʣʘʪʬʦʨʤ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʫʪʝʯʝʢ 

ʜʘʥʥʳʭ ʯʝʨʝʟ ʥʝʙʝʟʦʧʘʩʥʳʝ API. ɼʣʷ ʩʠʩʪʝʤʥʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʧʨʠʦʨʠʪʝʪʦʤ ʯʘʩʪʦ ʦʩʪʘʶʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʥʘʩʪʨʦʡʢʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, 

ʯʪʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ ʚʥʠʤʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʇʨʦʮʝʩʩʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘʚʪʦʨʠʟʘʮʠʠ, ʰʠʬʨʦʚʘʥʠʝ ʠ ʚʘʣʠʜʘʮʠʷ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʯʘʩʪʦ ʚʪʦʨʦʩʪʝʧʝʥʥʳ, ʯʪʦ ʧʨʝʚʨʘʱʘʝʪ API-ʰʣʶʟʳ ʚ ʫʜʦʙʥʳʝ ʢʘʥʘʣʳ ʜʣʷ 

ʵʢʩʬʠʣʴʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʠʩʢʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʝʪʘʮʠʷ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʥʝʙʝʟʦʧʘʩʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ESB, ETL-ʠʥʩʪʨʫʤʝʥʪʳ). 

ʋʷʟʚʠʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʩʪʨʦʝʢ, 

ʦʪʩʫʪʩʪʚʠʷ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʝʛʤʝʥʪʘʭ ʠ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʣʦʛʠʨʦʚʘʥʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʘʤʠʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʝʜʠʥʫʶ 

ʪʦʯʢʫ ʦʪʢʘʟʘ. ʅʘʢʦʥʝʮ, ʚʥʝʜʨʝʥʠʝ ʨʝʩʫʨʩʦʝʤʢʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʧʣʘʪʬʦʨʤʳ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʀʀ, ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʢʦʥʬʣʠʢʪʳ ʨʝʩʫʨʩʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝʩʫʪ ʚʳʩʦʢʠʡ ʨʠʩʢ ʧʨʦʚʦʮʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ 

(DoS). ʅʦʚʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʦʙʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ (ʩʝʪʴ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ), 
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ʧʨʠʚʝʜʷ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʧʦʣʥʦʤʫ ʦʪʢʘʟʫ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʩʝʨʚʠʩʦʚ. 

 

ʊʘʙʣʠʮʘ 1 ï ʋʷʟʚʠʤʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʀʊ-ʨʝʰʝʥʠʡ 
ʅʘʟʚʘʥʠʝ 

ʫʷʟʚʠʤʦʩʪʠ 

ʇʨʠʯʠʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ɺʥʝʰʥʠʝ ʧʨʦʷʚʣʝʥʠʷ 

ʄʝʪʦʜʳ 

ʧʨʦʚʝʨʢʠ 

ɺʨʝʤʷ 

ʚʳʷʚʣʝʥʠʷ 

ʕʩʢʘʣʘʮʠʷ 

ʧʨʠʚʠʣʝʛʠʡ 

ʂʦʥʬʣʠʢʪ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʩʪʫʧʦʤ; 

ʥʝʢʦʨʨʝʢʪʥʦʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʦʣʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ɾʘʣʦʙʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʫʧʘ ʢ ʬʫʥʢʮʠʷʤ; 

ʧʦʷʚʣʝʥʠʝ ʫ ʫʯʝʪʥʳʭ 

ʟʘʧʠʩʝʡ 

ʥʝʩʚʦʡʩʪʚʝʥʥʳʭ ʠʤ 

ʧʨʘʚ 

ɸʥʘʣʠʟ 

ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʫʧʘ; 

ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʘʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

2-4 ʜʥʷ 

ʋʪʝʯʢʘ 

ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʥʝʙʝʟʦʧʘʩʥʳʝ 

API 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʩʪʘʨʝʚʰʠʭ ʠʣʠ 

ʥʝʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥ

ʳʭ API-ʠʥʪʝʨʬʝʡʩʦʚ 

ʜʣʷ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʩʠʩʪʝʤʘʤʠ  

ɸʥʦʤʘʣʴʥʳʡ 

ʠʩʭʦʜʷʱʠʡ ʪʨʘʬʠʢ; 

ʟʘʧʠʩʠ ʚ ʣʦʛʘʭ ʦ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʟʘʧʨʦʩʘʭ 

ʊʝʩʪʠʨʦʚʘʥʠʝ 

API 

(ʙʝʣʳʡ/ʯʝʨʥʳʡ 

ʷʱʠʢ); ʘʥʘʣʠʟ 

ʞʫʨʥʘʣʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʠʩʪʝʤ 

3-5 ʜʥʝʡ 

ʆʪʢʘʟ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠ

ʠ ʠʟ-ʟʘ 

ʢʦʥʬʣʠʢʪʘ 

ʨʝʩʫʨʩʦʚ 

ʅʝʘʜʝʢʚʘʪʥʘʷ ʦʮʝʥʢʘ 

ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʫʶ 

ʥʦʚʘʷ ʩʠʩʪʝʤʘ 

ʩʦʟʜʘʝʪ ʥʘ ʦʙʱʠʝ 

ʨʝʩʫʨʩʳ 

ɿʘʤʝʜʣʝʥʠʝ ʨʘʙʦʪʳ 

ʢʨʠʪʠʯʥʳʭ ʩʝʨʚʠʩʦʚ; 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ʉʪʨʝʩʩ-

ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ 

ʪʝʩʪʦʚʦʡ ʩʨʝʜʝ; 

ʘʥʘʣʠʟ ʤʝʪʨʠʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ 

5-7 ʜʥʝʡ 

 

ʋʷʟʚʠʤʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʦʥʥ

ʦʛʦ ʰʣʶʟʘ 

(ESB/API) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʇʆ 

ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʰʠʬʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ 

ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʩʝʛʤʝʥʪʘʭ 

ɸʥʦʤʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʭʦʩʪʘʭ 

ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʇʆ; ʥʘʣʠʯʠʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ ʣʦʛʘʭ ʠʣʠ 

ʬʘʡʣʘʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 

ɸʫʜʠʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʇʆ; ʘʥʘʣʠʟ 

ʧʨʘʚʠʣ 

ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʘʥʥʳʭ 

3-6 ʜʥʝʡ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʣʘʪʝʥʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʩʢʨʳʪʳʭ ʚ ʩʣʦʞʥʦʩʪʷʭ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʨʝʙʫʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ. ʕʬʬʝʢʪʠʚʥʳʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʜʦʢʫʤʝʥʪʘʨʥʦʛʦ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʘʫʜʠʪʘ. ʇʝʨʚʳʡ ʚʠʜ ʘʥʘʣʠʟʘ (ʘʫʜʠʪ ʧʦʣʠʪʠʢ, ʨʝʛʣʘʤʝʥʪʦʚ, 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʜʠʘʛʨʘʤʤ) ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ, ʚʪʦʨʦʡ ʚʠʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ, ʘʥʘʣʠʟ 

ʪʨʘʬʠʢʘ, ʪʝʩʪʳ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʧʨʠʟʚʘʥ ʦʙʥʘʨʫʞʠʪʴ ʠʭ ʪʝʭʥʠʯʝʩʢʫʶ 

ʨʝʘʣʠʟʘʮʠʶ. ʀʤʝʥʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʨʦʟʥʝʥʥʳʝ 

ʧʨʦʚʝʨʢʠ ʚ ʮʝʣʦʩʪʥʳʡ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʟʘʱʠʱʝʥʥʦʩʪʠ ʀʊ-ʩʠʩʪʝʤ ʧʦʩʣʝ 

ʠʥʪʝʛʨʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʘʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʀʊ-ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝ ʬʦʨʤʘʣʴʥʦʡ 
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ʨʝʢʦʤʝʥʜʘʮʠʝʡ, ʘ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʘʢʪʠʢʦʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʫʷʟʚʠʤʦʩʪʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝ ʚʩʝʛʜʘ ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ. ɸʫʜʠʪ ʀɹ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʠʩʢʘ, ʯʪʦ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɹʝʟ ʪʘʢʠʭ ʜʘʥʥʳʭ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ 

ʪʝʨʷʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ, ʪʦʛʜʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʥʘʨʫʰʠʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ. ʊʠʧʠʯʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʘʢʪʠʢʠ ʷʚʣʷʶʪʩʷ ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʟʘʪʨʘʪʳ ʠ ʥʝʜʦʩʪʘʪʦʢ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ. 

ʇʨʝʦʜʦʣʝʪʴ ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʘʨʛʫʤʝʥʪʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ ʘʫʜʠʪʘ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʙʳʪʢʦʚ ʦʪ ʠʥʮʠʜʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʚʳʷʚʣʝʥʠʷ 

ʩʣʫʞʠʪ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʫʜʠʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʦʡ ʘʫʜʠʪ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʨʝʚʝʥʪʠʚʥʦʛʦ, ʘ ʥʝ 

ʨʝʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʩʦʟʜʘʚʘʷ ʦʙʲʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

ɽʛʦ ʧʨʦʚʝʜʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʦʨʘ ʠʩʧʦʣʥʠʪʝʣʷ (ʚʥʫʪʨʝʥʥʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʠʣʠ ʚʥʝʰʥʠʝ ʵʢʩʧʝʨʪʳ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʫʶ ʤʝʨʫ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. CODE RED 2026: ɸʢʪʫʘʣʴʥʳʝ ʢʠʙʝʨʫʛʨʦʟʳ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // Positive 

Technologies. 2025. URL: https://ptsecurity.com/research/analytics/russia-cyberthreat-landscape-2026/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 06.12.2025). 

[2]. ɼʣʠ ʄ. ʀ., ʇʫʯʢʦʚ ɸ. ʖ., ʆʢʫʥʝʚ ɹ. ɺ., ʊʠʱʝʥʢʦ ʀ. ʀ. ɸʣʛʦʨʠʪʤ ʩʪʝʛʘʥʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʚʠʜʝʦʬʘʡʣʘʭ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʩ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝʤ // ʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ. 

2024. ʊ. 19. ˉ 3. ʉ. 125ï143. DOI: 10.37791/2687-0649-2024-19-3-125-143. 

[3]. ʄʘʢʘʨʝʥʢʦ ʉ.ʀ. ɸʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʨʦʧʨʠʷʪʠʡ // ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 2018. ˉ1. ʉ.1-29. 

[4]. ɽʬʠʤʦʚ ɸ.ʆ. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʢʨʠʪʠʯʥʦʩʪʴ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ // ɺʝʩʪʥʠʢ ɼɻʊʋ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2025. ʊ. 52. ˉ2. ʉ.98-106. 

 



275 

ɼ.ʖ. ʂʫʟʴʤʝʥʦʢ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʉ. ʌʝʜʫʣʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɸʃɻɽɹʈɸʀʏɽʉʂʀʍ ɿɸɼɸʏ ʀ ʈɸɿʈɸɹʆʊʂɸ 

ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ ʀʍ ʈɽʐɽʅʀʗ 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʘʣʛʝʙʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʠ ï ʵʢʦʥʦʤʠʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ, 

ʧʨʠʨʦʜʘ, ʧʦʣʠʪʠʢʘ, ʩʦʮʠʦʣʦʛʠʷ. 

ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʟʘʜʘʯʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʥʝ ʟʘʜʘʥʘ 

ʷʚʥʦ ʚ ʯʠʩʣʦʚʦʤ ʚʠʜʝ, ʘ ʩʚʷʟʘʥʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʟʘʜʘʯ ʘʨʠʬʤʝʪʠʢʠ, ʚ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʠʤʝʝʪʩʷ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ, ʘ 

ʚʳʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʫʢʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ. ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ, ʥʝʨʘʚʝʥʩʪʚ, ʩʠʩʪʝʤ ʠʣʠ ʬʫʥʢʮʠʡ. ʈʝʰʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʠʥʷʪʘ ʟʘ 

ʥʝʠʟʚʝʩʪʥʫʶ, ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ ï 

ʫʨʘʚʥʝʥʠʝ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʣʠ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʥʘ ʤʦʥʦʪʦʥʥʦʩʪʴ. 

ʊʨʝʪʠʡ ʵʪʘʧ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʚ 

ʟʘʜʘʯʝ ʦʪʚʝʪ ʜʦʣʞʝʥ ʚʩʝʛʜʘ ʠʤʝʪʴ ʩʤʳʩʣ. ʇʨʦʚʝʨʢʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʩʪʦʨʦʥʥʠʭ ʢʦʨʥʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ. ʊʘʢʞʝ 

ʧʨʦʚʝʨʢʘ ʧʦʤʦʛʘʝʪ ʠʟʙʝʛʘʪʴ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʠ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʭ ʨʝʰʝʥʠʶ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʧʦʩʦʙʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʟʘʜʘʯ 

ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʰʠʙʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ, ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ç2x2è ʥʘ ʷʟʳʢʝ C#.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʨʦʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʟʥʘʢʘʭ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ï ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʰʘʙʣʦʥʦʚ ʨʝʰʝʥʠʷ ʢʘʞʜʦʡ ʠʟ 

ʟʘʜʘʯ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʭ ʨʝʰʝʥʠʠ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʝʪʦʜʳ. ɺ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʯ ʘʣʛʝʙʨʳ ʣʝʞʘʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ. 

1. ʍʘʨʘʢʪʝʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

2. ʂʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ. 



276 

3. ʅʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʡ. 

4. ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʢʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ. 

ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʣʛʝʙʨʳ: 

ɸ) ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ, ʫʨʘʚʥʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʟʘʠʤʦʩʚʷʟʝʡ. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠ ʩʠʩʪʝʤ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʨʘʙʦʪʘ ʩ ʤʘʪʨʠʮʘʤʠ ʠ ʦʧʨʝʜʝʣʠʪʝʣʷʤʠ, ʟʘʜʘʯʠ ʥʘ 

ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ. 

ɿʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ, ʯʪʦʙʳ 

ʚʧrʦʣʥʠʪʴ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʪʦʚʘʨʦʚ ʦʪ ʧʨʦʜʘʚʮʘ ʢ 

ʧʦʢʫʧʘʪʝʣʶ [1]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ: ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʩʜʚʠʛʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 3D-ʦʙʲʝʢʪʦʚ ʥʘ 

ʵʢʨʘʥʝ. 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʚʚʝʜʝʥʠʝ ʥʦʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ, ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʤʥʦʞʠʪʝʣʠ, ʚʳʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ, ʤʝʪʦʜʳ 

ʧʦʜʩʪʘʥʦʚʢʠ, ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜʳ ʚʦʟʚʝʜʝʥʠʷ 

ʚ ʩʪʝʧʝʥʴ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ, ʪʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʯʸʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʘʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʚʥʦʩʠʣʴʥʦ) ʠ ʫʤʥʦʞʝʥʠʷ ʥʘ ʩʦʧʨʷʞʸʥʥʦʝ ʚʳʨʘʞʝʥʠʝ. 

ɹ) ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʄʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʠ ʩʪʝʧʝʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

ɿʘʜʘʯʠ ʧʦʠʩʢʘ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ, ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʯʠ ʥʘ ʧʦʠʩʢ ʤʠʥʠʤʫʤʘ ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʨʝʰʘʶʪ 

ʧʫʪʸʤ ʥʘʭʦʞʜʝʥʠʷ ʥʫʣʝʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʥʘʭʦʜʷ ʚʝʨʰʠʥʫ ʧʘʨʘʙʦʣʳ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺ ʬʠʟʠʢʝ ï ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʩʥʘʨʷʜʘ ʠʣʠ ʤʷʯʘ: ʟʥʘʷ ʥʘʯʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʠ ʫʛʦʣ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʘʣʴʥʦʩʪʴ ʠ ʚʳʩʦʪʫ ʧʦʣʝʪʘ. 

ʌʫʥʢʮʠʠ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʙʠʟʥʝʩʝ ʯʘʩʪʦ ʠʤʝʶʪ ʩʪʝʧʝʥʥʦʡ, ʠʣʠ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʚʠʜ. ʅʘʭʦʞʜʝʥʠʝ ʚʝʨʰʠʥʳ ʧʘʨʘʙʦʣʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʮʝʥʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʳʨʫʯʢʘ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ɺ) ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʥʝʨʘʚʝʥʩʪʚʘ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ: ʙʶʜʞʝʪʥʳʝ, 

ʚʨʝʤʝʥʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ. 

ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʟʘʜʘʯ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ 

ʥʝʨʘʚʝʥʩʪʚ, ʩʠʩʪʝʤ ʠ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʥʝʨʘʚʝʥʩʪʚ. 

ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʘʢʦʡ ʟʘʜʘʯʝʡ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʠ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʟʘʜʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ, ʩʢʦʣʴʢʦ ʪʦʚʘʨʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʧʨʦʠʟʚʝʩʪʠ, ʯʪʦʙʳ ʧʨʠʙʳʣʴ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʥʦ ʨʝʩʫʨʩʳ ʥʝ ʚʳʭʦʜʠʣʠ ʟʘ 

ʜʦʧʫʩʪʠʤʳʝ ʨʘʤʢʠ. 
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ʊʘʢʠʝ ʟʘʜʘʯʠ ʯʘʩʪʦ ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʨʦʤʝʞʫʪʢʦʚ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ, ʘ 

ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʰʠʬʨʦʚʘʥʠʠ, ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʤʦʜʫʣʴʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ. 

ɻ) ɿʘʜʘʯʠ ʩ ʛʨʘʬʘʤʠ ʠ ʤʘʪʨʠʮʘʤʠ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʚʠʛʘʪʦʨʘʭ, ʜʣʷ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ ʧʨʠ 

ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ɸʣʛʦʨʠʪʤʳ ɼʝʡʢʩʪʨʳ ʠʣʠ ʌʣʦʡʜʘ-ʋʦʨʰʝʣʣʘ 

[2], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʘʥʘʣʠʟ 

ʩʚʷʟʝʡ, ʧʦʠʩʢ ʩʦʦʙʱʝʩʪʚ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʨʫʟʝʡ. 

ɼ) ʇʦʩʪʨʦʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɺ ʟʘʜʘʯʘʭ ʥʘ ʩʤʝʩʠ, ʩʧʣʘʚʳ, ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʚʝʱʝʩʪʚʘ, ʩʫʰʢʫ ʚʝʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʠʥʛʨʝʜʠʝʥʪʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʣʝʢʘʨʩʪʚʘ ʩ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ; 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʪʦʯʥʳʤ ʟʥʘʯʝʥʠʝʤ pH. ʊʘʢʞʝ ʵʪʠ ʟʘʜʘʯʠ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʪʘʣʣʫʨʛʠʠ. 

ʀʟʫʯʝʥʠʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʠʩʢʘ ʧʦʷʩʥʝʥʠʡ ʠ 

ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ "2ʭ2" ʥʘ ʷʟʳʢʝ 

C#. ʕʪʦ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʯʠʩʣʘʤʠ ʠ ʚʳʨʘʞʝʥʠʷʤʠ: ʥʘʭʦʜʠʪʴ 

ʜʝʣʠʪʝʣʠ ʯʠʩʝʣ ʠ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ; ʨʝʰʘʪʴ ʣʠʥʝʡʥʳʝ ʠ 

ʩʪʝʧʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʫʪʝʤ ʧʦʠʩʢʘ ʢʦʨʥʝʡ; ʜʝʣʘʪʴ ʧʨʦʚʝʨʢʫ, 

ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʣʠʥʦʤʦʚ; ʨʘʙʦʪʘʪʴ ʩ ʬʫʥʢʮʠʷʤʠ ʠ ʠʭ ʛʨʘʬʠʢʘʤʠ, 

ʥʘʭʦʜʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʠ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʬʫʥʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʣʝʛʯʝʥʠʝʤ ʠʟʫʯʝʥʠʷ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʨʘʩʯʝʪʦʚ. 

ʇʨʦʚʝʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ 17 ʯʝʣʦʚʝʢ: ʰʢʦʣʴʥʠʢʦʚ 7-10 ʢʣʘʩʩʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 1 

ʢʫʨʩʘ. ʇʨʝʜʣʘʛʘʣʦʩʴ ʦʪʚʝʪʠʪʴ, ʢʘʢʠʝ ʛʣʘʚʳ ʤʘʪʝʤʘʪʠʢʠ ʠʟʫʯʘʣʠʩʴ, ʢʘʢʠʝ ʪʠʧʳ 

ʟʘʜʘʯ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʙʝʟ ʧʦʤʦʱʠ ʧʨʠʣʦʞʝʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠʭ ʨʝʰʝʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ. 

ʆʧʨʦʩ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

1.1. ʆʮʝʥʢʘ ʫʯʘʩʪʥʠʢʦʤ ʩʚʦʠʭ ʟʥʘʥʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʧʦ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ 

ʰʢʘʣʝ.  

1.2. ɺʦʧʨʦʩ ʦʙ ʫʤʝʥʠʠ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

2.1. ɿʘʜʘʯʘ ʥʘ ʜʝʣʠʤʦʩʪʴ ʯʠʩʝʣ. 

2.2. ɿʘʜʘʯʘ ʥʘ ʧʨʦʮʝʥʪʳ. 

2.3. ɿʘʜʘʯʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʝʤʳ ɺʠʝʪʘ. 

2.4. ɿʘʜʘʯʘ ʥʘ ʜʝʣʝʥʠʝ ʧʦʣʠʥʦʤʘ. 

2.5. ɿʘʜʘʯʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ. 

2.6. ɿʘʜʘʯʘ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʩʨʝʜʥʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ. 

2.7. ɿʘʜʘʯʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʡ. 

2.8. ɿʘʜʘʯʘ ʥʘ ʦʩʥʦʚʥʫʶ ʪʝʦʨʝʤʫ ʘʨʠʬʤʝʪʠʢʠ. 

2.9. ɿʘʜʘʯʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʢʪʦʨʠʘʣʘ. 
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2.10. ɿʘʜʘʯʘ ʥʘ ʨʝʰʝʥʠʝ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʫʪʝʤ ʚʦʟʚʝʜʝʥʠʷ 

ʯʘʩʪʝʡ ʚ ʩʪʝʧʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ 100-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

ɸ) ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʟʘʜʘʯ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʷʱʘʶʪʩʷ ʚ ʰʢʦʣʘʭ (ʥʘʧʨʠʤʝʨ, 

ʜʝʣʝʥʠʝ ʧʦʣʠʥʦʤʦʚ ʧʦ ʩʭʝʤʝ ɻʦʨʥʝʨʘ). 

ɹ) ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʧʨʠʚʦʜʠʪ ʢ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʚ ʨʘʩʯʝʪʘʭ. 

ɺ) ʩʨʝʜʥʠʡ ʙʘʣʣ ʩʦʩʪʘʚʠʣ 68.94, ʪʦ ʝʩʪʴ, ʧʦʯʪʠ 30% ʟʘʜʘʯ ʥʝ ʫʤʝʝʪ ʨʝʰʘʪʴ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʧʨʦʰʝʥʥʳʭ. 

ɻ) ʙʘʣʣ ʚʳʰʝ 80 ʥʘʙʨʘʣʦ 7 ʯʝʣʦʚʝʢ ʠʟ 17, ʯʪʦ ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ. 

ɼ) ʤʘʢʩʠʤʘʣʴʥʳʡ ʙʘʣʣ ʥʝ ʥʘʙʨʘʣ ʥʠ ʦʜʠʥ ʠʟ ʫʯʘʩʪʥʠʢʦʚ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʦ ʥʘʚʳʢʘʭ ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʟʘʜʘʯ 
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ˉ ʧʧ ʂʣʘʩʩ/ʂʫʨʩ 1.1. 1.2. 2.1. 2.2. 2.3. 2.4. 2.5. 2.6. 2.7. 2.8. 2.9. 2.10. ʉʫʤʤʘ 

1 1ʢ 8 40 5 5 5 5 5 0 5 5 5 5 93 

2 7 3 8 0 0 0 0 0 0 0 0 0 0 11 

3 1ʢ 8 40 5 5 5 5 5 5 5 5 5 5 98 

4 1ʢ 7 40 5 5 5 5 5 0 0 5 5 5 87 

5 7 3 8 0 0 0 0 5 0 0 0 0 0 16 

6 7 7 12 5 5 0 0 5 0 0 5 0 0 39 

7 8 8 10 5 5 0 0 5 5 0 5 0 0 43 

8 8 8 24 5 5 5 0 5 0 0 5 5 5 67 

9 9 8 18 5 5 5 0 5 5 0 5 5 5 66 

10 1ʢ 10 40 5 5 5 0 5 0 5 5 5 5 90 

11 1ʢ 10 36 5 5 5 0 5 0 5 0 0 5 76 

12 7 9 28 5 5 5 0 5 5 5 0 0 0 67 

13 10 8 30 5 5 5 5 5 0 5 5 0 5 78 

14 1ʢ 10 28 5 5 5 5 5 0 5 5 5 5 83 

15 1ʢ 9 40 5 5 5 5 5 5 5 5 5 5 99 

16 1ʢ 8 34 5 5 5 0 0 0 5 5 5 5 77 

17 1ʢ 7 30 5 5 5 0 5 5 5 5 5 5 82 
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ʈʠʩ. 1 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ 

 

ʇʨʠʣʦʞʝʥʠʝ ç2ʭ2è ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʦʥʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʜʘʸʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʫʥʢʮʠʷʭ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʭ ʛʨʘʬʠʢʦʚ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩʪʝʧʝʥʥʳʝ ʠ ʠʨʨʘʮʠʦʥʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

ʄʝʪʦʜ ʚʦʟʚʝʜʝʥʠʷ ʚ ʢʚʘʜʨʘʪ ʠʣʠ ʚʚʝʜʝʥʠʷ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʢ ʩʪʝʧʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʜʨʦʙʥʦ-

ʨʘʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʆɼɿ (ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ç2ʭ2è ʤʦʞʥʦ ʨʝʰʘʪʴ 

ʫʨʘʚʥʝʥʠʷ ʣʶʙʦʛʦ ʚʠʜʘ. 

ʇʨʠʣʦʞʝʥʠʝ ç2x2è ʩʦʜʝʨʞʠʪ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ ʠ ʜʣʷ ʩʘʤʦʦʙʫʯʝʥʠʷ. 

ɹʳʣʦ ʚʳʜʝʣʝʥʦ 8 ʪʝʩʪʦʚ ʧʦ ʪʝʤʘʤ: çʈʘʮʠʦʥʘʣʴʥʳʝ ʯʠʩʣʘè; çʃʠʥʝʡʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʠ ʩʠʩʪʝʤʳ2; çʉʪʝʧʝʥʴ ʯʠʩʣʘè; çʂʚʘʜʨʘʪʥʳʝ ʫʨʘʚʥʝʥʠʷè; çʋʨʘʚʥʝʥʠʷ 

ʚʳʩʰʠʭ ʩʪʝʧʝʥʝʡè; çʌʫʥʢʮʠʠè; çʇʨʦʩʪʳʝ ʠ ʩʦʩʪʘʚʥʳʝ ʯʠʩʣʘ. ɼʝʣʠʤʦʩʪʴ ʯʠʩʝʣè; 

çʕʣʝʤʝʥʪʳ ʩʪʘʪʠʩʪʠʢʠè. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ç2ʭ2è ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʦʥʝʯʥʦʛʦ ʦʪʚʝʪʘ, ʪʘʢ ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ. 

ʇʨʠʣʦʞʝʥʠʝ ç2ʭ2è ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʝʟʥʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʦʩʥʦʚʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʘʤʠ ʘʨʠʬʤʝʪʠʢʠ, ʪʘʢʠʤʠ, ʢʘʢ ʜʝʣʠʤʦʩʪʴ ʯʠʩʝʣ ʠ ʠʭ 

ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ, ʫʧʨʦʱʘʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʡ. 
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ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɻʀɹʈʀɼʅʆɻʆ ʇʆɼʍʆɼɸ ʅɸ ʆʉʅʆɺɽ BILSTM ʀ 

GAN ɼʃʗ ʆɹʅɸʈʋɾɽʅʀʗ ɸʅʆʄɸʃʀʁ ɺʆ ɺʈɽʄɽʅʅʓʍ ʈʗɼɸʍ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʩʪʘʚʠʤ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʢʦʤʙʠʥʠʨʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʪʠ BiLSTM [4] ʠ ʘʨʭʠʪʝʢʪʫʨʳ GAN [5]. ɺ 

ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʨʝʢʫʨʨʝʥʪʥʳʝ 

ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʠ ʥʘ ʦʩʥʦʚʝ LSTM-AE [2], GRU-AE [3] ʠ ʩʝʪʠ BiLSTM-AE [4]. 

ʂʣʶʯʝʚʦʡ ʘʢʮʝʥʪ ʚ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʥʘ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ ʩʚʷʟʢʘ BiLSTMï

GAN ʩʧʦʩʦʙʥʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʭ ʝʱʝ ʥʝʪ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʠʩʪʝʤʳ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʦʝ ʚʦʩʧʦʣʥʝʥʠʝ 

ʢʦʥʪʝʢʩʪʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʠʛʨʘʪʴ ʚ ʩʢʦʨʦʩʪʠ ʬʠʢʩʘʮʠʠ ʘʥʦʤʘʣʠʡ, ʥʝ 

ʞʝʨʪʚʫʷ ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴʶ ʠʪʦʛʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʠʩʧʳʪʫʝʤʳʭ ʤʝʪʦʜʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ECG5000 [1], 

ʚ ʢʦʪʦʨʦʡ ʩʦʙʨʘʥʳ ʟʘʧʠʩʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʂʘʞʜʳʡ ʨʷʜ 

ʩʦʜʝʨʞʠʪ ʧʦ 140 ʦʪʩʯʝʪʦʚ. ʅʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʠʯʥʦʤʫ ʩʝʨʜʝʯʥʦʤʫ ʨʠʪʤʫ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ï 

ʬʦʨʤʳ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʥʦʤʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ECG5000 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʦʪʦʚʦʡ ʨʘʟʤʝʪʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʡ. 

ɺʳʩʦʢʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ BiLSTM ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʨʝʤʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ: ʩʝʪʴ 

ʨʘʩʧʦʟʥʘʝʪ ʢʦʥʪʝʢʩʪ ʜʘʥʥʳʭ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʢʘʢ ʠʟ ʧʨʦʰʣʦʛʦ, ʪʘʢ ʠ ʠʟ 

ʙʫʜʫʱʝʛʦ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ BiLSTM ʠʤʝʝʪ ʠ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɼʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚʩʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ɺ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ ʠʣʠ 

ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ, ʪʘʢ ʢʘʢ 

ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʤʦʤʝʥʪ ʘʥʘʣʠʟʘ ʝʱʸ ʥʝʜʦʩʪʫʧʥʳ. 

ʏʪʦʙʳ ʦʙʦʡʪʠ ʚʳʷʚʣʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʛʠʙʨʠʜʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʛʜʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʝʪʠ BiLSTM ʜʦʧʦʣʥʷʶʪʩʷ 

ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ ʤʦʜʝʣʴ  ʁ(GAN) [5]. ɺ ʦʩʥʦʚʫ ʥʘʰʝʛʦ ʤʝʪʦʜʘ ʣʝʛʣʘ 

ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʭ ʫʯʘʩʪʢʦʚ ʚʨʝʤʝʥʥʦʛʦ 
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ʨʷʜʘ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʧʦʩʪʫʧʠʣʠ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ. ɻʝʥʝʨʘʪʠʚʥʘʷ ʩʝʪʴ ʬʦʨʤʠʨʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʧʦʣʥʠʪʴ ʪʝʤ ʩʘʤʳʤ ʥʝʜʦʩʪʘʶʱʠʡ ʙʫʜʫʱʠʡ ʢʦʥʪʝʢʩʪ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʚʷʟʢʘ BiLSTMïGAN ʧʨʠʟʚʘʥʘ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʝʡ ʠʤʝʥʥʦ ʚ ʩʮʝʥʘʨʠʷʭ ʨʘʥʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʙʨʠʜʠʟʘʮʠʠ BiLSTM ʠ GAN, 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ çʪʦʯʢʝ 

ʦʩʪʘʥʦʚʢʠè: ʢʘʢ ʜʦʣʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʢʘʧʣʠʚʘʪʴ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ 

ʧʝʨʝʜʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ? ʈʘʥʥʝʝ ʧʨʝʨʳʚʘʥʠʝ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʥʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ çʭʚʦʩʪʘè ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʣʷ 

ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ. 

ʇʫʩʪʴ ʠʩʭʦʜʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʜ̫ 3װ ØװȣȟװØȟװØȟװ  ʛʜʝ Ὕ  ï ʵʪʦ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t. 

ɻʝʥʝʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ G ʬʦʨʤʠʨʫʝʪ ʚʝʨʦʷʪʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʷʜʘ Ὓ

ὼ ȟȣȟὼ , ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʩʪʨʦʠʪʩʷ ʛʠʙʨʠʜʥʳʡ ʩʠʛʥʘʣ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʚʭʦʜ 

BiLSTM: 

 

Ὓ ὸ ὼȟȣȟὼȟὼ ȟȣȟὼ  

 

ʄʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʥʦʨʤʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ Ὓὸ

ὄὭὒὛὝὓὛ ὸ . ʈʝʰʝʥʠʝ ʦʙ ʘʥʦʤʘʣʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʰʠʙʢʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ RE(t): 

 

ὙὉὸ
ρ

Ὕ
Ὓ Ὥ ὛὭ  

 

ὛὭ ɀ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʚʚʦʜʠʪʩʷ 

ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ J(t), ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ: 

 

ὐὸ
Ὕ ὸ

Ὕ
ẗρ Ὡ ẗὩ  

 

ɿʜʝʩʴ ʧʝʨʚʳʡ ʤʥʦʞʠʪʝʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʝʥʥʦʡ ʚʳʠʛʨʳʰ, ʚʪʦʨʦʡ ï ʟʘ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ GAN (ʟʘʚʠʩʠʪ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ Ὕ  ʠ ʩʣʦʞʥʦʩʪʠ 

ʨʷʜʘ „), ʘ ʪʨʝʪʠʡ ï ʟʘ ʰʪʨʘʬ ʟʘ ʦʰʠʙʢʫ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ‍. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ECG5000 
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʨʘʙʦʪʝ ʥʘʙʦʨʫ ʜʘʥʥʳʭ (ʜʣʠʥʘ ʟʘʧʠʩʠ 

Ὕ = 140), ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʧʦʠʩʢʘ ὸ . ʇʨʠ 

ʧʘʨʘʤʝʪʨʘʭ Ὕ  = 60, „ = 20, ‍ = 3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 

ʊʘʙʣʠʮʘ 1 ï ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʢʠ ʦʩʪʘʥʦʚʢʠ 

ʊʦʯʢʘ ʟʘʤʝʨʘ (t) 
ɺʳʠʛʨʳʰ ʚʦ 

ʚʨʝʤʝʥʠ 

ʅʘʜʝʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʘ GAN 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ J(t) 

80 43% 0.63 0.190 

100 29% 0.86 0.195 

120 14% 0.95 0.120 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʯʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʡʦʥʝ 100 ʦʪʩʯʝʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʝʞʝʥʠʝ ʛʨʘʬʠʢʘ ʥʘ 

29% ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʝʢʩʪʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʵʪʦʛʦ ʠʟ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʙʳʣʠ ʚʟʷʪʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘʙʣʶʜʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʢʣʘʩʩʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ ʦʩʪʘʚʣʝʥʘ 

ʛʝʪʝʨʦʛʝʥʥʦʡ: ʚ ʥʝʝ ʚʦʰʣʠ ʢʘʢ ʵʪʘʣʦʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʘʣʛʦʨʠʪʤʳ ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʘʥʦʤʘʣʠʡ, ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʧʨʦʩʪʦʡ ʪʦʯʥʦʩʪʠ (Accuracy) ʚ 

ʧʦʣʴʟʫ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʤʝʪʨʠʢ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʠ precision, recall ʠ F1-score. ʊʘʢʦʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʜʝʣʠ ʥʘʭʦʜʠʪʴ ʨʝʜʢʠʝ 

ʘʥʦʤʘʣʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʥʘ ʥʦʨʤʘʣʴʥʦʤ ʨʠʪʤʝ. 

 

ʊʘʙʣʠʮʘ 2 ï ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

ʄʦʜʝʣʴ Precision Recall F1-Score 

LSTM-AE 0.90 0.77 0.83 

BiLSTM-AE 0.91 0.80 0.85 

GRU-AE 0.93 0.81 0.87 

BiLSTM + GAN 0.88 0.76 0.82 

 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʪʦʛʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʘʨʭʠʪʝʢʪʫʨʘ GRU-AE, ʜʦʩʪʠʛʥʫʚ ʟʥʘʯʝʥʠʡ F1-Score = 

0.87 ʧʨʠ ʪʦʯʥʦʩʪʠ (Precision) 0.93 ʠ ʧʦʣʥʦʪʝ (Recall) 0.81. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʪʘʢʦʡ ʫʩʧʝʭ ʩʚʷʟʘʥ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ GRU: ʫʧʨʦʱʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʝʥʪʠʣʝʡ (update ʠ reset gates) ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝʤ ʦʙʨʘʟʦʤ ʟʘʧʦʤʠʥʘʪʴ 
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ʧʘʪʪʝʨʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʢʦʨʦʪʢʠʭ ʜʘʥʥʳʭ. ɼʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʜʣʠʥʦʡ 140 ʦʪʩʯʝʪʦʚ ʤʝʭʘʥʠʟʤʳ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʘʤʷʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ LSTM 

ʠ BiLSTM, ʥʝ ʫʩʧʝʚʘʶʪ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ, ʪʦʛʜʘ ʢʘʢ GRU 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʣʘʚʣʠʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ʩʠʛʥʘʣʘ. 

ʄʦʜʝʣʴ BiLSTM-AE ʧʦʢʘʟʘʣʘ ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ GRU ʨʝʟʫʣʴʪʘʪʳ (F1-Score = 

0.85), ʫʩʪʫʧʠʚ ʣʠʜʝʨʫ ʚʩʝʛʦ 2%. ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʢʦʥʪʝʢʩʪʘ ʢʨʘʡʥʝ ʧʦʣʝʟʝʥ ʜʣʷ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʪʦʢʦʚʦʤ ʨʝʞʠʤʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʫʧʠʨʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʞʠʜʘʥʠʷ ʚʩʝʭ 140 ʦʪʩʯʝʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ BiLSTM + GAN ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʥʘʠʙʦʣʝʝ ʩʢʨʦʤʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (F1-Score = 0.82, Precision = 0.90, Recall = 0.78), 

ʦʢʘʟʘʚʰʠʩʴ ʥʘ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ LSTM ʠ ʥʝʤʥʦʛʦ ʫʩʪʫʧʠʚ ʦʙʳʯʥʦʡ 

BiLSTM. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ: ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʨʦʪʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʧʨʝʜʳʩʪʦʨʠʠ GAN ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʩʦʟʜʘʪʴ ʨʝʘʣʠʩʪʠʯʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʨʷʜʘ. 

ʕʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ ʠʩʢʘʞʝʥʠʡ: ʆʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʵʪʘʧʝ ʛʝʥʝʨʘʮʠʠ, 

ʥʝʠʟʙʝʞʥʦ ʧʦʧʘʜʘʶʪ ʥʘ ʚʭʦʜ BiLSTM, ʯʪʦ ʚʥʦʩʠʪ ʧʦʤʝʭʠ ʚ ʠʪʦʛʦʚʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʦʪʩʪʘʚʘʥʠʝ ʧʦ ʬʦʨʤʘʣʴʥʳʤ 

ʤʝʪʨʠʢʘʤ ʪʦʯʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʢʦʥʮʝʧʮʠʷ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ: ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʚʳʥʦʩʠʪʴ ʚʝʨʜʠʢʪ ʫʞʝ ʥʘ 100-ʤ ʦʪʩʯʝʪʝ, 

ʥʝ ʜʦʞʠʜʘʷʩʴ ʬʠʥʘʣʴʥʦʛʦ 140-ʛʦ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

29% ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʠʩʪʝʤ ʵʢʩʪʨʝʥʥʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɻʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ BiLSTM + GAN ʚ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʝʟ ʜʦʨʘʙʦʪʦʢ. ʆʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʦʪʝʥʮʠʘʣ ʚ ʯʘʩʪʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʤʦʜʫʣʷ (ʥʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ ʩʪʘʥʜʘʨʪʥʦʡ GAN ʥʘ 

Wasserstein GAN ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʰʪʨʘʬʦʤ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʥʠʤʘʥʠʷ) 

ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʠʪʦʛʦʚʳʭ ʤʝʪʨʠʢ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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ɸ.ʄ. ʂʫʣʴʧʠʥ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ʌʝʜʫʣʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʈɸɿʈɸɹʆʊʂʀ ɻʈɸʌʀʂʀ ʀɻʈʆɺʆɻʆ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʊɽʍʅʆʃʆɻʀʁ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

(ʀʀ) ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʠ ʜʣʷ ʠʛʨʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) 

ʩʨʝʜʠ ʥʝʙʦʣʴʰʠʭ ʩʪʫʜʠʡ ʠ ʥʝʙʦʣʴʰʠʭ ʢʦʤʘʥʜ (ʠʥʜʠ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ) ʧʨʝʪʝʨʧʝʣ 

ʩʝʨʴʸʟʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʥʝʝ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʠ ʪʨʝʙʦʚʘʣ 

ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʭʫʜʦʞʥʠʢʘʤʠ ʠ ʜʠʟʘʡʥʝʨʘʤʠ ʚʨʫʯʥʫʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʀʀ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ: ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʢʩʪʫʨʳ ʠ ʢʦʥʮʝʧʪʳ 

ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ 

ʠʛʨʦʚʳʤʠ ʘʩʩʝʪʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠʛʨʦʚʦʛʦ ʇʆ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʩʪʫʜʠʡ ʠ ʠʥʜʠ-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚ ʨʝʩʫʨʩʘʭ. 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʂʘʜʳʨʦʚʘ ʇ.ʈ., ʠʛʨʦʚʦʡ ʘʩʩʝʪ ï ʵʪʦ ʮʠʬʨʦʚʦʡ 

ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʦʜʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʷʚʣʷʝʪʩʷ ʥʝʜʝʣʠʤʦʡ 

ʩʫʱʥʦʩʪʴʶ [1]. ʂ ʠʛʨʦʚʳʤ ʘʩʩʝʪʘʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʤʦʜʝʣʠ ʧʝʨʩʦʥʘʞʝʡ, 

ʪʝʢʩʪʫʨʳ ʦʢʨʫʞʝʥʠʷ, ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʠ ʧʨʦʯʠʝ ʚʠʟʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ 

ʚʥʫʪʨʠ ʠʛʨʦʚʦʛʦ ʇʆ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ ʇʆ. ʇʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ Ichiro Lambe, ʧʦʩʚʷʱʸʥʥʦʛʦ ʘʥʘʣʠʟʫ ʧʣʘʪʬʦʨʤʳ 

Steam ʦʢʦʣʦ 20% ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʛʨ, ʚʳʧʫʱʝʥʥʳʭ ʚ 2025 ʛʦʜʫ, ʩʦʦʙʱʠʣʠ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʚʦʝʛʦ ʠʛʨʦʚʦʛʦ ʇʆ [2]. 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ ʇʆ ʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʟʨʘʙʦʪʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʩʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʝ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ ʠ ʠʭ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʛʨʦʚʦʛʦ 
ʇʆ. 

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʫʱʠʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ. 

3. ʀʟʫʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. 

4. ʉʨʘʚʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʘʩʩʝʪʦʚ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʫʱʠʭ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʸʥʥʳʤ ʘʥʘʣʠʟʫ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ ʞʫʨʥʘʣʝ Computers, ʙʳʣ ʧʨʦʚʝʜʸʥ ʦʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
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ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʀʀ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ (ʨʠʩ. 1) [3]. 

 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʥʘ ʪʝʤʫ çʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè [3] 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ, ʩʦʟʜʘʥʠʝ ʘʩʩʝʪʦʚ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʩ 

83,3% ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʪʝʭʥʦʣʦʛʠʡ ʀʀ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʀʀ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ. ʆʜʥʘʢʦ ʀʀ ʷʚʣʷʝʪʩʷ ʣʠʰʴ 

ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ, ʦʪ 

ʥʘʡʤʘ ʬʨʠʣʘʥʩ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ.  

ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 [4]. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ 

ʂʨʠʪʝʨʠʡ Asset Store ʌʨʠʣʘʥʩ 
ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ 

ɻʝʥʝʨʘʮʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʀʀ 

ɺʨʝʤʷ ʩʦʟʜʘʥʠʷ ʆʢʦʣʦ 10 ʤʠʥʫʪ 

(ʧʦʠʩʢ ʘʩʩʝʪʘ) 

1ï4 ʥʝʜʝʣʠ ʆʪ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ 

15ï30 ʤʠʥʫʪ ʥʘ 

ʥʘʙʦʨ ʘʩʩʝʪʦʚ 

ʉʪʦʠʤʦʩʪʴ 10ï50 $ ʥʘ ʧʘʢʝʪ 100ï500 $ 

ʥʘ ʥʘʙʦʨ 

ɹʝʩʧʣʘʪʥʦ ɹʝʩʧʣʘʪʥʦ ʠʣʠ ʧʦ 

ʧʦʜʧʠʩʢʝ 

ʂʘʯʝʩʪʚʦ ɺʳʩʦʢʦʝ ɺʳʩʦʢʦʝ ɿʘʚʠʩʠʪ ʦʪ 

ʫʨʦʚʥʷ ʥʘʚʳʢʦʚ 

ʉʨʝʜʥʝʝ 

ʂʦʥʩʠʩʪʝʥʪʥʦʩʪʴ 

ʩʪʠʣʷ 

ɺʦʟʤʦʞʥʳ 

ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ 

ʘʩʩʝʪʦʚ 

ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʝʜʠʥʦʛʦ ʥʘʙʦʨʘ 

ʛʝʥʝʨʘʮʠʠ 

ɻʠʙʢʦʩʪʴ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ, ʚʦʟʤʦʞʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʪʝʨʘʮʠʠ 
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ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʘʟʠʥʦʚ ʘʩʩʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʘʩʩʝʪʳ ʯʘʩʪʦ ʤʘʣʳʝ ʧʦ 

ʨʘʟʤʝʨʫ ʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ ʠʟ-ʟʘ ʯʘʩʪʦʡ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʪʠʣʠʩʪʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʘʩʩʝʪʦʚ. ʇʨʠʚʣʝʯʝʥʠʝ ʬʨʠʣʘʥʩ-

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ, ʥʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʘʩʩʝʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʚʳʢʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʠʛʨʦʚʦʛʦ ʇʆ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʥʷʪʠʝ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʠʭ ʩʦʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʀʀ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʘʩʩʝʪʦʚ ʠ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʩʨʝʜʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʳʩʦʢʦʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʨʘʟʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʘʩʩʝʪʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʩʦʟʜʘʥʠʝ ʘʩʩʝʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʘʟʠʥʦʚ ʘʩʩʝʪʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʬʨʠʣʘʥʩ-

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʜʥʘʢʦ ʥʝʨʝʜʢʦ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʛʨʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ ʀʀ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʢʠ ʠʛʨʦʚʦʛʦ ʇʆ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʥʝʨʘʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʀʀ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʩʪʫʜʠʡ ʠ ʠʥʜʠ-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 
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ʂ.ɸ. ʂʫʥʘʚʠʯ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ʌʝʜʫʣʦʚʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʈɸɿʈɸɹʆʊʂɸ ʉɽʈɺʀʉ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ɸʈʍʀʊɽʂʊʋʈʓ (SOA) 

ɼʃʗ ʀʅʊɽɻʈɸʎʀʀ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ʀʅʌʆʈʄɸʎʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ 

 

ʂʦʨʧʦʨʘʪʠʚʥʳʡ ʩʝʢʪʦʨ ʩʝʛʦʜʥʷ ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʠʢʣʘʜʥʦʛʦ ʇʆ: ERP-ʩʠʩʪʝʤʳ (SAP S/4HANA, Oracle EBS, 1ʉ:ERP), CRM-

ʨʝʰʝʥʠʷ (Salesforce, Microsoft Dynamics 365), ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ 

(Power BI, Qlik), ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʞʜʳʡ ʧʨʦʜʫʢʪ ʠʟ ʵʪʦʛʦ ʧʝʨʝʯʥʷ ʩʦʟʜʘʚʘʣʩʷ ʚ 

ʨʘʟʥʦʝ ʚʨʝʤʷ, ʯʘʩʪʦ ï ʨʘʟʥʳʤʠ ʚʝʥʜʦʨʘʤʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ. ɺ ʦʜʥʠʭ ʤʦʜʫʣʷʭ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ ʨʝʣʷʮʠʦʥʥʳʭ 

ʪʘʙʣʠʮʘʭ, ʚ ʜʨʫʛʠʭ ï ʚ ʬʦʨʤʘʪʝ XML ʠʣʠ JSON, ʘ ʠʥʪʝʨʬʝʡʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʦʤʙʠʥʘʮʠʝʡ RESTful API, SOAP-ʩʝʨʚʠʩʦʚ ʠ ʫʩʪʘʨʝʚʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʤʝʥʘ 

ʬʘʡʣʘʤʠ ʯʝʨʝʟ FTP. ɺ ʠʪʦʛʝ ʜʘʥʥʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ, ʘ 

ʩʢʚʦʟʥʳʝ ʧʨʦʮʝʩʩʳ ï ʥʘʧʨʠʤʝʨ, ʮʠʢʣ çʧʨʠʸʤ ʟʘʢʘʟʘ - ʦʪʛʨʫʟʢʘ ʩʦ ʩʢʣʘʜʘ - 

ʚʳʩʪʘʚʣʝʥʠʝ ʩʯʸʪʘè ï ʪʨʝʙʫʶʪ ʣʠʙʦ ʨʫʯʥʦʛʦ ʚʚʦʜʘ, ʣʠʙʦ ʩʣʦʞʥʳʭ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʚʷʟʦʢ [1]. 

ɽʩʣʠ ʩʪʨʦʠʪʴ ʠʥʪʝʛʨʘʮʠʶ ʧʦ ʧʨʠʥʮʠʧʫ çʪʦʯʢʘ-ʪʦʯʢʘè, ʪʦ ʯʠʩʣʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ nĬ(nï1). ɼʣʷ 15 ʧʨʠʣʦʞʝʥʠʡ 

ʵʪʦ ʫʞʝ 210 ʢʘʥʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ, 

ʧʦʜʜʝʨʞʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʚ API ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ ʚʣʝʯʸʪ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʚʩʝʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʘʜʘʧʪʝʨʦʚ. ʇʦ ʦʮʝʥʢʘʤ, ʙʦʣʝʝ 60% ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʩʦʢʦʛʦ coupling, ʢʦʛʜʘ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʥʘʯʠʥʘʝʪ ʧʦʛʣʦʱʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʀʊ-ʙʶʜʞʝʪʘ 

[2]. 

ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (SOA) ʧʨʝʜʣʘʛʘʝʪ ʠʥʦʡ ʧʨʠʥʮʠʧ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ çʦʙʦʨʘʯʠʚʘʝʪʩʷè ʚ ʩʝʨʚʠʩʳ ʩ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʦʥʪʨʘʢʪʘʤʠ. ʂʦʥʪʨʘʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʷʟʳʢʝ, ʥʝʟʘʚʠʩʠʤʦʤ 

ʦʪ ʧʣʘʪʬʦʨʤʳ: ʜʣʷ SOAP ʵʪʦ WSDL ʠ XML Schema, ʜʣʷ REST ï ʩʧʝʮʠʬʠʢʘʮʠʷ 

OpenAPI. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʦʡ ʧʦʪʨʝʙʠʪʝʣʴ (ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʧʘʨʪʥʸʨʩʢʘʷ ʩʠʩʪʝʤʘ) ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʦʧʝʨʘʮʠʠ çʨʘʩʯʸʪ 

ʜʦʩʪʘʚʢʠè ʠʣʠ çʧʨʦʚʝʨʢʘ ʢʨʝʜʠʪʥʦʛʦ ʣʠʤʠʪʘè ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʥʘʪʴ, ʥʘ ʢʘʢʦʤ 

ʷʟʳʢʝ ʥʘʧʠʩʘʥʘ ʩʠʩʪʝʤʘ-ʠʩʪʦʯʥʠʢ ʠ ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʘ ʝʸ ʚʥʫʪʨʝʥʥʷʷ ʣʦʛʠʢʘ [3]. 

ɺ ʨʘʙʦʪʘʭ ʊ. ʕʨʣʘ ʠ ʄ. ʇʘʧʘʟʦʛʣʫ ʚʳʜʝʣʝʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ SOA: 

ʢʦʥʪʨʘʢʪʥʘʷ ʜʠʩʮʠʧʣʠʥʘ (ʠʥʪʝʨʬʝʡʩ ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦ ʦʪ ʨʝʘʣʠʟʘʮʠʠ), 

ʥʠʟʢʘʷ ʩʚʷʟʘʥʥʦʩʪʴ (ʢʣʠʝʥʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʥʫʪʨʝʥʥʦʩʪʝʡ ʩʝʨʚʠʩʘ), ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʦʜʠʥ ʩʝʨʚʠʩ ʦʙʩʣʫʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ) ʠ 

https://dtf.ru/gamedev/4729390-sozdanie-igrovyh-assetov-s-pomoshyu-ai
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ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʨʝʟ ʨʝʝʩʪʨ. ʉʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʧʨʘʚʠʣ, ʧʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʚʦʜʘ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʡ 

ʧʨʠʤʝʨʥʦ ʥʘ ʪʨʝʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ [3, 4]. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ SOA ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʨʝʜʝ ʩʪʘʥʦʚʠʪʩʷ ʩʝʨʚʠʩʥʘʷ ʰʠʥʘ (Enterprise Service Bus, ESB). ʆʥʘ ʚʳʧʦʣʥʷʝʪ 

ʨʦʣɹ ʧʦʩʨʝʜʥʠʢʘ, ʧʨʠʥʠʤʘʷ ʩʦʦʙʱʝʥʠʷ ʦʪ ʚʩʝʭ ʧʦʜʢʣʶʯʸʥʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʝʦʙʨʘʟʫʷ ʠʭ ʬʦʨʤʘʪʳ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʢʦʜʠʨʦʚʢʘ ʠʟ CP1251 ʚ UTF-8, 

ʢʦʥʚʝʨʪʘʮʠʷ XML - JSON) ʠ ʤʘʨʰʨʫʪʠʟʠʨʫʷ ʢ ʥʫʞʥʳʤ ʧʦʣʫʯʘʪʝʣʷʤ ʧʦ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʘʚʠʣʘʤ. ESB ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʜʦʩʪʘʚʢʫ 

ʯʝʨʝʟ ʦʯʝʨʝʜʠ ʩʦʦʙʱʝʥʠʡ (Apache ActiveMQ, RabbitMQ) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʧʦʚʪʦʨʥʳʝ ʧʦʧʳʪʢʠ ʧʨʠ ʩʙʦʷʭ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ, ʧʨʦʚʝʜʸʥʥʦʤʫ ɸ. ɸ. 

ʉʘʤʘʨʩʢʠʤ ʠ ɽ. ɺ. ɹʫʨʮʝʚʳʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʥʳ ʩʥʠʞʘʝʪ ʯʠʩʣʦ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʦ ʣʠʥʝʡʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʯʪʦ 

ʢʘʨʜʠʥʘʣʴʥʦ ʫʧʨʦʱʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ [5]. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

SOA 

 

ʅʘ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 1) ʚʳʜʝʣʝʥʳ ʪʨʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʣʦʷ. ʅʠʞʥʠʡ 

ʩʣʦʡ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʣʦʞʝʥʠʷ-ʠʩʪʦʯʥʠʢʠ: ERP, CRM, ʉʕɼ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʩʠʩʪʝʤʳ. ʉʨʝʜʥʠʡ ï ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʰʠʥʘ ʩ ʤʦʜʫʣʷʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʨʝʜʷʤʠ. ɺʝʨʭʥʠʡ ʩʣʦʡ ï ʢʘʪʘʣʦʛ 

ʩʝʨʚʠʩʦʚ, ʛʜʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʠ. ʅʘʜ ʥʠʤʠ ʥʘʜʩʪʨʘʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʦʨʢʝʩʪʨʘʮʠʠ (BPMN-ʜʚʠʞʦʢ), ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚʳʟʦʚʦʚ ʩʝʨʚʠʩʦʚ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʰʠʙʢʠ ʠ 

ʫʧʨʘʚʣʷʝʪ ʪʨʘʥʟʘʢʮʠʷʤʠ. ʊʘʢʘʷ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʣʦʛʠʢʫ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʩʘʤʠʭ ʧʨʠʣʦʞʝʥʠʡ. 
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ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ SOA ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʦ ʜʘʥʥʳʤ Forrester (2021), ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 35% ʟʘ ʩʯʸʪ ʧʦʚʪʦʨʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʨʚʠʩʦʚ. ɿʘʤʝʥʘ ʫʩʪʘʨʝʚʰʝʡ ʩʠʩʪʝʤʳ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʙʦʣʝʟʥʝʥʥʦʡ: ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʘʜʘʧʪʝʨ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʧʫʙʣʠʢʦʚʘʪʴ ʪʦʪ ʞʝ ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʠ ʧʨʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʝʨʝʜʝʡ ʩʦʦʙʱʝʥʠʡ ʧʦʚʳʰʘʝʪ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ: ʝʩʣʠ ERP 

ʚʨʝʤʝʥʥʦ ʥʝʜʦʩʪʫʧʥʘ, ʚʭʦʜʷʱʠʝ ʟʘʧʨʦʩʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ESB ʠ ʜʦʩʪʘʚʣʷʶʪʩʷ 

ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʪʝʨʶ ʜʘʥʥʳʭ [6]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʥʝʜʨʝʥʠʝ SOA ʠʤʝʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʩʣʦʞʥʦʩʪʠ. ʈʘʟʚʸʨʪʳʚʘʥʠʝ 

ʰʠʥʳ ʪʨʝʙʫʝʪ ʚʳʜʝʣʝʥʥʦʡ ʢʦʤʘʥʜʳ ʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʪ 6 ʜʦ 12 ʤʝʩʷʮʝʚ ʥʘ 

ʢʨʫʧʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʉʘʤʘ ESB ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʦʡ ʪʦʯʢʦʡ ʦʪʢʘʟʘ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ (ʘʢʪʠʚʥʳʡ-ʘʢʪʠʚʥʳʡ ʨʝʞʠʤ) ʠ ʨʝʧʣʠʢʘʮʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʝʪʝʚʦʡ hop ʚʥʦʩʠʪ ʟʘʜʝʨʞʢʫ ʦʪ 10 ʜʦ 50 ʤʩ ʥʘ 

ʩʦʦʙʱʝʥʠʝ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ 

ʯʨʝʟʤʝʨʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʬʦʨʤʘʪʦʚ, ʢʦʛʜʘ ʩʦʟʜʘʸʪʩʷ ʦʜʥʘ çʛʠʛʘʥʪʩʢʘʷè ʩʭʝʤʘ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ ʧʨʠ ʨʘʟʚʠʪʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ SOA-ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʰʘʛʦʚ. ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʘʫʜʠʪ ʀʊ-ʣʘʥʜʰʘʬʪʘ: ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ 

(HTTP, JMS, FTP), ʬʦʨʤʘʪʳ, ʥʘʣʠʯʠʝ API. ɼʣʷ ʩʠʩʪʝʤ ʙʝʟ API ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʘʜʘʧʪʝʨʳ ʯʝʨʝʟ ʬʘʡʣʦʚʳʝ ʢʘʪʘʣʦʛʠ ʠʣʠ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʢ ɹɼ. ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ 

ʧʣʘʪʬʦʨʤʘ ESB ï ʜʣʷ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ Apache Camel ʚ ʩʚʷʟʢʝ 

ʩ Spring Boot, ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ï Oracle Service Bus ʠʣʠ IBM Integration 

Bus, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʝʩʪʨ ʩʝʨʚʠʩʦʚ: ʢʘʞʜʘʷ ʦʧʝʨʘʮʠʷ 

ʧʦʣʫʯʘʝʪ ʚʝʨʩʠʶ, SLA (ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪʚʝʪʘ, ʜʦʩʪʫʧʥʦʩʪʴ) ʠ ʚʣʘʜʝʣʴʮʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʰʠʥʝ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʤʘʨʰʨʫʪʳ (ʥʘʧʨʠʤʝʨ: çʧʦʩʪʫʧʣʝʥʠʝ ʟʘʢʘʟʘ 

ʠʟ CRM - ʚʳʟʦʚ ERP-ʩʝʨʚʠʩʘ - ʦʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʷ ʚ 1ʉè). ɿʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ 

ï ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ (Grafana + Prometheus) ʠ ʧʦʨʪʘʣʘ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʩ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʉʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʩʣʫʞʠʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʢ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʜʝʣʷʤ ï ʤʠʢʨʦʩʝʨʚʠʩʘʤ ʠ ʦʙʣʘʯʥʳʤ ʧʣʘʪʬʦʨʤʘʤ. ʂʘʢ 

ʦʪʤʝʯʘʝʪ ʉ. ʅʴʶʤʘʥ, ʧʨʠʥʮʠʧʳ ʠʟʦʣʷʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʩʣʘʙʦʡ ʩʚʷʟʘʥʥʦʩʪʠ 

ʠ ʢʦʥʪʨʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ SOA, ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʚ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʥʦ ʩ ʟʘʤʝʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʰʠʥʳ ʥʘ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʰʣʶʟʳ API ʠ sidecar-ʢʦʥʪʝʡʥʝʨʳ [7]. ʆʜʥʘʢʦ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʥʘʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʣʘʩʩʠʯʝʩʢʘʷ SOA 

ʩ ESB ʦʩʪʘʸʪʩʷ ʥʘʠʙʦʣʝʝ ʟʨʝʣʳʤ ʠ ʧʨʦʚʝʨʝʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ SOA ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʣʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʫʩʧʝʭʘ ï ʩʪʨʦʛʦʝ ʚʝʨʩʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʚʠʩʦʚ, ʧʨʠʤʝʥʝʥʠʝ 
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ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ (HTTP/2, gRPC) ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆ ʈɽʉʊʈʋʂʊʋʈʀɿɸʎʀʀ ʃʆʂɸʃʔʅʆʁ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʉɽʊʀ 

ʎɽʅʊʈɸ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤ r ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʣʦʢʘʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʃɺʉ) ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ (ʎʆɼ) ʠ ʨʦʩʪʘ ʯʠʩʣʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ. ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʥʦʚʦʡ ʦʙʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʃɺʉ ʎʆɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʧʦʣʥʝʥʠʡ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʪʜʝʣʴʥʦ 

ʨʘʩʢʨʳʪʳ ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʪʘʢ ʠ ʘʥʘʣʠʟʘʪʦʨʦʚ ʪʨʘʬʠʢʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʧʦʚʳʰʝʥʠʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʩʝʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨ ʃɺʉ ʎʆɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ, 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ, ʫʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʘʫʜʠʪ, 

ʢʦʤʤʫʪʘʪʦʨ, ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʩʝʨʚʝʨ, ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ, ʮʝʥʪʨ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʛʦ ʨʳʥʢʘ ʵʬʬʝʢʪʠʚʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

(ɸʀʉ) ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʨʦʩʪ ʯʠʩʣʘ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʶʪ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ɸʀʉ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʮʝʥʪʨʦʚ ʥʘ ʙʘʟʝ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʝʡ (ʃɺʉ) 

ʟʘʯʘʩʪʫʶ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ.  
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ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨ ʃɺʉ ʎʆɼ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʎʆɼ ʭʦʩʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʫʩʣʫʛʠ ʚʳʜʝʣʝʥʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʘʫʜʠʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʢʫʱʘʷ ʃɺʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʩʪʝʢʠʨʫʝʤʳʭ ʢʦʤʤʫʪʘʪʦʨʘʭ D-Link DGS-3324SR ʚ ʷʜʨʝ ʠ DGS-3200-16 ʥʘ ʫʨʦʚʥʝ 

ʜʦʩʪʫʧʘ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʦʪʥʦʩʷʪʩʷ:  

ï ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʬʨʦʚʘʥʥʳʭ VPN-ʪʫʥʥʝʣʝʡ ʩ ʥʠʟʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ; 

ï ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʝʡ ʩʝʨʚʝʨʥʦʛʦ ʟʘʣʘ ʠʟ-ʟʘ 

ʫʩʪʘʨʝʚʰʠʭ ʬʦʨʤ-ʬʘʢʪʦʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʪʘʢ 

ʠ ʘʥʘʣʠʟʘʪʦʨʦʚ ʪʨʘʬʠʢʘ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʝʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʃɺʉ ʎʆɼ ʭʦʩʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʤʦʱʥʦʩʪʝʡ ʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʳʭ 

ʩʝʨʚʝʨʦʚ ʪʝʢʫʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʩʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ 

ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʠʮʠʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ Cisco, ʚʢʣʶʯʘʶʱʘʷ ʫʨʦʚʥʠ 

ʷʜʨʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʠ ʜʦʩʪʫʧʘ [1, 2].  

ʉʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʃɺʉ ʎʆɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʡ 

ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʃɺʉ ʎʆɼ 

 

ʋʨʦʚʝʥʴ ʷʜʨʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ, Cisco Nexus 7000) ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʢʦʣʴʮʝʚʫʶ ʩʭʝʤʫ ʩ 

ʠʟʙʳʪʦʯʥʦʩʪʴʶ.  

ʋʨʦʚʝʥʴ ʜʦʩʪʫʧʘ: ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʠʨʪʫʘʣʴʥʦʛʦ ʰʘʩʩʠ ʥʘ ʙʘʟʝ 

Juniper EX4200/EX8200 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʨʪʦʚ ʠ ʫʧʨʦʱʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ: ʈʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʥʝʜʨʝʥʠʝ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ çʛʦʨʷʯʠʭè ʠ çʭʦʣʦʜʥʳʭè 

ʢʦʨʠʜʦʨʦʚ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʚʳʰʝ 12 ʢɺʪ  

ʥʘ ʩʪʦʡʢʫ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʤʫʪʘʪʦʨʦʚ ʷʜʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʝʢʫʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (D-

Link DGS-3324SR) 

ʇʨʦʝʢʪʠʨʫʝʤʦʝ 

ʨʝʰʝʥʠʝ (Cisco 

Nexus 7000 / Juniper 

EX) 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ 

ʎʆɼ 

ʊʠʧ ʘʨʭʠʪʝʢʪʫʨʳ ʉʪʝʢʠʨʫʝʤʘʷ ʄʦʜʫʣʴʥʘʷ ɺʳʩʦʢʘʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʇʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ɼʦ 88 ɻʙʠʪ/ʩ ʉʚʳʰʝ 15 ʊʙʠʪ/ʩ 

(ʰʘʩʩʠ) 

ʋʩʪʨʘʥʝʥʠʝ 

çʙʫʪʳʣʦʯʥʦʛʦ 

ʛʦʨʣʳʰʢʘè ʚ ʷʜʨʝ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʩʳʣʢʠ  ~65 Mpps ʉʚʳʰʝ 700 Mpps ʥʘ 

ʤʦʜʫʣʴ 

ʄʠʥʠʤʠʟʘʮʠʷ 

ʟʘʜʝʨʞʝʢ ʧʨʠ 

ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ 

 


