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ʉɽʂʎʀʗ 5 

ʄʀʂʈʆʕʃɽʂʊʈʆʅʀʂɸ ʀ ʆʇʊʆʊɽʍʅʀʂɸ 

 
ɺ.ʃ. ɸʥʠʧʝʥʢʦ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʂʫʨʳʣʝʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

 (ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʊʀʇʆɺ ɸɼʈɽʉʅʓʍ 

ʉɺɽʊʆɼʀʆɼʅʓʍ ʃɽʅʊ 

 

ɸʜʨʝʩʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʝʥʪʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʙʠʟʥʝʩʘ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʜʣʷ ʟʘʜʘʥʠʷ ʙʦʣʝʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ, ʚ 

ʨʝʢʣʘʤʝ ʠ ʚʳʚʝʩʢʘʭ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ, ʘ 

ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʨʘʟʚʣʝʯʝʥʠʡ ʢʘʢ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ ʘʜʨʝʩʥʳʭ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʠʧʳ ʘʜʨʝʩʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʝʩʪʠ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɸʜʨʝʩʥʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʛʠʙʢʫʶ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʥʘ ʢʦʪʦʨʦʡ ʚ ʨʷʜ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʚʝʪʦʜʠʦʜʳ. ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʥʝʘʜʨʝʩʥʳʭ ʣʝʥʪ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʜʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʮʚʝʪʦʤ ʠ ʷʨʢʦʩʪʴʶ ʢʘʞʜʦʛʦ ʩʚʝʪʦʜʠʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʩʧʠʩʦʢ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ. 

ʆʪʜʝʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʝʥʪʳ, ʚʩʪʨʦʝʥʳ ʚ ʢʘʞʜʳʡ ʩʚʝʪʦʜʠʦʜ ʠʣʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ 

ʥʠʤ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʣʝʥʪʝ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʠ ʦʪʧʨʘʚʢʫ ʩʠʛʥʘʣʦʚ ʦʪʜʝʣʴʥʳʤ ʩʚʝʪʦʜʠʦʜʘʤ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʠʭ ʨʘʙʦʪʦʡ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ 

 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ ʘʜʨʝʩʥʳʭ ʣʝʥʪ. ʂʘʞʜʘʷ 

ʩʭʝʤʘ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʫʥʠʢʘʣʴʥʳʤ ʘʜʨʝʩʦʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʢʦʥʪʨʦʣʣʝʨ 

ʦʙʨʘʱʘʝʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʚʝʪʦʜʠʦʜʘʤ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʣʝʥʪʳ ʧʨʠʥʠʤʘʝʪ 

ʩʠʛʥʘʣ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʪʫ ʝʛʦ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
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ʘʜʨʝʩ, ʤʝʥʷʝʪ ʩʚʦʡ ʮʚʝʪ, ʘ ʟʘʪʝʤ ʧʝʨʝʩʳʣʘʝʪ ʩʠʛʥʘʣ ʜʘʣʴʰʝ ʧʦ ʮʝʧʦʯʢʝ. ʊʘʢʦʡ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʢʘʢ ʧʨʦʩʪʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʤʘʮʠʠ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʜʨʝʩʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʣʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʧʨʦʪʦʢʦʣʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï DMX512 ʠ SPI. DMX512 (ʮʠʬʨʦʚʦʡ ʤʫʣʴʪʠʧʣʝʢʩ) ï ʵʪʦ 

ʩʪʘʥʜʘʨʪ ʜʣʷ ʩʝʪʝʡ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʮʝʥʠʯʝʩʢʠʤ ʦʩʚʝʱʝʥʠʝʤ ʠ ʵʬʬʝʢʪʘʤʠ. ɸʜʨʝʩʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʣʝʥʪʳ DMX512 ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʘʪʨʳ, ʢʦʥʮʝʨʪʳ ʠ ʢʣʫʙʳ. ʆʥʠ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʩʚʝʪʦʜʠʦʜʥʳʤʠ 

ʣʝʥʪʘʤʠ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʢʨʫʧʥʳʭ 

ʫʩʪʘʥʦʚʦʢ [1]. ʎʠʬʨʘ 512 ʚ ʥʘʟʚʘʥʠʠ ʧʨʦʪʦʢʦʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ 512 ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪ ʦʜʠʥ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ. ʅʝ ʩʪʦʠʪ ʧʫʪʘʪʴ ʵʪʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ 

512 ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ.  

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ DMX512 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

1) ʋʥʠʚʝʨʩʘʣʴʥʦʩʪ.ɹ  

ɼʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʚ ʦʙʣʘʩʪʠ ʦʩʚʝʱʝʥʠʷ, ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʝʥʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʩʚʷʟʢʝ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ 

ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʣʝʥʪʦʡ ʠ ʠʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʦʪʜʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ, ʩ ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʙʝʟ ʧʦʪʝʨʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. 

2) ʅʘʜʝʞʥʦʩʪʴ. 

ɺ DMX512 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ï ʧʝʨʝʜʘʯʘ 

ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ ʧʨʷʤʦʛʦ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʧʝʨʝʢʨʝʩʪʥʳʝ 

ʧʦʤʝʭʠ ʨʘʚʥʦʤʝʨʥʦ ʜʦʙʘʚʣʷʶʪʩʷ ʢ ʧʨʷʤʦʤʫ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤʫ ʩʠʛʥʘʣʫ, ʘ 

ʧʨʠʝʤʥʠʢ ʩʤʦʪʨʠʪ ʥʘ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʠʤʠ. 

3) ʈʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʝʨʝʜʘʯʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʢʘʥʘʣʦʚ ʦʪʢʨʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʝʥʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʫʟʦʨʳ ʠʣʠ 

ʦʩʚʝʱʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʦ ʥʘʩʪʨʦʝʥʥʳʭ ʧʦʣʦʩ 

ʩʚʝʪʦʜʠʦʜʦʚ.  

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʜʝʣʷʶʪʩʷ: 

1) ʅʠʟʢʘʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʳʭʦʜ ʠʟ 

ʩʪʨʦʷ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʫʯʘʩʪʢʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ ʦʪʢʣʶʯʘʝʪ ʦʪ 

ʢʦʥʪʨʦʣʣʝʨʘ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʧʦʜʢʣʶʯʝʥʠʷ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʠ ʧʦʯʠʥʢʝ. 

2) ɿʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ. 

https://www.ledyilighting.com/ru/everything-you-need-to-know-about-dmx512-control/
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʠʥʥʦʛʦ ʢʘʙʝʣʷ, ʠʣʠ ʧʦʜʢʣʶʯʝʥʠʠ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ, ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʪʫʘʮʠʠ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ 

ʠ ʝʛʦ ʯʘʩʪʠʯʥʦʛʦ ʚʦʟʚʨʘʪʘ ʧʦ ʣʠʥʠʠ ʜʘʥʥʳʭ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʷʤ ʚ 

ʨʘʙʦʪʝ ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʢʣʶʯʝʥʠʡ. 

ɸʜʨʝʩʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʝʥʪʳ ʥʘ ʦʩʥʦʚʝ SPI (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʧʝʨʠʬʝʨʠʡʥʳʡ ʠʥʪʝʨʬʝʡʩ) ï ʜʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʣʝʥʪ, ʧʦʣʫʯʠʚʰʠʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʠ ʛʠʙʢʦʩʪʠ. ʕʪʦʪ ʪʠʧ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʤʝʥʝʝ ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʝʢʦʨʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʭ ʧʦʤʝʱʝʥʠʡ 

ʠʣʠ ʧʨʝʜʤʝʪʦʚ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ SPI ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ DMX512 ʠ ʯʘʩʪʦ ʥʝ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʤʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘʤʠ ʥʘ ʧʦʜʦʙʠʠ Arduino ʠʣʠ Raspberry Pi. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ DMX512, ʣʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

SPI ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʜʚʠʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʉʪʘʥʜʘʨʪʥʘʷ ʦʧʮʠʷ ï 

ʵʪʦ ʣʝʥʪʘ ʩ ʦʜʥʠʤ ʩʠʛʥʘʣʦʤ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʩʚʝʪʦʜʠʦʜʘʤʠ ʫʧʨʘʚʣʷʶʪʩʷ ʦʜʥʠʤ 

ʩʠʛʥʘʣʦʤ ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʃʝʥʪʳ ʩ ʜʚʦʡʥʳʤ 

ʩʠʛʥʘʣʦʤ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʨʝʟʝʨʚʥʦʛʦ ʢʘʥʘʣʘ, 

ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʧʝʨʚʦʛʦ ʠʟ ʩʪʨʦʷ. ʃʝʥʪʳ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʪʦʯʢʠ ʦʩʪʘʥʦʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʚʩʝʡ ʧʦʣʦʩʳ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʩʚʝʪʦʜʠʦʜʦʚ. ɸ ʪʘʢʞʝ ʣʝʥʪʳ ʩ ʪʘʢʪʠʨʫʶʱʠʤ 

ʩʠʛʥʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʠʣʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʋ SPI ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1) ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʦʜʥʦʡ ʣʝʥʪʝ ʤʦʞʥʦ ʠʤʝʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʜʠʦʜʦʚ, ʙʦʣʝʝ 1000. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʜʥʦʡ ʧʦʣʦʩʦʡ 

ʧʨʦʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʧʦʥʘʜʦʙʠʣʦʩʴ ʙʳ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ DMX512. 

2) ɻʠʙʢʦʩʪʴ. 

SPI ʣʝʥʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ 

ʧʨʠʦʙʨʝʩʪʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʤʦʜʝʣʴ, ʥʝ ʚʦʣʥʫʷʩʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

3) ʎʝʥʘ. 

ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʵʥʪʫʟʠʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʡ ʪʠʧ ʣʝʥʪ ʜʣʷ ʣʠʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʥʝ ʚ ʨʘʤʢʘʭ ʙʠʟʥʝʩʘ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ SPI ʚʳʜʝʣʷʶʪʩʷ: 

1) ʋʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ. 

ʀʟ-ʟʘ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʩʪʦʪʳ ʧʨʦʪʦʢʦʣʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ DMX512, ʤʦʛʫʪ 
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ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʫʧʥʳ, ʯʪʦ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʣʝʥʪʦʡ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʮʠʡ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 

2) ʅʠʟʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

SPI ʣʝʥʪʳ ʥʝ ʦʙʣʘʜʘʶʪ ʚʩʪʨʦʝʥʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ ʧʦʤʝʭʦʚʦʛʦ ʚʣʠʷʥʠʷ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʯʪʦ ʩʠʛʥʘʣ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠʩʢʘʟʠʪʴʩʷ ʚʙʣʠʟʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʵʪʦ ʤʦʞʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ 

ʨʘʙʦʪʳ ʩʚʝʪʦʜʠʦʜʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ ʧʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʷʤ. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʘʙʣʠʮʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʠʧʦʚ ʘʜʨʝʩʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʣʝʥʪ 
ʂʨʠʪʝʨʠʡ ʩʨʘʚʥʝʥʠʷ DMX512 SPI 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ɺʳʩʦʢʘʷ ʟʘ ʩʯʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ 

ʅʠʟʢʘʷ 

ʈʘʩʩʪʦʷʥʠʝ ʇʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʡ 

ʇʦʜʭʦʜʠʪ ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʨʘʩʩʪʦʷʥʠʡ 

ʉʣʦʞʥʦʩʪʴ ʅʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʣʝʨ ʩ 

ʧʦʜʜʝʨʞʢʦʡ DMX, ʙʦʣʝʝ 

ʩʣʦʞʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ɹʦʣʝʝ ʧʨʦʩʪʘʷ ʥʘʩʪʨʦʡʢʘ, ʥʝ 

ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʄʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʩʮʝʥʘ 

ʃʠʯʥʳʝ ʧʨʦʝʢʪʳ, 

ʣʶʙʠʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʇʨʦʪʦʢʦʣ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ ʇʨʦʪʦʢʦʣ ʦʙʣʘʜʘʝʪ 

ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ 

ʎʝʥʘ ɺʳʩʦʢʘʷ ʮʝʥʘ ʟʘ ʩʯʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʅʠʟʢʘʷ ʮʝʥʘ ʠ ʚʳʩʦʢʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʪʠʧʘ ʣʝʥʪ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ ʠ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʃʝʥʪʳ DMX512 ʩʦʟʜʘʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʘʭ ʠ ʚ ʨʘʤʢʘʭ 

ʙʠʟʥʝʩʘ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʦ ʩʣʦʞʥʝʝ ʚ ʥʘʩʪʨʦʡʢʝ. SPI ʣʝʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʥʝʙʦʣʴʰʠʭ ʫʢʨʘʰʝʥʠʡ ʠʣʠ ʧʨʦʝʢʪʦʚ ʥʠʟʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʥʠ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ 

ʧʨʦʩʪʳʤʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘʤʠ, ʧʨʦʱʝ ʚ ʥʘʩʪʨʦʡʢʝ ʠ ʧʦʜʢʣʶʯʝʥʠʠ, ʦʜʥʘʢʦ ʥʝ 

ʦʙʣʘʜʘʶʪ ʟʘʱʠʪʦʡ ʦʪ ʧʦʤʝʭ ʠ ʥʝ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʥʝʩʢʦʣʴʢʠʤ 

ʚʠʜʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1 ʇʦʣʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʘʜʨʝʩʫʝʤʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // Ledyi Lighting URL: 

https://www.ledyilighting.com/ru/the-ultimate-guide-to-addressable-led-strip/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 17.03.2025) 
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ʀ.ɺ. ɸʨʩʝʥʪʴʝʚ, ʩʪʫʜ.; ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ʉʀʉʊɽʄʓ ʊɽʈʄʆʂʆʅʊʈʆʃʗ 

ʂɸʄɽʈʓ ʉɸʄʆɼɽʃʔʅʆɻʆ 3D ʇʈʀʅʊɽʈɸ 

 

3D ʧʨʠʥʪʝʨ: ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʦʙʲʸʤʥʳʝ ʤʦʜʝʣʠ ï ʘʙʩʦʣʶʪʥʳʝ ʢʦʧʠʠ ʚʠʨʪʫʘʣʴʥʳʭ 3D ʤʦʜʝʣʝʡ. ɺ ʥʘʰʝ ʚʨʝʤʷ 

3D ʧʨʠʥʪʝʨʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʳ, ʘ ʪʘʢʞʝ ʚ ʙʳʪʫ. ʄʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

3D ʧʝʯʘʪʠ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʝʥ ï ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʧʣʘʩʪʠʢʠ, ʧʦʣʠʤʝʨʳ, ʩʤʦʣʳ, 

ʤʝʪʘʣʣ ʠ ʪ.ʜ. 

ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʧʣʘʩʪʠʢʦʚ, ʥʘʧʨʠʤʝʨ ABS ʠ HIPS ʩʢʣʦʥʥʳ ʢ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʦʪʢʣʝʠʚʘʥʠʶ ʦʪ ʧʝʯʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʨʠʩʫʥʦʢ 1), ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ 

ʧʨʠʚʦʜʠʪ ʢ ʙʨʘʢʫ ʜʝʪʘʣʠ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʢʘʤʝʨʳ 3D ʧʨʠʥʪʝʨʘ ʠ ʦʙʣʘʩʪʠ ʧʝʯʘʪʠ ʥʝʨʘʚʥʦʤʝʨʥʳ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʝʬʝʢʪʳ ʧʨʠ ʧʝʯʘʪʠ 

 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʜʘʥʥʳʤ ʷʚʣʝʥʠʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʪʝʨʤʦʢʦʥʪʨʦʣʷ (ʨʠʩʫʥʦʢ 2), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʧʨʠʥʪʝʨʘ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʤʦʢʦʥʪʨʦʣʷ 

 

ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʩ 

ʧʘʩʩʠʚʥʳʤ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ, 

ʫʩʪʦʡʯʠʚʳʤ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʅʘʛʨʝʚʘʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʠʤʝʝʪ ʧʨʠʪʦʯʥʦʝ ʠ 

ʚʳʪʷʞʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 3D ʧʨʠʥʪʝʨʘ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ʋʩʪʨʦʡʩʪʚʦ ʪʝʨʤʦʢʦʥʪʨʦʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʢʘʤʝʨʫ 3D 

ʧʨʠʥʪʝʨʘ 

 

ʋʩʪʨʦʡʩʪʚʦ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ 3D ʧʨʠʥʪʝʨʘ ʠ ʧʠʪʘʝʪʩʷ ʦʪ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 12 ɺ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Atmel Atmega8A-AU, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪʩʷ ʦʪ 

ʚʩʪʨʦʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 5 ɺ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

 

ɼʠʩʧʣʝʝʤ ʷʚʣʷʝʪʩʷ ʯʝʪʳʨʸʭʨʘʟʨʷʜʥʳʡ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ. 

ʅʘʩʪʨʦʡʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʚʠʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 
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ʪʘʢʪʦʚʳʭ ʢʥʦʧʦʢ. ɺʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʚʳʧʦʣʥʷʶʪ ʜʚʘ ʨʝʣʝ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʘʪʯʠʢ DS18B20. ʋʩʪʨʦʡʩʪʚʦ ʚʳʧʦʣʥʝʥʦ 

ʥʘ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʩ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʦʪʚʝʨʩʪʠʡ (ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

 

ʇʨʠ ʦʜʠʥʦʯʥʦʤ ʥʘʞʘʪʠʠ ʣʶʙʦʡ ʠʟ ʢʥʦʧʦʢ ʢʣʘʚʠʘʪʫʨʳ ʧʦʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʚ 

ʤʝʥʶ çʫʩʪʘʥʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳè. ʇʨʠ ʵʪʦʤ ʥʘ ʜʠʩʧʣʝʝ ʚ ʧʝʨʚʦʤ ʥʠʞʥʝʤ ʩʝʛʤʝʥʪʝ 

ʟʘʛʦʨʘʝʪʩʷ ʥʠʞʥʝʝ ʧʦʜʯʸʨʢʠʚʘʥʠʝ ʠ ʧʦʩʣʝʜʥʷʷ ʟʘʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʥʦʧʢʘʤʠ 

ç+è ʠ çïè ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʘʚʠʪʴ ʥʫʞʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʇʦʩʣʝ ʚʳʙʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʠʩʪʝʯʝʥʠʠ 3 ʩʝʢʫʥʜ ʦʞʠʜʘʥʠʷ ʟʘʧʦʤʠʥʘʝʪ ʟʥʘʯʝʥʠʝ 

ʫʩʪʘʚʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʢ ʦʪʦʙʨʘʞʝʥʠʶ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʠ ç+è ʠ çïè ʜʣʷ ʧʝʨʝʭʦʜʘ ʧʦ ʤʝʥʶ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʤʝʥʶ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴ çʜʝʣʴʪʫè ï ʨʘʟʥʠʮʫ ʚ ʛʨʘʜʫʩʘʭ 

ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ ʚʳʩʪʘʚʣʝʥʘ ʥʘ 25 , ʘ ʜʝʣʴʪʘ 1 , ʪʦ ʚʢʣʶʯʝʥʠʝ 

ʥʘʛʨʝʚʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 24,5 , ʘ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠ 25,5 . ʅʘʩʪʨʦʡʢʘ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʫʞʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢʞʝ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʤʝʥʶ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʟʘʜʝʨʞʢʘ 

ʦʪʢʣʶʯʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʤʝʥʶ ʦʰʠʙʦʢ ʜʘʪʯʠʢʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʤʝʥʶ ʚʳʩʪʘʚʣʝʥʠʷ çʜʝʣʴʪʳè ʚ ʧʝʨʚʦʤ ʩʝʛʤʝʥʪʝ ʟʘʛʦʨʠʪʩʷ 

ʣʘʪʠʥʩʢʘʷ ʙʫʢʚʘ d ʠ ʨʘʥʝʝ ʚʳʩʪʘʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʣʴʪʳ. ʂʥʦʧʢʠ ç+è ʠ çïè 

ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʥʫʞʥʦ 

ʧʦʜʦʞʜʘʪʴ 3 ʩʝʢʫʥʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʙʦʨ ʟʘʧʦʤʥʠʪ ʥʘʩʪʨʦʡʢʫ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʡʜʸʪ ʢ ʦʪʦʙʨʘʞʝʥʠʶ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʇʨʠ ʚʳʙʦʨʝ ʤʝʥʶ çʟʘʜʝʨʞʢʠ ʦʪʢʣʶʯʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘè ʥʘ ʧʝʨʚʦʤ ʩʝʛʤʝʥʪʝ 

ʜʠʩʧʣʝʷ ʛʦʨʠʪ ʣʘʪʠʥʩʢʘʷ ʙʫʢʚʘ t ʠ ʪʝʢʫʱʝʝ ʚʳʩʪʘʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʥʦʧʢʘʤʠ ç+è ʠ çïè ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʩʣʝ 

ʥʘʩʪʨʦʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʞʜʘʪʴ 3 ʩʝʢʫʥʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʪʨʦʣʣʝʨ ʟʘʧʦʤʥʠʪ 

ʥʘʩʪʨʦʡʢʫ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʡʜʸʪ ʢ ʦʪʦʙʨʘʞʝʥʠʶ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʝʥʶ çʆʰʠʙʦʢ ʜʘʪʯʠʢʘè ʥʦʩʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨ. ɺ ʥʸʤ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʜ ʧʦʩʣʝʜʥʝʡ ʦʰʠʙʢʠ ʜʘʪʯʠʢʘ (ʪʘʙʣʠʮʘ 1). ɽʩʣʠ ʥʠʯʝʛʦ ʥʝ 

ʥʘʞʠʤʘʪʴ, ʪʦ ʯʝʨʝʟ 3 ʩʝʢʫʥʜʳ ʢʦʥʪʨʦʣʣʝʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʝʨʥʸʪʩʷ ʢ 

ʦʪʦʙʨʘʞʝʥʠʶ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʊʘʙʣʠʮʘ 1 ï ʂʦʜʳ ʦʰʠʙʦʢ ʠ ʠʭ ʨʘʩʰʠʬʨʦʚʢʘ 

ʂʦʜ ʦʰʠʙʢʠ ʈʘʩʰʠʬʨʦʚʢʘ ʢʦʜʘ 

E 0.1 ʆʰʠʙʢʘ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ 

E 0.2 ʆʙʨʳʚ ʜʘʪʯʠʢʘ 

E 0.3 ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʦʰʠʙʦʢ ʦʪ ʜʘʪʯʠʢʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 85ʉ 

E 0.4 ʂʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʢʦʨʧʫʩʦʚ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʨʦʢʦʧʝʥʢʦ, ɺ.ʉ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ATMEL ʥʘ ʷʟʳʢʝ ʉ.- ʂ.: çʄʂ- ʇʨʝʩʩè, ʉʇɹ.: 

çʂʆʈʆʅɸ-ɺɽʂè, 2012.- 320.,ʠʣ. 

2. ɹʝʣʦʚ, ɸ.ɺ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ AVR: ʦʪ ʘʟʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʦ ʩʦʟʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ï 

ʀʟʜ.2-ʝ ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.- ʉʇɹ.: ʅʘʫʢʘ ʠ ʊʝʭʥʠʢʘ, 2023.- 544ʩ.:ʠʣ. 

3. ʍʦʨʦʚʠʮ ʇ.,ʍʠʣʣ ʋ. ʀʩʢʫʩʩʪʚʦ ʩʭʝʤʦʪʝʭʥʠʢʠ: ʇʝʨ. ʩ ʘʥʛʣ.- ʀʟʜ. 2-ʝ.- ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ɹʀʅʆʄ.- 2023.- 

704 ʩ.,ʠʣ. 

 

 

ʊ.ʉ. ɸʩʪʘʭʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʉ.ʇ. ɸʩʪʘʭʦʚ, ʢ. ʪ. ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸʅɸʃʀɿ ʆʉʆɹɽʅʅʆʉʊɽʁ ʆʈɻɸʅʀɿɸʎʀʀ 

ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ɺ ʂʆʄʇʃɽʂʉɸʍ 

ʆɹʋʉʊʈʆʁʉʊɺɸ ʅɽʈɽɻʋʃʀʈʋɽʄʓʍ ʇɽʐɽʍʆɼʅʓʍ ʇɽʈɽʍʆɼʆɺ 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʝʛʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʧʝʰʝʭʦʜʥʳʤ ʧʫʪʷʤ, ʫʩʪʨʘʠʚʘʶʱʠʤʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1-3] ʠ ʦʙʫʩʪʨʘʠʚʘʶʱʠʤʠʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4-7]. ʂ ʧʝʰʝʭʦʜʥʳʤ ʧʫʪʷʤ 

ʦʪʥʦʩʷʪʩʷ ʵʣʝʤʝʥʪʳ ʦʙʫʩʪʨʦʡʩʪʚʘ ʜʦʨʦʛ ʠ ʫʣʠʮ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ [1, 2]: 

- ʪʨʦʪʫʘʨʳ,  

- ʧʝʰʝʭʦʜʥʳʝ ʠ ʚʝʣʦʧʝʰʝʭʦʜʥʳʝ ʜʦʨʦʞʢʠ,  

- ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ: 

ʘ) ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʩ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʜʣʷ: 

1) ʧʨʦʧʫʩʢʘ ʧʝʰʝʭʦʜʦʚ ʥʘʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ, 

2) ʧʨʦʧʫʩʢʘ ʧʝʰʝʭʦʜʦʚ ʧʦʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ; 

ʙ) ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ: 

1) ʨʝʛʫʣʠʨʫʝʤʳʝ, 

2) ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ. 

ʅʝʨʝʛʫʣʠʨʫʝʤʳʤ ʥʘʟʝʤʥʳʤ ʧʝʰʝʭʦʜʥʳʤ ʧʝʨʝʭʦʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʫʯʘʩʪʦʢ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ ʯʝʨʝʟ ʧʨʦʝʟʞʫʶ 

ʯʘʩʪʴ ʜʦʨʦʛʠ ʠ ʦʙʦʟʥʘʯʝʥʥʳʡ ʜʦʨʦʞʥʳʤʠ ʟʥʘʢʘʤʠ çʇʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜè ʠ 

(ʠʣʠ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʦʡ [2]. 

ʅʘʟʝʤʥʳʝ ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ ʦʙʦʨʫʜʫʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʦʙʫʩʪʨʦʡʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [3, 7]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʝʟʜʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʝʰʝʭʦʜʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ 

ʧʨʦʝʟʞʠʝ ʯʘʩʪʠ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠʣʠ ʰʦʩʩʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦ 

ʥʝʨʝʛʫʣʠʨʫʝʤʳʤ ʥʘʟʝʤʥʳʤ ʧʝʰʝʭʦʜʥʳʤ ʧʝʨʝʭʦʜʘʤ, ʥʝ ʦʙʦʨʫʜʦʚʘʥʥʳʤ 

ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʢʘʮʠʠ ʠ ʦʩʚʝʱʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʦʯʴʶ ʠ (ʠʣʠ) ʚ 

ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚ ʩʠʣʫ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʨʝʥʠʷ ʚʦʜʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʥʠ ʥʝ 

ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʤʝʪʠʪʴ ʥʝ ʦʩʚʝʱʘʝʤʳʡ ʠ ʥʝ ʦʙʦʨʫʜʦʚʘʥʥʳʡ 

ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʢʘʮʠʠ ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ 

ʧʝʰʝʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫ ʥʠʭ ʥʘ ʦʜʝʞʜʝ (ʥʘ ʘʢʩʝʩʩʫʘʨʘʭ) ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʚʝʪʦʚʦʟʚʨʘʱʘʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʢʘʪʘʬʦʪʦʚ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʠʢʝʨʦʚ. 

ʄʠʛʘʶʱʠʝ ʠʤʧʫʣʴʩʥʳʝ ʩʚʝʪʦʬʦʨʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʪʠʧʘ ʊ.7 (ʨʠʩʫʥʦʢ 1) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʚʝʪʦʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʫʯʘʩʪʢʦʚ ʧʨʦʝʟʞʠʭ 

ʯʘʩʪʝʡ ʜʦʨʦʛ ʠ ʫʣʠʮ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʚʦʜʠʪʝʣʝʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʚʝʪʦʬʦʨʘ ʪʠʧʘ ʊ.7 

 

ʄʠʛʘʶʱʠʝ ʠʤʧʫʣʴʩʥʳʝ ʩʚʝʪʦʬʦʨʳ ʪʠʧʘ ʊ.7 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʥʜʠʢʘʮʠʠ (ʦʙʦʟʥʘʯʝʥʠʷ) ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʝʩʣʠ [7]: 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʜʦʨʦʛʠ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 300 ʝʜ./ʯ (ʜʣʷ ʜʦʨʦʛ ʩ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʦʣʦʩʦʡ ï 500 ʝʜ./ʯ) ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʣʶʙʳʭ 8 ʯ ʨʘʙʦʯʝʛʦ ʜʥʷ ʥʝʜʝʣʠ, 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʧʨʦʝʟʞʫʶ ʯʘʩʪʴ ʵʪʦʡ 

ʜʦʨʦʛʠ ʚ ʦʜʥʦʤ, ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʤ, ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ 

ʣʶʙʳʭ 8 ʯ ʨʘʙʦʯʝʛʦ ʜʥʷ ʥʝʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 75 ʧʝʰ. /ʯ, 

- ʥʝ ʦʙʝʩʧʝʯʝʥʘ ʚʠʜʠʤʦʩʪʴ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʨʘʟʨʝʰʝʥʥʦʡ ʥʘ ʫʯʘʩʪʢʝ ʧʦ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʜʦʨʦʛʠ 

ʧʝʨʝʜ ʧʝʰʝʭʦʜʥʳʤ ʧʝʨʝʭʦʜʦʤ, 

- ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʫʯʘʩʪʢʝ ʧʦ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʜʦʨʦʛʠ, 

ʧʨʦʭʦʜʷʱʝʤ ʚʜʦʣʴ ʪʝʨʨʠʪʦʨʠʠ ʜʝʪʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, 

- ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʷʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʪʦʬʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʟʳʚʥʦʡ ʬʘʟʳ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ ʥʘ 

ʧʝʰʝʭʦʜʥʦʤ ʧʝʨʝʭʦʜʝ. 
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ʅʝʨʝʛʫʣʠʨʫʝʤʳʝ ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 

ʥʝʵʣʝʢʪʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʰʦʩʩʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʚʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʘʚʪʦʥʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʠʥʜʠʢʘʮʠʠ ʠ ʦʩʚʝʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʪʦʤ ʜʣʷ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ 

çSTGMè (ʨʠʩʫʥʦʢ 2), ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʠʟʜʝʣʠʡ [8]: 

- ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ çGMè (ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ, 

ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ, ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʛʨʫʟʢʠ),  
- ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʩʚʝʪʦʬʦʨʘ ʊ.7, 

- ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʚʝʪʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʜʘʪʯʠʢʦʤ 

ʜʚʠʞʝʥʠʷ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʷʚʣʝʥʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʙʝʟ ʧʦʜʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 280 õ 360 ʯ [8], ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʢʦʤʧʣʝʢʪ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ çSTGMè ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʩʦʣʷʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʜʦʣʛʦʪʳ ʜʥʷ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʩʤʫʨʥʦʡ ʧʦʛʦʜʝ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʥʘʛʨʫʟʢʦʡ ʧʨʝʚʳʰʘʝʪ 40 õ 50 ɺʪ, ʚʦʟʤʦʞʥʦ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʜʦ ʚʝʣʠʯʠʥʳ 11,1 ɺ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʛʨʫʟʢʠ ʦʪʢʣʶʯʠʪ ʝʝ ʦʪ ʥʘʛʨʫʟʢʠ 

(ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʚʝʪʠʣʴʥʠʢ ʠ ʩʚʝʪʦʬʦʨ ʊ.7 ʧʨʝʢʨʘʪʷʪ ʨʘʙʦʪʘʪʴ).  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʤʧʣʝʢʪʦʤ ʜʣʷ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ çSTGMè 

 

ʂʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʛʨʫʟʢʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʠʪ ʥʘʛʨʫʟʢʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʝ ʚʝʣʠʯʠʥʳ 12,6 ɺ (ʩʚʝʪʦʜʠʦʜʥʳʡ ʩʚʝʪʠʣʴʥʠʢ ʠ ʩʚʝʪʦʬʦʨ 

ʊ.7 ʚʦʟʦʙʥʦʚʷʪ ʨʘʙʦʪʫ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʪʘ 

ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ çSTGMè ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʦʙʱʝʝ 

ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ GM ʥʘʛʨʫʟʢʠ 

ʚʝʣʠʯʠʥʦʡ 40 ɺʪ/ʩʫʪʢʠ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʦʣʝʝ 40 ɺʪ/ʩʫʪʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʠ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ GM ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʪʘ 

ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ. 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋè ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸʅɸʃʀɿ ʆʊɽʏɽʉʊɺɽʅʅʆʁ ʂʆʄʇʆʅɽʅʊʅʆʁ ɹɸɿʓ ʅɸ 

ʇʈɽɼʄɽʊ ɽɽ ʂʆʅʂʋʈɽʅʊʆʉʇʆʉʆɹʅʆʉʊʀ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʦʢ. ɺ 

ʪʝʢʫʱʝʡ ʩʪʘʪʴʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʟʦʨ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ʈʦʩʩʠʠ, 

ʚʢʣʶʯʘʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, ʧʨʦʮʝʩʩʦʨʳ, ʨʝʟʠʩʪʦʨʳ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʥʘʜʝʞʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠ ʧʨʦʮʝʩʩʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʈʝʟʠʩʪʦʨʳ ʠ ʢʘʪʫʰʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʭʝʤʘʭ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʜʫʣʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʎʝʣʴ ʵʪʦʡ ʩʪʘʪʴʠ ï ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ 

ʠʩʩʣʝʜʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʪʘʢʠʝ 

ʢʘʢ ʢʘʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʠ ʚʳʷʚʣʝʥʠʶ ʩʪʨʘʪʝʛʠʡ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. 

ʇʝʨʚʳʡ ʧʦʣʥʦʩʪʴʶ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩ ʷʜʨʦʤ RISC-V 
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ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʧʘʥʠʝʡ ɻʂ çʕʣʝʤʝʥʪè ʠ ʥʘʟʳʚʘʝʪʩʷ MIK32 çɸʤʫʨè. ɽʛʦ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʫʤʥʦʛʦ ʜʦʤʘ ʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT), ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʙʦʨʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʜʨʫʛʠʭ ʩʭʦʞʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. [1] 

ɹʣʠʞʘʡʰʠʤ ʘʥʘʣʦʛʦʤ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ MIK32 ɸʤʫʨ ʷʚʣʷʝʪʩʷ ʪʘʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʘʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32L0 ʦʪ ʢʦʤʧʘʥʠʠ STMicroelectronics. 

ʕʪʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʘʪʯʠʢʠ, ʩʯʸʪʯʠʢʠ ʛʘʟʘ ʠ 

ʚʦʜʳ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʠ ʢʦʥʪʨʦʣʷ ʘʚʪʦʤʘʪʠʢʠ  

ʅʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ STM32L0 ʠ 

MIK32 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ STM32L0 MIK32 

ʇʨʦʮʝʩʩʦʨ ʠ ɸʨʭʠʪʝʢʪʫʨʘ 
ʗʜʨʦ Cortex-M0+, ʯʘʩʪʦʪʘ 32 

ʄɻʮ 
ʗʜʨʦ RISC-V, ʯʘʩʪʦʪʘ 32 ʄɻʮ 

ʇʘʤʷʪʴ 
FLASH ï 64 ʂɹ, SRAM ï 8 ʂɹ, 

EEPROM ï 2 ʂɹ 

ʆʇɿʋ ï 256 ʙʠʪ, ʆɿʋ ï 16 ʂɹ, 

EEPROM ï 8 ʂɹ, ʧʦʜʜʝʨʞʢʘ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʜʦ 16 ʄɹ 

ʇʦʪʨʝʙʣʝʥʠʝ ʠ ʈʘʙʦʯʠʝ 

ʊʝʤʧʝʨʘʪʫʨʳ 

ʇʦʪʨʝʙʣʝʥʠʝ ʜʦ 87 ʤʢɸ/ʄɻʮ, 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ -40 ʜʦ 105 

Áʉ 

ʅʝʪ ʜʘʥʥʳʭ ʧʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ -40 ʜʦ 85 Áʉ 

ʀʥʪʝʨʬʝʡʩʳ ʠ ʌʫʥʢʮʠʠ 

UART, USB, I2C, SPI, 

ʥʠʟʢʦʧʦʪʨʝʙʣʷʶʱʠʝ ʪʘʡʤʝʨʳ ʠ 

ɸʎʇ 

SPI, I2C, UART, ɸʎʇ ʠ ʎɸʇ 

12 ʙʠʪ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʇʨʠʤʝʥʝʥʠʝ 

ʋʣʴʪʨʘʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ, 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʙʘʪʘʨʝʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, IoT, ʫʤʥʳʡ 

ʜʦʤ 

 

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ STM32L0 ʠ MIK32 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ. STM32L0 ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʚʘʞʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘʧʨʦʪʠʚ, MIK32 ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʠʬʝʨʠʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʝʪʷʭ, ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʪʝʣʝʤʝʪʨʠʠ, ʤʦʥʠʪʦʨʠʥʛʘ, ʫʤʥʳʭ ʜʦʤʘʭ ʠ ʩʠʩʪʝʤʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʘ ʠ ʦʩʚʝʱʝʥʠʷ. ʕʪʦ ʜʝʣʘʝʪ MIK32 ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʜʣʷ ʩʣʦʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. [2] 

ʇʨʦʮʝʩʩʦʨ çʕʣʴʙʨʫʩ-16ʉè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ ɸʆ çʄʎʉʊè, 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 
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ʧʘʨʘʣʣʝʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ ʠ ʜʨʫʛʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʫʜʝʣʷʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʀʥʞʝʥʝʨʥʘʷ ʚʝʨʩʠʷ çʕʣʴʙʨʫʩ-16ʉè ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʠ ʩʨʘʚʥʝʥʘ ʩ 

ʧʨʦʮʝʩʩʦʨʦʤ çIntel Core i7-2600è, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʨʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Intel Core i7-2600 ʕʣʴʙʨʫʩ 16ʉ 

ɸʨʭʠʪʝʢʪʫʨʘ Sandy Bridge (x86-64) VLIW (e2k-v6) 

ʗʜʨʘ/ʇʦʪʦʢʠ 4 ʷʜʨʘ, 8 ʧʦʪʦʢʦʚ 16 ʷʜʝʨ 

ʏʘʩʪʦʪʘ 3.4 ɻɻʮ (ʜʦ 3.8 ɻɻʮ) 2 ɻɻʮ 

ʊʝʭʧʨʦʮʝʩʩ 32 ʥʤ 16 ʥʤ FinFET 

TDP 95 ɺʪ 110 ɺʪ 

ʂʵ h L3 8 ʄɹ ʏʘʩʪʠʯʥʦ ʦʪʢʣʶʯʝʥ 

ʇʘʤʷʪʴ DDR3 ʜʦ 32 ɻɹ DDR4 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ

 ɹ

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 

ʦʜʥʦʧʦʪʦʯʥʳʭ ʠ ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʟʘʜʘʯʘʭ 

ɺ ʦʜʥʦʧʦʪʦʯʥʳʭ ʟʘʜʘʯʘʭ ʫʩʪʫʧʘʝʪ 

Core i7-2600, ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʪʝʩʪʘʭ ʤʦʞʝʪ 

ʧʦʢʘʟʳʚʘʪʴ ʩʦʧʦʩʪʘʚʠʤʫʶ ʠʣʠ 

ʣʫʯʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

 

ɺ ʭʦʜʝ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ ʕʣʴʙʨʫʩ-16ʉ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʩʪʫʧʘʶʪ ʧʨʦʮʝʩʩʦʨʫ 

Intel Core i7-2600. ɺ ʦʜʥʦʧʦʪʦʯʥʳʭ ʟʘʜʘʯʘʭ ʕʣʴʙʨʫʩ-16ʉ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ 1,7 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ i7-2600. ʆʜʥʘʢʦ ʧʨʠ 

ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʩʦʧʦʩʪʘʚʠʤʳʤʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʕʣʴʙʨʫʩ-16ʉ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ.  

ɺʳʙʦʨ ʤʝʞʜʫ ʵʪʠʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ɻʜʝ 

ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʠ ʦʜʥʦʧʦʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, Intel Core 

i7-2600 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ. ʅʘʧʨʦʪʠʚ, ʕʣʴʙʨʫʩ-16ʉ ʣʫʯʰʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʠʰʝʚʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʠʝ ʨʝʟʠʩʪʦʨʳ, ʢʘʢ ʉ2-29 ʠ ʉ2-36. 

ʉ2-36 0,125 ɺʪ 1,65 ʢʆʤ Ñ0,5% ï ɺ ï ʵʪʦ ʧʦʩʪʦʷʥʥʳʡ ʥʝʧʨʦʚʦʣʦʯʥʳʡ 

ʨʝʟʠʩʪʦʨ, ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1,65 ʢʆʤ, ʘ ʥʦʤʠʥʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ï 0,125 ɺʪ. ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,5%. 

ʉ2-29ɺ 0,125 ɺʪ 30,1 ʆʤ Ñ0,5% ï ɸ ï ʵʪʦ ʤʝʪʘʣʣʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʧʨʝʮʠʟʠʦʥʥʳʡ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʨʝʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʪʦʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ, ʧʝʨʝʤʝʥʥʦʛʦ 

ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʦʚ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ 
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ʤʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢʠʝ ʨʝʟʠʩʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʧʦʤʠʥʘʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [3]: 

ʈʝʟʠʩʪʦʨʳ ʄʃʊ ï ʵʪʠ ʨʝʟʠʩʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ.  

ʈʝʟʠʩʪʦʨʳ Susumu RG ï ʩʝʨʠʷ RG ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʝʡ RR.  

ʈʝʟʠʩʪʦʨʳ SMD ï ʵʪʠ ʨʝʟʠʩʪʦʨʳ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʣʫʯʰʠʭ ʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ. ʈʝʟʠʩʪʦʨʳ ʄʃʊ, Susumu RG, SMD, ʉ2-29 ʠ ʉ2-36 ʦʙʣʘʜʘʶʪ 

ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʚ 

ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʠʩʪʦʨʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉ2-29 ʠ ʉ2-36 SMD ʄʃʊ Susumu RG 

ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʄʝʪʘʣʣʦʧʣʝʥʦʯʥ

ʦʝ ʠʣʠ 

ʤʝʪʘʣʣʦʦʢʠʩʥʳʝ 

ʨʝʟʠʩʪʦʨʳ ʩ 

ʧʨʦʚʦʣʦʯʥʳʤʠ 

ʚʳʚʦʜʘʤʠ 

ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ, 

ʙʝʟ ʧʨʦʚʦʣʦʯʥʳʭ 

ʚʳʚʦʜʦʚ 

ʄʝʪʘʣʣʦʧʣʝʥʦʯʥʳʝ

, ʣʘʢʠʨʦʚʘʥʥʳʝ, 

ʪʝʧʣʦʩʪʦʡʢʠʝ, ʜʣʷ 

ʥʘʚʝʩʥʦʛʦ ʤʦʥʪʘʞʘ 

ʊʦʥʢʦʧʣʝʥʦʯʥʳ

ʝ SMD 

ʨʝʟʠʩʪʦʨʳ, 

ʠʟʚʝʩʪʥʳʝ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʇʨʝʜʝʣʳ 

ʪʦʯʥʦʩʪʠ 
Ñ0,5% ʜʦ Ñ1% ʆʪ Ñ0,1% ʜʦ Ñ5% Ñ2%, Ñ5%, Ñ10% 

ɺʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ, ʯʘʩʪʦ 

Ñ0,1% ʠʣʠ 

ʣʫʯʰʝ 

ʊʠʧʦʨʘʟʤʝʨʳ 

ʈʘʟʤʝʨʳ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ

ʳ (ʥʘʧʨʠʤʝʨ, 0201, 

0402, 0603) 

ʈʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʱʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, 3 ʤʤ Ĭ 

7 ʤʤ ʜʣʷ 0,25 ɺʪ) 

ʉʪʘʥʜʘʨʪʥʳʝ 

SMD ʨʘʟʤʝʨʳ 

 

ɺʳʙʦʨ ʤʝʞʜʫ ʵʪʠʤʠ ʪʠʧʘʤʠ ʨʝʟʠʩʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɸʆ çʅʇʆ Ăʕʈʂʆʅñè ʧʨʦʠʟʚʦʜʠʪ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʠʧʘ ʂʀʂ ʠ 

ʂʀʂ1 ʩ ʥʝʤʘʛʥʠʪʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʝʨʜʝʯʥʠʢʦʤ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʦʦʢʩʠʜʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʪʠʧʘ ʂʀʌ ʩ ʤʘʛʥʠʪʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ. ʕʪʠ 

ʯʠʧ-ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʢʘʢ 

ʧʦʩʪʦʷʥʥʦʛʦ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʦʚ. [4] 

ʂʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʠʨʤʳ TDK ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʩʩʠʚʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ʆʥʠ ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʠʣʴʪʨʘʮʠʠ, ʥʘʢʦʧʣʝʥʠʠ ʵʥʝʨʛʠʠ ʠ 

ʧʝʨʝʜʘʯʝ ʤʦʱʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʫʰʝʢ ʚ ʪʘʙʣʠʮʝ 

4. 
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ʊʘʙʣʠʮʘ 4 ï ʉʨʘʚʥʝʥʠʝ ʢʘʪʫʰʝʢ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʆ çʅʇʆ Ăʕʈʂʆʅñè (ʂʀʂ, ʂʀʌ) TDK 

ʊʠʧ ʩʝʨʜʝʯʥʠʢʘ ʂʝʨʘʤʠʯʝʩʢʠʡ (ʂʀʂ), ʬʝʨʨʠʪʦʚʳʡ (ʂʀʌ) ʌʝʨʨʠʪʦʚʳʡ 

ɼʠʘʧʘʟʦʥ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
1ï10000 ʥɻʥ (ʂʀʂ), 20ï22000 ʥɻʥ (ʂʀʌ) 

ʆʪ ʜʦʣʝʡ ʥɻʥ ʜʦ 10000 

ʤʢɻʥ 

ɼʦʙʨʦʪʥʦʩʪʴ (Q) Ó13 (ʂʀʂ), Ó8 (ʂʀʌ) ʅʝ ʫʢʘʟʘʥʘ 

ɼʦʧʫʩʪʠʤʳʡ ʪʦʢ 40ï1360 ʤɸ (ʂʀʂ), 120ï2100 ʤɸ (ʂʀʌ) ɼʦ 45 ɸ 

ʇʨʠʤʝʥʝʥʠʝ 
ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʮʝʧʠ 

ɹʝʩʧʨʦʚʦʜʥʘʷ ʟʘʨʷʜʢʘ, 

ʩʠʣʦʚʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ 

ʧʨʠʤʝʥʝʥʠʷ 

 

ʆʙʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʣʘʛʘʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʥʦ 

ʩ ʨʘʟʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ. TDK ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ 

ʤʠʥʠʘʪʶʨʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʘ ʧʨʦʜʫʢʪʳ ɸʆ çʅʇʆ Ăʕʈʂʆʅñè 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ.  

 ʉʪʘʪʴʷ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ (ʕʂɹ) ʚʳʷʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʦʟʠʮʠʡ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, ʪʘʢʠʝ ʢʘʢ MIK32 çɸʤʫʨè, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ IoT, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʫʩʪʫʧʘʶʪ 

ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ʇʨʦʮʝʩʩʦʨʳ, ʥʘʧʨʠʤʝʨ, çʕʣʴʙʨʫʩ-16ʉè, ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʚ ʟʘʜʘʯʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʦʩʩʠʡʩʢʠʝ 

ʨʝʟʠʩʪʦʨʳ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʦ ʠʭ ʚʳʙʦʨ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʕʂɹ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʢʨʝʧʣʝʥʠʶ ʧʦʟʠʮʠʡ 

ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1.RISC-V ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ MIK32 ɸʄʋʈ ʂ1948ɺʂ018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://mikron.ru/products/mikrokontrollery/mk32-amur/?ysclid=m7ekyqs19x728900138#!/tab/672102497-3 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 24.02.2025). 

2.ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʜʘʪʘʰʠʪʳ, ʩʭʝʤʳ  RadioRadar [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]  URL: https://www.radioradar.net/, 

ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 23.02.2025). 

3.Best SMD resistors for AUDIO | diyAudio [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]  URL: 

https://www.diyaudio.com/community/threads/best-smd-resistors-for-audio.340561/, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

24.02.2025). 

4.ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʨʦʚʦʣʦʯʥʳʝ ʯʠʧ-ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʠʧʦʚ ʂʀʂ, ʂʀʂ1 ʠ ʂʀʌ: 

ʧʘʨʘʤʝʪʨʳ ʠ ʧʨʠʤʝʥʝʥʠʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]  URL: 

https://www.electronics.ru/files/article_pdf/9/article_9126_723.pdf?ysclid=m7njh965s505173066, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 28.02.2025). 

https://mikron.ru/products/mikrokontrollery/mk32-amur/
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ʉ.ɸ. ɹʝʭʪʝʨ, ʩʪʫʜ., ɽ.ɸ. ʄʘʢʘʨʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ. ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɺɽʏʅʓʁ ʂɸʃɽʅɼɸʈʔ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʨʝʤʝʥʠ ʠ ʜʘʪʳ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʪʝʤʧʘ ʞʠʟʥʠ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʙʦʣʴʰʝ 

ʣʶʜʝʡ ʦʙʨʘʱʘʶʪʩʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʙʳʪʦʚʳʝ 

ʧʨʦʮʝʩʩʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʘʣʝʥʜʘʨʠ ʠ ʯʘʩʳ, ʭʦʪʷ ʠ ʦʩʪʘʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ, 

ʧʦʩʪʝʧʝʥʥʦ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʵʣʝʢʪʨʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. ʕʣʝʢʪʨʦʥʥʳʝ ʢʘʣʝʥʜʘʨʠ ʠ ʯʘʩʳ ʥʝ 

ʪʦʣʴʢʦ ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʧʦʤʠʥʘʥʠʷ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ 

ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʳ ʫʤʥʦʛʦ ʜʦʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʩʦʟʜʘʥʠʝ ʚʝʯʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʣʝʥʜʘʨʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ 

ʟʘʜʘʯʫ, ʩʦʯʝʪʘʶʱʫʶ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ɻʣʝʢʪʨʦʥʠʢʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʚʝʯʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʣʝʥʜʘʨʷ ʥʘ ʙʘʟʝ Arduino Nano, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ 

ʦʪʦʙʨʘʞʘʪʴ ʚʨʝʤʷ ʠ ʜʘʪʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʫʯʥʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣ.̫ ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʪʦʚʳʡ 

ʤʘʢʝʪ ʚʝʯʥʦʛʦ ʢʘʣʝʥʜʘʨʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʘʢʝʪ ʚʝʯʥʦʛʦ ʢʘʣʝʥʜʘʨʷ 

 

ʂʦʨʧʫʩ ʫʩʪʨʦʡʩʪʚʘ ʩʜʝʣʘʥ ʠʟ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʦʡ ʧʣʠʪʳ. ʈʘʟʤʝʨʳ 

ʢʦʨʧʫʩʘ: ʰʠʨʠʥʘ ï 42 ʩʤ, ʜʣʠʥʘ ï 7 ʩʤ, ʚʳʩʦʪʘ ï 20 ʩʤ. ʊʘʢʠʝ ʛʘʙʘʨʠʪʳ 

ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʨʘʟʤʝʩʪʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʩʪʦʣʝ, ʧʦʣʢʝ ʠʣʠ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ 

ʫʜʦʙʥʦʤ ʤʝʩʪʝ, ʥʝ ʟʘʥʠʤʘʷ ʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  
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ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ɺʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ SB1. ʀʩʪʦʯʥʠʢʦʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʦʝʢʪʝ ʩʣʫʞʠʪ ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʥʦʤʠʥʘʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 3,7 ɺ. ʅʘʧʨʷʞʝʥʠʝ ʩ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʦʩʪʫʧʘʝʪ ʥʘ DC/DC-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ɸ1, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʥʘ ʚʳʭʦʜʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

+5 ɺ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʫʣʠ 

MT3608, ʥʘ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʦʚʢʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʩʪʨʦʝʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ. ɿʘʨʷʜ ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʪ 

ʩʝʪʠ +5 ɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷ ʟʘʨʷʜʘ ɸ2 ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ 

TP4056 ʩ ʨʘʟʲʝʤʦʤ MicroUSB. 

ɺ ʢʘʯʝʩʪʚʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʘ Arduino nano ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ATmega328, ʦʙʦʟʥʘʯʝʥʥʘʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ɸ3. 

ɺʳʙʦʨ ʜʘʥʥʦʡ ʧʣʘʪʳ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ Arduino IDE, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʙʰʠʨʥʦʡ 

ʦʪʢʨʳʪʦʡ ʙʘʟr ʙʠʙʣʠʦʪʝʢ [1], ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʨʘʙʦʪʫ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʧʨʦʝʢʪ. ɺ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʪʘ 

ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʙʨʘʙʦʪʢʫ ʧʦʩʪʫʧʘʝʤʳʭ ʜʘʥʥʳʭ ʠ 

ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʨʝʤʝʥʠ. 

ɾʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ ɸ4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ [2]. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʨʬʝʡʩ I2C, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚʳʚʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʘ 

ʜʠʩʧʣʝʝ ʤʦʞʥʦ ʦʪʦʙʨʘʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʥʘʟʚʘʥʠʝ 

ʧʨʘʟʜʥʠʢʘ, ʦʪʤʝʯʘʝʤʦʛʦ ʚ ʪʝʢʫʱʠʡ ʜʝʥʴ. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʜʨʝʩʥʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ɸ5, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʟʘ 

ʦʨʛʩʪʝʢʣʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʝʥʳ ʧʨʦʨʝʟʠ ʚ ʚʠʜʝ ʯʠʩʝʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʥʷʤ ʤʝʩʷʮʘ, ʘ ʪʘʢʞʝ ʥʘʟʚʘʥʠʷʤ ʤʝʩʷʮʝʚ. ʇʦʜʩʚʝʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʵʪʠ ʧʨʦʨʝʟʠ. ɺ ʨʘʙʦʪʝ ʢʘʣʝʥʜʘʨʷ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 69 

ʩʚʝʪʦʜʠʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 6 ʨʷʜʦʚ [3]. ʂʘʞʜʳʡ ʩʚʝʪʦʜʠʦʜ ʦʪʚʝʯʘʝʪ ʟʘ 

ʧʦʜʩʚʝʪʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʯʠʩʣʘ ʠʣʠ ʥʘʟʚʘʥʠʷ ʤʝʩʷʮʘ. ʆʪʦʙʨʘʞʝʥʠʝ ʜʥʝʡ ʪʝʢʫʱʝʛʦ 
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ʤʝʩʷʮʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ 

ʩʚʝʪʦʜʠʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʘʤ ʵʪʦʛʦ ʤʝʩʷʮʘ. ʉʠʥʠʤ ʮʚʝʪʦʤ 

ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʚʩʝ ʯʠʩʣʘ ʪʝʢʫʱʝʛʦ ʤʝʩʷʮʘ, ʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʷʶʪʩʷ 

ʪʝʢʫʱʘʷ ʜʘʪʘ ʠ ʥʘʟʚʘʥʠʝ ʤʝʩʷʮʘ.  

ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʪʝʢʫʱʝʤ ʤʝʩʷʮʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʜʥʝʡ ʚ ʢʘʞʜʦʤ 

ʤʝʩʷʮʝ ʛʦʜʘ. ɼʝʥʴ ʥʝʜʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʛʦʜ, ʤʝʩʷʮ, ʜʝʥʴ) ʚʳʯʠʩʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʥʴ 

ʥʝʜʝʣʠ. ɼʣʷ ʬʝʚʨʘʣʷ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʠʩʦʢʦʩʥʦʛʦ ʛʦʜʘ. 

ʊʝʢʫʱʠʡ ʛʦʜ ʙʫʜʝʪ ʚʠʩʦʢʦʩʥʳʤ ʝʩʣʠ ʦʥ ʜʝʣʠʪʩʷ ʥʘ 4 ʙʝʟ ʦʩʪʘʪʢʘ, ʥʦ ʥʝ ʜʝʣʠʪʩʷ 

ʥʘ 100. ʊʘʢʞʝ, ʝʩʣʠ ʛʦʜ ʜʝʣʠʪʩʷ ʥʘ 400, ʦʥ ʪʘʢʞʝ ʩʯʠʪʘʝʪʩʷ ʚʠʩʦʢʦʩʥʳʤ. 

ɼʣʷ ʫʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ɸ6. ʕʪʠ ʯʘʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʫʣʴ, ʩʧʦʩʦʙʥʳʡ ʦʪʩʣʝʞʠʚʘʪʴ 

ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʠ ʜʘʪʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʨʘʙʦʪʳ ʧʨʝʜʫʩʤʦʪʨʝʥ ʥʝʟʘʚʠʩʠʤʳʡ 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʯʘʩʦʚ ʜʘʞʝ ʧʨʠ 

ʦʪʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʝʯʥʦʛʦ ʢʘʣʝʥʜʘʨʷ [4].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʢʝʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ: 

- ʘʜʨʝʩʥʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ WS2812; 

- ʧʣʘʪʘ Arduino Nano v3 ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ATmega328P; 

- ʜʠʩʧʣʝʡ LCD1602; 

- ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ GSMIN DS1302;  

- ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ 3,7 ɺ; 

- ʧʣʘʪʘ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ; 

- DC/DC-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 3,7/5 ɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʯʥʳʡ ʢʘʣʝʥʜʘʨʴ, ʩʧʦʩʦʙʥʳʡ ʦʪʦʙʨʘʞʘʪʴ 

ʜʘʪʫ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ ʠ ʜʨʫʛʠʭ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʦʬʠʩʘʭ ʠʣʠ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʝʢʪʘ: ʫʣʫʯʰʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʚʚʝʜʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʘʟʜʥʠʯʥʳʭ ʜʘʪ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʘ ʯʘʩʦʚ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʜʨʫʛʫʶ ʤʦʜʝʣʴ ʚ ʩʚʷʟʠ ʩ ʚʳʷʚʠʚʰʠʤʠʩʷ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ, ʘ ʠʤʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʨʫʯʥʫʶ ʟʘʜʘʚʘʪʴ ʚʨʝʤʷ ʧʨʠ 

ʧʝʨʝʟʘʛʨʫʟʢʝ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʥʘ Arduino nano. ʕʪʦ ʩʜʝʣʘʝʪ ʢʘʣʝʥʜʘʨʴ ʝʱʝ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʫʜʦʙʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Arduino Nano v3 [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: https://www.alldatasheet.com/html-
pdf/1424860/ETC/ARDUINO-NANO/67/1/ARDUINO-NANO.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.02.2025) 

2. LCD ʜʠʩʧʣʝʡ 1602 [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://supereyes.ru/img/instructions/simvolnyy_displey_lcd1602_datasheet.pdf?ysclid=m6v4sir5dv23333313 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 07.02.2025) 

3. ʆʩʥʦʚʳ ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: https://fip.expert/network/theme-
id/75/network-id/529/publications/1273/show-publication, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.02.2025) 

4. ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ GSMIN DS1302 [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://amperkot.ru/static/3236/uploads/datasheets/DS1302.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 07.02.2025) 
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ʂ.ɸ. ɹʦʨʠʩʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɻʆʃʆɻʈɸʌʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ɺ ʄʀʂʈʆʕʃɽʂʊʈʆʅʀʂɽ ɼʃʗ 

ʉʆɿɼɸʅʀʗ ʄʀʂʈʆʉʍɽʄ: ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻʆʃʆɻʈɸʌʀʀ ɼʃʗ 

ʈɸɿʄʅʆɾɽʅʀʗ ʄʀʂʈʆʕʃɽʂʊʈʆʅʅʓʍ ʉʍɽʄ 
 

ʏʝʣʦʚʝʢ ʚʩʝʛʜʘ ʩʪʨʝʤʠʣʩʷ ʢ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ, ʚ ʢʦʪʦʨʦʡ ʝʤʫ ʥʝ ʧʨʦʰʣʦʩʴ 

ʙʳ ʪʨʘʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʨʘʙʦʪʫ. ʊʘʢ, ʚ 1958 

ʛʦʜʫ, ɼʞʝʢʦʤ ʂʠʣʙʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ. ʉ ʪʝʭ ʧʦʨ, 

ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʩʪʦʷʣʠ ʥʘ ʤʝʩʪʝ: ʤʠʢʨʦʩʭʝʤʳ ʩʤʦʛʣʠ ʫʤʝʥʴʰʠʪʴ, ʦʙʲʝʜʠʥʠʚ 

ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ; ʠʥʞʝʥʝʨʳ ʩʫʤʝʣʠ 

ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʤʝʥʴʰʠʚ ʠʭ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ; 

ʪʘʢʞʝ ʫʯʝʥʳʝ ʦʙʝʩʧʝʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʟʚʦʣʠʚ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʪʘʢʠʝ ʢʘʢ ʢʦʤʧʴʶʪʝʨʳ.  

ʊʝʧʝʨʴ ʞʝ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʨʘʟʤʳʰʣʷʶʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʛʦʣʦʛʨʘʤʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʪʨʸʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʥʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʀ.ɻ. ɺʣʘʩʦʚ ʠ 

ʖ.ʉ. ʄʦʩʷʢʠʥ ʚʥʝʩʣʠ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʛʦʣʦʛʨʘʤʤ ʢʘʢ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ [1]. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʤʤ, 

ʦʙʣʘʜʘʶʱʠʭ ʬʦʢʫʩʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʧʨʝʜʣʦʞʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʘʢʠʭ 

ʛʦʣʦʛʨʘʤʤ. ʇʨʦʮʝʩʩ ʛʦʣʦʛʨʘʬʠʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: 

- ʟʘʧʠʩʴ ʛʦʣʦʛʨʘʤʤʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʲʝʢʪ ʦʩʚʝʱʘʝʪʩʷ ʢʦʛʝʨʝʥʪʥʳʤ ʩʚʝʪʦʤ 

(ʥʘʧʨʠʤʝʨ, ʣʘʟʝʨʦʤ). ɺʦʣʥʘ, ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʦʙʲʝʢʪʘ (ʦʙʲʝʢʪʥʘʷ ʚʦʣʥʘ), 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʦʧʦʨʥʦʡ ʚʦʣʥʦʡ, ʪʘʢʞʝ ʢʦʛʝʨʝʥʪʥʦʡ. ʕʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʥʘʧʨʠʤʝʨ, ʬʦʪʦʧʣʘʩʪʠʥʢʝ ʠʣʠ ʬʦʪʦʨʝʟʠʩʪʝ). 

ɼʘʥʥʘʷ ʢʘʨʪʠʥʘ ʠ ʝʩʪʴ ʛʦʣʦʛʨʘʤʤʘ. 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɻʦʣʦʛʨʘʤʤʘ ʦʩʚʝʱʘʝʪʩʷ ʦʧʦʨʥʦʡ ʚʦʣʥʦʡ, 

ʠʜʝʥʪʠʯʥʦʡ ʪʦʡ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʟʘʧʠʩʠ. ʆʩʚʝʱʝʥʥʘʷ ʛʦʣʦʛʨʘʤʤʘ 

ʜʠʬʨʘʛʠʨʫʝʪ ʩʚʝʪ, ʩʦʟʜʘʚʘʷ ʜʚʘ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʘ: ʦʜʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʩʭʦʜʥʦʡ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʝ, ʠ ʚʪʦʨʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʧʨʷʞʝʥʥʦʡ ʚʦʣʥʝ. 

ʅʘʙʣʶʜʘʪʝʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʧʫʪʠ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʳ, ʚʠʜʠʪ ʪʨʝʭʤʝʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʙʨʘʱʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ ʛʦʣʦʛʨʘʬʠʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʨʘʱʝʥʠʝ ʚʦʣʥʦʛʦ ʬʨʦʥʪʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʦʣʦʛʨʘʤʤʳ in situ: a ï 

ʟʘʧʠʩʴ ʧʦʧʫʪʥʳʤʠ ʚʦʣʥʘʤʠ; ʙ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʩʪʨʝʯʥʦʡ ʚʦʣʥʳ; ʚ ï ʟʘʧʠʩʴ ʚʩʪʨʝʯʥʳʤʠ 

ʚʦʣʥʘʤʠ; ʛ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʧʫʪʥʦʡ ʚʦʣʥʦʡ 
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ɻʦʣʦʛʨʘʤʤʳ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ 

ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʭʝʤʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʭʝʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʆʥʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ: 

- ʩʦʟʜʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (DOE) ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʬʦʢʫʩʠʨʦʚʢʠ, ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ. DOE ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, 

ʪʘʢʠʭ ʢʘʢ ʣʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ 

ʦʧʪʠʢʘ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʦʟʜʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ. ɻʦʣʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʬʦʪʦʧʦʣʠʤʝʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭʬʦʪʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

- ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ ʧʦʢʘʟʘʥʘ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ 
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ɻʦʣʦʛʨʘʬʠʷ ʩʝʛʦʜʥʷ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʥʠʢʘʷ ʚ 

ʩʘʤʳʝ ʨʘʟʥʳʝ ʩʬʝʨʳ ʥʘʰʝʡ ʞʠʟʥʠ. ʆʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ʜʦ 

ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʦʮʝʩʩ ʛʦʣʦʛʨʘʬʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʭʝʤ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʢʦʛʝʨʝʥʪʥʳʭ ʧʫʯʢʘ ʩʚʝʪʘ ï ʦʧʦʨʥʳʡ ʠ ʧʨʝʜʤʝʪʥʳʡ ï ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʬʦʪʦʨʝʟʠʩʪʝ. 

- ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ. ʌʦʪʦʨʝʟʠʩʪ ʵʢʩʧʦʥʠʨʫʝʪʩʷ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ, 

ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ. 

- ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʪʨʘʚʣʝʥʠʝ. ʇʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʬʦʪʦʨʝʟʠʩʪ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʘʚʣʝʥʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʨʝʰʝʪʦʢ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ. 

- ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʙʝʩʢʦʥʪʘʢʪʥʦ ʧʝʨʝʥʦʩʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʠʢʨʦʩʭʝʤ ʥʘ ʬʦʪʦʨʝʟʠʩʪ ʠ ʩʦʟʜʘʚʘʪʴ ʦʙʲʸʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʩʣʦʞʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ 

 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʭʝʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʦʢʦʣʦ 20-50 

ʥʘʥʦʤʝʪʨʦʚ.   

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʪʦʯʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʭʝʤ ʥʘ ʬʦʪʦʨʝʟʠʩʪ, ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʦʟʜʘʥʠʠ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʊʘʢʠʝ ʧʨʠʥʮʠʧʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ, ʢʘʢ 

ʩʫʧʝʨʧʦʟʠʮʠʷ ʚʦʣʥ, ʢʦʛʝʨʝʥʪʥʦʩʪʴ, ʫʩʣʦʚʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʠ ʠ ʜʝʩʪʨʫʢʪʠʚʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʜʠʬʨʘʢʮʠʷ, ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ, ʛʜʝ 

ʩʚʝʪʦʚʳʝ ʫʟʦʨʳ ʬʦʨʤʠʨʫʶʪ ʪʨʸʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʢʘʢ ʚ 

ʦʧʪʠʢʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʩʢʠ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ.  ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ: 
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- ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʭʝʤ ʩ 

ʤʘʩʢʠ ʥʘ ʬʦʪʦʨʝʟʠʩʪ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ 

ʤʘʩʢʠ ʠ ʧʦʜʣʦʞʢʠ. 

- ʛʦʣʦʛʨʘʤʤʘ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʘʩʢʦʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʤʘʩʢʘ ʠʤʝʝʪ ʤʘʣʦ ʦʪʚʝʨʩʪʠʡ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ. 

- ʛʦʣʦʛʨʘʤʤʘ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʳʣʠ, ʛʨʷʟʠ ʠ ʮʘʨʘʧʠʥʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʘʩʢʦʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʝʸ ʩʣʫʞʙʳ. 

- ʛʦʣʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʠʢʨʦʩʭʝʤ. 

- ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʤʘʩʢʠʨʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. 

ʅʝʜʦʩʪʘʪʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ: 

- ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʩʭʝʤʳ, 

ʩʦʟʜʘʥʠʝ ʬʦʪʦʰʘʙʣʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʧʨʦʮʝʩʩʦʤ. 

- ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʪʨʝʙʫʝʪʩʷ 

ʢʦʛʝʨʝʥʪʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʪʘʢʦʡ ʢʘʢ ʣʘʟʝʨ. 

- ʪʦʯʥʘʷ ʥʘʩʪʨʦʡʢʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʛʦʣʦʛʨʘʤʤʳ ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʠ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʦʣʦʛʨʘʬʠʠ, ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʚʝʪʘ, 

ʠ ʠʥʪʝʛʨʘʮʠʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʩʭʝʤ ʠ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʧʝʨʝʥʦʩ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʤʘʣʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʝʬʝʢʪʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʰʘʙʣʦʥʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʣʘʟʝʨʘ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʦʣʦʛʨʘʬʠʠ 

ʜʝʣʘʶʪ ʝʸ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʢʨʦʩʭʝʤ ʠ 

ʤʠʢʨʦʫʩʪʨʦʡʩʪʚ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʪʴ 

ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʜʣʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. 
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ɸ.ɸ. ɹʫʛʨʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ʅɸʉʊʆʃʔʅʆʁ ʀɻʈʓ çɺɽɼʔʄɸʂè 
 

ʅʘʩʪʦʣʴʥʳʝ ʠʛʨʳ ï ʵʪʦ ʩʧʦʩʦʙ ʧʨʦʚʝʩʪʠ ʚʨʝʤʷ ʩ ʜʨʫʟʴʷʤʠ ʠ ʩʝʤʴʸʡ, 

ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʪʨʘʪʝʛʠʶ, ʫʜʘʯʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉ ʜʘʚʥʠʭ ʧʦʨ ʦʥʠ 

ʠʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʫʣʴʪʫʨʝ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʜʦʩʫʛʝ. ʅʘʩʪʦʣʴʥʳʝ ʠʛʨʳ ʠʤʝʶʪ 

ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ, ʫʭʦʜʷʱʫʶ ʢʦʨʥʷʤʠ ʚ ʜʨʝʚʥʠʝ ʮʠʚʠʣʠʟʘʮʠʠ. ʀʛʨʳ, ʪʘʢʠʝ ʢʘʢ 

çʉʝʥʝʪè ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ ʠ çɻʦè ʚ ʂʠʪʘʝ, ʩʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ 5000 ʣʝʪ. ʕʪʠ ʠʛʨʳ 

ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʣʝʢʘʣʠ ʣʶʜʝʡ, ʥʦ ʠ ʩʣʫʞʠʣʠ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʥʘʩʪʦʣʴʥʳʭ ʠʛʨ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʢʘʪʝʛʦʨʠʡ: 

¶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʛʨʳ. ɺʢʣʶʯʘʶʪ ʠʛʨʳ ʪʘʢʠʝ ʢʘʢ çʐʘʭʤʘʪʳè ʠ 

çʎʠʚʠʣʠʟʘʮʠʷè, ʛʜʝ ʫʩʧʝʭ ʟʘʚʠʩʠʪ ʦʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

(ʨʠʩʫʥʦʢ 1, ʘ); 

¶ ʢʘʨʪʦʯʥʳʝ ʠʛʨʳ. çUNOè ʠ çɺʟʨʳʚʥʳʝ ʢʦʪʷʪʘè, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʢʘʢ 

ʩʪʨʘʪʝʛʠʠ, ʪʘʢ ʠ ʫʜʘʯʠ, ʠ ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʳʛʨʘʥʳ ʚ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 1, ʙ); 

¶ ʨʦʣʝʚʳʝ ʠʛʨʳ. ʀʛʨʳ ʪʠʧʘ çDungeons & Dragonsè ʧʦʟʚʦʣʷʶʪ ʠʛʨʦʢʘʤ 

ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʫʥʠʢʘʣʴʥʳʝ ʤʠʨʳ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʝʨʩʦʥʘʞʝʡ ʠ ʨʘʩʩʢʘʟʳʚʘʪʴ 

ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʠʩʪʦʨʠʠ (ʨʠʩʫʥʦʢ 1, ʚ); 

¶ ʩʝʤʝʡʥʳʝ ʠʛʨʳ. ʂʣʘʩʩʠʢʠ, ʪʘʢʠʝ ʢʘʢ çʄʦʥʦʧʦʣʠʷè ʠ çʂʘʪʘʥè, ʜʝʣʘʶʪ 
ʬʦʢʫʩ ʥʘ ʧʨʦʩʪʦʨʝ ʧʨʘʚʠʣ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ (ʨʠʩʫʥʦʢ 1, ʛ). 

 

         
(ʘ)    (ʙ)    (ʚ) 

 
(ʛ) 

ʈʠʩʫʥʦʢ 1 ï ʅʘʩʪʦʣʴʥʳʝ ʠʛʨʳ: çʎʠʚʠʣʠʟʘʮʠʷè (ʘ), çUNOè (ʙ), çDungeons & 

Dragonsè (ʚ), çʄʦʥʦʧʦʣʠʷè (ʛ) 
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ʅʘʩʪʦʣʴʥʳʝ ʠʛʨʳ ʩʦʟʜʘʶʪ ʫʥʠʢʘʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ ʜʣʷ ʦʙʱʝʥʠʷ. ʆʥʠ 

ʧʦʤʦʛʘʶʪ ʨʘʟʨʷʜʠʪʴ ʦʙʩʪʘʥʦʚʢʫ, ʩʦʟʜʘʪʴ ʜʨʫʞʝʩʢʠʝ ʩʚʷʟʠ ʠ ʩʧʣʦʪʠʪʴ ʣʶʜʝʡ. 

ʀʛʨʦʚʳʝ ʚʝʯʝʨʘ ʩʪʘʥʦʚʷʪʩʷ ʦʪʣʠʯʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʩʪʠ ʚʨʝʤʷ ʩ ʙʣʠʟʢʠʤʠ 

ʠ ʟʘʚʝʩʪʠ ʥʦʚʳʝ ʟʥʘʢʦʤʩʪʚʘ. 

ʊʘʢ ʞʝ ʥʘʩʪʦʣʴʥʳʝ ʠʛʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʆʥʠ ʨʘʟʚʠʚʘʶʪ ʥʘʚʳʢʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʣʦʛʠʢʠ ʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ. 

ʄʥʦʛʠʝ ʠʛʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʤʘʪʝʤʘʪʠʢʫ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ʀʜʝʷ ʧʨʦʝʢʪʘ ʧʦʷʚʠʣʘʩʴ ʧʦʩʣʝ ʧʨʦʩʤʦʪʨʘ ʬʘʥʪʘʩʪʠʢʦ-ʧʨʠʢʣʶʯʝʥʯʝʩʢʦʛʦ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʬʠʣʴʤʘ çɼʞʫʤʘʥʜʞʠè. ʂʦʥʮʝʧʮʠʷ ʤʝʭʘʥʠʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʟʘʠʤʩʪʦʚʘʥʘ ʠʟ ʩʪʘʪʴʠ [1]. ʉʫʪʴ ʠʛʨʳ ʧʨʦʩʪʘ ï ʙʨʦʩʘʡ ʢʫʙʠʢ, ʭʦʜʠ ʩʚʦʝʡ 

ʬʠʛʫʨʦʡ, ʚʳʧʦʣʥʷʡ ʟʘʜʘʥʠʝ. ɺ ʥʘʰʝʤ ʫʩʪʨʦʡʩʪʚʝ ʟʘʤʝʩʪʦ ʢʫʙʠʢʦʚ ʙʫʜʝʪ 

ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ (ʦʪ 2 ʜʦ 12). ɼʣʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʟʘʢʦʥʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʠ ʪʝʦʨʝʤʦʡ ɻʘʫʩʩʘ - ʦʩʦʙʳʡ ʪʠʧ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 

ʩʨʝʜʥʝʛʦ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʦʙ ʩ ʜʚʫʤʷ 

ʦʪʢʠʜʥʳʤʠ ʜʚʝʨʮʘʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʩʲʝʤʥʦʡ ʢʨʳʰʢʦʡ ʚ ʥʠʞʥʝʡ. ʇʨʠ 

ʦʪʢʨʳʪʠʠ ʚʝʨʭʥʠʭ ʩʪʚʦʨʦʢ ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʷʚʠʪʩʷ ʠʛʨʦʚʦʝ ʧʦʣʝ. ʇʦʜ 

ʩʲʝʤʥʦʡ ʢʨʳʰʢʦʡ ʥʘʭʦʜʠʪʩʷ ʵʢʨʘʥ ʠ ʦʪʩʝʢ ʜʣʷ ʠʛʨʦʚʳʭ ʬʠʛʫʨ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʢʦʨʧʫʩʘ ʧʦʩʣʫʞʠʪ ɼʉʇ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ (ʨʠʩʫʥʦʢ 3). 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ʥʘ ʢʦʨʧʫʩʝ çɺʂʃ/ɺʓʂʃè, ʩ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʘ ʚʭʦʜ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʫʧʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. ʇʨʠ 

ʪʘʢʦʡ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʧʠʪʳʚʘʝʪʩʷ ʦʪ ʜʦʤʘʰʥʝʡ ʵʣʝʢʪʨʦʩʝʪʠ 230 ɺ ʯʝʨʝʟ 

ʘʜʘʧʪʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʥʫʞʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 5 ɺ.  
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ʈʠʩʫʥʦʢ 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʵʢʨʘʥʘ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʜʠʩʧʣʝʷ ʤʦʞʥʦ 

ʙʫʜʝʪ ʟʘʜʘʪʴ ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ (ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ), ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ 

ʛʨʦʤʢʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʷʜʦʢ ʭʦʜʦʚ ʠʛʨʦʢʦʚ ʠ ʚʳʧʦʣʥʠʪʴ ʜʨʫʛʠʝ ʥʘʩʪʨʦʡʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʜʠʩʧʣʝʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʙʦʣʝʝ ʠʥʪʫʠʪʠʚʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, 

ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʛʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʢ ʚ 20 ʤɸ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʘʛʦʚʦʤʫ 

ʜʚʠʛʘʪʝʣʶ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 1,5 ɸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʘʡʚʝʨʘ ʥʘ ʧʦʣʫʤʦʩʪʦʚʦʡ ʩʭʝʤʝ. 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʠʛʨʦʚʦʡ ʦʧʳʪ, ʙʳʣʦ ʨʝʰʝʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʫʟʳʢʘʣʴʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʝʣʦʜʠʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʜʠʥʘʤʠʢ. ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʝʨʝʜʘʝʪ ʥʘ ʜʠʥʘʤʠʢ 

ʩʣʘʙʳʡ ʩʠʛʥʘʣ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʠʣʠʪʝʣʴ. ʕʪʦʪ ʢʦʤʧʦʥʝʥʪ ʧʨʠʥʠʤʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʜʠʥʘʤʠʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʪʩʷ ʛʨʦʤʢʠʡ ʠ ʯʝʪʢʠʡ ʟʚʫʢ. 

ɺ ʧʨʦʝʢʪʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʬʠʣʴʤʘ, ʬʠʛʫʨʳ ʥʝ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʣ. ɼʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʬʠʛʫʨ ʧʦ ʧʦʣʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʢʘʨʝʪʢʝ. ʂʘʨʝʪʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠ 

ʧʦʤʦʱʠ ʰʘʛʦʚʳʭ ʤʦʪʦʨʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʦʩʪ: ʢʦʛʜʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʦʥ ʩʦʟʜʘʸʪ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʩʝʨʜʝʯʥʠʢʘ. ʕʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʪʷʛʠʚʘʝʪ ʠʣʠ 

ʦʪʪʘʣʢʠʚʘʝʪ ʜʨʫʛʠʝ ʤʘʛʥʠʪʥʳʝ ʧʨʝʜʤʝʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʣʷʨʥʦʩʪʠ. ɺ 
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ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʨʠʪʷʛʠʚʘʪʴ ʬʠʛʫʨʳ ʢ ʩʝʙʝ 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠʩʧʦʣʴʟʫʝʤ 

ʢʦʥʮʝʚʳʝ ʚʳʢʣʶʯʘʪʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ 

ʩʣʫʯʘʡʥʦʛʦ ʚʳʭʦʜʘ ʜʚʠʛʘʪʝʣʷ ʟʘ ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ ʨʘʙʦʪʳ. ʕʪʘ 

ʟʘʱʠʪʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʮʝʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʩ ʜʚʫʭ ʩʪʦʨʦʥ.  

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʘʩʪʦʣʴʥʦʡ ʠʛʨʝ ʚʦʟʣʦʞʝʥʳ ʥʘ ATmega328. ɺʳʙʦʨ 

ʜʘʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʸ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʝʢʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʫʪʦʯʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʊʝʣʝʩʢʦʧ ï ʵʪʦ ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʥ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʠʜʝʪʴ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʦ ʥʝʚʦʦʨʫʞʸʥʥʳʤ ʛʣʘʟʦʤ ʠʟ-ʟʘ ʠʭ ʨʘʩʩʪʦʷʥʠʷ 

ʠʣʠ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ɻʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʪʝʣʝʩʢʦʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ ʠ 

ʬʦʢʫʩʠʨʦʚʢʝ ʩʚʝʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʜʘʣʴʥʠʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʚʝʣʠʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.  

 ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʣʝʩʢʦʧʳ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʩʢʘʥʠʨʫʷ ʥʝʙʝʩʥʳʝ ʪʝʣʘ ʠ ʧʝʨʝʜʘʚʘʷ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ɿʝʤʣʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʣʝʩʢʦʧʳ ʤʦʛʫʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʯʸʪʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʯʝʨʝʟ ʧʣʦʪʥʳʝ ʩʣʦʠ 

ʘʪʤʦʩʬʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʩʢʦʧʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʩʪʨʦʥʦʤʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʫʯʸʥʳʤ ʧʦʣʫʯʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦ ɺʩʝʣʝʥʥʦʡ [1]. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʣʝʩʢʦʧʦʚ: 

ʈʘʙʦʪʘ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩʚʝʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʩʢʦʧʳ ʩʧʦʩʦʙʥʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʟʝʨʢʘʣʘʤ ʦʩʦʙʦʡ ʬʦʨʤʳ, ʪʘʢʠʤ ʢʘʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʠʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ. ʉ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴ 

ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʚʠʜʠʤʳ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ, ʥʘʧʨʠʤʝʨ, ʟʚʝʟʜʳ, ʩʢʨʳʪʳʝ ʚ 

ʦʙʣʘʢʘʭ ʛʘʟʘ ʠ ʧʳʣʠ. 



29  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ. ʕʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ 

ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʘʪʤʦʩʬʝʨʳ) ʠʣʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʵʣʝʤʝʥʪʘʭ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʠʩʪʝʤʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʥʦʛʦʢʨʘʪʥʦ ʚ ʩʝʢʫʥʜʫ ʦʙʥʘʨʫʞʠʚʘʝʪ ʠʩʢʘʞʝʥʠʷ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʘʧʝʨʪʫʨʫ, ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʠʭ ʩ ʧʦʤʦʱʴʶ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʟʝʨʢʘʣʘ ʠʣʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. 

ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʟʝʤʥʫʶ ʥʘʙʣʶʜʘʪʝʣʴʥʫʶ ʘʩʪʨʦʥʦʤʠʶ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʷʭ, ʭʦʪʷ ʚʩʝ ʝʱʝ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʬʬʝʢʪʘʤʠ 

ʧʨʝʧʷʪʩʪʚʠʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʚʭʦʜʷʱʠʝ ʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ 

ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʄʝʪʦʜ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʬʦʨʤʳ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʪʝʣʝʩʢʦʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧʪʠʚʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʆʙʳʯʥʦ ʪʘʢʦʡ 

ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʝ ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʟʝʨʢʘʣʦ (ʢʦʨʨʝʢʪʦʨ), 

ʢʦʪʦʨʦʝ, ʠʩʧʳʪʳʚʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʥʘʧʨʘʚʣʷʝʪ ʩʚʝʪ, ʩʦʙʨʘʥʥʳʡ 

ʪʝʣʝʩʢʦʧʦʤ, ʥʘ ʧʨʠʝʤʥʠʢ ʠ ʜʘʪʯʠʢ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. ɼʝʬʦʨʤʘʮʠʷ ʟʝʨʢʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʥʦʞʝʩʪʚʘ ʩʪʝʨʞʥʝʡ, ʢʦʪʦʨʳʝ ʜʘʚʷʪ ʥʘ ʝʛʦ ʟʘʜʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʂʘʞʜʳʡ ʩʪʝʨʞʝʥʴ ʠʤʝʝʪ ʩʚʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʠ ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʠʣʫ ʜʘʚʣʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʟʝʨʢʘʣʘ, ʠʟʤʝʥʷʷ ʪʝʤ 

ʩʘʤʳʤ ʝʛʦ ʜʝʬʦʨʤʘʮʠʶ. [2] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʟʝʨʢʘʣ. ʏʝʤ ʙʦʣʴʰʝ ʟʝʨʢʘʣʦ, ʪʝʤ ʙʦʣʴʰʝ 

ʩʚʝʪʘ ʦʪ ʦʙʲʝʢʪʘ ʦʥʦ ʤʦʞʝʪ ʩʦʙʨʘʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʯʸʪʢʠʭ ʠ 

ʷʨʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʪʝʣʝʩʢʦʧ James Webb, ʦʩʥʘʱʸʥ ʟʝʨʢʘʣʦʤ 

ʜʠʘʤʝʪʨʦʤ 6,5 ʤʝʪʨʘ (ʨʠʩʫʥʦʢ 1).  
 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʣʝʩʢʦʧ James Webb 

 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʚ 

ʵʚʦʣʶʮʠʠ ʘʩʪʨʦʥʦʤʠʠ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʠʩʢʘʞʝʥʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʘʪʤʦʩʬʝʨʦʡ, ʠ ʩʧʦʩʦʙʥʳ ʥʘʙʣʶʜʘʪʴ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ. ʄʠʢʨʦʚʦʣʥʦʚʳʝ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʝʣʝʩʢʦʧʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʢʦʩʤʦʩʝ, ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʭʦʜʷʪ ʜʦ 

ɿʝʤʣʠ ʠʟ-ʟʘ ʝʸ ʘʪʤʦʩʬʝʨʳ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʷʚʣʷʝʪʩʷ ʟʥʘʤʝʥʠʪʳʡ 
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Hubble, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʠʣ ʮʝʥʥʝʡʰʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ɺʩʝʣʝʥʥʦʡ 

(ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʩʤʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ Hubble 

 

ʆʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʚ ʩʝʪʴ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʢʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʪʝʣʝʩʢʦʧʦʚ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʩʦʚʤʝʩʪʥʦ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʩʝʪʴ Event Horizon Telescope, ʢʦʪʦʨʘʷ ʩʤʦʛʣʘ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ 

ʯʝʨʥʦʡ ʜʳʨʳ. [3] ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʝʪʠ ʪʝʣʝʩʢʦʧʦʚ ʦʙʲʝʜʠʥʷʶʪ ʘʩʪʨʦʥʦʤʦʚ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ, 

ʦʨʛʘʥʠʟʘʮʠʡ ʠʣʠ ʫʯʨʝʞʜʝʥʠʡ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʜʥʦʡ ʩʪʨʘʥʳ ʠʣʠ 

ʫʯʨʝʞʜʝʥʠʷ. [4] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

(ʀʀ) ʚʩʝ ʯʘʱʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʶ ʪʝʣʝʩʢʦʧʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʝʣʝʩʢʦʧʳ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ, ʩʥʠʞʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʫʯʥʦʤ 

ʚʤʝʰʘʪʝʣʴʩʪʚʝ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ʀʀ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʪʝʣʝʩʢʦʧʘʤ ʫʯʠʪʴʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠʣʠ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʩʪʨʘʪʝʛʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʘʩʪʨʦʥʦʤʘʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʦʩʪʠʛʘʪʴ ʩʚʦʠʭ ʮʝʣʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʚ ʩʨʘʚʥʠʤ ʜʚʘ ʪʝʣʝʩʢʦʧʘ: Hubble ʠ 

James Webb. 

ʊʝʣʝʩʢʦʧ Hubble ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʨʘʙʦʪʫ ʚ 1990 ʛʦʜʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ James 

Webb ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʣʝʩʢʦʧʦʤ ʠ ʙʳʣ ʟʘʧʫʱʝʥ 25 ʜʝʢʘʙʨʷ 2021 

ʛʦʜʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʫʯʸʥʳʝ ʚʦ ʤʥʦʛʦʤ ʨʘʩʰʠʨʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʣʝʩʢʦʧʘ James Webb: 
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ʈʘʩʰʠʨʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʚʝʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ Hubble, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʝʥ 

ʙʣʠʞʥʠʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʧʝʢʪʨʦʤ (ʜʦ 2,4 ʤʢʤ), ʪʝʣʝʩʢʦʧ James Webb ʩʧʦʩʦʙʝʥ 

ʨʘʙʦʪʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʜʦ ʩʨʝʜʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʚʝʪʘ (ʜʦ 28,5 ʤʢʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʚʦʣʥʘʤ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ 

ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʦʙʣʘʢʘ ʛʘʟʘ ʠ ʧʳʣʠ, ʧʦʣʫʯʘʪʴ ʛʣʫʙʦʢʠʝ ʠ ʯʸʪʢʠʝ ʩʥʠʤʢʠ, ʘ 

ʪʘʢʞʝ ʚʠʜʝʪʴ ʪʝ ʛʘʣʘʢʪʠʢʠ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʧʦʩʣʝ 

ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ. 

ɹʦʣʴʰʦʝ ʠ ʩʣʦʞʥʦʝ ʟʝʨʢʘʣʦ. ɿʝʨʢʘʣʦ ʜʣʷ ʩʙʦʨʘ ʠʟʣʫʯʝʥʠʷ ʫ ʪʝʣʝʩʢʦʧʘ James 

Webb ʚ ʜʠʘʤʝʪʨʝ 6,5 ʤʝʪʨʦʚ, ʘ ʫ Hubble 2,4 ʤʝʪʨʘ. ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʧʦʟʚʦʣʷʝʪ 

ʦʭʚʘʪʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 15 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ Hubble. 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ. ɽʩʣʠ ʪʝʣʝʩʢʦʧ Hubble ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʪʦ 

James Webb - ʥʘ ʦʨʙʠʪʝ ʉʦʣʥʮʘ, ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʤʣʥ. ʢʤ ʦʪ ɿʝʤʣʠ. ɺ ʵʪʦʡ ʪʦʯʢʝ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ ʠ 

ʉʦʣʥʮʘ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʵʪʦʡ 

ʪʦʯʢʝ, ʥʝ ʙʫʜʫʪ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʥʠ ʢ ɿʝʤʣʝ, ʥʠ ʢ ʉʦʣʥʮʫ. ʊʘʢʘʷ ʦʪʜʘʣʝʥʥʦʩʪʴ 

ʪʝʣʝʩʢʦʧʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʦʚ. 

ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʝʣʝʩʢʦʧ Hubble ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʦʨʙʠʪʝ ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʣʫʞʠʪʴ ʥʘʫʢʝ, ʧʦʤʦʛʘʷ ʫʯʸʥʳʤ ʚ ʠʟʫʯʝʥʠʠ ʚʩʸ ʥʦʚʳʭ ʠ 

ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʩʢʦʧʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʘʩʪʨʦʥʦʤʠʠ. ʆʥʠ ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʫʯʸʥʳʭ, ʧʦʟʚʦʣʷʷ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪʳ ʢʘʢ ʚʥʫʪʨʠ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ. ʊʘʢʠʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʤʦʛʘʶʪ ʠʟʫʯʝʥʠʶ ʛʘʣʘʢʪʠʢ, ʵʢʟʦʧʣʘʥʝʪ ʠ ʦʙʲʝʜʠʥʝʥʠʶ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʩʚʝʜʝʥʠʡ ʚ ʮʝʣʴʥʫʶ ʢʘʨʪʠʥʫ ɺʩʝʣʝʥʥʦʡ. 
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ʄʋɿʓʂɸʃʔʅɸʗ ʂʆʃʆʅʂɸ ʉ ʋʇʈɸɺʃɽʅʀɽʄ ɾɽʉʊɸʄʀ 

 

ʉ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʩʧʦʩʦʙʦʤ ʨʘʩʣʘʙʣʝʥʠʷ ʠ ʦʪʚʣʝʯʝʥʠʷ ʦʪ ʚʥʝʰʥʠʭ 

ʨʘʟʜʨʘʞʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʤʫʟʳʢʘ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʫʟʳʢʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ ʯʝʣʦʚʝʢʘ. ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʣʶʙʠʤʦʡ ʤʫʟʳʢʠ: ʥʘʫʰʥʠʢʠ, 

ʜʠʥʘʤʠʢʠ ʚ ʤʘʰʠʥʝ, ʢʦʣʦʥʢʠ. ʇʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʘʢʫʩʪʠʯʝʩʢʠʝ 
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ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʣʦʥʢʠ, ʥʘʧʨʠʤʝʨ, ʗʥʜʝʢʩ ɸʣʠʩʘ, 

ʩʧʦʩʦʙʥʘʷ ʧʨʦʠʛʨʳʚʘʪʴ ʣʶʙʠʤʫʶ ʤʫʟʳʢʫ ʠ ʫʧʨʘʚʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʛʦʣʦʩʘ. 

ʌʫʥʢʮʠʦʥʘʣ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʦʙʰʠʨʝʥ ʠ ʨʘʟʥʦʦʙʨʘʟʝʥ, ʥʦ ʝʛʦ ʪʘʢʞʝ ʤʦʞʥʦ 

ʫʣʫʯʰʠʪʴ.  

ʅʘʧʨʠʤʝʨ, ʧʨʦʩʣʫʰʠʚʘʝʤʫʶ ʤʫʟʳʢʫ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ, ʘ ʫʧʨʘʚʣʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʦʤ ʩʜʝʣʘʪʴ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʧʨʠ ʧʦʤʦʱʠ ʞʝʩʪʦʚ. ʄʫʟʳʢʘʣʴʥʘʷ ʢʦʣʦʥʢʘ 

ʩ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʞʝʩʪʘʤʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ 2-ʭ ʦʪʜʝʣʴʥʳʭ ʢʦʨʧʫʩʘʭ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʠʛʨʳʚʘʥʠʝ ʤʫʟʳʢʠ, ʘ ʚʪʦʨʦʡ ï ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʶ.  

ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ Bluetooth-ʤʦʜʫʣʝʡ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 1). 

 
 

 
ʈʠʩʫʥʦʢ 1ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʫʟʳʢʘʣʴʥʦʡ ʢʦʣʦʥʢʠ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʞʝʩʪʘʤʠ 

 

ʄʦʜʫʣʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʚʫʢʘ ʩʦʩʪʦʠʪ ʠʟ 4 ʙʣʦʢʦʚ: 

¶ ʙʣʦʢ ʧʠʪʘʥʠʷ; 

¶ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʙʣʦʢ ʚʳʚʦʜʘ ʟʚʫʢʘ; 

¶ Bluetooth-ʤʦʜʫʣʴ. 

ɺ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʠʪ ʜʘʪʯʠʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ PAJ7620, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʫʧʨʘʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʞʝʩʪʘʤʠ ʠ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATMEGA328. ʆʥ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ 

ʜʘʪʯʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ ʠ ʩ Bluetooth-ʤʦʜʫʣʷ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʙʣʦʢʦʤ ʚʳʚʦʜʘ ʟʚʫʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʘʥʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʜʘʪʯʠʢʘ ʠ 

Bluetooth-ʤʦʜʫʣʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ, ʫʤʝʥʴʰʝʥʠʝ ʛʨʦʤʢʦʩʪʠ 
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ʧʨʦʠʛʨʳʚʘʝʤʦʡ ʤʫʟʳʢʠ, ʧʝʨʝʢʣʶʯʝʥʠʝ, ʦʩʪʘʥʦʚʢʘ, ʚʢʣʶʯʝʥʠʝ ʤʫʟʳʢʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʚʦʟʤʦʞʥʦ 2-ʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʨʠ ʧʦʤʦʱʠ ʩʤʘʨʪʬʦʥʘ ʠ 

ʧʨʠ ʧʦʤʦʱʠ ʞʝʩʪʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʤʫʟʳʢʘʣʴʥʦʤ ʧʣʝʝʨʝ. ʉʠʛʥʘʣ 

ʩ ʪʝʣʝʬʦʥʘ ʯʝʨʝʟ Bluetooth-ʢʘʥʘʣ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ ʚʳʚʦʜʘ ʟʚʫʢʘ ʯʝʨʝʟ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʛʜʝ ʦʥ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ, 

ʦʩʪʘʥʦʚʢʫ ʤʫʟʳʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʛʨʦʤʢʦʩʪʠ ʟʚʫʢʘ. 

ɺ ʫʧʨʘʚʣʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʞʝʩʪʦʚ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɺʟʤʘʭʠ ʨʫʢʦʡ ʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʞʝʩʪʦʚ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ATMEGA328, ʧʦʩʣʝ ʯʝʛʦ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ 

ʚ ʙʣʦʢ ʚʳʚʦʜʘ ʟʚʫʢʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʤʫʟʳʢʦʡ ʠ ʝʸ ʛʨʦʤʢʦʩʪʴʶ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʞʝʩʪ ʦʙʦʟʥʘʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʤʘʥʜʫ: 

¶ ʚʟʤʘʭʠ ʨʫʢʦʡ ʧʝʨʝʜ ʜʘʪʯʠʢʦʤ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʜʘʶʪ ʢʦʤʘʥʜʫ 
ʦ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʝʩʥʠ ʚ ʧʣʝʡʣʠʩʪʝ (ʚʧʝʨʸʜ, ʥʘʟʘʜ); 

¶ ʧʨʠʙʣʠʞʝʥʠʝ ʣʘʜʦʥʠ ʢ ʜʘʪʯʠʢʫ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʩʪʘʥʦʚʢʘ ʨʫʢʠ ʧʝʨʝʜ ʥʠʤ 

ʩʪʘʚʠʪ ʥʘ ʧʘʫʟʫ ʧʨʦʠʛʨʳʚʘʝʤʫʶ ʤʝʣʦʜʠʶ. ʇʦʚʪʦʨʥʦʝ ʜʚʠʞʝʥʠʝ ʩʥʦʚʘ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʨʘʥʝʝ ʧʨʦʠʛʨʳʚʘʝʤʫʶ ʧʝʩʥʶ ʩ ʪʦʛʦ ʞʝ ʤʝʩʪʘ, ʫʙʠʨʘʝʪ ʩ ʧʘʫʟʳ; 

¶ ʚʨʘʱʝʥʠʝ ʧʘʣʴʮʝʤ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʥʘʜ ʜʘʪʯʠʢʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʛʨʦʤʢʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʤʫʟʳʢʠ; ʚʨʘʱʝʥʠʝ ʧʘʣʴʮʝʤ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ 

ʥʘʜ ʜʘʪʯʠʢʦʤ ʫʤʝʥʴʰʘʝʪ ʛʨʦʤʢʦʩʪʴ. 

ɺ ʙʣʦʢ ʚʳʚʦʜʘ ʟʚʫʢʘ ʥʘʭʦʜʠʪʩʷ ʫʩʠʣʠʪʝʣʴ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʩʠʛʥʘʣ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʠʪ ʥʘ ʜʠʥʘʤʠʢʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʟʚʫʢʘ.  

ʄʦʜʫʣʴ ʩʚʝʪʦʤʫʟʳʢʠ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ 4 ʙʣʦʢʦʚ: 

¶ ʙʣʦʢ ʧʠʪʘʥʠʷ; 

¶ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

¶ RGB-ʣʝʥʪʘ; 

¶ Bluetooth ʤʦʜʫʣʴ. 

ɺ ʙʣʦʢʝ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATMEGA328, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʘʙʦʪʫ ʣʘʤʧʳ ʚ ʪʘʢʪ ʧʨʦʠʛʨʳʚʘʝʤʦʡ ʤʫʟʳʢʠ ʥʘ ʢʦʣʦʥʢʝ.  

ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ Bluetooth ʤʦʜʫʣʷʤ. 

 ʆʙʘ ʢʦʨʧʫʩʘ ʧʠʪʘʶʪʩʷ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 230 ɺ ʯʝʨʝʟ 

ʚʥʝʰʥʠʡ ʘʜʘʧʪʝʨ ʩ ʚʳʭʦʜʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 5 ɺ. 

ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʜʚʫʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʘʥʝʝ ʥʘ ʨʦʙʦʪʦʢʦʥʢʫʨʩʝ, ʧʨʦʚʦʜʠʚʰʝʤʩʷ ʥʘ ʢʘʬʝʜʨʝ çʕʣʝʢʪʨʦʥʠʢʘ ʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʪʝʭʥʠʢʘè ʌɻɹʆʋ ɺʆ çʅʀʋ ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ. ʆʜʥʦʡ ʠʟ 

ʜʚʫʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ Bluetooth ʢʦʣʦʥʢʘ ʩ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʞʝʩʪʘʤʠ. 

ʕʪʦʪ ʧʨʦʝʢʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï Bluetooth ʢʦʣʦʥʢʘ ʩ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʞʝʩʪʘʤʠ 

 

 ʄʫʟʳʢʘʣʴʥʘʷ ʢʦʣʦʥʢʘ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʞʝʩʪʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʩʚʝʪʦʤʫʟʳʢʠ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʚ ʧʘʨʝ ʩ ʜʘʪʯʠʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʞʝʩʪʦʚ ʜʘʶʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʞʝʩʪʦʚ, ʦʜʥʘʢʦ 

ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʝʣʝʬʦʥʘ, ʙʣʘʛʦʜʘʨʷ ʠʤʝʶʱʠʤʩʷ 

Bluetooth-ʤʦʜʫʣʷʤ.  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʦʙʘʚʣʝʥʠʝʤ SD-

ʢʘʨʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʙʘʚʠʪʴ ʩʧʦʩʦʙ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʫʟʳʢʠ.  

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 Datasheet PAJ7620 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] .URL: 

https://www.alldatasheet.com/view.jsp?Searchword=PAJ7620&sField=2 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.03.2023). 

2 ʄ.ʉ. ɺʘʱʝʥʢʦ, ʩʪʫʜ.; ʀ.ʉ. ɻʨʠʱʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ʉ.ʇ. ɸʩʪʘʭʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. BLUETOOTH ʂʆʃʆʅʂɸ ʉ 

ʌʋʅʂʎʀɽʁ ʋʇʈɸɺʃɽʅʀʗ ɾɽʉʊɸʄʀ // ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʅɽʈɻɽʊʀʂɸ ʀ 

ʕʂʆʅʆʄʀʂɸ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʦʧʪʦʪʝʭʥʠʢʘ). ʉʙ ʪʨʫʜʦʚ XX -ʦʡ ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ. ɺ 3 ʪ. ʊ 2. 

ï 2023. ï 139-141 ʩ. 

 

 

ʈ.ɹ. ɺʦʡʮʝʭʦʚʩʢʠʡ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ. ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʊɽʍʅʆʃʆɻʀʀ ʀɿɻʆʊʆɺʃɽʅʀʗ ʇɽʏɸʊʅʓʍ ʇʃɸʊ 

 

ʇʝʯʘʪʥʳʝ ʧʣʘʪʳ (ʇʇ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʠ ʩʧʨʦʩ ʥʘ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʆʥʠ ʥʝʟʘʤʝʥʠʤʳ ʚ 

ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʩʨʝʜʩʪʚʘʭ ʩʚʷʟʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ, ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʇʇ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʘʭ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʜʝʣʷʶʪ ʦʜʥʦʩʪʦʨʦʥʥʠʝ (ʆʇʇ), ʜʚʫʩʪʦʨʦʥʥʠʝ 

(ɼʇʇ) ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ (ʄʇʇ) ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩʫʙʪʨʘʢʪʠʚʥʳʝ ʠ ʘʜʜʠʪʠʚʥʳʝ. ʉʫʙʪʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʫʜʘʣʝʥʠʝ ʤʝʜʠ ʧʫʪʝʤ ʪʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʱʠʪʥʦʛʦ 

ʩʣʦʷ ʠʟ ʬʦʪʦʨʝʟʠʩʪʘ ʠʣʠ ʤʝʪʘʣʣʦʨʝʟʠʩʪʘ. ɸʜʜʠʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʦʪʠʚ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʥʝʩʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʳ. 
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ʉʫʙʪʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝʛʘʪʠʚʥʳʡ, ʧʦʟʠʪʠʚʥʳʡ ʠ 

ʪʝʥʪʠʥʛ-ʧʨʦʮʝʩʩ. ʅʝʛʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ (ʨʠʩʫʥʦʢ 1) ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʜʥʦ- ʠ ʜʚʫʭʩʣʦʡʥʳʭ ʇʇ. ʆʥ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʤʝʪʘʣʣʠʟʘʮʠʶ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʦʢ ʦʪʚʝʨʩʪʠʡ. ʅʘ ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʜʠʵʣʝʢʪʨʠʢ 

ʥʘʥʦʩʠʪʩʷ ʬʦʪʦʨʝʟʠʩʪ, ʬʦʨʤʠʨʫʶʱʠʡ ʟʘʱʠʪʥʫʶ ʤʘʩʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʨʠʩʫʥʢʫ ʙʫʜʫʱʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʇʦʩʣʝʜʫʶʱʝʝ ʪʨʘʚʣʝʥʠʝ ʫʜʘʣʷʝʪ ʥʝʟʘʱʠʱʝʥʥʫʶ 

ʤʝʜʴ, ʦʩʪʘʚʣʷʷ ʥʘ ʧʣʘʪʝ ʟʘʜʘʥʥʳʡ ʨʠʩʫʥʦʢ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʅʝʛʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʭʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʬʦʪʦʨʝʟʠʩʪʘ 
 

ʇʦʟʠʪʠʚʥʳʡ ʧʨʦʮʝʩʩ (ʨʠʩʫʥʦʢ 2) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʚʫʩʪʦʨʦʥʥʠʭ ʇʇ ʩ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ 

ʬʦʪʦʨʝʟʠʩʪ ʥʘʥʦʩʠʪʩʷ ʥʘ ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʜʠʵʣʝʢʪʨʠʢ, ʚ ʢʦʪʦʨʦʤ ʫʞʝ ʠʤʝʶʪʩʷ 

ʧʨʦʩʚʝʨʣʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʩʪʝʥʦʢ ʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʣʴʛʠ. ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ ʬʦʨʤʠʨʫʝʪ ʟʘʱʠʪʥʳʡ ʨʝʣʴʝʬ ʥʘ ʫʯʘʩʪʢʘʭ 

ʬʦʣʴʛʠ, ʧʦʜʣʝʞʘʱʠʭ ʫʜʘʣʝʥʠʶ. ɿʘʪʝʤ ʥʘ ʦʪʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʥʘʥʦʩʠʪʩʷ ʤʝʜʴ ʠ 

ʤʝʪʘʣʣʦʨʝʟʠʩʪ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʪʦʨʝʟʠʩʪ ʫʜʘʣʷʝʪʩʷ, ʘ ʥʝʟʘʱʠʱʝʥʥʘʷ ʤʝʜʴ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʘʚʣʝʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʩʣʦʞʝʥ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʡ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʦʟʠʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʭʦʛʦ ʧʣʝʥʦʯʥʦʛʦ 

ʬʦʪʦʨʝʟʠʩʪʘ 
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ʊʝʥʪʠʥʛ-ʧʨʦʮʝʩʩ (ʨʠʩʫʥʦʢ 3), ʢʘʢ ʠ ʧʦʟʠʪʠʚʥʳʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʩʪʦʨʦʥʥʠʭ ʇʇ ʩ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʥʘ ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʜʠʵʣʝʢʪʨʠʢ ʩ ʧʨʦʩʚʝʨʣʝʥʥʳʤʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʥʘʥʦʩʠʪʩʷ ʬʦʪʦʨʝʟʠʩʪ. ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ 

ʬʦʨʤʠʨʫʝʪ ʟʘʱʠʪʥʳʡ ʨʝʣʴʝʬ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʩʦʟʜʘʝʪ "ʪʝʥʪʳ" ʥʘʜ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʟʘʱʠʱʘʶʱʠʝ ʠʭ ʦʪ ʪʨʘʚʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʊʝʥʪʠʥʛ-ʧʨʦʮʝʩʩ 

 

ɸʜʜʠʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʤʝʪʦʜʦʤ çʇɸʌʆʉè (ʨʠʩʫʥʦʢ 

4) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʇʇ ʩ ʪʦʥʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 

(50ï100 ʤʢʤ) ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʦʡ (30ï50 ʤʢʤ). ʇʨʦʚʦʜʷʱʠʡ ʨʠʩʫʥʦʢ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʩʣʦʝʚ. ʅʘ ʣʠʩʪʘʭ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩʦʟʜʘʝʪʩʷ ʤʝʜʥʘʷ ʰʠʥʘ ʪʦʣʱʠʥʦʡ 2ï20 ʤʢʤ. ɿʘʪʝʤ 

ʥʘʥʦʩʠʪʩʷ ʬʦʪʦʨʝʟʠʩʪ, ʵʢʩʧʦʥʠʨʫʝʪʩʷ ʠ ʯʘʩʪʠʯʥʦ ʫʜʘʣʷʝʪʩʷ. ɺ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʨʝʣʴʝʬʥʳʝ ʫʯʘʩʪʢʠ ʦʩʘʞʜʘʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʥʠʢʝʣʷ (2ï3 ʤʢʤ) ʠ ʤʝʜʠ (30ï50 

ʤʢʤ). ʅʘ ʚʝʨʭʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘʥʦʩʷʪʩʷ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʣʦʠ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʬʦʪʦʨʝʟʠʩʪʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʣʘʩʪʠʥʳ 

ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ (ʥʘʧʨʠʤʝʨ, ʧʨʝʧʨʝʛʦʤ) ʠ ʩʧʨʝʩʩʦʚʳʚʘʶʪʩʷ, ʧʦʩʣʝ 

ʯʝʛʦ ʫʜʘʣʷʶʪʩʷ ʥʦʩʠʪʝʣʠ, ʘ ʤʝʜʥʳʝ ʰʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʨʘʚʣʝʥʠʶ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʝʚ ʤʝʪʦʜʦʤ çʇɸʌʆʉè 
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ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ. ʆʜʥʘʢʦ, ʥʝʛʘʪʠʚʥʳʡ ʩʫʙʪʨʘʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʠʪʴ ʇʇ 

(ʨʠʩʫʥʦʢ 5) ʠ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ [1]. 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʣʦʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

 

ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʴʩʷ: ʬʦʪʦʨʝʟʠʩʪ (ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʞʠʜʢʠʡ ʠʣʠ 

ʧʣʝʥʦʯʥʳʡ), ʧʨʦʩʚʝʪʠʪʝʣʴ, ʧʨʦʷʚʠʪʝʣʴ ʬʦʪʦʨʝʟʠʩʪʘ, ʨʘʩʪʚʦʨʳ ʪʨʘʚʣʝʥʠʷ ʤʝʜʠ, 

ʭʠʤʠʷ ʜʣʷ ʩʤʳʚʢʠ ʬʦʪʦʨʝʟʠʩʪʘ. 

ʉʥʘʯʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʳ ʥʘʥʦʩʷʪ ʩʣʦʡ ʬʦʪʦʨʝʟʠʩʪʘ ʠ ʦʩʪʘʚʣʷʶʪ ʝʛʦ 

ʩʦʭʥʫʪʴ ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥʫʪ. ɿʘʪʝʤ ʟʘʛʦʪʦʚʢʫ ʧʝʨʝʚʦʨʘʯʠʚʘʶʪ ʠ ʥʘʥʦʩʷʪ 

ʬʦʪʦʨʝʟʠʩʪ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʚʘʷ ʝʤʫ ʚʳʩʦʭʥʫʪʴ ʝʱʝ 15-20 ʤʠʥʫʪ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʟʘʛʦʪʦʚʢʫ ʧʦʤʝʱʘʶʪ ʚ ʜʫʭʦʚʢʫ, ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 60-

70ÁC ʠ ʚʳʜʝʨʞʠʚʘʶʪ 20-40 ʤʠʥʫʪ. 

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʠʜʝʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʣʦʝʚ, ʩʣʝʜʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʜʝʣʘʪʴ ʜʚʘ ʦʪʚʝʨʩʪʠʷ ʚ ʦʩʥʦʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʪʦʯʢʠ ʦʪʩʯʝʪʘ ʧʨʠ 

ʥʘʣʦʞʝʥʠʠ ʰʘʙʣʦʥʘ. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʰʘʙʣʦʥ ʥʫʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ 

ʬʦʪʦʨʝʟʠʩʪʝ ʩʪʦʨʦʥʦʡ, ʛʜʝ ʙʳʣ ʩʜʝʣʘʥ ʦʪʧʝʯʘʪʦʢ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʰʘʙʣʦʥʦʚ ʢ 

ʟʘʛʦʪʦʚʢʝ ʠʩʧʦʣʴʟʫʶʪ ʪʦʥʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʳ. 

ʇʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʨʦʷʚʠʪʝʣʝʤ, ʘ ʟʘʪʝʤ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʶʪ ʦʪ ʱʝʣʦʯʠ ʠ ʦʩʪʘʪʢʦʚ ʫʜʘʣʝʥʥʦʛʦ ʟʘʩʚʝʯʝʥʥʦʛʦ 

ʬʦʪʦʨʝʟʠʩʪʘ. 

ɿʘʪʝʤ ʦʩʥʦʚʫ ʧʦʤʝʱʘʶʪ ʚ ʧʝʯʴ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 

60-100ÁC ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 60-120 ʤʠʥʫʪ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʠʩʫʥʦʢ 

ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʪʚʝʨʜʦʩʪʴ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʛʦʪʦʚʢʫ ʥʝʥʘʜʦʣʛʦ (5-15 ʩʝʢʫʥʜ) ʧʦʛʨʫʞʘʶʪ ʚ ʥʘʛʨʝʪʳʡ ʜʦ 50-

60ÁC ʨʘʩʪʚʦʨ ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʧʨʦʤʳʚʘʶʪ ʧʦʜ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ. 

ɺ ʪʝʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʬʦʪʦʨʝʟʠʩʪ, ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʜʠ. 

ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʬʦʪʦʨʝʟʠʩʪʘ: 

ʟʘʛʦʪʦʚʢʫ ʧʦʤʝʱʘʶʪ ʚ ʧʝʯʴ, ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 60-100ÁC ʠ 

ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ ʥʝʡ 60-120 ʤʠʥʫʪ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʯʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ 

ʨʠʩʫʥʢʘ. 
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ʇʨʦʮʝʩʩ ʪʨʘʚʣʝʥʠʷ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʥʦʛʦ 

ʞʝʣʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60ÁC, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʧʦʩʪʦʷʥʥʦʝ ʜʚʠʞʝʥʠʝ ʨʘʩʪʚʦʨʘ. 

ɼʣʷ ʦʙʣʫʜʠʚʘʥʠʷ ʜʦʨʦʞʝʢ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʷʣʴʥʠʢ, 

ʧʨʠʧʦʡ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʬʣʶʩ ʥʘ ʦʩʥʦʚʝ ʩʧʠʨʪʘ ʠ ʢʘʥʠʬʦʣʠ, ʘ 

ʪʘʢʞʝ ʦʧʣʝʪʢʫ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ. 

ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʡ ʤʘʩʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʥʘʥʝʩʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʘ, ʝʛʦ ʩʫʰʢʫ, ʧʦʩʣʝʜʫʶʱʝʝ ʦʪʚʝʨʞʜʝʥʠʝ, ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʰʘʙʣʦʥʦʚ ʤʘʩʦʢ, ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ, ʧʨʦʷʚʣʝʥʠʝ, ʧʨʦʤʳʚʢʫ ʠ ʧʦʚʪʦʨʥʦʝ 

ʦʪʚʝʨʞʜʝʥʠʝ. ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ 

ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 90-100ÁC. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʘʷ ʜʚʫʩʪʦʨʦʥʥʷʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʟʘʱʠʱʝʥʥʘʷ 

ʤʘʩʢʦʡ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʢʘʢ ʜʚʫʩʪʦʨʦʥʥʶʶ, ʪʘʢ ʠ 

ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʇʇ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʨʘʟʚʠʚʘʶʪʩʷ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ 

ʤʝʪʦʜʳ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʦ. 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢ) 

ʉʈɸɺʅɽʅʀɽ ʆʂʋʃʗʈɸ ɻʖʁɻɽʅʉɸ ʀ ʆʂʋʃʗʈɸ ʈɸʄʉɼɽʅɸ 
 

ʆʢʫʣʷʨ ï ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʝʛʦ ʛʣʘʟʫ ʥʘʙʣʶʜʘʪʝʣʷ [1]. ʆʢʫʣʷʨ 

ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʟ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʫʶʪ 

ʘʙʝʨʨʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʬʦʨʪʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. 

ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʦʩʢʦʚʳʧʫʢʣʳʭ ʣʠʥʟ, ʠ ʦʥʠ ʦʙʨʘʱʝʥʳ 

ʚʳʧʫʢʣʳʤʠ ʩʪʦʨʦʥʘʤʠ ʢ ʦʙʲʝʢʪʠʚʫ. ʃʠʥʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, 

ʤʝʥʴʰʝʤ, ʯʝʤ ʠʭ ʬʦʢʫʩʥʦʝ. ʆʢʫʣʷʨ ʈʘʤʩʜʝʥʘ ʪʘʢ ʞʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʧʣʦʩʢʦʚʳʧʫʢʣʳʭ ʣʠʥʟ, ʥʦ ʦʥʠ ʦʙʨʘʱʝʥʳ ʚʳʧʫʢʣʳʤʠ ʩʪʦʨʦʥʘʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤ ʠʭ ʬʦʢʫʩʥʦʤʫ [2]. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʠ ʦʢʫʣʷʨ: ɸ ï ʦʢʫʣʷʨ ʈʘʤʩʜʝʥʘ; ɹ - ʦʢʫʣʷʨ ɻʶʡʛʝʥʩʘ; 

1, 4 ï ʛʣʘʟʥʘʷ ʣʠʥʟʘ; 2, 6 ï ʧʦʣʝʚʘʷ ʣʠʥʟʘ; 3, 5 ï ʜʠʘʬʨʘʛʤʘ 
 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ 
ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  

¤f ô= 25 ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ 

ʠʟʦʙʨʘʞʝʥʠʷ 

SôFô= 5,6 ʤʤ 

 

 

 

 

 

×d = 30,15 ʤʤ 

ς‫ τυЈ 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

r, ʤʤ 

ʊʦʣʱʠʥʘ 

d, ʤʤ 

ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ N 

18,29 3,98 

 

1,5183 (ʂ8) 

 

¤ 25,17 1 

9,45 
 1,5183 (ʂ8) 

¤ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʈʘʤʩʜʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʈʘʤʩʜʝʥʘ 

ʆʢʫʣʷʨ ʈʘʤʩʜʝʥʘ 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

¤ f ô= 24,65 ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ 

SôFô= 7,02 ʤʤ 

×d = 27,5 ʤʤ 

ς‫ σπЈ τπЈ 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

r, ʤʤ 

ʊʦʣʱʠʥʘ 

d, ʤʤ 
ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ N 

¤ 3,5 

 

1,5183 (ʂ8) 

 



40  

 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ çZemaxè, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʢʫʣʷʨʦʚ, 

ʩ ʟʘʜʘʥʥʳʤʠ ʣʫʯʘʤʠ ʧʦʜ ʫʛʣʘʤʠ 0Ü, 20Ü ʠ -20Ü ʜʣʷ ʘʥʘʣʠʟʘ ʘʙʙʝʨʘʮʠʡ ʦʙʲʝʢʪʠʚʦʚ 

(ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʍʦʜ ʣʫʯʝʡ ʦʢʫʣʷʨʦʚ ɻʶʡʛʝʥʩʘ ʠ ʈʘʤʩʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ (ʨʠʩʫʥʦʢ 3) ʚ ʦʢʫʣʷʨʝ ʈʘʤʩʜʝʥʘ ʚʳʨʘʞʝʥʘ ʩʠʣʴʥʝʝ, 

ʯʝʤ ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʧʷʪʥʘ ʨʘʩʩʝʠʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ [3]. ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ (ʨʠʩʫʥʦʢ 3) ʚ ʦʢʫʣʷʨʝ 

ɻʶʡʛʝʥʩʘ ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ. ʇʷʪʥʦ ʨʘʩʩʝʠʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 4) ʚ ʮʝʥʪʨʝ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʤ. ʅʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ 

ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ 

ʨʘʟʤʳʪʠʶ ʧʷʪʥʘ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʦʢʫʣʷʨʦʚ ɻʶʡʛʝʥʩʘ ʠ ʈʘʤʩʜʝʥʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

-17,2 21,7 1 

17,2 

2,3 

 

1,5183 (ʂ8) 

 
¤ 
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ʈʠʩʫʥʦʢ 4 ï ʇʷʪʥʘ ʨʘʩʩʝʠʚʘʥʠʷ ʦʢʫʣʷʨʦʚ ɻʶʡʛʝʥʩʘ ʠ ʈʘʤʩʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ ʩʪʨʘʜʘʝʪ ʦʪ ʘʩʪʠʛʤʘʪʠʟʤʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʧʦʣʷʭ 

ʟʨʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʷʪʥʦ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʚʳʪʷʥʫʪʳʤ [3]. ɼʠʩʪʦʨʩʠʷ ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʘ, ʦʩʦʙʝʥʥʦ ʥʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ. ʕʪʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ ʧʷʪʥʘ, 

ʜʝʣʘʷ ʝʛʦ ʩʣʝʛʢʘ ʠʩʢʘʞʝʥʥʳʤ. ʆʢʫʣʷʨ ʈʘʤʩʜʝʥʘ ʪʘʢʞʝ ʩʪʨʘʜʘʝʪ ʘʩʪʠʛʤʘʪʠʟʤʘ, ʥʦ 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʦʢʫʣʷʨ ɻʶʡʛʝʥʩʘ. ʇʷʪʥʦ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʢʨʘʷʭ ʧʦʣʷ 

ʟʨʝʥʠʷ ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʳʤ, ʭʦʪʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʳʤ. 

ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ, ʛʜʝ 

ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʠ ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʠ ʤʠʥʠʤʘʣʴʥʳ. ʆʜʥʘʢʦ ʥʘ ʢʨʘʷʭ ʧʦʣʷ 

ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʫʭʫʜʰʘʝʪʩʷ ʠʟ-ʟʘ ʘʩʪʠʛʤʘʪʠʟʤʘ ʠ ʜʠʩʪʦʨʩʠʠ. 

ʆʢʫʣʷʨ ʈʘʤʩʜʝʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʚʩʝʤʫ ʧʦʣʶ ʟʨʝʥʠʷ. ʍʦʪʷ ʦʥ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʫʝʪ ʭʨʦʤʘʪʠʯʝʩʢʫʶ ʠ 

ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʠ, ʦʥ ʣʫʯʰʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʘʩʪʠʛʤʘʪʠʟʤʦʤ ʠ ʜʠʩʪʦʨʩʠʝʡ ʥʘ 

ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ  ʧʨʦʩʪʦʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ, ʢʘʢ ʥʘʧʠʩʘʥʦ ʚʳʰʝ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʦʝ 

ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʢʨʘʷʤ.  ʇʦʵʪʦʤʫ ʦʥ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʩʪʳʭ 

ʤʠʢʨʦʩʢʦʧʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʯʝʙʥʳʭ ʠ ʣʶʙʠʪʝʣʴʩʢʠʭ ʮʝʣʷʭ. ʆʢʫʣʷʨ ʈʘʤʩʜʝʥʘ ʞʝ 

ʠʤʝʝʪ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʢʨʘʷʤ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʦʤ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ ʢ ʝʛʦ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʦʢʫʣʷʨ ʈʘʤʩʜʝʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ, ʥʘʧʨʠʤʝʨ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ ʠ 

ʤʠʢʨʦʩʢʦʧʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɽʊʆɼʓ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʋɼɸʃɽʅʅʓʍ ʆɹʒɽʂʊʆɺ 

 

ʋʜʘʣʝʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʘ ï ʩʣʦʞʥʘʷ ʩ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʘʞʥʘʷ ʠ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʈʝʰʝʥʠʷ ʜʣʷ ʪʘʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʠʩʢʘ ʧʦʪʝʨʷʚʰʝʛʦʩʷ ʯʝʣʦʚʝʢʘ, 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʫʪʠ ʨʝʙʝʥʢʘ ʠʣʠ ʩʪʘʨʠʢʘ, ʧʦʠʩʢʦʤ ʫʪʝʨʷʥʥʳʭ ʠʣʠ ʫʢʨʘʜʝʥʥʳʭ 

ʮʝʥʥʳʭ ʚʝʱʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʳ, ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʦʤʘʰʥʝʛʦ 

ʩʢʦʪʘ ʥʘ ʚʳʧʘʩʝ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ʙʝʟ ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʣʦʛʠʩʪʠʢʝ, ʙʝʟʦʧʘʩʥʦʩʪʠ, IoT, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʈʘʩʩʤʦʪʨʠʤ 

ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ. 

ʈʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʚʦʣʥ 

ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ RFID-ʤʝʪʢʦʡ (ʯʠʧʦʤ) ʠ ʩʯʠʪʳʚʘʪʝʣʝʤ. RFID-ʤʝʪʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʘʩʩʠʚʥʦʡ (ʙʝʟ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʚʘʝʤʘ, 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʩʠʛʥʘʣʦʤ ʩʯʠʪʳʚʘʪʝʣʷ, ʨʘʙʦʪʘʝʪ ʥʘ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ) ʠ 

ʘʢʪʠʚʥʦʡ (ʩʦʜʝʨʞʘʱʝʡ ʩʚʦʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ). ʊʘʢʦʡ ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʜʦʧʫʩʢʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʦʜʥʘʢʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʤʝʭʘʤ. 

ʆʧʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ QR ʠ ʰʪʨʠʭ-ʢʦʜʦʚ 

ʠʣʠ ʞʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ). ʇʨʠ ʭʦʨʦʰʝʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʳʜʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʩʘʤʳʡ ʜʝʰʝʚʳʡ ʤʝʪʦʜ 

ʚ ʨʝʘʣʠʟʘʮʠʠ (QR ʠ ʰʪʨʠʭ-ʢʦʜʳ), ʦʜʥʘʢʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ ʠ 

ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʚ ʧʦʜʚʦʜʥʦʡ ʥʘʚʠʛʘʮʠʠ, ʫʤʥʳʭ ʜʦʤʘʭ). ʈʘʙʦʪʘʝʪ ʧʨʠ ʧʦʤʦʱʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ (ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʬʦʨʤʫ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ), 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʢ (ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ). ʊʘʢʠʝ 

ʤʝʪʦʜʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʚʠʜʠʤʦʩʪʠ, ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʜʠʦʧʦʤʝʭʘʤ, ʦʜʥʘʢʦ 

ʠʤʝʶʪ ʤʘʣʫʶ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ, ʧʦʜʚʝʨʞʝʥʳ ʙʦʣʴʰʦʤʫ ʚʣʠʷʥʠʶ ʩʦ ʩʪʦʨʦʥʳ 

ʰʫʤʘ, ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 

Bluetooth Low Energy (BLE) ʠ Wi-Fi ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʧʝʨʝʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ. BLE ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, Wi-Fi ʤʝʪʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ, ʩʦʚʤʝʩʪʠʤʳ ʩ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʟʘʚʠʩʠʤʳ ʦʪ 

ʟʘʨʷʜʘ ʙʘʪʘʨʝʠ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʝʨʝʜʘʯʠ ʢʦʜʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ 

ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʘ. ʊʘʢʦʡ ʤʝʪʦʜ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʧʫʣʴʪʘʭ ɼʋ, ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʨʘʜʠʦʧʦʤʝʭʘʤ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʠ ʠʤʝʶʪ ʤʘʣʫʶ ʜʘʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ. 

ʉʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ (GPS/ɻʃʆʅɸʉʉ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʦʙʲʝʢʪʘ ʧʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʩʠʛʥʘʣʫ. ʇʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʦʙʲʝʢʪ ʧʦʯʪʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʤʠʨʘ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʧʣʦʭʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠ ʧʦʜ ʟʝʤʣʝʡ, ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ 
ʄʝʪʦʜ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ɼʘʣʴʥʦʩʪʴ ʊʦʯʥʦʩʪʴ ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

RFID ɼʦ 900 ʤ ɺʳʩʦʢʘʷ ʃʶʙʳʝ (ʢʨʦʤʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʢʨʘʥʦʚ) 

ʅʠʟʢʦʝ 

ʆʧʪʠʯʝʩʢʠʝ ɼʦ 70 ʤ ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 

ʍʦʨʦʰʝʝ 

ʦʩʚʝʱʝʥʠʝ 

ʅʠʟʢʦʝ 

ɸʢʫʩʪʠʯʝʩʢʠʝ ɼʦ 50 ʤ ʉʨʝʜʥʷʷ ɺʦʜʘ, ʟʘʢʨʳʪʳʝ 

ʧʦʤʝʱʝʥʠʷ 

ʉʨʝʜʥʝʝ 

BLE/Wi-Fi ɼʦ 300 ʤ ʉʨʝʜʥʷʷ ʃʶʙʳʝ ɿʘʚʠʩʠʪ ʦʪ 

ʫʩʪʨʦʡʩʪʚʘ 

ʀʂ ɼʦ 10 ʤ ɺʳʩʦʢʘʷ ʇʨʷʤʘʷ 

ʚʠʜʠʤʦʩʪʴ 

ʅʠʟʢʦʝ 

GPS/ 

ɻʃʆʅɸʉʉ 

ʇʦ ʚʩʝʡ 

ʧʣʘʥʝʪʝ 

ɺʳʩʦʢʘʷ ʆʪʢʨʳʪʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 

ɺʳʩʦʢʦʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʦʧʨʝʜʝʣʠʤ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʦʙʲʝʢʪʘ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ʂʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʠʣʠ ʚ ʘʥʛʘʨʝ, ʠʣʠ ʥʘ ʦʪʢʨʳʪʳʭ 

ʧʘʩʪʙʠʱʘʭ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʦʚʦʜʠʤ 

ʚʳʙʦʨ ʤʝʞʜʫ RFID ʠ GPS/ɻʃʆʅɸʉʉ. RFID-ʤʝʪʢʠ ʩʘʤʳʡ ʜʝʰʝʚʳʡ ʘ, ʟʥʘʯʠʪ, 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʚʘʨʠʘʥʪ, ʯʝʤ ʧʝʨʝʜʘʪʯʠʢʠ GPS/ɻʃʆʅɸʉʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʙʨʘʥʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

ʦʧʪʠʤʘʣʴʥʦ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʝʪʦʢ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʋʜʘʣʝʥʥʳʡ 
ʩʝʨʚʝʨ

 
ʈʠʩʫʥʦʢ 6 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

 

ʈʘʙʦʪʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋʜʘʣʝʥʥʳʡ ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ 

ʟʘʧʨʦʩ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ ʜʦ 

960 ʄɻʮ. RFID-ʤʝʪʢʘ ʧʨʠʥʠʤʘʝʪ ʵʪʦʪ ʩʠʛʥʘʣ ʠ ʧʝʨʝʜʘʝʪ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʪʫʧʠʚʰʠʡ ʟʘʧʨʦʩ, ʬʦʨʤʠʨʫʝʪ ʦʪʚʝʪʥʳʡ 

ʧʘʢʝʪ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʦʜʠʪ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʪʝʥʥʳ ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ ʫʜʘʣʝʥʥʦʤʫ ʩʝʨʚʝʨʫ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʝ 

ʢʘʢ ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ, ʦʧʪʠʯʝʩʢʘʷ, ʘʢʫʩʪʠʯʝʩʢʘʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bluetooth Low 

Energy (BLE) ʠ Wi-Fi, ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʜʘʯʠ ʢʦʜʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ, ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʷ GPS/ɻʃʆʅɸʉʉ. 

ʋʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʣʯʁʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʚʳʙʨʘʥ ʧʦʜʭʦʜʷʱʠʡ (RFID-ʤʝʪʢʘ). ʇʨʠʚʝʜʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʧʠʩʘʥ 

ʧʨʠʥʮʠʧ ʝʝ ʨʘʙʦʪʳ. 
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ɻ.ɸ. ɻʦʨʠʩʝʚ, ʩʪʫʜ.; ʨʫʢ. ɺ. ʃ. ɾʙʘʥʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

 (ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɸʊɽʈʀɸʃʓ ʉ ʆʊʈʀʎɸʊɽʃʔʅʓʄʀ 

ʇʆʂɸɿɸʊɽʃʗʄʀ ʇʈɽʃʆʄʃɽʅʀʗ 

 

ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ ʦʪ ʦʙʳʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʥʠʭ ʥʘʧʨʘʚʣʝʥʘ 

ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʷʚʠʣʦʩʴ ʝʱʸ ʚ 1967 ʛʦʜʫ, ʢʦʛʜʘ ʩʦʚʝʪʩʢʠʡ ʫʯʸʥʳʡ ɺʠʢʪʦʨ 

ɻʝʦʨʛʠʝʚʠʯ ɺʝʩʝʣʘʛʦ ʚʳʜʚʠʥʫʣ ʛʠʧʦʪʝʟʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʤʝʥʴʰʝ ʥʫʣʷ [1]. ɿʘʨʦʞʜʝʥʠʝ ʵʪʦʡ ʠʜʝʠ 

ʢʨʦʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʬʠʟʠʢʦʚ, ʠʩʩʣʝʜʦʚʘʚʰʠʭ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, 

ʜʦʧʫʩʢʘʶʪ ʨʝʰʝʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ɛ) ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů) 

ʩʨʝʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳ.   

ʆʜʥʘʢʦ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ɺʝʩʝʣʘʛʦ ʥʝ ʩʤʦʛ ʥʘʡʪʠ ʥʠ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʥʘʯʘʣʝ ʵʪʦʛʦ ʚʝʢʘ ʦ ʛʠʧʦʪʝʟʝ 

ɺʝʩʝʣʘʛʦ ʚʩʧʦʤʥʠʣʠ ʠ ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʤʦʛʣʠ ʩʦʟʜʘʪʴ 

ʤʝʪʘʤʘʪʝʨʠʘʣ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ʂʣʶʯʝʚʦʡ ʧʨʦʨʳʚ 

ʧʨʦʠʟʦʰʸʣ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʥʮʝʧʮʠʠ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ 

ʵʣʝʢʪʨʦʥʳ ʚ ʚʝʱʝʩʪʚʝ ʢʦʣʝʙʘʪʴʩʷ. ɺʦʣʥʘ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʆʙʳʯʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʙʠʨʘʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʅʦ 

ʢʘʢ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʝʪʘʤʘʪʝʨʠʘʣʳ, ʧʦʤʠʤʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʦʙʳʝ 

ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪɹ, ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʚ ʝʛʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ.  ʆʙʳʯʥʦ ʨʘʟʤʝʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʚʦʣʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʘ 

ʩ ʠʭ ʢʦʣʣʝʢʪʠʚʥʳʤ ʦʪʢʣʠʢʦʤ.  ʕʪʦ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, 

ʚʳʟʳʚʘʷ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦ ʢʨʫʛʦʚʦʡ ʦʩʠ.  ʊʦ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʣʥʦʡ ʦʧʨʝʜʝʣʷʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘ ̫ (Ů) ʠ 

ʤʘʛʥʠʪʥʘ ̫(ɛ) ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ ʨʝʘʢʮʠʶ ʥʘ ʧʦʣʷ 

ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ.  ʆʙʳʯʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Ů ʠ ɛ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ (n) ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ (Ů) ʠ ʤʘʛʥʠʪʥʦʡ (ɛ) ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʧʦ ʬʦʨʤʫʣʝ: n = Ñã(Ůɛ).  

ɼʦ 1968 ʛʦʜʘ ʜʣʷ ʣʶʙʳʭ ʚʝʱʝʩʪʚ Ů ʠ ɛ ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳ, ʧʦʵʪʦʤʫ n ʪʘʢʞʝ ʙʳʣ 

ʧʦʣʦʞʠʪʝʣʝʥ.  ɺʝʩʝʣʘʛʦ ʞʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʝʩʣʠ Ů ʠ ɛ ʙʫʜʫʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, 

ʪʦ ʠ ʧʦʢʘʟʘʪʝʣ ɹ ʧʨʝʣʦʤʣʝʥʠʷ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ.  ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ 



46  

ʵʣʝʢʪʨʦʥʳ ʜʚʠʞʫʪʩʷ ʧʨʦʪʠʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʯʪʦ, ʭʦʪʷ ʠ ʢʘʞʝʪʩʷ 

ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ, ʨʝʘʣʠʟʫʝʤʦ. ɸʥʘʣʦʛʠʯʥʦ ʤʘʷʪʥʠʢʫ, ʪʦʣʢʘʝʤʦʤʫ ʩ ʯʘʩʪʦʪʦʡ 

ʚʳʰʝ ʨʝʟʦʥʘʥʩʥʦʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʥʘʚʩʪʨʝʯʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʵʣʝʢʪʨʦʥʳ 

ʚ ʧʦʜʭʦʜʷʱʝʤ ʤʘʪʝʨʠʘʣʝ ʙʫʜʫʪ ʚʩʪʫʧʘʪ ɹʚ ʧʨʦʪʠʚʦʬʘʟʫ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ, ʵʬʬʝʢʪʠʚʥʦ ʝʤʫ ʩʦʧʨʦʪʠʚʣʷʷʩʴ.   

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʠʥʠʘʪʶʨʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʨʝʘʢʮʠʶ ʚʝʱʝʩʪʚʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʦʨʚʘʥʥʦʤ ʢʦʣʴʮʝʚʦʤ ʨʝʟʦʥʘʪʦʨʝ ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ ʩʦʟʜʘʝʪ ʢʨʫʛʦʚʳʝ ʪʦʢʠ, ʧʦʜʦʙʥʳʝ ʪʦʢʘʤ, ʩʦʟʜʘʶʱʠʤ ʤʘʛʥʝʪʠʟʤ.  

ɸʥʘʣʦʛʠʯʥʦ, ʨʝʰʝʪʢʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ ʛʝʥʝʨʠʨʫʝʪ ʪʦʢʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚʜʦʣʴ ʩʪʝʨʞʥʝʡ, ʚ ʦʪʚʝʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʏʘʩʪʦʪʘ 

ʨʝʟʦʥʘʥʩʘ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʧʨʦʚʦʜʥʠʢʦʚ.  ʇʨʠ ʯʘʩʪʦʪʘʭ ʥʠʞʝ ʨʝʟʦʥʘʥʩʥʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʳʯʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ.  ʅʦ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʳʰʝ ʨʝʟʦʥʘʥʩʥʦʡ ʦʪʢʣʠʢ ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ.  ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʦʚʦʜʥʠʢʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (Ů), ʘ ʢʦʣʴʮʘ ï ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (ɛ). 

ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ɺʝʩʝʣʘʛʦ. ʇʝʨʚʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʣʫʯʠʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 2000 ʛʦʜʫ.  ʀʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʘʙʘʨʠʪʦʚ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʨʘʚʥʠʪʝʣʴʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʟʤʳ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ: ʠʟ ʪʝʬʣʦʥʘ ʠ ʠʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  ʅʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʥʠʭ ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʧʨʝʣʦʤʠʣʦʩʴ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʪʝʬʣʦʥʦʚʦʡ ʦʙʨʘʟʮʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚ ʦʙʨʘʟʮʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʚ ʧʨʝʜʩʢʘʟʘʥʠʝ ɺʝʩʝʣʘʛʦ [2]. ʇʦʩʣʝ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʅʀʇ-ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʚʢʣʶʯʘʷ ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʠ ʚʠʜʠʤʳʡ ʩʚʝʪ.  ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ 

ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʘ ʥʘ ʪʘʢʠʭ ʤʘʣʳʭ 

ʤʘʩʰʪʘʙʘʭ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʟʦʚʳ. 

ɺ ʧʦʪʝʥʮʠʘʣʝ ʤʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ. ʉʦʟʜʘʥʠʝ ʩʫʧʝʨʣʠʥʟ ï ʣʠʥʟʳ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʧʦʩʦʙʥʳ ʧʨʝʦʜʦʣʝʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʳʯʥʳʭ ʣʠʥʟ. ʉʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ - ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩ 

ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʦʢʫʩʠʨʦʚʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʘ ʩʚʝʪʘ, ʪʘʢʠʭ ʢʘʢ 

çʧʣʘʱ-ʥʝʚʠʜʠʤʢʘè (ʭʦʪʷ ʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ), ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ çʚʦʣʥʦʚʦʜʳè ʠ 

ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ. ʉʦʟʜʘʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʢʦʤʧʘʢʪʥʳʭ ʘʥʪʝʥʥ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ. ʄʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʨʝʣʦʤʣʝʥʠʷ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, 

ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʄʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ ʧʨʦʷʚʣʷʶʪ 

ʠʥʪʝʨʝʩʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʦʣʥʦʚʦʜʳ, ʬʠʣʴʪʨʳ ʠ ʜʝʣʠʪʝʣʠ ʤʦʱʥʦʩʪʠ.  ʕʪʦ ʚʘʞʥʦ ʜʣʷ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ 

ʤʦʛʫʪ ʫʣʫʯʰʘʪʴ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʣʠʥʟ ʜʣʷ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʷ 

çʦʙʨʘʪʠʪʴè ʚʦʣʥʫ ʩʚʝʪʘ ʚʦ ʚʨʝʤʝʥʠ.  
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ʈʠʩʫʥʦʢ 2 ï ʉʚʦʡʩʪʚʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ 

 

ʅʦʚʳʝ ʠʜʝʠ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʢʦʥʮʝʧʮʠʠ, 

ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ 

ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʨʘʪʥʳʭ ʚʦʣʥ, ʩʫʙ-ʚʦʣʥʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʫʩʠʣʝʥʠʷ 

ʟʘʪʫʭʘʶʱʠʭ ʚʦʣʥ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʛʨʫʧʧʦʚʦʡ 

ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʠʥʪʝʨʝʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʬʠʣʴʪʨʳ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʠ ʬʘʟʦʚʨʘʱʘʪʝʣʠ ʦʪ ʤʠʢʨʦʚʦʣʥ ʢ ʦʧʪʠʯʝʩʢʠʤ 

ʯʘʩʪʦʪʘʤ. ʉʦʟʜʘʥʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʊɻʮ-ʠʟʣʫʯʝʥʠʝ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ 

ʢʦʤʧʘʢʪʥʳʝ ʨʝʟʦʥʘʪʦʨʳ, ʘʜʘʧʪʠʚʥʳʝ ʣʠʥʟʳ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʟʝʨʢʘʣʘ, ʦʭʨʘʥʥʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ, ʙʠʦʤʦʣʝʢʫʣʷʨʥʘʷ ʜʘʢʪʠʣʦʩʢʦʧʠʷ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʤʳ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʤʩʷ ʚ 

ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʧʦʷʚʷʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʙʫʜʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨ, 

ʨʘʩʰʠʨʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʚ ʩʪʦʨʦʥʫ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ, ʨʘʩʰʠʨʠʪʴ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ. ʅʘʢʦʥʝʮ, ʚʘʞʥʦ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʞʝʣʘʝʤʳʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ - ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʜʠʵʣʝʢʪʨʠʢʦʚ, ʤʝʪʘʣʣʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʪ.ʜ.) ʨʘʟʥʦʡ ʬʦʨʤʳ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʰʘʥʩʳ ʥʘʡʪʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ. ʆʪʢʨʳʪʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʦʪʨʝʙʦʚʘʣʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʦʩʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ [3].   

ʇʦʥʠʤʘʥʠʝ ʷʚʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʩʤʦʪʨʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʝʣʦʤʣʝʥʠʝ ʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʨʘʟʨʝʰʝʥʠʷ, ʩ ʫʯʸʪʦʤ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ.  ʆʜʥʘʢʦ ʚʘʞʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʍʦʪʷ ʧʣʘʩʪʠʥʳ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʜʣʠʥʫ 

ʚʦʣʥʳ, ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʩʫʧʝʨʣʠʥʟʳ, ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʳ 

ʤʘʪʝʨʠʘʣʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʨʝʣʦʤʣʝʥʠʝʤ ʤʦʛʫʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʪʠʯʝʩʢʦʤʫ 

ʭʨʘʥʝʥʠʶ ʜʘʥʥʳʭ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʞʠʜʘʝʪʩ,̫ ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʘʢʪʠʚʠʟʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ ʦʙʱʠʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʚʝʨʭʤʘʣʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʜʠʚʠʪʝʣʴʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ, 

ʦʪʢʨʳʚʘʶʱʠʝ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʠ ʬʦʪʦʥʠʢʠ.  ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʧʨʝʦʜʦʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʦʩʪʘʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʉʊʈʋʂʊʋʈʅɸʗ ʉʍɽʄɸ  

ʕʃɽʂʊʈʆʅʅʆɻʆ ɹʃʆʂɸ ʊɽʈʄʆʍʆʃʆɼʀʃʔʅʀʂɸ 

 

ʈʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʴʰʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʦʩʪʨʳʤ 

ʚʦʧʨʦʩʦʤ. ʇʨʦʠʟʚʦʜʩʪʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʛʘʟʘʤʠ, ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ 

ʚʣʘʛʠ ʚ ʧʨʦʙʘʭ ʛʘʟʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʦʤʦʟʜʢʠʝ ʤʦʱʥʳʝ 

ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʝʝ ʤʦʱʥʳʡ, ʥʦ ʠ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʭʦʣʦʜʠʣʴʥʠʢ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʭʦʣʦʜʠʣʴʥʠʢ (ʪʝʨʤʦʭʦʣʦʜʠʣʴʥʠʢ) ï ʧʨʠʙʦʨ 

ʦʭʣʘʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʠʥʮʠʧ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʠ 

http://elementy.ru/
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ʧʝʨʝʥʦʩʘ ʝʛʦ ʥʘ ʜʨʫʛʫʶ, ʚʟʘʤʝʥ ʧʦʪʨʝʙʣʷʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʣʝʤʝʥʪʦʤ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ ʪʘʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ʷʚʣʷʶʪʩʷ [1]:  

¶ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʠʤʳʭ ʯʘʩʪʝʡ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʰʫʤʘ; 

¶ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 
ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ [1]: 

¶ ʙʦʣʝʝ ʥʠʟʢʠʡ ʂʇɼ, ʯʝʤ ʫ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʬʨʝʦʥʝ (20% ʧʨʦʪʠʚ 60%); 

¶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʝʧʣʦʦʪʚʝʜʝʥʠʷ. ɽʩʣʠ ʧʨʠʪʦʢ ʪʝʧʣʘ ʧʨʝʚʳʰʘʝʪ ʦʪʪʦʢ, 
ʵʣʝʤʝʥʪ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʨʘʜʠʘʪʦʨʘ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʠʪʘʥʠʝ ʠʟ ʩʝʪʠ ʙʫʜʝʪ ʚʳʧʨʷʤʣʷʪʴʩʷ ʠ ʧʦʥʠʞʘʪʴʩʷ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ +24 ɺ ʜʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʠʥʜʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢ ʞʝ 

ʥʝʦʙʭʦʜʠʤ ʝʱʝ ʦʜʠʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʠʪʘʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ DC/DC, ʜʣʷ 

ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ. 

ɻʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ (ʨʠʩʫʥʦʢ 2). ɽʛʦ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [2]: 

¶ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 15,7 ɺ; 

¶ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ: 7,9 ɸ; 

¶ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ -55é83Áʉ. 
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ʈʠʩʫʥʦʢ 2 ï ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ 

 

ɽʛʦ ʨʘʙʦʪʘ ʙʫʜʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ 

ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ, ʙʣʦʢʘ ʢʦʥʪʨʦʣʷ ʧʦ ʪʦʢʫ, ʙʣʦʢʘ ʢʦʥʪʨʦʣʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʙʣʦʢʘ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʝʚʘ. 

ɿʘ ʫʧʨʘʚʣʝʥʠʝ DC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʜʣʷ ʧʦʜʘʯʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʦʢʘ ʥʘ 

ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʦʪʚʝʯʘʝʪ ʩʠʣʦʚʦʡ ʢʣʶʯ, ʩʠʛʥʘʣ ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʩ ʐʀʄ-

ʢʦʥʪʨʦʣʣʝʨʘ (ʨʠʩʫʥʦʢ 3).  

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʜʘʪʯʠʢʘ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ ʚʢʣʶʯʝʥʠʝʤ-ʚʳʢʣʶʯʝʥʠʝʤ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʫʤʝʥʴʰʘʝʪ (ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʠʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʩʢʚʘʞʥʦʩʪʴ 

ʐʀʄ-ʩʠʛʥʘʣʘ (ʨʠʩ. 4), ʠʜʫʱʝʛʦ ʩ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʩʠʣʦʚʦʡ ʢʣʶʯ, ʧʦʜʘʚʘʷ ʯʝʨʝʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʝʥʴʰʠʡ ʠʣʠ ʙʦʣʴʰʠʡ ʪʦʢ ʥʘ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʝʨʤʦʭʦʣʦʜʠʣʴʥʠʢʘ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʐʀʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ 
 

ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ (ʨʠʩ. 5). ɺ 

ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʝʨʝʛʨʝʚʘ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ, 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʨʘʟʦʤʢʥʝʪ ʮʝʧʴ ʨʘʙʦʪʳ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ ʠ 

ʚʳʢʣʶʯʠʪ ʧʠʪʘʥʠʝ ʥʘ ʵʣʝʤʝʥʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ [3]: 

¶ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 250 ɺ; 

¶ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʨʦʭʦʜʷʱʠʡ ʪʦʢ: 5 ɸ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʢʣʶʯʝʥʠʷ: 90Ñ5Áʉ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʪʝʨʤʦʭʦʣʦʜʠʣʴʥʠʢʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʣʘʪʘ ʠʥʜʠʢʘʮʠʠ ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ: 
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¶ ʚʢʣʶʯʝʥ ʠʣʠ ʚʳʢʣʶʯʝʥ ʙʣʦʢ; 

¶ ʚʳʰʝʣ ʣʠ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʥʘ ʟʘʜʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ; 

¶ ʩʨʘʙʦʪʘʣʘ ʣʠ ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʝʚʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʮʝʣʴʶ ʫʪʦʯʥʠʪʴ ʠ ʜʦʨʘʙʦʪʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʪʝʨʤʦʭʦʣʦʜʠʣʴʥʠʢʘ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

1 ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ.  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʩʘʡʪ / wikipedia. 
URL: https://ru.wikipedia.org/wiki/ʕʣʝʤʝʥʪ_ʇʝʣʴʪʴʝ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.02.2025). ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

2 TB-127-1.4-1.15: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / static. chipdip. 

URL: https://static.chipdip.ru/lib/754/DOC000754655.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.02.2025). ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

3 KLS5-KSD9700: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / static. chipdip.  
URL: https://static.chipdip.ru/lib/526/DOC059526795.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 19.02.2025). ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

 

 

ʃ.ʂ. ɼʝʤʠʜʢʠʥʘ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ɸʤʝʣʠʥ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɺʓɹʆʈ ʉʊʈʋʂʊʋʈʓ ʀʄʇʋʃʔʉʅʆɻʆ ʀʉʊʆʏʅʀʂɸ 

ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ ʉ ɺʓʍʆɼʅʓʄ ʅɸʇʈʗɾɽʅʀɽʄ 36 ɺ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʘʭʘ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʭʦʨʦʰʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚʦ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 36 ɺ ʧʨʠ ʪʦʢʝ ʜʦ 2ɸ. ʇʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʭʦʜʥʦʤ ʪʦʢʝ ʘʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 100 ʤɺ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ɺʳʙʨʘʪʴ ʪʦʧʦʣʦʛʠʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ʐʀʄ-

ʢʦʥʪʨʦʣʣʝʨʘ, ʩʧʦʩʦʙʥʫʶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʭ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ; 

2) ʇʦʩʪʨʦʠʪʴ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʚʳʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʧʫʣʴʩʥʦʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ; 

3) ʈʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʦʤʠʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʘʨʘʤʝʪʨʳ ʮʝʧʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʚʳʭʦʜʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ; 

4) ʉʦʟʜʘʪʴ ʧʦʣʥʫʶ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʥʘʛʨʫʞʝʥʥʦʛʦ ʀʉʅ ʜʣʷ 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Micro-Cap 12; 

5) ʉʥʷʪʴ ʢʘʨʪʠʥʫ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʀʀɺʕʇ ʩ 

ʧʦʤʦʱʴʶ ʫʧʨʦʱʝʥʥʦʡ (ʥʝʣʠʥʝʡʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ) ʠ ʧʦʣʥʦʡ ʢʣʶʯʝʚʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 
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ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʩʝʪʝʚʦʡ ʠʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ 72 ɺʪ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ ʮʝʧʝʡ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [1], 

ʜʦʣʞʝʥ ʩʪʨʦʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ ʪʦʧʦʣʦʛʠʝʡ 

(FLYBACK) [1-ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.]. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 1.   

ɼʣʷ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʝʞʠʤʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠ ̫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʠʢʦʚʦʤʫ ʪʦʢʫ ʜʨʦʩʩʝʣʷ (ʠʣʠ ʧʦ ʧʠʢʦʚʦʤʫ ʪʦʢʫ 

ʩʠʣʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ). ʊʘʢʦʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʢʣʶʯʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʟʳʚʘʝʪʩʷ ʨʝʞʠʤʦʤ Peak Current Mode (PCM). 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʦʙʨʘʪʥʦʭʦʜʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 
 

ʕʪʦʪ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʦʥʪʫʨʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʚʥʝʰʥʝʛʦ (ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʚʳʭʦʜʥʦʛʦ ʠ 

ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʠ ʚʥʫʪʨʝʥʥʝʛʦ (ʟʘʜʘʥʠʝʤ ʧʠʢʦʚʦʛʦ ʪʦʢʘ ʢʣʶʯʘ). ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʦ ʠ ʥʘʜʸʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚ ʣʶʙʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʘʪʯʠʢʘ ʪʦʢʘ ʚ ʮʝʧʠ ʩʠʣʦʚʦʛʦ ʢʣʶʯʘ (ʠʣʠ ʜʨʦʩʩʝʣʷ). ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʨʝʟʠʩʪʦʨ, ʣʠʙʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʦʢʘ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʭʦʜʦʚʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʠʷ ʚʳʧʫʩʢʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨ UC3843. ɽʛʦ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

ʅʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʦʚ ʩʪʨʫʢʪʫʨʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʦʚ UC3843: 

COMP ï ʚʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʡ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʮʝʧʠ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʥʫʣʝʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʢʣʶʯʦʤ ʧʫʪʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʚʦʜʘ COMP ʢ ʦʙʱʝʤʫ 

ʧʨʦʚʦʜʫ. 

GROUND ï ʦʙʱʠʡ ʧʨʦʚʦʜ (ʜʣʷ ʮʠʬʨʦʚʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʮʝʧʝʡ ʤʠʢʨʦʩʭʝʤʳ). 

ISENSE ï ʚr ʚʦʜ ʜʣʷ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʪʦʢʘ ʧʝʨʚʠʯʥʦʡ ʩʪʦʨʦʥʳ. 

ʇʦʜʢʣʶʯʘʝʪʩʷ ʢ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʨʝʟʠʩʪʦʨʫ.  

OUTPUT ï ʚʳʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʟʘʪʚʦʨʘ ʚʥʝʰʥʝʛʦ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ. ʕʪʦ 

ʚʳʭʦʜ ʚʩʪʨʦʝʥʥʦʛʦ ʜʨʘʡʚʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 
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ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʄʆʇ-ʢʣʶʯʦʤ. ʉʠʛʥʘʣ ʥʘ ʚʳʚʦʜʝ OUTPUT ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ VCC ʥʠʞʝ ʧʦʨʦʛʘ ʚʢʣʶʯʝʥʠʷ. 

VFB ï ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʚʭʦʜ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ VFB ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʦʤ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʢʣʶʯʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

VREF ï ʚʳʚʦʜ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 5 ɺ. ɺʳʚʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʦʜʘʯʠ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ ʚʦ ʚʨʝʤʷʟʘʜʘʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʛʝʥʝʨʘʪʦʨʘ ʯʝʨʝʟ 

ʚʨʝʤʷʟʘʜʘʶʱʠʡ ʨʝʟʠʩʪʦʨ.  

 
ʈʠʩʫʥʦʢ 7 ï ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ UC3843  

 

RT/CT ï ʚr ʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʨʝʤʷʟʘʜʘʶʱʝʡ RC-ʮʝʧʠ ʪʘʢʪʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. ɺʨʝʤʷʟʘʜʘʶʱʠʡ ʨʝʟʠʩʪʦʨ RRT ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʳʚʦʜʫ ʦʧʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ VREF, ʘ ʚʨʝʤʷʟʘʜʘʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ CCT ʧʦʜʢʣʶʯʘʝʪʩʷ ʤʝʞʜʫ ʵʪʠʤ 

ʞʝ ʚʳʚʦʜʦʤ ʠ ʚʳʚʦʜʦʤ ʦʙʱʝʛʦ ʧʨʦʚʦʜʘ GROUND.  

ʏʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (1). 

 

            
CtRt

OSC
CR

f
³

=
72.1

, (1) 

 

ʛʜʝ fOSC ï ʯʘʩʪʦʪʘ ʚ ʛʝʨʮʘʭ; 

RRT ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʦʤʘʭ; 

CCT ï ʝʤʢʦʩʪʴ ʚ ʬʘʨʘʜʘʭ. 

VCC ï ʚr ʚʦʜ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʆʙʱʠʡ ʪʦʢ ʵʪʦʛʦ 

ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʪʦʢʘ ʧʦʢʦʷ VCC ʠ ʩʨʝʜʥʝʛʦ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ. 

ɿʥʘʷ ʯʘʩʪʦʪʫ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʟʘʨʷʜ ʧʝʨʝʢʣʶʯʝʥʠʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ QG, 

ʩʨʝʜʥʠʡ ʚʳʭʦʜʥʦʡ ʪʦʢ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ (2). 

 

            SWGOUTPUT fQI ³= , (2) 
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ʄʝʞʜʫ ʚʳʚʦʜʦʤ VCC ʠ ʚʳʚʦʜʦʤ GROUND ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʟʚʷʟʳʚʘʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʝʤʢʦʩʪʴʶ 0,1 ʤʢʌ. ɼʣʠʥʘ ʜʦʨʦʞʝʢ ʥʘ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʦʡ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʜʢʣʶʯʘʝʪʩʷ ʝʱʝ ʦʜʠʥ ʨʘʟʚʷʟʳʚʘʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ 

ʢʘʢ ʤʠʥʠʤʫʤ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʝʤʢʦʩʪʠ ʟʘʪʚʦʨʘ ʧʝʨʝʢʣʶʯʘʶʱʝʛʦ ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʠʧʦʚʫʶ ʩʭʝʤʫ ʚʢʣʶʯʝʥʠʷ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ UC3843 

(ʨʠʩ. 3). ɺ ʵʪʦʡ ʩʭʝʤʝ: 

¶  D1ïD4 ï ʜʠʦʜʥʳʡ ʤʦʩʪ ʚʭʦʜʥʦʛʦ ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ; 

¶  CIN ï ʢʦʥʜʝʥʩʘʪʦʨ ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ; 

¶  DA1 ï ʀʄʉ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʨʝʞʠʤʘ Current Mode; 

¶  LP-LS-LA ï ʪʨʝʭʦʙʤʦʪʦʯʥʳʡ FLYBACK ʜʨʦʩʩʝʣʴ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ: LP ï 

ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ (310 ɺ), LS ï ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ (36 V), LA ï ʦʙʤʦʪʢʘ ʜʣʷ 

ʧʠʪʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ (15 ɺ); 

¶  LA-RVCC-DBIAS ï Flyback ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ; 

¶  RSTART ï ʨʝʟʠʩʪʦʨ ʮʝʧʠ ʟʘʧʫʩʢʘ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ; 

¶  LP-LS-VT3-DOUT-COUT ï ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (FLYBACK); 

¶  QSW ïʉʠʣʦʚʦʡ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ MOSFET; 

¶  DCLAMP-CSNUB-RSNUB ï ʜʝʤʧʬʠʨʫʶʱʘʷ DRC-ʮʝʧʴ ʜʣʷ ʟʘʱʠʪʳ ʉʂ ʦʪ 

ʚʳʙʨʦʩʦʚ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚʦ FLYBACK-ʜʨʦʩʩʝʣʝ; 

¶  VT2-RSS-CSS ï ʩʭʝʤʘ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʀʉʅ (Soft Start); 

¶  RRT-CCT ï ʚʨʝʤʷʟʘʜʘʶʱʘʷ ʮʝʧʴ ʚʥʫʪʨʝʥʥʝʛʦ ʪʘʢʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʐʀʄ-

ʢʦʥʪʨʦʣʣʝʨʘ; 

¶  VT1-RRAMP-RCSF ï ʩʭʝʤʘ ʧʦʜʤʝʰʠʚʘʥʠʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʠʣʳ ʚ ʩʠʛʥʘʣ ʩ 

ʜʘʪʯʠʢʘ ʪʦʢʘ RCS (ʚ ʜʘʥʥʦʤ ʀʉʅ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ); 

¶  RCSF-CCSF ï ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʮʝʧʴ ʛʘʰʝʥʠʷ ʚʳʙʨʦʩʘ ʩʠʛʥʘʣʘ ʩ ɼʊ RCS; 

¶  RFBU-RFBL ï ʜʝʣʠʪʝʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʟʘʜʘʝʪ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ; 

¶ RLED-DA2-ROPTO-RTL-DA3 ï ʥʝʠʥʚʝʨʪʠʨʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ ʩʠʛʥʘʣʘ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʨʘʟʚʷʟʢʦʡ; 

¶  RTLBIAS-VD2-CTLBIAS ï ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʨʘʟʚʷʟʢʦʡ; 

¶ RCOMPZ-CCOMPZ, RCOMPP-CCOMPP ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʮʝʧʠ ʫʩʠʣʠʪʝʣʝʡ ʩʠʛʥʘʣʘ 

ʆʆʉ: ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʩ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʨʘʟʚʷʟʢʦʡ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʘ DA1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚʳʙʨʘʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ. ʇʦʩʢʦʣʴʢʫ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʠʩʪʦʯʥʠʢʫ ʥʝ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʪʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʜʦʣʞʥʘ 

ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ Micro-Cap. ʕʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʝʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ. 
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ʈɸʉʏɽʊ ʂʆʅɼɽʅʉɸʊʆʈɸ ɺʍʆɼʅʆɻʆ ʌʀʃʔʊʈɸ ʀʉʊʆʏʅʀʂɸ 

ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ ʉ ɺʓʍʆɼʅʓʄ ʅɸʇʈʗɾɽʅʀɽʄ 36 ɺ 

 

ʀʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʦʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʚʭʦʜʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ 

100% ʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʙʦ ʝʛʦ 

ʚʝʣʠʯʠʥʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʝʛʦ ʚʭʦʜʥʦʡ ʮʝʧʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʚ ʤʘʣʦʤʦʱʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ (ʜʦ ʝʜʠʥʠʮ ʢɺʪ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨʳ 

(ʨʠʩ. 1). ʕʪʦʪ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʚʭʦʜʥʳʤ ʬʠʣʴʪʨʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʦʥ ʬʘʢʪʠʯʝʩʢʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪ ʧʝʨʝʤʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʳʧʨʷʤʣʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʘʢʦ ʨʘʩʯʝʪ ʢʦʥʜʝʥʩʘʪʦʨʘ ʬʠʣʴʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪ.ʝ. ʦʥ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʢʘʢ ʥʘʢʦʧʠʪʝʣʴ 

ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʙʦʣʝʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʳʭʦʜʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ ʩ ʬʠʣʴʪʨʦʤ 

 

ɺ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʧʝʨʠʦʜʦʚ ʚʭʦʜʥʦʡ ʩʝʪʝʚʦʡ ʯʘʩʪʦʪʳ 50 ɻʮ ʚ 

ʨʘʙʦʪʝ ʵʪʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʩʪʘʜʠʠ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʘʝʪʩʷ (ʥʘʢʘʧʣʠʚʘʝʪ ʵʥʝʨʛʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʠʭ ʚʭʦʜʥʦʡ ʩʝʪʠ 

230 ɺ), ʚ ʪʝʯʝʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʢʦʥʜʝʥʩʘʪʦʨ ʨʘʟʨʷʞʘʝʪʩʷ (ʦʪʜʘʝʪ ʵʥʝʨʛʠʶ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ). ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʝʪ 100 ʨʘʟ ʚ 

ʩʝʢʫʥʜʫ. ʂ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʩʪʘʜʠʠ ʟʘʨʷʜʘ ʥʘ ʥʝʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʩʪʘʜʠʠ ʟʘʨʷʜʘ ï ʤʠʥʠʤʘʣʴʥʦʝ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʚʭʦʜʥʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ 

ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʤʘʭʦʤ ʧʫʣʴʩʘʮʠʡ. ʈʘʟʤʘʭ ʧʫʣʴʩʘʮʠʡ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ 

ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʠʥʘʯʝ ʦʥ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʧʫʣʴʩʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʙʦʣʴʰʝ 

ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʪʦ 100 ʤɺ).  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʚʳʜʘʝʪ ʚ ʥʘʛʨʫʟʢʫ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ 72 ɺʪ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ CIN ʟʘʜʘʜʠʤʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʜʦ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʨʘʟʨʷʜʠʪʴʩʷ ʢʦʥʜʝʥʩʘʪʦʨ ʬʠʣʴʪʨʘ, 

ʩʪʦʷʱʠʡ ʥʘ ʚʳʭʦʜʝ ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ VBULK(min)=185 ɺ, ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ PIN=POUT/h=VOUTĬIOUT/h=85 ɺʪ. ʊʘʢʫʶ 

ʥʘʛʨʫʟʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ FLYBACK-ʢʦʥʚʝʨʪʝʨʘ  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 2), ʢʦʥʜʝʥʩʘʪʦʨ 

ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ CIN ʨʘʟʨʷʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ tDISCH ʪʦʢʦʤ ʥʘʛʨʫʟʢʠ 

(ʪʦʢʦʤ, ʧʦʪʨʝʙʣʷʝʤʳʤ ʠʤʧʫʣʴʩʥʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ). ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʨʚʘʣ ʨʘʟʨʷʜʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʥʪʝʨʚʘʣʦʚ tDISCH=t1+t2. ʀʥʪʝʨʚʘʣ t1 ï ʵʪʦ 

ʯʝʪʚʝʨʪʴ ʧʝʨʠʦʜʘ ʩʝʪʝʚʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ. 
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ȤɝɑɒɡɎɊɔɇɍɞ ɓ ɇɎɌɐɓɔɏɝɎ ɖɊɍɞɔɒɐɎ, ɏɂɅɒɕɈɇɏɏɝɋ ɏɂ DC-DC ɑɒɇɐɃɒɂɉɐɄɂɔɇɍɞ. 

DC-DC ɑɒɇɐɃɒɂɉɐɄɂɔɇɍɞ ɎɐɆɇɍɊɒɕɇɔɓɡ ɏɂɅɒɕɉɌɐɋ ɓ ɑɐɓɔɐɡɏɏɐɋ Ɏɐɛɏɐɓɔɞɠ (Constant Power).
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ɸ ʠʥʪʝʨʚʘʣ t2 ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ (1). 
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ʈʠʩʫʥʦʢ 0 ï ʇʨʦʮʝʩʩʳ ʚ ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʤ ʚʳʧʨʷʤʠʪʝʣʝ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ 

ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ (Constant Power) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʨʝʤʷ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ (2). 
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ʀʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʩʪʦʷʥʥʳʤ 

ʪʦʢʦʤ I IN(avg)  
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ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ (4). 
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ʉʨʝʜʥʠʡ ʚʭʦʜʥʦʡ ʪʦʢ ʥʘʛʨʫʟʢʠ ʚʳʧʨʷʤʠʪʝʣʷ ï ʀʉʅ (ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʝʥ, ʩʤ. ʨʠʩʫʥʦʢ 2) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ PIN ʠ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʀʉʅ (5). 
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ʇʦʜʩʪʘʚʣʷʷ (2) ʠ (5) ʚ (4), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ (6). 

 

            
( ) (min)

2

(min)

2

(min)

(min)

(min)

2

2
arcsin

1
25.02

LINEBULKIN

IN

BULK

OUT

IN
fVV

V

V
P

ʉ
³-³

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å

³
³+³

=
h

p
, 

(6) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ (6) ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ   

2*72*(0.25+1/PI*ASIN(185/(SQRT(2)*207)))/(0.85*(2*207^2-185^2)*49.6) = 

= 3.104E-005, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʭʦʜʥʦʛʦ ʬʠʣʴʪʨʘ 

CIN ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 31 ʤʢʌ. ʆʜʥʘʢʦ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʝ ʩʪʦʠʪ, ʪ.ʢ. ʵʪʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʷʜʥʳʡ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʠ ʯʝʤ 

ʙʦʣʴʰʝ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʪʝʤ ʢʦʨʦʯʝ ʠʤʧʫʣʴʩ ʪʦʢʘ. 

ɹʣʠʞʘʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʷʜʘ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 47 ʤʢʌ. ʀʤʝʥʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʥʝʯʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ï 

ʠʤʧʫʣʴʩʥʦʤ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 36 ɺ, ʪʦʢʝ 2 ɸ ʠ 

ʧʫʣʴʩʘʮʠʷʭ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 0,1 ɺ. 
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(ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ (ʄʀʀɻɸʠʂ)) 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʇʀʉɸʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʀʅʊɽʈʇʆʃʗʎʀʀ ʎɺɽʊɸ ʉʃʆɾʅʓʍ 

ʉʀʉʊɽʄ ʎɺɽʊʆɼɽʃɽʅʀʗ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ, ʪʦʯʥʦʩʪʠ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ 

ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ï ʦʪ ʙʳʪʦʚʳʭ ʢʘʤʝʨ ʜʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʜʥʘʢʦ 
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ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʝʡ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʚ 

ʤʘʪʨʠʮʝ, ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʨʦʚʥʷ 

ʜʝʪʘʣʠʟʘʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʮʚʝʪʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʘʚʪʦʨʩʢʠʭ ʩʠʩʪʝʤ ʮʚʝʪʦʜʝʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʩʣʦʡʥʦʛʦ ʢʨʝʤʥʠʷ. ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʝʤ (ʨʠʩʫʥʦʢ 1).  

 

ʇʝʨʚʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʘʨʥʫʶ ʧʝʨʠʦʜʠʢʠ ʩ ʧʦʚʪʦʨʝʥʠʝʤ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ, 

ʜʨʫʛʘʷ ʠʤʝʝʪ ʩʣʫʯʘʡʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ 

ʤʫʘʨ-ʵʬʬʝʢʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʯʝʪʢʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɼʣʷ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʩʣʝ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ. ɿʘ ʦʩʥʦʚʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ï 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ [1]. ʆʜʥʘʢʦ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʮʚʝʪʦʧʝʨʝʜʘʯʠ.  ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝ ʧʦʜʭʦʜʷʪ, ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʰʘʙʣʦʥʦʚ 

ʧʦ ʪʠʧʫ ɹʘʡʝʨʘ [2,3]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʟʘ ʦʩʥʦʚʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʚʝʜʴ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ï ʦʙʣʝʛʯʠʪʴ 

ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ [4,5]. ʉʘʤʦ ʧʦ ʩʝʙʝ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʝ ʫʞʝ ʷʚʣʷʝʪʩʷ 

ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʧʨʦʩʪʳʝ ʣʠʥʝʡʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʮʚʝʪʘ ʜʣʷ ʰʘʙʣʦʥʘ ʧʦʩʣʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ 

ʰʘʙʣʦʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʉʫʙʧʠʢʩʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ: ʘ ï ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʜʚʠʛʝ 

ʤʘʪʨʠʮʳ; ʙ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʜʚʠʛʝ ʤʘʪʨʠʮʳ 
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ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʰʘʙʣʦʥʘ ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʩʜʚʠʛʘ  

 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʜʣʷ ʰʘʙʣʦʥʘ ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ: 

1) ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ;  

2) ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʩʩʠʚ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ ʧʦ 

ʮʚʝʪʦʚʦʡ ʤʦʜʝʣʠ RGB+IR ʪʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʰʘʙʣʦʥʝ ʠʤʝʝʪʩʷ ʩʣʦʡ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ.  

3) ɼʣʷ ʰʘʙʣʦʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʜʚʠʛʦʤ ʤʘʪʨʠʮʳ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʮʚʝʪʦʚ ʜʣʷ ʰʝʩʪʦʡ, ʩʝʜʴʤʦʡ, ʜʝʩʷʪʦʡ ʠ 

ʦʜʠʥʥʘʜʮʘʪʦʡ ʷʯʝʝʢ (ʚʳʙʨʘʥʳ ʜʘʥʥʳʝ ʷʯʝʡʢʠ ʧʦ ʧʨʠʯʠʥʝ ʥʘʠʤʝʥʴʰʝʛʦ ʦʪʣʠʯʠʷ 

ʤʝʪʦʜʦʚ ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ ʦʪ ʣʶʙʳʭ ʜʨʫʛʠʭ). ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ 

ʪʨʝʭ ʙʣʠʞʘʡʰʠʭ ʷʯʝʝʢ ʢ ʠʥʪʝʨʧʦʣʠʨʫʝʤʦʡ ʠʣʠ ʜʚʘ ʙʣʠʟʣʝʞʘʱʠʭ ʟʥʘʯʝʥʠʷ ʢ 
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ʙʣʠʞʘʡʰʠʤ ʷʯʝʡʢʘʤ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʜʚʫʭ 

ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ.  

3.1) ɺʳʯʠʩʣʝʥʠʝ ʢʨʘʩʥʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʮʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʚʦʜ ʠʭ 

ʟʥʘʯʝʥʠʡ.  

3.2) ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʙʣʠʟʣʝʞʘʱʠʭ ʷʯʝʝʢ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʪʨʝʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʚʦʜʷʪʩʷ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʥʝʛʦ ʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʦʚ  

3.3) ɽʩʣʠ ʧʨʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʧʠʢʩʝʣʝʡ ʢ ʯʝʪʳʨʝʤ ʙʣʠʞʘʡʰʠʤ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʟʘʜʝʡʩʪʚʫʶʪ ʰʝʩʪʴ ʙʣʠʞʘʡʰʠʭ ʷʯʝʝʢ. ʇʦʩʣʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ, 

ʚʳʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʮʚʝʪʦʚ.  

4) ɺʚʦʜʷʪʩʷ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʙʣʠʟʣʝʞʘʱʠʭ 

ʷʯʝʝʢ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʢʦʤʳʭ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʝʜʴʤʦʡ ʠ ʜʝʩʷʪʦʡ 

ʷʯʝʝʢ.  

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʜʣʷ ʰʘʙʣʦʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ (ʨʠʩʫʥʦʢ 1, ʙ).  

1) ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ;  

2) ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʩʩʠʚ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ ʧʦ 

ʮʚʝʪʦʚʦʡ ʤʦʜʝʣʠ RGB+IR ʪʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʰʘʙʣʦʥʝ ʠʤʝʝʪʩʷ ʩʣʦʡ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ.  

3) ɼʣʷ ʰʘʙʣʦʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʜʚʠʛʝ 

ʤʘʪʨʠʮʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʜʣʷ 6, 7, 10 ʠ 11 

ʷʯʝʝʢ (ʚʳʙʨʘʥʳ ʜʘʥʥʳʝ ʷʯʝʡʢʠ ʧʦ ʧʨʠʯʠʥʝ ʥʘʠʤʝʥʴʰʝʛʦ ʦʪʣʠʯʠʷ ʤʝʪʦʜʦʚ 

ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ ʦʪ ʣʶʙʳʭ ʜʨʫʛʠʭ). ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʜʚʫʭ 

ʙʣʠʞʘʡʰʠʭ ʷʯʝʝʢ ʢ ʠʥʪʝʨʧʦʣʠʨʫʝʤʦʡ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʧʦ 

ʤʝʪʦʜʫ ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ. 

3.1) ɺʳʯʠʩʣʝʥʠʝ ʢʨʘʩʥʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʮʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʚʦʜ ʠʭ 

ʟʥʘʯʝʥʠʡ.  

3.2) ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʙʣʠʟʣʝʞʘʱʠʭ ʷʯʝʝʢ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʪʦʜ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʪʨʝʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʚʦʜʷʪʩʷ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʥʝʛʦ ʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʦʚ.  

3.3) ɽʩʣʠ ʧʨʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʧʠʢʩʝʣʝʡ ʢ ʯʝʪʳʨʝʤ ʙʣʠʞʘʡʰʠʤ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʭ ʷʯʝʝʢ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ:  

4) ɺʚʦʜʷʪʩʷ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʙʣʠʟʣʝʞʘʱʠʭ 

ʷʯʝʝʢ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʢʦʤʳʭ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʝʜʴʤʦʡ ʠ ʜʝʩʷʪʦʡ 

ʷʯʝʝʢ.  

ɹʣʦʢ-ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ ʰʘʙʣʦʥʘ ʧʦʩʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʜʚʠʛʘ  
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʮʚʝʪʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʠ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʠ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʜʩʪʨʦʝʥʥʳʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ ʰʘʙʣʦʥ. ʇʦʜʦʙʥʳʝ ʧʘʨʥʳʝ 

ʩʠʩʪʝʤʳ (ʰʘʙʣʦʥ ʠ ʘʣʛʦʨʠʪʤ) ʧʦʟʚʦʣʷʪ ʵʬʬʝʢʪʠʚʥʝʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʮʠʬʨʦʚʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʚʳʰʘʪʴ ʮʚʝʪʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʩʣʝ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ. ɿʘ ʦʩʥʦʚʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʨʦʩʪʳʝ 

ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʩʣʦʡʥʳʭ ʩʠʩʪʝʤ - 

ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 
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ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʮʚʝʪʦʧʝʨʝʜʘʯʠ. 

ɼʘʣʝʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʙʠʢʫʨʠʯʝʩʢʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ ʢ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʩʪʳʭ ʣʠʥʝʡʥʳʭ 

ʚʳʨʘʞʝʥʠʡ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʝʨʷʙʠʥʘ, ɸ. ʆ. ʀʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʮʚʝʪʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʙʣʠʞʘʡʰʝʤʫ ʩʦʩʝʜʫ / ɸ. ʆ. 

ɼʝʨʷʙʠʥʘ, ɺ. ʃ. ɾʙʘʥʦʚʘ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʥʦʤʠʢʘ : ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ: ʚ 3 ʪʦʤʘʭ, ʉʤʦʣʝʥʩʢ, 24ï25 ʘʧʨʝʣʷ 

2024 ʛʦʜʘ. ï ʉʤʦʣʝʥʩʢʝ: ʋʥʠʚʝʨʩʫʤ, 2024. ï ʉ. 137-140. ï EDN XEIUGS. https://elibrary.ru/item.asp?id=74479094 

2. U.S. Patent 5,382,976 R.H. Hibbard, Apparatus and method for adaptively interpolating a full color image 

utilizing luminance gradients´. January 1995.  

3. U.S. Patent 5805217 A. Ning Lu, Zhiwu Lu. Method and system for interpolating missing picture elements in a 

single color component array obtained from a single color sensor. Sent. 8, 1998.  

4. Li, J. A solution method for image distortion correction model based on bilinear interpolation / J. Li, J. Su, X. 

Zeng // Computer Optics. 2019. Vol. 43, Issue 1. - P. 99-104. DOI: 10.18287/2412-6179-2019-43-1-99-104.  

5. Zapryanov G., Nikolova I. Comparative Study of Demosaicing Algorithms for Bayer and Pseudo-Random 

Bayer Color Filter Arrays [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // nternational Scintific Conference Computer Scienceô2008, Technical 

Universiti of Sofia, Computer Systems Department, Sofia, Bulgaria, 2008, pp. 133-139. 

 

 

ɼ.ɻ. ɽʚʩʝʝʚ, ʩʪʫʜ; ʨʫʢ. ɺ.ʃ. ɾʙʘʥʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

 (ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʋʃʔʊʈɸʌʀʆʃɽʊʆɺʓʍ 

ʆʇʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ɺ ʌʆʊʆʃʀʊʆɻʈɸʌʀʀ 

 

ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʦʜʣʦʞʝʢ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʪʦʨʝʟʠʩʪ ï ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʥʘʥʦʩʠʤʳʡ ʥʘ ʧʦʜʣʦʞʢʫ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʣʫʯʝʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʬʦʪʦʨʝʟʠʩʪʘ ʧʨʦʠʩʭʦʜʷʪ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ. ʇʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʨʝʣʴʝʬʥʳʡ ʫʟʦʨ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʦʧʦʣʦʛʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ. 

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʬʦʪʦʨʝʟʠʩʪʘ 

ʯʝʨʝʟ ʬʦʪʦʰʘʙʣʦʥ, ʩʦʜʝʨʞʘʱʠʡ ʟʘʜʘʥʥʳʡ ʨʠʩʫʥʦʢ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʳʟʳʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʬʦʪʦʨʝʟʠʩʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʝʣʝʢʪʠʚʥʦ ʫʜʘʣʠʪʴ ʝʛʦ ʫʯʘʩʪʢʠ ʧʨʠ 

ʧʦʤʦʱʠ ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ (ʧʨʦʷʚʠʪʝʣʝʡ). ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʨʝʣʴʝʬ ʩʣʫʞʠʪ 

ʟʘʱʠʪʥʦʡ ʤʘʩʢʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʚʣʝʥʠʷ, ʠʦʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʠʣʠ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ [1]. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

400 ʥʤ, ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʵʣʝʤʝʥʪʦʚ ʧʦʨʷʜʢʘ 2 ʤʢʤ. ɼʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʋʌ-

ʠʟʣʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʠʥʳ ʚʦʣʥ 193 ʥʤ (ArF-ʣʘʟʝʨʳ) 

ʠ 157 ʥʤ (F2-ʣʘʟʝʨʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ 

ʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ 

https://elibrary.ru/item.asp?id=74479094
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ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (EUV) ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 13,5 ʥʤ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 10 ʥʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ ʠʩʧʦʣʴʟʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʜʠʘʧʘʟʦʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɹʣʠʞʥʠʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʠʘʧʘʟʦʥ (300-380 ʥʤ) ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʪʦʧʦʣʦʛʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʜʦ 0,5 ʤʢʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʉʨʝʜʥʠʡ ʋʌ-ʜʠʘʧʘʟʦʥ (200-300 ʥʤ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʨʝʟʠʩʪʦʚ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʣʴʥʠʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʜʠʘʧʘʟʦʥ 

(100ï200 ʥʤ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʜʦ 

0,045 ʤʢʤ (45 ʥʤ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʚʢʣʶʯʘʷ ʵʢʩʪʨʝʤʘʣʴʥʫʶ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ (EUV) ʣʠʪʦʛʨʘʬʠʶ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʪʦʧʦʣʦʛʠʠ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ɹʦʣʝʝ ʧʣʦʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʤʦʙʠʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ [2]. 

ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʦʪʣʘʞʝʥʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʥʦʡ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʘʙʣʦʥʘ ʪʨʘʚʣʝʥʠʷ.  ʆʜʠʥ ʚʠʜʦʚ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʪ ʣʘʟʝʨʘ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʦʩʚʝʪʠʪʝʣʴ ʠ ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʜʝʥʩʦʨ ï ʣʠʥʟʫ, ʩʦʙʠʨʘʶʱʫʶ ʠ ʥʘʧʨʘʚʣʷʶʱʫʶ 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʬʦʪʦʰʘʙʣʦʥ. ɿʘʪʝʤ ʠʜʝʪ ʧʨʦʝʢʮʠʦʥʥʘʷ ʣʠʥʟʘ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʦʝʮʠʨʫʝʪ ʝʛʦ ʥʘ ʬʦʪʦʨʝʟʠʩʪ [1].  

ʉʦʚʨʝʤʝʥʥʳʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʩʣʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʘʙʘʨʠʪʦʚ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ɺʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ ʩ ʚʳʙʦʨʦʤ ʦʧʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ - ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʪʝʢʣʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʆʩʦʙʳʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʩʬʝʨʠʯʝʩʢʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ ʚ 

ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʪʘʝʪʩʷ 

ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʋʌ-

ʦʙʣʫʯʝʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʦʪʚʦʜʘ [3]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʚʳʷʚʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 9 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

 

ɼʘʥʥʳʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʦʙʲʝʢʪʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʙʠ-ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪʠʚ ʥʘ 365 ʥʤ ʩ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤʠ ʜʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʘʙʝʨʨʘʮʠʷʤʠ. ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [1] 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ 

ɺʳʩʦʪʘ ʦʙʲʝʢʪʘ ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ 5,69Á 

ɺʳʩʦʪʘ ʘʧʝʨʪʫʨʥʦʛʦ ʣʫʯʘ 41,67 ʤʤ 

ɼʠʘʬʨʘʛʤʝʥʥʦʝ ʯʠʩʣʦ 1,25 

ʋʛʣʦʚʦʝ ʧʦʣʝ, ɤ 5,69Á 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, f 100 ʤʤ 

ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʚ  

ʧʣʦʩʢʦʩʪʠ ɻʘʫʩʩʘ, yǋ 
10 ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʟʘʜʥʠʡ ʬʦʢʘʣʴʥʳʡ ʦʪʨʝʟʦʢ) 
22 ʤʤ 

 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʢʦʤʧʨʦʤʠʩʩʫ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ ʩʪʘʣʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʠ 

ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʟʚʦʣʠʚʰʝʝ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʟ ʙʝʟ 

ʫʭʫʜʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʩʪʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʩʯʝʪʘ ʩʚʝʪʦʚʳʭ ʧʫʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ. ʈʘʟʚʠʪʠʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʨʦʛʨʝʩʩʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʇʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʜʣʠʥʘʤ ʚʦʣʥ, ʪʘʢʠʤ ʢʘʢ 

ʜʘʣʴʥʠʡ ʋʌ-ʜʠʘʧʘʟʦʥ ʠ EUV, ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʤʠʥʠʘʪʶʨʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʬʦʪʦʨʝʟʠʩʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɼ.ɻ. ɽʚʩʝʝʚ, ʩʪʫʜ; ʨʫʢ. ɺ.ʃ. ɾʙʘʥʦʚʘ, ʜʦʮ. 

 (ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆɹʒɽʂʊʀɺɸ ɼʃʗ ʋʃʔʊʈɸʌʀʆʃɽʊʆɺʆʁ 

ʆɹʃɸʉʊʀ ʉʇɽʂʊʈɸ 

 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ (ʋʌ) ʦʙʲʝʢʪʠʚʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʧʫʩʢʘʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʚʠʜʠʤʦ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. ɺ ʦʙʣʘʩʪʠ ʬʦʪʦʛʨʘʬʠʠ ʠ ʚʠʜʝʦʩʲʝʤʢʠ ʋʌ-ʦʙʲʝʢʪʠʚʳ 

ʧʦʟʚʦʣʷʶʪ ʟʘʱʠʪʠʪʴ ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪʠʚ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʤʦʛʫʪ ʫʣʫʯʰʘʪʴ ʷʩʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʷʨʢʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʋʌ-ʦʙʲʝʢʪʠʚʳ ʚ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʤʠʢʨʦʩʢʦʧʳ ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʟʮʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ ʧʨʠ ʦʙʳʯʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʙʠʦʣʦʛʠʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʢʣʝʪʦʢ, ʙʘʢʪʝʨʠʡ ʠ ʚʠʨʫʩʦʚ. ɺ ʵʢʦʣʦʛʠʠ ʋʌ-ʦʙʲʝʢʪʠʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʚ ʚʳʷʚʣʝʥʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʪʦʛʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʦʙʲʝʢʪʠʚʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʦʟʜʘʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʋʌ-ʩʧʝʢʪʨʝ. ʂ 

ʦʧʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʨʦʣʶ ʠʭ ʘʙʝʨʨʘʮʠʡ ʠ ʢʘʯʝʩʪʚʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʪʠʧ ʦʙʲʝʢʪʠʚʦʚ ʚʝʩʴʤʘ ʩʣʦʞʝʥ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʤʘʪʝʨʠʘʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʄʥʦʛʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʝ 

ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʧʝʢʪʨʝ ʠʣʠ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʪʠʧʘ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʘʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʢʘʢ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʣʠʷʥʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʠʚʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʨʮ ʠ 

ʬʣʶʦʨʠʪ. ʊʘʢʠʝ ʦʙʲʝʢʪʠʚʳ ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʨʝʣʦʤʣʝʥʠʷ [2]. 

ʕʪʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʩʚʝʪʘ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, 

ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʧʨʦʙʣʝʤʳ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʪʘʢʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʦʧʪʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʘʩʧʝʢʪʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʢʘʢ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʋʌ-ʦʙʲʝʢʪʠʚʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ: 

- ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʟʘ ʠʟʦʙʨʘʞʝʥʠʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ; 

- ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʌʇʋ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʚʝʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʦʙʲʝʢʪʠʚʘ, ʚʳʙʨʘʥ ʬʦʪʦʧʨʠʝʤʥʠʢ ʥʘ ʦʩʥʦʚʝ AlGaN ʬʦʨʤʘʪʘ 

320ʭ256 ʩ ʰʘʛʦʤ 30 ʤʢʤ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ. ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʌʏʕ ʤʦʞʝʪ ʙʳʪʴ 0,24Ƅ0,28 ʤʢʤ 

(ʩʦʣʥʝʯʥʦ-ʩʣʝʧʳʝ ʄʌʇʋ) ʠʣʠ 0,28Ƅ0,36 ʤʢʤ (ʚʠʜʠʤʦ-ʩʣʝʧʳʝ ʄʌʇʋ) [1]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʠʚʘ ʜʣʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʤʘʪʝʨʠʘʣʦʤ ʣʠʥʟ ʚʳʙʨʘʥ ʬʪʦʨʠʜ ʢʘʣʴʮʠʷ ʠ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʫʶ 

ʧʘʨʫ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʠʭ ʬʠʟʠʢʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʌʪʦʨʠʜ ʢʘʣʴʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʭʨʘʥʷʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʛʣʫʙʦʢʦʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʧʣʦʪʴ ʜʦ 120 ʥʤ. ɼʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʜʦʧʦʣʥʷʝʪ 

ʩʚʦʡʩʪʚʘ ʬʪʦʨʠʜ ʢʘʣʴʮʠʷ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʭʦʨʦʰʝʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ-ʦʙʣʘʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʜʦʩʪʠʛʘʝʤʳʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʣʘʚʣʝʥʠʷ. 

ʈʘʩʰʠʨʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʠʚʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʛʨʫʧʧ ʣʠʥʟ. ʕʪʠ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʦʷʢʦʚʳʧʫʢʣʳʝ ʩʢʣʝʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʧʨʠʯʝʤ ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʜʚʦʷʢʦʚʳʧʫʢʣʫʶ ʣʠʥʟʫ ʠ ʤʝʥʠʩʢ, 

ʦʙʨʘʱʝʥʥʳʡ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʦʡ ʢ ʠʟʦʙʨʘʞʝʥʠʶ, ʘ ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ 

ʤʝʥʠʩʢʘ, ʦʙʨʘʱʝʥʥʦʛʦ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʦʡ ʢ ʧʨʝʜʤʝʪʫ, ʠ ʜʚʦʷʢʦʚʳʧʫʢʣʦʡ 

ʣʠʥʟʳ.  

ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣʳ ʣʠʥʟ ʧʦʜʦʙʨʘʥʳ ʧʘʨʥʦ, ʘ ʦʪʥʦʰʝʥʠʝ ʠʭ ʪʦʣʱʠʥʳ ʢ 

ʩʚʝʪʦʚʦʤʫ ʜʠʘʤʝʪʨʫ ʥʝ ʤʝʥʴʰʝ 0,45. ʆʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʣʠʥʟ 

ʧʨʝʚʳʰʘʝʪ ʦʧʪʠʯʝʩʢʫʶ ʩʠʣʫ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,4 ʜʦ 1,6. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʠʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʢʣʝʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʟ ʠ 
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ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʯʠʩʣʘ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʣʠʥʟʘʤʠ ʠ ʚʦʟʜʫʭʦʤ. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʠʚʘ ʠ ʧʦʣʫʯʠʪʴ 

ʙʘʟʦʚʫʶ ʩʭʝʤʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʘʙʝʨʨʘʮʠʡ. ʆʧʪʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 10 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʲʝʢʪʠʚʘ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʩʦʙʠʨʘʶʱʠʡ ʠʟ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʦʙʲʝʢʪʠʚ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʚʝʪʦʚʦʡ 

ʧʦʪʦʢ ʦʪ ʧʨʝʜʤʝʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʧʦʧʘʜʘʝʪ ʚ ʦʙʲʝʢʪʠʚ, ʛʜʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʯʝʪʳʨʝ ʣʠʥʟʳ ʠ ʦʙʨʘʟʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ 

ʥʘʠʣʫʯʰʝʡ ʫʩʪʘʥʦʚʢʠ.  

ʆʙʲʝʢʪʠʚ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

70 ʤʤ; ʣʠʥʝʡʥʦʝ ʧʦʣʝ ʟʨʝʥʠʷ 9 ʤʤ; ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1:2,5; 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 0,27-0,40 ʤʢʤ, ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʝʨʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [1]. ʇʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʠʚʘ 

ˉ 

ʇʦʚʝʨʭʥʦʩʪʠ 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ 

 r, ʤʤ 

ʊʦʣʱʠʥʘ ʧʦ ʦʩʠ 

d, ʤʤ 

ʄʘʪʝʨʠʘʣ 

ʣʠʥʟʳ 

ʉʚʝʪʦʚʦʡ 

ʜʠʘʤʝʪʨ  

Dʩʚ, ʤʤ 

1 40,53519 12,71484 LiF 28 

2 -34,07028 20 SiO2 27,27322 

3 -328,9498 0,0999913  26,12818 

4 56,08075 18,29334 SiO2 25,91768 

5 15,2976 20 LiF 21,14708 

6 -134,5144 -  18,86853 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʦʩʪʘʪʦʯʥʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʜʠʬʨʘʢʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʣʫʯʠʪʴ ʜʠʘʛʨʘʤʤʫ ʧʷʪʝʥ 

ʨʘʩʩʝʷʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʜʝʣʠ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʨʝʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʠʚʘ. ʈʘʩʯʝʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 11 ï ɼʠʘʛʨʘʤʤʘ ʧʷʪʝʥ ʨʘʩʩʝʠʚʘʥʠʷ ʦʙʲʝʢʪʠʚʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʋʌ-

ʦʙʲʝʢʪʠʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʤʝʨʘʭ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʝʨʨʘʮʠʡ. ɺ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ ʜʠʘʤʝʪʨ 

ʧʷʪʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 13 ʤʢʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ. ʅʘ ʢʨʘʶ ʧʦʣʷ ʟʨʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ ʜʦ 30 ʤʢʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʰʠʨʦʢʦʧʦʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʘʥʥʦʝ ʫʭʫʜʰʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʣʝʚʳʭ ʘʙʝʨʨʘʮʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʘʩʪʠʛʤʘʪʠʟʤʘ ʠ ʢʨʠʚʠʟʥʳ ʧʦʣʷ. ʆʜʥʘʢʦ ʜʘʞʝ ʥʘ ʢʨʘʶ ʧʦʣʷ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʩʪʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʋʌ-ʦʧʪʠʢʠ. 

ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʧʷʪʥʘ ʥʘ ʢʨʘʶ ʠ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 2.3:1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ. 

ɹʦʣʝʝ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ ʢ ʢʨʘʶ ʧʦʣʷ ʤʦʛʣʦ ʙʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʝʢʮʠʠ ʢʦʤʳ ʠʣʠ ʜʠʩʪʦʨʩʠʠ. ʇʣʘʚʥʳʡ 

ʭʘʨʘʢʪʝʨ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʣ ʚ ʩʠʩʪʝʤʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʭʝʤʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (100 ï 400 ʥʤ). ʆʩʥʦʚʥʦʡ ʩʬʝʨʦʡ 

ʇʦʚʝʨʭʥʦʩʪɹ: ʀʟʦʙʨʘʞʝʥʠ̫

1
0
0
0
0
.
0
0

ʇʦʣʝ (OBJ): 0.0000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 0.000 ʤʤ

ʇʦʣʝ (OBJ): 0.7000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 0.641 ʤʤ

ʇʦʣʝ (OBJ): 1.0000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 0.915 ʤʤ

ʇʦʣʝ (OBJ): 2.0000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 1.830 ʤʤ

ʇʦʣʝ (OBJ): 3.0000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 2.743 ʤʤ

ʇʦʣʝ (OBJ): 4.0000 (ʛʨʘʜ)

ʇʦʣʝ (IMA): 3.655 ʤʤ

  0. 2800

  0. 3300

  0. 3500

LENS. z mx
ʂʦʥʬʠʛʫʨʘʮʠ̫ 1 ʠʟ 1

ʊʦʯʝʯʥʘ̫ ʜʠʘʛʨʘʤʤʘ ʧ̫ʪʥʘ ʨʘʩʩʝ̫ʥʠ̫

20.02.2025  ɽʜ. ʠʟʤʝʨ. - Õm.
ʇʦʣʝ:         1        2        3        4        5        6
ʉʂɿ ʨʘʜʠʫʩʘ :   2917. 42   2676. 67   2678. 10   2686. 35   2699. 96   2718. 96
ɻʝʦʤʝʪʨ. ʨʘʜʠʫʩ :   4372. 19   4372. 72   4373. 87   4381. 70   4395. 65   4415. 72
ɼʣʠʥʘ ʤʘʩhʪʘʙʥʦʛʦ ʙʘʨʘ :   1e+004 ʈʝʬʝʨʝʥʪʥʘ̫ ʪʦʯʢʘ: ɻʣʘʚʥrʡ ʣʫʯ
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ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʪʨʠʯʥʳʭ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʋʌ ï ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʲʝʢʪʠʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. 
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ɺ ʥʘʰʠ ʜʥʠ ʨʦʙʦʪʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʞʠʟʥʠ. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʣʝʛʯʠʪʴ ʝʞʝʜʥʝʚʥʫʶ ʨʫʪʠʥʫ ʠ ʦʩʚʦʙʦʜʠʪʴ ʚʨʝʤʷ ʜʣʷ ʜʨʫʛʠʭ 

ʟʘʜʘʯ ʧʦʤʠʤʦ ʫʙʦʨʢʠ ʧʦʤʝʱʝʥʠʷ. ɺ 1996 ʛʦʜʫ ʧʦʷʚʠʣʩʷ ʧʝʨʚʳʡ ʨʦʙʦʪ-ʧʳʣʝʩʦʩ, 

ʚʩʝʤʠʨʥʘʷ ʩʣʫʞʙʘ British Broadcasting Corporation (BBC) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʧʨʦʪʦʪʠʧ ʧʝʨʚʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʙʦʨʢʠ ʦʪ ʠʟʚʝʩʪʥʦʡ 

ʰʚʝʜʩʢʦʡ ʢʦʤʧʘʥʠʠ Electrolux. ʅʝʤʥʦʛʦ ʧʦʟʜʥʝʝ, ʚ 2001 ʛʦʜʫ, ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ ʤʦʜʝʣʴ çʫʤʥʦʛʦè ʧʳʣʝʩʦʩʘ Electrolux Trilobite, ʘ ʚ 

ʨʦʟʥʠʯʥʫʶ ʧʨʦʜʘʞʫ ʦʥʘ ʧʦʩʪʫʧʠʣʘ ʚ 2002 ʛʦʜʫ. ʕʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʠʙʦʨ 

ʩʪʘʣ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ. 

ʈʦʙʦʪ-ʧʳʣʝʩʦʩ ʥʘ ʙʘʟʝ Arduino ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ATmega328PB, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʧʠʪʘʥʠʝʤ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega328PB ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʷʤʠ, ʜʘʪʯʠʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʢʦʥʪʘʢʪʘ Vin - 7-12 ɺ 

2) ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ʥʘ ʚʚʦʜʘʭ/ʚʳʚʦʜʘʭ ï 40 ʤɸ 

3) ʎʠʬʨʦʚʳʝ ʢʦʥʪʘʢʪʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ ï 14 ʠʟ ʢʦʪʦʨʳʭ 6 ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʭʦʜ ʐʀʄ (ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ) 

4) ʌʣʵʰ-ʧʘʤʷʪʴ - 32KB 

ɼʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ HC-SR04 (ʨʠʩʫʥʦʢ 1), ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 5ɺ, 

ʥʫʞʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʠʟʙʝʛʘʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ. ɼʘʪʯʠʢʠ 

ʠʩʧʫʩʢʘʁ ʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʠʨʫʝʪ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ 

ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʜʘʪʯʠʢʫ [2]. 
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ʈʠʩʫʥʦʢ 1 ï ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ HC-SR04 

 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ D5022 (ʨʠʩʫʥʦʢ 2ʘ), ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʚʤʝʩʪʝ ʩ ʢʦʣʸʩʘʤʠ ʠ ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 5ɺ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʤʝʩʪʝ 

ʜʨʘʡʚʝʨʦʤ L298N (ʨʠʩʫʥʦʢ 2ʙ) [3].  

 

 
ʘ)                            ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʘ) ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ D5022, ʙ) ʄʦʜʫʣʴ ʤʦʪʦʨʥʦʛʦ 

ʧʨʠʚʦʜʘ L298N 

 

ɼʣʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʨʘʙʦʪʳ ʨʦʙʦʪʘ-ʧʳʣʝʩʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ ʧʠʪʘʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʧʦ ʩʭʝʤʝ ʚʢʣʶʯʝʥʠʷ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʯʝʪʳʨʸʭ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʸʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʪʠʧʘ ç18650è. ʆʜʠʥ 

ʘʢʢʫʤʫʣʷʪʦʨ ʠʤʝʝʪ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ 3.7ɺ ʠ ʥʦʤʠʥʘʣʴʥʫʶ ʸʤʢʦʩʪʴ 3200 

mɸ/ʯ (ʨʠʩʫʥʦʢ 3ʘ). ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʸʤʢʦʩʪʴ ʜʦ16 000 

mɸ/ʯ ʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 7.4ɺ [1]. ʊʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʨʷʜʢʠ 

ʨʦʙʦʪʘ ʧʳʣʝʩʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʘ ʟʘʨʷʜʢʠ P4056 (ʨʠʩʫʥʦʢ 3ʙ). 

 

  
ʘ)                            ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʘ) ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʪʠʧʘ ç18650è, ʙ) ʇʣʘʪʘ ʙʳʩʪʨʦʡ 

ʟʘʨʷʜʢʠ TP4056 
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ɺ ʧʨʦʛʨʘʤʤʝ SolidWorks ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʨʧʫʩ ʨʦʙʦʪʘ. ʀ ʨʘʩʧʝʯʘʪʘʥ ʥʘ 

3D ʧʨʠʥʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PLA (ʧʦʣʠʣʘʢʣʠʜ) ʧʣʘʩʪʠʢʘ.  

ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ʚʢʣʶʯʝʥʠʷ. 

ʅʘʯʠʥʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʤʦʪʦʨʯʠʢ ʪʫʨʙʠʥʳ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʟʘʧʫʩʢʘʝʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʠ ʥʘʯʠʥʘʶʪ ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣʳ, ʦʪʨʘʞʘʷʩʴ ʦʪ ʦʙʲʝʢʪʘ ʠ 

ʚʦʟʚʨʘʱʘʶʱʘʷʩʷ ʦʙʨʘʪʥʦ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʠʟʤʝʨʷʝʤʦʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. ʋʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

ʚ ʨʘʩʩʪʦʷʥʠʝ.  

ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʘʥʘʣʠʟʠʨʫʝʪ 

ʜʘʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʘʸʪ ʩʠʛʥʘʣʳ ʜʨʘʡʚʝʨʘʤ ʤʦʪʦʨʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʫʞʥʳʭ ʜʝʡʩʪʚʠʡ. ʈʦʙʦʪ-ʧ ʣrʝʩʦʩ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦ, ʢʦʛʜʘ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʣʠʞʝ 20 ʩʘʥʪʠʤʝʪʨʦʚ. ɺ ʠʥʦʤ 

ʩʣʫʯʘʝ ʨʦʙʦʪ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʧʦʚʦʨʘʯʠʚʘʷ ʥʘ 90 

ʛʨʘʜʫʩʦʚ ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ ʢʘʢʦʡ ʠʟ ʜʘʪʯʠʢʦʚ ʩʨʘʙʦʪʘʣ. 

ɽʩʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʝ ʚʠʜʠʪ ʧʨʝʧʷʪʩʪʚʠʡ ʙʣʘʛʦʜʘʨʷ ʜʘʪʯʠʢʘʤ, ʪʦ 

ʥʘʯʠʥʘʝʪʩ ̫ʜʚʠʞʝʥʠʝ ʚʧʝʨʸʜ, ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʨʦʙʦʪ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʪʦʣʢʥʦʚʝʥʠʝ 

ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʦʙʦʪʘ (ʨʠʩʫʥʦʢ 4) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʪʦʷʥʥʳʡ ʮʠʢʣ: 

ʨʝʛʫʣʷʨʥʦʝ ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʦʙʭʦʜ ʧʨʝʧʷʪʩʪʚʠʡ 

ʠʣʠ ʜʚʠʞʝʥʠʝ ʚʧʝʨʸʜ. 
 

  
ʈʠʩʫʥʦʢ 4 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʦʙʦʪʘ-ʧʳʣʝʩʦʩʘ ʥʘ ʙʘʟʝ Arduino ʷʚʣʷʝʪʩʷ 

ʥʘʯʘʣʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʙʦʨʢʠ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʦʙʦʪʦʚ-ʧʳʣʝʩʦʩʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʦʙʦʪʫ-ʧʳʣʝʩʦʩʫ ʚʳʧʦʣʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʫʙʦʨʢʫ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɺ. ɽʬʨʝʤʝʥʢʦʚ, ʩʪʫʜ., ʨʫʢ. ʉ.ʇ. ɸʩʪʘʭʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ   

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɽʊʆɼʀʂɸ ʀ ʋʉʊʈʆʁʉʊɺʆ ʂʆʅʊʈʆʃʗ ʇʆʂɸɿɸʊɽʃɽʁ 

ʌʀɿʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ɻʈʋʇʇʓ ʃʖɼɽʁ ɺ ʇʈʆʎɽʉʉɽ 

ʊʈɽʅʀʈʆɺʂʀ  

 

ʆʪʩʣʝʞʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʪʨʝʥʠʨʦʚʢʫ, 

ʢʨʘʡʥʝ ʚʘʞʥʘʷ ʠ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʯʝʣʦʚʝʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʪʨʝʥʠʨʦʚʢʠ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʫʧʨʘʞʥʝʥʠʡ, ʦʩʪʘʥʦʚʠʪʴ ʪʨʝʥʠʨʦʚʢʫ ʧʨʠ 

ʫʭʫʜʰʝʥʠʠ ʩʘʤʦʯʫʚʩʪʚʠʷ. 

ʆʧʨʝʜʝʣʝʥʥʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ 

ʥʦʩʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʤʝʨʷʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʋʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʢʦʤʧʘʢʪʥʳʤ ʠ ʣʝʛʢʠʤ ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʥʝʫʜʦʙʩʪʚ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʢʠ ʚʘʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʜʳʭʘʪʝʣʴʥʦʡ ʠ ʤʳʰʝʯʥʦʡ. ʊʘʢʞʝ ʚʘʞʥʳ ʧʘʨʘʤʝʪʨʳ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ ʧʘʮʠʝʥʪʘ.  

ɼʣʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʮʝʥʢʠ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʠ ʦʙʲʝʤ ʢʨʦʚʠ, ʚʳʙʨʘʩʳʚʘʝʤʳʡ ʩʝʨʜʮʝʤ ʟʘ ʦʜʥʦ ʩʦʢʨʘʱʝʥʠʝ. 

ɼʣʷ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ, 

ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ VO2 max ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, 

ʢʦʪʦʨʦʝ ʦʨʛʘʥʠʟʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʚʨʝʤʷ ʥʘʛʨʫʟʢʠ. ɺʘʞʥrʡ ʧʦʢʘʟʘʪʝʣʴ 

ʘʵʨʦʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

ɼʣʷ ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ: ʩʠʣʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ, ʨʘʟʚʠʚʘʝʤʦʝ 

ʤʳʰʮʘʤʠ), ʚʳʥʦʩʣʠʚʦʩʪʴ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʤʳʰʮʘʤʠ), ʛʠʙʢʦʩʪʴ (ʜʠʘʧʘʟʦʥ ʜʚʠʞʝʥʠʷ ʚ ʩʫʩʪʘʚʘʭ). 
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ʇʨʠ ʦʮʝʥʢʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚʘʞʥʳ ʫʨʦʚʝʥʴ ʣʘʢʪʘʪʘ, ʛʣʶʢʦʟʳ ʠ ʨʘʩʭʦʜ 

ʢʘʣʦʨʠʡ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʢʠ. 

ʉʘʤʦʯʫʚʩʪʚʠʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʫʩʪʘʣʦʩʪʠ ʦʪ ʪʨʝʥʠʨʦʚʢʠ, ʯʫʚʩʪʚʫ ʙʦʣʠ, 

ʜʠʩʢʦʤʬʦʨʪʫ, ʣʠʯʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʧʦʣʫʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʩʣʫʯʘʡ 

ʦʙʤʦʨʦʢʘ, ʧʨʠʩʪʫʧʘ ʵʧʠʣʝʧʩʠʠ ʠ ʪ.ʜ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʧʠʩʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʨʦʚʢʠ 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ, ʦʮʝʥʠʚʘʝʤʳʝ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ 

ʇʦʢʘʟʘʪʝʣʴ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɼʘʪʯʠʢ/ʤʝʪʦʜ ʜʣʷ 

ʦʮʝʥʢʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ 

ʦʮʝʥʢʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʥʦʩʠʤʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʚ ʘʚʪʦʥʦʤʥʦʤ 

ʨʝʞʠʤʝ 

ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ 
ʇʫʣʴʩʦʤʝʪʨ 

ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ 
ɺʦʟʤʦʞʥʦ 

ʇʦʢʘʟʘʪʝʣʴ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɼʘʪʯʠʢ/ʤʝʪʦʜ ʜʣʷ 

ʦʮʝʥʢʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ 

ʦʮʝʥʢʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʥʦʩʠʤʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʚ ʘʚʪʦʥʦʤʥʦʤ 

ʨʝʞʠʤʝ 

ɸʨʪʝʨʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ 
ʊʦʥʦʤʝʪʨ 

ɺʦʟʤʦʞʥʘ ʦʮʝʥʢʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
ɺʦʟʤʦʞʥʦ 

ʆʙʲʝʤ ʢʨʦʚʠ, 

ʚʳʙʨʘʩʳʚʘʝʤʳʡ 

ʩʝʨʜʮʝʤ ʟʘ ʦʜʥʦ 

ʩʦʢʨʘʱʝʥʠʝ 

ɼʘʪʯʠʢ ʧʫʣʴʩʦʚʦʡ 

ʚʦʣʥʳ, 

ʧʫʣʴʩʦʢʩʠʤʝʪʨ 

ɺʦʟʤʦʞʥʘ ʦʮʝʥʢʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

(ʤʝʪʦʜ ʌʠʢʘ, ʤʝʪʦʜ 

ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ) 

ɺʦʟʤʦʞʥʦ 

ʏʘʩʪʦʪʘ ʜʳʭʘʥʠʷ 

ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

ʘʢʩʝʣʝʨʦʤʝʪʨʳ, 

ʪʝʨʤʦʧʘʨʳ, 

ʨʝʩʧʠʨʘʪʦʨʥʳʝ 

ʣʝʥʪʳ 

ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ 
ɺʦʟʤʦʞʥʦ 

ʆʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ 
ʇʫʣʴʩʦʢʩʠʤʝʪʨ 

ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ 
ɺʦʟʤʦʞʥʦ 

ʉʠʣʘ 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ 

ʆʮʝʥʠʚʘʝʪʩʷ ʧʦʩʣʝ 

ʪʨʝʥʠʨʦʚʢʠ, ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʅʝʚʦʟʤʦʞʥʦ 

ɺʳʥʦʩʣʠʚʦʩʪʴ 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ 

ʆʮʝʥʠʚʘʝʪʩʷ ʧʦʩʣʝ 

ʪʨʝʥʠʨʦʚʢʠ, ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʅʝʚʦʟʤʦʞʥʦ 

ɻʠʙʢʦʩʪʴ 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ 

ʆʮʝʥʠʚʘʝʪʩʷ ʧʦʩʣʝ 

ʪʨʝʥʠʨʦʚʢʠ, ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʅʝʚʦʟʤʦʞʥʦ 

ʉʘʤʦʯʫʚʩʪʚʠʝ ʆʧʨʦʩ  

ʆʮʝʥʠʚʘʝʪʩʷ ʧʦʩʣʝ 

ʪʨʝʥʠʨʦʚʢʠ, ʥʝ ʧʦʜʜʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʅʝʚʦʟʤʦʞʥʦ 

ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 
ɸʢʩʝʣʝʨʦʤʝʪʨ 

ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ 
ɺʦʟʤʦʞʥʦ 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳ ʧʫʣʴʩʦʢʩʠʤʝʪʨ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʢʨʠʪʝʨʠʠ ʥʦʨʤʳ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʣʦʚʝʢʘ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ. 
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ʊʘʙʣʠʮʘ 2 ï ʂʨʠʪʝʨʠʠ ʥʦʨʤʳ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʮʝʥʠʚʘʝʤʳʭ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ 

ʇʘʨʘʤʝʪʨ ɻʨʘʥʠʮʳ ʥʦʨʤʳ 

ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 60-80 ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ 

ɸʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʉʠʩʪʦʣʠʯʝʩʢʦʝ ɸɼ 

18-39 ʣʝʪ 90-139 

40-59 ʣʝʪ 91-149 

60+ ʣʝʪ 91-159 

ɼʠʘʩʪʦʣʠʯʝʩʢʦʝ ɸɼ 

18-39 ʣʝʪ 60-89 

40-59 ʣʝʪ 61-91 

60+ ʣʝʪ 61-91 

ʆʙʲʝʤ ʢʨʦʚʠ, ʚʳʙʨʘʩʳʚʘʝʤʳʡ 

ʩʝʨʜʮʝʤ ʟʘ ʦʜʥʦ ʩʦʢʨʘʱʝʥʠʝ 

ʇʨʠ ʏʉʉ 75 ʫʜ/ʤʠʥ 65ï70 ʤʣ 

ʧʨʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʜʦ 125 ʤʣ 

ʏʘʩʪʦʪʘ ʜʳʭʘʥʠʷ 
16-18 ʚ 1 ʤʠʥʫʪʫ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʣʴʩʫ ʩʦʩʪʘʚʣʷʝʪ 

1/4 

ʉʘʪʫʨʘʮʠʷ 95%-100% 

ʇʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʅʦʨʤʘ ï ʫʜʝʨʞʘʥʠʝ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʙʝʟ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʈʝʟʢʘʷ ʯʘʩʪʘʷ ʩʤʝʥʘ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʵʧʠʣʝʧʪʠʯʝʩʢʦʤ ʧʨʠʧʘʜʢʝ 

ʌʠʢʩʘʮʠʷ ʧʘʜʝʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ ʜʦʣʛʦʝ (10 ʠ ʙʦʣʝʝ 

ʤʠʥʫʪ) ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʤʦʨʦʢʝ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 12 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ 

 

ʇʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʮʝʥʠʚʘʝʤʳʭ ʧʨʠ ʪʨʝʥʠʨʦʚʢʝ 

ʯʝʣʦʚʝʢʘ, ʦʧʨʝʜʝʣʝʥ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ, ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʤʠʥʠʘʪʶʨʥʦʤ ʥʦʩʠʤʦʤ ʘʚʪʦʥʦʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʫʜʦʙʥʳʡ 

ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. ʋʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ ʦʪ ʪʨʝʥʠʨʦʚʢʠ, ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʭ 

ʢʘʯʝʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʤʝʥʠʤʦ ʜʣʷ 
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ʣʶʙʦʛʦ ʯʝʣʦʚʝʢʘ ʠʣʠ ʛʨʫʧʧʳ ʣ ʜʁʝʡ, ʞʝʣʘʶʱʠʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʠ 

ʧʘʨʘʤʝʪʨʳ ʜʦ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ.  
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇʈʀʅʎʀʇ ʈɸɹʆʊʓ ʀ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻɸʋʉʉ-ʇʋʐʂʀ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʟʛʦʥʘ ʪʝʣ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʷ ʠʟʥʦʩʘ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ. 

ɻʘʫʩʩ-ʧʫʰʢʘ (ʠʣʠ ʨʝʣʴʩʦʚʳʡ ʫʩʢʦʨʠʪʝʣʴ ʩ ʩʦʣʝʥʦʠʜʥʦʡ ʢʘʪʫʰʢʦʡ) 

ʦʩʥʦʚʘʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩʥʘʨʷʜʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ [1]. 

ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʦʙʦʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʦʚ, ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʡ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʘʫʩʩ-

ʧʫʰʢʠ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʘ ̫ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ɻʘʫʩʩ-ʧʫʰʢʠ EMG-02 ʦʪ ArcFlash Labs 
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ɻʘʫʩʩ-ʧʫʰʢʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʠ ʟʘʢʦʥʘ ɸʤʧʝʨʘ [2]. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʱʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʢʦʡ (ʩʦʣʝʥʦʠʜʦʤ), 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʪʦʢʘ. 

ʌʝʨʨʦʤʘʛʥʠʪʥʳʡ ʩʥʘʨʷʜ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʚʥʫʪʨʴ ʢʘʪʫʰʢʠ, ʘ ʧʨʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʦʪʢʣʶʯʝʥʠʠ ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʠʥʝʨʮʠʠ. 

ʉʥʘʨʷʜ ʨʘʟʛʦʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʢʠ ʩ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʩʦʟʜʘʸʪʩʷ 

ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʠʥʜʫʮʠʨʫʝʪ ʩʠʣʫ ʧʨʠʪʷʞʝʥʠʷ ʥʘ ʩʥʘʨʷʜ. 

ʕʪʘ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʘ 

ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʛʦʥʘ. 

ʂʘʪʫʰʢʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ. ɽʸ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ: 

1. ʏʠʩʣʦ ʚʠʪʢʦʚ: ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʚʠʪʢʦʚ ʧʦʚʳʰʘʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʩʥʠʞʘʝʪ ʪʦʢ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʠʣʫ ʫʩʢʦʨʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʜʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʯʠʩʣʦʤ ʚʠʪʢʦʚ ʠ ʧʦʜʘʚʘʝʤʳʤ ʪʦʢʦʤ. 

2. ɼʠʘʤʝʪʨ ʧʨʦʚʦʜʥʠʢʘ: ʊʦʣʱʠʥʘ ʧʨʦʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʨʠ ʤʝʥʴʰʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʘʩʸʥʥʫʶ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʵʥʝʨʛʠʶ [3]. 

3. ʄʘʪʝʨʠʘʣ ʩʝʨʜʝʯʥʠʢʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʩʪʘʚʦʢ 

ʚʥʫʪʨʠ ʢʘʪʫʰʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʫʚʝʣʠʯʠʚʘʷ ʩʠʣʫ 

ʧʨʠʪʷʞʝʥʠʷ ʩʥʘʨʷʜʘ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʧʠʪʘʥʠʷ ʢʘʪʫʰʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ. ʕʥʝʨʛʠʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʸʤʢʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʏʝʤ ʚʳʰʝ ʸʤʢʦʩʪʴ ʠ 

ʥʘʧʨʷʞʝʥʠʝ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʪ ʢʘʪʫʰʢʘ. ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʟʨʷʜʘ. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʨʘʟʨʷʜ, ʢʨʠʪʠʯʥʳʡ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʩʥʘʨʷʜʘ [4]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ɻʘʫʩʩ-ʧʫʰʢʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʢʠ, 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʠʭ ʥʘʩʪʨʦʡʢʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʦʤʠʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʠʭ 

ʨʝʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ. 

ɻʘʫʩʩ-ʧʫʰʢʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ: 

1. ʆʙʦʨʦʥʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

- ɺ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʨʫʞʠʷ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʨʦʭʦʚʳʝ ʩʠʩʪʝʤʳ ʟʘʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʫʩʢʦʨʠʪʝʣʷʤʠ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʥʘʨʷʜʘʤʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʝ. 

2. ɸʵʨʦʢʦʩʤʠʯʝʩʢʫʶ ʩʬʝʨʫ 

- ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʧʫʩʢʘ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨʙʠʪʫ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʛʦʥʘ ʪʝʣ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. 
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3. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʥʘʫʢʘ 

- ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʫʜʘʨʥʫʶ 

ʧʨʦʯʥʦʩʪʴ. 

- ɺ ʫʩʢʦʨʠʪʝʣʷʭ ʯʘʩʪʠʮ ʠ ʩʠʩʪʝʤʘʭ ʤʘʛʥʠʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʛʨʫʟʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

4. ʈʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʣʠ 

- ɺ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʟʘʢʦʥʦʚ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. 

- ɺ ʣʶʙʠʪʝʣʴʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʘʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʟʨʘʙʦʪʢʘʭ. 

ɹʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ɻʘʫʩʩ-ʧʫʰʝʢ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʤʝʨ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʧʨʠʨʦʜʫ 

ʫʩʪʨʦʡʩʪʚʘ: ʢʦʥʜʝʥʩʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ, ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ 

ʩʤʝʨʪʝʣʴʥʦ ʦʧʘʩʥʳʡ ʟʘʨʷʜ ʜʘʞʝ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ. ʇʝʨʝʜ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠʣʠ ʥʘʩʪʨʦʡʢʦʡ ʠʭ ʩʣʝʜʫʝʪ ʨʘʟʨʷʜʠʪʴ, ʘ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ 

ʵʣʝʤʝʥʪʳ ʠʟʦʣʠʨʦʚʘʪʴ ʠ ʟʘʟʝʤʣʠʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʘʧʫʩʢ ʩʥʘʨʷʜʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʣʠ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʙʫʝʪ ʧʨʦʜʫʤʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʲʝʢʪ ʧʨʠ ʫʩʢʦʨʝʥʠʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʪʨʘʚʤʘʤ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ 

ʟʦʥʘ ʠʩʧʳʪʘʥʠʡ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʦʯʥʳʝ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ, ʦʧʝʨʘʪʦʨʳ ï 

ʟʘʱʠʪʥʳʝ ʦʯʢʠ ʠ ʧʝʨʯʘʪʢʠ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʉʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʢʘʪʫʰʢʦʡ, ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʨʘʙʦʪʫ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʯʪʦ ʟʘʚʠʩʷʪ ʦʪ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʣʠ 

ʩʦʜʝʨʞʘʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺʙʣʠʟʠ ɻʘʫʩʩ-ʧʫʰʢʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʨʘʟʤʝʱʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ ʞʝʩʪʢʠʤʠ ʜʠʩʢʘʤʠ, ʤʝʜʠʮʠʥʩʢʠʝ ʠʤʧʣʘʥʪʳ (ʥʘʧʨʠʤʝʨ, 

ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʳ) ʠʣʠ ʙʘʥʢʦʚʩʢʠʝ ʢʘʨʪʳ ʩ ʤʘʛʥʠʪʥʦʡ ʧʦʣʦʩʦʡ. ɺ ʩʣʫʯʘʝ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ʖʨʠʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʟʘʢʦʥʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʭʨʘʥʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʥʦʨʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ɻʘʫʩʩ-ʧʫʰʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʦʜʥʘʢʦ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʸʪʦʚ, ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʪʫʰʢʠ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʸʞʥʫʶ 

ʟʘʱʠʪʫ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʶʨʠʜʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʦʨʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʈɸɺʅɽʅʀɽ ʋʉʀʃʀʊɽʃɽʁ ʂʃɸʉʉɸ AB ʀ ʂʃɸʉʉɸ D 

 

ʋʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ AB ʠ ʢʣʘʩʩʘ D ï ʜʚʘ ʧʦʧʫʣʷʨʥʳʭ ʪʠʧʘ ʫʩʠʣʠʪʝʣʝʡ, 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʘʫʜʠʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʧʦ 

ʨʘʟʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʦʙʣʘʩʪʷʤ 

ʧʨʠʤʝʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʝʡ. ʀʟ ʩʘʤʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ 

ʢʣʘʩʩʘ ɸɺ ʥʝʪʨʫʜʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʦʤ 

ʢʣʘʩʩʘ ɸ ʠ ʢʣʘʩʩʘ ɺ. ʂʣʘʩʩ ɸ ï ʵʪʦ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

ʫʩʠʣʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ (ʨʠʩʫʥʦʢ 1). 

ʊʦ ʝʩʪʴ ʫʩʠʣʠʚʘʝʪ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ ʢʣʘʩʩ ɸ 

 

ʕʣʝʤʝʥʪ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʢʣʘʩʩʝ B ʩʧʦʩʦʙʝʥ ʫʩʠʣʠʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ 

ʧʦʣʫʚʦʣʥʫ, ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʫʶ (ʨʠʩ. 2). 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ ʢʣʘʩʩ B 
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ʊʘʢʦʡ ʢʣʘʩʩ ʠʩʧʦʣʴʟʫʶʪ ʚ ʜʚʫʭʪʘʢʪʥʳʭ ʫʩʠʣʠʪʝʣʷʭ, ʛʜʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʧʦʣʫʚʦʣʥʫ ʫʩʠʣʠʚʘʝʪ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʨʫʛʦʡ (ʨʠʩʫʥʦʢ 3). ʅʦ 

ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ, ʠʤʝʶʪʩʷ ʠʩʢʘʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʥʫʣʷ. ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ çʉʪʫʧʝʥʴʢʦʡè. 

 

 

ʈʠʩʫʥʦʢ 3 ï ɼʚʫʭʪʘʢʪʥʳʡ ʫʩʠʣʠʪʝʣʴ ʢʘʩʢʘʜʘ ʢʣʘʩʩʘ B 

 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʢ ʢʣʘʩʩʫ ɸɺ (ʨʠʩʫʥʦʢ 4). 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʫʩʠʣʠʪʝʣʝʡ B (ʘ) ʠ AB (ʙ) 
 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʫʩʠʣʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʜʚʫʭʪʘʢʪʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʢʘʩʢʘʜʘ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʢʣʘʩʩʘ A, 

ʦʩʪʘʚʘʷʩʴ ʚʩʝ ʚʨʝʤʷ ʦʪʢʨʳʪʳʤʠ, ʘ ʧʨʠ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʝ ï ʨʘʙʦʪʘʶʪ 

ʧʦʧʝʨʝʤʝʥʥʦ, ʪʘʢ ʯʪʦ ʦʜʠʥ ʠʟ ʥʠʭ ʚʭʦʜʠʪ ʚ ʨʝʞʠʤ ʦʪʩʝʯʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʢ 

ʯʝʨʝʟ ʜʨʫʛʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʨʝʞʠʤʝ ʢʣʘʩʩ D, ʪʨʘʥʟʠʩʪʦʨ ʣʠʙʦ ʦʪʢʨʳʪ, ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʟʘʧʝʨʪ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷʪʦʨʘ ʐʀʄ ʩʠʛʥʘʣʘ (ʨʠʩʫʥʦʢ 5). ʀʤʝʥʥʦ ʵʪʦ 

ʜʘʝʪ ʪʘʢʦʤʫ ʢʘʩʢʘʜʫ ʂʇɼ ʩʚʳʰʝ 80%. 
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ʈʠʩʫʥʦʢ 5 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ ʢʣʘʩʩʘ D 
 

 

ɺʭʦʜʥʦʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʰʠʨʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ 

ʫʩʠʣʠʪʝʣʴʥʳʤ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ. ʅʘ ʚʳʭʦʜʝ ʪʘʢʦʛʦ ʫʩʠʣʠʪʝʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ. 

ʄʠʥʫʩʦʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʶʪʩʷ ʠʩʢʘʞʝʥʠʷ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʤʦʜʫʣʷʮʠʠ ʐʀʄ ʩʠʛʥʘʣʘ. ʊʘʢʞʝ ʩʠʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʩʢʘʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

L ʠ C ʵʣʝʤʝʥʪʳ ʚ ʬʠʣʴʪʨʝ. 

ʂʣʘʩʩ AB: 

¶ ʈʘʙʦʪʘʝʪ ʚ ʢʣʘʩʩʝ A ʧʨʠ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʩʠʛʥʘʣʘ ʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ 

ʢʣʘʩʩ AB ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʙʘ 

ʚʳʭʦʜʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʦʚʦʜʷʪ ʪʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 50-70%. ʕʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʫʩʠʣʠʪʝʣʝʡ ʢʣʘʩʩʘ 

A, ʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʫʩʠʣʠʪʝʣʝʡ ʢʣʘʩʩʘ D. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʚʧʫʩʪʫʶ ʚ 

ʚʠʜʝ ʪʝʧʣʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ. 

¶ ʋʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ AB ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʩʚʦʠʤ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ ʟʚʫʢʘ 

ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʩʢʘʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

¶ ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 200x100x50ʤʤ ʠ ʚʝʩ ʧʨʠʤʝʨʥʦ 4 ʢʛ. ʊʨʝʙʫʶʪ 

ʨʘʜʠʘʪʦʨʦʚ ʜʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʪʝʧʣʘ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʩʘ. 

¶ ʇʨʠʤʝʥʝʥʠʝ: ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ ʘʫʜʠʦʘʧʧʘʨʘʪʫʨʘ, ʜʦʤʘʰʥʠʝ 

ʢʠʥʦʪʝʘʪʨʳ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʘʫʜʠʦʩʠʩʪʝʤʳ. 

¶ ʇʨʝʠʤʫʱʝʩʪʚʘ: 

o ʍʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ (ʥʠʟʢʠʝ ʠʩʢʘʞʝʥʠʷ). 

o ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʦʤ D. 

o ʍʦʨʦʰʘʷ ʣʠʥʝʡʥʦʩʪʴ. 

¶ ʅʝʜʦʩʪʘʪʢʠ: 

o ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʢʣʘʩʩʘ D. 

o ʊʨʝʙʫʶʪʩʷ ʨʘʜʠʘʪʦʨʳ ʜʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʪʝʧʣʘ. 

o ɹʦʣʴʰʠʡ ʨʘʟʤʝʨ ʠ ʚʝʩ, ʯʝʤ ʫ ʢʣʘʩʩʘ D. ʂʣʘʩʩ D: 

¶ ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʫʶ ʤʦʜʫʣʷʮʠʶ 

(ʐʀʄ), ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝʤ. 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʨʥʦ 80-95%. ɿʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ 

ʫʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ AB, ʧʦʩʢʦʣʴʢʫ ʥʘ ʟʘʤʢʥʫʪʦʤ ʠ ʨʘʟʦʤʢʥʫʪʦʤ ʪʨʘʥʟʠʩʪʦʨʥʦʤ 

ʢʣʶʯʝ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʳʤ ʨʝʞʠʤʦʤ 

ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ. ʀʩʢʘʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʢʣʘʩʩʘ AB, 

ʦʩʦʙʝʥʥʦ ʧʨʠ  ʧʣʦʭʦʡ  ʢʦʥʩʪʨʫʢʮʠʠ  ʬʠʣʴʪʨʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ D ʩ ʭʦʨʦʰʝʡ ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʦʙʨʘʪʥʦʡ 
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ʩʚʷʟʴʶ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʠʩʢʘʞʝʥʠʡ. 

¶ ʈʘʟʤʝʨ 100x60x30ʤʤ ʠ ʚʝʩ ʦʢʦʣʦ 0,5 ʢʛ. ʅʝ ʪʨʝʙʫʶʪ

 ʙʦʣʴʰʠʭ ʨʘʜʠʘʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʠ ʣʝʛʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. 

¶ ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʩʭʝʤʘ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʐʀʄ

 ʠ ʬʠʣʴʪʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

¶ ʇʨʠʤʝʥʝʥʠʝ: ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʩʘʙʚʫʬʝʨʳ,

 ʧʦʨʪʘʪʠʚʥʳʝ ʘʫʜʠʦʫʩʪʨʦʡʩʪʚʘ. 

¶ ʇʨʝʠʤʫʱʝʩʪʚʘ: 

o ɺʳʩʦʢʘʷ ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ. 

o ʄʘʣʳʡ ʨʘʟʤʝʨ ʠ ʚʝʩ. 

o ʅʠʟʢʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. 

¶ ʅʝʜʦʩʪʘʪʢʠ: 

o ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʠʩʢʘʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʣʦʭʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

o ʀʟ-ʟʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʦʙʣʝʤʳ 

ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʤʝʭʘʤʠ (EMI). 

o ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʩʭʝʤʘ. 

 
ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʣʘʩʩ AB ʂʣʘʩʩ D 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʃʠʥʝʡʥʳʡ ʩ ʯʘʩʪʠʯʥʳʤ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ 

ʇʝʨʝʢʣʶʯʘʝʤʳʡ (ʐʀʄ) 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 50-70% 80-95% 

ʀʩʢʘʞʝʥʠʷ ʅʠʟʢʠʝ ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʳʰʝ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʟʢʠʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʈʘʟʤʝʨ ʠ ʚʝʩ 200x100x50ʤʤ ʠ 4 ʢʛ. 100x60x30ʤʤ ʠ 0.5 ʢʛ. 

ʇʨʠʤʝʥʝʥʠʝ ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ ʘʫʜʠʦ 

ʘʧʧʘʨʘʪʫʨʘ 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʩʘʙʚʫʬʝʨʳ, 

ʧʦʨʪʘʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

 

ɺʳʙʦʨ ʤʝʞʜʫ ʫʩʠʣʠʪʝʣʝʤ ʢʣʘʩʩʘ AB ʠ ʢʣʘʩʩʘ D ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. 

ɽʩʣʠ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ, ʪʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʣʘʩʩ AB. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʝʪʩʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʫʜʠʦ, ʛʜʝ ʚʘʞʥʳ ʥʠʟʢʠʝ ʠʩʢʘʞʝʥʠʷ ʠ ʣʠʥʝʡʥʦʩʪʴ. 

ɽʩʣʠ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʘʣʳʡ ʨʘʟʤʝʨ, ʪʦ ʢʣʘʩʩ D ï 

ʦʪʣʠʯʥʳʡ ʚʳʙʦʨ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ, ʛʜʝ ʚʘʞʥʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʫʩʠʣʠʪʝʣʠ ʢʣʘʩʩʘ D ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʟʚʫʢʘ, 

ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʢʣʘʩʩʦʤ AB. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʫʩʠʣʠʪʝʣʝʡ ʠʤʝʶʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʟʘʜʘʯ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʢʣʘʩʩʘ D 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠ ʢʘʯʝʩʪʚʦ ʠʭ ʟʚʫʯʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʩʸ ʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. 
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ʃʠʪʝʨʘʪʫʨʘ 
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ʅ.ɸ. ʀʣʴʶʱʝʥʢʦʚ, ʩʪʫʜ., ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ ʉʂʆʈʆʉʊʀ ɺʈɸʑɽʅʀʗ ɺʆɿɼʋʐʅʆɻʆ 

ɺʀʅʊɸ ɹʇʃɸ ʀ ʉʂʆʈʆʉʊʀ ɺʆɿɼʋʐʅʆɻʆ ʇʆʊʆʂɸ 

 

ʈʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ, ʦʭʚʘʪʳʚʘʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ï ʦʪ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʜʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʇʃɸ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʷʪ ʦʪ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʠ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʤ, 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʝʪʘ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʝʥʜʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʫʰʥʳʭ 

ʚʠʥʪʦʚ ɹʇʃɸ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʪʦʯʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʚʠʥʪʦʚ ɹʇʃɸ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʠ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ: 

¶ ʆʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʥʪʦʚ ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ, ʰʘʛʘ ʠ 

ʧʨʦʬʠʣʷ ʣʦʧʘʩʪʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

¶ ʈʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ ï ʘʜʘʧʪʠʚʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʷʛʦʡ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʪʦʢʘ. 

¶ ɼʠʘʛʥʦʩʪʠʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʨʘʙʦʪʝ ʚʠʥʪʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ 

ʩʠʪʫʘʮʠʠ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ, ʫʛʣʘ ʘʪʘʢʠ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ) 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʝʥʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʦʯʥʦʝ ʠ ʥʘʜʸʞʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ. 

https://worldsound.ru/blog/articles/usiliteli_d_i_ab_klassa/?ysclid=m8funnleyy868969225
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ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ (ʪʘʙʣʠʮʘ 1).  

 

ʊʘʙʣʠʮʘ 1 ï ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ 
ʋʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʠʥʪʘ 

ʄʝʪʦʜ ʜʝʡʩʪʚʠʷ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʂʦʥʪʘʢʪʥʳʝ ʪʘʭʦʤʝʪʨʳ 

ʆʩʥʦʚʘʥʳ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʢʦʥʪʘʢʪʝ ʩ ʚʨʘʱʘʶʱʠʤʩʷ 

ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ɹʳʩʪʨʳʡ ʠʟʥʦʩ, 

ʠʥʝʨʮʠʦʥʥʦʩʪʴ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ 

ʆʧʪʠʯʝʩʢʠʝ ʪʘʭʦʤʝʪʨʳ 
ʈʝʛʠʩʪʨʠʨʫʶʪ ʦʪʨʘʞʝʥʥʳʡ 

ʠʣʠ ʧʨʝʨʚʘʥʥʳʡ ʩʚʝʪʦʚʦʡ ʣʫʯ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʜʘʪʯʠʢʦʚ, ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʷʤ 

ʠ ʧʦʤʝʭʘʤ 

ʀʥʜʫʢʪʠʚʥʳʝ 

ʪʘʭʦʤʝʪʨʳ 

ʆʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʥʝʥʠʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʘʪʯʠʢʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʠʥʪʘ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ɺʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʢʫ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ 

ʄʘʛʥʠʪʥʳʝ ʪʘʭʦʤʝʪʨʳ 

ʀʩʧʦʣʴʟʫʶʪ ʵʬʬʝʢʪ ʍʦʣʣʘ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʵʣʝʤʝʥʪʘʤʠ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʩʢʦʨʦʩʪʝʡ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʜʘʪʯʠʢʦʚ, ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ 

ʋʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʠʥʪʘ 

ʄʝʪʦʜ ʜʝʡʩʪʚʠʷ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʵʥʢʦʜʝʨʦʚ 

ʇʨʝʦʙʨʘʟʫʶʪ ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʘʣʘ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ, 

ʊʨʝʙʫʶʪ ʩʣʦʞʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʘʥʝʤʦʤʝʪʨʳ 

ʀʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ 

ʦʩʥʦʚʝ ʚʨʘʱʝʥʠʷ ʢʨʳʣʴʯʘʪʢʠ 

ʠʣʠ ʜʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʤʦʛʦ 

ʧʦʪʦʢʦʤ ʥʘ ʧʣʘʩʪʠʥʫ 

ʇʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʜʝʰʝʚʠʟʥʘ 

ʀʥʝʨʮʠʦʥʥʦʩʪʴ, ʥʠʟʢʘʷ 

ʪʦʯʥʦʩʪʴ, ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʪʦʢ. 

ʊʝʨʤʦʘʥʝʤʦʤʝʪʨʳ 

ʀʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 

ʊʝʨʤʦʘʥʝʤʦʤʝʪʨʳ ʩ 

ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

 

ʊʝʨʤʦʘʥʝʤʦʤʝʪʨʳ ʩ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʝ ʠ 

ʜʦʣʛʦʚʝʯʥʳʝ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʟʘʛʨʷʟʥʝʥʠʷʤ, ʩʣʦʞʥʦʩʪʴ 

ʢʘʣʠʙʨʦʚʢʠ 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʘʥʝʤʦʤʝʪʨʳ 

ʀʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʚ 

ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʏʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʤʝʭʘʤ, 

ʩʣʦʞʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ 

ʃʘʟʝʨʥʦ-ʜʦʧʣʝʨʦʚʩʢʠʝ 

ʘʥʝʤʦʤʝʪʨʳ (LDA) 

ʀʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʦ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʘ 

ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʩʢʦʥʪʘʢʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 

ʊʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ 
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ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʪʝʥʜʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʚʠʥʪʦʚ ɹʇʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

¶ ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

¶ ʄʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ ʚʠʥʪʘ. 

¶ ʉʪʝʥʜ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ɹʇʃɸ. 

¶ ʈʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʨʝʘʣʠʟʫʝʤʳʤ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʘʭʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨ ʩ ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡ (ʠʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨ ʩ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ. ʊʝʨʤʦʘʥʝʤʦʤʝʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʚʠʥʪʘ. ʇʨʠ ʵʪʦʤ ʚʳʙʦʨ 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʩ ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʚʠʥʪʘ ɹʇʃɸ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʝʥʜʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʥʪʦʚ, ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ 

ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʘʭʦʤʝʪʨʦʚ, ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʵʥʢʦʜʝʨʦʚ ʠ 

ʘʥʝʤʦʤʝʪʨʦʚ. ɺʳʙʨʘʥ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʚʠʥʪʘ (ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʦʧʪʠʯʝʩʢʠʡ) ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʙʝʩʢʦʥʪʘʢʪʥʳʡ, ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ), ʪʘʢ ʢʘʢ 

ʦʥ ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʩʦʯʝʪʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʘʭʦʤʝʪʨʘ ʠ ʪʝʨʤʦʘʥʝʤʦʤʝʪʨʘ ʩ ʛʦʨʷʯʝʡ ʧʨʦʚʦʣʦʢʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʯʥʦʩʪʠ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʧʦʜʦʙʨʘʥʥʳʭ ʜʘʪʯʠʢʦʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʩʪʝʥʜ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʜʘʥʥʳʝ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ ɹʇʃɸ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 
ʃʠʪʝʨʘʪʨʫʨʘ 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇʈʆɹʃɽʄʓ ʂʆʄʄʋʊɸʎʀʀ ʇʈʀ ʋʇʈɸɺʃɽʅʀʀ 

ɹɽʉʂʆʃʃɽʂʊʆʈʅʓʄʀ ɼɺʀɻɸʊɽʃʗʄʀ 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʜʘʚʘʝʤʫʶ ʥʘ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʚʠʛʘʪʝʣʝʡ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʙʝʩʱʝʪʦʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʣʫʯʘʶʪ ʚʩʸ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚʳʪʝʩʥʷʷ ʱʸʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ, ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʤʝʥʴʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʱʸʪʦʯʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

ʤʘʩʩʦʡ ʠ ʛʘʙʘʨʠʪʘʤʠ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʱʸʪʦʢ, ʧʨʦʩʪʦʪʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʣʠʯʠʝʤ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝʩʱʸʪʦʯʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘʭ, 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ.  

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʱʸʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʛʜʝ ʦʙʤʦʪʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʦʪʦʨʝ, ʘ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʠʭ ʧʦʜʘʸʪʩʷ ʯʝʨʝʟ ʱʸʪʦʯʥʳʡ ʫʟʝʣ, ʚ ʙʝʩʱʸʪʦʯʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʨʦʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, ʘ ʢʘʪʫʰʢʠ 

ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʩʪʘʪʦʨʝ (ʨʠʩʫʥʦʢ 1). ɺʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʘʪʫʰʢʘʤʠ 

ʩʪʘʪʦʨʘ.  

 

 
ʈʠʩʫʥʦʢ 13 ïʋʩʪʨʦʡʩʪʚʦ ʙʝʩʱʸʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʘʪʦʨ ʙʝʩʱʸʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʦʛ 

ʩʦʟʜʘʚʘʪʴ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʦʯʝʨʸʜʥʦ ʧʦʜʘʚʘʪʴ ʪʦʢ 

ʥʘ ʝʛʦ ʦʙʤʦʪʢʠ, ʧʨʠ ʵʪʦʤ ʤʝʥʷʷ ʝʛʦ ʧʦʣʷʨʥʦʩʪʴ. ɼʣʷ ʢʦʤʤʫʪʘʮʠʠ ʦʙʤʦʪʦʢ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʧʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʨʠʩʫʥʦʢ 2), ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʫʧʨʘʚʣʷʝʤʳʭ ʢʣʶʯʝʡ ʢʘʢ ʥʠʞʥʝʛʦ, ʪʘʢ ʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ.  

 
ʈʠʩʫʥʦʢ 14 ï ʊʠʧʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

 

ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʢʣʶʯʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ ʜʦʣʞʥʳ ʦʪʢʨʳʚʘʪʴʩʷ ʧʨʝʞʜʝ, ʯʝʤ ʙʫʜʫʪ ʦʪʢʨʳʪʳ ʢʣʶʯʠ ʥʠʞʥʝʛʦ 

ʫʨʦʚʥʷ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʦʪʢʨʳʪʳʤʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, 

ʧʨʝʚʳʰʘʶʱʝʝ ʚʨʝʤʷ, ʥʘ ʢʦʪʦʨʦʝ ʦʪʢʨʳʚʘʶʪʩʷ çʥʠʞʥʠʝè ʢʣʶʯʠ.  

 ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʩʱʸʪʦʯʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʤʠʢʨʦʩʭʝʤ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʩʭʝʤʘ 

MC33035.  

ʕʪʘ ʤʠʢʨʦʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʱʸʪʦʯʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʥʝʰʥʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ ʦʪ 10 ʜʦ 30 ʚʦʣʴʪ. 

ʄʠʢʨʦʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʜʨʘʡʚʝʨʳ ʢʣʶʯʝʡ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʝʡ, ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʧʦ ʩʠʛʥʘʣʘʤ ʩ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 15 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ 
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ɻʣʘʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʩʭʝʤʳ ʷʚʣʷʝʪʩʷ 

ʜʝʢʦʜʝʨ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʧʦ ʩʠʛʥʘʣʘʤ 

ʩ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʠ ʫʧʨʘʚʣʷʝʪ ʣʦʛʠʢʦʡ, ʫʧʨʘʚʣʷʶʱʝʡ ʜʨʘʡʚʝʨʘʤʠ ʢʣʶʯʝʡ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ʊʘʢʞʝ ʢ ʜʝʢʦʜʝʨʫ ʧʦʜʢʣʶʯʝʥʳ ʚʭʦʜʳ ʜʣʷ 

ʨʘʟʨʝʰʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ, ʢʦʪʦʨʳʝ 

ʚʳʚʝʜʝʥʳ ʥʘʨʫʞʫ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʜʢʣʶʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ. 

ʄʠʢʨʦʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʛʝʥʝʨʘʪʦʨ, ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʟʘʜʘʸʪʩʷ ʚʥʝʰʥʝʡ 

RC-ʮʝʧʴʶ. ʊʘʢʞʝ ʚ ʤʠʢʨʦʩʭʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʐʀʄ-ʢʦʤʧʘʨʘʪʦʨ ʠ ʫʩʠʣʠʪʝʣʴ 

ʦʰʠʙʢʠ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʪʝʥʮʠʦʤʝʪʨʘ), 

ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʐʀʄ-

ʢʦʤʧʘʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ RS-ʪʨʠʛʛʝʨ ʧʦʜʘʸʪ ʩʠʛʥʘʣ ʥʘ ʢʣʶʯʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʚʳʭʦʜʘʤʠ ʜʝʢʦʜʝʨʘ ʯʝʨʝʟ ʣʦʛʠʯʝʩʢʠʝ ʚʝʥʪʠʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʫʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʄʠʢʨʦʩʭʝʤʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʠʩʪʦʯʥʠʢ ʦʧʦʨʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʧʠʪʘʥʠʷ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ, 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʝʚʘ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʄʠʢʨʦʩʭʝʤʘ 

ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʢʦʤʧʘʨʘʪʦʨ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩ ʜʘʪʯʠʢʦʚ 

ʪʦʢʘ ï ʨʝʟʠʩʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʢʣʶʯʘʤʠ, ʢʦʤʤʫʪʠʨʫʶʱʠʤʠ 

ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʵʪʦʛʦ ʢʦʤʧʘʨʘʪʦʨʘ ʩʠʛʥʘʣ ʩ ʥʝʛʦ 

ʧʦʜʘʸʪʩʷ ʥʘ ʩʙʨʘʩʳʚʘʶʱʠʡ ʚʭʦʜ RS-ʪʨʠʛʛʝʨʘ, ʥʘ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʚʭʦʜ 

ʢʦʪʦʨʦʛʦ ʧʦʜʘʸʪʩʷ ʩʠʛʥʘʣ ʩ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʠʝ 

ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʯʝʨʝʟ ʢʣʶʯʠ ʥʘ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʚ ʩʣʫʯʘʝ 

ʧʝʨʝʛʨʫʟʢʠ ʠʣʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɼʨʘʡʚʝʨʳ ʢʣʶʯʝʡ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʤʠʢʨʦʩʭʝʤʳ, ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʇʨʠ ʵʪʦʤ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʳʭʦʜʳ ʜʣʷ ʢʣʶʯʝʡ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʳ ʧʦ TTL-ʪʝʭʥʦʣʦʛʠʠ, ʘ 

ʜʨʘʡʚʝʨʳ ʢʣʶʯʝʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʳ ʧʦ ʩʭʝʤʝ ʩ ʦʪʢʨʳʪʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ. 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʤʠʢʨʦʩʭʝʤʘ MC33035 ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ ʙʝʩʱʸʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʆʜʥʘʢʦ ʦʥʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʢʣʶʯʘʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ɺʝʜʴ 

ʜʣʷ ʦʪʢʨʳʪʠʷ ʢʣʶʯʝʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʠʣʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʝʤ ʜʣʷ ʢʣʶʯʝʡ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʦʙʱʝʤʫ ʧʨʦʚʦʜʫ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʣʶʩʝ ʧʠʪʘʥʠʷ ʦʙʤʦʪʢʠ.   

ʆʙʳʯʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʥʘ 

ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʩʭʝʤʳ ʩ ʜʨʘʡʚʝʨʘʤʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ ʙʫʪʩʪʨʝʪʥʳʝ ʸʤʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʨʷʞʘʶʪʩʷ ʜʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʪʢʨʳʪʠʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʭʝʤ ʥʝʚʦʟʤʦʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, ʢʣʶʯ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʫʞʥʦ ʦʪʢʨʳʪʴ ʧʨʝʞʜʝ, ʯʝʤ ʙʫʜʝʪ 

ʦʪʢʨʳʪ ʢʣʶʯ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʨʷʜʠʪʴ ʙʫʪʩʪʨʝʪʥʫʶ ʸʤʢʦʩʪʴ, 

ʘ ʚʦ-ʚʪʦʨʳʭ, ʢʣʶʯ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʫʞʥʦ ʜʝʨʞʘʪʴ ʦʪʢʨʳʪʳʤ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʙʫʪʩʪʨʝʪʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʫʩʧʝʝʪ ʨʘʟʨʷʜʠʪʴʩʷ, 

ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʟʘʢʨʳʪʠʶ ʪʨʘʥʟʠʩʪʦʨʘ.  
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ʇʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʨʝʘʣʠʟʘʮʠʝʡ ʢʣʶʯʝʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʥʘ 

ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʨʠʩʫʥʦʢ 4). ʆʜʥʘʢʦ ʥʘ ʥʠʭ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʙʦʣʴʰʦʝ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʨʷʜʢʘ 1 ɺ, ʘ ʟʥʘʯʠʪ, ʥʘ ʥʠʭ ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ 

ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʦʢʝ 20 ɸ ʥʘ ʥʠʭ ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ 

ʤʦʱʥʦʩʪʴ 20 ɺʪ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʥʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʠ ʧʨʠʚʝʜʸʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʠʚʥʳʭ ʨʘʜʠʘʪʦʨʦʚ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʡ ʦʧʨʘʚʜʘʥʦ ʪʦʣʴʢʦ ʩ 

ʜʚʠʛʘʪʝʣʷʤʠ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ.  

 

 
ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘ ʩ ʢʣʶʯʘʤʠ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʣʶʯʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʄɼʇ-

ʪʨʘʥʟʠʩʪʦʨʘʭ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʠʭ ʦʪʢʨʳʪʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʠʭ ʟʘʪʚʦʨʘʤ ʥʘʧʨʷʞʝʥʠʝ, ʙʦʣʴʰʝʝ, ʯʝʤ ʥʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ, ʠ ʥʘʧʨʷʞʝʥʠʷ ʟʘʪʚʦʨ-ʠʩʪʦʢ.  

ʆʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ (ʨʠʩʫʥʦʢ 5), ʥʘʧʨʷʞʝʥʠʝ ʩ ʢʦʪʦʨʦʛʦ ʧʦʜʘʸʪʩʷ ʥʘ 

ʟʘʪʚʦʨ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʦʧʪʦʧʘʨʳ, ʩʚʝʪʦʜʠʦʜ ʢʦʪʦʨʦʡ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʢʣʶʯʦʤ ʚʳʭʦʜʫ ʤʠʢʨʦʩʭʝʤʳ. 

 

 
ʈʠʩʫʥʦʢ 17 ï ʉʭʝʤʘ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʯʝʨʝʟ 

ʦʧʪʦʧʘʨʫ 
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ɽʱʸ ʦʜʥʦ ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʦʧʘʨ, ʚ ʢʦʪʦʨʳʭ 

ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʠʸʤʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʜʠʦʜʳ, ʢʦʪʦʨʳʝ, 

ʛʝʥʝʨʠʨʫʶʪ ʥʘʧʨʷʞʝʥʠʝ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʦʪʢʨʳʪʠʷ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʥʘ ʥʠʭ ʩʚʝʪʘ ʦʪ ʩʚʝʪʦʜʠʦʜʘ ʦʧʪʦʧʘʨʳ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʚʳʭʦʜʫ 

ʤʠʢʨʦʩʭʝʤʳ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤʳ MC33035 ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʈʌɽʁʉʅʆɻʆ ɹʃʆʂɸ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆʇʈʀɺʆɼʆʄ 

 

ʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʝ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʱʸʪʦʯʥʳʤʠ 

ʠ ʙʝʩʱʸʪʦʯʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʪʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʤʦʜʫʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʠ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʠ ʩʝʙʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, 

ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʥʝ ʦʙʣʘʜʘʪʴ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ, 

ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʥʳʝ ʤʦʜʫʣʠ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʚʥʝʰʥʝʡ 

ʩʠʩʪʝʤʦʡ ʠ ʠʥʪʝʨʬʝʡʩʥʳʤ ʙʣʦʢʦʤ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʝʯʴ ʧʦʡʜʸʪ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʘʢʦʛʦ ʙʣʦʢʘ.  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʫʶ ʩʠʩʪʝʤʫ, 

ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʦʩʥʘʱʸʥ 

ʪʦʣʴʢʦ ʠʥʪʝʨʬʝʡʩʦʤ RS-485, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ, ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʥʪʝʨʬʝʡʩ 

Ethernet ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠ ʜʚʘ ʧʦʨʪʘ 

RS-485 ʜʣʷ ʩʚʷʟʠ ʩ ʧʨʠʚʦʜʦʤ ʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩ 

ʚʥʝʰʥʝʛʦ ʧʫʣʴʪʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʌʫʥʢʮʠʦʥʘʣʴʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ UART-RS-485, 

ʢʦʥʪʨʦʣʣʝʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ Ethernet, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʩ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ ʠ ʩʠʩʪʝʤʦʡ ʚʭʦʜʦʚ-ʚʳʭʦʜʦʚ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʜʘʪʯʠʢʦʚ.  
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ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F407VE ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʫʟʣʦʤ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʥ ʟʘʥʠʤʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, 

ʘ ʪʘʢʞʝ ʟʘʧʨʦʩʦʤ ʜʘʥʥʳʭ ʫ ʚʥʝʰʥʝʛʦ ʧʫʣʴʪʘ (ʧʨʠ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʠ) ʧʦ RS-485, 

ʦʙʨʘʙʦʪʢʦʡ ʠ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʠ ʧʦʣʦʞʝʥʠʠ ʚʘʣʘ ʥʘ ʧʫʣʴʪ, ʘ 

ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʠʚʦʜʦʤ ʧʦ RS-485. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʪʘʢʪʠʨʫʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ 25 ʄɻʮ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʪʝʨʬʝʡʩ SWD.  

ʇʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʠ ʠʥʪʝʨʬʝʡʩʘ RS-485 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʩʭʝʤʘʤʠ 

ADM2587E. ʆʥʠ ʩʣʫʞʘʪ ʜʣʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ UART 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ RS-485 ʜʣʷ ʧʨʠʸʤʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʜʣʠʥʥʳʤ ʣʠʥʠʷʤ, ʢʦʠʤʠ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʢʘʙʝʣʠ, ʥʦ ʠ ʜʣʷ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠʥʪʝʨʬʝʡʩʦʚ RS-485 ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ï ʤʠʢʨʦʩʭʝʤʘ 

ADM2587E ʫʞʝ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠ ʩʝʙʷ ʠʟʦʣʠʨʦʚʘʥʥʳʡ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʠ ʮʠʬʨʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʙʦʪʳ Ethernet ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʠʢʨʦʩʭʝʤʘ DP83848C, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ Ethernet. ʇʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ 

ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʸʤ ʠ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ, ʪʘʢʪʠʨʦʚʘʥʠʝ, 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʥʘʩʪʨʦʡʢʫ ʨʝʛʠʩʪʨʦʚ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ. ʇʦʜʢʣʶʯʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 51 ʆʤ, ʢʦʪʦʨʳʝ ʜʣʷ 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʨʝʟʠʩʪʠʚʥʳʝ ʩʙʦʨʢʠ. ʊʘʢʪʠʨʦʚʘʥʠʝ 

ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ 25 ʄɻʮ, ʢʦʪʦʨʘʷ ʧʦʜʘʸʪʩʷ ʩ 

ʧʨʦʮʝʩʩʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʭʝʤʝ ʪʦʣʴʢʦ ʦʜʠʥ ʢʚʘʨʮʝʚʳʡ 

ʨʝʟʦʥʘʪʦʨ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦʨʪʘ 

Ethernet ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨ HX1188NL. 

ɼʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʟʣʦʚ ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʙʣʦʢʘ ʪʨʝʙʫʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ 3.3ɺ. ʆʜʥʘʢʦ ʠʥʪʝʨʬʝʡʩʥʳʡ ʙʣʦʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ 

ʧʠʪʘʥʠʷ 24ɺ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʟʘʣʠʪʳʡ ʢʦʤʧʘʫʥʜʦʤ ʛʦʪʦʚʳʡ ʤʦʜʫʣʴ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ TMR 3-2410 (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʫʣʴ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ɺ ʮʝʧʠ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʣʠʥʠʠ 24 ɺ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠʨʦʚʦʯʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʩʠʥʬʘʟʥʳʡ ʜʨʦʩʩʝʣʴ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʤʝʭ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ ʥʘ 0.25 A. ɺ ʮʝʧʷʭ ʧʠʪʘʥʠʷ 3.3 ɺ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʠʪʘʥʠʝ 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʩʭʝʤ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠʨʦʚʦʯʥʳʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʸʤʢʦʩʪʴʶ 0.1 ʤʢʌ ʠ ʤʠʢʨʦʜʨʦʩʩʝʣʠ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ.  

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʮʝʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʜʘʪʯʠʢʦʚ ʠʣʠ ʢʥʦʧʦʢ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʧʫʣʴʪʘ, 

ʘ ʪʘʢʞʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠʭ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʥʳʭ ʦʧʪʦʧʘʨ ʠ ʩʪʘʙʠʣʠʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʚʳʭʦʜ 

ʩʚʝʪʦʜʠʦʜʦʚ ʦʧʪʦʧʘʨ ʠʟ ʩʪʨʦʷ. ʇʨʠ ʵʪʦʤ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʦʧʪʦʧʘʨ ʫʧʨʘʚʣʷʶʪ 

ʧʦʜʪʷʞʢʦʡ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʜʘʪʯʠʢʘʤ ʚʭʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʢ ʧʠʪʘʥʠʶ ʠʣʠ 

ʢ ʦʙʱʝʤʫ ʧʨʦʚʦʜʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʳ. ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 

ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʠ ʩʠʛʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 
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ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʤʦʜʫʣʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʆʥʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʥʳʭ ʦʧʪʦʧʘʨ ʠ ʙʠʧʦʣʷʨʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʠ ʦʧʝʨʘʪʦʨʦʤ. ʇʨʠʚʝʜʝʥ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʙʣʦʢʘ ʢʘʢ ʘʚʪʦʥʦʤʥʦʛʦ (ʫʧʨʘʚʣʝʥʠʝ ʩ 

ʧʫʣʴʪʘ), ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ (ʫʧʨʘʚʣʝʥʠʝ 

ʯʝʨʝʟ Ethernet). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ Ethernet ʜʝʣʘʝʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʙʣʦʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1 ʊʠʪʮʝ ʋ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʩʭʝʤʦʪʝʭʥʠʢʘ / ʋ. ʊʠʪʮʝ, ʂ. ʐʝʥʢ; ʧʝʨ. ʩ ʥʝʤ.; ʧʦʜ ʨʝʜ. ɸ.ɻ. ɸʣʝʢʩʝʝʥʢʦ. 

ï ʄ.: ʄʠʨ, 1982. ï 512 ʩ.  

2 ʍʦʨʦʚʠʮ ʇ. ʀʩʢʫʩʩʪʚʦ ʩʭʝʤʦʪʝʭʥʠʢʠ 7-ʦʝ ʠʟʜʘʥʠʝ / ʇ. ʍʦʨʦʚʠʮ, ʋ. ʍʠʣʣ; ʧʝʨ. ʩ ʘʥʛ.; ʧʦʜ ʨʝʜ. ʊ.ɻ. 

ʍʦʭʣʦʚʘ. ï ʄ.:ʄʠʨ, 2009. ï 704 ʩ. 

3 ʄʘʨʪʠʥ ʊ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ Atmega. ʉʝʤʝʡʩʪʚʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ AVR. ɺʚʦʜʥʳʡ ʢʫʨʩ. ï ʄ.: ʠʟʜ. 

ɼʦʜʵʢʘ-XXI, 2010. ï 296 ʩ. 
 

 

ʂʘʟʠʣʠʥʘ ɸ.ʄ., ʫʯʝʥʠʮʘ ʰʢʦʣʳ ˉ 33; ʨʫʢ. ɺ.ɸ. ʅʘʡʜʸʥʦʚ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. 

(ʄɹʆʋ çʉʐˉ33è. ʛ. ʉʤʦʣʝʥʩʢ)  

                                                        (ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸʉʏɪʊ ɼɽʁʉʊɺʋʖʑʀʍ ɿʅɸʏɽʅʀʁ ʉʀʃʓ ʊʆʂɸ ʀ ʅɸʇʈʗɾɽʅʀʗ 

ɼʃʗ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ ʀ ʇʆʉʊʆʗʅʅʆɻʆ ʇɽʈʀʆɼɸ 

 

ʇʫʩʪʴ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʨʦʚʦʜʥʠʢʫ ʧʨʦʪʝʢʘʝʪ ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʠʦʜʦʤ ʊ. 

ɺ ʮʝʧʠ ʩ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ 

ʧʨʦʚʦʜʥʠʢʘ ï ʚʳʜʝʣʷʝʪʩʷ ʜʞʦʫʣʝʚʦ ʪʝʧʣʦ. 

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʣʳ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʇʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ-ʃʝʥʮʘ ʪʝʧʣʦ Ὠὗ, ʚʳʜʝʣʷʝʤʦʝ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ I(t) ʚ 

ʧʨʦʚʦʜʥʠʢʝ ʩ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʟʘ ʚʨʝʤʷ Ὠὸ, ʨʘʚʥʦ 

Ὠὗ ὍὸὙὨὸ. 
ʊʝʧʣʦ Q, ʚʳʜʝʣʷʝʤʦʝ ʟʘ ʧʝʨʠʦʜ ʊ 

ὗ ᷿ὍὸὙὨὸ. 

ɼʝʡʩʪʚʫʶʱʝʝ(ʵʬʬʝʢʪʠʚʥʦʝ) ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ï ʵʪʦ ʩʠʣʘ 

ʪʘʢʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʥʘ ʪʦʤ ʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʳʜʝʣʷʝʪ ʩʪʦʣʴʢʦ ʞʝ ʪʝʧʣʘ, ʯʪʦ ʠ ʜʘʥʥʳʡ ʧʝʨʝʤʝʥʥʳʡ. 

ʆʪʩʶʜʘ 

᷿ὍὸὙὨὸ ὍὙὝ, 
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ʛʜʝ Ὅï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ. 

ʇʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘ R ʠʤʝʝʤ 

Ὅ ᷿ὍὸὨὸ. 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ. 

ɼʨʫʛʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʟʘʢʦʥʘ ɼʞʦʫʣʷ-ʃʝʥʮʘ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʠʝ U(t), 

ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʧʨʦʚʦʜʥʠʢʫ, ʚʳʛʣʷʜʠʪ ʪʘʢ 

ὗ Ὠὸ. 

ʊʦʛʜʘ ʜʣʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ (2) 

Ὗ
ρ

Ὕ
Ὗ ὸὨὸȢ 

ʈʘʩʩʤʦʪʨʠʤ ʥʠʞʝ ʥʝʩʢʦʣʴʢʦ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʩ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʨʠʤʝʨ 1. ʆʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ Ὅ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʪʦʨʦʡ ʦʪ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ † ï ʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. 
ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʠʦʜ T = σ†. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ I(t), 

 

ʄʳʩʣʝʥʥʦ ʧʝʨʝʩʪʨʦʠʤ ʛʨʘʬʠʢ I(t), ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ ʛʨʘʬʠʢ Ὅὸ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ Ὅὸ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2) 

Ὅ
ρ

σ†
ὍὨὸ  

ρ

σ†
Ὅς†  

ς

σ
ὍȢ 

 

ʆʪʩʶʜʘ 

 Ὅ ὍȢ 

 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʠʥʪʝʛʨʘʣ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʧʣʦʱʘʜʠ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʚʳʩʦʪʦʡ Ὅ  ʠ ʦʩʥʦʚʘʥʠʝʤ ς† (ʨʠʩʫʥʦʢ 2). 

ʇʨʠʤʝʨ 2. ʅʘʡʪʠ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ Ὗ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3  

 

ʇʝʨʠʦʜ ʪʘʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

T = 4†, 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (4) ʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ 

 

Ὗ Ὗ†  †  Ὗ , 

 

ʧʦʵʪʦʤʫ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

Ὗ
υ

τ
ὟȢ 

 

 

ʇʨʠʤʝʨ 3. ʅʘʡʪʠ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ Ὅ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʪʦʨʦʡ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 4  
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ʇʝʨʠʦʜ ʪʘʢʦʛʦ ʪʦʢʘ 

T = †. 
 

ʊʦʢ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ 

Ὅ Ὧὸ
Ὅ

†
ὸ Ȣ 

 

ʀʟ ʬʦʨʤʫʣʳ (2) ʩʣʝʜʫʝʪ: 

Ὅ
ρ

†
 
Ὅ

†
ὸὨὸ 

Ὅ

†
 ὸὨὸ  

Ὅ

†
 
†

σ
 
Ὅ

σ
ȟ  

ʪʦʛʜʘ 

Ὅ
Ὅ

Ѝσ
 Ȣ 

ʇʨʠʤʝʨ 4. ʆʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ Ὗ  ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 5) 

 
ʈʠʩʫʥʦʢ 5  

 

Ὗ ὟίὭὲ
ς“ὸ

Ὕ
 ȟ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (4) 

Ὗ
ρ

Ὕ
 Ὗ ÓÉÎ

ς“ὸ

Ὕ
Ὠὸ  

Ὗ

Ὕ
 ÓÉÎ

ς“ὸ

Ὕ
Ὠὸ   

Ὗ

Ὕ
 
Ὕ

ς
 
Ὗ

ς
 ȟ 

ʧʦʵʪʦʤʫ 

Ὗ
Ὗ

Ѝς
 Ȣ 

 

ɼʣʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʧʦʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ 

ʬʦʨʤʫʣʘ 
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Ὅ
Ὅ

Ѝς
 Ȣ 

 

ʇʨʠʤʝʯʘʥʠʝ.  

ʀʥʪʝʛʨʘʣ  ÓÉÎὨὸ  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʦ ʩʨʝʜʥʝʤ 

 ÓÉÎ
ς“ὸ

Ὕ
Ὠὸ    ÓÉÎ

ς“ὸ

Ὕ
Ὠὸ   

ρ

ς
Ὕ Ȣ 

ʄʝʞʜʫ ʧʨʦʯʠʤ, ʚʩʝ ʘʤʧʝʨʤʝʪʨʳ ʠ ʚʦʣʴʪʤʝʪʨʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʛʨʘʜʫʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʦʜʦʙʥʳʝ ʨʘʩʯʸʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʩʪʘʨʰʠʭ 

ʢʣʘʩʩʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʤʣʘʜʰʠʭ ʢʫʨʩʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʌʠʟʠʢʘ 11 ʢʣʘʩʩ.; ʧʦʜ ʨʝʜ. ɸ.ɸ. ʇʠʥʩʢʦʛʦ ʆ.ʌ. ʂʘʙʘʨʜʠʥʘ. - ʄ. : ñʇʨʦʩʚʝʱʝʥʠʝò, 2009, 416ʩ. 

2. ʌʠʟʠʢʘ. 3800 ʟʘʜʘʯ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʫʟʳ. ï ʄ. : çɼʨʦʬʘè, 2000. - 672 ʩ 

3. ʀ. ʄ. ɻʦʣʴʬʛʘʪ, ʃ. ʕ. ɻʝʥʜʝʥʰʪʝʡʥ, ʃ. ɸ. ʂʠʨʠʢ. 1001 ʟʘʜʘʯʘ ʧʦ ʬʠʟʠʢʝ ʩ ʦʪʚʝʪʘʤʠ, ʫʢʘʟʘʥʠʷʤʠ, 

ʨʝʰʝʥʠʷʤʠ. ï ʄ. : çʀʣʝʢʩʘè, 2007, - 372 ʩ 

 

 
ɸ.ʂ. ʂʘʣʘʯʝʚ ʩʪʫʜ.; ʨʫʢ. ɼ.ʉ. ʈʘʩʩʢʘʟʘ ʩʪ. ʧʨʝʧʦʜ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɻɸʋʉʉ-ʇʋʐɽʂ 

 

ɻʘʫʩʩ-ʧʫʰʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʟʛʦʥʘ ʩʥʘʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʦʣʝʥʦʠʜʥʳʤʠ ʢʘʪʫʰʢʘʤʠ. ɽʸ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʟʘʢʦʥʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʥʝʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʂʇɼ 

[1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɻʘʫʩʩ-ʧʫʰʢʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʸ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʊʘʢʦʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʢʘʢʠʝ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʂʇɼ ʠ ʧʨʦʩʪʦʪʳ ʩʙʦʨʢʠ. ɼʘʥʥʳʝ ʟʥʘʥʠʷ 

ʧʦʤʦʛʫʪ ʠʟʙʝʞʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʛʨʝʚʦʤ ʢʘʪʫʰʝʢ, 

ʥʝʧʨʘʚʠʣʴʥʳʤ ʨʘʩʯʝʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʥʠʤʘʥʠʝ ʢʣʶʯʝʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʦʟʚʦʣʠʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʭʝʤʫ 
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ɻʘʫʩʩ-ʧʫʰʢʠ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ, ʙʫʜʴ ʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʧʫʰʢʠ ɻʘʫʩʩʘ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ɻʘʫʩʩ-ʧʫʰʢʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʛʨʘʝʪ ʩʚʦʶ ʨʦʣʴ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ: 

- ʢʘʪʫʰʢʠ (ʩʦʣʝʥʦʠʜʳ) ʩʦʟʜʘʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ 

ʩʥʘʨʷʜ; 

- ʩʥʘʨʷʜ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʪʷʛʠʚʘʝʪʩʷ ʚ 

ʢʘʪʫʰʢʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ; 

- ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪ ʩʠʩʪʝʤʫ; 

- ʢʦʥʜʝʥʩʘʪʦʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʱʥʳʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʘʪʫʰʢʝ; 

- ʪʠʨʠʩʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʛʥʦʚʝʥʥʦ ʚʳʩʚʦʙʦʜʠʪʴ ʪʦʢ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʝ, ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʥʝʛʦ ʩʠʛʥʘʣʘ; 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʝ. 

ʈʘʟʣʠʯʘʶʪ ʦʜʥʦʢʘʩʢʘʜʥʳʝ ʠ ʤʥʦʛʦʢʘʩʢʘʜʥʳʝ ɻʘʫʩʩ-ʧʫʰʢʠ. ɺ 

ʦʜʥʦʢʘʩʢʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʢʘʪʫʰʢʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ 

ʩʥʘʨʷʜ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʩʪ ʠ ʜʦʩʪʫʧʝʥ, ʥʦ ʠʤʝʝʪ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ: ʤʘʣʳʡ ʂʇɼ, ʥʠʟʢʫʶ ʢʦʥʝʯʥʫʶ ʩʢʦʨʦʩʪʴ ʩʥʘʨʷʜʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ [2]. ɺ ʤʥʦʛʦʢʘʩʢʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʩʥʘʨʷʜ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ ʢʘʪʫʰʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʛʦʥʘ, 

ʫʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʘʪʫʰʝʢ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʫʩʣʦʞʥʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʭʣʘʞʜʝʥʠʶ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʘʫʩʩ-

ʧʫʰʢʠ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʚ 

ʚʠʜʝ ʪʝʧʣʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ (1). 
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                                           ,                                  (1) 

 

ʛʜʝ  ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, 

 ï ʩʠʣʘ ʪʦʢʘ,  

 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ [2].  

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʦʜʥʠʢʠ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, 

ʥʘʧʨʠʤʝʨ, ʤʝʜʴ ʚʤʝʩʪʦ ʘʣʶʤʠʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʦʚ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ-ʪʨʝʪʴʠʭ, ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʢʘʪʫʰʝʢ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ. 

ʊʘʢ ʞʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʧʫʣʴʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʦʯʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚʢʣʶʯʝʥʠʷ ʢʘʪʫʰʝʢ ʠ ʧʦʜʘʯʫ ʵʥʝʨʛʠʠ 

ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ. ɺ ʤʥʦʛʦʢʘʩʢʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʩʥʘʨʷʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ, ʥʘʧʨʠʤʝʨ ʦʧʪʠʯʝʩʢʠʝ (ʬʦʪʦʜʠʦʜʳ, 

ʣʘʟʝʨʳ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʢʘʪʫʰʢʠ ʩʪʨʦʛʦ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʥʘʨʷʜʘ ʯʝʨʝʟ ʠʭ ʮʝʥʪʨ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʪʦʨʤʦʟʷʱʠʡ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʛʦʥʘ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʛʨʝʚ ʢʘʪʫʰʝʢ ʠ ʩʥʠʞʝʥʠʝ ʂʇɼ.  

ɼʣʷ ʢʦʤʤʫʪʘʮʠʠ ʤʦʱʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʠʣʦʚʳʝ ʪʠʨʠʩʪʦʨʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʦʢʠ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. ɺ ʟʘʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʪʠʨʠʩʪʦʨ ʙʣʦʢʠʨʫʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ 

ʯʝʨʝʟ ʢʘʪʫʰʢʫ, ʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʤʛʥʦʚʝʥʥʦ 

ʦʪʢʨʳʚʘʝʪʩʷ, ʧʦʜʘʚʘʷ ʠʤʧʫʣʴʩ ʥʘ ʢʘʪʫʰʢʫ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʥʘʨʷʜʘ 

ʪʠʨʠʩʪʦʨ ʩʥʦʚʘ ʟʘʢʨʳʚʘʝʪʩʷ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʝʥʫʞʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʠʨʠʩʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʨʦʩʪʫʶ ʠ ʥʘʜʸʞʥʫʶ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʩʣʦʞʥʳʭ ʩʭʝʤ, ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʭ ʟʘʤʝʥʷʶʪ ʥʘ 

MOSFET ʠʣʠ IGBT-ʪʨʘʥʟʠʩʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʪʦʯʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ, ʥʦ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦ ʚʩʝʤʫ ʧʨʦʯʝʤʫ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʠʷʝʪ ʥʘʛʨʝʚ ʩʠʩʪʝʤʳ. ʇʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ, ʯʪʦ ʚʝʜʸʪ ʢ ʝʱʸ 

ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʫʭʫʜʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʛʦʥʘ. ɼʣʷ ʙʦʨʴʙʳ ʩ 

ʵʪʠʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ: 

- ʧʘʩʩʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʣʫʯʰʝʥʥʳʡ ʪʝʧʣʦʦʪʚʦʜ ʟʘ ʩʯʸʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʪʦʨʦʚ; 

- ʚʦʟʜʫʰʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ 
ʪʝʧʣʦʦʙʤʝʥʘ; 

- ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʱʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʪʚʦʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʪʝʧʣʘ; 

- ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʨʠʦʛʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʪʦʣʴʢʦ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ɻʘʫʩʩ-ʧʫʰʝʢ. ʆʙʳʯʥʳʝ ʢʘʪʫʰʢʠ 

ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ 

ʵʥʝʨʛʠʠ. ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʦʪʠʚ, ʠʤʝʶʪ ʥʫʣʝʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʙʝʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʂʇɼ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʘʟʛʦʥʘ ʩʥʘʨʷʜʦʚ. ʆʜʥʘʢʦ ʛʣʘʚʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʚʝʨʭʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʪʨʝʙʫʶʪ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʠʤ 

ʛʝʣʠʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʤʦʛʫʪ 

ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʦʜʥʘʢʦ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘ 

ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ. 

ʇʦʤʠʤʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʛʝʦʤʝʪʨʠʷ 

ʢʘʪʫʰʝʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʢʘʪʫʰʝʢ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʟʙʳʪʦʯʥʳʝ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʥʘ ʧʘʨʘʟʠʪʥʳʝ ʚʠʭʨʝʚʳʝ ʪʦʢʠ. ʆʙʳʯʥʳʝ ʩʦʣʝʥʦʠʜʥʳʝ ʢʘʪʫʰʢʠ ʩʦʟʜʘʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ, ʠʟ-ʟʘ ʯʝʛʦ ʩʥʘʨʷʜ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ 

ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʪʫʰʝʢ ʩ ʠʟʤʝʥʷʝʤʳʤ ʜʠʘʤʝʪʨʦʤ 

ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ, ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ 

ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʠ ʫʣʫʯʰʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʛʦʥʘ [2]. 

ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʩʥʘʨʷʜʘ. ɺ ʠʜʝʘʣʝ 

ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ. ɾʝʣʝʟʦ ʠ ʥʠʢʝʣʴ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ, 

ʦʜʥʘʢʦ ʤʦʛʫʪ ʧʝʨʝʛʨʝʚʘʪʴʩʷ ʠʟ-ʟʘ ʠʥʜʫʢʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʠʟʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. 

ʂʨʦʤʝ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ɻʘʫʩʩ-ʧʫʰʢʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ɺ ʚʦʝʥʥʦʡ ʩʬʝʨʝ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʨʫʞʠʷ. ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʧʫʩʢʘ ʥʝʙʦʣʴʰʠʭ ʩʧʫʪʥʠʢʦʚ ʠʣʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʥʘ 

ʦʨʙʠʪʫ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʫʧʨʘʚʣʝʥʠʝʤ ʠ 

ʦʭʣʘʞʜʝʥʠʝʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʛʘʫʩʩ-ʧʫʰʢʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ ʢʦʤʧʦʥʝʥʪʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʤʥʦʛʦʢʘʩʢʘʜʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʛʦʥʘ, 

ʥʦ ʫʩʣʦʞʥʷʶʪ ʫʧʨʘʚʣʝʥʠʝ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚʘʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʚʦʜʥʠʢʠ ʩ ʥʠʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʝʨʝʛʨʝʚ ʩʥʠʞʘʝʪ ʂʇɼ. ʆʧʪʠʤʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʪʫʰʝʢ 

ʧʦʤʦʛʘʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʫʤʝʥʴʰʘʪʴ ʧʘʨʘʟʠʪʥʳʝ 

ʚʠʭʨʝʚʳʝ ʪʦʢʠ.   

ʇʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ ʦʥʠ 
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ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʪʨʝʙʫʶʪ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ ʩ ʦʜʥʦʡ 

ʢʘʪʫʰʢʦʡ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʞʝʨʪʚʫʷ ʤʦʱʥʦʩʪʴʶ. 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʩʥʘʨʷʜʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ï ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ, ʥʦ ʩ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʠʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢʠ. ʋʣʫʯʰʝʥʠʝ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʧʫʰʢʫ 

ɻʘʫʩʩʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʉʈɸɺʅɽʅʀɽ ʆʂʋʃʗʈʆɺ ʌʈɸʋʅɻʆʌɽʈɸ ʀ ɻʖʁɻɽʅʉɸ 

 

ʆʢʫʣʷʨ ï ʵʪʦ ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʟʫ ʠʣʠ ʩʠʩʪʝʤʫ ʣʠʥʟ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʢʦʥʮʝ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʢ ʧʨʠʤʝʨʫ: ʪʝʣʝʩʢʦʧʳ, 

ʤʠʢʨʦʩʢʦʧʳ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʦʢʫʣʷʨʘ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʪʢʦʛʦ ʫʚʝʣʠʯʝʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʪʝʣʴ ʤʦʞʝʪ ʚʠʜʝʪʴ.[1] ʂʘʢ ʤʳ ʧʦʥʷʣʠ, 

ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʦʢʫʣʷʨʳ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʩʨʘʚʥʠʤ 

ʦʢʫʣʷʨʳ ʌʨʘʫʥʛʦʬʝʨʘ ʠ ɻʶʡʛʝʥʩʘ. 

ʆʢʫʣʷʨ ʌʨʘʫʥʛʦʬʝʨʘ ï ʵʪʦ ʪʠʧ ʦʧʪʠʯʝʩʢʦʛʦ ʦʢʫʣʷʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʪʝʣʝʩʢʦʧʠʠ. ɼʘʥʥʳʡ ʚʠʜ 

ʦʢʫʣʷʨʦʚ ʚʳʩʦʢʦ ʮʝʥʠʪʩʷ ʟʘ ʩʚʦʶ ʦʧʪʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʧʫʣʷʨʥʳʤ ʚʳʙʦʨʦʤ ʩʨʝʜʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʚ 

ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʡ [1]. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʌʨʘʫʥʛʦʬʝʨʘ. ʂʦʥʩʪʨʫʢʮʠʷ ï ʦʢʫʣʷʨ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʣʠʥʟ ʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʪʝʢʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʧʦʨʷʜʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʙʝʨʨʘʮʠʠ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ï ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʤʠʢʨʦʩʢʦʧʘʤʠ ʠ ʪʝʣʝʩʢʦʧʘʤʠ. ʐʠʨʦʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʡ 

ʫʛʦʣ ʦʙʟʦʨʘ (ʦʢʦʣʦ 60Á), ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʙʦʣʴʰʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʠʣʠ ʜʝʪʘʣʷʤʠ.[2]  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʦʢʫʣʷʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, 

ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟ-ʟʘ ʯʝʛʦ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʘʷ ʢʘʣʠʙʨʦʚʢʘ, 

ʙʦʣʴʰʦʡ ʚʝʩ ʠ ʨʘʟʤʝʨ, ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʣʫʯʰʝ 

ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʩ ʦʙʲʝʢʪʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ.[2] 
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ʈʠʩʫʥʦʢ 1  ╖  ʕʩʢʠʟ ʦʢʫʣʷʨʘ ʌʨʘʫʥʛʦʬʝʨʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ 

çZemaxè 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʌʨʘʫʥʛʦʬʝʨʘ 
ʆʢʫʣʷʨ ʌʨʘʫʥʛʦʬʝʨʘ ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ f ô=24,93 

ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ 

SôFô=21,59 ʤʤ 

×d = 10,1 ʤʤ 

2ɤ = 300-400 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ r, ʤʤ 

ʊʦʣʱʠʥʘ d, 

ʤʤ 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ N 

Ð 5,0 1,5183 (ʂ7) 

-25,82 

0,1 1 

25,82 

5,0 1,5183 (ʂ7) 
Ð 

 

ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ ï ʵʪʦ ʪʠʧ ʦʧʪʠʯʝʩʢʦʛʦ ʦʢʫʣʷʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʟʚʸʟʜʥʳʤ ʥʝʙʦʤ, ʥʦ ʪʘʢʞʝ ʥʘʰʸʣ ʩʚʦʸ ʤʝʩʪʦ ʚ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɼʘʥʥʳʡ ʚʠʜ ʦʢʫʣʷʨʦʚ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʦʩʪ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʧʦʧʫʣʷʨʝʥ ʚ ʣʶʙʠʪʝʣʴʩʢʠʭ ʤʠʢʨʦʩʢʦʧʘʭ ʠ ʪʝʣʝʩʢʦʧʘʭ [1]. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ. ʂʦʥʩʪʨʫʢʮʠʷ ï ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʧʣʦʩʢʦʚʳʧʫʢʣʳʭ ʣʠʥʟ. ʆʙʝ ʣʠʥʟʳ ʦʙʨʘʱʝʥʳ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʦʡ ʢ 

ʦʙʲʝʢʪʠʚʫ. ʋʚʝʣʠʯʝʥʠʝ ï ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ. 

ʇʦʣʝ ʟʨʝʥʠʷ ï ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ (ʦʢʦʣʦ 40Á), ʠʟ-ʟʘ ʯʝʛʦ 

ʨʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʢʪʘʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ [3]. 

ʅʝʜʦʩʪʘʪʢʠ ʦʢʫʣʷʨʘ: ʫʟʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʫʜʦʙʩʪʚʦ 

ʨʘʙʦʪʳ, ʩʠʣʴʥʦ ʟʘʤʝʪʥʘʷ ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ, 

ʢʦʪʦʨʫʶ ʦʢʫʣʷʨ ʥʝ ʢʦʨʨʝʢʪʠʨʫʝʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʠʚʘʤʠ, ʘ ʪʘʢʞʝ ʤʘʣʳʡ ʩʨʦʢ ʩʣʫʞʙʳ [3]. 
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ʈʠʩʫʥʦʢ 2  ╖  ʕʩʢʠʟ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ 

çZemaxè 
 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2  

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ Zemax, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʢʫʣʷʨʦʚ, 

ʩ ʟʘʜʘʥʥʳʤʠ ʣʫʯʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʪʝʢʣʝ çK7è (ʂʨʦʥ). 

ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʩʦ ʩʪʝʢʣʦʤ çK7è (ʨʠʩʫʥʦʢ3) ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ 

ʟʘʤʝʪʥʘ ʩʠʣʴʥʝʝ, ʯʝʤ ʚ ʦʢʫʣʷʨʝ ʌʨʘʫʥʛʦʬʝʨʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʤʝʨʘ ʧʷʪʥʘ ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʝʛʦ ʠʩʢʘʞʝʥʠʶ, ʦʩʦʙʝʥʥʦ ʥʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ. 

ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ ʚ ʮʝʥʪʨʝ 

ʧʦʣʷ ʟʨʝʥʠʷ. ʇʷʪʥʦ ʨʘʩʩʝʠʚʘʥʠʷ ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ (ʨʠʩʫʥʦʢ3) ʚ ʮʝʥʪʨʝ 

ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʤ. ʅʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ ʩʬʝʨʠʯʝʩʢʘʷ 

ʘʙʝʨʨʘʮʠʷ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʨʘʟʤʳʪʠʶ ʧʷʪʥʘ.  

 

ʆʢʫʣʷʨ ɻʶʡʛʝʥʩʘ 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ f ô = 25 ʤʤ 
ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ 

SôF ô= 5,6 ʤʤ 

×d = 30,15 ʤʤ 

2ɤ < 450 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ r, ʤʤ 
ʊʦʣʱʠʥʘ d, ʤʤ ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ N 

18,29 
3,98 1,5183(ʂ7) 

Ð 

25,17 1 

9,45 

1 1,5183(ʂ7) 
Ð 
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ʈʠʩʫʥʦʢ 3 ï ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ (ʩʣʝʚʘ) ʠ ʧʷʪʥʦ ʨʘʩʩʝʷʥʠʷ ʚ ʦʢʫʣʷʨʝ 

ɻʶʡʛʝʥʩʘ (ʩʧʨʘʚʘ) 
 

ɺ ʦʢʫʣʷʨʝ ʌʨʘʫʥʛʦʬʝʨʘ ʧʷʪʥʦ ʨʘʩʩʝʷʥʠʷ (ʨʠʩʫʥʦʢ4) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ 

ʠʩʢʘʞʝʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʠʜʥʘ ʯʸʪʢʘʷ ʢʘʨʪʠʥʢʘ ʧʦ ʚʩʝʤ ʢʨʘʷʤ ʦʙʲʝʢʪʠʚʘ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ (ʩʣʝʚʘ) ʠ ʧʷʪʥʦ ʨʘʩʩʝʷʥʠʷ ʚ ʦʢʫʣʷʨʝ 

ʌʨʘʫʥʛʦʬʝʨʘ (ʩʧʨʘʚʘ) 

 

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʢʫʣʷʨʦʚ ʩʦ ʩʪʝʢʣʦʤ çLZ_TF7è (ʪʷʞʸʣʳʡ ʬʣʠʥʪ). 

ʉʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ ʫʚʝʣʠʯʠʣʠ ʜʠʘʧʘʟʦʥ 

(ʨʠʩʫʥʦʢ5), ʠʟ-ʟʘ ʯʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʘʢʠʤ ʯʝʪʢʠʤ, ʢʘʢ ʥʘ ʩʪʝʢʣʝ 

çK7è (ʨʠʩʫʥʦʢ3). 

 

 
ʈʠʩʫʥʦʢ 5 ï ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʚ ʦʢʫʣʷʨʝ ɻʶʡʛʝʥʩʘ ʩʦ ʩʪʝʢʣʦʤ 

çLZ_TF7è  
 

ʉʨʘʚʥʠʚʘʷ ʩʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʦʢʫʣʷʨʘ ʌʨʘʫʥʛʦʬʝʨʘ (ʨʠʩʫʥʦʢ6), ʪʦ 

ʦʪʣʠʯʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʠʜʥʦ, ʪʦ ʝʩʪʴ ʯʝʪʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʤʝʥʷʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 6 - ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʚ ʦʢʫʣʷʨʝ ʌʨʘʫʥʛʦʬʝʨʘ ʩʦ ʩʪʝʢʣʦʤ 

çLZ_TF7è 
 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ ʦʢʫʣʷʨʘ ɻʶʡʛʝʥʩʘ ʩʦ ʩʪʝʢʣʦʤ çLZ_TF7è, ʪʦ 

ʨʘʟʥʠʮʘ ʚʝʣʠʢʘ. ʆʥʦ ʩʪʘʣʦ ʙʦʣʝʝ ʩʞʘʪʳʤ, ʠʟ-ʟʘ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʦʙʣʘʩʪʴ ʦʙʟʦʨʘ. 

 

  
ʈʠʩʫʥʦʢ 7 ï ʇʷʪʥʦ ʨʘʩʩʝʷʥʠʷ ɻʶʡʛʝʥʩʘ (ʩʣʝʚʘ) ʠ ʌʨʘʫʥʛʦʬʝʨʘ (ʩʧʨʘʚʘ) ʩʦ 

ʩʪʝʢʣʦʤ çLZ_TF7è 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʫʣʷʨʳ ʌʨʘʫʥʛʦʬʝʨʘ ʠ ɻʶʡʛʝʥʩʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʬʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʢʫʣʷʨ ʌʨʘʫʥʛʦʬʝʨʘ, ʦʙʣʘʜʘʷ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʚʳʩʦʢʦʡ ʢʦʨʨʝʢʮʠʝʡ 

ʘʙʝʨʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ (ʜʦ 60Á) ʠ ʧʨʝʚʦʩʭʦʜʥʦʝ 

ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʘʩʪʨʦʥʦʤʠʠ. ʆʜʥʘʢʦ ʝʛʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʝʩ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʶʜʞʝʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʦʢʫʣʷʨ ɻʶʡʛʝʥʩʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʠʜʝʘʣʝʥ ʜʣʷ ʫʯʝʙʥʳʭ ʠ ʣʶʙʠʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, 

ʥʦ ʝʛʦ ʫʟʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ (ʦʢʦʣʦ 40Á), ʟʘʤʝʪʥʳʝ ʘʙʝʨʨʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʚʳʩʦʢʦʢʣʘʩʩʥʳʤʠ ʦʙʲʝʢʪʠʚʘʤʠ ʜʝʣʘʶʪ ʝʛʦ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʩʝʨʴʸʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯʘʭ: ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ï ʌʨʘʫʥʛʦʬʝʨ, ʜʣʷ 

ʙʘʟʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ï ɻʶʡʛʝʥʩ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄ.ʄ. ʂʦʚʘʣʝʥʦʢ, ʩʪʫʜ.; ʨʫʢ. ɺ.ʃ. ɾʙʘʥʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢ)  

ʈɸʉʏɪʊ ɿʈʀʊɽʃʔʅʆʁ ʊʈʋɹʓ  

 

ɿʨʠʪʝʣʴʥʘʷ ʪʨʫʙʘ ï ʵʪʦ ʧʨʠʙʦʨ, ʥʘʙʣʶʜʝʥʠʷ ʩ ʢʦʪʦʨʦʛʦ ʚʝʜʫʪʩʷ ʦʜʥʠʤ 

ʛʣʘʟʦʤ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʟʘʢʨʝʧʣʝʥʥʦʤ ʰʪʘʪʠʚʝ ʜʣʷ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʟʨʠʪʝʣʴʥʳʭ ʪʨʫʙ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʦ ʥʘ 

ʚʳʩʦʢʦʡ ʢʨʘʪʥʦʩʪʠ ʠ ʠʤʝʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʠʘʤʝʪʨʘ ʚʭʦʜʥʦʛʦ 

ʟʨʘʯʢʘ ʠ ʩʚʝʪʦʩʠʣʳ, ʥʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʙʨʘʟʮʳ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʘʤʝʪʨʘ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ ʠ ʩʚʝʪʦʩʠʣʳ, ʭʦʪʴ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʦʥʠ ʢʫʜʘ ʨʝʞʝ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʙʠʥʦʢʣʝʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʨʘʪʥʦʩʪʴ ʚʳʰʝ 20 ʫʞʝ ʩʯʠʪʘʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʡ, ʜʣʷ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ ʢʨʘʪʥʦʩʪʴ ʚ 50-80 ʠ ʚʳʰʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʦʡ, 

ʯʪʦ ʚʧʦʣʥʝ ʩʭʦʞʝ ʩ ʢʨʘʪʥʦʩʪʴʶ ʥʝʙʦʣʴʰʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʟʨʠʪʝʣʴʥʳʭ ʪʨʫʙ ï ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʤʘʣʳʤʠ, ʠʣʠ ʜʘʞʝ ʥʝʟʨʠʤʳʤʠ ʦʙʳʯʥʳʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʟʨʝʥʠʝʤ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. 

ʆʙʳʯʥʦ ʩʪʨʦʝʥʠʝ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ ʚʳʧʦʣʥʝʥʦ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ: 

ʦʙʲʝʢʪʠʚ ï ʦʢʫʣʷʨ ï ʣʠʥʟʦʚʘʷ ʦʙʦʨʘʯʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ. ʆʙʳʯʥʦ ʯʝʤ ʜʣʠʥʥʝʝ 

ʩʘʤʘ ʪʨʫʙʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʸ ʢʨʘʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʠ ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ. 

ʅʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮʳ ʜʝʣʘʶʪʩʷ çʨʘʟʜʚʠʞʥʳʤʠè ʜʣʷ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʫʜʦʙʩʪʚʘ 

ʧʝʨʝʥʦʩʢʠ ʠ ʭʨʘʥʝʥʠʷ, ʘ çʥʝʨʘʟʜʚʠʞʥʳʝè ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʝʨʢʘʣʴʥʳʝ ʠ ʧʨʠʟʤʝʥʥʳʝ ʦʙʦʨʘʯʠʚʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʛʘʙʘʨʠʪʳ ʩʘʤʦʡ ʫʩʪʘʥʦʚʢʠ.  

ɿʨʠʪʝʣʴʥʳʝ ʪʨʫʙʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: 

- ʄʦʥʦʢʫʣʷʨʳ. ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ ʟʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 20 ʢʨʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʜʦʙʥʦʛʦ ʤʦʥʦʢʫʣʷʨʘ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ çʢʘʨʤʘʥʥʳʡè ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ. 

- ɿʨʠʪʝʣʴʥʳʝ ʪʨʫʙʳ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. ɿʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠʤʝʶʱʠʝ 

ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ 40 ʤʤ ʠ ʙʦʣʝʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 20-40 ʢʨʘʪ. ɺʦʟʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʝ, ʢʘʢ ʩ ʨʫʢ, ʥʘʧʨʠʤʝʨ: ʩʪʨʝʣʢʦʚʦʝ ʦʨʫʞʠʝ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʧʨʠʮʝʣʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠʣʠ ʧʝʨʝʤʝʥʥʦʡ 

ʢʨʘʪʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʰʪʘʪʠʚ: ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʟʨʠʪʝʣʴʥʦʡ 

ʪʨʫʙʳ. ɼʣʷ ʪʨʫʙ ʧʝʨʝʤʝʥʥʦʡ ʢʨʘʪʥʦʩʪʠ ʩʚʦʡʩʪʚʝʥʝʥ çʧʘʥʢʨʝʘʪʠʯʝʩʢʠʡè 

ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʢʨʘʪʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʥʘʧʨʠʤʝʨ: 3-12, 8-20, 20-40.  

- ʄʦʱʥʳʝ ʟʨʠʪʝʣʴʥʳʝ ʪʨʫʙʳ ʠ ʫʩʪʘʥʦʚʢʠ ʩʚʝʨʭʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʨʠʪʝʣʴʥʳʤʠ ʪʨʫʙʘʤʠ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ, ʚʠʟʫʘʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʚʥʫʰʠʪʝʣʴʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ ʠ ʤʘʩʩʦʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʣʘʜʘʶʪ ʢʫʜʘ ʙʦʣʴʰʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ 100-140 ʢʨʘʪ ʠ ʜʠʘʤʝʪʨʦʤ ʦʙʲʝʢʪʠʚʘ 80-120 ʤʤ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʢʨʘʪʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ 

ʪʨʫʙʳ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʰʪʘʪʠʚʝ, ʥʘʧʨʠʤʝʨ ʚ ʘʚʪʦʥʦʤʠʠ, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʟʚʸʟʜʘʤʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ 

 

ʛʜʝ D1 ï ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ; 

D2 ï ʜʠʘʤʝʪʨ ʦʢʫʣʷʨʘ; 

f1 ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʙʲʝʢʪʠʚʘ; 

f2 ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʢʫʣʷʨʘ. 

ɿʨʠʪʝʣʴʥʳʝ ʪʨʫʙʳ ʩʫʱʝʩʪʚʫʶʪ ʜʚʫʭ ʪʠʧʦʚ: ʂʝʧʣʝʨʘ ʠ ɻʘʣʠʣʝʷ. 

ɿʨʠʪʝʣʴʥʘʷ ʪʨʫʙʘ ʂʝʧʣʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ   

ʦʙʲʝʢʪʠʚ ï ʩʦʙʠʨʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠ ʦʢʫʣʷʨ ï ʩʦʙʠʨʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʊʨʫʙʘ 

ʂʝʧʣʝʨʘ ʧʝʨʝʜʘʸʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʥʦʝ ʦʙʨʘʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʘʜʥʝʡ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʦʤ 

ʠ ʦʢʫʣʷʨʦʤ ʨʘʚʥʦ ʩʫʤʤʝ ʬʦʢʫʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʢʫʣʷʨʘ ʠ ʦʙʲʝʢʪʠʚʘ. ʉʭʝʤʘ 

ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ ʂʝʧʣʝʨʘ ʠ ʭʦʜ ʣʫʯʝʡ ʚ ʥʝʡ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʍʦʜ ʣʫʯʝʡ ʚ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʝ ʂʝʧʣʝʨʘ 

 

ɿʨʠʪʝʣʴʥʘʷ ʪʨʫʙʘ ɻʘʣʠʣʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʦʢʫʣʷʨ ï 

ʨʘʩʩʝʠʚʘʶʱʘʷ ʩʠʩʪʝʤʘ. ʊʨʫʙʘ ɻʘʣʠʣʝʷ ʧʝʨʝʜʘʸʪ ʧʨʷʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ, 

ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʦʤ ʠ ʦʢʫʣʷʨʦʤ ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʬʦʢʫʩʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʦʢʫʣʷʨʘ ʠ ʦʙʲʝʢʪʠʚʘ. ʉʭʝʤʘ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ ɻʘʣʠʣʝʷ ʠ ʭʦʜ ʣʫʯʝʡ 

ʚ ʥʝʡ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʍʦʜ ʣʫʯʝʡ ʚ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʝ ɻʘʣʠʣʝʷ 

 

ʈʘʩʯʸʪ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʳ. ʅʘʡʜʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʦʨʘʯʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʫʛʣʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ʥʘ ʕɺʄ ʧʦ 

ʧʨʦʛʨʘʤʤʝ çZemaxè. 

ʆʩʪʘʪʦʯʥʳʝ ʘʙʝʨʨʘʮʠʠ ʦʙʦʨʘʯʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʪʨʝʭ ʜʣʠʥ ʚʦʣʥ 

ʨʘʩʩʯʠʪʘʝʤ ʥʘ ʕɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çZemaxè (ʨʠʩʫʥʢʠ 4, 5 ʠ 6): 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʘʨʘʤʝʪʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ 

 

 
ʈʠʩʫʥʦʢ 5 ï ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʦʨʘʯʠʚʘʶʱʝʡ ʣʠʥʟʳ 
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ʈʠʩʫʥʦʢ 6 ï ʇʦʧʝʨʝʯʥʳʝ ʘʙʝʨʨʘʮʠʠ ʦʙʦʨʘʯʠʚʘʶʱʝʡ ʣʠʥʟʳ 

 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʫʛʣʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ɓ ʧʦ ʬʦʨʤʫʣʝ 1: 

 

ɓ = a'k / ak, (1) 

 

ʇʦʣʫʯʠʤ: ɓ = 230,13 / 165,14 = 1,39x. 
ɸʥʘʣʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ. ʉʪʨʝʤʣʝʥʠʝ ʯʘʩʪʠʯʥʦ ʠʩʧʨʘʚʠʪʴ ʚʩʝ 

ʘʙʝʨʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʣʠʰʥʝʤʫ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʟʨʠʪʝʣʴʥʳʭ ʪʨʫʙʘʭ, ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʊʘʢ ʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʸʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʘʯʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʕɺʄ ʚ ʧʨʦʛʨʘʤʤʝ 

çZemaxè. ɺʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʚʣʠʷʣ ʥʘ ʨʝʟʢʦʩʪʴ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ 

ʘʙʝʨʨʘʮʠʡ. ʏʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʚʝʪʘ ʦʥ ʩʦʙʠʨʘʝʪ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ. ʇʨʠ ʟʘʤʝʥʝ ʦʢʫʣʷʨʘ ʚ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʝ ʠʟʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ, ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ ʠ ʫʜʦʙʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʣʠ ʧʦʚʩʝʜʥʝʚʥʳʭ ʫʩʣʦʚʠʷʭ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʃʘʥʜʩʙʝʨʛ ɻ.ʉ. ʆʧʪʠʢʘ.ï ʄ.: ʅʘʫʢʘ, 1976. 

2. ʌʠʟʠʯʝʩʢʠʡ ʧʨʘʢʪʠʢʫʤ / ʇʦʜ ʨʝʜ. ɺ.ʀ. ʀʚʝʨʦʥʦʚʦʡ.ï ʄ.: ʅʘʫʢʘ, 1968. 

3. ɻʚʦʟʜʝʚʘ ʅ.ʇ., ʂʦʨʢʠʥʘ ʂ.ʀ. ʇʨʠʢʣʘʜʥʘʷ ʦʧʪʠʢʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ.ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976. 

4. ʊʫʜʦʨʦʚʩʢʠʡ ɸ.ʀ. ʊʝʦʨʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ.ï ʄ.: ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ, 1937. 
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ɼ.ʂ. ʂʦʚʪʫʥ, ʩʪʫʜ.; ʨʫʢ ʄ.ʄ. ɿʝʨʥʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ʉɺɽʊʆɼʀʆɼʅʆʁ ʇʆɼʉɺɽʊʂʀ ʉʈɽɼʉʊɺ 

ʀʅɼʀɺʀɼʋɸʃʔʅʆʁ ʄʆɹʀʃʔʅʆʉʊʀ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠ (ʉʀʄ), ʪʘʢʠʝ 

ʢʘʢ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʳ, ʩʝʛʚʝʠ ʠ ʛʠʨʦʩʢʫʪʝʨʳ, ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʥʠ ʫʜʦʙʥʳ, ʤʦʙʠʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʛʦʨʦʜʫ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʩʚʷʟʘʥʦ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʠʩʢʘʤʠ. ʀʟ-ʟʘ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ ʵʪʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʜʦʨʦʛʝ [1]. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʠ, 

ʢʦʪʦʨʘʷ ʥʝ ʪʦʣʴʢʦ ʜʝʣʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ, ʥʦ ʠ ʧʨʠʜʘʸʪ ʝʤʫ 

ʩʪʠʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ. 
ɺʥʝʜʨʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʠ ʜʝʣʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʟʘʤʝʪʥʳʤ ʥʝ ʪʦʣʴʢʦ 

ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʥʦ ʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʜʦʞʜʴ 

ʠʣʠ ʪʫʤʘʥ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʧʣʦʪʥʳʡ ʪʨʘʬʠʢ ʠ 

ʩʣʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʠʜʠʤʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʦʚ ʠ ʤʦʥʦʢʦʣʸʩ ʫʞʝ ʦʩʥʘʱʘʶʪʩʷ ʙʘʟʦʚʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʦʜʩʚʝʪʢʠ, ʦʜʥʘʢʦ ʢʘʩʪʦʤʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʩʚʝʱʝʥʠʝ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ. ʅʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʠʭʩʷ ʮʚʝʪʦʚ ʠʣʠ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʞʠʤʘ 

ʦʩʚʝʱʝʥʠʷ, ʧʦʜʩʪʨʘʠʚʘʶʱʝʛʦʩʷ ʧʦʜ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢ ʚʩʪʨʦʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢ 

ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʢʩʝʩʩʫʘʨʳ. ʅʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʳ Ninebot ʠ Xiaomi 

ʦʩʥʘʱʝʥʳ ʙʘʟʦʚʳʤʠ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʝʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ 

ʬʦʥʘʨʠ, ʘ ʪʘʢʞʝ ʜʝʢʦʨʘʪʠʚʥʦʡ ʙʦʢʦʚʦʡ ʧʦʜʩʚʝʪʢʦʡ [2]. ɹʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ 

ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ GlowRiders ʠ ShredLights, 

ʧʨʝʜʣʘʛʘʶʱʠʤʠ ʘʜʘʧʪʠʚʥʫʶ ʧʦʜʩʚʝʪʢʫ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. 

ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤ Arduino ʠ 

ESP32, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʝʪʦʚʳʝ 

ʵʬʬʝʢʪʳ, ʚʢʣʶʯʘʷ ʨʝʘʢʮʠʶ ʥʘ ʫʩʢʦʨʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʇʣʘʥʠʨʫʝʤʦʝ ʨʝʰʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʪʝʤ, ʯʪʦ ʦʥʦ ʙʫʜʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʘʜʘʧʪʠʚʥʳʤ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʘʩʩʦʚʳʡ ʨʳʥʦʢ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʘʟʦʚʫʶ ʚʠʜʠʤʦʩʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ 

ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʚ ʜʚʠʞʝʥʠʠ, ʥʝ ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠʣʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʴʰʝ ʛʠʙʢʦʩʪʠ, ʥʦ ʦʥʠ 

ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʤʦʜʝʣʷʤʠ ʉʀʄ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, 
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ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʩʪʨʘʠʚʘʥʠʝ 

ʧʦʜʩʚʝʪʢʠ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʥʘʢʣʦʥ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, ʜʦʞʜʴ ʠʣʠ ʪʫʤʘʥ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʪʦʪʦʡ ʚʥʝʜʨʝʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ, ʥʝ ʪʨʝʙʫʷ ʩʣʦʞʥʦʡ 

ʢʘʩʪʦʤʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʦʜʝʣʝʡ ʉʀʄ.  

ʈʘʟʨʘʙʦʪʢʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦʪ ʚʳʙʦʨ ï ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʢʦʤʧʦʥʝʥʪʳ 

ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ (ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʠ 

ʛʠʨʦʩʢʦʧʳ) ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʉʀʄ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʩʧʦʩʦʙʥʳʡ 

ʙʳʩʪʨʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʠ ʫʧʨʘʚʣʷʪʴ ʩʚʝʪʦʜʠʦʜʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʤʦʜʫʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʘʜʘʧʪʠʨʫʝʤʘʷ ʢ ʨʘʟʥʳʤ ʤʦʜʝʣʷʤ ʉʀʄ, ʠ ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢʘʢ ʢ ʚʩʪʨʦʝʥʥʦʤʫ ʘʢʢʫʤʫʣʷʪʦʨʫ, ʪʘʢ ʠ ʢ 

ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʘ ʟʘʱʠʪʘ ʦʪ ʚʣʘʛʠ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʢʘʩʪʦʤʠʟʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʳ RGB-ʩʚʝʪʦʜʠʦʜʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʉʀʄ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʚʝʪʦʜʠʦʜʦʚ, ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʠʪʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʟʘʱʠʪʫ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʠ ʧʝʨʝʛʨʝʚʘ [3]. ʈʘʟʤʝʱʝʥʠʝ ʩʚʝʪʦʜʠʦʜʦʚ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ ʙʝʟ ʦʩʣʝʧʣʝʥʠʷ ʚʦʜʠʪʝʣʷ ʠ ʦʢʨʫʞʘʶʱʠʭ. 

ɿʘʱʠʪʘ ʧʦʜʩʚʝʪʢʠ ʦʪ ʚʣʘʛʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʨʧʫʩʦʚ ʩ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʟʘʱʠʪʳ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʫʜʦʙʩʪʚʦ ʤʦʥʪʘʞʘ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʦʥʘ 

ʤʦʛʣʘ ʙʳʪʴ ʣʝʛʢʦ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʉʀʄ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʠʩʪʝʤʦʡ. 

ʄʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʩʚʝʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʡ, 

ʜʠʥʘʤʠʯʝʩʢʠʡ, ʨʝʘʢʮʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʠʣʠ ʩʠʛʥʘʣʴʥʳʡ ʨʝʞʠʤ, ʢʦʛʜʘ ʧʦʜʩʚʝʪʢʘ 

ʤʠʛʘʝʪ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʠʣʠ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ 

ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʘʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʧʦʜʩʚʝʪʢʠ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʧʦʜ ʩʚʦʠ ʧʨʝʜʧʦʯʪʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʠʣʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʜʦʙʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʩʙʦʨʢʠ ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʧʨʦʚʝʨʢʫ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ ʨʝʞʠʤʦʚ ʩʚʝʯʝʥʠʷ, ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʮʝʥʢʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʫ ʷʨʢʦʩʪʠ. ʀʩʧʳʪʘʥʠʷ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ, ʚ ʫʩʣʦʚʠʷʭ ʜʦʞʜʷ ʠ ʚʠʙʨʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʠ ʜʦʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ. ʇʨʦʚʦʜʷʪʩʷ ʪʘʢʞʝ ʪʝʩʪʳ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ 
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ʩʚʝʪʦʜʠʦʜʦʚ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʬʠʟʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʮʘʨʘʧʠʥʘʤ ʠ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘ ʨʘʙʦʪʫ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʞʘʨʢʦʡ ʠʣʠ ʭʦʣʦʜʥʦʡ ʧʦʛʦʜʝ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ 

ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʉʀʄ, ʪʘʢʠʤʠ ʢʘʢ ʜʘʪʯʠʢʠ ʩʢʦʨʦʩʪʠ ʠʣʠ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʘʨʤʦʥʠʯʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʉʀʄ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʷʨʢʦʩʪʠ ʠʩʢʣʶʯʘʝʪ ʦʩʣʝʧʣʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ, ʜʝʣʘʷ ʧʝʨʝʜʚʠʞʝʥʠʝ ʢʦʤʬʦʨʪʥʳʤ 

ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ. ɽʩʣʠ ʚʳʷʚʣʷʶʪʩʷ ʥʝʜʦʯʸʪʳ, ʤʦʞʥʦ ʚʥʝʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʜ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʜʩʚʝʪʢʠ ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʤʫʟʳʢʦʡ ʩʦʟʜʘʸʪ ʩʪʠʣʴʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʨʝʘʛʠʨʫʷ ʥʘ 

ʨʠʪʤ ʟʚʫʯʘʥʠʷ. ɸʜʘʧʪʘʮʠʷ ʢ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʷʨʢʦʩʪʴ, ʫʤʝʥʴʰʘʷ ʝʸ ʚ ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʙʣʠʢʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʩ GPS-ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʮʚʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʣʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʝʱʸ ʙʦʣʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʫʜʦʙʥʳʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʫʩʪʨʦʡʩʪʚʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʠ ʜʣʷ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʤʦʙʠʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚʳʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʤʦʙʠʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʧʦʜʩʚʝʪʢʘ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʥʦ ʠ ʜʝʣʘʝʪ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʙʦʣʝʝ 

ʩʪʠʣʴʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ʉ.ʉ. ʂʦʪʦʚʘ, ʩʪʫʜ.; ɺ.ɺ. ɸʚʝʨʢʠʝʚ, ʩʪʫʜ.; ʨʫʢ ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʇʆʉʆɹ ʆɹʅɸʈʋɾɽʅʀʗ ɿɸɻʈʗɿʅɽʅʀʁ ʅɸ ʄɸʊʈʀʎɽ ʀ 

ʆɹʒʗʂʊʀɺɽ ʎʀʌʈʆɺʆʁ ʌʆʊʆʂɸʄɽʈʓ  

 

 ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʦʜʥʘʢʦ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ï ʤʘʪʨʠʮʘ ʠ ʦʙʲʝʢʪʠʚ ï 

ʧʦʜʚʝʨʞʝʥʳ ʟʘʛʨʷʟʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʩʲʝʤʢʠ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʫʤʦʚ ʤʘʪʨʠʮʳ ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ ʥʘʣʠʯʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʣʠʥʟʘʭ ʦʙʲʝʢʪʠʚʘ ʠ ʤʘʪʨʠʮʳ 

ʬʦʪʦʘʧʧʘʨʘʪʘ [1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʤʘʪʨʠʮʝ ʠ ʦʙʲʝʢʪʠʚʝ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʘʥʘʣʠʟʝ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʲʝʤʢʝ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

ɽʩʣʠ ʢʨʫʧʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘʤʝʪʠʪʴ ʤʦʞʥʦ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʳʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʪʦ ʤʝʣʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ. ɿʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʦʙʲʝʢʪʠʚʝ ʠ ʤʘʪʨʠʮʝ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦ ʨʘʟʥʳʤ 

ʧʨʠʯʠʥʘʤ ʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ (ʨʠʩʫʥʦʢ 1).  

1. ʇʳʣʴ ʠ ʛʨʷʟʴ: ʯʘʩʪʠʮʳ ʧʳʣʠ, ʧʝʩʦʢ ʠʣʠ ʛʨʷʟʴ ʤʦʛʫʪ ʦʩʝʜʘʪʴ ʥʘ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʠʚʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʢʘʤʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʫʣʠʮʝ ʠʣʠ ʚ 

ʧʳʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

2. ʆʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ: ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢ ʦʙʲʝʢʪʠʚʫ ʧʘʣʴʮʘʤʠ ʦʩʪʘʚʣʷʶʪ 

ʞʠʨʥʳʝ ʩʣʝʜʳ, ʢʦʪʦʨʳʝ ʠʩʢʘʞʘʶʪ ʩʚʝʪ ʠ ʩʥʠʞʘʶʪ ʨʝʟʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. 

3. ʎʘʨʘʧʠʥʳ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪ ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠʣʠ 

ʢʦʥʪʘʢʪʘ ʩ ʪʚʝʨʜʳʤʠ ʧʨʝʜʤʝʪʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʨʷʟʥʝʥʠʷ ʥʘ ʦʙʲʝʢʪʠʚʝ ʠ ʤʘʪʨʠʮʝ 
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ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʜʣʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʳʣʴ ʠ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʨʠʮʳ ʧʨʠ ʩʤʝʥʝ 

ʦʙʲʝʢʪʠʚʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʤʝʨʳ ʚ ʟʘʧʳʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʢʘʤʝʨʳ ʙʝʟ ʟʘʱʠʪʥʦʡ ʢʨʳʰʢʠ ʜʣʷ ʦʙʲʝʢʪʠʚʘ ʠ ʯʝʭʣʘ ʜʣʷ ʢʘʤʝʨʳ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚʠʟʫʘʣʴʥʦ, ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ 

ʦʜʥʦʪʦʥʥʳʡ ʬʦʥ ʥʝʡʪʨʘʣʴʥʦʛʦ ʮʚʝʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʢʨʳʪʦʡ ʜʠʘʬʨʘʛʤʦʡ 

(ʨʠʩ. 2). ʄʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

¶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʘʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʢʨʳʪʫʶ ʜʠʘʬʨʘʛʤʫ (ʥʘʧʨʠʤʝʨ: 

f/36); 

¶ ʥʝʡʪʨʘʣʴʥʳʡ ʦʜʥʦʪʦʥʥʳʡ ʬʦʥ ʙʝʣʦʛʦ ʠʣʠ ʩʚʝʪʣʦ ʩʝʨʦʛʦ ʮʚʝʪʘ (ʥʘʧʨʠʤʝʨ: 
ʧʘʩʤʫʨʥʦʝ ʥʝʙʦ); 

¶ ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜ ʚ ʧʦʤʝʱʝʥʠʝ ʧʦʥʘʙʠʪʴʩʷ ʷʨʢʠʡ ʦʜʥʦʪʦʥʥʳʡ ʬʦʥ. 

ɹʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʝʨʠʷ ʩʥʠʤʢʦʚ ʧʘʩʤʫʨʥʦʛʦ ʥʝʙʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʘʬʨʘʛʤʳ ʦʪ f/10 ʜʦ f/36. ʌʦʢʫʩʠʨʦʚʢʘ ʙʳʣʘ ʚʳʩʪʘʚʣʝʥʘ ʚ çʙʝʩʢʦʥʝʯʥʦʩʪʴè, 

ʪʘʢ ʢʘʢ ʥʘ ʦʜʥʦʪʦʥʥʦʤ ʬʦʥʝ ʢʘʤʝʨʘ ʥʝ ʤʦʞʝʪ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ. ʏʝʤ ʩʠʣʴʥʝʝ 

ʟʘʢʨʳʪʘ ʜʠʘʬʨʘʛʤʘ, ʪʝʤ ʙʦʣʴʰʝ ʛʣʫʙʠʥʘ ʨʝʟʢʦʩʪʠ, ʠ ʪʝʤ ʣʫʯʰʝ ʟʘʤʝʪʥʳ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩʫʥʦʢ 2). 
 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʉʥʠʤʦʢ ʧʨʠ ʜʠʘʬʨʘʛʤʝ: 

 ʘ) f/36 ʙ) f/10 
 

ɺ ʭʦʜʝ ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʥʠʤʢʠ ʤʠʰʝʥʠ (ʙʝʣʦʛʦ ʣʠʩʪʘ 

ʙʫʤʘʛʠ), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʪ ʦʙʲʝʢʪʠʚʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʢʘʤʝʨʘ ʩʤʦʛʣʘ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ, ʥʘ ʣʠʩʪ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʢ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʪʢʨʳʪʦʡ ʜʠʘʬʨʘʛʤʝ 

ʤʥʦʛʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʪ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʢʨʳʪʦʡ 

ʜʠʘʬʨʘʛʤʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʠʜʥʳ ʪʘʢ ʞʝ ʯʝʪʢʦ, ʢʘʢ ʠ ʥʘ ʩʥʠʤʢʘʭ ʥʝʙʘ. 
 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʉʥʠʤʦʢ ʧʨʠ ʜʠʘʬʨʘʛʤʝ ʘ) f/36 ʙ) f/5.6 
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ɿʘʛʨʷʟʥʝʥʠʷ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʳ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʢʘʢ ʥʘ ʩʥʠʤʢʘʭ 

ʥʝʙʘ, ʪʘʢ ʠ ʥʘ ʩʥʠʤʢʘʭ ʙʝʣʦʡ ʤʠʰʝʥʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʙʳʩʪʨʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ 

ʦʙʲʝʢʪʠʚʝ ʠ ʤʘʪʨʠʮʝ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʯʠʱʘʪʴ ʠʭ. ʅʦ ʝʩʣʠ 

ʧʦʩʣʝ ʯʠʩʪʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʪʘʶʪʩʷ, ʟʥʘʯʠʪ ʫʙʨʘʪʴ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʥʝʚʦʟʤʦʞʥʦ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʛʨʘʤʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ 

ʘʨʪʝʬʘʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʬʦʪʦʩʲʝʤʢʝ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʩʥʠʤʢʘʭ 

ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ: 

¶ ɿʘʛʨʫʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ: ʚ ʧʨʦʛʨʘʤʤʫ ʟʘʛʨʫʞʘʶʪʩʷ ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʜʥʦʪʦʥʥʦʛʦ ʬʦʥʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥʳ ʩ ʥʝʙʦʣʴʰʠʤ ʩʤʝʱʝʥʠʝʤ ʚ ʧʨʘʚʦ ʠ 

ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ. ɺ ʧʨʦʮʝʩʩʝ ʩʲʝʤʢʠ ʚʳʩʪʘʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʠ ʜʠʘʬʨʘʛʤʳ (ʥʘʧʨʠʤʝʨ, f/22 ʠʣʠ f/36) ʥʘ ʨʘʚʥʦʤʝʨʥʦ ʦʩʚʝʱʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʛʨʘʜʘʮʠʠ 
ʩʝʨʦʛʦ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʵʢʩʧʦʟʠʮʠʠ ʠ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʚʠʜʠʤʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʡ.  

¶ ʇʦʨʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ: ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʦʪ 0 ʜʦ 255. ʅʘ ʵʪʘʧʝ ʧʦʨʦʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʷ ʷʯʝʝʢ 100 

ʠ ʚʳʰʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 255 (ʙʝʣʳʡ ʮʚʝʪ), ʘ ʥʠʞʝ 100 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 0 

(ʯʸʨʥʳʡ ʮʚʝʪ). ʊʝʤ ʩʘʤʳʤ ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʪʨʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʪʦʣʴʢʦ ʜʚʘ 

ʟʥʘʯʝʥʠʷ 0 ʠ 255. ʗʯʝʡʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 255 ʷʚʣʷʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝʤ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʕʪʘʧ ʧʦʨʦʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

 

¶ ʇʦʠʩʢ ʢʦʥʪʫʨʦʚ: ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʪʫʨʳ ʟʘʛʨʷʟʥʝʥʠʡ, ʪʦ ʝʩʪʴ 

ʥʘʭʦʜʷʪʩʷ ʧʠʢʩʝʣʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʚʥʦ 255. ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʧʠʢʩʝʣʝʡ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʘʤʷʪʴ. 

¶ ʋʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ [2], 

ʣʠʥʝʡʥʘʷ, ʤʝʜʠʘʥʥʘʷ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. 
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¶ ʉʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ: ʦʯʠʱʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ ʠʤʝʶʪ 

ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʪʦʛʨʘʬʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ 

ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʦʜʣʝʥʠʶ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʬʠʟʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʤʘʪʨʠʮʳ 

ʟʘʪʨʫʜʥʝʥʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʅ.ɼ. ʂʨʘʚʯʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. 
(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɽʈʂʃɽɽɺʓ ɼɽʈɽɺʔʗ ɼʃʗ ʆɹɽʉʇɽʏɽʅʀʗ ʎɽʃʆʉʊʅʆʉʊʀ ʀ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɼɸʅʅʓʍ ʇʈʀ ʇɽʈɽɼɸʏɽ 

 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʪʘʢʠʭ ʢʘʢ ʨʘʜʠʦʢʘʥʘʣʳ ʠʣʠ 

ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ, ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʂʘʯʝʩʪʚʦ ʩʚʷʟʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʘʢʝʪʦʚ, ʧʦʤʝʭʘʤ, ʠʩʢʘʞʝʥʠʷʤ ʠ 

ʟʘʜʝʨʞʢʘʤ. ʕʪʦ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʩʥʠʟʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʨʠʩʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʦʜʣʠʥʥʦʩʪʠ. 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʨʝʚʘ ʄʝʨʢʣʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 1980-ʭ 

ʛʦʜʘʭ ʈʦʙʠʥʦʤ ʄʝʨʢʣʦʤ, ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠ. ʄʝʨʢʣ ʩʪʨʝʤʠʣʩʷ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʠʭ ʬʘʡʣʘʭ. ɽʛʦ ʠʟʦʙʨʝʪʝʥʠʝ ʩʪʘʣʦ 

ʨʝʚʦʣʶʮʠʦʥʥʳʤ, ʪʘʢ ʢʘʢ ʜʦ ʵʪʦʛʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ 

ʪʨʝʙʦʚʘʣʦʩʴ ʧʝʨʝʜʘʚʘʪʴ ʚʝʩʴ ʬʘʡʣ ʮʝʣʠʢʦʤ, ʯʪʦ ʙʳʣʦ ʥʝʫʜʦʙʥʦ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. 

ʀʜʝʷ ʄʝʨʢʣʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʙʠʪʴ ʙʦʣʴʰʦʡ ʬʘʡʣ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ, ʚʳʯʠʩʣʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ hash-ʟʥʘʯʝʥʠʝ ʠ ʟʘʪʝʤ 

ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ hash-ʟʥʘʯʝʥʠʷ ʚ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘ ʥʘʯʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʜʝʨʝʚʘ ʥʘʭʦʜʷʪʩʷ hash-ʟʥʘʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʷʭ, ʬʦʨʤʠʨʫʷ ʢʦʨʥʝʚʦʡ hash [1]. 

https://sbmpei.ru/files/uplfiles/Tom_XXI-2.pdf
https://portal.tpu.ru/SHARED/m/MBB/uchebnaya_rabota/Model/Tab/Interp_app.pdf
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ʕʪʦʪ ʢʦʨʥʝʚʦʡ hash ʩʣʫʞʠʪ ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʝʨʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʚʩʝʛʦ ʬʘʡʣʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʝʨʝʚʘ ʄʝʨʢʣʘ 

 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʜʘʪʴ ʪʦʣʴʢʦ ʢʦʨʥʝʚʦʡ hash, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ 

ʥʘ ʢʘʥʘʣ ʩʚʷʟʠ. ɽʩʣʠ ʜʘʞʝ ʦʜʠʥ ʙʠʪ ʚ ʣʶʙʦʤ ʙʣʦʢʝ ʜʘʥʥʳʭ ʠʟʤʝʥʠʪʩʷ, ʵʪʦ 

ʧʨʠʚʝʜʸʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʨʥʝʚʦʛʦ hash, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʚʳʷʚʠʪʴ ʠ 

ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʣʝʤʫ.  

ɼʝʨʝʚʴʷ ʄʝʨʢʣʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ 

ʜʘʥʥʳʭ ʯʝʨʝʟ ʥʝʥʘʜʸʞʥʳʝ ʨʘʜʠʦʢʘʥʘʣʳ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʰʫʤʳ, ʟʘʜʝʨʞʢʠ ʠʣʠ ʧʦʪʝʨʷ ʧʘʢʝʪʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʷʤʘʷ 

ʧʝʨʝʜʘʯʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʦʡ, ʘ ʠʥʦʛʜʘ ʠ 

ʥʝʚʦʟʤʦʞʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ 

ʢʦʨʥʝʚʦʡ hash, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʲʸʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʥʠʞʘʝʪ 

ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ [1]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʜʠʦʢʘʥʘʣʘʭ: 

- ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʪʝʨʷʤ ʧʘʢʝʪʦʚ: ʙʣʘʛʦʜʘʨʷ hash-ʩʪʨʫʢʪʫʨʝ 

ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʯʘʩʪʠʯʥʳʭ ʧʦʪʝʨʷʭ ʜʘʥʥʳʭ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ: ʧʝʨʝʜʘʯʘ ʢʦʨʥʝʚʦʛʦ hash ʚʤʝʩʪʦ 

ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ; 

- ʩʥʠʞʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʪʦʨʦʥʝ ʧʨʠʸʤʥʠʢʘ: ʫʩʪʨʦʡʩʪʚʦ 

ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʧʦʣʥʦʡ ʧʦʚʪʦʨʥʦʡ 

ʟʘʛʨʫʟʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʚ ʨʘʜʠʦʩʚʷʟʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʥʝʥʠʝ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʚ ʨʘʜʠʦʩʚʷʟʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʚ ʨʘʜʠʦʩʚʷʟʠ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ: 

- IoT ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ. ɺ ʩʠʩʪʝʤʘʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) 

ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ (WSN) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ 

ʤʘʣʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʪʠ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʫʜʘʣʸʥʥʳʭ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʩʦʙʠʨʘʷ ʠ ʧʝʨʝʜʘʚʘʷ ʜʘʥʥʳʝ ʦ 

ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʝ, ʚʣʘʞʥʦʩʪʠ ʠʣʠ ʜʚʠʞʝʥʠʠ. 

ʆʛʨʘʥʠʯʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʝʪʝʡ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʙʦʣʴʰʠʤʠ ʟʘʜʝʨʞʢʘʤʠ ʠʟ-ʟʘ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ ʩʧʫʪʥʠʢʘ ʠ ʦʙʨʘʪʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʪʝʨʴ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʤʝʭ, ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ (ARQ - Automatic Repeat 

reQuest), ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ (FEC - Forward Error Correction) ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ, ʪʘʢʠʭ ʢʘʢ TCP/IP ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʚʳʩʦʢʠʤ 

ʟʘʜʝʨʞʢʘʤ; 

- ʚʦʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʸʞʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʘʪʘʢʘʤ. ʕʪʠ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ, ʧʦʤʝʭ ʠ ʢʠʙʝʨʘʪʘʢ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʩ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʨʦʚʝʨʢʦʡ, ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ ʠ 

ʧʨʦʪʦʢʦʣʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʭʘʥʠʟʤʳ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʘʥʥʳʝ ʚ ʩʣʫʯʘʝ ʠʭ 

ʧʦʚʨʝʞʜʝʥʠʷ [3]. ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ ʩ ʟʘʱʠʪʦʡ ʦʪ ʘʥʘʣʠʟʘ 
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ʪʨʘʬʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʢʨʳʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ; 

- ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʞʙ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʘʚʘʨʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʘʞʝ 

ʧʨʠ ʧʦʚʨʝʞʜʸʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʣʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʦʤʝʭ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʙʠʣʴʥʳʭ ʩʝʪʝʡ, ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ ʩʝʪʝʡ ad-hoc, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʩʪʨʦ ʨʘʟʚʦʨʘʯʠʚʘʪʴʩʷ ʚ ʟʦʥʝ ʙʝʜʩʪʚʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʭʵʰʠʨʦʚʘʥʠʷ, ʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ - 

ʤʝʭʘʥʠʟʤʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ; 

- ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ ʠ ʥʘʟʝʤʥʳʤʠ ʩʣʫʞʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩʦʟʜʘʸʪ ʩʣʦʞʥʳʝ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʧʦʤʝʭʠ ʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ɺ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʩ ʘʜʘʧʪʠʚʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʠ ʢʦʨʨʝʢʮʠʝʡ 

ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʠʛʥʘʣʘ [4].  ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʭʚʘʪʘ ʠ ʧʦʜʜʝʣʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʠʷ 

ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ ʠ ʧʦʪʝʨʴ ʜʘʥʥʳʭ. 

ɼʝʨʝʚʴʷ ʄʝʨʢʣʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʷʭ, 

ʛʜʝ ʦʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʘʥʟʘʢʮʠʡ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʬʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʭʨʘʥʠʣʠʱʘ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʬʘʡʣʦʚ ʠ ʟʘʱʠʪʳ 

ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʚʝʨʞʝʥʳ ʘʪʘʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʤʘʥʠʧʫʣʷʮʠʠ ʠʣʠ ʧʦʜʤʝʥʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʶ ʠʣʠ 

ʠʩʢʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ ʫ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʀʭ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʙʫʝʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ. ʈʘʟʤʝʨ ʜʝʨʝʚʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

[5].  ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʣʠʟʘʮʠʷ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʩʣʝʜʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʭʝʰ-ʬʫʥʢʮʠʠ ʠ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʙʨʠʜʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʜʝʨʝʚʴʝʚ ʄʝʨʢʣʘ ʩ ʤʝʪʦʜʘʤʠ 

ʰʠʬʨʦʚʘʥʠʷ ʠʣʠ ʮʠʬʨʦʚʳʤʠ ʧʦʜʧʠʩʷʤʠ. ʕʪʦ ʫʣʫʯʰʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʥʠʟʠʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ, ʘ ʜʝʨʝʚʴʷ ʄʝʨʢʣʘ 

- ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʨʝʩʫʨʩʦʚ [5]. 

ɼʝʨʝʚʴʷ ʄʝʨʢʣʘ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʥʘʭʦʜʷʪ ʚʩʸ ʥʦʚʳʝ 
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ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ɺ 

ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʨʝʚʴʝʚ 

ʄʝʨʢʣʘ, ʪʘʢʠʭ ʢʘʢ ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʘʜʘʧʪʘʮʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʚʦʟʤʦʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʷʭ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʛʜʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ DAG ɼʃʗ ʂʆɼʀʈʆɺɸʅʀʗ ʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ 

ɺ ʈɸɼʀʆʉɺʗɿʀ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʝʨʝʡ ʜʘʥʥʳʭ, ʧʦʤʝʭʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʘʥʘʣʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʘʥʥʳʭ, ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʫʪʝʨʷʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʪʝʨʷʤ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ [1].  

ʂʦʥʮʝʧʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ (DAG) ʥʘʯʘʣʘ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʚ 1970-ʭ ʛʦʜʘʭ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. 

ʀʟʥʘʯʘʣʴʥʦ DAG ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʟʘʜʘʯʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʛʨʘʤʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ. ɺ 1990-ʭ ʛʦʜʘʭ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ ʬʘʡʣʦʚ ʠ ʙʘʟ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ DAG 

ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʘʭ, ʛʜʝ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʠʩʪʝʤ. ʉʝʛʦʜʥʷ DAG ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʣʦʢʯʝʡʥ-

ʩʠʩʪʝʤʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ IOTA, ʠ ʚ ʧʨʦʪʦʢʦʣʘʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʜʠʦʩʚʷʟʠ.  
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DAG ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʷ 

ʦʨʛʘʥʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʘ ʙʝʟ ʮʠʢʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʟʙʳʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ (DAG) 

 

ɺ ʨʘʜʠʦʩʚʷʟʠ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʜʘʥʥʳʭ, ʪʘʢ 

ʢʘʢ ʢʘʞʜʳʡ ʥʦʚʳʡ ʫʟʝʣ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʳʜʫʱʠʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ DAG ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦ, ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʮʝʥʪʨʘʣʴʥʳʝ ʫʟʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʟʘʜʝʨʞʝʢ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʜʠʦʩʚʷʟʠ. ʊʘʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ 

ʩʣʦʞʥʦʩʪʴ ʧʦʜʜʝʣʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʚ ʛʨʘʬʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʨʠʧʪʦʚʘʣʶʪʝ [2].  

ɺ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ DAG ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʤʘʡʥʠʥʛʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʪʨʘʥʟʘʢʮʠʡ ʠ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠʭ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʢʣʶʯʘʶʪ IOTA, Nano ʠ Fantom, ʛʜʝ DAG ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʩʧʦʩʦʙ ʧʨʦʚʝʜʝʥʠʷ ʪʨʘʥʟʘʢʮʠʡ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ ʩʝʪʠ.  

ʊʘʢ ʞʝ DAG ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʝ DAG ʚ ʨʘʜʠʦʩʚʷʟʠ 
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ʈʘʩʩʤʦʪʨʠʤ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ DAG ʚ ʨʘʜʠʦʩʚʷʟʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ: 

- IoT ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ (WSN): ʚ ʩʠʩʪʝʤʘʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ 

ʤʘʣʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. DAG ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʥʘʛʨʫʟʢʫ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ: DAG ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʢʘʥʘʣʳ ʩʚʷʟʠ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ; 

- ʤʦʙʠʣʴʥʳʝ ʩʝʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ: ʚ ʤʦʙʠʣʴʥʳʭ 

ʩʝʪʷʭ, ʛʜʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʯʘʩʪʦ ʤʝʥʷʪʴ ʩʚʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

DAG ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʨʝʩʫʨʩʘʤʠ ʩʝʪʠ [3]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʫʶ ʘʜʘʧʪʘʮʠʶ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʚ 

ʜʠʥʘʤʠʯʥʳʭ ʩʨʝʜʘʭ; 

- ʩʠʩʪʝʤʳ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ: ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ DAG ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʦʧʝʨʘʮʠʠ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʳ ʦʪ ʦʰʠʙʦʢ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʦʜʣʝʚʘʝʪ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ; 

- ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ: DAG ʧʦʤʦʛʘʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʫʣʫʯʰʘʷ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ ʠ 

ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ 

ʩʮʝʥʘʨʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʚ ʛʦʣʦʩʦʚʦʡ 

ʩʚʷʟʠ ʠʣʠ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷʭ; 

- ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʪʝʨʷʤ ʜʘʥʥʳʭ: DAG ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʪʝʨʷʤ ʧʘʢʝʪʦʚ ʠ ʦʰʠʙʦʢ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʠ ʯʘʩʪʠʯʥʳʭ ʧʦʪʝʨʷʭ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷʭ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʚ ʨʘʜʠʦʩʝʪʷʭ 

ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ DAG ʚ 

ʨʘʜʠʦʢʘʥʘʣʘʭ ʩʚʷʟʠ ʠʤʝʝʪ ʠ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ: ʠʥʪʝʛʨʘʮʠʷ DAG ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʠ 

ʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ; 

- ʦʛʨʘʥʠʯʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʦʪʝʨʷʤ ʜʘʥʥʳʭ, DAG ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʳʭ ʘʪʘʢ ʥʘ ʩʝʪʴ, ʯʪʦ ʤʦʞʝʪ 

ʦʛʨʘʥʠʯʠʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ; 

- ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ: ʨʝʘʣʠʟʘʮʠʷ ʠ ʥʘʩʪʨʦʡʢʘ ʘʣʛʦʨʠʪʤʦʚ 

DAG ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦʡ ʠ ʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ 
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ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ DAG ʚ ʨʘʜʠʦʩʚʷʟʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʪʝʨʷʤ ʜʘʥʥʳʭ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʆʜʥʘʢʦ, 

ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʥʘ ʥʝ ʣʠʰʝʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʝʸ ʠʥʪʝʛʨʘʮʠʝʡ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʚʳʙʦʨ ʧʨʠʤʝʥʝʥʠʷ DAG ʚ ʨʘʜʠʦʩʚʷʟʠ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʝʛʦ ʧʦʪʝʥʮʠʘʣ, ʪʘʢ 

ʠ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄɽʊʆɼʓ ʇʈʆɻʈɸʄʄʅʆʁ ʆʎɽʅʂʀ ʅɽʁʈʆʉɽʊɽɺʓʍ ʇʆɼʍʆɼʆɺ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʦʜʭʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʘʛʘʶʪʩʷ 

ʥʘ ʩʪʘʪʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʥʳ 

ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʧʘʪʪʝʨʥʳ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʚʨʝʞʜʸʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʠʩʢʘʞʝʥʠʡ, ʪʘʢʠʤʠ ʢʘʢ ʰʫʤ, ʧʦʪʝʨʷ ʜʘʥʥʳʭ ʠʣʠ ʜʝʬʝʢʪʳ 

ʧʝʨʝʜʘʯʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1: 
 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʜʳ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 
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ɼʘʣʝʝ ʧʨʦʚʝʜʝʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ. 

- ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʘʥʘʣʠʟʠʨʫʶʪ ʣʦʢʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʰʫʤ, ʧʦʚʳʰʘʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ. ʆʥʠ ʦʙʫʯʘʶʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ 

ʜʘʥʥʳʭ, ʚʳʷʚʣʷʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʦʧʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ: Denoising 

Autoencoders (DAE) ʠ Super-Resolution CNN (SRCNN). 

- ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ (GAN) ʩʦʩʪʦʷʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ, ʩʦʨʝʚʥʫʶʱʠʭʩʷ ʚ ʩʦʟʜʘʥʠʠ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

[1]. ʕʪʦʪ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʝʢʩʪʫʨ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ. 

- ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʠ ʩʞʠʤʘʶʪ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʢʦʤʧʘʢʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʘ 

ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʝʛʦ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʘ ʠ ʘʨʪʝʬʘʢʪʦʚ. 

ɺʘʨʠʘʮʠʦʥʥʳʝ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʠ (VAE) ʩʧʦʩʦʙʥʳ ʜʘʞʝ ʜʦʧʦʣʥʷʪʴ 

ʥʝʜʦʩʪʘʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʠʟʦʙʨʘʞʝʥʠʷ. 

- U-Net ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʥʦ ʦʢʘʟʘʣʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʧʫʩʢʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, 

ʩʦʭʨʘʥʷʶʱʠʤ ʜʝʪʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

- ʪʨʘʥʩʬʝʨʥʦʝ ʦʙʫʯʝʥʠʝ ʫʩʢʦʨʷʝʪ ʘʜʘʧʪʘʮʠʶ ʤʦʜʝʣʝʡ ʢ ʥʦʚʳʤ ʟʘʜʘʯʘʤ, 

ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʘʷ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

- ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ ʩʦʯʝʪʘʶʪ ʥʝʡʨʦʩʝʪʝʚʳʝ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

[2].  ʅʘʧʨʠʤʝʨ, ʤʝʪʨʠʢʠ (SSIM) ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ GAN ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʦʜʭʦʜʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ 

ʟʘʜʘʯʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ, ʫʣʫʯʰʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʫʜʘʣʝʥʠʝ ʘʨʪʝʬʘʢʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʸʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʘʥʘʣʠʟʠʨʫʝʪ ʠ ʠʩʧʨʘʚʣʷʝʪ ʜʝʬʝʢʪʳ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʦʟʚʨʘʱʘʷ ʠʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʮʘʨʘʧʠʥʳ, ʧʷʪʥʘ, 

ʨʘʟʨʳʚʳ ʠ ʚʳʮʚʝʪʘʥʠʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʪʘʨʳʭ ʠʣʠ ʧʦʚʨʝʞʜʸʥʥʳʭ 

ʬʦʪʦʛʨʘʬʠʡ. 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʸʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʨʦʩʝʪʝʡ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

- ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʦʮʠʬʨʦʚʢʘ: ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʡ ʬʦʪʦʛʨʘʬʠʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʝʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʘʭ ʠ ʧʨʠʤʝʥʷʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʘʣʛʦʨʠʪʤʳ; 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ: ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʷʨʢʦʩʪʠ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʮʚʝʪʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʝʛʦ ʢ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ; 

- ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʝʡʨʦʩʝʪʠ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ 
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ʧʦʚʨʝʞʜʸʥʥʳʝ, ʪʘʢ ʠ ʠʩʧʨʘʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ: 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʜʝʬʝʢʪʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ ʠ ʪʝʢʩʪʫʨʳ, 

ʨʘʩʢʨʘʰʠʚʘʪʴ ʯʸʨʥʦ-ʙʝʣʳʝ ʬʦʪʦʛʨʘʬʠʠ [2]. 

- ʧʦʩʪʦʙʨʘʙʦʪʢʘ: ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʫʯʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʤʝʣʢʠʭ ʥʝʜʦʯʸʪʦʚ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʸʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʠ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʂʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʨʠʢ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ  
ʄʝʪʨʠʢʘ ɼʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

PSNR  15.2 ʜɹ 28.7 ʜɹ 

SSIM  0.45 0.92 

 

PSNR ï ʵʪʦ ʤʝʪʨʠʢʘ, ʠʟʤʝʨʷʶʱʘʷ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʠʟʦʙʨʘʞʝʥʠʠ. ʏʝʤ ʚʳʰʝ 

PSNR, ʪʝʤ ʤʝʥʴʰʝ ʰʫʤʦʚ ʠ ʘʨʪʝʬʘʢʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ. ɿʥʘʯʝʥʠʝ 15.2 ʜɹ (ʜʦ ʦʙʨʘʙʦʪʢʠ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʚ ʧʦʚʨʝʞʜʸʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ PSNR 

ʫʚʝʣʠʯʠʣʩʷ ʜʦ 28.7 ʜɹ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʣʫʯʰʝʥʠʠ 

ʢʘʯʝʩʪʚʘ [3]. 

SSIM ʦʮʝʥʠʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʭʨʘʥʷʝʪ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʥʪʨʘʩʪ ʠ ʷʨʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. SSIM = 1 ʦʟʥʘʯʘʝʪ 
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ʧʦʣʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʡ. SSIM ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (0.45) ʛʦʚʦʨʠʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ SSIM ʫʚʝʣʠʯʠʣʩʷ ʜʦ 

0.92, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʧʝʰʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʠ ʩʪʨʫʢʪʫʨʳ 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ SSIM ʠ PSNR ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʘʥʘʣʠʟʘ [4]. 

ʊʘʢ ʞʝ ʧʨʠʤʝʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3 ʠ 4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʡ: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ: ʥʝʡʨʦʩʝʪʠ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʜʝʬʝʢʪʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 



130  

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʦʡ ʨʝʪʫʰʴʶ. 

- ʚr ʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: ʙʣʘʛʦʜʘʨʷ ʦʙʫʯʝʥʠʶ ʥʘ ʙʦʣʴʰʠʭ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʤʝʣʢʠʝ ʜʝʪʘʣʠ ʠ ʪʝʢʩʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ. 

- ʜʦʩʪʫʧʥʦʩʪʴ: ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ ʠ ʧʨʦʛʨʘʤʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʦʪʦʛʨʘʬʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʣʘʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ. 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠ ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʦʮʝʥʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ [5]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʪʦʜʳ 

ʧʨʦʛʨʘʤʤʥʦʡ ʦʮʝʥʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʦʜʭʦʜʳ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʨʠʢʘʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ. 
ʃʠʪʝʨʘʪʫʨʘ 
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 ɸʅɸʃʀɿ ɸɹɽʈʈɸʎʀʁ ʆɹʒɽʂʊʀɺɸ çʖʇʀʊɽʈ-11è 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʢʪʠʚ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʩʚʝʪʘ 

ʥʘ ʧʣʝʥʢʫ ʠʣʠ ʤʘʪʨʠʮʫ, ʚʣʠʷʝʪ ʥʘ ʨʝʟʢʦʩʪʴ, ʢʦʥʪʨʘʩʪ ʠ ʜʝʪʘʣʠʟʘʮʠʶ ʩʥʠʤʢʘ, 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʜʠʩʪʦʨʩʠʶ, ʚʠʥʴʝʪʠʨʦʚʘʥʠʝ. 

ʃʠʜʝʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʧʪʠʢʠ ʜʣʷ ʬʦʪʦʛʨʘʬʠʠ ʩʪʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʘʥʠʠ: 

Sony, Canon, Laowa, Sigma, Tamron, Nikon, Olympus. ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ 

ʟʘʨʫʙʝʞʥʳʭ ʦʙʲʝʢʪʠʚʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ.  

ʉʦʚʝʪʩʢʠʡ ʦʙʲʝʢʪʠʚ çʖʧʠʪʝʨ-11è, ʩʦʟʜʘʥʥʳʡ ʚ 1954 ʛʦʜʫ, ʜʦ ʩʠʭ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʦʡʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʩʨʝʜʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ʇʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʯʝʩʢʫʶ ʩʭʝʤʫ Sonar, ʢʦʪʦʨʘʷ ʠʟʚʝʩʪʥʘ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ 

ʠ ʚʳʩʦʢʦʡ ʩʚʝʪʦʩʠʣʦʡ. ʊʘʢʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʨʝʟʢʦʩʪʴ ʚ ʮʝʥʪʨʝ 

ʢʘʜʨʘ ʠ ʤʷʛʢʠʡ ʨʠʩʫʥʦʢ ʥʘ ʦʪʢʨʳʪʦʡ ʜʠʘʬʨʘʛʤʝ [1].  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è ʧʨʝʜʩʪʘʚʣʝʥʳ 

 ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è 
f ô = 132,95; SôFô = 62,31; 2ɤ = 18ę 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʊʦʣʱʠʥʘ ʄʘʪʝʨʠʘʣ 

62,326 4,50 ʊʂ-12 

342,830 0,30 ɺʦʟʜʫʭ 

37,544 10,20 ʃʂ-3 

-201,148 20,30 ʌ-6 

24,110 20,95 ɺʦʟʜʫʭ 

62,888 3,10 ʊʌ-8 

123,340 62,31 ɺʦʟʜʫʭ 
 

 

ʉʨʘʚʥʝʥʠʝ ʦʙʲʝʢʪʠʚʦʚ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʦʩʥʦʚʥʳʤ ʘʙʝʨʨʘʮʠʷʤ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʦʪ ʠʩʢʘʞʝʥʠʡ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʩʥʠʤʢʘ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Zemax ʙʳʣʠ ʟʘʜʘʥʳ ʣʫʯʠ ʧʦʜ ʫʛʣʘʤʠ 0Ü, 9Ü ʠ -9Ü ʜʣʷ 

ʘʥʘʣʠʟʘ ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è (ʨʠʩʫʥʦʢ 1).  

 
 

 
ʈʠʩʫʥʦʢ 1 ï ʍʦʜ ʣʫʯʝʡ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è 

 

 

ʇʦ ʜʠʘʛʨʘʤʤʝ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ (ʨʠʩʫʥʦʢ 2), ʚʳʚʝʜʝʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ 

çZemaxè, ʚʠʜʥʦ ʥʘʣʠʯʠʝ ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ ʣʫʯʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʧʦʜ ʫʛʣʘʤʠ 9Ü ʠ -

9Ü. ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʠʜʝʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ 

ʢʨʠʚʠʟʥʳ, ʠʟ-ʟʘ ʯʝʛʦ ʣʫʯʠ ʬʦʢʫʩʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ [2]. ʊʘʢ ʞʝ ʥʘ ʥʘʣʠʯʠʝ 

ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʦʣʱʠʥʳ ʣʠʥʟ. ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʢʦʩʪʴ ʠ ʢʦʥʪʨʘʩʪ ʥʘ ʢʨʘʷʭ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʥʘ ʢʘʯʝʩʪʚʦ ʙʦʢʝ. ɺ ʦʙʲʝʢʪʠʚʝ çʖʧʠʪʝʨ-11è ʜʘʥʥʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ. ʅʘ ʩʥʠʤʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

çʖʧʠʪʝʨʘ-11è, ʜʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʥʝ ʟʘʤʝʪʥʦ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʠʢʝ.  
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ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è 

 

ʉʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʥʝʩʦʚʧʘʜʝʥʠʠ ʬʦʢʫʩʦʚ ʜʣʷ 

ʣʫʯʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʩʝʩʠʤʤʝʪʨʠʯʝʩʢʫʶ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʥʘ ʨʘʟʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʯʝʨʝʟ ʛʨʘʬʠʢʠ 

ʧʦʧʝʨʝʯʥʳʭ ʘʙʝʨʨʘʮʠʡ (ʨʠʩʫʥʦʢ 3). ʃʝʚʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 

ʥʝ ʩʠʤʤʝʪʨʠʯʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ ʚ ʦʙʲʝʢʪʠʚʝ 

çʖʧʠʪʝʨ - 11è. ʅʘʣʠʯʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʙʣʠʢʦʚ ʥʘ 

ʬʦʥʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʷʨʢʠʝ ʢʨʘʷ ʠ ʪʝʤʥʳʡ ʮʝʥʪʨ. ɼʘʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʩʬʝʨʠʯʝʩʢʠʭ ʣʠʥʟ, ʚ çʖʧʠʪʝʨʝ-11è ʥʘʦʙʦʨʦʪ ʘʙʝʨʨʘʮʠʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʦʚ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è 

 

ʉʣʝʚʘ ʥʘ ʛʨʘʬʠʢʠ ʘʙʝʨʨʘʮʠʡ ʛʣʘʚʥʳʭ ʣʫʯʝʡ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʩʪʠʛʤʘʪʠʟʤ ʩʦʚʝʪʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʦʪʨʘʞʝʥʠʷ 

ʚʥʝʦʩʝʚʳʭ ʪʦʯʝʢ. ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʀʟ-ʟʘ ʘʩʠʤʤʝʪʨʠʠ ʚ çʖʧʠʪʝʨʝ-11è ʣʫʯʠ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʠ 

ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʣʠʥʟʳ. 

ɸʙʝʨʨʘʮʠʷ ʘʩʪʠʛʤʘʪʠʟʤʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ ʠ 
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ʨʘʟʤʳʪʠʷ ʪʦʯʝʢ ʩʚʝʪʘ ʥʘ ʢʨʘʷʭ ʬʦʪʦʛʨʘʬʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʘʭ 

ʘʩʪʠʛʤʘʪʠʟʤ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʪʸʢʦʣ ʩ 

ʥʠʟʢʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʥʘʧʨʠʤʝʨ: ED, UD, Fluorite, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ 

ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʫʩʠʣʠʚʘʶʱʠʝ ʦʪʨʘʞʝʥʠʝ ʚʥʝʦʩʝʚʳʭ ʪʦʯʝʢ.  

ʉʧʨʘʚʘ ʥʘ ʛʨʘʬʠʢʠ ʘʙʝʨʨʘʮʠʡ ʛʣʘʚʥʳʭ ʣʫʯʝʡ (ʨʠʩʫʥʦʢ 4) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʩʪʦʨʩʠʷ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪʦʙʨʘʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʪʘʢʞʝ ʢʘʢ ʠ ʘʩʪʠʛʤʘʪʠʟʤ ʩʚʷʟʘʥʦ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʠʩʪʦʨʩʠʷ çʖʧʠʪʝʨʘ-11è 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʢʨʠʚʣʝʥʠʠ ʧʨʷʤʳʭ ʣʠʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʥʘ ʬʦʪʦʩʥʠʤʢʘʭ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʘʭ ʜʘʥʥʘʷ ʘʙʝʨʨʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɸʩʪʠʛʤʘʪʠʟʤ ʠ ʜʠʩʪʦʨʩʠʷ ʦʙʲʝʢʪʠʚʘ çʖʧʠʪʝʨ-11è 

 

çʖʧʠʪʝʨ-11è ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ, ʜʠʩʪʦʨʩʠʠ ʠ 

ʘʩʪʠʛʤʘʪʠʟʤʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʢʘʨʪʠʥʢʠ. ʆʜʥʘʢʦ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʩʦʚʝʪʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʦ ʚʳʠʛʨʳʚʘʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʫ 

ʥʦʚʦʡ ʪʝʭʥʠʢʠ. ʅʘʧʨʠʤʝʨ, ʙʦʢʝ çʖʧʠʪʝʨʘ-11è ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʡ ʨʠʩʫʥʦʢ ʩ 

ʣʝʛʢʠʤ ʟʘʢʨʫʯʠʚʘʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʬʦʪʦʛʨʘʬʠʷʤ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʩʪʠ. ʎʚʝʪʦʧʝʨʝʜʘʯʘ ʩʦʚʝʪʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʛʣʫʰʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʮʚʝʪʘ. ʆʛʨʦʤʥʳʤ ʧʣʶʩʦʤ çʖʧʠʪʝʨʘ-11è ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʨʫʯʥʦʡ ʜʠʘʬʨʘʛʤʳ, ʢʦʪʦʨʘʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʪʦʛʨʘʬʫ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʛʣʫʙʠʥʫ ʠ ʨʝʟʢʦʩʪʴ ʩʥʠʤʢʘ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʝʪʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʟʜʘʥʠʷ çʨʝʪʨʦ-ʵʬʬʝʢʪʘè, ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʚʪʦʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ [3]. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. çʉʝʨʠʷ ʦʙʲʝʢʪʠʚʦʚ çʖʧʠʪʝʨè - https://liveviewer.ru/2018/09/seriya-obektivov-jupiter/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ - 

06.03.2025) 

2. çɸʙʝʨʨʘʮʠʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝè - https:// dmicro.ru/articles/fizika/aberraczii-i-ih-vliyanie-na-

izobrazhenie/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 09.03.2025) 

3. çʖʧʠʪʝʨ - 11 4/135 ʄ39 ʟʝʨʢʘʣʴʥʳʡè -

 https://fotoussr.ru/lenses/jupiter 11 m39 zerkalny/?ysclid=m8d7tq7hlq590612358 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.03.2025) 

  

https://fotoussr.ru/lenses/jupiter 11 m39
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ɽ.ɸ. ʄʘʢʘʨʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ. ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʄʆɼʋʃʔ çʉʊɸʅɼɸʈʊʅʓɽ ʉʍɽʄʓ ɺʂʃʖʏɽʅʀʗè 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ 

ʦʪ ʩʪʫʜʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ 

ʨʘʙʦʪʳ ʩ ʙʘʟʦʚʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʩʭʝʤʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʤʦʜʫʣʷ çʉʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷè ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ 

ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʙʘʟʦʚʳʭ ʥʘʚʳʢʦʚ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʧʦʥʠʤʘʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ [1]. ɺ ʨʘʤʢʘʭ ʤʦʜʫʣʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʢʘʢ 

ʨʝʟʠʩʪʠʚʥʳʡ ʜʝʣʠʪʝʣʴ, ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʠ ʥʝʠʥʚʝʨʪʠʨʫʶʱʠʡ ʫʩʠʣʠʪʝʣʠ ʥʘ 

ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ (ʆʋ), ʠʥʚʝʨʪʠʨʫʶʱʠʡ ʩʫʤʤʘʪʦʨ ʥʘ ʆʋ ʠ ʩʭʝʤʘ 

ʩʣʦʞʝʥʠʷ-ʚʳʯʠʪʘʥʠʷ ʥʘ ʆʋ [2]. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʩʭʝʤ, ʥʦ ʠ 

ʧʨʦʚʝʩʪʠ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 

ʫʩʚʦʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʩʭʝʤʦʪʝʭʥʠʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ 

ʵʥʢʦʜʝʨʦʚ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʚʳʭʦʜʘ ʫʯʝʙʥʦʛʦ 

ʩʪʝʥʜʘ ʠʟ ʩʪʨʦʷ, ʘ ʪʘʢʞʝ ʫʧʨʦʱʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

(ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʘʣʠʟʘʮʠʷ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ ʥʘ ʵʥʢʦʜʝʨʘʭ 

 

ʇʝʨʚʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʦʡ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʠʩʪʠʚʥʳʡ 

ʜʝʣʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦ 
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ʧʨʠʤʝʥʷʝʤʳʭ ʩʭʝʤ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʘ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʥʢʦʜʝʨʘ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʣʝʯʘ ʨʝʟʠʩʪʠʚʥʦʛʦ ʜʝʣʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʜʠʩʧʣʝʷʭ. ʈʘʩʯʝʪ ʚʩʝʭ 

ʚʳʚʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʩʝʭ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Micro-Cap 11. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʵʥʢʦʜʝʨʘ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʠʩʪʦʨʳ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

stepping.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʩʭʝʤʳ ʨʝʟʠʩʪʠʚʥʳʭ ʜʝʣʠʪʝʣʝʡ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʠʩʪʠʚʥʳʝ ʜʝʣʠʪʝʣʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʭʝʤ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʭʦʜʥʦʛʦ, ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʝʟʠʩʪʦʨʘ R1 ʚ ʥʠʞʥʝʤ (ʨʠʩʫʥʦʢ 3) ʠ ʨʝʟʠʩʪʦʨʘ R3 ʚ ʚʝʨʭʥʝʤ (ʨʠʩʫʥʦʢ 4) ʧʣʝʯʝ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʨʝʟʠʩʪʦʨʘ R1 
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ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʨʝʟʠʩʪʦʨʘ R3 

 

ʀʥʚʝʨʪʠʨʫʶʱʠʡ ʫʩʠʣʠʪʝʣʴ ʥʘ ʆʋ ï ʵʪʦ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʩ ʠʥʚʝʨʩʠʝʡ ʬʘʟʳ. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʵʥʢʦʜʝʨ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʭʝʤʳ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʩʮʠʣʣʦʛʨʘʬ. ʅʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, 

ʢʘʢʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʘ ʪʘʢʞʝ ʚʳʚʦʜʷʪʩʷ ʩ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ʩʠʛʥʘʣʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʭʝʤʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʫʩʠʣʠʪʝʣʷ ʠ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʠ ʬʘʟʘ ʩʠʛʥʘʣʘ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘ 

ʆʋ, ʛʜʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʢʦʜʝʨ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʩʨʘʚʥʠʪʴ ʨʘʙʦʪʫ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʠ ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʛʦ 

ʫʩʠʣʠʪʝʣʝʡ ʠ ʧʦʥʷʪʴ ʠʭ ʨʘʟʣʠʯʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʳ ʩʭʝʤʳ, ʩʦʙʨʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʳʭ 

ʩʭʝʤʘʭ ʠʟʤʝʥʷʣʠʩʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ R6 ʀ R9. ʅʘ ʨʠʩʫʥʢʘʭ 6-7 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʳ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʠ ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʝʡ ʥʘ ʆʋ 
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ʈʠʩʫʥʦʢ 6 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘ ʆʋ 

 

 
ʈʠʩʫʥʦʢ 7 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘ ʆʋ 

 

ʀʥʚʝʨʪʠʨʫʶʱʠʡ ʩʫʤʤʘʪʦʨ ʥʘ ʆʋ ï ʵʪʦ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʩʫʤʤʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʠʥʚʝʨʩʠʝʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 8). 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʠʣʝʥʥʦʛʦ ʧʦ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʥʝ ʥʘʛʨʫʞʘʷ 

ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ. ɿʘ ʨʝʛʫʣʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʧʦʜʘʶʱʝʛʦʩʷ ʩʠʛʥʘʣʘ 

ʦʪʚʝʯʘʝʪ ʦʪʜʝʣʴʥʳʡ ʵʥʢʦʜʝʨ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʠʟʤʝʥʷʣʠʩʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ R10 ʠ R11. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ 

ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
ʈʠʩʫʥʦʢ 8 ï ʀʥʚʝʨʪʠʨʫʶʱʠʡ ʩʫʤʤʘʪʦʨ ʥʘ ʆʋ 
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ʈʠʩʫʥʦʢ 9 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

 

ʉʭʝʤʘ ʩʣʦʞʝʥʠʷ-ʚʳʯʠʪʘʥʠʷ ʥʘ ʆʋ (ʨʠʩʫʥʦʢ 10) ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʢʣʘʜʳʚʘʪʴ ʠ ʚʳʯʠʪʘʪʴ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. ʕʥʢʦʜʝʨʳ ʪʘʢʞʝ ʦʪʚʝʯʘʶʪ ʟʘ 

ʨʝʛʫʣʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʚʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʷʣʠʩʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ R14 ʠ R15. 

 

 
ʈʠʩʫʥʦʢ 10 ï ʉʭʝʤʘ ʩʣʦʞʝʥʠʷ-ʚʳʯʠʪʘʥʠʷ ʥʘ ʆʋ 

 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ. 

 

 
ʈʠʩʫʥʦʢ 11 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʵʥʢʦʜʝʨʦʚ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ 

ʥʘʛʣʷʜʥʳʤ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʭ ʠʟʫʯʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʤʝʥʷʪʴ ʵʪʠ 
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ʟʥʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. ʂʘʞʜʘʷ ʠʟ ʩʭʝʤ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ʄɽʊʆɼʓ ʊɽʉʊʀʈʆɺɸʅʀʗ ʎʀʌʈʆɺʓʍ ʌʀʃʔʊʈʆɺ ɺ MATLAB 

ʇɽʈɽɼ ɺʅɽɼʈɽʅʀɽʄ ɺ FPGA 

 

ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʨʘʜʠʦʣʦʢʘʮʠʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, 

ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʦʚ, ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʇʃʀʉ) ʠʣʠ FPGA (Field-

Programmable Gate Array). FPGA ï ʵʪʦ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʘʩʪʨʦʝʥʘ ʧʦʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʟʘʜʝʨʞʢʠ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʚ FPGA 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ MATLAB. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʩʫʨʩʦʚ [1]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ 
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ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʠʣʴʪʨʘ. MATLAB ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ Filter Designer, fvtool ʠ freqz, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʠ 

ʚʨʝʤʝʥʥʳʝ ʦʪʢʣʠʢʠ ʬʠʣʴʪʨʘ [2]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ 

ʯʘʩʪʦʪʳ ʬʠʣʴʪʨ ʙʫʜʝʪ ʧʦʜʘʚʣʷʪʴ, ʢʘʢʠʝ ʧʨʦʧʫʩʢʘʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʬʠʣʴʪʨ ʪʝʩʪʠʨʫʶʪ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʘʭ, 

ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʧʨʠʤʝʨ, ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ 

ʩʠʛʥʘʣʳ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʯʘʩʪʦʪʥʳʡ ʦʪʢʣʠʢ, ʙʝʣʳʡ ʠ ʮʚʝʪʥʦʡ ʰʫʤ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʣʴʪʨʘ ʧʦʜʘʚʣʷʪʴ ʩʣʫʯʘʡʥʳʝ ʧʦʤʝʭʠ, ʘ 

ʠʤʧʫʣʴʩʥʳʝ ʩʠʛʥʘʣʳ ʧʦʤʦʛʘʶʪ ʚʳʷʚʠʪʴ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚʦʟʤʦʞʥʳʝ 

ʠʩʢʘʞʝʥʠʷ [3]. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʟʘʧʠʩʷʭ ʘʫʜʠʦʩʠʛʥʘʣʦʚ ʠʣʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʬʠʣʴʪʨ ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ 

ʨʝʘʣʴʥʳʤ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʣʴʪʨʘ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʘʜʘʧʪʠʚʥʳʭ 

ʬʠʣʴʪʨʦʚ ʤʦʞʥʦ ʧʦʜʘʪʴ ʥʘ ʚʭʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʩʠʛʥʘʣʳ ʠ ʧʦʩʤʦʪʨʝʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʬʠʣʴʪʨ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʤʫʣʷʮʠʠ ʨʘʙʦʪʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ. 

ʊʘʢ ʢʘʢ FPGA ʠʩʧʦʣʴʟʫʶʪ ʘʨʠʬʤʝʪʠʢʫ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʠʪʴ, ʢʘʢ ʦʢʨʫʛʣʝʥʠʷ ʠ ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʬʠʣʴʪʨʘ [4]. 

MATLAB ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪ Fixed-Point Toolbox, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʬʠʣʴʪʨʘ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ ʠ 

ʦʮʝʥʠʪʴ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʙʠʪʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ. ʏʝʤ 

ʤʝʥʴʰʝ ʨʘʟʨʷʜʥʦʩʪʴ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʦʢʨʫʛʣʝʥʠʷ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʩʫʨʩʳ FPGA. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʭʦʜʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ MATLAB ʬʠʣʴʪʨ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʛʦʪʦʚʠʪʴ ʢ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. MATLAB HDL Coder ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ VHDL ʠʣʠ Verilog, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ 

ʠʥʪʝʛʨʘʮʠʠ ʚ FPGA. ʆʜʥʘʢʦ ʧʝʨʝʜ ʵʪʠʤ ʚʘʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ 

ʢʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʤʫʣʷʮʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʪʘʢʠʭ ʢʘʢ ModelSim. ɼʘʥʥʳʡ 

ʵʪʘʧ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʬʠʣʴʪʨʘ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʚ FPGA. ɺ 

ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʘʧʧʘʨʘʪʥʦʡ ʩʠʤʫʣʷʮʠʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʜʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʬʠʣʴʪʨʘ. 

ʂʨʦʤʝ ʩʠʤʫʣʷʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ, ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪʥʘʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ. ʆʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ï Hardware-in-the-loop (HIL) ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʠʬʨʦʚʦʡ 
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ʬʠʣʴʪʨ, ʟʘʛʨʫʞʝʥʥʳʡ ʚ FPGA, ʨʘʙʦʪʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʝʛʦ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ MATLAB. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʬʠʣʴʪʨ ʢʦʨʨʝʢʪʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʟʘʜʝʨʞʢʠ ʠʣʠ ʦʰʠʙʢʠ ʢʚʘʥʪʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ɸʥʘʣʠʟ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ʙʝʟ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʘʧʧʘʨʘʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ 

ʦʰʠʙʢʠ ʦʢʨʫʛʣʝʥʠʷ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʩʠʛʥʘʣʘʭ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʝ ʬʠʣʴʪʨʘ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʦʥ ʙʫʜʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ. ʕʤʫʣʷʮʠʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʢʨʫʛʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɻʝʥʝʨʘʮʠʷ ʢʦʜʘ ʠ ʘʧʧʘʨʘʪʥʘʷ ʩʠʤʫʣʷʮʠʷ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʪʦʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʦʮʝʥʠʪʴ ʬʠʣʴʪʨ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʠ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʚ MATLAB ʧʝʨʝʜ ʠʭ 

ʚʥʝʜʨʝʥʠʝʤ ʚ FPGA ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʘʭ ʠ ʘʧʧʘʨʘʪʥʦʡ 

ʩʠʤʫʣʷʮʠʠ ʧʦʤʦʛʘʝʪ ʟʘʨʘʥʝʝ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʬʠʣʴʪʨ. 

ʆʜʥʘʢʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʠʩʪʝʤʝ: ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɻʨʘʤʦʪʥʳʡ ʧʦʜʭʦʜ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ 

ʬʠʣʴʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤ ʧʨʠ ʠʭ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʪʘʙʠʣʴʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʢʦʥʝʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ 

ʇʈʀɹʆʈʆɺ ɺ ʊʈɸʅʉʇʆʈʊʅʆʁ ʆʊʈɸʉʃʀ: ʉʀʅɽʈɻʀʗ ʉ 

ʅɽʁʈʆʉɽʊʗʄʀ 

 

ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʪʘʥʦʚʷʩʴ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʮʠʬʨʦʚʦʡ ʨʝʚʦʣʶʮʠʠ ʚ 

ʩʬʝʨʝ ʤʦʙʠʣʴʥʦʩʪʠ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʛʣʦʙʘʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ CO2 ʥʘ 45 % ʢ 2030 ʛ ʚ 

ʨʘʤʢʘʭ ʇʘʨʠʞʩʢʦʛʦ ʩʦʛʣʘʰʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʫʨʙʘʥʠʟʘʮʠʠ, ʢʦʛʜʘ ʢ 2050 ʛ 68 % 

ʥʘʩʝʣʝʥʠʷ ɿʝʤʣʠ ʙʫʜʝʪ ʧʨʦʞʠʚʘʪʴ ʚ ʛʦʨʦʜʘʭ, ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʝ ʚʳʟʦʚʳ, ʪʨʝʙʫʶʱʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʝʥʩʦʨʳ, ʚʢʣʶʯʘʷ ʣʠʜʘʨʳ, 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ, ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʧʨʠʥʮʠʧʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ.  

ʃʠʜʘʨʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, 

ʩʦʟʜʘʶʪ ʪʨʝʭʤʝʨʥʳʝ ʢʘʨʪʳ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 

0,1 ʤʤ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʝʢʪʝ Waymo Driver ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʪʦʤʦʙʠʣʠ 

ʠʩʧʦʣʴʟʫʶʪ ʣʠʜʘʨʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʟʥʘʶʪ ʦʙʲʝʢʪʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 300 ʤ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʜʦʞʜʷ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʠʩʪʝʤ ʵʢʩʪʨʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʥʘ 40 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʘʜʘʨʘʤʠ. 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʢʘʤʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 7ï14 ʤʢʤ, 

ʩʪʘʣʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ ʩʠʩʪʝʤ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʠʥʠʮʠʘʪʠʚʳ Volvo 

çZero Collisionè ʪʘʢʠʝ ʢʘʤʝʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʀʀ-ʘʣʛʦʨʠʪʤʘʤʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 

ʧʝʰʝʭʦʜʦʚ ʠ ʞʠʚʦʪʥʳʭ ʥʘ ʪʨʘʩʩʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʷ ʩʢʦʨʦʩʪʴ.  

ɿʘ ʧʝʨʚʳʝ ʜʚʘ ʛʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʘ ʧʨʝʜʦʪʚʨʘʪʠʣʘ 1200 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ɼʊʇ ʚ ʉʢʘʥʜʠʥʘʚʠʠ, ʛʜʝ 60 % ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʷʨʥʦʡ ʥʦʯʠ. 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʝʥʩʦʨʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʘʥʘʣʠʟʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʩʬʘʣʴʪʘ, ʥʦ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʆʩʣʦ çʫʤʥʳʝè ʜʦʨʦʛʠ ʦʩʥʘʱʝʥʳ ʜʘʪʯʠʢʘʤʠ, 

ʠʟʤʝʨʷʶʱʠʤʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʇɼʂ ʩʠʩʪʝʤʘ 

ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʩʥʠʞʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ NO2 ʥʘ 25 % ʚ 

ʞʠʣʳʭ ʨʘʡʦʥʘʭ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʚ ʐʚʝʡʮʘʨʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʦʥʠʪʦʨʠʥʛ 

ʪʦʥʥʝʣʷ ɻʦʪʘʨʜ, ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʝʪʠ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ. ɿʘ ʩʯʝʪ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʫʜʘʣʦʩʴ 

ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘ 30 %, ʩʵʢʦʥʦʤʠʚ ú 15 ʤʣʥ ʚ ʛʦʜ [3]. 

ʀʥʪʝʛʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʀʀ, ʪʘʢʠʝ ʢʘʢ Vision Transformers (ViT) ʠ Graph 

Neural Networks (GNN), ʦʙʨʘʙʘʪʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʪʳʩʷʯ ʜʘʪʯʠʢʦʚ, 

ʧʨʦʛʥʦʟʠʨʫʷ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ.  

ʅʘʧʨʠʤʝʨ, ʧʣʘʪʬʦʨʤʘ Nvidia DRIVE Hyperion ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʩ 

ʜʚʝʥʘʜʮʘʪʠ ʢʘʤʝʨ, ʜʝʚʷʪʠ ʨʘʜʘʨʦʚ ʠ ʦʜʥʦʛʦ ʣʠʜʘʨʘ, ʩʦʟʜʘʚʘʷ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʪʝʩʪʘʭ ʥʘ ʪʨʘʩʩʘʭ ɻʝʨʤʘʥʠʠ ʩʠʩʪʝʤʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ 99,3 %, ʯʪʦ ʥʘ 

15 % ʚʳʰʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ [2]. 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ ʚ ʤʝʛʘʧʦʣʠʩʘʭ ʚʩʸ ʯʘʱʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʘʜʘʧʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʠ ʀʀ. ɺ ʄʦʩʢʚʝ ʧʨʦʝʢʪ 

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪè ʠʩʧʦʣʴʟʫʝʪ 25 ʪʳʩ. ʢʘʤʝʨ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ. ɸʣʛʦʨʠʪʤʳ ʥʘ ʙʘʟʝ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʝʡ (RNN) 

ʧʨʦʛʥʦʟʠʨʫʶʪ ʟʘʪʦʨʳ ʟʘ 20 ʤʠʥ. ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘʜʘʧʪʠʚʥʦ ʨʝʛʫʣʠʨʫʷ 

ʬʘʟʳ ʩʚʝʪʦʬʦʨʦʚ. ʕʪʦ ʩʦʢʨʘʪʠʣʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʝʟʜʦʢ ʥʘ 18 %, ʘ ʚʳʙʨʦʩʳ 

CO2 ï ʥʘ 22 %. ɺ ʉʠʥʛʘʧʫʨʝ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ 

ʤʝʪʝʦʜʘʪʯʠʢʘʤʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʝʪ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʥʘ ʤʘʛʠʩʪʨʘʣʷʭ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʛʦʣʦʣʝʜʘ, ʩʥʠʞʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʥʘ 35 % ʚ ʩʝʟʦʥ ʜʦʞʜʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ (ʙʘʨʴʝʨʦʚ 

ʚʥʝʜʨʝʥʠʷ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʦʪʨʘʩʣʠ (ʨʠʩʫʥʦʢ1). 

 
 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ (ʙʘʨʴʝʨʳ ʚʥʝʜʨʝʥʠʷ) ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʦʚ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʦʪʨʘʩʣʠ 

 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʥʘʧʨʠʤʝʨ, ʩʦʚʨʝʤʝʥʥʳʝ ʣʠʜʘʨʥʳʝ 

ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ VelodyneHDL-64E, ʩʪʦʷʪ ʩʚʳʰʝ $ 4 ʪʳʩ. ʟʘ ʢʦʤʧʣʝʢʪ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʙʶʜʞʝʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ, ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ 

ʟʘʱʠʪʦʡ ʫʩʪʨʦʡʩʪʚ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʠʙʨʘʮʠʷ, ʚʣʘʛʘ). ʅʘʧʨʠʤʝʨ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʜʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʦʜ ʘʚʪʦʥʦʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʥʘ 15ï20 %. 

ʊʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʥʘʧʨʠʤʝʨ, ʟʘʜʝʨʞʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ï ʢʨʠʪʠʯʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʩʢʦʨʦʩʪʠ 100 ʢʤ/ʯ ʜʘʞʝ ʟʘʜʝʨʞʢʘ ʚ 0,2 ʩ, ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʥʘ 5,5 ʤ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʝʨʞʢʠ ʤʝʥʝʝ 0,1 ʩ ʪʨʝʙʫʶʪʩʷ 

ʤʦʱʥʳʝ edge-ʚʳʯʠʩʣʠʪʝʣʠ (ʥʘʧʨʠʤʝʨ, Nvidia Jetson AGX), ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ $ 2 ʪʳʩ., ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ. 
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ʋʛʨʦʟʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ: ʥʘʧʨʠʤʝʨ, ʚ 2022 ʛ ʭʘʢʝʨʩʢʘʷ 

ʛʨʫʧʧʘ GhostSec ʘʪʘʢʦʚʘʣʘ ʩʠʩʪʝʤʫ ʫʤʥʳʭ ʩʚʝʪʦʬʦʨʦʚ ʚ ʊʝʣʴ-ɸʚʠʚʝ, ʚʳʟʚʘʚ 12-

ʯʘʩʦʚʦʡ ʢʦʣʣʘʧʩ ʥʘ ʜʦʨʦʛʘʭ. ʋʷʟʚʠʤʦʩʪʴ ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ ʩʣʘʙʦʡ ʟʘʱʠʪʳ 

ʧʨʦʪʦʢʦʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ ʠ ʩʝʨʚʝʨʘʤʠ. ɹʝʩʧʨʦʚʦʜʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ ʘʚʪʦʥʦʤʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (V2X) ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʨʠʩʢʘʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʠʯʠʛʘʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 70 % ʣʠʜʘʨʦʚ ʤʦʞʥʦ 

ʜʝʟʦʨʠʝʥʪʠʨʦʚʘʪʴ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩʪʦʠʤʦʩʪʴʶ $ 60. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ. ɺ 

ʗʧʦʥʠʠ ʧʨʦʝʢʪ RobotTaxi ʦʪ ZMP ʠʩʧʦʣʴʟʫʝʪ ʢʘʤʝʨʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 8 K ʠ 

ʥʝʡʨʦʩʝʪʠ ResNet-152 ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 200 ʪʠʧʦʚ ʜʦʨʦʞʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɿʘ ʪʨʠ ʛʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʠ ʧʨʝʦʜʦʣʝʣʠ 2 ʤʣʥ. ʢʤ ʩ ʥʫʣʝʚʦʡ 

ʘʚʘʨʠʡʥʦʩʪʴʶ. 

ɺ ʈʦʩʩʠʠ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ɹɸʄ ʠʩʧʦʣʴʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ, ʚʳʷʚʣʷʷ ʩʤʝʱʝʥʠʷ ʛʨʫʥʪʘ ʟʘ 48 ʯ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʛʨʫʟʦʚʳʭ ʧʦʝʟʜʦʚ ʥʘ 17 %, 

ʫʚʝʣʠʯʠʚ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʠʤʙʠʦʟʝ ʩ 

ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʬʦʨʤʠʨʫʶʪ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʪʨʘʥʩʧʦʨʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʨʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʘʪʦʨʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʜʥʘʢʦ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʵʪʠʭ ʨʝʰʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʢʣʶʯʝʚʳʝ ʙʘʨʴʝʨʳ ï ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʫʛʨʦʟʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʦʪʨʘʩʣʠ ʩʚʷʟʘʥʳ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʦʧʪʠʯʝʩʢʠʭ, ʢʚʘʥʪʦʚʳʭ ʠ 

ʙʠʦʥʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʟʚʠʪʠʝ ʤʠʥʠʘʪʶʨʥʳʭ ʩʝʥʩʦʨʦʚ, çʫʤʥʳʭè ʜʦʨʦʛ ʠ 

ʟʘʱʠʱʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʚʷʟʠ ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʙʫʜʫʱʝʛʦ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ, ʢ 2030 ʛ 40 % ʨʝʰʝʥʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʙʫʜʫʪ 

ʦʩʥʦʚʘʥʳ ʥʘ ʢʚʘʥʪʦʚʳʭ ʧʨʠʥʮʠʧʘʭ, ʘ ʨʳʥʦʢ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʦʩʪʠʛʥʝʪ $ 75 ʤʣʨʜ. ʕʪʦ ʦʪʢʨʦʝʪ ʧʫʪʴ ʢ ʪʨʘʥʩʧʦʨʪʫ ʩ ʥʫʣʝʚʳʤ ʫʨʦʚʥʝʤ ʘʚʘʨʠʡ 

ʠ ʫʛʣʝʨʦʜʥʳʤ ʥʝʡʪʨʘʣʠʪʝʪʦʤ, ʧʝʨʝʦʧʨʝʜʝʣʠʚ ʩʪʘʥʜʘʨʪʳ ʤʦʙʠʣʴʥʦʩʪʠ XXI ʚʝʢʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɺ.ɸ. ʄʠʭʘʡʣʦʚʘ, ʤʘʛ.; ʨʫʢ. ʄ.ɸ. ɸʤʝʣʠʥʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʋʉʊʈʆʁʉʊɺʆ ʋʇʈɸɺʃɽʅʀʗ ʇɸʈʂʆɺʆʏʅʓʄ ʄɽʉʊʆʄ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ ʫʨʙʘʥʠʟʘʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʪʨʝʤʣʝʥʠʝʤ ʥʘʩʝʣʝʥʠʷ ʢ ɻ ʢʦʥʦʤʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʢʫʣʴʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʧʨʦʙʣʝʤ 

ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʣʣʘʧʩʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʛʦʨʦʜʘ ʢ ʦʙʨʘʙʦʪʢʝ 

ʨʘʩʪʫʱʝʛʦ ʧʦʪʦʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ 

ʧʫʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʦʧʨʦʩʦʤ ʫʜʦʙʩʪʚʘ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʥʦ ʠ 

ʥʝʛʘʪʠʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʚ ʩʬʝʨʝ ʙʠʟʥʝʩʘ.  

ʊʝʤʝ ʫʣʫʯʰʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʘʤʢʘʭ ʤʠʥʠʤʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʣʣʘʧʩʦʚ (ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʳʭ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ) ʧʦʩʚʷʱʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʘʯʘʩʪʫʶ ʚ ʥʠʭ 

ʫʧʫʩʢʘʝʪʩʷ ʠʟ ʚʠʜʫ ʢʘʞʫʱʠʡʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨ ï ʭʘʦʪʠʯʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʨʢʦʚʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʀʨʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʠʩʢ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʚʦ 

ʚʨʝʤʝʥʠ ʙʣʫʞʜʘʥʠʷ ʧʦ ʧʝʨʝʛʨʫʞʝʥʥʳʤ ʫʣʠʮʘʤ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʟʘʪʦʨʳ ʚʚʠʜʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʤʝʭ ʜʚʠʞʝʥʠʶ ʠ 

ʧʨʦʚʦʮʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʝʨʝʜʦʚʦʡ ʦʧʳʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʘʨʢʦʚʦʯʥʳʭ ʩʠʩʪʝʤ, ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʡ ʚ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ [1], 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʢʦʚʦʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʛʨʫʞʘʝʪ ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʘʨʢʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʰʘʶʪ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠʣʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʧʣʘʪʳ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ [2]. ʂʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʢʦʡ ʚ ʮʝʣʦʤ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʞʝ. ʇʦʵʪʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʚʦʜʠʪʝʣʷʤ ʟʘʨʘʥʝʝ ʟʘʙʨʦʥʠʨʦʚʘʪʴ ʤʝʩʪʦ ʠ ʠʟʙʝʞʘʪʴ ʥʝʥʫʞʥʦʛʦ ʧʦʠʩʢʘ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʢʦʚʦʯʥʳʤ ʤʝʩʪʦʤ, ʦʙʣʘʜʘʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʘʨʢʦʚʢʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ.  ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ.  

ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʣʝʞʠʪ ʢʦʥʮʝʧʮʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʝʨʚʝʨʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʜʥʦʪʠʧʥʳʭ 
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ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ 

ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ ʦʪ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʩʝʨʚʝʨʫ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʩʪ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ 

ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʧʘʨʢʦʚʦʯʥʳʝ ʤʝʩʪʘ, ʦʧʣʘʯʠʚʘʪʴ ʧʘʨʢʦʚʢʫ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʢʨʳʚʘʪʴ/ʟʘʢʨʳʚʘʪʴ ʰʣʘʛʙʘʫʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ).  

ʂʘʞʜʦʝ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʝ ʩʨʝʜʩʪʚʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʝʰʘʶʱʝʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʢʦʡ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʫʩʪʨʦʡʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʦʯʥʳʤ ʤʝʩʪʦʤ, ʩʣʝʜʫʶʱʠʝ:  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʘʨʢʦʚʦʯʥʦʤ ʤʝʩʪʝ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʠʟʤʝʨʷʶʱʝʛʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 400 ʩʤ. ɼʘʪʯʠʢ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʩʨʝʜʩʪʚʦʤ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʟʘʢʨʳʪʠʠ ʰʣʘʛʙʘʫʤʘ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʚʳʟʚʘʥʥʳʭ ʨʘʙʦʪʦʡ ʫʩʪʨʦʡʩʪʚʘ). 

2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʪʢʨʳʪʠʝ/ʟʘʢʨʳʪʠʝ ʰʣʘʛʙʘʫʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʧʘʨʢʦʚʦʯʥʦʝ ʤʝʩʪʦ. ʇʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ 

ʰʣʘʛʙʘʫʤʘ ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʧʣʘʚʥʦ, ʯʪʦʙʳ ʥʝ ʩʦʟʜʘʚʘʪʴ ʜʠʩʢʦʤʬʦʨʪ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

3. ʀʥʜʠʢʘʮʠʷ ʩʪʘʪʫʩʘ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ (ʩʚʦʙʦʜʥʦ, ʟʘʥʷʪʦ, 

ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ). 

4. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʩʝʨʚʝʨʦʤ. 

5. ʅʘʣʠʯʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʙʝʩʢʦʥʪʘʢʪʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ RFID-ʤʝʪʦʢ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʚʦʯʥʳʤ ʤʝʩʪʦʤ (ʨʠʩʫʥʦʢ 1). ɺ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚʘ 

ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ STM32 [3], ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ Ethernet (ʥʘʧʨʠʤʝʨ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LWIP ʠ ʜʨʘʡʚʝʨʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ɼʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʪʨʝʙʦʚʘʥʠʷ ç1è, ʧʨʠ ʵʪʦʤ ʦʙʦʟʥʘʯʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ HC-SR04 ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʜʦ 0,3 ʩʤ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʚ ʩʝʢʪʦʨʝ 15 ʛʨʘʜʫʩʦʚ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʝʛʦ ʥʦʨʤʘʣʠ (ʪʦ ʝʩʪʴ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʚ 4 ʤ ʟʦʥʘ ʦʭʚʘʪʘ ʥʝ ʙʦʣʝʝ 1,05 ʤ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ 

ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ).  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʪʢʨʳʪʠʷ/ʟʘʢʨʳʪʠʷ ʰʣʘʛʙʘʫʤʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʣʘʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʪʦʯʥʦʤʫ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʚʦʜʚʠʛʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʢʨʫʪʷʱʠʤ 

ʤʦʤʝʥʪʦʚ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʰʣʘʛʙʘʫʤʘ ʜʘʞʝ ʧʨʠ ʩʠʣʴʥʦʤ ʚʝʪʨʝ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ɼʣʷ ʠʥʜʠʢʘʮʠʠ ʩʪʘʪʫʩʘ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʟʝʣʝʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ʟʝʣʝʥʳʡ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ, ʢʨʘʩʥʳʡ ʜʣʷ ʟʘʥʷʪʦʛʦ, ʤʠʛʘʶʱʠʡ ʢʨʘʩʥʳʡ ʜʣʷ 

ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʛʦ). ʉʚʝʪʦʩʠʛʥʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʫʶ 

ʚʠʜʠʤʦʩʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʫʩʘ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ.  

ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʨʝʰʘʶʱʠʤ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʝʩʪʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʢʦʚʢʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʘʨʢʦʚʢʠ 

ʚʦʟʤʦʞʥʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʠʩʢʘ ʩʚʦʙʦʜʥʳʭ 

ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʬʠʩʥʳʭ ʟʜʘʥʠʷʭ ʠ 

ʙʠʟʥʝʩ-ʮʝʥʪʨʘʭ, ʞʠʣʠʱʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʘʨʢʦʚʢʘʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. 
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ɸ.ɸ. ʄʫʟʳʢʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ.ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʉʊɽʅɼ çP-N ʇɽʈɽʍʆɼè  
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʷʞʝʣʦ ʟʘʧʦʤʥʠʪʴ ʥʘ ʥʘʯʘʣʴʥʳʭ ʢʫʨʩʘʭ ʙʝʟ 

ʥʘʛʣʷʜʥʳʭ ʧʨʠʤʝʨʦʚ. ʅʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ 

ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè ʚ 

ʛ. ʉʤʦʣʝʥʩʢʝè ʠʟʫʯʝʥʠʝ ʦʩʥʦʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʙʘʟʦʡ ʟʥʘʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʠʭ ʟʥʘʥʠʷʭ 

ʙʘʟʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʠʩʮʠʧʣʠʥʳ: çʦʩʥʦʚʳ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, çʩʭʝʤʦʪʝʭʥʠʢʘ ʣʠʥʝʡʥʳʭ ʫʩʪʨʦʡʩʪʚè, çʩʭʝʤʦʪʝʭʥʠʢʘ 

ʠʤʧʫʣʴʩʥʳʭ ʫʩʪʨʦʡʩʪʚè, çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʠ çʩʠʣʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘè. ʆʜʥʘʢʦ ʥʘʯʘʣʴʥʳʝ ʟʥʘʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʜʠʩʮʠʧʣʠʥʝ 

çʚʚʝʜʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʠʢʫè ʥʘ 1 ʢʫʨʩʝ. 

ʆʩʥʦʚʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ p-n ʧʝʨʝʭʦʜ. ʌʠʟʠʯʝʩʢʠʝ 

ʧʨʠʥʮʠʧʳ, ʣʝʞʘʱʠʝ ʚ ʝʛʦ ʦʩʥʦʚʝ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ: 

- ʚʳʧʨʷʤʣʝʥʠʠ ʪʦʢʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ, 

- ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ, 

- ʩʚʝʪʦʠʩʧʫʩʢʘʶʱʠʭ ʜʠʦʜʘʭ, 

- ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ, 

- ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ, 

- ʩʦʟʜʘʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʩʪʝʡʰʝʡ ʜʝʤʦʥʩʪʨʘʮʠʝʡ p-n ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʜʠʦʜ. ɼʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʝʛʦ ʨʘʙʦʪʳ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʩʪʝʥʜ, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ 

ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ çp-n ʧʝʨʝʭʦʜè 

 

ʕʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʧʝʨʝʭʦʜ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ n-ʪʠʧʘ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʚʳʩʪʫʧʘʶʪ 

ʵʣʝʢʪʨʦʥʳ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʢʦʧʣʝʥʠʝ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʜʳʨʦʢ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ p-ʪʠʧʘ ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʜʳʨʢʠ [1]. ʇʨʠ 

ʢʦʥʪʘʢʪʝ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ: ʵʣʝʢʪʨʦʥʳ 

ʥʘʯʠʥʘʶʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠʟ n-ʦʙʣʘʩʪʠ ʚ p-ʦʙʣʘʩʪʴ, ʘ ʜʳʨʢʠ, ʥʘʦʙʦʨʦʪ, ʠʟ p-

ʦʙʣʘʩʪʠ ʚ n-ʦʙʣʘʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ p-ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʢʦʥʪʘʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʳʨʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. ɺ n-ʦʙʣʘʩʪʠ, ʥʘʧʨʦʪʠʚ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʬʦʨʤʠʨʫʷ ʩʣʦʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʟʘʨʷʜʦʤ. ʕʪʦ ʩʦʟʜʘʝʪ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʢʦʪʦʨʳʡ 

ʛʝʥʝʨʠʨʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʜʘʣʴʥʝʡʰʝʤʫ ʚʟʘʠʤʥʦʤʫ 

ʧʝʨʝʤʝʱʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ. ʋʢʘʟʘʥʥʘʷ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʟʘʧʠʨʘʶʱʠʤ 

ʩʣʦʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʥʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

n-ʦʙʣʘʩʪʠ ʚ p-ʦʙʣʘʩʪʴ ʠ ʜʳʨʦʢ ʠʟ p-ʦʙʣʘʩʪʠ ʚ n-ʦʙʣʘʩʪʴ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʩʠʣʳ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʝʨʸʪʩʷ ʠʟ ʨʷʜʘ ɽ24 (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʷʜ ɽ24 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ 
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ɼʘʥʥʳʡ ʩʪʝʥʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- 2 ʤʘʪʨʠʮ A3, A4, 

- ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪ rA2, 

- ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ DD1, 

- ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʡ M1, M2, 

- AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ A1, 

- ʪʫʤʙʣʝʨʘ SW1, 

- ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʵʥʢʦʜʝʨʘ SW2, 

- ʨʝʛʠʩʪʨʦʚ ʩʜʚʠʛʘ DD2, DD3. 

ʄʘʪʨʠʮʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʘʷ ʠʟ ʤʘʪʨʠʮ ʦʪʚʝʯʘʝʪ ʟʘ ʦʜʥʫ ʠʟ ʦʙʣʘʩʪʝʡ. ɸʜʨʝʩʥʘʷ 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʪʦʢʘ. 

ʊʫʤʙʣʝʨ ʧʝʨʝʢʣʶʯʘʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ.  

ʉʪʝʥʜ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʚʢʣʶʯʝʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʇʨʠ ʧʨʷʤʦʤ ʚʢʣʶʯʝʥʠʠ ʜʠʦʜʘ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʷʤʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ʦʪʦʙʨʘʞʘʝʪ ʚʝʣʠʯʠʥʫ ʩʠʣʳ ʪʦʢʘ, ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʥʢʦʜʝʨʘ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ ʜʠʦʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʪʦʢʘ [2]. 

ʉʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʸ ʤʝʨʮʘʥʠʝ ʠ ʤʝʥʷʝʪ ʮʚʝʪ ʥʘ ʢʨʘʩʥʳʡ, 

ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ. 

ʇʝʨʚʳʡ ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʠʤʠʪʘʮʠʶ ʚʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʚ ʮʝʧʴ ʧʨʷʤʦʡ ʣʠʙʦ ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʴʶ. ɽʛʦ ʧʦʣʷʨʥʦʩʪʴ ʟʘʜʘʸʪʩʷ 

ʪʫʤʙʣʝʨʦʤ. ʄʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʘʣʫ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦ. ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʦʨʦʪ ʥʘ 180. 

ɺʪʦʨʦʡ ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʪʦʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʝʨʤʝʪʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʮʝʧʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʥʢʨʝʤʝʥʪʥʳʤ ʵʥʢʦʜʝʨʦʤ, ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʘʤʧʝʨʤʝʪʨʘ. 

ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ʩʪʝʥʜʘ, ʩʪʨʝʣʢʘ ʦʧʫʩʢʘʝʪʩʷ ʚ ʥʫʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ p-n ʧʝʨʝʭʦʜʝ. ʊʘʢʞʝ ʦʥ ʙʫʜʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʜʠʩʮʠʧʣʠʥʝ çʦʩʥʦʚʳ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʤʣʘʜʰʠʭ ʢʫʨʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʜʘ ʧʦʟʚʦʣʠʪ 

ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʫʩʚʦʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʙʦʪʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʩʪʝʥʜ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʉʤʦʣʝʥʩʢʘ, ʪʘʢʠʭ ʢʘʢ 

ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʡʩʢʦʚʦʡ ʧʨʦʪʠʚʦʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʉʤʦʣʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɿʘʙʨʦʜʠʥ ʖ.ʉ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ ï ʄʦʩʢʚʘ: ɸʣʴʷʥʩ, 2013. ï 496 ʩ. 

2. ʇʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʚʢʣʶʯʝʥʠʝ p-n-ʧʝʨʝʭʦʜʘ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://studfile.net/preview/6230959/page:2/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 17.03.2025) 
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ʅʦʚʠʢʦʚ ɼ.ɸ. ʩʪʫʜ., ʉʪʨʫʛʦʚʝʮ ʂ.ʄ. ʩʪʫʜ.; ʨʫʢ. ʂʦʚʘʣʝʚʘ ʄ.ʉ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ʈʆɹʆʊɸ-ʇɽʏɽʅʖʍʀ 

 

ɽʞʝʛʦʜʥʦ ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ ʧʨʦʚʦʜʠʪ 

ʜʝʥʴ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ. ɻʦʩʪʠ ʬʠʣʠʘʣʘ ʤʦʛʫʪ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʚʳʧʫʩʢʘʶʱʠʤʠ ʢʘʬʝʜʨʘʤʠ ɺʋɿʘ, ʧʦʦʙʱʘʪʴʩʷ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʚʳʙʨʘʪʴ ʠʥʪʝʨʝʩʫʶʱʝʝ ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ 

ʧʨʦʬʝʩʩʠʝʡ, ʩ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʚʷʟʘʥʘ ʜʘʣʴʥʝʡʰʘʷ ʞʠʟʥʴ. ʂʘʬʝʜʨʘ 

çʕʣʝʢʪʨʦʥʠʢʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʙʠʪʫʨʠʝʥʪʘʤ ʥʘʛʣʷʜʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʦʙʫʯʘʶʱʠʭʩʷ. ʉʪʫʜʝʥʪʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʠ ʤʘʢʝʪʳ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʘʙʠʪʫʨʠʝʥʪʘ.    

çʈʦʙʦʪ-ʧʝʯʝʥʶʭʘè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʝʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʜʥʝ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ. 

ɼʘʥʥʳʡ ʨʦʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʯʝʪʳʨʝʭ ʧʦʜʚʠʞʥʳʭ 

çʣʘʧʘʭè, ʢʦʪʦʨʳʝ ʧʝʨʝʜʚʠʛʘʶʪ ʫʩʪʨʦʡʩʪʚʦ. ʂʘʞʜʘʷ çʣʘʧʘè ʦʙʦʨʫʜʦʚʘʥʘ 

ʪʨʝʤʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ. ʂʦʨʧʫʩ 

ʫʩʪʨʦʡʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʠʟ ʧʣʘʩʪʠʢʘ PETG. ɺʥʝʰʥʠʡ ʚʠʜ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ çʈʦʙʦʪʘ-ʧʝʯʝʥʶʭʠè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2.  
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ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ çʈʦʙʦʪʘ-ʧʝʯʝʥʶʭʠè 

 

ɼʣʷ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 2 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘ 

18650 GB1. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʝʨʞʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʟʘʤʝʥʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨʳ ʚ ʩʣʫʯʘʝ ʨʘʟʨʷʜʢʠ. ɼʣʷ ʧʠʪʘʥʠʷ ʮʠʬʨʦʚʦʡ ʯʘʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ɸ1, LM2596, ʧʦʥʠʞʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ =7,4 ɺ/=5 ɺ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʝʤʫ ʦʪʜʘʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

¶ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨ,r 

¶  ʂʇɼ ʜʦ 95%, 

¶  ʚr ʭʦʜʥʦʡ ʪʦʢ ʜʦ 3 ɸ, ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʠʪʘʥʠʷ ʩʭʝʤʳ. [1] 

ʇʨʠ ʭʦʜʴʙʝ ʨʦʙʦʪ ʧʝʨʝʜʚʠʛʘʝʪ çʣʘʧʘʤʠè ʧʦʦʯʝʨʝʜʥʦ, ʚ ʵʪʦʪ ʤʦʤʝʥʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 2 ʩʝʨʚʦʧʨʠʚʦʜʘ, ʚʩʷ ʩʭʝʤʘ ʧʦʪʨʝʙʣʷʝʪ ʪʦʢ 1 ɸ. 

ʉ ʧʦʤʦʱʴʶ ʧʣʘʪʳ Arduino nano ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega328  

DD1 ʦʨʛʘʥʠʟʦʚʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʥʦ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

¶ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ,  

¶  ʧʨʦʩʪʘ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, 

¶  ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ.  

ʇʣʘʪʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

¶ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʦʪ 5 ʤʢɸ, 

¶ 20 ʮʠʬʨʦʚʳʭ ʧʠʥʦʚ, 8 ʘʥʘʣʦʛʦʚʳʭ (ʠʟ ʥʠʭ 6 ʩʦʚʤʝʱʝʥʳ ʩ ʮʠʬʨʦʚʳʤʠ) 

¶  ʦʙʲʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʧʘʤʷʪʠ ʩʦʩʪʘʚʣʷʝʪ 32 ʢɹ, 

¶  ʘʧʧʘʨʘʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ SPI, I2C, UART. [2] 

ʂʦʜ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʙʳʣ ʥʘʧʠʩʘʥ ʚ ʧʨʦʛʨʘʤʤʝ çArduino IDEè ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Arduino C. 
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ɼʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʚʦʧʨʠʚʦʜʳ SG90 A2. 

ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʥʦ ʠʤʝʥʥʦ ʠʤ, ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ:  

¶ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 4,8ï6 ɺ,  

¶ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ: 23 Ĭ 12.2 Ĭ 29 ʤʤ, 

¶ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦ 650 ʤɸ, 

¶ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 1,8 ʢʛ/ʩʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʣʝʛʢʦʩʪʴʶ 

ʧʝʨʝʜʚʠʛʘʪʴ ʨʦʙʦʪʘ. [3] 

ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Bluetooth ʤʦʜʫʣʷ 

HC-05 ɸ3. 

ʉʠʛʥʘʣ ʥʘ Bluetooth ʤʦʜʫʣʴ ʧʦʩʪʫʧʘʝʪ ʩ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ 

ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android, ʩ ʧʦʤʦʱʴʶ ʩʢʘʯʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

çBluetooth spp proè, ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ 

(Bluetooth). çʈʦʙʦʪ-ʧʝʯʝʥʶʭʘè ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ 8 ʢʦʤʘʥʜ:  

¶  ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʜʚʠʞʝʥʠʝ ʥʘʟʘʜ, 

¶  ʧʦʚʦʨʦʪ ʥʘʣʝʚʦ, 

¶  ʧʦʚʦʨʦʪ ʥʘʧʨʘʚʦ, 

¶  ʩʝʩʪʴ, 

¶  ʚʩʪʘʪʴ, 

¶  ʧʦʤʘʭʘʪʴ ʣʘʧʦʡ çʧʨʠʚʝʪè, 

¶  ʧʦʤʘʭʘʪʴ ʣʘʧʦʡ çʧʦʢʘè. 

ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʟʘʪʝʤ ʥʘ 

ʩʝʨʚʦʧʨʠʚʦʜʳ. ʈʘʙʦʪʘ ʩʝʨʚʦʧʨʠʚʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʘʥʜʳ, ʧʦʩʪʫʧʠʚʰʝʡ ʩ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʩʙʦʨʢʠ ʨʦʙʦʪʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʣʘʪʘ ʤʝʪʦʜʦʤ ʃʋʊ 

(ʣʘʟʝʨʥʦ-ʫʪʶʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ) ʥʘ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʬʦʣʴʛʠʨʦʚʘʥʥʦʤ 

ʪʝʢʩʪʦʣʠʪʝ. ɺ ʧʣʘʪʫ ʙʳʣʠ ʚʧʘʷʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʨʘʟʲʝʤʳ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʦʚ.  

ɺ ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʤʝʩʪʦ ʜʣʷ Wi-fi ʢʘʤʝʨʳ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʤʦʜʫʣʴ ʢʘʤʝʨʳ ʠ Wi-fi ʧʝʨʝʜʘʪʯʠʢ, ʩʧʦʩʦʙʥʳʡ 

ʧʝʨʝʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʩʤʘʨʪʬʦʥ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʜʦʨʘʙʦʪʢʘ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʨʦʙʦʪʫ ʠʟ ʤʫʣʴʪʬʠʣʴʤʘ, ʘ ʪʘʢʞʝ ʝʱʝ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʣʘ 

ʚʥʠʤʘʥʠʝ ʘʙʠʪʫʨʠʝʥʪʦʚ ʥʘ ɼʥʝ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1 LM2596: ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʜʳ ʠ ʩʭʝʤʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://www.ruselectronic.com/lm2596/?ysclid=m7ccn9rs81245328421, ʩʚʦʙʦʜʥʳʡ(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

19.02.2025) 

2 Arduino Nano [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: https://kit.alexgyver.ru/tutorials/arduino-

nano/?ysclid=m7c9dw33b4765521664, ʩʚʦʙʦʜʥʳʡ(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 19.02.2025) 

3 SG90 servo, ʉʝʨʚʦʤʦʪʦʨ ʘʥʘʣʦʛʦʚʳʡ 1.8ʢʛ.ʩʤ 180Á [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://www.chipdip.ru/product/sg90-analog-servo, ʩʚʦʙʦʜʥʳʡ(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 19.02.2025) 

 

 

https://www.ruselectronic.com/lm2596/?ysclid=m7ccn9rs81245328421
https://kit.alexgyver.ru/tutorials/arduino-nano/?ysclid=m7c9dw33b4765521664
https://kit.alexgyver.ru/tutorials/arduino-nano/?ysclid=m7c9dw33b4765521664
https://www.chipdip.ru/product/sg90-analog-servo
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ɼ. ɼ. ʇʝʪʨʦʚ ʩʪʫʜ., ʨʫʢ. ɼ.ʉ. ʈʘʩʩʢʘʟʘ ʩʪ.ʧʨʝʧ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɺʀɼʓ ʉʀʉʊɽʄ, ʀʉʇʆʃʔɿʋɽʄʓɽ ɺ ʈɸɼʀʆʉɺʗɿʀ  

ɼʃʗ ɺʓʉʆʂʆʏɸʉʊʆʊʅʆɻʆ ɼʀɸʇɸɿʆʅɸ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 350 

ʢɻʮ ʜʦ 350 ʄɻʮ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʠʘʮʠʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʠ ʜʨʫʛʠʭ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʪʨʘʩʣʷʭ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʨʷʜ ʧʘʪʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʝ 

ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʜʝʞʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʪʝʥʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ.   

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ 

ʨʘʜʠʦʩʚʷʟʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʨʘʜʠʦʩʚʷʟʠ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʪʝʥʪʥʦʡ ʙʘʟʳ 

ʠʟʦʙʨʝʪʝʥʠʡ, 

- ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ. 

ʀʟʚʝʩʪʝʥ ʧʨʠʥʮʠʧ ʨʘʜʠʦʩʚʷʟʠ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ [1] ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʠʩʪʝʤʘ ʨʘʜʠʦʩʚʷʟʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 330 ʄɻʮ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ 

ʯʘʩʪʦʪʥʦʝ ʨʘʟʥʝʩʝʥʠʝ ʢʘʥʘʣʦʚ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʧʝʨʝʤʝʞʝʥʠʝ 

ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʕʪʠ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʧʝʨʝʜʘʯʠ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʧʦʤʝʭ. 

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʦʦʙʱʝʥʠʡ. ɼʘʣʝʝ ʩʠʛʥʘʣ ʤʦʜʫʣʠʨʫʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʨʘʜʠʦʢʘʥʘʣ. ʅʘ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʝ ʩʠʛʥʘʣ ʜʝʤʦʜʫʣʠʨʫʝʪʩʷ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʤʝʭ, ʜʝʢʦʜʠʨʫʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʢʦʥʝʯʥʦʤʫ ʧʦʣʫʯʘʪʝʣʶ. ɽʩʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʦʰʠʙʢʠ, ʧʨʠʝʤʥʘʷ ʩʪʦʨʦʥʘ ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ ʥʘ ʧʦʚʪʦʨʥʫʶ 

ʧʝʨʝʜʘʯʫ ʧʦ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʤʝʭʘʥʠʟʤʘʤ ʩʠʩʪʝʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʩʚʷʟʴ ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʜʠʦʩʨʝʜʳ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ ï ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʦʰʠʙʦʢ. 
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ɺʥʝʜʨʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʣʫʯʰʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʧʨʠʝʤʘ ʜʘʥʥʳʭ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ, ʛʜʝ 

1 ï ʫʩʪʨʦʡʩʪʚʦ ʢʦʜʠʨʦʚʘʥʠʷ, 2 ï ʧʝʨʝʤʝʞʠʪʝʣʴ, 3- ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʬʘʟ,  

4 ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʦʚ, 5 ï ʫʩʪʨʦʡʩʪʚʦ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʤʝʭ,  

6 ï ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 7 ï ʘʤʧʣʠʪʫʜʥʦʝ ʥʦʨʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ,  

8 ï ʨʝʰʘʶʱʝʝ ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, 9 ï ʜʝʧʝʨʝʤʝʞʠʪʝʣʴ,  

10 ï ʫʩʪʨʦʡʩʪʚʦ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, 11 ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʦʨʦʛʘ  

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʶʱʠʭ ʠ 

ʧʨʠʝʤʥʳʭ ʯʘʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʣʦʚ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ (GNSS), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʰʘʶʱʝʡ 

ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʚʳʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ ʧʦ ʢʨʠʪʝʨʠʶ 

çʩʠʛʥʘʣ/ʰʫʤè, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʝʝ ʧʦʜ 

ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʩʯʝʪ ʛʠʙʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʣʠʯʝʩʪʚʫ 

ʧʝʨʝʜʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʝʩʪʴ 

ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʜʝʨʳ, ʜʝʢʦʜʝʨʳ, 

ʩʫʤʤʘʪʦʨʳ, ʬʘʟʦʚʳʝ ʤʦʜʫʣʷʪʦʨʳ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 

ʊʘʢʘʷ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɽʱʝ ʦʜʥʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘʜʠʦʩʨʝʜʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʠʭ ʯʘʩʪʦʪ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʤʝʥʝʝ ʛʠʙʢʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʤʝʭ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ ʨʘʙʦʪʳ ʚʦʟʤʦʞʥʦ ʜʦʧʦʣʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʯʘʩʪʦʪ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʙʦʪʳ ʙʝʟ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ. ɽʱʝ 

ʦʜʥʠʤ ʚʘʞʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʫʟʣʦʚ ʠ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʥʘ ʨʝʟʝʨʚʥʳʝ ʢʘʥʘʣʳ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʊʘʢ ʞʝ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʭʝʤ 

ʢʦʜʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ, ʢʚʘʥʪʦʚʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧ ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʥʦ ʜʣʷ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʨʷʜ ʜʦʨʘʙʦʪʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ, 

ʛʠʙʢʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʟʚʝʩʪʝʥ ʧʘʪʝʥʪ çʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʟʘʤʝʪʥʳʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚè [2], ʚ ʢʦʪʦʨʦʤ ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʟʘʤʝʪʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʯʘʩʪʦʪ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʪ 150 ʄɻʮ ʜʦ 6 ɻɻʮ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʣʫʯʝʥʠʠ ʧʘʯʝʢ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʧʨʠʝʤʝ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʭ ʦʮʠʬʨʦʚʢʝ 

ʠ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʨʘʞʝʥʠʡ ʦʪ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʢʚʘʜʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʟʘʤʝʪʥʳʭ ɹʃɸ. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪʳ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɹʃɸ, ʧʦʚʳʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʥʘʜʝʞʥʦʤʫ ʦʙʥʘʨʫʞʝʥʠʶ ʤʘʣʦʟʘʤʝʪʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ 

ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʩʦʩʨʝʜʦʪʦʯʠʚʰʠʩʴ ʥʘ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʯʘʩʪʦʪʘʭ, ʯʪʦ ʩʥʠʟʠʪ ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠ ʫʤʝʥʴʰʠʪ 
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ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʊʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʠʪʴ 

ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʪʴ ʩʠʛʥʘʣʳ 

ɹʃɸ ʥʘ ʬʦʥʝ ʧʦʤʝʭ ʠ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ [3].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʫʣʫʯʰʝʥʠʷ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʟʘʤʝʪʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʊʘʢʞʝ ʝʩʪʴ ʩʭʦʞʘʷ ʩʠʩʪʝʤʘ ʨʘʜʠʦʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ [4]. ʉʠʩʪʝʤʘ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ 

ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʘʜʠʦʩʚʷʟʴ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ GSM-R. ʆʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʣʦʩʦʚʫʶ ʩʚʷʟʴ, ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʘ 

ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʜʨʝʩʘʮʠʶ, ʧʦʟʚʦʣʷʷ ʜʠʩʧʝʪʯʝʨʘʤ ʠ ʤʘʰʠʥʠʩʪʘʤ 

ʦʧʝʨʘʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪ DMR, ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 160 ʄɻʮ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʷʟʴ 

ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʨʝʤʦʥʪʥʦ-ʦʧʝʨʘʪʠʚʥʘʷ ʨʘʜʠʦʩʚʷʟʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʙʨʠʛʘʜ ʠ 

ʜʨʫʛʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʥʘʧʨʷʤʫʶ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʝʟʜʘʤʠ. ʆʥʘ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʠ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʘʷ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi, LTE ʠ GSM-R. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

GSM-R ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʩʚʷʟʴ ʜʘʞʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 400 ʢʤ/ʯ. ʆʥʘ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʝʚʨʦʧʝʡʩʢʦʡ ʩʝʪʴʶ EIRENE, ʯʪʦ ʜʝʣʘʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ. ɻʠʙʢʦʩʪʴ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʝʟʝʨʚʥʦʡ ʩʝʪʴʶ DMR, ʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʧʦʜʜʝʨʞʢʦʡ ʵʢʩʪʨʝʥʥʳʭ ʚʳʟʦʚʦʚ ʠ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʩʚʷʟʴʶ ʜʣʷ ʜʠʩʧʝʪʯʝʨʦʚ ʠ ʤʘʰʠʥʠʩʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʪʘʢ ʢʘʢ ʧʝʨʝʭʦʜ ʥʘ LTE-R ʚ ʙʫʜʫʱʝʤ ʧʦʚʳʩʠʪ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. 

ʆʜʥʘʢʦ ʫ ʩʠʩʪʝʤʳ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ: 

ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ GSM-R ʠ LTE-R,  

ï ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ. ʅʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ 

ʧʝʨʝʜʘʯʝʡ ʩʦʝʜʠʥʝʥʠʷ ʠ ʵʬʬʝʢʪʦʤ ɼʦʧʣʝʨʘ,  

ï ʩʪʘʥʜʘʨʪ LTE-R ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʝʥ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʬʝʨʝ, 

ʧʦʵʪʦʤʫ ʦʧʳʪ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʛʨʘʥʠʯʝʥ.  

ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʝʪʝʡ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʥʠʞʘʝʪ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʘʯʝʩʪʚʦʤ ʩʚʷʟʠ,  

ï ʨʝʟʝʨʚʥʘʷ ʩʠʩʪʝʤʘ DMR ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʨʘʙʦʪʝ ʥʘ ʩʢʦʨʦʩʪʷʭ ʜʦ 

400 ʢʤ/ʯ. 

ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ LTE-R, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʙʲʝʜʠʥʠʪ ʛʦʣʦʩʦʚʫʶ 

ʩʚʷʟʴ, ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ Wi-Fi ʚ ʝʜʠʥʫʶ ʧʣʘʪʬʦʨʤʫ. ɺʥʝʜʨʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 
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ʩʙʦʠ ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʝʪʠ. ʊʘʢʞʝ ʚʘʞʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʯʪʦ ʧʦʚʳʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʝʪʨʘʥʩʣʷʪʦʨʳ ʠ ʫʩʠʣʠʪʝʣʠ ʩʠʛʥʘʣʘ ʚʜʦʣʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝʨʘʪʘʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʦʢ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʛʠʙʢʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʨʘʜʠʦʩʨʝʜʝ.   

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʜʭʦʜʦʚ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʦʙʝʩʧʝʯʠʪ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʷʟʠ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʪʨʘʩʣʷʭ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʠʩʪʝʤʘ ʨʘʜʦʩʚʷʟʠ: ʧʘʪ. 2 762 574 ʈʦʩ. ʌʝʜʝʨʘʮʠʷ. ˉ 2020143819/ ʂʝʡʩʪʦʚʠʯ ɸʣʝʢʩʘʥʜʨ 

ɺʣʘʜʠʤʠʨʦʚʠʯ ʂʦʤʷʢʦʚ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ.; ʟʘʷʚʣ. 28.12.2020 ʦʧʫʙʣ. 2021.12.21, ɹʶʣ. ˉ 36 ʩ.9 

2. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʣʦʟʘʤʝʪʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ: ʧʘʪ. 2 

534 217 ʈʦʩ. ʌʝʜʝʨʘʮʠʷ. ˉ 2013140064/07 ɿʘʡʮʝʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ɸʤʦʟʦʚ ɽʚʛʝʥʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʄʠʪʨʦʬʘʥʦʚ ɼʤʠʪʨʠʡ ɻʝʥʥʘʜʴʝʚʠʯ ʟʘʷʚʣ. 28 08. 2013 ʦʧʫʙʣ.27.11.2014, ɹʶʣ. ˉ 33 ʩ.6 

3. ʂʝʡʩʪʦʚʠʯ ɸ.ɺ. ʉʠʩʪʝʤʳ ʠ ʪʝʭʥʠʢʘ ʨʘʜʠʦʩʚʷʟʠ ʚ ʘʚʠʘʮʠʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ.ɺ. ʂʝʡʩʪʦʚʠʯ, ɸ.ɺ. 

ʂʦʤʷʢʦʚ - ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʅɻʊʋ, 2012. - 226 ʩ. 

4. ʉʠʩʪʝʤʳ ʨʘʜʠʦʩʚʷʟʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ï URL: 
https://cyberleninka.ru/article/n/sistemy-radiosvyazi-vysokoskorostnogo-zheleznodorozhnogo-transporta (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 17.03.2025) 

 

 

ɸ.ʆ. ʇʝʪʨʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸʅɸʃʀɿ ʀʅʊɽʈʌɽʁʉʆɺ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ ɼʃʗ ʀɿʄɽʈɽʅʀʗ 

ʉʂʆʈʆʉʊʀ ʇʆʊʆʂɸ ɾʀɼʂʆʉʊʀ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʸʤʘʭ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ, ʥʦ ʠ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʥʘ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʘʥʘʣʠʟʘ 

ʠ ʭʨʘʥʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʦʙʣʘʯʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ.   
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ɼʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʜʘʪʯʠʢʦʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ ʠ ʚʥʝʰʥʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʩʚʷʟʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʠʥʪʝʨʬʝʡʩʘ:  

ï CAN (Controller Area Network),  

ï I2C (Inter-Integrated Circuit),  

ï UART (Universal Asynchronous Receiver-Transmitter).  

ɺʳʙʦʨ ʠʥʪʝʨʬʝʡʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ: 

ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ,  

ï ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ,  

ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ,  

ï ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʧʦʤʝʭ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʥʪʝʨʬʝʡʩʦʚ CAN, I2C ʠ 

UART ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʛʦʨʠʪʤʘ ʠʥʪʝʛʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ï ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʛʦ ʠʥʪʝʨʬʝʡʩʘ,  

ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʇʂ ʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ,  

ï ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʨʢʘ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

CAN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʟʣʦʚʫʶ ʩʝʪʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʥʝʩʢʦʣʴʢʠʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʩ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʦʦʙʱʝʥʠʡ. 

ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʦʜʦʦʯʠʩʪʥʳʭ ʩʠʩʪʝʤ ʠ 

ʘʚʪʦʥʦʤʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ ʚ ʝʜʠʥʫʶ ʩʝʪʴ.  

CAN ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘ 

ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʥʦ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ ʇʂ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʘʜʘʧʪʝʨʘ USB-CAN, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪ ʨʝʘʣʠʟʘʮʠʶ.   

I2C ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʜʢʣʶʯʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ ʜʚʫʤ ʧʨʦʚʦʜʘʤ [2]. ɺ ʢʦʥʪʝʢʩʪʝ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʘ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ STM32, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʝʨʝʜʘʸʪ ʝʸ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʠʣʠ ʥʘ ʜʠʩʧʣʝʡ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ I2C [3] ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʘ ʢ ʣʦʢʘʣʴʥʦʤʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʙʣʦʢʫ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ STM32, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʠ ʧʝʨʝʜʘʸʪ ʠʭ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʠʣʠ ʥʘ 

ʜʠʩʧʣʝʡ [4].  

ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʜʦ 127 ʫʩʪʨʦʡʩʪʚ, ʥʦ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ï ʤʝʥʝʝ ʦʜʥʦʛʦ ʤʝʪʨʘ. ʕʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʝʜʠʥʦʛʦ ʢʦʨʧʫʩʘ ʫʩʪʨʦʡʩʪʚʘ, 

ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʫʜʘʣʸʥʥʳʝ 

ʩʠʩʪʝʤʳ.   

UART ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʯʝʨʝʟ ʜʚʘ ʧʨʦʚʦʜʘ 
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(TX ʠ RX) ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʯʝʨʝʟ USB-UART 

ʘʜʘʧʪʝʨ. ʆʥ ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʩʪʘʙʠʣʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 15 ʤʝʪʨʦʚ ʠ ʫʜʦʙʝʥ 

ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʜʥʘʢʦ UART ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ 

ʪʦʯʝʯʥʦ-ʪʦʯʝʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CAN.   

ʇʨʠ ʚʳʙʦʨʝ ʠʥʪʝʨʬʝʡʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʙʫʜʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ. I2C ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ, ʯʝʤ UART, ʥʦ 

ʦʛʨʘʥʠʯʝʥ ʜʣʠʥʦʡ ʰʠʥʳ. CAN ʭʦʪʴ ʠ ʫʩʪʫʧʘʝʪ I2C ʚ ʩʢʦʨʦʩʪʠ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ.   

ɼʣʠʥʘ ʢʘʙʝʣʷ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʠʥʪʝʨʬʝʡʩ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ ʚʦʜʦʸʤʦʚ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ 

ʙʳʪʴ ʫʜʘʣʝʥʦ ʦʪ ʧʨʠʸʤʥʦʡ ʩʪʘʥʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʜʸʞʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʚʷʟʠ.  

UART ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ 15 ʤʝʪʨʦʚ, ʪʦʛʜʘ ʢʘʢ I2C ʦʛʨʘʥʠʯʝʥ ʤʝʥʝʝ 

ʯʝʤ ʦʜʥʠʤ ʤʝʪʨʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ 

ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʢʦʨʧʫʩʘ. CAN, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʫʶ ʩʚʷʟʴ 

ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʚʳʰʝ 40 ʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤ, 

ʛʜʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʣʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʢʣʶʯʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ.  UART ʷʚʣʷʝʪʩʷ ʪʦʯʝʯʥʦ-ʪʦʯʝʯʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʷʟʴ ʪʦʣʴʢʦ ʤʝʞʜʫ ʜʚʫʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ I2C 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʜʦ 127 ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʜʥʦʡ ʰʠʥʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʜʠʩʧʣʝʝʚ 

ʠʣʠ ʜʨʫʛʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ.  

CAN ʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʜʦ 2048 ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʢʨʫʧʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʙʤʝʥ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ. 

ɿʘʱʠʪʘ ʦʪ ʧʦʤʝʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ ʠʣʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. UART ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʰʫʤʘʤ, I2C ʠʤʝʝʪ ʩʨʝʜʥʶʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ CAN ʙʣʘʛʦʜʘʨʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʟʘʱʠʱʸʥʥʳʤ ʦʪ ʧʦʤʝʭ ʠʥʪʝʨʬʝʡʩʦʤ.   

ɺ ʩʠʩʪʝʤʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʨʝʢʠ, ʢʘʥʘʣʳ ʠʣʠ 

ʜʨʫʛʠʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ CAN ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥʥʳʤ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʩʪʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʛʜʝ ʚʘʞʥʘ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ, I2C 

ʦʩʪʘʸʪʩʷ ʣʫʯʰʠʤ ʚʳʙʦʨʦʤ.   

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ 
ʂʨʠʪʝʨʠʠ UART I2C CAN 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

4,5 ʄʙʠʪ/ʩ 
5 ʄʙʠʪ/ʩ  

(ʪʠʧʠʯʥʦ 100ï400 ʢʙʠʪ/ʩ) 
1 ʄʙʠʪ/ʩ 

ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ 15 ʤ 1 ʤ 40 ʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʩʪʨʦʡʩʪʚ 
2 (ʪʦʯʢʘ-ʪʦʯʢʘ) ρςχ ςπτψ 

ʋʨʦʚʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʧʦʤʝʭʘʤ 

ʅʠʟʢʠʡ (ʯʫʚʩʪʚʠʪʝʣʝʥ 

ʢ ʰʫʤʘʤ) 

ʉʨʝʜʥʠʡ (ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ) 

ɺʳʩʦʢʠʡ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʧʝʨʝʜʘʯʘ) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʠʥʪʝʨʬʝʡʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʠʩʪʝʤʳ.  ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʩ 

ʇʂ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ UART, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ 

ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ USB-UART ʘʜʘʧʪʝʨ. ɽʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʩʝʥʩʦʨʦʚ ʠ ʜʠʩʧʣʝʡ, I2C ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʚ ʩʣʦʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʘʞʥʘ ʟʘʱʠʪʘ ʦʪ ʧʦʤʝʭ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ CAN.   

ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 

ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ, ʨʘʩʩʪʦʷʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. 
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ʂʆʅɺɽʈʊɽʈ ETHERNET-RS485 ʉ ɺʆɿʄʆɾʅʆʉʊʔʖ ɺʓɹʆʈɸ 

ʇʈʆʊʆʂʆʃɸ ʆɹʄɽʅɸ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʠʟʜʝʨʞʝʢ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ï ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʦ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʩʝʨʚʝʨʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ. Ethernet, ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʪʘʣ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪʦʤ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ [1]. ʆʜʥʘʢʦ ʜʣʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

https://www.ti.com/lit/an/slva704/slva704.pdf
https://www.nxp.com/docs/en/user-guide/UM10204.pdf
https://www.st.com/resource/en/reference_manual/rm0008-stm32f103xx-advanced-armbased-32bit-mcus-stmicroelectronics.pdf
https://www.st.com/resource/en/reference_manual/rm0008-stm32f103xx-advanced-armbased-32bit-mcus-stmicroelectronics.pdf
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ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ RS485, ʢ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʜʸʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 1,2 ʢʤ) ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ.  

Ethernet-RS485 ʢʦʥʚʝʨʪʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʤʦʩʪè ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʘʥʥʳʝ, ʥʦ ʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʭ ʜʣʷ ʧʝʨʝʜʘʯʝ ʧʝʨʩʦʥʘʣʴʥʦʤʫ 

ʢʦʤʧʴʶʪʝʨʫ (ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʦʧʝʨʘʪʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ) ʧʨʠ 

ʟʘʧʨʦʩʝ [2].  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

Ethernet-RS485 

 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʛʜʘ 

ʢʦʥʚʝʨʪʝʨʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʪʘʙʣʠʮʘ 1). ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʧʨʝʦʙʣʘʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ DNP3, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʩʠʩʪʝʤ ʪʝʣʝʤʝʭʘʥʠʢʠ ʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʜʘʪʯʠʢʘʤʠ ʠ ʨʝʣʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ Modbus, ʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʧʨʠʚʦʜʘʤʠ 

ʥʘ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʘʭ Profibus DP. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝ ʠʩʢʣʶʯʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʯʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ.  
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ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ RS-485 ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ % 

ʇʨʝʜʧʨʠʷʪʠʝ 
Modbus 

RTU/ASCII 
Profibus DP DNP3 

ʇʨʦʪʦʢʦʣ 

ʆɺɽʅ 

ʆʆʆ çʕʥʝʨʛʦʩʝʪʴè 

(ʵʥʝʨʛʝʪʠʢʘ) 
30 10 60 0 

ɸʆ çʉʪʘʥʢʦʇʨʦʤè 

(ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ) 
60 30 0 10 

ʆʆʆ ʇʆ çɸʛʨʦʊʝʭè 

(ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ) 
70 5 0 25 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʢʦʣʴʥʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʚʝʨʪʝʨʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʩʝʪʠ ʠ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʢʦʥʚʝʨʪʝʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʦʪʦʢʦʣʘʤ ʠʥʪʝʨʬʝʡʩʘ RS485, ʯʝʤ ʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʂ ʦʩʥʦʚʥʳʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ ʠʥʪʝʨʬʝʡʩʘ RS485 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ:  

ï Modbus RTU/ASCII ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʪʘʨʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʩʪʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ; 

ï Profibus DP ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʨʦʪʦʢʦʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʪʘʥʢʘʤʠ, 

ʨʦʙʦʪʘʤʠ, ʧʨʠʚʦʜʘʤʠ, ʢʦʥʚʝʡʝʨʘʤʠ ʠ ʪ.ʜ.; 

ï DNP3 ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ ʪʝʣʝʤʝʭʘʥʠʢʠ ʠ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ; 

ï ʧʨʦʪʦʢʦʣ ʆɺɽʅ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʆɺɽʅè, 

ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ ʜʘʥʥʳʭ ʩ 

ʜʘʪʯʠʢʦʚ, ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʩʪʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ çʆɺɽʅè. 

ɼʣʷ ʚʩʝʭ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʢʨʦʤʝ Profibus DP, ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ (ʥʘ ʧʨʘʢʪʠʢʝ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʪʝʨʬʝʡʩʦʚ MAX485). ɼʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ Profibus DP ʩʝʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ SPC3 ʦʪ Siemens ʠʣʠ ʧʦʜʦʙʥʳʭ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ:  

1) ʇʦʜʜʝʨʞʢʘ ʦʩʥʦʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʩʝʪʷʭ 

RS485, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ 
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2,5 ʄʙʠʪ/ʩ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʯʠʥʸʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʝʪʠ ʥʝ ʙʦʣʝʝ 64.  

2) ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ Ethernet-ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʩʪʘʥʜʘʨʪʳ 

10Base-T/IEEE 802.3u ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 10/100 

ʄʙʠʪ/ʩ.   

3) ɺʦʟʤʦʞʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ʯʪʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʧʦʜʯʠʥʸʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʫʩʪʘʥʦʚʢʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʝʪʠ RS485) ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʥʳʤʠ TCP-ʢʣʠʝʥʪʘʤʠ ʧʦ ʩʝʪʠ 

Ethernet.  

ɿʘ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ [3], ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢʘʩʘʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʪʦʢʦʣʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʥʘʣʠʯʠʝ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʷʜʨʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʰʠʬʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʘ DNP3 ʜʣʷ ʟʘʱʠʪʳ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ). ʇʨʠ ʵʪʦʤ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʘʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʢʘʥʘʣʴʥʦʛʦ (MAC-ʘʜʨʝʩ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʜʨʦʚ), ʩʝʪʝʚʦʛʦ (ʧʨʦʪʦʢʦʣʳ IP-ʘʜʨʝʩʘʮʠʠ, ICMP, ARP) ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

(ʨʝʘʣʠʟʘʮʠʷ TCP-ʩʝʨʚʝʨʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʣʠʝʥʪʦʚ ʚ ʩʝʪʠ) 

ʫʨʦʚʥʝʡ Ethernet. ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʨʘʡʚʝʨʘ (ʥʘʧʨʠʤʝʨ, 

LAN8720).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʦʙʦʟʥʘʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ (ʨʠʩʫʥʦʢ 2). ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʦʚ Modbus 

RTU/ASCII, DNP3 ʠ ʆɺɽʅ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʥʪʝʨʬʝʡʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʠʢʨʦʩʭʝʤʘ MAX485 (ʩʦʛʣʘʩʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʤʝʞʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ 

ʜʨʫʛʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘ ʣʠʥʠʠ RS485). ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʧʨʦʪʦʢʦʣʫ Profibus DP ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʩʭʝʤʘ SPC3. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʚʝʨʪʝʨʘ Ethernet-RS485 ʩ ʚʳʙʦʨʦʤ ʧʨʦʪʦʢʦʣʘ 
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ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʢʦʣʣʠʟʠʡ ʚ ʩʝʪʠ RS-485 ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʨʦʪʦʢʦʣʦʚ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʣʠʥʠʡ 

ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ), ʪʘʢ ʠ ʚ ʨʫʯʥʦʤ 

(ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʧʨʦʪʦʢʦʣʦʚ). 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ Ethernet-RS485 ʢʦʥʚʝʨʪʝʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ 

ʧʨʦʪʦʢʦʣʘ ʦʙʤʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʨʘʟʥʦʨʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʩʧʠʩʢʘ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ, 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʦʙʣʘʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ.  
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(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʅʆʉʀʄʆɽ ʄʀʂʈʆʕʃɽʂʊʈʆʅʅʆɽ ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ 

ʆɹʅɸʈʋɾɽʅʀʗ ʇɸɼɽʅʀʗ ʇʆɾʀʃʓʍ ʃʖɼɽʁ 

 

ɺ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʠʤʝʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ 

ʫʩʪʨʦʡʩʪʚ, ʬʫʥʢʮʠʦʥʘʣ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ 

ʣʶʜʝʡ [1]. ʉʨʝʜʠ ʥʠʭ ʥʘʠʣʫʯʰʠʤ ʩʦʯʝʪʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ/ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʦʙʣʘʜʘʶʪ ʥʦʩʠʤʳʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ:  

ï ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʷʟʘʥʳ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʝʩʪʫ ʧʨʠʤʝʥʝʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʜʝʥʠʷ; 

ï ʧʝʨʝʜʘʯʘ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʘ ʧʘʜʝʥʠʷ ʧʨʠ ʦʩʥʘʱʝʥʠʠ GPS-ʪʨʝʢʝʨʦʤ; 

ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10000 ʜʦ 50000 

ʨʫʙʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʙʨʝʥʜʘ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʦʩʠʤʳʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʦʥʝ 

ʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ [1], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ. ʆʩʥʘʱʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ 

ʨʘʤʢʘʭ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʚʨʘʞʝʩʢʠʤ ɹʃɸ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʦʩʠʤʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʤʦʛʫʪ ʚʳʜʘʚʘʪʴ ʣʦʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝʡ ʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʦʱʴ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ 
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ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʝ ʤʝʩʪʦ. ɺʨʝʤʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʧʘʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʜʝʨʞʢʝ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, 

ʫʩʫʛʫʙʣʝʥʠʶ ʪʨʘʚʤ ʠ ʜʘʞʝ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʦʩʠʤʳʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʯʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ.  

ʆʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʘʩʧʝʢʪʝ ʷʚʣʷʝʪʩʷ ʧʦʜʤʝʥʘ ʨʝʘʣʴʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʤʝʱʝʥʥʳʝ [3]. ɼʘʥʥʘʷ ʪʘʢʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʜʫʣʴ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ɻʅʉʉ) ʚ ʩʦʩʪʘʚʝ ʫʩʪʨʦʡʩʪʚʘ (ʯʘʱʝ ʚʩʝʛʦ, ʵʪʦ, GPS ʠ 

ɻʃʆʅɸʉʉ) ʩ ʮʝʣʴʶ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʉʫʪʴ ʧʦʜʤʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

1. ʉʨʝʜʩʪʚʦʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ, 

ʠʤʠʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʦʪ ʩʧʫʪʥʠʢʦʚ ɻʅʉʉ, ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʭʦʞʠʤʠ ʥʘ 

ʨʝʘʣʴʥʳʡ ʩʧʫʪʥʠʢʦʚʳʡ ʩʠʛʥʘʣ. 

2. ɻʅʉʉ-ʧʨʠʝʤʥʠʢ ʚ ʩʦʩʪʘʚʝ ʥʦʩʠʤʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ, ʧʳʪʘʷʩʴ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʸ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʧʨʠʥʠʤʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʨʝʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʦʪ ʩʧʫʪʥʠʢʦʚ, ʥʦ ʠ ʣʦʞʥʳʡ ʩʠʛʥʘʣ.  

3. ɺʚʠʜʫ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʣʦʞʥʦʛʦ, 

ʧʨʠʝʤʥʠʢ ʥʘʯʠʥʘʝʪ ʦʙʨʘʙʦʪʢʫ ʦʙʦʠʭ ʪʠʧʦʚ ʩʠʛʥʘʣʦʚ. 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʝʤʥʠʢ ʚʳʯʠʩʣʷʝʪ ʠ 

ʧʝʨʝʜʘʝʪ ʮʝʣʝʚʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʩʤʝʱʝʥʥʳʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʤʝʪʨʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʩʪʦʠʪ ʚ ʜʦʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 1), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ. ʇʨʠ 

ʚʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʧʦʤʠʥʘʶʪʩʷ çʠʩʪʠʥʥʳʝè ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ GPS-ʤʦʜʫʣʷ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ. ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʯʪʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʩʯʝʪʳ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʦʩʣʝʜʥʠʤʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ çʠʩʪʠʥʥʳʤʠè ʢʦʦʨʜʠʥʘʪʘʤʠ. ɽʩʣʠ ʧʦʨʦʛ ʥʝ ʧʨʝʚʳʰʝʥ, 

ʪʦ çʠʩʪʠʥʥʳʝè ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʦʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ. 
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ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʘ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʧʦʤʠʥʘʥʠʝ 

ʧʦʩʣʝʜʥʠʭ ʘʜʝʢʚʘʪʥʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ 

ʩʝʣʝʢʮʠʶ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʣʦʞʥʦʛʦ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʤʦʜʫʣʴ 

ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʨʝʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʠʛʥʘʣʘ ʦʪ ɻʅʉʉ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦʪ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʠ ʛʠʨʦʩʢʦʧʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʘ ʧʘʜʝʥʠʷ.  

ɸʢʩʝʣʝʨʦʤʝʪʨʳ ʠʟʤʝʨʷʶʪ ʣʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʦʩʷʤ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʦʩʠ X, Y, Z). ʃʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ 

ʫʩʢʦʨʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʜʚʠʞʝʥʠʝʤ, ʪʘʢ ʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (ʧʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʘʜʝʥʠʠ ʯʝʣʦʚʝʢʘ). 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʛʨʘʤʤʥʳʡ ʌʅʏ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʝ (ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ) ʠʣʠ 

ʜʘʥʥʳʝ ʦʪ ʜʨʫʛʠʭ ʜʘʪʯʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʛʠʨʦʩʢʦʧ ʠʣʠ ʤʘʛʥʠʪʦʤʝʪʨ. ʇʦ 

ʫʪʦʯʥʝʥʥʦʤʫ ʣʠʥʝʡʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʥʝʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ çʠʩʪʠʥʥʦʡè ʧʦʟʠʮʠʠ (ʧʦʤʠʤʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʠʥʥʳʡ ʩʝʚʝʨ).  

ʂʘʞʜʘʷ ʠʟ ʢʦʤʧʦʥʝʥʪ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ 

ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ X ʩʢʦʨʦʩʪʠ ʩʦʙʣʶʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

 

0

0( ) ( ) ( ) ,

t

x x x

t

v t v t a dt t= +ñ  (1) 



168  

ʛʜʝ 0( )xv t  ï ʩʢʦʨʦʩʪʴ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʠʟʤʝʨʝʥʠʠ. ɿʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ. ʈʘʩʯʝʪ ʠ 

ʟʘʧʦʤʠʥʘʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 0( )xv t  ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦʜʤʝʥʘ ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʥʝʪ, ʧʦʩʢʦʣʴʢʫ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʥʘ ʤʦʤʝʥʪ 

ʚʳʯʠʩʣʝʥʠʷ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʘ;  

( )xa t  ï ʫʩʢʦʨʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʞʝ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠ ʧʝʨʝʤʝʱʝʥʠʝ:  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʛʠʨʦʩʢʦʧʘ (ʠʟʤʝʨʝʥʠʝ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ) ʠ ʤʘʛʥʠʪʦʤʝʪʨʘ 

(ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʠʥʥʳʡ ʩʝʚʝʨ).  

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʨʘʚʥʦʤ ʥʫʣʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʲʝʢʪ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ ʣʠʙʦ ʩʪʦʷʪʴ, ʣʠʙʦ ʜʚʠʛʘʪʴʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʢʘʟʘʥʠʷ ʛʠʨʦʩʢʦʧʘ (ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʜʚʠʞʝʥʠʷ), ʣʠʙʦ ʥʝʫʪʦʯʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ (ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʢʦʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʫʩʢʦʨʝʥʠʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʩʠʣʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʜʘʪʯʠʢ). 

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʦʰʠʙʦʢ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʰʫʤʘʤʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, 

ʩʤʝʱʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ (ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʜʝʬʝʢʪʘ ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ), ʦʰʠʙʢʦʡ ʢʚʘʥʪʦʚʘʥʠʷ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ, ʘ ʪʘʢʞʝ 

ʥʝʪʦʯʥʦʩʪʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ.  

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ ʥʘʢʦʧʣʝʥʠʷ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (ʫʩʨʝʜʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ) ʠʣʠ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ [4] 

(ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ, ʦʮʝʥʠʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʟʘʰʫʤʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ). ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʥʫʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʩʢʦʨʦʩʪʴ ʯʝʣʦʚʝʢʘ ʨʘʚʥʘ ʥʫʣʶ (ʩʪʦʧʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʝʤʣʝ ʧʨʠ ʭʦʜʴʙʝ).   

ɸʧʧʘʨʘʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʤʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʦʢ ʥʘʢʦʧʣʝʥʠʷ 

ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ 

(ʜʘʪʯʠʢ ʥʘ ʩʪʦʧʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʰʘʛʘʭ ʠ ʬʘʟʘʭ ʭʦʜʴʙʳ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʤʝʪʦʜʦʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʩʙʨʦʩʘ 

ʩʢʦʨʦʩʪʠ ʚ ʧʝʨʠʦʜ ʧʦʢʦʷ). ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʘʤʠʭ ʰʫʤʦʚ ʥʝʦʙʭʦʜʠʤʦ 
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ʚʳʧʦʣʥʷʪʴ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʢʘʣʠʙʨʦʚʢʫ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʥʦʩʠʤʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ 

(ʨʠʩʫʥʦʢ 2). ɺ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚʘ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʢʦʪʦʨʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʬʠʣʴʪʨʦʚ (ʌʅʏ, ʂʘʣʤʘʥʘ), ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ, ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ 

ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

GPS-ʤʦʜʫʣʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʦ ʝʩʪʴ, ʥʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʙʦʨʴʙʳ) ʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʚʳʯʠʩʣʝʥʥʳʭ ʫʟʣʦʤ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ʋʪʦʯʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚ ʟʦʥʘʭ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʫʩʪʨʦʡʩʪʚʦʤ. GSM-ʤʦʜʫʣʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ ʢʦʥʪʘʢʪʦʚ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʦʤ 

ʧʘʜʝʥʠʷ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝʢʘ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʪʯʠʢʦʚ (ʘʢʩʝʣʝʨʦʤʝʪʨ, ʛʠʨʦʩʢʦʧ ʠ ʤʘʛʥʠʪʦʤʝʪʨ) ʠʤʝʶʪ 

ʜʚʦʡʩʪʚʝʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʜʝʥʠʷ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝʢʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʚʪʦʨʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʊʘʢʞʝ ʚ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦ ʩʤʘʨʪʬʦʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Bluetooth-ʤʦʜʫʣʷ. 

ɼʣʷ ʧʦʣʴʟʫʶʱʠʭʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʦʡ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʠʤʝʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʤʦʜʫʣʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩ ʮʠʬʨʦʚʦʡ ʢʘʨʪʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʞʠʣʦʡ 

ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʠʜʝʪʴ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʨʪʝ ʠ ʫʪʦʯʥʷʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʪʴ ʨʝʘʣʴʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʨʪʝ). 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʠʪ 
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ʩʦʭʨʘʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʜʘʯʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ. 
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʋʉʊʈʆʁʉʊɺ ʆɹʅɸʈʋɾɽʅʀʗ 

ʇɸɼɽʅʀʗ ʇʆɾʀʃʓʍ ʃʖɼɽʁ 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʘʜʝʥʠʝ ʧʦʞʠʣʳʭ ʣʶʜʝʡ. ʉʪʨʝʤʣʝʥʠʝ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʦʡʥʫʶ ʠ 

ʙʝʟʦʧʘʩʥʫʶ ʩʪʘʨʦʩʪʴ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʡ [1]. ʂʘʞʜʦʝ ʠʟ ʥʠʭ ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʦʪ ʧʨʦʩʪʳʭ ʢʥʦʧʦʯʥʳʭ ʩʠʩʪʝʤ ʚʳʟʦʚʘ ʧʦʤʦʱʠ 

ʜʦ ʩʣʦʞʥʳʭ ʥʦʩʠʤʳʭ ʜʘʪʯʠʢʦʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʠʨʫʶʱʠʭ 

ʚʠʜʝʦʧʦʪʦʢ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʚʚʝʩʪʠ ʚ ʟʘʤʝʰʘʪʝʣʴʩʪʚʦ ʢʘʢ ʩʘʤʠʭ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʪʘʢ ʠ ʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʝ ʠ ʥʘʜʸʞʥʦʝ ʨʝʰʝʥʠʝ.  

ʇʦʥʠʤʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ, ʠʭ 

ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʞʠʚʘʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ. ʅʘʩʪʦʷʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʦʙʱʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʶ. 

ʋʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ [2]:  

1. ʅʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʠ ʛʠʨʦʩʢʦʧʘʤʠ (ʨʠʩʫʥʦʢ 1), 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʯʘʩʳ, ʥʘʧʨʠʤʝʨ, Apple 

Watch (ʩʝʨʠʠ 4 ʠ ʥʦʚʝʝ), ʘ ʪʘʢʞʝ ʙʝʩʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʙʨʘʩʣʝʪʦʚ ʠ ʢʫʣʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʅʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ:  

ʘ ï ʙʨʘʩʣʝʪ; ʙ ï ʯʘʩʳ; ʚ ï ʢʫʣʦʥ 

 

ʇʨʠʥʮʠʧ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʪʨʦʝʥʥʳʭ 

ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫʩʢʦʨʝʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠ ʧʘʜʝʥʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ (ʧʦʤʠʤʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʘʜʝʥʠʷ) ʨʫʯʥʦʡ ʚʳʟʦʚ ʧʨʠ ʧʦʤʦʱʠ ʢʥʦʧʢʠ, 

ʦʧʦʚʝʱʝʥʠʝ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ (ʨʦʜʩʪʚʝʥʥʠʢʠ, ʜʨʫʟʴʷ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ) ʯʝʨʝʟ SMS ʠʣʠ ʟʚʦʥʦʢ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʤʦʜʝʣʷʭ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ 

ʧʦʤʦʱʠ GPS, ʤʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ 

ʧʫʣʴʩʘ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʦʨʦʚʴʷ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʝ 

ʥʦʰʝʥʠʷ, ʥʝ ʩʪʝʩʥʷʶʱʝʛʦ ʜʚʠʞʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʧʘʜʝʥʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʦʚʝʱʝʥʠʷ ʛʨʫʧʧʳ ʢʦʥʪʘʢʪʦʚ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ 

ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʨʠ ʨʝʟʢʠʭ ʜʚʠʞʝʥʠʷʭ ʠ ʟʘʥʷʪʠʷʭ ʩʧʦʨʪʦʤ, ʥʠʟʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʝʜʣʝʥʥʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʘʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʠʛʥʘʣʘ GPS ʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

10000 ʜʦ 50000 ʨʫʙʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʙʨʝʥʜʘ.  

2. ʊʝʢʩʪʠʣʴʥʳʝ ʩʝʥʩʦʨʳ, ʥʘʧʨʠʤʝʨ, çʫʤʥʳʝ ʥʦʩʢʠè. ʇʨʠʥʮʠʧ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʘʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʥʩʦʨʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʢʘʥʴ ʥʦʩʢʦʚ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʚʣʝʥʠʷ, ʜʚʠʞʝʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ ʩʪʦʧʳ. ʆʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʮʠʝʥʪʦʚ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʧʘʜʝʥʠʷ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʥʘ ʧʦʩʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝʥʘʚʷʟʯʠʚʦʩʪʠ ʥʦʰʝʥʠʷ (ʥʦʩʢʠ 

ʢʘʢ ʧʨʠʚʳʯʥʳʡ ʵʣʝʤʝʥʪ ʦʜʝʞʜʳ), ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʟʘʨʷʜʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʜʥʷ. ʅʝʜʦʩʪʘʪʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʪ GPS-ʪʨʝʢʝʨʘ) ʠ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʥʝ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ), ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʳʡ ʨʝʞʠʤ ʩʪʠʨʢʠ, ʯʪʦʙʳ ʥʝ ʧʦʚʨʝʜʠʪʴ 
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ʩʝʥʩʦʨʳ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20000 ʜʦ 80000 ʨʫʙʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

3. ʅʦʩʠʤʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2). ɸʥʘʣʦʛʠʯʥʦ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʨʠʥʮʠʧ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ. ɺ 

ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʜʫʚʘʶʪʩʷ ʚʦʟʜʫʰʥʳʝ ʧʦʜʫʰʢʠ ʩ 

ʮʝʣʴʶ ʟʘʱʠʪʳ ʙʝʜʝʨ ʦʪ ʧʝʨʝʣʦʤʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʘʶʪʩʷ ʨʠʩʢʠ ʧʝʨʝʣʦʤʦʚ ʠ 

ʧʦʣʫʯʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʪʨʘʚʤ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ: 

ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʟʘʱʠʪʳ (ʪʦʣʴʢʦ ʙʝʜʨʘ, ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ ʜʨʫʛʠʝ 

ʚʠʜʳ ʪʨʘʚʤ); 

ï ʥʝʫʜʦʙʥʦʩʪʴ ʥʦʰʝʥʠʷ ʚ ʩʠʣʫ ʛʨʦʤʦʟʜʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʢʘʨʪʨʠʜʞʘ ʩ ʛʘʟʦʤ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ; 

ï ʚʦʟʤʦʞʥʳ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʥʫʞʥʦʤʫ ʥʘʜʫʚʘʥʠʶ 

ʧʦʜʫʰʢʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʙʝʜʨʝʥʥʘʷ ʥʦʩʠʤʘʷ ʚʦʟʜʫʰʥʘʷ ʧʦʜʫʰʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 70000 ʜʦ 150000 ʨʫʙʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

4. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʚʦʣʥ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʞʝʥʠʡ ʯʝʣʦʚʝʢʘ 

ʚ ʧʦʤʝʱʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʩʠʩʪʝʤʦʡ ʚʳʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʧʘʜʝʥʠʷ (ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ, 

ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʧʦʩʣʝ ʧʘʜʝʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʜʳʭʘʥʠʷ Vayyar Walabot Home (ʨʠʩʫʥʦʢ 3) ʠ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦ ʧʨʠʥʮʠʧʫ 

ʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʦ Kardian (ʦʙʥʘʨʫʞʝʥʠʝ ʧʘʜʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ).  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ (ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʦʰʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʦ), ʰʠʨʦʢʦʡ ʟʦʥʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʥʘʨʫʞʝʥʠʠ ʧʘʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʠʣʠ ʧʦʣʥʦʡ ʪʝʤʥʦʪʳ, ʘ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʜʳʭʘʥʠʝ ʠ ʩʝʨʜʝʯʥʳʡ ʨʠʪʤ). ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʥʘʱʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʦʧʦʚʝʱʝʥʠʷ ʛʨʫʧʧʳ ʢʦʥʪʘʢʪʦʚ ʧʦ SMS ʠʣʠ 

ʟʚʦʥʢʦʤ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ (ʨʘʙʦʪʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʦʤʝʱʝʥʠʠ), ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ, 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʧʦʤʝʭʘʤ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50000 ʜʦ 150000 ʨʫʙʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ Vayyar Walabot Home 

 

ʉʨʘʚʥʠʚʘʷ ʦʙʦʟʥʘʯʝʥʥʳʝ ʛʨʫʧʧʳ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ, ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʦʤʝʱʝʥʠʝʤ ʠʟ-ʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʦʩʥʘʱʘʶʪʩʷ GPS-ʪʨʝʢʝʨʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʥʝ 

ʞʠʣʠʱʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʘ ʧʘʜʝʥʠʷ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ, ʢʨʦʤʝ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ (ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʟʥʠʮʘ ʚ ʮʝʥʝ ʥʘ ʧʦʨʷʜʦʢ ʦʪʣʠʯʘʝʪʩʷ).  

ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠʤʝʥʠʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ 

ʥʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʦʩʥʘʱʝʥʠʠ ʠʭ GPS-ʪʨʝʢʝʨʦʤ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʧʝʨʝʜʘʯʠ ʠʭ ʩʣʫʞʙʝ ʩʧʘʩʝʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʥʦʛʠʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʦʩʥʘʱʘʶʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ [3], ʢʘʢ ʤʝʨʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʚʨʘʞʝʩʢʠʤ ɹʃɸ. ʀʭ ʨʘʙʦʪʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʤʝʥʝ ʨʝʘʣʴʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʤʝʱʝʥʥʳʝ, ʪʦ ʝʩʪʴ, ʥʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʜʝʢʚʘʪʥʦʡ ʨʘʙʦʪʳ ʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʜʝʥʠʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ.  
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ʈ.ɺ. ʇʦʣʷʢʦʚ, ʘʩʧ.; ʨʫʢ. ʀ.ɺ. ʗʢʠʤʝʥʢʦ, ʜ. ʪ. ʥ, ʧʨʦʬ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʉʊʈʋʂʊʋʈʓ ʀɿʃʋʏɽʅʀʗ ɹʇʃɸ ʉɸʄʆʃɪʊʅʆɻʆ ʊʀʇɸ ʇʈʀ 

ʈɸɿʃʀʏʅʓʍ ʋɻʃɸʍ ʆɹɿʆʈɸ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʧʃɸ) ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʮʝʣʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʝʸ ʚʠʟʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʷʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʩʯʸʪ ʨʘʥʝʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ɹʧʃɸ 

[1], ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʮʝʣʠ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ ʦʪ ʫʛʣʘ ʚʠʟʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʧʘʩʩʠʚʥʘʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʇʆʕʉ) ʨʘʟʚʝʜʢʠ, 

ʚʢʣʶʯʘʶʱʘʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʦʜʫʣʴ mIR-1280C12S [2] ʩ ʚʘʨʠʦʬʦʢʘʣʴʥʳʤ 

ʦʙʲʝʢʪʠʚʦʤ LIR15F1.4-100F1.4A-128012-UZE [3]. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: 

- ʥʝʦʭʣʘʞʜʘʝʤʳʡ ʤʠʢʨʦʙʦʣʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ (VOx) ʩ 

ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ 12 ʤʢʤ ʠ ʨʘʟʨʝʰʝʥʠʝʤ ʤʘʪʨʠʮʳ 1280Ĭ1024 ʧʠʢʩʝʣʝʡ; 

ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʙʲʝʢʪʠʚʘ (fǋ) ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 15ï100 ʤʤ; 

- ʫʛʣʦʚʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 54,2Á ʜʦ 8,8Á; 

- ʫʛʣʦʚʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 44,5Á ʜʦ 7,0Á. 

ɺ ʭʦʜʝ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ɹʧʃɸ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ, ʚʳʧʦʣʥʷʚʰʝʛʦ ʤʘʥʸʚʨʳ 

ʥʘ ʚʳʩʦʪʝ 500 ʤ ʠ ʜʘʣʴʥʦʩʪʠ 1000 ʤ ʦʪ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʢʘʟʘʥʥʦʡ ʇʆʕʉ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʠʜʝʦʜʘʥʥʳʝ ʮʝʣʠ ʥʘ ʨʘʚʥʦʤʝʨʥʦʤ 

ʬʦʥʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ɹʧʃɸ ʠʟʤʝʥʷʣʦʩʴ ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ (ɣ) ʠ 

ʢʨʝʥʘ (g) ʠ ʪʘʥʛʘʞʘ (Ū), ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʢʨʝʥʘ (g) ʠ ʪʘʥʛʘʞʘ (Ū) ʤʦʞʥʦ 

ʦʙʦʙʱʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʤʝʩʪʝ ʵʪʠ ʟʥʘʯʝʥʠʷ ʦʙʨʘʟʫʶʪ ʦʜʠʥ ʫʛʦʣ ʥʘʢʣʦʥʘ (ɋ), ʵʪʦ 

ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʚʠʟʠʨʦʚʘʥʠʷ ʠ ʙʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʴʶ ɹʧʃɸ (ʨʠʩʫʥʦʢ 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʬʠʢʩʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʢʫʨʩʘ ɹʧʃɸ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʥʠʞʥʝʡ ʧʦʣʫʩʬʝʨʝ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ (ɋ) ʦʪ 0Á ʜʦ 60Á ʠ ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ (ɣ) ʦʪ 

0Á ʜʦ 360Á ʩ ʠʥʪʝʨʚʘʣʘʤʠ 10Á. 
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ʈʠʩʫʥʦʢ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ ʚʠʟʠʨʦʚʘʥʠʷ ɹʧʃɸ 

 

ɼʘʣʝʝ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʘʯʢʠ ʢʘʜʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ (ʨʠʩʫʥʦʢ 2-3).  
 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʠʜʝʦʢʘʜʨ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ɹʧʃɸ ʥʘ ʫʜʘʣʝʥʠʠ 1000 ʤʝʪʨʦʚ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ɹʧʃɸ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʩʲʸʤʢʠ 
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ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ ʧʨʠʤʝʥʷʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ "ImageJ.JS", ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ: 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʘʜʨʦʚ ʩ ɹʧʃɸ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʙʣʶʜʝʥʠʷ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ: 

- ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ [1]; 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʲʝʢʪʠʚʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʸʥʥʦʛʦ ʤʝʪʦʜʘ: 

- ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ. 

 

˗̏ ̋
ˏ̍ ́̋̒Ȣˎ ̐˘ˍˏ ̒Ȣ̑̕ ̏̎ ˏ̒ Ȣ̑ˎ ̐˘ˍˏ ̒Ȣ̑̕ ̏  ̎ 

ᶻ .ˎ ̐˘ˍ, 

 

ʛʜʝ ˏ̍ ́̋̒Ȣˎ ̐˘ ̱ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ɹʧʃɸ, ʚ ʦʪʪʝʥʢʘʭ 

ʩʝʨʦʛʦ; 

ˏ̒ Ȣ̑̕ ̏  ̎ï ʩʨʝʜʥʷʷ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʥʘ, ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ; 

ˏ̒ Ȣ̑ˎ ̐˘ï̱ ʩʨʝʜʥʷʷ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ɹʧʃɸ, ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ; 

.ˎ ̐˘ˍ ï ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ɹʧʃɸ, ʚ ʧʠʢʩʝʣʷʭ. 

ɺ ʮʝʣʷʭ ʚʳʯʠʩʣʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟʚʣʝʯʝʥʠʝ 

ʫʯʘʩʪʢʘ 128 Ĭ 102 ʧʠʢʩʝʣʷ (ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ɹʇʃɸ) ʠʟ ʠʩʭʦʜʥʦʛʦ ʢʘʜʨʘ 1280 Ĭ 

1024 ʧʠʢʩʝʣʝʡ (ʨʠʩ. 4). ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʩʝʛʤʝʥʪʘ ʦʙʫʩʣʦʚʣʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ: ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 53ǋ Ĭ 42ǋ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,01 ʦʪ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʨʘʩʪʨʘ (8,8Á Ĭ 7Á). ɺʳʙʨʘʥʥʳʡ 

ʨʘʟʤʝʨ ʩʝʛʤʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʮʝʣʠ ʠ 

ʫʯʸʪʘ ʬʦʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [4]. 

ʂʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʤʝʪʦʜʠʢʠ: 

- ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʦʥʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ; 

- ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ; 

- ʫʯʝʪ ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʝʛʤʝʥʪ ʢʘʜʨʘ ʨʘʟʤʝʨʦʤ 128³102 ʧʠʢʩʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʡ 

ʠʟʦʙʨʘʞʝʥʠʝ ɹʧʃɸ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʦʚʝʜʸʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ, 

ʫʛʣʘʭ ʚʠʟʠʨʦʚʘʥʠʷ ʮʝʣʠ, ʘ ʠʤʝʥʥʦ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʸʪʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʫʩʪʘʥʦʚʢʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʛʣʘ ʚʠʟʠʨʦʚʘʥʠʷ 

ʋʛʦʣ 

ʨʳʩʢʘʥʴʷ 

(ɣ), ʛʨʘʜ 

ʋʛʦʣ ʥʘʢʣʦʥʘ (ɋ), ʛʨʘʜ 

0Á 10Á 20Á 30Á 40Á 50Á 60Á 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ɹʧʃɸ 

0Á 3,208174 3,3704 3,738053 3,506124 4,363437 4,244292 5,005078 

10Á 4,024533 3,39823 4,628124 4,363437 3,607648 5,007718 5,390609 

20Á 3,941544 4,207386 4,363437 3,668718 4,363437 5,545873 5,630965 

30Á 3,85677 3,966761 3,607648 4,25656 4,582018 5,765235 6,434008 

40Á 3,636198 4,287658 4,78632 5,055973 4,582018 5,767424 6,443079 

50Á 4,024533 4,464821 4,153545 5,14391 6,190358 5,94719 6,74961 

60Á 4,502948 5,406857 6,058948 4,819458 6,72157 6,624185 7,210782 

70Á 4,581116 5,078774 5,237519 5,316275 5,963978 6,254706 6,884331 

80Á 4,695668 4,798183 4,84484 4,736632 4,9214 6,331932 7,41295 

90Á 4,482721 4,935232 4,84484 5,956157 6,401268 6,911147 7,959374 

100Á 4,695668 4,796183 4,84484 4,198072 5,34776 6,31932 7,12295 

110Á 4,573636 5,078774 5,237519 5,316275 5,963978 6,257059 6,884331 

120Á 4,493598 5,406857 6,058948 4,819458 6,68791 6,621849 7,210782 

130Á 3,945621 4,377276 4,072103 5,043049 6,068978 5,971905 6,74961 

140Á 3,5649 4,203586 4,692471 4,956836 4,492174 5,767235 6,440079 

150Á 3,781147 3,888981 3,53691 4,173098 4,492174 5,767235 6,440079 

160Á 3,864259 4,124888 4,27788 3,596782 4,27788 5,548734 5,630965 
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170Á 2,845621 2,931598 4,537377 4,27788 3,53691 5,017718 5,654609 

180Á 3,079269 3,104314 3,664758 3,437377 4,27788 4,248792 5,007718 

190Á 3,945621 3,031598 4,537377 4,27788 3,53691 5,007718 5,390609 

200Á 3,864259 4,124888 4,27788 3,596782 4,27788 5,549734 5,630965 

210Á 3,781147 3,888981 3,53691 4,173098 4,492274 5,771235 6,220079 

220Á 3,5649 4,203586 4,692471 4,956836 4,492174 5,775235 6,440079 

230Á 3,945621 4,377276 4,072103 5,043049 6,058978 5,973905 6,74961 

240Á 4,405488 5,300841 5,940145 4,724959 6,81133 6,765506 6,995958 

250Á 4,484873 4,97819 5,134823 5,212034 5,953778 6,38322 7,022018 

260Á 4,603596 4,702164 4,749843 4,938908 6,053784 6,451023 7,341009 

270Á 4,394825 4,838463 4,749843 5,839369 6,401268 7,04937 8,118561 

280Á 4,603596 4,702141 4,749843 4,115757 5,1458 6,445706 7,541009 

290Á 4,484857 4,97919 5,134823 5,212034 5,963978 6,3822 7,023019 

300Á 4,405488 5,300841 5,940145 4,724959 6,80011 6,754286 7,354998 

310Á 3,945621 4,377276 4,072103 5,043049 6,190358 6,091343 6,884602 

320Á 3,56497 4,203586 4,692471 4,956836 4,571818 5,88258 6,568881 

330Á 3,781147 3,888981 3,53691 4,173098 4,582018 5,88258 6,456681 

340Á 3,864259 4,124888 4,27788 3,596782 4,582018 5,659709 5,743584 

350Á 3,945654 3,991598 4,537377 4,27788 4,582018 5,107872 5,498422 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʜʚʫʤʝʨʥʦʤ ʚʠʜʝ, ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʘʤʠ çExelè, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʜʚʫʤʝʨʥʦʤ ʚʠʜʝ 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʪʨʸʭʤʝʨʥʦʤ ʚʠʜʝ, ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ çMATLABè, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6 
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ʈʠʩʫʥʦʢ 6 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʪʨʸʭʤʝʨʥʦʤ ʚʠʜʝ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 

- ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ (ɋ) ɹʧʃɸ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʨʳʩʢʘʥʴʷ (ɣ); 

- ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʫʛʣʘʭ ʨʳʩʢʘʥʴʷ (ɣ) 

90̄  ʠ 270,̄ ʘ ʥʘʠʤʝʥʴʰʠʝ ʥʘ ʫʛʣʘʭ 0 ̄ʠ 180;̄  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ [1] ʜʣʷ ʦʮʝʥʢʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧʃɸ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʚʠʟʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ, ʧʦʚʳʰʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʣʷʢʦʚ ʈ.ɺ,, ʗʢʠʤʝʥʢʦ ʀ.ɺ. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɺʉ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ ʥʘ 

ʨʘʚʥʦʤʝʨʥʦʤ ʬʦʥʝ 

1. http://invitech-ir.ru/catalog/teplovizionnye-moduli-lwir/mi r-1280s12s/  

2. https://www.ophiropt.com/ru/f/motorized-15-100mm-f-1.4-lwir -hd-zoom-lens  

3. ʗʢʠʤʝʥʢʦ ʀ.ɺ. ʠ ʜʨ. ʄʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʥʘ ʩʣʦʞʥʦʤ ʬʦʥʝ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʄ:,ʌʦʪʦʥʠʢʘ, ɺʳʧʫʩʢ/4 

 

 

ɽ.ʄ. ʇʦʥʦʤʘʨʝʥʢʦ, ʩʪʫʜ.; ʨʫʢ. ɺ.ʃ. ɾʙʘʥʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ.; 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ɸʅɸʃʀɿ ɸɹɽʈʈɸʎʀʁ ʆɹʒɽʂʊʀɺɸ çɻɽʃʀʆʉ-40-2è 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʲʝʢʪʠʚʳ ʜʣʷ ʬʦʪʦʩʲʝʤʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ, 

ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʨʝʟʢʦʩʪʴʶ, ʤʠʥʠʤʠʟʠʨʫʶʪ ʚʠʥʴʝʪʠʨʦʚʘʥʠʝ, ʤʥʦʛʠʝ ʚʠʜʳ 

ʘʙʝʨʨʘʮʠʡ, ʜʠʩʪʦʨʩʠʶ ʠ ʜʠʩʧʝʨʩʠʶ. ʃʠʜʝʨʘʤʠ ʟʘ ʧʨʦʰʝʜʰʠʡ 2024 ʛʦʜ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʩʪʘʣʠ: Laowa, Canon, Sony, Nikon. 

ʆʙʲʝʢʪʠʚ ɻʝʣʠʦʩ 40-2, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1954 ʛʦʜʫ, ʜʘʞʝ ʚ ʥʘʰʠ ʜʥʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʩʦʚʨʝʤʝʥʥʳʤ ʙʶʜʞʝʪʥʳʤ ʦʙʲʝʢʪʠʚʘʤ. ɺ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʦʙʲʝʢʪʠʚʘ ʣʝʞʠʪ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ Planar (ʨʠʩʫʥʦʢ 1), ʚ ɻʝʣʠʦʩ 40-2 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʝ ʤʦʜʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 6 ʣʠʥʟ ʚ 4 ʛʨʫʧʧʘʭ. ʊʘʢʘʷ 

ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʚʝʪʦʩʠʣʫ ʠ ʭʦʨʦʰʫʶ ʢʦʨʨʝʢʮʠʶ ʘʙʝʨʨʘʮʠʡ [1]. 
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ʈʠʩʫʥʦʢ 1 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ Planar 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 5 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è 
ˉ ʧʦʚʝʨʭʥʦʩʪʠ R1,2, ʤʤ ʄʘʨʢʘ ʩʪʝʢʣʘ d, ʤʤ ʇʨʠʤʝʯʘʥʠʷ 

1 65,04 ʊʂ16 7,92  

ɚ1 = 480,0 ʥʤ; ɚ2 = 

546,0 ʥʤ; ɚ3 = 

644,0 ʥʤ; 

t = 8,33 ʤʤ; Dɸɼ 

= 33,81 ʤʤ; 

f'ʦʙ = 85,13 ʤʤ; 

sǋFô=44,44 ʤʤ; sF=-

26,69 ʤʤ; 2ɤ=28Á. 

2 491,4 0,5 

3 35,75 ʊʂ20 16,15 

4 -983,8 0,0 

5 -983,8 ʃʌ5 1,84 

6 21,78 8,33 

7 -30,95 ʊʌ1 8,33 

8 32,0 3,74 

9 32,0 ɹʌ13 0,0 

10 -39,98 17,17 

11 90,44 ɹʌ13 0,2 

12 -144,21 17,78 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ Zemax, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʳ ʣʫʯʠ ʧʦʜ ʫʛʣʘʤʠ 0Ü, 14Ü ʠ -14Ü ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è (ʨʠʩʫʥʦʢ 2).  
 

 
ʈʠʩʫʥʦʢ 2 ï ʍʦʜ ʣʫʯʝʡ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è 
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ɼʠʘʛʨʘʤʤʘ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ (ʨʠʩʫʥʦʢ 3), ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ Zemax, 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʘʙʝʨʨʘʮʠʠ ʂʦʤʘ ʣʫʯʝʡ, ʚʳʧʫʱʝʥʥʳʭ ʧʦʜ ʫʛʣʘʤʠ 14Ü ʠ -14Ü. 

ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ï ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʩʚʝʪʦʩʠʣʳ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʞʝʥʝʨʳ ʫʜʝʣʷʣʠ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʜʦʩʪʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

çʟʘʢʨʫʯʝʥʥʦʝè ʙʦʢʝ ʠ ʚʳʩʦʢʦʡ ʩʚʝʪʦʩʠʣʳ, ʯʝʤ ʧʦʣʥʦʡ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʜʘʝʪ ʦʙʲʝʢʪʠʚʫ çɻʝʣʠʦʩ 40-2è ʩʚʦʝʦʙʨʘʟʥʦʝ ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʦʚ, 

ʢʦʪʦʨʳʤ ʥʝ ʦʙʣʘʜʘʶʪ ʜʨʫʛʠʝ, ʯʪʦ ʚʳʜʝʣʷʝʪ ʝʛʦ ʩʨʝʜʠ ʧʨʦʯʠʭ ʦʙʲʝʢʪʠʚʦʚ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʘʛʨʘʤʤʘ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è 

 

ʍʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪʠʚ ʧʦ-

ʨʘʟʥʦʤʫ ʧʨʝʣʦʤʣʷʝʪ ʨʘʟʥʳʝ ʜʣʠʥʳ ʚʦʣʥ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʥʘ ʛʨʘʬʠʢʝ ʧʦʧʝʨʝʯʥʳʭ ʘʙʝʨʨʘʮʠʡ (ʨʠʩʫʥʦʢ 4), ʦʥʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʚ ʧʦʣʦʞʝʥʠʠ ʢʨʠʚʳʭ ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ. ʊʘʢʞʝ ʧʦ 

ʛʨʘʬʠʢʘʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʢʘʢ ʥʝʣʠʥʝʡʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʨʠʚʦʡ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʩʚʝʪʦʚʳʝ ʣʫʯʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʢʨʘʷ ʣʠʥʟʳ, ʥʝ ʬʦʢʫʩʠʨʫʶʪʩʷ ʚ 

ʪʦʯʢʝ, ʛʜʝ ʬʦʢʫʩʠʨʫʶʪʩʷ ʣʫʯʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʮʝʥʪʨ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʶʪ ʵʪʠʤʠ ʘʙʝʨʨʘʮʠʷʤʠ, ʪʘʢ ʢʘʢ 

ʚ ʥʠʭ ʫʩʪʨʘʥʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʯʝʪʳ ʩʦʚʝʪʩʢʠʭ ʤʦʜʝʣʝʡ [3]. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʬʝʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è 
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ʅʘ ʣʝʚʦʤ ʛʨʘʬʠʢʝ ʘʙʝʨʨʘʮʠʡ ʛʣʘʚʥʳʭ ʣʫʯʝʡ (ʨʠʩʫʥʦʢ 5) ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʩʪʠʛʤʘʪʠʟʤ ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʝʟʢʦʩʪʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʪʦ ʠʩʢʘʞʝʥʠʷ ʩʚʷʟʘʥʦ ʩ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʬʦʨʤʳ ʣʠʥʟ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʚ ʦʙʲʝʢʪʠʚʝ ʣʫʯʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʬʦʢʫʩʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. ɸʩʪʠʛʤʘʪʠʟʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ 

ʨʝʟʢʦʩʪʠ ʥʘ ʢʨʘʷʭ ʢʘʜʨʘ ʠ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʙʲʝʢʪʠʚʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʘʩʬʝʨʠʯʝʩʢʠʝ ʣʠʥʟʳ, ʥʠʟʢʦ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʣʠʥʟʳ, ʪʘʢʠʝ ʢʘʢ ED(), UD(), FLD(), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʠʥʠʤʠʟʘʮʠʠ ʘʩʪʠʛʤʘʪʠʟʤʘ ʚ ʩʠʩʪʝʤʝ. 

ʅʘ ʧʨʘʚʦʤ ʛʨʘʬʠʢʝ ʘʙʝʨʨʘʮʠʡ ʛʣʘʚʥʳʭ ʣʫʯʝʡ ʧʦʢʘʟʘʥʘ ʜʠʩʪʦʨʩʠʷ 

ʦʙʲʝʢʪʠʚʘ çɻʝʣʠʦʩ 40-2è (ʨʠʩ.5). ɼʘʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʘʩʪʠʛʤʘʪʠʟʤʫ 

ʩʚʷʟʘʥʦ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʬʦʨʤʳ ʣʠʥʟ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳ ʥʘ ʧʨʷʤʳʭ ʣʠʥʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʟʢʦ ʢ ʢʨʘʷʤ ʢʘʜʨʘ [4]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʘʭ ʜʠʩʪʦʨʩʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. 
 

 
ʈʠʩʫʥʦʢ 5 ï ɸʩʪʠʛʤʘʪʠʟʤ ʠ ʜʠʩʪʦʨʩʠʷ ʦʙʲʝʢʪʠʚʘ ɻʝʣʠʦʩ 40-2 

 

çɻʝʣʠʦʩ 40-2è ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʲʝʢʪʠʚʘʤ ʚ 

ʪʝʭʥʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʪʘʢʞʝ ʠʤʝʝʪ ʘʙʝʨʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʘʙʝʨʨʘʮʠʠ ʥʝ 

ʤʠʥʠʤʘʣʴʥʳ, ʥʦ ʠ ʥʝ ʢʨʠʪʠʯʥʳ. ʆʙʲʝʢʪʠʚ çɻʝʣʠʦʩ 40-2è ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʫʥʠʢʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʧʨʠʤʝʨ, çʟʘʢʨʫʯʝʥʥʦʝè ʙʦʢʝ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ 

ʥʘ ʩʥʠʤʢʘʭ, ʛʜʝ ʬʦʥ ʥʘʧʦʣʥʝʥ ʤʝʣʢʠʤʠ ʜʝʪʘʣʷʤʠ, ʵʪʦ ʜʦʙʘʚʣʷʝʪ ʢʘʨʪʠʥʢʝ 

ʥʝʦʙʳʯʥʫʶ ʛʣʫʙʠʥʫ ʢʘʜʨʘ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʮʚʝʪʦʧʝʨʝʜʘʯʫ ʚ ʪʝʧʣʳʭ 

ʪʦʥʘʭ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʥʦʛʠʭ ʚʠʥʪʘʞʥʳʭ ʦʙʲʝʢʪʠʚʦʚ. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʟʜʘʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, çʨʝʪʨʦ-ʵʬʬʝʢʪè, ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʠʚʦʚ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʧʦʵʪʦʤʫ 

çɻʝʣʠʦʩ 40 ï 2è ʜʦ ʩʠʭ ʧʦʨ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʫ ʬʦʪʦʛʨʘʬʦʚ 

ʣʶʙʠʪʝʣʝʡ [2]. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʷʟʘʥʘ ʩ ʨʘʩʪʫʱʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʥʘʫʢʝ, ʤʝʜʠʮʠʥʝ, 
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ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʯʝʣʦʚʝʢʘ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ ʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. ʕʪʠ 

ʟʥʘʥʠʷ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʠ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. 

ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʝʢʪʨ ʩʚʝʪʘ, ʠʩʭʦʜʷʱʝʛʦ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʝʣʴʚʠʥʘʭ (ʂ). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʠʟʣʫʯʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ 

ʪʝʣʘ, ʠʜʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʝʪ ʚʝʩʴ ʧʘʜʘʶʱʠʡ ʥʘ ʥʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨ ʠ ʧʝʨʝʠʟʣʫʯʘʝʪ ʝʛʦ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʐʢʘʣʘ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʝʪ ʣʠʰʴ ʮʚʝʪ ʩʚʝʪʘ, ʠʟʣʫʯʘʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʦʤ, ʪʦʛʜʘ ʢʘʢ ʨʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ (ʦʙʳʯʥʦ ʦʥʘ ʥʠʞʝ) [2]. 

ʆʪ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪʪʝʥʦʢ ʩʚʝʪʘ: ʪʸʧʣʳʡ ʙʝʣʳʡ ʩʚʝʪ (ʤʝʥʝʝ 

3300 ʂ), ʥʝʡʪʨʘʣʴʥʳʡ (ʝʩʪʝʩʪʚʝʥʥʳʡ) ʙʝʣʳʡ ʩʚʝʪ (3300-5000 ʂ), ʭʦʣʦʜʥʳʡ 

ʙʝʣʳʡ ʩʚʝʪ (ʙʦʣʝʝ 5000 ʂ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʐʢʘʣʘ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ 

ʮʚʝʪʦʚ ʯʝʣʦʚʝʢʦʤ. ʕʪʦ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʤ 

ʠʩʢʫʩʩʪʚʝ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʭ ʢʘʨʪʠʥʘʭ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʩʚʝʱʝʥʠʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʟʨʠʪʝʣʝʤ ʧʨʦʠʟʚʝʜʝʥʠʷ, 

ʠʥʦʛʜʘ ʧʨʠʚʦʜʷ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʘʧʨʠʤʝʨ, ʢʘʨʪʠʥʳ ʵʧʦʭʠ 

ɺʦʟʨʦʞʜʝʥʠʷ ʤʦʛʣʠ ʧʠʩʘʪʴʩʷ ʧʨʠ ʩʚʝʯʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʥʠʟʢʫʶ ʮʚʝʪʦʚʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ (1800-2000 K), ʧʨʠʜʘʶʱʫʶ ʠʟʦʙʨʘʞʝʥʠʶ ʪʝʧʣʳʡ ʦʪʪʝʥʦʢ. ʇʨʠ 

ʩʦʚʨʝʤʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʩ ʚʳʩʦʢʦʡ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (>5000 K) ʪʝʧʣʳʝ 

ʦʪʪʝʥʢʠ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ, ʘ ʭʦʣʦʜʥʳʝ ï 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ. 

ʊʘʢʞʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʤʦʞʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʦʣʦʪʥʘ. çʇʦʜʩʦʣʥʫʭʠè (1888) ɺʠʥʩʝʥʪʘ ɺʘʥ ɻʦʛʘ 

ʠʤʝʶʪ ʦʯʝʥʴ ʪʝʧʣʫʶ ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʀʟʦʙʠʣʫʶʱʠʝ ʞʝʣʪʳʝ, ʦʨʘʥʞʝʚʳʝ, 

ʢʨʘʩʥʳʝ ʦʪʪʝʥʢʠ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʟʚʦʜʷʪ 

ʚʧʝʯʘʪʣʝʥʠʝ ʫʶʪʘ ʠ ʢʦʤʬʦʨʪʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʨʠ ʭʦʣʦʜʥʦʤ 

ʦʩʚʝʱʝʥʠʠ ʪʝ ʞʝ ʩʘʤʳʝ ʮʚʝʪʘ ʤʦʛʫʪ ʧʦʢʘʟʘʪʴʩʷ ʤʝʥʝʝ ʥʘʩʳʱʝʥʥʳʤʠ ʠ ʜʘʞʝ 

ʚʳʟʳʚʘʪʴ ʯʫʚʩʪʚʦ ʜʠʩʢʦʤʬʦʨʪʘ ʠʣʠ ʦʪʩʪʨʘʥʝʥʥʦʩʪʠ. 

 

    

ʈʠʩʫʥʦʢ 2 ï çʇʦʜʩʦʣʥʫʭʠè, ʯʝʪʚʝʨʪʘʷ ʚʝʨʩʠʷ (1888), ɺʠʥʩʝʥʪ ɺʘʥ ɻʦʛ 

 

ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʙʣʝʤʘʤ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ ʮʚʝʪʘ. ʂʘʨʪʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʣʦʞʥʳʝ ʮʚʝʪʦʚʳʝ ʩʦʯʝʪʘʥʠʷ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ. 

ʅʘʧʨʠʤʝʨ, ʪʦʥʢʠʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʟʝʣʝʥʳʤʠ ʠ ʩʠʥʠʤʠ ʦʪʪʝʥʢʘʤʠ ʤʦʛʫʪ 

ʩʣʠʚʘʪʴʩʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʩ ʚʳʩʦʢʦʡ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʝʣʘʷ ʢʘʨʪʠʥʫ 


