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ʈɽʌɽʈɸʊ 

ɺʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʤʘʛʠʩʪʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʪʠʢʘ ʠ 
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʇʃɽʂʉ, ʉʇɽʂʊʈ. 

ɺʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʦʪʦʢʘ ʯʘʩʪʠʮ, ʥʘʧʳʣʷʝʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠ 

ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʝ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʧʝʢʪʨʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ï ʩʣʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ ʩʧʝʢʪʨʦʚ. ʂʦʤʧʣʝʢʩ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣʣʦʚ, 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ).  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʠ ʩʦʢʨʘʱʝʥʠʷ: 

ʕɺʄ ï ʵʣʝʢʪʨʦʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ; 

ʇʆ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ɸʎʇ ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʂʇɼ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʇɿʉ ï ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ 

ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ 

ʋʌ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʀʂ  - ʠʥʬʨʘʢʨʘʩʥʳʡ 
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ɺɺɽɼɽʅʀɽ 

ʇʨʦʮʝʩʩʳ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ 

ʠʟʜʝʣʠʷ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣʣʦʚ, ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʢʦʨʦʪʝʯʥʦʩʪʴʶ, ʤʥʦʛʦʬʘʟʥʦʩʪʴʶ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ: ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʷ ʩʧʝʢʪʨʘ ʩʚʝʪʘ, ʦʮʠʬʨʦʚʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ. ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʥʘʟʳʚʘʝʪʩʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʭʥʦʣʦʛʘʤ, ʥʘʧʳʣʷʶʱʠʤ ʫʢʨʝʧʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʘʞʥʦ ʟʥʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʧʳʣʷʝʤʳʭ ʯʘʩʪʠʮ, ʯʪʦʙʳ ʂʇɼ ʥʘʧʳʣʝʥʠʷ ʙʳʣʦ ʥʘʠʙʦʣʴʰʠʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʧʨʦʮʝʩʩ. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʚʝʪʘ, 

ʦʮʠʬʨʦʚʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʩ 

ʧʦʤʦʱʴʶ ʕɺʄ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʣʠʥʝʡʥʳʝ ʠ ʤʘʪʨʠʯʥʳʝ ʇɿʉ-ʧʨʠʝʤʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʭ ʯʝʨʝʟ ʧʦʨʪ 

USB (ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ) ʚ ʕɺʄ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ 

ʫʧʨʘʚʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʚʠʯʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʧʨʠʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʠʢʩʝʣʝʡ ʚ ʜʝʪʝʢʪʦʨʝ ʠ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʛʨʘʤʤ ʠʩʪʦʯʥʠʢʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110S, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʳʣʷʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʚ 

ʚʠʜʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠ 

ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʙʳ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʰʠʨʷʝʤʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʠ ʨʦʩʪʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʈʘʩʰʠʨʷʝʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʥʫʞʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʪʝʤ, ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ ʚ ʙʫʜʫʱʝʤ ʤʦʜʫʣʴ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʯʘʩʪʠʮ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʧʦʪʦʢʝ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 
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ʥʘʧʳʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

çʦʙʨʘʪʥʦʡè ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʠʭ 

çʠʥʪʝʛʨʘʣʴʥʦʤʫ (ʩʫʤʤʘʨʥʦʤʫ)è ʩʧʝʢʪʨʫ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110S ʠ 

ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʩʪʘʪʴʷʭ [1, 2]. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺ ʉʆɺʈɽʄɽʅʅʓʍ ʉʇɽʂʊʈʆʄɽʊʈʆɺ 

1.1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʷʜʫ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ ʚʝʩʴʤʘ ʚʘʞʥʦ ʚ ʥʘʫʢʝ 

ʠ ʪʝʭʥʠʢʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ɼʦʩʪʘʪʦʯʥʦ ʫʧʦʤʷʥʫʪʴ ʯʝʨʥʫʶ ʠ ʮʚʝʪʥʫʶ ʤʝʪʘʣʣʫʨʛʠʶ, ʭʠʤʠʯʝʩʢʦʝ ʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ.  

ʀʟʜʘʚʥʘ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʢʦʥʪʘʢʪʥʳʝ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʙʲʝʢʪʘ; 

¶ ʥʝ ʠʩʢʘʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʷʚʣʝʥʠʝ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ (ʥʘʧʳʣʝʥʠʷ) ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʠʨʦʤʝʪʨʠʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʘʟʦʚʳʝ ʧʦʪʦʢʠ.  

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʠʨʦʤʝʪʨʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ (ʈʏʊ-ʬʫʥʢʮʠʠ) ʦʙʲʝʢʪʦʚ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ.  

ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʵʪʦ ʩʘʤʦʩʚʝʯʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʧʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ï ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʝʛʦ ʯʘʩʪʠʮ.  

ʇʨʠʚʝʜʝʥʥʘʷ ʟʜʝʩʴ [3] ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʤʥʦʛʠʭ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʜʥʘʢʦ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ:  

¶ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ>0 ʂ ʚʩʝ ʪʝʣʘ ʠʟʣʫʯʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ;  

¶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʘʥʥʦʛʦ ʪʝʣʘ;  

¶ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʝʪ ʜʦʣʷ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʙʣʘʩʪʴ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ. ʇʨʠ ʥʠʟʢʦʡ, ʥʘʧʨʠʤʝʨ ʢʦʤʥʘʪʥʦʡ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʣʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʦ ʣʠʰʴ ʦʯʝʥʴ ʜʣʠʥʥʳʤʠ ʠʥʬʨʘʢʨʘʩʥʳʤʠ 

ʥʝʚʠʜʠʤʳʤʠ ʚʦʣʥʘʤʠ. ʇʦ ʤʝʨʝ ʥʘʛʨʝʚʘʥʠʷ ʦʢʨʘʩʢʘ ʪʝʣʘ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ, ʩʪʘʥʦʚʷʩʴ 

ʩʥʘʯʘʣʘ ʢʨʘʩʥʦʡ, ʘ ʟʘʪʝʤ ʙʝʣʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ;  
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¶ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ (ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʨʘʩʩʝʷʥʠʷ, ʦʪʨʘʞʝʥʠʷ, ʪʦʨʤʦʟʥʦʛʦ, ʣʘʟʝʨʥʦʛʦ) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤ, ʪ.ʝ. ʵʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʪʝʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʩʦ ʩʨʝʜʦʡ.  

1.2. ʆʩʥʦʚʳ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ï ʵʪʦ ʦʙʣʘʩʪʴ ʬʠʟʠʢʠ, ʠʩʩʣʝʜʫʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ ʠʣʠ ʯʘʩʪʦʪʘʤ. 

ɺ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʪʘ ʨʘʟʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ ʠʣʠ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 

ʥʝʛʦ. ɸʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʜʠʩʢʨʝʪʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. ɽʩʣʠ ʥʘ ʚʝʱʝʩʪʚʦ 

ʧʘʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʪʦ ʵʥʝʨʛʠʷ, ʨʘʚʥʘʷ ʨʘʟʥʠʮʝ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ, ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʟʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠ ʨʘʟʥʳʭ 

ʜʣʠʥʘʭ ʚʦʣʥ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ð ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ, 200-380 ʥʤ), 

ʚʠʜʠʤʦʡ (380-780 ʥʤ) ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ɺ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʦʙʳʯʥʳʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ ʷʚʣʷʝʪʩʷ ʋʌ-ʜʠʘʧʘʟʦʥ ʠ ʚʠʜʠʤʘʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ï ʯʘʱʝ ʚʩʝʛʦ, ʋʌ-ʦʙʣʘʩʪʴ. ʅʘʨʷʜʫ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʚʝʣʠʯʠʥ 

ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʤʝʪʦʜ, ʩʚʦʠʤ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʙʷʟʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ, ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʧʪʠʢʠ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ, ʩʦʧʨʷʞʝʥʥʦʡ ʩʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʤʠ, ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʩʧʝʢʪʨʦʚ. 

ʂʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʘʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʘʭ ʧʨʦʪʦʯʥʦ-ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [4]. 
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ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʩʚʝʪ ʧʦʛʣʦʱʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-

ʃʘʤʙʝʨʪʘ-ɹʝʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ) ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʣʦʡ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ) ʩʚʝʪʘ, 

ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʛʦ, ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

Ὅ ὍὩ  ,     (1.1) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ; 

l ï ʪʦʣʱʠʥʘ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ; 

c ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʚʝʪ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʟʘʢʦʥ (1.1) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

Ὅ Ὅ ρπŮɚ ,     (1.2) 

ʛʜʝ ʚʝʣʠʯʠʥʘ Ůɚ ï ʤʦʣʷʨʥʳʡ 9ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ; 

l ï ʪʦʣʱʠʥʘ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ; 

c ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʚʝʪ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʬʦʨʤʫʣʝ (1.2), ʚʟʷʪʳʡ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ, ʥʘʟʳʚʘʶʪ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (1.1) ʠ (1.2), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʚ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʘʜʘʶʱʝʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩ 

ʚʝʱʝʩʪʚʘ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ Ůɚ. ʀʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚ ʧʦ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʝʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʟʤʝʨʷʶʪ ʜʚʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ Ὕ ʠʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ Ὀ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ ʩʚʝʪʘ: 

Ὕ  .     (1.3) 

ɿʥʘʯʝʥʠʷ ʊ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʦʪ 0 (ʧʦʛʣʦʱʘʝʪʩʷ ʚʝʩʴ ʩʚʝʪ) ʜʦ 1 (ʚʝʩʴ ʩʚʝʪ ʧʨʦʭʦʜʠʪ). 

ɽʩʣʠ ʊ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ: 

Ὕ ρππ.          (1.4) 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ D ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʬʦʨʤʫʣʳ (1.2) ʠ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ: 

Ὀ ὰὫ ὰὫ.          (1.5) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (1.5), ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ T ʦʪ 100% ʜʦ 

0% , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʦʩʪʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ D ʦʪ 0 ʜʦ Ð: T ʠ D ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ 

[5]. 
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1.3. ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʩʦʩʪʦʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ: ʠʟ 

ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ [6]. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʧʝʢʪʨʘ ʩʚʝʪʘ, 

ʦʮʠʬʨʦʚʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʩ 

ʧʦʤʦʱʴʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʚʝʪ, ʧʨʦʡʜʷ ʦʧʪʠʯʝʩʢʦʝ 

ʚʦʣʦʢʥʦ, ʧʦʧʘʜʘʝʪ ʚ ʩʧʝʢʪʨʦʤʝʪʨ, ʘ ʠʤʝʥʥʦ, ʯʝʨʝʟ ʫʟʢʫʶ ʘʧʝʨʪʫʨʫ, ʠʟʚʝʩʪʥʫʶ ʢʘʢ ʚʭʦʜʥʘʷ 

ʱʝʣʴ. ʃʠʥʟʘ ʚʠʥʴʝʪʠʨʫʝʪ ʩʚʝʪ ʥʘ ʚʭʦʜʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʟʘʪʝʤ ʢʦʣʣʠʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʛʥʫʪʦʛʦ ʟʝʨʢʘʣʘ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ. 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ ʨʘʩʩʝʠʚʘʝʪ ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ ʧʦʜ ʩʣʝʛʢʘ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʬʦʢʫʩʠʨʫʶʪʩʷ ʚʪʦʨʳʤ ʚʦʛʥʫʪʳʤ ʟʝʨʢʘʣʦʤ ʥʘ ʜʝʪʝʢʪʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʛʥʫʪʫʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ 

ʪʨʝʭ ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. 

1.3.1. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ ʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨ ʜʣʠʥ ʚʦʣʥ ʩʚʝʪʘ ʠ ʯʘʩʪʠʯʥʦ ʚʣʠʷʝʪ ʥʘ 

ʦʧʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. ʆʪ 

ʨʝʰʝʪʢʠ ʟʘʚʠʩʠʪ ʦʧʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʧʝʢʪʨʝ. ʆʥʘ 

ʠʤʝʝʪ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʯʘʩʪʦʪʘ ʰʪʨʠʭʦʚ ʨʝʰʝʪʢʠ ʠ ʫʛʦʣ ʙʣʝʩʢʘ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʜʚʫʭ ʪʠʧʦʚ: ʥʘʨʝʟʥʳʝ ʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʨʝʰʝʪʢʠ. ʅʘʨʝʟʥʳʝ ʨʝʰʝʪʢʠ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʰʪʨʠʭʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʪʩʷ ʟʝʨʢʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʨʝʰʝʪʢʠ ʩʦʟʜʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʋʌ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ (ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʠʣʠ ʥʝʧʘʨʘʣʣʝʣʴʥʳʭ) ʥʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʩʣʦʝ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʘʨʝʟʥʳʝ ʨʝʰʝʪʢʠ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʥʝʜʦʨʦʛʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʦʥʠ 

ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ ʨʘʩʩʝʠʚʘʶʪ ʩʚʝʪ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʪʨʠʭʦʚ ʠ 

ʯʘʩʪʦʪʳ ʠʭ ʥʘʥʝʩʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʥʘʧʨʠʤʝʨ, ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʜʝʪʝʢʪʦʨ 

ʨʘʙʦʪʘʝʪ ʭʫʞʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʶʪʩʷ ʥʠʞʝ. ɺ ʧʦʜʦʙʥʦʤ ʩʣʫʯʘʝ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ. ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʝʝ ʩʦʟʜʘʥʠʷ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʪʢʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʠ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɺʝʣʠʯʠʥʘ ʜʠʩʧʝʨʩʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʰʪʨʠʭʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʤʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʰʝʪʢʠ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʟʳʚʘʶʪ ʧʣʦʪʥʦʩʪʴʶ ʨʝʰʝʪʢʠ ʠʣʠ ʯʘʩʪʦʪʦʡ 

(ʧʝʨʠʦʜʦʤ). 

ʆʪ ʯʘʩʪʦʪʳ ʨʝʰʝʪʢʠ ʟʘʚʠʩʠʪ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ. ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʜʠʩʧʝʨʩʠʠ ʨʝʰʝʪʢʠ 

ʙʣʘʛʦʜʘʨʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʏʝʤ ʰʠʨʝ ʜʠʩʧʝʨʩʠʷ, ʪʝʤ ʚʳʰʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ʀ, ʥʘʦʙʦʨʦʪ, ʙʦʣʝʝ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʨʝʰʝʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʜʠʩʧʝʨʩʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʚ ʫʱʝʨʙ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ. 

1.3.2. ɼʝʪʝʢʪʦʨ 

ʇʨʠʝʤʥʠʢ ʠʟʣʫʯʝʥʠʷ (ʜʝʪʝʢʪʦʨ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʠʙʦʨʘ. ʇʦ ʩʫʱʝʩʪʚʫ, ʩʘʤʦ ʥʘʟʚʘʥʠʝ ʧʨʠʙʦʨʦʚ ï ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ï ʦʙʷʟʘʥʦ ʩʚʦʡʩʪʚʫ 

ʧʨʠʝʤʥʠʢʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ [7]. 

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ (ʤʦʥʦʭʨʦʤʘʪʦʨʘʭ) ʚʪʦʨʘʷ ʱʝʣʴ ʨʘʟʤʝʱʝʥʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʚʳʭʦʜʥʦʡ ʱʝʣʴʶ. 

ɺʳʭʦʜʥʘʷ ʱʝʣʴ ʠʤʝʝʪ ʦʙʳʯʥʦ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʟʤʝʨʳ, ʢʘʢ ʠ ʚʭʦʜʥʘʷ ʱʝʣʴ, ʘ ʰʠʨʠʥʘ 

ʧʦʩʣʝʜʥʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠʙʦʨʘ. ɺ 

ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1.1) ʜʝʪʝʢʪʦʨ ʨʘʟʤʝʱʝʥ ʟʘ ʚʳʭʦʜʥʦʡ ʱʝʣʴʶ ʠ ʨʝʰʝʪʢʘ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʯʝʨʝʟ ʱʝʣʴ, ʧʦʵʪʦʤʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʣʠʥʳ ʚʦʣʥʳ [8]. 

 

ʈʠʩ. 1.1 ʂʦʥʩʪʨʫʢʮʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʜʝʪʝʢʪʦʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʠ ʇɿʉ-

ʤʘʪʨʠʮ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʨʘʟʚʠʪʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩʦ ʰʪʨʠʭʦʚʦʡ ʨʝʰʝʪʢʦʡ. 

ʇʦʩʢʦʣʴʢʫ ʩʣʫʯʘʡʥʳʡ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʥʘ ʧʠʢʩʝʣʠ ʯʝʨʝʟ ʇɿʉ-ʤʘʪʨʠʮʫ, ʪʦ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ 

ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʙʦʨʘ ʤʦʞʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠ 

ʦʪʦʙʨʘʟʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʧʝʢʪʨʦʤʝʪʨʳ ʙʝʟ ʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ï ʵʪʦ 

ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

çʤʠʥʠʘʪʶʨʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳè. 

1.4. ʆʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ 

ɺ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʥʘ ʕɺʄ. ʇʨʠ ʧʦʤʦʱʠ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ 

ʚʦʟʤʦʞʥʦ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʙʦʨʦʤ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ, ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ, ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʯʝʨʝʟ ʧʦʨʪ USB, ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ɿʘʯʘʩʪʫʶ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʠʙʦʨʘ ʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʥʠʤ ʚ ʢʦʤʧʣʝʢʪʝ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʝʩʣʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʢʣʠʝʥʪʘ, ʚʦʟʤʦʞʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

1.4.1. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110S 

ɼʘʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩʦ Spectrum Studio ï ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ Science-Surplus.com [9]. ʕʪʦ ʇʆ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʘʟʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʪʘʢʠʝ ʢʘʢ: 

¶ ʟʘʧʫʩʢ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʘʢ ʚ ʦʜʠʥʦʯʥʦʤ, ʪʘʢ ʠ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ; 

¶ ʫʩʪʘʥʦʚʣʝʥʠʝ ʯʠʩʣʘ ʫʩʨʝʜʥʝʥʠʡ ʠʟʤʝʨʝʥʠʡ; 

¶ ʩʤʝʥʘ ʩʢʦʨʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ; 

¶ ʢʘʣʠʙʨʦʚʢʘ ʩʧʝʢʪʨʘ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘ ʚ ʬʘʡʣ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʝʤʝʡʩʪʚʘ Windows (ʥʘʯʠʥʘʷ ʩ Windows XP). ɺʝʨʩʠʠ ʜʣʷ Linux ʠʣʠ Mac ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʦʛʫʪ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤ ʧʨʠʙʦʨʦʤ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʧʠʩʘʣʠ ʧʨʦʪʦʢʦʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʤʝʩʪʝ ʩ ʇʆ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʨʘʡʚʝʨʘ LabView. 
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ʈʠʩ. 1.2 ɻʣʘʚʥʦʝ ʦʢʥʦ ʇʆ Spectrum Studio. 

ɺʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʇʆ ʜʦʩʪʘʪʦʯʥʳ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʘ ʣʠʰʴ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʩʧʝʢʪʨʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʫʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʨʫʛʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʊʘʢʞʝ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ï ʦʪʩʫʪʩʪʚʫʶʪ ʚʝʨʩʠʠ ʜʣʷ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

1.4.2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʢʦʤʧʘʥʠʠ Thorlabs 

Thorlabs (ʉʐɸ) ï ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʧʦʩʪʘʚʱʠʢʦʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʣʘʟʝʨʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ: ʦʧʪʦʤʝʭʘʥʠʢʠ, ʦʧʪʠʢʠ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ, ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʪʝʢʪʦʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘʥʘʣʠʟʘʪʦʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ, ʬʠʣʴʪʨʦʚ, ʣʠʥʟ, ʟʝʨʢʘʣ, ʧʦʟʠʮʠʦʥʝʨʦʚ [10]. 

ʂʦʤʧʘʢʪʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ ʦʪ 

ʢʦʤʧʘʥʠʠ Thorlabs ʜʦʩʪʫʧʥʳ ʚ 3-ʭ ʤʦʜʝʣʷʭ. 2 ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ 

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʘʭ: 350 ï 700 ʥʤ ʠʣʠ 500 ï 1000 ʥʤ. ʊʨʝʪʴʷ ʤʦʜʝʣʴ 

ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ 200 ï 1000 ʥʤ ʩ ʪʦʯʥʦʩʪʴʶ ʩʚʳʰʝ 2 ʥʤ. ʂʦʤʧʘʢʪʥʳʝ 

ʨʘʟʤʝʨʳ ʵʪʠʭ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ (122 ʭ 79 ʭ 29.5 ʤʤ) ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ 

ʜʘʥʥʳʤʠ ʢʘʣʠʙʨʦʚʢʠ. 
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ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʠʜʫʱʝʝ ʚ ʢʦʤʧʣʝʢʪʝ, ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

¶ ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ (ʜʦ 10) ʫʩʪʨʦʡʩʪʚ ʦʜʥʦʚʨʝʤʝʥʥʦ; 

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʦʚʤʝʩʪʠʤʳʭ ʫʩʪʨʦʡʩʪʚ; 

¶ ʬʠʣʴʪʨʘʮʠʷ ʩʧʝʢʪʨʘ; 

¶ ʚʳʧʦʣʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʧʝʢʪʨʘʤʠ ï ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, 

ʜʝʣʝʥʠʝ ʠ ʫʤʥʦʞʝʥʠʝ; 

¶ ʘʣʛʦʨʠʪʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʘʫʩʩʘ, ʘʙʩʦʨʮʠʷ, 

ʠʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ; 

¶ ʥʦʨʤʠʨʦʚʘʥʠʝ ʦʩʝʡ; 

¶ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ï ʩʢʦʨʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ, ʯʠʩʣʦ ʫʩʨʝʜʥʝʥʠʡ, 

ʩʛʣʘʞʠʚʘʥʠʝ ʠ ʪ.ʜ. 

¶ ʟʘʧʫʩʢ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʦʜʠʥʦʯʥʦʤ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʘʭ; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʠ ʟʘʛʨʫʟʢʘ ʩʧʝʢʪʨʘ. 

 

ʈʠʩ. 1.3 ɻʣʘʚʥʦʝ ʦʢʥʦ ʇʆ ʩʧʝʢʪʨʦʤʝʪʨʦʚ Thorlabs. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ 

Windows (ʥʘʯʠʥʘʷ ʩ Windows Vista). ʊʘʢ ʞʝ ʠʤʝʝʪʩʷ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʜʨʘʡʚʝʨʦʚ ʠ ʙʠʙʣʠʦʪʝʢ 
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ʧʦʜ C/C++, LabWindows/CVI, Dot NET, NI LabVIEW, and Visual Basic ʜʣʷ ʥʘʧʠʩʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʇʆ ʧʦʜ ʩʧʝʢʪʨʦʤʝʪʨ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠ ̫ʷʚʣʷʝʪʩʷ ï ʦʪʩʫʪʩʪʚʠʝ ʚʝʨʩʠʡ ʜʣʷ ʜʨʫʛʠʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʪʘʢʠʭ ʢʘʢ Mac ʠʣʠ Linux). ʊʘʢ ʞʝ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦ ʚʳʩʦʢʦʡ ʮʝʥʝ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ï ʦʢʦʣʦ ʜʚʫʭ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. 

1.4.3. LineSpec Software 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ LineSpec (ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʵʪʦʡ 

ʢʦʤʧʘʥʠʠ) ï ʵʪʦ ʠʥʪʫʠʪʠʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʦʤ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʈʘʙʦʪʘʝʪ 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ Windows, ʥʘʯʠʥʘʷ ʩ Windows XP. 

ʇʦʜʜʝʨʞʠʚʘʝʪ ʦʜʠʥʦʯʥʳʡ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʫʩʨʝʜʥʝʥʠʝ. ɺʤʝʩʪʝ ʩ ʇʆ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʨʘʡʚʝʨʘ LabView. 

 ʀʤʝʝʪ ʪʝ ʞʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʠ ʫ Spectrum Studio[11].  

 

ʈʠʩ. 1.4 ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ LineSpec Software. 

1.4.4. SpectraSuite Software 

ɼʘʥʥʦʝ ʇʆ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩ USB ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʢʦʤʧʘʥʠʠ Ocean Optics. 

ʇʦʤʠʤʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ʩʦʭʨʘʥʝʥʠʶ ʩʧʝʢʪʨʘ [12]. 

ʈʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ Windows. 
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ʈʠʩ. 1.5 ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ SpectraSuite Software. 

1.4.5. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ElvaX Mini  

ɼʘʥʥʦʝ ʇʆ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ElvaX Mini  ʢʦʤʧʘʥʠʠ 

ElvaTech. ʇʦʤʠʤʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʠ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ - ʤʝʪʦʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʰʘʛʦʚʘʷ ʨʝʛʨʝʩʩʠʷ, ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ [13]. 

 

ʈʠʩ.1.6 ʆʢʥʦ ʇʆ ʩʧʝʢʪʨʦʤʝʪʨʘ ElvaX Mini . 
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1.4.6. ʇʆ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʢʦʤʧʘʥʠʠ BWTek 

ʂʦʤʧʘʥʠʷ BWTek ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʩʝʭ ʫʨʦʚʥʝʡ, ʦʪ ʥʦʚʠʯʢʘ ʜʦ ʵʢʩʧʝʨʪʘ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ï ʩʛʣʘʞʠʚʘʥʠʝ, ʚʳʯʠʪʘʥʠʝ ʪʝʤʥʦʚʦʛʦ 

ʢʘʜʨʘ, ʢʦʨʨʝʢʮʠʷ ʥʫʣʝʚʦʡ ʣʠʥʠʠ [14]. 

ɼʣʷ ʪʝʭ, ʢʪʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʜʨʦʙʥʳʤʠ ʦʧʠʩʘʥʠʷʤʠ 

ʬʫʥʢʮʠʡ ʚʥʫʪʨʝʥʥʠʭ ʙʠʙʣʠʦʪʝʢ [15]. 

 

ʈʠʩ. 1.7 ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ BWSpec. 
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄʆɺ, ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀ ʈɽɸʃʀɿɸʎʀʗ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ʉʇɽʂʊʈʆʄɽʊʈʆʄ BTC-110S 

2.1. ʊʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110s 

ʇɿʉ-ʩʧʝʢʪʨʦʤʝʪʨ BTC-110s ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʤʠʥʠʘʪʶʨʥʳʭ ʇɿʉ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ. 

ʄʠʥʠʩʧʝʢʪʨʦʤʝʪʨ BTC-110s ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʦʡ ʟʘʜʝʨʞʢʦʡ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (600, 1200, 2400 4800, 9600, 19200, 38400, 

115200 ʙʦʜ). ɼʝʪʝʢʪʦʨʦʤ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 2048-ʵʣʝʤʝʥʪʥʘʷ ʇɿʉ-ʣʠʥʝʡʢʘ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤ 16-ʙʠʪʥʳʤ ɸʎʇ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʯʠʪʳʚʘʥʠʷ ʙʦʣʝʝ 2 ʄɻʮ. CCD ʩʧʝʢʪʨʦʤʝʪʨ BTC-

110s ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 200-1050 ʥʤ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 0.5-3.0 ʥʤ (ʪʘʙʣ. 2.1). 

ʊʘʙʣʠʮʘ 2.1.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110s 

ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ 

ʈʘʟʨʝʰʝʥʠʝ ɸʎʇ 16 ʙʠʪ 

ʐʫʤ ʪʝʤʥʦʚʦʡ 50 ʦʪʩʯʝʪʦʚ RMS  

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʝʪʝʢʪʦʨʘ 200 ï 1100 ʥʤ 

ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 50 ʤʩ ï 65000 ʤʩ 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 1300:1 (ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ) 

ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 350 ʤʩ 

ʇʠʪʘʥʠʝ 5 ɺ, 2 ɸ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 5.75ʭ3.75ʭ1.75 ʜʶʡʤʦʚ 

ɺ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʪʦʠʪ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ ʥʘ 1800 ʣ/ʤʤ ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ 365 ï 600 ʥʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʥʤ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ. ʇʦʤʠʤʦ 

ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ BTC-110s ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʷ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ. 

ʋʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ COM-ʧʦʨʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʧʝʢʪʨʦʤʝʪʨ 

ʨʝʘʛʠʨʦʚʘʣ ʥʘ ʢʦʤʘʥʜʳ ʢʦʨʨʝʢʪʥʦ, ʥʫʞʥʦ ʚʳʩʪʘʚʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʥʘʩʪʨʦʡʢʠ COM-ʧʦʨʪʘ: 

1) ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ: 9600 ʙʠʪ/ʩʝʢ; 

2) ʢʦʣʠʯʝʩʪʚʦ ʙʠʪ ʜʘʥʥʳʭ: 8 ʙʠʪ; 

3) ʙʠʪ ʧʘʨʠʪʝʪʘ: ʦʪʩʫʪʩʪʚʫʝʪ; 

4) ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʧ-ʙʠʪʦʚ: 1; 

5) ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʘ: ʦʪʩʫʪʩʪʚʫʝʪ. 
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ɺʩʝ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ BTC-110s, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.2. 

ʊʘʙʣʠʮʘ 2.2.  

ʉʧʠʩʦʢ ʢʦʤʘʥʜ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ BTC-110s 

ʂʦʤʘʥʜʘ ʆʧʠʩʘʥʠʝ 

A{Data}  ʋʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ. 

?A ɿʘʧʨʦʩ ʪʝʢʫʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ. 

I{Data}  ʋʩʪʘʥʦʚʠʪʴ ʚʨʝʤʷ ʠʥʪʝʛʨʘʮʠʠ (ʤʩ). ɿʥʘʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪ 50 ʜʦ 

65000. 

?I ɿʘʧʨʦʩ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʘʮʠʠ. 

K{Data}  ʋʩʪʘʥʦʚʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʯʝʨʝʟ COM-ʧʦʨʪ. ɿʥʘʯʝʥʠʷ ʜʣʷ 

{ Data} : 

7 = 600 ʙʠʪ/ʩʝʢ 

6 = 1200 ʙʠʪ/ʩʝʢ 

5 = 2400 ʙʠʪ/ʩʝʢ 

4 = 4800 ʙʠʪ/ʩʝʢ 

3 = 9600 ʙʠʪ/ʩʝʢ 

2 = 19200 ʙʠʪ/ʩʝʢ 

1 = 38400 ʙʠʪ/ʩʝʢ 

0 = 115200 ʙʠʪ/ʩʝʢ 

?K ɿʘʧʨʦʩ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʭ. 

Q ʋʩʪʘʥʦʚʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

S ɿʘʧʫʩʢ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉʢʘʥʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʣʠʙʦ ʢʘʢ ASCII ʜʘʥʥʳʝ, ʣʠʙʦ ʢʘʢ ʜʚʦʠʯʥʳʝ ʜʘʥʥʳʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʞʠʤʘ). 

A ʋʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ASCII ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ . 

B ʋʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʙʠʥʘʨʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

?a ɿʘʧʨʦʩ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʨʝʞʠʤʝ  ʨʘʙʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ 

(ʙʠʥʘʨʥʳʡ ʠʣʠ ASCII). 

ɼʣʷ ʩʤʝʥʳ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʥʝʤʫ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ, ʥʘ ʩʢʦʨʦʩʪʠ 9600 ʙʠʪ/ʩʝʢ. ɿʘʪʝʤ, ʜʣʷ 

ʧʨʠʤʝʨʘ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʢʦʨʦʩʪʴ 115200 ʙʠʪ/ʩʝʢ, ʦʪʧʨʘʚʠʪʴ ʢʦʤʘʥʜʫ K0. 
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2.1.1. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʂʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʦʛʥʫʪʳʭ ʟʝʨʢʘʣ, ʇɿʉ-ʜʝʪʝʢʪʦʨʘ ʠ 

ʦʜʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʝʨʢʘʣʘ 1 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʦ ʢʦʣʣʠʤʠʨʫʝʪ ʧʫʯʦʢ ʩʚʝʪʘ ʠʟ ʚʭʦʜʥʦʡ ʱʝʣʠ ʠ ʥʘʧʨʘʚʣʷʝʪ 

ʝʛʦ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʚʝʪ ʨʘʟʣʦʞʝʥ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʟʝʨʢʘʣʦ 2 ʬʦʢʫʩʠʨʫʝʪ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ ʚ ʧʣʦʩʢʦʩʪʴ ʜʝʪʝʢʪʦʨʘ. 

 

ʈʠʩ. 2.1 ʂʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʛʨʘʬʘ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ [16]. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʠ ʫʜʦʙʥʳʡ ʩʧʝʢʪʨʦʛʨʘʬ. ɼʣʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʫʛʣʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʚʫʭ ʟʝʨʢʘʣ 

ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ. ʆʧʪʠʤʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ 

ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʭʝʤʳ ʩʧʝʢʪʨʦʛʨʘʬʘ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʩʩʝʷʥʥʦʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʝ ʠ 

ʥʦʨʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʅʦ ʠʟ-ʟʘ ʥʝʦʩʝʚʦʡ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʏʝʨʥʠ-

ʊʝʨʥʝʨʘ ʚʳʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ 

ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʚʭʦʜʥʦʡ ʱʝʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʳʭ ʤʠʢʨʦʥ. ʆʧʪʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʏʝʨʥʠ-ʊʝʨʥʝʨʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩ ʤʘʣʳʤ ʠ ʩʨʝʜʥʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. 

2.1.2. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʉʧʝʢʪʨʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ï ʨʝʞʠʤ 

ASCII-ʩʠʤʚʦʣʦʚ  ʠ ʙʠʥʘʨʥʳʡ ʨʝʞʠʤ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ASCII-ʩʠʤʚʦʣʦʚ, ʢʘʞʜʦʝ 

ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ ʧʝʨʝʜʘʝʪʩʷ 5 ʙʘʡʪʘʤʠ, ʘ ʟʘ ʥʠʤʠ ʜʦʙʘʚʣʷʶʪʩʷ ʝʱʝ 2 ʙʘʡʪʘ, 0A ï ʢʦʥʝʮ 

ʩʪʨʦʢʠ ʠ 0D ï ʧʝʨʝʚʦʜ ʢʘʨʝʪʢʠ.  

ɽʩʣʠ ʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʥʘʨʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʜʘʥʥʳʝ, ʩʥʷʪʳʝ ʩ ʇɿʉ-
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ʣʠʥʝʡʢʠ, ʩʞʠʤʘʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʂʘʞʜʳʡ ʧʠʢʩʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ. ɽʩʣʠ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʝʥʴʰʝ 128, ʪʦ 

ʵʪʦʪ ʙʘʡʪ ʧʦʢʘʟʳʚʘʝʪ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʟʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ 128, ʪʦ ʦʪʧʨʘʚʣʷʶʪʩʷ 3 ʙʘʡʪʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: 

¶ ʙʘʡʪ 1: ʟʥʘʯʝʥʠʝ 0x80 ʚ ʢʘʯʝʩʪʚʝ ʬʣʘʛʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʣʝʜʫʶʱʠʝ 2 

ʙʘʡʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ, ʘ ʥʝ ʨʘʟʥʦʩʪʴ; 

¶ ʙʘʡʪ 2: ʙʘʡʪ ʩʪʘʨʰʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 16-ʙʠʪʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʠʢʩʝʣʷ; 

¶ ʙʘʡʪ 3: ʙʘʡʪ ʤʣʘʜʰʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 16-ʙʠʪʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʠʢʩʝʣʷ. 

ɹʠʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʪʧʨʘʚʣʷʝʪʩʷ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʨʥʦ ʚ 7 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ ASCII-ʩʠʤʚʦʣʦʚ. 

2.2. ʆʙʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʫʧʨʘʚʣʷʶʱʝʝ 

ʨʘʙʦʪʦʡ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110S, ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ: 

¶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʩ ʚʳʭʦʜʘ ʩʧʝʢʪʨʦʤʝʪʨʘ BTC-110S ʚ ʕɺʄ; 

¶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʧʝʢʪʨʘ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ; 

¶ ʫʜʦʙʥʫʶ ʨʘʙʦʪʫ ʩʦ ʩʧʝʢʪʨʦʤ ï ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʛʨʘʬʠʢʘ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ; 

¶ ʢʘʣʠʙʨʦʚʢʘ ʩʧʝʢʪʨʘ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ; 

¶ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʦʚ ï ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʫʩʢʦʨʷʪʴ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʀʟ ʜʨʫʛʠʭ ʪʨʝʙʫʝʤʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦ ʦʩʷʤ; ʠʟʤʝʥʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ï ʢʦʣʠʯʝʩʪʚʦ ʫʩʨʝʜʥʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ; 

ʩʦʭʨʘʥʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʬʘʡʣ; ʟʘʛʨʫʟʢʘ ʩʧʝʢʪʨʘ ʠʟ ʬʘʡʣʘ; ʩʦʭʨʘʥʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: 

¶ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʙʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʦʤ; 

¶ ʙʣʦʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ; 
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¶ ʙʣʦʢ ʢʘʣʠʙʨʦʚʢʠ; 

¶ ʙʣʦʢ ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʧʝʢʪʨʘʤʠ; 

¶ ʙʣʦʢ ʧʨʦʩʤʦʪʨʘ ʩʧʝʢʪʨʦʚ. 

ʇʦʜʨʦʙʥʝʝ ʦ ʪʦʤ, ʟʘ ʯʪʦ ʦʪʚʝʯʘʶʪ ʜʘʥʥʳʝ ʙʣʦʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ: 

1) ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ï ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠ 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʙʦʪʫ ʦʩʪʘʣʴʥʳʭ ʙʣʦʢʦʚ; 

2) ʙʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʦʤ ï ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʜʢʣʶʯʝʥʠʝ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʦʨʪʫ; 

3) ʙʣʦʢ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ ï ʦʪʚʝʯʘʝʪ ʟʘ 

ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʠ ʨʘʙʦʪʫ ʩ ʛʨʘʬʠʢʦʤ. ʆʪ ʵʪʦʛʦ ʙʣʦʢʘ ʠʜʫʪ ʢʦʤʘʥʜʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ; 

4) ʙʣʦʢ ʢʘʣʠʙʨʦʚʢʠ ï ʚʳʧʦʣʥʷʝʪ  ʢʘʣʠʙʨʦʚʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʥʦʤʝʨʘ 

ʷʯʝʡʢʠ ʣʠʥʝʡʥʦʛʦ ʇɿʉ-ʧʨʠʝʤʥʠʢʘ. ʂʘʣʠʙʨʦʚʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʧʦʣʴʟʫʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚʳʯʠʩʣʷʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʦʤʝʨʫ ʷʯʝʡʢʠ 

ʇɿʉ-ʧʨʠʝʤʥʠʢʘ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

‗  ̒  ̒ὲ Ễ  ̒ ὲ ȟ
    

(2.1) 

ʛʜʝ cm  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʣʠʙʨʦʚʢʠ. ɼʘʥʥʳʡ ʙʣʦʢ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ɼʘʥʥʳʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʣʠʙʨʦʚʢʠ iʩ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʧʘʨʳ ʯʠʩʝʣ: ʥʦʤʝʨ ʷʯʝʡʢʠ ï ʜʣʠʥʘ ʚʦʣʥʳ; 

5) ʙʣʦʢ ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʧʝʢʪʨʘʤʠ ï ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʝʨʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ï ʧʦʢʘʟ ʥʝʩʢʦʣʴʢʠʭ 

ʩʧʝʢʪʨʦʚ ʚ ʦʜʥʦʤ ʦʢʥʝ, ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ ʠ ʜʝʣʝʥʠʝ ʩʧʝʢʪʨʦʚ; 

6) ʙʣʦʢ ʧʨʦʩʤʦʪʨʘ ʩʧʝʢʪʨʦʚ ï ʘʥʘʣʦʛʠʯʝʥ ʙʣʦʢʫ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʩʫʪʩʪʚʠʷ  ʢʦʤʘʥʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʣʦʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2. 
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ʈʠʩ. 2.2 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʆʙʱʫʶ ʙʣʦʢ-ʩʭʝʤʫ ʢʦʤʧʣʝʢʩʘ ʥʫʞʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ ʠʟ ʩʢʦʣʴʢʠʭ ʦʢʦʥ 

ʦʥ ʙʫʜʝʪ  ʩʦʩʪʦʷʪʴ. ʆʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʣʘʚʥʦʝ ʦʢʥʦ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚʩʝ ʙʣʦʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʩʪʨʦʡʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʣʫʯʰʝ 

ʚʳʥʝʩʪʠ ʚ ʦʪʜʝʣʴʥʦʝ ʦʢʥʦ,  ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʝʥ ʢʘʢ ʚʚʦʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ 

ʨʘʩʯʝʪ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʨʵʧʝʨʥʳʭ ʪʦʯʝʢ. ʈʘʙʦʪʘ ʩʦ ʩʧʝʢʪʨʘʤʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʦʢʥʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʷ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ, ʦʙʱʘʷ ʙʣʦʢ ʩʭʝʤʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.3. 
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ʈʠʩ. 2.3 ʆʩʥʦʚʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɹʣʦʢ-ʩʭʝʤʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.4. ɼʣʷ ʧʦʜʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʩʧʝʢʪʨʘ ʥʘ ʨʠʩʫʥʢʝ 2.5. ɼʣʷ 

ʧʦʜʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ ʥʘʜ ʥʝʩʢʦʣʴʢʠʤʠ ʦʢʥʘʤʠ ʩʧʝʢʪʨʦʤ ʥʘ ʨʠʩʫʥʢʝ 2.6. 
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ʈʠʩ. 2.4 ɹʣʦʢ ʩʭʝʤʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʥʘʩʪʨʦʡʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ. 
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ʈʠʩ. 2.5 ɹʣʦʢ ʩʭʝʤʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ ʩ ʦʜʥʠʤ ʦʢʥʦʤ ʩʧʝʢʪʨʘ. 
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ʈʠʩ. 2.6 ɹʣʦʢ ʩʭʝʤʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʜʝʡʩʪʚʠʡ ʥʘʜ ʥʝʩʢʦʣʴʢʠʤʠ ʦʢʥʘʤʠ ʩʧʝʢʪʨʦʚ. 

2.3. ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ 

ʅʝʦʙʭʦʜʠʤʦ ʠʟʣʦʞʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʜʫ ʧʨʦʛʨʘʤʤʳ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴʩʷ 

ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʢʠ. ʇʦ ʩʫʱʝʩʪʚʫ, ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʪʨʠ: 

1) ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ; 
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2) ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ -  ʟʘʧʫʩʢ ʇʆ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʧʨʦʩʪʦʡ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʘʞʜʦʡ ʆʉ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ; 

3) çʨʘʩʰʠʨʷʝʤʦʩʪʴè - ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʜʫʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʤʦʜʫʣʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. 

ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʜʭʦʜʠʪ ʷʟʳʢ C++ ʠ ʬʨʝʡʤʚʦʨʢ Qt, ʩʦ ʩʨʝʜʦʡ Qt 

Creator. ʗʟʳʢ C++ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ ʙʝʟ 

ʦʩʦʙʦʛʦ ʪʨʫʜʘ ʨʘʩʰʠʨʷʪʴ ʧʨʦʛʨʘʤʤʫ. ʌʨʝʡʤʚʦʨʢ Qt ʩʦʜʝʨʞʠʪ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ. ʇʨʦʮʝʩʩ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʥʘʪʠʚʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʘ ʬʨʝʡʤʚʦʨʢʘ Qt 

ï Qt Creator.  

ʊʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʠʙʣʠʦʪʝʢʠ: 

¶ QCustomPlot ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʦʚ. ʇʦʜʜʝʨʞʠʚʘʝʪ 

ʧʝʨʝʤʝʱʝʥʠʝ, ʧʨʠʙʣʠʞʝʥʠʝ/ʫʜʘʣʝʥʠʝ ʛʨʘʬʠʢʘ, ʧʦʜʧʠʩʴ ʦʩʝʡ ʠ ʪ.ʜ.; 

¶ Boost::Asio ï ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʬʨʝʡʤʚʦʨʢʦʤ, - ʦʪʩʶʜʘ ʙʳʣʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʘ 

ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʦʤ.  

2.3.1. ʆʧʠʩʘʥʠʝ ʬʨʝʡʤʚʦʨʢʘ Qt 

Qt ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʥʘʧʠʩʘʥʥʦʝ ʩ ʝʛʦ ʧʦʤʦʱʴʶ  ʇʆ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʫʪʸʤ ʧʨʦʩʪʦʡ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʘʞʜʦʡ ʆʉ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ 

ʵʣʝʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʢʣʘʩʩʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ, ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ ʠ XML. Qt ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ, ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʳʤ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʪʝʭʥʠʢʫ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [17]. 

2.3.1.1. ʉʣʦʪʳ ʠ ʩʠʛʥʘʣʳ ʬʨʝʡʤʚʦʨʢʘ Qt  

Qt ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤ ʤʝʭʘʥʠʟʤʦʤ ʩʠʛʥʘʣʦʚ ʠ ʩʣʦʪʦʚ [18]. ʉʠʛʥʘʣʳ ʠ ʩʣʦʪʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ʉʠʛʥʘʣ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʙʳʪʠʝ. ʉʣʦʪ ʵʪʦ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʠʛʥʘʣ. ɺʠʜʞʝʪʳ Qt ʠʤʝʶʪ ʤʥʦʛʦ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʣʦʪʦʚ, ʥʦ 

ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʜʦʯʝʨʥʠʡ ʢʣʘʩʩ ʠ ʜʦʙʘʚʠʪʴ ʥʘʰʠ ʩʠʛʥʘʣʳ ʠ ʩʣʦʪʳ ʚ ʥʝʤ.  

ʄʝʭʘʥʠʟʤ ʩʠʛʥʘʣʦʚ ʠ ʩʣʦʪʦʚ ʷʚʣʷʝʪʩʷ ʪʠʧʦʙʝʟʦʧʘʩʥʳʤ. ʉʠʛʥʘʪʫʨʘ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ 

ʩʦʚʧʘʜʘʪʴ ʩ ʩʠʛʥʘʪʫʨʦʡ ʩʣʦʪʘ-ʧʦʣʫʯʘʪʝʣʷ. (ʌʘʢʪʠʯʝʩʢʠ ʩʣʦʪ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʢʦʨʦʪʢʫʶ 

ʩʠʛʥʘʪʫʨʫ, ʯʝʤ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʦʥ ʧʦʣʫʯʘʝʪ, ʪʘʢ ʢʘʢ ʦʥ ʤʦʞʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʨʛʫʤʝʥʪʳ). ʊʘʢ ʢʘʢ ʩʠʛʥʘʪʫʨʳ ʩʨʘʚʥʠʤʳ, ʢʦʤʧʠʣʷʪʦʨ ʤʦʞʝʪ ʧʦʤʦʯʴ ʥʘʤ 

ʦʙʥʘʨʫʞʠʪʴ ʥʝʩʦʚʧʘʜʝʥʠʝ ʪʠʧʦʚ. ʉʠʛʥʘʣʳ ʠ ʩʣʦʪʳ ʩʣʘʙʦ ʩʚʷʟʘʥʳ. ʂʣʘʩʩ, ʢʦʪʦʨʳʡ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣ, ʥʝ ʟʥʘʝʪ ʠ ʥʝ ʟʘʙʦʪʠʪʩʷ ʦ ʪʦʤ, ʢʘʢʠʝ ʩʣʦʪʳ ʝʛʦ ʧʦʣʫʯʘʪ. ʄʝʭʘʥʠʟʤ 

ʩʠʛʥʘʣʦʚ ʠ ʩʣʦʪʦʚ Qt ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʝʩʣʠ ʤʳ ʧʦʜʢʣʶʯʠʤ ʩʠʛʥʘʣ ʢ ʩʣʦʪʫ, ʩʣʦʪ ʙʫʜʝʪ ʚʳʟʚʘʥ 

ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ. ʉʠʛʥʘʣʳ ʠ ʩʣʦʪʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʯʠʩʣʦ 

ʘʨʛʫʤʝʥʪʦʚ ʣʶʙʦʛʦ ʪʠʧʘ.  

ɺʩʝ ʢʣʘʩʩʳ, ʥʘʩʣʝʜʫʝʤʳʝ ʦʪ QObject ʠʣʠ ʝʛʦ ʜʦʯʝʨʥʠʭ ʢʣʘʩʩʦʚ (ʥʘʧʨʠʤʝʨ, QWidget 

[19]) ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʠʛʥʘʣʳ ʠ ʩʣʦʪʳ. ʉʠʛʥʘʣʳ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʦʙʲʝʢʪʘʤʠ, ʢʦʛʜʘ ʦʥʠ 

ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ. ʇʨʠ ʵʪʦʤ 

ʦʙʲʝʢʪ ʥʝ ʟʥʘʝʪ ʠ ʥʝ ʟʘʙʦʪʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʫ ʝʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʧʦʣʫʯʘʪʝʣʷ.  ʊʘʢ ʞʝ 

ʢʘʢ ʦʙʲʝʢʪ ʥʝ ʟʥʘʝʪ ʥʠʯʝʛʦ ʦ ʧʦʣʫʯʘʪʝʣʷʭ ʩʚʦʠʭ ʩʠʛʥʘʣʦʚ, ʩʣʦʪ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ ʦ ʩʠʛʥʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʢ ʥʝʤʫ ʧʦʜʢʣʶʯʝʥʳ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ Qt. 

ʄʳ ʤʦʞʝʤ ʧʦʜʢʣʶʯʘʪʴ ʢ ʦʜʥʦʤʫ ʩʣʦʪʫ ʩʪʦʣʴʢʦ ʩʠʛʥʘʣʦʚ, ʩʢʦʣʴʢʦ ʟʘʭʦʪʠʤ, ʪʘʢʞʝ 

ʦʜʠʥ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʩʪʦʣʴʢʠʤ ʩʣʦʪʘʤ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ. ʊʘʢ ʞʝ 

ʚʦʟʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʩʠʛʥʘʣ ʢ ʜʨʫʛʦʤʫ ʩʠʛʥʘʣʫ (ʵʪʦ ʚʳʟʦʚʝʪ ʚʳʨʘʙʦʪʢʫ ʚʪʦʨʦʛʦ ʩʠʛʥʘʣʘ 

ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ). ʉʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʥʦ ʪʘʢ ʞʝ ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʴʥʳʭ ʬʫʥʢʮʠʡ-ʯʣʝʥʦʚ. 

ʉʠʛʥʘʣʳ ʠ ʩʣʦʪʳ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʪ ʤʦʱʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

2.3.2. ʆʧʠʩʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ QCustomPlot 

QCustomPlot ʷʚʣʷʝʪʩʷ Qt C ++ ʚʠʜʞʝʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

[20]. ʆʥʘ ʥʝ ʠʤʝʝʪ ʢʘʢʠʭ ï ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʠʤʝʝʪ ʨʘʟʚʝʨʥʫʪʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ. ʕʪʘ ʙʠʙʣʠʦʪʝʢʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʪʦʤ ʢʘʯʝʩʪʚʝ ʧʨʦʨʠʩʦʚʢʠ ʛʨʘʬʠʢʦʚ ʠ 

ʜʠʘʛʨʘʤʤ, ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

2.3.3. ʆʧʠʩʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ Boost::Asio 

Boost ð ʩʦʙʨʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʢʣʘʩʩʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʷʟʳʢʘ C++ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʫʜʦʙʥʳʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʣʘʢʦʥʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʦʜʟʘʜʘʯ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʨʘʙʦʪʘ ʩ 

ʜʘʥʥʳʤʠ, ʘʣʛʦʨʠʪʤʘʤʠ, ʬʘʡʣʘʤʠ, ʧʦʪʦʢʘʤʠ ʠ ʪ. ʇ.). ʉʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ 

ʣʠʮʝʥʟʠʠ Boost Software License [21] ʚʤʝʩʪʝ ʩ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ʇʨʦʝʢʪ ʙʳʣ ʩʦʟʜʘʥ ʧʦʩʣʝ 

ʧʨʠʥʷʪʠʷ ʩʪʘʥʜʘʨʪʘ C++ , ʢʦʛʜʘ ʤʥʦʛʠʝ ʙʳʣʠ ʥʝʜʦʚʦʣʴʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʢʦʪʦʨʳʭ ʙʠʙʣʠʦʪʝʢ 

ʚ STL. ʇʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ çʠʩʧʳʪʘʪʝʣʴʥʳʤ ʧʦʣʠʛʦʥʦʤè ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
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ʨʘʩʰʠʨʝʥʠʡ ʷʟʳʢʘ ʠ ʯʘʩʪʠ ʙʠʙʣʠʦʪʝʢ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʚʢʣʶʯʝʥʠʝ ʚ 

ʩʣʝʜʫʶʱʠʡ ʩʪʘʥʜʘʨʪ C++ [22]. Boost ʠʤʝʝʪ ʟʘʤʝʪʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʩʰʠʨʷʝʤʦʩʪʴ (ʤʝʪʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʦʙʦʙʱʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩ ʘʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʘʙʣʦʥʦʚ). 

Asio ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʷʚʣʷʶʱʘʷʩʷ ʯʘʩʪʴʶ boost, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ɺʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʦʜʜʝʨʞʢʫ ʩʦʢʝʪʦʚ, ʪʘʡʤʝʨʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʨʪʦʚ, ʬʘʡʣʦʚ ʠ ʩʩʳʣʢʠ Windows 

[23].  

ʂʘʢ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠ boost, asio ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʷʟʳʢʘ C++.  

2.4. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʫʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ʉʧʠʩʦʢ ʤʦʜʫʣʝʡ: 

¶ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ ï ʩʚʷʟʳʚʘʝʪ ʦʩʪʘʣʴʥʳʝ ʤʦʜʫʣʠ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʙʦʪʫ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ; 

¶ ʤʦʜʫʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʦʤ ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʪʝʥʠʝ ʠ 

ʟʘʧʠʩʴ ʚ ʧʦʨʪ, ʩʚʷʟʘʥ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʤʦʜʫʣʝʤ; 

¶ ʤʦʜʫʣʴ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ï ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʝʪ ʛʨʘʬʠʢ. ʆʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʳ ʥʘ ʯʪʝʥʠʝ ʠ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʯʝʨʝʟ 

ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ ʦʪ ʤʦʜʫʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʨʪʦʤ. ʇʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʷʪʴ ʩʧʝʢʪʨ ʚ ʬʘʡʣ; 

¶ ʤʦʜʫʣʴ ʧʨʦʩʤʦʪʨʘ ʩʧʝʢʪʨʘ ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʤʦʜʫʣʷ, ʪʦʣʴʢʦ 

ʦʪʦʙʨʘʞʘʝʪ ʛʨʘʬʠʢ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚ ʬʘʡʣ; 

¶ ʤʦʜʫʣʴ ʥʘʩʪʨʦʡʢʠ ʢʘʣʠʙʨʦʚʢʠ ï ʧʦʟʚʦʣʷʝʪ ʣʠʙʦ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʘʣʠʙʨʦʚʢʠ ʚʨʫʯʥʫʶ ʣʠʙʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʵʧʝʨʥʳʭ ʪʦʯʝʢ. 

ʀʟ-ʟʘ ʩʭʦʞʝʩʪʠ ʤʦʜʫʣʝʡ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʠ ʧʨʦʩʤʦʪʨʘ ʩʧʝʢʪʨʘ, ʙʳʣʦ ʨʝʰʝʥʦ 

ʩʦʟʜʘʪʴ ʥʝʢʠʡ ʙʘʟʦʚʳʡ ʤʦʜʫʣʴ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʩʣʝʜʦʚʘʣʠʩʴ ʙʳ ʵʪʠ ʜʚʘ ʤʦʜʫʣʷ. ɼʘʥʥʳʡ 

ʤʦʜʫʣʴ ʙʫʜʝʪ ʥʘʠʤʝʥʦʚʘʪʴʩʷ çɹʘʟʦʚʳʡ ʤʦʜʫʣʴ ʦʪʨʠʩʦʚʢʠè. 

2.4.1. ɹʘʟʦʚʳʡ ʤʦʜʫʣʴ ʦʪʨʠʩʦʚʢʠ 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʣʷ ʠ ʤʝʪʦʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ 

ʦʢʦʥ ʛʨʘʬʠʢʦʚ ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʧʝʢʪʨʘ. ʊʘʢʠʤʠ 

ʧʦʣʷʤʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ï ʥʘʟʚʘʥʠʝ ʛʨʘʬʠʢʘ, ʮʚʝʪ ʛʨʘʬʠʢʘ (ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ), ʤʘʩʩʠʚ ʩ 

ʜʘʥʥʳʤʠ ʪʦʯʝʢ ʛʨʘʬʠʢʘ, ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʨʘʙʦʪʫ ʩ ʛʨʘʬʠʢʦʤ. ʇʫʙʣʠʯʥʳʤʠ 

(ʜʦʩʪʫʧʥʳʤʠ ʠʟʚʥʝ ʤʦʜʫʣʷ) ʤʝʪʦʜʘʤʠ ʤʦʜʫʣʷ ʙʫʜʫʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʪʴʩʷ ʤʝʪʦʜʳ 
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ʧʦʣʫʯʝʥʠʷ ʠ ʟʘʜʘʥʠʷ ʵʪʠʭ ʧʦʣʝʡ. ʊʘʢʞʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʷʚʣʷʶʱʠʤʠʩʷ ʟʘʱʠʱʝʥʥʳʤʠ ʠʣʠ çprotectedè (ʜʦʩʪʫʧʥʳʤʠ ʪʦʣʴʢʦ ʥʘʩʣʝʜʥʠʢʘʤ 

ʤʦʜʫʣʷ): 

¶ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʮʚʝʪʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʮʚʝʪʘ ʜʣʷ ʛʨʘʬʠʢʘ, ʠʩʧʦʣʴʟʫʷ 

ʧʩʝʚʜʦʩʣʫʯʘʡʥʫʶ ʛʝʥʝʨʘʮʠʶ ʯʠʩʝʣ. ɺʦʟʚʨʘʱʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʚ ʬʦʨʤʘʪʝ QColor (RGB 

ʮʚʝʪ [24]); 

¶ ʩʦʭʨʘʥʝʥʠʝ ʚ ʬʘʡʣ ï ʚʳʧʦʣʥʷʝʪ ʩʦʭʨʘʥʝʥʠʝ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʯʢʘʭ 

ʛʨʘʬʠʢʘ ʚ ʪʝʢʩʪʦʚʦʡ .csv ʬʘʡʣ; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ï ʚʳʧʦʣʥʷʝʪ ʩʦʭʨʘʥʝʥʠʝ ʪʝʢʫʱʝʛʦ ʛʨʘʬʠʢʘ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʘʪʘ JPG; 

¶ ʧʦʣʫʯʝʥʠʝ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ï ʤʝʪʦʜ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʥʦʤʝʨ 

ʷʯʝʡʢʠ, ʘ ʥʘ ʚʳʭʦʜ ʦʪʜʘʝʪ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʯʠʩʣʦ ʚ ʬʦʨʤʘʪʝ 

ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

ɺʘʞʥʝʡʰʠʤ ʧʦʣʝʤ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʵʢʟʝʤʧʣʷʨ ʤʦʜʫʣʷ QCustomPlot 

(ʦʧʠʩʘʥʥʳʤ ʚ ʧ. 2.3.1). ɺʩʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʤ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʜʘʥʥʦʤ ʧʦʣʝ. ɼʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʳ ʪʠʧʘ ʢʦʥʪʝʡʥʝʨ ʠʟ ʬʨʝʡʤʚʦʨʢʘ Qt ï QVector [25] ʠ 

QList [26]. 

ʃʠʩʪʠʥʛ ʧʨʦʪʦʪʠʧʘ ʢʣʘʩʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʘʥʥʳʡ ʤʦʜʫʣʴ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2.7. 
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ʈʠʩ. 2.7 ʃʠʩʪʠʥʛ ʧʨʦʪʦʪʠʧʘ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ ʦʪʨʠʩʦʚʢʠ. 

2.4.2. ʄʦʜʫʣʴ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʥʘʩʣʝʜʫʝʪʩʷ ʦʪ ʙʘʟʦʚʦʛʦ ʤʦʜʫʣʷ ʦʪʨʠʩʦʚʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʦʣʷ ʠ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʩʶ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʢʦʤ, ʩʦʭʨʘʥʝʥʠʝ 

ʩʧʝʢʪʨʘ ʚ ʬʘʡʣ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ï ʦʪʧʨʘʚʣʷʪʴ ʢʦʤʘʥʜʫ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʩʧʝʢʪʨʘ, ʬʠʣʴʪʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ, ʧʦʣʫʯʘʪʴ ʫʩʨʝʜʥʝʥʥʳʡ ʩʧʝʢʪʨ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʯʠʩʣʫ ʠʟʤʝʨʝʥʠʡ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʇʦʣʷʤʠ ʤʦʜʫʣʷ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ï ʚʨʝʤʝʥʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʵʢʟʝʤʧʣʷʨ 

ʦʙʲʝʢʪʘ QTimer (ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʠʩʪʝʯʝʥʠʶ ʚʨʝʤʝʥʠ [27]). 

ʄʦʜʫʣʴ ʠʤʝʝʪ ʦʜʠʥ ʧʫʙʣʠʯʥʳʡ ʤʝʪʦʜ ï ʜʦʙʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʤʘʩʩʠʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʞʝ ʚ 

ʤʦʜʫʣʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʦʚ, ʜʣʷ ʦʪʧʨʘʚʢʠ ʢʦʤʘʥʜ ʚ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ: 

¶ ʩʠʛʥʘʣ ʟʘʧʨʦʩʘ ʜʘʥʥʳʭ ï ʩʦʦʙʱʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʤʫ ʤʦʜʫʣʶ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʧʨʦʩʠʪʴ ʜʘʥʥʳʝ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ; 

¶ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ï ʩʦʦʙʱʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʤʫ ʤʦʜʫʣʶ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʘʪʴ ʢʦʤʘʥʜʫ ʩʧʝʢʪʨʦʤʝʪʨʫ ʠʟʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ; 
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¶ ʚʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ï ʩʦʦʙʱʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʤʫ ʤʦʜʫʣʶ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʜʝʘʢʪʠʚʠʨʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʤʦʜʫʣʴ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʚʘʪʥʳʭ ʬʫʥʢʮʠʡ: 

¶ ʨʘʩʧʘʢʦʚʢʘ ʜʘʥʥʳʭ ï ʤʝʪʦʜ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ (ʧʦ 

ʘʣʛʦʨʠʪʤʫ, ʠʟʣʦʞʝʥʥʦʤʫ ʚ ʧ. 2.1.2); 

¶ ʦʙʥʦʚʣʝʥʠʝ ʛʨʘʬʠʢʘ ï ʠʩʧʦʣʴʟʫʷ ʨʘʩʧʘʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʪʦʯʢʘʭ ʩʧʝʢʪʨʘ, 

ʤʝʪʦʜ ʧʝʨʝʨʠʩʦʚʳʚʘʝʪ ʠ ʥʘʩʪʨʘʠʚʘʝʪ ʛʨʘʬʠʢ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʬʠʣʴʪʨʘʮʠʶ ʠ ʫʩʨʝʜʥʝʥʠʝ 

(ʝʩʣʠ ʘʢʪʠʚʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ); 

¶ ʦʪʢʣʶʯʠʪʴ/ʚʢʣʶʯʠʪʴ ʠʥʪʝʨʬʝʡʩ ʥʘ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʃʠʩʪʠʥʛ ʧʨʦʪʦʪʠʧʘ ʢʣʘʩʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʘʥʥʳʡ ʤʦʜʫʣʴ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2.8. ʅʘ ʨʠʩʫʥʢʝ 2.9 ʠʟʣʦʞʝʥʘ ʬʫʥʢʮʠʷ ʨʘʩʧʘʢʦʚʢʠ ʜʘʥʥʳʭ. 



34 

 

 

ʈʠʩ. 2.8 ʃʠʩʪʠʥʛ ʧʨʦʪʦʪʠʧʘ ʢʣʘʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. 
































































