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ɹʆɹʂʆɺ ʖ.ɺ.1, ɹʆɹʂʆɺ ʆ.ʖ.2 

ɺɯʈʊʋɸʃʔʅʀʁ ʄɸʂɽʊ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ʊʆʏʅʆʉʊɯ ʄɽʊʆɼɯɺ 
ɺʀʄɯʈʖɺɸʅʅʗ ɸʄʇʃɯʊʋɼʀ 
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ɺʩʪʫʧ. ɼʣʷ ʨʷʜʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʜʘʯ ʦʩʥʦʚʥʠʤ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʻ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ, ʷʢʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʧʨʦʧʦʨʮʽʡʥʝ 

ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʚʝʣʠʯʠʥʽ. ʇʨʦʪʝ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽʩʪʦʪʥʦ 

ʟʥʠʞʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʰʫʤʽʚ ʽ ʟʘʚʘʜ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʻ 

ʚʘʞʣʠʚʠʤ ʥʘʫʢʦʚʦ-ʽʥʞʝʥʝʨʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɸʤʧʣʽʪʫʜʘ ʻ ʥʘʡʤʝʥʰ ʩʪʽʡʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʦ 

ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ ʽ ʟʦʚʥʽʰʥʽʭ ʟʘʚʘʜ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʠʤʽʨʷʥʽ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʰʫʤʽʚ ʽ ʟʘʚʘʜ, ʩʧʽʚʨʦʟʤʽʨʥʠʭ ʟ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʻ 

ʬʽʣʴʪʨʘʮʽʷ. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (ʌʅʏ) ʥʝ ʝʬʝʢʪʠʚʥʝ, 

ʢʦʣʠ ʩʧʝʢʪʨʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʰʫʤʽʚ ʟʙʽʛʘʶʪʴʩʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʚʠʤʽʨʶʚʘʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʻ ʚʽʜʦʤʦʶ ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ Ua ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ Uʜ ʪʘ/ʘʙʦ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ Uʩʚ 

ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ, ʪʘ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʘʤʧʣʽʪʫʜʠ kʘ ʪʘ/ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʫʩʝʨʝʜʥʝʥʥʷ kʫ, ʚʽʜʧʦʚʽʜʥʦ. [1] 

ʉʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʽ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥ ̔ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʻ 

ʽʥʪʝʛʨʘʣʴʥʠʤʠ. ʇʽʜ ʯʘʩ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷ ʰʫʤʽʚ ʽ ʟʘʚʘʜ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʠʭ, ʩʧʝʢʪʨ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʧʝʢʪʨʦʤ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʦʥʠ ʻ ʟʘʚʘʜʦʩʪʽʡʢʠʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʘ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʟ 

ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ LabVIEW. [2] 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʟʥʘʯʝʥʦ: ɹɺɼ ï ʙʣʦʢ ʚʚʦʜʫ ʜʘʥʠʭ; ɻʉ ï ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʫ; 

ɻʐ ï ʛʝʥʝʨʘʪʦʨ ʰʫʤʫ; ʉ ï ʩʫʤʘʪʦʨ; ʌ ï ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ; ʂ ï ʢʦʤʫʪʘʪʦʨ, 

ɹɺʇʉ ï ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ; ɹɺɯ ï ʙʣʦʢ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʉʭʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ɹɺɼ ʟʘʜʘʶʪʴʩʷ ʚʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ: ʩʠʛʥʘʣʫ (ʬʦʨʤʘ, ʘʤʧʣʽʪʫʜʘ, ʯʘʩʪʦʪʘ, ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ, ʩʢʚʘʞʥʽʩʪʴ), 

ʰʫʤʫ (ʘʤʧʣʽʪʫʜʘ), ʬʽʣʴʪʨʘ (ʧʦʨʷʜʦʢ, ʯʘʩʪʦʪʘ ʟʨʽʟʫ). ɺʭʽʜʥʽ ʜʘʥʽ ʧʦʩʪʫʧʘʶʪʴ ʥʘ 
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ɻʉ, ɻʐ ʽ ʌ. ɻʉ ʛʝʥʝʨʫʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɻʐ ʛʝʥʝʨʫʻ ʰʫʤ ʟ ʟʘʜʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʉʠʛʥʘʣ ʪʘ ʰʫʤ 

ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʩʫʤʘʪʦʨ ʉ. ʉʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ ʂ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ɹɺʇʉ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ ʯʝʨʝʟ ʬʽʣʴʪʨ ʌ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ 

ʋ ɹɺʇʉ ʚʠʟʥʘʯʘʶʪʴʩʷ: 

- ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Ua ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʘʤʧʣʽʪʫʜʥʠʭ 

ʟʥʘʯʝʥʴ; 

- ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Uʩʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʠʭ ʟʥʘʯʝʥʴ; 

- ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Uʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ; 

- ʢʦʝʬʽʮʽʻʥʪ ʘʤʧʣʽʪʫʜʠ kʘ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʜʽʶʯʦʛʦ; 

- ʢʦʝʬʽʮʽʻʥʪ ʫʩʝʨʝʜʥʝʥʥʷ kʫ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 

ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ; 

- ʩʢʦʨʝʛʦʚʘʥʝ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Ua kʘ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ 

ʚʠʤʽʨʷʥʦʛʦ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʦʙʨʘʥʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ; 

- ʩʢʦʨʝʛʦʚʘʥʝ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Ua kʫ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ 

ʚʠʤʽʨʷʥʦʛʦ ʜʽʶʯʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʩʪʘʥʜʘʨʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘʤʧʣʽʪʫʜʠ ʜʣʷ ʦʙʨʘʥʦʾ 

ʬʦʨʤʠ ʩʠʛʥʘʣʫ. 

ɹʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʣʫʞʠʪʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ; ʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ, ʩʫʤʘʨʥʦʛʦ 

ʩʠʛʥʘʣʫ ʪʘ ʩʠʛʥʘʣʫ ʧʽʩʣʷ ʌʅʏ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ LabVIEW. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʘʣʽʟʘʮʽʶ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ ʩʭʝʤʠ. 

ɻʉ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʛʝʥʝʨʘʪʦʨʠ ʩʠʥʫʩʦʜʾʘʣʴʥʦʛʦ, ʪʨʠʢʫʪʥʦʛʦ, ʧʠʣʢʦʧʦʜʽʙʥʦʛʦ, 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʚʩʽʭ ʬʦʨʤ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ, ʘʤʧʣʽʪʫʜʠ, ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ, ʢʽʣʴʢʦʩʪʽ ʧʝʨʽʦʜʽʚ ʽ ʪʦʯʦʢ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ɼʽʘʛʨʘʤʘ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. 

ɻʐ ʬʦʨʤʫʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʡ ʙʽʣʠʡ ʰʫʤ ʚ ʤʝʞʘʭ [-A; A]  ʟ ʨʽʚʥʦʤʽʨʥʠʤ 

ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʜʝ ɸ - ʘʤʧʣʽʪʫʜʘ ʰʫʤʫ, ʱʦ ʟʘʜʘʻʪʴʩʷ. ɼʽʘʛʨʘʤʘ ʛʝʥʝʨʘʪʦʨʘ 

ʰʫʤʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. 
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ʈʠʩ. 2. ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʫ 

 

ʈʠʩ. 3. ɻʝʥʝʨʘʪʦʨ ʰʫʤʫ 

ɼʽʘʛʨʘʤʘ ʙʣʦʢʽʚ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4. 

 

ʈʠʩ. 4. ɹʣʦʢ ʬʽʣʴʪʨʘʮʽ ʾʩʠʛʥʘʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ 
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 
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ʌʽʣʴʪʨ ʌ, ʢʦʤʫʪʘʪʦʨ ʂ ʪʘ ɹɺʇʉ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ Case-ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʣʠʚʘ ʫʩʪʘʥʦʚʢʘ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʘ 

ʪʘ ʡʦʛʦ ʥʠʞʥʴʦʾ ʯʘʩʪʦʪʠ ʟʨʽʟʫ. ɹʇɺʉ ʟʜʽʡʩʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʙʫʣʠ ʚʢʘʟʘʥʽ ʚʠʱʝ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʘʥʝʣʽ ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʝʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʧʦʜʽʙʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʦʢʨʝʤʘ, ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʮʠʬʨʦʚʽ ʩʝʤʠʩʝʛʤʝʥʪʥʽ 

ʽʥʜʠʢʘʪʦʨʠ. ɻʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʚʠʭʦʜʽ ʚʽʜʧʦʚʽʜʥʠʭ ʙʣʦʢʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʚ 4-ʭ ʦʢʨʝʤʠʭ ʚʢʣʘʜʢʘʭ (çʉʠʛʥʘʣè, çʐʫʤè, çʉʠʛʥʘʣ+ʰʫʤè, çʉʠʛʥʘʣ ʧʽʩʣʷ 

ʌʅʏè), ʱʦ ʦʙʠʨʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʇʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 5. 

 

ʈʠʩ. 5. ʇʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ 

ɺʠʩʥʦʚʢʠ. ɸʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ Uʜ ʪʘ/ʘʙʦ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ Uʩʚ 

ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ, ʪʘ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʘʤʧʣʽʪʫʜʠ kʘ ʪʘ/ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʫʩʝʨʝʜʥʝʥʥʷ kʫ, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʤʘʢʝʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ.  

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʘ. 
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ɺɯʈʊʋɸʃʔʅʀʁ ʄɸʂɽʊ ʉʀʉʊɽʄʀ ʈʆɿʇɯɿʅɸɺɸʅʅʗ 
ʌʆʈʄʀ ɽʃɽʂʊʈʀʏʅʀʍ ʉʀɻʅɸʃɯɺ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʚʾ, ʋʢʨʘʾʥʘ, mashaosintseva08@gmail.com 

 

ɺʩʪʫʧ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʬʦʨʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ (ʌɽʉ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʦʩʢʽʣʴʢʠ ʩʠʛʥʘʣ ï ʮʝ ʢʦʣʠʚʘʥʥʷ, ʷʢʝ ʥʝʩʝ ʚ ʩʦʙʽ 

ʧʝʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʘʙʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʤʝʜʠʮʠʥʽ, ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ, ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʪʝʭʥʽʮʽ, ʝʭʦ- ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʤʝʪʝʦʨʦʣʦʛʽʾ, ʚ ʝʥʝʨʛʝʪʠʮʽ ʪʦʱʦ.
 ʊʘʢʦʞ ʬʦʨʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ  ̔ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʅʘʧʨʠʢʣʘʜ, ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʭʦʜʽ ʧʦʚʠʥʝʥ ʬʦʨʤʫʚʘʪʠʩʷ ʩʪʘʣʠʡ ʩʠʛʥʘʣ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʪʘ ʟ 

ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʚʭʽʜ ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʛʥʘʣʫ ʚʽʜʦʤʦʾ ʩʪʘʣʦʾ ʬʦʨʤʠ ʥʘ ʾʭ ʚʠʭʦʜʽ ʧʦʚʠʥʝʥ 

ʬʦʨʤʫʚʘʪʠʩʷ ʪʘʢʦʞ ʩʪʘʣʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʚʽʜʦʤʦʾ ʬʦʨʤʠ, ʱʦ ʥʝ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʪʦʨʶʻ ʬʦʨʤʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʽʥʪʝʛʨʘʪʦʨ ʩʠʛʥʘʣʫ ʪʠʧʫ çʤʝʘʥʜʨè ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʧʦʚʠʥʝʥ 

ʬʦʨʤʫʚʘʪʠʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʪʘ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʬʦʨʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʅʘʡʧʨʦʩʪʽʰʽ ʟ ʥʠʭ ï 

ʦʩʮʠʣʦʛʨʘʬʠ, ʩʘʤʦʧʠʩʥʽ ʧʨʠʣʘʜʠ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʛʥʽʪʦʛʨʘʬʠ. ɿ ʙʽʣʴʰ 

ʩʫʯʘʩʥʠʭ ï ʮʝ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʠ ʪʘ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠ, ʜʝʬʝʢʪʦʩʢʦʧʠ, 

ʨʽʟʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʚʝʡʚʣʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ 

ʧʨʦʩʪʦʾ ʬʦʨʤʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʣʴʰ ʧʨʦʩʪʽ ʧʽʜʭʦʜʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʘʢʪʠʚʥʠʭ (ʛʝʥʝʨʘʪʦʨʠ) ʪʘ 

ʧʘʩʠʚʥʠʭ (ʽʥʪʝʛʨʘʪʦʨʠ, ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʜʠʬʝʨʝʥʮʽʘʪʦʨʠ ʪʦʱʦ) 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʥʘ ʾʭ 

ʚʠʭʦʜʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʬʦʨʤʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʣʘʜʫ ʚʽʜ 

ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʪʘʢʦʛʦ ʞ ʩʘʤʦʛʦ ʨʦʙʦʪʦʟʜʘʪʥʦʛʦ ʧʨʠʣʘʜʫ ʻ ʦʟʥʘʢʦʶ ʡʦʛʦ 

ʪʝʭʥʽʯʥʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʦʨʤʘ 

ʩʠʛʥʘʣʫ ʻ ʚʽʜʦʤʦʶ ʪʘ ʩʪʘʣʦʶ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʘʤʧʣʽʪʫʜʠ, ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʜʦʩʪʘʪʥʽʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ, 

ʪʨʠʢʫʪʥʦʾ ʪʘ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤ ʩʠʛʥʘʣʽʚ, ʜʣʷ ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪʠ ʘʤʧʣʽʪʫʜʠ, 

ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ ʻ ʚʽʜʦʤʠʤʠ.[1] 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʫ 

ʚʠʛʣʷʜʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ ʚ ʛʨʘʬʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ LabVIEW. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʌɽʉ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1.  
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˿ ˣˢ

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʟʥʘʯʝʥʦ: ɹɺɺɼ ï ʙʣʦʢ ʚʚʦʜʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ɻɽʉ ï ʛʝʥʝʨʘʪʦʨ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ; ɻʐ ï ʛʝʥʝʨʘʪʦʨ ʰʫʤʫ; ʉ ï ʩʫʤʘʪʦʨ; ɹɺʏ ï ʙʣʦʢ ʚʠʙʦʨʫ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ; ʏ ï ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ; ɹɺʂ ï ʙʣʦʢ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

ɹɸ ï ʙʣʦʢ ʘʥʘʣʽʟʫ; ɹɺ ï ʙʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ʈʦʙʦʪʘ ʩʭʝʤʠ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ɹɺɺɼ ʟʘʜʘʶʪʴʩʷ 

ʚʭʽʜʥʽ ʜʘʥʽ: ʬʦʨʤʘ ʩʠʛʥʘʣʫ (ʩʠʥʫʩʦʾʜʘʣʴʥʘ, ʧʨʷʤʦʢʫʪʥʘ, ʪʨʠʢʫʪʥʘ), ʧʘʨʘʤʝʪʨʠ 

ʩʠʛʥʘʣʫ (ʯʘʩʪʦʪʘ, ʘʤʧʣʽʪʫʜʘ, ʬʘʟʘ, ʩʢʚʘʞʥʽʩʪʴ), ʧʘʨʘʤʝʪʨʠ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ 

(ʘʤʧʣʽʪʫʜʘ ʰʫʤʫ ʘʙʦ ʨʝʞʠʤ ʡʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ), ʨʝʞʠʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʘʙʦ 

ʚʽʜʢʣʶʯʝʥʥʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʧʘʨʘʤʝʪʨʠ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. ,ʪʠʧ ʧʘʩʠʚʥʦʛʦ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ (ʽʥʪʝʛʨʘʪʦʨ, ʜʠʬʝʨʝʥʮʽʘʪʦʨ, ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ). ɺʭʽʜʥʽ 

ʜʘʥʽ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ɻɽʉ, ɻʐ ʽ ɹɺʏ. ʅʘ ʚʠʭʦʜʽ ɻɽʉ ʬʦʨʤʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʩʫʤʘʪʦʨ ʉ. 

ʋ ʚʠʧʘʜʢʫ ʧʽʜʢʣʶʯʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʰʫʤʫ, ʥʘ ʜʨʫʛʠʡ ʚʭʽʜ ʩʫʤʘʪʦʨʘ ʉ ʧʦʜʘʻʪʴʩʷ 

ʩʠʛʥʘʣ ʰʫʤʫ ʟ ʟʘʜʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʉʫʤʘʨʥʠʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʻ ʥʘ ʦʙʨʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɹɺʏ ʧʘʩʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ: ʽʥʪʝʛʨʘʪʦʨ, ʜʠʬʝʨʝʥʮʽʘʪʦʨ, 

ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. ʋ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ 

ʚ ʡʦʛʦ ʷʢʦʩʪʽ ʚʠʩʪʫʧʘʻ ʛʝʥʝʨʘʪʦʨ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ ʏ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʢʣʶʯʝʥʠʡ. ɼʘʣʽ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʻ ʥʘ ɹɺʂ, ʚ ʷʢʦʤʫ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʤʧʣʽʪʫʜʠ, ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ ʥʘ 

ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʘʤʧʣʽʪʫʜʥʦʛʦ, ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ ʽ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ɹɸ, ʜʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʩʠʛʥʘʣʽʚ ʚʽʜʦʤʦʾ ʬʦʨʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʇʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ 

ʩʪʘʥʜʘʨʪʥʠʤ ʟʘʜʘʥʠʤ ʬʦʨʤʘʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ 

ʘʢʪʠʚʥʦʛʦ ʯʠ ʧʘʩʠʚʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɹʣʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʩʣʫʞʠʪʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ: ʩʠʥʫʩʦʾʜʘʣʴʥʘ, 

ʪʨʠʢʫʪʥʘ ʘʙʦ ʧʨʷʤʦʢʫʪʥʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ LabVIEW 

[2]. ɼʽʘʛʨʘʤʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ, ʨʦʟʨʦʙʣʝʥʘ ʚ 
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ʩʝʨʝʜʦʚʠʱʽ LabVIEW, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ɹʣʦʢ ʚʚʦʜʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ: ʝʢʩʧʨʝʩ-ʙʣʦʢʽʚ çKnobè, ʯʝʨʝʟ ʷʢʽ ʟ ʧʝʨʝʜʥʴʦʾ ʧʘʥʝʣʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʜʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ʝʢʩʧʨʝʩ-ʙʣʦʢʽʚ çRing controlè, 

çRockerè ʽ çToggle switchè, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʠʙʽʨ ʬʦʨʤʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʧʽʜʢʣʶʯʝʥʥʷ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʚʠʙʽʨ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ. 

 

 

ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ ʚ ʚ ʩʝʨʝʜʦʚʠʱʽ 

LabVIEW 

 

ɼʣʷ ɻɽʉ ʦʙʨʘʥʦ ʙʣʦʢ çSimulate Signal Expressè. ɺʠʙʽʨ ʥʝʦʙʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʠ çCaseè. ɻʐ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʣʦʢʫ çUniform White Noiseè, ʷʢʠʡ ʛʝʥʝʨʫʻ ʙʽʣʠʡ ʰʫʤ ʥʝʦʙʭʽʜʥʦʾ ʘʤʧʣʽʪʫʜʠ. 

ʉʫʤʘʪʦʨʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʦʙʨʘʥʦ ʬʫʥʢʮʽʶ çAdd 

Functionè. ʏʦʪʠʨʠʧʦʣʶʩʥʠʢʠ (ʜʠʬʝʨʝʥʮʽʘʪʦʨ ʪʘ ʽʥʪʝʛʨʘʪʦʨ) ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʘ çTime Domain Math Expressè. ʆʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ 

ʦʙʤʝʞʫʚʘʯʝʤ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ çIn Range and Coerceè. ʇʽʜʢʣʶʯʝʥʥʷ ɻʐ ʽ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʠ çCaseè. ɹɺʂ 
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 
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ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʨʝʩ-ʙʣʦʢʽʚ çAmplitude and Level Measurements 

Expressè ʽ çMeanè, ʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʤʧʣʽʪʫʜʥʝ, ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʝ ʽ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ çDivideè, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʤʧʣʽʪʫʜʠ, ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ. ɹɸ 

ʚʽʜʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʟ ʧʘʥʝʣʽ çBooleanè. ɹʣʦʢ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʝʢʩʧʨʝʩ-ʙʣʦʢʽʚ çNumeric Indicatorè, çRound LEDè ʽ 

çWaveform Graphè, ʷʢʽ ʥʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ 

ʛʨʘʬʽʢʠ ʩʠʛʥʘʣʽʚ ʽ ʚʠʭʽʜʥʽ ʜʘʥʽ. 

 

 

ʈʠʩ. 3. ʇʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ 
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ʇʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʌɽʉ ʤʘʻ 

ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʭ ʩʪʨʫʢʪʫʨ (ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ, ʚʽʢʦʥ ʚʠʙʦʨʫ ʟ ʚʠʧʘʜʘʶʯʠʤ ʤʝʥʶ, ʪʦʱʦ) ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷ 

ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ɹɺɺɼ. 

ʅʘ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ (ʯʠʩʣʦʚʽ, ʣʦʛʽʯʥʽ, ʛʨʘʬʽʯʥʽ 

ʽʥʜʠʢʘʪʦʨʠ) ʥʘʜʘʶʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʚʠʤʽʨʷʥʽ ʘʤʧʣʽʪʫʜʥʝ, ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʝ ʽ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ; ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʤʧʣʽʪʫʜʠ, ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ. ʊʘʢʦʞ ʚʠʚʦʜʠʪʴʩ ̫ʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʩʠʛʥʘʣʫ ʦʙʨʘʥʦʾ ʬʦʨʤʠ, ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʦʙʨʘʥʦʛʦ 

ʧʘʩʠʚʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʬʦʨʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚʢʣʶʯʝʥʥʷʤ ʽʥʜʠʢʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʯʠ ʧʘʩʠʚʥʦʛʦ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʬʦʨʤʦʶ ʩʠʛʥʘʣʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʧʨʦʩʪʦʛʦ ʩʠʛʥʘʣʫ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ, ʪʨʠʢʫʪʥʦʾ ʘʙʦ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʘʤʧʣʽʪʫʜʠ, 

ʫʩʝʨʝʜʥʝʥʥʷ ʽ ʬʦʨʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʤʘʢʝʪ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʬʦʨʤʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ.  

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʘʢʝʪʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘʜʘʥʠʭ ʬʦʨʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʰʫʤʫ ʪʘ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʘʢʪʠʚʥʠʭ ʽ ʧʘʩʠʚʥʠʭ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ. 
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ɺʩʪʫʧ.  ʈʝʻʩʪʨʘʮʽʷ ʽ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤ (ɽʂɻ), ʷʢ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ 

ʪʘ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʽʟ ɽʂɻ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʝʪʘʧʠ: ʚʚʝʜʝʥʥʷ ɽʂɻ; ʬʽʣʴʪʨʘʮʽʷ ɽʂɻ; 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɽʂɻ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ; ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ɽʂɻ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʢʘʪʝʛʦʨʽʾ ɽʂɻ: ɽʂɻ ʧʦʢʦʶ; ɽʂɻ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ɽʂɻ-ʤʦʥʽʪʦʨʠʥʛ. ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʢʘʨʜʽʦʣʦʛʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 12 ʚʽʜʚʝʜʝʥʴ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʝʨʮʷ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ 0,15 Hzé80 Hz ʧʨʠ ʨʽʚʥ ̔ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 1 ÕVé10 mV [1]. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʚôʷʟʘʥʦ ʟ 

ʧʨʦʙʣʝʤʦʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʢʘʨʜʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʧʦʙʫʜʦʚʦʶ ʝʣʝʢʪʨʦʢʘʨʜʽʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ɽʂɻ-

ʘʥʘʣʽʟʫ ʧʨʠ ʟʘʜʘʥʽʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ɽʂɻ-ʩʠʛʥʘʣʫ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ɽʂɻ ʚ 

ʫʤʦʚʘʭ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʙʫʜʦʚʘ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

(ɽʂʂ) ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ɽʂɻ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʚʝʜʝʥʴ, ʢʦʞʥʝ 

ʟ ʷʢʠʭ ʻ ʝʣʝʢʪʨʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʩʝʨʮʷ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʷʢʘ ʚ 

ʘʩʧʝʢʪʽ ʘʥʘʣʽʟʫ ʧʦʜʘʻʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ. ʊʦʙʪʦ, ʧʨʦʮʝʩ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʝʨʰʠʡ ʪʘ ʜʨʫʛʠʡ ʤʦʤʝʥʪʠ) ʷʢʦʛʦ ʚʠʧʘʜʢʦʚʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʥʘ ʽʥʪʝʨʚʘʣʽ ʘʥʘʣʽʟʫ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʟ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ɽʂɻ. ɺʟʘʛʘʣʽ ʚ ɽʂɻ-ʘʥʘʣʽʟʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʜʘʶʪʴ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʪʘ ʝʨʛʦʜʠʯʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʥʘ ʽʥʪʝʨʚʘʣʽ ʘʥʘʣʽʟʫ [2]. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ɽʂɻ-ʘʥʘʣʽʟʫ ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʘʜʘʧʪʘʮʽʶ ʜʦ ʚʠʭʽʜʥʦʛʦ 

ʢʘʨʜʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʱʦ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʪʘ ʝʨʛʦʜʠʯʥʦʩʪʽ ʥʘ ʽʥʪʝʨʚʘʣʽ ʘʥʘʣʽʟʫ. ɼʣʷ ʢʘʪʝʛʦʨʽʡ ɽʂɻ ʧʦʢʦʶ ʪʘ ɽʂɻ-

ʤʦʥ̔ʪʦʨʠʥʛʫ, ʷʢʽ ʥʝ ʢʨʠʪʠʯʥʽ ʜʦ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʪʘʢʫ 

ʘʜʘʧʪʘʮʽʶ, ʜʣʷ ʢʘʪʝʛʦʨʽʾ ɽʂɻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʫʟʛʦʜʞʝʥʥʷʤ 

ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʨʝʘʣʽʟʘʮʽʡ ʚʠʙʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ɽʂɻ-

ʩʠʛʥʘʣʽʚ. ɺ ʫʤʦʚʘʭ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʢʘʨʜʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ 

ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦ 1000 Hz ʪʘ ʙʽʣʴʰ ʚʠʨʘʞʝʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. 

ʎʝ ʚʠʩʫʚʘʻ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ̔ ʩʠʩʪʝʤʠ. 
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ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ɽʂʂ (ʨʠʩ. 1), ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʩʢʣʘʜʦʤ ʙʣʦʢʽʚ, ʥʘʷʚʥʽʩʪʶ ʤʦʜʝʣʽ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʘʣʛʦʨʠʪʤʦʤ ʟʘʭʠʩʪʫ 

ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʴ, ʘʣʛʦʨʠʪʤʦʤ ʦʙʨʦʙʢʠ ʢʘʨʜʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 

 
ʈʠʩ. 1. ɽʂʂ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺʠʭʽʜʥʠʡ ʢʘʨʜʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟ 12-ʪʠ ʚʽʜʚʝʜʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʦʪʝʥʮʽʘʣʘʤʠ ʟ 10-ʪʠ ʩʝʥʩʦʨʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ [3] - 3 ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʚʝʜʝʥʥʷ, 3 

ʧʦʩʠʣʝʥʠʭ ʦʜʥʦʧʦʣʶʩʥʠʭ ʚʽʜʚʝʜʝʥʴ ʚʽʜ ʢʽʥʮʽʚʦʢ ʽ 6 ʛʨʫʜʥʠʭ ʚʽʜʚʝʜʝʥʴ. ʉʠʛʥʘʣʠ 

ʩʬʦʨʤʦʚʘʥʠʭ ʚʜ̔ʚʝʜʝʥʴ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʜʦ ʮʠʬʨʦʚʦʾ ʬʦʨʤʠ ʪʘ ʧʦʜʘʶʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʜʣʷ ʝʢʩʧʨʝʩ ʘʥʘʣʽʟʫ ɽʂɻ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʽʤʧʫʣʴʩʥʠʤ ʩʠʛʥʘʣʦʤ ʟ 

ʢʘʥʘʣʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʫ. ʆʩʪʘʪʦʯʥʠʡ ɽʂɻ-ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʢʦʥʫʻ ʢʦʤʧôʶʪʝʨʥʘ ʨʦʙʦʯʘ ʩʪʘʥʮʽʷ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʢʘʨʜʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ɽʂɻ-ʩʠʛʥʘʣʫ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɽʂʂ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʩʪʘʥʫ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʝ ʧʽʜʪʚʝʨʜʠʣʦ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʱʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 
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ɹʋɻʈɭɭɺ ʉ.ʉ.1, ʗʈɽʄʏʋʂ ʅ.ɸ. 2 

ɺʀʄɯʈʖɺɸʏ ʈɯɺʅʗ ʉʄɯʊʊʗ ɺ ʇɯɼʍɽʄʅɯʁ ʋʈʅɯ ɿ 
ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɽʏɯʊʂʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ʆɹʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯɰ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
1
bugreevich@gmail.com, 

2
faks ivt.@i.ua 

ɺʩʪʫʧ. ɺ ʤʽʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʂʠʻʚʘ, ʟʘ ʧʨʠʢʣʘʜʦʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʽʩʪ, 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʩʤʽʪʪʻʚʠʭ ʫʨʥ. ʋ ʟʚôʷʟʢʫ ʟ ʯʠʤ, 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʤʽʪʪʷ ʚ ʫʨʥʽ ʽ ʛʨʫʧʦʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ 

ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʫʨʥ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʤʽʪʪʻʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʩʤʽʪʪʻʚʠʭ ʫʨʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʜʦ ʢʘʪʝʛʦʨʠʟʦʚʘʥʠʭ 

(ʚʝʨʙʘʣʴʥʠʭ), ʘ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʧʦʚʥʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʫʨʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʂʨʽʤ ʪʦʛʦ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ.  

ɿʤʽʩʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʤʽʨʶʚʘʯ ʨʽʚʥʷ ʚ ʫʨʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʚʪʦʥʦʤʥʫ 

ʩʠʩʪʝʤʫ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦ ʩʝʨʚʝʨʘ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʯʘ ʨʽʚʥʷ ʫʨʥʠ ʤʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ʣʘʟʝʨʥʠʡ ʜʘʪʯʠʢ ʨʽʚʥʷ, 

ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ, Global system for Mobile Communication ʤʦʜʫʣʴ (GSM), 

ʮʠʬʨʦʚʽ ʧʝʨʝʤʠʢʘʯʽ, ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ, ʢʦʥʪʨʦʣʝʨ ʟʘʨʷʜʫ, ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʘ-ʩʪʨʫʤ, ʘʢʫʤʫʣʷʪʦʨ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʙʣʦʢ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ.  

ɸʚʪʦʥʦʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʣʝʞʠʪʴ ʫ ʚʣʘʩʥʦʤʫ ʜʞʝʨʝʣʽ ʞʠʚʣʝʥʥʷ (ʘʢʫʤʫʣʷʪʦʨʘ), 

ʷʢʠʡ ʞʠʚʠʪʴ ʫʩʶ ʧʝʨʠʬʝʨʽʶ, ʪʘ ʩʦʥʷʯʥʦʛʦ ʤʦʜʫʣʷ  ʜʣʷ ʟʘʨʷʜʫ ʩʘʤʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ. ʊʘʢ ʷʢ ʩʠʩʪʝʤʘ ʤʘʻ ʦʩʦʙʠʩʪʝ ʞʠʚʣʝʥʥʷ, ʜʣʷ ʾʾ ʝʢʦʥʦʤʽʾ ʥʘ ʩʭʝʤʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʮʠʬʨʦʚʽ ʢʣʶʯʽ, ʘʙʦ ʧʝʨʝʤʠʢʘʯʽ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʧʦʜʘʶʪʴ ʞʠʚʣʝʥʥʷ 

ʜʦ GSM ʤʦʜʫʣʶ, ʜʘʪʯʠʢʘ ʨʽʚʥʷ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʘ-ʩʪʨʫʤ. ʊʘʢʦʞ ʜʣʷ 

ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʩʥʫ ʪʘ ʧʨʦʢʠʜʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʩʠʛʥʘʣʫ ʧʝʨʝʨʠʚʘʥʥʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ  ʚʽʜ Real Time Clock  (ʨʦʙʦʪʠ 

ʛʦʜʠʥʥʠʢʽʚ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ).  

ʆʩʥʦʚʥʽ ʜʘʥʽ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ GSM ʤʦʜʫʣʶ ʜʦ ʩʝʨʚʝʨʘ, ʷʚʣʷʶʪʴʩʷ ʧʝʨʰ 

ʟʘ ʚʩʝ ʚʠʤʽʨʷʥʘ ʚʽʜʩʪʘʥʴ ʜʘʪʯʠʢʦʤ ʨʽʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ mm, ʪʘ ʽʥʰʽ ʜʘʥʽ ʪʠʧʫ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʫʨʥʽ, ʥʘʧʨʫʛʘ ʪʘ ʩʪʨʫʤ ʱʦ ʚʠʜʘʻʪʴʩʷ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, 

ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ ʧʨʦ ʧʦʞʝʞʫ, ʩʪʘʥ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʩʤʽʪʪʷʤ ʚ ʫʨʥʽ, ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ 

ʷʢʦʾ 2400 mm, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʝʨʝʭʽʜ ʜʦ ʚʝʨʙʘʣʴʥʦʾ ʰʢʘʣʠ. ɺ ʷʢʦʩʪʽ ʜʘʥʠʭ, 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚʝʨʙʘʣʴʥʽ ʧʨʦ ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ. ʊʦʤʫ ʥʘʟʚʠ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʧʨʦʚʦʜʷʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʚʝʨʙʘʣʴʥʠʭ 

ʢʣʘʩʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʽʥʛʚʽʩʪʠʯʥʘ ʥʝʯʽʪʢʘ ʟʤʽʥʥʘ [1] ʜʣʷ ʚʝʣʠʯʠʥʠ ñʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʫʨʥʠò. ʊʝʨʤ-

ʤʥʦʞʠʥʘ ʥʝʯʽʪʢʦʾ ʟʤʽʥʥʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ T={ñʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘò, ñʤʝʥʰʝ 

ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠò, ñʧʦʣʦʚʠʥʘ ʜʦʚʞʠʥʠò, ñʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʜʦʚʞʠʥʠò, 

ñʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘò} ={ T1 (10-300 mm), T2 (300-900 mm), T3 (900-1500 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 

16 

mm), T4 (1500-2100 mm), T5 (2100-2400 mm)}  ʜʣʷ ʦʜʥʽʻʾ ʫʨʥʠ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʥʘʣʽʟ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʩʤʽʪʪʷ, 

ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʱʽʣʴʥʦʩʪʽ ʩʤʽʪʪʷ, ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʣʴʦʨʫ ʩʤʽʪʪʷ ʽ ʬʦʨʤʠ ʥʘʩʠʧʫ ʩʤʽʪʪʷ. ɿʘʛʘʣʴʥʘ ʧʦʭʠʙʢʘ 

ʚʠʟʥʘʯʘʻ ʧʝʨʝʭʽʜʥʫ ʦʙʣʘʩʪʴ ʤʽʞ ʪʝʨʤ-ʤʥʦʞʠʥʘʤʠ, ʜʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ 0. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʘʟʠ ʧʨʘʚʠʣ, ʷʢʘ ʙʫʜʝ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʧʘʜʘʥʥʷ ʟʥʘʯʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʟ ʧôʷʪʠ ʪʝʨʤʽʚ,  ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʪʽʣʴʢʠ ʚʝʨʙʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʫʨʥʠ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʝʭʽʜʥʽʡ ʦʙʣʘʩʪʽ ʤʽʞ ʪʝʨʤ-ʤʥʦʞʠʥʘʤʠ, 

ʟʘʚʝʨʰʘʣʴʥʝ ʨʽʰʝʥʥʷ ʧʨʦ ʚʝʨʙʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʤʘʢʩʠʤʦʤ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʥʪʨʦʣʴʥʽ ʢʘʨʪʠ, ʚʠʟʥʘʯʘʻʤʦ ʧʦʪʨʽʙʥʠʡ ʤʦʤʝʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʫʨʥ. ʈʽʚʥʽ ʟʘʧʦʚʥʝʥʥʷ ʦʢʨʝʤʠʭ ʫʨʥ ʟʙʠʨʘʶʪʴ ʫ ʚʠʙʽʨʢʫ 

ʚʝʨʙʘʣʴʥʠʭ ʨʽʚʥʽʚ, ʨʘʥʞʫʶʪʴ ʚʠʙʽʨʢʫ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʨʷʜʢʫ ʤʽʞ ʪʝʨʤ-

ʤʥʦʞʠʥʘʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʝʨʘʪʦʨ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ OWA [2]. ɼʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʟʘʧʦʚʥʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʫʨʥ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʦʧʝʨʘʪʦʨ OWA. ʌʦʨʤʫʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘ OWA ʥʘʩʪʫʧʥʘ: 

1
[Min{Q(k),b }]

n

k
k

OWA Max , 

     ʜʝ: (k)(k) S , 1,2...fQ k n ʚʘʛʘ ʦʧʝʨʘʪʦʨʘ OWA. kb  - ʡ ʝʣʝʤʝʥʪ ʟʨʘʟʢʘ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ (k)Q  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ 
1

(k) Int 1
t

f k
n

, 

ʜʝ: (k)Sf  - ʮʝ (k)f  - ʡ ʨʽʚʝʥʴ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʰʢʘʣʠ. Int(a) ï ʬʫʥʢʮʽʷ ʮʽʣʦʛʦ ʯʠʩʣʘ. 

tï ʯʠʩʣʦ ʨʽʚʥʽʚ. n ï ʦʙôʻʤ ʚʠʙʽʨʢʠ. 

ʗʢʱʦ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʫʨʥ ʚʠʱʝ ʟʘʜʘʥʦʾ ʛʨʘʥʠʮʽ, ʦʜʨʘʟʫ 

ʥʘʜʘʻʪʴʩʷ ʥʘʢʘʟ ʧʨʦ ʚʽʜʧʨʘʚʣʝʥʥʷ ʩʤʽʪʪʻʚʦʟʽʚ ʥʘ ʪʦʡ ʨʘʡʦʥ ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ 

ʫʨʥʠ, ʟ ʷʢʠʭ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʜʘʥʽ. 

ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʩʤʽʪʪʷ ʚ 

ʧʽʜʟʝʤʥʽʡ ʫʨʥʽ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʨʽʚʝʥʴ ʩʤʽʪʪʷ ʚʠʢʦʨʠʩʪʘʥʘ 

ʚʝʨʙʘʣʴʥʘ ʰʢʘʣʘ ʟ ʥʝʯʽʪʢʦʶ ʣʽʥʛʚʽʩʪʠʯʥʦʶ ʟʤʽʥʥʦʶ. ʌʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʥʘʣʝʞʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʱʽʣʴʥʦʩʪʽ ʩʤʽʪʪʷ, ʟʤʽʥ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʽʜʙʠʪʪʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʣʴʦʨʫ ʩʤʽʪʪʷ ʽ ʬʦʨʤʠ ʥʘʩʠʧʫ. ɼʣʷ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦ ʨʽʚʝʥʴ ʥʘʧʦʚʥʝʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʫʨʥ ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʝʨʘʪʦʨʠ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʚʝʨʙʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  
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ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʢʨʠʰʮʽ ʫʨʥʠ. 

ɿʤʽʩʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʤʽʨʶʚʘʯ ʨʽʚʥʷ ʚ ʫʨʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʚʪʦʥʦʤʥʫ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ, ʪʘ ʧʝʨʝʜʘʯʽ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ ʜʦ ʩʝʨʚʝʨʘ. ɺ 

ʷʢʦʩʪʽ ʞʠʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨ ʣʽʪʽʡ-ʧʦʣʽʤʝʨʥʠʡ ʥʘ 

10000 mA. ɼʣʷ ʝʢʦʥʦʤʽʾ ʧʦʩʪʘʯʘʥʥʷ ʥʘʧʨʫʛʠ ʜʦ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʠʤʽʨʶʚʘʯʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʶʯʽ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ɼʣʷ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ ʟʘʨʷʜʫ ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʩʦʥʷʯʥʘ 

ʩʠʩʪʝʤʘ,ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ: ʢʦʥʪʨʦʣʝʨ ʟʘʨʷʜʫ (ʂɿ), ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʘ; ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ (ʉʇ), ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦ,ʾ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʞʠʚʣʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ; ʇʅʉ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʘ-ʩʪʨʫʤ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ  ʉʇ.  

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʽʟ ʧôʷʪʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʘʥʝʣʝʡ 

ʨʦʟʤʽʨʦʤ 95 ʭ 95 mm. ɼʣʷ ʢʦʞʥʦʾ ʉʇ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʚʽʡ ʂɿ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʟ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽʥʰʽ ʙʫʜʫʪʴ ʙʝʟʧʝʨʝʰʢʦʜʥʦ 

ʧʨʘʮʶʚʘʪʠ. ʂɿ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʭ ʣʽʥʽʡʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʟʘʨʷʜʫ 

ʫʧʨʘʚʣʽʥʥʷ. ʉʘʤ ʢʦʥʪʨʦʣʝʨ ʤʘʻ ʥʘʩʪʫʧʥʽ ʙʣʦʢʠ: ʙʣʦʢʫʚʘʥʥʷ ʧʦ ʥʘʧʨʫʟʽ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʪʨʠ ʨʝʞʠʤʠ ʟʘʨʷʜʫ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʚʠʤʠʢʘʥʥʷ.  

ʇʅʉ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʚʝʨʪʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʦʩʥʦʚʽ rail-

to-rail. ɼʘʥʽ ʟ ʇʅʉ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʴ 

ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʜʦ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʈʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʩʘʤʽ ʧʘʥʝʣʽ ʙʫʜʫʪʴ ʥʘ ʪʨʘʧʝʮʝʾʜʘʣʴʥʽʡ ʢʦʣʦʥʮʽ ʥʘʜ ʩʘʤʦʶ 

ʫʨʥʦʶ. ɼʣʷ ʢʨʘʱʦʛʦ ʩʧʨʠʡʤʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ, ʉʇ ʨʦʟʪʘʰʦʚʫʶʪʴ ʧʽʜ 

ʢʫʪʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʠʨʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʩʘʤʦʛʦ ʚʠʤʽʨʶʚʘʯʘ [1]. ʊʘʢ ʷʢ 

ʩʠʩʪʝʤʘ ʙʫʜʝ ʨʦʟʤʽʱʝʥʘ ʚ ʂʠʻʚʽ, ʰʠʨʦʪʘ ʷʢʦʾ 50Á27ǋ16ǌ ʩ.ʤ, ʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʫʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʨʦʱʝʥʘ ʬʦʨʤʫʣʘ: ʰʠʨʦʪʘ ʤʥʦʞʠʪʴʩʷ ʥʘ 0,76 ʧʣʶʩ 3,1 

ʛʨʘʜʫʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʘʤʽ ʧʘʥʝʣʽ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʙʽʯʥʽʡ ʩʪʦʨʦʥʽ ʢʦʣʦʥʢʠ 

ʧʽʜ ʢʫʪʦʤ 42
ʦ
 ʜʣʷ ʧʦʚʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ. 

 ɼʣʷ ʟʘʭʠʩʪʫ ʪʘ ʙʝʟʧʝʢʠ ʧʘʥʝʣʝʡ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʟʚʝʨʭʫ ʙʫʜʝ 

ʧʦʢʣʘʜʝʥʠʡ ʘʢʨʠʣʦʚʝ ʩʢʣʦ, ʩʚʽʪʣʦʧʨʦʥʠʢʥʽʩʪʴ ʷʢʦʛʦ ʟʽʩʪʘʚʣʷʻ 92 %.  

ɺʠʩʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ʪʘ 

ʧʽʜʪʨʠʤʢʠ ʘʚʪʦʥʦʤʥʦʩʪʽ ʚʠʤʽʨʶʚʘʯʘ ʨʽʚʥʷ ʩʤʽʪʪʷ ʚ ʧʽʜʟʝʤʥʽʡ ʫʨʥʽ. 

ʃʽʪʝʨʘʪʫʨʘ 
1. ʊ. ɹʘʡʝʨʩ. 20 ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʩʦʣʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ / ʇʝʨ. ʩ ʘʥʛʣ. ʇʦʜ ʨʝʜ.ʄ. ʄ. 

ʂʦʣʪʫʥʘ. ï ʄ.: ʄʠʨ, 1988. ï 197 ʩ.  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 
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ɺɸʉʀʃɽɺʉʔʂɸ ʅ.ɺ.1, ɻʋʉɸʈ ɺ.ɻ.2, ʇɸɺʃʀʐʀʅ ʄ.ʄ.3 

ɺʀʉʆʂʆʄʆɹɯʃʔʅʀʁ ɺʀʄɯʈʖɺɸʃʔʅʀʁ ɹɽɿʇɯʃʆʊʅʀʁ 
ɸɻʈʆʈʆɹʆʊ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
1
nina.vasilevska@ukr.net, 

3
mykola.pavlishin@gmail.com 

ɺʩʪʫʧ. ʆʮʽʥʢʘ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʘʛʨʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ 

ʡʦʛʦ ʟʤʽʥ ï ʻ ʚʘʞʣʠʚʦʶ ʽ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʉʘʤʝ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ʘʛʨʦʨʝʩʫʨʩʽʚ ʩʪʘʣʘ ʥʝʦʙʭʽʜʥʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʟʘʩʦʙʘʤʠ [1] ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʜʘʶʪʴ 

ʩʪʘʨʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʥʘ ʤʦʤʝʥʪ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʚʪʨʘʯʘʻ ʩʚʦʶ 

ʮʽʥʥʽʩʪʴ. 

ʇʨʦʙʣʝʤʘʤʠ ʦʩʫʯʘʩʥʝʥʥʷ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʽ ʧʨʦʚʽʜʥʽ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʢʦʨʜʦʥʥʽ ʚʯʝʥʽ, ʷʢ ɯʟʨʘʝʣʴ ʖ.ɸ., 

ɹʫʨʟʠʥ ʂ.ʉ., ʌʝʡʝʨʢʣʘʬ ɸ.ɼʞ., ʂʪʘʛ ʈ. ʪʘ ʽʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʇʦʰʫʢ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʤʘʣʦʟʘʪʨʘʪʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʘʛʨʦʨʝʩʫʨʩʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʡʦʛʦ ʤʦʞʣʠʚʠʭ ʟʤʽʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ʉʧʽʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʚʜʘʥʴ 

ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʦʤʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʩʘʤʝ: ʧʝʨʝʩʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʦʣʷʤʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʽʜʙʦʨʫ ʧʨʦʙ ˇʨʫʥʪʽʚ, ʯʘʩʦʚʽ ʟʘʪʨʘʪʠ ï ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʴʦʛʦʜʥʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʤʦʙʽʣʴʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟʫ ˇʨʫʥʪʽʚ [2]. 

ʊʦʤʫ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʙʝʟʧʽʣʦʪʥʠʡ ʢʚʘʜʨʦʢʦʧʪʝʨ ʥʘ ʙʦʨʪʫ 

ʷʢʦʛʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚʽʜʝʦʢʘʤʝʨʘ ʪʘ ʧʦʚʦʨʦʪʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 2CO . 

ɺ ʷʢʦʩʪʽ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʨʤʦʛʽʛʨʦʤʝʪʨ ʪʠʧʫ Testo 622/623, ʚ ʷʢʦʩʪʽ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʚʠʤʽʨʶʚʘʯʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 2CO  ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠʣʘʜ Testo 535. 

ʆʙʠʜʚʘ ʧʨʠʣʘʜʠ ʮʝ ʤʽʥʽʘʪʶʨʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʢʽʥʯʝʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʧʨʠʣʘʜʠ ʟ ʮʠʬʨʦʚʠʤʠ ʚʽʜʣʽʢʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʚʘʛʘ ʷʢʠʭ 250-280 ʛʨʘʤʽʚ, ʱʦ ʻ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʚʘʜʨʦʢʦʧʪʝʨʽ. 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʘʛʨʦʨʦʙʦʪʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ 

ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʟʥʘʭʦʜʞʝʥʥʷ ʘʛʨʦʨʦʙʦʪʘ, ʷʢʽ ʟʘʧʠʩʫʶʪʴ ʫ 

ʚʥʫʪʨʽʰʥʶ ʧʘʤôʷʪʴ ʙʦʨʪʦʚʦʛʦ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ (ʪʦʙʪʦ ʬʽʢʩʘʮʽʷ ʧʦʣʦʞʝʥʥʷ 

ʘʛʨʦʨʦʙʦʪʘ ʧʨʠ ʡʦʛʦ ʟʘʚʠʩʘʥʥʽ) ʚʢʣʶʯʘʻʪʴʩʷ ʨʝʞʠʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʝʨʝʟ ʚʽʜʝʦ ʩʠʩʪʝʤʫ 

ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ. ɺʝʩʴ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʪʨʴʦʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʪʨʠʚʘʻ ʥʝ ʙʽʣʴʰʝ 5 ʩʝʢʫʥʜ, ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʧʦʭʠʙʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ 0,5-2% [3]. 

ʉʘʤʝ ʪʘʢʘ ʰʚʠʜʢʦʜʽʷ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʦʧʝʨʘʪʠʚʥʝ ʦʙʩʪʝʞʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʥʘʜ ʚʠʨʦʙʥʠʯʠʤʠ ʧʣʦʱʘʤʠ ʽ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʦ 

ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʢʘʭ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʯʝʨʝʟ ʟʘʜʘʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʪʦʙʪʦ ʦʮʽʥʠʪʠ 

ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʟʥʘʯʝʥʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ) ï ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʢʦʨʦʪʢʦ ʪʘ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʟʤʽʥ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʱʦ ʻ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʜʫʨ, ʷʢ 

ʧʦʩʽʚ ʥʘʩʽʥʥʷ  ʪʘ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ [4,5]. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʧʨʦʧʦʟʠʮʽʾ ʻ ʪʝ, ʱʦ ʪʘʢʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʨʦʙʦʪ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʚʠʤʽʨʷʪʠ ʚʠʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʚʢʽʣʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʘʣʝ 

ʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ ʚʽʜʥʦʩʥʦ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʘ ʪʘʢʦʞ ʟ ʤʘʣʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ ʟʨʦʙʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ (ʜʣʷ ʧʝʨʝʢʨʠʪʪʷ ʚʝʣʠʢʠʭ ʧʣʦʱ). 

ʆʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʩʪʝʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʙʽʦʩʬʝʨʠ ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʦʮʽʥʠʪʠ ʾʾ ʧʦʪʦʯʥʠʡ ʩʪʘʥ, ʘʣʝ ʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ  ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʩʪʘʥʫ 

ʙʽʦʩʬʝʨʠ ʦʩʦʙʣʠʚʦ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ. ʂʨʽʤ ʮʽʻʾ ʦʩʦʙʣʠʚʦʩʪʽ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʤ ʻ ʽ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʨʦʙʦʪʘ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʫ ʙʘʟʫ ʟʥʘʥʴ ʧʨʦ ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʙʽʦʩʬʝʨʠ ʚ ʟʦʥʽ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ ʚ ʨʽʟʥʽ ʘʩʪʨʦʥʦʤʽʯʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ 

ʢʦʨʝʛʫʶʯʠ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʨʦʮʝʜʫʨ ʪʝʭʥʦʣʦʛʽʡ ʧʦʩʽʚʫ ʪʘ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ  ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʩʦʢʦʤʦʙʽʣʴʥʦʛʦ 

ʘʛʨʦʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʯʘʩʥʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʘʛʨʦʨʝʩʫʨʩʽʚ ʘʣʝ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʛʥʦʟ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʩʪʘʥʫ 

ˇʨʫʥʪʽʚ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 
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ɺɸʉʀʃɽɺʉʔʂɸ ʅ.ɺ.1, ʇɸɺʃʀʐʀʅ ʄ.ʄ.2 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʄʆɾʃʀɺʀʍ ɿʄɯʅ ʉʊɸʅʋ ɻʈʋʅʊʋ ɿɸ 
ʈɽɿʋʃʔʊɸʊɸʄʀ ʇʆʊʆʏʅʀʍ ɺʀʄɯʈʖɺɸʅʔ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
1
nina.vasilevska@ukr.net, 

2
mykola.pavlishin@gmail.com 

ɺʩʪʫʧ. ʄʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ - ʮʝ ʩʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙ'ʻʢʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʥʦʟʫ. ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʣʠʟʴʢʦ 150 ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʣʝ ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʣʠʟʴʢʦ 20-30 ʦʩʥʦʚʥʠʭ 

ʤʝʪʦʜʽʚ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʡʦʤʽʚ ʽ ʧʨʘʚʠʣ 

ʨʦʟʨʦʙʢʠ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʛʥʦʟʽʚ. ʇʨʠʡʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ - ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʘʙʦ 

ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʥʦʟʽʚ [1, 2]. 

ɿʘ ʩʪʫʧʝʥʝʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʪʘ ʽʥʪʫʾʪʠʚʥʽ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʦʙ'ʻʢʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʦʩʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʢʽʣʴʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣ. 

ɯʥʪʫʾʪʠʚʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ ʢʽʣʴʢʽʩʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʧʨʦ ʦʙôʻʢʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʫʪʥʷ ʘʙʦ ʥʦʩʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʷʢʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʥʝʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʇʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ 

ʟʤʽʥ ʩʪʘʥʫ ˇʨʫʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʯʘʩʦʚʠʭ ʟʘʪʨʘʪ ʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ 

ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [3,4] ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʦʚʠʭ ʽ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ ʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʠʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ. 

ɽʢʩʪʨʘʧʦʣʷʮʽʷ - ʮʝ ʤʝʪʦʜ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʦʰʠʨʝʥʥʽ ʤʠʥʫʣʠʭ ʽ ʩʧʨʘʚʞʥʽʭ ʪʝʥʜʝʥʮʽʡ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʟʚ'ʷʟʢʽʚ ʥʘ 

ʤʘʡʙʫʪʥʽʡ ʨʦʟʚʠʪʦʢ ʦʙ'ʻʢʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʦ ʤʝʪʦʜʽʚ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʥʘʣʝʞʘʪʴ 

ʤʝʪʦʜ ʩʢʦʚʟʥʦʾ ʩʝʨʝʜʥʴʦʾ, ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʤʝʪʦʜ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʄʝʪʘ ʤʝʪʦʜʽʚ ʝʢʩʪʨʘʧʦʣʷʮʽʾ - ʧʦʢʘʟʘʪʠ, ʜʦ ʷʢʦʛʦ ʩʪʘʥʫ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʝ ʧʨʠʡʪʠ ʦʙ'ʻʢʪ, ʷʢʱʦ ʡʦʛʦ ʨʦʟʚʠʪʦʢ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʟ 

ʪʽʻʶ ʞ ʰʚʠʜʢʽʩʪʶ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʱʦ ʽ ʚ ʤʠʥʫʣʦʤʫ [3]. ʄʝʪʦʜʠ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʪʘʢ ʷʢ ʚʦʥʠ ʧʨʦʩʪʽ, 

ʜʝʰʝʚʽ, ʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʝʣʠʢʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʙʘʟʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʜʚʘ ʜʦʧʫʱʝʥʥʷ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʪʝʥʜʝʥʮʽʾ 
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21 

ʤʠʥʫʣʦʛʦ ʟʙʝʨʝʞʫʪʴ ʩʚʽʡ ʧʨʦʷʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ; ʜʦʩʣʽʜʞʫʚʘʥʝ ʷʚʠʱʝ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʦ ʧʣʘʚʥʽʡ ʪʨʘʻʢʪʦʨʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, ʦʧʠʩʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʥʦʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʠ ʢʚʘʜʨʘʪʠʯʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʧʽʜʽʙʨʘʥʦʤʫ ʨʽʚʥʷʥʥʶ - ʨʽʚʥʷʥʥʶ 

ʨʝʛʨʝʩʽʾ. ʏʠʤ ʤʝʥʰʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ, 

ʪʠʤ ʙʽʣʴʰ ʪʦʯʥʠʡ ʧʨʦʛʥʦʟ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ. 

ʄʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ. ɺʽʥ ʧʨʠʡʥʷʪʥʠʡ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʽʣʴʢʠ ʥʘ 

ʦʜʠʥ ʧʝʨʽʦʜ ʚʧʝʨʝʜ. ʁʦʛʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʧʨʦʩʪʦʪʘ ʧʨʦʮʝʜʫʨʠ ʦʙʯʠʩʣʝʥʴ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʣʽʢʫ ʚʘʛ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʈʦʟʨʦʙʢʘ ʧʨʦʛʥʦʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʩʢʨʽʟʥʦʾ ʩʝʨʝʜʥʴʦʾ. 

ʄʝʪʦʜ ʢʦʚʟʥʠʭ ʩʝʨʝʜʥʽʭ ʻ ʦʜʥʠʤ ʟ ʰʠʨʦʢʦ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʮʝʡ ʤʝʪʦʜ, ʤʦʞʥʘ ʝʣʽʤʽʥʫʚʘʪʠ ʚʠʧʘʜʢʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʽ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʽ ʚʧʣʠʚʫ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ. 

ɿʛʣʘʜʞʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʚʟʥʠʭ ʩʝʨʝʜʥʽʭ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʦʤʫ, ʱʦ ʚ ʩʝʨʝʜʥʽʭ 

ʚʝʣʠʯʠʥʘʭ ʚʟʘʻʤʥʦ ʧʦʛʘʰʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ. 

ʂʦʞʝʥ ʧʨʦʛʥʦʟ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʱʦ ʻ ʡʦʛʦ ʥʘʡʚʘʞʣʠʚʽʰʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫ: 

ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʦʮʽʥʢʘ: 
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ʜʝ ʬy  - ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʷʚʠʱʘ, ʨy  - ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʷʚʠʱʘ, n  - ʯʠʩʣʦ ʨʽʚʥʽʚ ʯʘʩʦʚʦʛʦ ʨʷʜʫ; 

ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʦʮʽʥʢʘ: 
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ʏʠʤ ʙʣʠʞʯʝ ʜʦ ʥʫʣʷ ʧʝʨʰʠʡ ʪʘ ʜʨʫʛʠʡ ʧʦʢʘʟʥʠʢʠ, ʪʠʤ ʚʠʱʝ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ (1) ʪʘ ʤʘʩʠʚʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ 1... iy y  ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 1: 
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ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 
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ʈʠʩ.1 ɻʨʘʬʽʢ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ. 
  

ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ ʧʦʤʠʣʢʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʬʦʨʤʫʣʽ (3), ʥʝ ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 10%. 
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ɺʠʩʥʦʚʢʠ: ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʤʽʥ ʩʪʘʥʫ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ˇʨʫʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʦʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ - ʻ ʤʝʪʦʜ ʝʢʩʪʨʘʧʦʣʷʮʽʾ.  
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ɸʅɸʃɯɿ ʂʃɸʉʀʏʅʆɰ ʊɸ ʉʋʏɸʉʅʆɰ ʊɽʆʈɯʁ ʊɽʉʊʋɺɸʅʅʗ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ, vasilyevayulia@ukr.net 

ɺʩʪʫʧ. ʇʦʯʠʥʘʶʯʠ ʟ ʚʠʪʦʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʽʚ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ. ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ, 

ʘ ʧʦʪʽʤ ʽ ʢʦʤʧ'ʶʪʝʨʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʘʤʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʟʥʘʥʴ ʫʯʥʽʚ. ʈʘʥʽʰʝ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʧʨʝʜʩʪʘʚʣʷʚ ʩʦʙʦʶ ʥʘʙʽʨ ʛʽʧʝʨʪʝʢʩʪʦʚʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʩʪʽʚ, ʘ ʟʘʨʘʟ ʮʝ ʩʠʩʪʝʤʠ ʟ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʻʶ 

ʙʘʛʘʪʴʦʭ ʬʫʥʢʮʽʡ. 

ʂʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʪʝʩʪʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʧʨʦʟʦʨʽʩʪʴ ʽ ʷʩʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ. ɿʦʢʨʝʤʘ, ʪʝʩʪʦʚʽ ʙʘʣʠ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʨʫʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʚ ʪʝʩʪʽ, ʘ ʪʨʫʜʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʟʘʣʝʞʠʪʴ ʧʨʦ ʚʠʙʽʨʢʠ 

ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ. ɺʝʣʠʢʠʤ ʥʝʜʦʣʽʢʦʤ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʝʩʪʦʚʠʭ 

ʙʘʣʽʚ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʪʝʩʪʽʚ ï IRT,  ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ɻ. ʈʘʰʝʤ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ IRT ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʽʥʜʠʢʘʪʦʨʥʠʭ ʟʤʽʥʥʠʭ ʜʦ ʣʘʪʝʥʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

IRT ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʝ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʦʨʽʾ ʪʝʩʪʽʚ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʨʽʚʝʥʴ ʚʠʤʽʨʶʚʘʥʴ ʽ ʷʢʽʩʪʴ ʪʝʩʪʽʚ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ 

ʜʦʨʦʛʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʨʝʪʝʣʴʥʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʚʠʙʽʨʦʢ ʚʠʧʨʦʙʫʚʘʥʠʭ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʩʪʽʚ ʽ ʟʥʘʯʥʠʤ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʫʟʛʦʜʞʝʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʦ ʚʠʤʦʛ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʽ ʪʨʫʜʥʦʱʽ ʦʨʛʘʥʽʟʘʪʦʨʠ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʦʩʥʦʚʥʦʾ ʪʝʦʨʽʾ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʝʩʪʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ 

ʪʝʩʪʫʚʘʥʥʷ. ɺʠʜʽʣʝʥʦ ʥʝʜʦʣʽʢʠ ʢʣʘʩʠʯʥʦʾ ʪʘ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʪʝʩʪʫʚʘʥʥʷ. ɹʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ IRT, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʥʘʥʴ ʫʯʥʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ.  
ʈʦʟʨʦʙʢʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʽ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʽ, 

ʧʨʦʪʝ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʨʷʜʦʢ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʟʘʚʜʘʥʴ ʫʯʥʶ ʽ 

ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʨʽʚʥʷ ʟʥʘʥʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʤʦʜʝʣʴ 

ʪʝʩʪʫʚʘʥʥʷ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʚʥʷ ʟʥʘʥʴ ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ 

ʪʝʩʪʫʚʘʥʥʷ, ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʥʷ ʬʦʨʤʫʻʪʴʩʷ ʪʝʩʪ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʟ ʦʙʨʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʘʚʜʘʥʴ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʨʠ ʮʴʦʤʫ ʪʝʩʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʟʘ ʩʢʣʘʜʥʽʩʪʶ, ʽ ʧʽʜʩʫʤʢʦʚʘ ʦʮʽʥʢʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʨʘʚʠʣʴʥʠʭ 

ʚʽʜʧʦʚʽʜʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʚʜʘʥʴ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʷʚʘ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʩʣʘʙʢʦʤʫ ʩʪʫʜʝʥʪʫ ʧʦʧʘʜʘʻʪʴʩʷ 

ʩʢʣʘʜʥʠʡ ʪʝʩʪ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ - ʧʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʩʝʨʝʜʥʷ ʩʢʣʘʜʥʽʩʪʴ, ʷʢʘ ʧʨʝʜ'ʷʚʣʷʻʪʴʩʷ ʫʯʥʶ, ʚʽʜʧʦʚʽʜʘʣʘ ʡʦʛʦ 
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ʛʽʧʦʪʝʪʠʯʥʦʤʫ ʨʽʚʥʶ ʥʘʚʯʝʥʦʩʪʽ. ʇʨʘʢʪʠʯʥʦ ʮʝ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʚʽʜʙʦʨʫ ʽ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʟʘʚʜʘʥʴ ʙʫʜʫʻʪʴʩʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʢʦʣʠ ʧʨʠ ʧʨʘʚʠʣʴʥʽʡ ʚʽʜʧʦʚʽʜʽ ʚʠʧʨʦʙʫʚʘʥʦʛʦ 

ʯʝʨʛʦʚʝ ʟʘʚʜʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, ʘ ʥʝʚʽʨʥʘ ʚʽʜʧʦʚʽʜʴ ʪʷʛʥʝ ʟʘ 

ʩʦʙʦʶ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʣʝʛʰʦʛʦ ʟʘʚʜʘʥʥʷ, ʥʽʞ ʪʝ, ʥʘ ʷʢʝ ʚʠʧʨʦʙʫʚʘʥʠʤ 

ʙʫʣʘ ʜʘʥʘ ʥʝʚʽʨʥʘ ʚʽʜʧʦʚʽʜʴ. ʊʦʤʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ: 

1.ɼʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ ʽ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʥʥʷ ʫʯʥʽʚ. 

2.ɼʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʥʥʷ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʚʜʘʥʴ, ʥʽʞ ʚ ʢʣʘʩʠʯʥʽʡ 

ʤʦʜʝʣʽ. 

3.ɺʠʷʚʣʷʻ ʪʝʤʠ, ʷʢʽ ʫʯʝʥʴ, ʟʥʘʻ ʧʦʛʘʥʦ ʽ ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʧʦ ʥʠʤ ʨʷʜ 

ʜʦʜʘʪʢʦʚʠʭ ʧʠʪʘʥʴ. 

ʇʦʨʷʜ ʽʟ ʧʝʨʝʚʘʛʘʤʠ ʽʩʥʫʻ ʽ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ: 

1.ɿʘʟʜʘʣʝʛʽʜʴ ʥʝʚʽʜʦʤʦ, ʩʢʽʣʴʢʠ ʧʠʪʘʥʴ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʫʯʥʶ ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʨʽʚʝʥʴ ʟʥʘʥʴ. ʗʢʱʦ ʧʠʪʘʥʴ, ʟʘʢʣʘʜʝʥʠʭ ʚ ʩʠʩʪʝʤʫ ʪʝʩʪʫʚʘʥʥʷ, 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ, ʤʦʞʥʘ ʧʝʨʝʨʚʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʡ ʦʮʽʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪ 

ʧʦ ʪʽʡ ʢʽʣʴʢʦʩʪʽ ʧʠʪʘʥʴ, ʥʘ ʷʢʝ ʚʽʜʧʦʚʽʚ ʫʯʝʥʴ. 

2.ʄʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʣʴʢʠ ʥʘ ɽʆʄ. 

ʅʘʜʽʡʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʚʠʱʘ, ʪʦʤʫ ʱʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʧʽʜ ʨʽʚʝʥʴ ʟʥʘʥʴ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʜʥʘʢ ʧʦʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ ʪʝʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʦ, ʪʘʢ ʷʢ ʨʽʚʝʥʴ 

ʥʘʚʯʝʥʦʩʪʽ (ʷʢ ʚʠʤʽʨʶʚʘʥʠʡ ʧʘʨʘʤʝʪʨ) ʽ ʪʨʫʜʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ (ʷʢ 

ʧʘʨʘʤʝʪʨ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʘʪʝʩʪʘʮʽʾ) ʤʘʶʪʴ ʨʽʟʥʽ ʤʝʪʨʠʢʠ. 

ʇʝʨʚʠʥʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ʟʥʘʥʴ ʻ ʥʘʙʨʘʥʠʡ ʙʘʣ ʫʯʥʽʚ ʘʙʦ ʪʘʢ 

ʟʚʘʥʠʡ ʧʝʨʚʠʥʥʠʡ ʙʘʣ. ʇʝʨʝʚʘʛʦʶ ʮʽʻʾ ʦʮʽʥʢʠ ʻ ʾʾ ʧʨʦʩʪʦʪʘ ʽ ʥʘʦʯʥʽʩʪʴ. ɼʽʡʩʥʦ, 

ʯʠʤ ʙʽʣʴʰʝ ʟʘʚʜʘʥʴ ʚʠʢʦʥʘʚ ʫʯʝʥʴ, ʪʠʤ ʚʠʱʝ ʡʦʛʦ ʙʘʣ. 

ʆʜʥʘʢ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʚʠʥʥʠʡ ʙʘʣ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʨʫʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʫ ʽ ʚ ʽʥʰʦʤʫ ʪʝʩʪʽ ʚʽʥ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʽʥʰʠʤ, ʧʨʠʯʦʤʫ 

ʩʘʤʘ ʪʨʫʜʥʽʩʪʴ ʪʝʩʪʫ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʩʽʤ ʢʦʥʪʠʥʛʝʥʪʦʤ ʫʯʥʽʚ. ʊʦʤʫ 

ʙʘʞʘʥʦ ʤʘʪʠ ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʫʯʥʽʚ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʪʝʩʪʘʭ ʪʘ ʚʽʜʦʤʠʡ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʡ ʨʽʚʝʥʴ 

ʩʢʣʘʜʥʦʩʪʽ ʟʘʚʜʘʥʴ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʧʝʨʚʠʥʥʠʭ ʙʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ 

ʚʦʥʠ ʻ ʣʠʰʝ ʽʥʜʠʢʘʪʦʨʦʤ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʫʯʥʽʚ, ʘ ʥʝ ʾʾ ʤʽʨʦʶ. ʊʝʦʨʽʷ ʪʝʩʪʦʚʠʭ 

ʟʘʚʜʘʥʴ (IRT) ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʽʚʥʝʤ ʟʥʘʥʴ ʫʯʥʽʚ ʽ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʟʥʘʥʴ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʪʨʫʜʥʦʩʪʽ ʟʘʚʜʘʥʴ. 

ʋ IRT ʚʚʦʜʠʪʴʩʷ ʦʩʥʦʚʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʽ ʣʘʪʝʥʪʥʠʤʠ ʷʢʦʩʪʷʤʠ 

ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʪʝʩʪ. ʋ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ ʈʘʰʘ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʽʜʧʦʚʽʜʴ ʫʯʥʷ ʦʙʫʤʦʚʣʝʥʘ ʪʽʣʴʢʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʨʽʚʥʝʤ 

ʥʘʚʯʝʥʦʩʪʽ ʫʯʥʷ (ɗ) ʽ " ʪʨʫʜʥʽʩʪʶ " ʪʝʩʪʦʚʦʛʦ ʟʘʚʜʘʥʥʷ (ŭ).  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 
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 ï ʩʝʨʝʜʥʷ ʪʨʫʜʥʽʩʪʴ ʟʘʜʘʥʦʛʦ ʪʝʩʪʫ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ IRT ʧʝʨʝʜ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ ʪʝʩʪʽʚ: 

1.IRT ʧʝʨʝʪʚʦʨʶʻ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʢʦʥʘʥʽ ʚ ʜʠʭʦʪʦʤʽʯʥʠʭ ʽ ʧʦʨʷʜʢʦʚʠʭ 

ʰʢʘʣʘʭ, ʚ ʣʽʥʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʽʩʥʽ ʜʘʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ. 

2.ʄʽʨʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʈʘʰʘ ʻ ʣʽʥʽʡʥʦ,ʁ ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

3.ʆʮʽʥʢʘ ʪʨʫʜʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʽʨʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ, ʥʘ ʷʢʠʭ ʚʦʥʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ. 

4.ʆʮʽʥʢʘ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʫʯʥʽʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ; 

5.ʅʝʧʦʚʥʦʪʘ ʜʘʥʠʭ (ʧʨʦʧʫʩʢ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʡ ʚʠʧʨʦʙʫʚʘʥʠʡ - ʪʝʩʪʦʚʝ 

ʟʘʚʜʘʥʥʷ) ʥʝ ʻ ʢʨʠʪʠʯʥʠʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʣʝʛʢʦ ʧʨʦʚʝʩʪʠ ʧʝʨʚʠʥʥʠʡ ʘʥʘʣʽʟ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʨʽʘʥʪʽʚ ʪʝʩʪʫ ʚ ʮʽʣʦʤʫ, ʘ ʚʞʝ ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ IRT 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʜʘʥʴ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ IRT ʚ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʫ ʥʘʩ ʚʞʝ ʻ ʩʬʦʨʤʦʚʘʥʠʡ 

(ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ) ʙʘʥʢ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ. ʊʦʤʫ ʤʘʻ ʩʝʥʩ ʨʦʟʛʣʷʜʘʪʠ ʩʧʽʣʴʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʪʝʦʨʽʡ ʽ ʚʩʴʦʛʦ ʘʨʩʝʥʘʣʫ ʜʦʩʪʫʧʥʠʭ ʧʨʦʮʝʜʫʨ ʘʥʘʣʽʟʫ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦ ʧʝʨʝʚʘʛ ʘʜʘʧʪʠʚʥʦʾ 

ʤʦʜʝʣʽ ʪʝʩʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IRT ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʰʢʘʣʠ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʤʽʞ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦ ʨʽʟʥʠʤ ʪʝʩʪʘʤ. ʅʝʜʦʣʽʢʦʤ ʮʽʻʾ ʤʦʜʝʣʽ ʪʝʩʪʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʪʦʙʪʦ ʚ ʝʤʧʽʨʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʤʘʛʘʻ 

ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʊʦʤʫ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʩʝʨʝʜʥʴʦ-ʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ IRT, ʘʜʘʧʪʠʚʥʝ ʪʝʩʪʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʥʘʧʨʷʤʢʘʤ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʽ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ʌɽʈʀʊʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ, R_olia@i.ua 

ɺʩʪʫʧ. ɹʫʜʴ-ʷʢʠʡ ʢʘʥʘʣʠ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʤʽʥʽʘʪʶʨʥʽ 

ʘʥʪʝʥʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʝʨʝʪʚʦʨʷʪʴ ʪʘʢ ʟʚʘʥʽ ʰʫʤʠ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [1]. ʏʠ ʥʝ ʝʢʨʘʥʦʚʘʥʽ ʢʘʙʝʣʽ ʚʠʧʨʦʤʽʥʶʶʪʴ 

ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʧʦ ʾʭ ʤʽʜʥʠʤ ʧʨʦʚʽʜʥʠʢʘʤ ʩʠʥʬʘʟʥʦʛʦ ʰʫʤʫ 

(common mode ʰʫʤʠ, ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʧʦ ʚʩʽʭ ʣʽʥʽʷʭ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ), 

ʧʦʪʦʯʥʦʛʦ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦ ʚʩʽʤ ʧʨʦʚʽʜʥʠʢʘʤ ʢʘʙʝʣʶ. ʎʝʡ ʩʪʨʫʤ ʩʪʚʦʨʶʻ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʥʘʧʨʷʤʢʠ. ʌʝʨʠʪ - ʮʝ ʬʝʨʦʤʘʛʥʝʪʠʢ, ʥʝ 

ʧʨʦʚʦʜʠʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ (ʬʝʨʠʪ ʻ ʤʘʛʥʽʪʥʠʤ ʽʟʦʣʷʪʦʨʦʤ) [2-3]. ʋ 

ʬʝʨʠʪʘʭ ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ ʥʝ ʩʪʚʦʨʶʶʪʴʩʷ, ʽ ʪʦʤʫ ʚʦʥʠ ʜʫʞʝ ʰʚʠʜʢʦ 

ʧʝʨʝʤʘʛʥʽʯʫʶʪʴʩʷ - ʚ ʪʘʢʪ ʟ ʯʘʩʪʦʪʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʥʘ 

ʮʴʦʤʫ ʟʘʩʥʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ). ʂʘʙʝʣʴʥʠʡ ʬʝʨʠʪ 

ʧʦʩʣʘʙʣʶʻ ʰʫʤʦʚʽ ʩʪʨʫʤʠ, ʟʘʭʦʧʣʶʶʯʠ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʨʦʟʩʽʶʶʯʠ ʯʘʩʪʠʥʘ 

ʡʦʛʦ ʝʥʝʨʛʽʾ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ. ɻʦʚʦʨʷʯʠ ʤʦʚʦʶ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʬʝʨʠʪʦʚʠʡ 

ʝʣʝʤʝʥʪ, ʥʘʜʽʪʠʡ ʥʘ ʢʘʙʝʣʴ, ʩʪʚʦʨʶʻ ʚʝʣʠʢʠʡ ʦʧʽʨ (ʽʤʧʝʜʘʥʩ) ʜʣʷ ʩʠʥʬʘʟʥʠʭ 

ʩʪʨʫʤʽʚ. ʈʘʥʽʰʝ ʜʣʷ ʦʩʣʘʙʣʝʥʥʷ ʰʫʤʦʚʠʭ ʩʪʨʫʤʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʜʦʨʦʛʝ 

ʝʢʨʘʥʫʚʘʥʥʷ ʢʘʙʝʣʽʚ ʤʽʜʥʦʾ ʦʧʣʽʪʢʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʝʨʠʪʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʝʢʨʘʥʫʚʘʥʥʷ ʢʘʙʝʣʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʠʜʫʰʝʥʥʷ ʧʝʨʝʰʢʦʜ. 

ʌʝʨʠʪʦʚʠʡ ʬʽʣʴʪʨ - ʧʘʩʠʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 

ʬʝʨʠʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘ, ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʘʭ. ɺ̔ ʥ ʟʘʧʦʙʽʛʘʻ ʩʧʦʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʢʘʙʝʣʶ, ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

(ʧʝʨʝʰʢʦʜ) ʚʽʜ ʢʘʙʝʣʶ ʚ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [3-4].  

ʌʝʨʠʪʦʚʝ ʢʽʣʴʮʝ ʟʙʽʣʴʰʫʻ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ ʜʽʣʷʥʢʠ 

ʜʨʦʪʠ ʚ ʢʽʣʴʢʘ ʩʦʪʝʥʴ (ʘʞ ʜʦ ʪʠʩʷʯ) ʨʘʟʽʚ, ʱʦ ʽ ʟʘʙʝʟʧʝʯʫʻ ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ.  

ɿʘʣʠʰʢʦʚʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ  ð ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʧʨʠ ʥʫʣʴʦʚʽʡ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺʣʘʩʪʠʚʘ ʜʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ. 

ɿʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ, ʘ ʡ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʧʦʧʝʨʝʜʥʴʦʾ ʜʽʾ ʥʘ ʥʝʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [3,5]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ  ʚʽʜʦʙʨʘʞʘʣʦ ʙ 

ʧʨʦʮʝʩʠ ʬʽʣʴʪʨʘʮʽʾ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʟʘʚʘʜ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʢʘʥʘʣʘʭ. 

ʇʦʢʘʟʘʥʥʷ ʚʧʣʠʚʫ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʚ ʢʦʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ʏʝʨʝʟ ʰʠʨʦʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʪʘʢʠʭ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʱʦ ʤʦʜʝʣʶʻ 

ʤʝʭʘʥʽʢʫ ʚʧʣʠʚʫ ʬʝʨʠʪʫ ʥʘ ʽʥʬʦʨʤʘʪʠʚʥʦʤʫ ʢʘʥʘʣʽ. ɸ ʪʘʢʦʞ ʜʣʷ ʙʽʣʴʰ 

ʧʨʦʩʪʦʛʦ ʪʘ ʥʘʦʯʥʦʛʦ ʤʝʪʦʜʫ ʜʝʤʦʥʩʪʨʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ.  

https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D1%87%D0%BE%D0%B2%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B8
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D1%96%D1%82%D0%BD%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
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ɺ ʯʘʩʪʦʪʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʯʠʤ ʚʠʱʝ ʯʠʩʣʦ ʥʘ ʬʝʨʠʪʽ(Õ), ʪʠʤ ʥʠʟʴʢʦ 

ʯʘʩʪʦʪʥʽʰʠʡ ʚʽʥ ʻ. ʇʨʠʢʣʘʜ. ʗʢʱʦ ʩʢʘʞʽʤʦ, ʥʘʤ ʪʨʝʙʘ ʧʨʠʜʫʰʠʪʠ ʟʘʚʘʜʫ ʧʦʨʫʯ 

ʩʪʦʾʪʴ ʃɽʇ, ʪʦ ʟ ʥʘʡʙʽʣʴʰʠʤ ʝʬʝʢʪʦʤ ʮʴʦʛʦ ʤʦʞʥʘ ʙʫʜʝ ʜʦʩʷʛʪʠ ʚʢʣʶʯʠʚʰʠ ʚ 

ʣʘʥʮʶʛ ʢʘʙʝʣʶ (ʥʘʜʽʚʰʠ ʬʝʨʠʪʦʚʽ ʢʽʣʴʮʷ ʧʦʚʝʨʭ ʢʘʙʝʣʶ) - ʥʘ ʬʝʨʠʪʽ ʤʘʨʢʘʭ 

2000-6000ʅʅ. ɺʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʥʠʞʝʥʥʷ ʟʘʚʘʜʠ ʨʠʩ. 1(ʘ) ʧʨʠ ʧʽʜʙʦʨʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʬʝʨʠʪʦʚʦʛʦ ʬʽʣʴʪʨʫ. ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʬʝʨʠʪʫ ʦʪʨʠʤʘʣʠ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ.1 (ʙ)). ɻʝʥʝʨʘʮʽʷ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ. 

 

 

                                         ʘ)                                                              ʙ) 

ʈʠʩ. 1. ʄʦʜʝʣʶʚʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜʠ ʧʨʠ ʧʨʠ ʧʽʜʙʦʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʬʝʨʠʪʦʚʦʛʦ ʬʽʣʴʪʨʫ  

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ 

ʥʘʧʨʠʢʣʘʜ ʥʘ ʝʣʝʤʝʥʪʘʭ ʪʠʧʫ ʜʨʦʩʝʣʴ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜ ˉ2, ʜʝ ʤʦʞʣʠʚʦ 

ʟʘʬʽʢʩʫʚʘʪʠ ʪʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʙʫʣʦ ʦʙʨʘʥʦ ʨʽʟʥʽ ʤʘʛʥʽʪʥʽ 

ʤʘʪʝʨʽʘʣʠ ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʚʧʣʠʚʦʤ (ʥʘʧʨʠʢʣʘʜ: ʜʨʦʩʝʣʽ ʚ 

ʽʤʧʫʣʴʩʥʠʭ ʙʣʦʢʘʭ ʞʠʚʣʝʥʥʷ, ʚ ʨʘʜʽʦ ʩʭʝʤʘʭ [6].)  

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʢʘʜʝʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ, ʱʦ 

ʜʦʧʦʤʦʞʝ ʰʚʠʜʢʦ ʪʘ ʥʘʦʯʥʦ ʧʦʢʘʟʫʚʘʪʠ ʢʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʝʨʠʪʦʚʠʭ ʬʽʣʴʪʨʽʚ , ʪʘ ʚʧʣʠʚ  ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʣʘ. 
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ɺʩʪʫʧ. ɹʦʨʦʪʴʙʘ ʩ ʛʣʦʙʘʣʴʥʠʤ ʧʦʪʝʧʣʽʥʥʷʤ ʩʪʘʣʘ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʧʨʦʚʽʜʥʠʭ ʜʝʨʞʘʚ ʩʚʽʪʫ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʤʫ ʻ ʧʨʠʡʥʷʪʠʡ ʚ ʛʨʫʜʥʽ 2015 ʨ. ʥʦʚʠʡ 

ʧʨʦʝʢʪ ʩʧʽʣʴʥʠʭ ʩʠʩʪʝʤʥʠʭ ʟʫʩʠʣʴ ʧʨʦʚʽʜʥʠʭ ʜʝʨʞʘʚ ʩʚʽʪʫ ʧʦ ʟʤʝʥʰʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ, ʥʘ ʝʤʽʩʽʶ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʎʝʡ 

ʧʨʦʝʢʪ ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʂʣʽʤʘʪ-ʇʘʨʠʞ 2015è. 

ɺʽʜʦʤʦ [1], ʱʦ ʦʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʻ: ʝʥʝʨʛʝʪʠʢʘ, 

ʪʨʘʥʩʧʦʨʪ ʪʘ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. 

ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʤʦʚʘ ʧʽʜʝ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʚʠʤʦʛ ʧ. 3.4 ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʘ 

ʩʘʤʝ, ʟʤʝʥʰʝʥʥʷ ʝʤʽʩʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʫʧʨʘʚʣʽʥʥʷ ʟʝʤʣʷʤʠ 

ʩʽʣʴʛʦʩʧʨʠʟʥʘʯʝʥʥʷ. 

ɼʦʩʚʽʜ ʽʥʰʠʭ ʢʨʘʾʥ, ʥʘʩʘʤʧʝʨʝʜ ʂʘʥʘʜʠ, [2], ʧʦʢʘʟʫʻ, ʱʦ ʛʦʣʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ (ʘ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ï 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 2CO ) ʚ ʛʨʫʥʪʘʭ ï ʻ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʽʟ ʢʦʥʢʨʝʪʥʦʾ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʜʘʥʠʭ ʙʝʟ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʨʫʥʪʽʚ (ʚʤʽʩʪ ʛʫʤʫʩʫ, ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʫʛʣʝʮʶ, ʚʦʣʦʛʠ, 

ʛʨʘʥʫʣʴʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ ʛʨʫʥʪʫ ʪʘ ʽʥ.) ï ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʨʫʥʪʫ ʻ ʚʘʞʣʠʚʠʤ ʙʘʟʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʦʮʽʥʢʠ ʩʪʘʥʫ ʛʨʫʥʪʽʚ, ʪʦʤʫ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʟʘʚʜʘʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɺ [2] ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ (ʦʮʽʥʢʠ) 

ʤʦʞʣʠʚʦʾ ʝʤʽʩʽʾ ʽ ʩʝʢʚʝʩʪʨʘʮʽʾ 2CO  ʟʝʤʣʷʤʠ ʩʽʣʴʛʦʩʧʨʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʋʢʨʘʾʥʠ [2] 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʤʝʪʦʜʠʢʘ, ʱʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʊʽʝʨ-2è. ʆʜʥʘʢ ʦʮʽʥʢʘ ʯʠ 

ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʟʥʘʯʥʫ ʧʦʭʠʙʢʫ. 

ɺʠʭʦʜʦʤ ʟ ʜʘʥʦʾ ʩʠʪʫʘʮʽʾ ʻ ʥʝ ʦʮʽʥʶʚʘʥʥʷ (ʪʝʦʨʝʪʠʯʥʝ), ʘ ʚʠʤʽʨʶʚʘʥʥʷ 

(ʧʨʘʢʪʠʯʥʝ) ʢʦʥʮʝʥʪʨʘʮʽʾ 2CO  ʥʘʜ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ ʛʨʫʥʪʫ, ʦʩʦʙʣʠʚʦ, ʚ ʧʨʦʮʝʩʽ 

ʡʦʛʦ ʦʙʨʦʙʢʠ. 

ɸʚʪʦʨʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ (ɯɺʉ) ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (42 2CO , CH , N O) ʥʘʜ ʧʦʚʝʨʭʥʝʚʠʤ 

ʰʘʨʦʤ ʛʨʫʥʪʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 
 

mailto:dahaka.den@gmail.com


ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 

29 

 
 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ɯɺʉ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʟʥʘʯʝʥʦ: 

- ɹʇɺʇ (1,2,3) ï ʙʣʦʢʠ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (42 2CO , CH , N O ); 

- ɹʅʇ (1,2,3) ï ʙʣʦʢʠ ʥʦʨʤʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ; 

- MUX ï ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʠʡ ʢʦʤʫʪʘʪʦʨ ï ʤʫʣʴʪʠʧʣʝʢʩʦʤ; 

- CPU ï ʤʽʢʨʦʢʦʤʧôʶʪʝʨ; 

- IO ï ʧʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

- GPS ï ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ; 

- GSM ï ʩʠʩʪʝʤʘ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ; 

- IOF ï ʧʘʨʘʣʝʣʴʥʠʡ ʽʥʪʝʨʬʝʡʩ; 

- *ʅ ï ʧʨʠʩʪʨʽʡ ʽʥʜʠʢʘʮʽʾ. 

 ɺ ʷʢʦʩʪʽ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ ʜʣʷ ʜʘʥʦʾ ɯɺʉ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 16-ʨʦʟʨʷʜʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʬʽʨʤʠ Motorola ʪʠʧʫ MC68HC12 ʘʙʦ MC68HC16, ʷʢʽ ʤʘʶʪʴ 

ʚʙʫʜʦʚʘʥʠʡ ɸʎʇ ʥʘ 10 ʨʦʟʨʷʜʽʚ, ʨʦʟʚʠʥʝʥʽ ʟʘʩʦʙʠ ʜʣʷ ʜʣʷ ʚʽʜ ʣʘʛʦʜʞʝʥʥʷ ʪʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʚʦʶ ʉ++. 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʦʾ ɯɺʉ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʤʝʪʦʜʠʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʦʧʪʠʤʘʣʴʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯɺʉ, ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ. 

ɺ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʇɺʇ) ʧʨʦʧʦʥʫʻʤʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʪʘʢʽ ʇɺʇ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʤʘʶʪʴ ʜʦʩʠʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʝʨʚʽʩʥʽ ʬʫʥʢʮʽʾ. 
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ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɺʇ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʽ. 
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ʇʨʠʤʽʪʢʠ 

1 ʂʽʤʥʘʪʥʠ

ʡ ʜʘʪʯʠʢ  

ʉʆ2-R/A 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é200

0 ppm 

Ñ50 ppm ʆʆʆ 

çɺʝʢʪʦʨ-

ʀʥʞʠʥʠʨʠʥ

è ʉʅɼ 

ɸʚʪʦʢʘʣʽʙʨʫʚʘ

ʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ, ʮʠʬʨʦʚʠʡ 

LCD ʽʥʜʠʢʘʪʦʨ 

2 ʂʘʥʘʣʴʥʠ

ʡ ʜʘʪʯʠʢ  

ʉʆ2-R/A 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é200

0 ppm; 

0é500

0 ppm; 

0é100

00 ppm 

Ñ50 ppm ʆʆʆ 

çɺʝʢʪʦʨ-

ʀʥʞʠʥʠʨʠʥ

è ʉʅɼ 

ɸʚʪʦʢʘʣʽʙʨʫʚʘ

ʥʥʷ 

3 ʇʝʨʝʪʚʦʨ

ʶʚʘʯ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛ

ʦ ʛʘʟʫ ʚ 

ʧʦʚʽʪʨʽ ɸɻ-

05, ɸɻ-06 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é500

0 ppm 

Ñ85 ppm ʇɸʊ 

çʊʕʈɸ-

ʋʢʨʘʠʥʘè 

ʤ.ʏʝʨʥʽʛʽʚ 

ʎʠʬʨʦʚʠʡ LCD 

ʽʥʜʠʢʘʪʦʨ (ɸɻ-06) 

ʽʥʪʝʨʬʝʡʩ RS-485 

4 ʇʝʨʝʥʦʩʥ

ʠʡ 

ʚʠʤʽʨʶʚʘʯ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛ

ʦ ʛʘʟʫ ʀʊʇ-

4 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é500

0 ppm 

Ñ50éÑ70 

ppm 

ʇɸʊ 

çʊʕʈɸ-

ʋʢʨʘʠʥʘè 

ʤ.ʏʝʨʥʽʛʽʚ 

ʎʠʬʨʦʚʠʡ TFT 

ʽʥʜʠʢʘʪʦʨ 

5 ʊʚʝʨʜʦʪʽʣ

ʴʥʠʡ 

ʝʣʝʢʪʨʦʣʽʪ. 

ɼʘʪʯʠʢ 

MG811 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é100

00 ppm 

ï ʆʆʆ 

çʂʦʩʤʦʜʨʦʤ

è ʤ.ʍʘʨʢʽʚ 

 

6 ʂʘʪʘʣʽʪʠʯ

ʥʽ ʜʘʪʯʠʢʠ 

ʛʦʨʶʯʠʭ 

ʛʘʟʽʚ 

(MC101-

MC116) 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

2CO  

0é400

0 ppm 

ï ʆʆʆ 

çʂʦʩʤʦʜʨʦʤ

è ʤ.ʍʘʨʢʽʚ 

 

7 ʅʘʧʽʚʧʨʦ

ʚʽʜʥʠʢʦʚʽ 

ʜʘʪʯʠʢʠ 

MQ-9, 

MQ309A 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

 ï ʆʆʆ 

çʂʦʩʤʦʜʨʦʤ

è ʤ.ʍʘʨʢʽʚ 

 

4CH  300é5

000 ppm 

CO  10é50

0 ppm 

8 ɼʘʪʯʠʢ 

ʤʝʪʘʥʫ 

ʂʦʥʮʝʥʪʨʘ

ʮʽʷ 

0-2,5 

(% 

Ñ0,1 (% 

ʦʙ.ʜʦʣʽ) 

ʆʆʆ 

çʊɼçɸʚʪʦʤʘ

ʎʠʬʨʦʚʘ 

ʽʥʜʠʢʘʮʽʷ, 



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 

31 

ʩʪʘʮʽʦʥʘʨʥʠ

ʡ ɼʄʉ-03 
4CH  ʦʙ.ʜʦʣʽ) ʪʠʢʘè  

ʉʅɼ 

ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʘ, 
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ʴʥʠʡ 
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ʇʝʨʝʜʘʚʘʯ 
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ʮʽʷ 

 ɺʽʜʥʦʩʥʘ 
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ʽʥʜʠʢʘʪʦʨ, 
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ʽʥʪʝʨʬʝʡʩʠ 
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4CH  0é400

0  

ppm 2 6C H
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2CO
 

0é200
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ɼʘʥʘ ɯɺʉ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʟʦʚʠʭ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- 2CO  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 10000 ppm, ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ Ñ5éÑ10 ppm 

- 4CH  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 100% ʦʙ. ʜʦʣʝʡ, ʟ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ Ñ0,1éÑ3 

ʦʙ.ʜʦʣʽ 

- 2N O  ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 2000 ppm, ʟ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ Ñ5%\ 

ɺʠʩʥʦʚʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ , ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʮʽʷ ʡ 

ʤʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɺʇ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʠʱʝʥʘʟʚʘʥʠʭ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ. ʇʽʩʣʷ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʞʝ ʛʘʟʽʚ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 0 ʜʦ 10 ʩʤ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʫ ɯɺʉ ʷʢ ʝʢʦʣʦʛʘʤ ʪʘʢ, ʽ ʧʨʘʮʽʚʥʠʢʘʤ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 
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ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ ʫ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʥʽ ʡʦʛʦ ʬʦʨʤʠ, ʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʦʞ ʽʥʦʜʽ ʤʦʞʣʠʚʝ ʪʘʢʝ ʷʚʠʱʝ, ʷʢ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʥʷ ʟʘ ʷʢʠʤ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ. ʑʦ ʞ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʙʠʪʠ? 

ʆʜʥʽʻʶ ʟ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʦʙʣʝʤ ʻ ʌʘʟʦʚʽ ʧʦʨʪʨʝʪʠ. 

ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ - ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ (ʘʙʦ 

ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ), ʧʦ ʢʦʦʨʜʠʥʘʪʥʠʤ ʦʩʷʭ ʷʢʦʛʦ ʚʽʜʢʣʘʜʝʥʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤʠ. ʇʦʚʝʜʽʥʢʘ ʟʤʽʥʥʠʭ ʚ ʯʘʩʽ ʧʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʧʦʜʘʥʥʷ 

ʜʣʷ ʢʦʞʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʻʶ. 

ʊʘʢ ʯʠʤ ʞʝ ʭʦʨʦʰʽ ʬʘʟʦʚʽ ʧʦʨʪʨʝʪʠ? ʌʘʟʦʚʽ ʧʦʨʪʨʝʪʠ ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʩʠʪʫʘʮʽʷʭ ʢʦʣʠ ʟʘ ʬʦʨʤʦʶ ʩʘʤʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦ ʥʴʦʛʦ ʚʘʞʢʦ 

ʱʦʩʴ ʩʢʘʟʘʪʠ, ʯʠ ʫ ʩʠʪʫʘʮʽʷʭ ʢʦʣʠ ʤʦʜʝʣʴ ʚʟʷʪʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʤʦʞʣʠʚʦ 

ʚʠʨʽʰʠʪʠ. ʊʫʪ ʽ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʛʦʣʦʚʥʘ ʩʪʦʨʦʥʘ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʜʦʩʠʪʴ ʧʦʚʥʽ ʜʘʥʥʽ ʥʝ ʚʠʨʽʰʫʶʯʠ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʥʴ. ʋ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʟʥʘʯʥʦ ʧʦʣʝʛʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʪʘ 

ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʘ, ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabView (ʫ ʚʠʛʣʷʜʽ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ) ʜʣʷ ʧʦʙʫʜʦʚʠ ʌʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ(ʌʇ), ʾʭ ʟʚʽʨʢʠ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ , ʪʘʢʦʞ ʙʫʣʘ ʟʽʙʨʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʭʘʨʘʢʪʨʝʥʠʭ ʚʠʜʽʚ ʌʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʬʘʟʦʚʠʤʠ ʧʦʨʪʨʝʪʘʤʠ 

ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʻ ʽʥʪʝʨʧʨʠʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʏʘʩʪʠʥʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʥʝʟʘʚʞʜʠ ʣʝʛʦ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʙʘʟ ʜʘʥʠʭ ʟ 

ʭʘʨʢʪʝʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʘʤʠ ʱʦ ʤʦʛʣʘ ʙ ʢʦʤʙʽʥʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ 

ʯʘʩʪʠʥʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʠʷ ʚʣʝʥʥʷ ʬʦʨʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʨʦʟʨʦʙʣʝʥʘ  

ʧʨʦʛʨʘʤʘ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʠʛʥʘʣʽʚ. 

 
 

ʈʠʩ.1 ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʠ. 

ʄʦʜʫʣɹ ʧʦʙʫʜʦʚʠ 

ʌʇ ʩʠʛʥʘʣʫ

ɹʣʦʢ ʨʘʩʯʝʪʘ ʩʠʛʥʘʣʦʚ

ʄʦʜʫʣɹ 

ʧʦʨ̔ʚʥ̫ʥʥ̫

ɹʣʦʢ ʚʠʟʫʘʣʠʟʘʮʠʠ

ʄʦʜʫʣɹ ʚ̔ʜʦʙʨʘʞʝʥʥ̫ ʌʇ

ʄʦʜʫʣɹ ʚ̔ʜʦʙʨʘʞʝʥʥ̫ 

ʦʪʬʠʣɹʪʨʦʚʘʥʠʝʤ ʩʠʛʥʘʣʫ

ɹʣʦʢ ʛʝʥʝʨʘʮʠ̔ 

ʩʠʛʥʘʣ̔ʚ

ɹʣʦʢ ʛʝʥʝʨʘʮʠ̔ 

ʫhʤ̔ʚ

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠ̫ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ

ɹʣʦʢ ʟʘʚʘʥʪʘʞʝʥʥ̫ 

ʩʠʛʥʘʣʫ ʟ ɹɼ

ɼʦʩʣ̔ʜʞʫʚʘʥʠʡ 

ʩʠʛʥʘʣ

ʂʣʁ ʯ ʄʦʜʫʣɹ ʚ̔ʜʦʙʨʘʞʝʥʥ̫ ɸʂʌ

ʄʦʜʫʣɹ ʚ̔ʜʦʙʨʘʞʝʥʥ̫ ʉʧʝʢʪʨʘ

ʄʦʜʫʣɹ ʚ̔ʜʦʙʨʘʞʝʥʥ̫ 

ʧʦʨ̔ʚʥ̫ʥʥ̫ ʌʇ

ʄʦʜʫʣɹ ʧʦʙʫʜʦʚʠ 

ʌʇ ʜʦʩʣ̔ʜʞʫʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ

ʄʦʜʫʣɹ ʌ̔ʣɹʪʨʘʮ̔ʾ 

ʩʠʛʥʘʣʫ

ʄʦʜʫʣɹ ʌ̔ʣɹʪʨʘʮ̔ʾ 

ʩʠʛʥʘʣʫ
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ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʧʝʨʰʦʾ ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘʚʘʥʪʘʞʠʪʠ 

ʥʝʚʽʜʦʤʠʡ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʟ ʬʘʡʣʫ ʜʘʥʠʭ, ʽ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʧʨʦʧʦʥʫʶ ʜʚʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʙʽʣʴ hʪʘ ʤʝʥʰ ʪʦʯʥʫ. ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʧʨʦʩʪʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʝʚʽʜʦʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʝʪʫ ʟ 

ɹɼ ʽ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟ ʜʝʷʢʦʶ ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʠʪʠ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ ʜʦ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʛʨʫʧʠ ʪʘ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʦʨʤʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ. ʋ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ 

ʧʨʦʛʨʘʤʫ ʨʦʟʨʦʙʣʝʥʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʜʝʥʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ ʟʘ ʚʽʜʦʤʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʜʣʷ ʧʦʚʥʦʛʦ 

ʩʧʽʚʧʘʜʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʥʝʚʽʜʦʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ ʟ ʡʦʛʦ ʘʥʘʣʦʛʦʤ 

ʧʦʙʫʜʦʚʘʥʠʤ ʧʨʦʛʨʘʤʦʶ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʝ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʠʢ ʩʠʛʥʘʣʫ. 

 ʇʨʦʛʘʤʘ ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʬʘʟʦʚʠʭ ʧʦʨʪʝʪʽʚ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʙʦʪʠ ʷʢ ʟ ʫʩʽʤ ʩʠʛʥʘʣʦʤ ʪʘʢ ʽ ʟ ʧʝʚʥʠʤ ʩʧʝʢʪʦʨʤ ʧʨʦʫʱʝʥʠʤ ʯʝʨʝʟ ʧʦʣʦʩʦʚʠʡ 

ʬʽʣʪʨ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʨʦʙʦʪʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʙʘʟʠ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʇʨʦʚʝʜʝʥʘ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ ʽ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʠʟʥʘʢʽʚ. 

 
 

ʈʠʩ.2 ʇʨʠʢʣʘʜ ʬʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ ʟʽʙʨʘʥʠʭ ʜʣʷ ɹɼ. 

 ʊʘʢʦʞ ʙʫʣʠ ʟʽʙʨʘʥʽ ʜʘʥʥʽ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʬʘʟʦʚʽ ʧʦʨʪʨʝʪʠ ʻ ʥʘʜʽʡʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ 

ʧʨʦʛʨʘʤʘ ʧʦʢʘʟʘʣʘ ʩʝʙʝ ʧʨʘʮʝʟʜʘʪʥʦʶ ʪʘ ʟʨʫʯʥʦʶ, ʘ ʟʽʙʨʘʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɹɼ ʩʠʛʥʘʣʽʚ.  
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.ɺ ʧʨʦʰʣʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʦʜʩʪʘʥʮʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʨʝʛʣʘʤʝʥʪʘʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʈʝʤʦʥʪʥʳʝ ʙʨʠʛʘʜʳ ʧʨʦʚʝʨʷʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʨʦʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʰʣʦʤ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʣʠʰʥʝʡ ʧʨʦʚʝʨʢʝ 

(ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʟʘʪʨʘʪʘʤ ʩʨʝʜʩʪʚ ʥʘ ʜʠʘʛʥʦʩʪʠʢʫ) ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʢ ʝʱʝ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʚ ʩʣʫʯʘʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦ 

ʧʨʦʚʝʜʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ï ʩ ʜʨʫʛʦʡ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ.  

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʚ ʨʝʞʠʤʝ online ʠ  ʧʦʚʳʰʝʥʠʷ  ʥʘʜʝʞʥʦʩʪʠ  ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʯʘʣʠ ʚʢʣʘʜʳʚʘʪʴ ʜʝʥʴʛʠ ʚ ʨʘʟʨʘʙʦʪʢʫ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʜʘʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʪʩʶʜʘ ʠ ʧʦʰʝʣ ʪʝʨʤʠʥ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨè. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨè. ʀʟ 

ʨʷʜʘ ʧʫʙʣʠʢʘʮʠʡ [1] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʜ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ 

ʧʦʥʠʤʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʦʩʥʘʱʝʥʥʳʡ ʫʩʪʨʦʡʩʪʚʦʤ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʝʨʚʠʯʥʳʭ ʜʘʪʯʠʢʦʚ (ʦʙʲʝʜʠʥʷʶʱʠʡ ʙʣʦʢ ï çmerging unitèè)),,  

ʧʝʨʝʜʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʚ ʜʨʫʛʠʝ ʧʦʜʩʠʩʪʝʤʳ ʧʦ ʧʨʦʪʦʢʦʣʫ ʄʕʂ 61850-9.2.  

çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤè ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʩʠʩʪʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ, ʤʘʩʣʘ, ʚʚʦʜʦʚ, ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʈʇʅ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ), ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʫ ʠ ʚʳʜʘʯʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʜʘʣʴʥʝʡʰʠʤ ʜʝʡʩʪʚʠʷʤ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ 

ʥʝʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʩʝ ʨʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʠʤʠ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʈʇʅ,  ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ) ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ, 

ʨʫʯʥʦʡ ʤʝʩʪʥʳʡ ʠ ʨʫʯʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʳʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʫʜʘʣʝʥʥʳʭ ʮʝʥʪʨʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʩ ʧʦʣʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ. ʇʦʩʣʝʜʥʝʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ çʫʤʥʳʭ ʩʝʪʷʭè ʩ ʥʝʦʙʩʣʫʞʠʚʘʝʤʳʤʠ 
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ʧʦʜʩʪʘʥʮʠʷʤʠ. ʇʨʝʜʣʦʞʝʥʠʷ ʦ ʩʦʟʜʘʥʠʠ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦè 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʝʱʝ ʚ 2003 ʛ. ʕʪʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʆɸʆ çʌʉʂ ɽʕʉè ʠ ʚʦʰʣʠ ʚ ʜʦʢʫʤʝʥʪʳ 

çʂʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ɸʉʋʊʇ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ɽʅʕʉè (2003 ʛ.) ʠ 

çʂʦʥʮʝʧʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʆɸʆ çʌʉʂ ɽʕʉè, ʦʜʦʙʨʝʥʥʳʝ 

ʇʨʘʚʣʝʥʠʝʤ ʢʦʤʧʘʥʠʠ.  ʕʪʠ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʳʭ 

ʧʦʜʩʪʘʥʮʠʡ. ɺʝʩʴ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦʩʫʱʝʩʪʚʣʝʥ ʪʦʣʴʢʦ ʧʦ ʮʠʬʨʦʚʳʤ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ (ʥʘ ʪʦʪ ʤʦʤʝʥʪ ï ʚ ʩʪʘʥʜʘʨʪʝ ʄʕʂ 60870-5-104).  ʉʠʩʪʝʤʳ 

ʨʝʘʣʠʟʫʶʪ ʫʛʣʫʙʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʈʇʅ, 

ʜʠʘʛʥʦʩʪʠʢʫ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʦʚʳʰʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠ ʨʫʯʥʦʝ (ʤʝʩʪʥʦʝ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ) ʫʧʨʘʚʣʝʥʠʝ ʈʇʅ ʠ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʧʨʠ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ɸʉʋʊʇ ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ ʠʤʝʣʘ ʩʚʦʝ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʢʦʤʧʴʶʪʝʨ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʧʦʣʥʷʣ ʬʫʥʢʮʠʠ ʰʣʶʟʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ɸʉʋʊʇ. ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ 

ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʣ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ɸʈʄ ʠ ʦʛʨʘʥʠʯʠʪʴʩʷ ʣʠʰʴ ʫʩʪʘʥʦʚʢʦʡ ʰʣʶʟʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʙʲʝʤʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʧʦʜʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʧʨʦʚʦʜʥʳʝ (RS485), ʪʘʢ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʩʚʷʟʠ, ʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ɸʉʋʊʇ 

ʦʙʲʝʢʪʦʚ ï ʨʘʟʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ (Modbus RTU,  ʄʕʂ 60870-

5-104 ʠʣʠ ʆʈʉ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝè ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʩʤʳʩʣʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ  ʥʘ ʩʝʛʦʜʥʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʘʥʳ, ʥʦ ʠ ʫʩʧʝʰʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʘ ʦʙʲʝʢʪʘʭ ɽʅʕʉ. ʊʨʘʜʠʮʠʦʥʥʳʤʠ, ʦʜʥʘʢʦ, ʦʩʪʘʣʠʩʴ 

ʩʧʦʩʦʙʳ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʦʙʤʦʪʦʢ ʠ ʚʳʭʦʜʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʨʝʣʝ ɹʫʭʛʦʣʴʮʘ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʠ 

ʦʪʩʝʯʥʳʝ ʢʣʘʧʘʥʳ ʠ ʪ.ʜ.) ʢ ʩʠʩʪʝʤʝ ʈɿɸ ʧʦʜʩʪʘʥʮʠʠ. ɿʘʜʘʯʝʡ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʚʩʝʭ ʚʥʫʪʨʠʧʦʜʩʪʘʥʮʠʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦ 

ʩʪʘʥʜʘʨʪʫ ʄʕʂ 61850.   

        ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʩ ʢʘʪʫʰʢʘʤʠ ʈʦʛʦʚʩʢʦʛʦ ʠʣʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ  

ʜʘʪʯʠʢʘʤʠ ʪʦʢʘ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʘʭ ʌʘʨʘʜʝʷ ʠ ʇʦʢʢʝʣʴʩʘ [2-

4]. ʊʘʢʠʝ ʜʘʪʯʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʣʠʥʝʡʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ (ʚʧʣʦʪʴ ʜʦ ʪʦʢʦʚ ʢ.ʟ.). ʇʦʵʪʦʤʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʜʘʪʯʠʢ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʢʘʢ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ, ʪʘʢ ʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʦʧʨʘʚʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʦʙʲʝʜʠʥʷʶʱʠʭ ʙʣʦʢʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʚ ʃɺʉ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʢʘʭ ʠ ʥʘʧʨʷʞʝʥʠʷʭ ʦʜʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʚʩʪʨʦʝʥʥʳʭ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ (ʊʊ), ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 

ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ, ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʪʢʘʟʘ ʦʪ ʦʙʳʯʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ  ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ. 
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ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ ʦʙʤʦʪʢʠ ʧʦʪʨʝʙʫʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʊʊ ï ʜʚʘ ʜʣʷ  

ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʟʘʱʠʪ ʠ ʦʜʠʥ ʜʣʷ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʉʠʛʥʘʣʳ 

ʧʝʨʚʳʭ ʜʚʫʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ʄʕʂ 61850-9.2LE  ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ  

ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 80 ʪʦʯʝʢ ʟʘ ʧʝʨʠʦʜ ʯʘʩʪʦʪʳ ʚ ʩʝʪʠ,  ʩʠʛʥʘʣʳ ʪʨʝʪʴʝʛʦ ï ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ 256 ʪʦʯʝʢ ʟʘ ʧʝʨʠʦʜ. ʋ ʪʠʧʦʚʳʭ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʦʢʠ ʯʝʪʳʨʝʭ ʦʙʤʦʪʦʢ ï ʥʘ ʩʪʦʨʦʥʘʭ ɺʅ, ʉʅ, ʅʅ ʠ 

ʚ ʦʙʱʝʡ ʦʙʤʦʪʢʝ. ɼʣʷ ʦʙʱʝʡ ʦʙʤʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 

ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ 

ʪʦʯʢʠ ʵʪʦʡ ʦʙʤʦʪʢʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʙʳʚʘʝʪ ʩʘʤʦʡ çʛʦʨʷʯʝʡè ʚ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. ʇʦʵʪʦʤʫ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʵʪʦʡ ʦʙʤʦʪʢʠ 

ʤʦʞʥʦ ʚ ʜʨʫʛʠʝ ʧʦʜʩʠʩʪʝʤʳ ʥʝ ʧʝʨʝʜʘʚʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʘʢʦʛʦ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʪʨʝʙʫʝʪʩʷ 9 ʦʙʲʝʜʠʥʷʶʱʠʭ ʙʣʦʢʦʚ. ʊʝʭʥʠʯʝʩʢʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʨʷʜ ʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʪʴ ʦʪʜʝʣʴʥʳʝ 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʙʣʦʢʠ ʜʣʷ ʚʳʜʘʯʠ ʚ ʃɺʉ ʢʘʞʜʦʡ ʪʨʝʭʬʘʟʥʦʡ ʛʨʫʧʧʳ ʪʦʢʦʚʳʭ 

ʩʠʛʥʘʣʦʚ. 

         ɸʧʧʘʨʘʪʫʨʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦʣʞʥʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʭʠʚʘ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʚʨʝʤʷ ʢʘʢ 

ʤʠʥʠʤʫʤ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʥʝʰʪʘʪʥʳʭ ʨʝʞʠʤʘʭ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʉʋʊʇ ʠʣʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦʜʩʪʘʥʮʠʠ (ʚʨʝʤʷ ʦʪ 2 ʩʫʪʦʢ ʜʦ 

ʦʜʥʦʡ ʥʝʜʝʣʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʦʯʝʚʠʜʥʦ, ʜʦʩʪʘʪʦʯʥʳʤ). 

        ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʝʨʝʭʦʜʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʥʘ 

ʧʦʜʩʪʘʥʮʠʷʭ ʧʦ ʩʪʘʥʜʘʨʪʫ ʄʕʂ 61850, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʯʠ ʚ ʩʠʩʪʝʤʫ ʈɿɸ ʩʠʛʥʘʣʦʚ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ, ʘ 

ʪʘʢʞʝ ʩʠʛʥʘʣʦʚ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ çʩʫʭʠʭè 

ʢʦʥʪʘʢʪʦʚ.ʆʩʦʙʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʙʫʝʪ ʚʦʧʨʦʩ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʙʣʦʢʘ 

(ʰʢʘʬʘ) ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʚ 

ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʅɸʋè, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
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ɺʩʪʫʧ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ, ʟ 

ʨʝʛʫʣʴʦʚʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʫ ʧʦʜʘʣʴʰʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ. ʉʘʤʘ ʩʠʩʪʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤ ʥʘʛʨʽʚʘʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ. ɺ ʩʫʯʘʩʥʦʤʫ ʞʠʪʪʽ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʝ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʥʘ ʧʨʠʢʣʘʜ 

ʪʝʨʤʦʤʝʪʨʠ ʽ ʥʘ ʪʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʟ ʥʠʤʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ,  

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʧʦʚʽʨʮʽ ʡ ʢʘʣʽʙʨʫʚʘʥʥʽ ʦʢʨʝʤʠʭ ʟ ʥʠʭ, ʘʙʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʩʽʻʾ 

ʧʘʨʪʽʾ ʚʠʨʦʙʽʚ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʪʘ ʢʦʨʝʢʪʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʩʪʦʨʦʥʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʜʘʥʘ ʩʠʩʪʝʤʘ. ʆʩʢʽʣʴʢʠ ʧʦʥʷʪʪʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʦʟʫʤʽʻ ʧʽʜ ʩʦʙʦʶ 

ʢʦʤʧʣʝʢʩ ʜʽʡ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʧʽʜ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʛʨʘʜʫʶʚʘʣʴʥʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʥʦʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʨʠʣʘʜʫ ʯʠ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ 

ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʧʦʢʘʟʘʥʥʷʤʠ ʧʨʠʣʘʜʫ ʪʘ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɸ ʪʦʤʫ ʜʘʥʘ 

ʢʣʽʤʘʪʠʯʥʘ ʢʘʤʝʨʘ ʻ ʟʨʫʯʥʠʤ ʪʘ ʰʚʠʜʢʠʤ ʚʠʨʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚ 

ʥʘʡʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ, ʪʘ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʤʬʦʨʪʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ɿʘ 

ʨʘʭʫʥʦʢ ʛʘʨʤʦʥʽʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʢʦʞʥʦʾ ʣʘʥʢʠ ʩʠʩʪʝʤʠ, ʷʢ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘʢ ʽ 

ʥʘʛʨʽʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʬʦʨʪʘʙʝʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʢʘʤʝʨʠ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʪʘʢʦʾ ʧʦʪʨʝʙʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ ʩʪʝʥʜʫ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʝʨʤʦʤʝʪʨʽʚ ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʩʪʝʥʜʫ, ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʛʣʷʥʫʪʦ ʡʦʛʦ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ. ʂʣʽʤʘʪʠʯʥʘ ʢʘʤʝʨʘ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʝʨʤʦʤʝʪʨʽʚ, ʦʪʨʠʤʫʻ ʧʦʢʘʟʠ ʟ ʜʘʪʯʠʢʘ ʪʘ ʧʝʨʝʜʘʻ ʧʦʢʘʟʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨ ʷʢʠʡ ʚ ʚʽʡ ʯʘʩ ʢʦʥʪʨʦʣʶʻ ʨʝʣʝ ʞʠʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 
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ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʨʤʦʧʘʨʠ ʪʘ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨʘ ʷʢʠʡ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠʤʝ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʪʘʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦ ʜʦʩʷʛʥʝʥʥʶ 

ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʥ ʚʠʤʢʥʝ ʞʠʚʣʝʥʥʷ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ . 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ. 

ʅʘʛʨʽʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʙʦʥʦʚʦʛʦ ʛʥʫʯʢʦʛʦ ʥʘʛʨʽʚʘʯʘ  ʷʢʠʡ 

ʙʫʚ ʦʙʨʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʾ ʽʥʝʨʮʽʾ. ʆʭʦʣʦʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʤʝʥʪʽʚ ʇʝʣʴʪʴʻ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʇʝʣʴʪʴʻ 

 ð ʚʠʥʠʢʥʝʥʥʽ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

.  

 
ʈʠʩ.3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʩʭʝʤʘ ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʻ. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʶʤʽʥʽʻʚʠʭ ʨʘʜʽʘʪʦʨʽʚ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ  ʪʘ ʧʽʜʽʙʨʘʥʦ ʢʦʤʧʦʥʝʥʪʠ  ʜʣʷ  

ʨʝʘʣʽʟʘʮʽʾ  ʩʪʝʥʜʫ . ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʫ ʩʪʝʥʜ ʧʦʢʘʟʘʚ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ  ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʙʦʪʠ ʟ ʪʝʨʤʦʤʝʪʨʘʤʠ . 

ʈʝʘʣʽʟʦʚʘʥʘ ʨʦʙʦʪʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʪʝʥʜ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʨʦʙʽʪ, 

ʚʽʜ  ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʝʨʤʦʤʝʪʨʽʚ ʜʦ ʧʝʨʝʚʽʨʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʧʦʪʨʽʙʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʃʽʪʝʨʘʪʫʨʘ. 

1.ɺʘʡʥʝʨ ɸ. ʃ. ñʂʘʩʢʘʜʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʭʦʣʦʜʘñ. 

2. ʉʽʙʽʢʽʥ ʖ.ɼ. ñʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚò - ʄ., 

ɺʠʱʘ ʰʢʦʣʘ, 1989.-303 ʩ. 

3. ʉʝʤʝʥʦʚ ɺ.ʖ.ò ʇʨʠʙʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭò. - ʉ. - ʇʝʪʝʨʙʫʨʛ: 

ʉʦʣʦʥ - ʈ, 2003  



ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 

39 

ʋɼʂ 621.328.08 
ʂʆɹʀʃʗʅʉʔʂʀʁ ʆ.ɺ. , ʇɸɺʃʀʐʀʅ ʄ.ɯ. 

ɺʀʉʆʂʆʄʆɹɯʃʔʅɸ ʃɸɹʆʈɸʊʆʈɯʗ ɹɯʆʉʌɽʈʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,ʂʠʾʚ, ʋʢʨʘʾʥʘ, prostachok19@gmail.com 

 

ɺʩʪʫʧ. ɿʤʽʥʠ ʢʣʽʤʘʪʫ ʧʣʘʥʝʪʠ ɿʝʤʣʷ ʟʘ ʦʩʪʘʥʥʽ 50 ʨʦʢʽʚ ʚʽʜʯʫʣʠ ʚʩʽ ʾʾ ʞʠʪʝʣʽ. 

ʅʘʡʙʽʣʴʰ ʚʽʜʯʫʪʥʦ ʮʽ ʟʤʽʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʨʦʟʙʘʣʘʥʩʽ ʧʨʠʨʦʜʥʦʾ ʨʽʚʥʦʚʘʛʠ ʥʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʮʝ ʽ ʩʥʽʛ ʚ ʉʘʭʘʨʽ, ʧʨʦʣʠʚʥʽ ʜʦʱʽ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ɭʚʨʦʧʽ, 

ʟʘʤʦʨʦʟʢʠ ʜʦ -10Áʉ ʚ ʋʢʨʘʾʥʽ ʚ ʩʝʨʝʜʠʥʽ ʪʨʘʚʥʷ ʪʘ ʽʥ. ʊʦʤʫ, ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʠʪʠ 

ʮʽ ʷʚʠʱʘ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʦʥʽʪʦʨʠʥʛʦʚʫ ʩʠʩʪʝʤʫ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʤ ʟʘʚʜʘʥʥʷʤ (ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ï ʮʝ ʦʢʨʝʤʽ ʧʨʠʣʘʜʠ, ʯʠ ʾʭ ʩʫʢʫʧʥʽʩʪʴ 

ʷʢʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʬʦʨʤʘʮʽʾ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣ̔ʪʠʯʥʠʡ ʦʛʣʷʜ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [1], 

ʧʽʜʪʚʝʨʜʞʫʻ ʪʝ, ʱʦ ʨʦʟʨʦʙʢʦʶ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ɯɺʉ ʟʘʡʤʘʻʪʴʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʽʜʥʠʭ ʫʩʪʘʥʦʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ.  

 
ʈʠʩ. 1. ɺʠʩʦʢʦʤʦʙʽʣʴʥʘ ɯɺʉ ʙʽʦʩʬʝʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʚʠʩʦʢʦʤʦʙʽʣʴʥʘ ɯɺʉ (ʈʠʩ. 1) ʨʦʟʤʽʱʝʥʘ ʥʘ ʰʘʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʽ ʩʪʨʫʢʪʫʨʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʧʽʜʩʠʩʪʝʤ: ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʛʨʦʨʦʙʦʪʘ, ʷʢʠʡ ʤʦʥʪʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʽ ʤʘʻ ʥʘ 

ʩʚʦʻʤʫ ʙʦʨʪʫ ʚʽʜʝʦʢʘʤʝʨʫ, ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʚ ʧʦʚʽʪʨʽ ï ʟʦʢʨʝʤʘ  ʪʘ ; ʽʪʝʣʝʢʪʫʘʣʴʥʦʾ ɯɺʉ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ̌ʨʫʥʪʫ ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ: ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10% ʜʦ 90% ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ 5%; ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ -5Áʉ ʜʦ +90Áʉ ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ 0,1Áʉ; ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ 

pH ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 14 ʟ ʘʙʩʦʣʶʪʥʦʶ ʧʦʭʠʙʢʦʶ 0,1; ʢʦʮʝʥʪʨʘʮʽʶ ʘʟʦʪʫ ʪʘ 

ʢʘʣʽʶ ʚ ʜʽʘʧʘʟʦʥʽ 5 ʤʛ/ ʜʦ 100 ʤʛ/ ʟ ʧʦʭʠʙʢʦʶ 1 ʤʛ/; ʧʽʜʩʠʣʶʚʘʯ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʷʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ; ʧʽʜʩʠʣʶʚʘʯ GPS; ʥʘʩʪʫʧʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʦʚʠʭ ɯɺʉ ʙʽʦʩʬʝʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ï ʮʝ ʥʘʙʽʨ ʥʘʩʪʫʧʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʦʮʽʥʢʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʪʘ 

ʚʦʜʠ (SX-751 ï ʜʝʨʞʨʝʻʩʪʨ ɿɺʊ ʋʢʨʘʾʥʠ ˉʋ2878-09 ʪʘ ʄʈ551 ï ʜʝʨʞʨʝʻʩʪʨ 

ɿɺʊ ʋʢʨʘʾʥʠ ˉʋ2877-09); ʦʢʨʝʤʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 

ʥʘ ʰʘʩʽ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʤʽʱʝʥʦ ʱʝ ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ 

ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ. 
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ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ɯɺʉ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ˇʨʫʥʪʫ, ʷʢʘ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʤʦʙʽʣʴʥʦʾ ɯɺʉ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩ. 2. ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ɯɺʉ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʨ̌ʫʥʪʫ 

 

ʅʘ ʈʠʩ. 2 ʧʦʟʥʘʯʝʥʦ: ʅʋ ï ʥʦʨʤʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ; ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ; RG ï ʨʝʛ̔ʩʪʨ; ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʽ M68HC12; ʎʆʋ  - 

ʮʠʬʨʦʚʠʡ ʚʽʜʣʽʢʦʚʠʡ ʧʨʠʩʪʨʽʡ; ɹʋ ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ. 

ʇʝʨʚʠʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʝʤʽ ʜʘʪʯʠʢʠ, 

ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʚʠʤʽʨʶʻ ʚʽʜʧʦʚʽʜʥʠʡ ʧʘʨʘʤʝʪʨ ʷʢʦʩʪʽ ʛʨʫʥʪʫ ï ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚʦʣʦʛʽʩʪʴ, ʚʦʜʥʝʚʠʡ ʨʽʚʝʥʴ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ï ʤʝʪʦʜ ʪʝʧʣʦʚʦʾ ʩʫʰʢʠ 

ˇʨʫʥʪʦʚʠʭ ʧʨʦʙ , ʚʦʜʥʝʚʦʛʦ ʨʽʚʥʷ ï ʥʘʧʨʫʛʠ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʤʽʞ ʤʝʪʘʣʘʤʠ ʪʘ ʥʝʨʦʟʯʠʥʝʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʩʦʣʝʡ.  

ʅʦʨʤʫʶʯʽ ʧʨʠʩʪʨʦʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʽʜʩʠʣʶʚʘʯʽ ʥʘʧʨʫʛʠ, ʷʢ ̔ ʻ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʜʘʪʯʠʢʽʚ. ɼʘʥʽ ʧʨʠʩʪʨʦʾ ʥʦʨʤʫʶʪʴ ʩʠʛʥʘʣ ʜʦ ʨʽʚʥʷ ʚʽʜ 0 ʜʦ 5 

V, ʱʦ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʥʘʥʥʷ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʮʠʬʨʦʚʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʫ ʧʝʨʝʪʚʦʨʠʪʴ ʚʙʫʜʦʚʘʥʠʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʪʘʢʦʞ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʦʤʫʪʘʪʦʨ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 

ʧʦʯʝʨʛʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ. ɸʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʘʥʦʾ ɯɺʉ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʘʟʦʚʠʤ ʚʠʤʦʛʘʤ 

ʚʠʢʣʘʜʝʥʠʤ ʚ [2]. 

ɺʠʩʥʦʚʦʢ. ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʩʦʢʦʤʦʙʽʣʴʥʦʾ ɯɺʉ ʙʽʦʩʬʝʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʦʟʚʦʣʷʻ ʾʡ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʙʽʦʩʬʝʨʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʾʾ ʧʨʦʩʪʦʪʘ 

ʪʘ ʚʦʜʥʦʯʘʩ ʤʦʙʽʣʴʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʟʘʚʜʘʥʴ ʚʦʜʥʦʯʘʩ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʙʘʛʘʪʴʦʭ ʚʣʘʩʥʠʭ ʪʘ ʜʝʨʞʘʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 
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ɺʩʪʫʧ. ɿʤ̔ʥʠ ʢʣʽʤʘʪʫ, ʚʠʢʣʠʢʘʥʽ ʛʣʦʙʘʣʴʥʠʤ ʧʦʪʝʧʣʽʥʥʷʤ ʧʨʠʟʚʝʣʠ ʜʦ 

ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʙʘʣʘʥʩʫ ʧʨʠʨʦʜʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʎʽ ʨʦʟʙʘʣʘʥʩʠ  ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʨʫʡʥʫʶʪʴ (ʚʽʪʨʦʚʘ ʪʘ ʚʦʜʷʥʘ ʝʨʦʟʽʷ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ)  

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ. ʇʽʩʣʷ ʚʠʩʽʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʚ 

ʤʽʩʮʷʭ ʚʽʪʨʦʚʦʾ ʘʙʦ ʚʦʜʷʥʦʾ ʝʨʦʟʽʾ ʚʽʜʩʫʪʥʽʡ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʦʚ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʤʘʩʰʪʘʙʽʚ (ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ) ʧʦʣʷ ʫʨʘʞʝʥʦʛʦ ʝʨʦʟʽʻʶ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ 

ʫʧʨʘʚʣʽʥʩʴʢʝ ʨʽʰʝʥʥʷ  ʧʨʦ ʧʝʨʝʩʽʚ ʯʠ ʟʘʣʠʰʝʥʥʷ ʡʦʛʦ ʙʝʟ ʟʤʽʥ.  

ʉʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʝʢʪʽʚ, ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʷʢʠʭ ï 

ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʨʦʟʧʦʜʽʣʝʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʟ ʝʣʝʤʝʥʪʘʤʠ ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʪʘʢ 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ çMARSè. ɼʦ ʩʢʣʘʜʫ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʭʦʜʠʪʴ ʧôʷʪʴ 

ʩʫʧʫʪʥʠʢʽʚ ʪʠʧʫ landsat ʪʘ ʫʢʨʘʾʥʩʴʢʠʡ ʩʫʧʫʪʥʠʢ çʉʽʯ - 2è.  

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʽʚ ʝʨʦʟʽʾ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʪʘ ʜʦʩʣʽʜʠʪʠ ʰʣʷʭʠ ʾʭ ʨʽʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʧʣʠʚʫ). 

ʈʝʟʫʣʴʪʘʪʠ.  ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʧʨʦʷʚʣʝʥʥʷ ʝʨʦʟʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ [ɼʉʊʋ ISO 14031:2004] 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʬʘʢʪʠ ʥʘʷʚʥʦʩʪʽ ʝʨʦʟʽʾ ʪʘ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʢʫʣʴʪʫʨʠ. ɯ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʦʚʫ,  ʘ  ʩʘʤʝ: ʫ ʤʽʩʮʷʭ ʝʨʦʟʽʾ ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ. ʆʩʢʽʣʴʢʠ, 

ʚ ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʽ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʫ ʟʥʘʭʦʜʞʝʥʥʷ 

ʝʨʦʟʽʾ, ʘʣʝ ʡ ʦʮʽʥʢʠ ʾʭ ʧʨʦʮʝʥʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ, ʪʦ ʘʚʪʦʨʠ 

ʧʨʦʧʦʥʫʶʪʴ ʜʚʘ ʧʽʜʭʦʜʠ: 

1) ɺʽʜʝʦ ʟʡʦʤʢʘ  ʧʦʚʝʨʭʥʽ ʧʦʣʷ (ʚ ʮʽʣʦʤʫ ʯʠ ʧʦ ʯʘʩʪʠʥʘʭ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʚʽʜʝʦ ʢʘʤʝʨ ʙʝʟʧʽʣʦʪʥʠʭ ʨʦʙʦʪʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʢʦʤʧôʶʪʝʨʥʦʶ ʦʙʨʦʙʢʦʶ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʦʮʽʥʢʦʶ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʰʪʘʙʽʚ 

ʝʨʦʟʽʡʦʚʘʥʦʾ  ʧʦʚʝʨʭʥʽ ʧʦʣʷ.  

2) ʃʦʢʘʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʷʚʣʝʥʴ ʝʨʦʟʽʾ ʟ ʬʽʢʩʫʚʘʥʥʷʤ ʾʭ 
ʢʦʦʨʜʠʥʘʪ (ʯʝʨʝʟ  ʙʦʨʪʦʚʫ ʩʠʩʪʝʤʫ GPS ʨʦʙʦʪʘ) ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʧʨʦʷʚʫ ʝʨʦʟʽʾ ʟ ʤʝʪʦʶ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʘ ʟ ʽʥʰʦʛʦ ï ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ 

ʪʘ ʭʘʨʘʢʪʝʨʫ ʝʨʦʟʽʾ.   

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʧʨʘʚʦ ʥʘ ʞʠʪʪʷ,  ʧʨʦʪʝ ʟ ʽʥʰʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʜʨʫʛʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʘʻ ʷʢ 

ʧʨʘʢʪʠʯʥʝ ʪʘʢ ʽ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ.  ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 
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ɀȬȶȿȷɈȾȱȾ ȬȮȣȬɂȣȵȹȴɁ ȣ ȶȺȽȸȣɃȹȴɁ ȽȴȽȾȱȸ ȹȾȿȿ çȶȻȣè 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʮʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʘ ɼʥʶ ʅʘʫʢʠ, 27 ï 29 ʪʨʘʚʥʷ 2017 ʨʦʢʫ 

42 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʚʘʜʨʦʢʦʧʪʝʨ Hubsan H502S FPV 2.4Ghz  ʽ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʝʦʦʙʣʘʜʥʘʥʥʷ. 

ʈʦʟʧʦʜʽʣʴʯʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ çMARSè ʚ ʥʘʡʪʦʯʥʽʰʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ Ñ10ʤ, 

ʱʦ ʥʝ ʟʘʚʞʜʠ ʟʘʜʦʚʦʣʴʥʷʻ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʆʩʢʽʣʴʢʠ 

ʧʦʭʠʙʢʘ ʧʦ ʧʣʦʱʽ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʜʝʩʷʪʦʾ ʛʝʢʪʘʨʘ ( > 0,1ʛʘ ).  

ʊʦʤʫ ʘʚʪʦʨʠ ʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʩʦʢʦ ʤʘʩʰʪʘʙʥʠʡ ʙʝʟʧʽʣʦʪʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʘʛʨʦʨʦʙʦʪ, ʥʘ ʷʢʦʤʫ ʢʨʽʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʝʦ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʤʽʱʫʶʪʴʩʷ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ (ʢʦʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʦʚʽʪʨʽ) ʪʘ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʘʭ (ʟʘʣʷʛʘʥʥʷ ʟʝʨʥʘ) ʚʽʜ 3 ʜʦ 10 

ʤʝʪʨʽʚ. (ʧʨʠ ʧʨʠʟʝʤʣʝʥʥʽ) 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚ ʨʦʙʦʪʽ ʪʘʢʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʘʛʨʦʨʦʙʦʪʘ ʻ ʪʝ, ʱʦ 

ʚʽʥ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʠʤʽʨʷʪʠ ʧʦʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ , ʘʣʝ ʽ 

ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ: ʚʠʤʽʨʶʻʤʦ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʚʽʜ 

ʟʤʽʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʘʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭ ʟʤʽʥ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʘʣʝ ʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʮʴʦʛʦ ʩʪʘʥʫ ʚ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʛʨʦʨʦʙʦʪʘ 

ʤʘʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ ʥʘʜ ʪʨʘʜʠʮʽʡʥʠʤʠ  ʤʝʪʦʜʘʤʠ , ʘ ʩʘʤʝ:  ʤʽʥʽʤʘʣʴʥʽ  ʟʘʪʨʘʪʠ 

ʯʘʩʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ (ʙʝʟ ʧʨʦʙʦ-ʧʽʜʩʪʘʥʦʚʢʠ, ʩʢʣʘʜʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ).  

ɺ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʙʦʨʪʦʚʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʝʨʚʠʥʥʽ-

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʬʽʨʤʠ çMetranè. 

ʅʘʷʚʥʽʩʪʴ ʚʽʜʝʦ ʩʠʩʪʝʤʠ ʥʘ ʙʦʨʪʫ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʛʨʦʨʦʙʦʪʘ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʅʘʧʨʠʢʣʘʜ, ʢʨʽʤ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʟʘʚʜʘʥʴ 

ʘʛʨʦʨʦʙʦʪ ʜʦʟʚʦʣʷʻ (ʩʧʽʣʴʥʦ ʟ ʧʘʢʝʪʦʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) 

ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʟʘʙʫʨôʷʥʝʥʦʩʪʽ ʧʦʩʽʚʽʚ ʘʙʦ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʩʽʚʽʚ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤʠ ʪʘ ʙʽʦʣʦʛʽʯʥʠʤʠ ʰʢʽʜʥʠʢʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʽʜ (ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ) ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʟ ʤʘʣʠʤʠ 

ʯʘʩʦʚʠʤʠ ʟʘʪʨʘʪʘʤʠ ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʠʭ ʩʪʘʥ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 
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ɺʩʪʫʧ. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʘʥʫ ʦʙôʻʢʪʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʩʫʯʘʩʥʦʶ 

ʢʦʥʮʝʧʮʽʻʶ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʧʦʪʨʝʙʫʻ ʧʨʦʮʝʜʫʨʠ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ ʪʘ ʧʨʦʮʝʜʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ. ɸʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ 

ʧʨʦʮʝʜʫʨʠ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʻ ʽʥʬʦʨʤʘʮʽʷ ʦʪʨʠʤʘʥʘ ʧʨʠ ʘʥʘʣʽʟʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʦʙôʻʢʪʘ. ʄʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʬʦʨʤʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ, ʜʦʟʚʦʣʷʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʟ ʽʥʰʦʛʦ ï ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʪʨʫʢʪʫʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʩʢʣʘʜʥʽʩʪʴ ʷʢʠʭ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʫʥʝʤʦʞʣʠʚʣʶʻ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʪʽʣʝʥʥʷ ʩʧʦʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʥʠʢʘʤ, 

ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʰʝ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʜʫʨʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʫ ʘʥʘʣʽʟʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ (ʨʠʩ. 1), ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷ 

ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʽʚ ʦʙôʻʢʪʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ. ɺ ʘʨʭʽʪʝʢʪʫʨʽ ʧʝʨʝʜʙʘʯʝʥʽ ʧʨʦʮʝʜʫʨʠ ʚʚʦʜʫ ʪʘ ʘʥʘʣʽʟʫ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ, ʧʨʦʮʝʜʫʨʠ ʩʠʥʪʝʟʫ ʯʠʩʝʣʴʥʦʾ ʪʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ  ̔

ʧʨʦʮʝʜʫʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʨʦʮʝʜʫʨ ʘʨʭʽʪʝʢʪʫʨʘ ʙʫʜʫʻʪʴʩʷ ʥʘ ʮʠʬʨʦʚʦʤʫ ʩʠʛʥʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʦʨʽ, ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ (ʨʦʙʦʯʘ ʩʪʘʥʮʽʷ) ʪʘ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ. ɼʦ ʩʢʣʘʜʫ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʚʭʦʜʷʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ (Measuring chanel), ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ (CPU), ʢʘʥʘʣ 

ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ (Direct Digital Synthesis). ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʘʥʘʣ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʦʙôʻʢʪʘ ʟ 

ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʜʦ ʮʠʬʨʦʚʦʾ ʬʦʨʤʠ ʧʦʜʘʥʥʷ. ʂʘʥʘʣ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʟ ʮʠʬʨʦʚʦʾ ʜʦ 

ʘʥʘʣʦʛʦʚʦʾ ʬʦʨʤʠ ʧʦʜʘʥʥʷ. ʎʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʚʠʢʦʥʫʻ ʢʝʨʫʚʘʥʥʷ ʚʚʦʜʦʤ ʽ 

ʚʠʚʦʜʦʤ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʨʘʥʩʣʷʮʽʶ ʤʦʜʝʣʴʦʚʘʥʠʭ ʩʪʘʥʽʚ ʦʙôʻʢʪʘ ʚʽʜ 

ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʪʘ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʛʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʙʦ 
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ʧʨʦʮʝʜʫʨʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʟʘʜʘʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʈʦʙʦʯʘ ʩʪʘʥʮʽʷ ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʘʥʘʣʽʟʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʙʘʟʠ ʤʦʜʝʣʝʡ ʩʪʘʥʽʚ 

ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ, ʟʘʙʝʟʧʝʯʫʻ ʟʘʛʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷʤ, ʬʦʨʤʫʚʘʥʥʷ, ʜʨʫʢ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʜʽʘʣʦʛ 

çʢʦʨʠʩʪʫʚʘʯ-ʢʦʤʧʣʝʢʩè  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʛʦ WIMP-ʽʥʪʝʨʬʝʡʩʫ. 

 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʫ ʘʥʘʣʽʟʫ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ 

 

ɸʥʘʣʽʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. ʂʦʨʝʢʪʥʽʩʪʴ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟ ʤʦʜʝʣʽ ʩʪʘʥʫ 

ʦʙôʻʢʪʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ. ɼʦ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ, ʧʨʠʩʫʪʥʽʩʪʴ 

ʧʝʨʽʦʜʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʥʦʨʤʘʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ [1]. ʆʮʽʥʶʚʘʥʥʷ ʮʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʜʙʘʯʝʥʦ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʷʢ 

ʦʢʨʝʤʘ ʧʨʦʮʝʜʫʨʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʫ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʨʤʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ, ʜʦ ʷʢʦʛʦ 

ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚ 

ʯʘʩʦʚʽʡ (ʮʠʬʨʦʚʘ ʬʽʣʴʪʨʘʮʽʷ) ʘʙʦ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ (ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ, ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ), ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ [2]. ʈʝʟʫʣʴʪʘʪʦʤ 

ʘʥʘʣʽʟʫ ʻ ʦʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʢʘʥʘʣʫ ʚʚʦʜʫ ʪʘ ʘʥʘʣʽʟʫ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ: ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ï ʜʦ 8; ʽʤʧʝʜʘʥʩ ʧʦ ʚʭʦʜʫ 1 ʄ/ 100 

pF; ʜʽʘʧʘʟʦʥ ʥʘʧʨʫʛʠ ʥʘ ʚʭʦʜʽ ʚʽʜ 1 V ʜʦ 10 V; ʘʪʝʥʶʘʪʦʨ ʚʽʜ 0 dB ʜʦ 60 dB ʟ 

ʜʠʩʢʨʝʪʥʽʩʪʶ 10 dB; ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʽʜ 2 Hz ʜʦ 20000 Hz; ʤʝʞʘ 

ʟʚʝʜʝʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ 2 %. 

ʉʠʥʪʝʟ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ. ʄʦʜʝʣʴ ʩʪʘʥʫ ʦʙôʻʢʪʘ 

ʩʠʥʪʝʟʫʻʪʴʩʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʝʪʘʧʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ: 


