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ʈɽʌɽʈɸʊ 

 ʆʪʯʝʪ 99 ʩʪʨ., 51 ʨʠʩ., 4 ʪʘʙʣʠʮ,r 11 ʠʩʪʦʯʥʠʢʦʚ, 3 ʧʨʠʣʦʞʝʥʠ.̫ 

 

ʌʀɿʀʂɸ ɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ, ʎɽʈʅ, ɹʆʃʔʐʆʁ ɸɼʈʆʅʅʓʁ ʂʆʃʃɸʁɼɽʈ, 

ʋʉʊɸʅʆɺʂɸ ɸʊʃɸʉ, ɾʀɼʂʆɸʈɻʆʅʆɺʓʁ ʂɸʃʆʈʀʄɽʊʈ, ɸɼʈʆʅʅʓʁ 

ʂɸʃʆʈʀʄɽʊʈ, ɼɽʊɽʂʊʆʈ ʇɽʈɽʍʆɼʅʆɻʆ ʀɿʃʋʏɽʅʀʗ, ʈɸɼʀɸʎʀʆʅʅɸʗ 

ʉʊʆʁʂʆʉʊʔ ʄɸʊɽʈʀɸʃʆɺ, ɻɸɿʆɺʓɽ ɼɽʊɽʂʊʆʈʓ, ʇʀʂʉɽʃʔʅʓɽ ɼɽʊɽʂʊʆʈʓ, 

ɼʈɽʁʌʆɺʓɽ ʊʈʋɹʂʀ, ʊʈʀɻɻɽʈ ɺʓʉʆʂʆɻʆ ʋʈʆɺʅʗ, ʉɽʊʔ ɻʈʀɼ, ʉʊɸʅɼɸʈʊʅɸʗ 

ʄʆɼɽʃʔ, ɹʆɿʆʅ ʍʀɻɻʉɸ 

 

ʆʙʲʝʢʪʦʤ ʇʅʀʕʈ ʷʚʣʷʶʪʩʷ ʜʝʪʝʢʪʦʨʳ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ 

ʢʦʣʣʘʡʜʝʨʝ (ɹɸʂ) ʚ ʎɽʈʅʝ, ʢʦʤʧʦʥʝʥʪʳ ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʦʚ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʫʩʪʘʥʦʚʢʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʘʥʦʚʢʠ 

ɸʊʃɸʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʠʨʫʝʤʦʡ ʧʦʚʳʰʝʥʥʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ʧʨʦʪʦʥ ï ʧʨʦʪʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʘ ʫʩʢʦʨʠʪʝʣʝ ɹɸʂ. 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʥʩʪʠʪʫʪʦʚ 

- ʫʯʘʩʪʥʠʢʦʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ɸʊʃɸʉ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ 

ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʪʯʸʪʝ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠ ̫ ʩʙʦʨʢʠ ʪʦʥʢʦʟʘʟʦʨʥʳʭ ʢʘʤʝʨ ʜʣʷ ʥʦʚʳʭ ʤʘʣʳʭ ʢʦʣʸʩ 

ʤʶʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ,  ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʝʥʜʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʥʢʦʟʘʟʦʨʥʳʭ ʢʘʤʝʨ, 

ʤʠʢʨʦʷʯʝʠʩʪʳʭ  ʢʘʤʝʨ, ʩʪʝʥʜ ʢʦʥʪʨʦʣʷ ʢʘʤʝʨ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ ʠ ʩʪʝʥʜ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʸʪʯʠʢʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʢʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʠʟ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʧʦʨʘʭ ɸʊʃɸʉ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʘʙʦʪ ʧʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʫ 

ʵʩʢʠʟʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʘʨʠʘʥʪʳ ʧʨʦʪʦʪʠʧʘ ʵʪʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤ rʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ 

ʜʝʪʝʢʪʦʨʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ. 

ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ - ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʚʝʪʦʚʳʭʦʜʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ. 

ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʳ  ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʨʘʟʚʦʜʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʤʦʜʫʣʝʡ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ,  ʚʳʧʦʣʥʝʥʘ 
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ʥʘʩʪʨʦʡʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ,  ʨʘʟʨʘʙʦʪʘʥʳ  ʠ 

ʠʟʛʦʪʦʚʣʝʥ rʩʧʝʮʠʘʣʴʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪ rʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʤʫ ʢʘʣʦʨʠʤʝʪʨʫ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ ʧʨʦʚʝʨʢʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ ʥʘ ʙʘʟʝ ʢʦʨʟʠʥʳ ATCA ʩʪʘʥʜʘʨʪʘ,  ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʧʘʨʪʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʣʷ ɾɸʂ. 

ɺʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ çʦʥ-

ʣʘʡʥè ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ ɾɸʂ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ɾɸʂ ʩ 

çʥʝʩʪʘʥʜʘʨʪʥʦʡè ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʘ; 

- ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤ ʢʦʥʪʨʦʣʷ ʥʘ ʙʘʟʝ ʧʨʦʪʦʪʠʧʘ ʈʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ ʈʉ; 

- ʨʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ɸɻʀʉ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʟʘʛʨʫʟʦʢ. 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʊɼʇʀ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ 

ɹɸʂ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʢʠʥʛʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʝʪʝʢʪʦʨʝ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʷʭ ʊɼʇʀ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʡ ʬʠʟʠʢʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʩʚʝʪʠʤʦʩʪʷʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʪʷʞʝʣʦʛʦ ʙʦʟʦʥʘ ʅʠʛʛʩʘ; 
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10.5 ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʊɼʇʀ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ɹɸʂéééééééééééééééééééé. 71 

10.6 ʆʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʢʠʥʛʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʝʪʝʢʪʦʨʝ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʝʚʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʷʭ 

ʊɼʇʀéééééééééééééééééééééééééééééé. 77 

10.7 ʆʧʪʠʤʠʟʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʡ 

ʬʠʟʠʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʧʨʠ 

ʚʳʩʦʢʠʭ ʩʚʝʪʠʤʦʩʪʷʭééééééééééééééééééééééé.. 79 

10.8 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʊɹʍéééééééééééééé 84 

 ɿʘʢʣʶʯʝʥʠʝ  éééééééééééééééééééé..ééééé........ 87 

 ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  éééééééééé..ééé..ééé 89 

 ʇʨʠʣʦʞʝʥʠʝ 1. ʕʩʢʠʟʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʚʘʨʠʘʥʪʳ ʧʨʦʪʦʪʠʧʘ 

ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ééééééééééééééééééééééééé 90 

 ʇʨʠʣʦʞʝʥʠʝ 2. ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʝʪʦʩʙʦʨʘ ʦʙʨʘʟʮʦʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ ɸʊʃɸʉ ééééééééééééééé. 97 

 ʇʨʠʣʦʞʝʥʠʝ 3. ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʷ ʧʘʨʪʠʠ ʧʨʦʙʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ 4 

ʪʠʧʦʚ ʜʣʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

(ɾɸʂ) ʜʝʪʝʢʪʦʨʘ ɸʊʃɸʉ ééééééééééééééééééééé.. 98 
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ʆʇʈɽɼɽʃɽʅʀʗ, ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʸʪʝ ʦ ʇʅʀʕʈ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ, ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

 

ɸʊʃɸʉ A Toroidal LHC Apparatus ï ʊʦʨʦʠʜʘʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʥʘ ɹɸʂ 

ɸʜʨʦʥʳ (ʦʪ ʜʨ.-ʛʨʝʯ. ŭɟɧɠ çʢʨʫʧʥʳʡè, çʤʘʩʩʠʚʥʳʡè) ï ʪʝʨʤʠʥ ʧʨʝʜʣʦʞʝʥ 

ʩʦʚʝʪʩʢʠʤ ʬʠʟʠʢʦʤ ʃ. ɹ. ʆʢʫʥʝʤ ʚ 1962 ʛʦʜʫ, ʜʣʷ ʢʣʘʩʩʘ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʩʠʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

ʂʦʣʣʘʡʜʝʨ (ʦʪ ʘʥʛʣ. collide ï ʩʪʘʣʢʠʚʘʪʴʩʷ) ï ʫʩʢʦʨʠʪʝʣʴ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʦʫʜʘʨʝʥʠʡ ʯʘʩʪʠʮ 

ʉʚʝʪʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨ ʫʩʢʦʨʠʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʠʮ ʠʟ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʦʚ, ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʕʤʠʪʪʘʥʩ (ʘʥʛʣ. emittance) ï ʯʠʩʣʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʨʘʚʥʘʷ ʦʙʲʸʤʫ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ï ʰʝʩʪʠʤʝʨʥʦʛʦ), ʟʘʥʠʤʘʝʤʦʛʦ ʵʪʠʤ ʧʫʯʢʦʤ. 

ʉʪʘʥʜʘʨʪʥʘʷ 

ʤʦʜʝʣʴ 

ʪʝʦʨʠʷ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʦʧʠʩʳʚʘʶʱʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, 

ʩʣʘʙʦʝ ʠ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ɹʦʟʦʥ ʍʠʛʛʩʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʥʘʣʠʯʠʝ ʤʘʩʩ ʫ ʩʝʙʷ ʩʘʤʦʡ ʠ 

ʜʨʫʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʯʘʩʪʠʮ 

ʊʨʠʛʛʝʨ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʜʝʪʝʢʪʦʨʘʤʠ, ʩʦʙʳʪʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʧʠʩʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʌʣʶʵʥʩ ʧʦʣʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʧʣʦʱʘʜʢʫ ʚ 1 ʩʤ
2
 ʚ 1 ʩʝʢ. 

ʂʘʣʦʨʠʤʝʪʨ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ. 

ʎʂʉʂ ʮʝʟʠʝʚʘʷ ʢʘʣʠʙʨʦʚʢʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ɾɸʂ ʞʠʜʢʦʘʨʛʦʥʦʚʳʡ ʢʘʣʦʨʠʤʝʪʨ 

ʂʍɼ ʢʚʘʥʪʦʚʘʷ ʭʨʦʤʦʜʠʥʘʤʠʢʘ ï ʪʝʦʨʠʷ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ATCA Advanced Telecommunications Computing Architecture ï ʩʪʘʥʜʘʨʪ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʎʇ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

ʎɸʇ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ɺʆʃʇ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʇʃʀʉ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ. 

ATHENA ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ (ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʟʘʜʘʯʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ. 
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ɺɺɽɼɽʅʀɽ 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʅʀʕʈ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳè, 

ʷʚʣʷʝʪʩʷ ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ʦʪ 20 ʦʢʪʷʙʨʷ 2014 ʛ. ˉ 14.610.21.0005 ʠ 

ʜʦʧʦʣʥʝʥʠʝ ˉ1 ʢ ʥʝʤʫ ʦʪ 25.05.2015. 

ʊʝʤʘ ʩʦʛʣʘʰʝʥʠʷ: çʉʦʟʜʘʥʠʝ ʩʚʝʨʭʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʧʝʨʜʝʪʝʢʪʦʨʘ ʥʦʚʳʭ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ ɸʊʃɸʉ ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ 

ʢʦʣʣʘʡʜʝʨʘ ʎɽʈʅ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʘʜʘ ʯʘʩʪʠʮè. 

ʂ ʨʘʙʦʪʘʤ ʧʦ ʫʢʘʟʘʥʥʦʡ ʪʝʤʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʠʩʧʦʣʥʠʪʝʣʝʡ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ: ʌɻɹʋ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ ʈɸʅ, ʌɻɹʋ ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. 

ʇ.ʅ.ʃʝʙʝʜʝʚʘ ʈɸʅ, ʆʙʲʝʜʠʥʸʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, çʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘè (ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ʠʤʝʥʠ ɼ.ɺ.ʉʢʦʙʝʣʴʮʳʥʘ), ʌɻɹʋ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. 

ʂʦʥʩʪʘʥʪʠʥʦʚʘè ʠ ʌɻɹʋ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï 

ʀʥʩʪʠʪʫʪ ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʌʠʟʠʢʠè. 

ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ ʥʘʯʘʪʳ ʜʘʚʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʧʦʩʣʝ 

ʟʘʧʫʩʢʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʚʳʧʦʣʥʝʥʠʷ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʪʝʢʪʦʨʦʚ ʚʝʜʸʪʩʷ 

ʪʘʢ, ʯʪʦʙʳ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʤʦʛʣʠ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʩʨʦʢʠ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʛʨʘʬʠʢʘʤʠ ʨʘʙʦʪ ʧʨʠ ʧʣʘʥʦʚʳʭ ʦʩʪʘʥʦʚʢʘʭ ʫʩʢʦʨʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʥʘʟʚʘʥʠʝ 

ʧʦʜʦʪʯʸʪʥʦʛʦ ʵʪʘʧʘ ï çʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʠʥʪʝʨʝʩʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʫʧʝʨʜʝʪʝʢʪʦʨʘ ɸʊʃɸʉ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚè ʥʝ ʚʧʦʣʥʝ ʦʪʨʘʞʘʝʪ ʚʝʩʴ ʩʧʝʢʪʨ 

ʚʳʧʦʣʥʷʚʰʠʭʩʷ ʨʘʙʦʪ, ʘ ʣʠʰʴ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʝʝ ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ɸʊʃɸʉ ʨʦʩʩʠʡʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʚʝʣʠʩʴ ʨʘʥʝʝ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ʦʪ ç14è ʤʘʨʪʘ 2012 ʛ. ˉ 11.519.11.6029 ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ 

ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʝʢʪʝ ɸʊʃɸʉè ʠ ʪʝʢʫʱʠʝ 

ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʦʜʦʣʞʝʥʠʝʤ. 

ʋʨʦʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʥʦʚʠʟʥʳ ʇʅʀʕʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʶʱʠʤ. 
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ɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ (ɹɸʂ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʮʝʥʪʨʝ ʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʎɽʈʅ), ʝʩʪʴ ʠ ʦʩʪʘʥʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʫʩʢʦʨʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʦʚʠʟʥʫ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʋʯʘʩʪʠʝ ʨʦʩʩʠʡʩʢʠʭ ʬʠʟʠʢʦʚ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʥʝʡ 

ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʧʦʟʠʮʠʠ ʈʦʩʩʠʠ ʚ ʘʚʘʥʛʘʨʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ.  

ʆʙʦʩʥʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʇʅʀʕʈ ʷʚʣʷʝʪʩʷ ʛʦʪʦʚʥʦʩʪʴ ʨʦʩʩʠʡʩʢʠʭ 

ʬʠʟʠʢʦʚ ʩʦʭʨʘʥʠʪʴ ʵʪʠ ʧʦʟʠʮʠʠ, ʧʨʦʜʦʣʞʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ɹɸʂ ʠ ʫʩʪʘʥʦʚʢʦʡ ɸʊʃɸʉ. 

ʆʪʯʸʪ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʟʙʠʝʥʠʝ ʥʘ ʨʘʟʜʝʣʳ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʫʥʢʪʘʤ ʧʣʘʥʘ ʛʨʘʬʠʢʘ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʩʦʛʣʘʰʝʥʠʷ. 

ʆʙʱʠʡ ʧʣʘʥ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ɸʊʃɸʉ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʥʘʰʝʤ ʦʪʯʸʪʝ ʟʘ 2014 ʛ. 

 ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʇʅʀʕʈ ʧʦ ʪʝʤʝ ʩʦʛʣʘʰʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʇʨʦʨʘʙʦʪʢʘ ʢʘʢ ʥʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ, ʪʘʢ ʠ ʧʫʪʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ɹɸʂ. 

- ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʫʢʝ ʠ 

ʩʦʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʢʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʨʦʩʩʠʡʩʢʠʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ, ʣʠʙʦ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʝʛʦ. 

- ʇʨʠʚʣʝʯʝʥʠʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʢ ʩʦʟʜʘʥʠʶ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ ʚ ʢʦʦʧʝʨʘʮʠʠ ʩ ʦʨʛʘʥʠʟʘʮʠʷʤʠ-ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʦʚ ʎɽʈʅ. 
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ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

1 ʇʅʀʕʈ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʤʘʣʳʭ ʢʦʣʸʩ 

1.1 ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʊɿʂ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʨʫʙʝʞʥʳʤʠ  ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʩʦʟʜʘʥʠʠ ʊɿʂ ʢʘʤʝʨ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʩʙʦʨʢʠ ʚ ʇʀʗʌ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʳʪʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ɸʊʃɸʉ, ʥʘʢʦʧʣʝʥʥʦʤ ʧʨʠ 

ʩʙʦʨʢʝ ʊɿʂ ʢʘʤʝʨ ʩʪʘʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʡʩʷ ʜʣʷ ʠʭ ʩʙʦʨʢʠ ʚ ʥʘʯʘʣʝ 2000-ʭ 

ʛʦʜʦʚ. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʯʝʩʪʴ, 

ʩʚʷʟʘʥʳ, ʚʦ-ʧʝʨʚʳʭ, ʩ ʪʦʯʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʠʧʦʚ ʚ ʢʘʞʜʦʡ ʢʘʤʝʨʝ 

ʢʚʘʜʨʫʧʣʝʪʘ ~ 40 ʤʢʤ. ɺ ʩʪʘʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨ ʢʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ ʥʝ ʠʤʝʣʘ ʩʪʨʠʧʦʚ ʠ 

ʜʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ɺʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʩ 

28,0 ʤʤ ʜʦ 21,4 ʤʤ, ʫʩʠʣʝʥʦ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʩʦ 100 ʤʢʤ ʜʦ 

50 ʤʢʤ. ɺ ʪʨʝʪʴʠʭ, ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʙʫʜʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʊɿʂ ʢʘʤʝʨʳ, 

ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʪʦʣʱʠʥʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ (FR4), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʩ 1,6 ʤʤ ʜʦ 1,32 ʤʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʅʄʂ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʅʦʚʳʝ ʄʶʦʥʥʳʝ ʂʦʣʝʩʘ ï 

ʅʄʂ), ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʊɿʂ ʢʘʤʝʨʳ ʚ ʜʝʪʝʢʪʦʨʝ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [1] ʠ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 - ʅʦʚʳʝ ʄʶʦʥʥʳʝ ʂʦʣʝʩʘ (ʅʄʂ) ï ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʊɿʂ 

ʢʘʤʝʨʳ ʚ ʜʝʪʝʢʪʦʨʝ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ. 

 

ɺʩʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʚʝ ʦʜʠʥʘʢʦʚʳʭ  ʩʪʨʫʢʪʫʨʳ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʦʚ. ʂʘʞʜʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ 8 ʙʦʣʴʰʠʭ ʠ 8 ʤʘʣʳʭ 

ʩʝʢʪʦʨʦʚ ʦʩʥʘʱʝʥʥʳʭ ʤʶʦʥʥʳʤʠ ʢʘʤʝʨʘʤʠ. ɹʦʣʴʰʠʝ ʠ ʤʘʣʳʝ ʩʝʢʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʘ 

ʩʣʦʷ ʩʦ ʩʜʚʠʛʦʤ ʧʦ ʫʛʣʫ, ʪʘʢ ʯʪʦʙʳ ʩʝʢʪʦʨʘ ʥʝʤʥʦʛʦ ʧʝʨʝʢʨʳʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʣʝʧʳʭ ʟʦʥ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʦ 

ʨʘʜʠʫʩʫ ʢʘʞʜʦʛʦ ʩʝʢʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʩʪʝʤʳ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʢʘʤʝʨ, ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʢʘʤʝʨ. ʂʘʞʜʳʡ ʩʝʢʪʦʨ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʣʦʷ ʢʘʤʝʨ. ɺʦ ʚʥʝʰʥʠʭ 

ʩʣʦʷʭ ʨʘʩʧʦʣʦʞʝʥʳ ʊɿʂ ʢʘʤʝʨʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʠʢʨʦ ʷʯʝʠʩʪʳʝ ʢʘʤʝʨʳ 

(ʄʀʂ). ʊɿʂ ʢʘʤʝʨʳ ʦʙʨʘʟʫʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʠ ʜʠʩʢʘ. ʂʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʜʚʫʭ ʚʥʝʰʥʠʭ ʜʠʩʢʘʭ, ʥʘʟʳʚʘʶʪʩʷ  ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ (Confirmation). ʊɿʂ ʢʘʤʝʨʳ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʠʩʢʝ ʥʘʟʳʚʘʶʪʩʷ ʙʘʟʦʚʳʤʠ (Pivot). ɺ ʙʘʟʦʚʳʭ ʢʘʤʝʨʘʭ 

ʨʘʟʤʝʨ ʧʣʦʱʘʜʦʢ ʥʘ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʘʜʳ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ, 

ʤʝʥʴʰʝ ʯʝʤ ʚ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʢʘʤʝʨʘʭ. ʂʘʞʜʳʡ ʩʝʢʪʦʨ ʨʘʟʜʝʣʝʥ ʥʘ ʯʝʪʳʨʝ ʪʠʧʘ ʊɿʂ 

ʢʘʤʝʨ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʦʤ (ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʨʘʟʥʳʤ ʮʚʝʪʦʤ). ʂʘʞʜʳʡ ʪʠʧ 

ʊɿʂ ʢʘʤʝʨ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʜʥʦʩʣʦʡʥʳʭ ʢʘʤʝʨ ʠ ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʜʨʫʧʣʝʪ. ʂʘʞʜʘʷ 

ʦʜʥʦʩʣʦʡʥʘʷ ʢʘʤʝʨʘ ʩʦʜʝʨʞʠʪ ʘʥʦʜʥʳʝ ʧʨʦʚʦʣʦʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʘʜʠʘʣʴʥʦ ʠ ʜʚʝ 
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ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ. ʆʜʥʘ ʠʟ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʨʘʟʜʝʣʝʥʘ ʥʘ ʧʣʦʱʘʜʢʠ (ʧʘʜʳ), ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʩʝʚʜʦʙʳʩʪʨʦʪʳ, ʘ ʜʨʫʛʘʷ ʥʘ ʧʦʣʦʩʳ (ʩʪʨʠʧʳ). 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʠʛʥʘʣʳ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ, ʧʘʜʦʚ ʠ ʩʪʨʠʧʦʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʥʘʥʝʩʝʥʠʶ ʛʨʘʬʠʪʘ ʥʘ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʂʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʣʠʩʪʦʚ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ (ʪʠʧʘ FR4 ʢʣʘʩʩ 3), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ. ɼʣʷ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʬʨʝʟʝʨʦʚʢʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʨʠʧʳ/ʧʘʜʳ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ ʪʦʣʱʠʥʦʡ 1,3/1,1 ʤʤ. ʅʘ ʩʪʦʨʦʥʝ ʣʠʩʪʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʨʠʧʳ ʠ ʧʘʜʳ, ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TEDLAR 

(ʧʦʣʠʚʠʥʠʣ ʬʣʶʦʨʠʜ) ʬʠʢʩʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʣʠʩʪ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʪʦʣʱʠʥʦʡ 

200 ʤʢʤ. ʂʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʇʀʗʌ ʜʣʷ ʩʙʦʨʢʠ ʢʘʤʝʨ ʠʟ ɽʚʨʦʧʝʡʩʢʦʛʦ ʎʝʥʪʨʘ ʗʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʎɽʈʅ). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʈʠʩʫʥʦʢ 2 ʧʦʢʘʟʘʥ ʯʝʨʪʝʞ ʦʜʥʦʡ ʠʟ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩ ʧʘʜʘʤʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 - ʏʝʨʪʝʞ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʘʜʘʤʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʢ ʥʘʧʳʣʝʥʠʶ ʥʘ ʥʠʭ 

ʛʨʘʬʠʪʘ. ɻʨʘʬʠʪ ʥʘʧʳʣʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʫ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʸʥ ʥʝʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʡ ʣʠʩʪ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʥʘʧʳʣʝʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʥʠʪʥʳʡ 
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ʩʪʦʣ c ʧʣʦʩʢʦʩʪʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 20 ʤʢʤ. ʂʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʦʣ ʠ ʟʘʪʝʤ 

ʦʯʠʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɻʨʘʥʠʪʥʳʡ ʩʪʦʣ ʦʩʥʘʱʝʥ ʩʧʝʮʠʘʣʴʥʦʡ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʞʘʪʴ ʢʘʪʦʜʥʫʶ ʧʣʦʩʢʦʩʪʴ ʢ ʩʪʦʣʫ. ʆʯʠʩʪʢʘ 

ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʝʨʯʘʪʢʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚ 

ʯʠʩʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʇʣʦʩʢʦʩʪʥʦʩʪʴ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʦʯʥʦʡ ʣʠʥʝʡʢʠ ʠ ʱʫʧʘ ʪʦʣʱʠʥʦʡ 50 ʤʢʤ. ʄʝʩʪʘ, ʥʘ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʥʘʩʧʳʣʷʪʴʩʷ ʛʨʘʬʠʪ 

ʟʘʢʨʳʚʘʶʪʩʷ ʢʦʥʜʫʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʨʘʤʢʘʤʠ. ʄʝʩʪʘ, ʥʘ 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʢʣʝʠʚʘʪʴʩʷ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ, ʟʘʢʨʳʚʘʶʪʩʷ 

ʩʘʤʦʢʣʝʶʱʝʡʩʷ ʣʝʥʪʦʡ ʰʠʨʠʥʦʡ 3,2 ʤʤ. ɿʘʪʝʤ, ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ ʫʜʘʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ. 

ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʨʘʤʢʠ ʤʝʩʪʦ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʘ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ, 

ʟʘʢʨʳʚʘʝʪʩʷ ʪʘʢʞʝ ʩʘʤʦʢʣʝʶʱʝʡʩʷ ʣʝʥʪʦʡ. 

ʅʘʧʳʣʝʥʠʝ ʛʨʘʬʠʪʘ ʥʘ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʅʘʧʳʣʝʥʠʝ ʛʨʘʬʠʪʘ ʥʘ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 25°1 
0
ʉ ʠ ʚʣʘʞʥʦʩʪʴ 25°1%. ɼʚʘ ʢʦʤʧʦʥʝʥʪʘ 

ʛʨʘʬʠʪʦʚʦʡ ʩʤʝʩʠ ʣʘʢ ʠ ʛʨʘʬʠʪ, ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʂʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʝʨʷʝʪʩʷ ʧʫʪʝʤ ʥʘʧʳʣʝʥʠʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʪʝʩʪʦʚʳʡ ʣʠʩʪ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ. ʇʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʪʝʩʪʦʚʳʡ ʣʠʩʪ ʦʙʜʫʚʘʝʪʩʷ ʩʫʭʠʤ ʚʦʟʜʫʭʦʤ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʠ ʟʘʪʝʤ ʠʟʤʝʨʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʥʝʩʝʥʥʦʛʦ ʛʨʘʬʠʪʦʚʦʛʦ 

ʩʣʦʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 100 ʢʆʤ/ʩʤ
2
 ʩ ʪʦʯʥʦʩʪʴʶ °10%. ɿʘʪʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʧʳʣʝʥʠʝ ʛʨʘʬʠʪʘ ʥʘ ʢʘʪʦʜʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʇʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʢʘʪʦʜʥʘʷ 

ʧʣʦʩʢʦʩʪʴ ʩʦʭʥʝʪ ʥʝ ʤʝʥʝʝ 12 ʯʘʩʦʚ. 

ʇʦʣʠʨʦʚʢʘ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ  

ʂʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʩʪʦʣʝ ʩ ʧʣʦʩʢʦʩʪʥʦʩʪʴʶ ~100 ʤʢʤ. ʉ ʢʘʪʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʫʜʘʣʷʝʪʩʷ ʩʘʤʦʢʣʝʶʱʘʷʩʷ ʣʝʥʪʘ, ʟʘʱʠʱʘʚʰʘʷ ʦʪ ʥʘʧʳʣʝʥʠʷ ʤʝʩʪʘ, ʥʘ ʢʦʪʦʨʳʝ 

ʧʨʠʢʣʝʠʚʘʶʪʩʷ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠʩʪʫʧʘʶʪ ʢ ʠʟʤʝʨʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʣʞʥʘ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 90-

110 ʢʆʤ/ʩʤ
2
. ɽʩʣʠ ʝʩʪʴ ʪʦʯʢʠ, ʛʜʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʰʝ, ʪʦ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʣʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʡ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʢʠ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʦ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɽʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʥʴʰʝ 90 ʢʆʤ/ʩʤ
2
, 

ʥʦ ʙʦʣʴʰʝ, ʯʝʤ 80 ʢʆʤ/ʩʤ
2
, ʠ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʪʦ ʢʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ. ɽʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʞʝ 80 ʢʆʤ/ʩʤ
2 
ʚ 

ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʪʦʯʢʝ, ʪʦ ʛʨʘʬʠʪʦʚʦʝ ʧʦʢʨʳʪʠʝ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠ ʧʨʦʮʝʜʫʨʘ ʥʘʧʳʣʝʥʠʷ ʧʦʚʪʦʨʷʝʪʩʷ. ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʥʦʩʷʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 
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ʂʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʧʨʝʮʠʟʠʦʥʥʦʤ ʛʨʘʥʠʪʥʦʤ ʩʪʦʣʝ, ʩʪʦʨʦʥʦʡ ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʥʝʩʝʥ ʛʨʘʬʠʪ ʢʚʝʨʭʫ, ʠ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʪʦʣʫ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ ʦʯʠʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʩʪʘʪʠʯʝʩʢʦʡ ʙʫʤʘʛʠ. ɺʥʝʰʥʷʷ ʨʘʤʘ 

ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʰʪʠʬʪʦʚ, ʘ ʟʘʪʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʥʜʫʢʪʦʨʳ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʤʝʩʪʘ, ʛʜʝ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ (ʚ ʚʠʜʝ ʢʥʦʧʦʢ) ʦʯʠʱʘʶʪ 

ʦʪ ʛʨʘʬʠʪʘ, ʧʨʠ ʵʪʦʤ ʩ ʧʦʤʦʱʴʶ ʧʳʣʝʩʦʩʘ ʫʜʘʣʷʝʪʩʷ ʧʳʣʴ. ʕʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʠ 

ʦʪʚʝʨʜʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʠʢʣʝʡʢʠ ʨʘʤʦʢ ʠ ʧʦʜʜʝʨʞʝʢ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ, 

ʩʤʝʰʠʚʘʶʪ ʠ ʦʪʢʘʯʠʚʘʶʪ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥʫʪ. ʂʣʝʡ ʥʘʥʦʩʠʪʩʷ ʥʘ ʨʘʤʢʠ ʠ ʧʦʜʜʝʨʞʢʠ 

ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʦʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʦʣʱʠʥʫ ʥʘʥʝʩʝʥʥʦʛʦ ʢʣʝʷ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ ʨʘʤʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ 

ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʚʝʨʭʫ ʩʪʦʣ ʟʘʢʨʳʚʘʝʪʩʷ ʚʘʢʫʫʤʥʦʡ ʧʣʝʥʢʦʡ (ʩʤ. ʈʠʩʫʥʦʢ 3), ʠʟ-ʧʦʜ 

ʢʦʪʦʨʦʡ ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ.  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 - ʇʨʝʮʠʟʠʦʥʥʳʡ ʛʨʘʥʠʪʥʳʡ ʩʪʦʣ, ʟʘʢʨʳʪʳʡ ʚʘʢʫʫʤʥʦʡ ʧʣʝʥʢʦʡ ʠʟ-ʧʦʜ ʢʦʪʦʨʦʡ 

ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʞʠʤ ʨʘʤʦʢ ʠ ʧʦʜʜʝʨʞʝʢ ʢ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʆʙʨʘʟʝʮ ʢʣʝʷ ʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʩʪʦʣʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʟʘʪʚʝʨʜʝʥʠʝ. ʏʝʨʝʟ 10 

ʯʘʩʦʚ ʧʨʦʚʝʨʷʝʪʩʷ ʟʘʪʚʝʨʜʝʥʠʝ ʦʙʨʘʟʮʘ ʢʣʝʷ ʠ ʩʥʠʤʘʝʪʩʷ ʚʘʢʫʫʤ ʧʦʜ ʧʣʝʥʢʦʡ. ɼʣʷ ʢʘʪʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦ ʩʪʨʠʧʘʤʠ ʜʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʘʷʪʴ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʩʪʨʠʧʘʤʠ. ʊʦʣʱʠʥʘ ʨʘʤʢʠ ʧʨʠʢʣʝʝʥʥʦʡ ʢ ʢʘʪʦʜʫ ʠʟʤʝʨʷʝʪʩʷ ʚ 19 ʪʦʯʢʘʭ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʢʘʪʦʜʘ. ʊʦʣʱʠʥʘ ʥʝ ʜʦʣʞʥʘ ʠʟʤʝʥʷʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʤʢʤ. 

ʅʘʤʦʪʢʘ ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ  

ɺ ʢʘʯʝʩʪʚʝ ʘʥʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʦʣʦʯʝʥʘʷ ʧʨʦʚʦʣʦʢʘ ʠʟ ʚʦʣʴʬʨʘʤʘ 

ʜʠʘʤʝʪʨʦʤ 50 ʤʢʤ. ɼʚʝ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʧʦʤʝʱʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 
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ʚʨʘʱʘʶʱʠʡ ʩʪʦʣ ʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʩʪʦʣʫ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʥʘʤʦʪʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʪʷʞʝʥʠʝ 

ʧʨʦʚʦʣʦʢʠ 400 ʛʨʘʤʤ. ʅʘʤʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ 8õ12 ʯʘʩʦʚ. ʇʦʩʣʝ ʥʘʤʦʪʢʠ ʘʥʦʜʥʳʝ 

ʧʨʦʚʦʣʦʢʠ ʧʨʠʧʘʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʧʦʷ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʣʶʩʘ ʠ 

ʦʙʨʝʟʘʶʪʩʷ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʬʣʶʩʘ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʧʨʦʤʳʚʘʶʪʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɼʘʣʝʝ ʧʨʠʩʪʫʧʘʶʪ ʢ ʧʨʦʚʝʨʢʝ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʣʦʢ. ɼʣʷ ʵʪʦʛʦ ʩʪʦʣ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʩʥʠʤʘʝʪʩʷ ʚʘʢʫʫʤ ʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʦʣʘ.  

ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʚʩʝʭ ʧʨʦʚʦʣʦʢ ʥʘ ʧʨʝʜʤʝʪ ʧʨʦʚʠʩʘʥʠʷ, ʟʘʤʳʢʘʥʠʷ ʩ 

ʢʘʪʦʜʦʤ, ʠʟʣʦʤʦʚ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ʇʦʚʨʝʞʜʝʥʥʳʝ ʧʨʦʚʦʣʦʢʠ ʟʘʤʝʥʷʶʪʩʷ. 

ʉʙʦʨʢʘ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ 

 ʅʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʦʯʠʱʝʥʥʳʝ ʢʘʪʦʜʳ, ʦʜʠʥ ʩ ʥʘʤʦʪʘʥʥʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʘ ʚʪʦʨʦʡ - 

ʙʝʟ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʢʠ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ. ʉʙʦʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʯʠʩʪʦʡ 

ʢʦʤʥʘʪʝ. ʂʘʪʦʜ ʩ ʧʨʦʚʦʣʦʢʘʤʠ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʧʨʝʮʠʟʠʦʥʥʳʡ ʛʨʘʥʠʪʥʳʡ ʩʪʦʣ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʟʘʞʠʤʥʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ. ʉ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʘ ʢʘʪʦʜ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʪʦʣʫ. ʅʘ ʛʨʫʧʧʳ 

ʘʥʦʜʥʳʭ ʧʨʦʚʦʣʦʢ ʨʘʩʧʘʠʚʘʶʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʨʝʟʠʩʪʦʨʳ. ʄʝʩʪʘ ʨʘʩʧʘʡʢʠ ʦʯʠʱʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʩʫʰʘʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʫʭʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʀʟʤʝʨʷʝʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʚʭʦʜʦʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʣʦʱʘʜʢʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʧʘʷʥʘ 

ʛʨʫʧʧʘ ʧʨʦʚʦʣʦʢ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 10 ʄʆʤ °1%. ʀʟʤʝʨʷʝʪʩʷ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʛʨʫʧʧʘʤʠ ʧʨʦʚʦʣʦʢ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 20 ʄʆʤ. ʈʘʩʧʘʷʥʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʢʨʳʚʘʶʪʩʷ ʟʘʱʠʪʥʳʤ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʣʘʢʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʧʨʦʚʦʣʦʢʠ ʧʦʜʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ 2,9 ʢɺ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʠʟʫʘʣʴʥʦ ʫʙʝʜʠʣʠʩʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʙʦʝʚ 

(ʠʩʢʨ) ʤʝʞʜʫ ʧʨʦʚʦʣʦʢʘʤʠ, ʚʳʧʦʣʥʷʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʦʧʝʨʘʮʠʠ. ʅʘ ʢʘʪʦʜʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩ 

ʧʘʜʘʤʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʫʶ ʥʘ ʩʪʦʣʝ ʧʦʤʝʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʰʪʠʬʪʦʚ ʚʪʦʨʘʷ 

ʢʘʪʦʜʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦ ʩʪʨʠʧʘʤʠ. ʇʦʚʝʨʭ ʚʪʦʨʦʡ ʢʘʪʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ c ʧʦʤʦʱʴʶ 

ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʧʫʩʢʘʝʪʩʷ ʧʣʠʪʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʭʦʥʠʢʦʤʙ), 

ʚʦʟʜʫʭ ʠʟ ʢʦʪʦʨʦʡ ʦʪʢʘʯʠʚʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʧʨʠʞʠʤ ʢ ʧʣʠʪʝ ʚʝʨʭʥʝʡ ʢʘʪʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʪʦʜʥʳʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ. ʉʚʝʨʭʫ ʦʙʝ ʧʣʦʩʢʦʩʪʠ ʟʘʢʨʳʚʘʶʪʩʷ ʚʘʢʫʫʤʥʦʡ ʨʝʟʠʥʦʡ, ʠʟ-ʧʦʜ ʢʦʪʦʨʦʡ 

ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʜ ʚʘʢʫʫʤʥʫʶ ʨʝʟʠʥʫ ʟʘʢʘʯʠʚʘʝʪʩʷ ʨʘʙʦʯʠʡ ʛʘʟ 55% 

CO2+45% n-ʧʝʥʪʘʥ ʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 3,3 ʢɺ. ʇʣʦʩʢʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʜ 

ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʝ ʤʝʥʝʝ 12 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʢʣʶʯʘʝʪʩʷ ʠ 

ʠʟ-ʧʦʜ ʨʝʟʠʥʳ ʫʜʘʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʛʘʟ, ʘ ʧʣʦʩʢʦʩʪʠ ʨʘʟʙʠʨʘʶʪʩʷ. ɺʳʧʦʣʥʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʣʦʩʢʦʩʪʝʡ ʠ ʧʨʦʚʦʣʦʢ ʥʘ ʧʨʝʜʤʝʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʧʨʦʙʦʝʚ. ʄʝʩʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʦʙʦʠ, ʨʝʤʦʥʪʠʨʫʶʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʚʪʦʨʷʝʪʩʷ ʩʙʦʨʢʘ ʧʣʦʩʢʦʩʪʝʡ, 
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ʥʦ ʫʞʝ ʩ ʢʣʝʝʤ ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʫʪʝʤ ʦʪʢʘʯʢʠ ʫʜʘʣʝʥ ʚʦʟʜʫʭ. ʂʘʪʦʜʥʳʝ 

ʧʣʦʩʢʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʘ ʩʪʦʣʝ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɿʘʪʝʤ ʫʜʘʣʷʝʪʩʷ 

ʚʘʢʫʫʤʥʘʷ ʨʝʟʠʥʘ ʠ ʚʝʨʭʥʷʷ ʧʣʠʪʘ. ʆʜʠʥ ʩʣʦʡ ʢʘʤʝʨʳ  ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʧʨʠʞʘʪʳʤ ʢ 

ʛʨʘʥʠʪʥʦʤʫ ʩʪʦʣʫ ʟʘ ʩʯʝʪ ʚʘʢʫʫʤʥʦʛʦ ʧʨʠʞʠʤʘ. ʊʝʧʝʨʴ ʧʨʠʩʪʫʧʘʶʪ ʢ ʠʟʤʝʨʝʥʠʶ 

ʧʣʦʩʢʦʩʪʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 19 ʪʦʯʢʘʭ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʘʤʝʨʳ. ʊʦʣʱʠʥʘ ʦʜʥʦʛʦ 

ʩʣʦʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 5,95°0,05 ʤʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʜʥʦʩʣʦʡʥʘʷ ʢʘʤʝʨʘ ʩʥʠʤʘʝʪʩʷ ʩ 

ʛʨʘʥʠʪʥʦʛʦ ʩʪʦʣʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʣʝʞʢʝ.  

ɻʝʨʤʝʪʠʟʘʮʠʷ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʪʦʜʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʘʢʢʫʨʘʪʥʦ ʧʨʦʢʣʝʠʚʘʝʪʩʷ. ʏʝʨʝʟ 

ʧʷʪʴ ʯʘʩʦʚ, ʦʧʝʨʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ. ɺʢʣʝʠʚʘʶʪʩʷ ʪʘʢʞʝ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʛʘʟʦʚʳʝ 

ʢʦʥʥʝʢʪʦʨʳ. ʇʦʩʣʝ ʧʨʦʢʣʝʡʢʠ ʧʨʠʩʪʫʧʘʶʪ ʢ ʠʩʧʳʪʘʥʠʶ ʩʦʙʨʘʥʥʦʡ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ ʥʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʤʝʨʫ ʧʦʜʘʶʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʪʘʢ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 6 ʤʙʘʨ. ʇʦʩʣʝ ʯʝʛʦ, ʟʘʢʨʳʚʘʶʪʩʷ ʚʭʦʜ ʠ ʚʳʭʦʜ ʛʘʟʘ ʠʟ ʢʘʤʝʨʳ, ʧʨʠ 

ʵʪʦʤ ʠʟʤʝʨʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ. ɼʘʚʣʝʥʠʝ ʥʝ ʜʦʣʞʥʦ ʧʘʜʘʪʴ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 1 ʤʙʘʨ ʟʘ 5 

ʤʠʥʫʪ. ʇʨʠ ʙʦʣʴʰʝʤ ʧʘʜʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʠʱʝʪʩʷ ʧʨʠʯʠʥʘ ʠ ʤʝʩʪʦ ʫʪʝʯʢʠ ʠ ʧʦʚʪʦʨʷʝʪʩʷ 

ʦʧʝʨʘʮʠʷ ʧʨʦʢʣʝʡʢʠ ʚ ʤʝʩʪʝ ʫʪʝʯʢʠ ʛʘʟʘ. 

ʀʩʧʳʪʘʥʠʷ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ 

ʆʜʥʦʩʣʦʡʥʘʷ ʢʘʤʝʨʘ ʧʨʦʜʫʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 12 ʯʘʩʦʚ ʨʘʙʦʯʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ.  ɿʘʪʝʤ ʥʘ 

ʢʘʤʝʨʫ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 3,3 ʢɺ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 7 ʜʥʝʡ. ɺ ʪʝʯʝʥʠʠ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʝʚʳʰʝʥʠʷ ʪʦʢʘ ʠ ʧʨʦʙʦʝʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʢʘʤʝʨʫ 

ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 2,9 ʢɺ ʠ ʠʟʤʝʨʷʝʪʩʷ ʪʝʤʥʦʚʦʡ ʪʦʢ. ɺʝʣʠʯʠʥʘ ʪʦʢʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠʩʪʫʧʘʶʪ ʢ ʩʢʘʥʠʨʦʚʘʥʠʶ ʢʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 

ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʘʟʦʚʦʛʦ ʫʩʠʣʝʥʠʷ ʚ ʢʘʤʝʨʝ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2,5 ʢɺ. 

ʉʙʦʨʢʘ ʢʚʘʜʨʫʧʣʝʪʘ. 

ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʉʥʘʯʘʣʘ ʩʦʙʠʨʘʶʪʩʷ ʜʚʘ ʜʫʙʣʝʪʘ, ʘ ʟʘʪʝʤ 

ʦʥʠ ʩʢʣʝʠʚʘʶʪʩʷ ʚʤʝʩʪʝ. ʂʘʞʜʳʡ ʜʫʙʣʝʪ ʩʦʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʢʘʪʦʜʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩ 

ʧʘʜʘʤʠ ʙʳʣʠ ʩʥʘʨʫʞʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʤʝʪʴ ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʢ ʦʜʥʦʡ ʠʟ ʢʘʪʦʜʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʧʨʠʢʣʝʠʚʘʝʪʩʷ ʩʦʪʦʚʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʜʝʣʘʥʥʳʡ ʠʟ ʢʘʨʪʦʥʘ (ʭʦʥʠʢʦʤʙ). ɼʣʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʥʠʪʥʳʡ ʩʪʦʣ, ʥʘ 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʜʥʦʩʣʦʡʥʘʷ ʢʘʤʝʨʘ ʧʦʜ ʚʘʢʫʫʤʥʳʤ ʧʨʠʞʠʤʦʤ. ʅʘ ʧʣʦʩʢʦʩʪʴ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʰʪʠʬʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʜʝʚʘʝʪʩʷ ʨʘʤʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʘʤʝʨʳ. 

ʐʪʠʬʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʢʘʤʝʨʳ. ɺʥʫʪʨʴ ʨʘʤʢʠ ʢʣʘʜʝʪʩʷ 

ʭʦʥʠʢʦʤʙ. ʉ ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʭʦʥʠʢʦʤʙ ʣʝʞʠʪ ʥʠʞʝ ʨʘʤʢʠ ʥʘ 100 ʤʢʤ. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʨʘʤʢʘ ʠ ʭʦʥʠʢʦʤʙ ʫʜʘʣʷʶʪʩʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʜʥʦʩʣʦʡʥʦʡ ʢʘʤʝʨʳ ʦʯʠʱʘʝʪʩʷ 
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ʩ ʧʦʤʦʱʴʶ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʚʘʣʠʢʘ ʥʘʥʦʩʠʪʩʷ 

ʢʣʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʥʦʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʰʪʠʬʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʜʝʚʘʝʪʩʷ ʨʘʤʢʘ ʠ ʚʥʫʪʨʴ 

ʢʣʘʜʝʪʩʷ ʣʠʩʪ ʭʦʥʠʢʦʤʙʘ. ʉʚʝʨʭʫ ʣʠʩʪ ʭʦʥʠʢʦʙʘ ʟʘʢʨʳʚʘʝʪʩʷ ʣʠʩʪʦʤ ʠʟ ʧʣʘʩʪʠʢʘ. ʇʦʚʝʨʭ 

ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʣʠʪʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʭʦʥʠʢʦʤʙʘ ʠ ʚʩʝ ʟʘʢʨʳʚʘʝʪʩʷ 

ʚʘʢʫʫʤʥʦʡ ʨʝʟʠʥʦʡ, ʠʟ ʧʦʜ ʢʦʪʦʨʦʡ ʦʪʢʘʯʠʚʘʶʪ ʚʦʟʜʫʭ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ 50 ʤʙʘʨ. 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʩʦʙʠʨʘʝʪʩʷ ʚʪʦʨʦʡ ʜʫʙʣʝʪ. ʆʜʠʥ ʠʟ ʜʫʙʣʝʪʦʚ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʛʨʘʥʠʪʥʳʡ 

ʩʪʦʣ ʠ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʥʝʤʫ ʚʘʢʫʫʤʥʳʤ ʧʨʠʞʠʤʦʤ. ʉʧʝʮʠʘʣʴʥʳʡ ʢʦʥʜʫʢʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʥʘ 

ʛʨʘʥʠʪʥʳʡ ʩʪʦʣ, ʚʧʨʠʪʳʢ ʢ ʥʘʧʨʘʚʣʷʶʱʠʤ ʰʪʠʬʪʘʤ. ʐʪʠʬʪʳ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩʪʨʦʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦ.  ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʜʨʫʧʣʝʪʘ ʦʯʠʱʘʝʪʩʷ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʜʘʣʝʝ 

ʧʦʚʪʦʨʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʧʨʠʢʣʝʠʚʘʥʠʷ ʨʘʤʢʠ ʠ ʭʦʥʠʢʦʤʙʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʚʝʨʭʫ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʪʦʨʦʡ ʜʫʙʣʝʪ, ʥʘ ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʣʶʤʠʥʠʝʚʳʡ ʭʦʥʠʢʦʤʙ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʠʩʘʩʳʚʘʝʪʩʷ ʚʝʨʭʥʠʡ ʜʫʙʣʝʪ. ɼʫʙʣʝʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩʚʝʨʭʫ, ʧʨʠʞʠʤʘʝʪʩʷ ʢ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʰʪʠʬʪʘʤ ʩ ʧʦʤʦʱʴʶ ʧʨʫʞʠʥ. ʂʦʥʪʘʢʪ ʣʘʪʫʥʥʳʭ ʚʩʪʘʚʦʢ ʚ ʢʘʪʦʜʥʳʭ ʧʣʘʪʘʭ 

ʢ ʥʘʧʨʘʚʣʷʶʱʠʤ ʰʪʠʬʪʘʤ ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʤʤʝʪʨʘ. ʉʚʝʨʭʫ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʤʝʱʘʝʪʩʷ ʘʣʶʤʠʥʠʝʚʳʡ ʭʦʥʠʢʦʤʙ, ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʢʘʤʝʨʦʡ, ʫ ʢʦʪʦʨʦʛʦ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʥʘʢʣʝʝʥʘ ʨʝʟʠʥʘ. ʕʪʦ ʜʘʸʪ ʫʚʝʨʝʥʥʦʩʪʴ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʚʝʨʭʫ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʘʤʝʨʳ. ɼʘʣʝʝ ʚʩ yʟʘʢʨʳʚʘʝʪʩʷ ʚʘʢʫʫʤʥʦʡ ʨʝʟʠʥʦʡ, ʠʟ-ʧʦʜ 

ʢʦʪʦʨʦʡ ʦʪʢʘʯʠʚʘʶʪ ʚʦʟʜʫʭ ʜʦ ʜʘʚʣʝʥʠʷ 20 ʤʙʘʨ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʝʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ 

12 ʯʘʩʦʚ. 

ʂʦʥʪʨʦʣʴ ʩʦʙʨʘʥʥʦʛʦ ʢʚʘʜʨʫʧʣʝʪʘ. 

ʇʦʩʣʝ ʩʢʣʝʡʢʠ ʢʚʘʜʨʫʧʣʝʪʘ ʫʜʘʣʷʶʪʩʷ ʚʘʢʫʫʤʥʘʷ ʨʝʟʠʥʘ ʠ ʘʣʶʤʠʥʠʝʚʳʡ ʭʦʥʠʢʦʤʙ. 

ʂʚʘʜʨʫʧʣʝʪ ʦʩʪʘʝʪʩʷ ʥʘ ʛʨʘʥʠʪʥʦʤ ʩʪʦʣʝ ʧʦʜ ʚʘʢʫʫʤʥʳʤ ʧʨʠʞʠʤʦʤ ʢ ʥʝʤʫ. ʉ ʧʦʤʦʱʴʶ 

ʦʤʤʝʪʨʘ ʧʨʦʚʝʨʷʝʪʩʷ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʰʪʠʬʪʘʤʠ ʠ ʣʘʪʫʥʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʚ ʢʘʪʦʜʥʳʭ ʧʣʘʪʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʚʝʨʦʯʥʫʶ ʣʠʥʝʡʢʫ ʠ ʠʥʜʠʢʘʪʦʨ ʧʨʦʚʝʨʷʝʪʩʷ ʧʣʦʩʢʦʩʪʥʦʩʪʴ ʢʚʘʜʨʫʧʣʝʪʘ ʚ 120 

ʪʦʯʢʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 80 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠ ʦʜʥʦʡ ʪʦʯʢʠ ʩ ʦʪʢʣʦʥʝʥʠʝʤ 

ʧʨʝʚʳʰʘʶʱʠʤ 300 ʤʢʤ. ɿʘʪʝʤ ʢʚʘʜʨʫʧʣʝʪ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ, ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʪʦʣʫ ʩ 

ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʧʨʠʞʠʤʘ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʧʣʦʩʢʦʩʪʥʦʩʪʠ 

ʠʟʤʝʨʷʝʪʩʷ ʪʦʣʱʠʥʘ ʢʚʘʜʨʫʧʣʝʪʘ ʚ 19 ʪʦʯʢʘʭ ʧʦ ʝʛʦ ʧʝʨʠʤʝʪʨʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʈʝʟʫʣʴʪʘʪ ʟʘʥʦʩʠʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʅʘ 

ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ c ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʧʷʪʠ ʧʦʩʣʝʜʥʠʭ 

ʩʪʨʠʧʦʚ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʜʣʠʥʥʦʡ ʠ ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʝ ʪʨʘʧʝʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʩʪʨʠʧʦʚ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʭʫʞʝ 100 ʤʢʤ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊɿʂ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ 

ʜʦʢʫʤʝʥʪʳ ʚ ʢʦʤʧʣʝʢʪʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʩʦʛʣʘʰʝʥʠʷ. 
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2 ʈʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʪʝʥʜʦʚ 

 ʇʨʦʮʝʜʫʨʳ ʧʦʵʪʘʧʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʫʞʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ɸʊʃɸʉʘ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʥʘʜʸʞʥʦʡ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʚ ʩʝʘʥʩʘʭ ɹɸʂ. ɺʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʜʦʩʪʫʧ ʢ ʜʝʪʝʢʪʦʨʘʤ ʜʣʷ 

ʨʝʤʦʥʪʘ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʸʥ ʣʠʙʦ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ, ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʝʥ. ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ 

ʜʝʪʝʢʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʦʚʝʨʢʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞyʥʥʳʭ 

ʢ ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʝ ʚ ʫʩʪʘʥʦʚʢʝ ɸʊʃɸʉ. 

 

2.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʠʩʧʳʪʘʥʠʡ ʊɿʂ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʊɿʂ ʢʘʤʝʨ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʪʘʧʝʣʷ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʢʘʤʝʨ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʢʘʙʝʣʠ ʠ ʪ.ʜ.). 

ɺʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʊɿʂ ʢʘʤʝʨ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʠ 

ʢʚʘʜʨʫʧʣʝʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʙʦʯʘʷ ʛʘʟʦʚʘʷ 

ʩʤʝʩʴ 55% CO2+45% n-ʧʝʥʪʘʥ ʠ ʥʘʧʨʷʞʝʥʠʝ 3,3 ʢɺ.  ʂʘʞʜʘʷ ʊɿʂ ʢʘʤʝʨʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʜ 

ʪʘʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʝ ʤʝʥʝʝ 7 ʜʥʝʡ. ɿʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʧʨʦʙʦʷ.  

ʊɿʂ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʫʣʴ ʠʟ ʯʝʪʳʨʸʭ ʧʣʦʩʢʦʩʪʝʡ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʛʘʟʦʚʳʤʠ ʦʙʲʸʤʘʤʠ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʣʠʥʠʷʤʠ ʧʦʜʘʯʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʩrʦʢʦʚʦʣʴʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʦʙʨʘʥʥʳʭ ʤʦʜʫʣʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ 

ʤʦʜʫʣʝʡ. ʇʣʘʥʠʨʫʝʤʘʷ ʟʘʛʨʫʟʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʩʪʝʥʜʘ ï ʜʦ 6 ʤʦʜʫʣʝʡ, ʧʨʠ ʵʪʦʤ ʤʦʜʫʣʠ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʠʩʧʳʪʘʥʠʡ.  

 ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ (ɺʇ) ʩʪʝʥʜʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʊɿʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.  

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 - ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ ʩʪʝʥʜʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʊɿʂ. 
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 ʉʠʩʪʝʤʘ ɺʇ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʤʦʜʫʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ DB50M, ʙʣʦʢʦʚ ʜʝʣʠʪʝʣʝʡ-ʨʝʛʫʣʷʪʦʨʦʚ HVD ʠ ʤʦʜʫʣʷ 

ʫʧʨʘʚʣʝʥʠʷ HVCB. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʤʦʜʫʣʷ DB50M. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ. ʂʘʞʜʳʡ ʙʣʦʢ ʜʝʣʠʪʝʣʷ ʨʝʛʫʣʷʪʦʨʘ HVD, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʛʨʫʧʧʫ ʊɿʂ ʢʘʤʝʨ, ʩʦʩʪʦʠʪ ʠʟ ʩʫʙʧʣʘʪ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʝʪ ʦʜʠʥ ʩʣʦʡ ʊɿʂ ʢʘʤʝʨʳ. 

 ʉʠʩʪʝʤʘ ɺʇ ʨʘʙʦʪʘʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ. ɻʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ (HOST) 

ʠʩʧʦʣʴʟʫʝʪ ʩʝʪʴ Ethernet ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʠʩʪʝʤʥʳʤ ʤʦʜʫʣʝʤ ʫʧʨʘʚʣʝʥʠʷ HVCB. ʄʦʜʫʣʴ 

HVCB ʠʤʝʝʪ 4 ʧʘʨʳ ʨʘʟʲʝʤʦʚ RJ-45 ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʯʝʪʳʨʝʭ ʤʘʛʠʩʪʨʘʣʝʡ ʢʦʥʪʨʦʣʷ ʠ 

ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ (CMB). ʄʘʛʠʩʪʨʘʣʴ CMB ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʝʪʝʚʦʛʦ ʢʘʙʝʣʷ Cat5 ʩ 

ʯʝʪʳʨʴʤʷ ʧʘʨʘʤʠ ʧʨʦʚʦʜʦʚ. ɼʚʝ ʧʘʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʘʥʪ 

ʩʠʩʪʝʤʳ ɺʇ ʠ ʜʚʝ ʧʘʨʳ ï ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ 

ʢʘʞʜʦʤʫ ʩʣʦʶ ʊɿʂ ʢʘʤʝʨʳ ʠ ʝʛʦ ʪʦʢʘ. 16 ʤʦʜʫʣʝʡ DB50M ʩ ʙʣʦʢʘʤʠ HVD (ʠʣʠ ʜʦ 112  

ʩʣʦʝʚ ʊɿʂ ʢʘʤʝʨ) ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʢ ʦʜʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʉʄɺ. 

ʄʦʜʫʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ DB50M ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʠʩʪʝʤʳ ɺʇ ʧʠʪʘʝʪʩʷ ʦʪ ʩʝʪʠ 220 ɺ. ʄʦʜʫʣʴ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʩ 

ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 4000 ɺ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 10 ɺʪ. ɺ  ʤʦʜʫʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʚʷʟʠ ʩ ʤʦʜʫʣʝʤ HVCB ʯʝʨʝʟ ʤʘʛʠʩʪʨʘʣʴ ʉʄɺ. ʋʩʪʘʥʘʚʣʠʚʘʝʤʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʘʜʨʝʩʘ ʤʦʜʫʣʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ 16 

ʚʦʟʤʦʞʥʳʭ ʘʜʨʝʩʦʚ. ʄʦʜʫʣʴ ʠʤʝʝʪ 49 ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ 7 ʢʘʥʘʣʦʚ. ɹʣʦʢ ʜʝʣʠʪʝʣʷ-ʨʝʛʫʣʷʪʦʨʘ HVD, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʤʦʜʫʣʴ DB50M, ʦʙʝʩʧʝʯʠʚʘʝʪ 7 ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʦʜʥʦʩʣʦʡʥʦʡ ʤʶʦʥʥʦʡ ʢʘʤʝʨʳ: 

- ʥʘʧʨʷʞʝʥʠʝ 1: - 3760 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 2: - 2860 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 3: - 2410 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 4: - 2060 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 5: - 1620 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 6: - 920 ɺ 

- ʥʘʧʨʷʞʝʥʠʝ 7: - 500 ɺ 

ʉʠʩʪʝʤʘ ɺʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʜʠʘʧʘʟʦʥ ʧʦʥʠʞʘʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʚʳʭʦʜʘʤ ʥʝ ʤʝʥʝʝ 500 ɺ; 

- ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʭʫʞʝ 1 ɺ; 
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- ʚʳʭʦʜʥʦʡ ʪʦʢ ʥʝ ʤʝʥʝʝ 40 ʤʢɸ; 

- ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʤʝʥʝʝ 4000 ɺ; 

- ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʭʫʞʝ 1 ɺ; 

- ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʥʝ ʤʝʥʝʝ 40 ʤʢɸ; 

- ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʦʢʘ ʥʝ ʭʫʞʝ 0,1 ʤʢɸ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ɺʇ ʧʦʜʛʦʪʦʚʣʝʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʜʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ʠ ʟʘʧʠʩʳʚʘʪʴ ʠʟʤʝʨʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ. ʅʘ ʈʠʩʫʥʦʢ 5 ʧʦʢʘʟʘʥʘ ʧʘʥʝʣʴ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʠʩʪʝʤʦʡ ɺʇ.  

 

ʈʠʩʫʥʦʢ 5 ï ɺʠʜ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ɺʇ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʧʫʩʪʠʪʴ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʩʙʦʨʢʠ ʢʘʤʝʨ ʠ ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʙʦʨʢʝ ʠ ʠʩʧʳʪʘʥʠʷʤ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ.  
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2.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʧʨʦʚʝʨʢʠ ʄʀʂ 

ʉʦʟʜʘʥʠʝ ʥʘʯʘʪʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪ ʢʦʤʧʣʝʢʩʘ ʩʪʝʥʜʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʤʠʢʨʦʷʯʝʠʩʪʳʭ ʢʘʤʝʨ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʦʥʠʟʘʮʠʝʡ ï 

ʤʶʦʥʦʚ. ʂʦʤʧʣʝʢʩ ʩʪʝʥʜʦʚ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʜʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ, ʠʩʢʨʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ, 

ʢʘʢ ʤʝʞʜʫ ʨʝʟʠʩʪʠʚʥʳʤʠ ʠ ʘʥʦʜʥʳʤʠ ʩʪʨʠʧʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʜʨʝʡʬʦʚʳʤʠ ʠ 

ʩʯʠʪʳʚʘʶʱʠʤʠ ʯʘʩʪʷʤʠ/ʧʘʥʝʣʷʤʠ ʜʝʪʝʢʪʦʨʘ. 

ʇʦ ʤʝʨʝ ʩʙʦʨʢʠ ʢʘʤʝʨ ʄʀʂ ʧʨʦʚʦʜʠʪʩʷ ʧʘʩʧʦʨʪʠʟʘʮʠʷ ʩʦʙʨʘʥʥʳʭ ʢʚʘʜʨʫʧʣʝʪʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʫʩʠʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʙʨʘʥ ʩʪʝʥʜ ʧʨʦʚʝʨʢʠ ʄʀʂ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʘʭ (ʩʤ. ʨʠʩʫʥʦʢ 6).  

 

ʈʠʩʫʥʦʢ 6 - ʉʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʄʀʂ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʤʶʦʥʦʚ 

ʆʩʥʦʚʫ ʩʪʝʥʜʘ ʩʦʩʪʘʚʣʷʶʪ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʠʪʦʨʠʨʫʶʱʠʭ 

ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ (ʄɼʊ) ʜʚʝ ʙʦʣʴʰʠʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʢʘʤʝʨʳ ʪʠʧʘ BMS ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɸʊʃɸʉ, ʩʦʙʨʘʥʥʳʝ ʚ ɼʫʙʥʝ, ʨʘʟʤʝʨʦʤ 2,16 ʤĬ3,2 ʤ. ʀʩʩʣʝʜʫʝʤʘʷ ʄʀʂ ʨʘʟʤʝʱʘʝʪʩʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʄɼʊ ʢʘʤʝʨʘʤʠ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʚʦʣʦʯʝʢ ʚ ʄɼʊ ʢʘʤʝʨʘʭ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʥʘ 

ʧʨʝʮʠʟʠʦʥʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʢʘʥʝʨʝ ʚ ʎɽʈʅ ʩ ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ 20 ʤʢʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʮʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚ 
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ʢʚʘʜʨʫʧʣʝʪʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄɼʊ 

ʢʘʤʝʨʘʤʠ ʦʪ 40 ʩʤ ʜʦ 80 ʩʤ. ʉʪʝʥʜ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʛʦʜʦʩʢʦʧʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʜʝʪʝʢʪʦʨʦʚ. ʆʛʦʚʦʨʝʥ ʧʨʝʜʝʣ 

ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʪʝʯʢʠ ʛʘʟʘ ʠʟ ʦʙʲʝʤʘ ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʨʥʦ 0,6 ʤʙʘʨ ʚ ʯʘʩ ʜʣʷ ʢʚʘʜʨʫʧʣʝʪʘ ʝʤʢʦʩʪʴʶ 50 ʣ. ʂʦʥʪʨʦʣʴ 

ʫʪʝʯʝʢ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ (ʩʤ. ʨʠʩʫʥʦʢ 7) ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ (ʧʦ ʚʨʝʤʝʥʠ, ȹP/ȹt), ʪʘʢ ʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʘʤʝʨ ʨʘʙʦʯʝʡ 

ʩʤʝʩʴʶ ʛʘʟʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 7 - ɻʘʟʦʚʳʡ ʩʪʝʥʜ (ʩʣʝʚʘ) ʠ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʄʀʂ ʥʘ ʠʩʢʨʝʥʠʝ (ʩʧʨʘʚʘ). 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʪʝʥʜʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʛʫʣʷʪʦʨʳ ʨʘʩʭʦʜʘ ʛʘʟʘ ʢʦʤʧʘʥʠʠ Bronkhorst 

ʩʝʨʠʠ F-201CV ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 2 10
-9 
ʙʘʨ ʣ/ʩ. ʉʪʝʥʜ ʪʘʢʞʝ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʰʠʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʚ ʥʫʞʥʳʭ ʧʨʦʧʦʨʮʠʷʭ: 93% Ar ʠ 

7% CO2. 

ʇʨʦʚʝʨʢʘ ʥʘ ʠʩʢʨʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʘʤʝʨ ʨʘʙʦʯʠʤ ʛʘʟʦʤ 

Ar:ʉʆ2   (93:7) ʥʘ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ (550 ɺ), ʪʘʢ ʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ~1000 ɺ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʳ çʪʝʥʝʚʦʛʦè ʪʦʢʘ (ʥʝ ʙʦʣʝʝ 1 ʥA/ʤ
2 
ʠ 40 

ʥA/ʤ
2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʩʧʦʣʴʟʫʝʪʩʷ 2-ʭ ʢʘʥʘʣʴʥʳʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

CAEN N471 ʚ ʢʦʨʟʠʥʝ ʩʪʘʥʜʘʨʪʘ NIM NC150_5U. ʆʪʣʘʜʢʘ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʜʝʥʘ 

ʧʨʠ ʟʘʤʝʨʘʭ ʥʘ ʤʘʣʳʭ ʤʠʢʨʦʷʯʝʠʩʪʳʭ ʢʘʤʝʨʘʭ ʅʄʂ. 
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ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥ ʪʦʢʦʚ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʤʝʞʜʫ 

ʨʝʟʠʩʪʠʚʥʳʤʠ ʠ ʘʥʦʜʥʳʤʠ ʩʪʨʠʧʘʤʠ ʠ ʤʝʞʜʫ ʜʨʝʡʬʦʚʳʤʠ ʠ ʩʯʠʪʳʚʘʶʱʠʤʠ 

ʯʘʩʪʷʤʠ/ʧʘʥʝʣʷʤʠ ʚʝʜʝʪʩʷ ʧʨʠ ʢʘʞʜʦʡ ʩʙʦʨʢʝ ʢʚʘʜʨʫʧʣʝʪʘ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʰʫʤʷʱʝʛʦ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ Keithley 6517B ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ (Ñ1ʢɺ). 

ʉʪʝʥʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʳʡ  ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʘʢ 

ʤʘʣʳʭ ʪʦʢʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʪʘʢ ʠ ʙʦʣʴʰʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʝʪʘ- ʠ ʵʢʩʘ-ʦʤʥʦʛʦ 

ʜʠʘʧʘʟʦʥʦʚ. 
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2.3 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʢʦʥʪʨʦʣʷ ʢʘʤʝʨ ʥʘ ʦʩʥʦʚʝ ʈʉ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʳʭ ʦʙʩʫʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ ʩ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ (ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ), ʙʳʣʦ ʚʳʨʘʙʦʪʘʥʦ ʜʚʝ ʦʩʥʦʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʪʯʝʪʝ ʧʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʵʪʘʧʫ ʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʪʦʪʠʧʝ ʈʉ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʦʷʚʠʣʩʷ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʣʝʛʢʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʦʪʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʚʦʟʢʘ 

ʤʦʨʝʤ, ʘ ʪʘʢʞʝ ʛʠʙʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʚʩʪʨʘʠʚʘʥʠʠ ʩʢʘʥʝʨʘ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʦʤʝʱʝʥʠʝ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʙʲʝʤʦʤ, ʢʘʢ ʪʦʛʦ ʪʨʝʙʫʶʪ ʧʨʘʚʠʣʘ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʦʱʘʜʝʡ. ʇʨʠ 

ʵʪʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʪʦʪʠʧʝ ʢʦʥʩʪʨʫʢʮʠʷ ʈʉ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʶʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʘ ʚʘʨʠʘʥʪʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʞʜ ʩʪʦʨʦʥʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʈʉ, ʢʘʢ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʩʢʠʟʘʭ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʶʤʠʥʠʝʚʳʭ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥr ʭ 

ʧʨʦʬʠʣʝʡ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʨʘʤʝ ʩʢʘʥʝʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʈʉ (ʨʠʩʫʥʢʠ 8 ï 10) ʙʳʣ 

ʠʟʛʦʪʦʚʣʝʥ ɿɸʆ çʉʝʨʚʦʪʝʭʥʠʢʘè. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 8 - ʏʝʨʪʝʞ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʈʉ ʚ ʩʙʦʨʝ 
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ʈʠʩʫʥʦʢ 9 - ʀʟʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʈʉ ʥʘ ʨʘʤʝ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 10 - ʌʦʪʦʛʨʘʬʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʈʉ ʥʘ ʨʘʤʝ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ. 
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ɼʘʥʥʳʡ ʩʢʘʥʝʨ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʦʧʨʠʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʚʥʦʩʪʴ 

ʭʦʜʘ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʝʨʚʦʧʨʠʚʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʨʦʪʦʪʠʧ ʈʉ ʩʦʟʜʘʥ ʥʘ ʦʩʥʦʚʝ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʪʨʦʣʣʝʨ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʢʘʢ ʯʝʨʝʟ USB, ʪʘʢ ʠ ʯʝʨʝʟ Ethernet ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʦʨʪ. ɼʣʷ 

ʫʜʦʙʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʦʨʪ, ʜʨʘʡʚʝʨ ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʙʳʣ ʫʩʧʝʰʥʦ ʥʘʧʠʩʘʥ ʠ ʚʩʪʨʦʝʥ ʚ ʦʙʱʠʡ ʠʥʪʝʨʬʝʡʩ. ʊʘʢʞʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʜʚʘ ʨʝʞʠʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʥʝʧʨʝʨʳʚʥʳʡ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʠ ʧʦʰʘʛʦʚʳʡ, ʢʦʛʜʘ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʪʘʥʦʚʢʘ. ɿʘʧʠʩʴ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʟʤʝʨʝʥʠʶ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʬʘʡʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʪʠʧ ʩʢʘʥʝʨʘ ʪʝʧʝʨʴ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

- ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʈʉ 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʪʦʪʠʧʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ, ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʟʨʘʙʘʪʳʚʘʚʰʠʡʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ (ʨʠʩʫʥʦʢ 11). ʂʦʤʧʣʝʢʩ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ LabVIEW [2].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 11 - ɺʠʜ ʧʘʥʝʣʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʙʦʨʫ ʜʘʥʥʳʭ ʠ 

ʫʧʨʘʚʣʝʥʠʶ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʙʣʦʢʦʤ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʢʘʥʝʨʦʤ 
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- ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʙʘʟʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ 

ʉ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʘ) ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʛʦ ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʊɿʂ ʠ ʄʀʂ; 

ʙ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʝʪʢʠ. 

ʇʦʣʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʄʘʣʦʛʦ ʄʶʦʥʥʦʛʦ ʂʦʣʝʩʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʜʥʦʛʦ ʪʝʩʪʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʢʘʨʝʪʢʠ ʩʢʘʥʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Mach3 ʢʦʤʧʘʥʠʠ ArtSoft. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʦʩʝʡ ʩʢʘʥʝʨʘ. 

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ çʟʤʝʡʢʘè ʠʟ ʣʝʚʦʡ ʥʠʞʥʝʡ ʪʦʯʢʠ 

ʩʢʘʥʝʨʘ ʚ ʚʝʨʭʥʶʶ ʧʨʘʚʫʶ (ʨʠʩʫʥʦʢ 12) ʪʘʢ, ʯʪʦʙʳ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʦʚ ʢʦʣʣʠʤʘʪʦʨʘ 

ʧʦʢʨʳʪʴ ʚʩʶ ʧʣʦʱʘʜʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 12 - ʊʨʘʝʢʪʦʨʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʢʦʨʦʩʪʝʡ. ʅʘ ʨʠʩʫʥʢʝ 12 ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʪʘʤ (0;0) ʚ ʧʨʦʛʨʘʤʤʝ 

Mach3 ʠ (3350ʤʤ; 5400ʤʤ) ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʢʣʝʝʥʥʦʡ ʥʘ ʨʘʤʫ ʩʢʘʥʝʨʘ ʣʠʥʝʡʢʠ (ʨʠʩ.1.4). 

ʂʘʨʝʪʢʘ ʜʚʠʞʝʪʩʷ ʚ ʪʦʯʢʫ ɹ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʚ ʧʨʦʛʨʘʤʤʝ Mach3 (2215,125ʤʤ; 

1440ʤʤ), ʘ ʧʦ ʣʠʥʝʡʢʝ (1130ʤʤ; 3962ʤʤ). 

ɺʨʝʤʷ ʧʦʣʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 9,3 ʩʤ/ʩʝʢ ʩʦʩʪʘʚʠʣʦ 60 

ʤʠʥʫʪ. ɺʨʝʤʷ ʧʦʣʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 1,86 ʩʤ/ʩʝʢ ʩʦʩʪʘʚʠʣʦ 4 

ʯʘʩʘ 50 ʤʠʥʫʪ. 

ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 

13).  
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ʈʠʩʫʥʦʢ 13 -ʉʭʝʤʘ ʧʦʪʦʯʝʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʂʘʨʝʪʢʘ ʜʚʠʛʘʝʪʩʷ ʠʟ ʪʦʯʢʠ ɸ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0; 0) ʚ ʧʨʦʛʨʘʤʤʝ Mach3 ʠ (3350ʤʤ; 

5400ʤʤ) ʧʦ ʣʠʥʝʡʢʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 9,3 ʩʤ/ʩʝʢ. ʰʘʛʘʤʠ ʧʦ 30 ʤʤ. ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʩʪʘʥʦʚʢʠ ï 1 ʩʝʢ. ʠ ʧʨʠʭʦʜʠʪ ʚ ʪʦʯʢʫ ɹ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (2190ʤʤ; 1440ʤʤ) ʚ ʧʨʦʛʨʘʤʤʝ 

Mach3 ʠ (1154ʤʤ; 3958ʤʤ) ʧʦ ʣʠʥʝʡʢʝ. 

ɺʨʝʤʷ ʧʦʣʥʦʛʦ ʧʦʪʦʯʝʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʰʘʛʦʤ 30 ʤʤ ʠ ʟʘʜʝʨʞʢʦʡ 1 ʩʝʢ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 9,3 ʩʤ/ʩʝʢ ʩʦʩʪʘʚʠʣʦ 6 ʯʘʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʧʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʪʦʯʥʦʩʪʠ ʚ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʢʘʨʝʪʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʝʪʢʠ ʧʨʠ ʝʸ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʝʨʠʷ ʪʝʩʪʦʚ. ʇʨʦʭʦʜʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ Ox ï ʦʢʦʣʦ 222 ʩʤ, ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ Oy ï ʦʢʦʣʦ 144 ʩʤ. ʇʝʨʝʤʝʱʝʥʠʝ ʢʘʨʝʪʢʠ ʠʟʤʝʨʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʝʝʢ ʥʘʢʣʝʝʥʥʳʭ ʚʜʦʣʴ ʜʚʠʞʝʥʠʷ ʢʘʨʝʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʚʝʨʪʠʢʘʣʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʩʢʘʥʝʨʘ, ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʘʨʝʪʢʠ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʨʝʞʠʤʝ ʥʝ ʜʘʝʪ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʚ 1 ʤʤ ʧʦʩʣʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʥʝʙʦʣʴʰʠʤ ʰʘʛʦʤ (30 ʤʤ), ʪʦʛʜʘ ʢʘʢ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʘʥʘʣʦʛʠʯʥʦʝ ʩʫʤʤʝ ʚʩʝʭ ʰʘʛʦʚ ʨʘʩʩʪʦʷʥʠʝ ʪʘʢʫʶ 

ʪʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʩʢʘʥʝʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝ 

ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʘʥʝʨʘʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʢʘʢ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʪʘʢ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʩʢʘʥʝʨʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ 

ʠʩʧʳʪʘʥʠʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʢʘʨʝʪʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ 

ʫʚʝʣʠʯʠʪʴ ʜʨʦʙʣʝʥʠʝ ʰʘʛʘ. ʊʦʢ ʫʚʝʣʠʯʝʥ ʧʦ OX ʩ 2,0 ʜʦ 3,14 ɸ, ʧʦ OY ʩ 4,28 ʜʦ 4,86 ɸ. 

ɼʨʦʙʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 400 ʜʦ 1600 ʜʣʷ ʦʙʝʠʭ ʦʩʝʡ.  
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ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʞʝʣʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ï ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʝʪʢʠ ʥʝ ʭʫʞʝ 1 ʤʤ.  

ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʷʤ ʠʤʝʣʠ ʢʘʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ (ʪ.ʝ. ʧʦʩʪʦʷʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʠ ʩ ʢʘʞʜʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ), ʪʘʢ ʠ ʭʘʦʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ. ʍʘʦʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʣʶʬʪʘʤʠ, ʧʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ 

ʠʥʞʝʥʝʨʦʚ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʜʦʪʷʥʫʪʳʝ 

ʰʢʠʚʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʩʣʘʙʠʪʴʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʨʢʘ ʵʪʠʭ 

ʩʠʩʪʝʤ ʙʫʜʝʪ ʚʢʣʶʯʝʥʘ ʚ ʩʧʠʩʦʢ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨ ʜʠʘʛʥʦʩʪʠʢʠ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʝ y ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʤʶʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʪ.ʢ. ʨʘʟʙʘʣʪʳʚʘʥʠʝ ʰʢʠʚʦʚ 

ʥʝʠʟʙʝʞʥʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʫʩʪʨʘʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʱʘʪʝʣʴʥʦʡ ʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʦʩʝʡ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʚʥʦʚʴ ʠʟʤʝʨʝʥʘ 

ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʨʝʪʢʠ ʩʢʘʥʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 14 ʠ 15.  

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 14 - ʈʘʟʥʠʮʘ ʚ ʧʦʣʦʞʝʥʠʷʭ ʢʘʨʝʪʢʠ ʜʣʷ ʆʭ ʧʨʠ ʩʢʦʨʦʩʪʠ 4,65 ʩʤ/ʩʝʢ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 15 - ʈʘʟʥʠʮʘ ʚ ʧʦʣʦʞʝʥʠʷʭ ʢʘʨʝʪʢʠ ʜʣʷ ʆʫ ʧʨʠ ʩʢʦʨʦʩʪʠ 4,65 ʩʤ/ʩʝʢ. 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 1 ʤʤ ʜʣʷ ʦʙʝʠʭ ʦʩʝʡ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʈʉ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʜʫʙʣʝʪʘ ʊɿʂ. 

ʅʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʨʫʯʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ. ʅʘ ʥʘʩʪʦʷʱʝʤ ʵʪʘʧʝ ʦʪʨʘʙʦʪʘʥʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʧʨʦʪʦʪʠʧʘ ʊɿʂ. ɼʣʷ 

ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʪʦʪʠʧ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ Amptek ʄini-x, Ag ʩ ʢʨʫʛʣʳʤ 

ʢʦʣʣʠʤʘʪʦʨʦʤ, d=30 ʤʤ ʠ ʱʝʣʝʚʳʤ ʢʦʣʣʠʤʘʪʦʨʦʤ 30ʭ1ʤʤ; 50ʢVɻ / 75ʤʢA. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣ ʚʟʷʪ Caen NIM HV 4ch supply N1471H. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʘʤʝʨʳ ʙʳʣ ʚʟʷʪ ʜʫʧʣʝʪ ʊɿʂ (20x12 ʩʤ) ʩ CO2 ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʤʝʩʠ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ LabVIEW ʠ ʇʂ.  

ʅʘ ʧʨʦʪʦʪʠʧʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʠʤʝʶʱʝʛʦʩʷ ʚ ʅʀʗʋ ʄʀʌʀ ʧʨʦʪʦʪʠʧʘ ʊɿʂ ï 

ʜʫʙʣʝʪʘ ʨʘʟʤʝʨʦʤ 135ʭ118 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʱʝʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʚ ʧʦʰʘʛʦʚʦʤ 

ʨʝʞʠʤʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 16 - ʂʘʨʪʘ ʪʦʢʘ ʧʨʦʪʦʪʠʧʘ ʢʘʤʝʨʳ sTGC ʨʘʟʤʝʨʦʤ 135x118 mm, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ. ʇʘʨʘʤʝʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 50 ʢʵɺ, 75 

ʤʢɸ, ʢʨʫʛʣʳʡ ʢʦʣʣʠʤʘʪʦʨ d=30 ʤʤ, ʰʘʛ ï 30 ʤʤ, ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 30 ʩʝʢ, ʯʘʩʪʦʪʘ 

ʩʲʝʤʘ ʩʠʛʥʘʣʘ ï 1 ɻʮ. ʈʘʙʦʯʘʷ ʩʤʝʩʴ ï CO2. 
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ʇʨʝʮʠʟʠʦʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʣʦʯʝʢ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʩʪʨʠʧʦʚ) ʩ ʰʘʛʦʤ 

0,1 ʤʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʨʠʧʘʤʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʣʠʯʠʥʳ ʰʘʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 17.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 17 - ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʪʨʠʧʦʚ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʧʦʰʘʛʦʚʦʤ 

ʨʝʞʠʤʘʭ ʜʣʷ ʢʘʤʝʨʳ 1. ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ: ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

0,5 ʤʤ/ʩ, ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ï 1 ɻʮ. ʇʦʰʘʛʦʚʳʡ ʨʝʞʠʤ:  ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 0,4 ʤʤ, 5 ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʩʨʝʜʥʷʣʠʩʴ. ʇʘʨʘʤʝʪʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 50 ʢʵɺ, 75 ʤʢɸ, ʨʘʙʦʯʘʷ ʩʤʝʩʴ ï CO2. ʅʘ ʚʩʪʘʚʢʝ- 

ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

 
ʆʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʝ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1,8 ʤʤ, ʯʪʦ 

ʦʪʚʝʯʘʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʈʉ ʨʝʟʫʣʴʪʘʪʳ ʦʪʣʠʯʘʶʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʫʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʠʤʝʶʱʝʤʩʷ ʧʨʦʪʦʪʠʧʝ 

ʧʨʦʙʣʝʤʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʦʙʣʘʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʬʝʢʪʘʤʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʢʨʘʷʭ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʢʘʤʝʨʳ ʠʤʝʶʪ ʜʚʘ ʪʠʧʘ ʩʪʨʠʧʦʚ: ʰʠʨʠʥʦʡ 4 ʤʤ ʠ 3 ʤʤ. ʄʝʪʦʜ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʠ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʰʠʨʠʥʫ 

ʩʪʨʠʧʘ ï ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʣʠʯʠʥʳ ʰʘʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 

18 ʠ 19. 
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ʈʠʩʫʥʦʢ 18 - ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʪʨʠʧʦʚ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʧʦʰʘʛʦʚʦʤ 

ʨʝʞʠʤʘʭ ʜʣʷ ʢʘʤʝʨʳ 1. ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ: ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

0,5 ʤʤ/ʩ, ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ï 1 ɻʮ. ʇʦʰʘʛʦʚʳʡ ʨʝʞʠʤ:  ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 0,4 ʤʤ, 5 ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʩʨʝʜʥʷʣʠʩʴ. ʇʘʨʘʤʝʪʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 50 ʢʵɺ, 75 ʤʢɸ, ʨʘʙʦʯʘʷ ʩʤʝʩʴ ï CO2. ʅʘ ʚʩʪʘʚʢʝ- 

ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 19 - ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʪʨʠʧʦʚ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʧʦʰʘʛʦʚʦʤ 

ʨʝʞʠʤʘʭ ʜʣʷ ʢʘʤʝʨʳ 2. ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ: ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 

0,5 ʤʤ/ʩ, ʯʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ï 1 ɻʮ. ʇʦʰʘʛʦʚʳʡ ʨʝʞʠʤ:  ʢʦʣʣʠʤʘʪʦʨ 1ʭ30 ʤʤ, ʰʘʛ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 0,4 ʤʤ, 5 ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʩʨʝʜʥʷʣʠʩʴ. ʇʘʨʘʤʝʪʨʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 50 ʢʵɺ, 75 ʤʢɸ, ʨʘʙʦʯʘʷ ʩʤʝʩʴ ï CO2. ʅʘ ʚʩʪʘʚʢʝ- 

ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʴ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ. 
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 ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ, ʧʨʦʭʦʜʠʤʳʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʟʘ ʩʝʢʫʥʜʫ, ʪ.ʝ. 0,5 ʤʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʚ 

ʧʦʰʘʛʦʚʦʤ ʨʝʞʠʤʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ, ʪ.ʢ. ʰʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 0,4 ʤʤ, ʠ 

ʜʘʥʥʳʝ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ 5 ʪʦʯʝʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ï ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʧʦʰʘʛʦʚʦʛʦ ï ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ. 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,5 ʤʤ/ʩ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʢʘʤʝʨʳ. 

ɺʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ ʩʦʙʠʨʘʣʠʩʴ ʩ ʦʙʝʠʭ ʢʘʤʝʨ ʜʫʙʣʝʪʘ, ʧʦʵʪʦʤʫ 

ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʜʣʷ ʚʪʦʨʦʡ ʢʘʤʝʨʳ, ʪʦʢ ʚ ʮʝʧʠ ʢʦʪʦʨʦʡ ʚʚʠʜʫ 

ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʚʘʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʦʜʥʘʢʦ ʠ ʟʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʧʦʰʘʛʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʫʭ ʢʘʤʝʨ sTGC ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

- ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʢʘʤʝʨ sTGC ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʪʦʢʦʚ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʚ ʢʘʤʝʨʝ sTGC ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ 

- ʇʨʝʮʠʟʠʦʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʫʟʢʠʤ ʱʝʣʝʚʳʤ ʢʦʣʣʠʤʘʪʦʨʦʤ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ, ʨʘʟʤʝʨ ʠ ʜʝʬʝʢʪʳ ʩʪʨʠʧʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʣʦʯʝʢ ʢʘʤʝʨ sTGC 

- ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʧʦʰʘʛʦʚʦʤʫ ʧʦ ʪʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤ 
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2.4 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʠʩʧʳʪʘʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʜʣʷ çʛʦʨʷʯʠʭ ʟʦʥè 

ʉʎʉ 

ʉʪʝʥʜ ʠʩʧʳʪʘʥʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ ʢʘʢ 

ʩʚʝʪʦʚʳʭʦʜ, ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

ʉʪʝʥʜ ʠʟʛʦʪʦʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʯʠʤ ʧʨʦʝʢʪʦʤ, ʬʦʪʦ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 20 

 

ʈʠʩʫʥʦʢ 20 ï ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʳʭʦʜʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ. 

ʉʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʢʦʨʧʫʩʘ ʩ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʧʝʨʝʤʝʱʝʥʠʷ, ʙʝʪʘ ʠʩʪʦʯʥʠʢʘ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ, ʢʘʨʢʘʩʘ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʠ ʤʦʜʫʣʷʤʠ 

ʫʧʨʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʥʘ ʬʦʪʦ ʥʝ ʧʦʢʘʟʘʥ). 

ʉʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʢʦʨʧʫʩ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 21, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ʀʟʤʝʨʷʝʤʘʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʘʷ ʧʣʘʩʪʠʥʘ. 

2. ɹʝʪʘ ʠʩʪʦʯʥʠʢ ʩʪʨʦʥʮʠʡ-90 ʩ ʘʢʪʠʚʥʦʩʪʴʶ 25 ʄɹʢ. 

3. ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ. 

4. ʉʧʝʢʪʨʦʩʤʝʱʘʶʱʠʝ ʚʦʣʦʢʥʘ (Y11, Kuraray). 

5. ʌʦʪʦʧʨʠʝʤʥʠʢ (ʌʕʋ Hamamatsu R7877). 

6. ʕʪʘʣʦʥʥʳʝ ʦʙʨʘʟʮʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 21 ï ʉʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʢʦʨʧʫʩ (ʚʠʜ ʩʚʝʨʭʫ). 

ʇʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʫʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʩʪʨʦʥʮʠʡ-

90), ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʢʘʨʝʪʢʝ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʩʦʙʠʨʘʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʢ 

ʌʕʋ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʚʦʣʴʪʤʝʪʨʦʤ Keithley KUSB-488A ʠ ʜʘʣʝʝ 

ʧʝʨʝʜʘʸʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ GPIB-USB ʠʥʪʝʨʬʝʡʩ. 

ɼʚʫʭʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʙʨʘʥʘ ʥʘ ʰʘʛʦʚʳʭ ʤʦʪʦʨʘʭ Trinamic 

QMOT QSH5718, ʫʧʨʘʚʣʷʝʤʳʭ ʯʝʨʝʟ  ʤʦʜʫʣʠ  Scientific Pacific MA6420(10), 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʙʣʦʢʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʢʘʨʝʪʢʠ, ʫʧʨʘʚʣʷʝʤʦʤ ʯʝʨʝʟ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ RS232. ʆʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʘ ʢʦʥʮʝʚʳʤʠ 

ʚʳʢʣʶʯʘʪʝʣʷʤʠ. ʐʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ Pytʨon ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ 

tkinter ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, pySerial ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ, linux-gpib ʜʣʷ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʩ ʤʫʣʴʪʠʤʝʪʨʘ ʯʝʨʝʟ GPIB 

ʠʥʪʝʨʬʝʡʩ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ Gnuplot ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʘ ROOT ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
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ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʢʘʥʘ ʚ ʢʦʤʧʴʶʪʝʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʤʘʨʰʨʫʪʘ ʠʩʪʦʯʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʨʝʥʥʳʡ ʦʪʢʣʠʢ ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʅʘ ʨʠʩʫʥʢʝ 22 ʧʦʢʘʟʘʥʘ ʪʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ ʠʟʤʝʨʝʥʠʡ. ʇʦ ʦʩʷʤ ʦʪʣʦʞʝʥʦ ʧʦʣʦʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ, ʘ ʫʨʦʚʝʥʴ ʦʪʢʣʠʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʠʟʤʝʨʷʝʤʦʛʦ ʚ ʤʠʣʣʠʚʦʣʴʪʘʭ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʮʚʝʪʦʚʦʡ ʰʢʘʣʦʡ ʩʧʨʘʚʘ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 22 ï ʊʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ ʩʳʨʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ  ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ. 

 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʚʳʭʦʜʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ 

ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʩʚʝʪʘ ʚ ʧʦʛʣʦʱʘʶʱʝʡ 

ʩʨʝʜʝ: 

I (l) =I 0 exp(-l/ɚ),    (1) 

ʛʜʝ I 0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʫʯʢʘ (ʠʩʢʦʤʳʡ ʩʚʝʪʦʚʳʭʦʜ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʵʪʦ 

ʦʪʢʣʠʢ ʩ ʪʦʨʮʘ ʦʙʨʘʟʮʘ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʪʦʩʙʦʨ), l ï ʪʦʣʱʠʥʘ ʩʣʦʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ 

ʧʨʦʭʦʜʠʪ ʧʫʯʦʢ ʩʚʝʪʘ (ʟʜʝʩʴ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʠ ʪʦʨʮʦʤ, ʩ 

ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʪʦʩʙʦʨ), ɚ ï ʜʣʠʥʘ ʟʘʪʫʭʘʥʠʷ ʠʣʠ ʧʨʦʟʨʘʯʥʦʩʪʴ (ʠʩʢʦʤʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʠʟʤʝʨʷʝʤʳʡ ʦʪʢʣʠʢ ʩ ʦʙʨʘʟʮʘ ʧʘʜʘʝʪ ʚ e ʨʘʟ). ʇʨʦʮʝʜʫʨʘ 

ʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʫʟʢʦʡ ʧʦʣʦʩʳ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʝ Y) ʩ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ (1) 

(ʚʳʯʠʩʣʝʥʠʝ I 0 ʠ ɚ ʧʨʠ ʟʘʜʘʥʥʦʡ l ʠ ʠʟʤʝʨʝʥʥʦʡ I (l)). 
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3 ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ɼʊʄ ʠʟ ʨʘʙʦʯʠʭ ʪʨʫʙʦʢ 

ʇʦʜʨʦʙʥʦ ʪʝʭʥʦʣʦʛʠʷ ʠʟʣʦʞʝʥʘ ʚʦ ʚʢʣʶʯʸʥʥʦʤ ʚ ʦʪʯʸʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ 

ʪʨʝʪʴʝʤʫ ʵʪʘʧʫ ʩʦʛʣʘʰʝʥʠʷ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʝ, ʢʦʪʦʨʳʡ ʧʨʦʰʸʣ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥ ʜʠʨʝʢʪʦʨʦʤ ʌɻɹʋ ɻʅʎ ʀʌɺʕ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʳʡ ï ʵʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʢʣʝʡʢʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ ʠʟ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ, ʚʪʦʨʦʡ 

ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʠʟ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʢʣʝʡʢʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ ʨʘʟʙʠʪ ʥʘ 7 ʩʣʝʜʫʶʱʠʭ 

ʩʪʘʜʠʡ: 1) ʢʦʤʧʣʝʢʪʘʮʠʷ; 2) ʧʦʜʛʦʪʦʚʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʧʝʣʷ; 3) ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ 

ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ï ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʩʧʳʪʘʥʠʷ; 4) ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ 

ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ; 5) ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ - ʠʟʤʝʨʝʥʠʝ ʥʘʪʷʞʝʥʠʷ 

ʩʠʛʥʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ; 6) ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʢʦʤʧʣʝʢʪʫʶʱʠʭ (ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʨʝʡʬʦʚʳʤ 

ʪʨʫʙʢʘʤ); 7) ʩʢʣʝʡʢʘ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʙʣʦʢʘ ʠʟ ʧʨʦʰʝʜʰʠʭ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʜʨʝʡʬʦʚʳʭ 

ʪʨʫʙʦʢ. ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʧʝʨʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʩʙʦʨʦʯʥʦʤ 

ʩʪʘʧʝʣʝ (ʩʤ. ʨʠʩʫʥʦʢ 23).  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 23 - ʌʦʪʦʛʨʘʬʠʷ ʩʢʣʝʝʥʥʦʛʦ ʙʣʦʢʘ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʚ ʩʙʦʨʦʯʥʦʤ ʩʪʘʧʝʣʝ. 

 

ʉʢʣʝʝʥʥʳʡ ʙʣʦʢ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʩʙʦʨʦʯʥʦʛʦ ʩʪʘʧʝʣʷ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 24. 
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ʈʠʩʫʥʦʢ 24 - ʌʦʪʦʛʨʘʬʠʷ ʙʣʦʢʘ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʩʙʦʨʦʯʥʦʛʦ 

ʩʪʘʧʝʣʷ  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʠʟ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 8 ʩʪʘʜʠʡ: 1) ʤʦʥʪʘʞ ʛʘʟʦʚʳʭ ʩʦʝʜʠʥʠʪʝʣʝʡ; 2) ʤʦʥʪʘʞ 

ʛʘʟʦʚʳʭ ʧʝʨʝʭʦʜʥʠʢʦʚ; 3)ʧʨʦʚʝʨʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʙʣʦʢʘ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ; 4) 

ʧʨʠʢʣʝʠʚʘʥʠʝ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʙʣʦʢʦʚ ʢ ʥʝʩʫʱʝʤʫ ʢʦʥʩʪʨʫʢʪʠʚʫ 5) ʤʦʥʪʘʞ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ ; 6) ʩʲʝʤ ʢʘʤʝʨʳ ʩʦ ʩʙʦʨʦʯʥʦʛʦ ʩʪʦʣʘ; 7) ʦʬʦʨʤʣʝʥʠʝ ʧʘʩʧʦʨʪʘ 

ʠʟʜʝʣʠʷ; 8) ʤʘʨʢʠʨʦʚʢʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ɺ ɻʅʎ ʀʌɺʕ ʫʞʝ ʠʟʛʦʪʦʚʣʝʥʳ ʧʠʣʦʪʥʳʝ ʦʙʨʘʟʮʳ ʥʝʩʫʱʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʘ ʤʶʦʥʥʦʡ 

ʢʘʤʝʨʳ (ʩʤ. ʨʠʩʫʥʦʢ 25) ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 26). 
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ʈʠʩʫʥʦʢ 25 - ʌʦʪʦʛʨʘʬʠʷ ʥʝʩʫʱʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʘ ʢʘʤʝʨʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 26 - ʌʦʪʦʛʨʘʬʠʷ ʩʙʦʨʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʘ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʙʣʦʢʘ. 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ (4-ʤ) ʵʪʘʧʝ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʣʘʥʦʤ-ʛʨʘʬʠʢʦʤ ʨʘʙʦʪ ʧʦ ʩʦʛʣʘʰʝʥʠʶ.  
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4 ʈʘʙʦʪʳ ʧʦ ʧʝʨʝʜʥʝʤʫ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʫ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ (ʩʤ. ʆʪʯʸʪ ʟʘ 2014 ʛ., ʵʪʘʧ 1) ʠ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

Geant4 (ʩʤ. ʆʪʯʸʪ ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2015 ʛ., ʵʪʘʧ 2),  ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʧʦ ʧʝʨʝʜʥʝʤʫ ʤʠ- 

ʥʠʢʘʣʦʨʠʤʝʪʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ ʨʝʰʠʣʦ ʧʨʠʥʷʪʴ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ, 

ʞʠʜʢʦʘʨʛʦʥʦʚʳʡ ʚʘʨʠʘʥʪ ʧʝʨʝʜʥʝʛʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʵʣʝʢʪʨʦʜʦʚ, ʩ ʨʘʟʤʝʨʘʤʠ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 150 ʠ 200 ʤʢʤ ʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

2015 ʛ. ʨʘʟʨʘʙʦʪʘʪʴ ʵʩʢʠʟʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʧʨʦʪʦʪʠʧʳ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ, ʚʢʣʶʯʘʷ 

ʢʨʠʦʩʪʘʪʳ ʠ ʩʠʩʪʝʤʫ ʢʨʠʦʛʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʪʦʪʠʧʦʚ ʚ 

ʧʫʯʢʝ ʧʨʦʪʦʥʦʚ.  

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʦʟʣʦʞʝʥʘ ʥʘ ʛʨʫʧʧʫ ʠʟ ʀʌɺʕ. 

 

4.1 ʈʘʟʨʘʙʦʪʢʘ ʵʩʢʠʟʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʘʨʠʘʥʪʳ ʧʨʦʪʦʪʠʧʘ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʠ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʝʸ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʘʙʦʪ ʧʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʫ ʠ ʩ ʉʦʪʨʫʜʥʠʯʝʩʪʚʦʤ 

ɸʊʃɸʉ 

ɺ ʪʝʯʝʥʠʝ ʠʶʣʷ-ʩʝʥʪʷʙʨʷ ʫʢʘʟʘʥʥʘʷ ʚ ʟʘʛʦʣʦʚʢʝ ʨʘʟʜʝʣʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʛ.ʥ.ʩ. ɼʝʥʠʩʦʚʘ ʉ.ʇ., ʛʣʘʚʥʦʛʦ ʠʥʞʝʥʝʨʘ ʫʩʪʘʥʦʚʢʠ ʃʝʚʠʥʘ 

ɸ.ɺ., ʩ.ʥ.ʩ. ɺʘʩʠʣʴʝʚʘ ʀ.ɸ. ʠ ʚʝʜʫʱʝʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ  ʉʫʟʜʘʣʝʚʘ ɺ.ʀ. ʠ ʚ ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ  

2015 ʛ. ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʦʚʝʱʘʥʠʷʭ ʉʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ ʧʝʨʝʜʥʝʤʫ 

ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʫ ʚ ʎɽʈʅ. ʅʘ ʩʦʚʝʱʘʥʠʷʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʨʫʧʧ ʠʟ 

ʈʦʩʩʠʠ (ʀʌɺʕ, ʆʀʗʀ, ʌʀ ʈɸʅ), ʂʘʥʘʜʳ (TRIUMF) ʠ ɻʝʨʤʘʥʠʠ (MPI, ʄʶʥʭʝʥ). ʆʪ 

ʀʌɺʕ ʫʯʘʩʪʚʦʚʘʣʠ ɺʘʩʠʣʴʝʚ ʀ.ɸ., ɼʝʥʠʩʦʚ ʉ.ʇ. ʠ ʉʪʦʷʥʦʚʘ ɼ.ɸ.. ɹʦʣʴʰʠʥʩʪʚʦ 

ʚʳʩʪʫʧʠʚʰʠʭ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʩʢʠʟʥʳʝ ʧʨʦʨʘʙʦʪʢʠ ʚ ʮʝʣʦʤ ʩʣʝʜʫʶʪ ʨʘʥʝʝ 

ʧʨʠʥʷʪʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠ ʨʝʰʝʥʠʷʤ ʉʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ɹɸʂ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣ 

ʩʜʝʣʘʥ ʨʷʜ ʟʘʤʝʯʘʥʠʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʪʦʪʠʧʘ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʝʛʦ ʠʩʧʳʪʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ ʠʟ ʢʨʠʦʩʪʘʪʦʚ ʛʝʨʤʝʪʠʯʥʳʝ ʨʘʟʲʝʤʳ ʩ 

ʚʘʢʫʫʤʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʥʘ ʢʦʣʴʮʘʭ ʠʟ ʪʝʬʣʦʥʘ ʠ ʚʢʣʶʯʠʪʴ ʚ ʩʭʝʤʫ ʢʨʠʦʛʝʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʟʛʦʪʦʚʠʪʴ ʨʝʟʝʨʚʥʳʡ ʢʨʠʦʩʪʘʪ ʥʘ ʩʣʫʯʘʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ 

ʨʘʙʦʯʠʭ ʢʨʠʦʩʪʘʪʦʚ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ ʩ ʧʫʯʢʦʤ ʧʨʦʪʦʥʦʚ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʟʘʤʝʯʘʥʠʷ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʵʩʢʠʟʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʦʢʪʷʙʨʝ-ʥʦʷʙʨʝ 2015 

ʛʦʜʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʫʢʦʚʦʜʠʪʝʣʶ ʉʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ 

ʞʠʜʢʦʘʨʛʦʥʦʚʳʤ ʢʘʣʦʨʠʤʝʪʨʘʤ ʄʘʨʪʠʥʫ ɸʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʦʪ ʠʤʝʥʠ ʠ ʧʦ ʧʦʨʫʯʝʥʠʶ 

ʨʫʢʦʚʦʜʩʪʚʘ ɸʊʃɸʉ ʝʛʦ ʫʪʚʝʨʜʠʣ. 
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ʅʠʞʝ, ʚ ʧʨʠʣʦʞʝʥʠʠ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʩʢʠʟʳ ʧʨʦʪʦʪʠʧʦʚ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ, 

ʢʨʠʦʩʪʘʪʦʚ ʠ ʩʠʩʪʝʤʳ ʢʨʠʦʛʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʷʩʥʠʪʝʣʴʥʳʝ 

ʟʘʧʠʩʢʠ. 

ɺʝʜʸʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʚʘʨʠʘʥʪʦʚ ʧʨʦʪʦʪʠʧʘ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʠ 

ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʦʪʦʥʥʦʤ ʧʫʯʢʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʢʦʨʠʪʝʣʷ ʋ-70 ʠ ʠʤʝʶʱʝʛʦʩʷ ʚ ʀʌɺʕ ʚ ʛʘʣʝʨʝʝ ʢʘʥʘʣʘ ʤʝʯʝʥʳʭ ʥʝʡʪʨʠʥʦ 

ʫʥʠʢʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʦʪʦʥʥʳʡ ʢʘʥʘʣ, ʢʨʠʦʛʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʢʦʥʪʨʦʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ). 
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5 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ ʠ ʤʝʪʦʜʠʢ ʠʩʧʳʪʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ʵʪʘʧʝ 

 ʅʘ ʧʦʜʦʪʯʸʪʥʦʤ ʵʪʘʧʝ ʩʦʛʣʘʰʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʪʝʢʪʦʨʦʚ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ: 

- ʦʙʨʘʟʮʳ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ ʫʩʪʘʥʦʚʢʠ; 

- ʦʙʨʘʟʮʳ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʣʷ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ; 

- ʦʙʨʘʟʮʳ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ ʎʂʉʂ. 

 ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʢʨʘʪʢʦ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 3.6 ʥʘʩʪʦʷʱʝʛʦ 

ʦʪʯʸʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3 

ʵʪʘʧʘ. 

 ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʣʷ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3 ʵʪʘʧʘ. 

 ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʤʦʜʫʣʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʪʯʸʪʝ ʧʦ ʧʝʨʚʦʤʫ 

ʵʪʘʧʫ ʩʦʛʣʘʰʝʥʠʷ (ʩʤ. ʧ. 9.1 ʠ ʇʨʠʣʦʞʝʥʠʝ ʂ ʚ ʦʪʯʝʪʝ ʧʦ ʧʝʨʚʦʤʫ ʵʪʘʧʫ). 

 ʈʘʟʨʘʙʦʪʘʥʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʊɿʂ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3 ʵʪʘʧʘ. 
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6 ʀʩʧʳʪʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʚʝʪʦʚʳʭʦʜʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ. 

ʎʝʣʴʶ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʀʩʧʳʪʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʷʪʩʷ ʚ ʧʦʤʝʱʝʥʠʠ, ʧʘʩʧʦʨʪʠʟʦʚʘʥʥʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ. ɺ ʧʦʤʝʱʝʥʠʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ 

ʚʣʘʞʥʦʩʪʴ. ʊʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ 

ʚ ʧʦʤʝʱʝʥʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʩʦʪʨʫʜʥʠʢʠ, ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʚʨʝʜʥʳʭ ʫʩʣʦʚʠʷʭ (ʈɺʋ) ʪʨʫʜʘ.  

ʇʨʦʛʨʘʤʤʘ ʠʩʧʳʪʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʟʘʪʫʭʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʠʟʤʝʨʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʝʪʦʩʙʦʨʘ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʩʙʦʨʘ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ. ɺʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʝ ʚʦʣʦʢʥʘ ʢʦʤʧʘʥʠʠ Kuraray ʩ ʜʚʦʡʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʝʮ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʩʦ ʚʩʪʘʚʣʝʥʥʳʤʠ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʥʘʚʢʠ ʠʣʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʪʦʨʮʝ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ 

ʫʤʥʦʞʠʪʝʣʴ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʩʚʝʪʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʷʱʠʢʝ. ɹʝʪʘ-ʠʩʪʦʯʥʠʢ 
90
Sr ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚʥʫʪʨʠ ʪʦʛʦ ʞʝ ʷʱʠʢʘ ʠ ʟʘʢʨʝʧʣʝʥ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ. ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʘʪʬʦʨʤʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʢʦʤʘʥʜʝ ʦʪ ʢʦʤʧʴʶʪʝʨʘ. ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʚʥʫʪʨʠ 

ʩʚʝʪʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʷʱʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 26.  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 26 - ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʩ ɓ-

ʠʩʪʦʯʥʠʢʦʤ 
90

Sr. 
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ʉʮʠʥʪʠʣʣʷʪʦʨ ʦʙʝʨʥʫʪ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʝʡ ʙʫʤʘʛʦʡ Tyvek, ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʝ 

ʚʦʣʦʢʥʘ ʥʘ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʪʦʨʮʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʜʨʫʛʠʝ ʠʭ ʢʦʥʮʳ 

ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʢ ʬʦʪʦʢʘʪʦʜʫ ʌʕʋ. ʉʚʝʪ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʝʛʦ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʙʲʝʤʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʯʘʩʪʠʯʥʦ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʇʝʨʝʠʟʣʫʯʝʥʥʳʡ ʚ ʚʦʣʦʢʥʘʭ ʩʚʝʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʪʦʢʘʪʦʜ ʌʕʋ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʝʛʦ ʫʩʠʣʝʥʠʝ. ʌʕʋ ʨʘʙʦʪʘʝʪ ʩ 

ʫʩʠʣʝʥʠʝʤ ʦʢʦʣʦ 5Ā10
5
. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʚʩʷ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʘʥʠʨʫʝʪʩʷ ɓ-ʠʩʪʦʯʥʠʢʦʤ. ʀʩʪʦʯʥʠʢ ʜʚʠʞʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʥʘʜ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʯʝʨʝʟ 1 ʩʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʩʠʛʥʘʣʘ ʩ ʌʕʋ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʜʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (X-Y) ʩʠʛʥʘʣʦʚ ʩ ʦʙʨʘʟʮʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ ʚ ʢʘʥʘʚʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʟʘʪʫʭʘʥʠʷ ʦʙʨʘʟʮʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʚʳʭʦʜʘ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ 

ʠʩʩʣʝʜʫʝʪʩʷ ʧʫʪʝʤ ʧʦʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʣʦʢʦʥ ʚ ʢʘʥʘʚʢʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʘʥʘʚʢʠ ʠʟ ʜʚʫʭ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʦʙʨʘʟʮʝ.  

ʆʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ  ʠ ʩʚʝʪʦʚʳʭʦʜ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʦʣʦʢʦʥ ʚ 

ʢʘʥʘʚʢʘʭ. ʉʪʘʨʳʝ ʧʣʘʩʪʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʦʚʳʭ ʩʚʦʝʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʬʦʨʤʦʡ ʢʘʥʘʚʦʢ ʜʣʷ 

ʚʦʣʦʢʦʥ. ʂʘʞʜʳʡ ʦʢʪʘʥʪ ʩʪʘʨʳʭ ʧʣʘʩʪʠʥ ʩʦʩʪʘʚʣʝʥ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥʦʢ. ʂʘʥʘʚʢʠ ʜʣʷ 

ʚʦʣʦʢʦʥ ʥʘ ʵʪʠʭ ʜʚʫʭ ʯʘʩʪʷʭ ʧʨʦʨʝʟʘʥʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʠ ʚʳʧʦʣʥʝʥʳ ʚ ʬʦʨʤʝ 

ʉ ʠʣʠ S.  ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʌʕʋ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʨʳʭ 

ʩʯʝʪʯʠʢʦʚ ɓ-ʠʩʪʦʯʥʠʢʦʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 27. 
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ʈʠʩʫʥʦʢ 27 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʌʕʋ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʪʘʨʦʛʦ ʩʯʝʪʯʠʢʘ ɓ-

ʠʩʪʦʯʥʠʢʦʤ 
90

Sr 

ɺʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳ. ʅʘʠʙʦʣʴʰʠʡ ʩʚʝʪʦʩʙʦʨ 

ʧʨʦʠʩʭʦʜʠʪ ʜʣʷ ʯʘʩʪʠʮ, ʧʨʦʭʦʜʷʱʠʭ ʚʙʣʠʟʠ ʢʘʥʘʚʦʢ ʩ ʚʦʣʦʢʥʘʤʠ ʠ ʚʥʫʪʨʠ ʟʦʥʳ, 

ʦʢʨʫʞʝʥʥʦʡ ʚʦʣʦʢʥʘʤʠ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʢʘʥʘʚʦʢ ʩ ʚʦʣʦʢʥʘʤʠ ʩʚʝʪʦʩʙʦʨ ʧʘʜʘʝʪ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ RMS ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ <mean>, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20% 

ʜʣʷ ʟʦʥʳ 10 ʤʤ < Y Ò 230 ʤʤ. 

ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ ʥʦʚʳʝ ʧʣʘʩʪʠʥʳ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ ʧʦ ʧʣʦʱʘʜʠ 5-8%, ʘ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝ 

ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10%. ɺ ʥʦʚʳʭ ʉʊʄʉ ʦʢʪʘʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʝ ʠʟ ʜʚʫʭ, ʘ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ 

ʩ ʢʘʥʘʚʢʦʡ ʜʣʷ ʚʦʣʦʢʦʥ ů-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʘ ʩʘʤʠ ʢʘʥʘʚʢʠ ʧʨʠʙʣʠʞʝʥʳ ʢ ʢʨʘʷʤ ʦʙʨʘʟʮʦʚ. 

ʊʘʢʠʝ ʫʣʫʯʰʝʥʠʷ ʜʘʣʠ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ. ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʌʕʋ ʧʨʠ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʙʝʪʘ ʠʩʪʦʯʥʠʢʦʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 28.  
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ʈʠʩʫʥʦʢ 28 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʌʕʋ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ɓ-

ʠʩʪʦʯʥʠʢʦʤ 
90

Sr 

ɺʠʜʥʦ, ʯʪʦ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʩʠʛʥʘʣʳ ʌʕʋ ʨʘʟʣʠʯʘʶʪʩʷ ʣʠʰʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʮʝʥʪʦʚ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ ʨʘʚʥʘ 5.4%. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʚʳʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠʤʝʶʪ ʩʚʝʪʦʚʳʭʦʜ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ ʩʪʘʨʳʭ ʦʙʨʘʟʮʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʣʫʯʰʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʪʦʩʙʦʨʘ. ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʝʪʦʩʙʦʨʘ 

ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʦʤʧʣʝʢʪʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʵʪʘʧʘ 

ʦʪʜʝʣʴʥʳʤ ʜʦʢʫʤʝʥʪʦʤ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʠʥʳ ʟʘʪʫʭʘʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ ʩʦ 

ʩʲʝʤʦʤ ʩʚʝʪʘ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ ʪʦʣʴʢʦ ʩ ʦʜʥʦʛʦ ʪʦʨʮʘ. ʇʨʦʚʦʜʠʣʦʩʴ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ɓ-ʠʩʪʦʯʥʠʢʦʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʌʕʋ ʜʣʷ 

ʪʘʢʦʛʦ ʩʲʝʤʘ ʩʚʝʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 29 (ʩʣʝʚʘ).  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 29 - ɼʚʫʤʝʨʥʳʡ ʧʣʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʌʕʋ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ 

(ʩʣʝʚʘ) ʠ ʩʠʛʥʘʣʳ ʌʕʋ ʧʨʠ Y=150 ʤʤ (ʩʧʨʘʚʘ). ʉʧʝʢʪʨʦʩʤʝʱʘʶʱʠʝ ʚʦʣʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ 

ʥʘ ʦʜʥʦʤ ʪʦʨʮʝ ʦʙʨʘʟʮʘ. 
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ɼʣʠʥʘ ʟʘʪʫʭʘʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʪʳ Y, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʌʕʋ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʦʣʦʢʦʥ. ʅʘ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʨʠʩʫʥʢʘ 29 ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʠ Y=201 ʤʤ. 

ʌʠʪʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʜʘʝʪ ʦʮʝʥʢʫ ʜʣʠʥʳ ʟʘʪʫʭʘʥʠʷ Latt å 

140 ʩʤ. ɼʣʠʥʘ ʟʘʪʫʭʘʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ɸʊʃɸʉ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʝ ʦʙʨʘʟʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʩʪʘʨʳʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠ ʧʦ ʜʣʠʥʝ ʟʘʪʫʭʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ ʥʘ ʩʚʝʪʦʚʳʭʦʜ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ çʩʪʘʥʜʘʨʪʥʦʛʦè ʦʙʨʘʟʮʘ ʩ ʢʘʥʘʚʢʦʡ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʩ 

ʦʙʨʘʟʮʦʤ ʩ ʜʚʫʤʷ ʢʘʥʘʚʢʘʤʠ, ʧʦ ʦʜʥʦʡ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ. ʉʮʠʥʪʠʣʣʷʪʦʨʳ ʩʢʘʥʠʨʦʚʘʣʠʩʴ 

ɓ-ʠʩʪʦʯʥʠʢʦʤ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ.  

ʉʧʝʢʪʨ ʩʠʛʥʘʣʦʚ ʌʕʋ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʩ 4-ʤʷ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ 

ʚʦʣʦʢʥʘʤʠ, ʧʦʤʝʱʝʥʥʳʤʠ ʚ ʦʜʥʫ ʢʘʥʘʚʢʫ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 30 (ʩʣʝʚʘ).  

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 30 - ʉʠʛʥʘʣʳ ʌʕʋ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4-ʭ ʚʦʣʦʢʦʥ ʚ ʚʝʨʭʥʝʡ ʢʘʥʘʚʢʝ (ʩʣʝʚʘ); ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4-ʭ ʚʦʣʦʢʦʥ ʚ ʚʝʨʭʥʝʡ ʢʘʥʘʚʢʝ ʠ 4-ʭ ʚʦʣʦʢʦʥ ʚ ʥʠʞʥʝʡ ʢʘʥʘʚʢʝ ʙʝʟ ʩʲʝʤʘ 

ʩʚʝʪʘ (ʮʝʥʪʨ);  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4-ʭ ʚʦʣʦʢʦʥ ʚ ʚʝʨʭʥʝʡ ʢʘʥʘʚʢʝ ʠ 4-ʭ ʚʦʣʦʢʦʥ ʚ ʥʠʞʥʝʡ 

ʢʘʥʘʚʢʝ (ʩʧʨʘʚʘ). 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 0,47 ɺ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʦʚ ʌʕʋ ʩ ʦʙʨʘʟʮʘ ʩ ʜʚʫʤʷ ʢʘʥʘʚʢʘʤʠ 

(ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʙʨʘʟʮʘ) ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 30 ʚ ʮʝʥʪʨʝ. ʇʨʠ ʵʪʦʤ ʩʲʝʤ ʩʚʝʪʘ 

ʧʨʦʠʩʭʦʜʠʣ ʪʦʣʴʢʦ ʩ 4-ʭ ʚʦʣʦʢʦʥ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʚʝʪ ʩ ʚʦʣʦʢʦʥ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʩʪʦʨʦʥʳ ʥʝ ʩʥʠʤʘʣʩʷ. ɺʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣ ʌʕʋ ʩ 4-ʭ ʚʦʣʦʢʦʥ ʩʪʘʣ ʨʘʚʝʥ 0,43 ɺ (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ), ʧʦʥʠʟʠʚʰʠʩʴ ʤʝʥʝʝ, ʯʝʤ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʩ ʦʜʥʦʡ ʢʘʥʘʚʢʦʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʩʝʷʥʠʝʤ ʠ ʟʘʭʚʘʪʦʤ ʩʚʝʪʘ ʥʘ ʚʪʦʨʦʡ ʢʘʥʘʚʢʝ. ʇʨʠ ʩʲʝʤʝ ʩʚʝʪʘ ʩʦ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʚʦʣʦʢʦʥ ʚ ʦʙʝʠʭ ʢʘʥʘʚʢʘʭ (ʦʙʱʝʝ ʯʠʩʣʦ ʚʦʣʦʢʦʥ ʨʘʚʥʦ 8) ʩʨʝʜʥʠʡ 

ʩʠʛʥʘʣ ʩ ʌʕʋ ʫʚʝʣʠʯʠʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ (ʩʤ. ʨʠʩʫʥʦʢ 30, ʩʧʨʘʚʘ), ʜʦ 0,84 ɺ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʘʥʘʚʢʠ ʩʥʠʞʘʝʪ ʩʚʪʦʚʳʭʦʜ ʩ 

ʚʦʣʦʢʦʥ ʤʝʥʝʝ, ʯʝʤ ʥʘ 10%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʡ ʢʘʥʘʚʢʠ ʠ ʫʜʚʦʝʥʠʝ ʯʠʩʣʘ 

ʚʦʣʦʢʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʫʜʚʘʠʚʘʝʪ ʩʚʝʪʦʚʳʭʦʜ ʦʙʨʘʟʮʦʚ.  



49 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ 

ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ çʛʦʨʷʯʠʭ ʟʦʥè ʚ ʫʩʪʘʥʦʚʢʝ ɸʊʃɸʉ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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7 ʈʘʙʦʪʳ ʧʦ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (ʎʂʉʂ) 

7.1 ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʨʘʟʚʦʜʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʤʦʜʫʣʝʡ ʢʦʥʪʨʦʣʷ 

ʜʘʚʣʝʥʠʷ ʚ ʎʂʉʂ ʠ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʩʠʩʪʝʤʝ. 

 

6U-ADC  -  ʧʣʘʪʘ ɸʎʇ 

ʇʣʘʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʠʩʪʨʘʣʠ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʳ 

ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ATLAS. 

ʇʣʘʪʘ ɸʎʇ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʬʠʨʤʳ STMicroelectronics ARM 

CortexÊ-M3 STM32F205VG ʩ ʚʩʪʨʦʝʥʥʳʤ 12 ʨʘʟʨʷʜʥʳʤ ɸʎʇ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ CAN-bus. ʇʣʘʪʘ ʠʤʝʝʪ 8 ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʷʭ ʬʠʨʤʳ Analog Devices AD623AR. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʧʦʩʪʫʧʘʝʪ ʩ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʬʠʨʤʳ Motorola MPX5700D, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʜʘʚʣʝʥʠʷ ʜʦ 

7 ʘʪʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʣʘʪʳ ɸʎʇ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 31. 

 

 
 

ʈʠʩʫʥʦʢ 31 - ʇʣʘʪʘ 6U-ADC, ʋ1-ʋ8 ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ AD623AR, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F205VG, ʦʧʪʦ-ʨʘʟʚʷʟʢʠ FOD060L. 

 

SIN-CAN  -  16-ʪʠ  ʢʘʥʘʣʴʥʘ ̫ʧʣʘʪʘ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ 

ʇʣʘʪʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʢʘʧʩʫʣʳ ʚ 

ʥʝʨʞʘʚʝʶʱʝʡ ʪʨʫʙʢʝ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʘʪʯʠʢʘ ʚ ʮʝʟʠʝʚʦʡ 

ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʦʚʢʠ  ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ATLAS. 

ʇʣʘʪʘ ʩʦʩʪʦʠʪ ʠʟ 16 ʛʝʥʝʨʘʪʦʨʦʚ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʬʠʨʤʳ 

STMicroelectronics ARM CortexÊ-M3 STM32F205VG, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʳ 16 ʢʘʥʘʣʦʚ 

16-ʪʠ ʨʘʟʨʷʜʥʳʭ ʩʯʸʪʯʠʢʦʚ. ɻʝʥʝʨʘʪʦʨʳ ʧʦʩʪʨʦʝʥʳ ʧʦ ʩʭʝʤʝ LC-ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʜʚʫʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ, ʢʦʥʜʝʥʩʘʪʦʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʤʦʜʫʣʷ, ʘ ʢʘʪʫʰʢʘ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʪʯʠʢʝ, ʦʜʝʚʘʝʤʦʤ ʥʘ ʪʨʫʙʢʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ 

ʢʘʧʩʫʣʘ. ʏʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30 ï 40 ʢɻʮ, ʘ ʝʸ ʠʟʤʝʥʝʥʠʝ ï ʦʪ 1% ʜʦ 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ
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5%.  ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʨʘʚʥʠʚʘʝʪ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʩ ʦʧʦʨʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʩʨʘʙʘʪʳʚʘʥʠʠ ʜʘʪʯʠʢʘ ʠ ʧʝʨʝʜʘʸʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʧʦʩʳʣʢʫ ʧʦ CAN-bus ʚ ʢʦʤʧʴʶʪʝʨ. ʇʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ SPI ʘʥʘʣʦʛʠʯʥʘʷ ʧʦʩʳʣʢʘ ʧʝʨʝʜʘʸʪʩʷ 

ʚ ʵʣʝʢʪʨʦʥʠʢʫ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ, ʛʜʝ ʦʥʘ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʙʱʠʡ ʧʦʪʦʢ 

ʜʘʥʥʳʭ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʣʘʪʳ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 32. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 32 - ʇʣʘʪʘ 6U-SIN, ɻ1-ɻ16 ï ʛʝʥʝʨʘʪʦʨʳ ʠʥʜʫʢʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F205VG, ʦʧʪʦ-ʨʘʟʚʷʟʢʠ FOD060L 

 

ʋ ʦʙʦʠʭ ʧʣʘʪ ʦʜʠʥʘʢʦʚʦ ʧʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ ʯʘʩʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʠʥʪʝʨʬʝʡʩʦʚ CAN-bus ʠ SPI, ʘ ʘʥʘʣʦʛʦʚʳʝ ʯʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʘʟʥʘʯʝʥʠʶ ʧʣʘʪ. 

ʇʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʦʙʦʠʭ ʧʣʘʪ ʠ ʟʘʚʝʨʰʝʥʘ ʨʘʟʚʦʜʢʘ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ. 

 

7.2 ʅʘʩʪʨʦʡʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʧʣʘʪ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ ʎʂʉʂ 

ɺ ʘʧʨʝʣʝ 2015ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʝʨʚʠʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʣʘʪ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ 

ʢʣʘʧʘʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʙʦʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʩʚʷʟʠ ʩ 

ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʳ 

ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʠ ʜʦʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʯʪʦʙʳ ʦʩʪʘʚʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʙʨʘʟʮʳ ʧʣʘʪ ʫʧʨʘʚʣʝʥʠʷ ʚ ʎɽʈʅʝ. 

ɺ ʩʝʥʪʷʙʨʝ-ʥʦʷʙʨʝ 2015ʛ. ʧʨʦʚʝʜʝʥʳ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʣʘʪ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʧʣʘʪʳ ʩʚʷʟʠ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʢʦʤʧʴʶʪʝʨʘʤʠ ʧʦ ʧʨʦʪʦʢʦʣʘʤ ʩʪʘʥʜʘʨʪʦʚ Canbus, USB ʠ Ethernet. 

ʕʪʠ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ ʧʨʠʛʦʜʥʳ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʳ ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ɸʊʃɸʉ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ
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7.3 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʎʂʉʂ. 

ʇʣʘʪʘ RadTest ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʩʪʦʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʥʝʡ ʩʦʙʨʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʣʘʪʘʭ ʎʂʉʂ. 

ʗʜʨʦʤ ʧʣʘʪʳ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʬʠʨʤʳ STMicroelectronics ARM CortexÊ-

M3 STM32F207VG, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨʘʭ 3U-Eth, ʘ ʪʘʢʞʝ ʚ ʤʦʜʫʣʷʭ 6U-

Garage, 6U-ADC ʠ 6U-SIN. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʪʨʦʣʣʝʨʳ CAN-bus ʠ 

Ethernet. ʂʦʥʪʨʦʣʣʝʨ CAN-bus ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʝ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʪʯʠʢʠ FOD060L ʠ 

ʠʥʪʝʨʬʝʡʩʥʦʡ ʩʭʝʤʳ (ʀʉ) MAX3051ESA ʧʝʨʝʜʘʸʪ ʠ ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ. ʉʚʷʟʴ ʩ Ethernet 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʨʦʩʭʝʤʳ DP83848C - ʧʨʠʸʤʦ-ʧʝʨʝʜʘʪʯʠʢʘ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ 10/100 ʄʙ/ʩ.  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʣʘʪʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 33. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 33 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʣʘʪʳ RadTest 

ʌʦʪʦʛʨʘʬʠʷ ʛʦʪʦʚʦʡ ʧʣʘʪʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 34. 
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ʈʠʩʫʥʦʢ 33 - ɺʥʝʰʥʠʡ ʚʠʜ ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʧʣʘʪʳ RadTest 

ʋʧʨʘʚʣʷʶʱʠʝ ʠ ʪʝʩʪʠʨʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʣʘʪʝ ʤʦʜʫʣʷ 

RadTest. 

1. STM32F207VGT6  1 ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ  

2. DP83848C   1 Ethernet Transceiver 

3. EPM3064ATC100-15 1 ʇʃʀʉ Altera 

4. SN74LVTH162245DL 1 ɹʫʬʝʨʥʳʡ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ 

5. ADP3338AKC-3.3-RL 1 ʉʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 3,3ɺ  

6. L78S05CV   1 ʉʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘ +5ɺ 

7. SFH6156-1T   1 ʆʧʪʨʦʥ Vishay 

8. DAC7512N   1 ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

9. FOD060L   3  ʆʧʪʨʦʥʳ  CAN-bus 

10. MAX3051ESA  1 CAN-bus transceiver 
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11. ADG1219BRJZ-R2  1 ʄʫʣʴʪʠʧʣʝʢʩʦʨ 

12. LM324AM   1 ʆʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ 

13. PBSS4140DPN  1 ʊʨʘʥʟʠʩʪʦʨʳ npn-pnp 

14. BAV99   1  ɼʠʦʜʥʘʷ ʧʘʨʘ 

15. BAV70   3 ɼʠʦʜʥʘʷ ʧʘʨʘ 

16. LED (3mm)   4  ʉʚʝʪʦʜʠʦʜʳ 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʭ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʤʠʢʨʦʩʭʝʤ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦʜʘʯʝʡ ʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʙʨʘʥʥʳʡ ʦʙʲʝʢʪ, ʘ ʩ ʚʳʭʦʜʘ ʦʧʪʨʦʥʘ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʦʙʨʘʪʥʦ ʚ ʢʦʥʪʨʦʣʣʝʨ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʧʦʜʘʥʥʳʤ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʪʘʢʞʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ - ʚʳʢʣʶʯʝʥʠʝ ʪʦʢʘ ʚ ʮʝʧʠ 

ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪʩʷ ʜʚʫʤʷ ʧʦʣʫʚʘʪʪʥʳʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʠ ʩʣʝʜʠʪ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʘʙʦʪʳ ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʭʝʤʳ. 

ʈʘʟʤʝʨ ʧʣʘʪʳ ʩʦʩʪʘʚʣʷʝʪ 10ʭ10 ʩʤĮ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʧʝʨʪʫʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʦʙʣʫʯʝʥʠʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʩʤʦʥʪʠʨʦʚʘʥʦ ʜʚʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ RadTest ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʙʫʜʫʱʠʭ ʪʝʩʪʦʚ. ɺʨʝʤʷ, ʧʦʨʷʜʦʢ ʠ ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʦ ʩ 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ɸʊʃɸʉ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ. 
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8 ʈʘʙʦʪʳ ʧʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʤʫ ʢʘʣʦʨʠʤʝʪʨʫ 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʣʘʥʘ-ʛʨʘʬʠʢʘ ʩʦʛʣʘʰʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʜʚʫʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ:  

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ; 

- ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʢʘʢ ʙʣʦʢʘ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʩʭʝʤʳ, ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʜʝʪʝʢʪʦʨʦʚ ɾɸʂ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʙʨʘʥ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ɾɸʂ 

ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʧʦʤʦʱʴʶ ɸʊʉɸ ʩʪʘʥʜʘʨʪʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ɸʊʉɸ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʩʪʝʥʜ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʤʝʨʝʥʠʷ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ 

GPIB ʠʣʠ USB. ʆʧʳʪ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʨʦʝʢʪʘ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʩʪʝʥʜʝ ʧʨʦʚʝʨʢʠ ʧʨʦʪʦʪʠʧʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ɸʊʃɸʉ-ɾɸʂ ʧʨʠʥʷʪʦ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ  

ʘʥʘʣʦʛʦʚʦʛʦ ʪʨʘʢʪʘ ɾɸʂ (ʧʨʝʜʫʩʠʣʠʪʝʣʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʬʦʨʤʠʨʦʚʘʪʝʣʴ, ʬʠʣʴʪʨ ʠ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ) ʙʫʜʫʪ ʩʦʙʨʘʥʳ ʚ ʝʜʠʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʦʤ ʵʪʦʡ ʤʠʢʨʦʩʭʝʤʳ. 

ʊʨʝʙʦʚʘʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʷ. 

 

8.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʝʥʜʘ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ ʥʘ ʙʘʟʝ ʢʦʨʟʠʥʳ ɸʊʉɸ ʩʪʘʥʜʘʨʪʘ 

ʅʠʞʝ ʧʨʠʚʝʜʸʥ ʧʝʨʝʯʝʥʴ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ: 

- ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ ʠ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʠʟʘʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʮʠʬʨʦʚʦʛʦ ʪʨʠʛʛʝʨʘ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʝʥʠʡ (ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʦʣʣʝʛʘʤʠ ʠʟ ʂʘʥʘʜʳ (ʊʈʀʋʄʌ, ɺʘʥʢʫʚʝʨ);  

- ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ ʧʣʘʪʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʪʦʨʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʩʦʙʨʘʥ ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩʪʝʥʜʘ ʠ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʦʚʦʝ ʠʟʤʝʨʝʥʠʝ 8-ʢʘʥʘʣʴʥʦʛʦ 

ʧʨʦʪʦʪʠʧʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʷ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ HiLum2; 
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- ʟʘʢʘʟʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (LRC-meter) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʦʚ 

ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ ʚ ʩʦʩʪʘʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʪʝʥʜʘ. 

ʅʘ ʨʠʩʫʥʢʝ 34 ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʪʝʥʜʘ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ, ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʩʥʠʤʢʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʘʤʝʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 34 - ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʮʠʢʣʦʚ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʡ ʧʣʘʪʳ ɾɸʂ 

(ʊʈʀʋʄʌ, ʂʘʥʘʜʘ). ʉʣʝʚʘ ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ ʫʧʨʘʚʣʷʝʤʳʡ ʧʝʨʚʦʡ ʚʝʨʩʠʝʡ 

ʧʨʦʛʨʘʤʤʳ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ. ʉʧʨʘʚʘ ï ʦʙʨʘʟʝʮ ʙʘʟʦʚʦʡ ʧʣʘʪʳ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ. 

 

ɸʢʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʥʜʘ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʦʩʪʘʚʝ 

ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3-ʛʦ ʵʪʘʧʘ. 
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9 ʈʘʙʦʪʳ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʢʘʙʝʣʷʤ ɾɸʂ 

ʇʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʩʫʞʜʝʥʠʷ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʎɽʈʅʘ, ʪʘʢ ʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ɸʊʃɸʉ, ʚʢʣʶʯʘʷ ʛʨʫʧʧʫ ʌʀɸʅ, ʪʝʭʥʠʯʝʩʢʠʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʬʘʟʳ 1 ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʥʝʩʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. ʏʘʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʢʘʩʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʘ 

ʧʘʪʯ-ʢʦʨʜʦʚ, ʢʦʪʦʨʳʝ ʛʨʫʧʧʘ ʌʀɸʅ ʜʦʣʞʥʘ ʩʦʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ. ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʠʟʤʝʥʝʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʨʘʙʦʯʠʭ 

ʯʝʨʪʝʞʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʙʦʨʢʘ ʪʝʩʪʦʚʳʭ ʧʘʪʯ-ʢʦʨʜʦʚ.  

ɺʤʝʩʪʦ ʨʘʥʝʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʦʛʦ ʚʦʣʦʢʥʘ 

Draka RadHard MMF ʦʧʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʆʄ3 ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʦʝ 

ʚʦʣʦʢʥʦ Corning ClearCurve MMF ʦʧʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʆʄ4 ʩ ʪʝʤʠ ʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʚʦʣʦʢʥʦ 50/125 ʤʢʤ, ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ ʚ ʙʫʬʝʨʝ - 0,9 ʤʤ) [3]. 

ɺʦʣʦʢʥʦ Corning ʧʨʦʰʣʦ ʫʛʣʫʙʣʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʙʳʣʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʦ ʎɽʈʅʦʤ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ LHC. 

ʀʟʤʝʥʝʥʠʝ ʢʦʩʥʫʣʦʩʴ ʧʘʪʯ-ʢʦʨʜʦʚ ʜʣʠʥʦʡ 350 ʤʤ ʠ 140 ʤʤ ʦʙʦʠʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʰʥʫʨ ʩ ʨʘʟʲʝʤʦʤ ʄʈʆ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʠ 8-ʶ ʠʣʠ 10-ʶ ʧʠʛʪʝʡʣʘʤʠ, ʦʢʦʥʮʦʚʘʥʥʳʤʠ LC ʨʘʟʲʝʤʘʤʠ ʩ ʜʨʫʛʦʡ. ɺ ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ LC ʢʦʥʥʝʢʪʦʨʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ 

ʙʝʟ ʚʥʝʰʥʠʭ ʢʦʨʧʫʩʦʚ (ʨʠʩʫʥʦʢ 35), ʘ ʩʘʤʦ ʩʦʝʜʠʥʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʙʣʦʯʥʳʭ ʨʦʟʝʪʦʢ (ʨʠʩʫʥʦʢ 36). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 35 ï LC ʢʦʥʥʝʢʪʦʨʳ ʩʦ ʩʥʷʪʳʤʠ ʢʦʨʧʫʩʘʤʠ 
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ʈʠʩʫʥʦʢ 36 ï ɹʣʦʯʥʳʝ ʨʦʟʝʪʢʠ ʧʦʜ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ LC ʢʦʥʥʝʢʪʦʨʳ. 

 

ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ɾɸʂ 

ʜʦʣʞʥʦ ʠʤʝʪʴ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʧʪʠʯʝʩʢʠʡ ʨʝʬʣʝʢʪʦʤʝʪʨ, ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʢʘʪʫʰʢʠ ʠ  

ʤʠʢʨʦʩʢʦʧ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʠʬʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʄʠʢʨʦʩʢʦʧ ʥʫʞʝʥ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʝʢ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʨʘʟʲʝʤʦʚ ʪʠʧʦʚ ʄʊʈ ʠ LC. ɺ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʣʦʞʝʥʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ çʄʠʢʨʦʤʝʜ 2 ʚʘʨ. 

3-20è  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çʄʠʢʨʦʤʝʜ 2 ʚʘʨ. 3-20è 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ  

ʋʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ, ʢʨʘʪ 40 - 1000 (1600*/2000*)  

ʈʝʚʦʣʴʚʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 4 ʦʙʲʝʢʪʠʚʘ  

ʆʙʲʝʢʪʠʚʳ, ʢʨʘʪ/ʘʧʧʝʨʪʫʨʘ ʘʭʨʦʤʘʪʳ 
4x/0,1; 10x/0,25; 20x/0,4*; 40x/0,65; 60x/0,85*; 

100x/1,25 ʤʠ  

ɺʠʟʫʘʣʴʥʘʷ ʥʘʩʘʜʢʘ ʪʨʠʥʦʢʫʣʷʨʥʘʷ  

ʈʝʛʫʣʠʨʫʝʤʦʝ ʤʝʞʟʨʘʯʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʚ 

ʧʨʝʜʝʣʘʭ, ʤʤ  
55-75  

ʋʚʝʣʠʯʝʥʠʝ ʥʘʩʘʜʢʠ 1 

ʆʢʫʣʷʨʳ, ʢʨʘʪ/ʧʦʣʝ 10/18; (5/18*; 12,5/15*; 16/15*; 20/11*)  
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ʎʝʥʪʨʠʨʫʝʤʳʡ ʢʦʥʜʝʥʩʦʨ ɸʙʙʝ, 

ʥʘʠʙʦʣʴʰʘʷ ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ  
1,25  

ʇʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ, ʤʤ 135x153  

ɼʠʘʧʘʟʦʥ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʧʘʨʘʪʘ, ʤʤ 80x50 

ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ - ʛʘʣʦʛʝʥʦʚʘʷ ʣʘʤʧʘ, ɺ/ɺʪ 6/20  

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ - ʩʝʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ɺ/ɻʮ 
220+-22/50  

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ 220x360x470  

ʄʘʩʩʘ, ʥʝ ʙʦʣʝʝ, ʢʛ 8,2  

 

ɼʣʷ ʦʮʠʬʨʦʚʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʤʠʢʨʦʩʢʦʧʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʝʛʦ ʘʥʘʣʠʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ ʚʠʜʝʦʦʢʫʣʷʨ ToupCam 9.0 Mʨ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʝʦʦʢʫʣʷʨʘ ToupCam 9.0 Mʨ 

ʄʦʜʝʣʴ ʩʝʥʩʦʨʘ ʎʚʝʪʥʦʡ CMOS-ʩʝʥʩʦʨ Aptina MT9T001 

ʈʘʟʚʝʨʪʢʘ ʇʨʦʛʨʝʩʩʠʚʥʘʷ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 3488 x 2616 

ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

9 ʄʇ 

ʈʘʟʤʝʨ ʩʝʥʩʦʨʘ 1/2.4ñ (5.825 ʤʤ (H) x 4.369 ʤʤ (V), ɼʠʘʛʦʥʘʣʴ 7.281 ʤʤ) 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ 1,67 ʭ 1,67 ʤʢʤ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʠʟʣʫʯʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ 550 

ʥʤ 

0,31 ɺ/ʣʶʢʩ-ʩʝʢ 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 65,2 ʜɹ 

ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ) 

12 ʙʠʪ ʧʘʨʘʣʣʝʣʴʥʳʡ, 8 ʙʠʪ RGB -> ʇʂ 

ʉʠʛʥʘʣ/ʰʫʤ 34 ʜɹ 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 380-650 ʥʤ (ʩ ʀʂ-ʬʠʣʴʪʨʦʤ) 

ʌʦʨʤʘʪ ʚʠʜʝʦ ʠ ʯʘʩʪʦʪʘ 

ʢʘʜʨʦʚ 

1.9 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ (3488 x 2616), 8 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ 

(1744 x 1308), 27 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ (872 x 654) 

ɹʠʥʠʥʛ 1x1, 2x2, 4x4 

ʕʢʩʧʦʟʠʮʠʷ 0.38 - 2000 ʤʩ ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ/ʈʫʯʥʘʷ. ʕʣʝʢʪʨʦʥʥʳʡ 
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ʚʨʘʱʘʶʱʠʡʩʷ ʟʘʪʚʦʨ ERS 

ɹʘʣʘʥʩ ʙʝʣʦʛʦ ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ/ ʨʫʯʥʦʡ ʨʝʞʠʤ 

ɺʳʚʦʜ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

USB2.0, 480 ʄʙʠʪ/ʩ 

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ USB2.0 

ʇʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʷʨʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, 

ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʘʜ. 

ʧʦ ʎʝʣʴʩʠʶ 

-10 - +50 

ʂʦʨʧʫʩ ʢʘʤʝʨʳ ʘʥʦʜʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʦʢʨʘʰʝʥʥʳʡ ʚ 

ʯʝʨʥʳʡ ʮʚʝʪ  

ʂʘʙʝʣʴ USB ʜʣʠʥʘ 2ʤ 

ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ MicrosoftÈ WindowsÈ XP/Vista/7/8 (32 ʠ 64 ʙʠʪ), OS X 

(Mac OS X), Linux 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ "ToupView "; 

ʜʨʘʡʚʝʨ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʪʘʥʜʘʨʪʳ 

ʠʥʪʝʨʬʝʡʩʘ DirectShow ʠ TWAIN 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʄʊʈ 6000 ʙʳʣʘ 

ʟʘʢʘʟʘʥʘ ʠ ʧʨʠʦʙʨʝʪʝʥʘ çʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʢʘʪʫʰʢʘè, ʦʩʥʦʚʥʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʤʝʨʪʚʦʡ ʟʦʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ. ʆʥʘ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ Corning ClearCurve 50/125, ʠʜʝʥʪʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʫʝʤʦʤʫ  ʚ ʪʝʩʪʠʨʫʝʤʳʭ ʧʘʪʯ-ʢʦʨʜʘʭ. ʆʥʘ ʫʢʦʤʧʣʝʢʪʦʚʘʥʘ ʦʧʪʠʯʝʩʢʠʤʠ 

ʨʘʟʲʝʤʘʤʠ:  ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ï ʪʠʧʘ FC(m), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʪʠʧʘ LC(f). 

 

9.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʠ ʠʩʧʳʪʘʥʠʷ ʧʘʨʪʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʣʷ ɾɸʂ ʩ ʨʘʩʧʝʯʘʪʢʦʡ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤ ʧʦ ʢʘʞʜʦʤʫ ʚʦʣʦʢʥʫ 

ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʦʙʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ (ʧʘʪʯ-ʢʦʨʜʳ) 4-ʭ ʪʠʧʦʚ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʜʝʪʝʢʪʦʨʘ ɸʊʃɸʉ ʚ ʩʣʝʜʫʶʱʝʤ ʢʦʣʠʯʝʩʪʚʝ: 

- ʧʘʪʯ-ʢʦʨʜ rʄʊʈ-10 LC (350 ʤʤ)   ï 16 ʰʪʫʢ; 

- ʧʘʪʯ-ʢʦʨʜ rʄʊʈ-8 LC (350 ʤʤ)   ï 4 ʰʪʫʢʠ. 

- ʧʘʪʯ-ʢʦʨʜʳ ʄʊʈ-10 LC (140 ʤʤ)   ï 1 ʰʪʫʢʘ; 

- ʧʘʪʯ-ʢʦʨʜ rʄʊʈ-8 LC (140 ʤʤ)   ï 1 ʰʪʫʢʘ. 
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ɸʢʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʘʨʪʠʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʚʢʣʶʯʸʥ ʚ ʩʦʩʪʘʚ 

ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 3-ʤʫ ʵʪʘʧʫ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʚ ʢʘʞʜʦʤ ʠʟ ʚʦʣʦʢʦʥ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ (ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 37) ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʦʪʯʝʪʝ 2-ʛʦ ʵʪʘʧʘ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ, ʠ ʧʨʦʛʨʘʤʤʦʡ ʠ ʤʝʪʦʜʠʢʦʡ ʠʩʧʳʪʘʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ɾɸʂ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʩʦʩʪʘʚʝ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3 ʵʪʘʧʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 37 ï ʆʙʨʘʟʝʮ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ 

(ʧʘʪʯ-ʢʦʨʜʘ), ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʠʤʠ ʨʘʟʲʝʤʘʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʘʙʝʣʝʡ ʩʚʦʜʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ (ʩʤ. ʪʘʙʣʠʮʫ 3). 

ɸʥʘʣʦʛʠʯʥʳʝ ʪʘʙʣʠʮʳ ʚ ʨʘʩʧʝʯʘʪʘʥʥʦʤ ʥʘ ʙʫʤʘʛʝ ʚʠʜʝ ʧʨʠʣʘʛʘʶʪʩʷ ʢ ʢʘʞʜʦʤʫ ʠʟ ʧʘʪʯ-

ʢʦʨʜʦʚ, ʘ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʭʨʘʥʷʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. 
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ʊʘʙʣʠʮʘ 3 - ʇʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʜʥʦʛʦ ʢʘʙʝʣʷ ʩ ʧʝʨʝʚʦʜʦʤ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ. 

Fiber Optic Patchcord      S/N: 150924045 

ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʧʘʪʯ-ʢʦʨʜʘ ʉʝʨ/ˉ: 150924045 

MTP-10LC-013 Production #013 / ʅʦʤʝʨ #013 

Fiber / ɺʦʣʦʢʥʦ Color / ʎʚʝʪ Loss at 850 nm / ʇʦʪʝʨʠ ʥʘ 850 ʥʤ 

Total / ʉʫʤʤʘʨʥʳʝ LC side  

1 Blue / ɻʦʣʫʙʦʡ 0,33 0,14 

2 Orange / ʆʨʘʥʞʝʚʳʡ 0,27 0,17 

3 Green / ɿʝʣʝʥʳʡ 0,31 0,07 

4 Brown / ʂʦʨʠʯʥʝʚʳʡ 0,33 0,19 

5 Gray / ʉʝʨʳʡ 0,28 0,16 

6 White / ɹʝʣʳʡ 0,18 0,06 

7 Yellow / ɾʝʣʪʳʡ 0,34 0,08 

8 Purple / ʌʠʦʣʝʪʦʚʳʡ 0,29 0,11 

9 Pink / ʈʦʟʦʚʳʡ 0,25 0,15 

10 Aqua / ɹʠʨʶʟʦʚʳʡ 0,32 0,09 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʦʣʦʢʦʥ ʙʳʣʘ ʩʥʷʪʘ ʠ ʟʘʧʠʩʘʥʘ ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ ʚ ʬʘʡʣ 

ʚ ʬʦʨʤʘʪʝ SOR. ɼʘʥʥʳʝ ʬʘʡʣʳ ʷʚʣʷʶʪʩʷ ʬʘʡʣʘʤʠ-ʭʨʘʥʠʣʠʱʘʤʠ ʠʟʤʝʨʝʥʠʡ 

(ʨʝʬʣʝʢʪʦʛʨʘʤʤ). ʇʨʠʤʝʨ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 38. 
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ʈʠʩʫʥʦʢ 38 ï ʈʝʬʣʝʢʪʦʛʨʘʤʤʘ ˉ03 ʧʘʪʯ-ʢʦʨʜʘ ˉ012. 

ʅʘ ʨʘʩʧʝʯʘʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʘʪʝ ʠ ʚʨʝʤʝʥʠ  

ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʠʤʝʥʠ ʬʘʡʣʘ, ʪʠʧʝ ʠ ʥʦʤʝʨʝ ʧʨʠʙʦʨʘ ʠ ʦʙ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʘ ʠʤʝʥʥʦ: ʦʙʱʘʷ ʜʣʠʥʘ ʚʦʣʦʢʥʘ, ʧʦʣʥʳʝ ʧʦʪʝʨʠ ʠ 

ʠʟʤʝʨʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ. 

ɻʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʚ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ  ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʪʝʨʴ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʝʥʷʷ ʤʘʩʰʪʘʙ ʧʦ 

ʦʩʠ ʍ (ʜʣʠʥʘ), ʤʦʞʥʦ ʚ ʜʝʪʘʣʷʭ ʠʟʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʫʯʘʩʪʦʢ ʚʦʣʦʢʥʘ. ʊʘʢʞʝ ʦʪʜʝʣʴʥʦ 

ʦʪʤʝʯʘʶʪʩʷ ʪʦʯʢʠ ʥʘʯʘʣʘ, ʢʦʥʮʘ ʣʠʥʠʠ, ʤʝʩʪ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ 

ʪʦʯʝʢ. 

ɺʩʝ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʦʣʦʢʦʥ ʢʘʞʜʦʛʦ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ 

ʨʘʩʧʝʯʘʪʳʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ OTDRView (ʚʝʨʩʠʷ 2.026), ʦʙʣʘʜʘʶʱʝʡ 

ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʀʩʭʦʜʥʳʝ ʬʘʡʣʳ ʚ ʬʦʨʤʘʪʝ SOR ʭʨʘʥʷʪʩʷ ʥʘ ʜʠʩʢʝ ʩ 

ʜʘʥʥʳʤʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ ʨʝʟʫʣʴʪʘʪʘʭ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ. 
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10 ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

10.1 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʚ 

ʨʝʞʠʤʝ çʦʥ-ʣʘʡʥè ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ ɾɸʂ 

ʉ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ 

ɾɸʂ ʙʳʣ ʥʘʧʠʩʘʥ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ çLAr Time Monitoringè (LTM). ɼʘʥʥʳʡ ʧʘʢʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ɹʘʟʝ ɼʘʥʥʳʭ ʟʘʧʠʩʝʡ ʦ 

ʥʘʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʘʥʩʘʭ. ʇʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʚʳʟʳʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ 

ɾɸʂ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʧʨʘʚʢʠ (ʥʘ ʫʨʦʚʥʝ 

ʘʧʧʘʨʘʪʫʨʳ) ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʚ FEB (ʩʤ. ʨʠʩʫʥʦʢ 39).  

 

 

ʈʠʩʫʥʦʢ 39 - ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ ʚʨʝʤʝʥʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʙʨʦʩʘ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʧʣʘʪʘʭ ʢʘʤʝʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ (FEB) ʪʦʨʮʝʚʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (EMEC).  

 

ʈʘʙʦʪʘ ʧʘʢʝʪʘ Lʊʄ ʥʝ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ (ʪʝʢʩʪʦʚʳʝ 

ʬʘʡʣʳ) ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʢʩʧʝʨʪʘʤʠ. 

ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʘʢʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʟʢʠʤ ʢʨʫʛʦʤ ʵʢʩʧʝʨʪʦʚ, ʜʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʝʞʫʨʥʳʭ ʚ ʩʤʝʥʘʭ. 
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10.2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ɾɸʂ 

ʩ çʥʝʩʪʘʥʜʘʨʪʥʦʡè ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣʘʭ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (ʜʘʣʝʝ 

ɾɸʂ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʩʝʘʥʩʳ, ʠʤʝʶʱʠʝ ʪʠʧ Delay. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʦʪʢʣʠʢ (ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ) ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʙʣʠʟʢʠʡ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʊʘʢʠʝ ʩʝʘʥʩʳ ʧʨʦʚʦʜʷʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 

ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ: 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ (Amax), ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ (Width) ʠ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʶ Amax. 

ʂʘʞʜʳʡ ʢʘʥʘʣ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ɾɸʂ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ çFast Finder of Bad Channelsè (FFBC) ʧʦʩʪʨʦʝʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʝʢ 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ (ű) 

ʚ ɾɸʂ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʷʯʝʡʢʠ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ ʙʣʠʟʢʠʝ ʜʨʫʛ ʜʨʫʛʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟ ʢʘʞʜʦʛʦ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʝʘʥʩʘ ʪʠʧʘ Delay ʤʳ ʧʦʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ Amax ʠ Width ʜʣʷ ʨʷʜʘ ʛʨʫʧʧ ʷʯʝʝʢ ʚ ɾɸʂ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ 

ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ (mean) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (sigma). ɽʩʣʠ ʦʜʠʥ ʠʟ ʪʨʝʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ meanÑ5sigma, ʷʯʝʡʢʘ  ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ çʧʣʦʭʘʷè. ɺ ʠʪʦʛʝ 

ʧʦʣʫʯʘʝʪʩʷ ʩʧʠʩʦʢ çʧʣʦʭʠʭè ʷʯʝʝʢ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʪʦʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʥʘʣʳ ʚ ɾɸʂ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥ ʩʦʩʪʦʠʪ ʚ ʩʨʘʚʥʝʥʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ çʧʣʦʭʦʛʦè ʢʘʥʘʣʘ ʩ ʵʪʘʣʦʥʦʤ (ʧʦʣʫʯʘʝʤʳʤ 

ʫʩʨʝʜʥʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʚ çʭʦʨʦʰʠʭè ʢʘʥʘʣʘʭ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʨʫʯʥʫʶ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʥʘʣʦʚ (ʦʢʦʣʦ 180 ʪʳʩʷʯ), ʘ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʥʘʣʘʭ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʘ ʟʘʧʫʩʢʘʝʪʩʷ ʚʨʫʯʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʩʝʘʥʩʦʚ, ʚʳʙʨʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʝʥʠʝ çʧʣʦʭʠʭè 

ʢʘʥʘʣʦʚ, ʘʤʧʣʠʪʫʜʘ ʣʠʙʦ ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʥʘ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ, ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 40. ɺʩʝʛʦ ʥʘʡʜʝʥʦ ʦʢʦʣʦ 120 çʧʣʦʭʠʭè ʢʘʥʘʣʦʚ, ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʨʝʤʦʥʪʫ ʠ 

ʟʘʤʝʥʝ ʥʝʠʩʧʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 
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ʈʠʩʫʥʦʢ 40 - ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ FFBC. ʇʦʢʘʟʘʥʳ ʥʘʡʜʝʥʥʳʝ çʧʣʦʭʠʝè ʢʘʥʘʣʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʣʠʯʥʳʝ ʦʪ ʜʨʫʛʠʭ ʢʘʥʘʣʦʚ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠ 

ʰʠʨʠʥʳ ʩʠʛʥʘʣʘ. 

 

ʇʨʦʛʨʘʤʤʘ FFBC, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʧʫʩʢʘʝʪʩʷ ʵʢʩʧʝʨʪʘʤʠ, ʥʦ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʟʘʧʫʩʢ 

ʝʝ ʜʝʞʫʨʥʳʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʥʘ ʣʠʥʫʢʩʦʚʦʤ ʢʣʘʩʪʝʨʝ lxplus ʥʫʞʥʦ ʥʘʙʨʘʪʴ 

ffbc. ɼʘʥʥʘʷ ʢʦʤʘʥʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʘʨʛʫʤʝʥʪʦʚ: 

- -N  ʥʦʤʝʨ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʟʘʭʦʜʘ ʪʠʧʘ Delay; 

- -L  ʟʘʜʘʥʠʝ ʠʥʜʝʢʩʘ ʜʣʷ ʩʣʦʷ ɾɸʂ; 

- -p  ʧʝʯʘʪʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʟʘʭʦʜʝ; 

- -v  ʚʳʚʦʜʠʪʴ ʥʘ ʵʢʨʘʥ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ; 

- -h  ʚʳʚʦʜ ʥʘ ʵʢʨʘʥ ʩʧʨʘʚʢʠ ʦ ʧʨʦʛʨʘʤʤʝ. 

 

10.3 ʆʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤ ʢʦʥʪʨʦʣʷ ʥʘ ʙʘʟʝ ʧʨʦʪʦʪʠʧʘ ʈʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ ʈʉ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤʳʭ ʢʘʤʝʨ ʅʦʚʳʭ ʄʘʣʳʭ ʂʦʣʝʩ (ʅʄʂ) ʩʦʟʜʘʝʪʩʷ 

ʩʪʝʥʜ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ (ʈʉ). ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʘ 

ʪʝʩʪʦʚʘʷ ʚʝʨʩʠʷ ʇʆ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʇʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ 

ʫʧʨʘʚʣʷʪʴ ʨʘʙʦʪʦʡ ʩʢʘʥʝʨʘ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝ. ʆʙʱʠʡ ʚʠʜ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 41. ʇʆ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʝ ʙʠʙʣʠʦʪʝʢ ʧʘʢʝʪʘ ROOT ʠ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ Windows ʠʣʠ Linux. 
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ʈʠʩʫʥʦʢ 41 - ʆʙʱʠʡ ʚʠʜ GUI (ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʧʨʦʛʨʘʤʤʳ ʜʣʷ  

ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ. 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʇʆ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʵʪʦ 

ʫʧʨʘʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦ ʨʘʙʦʪʦʡ ʩʢʘʥʝʨʘ (ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ, 

ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʤʫʣʴʪʠʤʝʪʨ), ʦʙʨʘʙʦʪʢʘ ʠ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʭʨʘʥʝʥʠʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʌʀɸʅʝ ʫ ʥʘʩ ʥʝʪ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʤʶʦʥʥʳʭ ʢʘʤʝʨ, ʪʦ  ʜʣʷ ʦʪʣʘʜʢʠ ʧʨʦʛʨʘʤʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤʠ ʢʘʤʝʨʘʤʠ ʚ ʨʫʯʥʦʤ 

ʨʝʞʠʤʝ ʚ ʎɽʈʅ. ʅʘ ʨʠʩʫʥʢʘʭ 42 ʠ 43 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʜʚʫʭ ʤʶʦʥʥʳʭ ʢʘʤʝʨʘʭ ʢʚʘʜʨʫʧʣʝʪʘ.  
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ʈʠʩʫʥʦʢ 42 ï ʎʚʝʪʦʚʘʷ ʢʘʨʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚ ʢʘʤʝʨʝ ˉ 1. 

ʎʚʝʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʪʨʘʞʘʝʪ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʝʥʥʦʛʦ ʪʦʢʘ ʚ ʥɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʚʝʪʦʚʦʡ 

ʰʢʘʣʦʡ ʩʧʨʘʚʘ. ʇʦ ʦʩʷʤ ʍ ʠ Y ʦʪʣʦʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ X ʠ Y ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʦʙʣʫʯʝʥʠʷ ʢʘʤʝʨʳ ʚ ʤʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 43 ï ʎʚʝʪʦʚʘʷ ʢʘʨʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʚ ʢʘʤʝʨʝ ˉ 2. 
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ɼʘʥʥʳʝ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ çʮʚʝʪʦʚʦʡ ʢʘʨʪʳè, ʛʜʝ ʢʘʞʜʘʷ ʪʦʯʢʘ ʦʪʨʘʞʘʝʪ 

ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʪʦʢ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʚʝʪʦʚʦʡ ʰʢʘʣʦʡ ʩʧʨʘʚʘ. ʅʘ ʦʙʦʠʭ 

ʨʠʩʫʥʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʩʠʥʝ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʩʚʷʟʘʥʳ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʘʤʝʨ (ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ). ɺʠʜʠʤʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʦʩʘ 

ʧʨʠ ʢʦʦʨʜʠʥʘʪʝ X=1050 ʥʘ ʨʠʩʫʥʢʝ 42 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʨʦʷʪʥʦʡ ʧʨʦʙʣʝʤʝ ʩ ʘʥʦʜʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʢʘʤʝʨʳ ʚ ʵʪʦʤ ʤʝʩʪʝ (ʚʦʟʤʦʞʥʦ, ʧʦʚʳʰʝʥʥʦʝ ʛʘʟʦʚʦʝ ʫʩʠʣʝʥʠʝ ʠʟ-ʟʘ 

ʧʨʦʚʠʩʘʥʠʷ ʧʨʦʚʦʣʦʢʠ). ʅʘʧʨʦʪʠʚ, ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ X=950 ʥʘ 

ʨʠʩʫʥʢʝ 43 ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʘʜʝʥʠʠ ʛʘʟʦʚʦʛʦ ʫʩʠʣʝʥʠʷ ʠʣʠ ʜʘʞʝ ʚʦʟʤʦʞʥʦʤ 

ʦʙʨʳʚʝ ʧʨʦʚʦʣʦʢʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. ʊʘʢʦʡ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʥʘʛʣʷʜʥʦ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʦʙʣʘʩʪʠ ʚ ʢʘʤʝʨʘʭ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʦʪʙʨʘʢʦʚʳʚʘʪʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʘʤʝʨʳ 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʨʘʙʦʯʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʢʘʥʝʨʦʤ. ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ ʰʘʛʦʚʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʩʢʘʥʝʨʘ, ʧʝʨʝʤʝʱʘʶʱʠʤʠ ʢʘʨʝʪʢʫ ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ, ʫʧʨʘʚʣʷʝʪ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʙʦʪʫ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʇʨʦʛʨʘʤʤʘ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʩʢʘʥʝʨʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʄʦʩʢʚʝ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʚ ʥʘʯʘʣʝ 2016 ʛʦʜʘ ʚ ʎɽʈʅ, ʢʫʜʘ ʙʫʜʫʪ ʧʝʨʝʚʝʟʝʥʳ ʩʢʘʥʝʨʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʤʠ ʤʶʦʥʳʤʠ ʢʘʤʝʨʘʤʠ. 

 

10.4 ʈʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɸɻʀʉ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʟʘʛʨʫʟʦʢ 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ɻʨʠʜ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ - ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʛʨʠʜ-ʚʳʯʠʩʣʝʥʠʷ ʠʣʠ ʛʨʠʜ-ʩʝʪʠ. 

ʂʣʶʯʝʚʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʟʚʝʥʦʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ɻʈʀɼ ʩʠʩʪʝʤʘ AGIS (ATLAS Grid Information System), 

ʦʧʠʩʳʚʘʶʱʘʷ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʦʟʨʦʩʰʠʡ ʧʦʪʦʢ ʜʘʥʥʳʭ ʩ ʜʝʪʝʢʪʦʨʘ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʪʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʟʘʪʨʘʛʠʚʘʶʪ ʪʘʢʞʝ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻʈʀɼ ʩʝʪʠ  - ʩʠʩʪʝʤʳ AGIS. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʩʝʨʚʠʩʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʨʠʜ-ʩʝʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʜʘʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ WebUI (Web User Interface) ʠ 

CLI (Command Line Interface) ʠʥʪʝʨʬʝʡʩʳ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ API (Application Programming Interface). ɼʘʥʥʳʡ ʵʪʘʧ ʨʘʙʦʪ ʙʳʣ 

ʧʦʩʚʷʱʝʥ ʨʘʟʚʠʪʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ WebUI ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ. 

WebUI ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʩʪʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʯʝʨʝʟ Web ʙʨʘʫʟʝʨ.  

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ WebUI ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ (ʥʘʙʦʨ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ HTML ʩʪʨʘʥʠʮ ʠ ʬʦʨʤ) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʠʩʪʝʤʝ 

(ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʛʨʠʜ-ʩʣʫʞʙʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ, ʠʣʠ ʵʣʝʤʝʥʪʘ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ), ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʠʜʝ. ʅʘʧʨʠʤʝʨ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ 

ʛʨʠʜ-ʩʘʡʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ WebUI ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʩʫʨʩʘʭ ʩʘʡʪʘ (ATLAS Site), ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ PandaQueue  ʦʙʲʝʢʪʦʚ 

ʟʘʧʫʩʢʘ ʟʘʜʘʥʠʡ ʩʠʩʪʝʤʳ PandDA (The PanDA Production ANd Distributed Analysis system), 

ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ DDMEndpoint ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ DDM (Distributed Data Management System). 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ WebUI ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ 

ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ, ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʧʠʩʘʥʘ ʥʘ  ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ python, ʠʩʧʦʣʴʟʫʷ ʬʨʝʡʤʚʦʨʢ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ Django. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ HTML ʠ CSS, 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ AJAX ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʪʨʘʥʠʮ ʩ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʛʨʫʟʢʦʡ ʜʘʥʥʳʭ ʩ ʩʝʨʚʝʨʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ WEB ʠʥʪʝʨʬʝʡʩʫ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʚʘʣʠʜʥʦʩʪʠ ʜʘʥʥʳʭ, ʚʚʝʜʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʚʦʜʫ ʚ ʩʠʩʪʝʤʫ ʟʘʚʝʜʦʤʦ ʥʝʧʨʘʚʠʣʴʥʳʭ ʜʘʥʥʳʭ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʠʧʦʚ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘʧʨʠʤʝʨ,  ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʦʚʦʡ ɸʊʃɸʉ ʩʣʫʞʙʳ (ʩʝʨʚʠʩʘ) ʚ ʩʠʩʪʝʤʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʝʩʫʨʩʘ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʩʪʨʦʛʦ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʡ ʬʦʨʤʘʪ, ʘ ʛʨʠʜ-ʫʟʝʣ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʩʝʨʚʠʩ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʫʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʠ 
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ʦʙʥʦʚʣʝʥʳ ʠ ʨʘʩʰʠʨʝʥʳ ʤʦʜʫʣʠ ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ, ʚʚʝʜʝʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʯʝʨʝʟ ʬʦʨʤʳ HTML ʩʪʨʘʥʠʮ ʩʘʡʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʙʳʣʦ  ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʥʦʚʣʝʥʠʝ ʪʘʙʣʠʯʥʦʛʦ ʚʳʚʦʜʘ ʜʘʥʥʳʭ 

(ʠʩʧʦʣʴʟʫʷ ʙʠʙʣʠʦʪʝʢʫ JQuery, datatable) ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʜʝʨʝʚʘ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʭʦʜʝ ʨʘʩʰʠʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ AGIS - ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʠʩʪʝʤʫ - ʙʳʣ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʠ ʨʝʘʣʠʟʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʩʦ ʩʪʦʨʦʥʳ WebUI ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʦʨʤ (ʘ 

ʪʘʢʞʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʨʚʝʨʥʳʝ ʤʦʜʫʣʠ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʦʚʦʛʦ ʪʠʧʘ HTCondor-CE ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɸʊʃɸʉ, ʠ ʥʦʚʦʛʦ ʪʠʧʘ ʨʝʩʫʨʩʘ ʭʨʘʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ Object Store. 

 

10.5 ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʊɼʇʀ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ɹɸʂ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɸʊʃɸʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡʥʝ 

ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʜʦʙʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, 

ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ὴὴO ὌᴼὤὤO τὰ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ɸʊʃɸʉ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʨʝʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʊɼʇʀ).  

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʊɼʇʀ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ 

ɹɸʂ. ʉʫʱʝʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ɹɸʂ, ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʭʠʪʦʚ ʩ ʚʳʩʦʢʦʤ ʧʦʨʦʛʦʤ ʢ 

ʯʠʩʣʫ ʭʠʪʦʚ ʩ ʥʠʟʢʠʤ ʧʦʨʦʛʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʝʢʘ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʠ 

ʩʣʫʞʠʣʘ ʜʠʩʢʨʠʤʘʥʘʪʦʨʦʤ ʪʠʧʘ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥʳ, ʧʨʦʣʝʪʘʶʱʠʝ ʯʝʨʝʟ ʊɼʇʀ, 

ʦʩʪʘʚʣʷʶʪ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʦʨʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʭʠʪʦʚ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ, ʥʝʞʝʣʠ 

ʧʠʦʥʳ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʄʝʪʦʜ ʦʪʥʦʰʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʦʨʦʛʘ (High threshold fraction 

method ʠʣʠ, ʩʦʢʨʘʱʸʥʥʦ, fHT method). 

ʄʝʪʦʜ ʦʪʥʦʰʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʦʨʦʛʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʛʦ ʦʙʲʸʤʘ 

ʜʝʪʝʢʪʦʨʘ. ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ 

ʥʝ ʪʘʢ. ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʤʥʦʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ Z/R-ʧʦʟʠʮʠʷ ʪʨʝʢʘ ʚ ʜʝʪʝʢʪʦʨʝ, ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʨʝʢʘ ʜʦ ʧʨʦʚʦʣʦʢʠ, 

ʟʘʛʨʫʟʢʠ ʜʝʪʝʢʪʦʨʘ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ 
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ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ Mʝʪʦʜ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (Likelihood method). 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ 

ʧʦʨʦʛʦʤ ʙʦʣʴʰʝ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʤʥʦʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (2): 

 

                                 ὴ ὴ ‎ȟὝςὡȟὤȾὙȟὛὒȟ                                   (2) 

 

ʛʜʝ ‎ ï ʛʘʤʤʘ-ʬʘʢʪʦʨ ʧʨʦʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ, T2W ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʨʝʢʘ ʜʦ ʧʨʦʚʦʣʦʢʠ, 

Z/R ï ʧʦʟʠʮʠʷ ʪʨʝʢʘ ʚ ʜʝʪʝʢʪʦʨʝ, SL ï ʥʦʤʝʨ ʙʣʦʢʘ ʊɼʇʀ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʣʝʪʘʝʪ 

ʯʘʩʪʠʮʘ. ʂʦʥʢʨʝʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʝ (3). 

 

                              ὴ ὴ ‎ϽὅὊ ϽὅὊȾ ϽὅὊȟ                          (3) 

 

ʛʜʝ ὴ ‎ ï ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʦʪ ʛʘʤʤʘ-ʬʘʢʪʦʨʘ ʧʨʦʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ, ὅὊ ï 

ʢʦʨʨʝʢʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʨʨʝʢʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩ ɹɸʂ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʨʘʩʧʘʜʘʭ Z-ʙʦʟʦʥʦʚ ʚ ʧʘʨʫ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʶʦʥʦʚ ʚ 2012 ʛʦʜʫ. ʇʨʠʤʝʨ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʢʦʨʨʝʢʮʠʦʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 44.  
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ʈʠʩʫʥʦʢ 44 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʦʚʦʣʦʢʠ ʚ ʜʨʝʡʬʦʚʦʡ ʪʨʫʙʢʝ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ. 

 

ʂʘʢ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʘ ʩ ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ (ʙʦʣʝʝ, ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʪʦʛʦʚʦʛʦ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʢʦʨʨʝʢʪʥʦʤ ʫʯʸʪʝ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʟʘʛʨʫʟʢʘ ʊɼʇʀ ʚ ʪʝʯʝʥʠʝ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ɹɸʂ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʚʝʩʪʠ ʵʬʬʝʢʪʳ 

ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʠ ʢ ʤʠʥʠʤʫʤʫ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʣʠʰʴ ʩʦ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʙʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 25-ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʠʥʪʝʨʚʘʣʫ 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʧʨʦʪʦʥʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ Middle high threshold 

bit), ʚʤʝʩʪʦ 75-ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ɹɸʂ (All  high threshold bits). ʇʦʩʢʦʣʴʢʫ ʩʫʞʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʛʨʫʟʢʠ ʜʝʪʝʢʪʦʨʘ, ʥʦ ʠ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘ ʩʯʸʪ ʧʦʪʝʨʠ ʯʘʩʪʠ ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ, ʥʝ ʫʭʫʜʰʘʝʪʩʷ ʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʧʦʜʦʙʥʦʤ 

ʧʦʜʭʦʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʨʝʜʥʝʛʦ ʙʠʪʘ ʟʘʧʠʩʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʙʠʪʦʚ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 45 ï 47.  



74 
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ʈʠʩʫʥʦʢ 45 - ɻʠʩʪʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʥʥʳʭ (ʩʚʝʨʭʫ) ʠ ʤʶʦʥʥʳʭ (ʩʥʠʟʫ) ʦʪʥʦʰʝʥʠʡ 
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ʅʘ ʨʠʩʫʥʢʝ 45 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʪʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʦʨʦʛʦʤ ʦʪ ʛʘʤʤʘ-ʬʘʢʪʦʨʘ ʧʨʦʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ. ʕʪʠ ʢʨʠʚʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʤʝʪʦʜʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ɿʘʪʝʤ, 

ʜʣʷ ʢʘʞʜʦʛʦ ʭʠʪʘ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʨʝʢʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʢʮʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ὝςὡȟὤȾὙȟὛὒ.  

ʇʦʩʣʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (3), ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʠ 

ʧʠʦʥʥʘʷ ʛʠʧʦʪʝʟʳ. 

ὖȟ
ȟ

      (3) 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʷʤ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʝʜʠʥʠʮʫ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 46. 

ʅʘʢʦʥʝʮ, ʥʘ ʨʠʩʫʥʢʝ 47 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʦʰʠʙʦʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʨʝʜʥʝʛʦ ʙʠʪʘ ʠ ʚʩʝʭ ʙʠʪʦʚ. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʝʞʝʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʳʩʦʢʦʛʦ ʧʦʨʦʛʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩ ʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʙʠʪʘ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚʤʝʩʪʦ ʚʩʝʭ ʙʠʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʵʬʬʝʢʪʳ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʠ ʜʝʪʝʢʪʦʨʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʤʝʪʦʜ ʧʨʘʚʜʦʧʦʜʦʙʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʙʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʪʝʯʝʥʠʝ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ɹɸʂ ʠ 

ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʝʞʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʚʳʩʦʢʦʛʦ ʧʦʨʦʛʘ. 

 

10.6 ʆʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʢʠʥʛʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʝʪʝʢʪʦʨʝ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʷʭ ʊɼʇʀ 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʧʫʩʢʘ ʠ ʧʝʨʚʦʛʦ ʩʝʘʥʩʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴ ɹɸʂ ʙʳʣ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪ ɸʊʃɸʉ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣ ʵʪʦʪ ʧʝʨʠʦʜ ʜʣʷ ʨʝʤʦʥʪʘ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʘʧʧʘʨʘʪʥʳʭ ʩʠʩʪʝʤ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʠ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ [4]. ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʥʘʙʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʩʚʝʪʠʤʦʩʪʠ. ʕʪʦ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʢʠʥʛʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʪʨʘʝʢʪʦʨʠʡ 
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ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʠ ʢʦʪʦʨʦʝ ʧʦʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠʟ-ʟʘ ʦʙʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʨʠʢ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʦʩʰʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 

ʩʦʙʳʪʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʷʪʴ ʰʘʛʠ, ʯʪʦʙʳ ʚ ʨʘʤʢʘʭ ʠʤʝʶʱʠʭʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʭʨʘʥʠʪ ɹ ʚʳʩʦʢʫ  ʁ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʚʥʝʩʝʥʠʶ ʠʟʤʝʥʝʥʠʡ ʚ ʄʦʜʝʣʴ 

ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ (EDM) [5], ʟʘʤʝʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʙʦʣʝʝ ʙʳʩʪʨʫʶ Eigen, ʠ 

ʧʨʠʥʷʪʠʶ ʥʦʚʦʛʦ ʬʦʨʤʘʪʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ xAOD [6]. ʅʦ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʚʳʧʦʣʥʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʢʠʥʛʘ ʚ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʥʦʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ IBL (Insertable B-Layer) [7]. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫʩʢʦʨʠʪʝʣʷ, ʝʛʦ ʩʚʝʪʠʤʦʩʪʴ ʙʫʜʝʪ 

ʧʦʚʳʰʘʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʜʦ 2022 ʛʦʜʘ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʪʨʝʢʦʚ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ 

ʧʠʢʩʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ɸʊʃɸʉ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʦʣʦʤʢʠ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʟʘ ʧʨʝʜʳʜʫʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʫʭʫʜʰʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʠʢʩʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʯʝʪʚʝʨʪʦʛʦ ʩʣʦʷ ʜʝʪʝʢʪʦʨʘ IBL, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʥʫʪʨʠ ʧʠʢʩʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (Pixel). 

ʊʘʢʞʝ ʦʪʢʨʳʚʰʠʝʩʷ ʛʘʟʦʚʳʝ ʪʝʯʠ ʩʢʘʟʘʣʠʩʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʊɼʇʀ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʫʜʘʣʦʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʚʳʧʦʣʥʠʚ ʥʘʩʪʨʦʡʢʫ ʠ 

ʢʘʣʠʙʨʦʚʢʫ ʵʣʝʢʪʨʦʥʠʢʠ ñʘʨʛʦʥʦʚʳʭò ʠ ñʢʨʠʧʪʦʥʦʚʳʭò ʤʦʜʫʣʝʡ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʢʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪ.ʥ. ñʩʝʤʷʥò -

ʬʨʘʛʤʝʥʪʦʚ ʪʨʝʢʦʚ ʥʘ ʦʩʥʦʚʝ 3-4 ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʧʦʧʘʜʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʚʦ ɺʥʫʪʨʝʥʥʝʤ ʜʝʪʝʢʪʦʨʝ. ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ñʩʝʤʷʥò ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʥʜʠʜʘʪʳ 

ʥʘ ʪʨʝʢ. ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʧʨʦʮʝʥʪʳ ñʩʝʤʷʥò, ʢʦʪʦʨʳʝ ʜʘʶʪ çʭʦʨʦʰʠʡè 

(ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ) ʪʨʝʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʝʤʷʥ ʥʘ 

ʦʩʥʦʚʝ ʪʨʝʭ ʧʦʧʘʜʘʥʠʡ: 

PPP - ʪʦʣʴʢʦ ʧʠʢʩʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ,  

PPS ʠ PSS - ʜʝʪʝʢʪʦʨʳ Pixel ʠ SCT,  

SSS - ʪʦʣʴʢʦ ʜʝʪʝʢʪʦʨ SCT. 
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ʊʘʙʣʠʮʘ 4. ʇʨʦʮʝʥʪ ñʩʝʤʷʥò, ʜʘʚʰʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʶ çʭʦʨʦʰʝʛʦè ʪʨʝʢʘ, ʚʦ ʚʨʝʤʷ 

ʧʝʨʚʦʛʦ ʟʘʧʫʩʢʘ ʫʩʢʦʨʠʪʝʣʷ (Run 1) (ʚʝʨʭʥʠʡ ʨʷʜ) ʠ ʚʪʦʨʦʛʦ ʟʘʧʫʩʢʘ (Run 2) (ʥʠʞʥʠʡ ʨʷʜ) 

ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʥʘʣʦʞʝʥʠʷ ʩʦʙʳʪʠʡ Õ = 0 ʠ 40. ʈ - ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʦʧʘʜʘʥʠʝ ʚ ʧʠʢʩʝʣʴʥʦʤ ʜʝʪʝʢʪʦʨʝ (Pixel), S ï ʧʦʧʘʜʘʥʠʝ ʚ ʜʝʪʝʢʪʦʨʝ SCT, ʠ I -  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʯʝʪʚʸʨʪʦʝ ʧʦʧʘʜʘʥʠʝ ʣʶʙʦʛʦ ʪʠʧʘ 

Õ PPP PPS PSS SSS 

0 57% 26% 29% 66% 

40 17% 6% 5% 35% 

Õ PPP+I PPS+I PSS+I SSS+I 

0 79% 53% 52% 86% 

40 39% 8% 16% 70% 

 

ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʝʣʠʯʠʥ ʥʘʣʦʞʝʥʠʷ ʩʦʙʳʪʠʡ Õ = 0 ʠ 40. ɺʚʦʜ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʣʦʷ IBL ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ñʩʝʤʝʥʘʤò, ʘ 

ʠʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʩʝʤʷʥ ʩ ʫʯʝʪʦʤ ʧʦʧʘʜʘʥʠʷ ʚ ʥʦʚʳʡ ʩʣʦʡ ʢʨʝʤʥʠʝʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʤʷʛʯʠʪʴ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʥʘʣʦʞʝʥʠʡ ʩʦʙʳʪʠʡ [8]. ʇʨʠ ʵʪʦʤ ʚ 

ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʩʝʤʷʥ (3 ʧʦʧʘʜʘʥʠʷ ʚ ʪʨʝʭ ʩʣʦʷʭ ʜʝʪʝʢʪʦʨʘ SCT ʧʣʶʩ 

1 ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʧʘʜʘʥʠʝ) ʢʦʣʠʯʝʩʪʚʦ ñʭʦʨʦʰʠʭ ʩʝʤʷʥò ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʝʜʳʜʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʥʫʣʝʚʦʤ ʥʘʣʦʞʝʥʠʠ Õ = 0. 

 

10.7 ʆʧʪʠʤʠʟʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʡ 

ʬʠʟʠʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʚʝʪʠʤʦʩʪʷʭ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦʠʩʢ ʨʝʟʦʥʘʥʩʦʚ ʚ ʩʠʩʪʝʤʝ ʜʚʫʭ ʚʝʢʪʦʨʥʳʭ 

ʙʦʟʦʥʦʚ, ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʡ W(l nu) V ʠ Z(ll ) V, ʛʜʝ V ï ʚʝʢʪʦʨʥʳʡ ʙʦʟʦʥ 

W ʠʣʠ Z, ʨʘʩʧʘʜʘʶʱʠʡʩʷ ʧʦ ʘʜʨʦʥʥʦʤʫ ʢʘʥʘʣʫ.  

ʅʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ ʥʘʜ ʬʦʥʦʤ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʠʩʢʝ ʩʠʛʥʘʣʦʚ ʦʪ ʬʠʟʠʢʠ ʟʘ ʨʘʤʢʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʦʯʝʥʴ ʚʘʞʥʦ 

ʭʦʨʦʰʦ ʟʥʘʪʴ ʬʦʥ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʠʩʢʘ ʨʝʟʦʥʘʥʩʦʚ ʚ ʩʠʩʪʝʤʝ ʜʚʫʭ ʙʦʟʦʥʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ Wô-ʙʦʟʦʥʘ ʩ ʨʘʩʧʘʜʦʤ ʥʘ WZ ʠ ʛʨʘʚʠʪʦʥʘ ʩ 

ʨʘʩʧʘʜʦʤ ʥʘ WW ʠʣʠ ZZ. ʆʩʥʦʚʥʳʤʠ ʬʦʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʟʦʚʘʥʠʷ  W- ʠʣʠ Z-ʙʦʟʦʥʘ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʩʪʨʫʡ ʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧð

ʘʥʪʠʪʦʧ-ʢʚʘʨʢʦʚ. ʇʨʦʮʝʩʩ ʧʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʝ ʩʝʯʝʥʠʝ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʩʦʙʳʪʠʷʤ.   



80 
 

ʆʩʥʦʚʥʘʷ ʩʪʨʘʪʝʛʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʣʘʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʬʦʥʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʞʜʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʟʘʚʝʜʦʤʦ ʥʝ ʙʫʜʝʪ ʩʦʙʳʪʠʡ ʦʪ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʩʦʙʳʪʠʡ ʠʜʝʪ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʛʦ ʬʦʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʘʣʝʝ ʧʨʦʚʝʨʷʝʪʩʷ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʩʦʙʳʪʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʥʦʩʷʪʩʷ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʘ ʦʙʱʫʶ ʥʦʨʤʠʨʦʚʢʫ. 

ʇʦʠʩʢ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʠʛʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʠʛʥʘʣʫ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʩʠʛʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʚʷʟʘʥʥʫʶ ʩ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ. 

ʉʭʝʤʘ ʩʠʛʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (SR) ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʩʪʨʫʡ (WR) ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧ-ʘʥʪʠʪʦʧ 

ʢʚʘʨʢʦʚ(TR) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 48.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 48 - ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʴʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʤʘʩʩʘ ʩʪʨʫʠ, ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ï ʯʠʩʣʦ b-ʩʪʨʫʡ 

 

ʉʦʙʳʪʠʷ, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ, ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʣʠʙʦ ʦʜʠʥ ʣʝʧʪʦʥ ʜʣʷ ʤʦʜʳ 

WV ʣʠʙʦ ʜʚʘ ʣʝʧʪʦʥʘ ʜʣʷ ʩʣʫʯʘʷ ZV. ʈʝʛʠʩʪʨʘʮʠʷ ʨʘʩʧʘʜʘ ʚʪʦʨʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ ʧʦ 

ʘʜʨʦʥʥʦʡ ʤʦʜʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʡ. ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʤʘʩʩ ʨʝʟʦʥʘʥʩʦʚ, ʧʨʦʜʫʢʪʳ ʠʭ ʨʘʩʧʘʜʦʚ ʙʫʜʫʪ ʠʤʝʪʴ 

ʙʦʣʴʰʦʡ ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ. ʂʚʘʨʢ ʠ ʘʥʪʠʢʚʘʨʢ ʠʟ ʨʘʩʧʘʜʘ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ ʩ 
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ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ ʠʤʧʫʣʴʩʦʤ ʙʫʜʫʪ ʠʤʝʪʴ ʙʣʠʟʢʠʝ ʫʛʣʳ, ʧʦʵʪʦʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ ʩʪʨʫʡ ʜʣʷ ʢʚʘʨʢʘ ʠ ʘʥʪʠʢʚʘʨʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʠ ʙʫʜʫʪ ʧʝʨʝʢʨʳʚʘʪʴʩʷ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʩʪʨʫʠ 

ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʧʘʜʫʪ ʩʪʨʫʠ ʠ ʢʚʘʨʢʘ ʠ ʘʥʪʠʢʚʘʨʢʘ. ɺ ʩʪʨʫʶ ʙʦʣʴʰʦʛʦ 

ʜʠʘʤʝʪʨʘ ʧʦʧʘʜʫʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ, ʥʦ ʠ ʯʘʩʪʠʮʳ ʦʪ ʜʨʫʛʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʦʪʦʥʥʳʭ ʩʛʫʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʮʳ ʠʟ ʧʦʜʣʦʞʢʠ 

ʞʝʩʪʢʦʛʦ ʧʨʦʮʝʩʩʘ.  ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʫʠ ʦʪ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ 

ʧʨʦʚʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ñʦʯʠʩʪʢʠò (grooming) ʩʪʨʫʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʦʪʜʝʣʢʠ (trimming), ʚ ʢʦʪʦʨʦʤ ʢʣʘʩʪʝʨʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʠ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʡ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʪʨʫʠ, ʥʝʩʫʱʠʝ ʤʘʣʫʶ ʜʦʣʶ 

f ʦʪ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʪʨʫʠ, ʫʜʘʣʷʶʪʩʷ ʠʟ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟ ʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʣʫʯʰʝʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʤʘʣʦʤ ʨʘʜʠʫʩʝ 0,2 ʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʦʣʝ 0,05.  ʆʪʦʙʨʘʥʥʳʝ  ʩʦʙʳʪʠʷ ʜʦʣʞʥr  ʩʦʜʝʨʞʘʪʴ ʩʪʨʫʶ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʠʤʧʫʣʴʩʦʤ 200 ɻʵɺ ʠ ʠʤʝʪʴ ʤʦʜʫʣʴ ʧʩʝʚʜʦʙʳʩʪʨʦʪʳ ʤʝʥʝʝ 2.  

ʇʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʤʝʪʴ ʢʘʢ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʩʪʨʫʠ, ʪʘʢ ʠ ʪʨʝʢʦʚʫʶ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ñʤʝʯʝʥʠʝò ʩʪʨʫʠ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʦʪʦʨʦʡ 

ʥʘʠʙʦʣʝʝ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ ʩʪʨʫʡ ʦʪ ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ ʠ ʬʦʥʦʚʳʭ ʂʍɼ ʩʪʨʫʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘʭ ʚʳʙʨʘʥ ʜʠʩʢʨʠʤʠʥʘʪʦʨ D_2. ʊʘʢʞʝ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ 

ʦʪʙʦʨ ʧʦ ʤʘʩʩʝ ʰʠʨʦʢʦʡ ʩʪʨʫʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ 50% ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʦʪ 

ʩʠʛʥʘʣʘ ʫʜʘʣʠʪʴ 98% ʬʦʥʘ. 

ʉʠʛʥʘʣ ʦʙʨʘʟʦʚʘʥʠʷ Wô ʠʣʠ ʛʨʘʚʠʪʦʥʘ ʠʱʝʪʩʷ ʧʦ ʧʠʢʫ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ 

ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʝ WV  (ʨʠʩʫʥʦʢ 49) ʠʣʠ ZV. 
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ʈʠʩʫʥʦʢ 49 - ʀʥʚʘʨʠʘʥʪʥʘʷ ʤʘʩʩʘ WV, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʩʚʝʪʠʤʦʩʪʴ 3 ʦʙʨʘʪʥʳʭ 

ʬʝʤʪʦʙʘʨʥʘ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʬʦʥʦʚʳʝ ʧʨʦʮʝʩʩʳ (W+ʩʪʨʫʠ), ʬʦʥ ʦʪ ʧʘʨʳ ʪʦʧ-

ʘʥʪʠʪʦʧ ʢʚʘʨʢʦʚ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʠʛʥʘʣʳ ʦʪ Wô ʧʨʠ ʤʘʩʩʘʭ Wô 1, 1,5, 2,0 ʠ 

2,5 ʊʵɺ. ʉʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʫʚʝʣʠʯʝʥʳ ʚ 100 ʨʘʟ. 

 

ʂʦʥʪʨʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧ-ʘʥʪʠʪʦʧ ʢʚʘʨʢʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʛʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʦʚʘʥʠʝʤ ʥʘʣʠʯʠʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦʡ ʩʪʨʫʠ, 

ʧʦʤʝʯʝʥʥʦʡ ʢʘʢ b-ʩʪʨʫʷ. ʇʦʩʢʦʣʴʢʫ ʪʦʧ ʢʚʘʨʢ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ W-ʙʦʟʦʥ ʠ b-ʢʚʘʨʢ 

ʪʨʝʙʦʚʘʥʠʝ ʥʘʣʠʯʠʷ b-ʩʪʨʫʠ ʚʳʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧ-ʘʥʪʠʪʦʧ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʦ.  

ʅʘ ʨʠʩʫʥʢʝ 50ʘ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ b-ʩʪʨʫʡ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʪʦʧ ʢʚʘʨʢʘ. 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 50 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʪʦʧ ʢʚʘʨʢʘ: (ʘ) - ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ 

b-ʩʪʨʫʡ, (b) - ʩʧʝʢʪʨ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʳ W-ʙʦʟʦʥʘ ʠ ʧʦʤʝʯʝʥʥʦʡ b-ʩʪʨʫʠ. 
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ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ ʭʦʨʦʰʦʝ ʩʦʛʣʘʩʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʯʪʦ ʦʪʦʙʨʘʥʥʳʝ ʩʦʙʳʪʠʷ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʜʫʪ ʦʪ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧ-ʘʥʪʠʪʦʧ ʢʚʘʨʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 50b ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʡ ʤʘʩʩʳ ʣʝʧʪʦʥʘ, ʥʝʡʪʨʠʥʦ ʠ ʩʪʨʫʠ, ʧʦʤʝʯʝʥʥʦʡ ʢʘʢ b-ʩʪʨʫʷ. ɺ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʦʨʦʰʦ ʚʠʜʝʥ ʩʠʛʥʘʣ ʦʪ ʪʦʧ-ʢʚʘʨʢʘ. 

ɺʦ ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʚʝʜʝʥʘ ʪʱʘʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 

ʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ.  

ʂʦʥʪʨʦʣʴʥʘʷ ʦʙʣʘʩʪʴ ʜʣʷ ʬʦʥʘ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʩʪʨʫʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʞʝ ʢʘʢ ʠ ʩʠʛʥʘʣʴʥʘʷ ʟʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ï ʤʘʩʩʘ 

ʰʠʨʦʢʦʡ ʩʪʨʫʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʠʥʪʝʨʚʘʣʝ 50-70 ɻʵɺ, ʣʠʙʦ ʙʦʣʝʝ 120 ɻʵʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʢʣʶʯʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝ ʩʠʛʥʘʣʘ ʚ ʵʪʫ ʢʦʥʪʨʦʣʴʥʫʶ ʦʙʣʘʩʪʴ.  ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʙʳʪʠʡ, 

ʦʪʦʙʨʘʥʥʳʤ ʧʦ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ, ʠʜʝʪ ʠʤʝʥʥʦ ʦʪ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʙʦʟʦʥʘ 

ʩʦ ʩʪʨʫʷʤʠ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʥʘ ʫʨʦʚʥʝ 30% ʩʦʩʪʘʚʣʷʶʪ ʩʦʙʳʪʠʷ ʦʪ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʪʦʧ-ʘʥʪʠʪʦʧ ʢʚʘʨʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʚ ʨʘʩʧʘʜʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ W-ʙʦʟʦʥʳ, ʘ ʧʨʦʮʝʜʫʨʘ ʤʝʯʝʥʠʷ ʠʤʝʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 50%.  

ɽʱʝ ʦʜʥʠʤ ʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʦʥʘ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʩʪʨʫʡʥʳʝ ʩʦʙʳʪʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʩʪʨʫʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʣʝʧʪʦʥ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʡ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʯʝʥʴ ʤʘʣʘ, ʥʦ ʩ ʫʯʝʪʦʤ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ  ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʚʢʣʘʜ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʩʧʝʢʪʨʳ. 

ʉʜʝʣʘʪʴ ʵʪʦ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʩʦʙʳʪʠʷ ʥʝʚʦʟʤʦʞʥʦ ï ʧʦʪʨʝʙʦʚʘʣʱʩʴ ʙʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ, ʧʨʝʚʳʱʘʶʱʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʅʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʪʘʣʘʩʴ ʙʳ ʙʦʣʴʰʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʪʝʧʝʥʴʶ ʟʥʘʥʠʷ ʜʝʪʝʢʪʦʨʘ. ʌʦʥʳ ʪʘʢʦʛʦ ʨʦʜʘ 

ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʨʝʘʣʴʥʳʤ ʩʦʙʳʪʠʷʤ.  ʉ ʵʪʦʡ ʮʝʣʴ ʁʤʝʥʷʶʪʩʷ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʣʷ ʪʘʢʠʭ ʬʦʥʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ɺ ʵʪʠʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ ʩʪʨʦʷʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʰʘʙʣʦʥʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ 

ʪʘʢʦʛʦ ʬʦʥʘ. ɿʘʪʝʤ ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʷ ʵʪʦʛʦ ʬʦʥʘ. ʊʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʣʷ 

ʬʦʥʘ ʩʦʚʤʝʩʪʠʤʘ ʩ ʥʫʣʝʤ ʚ ʧʨʝʜʝʣʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʰʠʙʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʪʝʢʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʜʦʢʣʘʜʘ ɺ.ʀ.ʅʠʢʦʣʘʝʥʢʦ [10] ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ LHCP2015, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʢʦʤʧʣʝʢʪʝ 

ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʪʨʝʪʴʝʤʫ ʵʪʘʧʫ. 
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10.8 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʊɹʍ 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʦʟʦʥʘ ʍʠʛʛʩʘ (ʉɹʍ), ʙʫʜʫʱʘʷ ʬʠʟʠʯʝʩʢʘʷ 

ʧʨʦʛʨʘʤʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ɸʊʃɸʉ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦʡ. ʇʦʤʠʤʦ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʩʚʷʟʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʥʦʚʦʛʦ ʙʦʟʦʥʘ, ʧʦʠʩʢ ʪʷʞʝʣʦʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʙʦʟʦʥʘ 

ʍʠʛʛʩʘ (ʊɹʍ) ʩ ʤʘʩʩʦʡ ʧʦʨʷʜʢʘ 1 ʊʵɺ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ. 

ʋʢʘʟʘʥʥʳʡ ʧʦʠʩʢ ʊɹʍ ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉɹʍ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʳ ʠʟʫʯʝʥʠʷ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʥʘ ɹɸʂ ʢʘʢ 

ʜʣʷ ʌʘʟʳ-I (300 ʬʙ
-1
), ʪʘʢ ʠ ʜʣʷ ʌʘʟʳ-II (3000 ʬʙ

-1
). ʆʙʥʘʨʫʞʝʥʠʝ ʊɹʍ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʚʳʭʦʜʝ ʟʘ ʧʨʝʜʝʣʳ ʉʄ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥ ʜʠʘʧʘʟʦʥ 

ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʤʘʩʩ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʢ ʚ ʨʘʤʢʘʭ ʉʄ (CPS), ʪʘʢ ʠ ʚ ʝʝ ʨʘʩʰʠʨʝʥʠʷʭ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʥʫʣʝʚʦʡ ʰʠʨʠʥʳ (NWA), ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʦʡ 

ʤʦʜʝʣʠ (MSSM), ʚ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʜʚʘ ʜʫʙʣʝʪʘ ʙʦʟʦʥʦʚ ʍʠʛʛʩʘ (2HDM) ʠʣʠ ʚ 

ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʩʣʘʙʦʛʦ ʩʠʥʛʣʝʪʘ (EWS), ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʩʠʥʛʣʝʪʥʳʡ ʙʦʟʦʥ ʍʠʛʛʩʘ.  ʇʦʠʩʢʠ ʊɹʍ ʚʝʜʫʪʩʷ ʚ ʨʘʟʥʳʭ ʢʘʥʘʣʘʭ ʨʘʩʧʘʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʢʘʥʘʣʝ HĄWWĄlvlv, ʢʦʪʦʨʳʤ ʟʘʥʠʤʘʝʪʩʷ ʠ ʛʨʫʧʧʘ ʀʊʕʌ, ʘ ʪʘʢʞʝ ʚ ʢʘʥʘʣʘʭ 

HĄWWĄlvqq, HĄZZĄ4l ʠ HĄgg. ʅʝʜʘʚʥʠʡ ʘʥʘʣʠʟ ʧʦʣʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʘʥʥʳʭ ʧʨʠ 8 

ʊʵɺ ʚ ʢʘʥʘʣʝ HĄWWĄlvlv  ʧʨʠʚʝʣ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʥʘ ʩʝʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ggF 

(VBF) 40 ʬʙ (15 ʬʙ) ʧʨʠ ʤʘʩʩʝ 1,5 ʊʵɺ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʜʝʣʠ NWA [9], ʩʤ. ʨʠʩʫʥʦʢ 51. 
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ʈʠʩʫʥʦʢ 51 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʥʘ ʩʝʯʝʥʠʝ ʨʦʞʜʝʥʠʷ ʊɹʍ ʚ 

9] ʚ 

ʤʝʭʘʥʠʟʤʝ ʩʣʠʷʥʠʷ ʛʣʶʦʥʦʚ (ʩʚʝʨʭʫ) ʠ ʚ ʤʝʭʘʥʠʟʤʝ ʩʣʠʷʥʠʷ ʚʝʢʪʦʨʥʳʭ ʙʦʟʦʥʦʚ. (ʩʥʠʟʫ). 

 

ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʫʤʝʥʴʰʘʝʪʩʷ ʝʱʝ ʚ 2-3 ʨʘʟʘ ʝʩʣʠ ʜʦʙʘʚʠʪʴ  ʤʦʜʫ ʨʘʩʧʘʜʘ lvqq. 

ʀʟʤʝʨʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʚʷʟʠ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʩ ʬʝʨʤʠʦʥʘʤʠ ʠ ʙʦʟʦʥʘʤʠ ʉʄ ʪʘʢʞʝ 

ʤʦʞʝʪ ʜʘʪʴ ʫʢʘʟʘʥʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʥʦʚʦʡ ʬʠʟʠʢʠ, ʧʨʘʚʜʘ, ʢʦʩʚʝʥʥʦʝ. ʅʘʢʦʥʝʮ, 

ʠʟʤʝʨʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʘʤʦʜʝʡʩʪʚʠʷ ʉɹʍ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʥʘʨʫʰʝʥʠʷ ʵʣʝʢʪʨʦʩʣʘʙʦʡ ʩʠʤʤʝʪʨʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʇ. ʍʠʛʛʩʦʤ. ɼʠʩʢʨʠʤʠʥʘʮʠʷ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʛʠʧʦʪʝʟʘʤʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʦʟʦʥʘ ʍʠʛʛʩʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʥʘ ʫʨʦʚʥʝ 

ʧʷʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (5ů) ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʦʚ ʫʛʣʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʨʘʩʧʘʜʘʭ ʙʦʟʦʥʘ ʍʠʛʛʩʘ HŸZZ*, HŸWW*, HŸɔɔ ʜʣʷ ʜʘʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ 300 ʬʙ-1. ʆʞʠʜʘʝʤʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʠʣʳ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʪ ʦʪ 40% (HŸŰŰ) ʜʦ 10% (HŸZZ*) ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 300 ʬʙ
-1
. ʕʪʘ ʪʦʯʥʦʩʪʴ ʫʣʫʯʰʘʝʪʩʷ ʜʦ 20% ʠ 5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ 

ʥʘʙʨʘʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʚʝʪʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 3000 ʬʙ
-1

. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʊɹʍ ʠ ʬʦʥʦʚ ʢ ʥʝʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʝʪʦʜʘʤʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʚ ɸʊʃɸʉ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ATHENA. 

ʉʪʘʜʠʷ 1. ɻʝʥʝʨʘʮʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ ʩʠʛʥʘʣʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ POWHEG+PYTHIA8, ʚ ʩʣʫʯʘʝ ʬʦʥʘ (WW, Wt, tt, 
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Z+jets  ʠ ʜʨ. ʧʨʦʮʝʩʩʳ ʩ ʜʚʫʭʣʝʧʪʦʥʥʳʤ ʢʦʥʝʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ 

ʜʨʫʛʠʝ ʛʝʥʝʨʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ, SHERPA ʠʣʠ ALPGEN. ɿʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʧʨʦʪʦʥʦʚ (13 ʊʵɺ), ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʪʦʥʦʚ 

(ʢʚʘʨʢʦʚ ʠ ʛʣʶʦʥʦʚ) ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ x ʠ q
2
 ʠ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʨʦʮʝʩʩʦʚ ʨʦʞʜʝʥʠʷ ʊɹʍ; ʧʦ ʥʠʤ ʨʘʟʳʛʨʳʚʘʶʪʩʷ ʧʦʣʥʦʮʝʥʥʳʝ ʩʦʙʳʪʠʷ (ʚʢʣʶʯʘʷ 

ʬʨʘʛʤʝʥʪʘʮʠʶ ʘʜʨʦʥʥʳʭ ʩʪʨʫʡ ʚ ʯʘʩʪʠʮʳ ʠ ʨʘʩʧʘʜʳ ʥʝʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ) ʚ NLO-

ʧʦʨʷʜʢʝ ʧʦ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ (ʩ ʥʦʨʤʠʨʦʚʢʘʤʠ ʥʘ NNLO-ʩʝʯʝʥʠʷ). ʈʦʟʳʛʨʳʰ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʙʳʪʠʡ ʠ ʵʬʬʝʢʪʘ ʥʘʣʦʞʝʥʠʡ ʤʥʦʛʠʭ ʤʷʛʢʠʭ ʩʦʙʳʪʠʡ ʚ ʦʜʥʦʤ 

ʧʝʨʝʩʝʯʝʥʠʠ ʧʫʯʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ PYTHIA8.  

ʉʪʘʜʠʷ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʭʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ɸʊʃɸʉ. ʉ ʧʦʤʦʱʴʶ 

ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ GEANT4  ʚʩʝ ʯʘʩʪʠʮʳ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ. 

ʉʦʟʜʘʶʪʩʷ ʤʘʩʩʠʚʳ ʩʨʘʙʦʪʘʚʰʠʭ ʵʣʝʤʝʥʪʦʚ ʜʝʪʝʢʪʦʨʘ (hits), ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ (digits), ʪ.ʝ., ʛʨʫʙʦ ʛʦʚʦʨʷ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʯʘʩʪʠʮʳ ʚ 

ʜʘʥʥʦʤ ʵʣʝʤʝʥʪʝ, ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ, ʝʝ 4-ʠʤʧʫʣʴʩ ʠ ʚʨʝʤʷ. ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʨʝʤʷʝʤʢʠʤ ï ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ ʩʦʙʳʪʠʷ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚʨʝʤʝʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ʉʪʘʜʠʷ 3 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʙʳʪʠʡ. ʋʢʘʟʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʝʨʚʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

çʦʙʲʝʢʪʦʚè - ʵʣʝʢʪʨʦʥʦʚ, ʤʶʦʥʦʚ, ʬʦʪʦʥʦʚ, ʪʘʫ-ʣʝʧʪʦʥʦʚ, ʘʜʨʦʥʥʳʭ ʩʪʨʫʡ ʠ ʚʝʢʪʦʨʘ 

ʥʝʜʦʩʪʘʶʱʝʡ ʧʦʧʝʨʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ. ʉʦʙʳʪʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ 

xAOD. 

ʉʪʘʜʠʠ 1-3 ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ GRID. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʊɹʍ ʧʨʠ 

13 ʊʵɺ, ʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʪ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʥʷʪʴ ʪʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ ʠ ʠʥʚʘʨʠʘʥʪʥʫʶ ʤʘʩʩʫ ʣʝʧʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʨʘʥʝʝ. ʆʜʥʘʢʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʞʝʩʪʦʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʧʦʧʝʨʝʯʥʫʶ ʤʘʩʩʫ, 

ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʠʩʢʦʚ ʊɹʍ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ ʚʳʰʝ 1 ʊʵɺ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʩʦʠʩʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʈʦʩʩʠʡʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ɸʊʃɸʉ, ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩʦʛʣʘʰʝʥʠʷ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʙʦʪʳ: 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠ ̫ʩʙʦʨʢʠ ʪʦʥʢʦʟʘʟʦʨʥʳʭ ʢʘʤʝʨ ʜʣʷ ʥʦʚʳʭ ʤʘʣʳʭ ʢʦʣʸʩ 

ʤʶʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ,  ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʝʥʜʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʥʢʦʟʘʟʦʨʥʳʭ ʢʘʤʝʨ, 

ʤʠʢʨʦʷʯʝʠʩʪʳʭ  ʢʘʤʝʨ, ʩʪʝʥʜ ʢʦʥʪʨʦʣʷ ʢʘʤʝʨ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʝʨʘ ʠ ʩʪʝʥʜ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʸʪʯʠʢʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʢʠ ʤʶʦʥʥʳʭ ʢʘʤʝʨ ʠʟ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʧʦʨʘʭ ɸʊʃɸʉ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʨʘʙʦʪ ʧʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʫ 

ʵʩʢʠʟʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʘʨʠʘʥʪʳ ʧʨʦʪʦʪʠʧʘ ʵʪʦʛʦ ʜʝʪʝʢʪʦʨʘ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʜʝʪʝʢʪʦʨʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ. 

ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ - ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʚʝʪʦʚʳʭʦʜʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ ʛʦʨʷʯʠʭ ʟʦʥ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ. 

ʇʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʦʚʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ  ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʨʘʟʚʦʜʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʤʦʜʫʣʝʡ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ,  ʚʳʧʦʣʥʝʥʘ 

ʥʘʩʪʨʦʡʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʧʘʤʠ ʠ ʢʣʘʧʘʥʘʤʠ,  ʨʘʟʨʘʙʦʪʘʥʳ  ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʤʫ ʢʘʣʦʨʠʤʝʪʨʫ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ ʧʨʦʚʝʨʢʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ɾɸʂ ʥʘ ʙʘʟʝ ʢʦʨʟʠʥʳ ATCA ʩʪʘʥʜʘʨʪʘ,  ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʧʘʨʪʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʜʣʷ ɾɸʂ. 

ɺʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ 

çʦʥ-ʣʘʡʥè ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʘʭ ɾɸʂ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ɾɸʂ ʩ 

çʥʝʩʪʘʥʜʘʨʪʥʦʡè ʬʦʨʤʦʡ ʠʤʧʫʣʴʩʘ; 

- ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤ ʢʦʥʪʨʦʣʷ ʥʘ ʙʘʟʝ ʧʨʦʪʦʪʠʧʘ ʈʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ ʈʉ; 
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- ʨʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ɸɻʀʉ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʟʘʛʨʫʟʦʢ. 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʊɼʇʀ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ɹɸʂ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʢʠʥʛʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʜʝʪʝʢʪʦʨʝ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʷʭ ʊɼʇʀ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʦʡ ʬʠʟʠʢʠ 

ʚ ʧʨʦʮʝʩʩʘʭ ʧʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʙʦʟʦʥʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʩʚʝʪʠʤʦʩʪʷʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ ʩ ʨʦʞʜʝʥʠʝʤ ʪʷʞʝʣʦʛʦ ʙʦʟʦʥʘ ʍʠʛʛʩʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʮʝʟʠʝʚʦʡ ʩʠʩʪʝʤʝ ʢʘʣʠʙʨʦʚʢʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ (ʩʤ. ʧ. 7 ʦʪʯʸʪʘ) ʉʦʣʦʚʴʷʥʦʚʳʤ ʆ.ɺ. (ʌɻɹʋ ɻʅʎ ʀʌɺʕ) 

ʟʘʱʠʱʝʥʘ ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ [11]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʩʤ. ʧ. 10.5 ʦʪʯʸʪʘ) 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʞʫʨʥʘʣʴʥʘʷ ʧʫʙʣʠʢʘʮʠʷ ʦ ʯʝʪʳʨʸʭ-ʣʝʧʪʦʥʥʳʭ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʚ ʨʨ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ ɸʊʃɸʉ [12]. 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʠ ʧʣʘʥʦʤ 

ʛʨʘʬʠʢʦʤ ʨʘʙʦʪ ʧʦ ʪʨʝʪʴʝʤʫ ʵʪʘʧʫ ʩʦʛʣʘʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʳ, 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ. ʕʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʫʩʪʘʥʦʚʢʝ ɸʊʃɸʉ ʤʦʞʝʪ ʙʳʪʴ ʥʘʜʸʞʥʦ ʦʮʝʥʝʥ ʧʦʩʣʝ ʧʝʨʚʳʭ ʤʝʩʷʮʝʚ ʝʸ ʨʘʙʦʪʳ ʥʘ ʧʫʯʢʘʭ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ɹɸʂ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʳ ʚ ʠʟʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʛʨʘʬʠʢʦʤ ʯʝʪʚʝʨʪʦʛʦ ʵʪʘʧʘ 

ʩʦʛʣʘʰʝʥʠʷ ʦ ʩʫʙʩʠʜʠʠ. 

 

 

 

 

 

 

 

  



89 
 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

 

1 ATLAS New Small Wheel Technical Design Report. CERN-LHCC-2013-006, ATLAS-

TDR-20-2013, June, 2013. 

2 http://russia.ni.com/labview 

3 http://catalog.corning.com/opcomm/enGB/catalog/ProductDetails.aspx?cid= 

interconnect_indoor_cables_web&pid=5692&vid=111807. 

4 Letter of Intent for the Phase-II Upgrade of the ATLAS Experiment 

(http://cds.cern.ch/record/1502664). 

5 Cornelissen T., Van Eldik N., Elsing M. et al. Updates of the ATLAS Tracking Event 

Data Model (Release 13), ATL-SOFT-PUB-2007-003 (2007). 

6 Langenberg R., Morley A., Salzburger A., Elsing M., van Eldik N., Mashinistov R. 

Preparing the track reconstruction in ATLAS for a high multiplicity future. J. Phys. Conf. 

Ser. 513 (2014) 022018. 

7 ATLAS collaboration, ATLAS Insertable B-Layer technical design report, CERN-

LHCC-2010-013 (2010). 

8 Styles N., Bellomo M., Salzburger A., on behalf of the ATLAS collaboration, 

Developments in the ATLAS Tracking Software ahead of LHC Run 2. J. Phys. Conf. Ser. 

608 (2015) 012047. 

9 ATLAS Collaboration, Search for a high-mass Higgs boson decaying to a W boson pair 

in pp collisions at 8 TeV with the ATLAS detector, arXiv:1509.04670, accepted for 

publication in JHEP. 

10 V.Nikolaenko, ATLAS CP violation and rare B decays, Report at LHCP2015, St.-

Petersburg. 

11 ʆ.ɺ.ʉʦʣʦʚʴʷʥʦʚ, ʉʠʩʪʝʤʘ ʢʘʣʠʙʨʦʚʢʠ ʠ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʫʩʪʘʥʦʚʢʠ ɸʊʃɸʉ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʇʨʦʪʚʠʥʦ, 2015 ʛ. 

12 G.Aad et al, Measurements of four-lepton production in ppcollisions at ãs=8TeVwith the 

ATLAS detector, Physics Letters B 753 (2016) 552ï572. 

http://russia.ni.com/labview
http://cds.cern.ch/record/1502664


90 
 

ʀ
ʥ
ʚ
.
 
ˉ
 
ʧ
ʦ
ʜ

ʣ
. 

9
9 

ʇ
ʦ
ʜ
ʧ
.
 
ʠ
 
ʜ
ʘ
ʪ
ʘ

 
ɺ
ʟ
ʘ
ʤ
.
 
ʠ
ʥ
ʚ
.
 
ˉ

 
ʀ
ʥ
ʚ
.
 
ˉ
 
ʜ
ʫ
ʙ
ʣ
.

 
ʇ
ʦ
ʜ
ʧ
.
 
ʠ
 
ʜ
ʘ
ʪ
ʘ

 

 
 

 
 

 

ʇʨʠʣʦʞʝʥʠʝ 1 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

(ʌɻɹʋ ɻʅʎ ʀʌɺʕ) 

 

 ʋʪʚʝʨʞʜʘʶ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʇʅʀʕʈ 
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ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ 

ʢ ʵʩʢʠʟʫ ʧʨʦʪʦʪʠʧʘ ʤʦʜʫʣʷ ʧʝʨʝʜʥʝʛʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ 

 

ʇʨʦʪʦʪʠʧ ʤʦʜʫʣʷ ʧʝʨʝʜʥʝʛʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 

ʙʣʦʢʘ ʤʝʜʠ ʤʘʨʢʠ ʄ1 ʨʘʟʤʝʨʦʤ 57ʭ90ʭ50 ʤʤ
3
. ʆʥ ʠʤʝʝʪ 32 ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 5,75 ʤʤ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ ʩʦʩʪʘʚʣʷʶʪ 7,50 ʤʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ 6,49 ʤʤ ʧʦ 

ʚʝʨʪʠʢʘʣʠ. ɺ ʦʪʚʝʨʩʪʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʵʣʝʢʪʨʦʜʳ. ɺʥʝʰʥʠʡ ʵʣʝʢʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʜʥʫʶ ʪʨʫʙʢʫ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 5,75 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 0,54 ʤʤ. ɺʥʫʪʨʴ 

ʪʨʫʙʦʢ ʚʩʪʘʚʣʷʶʪʩʷ ʤʝʜʥʳʝ ʩʪʝʨʞʥʠ ʜʠʘʤʝʪʨʦʤ 4,80 ʜʣʷ ʦʜʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠ 4,90 ʤʤ ʜʣʷ 

ʚʪʦʨʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʠ ʪʨʫʙʢʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 150 ʠʣʠ 200 ʤʢʤ. ʅʘ ʩʪʝʨʞʥʠ ʥʘʤʘʪʳʚʘʝʪʩʷ 

ʤʘʡʣʘʨʦʚʦʝ ʚʦʣʦʢʥʦ ʪʦʣʱʠʥʦʡ 140 ʠʣʠ 190 ʤʢʤ, ʬʠʢʩʠʨʫʶʱʝʝ ʥʫʞʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ. ʉʪʝʨʞʥʠ ʠʤʝʶʪ ʢʦʥʪʘʢʪʳ ʜʣʷ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʢʘʙʝʣʝʡ. ɼʣʠʥʘ 

ʪʨʫʙʦʢ ʠ ʩʪʝʨʞʥʝʡ ï 50 ʤʤ, ʤʘʨʢʘ ʤʝʜʠ ï ʄ1. 
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4 ˤ͔ͫ ˽˾˽ΦллΦлллΦллм  ˶͙ͫͭ Ѕ ͒ͦͯͣ͟Φ ˽ͦ͒ͨΦ 
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ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ  

ʢ ʵʩʢʠʟʫ ʢʨʠʦʩʪʘʪʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʪʦʪʠʧʘ ʤʦʜʫʣʷ  

ʧʝʨʝʜʥʝʛʦ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ  

 

ʂʨʠʦʩʪʘʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʤʦʜʫʣʝʡ ʧʝʨʝʜʥʝʛʦ 

ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ ʚ ʧʫʯʢʝ ʧʨʦʪʦʥʦʚ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ 1 ʠ 2 ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʢʦʪʦʨʳʝ ʩʚʝʨʭʫ ʟʘʢʨʳʚʘʶʪʩʷ ʢʨʳʰʢʦʡ 3 ʩ ʚʘʢʫʫʤʥʦ-ʧʣʦʪʥʳʤʠ 

ʨʘʟʲʝʤʘʤʠ 2ʈʄɻʉ27ɹ24ʐ1ɽ2 (ʥʘ ʵʩʢʠʟʝ ʥʝ ʧʦʢʘʟʘʥʳ) ʜʣʷ ʚʳʚʦʜʘ ʩʠʛʥʘʣʦʚ. ʅʘʧʨʷʞʝʥʠʝ 

ʥʘ ʢʦʥʪʘʢʪʘʭ ʨʘʟʲʸʤʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ɺ. ɺ ʢʨʳʰʢʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʧʦʜʘʯʠ ʚ ʢʨʠʦʩʪʘʪ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʨʛʦʥʘ ʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ɾʠʜʢʠʡ ʘʟʦʪ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ 

ʟʤʝʝʚʠʢ 4, ʦʞʠʞʘʝʪ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʨʛʦʥ. ʇʝʨʝʜ ʦʞʠʞʝʥʠʝʤ ʘʨʛʦʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʩʦʩʫʜʘʤʠ ʦʪʢʘʯʠʚʘʝʪʩʷ ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ ʜʦ 10
-3

 ʪʦʨʨ ʯʝʨʝʟ ʙʦʢʦʚʦʡ ʦʪʨʦʩʪʦʢ 

ʩʧʨʘʚʘ ʩ ʣʘʤʧʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʘʢʫʫʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʦʛʣʦʱʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ 5, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʦʩʥʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʫʜʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʧʨʠʪʦʢʘ ʚʥʫʪʨʝʥʥʠʡ ʩʦʩʫʜ ʧʦʢʨʳʪ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ 6 ʠʟ ʘʣʶʤʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʡʣʘʨʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʫʜʘ ʨʘʩʧʦʣʦʞʝʥ ʪʝʧʣʦʥʘʛʨʝʚʘʪʝʣʴ 7 ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. ɺ ʢʘʞʜʦʤ ʢʨʠʦʩʪʘʪʝ ʠʤʝʶʪʩʷ ʯʝʪʳʨʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʘ 8 

ʪʠʧʘ ʈʊ-100 ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ. ʇʨʦʪʦʪʠʧ ʤʦʜʫʣʷ 

ʧʝʨʝʜʥʝʛʦ ʤʠʥʠʢʘʣʦʨʠʤʝʪʨʘ 9 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʞʠʜʢʦʤ ʘʨʛʦʥʝ 10 ʥʘ ʧʣʘʪʬʦʨʤʝ 11, 

ʧʦʜʚʝʰʝʥʥʦʡ ʢ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʥʘ ʩʪʝʨʞʥʷʭ 12. 
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