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ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɺʽʡʩʴʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ï ʂ.: ɺɯʂʅʋ, 2012. ï ɺʠʧ. ˉ38. ï 367 ʩ. 

ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʪʘʪʪʽ ʚʯʝʥʠʭ, ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʜôʶʥʢʪʽʚ ʽ 

ʟʜʦʙʫʚʘʯʽʚ ʽʥʩʪʠʪʫʪʫ ʪʘ ʽʥʰʠʭ ɺʅɿ ʽ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʟ 

ʪʝʭʥʽʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʦʻʥʥʦʾ ʙʝʟʧʝʢʠ, ʛʝʦʛʨʘʬʽʾ, ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ 

ʧʝʜʘʛʦʛʽʢʠ ʧʝʨʰ ʟʘ ʚʩʝ ʫ ʩʬʝʨʽ ʦʙʦʨʦʥʠ, ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. 
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ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʧʨʘʛʥʝ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʟʤʽʩʪʫ ʪʘ ʷʢʦʩʪʽ 

ʦʬʦʨʤʣʝʥʥʷ ʚʠʜʘʥʥʷ ʽ ʙʫʜʝ 

ʚʜʷʯʥʘ ʘʚʪʦʨʘʤ ʪʘ ʯʠʪʘʯʘʤ 

ʟʘ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʟʘʫʚʘʞʝʥʴ 

ʪʘ ʧʦʙʘʞʘʥʴ. 

ʃʻʥʢʦʚ ʉ.ɺ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʏʣʝʥʠ ʨʝʜʘʢʮʽʡʥʦʾ ʢʦʣʝʛʽʾ: 

ɺʠʰʥʽʚʩʴʢʠʡ ɺ.ɺ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ɾʝʨʜʻʚ ʄ.ʂ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ɿʘʤʘʨʫʻʚʘ ɯ.ɺ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ɿʫʙʘʨʻʚ ɺ.ɺ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʃʝʧʽʭ ʗ.ɯ. ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʃʽʩʦʚʘ ʉ.ɺ. ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʄʘʩʣʦʚ ɺ.ʉ. ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʄʘʨʫʰʢʝʚʠʯ ɸ.ɸ. ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʄʦʢʨʠʮʴʢʠʡ ɺ.ɸ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʅʘʫʤʝʥʢʦ ʄ.ɯ.  ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʆʙʦʜʦʚʩʴʢʠʡ ʆ.ɻ. ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʇʦʥʦʤʘʨʝʥʢʦ ʃ.ɸ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 
ʇʣʘʭʦʪʥʽʢ ʆ.ɺ. ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʉʥʽʞʢʦ ʉ.ɯ. ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʊʦʣʫʙʢʦ ɺ.ɹ. ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʐʘʨʠʡ ɺ.ɯ. ʜʦʢʪʦʨ ʚʽʡʩʴʢʦʚʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʐʚʦʨʦʚ ʉ.ɸ.  ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩ.ʥ.ʩ.; 

ʐʠʱʝʥʢʦ ʇ.ɻ. ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʗʛʫʧʦʚ ɺ.ɺ. ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

 

ɿʘʨʝʻʩʪʨʦʚʘʥʦ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ, ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ 

ʜʨʫʢʦʚʘʥʦʛʦ ʟʘʩʦʙʫ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ - ʩʝʨʽʷ ʂɺ ˉ 11541 ï 413ʈ ʚʽʜ 21.07.2006 ʨ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʠ ɺɸʂ ʋʢʨʘʾʥʠ ʚʽʜ 16.12.09 ʨ. ˉ 7-08/6-ʟ çɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ɺɯʂʅʋ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘè ʚʥʝʩʝʥʦ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʽʟ ʪʝʭʥʽʯʥʠʭ, 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʘ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ 
ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. 

 

ɿʘʪʚʝʨʜʞʝʥʦ ʥʘ ʟʘʩʽʜʘʥʥʽ ʚʯʝʥʦʾ ʨʘʜʠ ɺɯʂʅʋ ʚʽʜ 25.10.2012 ʨ., ʧʨʦʪʦʢʦʣ ˉ3. 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʤʘʢʝʪ: 

ʈʷʙʘ ʃ.ʆ., ʉʦʣʦʜʻʻʚʘ ʃ.ɺ. 

 

 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʥʦʚʠʟʥʫ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʢʦʨʝʢʪʥʽʩʪʴ 

ʚʠʩʣʦʚʣʶʚʘʥʴ ʥʝʩʫʪʴ ʘʚʪʦʨʠ. ʊʦʯʢʘ ʟʦʨʫ ʨʝʜʢʦʣʝʛʽʾ ʥʝ ʟʘʚʞʜʠ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʟʠʮʽʻʶ ʘʚʪʦʨʽʚ. ʋʩʽ ʤʘʪʝʨʽʘʣʠ ʥʘʜʨʫʢʦʚʘʥʽ ʚ 

ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

ɽʣʝʢʪʨʦʥʥʘ ʚʝʨʩʽʷ ʚʩʽʭ ɿʙʽʨʥʠʢʽʚ (ʧʦʯʠʥʘʶʯʠ ʟ ˉ17) ʨʦʟʤʽʱʝʥʽ ʥʘ 

ʩʘʡʪʽ ʙʽʙʣʽʦʪʝʢʠ ʽʤ. ɺ. ɺʝʨʥʘʜʩʴʢʦʛʦ. 

 

ɸʜʨʝʩʘ ʨʝʜʘʢʮʽʾ: 03689, ʤ. ʂʠʾʚ, ʚʫʣ. ʃʦʤʦʥʦʩʦʚʘ,81     ʪʝʣ./ʬʘʢʩ +38 (044) 521 ï 32 ï 99 

ʅʘʢʣʘʜ 300 ʧʨʠʤ.                                                                                           239 ï 32 ï 10 

ɽʣ.ʘʜʨʝʩʘ: lenkov_s@ukr.net 

ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɺʽʡʩʴʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ: www.mil.univ.kiev.ua 
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ʊɽʍʅɯʂɸ 
  

ɹʘʨʘʙʘʰ ʆ.ɺ., ʍʨʘʱʝʚʩʴʢʠʡ ʈ.ɺ., ʆʙʽʜʽʥ ɼ.ʄ. ʅʝʯʽʪʢʽ ʤʦʜʝʣʽ ʦʧʠʩʫ ʩʠʪʫʘʮʽʡ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤéééééééééééé.. 6 

ɹʫʷʣʦ ʆ.ɺ., ɻʘʭʦʚʠʯ ʉ.ɺ., ɻʣʫʭʦʚ ʉ.ɯ., ɾʠʨʦʚ ɻ.ɹ.  ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ 

ʚʽʜʤʦʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʫʯʘʩʥʠʭ ʩʢʣʘʜʥʠʭ ʨʘʜ̔ʦʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤééééééééééééééééééééééééééééééééé.. 14 

ɺʠʰʥʽʚʩʴʢʠʡ ɺ.ɺ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʦʙôʻʢʪʽʚ ʈɽʊ ééééééééééééééééééééééééééééééé 20 

ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ɸ.ɹ. ʄʦʜʝʣʴ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ 

ʢʦʨʜʦʥʫ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢééééééééééééé. 25 

ɼʦʣʛʫʰʠʥ ɺ.ʇ., ʄʽʨʦʰʥʽʯʝʥʢʦ ʆ.ɺ., ʆʭʨʘʤʦʚʠʯ ʄ.ʄ. ɸʥʘʣʽʟ ʪʦʯʥʦʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʦʧʦʟʠʮʽʡʥʦʾ ʪʨʠʘʥʛʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʝʣʝʥʛʘʮʽʾ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʧʦʣʽʧʰʝʥʥʷéééééééééééééééééééééééé.. 31 

ɾʫʢ ʆ.ɻ. ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ 

OFDMéééééééééééééééééééééééééééééééééé 37 

ɿʘʻʮʴ ʅ.ɸ., ʐʚʦʨʦʚ ʉ.ɸ., ʐʪʝʧʘ ɺ.ʄ., ʆʩʠʧʘ ɺ.ʆ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʩʪʨʦʡʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ éééééééééééééééééééééééé 41 

ɯʚʘʥʦʚ ɸ.ɺ., ʐʠʥʢʘʨʫʢ ʆ.ʄ., ʏʝʩʘʥʦʚʩʴʢʠʡ ɯ.ɯ. ʈʦʟʨʦʙʢʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʘʥʘʣʫ 

ʢʦʛʝʨʝʥʪʥʦʾ ʤʽʞʧʝʨʽʦʜʥʦʾ ʦʙʨʦʙʢʠ ʝʭʦ-ʩʠʛʥʘʣʽʚ ʚ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭééééééééééééééééééééééééééééééééé 45 

ʂʚʘʩʥʽʢʦʚ ɺ.ʇ. ʇʨʝʮʠʟʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʤʘʰʠʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡéééééééééééééééééééé 52 
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ʅɽʏɯʊʂɯ ʄʆɼɽʃɯ ʆʇʀʉʋ ʉʀʊʋɸʎɯʁ ɺ ʉʀʉʊɽʄɸʍ ɸɺʊʆʄɸʊʀʏʅʆɻʆ 

ʋʇʈɸɺʃɯʅʅʗ ʃɯʊɸʃʔʅʀʄ ɸʇɸʈɸʊʆʄ 

 
ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʻʜʥʦʩʪʽ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʟʥʘʥʴ ʙʫʣʘ 

ʨʦʟʚʠʥʫʪʘ ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʚ ʯʘʩʪʠʥʽ ʢʣʘʩʽʚ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʛʨʘʬʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʝʯʽʪʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʾʭ ʦʧʠʩ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ ʦʧʝʨʘʮʽʶ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ ʧʨʦʤʽʞʥʦʾ ʥʝʯʽʪʢʦʾ ʽ ʯʽʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 

ʥʝʯʽʪʢʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʜ ʥʠʤʠ ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʥʘʜ 

ʥʝʯʽʪʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʬʠ, ʨʦʟʧʦʜʽʣʝʥʘ ʙʘʟʘ ʟʥʘʥʴ, ʥʝʯʽʪʢʽ ʤʦʜʝʣʽ. 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʝʜʠʥʝʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʙʘʟʳ 

ʟʥʘʥʠʡ ʙʳʣʘ ʨʘʟʚʠʪʘ ʪʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ʚ ʯʘʩʪʠ ʢʣʘʩʩʦʚ ʥʝʯʝʪʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʠ 

ʥʝʯʝʪʢʠʭ ʛʨʘʬʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʯʝʪʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʛʨʘʬʦʚ, ʚ ʦʩʥʦʚʫ 

ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʥʝʯʝʪʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ 

ʦʧʝʨʘʮʠʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʛʨʘʬʳ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʥʝʯʝʪʢʦʡ ʠ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʥʝʯʝʪʢʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʛʨʘʬʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʜ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ, ʢʘʢ ʥʘʜ ʥʝʯʝʪʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ, ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ. 

 

To achieve the concept of unity of formal description of distributed knowledge base developed the 

theory of fuzzy models in terms of classes of fuzzy matching and fuzzy graphs. A classification of fuzzy 

matching and graphs, which are based on the number of describing their fuzzy elements. Prompted the 

operation of transformation, with which compliance and intermediate fuzzy graphs and clear structure 

become fuzzy matching and graphs, which allows for the necessary operations on them, as on fuzzy 

models. 

Keywords: graphs, the distributed knowledge base, fuzzy models. 

 

ɺʩʪʫʧ. ɺʝʨʠʬʽʢʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʟʥʘʥʴ (ʈɹɿ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ)  ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ (ʃɸ), ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʈɹɿ, ʱʦ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʉɸʋ. ʆʮʽʥʢʠ ʚʘʣʽʜʥʦʩʪʽ (ʢʦʨʝʢʪʥʦʩʪʽ) ʤʦʜʫʣʽʚ ʈɹɿ, ʦʜʝʨʞʘʥʽ ʚʩʝʨʝʜʠʥʽ ʈɹɿ ʥʘ 

ʦʩʥʦʚʽ ʚʥʫʪʨʽʰʥʴʦʾ ʚʝʨʠʬʽʢʘʮʽʾ, ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʘʥ ʈɹɿ ʉɸʋ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʡʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʝʨʠʬʽʢʘʮʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʫ ʉɸʋ ʧʽʜ ʯʘʩ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʩʠʪʫʘʮʽʾ ʟ ʧʦʟʠʮʽʡ ʥʝʯʽʪʢʦʩʪʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʠʥʘʤʽʯʥʦʾ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʈɹɿ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ 

ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʦʜʥʦʯʘʩ, ʽ ʩʢʣʘʜʥʦʩʪʽ ʾʭ 

ʚʟʘʻʤʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ. ɿʥʝʚʘʛʘ ʮʽʻʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʪʷʞʢʠʭ ʟʘ ʥʘʩʣʽʜʢʘʤʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʝʡ ʽ ʢʦʥʬʣʽʢʪʥʠʭ 

ʩʠʪʫʘʮʽʡ ʫ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʚʝʨʠʬʽʢʘʮʽʾ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ 

ʈɹɿ, ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʾʭ ʨʦʙʦʪʠ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʦʝʣʝʤʝʥʪʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʽ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʜʽʻʟʜʘʪʥʦʩʪʽ ʈɹɿ ʧʦʚʠʥʥʽ 

ʩʢʣʘʜʘʪʠ ʻʜʠʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʝʨʠʬʽʢʘʮʽʾ [1]. ʉʢʣʘʜʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚʠʤʘʛʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 
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ʚʝʨʠʬʽʢʘʮʽʾ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ. ʗʢ ʘʧʘʨʘʪ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʦʜʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʯʽʪʢʽ ʽ ʯʽʪʢʽ ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʪʫʘʮʽʡ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʘʛʘʪʦ ʫʚʘʛʠ [2]. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ ʟʨʦʙʠʣʠ ʪʘʢʽ ʚʯʝʥʽ ʷʢ 

ɺ.ɺ. ʉʦʣʦʜʦʚʥʽʢʦʚ, ɸ.ɸ. ʂʨʘʩʦʚʩʴʢʠʡ, ɺ.ɸ. ɹʝʩʝʢʝʨʩʴʢʠʡ, ɺ.ɸ. ɹʦʜʥʝʨ, ɸ.ɸ. ɺʦʨʦʥʦʚ, 

ɸ.ɽ. ɸʩʣʘʥʷʥ, ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʟ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʧʦʢʘʟʘʚ ʧʨʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʧʨʠʜʽʣʝʥʦʾ ʫʚʘʛʠ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʛʨʘʬʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʯʽʪʢʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʾʭ ʦʧʠʩ ʟ ʧʦʻʜʥʘʥʥʷʤ ʦʧʝʨʘʮʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ ʧʨʦʤʽʞʥʦʾ ʥʝʯʽʪʢʦʾ ʽ ʯʽʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʥʝʯʽʪʢʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʜ ʥʠʤʠ ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʥʘʜ ʥʝʯʽʪʢʠʤʠ 

ʤʦʜʝʣʷʤʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʩʠʪʫʘʮʽʡ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɻʨʘʬʦʚʽ ʤʦʜʝʣʽ ʩʝʤʘʥʪʠʯʥʠʭ ʩʪʘʥʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʘʟ ʟʥʘʥʴ. 

ɻʨʘʬ ʩʪʘʥʽʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ ʟʥʘʥʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [3] ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʩʠʪʫʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʤʥʦʞʠʥʫ 

ʩʠʪʫʘʮʽʡ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ ʫ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʈɹɿ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʠʪʫʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʚʽʪʫ (ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʠʩʷ ʜʣʷ ʉɸʋ) ɶ ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʥʴ ʧʨʦ ʚʧʣʠʚʠ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʥ 

ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʢʝʨʫʶʯʦʾ ʣʘʥʢʠ ʽ ʧʦʪʦʯʥʽ ʮʽʣʽ ʫʧʨʘʚʣʽʥʥʷ ʫ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʉʪʘʥʠ ʈɹɿ ɶ ʮʝ ʪʘʢʽ ʩʫʢʫʧʥʦʩʪʽ ʩʠʪʫʘʮʽʡ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʉɸʋ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʦʣʴʦʪʫ) ʃɸ. ʇʨʠ ʦʧʠʩʽ ʩʠʪʫʘʮʽʡ ʜʣʷ ʉɸʋ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʝʨʠʬʽʢʘʮʽʾ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʈɹɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʪʦʤʫ ʩʠʪʫʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʫ ʉɸʋ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʦʛʦ 

ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʙʫʪʠ ʥʝʯʽʪʢʦʶ. 

ʅʝʯʽʪʢʘ ʩʠʪʫʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʦʨʦʜʞʫʻ ʤʦʜʝʣʴ ʩʪʘʥʽʚ ʈɹɿ ʪʘʢʦʞ ʥʝʯʽʪʢʫ ʫ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ 

ʢʦʞʥʽʡ ʥʝʯʽʪʢʽʡ ʩʠʪʫʘʮʽʾ ʜʣʷ ʉɸʋ ʚʽʜʧʦʚʽʜʘʻ ʥʝʯʽʪʢʘ ʩʫʢʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʝʨʠʬʽʢʘʮʽʾ. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʩʠʪʫʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ. 1. 

ʅʘ ʨʠʩ. 1 s1 , s2 , s3 , ... ɶ ʥʝʯʽʪʢʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʠʩʷ ʜʣʷ ʉɸʋ ʫ ʚʽʜʧʦʚʽʜʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ; v1 , v2 , v3 , ... ɶ ʥʝʯʽʪʢʽ ʩʪʘʥʠ ʈɹɿ. ʄʽʞ ʥʠʤʠ ʻ ʥʝʯʽʪʢʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ Ei =<ei, si, vi >. 

ʅʝʭʘʡ A1 , A2 , ... ɶ ʜʝʷʢʽ ʦʧʝʨʘʪʦʨʠ ʧʝʨʝʭʦʜʫ ʽʟ ʩʠʪʫʘʮʽʾ s1 ʜʦ s2, ʽʟ s2 ʜʦ s3, ... . ʎʽ 

ʦʧʝʨʘʪʦʨʠ ʽʥʽʮʽʶʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʜʝʷʢʠʭ ʦʧʝʨʘʪʦʨʽʚ B1, B2, ... , ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʈɹɿ ʟʽ ʩʪʘʥʫ v1 ʜʦ v2, v2 ʜʦ v3 ... . 

ɿʛʘʜʘʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʉɸʋ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʪʫʘʮʽʷʤʠ. ʂʦʞʥʘ ʥʝʯʽʪʢʘ 

ʩʠʪʫʘʮʽʷ ʜʣʷ ʉɸʋ ʧʦʨʦʜʞʫʻ ʥʝʯʽʪʢʠʡ ʩʪʘʥ ʈɹɿ. ɿʚ'ʷʟʢʠ ʽ ʤʦʞʣʠʚʽ ʧʝʨʝʭʦʜʠ ʫ ʧʨʦʩʪʦʨʽ 

ʩʠʪʫʘʮʽʡ ʧʦʨʦʜʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʭʦʜʠ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʈɹɿ. 

ʅʝʯʽʪʢʽ ʩʪʘʥʠ ʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʥʠʤʠ ʫʪʚʦʨʶʶʪʴ ʛʨʘʬ ʩʪʘʥʽʚ ʈɹɿ ʉɸʋ (ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʯʽʪʢʠʡ) Lm=(V, F), ʚ ʷʢʦʤʫ V ={<mV(vi)/vi>}, iÍI={1, 2,..., n} ɶ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ 

ʚʝʨʰʠʥ; F={<mF<vi,vj>/<vi,vj>>},é <vi,,vj>ÍV
2
, jÍJ={1, 2,..., m} ɶ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʫʛ ʛʨʘʬʘ, ʧʨʠʯʦʤʫ vi ɶ ʧʦʯʘʪʦʢ, ʘ vj ï ʢʽʥʝʮʴ ʜʫʛʠ; mV (vi) ʽ mF (vi , vj), (mV (vi), 

mF(vi,vj)Í[0;1]) ɶ ʩʪʫʧʝʥʽ ʥʘʣʝʞʥʦʩʪʽ ʚʝʨʰʠʥ ʽ ʜʫʛ ʚʽʜʧʦʚʽʜʥʠʤ ʥʝʯʽʪʢʠʤ ʤʥʦʞʠʥʘʤ. ʋ ʛʨʘʬʽ 

ʩʪʘʥʽʚ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʝʨʠʬʽʢʘʮʽʾ, 

ʦʜʝʨʞʘʥʠʭ ʫ ʜʘʥʦʤʫ ʩʪʘʥʽ ʈɹɿ, ʘ ʟʚʘʞʝʥʽ ʜʫʛʠ ʧʦʢʘʟʫʶʪʴ ʥʘʧʨʷʤʦʢ ʽ ʤʦʞʣʠʚʽ ʧʝʨʝʭʦʜʠ ʈɹɿ 

ʟʽ ʩʪʘʥʫ ʫ ʩʪʘʥ. 
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ʋ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʥʝʯʽʪʢʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʜʫ ɻ=<F, X, Y>, 

ʜʝ F ï ʥʝʯʽʪʢʠʡ ʛʨʘʬ ʥʝʯʽʪʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, X ï ʦʙʣʘʩʪʴ ʚʽʜʧʨʘʚʣʝʥʥʷ, Y ï ʦʙʣʘʩʪʴ ʧʨʠʙʫʪʪʷ 

ʥʝʯʽʪʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʥʝʯʽʪʢʽ ʛʨʘʬʠ ʟ ʥʝʯʽʪʢʦ ʩʫʤʽʞʥʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʪʦʙʪʦ ʚʠʛʣʷʜʫ L=(V, 

F) [4].  

ɻʨʘʬ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʤʦʜʫʣʷʤʠ ʈɹɿ. ɻʨʘʬʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ 

(ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʛʨʘʬʦʤ) [5, 6] ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʥʝʯʽʪʢʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ 

ʛʨʘʬ LI =(Z, UI), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʪʽʢ ʜʘʥʠʭ ʫ ʈɹɿ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʷʢʱʦ ʩʪʘʥ ʤʦʜʫʣʷ zjÍ Z 

ʥʝʯʽʪʢʦ ʟʚ'ʷʟʘʥʠʡ ʟʘ ʜʘʥʠʤʠ ʽʟ ʩʪʘʥʦʤ ʤʦʜʫʣʷ ziÍ Z, ʪʦ zjÍUI zi .  

ɻʨʘʬ ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʷʤʠ ʈɹɿ. ʂʦʞʥʘ ʩʫʢʫʧʥʽʩʪʴ ʤʦʜʫʣʽʚ ʫ ʈɹɿ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʉɸʋ. ʇʨʠ ʮʴʦʤʫ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʤʦʜʫʣʽʚ ʟʘʜʘʶʪʴʩʷ 

ʦʨʽʻʥʪʦʚʘʥʠʤ ʛʨʘʬʦʤ Lʉ=(Z, Uʉ), ʜʝ Z ï ʤʥʦʞʠʥʘ ʤʦʜʫʣʽʚ, Uʉ  ï ʚʽʜʦʙʨʘʞʝʥʥʷ Z ʫ Z ʪʘʢʝ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ zj ʧʽʩʣʷ zi ʪʷʛʥʝ ziÍUC zj, ʪʦʙʪʦ ʥʘ ʛʨʘʬʽ LC ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʦʨʽʻʥʪʦʚʘʥʘ ʜʫʛʘ . 

ʅʘʷʚʥʽʩʪʴ ʜʘʥʦʛʦ ʛʨʘʬʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʢʦʨʝʢʪʥʠʭ ʤʦʜʫʣʽʚ ʚ ʉɸʋ, 

ʤʦʜʝʣʶʚʘʪʠ ʾʭ ʨʦʙʦʪʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʉɸʋ. 

ʉʪʨʫʢʪʫʨʥʠʡ ʛʨʘʬ ʤʦʜʫʣʷ ʈɹɿ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʥʦʞʠʥʫ ʢʦʥʮʝʧʪʽʚ ɹɿ A={ai}. ʅʘ ʮʽʡ 

ʤʥʦʞʠʥʽ ʟʘʜʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʚʢʣʶʯʝʥʥʷ Rʚ ʪʘʢʝ, ʱʦ  aiRʚaj ª aj Ë ai , ʪʦʙʪʦ ai  ̔aj ʟʚ'ʷʟʘʥʽ 

ʚʽʜʥʦʰʝʥʥʷʤ Rʚ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʝʣʝʤʝʥʪ aj ʻ ʩʪʨʫʢʪʫʨʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʝʣʝʤʝʥʪʘ ai 

[6]. ɼʘʥʠʡ ʛʨʘʬ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʠʪʘʥʴ ʩʪʽʡʢʦʩʪʽ ʤʦʜʫʣʷ. 

ɻʨʘʬʦʚʘ ʤʦʜʝʣʴ ʤʦʜʫʣʷ ʧʨʦʮʝʜʫʨʥʦʾ ɹɿ. ʋ ʩʘʤʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʭʝʤʘ ʙʫʜʴ-

ʷʢʦʾ ʧʨʦʮʝʜʫʨʥʦʾ ɹɿ ʤʽʩʪʠʪʴ ʢʦʥʮʝʧʪʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʜʚʽ ʬʫʥʢʮʽʾ: ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʪʦʨʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʮʽ ʬʫʥʢʮʽʾ, ʥʘʟʚʝʤʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ 

(Pr) ʽ ʨʦʟʧʽʟʥʘʚʘʯʘʤʠ (P) (ʧʨʝʜʠʢʘʪʘʤʠ) [7]. 

ɻʨʘʬ ʤʫʣʴʪʠʩʪʨʫʢʪʫʨʠ. ʅʘʚʝʜʝʥʽ ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʻʜʥʽʩʪʴ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʦʜʘʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ ʤʫʣʴʪʠʩʪʨʫʢʪʫʨʠ, ʱʦ ʦʧʠʩʫʻ ʈɹɿ ʫ ʮʽʣʦʤʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ 

ʤʫʣʴʪʠʩʪʨʫʢʪʫʨʠ ʚʚʦʜʠʪʴʩʷ ʦʧʝʨʘʮʽʷ ʜʝʪʘʣʴʥʦʾ ʨʦʟʰʠʬʨʦʚʢʠ [6]. 

ʇʨʦʩʪʽʨ ʩʪʘʥʽʚ ʈɹɿ 

a3  a2  
a1  

s1 

s2 
s3 

v1 

v2 
v3 

A1 

A2 

B1 
B2 

ʇʨʦʩʪʽʨ ʩʠʪʫʘʮʽʡ ʚ ʉɸʋ 

t1 t2 t3 t 0 

ʈʠʩ. 1. ʉʠʪʫʘʮʽʡʥʘ ʤʦʜʝʣʴ ʉɸʋ 
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ʅʘʷʚʥʽʩʪʴ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʰʘʨʦʚʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʈɹɿ, 

ʩʪʘʚʠʪʠ ʽ ʚʠʨʽʰʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ 

ʝʪʘʧʘʭ, ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʡʥʷʪʠʤ ʨʽʚʥʷʤ ʘʙʩʪʨʘʢʮʽʾ. 

ʊʠʧʦʣʦʛʽʷ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʛʨʘʬʽʚ ʜʣʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʪʫʘʮʽʡ. 

ʂʣʘʩʠ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. ɺʚʝʜʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʜʦ ʦʩʥʦʚʠ 

ʷʢʦʾ ʧʦʢʣʘʜʝʤʦ ʢʽʣʴʢʽʩʪʴ ʥʝʯʽʪʢʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ɿ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝʯʽʪʢʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʥʝʯʽʪʢʠʤʠ 

ʤʥʦʞʠʥʘʤʠ (ʅɺʅʄ), ʜʝ ʚʩʽ ʪʨʠ ʝʣʝʤʝʥʪʠ ˈ ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ, ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʢʣʘʩʦʤ 

ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. ʅʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʩʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʦʤʽʞʥʦʶ ʥʝʯʽʪʢʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʥʝʯʽʪʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʟ ʜʚʦʤʘ ʥʝʯʽʪʢʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ (ʅɺʅʄ-1, ʅɺʅʄ-2), ʥʝʯʽʪʢʠʤ ʛʨʘʬʦʤ ʽ ʯʽʪʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ 

ʧʨʠʙʫʪʪʷ (ʅɺʏʄ) ʽ, ʥʘʨʝʰʪʽ, ʯʽʪʢʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ (ʏɺ). ʅʘʜʘʣʽ ʜʦ ʧʝʨʝʪʚʦʨʝʥʠʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʷʢ ʜʦ ʅɺʅʄ. (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ 

 

ʂʣʘʩʠ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ. ɺʚʝʜʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ, ʜʦ ʦʩʥʦʚʠ ʷʢʦʾ ʪʘʢʦʞ 

ʧʦʢʣʘʜʝʤʦ ʢʽʣʴʢʽʩʪʴ ʥʝʯʽʪʢʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 3). 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʢʣʘʩʦʤ ʅɻ ʻ ʛʨʘʬ L, ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʢʣʘʜʘʶʪʴ 

ʛʨʘʬ ʥʝʯʽʪʢʦʾ ʧʨʦʤʽʞʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʅɻ-1) L1 ʽ ʯʽʪʢʠʡ ʛʨʘʬ (ʏɻ) L4. 

ɺʠʟʥʘʯʝʥʥʷ. ʆʨʽʻʥʪʦʚʘʥʠʤ ʥʝʯʽʪʢʠʤ ʛʨʘʬʦʤ L=(X,F) ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ, ʚ ʷʢʽʡ X={<m X (xi)/xi>}, iÍI={1,2,..., n} ï ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʛʨʘʬʘ; 

F={<mF<xi,xj>/<xi,xj>>},<xi,xj>ÍX
2
 ï ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ ʜʫʛ, ʧʨʠʯʦʤʫ xi ï ʧʦʯʘʪʦʢ, ʘ xj ï ʢʽʥʝʮʴ 

ʜʫʛʠ; m X (xi),m F <xi, xj> ï ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʝʨʰʠʥ ʽ ʜʫʛ ʛʨʘʬʘ ʚʽʜʧʦʚʽʜʥʦ. 

 

 
 

ʈʠʩ. 3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ 

 

ʊʘʢʝ ʧʦʜʘʥʥʷ ʅɻ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ-ʤʥʦʞʠʥʥʠʤ.  

ʇʦʜʘʥʥʷ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ ʯʝʨʝʟ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʢʦʨʪʝʞʽ. ɺʠʢʣʘʜʝʥʠʡ ʩʧʦʩʽʙ 

ʟʘʚʜʘʥʥʷ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ ʫ ʚʠʛʣʷʜʽ ʦʢʦʣʠʮʴ ʽ ʤʝʞ ʚʝʨʰʠʥ ʚʽʜʧʦʚʽʜʘʻ ʧʦʜʘʥʥʶ ʦʢʦʣʠʮʴ 

ʚʝʨʰʠʥ ʯʝʨʝʟ ʪʨʠʢʦʤʧʦʥʝʥʪʥʽ ʢʦʨʪʝʞʽ. ʊʘʢ, ʢʦʨʪʝʞ ʚʝʨʰʠʥʠ xi ʤʘʻ ʚʠʛʣʷʜ 

 

ai = <<mX(xi)/xi>, æBi
1
æ, Bi

1
> .                                                 (1) 

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯ ʥʘ ʛʨʘʬʘʭ ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʝʷʢʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʥʘʜ ʢʦʨʪʝʞʘʤʠ. ʎʝ ʥʘʜʘʻ ʘʣʛʦʨʠʪʤʘʤ ʢʦʤʧʘʢʪʥʽʩʪʴ ʽ ʩʧʨʦʱʫʻ ʾʭ ʨʝʘʣʽʟʘʮʽʶ. 

ɺʽʜʦʤʦ [8], ʱʦ ʧʨʦʝʢʮʽʻʶ ʢʦʨʪʝʞʫ ʥʘ l-ʪʫ ʚʽʩʴ ʥʘʟʠʚʘʻʪʴʩʷ l-ʪʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʨʪʝʞʫ: 

ʧʨ1ai = <mX(xi)/xi>,   ʧʨ2ai =æBi
1
æ,  ʧʨ3ai = Bi

1
.                                        (2) 

 

ʅɺʅʄ 

ɻ = <F, X, Y > 

ʅɺʅʄ - 1 

ɻ1 = <F, X, Y > 

ʅɺʅʄ - 2 

ɻ2 = <F, X, Y > 

ʏɺ 

ɻ4 = <F, X, Y > 

ʅɺʏʄ 

ɻ3 = <F, X, Y > 

ʅɻ 

L = <X, F>  

ʅɻ - 1 

L1 = <X, F1> 

ʏɻ 

L2 = <X, F2> 



 10 

ʊʦʙʪʦ ʧʝʨʰʦʶ ʧʨʦʝʢʮʽʻʶ ʢʦʨʪʝʞʫ (1) ʻ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʘ ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʰʠʥʠ, ʜʣʷ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʠʡ ʢʦʨʪʝʞ, ʪʘ ʾʾ ʩʪʫʧʝʥʷ ʥʘʣʝʞʥʦʩʪʽ. 

ɼʨʫʛʘ ʧʨʦʝʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʪʫʞʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ) ʤʝʞʽ. 

ʊʨʝʪʷ ʧʨʦʝʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʯʽʪʢʫ ʤʝʞʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʘʥʦʾ ʚʝʨʰʠʥʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ ʢʦʨʪʝʞʽʚ. ʆʩʢʽʣʴʢʠ ʥʝʯʽʪʢʽ ʛʨʘʬʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʜʘʥʽ ʯʝʨʝʟ ʤʥʦʞʠʥʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʨʪʝʞʽʚ, ʤʘʻ ʩʝʥʩ ʨʦʟʛʣʷʥʫʪʠ ʜʝʷʢʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʮʠʤʠ ʤʥʦʞʠʥʘʤʠ. ʎʽ ʦʧʝʨʘʮʽʾ ʻ ʜʝʷʢʠʤ ʘʥʘʣʦʛʦʤ ʪʝʦʨʝʪʠʯʥʦ-

ʤʥʦʞʠʥʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʝʯʽʪʢʠʤʠ ʤʥʦʞʠʥʘʤʠ ʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʦʟʚʠʪʦʢ ʦʧʝʨʘʮʽʡ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ [8]. 

ɸ. ʆʧʝʨʘʮʽʷ U ʟ'ʻʜʥʘʥʥʷ ʤʥʦʞʠʥʠ ʢʦʨʪʝʞʽʚ. ʇʦʨʷʜʦʢ ʟʥʘʭʦʜʞʝʥʥʷ ʤʥʦʞʠʥʠ ak = ai Ç 

aj ʪʘʢʠʡ: ʤʥʦʞʠʥʘ aiÇaj ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʢʣʘʩʠ ʥʝʯʽʪʢʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ 

ʧʨ1ai=ʧʨ1aj , ʧʽʩʣʷ ʮʴʦʛʦ ʫ ʢʦʞʥʦʤʫ ʢʣʘʩʽ ʙʫʜʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʢʦʨʪʝʞ kai=ai Ä ... Ä 

al ʟʘ ʫʩʽʤʘ ʢʦʨʪʝʞʘʤʠ ʜʘʥʦʛʦ ʢʣʘʩʫ (ʚ ʤʝʞʘʭ ʢʣʘʩʫ ʦʧʝʨʘʮʽʷ Ä ʢʦʤʫʪʘʪʠʚʥʘ ʡ ʘʩʦʮʽʘʪʠʚʥʘ). 

ʆʜʝʨʞʘʥʘ ʤʥʦʞʠʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʢʦʨʪʝʞʽʚ ʽ ʙʫʜʝ ʰʫʢʘʥʦʶ ʤʥʦʞʠʥʦʶ a k = {kai}. 

ɹ. ʆʧʝʨʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʪʝʞʫ ʟ ʥʦʤʝʨʦʤ i ʫ ʤʥʦʞʠʥʽ ʢʦʨʪʝʞʽʚ A (ai=F(A, i)) 

ʧʦʣʷʛʘʻ ʚ ʚʠʜʽʣʝʥʥʽ ʫ ʜʘʥʽʡ ʤʥʦʞʠʥʽ ʢʦʨʪʝʞʫ, ʧʝʨʰʘ ʧʨʦʝʢʮʽʷ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ i: ʧʨ1ai = i. 

ɺ. ʆʧʝʨʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʦʝʢʮʽʾ ʤʥʦʞʠʥʠ ʢʦʨʪʝʞʽʚ A ʥʘ ʢʦʨʪʝʞ ai
*
, ʪʦʙʪʦ Ai= Pr(A, 

ai
*
), ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ʋ ʤʥʦʞʠʥʽ A ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʢʦʨʪʝʞʽʚ, ʱʦ 

ʧʨʠʧʠʩʘʥʽ ʪʽʡ ʩʘʤʝ ʚʝʨʰʠʥʽ, ʱʦ ʽ ai
*
, ʘʙʦ ʜʦ ʚʝʨʰʠʥʠ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʾʾ ʤʝʞʽ Bi

1
* , ʪʦʙʪʦ 

ʧʽʜʤʥʦʞʠʥʘ ʢʦʨʪʝʞʽʚ A'={aj}, ʜʣʷ ʷʢʠʭ: ajÍA'
 
ª (ʧʨ1aj = ʧʨ1ai*)Ù (ʧʨ1aj Í ʧʨ3a i*) . 

ʇʽʩʣʷ ʮʴʦʛʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʮʽʻʾ ʤʥʦʞʠʥʠ ʥʘ a i
*
. 

ʆʜʝʨʞʘʥʽ ʢʦʨʪʝʞʽ ʫʪʚʦʨʷʪʴ ʰʫʢʘʥʫ ʤʥʦʞʠʥʫ 

 

ɸi = {az = aj Ã a i*éajÍA' }. 

 

ɻ. ʆʧʝʨʘʮʽʷ ʚʠʜʽʣʝʥʥʷ ʧʽʜʤʥʦʞʠʥʠ ʢʦʨʪʝʞʽʚ Ac  ʟ ʤʥʦʞʠʥʠ A ʟʘ ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʉ. 

A(²C)= Pr (²C) (A), A (>C)= Pr (>C) (A), A (<C)=Pr  (<C) (A). 

 

ʋ ʤʥʦʞʠʥʽ A ʩ  ʟʘʣʠʰʘʶʪʴʩʷ ʢʦʨʪʝʞʽ ai , ʜʣʷ ʷʢʠʭ ʧʨ2ai ² C , ʧʨ2ai > C, ʧʨ2ai<C 

ʚʽʜʧʦʚʽʜʥʦ. 

ɼ. ʆʧʝʨʘʮʽʷ ʚʠʣʫʯʝʥʥʷ ʢʦʨʪʝʞʫ ai ʟ ʤʥʦʞʠʥʠ ɸ (ɸi = D(A, ai)) ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

1. ɹʫʜʫʻʪʴʩʷ ɸ' = ɸ\ai. 

2. ɹʫʜʫʻʪʴʩʷ ʜʦʧʦʤʽʞʥʠʡ ʢʦʨʪʝʞ  ai
*
: ʧʨ1ai

* 
= ʧʨ1a i, ʧʨ2ai

*
= 1,  ʧʨ3ai

*
= ʧʨ1ai. 

3. ɼʣʷ ʢʦʞʥʦʛʦ ajÍ ɸ
ó
 ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʝʨʘʮʽʷ az=aj q ai

*
,  A i  = {az}. 

ɿʘʚʜʘʥʥʷ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʨʪʝʞʽʚ ʜʦʟʚʦʣʷʻ ʧʦʜʘʪʠ ʾʭ ʚ 

ʧʘʤ'ʷʪʽ ɽʆʄ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʤʘʩʠʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʫʩʫʚʘʻʪʴʩʷ ʥʘʜʤʽʨʥʽʩʪʴ, 

ʧʨʠʪʘʤʘʥʥʘ ʪʨʘʜʠʮʽʡʥʠʤ ʟʘʩʦʙʘʤ ʧʦʜʘʥʥʷ ʛʨʘʬʽʚ. 

ʇʦʰʘʨʦʚʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʈɹɿ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʦʚʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʦʜʘʥʥʷ ʈɹɿ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʰʘʨʦʚʫ ʩʭʝʤʫ ʾʾ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 4). 

ɸʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʈɹɿ ʬʦʨʤʫʶʪʴ ʚʝʨʭʥʽʡ ʰʘʨ. ɺ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʧʝʨʘʮʽʾ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʥʠʞʥʽʭ ʰʘʨʘʭ: 

ʘʣʛʦʨʠʪʤʠ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ, ʚʠʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʠʭ ʦʢʦʣʠʮʴ ʽ ʤʝʞ ʚʝʨʰʠʥ; 

ʦʧʝʨʘʮʽʾ ʥʘʜ ʢʦʨʪʝʞʘʤʠ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʤʥʦʞʠʥʘʤʠ ʢʦʨʪʝʞʽʚ; 

ʪʝʦʨʝʪʠʯʥʦ-ʤʥʦʞʠʥʥʽ ʦʧʝʨʘʮʽʾ; 

ʩʪʨʫʢʪʫʨʥʽ ʦʧʝʨʘʪʦʨʠ. 

ʅʘʩʪʫʧʥʠʡ ʰʘʨ ʫʪʚʦʨʶʶʪʴ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʝʨʘʮʽʾ 3-ʛʦ, 2-ʛʦ ʽ 1-ʛʦ 

ʰʘʨʽʚ. 
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ʊʘʢʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʧʽʩʣʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʽʜʩʪʘʥʦʚʦʢ ʟ ʥʠʞʥʽʭ ʰʘʨʽʚ ʫ ʚʠʛʣʷʜʽ ʮʽʣʽʩʥʦʾ ʧʨʦʛʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʧʨʦʱʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʤʦʜʝʣʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʪʦʯʦʢ ʟʦʨʫ ʥʘ ʟʤʽʩʪʦʚʥʫ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ 

ʤʦʜʝʣʝʡ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʜʝʷʢʠʡ ʥʝ ʽʤʦʚʽʨʥʽʩʥʠʡ ʩʫʙ'ʻʢʪʠʚʥʠʡ ʚʠʤʽʨ 

ʥʝʯʽʪʢʦʩʪʽ. 

ʇʨʦʪʠʣʝʞʥʘ ʪʦʯʢʘ ʟʦʨʫ, ʱʦ ʚʠʢʣʘʜʘʻʪʴʩʷ ʫ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʝʣʠʯʠʥʘ mA(x) ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʫʤʦʚʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʜʽʾ A ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ 

x, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʧʨʦ ʪʠʧ ʽʤʦʚʽʨʥʦʩʪʽ (ʯʘʩʪʦʪʥʘ, ʩʫʙ'ʻʢʪʠʚʥʘ). 

 

 
 

ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʩʪʫʧʽʥʴ ʥʘʣʝʞʥʦʩʪʽ (ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ) m A (x) ʝʣʝʤʝʥʪʘ x 

ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʽ A ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʩʫʙ'ʻʢʪʠʚʥʘ ʤʽʨʘ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪ xÍ X 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʥʷʪʪʶ, ʟʤʽʩʪ ʷʢʦʛʦ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʥʝʯʽʪʢʦʶ ʤʥʦʞʠʥʦʶ A. ʇʽʜ ʩʫʙ'ʻʢʪʠʚʥʦʶ 

ʤʽʨʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʦʪʨʠʤʘʥʘ ʯʝʨʝʟ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʣʝʤʝʥʪʘ x 

ʧʦʥʷʪʪʶ, ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʥʝʯʽʪʢʦʶ ʤʥʦʞʠʥʦʶ A. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ï 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ x ʧʦʥʷʪʪʷʤ, ʷʢʝ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ A. 

ʇʝʨʝʨʘʭʫʻʤʦ ʚʠʤʦʛʠ, ʷʢʠʤ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʪʝʨʤʠ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ [4]. 

ʅʝʭʘʡ T={Ti},  iÍ I={1.2,..., n}  ï ʙʘʟʦʚʘ ʪʝʨʤ-ʤʥʦʞʠʥʘ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ <b,T,X>; 

<X,Ci> ï ʥʝʯʽʪʢʘ ʟʤʽʥʥʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʥʘ ʪʝʨʤʫ TiÍT;  Ci={<mCi (x)/x>},  (xÍX); Ci ï ʥʦʩʽʡ 

ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ ʉi; xÌ R1; R1 ï ʜʽʡʩʥʘ ʚʽʩʴ;   inf X= x1; supX = x4. 

ʋʧʦʨʷʜʢʫʻʤʦ ʤʥʦʞʠʥʫ T ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʨʘʟʫ 

 

(" Ti Í T)( " Tj Í T)(i > j) ª ($ xi Í Ci)(" yÍ Cj)(x > y), 

 

ʪʦʙʪʦ ʪʝʨʤ, ʷʢʠʡ ʤʘʻ ʥʦʩʽʡ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʣʽʚʦʨʫʯ, ʤʘʻ ʤʝʥʰʠʡ ʥʦʤʝʨ. 

 0- ʡ ʰʘʨ 

ɸʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʡ ʩʠʥʪʝʟʫ ʇʇɿ, ʱʦ ʚʠʨʘʞʝʥʽ 

ʯʝʨʝʟ ʧʦʥʷʪʪʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ 

ɸʣʛʦʨʠʪʤʠ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʱʦ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ 

ʥʝʯʽʪʢʽ ʦʢʦʣʠʮʽ ʪʘ ʤʝʞʽ ʚʝʨʰʠʥ 

ʆʧʝʨʘʮʽʾ ʥʘʜ ʢʦʨʪʝʞʘʤʠ ʡ ʤʥʦʞʠʥʘʤʠ 

ʢʦʨʪʝʞʽʚ 

ʊʝʦʨʝʪʠʯʥʦ-ʤʥʦʞʠʥʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ 

ʥʝʯʽʪʢʠʤʠ ʤʥʦʞʠʥʘʤʠ 

ʉʪʨʫʢʪʫʨʥʽ ʦʧʝʨʘʪʦʨʠ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

 4- ʡ ʰʘʨ 

 3- ʡ ʰʘʨ 

 2- ʡ ʰʘʨ 

1- ʡ ʰʘʨ 

ʈʠʩ. 4. ʇʦʰʘʨʦʚʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʇʇɿ 
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ʊʦʜʽ ʪʝʨʤ-ʤʥʦʞʠʥʘ ʙʫʜʴ-ʷʢʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʘʢʠʤ 

ʫʤʦʚʘʤ: 

 

mC1(x1) = 1,  mCn(x2) = 1,                                                                 (3) 

(" Ti Í T\ { Tn})(0 <sup mCi Æ Ci+1(x) < 1),                                                     (4) 

(" Ti Í T)( $ xÍ X)( mCi(x) = 1),                                                           (5) 

("b)($ x1Í R1)( $ x2Í R1)[("x ÍX)(x1 < x < x2)].                                               (6) 

 

ʋʤʦʚʘ (3) ʟʘʙʦʨʦʥʷʻ ʬʫʥʢʮʽʷʤ ʥʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʪʝʨʤʽʚ ʤʘʪʠ ʚʠʛʣʷʜ 

ʜʟʚʦʥʦʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ. 

ʋʤʦʚʦʶ (4) ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʫ ʙʘʟʦʚʽʡ ʤʥʦʞʠʥʽ T ʧʘʨ ʪʝʨʤʽʚ, ʚ ʷʢʠʭ ʘʙʦ ʙʫʜʝ 

ʚʽʜʩʫʪʥʷ ʧʨʠʨʦʜʥʘ ʨʦʟʤʝʞʦʚʘʥʽʩʪʴ ʧʦʥʷʪʴ, ʷʢʽ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʪʝʨʤʘʤʠ, ʘʙʦ ʜʽʣʷʥʮʽ ʦʙʣʘʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʞʦʜʥʝ ʧʦʥʷʪʪʷ. 

ʋʤʦʚʘ (5) ʦʟʥʘʯʘʻ, ʱʦ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʘʢʩʠʤʫʤ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʝ ʧʦʥʷʪʪʷ ʤʘʻ ʭʦʯʘ ʙ ʦʜʠʥ ʪʠʧʦʚʠʡ ʦʙ'ʻʢʪ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʮʠʤ 

ʧʦʥʷʪʪʷʤ. 

ʋʤʦʚʘ (6) ʢʦʥʩʪʘʪʫʻ ʥʘʷʚʥʽ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

ɯʩʥʫʻ ʜʚʘ ʢʣʘʩʠ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ: ʧʨʷʤʽ ʽ ʧʦʙʽʯʥʽ. 

ʇʨʷʤʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʪʫʧʝʥʽ ʥʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ X 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʘʶʪʴʩʷ ʘʙʦ ʦʜʥʠʤ, ʘʙʦ ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ. ʇʦʙʽʯʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ 

ʧʦʢʘʟʦʚʠʤ ʟ ʥʠʭ ʻ ʤʝʪʦʜ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ [8]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʟ ʬʫʥʢʮʽʷʤʠ ʥʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ, ʤʘʻ ʦʜʠʥ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ. ʎʝʡ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʤʽʥʘ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɸʋ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʤʘʛʘʻ ʢʦʨʝʛʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʧʠʩʫ. ɼʘʥʝ ʢʦʨʝʛʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʦʙʣʝʥʦ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʚʪʦʨʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʝʢʩʧʝʨʪʽʚ. 

ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʦʜʦʣʘʥʥʷ ʦʟʥʘʯʝʥʦʛʦ ʥʝʜʦʣʽʢʫ ʻ ʧʦʻʜʥʘʥʥʷ ʧʨʷʤʦʛʦ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʰʢʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʮʽʥʶʶʪʴʩʷ, ʽ ʧʦʙʫʜʦʚʦʶ ʤʥʦʞʠʥʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. 

ʅʝʭʘʡ ʜʣʷ ʦʧʠʩʫ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʝʷʢʦʾ ʉɸʋ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʘ <b, T, X >, T={Ti},  X= {xj},  iÍ I = { 1, 2,..., n},  

jÍ J={1, 2,..., k}. ɿʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ ʦʧʠʩʫʶʪʴʩʷ ʥʝʯʽʪʢʦʶ ʟʤʽʥʥʦʶ <a,X,C(a)>,  

XÌ R1 , infX= x1, supX=x12 . ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʮʽʥʢʘ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʦʟʥʘʢ ykÍ Y ={y1, y2,..., ym} ʦʜʥʠʤ ʟ ʝʢʩʧʝʨʪʽʚ. 

ɼʘʣʽ ʙʫʜʫʶʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʘ ʰʢʘʣʘ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ b ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʘ ï 

ʬʫʥʢʮʽʷ ʚʽʜʦʙʨʘʞʝʥʥʷ p: X­ [0; 1]. 

ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʟʤʽʥʠʣʠʩʷ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɸʋ. ʎʝ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʪʦʤʫ, ʱʦ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʣʝʞʘʪʴ ñʪʽʥʴʦʚʽʡò ʤʥʦʞʠʥʽ 

ʦʟʥʘʢ Y'= {y1', y2',..., yp'} . ʋ ʜʘʥʫ ʤʥʦʞʠʥʫ ʚʭʦʜʷʪʴ ʧʘʨʘʤʝʪʨʠ, ʥʝ ʦʟʥʘʯʝʥʽ ʝʢʩʧʝʨʪʦʤ ʟʘ 

ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

ʮʽ ʧʘʨʘʤʝʪʨʠ, ʥʘ ʜʫʤʢʫ ʝʢʩʧʝʨʪʘ, ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʩʪʘʥʽʚ ʽ 

ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ; 

ʾʭ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʯʝʨʝʟ 

ʪʨʫʜʥʦʱʽ ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; 

ʧʨʦ ʥʠʭ ʧʨʦʩʪʦ ʟʘʙʫʣʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʥʦʞʠʥʥʦʾ ʥʝʯʽʪʢʦʾ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʦʜʥʦʟʥʘʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ p ʟʙʽʜʥʶʻ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ, 

ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɸʋ ʽ ʢʨʠʪʝʨʽʾʚ ʫʧʨʘʚʣʽʥʥʷ. 
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ʋʤʦʚʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʙ'ʻʢʪʘ, ʪʦʜʽ ʷʢ ʢʨʠʪʝʨʽʾ, 

ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʩʫʙ'ʻʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʽʜʙʠʚʘʶʪʴ ʨʽʟʥʽ ʪʦʯʢʠ ʟʦʨʫ ʥʘ ʧʨʘʚʠʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ. 

ʇʦʙʫʜʦʚʘ ʦʜʥʦʟʥʘʯʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ï ʩʧʨʦʙʘ ʟʚʝʩʪʠ ʮʽ ʪʦʯʢʠ ʟʦʨʫ ʜʦ ʻʜʠʥʦʾ. 

ʊʘʢʘ ʩʧʨʦʙʘ ʚʥʦʩʠʪʴ ʚ ʦʧʠʩ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʪʽʥʦʢ 

ʚʦʣʶʥʪʘʨʠʟʤʫ. 

ʇʨʘʢʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʉɸʋ ʟ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʩʢʣʘʜʥʦ ʬʦʨʤʘʣʽʟʫʶʪʴʩʷ, ʧʦʢʘʟʫʻ [2], ʱʦ 

ʩʫʙ'ʻʢʪʠʚʥʝ ʩʧʨʠʡʥʷʪʪʷ ʩʠʪʫʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʉɸʋ, ʥʝ ʟʥʠʞʫʻ, ʘ, ʥʘʚʧʘʢʠ, ʧʽʜʚʠʱʫʻ 

ʡʦʛʦ ʛʥʫʯʢʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʙʫʨʶʶʯʠʭ ʯʠʥʥʠʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʻʜʥʦʩʪʽ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʫ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʙʘʟʠ ʟʥʘʥʴ ʙʫʣʘ ʨʦʟʚʠʥʫʪʘ ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʚ ʯʘʩʪʠʥʽ ʢʣʘʩʽʚ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ 

ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʯʽʪʢʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʽ ʛʨʘʬʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ 

ʧʦʢʣʘʜʝʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʯʽʪʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʾʭ ʦʧʠʩ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ 

ʦʧʝʨʘʮʽʶ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ ʧʨʦʤʽʞʥʦʾ ʥʝʯʽʪʢʦʾ ʽ ʯʽʪʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʥʝʯʽʪʢʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽ ʛʨʘʬʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʜ ʥʠʤʠ 

ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʥʘʜ ʥʝʯʽʪʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʥʘ ʙʦʨʪʦʚʠʭ ɽʆʄ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʩʣʝʥʥʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʟʘʣʫʯʝʥʠʭ ʨʝʩʫʨʩʽʚ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʦʩʦʙʽʚ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʦʜʘʥʥʷ ʥʝʯʽʪʢʠʭ ʛʨʘʬʽʚ. 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉɯɺ ɺɯɼʄʆɺ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ 

ʉʂʃɸɼʆɺʀʍ ʏɸʉʊʀʅ ʉʋʏɸʉʅʀʍ ʉʂʃɸɼʅʀʍ ʈɸɼɯʆɽʃɽʂʊʈʆʅʅʀʍ ʉʀʉʊɽʄ 

 
ɺ ʩʪʘʪʪʽ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʚʽʜʤʦʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʩʫʯʘʩʥʠʭ ʩʢʣʘʜʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʽ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʩʢʣʘʜʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫ 

ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʩʧʣʫʘʪʘʮʽʷ, ʩʢʣʘʜʥʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ, ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʯʘʩ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʦʞʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʦʚʝʜʝʥʥʘʷ ʦʮʝʥʢʘ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ 

ʩʣʦʞʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʣʫʘʪʘʮʠʷ, ʩʣʦʞʥʳʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, 

ʚʨʝʤʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ. 

 

In the article is worked out the mathematical model of processes of refuses of electromechanics 

component parts of the modern difficult radio electronic systems . It is got analytical expressions of 

distribution of time of faultless work and conducted estimation of his parameters of the. Use of this model 

gives an opportunity to conduct the estimation of remaining resource of the difficult radio electronic 

systems in arbitrary moment of time of their exploitation. 

Keywords: exploitation, difficult radio electronic systems, component parts, time of faultless work, 

remaining resource. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ (ʈɽʉ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʩʢʣʘʜʥʽʩʪʶ ʽ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʚ ʾʭ 

ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ ʛʽʜʨʦʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ, ʚ ʨʽʟʥʠʡ ʯʘʩ ʜʦʙʠ ʽ 

ʨʦʢʫ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʙʘʛʘʪʴʦʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʩʫʯʘʩʥʠʭ 

ʩʢʣʘʜʥʠʭ ʈɽʉ. ɼʦ ʪʘʢʠʭ ʧʠʪʘʥʴ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʩʪʨʫʢʪʫʨʠ ʩʫʯʘʩʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʦʨʛʘʥʽʚ, 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʦʙʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʽ ʈɽʉ ʤʘʶʪʴ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʽʥʰʘ 

ʝʣʝʤʝʥʪʥʘ ʙʘʟʘ, ʤʝʥʰʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʤʝʥʰʽ ʩʪʨʫʤʠ ʽ ʤʝʥʰʠʡ ʟʥʦʩ ʽʟʦʣʷʮʽʾ, ʙʽʣʴʰ 

ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʤʧʣʝʢʪʫʶʯʠʭ. ʆʜʥʘʢ ʧʦʚʦʨʦʪʥʽ ʟôʻʜʥʘʥʥʷ, ʜʚʠʛʫʥʠ, ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ, 

ʨʝʣʝ, ʩʪʘʣʠ ʥʝ ʥʘʙʘʛʘʪʦ ʥʘʜʽʡʥʽʰʠʤʠ, ʪʝʭʥʽʢʘ ʽʥʪʝʥʩʠʚʥʦ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦ ʚʠʨʦʙʣʷʻ ʩʚʽʡ 

ʨʝʩʫʨʩ. ʊʦʤʫ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʈɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɺ ʩʪʘʪʪʽ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ, ʱʦ ʻ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ, ʥʽʞ ʤʦʜʝʣʴ 

ʨʘʧʪʦʚʦʾ ʚʽʜʤʦʚʠ ʽ ʤʦʜʝʣʴ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʜʤʦʚ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʝʜʝʥʥʷ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʽ ʦʮʽʥʢʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ [1], ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʠ ʯʘʩʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʙʽʡ ʽʟʦʣʷʮʽʾ ʩʦʣʝʥʦʾʜʥʠʭ ʢʦʪʫʰʦʢ, ʨʝʣʝ ʽ ʪ.ʧ. ʇʨʠ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʚʩʝ ʟʨʦʩʪʘʶʯʝ òʨʦʟʛʦʡʜʫʚʘʥʥʷò ʢʘʨʢʘʩʘ ʢʦʪʫʰʢʠ ʽ ʩʪʠʨʘʥʥʷ 

ʥʘʧʨʘʚʣʷʶʯʦʾ ʦʙʦʡʤʠ ʩʦʣʝʥʦʾʜʘ. ɺ ʤʽʨʫ ʨʦʩʪʫ ʣʶʬʪʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʟʙʣʠʞʝʥʥʷ 

ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ ʽ ʩʪʠʨʘʥʥʷ ʾʭʥʴʦʾ ʽʟʦʣʷʮʽʾ, ʱʦ ʽ ʻ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ. 

ʋ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʽʜʤʦʚʠ ʪʠʧʫ ʟʘʢʣʠʥʶʚʘʥʥʷ 

ʯʘʩʪʠʥ, ʱʦ ʨʫʭʘʶʪʴʩʷ, ʫ ʥʘʧʨʷʤʥʠʭ, ʟʘʢʣʠʥʶʚʘʥʥʷ ʚ ʨʝʜʫʢʪʦʨʘʭ, ʜʚʠʛʫʥʘʭ ʽ ʪ.ʧ. ɸʥʘʣʽʟ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʛʨʘʻ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʽ ʣʶʬʪʽʚ 

ʫ ʟôʻʜʥʘʥʥʷʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʢʣʠʥʶʚʘʥʥʷ. 

ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʛʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ɺ ʝʣʝʤʝʥʪʘ 

(ʩʠʩʪʝʤʠ) ʻ ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨ )(th , ʱʦ ʤʽʥʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʷʢ ʚʠʧʘʜʢʦʚʘ (ʥʘʡʯʘʩʪʽʰʝ 

ʥʝ ʟʨʦʩʪʘʶʯʘ) ʬʫʥʢʮʽʷ ʯʘʩʫ. ʉʘʤʘ ʧʦ ʩʦʙʽ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ )(th  ʥʝ ʦʟʥʘʯʘʻ ʚʽʜʤʦʚʠ, ʚʽʜʤʦʚʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʙʠ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ, ʘʣʝ ʚʦʥʘ ʟʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʘ ʪʘʢ, ʱʦ ʚ ʤʽʨʫ ʡʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) ʟʨʦʩʪʘʻ (ʟʤʝʥʰʫʻʪʴʩʷ) ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ. ɺʽʜʤʦʚʘ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽʡ ʟʤʽʥʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ (ʧʨʦʙʽʡ, ʟʘʢʣʠʥʶʚʘʥʥʷ, ʥʝʚʽʨʥʠʡ ʟʘʧʠʩ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʘʤôʷʪʴ), ʘʣʝ ʮʴʦʤʫ ʧʝʨʝʜʫʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʤʦʚ. ʉʭʝʤʫ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʜʤʦʚʠ, ʧʨʠ ʷʢʽʡ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʚʠʥʠʢʘʻ ʷʢ ʥʘʩʣʽʜʦʢ ʧʦʩʪʫʧʦʚʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʤʦʚ, ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʨʝʣʘʢʩʘʮʽʻʶ. ʎʷ ʤʦʜʝʣʴ ʚʽʜʤʦʚʠ ʤʘʻ ʨʠʩʠ ʷʢ ʤʦʜʝʣʽ 

ʨʘʧʪʦʚʦʾ ʚʽʜʤʦʚʠ (ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʩʪʘʥʫ), ʪʘʢ ʽ ʤʦʜʝʣʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʤʦʚ. ʋ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜʤʦʚʘ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʦʜʥʽʻʾ, ʘ ʙʘʛʘʪʴʦʭ ʨʝʣʘʢʩʘʮʽʡ [1, 2]. 

ɯʩʪʦʪʥʠʤ ʜʣʷ ʧʨʦʮʝʩʫ ʚʽʜʤʦʚ ʟ ʨʝʣʘʢʩʘʮʽʻʶ ʻ ʪʝ, ʱʦ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʠ )(th , ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ (ʮʝʡ ʧʘʨʘʤʝʪʨ ʟʨʫʯʥʦ ʥʘʟʠʚʘʪʠ ʧʨʦʛʥʦʟʫʶʯʠʤ), ʤʽʥʷʻʪʴʩʷ 

ʥʝʜʝʪʝʨʤʽʥʥʦʚʘʥʠʤ ʯʠʥʦʤ, ʪʦʙʪʦ ʚʠʧʘʜʢʦʚʦ. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʜʦʧʫʩʢʘʻ ʬʦʨʤʘʣʴʥʠʡ ʟʘʧʠʩ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ (ʝʣʝʤʝʥʪʘ) ʚ ʽʥʪʝʨʚʘʣʽ )  ,( TTT D+  ʟʘ ʫʤʦʚʠ, 

ʱʦ ʧʨʦʛʥʦʟʫʶʯʠʡ ʧʘʨʘʤʝʪʨ ʜʦ ʤʦʤʝʥʪʫ Tʜʦʨʽʚʥʶʻ )(th , ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ 

[2]: 

()[ ] )]()( TTTT Do+Dhj=g ,       (1) 

ʜʝ )(th  ï ʧʨʦʛʥʦʟʫʶʯʠʡ ʧʘʨʘʤʝʪʨ; 

j ï ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

 

ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʮʽʻʾ ʤʦʜʝʣʽ ʟʨʦʙʠʤʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ )(th  

ʻ ʧʨʦʮʝʩ ʟʥʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʽ ʫʰʢʦʜʞʝʥʴ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ, ʘ j - ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ, 

ʪʦʙʪʦ: 

h+=j BA .         (2) 

 

0 
E0 

E4 

E3 

E2 

E1 

S0 

S1 T 

 
ʈʠʩ. 1. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʤʦʚʠ 
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ɼʣʷ ʚʠʚʦʜʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʫ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʤʦʜʝʣʽ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʽʜʤʦʚʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 1. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʦʨʦʚʝ ʙʣʫʢʘʥʥʷ ʜʝʷʢʦʾ ʬʽʢʪʠʚʥʦʾ ʯʘʩʪʢʠ (ʨʠʩ. 1). ɹʣʫʢʘʥʥʷ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ 0=T  ʽʟ ʪʦʯʢʠ O , ɦ ʦ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ 0S . ʋ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʯʘʩʪʢʘ ʧʝʨʝʭʦʜʠʪʴ ʟ ʨʽʚʥʷ KE  ʥʘ ʨʽʚʝʥʴ 1+KE . ɹʣʫʢʘʥʥʷ ʯʘʩʪʢʠ ʚ ʧʣʦʱʠʥʽ 0S  (ʬʘʢʪʠʯʥʦ 

ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʤʦʚ. ɯʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʦʜʠʥʠʯʥʦʾ ʚʽʜʤʦʚʠ, ʪʦʙʪʦ 

ʧʝʨʝʭʦʜʫ 1+­ KK EE  ʚ ʽʥʪʝʨʚʘʣʽ ) ,( TTT D+ , ʜʦʨʽʚʥʶʻ )( TT Do+Dl  [1, 3]. 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ KE  ʻ ʩʚʦʷ ʽʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʩʢʦʢʫ ʯʘʩʪʢʠ ʥʘ ʩʪʽʥʢʫ 1S , ʱʦ ʻ 

ʧʦʛʣʠʥʘʶʯʠʤ ʝʢʨʘʥʦʤ. ʇʝʨʝʩʢʦʢ ʯʘʩʪʢʠ ʥʘ 1S  ʽʤʽʪʫʻ ʚʽʜʤʦʚʫ ʩʠʩʪʝʤʠ. ɿʘʣʝʞʥʽʩʪʴ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʪʦʤʫ, ʱʦ 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ 1S  ʟ ʨʽʚʥʷ KE  ʚ ʽʥʪʝʨʚʘʣʽ ) ,( TTT D+  ʟʘʣʝʞʠʪʴ ʚʽʜ kʽ ʜʦʨʽʚʥʶʻ 

[ ] )()( 0 TTk kTq Do+Dm+m= .    (3) 

ʋ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ Tʩʪʘʥ ʯʘʩʪʢʠ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ, ʚʢʘʟʘʚʰʠ jE  ʽ iS  ʧʨʠ 

1, ,0   ; ... 1, ,0 == ij  ʪʦʙʪʦ ʚʠʩʦʪʫ ʨʽʚʥʷ ʽ ʥʦʤʝʨ ʩʪʽʥʢʠ, ʥʘ ʷʢʽʡ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ. ɯʤʦʚʽʨʥʦʩʪʽ 

ʧʝʨʝʭʦʜʫ ʟʘ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ) ,( TTT D+  ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʟʨʦʙʣʝʥʠʭ 

ʧʨʠʧʫʱʝʥʴ ʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1 [3]. 

ʊʘʙʣʠʮʷ 1 

ɯʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʽʚ 

ɺʠʭʽʜʥʠʡ ʩʪʘʥ ʂʽʥʮʝʚʠʡ ʩʪʘʥ 
ɯʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʟʘ 

ʽʥʪʝʨʚʘʣ ) ,( TTT D+  

) ,( 0SE j  ) ,( 1SE j  )()( 0 TTkj Do+D+m  

) ,( 0SE j  ) ,( 01 SE j+  )( TT Do+Dl  

) ,( 0SE j  ) ,( 0SE j  )()(1 0 TTkj Do+D+m+l-  

 

ʅʝʭʘʡ )(, TP ij  ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʯʘʩʪʢʘ ʜʦ ʤʦʤʝʥʪʫ Tʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ) ,( ij SE . 

ɼʣʷ ʬʫʥʢʮʽʡ { } ... 1, ,0 ),(0, =kTPk ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʥʘʩʪʫʧʥʫ ʥʝʩʢʽʥʯʝʥʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

[ ]

[ ]

î
î

ý

î
î

ü

û

=

Do+Dl+

+Dl++m-=D+

Do+Dl+m-=D+

-

... 2, ,1

);()(

)(1)()(

);()(1)()(

0,1

00,0,

00,00,0

k

TP

kjTPTP

TPTP

TTk

TkTk

TTT

4
   (4) 

 

ɼʽʡʩʥʦ, ʯʘʩʪʢʘ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʜʦ ʤʦʤʝʥʪʫ TT D+  ʚ ʩʪʘʥʽ ) ( 0 , SEk  ʪʽʣʴʢʠ ʥʘʩʪʫʧʥʠʤʠ 

ʜʚʦʤʘ ʥʝʩʫʤʽʩʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʜʦ ʤʦʤʝʥʪʫ T  ʤʦʞʝ ʙʫʪʠ ʚ ʩʪʘʥʽ ) ( 0 , SEk  ʽ ʟʘ ʯʘʩ 

) ,( TTT D+  ʥʽʢʫʜʠ ʟ ʥʴʦʛʦ ʥʝ ʧʽʪʠ; ʜʦ ʤʦʤʝʥʪʫ T  ʤʦʞʝ ʙʫʪʠ ʚ ) ( 0 ,1 SEk-  ʽ ʟʘ ʯʘʩ ʚʽʜ T  ʜʦ 

TT D+  ʧʝʨʝʡʪʠ ʚ ) ( 0 , SEk . 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʧʦʜʽʣʫ ʦʙʦʭ ʯʘʩʪʠʥ k -ʛʦ ʨʽʚʥʷʥʥʷ ʥʘ TD ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʤʝʞʽ ʧʨʠ 

0­DT , ʧʨʠʡʜʝʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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[ ]

[ ]

î
î
î

ý

îî
î

ü

û

=

l+m+m+l-=¡

l+m-=¡

-

... 2, ,1

; )()()(

);()(

0,10,00,

0,000,0

k

TPTPkTP

TPTP

kkk

4
              (5) 

ʇʦʯʘʪʢʦʚʦʶ ʜʣʷ ʥʝʾ ʻ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

 
í
ì
ë

¸

=
=

,0  ,0

;0  ,1
)0(0,

i

i
Pi               (6) 

ʷʢʘ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 0=T  ʯʘʩʪʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ 

) ( 0 ,0 SE . ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʝ ʧʦʟʥʘʯʝʥʥʷ: 

 ä
¤

=

=

0
0, )()(

i
j TPTR .      (7) 

ɿʘ ʟʤʽʩʪʦʤ ʡʤʦʚʽʨʥʦʩʪʝʡ )(0, TPj  ʚʝʣʠʯʠʥʘ )(TR  ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʜʦ ʤʦʤʝʥʪʫ T  

ʯʘʩʪʢʘ ʙʫʜʝ ʥʘ ʷʢʦʤʫʩʴ ʨʽʚʥʽ (ʥʫʣʴʦʚʦʤʫ, ʧʝʨʰʦʤʫ, ʽ ʪ.ʜ.) ʥʘ ʩʪʽʥʮʽ 0S , ʪʦʙʪʦ ʽʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʚʠʧʘʜʢʦʚʠʡ ʯʘʩ ʾʾ ʙʣʫʢʘʥʥʷ t ʙʽʣʴʰʝ, ʥʽʞ T. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʠʡ ʟʘʧʠʩ 

 [ ] . )(1)( TRTFTP -==¢t     (7) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (7) ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʜʦ ʧʝʨʝʩʢʦʢʫ (ʚʽʜʤʦʚʠ) ʫ 

ʨʦʟʛʣʷʥʫʪʽʡ ʤʦʜʝʣʽ. 

ʉʠʩʪʝʤʫ (5) ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʨʝʢʫʨʝʥʪʥʦ ʽ, ʟʨʦʙʠʚʰʠ ʜʦʜʘʚʘʥʥʷ, ʟʥʘʡʪʠ )(TR  ʽ )(TF . 

ʅʘʚʝʜʝʤʦ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ (5) [1 - 3]: 

ù
ú

ø
é
ê

è

m

l
-m+l-

m

l
-= m-TeTTF )(exp1)( 0 .     (8) 

ɺʽʜʧʦʚʽʜʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʜʦʨʽʚʥʶʻ  

[ ] ù
ú

ø
é
ê

è
m+l--

m

l
Ö-l+m= m-m- TeeTf TT )()1(exp)1()( 00 ,  (9) 

ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʜʦʨʽʚʥʶʻ 

)1()( 0
TeT m--l+m=l .     (10) 

 

ɺʠʜ ʢʨʠʚʠʭ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʨʦʮʝʩʫ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.  

 

ɛ0=0;  ɚ=1 

ɛ0=ɚ=1 

ɛ0 

 

1,0 

0,2 

0,4 

0,6 

0,8 

F(t) 

T 3 1 2 

ɛ0=0,1;  ɚ=2 

4  
ʈʠʩ. 2. ɺʠʜ ʢʨʠʚʠʭ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʨʦʮʝʩʫ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ 

 

ʆʨʜʠʥʘʪʘ ʱʽʣʴʥʦʩʪʽ ʚ ʥʫʣʽ ʜʦʨʽʚʥʶʻ ʧʘʨʘʤʝʪʨʫ 0m. ʇʨʠ ʚʝʣʠʢʠʭ 0m  ʬʫʥʢʮʽʷ )(Tf  
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ʤʦʥʦʪʦʥʥʦ ʫʙʫʚʘʻ. ʇʨʠ ʤʘʣʠʭ 0m  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ l ʽ m, ʢʨʠʚʘ ʱʽʣʴʥʦʩʪʽ ʤʘʻ ʤʘʢʩʠʤʫʤ, 

ʚʝʨʰʠʥʘ ʷʢʦʛʦ ʣʝʞʠʪʴ ʣʽʚʽʰʝ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʧʝʨʝʜʫʤʦʚʠ, ʟʨʦʙʣʝʥʽ ʧʨʠ ʚʠʚʦʜʽ ʨʦʟʧʦʜʽʣʫ (8). ʇʝʨʰʘ ʧʝʨʝʜʫʤʦʚʘ 

ʩʪʦʩʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ )(th  ʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʦʮʝʩ 

)(th  ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʧʦʩʪʽʡʥʦʾ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʽ ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʘʨʽʘʮʽʡ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ɼʨʫʛʘ 

ʧʝʨʝʜʫʤʦʚʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʻ ʣʽʥʽʡʥʦʶ ʽ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʧʦʟʙʘʚʣʝʥʘ ʥʘʦʯʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ [3, 4]. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʭʦʜʫ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʞʽ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 
 

)(tS  

S
 

Ű 

)(tS
 

)(tSn  

t 
 

ʈʠʩ. 3. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʭʦʜʫ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʞʽ 

 

ɺʢʘʞʝʤʦ ʥʘ ʦʜʥʫ ʩʠʪʫʘʮʽʶ, ʱʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʠʡ ʣʽʥʽʡʥʠʡ 

ʟʚ'ʷʟʦʢ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʽ ʨʽʚʥʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʚʠʧʘʜʢʫ 

ʚʽʜʤʦʚʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʨʦʙʦʯʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ )(tS  ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʦʛʦ 

ʨʽʚʥʷ )(tSʇ . ʅʝʭʘʡ ʧʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ )(tS  ʻ ʥʦʨʤʘʣʴʥʠʤ ʩʪʘʮʽʦʥʘʨʥʠʤ ʚʠʧʘʜʢʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ʽʟ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ s, ʘ )(tSʇ  ʫʙʫʚʘʻ ʤʦʥʦʪʦʥʥʦ ʽ ʚʠʧʘʜʢʦʚʦ ʧʽʜ ʚʧʣʠʚʦʤ 

ʚʠʧʘʜʢʦʚʦ ʧʨʦʮʝʩʫ ʩʪʘʨʽʥʥʷ ʩʠʩʪʝʤʠ (ʨʠʩ. 3.). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ çʚʽʜʩʪʘʥʽè ʤʽʞ )(tSʇ  ʽ s, ʚʝʣʠʯʠʥʘ Tʇʇ StSS D=- )()0(  ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʷʢʱʦ Tʇ StS D=)(  ʚ ʤʦʤʝʥʪ Tt= , ʪʦ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ 

ʽʥʪʝʨʚʘʣʽ ) ,(
T

TT D+  ʜʦʨʽʚʥʶʻ 

  )()(
2)(

TT
SSg TCeT Do+D=g
--

,    (11) 

ʜʝ g  ʽ C  ï ʜʝʷʢʽ ʧʦʩʪʽʡʥʽ. ʊʝʧʝʨ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ )(tSʇ  ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʧʦʚʽʣʴʥʦ, 

ʪʦʙʪʦ ʟʘ ʯʘʩ, ʧʦʨʽʚʥʷʥʥʠʡ ʽʟ ʩʝʨʝʜʥʽʤ ʯʘʩʦʤ ʜʦ ʚʽʜʤʦʚʠ, ʧʘʜʽʥʥʷ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʦʛʦ 

ʨʽʚʥʷ ʤʘʣʝ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʥʦʞʥʠʢ ʧʨʠ TD  ʫ (11) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

[ ]T

gl
SglCe D+

-

021

2
0

,     (12) 

ʜʝ sSl ʇ -= )0(0 . 

ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ 

TSD  ʣʽʥʽʡʥʦ [4, 5]. 

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʦʮʽʥʮʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ (8). ɺʽʜʥʦʩʥʦ ʧʨʠʡʥʷʪʥʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ 

ʟʘʟʥʘʯʝʥʠʡ ʣʠʰʝ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʥʘʰʦʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʻ ʜʘʥʽ ʧʨʦ ʯʘʩ Ntt  , ... ,1  

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ N  ʟʨʘʟʢʽʚ ʈɽʉ ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʧʘʨʘʤʝʪʨʘ )(th . ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʧʦʨʷʜʦʢ ʦʮʽʥʢʠ. 

ʇʦ ʨʝʘʣʽʟʘʮʽʷʭ )(th  ʟʥʘʭʦʜʷʪʴ ʧʘʨʘʤʝʪʨ l. 
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ɿʘ ʜʘʥʠʤʠ Ntt  , ...   ,1  ʙʫʜʫʻʪʴʩʷ ʛʽʩʪʦʛʨʘʤʘ. ɿʥʘʯʝʥʥʷ 0m  ʧʦʢʣʘʜʘʻʪʴʩʷ ʨʽʚʥʠʤ ʦʨʜʠʥʘʪʽ 

ʛʽʩʪʦʛʨʘʤʠ ʚ ʪʦʯʮʽ 0=T . 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʙʠʚʢʘ ʜʘʥʠʭ ʜʝʷʢʠʤ ʯʠʩʣʦʤ q ʽ ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

, 
)(

)(
N

mq
=qn  ʜʝ )(qm  ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ q<ti . 

ɿʥʘʯʝʥʥʷ m ʟʥʘʭʦʜʷʪʴ, ʨʦʟʚôʷʟʫʶʯʠ ʚʽʜʥʦʩʥʦ m ʥʘʩʪʫʧʥʝ  ʨʽʚʥʷʥʥʷ: 

[ ]
, 

)(1ln
)1(

1 0

l

qn-
+

l

m
+q=

m

- mq-e
    (13) 

ʋ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (13) ʩʪʦʾʪʴ ʚʽʜʦʤʘ ʚʝʣʠʯʠʥʘ, ʘ ʣʽʚʘ ʫʙʫʚʘʻ ʟ ʨʦʩʪʦʤ m ʤʦʥʦʪʦʥʥʦ ʚʽʜ 

ʟʥʘʯʝʥʥʷ q ʜʦ ʥʫʣʷ ʆʩʢʽʣʴʢʠ (13) ʻ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚʽʜʥʦʩʥʦ m, ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ ʡʦʛʦ ʨʦʟʚôʷʟʦʢ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʷʚʣʷʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ. ɻʨʘʬʽʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʫ [4, 6]. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʧʝʨʝʭʦʜʽʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʥʠʭ ʈɽʉ ʽʟ ʨʦʙʦʯʦʛʦ ʚ ʩʪʘʥ ʚʽʜʤʦʚʠ. 

ɺʽʜ ʚʽʜʦʤʠʭ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʘ ʚʨʘʭʦʚʫʻ ʷʢ ʧʦʩʪʫʧʦʚʽ ʚʽʜʤʦʚʠ, ʪʘʢ ʽ 

ʚʽʜʤʦʚʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʩʪʘʨʽʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʥʠʭ ʈɽʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʥʠʭ ʈɽʉ ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ɸʅɸʃʆɻʆɺʀʍ ɯ ʎʀʌʈʆɺʀʍ 

ʇʈʀʉʊʈʆɰɺ ʆɹôɭʂʊɯɺ ʈɽʊ 

 
ʋ ʩʪʘʪʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʦʙôʻʢʪʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ. ʆʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ, ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʽ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʙʦʩʥʦʚʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ, ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

 

In the article the analysis of methods of diagnosing of analogue and digital devices of objects of 

radio-electronic technics is carried out. New methods for construction of modern test systems are proved. 

Keywords: method, system of technical diagnostics 

 

ɺʩʪʫʧ. ʆʙôʻʢʪʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ (ʈɽʊ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ ʪʝʭʥʽʯʥʽ 

ʩʠʩʪʝʤʠ. ɻʦʣʦʚʥʠʤ ʾʭ ʟʘʚʜʘʥʥʷʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʪʘʧʽ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʠʪʘʥʥʷʤ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ, ʷʢʽ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʦʙ'ʻʢʪʽʚ ʈɽʊ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ. ʅʘʜʽʡʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʈɽɿʆ ʦʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʛʦʪʦʚʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʨʦʙʽʪʢʦʤ ʥʘ ʚʽʜʤʦʚʫ ʽ ʪʨʠʚʘʣʽʩʪʶ ʚʽʜʥʦʚʣʝʥʥʷ. ʉʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʻ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ. ɿʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ 

ʯʘʩʫ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙôʻʢʪʘ ʈɽʊ.  

ɸʥʘʣʽʟ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙôʻʢʪʽʚ 

ʈɽʊ ʦʙʫʤʦʚʣʝʥʦ ʮʽʣʠʤ ʨʷʜʦʤ ʧʨʠʯʠʥ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ: 

- ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʈɽʊ; 

- ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʜʘʯ, ʱʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʦʙôʻʢʪ ʈɽʊ; 

- ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʥʦʚʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ; 

- ʟʤʝʥʰʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ 

ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ, ʣʦʢʘʣʽʟʘʮʽʻʶ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʨʝʤʦʥʪʦʤ.  

ɯʩʪʦʪʥʦʶ ʧʨʠʯʠʥʦʶ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʠʩʪʝʤʦʶ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʻ 

ʧʝʨʝʚʘʞʘʶʯʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʽʚ ʈɽʊ ʷʢ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʈɽɿʆ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʠʭʽʜ ʟ ʣʘʜʫ ʦʜʥʽʻʾ 

ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʦʙôʻʢʪʘ ʈɽʊ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʽʥʰʠʭ. ʇʨʦʪʝ ʮʷ 

ʦʙʩʪʘʚʠʥʘ ʽʩʪʦʪʥʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʈɽʊ ʚ ʮʽʣʦʤʫ. ɯ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʮʝʡ ʧʽʜʭʽʜ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʝʙʝ ʚʠʧʨʘʚʜʦʚʫʻ, ʦʩʦʙʣʠʚʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʢʠ, ʧʨʦʪʝ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʈɽɿʆ ʚʽʥ ʦʙʫʤʦʚʣʶʻ 

ʮʽʣʠʡ ʨʷʜ ʪʨʫʜʥʦʱʽʚ. 

ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʢʣʘʜʽ ʦʙôʻʢʪʽʚ ʈɽʊ ʚʙʫʜʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ [1]. ɼʘʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʘʚʽʘʮʽʾ ʽ 

ʩʫʯʘʩʥʠʭ ʟʨʘʟʢʘʭ ʪʝʭʥʽʢʠ ʡ ʦʟʙʨʦʻʥʥʷ, ʘʣʝ ʽ ʚ ʩʫʯʘʩʥʽʡ ʧʦʙʫʪʦʚʽʡ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʪʝʭʥʽʮʽ, 

ʪʦʱʦ. ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʈɽʊ, ʱʦ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʦʜʫʣʽ ʟʽ ʚʙʫʜʦʚʘʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʻ ʩʢʣʘʜʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʮʽʣʠʤ 

ʨʷʜʦʤ ʯʠʥʥʠʢʽʚ. ʆʩʦʙʣʠʚʦ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʦʭʚʘʪʫ ʚʩʽʭ ʩʠʩʪʝʤ ʦʙôʻʢʪʽʚ ʈɽʊ. ʎʝ ʧʦʚôʷʟʘʥʦ ʥʝ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷʤ ʨʽʟʥʠʤʠ 
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ʨʦʟʨʦʙʥʠʢʘʤʠ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʦʙôʻʢʪʽʚ ʈɽʊ, 

ʘʣʝ ʽ ʨʽʟʥʦʶ ʾʭ ʧʨʠʨʦʜʦʶ (ʝʣʝʢʪʨʠʯʥʦʾ, ʤʝʭʘʥʽʯʥʦʾ, ʝʣʝʢʪʨʦʥʥʦʾ ʽ ʪ.ʜ.). ʂʨʽʤ ʪʦʛʦ, ʫ ʮʽʣʦʤʫ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ ʥʝ ʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʨʷʜʫ ʩʠʩʪʝʤ ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋʩʫʥʫʪʠ ʚʠʱʝ ʚʠʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʽ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʈɽʊ. ʈʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʧʦʨʷʜʦʢ 

ʚʠʙʦʨʫ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʠʩʪʝʤʫ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ: 

ʦʩʥʦʚʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ʚʭʽʜʥʦʛʦ (ʩʪʠʤʫʣʶʶʯʦʛʦ) ʪʝʩʪʦʚʦʛʦ ʚʧʣʠʚʫ; 

ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʢʮʽʶ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘ 

ʚʭʽʜʥʠʡ ʪʝʩʪʦʚʠʡ ʚʧʣʠʚ; 

ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʚ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙôʻʢʪʽʚ ʈɽʊ. ʄʝʪʦʜ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʈɽʊ ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ: ʦʧʪʠʯʥʠʡ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʡ, ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʙʫʣʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʤʝʪʦʜʠ [1]. ɼʦ ʮʠʭ ʤʝʪʦʜʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ: ʤʝʪʦʜʠ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʢʦʥʪʨʦʣʶ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ ʯʘʩʪʠʥʠ ʽ ʤʝʪʦʜʠ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ 

ʮʠʬʨʦʚʦʾ ʯʘʩʪʠʥʠ ʦʙôʻʢʪʘ ʈɽʊ.  

ʇʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʤʝʪʦʜʽ ʢʦʥʪʨʦʣʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʮʽʥʶʻʪʴʩʷ ʚʠʤʽʨʦʤ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷʤ ʾʭ ʟ ʜʦʧʫʩʢʘʤʠ. ʗʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ 

ʧʦʣʷʤʠ ʩʚʦʛʦ ʜʦʧʫʩʢʫ, ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʧʨʦʩʪʠʡ ʫ ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʛʦ 

ʯʠʩʣʘ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ.  

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʜʫ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʥʽ ʧʨʦʩʪʽ ʤʝʪʦʜʠʢʠ ʧʝʨʝʚʽʨʢʠ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʝʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʪʦʯʥʦʩʪʽ ʘʧʘʨʘʪʫʨʠ ʢʦʥʪʨʦʣʶ, ʚʽʜʥʦʩʥʦ 

ʤʘʣʠʡ ʯʘʩ ʢʦʥʪʨʦʣʶ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ, 

ʷʢʽ ʙ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʢʦʥʪʨʦʣʽ ʩʠʩʪʝʤʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʽʜ ʧʦʜʘʶʪʴ 

ʩʪʠʤʫʣʶʶʯʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʚʠʤʽʨʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 

ʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʟ ʜʦʧʫʩʢʘʤʠ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʯʘʩʦʚʽ ʽ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ.  

ɼʦʥʝʜʘʚʥʘ, ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʊʉ ʮʠʬʨʦʚʠʭ ʪʠʧʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʤʽʥʠ (ʊɽɿ) ʙʫʣʠ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ɼʘʥʽ ʤʝʪʦʜʠ (ʤʝʪʦʜ ʘʢʪʠʚʽʟʘʮʽʾ 

ʦʜʥʦʤʽʨʥʦʛʦ ʰʣʷʭʫ, ʜʝʜʫʢʪʠʚʥʠʡ ʤʝʪʦʜ, d-ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʬʦʨʤ 

ʽ ʪ.ʧ.) ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʦʥʪʨʦʣʴ ʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʊɽɿ, ʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʦʙʤʝʞʝʥʠʡ ʢʣʘʩ ʢʦʥʩʪʘʥʪʥʠʭ ʦʜʠʥʦʯʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʩʢʣʘʜʥʽʩʪʶ ʾʭ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʽ ʦʧʠʩʫ ʜʣʷ ʊɽɿ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ ʟ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʽʥʪʝʛʨʘʮʽʾ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ.  

ʄʝʪʦʜʠ ʚʠʧʘʜʢʦʚʦʛʦ ʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʪʝʩʪʫʚʘʥʴ ʥʝ ʤʘʶʪʴ ʚʣʘʩʪʠʚʠʭ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʤʝʪʦʜʘʤ ʥʝʜʦʣʽʢʽʚ, ʪʘʢʠʭ ʷʢ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʫʞʝ ʩʢʣʘʜʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʝʡ ʥʝʩʧʨʘʚʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʾʭ ʧʦʜʘʯʫ, ʟʥʽʤʘʥʥʷ ʽ ʦʙʨʦʙʢʫ. ʆʜʥʘʢ ʜʘʥʽ ʤʝʪʦʜʠ ʚʠʤʘʛʘʶʪʴ 

ʜʝʷʢʠʭ ʫʪʦʯʥʝʥʴ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙ'ʻʢʪʘ 

ʢʦʥʪʨʦʣʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʪʠ ʧʝʨʝʙʦʨʫ 

ʚʭʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ, ʪʘʢ ʷʢ ʥʝʚʽʜʦʤʦ, ʩʢʽʣʴʢʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʥʘ 
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ʦʙ'ʻʢʪ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʟ ʟʘʜʘʥʦʶ ʽʤʦʚʽʨʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʛʘʨʘʥʪʫʻʪʴʩʷ 

ʧʦʜʘʯʘ ʧʝʨʝʚʽʨʷʶʯʦʛʦ ʪʝʩʪʫ ʥʘ ʚʭʦʜʠ ʚʩʽʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠ ʜʘʥʽʡ ʜʦʚʞʠʥʽ ʪʝʩʪʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʝ 

ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʟ ʟʘʜʘʥʦʶ ʽʤʦʚʽʨʥʽʩʪʶ. 

ʄʝʪʦʜʠ ʢʦʥʪʨʦʣʶ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʪʘʣʦʥʦʤ, ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʪʘʢʽ 

ʩʘʤʽ ʥʝʜʦʣʽʢʠ, ʱʦ ʽ ʤʝʪʦʜʠ ʚʠʧʘʜʢʦʚʦʛʦ ʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʪʝʩʪʫʚʘʥʴ. 

ʋ ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ 

ʢʚʘʟʽʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʽʤʧʫʣʴʩʠ, ʷʢʽ ʚʠʤʽʨʶʶʪʴʩʷ ʤʘʶʪʴ 

ʜʫʞʝ ʤʘʣʫ ʪʨʠʚʘʣʽʩʪʴ, ʧʦʨʷʜʢʫ tʽ  53 ÖÖÖº ʥʩ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʪʘ 

ʧʦʜʦʨʦʞʯʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ. ʊʘʢʦʞ ʜʘʥʠʡ ʤʝʪʦʜ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʥʘʣʦʛʦʚʠʭ ʊɽɿ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʥʘʚʦʜʷʪʴʩʷ ʫ çʘʥʪʝʥʥʦʤʫè ʧʨʠʩʪʨʦʾ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦ ʚʠʪʨʘʪʥʝ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʊʉ ʮʠʬʨʦʚʠʭ ʊɽɿ ʻ ʧʝʨʠʬʝʨʽʡʥʝ ʩʢʘʥʫʚʘʥʥʷ [7] 

(Boundary Scan). ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʙʣʘʜʥʘʥʽ ʢʦʞʥʦʾ 

ɯʄʉ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʪʝʩʪʦʚʠʤ ʧʦʨʪʦʤ. ʇʦʨʪ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʢʘʥʘʣʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: ʧʦʜʘʯʽ ʪʝʩʪʫ, ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʪʝʩʪʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʪʦʚʦʾ 

ʯʘʩʪʦʪʠ ʪʝʩʪʫʚʘʥʥʷ, ʦʜʝʨʞʘʥʥʷ ʨʝʘʢʮʽʡ ʥʘ ʪʝʩʪ. ʇʝʨʠʬʝʨʽʡʥʝ ʩʢʘʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʊʉ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʦʨʘʜʽʦʢʦʤʧʦʥʝʥʪʫ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʨʘʜʽʦʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ 30-40%. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ ʤʝʪʦʜʘʤ ʚʣʘʩʪʠʚʽ ʥʘʩʪʫʧʥʽ ʥʝʜʦʣʽʢʠ: 

ï ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʨʦʣʴʥʠʭ 
ʪʦʯʦʢ ʚ ʷʢʠʭ ʚʠʤʽʨʶʶʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʽ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʩʪʨʦʾʚ ʽ ʪʠʧʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʘʤʽʥʠ ʦʙôʻʢʪʽʚ ʈɽʊ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʨʘʜʽʦʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʽʚ ʈɽʊ ʥʘʙʘʛʘʪʦ ʚʠʧʝʨʝʜʞʘʶʪʴ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ ʨʘʜʽʦʝʣʝʤʝʥʪʽʚ, ʢʽʣʴʢʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʚʠʭʦʜʽʚ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʈɽʊ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʚ ʦʙʣʘʩʪʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʧʦʙʫʜʦʚʽ ʘʚʪʦʥʦʤʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʧʨʘʮʴʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʫʧʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʽʩʥʫʶʯʠʤʠ ʧʦʰʫʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʙʠ ʚʠʟʥʘʯʠʚ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʚ ʦʙʣʘʩʪʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʷʚʣʷʶʪʴʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ 

ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʜʣʷ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʯʘʩʪʦʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙôʻʢʪʽʚ ʈɽʊ. ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʽ ʤʝʪʦʜʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ʄʝʪʦʜ ʢʦʥʪʨʦʣʶ ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʜʠʥʘʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʡʦʛʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ [2]. ɼʣʷ ʧʦʙʫʜʦʚʠ 
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ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʡʦʛʦ ʫ 

ʚʠʛʣʷʜʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʦʧʠʩʘʪʠ 

ʜʠʥʘʤʽʯʥʠʤʠ ʣʘʥʢʘʤʠ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʱʦ ʟʚ'ʷʟʫʻ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʪʘʥʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʣʷʛʘʻ ʚ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʝʢʚʽʚʘʣʝʥʪʥʫ ʾʡ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʡ ʚʠʟʥʘʯʝʥʥʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʚʽʜʥʦʩʥʦ ʷʢ 

ʚʭʽʜʥʦʛʦ ʚʧʣʠʚʫ, ʪʘʢ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ 

ʥʝ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʥʽʷʢʠʭ ʜʦʨʦʙʦʢ ʘʙʦ ʚʥʦʩʠʪʠ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʚ ʧʨʠʩʪʨʽʡ, ʱʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʧʦʚʥʦʪʠ ʢʦʥʪʨʦʣʶ ʡ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʟʤʽʥʠ ʾʾ ʩʪʘʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ 

ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʯʘʩʪʦʪʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʷʚʣʷʻʪʴʩʷ 

ʚʽʜʦʤʠʡ ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ [3]. ʫ ʷʢʦʤʫ ʷʢ ʜʽʘʛʥʦʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʽʤʧʫʣʴʩʠ ʩʪʨʫʤʫ ʢʚʘʟʽʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʣʘʥʮʶʟʽ ʞʠʚʣʝʥʥʷ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʾʭʥʽʭ ʧʝʨʝʢʣʶʯʝʥʥʷʭ. ʇʨʦʪʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʦʙʤʝʞʝʥʦ 

ʯʝʨʝʟ ʥʘʩʪʫʧʥʽ ʧʨʠʯʠʥʠ: 

- ʧʨʠ ʘʥʘʣʽʟʽ ʩʠʛʥʘʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʣʘʥʮʶʟʽ ʞʠʚʣʝʥʥʷ, ʤʦʞʣʠʚʽ ʧʦʤʠʣʢʠ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʢʨʘʪʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʡ ʤʘʩʢʫʚʘʥʥʷ ʥʠʤʠ ʜʝʬʝʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʥʠʞʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʜʥʦʯʘʩʥʦʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʶ ʜʚʦʭ, ʪʨʴʦʭ ʽ ʙʽʣʴʰʝ ʝʣʝʤʝʥʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʝ 

ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʦʙʨʦʙʢʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʧʨʠʩʪʨʽʡ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ; 

- ʽʤʧʫʣʴʩʠ ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʶʪʴ ʤʘʣʫ ʪʨʠʚʘʣʽʩʪʴ (Ű=̔2é4ʥʩ) ʽ ʪʦʤʫ 

ʟʘʡʤʘʶʪʴ ʰʠʨʦʢʫ (ʜʦ 0,2ɻɻʮ) ʩʤʫʛʫ ʯʘʩʪʦʪ. ɼʣʷ ʷʢʽʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘʢʠʭ ʽʤʧʫʣʴʩʽʚ ʧʨʠʩʪʨʽʡ 

ʚʠʜʽʣʝʥʥʷ ʧʦʚʠʥʝʥ ʤʘʪʠ ʨʽʚʥʦʤʽʨʥʫ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʡ ʣʽʥʽʡʥʫ ʬʘʟʦʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʪʘʢʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʇʦʙʫʜʦʚʘ ʧʨʠʩʪʨʦʶ ʚʠʜʽʣʝʥʥʷ ʡ ʧʽʜʩʠʣʝʥʥʷ 

ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʤʘʻ ʧʦʜʽʙʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʚʥʽ ʪʝʭʥʽʯʥʽ 

ʪʨʫʜʥʦʱʽ. 

- ʟ ʤʝʪʦʶ ʙʦʨʦʪʴʙʠ ʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʽʤʧʫʣʴʩʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʚ ʣʘʥʮʶʛʘʭ 

ʞʠʚʣʝʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʢ ʟʚʘʥʽ "ʨʦʟʚ'ʷʟʫʶʯʽ" ʢʦʥʜʝʥʩʘʪʦʨʠ. ʎʽ ʢʦʥʜʝʥʩʘʪʦʨʠ 

ʩʧʦʪʚʦʨʶʶʪʴ ʬʦʨʤʫ ʩʠʛʥʘʣʽʚ, ʟʤʝʥʰʫʶʪʴ ʾʭ ʘʤʧʣʽʪʫʜʫ ʡ ʜʣʷ ʜʝʷʢʠʭ ʣʦʛʽʯʥʠʭ ʙʘʟʠʩʽʚ 

ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʚʝʩʪʠ ʦʙʨʦʙʢʫ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ ʚ ʯʘʩʪʦʪʥʦ-ʩʧʝʢʪʨʘʣʴʥʫ.  

ʉʫʪʥʽʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙôʻʢʪʽʚ 

ʈɽɿʆ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʧʝʨʝʢʣʶʯʝʥʥʽ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʣʘʥʮʶʟʽ 

ʞʠʚʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʝʨʽʦʜʠʯʥʽ ʧʘʯʢʠ ʝʥʝʨʛʦʜʠʥʘʤʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʬʦʨʤʘ ʷʢʠʭ ʽ ʯʠʩʣʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ ʡ ʩʧʦʩʦʙʫ ʚʢʣʶʯʝʥʥʷ. ʄʘʶʯʠ ʜʠʩʢʨʝʪʥʠʡ ʩʧʝʢʪʨ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʯʘʩʪʦʪʦʶ, ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ ʡ ʘʤʧʣʽʪʫʜʦʶ.  



 24 

ɼʘʥ̔ ʤʝʪʦʜʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ: ʦʩʥʦʚʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ; ʚʭʽʜʥʽ (ʩʪʠʤʫʣʶʶʯʽ) ʪʝʩʪʦʚʽ ʚʧʣʠʚʠ; 

ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʢʮʽʶ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘ ʚʭʽʜʥʠʡ 

ʪʝʩʪʦʚʠʡ ʚʧʣʠʚ; ʦʙʣʘʩʪʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʚ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ, 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʈɽʊ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʷʢʦʩʪʽ ʜʣʷ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʯʘʩʪʦʪʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙôʻʢʪʽʚ ʈɽɿʆ. ɼʘʥʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʪʨʘʪʘʭ ʟ 

ʟʘʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ.  

ʇʝʨʝʚʘʛʘ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

- ʚʠʢʣʶʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙôʻʢʪʽʚ ʈɽʊ;  

- ʩʧʨʦʱʝʥʦ ʦʙʨʦʙʢʫ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʤʝʪʦʜʽ ʷʢ ʜʦ ʽʩʥʫʶʯʠʭ, ʪʘʢ ʽ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʦʙôʻʢʪʽʚ ʈɽʊ; 

- ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʈɽʊ.  

 
ʃɯʊɽʈɸʊʋʈɸ: 

1. ɼʽʘʛʥʦʩʪʠʢʘ ʮʠʬʨʦʚʠʭ ʪʘ ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ: ʄʦʥʦʛʨʘʬʽʷ / 
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ʋɼʂ 621.3.62-1                                                               ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ɸ.ɹ. (ʅɸɼʇʉʋ) 

 

ʄʆɼɽʃʔ ʆʎɯʅʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ ʆʍʆʈʆʅʀ 

ʂʆʈɼʆʅʋ ʇʈʀ ɺʈɸʍʋɺɸʅʅɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʦʭʦʨʦʥʠ ʢʦʨʜʦʥʫ ʟʘ ʽʩʥʫʶʯʠʤʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʟʘ ʫʤʦʚ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʊɿʆ - ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ 

ʧʦʨʫʰʥʠʢʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦ 

ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʊɿʆ ʢʦʨʜʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʭʦʨʦʥʘ ʢʦʨʜʦʥʫ, ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʦʢʘʟʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʛʨʘʥʠʮʳ, ʧʦ ʠʤʝʶʱʠʤʩʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʊʉʆ ï ʟʘʧʦʤʠʥʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʢʪʝ ʥʘʨʫʰʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʣʴʥʦʩʪʠ ʜʦ ʥʘʨʫʰʠʪʝʣʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʊʉʆ ʛʨʘʥʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʘ ʛʨʘʥʠʮʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʢʘʟʘʪʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ. 

 

In the article the data capacity estimation of various types of border protection technical means 

(BPTM) according to the technical characteristics and also under condition of realisation in  BPTM - 

information storage about violation fact, range finding to the fringer and shaping of his image are carry 

out. Possible ways of  BPTM improvement according to data capacity indexes have been defined. 

Keywords: border protection, technical means, technical characteristics, data capacity indexes. 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʩʫʪʪʻʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ ʧʦʨʫʰʝʥʥʷ ʢʦʨʜʦʥʫ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ ʢʦʨʜʦʥʫ. ʊʘʢ ʟʦʢʨʝʤʘ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʦʚʽʜʥʽ 

ʜʝʨʞʘʚʠ ʩʚʽʪʫ ʟʜʽʡʩʥʶʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʙʣʘʩʪʽ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʨʠʣʘʜʠ, ʩʠʩʪʝʤʠ ʪʘ 

ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʦʭʦʨʦʥʠ ʩʚʦʾʭ ʜʝʨʞʘʚʥʠʭ ʢʦʨʜʦʥʽʚ. ʗʢ ʩʚʽʜʯʠʪʴ ʧʨʘʢʪʠʢʘ, ʩʫʯʘʩʥʘ ʤʦʜʝʣʴ 

ʦʭʦʨʦʥʠ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ (ʜʘʣʽ ʊɿʆ) ʢʦʨʜʦʥʫ ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʚʽʟʦʨʠ, ʩʫʯʘʩʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʩʪʘʥʮʽʾ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʡʥʽ ʟʘʩʦʙʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʨʝʙʫʻ ʟʜʽʡʩʥʝʥʥʷ ʾʭ ʧʦʨʽʚʥʷʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʨʝʟʝʨʚʽʚ ʱʦʜʦ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʑʦʙ ʧʦʨʽʚʥʷʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʊɿʆ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʨʫʰʥʠʢʘ. ɺ ʨʦʙʦʪʽ [1] 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʨʘʜʽʦʧʨʦʤʝʥʝʚʠʭ ʊɿʆ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʘʥʦ ʪʘʢʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ, ʷʢ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʝ ʚʢʘʟʘʥʦ ʰʣʷʭʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʰʠʭ ʚʠʜʽʚ ʊɿʆ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʦʮʽʥʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʊɿʆ ʢʦʨʜʦʥʫ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ 

ʧʨʠʨʦʜʠ ʟʘ ʾʭ ʊʊʍ, ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʊɿʆ, ʟʦʢʨʝʤʘ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʽʷ ʙʫʜʴ-ʷʢʦʛʦ ʷʚʠʱʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʷʚʠ ʢʽʣʴʢʽʩʥʠʭ 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʫ, ʷʢʽ 

ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ. ʆʜʠʥʠʮʝʶ ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʽʥʬʦʨʤʘʮʽʾ ʻ ʙʽʪ, ʱʦ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʈ. ʍʘʨʪʣʽ ʚ 1929 ʨʦʮʽ. 1 ʙʽʪ ï ʮʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʚʘ ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʦʙôʻʢʪʫ, ʷʢʽ ʨʽʚʥʽ ʟʘ 

ʡʤʦʚʽʨʥʽʩʪʶ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ 1 ʘʙʦ 0 ʦʜʥʦʛʦ ʨʦʟʨʷʜʫ ʜʚʽʡʢʦʚʦʾ 

ʩʠʩʪʝʤʠ. ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ I  (ʚ ʙʽʪʘʭ), ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʠʛʥʘʣʫ ʧʝʨʝʜ ʡʦʛʦ ʧʨʠʡʦʤʦʤ ʪʘ 

ʦʙʨʦʙʢʦʶ ʫ ʚʠʧʘʜʢʫ N  ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʨʽʚʥʠʭ ʟʘ ʡʤʦʚʽʨʥʽʩʪʶ ʩʪʘʥʽʚ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: NI 2log= , ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʊɿʆ ʨʽʟʥʦʾ 
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ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ. ʊɿʆ ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤ 

ʦʙʨʦʙʢʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʮʽʥʥʽʩʪʴ ʻ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʧʨʦʷʚʘʤʠ, ʪʦʤʫ ʱʦ ʢʦʞʥʫ ʩʠʩʪʝʤʫ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ. ʂʦʣʠ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʮʽʥʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʥʦʩʽʷ ʽʥʬʦʨʤʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʻʤʥʽʩʪʴ ʚʠʩʪʫʧʘʻ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʪʘ ʡʦʛʦ ʩʠʩʪʝʤʫ 

ʦʙʨʦʙʢʠ ʚ ʮʽʣʦʤʫ [1]. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʽʥʚʘʨʽʘʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʻ ʯʠʩʣʦ 0N  ʧʦʚʥʠʭ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ï ʯʘʩʦʚʠʭ, ʧʨʦʩʪʦʨʦʚʠʭ, ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ. ʅʽʷʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʫ ʽʥʬʦʨʤʘʮʽʶ, ʯʠʤ ʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʚʥʠʤ ʯʠʩʣʦʤ 0N  ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. 

ɺ ʤʝʞʘʭ ʧʦʚʥʦʛʦ ʯʠʩʣʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʤʦʞʥʘ ʚʟʘʻʤʥʦ ʟʤʽʥʶʚʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʨʦʩʪʦʨʦʚʠʤʠ, ʯʘʩʦʚʠʤʠ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ, 

ʟʙʝʨʽʛʘʶʯʠ ʧʦʚʥʫ ʢʽʣʴʢʽʩʪʴ 0N  [2]. 

ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʩʣʫʞʠʪʴ 

ʪʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ (ʪʝʦʨʝʤʘ ʚʽʜʣʽʢʽʚ) [3], ʩʫʪʥʽʩʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʜʴ - ʷʢʠʡ 

ʩʠʛʥʘʣ )(tU  ʩʧʝʢʪʨ ʷʢʦʛʦ ʦʙʤʝʞʝʥʠʡ ʜʝʷʢʦʶ ʯʘʩʪʦʪʦʶ ʪF  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʙʝʟ 

ʚʪʨʘʪ ʜʘʥʠʭ ʟʘ ʤʠʪʪʻʚʠʤʠ ʚʽʜʣʽʢʘʤʠ ʟ ʽʥʪʝʨʚʘʣʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ: 

 

ʪF
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1
=D ,                                                            (1) 

 

ʜʝ    ʪF  - ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʫ (ʯʘʩʪʦʪʘ ʅʘʡʢʚʽʩʪʘ). 

ɸʥʘʣʽʪʠʯʥʦ ʪʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʨʷʜʦʤ: 
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ʜʝ    k  - ʥʦʤʝʨ ʚʽʜʣʽʢʫ; 

)( tkU D  - ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʪʦʯʮʽ ʚʽʜʣʽʢʫ; 

mm Fpw 2=  - ʤʘʢʩʠʤʘʣʴʥʘ ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ. 

ʂʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ (ʚʽʜʣʽʢʽʚ) ʜʣʷ ʯʘʩʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ    ntD  - ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ; 

T  - ʽʥʪʝʨʚʘʣ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʩʠʛʥʘʣʫ. 

ʂʽʣʴʢʽʩʪʴ ʯʘʩʦʚʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚʧʣʠʚʘʻ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʊɿʆ ʘʣʝ ʾʾ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʤ, ʜʝ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʪʨʠʚʦʛʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩ ʟʘʪʨʠʤʢʠ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʚʘʚʩʷ. ʏʘʩʪʠʥʘ ʽʩʥʫʶʯʠʭ ʊɿʆ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʻʤʥʦʩʪʽ ʯʘʩʦʚʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽʤʠ. ʅʘʡʙʽʣʴʰ 

ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʊɿʆ ʦʪʨʠʤʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦ ʥʘʙʫʪʪʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ ʦʭʦʨʦʥʷʻʤʦʾ ʜʽʣʷʥʢʠ. 

ʊʘʢ ʪʝʦʨʝʤʘ ʚʽʜʣʽʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʰʫʢʘʥʥʷ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʪʨʴʦʤʘ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ. ɯ ʜʣʷ ʮʴʦʛʦ ʚ ʊɿʆ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 
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ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ï ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʽʣʷʤʠ ʧʨʠ ʷʢʽʡ ʜʚʽ ʮʽʣʽ ʩʧʨʠʡʤʘʶʪʴʩʷ 

ʦʢʨʝʤʦ. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʪʦ 

ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1), ʘʣʝ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʽʥʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʟʘ ʥʘʧʨʷʤʢʦʤ OX  ʯʠʩʣʦ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚ ʤʝʞʘʭ ʦʭʦʨʦʥʷʻʤʦʾ ʜʽʣʷʥʢʠ ʜʦʨʽʚʥʶʻ: 

 

n

W
X

X
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D
= ,      (4) 

 

ʜʝ    nXD  - ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘ ʥʘʧʨʷʤʢʦʤ OX ; 

X  - ʜʦʚʞʠʥʘ ʦʭʦʨʦʥʻʤʦʾ ʜʽʣʷʥʢʠ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʨʽʟʥʠʭ ʊɿʆ ʟ ʤʝʪʦʶ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʚʽʜʣʽʢʽʚ DN , ʽ ʪʦʜʽ ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

 

)(log2 DWT NNNI = .    (5) 

 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʊɿʆ ʙʫʣʘ ʧʦʷʚʘ ʚ ʥʠʭ ʬʫʥʢʮʽʾ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ (ʪʨʠʚʘʣʦʛʦ) ʯʘʩʫ, ʪʘ ʚʠʚʝʜʝʥʥʷ ʾʾ 

ʥʘ ʪʘʙʣʦ ʚ ʧʦʪʨʽʙʥʠʡ ʯʘʩ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʷʢ ʦʙʨʦʙʢʘ, ʚʽʜʦʙʨʘʞʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, 

ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʦʙʤʽʥ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʧʨʠʷʶʪʴ ʷʢʽʩʥʦʤʫ ʨʽʚʥʶ 

ʨʦʟʚʠʪʢʫ ʊɿʆ. ʆʙôʻʤʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ (ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʚʽʪʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ) ʜʦʟʚʦʣʷʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʙʘʟʠ ʜʘʥʠʭ [3]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʧʝʮʠʬʽʢʠ ʦʭʦʨʦʥʠ 

ʢʦʨʜʦʥʫ, ʪʦ ʜʣʷ ʊɿʆ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢ ʨʘʟ ʽ ʻ ʬʫʥʢʮʽʷ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʨʫʰʥʠʢʘ (ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʧʨʠʣʘʜʽ çʍʤʝʣʴ-1è 

ʧʦʨʫʰʥʠʢʦʤ ʙʫʜʝ ʧʦʥʦʚʣʝʥʦ ʮʽʣʽʩʥʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʦʚʦʜʫ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ, ʪʦ ʧʨʠʣʘʜ ʥʝ 

ʙʫʜʝ ʚʠʜʘʚʘʪʠ (ʟʙʝʨʽʛʘʪʠ) ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ. ʊʦʜʽ ʟʘ ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʚʠʨʘʟ (5) ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

)(log2 DWTʟ NNNKI = ,                                                    (6) 

 

ʜʝ K  - ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ (1=K  - ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ 

ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ; 0=K  - ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ). 

ɼʣʷ ʊɿʆ ʢʦʨʜʦʥʫ ʚ ʷʢʠʭ ʪʽʣʴʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ ʦʭʦʨʦʥʷʻʤʦʾ 

ʜʽʣʷʥʢʠ ʪʘ ʥʝ ʚʠʤʽʨʶʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʙʫʜʝ ʦʮʽʥʶʚʘʪʠʩʴ 

1== WT NN , ʘ ʯʠʩʣʦ ʩʪʘʥʽʚ ʚʽʜʣʽʢʽʚ 2=DN . ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʘʢʠʭ ʊɿʆ ʧʨʠ 1=K  

ʜʦʨʽʚʥʶʻ: 

 

12log2 ==ʟI ʙʽʪ. 

 

ʊɿʆ ʚ ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʬʘʢʪ ʧʦʨʫʰʝʥʥʷ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʜʘʣʴʥʽʩʪʴ ʜʦ 

ʧʦʨʫʰʥʠʢʘ ʯʠʩʣʦ ʩʪʘʥʽʚ ʚʽʜʣʽʢʽʚ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 2=DN  ʧʨʠ 1=TN , 
L
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D
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ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʊɿʆ ʜʦʨʽʚʥʶʻ: 
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ʜʝ    L  - ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʦʭʦʨʦʥʷʻʤʦʾ ʜʽʣʷʥʢʠ; 
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LD  - ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦ ʜʘʣʴʥʦʩʪʽ ʘʙʦ ʧʦʭʠʙʢʘ ʚʠʤʽʨʫ ʜʘʣʴʥʦʩʪʽ. 

ʊɿʆ ʢʦʨʜʦʥʫ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʟʜʘʪʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʧʦʨʫʰʥʠʢʘ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ ʚʠʷʚʣʝʥʥʷ 2>DN . ɼʦ 

ʧʦʜʽʙʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʝʡʩʤʽʯʥʽ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ, ʪʝʧʣʦʚʽʟʽʡʥʽ ʪʘ ʪʝʣʝʚʽʟʽʡʥʽ ʟʘʩʦʙʠ. 

ʉʝʡʩʤʽʯʥʽ ʟʘʩʦʙʠ ʦʭʦʨʦʥʠ ʧʨʘʮʶʶʪʴ ʚ ʧʘʩʠʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʽ 

ʩʝʡʩʤʦʩʠʛʥʘʣʫ ʚʥʘʩʣʽʜʦʢ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʧʦʨʫʰʥʠʢʘ ʚ 

ʤʝʞʘʭ ʦʭʦʨʦʥʷʻʤʦʾ ʜʽʣʷʥʢʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʪʯʠʢʽʚ ʟôʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʧʝʣʝʥʛʘʮʽʾ ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʧʦʨʫʰʝʥʥʷ, ʘ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʩʝʡʩʤʦʩʠʛʥʘʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʠʜ ʧʦʨʫʰʥʠʢʘ ʪʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʡʦʛʦ. 

ʇʨʦʩʪʦʨʦʚʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʘʣʴʥʽʩʪʶ ʚʠʷʚʣʝʥʥʷ 

ʩʝʡʩʤʦʩʠʛʥʘʣʫ ʪʘ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦ ʜʘʣʴʥʦʩʪʽ. ʏʝʨʝʟ ʽʟʦʪʨʦʧʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʝʡʩʤʦʭʚʠʣʴ ʦʭʦʨʦʥʷʻʤʘ ʜʽʣʷʥʢʘ ʤʘʻ ʚʠʛʣʷʜ ʢʦʣʘ, ʽ ʪʦʜʽ:  
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ɿʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʜʣʷ ʩʝʡʩʤʽʯʥʦʛʦ ʟʘʩʦʙʫ ʦʭʦʨʦʥʠ ʤʘʻ ʪʘʢʠʡ ʚʠʜ: 
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ʜʝ    maxR  - ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʚʠʷʚʣʝʥʥʷ ʩʝʡʩʤʦʩʠʛʥʘʣʫ; 

RD  - ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦ ʜʘʣʴʥʦʩʪʽ. 

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʘʩʦʙʠ ʧʨʘʮʶʶʪʴ ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʩʣʽʜʦʚʥʠʡ ʦʛʣʷʜ 

ʦʭʦʨʦʥʷʻʤʦʛʦ ʦʙôʻʤʫ ʚʫʟʴʢʠʤ ʧʨʦʤʝʥʝʤ (ʨʝʻʩʪʨʫʻʪʴʩʷ ʜʘʣʴʥʽʩʪʴ ʜʦ ʮʽʣʽ ʪʘ ʢʫʪʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ). ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ ʜʦʨʽʚʥʶʻ: 
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NKI DÐËÑ 2log ,                                               (9) 

ʜʝ    b - ʟʘʛʘʣʴʥʠʡ ʩʝʢʪʦʨ ʩʢʘʥʫʚʘʥʥʷ ʟʘ ʘʟʠʤʫʪʦʤ; 

bD  - ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘ ʘʟʠʤʫʪʦʤ. 

ʊʝʧʣʦʚʽʟʽʡʥʽ ʟʘʩʦʙʠ ʧʨʘʮʶʶʪʴ ʚ ʧʘʩʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʘʥʪʝʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʜʘʥʠʭ 

ʟʘʩʦʙʽʚ ʻ ʪʝʨʤʦʯʫʪʣʠʚʽ ʤʘʪʨʠʮʽ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʬʦʥʫ, ʧʨʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʫʚʘʪʠ 

ʯʘʩʦʚʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʟʤʽʥʠ ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʫʰʥʠʢʘ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʡʦʛʦ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʝʧʣʦʚʽʟʽʡʥʠʭ 

(ʪʝʣʝʚʽʟʽʡʥʠʭ) ʟʘʩʦʙʽʚ ʦʭʦʨʦʥʠ ʜʦʨʽʚʥʶʻ: 
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ʜʝ    XN , YN  - ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʪʝʧʣʦʚʽʟʽʡʥʦʾ (ʪʝʣʝʚʽʟʽʡʥʦʾ) ʤʘʪʨʠʮʽ. 

ʊʘʢ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʊʊʍ ʊɿʆ ʢʦʨʦʥʫ [4], [5] ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʝʧʣʦʚʽʟʽʡʥʽ ʟʘʩʦʙʠ ʦʭʦʨʦʥʠ ʚʦʣʦʜʽʶʪʴ ʥʘʡʚʠʱʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʻʤʥʽʩʪʶ 

ʩʝʨʝʜ ʚʩʽʭ ʊɿʆ, ʘʣʝ ʨʘʟʦʤ ʟ ʮʠʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʥʝʜʦʣʽʢʘʤʠ - ʷʢʽʩʥʦ ʥʝ ʤʦʞʫʪʴ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʚʩʽʭ ʚʠʜʽʚ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ (ʚʽʜ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʪʠʩʷʯ ʫ.ʦ.). ɺ ʩʚʦʶ ʯʝʨʛʫ ʽʥʰʽ ʊɿʆ ʤʘʶʪʴ ʰʣʷʭʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʚʦʻʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ: ʧʦ-ʧʝʨʰʝ ʮʝ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʱʦ ʮʝ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʨʠʣʘʜʽ çʍʤʝʣʴ-1è, ʪʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 1 ʙʽʪ; ʧʦ-ʜʨʫʛʝ 

ʷʢʱʦ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʜʘʣʴʥʽʩʪʴ ʜʦ ʧʦʨʫʰʥʠʢʘ, ʥʘʧʨʠʢʣʘʜ ʚ 

ʩʠʛʥʘʣʽʟʘʮʽʡʥʠʭ ʧʨʠʣʘʜʘʭ çʍʤʝʣʴ-1è, çʂʨʠʩʪʘʣʣ-2è ʪʘ ʚ ʩʠʛʥʘʣʽʟʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ çɺʠʪʠʤè ʟ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 5=DʭʤL , 15=DʢʨL  ʪʘ 1=DʚL ʤ, ʪʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʚʞʝ 

ʜʦʨʽʚʥʶʻ 2,10=ʭʤI , 6,7=ʢʨI  2,8=ʚI ʙʽʪ; ʧʦ-ʪʨʝʪʻ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʥʥʷ 
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ʨʘʜʽʦʟʦʙʨʘʞʝʥʥʷ ʟôʷʚʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʨʫʰʥʠʢʘ, ʽ ʷʢʱʦ 

ʜʣʷ ʩʠʩʪʝʤʠ çɺʠʪʠʤè, ʪʘ ʈʃʉ ʇʉʅʈ-5, ʉɹʈ-3 ʚʟʷʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘ ʧʦʧʝʨʝʯʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ 5,0=DX ʤ ʧʨʠ ʰʠʨʠʥʽ ʢʦʥʪʨʦʣʶʻʤʦʾ ʜʽʣʷʥʢʠ 5=X ʤ, 5,0=DY ʤ ʧʨʠ ʚʠʩʦʪʽ 

ʢʦʥʪʨʦʣʶʻʤʦʾ ʜʽʣʷʥʢʠ 7,1=Y ʤ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ:  
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NKI DÏÑÍÐ ; 95,133=-ÑÁÐI ʙʽʪ. 

ɺ ʪʘʙʣʠʮʽ ʧʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʊɿʆ ʢʦʨʜʦʥʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʭ ʊʊʍ, ʘ 

ʪʘʢʦʞ ʦʮʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʾʾ ʧʽʜʚʠʱʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʻʤʥʦʩʪʽ III ii -=D  (ʜʝ i  - ʚʠʜ ʫʜʦʩʢʦʥʘʣʝʥʥʷ) ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʝʥʠʭ ʰʣʷʭʽʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʊɿʆ. 

 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɿʆ ʢʦʨʜʦʥʫ 
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I , ʙʽʪ 1/0* 2 6,6/0* 1 13,4** 8,4** 13,5** 33**  32,1** 

ʄʦʞʣʠʚʽ 

ʰʣʷʭʠ 

ʫʜʦʩʢʦʥʘʣ: 

- ʟʘʧʘʤ. ʽʥʬ-  ʾ

ʟI , ʙʽʪ 

- ʚʠʟʥ. ʜʘʣ-ʪʽ 

ʜI , ʙʽʪ 

- ʬʦʨʤʫʚʘʥ. 
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- 

- 

 

5,55 

 

- 

- 

 

5,6 

 

- 

- 

 

- 

 

- 

- 

 

- 

 
ʇʨʠʤʽʪʢʘ: * - ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ/ ʘʣʝ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ; 

** - ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʫ (ʘʚʪʦʤʦʙʽʣʴ). 

 



 30 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʊɿʆ ʢʦʨʜʦʥʫ ʚʠʟʥʘʯʝʥʦ 

ʰʣʷʭʠ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʅʘʡʙʽʣʴʰʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʤʘʶʪʴ ʪʝʧʣʦʚʽʟʽʡʥʽ ʟʘʩʦʙʠ 

ʦʭʦʨʦʥʠ, ʘʣʝ ʷʢʱʦ ʚ ʩʠʛʥʘʣʽʟʘʮʽʡʥʠʭ ʟʘʩʦʙʘʭ ʦʭʦʨʦʥʠ ʨʝʘʣʽʟʫʚʘʪʠ ʬʫʥʢʮʽʾ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ʧʦʨʫʰʥʠʢʘ, ʪʦ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʟʨʦʩʪʘʪʠʤʝ. 

ʂʨʽʤ ʪʦʛʦ ʨʘʜʽʦʧʨʦʤʝʥʝʚʽ ʩʠʛʥʘʣʽʟʘʮʽʡʥʽ ʟʘʩʦʙʠ ʪʘ ʈʃʉ ʟʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ 

ʨʘʜʽʦʟʦʙʨʘʞʝʥʥʷ ʧʦʨʫʰʥʠʢʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʝʨʩʧʝʢʪʠʚʫ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʜʘʥʽ ʟʘʩʦʙʠ ʤʘʶʪʴ ʪʘʢʫ ʧʝʨʝʚʘʛʫ ʥʘʜ ʪʝʧʣʦʚʽʟʽʡʥʠʤʠ (ʪʝʣʝʚʽʟʽʡʥʠʤʠ) ʟʘʩʦʙʘʤʠ, ʷʢ 

ʤʝʥhʠʡ ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ. 
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ɸʅɸʃɯɿ ʊʆʏʅʆʉʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɺʆʇʆɿʀʎɯʁʅʆɰ  

ʊʈʀɸʅɻʋʃʗʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʇɽʃɽʅɻɸʎɯɰ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɿɸʍʆɼɯɺ 

ʑʆɼʆ ɰʍ ʇʆʃɯʇʐɽʅʅʗ 

 
ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʫ ʢʦʦʨʜʠʥʘʪ ʮʽʣʽ ʜʚʦʧʦʟʠʮʽʡʥʦʶ ʧʘʩʠʚʥʦʶ 

ʩʠʩʪʝʤʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʘ ʤʘʻ ʥʝʧʨʠʧʫʩʪʠʤʦ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʨʠ 

ʚʝʣʠʢʦʤʫ ʚʽʜʜʘʣʝʥʥʽ ʮʽʣʽ ʽ ʚ ʙʽʯʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʘʣʴʥʦʤʝʪʨʽʽ, ʘ ʩʘʤʝ: ʢʫʪʦʤʽʨʥʦ-ʨʽʟʥʠʮʝʚʦ-ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ, ʤʝʪʦʜʽʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘ ʤʝʪʦʜʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʪʘ ʧʨʦʚʝʜʝʥʘ ʾʭ 

ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ, ʜʞʝʨʝʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʣʠ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʡ 

ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʥʝʜʦʧʫʩʪʠʤʦ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʣʴʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʮʝʣʠ ʠ ʚ ʙʦʢʦʚʳʭ ʫʯʘʩʪʢʘʭ ʟʦʥʳ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʘʣʴʥʦʤʝʪʨʠʠ, ʘ ʠʤʝʥʥʦ: ʫʛʣʦʤʝʨʥʦ-ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ, ʤʝʪʦʜʦʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʧʘʩʩʠʚʥʦʡ ʣʦʢʘʮʠʠ, ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. 

 

The results of the analysis of the accuracy of measurement target coordinates passive two-stage 

system. It is shown that it has an unacceptably low range accuracy at long distance targets in the lateral 

parts of the zone. The analysis of the existing methods to improve the accuracy ranging, namely azimuth-

path-difference method, alternative methods of spectral analysis and statistical treatment, and conducted 

quantitative assessment. 

Keywords: passive location, the source of radiation. 

 

ɺʩʪʫʧ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʽʪʨʷʥʫ ʡ 

ʥʘʟʝʤʥʫ ʦʙʩʪʘʥʦʚʢʫ ʻ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

(ʈʃ) ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʦʨʜʠʥʘʪ. ɺʘʞʣʠʚʠʤ ʢʣʘʩʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

ʈʃ ʟʘʩʦʙʠ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʶʯʠʭ ʦʙ'ʻʢʪʽʚ (ʮʽʣʝʡ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʩʽ ʝʪʘʧʠ 

ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ'ʻʢʪʠ: ʚʠʷʚʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ. 

ɼʞʝʨʝʣʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼɺ) ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʘʮʶʶʯʽ ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʦʙ'ʻʢʪʠ: 

ʧʽʣʦʪʘʞʥʦ-ʥʘʚʽʛʘʮʽʡʥʽ, ʣʦʢʘʮʽʡʥʽ, ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ, ʜʞʝʨʝʣʘ ʥʘʚʤʠʩʥʠʭ ʧʝʨʝʰʢʦʜ ʪʦʱʦ, ʘ ʪʘʢʦʞ 

ʩʘʤʽ ʦʙ'ʻʢʪʠ, ʱʦ ʤʘʶʪʴ ʪʝʧʣʦʚʠʡ ʘʙʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʢʦʥʪʨʘʩʪ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ.  

ɿʘʩʪʦʩʦʚʫʚʘʥʽ ʚ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʚʽʡʩʴʢʘʭ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʢʦʤʧʣʝʢʩʠ ʩʠʩʪʝʤ ʧʘʩʠʚʥʦʾ 

ʣʦʢʘʮʽʾ (ʉʇʃ) ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ ʨʦʟʥʝʩʝʥʠʭ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʚʝʣʠʯʠʥʫ ʙʘʟʠ 

(ɺ) ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ (ʈʃʉ) ʙʦʡʦʚʦʛʦ ʨʝʞʠʤʫ, ʚ ʧʨʠʡʦʤʥʽ ʪʨʘʢʪʠ ʷʢʠʭ ʚʙʫʜʦʚʘʥʽ 

ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʢʘʥʘʣʠ (ʇʂ). ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʦʯʥʦʩʪʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʝ 

ʜʚʦʧʦʟʠʮʽʡʥʠʭ ʉʇʃ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ ʚʽʜʦʤʦ [1], ʦʩʥʦʚʥʠʤʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʚ ʩʠʩʪʝʤʽ ʧʝʣʝʥʛʘʮʽʾ ʻ: ʧʦ-ʧʝʨʰʝ, ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʫ 

ʜʘʣʴʥʦʩʪʽ (ʧʨʠ ʚʽʜʦʤʠʭ ʧʦʤʠʣʢʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʣʝʥʛʽʚ) ʽ, ʧʦ-ʜʨʫʛʝ, ʦʜʥʦʟʥʘʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʮʽʣʽ ï ɼɺ ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ɼɺ ʚ ʟʦʥʽ. 

ʇʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʟʠʤʫʪʘ ʽ ʢʫʪʘ ʤʽʩʮʷ ʮʽʣʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʦʚʠʤ 

ʧʦʤʠʣʢʘʤ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʨʘʜʽʦʣʦʢʘʮʽʾ ʪʘ ʥʘʚʽʛʘʮʽʾ. ɺʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʪʠʥʫ ʚ ʧʨʦʩʪʦʨʽ ʧʦʚʝʨʭʦʥʴ ʧʦʣʦʞʝʥʥʷ (ʥʘ ʧʣʦʱʠʥʽ ï ʣʽʥʽʡ ʧʦʣʦʞʝʥʥʷ), 

ʪʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʦʙʣʘʩʪʝʡ ʧʦʣʦʞʝʥʥʷ ʮʽʣʽ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ 

ʩʪʽʣʴʢʠ ʢʫʪʦʚʠʤʠ ʧʦʤʠʣʢʘʤʠ (ʤʘʶʪʴ ʧʦʨʷʜʦʢ ʯʘʩʪʦʢ ʛʨʘʜʫʩʘ), ʩʢʽʣʴʢʠ ʣʽʥʽʡʥʦʶ 
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ʩʧʨʦʤʦʞʥʽʩʪʶ ʧʦ ʢʫʪʘʭ (ʩʢʣʘʜʘʶʪʴ ʥʘ ʜʘʣʴʥʦʩʪʷʭ ʙʽʣʴʰʝ 150 ... 200 ʢʤ ʧʦʨʷʜʦʢ ʜʦ 3 ... 5 ʢʤ). 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʝʡ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ, ʷʢ ʜʘʣʴʥʦʩʪʽ ʜʦ ʮʽʣʽ, ʪʘʢ ʽ 

ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʮʽʣʽ ʚʽʜ ʥʦʨʤʘʣʽ ʜʦ ʙʘʟʠ. ʗʢʽʩʥʘ ʦʮʽʥʢʘ ʚʠʢʣʘʜʝʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ. 1. 

 

 
 

ʆʩʢʽʣʴʢʠ ʜʘʣʴʥʽʩʪʴ ʜʦ ɼɺ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʰʠʭ ʢʦʦʨʜʠʥʘʪ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟ ʥʝʶ ʧʦʚ'ʷʟʘʥʠʭ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʤʠʣʢʠ ʚʠʤʽʨʫ ʜʘʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʤʝʪʦʜʦʤ ʣʽʥʝʘʨʠʟʘʮʽʾ ʬʫʥʢʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʨʘʟʦʤ [2]: 
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ʜʝ ʚʝʣʠʯʠʥʠ, ʧʦʟʥʘʯʝʥʽ s, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʧʦʤʠʣʢʠ (ʉʂʇ) 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʢʫʪʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʘʢʦʚʠʤʠ, ʨʦʟʚôʷʟʘʥʥʷ 
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, (2) 

ʜʝ qs  ï ʉʂʇ ʚʠʤʽʨʫ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʚʦʧʦʟʠʮʽʡʥʦʾ ʢʫʪʦʤʽʨʥʦʾ 

ʉʇʃ ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ ʪʘ ʧʦʟʥʘʯʝʥʥʷ: 

- ʟʘʤʽʩʪʴ ʢʫʪʘ 1b ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʨʫʛʠʡ ʚʥʫʪʨʽʰʥʽʡ ʢʫʪ ʪʨʠʢʫʪʥʠʢʘ, ʚʚʽʚʰʠ 

ʧʦʟʥʘʯʝʥʥʷ 1180 b-=a A , ʘ 0b  ʧʦʟʥʘʯʠʤʦ b. 

ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʠʡ ʚʠʨʘʟ ʜʣʷ ʜʘʣʴʥʦʩʪʽ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

)sin(

)sin(

b+a

a
Ö= CBr ,     (3) 

ʜʝ 0cos/1 e=C  ï ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʤʽʩʮʷ (ʫʤʦʚʘ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʚʝʣʠʢʠʭ 

ʚʠʩʦʪʘʭ ʧʨʠ A3525max0 -=eºe ). 

ʈʽʰʝʥʥʷ ʚʠʢʦʥʘʻʤʦ ʱʦʜʦ ʉʂʇ, ʥʦʨʤʦʚʘʥʦʾ ʜʦ ʚʝʣʠʯʠʥʠ ʙʘʟʠ. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ (1) ʪʘ (3) ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʨʘʟ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

),(),(/ 2

2

2

1 ba+bas=s q kkCBR ,                                     (4) 

ɺ 

ʈʠʩ. 1. ɯʣʶʩʪʨʘʮʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʚʦʧʦʟʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʪʠʥʫ ʚ ʧʨʦʩʪʦʨʽ ʧʦʚʝʨʭʦʥʴ ʧʦʣʦʞʝʥʥʷ 
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ʜʝ 
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kk . 

ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ɼɺ ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ 

ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ ʧʝʣʝʥʛʘʮʽʾ: ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʙʘʟʠ ʽ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʥʦʨʤʘʣʽ ʥʘ ʟʘʜʘʥʠʡ ʢʫʪ c. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʘʥʘʣʽʟʫ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʦʯʥʦʾ 

ʜʘʣʴʥʦʩʪʽ R  ʜʦ ʙʘʟʠ (ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʥR  ʽ cR ). ɿʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥ ʚʠʟʥʘʯʝʥʽ 

ʟ ʨʽʰʝʥʥʷ ʪʨʠʢʫʪʥʠʢʘ ʚʽʜʥʦʩʥʦ ʤʝʜʽʘʥʠ. ɿʥʘʯʝʥʥʷ ʙʘʟʠ ʬʽʢʩʦʚʘʥʦ ʚʝʣʠʯʠʥʦʶ ʢʤ100=ɺ . 

ɻʨʘʬʽʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2 (ʤʘʨʢʝʨʠ ʢʨʠʚʦʾ 2 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʣʝʥʛʘʮʽʾ ʧʽʜ ʢʫʪʦʤ A45=c , 1 ï ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʙʘʟʠ). 

 

 
 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʮʽʣʦʤʫ ʧʽʜʪʚʝʨʜʠʚ ʚʠʩʥʦʚʢʠ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ (ʨʠʩ. 1) ʽ 

ʜʦʟʚʦʣʠʚ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ. ʊʘʢ, ʜʣʷ ʩʝʨʝʜʥʽʭ ʜʘʣʴʥʦʩʪʝʡ 

(200 ... 250 ʢʤ) ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʩʢʣʘʜʘʻ ʚʽʜ 4,5 ʜʦ 7 %, ʱʦ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʟʘ 

ʧʝʚʥʠʭ ʚʠʤʦʛ ʧʨʠʧʫʩʪʠʤʠʤ, ʘ ʥʘ ʚʝʣʠʢʠʭ ʜʘʣʴʥʦʩʪʷʭ (300 é 350 ʢʤ) ʚʽʜʧʦʚʽʜʘʻ ʚʽʜ 10 ʜʦ 

14 ... 17 %. ɿʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʙʽʣʴʰʝ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʥʘʧʨʷʤʢʫ 

ʧʝʣʝʥʛʘʮʽʾ ʚʽʜ ʥʦʨʤʘʣʽ ʜʦ ʙʘʟʠ. ɿʥʘʯʥʽ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʜʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʟʦʥʠ 

ʧʝʣʝʥʛʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʧʨʠʡʥʷʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʟ ʧʠʪʘʥʴ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʪʨʽʘʥʛʫʣʷʮʽʾ ʩʧʦʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʘʣʴʥʦʤʝʪʨʽʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʜʽʣʠʤʦ 

ʥʘʩʪʫʧʥʽ. 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʚʦʧʦʟʠʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠʡʦʤʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʮʽʣʽ, ʘ ʩʘʤʝ: ʢʫʪʦʤʽʨʥʦ-ʨʽʟʥʠʮʝʚʦ-ʜʘʣʝʢʦʤʽʨʥʦʛʦ. ʊʝʦʨʝʪʠʯʥʦ 

ʨʽʟʥʠʮʝʚʦ-ʜʘʣʝʢʦʤʽʨʥʠʡ (ʛʽʧʝʨʙʦʣʽʯʥʠʡ) ʤʝʪʦʜ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʡ (ʟʦʢʨʝʤʘ ʚ [3]). ʇʨʘʢʪʠʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ (ʟʚʘʥʦʶ ʙʘʟʦʚʦ-ʢʦʨʝʣʷʮʽʡʥʦʶ) ʚʠʤʘʛʘʻ ʥʝ 

ʤʝʥʰʝ ʯʦʪʠʨʴʦʭ ʨʦʟʥʝʩʝʥʠʭ ʧʫʥʢʪʽʚ ʧʨʠʡʦʤʫ ʽ ʩʠʩʪʝʤ ʪʨʘʥʩʣʷʮʽʾ ʧʨʠʡʥʷʪʠʭ ʚ ʢʦʞʥʦʤʫ 

ʧʫʥʢʪʽ ʢʦʣʠʚʘʥʴ ʜʞʝʨʝʣ ʩʠʛʥʘʣʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʫʥʢʪ. 

ʂʨʽʤ ʪʦʛʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʦʛʣʷʜʫ ʧʦ ʚʽʜʥʦʩʥʽʡ ʟʘʪʨʠʤʮʽ ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʚʠʱʝ ʟʘʜʘʯʽ ʜʦʩʪʘʪʥʴʦ ʦʙʤʝʞʠʪʠʩʷ ʦʜʥʽʻʶ ʣʽʥʽʻʶ 

ʪʨʘʥʩʣʷʮʽʾ, ʦʛʣʷʜ ʧʦ ʟʘʪʨʠʤʮʽ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʨʝʣʷʪʦʨʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʯʘʩʥʠʡ ʦʛʣʷʜ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʛʽʧʝʨʙʦʣʦʾʜ 

ʧʦʣʦʞʝʥʥʷ ʮʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ɼɺ, ʱʦ ʧʝʣʝʥʛʫʻʪʴʩʷ ʚ 

ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʚʦʧʦʟʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʽ c: 

ʢʨʠʚʘ 1 ï ʧʨʠ A0=c ; ʢʨʠʚʘ 2 ï ʧʨʠ A45=c  
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ʦʙʣʘʩʪʽ ʧʝʨʝʪʠʥʫ ʜʽʘʛʨʘʤ ʥʘʧʨʘʚʣʝʥʦʩʪʽ. ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʨʠʩ. 3 (1 ï ʣʽʥʽʷ 

ʧʝʣʝʥʛʫ; 2 ï ʛʽʧʝʨʙʦʣʘ ʧʦʣʦʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ). 

ʇʦʭʠʣʘ ʜʘʣʴʥʽʩʪʴ ʜʦ ʮʽʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʰʝʥʥʷʤ ʨʽʚʥʷʥʴ ʽ ʤʘʻ ʚʠʛʣʷʜ: 

)coscos(2 0

22

RB

RB
r

-be

-
= ,     (5) 

ʜʝ R  ï ʨʽʟʥʠʮʷ ʜʘʣʴʥʦʩʪʝʡ ʟ ʧʫʥʢʪʫ ʧʨʠʡʦʤʫ 1 ʪʘ ʧʫʥʢʪʫ ʧʨʠʡʦʤʫ 2; 

b ï ʘʟʠʤʫʪ, ʚʠʤʽʨʷʥʠʡ ʚ ʧʫʥʢʪʽʫ ʧʨʠʡʦʤʫ 1. 

 

 
 

ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ 

ʟʘʧʽʟʥʶʚʘʥʥʷ (ts) ʩʢʣʘʜʘʶʪʴ 250 .... 400 ʤ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʣʽʥʽʡʥʽ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ ï 

ʜʦ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ. 

ʇʨʠ Br >  ʽ ʦʩʦʙʣʠʚʦ Br >> ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ 

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ [4]: 

bs@s tsec
B

r
r .     (6) 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʢʫʪʦʤʽʨʥʦ-ʨʽʟʥʠʮʝʚʦ-

ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ ʧʝʣʝʥʛʘʮʽʾ ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʉʂʇ (ʘʙʩʦʣʶʪʥʦʾ) 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ʜʦ ʮʽʣʽ ʧʨʠ ʢʤ50=B  ʽ A60=b . 
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ʈʠʩ. 4. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʘʙʩʦʣʶʪʥʦʾ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʚʠʤʽʨʫ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ʜʦ 

ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʫʪʦʤʽʨʥʦ-ʨʽʟʥʠʮʝʚʦ-ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ 

ʧʝʣʝʥʛʘʮʽʾ 

ɺ 

ʈʠʩ. 3. ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʚʦʧʦʟʠʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ (1 ï ʣʽʥʽʷ ʧʝʣʝʥʛʫ, 2 ï ʛʽʧʝʨʙʦʣʘ ʧʦʣʦʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ) 

ʎʽʣʴ 
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ʧʫʥʢʪʫ 

ʧʨʠʡʦʤʫ 1 

ʧʫʥʢʪʫ 

ʧʨʠʡʦʤʫ 2 
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ʇʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʜʘʣʴʥʦʩʪʷʭ (250 ... 300 ʢʤ) ʉʢʣʘʜʘʶʪʴ ʚʽʜ 4 ʜʦ 

4.8 ʢʤ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 1.3) ʚʦʥʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ 

10% ʚʽʜ ʜʘʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʜʝʩʷʪʢʠ ʢʽʣʦʤʝʪʨʽʚ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ ʦʮʽʥʮʽ 

ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʮʽʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʱʝ ʢʣʘʩʠʯʥʦʾ, 

ʪʦʙʪʦ ʨʝʣʝʻʚʩʢʦʾ ʤʝʞʽ, ʚ 2 ï 3 ʨʘʟʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʤʝʪʦʜ MUSIC. ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʫ ʚʠʤʘʛʘʻ 

ʨʝʘʣʽʟʘʮʽʾ ʚ ʪʨʘʢʪʽ ʧʨʠʡʦʤʫ ʽ ʦʙʨʦʙʢʠ ʧʝʣʝʥʛʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦʜʘʪʢʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ, ʘʣʛʦʨʠʪʤ ʷʢʦʾ ʧʝʨʝʜʙʘʯʘʻ ʦʙʯʠʩʣʝʥʥʷ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʤʘʪʨʠʮʽ ʩʠʛʥʘʣʽʚ, ʧʨʠʡʥʷʪʠʭ ʝʣʝʤʝʥʪʘʤʠ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ. ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

3. ʄʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʚʽʜʣʽʢʽʚ. 

ʄʝʪʦʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʟ ʚʢʨʘʡ ʢʦʨʦʪʢʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚ ʦʜʥʽʡ ʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ [5]. 

ʇʦʢʘʟʘʥʦ (ʙʝʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʩʥʦʚʢʫ), ʱʦ ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ, ʥʦʨʤʦʚʘʥʘ ʜʦ ʜʘʣʴʥʦʩʪʽ ʜʦ ɼɺ 

ʧʨʠ ʯʠʩʣʽ ʚʽʜʣʽʢʽʚ, ʨʽʚʥʦʤʫ M , ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

jsÖ=s q//12/ MRr ,     (7) 

ʜʝ j ï ʢʫʪ ʤʽʞ ʧʨʦʤʝʥʷʤʠ ʘʥʪʝʥ ʚ ʦʙʣʘʩʪʽ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ, ʷʢʠʡ ʟ ʥʘʙʣʠʞʝʥʥʷʤ 

ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʽʜʥʦʰʝʥʥʷʤ BR/ . 

ʇʨʘʢʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʦ ʧʨʠ ʤʦʥʦʽʤʧʫʣʴʩʥʦʤʫ ʤʝʪʦʜʽ ʧʝʣʝʥʛʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʥʝʟʘʣʝʞʥʠʭ 

ʚʽʜʣʽʢʽʚ ʧʘʨʘʤʝʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʫ ʦʧʨʦʤʽʥʝʥʥʷ ʮʽʣʽ (ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ 

ʜʽʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ) ʜʦ ʯʠʩʣʘ ʚʽʜʣʽʢʽʚ ʧʦ ʂʦʪʝʣʴʥʠʢʦʚʫ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʉʂʇ ʚʠʤʽʨʫ ʜʘʣʴʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ ʚʽʜʣʽʢʽʚ 

ʧʘʨʘʤʝʪʨʘ ï M , ʷʢʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ (A1=st , A10=l ). 

 

 
 

ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʘ ʨʠʩ. 5 ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ, 

ʥʦʨʤʦʚʘʥʦʾ ʜʦ ʜʘʣʴʥʦʩʪʽ ʜʦ ʮʽʣʽ, ʟ 10% ʜʦ 5 ... 7 % ʥʝʦʙʭʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʨʦʙʣʷʪʠ 20 .... 40 

ʥʝʟʘʣʝʞʥʠʭ ʚʽʜʣʽʢʽʚ. 

ʆʪʨʠʤʘʪʠ ʪʘʢʝ ʯʠʩʣʦ ʚʽʜʣʽʢʽʚ ʥʘʚʽʪʴ ʧʨʠ ʤʦʥʦʽʤʧʫʣʴʩʥʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʣʝʥʛʘ 

ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. 
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ʈʠʩ. 5. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʚʠʤʽʨʫ ʜʘʣʴʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ 

ʚʽʜʣʽʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ 
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ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʦʮʽʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʉʇʃ: 

1) ʜʚʦʧʦʟʠʮʽʡʥʘ ʪʨʽʘʥʛʫʣʷʮʽʡʥʘ ʉʇʃ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʨʴʦʭ ʢʫʪʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ ʮʽʣʽ, ʤʘʻ ʥʝʧʨʠʧʫʩʪʠʤʦ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʨʠ ʚʝʣʠʢʦʤʫ 

ʚʽʜʜʘʣʝʥʥʽ ʮʽʣʽ ʽ ʚ ʙʽʯʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʦʜʥʦʟʥʘʯʥʦ ʚʠʤʽʨʶʻ ʢʦʦʨʜʠʥʘʪʠ ʪʽʣʴʢʠ ʧʨʠ 

ʦʜʥʽʡ ʮʽʣʽ ʚ ʟʦʥʽ; 

2) ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʜʚʦʧʦʟʠʮʽʡʥʦʾ ʉʇʃ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʫʪʦʤʽʨʥʦ-ʨʽʟʥʠʮʝʚʦ-ʜʘʣʝʢʦʤʽʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʨʠ ʢʤ300ʮ=r ʟ 15 ... 17 % ʜʦ ʧʨʠʙʣʠʟʥʦ 

2 ... 3 % ʽ ʦʜʥʦʯʘʩʥʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʣʶʯʘʻ ʧʦʤʠʣʢʦʚʽ ʧʝʨʝʪʠʥʠ. 
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ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɸʉʆɹɯɺ 

ʈɸɼɯʆɿɺôʗɿʂʋ ɿ OFDM 
 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʟʘʩʦʙʽʚ ʨʘʜʽʦʟʚôʷʟʢʫ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʧʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʢʘʥʘʣʘʤ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ 

ʩʠʩʪʝʤʽ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ OFDM, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʪʘ ʟʘʩʦʙʽʚ 

ʨʘʜʽʦʟʚôʷʟʢʫ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ ʩʝʣʝʢʪʠʚʥʠʭ ʟʘʚʤʠʨʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ, ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ, ʝʥʝʨʛʝʪʠʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʧʦ ʤʥʦʛʦʣʫʯʝʚʳʤ ʢʘʥʘʣʘʤ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʚ ʩʠʩʪʝʤʝ ʨʘʜʠʦʩʚʷʟʠ ʩ OFDM, ʧʦʟʚʦʣʷʶʱʠʡ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ 

ʨʘʜʠʦʩʚʷʟʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʳʭ ʟʘʤʠʨʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ, ʩʝʣʝʢʪʠʚʥʳʝ ʟʘʤʠʨʘʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
 

The problem of increasing radio systems noise immunity under the signals transmission in 

multipath channels is considered in the article. The method of signals converting in radio communication 

system with OFDM is proposed. The method allows improving the system energy efficiency and can be 

applied for radio systems and radio communication equipment designing, operating under selective 

fading. 

Keywords: multifrequency signal, selective fading, power efficiency 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʫ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʟʚôʷʟʢʫ ʚ 

ʜʝʢʘʤʝʪʨʦʚʦʤʫ ʪʘ ʅɺʏ ʜʽʘʧʘʟʦʥʽ ʻ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʫ ʚ ʫʤʦʚʘʭ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʥʝʽʜʝʘʣʴʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ 

ʚʠʥʠʢʘʶʪʴ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ [1ï3]. ɼʣʷ ʩʪʘʥʜʘʨʪʥʠʭ 

ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʜʥʽʡ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ ʧʦʚʥʽ ʟʘʚʤʠʨʘʥʥʷ ʦʢʨʝʤʠʭ 

ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʧʝʢʪʨʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʟʚʦʨʦʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʤʝʞʝʥʦʛʦ ʨʦʩʪʫ ʧʦʤʠʣʦʢ. 

ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʤʝʪʦʜʫ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ - ʤʝʪʦʜʫ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷʤ 

(Orthogonal Frequency Division Multiplexing - OFDM) [4-8]. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʚʽʜʥʦʩʥʦ ʩʝʣʝʢʪʠʚʥʠʭ ʟʘʚʤʠʨʘʥʴ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʯʘʩʪʦʪʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʟʚôʷʟʢʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʟʥʦʚʠʜ ʩʠʛʥʘʣʽʚ OFDM ï COFDM 

(Coded OFDM). ʉʠʛʥʘʣʠ COFDM ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʢʦʞʥʽʡ 

ʧʽʜʥʝʩʫʯʽʡ ʽ ʤʽʞ ʧʽʜʥʝʩʫʯʠʤʠ [9, 10]. ɿʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʢʦʚʦ ʧʽʜʩʠʣʠʪʠ 

ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ OFDM-ʩʠʛʥʘʣʫ. 

ʇʨʠ ʚʩʽʭ ʧʝʨʝʚʘʛʘʭ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜ COFDM ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ï 

ʚʝʣʠʢʝ ʚʽʜʥʦʰʝʥʥʷ ʧʽʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʡʦʛʦ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʚʝʣʠʢʠʡ 

ʧʽʢʬʘʢʪʦʨ ʩʠʛʥʘʣʫ). 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ 

ʚʠʨh̔ʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ [8, 10, 11]. ʇʝʨʰʠʡ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʡ ï ʘʤʧʣʽʪʫʜʥʝ ʦʙʤʝʞʝʥʥʷ 

ʩʠʛʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʝʣʠʯʠʥʫ ʧʽʢʬʘʢʪʦʨʘ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʟʚôʷʟʢʫ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʧʦʟʘʩʤʫʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʠʧʨʘʚʣʷʶʪʴ ʮʽ ʥʝʜʦʣʽʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʜʘʪʢʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʦʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʣ̔ɹ ʰʝʥʥʷ ʧʽʢ-ʬʘʢʪʦʨʘ. 

ɼʨʫʛʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʜʦʜʘʪʢʦʚʝ ʢʦʜʫʚʘʥʥʷ ʪʘ ʚʚʝʜʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʥʝʩʫʯʠʭ, ʢʦʨʝʢʮʽʷ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʧʽʢʬʘʢʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʩʧʝʢʪʨʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʧʽʢʬʘʢʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ 1/2, ʪʦʙʪʦ ʧʦʣʦʚʠʥʘ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʝʢʮʽʾ. 
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ʊʨʝʪʽʡ ʥʘʧʨʷʤʦʢ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ (ʘʙʦ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʭ) 

ʧʝʨʝʪʚʦʨʝʥʴ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ ʌʫʨôʻ-ʙʘʟʠʩʫ ʽʥʰʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʙʘʟʠʩʽʚ 

(Hadamard basis, wavelet-basis ʪʘ ʽʥ.). ʅʝʜʦʣʽʢʦʤ ʫʩʽʭ ʮʠʭ ʧʽʜʭʦʜʽʚ ʻ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

OFDM-ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʠʛʥʘʣ ʩʪʘʻ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʮʠʢʣʽʯʥʠʭ ʟʩʫʚʽʚ, ʪʦʙʪʦ ʯʫʪʣʠʚʠʤ ʜʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʩʪʽ ʢʘʥʘʣʫ. 

ʋʩʝ ʚʠʱʝ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ ʧʽʢʬʘʢʪʦʨʘ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʠ ʮʴʦʤʫ ʘʙʦ ʧʦʛʽʨʰʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦʛʦ ʧʨʠʡʤʘʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʘʙʦ ʟʥʠʞʫʶʯʠ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʢʘʥʘʣʫ ʪʘ ʫʩʢʣʘʜʥʶʶʯʠ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ 

ʽ ʜʝʢʦʜʫʚʘʥʥʷ. 

ɿʥʘʯʥʠʡ ʧʽʢʬʘʢʪʦʨ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʦʙʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ 

ʢʘʩʢʘʜʽʚ ʧʦʩʠʣʝʥʥʷ. ʃʽʥʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, 

ʤʘʶʪʴ ʚʝʣʠʢʫ ʚʘʨʪʽʩʪʴ ʽ ʜʫʞʝ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʫ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ ʥʝʤʠʥʫʯʽ 

ʜʦʜʘʪʢʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʙʫʜʦʚʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʪʨʘʢʪʽʚ, ʪʦʤʫ ʧʦʪʨʽʙʥʝ ʨʦʟʛʣʷʜ ʽ 

ʘʥʘʣʽʟ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ OFDM ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʡ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ̒ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʟʚôʷʟʢʫ ʟ OFDM ʚ ʫʤʦʚʘʭ ʩʝʣʝʢʪʠʚʥʠʭ ʟʘʚʤʠʨʘʥʴ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʽʢʬʘʢʪʦʨʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʪʪʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʦʮʽʥʶ̒ ʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ bɽ (ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ) ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʫʛʠ ʯʘʩʪʦʪ ʢʘʥʘʣʫ bF (ʯʘʩʪʦʪʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ) [12]. 

ɽʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʜʘʯʫ ʦʜʥʦʛʦ ʙʽʪʘ 

ʽʥʬʦʨʤʘʮʽʾ, ʯʘʩʪʦʪʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ - ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʜʠʥʠʯʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ 

(ʧʠʪʦʤʘ ʰʚʠʜʢʽʩʪʴ): 
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ʜʝ v - ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; G0 - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪ ɹʧʦʪʫʞʥʦʩʪʽ ʟʘʚʘʜʠ 

(ʰʫʤʫ); ʈʩ - ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ; DF - ʰʠʨʠʥʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ. 

ɼʣʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʧʽʢʬʘʢʪʦʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʽʜʥʝʩʫʯʠʭ ʯʘʩʪʦʪ N ʽ 

ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ  ʇmax = 10lg2N. ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʚʠʧʘʜʢʦʚʦʛʦ ʛʘʫʩʩʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʟ ʥʫʣʴʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʦʯʽʢʫʚʘʥʥʷʤ ʽ ʧʝʚʥʠʤ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ, ʪʦ ʤʦʞʣʠʚʠʡ ʨʦʟʛʣʷʜ ʥʘʡʙʽʣʴʰʝ 

ʡʤʦʚʽʨʥʠʭ ʟʥʘʯʝʥʴ ʧʽʢʬʘʢʪʦʨʘ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʽʜʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʻ ʟʥʘʯʥʦʶ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ G0 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʨʽʚʥʦʤʽʨʥʘ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ OFDM-ʩʠʛʥʘʣʫ, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʛʘʫʩʩʽʚʩʴʢʫ ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ su ¢  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʞʝʥʥʷʤ 
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ʜʝ u ï ʟʘʜʘʥʠʡ ʘʤʧʣʽʪʫʜʥʠʡ ʧʦʨʽʛ, s ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʽʢʬʘʢʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʶ ʥʝʩʫʯʦʾ 

ʯʘʩʪʦʪʠ f0 ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ 
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ʜʝ Dfʜ ï ʜʝʚʽʘʮʽʷ ʯʘʩʪʦʪʠ; Df = 1/t̔  ï ʯʘʩʪʦʪʥʝ ʨʦʟʥʝʩʝʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʧʦʜʥʝʩʫʯʠʤʠ 

ʩʠʛʥʘʣʫ OFDM; dk ï k-ʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʤʦʜʫʣʶʶʯʠʡ ʩʠʤʚʦʣ ʪʨʠʚʘʣʽʩʪʶ t̔; N ï ʢʽʣʴʢʽʩʪʴ 

ʦʨʪʦʛʦʥʘʣʥɹʠʭ ʧʽʜʥʝʩʫʯʠʭ ʯʘʩʪʦʪ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʧʦʩʪʽʡʥʦʶ ʦʙʚʽʜʥʦʶ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʥʝʣʽʥʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʠʭʽʜʥʠʭ ʢʘʩʢʘʜʘʭ ʧʝʨʝʜʘʚʘʯʽʚ ʟ ʨʝʟʦʥʘʥʩʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʝʦʨʝʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ), ʱʦ ʜʦʨʽʚʥʶʻ 

78,5%. ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʚ ʦʙʣʘʩʪʽ ʘʤʧʣʽʪʫʜʘ-ʯʘʩʪʦʪʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʽ 

ʩʧʨʦʩʪʠʪʠ ʩʭʝʤʠ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʢʘʩʢʘʜʽʚ ʜʣʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʠʙʣʠʟʥʦ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (COFDM-ʏʄ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʾ ʣʽʥʽʡʥʦʶ COFDM, ʤʦʞʝ ʩʢʣʘʩʪʠ 

ë³ííåë³ímax lg10lg10 D+D-P=D .                                        (4) 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʽʢʬʘʢʪʦʨʘ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʇmax = 8 ʜɹ, 

ʂʂɼ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʩʠʣʝʥʥʷ  Dʥʝʣʽʥ = 0,6 ʽ ʂʇɼ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ  Dʣʽʥ = 0,3, ʦʜʝʨʞʠʤʦ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  D = 11 ʜɹ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ OFDM ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʘʥʽʧʫʣʷʮʽʾ ʚ ʧʽʜʢʘʥʘʣʘʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ 

ʤʘʥʽʧʫʣʮ̫ʽʾ (ʂɸʄ-ʄ). ɼʣʷ ʩʠʛʥʘʣʽʚ ʂɸʄ-ʄ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʦʚʦʛʦ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʠʛʥʘʣʘʤʠ d. ɼʣʷ L-ʚʠʤʽʨʥʦʾ ʂɸʄ ʚʦʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ [13] 
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ʜʝ d  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʘʥʩʘʤʙʣʶ ʂɸʄ; a - ʧʘʨʘʤʝʪʨ ʤʦʜʫʣʷʮʽʾ (a = 1 - ʜʣʷ 

ʢʣʘʩʠʯʥʦʾ ʂɸʄ, a = 2 ʘʙʦ 4 - ʜʣʷ ʽʻʨʘʨʭʽʯʥʦʾ ʂɸʄ); M ï ʨʦʟʤʽʨʥʽʩʪʴ ʂɸʄ-ʩʠʛʥʘʣʫ;     
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ɼʣʷ ʢʣʘʩʠʯʥʦʾ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʂɸʄ (a = 1) ʽʟ ʬʦʨʤʫʣʠ (6) ʦʜʝʨʞʠʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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ʇʨʠ L = 2 (ʜʚʦʚʠʤʽʨʥʘ ʂɸʄ) ʚʠʨʘʟ (7) ʤʘʻ ʚʠʛʣʷʜ 
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ʇʨʠ ʚʝʣʠʢʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʧʨʠʡʤʘʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʟ ʢʚʘʜʨʘʪʫʨʥʦʶ ʘʤʧʣʽʪʫʜʥʦʶ ʤʘʥʽʧʫʣʷʮʽʻʶ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʩʧʨʦʱʝʥʠʤ ʚʠʨʘʟʦʤ 

[12, 14] 
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[1]. 

ɿʘʚʘʜʦʩʪʽʡʢʽʩʪʴ COFDM-ʏʄ ʩʠʛʥʘʣʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʯʘʩʪʦʪʥʠʭ ʧʽʜʢʘʥʘʣʘʭ 

ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ ʚ ʫʤʦʚʘʭ ʰʫʤʦʚʠʭ ʟʘʚʘʜ ʦʮʽʥʶʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ COFDM ʽ COFDM-ʏʄ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ ʰʫʤʦʚʠʭ ʟʘʚʘʜ ʧʦʢʘʟʘʚ 

ʝʥʝʨʛʝʪʠʯʥʫ ʧʝʨʝʚʘʛʫ ʦʩʪʘʥʥʴʦʛʦ ʤʽʥʽʤʫʤ ʥʘ 1-2 ʜɹ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʩʠʩʪʝʤʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʘʢʠʭ, ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʩʠʩʪʝʤʠ COFDM-ʏʄ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʬʝʢʪ Ăʟʘʭʚʘʪʘ ʰʫʤʫò ʧʨʠ ʤʘʣʠʭ ʚʽʜʥʦʰʝʥʥʷʭ 

ʩʠʛʥʘʣ/ʰʫʤ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʩʠʛʥʘʣʽʚ ʟ ʢʫʪʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʽʢʬʘʢʪʦʨʘ ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʾ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʻ ʥʝʽʥʚʘʨʽʘʥʪʥʠʤʠ ʜʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʩʩʠʛʥʘʣʫ.  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɽʅɽʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ 

ʆʇʊʀʄɸʃʔʅʀʍ ʅɸʉʊʈʆʁʆʂ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʈʆɹʆʊʆʊɽʍʅɯʏʅʆɻʆ 

ʂʆʄʇʃɽʂʉʋ  

 
ʈʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʩʪʨʦʡʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʦʧʪʠʤʘʣʴʥʽ ʥʘʩʪʨʦʡʢʠ, ʤʘʨʰʨʫʪʠ ʧʝʨʝʩʫʚʘʥʥʷ, 

ʤʦʙʽʣʴʥʠʡ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʡ ʢʦʤʧʣʝʢʩ. 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʪʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʤʦʙʠʣʴʥʳʡ 

ʨʦʙʦʪʦʪʝʭʥʠʯʥʳʡ ʢʦʤʧʣʝʢʩ. 

 

Use possibility genetics algorithms for calculation of optimum options of functioning robot system 

is considered. 

Keywords: genetic algorithm, optimum options, mobile robot syste 

 

ɺʩʪʫʧ. ɹʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʟʽ ʩʢʣʘʜʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ 

ʪʠʧʦʚʠʭ ʩʠʩʪʝʤʘʭ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʜʠʥʘʤʽʢʠ ʧʝʨʝʩʫʚʘʥʥʷ ʦʙôʻʢʪʘ (ʨʦʙʦʪʦʪʝʭʥʽʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ) ʟ ʯʘʩʦʤ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʠʩʪʝʤ ʫ ʨʦʙʦʪʦʪʝʭʥʽʮʽ ʧʨʝʜôʷʚʣʷʻ ʧʽʜʚʠʱʝʥʽ 

ʚʠʤʦʛʠ ʜʦ ʤʦʙʽʣʴʥʦʩʪʽ ʧʝʨʝʩʫʚʘʥʥʷ ʨʦʙʦʪʽʚ-ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ [1], 

ʚʠʭʽʜ ʷʢʦʾ ʦʧʠʩʫʻ ʙʘʞʘʥʫ ʮʽʣʴ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʧʨʠ ʟʘʜʘʥʽʡ ʚʭʽʜʥʽʡ ʜʽʾ. ɸʣʝ ʥʝʜʦʣʽʢʦʤ 

ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʩʢʣʘʜʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʝʪʘʣʦʥʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʦʚʥʽʩʪʶ ʪʦʯʥʦ ʽ 

ʘʜʝʢʚʘʪʥʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙôʻʢʪʫ. ʊʦʤʫ, ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʜʝ ʦʧʪʠʤʘʣʴʥʽ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʙʤʝʞʝʥʴ ʪʘ ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʫʧʨʘʚʣʽʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘ ʨʝʛʫʣʷʪʦʨʽʚ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ 

ʘʜʘʧʪʫʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʧʨʠ ʟʤʽʥʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙôʻʢʪʘ ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʣʠʰʘʣʠʩʴ ʥʝʟʤʽʥʥʠʤʠ. 

ʄʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʧʦʩʪʘʻ ʧʝʨʝʜ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʚʦʜʽʚ, ʷʢʽ ʤʘʣʠ ʙ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʫʭʣʠʚʦʩʪʽ ʧʣʘʪʬʦʨʤʠ, ʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʽ ʧʨʠʚʦʜʠ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ: 

ʬʫʥʢʮʽʾ ʫʩʫʥʝʥʥʷ ʚʽʙʨʘʮʽʡ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʚʠʛʫʥʘ ʽ ʡʦʛʦ ʟʫʧʠʥʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʣʶʯʠʪʠ ʨʦʙʦʪʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʡʦʛʦ ʥʘʣʘʛʦʜʞʝʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʚʽʜʥʦʩʥʦʛʦ, ʪʘʢ ʽ ʘʙʩʦʣʶʪʥʦʛʦ ʽʥʢʨʝʤʝʥʪʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ 

ʧʦʣʦʞʝʥʥʷ; 

ʚʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ï ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʧʦ ʤʦʤʝʥʪʫ; 

ʪʝʩʪʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ. 
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ʌʫʥʢʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʰʚʠʜʢʽʩʪʶ: 

ʘʚʪʦʧʽʜʩʪʨʦʶʚʘʥʥʷ (ʧʨʠ ʟʤʽʥʶʚʘʥʥʽ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ) ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʦʨʮʽʡʥʦʾ ʽ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ; 

ʚʽʣʴʥʦ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʯʘʩʪʦʪʠ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ʟʨʫʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʫ ʧʨʠ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, 

ʟʘʚʜʘʥʥʷ ʯʘʩʫ ʨʦʟʛʦʥʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ S-ʦʙʨʘʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʽ ʤʘʻ ʦʜʠʥ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʡʦʛʦ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʫʧʨʘʚʣʽʥʥʷ: 

ñ ­=
t

0
k,k ip

minu)dtz,f(x,I   ,                                               (1) 

ʜʝ  ][ maxminip k,kk,k Í  ï ʧʘʨʘʤʝʪʨʠ ʥʘʩʪʨʦʡʢʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʠ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʨʦʙʦʪʠ. ɹʣʦʢ ʧʦʨʽʚʥʷʥʥʷ ʧʦʩʪʽʡʥʦ ʧʦʨʽʚʥʶʻ ʢʦʦʨʜʠʥʘʪʠ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʟ ʾʭ 

ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ, ʷʢʱʦ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ 0Ä ¸-=e xxÇ , ʪʦ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʻ ʥʘ ʙʣʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ (ʨʠʩ. 1), ʟʘʜʘʯʘ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʩʪʨʦʡʦʢ ʨʝʛʫʣʷʪʦʨʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʘʢʠʭ, ʱʦʙ ʚ ʩʠʩʪʝʤʽ  ʜʦʩʷʛʘʣʘʩʴ ʮʽʣʴ ʫʧʨʘʚʣʽʥʥʷ  

                 ñ ­-=
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t
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minõ)dt(xI ,                                                    (2) 

ʜʝ  x,xÇÄ  ï ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʪʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʠʭʦʜʽ ʦʙôʻʢʪʘ. 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʉɸʈ 

 

ʋ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʩʪʫʧʘʶʪʴ ip k,k , ʘ ʧʦʰʫʢʦʚʠʡ ʧʨʦʩʪʽʨ ʤʽʩʪʠʪʴ 

ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʱʦ ʤʦʞʥʘ ʟʘʢʦʜʫʚʘʪʠ ʫ  ʚʠʛʣʷʜʽ ʭʨʦʤʦʩʦʤ.. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ, ʘ ʤʥʦʞʠʥʘ ʾʭ ʟʥʘʯʝʥʴ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʷʢ ʚʽʜʧʦʚʽʜʥʽ ʜʚʽʡʢʦʚʽ ʢʦʜʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʶ 
mink  

ʚʽʜʧʦʚʽʜʘʻ ʢʦʜʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʠʭ ʥʫʣʽʚ, ʘ ʟʥʘʯʝʥʥʶ maxk  ï ʢʦʜʦʚʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʠʭ ʦʜʠʥʠʮʴ. ɼʦʚʞʠʥʘ ʮʠʭ ʢʦʜʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ip k,k , ʘ ʪʘʢʦʞ ʚʽʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʨʚʘʣʫ ][ maxmin k,k . ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ ʚʝʢʪʦʨʘ ʥʘʩʪʨʦʡʦʢ 

ʨʝʛʫʣʷʪʦʨʽʚ ʧʦʩʪʘʚʠʤʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʭʨʦʤʦʩʦʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʫ ʚʠʛʣʷʜʽ ʙʽʪʦʚʦʛʦ ʨʷʜʢʘ. 

ʇʦʩʪʘʚʠʤʦ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʦʤʫ ʚʝʢʪʦʨʫ ][ IP k,k  ʚʝʢʪʦʨ ][ IP x,x , ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢʦʛʦ 

ʚ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʜʚʽʡʢʦʚʠʭ ʩʠʤʚʦʣʽʚ a, ʷʢʘ 
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ʜʦʩʪʘʪʥʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ jx  ʟ ʦʙʣʘʩʪʽ ʡʦʛʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

][ pmaxp K0,x Í  ʯʠ ][ ImaxI K0,x Í . ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʘ ʧʽʜʩʠʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ 

ʟʥʘʭʦʜʷʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ, ʪʦʤʫ ʚ ʟʘʜʘʯʽ ʟʘʜʘʶʪʴʩʷ ʨʽʟʥʽ 

ʽʥʪʝʨʚʘʣʠ ʾʭ ʧʦʰʫʢʫ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 0min_ =pk , ʘ 25=P_maxk  - ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ, ʜʝ ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʦʨʽʚʥʶʻ 0,1, ʪʘ 0=I_mink , 5,2=I_maxk  ï  

ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʢʨʦʢʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ 0,01, ʪʦ 

ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʜʣʷ ʧʽʜʩʠʣʶʚʘʣʴʥʦʾ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʦʜʥʘʢʦʚʘ 251=k .  ɺʝʣʠʯʠʥʘ a ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʟʽ a¢2k , ʪʦʜʽ 8=Ŭ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʞʠʥʘ ʭʨʦʤʦʩʦʤʠ ʜʦʨʽʚʥʶʻ 16, ʧʨʠʯʦʤʫ ʧʝʨʰʽ 8 ʛʝʥʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʘʨʘʤʝʪʨʫ pk , ʘ ʦʩʪʘʥʥʽ 8 ʛʝʥʽʚ ï ʧʘʨʘʤʝʪʨʫ ik  [2]. 

 
ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʤʚʦʣʴʥʘ ʤʦʜʝʣʴ ʚʝʢʪʦʨʘ ʨʦʟʚôʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ DxÍ , ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʙʽʪʦʚʦʾ ʩʪʨʦʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʟʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚôʷʟʢʽʚ ix , ʱʦ ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ D.  
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ɺ ʷʢʦʩʪʽ ʛʝʥʘ ʧʨʠʡʤʘʻʪʴʩʷ ʙʽʥʘʨʥʘ ʢʦʤʙʽʥʘʮʽʷ )( ixh , ʱʦ ʚʠʟʥʘʯʘʻ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ jx  ʚ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ. ɸ ʥʘʡʤʝʥʰʦʶ ʥʝʧʦʜʽʣʴʥʦʶ ʦʜʠʥʠʮʝʶ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ 

ʝʚʦʣʶʮʽʾ, ʻ ʦʩʦʙʘ t
rH  (r ï ʥʦʤʝʨ ʦʩʦʙʠ ʚ ʧʦʧʫʣʷʮʽʾ, t ï ʤʦʤʝʥʪ ʯʘʩʫ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ), 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʥʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʽʜʧʦʚʽʜʥʫ ʥʘʩʪʨʦʡʢʫ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʩʪʨʦʡʦʢ ʇɯ ʨʝʛʫʣʷʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʣʘʩʠʯʥʠʤ ʛʝʥʝʪʠʯʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ (ʨʠʩ. 2). ɺʠʙʽʨ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʭʨʦʤʦʩʦʤ ʧʦʣʷʛʘʻ ʚ ʚʠʧʘʜʢʦʚʦʤʫ ʚʠʙʦʨʽ 

ʭʨʦʤʦʩʦʤʠ [3]. 

ʆʮʽʥʢʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʭʨʦʤʦʩʦʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, 

ʧʨʠʯʦʤʫ ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ, ʪʠʤ ʢʨʘʱʘ ñʷʢʽʩʪʴò ʭʨʦʤʦʩʦʤʠ. ɿʫʧʠʥʢʘ 

ʘʣʛʦʨʠʪʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ (2) 

ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. ʊʘʢʦʞ ʟʫʧʠʥʢʘ ʘʣʛʦʨʠʪʤʫ ʤʦʞʣʠʚʘ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʚʞʝ ʜʦʩʷʛʥʫʪʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʘʙʦ ʢʦʣʠ ʧʝʨʝʚʠʱʝʥʦ 

ʟʘʜʘʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʯʠ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. 

ʗʢʱʦ ʫʤʦʚʘ ʟʫʧʠʥʢʠ ʚʠʢʦʥʘʥʘ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʚʠʙʦʨʫ ñʥʘʡʢʨʘʱʦʾò ʭʨʦʤʦʩʦʤʠ. ɺ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʩʝʣʝʢʮʽʷ, ʪʦʙʪʦ ʚʠʙʠʨʘʶʪʴʩʷ ʭʨʦʤʦʩʦʤʠ, 

ʱʦ ʧʨʠʡʤʘʪʠʤʫʪʴ ʫʯʘʩʪʴ ʚ ʩʪʚʦʨʝʥʥʽ ʥʘʩʪʫʧʥʦʾ ʧʦʧʫʣʷʮʽʾ. ʊʘʢʠʡ ʚʠʙʽʨ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʥʮʠʧʫ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ, ʟʘ ʷʢʠʤ ʥʘʡʙʽʣʴʰʽ ʰʘʥʩʠ ʥʘ ʫʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʠʭ ʦʩʦʙʠʥ ʤʘʶʪʴ ʭʨʦʤʦʩʦʤʠ ʟ ʥʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʜʦ ʭʨʦʤʦʩʦʤ, ʱʦ ʚʽʜʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʣʝʢʮʽʾ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʧʦʧʫʣʷʮʽʾ, ʱʦ ʩʪʚʦʨʝʥʘ ʚʽʜ ʚʠʟʥʘʯʝʥʦʾ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʙʘʪʴʢʽʚʩʴʢʦʾ 

ʧʦʧʫʣʷʮʽʾ. ɺ ʜʘʥʦʤʫ ʛʝʥʝʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʽ ʛʝʥʝʪʠʯʥʽ 

ʦʧʝʨʘʪʦʨʠ: ʦʧʝʨʘʪʦʨ ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ. ʇʨʦʪʝ ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʽʾ ʻ ʜʦʩʠʪʴ ʥʝ 

ʟʥʘʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʾʾ ʚʽʨʦʛʽʜʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ (0 Ò ʨʄ Ò 0,1) ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʨʦʛʽʜʥʽʩʪʶ 

ʩʭʨʝʱʫʚʘʥʥʷ (0,5 Ò ʨʉ Ò 1).  

ɺʠʩʥʦʚʢʠ. ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʦʜʝʣʶʶʪʴ 

ʧʨʠʨʦʜʥʫ ʝʚʦʣʶʮʽʶ ʚ ʧʨʦʩʪʦʨʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʪʠʤʽʟʫʶʪʴʩʷ, ʘ ʥʝ ʚ ʧʨʦʩʪʦʨʽ ʧʘʨʘʤʝʪʨʽʚ 

ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ. 

 
ʃɯʊɽʈɸʊʋʈɸ: 

1. ʃʘʜʘʥʶʢ ɸ.ʇ., ɿʘʻʮʴ ʅ.ɸ., ʃʫʮʴʢʘ ʅ.ʄ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʦʙôʻʢʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʠʧʫ // ɸʚʪʦʤʘʪʠʢʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ. 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʠʩʪʝʤʳ ï 2005. ï ˉ1. ï ʉ.158-162. 

2. ɿʘʻʮʴ ʅ.ɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ /ʅ.ɸ. ɿʘʻʮʴ, ɺ.ʄ. ʐʪʝʧʘ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ï ʂ.: ʅʋɹʽʇʋ. ï 2011. ï ɺʠʧ. 166. ï ʉ. 157 ï 164 

3. ɹʘʪʽʱʝʚ ɼ.ɯ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ./ ɹʘʪʽʱʝʚ ɼ.ɯ., ʅʝʡʤʘʨʢ ɽ.ɸ., ʉʪʘʨʦʩʪʽʥ ʅ.ɺ. ï ʅʠʞʥʽʡ ʅʦʚʛʦʨʦʜ, 2007. ï 88 ʩ. 

4. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʧʨʦʙʣʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ / ɻ.ʂ. ɺʦʨʦʥʦʚʩʢʠʡ, ʂ.ɺ. ʄʘʭʦʪʠʣʦ, ʉ.ʅ. ʇʝʪʨʘʰʝʚ, ʉ.ɸ. ʉʝʨʛʝʝʚ. ï ʍʘʨʴʢʦʚ: ʆʩʥʦʚʘ, 

1997. ï 112 ʩ. 

5. ʂʫʨʦʧʘʪʢʠʥ ʇ.ɺ. ʆʧʪʠʤʘʣʴʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ / ʇ.ɺ. ʂʫʨʦʧʘʪʢʠʥ.ï ʄ.: ɺʳʩʰ. ʰʢ. 

1980. ï 288 ʩ. 

 

ɹʝʟ ʨʝʮʝʥʟʽʾ. 



 45 

ʋɼʂ 621.396.96                                                                                ɯʚʘʥʦʚ ɸ.ɺ. (ʅɸɼʇʉʋ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʐʠʥʢʘʨʫʢ ʆ.ʄ. (ʍʤʅʋ) 

ʢ.ʪ.ʥ., ʜʦʮ. ʏʝʩʘʥʦʚʩʴʢʠʡ ɯ.ɯ. (ʍʤʅʋ) 

 

ʈʆɿʈʆɹʂɸ ɸɼɸʇʊʀɺʅʆɻʆ ʂɸʅɸʃʋ ʂʆɻɽʈɽʅʊʅʆɰ ʄɯɾʇɽʈɯʆɼʅʆɰ 

ʆɹʈʆɹʂʀ ɽʍʆ-ʉʀɻʅɸʃɯɺ ɺ ɯʄʇʋʃʔʉʅʀʍ ʈɸɼɯʆʃʆʂɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ 

 
ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʘʜʘʧʪʠʚʥʦʛʦ ʢʘʥʘʣʫ ʦʙʨʦʙʢʠ 

ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜʢʨʠʚʘʻ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʜʘʣʴʥʽʩʥʠʭ ʧʦʨʪʨʝʪʽʚ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʮʽʣʝʡ, ʟʘ 

ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʚʽʜʭʠʣʝʥʴ ʚ ʩʧʝʢʪʨʽ ʝʭʦ-ʩʠʛʥʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʧʝʢʪʨʫ ʟʦʥʜʫʶʯʦʛʦ. ɺ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧʠ ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʚʥʫʪʨʽʰʥʴʦʾ ʬʘʟʦʯʘʩʪʦʪʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʘʩʦʙʠ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʧʦʨʪʨʝʪ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ, 

ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ. 

  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʘʥʘʣʘ ʦʙʨʘʙʦʪʢʠ 

ʠʤʧʫʣʴʩʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ ʦʪʢʨʳʚʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʜʘʣʴʥʦʩʪʥʳʭ ʧʦʨʪʨʝʪʦʚ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ, ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʧʝʢʪʨʝ ʵʭʦ-ʩʠʛʥʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʧʝʢʪʨʫ ʟʦʥʜʠʨʫʶʱʝʛʦ. ɺ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʦ ʧʨʠʥʮʠʧʳ ʘʜʘʧʪʠʚʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʭ ʚʥʫʪʨʝʥʥʝʡ 

ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʧʦʨʪʨʝʪ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʘʜʘʧʪʠʚʥʳʡ ʬʠʣʴʪʨ. 

 

The paper presents a method for constructing and calculating adaptive channel pulsed radar signal 

processing. Use the channel opens possibilities of obtaining distant portraits form surface radar targets, 

due to variance analysis in the spectrum of the echo signal with respect to the spectrum of the probe. The 

basis of operation of the model on the principles of adaptive filtering and processing methods of radar 

signals using their internal phase-frequency instability. 

Keywords: radar, radar picture, identification, adaptive filter. 

 

ɺʩʪʫʧ. ɸʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʬʽʣʴʪʨʘʮʽʾ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʘʜʽʦʪʝʭʥʽʯʥʽʡ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʛʘʣʫʟʷʭ [1]. ʆʩʥʦʚʥʝ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʧʝʚʥʠʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʮʴʦʤʫ ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʝʚʽʜʦʤʠʤʠ çʯʦʨʥʠʤʠ ʷʱʠʢʘʤʠè, ʱʦ ʤʘʶʪʴ ʧʦ 

ʦʜʥʦʤʫ ʘʙʦ ʙʽʣʴʰʝ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ [1]. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʘʢʪʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʪʘʢʦʶ 

ʩʠʩʪʝʤʦʶ (ʥʝʚʽʜʦʤʠʤ çʯʦʨʥʠʤ ʷʱʠʢʦʤè) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʮʽʣʴ, ʷʢʘ ʚ ʥʘʩʣʽʜʦʢ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʥʦʩʠʪʴ ʟʥʘʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʝʭʦ-ʩʠʛʥʘʣ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʟʦʥʜʫʶʯʦʛʦ. ʉʘʤʝ ʟʘ ʮʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ, ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʜʘʣʴʥʽʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʮʽʣʝʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʦʙʮʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʽʣʝʡ ʚ 

ʟʘʜʘʯʘʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ. ʇʨʦʚʝʜʝʥʠʡ ʾʭ 

ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʦʩʥʦʚʽ ʤʘʡʞʝ ʚʩʽʭ ʤʝʪʦʜʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʢʣʘʜʝʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʦʥʜʫʶʯʠʭ ʩʠʛʥʘʣʽʚ, ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʽʪʢʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʧʦʨʪʨʝʪʽʚ ʮʽʣʝʡ 

(ʈʃʇʎ). ɺʩʽ ʮʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦʾ (ʯʘʩʦʚʦʾ) çʢʦʥʪʨʘʩʪʥʦʩʪʽè 

ʟʦʥʜʫʶʯʦʛʦ ʩʠʛʥʘʣʫ (ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʨʽʟʥʝʥʥʷ) ʟ ʤʝʪʦʶ ʜʝʪʘʣʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʍʦʯʘ, ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʮʶ ʟʘʜʘʯʫ ʽ ʽʥʰʠʤ ʰʣʷʭʦʤ ï 

ʨʦʟʛʣʷʜʘʶʯʠ ʮʽʣʴ ʷʢ ʧʝʚʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʚʥʦʩʠʪʴ ʚ ʩʠʛʥʘʣ ʧʝʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʩʠʛʥʘʣ ʧʦʚʥʽʩʪʶ ʚʽʜʦʤʠʡ ʽ ʥʘ ʧʨʠʡʦʤʥʽʡ ʽ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ (ʟʦʥʜʫʶʯʠʡ ʽ ʝʭʦ- 
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ʩʠʛʥʘʣʠ) [3,4], ʘ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʥʴʦʛʦ ʥʝ ʚʥʦʩʷʪʴʩʷ 

ʬʘʟʦʯʘʩʪʦʪʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʘʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʮʽʣʽ ʷʢ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ, ʜʘʩʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʾʾ ʽʤʧʫʣʴʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʢʽʡ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ. ɸ ʦʪʞʝ, ʟʘʜʘʯʘ 

ʦʪʨʠʤʘʥʥʷ ʈʃʇʎ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʮʠʬʨʦʚʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʚ ʤʦʤʝʥʪ ʧʨʠʡʦʤʫ (ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʫ ʥʘʷʚʥʦʩʪʽ ʝʭʦ-

ʩʠʛʥʘʣʫ) ʜʦ ʬʦʨʤʠ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʾ ʧʦʤʠʣʢʠ (ʚʽʜʭʠʣʝʥʥʷ 

ʝʭʦ- ʽ ʟʦʥʜʫʶʯʦʛʦ ʩʠʛʥʘʣʽʚ).  

ɺʠʭʦʜʷʯʠ ʽʟ ʚʠʜʫ ʟʦʥʜʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʜʝʪʘʣʽʟʘʮʽʾ ʚʽʜʪʚʦʨʝʥʥʷ 

ʈʃʇʎ ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ï ʨʦʟʛʣʷʜʘʶʯʠ ʮʽʣʴ ʚ ʷʢʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʜʥʠʤ ʚʭʦʜʦʤ ʽ ʦʜʥʠʤ ʚʠʭʦʜʦʤ ʘʙʦ ʚ ʷʢʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʙʘʛʘʪʴʤʘ ʚʭʦʜʘʤʠ ʽ ʙʘʛʘʪʴʤʘ ʚʠʭʦʜʘʤʠ. ʅʘ ʨʠʩʫʥʢʫ 1,ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʈʃʇʎ ʥʘ ʦʩʥʦʚʽ ʩʭʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʽʜʦʤʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʜʥʠʤ ʚʭʦʜʦʤ ʽ ʦʜʥʠʤ 

ʚʠʭʦʜʦʤ. ʅʘ ʚʭʽʜ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ ʽ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʧʦʜʘʻʪʴʩʷ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʩʠʛʥʘʣ 

(ʟʦʥʜʫʶʯʠʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ). ɸʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʥʘʩʪʨʦʶʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʡʦʛʦ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʜʧʦʚʽʜʘʚ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ (ʝʭʦ-ʩʠʛʥʘʣʫ) ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦ ʢʨʠʪʝʨʽʶ ʥʘʡʢʨʘʱʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ.  
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ʈʠʩ. 1. ʌʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʨʪʨʝʪʫ ʮʽʣʽ ʟʘ ʩʭʝʤʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ 

ʦʜʥʠʤ ʚʭʦʜʦʤ ʽ ʦʜʥʠʤ ʚʠʭʦʜʦʤ ʙʝʟ ʜʽʾ ʰʫʤʫ ʘ) ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʰʫʤʫ ʙ) 

 

ɹʣʠʟʴʢʝ ʘʙʦ ʧʦʚʥʝ ʥʘʙʣʠʞʝʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʚʦʣʦʜʽʻ 

ʜʦʩʪʘʪʥʴʦʶ ʛʥʫʯʢʽʩʪʶ, ʪʦʙʪʦ ʤʘʻ ʜʦʩʪʘʪʥʻ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ (ʟʤʽʥʥʠʭ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ). ʇʽʩʣʷ ʘʜʘʧʪʘʮʽʾ ʩʪʨʫʢʪʫʨʘ ʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʘʙʦ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʨʫʢʪʫʨʽ ʘʙʦ ʧʘʨʘʤʝʪʨʘʤ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ (ʧʨʦʩʪʦʨʦʚʽʡ 

ʬʦʨʤʽ ʚʽʜʙʠʚʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʮʽʣʽ), ʧʨʦʪʝ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʚʠʭʽʜʥʠʤ 

ʚʽʜʛʫʢʦʤ ʙʫʜʝ ʦʜʠʥ ʽ ʪʦʡ ʞʝ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ (ʤʽʞʧʝʨʽʦʜʥʽʡ 
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ʦʙʨʦʙʮʽ) ʚʽʜʙʠʨʘʪʠ ʜʽʡʩʥʽ ʈʃʇʎ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʩʪʘʻ ʤʦʜʝʣʣʶ ʥʝʚʽʜʦʤʦʾ 

ʩʠʩʪʝʤʠ (ʮʽʣʽ). ʗʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ, 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʙʦʨʽ ʾʾ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʻ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʝʚʥʦʤʫ 

ʚʠʙʦʨʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ,ʪʦ ʧʨʦʮʝʩ ʘʜʘʧʪʘʮʽʾ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

(ʉʂɺ),  ʧʨʠʚʦʜʠʪʴ  ʜʦ ʪʦʯʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ  ʾʾ ʧʘʨʘʤʝʪʨʽʚ (ʈʃʇʎ). 

ʋ ʚʠʧʘʜʢʫ ʘʢʪʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʪʠʤ ʙʽʣʴʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʠʭ ʽʤʧʫʣʴʩʥʠʭ 

ʟʦʥʜʫʶʯʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʩʠʛʥʘʣ ʚʽʜ ʮʽʣʽ ʤʽʩʪʠʪʴ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, ʪʦʙʪʦ ʥʝʚʽʜʦʤʘ 

ʩʠʩʪʝʤʘ ʚʦʣʦʜʽʻ ʚʥʫʪʨʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ, ʷʢʱʦ 

ʘʜʘʧʪʠʚʥʘ ʤʦʜʝʣʴ ʚʦʣʦʜʽʻ ʜʦʩʪʘʪʥʴʦʶ ʛʥʫʯʢʽʩʪʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ, ʾʾ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʽʜʥʦʤʫ 

ʩʠʛʥʘʣʫ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ kn , ʧʦʢʘʟʘʥʦʶ ʥʘ ʨʠʩ. 1,ʙ ʫ 

ʚʠʛʣʷʜʽ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ ʫ ʩʢʣʘʜʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ. ɺʥʫʪʨʽʰʥʽʡ ʰʫʤ ʤʽʩʪʠʪʴʩʷ ʫ 

ʝʭʦ-ʩʠʛʥʘʣʽ ʽ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝʡ ʰʫʤ ʥʝʢʦʨʝʣʴʦʚʘʥʠʡ ʟ ʝʭʦ-ʩʠʛʥʘʣʦʤ. ʗʢʱʦ ʘʜʘʧʪʠʚʥʘ 

ʤʦʜʝʣʴ ʟʘ ʮʽʻʾ ʫʤʦʚʠ ʻ ʘʜʘʧʪʠʚʥʠʤ ʣʽʥʽʡʥʠʤ ʩʫʤʘʪʦʨʦʤ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʦʛʦ ʟʤʽʥʶʶʪʴʩʷ 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʉʂɺ, ʪʦ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʫʤʫ. ʎʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʰʫʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʞʥʽʩʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ 

ʛʦʚʦʨʠʪʴ ʣʠʰʝ ʧʨʦ ʪʝ, ʱʦ ʰʫʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʝʢʪʦʨ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʤʦʜʝʣʴʦʚʘʥʦʾ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ ʽ, ʢʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʢʨʝʪʥʠʡ ʚʠʧʘʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʈʃʇʎ ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽ ʘʤʧʣʽʪʫʜʥʽ, 

ʬʘʟʦʚʽ ʪʘ ʯʘʩʪʦʪʥʽ ʚʘʨʽʘʮʽʾ ʝʭʦ-ʩʠʛʥʘʣʫ, ʧʨʠ ʚʽʜʙʠʪʪʽ ʚʽʜ ʮʽʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ 

ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʨʝʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʙʚʽʜʥʦʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʨʽʟʥʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʻ ʚʠʱʠʤʠ ʥʽʞ ʢʦʨʝʣʷʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʛʥʘʣʫ ʟʘ ʪʨʠʚʘʣʽʩʪʶ (ʙʘʟʘ ʩʠʛʥʘʣʫ ʙʽʣʴʰʘ ʦʜʠʥʠʮ)̔. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʤʝʪʦʜʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʜʦ ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʦʛʦ ʬʽʣʴʪʨʫ. ʅʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʱʦ ʽʣʶʩʪʨʫʻ ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟ  
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ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʘʜʘʧʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʽʣʴʪʨʫ 

 

ʢʽʥʮʝʚʦʶ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʪʘ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʟʦʥʜʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʤʘʻ 

ʽʤʧʫʣʴʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʚʽʜʪʚʦʨʶʻ ʬʦʨʤʫ ʚʥʝʩʝʥʠʭ ʚ ʟʦʥʜʫʶʯʠʡ 

ʩʠʛʥʘʣ ʟʤʽʥ. ʎʽ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʈʃʇʎ, ʪʦʙʪʦ ʧʨʦʩʪʦʨʦʚʽʡ ʬʦʨʤʽ ʧʦʚʝʨʭʥʽ ʮʽʣʽ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʚʽʜʙʠʚʘʶʯʫ ʧʦʚʝʨʭʥʶ ʮʽʣʽ, ʱʦ ʚʥʦʩʠʪʴ ʧʝʚʥʽ ʘʤʧʣʽʪʫʜʥʽ, ʬʘʟʦʚʽ ʪʘ ʯʘʩʪʦʪʥʽ 

ʟʤʽʥʠ ʚ ʝʭʦ-ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʛʦ ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʝʪʘʣʦʥʥʠʡ ʬʽʣʴʪʨ 
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ʻ ʜʝʷʢʠʤ ʦʧʠʩʦʤ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʬʽʣʴʪʨʫ ʜʦ ʟʘʚʜʘʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʥʘʩʣʽʜʦʢ ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʷ ʮʽʣʽ, ʚ ʩʠʛʥʘʣ ʧʨʠ ʚʽʜʙʠʪʪʽ 

ʚʥʦʩʷʪʴʩʷ ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʚʽ ʟʤʽʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʭʦʜʞʝʥʥʶ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʧʝʚʥʠʡ 

ʬʽʣʴʪʨ. ʎʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʙʪʦ ʫ ʚʠʛʣʷʜʽ 

ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʽ ʬʘʟʠ ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʪʦʪ Nfff 2,, 21 . ʇʝʨʰʠʤ 

ʝʪʘʧʦʤ ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʻ  ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʷʜʥʽʩʪʴ L (ʢʽʣʴʢʦʩʪʽ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʮʠʬʨʦʚʦʛʦ ʬʽʣʴʪʨʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʽʜʥʦʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ 

ʟʦʥʜʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʫ ʦʜʥʦʤʫ ʟʦʥʜʫʶʯʦʤʫ 

ʩʠʛʥʘʣʽ). ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ ʬʽʣʴʪʨʫ, ʻ ʦʧʪʠʤʘʣʴʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

(ʧʦ ʢʨʠʪʝʨʽʶ ʤʽʥʽʤʫʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ), ʧʨʠ ʷʢʠʭ ʝʪʘʣʦʥʥʠʡ ʩʠʛʥʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ, ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

ʝʭʦ-ʩʠʛʥʘʣʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʡ ʚʽʜʙʠʚʘʶʯʽʡ ʧʦʚʝʨʭʥʽ ʮʽʣʽ ʝʪʘʣʦʥʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ 

ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʦʣʦʜʽʻ ʟʘʜʘʥʠʤʠ ʘʤʧʣʽʪʫʜʥʦʶ, ʬʘʟʦʚʦʶ ʽ ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʽʩʥʫʻ. 

ɺ ʧʨʦʩʪʦʤʫ ʚʘʨʽʘʥʪʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʚʭʦʜʠ ʬʽʣʴʪʨʽʚ, ʝʪʘʣʦʥʥʦʛʦ ʽ ʘʜʘʧʪʠʚʥʦʛʦ, 

ʧʦʜʘʻʪʴʩʷ ʦʜʥʦʪʦʥʘʣʴʥʠʡ ʟʦʥʜʫʶʯʠʡ ʩʠʛʥʘʣ (ʨʠʩʫʥʦʢ 3) ʚʠʛʣʷʜʫ: 

tftx 12sin)( p= ,                                                            (1) 

ʜʝ 1f  - ʯʘʩʪʦʪʘ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ ʛʘʨʤʦʥʽʡʥʦʛʦ ʢʦʣʠʚʘʥʥʷ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʝʪʘʣʦʥʥʠʡ ʬʽʣʴʪʨ ʻ ʣʽʥʽʡʥʠʤ (ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ ʥʝʨʫʭʦʤʦʾ ʮʽʣʽ), 

ʚʽʜʧʦʚʽʜʥʦ ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

 )2sin()( 111 q+p= tfatd ,                                                       (2) 

ʥʘʙʫʚʘʻ ʣʠʰʝ ʬʘʟʦʚʠʭ ʪʘ ʘʤʧʣʽʪʫʜʥʠʭ ʟʤʽʥ. ɼʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʮʝʡ ʩʠʛʥʘʣ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʨʠʩʥʠʡ ʚʽʜʛʫʢ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʽʩʥʫʚʘʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ 

ʥʝʦʙʦʚ'ʷʟʢʦʚʝ. ɼʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʠʡ ʪʽʣʴʢʠ ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʛʦʚʦʨʠʪʠ ʧʨʦ ʜʽʻʚʽʩʪʴ ʤʝʪʦʜʫ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʝʭʦ-ʩʠʛʥʘʣʽʚ. ʂʦʝʬʽʮʽʻʥʪ 1a  

ʽ ʢʫʪ 1q, ʻ ʟʘʜʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʝʨʝʜʘʯʽ ʽ ʟʩʫʚʫ ʬʘʟʠ ʥʘ ʯʘʩʪʦʪʽ 1f . 

ɺ ʨʝʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ, ʟʦʥʜʫʶʯʠʡ ʩʠʛʥʘʣ ʨʽʜʢʦ ʤʘʻ ʚʠʛʣʷʜ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ, ʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ (ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ) ʯʘʩʪʦʪ. ʆʪʞʝ, ʜʣʷ ʪʦʯʥʦʛʦ, 

ʘʙʦ ʧʨʠʥʘʡʤʥʽ, ʥʘʙʣʠʞʝʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʯʘʩʪʦʪ, ʚʭʽʜʥʠʡ 

ʩʠʛʥʘʣ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʢʦʞʥʦʾ ʟ N ʟʘʜʘʥʠʭ ʯʘʩʪʦʪ, ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʚʭʦʜʠ ʷʢ ʝʪʘʣʦʥʥʦʛʦ, ʪʘʢ ʽ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.  ʎʝʡ ʩʠʛʥʘʣ ʤʘʻ 

ʚʠʛʣʷʜ 

,2sin)(
1

ä
=

p=
N

l

l tftx       (3) 

ʜʝ N - ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ.  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ, ʘʙʦ ʢʦʨʠʩʥʠʡ ʚʽʜʛʫʢ 

ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

.)2sin()(
1

ä
=

q+p=
N

l

lll tfatd      (4) 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʝ ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ʜʣʷ ʚʩʽʭ ʯʘʩʪʦʪ, ʟʘʜʘʶʪʴ ʜʝʷʢʽ 

ʯʘʩʪʦʪʠ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʢʨʠʪʠʯʥʽʰʝ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ. ʎʝ ʣʝʛʢʦ ʚʨʘʭʫʚʘʪʠ, ʷʢʱʦ 

ʚʚʝʩʪʠ ʚʭʽʜʥʽ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʩʠʛʥʘʣʠ ʟ ʨʽʟʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʦʚʽ ʩʠʛʥʘʣʫ d(t) 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ. ʏʠʤ ʙʽʣʴʰʝ ʘʤʧʣʽʪʫʜʘ ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʪʠʤ ʙʽʣʴʰʝ ʢʨʠʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʥʘ ʮʽʡ ʯʘʩʪʦʪʽ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ l -ʡ 

ʚʭʽʜʥʠʡ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʤʥʦʞʠʪʴʩʷ ʥʘ ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ lc  ʽ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

,2sin)( tfctx lll p=           (5) 

ʜʝ lc  ʜʦʜʘʪʥʘ ʢʦʥʩʪʘʥʪʘ (ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ) ʜʣʷ ʚʩʽʭ l. ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ  ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʤʘʻ ʚʠʛʣʷʜ: 
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,2sin)(
1

ä
=

p=
N

l

ll tfctx               (6) 

ʘ ʢʦʨʠʩʥʠʡ ʚʽʜʛʫʢ, ʘʙʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ 

.)2sin()(
1

ä
=

q+p=
N

l

llll tfcatd      (7) 

ɺ ʜʘʥʦʤʫ ʚʠʨʘʟʽ la  ʽ lq - ʟʘʜʘʥʽ (ʜʽʡʩʥʽ) ʘʤʧʣʽʪʫʜʘ ʽ ʟʩʫʚ ʬʘʟʠ ʥʘ ʯʘʩʪʦʪʽ lf . 

ɸʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʟʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷʢʥʘʡʢʨʘʱʝ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʘʜʘʥʠʭ ʚʠʤʦʛ. ɿʥʘʭʦʜʠʪʴʩʷ ʮʝ ʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɸʣʛʝʙʨʘʾʯʥʠʡ 

ʚʠʨʘʟ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʩʫʤʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [1,2]  

PRW 1* -= ,       (8) 

ʜʝ 
*W  - ʦʧʪʠʤʘʣʴʥʠʡ ʚʝʢʪʦʨ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʦʛʘ 

0* =gradW ); P - ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ 

ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʣʽʢʽʚ ʢʦʨʠʩʥʦʛʦ ʚʽʜʛʫʢʫ ʽ ʚʽʜʣʽʢʽʚ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

[ ] [ ]TkLkkkkkkkkk xdxdxdxdEXdEP ,,2,1,0 ,,,, 2==
; R  -  ʢʦʨʝʣʷʮʽʡʥʘ ʤʘʪʨʠʮʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  

[ ]Txdxdxdxd LP )(,),2(),1(),0( ,,,, -j-j-jj= 2
, 

ʚʠʨʘʟ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʫ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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         (9) 

ʆʩʢʽʣʴʢʠ d ʽ x ʚʽʜʦʤʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ (9) ʽʟ ʚʠʨʘʟʫ: 
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llxx tfcnTtfcEtxnTtxEn
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, )2sin())(2sin()()()(

.         (10) 

ʆʩʢʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʦʙʫʪʢʫ ʜʚʦʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʯʘʩʫ ʟ ʨʽʟʥʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʚʠʨʘʟ (10) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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llxx

.                                  (11) 

 

ɿʜʽʡʩʥʠʚʰʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʫʻʤʦ: 

)2cos(
2

1
)2cos()2(sin)(

1

2

1

22

, nTfcnTftfcEn l

N

l

ll

N

l

llxx p=ù
ú

ø
é
ê

è
pp=j ää

== .   (12) 

ɺʠʨʘʟ (12) ʦʪʨʠʤʫʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʽ ʢʦʩʠʥʫʩʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʾ 

ʥʝʢʦʨʝʣʴʦʚʘʥʽ, ʘ ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʢʚʘʜʨʘʪʘ ʡʦʛʦ 
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ʘʤʧʣʽʪʫʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ (12) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ R. ɸʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʝʣʝʤʝʥʪʠ ʚʝʢʪʦʨʘ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ P : 

[ ]

.)2cos(
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   (13) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (12) ʽ (13) ʚ (9). ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʟ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʜʘʧʪʠʚʥʦʶ ʬʽʣʴʪʨʫ: 
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)2cos(
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)2cos()2cos(

2

2
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2
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. (14) 
ʉʘʤ ʧʦ ʩʦʙʽ ʚʠʨʘʟ (14) ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʥʝ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ ʬʽʣʴʪʨʫ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ, 

ʚ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʠʡ ʧʨʦʮʝʩ ʚʽʜʧʦʚʽʜʥʦ ʨʠʩʫʥʢʫ 2. 

ʇʨʦʪʝ, ʚ ʟʘʜʘʯʘʭ ʘʢʪʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ ʝʭʦ-ʩʠʛʥʘʣʫ ʚʽʜ ʮʽʣʽ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʻ ʟʤʽʥʥʠʤ ʤʽʞ ʧʝʨʽʦʜʘʤʠ 

ʟʦʥʜʫʚʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʘʤʝ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʦʩʢʽʣʴʢʠ ʤʘʪʨʠʮʶ R ʽ ʚʝʢʪʦʨ ʈ ʚ (14) 

ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦ ʝʭʦ-ʩʠʛʥʘʣʫ. ʗʢʱʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʬʽʣʴʪʨʫ  ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʨʽʰʝʥʥʶ *W , ʪʦ ʉʂɺ ʜʦʨʽʚʥʶʻ [1]: 

ä
=

-=
N

l

lll HSc
1

2
*2

min
2

1
x

,     (15) 

ʜʝ lS  - ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʟʘʜʘʥʦʛʦ ʝʪʘʣʦʥʥʦʛʦ ʬʽʣʴʪʨʫ (ʢʦʤʧʣʝʢʩʥʘ 

ʦʙʚʽʜʥʘ ʨʽʟʥʠʮʝʚʦʛʦ ʩʠʛʥʘʣʫ ʤʽʞ ʟʦʥʜʫʶʯʠʤ ʪʘ ʝʭʦ-ʩʠʛʥʘʣʦʤ) ʥʘ ʯʘʩʪʦʪʽ lf ; 
*

lH  - 

ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʩʫʤʘʪʦʨʘ ʟ ʚʝʢʪʦʨʦʤ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
*W ʥʘ ʯʘʩʪʦʪʽ lf . 

ʆʩʢʽʣʴʢʠ ʘʤʧʣʽʪʫʜʠ ʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʧʨʠ ʚʽʜʙʠʪʪʽ ʩʠʛʥʘʣʫ ʚʽʜ ʮʽʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʨʽʟʥʦʤʫ [5], ʢʦʝʬʽʮʽʻʥʪʠ lc
 ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʙʠʨʘʪʠ, ʷʢ ʮʝ 

ʨʦʙʠʪʴʩʷ ʚ (5). ʇʨʠ ʩʠʥʪʝʟʽ ʬʽʣʴʪʨʫ ʜʦʩʪʘʪʥʴʦ ʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʨʽʟʥʠʮʝʚʫ ʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  

ʅʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (14), ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʢʮʽʶ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʦʪʨʠʤʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʥʘʙʣʠʞʝʥʽ ʨʽʰʝʥʥʷ. ʎʝʡ ʩʧʦʩʽʙ ʻ ʧʨʦʩʪʽʰʠʤ, 

ʦʩʢʽʣʴʢʠ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʫʤ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ (6) ʽ (7) ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʡʦʤʦ-ʧʝʨʝʜʘʚʘʯʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʜʘʧʪʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʘʥʥʷ ʈʃʇʎ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.   
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ʇʝʨʝʜʘʚʘʯ 

ɿʦʥʜʫʶʯʠʡ 

ʩʠʛʥʘʣ 

ʌʦʨʤʫʚʘʯ 

ʩʧʝʢʪʨʫ 

ʟʦʥʜʫʶʯʦʛʦ 

ʩʠʛʥʘʣʫ (ʍ) 

ɸʜʘʧʪʠʚʥʠʡ 

ʬʽʣʴʪʨ 

ɹʣʦʢ 

ʟʚʦʨʦʪʥʴʦʛʦ  

ɼʇʌ 

*W  

&         

 

 kemin  ke 

*

fW  
*

tW  

ʌʦʨʤʫʚʘʯ 

ʩʧʝʢʪʨʫ ʝʭʦ-

ʩʠʛʥʘʣʫ (D) 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʘʜʘʧʪʠʚʥʦʛʦ ʢʘʥʘʣʫ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ  

 

ɺ ʜʘʥʽʡ ʩʭʝʤʽ ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʧʽʜʩʪʨʦʶʻ ʩʚʦʾ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʠʛʥʘʣ 

ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʚ ʝʭʦ-ʩʠʛʥʘʣʫ. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʚʝʢʪʦʨ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʫ (ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʫ) ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ 

ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʮʽʣʽ ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʟʤʽʥ ʚ ʘʤʧʣʽʪʫʜʥʦʤʫ, 

ʬʘʟʦʚʦʤʫ ʪʘ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʘʭ ʝʭʦ-ʩʠʛʥʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʥʜʫʶʯʦʛʦ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʜʘʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʫʶʪʴ, ʟʘ ʫʤʦʚʠ ʜʽʾ ʟʥʘʯʥʦʛʦ ʨʽʚʥʷ ʰʫʤʽʚ ʥʘ ʚʭʦʜʽ 

ʧʨʠʡʤʘʯʘ, ʥʝ ʤʦʞʣʠʚʦ ʜʦʩʷʛʘʪʠ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʘʜʘʧʪʘʮʽʾ ʬʽʣʴʪʨʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ. ɺ ʘʢʪʠʚʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʘʭ 

ʮʝ ʤʦʞʝ ʙʫʪʠ ʤʽʞʧʝʨʽʦʜʥʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ, ʫʟʛʦʜʞʝʥʘ ʦʙʨʦʙʢʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ 

ʟʦʥʜʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʽ ʪ.ʜ.  

 ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʢʘʥʘʣʫ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʜʘʣʴʥʽʩʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʧʦʨʪʨʝʪʠ ʮʽʣʝʡ ʥʘ 

ʙʘʟʽ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʚʠʜʢʦʛʦ ʪʘ ʟʨʫʯʥʦʛʦ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʤ, ʜʘʻ ʟʤʦʛʫ 

ʷʢʥʘʡʰʚʠʜʰʝ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʽʜʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʫ.  
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ʇʈɽʎʀɿɯʁʅɯ ɺʀʄɯʈʖɺɸʅʅʗ ʆɹôɭʂʊɯɺ ʅɸ ʂʆʆʈɼʀʅɸʊʅʆ-

ɺʀʄɯʈʖɺɸʃʔʅɯʁ ʄɸʐʀʅɯ ɻɽʆʄɽʊʈʀʏʅʀʍ ʈʆɿʄɯʈɯɺ ɼɽʊɸʃɽʁ 
 

ʈʦʟʛʣʷʥʫʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ 

ʥʘ ʪʨʠʢʦʦʨʜʠʥʘʪʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʧʦ ʟʘʜʘʥʽʡ ʙʘʟʽ 

ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʡʦʛʦ ʛʨʘʥʠʮʽ. ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟʤʽʥʥʽʡ ʚʦʣʦʜʽʻ 

ʛʘʨʘʥʪʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʛʣʘʜʢʦʩʪʽ ʪʘ ʤʦʥʦʪʦʥʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʙʘʟʘ ʪʦʯʦʢ, ʪʨʠʚʠʤʽʨʥʘ ʧʦʣʽʥʦʤʽʘʣʴʥʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ. 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

ʧʦ ʟʘʜʘʥʥʦʡ ʙʘʟʝ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʝʝ ʛʨʘʥʠʮʝ. ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ 

ʧʦʣʠʥʦʤ ʧʦ ʣʶʙʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʣʘʜʝʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʣʘʜʢʦʩʪʠ ʠ 

ʤʦʥʦʪʦʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʙʘʟʘ ʪʦʯʝʢ, ʪʨʝʭʤʝʨʥʘʷ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

 

The mathematical model of process of measurement and construction of three-dimensional objects 

on three-coordinate informational-measuring system of mechanical sizes on the given base of the points 

located on its border is considered. The technique of construction of objects is based on three-dimensional 

polynominational approximations. It is shown, that approximating polynom on any variable owns 

guaranteed properties of smoothness and monotony. 

Keywords: mathematical model, base of points, three-dimensional polynomial approximation 

 

ɺʩʪʫʧ. ʇʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʤʝʪʦʜʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʦʥʪʫʨʥʝ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. ɺʠʢʦʥʫʶʯʽ ʦʨʛʘʥʠ ï ʣʽʥʽʡʥʽ ʜʚʠʛʫʥʠ ʟ ʛʘʟʦʚʠʤ ʟʤʘʱʝʥʥʷʤ, 

ʱʦ ʥʝʩʫʪʴ ʚʠʤʽʨʶʚʘʣʴʥʫ ʪʨʠʢʦʦʨʜʠʥʘʪʥʫ ʛʦʣʦʚʢʫ ʦʧʠʩʫʶʪʴ ʝʪʘʣʦʥʥʫ ʪʨʘʻʢʪʦʨʽʶ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʽʥʘʣʴʥʦʤʫ (ʟʘʜʘʥʦʤʫ) ʢʦʥʪʫʨʫ ʜʝʪʘʣʽ. ɺʽʜʭʠʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʚʠʤʽʨʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʨʝʻʩʪʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʫʣʴʦʚʠʡ ʤʝʪʦʜ. 

ʇʨʦʙʣʝʤʽ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠʩʚʷʯʝʥʦ ʨʷʜ ʨʦʙʽʪ ʌʦʢʩʘ ɸ, 

ʐʫʤʘʢʝʨʘ ʃ., ʃʘʪʠʧʦʚʘ ʖ. ɺ. ʪʘ ɸʫʣʴʯʝʥʢʦ ʉ. ʄ. [1,2,3]. ɺ ʥʠʭ ʨʦʟʛʣʷʥʫʪʦ ʨʷʜ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ ʧʦʙʫʜʦʚʠ ʜʚʦʭ ʨʦʜʠʥ ʢʨʠʚʠʭ, ʱʦ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʦ ʂʫʥʩʫ, ʢʫʙʽʯʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʢʨʠʚʠʭ ʫ ʬʦʨʤʽ ʌʝʨʛʶʩʦʥʘ, ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʽʥ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʇʦʙʫʜʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ 

ʚʠʙʦʨʦʤ ʛʨʘʥʠʮʴ ʩʧʦʣʫʯʝʥʥʷ ʩʢʣʘʜʥʠʭ ʯʘʩʪʠʥ ʧʦʚʝʨʭʥʽ ʧʦ ʟʘʜʘʥʽʡ ʙʘʟʽ ʜʘʥʠʭ ʚʠʤʽʨʷʥʠʭ ʚ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ. 

ɺʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʟʘʜʘʻʪʴʩʷ - ʢʽʥʮʝʚʘ ʜʠʩʢʨʝʪʥʘ ʟʘʥʫʤʝʨʦʚʘʥʘ ʤʥʦʞʠʥʘ ʪʦʯʦʢ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʜʝʷʢʫ ʧʦʚʝʨʭʥʶ, ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʢʦʦʨʜʠʥʘʪʥʦʤʫ 

ʧʨʦʩʪʦʨʽ. 
ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ʉʽʪʢʘ ʢʨʠʚʠʭ ʜʽʣʠʪʴ ʧʦʚʝʨʭʥʶ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʪʦʧʦʣʦʛʽʯʥʦ 

ʧʨʷʤʦʢʫʪʥʠʭ ʧʦʨʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʙʤʝʞʝʥʘ ʧʘʨʦʶ uïʢʨʠʚʠʭ ʽ ʧʘʨʦʶ vïʢʨʠʚʠʭ. ʗʢʱʦ uʽ 
v  ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ ʪʦʜʽ ( )vur , ï ʧʨʝʜʩʪʘʚʣʷʻ ʚʥʫʪʨʽʰʥʶ ʧʦʨʮʽʶ ʧʦʚʝʨʭʥʽ. 

ɺ ʷʢʦʩʪʽ ʧʦʨʮʽʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʢʮʽʾ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʠʭ ʧʦʣʽʥʦʤʽʚ, ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʧʦʣʽʥʦʤʽʚ ɹʝʨʥʰʪʝʡʥʘ. ʅʘ ʚʩʽʡ 
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ʧʦʙʫʜʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʥʝʧʝʨʝʨʚʥʽ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʥʝ ʥʠʞʯʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ, ʥʘ ʢʦʞʥʽʡ 

ʧʦʨʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʥʘʢ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʫʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʠʭ ʥʘʧʨʷʤʢʽʚ. 

ɿʛʽʜʥʦ ʪʝʦʨʝʤʠ ɺʝʡʻʨʰʪʨʘʩʩʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 0>e  ʽʩʥʫʻ ʧʦʣʽʥʦʤ ()xB  ʩʪʝʧʝʥʽ n  ʪʘʢʠʡ, 

ʱʦ 

( ) ( ) e<- zyxBzyxF ,,,, .     (1) 

 

ɼʣʷ ʟʘʜʘʥʦʾ ʮʽʣʦʾ ʚʝʣʠʯʠʥʠ 0>F  ʽ xÍ[0,1] ʚʚʝʜʝʤʦ ʬʫʥʢʮʽʾ [3]: 
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ʌʫʥʢʮʽʾ (2) ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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ɼʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ () ()()()[ ]Ttztytxtr ,,= , [ ]1,0Ít , 

ʟʘʜʘʤʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʦʩʽ t  ʚʫʟʣʦʚʽ ʪʦʯʢʠ ʟ ʢʨʦʢʦʤ ( )11 +=D K  ʪʘʢ, ʱʦ D=jt1 , 

D=itij , Ki ,1= , D-=1kjt , Fj ,1= . ʊʦʯʢʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ i -ʪʫ ʜʽʣʷʥʢʫ, ʨʦʟʪʘʰʫʻʤʦ ʚ 

ʩʝʨʝʜʠʥʘʭ ʩʫʩʽʜʥʽʭ ʚʽʜʨʽʟʢʽʚ ʪʘʢ, ʱʦ 2D-D=izi , Ki ,1= . 

ʃʽʥʽʡʥʠʡ ʢʘʨʢʘʩ, ʫʪʚʦʨʝʥʠʡ ʧʨʷʤʠʤʠ ʣʽʥʽʷʤʠ, ʱʦ ʟôʻʜʥʫʶʪʴ ʟʘʜʘʥʽ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ ʦʙôʻʢʪʫ. 

ʊʦʜʽ ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ ʥʘ i -ʡ ʜʽʣʷʥʮʽ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

()( ) ( )ä ä
= =

++
x-x+xx-=x

F

k

F

k

ki

kF

ki

kF
baB

0 0

11

1 ,11                                     (4) 

ʜʝ 
D

-
=x izt

,  [ ]1, +Í ii zzt ,  [ ]1,0Íx . 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ (4) ʚʠʟʥʘʯʠʤʦ ʟ ʫʤʦʚ ʨʽʚʥʦʩʪʽ ʧʦʣʽʥʦʤʘ ʽ ʚʩʽʭ ʡʦʛʦ ʧʦʭʽʜʥʠʭ ʜʦ 

ʧʦʨʷʜʢʫ F+1 ʫ ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ t=zi , t=zi+1, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʦʧʦʨʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʎʽ ʫʤʦʚʠ ʚʠʩʫʚʘʶʪʴ ʚʠʤʦʛʠ ʚ ʛʨʘʥʠʯʥʠʭ ʪʦʯʢʘʭ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʧʦʭʽʜʥʠʭ ʚʠʱʝ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʘ ʥʘ i -ʡ ʜʽʣʷʥʮʽ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ [3] 
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( )( ) ( )[ ]11, 2/ -- -+++e= iiiikki rrkrrkFa , 

( )( ) ( )[ ],2 11 ++ -+++e= iiiikki rrkrrkFb    
_____

,0 Fk= . 

 

ɸʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ (4) ʙʫʜʝ: 

 

() ()( ) ()( ) +-x++x=x -- 2/32/ 1413 iiiii rrhrrFhB  

()( ) ()( ) .232 1211 ++ -x++x+ iiii rrhrrFh                                            (5) 

 

ʇʨʠ ʪʨʠʚʠʤʽʨʥʽʡ F -ʘʧʨʦʢʩʠʤʘʮʽʾ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, { }zyx ,, , ʟʘʜʘʥʽ 

ʤʘʪʨʠʮʽ ʙʘʟʦʚʠʭ ʢʦʦʨʜʠʥʘʪ { }
ijx , {}ijy , { }ijz , xKi ,1= , yKj ,1= , ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ 

( )zyxff ,,= . 

ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʙʘʟʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʠ uÍ[0,l], vÍ[0,1] 

ʚʽʜʧʦʚʽʜʥʽ ʨʷʜʢʘʤ i=const ʽ ʩʪʦʚʧʮʷʤ j=const ʚʚʝʜʝʥʠʭ ʤʘʪʨʠʮʴ. ɺʚʝʜʝʤʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʶ 

r(u,v)=[x(u,v),y(u,v),z(u,v)]T. 

ʇʨʠ ʮʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦʙʫʜʫʻʤʦ ʧʦʚʝʨʭʥʶ ʥʝʧʝʨʝʨʚʥʫ ʽ ʥʝʧʝʨʝʨʚʥʦ-

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʫ ʜʦ ʟʘʜʘʥʦʛʦ ʧʦʨʷʜʢʫ. 

ɼʣʷ ʚʠʙʦʨʫ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʨʦʟʜʽʣʠʤʦ ʦʜʠʥʠʯʥʠʡ ʢʫʙ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʧʣʦʱʠʥʠ ʨʽʚʥʦʤʽʨʥʦʶ ʩʽʪʢʦʶ ʥʘ (ʂx+1)³(ʂy+1) ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʟʽ ʩʪʦʨʦʥʘʤʠ, ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ 

ʢʦʦʨʜʠʥʘʪʘʭ ʨʽʚʥʠʤʠ Du=1/(Kx+1), Dv = 1/(Ky+1), ʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʘʙʣʠʮʽ ʜʣʷ ʚʝʢʪʦʨʘ-

ʬʫʥʢʮʽʾ r(u, v) ʟʘʜʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʪʦʯʢʘʭ ʧʣʦʱʠʥʠ  

(u, v): u=Du,v1 =Dv, ui=iDu, vj=jDv, i=1,2,ékx, j=1,2,éky, 

ukx=1-Dʭ,  uky=1-Dy . 

ʐʪʨʠʭʦʚʠʡ ʧʨʷʤʦʢʫʪʥʠʢ ʟʦʙʨʘʞʫʻ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ (i,j)-ʡ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ 

ʧʦʚʝʨʭʥʽ Wij, ʥʘ ʷʢʽʡ ʙʫʜʫʻʪʴʩʷ F-ʘʧʨʦʢʩʠʤʘʮʽʷ. ʇʦ ʦʩʷʭ u ʽ v ʦʙʣʘʩʪʴ Wij ʦʙʤʝʞʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʪʦʯʢʘʤʠ zi=ui-Du/2, zi+1= ui+Du/2,  wj=vj-Dv/2,  wj+1=vj+Dv/2. 

ʃʽʥʽʡʥʘ ʧʦʚʝʨʭʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ (ij)-ʛʦ 

ʝʣʝʤʝʥʪʫ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʦʙʣʘʩʪʽ IV (ʨʠʩ.2) 

 

( ) ,, cj+j+c+=jc IIIIIIIIIIIIy DCBAG  ( ) ,/ uiuu D-=c ( ) ,/ vjvv D-=j  

,5rAIII =  ,56 rrBIII -=  ,58 rrCIII -=  .6859 rrrrDIII --+=                           (6) 

 

ʇʦʙʫʜʫʻʤʦ ʥʘ Wij ʥʘʩʪʫʧʥʫ ʧʦʣʽʥʦʤʽʘʣʴʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ: 

 

( )( ) () ( ) ()ä ä
= =

++
hx-x+hxx-=hx
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k

F
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k

kF

k

kF
baB

0 0

11
11,  ,                                             (7) 

ʜʝ 
u

izu

D

-
=x ,   

v

jwv

D

-
=h ,     uÍ[zi, zi+1],   vÍ[wj, wj+1],    xÍ[0,1],   hÍ[0, 1]. 

 

ɺʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʦʜʥʦʤʽʨʥʦʾ F-ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ 

ʚʽʜ ʟʤʽʥʥʦʾ h. ʇʨʠʧʫʩʪʠʤʦ, ʷʢ ʚ ʦʜʥʦʤʽʨʥʽʡ F-ʘʧʨʦʢʩʠʤʘʮʽʾ, ʱʦ ʚʩʽ ʧʦʭʽʜʥʽ ʚʠʱʝ ʧʝʨʰʦʾ ʧʦ 

ʟʤʽʥʥʽʡ x, ʥʘ ʛʨʘʥʠʮʽ Wij ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʚʝʜʣʠʚʽ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ: 

 

() ( )( ) ( )[ ]h+h+e=h x ,0,0 kBBkFa kk , 

() ( )( ) ( )[ ]h-h+e=h x ,1,1 kBBkFb kk .                                        (8) 
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ʏʦʪʠʨʠ ʚʝʢʪʦʨʠ-ʬʫʥʢʮʽʾ B(0, h), B(1, h), Bx(0, h), Bx(1, h) - ʧʦʣʽʥʦʤʠ ʽ ʾʭʥʽ ʧʝʨʰʽ 

ʧʦʭʽʜʥʽ ʥʘ ʛʨʘʥʠʮʷʭ ʦʙʣʘʩʪʽ Wij  - ʙʫʜʝʤʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʤʽʨʥʠʭ F-

ʘʧʨʦʢʩʠʤʘʮʽʡ ʧʦ ʟʤʽʥʥʽʡ h. ʃʽʥʽʡʥʠʡ ʢʘʨʢʘʩ ʜʣʷ ʮʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʙʫʜʝ ʙʫʜʫʚʘʪʠʩʷ ʥʘ 

ʪʦʯʢʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʣʽʥʽʡʯʘʪʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʝʣʝʤʝʥʪʘʭ 

ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʦʙʣʘʩʪʴ Wij. ʊʘʢ, ʜʣʷ ʣʽʚʦʾ ʛʨʘʥʠʮʽ Wij ʧʨʠ x=0 ʪʦʯʢʘʤ 

ʣʽʥʽʡʥʦʛʦ ʢʘʨʢʘʩʘ F-ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ B(0,h) ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʟʥʘʯʝʥʥʷ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʦʙʣʘʩʪʷʭ I ʽ II. Gi-1j-1 (1/2,0), Gi-1j-1 (1/2, 1), Gi-1j(1/2,0), ʷʢʠʤ ʙʫʜʫʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʝʣʠʯʠʥʠ ri-1, ri, ri+1. ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʽʥʰʠʭ ʪʨʴʦʭ ʬʫʥʢʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʝʣʠʯʠʥʠ ri-1, ri, ri+1  (6) ʫ ʬʦʨʤʫʣʘʭ (7) ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ: 

ʜʣʷ ʬʫʥʢʮʽʾ B(0, h) 

 

( ) ,221 rr +  ( ) ,254 rr +  ( ) ,287 rr +  

ʜʣʷ ʬʫʥʢʮʽʾ ( )h,1B  

( ) ,232 rr +      ( ) ,265 rr +      ( ) ,298 rr +  

ʜʣʷ ʬʫʥʢʮʽʾ ( ) ( )xµhµ=hx /,0,0 BB  

( ) ,212 rr -       ( ) ,245 rr -      ( ) ,278 rr -  

ʜʣʷ ʬʫʥʢʮʽʾ Bx(1,h)=µB(1,h)µx 

 

( ) ,223 rr -      ( ) ,256 rr -      ( )289 rr - . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʚʝʢʪʦʨ-ʧʦʣʽʥʦʤʘ 

 

()( ) ( ) ()( ) ,2/22/ 1111 iiiiiiii rrrhrrrrB -+x+-x++=x +---                           (9) 

ʦʜʝʨʞʠʤʦ 

 

( )( ) ( ) +--+h++++=h 2/4/,0 21545421 rrrrrrrrB  

()( )4/22 548721 rrrrrrh --+++h+ ; 

 

( )( ) ( ) +--+h++++=h 2/4/,1 32656532 rrrrrrrrB  

()( )4/22 659822 rrrrrrh --+++h+ ; 

 

( )( ) ( ) +--+h+--+=hx 2/4/,0 42514152 rrrrrrrrB  

()( )4/22 547182 rrrrrrh -+--+h+ ; 

 

( )( ) ( ) +--+h+--+=hx 2/4/,1 35625263 rrrrrrrrB  

()( ) .4/22 658293 rrrrrrh -+--+h+                               (10) 

 

ʇʽʜʩʪʘʚʠʚʰʠ (10) ʫ (8), ʦʜʝʨʞʠʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ. ʊʦʜʽ 

ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ (7) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

( ) ()[ ] ( ) ()( )[ ]+-+h+-h++x-x+=hx 422221, 5822552 rrrhrrrrhB  

()[ ] ( ) ()( )[ ]+-+h+-h++x+x-+ 42221 4711441 rrrhrrrrh  

() ( ) ()( )[ ] .422 6933636 rrrhrrrrh -+h+-h++x+                                (11) 

ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʬʦʨʤʫʣʠ ʜʣʷ ʧʦʣʽʥʦʤʘ (11) ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʠʭ ʧʨʠʡʤʫʪʴ 

ʚʠʛʣʷʜ: 
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( ) () ()[ ]+h+h+x+h+h+=hx ijijijijijijij RhRRRhRRB 654321,  

() ()[ ],987

ijijij RhRRh h+h+x+  

( ) () () ()[ ],, 987654

ijijijijijijij
RhRRhRhRRB h+h+x¡+h+h+=hxx  

( ) () ()[ ],, 987

ijijijij RhRRhB h+h+x¡¡=hxxx  

( ) () () ()[ ],, 963852

ijijijijijijij RhRRhRhRRB x+x+h¡+x+x+=hxh  

( ) () ()[ ],, 963

ijijijij RhRRhB x+x+h¡¡=hxhh  

( ) () () ()()ijijijijij RhhRhRhRB 9865, h¡x¡+x¡+h¡+=hxxh .                               (12) 

ʋ ʬʦʨʤʫʣʽ (12) ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

  

( ) ,4/11111 ijjiijji

ij rrrrR +++= ----  

( ) ,2/11112 ---- --+= ijjijiij

ij rrrrR  

( ) ,4/22 11111113 jiijijjiijji

ij rrrrrrR -++---- --+++=  

( ) ,2/11114 jiijjiij

ij rrrrR ---- -+-=  

,11115 ---- -+-= ijjijiij

ij rrrrR  

( ) ,2/22 11111116 jiijjiijjiij

ij rrrrrrR -+-+--- +--+-=  

( ) ,4/22 11111117 -+--+-- --+++= ijijjijijiji

ij rrrrrrR  

( ) ,4/22 11111118 ijijjijijiji

ij rrrrrrR -+--+= --+--+-  

( ) .4/42222 1111111111119 ijjijiijijjijijiji

ij rrrrrrrrrR +----+++= +-+-+++--+--  (13) 

ʇʦʢʘʞʝʤʦ, ʱʦ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʦʜʥʽʻʾ ʽʟ ʟʤʽʥʥʠʭ ʥʘ Wij, ʧʦʣʽʥʦʤ 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʦʤʽʨʥʫ F-ʘʧʨʦʢʩʠʤʘʮʽʶ ʧʦ ʽʥʰʠʡ ʟʤʽʥʥʽʡ.  

ʅʝʭʘʡ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ h, ʪʦʜʽ, ʷʢʱʦ ʦʜʥʦʤʽʨʥʠʡ ʧʦʣʽʥʦʤ ʧʦ ʟʤʽʥʥʽʡ x, 

ʧʨʝʜʩʪʘʚʣʷʻ F-ʘʧʨʦʢʩʠʤʘʮʽʶ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (9), ʚʽʥ ʧʦʚʠʥʥʠʡ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

 

( ) () ()[ ] () ()[ ]+h-hx+h+h=hx 10111110 2/, rrrrBij  

() () () ()[ ] .22 111210 h-h+hx+ rrrh                                       (14) 

ʊʦʯʢʠ r10(h), r11(h), r12(h) ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʘʥʘʣʦʛʽʯʥʠʭ ʬʦʨʤʫʣʘʭ ʦʜʥʦʤʽʨʥʦʾ F-

ʘʧʨʦʢʩʠʤʘʮʽʾ ʚ ʥʘʧʨʷʤʢʫ ʟʤʽʥʥʦʾ h: 

 

()( ) ( ) ()( ) ,2/22/ 471141410 rrrhrrrrr -+h+-h++=h  

()( ) ( ) ()( ) ,2/22/ 582252511 rrrhrrrrr -+h+-h++=h  

()( ) ( ) ()( ) ,2/22/ 693363612 rrrhrrrrr -+h+-h++=h  

ʟʚʽʜʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʟʥʘʯʝʥʴ (13), ʤʘʻʤʦ 

 

() ()[ ] () ,2 3211110

ijijij RhRRrr h+h+=h+h  

() () () ,6541011

ijijij RhRRrr h+h+=h-h  

() () ()[ ] () .2 987111210

ijijij RhRRrrr h+h+=h-h+h                                  (15) 

 

ʇʽʜʩʪʘʚʠʤʦ (15) ʫ (14), ʦʜʝʨʞʫʻʤʦ ʧʝʨʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (12). 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʟʘʜʘʚʰʠ ʦʜʥʫ ʟ ʢʦʦʨʜʠʥʘʪ ʫ ʥʘʧʨʷʤʢʫ ʽʥʰʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʧʦʣʽʥʦʤ 

ʧʨʝʜʩʪʘʚʣʷʻ ʦʜʥʦʤʽʨʥʫ F-ʘʧʨʦʢʩʠʤʘʮʽʶ. 
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ɼʣʷ F-ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ (ʂx-1)³(ʂy-1) ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʧʦʙʫʜʦʚʘʥʫ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟ (ʂx -1) ³ (ʂy -1) ʥʝʚʽʜʦʤʠʤʠ. 

ʉʭʝʤʘ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʚʝʨʭʥʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ ʚ ʣʽʥʽʷʭ ʩʧʦʣʫʯʝʥʥʷ ʨʘʟʦʤ ʽʟ ʫʩʽʤʘ ʧʦʭʽʜʥʠʤʠ ʘʞ ʜʦ 2F + 1-ʛʦ ʧʦʨʷʜʢʫ. 
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ʋɼʂ 621.396.96                                                                                  ʂʦʣʴʮʦʚ ʈ.ʖ. (ɺɯʂʅʋ) 

ʢ.ʪ.ʥ. ʃʻʥʢʦʚ ɭ.ʉ. (ʂʄʦʪɿ) 

ʃʦʟʘ ɺ.ʄ. (ɺɯʂʅʋ) 

 
ɿɸʉʊʆʉʋɺɸʅʅʗ "ɺɽʁɺʃɽʊ-ʊɽʍʅʆʃʆɻɯʁ"  ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ʉʇɽʂʊʈɸʃʔʅʆɻʆ ʄɽʊʆɼʋ ʂʋʊʆɺʆɻʆ ʈʆɿʈɯɿʅɽʅʅʗ ɺ ʆɻʃʗɼʆɺʀʍ 

ʈɸɼɯʆʃʆʂɸʊʆʈɸʍ ʉʀʉʊɽʄ ʈɸɼɯʆʅɸɺɯɻɸʎɯɰ 

 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʨʽʚʝʥʴ 

ʜʝʪʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ, ʟʦʢʨʝʤʘ, ʝʭʦʩʠʛʥʘʣʽʚ ʟ ʥʘʷʚʥʽʩʪʶ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʭ ʟʤʽʥ. ɼʘʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʽʜʝʦʣʦʛʽʯʥʘ ʣʽʥʽʷ ʥʦʚʽʪʥʴʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ "ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʴ", ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʽʟʥʝʥʥʷ ʜʚʦʭ ʮʽʣʝʡ ʚ ʤʝʞʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʦʙôʻʤʫ ʨʘʜʽʦʣʦʢʘʪʦʨʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʨʦʚʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʭʦʩʠʛʥʘʣʦʚ ʩ ʥʘʣʠʯʠʝʤ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɼʘʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʜʝʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʦʚʝʡʰʝʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ "ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ", ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʮʝʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʠʤʧʫʣʴʩʥʦʛʦ ʦʙʲʸʤʘ ʨʘʜʠʦʣʦʢʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ. 

 

The features of the spectral - Fourier transform, limiting the level of detail functions, in particular, 

echoes with the presence of abrupt changes. The characteristic of the ideological line and reads the latest 

tooling technology signal analysis based on the "wavelet - changes" to enhance the resolution of the two 

targets within the radar pulse volume. 

Keywords: radar system, the wavelet transform, spectrum analysis. 

 

ɺʩʪʫʧ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʆʩʪʘʥʥʽʡ ʧʝʨʽʦʜ (ʧʽʩʣʷ 2000 ʨ.) ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʥʘʤʝʥʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʷʢ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, 

ʩʢʣʘʜʘʻ ʤʘʪʝʤʘʪʠʯʥʫ ʦʩʥʦʚʫ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ 

ʚʠʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽʣʝʡ. 

ʇʨʘʢʪʠʯʥʘ ʧʦʪʨʝʙʘ "ʥʘʜʨʝʣʻʚʩʴʢʦʛʦ" ʨʦʟʨʽʟʥʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʩʪʠʤʫʣʶʚʘʣʦ ʪʝʦʨʝʪʠʯʥʽ 

ʨʦʟʨʦʙʢʠ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʤʝʪʦʜʽʚ "ʥʘʜʨʦʟʨʽʟʥʝʥʥʷ", ʷʢ ʰʫʤʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʪʘʢ ʽ 

ʽʤʧʫʣʴʩʥʠʭ ʝʭʦʩʠʛʥʘʣʽʚ. 

ʋ ʧʨʘʢʪʠʮʽ ʥʘʚʽʛʘʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ (ʮʽʣʝʡ) ʚʠʥʠʢʘʻ ʩʧʝʮʠʬʽʯʥʝ ʧʨʦʙʣʝʤʥʝ ʟʘʚʜʘʥʥʷ, 

ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʨʫʭʫ ʪʘ ʟʨʦʩʪʘʶʯʦʶ ʪʝʥʜʝʥʮʽʻʶ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʣʴʦʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʩʠʛʥʘʣʴʥʦ-ʟʘʚʘʜʦʚʦʾ 

ʦʙʩʪʘʥʦʚʢʠ. ʋ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ ʚ ʮʠʭ ʫʤʦʚʘʭ ʟ ʫʩʽʭ ʪʘʢʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ (ʈʃ) ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʦʟʜʽʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

(ʈʉ), ʧʝʨʰ ʟʘ ʚʩʝ, ʧʦ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʈʉ ʚʠʱʝ ʨʝʣʝʻʚʩʢʦʾ 

ʛʨʘʥʠʮʽ ʻ ʨʝʘʣʽʟʘʮʽʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʜʠʩʢʨʝʪʥʦʾ ʧʘʯʢʠ ʝʭʦʩʠʛʥʘʣʫ ʜʚʦʭ ʮʽʣʝʡ ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʦʙ'ʻʤʽ ʈʃ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʷʚʥʦʩʪʽ ʦʙʣʘʩʪʽ ʰʚʠʜʢʠʭ ʬʣʫʢʪʫʘʮʽʡ ʚ ʩʝʨʝʜʠʥʽ 

ʧʘʯʢʠ. 

ɸʣʛʦʨʠʪʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʦʢʨʝʤʽʡ ʨʦʙʦʪʽ. ʋ ʮʽʡ ʩʪʘʪʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʽʟʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʰʠʨʦʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʫ 

ʧʨʠʡʥʷʪʠʭ ʝʭʦʩʠʛʥʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʈʃʉ). 

ʊʘʢ, ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʙʣʝʤʥʦʾ ʟʘʜʘʯʽ "ʥʘʜʨʝʣʻʚʩʴʢʦʛʦ" ʨʦʟʨʽʟʥʝʥʥʷ ʧʨʠ ʨʘʜʽʦʣʦʢʘʮʽʾ 

ʮʽʣʝʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʦʙôʻʤʫ ʈʃʉ ʽ ʫʪʚʦʨʶʶʪʴ ʦʜʥʫ 
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ʟʦʩʝʨʝʜʞʝʥʫ ʛʨʫʧʦʚʫ ʮʽʣʴ (ɿʎ), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ, ʚ ʷʢʠʭ ʪʝʨʤʽʥ "ʩʧʝʢʪʨ" ʨʦʟʫʤʽʻʪʴʩʷ ʚ ʥʘʡʟʘʛʘʣʴʥʽʰʦʤʫ ʩʝʥʩʽ: ʷʢ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʣʽʥʽʡʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʘʙʦ ʤʘʪʨʠʮʝʶ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʩʠʛʥʘʣʽʚ ʧʨʠ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʤʫ ʧʨʠʡʦʤʽ ʘʙʦ ʾʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ. 

ʋ ʪʝʦʨʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʽʟʥʝʥʥʷ ʟʘʣʝʞʘʪʴ ʥʝ ʩʪʽʣʴʢʠ ʚʽʜ 

ʩʫʢʫʧʥʦʩʪʽ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ, ʩʢʽʣʴʢʠ ʚʽʜ ʚʠʙʦʨʫ ʬʫʥʢʮʽʾ ʚʽʜ ʥʠʭ, ʱʦ 

ʬʦʨʤʫʻ ʤʘʪʨʠʮʶ ʜʘʥʠʭ. ɽʬʝʢʪ ʚʠʩʦʢʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ  ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʫʷʚʣʝʥʴ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʾʭ ʚʥʫʪʨʽʰʥʽ ʟʚ'ʷʟʢʠ [1]. 

ʇʦʥʷʪʪʶ "ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʧʝʢʪʨ" ʙʽʣʴʰ ʚʜʘʣʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʤʽʥ "ʧʩʝʚʜʦʩʧʝʢʪʨ", ʱʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʜʝʷʢʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. 

ʋ ʧʨʦʝʢʮʽʡʥʠʭ ʤʝʪʦʜʘʭ [2] ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʨʪʨʝʪʫ ɿʎ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʜʝʷʢʠʡ ʦʧʦʨʥʠʡ ʧʽʜʧʨʦʩʪʽʨ, ʱʦ ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʬʽʟʠʯʥʦ ʥʘʷʚʥʠʭ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ. ʄʝʪʦʜ, ʟʘ ʜʘʥʠʤʠ [2], ʤʘʻ ʪʝʦʨʝʪʠʯʥʦ ʚʠʩʦʢʫ 

ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʦʮʽʥʮʽ ʢʽʣʴʢʦʩʪʽ ʦʜʠʥʦʯʥʠʭ ʮʽʣʝʡ ʫ ʩʢʣʘʜʽ ɿʎ ʧʨʠ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʝʭʦʩʠʛʥʘʣʘʭ, ʚʽʜʙʠʪʠʭ ʚʽʜ ʦʜʠʥʦʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 

ʇʨʠ ʦʮʽʥʮʽ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʩʣʽʜ ʚʠʜʽʣʠʪʠ 

ʜʝʢʽʣʴʢʘ ʧʨʠʥʮʠʧʦʚʠʭ ʦʙʤʝʞʝʥʴ: 

1) ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚ "ʧʩʝʚʜʦʩʧʝʢʪʨ", ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʪʨʠʤʘʥʥʶ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ (ʟʦʢʨʝʤʘ, ʜʣʷ ʈʃʉ ʟ ʮʠʢʣʦʤ ʦʛʣʷʜʫ 10 ʩ.); 

2) ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʯʽʢʫʚʘʥʫ "ʬʦʨʤʫ" ʝʭʦʩʠʛʥʘʣʫ ʽ ʚʟʘʻʤʥʦʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦʨʪʨʝʪʽʚ ʦʜʠʥʦʯʥʠʭ ʮʽʣʝʡ; 

3) ʚʠʤʦʛʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʚʽʜʙʠʪʠʭ ʚʽʜ ʦʜʠʥʦʯʥʠʭ 

ʮʽʣʝʡ. 

ʆʯʝʚʠʜʥʠʤ ʰʣʷʭʦʤ ʧʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ, ʥʘʩʘʤʧʝʨʝʜ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʽʩʪʴ "ʧʩʝʚʜʦʩʧʝʢʪʨʫ" ʩʧʝʢʪʨʘ 

ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʫ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ï ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ (ɼʇʌ)). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʧʘʨʥʦʾ ɿʎ ʨʦʟʛʣʷʥʫʪʦ ʚ 

[3] ʩʪʦʩʦʚʥʦ ʜʦ ʦʛʣʷʜʦʚʠʭ ʈʃʉ ʷʢ ʨʘʜʽʦʥʘʚʽʛʘʮʽʾ, ʪʘʢ ʽ ʇʨʦʪʠʧʦʚʽʪʨʷʥʦʾ ʦʙʦʨʦʥʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʫʜʴ-ʷʢʠʤ ʟ ʤʝʪʦʜʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʘ ʧʨʦʝʢʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʣʝ ʚʠʤʘʛʘʻ ʚʠʩʦʢʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ-ʨʦʟʨʽʟʥʝʥʥʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʢʦʨʠʩʥʘ ʜʣʷ 

ʨʦʟʨʽʟʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴʩʷ ʫ ʚʠʱʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ. ʄʦʜʝʣʴ ʧʘʯʢʠ 

ʝʭʦʩʠʛʥʘʣʫ ʧʘʨʥʦʾ ɿʎ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʜʠʥʦʯʥʦʾ ʮʽʣʽ ʤʘʻ ʦʙʣʘʩʪʴ ʰʚʠʜʢʠʭ ʬʣʫʢʪʫʘʮʽʡ ʚ 

ʩʝʨʝʜʠʥʽ ʧʘʯʢʠ, ʟʫʤʦʚʣʝʥʠʭ ʷʚʠʱʝʤ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʽʤʧʫʣʴʩʽʚ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʬʘʟʘʤʠ. 

ʌʣʫʢʪʫʘʮʽʾ ʦʙʚʽʜʥʦʾ ʧʘʯʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʱʠʭ 

ʛʘʨʤʦʥʽʢ ʩʧʝʢʪʨʫ, ʷʢʝ ʽ ʩʣʫʞʠʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʦʟʥʘʢʦʶ ʨʦʟʨʽʟʥʝʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

ɯʣʶʩʪʨʘʮʽʷ ʧʨʷʤʦʢʫʪʥʦʾ ʧʘʯʢʠ ʧʘʨʥʦʾ ɿʎ (ʦʜʠʥ ʽʟ ʬʨʘʛʤʝʥʪʽʚ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
 

ʆʙʣʘʩʪʴ ʧʝʨʝʢʨʠʪʪʷ 
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ɺʠʷʚʣʝʥʥʷ ʮʽʻʾ ʦʟʥʘʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɼʇʌ ʤʘʻ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʨʠʥʮʠʧʦʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʌʫʨ'ʻ ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɼʦ ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʩʠʛʥʘʣʫ (ʨʦʟʨʠʚʠ ʽ ʧʽʢʠ) ʚʠʢʣʠʢʘʻ ʥʝʟʥʘʯʥʫ ʟʤʽʥʫ ʯʘʩʪʦʪʥʦʛʦ 

ʦʙʨʘʟʫ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ "ʨʦʟʤʘʟʫʚʘʥʥʷʤ" ʧʦ ʯʘʩʪʦʪʽ, ʪʦʙʪʦ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʚʠʱʠʭ 

ʩʢʣʘʜʦʚʠʭ; 

- ʟʘ ʩʢʣʘʜʦʤ ʚʠʱʠʭ ʩʢʣʘʜʦʚʠʭ ʥʝʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʨʠʙʢʽʚ ʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʦʚʽʡ ʦʩʽ. 

ʅʝʜʦʣʽʢʠ ʧʦʷʩʥʶʶʪʴʩʷ ʪʠʤ, ʱʦ ʩʠʥʫʩʦʾʜʘ, ʷʢ ʧʣʘʚʥʘ ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ, ʚ ʧʨʠʥʮʠʧʽ ʥʝ 

ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʝʨʝʧʘʜʠ ʩʠʛʥʘʣʫ ʟ ʚʠʩʦʢʦʶ ʢʨʫʪʠʟʥʦʶ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʯʠʩʣʽ ʛʘʨʤʦʥʽʢ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʤʽʩʪʴ ʘʥʘʣʦʛʦʚʦʛʦ ʩʧʝʢʪʨʫ ʘʣʛʦʨʠʪʤʫ ɼʇʌ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʠʡ 

ʥʝʜʦʣʽʢ, ʦʙʫʤʦʚʣʝʥʠʡ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ɼʇʌ. ɿʥʘʯʝʥʥʷ ɼʇʌ ʥʘʟʠʚʘʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʚʽʜʣʽʢʘʤʠ. ʗʢʱʦ ʜʦʜʘʪʠ ʜʦ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʥʫʣʽʚ, ʪʦ, ʷʢ ʚʽʜʦʤʦ, ʩʧʝʢʪʨʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʘʣʝ ɼʇʌ ʜʘʻ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʚʽʜʣʽʢʽʚ, ʟʤʽʥʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʩʪʨʫʢʪʫʨʫ ʚʠʱʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʘ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʥʝʜʦʣʽʢʫ 

ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ɼʇʌ ʜʚʦʭ ʧʨʷʤʦʢʫʪʥʠʭ ʧʘʯʦʢ: ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʥʫʣʽʚ (ʨʠʩ. 2ʘ) ʽ 

ʟ ʥʠʤʠ (ʨʠʩ. 2ʙ). 

 
ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ɼʇʌ ʧʦ ʨʦʟʨʽʟʥʝʥʥʶ ʧʘʨʥʦʾ ɿʎ, 

ʦʙʚʽʜʥʘ ʧʘʯʢʠ ʷʢʦʾ ʤʘʻ ʦʙʣʘʩʪʴ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʬʫʥʢʮʽʾ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʧʦʰʫʢ ʰʣʷʭʽʚ ʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʜʝʪʘʣʴʥʽʩʪʴ ʧʦʨʪʨʝʪʘ 

ʯʘʩʪʦʪʥʦʛʦ ʦʙʨʘʟʫ ʝʭʦʩʠʛʥʘʣʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ 

ʥʦʚʽʪʥʴʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ "ʚʝʡʚʣʝʪʽʚ" 

(ʧʝʨʰʽ ʧʫʙʣʽʢʘʮʽʾ ʟ ʦʩʥʦʚ ʚʝʡʚʣʝʪ-ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʝʨʝʢʣʘʜʥʠʭ ʚʠʜʘʥʥʷʭ ʟôʷʚʠʣʠʩʴ ʚ ʢʽʥʮʽ 90-ʭ 

ʨʦʢʽʚ, ʚ ʈʦʩʽʾ ï ʥʘ ʧʦʯʘʪʢʫ 2000 ʨʨ. (ʘʚʪʦʨʘʤ ʚʽʜʦʤʽ ʜʚʽ ʧʫʙʣʽʢʘʮʽʾ: [4] [5])). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ-ʪʝʭʥʦʣʦʛʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʚʠʜʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʠʛʥʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʥʦʚʠʤʠ ʷʢʽʩʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʦʥʢʠʭ ʣʦʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʛʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ʅʘʙʽʨ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʡ ʫ 

ʾʭʥʴʦʤʫ ʯʘʩʦʚʦʤʫ ʽ ʯʘʩʪʦʪʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʦʞʝ ʥʘʙʣʠʞʘʪʠ ʩʢʣʘʜʥʽ ʩʠʛʥʘʣʠ ʽʜʝʘʣʴʥʦ 

ʪʦʯʥʦ ʘʙʦ ʟ ʜʝʷʢʦʶ ʥʝʩʫʪʪʻʚʦʶ ʧʦʭʠʙʢʦʶ. ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʶʪʴ ʷʚʥʽ ʧʝʨʝʚʘʛʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʣʦʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʛʥʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ. 

ʎʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʨʦʟʛʣʷʜ ʥʦʚʽʪʥʴʦʾ ʤʝʪʦʜʠʢʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʥʘ ʨʽʚʥʽ ʽʜʝʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʤʝʪʦʜʽʚ ʪʘ ʽʣʶʩʪʨʘʮʽʾ ʡʦʛʦ 

ʧʨʠʢʣʘʜʥʠʭ ʘʩʧʝʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʚʝʡʚʣʝʪ-ʬʽʣʴʪʨʘʮʽʾ. 

ɼʠʩʢʨʝʪʥʘ ʯʘʩʪʦʪʘ 

ʈʠʩ. 2. ɼʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʧʨʷʤʦʢʫʪʥʠʭ ʧʘʯʦʢ:  

ʘ ï ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʥʫʣʽʚ; ʙ ï ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʥʫʣʷʤʠ 

ʘ ʙ 

0,5 0,5 1 1 0 0 
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ɺʠʭʽʜʥʠʡ ʤʦʤʝʥʪ ʬʽʟʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʝʪʦʜʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʽʡ ʧʨʦʮʝʜʫʨʽ 

ʬʦʨʤʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʩʧʝʢʪʨʫ: 

ä y= k kk tCts )()( , 

ʜʝ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ )(tky  ʩʠʛʥʘʣ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʥʦʞʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʘʥʥʷ kC . 

ʇʨʦʪʠʣʝʞʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʝʪʘʣʴʥʦʩʪʽ ʦʙʨʘʟʫ ʩʠʩʪʝʤʘʤʠ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʻ: 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ); ʛʨʘʥʠʯʥʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʽ ʢʦʨʦʪʢʦ-

ʽʤʧʫʣʴʩʥʽ; ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ɺʝʡʚʣʝʪ-ʬʫʥʢʮʽʾ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʤʽʩʮʝ ʤʽʞ 

ʥʠʤʠ. ʄʘʡʞʝ ʚʩʽ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʾ ʥʝ ʤʘʶʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʦʜʘʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʪʝʨʘʮʽʡʥʠʤʠ ʚʠʨʘʟʘʤʠ ʘʙʦ ʧʨʦʛʨʘʤʥʦ. 

ʇʝʚʥʠʤ ʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʩʢʣʘʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʯʠ ʽʥʘʢʰʝ "ʚʽʢʦʥʥʦʛʦ" 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ɸʥʘʣʽʪʠʯʥʦ ʚʦʥʦ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ñ
¤

¤-
w-=w dtebtwtsA tj)()()(

,
 

ʜʝ )( btw -  ï ʚʽʢʦʥʥʘ ʬʫʥʢʮʽʷ. 

ɯʣʶʩʪʨʘʮʽʷ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

 
ɺʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʦʜʝʨʞʘʣʦ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʚʠʯʘʡʥʠʤ, ʢʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʙʘʟʠʩʥʦʶ ʬʫʥʢʮʽʻʶ ʟʘʣʠʰʘʻʪʴʩʷ ʩʠʥʫʩʦʾʜʘ, 

ʚʦʥʦ ʥʝ ʫʩʫʚʘʻ ʧʨʠʥʮʠʧʦʚʽ ʥʝʜʦʣʽʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɺʝʡʚʣʝʪ-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʛʥʘʣ ʩʫʢʫʧʥʽʩʪʶ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ï 

ʚʝʡʚʣʝʪʽʚ, ʫʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʦʾ ʪʚʽʨʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ )(0 ty . ʎʷ ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʘ 

ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʯʘʩʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʦʩʪʘʥʥʽʡ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʝʪʘʣʴʥʦʩʪʽ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʘʥʥʷʤ ʩʠʛʥʘʣʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʦʤ ʩʠʛʥʘʣʽʚ. 

ɹʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʧʘʢʝʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʘʩʦʚʠʤ ʟʩʫʚʦʤ ʽ ʘʤʧʣʽʪʫʜʦʶ. ʏʠʩʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʜʣʷ ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ ʚʝʡʚʣʝʪʽʚ ʟʘʜʘʻ ʨʽʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʛʥʘʣʫ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʠʡ ʚʠʛʣʷʜ ʯʘʩʪʦʪʥʦʛʦ ʽ ʯʘʩʦʚʦʛʦ ʦʙʨʘʟʫ ʦʜʥʦʛʦ ʟ ʪʠʧʽʚ ʚʝʡʚʣʝʪʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

ö
÷

õ
æ
ç

å-
y=y -

a

bt
at 0

2/1)(
,
 

ʜʝ bt-  ï ʟʩʫʚ ʚʠʭʽʜʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʧʦ ʦʩʽ ʯʘʩʫ; 

( )ata /2/1-  ï ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ʂʦʞʝʥ ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʚʝʡʚʣʝʪ ʤʘʻ ʩʚʽʡ ʌʫʨ'ʻ-ʦʙʨʘʟ, ʷʢʠʡ ʥʘ ʯʘʩʪʦʪʥʽʡ ʦʩʽ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʘʣʽʟʘʮʽʻʶ ʜʚʦʭ ʬʽʣʴʪʨʽʚ: ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ï ()wH  ʪʘ ʫʟʛʦʜʞʝʥʦʛʦ ʟ ʥʠʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ: 

)()( p+w=w w- HeG j
. 

ʇʨʠ ʮʴʦʤʫ ʌʫʨ'ʻ-ʦʙʨʘʟ ʚʝʡʚʣʝʪʘ ʤʘʻ ʚʠʛʣʷʜ: )()()2(
^

wjw=wy G . 

ʏʘʩ 

ɸ
ʤ
ʧ
ʣ
ʽ
ʪ
ʫ
ʜ
ʘ

 

ʈʠʩ. 3. ɺʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ 
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ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ 

ʜʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʜʝʷʢʽʡ ʤʥʦʞʠʥʽ Z. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʷ ʽ ʬʫʥʢʮʽʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʠʛʥʘʣʫ 

ʤʘʶʪʴ ʚʠʛʣʷʜ: 

)()(
0

2/1
0, kaat

j
kk -y=y -

;         ä ä
Í Í

y=
Zj Zk

kj tkjCts )(),()( , , 

ʜʝ ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ: ja 2= , jkb 2= , j, k ï ʮʽʣʽ ʯʠʩʣʘ; 

),( kjC  ï ʜʝʪʘʣʽʟʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʚʝʡʚʣʝʪ-ʢʦʤʧʦʟʠʮʽʾ ʩʠʛʥʘʣʫ ʨʽʚʥʷ "k". 

ʉʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʚʝʨʩʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʘʟʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʜʝʪʘʣʽʟʘʮʽʾ. ʇʝʨʰʠʤ ʪʠʧʦʤ ʚʝʡʚʣʝʪʘ, ʥʘ ʷʢʦʤʫ ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʪʢʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʧʘʢʝʪ ʍʘʘʨʘ. 

ɺʠʩʥʦʚʦʢ. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʦʙʣʠʚʦʤʫ 

ʪʨʘʢʪʫʚʘʥʥʽ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʨʝ 

ʨʦʟʨʦʙʣʝʥʠʡ ʘʧʘʨʘʪ ʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʰʚʠʜʢʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʉʫʪʴ 

ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʯʘʩʪʦʪʥʘ ʦʙʣʘʩʪʴ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʠʭ: ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ 

ʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ. ɼʣʷ ʪʘʢʦʛʦ ʧʦʜʽʣʫ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ (ʜʣʷ ʢʦʞʥʦʾ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʾ) ʜʚʘ 

ʬʽʣʴʪʨʘ: 0L  ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ, ʷʢʠʡ ʜʘʻ ʯʘʩʪʦʪʥʠʡ ʦʙʨʘʟ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʛʨʫʙʝ 

ʥʘʙʣʠʞʝʥʥʷ) ʽ iH  ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʜʣʷ ʜʝʪʘʣʽʟʘʮʽʾ. 
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ʀʄʀʊɸʎʀʆʅʅɸʗ ʉʊɸʊʀʉʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʈʆʎɽʉʉɸ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ ʀ ʈɽʄʆʅʊɸ ʉʃʆɾʅʓʍ ʆɹʒɽʂʊʆɺ 

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʆʁ ʊɽʍʅʀʂʀ 
 
ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡ 

ʨʝʤʦʥʪʫ ʩʢʣʘʜʥʦʛʦ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʈɽʊ. ʄʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘʩʦʙʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Delphi. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʚʽʜʥʦʚʣʶʚʘʥʠʡ ʦʙ'ʻʢʪ, ʧʨʦʛʨʘʤʘ Delphi. 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʣʦʞʥʦʛʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʈʕʊ. ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ 

ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʦʙʲʝʢʪ, ʧʨʦʛʨʘʤʤʘ Delphi. 

 
The imitating statistical model of process of maintenance service and repair of difficult restored 

object RET is developed. The model is realised by means of programming Delphi. 

Keywords:  imitating model, restored object, program Delphi. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ 

(ʈʕʊ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ (ʊʆʠʈ). ʇʨʦʮʝʩʩ ʊʆʠʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʊʆʠʈ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ (ʨʘʩʯʝʪʳ) ʦʙʲʝʢʪʦʚ ʈʕʊ, ʨʝʤʦʥʪʥʳʝ 

ʦʨʛʘʥʳ (ʈʆ), ʧʦʜʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʥʳʤ ʠʤʫʱʝʩʪʚʦʤ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʷʤʠ (ɿʀʇ). ɺ 

[1] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩ ʊʆʠʈ ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʢʘʢ 

ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʠʩʳʚʘʝʤʳʡ ʛʨʘʬʦʤ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʨʠʩ. 1. 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ  

ʊʆʠʈ ʩʨʝʜʩʪʚʘʤʠ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʫʜʘʝʪʩʷ, ʠ 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʀʉʄ) 

ʧʨʦʮʝʩʩʘ ʊʆʠʈ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʀʉʄ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʦ ʪʦ ʞʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ [1].  

ʆʙʲʝʢʪʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ ʈʕʊ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʤʝʶʱʠʡ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʉʨʝʜʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʦʙʲʝʢʪʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʫʨʦʚʥʝʡ ʚʳʜʝʣʷʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 
ʚ

E , 

ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʤʝʥʷʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʣʫʯʘʝ ʠʭ 

ʦʪʢʘʟʘ. ʆʙʲʝʢʪ ʈʕʊ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ (ʉʊɼ), ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʧʦʜʤʥʦʞʝʩʪʚʘ 
ʚ1

E  (
ʚʚ1

EE Ë ). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ 

s0

s4

s3

ʈʠʩ. 1. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʠ ʧʝʨʝʭʦʜʦʚ ʧʨʦʮʝʩʩʘ ʊʆʠʈ

s2

s1ʇʨʠʤʝʥʝʥʠʝ ʧʦ 
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ʈʝʞʠʤ 

ʦʞʠʜʘʥʠʷ
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ʧʦʜʤʥʦʞʝʩʪʚʦ 
ʚ2

E  (
ʚ2ʚ1ʚ

EEE Ç= ). ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ 
ʚ2

E  

ʪʨʝʙʫʶʪʩʷ ʩʨʝʜʩʪʚʘ, ʠʤʝʶʱʠʝʩʷ ʚ ʈʆ. 

ɺʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʀʉʄ ʜʦʣʞʥʳ ʙʳʪʴ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʅʠʞʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʀʉʄ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

- ʦʪʢʘʟʳ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʦʚ ʥʝʟʘʚʠʩʠʤʳ, ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʚ ʩʤʳʩʣʝ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
ʚ

E ); 

- ʠʥʜʠʢʘʮʠʷ ʦʪʢʘʟʦʚ ʤʛʥʦʚʝʥʥʘʷ, ʧʦʩʣʝ ʦʪʢʘʟʘ ʩʨʘʟʫ ʥʘʯʠʥʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

(ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ) ʩʠʣʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʩʯʝʪʘ ʠʣʠ ʈʆ; 

- ʈʆ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ï ʦʜʠʥ ʢʘʥʘʣ ʨʝʤʦʥʪʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʝʪ 

(ʨʝʤʦʥʪʠʨʫʝʪ) ʦʜʠʥ ʦʙʲʝʢʪ ʈʕʊ; 

- ʚʨʝʤʷ ʧʨʠʙʳʪʠʷ ʢʘʥʘʣʘ ʈʆ (ʠʣʠ ʜʦʩʪʘʚʢʠ ʦʙʲʝʢʪʘ ʚ ʈʆ) ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ); 

- ʊʆ ʧʨʦʚʦʜʠʪʩʷ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʈʆ, ʧʨʠ ʊʆ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ 

ʧʦʜʣʝʞʘʱʠʭ ʦʙʩʣʫʞʠʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʥʦʚʳʤʠ; 

- ʨʝʩʫʨʩ ʵʣʝʤʝʥʪʦʚ ʨʘʩʭʦʜʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦ 

ʥʘʟʥʘʯʝʥʠʶ; 

- ʩʦʩʪʘʚ ɿʀʇ ʦʙʲʝʢʪʦʚ ʠ ɿʀʇ ʈʆ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʩʦʩʪʘʚ ɿʀʇ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʘ ʥʝʦʛʨʘʥʠʯʝʥ.  

 

1. ɸʣʛʦʨʠʪʤ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

1.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʀʉʄ ʷʚʣʷʶʪʩʷ: 

Á ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʈʕʊ: 

ʚ
E  - ʤʥʦʞʝʩʪʚʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʦʜʤʥʦʞʝʩʪʚ 

ʚ1
E  ʠ 

ʚ2
E ); 

ii nm,  - ʧʘʨʘʤʝʪʨʳ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʦʚ 

(ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʦʝ ʥʝʤʦʥʦʪʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (DN-ʨʘʩʧʨʝʜʝʣʝʥʠʝ). ɺʳʙʦʨ DN-

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ 

ʦʪʢʘʟʦʚ ʜʣʷ ʨʘʟʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨ. [2]; 

iʟʘʤ
t  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʘ; 

i
C

0
 - ʩʪʦʠʤʦʩʪʴ ʵʣʝʤʝʥʪʘ;     (â,1 Ei = ) 

Á ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʊʆ1
: 

ʪʦ
E  - ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (

ʚʪʦ
EE Ë ); 

ʪʦ
T  - ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʊʆ; 

iʪʦ
t  - ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʊʆ ʵʣʝʤʝʥʪʘ; 

i
C
ʪʦ

 - ʩʪʦʠʤʦʩʪʴ ʦʧʝʨʘʮʠʠ ʊʆ ʵʣʝʤʝʥʪʘ;     (òî,1 Ei = ) 

Á ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʈʆ: 

ʨʦ
n  - ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʨʝʤʦʥʪʘ; 

ʨʦʘ
t  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

                                                           

1
 ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩ ʦʜʥʠʤ ʚʠʜʦʤ ʊʆ. 
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Á ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ɿʀʇ: 

ʦ-ʟʠʧʛ
K , 

ʨ-ʟʠʧʛ
K  ʠ 

ʩ-ʟʠʧʛ
K  - ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ɿʀʇ-ʆ, ɿʀʇ-ʈ ʠ ɿʀʇ-ʉ; 

ʩ-ʟʠʧʜ
T  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʵʣʝʤʝʥʪʦʚ ʠʟ ɿʀʇ-ʉ; 

Á ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʦʙ
n  - ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʈʕʊ; 

Tɻ   - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ; 

max

I
N  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʝʘʣʠʟʘʮʠʡ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ; 
òðe  - ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ). 

ɺʩʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʚʦʜʠʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ (ɹɼ) ʤʦʜʝʣʠ.  

 

1.2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ çʢʘʣʝʥʜʘʨʷ ʩʦʙʳʪʠʡè, ʠʜʝʷ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [3]. ʂʘʣʝʥʜʘʨʴ ʩʦʙʳʪʠʡ (ʂʉ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ 

(ʠʣʠ ʩʧʠʩʦʢ), ʚ ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʚʩʝʭ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʤʦʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʩʤʦʪʨ ʂʉ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʢʫʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʚ ʂʉ. ɿʘʪʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʪʝʢʫʱʝʛʦ ʩʦʙʳʪʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʦʙʳʪʠʷ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʩʦʙʳʪʠʷ 

(ʩʣʫʯʘʡʥʦʝ ʠʣʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ), ʢʦʪʦʨʦʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʂʉ ʚʤʝʩʪʦ ʧʨʝʞʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʪʦʤ ʚʥʦʚʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʩʤʦʪʨ ʂʉ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʝʛʦ 

ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ çʧʨʦʜʚʠʞʝʥʠʝè 

ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʝ ʜʦʩʪʠʛʥʝʪ ʟʘʜʘʥʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʈʕʊ (ʥʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʜʥʘ ʠʪʝʨʘʮʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʢʘʧʣʠʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʊʆʠʈ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʀʉʄ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ ʨʘʙʦʪʫ 

ʘʣʛʦʨʠʪʤʘ. 

ʆʧʝʨʘʪʦʨ 1 ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʝʨʝʪʩʷ ʠʟ ɹɼ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʠ ʟʘʧʦʣʥʷʝʪʩʷ ʟʘʨʘʥʝʝ. 

ʆʧʝʨʘʪʦʨ 2 ʠʥʠʮʠʠʨʫʝʪ ʧʝʨʝʤʝʥʥʳʝ ʠ ʤʘʩʩʠʚʳ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ 

ʥʝʦʙʭʦʜʠʤʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʊʘʢʞʝ ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢʠʝ ʜʝʡʩʪʚʠʷ: 

- ʧʝʨʝʤʝʥʥʘʷ kan ï ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʢʘʥʘʣʦʚ ʨʝʤʦʥʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ (
ʨʦ

: n=kan );   

- ʩʦʟʜʘʶʪʩʷ ʧʫʩʪʳʝ ʤʥʦʞʝʩʪʚʘ (ʩʧʠʩʢʠ) oRO ʠ oTO, ʚ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʦʯʝʨʝʜʠ ʦʙʲʝʢʪʦʚ, ʦʞʠʜʘʶʱʠʭ ʈʆ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʠ ʊʆ; 

- ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 
I

N  - ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʪʝʨʘʮʠʡ (0=IN ). 

ʆʧʝʨʘʪʦʨ 3 ʛʝʥʝʨʠʨʫʝʪ ʠ ʩʦʭʨʘʥʷʝʪ ʚ ʂʉ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʚʩʝʭ ʩʦʙʳʪʠʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʣʘʥʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʦʙʳʪʠʡ: 

çʦʪʢʘʟè, çʊʆè, çʦʩʚʦʙʦʞʜʝʥʠʝ ʈʆè. 

ʆʧʝʨʘʪʦʨ 4 ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʫʱʝʝ ʤʦʜʝʣʴʥʦʝ ʚʨʝʤʷ t  ʠ ʪʠʧ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʩʦʙʳʪʠʷ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʢʪ ʆ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʦ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ, ʠ 

ʦʪʢʘʟʘʚʰʠʡ ʵʣʝʤʝʥʪ ɽ (ʝʩʣʠ ʩʦʙʳʪʠʝ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟʦʤ).  

ʆʧʝʨʘʪʦʨ 5 ʧʨʦʚʝʨʷʝʪ ʫʩʣʦʚʠʝ ʟʘʚʝʨʰʝʥʠʷ ʠʪʝʨʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʪʝʢʫʱʝʝ 

ʩʦʙʳʪʠʝ çʦʪʢʘʟè, ʪʦ ʦʧʝʨʘʪʦʨ 6 ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʘʤ 7-9, ʢʦʪʦʨʳʤʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʩʦʙʳʪʠʷ.  
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ɺʭʦʜ

ʀʥʠʮʠʘʣʠʟʘʮʠ̫ 
ʩʪʘʪʠʩʪʠʢʠ. 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ 
ʧʝʨʚrʭ ʩʦʙr ʪʠʡ

ʆʧʨʝʜʝʣʝʥʠʝ 
ʪʝʢʫɦ ʝʛʦ ʚʨʝʤʝʥʠ t

t <T  ɻ?

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʨʘʩʯʝʪʦʤ

ɺr ʭʦʜ

ʪʨee¢

ɺr ʯʠʩʣʝʥʠʝ 
ʪʝʢʫɦ ʠʭ ʦʮʝʥʦʢ 
ʧʦʢʘʟʘʪʝʣʝʡ

1

2

3

4

5

6 8

10

21

ʥʝʪ

ʜʘ

ʜʘ

ʥʝʪ

22

23

24

ʥʝʪ

ʜʘ

ʜʘ

ʥʝʪ

ɺʚʦʜ ʠʩʭʦʜʥr ʭ 

ʜʘʥʥr ʭ

ʆʪʢʘʟ ?

ɺr ʚʦʜ 

ʨʝʟʫʣɹʪʘʪʦʚ

25

0:=IN

;1: += II NN

max

II NN <

7
ʜʘ

ʥʝʪ

w = 0

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ
ʚ ʈʆ

9
ʜʘ

ʥʝʪ

kan > 0

ʇʦʩʪʘʥʦʚʢʘ 
ʦʙ̡ʝʢʪʘ ʚ oRO

12

ʜʘ

ʥʝʪ

Tʆ ? ʇʨʦʚʝʜʝʥʠʝ ʊʆ

13
ʜʘ

ʥʝʪ

kan > 0

ʇʦʩʪʘʥʦʚʢʘ 
ʦʙ̡ʝʢʪʘ ʚ oTO

16
ʜʘ

ʥʝʪ

ʆʩʚʦʙʦʞ.
ʈʆ ?

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ
ʚ ʈʆ

19
ʜʘ

ʥʝʪ

ɸʚ. ʦʩʪ.

11

14

15

17 18

ʇʨʦʚʝʜʝʥʠʝ ʊʆ

ʜʘ

ʥʝʪ
20

O, E

Å=oRO

Å=oTO

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɽʩʣʠ ʪʝʢʫʱʠʡ ʦʪʢʘʟ ʦʙʲʝʢʪʘ ʚʳʟʚʘʥ ʦʪʢʘʟʦʤ ʵʣʝʤʝʥʪʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʤʥʦʞʝʩʪʚʫ  

1ʚ
E  (ʧʨʠʟʥʘʢʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ  E.w=0

2
), ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 8, ʚ ʢʦʪʦʨʦʤ 

                                                           

2
 ɿʘʧʠʩʴ E.w ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʟʥʘʢ w ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʫ ɽ 
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ʠʤʠʪʠʨʫʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʆ ʧʫʪʝʤ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʘ ɽ. ʆʧʝʨʘʪʦʨʦʤ 8 

ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢʠʝ ʜʝʡʩʪʚʠʷ: 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

ñ-çèïäî-çèïãçàìâ ).1(.: TK Ö-+t=t ÎE ;                                           (1) 

- ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʘ ɽ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ 

Gen_DN: 

).,.(:î nm=t EEGen_DN ;                                                         (2) 

ʧʨʦʮʝʜʫʨʘ-ʬʫʥʢʮʠʷ ),( nmGen_DN  ʛʝʥʝʨʠʨʫʝʪ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʜʯʠʥʷʶʱʫʶʩʷ 

DN-ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʜʘʪʯʠʢ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʦʧʠʩʘʥʥʳʡ ʚ [4]. 

- ʚ ʂʉ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʦʚʦʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʘ ɽ: 

 îtt t+=E.:E. ;                                                                (3) 

- ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʪʘʪʠʩʪʠʢʘ: 

âââ : t+= SS tt ;      îîî : t+= SS tt ;   0ââ .: Ccc E+= SS , 1: îòêîòê += SS nn ,        (4) 

ʛʜʝ 
Sʚ

t  - ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; 
Sʦ

t  - ʩʫʤʤʘʨʥʘʷ ʥʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ, 
Sʚ

c - 

ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʩʪʦʠʤʦʩʪʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʘ, 
Sʦʪʢ

n  - ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ) ʦʙʲʝʢʪʘ. 

ɽʩʣʠ ʪʝʢʫʱʠʡ ʦʪʢʘʟ ʩʚʷʟʘʥ ʩ ʦʪʢʘʟʦʤ ʵʣʝʤʝʥʪʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʤʥʦʞʝʩʪʚʫ 
2ʚ

E  

(E.w=1), ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʪʨʝʙʫʶʪʩʷ ʩʨʝʜʩʪʚʘ, ʠʤʝʶʱʠʝʩʷ ʚ ʈʆ. 

ʆʧʝʨʘʪʦʨ 9 ʧʨʦʚʝʨʷʝʪ, ʝʩʪʴ ʣʠ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʩʚʦʙʦʜʥʳʝ ʢʘʥʘʣʳ ʨʝʤʦʥʪʘ (kan ï ʪʝʢʫʱʝʝ 

ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʢʘʥʘʣʦʚ ʨʝʤʦʥʪʘ). ɽʩʣʠ kan>0, ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 10, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʝʡʩʪʚʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷʤ (2)-(4). ɺʤʝʩʪʦ (1) ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ:  

ñ-çèïäð-çèïãçàìðîàâ )1(.: TK Ö-+t+t=t E ,                                     (5) 

ʛʜʝ ðîàt  - ʩʨʝʜʥʝʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʚʨʝʤʷ ʈʆ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʨʝʤʦʥʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʦʩʪʘʚʢʠ ʦʙʲʝʢʪʘ ʚ ʈʆ (ʠʣʠ ʈʆ ʢ ʦʙʲʝʢʪʫ) ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʏʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʢʘʥʘʣʦʚ ʨʝʤʦʥʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 1 (kan= kan-1). 

ɽʩʣʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʦʙʦʜʥʳʝ ʢʘʥʘʣʳ ʨʝʤʦʥʪʘ (kan=0), ʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 11, ʢʦʪʦʨʳʤ ʪʝʢʫʱʠʡ ʦʪʢʘʟʘʚʰʠʡ ʦʙʲʝʢʪ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʯʝʨʝʜʴ ʦʈʆ : 

tðîî÷ =:O.t ;      ÎîÐÎ:îÐÎ Ç= .                                              (6) 

ʇʝʨʚʳʡ ʦʧʝʨʘʪʦʨ ʟʘʧʦʤʠʥʘʝʪ ʚʨʝʤʷ ʧʦʩʪʘʥʦʚʢʠ ʚ ʦʯʝʨʝʜʴ, ʚʪʦʨʳʤ ʦʧʝʨʘʪʦʨʦʤ ʦʙʲʝʢʪ 

ʆ ʚʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʞʝʩʪʚʦ (ʩʧʠʩʦʢ) ʦʈʆ. 

ʆʧʝʨʘʪʦʨ 12 ʧʨʦʚʝʨʷʝʪ, ʷʚʣʷʝʪʩʷ ʣʠ ʪʝʢʫʱʝʝ ʩʦʙʳʪʠʝ, ʩʦʙʳʪʠʝʤ çʊʆè. ɽʩʣʠ ʜʘ, ʪʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʪʦʨʳ 13-15. 

ɽʩʣʠ ʝʩʪʴ ʩʚʦʙʦʜʥʳʝ ʢʘʥʘʣʳ ʨʝʤʦʥʪʘ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 14, ʚ ʢʦʪʦʨʦʤ 

ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢʠʝ ʜʝʡʩʪʚʠʷ: 

- ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʊʆ. ɺ ʩʣʫʯʘʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʊʆ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʊʆ 
ʪʦ
t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ: 

ðîàòîòî

òî

.: t+t=t ä
ÍEE

E ;
3
                                                     (7) 

- ʠʤʠʪʠʨʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʊʆ ʧʫʪʝʤ ʧʝʨʝʧʣʘʥʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘ) ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
ʪʦ

EÍE  ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʜʦ ʦʪʢʘʟʘ 
ʦ
t ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ).,.( nmEEGen_DN ; 

                                                           

3
 ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʊʆ ɿʀʇ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ. 
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ʙ) ʟʘʪʝʤ ʜʣʷ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʂʉ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʦʚʳʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʨʝʤʝʥʠ ʠʭ ʦʪʢʘʟʘ: 

îtt t+=:E.      ( òîEÍ"E )                                                (8) 

- ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʊʆ: 

òîòîòî : t+= SS tt ;    ä
Í

SS ++=
òî

)..(: òî0òîòî

E

CCcc
E

EE ,                           (9) 

ʛʜʝ 
Sʪʦ

t  - ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʆ, 
Sʪʦ

c - ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ 

ʩʪʦʠʤʦʩʪʠ ʥʘ ʊʆ. 

ɽʩʣʠ ʩʚʦʙʦʜʥʳʝ ʢʘʥʘʣʳ ʈʆ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʦʧʝʨʘʪʦʨ 13 ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʦʧʝʨʘʪʦʨʫ 15, ʢʦʪʦʨʳʡ ʪʝʢʫʱʠʡ ʦʙʲʝʢʪ ʆ, ʪʨʝʙʫʶʱʠʡ ʧʨʦʚʝʜʝʥʠʷ ʊʆ,  ʚʢʣʶʯʘʝʪ ʚ ʦʯʝʨʝʜʴ 

ʦʊʆ : 

tòîî÷ =:O.t ;      ÎîTÎ:îTÎ Ç= .                                             (10) 

ʆʧʝʨʘʪʦʨ 16 ʧʨʦʚʝʨʷʝʪ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ çʦʩʚʦʙʦʞʜʝʥʠʝ ʈʆè. ɽʩʣʠ ʩʦʙʳʪʠʝ 

ʥʘʩʪʫʧʠʣʦ, ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʪʦʨʳ 17-20. ɽʩʣʠ ʝʩʪʴ ʦʯʝʨʝʜʴ ʦʙʲʝʢʪʦʚ, ʦʞʠʜʘʶʱʠʭ ʈʆ 

( Å̧ʦʈʆ ), ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 18, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʝʡʩʪʚʠʷ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʚ 

ʦʧʝʨʘʪʦʨʝ 10. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʚ (5) ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦ ʩʣʘʛʘʝʤʦʝ ï 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ:  

).t()1(.: ðîî÷ñ-çèïäð-çèïãçàìðîàâ tTK OE -+Ö-+t+t=t .                       (11) 

ʊʘʢʞʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʈʆ: 

).-t(: ðîîæðîî÷ðîî÷ ttt O+= SS ,   1: ðîî÷ðîî÷ += SS nn .                      (12) 

ɽʩʣʠ ʝʩʪʴ ʥʝʧʫʩʪʘʷ ʦʯʝʨʝʜʴ ʦʙʲʝʢʪʦʚ, ʦʞʠʜʘʶʱʠʭ ʊʆ, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʦʧʝʨʘʪʦʨʫ 14. ʊʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʊʆ: 

).-t(: îòîæîòî÷òîî÷ ttt O+= SS ,  1: îòî÷îòî÷ += SS nn .                            (13) 

ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʪʦʨʘ 5 ʪʝʢʫʱʝʝ ʚʨʝʤʷ t ʧʨʝʚʳʩʠʪ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʥʘʨʘʙʦʪʢʠ Tɻ , ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʦʧʝʨʘʪʦʨʫ 21, ʚ ʢʦʪʦʨʦʤ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʯʠʩʣʦ ʚʳʧʦʣʥʝʥʥʳʭ ʠʪʝʨʘʮʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
I

N . ʆʧʝʨʘʪʦʨʦʤ 22 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʊʆʠʈ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ e.  

ɽʩʣʠ ʪʝʢʫʱʘʷ ʪʦʯʥʦʩʪʴ e ʜʦʩʪʠʛʣʘ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ òðe, ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʪʝʨʘʮʠʡ 
I

N  ʜʦʩʪʠʛʣʦ ʟʘʜʘʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ max

IN , ʪʦ ʥʘ ʵʪʦʤ 

ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ï ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ 25, ʢʦʪʦʨʳʡ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʇʂ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ï ʦʧʝʨʘʪʦʨ 24 ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʫ 3. 

 

1.3. ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʦʮʝʥʦʢ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

 

ʇʦ ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʢʝ ʚʳʯʠʩʣʷʣʠʩʴ ʦʮʝʥʢʠ 

ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʊʆʠʈ (ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʦʧʝʨʘʪʦʨʝ 22): 

- ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʦʙʲʝʢʪʘ: 

)/( îáîòêî0 nntT Ö= SS ;                                                              (14) 

- ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ: 

)/( âîîã SSS += tttK ;                                                               (15) 

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 
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)/( îòâîîòè SSSS ++= ttttK ;                                                     (16) 

- ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʩʪʦʠʤʦʩʪʠ
4
: 

SSS+= îòîâóä /)(: tccc ;                                                             (17) 

- ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʈʆ ʚ ʩʦʩʪʦʷʥʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

SS= ðîî÷ðîî÷ðîî÷ / ntT ;                                                               (18) 

- ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʈʆ ʚ ʩʦʩʪʦʷʥʠʠ ʊʆ: 

SS= îòî÷îòî÷îòî÷ / ntT .                                                               (19) 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʣʠʩʴ ʪʘʢʞʝ ʦʮʝʥʢʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʚʳʚʦʜʳ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʀʉʄ ʧʨʦʮʝʩʩʘ ʊʆʠʈ ʨʝʘʣʠʟʦʚʘʥ 

ʧʨʦʛʨʘʤʤʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi [5]. ɹɼ ʤʦʜʝʣʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʉʋɹɼ InterBase.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ , ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʫʶ ʀʉʄ, ʧʨʦʚʝʨʝʥʘ ʥʘ ʪʝʩʪʦʚʳʭ 

ʧʨʠʤʝʨʘʭ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʝʱʝ ʧʨʝʜʩʪʦʷʪ. ʇʦʢʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʠʚʝʜʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʀʉʄ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʡ 
ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ ʊʆʠʈ. ʆʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ 

ʤʦʜʝʣʠ, ʥʝ ʩʥʠʞʘʶʪ ʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʝʟʥʦʩʪʴ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀʉʄ ʧʦʟʚʦʣʠʪ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʈʕʊ 
ʧʦʣʫʯʘʪʴ ʧʨʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʊʆʠʈ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ ʊʆʠʈ, ʦʮʝʥʠʚʘʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ɹʝʟ ʨʝʮʝʥʟʽʾ. 

 

                                                           

4
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ʋɼʂ 621.391                                                                        ʄʽʥʦʯʢʽʥ ɼ.ɸ. (ʅʊʋʋ Ăʂʇɯò) 

 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ ʉʀɻʅɸʃɯɺ ɺ ʉʀʉʊɽʄɯ ʄɯʄʆ 

 
ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʝʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʘʭ ʄɯʄʆ ʟ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʶ ʦʙʨʦʙʢʦʶ. ʇʦʢʘʟʘʥʦ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʨʘʜʽʦʜʦʩʪʫʧʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʨʘʜʽʦʜʦʩʪʫʧʫ, ʩʠʩʪʝʤʘ ʄɯʄʆ, ʜʝʤʦʜʫʣʷʮʽʷ.  

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʝʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʄɯʄʆ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʨʘʜʠʦʜʦʩʪʫʧʘ, ʩʠʩʪʝʤʘ ʄʀʄʆ, ʜʝʤʦʜʫʣʷʮʠʷ. 

 

The analysis of the basic methods of signals demodulating in MɯMO with space-time processing is 

conducted in the article. The ways of spectral and energy efficiency improving of modern broadband radio 

access system are proposed. 

Keywords: system of broadband radio access, system MIMO, demodulation 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʨʘʜʽʦʜʦʩʪʫʧʫ (ʉʐʈ) [1ï5]. 

ʆʜʥʽʻʶ ʽʟ ʚʠʤʦʛ ʜʦ ʩʫʯʘʩʥʠʭ ʉʐʈ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

(ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ). ɿʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʻ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʤʦʙʽʣʴʥʠʭ (ʩʪʽʣʴʥʠʢʦʚʠʭ) ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʇʨʠʯʦʤʫ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟʘʜʘʯʫ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʉʐʈ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʠʭ ʦʙʤʝʞʝʥʴ 

ʥʘ ʯʘʩʪʦʪʥʫ ʩʤʫʛʫ ʩʠʛʥʘʣʽʚ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʉʐʈ ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Ăʙʘʛʘʪʦ ʚʭʦʜʽʚ - ʙʘʛʘʪʦ 

ʚʠʭʦʜʽʚò (MIMO - Multiple-Input Multiple-Output), ʷʢʘ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ ʽ ʙʦʨʦʪʠʩʷ ʽʟ ʟʘʚʤʠʨʘʥʥʷʤʠ ʩʠʛʥʘʣʽʚ [1, 4, 6ï9]. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ 

ʦʙʨʦʙʢʠ (STC - Space Time Coding), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʽ ʧʨʠʡʤʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʦʪʦʢʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʊʝʦʨʝʪʠʯʥʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ 

MIMO ʟ STC ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʧʨʦʧʦʨʮʽʡʥʦ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʙʦʮʽ (ʟʘ 

ʫʤʦʚʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ ʥʝ ʤʝʥʰʘ ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʟ ʦʜʥʽʻʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʘʥʪʝʥʦʶ (SISO - 

Single-Input Single-Output). ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ STC [6, 10-13] ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ MIMO, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚôʷʟʘʥʝ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ 

ʜʝʤʦʜʫʣʷʪʦʨʘ STC ʽ ʟʽ ʟʥʠʞʝʥʥʷʤ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʙʽʨ 

ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʦʮʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʫ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʤʽʨʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ 

ʜʝʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʚ ʩʠʩʪʝʤʽ MIMO ʟ STC ʟ ʧʦʛʣʷʜʫ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʪʪʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ MIMO 

ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʄt ʧʝʨʝʜʘʚʘʯʽʚ (ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ) ʽ ʄr ʧʨʠʡʤʘʯʽʚ (ʧʨʠʡʤʘʣʴʥʠʭ 

ʘʥʪʝʥ) (ʨʠʩ. 1). ʇʝʨʝʜʘʥʽ ʩʠʛʥʘʣʠ ʧʽʩʣʷ ʚʧʣʠʚʫ ʨʝʣʝʻʚʩʴʢʠʭ ʟʘʚʤʠʨʘʥʴ ʽ ʙʽʣʦʛʦ ʛʘʫʩʦʚʩʴʢʦʛʦ 

ʰʫʤʫ (ɹɻʐ) ʫ ʨʘʜʽʦʢʘʥʘʣʽ, ʥʘʜʭʦʜʷʪʴ ʚ ʄr ʧʨʠʡʤʘʣʴʥʠʭ ʪʨʘʢʪʽʚ. 



 71 

 

ʩ(t) ɺʝʢʪʦʨʥʠʡ 

ʢʦʜʝʨ ʠ 

ʜʝʤʫʣʴʪ-̔

ʧʣʝʢʩʦʨ 

ʩ(t) 

. 

. 

. 
 

ʄʘʪʨʠʯʥʠʡ 

ʧʝʨʝʤʠʢʘʯ . 
. 
. 
 

ʇʈɼ-1 

ʇʈɼ-2 

ʇʈɼ-ʄt 

ʇʈʄ-1 

ʇʈʄ-2 

ʇʈʄ-ʄr 

. 

. 

. 
 

ɹʣʦʢ 

ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʚ̔ 

ʩ
*
(t) 

h11 

rtMMh  

h12 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ MIMO 

 

ɺʽʜʣʽʢʠ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʚʽʜʥʠʭ ʥʘ ʚʠʭʦʜʽ ʄr ʧʨʠʡʤʘʯʽʚ ʥʘ ʦʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ [6, 9]: 

Z = HA  + B,                                                               (1) 

ʜʝ Z - ʚʝʢʪʦʨ, ʢʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ z̔, rÌ³ ,1= , ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʣʽʢ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʙʚʽʜʥʦʾ ʥʘ i-ʤʫ ʚʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ STC; ɸ - ʚʝʢʪʦʨ, ʢʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ ʘj, tÌj ,1=  - 

ʧʝʨʝʜʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʤʚʦʣ, ʱʦ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ {ʘ
(1)
, é, ʘ

(ʂ)
}, K - 

ʢʨʘʪʥʽʩʪʴ ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʂɸʄ); H - ʤʘʪʨʠʮʷ, ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʷʢʦʾ hij ï 

ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʪʨʘʢʪʫ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ j-ʶ 

ʘʥʪʝʥʦʶ ʽ ʧʨʠʡʤʘʻʪʴʩʷ i-ʶ ʘʥʪʝʥʦʶ; ɺ - ʚʝʢʪʦʨ, ʢʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ bi - ʚʽʜʣʽʢ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʘʫʩʦʚʩʴʢʦʛʦ ʰʫʤʫ ʥʘ i-ʤʫ ʚʭʦʜʽ ʜʝʤʦʜʫʣʷʪʦʨʘ STC, ʱʦ ʤʘʻ ʥʫʣʴʦʚʝ ʩʝʨʝʜʥʻ 

ʪʘ ʜʠʩʧʝʨʩʽʶ 2s
2
. 

ʅʘ ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʙʦʮʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʤʚʦʣʠ ʘi ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʙʣʦʢʠ ʟ L ʩʠʤʚʦʣʽʚ, 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʦʙʨʦʙʣʷʶʪʴʩʷ ʽ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʯʝʨʝʟ ʄt ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ ʟʘ ʟʘʜʘʥʫ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ Kʟʘʜ. ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʢʦʜ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʧʦʨʦʜʞʫʚʘʣʴʥʦʾ ʤʘʪʨʠʮʽ, ʫ ʷʢʽʡ ʨʷʜʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʤ ʘʥʪʝʥʘʤ, ʘ ʩʪʦʚʧʮʽ - 

ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ ʧʝʨʝʜʘʯʽ ʩʠʤʚʦʣʽʚ: 
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22221
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ttt
sss

sss

sss

,                                                      (2) 

ʜʝ sjk, tÌj ,1= , çàä,1 Kk=  - ʬʫʥʢʮʽʷ ʚʽʜ ʢʦʤʧʣʝʢʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ ʘi , i = 1, 

2, ..., ʷʢʘ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ j-ʶ ʘʥʪʝʥʦʶ ʥʘ k-ʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ʉʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʩʠʩʪʝʤʠ ʄɯʄʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʙʣʦʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ L ʜʦ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʮʴʦʛʦ ʙʣʦʢʫ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ Kʟʘʜ: RSTC = L/Kʟʘʜ. ʏʠʤ ʚʠʱʘ ʩʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ RSTC ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫ, 

ʪʠʤ ʚʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʨʝʩʫʨʩʽʚ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʢʘʥʘʣʫ ʟʚᾷʷʟʢʫ. 

ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʢʦʜʠ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʦʨʪʦʛʦʥʘʣʴʥʽ ʡ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽ. ʉʝʨʝʜ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʢʦʜʽʚ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʢʦʜ ɸʣʘʤʦʫʪʽ, ʧʦʨʦʜʞʫʚʘʣʴʥʘ ʤʘʪʨʠʮʷ ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ 

[7]: 

12

21

aa

aa
G

¡

¡-
= .                                                           (3) 

ʉʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ ɸʣʘʤʦʫʪʽ RSTC = 1. ʋ ʤʘʪʨʠʮʽ (3) ʨʷʜʢʠ ʦʨʪʦʛʦʥʘʣʴʥʽ ʦʜʠʥ 

ʦʜʥʦʤʫ, ʪʝ ʞ ʩʧʨʘʚʝʜʣʠʚʦ ʡ ʜʣʷ ʾʾ ʩʪʦʚʧʮʽʚ. ɿʘʚʜʷʢʠ ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʦʮʽ 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (ʄʇ) ʧʝʨʝʜʘʥʠʭ ʩʠʤʚʦʣʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʚʘʛʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ 

ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʭʝʤʠ ɸʣʘʤʦʫʪʽ ʟ ʜʚʦʤʘ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʽ ʦʜʥʽʻʶ ʧʨʠʡʤʘʣʴʥʦʶ ʘʥʪʝʥʘʤʠ ʚ 
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ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʶ ʩʠʩʪʝʤʦʶ SISO ʜʦʨʽʚʥʶʻ 7 ʜɹ ʜʣʷ  ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʛʦ 

ʧʨʠʡʤʘʥʥʷ ʈʧʦʤ = 10
-2

 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʦʪʠʨʴʦʭʢʨʘʪʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ (ʌʄ-4). 

ʅʘʞʘʣʴ, ʜʣʷ ʩʠʩʪʝʤ ʟ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ ʙʽʣʴʰʝ ʜʚʦʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʂɸʄ ʥʝ ʽʩʥʫʻ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʢʦʜʽʚ ʟʽ ʰʚʠʜʢʽʩʪʶ RSTC = 1. ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ, ʥʘʧʨʠʢʣʘʜ, 3 ʽ 4, ʩʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʢʦʜʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 3/4. ʉʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʽʚ ʜʣʷ ʧôʷʪʠ ʡ ʙʽʣʴʰʝ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 1/2. 

ʇʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʢʦʜʽʚ. ʉʠʤʚʦʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʤʫ ʢʦʜʫʚʘʥʥʽ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ ʄt, ʪʦʙʪʦ ʟʘ Kʟʘʜ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʙʣʦʢ ʟ L = Kʟʘʜʄt ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ. ʎʽʡ ʫʤʦʚʽ ʟʘʜʦʚʦʣʴʥʷʻ 

ʢʦʜ V-BLAST (ʚʽʜ ʘʥʛʣ. Vertical Bell Labs Layered Space Time) [6, 7]. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ 

ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʢʦʜʫ ʻ ʧʦʜʚʽʡʥʠʡ ʢʦʜ ɸʣʘʤʦʫʪʽ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʜʫʣʷʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ ʟ 4 ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʪʘ 4 ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʶʪʴ ʢʦʜ V-BLAST (ʢʨʠʚʘ 2) ʽ ʧʦʜʚʽʡʥʠʡ ʢʦʜ ɸʣʘʤʦʫʪʽ (ʢʨʠʚʘ 1) ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʌʄ-

4. ɼʣʷ ʜʝʤʦʜʫʣʷʮʽʾ ʢʦʜʫ V-BLAST ʽʟ ʩʠʤʚʦʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ 4 ʧʦʪʨʽʙʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ Q
2
 ʥʘ 5 ʜɹ ʚʠʱʝ (ʧʨʠ ʈʧʦʤ = 10

-2
), ʯʠʤ ʜʣʷ ʜʝʤʦʜʫʣʷʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʢʦʜʫ ɸʣʘʤʦʫʪʽ 

ʽʟ ʩʠʤʚʦʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ 2. ʇʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ MIMO ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʢʦʜʫ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʩʠʤʚʦʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʧʨʠ ʟʘʜʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʽ ʧʨʠʡʤʘʣʴʥʠʭ ʘʥʪʝʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
 

 10 

 10 

ʈʧʦʤ 

  2 -2 6 8 10 Q2
 , (ʜɹ) 

  
- 2 
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 4   0 

1 
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ʈʠʩ. 2. ɿʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʛʦ ʧʨʠʡʤʘʥʥʷ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ  

ʜʣʷ ʧʦʜʚʽʡʥʦʛʦ ʢʦʜʫ ɸʣʘʤʦʫʪʽ ʽ V-BLAST 

 

ʇʨʦʮʝʩ ʜʝʤʦʜʫʣʷʮʽʾ STC ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1) ʱʦʜʦ ʥʝʚʽʜʦʤʦʛʦ ʘ, ʘʣʝ 

ʦʩʢʽʣʴʢʠ ʚ ʨʽʚʥʷʥʥʽ ʧʨʠʩʫʪʥʽʡ ʚʠʧʘʜʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʫ ʚʠʛʣʷʜʽ ʛʘʫʩʩʦʚʩʴʢʦʛʦ ʰʫʤʫ ɺ, 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ. ɼʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʦʢ ʧʝʨʝʜʘʥʠʭ ʩʠʤʚʦʣʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: ʤʝʪʦʜ 

ʦʙʥʫʣʽʥʥʷ (ZF - Zero Forcing), ʤʝʪʦʜ ʤʽʥʽʤʫʤʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʄʉʂɺ), 
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ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʜʝʤʦʜʫʣʴʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ (SIC - Successive Interference 

Cancellation), ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (ʄʇ), ʤʝʪʦʜ ʩʬʝʨʠʯʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ 

(ʉɼ) ʪʦʱʦ [6]. 

ʆʮʽʥʢʠ ʧʝʨʝʜʘʥʠʭ ʩʠʤʚʦʣʽʚ ʟʘ ʤʝʪʦʜʦʤ ZF ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

YÍÍÍ ¡¡= -1)(Ĕq .                                                         (4) 

ɺʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʢʠ ʄʉʂɺ ʤʘʻ ʚʠʛʣʷʜ: 

YÍ²ÍÍ ¡s+¡= -12 )2(Ĕq .                                                  (5) 

ʄʝʪʦʜ ʄʉʂɺ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʰʫʤʫ ʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʝ ʚʠʩʦʢʫ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ZF. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʦʙʦʭ ʤʝʪʦʜʽʚ ʧʨʦʧʦʨʮʽʡʥʘ 3
tÌ . 

ɯʩʪʦʪʥʦ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʘʤʠ ZF ʽ ʄʉʂɺ ʤʘʻ ʘʣʛʦʨʠʪʤ SIC, 

ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʜʝʤʦʜʫʣʴʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ ʧʨʠʡʥʷʪʦʛʦ 

ʩʠʛʥʘʣʫ. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʤʝʪʦʜʦʤ ʄʉʂɺ ʦʙʯʠʩʣʶʻʪʴʩʷ ʞʦʨʩʪʢʘ 

ʦʮʽʥʢʘ ʦʜʥʽʻʾ ʟ ʢʦʤʧʦʥʝʥʪ, ʧʝʨʝʜʘʥʦʾ i-ʶ ʘʥʪʝʥʦʶ, ʨʝʧʣʽʢʘ ʷʢʦʾ ʧʦʪʽʤ ʚʽʜʥʽʤʘʻʪʴʩʷ ʟ 

ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. ʄʝʪʦʜ SIC ʤʘʻ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ - ʝʬʝʢʪ "ʨʦʟʤʥʦʞʝʥʥʷ ʧʦʤʠʣʦʢ". 

ʂʽʣɹʢʽʩʪʴ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʮʴʦʤʫ ʤʝʪʦʜʽ ʧʨʦʧʦʨʮʽʡʥʦ 4
tÌ . 

ʅʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʜʝʤʦʜʫʣʷʮʽʾ ʤʘʻ ʤʝʪʦʜ ʄʇ. ʆʮʽʥʢʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʤʚʦʣʽʚ ʟʘ ʤʝʪʦʜʦʤ ʄʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʙʦʨʫ ʚʩʽʭ 

ʢʦʤʙʽʥʘʮʽʡ ʚʝʢʪʦʨʘ q ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʘ ʩʠʤʚʦʣʽʚ ʂɸʄ 
( ){ }tM
Êçàäɗ,...,ɗ)1(=Q : 

2
ɗminargĔ Í-Y

q

=q .                                                       (6) 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʘʥʪʝʥ M ʽ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ tM
Êçàä. ʈʝʘʣʽʟʫʚʘʪʠ ʮʝʡ 

ʘʣʛʦʨʠʪʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʩʠʩʪʝʤʠ V-BLAST, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʄt = 4 ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16, ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʽʥʪʝʨʚʘʣʽ ʪʨʠʚʘʣʦʩʪʽ ʦʜʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʤʚʦʣʫ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʙʽʨ 16
4
 = 65536 ʢʦʤʙʽʥʘʮʽʡ ʩʠʤʚʦʣʽʚ. 

ʋ ʩʬʝʨʠʯʥʦʤʫ ʜʝʢʦʜʝʨʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʣʛʦʨʠʪʤʫ ʄʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʢʦʨʦʯʝʥʠʡ ʧʝʨʝʙʽʨ 

ʢʦʤʙʽʥʘʮʽʡ ʰʣʷʭʦʤ ʦʙʤʝʞʝʥʥʷ ʾʭ ʜʝʷʢʦʶ ʧʽʜʤʥʦʞʠʥʦʶ ʢʦʤʙʽʥʘʮʽʡ Q
d
 Í Q [14]. ʋ ʤʝʞʘʭ 

ʧʽʜʤʥʦʞʠʥʠ Q
d
 ʚʽʜʩʪʘʥʴ ʍʝʤʤʽʥʛʘ ʚʽʜ ʢʦʞʥʦʾ ʟ ʢʦʤʙʽʥʘʮʽʡ ʜʦ ʜʝʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʦʮʽʥʢʠ 

ʚʝʢʪʦʨʘ q ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʠ d - ʨʘʜʽʫʩʘ ñʩʬʝʨʠ ʧʦʰʫʢʫò. ʗʢʽʩʪʴ ʜʝʤʦʜʫʣʷʮʽʾ q 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʘ d. ʏʠʤ ʙʽʣʴʰʝ ʨʘʜʽʫʩ, ʪʠʤ ʚʠʱʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ, ʦʙʯʠʩʣʝʥʦʾ ʟʘ ʮʽʤ 

ʤʝʪʦʜʦʤ. ʆʜʥʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ d ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʧʽʜʤʥʦʞʠʥʠ ʚʝʢʪʦʨʽʚ Q
d
, ʷʢʘ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʉɼ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ 

ʚʠʧʘʜʢʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. ʇʨʠ 

ʥʝʚʠʩʦʢʽʡ ʩʝʨʝʜʥʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʉɼ ʾʾ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ 

ʟʙʽʛʘʪʠʩʷ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʘʣʛʦʨʠʪʤʫ ʄʇ. ʎʝʡ ʬʘʢʪ ʫʩʢʣʘʜʥʶʻ ʘʧʘʨʘʪʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʉɼ, ʦʩʢʽʣʴʢʠ ʦʙʤʝʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʚ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʘʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʛʦʨʠʪʤʫ. ʅʘ ʨʠʩ. 3 ʪʘ ʚ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʜʝʤʦʜʫʣʷʮʽʾ ʜʣʷ ʩʠʩʪʝʤʠ V-BLAST ʟ 4 

ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʪʘ 4 ʧʨʠʡʤʘʣʴʥʠʤʠ ʘʥʪʝʥʘʤʠ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʂɸʄ-16, ʜʝ ʢʨʠʚʘ 1 - 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʤʝʪʦʜʫ ZF, 2 - ʤʝʪʦʜʫ ʄʂʉɺ, 3 - ʤʝʪʦʜʫ SIC, 4 - ʤʝʪʦʜʫ ʄʇ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʦʜʫʣʷʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʉɼ ʟʙʽʛʘʶʪʴʩʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʦʜʫ ʄʇ ʧʨʠ 

ʥʝʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʨʦʢʽʚ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ Q
2
 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʜʦʤʽ ʘʣʛʦʨʠʪʤʠ ʟ ʧʨʠʡʥʷʪʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ 

ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʄʇ. 
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ʊʘʙʣʠʮʷ 1 

ɿʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʝʤʦʜʫʣʷʮʽʾ 

ʄʝʪʦʜ ʜʝʤʦʜʫʣʷʮʽʾ ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ Q
2
 

(ʜɹ) ʧʨʠ ʈʧʦʤ = 10
-2

 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ZF 25 3
tÌ  

ʄʂʉɺ 22,5 3
tÌ  

SIC 17,2 4
tÌ  

ʄʇ 14 tM
Êçàä  

ʉɼ 14 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ 

 

 

1 

ʈʧʦʤ 

12 16 

2 

3 4 

  

 10-1 

 10-2 

 10-3 

 8 0 20 24 Q2
 , (ʜɹ) 

  

  

  

  

 4 
 

 

ʈʠʩ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʜʝʤʦʜʫʣʷʮʽʾ 

 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʢʨʘʱʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʜʝʤʦʜʫʣʷʮʽʾ 

ʤʘʻ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ MIMO ʻ 

ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʝʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʟ ʧʨʠʡʥʷʪʥʦʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ. 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ GPU NVIDIA  ʇʈʀ ɺʀʈɯʐɽʅʅɯ ʉʀʉʊɽʄ 

ʃɯʅɯʁʅʀʍ ʈɯɺʅʗʅʔ 

 
ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ NVIDIA 

ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʙʘʛʘʪʦʷʜʝʨʥʠʤʠ 

ʧʨʦʮʝʩʦʨʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ GPU Tesla C2075 ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʤʘʪʨʠʮʝʶ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʚʠʢʦʥʫʻ ʚ 7 ʨʘʟʽʚ ʰʚʠʜʰʝ ʜʣʷ ʯʠʩʝʣ ʟ ʧʦʜʚʽʡʥʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʧʘʨʘʣʝʣʴʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʽ ʰʝʩʪʠʷʜʝʨʥʠʭ ʧʨʦʮʝʩʦʨʘ AMD Phenom II X6 1090T ʟ ʯʘʩʪʦʪʦʶ 

3.2 ɻɻʮ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩʦʨ, ʬʘʢʪʦʨʠʟʘʮʽʷ ʤʘʪʨʠʮʽ, GPU. 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

NVIDIA  ʜʣʷ  ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʤʥʦʛʦʷʜʝʨʥʳʤʠ 

ʧʨʦʮʝʩʩʦʨʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ GPU Tesla C2075 ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʤʘʪʨʠʮʝʡ 

ʦʙʱʝʛʦ ʚʠʜʘ ʚʳʧʦʣʥʷʝʪ ʚ 7 ʨʘʟ ʙʳʩʪʨʝʝ ʜʣʷ ʯʠʩʝʣ ʩ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʝ ʰʝʩʪʠʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ AMD Phenom II X6 1090T ʟ 

ʯʘʩʪʦʪʦʡ 3.2 ɻɻʮ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ, ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮʳ, GPU. 

 
The paper investigated the feasibility of NVIDIA GPUs to solve systems of linear equations as 

compared to conventional multi-core processors. Shown that the GPU Tesla C2075 solving systems of 

linear equations with a general matrix performs 7 times faster for double-precision numbers than the 

parallel computer system with a six-core processor AMD Phenom II X6 1090T 3.2GHz h. 

Keywords: GPU, matrix factorization, GPU. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʥʘʧʨʫʛʘʭ ʽ ʰʚʠʜʢʦʩʪʷʭ. ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʨʦʟʚ'ʷʟʫʶʪʴʩʷ ʯʠʩʝʣʴʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮʝʡ ʤʝʪʦʜ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʙʫʜʦʚʠ 

ʪʘʢ ʟʚʘʥʠʭ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʨʽʰʝʥʥʷʤ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʪʠʩʷʯʽ ʽ 

ʥʘʚʽʪʴ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʥʝʚʽʜʦʤʠʭ. ɼʣʷ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʠʭ ʽ ʧʣʘʩʪʠʯʥʠʭ ʟʘʜʘʯ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʩʦʪʥʽ ʽ ʪʠʩʷʯʽ ʨʘʟʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʽʥʮʝʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʧʦʪʨʽʙʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʢʦʤʧ'ʶʪʝʨʠ ʟ ʙʘʛʘʪʦʷʜʝʨʥʠʤʠ 

ʧʨʦʮʝʩʦʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 6-ʡ ʷʜʝʨʥʠʡ ʧʨʦʮʝʩʦʨ AMD Phenom II X6 1090T (CPU), ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʽʟ ʟʘʛʘʣʴʥʦʶ ʧʘʤ'ʷʪʪʶ (SMP-

ʩʠʩʪʝʤʘ). ɿ ʧʦʷʚʦʶ ʯʽʧʘ NVIDIA ʚʦʩʴʤʦʛʦ ʧʦʢʦʣʽʥʥʷ G80 (2007ʨ.) ʚʠʥʠʢʣʘ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʘ ʘʨʭʽʪʝʢʪʫʨʘ CUDA, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ NVIDIA. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʷʚʣʷʻ ʩʦʙʦʶ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʧʨʦʮʝʩʦʨʦʤ, ʧʘʨʘʣʝʣʴʥʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʫ ʩʢʣʘʜʽ ʷʢʦʾ ʧʨʘʮʶʻ ʙʣʠʟʴʢʦ 500 ʧʨʦʮʝʩʦʨʥʠʭ ʷʜʝʨ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ 

Tesla C2075. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʘʩʧʘʨʘʣʣʝʣʽʪʴ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʪʘʢ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʛʘʪʦʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʦʨʘ CPU ʽ ʧʨʦʮʝʩʦʨʥʠʭ 

ʷʜʝʨ GPU ʽ ʟʽʩʪʘʚʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ GPU ʚʽʜ CPU 

AMD Phenom II X6 1090T ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʝʣ ʦʜʠʥʘʨʥʦʾ ʽ 

ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʝʚʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ 

ʚʽʜʦʤʽ ʯʠʩʣʝʥʥʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʷʢ ʥʘ ʙʘʟʽ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʪʘʢ  ̔ʙʘʛʘʪʦʷʜʝʨʥʠʭ ʧʨʦʮʝʩʦʨʽʚ [1,2,3,6]. ɺ ʨʦʙʦʪʽ [4] 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʰʝʥʥʷ ʨʷʜʫ ʟʘʜʘʯ  ̔ʥʘ GPU NVIDIA. ʆʜʥʘʢ ʥʝ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʝʪʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ GPU NVIDIA ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʙʘʟʽ 

ʙʽʙʣʽʦʪʝʢ ʧʨʦʛʨʘʤ MAGMA  (Matrix Algebra on GPU and Multicore Architectures) [8] ʜʣʷ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʯʠʩʣʘʤʠ ʦʜʠʥʘʨʥʦʾ ʽ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ. 



 77 

ʄʝʪʘ ʩʪʘʪʪʽ. ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ 

ʧʨʠ ʨʽʰʝʥʥʽ ʟʦʢʨʝʤʘ ʟʘʜʘʯ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ 

ʙʘʛʘʪʦʷʜʝʨʥʠʤʠ ʧʨʦʮʝʩʦʨʘʤʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʦʙʣʝʤʠ 

ʫʩʪʘʥʦʚʢʠ ʙʽʙʣʽʦʪʝʢʠ MAGMA. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʨʦʟʛʣʷʥʝʤʦ ʜʚʽ ʩʠʩʪʝʤʠ. ʋ ʢʦʞʥʽʡ ʟ ʥʠʭ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʨʦʮʝʩʦʨ (CPU) AMD Phenom II X6 

1090T ʟ ʯʘʩʪʦʪʦʶ 3.2 ɻɻʮ. ʋ ʧʝʨʰʽʡ ʩʠʩʪʝʤʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩʦʨ (GPU) Tesla 

C2075, ʫ ʜʨʫʛʽʡ GeForce GTX 480 ʬʽʨʤʠ NVIDIA. GPU ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʇʨʠʯʦʤʫ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʦʢ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ c ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʧʦ 6-ʷʜʝʨ 

ʧʨʦʮʝʩʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢ MPI, ScaLAPACK ʽ ATLAS [1,2,3]. ʋ ʜʨʫʛʦʤʫ ʽ 

ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʘʭ - ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷʤ ʧʦ ʷʜʨʘʤ GPU Tesla C2075 ʽ GeForce GTX 480 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ CUDA [4]. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Linux Ubuntu ver. 10.10 desktop (64bit). ʅʘ ʥʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʤʧʽʣʷʪʦʨʠ 

ʬʦʨʪʨʘʥ F77, gfortran ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʚʠʱʝ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ 6-ʪʘ ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. ɼʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ GPU Tesla C2075 ʽ GeForce GTX 480 ʽʥʩʪʘʣʴʦʚʘʥʽ ʚʽʜʝʦʜʨʘʡʚʝʨ nvidia ʽ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ CUDA Toolkit 4.0 ʽʟ ʩʘʡʪʫ http://developer.nvidia.com/cuda-toolkit-

archive. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ GPU ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʞʝʨʝʣʽ 

[5].  

ʋ ʪʝʩʪʦʚʽʡ ʧʨʦʛʨʘʤʽ ʥʘ ʬʦʨʪʨʘʥʝ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʠʤʝʪʴʩʷ ʜʣʷ ʯʠʩʝʣ ʟ ʧʦʜʚʽʡʥʦʶ 

ʪʦʯʥʽʩʪʶ. ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʦʟʙʠʪʦ ʥʘ ʜʚʘ ʝʪʘʧʠ: 

-ʬʘʢʪʦʨʠʟʘʮʽʷ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ (A) [7]; 

-ʩʘʤʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ. 

ʂʦʞʝʥ ʝʪʘʧ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʝʨʥʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʧʨʦʛʨʘʤ ʙʽʙʣʽʦʪʝʢ 

ScaLAPACK, BLACS, ATLAS. ʇʝʨʰʠʡ ʝʪʘʧ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʧʨʦʛʨʘʤʫ PDGETRF, ʜʨʫʛʠʡ - 

PDGETRS [2]. ʋ ʧʨʦʛʨʘʤʽ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩ ʾʾ ʚʠʢʦʥʘʥʥʷ. 

ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʽʣʴʢʽʩʪ ɹʦʧʝʨʘʮʽʡ ʜʣʷ ʧʝʨʰʦʛʦ (ops) ʪʘ ʜʨʫʛʦʛʦ ʝʪʘʧʫ (ops1), ̔  ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʣʷ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ  ̔ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʜʫʨʫ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʞ ʟʘʜʘʯʽ ʥʘ GPU. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʫʜʝʤʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ LU - ʬʘʢʪʦʨʠʟʘʮʽʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʙʽʙʣʽʦʪʝʢʠ lapack-3.4.0  ̔ MAGMA  (Matrix Algebra on GPU and Multicore 

Architectures) ʚʝʨʩʽʾ 1.1.0 [8]. 

ʅʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ GPU ʧʨʦʛʨʘʤʘ ur_f1.f90, ʥʘʧʠʩʘʥʘ ʥʘ fortran 90, ʜʣʷ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ:  

      program testing_dgetrf_gpu_f 

      use magma 

      external cublas_init, cublas_set_matrix, cublas_get_matrix 

      external cublas_shutdown, cublas_alloc 

      integer cublas_alloc 

      double precision, allocatable :: h_A(:), h_B(:), h_X(:) 

      magma_devptr_t                :: devptrA, devptrB 

      integer,    allocatable       :: ipiv(:) 

      integer                       :: i, n, info, stat, lda, size_of_elt, nrhs 

      real(kind=8)              :: ops,ops1, t, t1 

      integer                       :: tstart(2), tend(2), tstart1(2), tend1(2) 

      call cublas_init() 

      write (*,*) "Input n" 

      read (*,*) n 

      nrhs = 1 

      lda  = n 

      ldda = ((n+31)/32)*32 
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      size_of_elt = sizeof_double 

      allocate(h_A(lda*n)) 

      allocate(h_B(lda*nrhs)) 

      allocate(h_X(lda*nrhs)) 

      allocate(ipiv(n)) 

      stat = cublas_alloc(ldda*n, size_of_elt, devPtrA) 

      stat = cublas_alloc(ldda*nrhs, size_of_elt, devPtrB) 

      do 10 i=1,n 

      do 10 j=1,n 

      h_A(i+(j-1)*n)=(sqrt(i/1.0d0))/11.0d0+(sqrt(j/1.0d0))/12.0d0 

      if(i.eq.j) h_A(i+(j-1)*n)=10.0d0 

10  continue 

      do 11 i=1,n 

      h_B(i)=(sqrt(i/1.0d0))/20.0d0 - 1.0d0 

11   continue 

      h_X(:) = h_B(:) 

      call cublas_set_matrix(n, n, size_of_elt, h_A, lda, devptrA, ldda) 

      call cublas_set_matrix(n, nrhs, size_of_elt, h_B, lda, devptrB, ldda) 

      call magma_gettime_f(tstart) 

      call magmaf_dgetrf_gpu(n, n, devptrA, ldda, ipiv, info) 

      call magma_gettime_f(tend) 

      call magma_gettimervalue_f(tstart, tend, t) 

      write(*,*) "time LU =", t 

      call magma_gettime_f(tstart1) 

      call magmaf_dgetrs_gpu('n', n, nrhs, devptrA, ldda, ipiv, devptrB, ldda, info) 

      call magma_gettime_f(tend1) 

      call magma_gettimervalue_f(tstart1, tend1, t1) 

      write(*,*) "time solve =", t1 

      call cublas_get_matrix (n, nrhs, size_of_elt, devptrB, ldda, h_X, lda) 

      write(*,*) "X(1)=",h_X(1),"X(",n,")=",h_X(n) 

      ops = 2.0d0 * (dfloat(n))**3 / 3.0d0 

      ops1 = 2.0d0 * (dfloat(n))**3 / 3.0d0 + 2.0d0*(dfloat(n))**2 

      write(*,*)   '  Gflops LU  = ', ops /(t*1e6) 

      write(*,*)   '  Gflops summa solve  = ', ops1 /(1e6*(t+t1)) 

      deallocate(h_A, h_X, h_B, ipiv) 

      call cublas_free(devPtrA) 

      call cublas_free(devPtrB) 

      call cublas_shutdown() 

      end 

ʊʫʪ ʜʣʷ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʧʨʦʛʨʘʤʘ magmaf_dgetrf_gpu, ʘ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ - magmaf_dgetrs_gpu [8]. ɼʣʷ ʥʠʭ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʦʢʨʝʤʦ ʜʣʷ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ ʪʘ ʚʠʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʋ ʪʘʙʣʠʮʽ 1 ʟʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʧʨʦʛʨʘʤʘʤ ʜʣʷ CPU AMD ʽ GPU Tesla C2075 ʧʨʠ 

ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. ɼʣʷ ʧʨʦʮʝʩʦʨʘ ʜʘʶʪʴʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ: ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʜʥʠʤ ʷʜʨʦʤ ʽ 6-ʤʘ ʷʜʨʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʯʠʥʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʘ ʥʽʜʝ ʥʝ ʜʦʩʷʛʘʻ 

ʰʝʩʪʠʨʘʟʦʚʽʡ ʚʝʣʠʯʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʨʦʙʫ: ʯʠʩʝʣʴʥʠʢ - ʯʘʩ ʨʘʭʫʥʢʠ ʚ 

ʩʝʢʫʥʜʘʭ, ʟʥʘʤʝʥʥʠʢ - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʛʽʛʘʬʣʦʧʩ ʚ ʩʝʢʫʥʜʫ. ʆʢʨʝʤʠʤʠ ʩʪʦʚʧʮʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ ʽ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ. ʋ ʩʪʦʚʧʮʽ "ʨʽʰʝʥʥʷ" ʫ 

ʯʠʩʝʣʴʥʠʢʫ ʜʘʥʦ ʯʘʩ ʨʦʙʦʪʠ ʧʽʜʧʨʦʛʨʘʤʠ PDGETRS, ʪʦʙʪʦ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ, ʘ ʚ ʟʥʘʤʝʥʥʠʢʫ - 

ʩʫʤʘʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ. ɺʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ 
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ʧʦʚ'ʷʟʘʥʘ ʟ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ. ɼʣʷ CPU ʚʦʥʘ ʚ 26.491/0.121 = 219 ʨʘʟʽʚ ʙʽʣʴʰʝ ʯʘʩʫ ʟʚʦʨʦʪʥʦʛʦ 

ʭʦʜʫ, ʘ ʜʣʷ GPU ʚ 3.718/0.071 = 52 ʨʘʟʠ ʜʣʷ ʨʦʟʤʽʨʫ ʤʘʪʨʠʮʽ 11008x11008. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʫ ʨʽʚʥʷʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʧʦ LU-ʬʘʢʪʦʨʠʟʘʮʽʾ. 

ʊʘʙʣʠʮʷ 1 

ʄʘʪ-

ʨʠʮʷ 

NxN 

CPU  AMD Phenom II  X6 1090T GPU Tesla C2075 

6 ʷʜʝʨ 1 ʷʜʨʦ ʇʨʠʩ- 

ʢʦʨ. 

LU-ʬʘʢʪʦʨ. ʈʽʰʝʥ. 

LU-ʬʘʢʪ. ʈʽʰʝʥ. LU-ʬʘʢʪ. ʈʽʰʝʥ. 

1920 0.31/15.4 0.01/14.9 0.60/7.89 0.01/7.77 1.92 0.076/61.7 0.010/54.4 

3072 0.91/21.1 0.02/20.7 2.38/8.11 0.03/8.03 2.58 0.230/84.0 0.017/78.4 

4992 2.62/31.7 0.03/31.3 8.51/9.75 0.06/9.68 3.24 0.518/160.0 0.029/151.7 

7104 7.61/31.4 0.05/31.2 23.52/10.2 0.12/10.1 3.09 1.180/202.6 0.043/195.6 

8064 10.88/32.1 0.07/31.9 33.92/10.3 0.15/10.3 3.10 1.684/207.6 0.050/201.7 

9984 20.23/32.8 0.10/32.6 61.90/10.7 0.24/10.7 3.05 2.882/230.2 0.063/225.3 

11008 26.49/33.6 0.12/33.4 82.28/10.8 0.28/10.8 3.09 3.718/239.2 0.071/234.7 

25344 - - - - - 38.665/280.7 0.204/279.2 

ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ LU-

ʬʘʢʪʦʨʠʟʘʮʽʾ ʚ ʛʽʛʘʬʣʦʧʩ ʚ ʩʝʢʫʥʜʫ ʜʣʷ GPU Tesla C2075, GeForce GTX 480  ̔ CPU AMD 

Phenom II X6 1090T ʜʣʷ ʦʜʠʥʘʨʥʦʾ (real)  ̔ ʧʦʜʚʽʡʥʠʡ (double) ʪʦʯʥʽʩʪʴ. ɺʠʜʥʦ, ʱʦ ʜʣʷ 

ʨʦʟʤʽʨʫ ʨʽʚʥʷʥʴ ʜʦ 3072, ʜʝʰʝʚʰʠʡ GPU GeForce 480 ʦʙʛʘʥʷʻ GPU Tesla C2075. ʇʨʠ ʚʝʣʠʢʠʭ 

ʨʽʚʥʷʥʥʷʭ ʧʝʨʝʚʘʛʘ ʟʘ Tesla C2075. ɺ ʮʽʣʦʤʫ ʧʨʠ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʨʦʟʤʽʨʫ ʚ 

11008 ʨʽʚʥʷʥʴ GPU Tesla C2075 ñʦʙʛʘʥʷʻò ʧʨʦʮʝʩʦʨ ʚ 239.2/34.1 = 7.01 ʨʘʟʽʚ. 

ʊʘʙʣʠʮʷ 2 

ʄʘʪʨʠʮ ̫

NxN 

GPU Tesla C2075 GPU GeForce 480  CPU AMD 

real double real double real double 

1920 77.9 61.7 90.9 66.4 18.3 15.4 

3072 132.3 84.2 170.1 84.2 30.8 21.1 

4992 150.9 160.3 161.2 128.5 50.0 31.7 

7104 221.4 203.3 234.3 143.1 60.9 32.1 

8064 251.4 208.1 263.4 145.0 58.5 32.7 

9984 317.3 230.2 329.7 150.9 71.6 33.3 

11008 351.4 239.2 365.3 153.2 73.9 34.1 

 

ʋ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʝʨʰʦʛʦ ʘʨʛʫʤʝʥʪʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. ʊʫʪ Xr 

(1) ʚʽʜʧʦʚʽʜʘʻ ʦʜʠʥʘʨʥʦʾ ʪʦʯʥʦʩʪʽ, ʘ Xd (1) - ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ. ɺʠʜʥʦ, ɦ ʦ ʯʠʤ ʤʝʥʰʝ ʨʦʟʤʽʨ 

ʨʽʚʥʷʥʴ, ʪʠʤ ʤʝʥʰʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ Xr (1)  ̔Xd (1). ʇʨʠ ʨʦʟʤʽʨʽ ʩʠʩʪʝʤʠ ʚ 3000 ʨʚ̔ʥʷʥʴ ʤʦʞʥʘ 

"ʚʽʨʠʪʠ" ʪʽʣʴʢʠ ʧʝʨʰʠʤ ʪʨʴʦʤ ʟʥʘʯʫʱʠʤ ʮʠʬʨʘʤ ʧʝʨʰʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʘ ʧʨʠ ʨʦʟʤʽʨʽ 10000 

ʨʽʚʥʷʥʴ ʧʦʭʠʙʢʘ ʩʪʘʚʘʪʠ ʪʘʢʦʶ ʚʝʣʠʢʦʶ, ʱʦ ʡ ʧʝʨʰʽ ʟʥʘʯʫʱʽ ʮʠʬʨʠ ʩʪʘʶʪʴ ʧʽʜ ʧʠʪʘʥʥʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʠʩʪʝʤ ʧʦʥʘʜ 3000 ʨʽʚʥʷʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʪʽʣʴʢʠ ʯʠʩʣʘ ʟ ʧʦʜʚʽʡʥʦʶ ʪʦʯʥʽʩʪʶ.  

ʊʘʙʣʠʮʷ 3 

ʄʘʪʨʠʮʷ NxN ɸʨʛʫʤʝʥʪ Xr(1), 

ʦʜʠʥʘʨʥʘ ʪʦʯʥ.  

ɸʨʛʫʤʝʥʪ Xd(1), 

ʧʦʜʚʽʡʥʘ ʪʦʯʥʽʩʪʴ 

ʈʽʟʥʠʮʷ  

|Xr(1)-Xd(1)| 

100x100 -9.904994E-02 -9.904992E-02 2.0E-06 

1000x1000 7.36474E-03 7.36434E-03 4.0E-04 

2000x2000 2.50738E-03 2.50710E-03 2.80E-04 

3000x3000 1.16325E-03 1.16273E-03 4.80E-04 

4000x4000 4.93012E-04 5.01715E-04 8.70E-02 

5000x5000 4.92534E-04 5.03876E-04 1.13E-01 

10000X10000 7.34304E-04 7.90892E-04 5.66E-01 
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ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʚ 11008 ʨʽʚʥʷʥʴ ʟ ʯʠʩʣʘʤʠ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʜʣʷ Xd (1) ʧʦʢʘʟʘʣʠ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

GPU Tesla C2075  Xd(1)=9.9392662447128E-004 

CPU AMD Phenom II  X6=9.9392662452686E-004 

ʊʫʪ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʝʨʰʽ ʜʝʚ'ʷʪʴ ʟʥʘʯʫʱʠʭ ʮʠʬʨ ʻ ʧʨʘʚʠʣʴʥʠʤʠ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

1. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʦʮʽʥʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʧʦ 

LU-ʬʘʢʪʦʨʠʟʘʮʽʾ. 

2. ɼʣʷ ʩʠʩʪʝʤ ʧʦʥʘʜ 3000 ʨʽʚʥʷʥʴ ʜʦʮʽʣʴʥʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ 

ʯʠʩʣʘ ʟ ʧʦʜʚʽʡʥʦʶ ʪʦʯʥʽʩʪʶ. 

3. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʩʠʩʪʝʤ ʜʦ 3000 ʨʽʚʥʷʥʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʜʝʰʝʚʠʡ 

GPU GeForce 480 ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʟ ʙʫʜʴ-ʷʢʦʶ ʪʦʯʥʽʩʪʶ. ɺʽʥ ʧʨʘʮʶʻ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʽʚʥʷʥʴ 

ʰʚʠʜʰʝ CPU AMD Phenom II X6 1090T ʚ 4 ʨʘʟʠ ʜʣʷ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʚ 5.5 ʨʘʟʠ ʜʣʷ 

ʦʜʠʥʘʨʥʦʾ. 

4.ɼʣʷ ʩʠʩʪʝʤʠ ʚ 11008 ʨʽʚʥʷʥʴ ʧʨʠ ʧʦʜʚʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ GPU "ʦʙʛʘʥʷʻ" CPU ʚ 

7 ʨʘʟʽʚ. 

5. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʥʘ 6-ʡ ʷʜʝʨʥʦʤʫ CPU ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚ 3.24 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘ 1-ʤʫ ʷʜʨʽ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʙʽʙʣʽʦʪʝʢ ScaLAPACK ʽ ATLAS. 

6. ʇʝʨʝʚʘʛʘ GPU ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ CPU ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʨʽʚʥʷʥʴ. ʅʘʧʨʠʢʣʘʜ, 

GPU Tesla C2075 ʜʣʷ 1920 ʨʽʚʥʷʥʴ ʚ ʩʠʩʪʝʤʽ ʧʨʘʮʶʻ ʚ 4 ʨʘʟʠ ʰʚʠʜʰʝ CPU AMD, ʘ ʜʣʷ 11008 

ʨʽʚʥʷʥʴ ʚ 7 ʨʘʟʽʚ. 

7. ʈʦʟʛʣʷʥʫʪʠʡ ʩʧʦʩʽʙ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʪʽʣʴʢʠ ʦʜʥʦʛʦ GPU. ʆʜʥʘʢ ʥʝʚʽʜʦʤʦ, ʥʘʩʢʽʣʴʢʠ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʜʝʢʽʣʴʢʦʭ ʚʩʪʘʥʦʚʣʝʥʠʭ GPU ʚ 

ʙʘʛʘʪʦʷʜʝʨʥʦʾ ʩʠʩʪʝʤʽ. 
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ʂʆʈɽʂʎɯʗ ʇʆʍʀɹʆʂ ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ʄɽʍɸʅɯʏʅʀʍ 

ɺɽʃʀʏʀʅ ɿ ɼʀʌɽʈɽʅʎɯɸʃʔʅʀʄʀ ʇɸʈɸʄɽʊʈʀʏʅʀʄʀ ɼɸʊʏʀʂɸʄʀ 

 
ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʧʦʭʠʙʦʢ ʧʦʚôʷʟʘʥʠʭ ʟ ʩʠʥʬʘʟʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʚʠʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤ 

ʧʽʜʩʠʣʶʚʘʯʝʤ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʩʪʨʫʤʦʚʠʤʠ ʚʭʦʜʘʤʠ. ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʠʥʬʘʟʥʠʭ 

ʧʦʭʠʙʦʢ ʜʣʷ ʨʽʟʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨʠʯʥʽ ʜʘʪʯʠʢʠ, ʧʽʜʩʠʣʶʚʘʯ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. 

 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʬʘʟʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠʩʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʦʢʦʚʳʤʠ ʚʭʦʜʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʩʠʥʬʘʟʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʫʩʠʣʠʪʝʣʴ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. 

 

We propose a method for correcting errors related to the in-phase component of the original signals 

parametric differential sensors. An example of a differential transmitter parametric sensor and amplifier 

with differential current inputs. The results of the analysis of common mode errors for different 

transmitters. 

Keywords: modulating transducer, the amplifier, measuring transducer. 

 

ɺʩʪʫʧ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʜʘʪʯʠʢʠ ʩʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʥʝʝʣʝʢʪʨʠʯʥʠʭ, ʥʘʩʘʤʧʝʨʝʜ, ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʪʘʢʠʭ ʷʢ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʩʠʣʘ, ʧʨʠʩʢʦʨʝʥʥʷ, ʪʠʩʢ, ʚʘʛʘ, ʪʦʱʦ. ʆʜʥʠʤ ʟ ʚʘʛʦʤʠʭ ʜʞʝʨʝʣ ʧʦʭʠʙʦʢ ʪʘʢʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʩʠʥʬʘʟʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʘʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. ʊʦʤʫ ʜʣʷ ʨʦʙʦʪʠ ʟ ʪʘʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʩʴʦʛʦʜʥʽ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʩʪʦʚʽ ʩʭʝʤʠ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ [1, 2], 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʥʬʘʟʥʦʾ (ʥʝʽʥʬʦʨʤʘʪʠʚʥʦʾ) ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ (ʽʥʬʦʨʤʘʪʠʚʥʦʾ) ʩʢʣʘʜʦʚʦʾ. ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʜʚʽ ʛʨʫʧʠ:  

- ʥʘ ʙʘʟʽ ʥʝʽʥʚʝʨʪʫʶʯʠʭ ʪʘ/ ʘʙʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ; 

- ʥʘ ʦʩʥʦʚʽ ʽʥʚʝʨʪʫʶʯʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʩʫʤʘʪʦʨʽʚ. 

ɸʥʘʣʽʟ ʩʠʥʬʘʟʥʦʾ ʧʦʭʠʙʢʠ. ʆʜʥʘʢ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʩʠʥʬʘʟʥʠʭ ʧʦʭʠʙʦʢ (ʧʦʭʠʙʦʢ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʩʠʥʬʘʟʥʠʭ 

ʩʠʛʥʘʣʽʚ) ʻ ʧʦʭʠʙʢʠ ʟʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʨʝʟʠʩʪʦʨʽʚ, ʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʧʘʨʘʟʠʪʥʠʤʠ ʻʤʥʦʩʪʷʤʠ. ɿʘʛʘʣʦʤ ʩʠʥʬʘʟʥʫ 

ʧʦʭʠʙʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ:  
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=ʩʬk - ʚʽʜʥʦʰʝʥʥʷ ʩʠʥʬʘʟʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ cʬU  ʜʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʜU ; 

 ʚʧʂʆʉʉ- ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʥʘʯʝʥʥʷ ʚʧʂʆʉʉ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ  ʜʂ  - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʠʡ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ) ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ (ɺʇ); 

iRg -  ʢʣʘʩ  ʪʦʯʥʦʩʪʽ ʽ- ʛʦ ʨʝʟʠʩʪʦʨʘ ; 

)f(ʆʇʂʆʉʉ  - ʤʦʜʫʣʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʜʘʥʽʡ ʯʘʩʪʦʪʽ; 

jD  - ʬʘʟʦʚʘ ʧʦʭʠʙʢʘ, ʟʫʤʦʚʣʝʥʘ ʧʘʨʘʟʠʪʥʠʤʠ ʻʤʥʦʩʪʷʤʠ ʚʭʦʜʽʚ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ (ʆʇ); 

bÖ)f(ʆʇʂ - ʤʦʜʫʣʴ ʧʝʪʣʴʦʚʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʆʇ. 

 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʬk  ʜʣʷ ʨʽʟʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1: 

ʊʠʧ ʜʘʪʯʠʢʘ ʩʬk  ʧʨʠ ʦʜʥʦ ʧʦʣʷʨʥʦʤʫ 

ʞʠʚʣʝʥʥʽ ʤʦʩʪʘ 

ʩʬk  ʧʨʠ ʙʽʧʦʣʷʨʥʦʤʫ 

ʞʠʚʣʝʥʥʽ ʤʦʩʪʘ 

ʄʩ̔ʪ ʋʠʪʩʪʦʥʘ ʟ ʤʝʪʘʣʝʚʠʤʠ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 

 

200-300 

 

<1 

ʄʽʩʪ ʋʠʪʩʪʦʥʘ ʟ 
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<<1 

ɯʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ 

ʧʝʨʝʤʽʱʝʥʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ -

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʫ 

(LVDT) 

 

 

1,2-2 

 

 

1,2-2 

ʄʽʩʪ ɹʣʫʤʣʝʡʥʘ ʟ ʻʤʥʽʩʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ  

 

2,5-5 

 

<<1 

 

ɿ ʮʽʻʾ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʶʪʴ ʤʦʩʪʦʚʽ ʩʭʝʤʠ ʟ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʧʨʠ ʦʜʥʦ ʧʦʣʷʨʥʦʤʫ ʞʠʚʣʝʥʥʽ ʤʦʩʪʘ, ʷʢʝ ʧʨʠʪʘʤʘʥʥʝ ʙʘʛʘʪʦ ʪʦʯʢʦʚʠʤ 

ʩʠʩʪʝʤʘʤ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʦʶ ʟʙʦʨʫ ʜʘʥʠʭ ʩʷʛʘʻ ʩʦʪʝʥʴ ʤʝʪʨʽʚ). 

ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʨʝʟʠʜʝʥʪʥʘ ʯʘʩʪʠʥʘ ʘʥʘʣʦʛʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʞʠʚʠʪʴʩʷ 

ʦʜʥʦ ʧʦʣʷʨʥʠʤ ʞʠʚʣʝʥʥʷʤ, ʷʢʝ ʧʦʪʨʘʧʣʷʻ ʜʦ ʥʝʾ ʧʦ ʜʚʦʭ- ʘʙʦ ʪʨʴʦʭ ʧʨʦʚʽʜʥʽʡ ʣʽʥʽʾ ʟʚôʷʟʢʫ , 

ʷʢʘ ʦʜʥʦʯʘʩ ʻ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʽ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʥʬʘʟʥʘ ʩʢʣʘʜʦʚʘ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʩʪʦʚʠʭ ʩʭʝʤ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʨʠʙʣʠʟʥʦ ʧʦʣʦʚʠʥʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ 

ʤʦʩʪʘ. ʇʨʠ ʮʴʦʤʫ ʰʝʩʪʠʧʨʦʚʽʜʥʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʤʦʩʪʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ 

ʟʤʝʥʰʝʥʥʷ ʩʠʥʬʘʟʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʘʚʜʷʢʠ ʙʽʧʦʣʷʨʥʦʤʫ ʞʠʚʣʝʥʥʶ ʤʦʩʪʘ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ɸʣʝ ʮʝʡ ʤʝʪʦʜ ʥʘʙʫʚ ʩʴʦʛʦʜʥʽ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʘʥʘʣʦʛʦʚʠʭ ʽʥʪʝʨʬʝʡʩʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦ- ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʦʶ ʟʙʦʨʫ ʜʘʥʠʭ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʨʽʚ) ʬʽʨʤʠ National Instruments ʚ ʩʠʩʪʝʤʘʭ SCXI, SCC, SC, 5B [3]. 

ʇʨʦʪʝ ʮʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝ ʜʣʷ ʚʩʭ̔ ʪʠʧʚ̔ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʜʘʪʯʠʢʽʚ ʥʘʚʽʪʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʽʧʦʣʷʨʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʜʘʪʯʠʢʽʚ ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʫ (LVDT) (ʜʠʚ. ʪʘʙʣ. 1).  
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ʈʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʢʦʨʝʢʮʽʾ. ɺʘʛʘ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʟʠʩʪʦʨʽʚ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʥʬʘʟʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ɺʇ ʻ ʦʜʥʦʶ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ. ɼʽʡʩʥʦ ʫ ɺʇ ʥʘ 

ʪʨʴʦʭ ʆʇ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʯʝʨʝʟ ʪʝ ʱʦ ʚʝʢʪʦʨʥʘ 

ʧʦʭʠʙʢʘ jD , ʟʫʤʦʚʣʝʥʘ ʧʘʨʘʟʠʪʥʠʤʠ ʻʤʥʦʩʪʷʤʠ ʇʉ , ʟʤʝʥʰʠʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʧʂʆʉʉ ʜʦ 

ʧʨʠʙʣʠʟʥʦ 40- 50 ʜɹ ʥʘ ʯʘʩʪʦʪʽ 10 ʢɻʮ ʧʨʠ ʧʘʨʘʟʠʪʥʠʭ ʻʤʥʦʩʪʷʭ ʇʉ  ʚ ʜʝʢʽʣʴʢʘ ʧʌ (ʧʨʠ 

1=ʜʂ ), ʘ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʆʇ ʩʷʛʘʻ 100-120 ʜɹ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʅʘ 

ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ɺʇ ʙʫʜʫʶʪʴ ʷʢ ʧʨʘʚʠʣʦ ʥʘ ʙʘʟʽ ʽʥʚʝʨʪʫʶʯʠʭ ʩʭʝʤ, ʚ ʷʢʠʭ ʢʦʤʧʝʥʩʘʮʽʷ 

ʚʧʣʠʚʫ ʚʝʢʪʦʨʥʠʭ ʧʦʭʠʙʦʢ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʨʠʛʫʶʯʠʭ RC- ʣʘʥʦʢ 

ʚ ʧʝʚʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ [4, 5].  ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʨʝʢʮʽʷ ʩʠʥʬʘʟʥʠʭ ʧʦʭʠʙʦʢ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʨʝʟʠʩʪʦʨʽʚ ɺʇ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʝʮʠʟʽʡʥʠʭ ʨʝʟʠʩʪʦʨʽʚ %1,0R<g  ʟ ʫʟʛʦʜʞʝʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʧʦʨʫ ʪʘ 

ʧʽʜʣʘʰʪʦʚʫʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʦʧʽʨ ʷʢʠʭ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʾʭ ʦʙʦʭ, ʘʣʝ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ- ʥʠʟʴʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʧʨʝʮʠʟʽʡʥʠʭ 

ʧʽʜʣʘʰʪʦʚʫʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʠʭ 

ʨʝʛʫʣʶʚʘʥʴ. 

 

ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʩʪʨʫʤʦʚʠʤʠ 

ʚʭʦʜʘʤʠ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ɺʇ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʩʪʨʫʤʦʚʠʤʠ ʚʭʦʜʘʤʠ [6] 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʥʘʧʽʚʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ (,Z1 2Z ) 

ʚ ʨʝʞʠʤʽ ñʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷò ʧʦ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʜʽʘʛʦʥʘʣʽ ʪʘ ʛʝʥʝʨʘʪʦʨʦʤ 1ɻ  ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ 0I . ʅʘʧʨʫʛʘ ʚʠʭU  ʥʘ ʚʠʭʦʜʽ ʮʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʥʬʘʟʥʦʾ ʧʦʭʠʙʢʠ, 

ʷʢʘ ʙʫʜʝ ʚʠʢʣʠʢʘʥʘ ʥʝʨʽʚʥʽʩʪʶ ʨʝʟʠʩʪʦʨʽʚ 1R  ʪʘ 2R  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

 



 84 

)21(U 03 ʩʬRʚʠʭ IR kgd ÖÖ+ÖÖ=  ,                                                    (3) 

 

ʜʝ d- ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʧʦʨʽʚ 1Z  ʪʘ  2Z  ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʜʦʙʨʦʪʥʽʩʪʴ Q  ʦʧʦʨʽʚ ,Z1  2Z , ʱʦ ʫʪʚʦʨʶʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʜʘʪʯʠʢ 

ʧʝʨʝʚʠʱʫʻ 20, ʪʦʜʽ ʧʦʭʠʙʢʦʶ 

2

90
Q

1

2

1
ö
÷

õ
æ
ç

å
Ö=g  ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʢʚʘʜʨʘʪʫʨʥʠʭ ʦʧʦʨʽʚ ʚ ʩʭʝʤʽ 

ʟʘʤʽʱʝʥʥʷ ʦʧʦʨʽʚ ʜʘʪʯʠʢʘ, ʪʦʙʪʦ ʟʘʤʽʥʦʶ ʜʚʦʭʝʣʝʤʝʥʪʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ 

ʦʜʥʦʝʣʝʤʝʥʪʥʦʶ, ʤʦʞʥʘ ʙʫʜʝ ʟʥʝʭʪʫʚʘʪʠ. 

 

ʈʠʩ. 2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ  

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʩʪʨʫʤʦʚʠʤʠ ʚʭʦʜʘʤʠ ʟ ʢʦʨʝʢʮʽʻʶ ʩʠʥʬʘʟʥʠʭ ʧʦʭʠʙʦʢ 

 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʩʠʥʬʘʟʥʦʾ ʧʦʭʠʙʢʠ ʩʬd  ʥʘ ʚʭʦʜʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ʚʢʣʶʯʝʥʦ ʧʦʜʚʽʡʥʠʡ ʧʝʨʝʤʠʢʘʯ 1ʂ , 2ʂ  (ʜʠʚ. ʨʠʩ. 2) ʪʘ ʮʠʢʣ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʪʘʢʪʽʚ. ɺ ʧʝʨʰʦʤʫ ʪʘʢʪʽ ʧʝʨʝʤʠʢʘʯʽ 1ʂ , 2ʂ  ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʧʦʣʦʞʝʥʥʽ 1, ʧʨʠ ʮʴʦʤʫ 

ʨʝʟʠʩʪʦʨ 2R  ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ b- ʢʦʣʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 1ʆʇ, ʘ ʨʝʟʠʩʪʦʨ 1R  ʚ 

b- ʢʦʣʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 2ʆʇ. ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʭ1U  ʚ 

ʧʝʨʰʦʤʫ ʪʘʢʪʽ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ. ɺ ʜʨʫʛʦʤʫ ʪʘʢʪʽ ʧʝʨʝʤʠʢʘʯʽ 1ʂ , 2ʂ  ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʧʦʣʦʞʝʥʥʽ 2, ʧʨʠ ʮʴʦʤʫ ʨʝʟʠʩʪʦʨʠ 1R  ʪʘ  2R  ʧʦʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ. ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʭ2U  ʚ ʜʨʫʛʦʤʫ ʪʘʢʪʽ ʪʘʢʦʞ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ. ʉʢʦʨʠʛʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʚʠʭU*  ʦʪʨʠʤʘʻʤʦ ʩʫʤʫʶʯʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʪʘʢʪʽ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʚʠʭ2ʚʠʭ1ʚʠʭ UUU +=* .                                                    (4) 

 

ʇʨʠ ʮʴʦʤʫ ʩʠʥʬʘʟʥʘ ʧʦʭʠʙʢʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

 

)5,0(2
R +Ö= cʬʩʬ kgd  .                                                      (5) 

 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʩʠʥʬʘʟʥʠʭ  ʧʦʭʠʙʦʢ  ʯʝʨʝʟ  ʥʝʽʜʝʘʣʴʥʽʩʪʴ 

ʨʝʟʠʩʪʦʨʽʚ ʚ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ- ʩʪʨʫʤʦʚʠʤʠ ʚʭʦʜʘʤʠ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʚ ʪʠʩʷʯʽ ʨʘʟʽʚ ʪʘ ʫʥʠʢʥʫʪʠ ʥʝʜʦʣʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʽʩʥʫʶʯʠʤ ʤʝʪʦʜʘʤ. 
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ʋɼʂ 004.896.7                                                                                  ʇʦʢʠʜʴʢʦ ʃ.ʄ. (ʅɸʋ) 

 

ɸʃɻʆʈʀʊʄʀ ʇʆɹʋɼʆɺʀ 3D-ʄʆɼɽʃɯ ʆɹôɭʂʊʋ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʋɺɸʅʅʗ 

 
ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʙʫʜʦʚʠ 

3D-ʤʦʜʝʣʽ ʦʙôʻʢʪʫ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ 

ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D-ʤʦʜʝʣ,ɹ ʣʘʟʝʨʥʝ ʩʢʘʥʫʚʘʥʥʷ, ʩʝʛʤʝʥʪʘʮʽʷ, ʪʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʝr ʩʣʦʚʘ: 3D-ʤʦʜʝʣʴ, ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʩʝʛʤʝʥʪʘʮʠʷ, ʪʨʝʭʤʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

The paper presents a synthesis of algorithm that can improve the accuracy of constructing 3D-

model of the object scanning and reduce the impact random measurement errors. Considered and 

analyzed the shortcomings and advantages of three-dimensional modeling. 

Keywords: 3D-model, laser scanning, segmentation, three-dimensional modeling. 

 

ɺʩʪʫʧ. ʊʝʭʥʦʣʦʛʽʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 3D-ʩʢʘʥʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʢʦʧʽʾ ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʦʙ'ʻʤʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʦʙʨʦʙʮʽ, ʘʥʘʣʽʟʫ, 

ʤʦʜʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʪʚʦʨʝʥʽ ʬʽʟʠʯʥʦ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʚʝʨʩʪʘʪʠ ʟ ʏʇʋ). 

ʋʤʦʚʥʦ ʩʢʘʥʦʚʘʥʽ ʦʙ'ʻʢʪʠʚʥʠʤ ʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʭʫʜʦʞʥʽ ʪʘ ʪʝʭʥʽʯʥʽ. ʈʽʟʥʠʮʷ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ ʚ ʦʩʪʘʥʥʽʭ ʛʨʘʥʝʡ, ʨʝʙʝʨ, ʛʦʩʪʨʠʭ ʢʫʪʽʚ ʽ ʪ.ʜ. ʋ 

ʮʴʦʤʫ ʩʝʥʩʽ ʪʝʭʥʽʯʥʽ ʦʙ'ʻʢʪʠ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰ ʢʦʧʽʪʢʦʾ ʦʙʨʦʙʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ CAD (Computer 

Aided Design) ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʻ ʩʢʣʘʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʘʣʛʦʨʠʪʤʽʯʥʠʭ, ʧʨʦʛʨʘʤʥʠʭ ʽ 

ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ [1]. ɼʦ ʯʠʩʣʘ ʦʩʪʘʥʥʽʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʠʩʪʨʦʾ ʜʚʦʚʠʤʽʨʥʦʛʦ (2D) [2] ʽ 

ʪʨʠʚʠʤʽʨʥʦʛʦ (3D) [2] ʩʢʘʥʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʚʚʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʫ 

CAD.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʦʧʠʩʫ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ ʾʭ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʚʠʥʠʢʘʻ 

ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ, ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʽ 

ʟʘʛʦʪʦʚʦʢ [3], ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʘʤ ʧʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʽ 

ʦʧʠʩʫ 3D ʦʙôʻʢʪʽʚ ʻ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ʇʨʦʙʣʝʤʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʢʘʥʫʚʘʥʥʷ ʽ 

ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʻ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʨʦʙʦʪʘʭ [3] ʪʘ [4] ʧʦʢʘʟʘʥʽ ʩʧʦʩʦʙʠ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʨʠʚʝʜʝʥʽ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ 2D ʽ 3D ʤʦʜʝʣʝʡ. ʆʩʥʦʚʥʽ 

ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʚʠʢʣʘʜʝʥʽ ʚ [5] ʪʘ ʚ ʨʦʙʦʪʽ [6], ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ 

ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʽ 

ʽʥʪʝʨʧʦʣʷʮʽʻʶ, ʜʝ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʧʦʭʠʙʢʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʧʦʣʽʥʦʤʽʚ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʨʦʟʨʦʙʠʪʠ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ 3Dʤʦʜʝʣʽ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʷʢ ʨʝʟʫʣʴʪʘʪʫ 

ʩʢʘʥʫʚʘʥʥʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʨʦʟʨʦʙʠʪʠ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ ʧʦʙʫʜʦʚʠ 3D ʤʦʜʝʣʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʱʦ ʧʦʩʪʘʻ ʚ ʧʨʦʮʝʩʽ ʩʢʘʥʫʚʘʥʥʷ ï ʮʝ ʚʠʜʽʣʝʥʥʷ 

ʦʙôʻʢʪʫ ʟʽ ʩʢʘʥʝʨʥʦʾ ʭʤʘʨʠ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ 3D-ʤʦʜʝʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ  

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʢʪʫ ʢʦʥʪʨʦʣʶ ʘʙʦ ʧʦʨʽʚʥʷʪʠ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ. ʇʨʘʢʪʠʯʥʦ 

ʚʽʜʨʘʟʫ ʩʪʚʦʨʠʪʠ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʛʦ ʦʙôʻʢʪʫ ʟʽ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ 

ʧʦʚʝʨʭʥʽ ʜʫʞʝ ʩʢʣʘʜʥʦ. ʎʝʡ ʧʨʦʮʝʩ  ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʭʠʙʦʢ. ʊʦʤʫ ʚ 

ʧʨʦʮʝʩʽ ʩʢʘʥʫʚʘʥʥʷ ʧʦʜʽʙʥʽ ʦʙôʻʢʪʠ ʢʦʥʪʨʦʣʶ ʧʦʪʨʽʙʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʨʠʤʽʪʠʚʠ 
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ʪʘ ʧʨʦʩʪʽ ʧʦʚʝʨʭʥʽ ʽ ʰʣʷʭʦʤ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʚʽʜʪʚʦʨʶʶʪʴ ʪʨʠʚʠʤʽʨʥʫ ʤʦʜʝʣʴ. ʎʝʡ ʧʨʦʮʝʩ ʤʘʻ 

ʥʘʟʚʫ ʩʝʛʤʝʥʪʘʮʽʾ.  

ʇʽʜ ʩʝʛʤʝʥʪʘʮʽʻʶ ʨʦʟʫʤʽʶʪʴ ʧʨʦʮʝʩ ʧʦʜʽʣʫ ʪʦʯʦʢ ʥʘ ʨʽʟʥʽ ʤʥʦʞʠʥʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʧʨʷʤʽ, ʧʣʦʱʠʥʠ, ʧʦʚʝʨʭʥʽ, ʨʝʙʨʘ ʪʘ ʽʥ.) [1]. ʈʽʟʥʽ ʩʧʦʩʦʙʠ 

ʩʝʛʤʝʥʪʘʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʢʨʠʪʝʨʽʻʤ ʧʦʜʽʙʥʦʩʪʽ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʽʜʥʝʩʪʠ ʪʦʯʢʠ ʜʦ 

ʨʽʟʥʠʭ ʛʨʫʧ. ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʛʦʣʦʚʥʽ ʩʧʦʩʦʙʠ ʩʝʛʤʝʥʪʘʮʽʾ: ʩʝʛʤʝʥʪʘʮʽʷ ʟʘ ʛʨʘʥʠʮʷʤʠ; 

ʩʝʛʤʝʥʪʘʮʽʷ ʟʘ ʧʦʚʝʨʭʥʷʤʠ ʽ ʩʝʛʤʝʥʪʘʮʽʷ ʟʘ ʣʽʥʽʷʤʠ ʩʢʘʥʫʚʘʥʥʷ. 

ʇʝʨʰʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʜʚʘ ʝʪʘʧʠ: ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʽ, ʱʦ ʨʦʟʜʽʣʷʻ ʨʽʟʥʽ ʦʙʣʘʩʪʽ ʽ 

ʧʨʠʩʚʦʻʥʥʷ ʪʦʯʦʢ ʚʽʜʧʦʚʽʜʥʠʤ ʦʙʣʘʩʪʷʤ. ʆʩʢʽʣʴʢʠ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʤʠʪʪʻʚʽʡ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʥʘʧʨʷʤʦʢ ʥʦʨʤʘʣʽ ʜʦ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ, ʛʨʘʜʽʻʥʪ, 

ʛʦʣʦʚʥʘ ʢʨʠʚʠʥʘ, ʧʦʭʽʜʥʽ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ), ʪʦ ʪʘʢʠʡ ʤʝʪʦʜ ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʜʦ ʤʽʩʮʝʚʠʭ 

ʥʝʨʽʚʥʦʩʪʝʡ ʦʙôʻʢʪʘ ʪʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ. 

ʉʝʛʤʝʥʪʘʮʽʷ ʟʘ ʧʦʚʝʨʭʥʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʷʢ ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʦʢʘʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʽ ʧʦʩʪʫʧʦʚʦ ʧʨʠʻʜʥʫʻ ʜʦ ʧʦʚʝʨʭʥʽ ʩʫʩʽʜʥʽ ʪʦʯʢʠ, ʷʢʽ ʤʘʶʪʴ ʧʦʜʽʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʻ ʤʝʥʰ ʯʫʪʣʠʚʠʤ ʜʦ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ (ʥʘʧʨʷʤʦʢ ʥʦʨʤʘʣʽ ʜʦ ʣʦʢʘʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ, ʛʨʘʜʽʻʥʪ, ʛʦʣʦʚʥʘ ʢʨʠʚʠʥʘ, ʧʦʭʽʜʥʽ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʦʙʘʩʪʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ. 

ɺ ʦʩʥʦʚʫ ʪʨʝʪʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ, ʱʦ ʣʽʥʽʷ ʩʢʘʥʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʫʪʚʦʨʶʻ ʧʨʦʩʪʦʨʦʚʫ ʣʽʥʽʶ. ʈʫʭʘʶʯʠʩʴ ʧʦʩʪʫʧʦʚʦ ʚʟʜʦʚʞ ʮʽʻʾ ʣʽʥʽʾ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʪʦʯʢʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʛʽʙʨʠʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʦʙôʻʜʥʫʶʪʴ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʤʝʪʦʜʠ. 

ɿʚʠʯʘʡʥʦ, ʧʦʪʨʽʙʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʜʦ ʧʦʯʘʪʢʫ ʩʝʛʤʝʥʪʘʮʽʾ ʚʠʢʦʥʘʥʦ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʚʩʽʭ 

ʣʘʟʝʨʥʠʭ ʩʢʘʥʽʚ ʽ ʚʠʜʘʣʝʥʦ ʰʫʤʠ [2]. 

ʉʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʠʢʦʥʫʶʪʴ ʩʝʛʤʝʥʪʘʮʽʶ ʟʘ ʣʽʥʽʷʤʠ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ 

ʧʦʚʝʨʭʥʽ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʶʪʴ ʧʦʚʪʦʨʥʫ ʩʝʛʤʝʥʪʘʮʽʶ ʟʘ ʧʦʚʝʨʭʥʝʶ, ʧʨʠʯʦʤʫ ʚʠʜ 

ʧʦʚʝʨʭʥʽ ʟʘʜʘʻʪʴʩʷ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʬʽʣʴ ʣʽʥʽʾ ʩʢʘʥʫʚʘʥʥʷ  ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʧʨʦʬʽʣʶ ʣʽʥʽʾ. ɻʨʘʬʽʯʥʦ 

ʮʶ ʨʽʟʥʠʮʶ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1. ɺʠʜʽʣʝʥʥʷ ʧʣʦʱʠʥʠ ʦʙôʻʢʪʫ ʩʢʘʥʫʚʘʥʥʷ ʟ ʭʤʘʨʠʥʠ ʪʦʯʦʢ ʰʣʷʭʦʤ ʩʝʛʤʝʥʪʘʮʽʾ ʟʘ 

ʣʽʥʽʷʤʠ ʩʢʘʥʫʚʘʥʥʷ 

 

ʅʝʟʘʣʝʞʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʙʨʘʥʦ ʚʠʩʦʪʫ ʪʦʯʢʠ Z, ʘ ʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ ʻ ʧʨʦʝʢʮʽʷ 

ʚʽʜʩʪʘʥʽ R ʥʘ ʧʣʦʱʠʥʫ ʩʢʘʥʫʚʘʥʥʷ ï Rr. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʩʝʛʤʝʥʪʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʘʣʛʦʨʠʪʤ ʟʚʠʯʘʡʥʦʾ ʢʨʦʢʦʚʦʾ ʨʝʛʨʝʩʽʾ. ʈʽʚʥʷʥʥʷ ʟʘʧʠʰʝʤʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

ir bZaR
i

+= . 

ɸʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʻ ʪʘʢʽ ʦʧʝʨʘʮʽʾ (ʨʠʩ. 2).  
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ʆʮ̔ʥʢʘ ʧʘʨʘʤʝʪʨ̔ʚ ʨʝʛʨʝʩ̔ʾ ʚ 

ʧʝʚʥʦʤʫ ʦʢʦʣ̔

ʇʨʠ̒ʜʥʘʥʥ̫ ʥʘʩʪʫʧʥʦʾ ʪʦʯʢʠ ʜʦ 

ʧʨ̫ʤʦʾ

ʆʮ̔ʥʢʘ ʧʘʨʘʤʝʪʨ̔ʚ ʨʝʛʨʝʩ̔ʾ ʟ 

ʧʨʠ̒ʜʥʘʥʦʁ ʪʦʯʢʦʁ

ʇʝʨʝʚ̔ʨʢʘ ʚ̔ʜʧʦʚ̔ʜʥʦʩʪ̔ 

ʧʨʠ̒ʜʥʘʥʦʾ ʪʦʯʢʠ ʚʠʟʥʘʯʝʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʨʝʛʨʝʩ̔ʾ

ʇʨʠ̒ʜʥʘʥʥ̫ ʥʘʩʪʫʧʥʦʾ ʪʦʯʢʠ ʜʦ 

ʧʨ̫ʤʦʾ
 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʽʾ ʟʘ ʣʽʥʽʷʤʠ ʩʢʘʥʫʚʘʥʥʷ 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʠʢʦʥʫʶʪʴ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʩʭʝʤʦʶ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ). ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ x ʟʥʘʭʦʜʷʪʴ ʷʢ:  

APlPAAx T 1)( -= , 

ʜʝ Aï ʤʘʪʨʠʮʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʈ -  ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ. 

ɺʘʨʪʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʽʜʩʪʘʥʽ, ʪʦʤʫ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʚʘʛʦʚʽʡ ʤʘʪʨʠʮʽ P ʜʣʷ ʨʽʟʥʠʭ ʪʦʯʦʢ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ . 

ɺʘʛʠ ʪʦʯʦʢ ʦʙʯʠʩʣʶʶʪʴ ʯʝʨʝʟ ʩʝʨʝʜʥʶ ʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ (ʉʂʇ) ʩʧʦʩʪʝʨʝʞʝʥʴ. ʄʘʪʨʠʮʷ 

ʉʂʇ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ ʪʘ ʢʫʪʽʚ Ms ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʘʻ ʚʠʛʣʷʜ: 
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ʆʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ 

ʢʫʪʠ ʽ ʚʽʜʩʪʘʥʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʉʂʇ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ, ʤʘʪʨʠʮʶ Ms ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʘʚʠʣʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʚʘʨʽʘʮʽʡ:  
T

sc AMAM ÖÖ=  .                                                       (1) 

ʜʝ Mʩ - ï ʤʘʪʨʠʮʷ ʉʂʇ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ; Aï ʤʘʪʨʠʮʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. 

ʂʨʠʪʝʨʽʻʤ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʝʨʝʤʦ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʢʠ ʚʽʜ ʧʨʷʤʦʾ ʧʽʩʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ min
maxn  ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʠʻʜʥʘʥʦʾ ʪʦʯʢʠ ʪʘʢʦʞ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʽ ʢʫʪʽʚ ʥʘʭʠʣʫ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʘʧʨʽʦʨʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʭʠʙʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ Mc.  

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʉʂʇ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

22
min

max
yxP

mmm += , ʪʦ ʫʤʦʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

min
max

min
max Pqmz²n , ʜʝ zq ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʨʽʚʥʷ ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʨ. 
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ɿʥʘʯʝʥʥʷ ʉʂʇ mx, my ʦʪʨʠʤʫʶʪʴ ʟ ʚʠʨʘʟʫ (1). ʇʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʟʘ ʣʽʥʽʷʤʠ ʩʢʘʥʫʚʘʥʥʷ, 

ʟʘ ʪʦʯʢʘʤʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʴ ʧʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʤʦ ʩʝʛʤʝʥʪʘʮʽʶ ʟʘ ʧʦʚʝʨʭʥʝʶ. ɸʣʛʦʨʠʪʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

ɸʧʨʦʢʩʠʤʘʮ̫̔  ʧʣʦɦ ʠʥʠ ʚ 

ʧʝʚʥʦʤʫ ʦʢʦʣ̔ ʪʦʯʦʢ

ʇʨʠ̒ʜʥʘʥʥ̫ ʥʘʩʪʫʧʥʦʾ ʦʙʣʘʩʪ̔ ʜʦ 

ʧʣʦɦ ʠʥʠ

ʆʮ̔ʥʢʘ ʥʦʨʤʘʣ̔ ʚ ʧʨʠ̒ʜʥʘʥʠʭ 

ʪʦʯʢʘʭ

ʇʝʨʝʚ̔ʨʢʘ ʚ̔ʜʧʦʚ̔ʜʥʦʩʪ̔ ʥʦʨʤʘʣ̔ 

ʧʨʠ̒ʜʥʘʥʦʾ ʪʦʯʢʠ ʪʘ ʥʦʨʤʘʣ̔ 

ʚʠʟʥʘʯʝʥʦʾ ʨʘʥ̔h ʝ ʧʣʦɦ ʠʥʠ

ʇʨʠ̒ʜʥʘʥʥ̫ ʥʘʩʪʫʧʥʦʾ ʦʙʣʘʩʪ̔ 

ʪʦʯʦʢ ʜʦ ʧʣʦɦ ʠʥʠ
 

ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʽʾ ʟʘ ʧʦʚʝʨʭʥʝʶ 

 

ʋ ʷʢʦʩʪʽ ʥʘʡʧʨʦʩʪʽʰʦʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʠʨʘʻʤʦ ʧʣʦʱʠʥʫ. ʇʦʨʷʜʦʢ 

ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʣʦʱʠʥʠ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʨʷʤʦʾ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ, ʧʦ-ʧʝʨʰʝ ʫ ʢʨʠʪʝʨʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʠʻʜʥʘʥʦʾ ʪʦʯʢʠ ʜʦ ʧʣʦʱʠʥʠ ʽ ʧʦ-

ʜʨʫʛʝ ʫ ʩʧʦʩʦʙʽ ʧʨʠʻʜʥʘʥʥʷ ʥʦʚʠʭ ʪʦʯʦʢ ʜʦ ʧʣʦʱʠʥʠ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʦʙʝʨʝʤʦ ʚʽʜʭʠʣʝʥʥʷ ʥʦʨʤʘʣʽ ʫ ʧʨʠʻʜʥʘʥʽʡ ʪʦʯʮʽ ʚʽʜ ʥʦʨʤʘʣʽ ʫ ʨʘʥʽʰʝ ʘʧʨʦʢʩʠʤʦʚʘʥʽʡ 

ʧʣʦʱʠʥʽ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʣʦʱʠʥʠ ʚ ʥʦʨʤʘʣʴʥʽʡ ʬʦʨʤʽ, 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʣʛʦʨʠʪʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [4]. ʈʽʚʥʷʥʥʷ ʧʣʦʱʠʥʠ ʚ ʥʦʨʤʘʣʴʥʽʡ ʬʦʨʤʽ ʤʘʻ 

ʚʠʛʣʷʜ 0=+++ DCZBYAX . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [7] ʩʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ ʈ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʣʦʱʠʥʠ: 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

nnn ZYX

ZYX

P 444
111

.

 

ʆʙʯʠʩʣʠʤʦ ʤʘʪʨʠʮʶ ʄ: PPCnCM TT -= , ʜʝ C - ʤʘʪʨʠʮ,̫ ʱʦ ʤʽʩʪʠʪʴ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʤʘʪʨʠʮʽ ʄ ʦʙʯʠʩʣʶʻʤʦ T ï ʚʝʢʪʦʨ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʄ. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ T ʦʪʨʠʤʫʻʤʦ ʚʣʘʩʥʠʡ ʚʝʢʪʦʨ N. ʂʦʝʬʽʮʽʻʥʪʠ 

ʨʽʚʥʷʥʥʷ ʧʣʦʱʠʥʠ ʜʦʨʽʚʥʶʶʪʴ  
TT NCDCBAN ==- )( . 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ ʤʘʪʨʠʮʴ ʪʘ ʥʦʨʤʦʚʘʥʠʭ ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ 

ʚʝʢʪʦʨʽʚ, ʱʦ ʾʤ ʚʽʜʧʦʚʽʜʘʶʪʴ, ʜʦʩʠʪʴ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʘ ʽ ʻ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʘʭ [5]. ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʛʤʝʥʪʘʮʽʾ ʚʩʽʭ ʧʣʦʱʠʥ, ʷʢʽ 
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ʫʪʚʦʨʶʶʪʴ ʦʙôʻʢʪ ʩʢʘʥʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʤʦ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʤʽʞ ʧʣʦʱʠʥʘʤʠ. ɿʥʘʡʜʝʤʦ 

ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʧʣʦʱʠʥ. 

ʋ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʧʨʷʤʦʾ ʤʘʻ ʚʠʛʣʷʜ  

VtPtP += 0)( .
 

ʋ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʟʘʧʠʩʫʶʪʴ ʷʢ:  

ltXtX += 0)( , mtYtY += 0)( , ntZtZ += 0)( . 

ʗʢʱʦ ʧʨʷʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʧʣʦʱʠʥ, ʷʢʽ ʟʘʜʘʥʽ 

][ 111 DNF = ʪʘ ][ 222 DNF =  ʪʦ ʧʨʷʤʘ, ʧʦ ʷʢʽʡ ʚʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʤʘʻ ʥʝʚʽʜʦʤʽ 

ʚʝʢʪʦʨʠ VP ,0 . 

ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ [6]. 

ɿʘʧʠʰʝʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʜʚʦʭ ʧʣʦʱʠʥ:  

][][]00[]1[ 2121
21

21 DDNNp
DD

NN
p TT

TT

--=Ý=
ù
ù
ú

ø

é
é
ê

è
. 

ʆʪʨʠʤʘʥʝ ʚʝʢʪʦʨʥʝ ʨʽʚʥʷʥʥʷ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʥʝʚʠʟʥʘʯʝʥʽʡ ʩʠʩʪʝʤʽ ʜʚʦʭ ʨʽʚʥʷʥʴ ʟ 

ʪʨʴʦʤʘ ʥʝʚʽʜʦʤʠʤʠ. ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʥʦʞʥʠʢʠ ʃʘʛʨʘʥʞʘ. 

ʌʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ ʤʘʻ ʚʠʛʣʷʜ  

()TT ppppL jÖl+Ö=l )(
2

1
),( , 

ʜʝ l - ʚʝʢʪʦʨ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ; [ ][ ]2121
)( DDNNpp TT +=j  -  ʚʝʢʪʦʨʥʘ ʬʫʥʢʮʽʷ 

ʟʚôʷʟʢʫ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʨ.  

ɺʝʢʪʦʨ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʦʪʨʠʤʫʶʪʴ ʷʢ  

1

21
2

1
21 ][][

-

ö
ö

÷

õ

æ
æ

ç

å
Öù
ú

ø
é
ê

è
=l TT NN

N

N
DD . 

ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʨ ʟʥʘʭʦʜʷʪʴ 
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ɺʠʟʥʘʯʠʤʦ ʦʯʽʢʫʚʘʥʫ ʪʦʯʥʽʩʪʴ. ʗʢʱʦ ʨʽʚʥʷʥʥʷ ʜʚʦʭ ʧʣʦʱʠʥ ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ 

01111 =+++ DZCYBXA , 02222 =+++ DZCYBXA , ʪʦ ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ ʧʨʷʤʦʾ, ʧʦ ʷʢʽʡ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʣʦʱʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʘʤʠ (2).  

12211 CBCBl -= , 01111 =+++ DZCYBXA , 12211 BABAn -= .                             (2) 

ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʥʠʭ ʢʦʩʠʥʫʩʽʚ ʧʨʷʤʦʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʚʠʯʘʡʥʠʤ 

ʧʝʨʝʭʦʜʦʤ ʜʦ ʩʝʨʝʜʥʽʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ.  
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CACAm
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+++=
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+++=

 

ɿʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ  

. 

ʊʦʯʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʤʽʢʨʦʥ, ʪʦʤʫ CAD-ʤʦʜʝʣʴ, ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʘʭʫʥʢʫ, ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠ ʚʩʽ ʜʝʬʝʢʪʠ ʚʠʭʽʜʥʦʛʦ ʦʙ'ʻʢʪʘ. ʊʦʙʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʽʥʞʝʥʝʨʽʥʛʦʚʠʭ 

ʨʦʙʽʪ ʤʠ ʦʪʨʠʤʘʻʤʦ ʪʦʯʥʫ ʢʦʧʽʶ ʦʙ'ʻʢʪʘ, ʟʘ ʷʢʦʶ ʤʦʞʣʠʚʠʡ ʘʥʘʣʽʟ ʨʦʟʙʽʞʥʦʩʪʽ ʟ ʪʝʦʨʽʻʶ 

(ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ). ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʤʘ̒ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʜʝ ʢʦʤʧʣʝʢʩ 

ʨʦʙʽʪ ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʪʽ ʤʽʩʮʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʮʠʢʣʽ, ʷʢʽ ʡ 

ʜʘʶʪʴ ʜʝʬʝʢʪʠ ʥʘ ʤʦʜʝʣʷʭ. 


