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ɿʄɯʉʊ 

ʉʝʢʮʽʷ «ʄʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ» 

ʗʈɽʄʏʋʂ ʅ.ɸ., ʂʈɸɺʏɽʅʂʆ ɸ.ɸ. 
ɸʥʘʣʽʟ ʩʢʣʘʜʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 
ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ééééééééééééééééééééééééééé..3 
ʗʈɽʄʏʋʂ ʅ.ɸ., ɻʆɼɸ ʆ.ʖ.  
ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ 
ʦʨʜʠʥʘʣʴʥʠʤʠ ʰʢʘʣʘʤʠééééééééééééééééééééééé..7 
ʐɺɽɼʆɺɸ ɺ.ɺ.  

ʆʮʽʥʶʚʘʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʚʘʣʽʜʥʦʩʪʽ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 
ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʾʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽéééééé..9 
ʂʆɺʊʋʅ ʉ.ɯ.  
ʄʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʠʡ ʦʙʪʽʯʥʠʢ ʨʘʢʝʪʠ-ʥʦʩʽʷééééééééééé.11 
ɺʆʈʆɹʔɽɺ ʃ.ʀ., ɼɽʂʋʐɸ ʆ.ʃ.  
ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚéééééééééééééééééééé15 
ɻɽʈʎʀʂ ʉ.ʄ., ʄʀʉʃʆɺʀʏ ʄ.ɺ.  
ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʽʯʥʠʡ 
ʩʪʘʥ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ.19 
ɻʈʀʑɽʅʂʆ ɭ.ʄ., ʏɽʈɽɼʅʀʏɽʅʂʆ ʉ.ɺ., ɿɸʁʎɽɺɸ ʆ.ʆ.,  
ɺʆʃʀʅʉʔʂɸ ʗ.ɺ.  
ʄʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʩʣʫʞʙʠ 
ʟʘʧʨʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥéééééééééééééééééééé23 
ɹʆɻɸʏɽɺ ʀ.ɺ., ʄɽʃɽʑɽʅʂʆ ʃ.ɺ.  
ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʪʦʣʱʠʥʦʤʝʨʳ ʩ ʤʘʣʦʘʧʝʨʪʫʨʥʳʤʠʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ 
ʩʝʥʩʦʨʘʤʠééééééééééééééééééééééééééééé.27 
ɼɽʈɻʋʅʆɺ ʆ.ɺ., ʄɸʈʊʀʅʖʂ ɻ.ɺ.  
ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʤʦʤʝʥʪʽʚ ʨʦʟʣʘʜʦʢ ʢʫʩʢʦʚʦ-ʩʪʘʮʽʦʥʘʨʥʠʭ  
ʯʘʩʦʚʠʭ ʨʷʜʽʚééééééééééééééééééééééééééé...31 
ɹʆɹʂʆɺ ʖ. ɺ., ɹʆɹʂʆɺ ʆ. ʖ. 
ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʧʨʠʣʘʜʘʭ 
ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢééééééééééééééé..é35 
ʄɯʍʆɺɸ ɿ.ɺ., ʐɸʅʊʀʈ ʉ.ɺ. 
Cʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʩʠʚʥʠʭ 
ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʩʪʝʤééééééééééééééééééééééé39 
ʅʆʉʂʆɺ ʉ.ʀ., ɽʈɽʉ ʃ.ɸ., ʃɽɺʏɽʅʂʆ ʇ.ʇ.  
ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʪʪʝʩʪʘʮʠʷ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʝʩʧʣʦʰʥʦʩʪʠ 
ʞʠʜʢʦʩʪʠééééééééééééééééééééééééééééé..41 
ʉʀʅʀʎʗ ɺ.ɯ., ʇʆɼʈʋɹɸʁʃʆ ʄ.ɺ.  
ʌʦʨʤʫʚʘʥʥʷ ʰʘʙʣʦʥʽʚ ʬʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾéééé..45 
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ʆʉɸɼʏʋʂ ɸ.ɺ., ʆʉɸɼʏʋʂ ɺ.ʉ., ʂʈʀʅʆʏʂʀʅ ʈ.ɺ., ɿɺʗɻʀʅ ɸ.ʉ.,  
ʆʉɸɼʏʋʂ ʗ.ɸ. 
ʈʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʧʨʠʙʦʨ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʘʟʦʚʳʭ ʩʨʝʜ ééééééééééééééé.éééé49 
ɯɺɸʅʆɺ ʉ.ʆ.  
ʂʦʤʧʝʥʩʘʮʽʷ ʥʝʽʜʝʥʪʠʯʥʦʩʪʽ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʽʨʦʢ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ  
ʪʝʧʣʦʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ éééééééééééééééééééééé..53 
ʉʋʅɽʊʏɯɭɺɸ ʉ.ʈ., ɭʈɽʄɽʅʂʆ ɺ.ʉ.  
ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʥʝʛʘʫʩʽʚʩʢʠʭ ʟʘʢʦʥʘʭ 
ʨʦʟʧʦʜʽʣʫééééééééééééééééééééééééééééé.57 
ʉʀʅʀʎʗ ɺ.ɯ., ʇʆɼʈʋɹɸʁʃʆ ʄ.ɺ., ɿɸɹʃʆʎʔʂʀʁ ɸ.ɻ.  
ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʚʦʜʞʝʥʥʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʫ ʯʘʩʽéééééé..59 
ʉʂʈʀʇɯʁ ɻ.ʖ., ʐɸʅʊʀʈ ʉ.ɺ. 
Cʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʢʦʢʩʦʚʦʾ ʙʘʪʘʨʝʾéééé..61 
ɹʆɹʂʆɺ ʖ.ɺ., ʇɸʍɸʃʔʏʋʂ ʆ. ɺ.  
ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨ ʥʘ ʙʘʟʽ ʥʝʯʽʪʢʦʾ 
ʣʦʛʽʢʠ ʚ ʩʝʨʜʦʚʠʱʽ Labviewééééééééééééééééééééé.63 
ɹʆɹʂʆɺ ʖ. ɺ., ʇɸʅʏʀʂ ʄ. ɺ.  
Cʪʘʪʠʩʪʠʯʥʠʡ ʚʠʤʽʨʶʚʘʯ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫéééééééééé..67 
ʋʈɸʃɹɸɽɺ ʉ.ʄ., ɺʆʃʆʐʀʅɸ ʄ.ɸ., ɽʈɽʉ ʃ.ɸ.,  
ʂʋɿʔʄɽʅʂʆ ʅ.ɺ., ʂʋʈɸʂʆ ʀ.ʄ., ʄʆʈʆɿʆɺ ʆ.ɼ., ʆʉɽʅɽɺ ʖ.ʂ.  
ɸʪʪʝʩʪʘʮʠʠ ʪʠʧʦʚʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ 
ʫʩʪʘʥʦʚʦʢ ʚ ʩʦʩʪʘʚʝ ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠééééééééééé.é..71 
ʐɸʅʊʀʈ ʉ.ɺ. 
ɼʠʩʪʘʥʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ çʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠèéééé..75 
ʌɽɼʆʈʆɺ ɺ.ʅ., ɼʓɻɸʉ ɺ.ɺ. 
ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʪʫʨʙʦʩʠʣʦʚʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘééé.79 
ʌɽɼʆʈʆɺ ɺ.ʅ., ʐʊɽʌɸʅ ʅ.ʀ. 
ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʪʫʨʙʠʥʥʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘééééé81 
ʐɸʅʊʀʈ ʉ.ɺ. 
ʄʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʽʭ-ʬʽʣʴʪʨʽʚ ʟʘ ʢʨʠʪʝʨʽʻʤ  
ʤʽʥʽʤʘʢʩʥʦʾ ʧʦʭʠʙʢʠ éééééééééééééééééééééééé..83 
ɹɸɹɸɭɺ ʆ.ɸ.  
ɿʙʫʜʞʝʥʥʷ ʧôʻʟʦʢʝʨʘʤʽʯʥʦʛʦ ʰʘʨʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 
ʩʠʛʥʘʣʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʚ ʧʨʦʪʷʛʣʦʤʫ ʢʘʙʝʣʴʥʦʤʫ ʪʨʘʢʪʽéé..85 
ɯʃʔʗʐɽʅʂʆ ɼ.ɺ., ʗʈɽʄʏʋʂ ʅ.ɸ.  
ɸʥʘʣʽʟ ʧʦʭʦʙʦʢ ʥʝʣʽʥʽʡʥʦʛʦ ʚʠʤʽʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʝʤʧʝʨʘʪʫʨʠ éééé.89 
ʗʈɽʄʏʋʂ ʅ.ɸ., ʉɽʄɽʅʖʂ ʈ.ʉ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʪʦʯʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ééééééééééééééééééééééé91 



ɻɯʈʆʊɽʍʅʆʃʆɻɯɰ,   ʅɸɺɯɻɸʎɯʗ,   ʂɽʈʋɺɸʅʅʗ   ʈʋʍʆʄ   ɯ   ʂʆʅʉʊʈʋʖɺɸʅʅʗ   ɸɺɯɸʎɯʁʅʆ-
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ʗʈɽʄʏʋʂ ʅ.ɸ., ʂʈɸɺʏɽʅʂʆ ɸ.ɸ.  

ɸʅɸʃɯɿ ʉʂʃɸɼʆɺʆɰ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ɺɯɼ ʅɽʉʊɸɹɯʃʔʅʆʉʊɯ 
ʃɸʊɽʅʊʅʆɻʆ ʇɸʈɸʄɽʊʈʋ ʇʈʀ ʊɽʉʊʋɺɸʅʅɯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ, alenakravchenko25@gmail.com 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʨʠ 

ʪʝʩʪʫʚʘʥʥʽ ʟʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʽ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ. ɺ 

ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʥʝʩʧʨʘʚʝʜʣʠʚʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʨʽʚʥʷ ʧʦʭʠʙʢʠ. ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ 

ʪʘ ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʦʭʠʙʢʠ. ɿʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʠʛʦʚʘʥʦ, ʘ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʩʫʤʘʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ.  
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʚʝʥʴ ʥʘʚʯʝʥʦʩʪʽ, ʩʢʣʘʜʦʚʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʧʨʦʩʦʚ ʚ ʪʝʩʪʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʧʨʦʩʦʚ ʚ ʪʝʩʪʝ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʥʝʩʧʨʘʚʝʜʣʠʚʘ ʣʠʥʝʘʨʠʟʘʮʠʷ ʫʨʦʚʥʷ ʧʦʛʨʝʰʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ 

ʧʦʣʫʯʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʩʤʝʱʝʥʠʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʙʫʯʝʥʥʦʩʪʠ ʠ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʉʤʝʱʝʥʠʝ ʦʮʝʥʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ, ʘ ʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʫʤʤʘʨʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʫʨʦʚʥʷ ʦʙʫʯʝʥʥʦʩʪʠ. 
 

ʂʣʝʁʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʝʥʴ ʦʙʫʯʝʥʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ 

ʦʙʫʯʝʥʥʦʩʪʠ. 

The paper analyzes the uncertainty of latent instability parameter when tested under conditions of 

limited number of questions in the test. It was shown that the ratios obtained in the literature are valid 

only for large number of questions in the test. In other cases, it is inappropriate to apply linearization 

for uncertainty.  We obtain the components of error and bias assess of knowledge level and standard 

deviation of the random component of error. Thus, we can correct the bias assess, and consider the 

random component in calculating the total uncertainty of knowledge level.  

Keywords: knowledge level, components of measurement uncertainty knowledge level. 
 

ɺʩʪʫʧ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ï ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʽʻʶ IRT (Item Response Theory) 

ʨʽʚʝʥʴ ʥʘʚʯʝʥʦʩʪʽ  ʚ ʧʨʠʡʥʷʪʠʭ ʦʜʠʥʠʮʷʭ ï ʣʦʛʽʪʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ  ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ, ʦʪʨʠʤʘʥʠʭ ʟʘ  ʟʘʧʠʪʘʥʥʷʤʠ, 

ʟʘʜʘʥʠʤʠ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ. 

ʇʨʠ ʦʜʥʘʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ ʟʥʘʯʝʥʥʷ  ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʦʩʦʙʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʪʝʩʪʫʚʘʥʥʷ, ʽ ʚʽʜ ʫʤʦʚ 

ʪʝʩʪʫʚʘʥʥʷ. ʎʽ ʟʤʽʥʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʫʚʘʥʥʷ, ʥʘʟʠʚʘʶʪʴ 



ʉɽʂʎɯʗ « ʄɽʊʈʆʃʆɻɯʗ ʊɸ ɺʀʄɯʈʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ» 
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ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʮʶ ʩʢʣʘʜʦʚʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʮʝʜʫʨʫ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʫʩʝʨʝʜʥʶʶʪʴ. ɸʣʝ 

ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʪʘʢʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʽ ʚ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ 

ʪʝʩʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʦʪʨʠʤʫʶʪʴ ʟʘ ʦʜʥʠʤ 

ʩʝʘʥʩʦʤ ʪʝʩʪʫʚʘʥʥʷ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [1] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʟʘ ʫʤʦʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ  ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʬʫʥʢʮʽʾ . ʄʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟʤʽʥ  ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʚʚʘʞʘʶʪʴ ʙʽʥʦʤʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʟʘ ʷʢʠʤ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʾ 

ʚʽʜʧʦʚʽʜʽ  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ  ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʽ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʤʝʥʪʽʚ ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʘ ʝʤʧʽʨʠʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 

:  ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 
ʊʦʜʽ ʷʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʣʽʥʝʘʨʠʟʘʮʽʶ, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ) 

ʧʦʭʠʙʢʠ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

                                  (1) 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ, ʪʦʙʪʦ                    

. 

ʊʘʢ ʷʢ ʚ ʢʽʥʮʷʭ ʜʽʘʧʘʟʦʥʫ  ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚ [1] ʧʨʠʡʥʷʪʘ ʫʟʘʛʘʣʴʥʝʥʘ 

ʬʦʨʤʫʣʘ . ɸʣʝ ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ, ʧʨʠ ʤʘʣʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ   ʣʽʥʝʘʨʠʟʘʮʽʷ ʥʝʤʦʞʣʠʚʘ, ʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʨʘʭʫʚʘʥʥʽ 

ʟʤʽʱʝʥʥʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ , ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʠʩʧʝʨʩʽʾ ʦʮʽʥʢʠ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʠʭ 

ʚʽʜʧʦʚʽʜʝʡ, ʪʦʙʪʦ ʥʘ ʨʽʟʥʠʭ ʚʽʜʤʽʪʢʘʭ ʰʢʘʣʠ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʢʣʘʜʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ï ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʟʘ ʫʤʦʚ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ. ɺʠʟʥʘʯʝʥʦ ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʢʦʨʝʢʮʽʾ ʦʮʽʥʢʠ. ʆʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʉʂɺ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʥʘʚʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʷʢʝ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʩʫʤʘʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 



ɻɯʈʆʊɽʍʅʆʃʆɻɯɰ,   ʅɸɺɯɻɸʎɯʗ,   ʂɽʈʋɺɸʅʅʗ   ʈʋʍʆʄ   ɯ   ʂʆʅʉʊʈʋʖɺɸʅʅʗ   ɸɺɯɸʎɯʁʅʆ-

ʂʆʉʄɯʏʅʆɰ   ʊɽʍʅɯʂʀ 
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1. ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ 

ɼʣʷ ʬʫʥʢʮʽʾ  ʟ ʩʫʪʪʻʚʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʱʝʥʥʷ 

ʦʮʽʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ [2]:  

ʊʦʤʫ ʜʣʷ ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ  ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ: 

 

ɺ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ  ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʅʘ ʢʨʘʡʥʽʭ 

ʚʽʜʤʽʪʢʘʭ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ   ʽ  ʦʪʨʠʤʫʻʤʦ: 

 

ʗʢʱʦ ʜʣʷ ʧʨʠʢʣʘʜʫ  ʪʦʙʪʦ 

ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʩʢʣʘʜʘʻ 22%. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠ 

, ʱʦ ʩʢʣʘʜʘʻ 16%. ʊʦʙʪʦ 

ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʩʫʪʪʻʚʝ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʉʂɺ ʘʙʦ ʩʪʘʥʜʘʨʪʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

ɼʠʩʧʝʨʩʽʶ ʦʮʽʥʢʠ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ , ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [2]: 

 

ʊʦʜʽ ʜʣʷ ʦʮʽʥʢʠ  ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ:  

    (2) 

ʜʝ  

ʮʝʥʪʨʘʣʴʥʽ ʪʨʝʪʽʡ ʪʘ ʯʝʪʚʝʨʪʠʡ ʤʦʤʝʥʪʠ ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ [3], ʱʦ ʟʘ 

ʧʨʠʡʥʷʪʦʶ ʝʤʧʽʨʠʯʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʜʦʨʽʚʥʶʶʪʴ: 

                                                   (3) 

.                                 (4) 

ʊʦʜʽ ʟʘ (2) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3) ʪʘ (4) ʜʠʩʧʝʨʩʽʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

             (5) 

ʇʝʨʰʘ ʩʢʣʘʜʦʚʘ ʚ ʬʦʨʤʫʣʽ(5) ʻ ʜʠʩʧʝʨʩʽʷ, ʱʦ ʾʾ ʦʪʨʠʤʫʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʽʥʝʘʨʠʟʘʮʽʾ, ʜʨʫʛʘ ʩʢʣʘʜʦʚʘ ʜʦʜʘʻʪʴʩʷ ʥʘ ʥʝʣʽʥʽʡʥʽʡ ʯʘʩʪʠʥʽ ʰʢʘʣʠ ʨʽʚʥʷ 
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ʥʘʚʯʝʥʦʩʪʽ. ʊʦʤʫ ʚ ʩʝʨʝʜʠʥʽ ʜʽʘʧʘʟʦʥʫ ʧʨʠ  ʬʦʨʤʫʣʠ ʜʣʷ ʉʂɺ ʟʘ ʚʠʨʘʟʘʤʠ 

(1) ʪʘ (5) ʩʧʽʚʧʘʜʘʶʪʴ. ʗʢʱʦ ʚʟʷʪʠ ʢʨʘʡʥʽ ʪʦʯʢʠ ʜʽʘʧʘʟʦʥʫ  ʪʘ , ʪʦ 

ʦʪʨʠʤʫʻʤʦ ʦʜʥʘʢʦʚʽ ʚʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ, ʘ ʩʘʤʝ: 

. 

ʇʨʠ ; ; . ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʫʩʝʨʝʜʥʝʥʘ 

ʦʮʽʥʢʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ [1], . 

ʇʨʠ ; ; . ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʫʩʝʨʝʜʥʝʥʘ 

ʦʮʽʥʢʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ [1] ʩʪʘʥʦʚʠʪʴ . ʊʦʙʪʦ ʚ ʢʨʘʡʥʽʭ ʚʽʜʤʽʪʢʘʭ 

ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʉʂɺ ʧʦʭʠʙʢʠ ʙʽʣʴʰʝ ʟʘ ʫʩʝʨʝʜʥʝʥʫ ʦʮʽʥʢʫ. ʆʪʨʠʤʘʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʜʠʩʧʝʨʩʽʾ (5) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʜʘʨʪʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʚʩʽʭ 

ʚʽʜʤʽʪʢʘʭ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ɺʽʜʦʤʦ, ʱʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʚʠʢʣʠʢʘʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʩʠʭʦʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʦʩʽʙ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʪʝʩʪʫʚʘʥʥʷ, ʽ ʚʧʣʠʚʦʤ 

ʫʤʦʚ ʪʝʩʪʫʚʘʥʥʷ, ʩʧʦʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ. ɼʣʷ ʦʮʽʥʢʠ ʾʾ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʙʣʠʞʝʥʽ 

ʬʦʨʤʫʣʠ ʉʂɺ ʩʢʣʘʜʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, 

ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʝʘʨʠʟʘʮʽʾ ʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʘ ʮʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʽʣʴʢʠ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʉʂɺ ʟʘ ʜʽʘʧʘʟʦʥʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʨʽʚʥʷʥʥʷ 

ʚʠʤʽʨʶʚʘʥʥʷ. ɺ ʦʪʨʠʤʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʽ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʘʥʴ ʚ ʪʝʩʪʽ, ʪʦʙʪʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʙʯʠʩʣʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʚʽʜʤʽʪʢʘʭ ʰʢʘʣʠ ʨʽʚʥʷ 

ʥʘʚʯʝʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʤʽʱʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʮʝ ʟʤʽʱʝʥʥʷ ʩʫʪʪʻʚʝ ʪʘ ʩʫʤʽʨʥʝ ʟ 

ʚʠʧʘʜʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʉʂɺ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʥʘʚʯʝʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʨʝʛʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʨʠʯʦʤʫ ʢʦʨʠʛʫʶʯʘ ʧʦʧʨʘʚʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ 

ʚʽʜʤʽʪʢʠ ʜʽʘʧʘʟʦʥʫ. ɸ ʦʪʨʠʤʘʥʝ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʟʥʘʯʝʥʥʷ ʉʂɺ 

ʩʢʣʘʜʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʽʜ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ 

ʟ ʽʥʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
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ʉɽʈɽɼʆɺʀʑɸ ɿɸ ʆʈɼʀʅɸʃʔʅʀʄʀ ʐʂɸʃɸʄʀ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 
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ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʦʩʽʙ ʘʛʨʝʛʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʜʽʘʥʠ ʋʦʣʰʘ ʽ ʥʝʯʽʪʢʦʾ ʰʢʘʣʠ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʦʤʬʦʨʪʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʠʢ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʤʝʜʽʘʥʘ ʋʦʣʪʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʦʤʬʦʨʪʥʦʩʪʠ ʚ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʠʘʥʳ ʋʦʣʰʘ ʠ ʥʝʯʝʪʢʦʡ ʰʢʘʣʳ 

ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʤʬʦʨʪʥʦʩʪʠ. 

ʂʣʶʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʤʬʦʨʪʥʦʩʪʠ, ʤʝʜʠʘʥʘ ʋʦʣʰʘ. 

The paper presents a way of aggregating individual indicators bioclimatic comfortness in a 

generalized index using median Walsh and fuzzy scale generalized index of comfortness. 

Keywords: a generalized index of comfortness, a median Walsh. 

 

ɺʩʪʫʧ  
ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʪʫʧʝʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦ ʧʦʢʘʟʥʠʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʽʦʢʣʽʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ, ʩʝʡʩʤʽʯʥʽʩʪʴ, ʟʘʙʦʣʦʯʝʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʛʨʫʥʪʽʚ ʪʘ ʚʦʜʥʠʭ 

ʘʨʪʝʨʽʡ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ, ʪʦʱʦ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʧʦʢʘʟʥʠʢʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʰʢʘʣʘ, 

ʱʦʙ ʥʘ ʦʩʥʦʚʽ ʨʷʜʫ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ 

ʦʢʨʝʤʽ ʨʝʛʽʦʥʠ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʤʘʻ ʜʣʷ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʨʘʡʦʥʽʚ. ʇʨʠ ʦʮʽʥʮʽ ʩʫʤʽʩʥʦʾ ʜʽʾ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʦʛʽʨʰʫʶʪʴ 

ʝʢʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʟʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ 

ʚʠʭʣʦʧʥʠʭ ʛʘʟʘʭ ʘʚʪʽʚʦʢ ʘʙʦ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ) ʢʨʽʤ ʦʢʨʝʤʠʭ 

ʟʥʘʯʝʥʴ ʘʙʦ ʫʤʦʚʥʠʭ ʨʽʚʥʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ 

ʢʦʤʬʦʨʪʥʦʩʪʽ, ʱʦ ʟʥʘʭʦʜʷʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʽʚ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ [1]. ʇʨʦʮʝʜʫʨʘ ʦʪʨʠʤʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʫʪʪʻʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʢʘʣʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʾʭ ʨʽʚʥʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʦʙôʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʚ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ [1] ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ ɹʂɯʇ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʩʫʤʦʶ ʙʘʣʽʚ 

ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʦʮʽʥʢʠ: 

 
1( )-= Ö Öä äʽ ʽ ʽ

n n

ɹʂ ʽʥʬ ɹʂ ʽʥʬ

ʽ ʽ

ɯʇ K ɹ K ,                             (1) 

ʜʝ 
ʽʽʥʬ

K - ʢʦʝʬʽʮʽʵʥʪ. ̔ ʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, 
ʽɹʂ

ɹ - ʙʘʣ ʦʮʽʥʢʠ -̔ʛʦ ʧʦʢʘʟʥʠʢʘ ( =̔1..n). 

ɸʣʝ ʬʦʨʤʫʣʘ (1) ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʪʘʢ ʷʢ ʰʢʘʣʠ ʽ ʦʢʨʝʤʠʭ 



ʉɽʂʎɯʗ « ʄɽʊʈʆʃʆɻɯʗ ʊɸ ɺʀʄɯʈʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ» 

 8 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʫʤʦʚʥʠʭ ʙʘʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʝʨʙʘʣʴʥʠʤ ʨʽʚʥʷʤ ʢʦʤʬʦʨʪʥʦʩʪʽ: 1 ʙʘʣ ï çʜʠʩʢʦʤʬʦʨʪ - ɼʂè, 3 

ʙʘʣʠ ï çʩʫʙʢʦʤʬʦʨʪ - ʉʂè, 5 ʙʘʣʽʚ ï çʢʦʤʬʦʨʪ - ʂè. ɸ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʧʦʜʘʥʽ ʚ 

ʫʤʦʚʥʠʭ ʙʘʣʘʭ, ʻ ʦʨʜʠʥʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʷʭ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʧʨʦʤʽʞʥʠʭ ʦʮʽʥʢʘʭ ʚ ʙʘʣʘʭ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʨʘʚʠʣʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʥʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ ʘʛʨʝʛʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʬʦʨʪʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ, ʟʘ 

ʷʢʠʤ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʦʤʬʦʨʪʥʦʩʪʽ. ʗʢʱʦ ʧʝʨʝʣʽʢ ʦʢʨʝʤʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ ʦʙʤʝʞʝʥʠʡ ʽ ʾʭ ʢʦʝʬʽʮʽʻʥʪʠ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʜʥʘʢʦʚʽ, ʪʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ 

ʰʢʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ (ʪʘʢ ʷʢ [1] ʪʘ ʧʫʥʢʪ ʘ ʚ ʪʘʙʣ. 1) ʽ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʧʨʦʤʽʞʥʽ 

ʟʥʘʯʝʥʥʷ ʤʽʞ ʰʢʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ 1, 2, 3 (ʪʘʢ, ʷʢ ʚ ʪʘʙʣ. 1 ʧʫʥʢʪʠ ʙ, ʚ, ʛ). ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʽʚʝʥʴ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʢʘʣʠ ʟ ʥʝʯʽʪʢʦʶ ʣʽʥʛʚʽʩʪʠʯʥʦʶ 

ʟʤʽʥʥʦʶ (ʅʐ). 

ʊʘʙ. 1 ï ʈʽhʝʥʥʷ ʧʨʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʽʚʝʥʴ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ  
 ̄

1ɹʂ
ɹ

 
2ɹʂɹ

 
3ɹʂ

ɹ

 

ɹʂɯʇ

 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʨʽʚʝʥʴ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ 

ɿʘ (1) ʪʘ ʅʐ ɿʘ ʤʝʜʽʘʥʦʶ ʋʦʣʪʘ ʪʘ ʅʐ 

ʘ 1 3 5 3 ʉʂ ʉʂ 

ʙ 1 3 3 2,33 ʉʂ/0,55; ɼʂ/0,45 ʉʂ 

1 1 5 ɼʂ 

ʚ 1 1 3 1,67 ɼʂ ɼʂ 

ʛ 3 3 5 3,37 ʉʂ ʉʂ 

ɸʣʝ ʚʨʘʭʦʚʫʶʯʠ ʦʨʜʠʥʘʣʴʥʽʩʪʴ ʰʢʘʣʠ ʙʽʦʣʦʛʽʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ ʦʙôʻʜʥʘʥʥʷ 

ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʤʝʜʽʘʥʦʶ. ʅʝʜʦʣʽʢʦʤ 

ʤʝʜʽʘʥʠ ʻ ʾʾ ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʨʽʟʥʠʭ ʦʮʽʥʦʢ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʩʫʤʽ ʙʘʣʽʚ (ʧʫʥʢʪ ʙ ʧʝʨʰʠʡ ʨʷʜʦʢ med=3, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʉʂ, ʘ ʚ ʜʨʫʛʦʤʫ ʨʷʜʢʫ med=1, ʪʦʙʪʦ ʨʽʚʝʥʴ ɼʂ). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʘʛʨʝʛʫʚʘʥʥʷ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʜʽʘʥʫ ʋʦʣʰʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʜʽʘʥʠ ʋʦʣʰʘ ʧʫʥʢʪ ʙ ʪʘʙ. 1. 

ɺʠʩʥʦʚʢʠ. ɺʨʘʭʦʚʫʶʯʠ ʦʨʜʠʥʘʣʴʥʽʩʪʴ ʰʢʘʣ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʬʦʨʪʥʦʩʪʽ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʽʚʥʷ ʙʽʦʢʣʽʤʘʪʠʯʥʦʾ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʘʛʨʝʛʫʚʘʥʥʷ ï 

ʤʝʜʽʘʥʠ ʩʝʨʝʜʥʽʭ ʋʦʣʰʘ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʩʧʦʣʫʯʝʥʥʷʭ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʰʢʘʣʫ ʟ ʥʝʯʽʪʢʦʶ 

ʣʽʥʛʚʽʩʪʠʯʥʦʶ ʟʤʽʥʥʦʶ. 

ʃʽʪʝʨʘʪʫʨʘ 
1. ʉ.ʉ.ɸʥʜʨʝʝʚ ʆʮʝʥʢʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʧʨʠʤʝʨʝ 

ʛʦʨʦʜʘ ʊʫʘʧʩʝ ʉ.ʉ. ɸʥʜʨʝʝʚ, ɽ.ʉ. ʇʦʪʘʧʦʚʘ / ɺʝʩʪʥʠʢ ʉʇʙɻʋ.- ʩʝʨ.7.- ʚʠʧ. 4.ï 2015. ï ʩʪ. 145-

150. 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʩʪʫʚʘʥʥʷ ʻ ʧʦʢʘʟʥʠʢ ʚʘʣʽʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʆʜʥʠʤ ʟ ʚʠʜʽʚ ʚʘʣʽʜʥʦʩʪʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʢʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʚʘʣʽʜʥʽʩʪʴ. ɺ ʧʫʙʣʽʢʘʮʽʾ ʚʠʩʚʽʪʣʝʥʦ ʢʣʶʯʦʚʽ ʩʧʦʩʦʙʠ ʦʮʽʥʶʚʘʥʥʷ 

ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʚʘʣʽʜʥʦʩʪʽ ʪʘ ʾʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʪʝʩʪʫʚʘʥʥʷ, ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʚʘʣʽʜʥʽʩʪʴ, 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʚʘʣʠʜʥʦʩʪʠ ʟʘʜʘʥʠʡ 

ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʚʘʣʠʜʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʯʝʩʪʚʘ ʟʘʜʘʥʠʡ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʘʣʴʥʘʷ ʚʘʣʠʜʥʦʩʪʴ. 

ɺ ʧʫʙʣʠʢʘʮʠʠ ʦʩʚʝʱʝʥʳ ʢʣʶʯʝʚʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʠʚʘʥʠʷ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʚʘʣʠʜʥʦʩʪʠ ʠ ʝʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, 

ʚʘʣʠʜʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. 

One of the most important indicators of the quality of the test space of the automated testing system 

is the validity indicator of the test space assignments. One of the types of validity that is most effective 

in determining the quality of tasks in a test space is the criterial validity. The publication highlights 

key ways to assess the criterial validity and its uncertainty. 

  Key words: computerized testing system, quality indicators, validity, uncertainty. 
 

ɺʘʣʽʜʥʽʩʪʴ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʨʫ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʩʪʫʚʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʧʦʩʪʘʚʣʝʥʽʡ ʤʝʪʽ ʪʝʩʪʫʚʘʥʥʷ. ʇʦʢʘʟʥʠʢ ʚʘʣʽʜʥʦʩʪʽ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʪʘ 

ʙʘʛʘʪʦʧʣʘʥʦʚʠʤ [1]. ʇʦʨʷʜ ʟ ʮʠʤ ʧʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ ʧʝʚʥʫ ʥʝʯʽʪʢʽʩʪʴ ʚ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʚʠʜʽʚ ʚʘʣʽʜʥʦʩʪʽ ʪʘ ʩʧʦʩʦʙʽʚ ʾʾ ʦʮʽʥʶʚʘʥʥʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʶ ʚʠʜʽʚ 

ʚʘʣʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [2-3], ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʜʽʣʽ ʚʠʜʽ ʚʘʣʽʜʥʦʩʪʽ ʥʘ 

ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ ʟʘ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ: 

¶ ʟʘ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ (ʝʤʧʽʨʠʯʥʘ ʪʘ ʝʢʩʧʝʨʪʥʘ 

ʚʘʣʽʜʥʽʩʪʴ); 

¶ ʟʘ ʧʽʜʭʦʜʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʘʥʘʣʽʟʽ ʚʘʣʽʜʥʦʩʪʽ (ʢʨʠʪʝʨʽʘʣʴʥʘ ʪʘ 
ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʚʘʣʽʜʥʽʩʪʴ). 

ɿ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʰʢʘʣʠ, ʚ ʷʢʽʡ ʚʽʜʦʙʨʘʞʝʥʽ ʧʝʨʚʠʥʥʽ ʙʘʣʠ 

ʦʧʠʪʫʚʘʥʠʭ [4] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʨʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʚʘʣʽʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ: 
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 1

0 

{ } { }
n

xmedxmed
Val -+ -=2 , 

ʜʝ { }+xmed , { }-xmed - ʤʝʜʽʘʥʘ ʨʘʥʛʽʚ ʧʝʨʚʠʥʥʠʭ ʙʘʣʽʚ ʦʧʠʪʘʥʠʭ, ʷʢʽ ʧʨʘʚʠʣʴʥʦ 

ʪʘ ʥʝʧʨʘʚʠʣʴʥʦ ʚʽʜʧʦʚʽʣʠ ʥʘ ʟʘʚʜʘʥʥʷ ʪʝʩʪʫ ʚʽʜʧʦʚʽʜʥʦ; n- ʢʽʣʴʢʽʩʪʴ ʦʧʠʪʫʚʘʥʠʭ, 

ʷʢʽ ʚʟʷʣʠ ʫʯʘʩʪʴ ʫ ʪʝʩʪʫʚʘʥʥʽ. 

ʇʦʢʘʟʥʠʢʘ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʚʘʣʽʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʫ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʴ ʚʽʜ -1 

ʜʦ 1. ʄʝʥʰʽ ʟʘ ʥʫʣʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʘʜʦʚʽʣʴʥʽʩʪʴ ʟʘʚʜʘʥʥʷ 

ʪʝʩʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʘʜʦʚʽʣʴʥʠʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʚʜʘʥʥʷ, ʜʣʷ ʷʢʠʭ ʦʪʨʠʤʘʥʦ 

3.0>bisr . 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʚʘʣʽʜʥʦʩʪʽ ʟʘʚʜʘʥʴ ʪʝʩʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʮʽʥʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )( )
n

xxxx
ValU HLHL --++ +-+

=)( , 

ʜʝ +Lx , +Hx  - ʝʣʝʤʝʥʪʠ ʧʨʦʨʘʥʞʦʚʘʥʦʛʦ ʨʷʜʫ ʦʧʠʪʫʚʘʥʠʭ, ʷʢʽ ʧʨʘʚʠʣʴʥʦ 

ʚʽʜʧʦʚʽʣʠ ʥʘ ʟʘʚʜʘʥʥʷ ʪʝʩʪʫ ʟ ʥʦʤʝʨʘʤʠ L  ʪʘ H , -Lx , -Hx  - ʝʣʝʤʝʥʪʠ 

ʧʨʦʨʘʥʞʦʚʘʥʦʛʦ ʨʷʜʫ ʦʧʠʪʫʚʘʥʠʭ, ʷʢʽ ʥʝʧʨʘʚʠʣʴʥʦ ʚʽʜʧʦʚʽʣʠ ʥʘ ʟʘʚʜʘʥʥʷ ʪʝʩʪʫ ʟ 

ʥʦʤʝʨʘʤʠ L  ʪʘ H . 

ʇʨʠ ʮʴʦʤʫ ʥʦʤʝʨʠ L  ʪʘ H  ʚʠʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: L - ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ, 

ʥʘʡʙʽʣʴʰʝ ʮʽʣʝ ʯʠʩʣʦ, ʱʦ ʻ ʤʝʥʰʠʤ ʟʘ ( )2/1 nzn p-+ , H - ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ, 

ʥʘʡʤʝʥʰʝ ʮʽʣʝ ʯʠʩʣʦ, ʱʦ ʻ ʙʽʣʴʰʠʤ ʟʘ ( )2/1 nzn p++ , pz  - ʢʚʘʥʪʽʣʴ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʘʫʩʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʇʨʠ 95,0=P  96,1=pz . 

ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʚʘʣʽʜʥʦʩʪʽ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʧʠʪʫʚʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʚʠʜʥʦ ʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ. ʎʝʡ ʬʘʢʪ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʟ ʤʦʥʽʪʦʨʠʥʛʦʤ ʾʾ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ʨʝʞʠʤʽ ʥʘʢʦʧʠʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 
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ʄɽʊʈʆʃʆɻɯʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʊɽʇʃʆʄɽʊʈʀʏʅʀʍ ɿɸʉʆɹɯɺ 
ʂʆʅʊʈʆʃʖ ʊɽʇʃʆɺʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ɻʆʃʆɺʅʀʁ ʆɹʊɯʏʅʀʂ 

ʈɸʂɽʊʀ-ʅʆʉɯʗ 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, teplomer@ukr.net  

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʚʽ ʤʦʜʝʣʽ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʠʧʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʩʤʽʯʥʫ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʚ ʨʘʤʢʘʭ ʢʦʥʪʨʦʣʶ ʾʾ ʧʦʣʴʦʪʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ 

ʚʠʚʝʜʝʥʥʽ ʥʘ ʦʨʙʽʪʫ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ. ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʨʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʝʥʩʦʨʠ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʝ 

ʩʚʽʜʦʮʪʚʦ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ, ʱʦ ʛʘʨʘʥʪʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʧʣʦʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʝʪʘʣʦʥʥʘ ʫʩʪʘʥʦʚʢʘ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʤʦʜʝʣʠ ʩʝʥʩʦʨʦʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʠʧʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʦʩʤʠʯʝʩʢʫʶ ʛʦʣʦʚʥʫʶ ʯʘʩʪʴ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʚ ʨʘʤʢʘʭ ʢʦʥʪʨʦʣʷ ʝʝ ʧʦʣʝʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʠ ʚʳʚʦʜʝ ʥʘ ʦʨʙʠʪʫ ʧʦʣʝʟʥʦʛʦ ʛʨʫʟʘ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʥʩʦʨʳ ʧʦʣʫʯʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʧʣʦʤʝʪʨʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʝʥʩʦʨʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʵʪʘʣʦʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ. 

The paper discusses two models of heat flow sensors of generator-type used in aerospace studies to 

determine the heat load on the aerodynamic fairing launch-vehicle in the control of its flight reliability 

under the derivation of payload to the orbit. A technique for the study of the metrological 

characteristics of sensors and metrological complex for the realization of research, are presented. 

According to the results of such research sensors the corresponding certificate of the metrological 

service are received, which guarantees the accuracy of the information obtained by the developed 

heatmetry devices in operation conditions.  

Keywords: metrological support, heat flux sensors, reference equipment. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʨʘʢʝʪ-ʥʦʩʽʾʚ (ʜʘʣʽ ï ʈʅ), ʧʨʠʟʥʘʯʝʥʠʭ 

ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʥʘ ʦʨʙʽʪʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʠʤʘʛʘʶʪʴ ʫʚʘʛʠ, ʚʝʣʠʢʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʨʘʢʝʪʠ 

ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʚ ʱʽʣʴʥʠʭ ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ. ɼʦʩʪʘʪʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʻ 

ʚʠʟʥʘʯʘʣʴʥʦʶ ʫʤʦʚʦʶ ʷʢ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʘʢ ʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚ ʟʦʥʽ ʨʦʟʤʽʱʝʥʥʷ ʢʦʨʠʩʥʦʛʦ 

ʚʘʥʪʘʞʫ, ʧʨʠ ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʾʭ ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʎʷ ʧʨʦʙʣʝʤʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʟ ʪʝʨʤʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʘʝʨʦʜʠʥʘʤʽʯʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ, ʚʝʣʠʯʠʥʫ ʷʢʦʛʦ 

ʪʨʘʜʠʮʽʡʥʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʢʘʟʽʚ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʽʜ ʪʝʧʣʦʟʘʭʠʩʪʦʤ ʥʝʩʫʯʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʫʨʙʫʣʝʥʪʥʦ-ʣʘʤʽʥʘʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʨʝʞʠʤʫ ʪʝʯʽʾ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ [1]. ʆʜʥʘʢ, ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʤʦʤʝʥʪ ʟʤʽʥʠ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʦʣʴʦʪʽ ʟʫʤʦʚʣʶʻ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʽ ʧʦʜʝʢʫʜʠ ʩʷʛʘʶʪʴ 37% [2].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʪʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘʧʨʘʚʣʝʥʦʛʦ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʦʙʪʽʯʥʠʢʘ ʫ ʟʦʥʫ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ, ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʘʪʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʘ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʙʽʨ 

ʪʝʧʣʦʟʘʭʠʩʪʫ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʥʘ 

ʜʝʩʷʪʢʠ ʢʽʣʦʛʨʘʤʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʟʦʚʥʽʰʥʽʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ 

ʢʦʨʧʫʩʫ ʛʦʣʦʚʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʧʝʨʝʜʙʘʯʝʥʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʈʅ, ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʚʽʜ ʦʙʦʣʦʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʪʽʯʥʠʢʘ ʚ ʟʦʥʫ ʨʦʟʤʽʱʝʥʥʷ ʢʦʨʠʩʥʦʛʦ 

ʚʘʥʪʘʞʫ.  

ɿʛʽʜʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʤʦʞʣʠʚʘ ʤʝʞʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʨʦʟʤʽʱʝʥʥʷ ʩʝʥʩʦʨʘ ʽ ʩʪʘʥʦʚʠʪʴ: 20 ʢɺʪ/ʤ2 ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʩʝʥʩʦʨʘ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʩʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʈʅ, 5 ʢɺʪ/ʤ2 ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʩʝʥʩʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ. 

ʇʨʠ ʮʴʦʤʫ ʩʠʛʥʘʣʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʩʝʥʩʦʨʘʤʠ, ʦʜʥʦʯʘʩʥʦ ʧʦʚʠʥʥʽ 

ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʚʪʦʨʠʥʥʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ ʩʠʩʪʝʤʠ ʪʝʣʝʤʝʪʨʽʾ ʈʅ, ʘ 

ʦʪʞʝ ʤʘʶʪʴ ʙʫʪʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ ʽ ʥʘ ʤʝʞʽ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 50 ʤɺ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʢʦʞʥʦʛʦ ʪʠʧʫ ʩʝʥʩʦʨʘ. 

ʅʘ ʘʢʪʠʚʥʽʡ ʜʽʣʷʥʮʽ ʧʦʣʴʦʪʫ ʈʅ ʦʙʪʽʯʥʠʢ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ï ʧʦʨʷʜʢʫ 500 ʂ ʧʨʦʪʷʛʦʤ 280 ʩʝʢʫʥʜ, ʘ ʧʦʪʽʤ ʜʝʷʢʽ ʜʽʣʷʥʢʠ 

ʦʙʪʽʯʥʠʢʘ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʜʚʠʛʫʥʘ ʫʧʨʘʚʣʽʥʥʷ, 

ʢʦʨʠʛʫʶʯʦʛʦ ʦʨʙʽʪʫ ʢʦʨʘʙʣʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʩʝʥʩʦʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʪʽʯʥʠʢʘ, ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ ʤʝʪʨʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 500 ʂ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʦʾ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʘʢʪʠʚʥʽʡ 

ʜ̔ ʣʷʥʮʽ ʧʦʣʴʦʪʫ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʣʠʟʴʢʦ 1...2 ʂ/ʩ. ɿʘ ʧʦʢʘʟʘʤʠ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ 350 ʂ, ʧʨʠ ʮʴʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʠʭ ʟʤʽʥ ʩʢʣʘʣʘ 
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ʙʣʠʟʴʢʦ 50 ʩ. ʋ ʪʘʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʪʝʧʣʦʦʙʤʽʥʫ ʪʨʘʜʠʮʽʡʥʠʡ ʩʝʥʩʦʨ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʘʻ ʚʝʣʠʢʫ ʜʠʥʘʤʽʯʥʫ ʧʦʭʠʙʢʫ. ʎʷ ʧʦʭʠʙʢʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʩʝʥʩʦʨʘ, ʘʣʝ ʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʚʽʥ ʨʦʟʤʽʱʝʥʠʡ: 

ʥʘʡʤʝʥʰʘ ʜʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʩʝʥʩʦʨʘ ʥʘ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ (ʥʘʧʨʠʢʣʘʜ, ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʦʙʪʽʯʥʠʢʘ), ʘ ʥʘʡʙʽʣʴʰʽ 

ʜʠʥʘʤʽʯʥʽ ʧʦʭʠʙʢʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʩʝʥʩʦʨʘ ʥʘ 

ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʽʡ ʧʦʚʝʨʭʥʽ ʟʽ ʟʤʽʥʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʪʘʢʠʭ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʪʽʯʥʠʢʘ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʪʽʯʥʠʢʘ ʈʅ ʟʘʩʪʦʩʦʚʘʥʦ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ 

ʪʘ ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ï 

ʤʘʣʦʽʥʝʨʮʽʡʥʽ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ ʧʨʠʜʘʪʥ ̔ ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʪʝʧʣʦʦʙʤʽʥʫ [3]. 

ɼʦ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʥʦʨʤʫʚʘʥʥʽ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʽʚ, ʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

Cʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʠʡ 

ʦʙʪʽʯʥʠʢ ʈʅ ʻ ʢʦʥʪʘʢʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʜʦʩʠʪʴ ʞʦʨʩʪʢʠʤʠ ʚʠʤʦʛʘʤʠ 

ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʡ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʝʪʘʣʦʥʥʽʡ ʫʩʪʘʥʦʚʮ ̔ʋɺʊ-1, ʚ ̫ʢʽʡ 

ʨʝʘʣʽʟʦʚʘʥʦ ʘʙʩʦʣʶʪʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʩʪʘʪʠʯʥʦʾ ʬʫʥʢʮʽ ʾ

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʚ ʫʤʦʚʘʭ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʫ ʟʘ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʧʽʜʚʝʜʝʥʥʷ ʥʦʨʤʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ [4].  

ɺʽʜʪʚʦʨʶʚʘʥʝ ʚ ʝʪʘʣʦʥʥʽʡ ʫʩʪʘʥʦʚʮʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
2

0 0/ (0,25 )OH OHq V V D R= Ö ÖpÖ Ö, ɺʪ/ʤ2    (1) 

ʜʝ OHV ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʚʦʜʘʭ ʦʩʥʦʚʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ (ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ), ɺ; 0V  ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʚʦʜʘʭ ʢʦʪʫʰʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ɺ; OHD  

ï ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ, ʤ; 0R  ï ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʽʨʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʆʤ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʫ ʩʪʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ ʨʦʟʨʘʭʦʚʫʶʪʴ ʜʣʷ 

ʢʦʞʥʦʛʦ ʫʩʪʘʣʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʟʘ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

/K q E= , ɺʪ/(ʤ2Ŀʤɺ)    (2) 

ʜʝ E  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʩʝʥʩʦʨʘ ʚ ʟʘʜʘʥʦʤʫ ʨʝʞʠʤʽ, ʤɺ. 

ʇʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦ ʩʝʥʩʦʨʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʬʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʥʝʩʝʥʥʷ, ʷʢʝ ʧʨʠʡʤʘʻ ʩʝʥʩʦʨ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʢʦʞʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʽʚʥʽ ʤʘʶʪʴ 
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ʤʽʩʮʝ ʧ'ʷʪʴ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ. ʊʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʥʩʦʨʘ ʧʨʦʚʦʜʷʪʴ ʧʦ 25 

ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʠ ʪʘ ʦʪʨʠʤʫʶʪʴ ʤʘʩʠʚʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 25 

ʥʝʟʘʣʝʞʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɺ ʫʩʪʘʣʝʥʦʤʫ ʩʪʘʥʽ ʢʦʞʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʨʦʪʷʛʦʤ 20 ʭʚʠʣʠʥ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʩʝʨʽʡʥʽ ʚʠʩʦʢʦʪʦʯʥʽ ʤʫʣʴʪʠʤʝʪʨʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʝʪʘʣʦʥʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʋɺʊ-1, ʟʜʽʡʩʥʶʶʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʾʭ ʧʦʢʘʟʽʚ ʪʘ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʷʚʥʠʭ ʧʨʠʣʘʜʽʚ, ʬʽʢʩʫʶʪʴ ʜʘʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ 

ʦʩʥʦʚʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʪʘ ʪʝʧʣʦʩʪʦʢʫ, ʤʽʞ ʷʢʠʤʠ ʟʘʪʠʩʥʫʪʠʡ ʩʝʥʩʦʨ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥ ̔ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʩʪʘʪʠʯʥʦ ʾʬʫʥʢʮʽʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʽʚ, ʚʽʜʭʠʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʩʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

300 ʂ ʜʦ 500 ʂ ʤʘʻ ʙʫʪʠ ʚ ʤʝʞʘʭ Ñ2,0 %. ʊʘʢʽ ʩʝʥʩʦʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ. ʇʨʠ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʪʨʦʣʴ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʥʩʦʨʘ ʜʣʷ 

ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʧʨʘʚʦʢ, ʪʦʤʫ ʾʭ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʩʢʣʘʜʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʈʅ, ʭʦʯʘ ʚʦʥʠ ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʦʬʦʨʤʣʶʶʪʴʩʷ ʧʨʦʪʦʢʦʣʦʤ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʢʩʧʝʨʪʠʟʫ ʜʦ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ ʤʝʪʨʦʣʦʛʽʾ ʪʘ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʾ ʚʠʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʩʚʽʜʦʮʪʚʦ. 

ɺʠʩʥʦʚʢʠ. ʄʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʩʧʨʠʷʣʦ ʾʭ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʧʝʨʰʝ ʦʪʨʠʤʘʪʠ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʤʽʯʥʦʾ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜ ʧʦʯʘʪʢʫ ʧʫʩʢʫ 

ʜʦ ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʫ ʚʽʜʢʨʠʪʠʡ ʢʦʩʤʦʩ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ ʢʦʥʪʨʦʣʴ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʫ ʟʦʥʽ ʨʦʟʤʽʱʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ. 
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ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʩ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʵʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ 

ʠʟʛʦʪʦʚʣʝʥʘ ʤʥʦʛʦʷʯʝʝʯʥʘʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ, 

ʧʨʦʚʝʜʝʥʘ ʝʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ, ʧʦʰʘʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʠʟʤʝʨʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʢʨʦʢʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ ʦʜʥʦʯʘʩʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʧʽʜʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʽʚ. ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʪʝʧʣʦʻʤʥʽʩʪʶ ʝʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʽʜʦʤʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʦ ʙʘʛʘʪʦʢʦʤʽʨʢʦʚʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ, 

ʧʨʦʚʝʜʝʥʦ ʾʾ ʤʝʪʨʦʣʦʛʽʯʥʫ ʘʪʝʩʪʘʮʽʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʢʘʥʫʶʯʘ ʢʘʣʦʨʠʤʝʪʨʽʷ, ʧʦʢʨʦʢʦʚʝ ʩʢʘʥʫʚʘʥʥʷ, 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ. 

Abstract. A new, modified step scanning method is proposed to measure the specific heat, whereby 

simultaneously exposed to several of the test samples. During measurement, the heat capacity of the 

samples is compared with the heat capacity of the referenced material, whose specifications are 

known. The calorimeter multicell system is manufactured, tested, and has a metrological certification. 

Key words: differential scanning calorimetry, step by step scanning, calorimeter system, the 

measurement of the heat capacity. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʦʤʧʦʟʠʪʥʳʭ, ʚʘʞʥʦ ʟʥʘʪʴ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʧʨʷʤʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠʦʙʨʝʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʤʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʪʝʧʣʦʚʦʛʦ ʘʥʘʣʠʟʘ [1, 2], ʢʘʢ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʧʨʠ 

ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. ʄʝʪʦʜʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦ ʚʚʝʜʝʥʥʦʤ ʚ ʋʢʨʘʠʥʝ ʩʪʘʥʜʘʨʪʝ, 

ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩ ISO [3]. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʜʚʦʜʠʤʦʡ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʨʘʟʮʫ ʵʥʝʨʛʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ 

ʚ ʪʨʠ ʵʪʘʧʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʜʠʥʘʢʦʚʳʭ 

ʩʪʫʧʝʥʯʘʪʳʭ ʛʨʘʬʠʢʘʭ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: ʥʘ ɯ ʵʪʘʧʝ ʷʯʝʡʢʘ ʦʩʪʘʝʪʩʷ ʧʫʩʪʦʡ 
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(ʭʦʣʦʩʪʦʡ ʵʪʘʧ), ʥʘ ɯɯ ʵʪʘʧʝ ʚ ʷʯʝʡʢʝ ʨʘʟʤʝʱʘʶʪ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ, ʘ ʥʘ ɯɯɯ ʵʪʘʧʝ 

ï ʚ ʷʯʝʡʢʝ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ, ʧʦʜʚʦʜʠʤʦʡ ʢ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʥʘ ʚʩʝʭ ʪʨʝʭ ʵʪʘʧʘʭ, ʚʳʯʠʩʣʷʶʪ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʯʝʥʴ ʪʦʯʥʦ  

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʦʜʠʥʘʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʪʴ ʷʯʝʡʢʫ ʦʪ ʚʦʟʤʫʱʘʶʱʠʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʨʠ ʮʠʢʣʘ 

(ʵʪʘʧʘ) ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʎʝʣʴ ʜʦʢʣʘʜʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʫʪʝʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ ʵʪʘʣʦʥʥʳʤ 

ʦʙʨʘʟʮʦʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ.  

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʫʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʶ ʩʪʫʧʝʥʯʘʪʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʝʜʠʥʦʡ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʠ ʵʪʘʣʦʥʥʳʡ 

ʦʙʨʘʟʝʮ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʷʯʝʝʯʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ. ɺ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʙʦʯʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʷʯʝʡʢʠ, ʚ ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʶʪ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʷʯʝʡʢʘ-ʵʪʘʣʦʥ ʩ ʦʙʨʘʟʮʦʤ ʵʪʘʣʦʥʥʦʛʦ (ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʠ 

ʷʯʝʡʢʘ-ʨʝʬʝʨʝʥʪ, ʢʦʪʦʨʫʶ ʦʩʪʘʚʣʷʶʪ ʧʫʩʪʦʡ. ʇʦ ʤʝʪʦʜʫ ʧʦʰʘʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʝʩʴ ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʨʘʟʙʠʚʘʶʪ ʥʘ 

ʥʝʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ (ʰʘʛʠ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʫʯʘʩʪʢʘ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʫʯʘʩʪʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʇʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʰʘʛʦʚʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚʩʝʭ ʷʯʝʝʢ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦ ʚʝʨʭʥʝʡ, ʠʟʤʝʨʷʶʪ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʦʜʷʪʩʷ ʢ ʷʯʝʡʢʘʤ, ʘ ʧʦʣʥʫʶ ʧʦʪʨʘʯʝʥʥʫʶ ʪʝʧʣʦʪʫ ʥʘ ʥʘʛʨʝʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʝʥʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʙʨʘʟʮʘ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʷʪ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʡ ʢ 

ʠʩʧʳʪʘʥʥʦʤʫ ʦʙʨʘʟʮʘ ʤʘʩʩʦʡ mi ʠ ɻʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʩʩʦʡ mʕʪ ʩ ʠʟʚʝʩʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ Űʅ ʜʦ Űʂ 

ʧʦ ʬʦʨʤʫʣʝ: 
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 - ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʚ i-ʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ ʠ ʩʘʤʦʡ ʷʯʝʡʢʠ ʟʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; )(i tF  - ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ i-ʦʡ 
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ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ, ʧʨʠʯʝʤ )()()(i tÖ=tF ii UtK ; )(tiU  - ʩʠʛʥʘʣ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ i-ʦʡ ʷʯʝʡʢʠ; )(tK i  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ i-ʦʡ ʷʯʝʡʢʠ; )(0 tF  - ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʚ ʧʫʩʪʦʡ ʷʯʝʡʢʝ-ʨʝʬʝʨʝʥʪʝ; )(tʩʕʪ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʵʪʘʣʦʥʥʦʛʦ 

ʦʙʨʘʟʮʘ; )(tʉʗʕʪ  - ʩʦʙʩʪʚʝʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʷʯʝʡʢʠ ʵʪʘʣʦʥʘ;  

)(0 tʉ - ʩʦʙʩʪʚʝʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʫʩʪʦʡ ʷʯʝʡʢʠ-ʨʝʬʝʨʝʥʪʘ. 

ʅʘ ʢʘʞʜʦʤ n-ʤ ʰʘʛʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʯʠʩʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʥʝʩʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ )tt(5,0 nʂ,nʅ,n ʦʪʥ, +Ö=t , nʅ,t  - ʬʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʘʯʘʣʝ n-ʛʦ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ; nʂ,t - ʬʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʢʦʥʯʘʥʠʶ n-ʛʦ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʚ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ [3] ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 10 ʂ. ɺʝʣʠʯʠʥʳ )(tK i ; )(tʩʕʪ ; )(tʉʗʕʪ ; )(0 tʉ  ʷʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʟʘʚʠʩʠʤʳʤʠ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ 

ʦʙʨʘʟʮʘ )(tʩʕʪ  ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʩʘʧʬʠʨ 99,9%) [3], ʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ )(tK i ; )(tʉʗʕʪ ; )(0 tʉ ; )(tʉi  ʥʘʭʦʜʷʪ ʥʘ 

ʵʪʘʧʝ ʛʨʘʜʫʠʨʦʚʢʠ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ. ʅʘ ʵʪʘʧʝ 

ʛʨʘʜʫʠʨʦʚʢʠ ʧʨʦʚʦʜʷʪ ʪʨʠ ʩʝʨʠʠ ʦʧʳʪʦʚ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚʦ ʚʩʝʤ 

ʨʘʙʦʯʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʚʩʝ ʷʯʝʡʢʠ ʧʫʩʪʳʝ; ʚʦ 

ʚʪʦʨʦʡ ʩʝʨʠʠ ï ʚ ʷʯʝʡʢʝ ʵʪʘʣʦʥʘ ʥʘʭʦʜʠʪʩʷ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʷʯʝʡʢʠ ï ʧʫʩʪʳʝ; ʚ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ï ʚʦ ʚʩʝʭ ʷʯʝʡʢʘʭ ʥʘʭʦʜʷʪʩʷ ʦʙʨʘʟʮʳ ʩ 

ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ 

ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʰʘʛʘ ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʘʷ 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʟʘʪʝʤ ʥʘʭʦʜʷʪ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʧʦʣʠʥʦʤʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ - ʪʝʧʣʦʚʦʛʦ (ʊɹ), ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʶʪ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʪʝʧʣʦʚʦʡ 

ʨʝʞʠʤʳ, ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ (ʕɹ), ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʙʝʣʷʤʠ. ʊɹ (ʨʠʩ. 1) 

ʚʳʧʦʣʥʝʥ ʨʘʟʲʝʤʥʳʤ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʦʜʫʣʝʡ, ʙʣʠʟʢʠʭ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ - 

ʚʝʨʭʥʝʛʦ 1 ʠ ʥʠʞʥʝʛʦ 2. ɺ ʚʝʨʭʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

ʥʠʞʥʝʛʦ ʤʦʜʫʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʘ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʬʨʝʟʝʨʦʚʘʥʥʳʝ ʧʘʟʳ ʜʣʷ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʚʦʟʜʫʭʦʚʦʜʳ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ. ʈʝʟʠʩʪʠʚʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʟ 

ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʠʟʦʣʷʮʠʦʥʥʦʡ ʪʨʫʙʢʝ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʟʘʢʣʶʯʝʥ ʚ ʧʘʟʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠ ʟʘʣʠʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤ ʣʘʢʦʤ. ʅʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʥʠʞʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʝʤʴ 

ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʧʷʪʴ ʠʟ ʢʦʪʦʨʳʭ  ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 
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ʨʘʟʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʮʝʥʪʨʘʣʴʥʘʷ ʷʚʣʷʝʪʩʷ ʷʯʝʡʢʦʡ-

ʨʝʬʝʨʝʥʪʦʤ ʠ ʦʩʪʘʝʪʩʷ ʧʫʩʪʦʡ, ʘ ʧʦʩʣʝʜʥʷʷ ʷʚʣʷʝʪʩʷ ʷʯʝʡʢʦʡ ʵʪʘʣʦʥʘ, ʚ ʢʦʪʦʨʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʤʝʱʘʶʪ ʵʪʘʣʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʨʘʚʥʝʥʠʷ. ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ 

ʷʯʝʡʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʠ ʚ ʚʠʜʝ ʦʪʢʨʳʪʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʯʘʰʝʢ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʠ ʚʳʩʦʪʦʡ (4,5 Ñ 0,3) ʤʤ. ʇʦʜ ʜʥʦʤ ʢʘʞʜʦʡ ʷʯʝʡʢʠ 

ʫʩʪʘʥʦʚʣʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

 

 
1 ʠ 2 - ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʤʦʜʫʣʠ ʊɹ; 3 - ʧʦʜʲʝʤʥʦ-ʧʦʚʦʨʦʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 

 4 - ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ; 5 - ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʷʯʝʡʢʠ; 6, 7 - ʥʘʧʨʘʚʣʷʶʱʠʝ ʩʪʦʡʢʠ;  

8 - ʢʦʞʫʭ; 9 - ʪʝʧʣʦʠʟʦʣʷʮʠʷ 

ʈʠʩ. 1.  ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ:  ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ - ʦʪ 300 ɼʞ/(ʢʛĿʂ) ʜʦ 3000 ɼʞ/(ʢʛĿʂ); ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ - ʦʪ 300 ʂ ʜʦ 450 ʂ;  ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ - 5 ʰʪʫʢ; ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ - ʥʝ ʙʦʣʝʝ Ñ 2 %; 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʨʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ 

ʘʪʪʝʩʪʘʮʠʠ ʚ ɻʇ çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè, ʩʠʩʪʝʤʘ  ʧʝʨʝʜʘʥʘ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʂɹ çʖʞʥʦʝè. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʠ ʧʦʰʘʛʦʚʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʮʦʤ 

ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʛʨʘʬʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ. 
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ʩʠʛʥʘʣʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ɽʆ. ʉʫʪʪʻʚʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʮʴʦʤʫ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʘʩʠ ʣʽʥʽʡʥʠʭ ʪʘ ʣʽʥʽʡʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ. ɺ 

ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʮʠʭ 

ʤʦʜʝʣʝʡ, ʧʨʦʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʚʫʟʣʽʚ ɽʆ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʦʙʦʪʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʣʽʥʽʡʥʽ ʧʝʨʽʦʜʠʯʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʦʟʥʘʢʠ,  ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʕʆ). ʇʝʨʚʦʦʯʝʨʝʜʥʳʤ ʰʘʛʦʤ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʤʦʜʝʣʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʘʙʦʪʫ ʕʆ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ 

ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʳ ʣʠʥʝʡʥʳʭ 

ʠ ʣʠʥʝʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʧʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʟʣʦʚ ʕʆ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʣʠʥʝʡʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. 

The work is devoted to the problem of creating modern monitoring systems, monitoring and 

diagnostics of electrical equipment (EE). The first step in the creation of such systems is the 

construction and investigation of mathematical probabilistic models of diagnostic signals that 

accompany the work of EE. Essential moment in this case is the accounting modes of operation of this 

equipment. To construct mathematical models of diagnostic signals, the classes of linear and linear 

periodic random processes were used. As an example, the question of constructing and studying 

mathematical models of vibration signals arising in electric machines is considered. Based on the 

results of the analysis of these models, a substantiation of the diagnostic features allowing to 

determine the technical state of the EE nodes under certain operating modes was carried out. 

Key words: mathematical models, linear periodic random processes, diagnostic features, electrical 

machines. 
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ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʷʢʝ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ.    

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʥʘʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɽʆ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ 

ʘʣʛʦʨʠʪʤʽʯʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ (ɯɺʉ) ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʚʫʟʣʽʚ ɽʆ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ʚʫʟʣʽʚ ɽʆ, ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʦʨʽʷ ʣʽʥʽʡʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ (ʃɺʇ) ʪʘ ʣʽʥʽʡʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʃʇɺʇ) [1].  

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ɽʆ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ (ɽʄ), ʱʦ ʤʽʩʪʷʪʴ ʨʫʭʦʤʽ 

(ʦʙʝʨʪʦʚʽ) ʚʫʟʣʠ, ʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʾʭʥʷ ʮʠʢʣʽʯʥʽʩʪʴ (ʨʝʛʫʣʷʨʥʽʩʪʴ), ʘ ʟ ʽʥʰʦʛʦ ï 

ʚʧʣʠʚ ʜʦʜʘʪʢʦʚʠʭ ʯʠʥʥʠʢʽʚ ʚʠʧʘʜʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ 

ʚʫʟʣʘʭ ʧʨʘʮʶʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢ, ʰʠʭʪʦʚʘʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ 

ʟʤʽʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʚʠʢʣʠʢʘʥʦʛʦ ʧʝʨʽʦʜʠʯʥʠʤʠ ʩʪʨʫʤʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʦʙʤʦʪʢʘʭ; ʧʽʜʰʠʧʥʠʢʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʮʠʢʣʽʯʥʦ 

ʟʤʽʥʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʠʣ, ʚʠʢʣʠʢʘʥʠʭ ʦʙʝʨʪʘʥʥʷʤ ʚʘʣʽʚ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ 

ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʧʦʚʪʦʨʶʶʪʴʩʷ ʪʦʯʥʦ (ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ) ʚ ʢʦʞʥʦʤʫ 

ʮʠʢʣʽ (ʧʝʨʽʦʜʽ), ʘ ʤʘʶʪʴ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʷʢ ʮʠʢʣʽʯʥʽʩʪʴ, ʪʘʢ ʽ 

ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʫ ʜʽʘʛʥʦʩʪʠʢʠ ʤʦʞʝ ʙʫʪʠ 

ʟʘʜʘʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤ ʚʝʢʪʦʨʦʤ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ [1]  
 

                                                         [ ]t,,ʌHy=X ,                                  (1) 
 

ʜʝ X ð j -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ j  ʚʠʭʽʜʥʠʭ ʬʫʥʢʮʽʡ 

() () ()ttt jxxx ,...,, 21 ; H  ð n-ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ n ʚʭʽʜʥʠʭ 

ʬʫʥʢʮʽʡ () () ()ttt nhhh ,...,, 21 ; ʌ ð m-ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ m 

ʚʥʫʪʨʽʰʥʽʭ ʬʫʥʢʮʽʡ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʠʢʠ () () ()ttt njjj ,...,, 21 ; t  ð ʯʘʩ, ʘ []¶y  ð 

ʜʝʷʢʠʡ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʚʽʜ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ t . 

ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ (1) ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʝʷʢʽ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʦʟʥʘʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ. ʇʽʜ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʤʘʶʪʴʩʷ ʥʘ ʫʚʘʟʽ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʜʝʣʴ (1) ʽ ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʽʟ ʟʘʜʘʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ. ʎʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʩʪʷʪʴʩʷ ʫ ʚʝʢʪʦʨʘʭ ʌ ʘʙʦ ʅ, 

ʘ ʚʠʤʽʨʶʶʪʴʩʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʚʝʢʪʦʨ X, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʠʤʠ ʚʠʨʘʟʦʤ (1). 

ʌʘʢʪʠʯʥʦ ʜʽʘʛʥʦʩʪʠʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 



ɻɯʈʆʊɽʍʅʆʃʆɻɯɰ,   ʅɸɺɯɻɸʎɯʗ,   ʂɽʈʋɺɸʅʅʗ   ʈʋʍʆʄ   ɯ   ʂʆʅʉʊʈʋʖɺɸʅʅʗ   ɸɺɯɸʎɯʁʅʆ-
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ʚʝʢʪʦʨʠ ʌ ʽ ʅ ʯʝʨʝʟ ʚʝʢʪʦʨ X, ʟ ʧʦʜʘʣʴʰʠʤ ʫʭʚʘʣʝʥʥʷʤ ʨʽʰʝʥʥʷ ʟʘ ʜʘʥʠʤʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʧʦʙʫʜʦʚʘʥʠʤ ʨʦʟʚôʷʟʫʶʯʠʤ ʧʨʘʚʠʣʘʤ [1]. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ 

ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʽʚ ʌ ʪʘ ʅ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʦʜʝʣʽ (1). ɺʨʘʭʫʚʘʪʠ ʮʝʡ ʚʧʣʠʚ 

ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʨʠʛʫʶʯʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ( )tk ,tj  ʪʘ ()thk  ʧʦ 

ʢʦʞʥʽʡ ʟ ʢʦʤʧʦʥʝʥʪ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʢʪʦʨʽʚ [2]. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʤʽʥʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽʆ (ʨʝʞʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ, ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ɽʄ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʽʥ.)  ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʝʚʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ. 

ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʨʽʟʥʦʾ 

ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ (ʚʽʙʨʘʮʽʾ, ʘʢʫʩʪʠʯʥʘ ʝʤʽʩʽʷ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʙʦʪʫ ʦʢʨʝʤʠʭ 

ʚʫʟʣʽʚ ɽʆ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʙʨʘʮʽʡʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʜʝʷʢʠʭ ʨʫʭʦʤʠʭ 

ʪʘ ʥʝʨʫʭʦʤʠʭ ʚʫʟʣʽʚ ɽʄ, ʷʢʘ ʧʨʘʮʶʚʘʣʘ ʫ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ. ɼʣʷ ʮʠʭ 

ʚʠʧʘʜʢʽʚ ʧʨʠ ʧʝʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʱʦʜʦ ʧʦʨʦʜʞʫʶʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʚʝʢʪʦʨʫ ʅ, ʪʘ ʬʫʥʢʮʽʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ  ʚʣʘʩʥʝ ʦʙôʻʢʪ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ʌ ʟ ʚʠʨʘʟʫ (1), ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ, ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ, ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʽʤʦʚʽʨʥʦʩʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʭʽʜʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʛʥʘʣʠ X ʫ ʤʦʜʝʣʽ (1). 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʛʣʷʜʫ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʜʥʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʚʽʙʨʦʩʠʛʥʘʣʫ, ʷʢʽʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʥʝʥʪʫ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʝʢʪʦʨʫ (1) ʽ  ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʫ 
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),(  ʨʽʚʥʦʤʽʨʥʦ ʧʦ t  ʧʨʠ 2,1=p ; (){ }{ }),( 1,00  ),( ¤-¤Í== thth P  ï 

ʩʪʦʭʘʩʪʠʯʥʦ ʥʝʧʝʨʝʨʚʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʧʨʦʮʝʩ ()tx  ʫ (2), ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʱʦ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʫʟʣʽʚ ɽʄ ʟʘ ʾʭ ʚʽʙʨʘʮʽʷʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʨʝʣʷʮʽʡʥʘ 

ʬʫʥʢʮʽʷ, ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʦʜʥʦʚʠʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʝʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʙʨʘʮʽʡ ʚ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɽʄ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ 

ʩʧʝʢʪʨʦʛʨʘʤʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʪʫʭʘʥʥʷ ʢʦʨʝʣʦʛʨʘʤʠ.   

ɹʽʣʴʰ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʚʽʙʨʘʮʽʡ ʚʫʟʣʽʚ ɽʄ ʤʽʩʪʠʪʴ ʢʨʠʚʘ ʾʭ 
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ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʘ ʩʘʤʝ, ʾʭ ʪʨʝʪʽʡ ʪʘ ʯʝʪʚʝʨʪʠʡ ʤʦʤʝʥʪʠ, ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʘʩʠʤʝʪʨʽʾ k  ʪʘ ʝʢʩʮʝʩʫg, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽʻʶ ʢʨʠʚʦʶ ʨʦʟʧʦʜʽʣʫ ʽ 

ʟʚôʷʟʘʥʽ ʟ ʪʨʝʪʽʤ ʪʘ ʯʝʪʚʝʨʪʠʤ ʤʦʤʝʥʪʘʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ  

                                              23

23

2 mm=k  ,         32-=bg ,                 (3) 

 ʜʝ   2

242 mmb= ,   2m, 3m ʪʘ 4m - ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ 
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xn  - ʣʽʥʽʡʥʘ ʦʮʽʥʢʘ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ 

ʤʦʤʝʥʪʽʚ,  jx - ʝʣʝʤʝʥʪʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (2). 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʚʫʟʣʽʚ ɽʄ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ g,k  

ʪʘ 2bʦʜʝʨʞʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ ʛʽʩʪʦʛʨʘʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʩʥʦʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʷʢʦʾ ʦʧʠʩʘʥʦ ʚ  [1]. 

ʅʘ ʙʘʟʽ ʤʦʜʝʣʝʡ (1) ʽ (2) ʪʘ ʦʜʝʨʞʘʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʠʤʽʨʶʚʘʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʛʥʘʣʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ɽʄ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ʜʝʬʝʢʪʽʚ ʫ ʚʫʟʣʘʭ ɽʄ, ʘ ʪʘʢʦʞ ʚʽʜ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɽʄ.  

ʅʘ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʧʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤʽʯʥʦ-

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʮʠʭ ʦʟʥʘʢ ʽ ʧʨʠʟʥʘʯʝʥʝ 

ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ɯɺʉ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʚʫʟʣʽʚ ɽʆ.     

ɺʠʩʥʦʚʢʠ.  

1. ʅʘ ʙʘʟʽ ʣʽʥʽʡʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʠʢʠ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ  ʚʠʜʽʚ ʜʝʬʝʢʪʽʚ ʫ 

ʧʝʚʥʠʭ ʚʫʟʣʘʭ ɽʆ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ.  

2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʦʞʣʠʚʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ, ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʜʝʬʝʢʪʽʚ ʫ ʚʫʟʣʘʭ ɽʆ ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ɽʆ.      
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ʊɽʍʅɯʂʀ ʉʃʋɾɹʀ ɿɸʇʈɸɺʃɽʅʅʗ ʇʆɺɯʊʈʗʅʀʍ ʉʋɼɽʅ 
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ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʩʣʫʞʙʠ ʟʘʧʨʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ 

ʩʫʜʝʥ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʦʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ ʤʽʩʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʷʢʽʡ ʧʝʨʝʜʙʘʯʝʥʦ ʢʦʥʪʨʦʣʴ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʪʨʴʦʤʘ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʫ ʟʘʧʨʘʚʢʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ. ʇʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʟʘʧʨʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʥʘ ʧʘʣʠʚʥʦ-ʟʘʧʨʘʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʚʽʪʨʷʥʽ ʩʫʜʥʘ, ʚʠʤʽʨʶʚʘʥʥʷ, ʣʽʯʠʣʴʥʠʢʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʧʦʚʽʨʢʘ. 

ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʣʫʞʙʳ ʟʘʧʨʘʚʢʠ ʚʦʟʜʫʰʥʳʭ 

ʩʫʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʦʚʝʨʢʠ ʩʯʝʪʯʠʢʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ 

ʤʝʩʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʦʥʪʨʦʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʩʯʝʪʯʠʢʦʚ ʪʨʝʤʷ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʘ 

ʟʘʧʨʘʚʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʚʝʨʢʠ ʩʯʝʪʯʠʢʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʟʘʧʨʘʚʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʪʦʧʣʠʚʥʦ-ʟʘʧʨʘʚʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʋʢʨʘʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʳʝ ʩʫʜʥʘ, ʠʟʤʝʨʝʥʠʝ, ʩʯʝʪʯʠʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʚʝʨʢʘ. 

The question of verification of measuring instruments, that are used by refueling service of aircraft, 

was considered. The methodology of oil meters verification on site, which provides the relative error 

control of meters by three methods that apply to each particular mode of aircraft refueling, was 

developed and implemented. The results analysis of oil meters verification used in the refueling 

aircraft systems by fuel and gas enterprises of Ukraine, was conducted. 

Keywords: aircraft, measurement, oil meters, verification. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘʬʪʘ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ 

ʝʥʝʨʛʦʨʝʩʫʨʩʦʤ, ʱʦ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʨʠʥʢʫ ʥʘʬʪʠ ʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʦʙʣʽʢʫ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʙʣʽʢʫ ï ʮʝ ʧʨʠʣʘʜʦʚʠʡ ʦʙʣʽʢ ʟʛʽʜʥʦ ʟ ʘʪʝʩʪʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ʄʝʪʘ ʦʙʣʽʢʫ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʝʚʥʝʥʦʩʪʽ ʢʦʞʥʦʛʦ 

ʫʯʘʩʥʠʢʘ ʨʠʥʢʫ ʚ ʪʦʤʫ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ, ʧʨʦʜʘʻʪʴʩʷ ʘʙʦ ʢʫʧʫʻʪʴʩʷ, ʚʽʜʦʤʘ ʟ ʥʘʡʤʝʥʰʦʶ ʜʦʩʷʞʥʦʶ ʧʦʭʠʙʢʦʶ 

ʽ ʥʘʡʚʠʱʦʶ ʜʦʩʷʞʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ. 

ʅʘ ʙʽʣʴʰʦʩʪʽ ʧʫʥʢʪʽʚ ʦʙʣʽʢʫ ʘʚʽʘʮʽʡʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʘʣʠʚʦʟʘʧʨʘʚʥʠʢʘʭ ʥʝ 

ʟʘʚʞʜʠ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʜʝʤʦʥʪʘʞʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʚʽʨʢʠ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʦʙôʻʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ 

ʨʽʜʠʥʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʽʨʢʠ ʧʨʦʣʠʚʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʚʦʜʽ ʥʝ 

ʧʝʨʝʜʙʘʯʝʥʘ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʧʦʚʽʨʢʠ 

ʦʙôʻʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʜʠʥʠ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [1] ʦʙʣʽʢ ʥʘʬʪʠ 

ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ ʧʘʣʠʚʦʟʘʧʨʘʚʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʝʜʝʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʦʙôʻʤʫ. 

ʅʘ ʩʣʫʞʙʘʭ ʟʘʧʨʘʚʢʠ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙôʻʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʜʠʥʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʧʫʥʢʪʘʭ ʦʙʣʽʢʫ ʘʚʽʘʮʽʡʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʧʘʣʠʚʦʟʘʧʨʘʚʥʠʢʘʭ (ʨʠʩ. 1). ʗʢ ʧʨʘʚʠʣʦ, ʫ ʜʘʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʩʢʣʘʜʘʶʪʴ ʚʽʜ ± 0,25 % ʜʦ Ñ 1,0 %. 

 

ʈʠʩ. 1. ɿʘʧʨʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ. 

ʄʝʪʘ ʜʦʧʦʚʽʜʽ. ʇʦʢʘʟʘʪʠ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙ'ʻʤʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʣʫʞʙʘʤʠ ʟʘʧʨʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ, ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʯʥʦʾ 

ʙʘʟʠ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʚʽʨʢʘ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʻ ʦʯʝʚʠʜʥʽ 

ʧʝʨʝʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʭʠʙʢʫ ʥʝ ʪʽʣʴʢʠ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʽ ʚʩʴʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʇʦʚʽʨʢʘ ʥʘ ʤʽʩʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʜʘʻ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʫʤʦʚʠ ʤʦʥʪʘʞʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʥʝ ʧʨʠʟʚʝʣʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ . 

ɺ ɼʇ «ʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʦʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʽʚ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ [2]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʟʘʧʨʘʚʢʠ 

ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ (ʚʽʜʢʨʠʪʘ ï ʯʝʨʝʟ çʟʘʧʨʘʚʥʠʡ ʧʽʩʪʦʣʝʪè, ʟʘʢʨʠʪʘ ï ʯʝʨʝʟ 

ʥʘʢʦʥʝʯʥʠʢ ʥʠʞʥʴʦʾ ʟʘʧʨʘʚʢʠ) ʪʘ ʚʠʤʦʛ ʙʝʟʧʝʢʠ, ʢʦʥʪʨʦʣʴ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ 

ʦʙôʻʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʜʠʥʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʦʙôʻʤʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʨʥʠʢʘ; ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʘʛ, ʻʤʥʦʩʪʽ ʪʘ ʘʨʝʦʤʝʪʨʘ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʽʦʣʽʩʦʚʦʛʦ ʚʠʪʨʘʪʦʤʽʨʘ-ʣʽʯʠʣʴʥʠʢʘ 

(ʨʠʩ. 2).  

ɿʘʩʦʙʠ ʧʦʚʽʨʢʠ ʜʦʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʤʽʩʮʷ ʧʦʚʽʨʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʙʫʭʦʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʚʽʨʢʠ ʟʘʩʦʙʠ ʧʦʚʽʨʢʠ ʪʘ 

ʜʦʧʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʧʦʚʠʥʥʽ 

ʤʘʪʠ ʚʠʙʫʭʦʙʝʟʧʝʯʥʽ ʚʠʢʦʥʘʥʥʷ, ʟôʻʜʥʫʚʘʣʴʥʽ ʣʽʥʽʾ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ʽʩʢʨʦʟʘʭʠʩʪʫ.  



ɻɯʈʆʊɽʍʅʆʃʆɻɯɰ,   ʅɸɺɯɻɸʎɯʗ,   ʂɽʈʋɺɸʅʅʗ   ʈʋʍʆʄ   ɯ   ʂʆʅʉʊʈʋʖɺɸʅʅʗ   ɸɺɯɸʎɯʁʅʆ-

ʂʆʉʄɯʏʅʆɰ   ʊɽʍʅɯʂʀ 

   25 

 

 

ʈʠʩ. 2. ʇʦʚʽʨʢʘ ʣʽʯʠʣʴʥʠʢʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʽʦʣʽʩʦʚʦʛʦ ʚʠʪʨʘʪʦʤʽʨʘ-

ʣʽʯʠʣʴʥʠʢʘ. 

ʇʦʚʽʨʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʫ ʚʠʜʘʥʦʛʦ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʯʠʣʴʥʠʢʘ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ, ʪʘ ʝʪʘʣʦʥʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. ɺʠʤʽʨʷʥʠʡ ʦʙôʻʤ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʦʢʘʟʘʤʠ ʦʙôʻʤʥʦʛʦ 

ʣʽʯʠʣʴʥʠʢʘ ʨʽʜʠʥʠ. ɽʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʚʠʟʥʘʯʘʶʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʚʽʨʢʠ. 

1) ʇʨʠ ʧʦʚʽʨʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʨʥʠʢʘ, ʝʪʘʣʦʥʥʠʡ ʦʙôʻʤ ʥʘʬʪʦʧʨʦʜʫʢʪʫ V  ɻʚ ʤ3, 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʦʢʘʟʘʤʠ ʰʢʘʣʠ ʤʽʨʥʠʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ: 

],)20(1[ b-+= tVV ʤʵ  

ʜʝ Vʤ ï ʧʦʢʘʟʠ ʤʽʨʥʠʢʘ, ʤ
3; 

t ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʽʨʥʠʢʘ ʧʨʠ ʫʤʦʚʘʭ ʚʠʤʽʨʶʚʘʥʥʷ, ̄ ʉ; 

ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʤʽʨʥʠʢʘ, ʜʣʷ ʤʽʨʥʠʢʽʚ ʟ 

ʥʝʽʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ (ɓ=36·10-6 1/̄ ʉ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [3]). 

ʊʝʤʧʝʨʘʪʫʨʫ ʤʽʨʥʠʢʘ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚ ʥʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʤʝʪʨʘ. 

2) ʇʨʠ ʧʦʚʽʨʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛ ʪʘ ʘʨʝʦʤʝʪʨʘ, ʝʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ 

ʥʘʬʪʦʧʨʦʜʫʢʪʫ V  ɻʚ ʤ3, ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ: 

ʥʝʬ

ʵm
V

r
=ʵ , 

ʜʝ m  ɻï ʝʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, ʢʛ; 

rʥʝʬ ï ʛʫʩʪʠʥʘ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, ʢʛ/ʤ3; 

ɽʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʥʘʬʪʦʧʨʦʜʫʢʪʫ m  ɻ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʦʢʘʟʘʤʠ ʚʘʛ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ: 
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)(ʵ ʥʢV mmcm -= , 

ʜʝ mʥ ï ʧʦʢʘʟʠ ʚʘʛ ʧʨʠ ʥʝʟʘʧʦʚʥʝʥʽʡ ʻʤʥʦʩʪʽ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ, ʢʛ; 

mʢ ï ʧʦʢʘʟʠ ʚʘʛ ʧʨʠ ʟʘʧʦʚʥʝʥʽʡ ʻʤʥʦʩʪʽ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ, ʢʛ; 

cv ï ʢʦʨʝʛʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ cv 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ [4, 5]. 

ɻʫʩʪʠʥʫ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʨʝʦʤʝʪʨʘ. 

3) ʇʨʠ ʧʦʚʽʨʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʽʦʣʽʩʦʚʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, ʝʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ 

ʦʙôʻʤʫ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʚ ʤ3, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʧʦʢʘʟʘʤʠ ʢʦʨʽʦʣʽʩʦʚʦʛʦ ʣʽʯʠʣʴʥʠʢʘ [6]. 

ʄʽʨʥʠʢ ʪʘ ʻʤʥʽʩʪʴ (ʤʝʪʦʜ ʧʦʚʽʨʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʛ ʪʘ ʘʨʝʦʤʝʪʨʘ), ʚ ʷʢʽ 

ʟʙʠʨʘʻʪʴʩʷ ʥʘʬʪʦʧʨʦʜʫʢʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʦʙôʻʤʫ, ʤʘʻ ʟʥʘʯʥʫ 

ʧʘʨʫʩʥʽʩʪʴ, ʪʦʤʫ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʶʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʭʠʩʥʽ ʝʢʨʘʥʠ. 

ʊʘʢ ʷʢ ʚʘʛʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʪʦ ʧʽʩʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʤʽʩʮʽ 

ʧʨʦʚʝʜʝʥʥ̫  ʧʦʚʽʨʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʧʦʭʠʙʢʠ ʚʘʛ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʧʝʚʥʠʪʠʩʴ ʫ ʪʦʤʫ, ɦ ʦ ʾʭ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʮʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʇʨʦʙʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʙʠʨʘʪʠ ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʫʩʪʘʣʝʥʥʷ ʘʚʽʘʮʽʡʥʦʛʦ ʧʘʣʠʚʘ ʚ ʻʤʥʦʩʪʽ ʪʘ ʧʽʩʣʷ ʟʥʷʪʪʷ ʧʦʢʘʟʽʚ ʚʘʛ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ɼʇ çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè ʧʽʜʛʦʪʦʚʣʝʥʘ 

ʤʝʪʦʜʠʯʥʘ ʙʘʟʘ ʜʣʷ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʩʣʫʞʙʠ ʟʘʧʨʘʚʣʝʥʥʷ 

ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ɼʇ 

çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè ʚʠʢʦʥʘʥʦ ʧʦʚʽʨʢʫ ʥʘ ʤʽʩʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʣʴʰʝ 60 

ʦʙôʻʤʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʜʠʥʠ  ʥʘ ʩʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʽʘʮʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ɼʦʩʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʽʨʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʙʣʠʟʴʢʦ 80 % ʣʽʯʠʣʴʥʠʢʽʚ ʨʽʜʠʥʠ, ʱʦ 

ʧʦʚʽʨʷʶʪʴʩʷ, ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ. 
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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʦʘʧʝʨʪʫʨʥʳʭ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʩʝʥʩʦʨʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʦʣʱʠʥʦʤʝʨʦʚ; ʧʨʠʚʝʜʝʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʣʦʘʧʝʨʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ ʠ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ, 

ʚʦʣʥʦʚʦʜ, ʘʢʫʩʪʠʯʝʩʢʠʡ ʪʨʘʢʪ. 

Abstract: the possibility of using smallaperture magnetostrictive sensors in the construction of 

ultrasonic thickness gauges was concidered; the construction of smallaperture sensor was shown and 

the main advantages of using such sensors in ultrasonic testing systems was given. 

Keywords: the coefficient of Electromechanical coupling, acoustic impedance, waveguide, acoustic 

tract. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʦʣʱʠʥʦʤʝʨʦʚ (ʋɿʊ) 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʜʘʯʝ 

ʥʘ ʥʠʭ ʢʦʨʦʪʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʠʟʣʫʯʘʶʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʩ ʯʘʩʪʦʪʦʡ 

1 ʄɻʮé20ʄɻʮ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤ ʩʣʦʡ 

ʢʦʥʪʘʢʪʥʦʡ ʞʠʜʢʦʩʪʠ (ʛʣʠʮʝʨʠʥ, ʚʦʜʘ, ʤʘʩʣʦ, ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʣʠ). 

ʇʨʠʝʤʥʳʡ ʩʝʥʩʦʨ ʧʨʠʥʠʤʘʝʪ ʦʪʨʘʞʝʥʥʳʡ ʋɿ ʩʠʛʥʘʣ, ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ ʧʝʨʝʜʘʝʪ ʚ ʠʟʤʝʨʠʪʝʣʴ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋɿʊ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʝʥʩʦʨʦʚ. ʇʦʵʪʦʤʫ ʚʳʙʦʨ ʋɿ ʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʋɿʊ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʫʣʴʪʨʘʟʚʫʢ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʘʪʝʨʠʘʣʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʠʥʩʪʚʦ ʋɿʊ ʥʝʦʙʭʦʜʠʤʦ 

ʢʘʣʠʙʨʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʋɿʊ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʪʘʢʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʴʥʳʤʠ, ʨʘʟʜʝʣʴʥʦ-ʩʦʚʤʝʱʝʥʥʳʤʠ ʠ ʩ ʣʠʥʠʷʤʠ 

ʟʘʜʝʨʞʢʠ. ʇʦʩʣʝʜʥʠʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʮʦʚ ʤʘʣʦʡ ʪʦʣʱʠʥʳ. 

ʂʨʫʧʥʝʡʰʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʚʳʧʫʩʢʘʶʱʠʤʠ ʋɿʊ ʷʚʣʷʶʪʩʷ Panametrics, 

Olimpus, General Electric ʠ ʜʨ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʪʦʣʱʠʥʦʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʦʘʧʝʨʪʫʨʥʳʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʄʉʇ). ʇʨʝʠʤʫʱʝʩʪʚʘ ʄʉʇ: 

- ʤʘʣʘʷ ʧʣʦʱʘʜʴ ʚʚʦʜʘ ʫʣʪɹʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ; 
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- ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ; 

- ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ çʩʫʭʠʤè ʘʢʫʩʪʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ ʋɿʊ ʩ 

ʤʘʣʦʘʧʝʨʪʫʨʥʳʤʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ. 
 

              
ʘ)                                                             ʙ) 

ʈʠʩ.1. ʉʭʝʤʳ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʋɿ ʪʦʣʱʠʥʦʤʝʨʦʚ ʩ ʄʉʇ: ʘ) ʪʝʥʝʚʦʡ ʤʝʪʦʜ,  

ʙ) ʟʝʨʢʘʣʴʥʦ-ʪʝʥʝʚʦʡ ʤʝʪʦʜ 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ: 

. . . .
ʇ

ʵʣʘʪ ʘʪ ɼ ʇ
ʀ

U
K K K

U
= = , 

ʛʜʝ ʇU  ʠ ʀU  - ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʠʝʤʥʠʢʝ ʠ ʠʟʣʫʯʘʪʝʣʝ, 

.ɼ ʇʂ  - ʢʦʵʬʬʠʮʠʝʥʪ ʜʚʦʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ:  

. . .
.

1ʇ ʀ
ɼ ʇ ʀ ʇ ʵʣʘʪ

ʀ ʇ ʘʪ

U p
K K K K

U p K
= = = , 

.ʘʪʂ  - ʢʦɻʬʬʠʮʠʝʥʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ: 

. . . 1 . . 2 . .ʘʪ ʟʚʠ ʧʨ ʨʜʥ ʧʨ ʟʚʧK K K K K K= Ö Ö Ö Ö, 

ʛʜʝ . .ʟʚʠʂ  ʠ . .ʟʚʧʂ  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʚʦʣʥʦʚʦʜʘʭ ʠʟʣʫʯʘʪʝʣʷ 

ʠ ʧʨʠʝʤʥʠʢʘ; 

1ʧʨʂ  ʠ 2ʧʨʂ  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮʳ ʩʨʝʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ-

ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ. 

ɿʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʪʦʨʮʝ ʚʦʣʥʦʚʦʜʘ ʠʟʣʫʯʘʪʝʣʷ: 

() ( ) l
ʧʨ ʀp t u t l c K e-b= + Ö Ö. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʋɿ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʩʨʝʜ: 

2

2 1

2
ʧʨ

Z
K

Z Z
=

+
. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʩʨʝʜʳ: 

ʧʨZ c=rÖ, 
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ʛʜʝ: ʀʂ  ʠ ʇʂ  ï ʢʦʵʬʬʠʮʠʝʥʪ rʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʟʣʫʯʘʪʝʣʷ ʠ 

ʧʨʠʝʤʥʠʢʘ; 

. .ʨʜʥʂ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʄʉʇ; 

ʧʨʩ  ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʋɿ ʚʦʣʥʳ; 

b ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʦʣʥʦʚʦʜʝ; 

l  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʪʫʰʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦ ʪʦʨʮʘ ʚʦʣʥʦʚʦʜʘ. 

ɿʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʣʦʘʧʝʨʪʫʨʥʳʭ ʄʉʇ: 

- ʦʙʝʩʧʝʯʠʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʩʝʥʩʦʨʦʚ 0,5é10 ʄɻʮ; 

- ʦʙʝʩʧʝʯʠʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,01é10 ɺʪ; 

- ʦʙʝʩʧʝʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠʥʠʤʘʶʱʠʭ 
ʩʝʥʩʦʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 10-10é10-6 BĿʤ2/Bʪ; 

- ʦʙʝʩʧʝʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʩʝʥʩʦʨʦʚ (0,1é20 ʆʤ) 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʤʧʝʜʘʥʩʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (50é8000 ʆʤ). 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʣʦʘʧʝʨʪʫʨʥʦʛʦ ʄʉʇ ʜʣʷ ʋɿʊ: 1 ï ʢʦʨʧʫʩ; 2 

- ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʟʝʨʢʘʣʦ; 3 - ʚʦʣʥʦʚʦʜ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 4 - 

ʢʘʪʫʰʢʘ ʚʦʟʙʫʞʜʝʥʠʷ; 5 - ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ; 6 ï ʜʝʤʧʬʝʨ; 7 ï ʨʘʟʲʝʤ. 
 

 

ʈʠʩ.2. ʂʦʥʩʪʨʫʢʮʠ ̫ʤʘʣʦʘʧʝʨʪʫʨʥʦʛʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʜʣʷ ʋɿʊ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʚʦʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝʥʩʦʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʚʦʣʥʦʚʦʜʝ. 
 

  
ʘ)                                                               ʙ) 

ʈʠʩ.3. ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʚʦʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʋɿ 

ʩʠʛʥʘʣʦʚ ʚ ʚʦʣʥʦʚʦʜʝ: ʘ) ʩʭʝʤʘ ʩʪʝʥʜʘ. 

ʕʪʦʪ ʩʪʝʥʜ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʦʣʥʦʚʦʜʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʩʝʥʩʦʨʘ.  

ɺʳʚʦʜʳ. 

- ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʩʝʥʩʦʨʳ ʠʤʝʶʪ ʧʣʦʱʘʜʴ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
(0,07é0,8 ʤʤ2) ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʥʩʦʨʦʚ ʠ ʩʠʩʪʝʤʳ ʋɿ ʢʦʥʪʨʦʣʷ ʚ ʮʝʣʦʤ; 

- ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʦʜʠʥʦʯʥʳʭ ʄʉʇ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʞʠʜʢʦʩʪʝʡ (çʩʫʭʦʡè ʢʦʥʪʘʢʪ); 

- ʪʦʯʢʘ ʂʶʨʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʠʪʩʷ 
ʚ ʧʨʝʜʝʣʘʭ 600 ï 1200 ÜC, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʂʶʨʠ ʜʣʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʘʣʦʘʧʝʨʪʫʨʥʳʝ ʄʉʇ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

- ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʚʦʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (0,008é0,02); 

- ʇʨʠ ʧʨʦʟʚʫʯʠʚʘʥʠʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʣʱʠʥʦʡ ~60 ʤʤ ʩ ʧʦʤʦʱʴʶ 
ʤʘʣʦʘʧʝʨʪʫʨʥʳʭ ʄʉʇ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʩʦʩʪʘʚʠʣ 5Ŀ10-6; 

- ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʪʝʩʪʦʚʳʭ 

ʦʙʨʘʟʮʦʚ ʦʪʣʠʯʘʣʠʩʴ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 10 %; 

- ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʥʘʧʨʘʚʠʪʴ ʥʘ 
ʫʛʣʫʙʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʚʦʣʥ ʚ ʋɿ ʪʨʘʢʪʘʭ ʋɿ ʩʠʩʪʝʤ ʩ ʄʉʇ. 
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ʄɽʊʆɼ ɺʀʗɺʃɽʅʅʗ ʄʆʄɽʅʊɯɺ ʈʆɿʃɸɼʆʂ ʂʋʉʂʆɺʆ-
ʉʊɸʎɯʆʅɸʈʅʀʍ ʏɸʉʆɺʀʍ ʈʗɼɯɺ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, e-mail: ganna.martyniuk@gmail.com 

ʋ ʨʦʙʦʪʽ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ ʟʥʘʭʦʜʞʝʥʥʶ ʨʦʟʣʘʜʢʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʟʣʘʜʢʠ. ʆʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʥʷ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʨʦʟʣʘʜʦʢ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʫ ʨʦʟʣʘʜʢʠ ʚʽʜ ʾʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʘʩʦʚʽ ʨʷʜʠ, ʚʠʷʚʣʝʥʥʷ ʨʦʟʣʘʜʢʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʣʘʜʢʠ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘʭʦʞʜʝʥʠʶ ʨʘʟʣʘʜʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʟʣʘʜʢʠ. ʆʧʠʩʘʥ 

ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʘʜʦʢ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʨʘʟʣʘʜʢʠ ʦʪ ʝʸ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʘʜʢʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʘʜʢʠ, 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

Change-point detection of time series is discussed. Mathematical models of time series, as well as 

different kinds of change-point are presented. The algorithm of method of change-point detection, 

identification and localization is described. The results of experimental studies of the change-point 

detection accuracy from its intensity dependence are described. 

Keywords: time series, a change-point detection, the intensity of the change-point, the accuracy of 

the results. 
 

ɸʥʘʣ̔ʟ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʷʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʩʠʛʥʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ [1-3]. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʻ ʘʢʪʫʘʣʴʥʠʤ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʪʠ ʤʦʜʝʣʴ ʚʠʚʯʘʻʤʦʾ 

ʩʠʩʪʝʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʘʥʘʣʽʟ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʯʘʩʪʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʘʙʦ ʪʘʢ ʟʚʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʧʦʧʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʚ ʧʦʩʣʽʜʦʚʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ). ɺ ʦʩʥʦʚʽ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (ʏʈ) [2] ʣʝʞʠʪʴ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʾʭ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʝʘʣʴʥʠʭ 

ʏʈ ʢʨʠʪʝʨʽʾʚ ʧʝʨʝʚʽʨʢʠ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʏʈ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʧʦʰʫʢʫ 

ʪʘʢʠʭ ʧʨʦʮʝʜʫʨ ʦʙʨʦʙʢʠ ʨʷʜʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʚʠʜʽʣʷʪʠ ʽʥʪʝʨʚʘʣʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʪʘ ʟʥʘʭʦʜʠʪʠ ʽʥʪʝʨʚʘʣʠ ʨʦʟʣʘʜʢʠ.ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʟʣʘʜʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʢʨʠʪʝʨʽʾʚ [3]. ɸʣʝ ʥʝʜʦʣʽʢʦʤ 

ʙʽʣʴʰʦʩʪʽ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʚʫʟʴʢʦʥʘʧʨʘʚʣʝʥʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʧʝʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʚʽʜʦʤʘ ʧʨʠ ʦʙʨʦʙʮʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

ʊʘʢʦʞ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ 
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ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʣʘʜʢʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʏʈ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʝʦʙʭʽʜʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʦʙʨʦʙʢʠ ʏʈ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʧʦʰʫʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʣʘʜʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʤʙʽʥʦʚʘʥʠʭ, 

ʪʘ ʧʨʦʚʝʩʪʠ ʾʾ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʴʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʇʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʯʠʩʣʦʚʠʤ 

ʨʷʜʦʤ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʨʝʘʣʽʟʘʮʽʶ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʩʠʛʥʘʣʫ: 

 [] []( ) []jnjsjs
m

i
i +=ä

=1

, (1) 

 [] [] []( )jjSjs iii F= cos , (2) 

ʜʝ si[j] ï -̔ʪʘ ʮʠʢʣʽʯʥʘ ʢʦʤʧʦʥʝʥʪʘ, n[j] ï ʨʝʘʣʽʟʘʮʽʷ ʛʘʫʩʩʦʚʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʰʫʤʫ, ʜʣʷ ʷʢʦʛʦ Mn =0, Dn =ů2, Si[j] ï ʘʤʧʣʽʪʫʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ -̔ʾ ʮʠʢʣʽʯʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʌi[j] ï ʬʘʟʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ -̔ʾ ʮʠʢʣʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, j=1éJ, J ï 

ʦʙʩʷʛ ʨʝʘʣʽʟʘʮʽʾ. ɺʠʢʦʥʫʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʴ ï si[j]ÍL2 ʽ ʜʣʷ si[j] ʽʩʥʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɻʽʣʴʙʝʨʪʘ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5ů. 

ʈʦʟʣʘʜʢʘ ʤʦʜʝʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʨʝʘʣʽʟʘʮʽʾ s[j]. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʨʦʟʣʘʜʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ: 
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3. çʊʨʝʥʜè ï sr[j]=s[j]+ st[j], ʜʝ st[j] ï ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʘ ʬʫʥʢʮʽʷ. 

ʄʝʞʽ ʽʥʪʝʨʚʘʣʫ ʨʦʟʣʘʜʢʠ (kmin ʪʘ kmax) ʚʽʜʦʤʽ ʪʘ ʟʘʜʘʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʨʦʟʣʘʜʢʠ 

ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ sr[j], ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʫ ʥʘʷʚʥʦʩʪʽ 

ʨʦʟʣʘʜʢʠ, ʘ ʪʘʢʦʞ ʤʝʞ kmin ʪʘ kmax. ɺʝʣʠʯʠʥʠ MS ʪʘ DS ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʨʦʟʣʘʜʢʠ KR: 
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ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʏʈ ʤʦʥʦʪʦʥʥʦʛʦ ʪʨʝʥʜʫ, ʡʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʻ ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʪʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʮʝʜʫʨ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʫ ʥʘʷʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʾʾ ʜʽʾ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʘʥʘʣʽʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʚʟʥʦʾ 

ʚʽʢʦʥʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. ɺʟʜʦʚʞ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʏʈ ʧʝʨʝʤʽʱʫʶʪʴ ʢʦʚʟʥʝ 

ʚʽʢʥʦ, ʥʘ ʽʥʪʝʨʚʘʣʽ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʚʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ 

ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʣʘʜʢʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

1. ɼʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʏʈ sr[j] ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜ SSA [4] ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʜʦʚʞʠʥʠ ʚʽʢʥʘ ʨʦʟʢʣʘʜʫ ʨʽʚʥʠʤ 1/2 ʘʙʦ 1/3 ʜʦʚʞʠʥʠ ʏʈ ʪʘ ʚʠʜʽʣʷʶʪʴ ʧʝʨʰʫ 

ʢʦʤʧʦʥʝʥʪʫ ï ʪʨʝʥʜ ʏʈ []jstĔ  (ʨʠʩ. 1,ʘ):  

 [][ ] [].Ĕ jsjs tr SSA  (4) 
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2. ʇʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʨʽʟʥʠʮʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʏʈ ʪʘ ʚʠʜʽʣʝʥʦʛʦ 

ʪʨʝʥʜʫ (ʨʠʩ. 1,ʙ): 

 [] [] [].ĔĔ jsjsjs trr -=  (5) 

j

[]jsr

j

[]jsrĔ

ʘ) ʙ)

 

ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʘ) ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʏʈ sr[j] ʪʘ ʚʠʜʽʣʝʥʦʛʦ ʪʨʝʥʜʫ[]jstĔ , ʙ) ʾʭ ʨʽʟʥʠʮʽ []jsrĔ . 

3. ʉʢʘʥʫʶʪʴ ʏʈ []jsrĔ  ʢʦʚʟʥʠʤ ʚʽʢʥʦʤ ʜʦʚʞʠʥʦʶ WS1=0,02J ʪʘ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʚʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ []jMĔ  ʪʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ []jsĔ . 

4. ʇʝʨʝʚʽʨʷʶʪʴ ʭʘʨʘʢʪʝʨ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʦʪʨʠʤʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ []jMĔ  ʪʘ 

[]jsĔ . ʋ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ çʟʩʫʚʫ ʜʠʩʧʝʨʩʽʾè ʘʙʦ çʟʩʫʚʫ ʩʝʨʝʜʥʴʦʛʦè, 

ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʶʪʴ ʙʘʛʘʪʦʤʦʜʘʣʴʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʫʥʽʤʦʜʘʣʴʥʽʩʪʴ ʘʚʪʦʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʨʠʪʝʨʽʡ ʍʘʨʪʽʛʘʥʘ [5]. 

5. ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʟʣʘʜʢʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʾʾ ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʚʟʥʠʡ 

ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ([]jMĔ  ʘʙʦ []jsĔ ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ 

ʨʦʟʣʘʜʢʠ. ʉʢʘʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʚʟʥʠʤ ʚʽʢʥʦʤ ʜʦʚʞʠʥʦʶ 

WS2=0,05J ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʢʦʚʟʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ []jSsĔ . ɼʽʣʷʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ []jSsĔ , ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ [] [][ ]jjL SS ss+s= Ĕ1,1Ĕ  ʚʢʘʟʫʶʪʴ ʥʘ ʪʦʯʢʠ ʨʦʟʣʘʜʢʠ (ʨʠʩ. 2). 

j

[]jssĔ

L

 

ʈʠʩ. 2. ɯʣʶʩʪʨʘʮʽʷ ʦʟʥʘʢʠ ʚʠʷʚʣʝʥʥʷ ʪʦʯʦʢ ʨʦʟʣʘʜʢʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ []jSsĔ  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʜʦ 

ʤʦʜʝʣʴʦʚʘʥʠʭ ʏʈ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʠʧʘʤʠ ʨʦʟʣʘʜʢʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ 3 ʚʘʨʽʘʥʪʠ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ: ʧʨʘʚʠʣʴʥʝ ʚʠʷʚʣʝʥʥʷ 

ʬʘʢʪʫ ʨʦʟʣʘʜʢʠ; ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ (ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʣʘʜʢʠ ʧʨʠ ʾʾ ʧʨʠʩʫʪʥʦʩʪʽ); 

ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʧʨʠʩʫʪʥʽʩʪʴ ʨʦʟʣʘʜʢʠ ʧʨʠ ʾʾ ʚʽʜʩʫʪʥʦʩʪʽ). 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʘ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ KR, ʜʣʷ ʯʦʛʦ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʏʈ ʦʩʪʘʥʥʷ ʟʘʜʘʚʘʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 2, ʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ 

ʨʦʟʣʘʜʢʠ ʨʽʚʥʦʶ 2. ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ ʝʢʩʧʝʨʠʤʝʥʪ 
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4 

ʧʨʦʚʦʜʠʚʩʷ 10000 ʨʘʟʽʚ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 
ʊʘʙʣʠʮʷ 1  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʤʝʪʦʜʘ 

ɯʥʪʝʥʩʠʚʥʽʩʪ

ʴ ʨʦʟʣʘʜʢʠ KR 

ʉʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ 

ʚʠʷʚʣʝʥʠʭ 

ʪʦʯʦʢ 

ʨʦʟʣʘʜʢʠ 

ʉʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ 

ʧʨʘʚʠʣʴʥʦ 

ʚʠʟʥʘʯʝʥʠʭ 

ʪʦʯʦʢ 

ʉʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ 

ʧʝʨʰʦʛʦ 

ʨʦʜʫ 

ɺʽʜʩʦʪʦʢ 

ʧʦʤʠʣʦʢ 

ʧʝʨʰʦʛʦ 

ʨʦʜʫ, % 

ʉʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ 

ʧʦʤʠʣʦʢ 

ʜʨʫʛʦʛʦ ʨʦʜʫ 

<0,1 0 0 2 100 0 

0,2 0,79 0 2 100 0,79 

0,4 3,75 1,26 0,73 36,5 2,49 

0,6 2,89 1,94 0,06 3 0,95 

0,8 2,26 1,99 0,01 0,5 0,27 

1 2,07 2 0 0 0,07 

>1,2 2 2 0 0 0 

ɿ ʦʛʣʷʜʫ ʥʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʫʩʧʽʰʥʦ ʚʠʷʚʣʷʪʠ ʬʘʢʪ ʥʘʷʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ, 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʾ ʪʠʧ ʪʘ ʚʠʟʥʘʯʘʪʠ ʯʘʩʦʚʫ ʢʦʦʨʜʠʥʘʪʫ ʨʦʟʣʘʜʢʠ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʦʟʣʘʜʢʠ >0,7 ʟ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ ʨʦʜʫ <0,5% ʪʘ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʤʠʣʢʠ 

ʜʨʫʛʦʛʦ ʨʦʜʫ <25%. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʣʘʜʢʠ >1, ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʧʝʨʰʦʛʦ 

ʪʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 0% ʪʘ 3% ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʩʥʦʚʢʠ. ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ ʤʦʤʝʥʪʽʚ ʨʦʟʣʘʜʦʢ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʫ ʨʦʟʣʘʜʢʠ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʤʦʤʝʥʪʽʚ, ʷʢʽʡ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨ ʽʪʝʨʘʮʽʡʥʦʛʦ 

ʢʦʚʟʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʚʠʟʥʘʯʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʘ ʾʭ ʘʥʘʣʽʟʦʤ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ, ʪʠʧ ʪʘ ʤʦʤʝʥʪʠ ʨʦʟʣʘʜʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʤʦʜʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʘ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʦʮʽʥʠʪʠ ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʄʝʪʦʜ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʤʧʣʽʪʫʜʘ, ʪʦʯʥʽʩʪʴ, ʪʦʚʱʠʥʘ, ʧʦʣʽʤʝʨʥʘ ʧʣʽʚʢʘ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʨʠʙʦʨʘʭ ʢʦʥʪʨʦʣʷ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʳʭ 

ʧʣʝʥʦʢ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʤʧʣʠʪʫʜʳ ʠ ʫʩʨʝʜʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ 

ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʛʦ ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʦʚ ʠ ʧʦʤʝʭ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʧʣʠʪʫʜʘ, ʪʦʯʥʦʩʪʴ, ʪʦʣʱʠʥʘ, ʧʦʣʠʤʝʨʥʘʷ ʧʣʝʥʢʘ. 

The methods for measuring the thickness of the polymer films and the methods for improving 

accuracy of measuring the amplitude in contactless devices of control the thickness of polymer films 

were considered. It is proposed to use the amplitude coefficient and the averaging coefficient to 

determine the value of the signal amplitude of a known form by measuring average rectified value and 

rms value under the impact of the significant level of noise and interference. A scheme for the study of 

the effectiveness of the proposed method is developed. 

Keywords: amplitude, accuracy, thickness, polymer film. 
 

ɺʩʪʫʧ. ʄʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ, ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʘ ʪʦʚʱʠʥʠ, 

ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʦʚʱʠʥʠ, 

ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʽ ʪʘ ʙʝʟʢʦʥʪʘʢʪʥʽ. 

ʂʦʥʪʘʢʪʥʽ, ʘʙʦ ʤʝʭʘʥʽʯʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʘʶʪʴ ʩʝʨʡʦʟʥʽ ʥʝʜʦʣʽʢʠ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: ʥʝʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʷ 

ʧʣʽʚʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʣʷ ʚʠʤʽʨʚʁʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ. ʊʦʤʫ, ʚ ʥʘʰ ʯʘʩ ʥʘʡʙʽʣʴʰʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʙʝʟʢʦʥʪʘʢʪʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʘʢʫʩʪʠʯʥʽ, ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʤʘʛʥʽʪʥʽ, 

ʚʠʭʦʨʦʩʪʨʫʤʦʚʽ, ʨʘʜʽʘʮʽʡʥʽ ʪʘ ʣʘʟʝʨʥʦ-ʪʨʽʘʥʛʫʣʷʮʽʡʥʽ ʤʝʪʦʜʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʘʢʫʩʪʠʯʥʽ ʽ ʦʧʪʠʯʥʽ 

ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ. [1] 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʦʞʫʪʴ 
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ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ:  

- ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʯʘʩ, ʯʘʩʪʦʪʘ, ʟʩʫʚ ʬʘʟ); 

- ʘʤʧʣʽʪʫʜʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʩʧʝʢʪʨʘʣʴʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. [2] 

ɺʠʤʽʨʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʟʨʫʯʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ, ʧʨʦʪʝ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʦ ʥʝʤʦʞʣʠʚʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʽʚ 

ʯʘʩʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ (ʜʣʷ ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ) ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʚʱʠʥʠ ʪʦʥʢʠʭ ʪʘ ʥʘʜʪʦʥʢʠʭ ʧʣʽʚʦʢ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ 

ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʝ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʽ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʽʚ. ʇʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʥʢʠʭ ʪʘ ʥʘʜʪʦʥʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ 

ʩʠʛʥʘʣʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʧʣʠʚʫ ʰʫʤʽʚ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʚʘʜ. 

ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚ ʧʨʠʣʘʜʘʭ ʢʦʥʪʨʦʣʶ 

ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʻ ʚʘʞʣʠʚʠʤ ʥʘʫʢʦʚʦ-ʽʥʞʝʥʝʨʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʝʪʘ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʽ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʨʠʣʘʜʽʚ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ.  

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʰʫʤʽʚ ʽ ʟʘʚʘʜ, 

ʩʧʽʚʨʦʟʤʽʨʥʠʭ ʟ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ 

ʤʝʪʦʜʠ.  

ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʟʘʚʘʜʘʤʠ ʪʘ ʰʫʤʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʘʩʠʚʥʽ ʤʝʪʦʜʠ 

(ʝʢʨʘʥʫʚʘʥʥʷ; ʟʘʟʝʤʣʝʥʥʷ; ʚʠʙʽʨ ʚʠʜʫ ʢʘʙʝʣʶ; ʩʠʤʝʪʨʫʚʘʥʥʷ; ʽʟʦʣʷʮʽʷ ʪʦʱʦ) ʪʘ 

ʘʢʪʠʚʥʽ ʤʝʪʦʜʠ (ʮʠʬʨʦʚʘ ʽ ʘʥʘʣʦʛʦʚʘ ʬʽʣʴʪʨʘʮʽʷ; ʤʦʜʫʣʷʮʽʷ ʽ ʢʦʜʫʚʘʥʥʷ; 

ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʽʚ ʚ ʯʘʩʪʦʪʥʽʡ ʘʙʦ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʪʘ ʽʥ.). ʇʘʩʠʚʥʽ ʤʝʪʦʜʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʷʢ ʦʙʦʚôʷʟʢʦʚʽ, ʘʣʝ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʛʘʣʦʤ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦʶ. 

ɿ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʘ ʬʽʣʴʪʨʘʮʽʷ. ʇʨʦʪʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʝ ʝʬʝʢʪʠʚʥʝ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥ ̫ʰʫʤʽʚ ʽ ʟʘʚʘʜ, ʩʧʝʢʪʨ 

ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʧʝʢʪʨʦʤ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʢʨʽʤ ʪʦʛʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ (ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʨʷʜʢʫ ʬʽʣʴʪʨʘ) ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ 

ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ. [3] 

ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʜʘʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʥʝʩʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʦʨʝʢʮʽʡ. [4]  

ʅʝʜʦʣʽʢʦʤ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʻ ʫʩʢʣʘʜʥʝʥʥʷ ʘʧʘʨʘʪʥʦʾ ʪʘ ʧʨʦʛʨʘʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʇʨʦʪʝ ʚʦʥʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ 

ʥʘʡʙʽʣʴʰʦʶ.  

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʚ̔ʦʢ ʫ ʷʢʦʩʪʽ ʟʦʥʜʫʶʯʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʘʨʤʦʥʽʯʥʽ ʘʙʦ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ ʟ ʚʽʜʦʤʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʦʤʫ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʝʞ ʻ ʚʽʜʦʤʦʶ.  

ʆʩʥʦʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʡʦʛʦ ʘʤʧʣʽʪʫʜʥʝ Um, 

ʩʝʨʝʜʥɹ ʦʚʠʧʨʷʤʣʝʥʝ Ucʚ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ (ʜʽʶʯʝ) Uʜ ʟʥʘʯʝʥʥʷ. ʎʽ ʟʥʘʯʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʯʝʨʝʟ 

ʢʦʝʬʽʮʽʻʥʪʠ: ʘʤʧʣʽʪʫʜʠ ka = Um / Uʜ; ʬʦʨʤʠ kʬ 
= Uʜ / Ucʚ; ʫʩʝʨʝʜʥʝʥʥʷ kʫ 

= Um / Ucʚ. 

ɸʤʧʣʽʪʫʜʘ ʻ ʥʘʡʤʝʥʰ ʩʪʽʡʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ ʽ ʟʦʚʥʽʰʥʽʭ 

ʟʘʚʘʜ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʤʽʨʷʥʽ ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ. 

ʉʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʝ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʻ ʽʥʪʝʛʨʘʣʴʥʠʤʠ. 

ʇʽʜ ʯʘʩ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷ ʰʫʤʽʚ ʽ ʟʘʚʘʜ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʠʭ, 

ʩʧʝʢʪʨ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʧʝʢʪʨʦʤ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʦʥʠ ʻ 

ʟʘʚʘʜʦʩʪʽʡʢʠʤʠ. ɼʣʷ ʩʠʛʥʘʣʽʚ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʤʧʣʽʪʫʜʠ, ʬʦʨʤʠ ʽ ʫʩʝʨʝʜʥʝʥʥʷ ʻ ʚʽʜʦʤʠʤʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʬʦʨʤʘ ʩʠʛʥʘʣʫ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʾ, ʘʣʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʟʘʟʜʘʣʝʛʽʜʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚ'ʷʟʦʢ ʤʽʞ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʩʠʛʥʘʣʫ ʪʘ ʡʦʛʦ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʝʞ ʚʽʜʦʤʠʤ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʮʽ 

ʜʦʜʘʪʢʦʚ ̔ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ, ʟ ʥʘʩʪʫʧʥʠʤ ʚʥʝʩʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʨʝʢʮʽʡ. 

ɿʦʢʨʝʤʘ, ʤʦʞʣʠʚʝ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʘ/ʘʙʦ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʪʘ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʘʤʧʣʽʪʫʜʠ ʪʘ/ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʫʩʝʨʝʜʥʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʙʽʨ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʣʷʭʫ ʤʦʞʝ 

ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʽ ʙʣʦʢʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ, ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʘʤʧʣʽʪʫʜʠ, ʬʦʨʤʠ ʽ 

ʫʩʝʨʝʜʥʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ. 

ʅʘ ʨʠʩ 1 ʧʦʟʥʘʯʝʥʦ: ʅʇ Ƅ ʥʦʨʤʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ; ʌʅʏ - ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ; ʂ1, ʂ2 Ƅ ʢʦʤʫʪʘʪʦʨʠ; ʇɸɿ - ʧʝʨʝʪʚʦʨʶʚʘʯ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ; ʇʉʂɿ -

 ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ; ʇʉɿ - ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʠʭ ʟʥʘʯʝʥʴ; ɸʎʇ Ƅ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; ʄʂ Ƅ 
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ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; ʎɺʇ Ƅ ʮʠʬʨʦʚʠʡ ʚʽʜʣʽʢʦʚʠʡ ʧʨʠʩʪʨʽʡ. 

ɺʚʝʜʝʥʠʡ ʚ ʩʭʝʤʫ ʌʅʏ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʦʞʝ ʚʽʜʢʣʶʯʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʪʘʪʦʨʘ ʂ1. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘ ʥʦʨʤʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʜʘʻʪʴʩʷ ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ Uʊ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʘʤʧʣʽʪʫʜʥʠʭ, ʜʽʶʯʠʭ ʽ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʠʭ ʟʥʘʯʝʥʴ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ Uʊ. ʏʝʨʝʟ ʢʦʤʫʪʘʪʦʨ ʂ2 ʩʠʛʥʘʣʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʜʭʦʜʷʪʴ ʫ ɸʎʇ. ɿ ɸʎʇ ʚʽʜʧʦʚʽʜʥʽ ʢʦʜʠ ʥʘʜʭʦʜʷʪʴ ʚ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʤʧʣʽʪʫʜʠ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʴ ʄʂ ʽ ʚʠʚʦʜʷʪʴʩʷ ʥʘ 

ʮʠʬʨʦʚʠʡ ʚʽʜʣʽʢʦʚʠʡ ʧʨʠʩʪʨʽʡ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʦʜʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʩʠʛʥʘʣ Ux ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ 

ʘʤʧʣʽʪʫʜʥʝ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʽ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʠʭ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʤʧʣʽʪʫʜʠ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻ ʘʤʧʣʽʪʫʜʥʝ 

ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤ ʘʤʧʣʽʪʫʜʥʠʤ ʟʥʘʯʝʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʮʠʬʨʦʚʠʡ ʚʽʜʣʽʢʦʚʠʡ ʧʨʠʩʪʨʽʡ. 

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʨʝʟʦʥʘʥʩʥʠʡ ʘʢʫʩʪʠʯʥʠʡ ʽ ʬʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜʠ, ʚ ʷʢʠʭ 

ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʚʠʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʚʱʠʥʠ ʪʦʥʢʠʭ ʪʘ 

ʥʘʜʪʦʥʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʚʧʣʠʚʫ ʰʫʤʽʚ ʽ ʟʘʚʘʜ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʘʤʧʣʽʪʫʜʠ ʽ ʫʩʝʨʝʜʥʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʻ ʚʽʜʦʤʠʤ ʜʣʷ ʩʠʛʥʘʣʽʚ ʩʪʘʥʜʘʨʪʥʦʾ 

ʬʦʨʤʠ ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʩʠʛʥʘʣʽʚ ʩʪʘʣʦʾ ʬʦʨʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʚʱʠʥʠ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʚʠʧʨʷʤʣʝʥʦʛʦ ʪʘ/ʘʙʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʰʫʤʽʚ ʽ ʟʘʚʘʜ. 

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʪʘ ʤʘʢʝʪʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ. 
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ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʩʠʚʥʠʭ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʪʘʥʮʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʥʘ ʦʩʥʦʚʽ 

ʪʘʙʣʠʯʥʦʛʦ ʟʘ ʢʦʤʙʽʥʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʥʘ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʷʭ. ɺʠʢʦʥʘʥʦ ʩʠʥʪʝʟ ʪʘ ʧʨʦʚʝʜʝʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦ 20 kHz. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʷʤʠʡ ʮʠʬʨʦʚʠʡ ʩʠʥʪʝʟ, ʛʝʥʝʨʘʪʦʨ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʢʦʤʧʣʝʢʩʘ ʠʩʧʳʪʘʥʠʡ 

ʧʘʩʩʠʚʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʥʘ 

ʦʩʥʦʚʝ ʪʘʙʣʠʯʥʦʛʦ ʧʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ. ɺʳʧʦʣʥʝʥ ʩʠʥʪʝʟ ʠ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 20 kHz. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʷʤʦʡ ʮʠʬʨʦʚʦʡ ʩʠʥʪʝʟ, ʛʝʥʝʨʘʪʦʨ. 

The analysis of methods of forming a complex test signals passive sonar tests. A method for direct 

digital synthesis-based table for the combinational logic circuit to function. We made a study and 

synthesis algorithm for generating a test signal in the range up to 20 kHz.  

Keywords: direct digital synthesis, generator. 
 

ɺʩʪʫʧ. ɺ ʧʘʩʠʚʥʠʭ ʛʽʜʨʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ (ʇɻʉ) ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ 

ʦʮʽʥʢʘ ʾʭ ʢʦʦʨʜʠʥʘʪ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʡʦʤʽ ʽ ʦʙʨʦʙʮʽ ʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʩʘʤʠʤ ʦʙôʻʢʪʦʤ. ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʇɻʉ, 

ʧʦʨʷʜ ʟ ʘʧʨʽʦʨʥʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʪʘ 

ʜʠʩʧʝʨʩʽʻʶ ʩʠʛʥʘʣʽʚ ʟʘ ʯʘʩʪʦʪʦʶ ʪʘ ʯʘʩʦʤ, ʻ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʪʘ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʪʘ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʻ ʦʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʩʠʚʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʩʪʝʤ (ʩʪʘʥʮʽʡ). 

ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʠʟʥʘʯʝʥʥ̫ ʢʦʤʧʣʝʢʩʫ 

ʚʠʧʨʦʙʫʚʘʥʴ ʇɻʉ - ʬʦʨʤʫʚʘʥʥʷ ʢʘʣʽʙʨʦʚʘʥʠʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟ ʟʘʜʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʽʤʽʪʫʶʪʴ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚ ʧʨʦʩʪʦʨʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʾ ʘʥʪʝʥʠ. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʇɻʉ: ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʫʶʯʠʭ ʢʘʥʘʣʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʘʥʪʝʥʠ ʇɻʉ - 40é128; ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦ 20 

kHz, ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʢʘʥʘʣʘʤʠ ʇɻʉ ʧʨʦʧʦʨʮʽʡʥʘ ʬʘʟʦʚʠʤ ʟʩʫʚʘʤ.  

ɹʘʟʦʚʠʤ ʤʦʜʫʣʝʤ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʇɻʉ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʮʠʬʨʦʚʠʡ ʤʦʜʫʣʴ ʛʝʥʝʨʘʪʦʨʘ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʟʘʜʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʚʽʜʦʤʽʡ ʩʭʝʤʽ, ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ʬʦʨʤʫʚʘʯ 

ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ CPU, ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ DAC 
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ʪʘ ʚʠʭʽʜʥʽ ʩʭʝʤʠ ʘʥʘʣʦʛʦʚʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʧʽʜʩʠʣʶʚʘʯʽʚ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʬʫʥʢʮʽʡ ʛʝʥʝʨʘʪʦʨʘ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʟʘʜʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʧʦʪʨʽʙʥʦ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʽʜʪʚʦʨʶʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ 

[2]. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ 

ʩʠʛʥʘʣʫ: ʪʘʙʣʠʯʥʠʡ; ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ; ʘʧʨʦʢʩʠʤʘʮʽʷ ʩʪʝʧʝʥʝʚʠʤʠ 

ʨʷʜʘʤʠ ʊʝʡʣʦʨʘ; ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʨʝʢʫʨʝʥʪʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [2,3]. ɸʥʘʣʽʟ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʠ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʥʷʭ 

ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʠ ʩʧʦʩʦʙʫ ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʪʘʙʣʠʯʥʠʡ 

ʟʘ ʢʦʤʙʽʥʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʥʘ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʷʭ.  

ɻʝʥʝʨʘʪʦʨ ʟ DDS-ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʛʝʥʝʨʘʪʦʨʘ ʟ DDS-

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʇɻʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʢʘʣʽʙʨʘʪʦʨʘ ʬʘʟʦʚʠʭ ʟʩʫʚʽʚ 
 

ɺʽʜʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ CPU ʚ 

ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ii
S
i NSx += ,  ʜʝ ä=

k

k
ii sS - ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ; iN  

- ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʦʚʦʾ iS  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʙʣʠʯʥʠʡ 

ʩʧʦʩʽʙ ʟʘ ʢʦʤʙʽʥʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʥʘ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʷʭ, ʘ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʚʠʧʘʜʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ iN  ʟ ʟʘʜʘʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ - ʧʨʦʛʨʘʤʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʜʚʽʡʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʥʘ ʨʝʛʽʩʪʨʘʭ ʟʩʫʚʫ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʪʘ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʢʦʤʧʣʝʢʩʫ ʚʠʧʨʦʙʫʚʘʥʴ ʇɻʉ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ DDS ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʪʘʙʣʠʯʥʦʛʦ, ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʟʘ ʢʦʤʙʽʥʘʮʽʡʥʦʶ ʩʭʝʤʦʶ ʥʘ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʷʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʟʘʜʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɺʠʢʦʥʘʥʦ 

ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʧʨʦʚʝʜʝʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦ 20 kHz. 
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ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʝʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʝ ʘʪʪʝʩʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʤʘ 

ʘʢʪʫʘʣʴʥʘ, ʢʘʢ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɻʇ çʂɹ çʖʞʥʦʝè, ʪʘʢ ʠ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ. 

ʇʨʝʜʩʪʘʚʣʷʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʦʪʩʣʝʜʠʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʥʝʩʧʣʦʰʥʦʩʪʴ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʚ ʣʠʮʝʥʟʠʦʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʧʣʦʰʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʤʝʪʦʜʠʮʽ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʥʝʩʧʣʦʰʥʦʩʪʽ ʨʽʜʠʥʠ, ʘ 

ʪʘʢʦʞ ʧʨʦʛʨʘʤʦʶ ʘʪʝʩʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. ɺʞʝ ʟʛʘʜʘʥʘ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʷʢ ʽ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè, ʪʘʢ ʽ ʚ ʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʽ ʚ ʮʽʣʦʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʜʦʟʚʦʣʷʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚʽʜʩʪʝʞʠʪʠ ʽ ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʩʧʣʦʰʥʽʩʪʴ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʝʦʬʽʢʩʘʮʽʾ ʽ ʦʙʨʦʙʢʫ ʚʽʜʝʦʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ 

ʤʘʰʠʥʽ ʚ ʣʽʮʝʥʟʽʡʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʩʧʣʦʰʥʽʩʪʴ ʨʽʜʠʥʠ, ʤʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʽʚ. 

The report is dedicated to the developed discontinuities measurement procedure and itôs 

certification program. The considered topic is relevant, as the company SDO "Yuzhnoye", and in the 

space industry as a whole. The presented methodology enables to track and calculate experimentally 

the discontinuity of the fluid flows using modern technology of video capture and video processing, the 

computer with licensed software. 

Keywords: liquid discontinuity, measurement procedure. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʛʨʘʥʠʯʥʦʛʦ) ʦʩʪʘʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʦʩʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʟʘʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʫʶ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʚ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ. ɿʘʙʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʠ 

ʩʠʩʪʝʤ ʧʦʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ ʢ ʜʚʠʛʘʪʝʣʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʨʘʙʦʪʢʫ ʢʦʤʧʦʥʝʥʪʘ ʪʦʧʣʠʚʘ ʠʟ ʙʘʢʘ ʙʝʟ ʥʘʨʫʰʝʥʠʷ 

ʩʧʣʦʰʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʨʘʩʭʦʜʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʩʪʘʪʢʘ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʨʦʭʦʞʜʝʥʠʷ ʛʘʟʦʚʳʭ 

ʧʫʟʳʨʝʡ ʚ ʨʘʩʭʦʜʥʦʡ ʤʘʛʠʩʪʨʘʣʠ.  

ʌʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʠ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʧʨʦʟʨʘʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʉʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ï ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ 

ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ 
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ʚʢʣʶʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ʥʝʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʘʪʪʝʩʪʘʮʠʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʄʝʪʦʜʠʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʦʨʷʜʦʢ ʠ ʧʨʘʚʠʣʘ ʠʟʤʝʨʝʥʠʷ ʥʝʩʧʣʦʰʥʦʩʪʠ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 5 % ʚʦʟʜʫʰʥʳʭ ʚʢʣʶʯʝʥʠʡ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ. 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʘʩʭʦʜʥʫʶ ʤʘʛʠʩʪʨʘʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʨʦʟʨʘʯʥʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚʠʜʝʦʩʲʝʤʢʘ 

ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʤʝʨ (ʨʠʩ. 1). 

ɺʠʜʝʦʢʘʜʨʳ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʪʦʢʘʤʠ ʞʠʜʢʦʩʪʠ ʠ ʧʫʟʳʨʴʢʘʤʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʚʠʜʝ ʚʠʜʝʦʬʘʡʣʦʚ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʩʢʘʜʨʠʨʫʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʩʧʝʮʠʘʣʠʩʪʦʤ. 

  

ʈʠʩ. 1. ɽʜʠʥʠʯʥʳʡ ʚʠʜʝʦʢʘʜʨ ʜʚʠʞʫʱʠʭʩʷ ʩ ʧʦʪʦʢʦʤ ʚʦʜʳ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʘʪʪʝʩʪʘʮʠʠ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʥʝʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʨʝʜʩʪʚʘ, ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ 

ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʝʩʧʣʦʰʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʢʨʠʪʝʨʠʡ ʚʳʙʦʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʧʦ ʚʝʣʠʯʠʥʝ ʝʛʦ ʚʨʝʤʝʥʠ ʟʘʪʚʦʨʘ. ʊʘʢʞʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʩʪʫʧʠʪʴ ʢ ʠʩʧʳʪʘʥʠʷʤ ʟʘʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʩʪʘʚʣʝʥʳ ʪʘʢʠʝ ʮʝʣʠ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʫʯʘʩʪʢʘ, ʚʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ 

ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʮʠʢʣʠʯʥʦʩʪʠ 

ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʠ ʥʝʯʝʪʢʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ, ɻ ʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. 

ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷ ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ  ̔ ʮʠʢʣʽʯʥʦʩʪʽ 

ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽ ʥʝʯʽʪʢʦʾ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ, ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ, ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʽ. 

Considered the problem the creation of a knowledge base to identify relationships and cyclicality of 

complex processes  under incomplete and fuzzy priori information.  

Keywords: correlation function, phase portrait, expert systems. 
 

ɺʩʪʫʧ. ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, 

ʥʘʙʫʣʠ ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʩʢʣʘʜʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ. ɽʢʩʧʝʨʪʥ ̔ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʧʦʤʠʣʢʦʚʽʩʪ,ɹ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, 

ʥʝʧʦʚʥʦʪʘ ʽ ʩʫʧʝʨʝʯʣʠʚʽʩʪ ɹʚʠʭʽʜʥʠʭ ʜʘʥʠʭ [1]. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʇʨʦʙʣʝʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ - ʙʘʟʠ ʟʥʘʥʴ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʠʭʦʚʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ (ʬʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʭʦʚʠʱʘʭ ʜʘʥʠʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʰʘʙʣʦʥʽʚ (ʢʦʤʧʦʥʝʥʪʘ ʙʘʟʠ ʟʥʘʥʴ) ʬʘʟʦʚʠʭ ʧʦʨʪʨʝʪʽʚ (ʌʇ) 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʽ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ, ʱʦ ʚʭʦʜʠʪʴ 

ʜʦ ʩʢʣʘʜʫ ʝʢʩʧʝʨʪʥʦ ʾʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ɼʣʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʠʤ ʫʷʚʣʝʥʥʷʤ ʨʦʟʚʠʪʢʫ 

ʧʨʦʮʝʩʫ ʚ ʯʘʩʽ ʻ ʧʦʙʫʜʦʚʘ çʧʦʨʪʨʝʪʘè ʚ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [2]. ʇʽʜ ʌʇ ʨʦʟʫʤʽʶʪʴ 

ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʧʦʙʫʜʦʚʘʥʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ: ()xr t ʽ ()'r t: 

() ()'

x xFr t = r tè øê ú 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ 

LabVIEW [3]. ʁʦʛʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʥʘʥʥʽ ʨʷʜʫ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ: 

ʛʝʥʝʨʘʮʽʶ ʧʨʦʪʦʪʠʧʫ ʩʠʛʥʘʣʫ ʨʽʟʥʦʛʦ ʚʠʜʫ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ; ʾʭ ʢʦʨʝʣʷʮʽʡʥʦ ʾʬʫʥʢʮʽʾ; ʬʦʨʤʫʚʘʥʥʷ ʌʇ (ʢʦʥʪʨʦʣʴʥʠʭ 

ʚʽʜʙʠʪʢʽʚ). ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʟʘʙʝʟʧʝʯʫʻ ʚʽʟʫʘʣʴʥʝ ʥʘʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʞʥʦʛʦ 

ʝʪʘʧʫ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʦʥʢʨʝʪʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 
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ɺ ʷʢʦʩʪʽ ʧʨʦʪʦʪʠʧʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ʪʠʧʫ: Gauss Mod-Sine; Gauss 

Monopulse; Sine Pattern; ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʪʘ ʽʥʰʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ: ʥʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʷ ï ʌʇ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ  ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

Gauss Mod-Sine 

   

Gauss Monopulse 

   

Sine Pattern 

   

ʈʠʩ. 1 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʫʜʞʝʥʴ 

 

ɺʠʩʥʦʚʢʠ. ʉʢʣʘʜʝʥʽ ʙʽʙʣʽʦʪʝʢʠ ʰʘʙʣʦʥʽʚ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʙʘʟʠ ʟʥʘʥʴ 

ʝʢʩʧʝʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʣʦʞʝʥʥʶ, ʱʦ ʢʦʞʥʦʤʫ ʪʠʧʫ ʢʦʨʝʣʷʮʽʡʥʠʭ 

ʬʫʥʢʮʽʡ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʡ, ʫʥʽʢʘʣʴʥʠʡ ʌʇ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̔ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ  ʧʝʚʥʠʭ ʧʦʜʽʡ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
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ʈʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʧʨʠʙʦʨ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʛʘʟʦʚʳʭ ʩʨʝʜ (MSRC-2) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʵʢʩʧʨʝʩʩ ʘʥʘʣʠʟʘ ʟʘʧʘʭʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ɹʘʟʘ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʯʝʤ 500 ʚʝʱʝʩʪʚ  

(ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʛʦʨʶʯʝ ʩʤʘʟʦʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʣʝʠ, ʩʧʠʨʪʳ, ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʘʨʬʶʤʝʨʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʥʘʨʢʦʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʘʧʘʭʘ, 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʈʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʡ ʧʨʠʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʛʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱ (MSRC-2) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʢʩʧʨʝʩ ʘʥʘʣʽʟʫ ʟʘʧʘʭʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɹʘʟʘ ʜʘʥʠʭ ʨʝʯʦʚʠʥ ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ ʥʽʞ 500 ʨʝʯʦʚʠʥ 

(ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʨʝʯʦʚʠʥʠ, ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʧʨʦʜʫʢʪʠ ʛʦʨʽʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʣʝʾ, ʩʧʠʨʪʠ, ʤʠʶʯʽ ʟʘʩʦʙʠ, ʪʝʭʥʽʯʥʽ ʪʘ ʧʘʨʬʫʤʝʨʥʽ ʨʝʯʦʚʠʥʠ, ʥʘʨʢʦʪʠʯʥʽ ʨʝʯʦʚʠʥʠ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʘʟʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʧʘʭʫ, 

ʚʽʜ'ʻʤʥʠʡ ʦʧʽʨ. 

Multi -channel radiomeasuring device determining the concentration and detection of the gaseous 

medium (MSRC-2) is intended for the rapid analysis of odors and determine their concentrations. The 

database-defined substances is more than 500 substances (explosives, fuel and lubricants, combustion 

products of different materials, adhesives, alcohols, detergents, technical, and perfume substances, 

drugs).  

Keywords: Radiomeasuring device, gas concentration, smell detection, negative resistance.. 
 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʦʛʜʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ 

ʘʢʪʳ ʧʨʦʠʩʭʦʜʷʪ ʚʦ ʚʩʝʭ ʫʛʦʣʢʘʭ ʤʠʨʘ, ʫʥʦʩʷʪ ʞʠʟʥʠ ʢʘʢ ʚʦʝʥʥʳʭ, ʪʘʢ ʠ 

ʛʨʘʞʜʘʥʩʢʠʭ ʣʠʮ ʦʯʝʥʴ ʚʘʞʥʦʡ ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʪʦ ʝʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʘʧʘʭʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʟʨʳʚʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʣʶʜʝʡ. ɺʦʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʦʚ, ʷʚʣʷʝʪʩʷ 

ʢʘʙʠʥʳ ʩʘʤʦʣʝʪʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʪʘʥʢʦʚ, ʦʪʩʝʢʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, 

ʢʘʟʘʨʤʳ, ʚʦʝʥʥʳʝ ʩʢʣʘʜʳ ʠ ʪ.ʜ., ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʞʠʟʥʠ ʪʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʤʝʪʨʦ, ʘʵʨʦʧʦʨʪʳ, ʪʨʘʤʚʘʠ, ʪʨʦʣʣʝʡʙʫʩʳ, ʢʠʥʦʪʝʘʪʨʳ, ʧʦʝʟʜʘ, ɸɿʉ ʠ ʪ.ʧ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʚ ʤʠʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠ 

ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʟʘʧʘʭʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʶʙʳʭ ʛʘʟʦʚ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1, 2]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʩʫʪʴ ʨʘʟʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ 
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ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʦʪ ʚʣʠʷʥʠʷ 

ʚʥʝʰʥʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʧʘʭʦʚ [3, 4]. ɺ ʫʩʪʨʦʡʩʪʚʘʭ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʠ ʜʨʫʛʠʭ ʚʥʝʰʥʠʭ ʚʣʠʷʥʠʡ ʚ ʯʘʩʪʦʪʥʳʡ 

ʩʠʛʥʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʦ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʦʯʥʦʩʪʴ 

ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ, ʫʣʫʯʰʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʫʩʠʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ.  

ʈʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʧʨʠʙʦʨ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʘʟʦʚʭr ʩʨʝʜ (MSRC-2) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʵʢʩʧʨʝʩʩ ʘʥʘʣʠʟʘ 

ʟʘʧʘʭʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [5]. 

 
ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ MSRC-2. 

ʕʨʛʦʥʦʤʠʢʘ ʧʨʠʙʦʨʘ. ʇʨʠʙʦʨ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ: 340x140x180 mm. 

ɺʝʩ: 2,8 ʢʛ ʩ ʙʘʪʘʨʝʝʡ. ʈʘʟʤʝʨ ʠ ʚʝʩ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʘʢ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʪʘʢ ʠ ʚ "ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ" ʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʧʝʨʝʥʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʝʩ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʨʠʙʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʟʣʸʪʥʦʤ 

ʧʦʣʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʘʤʦʣʸʪʘ ʚ ʮʝʭʫ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ ʠ 

ʟʘʱʠʪʫ ʧʨʠʙʦʨʘ ʦʪ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʜʠʦ- ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʘʚʠʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

MSRC-2 ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʘʤ (ʢʘʢ 

ʢ ʩʝʪʠ 220 ɺ,  ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʙʘʪʘʨʝʠ). ʈʝʞʠʤ ʨʘʙʦʪʳ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʙʦʨʘ ʚ ʪʝʯʝʥʠʠ 2,5...3 ʯʘʩʦʚ. ʇʦʜʢʣʶʯʝʥʠʝ 



ɻɯʈʆʊɽʍʅʆʃʆɻɯɰ,   ʅɸɺɯɻɸʎɯʗ,   ʂɽʈʋɺɸʅʅʗ   ʈʋʍʆʄ   ɯ   ʂʆʅʉʊʈʋʖɺɸʅʅʗ   ɸɺɯɸʎɯʁʅʆ-

ʂʆʉʄɯʏʅʆɰ   ʊɽʍʅɯʂʀ 

   47 

ʧʨʠʙʦʨʘ ʢ ʢʦʤʧʴʶʪʝʨʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ USB ʨʘʟʲʝʤ.  

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʨʦʛʨʘʤʤʘ USmellSence 

ʧʨʦʩʪʘ  ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ 

ʨʘʙʦʪʘʝʪ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: Linux, Windows XP (SP1 ï 

SP3), Windows VISTA, Windows 7, 8 (32, 64 bit). ɼʨʘʡʚʝʨʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ ʢ 

ʢʦʤʧʴʶʪʝʨʫ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʧʨʠʙʦʨʦʤ ʠ ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʦʛʨʘʤʤʘ 

USmellSence ʷʚʣʷʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ.  

 
ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ "USmellSence". 

ɹʘʟʘ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʯʝʤ 500 ʚʝʱʝʩʪʚ  (ʛʦʨʶʯʝ 

ʩʤʘʟʦʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʣʝʠ, ʩʧʠʨʪʳ, 

ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʘʨʬʶʤʝʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʟʨʳʚʦʦʧʘʩʥʳʝ 

ʚʝʱʝʩʪʚʘ). ɹʘʟʫ ʜʘʥʥʳʭ ʦʯʝʥʴ ʣʝʛʢʦ ʜʦʧʦʣʥʠʪʴ ʥʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʚ ʨʝʞʠʤʝ 

ʦʙʫʯʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʡʣ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʘʚʠʪʴ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʬʘʡʣ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʭʦʜʘ ʢʨʠʚʳʭ ʩʨʘʙʘʪʳʚʘʥʠʷ 12 




