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ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 
 
ɿʘʭʘʨʯʝʥʢʦ ɺ. ʄ. ï  ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʾ ʥʘ);  

ɻʦʣʽʢʦʚ ɺ.ɸ. ï  ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʾ ʥʘ);  

ɹʫʜʘʰʢʦ ɺ.ɺ. ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨʘʥʾʘ);  

ʈʦʤʘʥʶʢ ɺ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʇʦʣʴʱʘ); 

ʇʝʪʨʫʰʠʥ ɺ.ʉ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʥʾʘ);    

ʄʫʭʘ ʄ. ʁ.  ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨʘʥʾʘ);    

ɹʫʰʝʨ ɺ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʥʾʘ); 

ʂʦʩʤʘʩ ɿʜʨʦʟʠʩ ï  ʢ.ʪ.ʥ., (ɻʨʝʮʽʷ); 

ʄʠʭʘʡʣʦʚ ʉ. ɸ.  ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʥʾʘ);  

ɻʚʦʟʜʝʚʘ ɯ. ʄ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʾʥʘ);    

ʂʦʰʝʚʠʡ ɺ. ʄ.   ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʋʢʨʘʥʾʘ);   

ʇʦʧʦʚ ɺ. ɻ. ï  ʜ. ʬ-ʤ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ (ʋʢʨʘʾʥʘ);    

ʍʘʥʜʘʢʞʠ ʂʘʤʘʣʴ ï ʢ.ʪ.ʥ., (ʁʦʨʜʘʥʽʷ); 

ɹʘʟʠʣ ʐʘʬʠʢ ï ʢ.ʪ.ʥ., (ʉʠʨʽʷ); 

ʃʫʢʦʚʮʝʚ ɺ. ʉ. ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʋʢʨʘʥʾʘ). 
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ɻʦʣʦʚʘ: 

 

ʄʽʶʩʦʚ ʄ. ɺ.  ï ʨʝʢʪʦʨ ʅʋ çʆʄɸè, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ.  

 

ʏʣʝʥʠ ʦʨʛʢʦʤʽʪʝʪʫ: ɹʫʜʘʰʢʦ ɺ. ɺ. ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, 

ʜ.ʪ.ʥ., ʜʦʮʝʥʪ;   

ʂʘʨôʷʥʩʴʢʠʡ ʉ. ɸ. ï ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʘʚʪʦʤʘʪʠʢʠ, ʧʦʯʝʩʥʠʡ ʩʝʢʨʝʪʘʨ 

ʆʜʝʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ IMarEST, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ;  

ʊʦʨʩʴʢʠʡ ɺ. ɻ. ï ʧʦʯʝʩʥʠʡ ʩʝʢʨʝʪʘʨ ʄʦʨʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʋʢʨʘʾʥʠ, 

ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ  ʤʦʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ;   

ɻʦʣʦʙʦʨʦʜʴʢʦ ɸ.ɯ. ï ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ. 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʩʝʢʨʝʪʘʨ: 

ɻʣʘʟʻʚʘ ʆ. ɺ. ï  ʢ.ʪ.ʥ.,  ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʽ ʝʣʝʢ-

ʪʨʦʪʝʭʥʽʢʠ.  

 

        

 

ʋ  ʟʙʽʨʥʠʢʫ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʨʦʟʤʽʱʝʥʦ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ, ʷʢʽ ʟʘʩʣʫʭʦʚʫʚʘʣʠʩʴ ʥʘ ʧʣʝ-

ʥʘʨʥʠʭ ʪʘ ʩʝʢʮʽʡʥʠʭ ʟʘʩʽʜʘʥʥʷʭ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝ-

ʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè, ʱʦ ʚʽʜʙʫʣʘʩʴ 05-06 ʞʦʚʪʥʷ 2019 ʨʦʢʫ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠ-

ʪʝʪʽ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè. ʂʦʥʬʝʨʝʥʮʽʶ ʧʨʠʩʚʷʯʝʥʦ 100-ʨʽʯʯʶ ʟʽ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʧʨʦʬʝʩʦ-

ʨʘ, ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʂʨʽʥʝʮʴʢʦʛʦ ɯʚʘʥʘ ɯʚʘʥʦʚʠʯʘ, ʷʢʠʡ ʟʘʚʽʜʫʚʘʚ ʢʘʬʝʜʨʦʶ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʊɸʋ ʪʘ ʆʊ).  

ʊʝʤʘʪʠʢʘ ʢʦʥʬʝʨʝʥʮʽʾ ʦʭʦʧʣʶʻ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʥʘʧʨʷʤʢʠ: ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ 

ʩʫʜʥʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫ-

ʜʝʥ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝ-

ʩʽʚ ʽ ʷʚʠʱ ʚ  ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʪʘ ʨʘʜʽʦʪʝʭʥʽʮʽ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʦʧʪʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦ-

ʥʫʚʘʥʥʷ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, ʦʩʚʽʪʥʽ ʪʘ ʧʨʦʬʝʩʽʡʥʽ ʩʪʘʥʜʘʨʪʠ. 
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ɺɯʂʆɺʀʁ  ʖɺɯʃɽʁ  ʇʈʆʌɽʉʆʈɸ  ɯ.ɯ. ʂʈɯʅɽʎʔʂʆɻʆ 

 
20 ʞʦʚʪʥʷ 2019 ʨʦʢʫ ʚʠʧʦʚʥʶʻʪʴʩʷ 100 ʨʦʢʽʚ ʟ ʜʥʷ 

ʥʘʨʦʜʞʝʥʥʷ ʚʽʜʦʤʦʛʦ ʚʯʝʥʦʛʦ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝ-

ʨʫʚʘʥʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʂʨʠʥʝʮʴʢʦʛʦ 

ɯʚʘʥ ɯʚʘʥʦʚʠʯʘ.  

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚ 1945 ʨʦʮʽ ʄʦʩʢʦʚʩʴʢʦʛʦ ʘʚʽʘʮʽʡ-

ʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɯ.ɯ. ʂʨʥ̔ʝʮʴʢʠʡ ʧʦʯʘʚ ʪʨʫ-

ʜʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʚ ʛʘʣʫʟʽ ʘʚʽʘʮʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʽʥʞʝʥʝʨʦʤ 

ʣɹ ʦʪʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ.  

ʋ 1952 ʨʦʮʽ ʟʘʭʠʩʪʠʚ ʢʘʥʜʠʜʘʪʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ. ɺ 

1953-1955 ʨʦʢʘʭ ʧʨʘʮʶʚʘʚ ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ ɿʤʽʡʩʴʢʦʾ 

ʄʊʉ (ʤʘʰʠʥʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʘʥʮʽʾ), ʟʘʚʽʜʫʚʘʯʝʤ ʢʘʬʝ-

ʜʨʠ ʇʽʚʥʽʯʥʦ-ʆʩʝʪʠʥʩʴʢʦʛʦ ʩʽʣʴʛʦʩʧʥ̔ʩʪʠʪʫʪʫ ʽ ʜʦʮʝʥʪʦʤ 

ʋʢʨʘʾʥʩʴʢʦʾ ʩʽʣʴʛʦʩʧʘʢʘʜʝʤʽʾ. ɿ 1955 ʧʦ 1960 ʨʽʢ - ʜʦʮʝʥʪ ʂʠʾʚʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʥʞʝʥʝʨʽʚ ʮʠ-

ʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ. ʋ 1960 ʨʦʮʽ ʟʘʭʠʩʪʠʚ ʜʦʢʪʦʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ. ɿ 1961 ʧʦ 1967 ʨʽʢ ʧʨʘʮʶʚʘʚ ʥʘ-

ʯʘʣʴʥʠʢʦʤ ʢʘʬʝʜʨʠ ʚ ʆʜʝʩʴʢʦʤʫ ʚʠʱʦʤʫ ʽʥʞʝʥʝʨʥʦ-ʤʦʨʩʴʢʦʤʫ ʫʯʠʣʠʱʝ (ʆɺɯʄʋ). ɿ 1967 

ʧʦ 1980 ʨʽʢ ʟʘʚʽʜʫʚʘʚ ʢʘʬʝʜʨʘʤʠ ʘʚʪʦʤʘʪʠʢʠ ʨʷʜʫ ʽʥʩʪʠʪʫʪʽʚ, ʜʝ ʙʫʚ ʢʝʨʽʚʥʠʢʦʤ ʬʫʥʜʘʤʝʥʪʘ-

ʣʴʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʟʘʡʤʘʚʩʷ ʧʝʜʘʛʦʛʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. ɰʤ ʙʫʣʠ ʦʨʛʘʥʽʟʦ-

ʚʘʥʽ ʛʨʦʤʘʜʩʴʢʽ ʥʘʫʢʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ: ʚ 1968 ʨʦʮʽ - ʬʽʣʽʷ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽ ʧʨʦʝʢʪʥʦʛʦ ʽʥ-

ʩʪʠʪʫʪʫ ʪʨʘʥʩʧʦʨʪʫ ʽ ʢʦʤʫʥʽʢʘʮʽʡ ʄʽʥʚʫʟʫ ʉʈʉʈ, ʘ ʚ 1972 ʨ. - ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʮʝʥʪʨ ʟ ʩʫ-

ʜʥʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʄʽʥʨʠʙʛʦʩʧʫ ʉʈʉʈ. ɿ 1980 ʨ. - ʥʘʯʘʣʴʥʠʢ ʢʘʬʝʜʨʠ ʆɺɯʄʋ, ʜʝ ʾʤ ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʛʘʣʫʟʝʚʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʣʘʙʦʨʘʪʦʨʽʷ. 

ɯ.ɯ. ʂʨʥ̔ʝʮʴʢʠʡ ʧʨʦʚʽʜʥʠʡ ʬʘʭʽʚʝʮʴ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʝʪʦʜʦ-

ʣʦʛʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ 1953 ʨʦʮʽ ʾʤ ʚʧʝʨʰʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʦʨʽʷ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʘ ʙʫʣʘ ʟʘʭʠʱʝʥʘ ʚ ʜʦʢʪʦʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ. ʋ 1965 ʨʦʮʽ ʩʧʽʣʴʥʦ ʟ ʜʦʮʝʥʪʦʤ ʌʦʢʽʥʠʤ ɸ. ɺ. 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʪʝʦʨʽʷ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʥʝʣʥ̔ʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ - 

ʤʝʪʦʜʦʣʦʛʽʷ ʽ ʪʝʭʥʦʣʦʛʽʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜ ʡʦʛʦ ʢʝʨʽʚʥʠʮʪʚʦʤ ʩʪʚʦʨʝʥʘ ʥʘʫʢʦʚʘ 

ʰʢʦʣʘ, ʧʽʜʛʦʪʦʚʣʝʥʦ 80 ʢʘʥʜʠʜʘʪʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʪʘ 12 ʜʦʢʪʦʨʽʚ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ. 

         ɯ.ɯ. ʂʨʥ̔ʝʮʴʢʠʡ ʘʚʪʦʨ 222 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʧʽʜʨʫʯʥʠʢʘ ʟ ʩʫʜʥʦʚʦʾ ʘʚʪʦʤʘ-

ʪʠʢʠ, 8 ʤʦʥʦʛʨʘʬʽʡ, 8 ʥʘʚʯʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, 10 ʘʚʪʦʨʩʴʢʠʭ ʩʚʽʜʦʮʪʚ. 

ʇʨʦʬʝʩʦʨ ʂʨʥ̔ʝʮʴʢʠʡ ɯ. ɯ. ʚʦʣʦʜʽʚ ʚʠʩʦʢʦʶ ʣʝʢʪʦʨʩʴʢʦʶ ʤʘʡʩʪʝʨʥʽʩʪʶ ʽ ʫʩʧʽʰʥʦ ʧʦ-

ʻʜʥʫʚʘʚ ʥʘʫʢʦʚʫ ʪʘ ʥʘʚʯʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʟ ʘʢʪʠʚʥʦʶ ʛʨʦʤʘʜʩʴʢʦʶ ʨʦʙʦʪʦʶ. ɹʫʚ ʥʘ ʛʨʦʤʘʜ-

ʩʴʢʠʭ ʟʘʩʘʜʘʭ ʢʝʨʽʚʥʠʢʦʤ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ çʄʦʨʬʣʦʪʘʚʪʦʤʘʪʠ-

ʢʘè, ʛʦʣʦʚʦʶ ʧʨʦʙʣʝʤʥʦʾ ʢʦʤʽʩʽʾ ʧʽʚʜʝʥʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʈʉʈ ʽ ʢʝʨʽʚʥʠ-

ʢʦʤ ʥʠʟʢʠ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʽʚ. 

ʋ 1988 ʨʦʮʽ ʂʨʥ̔ʝʮʴʢʠʡ ɯ.ɯ. ʙʫʚ ʥʘʛʦʨʦʜʞʝʥʠʡ ʇʦʯʝʩʥʦʶ ɻʨʘʤʦʪʦʶ ʇʨʝʟʠʜʽʾ ɺʝʨʭʦʚ-

ʥʦʾ ʈʘʜʠ ʋʈʉʈ.  

ʇʦʤʝʨ ɯ.ɯ. ʂʨʥ̔ʝʮʴʢʠʡ 24 ʢʚʽʪʥʷ 1991 ʨʦʢʫ ʥʘ 72-ʤʫ ʨʦʮʽ ʞʠʪʪʷ ʚ ʥʘʩʣʽʜʦʢ ʪʨʠʚʘʣʦʾ 

ʭʚʦʨʦʙʠ. 

ʂʦʣʝʛʠ ɯʚʘʥʘ ɯʚʘʥʦʚʠʯʘ ʂʨʥ̔ʝʮʴʢʦʛʦ ʟʙʝʨʽʛʘʶʪʴ ʜʦʙʨʫ ʧʘʤ'ʷʪʴ ʧʨʦ ʮʶ ʯʫʜʦʚʫ ʣʶʜʠʥʫ. 
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ɿʄɯʉʊ 
 

ʇʃɽʅɸʈʅɯ ɼʆʇʆɺɯɼɯ 

 

ɺ.ɺ. ɹʫʜʘʰʢʦ  

ʄʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʩʢʦʨʦʯʝʥʥʷ ʘʫʜʠʪʦʨ-

ʥʠʭ ʛʦʜʠʥéééé.éééééééééééééééééééééé.. 
10 

 

 
 

ʉʝʢʮʽʷ 1. ʉʋɼʅʆɺɽ ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ, ɽʃɽʂʊʈʆʅʅɸ ɸʇɸʈɸʊʋʈɸ 

ʊɸ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ 
 

ɺ.ɸ. ʐʝʚʯʝʥʢʦ, ʉ.ʌ. ʉʘʤʦʥʦʚ, ɺ.ʆ. ɼʫʙʦʚʠʢ,  ɸ.ɸ. ʂʫʣʴʙʘʮʴʢʠʡ 

22 
ʇʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦʶ NXAIR  ʬʽʨʤʠ Siemenséééééé 

 

ɼ.ʀ. ʃʘʮʶʢ  

24 
ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʜʚʫʭʪʘʢʪʥʳʭ ʜʠʟʝʣʝʡ WARTSILA 

ʪʠʧʘ RT-FLEXééééééééééééééééé..ééééééé.. 

 

ɸ.ʂ. ʉʘʥʜʣʝʨ  

27 
ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʥʘ ʦʩʥʦ-

ʚʝ ʩʘʧʬʠʨʦʚʦʛʦ ʩʪʝʢʣʘééééééééééééééééééééé.. 

 

ʆ.ɺ. ʂʦʯʝʪʢʦʚ  

34 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤ ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ ʟ ʽʤʧʫʣʴʩʥʠʤ ʨʝʛʫʣʶ-

ʚʘʥʥʷʤéééééééééééééééééééééééé... 

 

ʆ.ʄ. ʈʘʢ, ɹʘʟʽʣʴ ʐʘʬʽʢ, ʆ.ɺ. ɻʣʘʟʚ̒ʘ, ɺ.ɹ. ɺʣʘʩʦʚ 

38 
ɼʝʷʢʽ ʘʩʧʝʢʪʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʨʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʨʩʴ-

ʢʠʭ ʩʫʜʝʥééééééééééééééééééééééééééé 

 

ɺ.ɺ. ɹʫʰʝʨ, ɸ.ʉ. ʃʦʟʛʘʯʦʚ 

42 
ʄʦʜʝʨʥʠʟʘʮʠʷ ʛʨʫʟʦʚʦʛʦ ʢʨʘʥʘ ʥʘ ʙʘʣʢʝʨʝ ʜʝʜʚʝʡʪʦʤ 61000 

ʪʦʥéééééééééééééééééééééééééééééé 

 

ɯ.ʇ. ɿʘʚʘʣʴʥʶʢ, ʈ.ɺ. ɻʨʠʥʴʢʦ 

45 ɸʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʩʫʜʥʦʚʠʤʠ ʢʦʤʧʨʝʩʦʨʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠéééé.. 

 

ɺ.ɸ. ɿʘʚʘʜʩʴʢʠʡ, ʉ.ʄ. ɼʨʘʥʯʫʢ, ɸ.ɺ. ʏʘʡʢʘ 

50 
ɸʥʘʣʦʛʦʚʦ-ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʣʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʩʫʜʥʦ-

ʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷééééééééééééééé.ééééééééé 
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ʆ.ɺ. ʂʦʯʝʪʢʦʚ, ɸ.ʈ. ʂʘʨʘʧʝʪʷʥ, ʆ.ʄ. ʃʝʜʥʸʚ  

54 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʽ ʘʚʪʦʤʘʪʠʢʠ ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜ-

ʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦ-

ʣ éʁéééééééééééééééééééééééééé... 

 

ʈ.ʀ. ʂʫʜʝʣʴʢʠʥ, ɺ.ʉ. ʃʫʢʦʚʮʝʚ 

57 
ʂʦʤʧʴʶʪʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʦʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʫʜʦʚʳʭ 

ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚéééééééééééééééééééé. 

 

ʊ.ʆ. ɻʘʫʨ, ʆ.ɯ. ɿʘʨʠʮʴʢʘ, ʆ.ʆ. ʉʢʨʠʙʘʥʪʦʚʠʯ, ɺ.ɯ. ʎʘʮʢʦ  

61 
ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʜʥʦʚʦʾ ʙʘʣʘʩʪʥʦ-ʦʩʫʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ 

ʚʠʪʨʘʪʦʤʽʨʦʤ ʨʽʜʠʥʠéééééééééééééééééééééé. 

 

ɺ.ɺ. ʂʨʶʯʢʦʚ, ɸ.ɸ. ɼʝʤʠʨʦʚ, ʀ.ʄ. ɻʚʦʟʜʝʚʘ, ɺ.ɸ. ʑʝʨʙʠʥʠʥ 

65 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʦʩʪʘʚʝ ʩʫʜʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠéééééééé. 

 

ɸ.ɸ. ʄʠʪʨʦʬʘʥʦʚ, ʀ.ʄ. ɻʚʦʟʜʝʚʘ 

68 
ʇʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚrʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʤrʠ ʩʠ-

ʩʪʝʤʘʤʠ ʧʫʪʸʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘé.. 

 

ɺ.ʉ. ʄʠʭʘʡʣʝʥʢʦ 

72 ʇʝʨʩʧʝʢʪʠʚʳ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʘʛʨʝʛʘʪʦʚ ʉʕʋ 

 

ɺ.ʉ. ʃʫʢʦʚʮʝʚ, ɼ.ʉ. ʉʪʝʙʣʠʥʩʴʢʠʡ, ʉ.ʄ. ʉʘʢʘʣʠ  

76 
ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ  ʫʧʨʘʚʣʽʥʥʷ ʧʫʩʢʦʤ  ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦ-

ʨʘ ʥʘ ʙʘʟʽ ʪʝʦʨʝʤʠ ʌʝʣʴʜʙʘʫʤʘéééééééééééééééééé 

 

ɸ.ʅ. ʈʘʢ, ɸ.ɻ. ʂʘʣʫʝʚ, ʉ.ɺ. ɹʘʙʠʡ  

79 
ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʧʦ-

ʩʦʙʳ ʠʭ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠééééééééééééééééé. 
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ʟʝʡééééééééééééééééééééééééééééé 

 

ʉ.ɸ. ʄʠʭʘʡʣʦʚ, ɸ.ɸ. ʆʨʣʦʚʩʢʘ ̫

205 
ʊʨʝʙʦʚʘʥʠʷ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʙʶʨʦ ʩʫʜʦʭʦʜʩʪʚʘ ʢ ʫʨʦʚʥʷʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠééééééééééééééééééééééé 
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ɺ.ɸ. ɿʘʚʘʜʩʴʢʠʡ, ɺ.ɯ. ɾʫʨʘʚʝʣʴ 

210 
ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʫ ʩʫʜ-

ʥʦʚʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽéééééééééééééééééééééé 

 

ɺ.ʌ. ʐʘʧʦ 

213 ʆʙʝʩʧʝʯʝʥʠʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ Phoenix Contactééééééé. 

 
 

ʉʝʢʮʽʷ 8. ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʊɸ ʇʈʀʉʊʈʆɯɺ ɺ ɽʃɽʂʊʈʆ- ʊɸ 

ʈɸɼɯʆʊɽʍʅɯʎɯ 

 

ɺ.ɺ. ɹʫʰʝʨ, ʉ.ʆ. ʏʘʙʘʥ  

219 
ʉʠʩʪʝʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʘ 

MacGregor 30 t éééééééééééééééééééééééé.. 

 

ɺ.ɺ. ɹʫʰʝʨ, ʆ.ɺ. ɻʣʘʟʻʚʘ, ɺ.ʖ. ʇʩ̔ʯʘʥʩʢɹʠʡ, ʂ. ʍʘʥʜʘʢʞʠ 

225 
ɸʥʘʣʽʟ ʧʨʦʧʫʣʴʩʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʤʽʩʪʢʽʩʪʶ 16000 ʢʦʥ-

ʪʝʡʥʝʨʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ  çPTH modeè ééééééééééééééé 

 

ɺ.ɺ. ɹʫʰʝʨ, ʆ.ɺ. ɻʣʘʟʻʚʘ, ʂ.ʆ. ʄʦʨʦʟʦʚ, ʂʦʩʤʘʩ ɿʜʨʦʟʠʩ  

231 ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʚ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪ-

ʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭéééééééééééééééééééé.. 

  
 

ʉʝʢʮʽʷ 9. ʆʉɺɯʊʅɯ ʊɸ ʇʈʆʌɽʉɯʁʅɯ ʉʊɸʅɼɸʈʊʀ 

 

ʖ.ʉ. ʄʝʜʚʝʜʚ̒ʘ,  ɺ.ɺ. ʈʷʙʦʢʦʥʴ  

238 ʈʦʟʚʠʪʦʢ çSOFT SKILLSè  ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠééééééééé 

 

ʖ.ʉ.  ʄʝʜʚʝʜʚ̒ʘ,  ɸ.ʉ. ʂʫʰʥʽʨʫʢ 

240 
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ʧʝʪʝʥʪʥʦʩʪʽ  ʫ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠééééééééééééééé 
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ʄɽʊʆɼʆʃʆɻɯʗ ʈʆɿʈʆɹʂʀ ʅɸɺʏɸʃʔʅʀʍ ʂʋʈʉɯɺ ɺ ʋʄʆɺɸʍ 

ʉʂʆʈʆʏɽʅʅʗ ɸʋɼʀʊʆʈʅʀʍ ɻʆɼʀʅ 

 
ɺ. ɺ. ɹʫʜʘʰʢʦ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
  ɸʥʦʪʘʮʽʷ: ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʧʠʩʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʜʠʟʘʡʥʫ ʥʦʚʦʛʦ ʢʫʨʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʜʥʦ-

ʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʦʩʥʦʚʽ ʦʧʦʨʫ ʨʫʭʫ ʩʫʜʥʘ ʪʘ ʟʙʫʨʶʶʯʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʥʴʦʛʦ. 

ʇʨʠʚʦʜʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʢʫʨʩʫ ʥʘ ʮʶ ʪʝʤʫ ʩʪʘʣʦ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦ-

ʪʦʚʢʠ ʙʘʢʘʣʘʚʨʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪè, ʩʧʝʮʽʘʣʽʟʘʮʽ ʾçɽʢʩʧʣʫʘʪʘʮʽʷ 

ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʽ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʢʠè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʤʦʨʩʴ-

ʢʘ ʘʢʘʜʝʤʽʷè. ɿʤʽʥʠ ʤʝʪʦʜʠʢʠ ʚʠʢʣʘʜʘʥʥʷ ʧʦʣʷʛʘʣʠ ʫ ʪʦʤʫ, ʱʦ ʥʦʚʘ ʧʨʦʛʨʘʤʘ ʙʫʣʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘ-

ʩʚʦʻʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʠʟʚʝʣʘ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʦ-

ʚʠʭ ʨʫʰʽʾʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ. ɯʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʥʠʭ ʟʫʩʠʣʴ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʟʜʦʙʫʚʘʯʘʤʠ ʧʨʠ ʧʝʨʰʦʤʫ ʦʩʚʦʻʥʥʽ ʢʫʨʩʫ, ʽ ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʥʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʧʨʦ-

ʜʦʚʞ ʧʦʜʘʣʴʰʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ, ʤʝʪʦʜʦʣʦʛʽʷ, ECTS, ʦʧʽʨ ʨʫʭʫ ʩʫʜʥʘ, ʩʫʜʥʦʚʽ ʨʫʰʽʾ, DMI-

ʤʦʜʝʣʴ 

 

METHODOLOGY FOR DESIGN OF LEARNING COURSES IN THE CIRCS 

OF CLASSROOM HOURS REDUCTION  

 
V. Budashko, Dr. of Technical Sciences, Associate professor  

National University çOdessa Maritime Academyè 

 
Abstract: This paper describes the methodology for designing the new course of design for the ship pro-

pulsion complex based on the resistance of the ship's movement and the driving forces acting on it. The rea-

son for the development of the new course on this subject was the redesign of the educational program of 

bachelor's training in the specialty "River and Sea transport", specialization "Operation and Mounting of 

ship electrical equipment and automation" of the National University "Odessa Maritime Academy". Changes 

in teaching methodology consisted in the fact that the new program was not necessary for the assimilation of 

theoretical material and led to the introduction of dynamic models of the ship propulsion system for model-

ing the movement of the ship. Integrating such models into the educational environment is challenging. The 

results of the design effort are discussed in this paper by analyzing models developed by first-time course 

learners and feedback received from them during further training. 

Keywords: educational program, methodology, ECTS, ship's movement resistance, propulsion, DMI-

models 

 

  1. ɺʩʪʫʧ. 

  ʅʘʤʘʛʘʶʯʠʩʴ ʜʦʧʦʤʦʛʪʠ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ ʦʪʨʠʤʘʪʠ ʯʽʪʢʠʡ ʦʛʣʷʜ 

ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ, ʟʘ ʷʢʦʶ ʚʦʥʠ ʥʘʚʯʘʶʪʴʩʷ, ʚʩʽ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʩʪʫʧʝʥʷ ʙʘ-

ʢʘʣʘʚʨ (BSc) ʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè (ʅʋ 

çʆʄɸè) ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʙʫʣʠ ʧʝʨʝʨʦʙʣʝʥʽ, ʚʢʣʶʯʘʶʯʠ ʚʝʣʠʢʽ 

ʢʫʨʩʠ. ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʜʦʙʫʚʘʯʽ ʩʪʘʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʫʩʧʽʰ-

ʥʦʤʫ ʟʘʚʝʨʰʝʥʥʽ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʢʦʣʠ ʚʦʥʠ ʤʘʶʪʴ ʢʨʘʱʠʡ ʦʛʣʷʜ ʟʘʛʘʣʴʥʦʾ 
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ʧʨʦʛʨʘʤʠ, ʷʢ ʥʘʩʣʽʜʦʢ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʫʨʩʽʚ (ʧʨʝʜʤʝʪʽʚ). ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʧʝ-

ʨʝʜʥʽʡ ʧʨʦʛʨʘʤʽ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪè, 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ çɽʢʩʧʣʫʘʪʘʮʽʷ ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ  ̔ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʢʠè ʧʨʦʛʨʘʤʠ ʢʫʨʩʽʚ (ʧʨʝʜʤʝʪʽʚ), ̫ ʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʣʠʩʷ ʽʟ ʜʚʦʭ, ʪʨɹʦʭ 

ʘʙʦ ʯʦʪʠʨʴʦʭ ʢʨʝʜʠʪʽʚ ECTS (European Credit Transfer System) ï ʻʚʨʦʧʝʡʩʴʢʘ 

ʩʠʩʪʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʘʛʠ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ. ɺ ʋʢʨʘʾʥʽ 

ʦʜʠʥ ECTS ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 30 ʛʦʜʠʥ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʞʝʥ 

ʨʽʢ ʤʽʩʪʠʪʴ ʰʽʩʪʜʝʩʷʪ ʢʨʝʜʠʪʽʚ ECTS, ʘ ʚ ʅʋ çʆʄɸè ʚʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ 

ʧʝʨʽʦʜʠ (ʩʝʤʝʩʪʨʠ) ʥʘ ʨʽʢ. ʊʦʤʫ ʢʦʞʝʥ ʧʝʨʽʦʜ (ʩʝʤʝʩʪʨ) ʤʽʩʪʠʚ ʧʨʠʙʣʠʟʥʦ 60/2/3 

= 10 ʢʫʨʩʽʚ (ʧʨʝʜʤʝʪʽʚ) ʫ ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʛʨʘʤʽ. ɺ ʥʦʚʽʡ ʧʨʦʛʨʘʤʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʥʘʤʽʪʠʚʩʷ ʣʦʛʽʯʥʠʡ ʰʣʷʭ ʧʦ ʟʙʽʣʴʰʝʥʥʶ ʟʘ ʢʨʝʜʠʪʘʤʠ ʢʫʨʩʽʚ, ʟ ʽʥʰʦʛʦ ï ʟʤʝʥ-

ʰʝʥʥʷ ʘʫʜʠʪʦʨʥʠʭ (ʢʦʥʪʘʢʪʥʠʭ) ʛʦʜʠʥ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʧʣʘʚʘʣʴ-

ʥʦʛʦ ʮʝʥʟʫ ʜʦ ʥʝʦʙʭʽʜʥʠʭ 12 ʪʠʞʥʽʚ, ʷʢʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʽʦʜʽʚ (ʩʝʤʝʩʪʨʽʚ). ʊʦʙʪʦ, ʟôʷʚʠʣʘʩʷ ʧʦʪʨʝʙʘ ʦʙôʻʜʥʫʚʘʪʠ ʢʫʨʩʠ ʫ ʚʝʣʠʢʽ 

ECTS, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʧʝʨʽʦʜʽʚ, ʪʦʙʪʦ, ʥʘʧʨʠʢʣʘʜ ʢʫʨʩ ʩʫʜʥʦʚʦʛʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (3 ECTS) ʚ ʦʜʠʥ ʧʝʨʽʦʜ (6 ʩʝʤʝʩʪʨ) ʽ ʢʫʨʩ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (3 ECTS) ʚ ʥʘʩʪʫʧʥʦʤʫ 

(7 ʩʝʤʝʩʪʨ). 

ʋ ʨʘʤʢʘʭ ʚʩʝʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʙʘ-

ʢʘʣʘʚʨʘ, ʜʚʘ ʢʫʨʩʠ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙ'ʻʜʥʘʪʠ ʚ ʥʦʚʠʡ ʢʫʨʩ. 

ʆʜʠʥ ʟ ʥʠʭ ʟʦʩʝʨʝʜʞʫʚʘʚʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʫʜʥʦʚʠʭ ʨʫʰʽʾʚ, 

ʘ ʽʥʰʠʡ ï ʥʘ ʨʦʟʨʘʭʫʥʢʫ ʦʧʦʨʫ ʨʫʭʫ ʩʫʜʥʘ ʟʛʽʜʥʦ ʙʫʢʩʠʨʦʚʦʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʦʙʨʘʥʦʾ ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɿʤʽʩʪ ʥʦʚʦʛʦ ʢʫʨʩʫ ʧʨʠʙʣʠʟʥʦ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʧʦʧʝ-

ʨʝʜʥʽʭ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʰʫ ʤʝʪʦʜʠʢʫ ʚʠʢʣʘʜʘʥʥʷ: ʚʽʥ ʙʽʣʴʰ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʽʞ ʨʘʥʽʰʝ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʫʨʩʘʥʪʠ (ʩʪʫʜʝʥʪʠ) ʦʪʨʠʤʫʶʪʴ ʟʘʚ-

ʜʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʛʨʫʧʘ ʟ ʯʦʪʠʨʴʦʭ) ʥʘ ʧʦʯʘʪʢʫ ʢʫʨʩʫ, ʽ ʦʮʽʥʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʾʭ 

ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʥʘʚʯʘʥʥʷ. ʎʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ çʢʣʘʩʠʯ-

ʥʠʭè ʢʫʨʩʽʚ, ʷʢʽ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʽ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʩʧʠʪʫ ʚ ʢʽʥʮʽ 

ʢʫʨʩʫ. ʃʝʢʮʽʾ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʘʁʪʴ ʤʽʩʮʝ ʚ ʥʦʚʦʤʫ, 

ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʥʘ ʧʨʦʝʢʪ ʢʫʨʩʽ, ʘʣʝ ʪʝʧʝʨ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʛʘʡʥʫ ʧʽʜʪʨʠʤʢʫ 

ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫ, ʘ ʥʝ ʧʽʜʪʨʠʤʢʫ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʧʫʩʢʥʦʛʦ ʝʢʟʘʤʝʥʫ. 

ʇʨʠʯʠʥʘ ʪʦʛʦ, ʱʦ ʢʫʨʩ ʙʫʚ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʧʨʦʝʢʪ, ʤʽʩʪʠʪʴʩʷ ʫ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʦʾ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʻ ʩʫʤʽʰʰʶ ʢʣʘʩʠʯʥʠʭ ʢʫʨʩʽʚ ʪʘ ʧʨʦʝʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʢʫʨʩʽʚ. ʂʦʞʝʥ ʧʝʨʽʦʜ (ʩʝʤʝʩʪʨ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʭ ʣʝʢʮʽʡ 

ECTS, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʤʝʪʦʜʘʤ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦ-

ʧʨʠʚʦʜʽʚ, ʢʣʘʩʠʯʥʠʭ ʣʝʢʮʽʡ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʪʝʦʨʽʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʧʨʦʝʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ. ɿʚʠʯʘʡʥʦ, ʮʽ ʚʩʽ ʣʝʢʮʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʫʨʩʘʭ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ʇʨʦʝʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʣʝʢʮʽʾ ʙʽʣʴʰ ʢʦʥʢʨʝʪʠʟʦʚʘʥʽ, ʥʽʞ ʽʥʰʽ ʢʫʨʩʠ ʟʘ ʪʦʡ ʞʝ ʧʝʨʽʦʜ, ʽ ʩʪʦ-

ʩʫʶʪʴʩʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʤ, ʥʘʧʨʠʢʣʘʜ, ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 
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ʢʦʤʧʣʝʢʩʫ (ʫʩʪʘʥʦʚʢʠ). ɺʘʞʣʠʚʦ, ʱʦ ʮʽ ʤʽʨʢʫʚʘʥʥʷ ʥʝ ʻ ʦʩʪʘʪʦʯʥʠʤʠ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʤʽʥʝʥʽ ʪʘ ʜʦʧʦʚʥʝʥʽ. 

ʄʽʩʮʝ ʥʦʚʦʛʦ ʢʫʨʩʫ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʫʜʥʦʚʽ ʘʚ-

ʪʦʤʘʪʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʧʫʣʴʩʠʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘ-

ʥʦʚʢʠ ʜʦʙʨʝ ʧʽʜʜʘʶʪʴʩʷ ʟʘʩʚʦʻʥʥʶ ʫ ʧʨʦʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʬʦʨʤʽ. ʋ ʙʫʜʴ-

ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʪʦʡ ʬʘʢʪ, ʱʦ ʢʫʨʩ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʧʨʦʝʢʪʥʝ ʨʽʰʝʥʥʷ, ʚʠʤʘʛʘʚ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʪʘ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʦʮʽʥʶʚʘʥʥʷ. ʎʝ ʚʽʜʢʨʠʣʦ ʰʣʷʭ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʢʫʨʩ:̔ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʩʫʜʥʦʚʠʭ ʧʨʦʧʫʣʴ-

ʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (DMI-ʤʦʜʝʣʽ), ʱʦ ʟʜʘʪʥʽ ʽʤʽʪʫʚʘʪʠ ʧʣʘʚʘʥʥʷ ʩʫʜʝʥ ʫ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ. 

2. ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʧʠʩ ʜʠʟʘʡʥʫ ʢʫʨʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʽʥʪʝʛʨʘʮʽʶ 

DMI-ʤʦʜʝʣʽ [1] ʚ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɹʫʜʝ ʧʦʢʘʟʘʥʦ, ʷʢ DMI-ʤʦʜʝʣ ɹʜʦʟʚʦʣʷʻ 

ʢʫʨʩʘʥʪʘʤ (ʩʪʫʜʝʥʪʘʤ) ʫʧʨʘʚʣʷʪʠ ʢʝʨʤʦʤ ʩʫʜʥʘ (ʧʨʠʥʘʡʤʥʽ ʚ ʮʠʬʨʦʚʦʤʫ 

ʬʦʨʤʘʪʽ) ʚʽʜ ʧʦʯʘʪʢʫ ʦʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʪʠʚʘʮʽʷ ʾʭ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʩʚʦʻʥʥʷ ʦʩʥʦʚ ʽ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʥʘʡʚʘʞʣʠʚʽʰʽ ʢʦʤ-

ʧʦʥʝʥʪʠ. 

3. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɹʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʯʠʥʘʶʪʴʩʷ ʟ̔ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʧʨʦʝʢʪʫ, ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʤ. ʗʢʱʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʩʫʜʥʦʚʦ-

ʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʉɸʇɽʂ), ʪʦ, 

ʥʘʩʘʤʧʝʨʝʜ, ʮʝ ʪʘʢʦʞ ʩʪʦʩʫʻʪʴʩʷ ʽ ʢʫʨʩʫ, ʷʢʠʡ ʧʨʠʩʚʷʯʝʥʦ ʮʴʦʤʫ ʧʨʦʝʢʪʫ. ʆʪ-

ʞʝ, ʷʢʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʝʢʪʥʦʛʦ ʢʫʨʩʫ ʥʦʚʦʛʦ ʉɸʇɽʂ? 

ɺʩʝ ʧʦʯʠʥʘʻʪʴʩʷ, ʟ ʟʘʛʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʽʟ ʚʠʤʦʛ ʜʦ ʩʪʚʦʨʝʥʥʷ ʜʠʩʮʠʧʣʽʥ ʫ 

ʛʘʣʫʟʽ ʚʠʱʦʾ ʦʩʚʽʪʠ [2]. ɺ ʅʋ çʆʄɸè ʟʥʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʢʨʠ-

ʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʟʘʡʤʘ-

ʶʪʴʩʷ ʚʠʢʣʘʜʘʥʥʷʤ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʮʽʣʽ ʥʘʚ-

ʯʘʥʥʷ, ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʟʛʦʜʞʝʥʽ ʽʟ ʦʩʚʽʪʥʽʤʠ 

ʧʨʦʛʨʘʤʘʤʠ. ʎʝ ʦʩʥʦʚʦʧʦʣʦʞʥʘ ʚʠʤʦʛʘ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ (ʢʫʨʩʽʚ), ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʫʜʥʦʤ, ʡʤʦʚʽʨʥʦ ʩʭʦʞʝ ʥʘ ʦʯʝʚʠʜʥʫ ʚʠʤʦʛʫ ʱʦʜʦ ʡʦʛʦ ʢʦʥ-

ʩʪʨʫʢʮʽʾ, ʷʢʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʩʫʜʥʦ ʧʦʚʠʥʥʝ ʧʣʘʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʦ. ɺʠʤʦʛʠ ʱʦʜʦ 

ʚʝʨʠʬʽʢʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ, ʤʝʪʦʜʽʚ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ 

çʪʨʠʢʫʪʥʠʢʫ ʥʘʚʯʘʥʥʷè, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1 [3]. ʗʢ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʫ 

ʚʩʪʫʧʽ, ʤʝʪʦʜʠʢʘ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʜʣʷ ʥʦʚʦʛʦ ʢʫʨʩʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʦ-

ʧʝʨʝʜʥʽʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʮʝ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʮʽʣʽ ʥʘʚʯʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʝʨʝʦʮʽʥʝʥʽ. ɼʠʟʘʡʥ ʥʦʚʦʛʦ ʢʫʨʩʫ ʟ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʉɸʇɽʂ 

ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʨʝʪʝʣʴʥʦʤʫ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʢʣʶʯʘʚ ʧʝʨʝʦʮʽʥʢʫ ʮʽʣʝʡ 

ʥʘʚʯʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʫʤʦʚʣʶʻ ʽʥʪʝʛʨʘʮʽ ʁ

DMI-ʤʦʜʝʣʝʡ ʩʫʜʝʥ ʪʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ. 
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ʈʠʩʫʥʦʢ 1 ï  ʊʨʠʢʫʪʥʠʢ ʥʘʚʯʘʥʥʷ 

 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʢʫʨʩʫ ʧʦʚʠʥʥʘ ʧʦʯʠʥʘʪʠʩʷ ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ, ʘʜʞʝ ʮʽʣʷʤʠ ʥʘʚʯʘʥʥʷ ʥʘʩʧʨʘʚʜʽ ʻ ʚʠʤʦʛʠ ʚʠʢʣʘʜʘʯʘ ʜʦ ʟʜʦʙʫ-

ʚʘʯʘ ʚʠʱʦʾ ʦʩʚʽʪʠ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʥʠʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʢʫʨ-

ʩʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʠʢʫʪʥʠʢʘ ʥʘʚʯʘʥʥʷ ʮʝ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʮʽʣʽ ʥʘʚʯʘʥʥʷ 

ʧʨʝʜ'ʷʚʣʷʶʪʴ ʚʠʤʦʛʠ ʷʢ ʜʦ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ, ʪʘʢ ʽ ʜʦ ʦʮʽʥʶʚʘʥʥʷ: ʦʮʽʥʢʘ ʻ ʧʝ-

ʨʝʚʽʨʦʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʱʦʜʦ ʜʦʩʷʛʥʝʥʥʷʤ ʟʜʦʙʫʚʘʯʝʤ ʚʩʭ̔ ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ, ʘ 

ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʜʦʙʫʚʘʯʽʚ ʫ ʜʦʩʷʛʥʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ 

ʮʽʣʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʣʽʢ ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʩʧʝʮʠ-

ʬʽʢʘʮʽʷ ʚʠʤʦʛ ʜʦ ʢʫʨʩʫ [4]. ʊʦʤʫ ʧʝʨʰʝ, ʱʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ 

ʢʫʨʩʫ ʉɸʇɽʂ, ʮʝ ʚʠʟʥʘʯʝʥʥ ̫ʧʝʨʝʣʽʢʫ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ. ʎʽʣʽ ʥʘʚʯʘʥʥʷ ʥʘ ʧʦ-

ʧʝʨʝʜʥʽʭ ʢʫʨʩʘʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚʽʜʧʨʘʚʥʫ ʪʦʯʢʫ, ʘʣʝ, ʦʩʢʽʣʴʢʠ ʥʦ-

ʚʠʡ ʢʫʨʩ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʽʥʰ̔ ʡ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʢʣʘʜʘʥʥʷ, ʮʝ ʧʦʪʨʝʙʫʻ ʾʭ ʢʨʠʪʠʯʥʦ-

ʛʦ ʧʝʨʝʦʮʽʥʶʚʘʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʦʟʥʘʯʘ,̒ ʱʦ ʜʚʽ ʥʦʚʽ ʮʽʣʽ ʥʘʚʯʘʥʥʷ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʽ ʜʦʜʘʥʦ ʚ ʥʦʚʠʡ ʢʫʨʩ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʢʣʶʯʝʥʥʷ DMI-ʤʦʜʝʣʝʡ ʜʣʷ ʨʦ-

ʟʨʘʭʫʥʢʫ ʦʧʦʨʫ ʨʫʭʫ ʩʫʜʥʘ ʚ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʨʝʞʠʤʽʚ ʩʫʜʥʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʉɽʋ) ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦ-

ʛʦ ʢʦʤʧʣʝʢʩʫ (ʂʇʂ) [5], ʘ ʽʥʰʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ ʥʘ ʧʦʧʝʨʝʜʥʽʭ 

ʢʫʨʩʘʭ.  

ʇʝʨʝʣʽʢ ʮʽʣʝʡ ʥʘʚʯʘʥʥʷ ʜʣʷ ʥʦʚʦʛʦ ʢʫʨʩʫ ʉɸʇɽʂ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʎʽʣʽ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟ ʧʨʦʛʨʘʤʦʶ ʢʫʨʩʫ ʪʘ ʧʦ ʩʫʪʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʤʘʪʠʢʫ ʡʦʛʦ 

ʨʦʟʜʽʣʽʚ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʝʱʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ ʚʽʜ ʟʜʦʙʫʚʘʯʽʚ. ʎʝʡ ʬʘʢʪ ʟʫʤʦ-

ʚʣʶʻ ʨʦʟʛʣʷʜʘʪʠ ʛʝʥʝʨʘʮʽʶ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʨʦʟʜʽʣʫ ʥʦʚʦʛʦ ʢʫʨʩʫ.    
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  ʊʘʙʣʠʮʷ 1 ï ʎʽʣʽ ʥʘʚʯʘʥʥʷ ʥʦʚʦʛʦ ʢʫʨʩʫ çʉʫʜʥʦʚʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʧʫʣʴʩʠʚʥʽ ʝʣʝʢ-

ʪʨʠʯʥʽ ʢʦʤʧʣʝʢʩʠè 

ʎʽʣʽ ʥʘʚʯʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʚ'ʷʟʢʠ ʜʦ ʦʙôʻʢʪʫ 
ʇʨʠʥʮʠʧʠ,  

ʟʘʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ 

ʆʧʠʩ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉɽʋ ʂʇʂ ʪʘ ʾʭ ʬʫʥʢʮʽʾ ʉʫʜʥʦʚʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, 

ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ 

ɿʤʽʩʪʦʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʫʜʥʘ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ DMI-ʤʦʜʝʣʽ ʩʫʜʥʘ, ʷʢʘ ʦʧʠʩʫʻ ʜʠʥʘ-

ʤʽʢʫ ʩʫʜʥʘ ʽ ʩʠʩʪʝʤʫ ʨʫʰʽʷ ʫ ʩʝʨʝʜʦʚʠʱʽ MatLab/Simulink 

ʇʨʘʢʪʠʯʥʽ ʪʘ ʣʘʙʦʨʘ-

ʪʦʨʥʽ ʟʘʥʷʪʪʷ 

ʈʦʟʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʩʫʜʥʘ ʽʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ [6] 
ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯʥʽ 

ʟʘʥʷʪʪʷ ɯʤʧʣʝʤʝʥʪʘʮʽʷ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʨʫʭʫ ʩʫʜʥʘ ʪʘ ʜʠʥʘ-

ʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʨʦʟʨʘʭʫʥʢʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʤʘʪʝʤʘʪʠʯ-

ʥʠʭ ʤʦʜʝʣʝʡ [7] 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘ ʧʽʜʩʪʘʚʽ (ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ) ʤʦ-

ʜʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʙʫʢʩʠʨʫ-

ʚʘʥʥʷ [8] 

ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯʥʽ 

ʟʘʥʷʪʪʷ, ʬʽʟʠʯʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ 

ɺʧʣʠʚ ʢʘʚʽʪʘʮʽʡʥʠʭ ʢʘʚʝʨʥ ʥʘ ʣʦʧʘʪʷʭ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ ʥʘ ʾʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9] 

ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯ-

ʥʠʡ ʜʦʩʚʽʜ 

ʇʨʦʮʝʩ ʘʜʘʧʪʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʤʽʥ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ ʱʦʜʦ ʜʽʘ-

ʛʨʘʤʠ ʚʽʜʢʨʠʪʦʾ ʚʦʜʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʙʨʘʥʦʛʦ ʧʨʦʧʫʣʴʩʠ-

ʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ [10] 
ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯ-

ʥʠʡ ʜʦʩʚʽʜ, cʫʜʥʦʚʘ ʜʦ-

ʢʫʤʝʥʪʘʮʽʷ 
ɯʥʩʪʘʣʷʮʽʡʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʥʽ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ ʱʦʜʦ ʫʟ-

ʛʦʜʞʝʥʥʷ ʽʟ ʢʦʨʧʫʩʦʤ ʦʙʨʘʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ [11] 

ʇʦʷʩʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʜʽʘʛʨʘʤʽ ʚʽʣʴʥʦʾ ʚʦʜʠ ʢʦʥʢʨʝʪʥʦ-

ʛʦ ʪʠʧʫ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯ-

ʥʠʡ ʜʦʩʚʽʜ ɺʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʛʚʠʥʪʘ ʥʘ ʜʽʘʛʨʘʤʽ ʚʽʣʴʥʦʾ ʚʦʜʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ 12] 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʟʤʽʥʥʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ [13] 
ʂʫʨʩ ʣʝʢʮʽʡ, cʫʜʥʦʚʘ 

ʜʦʢʫʤʝʥʪʘʮʽʷ, ʧʨʘʢʪʠʯ-

ʥʠʡ ʜʦʩʚʽʜ 
ʇʘʨʘʤʝʪʨʠʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ [14] 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʽʡʢʠ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ [15] ʉʫʜʥʦʚʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, 

ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ 

ʈʦʟʨʘʭʫʥʦʢ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʜʠʟʝʣʷ ʪʘ ʧʦʙʫʜʦʚʘ ʽʥʜʠʢʘʪʦʨʥʦʾ 

ʜʽʘʛʨʘʤʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʤʦʜʝʣʽ [16] 

ʂʫʨʩ ʣʝʢʮʽʡ, ʧʨʘʢʪʠʯʥʽ 

ʟʘʥʷʪʪʷ, cʫʜʥʦʚʘ ʜʦʢʫ-

ʤʝʥʪʘʮʽʷ 

ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʧʠʩʴʤʦʚʦʛʦ ʟʚʽʪʫ  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʢʫʨʩ ʣʝʢʮʽʡ, cʫʜʥʦʚʘ 

ʜʦʢʫʤʝʥʪʘʮʽʷ 

ɿʘʩʪʦʩʦʚʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʥʘʚʠʯʦʢ ʟʚʽʪʥʦʩʪʽ: ʧʨʘʚʠʣʴʥʽ ʧʦʩʠ-

ʣʘʥʥʷ, ʨʠʩʫʥʢʠ, ʢʨʝʩʣʝʥʥʷ, ʪʘʙʣʠʮʽ ʪʘ ʪʝʢʩʪ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ 

ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʪʦʱʦ 

ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʧʫʙʣʽʯʥʦʾ ʜʦʧʦʚʽʜʽ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʫʜʽʦʚʽʟʫʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʽʚ ʜʣʷ ʧʨʝʟʝʥʪʘʮʽʾ [17] 
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4. ʄʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ. 

ʉʧʦʯʘʪʢʫ, ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʣʷ ʧʦʚʥʦʛʦ 

ʦʙʩʷʛʫ ʥʦʚʦʛʦ ʢʫʨʩʫ, ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʘ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ. ɼʘʣʽ, ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʫʻʪʴʩʷ ʽʟ ʽʥʪʝʛʨʘʮʽʻʶ DMI-ʤʦʜʝʣʽ ʙʘʟʦʚʦʛʦ ʩʫʜʥʦʚʦʛʦ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʫʩʪʘʥʦʚʢʠ). ʇʦʪʽʤ ʨʝʟʫʣʴ-

ʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʮʝʩʽ ʦʩʚʦʻʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʦʪʞʝ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʫ ʪʨʴʦʭ ʘʩʧʝʢʪʘʭ. ʇʝʨʰʠʡ ʧʦʨʽʚʥʶʻ DMI-

ʤʦʜʝʣʽ ʜʣʷ ʦʧʦʨʫ ʩʫʜʥʘ, ʛʚʠʥʪʘ ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʽ ʚ ʢʽʥʮʽ, ʚʢʣʶʯʘʶʯʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʩʫʙʤʦʜʝʣʝʡ. ɼʨʫʛʠʡ ʧʦʨʽʚʥʶʻ ʨʝʟʫʣʴ-

ʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʟ ʧʦʯʘʪʢʦʚʦʶ ʽ ʢʽʥʮʝʚʦʶ ʤʦʜʝʣʷʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʫ 

ʪʨʝʪʴʦʤʫ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʟʜʦʙʫʚʘʯʽʚ, ʷʢʽ ʧʨʠ-

ʩʪʫʧʠʣʠ ʜʦ ʥʘʚʯʘʥʥʷ ʽʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ. ɯ ʚ ʟʘʚʝʨʰʝʥʥʽ ʨʦʙʣʷʪʴʩʷ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʽ ʚʚʦʜʠʪʴ ʤʦʞʣʠʚʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʥʦʚʦʛʦ ʢʫʨʩʫ. 

 ʂʦʞʥʘ ʛʨʫʧʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ/ʯʦʪʠʨʴʦʭ ʟʜʦʙʫʚʘʯʽʚ. ɿʘʚʜʘʥʥʷ, ʷʢ̔ ʦʪʨʠ-

ʤʫʶʪʴ ʚʩʽ ʛʨʫʧʠ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ ʚʢʣʶʯʝʥʥʷʤ ʙʽʣʴʰ ʪʦʯʥʽʰʠʭ ʧʨʠʥʮʠʧʽʚ. ʋ 

ʥʠʭ ʻ ʚʽʩʽʤ ʪʠʞʥʽʚ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ. ʏʝʨʝʟ ʮʽ ʚʽʩʽʤ ʪʠʞʥʽʚ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʩʢʣʘʩʪʠ ʟʚʽʪʠ ʪʘ ʧʨʝʟʝʥʪʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʧʨʦʛʨʝʩʫ. 

ʅʘʩʘʤʧʝʨʝʜ, ʮʽ ʟʚʽʪʠ ʻ ʧʨʦʤʽʞʥʠʤʠ, ʱʦʙ ʟʜʦʙʫʚʘʯʽ ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʝ-

ʤʦʥʩʪʨʫʚʘʪʠ ʯʘʩʪʠʥʘ ʾʭ ʧʽʜʩʫʤʢʦʚʦʛʦ ʟʚʽʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʫʤʢʦʚʠʡ ʟʚʽʪ 

ʧʦʩʪʫʧʦʚʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʦʜʦʚʞ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʥʘʩʪʽʣʴʢʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʘ 

ʚʦʩʴʤʦʤʫ ʪʠʞʥ̔ ʚʝʣʠʢʦʾ ʨʦʙʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʚʦʣʷʻʪʴʩʷ ʯʘʩ ʜʣʷ ʧʽʜʩʫʤʢʦ-

ʚʠʭ ʽʩʧʠʪʽʚ ʟʘ ʢʣʘʩʠʯʥʠʤʠ ʢʫʨʩʘʤʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ ʪʦʡ ʩʘʤʠʡ ʧʝʨʽʦʜ. 

ʅʘ ʧʦʯʘʪʢʫ ʢʫʨʩʫ ʟʜʦʙʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ çʧʦʯʘʪʢʦʚʫ ʤʦʜʝʣʴè ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ ʽ ʦʧʠʩ ʧʨʦʝʢʪʫ, ʱʦ ʦʧʠʩʫʻ ʥʘʜʘʥʫ ʤʦʜʝʣʴ, 

ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʽʡ ʥʘʚʯʘʥʥʷ ʜʣʷ ʥʦʚʦʛʦ ʢʫʨʩʫ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʦʚʠʥʥʘ 

ʧʨʠʜʽʣʷʪʠʩʷ ʤʝʪʦʜʘʤ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʪʨʠʤʢʫ ʟʜʦʙʫʚʘʯʽʚ ʱʦʜʦ ʾʭ 

ʦʪʨʠʤʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʢʣʘʜʘʥʥʷ ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʟʜʦʙʫʚʘʯʽ ʤʘʶʪʴ ʟʥʘʡʪʠ ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯ ̔ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ ʟʘʚʜʘʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʢʘʚʽʪʘʮʽʻʶ ʩʫʜʥʦʚʦʛʦ ʛʚʠʥʪʘ 

ʪʘ ʽʥʜʫʢʦʚʘʥʠʤʠ ʮʠʤ ʢʦʣʠʚʘʥʥʷʤʠ ʪʠʩʢʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ 

ʛʚʠʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʠʩʢʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʶ-

ʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ [18]. ʄʝʪʦʜ ʚʠʨʽʰʝʥʥʷ RANS-ʨʽʚʥʷʥ ɹ (ʫʩʝʨʝʜʥʝʥʠʭ 

ʨʽʚʥʷʥ ɹʈʝʡʥʦʣʴʜʩʘ ʅʘʚ'ʻ-ʉʪʦʢʩʘ) ʜʣʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʯʠʩʣʶʚʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ ʟ ʫʟʛʦʜʞʝʥʥʷʤ ʨʝʟʫʣʴ-

ʪʘʪ̔ʚ ʽʟ ʚʠʤʽʨʶʚʘʥʠʤʠ ʜʘʥʠʤʠ. ɼʣʷ ʮʴʦʛʦ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʚʠ-

ʥʪʘ, ʦʢʨʽʤ ʩʪʫʧʝʥʶ ʥʘʭʠʣʫ, ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʩʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ 

ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ. 

ʈʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʥʝʣʽʥʽʡʥʦʛʦ ʩʫʜʥʦʚʦ-

ʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʷʢʠʤ ʻ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ, ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘ-

ʯʝʥʥʷ ʜʣʷ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʂʇʂ, ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʙʦʨʫ ʩʪʨʘ-
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ʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ [19]. ʂʦʥʮʝʧʪʫʘʣʴʥʽ 

ʨʽʰʝʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʪʘʢʽ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʚʦʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʤʘʛʘʶʪʴ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ʛʨʝʙʥʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʧʦʪʨʽʙʥʘ ʥʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʽʤʽʪʘʮʽʾ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ, 

ʷʢʘ ʬʽʢʩʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʧʫʣʴʩʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʃ̔ ʥʝʘʨʠʟʘʮʽʷ ʤʦ-

ʜʝʣ̔ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʫʜʥʦʚʦʾ ʩʠʩʪʝʤʠ ʨʫʭʫ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ 

ʢʦʤʧʣʝʢʩʫ ʛʨʝʙʥʠʭ ʜʚʠʛʫʥʽʚ ʫ ʭʚʠʣʷʭ ʪʘ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ, ʟʜʦʙʫʚʘʯʘʤ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʠʪʠ ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʣʦʢʘʣʴʥʘ ʥʝʩʪʘʙʽʣʴ-

ʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʪʘ ʫ ʧʦʜʘʣʴʰʦʤʫ, ʚʞʝ ʫ ʣʽʥʝʘʨʠʟʦʚʘʥʽʡ ʤʦʜʝʣʽ, ʨʦʟʰʠʨʠʪʠ ʚʭʽʜʥʽ 

ʜʘʥʽ ʽ ʧʝʨʝʚʽʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʝʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ.  

ʇʽʩʣʷ ʟʘʩʚʦʻʥʥʷ ʟʜʦʙʫʚʘʯʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ [20], ʚʠʚ-

ʯʘʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʇʂ ʪʘʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʣʦʧʘʪʝʡ, ʜʽʘʤʝʪʨ ʛʚʠʥʪʘ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʦʾ ʧʣʦʱʽ, ʛʝʦ-

ʤʝʪʨʠʯʥʠʡ ʢʨʦʢ, ʪʦʱʦ, ʪʘ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘʨʝʰʪʽ, ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʚʠʥʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʙʣʝʤ ʘʢʫʩʪʠʢʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʚʠʥʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʚʣ̔ɹ -

ʥʦʾ ʚʦʜʠ ʪʘ ʟʘ ʢʦʨʧʫʩʦʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʣ̔ʴʥʦʾ ʚʦʜʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʛʨʝʙʥʠʡ ʜʚʠʛʫʥ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʦʪʦʮʽ 

ʨʽʜʠʥʠ, ʧʘʨʘʣʝʣʴʥʦʤʫ ʮʝʥʪʨʘʣʴʥʽʡ ʣʽʥʽʾ ʚʘʣʫ; ʦʪʞʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʽʣʴʥʦʾ 

ʚʦʜʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʭʠʙʦʢ, ʟʫʤʦʚʣʝʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʧʦʪʦʢʫ ʛʚʠʥʪʘ, ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʻ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʢʦʨʧʫʩʦʤ ï ʮʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʛʨʝʙʥʠʤ ʛʚʠʥʪʦʤ ʧʨʠ ʨʦʙʦʪʽ ʚ ʟʤʽʰʘʥʦʤʫ ʧʦʣʽ 

ʥʝʩʧʘʜʘʥʥʷ ʟʘ ʢʦʨʧʫʩʦʤ [21]. ʆʯʝʚʠʜʥʦ, ʱʦ ʮʽ ʦʩʪʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʶʪʴ ʷʢ 

ʩʪʘʣʽ, ʪʘʢ ʽ ʥʝʩʪʘʣʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʘʤʦʶ ʧʨʠʨʦʜʦʶ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ 

ʧʨʘʮʶʻ ʛʨʝʙʥʠʡ ʛʚʠʥʪ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʦʙʠʜʚʘ ʪʠʧʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʘʭʦʚʫʚʘ-

ʪʠ, ʘʣʝ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ: ʩʧʦʯʘʪʢʫ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʝʙʥʦʛʦ 

ʛʚʠʥʪʘ ʥʘ ʚʣ̔ʴʥʽʡ ʚʦʜ̔, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘ-

ʤʝʪʨʠ, ʘ ʧʦʪʽʤ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʠ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ ʟʘ ʢʦʨʧʫ-

ʩʦʤ. 

 
1

( )
ɟ

w v m
v P f

t

u
u u u

­

­ ­ ­ ­µ
=- Ð + D - Ð +

µ
; 0=ÖÐ

­

u , (1) 

ʜʝ Ð ï ʦʧʝʨʘʪʦʨ ʥʘʙʣʘ; D ï ʚʝʢʪʦʨʥʠʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; t ï ʯʘʩ, [ʩ]; vw ï 

ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ, Ĭ10ï6 [ʤ2/ʩ]; r ï ʱʽʣʴʥʽʩʪʴ ʜʦʚʢʽʣʣʷ, [ʢʛ/ʤ3]; 

Pv ï ʪʠʩʢ ʧʦʪʦʢʫ, [ʇʘ]; )...,,( 1 nuuu=
­

 ï ʚʝʢʪʦʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ; 
­

mf ï ʚʝʢʪʦʨʥʝ 

ʧʦʣʝ ʤʘʩʦʚʠʭ ʩʠʣ. 

ɹʣʦʢ ʤʦʜʝʣʽ, ʷʢʘ ʦʧʠʩʫʻ ʛʨʝʙʥʠʡ ʛʚʠʥʪ, ʤʽʩʪʠʪʴ ʣʽʥʽʡʥ ̔ʥʘʙʣʠʞʝʥʥʷ ʤʦ-

ʤʝʥʪʽʚ ʪʘ ʫʧʦʨʽʚ ʥʘ ʜʽʘʛʨʘʤʽ ʚʽʜʢʨʠʪʦʾ ʚʦʜʠ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: 
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ʜʝ Tp  ï ʫʧʦʨ ʛʚʠʥʪʘ, ʅ, n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʛʚʠʥʪʘ, ʨʘʜ/ʭʚ., Qp ï ʤʦ-

ʤʝʥʪ ʥʘ ʚʘʣʫ, ʅȚʤ; ɟ ï ʛʫʩʪʠʥʘ ʚʦʜʠ ʢʛ/ʤ3, D ï ʜʽʘʤʝʪʨ ʛʚʠʥʪʘ, ʤ, KT ï 

ʢʦʝʬʽʮʽʻʥʪ ʫʧʦʨʫ ʛʚʠʥʪʘ, KQ ï ʢʦʝʬʽʮʽʻʥʪ ʤʦʤʝʥʪʫ. 

ɹʣʦʢ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ ʚʠʤʘʛʘʻ ʜʚʦʭ ʚʠʟʥʘʯʝʥʴ: ʥʝʦʙʭʽʜʥʦʛʦ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʛʚʠʥʪʘ ʽ ʧʨʠʢʣʘʜʝʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʛʨʝʙʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʟ ʙʣʦʢʫ ʦʙʝʨʪʦʚʦʾ ʜʠʥʘʤʽʢʠ ʚʘʣʫ ʷʢ 

ʦʙʝʨʪʘʶʯʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʣʦʧʘʪʽ ʛʚʠʥʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ. ʊʘʢ, ʬʘʢʪʠʯʥʦ, ʚ ʨʝʘʣʴʥʽʡ ʩʪʘʨ-

ʪʦʚʽʡ ʤʦʜʝʣʽ ʚʪʨʘʪʠ ʚ ʪʨʘʥʩʤʽʩʽʾ ʽ ʥʘ ʚʘʣʫ ʚʨʘʭʦʚʫʶʪʴʩʷ. ɼʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ʱʦʜʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʨʘʭʦʚʫʻ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ, 

ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨ-

ʪʘʥʥʷ ʜʚʠʛʫʥʘ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʚʘ ʚʠʭʦʜʠ ʙʣʦʢʫ ʦʙʝʨʪʦʚʦʾ ʜʠʥʘʤʽʢʠ ʚʘʣʫ: 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ ʽ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ʉʫʙʤʦʜʝʣʴ ʜʚʠʛʫ-

ʥʘ ʚ ʩʪʘʨʪʦʚʽʡ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʻ ʩʧʦʩʽʙ ʧʨʷʤʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʚʽʜ ʤʘʩʠ ʧʘʣʠʚʘ, ʱʦ ʧʦʜʘʻʪʴ-

ʩ ̫ʚ ʮʠʣʽʥʜʨʠ. ɯʟ (2) ʦʪʨʠʤʘʻʤʦ: 
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ʂʦʝʬʽʮʽʻʥʪʠ KT ʽ KQ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʛʚʠʥʪʘ ʽ ʤʦʞʫʪʴ, ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʮʴʦʛʦ, ʢʦʨʝʛʫʚʘʪʠʩʷ. 

ʄʝʪʦʶ ʟʘʚʜʘʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʩʫʙʤʦʜʝʣʝʡ, ʽ ʪʦʤʫ ʩʧʨʘʚʘ 

ʥʘʣʝʞʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʦʟʥʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʦʙʝʨʪʽʚ ʛʨʝʙʥʦʛʦ ʜʚʠʛʫʥʘ ʷʢ ʚʭʽʜ ʜʦ 

ʙʣʦʢʫ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʫ ʚʠʭʽʜʥʽʡ ʤʦʜʝʣ.̔ ʎʝ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʚʝʨʭʥʽʡ 

ʨʽʚʝʥʴ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʝ ʧʦʚʠʥʝʥ 

ʟʤʽʥʶʚʘʪʠʩʴ, ʧʦʢʠ ʟʜʦʙʫʚʘʯʽ ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ ʧʽʜ ʯʘʩ ʢʫʨʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʜʚʦʤ ʮʽʣʷʤ: 

ï ʨʦʟʫʤʽʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʧʦʯʘʪʢʫ ʢʫʨʩʫ ʦʛʣʷʜʦʤ ʚʽʜ ʩʢʣʘʜʥʦʛʦ 

ʜʦ ʤʝʥʰ ʩʢʣʘʜʥʦʛʦ (ʟʚʝʨʭʫ ʚʥʠʟ); 

ï ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʯʦʤʫʩ ɹʟʫʧʠʥʠʪʠʩʷ, ʷʢʱʦ  ̒ʚʽʜʯʫʪʪ ̫çʚʪʨʘʪʠ ʩʝʙʝè ʫ ʚʠ-

ʢʦʥʘʥʥʽ ʟʘʚʜʘʥʥʷ. 

ʇʝʨʰʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʦʟʥʘʡʦʤʣʝʥʥʽ ʟʜʦʙʫʚʘʯʽʚ ʟ ʧʨʠʥʮʠʧʘʤʠ ʨʦʙʦʪʠ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʬʫʥʢʮʽʻʶ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʚʠʭʽʜʥʦʶ ʤʦʜʝʣʣʶ. ɿʜʦʙʫʚʘʯʽ ʤʘʶʪʴ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʘʪʠ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

(ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ) ʟ̔ ʚʠʭʽʜʥʦʶ ʤʦʜʝʣʣʶ ʪʘ ʜʦʩʷʛʥʫʪʠ ʥʘʩʪʫʧʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 
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ï ʟʤʝʥʰʝʥʥʷ ʽʪʝʨʘʮʽʡ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʧʘʣʠʚʘ ʟ ʢʨʦʢʦʤ ʥʘ 
25% ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʥʘ ʨʘʧʪʦʚʫ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʙʫʨʝʥʥʷ, ʥʝ 

ʟʤʽʥʶʶʯʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ; 

ï ʟʙʽʣʴʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʣʠʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʩʠʥʫʩʦʾʜʘʣʴ-

ʥ̔ ʡ ʬʦʨʤʽ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʚʣʘʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ. 

ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʽʤʽʪʫʻ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ ʟʤʽʥʶʻ ʧʦʜʘʯʫ ʧʘʣʠʚʘ (ʚʧʣʠ-

ʚʘʻ ʥʘ ʨʝʛʫʣʷʪʦʨ) ʯʝʨʝʟ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʱʦʙ ʟʤ̔ʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʫʜʥʘ. 

ʎʝʡ ʝʢʩʧʝʨʠʤʝʥʪ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʜʦʙʫʚʘʯʽ ʩʧʽʚʚʽʜʥʦʩʠʣʠ ʨʝʟʫʣʴʪʘ-

ʪʠ ʘʙʩʪʨʘʢʪʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʨʝʘʣʴʥʠʤ 

ʦʙôʻʢʪʦʤ. ɺ ʝʢʩʧʝʨʠʤʝʥʪ ̔ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ ʽ ʩʧʦʥʫʢʘʻ ʟʜʦʙʫʚʘ-

ʯʘ ʟôʷʩʫʚʘʪʠ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʚʦʥʠ ʟʤʽʥʶʶʪʴ ʧʦʣʦʞʝʥʥʷ ʨʝʛʫ-

ʣʷʪʦʨʫ ʦʙʝʨʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʭʽʜʥʦʶ ʤʦʜʝʣʣʶ 

ʟôʷʚʣʷʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ (ʦʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʜʫʞʝ ʰʚʠʜʢʘ), ʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝʛʘʡʥʦ ʦʮʽʥʠʪʠ ʩʚʽʡ ʦʩʦʙʠʩʪʠʡ ʜʦʩʚʽʜ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʨʫʛʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʽʤʽʪʫʻ ʨʘʧʪʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʨʫʭʫ ʩʫʜʥʘ ʯʝʨʝʟ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. ɽʢʩʧʝʨʠʤʝʥʪ ʪʘʢʦʞ ʧʦʢʣʠʢʘʥʠʡ 

ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ ʟ ʨʝʘʣʴʥʠʤ ʦʙôʻʢʪʦʤ. ɿʜʦʙʫʚʘʯʽ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʟʫʤʽʪʠ ʱʦ ʩʪʘʥʝʪʴʩʷ, ʷʢʱʦ ʧʦʣʦʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʦʙʝʨʪʽʚ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʘ ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ.  

ʊʨʝʪʽʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʩʧʨʘʚʜʽ ʻ ʧʝʨʰʦʶ ʩʧʨʦʙʦʶ, ʱʦʙ ʟʤʫʩʠʪʠ ʟʜʦʙʫ-

ʚʘʯʽʚ ʫʩʚʽʜʦʤʠʪʠ, ʱʦ ʪʦʯʥʽʩʪʴ ʩʪʘʨʪʦʚʦʾ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʧʽʜʚʠʱʠʪʠ. ʋ ʚʠʭʽʜʥʽʡ 

ʤʦʜʝʣʽ ʤʦʞʥʘ ʙʝʟʤʝʞʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʥʝ-

ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ. ʆʩʢʽʣʴʢʠ ʩʧʨʘʚʞʥʻ ʩʫʜʥʦ ʤʘʻ 

ʮʽ ʦʙʤʝʞʝʥʥʷ, ʚʩʽ ʟʜʦʙʫʚʘʯʽ ʧʦʚʠʥʥʽ ʫʩʚʽʜʦʤʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʭʽʜʥʦʾ ʤʦ-

ʜʝʣʽ ʥʝ ʤʦʞʥʘ ʩʣʽʧʦ ʜʦʚʽʨʷʪʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʟʤʫʰʫʻ ʫʯʥʽʚ ʟʘʜʫʤʘʪʠʩʷ ʧʨʦ ʟʘ-

ʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʛʨʝʙʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʏʝʪʚʝʨʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʣʠʢʘʥʠʡ ʜʦʧʦʤʦʛʪʠ ʟʜʦʙʫʚʘʯʘʤ ʧʝʨʝʪʥʫʪʠ ʧʦ-

ʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʜʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʟ Simulink. ʇʽʩʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽʚ ʟʜʦʙʫʚʘʯʽ ʧʦʚʠʥʥʽ ʧʦʯʘʪʠ ʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʚʠʭʽʜʥʦʾ ʤʦʜʝʣʽ ʚ 

Simulink; ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ (ʉɽʋ ʂʇʂ). ʊʦʤʫ 

ʯʝʪʚʝʨʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʚʯʘʻ ʣʠʰʝ ʥʘʚʠʯʢʘʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ Simulink. 

ʇôʷʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʥʘʨʝʰʪʽ, ï ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʜʦʙʨʝ ʚʤʦʪʠʚʦʚʘʥʠʭ ʫʯʥʽʚ 

ʧʦʢʘʟʘʪʠ ʩʚʦʻ ʨʦʟʫʤʽʥʥʷ ʪʘ ʦʩʤʠʩʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʤʦʜʝʣʽ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʾʾ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʰʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʨʦʟʜʽʣ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʦʧʠʩ ʚʠʭʽʜʥʦʾ ʤʦʜʝʣʽ, ʨʝʟʫʣʴʪʘʪʠ ʧô̫ ʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʮʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ. ʎʝʡ ʨʦʟʜʽʣ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʟ ʚʠʢʣʘʜʘʯʝʤ ʯʝʨʝʟ ʜʚʘ ʪʠʞʥʽ ʧʽʩʣʷ ʧʦ-

ʯʘʪʢʫ ʢʫʨʩʫ. ʗʢʱʦ ʛʨʫʧʘ ʟʜʦʙʫʚʘʯʽʚ ʥʝ ʟʤʦʞʝ ʟʘʩʚʦʾʪʠ ʦʩʥʦʚʠ ʨʦʙʦʪʠ ʉɽʋ ʂʇʂ 

ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʚʦʭ ʪʠʞʥʽʚ, ʨʝʰʪʫ ʢʫʨʩʫ ʾʤ ʙʫʜʝ ʚʘʞʢʦ ʟʨʦʟʫʤʽʪʠ. ʆʩʴ ʯʦʤʫ 

ʨʦʟʜʽʣ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʫ, ʷʢʫ ʟʜʦʙʫʚʘʯʽ ʧʦʜʘʶʪʴ ʥʘʧʨʠʢʽʥʮʽ ʜʨʫʛʦʛʦ ʪʠʞʥʷ, ʦʙ-

ʛʦʚʦʨʶʻʪʴʩʷ ʟ ʢʦʞʥʦʶ ʛʨʫʧʦʶ ʦʢʨʝʤʦ. ʎʝ ʜʘʻ ʣʝʢʪʦʨʫ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 
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ʟʜʦʙʫʚʘʯʽʚ, ʷʢʽ ʚʽʜʩʪʘʶʪʴ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʟʫʩʠʣʣʷ. ɿʜʦʙʫʚʘʯʘʤ, ʷʢʽ ʫʩʧʽʰʥʦ 

ʧʨʘʮʶʶʪʴ, ʚʢʘʟʫʶʪʴ, ʱʦ ʚʦʥʠ ʥʘ ʧʨʘʚʠʣʴʥʦʤʫ ʰʣʷʭʫ, ʘʣʝ ʞ ʨʦʟʫʤʥʦ ʧʦʢʘʟʘʪʠ 

ʾʤ ʤʦʞʣʠʚʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪʠ ʤʦʪʠʚʘʮʽʾ. 

ʊʘʢʠʡ ʞʝ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʽʚ ʢʫʨʩʦ-

ʚʦʛʦ ʧʨʦʝʢʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʟʜʦʙʫʚʘʯʘʤʠ ʨʝʟʫʣʴʪʘʪʽʚ. 

5. ʆʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʗʢ ʚʠʤʽʨʶʚʘʪʠ ʷʢʽʩʪʴ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ? ɺʽʜʧʦʚʽʜʴ ʥʝ ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭ-

ʥ,̔ ʘʣʝ ʧʨʠʥʘʡʤʥʽ ʾʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʫ ʚʽʜʧʦʚʽʜʷʭ ʟʜʦʙʫʚʘʯʽʚ ʥʘ ʟʘʧʠʪʘʥʥʷ ʧʦ 

ʢʫʨʩʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʷʢ ʚʠʢʣʘʜʘʯ ɺʠ ʦʪʨʠʤʫʻʪʝ ʙʘʛʘʪʦ ʚʽʜʧʦʚʽʜʝʡ ʚʽʜ ʟʜʦʙʫ-

ʚʘʯʽʚ ʧʽʜ ʯʘʩ ʢʫʨʩʫ, ʘʣʝ ʚ ʅʋ çʆʄɸè ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʟʘʧʦʚʥʠʪʠ ʘʥʦʥʽʤʥʫ 

ʘʥʢʝʪʫ ʧʽʩʣʷ ʢʫʨʩʫ, ʜʘʶʯʠ ʟʜʦʙʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ çʚʽʣʴʥʦ ʛʦʚʦʨʠʪʠè. ɿʘʛʘʣʦʤ 

ʧʦʟʠʪʠʚʥʽ ʚʽʜʧʦʚʽʜʽ, ʦʪʨʠʤʘʥʽ ʚʽʜ ʟʜʦʙʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʢʫʨʩʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʫ ʚʽʜʧʦʚʽʜʽ ʥʘ ʘʥʢʝʪʫ. ʂʫʨʩ ʚ ʮʽʣʦʤʫ ʟʜʦʙʫʚʘʯʽ ʦʮʽʥʶʚʘʣʠ ʟʘ ʰʢʘ-

ʣʦʶ ʚʽʜ 1 ʜʦ 10. ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ ʘʥʢʝʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. ɹʽʣʴ-

ʰʽʩʪʴ ʙʘʣʽʚ ʚʠʱʝ 7,5, ʱʦ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʦʮʽʥʢʘʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʜʘʶʪʴʩʷ ʟʜʦʙʫʚʘʯʘʤʠ ʜʣʷ ʽʥʰʠʭ ʢʫʨʩʽʚ ʚ ʘʥʢʝʪʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʘʥʢʝʪʠ ʟʘʧʦʚ-

ʥʁ ʶʪʴ ʣʠʰʝ 25% ʟʜʦʙʫʚʘʯʽʚ, ʷʢʽ ʟʘʢʽʥʯʠʣʠ ʢʫʨʩ, ʫ ʟʚôʷʟʢʫ ʽʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ 

ʛʨʘʬʽʢʦʤ ʽ ʪʨʘʻʢʪʦʨʽʻʶ ʥʘʚʯʘʥʥʷ, ʪʦʤʫ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʞʦʜʥʠʭ 

ʚʘʞʣʠʚʠʭ ʚʠʩʥʦʚʢʽʚ. 

 
           ʊʘʙʣʠʮʷ 2 ï ʆʮʽʥʶʚʘʥʥʷ çʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫè ʚʽʜ ʟʜʦʙʫʚʘʯʽʚ. 

ʆʧʠʩ ʦʮʽʥʢʠ 
ʆʮʽʥʢʘ ʟʘ ʜʝʩʷʪʠʙʘʣʴ-

ʥʦʶ ʰʢʘʣʦʶ 
ʂʫʨʩ ʟʘʛʘʣʦʤ  7,32 

ʉʢʣʘʜʥʽʩʪʴ ʪʘ ʮʽʢʘʚʽʩʪʴ ʪʝʤʠ 8,01 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʢʫʨʩʫ ʜʣʷ ʚʩʽʻʾ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ 8,44 

ɿʜʘʪʥʽʩʪʴ ʜʦ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ 7,87 

ɼʦʪʨʠʤʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʥʘʚʯʘʥʥʷ ʟʘ ʧʦʧʝ-

ʨʝʜʥʽʤʠ ʢʫʨʩʘʤʠ 
6,68 

ʄʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʫʨʩʫ 7,84 

ʄʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ 6,7 

ʅʘʷʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʠʩʪʝʤʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʜʦʩʪʫʧʫ  8,25 

ɿʘʛʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʢʫʨʩʫ 7,7 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʢʣʘʜʘʯʽʚ (ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ, ʟʨʦʟʫʤʽʣʽʩʪʴ 

ʚʠʢʣʘʜʘʥʥʷ, ʟʘʭʦʧʣʝʥʽʩʪʴ, ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, ʚʟʘʻʤʦʜʽʷ) 
8,33 

ɿʜʦʙʫʚʘʯʽ-ʪʨʝʥʝʨʠ 6,19 

ʏʽʪʢʽʩʪʴ ʤʝʪʠ, ʱʦ ʦʯʽʢʫʻʪʴʩʷ 7,57 

ʆʮʽʥʢʘ 6,21 

ʂʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʢʫʨʩ ʫ ʢʨʝʜʠʪʘʭ ɽCTS 7 

 

ʅʘʡʥʠʞʯʽ ʙʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ 

ʩʣʽʜʫʻ ʟʘ ʧʦʧʝʨʝʜʥʽʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʦʮʽʥʢʘʤʠ. ʆʩʪʘʥʥ ̒ ʚʠʢʣʠʢʘʥʦ ʥʝʚʜʘʯʝʶ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʚ ʢʽʥʮʽ ʢʫʨʩʫ. ʑʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʩʽ ʟʜʦʙʫʚʘʯʽ 

ʟʘʩʚʦʶʶʪʴ ʚʩʽ ʨʦʟʜʽʣʠ ʢʫʨʩʫ, ʧʽʜʩʫʤʢʦʚʫ ʤʦʜʝʣʴ ʧʦʪʨʽʙʥʦ ʚʽʜʪʚʦʨʠʪʠ ʧʽʜ ʯʘʩ 

ʝʢʟʘʤʝʥʫ ʥʘ ʢʦʤʧôʶʪʝʨʽ. ʄʽʩʮʝ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ 

ʢʦʤʧôʶʪʝʨʥʠʤʠ ʢʣʘʩʘʤʠ, ʜʝ Matlab/Simulink ʧʨʠʩʫʪʥʽʡ, ʘ ʪʘʢʦʞ ʩʧʨʘʚʞʥʽʤ ʨʽʚ-
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ʥʝʤ ʧʽʜʛʦʪʦʚʢʠ ʟʜʦʙʫʚʘʯʽʚ ʟʘ ʮʠʤ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ. ɿʚʽʜʩʠ ʥʠʟʴʢʠʡ ʙʘʣ 

ʦʮʽʥʶʚʘʥʥʷ. ʎʷ ʧʨʦʙʣʝʤʘ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠʩʷ ʧʦʩʪʫʧʦʚʦ ʧʽʜ ʯʘʩ ʥʘʩʪʫʧʥʠʭ 

ʢʫʨʩʽʚ. ʊʨʫʜʥʦʱʽ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʩʚʦʶʚʘʥʥʷʤ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʟʜʦʙʫʚʘʯʽ 

ʥʝ ʤʘʶʪʴ ʞʦʜʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʥʴ ʧʨʦ ʉɽʋ ʂʇʂ. 

  6. ɺʠʩʥʦʚʢʠ. 

ʇʝʨʝʜʘʯʘ ʟʥʘʥʴ ʪʘ ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚ ʽ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʉɽʋ ʂʇʂ, ʛʨʝʙ-

ʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ ʻ ʩʢʣʘ-

ʜʥʦʶ ʤʝʪʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʴʦʛʦʜʝʥʥʷ. ʇʝʨʚʠʥʥʽ ʤʦʜʝʣʽ ʩʝʨʝʜʥʴʦʾ 

ʩʢʣʘʜʥʦʩʪʽ ʧʽʜʪʨʠʤʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ, ʟʤʫʰʫʶʯʠ ʟʜʦʙʫʚʘʯʽʚ ʟʘʤʠʩʣʶ-

ʚʘʪʠʩʷ ʥʘʜ ʟʘʢʦʥʘʤʠ ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʩʫʜʥʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʷʢʽ 

ʨʝʛʫʣʶʶʪʴ ʨʦʙʦʪʫ ʉɽʋ ʂʇʂ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʙʘʛʘʪʦ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʢʫʨʩʫ ʚʩʝ ʱʝ ʽʩʥʫʶʪʴ, ʽ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʜʽʾ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʪʝʧʝʨ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʦʜʦʤ 

ʥʘʚʯʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʪʘ ʟʘ ʾʭ ʚʽʜʛʫʢʘʤʠ, ʧʨʦʝʢʪʥʽ ʟʫʩʠʣʣʷ ʙʫʣʠ ʫʩʧʽʰʥʠʤʠ. 

ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʢʫʨʩ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ, ʱʦʙ ʚʢʣʶʯʠʪʠ ʙʽʣʴʰʝ ʪʠʧʽʚ 

ʉɽʋ ʂʇʂ. ʊʘʢʦʞ ʤʦʞʣʠʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʚʞʝ ʙʫʜʫʪʴ ʚʧʨʦ-

ʚʘʜʞʝʥʽ ʥʘʩʪʫʧʥʦʛʦ ʨʘʟʫ, ʢʦʣʠ ʢʫʨʩ ʨʦʟʧʦʯʥʝʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ̔ʟʙʽʣʴʰʝʥʥʷ ʢʽʣɹ-

ʢʦʩʪʽ ʟʘʮʽʢʘʚʣʝʥʠʭ ʟʜʦʙʫʚʘʯʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ çʈʽʯʢʦʚʠʡ ʪʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩ-

ʧʦʨʪè. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦʶ NXAIR ʬʽʨʤʠ Siemens 

ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʨʝʥʘʞʝʨʫ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦʚʝ ʚʠʩʦʢʦʚʦʣʴʪʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ, ʨʦʟʧʦʜʽʣʴʯʠʡ ʧʨʠʩʪʨʽʡ, 

ʙʝʟʧʝʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ. 

 

TRAINING SPECIALISTS FOR OPERATION OF HIGH VOLTAGE 
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Abstract: The use of the Siemens NXAIR switchgear during the high voltage equipment operational 

training for marine engineers and cadets is considered in the paper. The analysis of simulator and auxiliary 

equipment configuration and functional capabilities was carried out.  

        Key-words: marine high voltage equipment, protective equipment, switchgear, safe operation. 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʫʜʥʦʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʘ 

ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʝ ʚʝʣʠʢʦʶ ʧʦʪʫʞʥʽʩʪʶ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʝʡʥʝʨʦʚʦʟʽʚ, 

ʩʫʜʝʥ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʨʫʭʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʪʘ ʽʥʰʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʣʘʚʟʘ-

ʩʦʙʽʚ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʽʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʂʦʥʚʝʥʮʽʷ STCW95 ʟ ʄʘʥʽʣʴʩʴʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʚʠʩʫʚʘʻ ʥʦʚʽ ʚʠʤʦʛʠ ʜʣʷ 

ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʦʢ ʟ ʚʠʩʦʢʦʶ ʥʘʧʨʫʛʦʶ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʚ ʅʋ çʆʄɸè ʥʘ ʢʘʬʝʜʨʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʤʝ-

ʭʘʥʽʢʠ ʽ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʦʟʧʦʜʽʣʴʯʠʡ ʧʨʠʩʪʨʽʡ NXAIR, 7.2 ʢɺ, 25 

ʢɸ (3ʩ), 1250ɸ ʬʽʨʤʠ Siemens. ɺʽʥ ʤʘʻ ʜʚʘ ʝʣʝʤʝʥʪʠ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1ʘ. 
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ɽʣʝʤʝʥʪʠ ʚʠʢʦʥʘʥʽ ʚ ʟʘʣʽʟʥʦʤʫ ʢʦʨʧʫʩʽ. ɺʩʽ ʢʦʤʫʪʘʮʽʡʥʽ ʦʧʝʨʘʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟ ʧʝʨʝʜʥʴʦʾ ʧʘʥʝʣʽ ʚ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʜʚʝʨʝʡ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠ-

ʩʪʨʦʶ.  

ɽʣʝʢʪʨʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʜʥʠʭ ʟʙʽʨʥʠʭ ʰʠʥ. ɿʘʭʠʩʪ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤʠ ʟʘʧʦʙʽʞʥʠʢʘʤʠ.   

ʂʦʨʧʫʩ ʝʣʝʤʝʥʪʘ, ʘ ʪʘʢʦʞ ʧʝʨʝʛʦʨʦʜʢʠ ʪʘ ʰʪʦʨʢʠ ʚʠʢʦʥʘʥʽ ʟ ʤʝʪʘʣʫ ʪʘ ʟʘ-

ʟʝʤʣʝʥʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʢʘʪʝʛʦʨʽʶ ʧʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ LSC2B ʜʣʷ ʢʦʤ-

ʧʣʝʢʪʥʠʭ ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʟʛʽʜʥʦ MEK 62271-

200. ʅʘ ʚʠʧʘʜʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʫʛʦʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʠʩʢ ʟ ʚʽʜʩʽʢʽʚ ʚʠʢʠʜʘʻʪʴʩʷ 

ʚʛʦʨʫ. ɽʣʝʤʝʥʪʠ NXAIR ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʜʫʛʠ ʽ ʤʘʶʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʶ IAC AFLR. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʜʦʩʪʫʧ ʜʦ ʝʣʝʤʝʥʪʫ ʩʧʝʨʝʜʫ, 

ʟʟʘʜʫ ʪʘ ʟʙʦʢʫ. 

                      
                                   ʘ)                                                                          ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦʶ NXAIR(ʘ), ʟʘʩʦʙʠ ʙʝʟʧʝʢʠ (ʙ) 

 

ɽʣʝʤʝʥʪ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʚʽʜʩʽʢʠ: ʟʙʽʨʥʠʭ ʰʠʥ, ʚʠʢʘʪʥʦʛʦ ʘʚʪʦ-

ʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ, ʢʘʙʝʣʴʥʦʾ ʟʙʽʨʢʠ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʨʦʟôʻʜʥʫʚʘʯʘ ʟʘʟʝʤʣʝʥ-

ʥʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ. 

ɼʚʝʨʽ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʽ ʙʣʦʢʫʶʯʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɼʣʷ 

ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦʶ ʧʝʨʝʜʙʘʯʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʜʦʧʦʤʽʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ: ʜʝʪʝʢʪʦʨ ʥʘʧʨʫʛʠ, ʨʫʯʢʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʟʝʤ-

ʣʷʶʯʠʤ ʚʠʤʠʢʘʯʝʤ, ʚʩʪʘʚʥʘ ʨʫʢʦʷʪʢʘ ʢʨʠʚʦʰʠʧʘ, ʩʝʨʚʽʩʥʠʡ ʚʽʟʦʢ ʪʘ ʽʥʰʝ. 

ʂʨʽʤ ʪʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʚ ʰʘʬʘʭ (ʨʠʩ.1ʙ) ʨʦʟʪʘʰʦ-

ʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚʽʜ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ.  

ɺʠʩʥʦʚʢʠ: ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʧʨʠʩʪʨʦ  ʁ NXAIR 

ʬʽʨʤʠ Siemens ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʢʫʨʩʘʥʪʽʚ ʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʙʝʟʧʝʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʩʠʩʪʝʤʠ; 

ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʘʩʦʙʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘʢʠʤʠ, ʷʢ: 
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ʟʘʭʠʩʥʽ ʦʢʫʣʷʨʠ, ʟʘʭʠʩʥʽ ʢʘʩʢʠ, ʽʟʦʣʷʮʽʡʥʽ ʰʪʘʥʛʠ, ʽʟʦʣʷʮʽʡʥʽ ʯʦʙʦʪʠ, ʽʟʦʣʷʮʽʡʥʽ 

ʢʘʣʦʰʽ, ʽʟʦʣʷʮʽʡʥʽ ʨʫʢʘʚʠʯʢʠ, ʢʘʙʝʣʽ ʟʘʟʝʤʣʝʥʥʷ, ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʪʝʩʪʝʨʠ, ʜʝʪʝʢ-

ʪʦʨʠ ʥʘʧʨʫʛʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʧʨʠʷʻ ʚʠʢʦ-

ʥʘʥʥʶ ʧʨʦʮʝʜʫʨ ʟ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʙʝʟʧʝʢʠ: ʦʬʦʨʤʣʝʥʥʶ ʜʦʟʚʦʣʽʚ ʪʘ ʢʦʦʨʜʠʥʘ-

ʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʨʦʙʽʪ; ʽʥʬʦʨʤʫʚʘʥʥ,ʁ ʧʦʧʝʨʝʜʞʝʥʥʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʙʣʦ-

ʢʫʚʘʥʥ ̫ʧʨʦʪʠ ʥʝʘʚʪʦʨʠʟʦʚʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʙʝʟʧʝʢʫ; ʫʤʽʥʥ ʁʧʝʨʝʚʽʨʷʪʠ ʧʨʠ-

ʩʫʪʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʧʨʫʛʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʫʜʴ-ʷʢʦʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʨʦ-

ʙʦʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʜʦʟʚʦʣʷʻ ʟʜʦ-

ʙʫʪʠ ʚʤʽʥʥʷ ʪʘ ʥʘʚʠʯʢʠ, ʟʘʟʥʘʯʝʥʽ ʫ ʨʦʟʜʽʣʽ ɸ-ɯɯɯ/6 ʂʦʜʝʢʩʫ ʇɼʅɺ, ʘ ʪʘʢʦʞ ʫ 

ʤʦʜʝʣʴʥʦʤʫ ʢʫʨʩʽ IMO Model Course 7.08 ñElectro-technical Officerò ʫ 

ʚʽʜʧʦʚʽʜʥʽʡ ʩʬʝʨʽ ʢʦʤʧʝʪʝʥʮʽʾ. 
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ɼʀɿɽʃɽʁ WARTSILA  ʊʀʇɸ RT-FLEX  

 
ɼ. ʀ. ʃʘʮʶʢ, ʘʩʧʠʨʘʥʪ  

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʦʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʫʭʪʘʢʪʥʳʭ ʜʠʟʝʣʝʡ ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ Wartsila RT-flex. ʈʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʪʦʧʣʠʚʦʧʦʜʘʯʠ, ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ (WECS) ʠ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ DGU 8800. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʵʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫ-

ʘʪʘʮʠʷ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ.   

 

FEATURES OF ELECTRONICALLY CONTROLLED TWO -STROKE 

DIESELS WARTSILA TYPE RT -FLEX  
 

D. Latsyuk, Postgraduate Student 

Odessa National Maritime University 
 

Abstract: The features of modern two-stroke diesel engines with electronic control Wartsila RT-flex 

are considered. The operation of the fuel supply system, gas distribution, as well as the operation of the elec-

tronic fuel management system (WECS) and the digital control system DGU 8800 are considered. 

Key words: reduction of fuel consumption, electronic control, technical operation, electrical equip-

ment, operational efficiency. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʝʜʫʱʠʝ ʢʦʤʧʘʥʠʠ ʤʠʨʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʩʫʜʦ-

ʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʳʪʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʚʦʠ ʧʦʢʘʟʘʪʝ-

ʣʠ ʪʘʢʠʝ ʢʘʢ: ʟʘʰʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʛʦʨʶʯʝ ʩʤʘʟʦʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨ-

ʤʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʥʦʨ-

ʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʫʜʘʭ 

ʤʳ ʤʦʞʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʘʢʪʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʫʜʦʚʳʭ 

ʢʦʤʧʘʥʠʡ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ (ʉʕʋ) ʚʦʟʤʦʞʥʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʬʠʨʤʳ Wªrtsila ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʧʣʠʚʥʫʶ ʵʢʦ-

ʥʦʤʠʯʥʦʩʪʴ ʥʘ ʜʦʣʝʚʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʤʠʩʩʠʠ NOx, ʠ 

ʩʘʞʠ. ɻʠʙʢʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʠ ʩʥʠʞʝʥʠʶ ʦʙʱʝ-

ʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ. 

ʉ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ WECS (ʨʠʩ. 1) ʚ ʩʠ-

ʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ Pmax, ʚʦʟʤʦʞʥʘ 

ʢʦʨʨʝʢʮʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʛʦʨʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʡ, ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦ-

ʪʝ ʃʘʮʶʢʘ ɼ. ʀ. [1].  

 
ʈʠʩʫʥʦʢ 1 - ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ (WECS) 
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ɺ ʜʚʠʛʘʪʝʣʷʭ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʷ ʚʦʟʣʦʞʝʥʳ 

ʥʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʩʘʤʦʤ ʜʚʠʛʘʪʝʣʝ. 

ɺ ʪʘʢʦʤ ʜʚʠʛʘʪʝʣʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘ-

ʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʩ ʜʘʪʯʠʢʦʚ ʠ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʶ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʤ ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʢʘʢ ʩ ʪʝʭʥʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʘʢʞʝ ʙʦʣʝʝ 

ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʦ ʩʪʦʨʦʥʳ ʦʙʩʣʫʞʠ-

ʚʘʁʱʝʛʦ ʧʝʨʩʦʥʘʣʘ.  

ʊʘʢʞʝ ʜʣʷ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʬʫʥʢʮʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ-

ʤʝʥʷʶʪ ʮʠʬʨʦʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ DGS (Digital Governor System) ʘ ʠʤʝʥʥʦ 

ʩʠʩʪʝʤʘ DGU 8800 (ʨʠʩ. 2) ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʳʡ ʧʘʢʝʪ ʚʳʧʦʣʥʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʚʳʧʦʣʥʷʶʱʠʡ 

ʚʩʝ ʟʘʜʘʯʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴʶ ʥʠʟʢʦʦʙʦʨʦʪʥʦʛʦ, ʜʣʠʥʥʦʭʦʜʥʦʛʦ ʜʠʟʝʣʴ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ Wªrtsila NSD ʠ ʠʭ ʣʠʮʝʥʟʠʘʪʦʚ.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʫʜʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʥʦʚʢʝ ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ 

ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʢʦʚ ʪʘʢ ʢʘʢ ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ ʉʕʋ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʥʦ ʠ ʧʦʥʠʤʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʤʦʢ ʠ ʦʰʠʙʦʢ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʠʟ ʟʘ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚ ʩʣʦʞʥʳʭ ʩʫʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʠʭ ʢʘʢ ï ʚʠʙʨʘʮʠʷ, ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʪ.ʜ.  

ɺʳʚʦʜʳ. ʕʣʝʢʪʨʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ (ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ, ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ), ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʮʠʣʠʥ-

ʜʨʦʚʦʡ ʩʤʘʟʢʦʡ ʠ ʧʫʩʢʦʚʳʤ ʚʦʟʜʫʭʦʤ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ WECS ʬʠʨʤʳ 

Wªrtsila ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʥʘ ʜʦʣʝʚʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʤʠʩʩʠʠ NOx, ʠ ʩʘʞʠ. ɻʠʙʢʦʝ ʵʣʝʢʪʨʦʥ-

ʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʠ ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ 

ʜʠʟʝʣʝʡ Wartsila RT-flex. 

 
ʃʀʊɽʈɸʊʋʈɸ 

 

1. ʃʘʮʶʢ ɼ. ʀ. ɸʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʛʦʨʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳ ʚ ʩʠʩʪʝ-

ʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ WECS RT-FLEX //ʃʘʮʶʢ ɼ. ʀ. - ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ FS  2019 - 

ʛ. ʆʜʝʩʩʘ 2019 ï ʩ. 266 ï 269. 

2. ʂʦʨʥʠʣʦʚ ʕ. ɺ.  ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʪʠʧʘ DGU 8800 // ʉʫʜʦʚʳʝ ʛʣʘʚ-

ʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ï ʛ. ʆʜʝʩʩʘ 2008 ï 224 ʩ. 

3. ʄʠʭʘʡʣʦʚ ɺ. ʉ. / ʅʦʩʦʚʩʢʠʡ ɸ. ʅ. / ʇʠʩʢʫʥʦʚ ɸ. ʄ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫ-

ʜʦʚʘʥʠʷ // ʄʠʭʘʡʣʦʚ ɺ. ʉ. / ʅʦʩʦʚʩʢʠʡ ɸ. ʅ. / ʇʠʩʢʫʥʦʚ ɸ. ʄ. ï ʀʟʜʘʪʝʣʴʩʪʚʦ ʆʆʆ çɹʘʨʚʠ ʋʢʨʘʾʥʠè 

2009 ʛ. ï 226 ʩ. 

 

 
ʋɼʂ 621.4;004.942 

 

ʏʋɺʉʊɺʀʊɽʃʔʅʓʁ ʕʃɽʄɽʅʊ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʆɻʆ 

ɸʂʉɽʃɽʈʆʄɽʊʈɸ ʅɸ ʆʉʅʆɺɽ ʉɸʇʌʀʈʆɺʆɻʆ ʉʊɽʂʃɸ 
 

ɸ. ʂ. ʉʘʥʜʣʝʨ, ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷ" 

 
ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦ ʩʚʦʠʤ ʩʧʝʮʠʬʠʢʘʮʠʦʥʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʯʘʤ ʤʦʥʠʪʦʨʠʥʛʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʚʝʩʪʥʳʭ 

ʩʠʩʪʝʤ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʥʪʨʦʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʠʙʨʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʘʧʬʠʨʦʚʦʛʦ ʩʚʝʪʦʚʦʜʘ ʩ ʜʝʧʨʝʩʩʠʨʦʚʘʥʥʦʡ 

ʩʝʨʜʮʝʚʠʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʩʚʝʪʦʚʦʜ 
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SENSITIVE ELEMENT OF FIBER OPTICAL ACCELEROMETER 

BASED ON SAPPHIRE GLASS 

 
ɸ. Sandler, Associate Professor 

National University "Odessa Maritime Academy" 

 
Abstract. To build a system of comprehensive monitoring of the parameters of the ship's power plant, 

it is necessary to carry out effective control of vibratory parameters. Existing control systems do not fully 

meet the monitoring objectives in terms of their specifications and specifications. The capabilities of existing 

known systems have limitations on the depth of use and compensation for the influence of operational fac-

tors. A new circuit design of the sensitive element of the high-frequency vibration control device based on a 

sapphire fiber with a depressed core is proposed. 

Keywords: transducer, sensitive element, light guide 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ʀʇ) ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʩʦʟʜʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʂʘʢ ʧʨʘʚʠ-

ʣʦ, ʀʇ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʥʘʜʣʝʞʠʪ ʜʦ-

ʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʫʨʦʚʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠ-

ʩʪʝʤ. ʀʇ ʜʦʣʞʥʳ ʦʨʛʘʥʠʯʥʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʀʇ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦ-

ʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ (ɺʆɸ). 

ɺ ɺʆɸ, ʚ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ.1) [1]. 

                 

 
                                    

ʈʠʩʫʥʦʢ 1 ï  ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ɺʆɸ 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʠʣʠ ʦʧʪʠʯʝʩʢʦ-

ʛʦ ʢʘʥʘʣʘ (ʆʂ) ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ʅʘ ʩʣʝ-
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ʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʠ ʧʦʤʦʱʠ ʩʭʝʤ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʆʂ ʠʥʠʮʠʠʨʫʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʚʦʣʥʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʬʣʫʢʪʫʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝ-

ʩʢʦʡ ʚʦʣʥʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʬʦ-

ʪʦʧʨʠʝʤʥʠʢʠ, ʛʜʝ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʨʝʛʠʩʪʨʠʨʫʝʤʫʶ ʚʝʣʠʯʠʥʫ ʩʠʣʳ ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʦʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. 

ʉʫʱʝʩʪʚʫʶʱʠʤ ʩʝʡʩʤʠʯʝʩʢʠʤ ʀʇ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ, ʩʚʦʡ-

ʩʪʚʝʥʥʳ ʯʘʩʪʦʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʟʚʝʥʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ, ʢʘʢ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ, ʪʘʢ ʠ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʨʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʝʪʩʷ, ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʀʇ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʨʷʜ ʩʧʦʩʦʙʦʚ ʢʦʨʨʝʢʮʠʠ ʯʘʩʪʦʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʛʨʫʧʧʠʨʦʚʘʥ-

ʥʳʭ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ - ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ. 

ʇʘʩʩʠʚʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝ-

ʧʝʡ ʠʣʠ ʫʩʠʣʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʟʘʜʘʥʥʫʶ ʬʫʥʢʮʠʝʡ ʦʙʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʢʦʨʨʝʢʪʠʨʫʝʤʦʛʦ ʫʟʣʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʧʨʠʙʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʮʝ-

ʧʝʡ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʠʣʠʪʝʣʝʡ. 

ɸʢʪʠʚʥʘʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʩʥʦʚʘʥʘ ʥʘ ʘʢʪʠʚʥʦʤ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʘ ʟʚʝʥʦ, ʷʚʣʷʶʱʝʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʛʨʝʰʥʦʩʪʠ. ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ 

ʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʦʙʳʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʢʘʢ ʚ ʥʠʟʢʦ- ʪʘʢ ʠ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʫʶ ʦʙʣʘʩʪʴ, ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʚʳʠʛʨʳʰʘ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʠ ʨʘʩʰʠ-

ʨʝʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʝʡʩʤʠʯʝʩʢʠʤ ʀʇ ʚʳʟʳʚʘʝʪ ʧʦʪʝʨʶ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʫʶ ʧʦʪʝʨʝ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟʤʝʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʙʦʨʘ ʠʣʠ ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʞʝʩʪʢʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʘʩʩʦʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʥʝʨʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʦʜʘʪʣʠʚʦʩʪʴʶ 

ʫʧʨʫʛʦʛʦ ʟʚʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʦ ʚ ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʵʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʠʩʢʣʶʯʘʝʪʩʷ. 

ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʤʘʷʪʥʠʢʦʚʳʡ ʘʢʩʝʣʝʨʦ-

ʤʝʪʨ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʚʪʦʨʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ɺʆɸ (ʨʠʩ. 2) [2 - 7].  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʘ, ʦʩʥʦʚʳ, 

ʦʧʦʨʥʦʛʦ ʩʚʝʪʦʚʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʣʦʢ ʉ/G-ʣʠʥʟ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʝʛʦ ʩʚʝʪʦʚʦʜʦʚ ʩ ʦʪʨʘʞʘʶʱʝʡ ʩʣʦʷʤʠ ʥʘ ʪʦʨʮʘʭ. ʅʘ ʦʢʦʥʝʯʥʦʩʪʠ ʠʟʤʝʨʠ-
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ʪʝʣʴʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʟʘʢʨʝʧʣʝʥʘ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʘʷ ʵʢʩʮʝʥʪʨʠʢʦʚʘʷ ʤʘʩʩʘ ʠʟ 

ʩʪʝʢʣʘ.  

ɿʘ ʦʩʥʦʚʥʫʶ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ɺʆɸ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʫʶ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʟʚʝʥʘ, ʚ ʢʦʪʦʨʦʤ ʩʝʡʩʤʠʯʝʩʢʘʷ ʤʘʩʩʘ ʠʤʝʝʪ 

ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʷʪʥʠʢ, ʚ ʢʦ-

ʪʦʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʚʝʪʦʚʦʜ ʷʚʣʷʝʪʩʷ ʦʩʴʶ ʠ ʫʧʨʫʛʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ (ʏʕ). 
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ʪʨʠʢʦʚʘʷ ʤʘʩʩʘ; 5 - ʦʪʨʘʞʘʶʱʠʡ ʩʣʦʡ; 6 - ʦʩʥʦʚʘ 
 

        ʎʝʣʠ ʩʪʘʪʴʠ  

ʉʦʛʣʘʩʥʦ ɻʆʉʊ [8, 9] ʀʇ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʥʝʨʘʟʨʫ-

ʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʠʙʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʦʙʲʝʢʪʦʤ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʜʦ 20 ʢɻʮ. 

ɺ ʪʘʢʦʤ ʀʇ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ ʨʝʟʦʥʘʥʩʥʦʡ 

ʯʘʩʪʦʪʳ. ɺ ʘʢʩʝʣʝʨʦʤʝʪʨʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, ʘ ʫʧʨʫʛʠʡ 

ʏʕ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ [10 - 12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʣʦʢʘ-

ʣʠʟʦʚʘʥʘ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʙʳ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʀʇ ʢʦʤʧʣʝʢʩʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʆʙʱʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʠ ʨʘʟʣʠʯʠʷʭ ʧʦ ʨʷʜʫ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʠ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 
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ʄʘʪʝʨʠʘʣ rʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʫʛʦʛʦ ʏʕ ʨʘʩʩʤʘʪʨʠʚʘ-

ʣʠʩʴ ʩʚʝʪʦʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʩʪʝʢʦʣ ʢʨʦʥ ʠ ʬʣʠʥʪ, ʘ ʪʘʢʞʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʩʘʧʬʠʨʘ. ʉʚʦʡʩʪʚʘ ʠ ʨʘʟʤʝʨʳ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʝʥʳ ʚ [13 - 18]. 

ʏʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʦʥʥʦʛʦ ʤʘʷʪʥʠʢʦʚʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ, ʩ ʏʕ ʠʟ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ   

 
ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ, ʇʘ; d ï ʜʠʘʤʝʪʨ ʏʕ, ʤ; L ï ʜʣʠʥʘ ʏʕ, ʤ;  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ, m ï ʤʘʩʩʘ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ, ʢʛ; l ï ʜʣʠʥʘ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ, ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʊʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʩʪʝʢʦʣ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʘʧʬʠʨʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʀʇ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʨʠ ʩʦʭʨʘʥʝ-

ʥʠʠ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʏʕ ʚ ʜʠʘʧʘʟʦʥʝ 

0,014 é 0,015 ʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʏʕ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ  

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʫʧʨʫʛʦʩʪʠ,  

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʫ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ 

ʩʚʝʪʦʚʦʜʘ. 

 

 
ʈʠʩʫʥʦʢ 3 ï  ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɺʆɸ ʦʪ ʪʠʧʘ  

ʤʘʪʝʨʠʘʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ɺ ʦʙʣʘʩʪʠ ʩʝʨʜʮʝʚʠʥʳ ʧʨʠʨʘʱʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʝ-

ʥʝʙʨʝʞʠʤʦ ʤʘʣʳ. 

ʇʨʝʜʣʦʞʝʥʦ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʀʇ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʡ ʩʚʝʪʦʚʦʜ ʩ ʜʝʧʨʝʩʩʠʨʦʚʘʥʥʦʡ ʩʝʨʜʮʝʚʠʥʦʡ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʜʚʫʤʷ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʪʨʫʙʯʘʪʳʤʠ ʩʚʝʪʦʚʦʜʘʤʠ.  
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ʇʦʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʝʨʜʮʝʚʠʥʳ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʦʣʥ ʩ ʯʝʪʳʨʝʭ (ʜʣʷ ʩʚʝʪʦʚʦʜʘ ʩʦ 

ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ, ʨʠʩ. 5, ʘ) ʜʦ ʜʚʫʭ (ʧʨʦʬʠʣʴ ʩʚʝʪʦʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʠʩ. 5, 6). ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʝʨʜʮʝʚʠʥʳ (ʨʠʩ.5, 

ʚ) ʠ ʧʝʨʝʭʦʜ ʢ ʚʦʣʦʢʥʫ ʩ ʚʦʟʜʫʰʥʳʤ ʢʘʧʠʣʣʷʨʦʤ ʚ ʩʝʨʜʮʝʚʠʥʝ (ʨʠʩ.5, ʛ) ʥʝ ʠʟ-

ʤʝʥʷʝʪ ʢʘʨʪʠʥʫ ʢʘʯʝʩʪʚʝʥʥʦ.  

 

 
ʈʠʩʫʥʦʢ 4 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʠʟʤʝʥʝʥʠʷ  

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʏʕ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʬʠʣʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʚʝʪʦʚʦʜʘ ʩ ʜʝʧʨʝʩʩʠʨʦʚʘʥʥʦʡ  

ʩʝʨʜʮʝʚʠʥʦʡ 

 

ɺ ʩʣʫʯʘʝ ʧʨʦʬʠʣʷ ʇʇ (ʨʠʩ. 5, ʚ-ʛ), ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʪʝʢʘʥʠʝ ʚʦʣʥ ʦʙʦʣʦʯʢʠ ʚʦ ʚʥʝʰʥʶʶ ʦʙʣʘʩʪʴ, ʪʘʢ ʢʘʢ ʥʘʨʫʰʘʝʪʩʷ ʫʩʣʦʚʠʝ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʪʦʨʦʡ ʛʨʘʥʠʮʝ ("ʦʙʦʣʦʯʢʘ - ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ"). ɺʳʪʝʢʘʥʠʝ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʦʙʣʘʩʪʴ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʬʠʣʴ ʆɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 5, ʙ, ʫʩʣʦʚʠʝ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ "ʩʝʨʜʮʝʚʠʥʘ ï ʦʙʦʣʦʯʢʘ" ʥʘʨʫʰʘʝʪʩʷ 

ʨʘʥʴʰʝ, ʯʝʤ ʥʘ ʛʨʘʥʠʮʝ "ʦʙʦʣʦʯʢʘ - ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ". ɺ ʠʪʦʛʝ ʥʘʯʠʥʘʝʪʩʷ 

"ʚʪʝʢʘʥʠʝ" ʚʦʣʥ ʚ ʩʝʨʜʮʝʚʠʥʫ ʩʚʝʪʦʚʦʜʘ [19].  

ɺʳʚʦʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʚʦʜʘ ʪʘʢʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʘʣʴʥʦ ʩʦʯʝʪʘʪʴ 
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Abstract: The proposed methods of modeling electrical and energy processes allow to take into ac-

count the influence of the parameters of the circuit elements, their deviation from the nature of the depend-

encies and to obtain the results in the form of quantitative estimates, graphs, tables of electrical and energy 

processes of pulse converters that provide the specified quality of the output voltage of power systems of ma-

rine electrical equipment. 
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ship electrical installations, quality of electric power, technological electric drives. 
 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚ ʘʚʪʦʥʦʤʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʩʫʯʘʩʥʠʭ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʽ ʙʫʨʦ-

ʚʠʭ ʧʣʘʪʬʦʨʤ ʻ ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʦʶ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʪʫʞʥʠʭ ʽʤʧʫ-

ʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ ʫ ʩʢʣʘʜʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʨʽʟʥʦʤʘʥʽ-

ʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ɿʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʪʘʢʠʭ 

ʘʚʪʦʥʦʤʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʪʘʢʠʭ ʥʘʩʣʽʜʢʽʚ, 

ʷʢ ʧʝʨʝʜʯʘʩʥʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʚʽʜʤʦʚʠ ʚ ʨʦʙʦʪʽ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ, ʟʚôʷʟʢʫ, ʨʘʜʽʦʥʘʚʽʛʘʮʽʾ. 

ɯʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʨʦʟʛʣʷʥʫʪʽ ʚ [1-9] ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʝʡ. ʆʜʥʘʢ, 

ʥʘ ʧʨʘʢʪʠʮʽ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʴʰ 100 ɺʪ, ʚʠʥʠʢʘʻ 

ʨʷʜ ʪʨʫʜʥʦʱʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: 

- ʟʥʘʯʥʽ ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʽʚ ʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʣʘʥʮʶʛʘʭ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʽ ʜʦʨʦʛʠʭ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʟʛʣʘʜʞʫʶʯʠʭ 

ʬʣ̔ʴʪʨʽʚ; 
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- ʟʤʝʥʰʝʥʥʷ ʂʂɼ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʦʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽ ʢʦʤʫʪʫʶʯʽ ʝʣʝʤʝʥʪʠ, 

ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ), ʫ ʧʦʨʽ-

ʚʥʷʥʥʽ ʟ ʤʘʣʦʧʦʪʫʞʥʠʤʠ; 

- ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ 

ʢʦʤʫʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʢʣʘʜʥʠʭ ʟʛʣʘʜʞʫʶʯʠʭ ʬʽʣʴʪʨʽʚ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʤʫʩʦ-

ʚʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʡ ʪ. ʽ. 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʪʫʞʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʦʙʫ-

ʜʦʚʠ. 

ɯʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ (ʇʇʅ) ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʦʜʥʘʢʦʚʠʭ ʚʟʘʻʤʦʟʘʤʽʥʥʠʭ ʤʦʜʫʣʽʚ 

ï ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ (ʉʂ1,éʉʂk,éʉʂN) [1]. ʉʠʣʦʚʽ ʢʘʥʘʣʠ (ʉʂ) ʧʝʨʝʪʚʦʨʷʪʴ ʝʣʝʢ-

ʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʜʞʝʨʝʣʘ ʧʝʨʚʠʥʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ) 

ʫʧʨʘʚʣʷʻ ʧʨʦʮʝʩʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʇʇʅ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʡ 

ʩʪʨʫʤʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʣʘʥʮʶʛʘʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʛʣʘʜʞʫ-

ʶʯʽ ʬʽʣʴʪʨʠ. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʽʩʪʠʪʴ N ʉʂ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ 

ʦʜʥʦʬʘʟʥʦʤʫ ʡ ʙʘʛʘʪʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ. ʇʝʨʝʪʚʦʨʶʚʘʯ, ʱʦ ʧʨʘʮʶʻ ʚ ʦʜʥʦʬʘʟ-

ʥʦʤʫ ʨʝʞʠʤʽ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʬʘʟʥʠʤ ʽʤʧʫʣʴʩʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ (ʆɯʇ). ʇʝʨʝ-

ʪʚʦʨʶʚʘʯ, ʱʦ ʧʨʘʮʶʻ ʚ ʙʘʛʘʪʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ ʥʘʟʠʚʘʶʪʴ ʙʘʛʘʪʦʬʘʟʥʠʤ ʽʤʧʫ-

ʣʴʩʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ (ɹɯʇ) [1]. 

ɺ ʆɯʇ ʚʩʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʉʂ ʩʠʥʭʨʦʥʥʽ ʡ ʩʠʥʬʘʟʥʽ, ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ 

ʩʧʦʞʠʚʘʥʥʷ ʽ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʬʦʨʤʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʤʫ ʦʜʥʦʛʦ ʩʠ-

ʣʦʚʦʛʦ ʢʘʥʘʣʫ, ʘ ʧʦ ʘʤʧʣʽʪʫʜʽ ʚ N ʨʘʟ ʙʽʣʴʰʝ. 

ʋ ɹɯʇ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʚ k-ʭ ʩʠʣʦʚʠʭ ʢʘʥʘʣʘʭ ʩʠʥʭʨʦʥʥʽ, ʘʣʝ ʥʝ ʩʠʥʬʘʟ-

ʥʽ. ɽʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʩʠʣʦʚʠʭ ʢʘʥʘʣʘʭ ɹɯʇ ʨʽʚʥʦʤʽʨʥʦ ʟʤʽʱʝʥʽ ʜʨʫʛ ʚʽʜʥʦʩ-

ʥʦ ʜʨʫʛʘ ʥʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ Tʧ= T/N, ʜʝ ʊ ï ʧʝʨʽʦʜ ʧʝʨʝʪʚʦʨʝʥʥ.̫  

ɿʩʫʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʡ 

ʩʪʨʫʤʽʚ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ɹɯʇ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʝʣʠʯʠʥʦʶ ʧʫʣʴʩʘʮʽʡ ʚ ʆɯʇ ʽ ʦʢʨʝʤʦ 

ʚʟʷʪʦʤʫ ʉʂ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʢʽʥʮʽ ʽʥʪʝʨʚʘʣʫ ʥʘʢʦʧʠʯʝʥʥʷ ʩʪʨʫʤ ʜʨʦʩʝʣʷ, ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʤʫʪʘʮʽʾ ʦʙʤʦʪʦʢ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʚʝʣʠʯʠʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʩʝʨʝʜʜʽ ʟʘʟʥʘʻ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʨʦʩʝʣʷ n21 

1221 WWn = . (1) 

ʜʝ W1, W2 - ʯʠʩʣʦ ʚʠʪʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʦʙʤʦʪʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʧʦʚʝʨʥʝʥʥʷ 

ʜʨʦʩʝʣʷ L1 

ʋ ɹɯʇ ʪʘʢʦʞ, ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʽʚ, ʩʧʦʞʠʚʘʥʥʷ ʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ɹɯʇ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ N ʨʘʟ, ʘ ʾʭ ʨʽʚʝʥʴ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʙʫʪʠ ʡ ʥʫʣʴʦʚʠʤ [1]. 

ʇʨʠ ʮʴʦʤʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʚ ɹɯʇ ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ. ʎʝ ʚʽʜʙʫʚʘʻʪʴ-

ʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʩʪʨʫʤʽʚ ʧʨʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʚ ʟʘʛʘʣʴʥʠʭ ʣʘ-

ʥʮʶʛʘʭ ʩʧʦʞʠʚʘʥʥʷ ʡ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʤʽʱʝʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʣʘʥʮʶʛʘʭ ɹɯʇ ʚʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʡ ʥʘʧʨʫʛʠ ʚʠʷʚ-

ʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʘ ʾʭ ʯʘʩʪʦʪʘ ʚ N ʨʘʟ ʚʠʱʝ, ʯʠʤ ʚ ʘʥʘʣʦʛʽʯʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠ ʆɯʇ. ʆʪʞʝ, ʫ ɹɯʇ ʩʧʨʦʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʬʽʣʴʪʨʽʚ, ʟʤʝʥʰʫʶʪʴʩʷ ʾʭʥʽ ʛʘ-

ʙʘʨʠʪʠ, ʤʘʩʘ ʡ ʚʘʨʪʽʩʪʴ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ. 

ɼʦʥʝʜʘʚʥʘ ʻʜʠʥʠʤ ʜʦʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʇʇʅ ʙʫʣʦ ʬʽʟʠʯʥʝ 

ʤʘʢʝʪʫʚʘʥʥʷ. ʌʽʟʠʯʥʝ ʤʘʢʝʪʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʪʠʤʯʘʩʦʚʠʭ 

ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʘʢʝʪʘ. ɺʦʥʦ ʪʘʢʦʞ ʦʙʤʝʞʝʥʝ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʧʦ ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʟʽ), ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʡ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʠʚ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʨʦʟʛʣʷʥʫʪʠʭ ʫ [1, 7] ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʇʇʅ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɽʆʄ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʇʇʅ ʜʦʟʚʦ-

ʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʡ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ.  

ʋ ʮʝʡ ʯʘʩ ʫ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʩʠʩʪʝʤʠ ʡ ʧʨʦʛʨʘʤʥʽ 

ʢʦʤʧʣʝʢʩʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʯʠʩʣʽ ʷʢʠʭ: Multisim 

(ñNational Instrumentsò), Proteus (ñLabcent Electronicsò), Ltspice (ñLinear 

Technologyò), HSPICE (ñMetasoftwareò); Pspice (ñMicrosimò); Microcap 

(ñSpectrum Softwareò); Circuit Maker (ñThe Virtual Elektronics Labò); MATLAB 

(ñMathworkò), Mathcad (ñMathsoftò), ʽ ʽʥʰʽ. ɼʘʥʽ ʉɸʇʈ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʨʽʟʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʇʇʅ, ʚʠʢʦʥʫʚʘʪʠ 

ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ, ʘʥʘʣʽʟ ʩʪʘʪʠʯʥʦʛʦ ʡ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʾ ʩʭʝʤʠ, ʛʘʨʤʦʥʽʡʥʠʡ ʘʥʘʣʽʟ ʽ ʽʥ. [1, 3ï7, 10]. 

 ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶ-

ʚʘʯʽʚ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʟ ʧʦʛʣʷʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʻ ʉɸʇʈ 

Multisim ʽ Micro-Cap [11]. ɼʘʥʽ ʉɸʇʈ ʤʘʻ ʟʨʫʯʥʠʡ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʜʦʟʚʦ-

ʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʝʣʝʤʝʥʪʘʭ ʜʦʩʣʽʜʞʫ-

ʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʨʠ ʮʴʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʜʝʨʞʫʚʘʥʽ ʚ ʉɸʇʈ, ʙʘ-

ʟʫʶʪʴʩʷ ʥʘ ʨʦʟʚ'ʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝ-

ʩʠ ʟ ʚʠʩʦʢʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ, ʱʦ ʨʝʘʣʴʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ.  

ʆʜʥʘʢ ʜʘʥʽ ʉɸʇʈ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʥʝʜʦʣʽʢʠ: ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʣʦʚʦʾ ʯʘʩ-

ʪʠʥʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʣʶʚʘʪʠ ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ; ʪʨʫʜʥʦʱʽ ʩʧʦʣʫ-

ʯʝʥʥʷ ʉɸʇʈ ʽʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʘʤʠ; ʪʨʫʜʥʦʱʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʡ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹɯʇ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ [10]. 

ɿʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ, ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʡ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʇʇʅ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʇʆ, ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦ-

ʛʽʾ ʜʠʥʘʤʽʯʥʠʭ ʙʽʙʣʽʦʪʝʢ [11], ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘ-

ʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʉɸʇʈ. ɼʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ç ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴè ʙʽʙʣʽʦʪʝʢʠ, ʱʦ ʡ ʜʠʥʘʤʽʯʥʦ 
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ʧʽʜʢʣʶʯʘʻʪʴʩʷ (DLL), ʫ ʷʢʽʡ ʧʝʨʝʙʫʚʘʻ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ɹʽʙʣʽʦʪʝʢʘ ʤʽʩʪʠʪʴ 

ʫ ʩʦʙʽ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʢʦʜʫ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʛʝʥʝʨʫʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʟʨʦʙʢʠ. ʎʝ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ, ʟʘʪʨʘʯʫʚʘʥʠʡ ʥʘ 

ʩʪʚʦʨʝʥʥʷ DLL, ʽ ʚʠʤʘʛʘʻ ʤʽʥʽʤʫʤ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

[11]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩ, ʟʘʪʨʘʯʫʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʧʦʨʽʚʥʷʥ-

ʥʠʡ ʟʛʦʜʦʤ, ʟʘʪʨʘʯʫʚʘʥʠʤ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʘʢʝʪʘ ʚ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴ-

ʥʠʭ ʧʨʦʛʨʘʤʘʭ.  

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ [3] ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʘ-

ʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʘ ʟʨʫʯʥʽʩʪʴ ʫ ʨʦʙʦʪʽ ʡ ʚʠʤʘʛʘʻ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽ-

ʜʞʝʥʴ. 
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ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʟʘʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʤʦʨʩʴʢʠʤʠ ʽ ʨʽʯʢʦʚʠʤʠ ʩʫʜ-

ʥʘʤʠ ʻ ʧʽʜʨʫʣʶʶʯʠ ʧʨʠʩʪʨʦʾ (ʇʇ). ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʚʩʝ ʟʨʦʩʪʘʶ-

ʯʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ ʩʫʜʝʥ ʫ ʧʨʦʪʦʢʘʭ, ʧʦʨʪʘʭ ʽ ʨʽʯʢʘʭ, ʙʽʣʷ ʙʫʨʦʚʠʭ ʧʣʘʪ-

ʬʦʨʤ ʪʘ ʽʥʰʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ, ʟ ʚʠʤʦʛʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʩʫʜʥʦʧʣʘʚʩ-

ʪʚʘ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ.  

ʗʢ ʧʨʘʚʠʣʦ, ʇʇ ʥʘ ʩʫʜʥʘʭ ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʽ, ʽ ʪʦʤʫ ʝʢʽʧʘʞʽ ʩʫʜʝʥ ʟʘʡʤʘʶʪʴ-

ʩʷ ʣʠʰʝ ʾʭʥʴʦʶ ʪʝʭʥʽʯʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ (ʊɽ). ʇʠʪʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʱʽʣʴʥʦ 

ʧʦʚôʷʟʘʥʝ ʟ ʧʨʘʚʠʣʴʥʠʤ ʚʠʙʦʨʦʤ ʇʇ. ɸʣʝ ʚ ʮʽʣʦʤʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ, ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘ ʇʇ ʦʜʥʦʛʦ ʡ ʪʦ-

ʛʦ ʞ ʪʠʧʦʨʦʟʤʽʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʊɽ ʥʝʦʙʭʽʜʥʦ ʚʦʣʦʜʽʪʠ ʙʽʣʴʰʠʤ ʦʙʩʷʛʦʤ ʟʥʘʥʴ ʪʘ ʽʥʬʦʨ-

ʤʘʮʽʻʶ ʟ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ.  
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ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʚʠʙʦʨʫ ʧʽʜ-

ʨʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʨʦʟʨʦʙʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡ-

ʙʽʣʴʰʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʩʧʦʨʪʥʠʤ ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʫʜ-

ʥʘ. 

ʇʝʨʝʚʽʨʢʫ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʝʜʝʤʦ ʥʘ ʙʘʟʽ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʝʡʥʝʨʦʚʦʟʫ çMathilde Maerskè ʤʽʩʪʢʽʩʪʶ 16000 TEU [1]. 

ɺ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʜʝʤʦ ʢʝʨʫʚʘʪʠʩʴ ʣʠʰʝ ʚʽʪʯʠʟʥʷʥʦʶ ʥʦʨʤʘʪʠʚʥʦ ï 

ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. [2] 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [3] ʧʦʪʫʞʥʽʩʪʴ ʇʇ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʝʥ 

(ʟʘ ʚʠʥʷʪʢʦʤ ʪʘʥʢʝʨʽʚ ʽ ʧʦʨʦʤʽʚ) ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʟʥʘ-

ʯʠʪʠ: 

                                          8,040 Dwtʈʇʇ Ö= ,                                              (1) 

ʜʝ Dwt ï ʜʝʜʚʝʡʪ ʩʫʜʥʘ, ʪʠʩ.ʪ.  

ɿ ʜʨʫʛʦʾ ʩʪʦʨʦʥʠ ʧʦʪʫʞʥʽʩʪʴ ʇʇ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʪʷ-

ʛʠ F, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʇʇ, ʽ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʩʫʜʥʘ ʚʠʱʦʾ/ʥʠʞʯʦʾ ʟʘ ʚʘʪʝʨʣʽ-

ʥʽʶ ʪʘ ʫʧʦʨʫ. ʋʧʦʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʇʇ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʫʜʝʥ ʥʘʚʝʜʝʥʦ ʚ 

[4]: 

                                               ʇʇ
ʇʀʊ ʇʀʊ

F S ʊ
ʈ

f f

Ö
= = ,                                                     (2) 

ʜʝ  S ï ʧʣʦʱʘ ʧʽʜʚʦʜʥʦʾ/ʥʘʜʚʦʜʥʦʾ ʯʘʩʪʠʥʠ ʩʫʜʥʘ, ʤ2; 

     ʊ ï ʫʧʦʨ, ʅ/ʤ2 (ʪʘʙʣʠʮʷ 2);  

        fʧʠʪ = 140-170 ï ʧʠʪʦʤʘ ʪʷʛʘ, ʅ/ʢɺʪ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʪʘʙʣʠʮʷʤʠ ʪʷʛʦʚʦ-ʧʦʪʫʞʥʦʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʇʍ) ʇʇ 

ʧʨʦʚʽʜʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ Rolls-Royce (ɺʝʣʠʢʦʙʨʠʪʘʥʽ̫ ), Wªrtsilª 

Lips (ʌ̔ʥʣʷʥʜʽ̫ ) ʦʙʠʨʘʻʤʦ ʪʠʧ, ʜʽʘʤʝʪʨ ʛʚʠʥʪʘ  ̔ʧʦʪʫʞʥʽʩʪʴ ʡʦʛʦ ʜʚʠʛʫʥʘ. ɼʣʷ 

ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (1) 

ʠ (2) ʚʠʢʦʥʘʻʤʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʊʇʍ ʇʇ ʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʘʤʝʪʨʘ ʛʚʠʥʪʘ D  ʚʽʜ ʧʦ-

ʪʫʞʥʦʩʪʽ ʡʦʛʦ ʧʨʠʚʦʜʫ. 

ʊʇʍ ʇʇ, ʧʦʜʘʥʽ ʥʘ ʨʠʩ.1, ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

661,32137,7104228,0)( 23 -+ÖÖ= - ʊʊʊʈ ,  

ɿʘʣʝʞʥʽʩʪʴ ʜʽʘʤʝʪʨʘ ʛʚʠʥʪʘ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ (ʨʠʩ.2), ʧʦʜʘʥʘ ʫ ʚʠ-

ʛʣʷʜʽ: 
3656,01636,0 ʈD Ö= , 

ʜʝ  ʈ ï ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢɺʪ. 

ʇʨʠ ʟʘʜʘʥʠʭ ʜʝʜʚʝʡʪʽ (116 ʪʠʩ.ʪ.), ʦʩʘʜʮ ̔(15 ʤ.), ʜʦʚʞʠʥʽ ʪʘ ʰʠʨʠʥʽ (415 

ʤ., 45 ʤ.) ʩʫʜʥʘ, ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʇʇ: ʜʣʷ ʟʘʣʝʞ-

ʥʦʩʪʽ (1) - ʈ=1700ʢɺʪ, ʘ ʜʣʷ (2) ï ʈ=2100ʢɺʪ. ʎ̔  ʜʘʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʚʘʣʦʤʫ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʇʇ (S1). 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʦʩʪʽ ʈ=f(D) (1); 

P=f(ʊ) (2) 

ʈʠʩʫʥʦʢ 2 ï  ɿʘʣʝʞʥʽʩʪʴ ʜʽʘʤʝʪʨʘ ʛʚʠʥʪʘ ʇʇ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʤʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʇ ʽ ʧʨʠʚʦʜʥʦʛʦ ʘʩʠʥʭ-

ʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ (ɸɼ), ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʩʫʜʥʽ çMathilde Maerskè. ʊʘʢ ʇʇ ʪʠ-

ʧʫ ʊʊ 2650 AUX CP* ʚʠʨʦʙʥʠʢ (Rolls-Royce/ Kamewʘ) ʟ ʧʦʪʫʞʥʽʩʪʶ ʧʨʠʚʦʜʥʦ-

ʛʦ ʜʚʠʛʫʥʘ 2200 ʢɺʪ, ʪʘ ʧʨʠʚʦʜʥʠʡ ɸɼ ʪʠʧʫ ɸʄɺ 560L8A VAMH  ʚʠʨʦʙʥʠʢ 

ɸɺɺ. 

ɼʣʷ ʚʠʙʦʨʫ ʙʫʜʴ-ʷʢʦʾ ʟ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʇʇ, ʚʨʘʭʫʻʤʦ ʧʠ-

ʪʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʊɽ) ʇʇ, ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʦʾ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʥʮʠʧʦʤ 

ʜʽʾ ʇʇ ʪʘ ʟʛʽʜʥʦ ʟ ʧ. 16.2.10 ʇʊɽ [2] ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʚʢʘʟʽʚʦʢ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ ʘʙʦ ʩʫʜʥʦʚʣʘʩʥʠʢʘ.  

ɼʣʷ ʫʪʦʯʥʝʥʥʷ  ʧʦʪʫʞʥʦʩʪʽ ʇʇ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʛʨʽʚʫ. 

ʈʝʞʠʤ ʨʦʙʦʪʠ ɸɼ ʇʇ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧ.16.2.10 ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ 

ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʨʝʞʠʤ (S2), ʪʦʜʽ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʷʢʘ ʦʪʨʠʤʘʥʘ 

ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (S1) ʥʝʦʙʭʽʜʥʦ ʟʚʝʩʪʠ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʢʦʨʦʪʢʦʯʘʩ-

ʥʦʛʦ ʨʝʞʠʤʫ (S2): 

                                                

ʅʊ

tSS

ʝ

Pʈ
-

-

Ö=

1

1
12 ,                                                    (3)  

ʜʝ ʊʥ ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʥʘʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʘ, ʭʚ.  

ʇʦʩʪʽʡʥʘ ʯʘʩʫ ʥʘʛʨʽʚʘʥʥʷ ɸɼ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ: 

                                               
2

200

J
Tʅ

qDÖ
= ,                                                     (4) 

ʜʝ æɗ ï ʜʦʧʫʩʪʠʤʝ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʽʟʦʣʷʮʽʾ, ʦʉ; 

       J ï ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ, ɸ/ʤʤ2.  

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ æɗ=80 ʦʉ, ʘ ʚʝʣʠʯʠʥʘ ȹɗ/ȹt ʩʪʘʥʦʚʠʪʠʤʝ 0,091ʂ/ʩ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʫʞʥʽʩʪʴ ɸɼ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʟʛʽʜʥʦ ʟ (1) ʧʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (3) ʩʢʣʘʜʝ 1743,64ʢɺʪ, ʘ ʧʦʪʫʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʜʦ (2) - 2153ʢɺʪ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʟʥʘʯʝʥʥʷʤ, ʧʦʜʘʥʠʤ ʚ [1] (P =2200 
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ʢɺʪ), ʪʦʙʪʦ ʤʝʪʦʜʠʢʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2)) ʜʘʻ ʙʽʣʴʰʝ ʨʝʘ-

ʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʊʘʢʦʞ ʜʣ ̫ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʘ ʯʘʩʫ (ʊʥ) ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʜʘʥʠʤʠ ʪʝʧʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ.3). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʊʥ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ-

ʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                                                       
ʊʅ

ɼʆʇ

ʅ
ʈ

ʉ

ɸ

ʉ
ʊ

D

DÖ
==

q
,                                                   (5)    

ʜʝ ʉ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʜʚʠʛʫʥʘ (ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1ʦʉ), ɼʞ/(ʢʛĀʦʉ); ȹɗ ï ʜʦʧʫʩʪʠʤʝ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʜʘʥʦʛʦ ʢʣʘʩʫ ʽʟʦʣʷʮʽʾ, ʦʉ; ȹʈʊʅ ï ʥʦʤʽʥʘʣʴʥʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʜʚʠʛʫʥʘ, ɺʪ. 

ʇʦʨʽʚʥʷʻʤʦ ʨʦʟʨʘʭʫʥʢʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4) ʪʘ (5). 

ʇʨʠ ʨʦʙʦʪʽ ɸɼ ʚ ʨʝʞʠʤʽ S1 ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ʦʪʨʠʤʘʥʦʶ ʟʘ (4) (ʊʥ=10ʭʚ.) ʜʦʧʫ-

ʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʽʟʦʣʷʮʽʾ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʯʝʨʝʟ 40ʭʚ. ɼʣʷ 

ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ, ʦʪʨʠʤʘʥʦʾ ʟʘ (5) (ʊʥ=20ʭʚ.) ï 80ʭʚ. ʇʨʠ ʨʦʙʦʪʽ ɸɼ ʚ ʨʝʞʠʤʽ S2 

ʧʨʦʪʷʛʦʤ 30ʭʚ. (ʊʥ=10ʭʚ. ʽ ʊʥ=20ʭʚ) ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʩʷʛʘʻ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʧʝʨʝʚʠʱʝʥʥʷ 120ʦʉ. ʇʽʩʣʷ ʮʴʦʛʦ ɸɼ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʨʠʚʘ-

ʣʽʩʪʴ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 70ʭʚ. ɿʘʧʘʩ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʣʷ ʊʥ=10ʭʚ. 

ʩʢʣʘʜʘʻ 5ʦʉ, ʘ ʜʣʷ ʊʥ=20ʭʚ. ï 20ʦʉ.  

ɼʣʷ ʟʥʘʯʝʥʴ ʧʦʩʪʽʡʥʠʭ ʥʘʛʨʽʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʟʘ (4) ʪʘ (5) ʥʘ ʨʠʩ.4 ʧʦʙʫʜʦ-

ʚʘʥʽ ʢʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ ʨʝʞʠʤʫ S1 (1) ̔  (2), ʪʘ ʢʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʣʷ ʨʝʞʠʤʫ S2 (3) ʽ (4). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ (5)  ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ 

ʜʚʠʛʫʥʘ ʥʘʜʘʻ ʱʝ ʙʽʣʴʰʫ ʟʙʽʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʇʇʈ , ʷʢʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʫʣʠ (2),  ʟ ʥʘʚʝʜʝʥʦʶ ʚ [1]. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘ-

ʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʇʇ.  

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ɸɼ 

ʚʽʜ ʡʦʛʦ ʤʘʩʠ 

 

ʈʠʩʫʥʦʢ 4 ï ʂʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ɸɼ ʚ ʨʝʞʠʤʽ 

S1 ʟ ʊʥ=10ʭʚ. (1), ʊʥ=20ʭʚ. (2). ʂʨʠʚʽ ʥʘʛʨʽ-

ʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ɸɼ ʚ ʨʝʞʠʤʽ S2 

ʟ ʊʥ=10ʭʚ. (3), ʊʥ=20ʭʚ. (4) 
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         ɺʠʩʥʦʚʢʠ. 

1. ʇʦʪʫʞʥʽʩʪʴ ʇʇ, ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ [4] ʜʘ ̒ʥʘʡ-

ʢʨʘʱʫ ʟʙʽʞʥʽʩʪʴ ʟ ʜʘʥʠʤʠ ʧʦʜʘʥʠʤʠ ʚ [1]. 

2. ɺʠʙʽʨ ʽ ʧʝʨʝʚʽʨʢʫ ʜʚʠʛʫʥʘ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ɻʆʉʊ183-74 ʪʘ ɻʆʉʊ 11828-86. 

3. ʈʽʟʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʩʪʽʡʥʠʭ ʥʘʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʘ ʜʘʶʪʴ ʨʦʟʙʽʞ-

ʥ̔ ʩʪʴ ʾʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʦʜʥʦʯʘʩ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʫʨʘʭʫ-

ʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ɸɼ ʧʨʠ ʚʠʙʦʨʽ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ.  

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ôMô class container ship. Operating manual lindß newbuilding L. 216. m/s òMATHILDE 

MAERSKò. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ. 

2. ʇʨʘʚʠʣʘ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʦʚ ʂʅɼ 31.2.002.07-96. ʕʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʋʢʨʘʠʥʳ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʝʧʘʨʪʘʤʝʥʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʅʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʋʢʨʘʠʥʳ. 
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ɸʥʦʪʘʮʽʷ. ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʘʥʪʘʞʥʦʛʦ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʨʘʥʘ, ʷʢʘ ʧʦʣʷ-

ʛʘʻ ʚ ʟʘʤʽʥʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ, ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ 

ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ PLC. ʇʨʠʚʝʜʝʥʦ ʘʨʛʫʤʝʥʪʠ ʜʦʮʽʣʴʥʦʩʪʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʷʢʽ ʙʘʟʫ-

ʶʪʴʩʷ ʥʘ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʘʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʨʥʽʟʘʮʽʷ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʦʜ, ʩʫʜʥʦʚʽ ʚʘʥʪʘʞʥʽ ʢʨʘʥʠ, ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʯʘʷ ʟʦʥʘ ʢʨʘʥʘ, 

ʣʠʤʠʪʠʨʦʚʘʥʥʘʷ ʦʛʨʘʥʠʯʠʪʝʣʷ-

ʤʠ: 1,2 ï ʚʝʨʭʥʷʷ  ʠ ʥʠʞʥʷʷ ʛʨʘ-

ʥʠʮʘ ʧʦʜʲʝʤʘ/ʦʧʫʩʢʘʥʠʷ;   3,4 ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ   

ʫʨʦʚʝʥʴ ʚʳʣʝʪʘ ʩʪʨʝʣʳ. 

 

 

  MODERNIZATION OF A 61000 DWT BULK CARRIERôS CARGO CRANE 

 
V. Busher, Dr. of Science, Professor  

A. Lozgachev, Master Student   

National University ñOdessa Maritime Academyò 

 
Abstract. The objective is to make modernization of shipôs hydraulic cargo crane, which is to change 

the hydraulic drives, already established, on electric motor based on VFD and PLC. Arguments and ad-

vantages of objectiveôs usefulness were given.  

Keywords: modernization, hydraulics, shipôs cargo cranes, variable-frequency electric motor.  

 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʜʥʘ 

ɹʘʣʢʝʨ LA TONDA ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʧʦʩʪʨʦʝʥ ʷʧʦʥʩʢʦʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʤʧʘʥʠʝʡ IMABARI  SHIPBUILDING ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʷʧʦʥʩʢʦʛʦ 

ʨʝʛʠʩʪʨʘ NIPON KYOKAY  (CLASS NK). ʉʫʜʥʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʠ: 

ʜʣʠʥʫ 199 ʤ, ʰʠʨʠʥʫ 32 ʤ, ʚʳʩʦʪʫ 18,6 ʤ, ʜʝʜʚʝʡʪ 61 241 ʪʦʥ, ʯʪʦ ʦʪʥʦʩʠʪ ʝʛʦ ʢ 

ʢʣʘʩʩʫ ULTRAMAX. ʅʘ ʙʘʣʢʝʨʝ ʫʩʪʘʥʦʚʣʝʥ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ MITSUI ï MAN 

B&W 6S50ME ʤʦʱʥʦʩʪʴʶ 7980 ʢɺʪ. ʕʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 550 ʢɺʪ ʢʘʞʜʳʡ. ʇʦ-

ʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ 4 ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʚʦʨʦʪʥʳʭ ʵʣʝʢʪʨʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʨʘʥʦʚ MITSUBISHI ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴʶ 30,5 ʪʦʥʥ ʩ ʛʘʢʦʤ ʠ 24 ʪʦʥʥr  ʩ 

ʛʨʝʡʬʝʨʦʤ. 

ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ ʢʨʘʥʘ, ʪʨʝʙʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʨʘʥʘ ʷʚʣʷʶʪʩʷ 

ʧʦʛʨʫʟʢʘ/ʨʘʟʛʨʫʟʢʘ ʛʨʫʟʘ ʩ ʩʫʜʥʘ ʚ ʧʦʨʪʘʭ, ʛʜʝ 

ʵʪʠ ʦʧʝʨʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʨʪʦʚʳʤʠ ʛʨʫʟʦ-

ʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

 ʗʧʦʥʩʢʠʡ ʨʝʛʠʩʪʨ [1] ʧʨʝʜʲʷʚʣʷʝʪ ʩʣʝʜʫ-

ʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʨʫʟʦʚʳʤ ʩʫʜʦʚʳʤ ʢʨʘʥʘʤ. 

ʂʘʞʜʳʡ ʤʝʭʘʥʠʟʤ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʘʙʞʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʨʘʙʘʪʳ-

ʚʘʶʱʠʤ ʪʦʨʤʦʟʦʤ ʚ ʩʣʫʯʘʝ ʚʦʟʨʘʱʝʥʠʷ ʨʳʯʘʛʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʡʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʣʶʙʦʛʦ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ 

ʧʨʠʚʦʜʘ ʠʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʨʳʚ ʚ ʧʦʜʘʯʝ 

ʵʥʝʨʛʠʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʜʦʣʞʥʘ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʩʚʝʨʭ ʜʦ-

ʧʫʩʪʠʤʦʛʦ. ɹʘʨʘʙʘʥʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʘʢʫʶ ʜʣʠ-

ʥʫ, ʯʪʦʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʦʜ-

ʥʦʩʣʦʡʥʘʷ ʥʘʚʠʚʢʘ ʪʨʦʩʘ, ʥʝ ʜʦʣʞʥʘ ʜʦʧʫʩʢʘʪʴʩʷ ʥʘʚʠʚʢʘ ʪʨʦʩʘ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ 

ʩʣʦʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʫʜʦʚʦʡ ʢʨʘʥ: 1 ï ʱʠʪ ʫʧʨʘʚʣʝʥʠʷ; 2 ï 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 3 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʙʘʢ; 4 ï ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʡ ʥʘʩʦʩ; ʤʝʭʘʥʠʟʤʳ: 5 ï ʧʦʚʦʨʦʪʘ; 6 ï ʧʦʜʲʝʤʘ; 

7 ï ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʩʪʨʝʣʳ; 8 ï ʤʘʩʣʷʥʳʡ ʭʦʣʦʜʠʣʴ-

ʥʠʢ; 9 ï ʩʪʨʝʣʘ.  

 ʉʫʜʦʚʳʝ ʢʨʘʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʳ ʩʣʝʜʫʁ ʱʠʤʠ ʦʛʨʘʥʠʯʠʪʝʣʷʤʠ 

(ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ): ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʦʜʲʝʤʘ, ʦʛʨʘ-

ʥʠʯʠʪʝʣʴ ʦʧʫʩʢʘʥʠʷ, ʦʛʨʘʥʠʯʠʪʝʣʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʣʝʪʘ 

ʩʪʨʝʣʳ, ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʦʚʦʨʦʪʘ ʥʘ ʢʨʘʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʫʛʦʡ ʧʦʚʦʨʦʪʘ 

(ʨʠʩ.1). ʈʘʙʦʪʘ ʢʨʘʥʘ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠ ʢʨʝʥʝ 5ʦ ʠ ʜʠʬʬʝʨʝʥʪʝ 2ʦ. 

ɼʣʷ ʢʨʘʥʦʚ [2, 3], ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʘʣʢʝʨʝ LA TONDA (ʨʠʩ. 2), ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʤʦʪʦʨʳ. ʄʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦ-

ʩʪʘʚʣʷʝʪ (S1/S6 15%) 105/240 ʢɺʪ ED 15%, AC 440ɺ, 60 ɻʮ.  ʇʦʢʘ ʨʳʯʘʛʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʨʘʥʘ ʥʘʭʦʜʷʪʩʷ ʥʝ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʦʥ ʚʨʘʱʘʝʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʨʠʚʦʜʠʪ ʚʦ ʚʨʘʱʝʥʠʝ ʛʠʜʨʦʥʘʩʦʩʳ (Triple 

vane pump), ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʟʦʣʦʪʥʠʢʦʚʳʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ʧʦʜʘʶʪ ʵʥʝʨʛʠʶ ʥʘ 

ʤʝʭʘʥʠʟʤʳ (ʛʠʜʨʦʤʦʪʦʨʳ) ʧʦʜʲʝʤʘ, ʧʦʚʦʨʦʪʘ, ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʩʪʨʝʣʳ. ʈʝ-

ʣʝʡʥʦ-ʢʦʥʪʘʢʪʦʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ 

ʩʭʝʤʝ çʟʚʝʟʜʘ-ʪʨʝʫʛʦʣʴʥʠʢè, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʢʨʘʥʘ ʚ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʨʘ-

ʙʦʯʝʡ ʟʦʥʝ, ʫʧʨʘʚʣʷʝʪ ʨʘʙʦʪʦʡ ʚʦʟʜʫʰʥʦʛʦ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ.  

ʇʨʦʙʣʝʤʘ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥ-

ʥʭr ʩʫʜʦʚ ʦʩʥʘʱʝʥʳ ʢʨʘʥʘʤʠ 

ʩ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʜʝʰʝʚʣʝ 

ʢʨʘʥʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠ-

ʚʦʜʦʤ. ʆʜʥʘʢʦ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʡ ʧʨʠʚʦʜ ʥʝ ʣʠʰʝʥ ʥʝʜʦ-

ʩʪʘʪʢʦʚ [4, 5], ʪʘʢʠʭ ʢʘʢ: 

ʫʪʝʯʢʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʦʪ  ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʠʣʠ ʧʦ-

ʜʦʛʨʝʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʚʷʟʢʦʩʪʴ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ ʞʠʜ-

ʢʦʩʪʠ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ. ʊʘʢʞʝ 

ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʯʠ-

ʩʪʦʪʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʦ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʨʘʥʘ [6]. 

ɻʨʫʟʦʚʳʝ ʢʨʘʥʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʣʠʰʝʥʳ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʙʣʘʜʘʶʪ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, ʚʳ-

ʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ, ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, 

ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ +/- 50ʦʉ, ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ [7]. 
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ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ ʛʨʫʟʦʚʳʭ ʢʨʘʥʦʚ ʥʘ ʙʘʣʢʝʨʝ LA TONDA. ɿʘʤʝʥʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʵʣʝʢʪʨʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʯʘʩʪʦʪʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ PLC, ʘ ʪʘʢʞʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʨʝʡʬʝʨʘ ʠ 

ʢʨʘʥʘ ʚ ʦʜʥʫ ʦʙʱʫʶ ʩʠʩʪʝʤʫ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʛʨʫʟʦʚʦʡ ʩʠʩʪʝʤʳ ʩʫʜʥʘ, ʪʘʢ ʢʘʢ ʚʥʝʜʨʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʟʚʦʣʠʪ ʘʚʪʦʥʦʤʥʦ ʟʘʛʨʫʞʘʪʴ/ʨʘʟʛʨʫʞʘʪʴ ʛʨʫʟ ʚ ʙʦʣʝʝ ʭʦʣʦʜ-

ʥʳʭ ʠ ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʧʦʪʝʨʠ ʩʢʦʨʦʩʪʠ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʧʦʜʩʪʨʘʠʚʘʪʴ ʩʢʦʨʦʩʪʠ ʚʳʛʨʫʟ-

ʢʠ/ʧʦʛʨʫʟʢʠ ʫʜʦʙʥʳʤʠ ʜʣʷ ʩʝʙʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʘ 

ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʚʦ ʚʨʝʤʷ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʧʦʥʠʟʠʪ ʘʚʘʨʠʡ-

ʥʦʩʪʴ. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʫʩʪʘʥʦʚʢʝ PLC ʠ FC ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʩʥʠʞʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʨʘʩʢʘʯʠʚʘʥʠʷ ʛʨʫʟʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʷʤʠ ʤʝʭʘʥʠʟʤʦʚ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʚ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ.  
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ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ 

 
ɸʥʦʪʘʮʽʷ: ʫ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩ-

ʪʘʥʦʚʦʢ. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʢʦʤʧʨʝʩʦʨʽʚ ʚ ʫʤʦʚʘʭ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʭ 

ʟʙʫʨʶʚʘʥʴ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʶʯʠʭ ʜʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʾ ʨʦʙʦʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩ-

ʪʽ ʢʦʤʧʨʝʩʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʫ ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ SIGMA AIR 

MANAGER 4.0 ʢʦʤʧʘʥʽʾ KAESER KOMPRESSOREN. 
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ADAPTIVE CONTROL SHIP COMPRESSORS 
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Abstract: the article describes the basic requirements for the automation of air compressors. Empha-

sis is placed on the operation of compressors in the conditions of external undetermined perturbations. The 

use of adaptive control is justified in order to implement the process of changing control parameters based 

on current operational information and ensuring the energy efficiency of the compressor plant. The modern 

adaptive control system SIGMA AIR MANAGER 4.0 by KAESER KOMPRESSOREN is considered. 

Key-words: compressors, controlled parameters, adaptive control, pressure fluctuations, productivity, 

energy efficiency. 

 
 

ʉʫʜʥʦʚʽ ʧʦʚʽʪʨʷʥʽ ʢʦʤʧʨʝʩʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ 

ʨʽʟʥʦʛʦ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʩʧʦʞʠʚʘʯʽʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʚ ʮʽ-

ʣʦʤʫ ʩʫʜʥʘ. ʉʪʠʩʣʝ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʦʣʦʚʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ, ʘʚʘʨʽʡʥʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ, ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʘʚ-

ʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʜʘʥʥʷʤ ʛʚʠʥʪʘ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʰʘʛʫ, ʜʣʷ ʧʨʦʜʫʚʢʠ ʤʘʩʣʷʥʠʭ ʬʽʣʴʪʨʽʚ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʢʽʥ-

ʛʩʪʦʥʽʚ, ʜʣʷ ʧʫʩʢʦʚʠʭ ʙʘʣʦʥʽʚ ʧʽʥʦʛʝʥʝʨʘʪʦʨʽʚ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʩʠʩʪʝʤʠ, ʜʣʷ ʬʫ-

ʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ ʪʘʥʢʝʨʽʚ, ʪʦʱʦ. 

ʅʘ ʩʫʜʥʘʭ ʩʚʽʪʦʚʦʛʦ ʬʣʦʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʨʝʩʦʨʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫ-

ʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʩʘʤʝ, ʧʦʨʰʥʝʚʽ, ʛʚʠʥʪʦʚʽ, ʚʽʜʮʝʥʪʨʦʚʽ, 

ʦʩʴʦʚʽ; ʟ ʧʨʠʚʦʜʘʤʠ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ, ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʜʚʠ-

ʛʫʥʘ. 

ɻʦʣʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʻ [1]: 

1) ʥʘʷʚʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ (ʧʨʦʜʫʚʢʠ) ʚʦʜʠ ʽ ʤʘ-

ʩʣʘ; 

2) ʥʘʷʚʥʽʩʪʴ ʨʫʯʥʦʛʦ, ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 

ʇʨʠʯʦʤʫ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʫ ʧʦʚʽʪʨʦʟʙʝʨʽʛʘʯʘʭ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʥʦ-

ʤʽʥʘʣʴʥʠʡ ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ: 

ʘ) ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʥʘ-

ʧʨʠʢʣʘʜ, 90%, ʚʽʜʙʫʚʘʚʩʷ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʫʩʢ ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʨʘʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʽ 

ʡʦʛʦ ʘʚʪʦʤʘʪʠʯʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʨʽʚʥʦʛʦ ʥʦʤʽʥʘ-

ʣʴʥʦʤʫ; 

ʙ) ʫ ʨʘʟʽ ʽʥʪʝʥʩʠʚʥʦ ʾʚʠʪʨʘʪʠ ʽ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʥʘʧʨʠ-

ʢʣʘʜ, ʜʦ 80%, ʚʽʜʙʫʚʘʚʩʷ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʫʩʢ ʜʨʫʛʦʛʦ ʢʦʤʧʨʝʩʦʨʘ, ʱʦ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʽ ʦʙʠʜʚʘ ʢʦʤʧʨʝʩʦʨʘ ʧʨʦʜʦʚʞʫʚʘʣʠ ʙ ʧʨʘʮʁ -

ʚʘʪʠ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ. 

ʂʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʤʘʶʪʴ ʙʫʪʠ: 1) ʪʠʩʢ ʤʘʩʪʠʣʘ ʥʘ ʚʭʦʜʽ ʚ ʢʦʤʧʨʝʩʦʨ, 2) ʧʦʪʽʢ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʤʧʨʝʩʦʨʘ, 3) ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʟʘ ʦʭʦʣʦʜʞʫʚʘʯʝʤ, 

4) ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʧʦʚʽʪʨʷʥʦʛʦ ʙʘʣʦʥʘ, 5) ʪʠʩʢ ʧʦʚʽʪʨʷ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ. ɸʚʪʦʤʘʪʠʯʥʠʡ ʟʘʭʠʩʪ ʧʦʚʠʥʝʥ ʩʧʨʘʮʴʦʚʫʚʘʪʠ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʨ-

ʰʠʤ ʪʘ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʠʞʥʴʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʧʦʩʪʽʡʥʦʛʦ ʟʘʜʘʥʦʛʦ ʪʠʩʢʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʧʥʝʚʤʦʤʝ-

ʨʝʞʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʩʪʠ-

ʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ɺʟʘʛʘʣʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʚʧʣʠʚʦʤ ʥʘ ʢʦʤʫʥʽʢʘʮʽʾ, ʢʦʤʧ-

ʨʝʩʦʨ ʘʙʦ ʡʦʛʦ ʧʨʠʚʽʜ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʷʢ ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʧʫʩʢʦʤ ʟ ʥʘʛʥʽ-

ʪʘʥʥʷ ʥʘ ʚʩʤʦʢʪʫʚʘʥʥʷ, ʨʝʛʫʣʶʚʘʥʥʷ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʥʘ ʚʩʤʦʢʪʫʚʘʥʥʽ, ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʚʽʜʞʠʤʘʥʥʷʤ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʢʣʘʧʘʥʽʚ, ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʮʠʣʽʥʜʨʘ ʜʦʜʘʪʢʦʚʦʾ ʻʤʥʦʩʪʽ (ʤʝʨʪʚʦʛʦ ʧʨʦʩʪʦʨʫ), 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʽʚ ʚʧʣʠʚʦʤ ʥʘ ʾʭ ʧʨʠʚʽʜ. ʇʨʠʯʦʤʫ 

ʦʩʪʘʥʥʽʡ ʩʧʦʩʽʙ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʤ [2]. 

ʋʩʽ ʧʝʨʝʣʽʯʝʥʽ ʩʧʦʩʦʙʠ ʨʝʛʫʣʶʚʘʥʥʷ ʙʫʜʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʙʘʟʽ ʽʥʪʝʛ-

ʨʘʣʴʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ [3, 4, 5]. ʂʦʤʧʨʝʩʦʨʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢ ʽ ʽʥʰʽ ʩʫʜʥʦʚʽ ʩʠʩʪʝʤʠ, 

ʩʭʠʣʴʥʽ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʙʫʨʶʚʘʣʴʥʠʭ ʜʽʡ ʪʘ ʬʫʥʢʮʽʦ-

ʥʫʶʪʴ ʫ ʟʤʽʥʶʚʘʥʠʭ ʫʤʦʚʘʭ. ʊʦʤʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥ-

ʥʷ, ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʦʙôʻʢʪʠ ʟʽ ʟʤʽʥʥʠʤʠ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʞʦʨʩʪʦʢʠʭ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʝʬʝ-

ʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʠʡ ʙʠ ʢʦʨʝʣʶʚʘʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪ-

ʨʦʝʥʝʨʛʽʾ ʪʘ ʧʦʪʦʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ. ʎʠʤ ʚʠʤʦʛʘʤ ʟʘʜʦʚʦʣʴʥʷʻ 

ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ (ʨʠʩ. 1), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦ-

ʮʝʩ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʶʯʠʭ ʜʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʾ ʨʦʙʦʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʫʚʘʥʦʾ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ [6, 7, 8]. 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʨʝʩʦʨʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʻ ʩʠʩʪʝʤʘ SIGMA AIR MANAGER 4.0, ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʤʧʘʥʽʻʶ KAESER KOMPRESSOREN [9]. ɼʘʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʻ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʧʦʜʘʚʘʣʴʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʛʚʠʥʪʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ DSD 281 ʟ ʚʦʜʷʥʠʤ ʦʭʦ-

ʣʦʜʞʝʥʥʷʤ, ʱʦ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ 

HPMB-6518(GENERON È IGS) ʪʘʥʢʝʨʫ-ʭʽʤʦʚʦʟʫ çGULF HUWAYLATè. 

ɸʜʘʧʪʠʚʥʝ 3-Dadvanced ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ SIGMA AIR MANAGER 4.0 ʟʘ-

ʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʽʚʥʷ ʪʠʩʢʫ. ʎʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʥʦʶ 

ʩʪʘʥʮʽʻʶ: 

1) ʤʽʥʽʤʽʟʘʮʽʷ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ/ʭʦʣʦʩʪʠʡ ʭʽʜ ʽ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʧʫʩʢʦʤ/ʟʫʧʠʥʢʦʶ ʢʦʤʧʨʝʩʦʨʘ; 

2) ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ (ʭʦʣʦʩʪʠʡ ʭʽʜ ʽ ʚʪʨʘʪʠ ʯʘʩʪʦʪʥʦʛʦ ʧʝ-

ʨʝʪʚʦʨʶʚʘʯʘ),  
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3) ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʚʠʢʣʠʢʘʥʦʾ ʧʣʘʚʘʶʯʠʤ ʨʽʚʥʝʤ ʪʠʩʢʫ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚʠʱʝ ʟʘʜʘʥʦʛʦ. 

ʆʂ
ɹʣʦʢ

ʩʝʥʩʦʨ̔ʚ

ʈʝʛʫʣ̫ʪʦʨ

ɸʣʛʦʨʠʪʤ 

ʘʜʘʧʪʘʮ̔ʾ

ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥ̫

ʆʙ' ʢ̒ʪ, ʦɦ ʨʝʛʫʣʁ ʪ̒ɹ ʩ̫ 

Y(t)

N1(t)

XB(t)

N2(t)U(t)

Q(t)

 

ʈʠʩʫʥʦʢ 1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ:  

Y(t) ï ʚʠʤʽʨʶʚʘʥʥʽ ʟʘʜʘʚʘʣʴʥʽ ʜʽʾ; N(t) ï ʥʝʚʠʤʽʨʶʚʘʥʥʽ ʟʙʫʨʶʚʘʣʴʥʽ ʜʽʾ; U(t) ï ʢʝʨʫʚʘʣʴʥʽ ʜʽʾ; 

XB(t) ï ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ ʦʙʻʢʪʘ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʩʧʦʩʪʝʨʽʛʘʥʥʷ; Q(t) ï ʧʘʨʘʤʝʪʨʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ. 

 

ɯʥʥʦʚʘʮʽʡʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʻʯʘʩʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʽʜʪʨʠʤʫʻ 

ʥʝʦʙʭʽʜʥʠʡ ʪʠʩʢ ʥʘ ʧʦʪʨʽʙʥʦʤʫ ʨʽʚʥʽ ʽ ʢʝʨʫʻ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʫʩʪʘ-

ʥʦʚʢʠ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʪʠʩʢ ʩʧʦ-

ʞʠʚʘʯʘ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ SIGMA AIR MANAGER 4.0, ʟʘʚʜʷʢʠ ʷʢʠʤ ʧʽʜʚʠ-

ʱʫʁʪʩɹ ̫ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʽʥʽʤʽʟʫʶʪʴʩ ̫ʝʥʝʨʛʦʚʠʪʨʘ-

ʪʠ ʻ:  

1) ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʽʡʢʦʩʪ̔ ʨʽʚʥʷ ʪʠʩʢʫ;  

2) ʘʚʪʦʤʘʪʠʯʥʘ ʘʜʘʧʪʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪ̔ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʟʤʽʥʶ-

ʚʘʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ;  
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3) ʢʦʥʪʨʦʣ ɹʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪ̔ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʨʝʛʫ-

ʣʶʚʘʥʥʽ ʘʙʦ ʧʝʨʝʤʠʢʘʥʥʽ ʽ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩ-

ʢʫ ʚʠʱʝ ʟʘʜʘʥʦʛʦ,  

4) ʤʦʥʽʪʦʨʠʥʛ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ; 

5) ʩʚʦʻʯʘʩʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʚʽʩʥʠʭ ʨʦʙʽʪ.  

ɺʠʩʥʦʚʢʠ. ɿ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʄʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽ-

ʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʦʣʶʮʽʡ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʽ ʪʝʭʥʽʯʥʽ ʩʫʜʥʦʚʽ ʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʘʚʪʦʤʘ-

ʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʟʤʽʥʶʚʘʥʠʭ 

ʫʤʦʚʘʭ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʦʪʦʯʥʦʛʦ ʩʧʦʞʠʚʘʥ-

ʥʷ ʩʪʠʩʣʦʛʦ ʧʦʚʽʪʨʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɯʥʥʦʚʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʘʜʘʧʪʠʚʥʠʤ 3-Dadvanced ʨʝʛʫʣʶʚʘʥʥʷʤ 

SIGMA AIR MANAGER 4.0 ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʠʡ ʘʥʘʣʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʨʝʩʦʨʽʚ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ, ʟ ʚʠʧʝʨʝʜʞʝʥʥʷʤ 

ʧʨʦʚʦʜʠʪʴ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʟʥʘʯʘʶʯʠ ʦʧʪʠʤʘʣʴʥʫ ʟ ʥʘʷʚʥʠʭ ʤʦʞʣʠʚʦʩ-

ʪʝʡ. 
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʽʚ ʥʝʦʙ-

ʭʽʜʥʘ ʦʙ'ʻʢʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʚ 

ʙʫʜʴ-ʷʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʩʫʜʥʦʤ ʚ ʰʪʦʨʤʦʚʠʭ ʫʤʦʚʘʭ, ʥʝ ʜʦʧʫʩʢʘʶʯʠ ʧʝʨʝʚʘʥʪʘ-

ʞʝʥʥʷ ʢʦʨʧʫʩʫ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʘʮʶʶʯʠ ʥʘ ʛʨʘʥʠʯʥʦ ʙʝʟʧʝʯʥʦʤʫ ʨʽʚʥʽ. ɼʘʥʽ ʧʨʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʧʫʩ ʥʝʦʙʭʽʜʥʽ ʪʘʢʦʞ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ 

ʥʘ ʩʫʜʘʭ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʫ (ʦʩʦʙʣʠʚʦ ʙʘʣʢʝʨʽʚ) ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʘʥʥʷ.  

ɺ ʥʘʩʪʫʧʥʠʡ ʯʘʩ ʚ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʩʫʜʥʘ ʚʭʦʜʠʪʴ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʘʥ-

ʪʘʞʝʥʴ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ (Hull stress monitoring), ʤʝʪʘ ʷʢʦʛʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ-

ʙʝʟʧʝʯʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʦ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ ʢʦʨʧʫʩʽ ʚ ʧʨʦʮʝʩʫ ʨʝʡʩe ʪʘ ʚ ʧʨʦ-

ʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ [1]. ʆʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʥʽʪʦʨʠ-

ʥʛʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʻ ʜʘʪʯʠʢʠ, ʷʢʽ ʙʫʚʘʶʪʴ ʪʝʥʟʦʨʝʟʠʩʪʠ-

ʚʥʽ ʪʘ ʤʘʛʥʽʪʦ-ʧʨʫʞʥʽ [2].  

ʆʩʥʦʚʥʠʤʠ ʻ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʽ ʜʘʪʯʠʢʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʧʘʣʫʙʽ ʩʫʜ-

ʥʘ ʧʦʙʣʠʟʫ ʙʦʨʪʽʚ. ɺʠʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʻ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʫ 

ʚʠʛʣʷʜʽ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʥʘʧʨʫʛʠ ʚ ʤʝʞʘʭ ï(10é20) ʜʦ +(10é20) ʤɺ. ʅʘʷʚʥʽʩʪʴ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜʞʘʥʴ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʝʨʝʢʨʫʯʝʥʥʷ 
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ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʘ ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʧʝʨʝʜʘʯʫ ʥʘ ʟʥʘ-

ʯʥʽ ʚʽʜʩʪʘʥʽ. ʊʦʤʫ ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʟʘʩʦʙʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʫ ʽʥ-

ʰʠʡ ʚʠʛʣʷʜ: ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʎʇ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʦʚʦʾ ʧʝʪʣʽ ʪʘ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ Ăʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘò [3]. ʆʩʪʘʥʥʽʡ ʤʝʪʦʜ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʣʽʥʽʷʤ ʜʦʚʞʠʥʦʶ ʜʦ 1000 ʤ, ʚʠʩʦʢʠʡ ʩʪʫ-

ʧʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʪʘ ʽʥ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʝʥʟʦʜʘʪʯʠʢʘ ʚ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ 

ʥʝʦʙʭʽʜʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè (U/F ʥʘ ʨʠʩ.1). ɹʣʦʢʠ 

U/F ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʚ ʯʘʩʪʦʪʫ  

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦʙʣʠʟʫ ʜʘʪʯʠʢʽʚ. ʊʦʤʫ ʜʦʚʞʠʥʘ ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ (ʩʫʮʽʣʴʥʦʾ) 

ʤʘʣʘ, ʱʦ ʟʥʠʞʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʧʝʨʝʢʨʫʯʝʥʴ ʩʠʛʥʘʣʫ. ʇʽʩʣʷ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʚ ʙʣʦʢʘʭ U/F ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʤʝʘʥʜʨʫ ʧʦ ʜʦʚʛʠʤ ʜʨʦʪʦʚʠʤ ʣʽ-

ʥʽʷʤ (ʪʦʥʢʘ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʙʣʦʢ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ (ɹʂɺʏ), ʚ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʠʤʽʨʶʻʪʴʩʷ ʯʘʩʪʦʪʘ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦ-

ʙʢʘ ʩʠʛʥʘʣʽʚ ʧʦ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʧʫʩʫ ʩʫʜʥʘ. ʇʽʩʣʷ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ 

ʮʠʬʨʦʚʦʛʦ ʢʦʜʫ ʧʦ ʣʽʥʽʾ ʽʥʪʝʨʬʝʡʩʫ RS-485 (ʧʫʥʢʪʠʨʥʘ ʞʠʨʥʘ ʣʽʥʽʷ) ʧʝʨʝʜʘʻʪʴ-

ʩʷ ʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʘʛʽʩʪʨʘʣʴ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʥʘ (ɯʉʉ), ʘ ʜʘʣʽ ʧʦʩʪʫʧʘʻ 

ʚ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ (ɯʉʍʄ) ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʧʦ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʟʘʧʠʩʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ ʨʝʻʩʪʨʘʪʦʨʘ ʜʘʥʠʭ ʨʝʡʩʫ 

(VDR) ʧʦ ʛʦʣʦʚʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʢʘʥʘʣʫ (ʩʫʮʽʣʴʥʘ ʞʠʨʥʘ ʣʽʥʽʷ).  

 

 
 

 ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʽ ʻ ʨʦʟʨʦʙʢʘ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦ-

ʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʪʠʧʫ ʤʝʘʥʜʨ.  

ʋʩʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʥʝʩʠʥʭʨʦʥʥʽ 

ʪʘ ʩʠʥʭʨʦʥʥʽ. ʇʝʨʰʽ ʜʝʰʝʚʰʽ, ʘʣʝ ʤʘʶʪʴ ʤʘʣʫ ʩʪʘʣʽʩʪʴ ʪʘ ʛʽʨʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʨʫʛʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ, ʘʣʝ ʤʘʶʪʴ ʙʽʣʴʰ ʧʦʣʽʧʰʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]. ʅʘʡ-

ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ ʻ ʽʥʪʝʛʨʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʧʫ AD7741 ʪʘ AD7742 [4]. 

ɺʦʥʠ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʠʡ ʪʘʢʪʦʚʠʡ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ 

ʢʚʘʨʮʝʚʠʤ ʨʝʟʦʥʘʪʦʨʦʤ, ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʥʘʧʨʫʛʠ +5 ɺ ʟʽ ʩʪʨʫʤʦʤ ʩʧʦʞʠʚʘʥʥʷ ʜʦ 
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6 ʤɸ, ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʝ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ +2,5 ɺ, ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ 6 ʄɻʮ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʧʝʨʝʚʠ-

ʱʫʻ 0,012 %, ʧʦʭʠʙʢʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ +0,8 %, ʪʝʤʧʝʨʘ-

ʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʭʠʙʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ - Ñ16 ppm/K. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʙʣʦʢʫ ɸ3 ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʥʘʧʨʫʛʘ ï ʯʘʩ-

ʪʦʪʘè, ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ɯʄʉ AD7741, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2 ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʥʘʩʪʫʧʥʠʭ ʚʫʟʣʽʚ: 

1. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʪʠʧʫ AD623, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʽ-

ʜʩʠʣʠʪʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʜʦ ʨʽʚʥʷ ʥʘʧʨʫʛʠ, ʷʢʠʡ ʜʦ-

ʩʪʘʪʥʽʡ ʜʣʷ ʨʦʙʦʪʠ AD7741. 

2. ʉʠʥʭʨʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè ʪʠʧʫ AD7741, 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʟ ʨʽʚʥʷʤʠ ʊʊʃ ʣʦʛʽʢʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè 

 

3.  ɼʚʽʡʥʠʢʦʚʠʡ ʣʽʯʠʣʴʥʠʢ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʯʘʩʪʦʪʥʠʡ 

ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ AD7741 ʚ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʪʠʧʘ Ăʤʝʘʥʜʨò ʯʘʩʪʦʪʦʶ ʚʽʜ 2000 

ɻʮ ʜʦ 25 000 ɻʮ ʟ ʨʽʚʥʷʤʠ ʊʊʃ ʣʦʛʽʢʠ. 

4. ʇʘʨʘʣʝʣʴʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʫʯʠʪʠ ʩʪʘʙʽʣʴʥʫ 

ʥʘʧʨʫʛʫ +5 ɺ ʜʣʷ ʞʠʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ɸ1 ʪʘ ʚʫʟʣʽʚ ʩʘʤʦʛʦ ʧʨʠ-

ʩʪʨʦʶ. ʉʪʨʫʤ ʚʽʜ  ʜʞʝʨʝʣʘ ɸ2 ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʘʨʘʣʝʣʴʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʜʚʦʭʜʨʦʪʦʚʦʾ ʣʽʥʽʾ ʜʦʚʞʠʥʦʶ ʜʦ 1000 ʤ. 

5. ɺʫʟʣʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʤʦʜʫʣʶʚʘʪʠ ʚʠʭʽʜʥʠʤ ʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ɸ2. ʎʝʡ ʚʫʟʦʣ ʧʦ-
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ʙʫʜʦʚʘʥʦ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʤʫ ʢʣʶʯʽ ʪʘ ʩʪʘʙʽʣʽʪʨʦʥʫ ʟ ʥʘʧʨʫʛʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ 5,6 

ɺ. 

 
ʈʠʩʫʥʦʢ 3 ï  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ ŭfH, 

ʷʢ ʬʫʥʢʮʽʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʥʘʧʨʫʛʘ -  ʯʘʩʪʦʪʘè 

 

6. ɺʫʟʣʽʚ ʬʦʨʤʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʬʦʨʤʫʚʘʪʠ 

ʨʚ̔ʥʽ ʦʧʦʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʙʣʦʢʫ. 

ʈʦʟʤʘʭ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʧʨʠ ʇK =2 ʤɺ/ɺ ʩʢʣʘʜʘʻ ʚʽʜ ï10 ʤɺ ʜʦ 

+10 ʤɺ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʽʜʩʠʣʶʻ ʮʽ ʩʠʛʥʘʣʠ ʚ 100 ʨʘʟʽʚ, ʧʨʠʯʦ-

ʤʫ ʧʨʠ BXU =0, ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʩʢʣʘʜʘʻ 1,25 ɺ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ 

ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ LT1004-2.5. ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʯʘʩʪʦʪʫ 

ɯʄʉ AD7741 ʪʘ ʜʽʣʝʥʥʷ ʜʚʽʡʥʠʢʦʚʠʤ ʣʽʯʠʣʴʥʠʢʦʤ ʥʘ 64, ʦʪʨʠʤʘʻʤʦ  ʚʠʭʽʜʥʫ  

ʯʘʩʪʦʪʫ Nfout /  ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 2592 ɻʮ (ï10 ʤɺ).. 7200 ɻʮ (ï10 ʤɺ)é11808 ɻʮ 

(+10 ʤɺ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʮʽʾ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ  ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʥʘ 

ʚʠʭʦʜʽ ʧʨʠʩʪʨʦʶ ʦʪʨʠʤʘʻʤʦ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʟ ʚʝʨʭʥʽʤ ʨʽʚʥʝʤ 10,6 ɺ, ʘ ʥʠʞ-

ʥʽʤ ï 5,6 ɺ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1,2 ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʫ. 

ɼʞʝʨʝʣʦ ʩʪʨʫʤʫ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʪʨʫʤ 60 ʤɸ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ çʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘè ʧʦʢʘ-

ʟʘʣʠ, ʱʦ ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʤʝʞʘʭ 

0,01é0,04 % ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ï10 0ʉ...+60 0ʉ ʽ ʜʦʩʪʘʪʥʴʦ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʫ ʩʝʨʝʜʥʴʦʤʫ 20 ppm/K), ʧʨʠʯʦʤʫ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʱʦ ʟʨʦʩʪʘʻ. ʅʘ ʨʠʩʫʥʢʫ 3 ʥʘʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʾʾ ʟʥʘʯʝʥʥʷ ŭfH, 

ʷʢ ʬʫʥʢʮʽʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ çʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘè ʤʘʻ ʟʘʜʦʚʽʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʘʣʝ ʧʦʪʨʝʙʫʻʪʴʩʷ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʧʘ-

ʨʘʤʝʪʨʽʚ ʧʨʠ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟ ʤʝʪʦʶ ʜʦʩʢʦʥʘʣʦʩʪʽ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʪʘʣʦʩʪʽ ʪʘ ʣʽʥʽʡʥʦʩʪʽ. 
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ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ɯ ɸɺʊʆʄɸʊʀʂʀ ʉʋɼʅʆɺʆɻʆ 

ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ 

ɿɸʉʆɹɯɺ ɺʀʄɯʈʖɺɸʅʅʗ ʊɸ ʂʆʅʊʈʆʃʖ. 
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ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ɸʥʦʪʘʮʽʷ: ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ ʩʫʜʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʧʨʦʧʦʥʫʻʪʴ-

ʩʷ ʜʣʷ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʍʦʣʣʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦʚʝ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, 

ʜʘʪʯʠʢʠ ʍʦʣʣʘ, ʩʫʜʥʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ. 

 

 

MODERNIZATION OF CONTROLLING AND AUTOMATIC SYSTE MS OF 

VESSEL ELECTRICAL EQUIPMENT FOR THE USE OF MODERN 

MEASUREMENT AND CONTROL MEASURES  

 
ʆ. Kochetkov, Ph.D., Associate Professor 

A. Karapetyan, Student masters 

O. Lednev, Student masters 

Odessa National Maritime University 
 

Abstract: To improve the accuracy, reliability and efficiency of the ship's power equipment with the 

help of modern measuring instruments and controls, it is suggested to use Hall-based sensors to measure 

voltage and current. 

        Key-words: marine electrical equipment, ship electrical power supply, Hall sensors, marine electrical 

network. 

 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʻ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʚ ʩʫʜʥʦʚʠʭ ʤʝʨʝʞʘʭ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠʣʘʜʠ ʟ ʢʣʘʩʦʤ ʪʦʯʥʦʩʪʽ 1,5 ʽ ʤʝʞʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʨʫʤʫ 5-6 ʢɸ, ʥʘʧʨʫʛʠ 30-450 ɺ. ɸʤʧʝʨʤʝʪʨʠ ʥʘ ʩʪʨʫʤ ʜʦ 200 ɸ ʚʢʣʶʯʘʶʪʴ ʚ 

http://www.atmel.com/
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ʤʝʨʝʞʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʘʤʧʝʨʤʝʪʨʠ ʥʘ ʙʽʣʴʰʠʡ 

ʩʪʨʫʤ - ʪʽʣʴʢʠ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. ɸʣʝ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. 

ʅʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʤ ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʚʘʨʪʽʩʪʶ ʨʽʰʝʥʥʷʤ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ 

ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʍʦʣʣʘ [1, 2]. ʊʘʢʽ ʜʘ-

ʪʯʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʟʘ-

ʙʝʟʧʝʯʫʶʪʴ: ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʥʘʷʚʥʽʩʪʴ ʛʘʣʴʚʘʥʽʯʥʦʾ 

ʨʦʟʚôʷʟʢʠ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤʠ, ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽ-

ʣʫ ʩʪʨʫʤʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʤʦʪʦʢ (ʚʝʣʠʢʘ ʜʠʥʘʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ), ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʙʫʜʴ - ʷʢʦʛʦ ʩʠʛʥʘʣʫ: ʧʦʩʪʽʡʥʦʛʦ, ʟʤʽʥʥʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ [3]. 

ʊʘʢʽ ʜʘʪʯʠʢʠ ʥʠʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʝʣʝ-

ʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʘ ʪʘʢʦʞ ʜʦ-

ʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʛʘʣʴʚʘʥʽʯʥʫ ʨʦʟʚ'ʷʟʢʫ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʚʦʜʘʭ, ʚ ʧʝʨʝ-

ʪʚʦʨʶʚʘʯʘʭ ʥʘʧʨʫʛʠ, ʚ ʟʚʘʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʪʘ ʚ ʨʽʟʥʽʡ ʽʥʰʦʾ ʘʧʘʨʘʪʫʨʠ. 

ɸʥʘʣʽʟ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʽ 

ʩʪʨʫʤʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʘʢʽ ʧʨʠʣʘʜʠ ʩʴʦʛʦʜʥʽ ʚʝʣʴʤʠ ʟʘʪʨʝʙʫʚʘʥʽ ʚ ʩʘʤʠʭ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. ɺʽʜʙʫ-

ʚʘʻʪʴʩʷ ʤʘʩʦʚʘ ʟʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʪʨʫʤʦʚʠʭ ʰʫʥʪʽʚ, ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʽʚ ʩʪʨʫʤʫ, ʤʘʛʥʽʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʥʘ ʩʫʯʘʩʥʽ ʤʽʥʽʘʪʶʨʥʽ ʜʘʪʯʠʢʠ ʥʘʧʨʫʛʠ 

ʪʘ ʩʪʨʫʤʫ. ʅʠʟʴʢʘ ʮʽʥʘ, ʤʘʣʽ ʛʘʙʘʨʠʪʠ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʧʨʠʷʶʪʴ ʪʦʤʫ ʱʦ ʾʭ ʧʦʯʠʥʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʙʘʛʘʪʴʦʭ 

ʧʨʠʩʪʨʦʾʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʧʨʠʩʪʨʦʷʭ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɺ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘʢʽ ʜʘʪʯʠʢʠ ʻ ʦʩʥʦʚʦʶ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠ-

ʨʦʙʥʠʮʪʚʦʤ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ 

ʪ.ʜ. [1]. 

ɿʽ ʩʚʦʛʦ ʙʦʢʫ, ʚʠʨʦʙʥʠʮʪʚʦ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʪʯʠʢʠ, ʚʠʩʫʚʘʻ 

ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʽʚ ʪʘ ʷʢʦʩʪʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʋ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ, ʤʘʣʦʛʦ ʯʘʩʫ 

ʚ̔ʜʛʫʢʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʠʨʦʢʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʩʫʧʫ-

ʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʩʪʨʫʤʫ[4]. 

ʇʦʰʠʨʝʥʽ ʩʴʦʛʦʜʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʨʫʤʦʚʠʭ ʣʘʥʮʶʛʽʚ ʪʘʢʦʞ ʙʘʟʫ-

ʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʠʤʫ-

ʣʶʚʘʣʦ ʨʦʟʨʦʙʢʫ ʨʦʟʥʽʤʥʠʭ ʜʘʪʯʠʢʽʚ ʩʪʨʫʤʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽ-

ʪʦʨʠʥʛ ʩʪʨʫʤʫ ʙʝʟ ʨʦʟʨʠʚʫ ʣʘʥʮʶʛʘ ʽ ʟʫʧʠʥʢʠ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘ-

ʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʨʝʟʠʩʪʠʚʥʠʭ ʰʫʥʪʽʚ ʨʦʟ'ʻʤʥʽ ʜʘʪʯʠʢʠ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʟʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʩʪʘʥʦʚʢʠ ʽ ʙʝʟʧʝʢʠ. 

ɺʠʙʽʨ ʜʘʪʯʠʢʘ ʧʦʚ'ʷʟʘʥʠʡ ʷʢ ʟ ʪʝʭʥʽʯʥʠʤʠ, ʪʘʢ ʽ ʟ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ. ʊʦʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʜʦ ʫʚʘʛʠ ʚʩʽ ʘʩʧʝʢʪʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʝ-

ʨʝʜ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʠʤ: 

Å ɽʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ - ʥʦʤʽʥʘʣʴʥʝ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʤʽʨʶʚʘʥʽ ʟʥʘʯʝʥʥʷ; 

ʰʚʠʜʢʦʜʽʷ; ʚʠʤʦʛʠ ʜʦ ʞʠʚʣʝʥʥʷ ʽ ʪ.ʜ. 

Å ʄʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ - ʨʦʟʤʽʨʠ, ʤʘʩʘ ʽ ʪ.ʜ. 
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Å ʊʝʤʧʝʨʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ - ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʤ. 

Å ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ - ʚʽʙʨʘʮʽʷ, ʥʘʚʢʦʣʠʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʛʥʽʪʥʽ ʧʦʣʷ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʢʦʤʙʽʥʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʦʮʽʥʝʥʽ ʚ ʩʚʦʾʡ ʩʫʢʫʧʥʦʩʪʽ ʜʣʷ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʜʘʪʯʠʢʘ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʤʽʨʶʚʘʥʠʡ ʩʪʨʫʤ ʥʝ ʻ ʥʦʤʽʥʘʣʴʥʠʤ, ʻ ʤʘʛʥʽʪʥʽ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʽ 

ʤʝʭʘʥʽʯʥʽ ʜʽʾ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʪ.ʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʷ 

ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʙʦʨʫ ʜʘʪʯʠʢʘ. 

ɼʣʷ ʧʨʦʩʪʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʘ, ʘ ʩʘʤʝ ʧʨʠ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ, ʚʠʙʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʚʠʤʦʛ ʧʦ ʚʠʤʽʨʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʜʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʥʦʤʽʥʘʣʴʥʠʡ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʥʠʡ 

ʩʪʨʫʤ, ʥʘʧʨʫʛʘ, ʰʚʠʜʢʦʜʽʷ ʽ ʪ.ʜ., ʥʘ ʧʽʜʩʪʘʚʽ ʟʚʝʜʝʥʦʾ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʜʘʪʯʠ-

ʢʽʚ. 

ʇʨʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘ-

ʢʽ ʬʘʢʪʦʨʠ, ʷʢ: 

Å ɿʦʚʥʽʰʥʽ ʤʘʛʥʽʪʥʽ ʚʧʣʠʚʠ; 

Å ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ; 

Å ʂʨʫʪʠʟʥʘ ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʽʚ; 

Å ʄʝʭʘʥʽʯʥʽ ʜʽʾ (ʚʽʙʨʘʮʽʷ, ʫʜʘʨʠ ʽ ʪ.ʜ.) 

Å ʉʧʝʮʽʘʣʴʥʽ ʚʠʤʦʛʠ ʧʦ ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʽʟʦʣʷʮʽʾ; 

Å ʉʫʤʽʩʥʽʩʪʴ ʟ ʽʩʥʫʶʯʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ; 

Å ʂʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ɯʥʠhʤʠ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʜʘʪʯʠʢʽʚ ʍʦʣʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʜʝʥʪʠʯʥʠʤʠ 

ʻ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ, ʢʦʤʧʘʢʪʥʽʩʪʴ ʽ ʧʽʜʚʠʱʝʥʘ ʯʫʪʣʠʚʽʩʪʴ. ʋʩʽ ʮʽ ʧʝʨʝʚʘʛʠ ʜʦ-

ʟʚʦʣʷʶʪʴ ʧʦʟʠʮʽʦʥʫʚʘʪʠ ʜʘʪʯʠʢʠ ʍʦʣʣʘ ʚ ʷʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʦʙ'ʻʢʪʘ ʥʝ ʧʦʪʨʽʙʝʥ (ʥʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ), ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʝ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʢʣʘʜʫ ʚ ʧʝʨʝʨʠʚʯʘʩʪʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʠʤʽʨʶ-

ʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟʽʥʝʨʮʽʡʥʠʤ, ʘ ʩʫʯʘʩʥʘ ʝʣʝʤʝʥʪ-

ʥʘ ʙʘʟʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʨʽʚʥʷ ʤʘʛʥʽ-

ʪʥʦʛʦ ʧʦʣʷ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʪʦʯʥʦʩʪʽ ʜʦʩʠʪʴ ʫʩʴʦʛʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʩʝ-

ʢʫʥʜ [5]. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʤʽʢʨʦʩʭʝʤʘ ʜʘʪʯʠʢʘ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʙʫʜʝ ʧʝ-

ʨʝʙʫʚʘʪʠ ʚ ʩʧʣʷʯʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ ʷʢʦʤʫ ʩʧʦʞʠʚʘʥʠʡ ʩʪʨʫʤ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʨʽʚʥʷ 

ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦʘʤʧʝʨ, ʪʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʩʧʦʞʠʚʘʥʦʛʦ ʜʘʪʯʠʢʦʤ, ʤʦ-

ʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʠʡ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʝʞʠʤʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʜʘʪʯʠʢʽʚ ʍʦʣʣʘ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʾʭʥʴʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʉʫʜʥʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ, ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʘʚʪʦʤʘ-

ʪʠʢʠ, ʣʽʯʠʣʴʥʠʢʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʜʦʧʦʤʽʞʥʝ ʝʣʝʢʪʨʦʥʥʝ ʚʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʠʩʪʨʦʾ 

ʘʚʪʦʤʘʪʠʢʠ ï ʦʪ ʜʘʣʝʢʦ ʥʝ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʜʦʜʘʪʢʽʚ, ʫ ʷʢʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʜʘʪʯʠʢʠ ʍʦʣʣʘ. ɺ ʨʦʙʦʪ̔ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʧ̔ ʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩ-

ʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʫʜʥʘ ʟʘʩʪʦʩʦ-

ʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚ ̔ʝʬʝʢʪʫ ʍʦʣʣʘ. 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʢʦʤʧʴʶʪʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʫʯʥʦʡ ʪʦʯʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʮʝʣʴʶ ʝʛʦ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Processing ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʬʦʨ-

ʤʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʇʦʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥ-

ʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʡ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘ-

ʥʦʚʢʦʡ çʀʞʦʨʘè. ʇʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ (ʟʘʱʠʪ) ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʭʨʦ-

ʥʦʩʢʦʧʘʭ ʢʘʩʘʪʝʣʴʥʦ ʯʘʩʪʦʪ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʘʤʧʣʠʪʫʜ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜʢʣʶʯʘʝʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʪʨʝʣʦʯʥʦʛʦ ʩʠʥʭʨʦʥʦʩʢʦʧʘ. ʀʟ-

ʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʷʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪ ʧʦ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʨʘʪʦʨ, Processing, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʩʠʥʭʨʦʥʦʩʢʦʧ. 

 
 

COMPUTER VISUALIZATI ON OF ACCURATE SYNCHRONIZATION 

PROCESS SHIP SYNCHRONOUS GENERATORS 

 
R. Kudelkin , assistant 

V. Lukovtsev, Associate Professor, PhD 
National University çOdessa Maritime Academyè 

 
Abstract: the paper proposes a computer visualization method of the manual accurate synchronization 

process of generators in order to better understanding. Using the Processing programming language repre-

sented graphical materials that allow considering in detail the form of electrical signals, which are key fac-

tors in the synchronization process. An experiment was carried out using a laboratory simulator based on a 

remote and automated control and monitoring system of the shipôs electric power plant çIzhoraè. Produced 

an overview of the established restrictions (protections) on modern synchronoscopes regarding the frequen-

cies and phase shift of the voltage amplitudes of the connecting generators. Using received information it 
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was made an arrow synchronoscope operation analysis. The material presented is not the final work. In the 

future, it is planned to use the obtained data as a basis for continuing visualization work. 

Key-words: generator, Processing, visualization, synchronization, synchronoscope. 
 

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʩʫʜʦʚʳʭ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʤʝʪʦʜʦʤ ʪʦʯʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʫʩʣʦ-

ʚʠʷ, ʥʝʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʝʩʪʦʯʠʚʘʥʠʶ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʢʘʢ ʩʘʤʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʪʘʢ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʝʨʚʦʝ 

ʫʩʣʦʚʠʝ ï ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʕɼʉ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʙʦʪʘʶʱʝʛʦ ʙʳʣʠ ʨʘʚʥʳ. ʇʨʠ ʥʝʨʘʚʝʥʩʪʚʝ ʕɼʉ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʵʬ-

ʬʝʢʪ çʧʝʨʝʪʝʢʘʥʠʷè ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʛʜʘ ʛʝʥʝʨʘʪʦʨ, ʠʤʝʶʱʠʡ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʕɼʉ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʜʨʫʛʦʛʦ. ɺʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ï ʨʘʚʝʥʩʪʚʦ ʯʘʩʪʦʪ ʦʙʦʠʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʥʦ ʪʫʪ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʜʘʣʴʰʝ ʧʦ ʪʝʢʩʪʫ ʧʦʜ-

ʢʣʶʯʘʝʤʳʡ ʛʝʥʝʨʘʪʦʨ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ, ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʰʠʥʘʭ ï 

ʦʩʥʦʚʥʦʡ) ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʘʪʦ-

ʨʘ. 

ɼʘʣʝʝ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʪʴʝ ʫʩʣʦʚʠʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʩʦʚʧʘʜʝʥʠʝ ʧʦ ʬʘʟʝ ʚʝʢʪʦʨʦʚ ʕɼʉ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʠʣʠ ʠʥʘʯʝ 

ʛʦʚʦʨʷ, ʩʠʥʬʘʟʥʘʷ ʨʘʙʦʪʘ ʛʝʥʝʨʘʪʦʨʦʚ. ʀʥʜʠʢʘʮʠʷ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʝʥʠʷ ʬʘʟ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʥʦʩʢʦʧʘ. ɺ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘʜʝʥʠʷ ʬʘʟ ʚʦʟʤʦʞʝʥ 

ʙʦʣʴʰʦʡ ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ ʦʙʤʦʪʢʠ ʛʝʥʝʨʘʪʦʨʦʚ 

ʠʣʠ ʢʦʥʪʘʢʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʧʨʠʯʝʤ ʧʨʠ ʩʜʚʠʛʝ ʬʘʟ ʜʦ 180Á, 

ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʪʦʢ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫ-

ʜʝʥʪʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʈʠʩʫʥʦʢ 1 ʧʦʢʘʟʳʚʘʝʪ 

ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʧʦ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʩʠʥʫʩʦʠʜʘ 1 ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝ-

ʩʢʦʡ (ʥʝʧʦʜʚʠʞʥʦʡ) ʠ ʠʥʜʠʮʠʨʫʝʪ ʩʦʙʦʡ ʩʠʛʥʘʣ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʩʠʥʫ-

ʩʦʠʜʘ 2 ʠʥʜʠʮʠʨʫʝʪ ʩʠʛʥʘʣ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʠʤʝ-

ʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʯʘʩʪʦʪʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʥʫʩʦʠʜʳ ʥʘʧʨʷʞʝʥʠʡ, ʥʘʯʘʣʦ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʦʜʥʦʡ ʪʦʯʢʝ: 

1 ï ʥʘ ʰʠʥʘʭ; 2 ï ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʦʪʦʙʨʘʞʝʥʘ ʩʠʥʫʩʦʠʜʘ ʥʘʧʨʷʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (1) 

ʠ ʩʠʥʫʩʦʠʜʘ ʕɼʉ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (2). ɼʣʷ ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ ʛʨʘʬʠ-

ʢʘ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʬʘʟʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1 ʫʩʣʦʚʠʝ ʧʦ ʨʘ-

ʚʝʥʩʪʚʫ ʥʘʧʨʷʞʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ï ʘʤʧʣʠʪʫʜʳ ʜʚʫʭ ʩʠʥʫʩʦʠʜ ʨʘʚʥʳ. ɺʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʝʪ. ʇʦ ʪʨʝʪʴʝʤʫ ʫʩʣʦʚʠʶ ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʦʚʧʘʜʝʥʠʝ ʬʘʟ, ʥʦ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ, ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʩʪʨʝʣʢʘ ʩʠʥʭʨʦʥʦʩʢʦʧʘ 

ʜʦʣʞʥʘ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʪʴʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʵʪʦʤʫ ʩʣʫʯʘʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʚʘʷ (2) ʯʘʩʪʦʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʥʝʤʥʦʛʦ 

ʚʳʰʝ ʯʘʩʪʦʪʳ ʦʩʥʦʚʥʦʛʦ. 

ʉʪʨʝʣʢʘ ʩʠʥʭʨʦʥʦʩʢʦʧʘ ʩʜʝʣʘʝʪ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʦʪ ʤʝʪʢʠ ʚʝʨʭʥʝʡ 

ʪʦʯʢʠ ʰʢʘʣʳ ʧʨʠʙʦʨʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʩʠʥʫʩʦʠʜ (ʟʥʘʯʝʥʠʝ 

0 ʧʠʢʩ.) ʠ ʧʦʚʪʦʨʥʦ ʚʝʨʥʝʪʩʷ ʚ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴ-

ʥʦ 850 ʧʠʢʩ. ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ. ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʳʝ ʩʦʚʧʘʜʘʶʪ ʧʨʠ 

850 ʧʠʢʩ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʦʙʦʨʦʪʫ ʩʪʨʝʣʢʠ ʩʠʥʭʨʦʥʦʩʢʦʧʘ ʯʫʪʴ ʙʦ-

ʣʝʝ ʯʝʤ ʟʘ 5 ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʩʠʥʫʩʦʠʜʳ 1 (ʜʘʣʴʰʝ ʧʦ ʪʝʢʩʪʫ ʩʠʥʫʩʦʠʜʘ 1 ï 

ʧʝʨʚʘʷ, ʩʠʥʫʩʦʠʜʘ 2 ï ʚʪʦʨʘʷ), ʧʨʠ ʪʦʤ, ʯʪʦ ʧʝʨʚʘʷ ʠʤʝʝʪ ʪʦʣʴʢʦ 4 ʧʝʨʠʦʜʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʯʘʩʪʦʪʘ ʧʝʨʚʦʡ ï 50 ɻʮ, ʪʦʛʜʘ ʥʘ ʢʘʞ-

ʜʳʭ 4 ʧʝʨʠʦʜʘ ʧʝʨʚʦʡ ʧʨʠʭʦʜʠʪʩʷ 5 ʧʝʨʠʦʜʦʚ ʚʪʦʨʦʡ (ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʦʢʨʫʛʣʠʤ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ, ʭʦʪʴ ʧʦ ʛʨʘʬʠʢʫ ʟʥʘʯʝʥʠʝ ʯʫʪʴ ʙʦʣʴʰʝ), ʦʪʢʫʜʘ ʧʦ-

ʣʫʯʘʝʪʩʷ, ʯʪʦ ʯʘʩʪʦʪʫ ʚʪʦʨʦʡ ʩʠʥʫʩʦʠʜʳ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 

    (1) 

 

ʛʜʝ  ï ʯʘʩʪʦʪʘ ʧʝʨʚʦʡ ʩʠʥʫʩʦʠʜʳ; 

         ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʧʝʨʚʦʡ ʩʠʥʫʩʦʠʜʳ; 

         ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʚʪʦʨʦʡ ʩʠʥʫʩʦʠʜʳ. 

ʇʦ ʬʦʨʤʫʣʝ (1) 

 ɻʮ. 

 ɿʥʘʷ ʯʘʩʪʦʪʫ ʚʪʦʨʦʡ ʩʠʥʫʩʦʠʜʳ, ʥʘʭʦʜʠʤ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʪʨʝʣʢʠ ʩʠʥ-

ʭʨʦʥʦʩʢʦʧʘ: 

      (2) 

ʇʦ ʬʦʨʤʫʣʝ (2) 

 ʦʙ/ʩ. 

ʊ.ʝ. ʩʠʥʭʨʦʥʦʩʢʦʧ ʙʫʜʝʪ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʜʝʣʘʪʴ 12,5 ʦʙʦʨʦʪʦʚ. ʈʘʟʫʤʝʝʪʩʷ, 

ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ, ʪʦʯʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠ ʨʝʘʣʠʩʪʠʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʥʘʧʠʩʘʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Processing, 

ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʙʳʣʘ ʚʟʷʪʘ ʠʟ ʨʘʙʦʪʳ [3]. ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʫʝʪ ʫʧʨʦʱʝʥʥʫʶ ʤʦ-

ʜʝʣʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ (ʨʠʩʫʥʦʢ 2) ʥʘ ʦʜʠʥ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʥ ʩʠʛ-

ʥʘʣ ʩ ʰʠʥ, ʘ ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʩʠʛʥʘʣ ʩ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 
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ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʩ ʰʠʥ (ʩʠʥʫʩʦʠʜʘ 1) ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʯʘʩʪʦʪʫ ʧʦʜ-

ʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʩʠʥʫʩʦʠʜʘ 2) ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʠʥʫʩʦʠʜʳ ʥʘʧʨʷʞʝʥʠʡ: 1 ï ʥʘ ʰʠʥʘʭ; 2 ï ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

ɺʳʚʦʜʳ. 

1. ʇʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʪʨʝʣʦʯ-

ʥʦʛʦ ʩʠʥʭʨʦʥʦʩʢʦʧʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʧʦʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʧʨʦ-

ʮʝʩʩʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

2. ʇʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʪʦ ʦʥʘ ʭʨʘʥʠʪ ʤʘʩʩʠʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚ 

ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

 

ʃʀʊɽʈɸʊʋʈɸ 
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ  ʚʠʪʨʘʪʦʤʽʨʫ ʨʽʜʠʥʠ, ʚ ʷʢʦʤʫ ʜʣʷ ʧʽʜ-

ʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽʜʠʥʠ ʟʘ 

ʨʽʟʥʠʮʝʶ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʜʚʦʭ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʨʫʙʠ ʜʣʷ ʙʘʣʘʩʪʥʦ-ʦʩʫʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜ-

ʥʘ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʝʪʴʦʛʦ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʜʽʘʧʘ-

ʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ɺʩʪʘʥʦʚʣʝʥʠʡ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠ-

ʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ.. 
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RESEARCH OF VESSEL'S BALLAST-DRAINAGE  SYSTEM WITH 

TENSOMETRIC FLUID METER  
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Abstract. The application of a tensometric flowmeter, in which to improve the reliability and accuracy 

of measurement, it was proposed to measure the flow rate of fluid by the difference of static pressures in two 

different sections of the pipe for the ballast-drainage system of the vessel. It is shown that the installation of 

the third strain gauge allows to extend the measuring range of the flow velocities. 

Keywords: fluid, flowmeter, strain gauge, ballast-drainage system, seawater, 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  

ɹʘʣʘʩʪʥʽ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʠʡʦʤʫ ʚ ʮʠʩʪʝʨʥʠ ʚʦʜʷʥʦʛʦ ʙʘʣʘʩʪʫ, 

ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʡʦʛʦ ʟ ʩʫʜʥʘ ʟ ʤʝʪʦʶ ʟʤʽʥʠ ʦʩʘʜʢʠ ʽ ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʥʘ 

(ʙʘʣʘʩʪʥʘ ʩʠʩʪʝʤʘ), ʚʠʨʽʚʥʶʚʘʥʥʷ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʚ ʥʝʦʙʭʽʜʥʠʭ ʚʠʧʘʜʢʘʭ ʰʪʫʯ-

ʥʦʛʦ ʢʨʝʥʫ (ʩʠʩʪʝʤʘ ʢʨʝʥʫ) ʽ ʜʠʬʝʨʝʥʪʘ (ʜʠʬʝʨʝʥʪʥʘ ʩʠʩʪʝʤʘ) ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʧʣʘʚʘʥʥʽ ʚ ʣʴʦʜʘʭ ʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʘ 

ʪʘʢʦʞ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʪʨʘʯʘʥʥʷʤ ʟʘʧʘʩʽʚ ʧʘʣʠʚʘ ʽ ʚʦʜʠ. ɿ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʦʧʝʨʘʮʽʡ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪ ʨʽʜʠʥʠ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɺʽʜʦʤʽ ʽʥʜʫʢʮʽʡʥʠʡ, ʪʝʧʣʦʚʠʡ ʪʘ ʽʥʰʽ ʚʠʪʨʘʪʦʤʽʨʠ, ʥʝʜʦʣʽʢʘʤʠ ʷʢʠʭ ʻ ʥʝ-

ʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʨʽʰʥʦʩʪʽ ʚʠʤʽʨʚʁʘʥʴ ʧʨʦʪʷʛʦʤ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥ-
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ʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʜʠʥʽ ʽ ʟʤʝʥʰʫʻ  ʾʭ ʥʘʜʽʡʥʽʩʪʴ. ɺ ʨʦʙʦʪʽ [1] ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ 

ʨʽʜʠʥʠ ʟʘ ʨʽʟʥʠʮʝʶ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʜʚʦʭ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʨʫʙʠ. ʎʷ ʤʝʪʘ 

ʜʦʩʷʛʘʣʠʩʷ ʪʠʤ, ʱʦ ʚ ʪʝʥʟʦʤʝʪʨʠʯʥʦʤʫ ʚʠʪʨʘʪʦʤʽʨʽ, ʷʢʠʡ ʫʪʨʠʤʫʻ ʚʠʤʽʨʶʚʘʣʴ-

ʥʫ ʜʽʣʴʥʠʮʶ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʝʨʰʠʡ ʪʘ ʜʨʫʛʠʡ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʥʘ ʚʝʨʭʥʽʡ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʫ ʚʽʜʧʦʚʜ̔ʥʠʭ ʧʝʨʝʪʠʥʘʭ, ʪʘ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʧʽʜ-

ʩʠʣʶʚʘʯ, ʷʢʠʡ ʚʠʭʦʜʘʤʠ ʟôʻʜʥʘʥʠʡ ʟʽ ʚʭʦʜʘʤʠ ʨʝʻʩʪʨʘʪʦʨʘ, ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ 

ʟôʻʜʥʘʥʽ ʫ ʥʘʧʽʚʤʽʩʪ, ʘ ʜʚʘ ʧʝʨʝʪʠʥʠ ʪʨʫʙʠ ʚʠʢʦʥʘʥʽ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʧʽʚʚʽʜʥʦ-
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ʜʝ 21 ii r,r  - ʚʥʫʪʨʽʰʥʽ ʨʘʜʽʫʩʠ ʜʚʦʭ ʧʝʨʝʪʠʥʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ; 

21 h,h  - ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʜʚʦʭ ʧʝʨʝʪʠʥʘʭ. 

ʅʘ ʚʭʦʜʽ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʙʫʜʝ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʚʘʜʨʘʪʫ ʚʠʪʨʘʪ ʨʽʜʠʥʠ Q . 
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ʜʝ RD  - ʨʽʟʥʠʮʷ ʦʧʦʨʽʚ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ, ʱʦ 

ʨʦʟʤʽʱʝʥʽ ʥʘ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ;  r- ʱʽʣʴʥʽʩʪʴ ʨʽ-

ʜʠʥʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʣʘʩʪ-

ʥʦ-ʦʩʫʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʚʠ-

ʪʨʘʪʦʤʽʨʦʤ ʨʽʜʠʥʠ (ʨʠʩ. 1). ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ.1: 

1 ï ʙʦʨʪ; 2, 6 ï ʥʝʟʚʦʨʪʥʦ-ʟʘʧʽʨʥʽ ʢʣʘʧʘʥʠ; 

3,5,7,10 ï ʢʣʽʥʢʝʨʥʽ ʟʘʩʫʚʢʠ;      4 ï ʙʘʣʘʩʪʥʦ-

ʦʩʫʰʫʚʘʣʴʥʠʡ ʥʘʩʦʩ; 8 ï ʙʘʣʘʩʪʥʘ ʩʠʩʪʝʤʘ;       9 ï 

ʦʩʫʰʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; 11 ï ʬʽʣʴʪʨ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ; 

12 ï ʢʽʥʛʩʪʦʥ; 13 ï ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʚ ʨʦʙʦʪʽ [1] ʚʠʪʨʘʪʦʤʽʨʽ ʥʝ 

ʚʨʘʭʦʚʫʚʘʚʩʷ ʚʧʣʠʚ ʪʝʨʪʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʠʪʨʘʪʦ-

ʤʽʨʫ. 
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ʜʝ n - ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ; 

     CPv  - ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ; 

     l  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ; 

     d - ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ɺ ʨʦʙʦʪʽ [2] ʙʫʣʦ  ʧʦʢʘʟʘʥʦ, ʱʦ  ʧʨʠ ʤʘʣʠʭ  ʰʚʠʜʢʦʩʪʷʭ  ʧʦʪʦʢʫ ʧʦʢʘʟʥʠ-

ʢʠ ʪʘʢʦʛʦ ʚʠʪʨʘʪʦʤʽʨʫ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʪʘʢ ʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʦʾ ʛʨʫʧʠ ʥʘʩʦʩʫ ʙʘʣʘʩʪʥʦ-

ʦʩʫʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 
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ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʨʪʷ ʊʈpD  

ʪʘ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʜʽʘʤʝʪʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ 21 ʨʨ-  ʤʘʻ ʥʘʩʪʫʧ-

ʥʠʡ ʚʠʛʣʷʜ: 
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ʜʝ n - ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ; 

     l  - ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʚʠʤʽʨʶʻʪʴʩʷ ʨʽʟʥʠʮʷ ʪʠʩʢʫ; 

     CPv - ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ; 

     d  - ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ; 

     1v  - ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʫ ʧʝʨʝʪʠʥʽ 1; 

     r - ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ. 

ʇʨʠ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 1vvCP =  ʮʝʡ ʚʠʨʘʟ ʜʣʷ ʚʦʜʠ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

(r= 1ʢʛ/ʤ3, n = 0,001 ʇʘÖ ʩ) ʪʘ ʨʦʟʤʽʨʘʭ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ  

(d= 0,1 ʤ, 21 ii r/r = 1,1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ 
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ɿ ʮʽʻʾ ʬʦʨʤʫʣʠ ʩʣʽʜʫʻ, ʱʦ ʚʧʣʠʚ ʪʝʨʪʷ ʟʨʦʩʪʘʻ ʧʨʠ ʟʤʝʥʰʝʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʪʘ ʜʽʘʤʝʪʨʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʘ ʟʨʦʩʪʘʥʥʽ ʚʽʜʩʪʘʥʽ, ʥʘ ʷʢʽʡ ʚʠʤʽʨʶʻʪʴʩʷ ʨʽ-

ʟʥʠʮʷ ʪʠʩʢʽʚ. 

ʊʦʤʫ ʚ ʨʦʙʦʪʽ [3] ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠ-

ʪʨʘʪ ʨʽʜʠʥʠ (ʨʠʩ. 2). 

ʉʭʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʋ ʙʣʦʮʽ ʟʨʽʚʥʷʥʥʷ-ʧʝʨʝʤʠʢʘʥʥʷ ʧʦʯʝʨ-

ʛʦʚʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ  ʨʽʟʥʠʮʽ ʩʠʛʥʘʣʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜ ʪʝʥʟʦʨʝ-

ʟʠʩʪʦʨʽʚ 1 ʽ 2 ʪʘ 1 ʽ 3. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 1 

ʽ 2 ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʪʫ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 1 ʽ 3, ʚʧʣʠ-

ʚʦʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʝʨʪʷ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽʜʠʥʠ ʧʨʦʚʦ-

ʜʷʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʫʩʪʨʦʶ, ʥʘʚʝʜʝʥʦʤʫ ʚ ʨʦʙʦʪʽ [1]. ʉʠʛʥʘʣ ʧʽʜʩʠʣʶʻʪʴʩʷ ʽ ʧʝʨʝ-

ʪʚʦʨʶʻʪʴʩʷ ʫ ʬʦʨʤʫ, ʱʦ ʻ ʟʨʫʯʥʦʶ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚ ʧʨʠʡʤʘʯ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʙʝʟ-

ʜʨʦʪʦʚʠʤ ʨʘʜʽʦʟʚôʷʟʢʦʤ. ʈʝʻʩʪʨʘʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚ ʧʦʢʘʟʥʠʢʠ ʚʠ-

ʪʨʘʪ ʟʛʽʜʥʦ ʟ ʨʽʟʥʠʮʝʶ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ. 

ɺ ʟʚʦʨʦʪʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 1 ʽ 3 ʟʥʘʯ-

ʥʦ ʧʝʨʝʚʠʱʫʻ ʪʫ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 1 ʽ 2, ʪʦ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽʜʠʥʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (3). 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽʜʠʥʠ 

 

ɺʠʩʥʦʚʢʠ.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʦʢʫ, ʷʢʽ ʭʘʨʘʢʪʝ-

ʨʥʽ ʜʣʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ ʧʨʠ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʩʪʘʥʫ ʨʽʚʥʦ-

ʚʘʛʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʦʜʠʪʠ ʟʘ ʨʽʟʥʠʮʝʶ ʪʠʩʢʽʚ ʫ ʧʝʨʝʪʠʥʘʭ ʨʽʟʥʦʛʦ 

ʜʽʘʤʝʪʨʘ. ʇʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʦʢʫ ʧʨʠ ʩʪʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʣʠʟʴʢʘ ʜʦ ʨʽʚ-

ʥʦʚʘʛʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (3). 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ɼɸʊʏʀʂʆɺ ʊɽʄʇɽʈɸʊʋʈʓ ɺ ʉʆʉʊɸɺɽ ʉʋɼʆɺʆʁ ʉʀʉʊɽʄʓ 

ʂʆʅʊʈʆʃʗ ʀ ʉʀɻʅɸʃʀɿɸʎʀʀ 

 
ɺ. ɺ. ʂʨʶʯʢʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ɸ. ɸ. ɼʝʤʠʨʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʀ. ʄ. ɻʚʦʟʜʝʚʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɺ. ɸ. ʑʝʨʙʠʥʠʥ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ñʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷò 
 

ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘ ʙʘʟʝ ʧʣʘʪʠʥʦʚʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ PT-100, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ʢʦʥʪʨʦʣʷ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʜʳ ʠ ʤʘʩʣʘò. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʩʫʜʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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Abstract: An experimental study of the characteristics of temperature sensors based on the PT-100 

platinum resistance thermometer used in shipsô control and monitoring systems was carried out with the help 
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ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʜʘ ʦʙʦʨʫʜʦʚʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ: K-Chief 600, Konsberg Kïpos, Beerïradio, Converteam ʠ ʜʨ. [1]. 

ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʝʭʘʥʠʟʤʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʦʜʘʯʘ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʮʠʣʠʥʜʨʦʚ [2,3]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 
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ʪʝʨʤʦʨʝʟʠʩʪʦʨʳ ʠʣʠ ʪʝʨʤʦʧʘʨʳ. ʅʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʚʣʠʷʶʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʩʘʤʦʛʦ ʜʘʪʯʠʢʘ, ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, 

ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʚʦʜʢʠ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3ï6] ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʳʭ ʜʘʪʯʠʢʦʚ ʦʧʠʩʘʥʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʇʦ-

ʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʧʦʣʫʯʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʮʝʥʢʝ ʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʙʘʟʝ ʧʣʘʪʠʥʦʚʳʭ ʪʝʨʤʦʨʝ-

ʟʠʩʪʦʨʦʚ. 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʧʠʩʘʥʳ ʚ [1,2]. ʀʩʩʣʝʜʦʚʘʥʠʶ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [4]. ɺ [5,6] ʧʨʠʚʝʜʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʚ ʠ ʠʭ ʜʦʧʫʩʪʠʤʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʪʝʤʧʝʨʘʪʫʨ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʨʝʟʠʩʪʦ-

ʨʦʚ, ʦʧʠʩʘʥ ʚ [7]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʭ ʨʝʞʠʤʦʚ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [8]. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

 

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʙʘʟʝ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ PT-100 

ʠʩʧʦʣʴʟʦʚʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʠ ʤʘʩʣʘò ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʢʠ ʩʫʜʦʚ ʅʋ ñʆʄɸò 

(ʨʠʩ. 1). 

ɺ ʩʦʩʪʘʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʥʘʣʘ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʚʦʜʳ ʠ ʤʘʩʣʘò ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

1 ï ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ (ʇʃʂ) iTRON DR 100. 

2 ï 2-ʭ ʰʢʘʣʴʥʳʡ ʜʠʩʧʣʝʡ. 

3 ï ʀʩʧʦʣʥʠʪʝʣʴʥʦʝ ʨʝʣʝ ʈʕʂ-77/3 220ɺ 50 ɻʮ 10ɸ. 

4 ï ʊʝʨʤʦʨʝʟʠʩʪʦʨ ʇʊʉ-100. 

5 ï ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʇʕɺ-100. 
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6 ï ʂʥʦʧʢʠ ʟʘʜʘʥʠʷ ʫʩʪʘʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

7 ï ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ. 

8 ï ʉʚʝʪʦʜʠʦʜʳ ʫʢʘʟʘʥʠʷ ʚʢʣʶʯʝʥʠʷ ʪʝʨʤʦʨʝʣʝ. 

9 ï ʂʥʦʧʢʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʩʪʘʚʢʠ. 

10 ï ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ. 

I1, I2, I3 ï ʊʦʯʢʠ ʠʟʤʝʨʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨ-

ʤʦʨʝʟʠʩʪʦʨʘ PT-100 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʠ ʧʦʤʦʱʠ ʦʤʤʝʪʨʘ ʠʟʤʝʨʷʝʪ-

ʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ ʥʘ ʚʳʚʦʜʘʭ I2-I3. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʪʝʤ ʥʘ ʩʭʝʤʫ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ ʠ ʩʨʘʚ-

ʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʜʠʩʧʣʝʝ ʇʃʂ ʩʦ ʟʥʘʯʝʥʠʝʤ ʵʪʘʣʦʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʘ ʧʘʥʝʣʠ ʇʃʂ ʚʳʩʪʘʚʣʷʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʠʟʤʝʨʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ ʠ ʥʘʭʦʜʠʪʩʷ ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʨʷʶʪʩʷ ʩ ʧʦʢʘʟʘʥʠʝʤ ʥʘ ʜʠʩʧʣʝʝ ʇʃʂ. 

ɺʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʩʨʘʚʥʝʥʠʷ ʨʝʘʣʴʥʦʡ ʠ ʵʪʘʣʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥʘ ʠ ʦʧʨʦʙʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʷʚʣʷʪʴ 

ʧʦʛʨʝʰʥʦʩʪʠ ʩʘʤʠʭ ʜʘʪʯʠʢʦʚ ʠ ʢʘʥʘʣʦʚ ʠʟʤʝʨʝʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʠ ʤʘʩʣʘ. 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʩʫʜʦʚʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʩ-

ʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʩʫʜʦʚʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʫʜʦʚʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʤʦʙʠʣʴʥʳʡ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ. 

 

 

INCREASING EFFICIENCY OF THE MANAGEMENT OF INTEGRATED 

SHIP SYSTEMS BY IMPROVING THE HUMAN -MACHINE INTERFACE  
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Abstract: The paper is devoted to the improvement of the human-machine interface of shipôs integrat-

ed systems. Modern methods and means of organizing the automated management of ship technical equip-

ment are considered. Based on the analysis of the main functions of shipô integrated systems, it is proposed 

to use the developed mobile control and communication panels at the level of control systems in their struc-

ture. 

Keywords: remote automated control, shipôs integrated systems, human machine interface, mobile 

operation station. 

 

ʅʘ ʩʫʜʘʭ ʩ ʢʣʘʩʩʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ AUT 1 ï ICS ʠ AUT 2 ï ICS ʟʘʜʘʯʠ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝʰʘʶʪʩʷ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʦʝʜʠʥʸʥʥʳʤʠ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜ ʠʥʪʝʛʨʘʮʠʝʡ ʩʠʩʪʝʤ ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʦʙʲ-

ʝʜʠʥʝʥʠʝ ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʮʝʣʦʩʪʥʫʶ ʩʠʩʪʝʤʫ, ʨʝʘʣʠ-

ʟʫʶʱʫʶ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠ-

ʷʤ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʤʦʜʫʣʴʥʦ-

ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʤʦʜʫʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʫʨʦʚʥʷʭ ʠʝʨʘʨʭʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʟʥʘʯʠʤʦʩʪʠ. ʄʦʜʫʣʠ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ 

ʨʝʰʘʶʪ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʘ ʤʦʜʫʣʠ, ʩʪʦʷʱʠʝ ʚʳʰʝ ʧʦ ʠʝʨʘʨʭʠʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʝʤ ʤʦʜʫʣʝʡ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ. 
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ʉʫʜʦʚʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ʉʀʉ), ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʶʪ ʩʣʝ-

ʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʦʡ, ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ, ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘ-

ʤʠ ʛʨʫʟʦʚʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʘʚʘʨʠʡʥʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ.  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʩʫʜʦʚʳʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʨʝʰʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʦʙʩʣʫʞʠʚʘ-

ʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʪ.ʝ. ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʝʛʦ ʩʚʦʝʚʨʝʤʝʥʥʳʤʠ, ʜʦʩʪʘʪʦʯʥʳʤʠ ʧʦ 

ʦʙʲʝʤʫ ʠ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ ʜʘʥʥʳʤʠ. ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʚ ʝʜʠʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʫʶ (ʢʦʤʧʴʶʪʝʨʥʫʶ) ʩʠʩʪʝʤʫ. ʉʚʷʟʴ ʦʧʝʨʘʪʦʨʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʲ-

ʝʜʠʥʷʶʱʝʛʦ ʚ ʩʝʙʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙ-

ʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ.  

ɺʩʝ ʩʨʝʜʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝ-

ʥʠʝ ʝʝ ʛʣʘʚʥʳʭ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ) ʟʘʜʘʯ: 1) ʩʙʦʨ, ʫʧʦʨʷʜʦʯʝʥʠʝ, ʨʝʛʠʩʪʨʘʮʠʷ, 

ʟʘʱʠʪʘ, ʦʙʨʘʙʦʪʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ; 2) ʦʧʝʨʘʪʠʚʥʘʷ ʚʳʜʘʯʘ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʜʘʥʥʳʭ; 3) ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʦʧʝʨʘʪʦʨʘ; 4) ʢʦʥʪʨʦʣʴ ʠ 

ʫʩʪʨʘʥʝʥʠʝ ʦʰʠʙʦʢ ʚ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʘʤʷʪʠ; 5) ʦʙʥʦʚʣʝʥʠʝ ʭʨʘ-

ʥʷʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʉʀʉ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ, ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʥʠʡ ʦʧʝʨʘʪʦʨʘ.  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

ʝʱʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʇʦʵʪʦʤʫ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʛʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʉʀʉ ʧʫʪʸʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʫʪʸʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʦʙʠʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ. 

ɺʘʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʉʀʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ [2] ʚʦʚʨʝʤʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʦʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʙʦ-

ʪʳ ʥʘ ʩʫʜʥʝ ʯʣʝʥʳ ʵʢʠʧʘʞʘ ʥʝ ʤʦʛʫʪ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʦʢʦʣʦ ʎʝʥʪʨʘʣʴʥʦ-

ʛʦ ʇʫʣʴʪʘ ʋʧʨʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥ-

ʥʠʭ ʠ/ʠʣʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʡ [3]. 
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ʏʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʉʀʉ, ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʨʛʦʥʦʤʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʘʤ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʜʘʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʥʝ ʧʝʨʝʛʨʫʞʘʷ ʠʭ ʣʠʰʥʝʡ 

ʠʥʬʦʨʤʘʮʠʝʡ [4]. ʀʟ-ʟʘ ʧʣʦʭʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴʩʷ. ʇʨʠʤʝ-

ʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʙʣʠʮʳ ʠʣʠ ʛʨʘʬʠʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʚʳʥʝʩʝʥʳ ʠʟʣʠʰʥʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ [5, 6].  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʚʦʧʨʦʩʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚ. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʉʀʉ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʠʝʨʘʨʭʠʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ ʧʨʠ ʫʯʸʪʝ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ ʉʀʉ ʩ ʫʯʝ-

ʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ.  

4. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʳʡ 

ʫʨʦʚʝʥʴ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʤʦʙʠʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʥʦ ʬʫʥʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʝʣʦʚ 

ʥʦʨʤ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʩʪʚ ʠ ʦʙʲʝʢʪʦʚ, 

ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʦʧʝʨʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʝʨʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʘʢʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʜʝʡʩʪʚʠʡ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʢʠ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠ ʩ ʫʯʸʪʦʤ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʙʠʣʴʥʳʡ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ 

ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ, ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ ʭʦʜʦʚʦʛʦ ʤʦʩʪʠʢʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʉʀʉ (ʨʠʩ. 1) ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʩʪʨʫʢʪʫ-

ʨʘ ʩʠʩʪʝʤʳ K-Chief 600, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʝʥʘ ʥʘ 4 ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ [7].  

ɸʥʘʣʠʟ ʨʠʩ. 1 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪ-

ʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʉʀʉ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʜʦʣʞ-

ʥʦʩʪʥʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʠ ʜʦʧʫʩʢʠ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʩʫʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʏʣʝʥʳ ʵʢʠʧʘʞʘ, ʟʘʥʠʤʘʶʱʠʝ ʜʦʣʞʥʦʩʪʠ ʩ ʦʩʦ-

ʙʳʤʠ ʜʦʧʫʩʢʘʤʠ, ʜʦʣʞʥʳ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʯʪʦ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʙʝʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʉʀʉ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ K-Chief 600 ʩ ʫʯʸʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʝʨʝʥʦʩʥʳʭ ʧʫʣʴ-

ʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺʳʚʦʜʳ. ʉʫʜʦʚʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʉʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʉʀʉ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʝʨʝʥʦʩʥʳʭ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʦʥʝ ʧʦʢʨʳʪʠʷ 

WiFi, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʉʀʉ ʚ ʮʝʣʦʤ.   
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ʮʠʝʡ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʫʜʦʚʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʪʣʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ NOx ʚ ʫʭʦʜʷʱʠʭ 

ʛʘʟʘʭ. 
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Abstract. The task of developing an effective flue gas recirculation control system for a ship auxiliary 

boiler to reduce the NOx content in flue gases is presented. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʡʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʦʜʭʦʜʦʚ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ NOx ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʕʋ: ʧʝʨʚʠʯʥʳʝ ʤʝʪʦʜʳ, ʟʘ-

ʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʦʜʘʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ NOx ʚ ʪʦʧʢʘʭ ʢʦʪʣʦʚ ʠʣʠ ʢʘʤʝʨʘʭ ʩʛʦ-

ʨʘʥʠʷ ʜʠʟʝʣʝʡ ʠ ʚʪʦʨʠʯʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʦʙʨʘʙʦʪʢʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦʩʣʝ ʢʦʪʣʘ ʠʣʠ ʜʠʟʝʣʷ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʙʦʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʤʝʪʦʜʘʤʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ  ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ [1]. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʭʦʪʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʚʷʟʘʥʳ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʘʩ-

ʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʘ ʩʫʜʘʭ 

ʥʦʚʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʦʪ-

ʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʠ ʢʦʪʣʦʚ ʦʪ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʦ-

ʛʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʨʠʣʦʞʝʥʠʷ VI ʄʂ ʄɸʈʇʆʃ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ   NOx ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʚʦ-

ʜʦʤ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ.   ɼʳʤʦʚʳʝ ʛʘʟʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 300ï400Áʉ ʦʪʙʠʨʘʶʪ-

ʩʷ ʧʝʨʝʜ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝʤ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʜʳʤʦʩʦʩʦʤ ʠ  ʧʦʜʘʶʪʩʷ 

ʚ ʪʦʧʦʯʥʫʶ ʢʘʤʝʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʦʧʢʝ ʩʥʠʞʘʝʪʩʷ 

ʥʘ 120ï130Áʉ ʠ ʧʘʜʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʧʣʠʚʥʳʭ NOx.  ʇʨʠ ʵʪʦʤ ʂʇɼ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʩʥʠʞʘ-

ʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ (0,01ï0,03% ʥʘ 1% ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʘʟʦʚ) [2]. 
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  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʚʚʦʜʝ ʛʘʟʦʚ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʤʝʩʪʦ ʦʪʙʦʨʘ ʛʘʟʦʚ ʥʘ ʨʝ-

ʮʠʨʢʫʣʷʮʠʶ; ʫʩʣʦʚʠʷʤʠ ʠʭ ʚʚʦʜʘ ʚ ʪʦʧʦʯʥʫʶ ʢʘʤʝʨʫ; ʩʪʝʧʝʥʴʶ ʨʝʮʠʨʢʫʣʷ-

ʮʠʠ r, %; ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʦ ʦʙʲʝʤʫ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ; ʩʦ-

ʩʪʦʷʥʠʝʤ ʢʦʪʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʚʚʦʜʘ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ ʪʦʧʢʫ: 

ï ʚ ʧʦʜ (ʥʠʞʥʝʡ ʯʘʩʪʠ) ʪʦʧʢʠ (ʧʨʦʮʝʩʩ 1 ʥʘ ʨʠʩ.1); 

ï ʚ ʰʣʠʮ ʧʦʜ ʛʦʨʝʣʢʘʤʠ (ʧʨʦʮʝʩʩ 2 ʥʘ ʨʠʩ.1); 

ï ʚ ʚʦʟʜʫʭʦʧʨʦʚʦʜ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ (ʧʨʦʮʝʩʩ 3 ʥʘ ʨʠʩ.1); 

ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʦʨʝʣʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʦʜʠʥ ʠʟ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦ-

ʢʦʚ ʠʣʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ (ʧʨʦʮʝʩʩ 4 ʥʘ ʨʠʩ.1);; 

ï ʚ ʧʦʪʦʢ ʪʦʧʣʠʚʘ ʥʘ ʛʦʨʝʣʢʫ (ʧʨʦʮʝʩʩ 5 ʥʘ ʨʠʩ.1);. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1  ╖  ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʚʚʦʜʘ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ 

 

 ʇʨʠʤʝʥʝʥʠʝ ʨʝʮʠʨʢʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʥʝʜʦ-

ʨʦʛʠʭ ʩʨʝʜʩʪʚ ʩʥʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʪʦʧʦʯʥʳʭ ʢʘʤʝʨʘʭ ʘʛʨʝ-

ʛʘʪʦʚ ʉʕʋ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʘ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 30ï35 % ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɺʊʀ [2], ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ ʊɻʄʇ-114 ʩ ʧʨʷʤʦʪʦʯʥʳʤʠ ʛʦʨʝʣʢʘʤʠ, ʪʘ-

ʢʦʝ ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦʩʴ ʜʘʞʝ ʧʨʠ ʧʦʜʘʯʝ ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʘʟʦʚ ʩ r =23 

% ʧʨʠ ʊ = 350 Üʉ ʯʝʨʝʟ ʰʣʠʮʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʢʘʞʜʦʡ ʛʦʨʝʣʢʦʡ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʠ 58 %-ʡ ʥʘʛʨʫʟʢʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʮʠʨʢʫʣʷʮʠʠ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ. ʆʥʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ: 

ï ʫʤʝʥʴʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢʦʪʣʘ; 

ï ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ; 

ï ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ; 

ï ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʦʧʣʠʚʝ. 
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ʊʝʭʥʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʝʮʠʨʢʫʣʷʮʠʶ ʠ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝ-

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʜʳʤʦʩʦʩʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʜʳʤʦʭʦʜʝ ʢʦʪʣʘ ʚʙʣʠʟʠ ʜʳʤʦʩʦʩʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʰʠʙʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʫʣʠʨʫʝʤʦ ʦʪʙʠʨʘʪʴ ʦʢʦ-

ʣʦ 20 % ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘʧʨʘʚʣʷʪʴ ʠʭ ʥʘ ʚʭʦʜ ʜʫʪʴʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ [2]. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʩ ʫʯʝʪʦʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʚ ʘʛʨʝʛʘʪʘʭ ʉʕʋ.  

 ʉ ʮʝʣʴʶ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉɸʋ ʨʝʮʠʨʢʫʣʷʮʠʝʡ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʚ ʚʦʟʜʫʭʦʚʦʜ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ (ʨʠʩ 2).  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (FFC) ʚ ʉɸʋ ʛʦʨʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [3] ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʢʦʨʨʝʢʮʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ (Ŭ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʢʦʪʣʘ 

(ʪʘʙʣ.1) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ NOx.  

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʛʦʨʝʥʠʷ 

ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʦʧʢʝ ʛʣʘʚʥʦʛʦ ʚʦʜʦʪʨʫʙʥʦʛʦ ʩʫʜʦʚʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ  ʤʘʨʢʠ  Mitsubishi 

Marin Main Boiler ʄɺ ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 120 ʪ/ʯ: ɼʉ ï ʜʳʤʦʩʦʩ; ɼɺ ï ʜʫʪʴʝʚʦʡ ʚʝʥ-

ʪʠʣʷʪʦʨ;  ɺʇ ï ʚʦʟʜʫʰʥʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ; ɺʕ ï ʚʦʜʷʥʦʡ ʵʢʦʥʦʤʘʡʟʝʨ; ʇʅ ï ʧʠʪʘʪʝʣʴʥʳʡ 

ʥʘʩʦʩ; QE ïʛʘʟʦʘʥʘʣʠʟʘʪʦʨ; FFC ïʨʝʛʫʣʷʪʦʨ ʨʝʮʠʨʢʫʣʷʮʠʠ; FE ï ʨʘʩʭʦʜʦʤʝʨ. 

 

 

ʊʘʙʣʠʮʘ 1 ï ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʜʣʷ ʅʉʂ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʤʠʥʠʤʠʟʘʮʠʠ NOx ʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʂʇɼ ʢʦʪʣʘ 

ʅʘʛʨʫʟʢʘ ʢʦʪʣʘ, % 10 30 50 70 90 

Ŭ 1,1 1,18 1,21 1,25 1,32 

NOx * 100 ʤʛ/ʤ
3 1 4 6 7,8 8,3 

 
 



                                                    ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ                        ISSN 2706-7874 (print)     
                                                   çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè  
                                                                                   05.11.2019 ï 06.11-2019                                      dx.doi.org/10.31653/2706-7874 

                                                                                                                                                        

www.femire.onma.edu.ua   75 

 

ʉʭʝʤʘ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʶʱʝʡʩʷ ʢʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʙʦ-

ʪʳ ʘʜʘʧʪʠʚʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.3. ʉ ʫʯʝʪʦʤ ʧʨʦʩʪʦʪʳ ʠ ʥʘʣʠʯʠʷ ʙʠʙʣʠʦʪʝʢʠ ʵʣʝʤʝʥʪʦʚ ʀʅʉ, ʜʣʷ ʦʙʫʯʝ-

ʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (ʅʉʂ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʜʘʢʪʦʨʳ ʚ ʧʘʢʝʪʝ MatLab. ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ 

ʉɸʋ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʢʨʦʤʝ ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʂʇɼ ʩʫ-

ʜʦʚʦʛʦ ʢʦʪʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ NOx ʚ ʫʭʦ-

ʜʷʱʠʭ ʛʘʟʘʭ.   

ɺʳʚʦʜʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʉɸʋ ʠ ʪʨʘʜʠʮʠʦʥ-

ʥʦʡ ʉɸʋ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩʫʜʦʚʦʛʦ ʢʦʪʣʘ ʩ 50 % ʥʘʛʨʫʟʢʦʡ ʧʦʢʘʟʘ-

ʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʝʡʨʦʩʝʪʝʚʦʡ  ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʥʦʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ.  ʉʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʉɸʋ (ʩʤ. ʨʠʩ. 4) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ  NOx  ʥʘ 14 %  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʦʡ  ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʦʤ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝ-

ʤʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ ʩʫ-

ʜʘʭ.  
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʅʉʋ): æW ï ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ; y(t) ï ʨʝʛʫʣʠʨʫʝʤʳʡ ʚʳ-

ʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ; g(t) - ʟʘʜʘʥʠʝ; e(t) - 

ʦʰʠʙʢʘ; ym(t) ï ʵʪʘʣʦʥʥʳʡ (ʤʦʜʝʣʴʥʳʡ) 

ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ (ʩʦʜʝʨʞʘʥʠʝ NOx); 

ey(t) ï ʦʰʠʙʢʘ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ; ʀʅʉ ï 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʨʝʛʫʣʷʪʦʨ) 

ʈʠʩʫʥʦʢ 4 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ NOx  ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ  ʩʫ-

ʜʦʚʦʛʦ ʢʦʪʣʘ: 1 ï ʪʨʘʜʠʮʠʦʥʥʘʷ ʉɸʋ (Ŭ = 1,3); 

2- ʥʝʡʨʦʩʝʪʝʚʘʷ ʉɸʋ (Ŭ = 1,15) 

http://www.dslib.net/sudov-energoustanovki/snizhenie-vybrosov-oksidov-azota-s-otrabotavshimi-gazami-sudovyh-dizelej-i-kotlov.html
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ɸʥʦʪʘʮʽʷ: ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʧʠʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʫʩʢʫ ʩʫʜʥʦʚʦʛʦ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʪʝʦʨʝʤʠ ʌʝʣʴʜʙʘʫʤʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩ-

ʥʠʪʠ ʨʦʟʛʽʥ ʩʫʜʥʦʚʦʛʦ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʥʦʤʽʥʘʣʴʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʟʘ ʥʘʡʙʽʣʴʰ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʠ ʮʴʦʤʫ ʟʘʧʦʙʽʛʘʶʯʠ ʚʠʭʦʜʫ ʥʘ ʧʦʟʘʤʝʞʥʽ ʰʚʠʜʢʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʦʨʝʤʘ ʌʝʣʴʜʙʘʫʤʘ, ʘʚʘʨʽʡʥʠʡ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨ, 

ʦʧʪʠʤʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʫʩʢʫ. 

 

METHOD OF OPTIMAL CONTROL OF STARTING AND 
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Abstract: The paper deals with the description of using the optimal algorithm for starting a ship diesel 

generator based on the Feldbaum theorem. Application of this algorithm will allow to accelerate the ship 

diesel generator at the rated speed in the shortest period of time, while preventing the exit at exterior speeds. 

Keywords: optimal control, Feldbaum theorem, emergency diesel generator, optimal start-up algo-

rithm 

 

   ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʚʽʪʦʚʽ ʤʦʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘ ʦʩʪʘʥʥʽ 

15 ʨʦʢʽʚ ʧʨʘʢʪʠʯʥʦ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʫ 

ʩʚʽʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʬʣʦʪʫ. ʗʢ ʥʘʩʣʽʜʦʢ - ʱʦʜʥʷ ʪʠʩʷʯʽ ʩʫʜʽʚ ʚʠʢʦʥʫʶʪʴ 

ʚʘʥʪʘʞʥʽ ʦʧʝʨʘʮʽʾ ʘʙʦ ʞ ʫ ʰʣʷʭʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʦʨʪʫ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ, ʘʜʞʝ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ. ɯ ʟʛʽʜʥʦ ʟ ʧʨʘ-

ʚʠʣʘʤʠ ʈʝʛʽʩʪʨʫ, ʢʨʽʤ ʛʦʣʦʚʥʦʾ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʥʘ ʚʩʽʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʫʜʥʘʭ, ʱʦ ʧʝʨʝʚʦʟʷʪʴ ʙʽʣʴʰʝ 12 ʧʘʩʘʞʠʨʽʚ, ʥʘʚʯʘʣʴʥʠʭ, ʝʢʩʧʝʜʠʮʽʡʥʠʭ, ʢʨʠʛʦ-

ʣʘʤʥʠʭ, ʢʠʪʦʙʽʡʥʠʭ, ʘ ʪʘʢʦʞ ʥʘ ʚʩʽʭ ʥʘʬʪʦʥʘʣʠʚʥʠʭ ʩʫʜʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʘʚʘʨʽʡʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ. 

ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʦʩʽʙ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʫʩʢʫ ʘʚʘʨʽʡʥʦ-

ʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ çʰʚʠʜʢʦʛʦ ʧʫʩʢʫè, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʥʠʡ ʪʠʤ , ʱʦ ʚ ʤʦʤʝʥʪ ʧʫʩʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʜʘʯʘ ʧʘ-

ʣʠʚʘ ʜʦ ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʦʙʝʨʪʽʚ ʥʘ ʥʦʤʽʥʘʣʴʥʽ ʫʤʦʚʠ. ʆʜʥʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʥʝʙʝʟʧʝʢʫ ʚʠʭʦʜʫ ʜʚʠʛʫʥʘ ʥʘ ʧʦʟʘʤʝʞʥʽ 
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ʫʤʦʚʠ ʽ ʟʘʧʦʙʽʛʪʠ ʟʫʧʠʥʮʽ ʜʚʠʛʫʥʘ ʟʘʭʠʩʪʦʤ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ çʰʚʠʜʢʦʛʦ ʧʫʩʢʫè 

ʤʦʞʥʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʽ ʥʘ ʦʩʥʦʚʥʠʭ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘʭ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ, ʘʣʝ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʦʩʪʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʽʡʥʦʩʪʽ ʩʘʤʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʢʠ, ʦʩʢʽʣʴʢʠ ʚ ʤʦʤʝʥʪ 

ʧʫʩʢʫ ʚʽʥ ʧʨʘʮʶʻ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʄʝʪʦʜʠ ʨʽʰʝʥʥʷ. ɸʣʛʦʨʠʪʤ çʰʚʠʜʢʦʛʦè ʧʫʩʢʫ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝʤʠ ʌʝʣʴʜʙʘʫʤʘ, ʘ ʩʘʤʝ ʷʢʱʦ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ 

ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤ n-ʛʦ ʧʦʨʷʜʢʫ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʢʦʨʝʥʽ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʽʡʩʥʽ, ʥʝʛʘʪʠʚʥʽ ʘʙʦ 

ʥʫʣʴʦʚʽ, ʪʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ n ʽʥʪʝʨʚʘʣʽʚ ʤʘ-

ʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ Ñ U_max, ʘ ʟʥʘʢʠ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʧʦʚʠʥʥʽ ʯʝʨ-

ʛʫʚʘʪʠʩʷ (n-1) ʨʘʟ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪʠ ʧʝ-

ʨʝʤʠʢʘʥʴ. 

ʆʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ ʻ ʩʫʜʥʦʚʠʡ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨ ʽ ʡʦʛʦ ʩʠʩʪʝ-

ʤʘ ʧʘʣʠʚʦ ʧʦʜʘʯʽ  ʚ ʷʢʫ ʙʫʚ ʽʥʪʝʛʨʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʘʣʛʦʨʠʪʤʫ 

çʰʚʠʜʢʦʛʦ ʟʘʧʫʩʢʫè ʟ ʧʝʨʝʤʠʢʘʯʝʤ ʨʝʞʠʤʫ ʨʦʙʦʪʠ.   

ɼʝ ʄʥ, ʄʢʨʫʪ - ʤʦʤʝʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʢʨʫ-

ʪʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʠʟʝʣʝʤ, ʚʽʜʧʦʚʽʜʥʦ; 

P, Q, U, f  -ʘʢʪʠʚʥʘ ʽ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʫ-

ʛʘ ʥʘ ʡʦʛʦ ʰʠʥʘʭ ʽ ʯʘʩʪʦʪʘ, ʚʽʜʧʦʚʽʜʥʦ; 

, w -ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʜʠʟʝʣʷ ʽ ʚʘʣʫ ʨʝʛʫʣʷʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ; 

  z - ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʥʷ ʤʫʬʪʠ ʨʝʛʫʣʷʪʦʨʘ; 

hʜ - ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʥʷ ʨʝʡʢʠ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ. 

 

 
ʈʠʩʫʥʦʢ 1- ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʣʛʦʨʠʪʤʦʤ "ʰʚʠʜʢʦʛʦ ʟʘʧʫʩʢʫ". 

 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦ-

ʨʷʜʢʫ :  

 



ISSN 2706-7874 (print)                         ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ   

                                                   çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè           
dx.doi.org/10.31653/2706-7874         05.11.2019 ï 06.11-2019 

                                                                                                                                                           

78  www.femire.onma.edu.ua 

 

(1) 

 

ʜʝ      - ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ; 

 - ʢʦʵʬʬʠʮʠʝʥʪ ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ ʜʠʟʝʣʷ; 

  - ʢʦʝʬʽʮʽʻʥʪ ʩʘʤʦʚʠʨʽʚʥʶʚʘʥʥʷ ʜʠʟʝʣʷ; 

  - ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʥʷ ʨʝʡʢʠ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ; 

  - ʤʦʤʝʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ; 

 w- ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʧʝʨʝʤʠʢʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʠʢʫ-

ʚʘʥʥʷ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʽ ʟʥʘʢʦʟʤʽʥʥʦʾ ʧʨʘʚʦʶ ʯʘʩʪʠʥʦʶ: 

 

 (2) 

   

ʜʝ  -ʢʦʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

 ï ʧʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ  

 - ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ 

ɺʠʨʽʰʫʶʯʠ ʜʘʣʽ ʟʘ ʫʤʦʚʘʤʠ ʤʝʪʦʜʫ ʩʪʠʢʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʟʥʘʭʦʜʠʤʦ ʤʦʤʝʥʪ ʯʘʩʫ ʧʝʨʝʤʠʢʘʥʥʷ 1t .  

 ʆʙˇʨʫʥʪʦʚʫʶʯʠʩʴ ʜʘʥʠʤʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʦʨʝʤʠ ʌʝʣʴʜʙʘʫʤʘ ʤʠ ʤʦʞʝʤʦ 

ʧʦʙʘʯʠʪʠ ʧʨʦʮʝʩʠ ʚ ʦʙ'ʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʤ ʙʣʦʢʦʤ ʘʣʛʦʨʠʪʤʫ çʰʚʠʜʢʦʛʦ ʟʘʧʫʩʢʫè: 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʘʥ ʢʦʦʨʜʠʥʘʪʠ ʧʘʣʠʚʥʦʾ ʨʝʡ-

ʢʠ ʧʽʜ ʯʘʩ ʥʦʨʤʘʣʴʥʦʾ ʧʫʩʢʫ 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʘʥ ʧʘʣʠʚʥʦʾ ʨʝʡʢʠ  ʧʨʠ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʫ çʰʚʠʜʢʦʛʦ ʧʫʩʢʫè 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʨʠʚʘ ʨʦʟʛʦʥʫ ʜʠʟʝʣʴ ʛʝʥʝʨʘ-

ʪʦʨʘ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʧʦʜʘʯʽ ʧʘʣʠʚʘ 
ʈʠʩʫʥʦʢ 5 ï ʂʨʠʚʘ ʨʦʟʛʦʥʫ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ çh ʚʠʜʢʦʛʦ ʟʘʧʫʩʢʫè 
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ɺʠʩʥʦʚʦʢ. ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʫʩʢʦʤ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ ʚʭʦʜʫ ɼɻ ʚ ʥʦʤʽʥʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ, ʱʦ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʽʥʥʷ ʚ ʘʚʘʨʽʡʥʠʭ 

ʨʝʞʠʤʘʭ, ʽ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʟ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʜʝ ʧʦʪʨʽʙʥʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ 

ʌʝʣʴʜʙʘʫʤʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ ʯʘʩʦʚʽ ʢʦʥʩʪʘʥʪʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

 
ʃɯʊɽʈɸʊʋʈɸ 

 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ ʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ɺ.ʀ. 

ʃʘʥʯʫʢʦʚʩʢʠʡ ɸ.ɺ. ʂʦʟʴʤʠʥʳʭ. ʋʯʝʙʥʠʢ.-ʄ.: ʊʨʘʥʩʧʦʨʪ, 1983.-320ʩ. 

2. ʊʠʤʦʬʝʝʚ ʖ.ʂ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʋʯʝʙ.ʧʦʩʦʙʠʝ ïʄ.:ɺ/ʆ çʄʦʨʪʝʭʠ-

ʥʬʦʨʤʨʝʢʣʘʤʘè , 1990- 72ʩ 

3. ʉʫʝʚʘʣʦʚ ʀ.ɻ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʨʘʩʯʝʪʘʤ ʩʫʜʦʚʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.- ʃ.ʉʫʜʦʩʪʨʦʝʥʠʝ , 

1977-376ʩ. 

4. ʂʫʟʥʝʮʦʚ ʉ.ɽ. ʆʩʥʦʚʳ ʵʢʧʣʫʘʪʘʮʠʠ ʩʫʜʫʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: 

ʋʯʝʙ. ʜʣʷ ʚʫʟʦʚ, - ʄ.:ʊʨʘʥʩʧʦʨʪ. 1991.231 ʩ. 

5. ɼʦʢʫʤʝʥʪʘʮʠʷ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʦʪ SASEBO HEAVY INDYSTRIES 

6. ɿʳʨʷʥʦʚ ɺ.ʄ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʟʘʥʷʪʠʶ ʧʦ ʢʫʨʩʫ çʉʫʜʦʚʳʝ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè / ɺ.ʄ. ɿʳʨʷʥʦʚ, ɸ.ɹ. ʄʦʩʠʝʥʢʦ, ʉ.ɺ. ʌʝʜʦʨʦʚ ʅʦʚʦ-

ʩʠʙʠʨʩʢ: ʅʦʚʦʩʠʙ. ʛʦʩ. ʘʢʘʜ. ʚʦʜ. ʪʨʘʥʩʧ., 2006. 

7. ɽʧʠʰʠʥ ɸ.ʖ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʪʝʤʫ  çʄɽʊʆɼ ʋʃʋʏʐɽʅʀʗ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ 

ʇʆʂɸɿɸʊɽʃɽʁ ɼʀɿɽʃʗ ʊɽʇʃʆɺʆɿʅʆʁ ɼʀɿɽʃʔ-ɻɽʅɽʈɸʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀè ʄʦʩʢʚʘ -

2018 

8. ʉʪʝʥʠʥ ɺ.ɸ. ʉɻʕʆ. ʈʘʩʯʝʪ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ ï ɸʨʭʘʥʛʝʣʴʩʢ: ʉɸʌʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

2014-250ʩ. 

 
 

 

 

ʋɼʂ 621.313 

 
 

ɸɺʊʆʄɸʊʀʏɽʉʂʀɽ ʈɽɻʋʃʗʊʆʈʓ ʅɸʇʈʗɾɽʅʀʗ ʉʀʅʍʈʆʅʅʓʍ 

ɻɽʅɽʈɸʊʆʈʆɺ ʀ ʉʇʆʉʆɹʓ ʀʍ ʊɽʍʅʀʏɽʉʂʆʁ ʈɽɸʃʀɿɸʎʀʀ 

 
ɸ. ʅ. ʈʘʢ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸ. ɻ. ʂʘʣʫʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʉ. ɺ. ɹʘʙʠʡ, ʩʪʫʜʝʥʪ 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʦʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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Abstract. In  the  article  are  the  relevance  of  the  production and distribution  electrical power on 

the world marine fleet are introduced  by automatic regulation of voltage frequency and related with the re-

active and active powers of synchronous generators. 

Key words. Automatic regulator of voltage, quality of electrical power, generating set, active element, 

(slave unit), microprocessor, statism, current transformer, negative feed- back, pulse - width modulation, 

comparator, microcontroller.  

 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ   ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʯʘʩʪʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʝʘʢʪʠʚʥʦʡ ʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ 

ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʉɻ) ʠʣʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʧʝʥ-

ʩʘʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʚ ʩʫʜʦʚʳʭ ɻʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʩʯʠʪʘ-

ʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ  

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ  ʪʨʝʙʦʚʘʥʠʷʤ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦ-

ʭʦʜʩʪʚʘ (ʈʄʈʉ). 

ʅʘ ʨʠʩ.1, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʦʢʘʟʘʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ɻʣʝʢʪʨʦʵʥʝʨʛʦ ʩʠʩʪʝ-

ʤʘ ʩʫʜʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ (ɻɸ), ʚʢʣʶʯʘʶʱʘ:̫ ʧʨʠʚʦʜʥʦʡ ʜʠʟʝʣʴ (ɼ) ʠ 

ʛʝʥʝʨʘʪʦʨ (ɻ), ʣʠʥʠʶ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʧʦʣʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʣʠʥʠʠ Zʣ, ʠ 

ʰʠʥʳ ʦʪ ʢʦʪʦʨʳʭ ʧʠʪʘʶʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʧʦʪʨʝʙʠʪʝʣʠ (ʧʨʠʝʤʥʠʢʠ). 

ɺ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʪʦʢʘ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʫʜʦʚʦʡ 

ʵʣʝʢʪʨʦʩʝʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʠʟʤʝʥʥʳʤʠ ʠ ʨʘʚʥʳʤʠ ʥʦʤʠʥʘʣʴʥʳʤ ʠʭ ʟʥʘʯʝʥʠ-

ʷʤ: Uʧʨ.ʥʦʤ; fʥʦʤ.  ʂʘʩʘʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ, ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦʙʳ ʦʥʦ ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ, ʘ ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥ-

ʥʦʡ. 

 ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ Uʛ ʥʘ ʝʛʦ ʚʳʚʦʜʘʭ ʜʦʣʞʥʦ ʠʟʤʝʥʷʪʴʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ ʚ ʣʠʥʠʠ Iʣ ʩʫʜʦʚʦʡ ʝʣʝʢʪʨʦʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪ-

ʥʳʤ ʨʘʚʝʥʩʪʚʦʤ: 

                                           ʃʃʇʈ.ʅʆʄɻ ZIUU Ö+= .                                            (1) 

ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦ-

ʜʷʪ ʠʟʤʝʥʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʨʘʙʘʪʳʚʘʤʦʡ ʩʫʜʦʚʳʤʠ ʛʝʥʝ-

ʨʘʪʦʨʘʤʠ ʤʦʱʥʦʩʪʠ.   

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʥʘ ɼ ʠ ɻ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ (ɸʈʏ) ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ɸʈʅ). ʋʩʪʨʦʡʩʪʚʦ ɸʈʏ ʜʦʣʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 
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ʥʝʠʟʤʝʥʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ɼ, ʘ ʫʩʪʨʦʡʩʪʚʦ ɸʈʅ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ɻ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1). 

ɸʈʏ ɸʈʅ

ɼ ɻ

Uʛ
Zʣ

Uʧʨ

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʦ ʩʠʩʪʝʤʳ 
 

ʀʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʢ ʧʨʠʤʝʨʫ: ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʩʝʪʠ, ʧʨʠ ʚʥʝʟʘʧʥʳʭ ʦʪ-

ʢʣʶʯʝʥʠʷʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪ.ʧ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʘʝʪʩʷ 

ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ ʤʝʞʜʫ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ   ʧʨʠʚʦʜʥʳʤʠ ɼ ʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ɻ. 

 ʇʦ ʧʨʠʯʠʥʝ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʦʪʜʝʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʠ ʚʳʭʦʜʠʪʴ ʠʟ ʩʠʥʭʨʦʥʠʟʤʘ. 

ʇʦʵʪʦʤʫ, ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦʝ ʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠʤʝʝʪ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʫʶʱʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɻɸ ʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ   

ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʜʣʝʞʘʱʝʛʦ ʫʨʦʚʥʷ ʩʫʜʦʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʫ-

ʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ.  

ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠ̫ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʪʝʤ ʩʘʤʳʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝʤ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʜʠʟʝʣʴ, ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʯʘʩʪʦʪʳ ʪʦʢʘ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ ʦʩʥʦʚʥʳʭ ʷʚʥʦ ʠʣʠ ʥʝʷʚʥʦ ʚʳʨʘʞʝʥʥʳʭ ʯʘʩʪʝʡ ʠ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ.2): 

- ʠʟʤʝʨʠʪʝʣʴʥʘ ̫ʯʘʩʪ ɹ(ʀʏ), ʬʦʨʤʠʨʫʶʱʘ ̫ʟʥʘʯʝʥʠʝ ʠ ʟʥʘʢ ʦʪʢʣʦʥʝʥʠʷ ʨʝ-

ʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʩʠʛʥʘʣ ʧʦ ʦʪʢʣʦʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ 

ȹ Uʛ)  ʠ ʜʨʫʛʠʭ ʩʠʛʥʘʣʦʚ; 

- ʫʩʠʣʠʪʝʣ ɹ(ʋ), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʦʥʥʳʡ; 

- ʣʦʛʠʯʝʩʢʘ ̫ʯʘʩʪ ɹ(ʃʏ), ʢʦʦʨʜʠʥʠʨʫʶʱʘ ̫ʧʨʦʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʦʚ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʯʘʩʪʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ; 

- ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʀʕ), ʧʨʦʠʟʚʦʜʷʱʠʡ ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ (ʈɺ) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʚʦʟʚʨʘʱʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʡ  ʚʝʣʠʯʠʥʳ (ʧʘʨʘʤʝʪ-

ʨʘ, ʢʦʦʨʜʠʥʘʪʳ) ʢ ʝʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʠʣʠ ʜʨʫʛʦʤʫ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʨʛʘ-

ʥʦʚ. ɺ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʟʘʜʘʶʱʠʡ ʵʣʝ-

ʤʝʥʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʟʘʜʘʥʥʦʝ (ʧʨʝʜʧʠʩʘʥʥʦʝ) ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠ-
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ʯʠʥʳ, ʥʘʧʨʠʤʝʨ Uʛ.ʟʘʜ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʝʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ (ʜʝʡʩʪʚʫʶʱʠʤ)   ʟʥʘ-

ʯʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 2 ï  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

 

ʇʦʵʪʦʤʫ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ: 

- ʮʝʧʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ (ʆʆʉ),  ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠ ʁʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

- ʵʣʝʤʝʥʪʳ ʩʪʘʪʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ; 

-  ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʛʝʥʝʨʘʪʦʨʦʚ 

ʠ ʜʨ.      

ɺʩʷʢʦʝ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ: 

- ʢʦʛʜʘ ʨʝʛʫʣʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʚʝʨʥʝʪʩʷ ʢ ʩʚʦʝʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ (ʧʨʝʜʰʝʩʪʚʫʶʱʝʤʫ ʧʝʨʝʭʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ); 

-  ʠʣʠ ʢʦʛʜʘ ʨʝʛʫʣʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʤʝʪ ʢʘʢʦʝ-ʪʦ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʘʢʦʥʦʤ ʝʝ ʠʟʤʝʥʝʥʠʷ.  

ɺ [2] ʠ ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉɻ. 

ɺ ʩʣʫʯʘʝ (ʨʠʩ.3, ɸ) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʟʘʚʠʩʠʤʦʝ, ʘ ʚ ʩʣʫʯʘʝ 

ʨʠʩ.3, ɹ - ʥʝʟʘʚʠʩʠʤʦʝ. 
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ʈʠʩʫʥʦʢ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʉɻ: ɸ ï ʩʪʘʪʠʯʝʩʢʘʷ; ɹ ï ʘʩʪʘʪʠʯʝʩʢʘʷ 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ, ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʦʪ ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʢʦ-

ʪʦʨrʭ  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.4 ʠ ʨʠʩ.5. 

 ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʪʤʦʩʪʠ ʦʪ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩʥʠʤʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ TV ʠ ʧʨʝʦʙʨʘ-

ʟʫʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʚʳʧʨʷʤʠʪʝʣʷ ɺ1, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʛʣʘʞʠ-

ʚʘʶʱʝʛʦ ʬʠʣʴʪʨʘ ʌ1.  

ʈʝʛʫʣʠʨʫʝʤʳʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʈɼʅ ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʪʨʦʠʪʴ ʫʨʦʚʝʥʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʝʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʚ ʢʦʤʧʘʨʘʪʦʨʝ ʂʦʤ 1 ʩ 

ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʛʝʥʝʨʘʪʦʨʘ ʣʠʥʝʡʥʦ-ʠʟʤʝʥʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ɻʃʀʅ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ,  ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʂʦʤ 1 ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʠʤʧʫʣʴʩʳ,  ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʠʦʜʦʤ ʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʐʀʄ). ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʤʧʘʨʘʪʦʨʘ ʢʦʦʨʨʝʢʪʠʨʫʝʪʩʷ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥ ̫

ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʆʅ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʡ ʫʧʨʘʚ-

ʣʷʝʪ ʨʘʙʦʪʦʡ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʂʣ, ʚʢʣʶʯʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʦʙʤʦʪ-

ʢʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʧʨʘʚʣʷʝʪ ʚʝʣʠʯʠʥʦʡ 

ʪʦʢʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʀʇ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʦʪ 

ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʊʊ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙ-

ʨʘʟʫʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʚʳʧʨʷʤʠʪʝʣʷ ɺ2 ʠ ʩʛʣʘʞʠʚʘʶ-

ʱʝʛʦ ʬʠʣʴʪʨʘ ʌ2. 

 ʇʦʣʫʯʝʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʪʦʢʫ ʥʘʛʨʫʟʢʠ, 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʚ ʢʦʤʧʘʨʘʪʦʨʝ ʂʦʤ2 ʩ ʦʧʦʨʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʦʤʠʥʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʪʦʢʘ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

ʥʘʜ ʥʦʤʠʥʘʣʴʥʳʤ ʢʦʤʧʘʨʘʪʦʨ ʂʦʤ2 ʩʨʘʙʘʪʳʚʘʝʪ ʠ ʟʘʧʨʝʱʘʝʪ ʨʘʙʦʪʫ ʪʨʘʥʟʠ-

ʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʂʃ. 
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ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ï 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ (ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ) 

 

ɺʳʚʦʜʳ: 

1. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʘʥʘʣʦʛʦʚʳʝ ʩʭʝʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʶʪʩʷ: 

- ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʠʘʧʘʟʦ-

ʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʫʨʦʚʥʷʤʠ ʧʦʤʝʭ, ʜʨʝʡʬʘ ʥʫʣʷ 

ʫʩʠʣʠʪʝʣʝʡ ʠ ʪ.ʧ., ʢ ʧʨʠʤʝʨʫ, ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʦʪ -10ɺ ʜʦ +10ɺ; 

- ʧʨʠ ʫʨʦʚʥʝ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʭ, ʚ ʩʭʝʤʝ ʦʪ -0,1ɺ ʜʦ +0,1ɺ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ %1%100
10

1,0
=Öö

÷

õ
æ
ç

å
 ,ʯʪʦ ʟʘʯʘʩʪʫʶ ʥʝ-

ʜʦʧʫʩʪʠʤʦ; 

- ʜʣʷ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ   ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ (ʪ.ʝ. ʚʥʦʩʠʪʴ ʚ ʥʝʛʦ ʘʧʧʘʨʘʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ). 

2. ʇʨʝʦʜʦʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʮʠʬʨʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʇʨʘʚʠʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʨʦʡʢʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ.  ʏʘʩʪʴ ʍI. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ. ʅɼ ˉ2 ï 020101- 087. ʈʦʩʩʠʡʩʢʠʡ ʤʦʨʩʢʦʡ ʨʝʛʠʩʪʨ ʩʫʜʦʭʦʜʩʪʚʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʘʥʘʣʦʛ ʧʝʯʘʪʥʦʛʦ 

ʠʟʜʘʥʠʷ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ 30.09.15. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016ʛ.- 130ʩ. 

2. ɹʘʣʘʛʫʨʦʚ ɺ.ɸ.  ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: 

ʋʯʝʙ. ʇʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ. ï ʄ.: ɺʳʩʰ.ʰʢʦʣʘ, 1982. - 272ʩ., ʠʣ. 
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Abstract: The article deals with the creation of systems for the automatic commissioning of backup 

generators in ship electrical power systems. It is proposed to use a system with a PLC. The developed system 

can be used as part of training complexes, and also allows you to acquire skills and abilities in assembling 

the systems themselves, adjusting the programming of the PLC, and improve skills in working out actions 

without using expensive electromechanical equipment. 

Keywords: system, generating, set diesel generator, equipment, automation, program, logic, controller, 

synchronoscope. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʩʫʜʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʤʠʨʦʚʦʤ ʬʣʦʪʝ ʭʘ-

ʨʘʢʪʝʨʥʳ ʩʚʦʠʤ ʙʦʣʴʰʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʠ 

ʢʣʘʩʩʘ ʩʫʜʦʚ ʠʣʠ ʚʦʝʥʥʳʭ ʢʦʨʘʙʣʝʡ. 

ʅʦ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ, ʘʚʪʦʥʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠʥʷʪʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʪ 0.4 ʜʦ 10 ʢɺ. 

ɺʳʙʦʨ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʩʫʜʥʘ ʦʢʘ-

ʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʭʝʤʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʜʦʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʉʕʕʉ) ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʳʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦ-
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ʛʦ ʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʪʨʝʙʫʝʤʳʤ ʝʝ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ  ʢʘʯʝʩʪʚʦʤ.     

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʉʕʕʉ, ʩʦʜʝʨʞʠʪ ʜʚʘ-ʪʨʠ ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʘ (ɻɸ), ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʜʠʟʝʣʴ (ɼ) ʠ ʛʝʥʝʨʘʪʦʨ (ɻ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʯʝʨʝʟ ʛʣʘʚʥʳʡ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʡ ʱʠʪ (ɻʈʑ). 

 ʏʝʨʝʟ ɻʈʑ ʠ ʨʷʜ ʵʣʝʢʪʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʕʈʋ) ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʝʪ ʢ ʨʘʟʣʠʯʥʳʤ ʝʝ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ, 

ʧʦ ʩʫʪʠ, ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ʇʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʨʝʟʝʨʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʘʤʘ 

ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʪʝ-

ʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʦʨʤʘʪʠʚʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ [1,2]. 

ʆʜʥʘʢʦ, ʚʩʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʳ ʩʦʟʜʘʚʘʣʠʩʴ 

ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʫʞʝ ʫʩʪʘʨʝʚʘʶʱʝʡ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ ʠ ʙʳʣʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʤʠ ʠʣʠ ʞʝ ʚʩʝ ʦʧʝʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʠʟ-

ʚʦʜʠʣʠʩʴ ʦʧʝʨʘʪʦʨʘʤʠ ʉʕʕʉ ʚʨʫʯʥʫʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ (ʇʃʂ), ʟʘʜʘʯʘ ʧʨʦʮʝʩʩʘ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ. 

 ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʝ ʇʃʂ çʆʚʝʥè 

63/67, ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʡʠʠ (ʈʌ), ʢʦʪʦʨʳʝ ʥʘ ʧʦʨʷʜʦʢ ʜʝʰʝʚʣʝ 

ʠʟʚʝʩʪʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. 

ɼʣʷ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʚʢʣʶʯʘʝʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ    ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʠ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʣʝʞʘʱʝʝ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʚʩʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʪʴ ʯʘʩʪʦʪʫ ʪʦʢʘ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʩʫʜʥʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʩʫʜʦʚʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

(ʉɸʕʉ)  ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: 

1.  ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʛʝʥʝʨʘʪʦʨʥʳʡ ʘʛʨʝʛʘʪ (ɻɸ). 

2. ʋʧʨʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʘʷ ʩʚʦʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɻɸ (ʩʪʘʙʠʣʠ-

ʟʘʮʠ ʁʥʘʧʨʷʞʝʥʠ,̫ ʯʘʩʪʦʪʳ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʫʩʪʨʘʥʝʥʠʝ ʦʙʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʤʠ ɻɸ. 

3. ʋʧʨʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɻɸʠ ʚ ʮʝʣʦʤ ʚʩʝʡ ʩʪʨʫʢʪʫʨʦʡ ʮʝ-

ʧʠ ʛʣʘʚʥʦʛʦ ʪʦʢʘ. 

ʇʝʨʝʜ ʧʦʜʢʣʶʯʝʥʠʝʤ ʚ ʧʘʨʘʣʣʝʣʴ ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠʣʠ ʛʝʥʝʨʘʪʦʨʘ ʩ ʵʣʝʢ-

ʪʨʦʩʝʪʴʶ, ʧʨʦʚʝʨʷʶʪʩʷ ʠ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 
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ʘ) ʇʦʨʷʜʦʢ ʯʝʨʝʜʦʚʘʥʠʷ ʬʘʟ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʠʣʦʚʳʭ ʢʣʝʤʤʘʭ 

ʛʝʥʝʨʘʪʦʨʦʚ; 

ʙ) ʈʘʚʝʥʩʪʚʦ ʯʘʩʪʦʪ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

ʚ) ʈʘʚʝʥʩʪʚʦ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʛʝʥʝʨʘʪʦʨʦʚ; 

ʛ) ʉʠʥʬʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʦʙʦʠʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʢʘʟʘʥʘ ʥʘ  ʨʠʩ.1. 

ʇʦʨʷʜʦʢ ʯʝʨʝʜʦʚʘʥʠʷ ʬʘʟ ʚʩʝʭ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʦʣ-

ʞʝʥ ʩʦʚʧʘʜʘʪʴ. 

 ɼʣʷ ʪʨʸʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʮʚʝʪʦʚʘʷ 

(ʙʫʢʚʝʥʥʘʷ) ʢʦʜʠʨʦʚʢʘ. ʇʨʦʚʦʜ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (U), ʞʝʣʪʦʛʦ (V) ʠ ʛʦʣʫʙʦʛʦ (W). 

ʉʦʝʜʠʥʝʥʠʷ ʩ ʦʙʲʝʜʠʥʠʪʝʣʴʥʳʤʠ ʰʠʥʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ. 

ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʥʝ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ɼʣʷ ʵʪʦʛʦ, ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ɻɸ ʠʤʝʶʪ ʨʝʛʫʣʷʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʚʝʥʩʪʚʦ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʳʭʦʜʘʭ ʦʙʦʠʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʕʪʘ ʨʝʛʫʣʠ-

ʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ɻɸ. 

ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʠʥʬʘʟʥʦ ʥʘʧʨʷʞʝʥʠʶ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʤʫ ʜʨʫʛʠʤʠ ʛʝʥʝʘʨʦʪʦʨʘʤʠ, ʚʢʣʶʯʘʝʤʳʤʠ ʚ ʧʘʨʘʣʣʝʣʴ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ, ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 ʂʦʥʪʨʦʣʴ ʩʠʥʬʘʟʥʦʩʪʠ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʠʥʭʨʦʩʢʦ-

ʧʦʤ ʠʣʠ ʧʨʦʩʪʝʡʰʠʤ ʪʨʝʭʣʘʤʧʦʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ (ʨʠʩ.1.1). 

ʇʨʠ ʵʪʦʤ, ʪʨʠ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʢʨʫʛʫ ʥʘ ʨʘʜʠʫʩʘʭ 

ʠʩʭʦʜʷʱʠʭ ʠʟ ʮʝʥʪʨʘ ʧʦʜ ʫʛʣʦʤ 1200  ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʧʦʜʩʦʝʜʠʥʷ-

ʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʛʣʘʚʥʦʤʫ ʩʠʣʦʚʦʤʫ ʚʳʢʣʶʯʘʪʝʣʶ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦ-

ʨʘ. ɼʚʝ ʣʘʤʧʳ ʩʦʝʜʠʥʷʶʪʩʷ ʢʘʢ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʧʷʤʠ, ʘ ʪʨʝʪʴʷ - ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʚʳʢʣʶʯʘʪʝʣʶ ʦʜʥʦʡ ʠʟ ʬʘʟ. 

ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʚʩʝ ʪʨʠ ʣʘʤʧʳ, ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʝʨʠ-

ʦʜʦʤ ʤʝʜʣʝʥʥʦ ʟʘʛʦʨʘʶʪʩʷ ʠ ʛʘʩʥʫʪ ʚ ʧʦʨʷʜʢʝ, ʟʘʚʠʩʷʱʝʤ ʦʪ ʪʦʛʦ, ʫ ʢʘʢʦʛʦ ʠʟ 

ʛʝʥʝʨʘʪʦʨʦʚ ʯʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʦʨʦʪʳ ʠ ʯʘʩʪʦʪʘ, 

ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʣʘʤʧʘ, ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʚʳʢʣʶʯʘʪʝʣʶ ʦʜʥʦʡ ʠʟ ʬʘʟ, ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʟʘʛʦʨʘʪʴʩʷ. 

 ɺ ʵʪʦ ʚʨʝʤʷ ʜʚʝ ʦʩʪʘʣʴʥʳʝ ʣʘʤʧʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʨʦʣʠ ʧʝʨʝʤʳʯʝʢ ʤʝʞʜʫ 

ʜʚʫʤʷ ʬʘʟʥʳʤʠ ʮʝʧʷʤʠ, ʥʝ ʥʘʯʥʫʪ ʧʦʩʪʦʷʥʥʦ ʛʦʨʝʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʩʠʥʬʘʟʥʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʦʠʤʠ ʛʝ-

ʥʝʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʧʨʠ ʵʪʦʤ ɻɸ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʨʝʛʫʣʷʪʦʨ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʫʜʘʭ ʩ ʢʣʘʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɸ1 ʚʦʚʨʝʤʷ ʥʝ-

ʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʫʯʘʠ ʧʦʣʥʦʛʦ ʦʙʝʩʪʦʯʠʚʘʥʠʷ 

ʩʫʜʥʘ, ʘ ʥʘ ʩʫʜʘʭ   ʩ ʢʣʘʩʩʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʠʞʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɺ ʩʣʫʯʘʝ, ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨ ʛʝʥʝʨʘʪʦʨʘ ʩʤʝʱʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦ-

ʨʘ.  
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ʈʠʩʫʥʦʢ 1 ï ɺʢʣʶʯʝʥʠʝ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʨʫʯʥʫʶ ʩ ʢʦʥʪʨʦʣʝʤ ʩʠʥʬʘʟʥʦʩʪʠ ʚʭʦʜ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʥʦʩʢʦʧʘ 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʚʦʜʦʤ ʚ ʜʝʡʩʪʚʠʝ ʨʝʟʝʨʚʥʦʛʦ ɻɸ, ʚ ʩʣʫʯʘʝ ʧʝʨʝ-

ʛʨʫʟʢʠ ɻɸ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʙʦʪʝ.  

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɻɸ ʙʳʣ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ (ʇʃʂ) çʆʚʝʥè ʇʃʂ 63/73. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʨʝʟʝʨʚʥʦʛʦ ʠ ʨʘʙʦʪʘʶʱʝʛʦ ɻɸ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʚʩʝʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʇʃʂ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ. 

ʅʘ ʨʠʩ.2. ʧʨʠʚʝʜʝʥ ʧʫʣʴʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ. ʇʨʠ ʵʪʦʤ, 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʥʫʣʝʥʳ. 

ʅʘ ʧʫʣʴʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʷ: çVRGè - ʚʢʣʁ-

ʯʝʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ɻɸ; çPRGè - ʧʦʜʢʣʶʯʝʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ɻɸ ʢ ʩʝʪʠ; çVMPè - 

ʚʢʣʶʯʝʥʠʝ ʤʘʩʣʦʧʨʦʢʘʯʠʚʘʶʱʝʛʦ ʥʘʩʦʩʘ; çZRNè - ʟʘʧʫʩʢ ʨʝʟʝʨʚʘ ʥʝʚʦʟʤʦʞʝʥ; 

çrezè - ʩʠʛʥʘʣʠʟʘʮʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʨʝʟʝʨʚʘ; çOTè - ʧʨʦʚʝʨʢʘ 

ʥʘʣʠʯʠʷ ʪʦʧʣʠʚʘ. ʆʨʛʘʥʳ ʟʘʜʘʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʨʝʟʝʨʚʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ; ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʪʦʢʘ ʨʘʙʦʪʘʶʱʝʛʦ ʚʝʜʫʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ; ʯʘʩʪʦ-

ʪʳ ʠ ʪʦʢʘ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; ʫʧʨʘʚʣʝʥʠʝ ʩʠʥʬʘʟʥʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʬʘʢʪʠʯʝʩʢʠʭ ʚʝʣʠ-

ʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʘ (ʪʦʢʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ,ʯʘʩʪʦʪʳ ʧʠ-

ʪʘʶʱʝʡ ʩʝʪʠ) ʨʘʙʦʪʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɺ ʩʣʫʯʘʝ 

ʚʳʭʦʜʘ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ, ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʘʥʜʘ ʥʘ 

ʟʘʧʫʩʢ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʆʜʥʘʢʦ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʫʩʢʘ ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝ-

ʨʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʮʝʣʳʡ ʨʷʜ ʫʩʣʦʚʠʡ: ʧʨʦʚʝʨʢʫ ʥʘʣʠʯʠʷ ʪʦʧʣʠ-

ʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ. 
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ʨʝʟʝʨʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
 

ʇʦʩʣʝ ʩʦʙʣʶʜʝʥʠʷ ʚʩʝʭ ʵʪʠʭ ʫʩʣʦʚʠʡ ʨʝʟʝʨʚʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʳʚʦʜʠʪʩʷ ʥʘ 

ʥʦʤʠʥʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʨʘʚʝʥʩʪʚʘ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʰʪʘʪʥʳʭ ʠʣʠ ʚʥʝʰʥʠʭ ʯʘʩʪʦʪʦʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ, ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʯʘʩʪʦʪ ʚʨʘʱʝ-

ʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʠʥʬʘʟʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʧʨʠʚʦʜʦʤ. ʀ ʧʦʩʣʝ ʵʪʦʛʦ, ʛʝʥʝ-

ʨʘʪʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʦʩʣʝ ʩʥʠʞʝʥʠʷ ʚ ʩʝʪʠ ʟʥʘʯʝʥʠʷ ʪʦ-

ʢʘ ʜʦ ʫʨʦʚʥʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ ʨʘʙʦʪʘʶʱʝʛʦ (ʨʝʟʝʨʚʥʦʛʦ) ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʪʢʣʶʯʝʥʠʝ ʨʝʟʝʨʚʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʄʇ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.3. 
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ɺʳʚʦʜʳ: 

1. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʚ 

ʜʝʡʩʪʚʠʝ ʨʝʟʝʨʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʇʃʂ. 

2.  ɺʠʟʫʘʣʠʟʘʮʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʙʦʣʴʰʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʮʝʩʩʝ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʨʝʟʝʨʚʥʳʭ ʛʝʥʝ-

ʨʘʪʦʨʦʚ.  

3. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʚʳʢʠ ʧʦ ʦʪʨʘʙʦʪʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʡ ʦʧʝʨʘʪʦʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ, ʥʝ ʥʝʩʷ ʧʨʠ ʵʪʦʤ ʟʘʪʨʘʪ ʪʦʧʣʠʚʘ. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʚ ʨʘʟʚʠʪʠʠ ʤʦʨʩʢʦʛʦ ʪʷʞʝʣʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʦʧʨʘʚʢʘʤʠ IMO 2020. ʆʧʠʩʘʥʳ ʛʣʘʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʵʢʠʧʘʞ ʚʦ 

ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʘ ʥʘ ULSFO. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɿʦʥʳ ʂʦʥʪʨʦʣʷ ɺʳʙʨʦʩʦʚ, IMO 2020, ULSFO, ʧʨʦʙʣʝʤʳ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʘ. 
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PROBLEMS OF SERVICE AND CHANGE-OVER PROSEDURE BY 

USING OF LOW SULPHUR HEAVY FUEL OIL  

 
M. S. Khymchak, Master Student 

National University "Odessa Maritime Academy"  

 
Abstract. A trend in the development of marine heavy fuel in accordance with IMO 2020 amendments is 

presented. The main problems that the crew faces during the change-over procedure to ULSFO are de-

scribed. 

Keywords. Sulphur Emission Control Area, IMO 2020, ULSFO, change-over procedure problems. 
 

ʉʫʜʦʭʦʜʥʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʚʩʝʤʠʨʥʦʡ ʪʦʨʛʦʚʣʠ, 

ʪʘʢ ʢʘʢ ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 90% ʚʩʝʭ ʧʝʨʝʚʦʟʠʤʳʭ ʪʦʚʘʨʦʚ. ʋʯʠʪʳʚʘʷ ʤʠ-

ʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʚʠ-

ʜʦʚ ʪʦʧʣʠʚʘ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (IMO), ʥʘʯʠʥʘʷ ʩ 1960-ʭ ʛʦ-

ʜʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʫ-

ʜʦʭʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉ 1 ʷʥʚʘʨʷ 2020 ʛʦʜʘ IMO ʫʞʝʩʪʦʯʘʝʪ ʥʦʨʤʳ, 

ʩʝʨʴʝʟʥʦ ʩʦʢʨʘʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʤʦʨʩʢʦʤ ʪʦʧʣʠʚʝ ʩ 3,5% 

ʜʦ 0,5% ʜʣ̫  ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚʥʝ ʨʘʡʦʥʦʚ SECA (Sulphur Emission Control 

Area), ʯʪʦ ʦʢʘʞʝʪ ʧʦʟʠʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ 

ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʚʩʝʡ ʧʣʘʥʝʪʳ [1], [2]. ɺ ʧʨʝʜʝʣʘʭ ʞʝ ʵʪʠʭ ʨʘʡʦʥʦʚ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʦʩʪʘʸʪʩʷ ʥʘ ʫʨʦʚʥʝ 0.1%.  

ʉʦʛʣʘʩʥʦ ʇʨʠʣʦʞʝʥʠʶ VI ʢ MARPOL 73/78 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʠ-

ʤʳ ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ɿʦʥʳ ʂʦʥʪʨʦʣʷ ɺʳʙʨʦʩʦʚ: 

ƴ SECA Baltic Sea (effective date 2006-05-16) 

ƴ SECA North Sea (effective date 2007-11-22) 

ƴ SECA North America (effective date 2012-08-01) 

ƴ SECA United States Caribbean Sea (effective date 2014-01-01) 

ʆʜʥʘʢʦ, ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʝʤʝʥʘʤʠ ʧʨʠʭʦʜʷʪ ʠ ʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ. ʆʜʥʦʡ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ʥʘ ʩʦʚʝʨ-

ʰʝʥʥʦ ʜʨʫʛʦʡ. 

 ʇʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ʥʘ ʜʨʫʛʦʡ - ʜʝʣʠʢʘʪʥʘʷ ʦʧʝʨʘʮʠʷ, ʚ ʢʦʪʦ-

ʨʦʡ ʝʩʪʴ ʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʰʠʙʦʢ. ʇʦʵʪʦʤʫ ʩʫʜʘ, ʨʘʙʦʪʘʶʱʠʝ ʤʝʞʜʫ ʨʘʡ-

ʦʥʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʚʳʙʨʦʩʫ ʩʝʨʳ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʝʪʘʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. ʕʢʠʧʘʞ ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʨʦʰʦ ʦʙʫʯʝʥ ʠ ʦʩʚʝʜʦʤ-

ʣʝʥ ʦ ʣʶʙʳʭ ʨʠʩʢʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʝʨʝʭʦʜʦʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʷʚʣʷʝʪʩʷ ʨʠʩʢ ʦʪʢʘʟʘ ʛʣʘʚʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʧʦʪʝʨʷ ʤʦʱʥʦʩʪʠ ʠʣʠ 

ʜʘʞʝ ʦʙʝʩʪʦʯʠʚʘʥʠʝ ʩʫʜʥʘ [3]. 

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦ-

ʨʦʡ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʥʳʝ 

ʚʠʜʳ ʪʦʧʣʠʚʘ ʠʤʝʶʪ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦ-
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ʥʳ HFO (Heavy Fuel Oil) ʠ LSHFO (Low Sulphur Heavy Fuel Oil) ʧʦʭʦʞʠ (ʭʦʪʷ ʠ 

ʟʘʧʨʝʱʘʝʪʩʷ ʠʭ ʩʤʝʰʠʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʚ ʦʜʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ), ʥʦ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʥʝ ʪʘʢ ʜʣʷ HFO ʠ MGO (Marine Gasoil). MGO ʠ HFO ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʧʦ:  

- ʮʚʝʪʫ 

- ʧʣʦʪʥʦʩʪʠ 

- ʪʝʤʧʝʨʘʪʫʨʝ 

- ʚʷʟʢʦʩʪʠ 

- ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ 

- ʢʠʩʣʦʪʥʦʩʪʠ 

 ʈʘʟʥʦʩʪʴ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʞʜʫ HFO ʠ MGO ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 100-

120Áʉ, ʧʨʠʥʠʤʘʷ ʩʪʘʥʜʘʨʪʥʫʶ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 35ÁC ʜʣʷ MGO ʠ 135ÁC 

ʜʣʷ HFO. ɺʦ ʚʨʝʤʷ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʦʪ ʛʦʨʷʯʝʛʦ HFO ʜʦ ʭʦʣʦʜʥʦʛʦ 

MGO, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʧʨʳʩʢʘ ʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʟʜʘ-

ʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ ʪʝʨʤʘʣʴʥʦʛʦ ʰʦʢʘ (ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠʣʠ ʩʦ-

ʢʨʘʱʝʥʠʝ). ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʚʠʛʘʪʝʣʝʡ ʨʝʢʦʤʝʥʜʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 2ÁC ʟʘ ʤʠʥʫʪʫ [3]. ʆʜʥʘʢʦ, ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʝʨʝʭʦ-

ʜʘ ʥʘ ULSFO (Ultra Low Sulphur Fuel Oil), ʚ ʢʦʪʦʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.1%, ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʟʘʩʪʳʚʘʥʠʷ ʪʦʧʣʠʚʘ 

ʚ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʦʚ ʚ ʜʘʥʥʦʤ ʚʠʜʝ ʪʦʧʣʠʚʘ. ʄʝʭʘʥʠʟʤ ʚʳʧʘʜʝʥʠʷ ʚʦʩʢʘ ʚ 

ʪʦʧʣʠʚʝ ʩʚʷʟʘʥ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʦʛʨʘʥʠʯʥʳʭè ʥ-

ʧʘʨʘʬʠʥʦʚ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ 

(ʫʜʘʣʝʥʠʷ ʩʝʨʳ) ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʨʢʘʧʪʘʥʦʚ. ɺ ʩʣʫʯʘʝ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ çʧʦʛʨʘʥʠʯʥʳʝè ʥ-ʧʘʨʘʬʠʥʳ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʜʥʘ ʯʘʩʪʴ ʵʪʦʛʦ ʥ-ʧʘʨʘʬʠʥʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʝ, ʘ ʜʨʫʛʘʷ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʦʜʥʦʩʣʦʡʥʫʶ ʤʦʥʦʢʣʠʥʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ ʩʤʝʩʴ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʥ-ʧʘʨʘʬʠʥʘ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʠʩ-

ʭʦʜʥʫʶ ʪʨʠʢʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝ ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴʩʷ ʪʦʧʣʠʚʦʤ. ʇʨʦʮʝʩʩ ʥʝ-

ʦʙʨʘʪʠʤ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ 

ʪʦʧʣʠʚʘ, ʧʦʚʳʰʘʝʪʩʷ [4]. 

 ɺ ʮʝʣʦʤ, ʜʣʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ HFO, ʪʨʝʙʫʝʪʩʷ ʚʷʟʢʦʩʪʴ 

10-20 ʩʘʥʪʠʩʪʦʢʩʦʚ (ʩʉʪ). ʆʩʪʘʪʦʯʥʦʝ ʪʦʧʣʠʚʦ ʦʙʳʯʥʦ ʥʫʞʥʦ ʧʦʜʦʛʨʝʚʘʪʴ ʜʦ 

135Áʉ ʜʣʷ ʜʦʩʪʠʞʝʥʠ̫ ʪʨʝʙʫʝʤʦʡ ʚʷʟʢʦʩʪʠ. ʅʘʧʨʦʪʠʚ, ʜʠʩʪʠʣʣʷʪʥʦʝ ʪʦʧʣʠʚʦ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʷʟʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 2 ʜʦ 11 ʩʉʪ. ʅʠʞʥʝʝ ʟʥʘʯʝʥʠʝ 2 ʩʉʪ ʧʨʠ 40ÁC ʧʨʠʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʵʪʘ ʤʠʥʠʤʘʣʴʥʘʷ ʚʷʟʢʦʩʪʴ ʥʝʦʙʭʦ-

ʜʠʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʤʘʟʦʯʥʦʡ ʧʣʝʥʢʠ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʧʨʳʩʢʘ [3].  
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʧʨʦʩ ʦ ʙʝʟʙʦʣʝʟʥʝʥʥʦʤ ʧʝʨʝʭʦʜʝ ʥʘ ʪʦʧʣʠʚʦ ʩ ʧʦʥʠ-

ʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ, ʚʝʜʴ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʝʛʦ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ IMO ʦʙʷʟʳʚʘʝʪ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʥʘ ʩʫʜʘ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʩʢʨʫʙʙʝʨʳ). ʆʜʥʘʢʦ, ʦʧʨʦʩ ʩʫ-

ʜʦʚʣʘʜʝʣʴʮʝʚ ʢʦʤʧʘʥʠʝʡ çDrewryè ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢ ʷʥʚʘʨʶ 2020 ʛ. ʪʦʣʴʢʦ 

13% ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʘʤʝʨʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ 66% ʦʧʨʦʰʝʥʥʳʭ ʟʘʷʚʠʣʠ, ʯʪʦ ʥʠʟʢʦʩʝʨʥʠʩʪʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʝʤʣʝʤʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʠʭ ʩʫʜʦʚ, ʠ ʪʦʣʴʢʦ 8% ʫʯʘʩʪʥʠʢʦʚ ʦʧʨʦʩʘ ʧʨʝʜʧʦ-

ʯʣʠ ʙʳ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʰʚʝʜʩʢʦʡ ʢʦʤʧʘʥʠʠ çSEBè ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢ 2020 ʛʦʜʫ, 

ʤʝʥʝʝ 2000 ʩʫʜʦʚ ʠʟ ʚʩʝʛʦ ʦʙʲʝʤʘ ʪʦʨʛʦʚʦʛʦ ʬʣʦʪʘ (ʦʢʦʣʦ 60 000 ʝʜ.), ʙʫʜʫʪ 

ʠʤʝʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʠʩʪʝʤʳ çʩʢʨʫʙʙʝʨʦʚè. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ çʩʢʨʫʙʙʝʨʦʚè, ʚ ʙʣʠʞʘʡ-

ʰʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʞʠʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʛʦʪʦʚʳʭ çʩʢʨʫʙʙʝʨʦʚè, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʮʝʥ ʥʘ ʥʠʟʢʦʩʝʨʥʠʩʪʦʝ ʪʦʧʣʠʚʦ (LSFO) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ [1]. 

ɺʳʚʦʜʳ.  

ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ MARPOL 73/78 ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʥʠʟʢʦʩʝʨʥʠʩʪʳʭ ʪʦʧʣʠʚ. ʆʜʥʘʢʦ, ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʪʘʢʦʝ ʪʦʧʣʠʚʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʪʝʥʮʠʘʣʴʥʦʡ ʩʣʦʞʥʦ-

ʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʝʪʩʷ ʵʢʠʧʘʞ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ULSFO ʠ ʧʝʨʝʭʦʜʝ ʥʘ ʥʝ-

ʛʦ ʦʪ MGO. 
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Annotation. The substantiation of the proposed definition of the terminological concepts such as "ef-

ficiency", "operation" and "auxiliary fleet / vessel" with respect to a multi-purpose vessel of icebreaking 

class is given. It was determined that such a class of vessel belongs to the type of dual-use vessels and there-

fore the evaluation of the effectiveness of their operation is difficult and can only be used with integral indi-

cators. 

Keywords: multipurpose vessel; auxiliary fleet; efficiency; dual purpose; integral esti-

mate; operation. 

 

Introduction.  Multipurpose vessels are designed to universalize the application 

in different climates and circumstances (social, political, technogenic and other) for 

more flexible and economical operation, to solve various and non-standard tasks 

when there is an acute shortage of time for special operations and in other circum-

stances, complicating the use of highly specialized vessels. Multipurpose vessel - a 

vessel in some way adapted to perform a number of technological functions usually 

performed by several highly specialized vessels. 

In the current political and economic conditions, Ukraine, as a maritime state, 

cannot afford to build highly specialized vessels and in the short term time with the 

available material resources. In addition, there is an urgent demand for the practice of 

the modern Navy of Ukraine for the use of new specialized ships, and the possibilities 

of conversion and renovation of existing civilian vessels are limited. One of the op-

tions for solving the identified problem of performing special operations in the inter-

nal territorial waters of Ukraine, including during the winter navigation and providing 

navigation safety is the design, creation and use of high performance multi-purpose 

vessel of the auxiliary fleet(MVAF) icebreaker class (IC), which can be done given 

the major stages of its life cycle (LC). 

Thus, it can be argued that relevant and technical task for the modern auxiliary 

fleet of Ukraine is the creation of the design concept, construction synthesis, con-

struction and subsequent effectively managed and operated, with previous scientific 

feasibility study of the necessary tactical and technical characteristics (TTC) taking 

into account the life cycle, MVAF icebreaking class. But it is necessary to exclude 

ambiguities in interpretation of basic terminological concepts used in the research for 

mailto:oleganaton@gmail.com
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practical implementation of a certain direction. This is exactly the purpose of this 

work. 

Main part. The main goals of any general-purpose production system are interre-

lated and have two components: the first is to get the most profit from the system (en-

terprise), and the second component is the stability of receiving that profit. In [2] it is 

shown that the achievement of these goals depends on: a) the degree of perfection of 

the production system or enterprise itself; b) the organizational system of its opera-

tion. 

According to GOST 25866-83, "Operation - the life cycle stage of the equip-

ment (Fig. 1,a), at which its purpose is realized, its quality is maintained and restored. 

Operation includes intended use, transportation, storage, maintenance and repair". Ef-

fective implementation of the functions of a seagoing vessel operation is achieved in 

a certain organizational and technical environment (system). Such, most general, sys-

tem of operation (Fig. 1,b) is a set of necessary and sufficient technical objects and 

means of operation, organizational structures and resources to achieve the purpose of 

functioning under the specified operating conditions. Of course, within the limits giv-

en in Fig. 1 structural diagrams can be detailed decomposition of its individual ele-

ments. 

It is obvious that the degree of perfection of any production system depends, 

first of all, on the design decisions made at the first stages of its design - at the level 

of advance project (ie, the concept of creation). 

 

 
Figure 1 ï General structure of operation and system of vessel's operation 
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 In order to optimize (financial, time, functional) design processes, create a new 

vessel, operate, repair and dispose of it requires the use of special techniques, as well 

as indicators and criteria (technical, economic, integrated). Indicators and criteria 

should allow to evaluate the degree of objects' perfection or implemented processes 

(including operational ones). 

One of the universal and commonly accepted estimates is the Degree of Effi-

ciency, which shows how much of the total cost (use) is converted into a useful (tar-

get) effect. 

 The main purpose of the operation of a civilian vessel is the financial result of 

the ʉʎ [2]: 

ʉʎ  = ʉʈʝĿPɽï(ʉʋĿɽʋ + ʉʊĿɽʊ+ ʉʈĿEʈ+ ʉVĿȹV), 

where ʉʈʝ, ʉʋ, ʉʊ, ʉʈ, ʉV - are cost meters, respectively, of transport work, ener-

gy flows, technical potential; ʉʈʝĿʈɽ  - revenues from transport work; ʉʋĿɽʋ - 

management costs, including staffing; ʉʊĿɽʊ - fuel and lubricant costs; ʉʈĿɽʈ  - re-

pair costs; ʉVĿȹV - depreciation deductions (expenses for restoration of technical 

potential). And as a target function, you can take the function: 

Fʮ = Ɇ (ɼʯi Ĭ Tʝi) / Ɇ(Ri Ĭ ni), 

where ɼʏI- is cargo deadweight tonnage of the vessel, t; Tʝi - operating period, day; 

Ri- is the total cost of technical operation (TO), UAH; ni - number of crew members 

of ships, maintenance workers, average number of employees of shipyards.  

It is necessary for Tʝi to increase and Ri  to decrease to get the most out of the 

function (Fʮ Ÿ max). However, this is not possible without the assessment and pre-

diction of the technical condition (TC) of ships and its technical equipment (VTE). 

Due to the natural aging of the vessels, the need for repair can be reduced by efficient 

and competent operation, maintenance at a given level of vehicle, and improving the 

efficiency of coastal bases of maintenance. 

 Thus, increasing the efficiency of a civilian vessel operation is to find ways to 

increase the objective function Fʮ. That is, by optimizing the ratio of its indicators 

(the cost of transport work, the cost of personnel, fuel, repair without deterioration of 

the vehicle TC) it is necessary to obtain the highest financial result from operation. 

 The concept of "efficiency" applies to different transport systems. Usually, ef-

ficiency is understood as "the integral property of a purposeful process of functioning 

of the unit, system, device, mechanism, equipment, and so on, which characterizes 

the degree of its adaptation to the fulfillment of the main purpose, taking into account 

the cost of resources (material, time)" [1, 3,4] . For a civilian transport vessel, the fol-

lowing should be considered [1, 2, 4]. 

 1. It is to be understood that the term "efficiency" refers to the purposeful pro-

cess of using a ship as a production system rather than a ship as an object (system). 

That is, an "effective process" is united by a general concept and a single purpose, a 

concerted and purposeful set of actions. And, in assessing the efficiency of a seagoing 

vessel operation, it is necessary to clearly state the main objective to be achieved. 
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 2. The efficiency of the process (results) is determined by the equipment   per-

fection, operation conditions, for example, meteorological, the perfection of using 

available resources. When evaluating the process effectiveness, it is crucial what 

price and time interval the goal will be achieved, what price the target effect will be 

obtained, and it is the consumption of resources that will determine the way the pro-

cess is carried out. 

 3. The resultant effectiveness of the purposeful activity of a sophisticated tech-

nical system (STS), which is a modern seagoing vessel, is determined by the quality 

of the decisions taken not only at the management level but also laid down at the 

conceptual level of its design. Various indicators (manufacturability, material and re-

source intensity, energy excellence, environmental friendliness, resulting quality, ef-

ficiency, perfection of TO and R, patent purity, etc.) are included in the concept of 

efficiency and contain private indicators. 

 4. When evaluating the vessel design, its construction processes, operational 

efficiency, repair, maintenance and others, it is necessary to make an initial assess-

ment. Such initial assessment is carried out using simplified criteria that integrally 

characterize a particular aspect of the process (operation stage, structural and techno-

logical and other design decisions). With such a primary assessment, all significant 

factors that most influence the final result are identified. The estimates and criteria 

are then applied to more detailed properties of all the selected significant factors [1]. 

 The traditional criteria used to evaluate performance are: a) unit costs and unit 

labor costs; b) specific cost of machine hours of equipment operation; c) equipment 

readiness and utilization rates; d) operating time for failure. However, the traditional 

criteria are only valid when applied already at the pilot stage or at the final design 

stage. 

 One of the generally accepted criteria is the Overall Equipment Effectiveness 

(OEE) criterion [www.oee.com]. The criterion takes into account equipment readi-

ness and downtime; equipment performance and losses from reduced production 

speed; product quality and the loss of quality. Poor indicator according to the ʆɽɽ 

criterion - less than 65%, satisfactory - 65 ... 75%, good - 75% and above. When 

evaluating with the help of the OEE, the cost of achieving the goal should be taken 

into account, as well as the fact that in order to make correct management or project 

decisions always the a priori information required for the calculations of the indica-

tors must be reliable (verified) and complete. That is why an additional comparison 

of the cost of possible measures and the benefits of their implementation, which at the 

stage of advance design is possible only with the help of expert assessments [4, 5, 6, 

7]. 

 Thus, determining the operational efficiency of a ship from a practical point of 

view is of value only in the case of complex assessments, analysis and synthesis. It 

can be argued that the evaluation and analysis of the operation efficiency, as a pro-

cess, is the identification of the values of the integrating efficiency indicators and in-

fluencing the value of its parameters. Assessment and analysis is a major part, for ex-

ample, in solving the direct problem of consistent vessel design [8-10]. 
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 Synthesis of an efficient operation process is an inverse task, which consists in 

the selection of values of controlled parameters, which are guaranteed to provide the 

necessary value of the integral indicator of process performance. Only with a syner-

gistic (systemic) approach to assessing the efficiency of a vessel's operation are pos-

sible justifications for designing, creating and / or acquiring a new vessel (the system, 

its components), justification for choosing a method of use (for renovation, moderni-

zation) of an existing vessel to achieve the stated purpose. 

 The Register Book of the Shipping Register of Ukraine (SRU) contains a list of 

vessels to be classified or have conventional documents: ".... vessels of more than 24 

meters in length, regardless of type and destination, passenger ships, icebreakers, 

tugs, pushers, floating cranes, technical fleets, special purpose vessels, vessels in-

tended for the carriage of dangerous goods, regardless of their length 

"[http://www.shipregister.ua/pdf/reg-ships.pdf]. 

 The meaning of term "auxiliary fleet" in modern terminology should be clari-

fied. By definition, [11], "Auxiliary Fleet is an integral part of the Navy, which is or-

ganizationally composed of joints and parts of naval and raid security vessels, special 

purpose vessels. A security vessel (synonymous with an auxiliary vessel) is part of 

the Navy (Sea Naval Forces) - a naval or raid vessel intended to provide naval and 

peacetime force activity. Auxiliary Navy vessels may be special buildings or convert-

ed from other ships or vessels (conversion, renovation). Auxiliary Navy ships are di-

vided into: a) combat training, weapons and equipment testing; b) medical, radiation 

and chemical protection vessels; c) ships of navigation and hydrographic support; d) 

security vessels; e) rescue vessels; e) technical support vessels; g) ships providing 

ships' facilities and equipment for theaters of war. 

 Vessel Support Vessels and Combat Theaters are designed to provide commu-

nications and supply basing points, escorting ships and vessels in ice, laying subma-

rine cables, routes, towing, escorting, escorting, installing boom barriers and perform-

ing many other specialized tasks. Such vessels include: communication vessels, ice-

breakers, cable vessels, tugboats and others. 

 The main objective of the research is to develop theoretical prerequisites for 

the creation of a high-performance auxiliary fleet in multi-purpose inland waters of 

Ukraine. It is clear that, in essence, this can only be a dual-purpose vessel (DPV), 

which provides the specific tasks of both the civilian and military fleets of Ukraine. 

In this case, it should be taken into account that the effective commercial operation of 

the ship and the effective combat operation are significantly different. That is why the 

concept and "combat effectiveness" should be considered. 

 Combat effectiveness (CE) is a generic characteristic of weapons and military 

equipment (ME), necessary to evaluate the degree of compliance of the ME with the 

functional purpose and goals set at creation. 

 It can be concluded that the advantages and disadvantages of ME are evaluated 

using benchmarking criteria. Their use at the stage of preliminary design, at the stage 

of development of the technical assignment will ensure: a) compliance with economic 
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constraints and requirements of the state, b) minimization and rational use (exploita-

tion) of allocated targeted resources, c) high efficiency level, matching of ME capa-

bilities with strategic goals of modernization and improving the Armed Forces of 

Ukraine (AFU). 

 Theoretically, AFU should use only ME that, within their life cycle, satisfy the 

basic criterion "Efficiency - Time - Cost". The essence of the criterion is obvious - 

the contribution to the operation of the ME sample in damage inflicted on the enemy, 

or averted to himself, must be justified not only tactically but also economically. This 

is the basic principle of effective operation, and this is precisely the main dominant of 

the Armed Forces functioning in the conditions of preparation or holding of a con-

ventional (non-nuclear) armed conflict. And this is the main contradiction of the theo-

retical substantiation of the design and effective operation of the MVAF IC. 

 When selecting and substantiating the design and assignment of an auxiliary 

fleet vessel in the current constraints (financial, time, technological, regulatory, polit-

ical), it is necessary to predict its contribution: a) to the existing potential of the 

fleets; b) the project implementation price; c) key characteristics; d) time factor; e) 

the subjective component. 

 Extensive analysis of the properties of new and promising ME uses efficiency 

indicators, cost and operational capabilities, but the basis for determining the numeri-

cal values of indicators is the process of modeling combat operations in typical situa-

tions [12-14]. Moral aging factor has a particular impact on the efficiency of a com-

plex multi-purpose ME - it is at the design stages that the properties and characteris-

tics that will be relevant by the time of commissioning must be laid. In the context of 

continuous improvement by the enemy of the ME tools (air defense, communications, 

radio-electronic and cyber-means of combat, logistics, management, etc.), the delay 

in adopting a new ME will reduce the combat effectiveness of new systems dramati-

cally. It is also necessary to use private indicators of evaluation of combat effective-

ness: a) the probability of completing a combat task in the action of the forces of the 

fleet; b) the probability of hitting a typical target; c) the average (mathematical expec-

tation) of the effective execution of the task, etc. 

Conclusions. Based on the clarification of the concepts of "efficiency" and "aux-

iliary fleet, analysis of operating principles of auxiliary fleet vessels, we can take the 

following. 

1. Definition of the concept of "operational efficiency" of the MVAF from a 

practical point of view is of value only in the case of complex assessments simulta-

neously from the standpoint of commercial and military operation of the vessel. 

2. The evaluation and analysis of the operational efficiency as a process is an 

identification of the values of the integral performance indicators and is the main part 

in solving the direct problem of consistent design of the vessel. 

3. The expected prospective indicators of commercial and combat effectiveness 

should be formulated already at the stage of vessel'spreliminary design, which is the 

basis for its further design. 
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ɺ ʩʫʯʘʩʥʠʡ ʯʘʩ ʦʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʝʪʠʢʠ ʻ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ, ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʬʪʽʚ. ʏʘʩ-

ʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʻ ʦʩʥʦʚʥʠʤ ʪʠʧʦʤ ʧʨʠʚʦʜʘ 

ʚ ʩʫʜʥʦʚʠʭ ʣʽʬʪʘʭ [1]. ʇʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ʽʟ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʫʩʢʦ-ʪʦʨʤʦʟʥʠʭ ʨʝʞʠʤʽʚ, ʪʘʭʦʛʨʘʤʠ ʨʫʭʫ 

ʢʘʙʽʥʠ ʣʽʬʪʫ ʟ ʤʝʪʦʶ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʾʾ  ʨʫʭʫ ʧʨʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʊʘʢʝ ʩʭʝʤʦ-ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ, ʧʦʨʷʜ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʢʦʤʬʦʨʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚ ʣʽʬʪʽ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʚʦʜʘʤʠ ʣʽʬʪʽʚ ʥʘ ʙʘʟʽ 

ʜʚʦʰʚʠʜʢʽʩʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʘʙʦ ʨʝʛʫʣʴʦʚʘʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʯʘʩʽ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ, 

ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʽʟ ʘʢʩʽʘʣʴʥʠʤ ʧʦʣʝʤ ʪʘ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ.   

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʬʪʫ ʻ ʧʦʩʪʽʡʥʘ ʟʤʽʥʘ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʡʦʛʦ ʢʘʙʽʥʠ [2, 3], ʷʢʘ ʚʠʟʥʘʯʘʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʘʩʘʞʠ-

ʨʦʧʦʪʦʢʫ. ɼʚʠʛʫʥ ʧʨʠʚʦʜʫ ʣʽʬʪʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʮʶʻ ʟ ʧʦʩʪʽʡʥʦ ʟʤʽʥʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ʨʦʙʦʯʠʭ 

ʮʠʢʣʘʭ ʟ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʶ ʢʘʙʽʥʦʶ ʣʽʬʪʘ ʽ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [4]. 

ɺ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʨʝʜʫʢʪʦʨʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʣʽʬʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʢʝʨʫʚʘʥʥʷʤ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʊʠʧʦʚʠʡ ʘʩʠ-

ʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʜʦʧʫʩʢʘʻ ʨʦʙʦʪʫ ʧʦʥʘʜ ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. 

ʄʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʙʤʝʞʝʥʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥ-

ʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʤʦʤʝʥʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ [5]. ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦ-

ʩʪʽ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʽʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʦʙ-

ʤʝʞʝʥʠʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʚ ʙʝʟʨʝʜʫʢʪʦʨʥʦʤʫ ʝʣʝ-

ʢʪʨʦʧʨʠʚʦʜʽ ʣʽʬʪʘ ʥʝʨʘʮʽʦʥʘʣʴʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʯʝʨʝʟ ʟʘʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. 

ʅʘ ʨʠʥʢʫ ʣʽʬʪʽʚ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʠʡ ʩʝʢʪʦʨ ʙʝʟʨʝʜʫʢʪʦʨʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ 

ʣʽʬʪʽʚ ʥʘ ʙʘʟʽ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (ʉɼʇʄ) [6]. ɺʠʢʦ-

ʨʠʩʪʘʥʥʷ ʮʠʭ ʜʚʠʛʫʥʽʚ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʯʘʩʪʦʪʠ ʚ ʩʢʣʘʜʽ ʩʫʜʥʦʚʦʛʦ ʙʝʟʨʝʜʫ-

ʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʬʪʽʚ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʝʥʝ-

ʨʛʦʚʠʪʨʘʪʠ. ʆʜʥʘʢ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʥʝ ʚ ʧʦʚʥʽʡ 

ʤʽʨʽ ʚʠʚʯʝʥʽ ʽ ʦʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽʡ ʩʠ-

ʩʪʝʤʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʬʪʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʨʝʜʫʢʪʦʨʥʦʛʦ ʝʥʝʨʛʦʟ-

ʙʝʨʽʛʘʶʯʦʛʦ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʦʩʥʘʱʝʥʦʛʦ ʩʠʥʭʨʦʥʥʠʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʟ ʘʢʩʽʘʣʴʥʠʤ ʧʦʣʝʤ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʙʘʛʘʪʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ.  

ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʟʘʚʜʘʥʴ: 

1. ʂʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʝʣʝʢʪʨʦʤʝ-

ʭʘʥ̔ʯʥʠʭ ʩʠʩʪʝʤ ʧʘʩʘʞʠʨʩʴʢʠʭ ʣʽʬʪʽʚ. 

2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʣʽʬʪʽʚ 

ʩʫʜʥʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

3. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʩʫʜʥʦʚʦʤʫ ʙʝʟʨʝʜʫʢʪʦʨʥʦʤʫ ʝʥʝ-

ʨʛʦʟʙʝʨʽʛʘʶʯʦʤʫ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʬ-

ʪʫ. 
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4. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʩʫʜʥʦʚʦʤʫ ʙʝʟʨʝʜʫʢʪʦʨʥʦʤʫ ʝʥʝʨ-

ʛʦʟʙʝʨʽʛʘʶʯʦʤʫ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʬʪʫ. 

5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʩʫʜʥʦʚʦʤʫ ʙʝʟʨʝʜʫʢʪʦʨʥʦʤʫ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʤʫ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʣʽʬʪʫ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʤʽʥʥʦʩʪʝʡ ʪʠʧʽʚ ʣʽʬʪʽʚ ʪʘ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʩʽ ʣʽʬʪʠ ʤʘ-

ʶʪʴ ʩʭʦʞʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʫ ʧʨʠʩʪʨʦʾ ʣʽʬʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʠʧʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʣʽʬʪʘ. ɺ ʨʘʤʢʘʭ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʽ ʧʘʩʘʞʠʨʩʴ-

ʢʦʛʦ ʣʽʬʪʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ M.V. Kota Satria.  

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʚʠʢʦʥʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʻʤʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʥʝʦʙ-

ʭʽʜʥʠʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʣʽʬʪʦʚʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ. 

ʃʽʬʪʦʚʠʡ ʙʝʟʨʝʜʫʢʪʦʨʥʠʡ ʧʨʠʚʽʜ ʦʩʥʘʱʝʥʠʡ ʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 

Kone EcoDisc ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʽ ʙʝʟʨʝ-

ʜʫʢʪʦʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʥʠʟʴʢʦʛʦ ʪʝʨʪʷ [7]. ʎʝʡ ʜʚʠʛʫʥ ʤʘʻ ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪ ʢʦ-

ʨʠʩʥʦʾ ʜʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɹʝʟʨʝʜʫʢʪʦʨʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʛʦ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʟʥʦʰʫʚʘʥʽʩʪʴ ʽ ʝʥʝʨʛʦ-

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʦʶ ʣʽʬʪʘ. ɿʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ-

ʩʪʽ ʚ ʤʘʩʪʠʣʽ ʩʢʦʨʦʯʫʻʪʴʩʷ ʪʘʢʦʞ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ-

ʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʽ ʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ, ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ ʩʠʥʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ ʟ ʦʩʴʦʚʠʤ ʧʦ-

ʣʝʤ, ʪʘ ʾʾ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʪʫ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ 

ʨʽʟʥʠʭ ʟʘʚʘʥʪʘʞʝʥʥʷʭ ʢʘʙʽʥʠ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʽ ʚʜʦʩʢʦʥʘʣʠʪʠ ʘʣʛʦʨʠʪʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʚʠʤ ʣʽʬʪʦʤ. 
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ɸ. ɯ. ʐʝʩʪʘʢʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ" 

ʃ. ɺ. ʄʝʣʴʥʽʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʧʨʠ-

ʚʦʜʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ɿʘ-

ʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʧʦʚ'ʷʟʫʶʪʴ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʽ ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʟʘʢʦʥ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʫʤʦʚʠ ʥʫʣʴʦʚʦʛʦ ʚʽʜʭʠʣʝʥ-

ʥʷ ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʥʘʧʨʠʢʽʥʮʽ ʝʪʘʧʽʚ ʨʦʟʛʦʥʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚ ʨʝʞʠʤʽ ʨʦʟʛʦʥʫ ʜʚʦʤʘʩʩʦʚʦʾ ʩʠʩʪʝʤʠ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ ʤʘʩʠ ʚʘʥʪʘʞʫ ʪʘ ʜʦʚʞʠʥʠ ʢʘʥʘʪʫ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʧʨʠʧʫʱʝʥʥʷ ʤʦʞʣʠ-

ʚʦʩʪʽ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ ʰʣʷʭʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: variable frequnsy drive, anti-sway control, container crane, induction motor torque 

control 
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Abstract. The method of quenching load oscillations by controlling the torque of a drive asynchronous 

motor using modern frequency-controlled electric drives is considered. The basic equations relating the 

tractive force and the angle of deflection of the load from the vertical are written, on the basis of which the 

law of control of the torque of the drive motor is formed, provided that the deviation of the load from the ver-

tical is zero at the end of the acceleration and deceleration stages. The results of the simulation of the behav-

ior in the mode of acceleration of the two-mass trolley-truck system for characteristic ratios of the weight of 

the load and the length of the rope, which confirm the validity of the assumption of the possibility of quench-

ing the vibrations of the load by directly controlling the torque of the drive engine. 

Key words: variable frequency drive, anti-sway control, container crane, induction motor torque con-

trol 

 

ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʽʾ  ̔ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʥ-

ʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ ʨʦʙʽʪ  ̒ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ.  ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ  ̒

ʚʜ̔ʦʤʦʶ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ: ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

(ʟʘʧʘʩʦʚʢʘ ʢʘʥʘʪʽʚ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʽʜʪʷʛʫʶʯʠ ʢʘʥʘʪʠ ʜʣʷ ʩʧʨʝ-

ʜʝʨʘ [2, 4]) ʜʦ ʝʣʝʢʪʨʠʯʥʠʭ (ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʟʢʘ ʢʦʥʪʝʡʥʝʨ-

ʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʘ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʧʦʚʦʨʦʪʫ ʩʪʨʽʣʠ ʟ ʥʫʣʴʦʚʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 

ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʚ ʢʽʥʮʽ ʧʝʨʽʦʜʽʚ ʨʦʟʛʦʥʫ-ʛʘʣʴʤʫʚʘʥʥʷ).  ɽʣʝʢʪʨʠʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʨʠʚʽʜ ʧʝʨʝʩʫʚʘʥʥʷ (ʧʦʚʦʨʦʪʫ), ʷʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʽʟʦʚʫʻʪʴʩ̫ ʧʨʠʢʣʘ-
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ʜʘʥʥʷʤ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʚʥʦʛʦ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʜʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʧʨʠʟʚʦʜʠʪ ɹ

ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʟʥʦʩʫ ʽ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ, ʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʢʦʣʠʚʘʥʴ ʚ ʜʚʦʤʘʩʦʚʽʡ ʩʠʩʪʝʤʽ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" ʤʝʭʘʥʽʟ-

ʤʫ ʧʝʨʝʩʫʚʘʥʥʷ ʚʟʜʦʚʞ ʢʦʥʩʦʣʽ ʧʨʠʯʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʘ. 

ɺ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʚʩʽ ʧʨʦʮʝʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʜʚʦʤʽʨʥʠʭ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨ-

ʜʠʥʘʪʘʭ.  ʈʦʟʛʣʷʜ ʧʨʦʮʝʩʽʚ ʚʠʥʠʢʥʝʥʥʷ ʽ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʜʦʟ-

ʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʙʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʽʥʞʝʥʝʨʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʜʦʩʪʫʧʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (Variable Frequency Drive, VFD), ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʠʪʠ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ VFD ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʅʘʜʘʣʽ ʙʫʜʝʤʦ ʜʽʣʠʪʠ ʨʫʭ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" ʥʘ ʜʚʘ ʝʪʘʧʠ: 

ʜʠʥʘʤʽʯʥʠʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʦʙʦʭ ʤʘʩ ʧʨʠ ʢʝʨʫʚʘʥʥʽ 

ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ, ʽ ʩʪʘʮʽʦʥʘʨʥʠʡ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʽʩʪʶ ʰʚʠʜʢʦʩʪʝʡ 

ʦʙʦʭ ʤʘʩ ʽ ʨʫʭʦʤ ʚ ʫʤʦʚʘʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʻ ʨʦʙʦʪʘ VFD ʚ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥ-

ʥʷ ʤʦʤʝʥʪʦʤ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ, ʧʨʠʧʫʩʪʠʤʦʛʦ ʟʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʽ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ ʟʘʢʦʥʫ ʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʥʘ ʝʪʘʧʽ ʨʦʟ-

ʛʦʥʫ-ʛʘʣʴʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʩʫʚʘʥʥʷ ʚʘʥʪʘʞʫ.  ɼʨʫʛʠʡ ʝʪʘʧ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʚʝʢʪʦʨʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ 

ʜʚʠʛʫʥʘ. 

ʇʨʦʮʝʩ ʧʝʨʝʩʫʚʘʥʥʷ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" ʧʝʨʰʦʯʝʨʛʦʚʦ 

ʟʫʤʦʚʣʝʥʠʡ ʧʨʠʢʣʘʜʝʥʥʷʤ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ F (ʪʦʙʪʦ ʤʦʤʝʥʪʫ ʧʨʠʚʦʜʥʦʛʦ 

ʜʚʠʛʫʥʘ), ʜʦ ʧʝʨʰʦʾ ʤʘʩʠ ʚʽʟʢʘ m1. ɿʤʽʱʝʥʥʷ ʚʽʟʢʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ ʤʘʩʠ (ʷʢ 

ʥʘʩʣʽʜʦʢ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ F) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷʤ ʪʨʦʩʫ ʜʦʚʞʠʥʠ l 

ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʚʥʘʩʣʽʜʦʢ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚʘʥʪʘʞʫ ʥʘ ʢʫʪ Ŭ (ʨʠʩ. 1). ʎʝʡ ʧʨʦʮʝʩ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩ ʚʽʟʢʘ m1 ʽ ʚʘʥʪʘʞʫ ʟ ʟʘʭʦʧʣʶʶʯʠʤ ʧʨʠ-

ʩʪʨʦʻʤ m2. 

 
ʈʠʩʫʥʦʢ 1- ʉʠʩʪʝʤʘ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" 

 

ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʥʘ ʢʫʪ Ŭ ʩʠʣʘ ʪʷʞʽʥʥʷ G2=m2g, ʷʢʘ ʜʽʻ ʥʘ ʚʘʥʪʘʞ, ʤʦʞʝ ʙʫ-

ʪʠ ʨʦʟʢʣʘʜʝʥʘ ʥʘ ʩʠʣʫ ʧʨʫʞʥʦʩʪʽ Fs, ʥʘʧʨʘʚʣʝʥʫ ʚʟʜʦʚʞ ʢʘʥʘʪʫ, ʽ ʥʘ ʩʠʣʫ Ft, 
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ʥʘʧʨʘʚʣʝʥʫ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʛʦʡʜʫʚʘʥʥʷ ʚʘʥʪʘʞʫ (ʦʢʨʫʞʥʽʩʪʴ ʟ 

ʨʘʜʽʫʩʦʤ l). 

ɿʨʦʟʫʤʽʣʦ: 

acos2gmFs= ; 

asin2gmFt = , 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʚʠʢʣʘʜʦʢ ʟʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫ-

ʱʝʥʥʷ. ʇʨʦʝʢʮʽʷ x ʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʚʽʩʴ ʜʦʨʽʚ-

ʥʶʻ asinÖ=lx . ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʜʣʷ ʤʘʣʠʭ ʢʫʪʽʚ ʚʽʜʭʠʣʝʥʥʷ (ʚ 

ʨʘʜʽʘʥʘʭ) aa sinº , ʦʪʨʠʤʘʻʤʦ alxº . 

ʈʝʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʚʘʥʪʘʞʫ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 40. ɼʣʷ ʪʘʢʦʛʦ ʢʫ-

ʪʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 0,025 % ʜʣʷ ʧʨʠʧʫʱʝʥʥʷ aaºsin  ʽ 0,24 % ʜʣʷ 

ʧʨʠʧʫʱʝʥʥʷ 1cos ºa . ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʚʚʘʞʘ-

ʪʠ, ʱʦ  sin Ŭ = Ŭ ʽ acos  = 1 ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʤʝʞ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ.  

ɺʘʞʣʠʚʠʤ ʥʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʪʘʰʫʚʘʪʠ ʩʢʣʘ-

ʜʦʚʫ tF  ʥʝ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʽ, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ, ʦʩʢʽʣʴʢʠ 

ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ 2G  ʜʦʨʽʚʥʶʻ:                                                       
aa gmgmFt 22 sin º= , 

ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ ʜʦʪʠʯʥʦʾ  ʩʢʣʘʜʦʚʦʾ  Ft  ʤʦʞʝ ʙʫʪʠ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʙʫʪʠ ʧʨʠʨʽʚʥʷʥʘ ʜʦ ʩʘʤʦʾ 
tF   ʦʩʢʽʣʴʢʠ:                                                                       

tt FF =acos , 

ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʜʘʣʽ ʽʩʪʦʪʥʦ ʩʧʨʦʩʪʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʫ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʦʨʤʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ sF  ʨʦʟʢʣʘʜʝʥʥʷ 2G , ʱʦ 

ʜʦʨʽʚʥʶʻ ʩʠʣʽ ʥʘʪʷʞʽʥʥʷ ʪʨʦʩʫ, ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʫʭ 2m , ʘʣʝ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ (ʚ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʧʨʫʞʥʦʩʪʽ ʪʘ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʪʨʦʩʫ) 

ʥʘʨʷʜʫ ʟ ʩʠʣʘʤʠ ʪʝʨʪʷ ʚ ʤʽʩʮʷʭ ʧʽʜʚʽʩʫ ʚʘʥʪʘʞʫ ʽ ʪʨʦʩʫ, ʘ ʪʘʢʦʞ ʟ ʩʠʣʦʶ ʦʧʦʨʫ 

ʧʦʚʽʪʨʷ. ɼʦʪʠʯʥʘ ʞ ʩʢʣʘʜʦʚʘ tF  ʻ ʧʨʠʯʠʥʦʶ ʢʦʣʠʚʘʥʴ. ɺʦʥʘ ʻ, ʧʦ ʩʫʪʽ, ʩʠʣʦʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʧʝʨʰʫ ʤʘʩʫ ʚʽʟʢʘ 

1m   ʚ ʜʚʦʤʘʩʦʚʽʡ ʩʠʩʪʝʤʽ "ʚʽʟʦʢ-ʚʘʥʪʘʞ".  

ʉʢʣʘʜʝʤʦ ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʫ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝ-

ʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʟ ʩʪʘʥʫ ʩʧʦʢʦʶ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0 0t =  ʧʨʠ ʧʨʠʢʣʘʜʝʥʥʽ ʜʦ 

ʧʝʨʰʦʾ ʤʘʩʠ 1m  ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ F, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨ-

ʰʦʾ ʪʘ ʜʨʫʛʦʾ ʤʘʩ ʽ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʢʘʥʘʪʫ ʥʘ ʢʫʪ a: 

2

1

2

1
dt

Sd
mFF t =- ;          (1) 

    
2

2

2

2
dt

Sd
mFt = .              (2) 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʨʽʟʥʽʩʪʴ ʰʣʷʭʽʚ 21 SSS -=D , ʱʦ ʧʨʦʭʦʜʷʪʴ  ʚʽʟʦʢ 

1S  ʽ ʚʘʥʪʘʞ 2S  ʥʘ ʝʪʘʧʽ ʨʦʟʛʦʥʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʧʨʠʡʥʷʪʦʛʦ ʧʨʠʧʫʱʝʥʥʷ 

aa sin= , ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ : 

aa llSSS º=-=D sin21 ,   (3) 
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ʘ ʪʘʢʦʞ: 

222 amgmFt == a ,              (4) 

ʜʝ 
2a -  ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʘʥʪʘʞʫ, ʦʪʨʠʤʘʻʤʦ ʽʟ (2):  

ag
dt

Sd
a ==

2

2

2

2 .                     (5) 

ɯʟ (3) ʚʠʭʦʜʠʪʴ, ʱʦ  

221 SlSSS +=+D= a . 

ʊʦʜʽ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ 
1V  ʚʽʟʢʘ ʨʽʚʥʘ:  

dt

dS

dt

d
l

dt

dS
V 21

1 +==
a

,    (6) 

ʘ ʣʽʥʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ 1a ʚʽʟʢʘ: 

2

2

2

2

2

2

1

2

1
dt

Sd

dt

d
l

dt

Sd
a +==

a
,   (7) 

ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ:  

a
a

g
dt

d
l

dt

Sd
a +==

2

2

2

1

2

1 .             (8) 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (1) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:  

                                         
a

a
gmm

dt

d
lmF )( 212

2

1 ++= .       (9) 

ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʟʚôʷʟʫʻ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ (ʪʦʙʪʦ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʧʨʠʚʦʜʥʦʛʦ 

ʜʚʠʛʫʥʘ) ʟ ʢʫʪʦʤ ʚʽʜʭʠʣʝʥʥʷ ʪʨʦʩʫ a ʽ ʜʨʫʛʦʶ ʧʦʭʽʜʥʦʶ  a ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʤʘʩ ʚʽʟʢʘ ʪʘ ʚʘʥʪʘʞʫ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʜʦʚʞʠʥʫ ʢʘʥʘʪʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʶʯʠ ʧʝʚʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʘ ʥʘ ʝʪʘʧʽ ʨʦʟʛʦʥʫ (ʛʘʣʴ-

ʤʫʚʘʥʥʷ) ʤʠ ʦʪʨʠʤʘʻʤʦ  ʧʝʚʥʠʡ  ʭʘʨʘʢʪʝʨ ʪʷʛʦʚʦʛʦ ʟʫʩʠʣʣʷ F  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʢʫʪʘ a. 

ʄʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʭʽʜ ʟʘʚʜʘʥʥʷ ʤʦʤʝʥʪʫ 

VFD, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʣʠʚʘʥʴ ʚʘʥʪʘʞʫ ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʧʨʦʮʝʩʫ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʘʥʪʘʞʫ ʚʽʜ ʥʘʯʘʣʴʥʦʾ ʜʦ ʟʘʜʘʥʦʾ.  

ʆʯʝʚʠʜʥʦ, ʟʘʢʦʥ ʟʤʽʥʠ ʢʫʪʘ ʧʦʚʠʥʝʥ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʥʝʧʝʨʝʨʚʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʻʪʴʩʷ, ʟ ʥʫʣʴʦʚʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʽ ʢʽʥʮʝʚʠʤʠ ʫʤʦʚʘ-

ʤʠ, ʚʢʣʶʯʥʦ ʟ ʽʾ ʧʝʨʰʦʶ ʧʦʭʽʜʥʦʶ. ʊʘʢʠʤ ʚʠʤʦʛʘʤ ʟʘʜʦʚʦʣʴʥʷʻ ʟʤʽʱʝʥʘ ʥʘ ʚʝ-

ʣʠʯʠʥʫ ʚʣʘʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʢʦʩʠʥʫʩʦʾʜʘ: 

î
î
î
î

ý

î
î
î
î

ü

û

+-=-=

+-=-=

==

===

))
23

2
sin(1()

3

2
cos1()(

))
2

2
sin(1()cos1()(

21
22

p
papaa

p

a

p
awaa

a

p

a
papw

a

a

ttt

t
T

tt

ttT

tT
f

mm

mm

dccacc

acc

                  (10) 
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ʜʝ 
ma - ʧʦʣʦʚʠʥʘ ʢʫʪʘ , ʷʢʘ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʪʨʦʩʫ ʚʽʜ ʚʝʨʪʠ-

ʢʘʣʽ; 

acct - ʯʘʩ, ʷʢʠʡ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʨʦʟʛʽʥ (ʛʘʣʴʤʫʚʘʥʥʷ tdcc) ʚʘʥʪʘʞʫ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʩʫʥʫʪʠʭ ʧʨʦʧʦʟʠʮʽʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝ-

ʜʦʚʠʱʽ Matlab ʧʦʚʝʜʽʥʢʠ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ "ʚʽʟʦʢ-ʚʘʥʪʘʞ" ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴ-

ʦʤʫ ʢʝʨʫʚʘʥʥʽ ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝ-

ʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʨʘʥʘ. ʇʨʠ ʚʠʙʦʨʽ ʮʠʭ ʟʥʘʯʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦ-

ʟʨʘʭʫʥʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʝʘʣʴʥʽ ʜʘʥʽ ʢʦʥʪʝʡʥʝʨ-

ʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʯʘ Liebherr P-179 L Super. 

ɺʠʩʥʦʚʢʠ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʢʝ-

ʨʦʚʘʥʦʛʦ ʽ ʧʨʦʛʥʦʟʫʻʤʦʛʦ ʛʘʩʽʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʜʚʦʤʘʩʦʚʽʡ ʩʠʩʪʝʤʽ çʚʽʟʦʢ-

ʚʘʥʪʘʞè ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʤʦʤʝʥʪʦʤ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʚʘʥʥʷ 

ʧʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʫ ʥʘ ʝʪʘʧʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʟʘ-

ʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʟʘʜʘʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʘʥʪʘʞʫ ʚ ʩʝʨʝʜʠʥʽ ʝʪʘʧʫ ʽ ʥʫʣʴʦʚʝ ʚʽʜʭʠʣʝʥ-

ʥʷ ʥʘʧʨʠʢʽʥʮʽ ʡʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʰʣʷʭ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʚʘʥʪʘʞ, ʻ ʦʯʽʢʫʚʘʥʠʤ ʽ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʨʽʰʫʻ ʟʘʜʘʯʫ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʘʥʪʘʞʫ. ʄʝʪʦʜ 

ʻ ʧʨʦʩʪʠʤ ʚ ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ: ʛʝʥʝʨʘʪʦʨ ʢʦʩʠʥʫʩʦʾʜʠ ʽ ʦʙʯʠʩʣʶʚʘʯ ʟʫʩʠʣʣʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʣʘʜʝʥʽ ʚ ʘʣʛʦʨʠʪʤʠ ʦʢʨʝʤʦʛʦ ʢʝʨʫʶʯʦʛʦ PLC ʨʘʟʦʤ ʟ ʘʣʛʦʨʠʪ-

ʤʦʤ ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʞʠʤʽʚ VFD ʟ ʫʧʨʘʚʣʽʥʥʷ ʤʦʤʝʥʪʦʤ ʚ ʩʪʘʜʽʾ ʨʦʟʛʦʥʫ-

ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʘʚʪʦʤʘʪʠʯʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʰʚʠʜʢʦʩʪʽ ʚ ʩʪʘʜʽʾ ʧʝʨʝʩʫʚʘʥʥʷ ʚʘʥ-

ʪʘʞʫ ʽʟ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. 
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Abstract. The features of using various control circuits of pulsed DC/DC converters of a modular 

structure with a boundary mode of operation with asymmetry of electrical processes are considered. The 

relations for calculating currents in circuit elements are obtained. 
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ʇʦʣʽʧʰʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, 

ʷʢʽ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʻ ʦʜʥʽ-

ʻʶ ʟ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʚʽʜʦʙʨʘʞʝʥʘ ʚ [1]. ʆʩʥʦʚ-

ʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʻ ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ (ʇʇʅ) ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʥʘʥʽ ʟ ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝ-

ʥʠʭ N ʦʜʥʦʪʠʧʥʠʭ ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ ʉʂk (ʜʝ k = 1, 2 ..., N), ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ 

ʟʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʅ ʚʽʜ ʜʞʝʨʝʣʘ ʧʝʨ-

ʚʠʥʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ɼʇɽ (ʨʠʩ. 1: ʉʋ 

ï ʩʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ; Uɾ ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥ-

ʥʷ ʇʇʅ; Uʅ ï ʥʘʧʨʫʛʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʇʇʅ; 

uʫk ï ʥʘʧʨʫʛʘ ʫʧʨʘʚʣʽʥʥʷ k-ʛʦ ʉʂ). ʄʦʜʫ-

ʣʴʥʘ ʧʦʙʫʜʦʚʘ ʽʤʧʫʣʴʩʥʠʭ ʇʇʅ ʧ̔ʜʚʠʱʫʻ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ), ʨʽʚʝʥʴ ʪʝʭ-

ʥʦʣʦʛʽʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʾʭʥʶ ʥʘʜʽʡʥʽʩʪʴ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʨʝʞʠʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʂ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ 

ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʥʽ ʩʠʣʦʚʠʭ 

ʢʣʶʯʽʚ, ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʠʭ ʟʘʚʘʜ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʇʅ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 
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ʋ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʜʣʷ ʤʦʜʫʣʴʥʠʭ ʇʇʅ ʚʚʘʞʘʻʪʴ-

ʩʷ ʽʜʝʥʪʠʯʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʩʠʤʝʪʨʽʷ) ʽ ʧʘʨʘʤʝʪʨʽʚ ʉʂ, ʟʦʢʨʝʤʘ ʧʘ-

ʨʘʤʝʪʨʽʚ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ Lk ʜʨʦʩʝʣʽʚ ʉʂ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʉʂ ʤʦʜʫʣʴʥʦʛʦ ʇʇʅ ʚʥʘʩʣʽʜʦʢ ʥʝʽ-

ʜʝʥʪʠʯʥʦʩʪ,̔ ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʩʝʣʽʚ ʉʂ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʉʂ 

ʤʦʜʫʣʴʥʠʭ ʇʇʅ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʜʝʢʽʣʴʢʘ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʛʨʘʥʠʯʥʦ-

ʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʨʠ ʥʝʽʜʝʥʪʠʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʩʝʣʽʚ ʉʂ, ʨʦʟʛʣʷʥʝʤʦ ʦʩʦ-

ʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʭʝʤ ʫʧʨʘʚʣʽʥʥʷ (ʉʋ). ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫ-

ʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʇʇʅ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʨʘʭʦ-

ʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʭʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʟʥʽ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 1), ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʘ ʦʜʥʠʤ ʟ 

ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ [2] ï ʨʠʩ. 2: 

1. ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ1 ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʩʠʛʥʘʣʽʚ uʫk(t) ʫʧʨʘʚʣʽʥʥʷ N ʩʠ-

ʣʦʚʠʤʠ ʢʘʥʘʣʘʤʠ ʰʣʷʭʦʤ ʨʦʟʧʦʜʽʣʫ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ uʫ(t) ʫʧʨʘʚʣʽʥʥʷ. 

2. ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ2 ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʩʠʛʥʘʣʽʚ uʫk(t) ʫʧʨʘʚʣʽʥʥʷ ʚ ʢʦ-

ʞʥʦʤʫ k-ʤʫ ʉʂ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 

k-ʭ ʉʂ: Iʥk = Iʥ/N. 

3. ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ3 ʟ ̔ʩʪʨʫʤʦʚʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʚ k-ʭ ʉʂ: Im1k = Im1,  

k = 1, 2é, N. 

 
ʈʠʩʫʥʦʢ 2 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʩʭʝʤ ʫʧʨʘʚʣʽʥʥʷ (N = 2) 

  

 ʅʘ ʨʠʩ. 2 ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ [2]: ʊ ï ʧʝʨʽʦʜ ʢʦʤʫʪʘʮʽʾ; tʥk  ʽ tʚk  

ï ʽʥʪʝʨʚʘʣʠ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʨʦʩʝʣʷʤʠ 

Lʥk ʉʂ, ʟʥʘʯʝʥʥʷ ʨʦʟʤʘʭʫ Imk  ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ iLk k-ʛʦ ʉʂ.  

ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ1 ʟʘʙʝʟʧʝʯʫʻ ʚ ʦʢʨʝʤʦ ʚʟʷʪʦʤʫ k-ʤʫ ʉʂ ʥʘʩʪʫʧʥʽ ʧʘ-

ʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ: 

 uʫk(t) = uʫ(t),     ȹtʫ= ȹtʩk,        tʠk = tʠ,          ʢʟk = ʢʟ,          Tʩyk = Tʩy; 

 tʥk = tʥ,               tʚk = tʚ,            ʢʥk = ʢʥ,         ʢʚk = ʢʚ,               k = 1, 2é, N.       (1) 

ʇʨʠ ʘʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʤʦʜʫʣʴʥʦʛʦ ʇʇʅ ʯʘʩʦʚʠʡ ʟʩʫʚ ʤʽʞ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʉʂ ȹtʩk 0̧, ʧʨʠ ʦʜʥʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ȹtʫ= 

ȹtʩk=0, ʧʨʠ ʙʘʛʘʪʦʬʘʟʥʦʤʫ ʨʝʞʠʤʽ ȹtʫ= ȹtʩk = T/N [2, 3]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1k ʜʨʦʩʝʣʷ k-ʛʦ ʉʂ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʷʢ: 
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  L1k Í{L1min·L1max},       L1min = L1 ï DL1max,           L1max = L1 + DL1max,  
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ʜʝ L1, L2, n21 ̔  DL1k, DL2k, Dn21k ï ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʧʝʨʚʠʥʥʠʭ 

W1, ʚʪʦʨʠʥʥʠʭ W2 ʦʙʤʦʪʦʢ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʨʦʩʝʣʽʚ k-ʭ ʉʂ ʽ ʾʭ 

ʚʽʜʭʠʣʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʝ DL1max) ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ʊʦʙʪʦ, L1k= f (DL1k, 

DL2k, Dn21k). 

 ʇʨʠ DL1k= 0 (DL2k =0, Dn21k =0) ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʠʤʝʪʨʠʯʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦ-

ʮʝʩʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ  11 mkm II = , 22 mkm II = : 

        1 ʥʥ1ʥ ʥ1 /ʢ/ LʊULtUI LLm == ;  2 ʚʚ2ʚ ʚ2 /ʢ/ LʊULtUI LLm == . (3) 

 ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ2 ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʩʝʨʝʜʥʽʭ ʩʪʨʫʤʽʚ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ k-ʭ ʉʂ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ L1k: 

    Iʥʩʨk = Iʥk = Iʥʩk = Iʥ / N.      (4) 

ʉʠʣʦʚʽ ʢʘʥʘʣʠ ʉʂL1kmax ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ 

L1k=L1kmax ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʽʥʰʽ ʉʂ ï ʚ ʨʦʟʨʠʚʥʦʤʫ ʨʝʞʠ-

ʤʽ. ɿʥʘʯʝʥʥʷ L1kmax ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

     L1kmax = max { L1k },     k = 1, 2é, N.  (5) 

ʇʨʠ ʘʩʠʤʝʪʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʇʇʅ ʯʘʩʪʦʪʘ fk = f (L1kmax) = f { L1kmax} 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ L1kmax [3]. ʏʘʩʠ ʥʘʢʦʧʠʯʝʥʥʷ tʥk (ʽ ʯʘʩʠ ʧʦʚʝʨʥʝʥʥʷ tʚk) 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ k-ʭ ʉʂ ʥʝ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʥʝ ʨʽʚʥʽ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʥʷ tʥc 

(ʯʘʩʫ ʧʦʚʝʨʥʝʥʥʷ tʚc) ʧʨʠ ʩʠʤʝʪʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ: tʥk  ţʥc;       tʚk ţʚc.  

ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʉʋ3 ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʘʤʧʣʽʪʫʜʥʠʭ 

ʟʥʘʯʝʥʴ ʩʪʨʫʤʽʚ ʚ ʜʨʦʩʝʣʷʭ ʉʂ: 

    Im11 = é Im1k = é= Im1N ;    (6)  

Im21 = é Im2k = é= Im2N. 

ʇʨʠ ʘʩʠʤʝʪʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʧʨʠ DL1k 0̧) ʇʇʅ ʬʫʥʢʮʽʦʥʫʻ ʥʘ 

ʯʘʩʪʦʪʽ fk = f { L1kmax}, ʩʪʨʫʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ Iʥk ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ ʥʝ ʨʽʚʥʽ ʤʽʞ ʩʦ-

ʙʦʶ. ʉʂ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʜʨʦʩʝʣʷ L1kmax ʬʫʥʢʮʽʦʥʫʻ ʚ 

ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʽʥʰʽ ʉʂ ï ʚ ʨʦʟʨʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʉʋ3 ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ k-ʛʦ ʉʂ ʇʇʅ 

ʩʧʨʘʚʝʜʣʠʚʝ ʥʘʩʪʫʧʥʝ: 

   Im1k = Im1;      Iʥ1 ȩ́ I̧ʥk I̧ʥʩk,        k = 1, 2, é, N.  (7) 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʚ ʝʣʝʤʝʥʪʘʭ 

ʉʂ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʛʨʘʥʠʯ-

ʥʦʤʫ ʨʝʞʠʤʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʧʨʠ ʥʝʽʜʝʥʪʠʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʩʝʣʽʚ ʉʂ, ʻ ʫʟʘʛʘ-

ʣʴʥʝʥʠʤʠ ʜʣʷ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʩʭʝʤ ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ ʽ ʱʦʜʦ ʾʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ï 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʩʪʝʞʝʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʽʤʧʫʣʴʩʥʠʭ 

ʇʇʅ ʟ ʨʽʟʥʠʤʠ ʩʭʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʙʘʟʽ ʦʙʣʘʜ-

ʥʘʥʥʷ ʬʽʨʤʠ Mitsubishi Electric, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

(Electronic Multi-Measuring Instrument ME96SS), ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ (FR-F840-00052) ʪʘ ʧʨʦ-

ʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ Alpha2.  ɽʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʕʄʋ12ɸ-ɸ11-ʋʍʃ ʟ ʘʩʠʥ-

ʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ (ɸɼ) ʧʦʪʫʞʥʽʩʪʶ 1,68 ʢɺʪ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʽʤʽʪʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ 

ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʯʘʩʪʦʪʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʪʠʧʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ɸɼ ʨʝʘʣʽʟʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʃʂ Alpha2. ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ (ʬʘʟʥʽ ʩʪʨʫʤʠ, ʥʘʧʨʫʛʠ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʛʘʨʤʦʥʽʡʥʠʡ ʩʢʣʘʜ) ʚʠʤʽʨʶʚʘʣʠʩʴ ʷʢ ʥʘ 

ʩʪʦʨʦʥʽ ʞʠʚʣʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. ʂʨʽʤ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʩʪʘʪʦʨʥʠʭ ʦʙʤʦʪʦʢ ɸɼ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ, ʢʦʥʪʨʦʣʝʨ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. 
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Abstract: In this paper, the impact of shipboard quality electric power on the energy efficiency indica-

tors of a variable frequency electric drive was investigated. Experimental researches were performed using a 

laboratory complex based on equipment from Mitsubishi Electric, which consists of a multifunction measur-

ing device (Electronic Multi-Measuring Instrument ME96SS), a frequency converter (FR-F840-00052) and a 

programmable logic controller Alpha2. An EMU12A-A11-UHL electric machine amplifier with an induction 

motor and load DC generator are used to simulate the operating modes of a ship's bow thruster with fre-
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quency control and typical load. The parameters of electrical energy (phase currents, voltages, power factor 

and harmonic composition) were measured both on the power supply side of the frequency converter and on 

its output. In addition, measurements were made of the active resistance of the induction motor stator wind-

ings over the entire load change range. 

Keywords: power quality indicators, energy efficiency indicators of controlled electric drives, fre-

quency converter, induction motor, load DC generator, controller, multifunctional measuring device 

 

ʆʮʽʥʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚ ʫʤʦ-

ʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʩʫʯʘʩʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʫʜʥʦʚʠʤʠ ʤʝʭʘʥʽʟʤʘ-

ʤʠ ʽ ʢʦʤʧʣʝʢʩʘʤʠ, ʘ ʪʘʢʦʞ  ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʫʜʥʦʚʦʾ 

ʤʝʨʝʞʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ʤʦʨʩʴʢʠʭ ʂʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʊʦʚʘʨʠʩʪʚ ʻ ʘʢʪʫʘ-

ʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʟʘʜʘʯʝʶ [1,2,3]. 

ɿʘʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʥʦ-

ʢʝʨʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫ-

ʥʽʚ ʪʘ ʦʮʽʥʢʠ ʢ̫ʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʥʘ ʢʘʬʝʜʨʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʽ ʝʣʝʢ-

ʪʨʦʪʝʭʥʽʢʠ ʅʋ çʆʄɸè ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʣʘ-

ʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʙʣʦʢ-ʩʭʝʤʽ (ʨʠʩ.1). ɺʠʤʽʨʶʚʘʣʴʥʽ ʙʣʦʢʠ ˉ1 

ʪʘ ˉ2 ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦ ʁ

Electronic Multi -Measuring Instrument ME96SS, ʙʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ˉ3 ï ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʤʫʣʴʪʠʤʝʪʨʽʚ LINI -T UT70A  ʪʘ  LINI -T UTM1803. 

ɺ ʷʢʦʩʪʽ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘʩʪʦʩʦʚʘʥʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩ-

ʪʦʪʠ FR-F840-00052, ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʕʄʋ-12ɸ ʟ ʧʨʠʚʦʜʥʠʤ 

ʘʩʠʥʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ ʧʦʪʫʞʥʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ 1,68 ʢɺʪ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʦʪʫʞʥʽʩʪʶ 1 ʢɺʪ, ʚ ʷʢʽʨʥʦʤʫ ʢʦʣʽ ʢʦʪʨʦʛʦ 

ʚʢʣʶʯʘʶʪʴʩʷ ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽʤʽʪʫʻ-

ʤʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʘ ʩʘʤʝ ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘʥʢʝʨʘ-ʛʘʟʦʚʦʟʘ ʜʝʜʚʝʡ-

ʪʦʤ 5700 ʪʦʥ. ʋʧʨʘʚʣʽʥʥʷ ʟʤʽʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ɸɼ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʤʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ Alpha2, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ 25%, 50%, 75%, 100% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʫʻ ʨʝʞʠʤ ʧʝʨʝ-

ʥʘʚʘʥʪʘʞʝʥʥʷ (125%). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï  ɹʣʦʢ-ʩʭʝʤʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 
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ʄʦʥʪʘʞ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ ʥʘʩʪʫʧ-

ʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ (ʨʠʩ.2), ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʢʣʶʯʘʻ ʦʙʣʘʜʥʘʥʥʷ ʬʽʨ-

ʤʠ Mitsubishi Electric [4,5,6,7]. 
 

 
ʈʠʩʫʥʦʢ 2 ï  ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʚ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥ ̔100% ʪʘ 50% ʪʘ ʨʦʙʦʪʽ ʥʘ ʯʘʩʪʦʪʽ 50 ɻʮ (ʪʘʙʣ.1 ʪʘ 

ʪʘʙʣ.2). 

   ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ 100% ʥʘʚʘʥʪʘʞʝʥʥʽ. 

DCG load data: Iload = 8,6ɸ  Rload = 13,8ɋ  Uload = 115V  

Converter FR-F840-00052 data: IFR = 1,96ɸ  UFR = 385V  fFR = 50,3Hz 

Classroom temperature = 22,7 ÜC 

ME9696SSRA-MB 

IA, A 2,828 UA-N, V 284,1 UA-B, V 412,8 

IB, A 2,828 UB-N, V 283,3 UB-C, V 414,1 

IC, A 2,811 UC-N, V 283,7 UA-C, V 415,3 

Before testing: stator winding resistance - RA = RB = RC = 3,4 ɋ 

After one-hour operation. Measuring during 10 sec after motor stop, 

classroom temperature = 24,2 ÜC 

RA, ɋ 3,8 

RB, ɋ 3,8 

RC, ɋ 3,8 

Measuring after 15 min of motor stopped 

RA, ɋ 4,0 

RB, ɋ 4,0 

RC, ɋ 4,0 
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 ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ 50% ʥʘʚʘʥʪʘʞʝʥʥʷ. 

DCG load data: Iload = 4,2ɸ  Rload = 26,2ɋ  Uload = 110V  

Converter FR-F840-00052 data: IFR = 1,94ɸ  UFR = 393V  fFR = 50,3Hz 

Classroom temperature = 23,4 ÜC 

ME9696SSRA-MB 

IA, A 2,828 UA-N, V 254,1 UA-B, V 405,8 

IB, A  2,828 UB-N, V 253,3 UB-C, V 406,1 

IC, A 2,811 UC-N, V 254,7 UA-C, V 407,3 

Before testing: stator winding resistance - RA = RB = RC = 3,4 ɋ 

After one hour operation. Measuring during 10 sec after motor stop, 

classroom temperature = 24,1 ÜC 

RA, ɋ 3,7 

RB, ɋ 3,7 

RC, ɋ 3,7 

Measuring after 15 min of motor stopped 

RA, ɋ 4,0 

RB, ɋ 4,0 

RC, ɋ 4,0 

 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ 

ʦʙʣʘʜʥʘʥʥʷ ʬʽʨʤʠ Mitsubishi Electric ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʨʝ-

ʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʠ ʨʦʙʦʪʽ 

ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ  ʟʤʽʥʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʪʠʧʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.   
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ʉʝʢʮʽʷ 4. ʉʋʏɸʉʅɯ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ, ʂʆʄʇʆʅɽʅʊʀ  ʊɸ ɼɯɸɻʅʆʉʊʀʂɸ 

 
ʋɼʂ 621.313.333 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɹʆʊʀ ʇʈʀɺʆɼʋ ʅɸʉʆʉʋ 

ɿɸɹʆʈʊʅʆɰ ɺʆɼʀ ʈɽɻʋʃʔʆɺɸʅʆɰ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʋ ʈɯɿʅʀʍ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʈɽɾʀʄɸʍ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʥʫʪʦ ʧʨʠʚʽʜ ʥʘʩʦʩʫ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ, ʚ ʷʢʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʠ-
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ʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ ʪʘ ʦʪʨʠʤʫʻʪʴʩʷ ʨʝʟʫʣʴʪʫʶʯʠʡ ʢʨʠʪʝʨʽʡ.  

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ, ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʥʘʩʦʩ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ, ʯʘʩ-

ʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʤʦʜʝʣʶʚʘʥʥʷ, ʜʨʦʩʝʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ, ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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Abstract: The drive of the seawater pump was observed, in which the frequency converter was 

proposed to increase the stability of the pressure in the pipeline and to reduce operating costs. The energy 

efficiency criteria of the actuator are analyzed in different operating modes and the resulting criterion is 

obtained.  
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ʅʘʩʦʩ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʘ ʧʨʠʟʥʘʯʝ-

ʥʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʚʩʽʭ ʨʝʞʠʤʘʭ 

ʡʦʛʦ ʨʦʙʦʪʠ. ʆʭʦʣʦʜʞʝʥʥʷ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʟʘʟʚʠʯʘʡ ʧʨʦʭʦʜʠʪʴ ʧʦ ʟʘʤʢʥʫ-

ʪʦʤʫ ʢʦʥʪʫʨʫ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʷʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʘʙʦʨʪʥʦʶ ʚʦʜʦʶ ʚ ʩʧʝʮʽʘʣʴʥʦ-

ʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ. ɿʘʙʦʨʪʥʘ ʚʦʜʘ ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʯʝʨʝʟ ʙʦ-

ʨʪʦʚʠʡ ʘʙʦ ʜʦʥʥʠʡ ʢʽʥʛʩʪʦʥ. ʇʦʪʽʤ ʯʝʨʝʟ ʬʽʣʴʪʨ ʧʦʩʪʫʧʘʻ ʜʦ ʥʘʩʦʩʫ ʽ ʜʘʣʽ 

ʧʨʦʡʰʦʚʰʠ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢ ʚʠʣʠʚʘʻʪʴʩʷ ʟʘ ʙʦʨʪ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʢʽʣʴʢʽʩʪʴ 

ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ ʱʦ ʧʦʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. 

ʉʘʤʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʤʝʪʦʜ ʟʤʽʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦ-

ʩʫ ʜʨʦʩʝʣʶʚʘʥʥʷʤ. ɺʥʫʪʨʽʰʥʽʡ ʢʦʥʪʫʨ ʟʘʤʢʥʝʥʠʡ. ʂʽʣʴʢʽʩʪʴ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʚʠʛʫʥ ʠ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢ ʦʜʥʘʢʦʚʝ. ʇʨʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʧʨʽʩʥʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʜʚʠʛʫʥ, ʨʝʛʫʣʶʶʯʠʡ ʦʨʛʘʥ,  ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘ-

ʛʽʩʪʨʘʣʽ ʧʽʜʚʦʜʘ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ, ʟʤʽʥʶʻ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʭʦ-

ʣʦʜʠʣʴʥʠʢ, ʰʣʷʭʦʤ ʜʨʦʩʝʣʶʚʘʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʻ 

ʾʾ ʥʝ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ʧʦʩʪʽʡʥʦ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʝʦʨʽʷ ʨʦʙʦʪʠ ʥʘʛʥʽʪʘʯʽʚ (ʥʘʩʦʩʽʚ ʽ ʚʝʥʪʠʣʷʪʦʨʽʚ) ʜʦʚʦʜʠʪʴ, ʱʦ ʟʤʽʥʘ ʯʘʩ-

ʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʦʜʫ ʥʘʛʥʽʪʘʯʘ ʟʤʽʥʶʻ ʡʦʛʦ ʥʘʧʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʨʽʤ 

ʪʦʛʦ, ʥʘʪʠʩʢ ʩʪʚʦʨʶʚʘʥʠʡ ʥʘʛʥʽʪʘʯʝʤ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥ-

ʥʷ ʘʛʨʝʛʘʪʫ. ʄʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʩʧʦʞʠʚʘʥʦʾ ʜʚʠʛʫʥʦʤ ʥʘʩʦʩʘ, 

ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʜʨʦ-

ʩʝʣʴʥʦʶ ʟʘʩʣʽʥʢʦʶ ʽʣʶʩʪʨʫʻ (ʨʠʩ.1). 

ʇʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʚʠʪʨʘʪʽ ʽ ʥʘʧʦʨʽ ʥʘʩʦʩ ʧʨʘʮʶʻ ʚ ʪʦʯʮʽ ɸ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʤʘʛʽʩʪʨʘʣʽ 3 ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʅ = f (Q) ʥʘʩʦʩʘ( ʢʨʠʚʘ 1) ʧʨʠ ʥʦ-

ʤʥ̔ʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʨʠ ʥʝʨʝʛʫʣʴʦʚʘʥʦʤʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʟʘ ʨʘʭʫʥʦʢ ʜʨʦʩʝʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʦʧʦʨʫ 

ʤʘʛʽʩʪʨʘʣʽ ( ʢʨʠʚʘ 4). ʅʘʩʦʩ ʧʨʘʮʶʻ ʚ ʪʦʯʮʽ ɺ ʢʨʠʚʦʾ 1, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩ-

ʪʘʥʥʷ ʥʘʧʦʨʫ, ʷʢʠʡ ʩʪʘʻ ʙʽʣʴʰʠʤ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ. ʇʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʘ ʥʘ-

ʩʦʩʦʤ, ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ODBF. 

 

 
ʈʠʩʫʥʦʢ 1 ï  ʄʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʩʧʦʞʠʚʘʥʦʾ ʜʚʠʛʫʥʦʤ ʥʘʩʦʩʘ, ʧʨʠ ʨʝ-

ʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʜʨʦʩʝʣʴʥʦʶ ʟʘʩʣʽʥʢʦʶ 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʥʘʩʦʩ ʧʨʘʮʶʻ ʧʨʠ ʟʥʠʞʝʥʠʭ ʚʠʪʨʘʪʘʭ ʚ ʪʦʯʮʽ ʉ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʥ-

ʰʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʅ = f (Q) (ʢʨʠʚʘ 2) ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʤʘʛʽʩʪʨʘ-

ʣʽ (ʢʨʠʚʘ 3). ʇʦʪʫʞʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦ-
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ʧʦʨʮʽʡʥʘ OECF, ʱʦ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʻ ʤʦʞʣʠʚʦʩʪʽ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦ-

ʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʥʘʩʦʩʽʚ. 

ʗʢʱʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ  ʧʨʠʚʦʜʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘʢ, ʱʦʙ ʚʽʥ ʧʨʠ 

ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʚʠʪʨʘʪʠ ʚ ʤʝʨʝʞʽ ʽ ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʘʛ-

ʨʝʛʘʪʫ) ʟʤʽʥʶʚʘʚ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ, ʪʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʙʝʟ ʽʩʪʦʪʥʠʭ ʚʪʨʘʪ 

ʝʥʝʨʛʽʾ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʪʠʩʢ ʚ ʤʝʨʝʞʽ ʩʧʦʞʠʚʘʯʽʚ. ʇʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʚʠʢʣʶʯʘʶʪʴʩʷ ʚʪʨʘʪʠ ʥʘʪʠʩʢʫ (ʥʝʤʘʻ ʜʨʦʩʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ), ʘ ʟʥʘʯʠʪʴ, ʽ 

ʚʪʨʘʪʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʝʥʝʨʛʽʾ.  

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʝʣʝʢʪʨʦʧʨʦʚʽʜ ʥʘʩʦʩʫ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ ʤʦʞʝ ʧʨʘʮʶ-

ʚʘʪʠ ʫ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʞʠʤʘʤʠ 

ʨʦʙʦʪʠ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ  ʜʝʢʽʣʴʢʘ  ʝʢʩ-

ʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ.  

ʇʝʨʰʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʞʠʤ, ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʘʢʦʚʫ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ 

ʥʘ ʢʦʞʥʽʡ ʰʚʠʜʢʦʩʪʽ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʮʽʥʢʘ ʝʥʝʨʛʝ-

ʪʠʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʝʨʝʜʥʴʦʜʽʘʧʘʟʦʥʠʤ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɼʨʫʛʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʞʠʤ, ʧʦʚôʷʟʘʥʠʡ ʟ ʥʝʦʜʥʘʢʦʚʦʶ ʪʨʠʚʘʣʽʩʪʶ ʨʦ-

ʙʦʪʠ ʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʰʚʠʜʢʦʩʪʷʭ. ʇʨʠ ʮʴʦʤʫ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʜʘ-

ʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʥʘ ʮʠʭ ʰʚʠʜʢʦʩʪʷʭ. 

ʊʨʝʪʽʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʝʞʠʤ ʧʝʨʝʜʙʘʯʘʻ ʙʣʠʟʴʢʫ ʟʘ ʯʘʩʦʤ ʪʨʠʚʘʣʽʩʪʴ 

ʫʩʪʘʣʝʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʘʛʘʻʪʴʩʷ ʫʨʘʭʫʚʘʥʥʷ 

ʟʥʘʯʝʥʴ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ. ʄʦʞʣʠʚʦ ʨʦʟʜʠʚʠʪʠʩʷ 

ʜʝʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ: ʂʂɼ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʂʂɼ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ. 

ɼʦʮʽʣʴʥʦ ʚ ʧʽʜʩʫʤʢʫ ʧʝʨʝʡʪʠ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʜʦ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦ-

ʩʪʽ. ʆʜʥʦʯʘʩʥʦ ʟ ʨʦʟʛʣʷʜʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʽʥʰʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʙʨʦʘʢʫʩʪʠʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠ-

ʢʠ). 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪ-

ʥʦ ʟʤʝʥʰʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʘʛʨʝʛʘʪʽʚ ʽ 

ʩʠʩʪʝʤ. ʅʘʧʨʠʢʣʘʜ, ʟʥʠʞʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʤʽʞ ʚʩʤʦʢʪʫʶʯʠʤ ʽ ʥʘʧʽʨʥʠʤ ʧʘ-

ʪʨʫʙʢʘʤʠ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʩʘʣʴʥʠʢʦʚʠʭ ʫʱʽʣʴʥʝʥʴ, 

ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʶʯʠ ʛʽʜʨʦʫʜʘʨʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʻ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ 

ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʝʣʠʢʦʛʦ ʟʘʣʫ ʨʝʩʪʦʨʘʥʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʫʜʥʘ ʽ ʨʦʟʨʦʙʢʘ ʨʝʢʦ-

ʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʨʝʞʠʤʘʭ ʚʝʥʪʠʣʷ-

ʮʽʾ/ʢʦʥʜʠʮʽʶʚʘʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʘʣʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʟʽ ʩʧʣʽʪ-

ʢʦʥʜʠʮʽʦʥʝʨʦʤ ʪʘ ʧʨʠʥʮʠʧʫ ʧʦʜʽʙʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʯʽʣʣʝʨ-ʬʘʥʢʦʡʣ ʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʤʦʤʝʥʪ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʝʨʝʤʠʢʘʥʥʷ (ʩʢʠʜʘʥʥʷ) ʽʥ-

ʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦ-

ʞʠʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʩʠʩʪʝʤʽ ʚʝʥʪʠʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʨʝʞʠʤʽʚ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʽ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʚʝʥ-

ʪʠʣʷʪʦʨʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʂʦʥʜʠʮʽʶʚʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ, ʯʽʣʣʝʨ, ʬʘʥʢʦʡʣ, ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʩʧʽʨʘʣʴʥʠʡ ʢʦʤ-

ʧʨʝʩʦʨ, ʽʥʚʝʨʪʦʨ 
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Abstract: The purpose of this work is to analyze the solutions to the problem of providing comfortable 

microclimate conditions in the restaurant room of a passenger ship and to develop recommendations for the 

choice of the main units of the system and its adjustment in the modes of ventilation / air conditioning. Based 

on experimental studies in a small room with split-air conditioner and the principle of similarity, it is pro-

posed to use a chiller-fancoil system with adjusting the output signal of the PID controller of the external 

circuit so that at the moment of reaching the set room temperature, a short switching will occur (switchover) 

room temperature. In order to optimize the power consumption of the system, it is suggested to use air quali-

ty sensors in the ventilation system with automatic switching of the air-conditioning and ventilation modes 

and regulation of the fan speed. 

Keywords. Air conditioning, ventilation, chiller, fancoil, PID controller, spiral compressor. 

 

ɺʝʣʠʢʠʡ ʟʘʣ ʨʝʩʪʦʨʘʥʫ ʥʘ ʩʫʜʥʽ ʩʣʫʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʨʠʡʤʫ ʾʞʽ, ʘ ʡ ʻ 

ʤʽʩʮʝʤ ʚʽʜʧʦʯʠʥʢʫ ʙʘʛʘʪʴʦʭ ʧʘʩʘʞʠʨʽʚ ʧʽʜ ʯʘʩ ʜʦʚʛʦʛʦ ʨʝʡʩʫ. ɺʽʜʧʦʚʽʜʥʦ, ʫ 

ʮʴʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ, 

ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʠʭ ʚʭʦʜʷʪʴ ʥʝ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʘʣʝ ʡ ʚʦʣʦʛʽʩʪʴ ʧʦ-

ʚʽʪʨʷ ʪʘ ʜʦʣʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʫ ʥʴʦʤʫ. 
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ʄʝʪʘ ʨʦʙʦʪʠ ï ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨ-

ʪʥʠʭ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚ ʧʨʠʤʽʱʝʥʥʽ ʢʦʥʮʝʨʪʥʦʛʦ ʭʦʣʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʩʫʜʥʘ ʽ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʾʾ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʨʝʞʠʤʘʭ ʚʝʥʪʠʣʷʮʽʾ/ʢʦʥʜʠʮʽʶʚʘʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʨʝʩʪʦʨʘʥ ʟ ʥʦʨʤʘʪʠʚʥʠʤ ʟʘ ʩʘʥʽʪʘʨ-

ʥʠʤʠ ʚʠʤʦʛʘʤʠ ʦʙʩʷʛʦʤ ʦʙʤʽʥʫ ʧʦʚʽʪʨʷ 9000 ʤ3/ʛʦʜ.  

ʈʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʦʮʽʥʶʻʪʴʩʷ ʧʦ ʧʦʻʜʥʘʥʥʶ ʷʢ ʤʽʥʽʤʫʤ ʜʚʦʭ 

ʧʦʢʘʟʥʠʢʽʚ: ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʷ ʦʮʽʥʢʠ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʽʥʜʝʢʩ:   

 ( )0.72 40.6,n C BD q q= + +  (1) 

ʜʝ ,C Bq q ï ʧʦʢʘʟʘʥʥʷ ʩʫʭʦʛʦ ʠ ʚʦʣʦʛʦʛʦ ʪʝʨʤʦʤʝʪʨʽʚ [1]. ʆʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘ-

ʻʪʴʩʷ 70.nD ¢  ɿ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦʮʽʣʴʥʦ ʦʙʠʨʘʪʠ 70nD = , ʪʘʢ ʷʢ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʮʴʦʛʦ ʽʥʜʝʢʩʫ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʯʘʪʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʩʫʤʘ C Bq q+  ʻ ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʣʦʛʦʛʦ ʪʝʨʤʦʤʝʪʨʫ ( ), ,B C Cq q q q f= -D  ʜʝ 

qD  ï ʧʩʠʭʨʦʤʝʪʨʠʯʥʘ ʨʽʟʥʠʮʷ, ʚʠʨʘʟ (1) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ: 

 ( )( )0.72 2 , 40.6,n C CD q q q f= -D +  (2) 

ʟ ʷʢʦʛʦ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

 ( )( )40,6 / 0,72 / 2.C nDq q= - +D  (3) 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʩʠʭʨʦʤʝʪʨʠʯʥʦʾ ʪʘʙʣʠʮʽ [2] ʽ ʤʝʪʦʜʠʮʽ ʾʾ ʨʦʟʨʘʭʫʥʢʫ [3] ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʦʣʦʛʽʩʪʴ ʟʘ ʟʘʜʘʥʦʶ ʧʩʠʭʨʦʤʝʪʨʠʯʥʦʶ ʨʽʟʥʠʮʝʶ 0qD ² ʠ ʨʦʟ-

ʨʘʭʦʚʘʥʦʶ ʟʘ (3) Cq : 
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  (4) 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʫ ( )Cq qD ʧʦ (3) ʽ ʧʽʜʩʪʘʥʦʚʢʠ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʚ 

( ),Cf q qD  ʧʦ (4), ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ qD  ʪʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʚʽʜ ʚʦʣʦʛʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʥʘʜʘʥʦ ʚ ʪʘʙʣ. 1.  
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ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

70nD =  Cq  20,4 21,4 22,4 23,4 24,4 25,4 26,4 27,4 28,4 29,4 30,4 
f 100,0 88,3 78,0 68,9 60,8 53,7 47,4 41,8 36,9 32,5 28,7 

 

ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʣʝʛʢʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʫʥʢʮʽʻʶ, ʟʥʘʯʥʦ ʧʨʦ-

ʩʪʽʰʝ ʟʘ (4). ɿ ʧʦʭʠʙʢʦʶ ʤʝʥʰ 0.015 ʉ̄ ʢʦʤʬʦʨʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʘ ʦʙʯʠʩ-

ʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ()70
8.006ln 57.295.nD

Cq f=
=- +  (5) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʠʤʽʨʷʪʠ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʪʦ ʮʝʡ ʚʠʨʘʟ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʦʜʫʣʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩ-

ʪʝʤʠ ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦ-

ʛʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʽʥʜʝʢʩʫ ʢʦʤʬʦʨʪʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ i-d-ʜʽʘʛʨʘʤ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʟʘʚʜʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʮʠʢʣʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ (ʨʠʩ.1) ʨʦʟʨʘʭʦʚʘʥʦ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʯʽʣʣʝʨʫ. ɼʣʷ ʧʦʨʽ-

ʚʥʷʥʥʷ ʥʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʙʽʛʨʽʚʫ ʚʟʠʤ-

ʢʫ, ʷʢʠʡ ʜʘʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʘʢʦʞ ʟʤʦʜʝʣʴʦʚʘʥʦ ʨʝʞʠʤ ʢʦʥ-

ʜʠʮʽʶʚʘʥʥʷ, ʫʤʦʚʥʦ ʚʨʘʭʦʚʫʶʯʽ ʟʦʚʥʽʰʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ, ʷʢ ʟʤʽʥʫ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ (ʨʠʩ. 2).  

  
ʈʠʩʫʥʦʢ 1 ï ɯ-d-ʜʽʘʛʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʙʽʛʨʽʚʫ ʚ ʨʝʞʠʤʽ  

ʚʝʥʪʠʣʷʮʽʾ 

ʈʠʩʫʥʦʢ 2 ï ɯ-d-ʜʽʘʛʨʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʨʝʞʠʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʙʽʛʨʽʚʫ ʚ ʨʝʞʠʤʽ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ 
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ɺʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʥʦ ʥʝʦʙʭʽʜʥʫ ʪʝʧʣʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʯʽʣʣʝʨʘ (180 kW) ʪʘ 

ʦʙʨʘʥʦ ʚʝʥʪʠʣʷʪʦʨ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 9000 ʤ3/ʛʦʜ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʨʝʞʠʤʽ ʢʦʥ-

ʜʠʮʽʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʯʽʣʣʝʨʘ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. 

ɺ ʣʘʙʦʨʘʪʦʨʽʾ 121 ʢʘʬʝʜʨʠ ʉɽʄʽɽʊ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʧʣʽʪ-

ʢʦʥʜʠʮʽʦʥʝʨʫ ʚ ʨʝʞʠʤʘʭ ʦʙʽʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʠʡ ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʯʽʣʣʝʨʫ. ʈʽʟʥʠʮʷ 

ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʚ ʯʽʣʣʝʨʽ ʬʫʥʢʮʽʶ ʥʦʩʽʷ ʭʦʣʦʜʫ ʜʦ ʬʘʥʢʦʡʣʘ ʚʠʢʦʥʫʻ 

ʚʦʜʘ, ʘ ʚ ʢʦʥʜʠʮʽʦʥʝʨʽ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʨʝʦʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ inQ  (ʟʝʣʝʥʠʡ), ʥʘ ʚʠʭʦʜʽ 

ʟ ʢʦʥʜʠʮʽʦʥʝʨʫ chQ  (ʩʠʥʽʡ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʟʘʚʜʘʥʥʷ setQ  (ʯʝʨʚʦʥʠʡ) 

 

ʂʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʥʜʠʮʽʦʥʝʨʫ ʻ ʥʘʩʣʽʜʢʦʤ ʨʦ-

ʙʦʪʠ ʪʝʨʤʦ-ʨʝʛʫʣʶʶʯʦʛʦ ʚʝʥʪʠʣʷ [4]. ʅʘʡʚʘʞʣʠʚʽʰʝ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʚʽʜʩʫʪʥʻ ʧʝ-

ʨʝʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ inQ  ʽ ʮʝ, ʚʽʨʦʛʽʜʥʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ chQ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ ʜʦ setQ , ʷʢ ʪʽʣʴʢʠ 

ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʩʚʽʜʯʠʪʴ, ʱʦ .in setQ =Q  ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʢʦʥʪʨʦʣʝʨʘ ʯʽʣʣʝʨʘ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʻ ʤʦʜʫʣʴ ʩʝʣʝʢʪʦʨʘ ʩʠʛʥʘ-

ʣʽʚ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʷʻ ʩʠʛʥʘʣ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ 

ʚʠʭʦʜʽ ʬʘʥ-ʢʦʡʣʘ, ʥʘ ʜʚʘ ʢʘʥʘʣʠ ï ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʽʣʣʝʨʘ. ʊʘʢʠʡ ʩʘʤʝ ʤʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʬʘʥ-

ʢʦʡʣʦʤ ʚ ʢʘʶʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʪʝʥʜʽ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʠʡ ʨʦʟ-

ʤʽʱʝʥʦ ʪʘʢʦʞ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ (ʨʠʩ. 4.). 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʚʝʣʠʢʠʭ ʟʘʣʘʭ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʤʦʞʝ ʟʤʽ-

ʥʶʚʘʪʠʩʴ ʚ ʜʝʩʷʪʢʠ-ʩʦʪʥʽ ʨʘʟʽʚ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʩʦʪʝʥʴ-ʪʠʩʷʯ. ɺʽʜʧʦʚʽʜʥʦ, ʟʤʽʥʶ-

ʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʉʆ2, ʷʢʝ ʧʦʩʪʫʧʘʻ ʚ ʧʨʠʤʽʱʝʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʨʝ-

ʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ: ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʩʠʩʪʝʤʘ ʧʦʚʠʥ-

ʥʘ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʚʝʥʪʠʣʷʮʽʾ ʤʘʡʞʝ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʠʧʣʠʚ-
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ʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚ 

ʯʽʣʣʝʨʽ, ʘ ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ï ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʚʠ-

ʪʨʘʯʘʶʯʠ ʝʥʝʨʛʽʶ ʪʽʣʴʢʠ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʦʚʥʽ, ʘ ʢʨʽʤ ʪʦʛʦ, 

ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ. 

 

               
                                                    ʘ)                                                                    ʙ) 

       ʈʠʩʫʥʦʢ 4 ï ʋʯʙʦʚʠʡ ʪʨʝʥʘʞʝʨ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʢʘʶʪʠ (ʘ) ʪʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʩʠ-

ʩʪʝʤʠ LRC-1.FC3 (ʙ) 

 

ɼʣʷ ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʧʦʚʽʪʨʷʥʫ ʟʘʩʣʽʥʢʫ, ʷʢʘ 

ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʟʤʽʥʫ ʨʝʞʠʤʽʚ ʚʝʥʪʠʣʷʮʽʾ/ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʽ ʜʘʪʯʠʢ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ, ʷʢʠʡ ʙʫʜʝ ʚʠʤʽʨʷʪʠ ʨʽʚʝʥʴ ʉʆ2 ʚ ʧʨʠʤʽʱʝʥʥʽ ʽ ʜʘʚʘʪʠ ʟʘʚʜʘʥʥʷ ʰʚʠʜ-

ʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʢʣʽʤʘʪʫ (ʨʠʩ. 5). 

ʆʩʥʦʚʥʠʤʠ ʙʣʦʢʘʤʠ ʩʠʩʪʝʤʠ ʻ ʨʝʛʫʣʷʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ ʽ ʪʝʧ-

ʣʦʥʦʩʽʷ, ʤʦʜʫʣʴ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ.  

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ ʜʝʷʢʽ ʩʧʨʦʱʝʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʧʨʠʤʽ-

ʱʝʥʥʷ, ʚʠʧʘʨʥʠʢ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʷʢ ʣʽʥʽʡʥʽ ʽʥʝʨʮʽʡʥʽ ʣʘʥʢʠ ʧʝʨ-

ʰʦʛʦ ʧʦʨʷʜʢʫ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʪʝʨʤʦʨʝʛʫʣʶʶʯʦʛʦ ʚʝʥʪʠʣʷ ʥʝʭʪʫʻʤʦ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʩʧʨʦʱʝʥʴ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʝʨʝ-

ʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝ-

ʞʠʤʽ ʚʝʥʪʠʣʷʮʽʾ ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʠʤʠ: 
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ʜʝ ,   ,   in cond evapqD D D  ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʥʘ ʚʠʧʘʨʥʠʢʫ ʽ 

ʢʦʥʜʝʥʩʘʪʦʨʽ; * *,  
iinQ Q  ï ʚʽʜʥʦʩʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʪʝʧʣʘ/ʭʦʣʦʜʫ; 

,  ,  ch inT T Tn  ï ʩʪʘʣʽ ʯʘʩʫ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ; ,heat cool ï ʣʦʛʽʯʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʠʟʥʘ-

ʯʘʶʪʴ ʨʝʞʠʤ ʨʦʙʦʪʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʧʽʜʽʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ (ʯʽʣʣʝʨ 

ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ);  ,  ,  ,  ex in cond evapq q q q ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ʟʦʚʥʽ ʪʘ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʥʘ ʚʠʭʦʜʘʭ ʬʘʥʢʦʡʣʘ; _ _ _,  ,  cond n evap n in nq q qD D D  ï ʥʦʤʽʥʘʣʴ-

ʥʠʡ ʧʝʨʝʛʨʽʚ ʧʦʚʽʪʨʷ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʯʽʣʣʝʨʘ ʪʘ ʥʦʤʽʥʘʣʴʥʽʡ ʰʚʠʜ-

ʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ; ,ch inq q  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪ-

ʨʷ. 

 
ʈʠʩʫʥʦʢ 5 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

 

ʅʘ ʨʠʩ. 6 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʨʝʞʠʤʽ ʚʝʥʪʠʣʷʮʽʾ ʜʣʷ ʫʤʦʚʥʦʛʦ ʜʦʙʦʚʦʛʦ ʮʠʢʣʫ, ʢʦʣʠ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʟ ʘʤʧ-

ʣʽʪʫʜʦʶ 5 C̄, ʘ ʚʥʦʯʽ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4 C̄ . 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʨʝʛʫʣʷʪʦʨ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ ʪʘʢ, ʱʦʙ ʫ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʟʘʚʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʩʢʠʜʘʣʘʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʟʘ-

ʚʜʘʥʥʷ.  

  

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʫʤʦʚʥʦʤʫ ʜʦʙʦʚʦʤʫ ʮʠʢʣʽ 

 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʦʤ ʽ  

ʚʝʥʪʠʣʪ̫ʦʨʦʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ, 

ʥʘ ʚʠʭʦʜʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʚʠʧʘʨʥʠʢʘ ʟ  

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ɿʽ ʩʪʚʦʨʝʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ. ʅʘ ʨʠʩ. 

7 ʧʦʢʘʟʘʥʦ, ʷʢ ʟʤʝʥʰʠʣʦʩʴ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟ  ï6.5 ÁC  (ʪʦʥʢʽ ʣʽʥʽʾ) ʜʦ +1 ÁC ʥʘ 

ʧʦʯʘʪʢʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ 

ʟ 30 ʜʦ 22 ʛʨʘʜʫʩʽʚ.  

ɿ ʨʠʩ. 6 ʪʘ 7 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʷʢ ʯʽʣʣʝʨʘ, ʪʘʢ ʽ ʨʝ-

ʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ. 

ɺʠʩʥʦʚʢʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʚ ʚʝʣʠʢʦʤʫ ʧʨʠ-

ʤʽʱʝʥʥʽ ʨʝʩʪʦʨʘʥʫ ʧʨʠ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ ʽ ʤʦʞʣʠʚʠʭ ʩʫʪʪʻʚʠʭ ʟʤʽʥʘʭ ʢʽ-

ʣʴʢʦʩʪʽ ʣʶʜʝʡ ʚ ʟʘʣʽ ʥʘʜʘʶʪʴ ʟʤʦʛʫ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʝʘʣʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠ-

ʤʢʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʥʘ ʙʘʟʽ ʯʽʣʣʝʨʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʪʯʠʢʫ ʷʢʦʩʪʽ 
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ʧʦʚʽʪʨʷ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠ ʤʘʣʦʤʫ ʨʽʚʥʽ 

ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʫ ʧʦʚʽʪʨʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ 

ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʢʦʤʬʦʨ-

ʪʫ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʪʯʠʢ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʦʧ-

ʪʠʤʘʣʴʥʦʤʫ ʽʥʜʝʢʩʫ ʢʦʤʬʦʨʪʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʯʽʣʣʝʨʘ ʽ ʚʝʥ-

ʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʪʝʧʣʦʚʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʽʣʣʝʨʘ. ɺ ʯʽʣʣʝʨʽ ʮʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʤʠʢʘʥʥʷʤ/ʚʠʤʠʢʘʥʥʷʤ 

ʢʦʤʧʨʝʩʦʨʽʚ ʽ, ʤʦʞʣʠʚʦ, ʨʝʛʫʣʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ ʧʝʨʝʪ-

ʚʦʨʶʚʘʯʝʤ ʯʘʩʪʦʪʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʚ ʚʝʥʪʠʣʷ-

ʮʽʡʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʢʝʨʫʚʘʥʥʷ ʷʢʦʛʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʢʦʥʪʨʦʣʝʨ ʯʽʣʣʝʨʘ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʇɯ- ʘʙʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘʢ, ʱʦʙ ʚ ʤʦ-

ʤʝʥʪ ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʠʜʘʪʠ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʜʦ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʨʝʛʫʣʶ-

ʚʘʥʥʷ.  

ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘʚʜʘʥʥʷ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʫ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʽ ʦʪʨʠʤʘ-

ʥʦʛʦ ʚ ʨʦʙʦʪʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʢʦʤ-

ʬʦʨʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ. 
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ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʤ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ ʬʽʨʤʠ Mitsubishi Electric, ʷʢʠʡ ʻ 

ʯʘʩʪʠʥʦʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ. ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦ ʥʘ ʙʘʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ALPHA2, ʧʨʦʛʨʘʤʘ ʷʢʦʛʦ ʥʘʧʠʩʘʥʘ ʥʘ ʤʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢ-ʜʽʘʛʨʘʤ (FBD) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝ-

ʜʦʚʠʱʽ AL-PCS/WIN-EU.  ʄʦʜʫʣʴ ʧʨʦʛʨʘʤʥʦ  ʟʘʙʝʟʧʝʯʫʻ  ʜʚʘ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ: ʨʫʯʥʠʡ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʥʘ ʩʪʫʧʽʥʴ ʨʝʟʠʩʪʦʨʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʷʢʽʨʥʦʛʦ 

ʢʦʣʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ,  ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘ-

ʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʫ ʬʫʥʢʮʽʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʦʙʨʘʥʠʤ 

ʪʠʧʦʚʠʤ ʭʘʨʘʢʪʝʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʩʪʚʦʨʝʥʠʡ ʤʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʻ ʟʨʫʯʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ  

ʧʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ  ʫʤʦʚʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʧʨʦ-

ʛʨʘʤʦʚʘʥʠʡ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ, ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʪʠʧʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʘʚʘʯ ʦʙʝʨʪʽʚ 
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 Abstract:  The paper presents the technical implementation of the load control module for the con-

trolled electric drive using Mitsubishi Electric equipment, which is part of the electromechanical laboratory 

complex, designed to study the quality of the electrical network and to evaluate the energy efficiency of the 

variable frequency electric drive(VFD). The control module is based on the industrial programmable logic 

controller ALPHA2, the program of which is written on the functional block diagrams (FBD) language in the 

AL-PCS / WIN-EU software environment. The module software provides two ways to control the typical load 

of the actuator: manual, in which the corresponding degree of resistor is connected to the anchor circuit of 

the load generator, and automatic, which provides the connection of the load resistor of the generator in the 

function of the speed of the motor and in accordance with the selected typical load. The results of the exper-

imental tests showed that the created module of typical load control is a convenient and reliable tool for car-

rying out scientific researches of variable frequency drives in laboratory. 

 Keywords: variable frequency electric drive, load generator, programmable logic controller, frequen-

cy converter, typical load, speed sensor 
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ʃʘʙʦʨʘʪʦʨʽʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦ-

ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʢʘʬʝʜʨʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ ʽ ʝʣʝ-

ʢʪʨʦʪʝʭʥʽʢʠ ʟ ʧʦʯʘʪʢʫ 2014 ʨʦʢʫ ʻ ʯʘʩʪʠʥʦʶ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʨʝʥʘʞʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ [1,2,3]. ɺʦʥʘ ʦʙʣʘʰʪʦʚʘʥʘ ʩʫʯʘʩʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘ-

ʮʽʾ ʬʽʨʤʠ Mitsubishi Electric, ʘ ʩʘʤʝ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʶ ʣʽʥʽʡʢʦʶ ʧʨʦʛʨʘʤʦʚʘʥʠʭ 

ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ (ʇʃʂ), ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʯʘʩʪʦʪʠ, ʧʨʠʩʪʨʦʷʤʠ ʧʣʘʚʥʦʛʦ 

ʧʫʩʢʫ, ʰʘʛʦʚʠʤʠ ʩʝʨʚʦʜʚʠʛʫʥʘʤʠ, ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʧʘʥʝʣʷʤʠ ʦʧʝʨʘʪʦʨʘ ʪʘ ʤʝ-

ʨʝʞʝʚʠʤ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʪʘʢ ʽ ʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʘʬʝʜʨʠ. 

ʉʫʯʘʩʥʠʡ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʩʪʘʻ ʥʝ-

ʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ, ʜʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʝʬʝʢʪʠʚʥʽ ʝʥʝʨʛʦ- ʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʾ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʪʘ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʪʠʧʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠ-

ʚʦʜʫ ʻ ʯʘʩʪʠʥʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥ ɹʷʢʦʛʦ ʻ ʦʮʽʥʢʘ 

ʚʧʣʠʚʫ ʷʢʦʩʪʽ ʘʚʪʦʥʦʤʥʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝ-

ʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʠ ʨʦʙʦʪʽ ʫ ʨʝʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ ʟ 

ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʋ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘ-

ʣʠʩʴ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ: ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ, ʚʽʜʭʠʣʝʥʥʷ 

ʯʘʩʪʦʪʠ, ʥʝʩʠʤʝʪʨʽʷ ʪʘ ʥʝʩʠʥʫʩʦʾʜʥʽʩʪʴ ʥʘʧʨʫʛʠ. ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʝ-

ʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢ-

ʪʨʦʧʨʠʚʦʜʫ.  

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʪʝʥʜʫ: 

- ʘʥʘʣʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢ-

ʪʨʦʧʨʠʚʦʜʫ ʨʽʟʥʠʭ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʪʠʧʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ; 

- ʨʦʟʨʦʙʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ; 

- ʚʠʚʯʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʥʪʘʞʫ ʦʙʣʘʜʥʘʥʥʷ; 

- ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ; 

- ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ; 

- ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʠʚʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ [4,5]. 

ʌʦʪʦ ʯʘʩʪʠʥʠ ʩʪʝʥʜʫ ʟ ʤʦʜʫʣʝʤ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1. 

ʉʭʝʤʘ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ɸɼ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʇʃʂ ALPHA2 ʬʽʨʤʠ Mitsubishi Electric ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.  

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʚʠʢʦʨʠʩʪʘʥʦ ʇʃʂ ʤʦʜʠʬʽʢʘʮʽʾ AL2-14-MR-D ʙʝʟ 

ʘʜʘʧʪʝʨʥʠʭ ʤʦʜʫʣʽʚ,  ʷʢʠʡ ʤʘʻ ʚʽʩʽʤ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʪʘ 6 ʢʘʥʘʣʽʚ ʚʠʚʦʜʫ. ɾʠʚ-
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ʣʝʥʥʷ ʇʃʂ ʟʜʽʡʩʥʝʥʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ 24 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [6]. ʅʘ 

ʜʠʩʢʨʝʪʥʽ ʢʘʥʘʣʠ ʚʚʝʜʝʥʥʷ I04 - I08 ʰʣʷʭʦʤ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʩʚʽʪʦʚʦʶ ʩʠʛʥʘʣʽʟʘʮʽʻʶ ʧʦʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʨʘʥʦʤʫ ʚʽʜʩʦʪʢʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (25, 50, 75, 100 ʪʘ 125%) ʪʘ ʧʽʜʢʣʶʯʝʥʥʶ ʜʦ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ʛʝʥʝ-

ʨʘʪʦʨʘ G1(D1 ï D2) ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ R25 ï R125) ʫ ʨʫʯʥʦʤʫ ʨʝ-

ʞʠʤʽ (ʢʥʦʧʢʘ S6  ʥʝ ʥʘʪʠʩʥʫʪʘ). ʂʘʥʘʣʠ ʚʠʚʦʜʫ ʢʦʥʪʨʦʣʝʨʘ ʢʦʤʫʪʫʶʪʴ ʚʽʜʧʦʚʽ-

ʜʥʫ ʩʪʫʧʝʥʴ ʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʨʝʣʝ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ: 1 ï ʇʃʂ Alpha2; 2 ï ʙʣʦʢ ʨʫʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʩʪʫʧʝʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ; 3 ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʨʝʣʝ (solid state relay); 4 ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʝ-

ʟʠʩʪʦʨʠ; 5 ï ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʄ1 ï ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ G1); 6 ï ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

MMI  ME96SS; 7 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ FR-F840 

 

ɺ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ (ʢʥʦʧʢʘ S6  ʥʘʪʠʩʥʫʪʘ) ʟʛʽʜʥʦ ʦʙʨʘʥʦʛʦ ʪʠʧʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʢʦʤʫʪʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʬʫʥʢʮʽʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɸɼ, ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʚʽʜ ʜʘʚʘʯʘ ʦʙʝʨʪʽʚ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʢʘʥʘʣ ʚʚʝʜʝʥʥʷ I02. 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʣʝʢʪʨʦ-

ʤʘʰʠʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʕʄʋ 12ɸ: ʧʦʪʫʞʥʽʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 1,68 ʢɺʪ, 

ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 8,7 ɸ (ʪʘʙʣ. 1). 
 

    ʊʘʙʣʠʮʷ 1 ï  ʇʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ  

ʅʘʚʘʥʪʘʞʝʥʥʷ, % 25 50 75 100 125 

I, ɸ 2,18 4,35 6,53 8,7 10,9 

R, ʆʤ 53 26,5 17,6 13,2 10,6 
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ʈʠʩʫʥʦʢ 2 ï  ʉʭʝʤʘ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ɸɼ  

 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ [7] ʇʃʂ ALPHA2 ʟʜʽʡʩʥʝʥʦ ʥʘ ʤʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢ-

ʜʽʘʛʨʘʤ (FBD) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ AL-PCS/WIN-E (ʨʠʩ.3). ʇʨʦʛʨʘʤʘ 

ʚʢʣʶʯʘʻ ʣʦʛʽʯʥʽ ʙʣʦʢʠ,  ʙʣʦʢʠ ʟʘʪʨʠʤʘʥʥʷ, ʪʨʠʛʝʨʥʽ ʙʣʦʢʠ ʪʘ ʙʣʦʢ DINAMIC  

UNIT, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʢʝʨʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʨʫʯʥʠʡ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʡ) ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ Static/Dynamic (I01). ʃʦʛʽʢʘ ʧʨʦʛʨʘʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʽʦʨʠʪʝʪʥʝ ʦʧʠʪʫʚʘʥʥʷ ʜʘʪʯʠʢʘ ʦʙʝʨʪʽʚ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɼʘʪʯʠʢ ʦʙʝ-

ʨʪʽʚ ʧʽʜʢʣʶʯʝʥʦ ʥʘ ʜʨʫʛʠʡ ʢʘʥʘʣ ʚʚʝʜʝʥʥʷ (I02). ʋ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʚʠʙʽʨ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ (25%, 50%, 75% ʪʘ 100%) ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʢʥʦʧʢʠ (I04, I05, I06, I07). ʈʝʞʠʤ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ (125%) ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʜʦ 

ʢʘʥʘʣʫ ʚʚʝʜʝʥʥʷ I08. ʇʨʦʛʨʘʤʘ ʤʘʻ ʦʜʠʥ ʨʝʟʝʨʚʥʠʡ ʢʘʥʘʣ ʚʚʝʜʝʥʥʷ ʪʘ ʢʘʥʘʣ ʚʠ-

ʚʦʜʫ. 



                                                    ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ                        ISSN 2706-7874 (print)     
                                                   çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè  
                                                                                   05.11.2019 ï 06.11-2019                                      dx.doi.org/10.31653/2706-7874 

                                                                                                                                                        

www.femire.onma.edu.ua   131 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤʠ ʥʘ ʇʃʂ ALPHA2. 

ɺʠʩʥʦʚʢʠ.  
ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʤʦʜʫʣʴ 

ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʙʘʟʽ ʇʃʂ ALPHA2 

ʬʽʨʤʠ Mitsubishi Electric ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʦʯ-

ʥʽʩʪʶ ʽʤʽʪʫʻ ʪʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʻ ʜʦʩʠʪʴ 

ʟʨʫʯʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʦʞʣʠʚʽʩʪʴ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʇʃʂ ʜʦ-

ʟʚʦʣʷʻ ʰʚʠʜʢʦ ʧʨʦʚʝʩʪʠ ʟʤʽʥʫ ʪʠʧʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʬʽʟʠʯʥʦʛʦ ʧʝʨʝʢʦʤʫʪʫ-

ʚʘʥʥʷ  ʩʘʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʦʩʦʙʣʠʚʦʩʪʽ. 

 

THE STRESS STATE SIMULATION  IN THE VICINITY OF THE  

N SEGMENTS BROKEN LIN E AS DEFECT UNDER VIBRATION  
 

V.G. Popov, Dr. of Science (Phys.-Math.), Professor 

ʆ. V. Lytvyn, PhD of Science (Phys.-Math.), Docent 

National University çOdessa Maritime Academyè 
 

Abstract: The problem about the determination of stress state in the vicinity of the tunnel rigid 

inclusion of the shape of N segments broken line. The harmonic shear force impacts on inclusion in the un-

limited elastic medium. The problem is reduced to solving a system of singular integral equations with fixed 

singularities. For the approximate solution of this system a numerical method is applied. It takes into 

account the true asymptotics of unknown functions and uses special quadrature formulas for singular 

integrals. 

Key-words: rigid inclusion, harmonic shear force, singular integral equations, fixed singularities. 

 

ʋ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʘʥʪʠʧʣʦʩʢʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʤʽʩʪʠʪʴʩʷ ʪʦʥʢʝ ʘʙʩʦʣʶʪʥʦ-ʞʦʨʩʪʢʝ ʚʢʣʶʯʝʥʥʷ, ʷʢʝ ʚ ʧʝʨʝʨʽʟʽ ʧʣʦʱʠʥʦʶ 

Oxy ʤʘʻ ʚʠʛʣʷʜ ʣʘʤʘʥʦʾ ʟ N ʣʘʥʦʢ. ʅʘ ʚʢʣʶʯʝʥʥʷ ʜʽʻ ʛʘʨʤʦʥʽʯʥʘ ʟʩʫʚʥʘ ʚʟʜʦʚʞ 

ʦʩʽ Oz ʩʠʣʘ 
i tPe w-
. ɿʘ ʫʤʦʚ ʘʥʪʠʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʻʜʠʥʘ ʚʽʜʤʽʥʥʘ ʚʽʜ 0 z-

ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʨʦʟʩʽʷʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ ( );W x y  ʚ ʩʠʩʪʝʤʽ ʢʦʦʨ-

ʜʠʥʘʪ Oxy ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ. 

ɼʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʢʣʶʯʝʥʥʽ ʟ ʢʦʞʥʦʶ ʡʦʛʦ ʣʘʥʢʦʶ 

ʧʦʚôʷʟʫʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ l l lO x y. ɿʘ ʫʤʦʚ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʥʘ ʢʦʞ-

ʥʽʡ ʣʘʥʮʽ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

( )1 ,0l lW x c= ,                                                             (1) 

( ) ( ) (), 0 , 0 , , 1;...;
l lzy l zy l l l l l lx x x d x d k Nt t c+ - - = - < < =,             (2) 
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ʜʝ ()l lxc ï ʥʝʚʽʜʦʤʠʡ ʩʪʨʠʙʦʢ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ l ï̔ ʡ ʣʘʥʮʽ, 2 ld ï

ʜʦʚʞʠʥʘ l -ʾ ʣʘʥʢʠ.  

ɺ ʨʽʚʥʽʩʪʴ (1) ʚʭʦʜʠʪʴ cï ʥʝʚʽʜʦʤʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʢʣʶʯʝʥʥʷ ʧʽʜ ʜʽʻʶ ʟʩʫʚ-

ʥʦʾ ʩʠʣʠ. ɺʦʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚʢʣʶʯʝʥʥʷ, ʷʢʝ ʫ ʚʠʧʘʜʢʫ ʛʘʨʤʦʥʽ-

ʯʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʻ ʚʠʛʣʷʜ 

()2

1 1

l

l

dN N

l l
l l d

c m P dw c h h
= =-

- = +ä äñ ,                                      (3) 

lm  ï ʤʘʩʘ ʚʽʜʧʦʚʽʜʥʦʾ ʣʘʥʢʠ ʚʢʣʶʯʝʥʥ̫ . 

ʄʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʥʥʽ ʧʝʨʝʤʽʱʝʥʴ ʚ ʪʽʣʽ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʨʦʟʨʠʚʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʟ ʩʪʨʠʙʢʘʤʠ (2), ʧʦʙʫʜʦʚʘʥʠʤʠ ʥʘ ʢʦʞʥʽʡ ʣʘʥʮʽ 

ʚʢʣʶʯʝʥʥʷ. ɺʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʩʪʨʠʙʢʽʚ ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʤʦʚ (1) ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

( ) ( ) ()
1

1

, , 0E Q R dt z t z t t
t z

-

å õ- + + F =æ ö
-ç ÷ñ , 1 1z- < <, 

()( ) ()
1

0

1

ln 1U D d ʩt t t t
-

- + F =ñ ,                                          (4) 

ɺ ʩʠʩʪʝʤ ̔(4)  

()

()
()
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1

2
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N

j t

j t
t

j t

å õ
æ ö

F =æ ö
æ öæ ö
ç ÷

, ()
( )l l

l

d

G

c t
j t= ,  ( ) ( ){ }, ,lkR Rt z t z= , () (){ }lkD Dt t= , 

ldh t= , 
l lx dz= , l

l

d

d
g= , l

l

a

d
e= , l

l

b

d
d= , ( )1max ;...; Nd d d= , 

E ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ N N³ , U  ï ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ N N³  

ʟ ʝʣʝʤʝʥʪʘʤʠ 
1,..., Ng g ʥʘ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ. ʄʘʪʨʠʮʽ ( ),Rt z ʪʘ ()D t

 
ʩʢʣʘʜʘ-

ʶʪʴʩʷ ʟ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘʣʠ. ʄʘʪʨʠʮʷ ( ),Q t z ʤʘʻ ʚʠ-

ʛʣʷʜ 

( )

12

21 23

32 34

1 2 1

1

0 0 0 ... 0 0 0

0 0 ... 0 0 0

0 0 ... 0 0 0
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... ... ... ... ... ... ... ...
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q q
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æ ö
æ ö
æ ö=
æ ö
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æ ö
ç ÷

, 

( ) ( )( )
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1 1 1

1

1

1 1 cos
( , )

,

l l l ll

ll

ll

q
s

g g z g t b
t z

t z

° -
= , 

( ) ( )( ) ( )
2 22 2

1 1 1 11 2 1 1 cos 1ll l l l ll ls g t g g t z b g z= - ° + °.       (5) 
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ʌʦʨʤʫʣʠ (5) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʫʥʢʮʽʾ 
1( , )llq t z ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ 

1, 1t z=° =. 

ɼʦ ʩʠʩʪʝʤʠ (4) ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʨʽʚʥʽʩʪʴ (3) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʾ ʘʤ-

ʧʣʽʪʫʜʠ 

()
1

0 0
0 1 1

1
2

N

l l
l

c P d
l

g j t t
= -

å õ
=- +æ öæ ö

ç ÷
ä ñ ,                                    (6) 

2
0 0

1

N

l
l

l rek g
=

= ä , 0
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d
= , 0

PP
Gd
= , 1rr

r
= , h

d
e= , 

ʜʝ 
1, hr ï ʛʫʩʪʠʥʘ ʪʘ ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ ʚʢʣʶʯʝʥʥʷ. 

ʊʦʤʫ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʩʠʩ-

ʪʝʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ  

( ) ( ) ()1( ) 1 1l l

l l

s s
j t t t y t+- -

= - + .                                          (4) 

1 1
1
2Ns s+= = , 

1
1

1

1
1

1

, 0

, 0

l
l

l
l

l
l

l

a
p a

a p
s

a
a p

a p

-
-

-

-
-

-

ë
- ¢ <î -î

=ì
î ¢ <

+îí

, 
1 1l l la b b- -= - , 0 lb p¢ <. 

ʊʫʪ ʧʦʢʘʟʥʠʢʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ, ʫʪʚʦʨʝʥʠʭ ʣʘʥʢʘʤʠ 

ʚʢʣʶʯʝʥʥʷ. ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʡ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʤʥʦʛʦʯʣʝʥʽʚ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʩʧʝʮʽʘʣʴʥʽ 

ʬʦʨʤʫʣʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʩʠʩʪʝʤʠ (3) ʤʝʪʦʜ ʢʦʣʦʢʘʮʽʾ. 

ɿʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʙʣʠʟʫ ʚʢʣʶʯʝʥʥʷ ʧʨʠʡʥʷʪʠʡ ʫʟʘʛʘʣʴʥʝ-

ʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ), ʷʢʠʡ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ 

( )
2

1
1

1

2
K G d

s

y- -
= , 

()1

2 N

N
NK G d

s

y+= . 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʫʪʦ ʘʙ-

ʩʦʣʶʪʥʦ ʞʦʨʩʪʢʝ ʚʢʣʶʯʝʥʥʷ ʟ ʪʨʴʦʭ ʣʘʥʦʢ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ d  (ʈʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1 
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ɿôʷʩʦʚʘʥʦ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʂɯʅ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ 

ʬʦʨʤʠ, ʘ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʤʽʞ ʡʦʛʦ ʣʘʥʢʘʤʠ. ʅʘ ʨʠʩ. 2 ʠ 3 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ 

ʚʽʜʧʦʚʽʜʥʦ 1 5b- = , 2 45- , 3 90- , 4 135- , 5 175- , 6 178- . 

 

 

 

 
ʈʠʩʫʥʦʢ 2 ï  ɿʘʣʝʞʥʽʩʪʴ ʂɯʅ ʚʽʜ  

ʙʝʟʨʦʟʤʽʨʥʦʾ ʯʘʩʪʦʪʠ 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ 

ʚʢʣʶʯʝʥʥʷ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʾ ʯʘʩʪʦʪʠ 

 

ʗʢ ʚʠʜʥʦ ʟʥʘʯʝʥʥʷ ʂɯʅ ʩʧʘʜʘʶʪʴ ʟ ʨʦʩʪʦʤ 0k, ʜʦʩʷʛʥʫʚʰʠ ʥʝʟʥʘʯʥʦʛʦ ʤʘʢ-

ʩʠʤʫʤʫ ʧʨʠ ʜʦʩʠʪʴ ʤʘʣʠʭ ʯʘʩʪʦʪʘʭ (ʈʠʩ. 2). ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ, ʟʘ ʷʢʠʭ ʩʧʦʩʪʝʨʽ-

ʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʂɯʅ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ. ʑʦ ʩʪʦʩʫ-

ʻʪʴʩʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ (ʈʠʩ. 3), ʪʦ ʾʾ ʟʥʘʯʝʥʥʷ ʩʧʘʜʘʶʪʴ ʟ ʨʦʩ-

ʪʦʤ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠ ʚʩʽʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʦʙʯʠʩʣʝʥʥʷ ʂɯʅ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ 

ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ 

ʂɯʅ ʪʘ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ ʢʫʪʘ, ʫʪʚʦʨʝʥʦʛʦ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ɯ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ɹɯʃʗ 

ɼʆɺɯʃʔʅʆ ʆʈɯɭʅʊʆɺɸʅʀʍ ʊʈɯʑʀʅ ʅɸ ʇʈʆɼʆɺɾɽʅʅɯ 

ɾʆʈʉʊʂʆɻʆ ɺʂʃʖʏɽʅʅʗ ɺ ʋʄʆɺɸʍ ɺɯɹʈɸʎɯɰ 
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ɸ. ʉ. ʄʽʰʘʨʽʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
 ɸʥʦʪʘʮʽʷ: ʈʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʂɯʅ ʜʣʷ ʪʨʽʱʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʜ ʢʫ-

ʪʦʤ ʚʽʜ ʢʽʥʮʽʚ ʚʢʣʶʯʝʥʥʷ. ɺʢʣʶʯʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʫʞʥʦʤʫ ʪʽʣʽ ʚ ʫʤʦʚʘʭ ʜʝʬʦʨ-

ʤʘʮʽʾ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ, ʜʝ ʚʠʥʠʢʘʶʪʴ ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣʠ ʟʩʫʚʫ, ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʜʦ ʚʢʣʶʯʝʥʥʷ. ʇʦʯʘʪʢʦʚʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʧʨʘʚʞʥʶ ʘʩʠʤʧʪʦʪʠʢʫ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʽ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ , ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽ-

ʚʥʷʥʥʷ, ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʥʝʨʫʭʦʤʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʚʢʣʶʯʝʥʥʷ, ʪʨʽʱʠʥʠ. 
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Abstract: The problem of determination the dynamic SIF is solved for the cracks that are located at an 

angle from the ends of the inclusion is solved. The inclusion is located in an unbounded elastic body, under 

the conditions of deformation of the longitudinal shear, where harmonic oscillations occur due to the shear 

force applied to the inclusion. The initial problem is reduced to solve the system of singular integral-

differential equations with fixed singularities. For the numerical solution of the system the method is devel-

oped. It takes into account the real asymptotic of the unknown functions and uses the special quadrature for-

mulas for singular integrals. 
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ʋ ʩʬʝʨʽ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʜʝʪʘʣʽ 

ʤʘʰʠʥ ʜʦʩʠʪʴ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʠ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟ-

ʛʣʷʜʘʪʠ ʷʢ ʪʦʥʢʽ ʚʢʣʶʯʝʥʥʷ ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ. ɸʣʝ ʷʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

[1], ʪʦʥʢʽ ʞʦʨʩʪʢʽ ʚʢʣʶʯʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʱʦ ʨʦʟ-

ʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʽʜ ʜʝʷʢʠʤʠ ʢʫʪʘʤʠ, ʱʦʜʦ ʧʣʦʱʠʥʽ ʚʢʣʶʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ) ʜʣʷ ʪʨʽʱʠʥʠ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ 

ʚʢʣʶʯʝʥʥʷ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʣʽʥʽʾ, ʚ ʩʪʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʮʽ, ʚʠʚʯʘʣʠʩʷ ʚ 

ʨʦʙʦʪʘʭ [2-4]. ɸʥʘʣʦʛʽʯʥʝ ʟʘʜʘʯʘ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ ʟ ʪʨʽʱʠʥʦʶ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ 

ʚʢʣʶʯʝʥʥʷ ʨʦʟʚôʷʟʘʥʘ ʚ [5]. ɿʘʜʘʯʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʙʽʣʷ ʜʝʬʝʢʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʦʥʢʽ ʚʢʣʶʯʝʥʥʷ, ʚʽʜ ʢʽʥʮʽʚ ʷʢʦʛʦ 

ʧʽʜ ʜʝʷʢʠʤʠ ʢʫʪʘʤʠ ʚʽʜʭʦʜʷʪʴ ʪʨʽʱʠʥʠ, ʤʘʡʞʝ ʥʝ ʨʦʟʚôʷʟʫʚʘʣʠʩʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ 
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ʟʽ ʪʨʫʜʥʦʱʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽ-

ʚʥʷʥʴ ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʋ ʨʦʙʦʪʘʭ [6-8] ʨʦʟʚôʷʟʘʥʽ ʟʘʜʘʯʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ V-ʧʦʜʽʙʥʠʭ ʪʨʽʱʠʥ ʽ ʚʢʣʶʯʝʥʴ, ʘ 

ʪʘʢʦʞ ʪʨʽʱʠʥ ʫ ʚʠʛʣʷʜʽ ʣʘʤʘʥʠʭ. ʊʘʤ ʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟ-

ʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙ-

ʣʠʚʦʩʪʷʤʠ. ʎʝʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʫ ʘʩʠʤʧʪʦʪʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʚ ʦʢʦʣʽ ʦʩʦʙ-

ʣʠʚʠʭ ʪʦʯʦʢ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʩʧʝʮʽʘʣʴ-

ʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʜʽʙʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʥʘʩʪʫʧʥʦ ʾʟʘʜʘʯ.̔  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʝ ʽʟʦʪʨʦʧʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʘʥʪʠ-

ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʩʝʨʝʜʦʚʠʱʽ ʤʽʩʪʠʪʴʩʷ ʥʘʩʢʨʽʟʥʝ ʪʦʥʢʝ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪ-

ʢʝ ʚʢʣʶʯʝʥʥʷ, ʚʽʜ ʷʢʦʛʦ ʧʽʜ ʜʦʚʽʣʴʥʠʤ ʢʫʪʦʤ ʚʠʭʦʜʷʪʴ ʪʨʽʱʠʥʠ. ʋ ʧʣʦʱʠʥʽ 

Oxy ʚʢʣʶʯʝʥʥʷ ʽ ʪʨʽʱʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ.1.  

 
ʈʠʩʫʥʦʢ 1 ï ɺʢʣʶʯʝʥʥʷ ʟ ʪʨʽʱʠʥʘʤʠ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ . 

 

ɺ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʥʘ ʚʢʣʶʯʝʥʥʷ ʟʩʫʚʥʦʾ ʩʠʣʠ 0
i tP P e- w= , ʩʧʨʷʤʦʚʘʥʦʾ ʚʟʜʦʚʞ ʦʩʽ Oz, ʜʝ w -  ʯʘʩ-

ʪʦʪʘ ʢʦʣʠʚʘʥʴ. ʄʥʦʞʥʠʢ 
i te- w, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ, ʜʘʣʽ ʩʢʨʽʟʴ 

ʦʧʫʱʝʥʠʡ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʥʝʚʽʜʦʤʦʾ ʻ z- ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ 

( , )w x y , ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ: 

      
2

2 2
2 20,w w

G

rw
D +k = k =              (1) 

ʜʝ D- ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oxy. ʎʝ ʨʽʚʥʷʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ 

ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʜʝʬʝʢʪʘʭ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʟ ʢʦʞʥʠʤ ʟ ʜʝʬʝʢʪʽʚ 

ʟʚ'ʷʟʫʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ , 1,2l l lO x y l= , ʮʝʥʪʨ ʷʢʦʾ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʩʝʨʝʜʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʪʨʽʱʠʥʠ (ʨʠʩ.1). ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʪʨʽʱʠʥʘʭ ʩʬʦʨʤʫ-

ʣʴʦʚʘʥʽ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʾʭ ʧʦʚʝʨʭʥ ̔ʚʚʘʞʘʪʁʴʩʷ ʥʝʟʘʚʘʥʪʘʞʝʥ,̔ ʘ ʤʽʞ ʚʢʣʶ-

ʯʝʥʥʷʤ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʨʝʘʣʽʟʦʚʘʥʽ ʫʤʦʚʠ ʽʜʝʘʣʴʥʦʛʦ ʟʯʝʧʣʝʥʥʷ. 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʨʦʟʰʫʢʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʨʦʟʨʠʚʥʠʭ ʨʦʟʚ`ʷʟʢʽʚ 

ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʧʦʙʫʜʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʪʨʽʱʠʥ ʽ ʚʢʣʶʯʝʥʥʷ. ʇʽʩʣʷ 

ʮʴʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʩʠʥʛʫʣʷʨʥʠʭ 

ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʥʘ 

ʜʝʬʝʢʪʘʭ: 
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ɼʘʣʽ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ ()ly t ʥʘʙʣʠʞʘʶʪʴʩʷ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʤʥʦʛʦʯʣʝ-

ʥʘʤʠ. ʊʘʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ 

ʩʧʝʮʽʘʣʴʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ (2) ʤʝʪʦʜ ʢʦʣʦʢʘʮʽʾ.  

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʂɯʅ ʜʣʷ ʪʨʽʱʠʥ, ʜʦʩʣʽʜʞʝ-

ʥʦ ʚʧʣʠʚ ʥʘ ʾʭ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʤʽʞ ʚʢʣʶʯʝʥʥʷʤ ʽ ʪʨʽʱʠʥʘʤʠ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ. ɺ ʮʽʣʦʤʫ, ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʦʩʪʽ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ, ʩʪʚʦʨʝʥʦʛʦ 

ʚʽʜʙʠʪʪʷʤ ʭʚʠʣʴ ʚʽʜ ʜʝʬʝʢʪʫ, ʟʘʣʝʞʥʽʩʪʴ ʂɯʅ ʚʽʜ ʯʘʩʪʦʪʠ ʤʘʻ ʽʩʪʦʪʥʽ ʤʘʢʩʠʤʫ-

ʤʠ, ʥʘ ʚʝʣʠʯʠʥʫ ʽ ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʚʧʣʠʚʘʻ ʢʦʥʬʽʛʫʨʘʮʽʷ ʜʝʬʝʢʪʫ.  
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 ɸʥʦʪʘʮʽʷ: ʈʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʧʨʦ ʢʽʣʴʮʝʚʫ ʤʽʞʬʘʟʥʫ ʪʨʽʱʠʥʫ ʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʤʫ ʪʨʘʥʩ-

ʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʽʜ ʯʘʩ ʜʦʚʽʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ. ʆʪʨʠʤʘʥʦ ʚʠʨʘ-

ʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʥʘ ʤʝʞʽ ʪʨʽʱʠʥʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʢʦʝʬʽ-

ʮʽ̒ʥʪʽʚ ʜʣʷ ʜʝʷʢʠʭ ʧʦʻʜʥʘʥʴ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʽʱʠʥʘ, ʢʨʫʛʦʚʘ, ʤʽʞʬʘʟʥʘ, ʥʝʦʜʥʦʨʽʜʥʠʡ, ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ ï ʽʟʦʪʨʦʧʥʠʡ, ʩʠʥ-

ʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 
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ANNULAR  INTERFACE CRACKS IN THE PIECEWISE -HOMOGENEOUS 

TRANSVERSELY ISOTROPIC SPACE  
 

O. Kryvyi , Dr. of Science, Professor 

National University çOdessa Maritime Academyè 

Yu. Morozov, Ph. D., Associate professor 

National University çOdessa Maritime Academyè 
 

Abstract: The problem of annular interphase crack in a piecewise homogeneous transversal-isotropic 

space during an arbitrary loading of the crack sides is solved. Expressions were obtained, for the stress in-

tensity coefficients at the fracture boundary, as well as the values of the indicated coefficients for some 

transversely isotropic material combinations.  

        Key-words: crack, annular, interphase, inhomogeneous, transversal - isotropic, singular integral 

equations, intensity factor. 

 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʤʽʞʬʘʟʥʫ ʢʽʣʴʮʝʚʫ ʪʨʽʱʠʥʫ ʚ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʤʫ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʨʝʛʽʚ. ɿʘ-

ʜʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʠʚʥʦʛʦ ʨʦʟʚôʷʟʢʫ [1-8], ʟʚʝʜʝʥʘ ʜʦ ʜʚʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ 

ʉɯʈ, ʨʦʟʚôʷʟʢʠ ʷʢʦʾ ʨʦʟʰʫʢʫʚʘʣʠʩʴ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʧʦ ʤʥʦʛʦʯʣʝʥʘʤ ʗʢʦʙʽ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʽ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʢʦʣʽ 

ʪʨʽʱʠʥʠ ʪʘ ʚʠʨʘʟʠ ʜʣʷ ʂɯʅ. 

ʅʝʭʘʡ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʧʽʚʧʨʦ-

ʩʪʦʨʽʚ  ʨʦʟʪʘʰʦʚʘʥʘ ʢʽʣʴʮʝʚʘ ʪʨʽʱʠʥʘ, ʷʢʘ ʟʘʡʤʘʻ ʦʙ-

ʣʘʩʪʴ . ɼʦ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ ʧʨʠʢʣʘʜʝʥʝ ʜʦʚʽʣʴʥʝ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ 

 

  
ɺʠʢʦʨʠʩʪʘʚʰʠ ʜʚʦʚʠʤʽʨʥʽ ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʫʩ-

ʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʦʛʦ ʧʨʦʩʪʦʨʫ [1-5], ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦ-

ʤʠʭ ʩʪʨʠʙʢʽʚ ʧʝʨʝʤʽʱʝʥʴ  

( ) ʟʘʧʠʰʝʤʦ ʪʘʢʫ ʩʠʩʪʝʤʫ 

ʜʚʦʚʠʤʽʨʥʠʭ ʉɯʈ: 

 

 

 

 

 

(1) 

ʜʝ ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, 

; ʩʪʘʣʽ, ʷʢʽ ʚʠʨʘ-

ʞʘʶʪʴ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ [9], ʥʘʚʝʜʝʥʽ ʚ ʧʨʘʮʽ [1]. 

ʈʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ (1) ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʠ ʟʤʠʢʘʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ. 
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ɺʚʝʜʝʤʦ ʢʦʤʧʣʝʢʩʥʽ ʢʦʤʙʽʥʘʮʽʾ ʩʪʨʠʙʢʽʚ ʪʘ ʩʫʤ ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʝʨʘʪʦʨ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽ-

ʚʥʷʥʥʷ (2) ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ 

 
 

 
 

 
(2) 

ʅʝʭʘʡ ʜʦ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ ʧʨʠʢʣʘʜʝʥʝ ʩʪʘʣʝ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

 
ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2) ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴʩʷ ʽ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 

 
 

 
 

 
(3) 

ʇʝʨʝʡʜʝʤʦ ʚ ʨʽʚʥʷʥʥʷʭ (3) ʜʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʽ 

ʚʚʝʜʝʤʦ ʥʦʚʽ ʬʫʥʢʮʽʾ: 

  

 (4) 

ʅʝʚʽʜʦʤʽ ʩʪʨʠʙʢʠ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʪʨʽʱʠʥʽ  ʨʦʟʰʫʢʫʻʤʦ ʫ ʚʠʛʣʷʜʽ 

 

(5) 

ɿʘʩʪʦʩʫʚʘʚʰʠ) ʩʢʽʥʯʝʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʧʽʩʣʷ ʦʯʝʚʠʜʥʠʭ ʧʝʨʝʪʚʦ-

ʨʝʥʴ ʦʪʨʠʤʘʻʤʦ ( : 

 

 

 

 

ʜʝ  
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ʅʝʚʣʘʩʥʽ ʽʥʪʝʛʨʘʣʠ ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʦʧʝʨʘʪʦʨʽʚ ɺʝʙʝʨʘ-ʉʦʥʽʥʘ, ʦʙʯʠʩʣʝʥʦ ʟʘ 

ʬʦʨʤʫʣʘʤʠ [10] 

 

 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʧʦʜʘʥʥʷ[10] 

 

 

ʩʠʩʪʝʤʫ (6) ʟʚʝʜʝʥʦ ʜʦ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 

 , ʷʢʽ ʨʦʟʰʫʢʫʚʘʣʠʩʴ ʫ ʚʠʛʣʷʜʽ 

 

ɺʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʩʪʘʣʠʭ , ʤʝʪʦʜʦʤ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʤʥʦʛʦʯʣʝʥʽʚ, ʦʪʨʠ-

ʤʘʥʦ ʥʝʩʢʽʥʯʝʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʨʦʟʚôʷʟʢʠ ʷʢʦʾ ʙʫʜʫʶʪʴʩʷ ʤʝʪʦʜʦʤ ʨʝ-

ʜʫʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʧʨʦ ʢʽʣʴʮʝʚʫ ʤʽʞʬʘʟʥʫ ʪʨʽʱʠʥʫ ʚ ʢʫʩʢʦʚʦ-

ʦʜʥʦʨʽʜʥʦʤʫ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʜʦʚʽʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ. ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʤʝʞʽ ʪʨʽʱʠʥʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʡ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  
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ʋɼʂ 621.436 

 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʄɸʉʊʀʃʔʅʆɻʆ ʐɸʈʋ ɺ ʇɸʈɸʍ 

ʂʆɺɿɸʅʅʗ ɺ ʉʋɼʅʆɺʀʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʂɸʍ  

 
ʄ. ʆ. ʂʨʠʚʠʡ, ʢʫʨʩʘʥʪ  

ʉ. ɺ. ʉʘʛʽʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʄʦʨʩʴʢʘ ɸʢʘʜʝʤʽʷè 

 
 ɸʥʦʪʘʮʽʷ: ɿʘʜʘʯʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚ ʤʘʩʣʷʥʦʤʫ ʰʘʨʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʚ ʩʫʜʥʦ-

ʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʩʬʦʨʤʫʣʶʚʘʣʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʈʝʡʥʦʣʴʜʩʘ. ʆʪʨʠʤʘʥʦ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘ-

ʩʪʠʣ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʪʠʩʢʫ, ʩʠʣʫ ʚôʷʟʢʦʛʦ ʟʩʫʚʫ ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ ʚ ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ, ʥʝʥʴʶʪʦʥʽʚʩʴʢʽ ʤʘʩʪʠ-

ʣʘ, ʩʠʣʠ ʪʠʩʢʫ ʽ ʚôʷʟʢʦʛʦ ʟʩʫʚʫ. 
 

MATHEMATICAL MODEL OF LUBRICANTS LAYER IN SLIDING 

COUPLES IN SHIPPING POWER PLANTS 
 

M. O. Kryvyi , cadet 

C. V.  Sagin, Dr. of Science, Professor  

National University çOdessa Maritime Academyè 

 
Abstract: The problem for determining the pressure in the oil layer of a cylindrical pair of sliding in a 

ship's power plants was formulated as a boundary value problem for the Reynolds differential equation. The 

exact solution of the specified problem for the Newtonian and non-Newtonian oils was obtained, which al-

lowed us to determine the total specific pressure, the force of viscous shear, and the coefficient of friction in 

the lubricating layer of the sliding steam. 

Keywords: lubricating layer, Reynolds differential equation, non-Newtonian oils, pressure forces and 

viscous shear. 
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        ɺʘʞʣʠʚʠʤʠ ʚʫʟʣʘʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ  ̔ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʩʫ-

ʜʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʉɽʋ)  ̒ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ  ̔ʟʥʘʯʥʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. ɿʘʧʦʨʫʢʦʶ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʥʝʛʘ-

ʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʟʘʛʘʣʴʥʫ ʨʦʙʦʪʫ ʉɽʋ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʟʦʥʽ ʪʝʨʪʷ ʤʘʩʪʠʣʴʥʦʛʦ 

ʰʘʨʫ ʽ ʷʢʽʩʪʴ ʤʘʰʠʥʥʦʾ ʦʣʠʚʠ [1-8]. ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʣʠʚ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʘ-

ʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʰʠʥʥʦʾ ʦʣʠʚʠ, ʟʦʢʨʝʤʘ ʾʾ ʚôʷʟʢʦʩʪʽ.  

 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʨʫʭʫ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚ ʧʘʨʽ ʢʦʚʟʘʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʜʘʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚ ʧʘʨʽ ʢʦʚʟʘʥʥʷ. ɹʫ-

ʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʘʨʽ ʢʦʚʟʘʥʥʷ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʚʟ-

ʜʦʚʞʥʴʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʘʩʪʠʣʘ ʚʟʜʦʚʞ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʩʫʪ-

ʪʻʚʦ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʢʨʫʛʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ʽ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʂʨʽʤ ʪʦʛʦ, 

ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʫʩʪʘʣʝʥʠʤ ʨʝʞʠʤ ʦʙʝʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʽʣʘ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, 

ʪʦʙʪʦ 0( )tw w= , ʘ ʛʫʩʪʠʥʫ ʤʘʩʪʠʣʘ r ʩʪʘʣʦʶ. ʇʨʠ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʥʷ ʪʠʩʢ ʚ 

ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ( )py  ʽ ʡʦʛʦ ʪʦʚʱʠʥʘ ( )H y  ʟʚôʷʟʘʥʽ ʨʽʚʥʷʥʥʷʤ ʈʝʡʥʦʣʴʜ-

ʩʘ[1,2]:  

                             
( )3

0 1 2 1 26 , .
d pHd H dp

R R
d d d

r
w y y y

y m y y

å õ
= < <æ öæ ö

ç ÷
                  (1) 

1 2,R R - ʚʽʜʧʦʚʽʜʥʦ ʨʘʜʽʫʩʠ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʮʠʣʽʥʜʨʠ-

ʯʥʦʛʦ ʪʽʣʘ, 1 2,y y-ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʨʦʙʦʯʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʦʥʠ, ʚ 

ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

                                                                   () ( ) .021 =y=y pp                                                                       (2) 
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ʗʢʱʦ ʜʦʧʫʩʪʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʚ ʝʣʝʤʝʥʪʘʭ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʪʦ ʜʣʷ 

ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʫ ʤʘʩʪʠʣ ʥʝ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʧʦʜʘʥʥʷ  

                                                () cos ,H y d e y= +                                                                            (3) 

ʜʝ ,d e-ʚʽʜʧʦʚʽʜʥʦ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ ʽ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʮʝʥʪʨʽʚ ʪʽʣ ʧʘʨ ʢʦʚʟʘʥʥʷ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ ʱʦ ʤʘʩʪʠʣʦ ʻ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʶ ʨʽʜʠʥʦʶ: ʜʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ m ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ( )py , ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɹʘʨʫʩʘ  

                                                               
()

0 ,
p

e
x y

m m=                                                                   (4) 

ʜʝ x ï ʧôʻʟʦ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣ, ʇʘï1 (ʜʣʷ ʥʘʬʪʦʚʠʭ ʤʦʪʦʨʥʠʭ ʤʘʩʪʠʣ 

x~(2é3)Ö10ï3 ʇʘ). 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (1) ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

                 
()3

0 0 1 2 1 26 ,     .
p dp

H e R R H C
d

x y
m w y y y

y

-
= + < <                         (5) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʩʪʘʣʦʾ ʉ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʫʤʦʚʦʶ 

( )0
0,

dp

d

y

y
=  

ʜʝ 0y  ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʨʠ ʷʢʦʤʫ ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʜʦʩʷʛʘʻ ʤʽʥʽʤʫʤʫ ʘ ʪʠʩʢ 

ʤʘʢʩʠʤʫʤʫ: ( ) ( )min 0 max 0   ,     .H H p py y= =  ʗʢʱʦ ʜʦʧʫʩʪʠʪʠ, ʟʦʢʨʝʤʘ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢ ʜʦʩʷʛʘʻ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, 

ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ .
2

21
0

y+y
=y  ʆʪʞʝ, ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ y0 ʚ ʨʽʚʥʷʥʥʷ (5), ʦʪ-

ʨʠʤʘʻʤʦ 0 0 1 2 min6 .C R R Hm w=-  ʆʩʪʘʥʥʷ ʬʦʨʤʫʣʘ ʜʦʟʚʦʣʷʻ ʨʽʚʥʷʥʥʷ (5) ʧʦʜʘʪʠ 

ʪʘʢ 

                       

( )
( )

.    ,
cos

coscos
6 213

02100 y<y<y
ye+d

y-yewm
=

y

x- RR

d

dp
e p

               (6) 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (6) ʜʦʧʫʩʢʘʻ ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ ʽ ʦʪʞʝ ʜʣʷ ʥʴʦʛʦ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʚ ʢʚʘʜʨʘʪʫʨʘʭ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʛʨʘʥʠʯʥʠʤ 

ʫʤʦʚʘʤ (2):  

()
( )

( )
1

0
0 0 1 2 1 23

cos cos1
ln 6 ,   .

cos
p R R d

y

y

a y
y xm w e a y y y

x d e a

å õ-
æ ö=- < <
æ ö+ç ÷

ñ     (7) 

ɼʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (6) ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ 
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ʆʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʧʠʪʦʤʠʡ ʪʠʩʢ P , ʩʠʣʫ 

ʚôʷʟʢʦʛʦ ʟʩʫʚʫ T  ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ tkK  ʚ ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʜʣʷ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣ:  
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ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʦʢ ʢʨʘʻʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʡʜʝʥʦ ʚʠʨʘʟ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʚ ʤʘ-

ʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʜʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣ ʽ ʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ (7), ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ, ʟʦʢʨʝʤʘ, ʢʨʠʪʝʨʽʡ ɿʦʤʝʨʬʝʣʴʜʘ [1,2] ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʥ ʩʫʭʦʛʦ ʪʝʨʪʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʘʨ ʢʦʚʟʘʥʥʷ. 
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MODELING AND INVESTIGATION OF THE STRESS STATE  

 IN CYLIND RICAL COMPONENTS PARTL Y DELAMINATION  

FROM A RIGID BASE  UNDER SUDDEN TORSIONAL LOADING  
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Abstract. The axisymmetric dynamic problems of determining the stress state in the vicinity of the 

delamination in a finite cylinder partly coupled with the rigid base were solved. In contrast to the traditional 

solution methods based on the use of the integral Laplace transform, the proposed method consists in the 

difference approximation only of the time derivative. As a result, the original problem is replaced by a 

sequence of homogeneous boundary value problems for the Helmholtz equation that reduce to the Fredholm 

integral equation of the second kind. The numerical solution found made it possible to obtain an 

approximate formula for calculating the stress intensity factor. 

Keyword. Stress intensity factor, finite cylinder, circular delamination, ring-shaped delamination. 

 

1. Introduction.A large number of machine elements and structures are cylin-

drical. The stress state of finite and infinite cylindrical bodies under static loading has 

been studied sufficiently enough, but works with the analysis of the stress state under 

dynamic loading conditions is much smaller.  

In this paper, we used a modified method of finite difference in time [1]. With 

the help of this method, this paper solves the problem of determining SIF in the vicin-

ity of the delamination in a finite cylinder under torsional loading. 

2. Problems formulations. An isotropic finite elastic cylinder with height a 

and radius 0r  is considered. The cylinder is related to the cylindrical system of coor-

dinates, whose center coincides with the center of the lower base, and the Oz axis 

with the cylinder axis. 

The top end of the cylinder is joined with a rigid plate with thickness d  and ra-

dius 0r . The plate suffers the action of a torsional moment ()M t . The bottom end of 

the cylinder 0z=  is coupled with a rigid base. In the coupling area there is partial de-

lamination in the form of a circle (Fig. 1a) or a ring (Fig. 1b). Both the cylinder side 

surface and delamination area are considered to be free of stresses.  
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Fig. 1. Cylinder with delamination: a) - circular; b) - ring-shaped. 

 

The cylinder is in a state of axisymmetric torsional deformation and only the an-

gular displacement ( ), ,w hz t will be different from 0 and satisfy the equation: 

 
2 2 2

2 2 2 2 2

1 1 1
,

w
D w Dhz hz

µ µ µ µ
= = + - +
µt µh hµh h g µz

 (1) 

Equation (1) is considered as having zero initial conditions and boundary condi-

tions at the lateral surface and top end of the cylinder: 

 ( ) ()(1, , ) 0, ,1,wjht z t = h t =ha t, (2) 

where ()a t - the unknown angle of rotation of the plate, determined from the equa-

tion of its motion. 

The boundary conditions at the bottom end of the cylinder are formulated de-

pending on the form of delamination. With circular delamination (Fig. 1a), the fol-

lowing conditions are fulfilled: 

 ( ) ( ) [ ),0, 0, 0 , ,0, 0, 1, 0,wjzt h t = ¢h¢b h t = b¢h¢ tÍ +¤. (3) 

If there is external ring-shaped delamination (Fig. 1b), the boundary conditions 

have the form: 

 ( ) ( ) [ ),0, 0, 0 , ,0, 0, 1, 0,w jzh t = ¢h¢b t h t = b¢h¢ tÍ +¤. (4) 

To avoid difficulties arising in problems with mixed boundary conditions, in-

stead of conditions (3), (4) we consider the following boundary conditions: 

for circular delamination: 

 ( )
( )

[ )1 , ,0 ,
,0, 0,

0, 1,
w

c h t ¢h¢bëî
h t = tÍ +¤ì

b<h¢îí
 (5) 

and for ring-shaped delamination 

 ( )
( )

[ )2 , ,0 ,
,0, , 0,

0, 1,
jz

c h t ¢h¢bëî
t h t = tÍ +¤ì

b<h¢îí
, (6) 

where ( )1 ,c ht and ( )2 ,c ht - unknown functions, ensuring the fulfillment of the first 

equalities from (3), (4). 

To solve formulated initial-boundary problems (1), (2), (5) and (1), (2), (6), we 

apply a method based on the difference approximation of time derivatives, detailed in 

[1]. Using this method, the problems were reduced to a set of homogeneous boundary 

value problems for the Helmholtz equation: 

 2 10, 1, 2, 3, ,D U U h-hz n n n n n- = n= =. (7) 
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The boundary conditions on the lateral surfaces and top end of the cylinder with 

respect to these functions can be written as follows: 

 ( ) ( )1, 0, 0 1, ,1 , 0 1U Ajhn n nt z = <z< h =h <h<. (8) 

And the boundary conditions on the bottom end of the cylinder with circular de-

lamination will take the form: 

 ( )
()

( ) ()1

1 1

1

,0 ,
,0 , ,

0, 1,

k

k kU C
n

n n n

n=

c h ¢h¢bëî
h = c h t = c hì

b<h¢îí
ä . (9) 

In the case of ring-shaped delamination: 

 ( )
()

( ) ()2

2 2

1

,0 ,
,0 , ,

0, 1,

k

k kC
n

jzn n n

n=

c h ¢h¢bëî
t h = c h t = c hì

b<h¢îí
ä . (10) 

3. Solution to the problem for the cylinder. We represent solutions to the 

boundary-value problems (7) - (9) and (7), (8), (10) as the sum: 

 0 *( , ) ( , ) ( , )U U Un n nh z = h z + h z. (11) 

The first term is given by the formula: 

 
( )

( )
0

sh
( , )

sh
U A

n

n n

n

gz
h z = h

g
.  

The second term is the solution that satisfies the zero conditions on the top end 

and lateral surface of the cylinder. The condition on the bottom end depends on the 

form of delamination. For the case of circular delamination, it has the form (9), and 

on the delamination, equality should be satisfied: 

 * 0( ,0) ( ,0), 0jzn jznt h =-t h <h<b.  

For the case of ring-shaped delamination, it has the form (10), and on the delam-

ination, equality should be satisfied: 

 ()* 0

2( ,0) ( ,0), 1jzn n jznt h =c h -t h b<h<.  

The solutions to these boundary value problems are constructed by the integral 

transform method, analogous to papers [2ï5]. 

The solutions contains the unknown functions ()1nc x and ()2nc x. To determine 

them, we use the conditions on the delamination and obtain integral equations. To 

solve these equations, we reduce them to the Fredholm equations of the second kind: 

 () () ( ) () ( ) ()
( )

1

2

1

22
, 0

sh

A
g s g y B y s Q y Q y s dy g sn n
n n n

n-

bb
- + - - - =-è øê úpg gñ , (12) 

 () () ( ) ( ){ }
( )

1

1

1

2 ch

A s
g s g y A y s Q y s dy n
n n

n-

+ - + - =
p gñ , (13) 

where ()A Y , ()B Y  and ()Q Y  are represented as uniformly convergent series and 

proper integrals. 

An approximate solution to equation (12), (13), is sought in the form of an inter-

polation polynomial. We approximate its integrals according to the quadrature Gauss-

Legendre formula and obtain a system of linear algebraic equations with respect to 

the values of the unknown function in the interpolation nodes. After solving the sys-

tem, the unknown function is approximated by the interpolation polynomial. 
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 () ()
()

( ) ( )
( )

1

, , 1, 2, 3, ,
n

nn

m m m

m m n m

P y
g y g y g g g y m n

y y P y
n n n n n

=

º = = =
¡-

ä ,  

where ( )nP y  is the n-th Legendre polynomial, and ym is the polynomial root. 

5. Results of numerical analysis. For the criteria of destruction, an important 

role is played by SIF. The dimensionless SIF value can be obtained from the formu-

las: 

 ( )
()

( ) () ()
1

1 2
, , 1 , 1

2

k
k

k k k

K t
K K C K K g K g

G b
n n n n n n

n=

t = t = =- =
ppg

ä . (14) 

By formulas (14), there was performed a numerical study of the dependence of 

SIF on the dimensionless time 2 0c t rt= . The time grid nodes were condensed near the 

point 0t=. During these calculations, it was considered that dimensionless thickness 

of the plate is 0.1d ad= =, the dimensionless radius of the circular delamination and 

the dimensionless internal radius of the ring-shaped delamination are 0 0.5b rb= = . 

The influence of the mass of the plate on the time dependence of the SIF was 

studied. The results of the calculations are shown in Fig. 2 in the form of graphs of 

time dependencies of dimensionless SIFs. During these calculations, it was consid-

ered that dimensionless cylinder height is 0 2a rg= =. The charts have been construct-

ed for the case of the action of a suddenly applied torsional load. The Curves 1-3 cor-

respond to different values of the relative plate density: plate cyl :0.25; 1; 4r=r r . 

From the graphs in Fig. 2, it can be seen that in all considered types of loading, 

during the transient process, the maximum SIF values are observed. When a sudden 

constant load is applied, this maximum is 2ï2.5 times higher than the static value of 

SIF. Hence, it is most likely that the destruction of the cylinder will occur during the 

transient period. Also the analysis of the graphs in Fig. 2, it can be concluded that an 

increase in the mass of the plate leads to an increase in the time until the SIF reaches 

its maximum value. However, it practically does not affect the maximum value itself. 

 

  
Fig. 2. Time dependence of dimensionless SIF for () ()0M Ht = t 

a) cylinder with circular delamination; b) cylinder with ring-shaped delamination. 
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Conclusion. The article proposes a method for solving the problem of determin-

ing the stress-strain state of an elastic finite cylindrical body partly coupled with the 

rigid base that is under torsional loading. This technique is based on the differential 

approximation of the time derivative and use of a time grid with specially selected 

nodes. Numerical results demonstrate the effectiveness of such an approach when in-

vestigating the transient processes that occur immediately after load application. 
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ʆ. ɯ. ʂʠʨʠʣʦʚʘ, ʢ.ʬ.-ʤ.ʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʙʣʠʟʫ ʪʨʽʱʠʥ ʚ ʥʝʩʢʽʥʯʝʥ-

ʥʦʤʫ ʧʦʨʦʞʥʠʥʥʦʤʫ ʮʠʣʽʥʜʨʽ ʜʦʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ. ʆʪʨʠʤʘʥʦ ʥʘʙʣʠʞʝʥʽ ʬʦ-

ʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʾʭ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʘ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʽʱʠʥʠ. 

    ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʨʦʞʥʠʥʥʠʡ ʮʠʣʽʥʜʨ, ʘʥʪʠʧʣʦʩʢʘ ʜʝʬʦʨʤʘʮʽʷ, ʪʨʽʱʠʥʠ, ʂɯʅ. 

 

 

MODELING OF THE STRESSED STATE OF A HOLLOW CYLINDER S 

WITH A SYSTEM OF  CRACKS UNDER LONGITUDINAL SHEAR 

HARMONIC OSCILLATIONS  
 

O. Kyrylova , PhD 

National University çOdessa Maritime Academyè 
 

Abstract: In this paper we solve the problem of determining the stress state near the through-cracks in 

an infinite hollow cylinder of arbitrary cross-section under oscillations of longitudinal shear. We propose an 

approach to satisfy the conditions separately on the surface of cracks and on the borders of the cylinder. 
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By using the proposed method the approximate formulas for calculating stress intensity factors are 

obtained to investigate the influence of frequency oscillations, geometry of the cylinder and location of the 

cracks on their values. 

        Key-words: hollow cylinder of arbitrary cross section, harmonic oscillations, stress intensity factors, 

the system of cracks. 

  
 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʦʙʤʝʞʝʥʠʭ ʪʽʣ ʟ ʪʨʽʱʠʥʘʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʷʢ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʨʫʡʥʫʚʘʥʥʷ ʪʽʣ ʯʝʨʝʟ ʦʮʽʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦ-

ʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʪʨʽʱʠʥ, ʪʘʢ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ, ʚʠ-

ʭʦʜʷʯʠ ʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʚʘʞʥʦ ʚʽʜʥʦʩʠʣʠʩʴ ʜʦ ʥʝʦʙʤʝʞʝʥʠʭ ʪʘ ʧʽʚʦʙʤʝʞʝʥʠʭ ʪʽʣ ʟ 

ʜʝʬʝʢʪʘʤʠ [1-3]. ʉʠʪʫʘʮʽʡ, ʜʝ ʪʽʣʘ ʟʘʡʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʦʙʣʘʩʪʴ, ʨʦʟʛʣʷʥʫʪʦ ʟʥʘ-

ʯʥʦ ʤʝʥʰʝ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘ-

ʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʭʽʜʥʽ ʟʘʜʘʯʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʟʚôʷʟʘʥʠʭ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʴ, ʟʘʜʘʥʠʭ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʬʝʢʪʽʚ, ʽ ʥʘ ʤʝʞʽ ʪʽʣʘ [4-6], ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ 

ʯʠʩʣʦʚʫ ʨʝʘʣʽʟʘʮʽʶ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʥʝʧʦʦʜʠʥʦʢʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʙʘʛʘ-

ʪʦʟʚôʷʟʥʠʭ ʦʙʣʘʩʪʝʡ. ɺ ʧʦʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝʟʘ-

ʣʝʞʥʦ ʧʦʩʣʽʜʦʚʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʜʝʬʝʢʪʘʭ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ.  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʨʦʞʥʠʥʥʠʡ ʧʨʫʞʥʠʡ ʮʠʣʽʥʜʨ ʟ ʪʚʽʨʥʠʤʠ, ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʦʩʽ Oz, ʧʝʨʝʨʽʟ ʷʢʦʛʦ ʧʣʦʱʠʥʦʶ xOy ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʦʟʚôʷʟʥʫ ʧʣʦʩʢʫ ʦʙʣʘʩʪʴ, ʱʦ 

ʦʙʤʝʞʝʥʘ ʜʦʚʽʣʴʥʠʤʠ ʟʘʤʢʥʝʥʠʤʠ ʛʣʘʜʢʠʤʠ ʢʨʠʚʠʤʠ. ʎʽ ʢʨʠʚʽ ʚ ʧʦʣʷʨʥʽʡ ʩʠʩ-

ʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʮʝʥʪʨ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ xOy, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ:()0 0r ry j= ïʟʦʚʥʽʰʥʷ, ()1 1r ry j= ïʚʥʫʪʨʽʰʥʷ ʛʨʘʥʠʮʽ, 0 2j p¢ < . ʋ ʮʠʣʽ-

ʥʜʨʽ ʤʽʩʪʠʪʴʩʷ N ʥʘʩʢʨʽʟʥʠʭ ʪʨʽʱʠʥ ʟ ʮʝʥʪʨʘʤʠ ʚ ʪʦʯʢʘʭ ( ), ,k kʩ d  ʱʦ ʫ ʧʣʦʱʠʥʽ 

xOy ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʝʨʝʨʽʟʫ ʽ ʟʘʡʤʘʶʪʴ ʚʽʜʨʽʟʢʠ ʜʦʚʞʠʥʦʶ 2 , 1,ka k N=  

(ʨʠʩ.1).  

 
ʈʠʩʫʥʦʢ 1 ï ʅʝʩʢʽʥʯʝʥʥʠʡ ʧʦʨʦʞʥʠʥʥʠʡ ʮʠʣʽʥʜʨ ʟ ʪʨʽʱʠʥʘʤʠ 

 

ʋ ʮʠʣʽʥʜʨʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʥʘ 

ʙʽʯʥʫ ʧʦʚʝʨʭʥʶ ʩʘʤʦʚʨʽʚʥʦʚʘʞʫʶʯʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ () i tGP e wj - , ʜʝ 

G-ʤʦʜʫʣʴ ʟʩʫʚʫ, ()P j-ʦʙʝʟʨʦʟʤʽʨʝʥʘ ʟʘʜʘʥʘ ʘʤʧʣʽʪʫʜʘ ʥʘʚʘʥʪʘʞʝʥʴ, wïʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ. ʄʥʦʞʥʠʢ i te w-  ʚʩʶʜʠ ʜʘʣʽ ʦʧʫʱʝʥʠʡ. ʇʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʽʜʤʽʥʥʦʶ ʚʽʜ 

ʥʫʣʷ ʻ ʪʽʣʴʢʠ z-ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ 

ɻʝʣʴʤʛʦʣʴʮʘ [8]. ʎʝ ʨʽʚʥʷʥʥʷ ʫ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʚʠʛʣʷʜ:  
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ʜʝ 2 2

2

;   ;   
ɤ G

ə ʉ ɟ
ɟʉ

= = -ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʮʠʣʽʥʜʨʘ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʮʠʣʽʥʜʨʘ  ̒ʟʘʚʘʥʪʘʞʝʥʦʶ: 

                                    ()( ) ()0 0 , ,  0 2 ,nz r GPt y j j j j p= ¢ <                                    (2) 

ʘ ʚʥʫʪʨʽʰʥʷ ʥʝʨʫʭʦʤʦʶ: 

                                        ()( )1 1 , 0,  0 2 .w ry j j j p= ¢ <                                           (3) 

ɼʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʪʨʽʱʠʥʘʭ ʟ ʮʝʥʪʨʦʤ ʢʦʞʥʦʾ 

ʧʦʚôʷʟʫʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ,  1,k k kx O y k N=  (ʨʠʩ.1). ʅʝʭʘʡ ( ),k k kw x y ï

z-ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦ ʜʝ-

ʢʘʨʪʦʚʠʭ. ʊʨʽʱʠʥʠ ʚʚʘʞʘʶʪʴʩʷ ʚʽʣʴʥʠʤʠ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʴ: 

                             ( ) ( ),0 ,0 0,   ,   1, ,
k

k
zy k k k k

k

w
x G x x a k N
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µ
= = < =
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                        (4) 

ʘ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʨʽʱʠʥ ʨʦʟʨʠʚʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʽ ʩʪʨʠʙʢʘʤʠ 

                       ( ) ( ) ( ), 0 , 0 ,    ,  1, .k k k k k k k k kw w x w x x x a k Nc= + - - = < =                (5) 

ɿ ʫʤʦʚ ʟʤʠʢʘʥʥʷ ʪʨʽʱʠʥ ʚʠʧʣʠʚʘʻ, ʱʦ ( ) 0k kac ° =. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘ-

ʯʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ ʪʨʽʱʠʥ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʜʣʷ ʢʦʞʥʦʾ ʪʨʽʱʠʥʠ ʚ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʙʫʜʫʻʪʴʩʷ ʨʦʟʨʠʚʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʽ ʩʪʨʠʙʢʘʤʠ (5): 
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µ ñ                                    (6) 

ʜʝ ()( ) ()1 12 2
2 20 0( , ) ( ) ,  

4
l l l l

i
r x y H x y Hh k h- =- - + ï ʬʫʥʢʮʽʷ ɻʘʥʢʝʣʷ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ 

                                   
()( ) ()( ) ()( )0

1

, , , .
N

g gg
l

l

w r w r w rj j j
=

= +ä                                     (7) 

ɺ (7) ()( ),
g

lw r jïʨʦʟʨʠʚʥʽ ʨʦʟʚôʷʟʢʠ (6) ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠ-

ʥʘʪ, ʘ ()( )0 ,
g

w r jïʜʝʷʢʘ ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʻ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ 

(1) ʽ ʟʘ ʨʘʭʫʥʦʢ ʷʢʦʾ ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ ʫʤʦʚʠ (2) ʪʘ (3) ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜ-

ʨʘ. ɼʘʣʽ ʮʷ ʬʫʥʢʮʽʷ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʯʘʩʪʠʥʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ (1), ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʽ ʟʘʤʢʥʝʥʽ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʡ: 
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w r r A g r ɺ h rj j j
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= +ä                               (8) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʪʨʽʱʠʥʘʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʧʨʘʚʠʤʠ ʯʘʩʪʠ-

ʥʘʤʠ. ʅʘʙʣʠʞʝʥʽ ʨʦʟʚôʷʟʢʠ ʮʠʭ ʩʠʩʪʝʤ ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʠʭ ʢʚʘʜʨʘ-

ʪʫʨ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ,s sA B  ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ (8) ʚʠʟʥʘʯʘʶʪʴ-

ʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (2), (3) ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʤʝʪʦʜʦʤ ʢʦʣʦʢʘʮʽʾ. 

ɺʝʣʠʯʠʥʘʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥʠ, ʻ ʢʦʝʬʽʮʽʻʥ-

ʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ) ʫ ʚʝʨʰʠʥʘʭ l lx a=°, ʜʣʷ ʷʢʠʭ ʧʽʩʣʷ 
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ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʟʥʘʡʜʝʥʦ ʙʝʟʨʦʟʤʽʨʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘ ʾʭ 

ʟʥʘʯʝʥʥʷ. 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʜʘʚʩʷ ʮʠʣʽʥʜʨ ʟ ʧʝʨʝʨʽʟʦʤ, ʦʙʤʝʞʝʥʠʤ ʜʚʦʤʘ ʝʣʽʧʩʘʤʠ 

(ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʨʽʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʽʣʘ ʟ 

ʪʨʽʱʠʥʦʶ 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʂɯʅ ʚʽʜ 

ʯʘʩʪʦʪʠ ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʪʨʽʱʠʥʠ 
 

ɿʦʚʥʽʰʥʷ ʤʝʞʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ () sin2P ű ű= , ʝʢʩʮʝʥʪʨʠʩʠʪʝ-

ʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʽʧʩʽʚ ʦʜʥʘʢʦʚʽ 0,5e= , ʚʽʜʥʦʰʝʥʥʷ ʧʽʚʦʩʝʡ ʝʣʽ-

ʧʩʽʚ 1 0 0,5r r = .  

ʉʧʝʨʰʫ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʂɯʅ ʚʽʜ ʙʝʟʨʦʟʤʽ-

ʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 0 2 0rk k=  ʜʣʷ ʨʽʟʥʠʭ ʢʫʪʽʚ ʥʘʭʠʣʫ ʪʨʽʱʠʥʠ ʩʪʦʩʦʚʥʦ ʧʦ-

ʚʝʨʭʦʥʴ ʪʽʣʘ. ʈʠʩ. 3 ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʫ ʥʘʭʠʣʝʥʦʾ ʪʨʽʱʠʥʠ ʟ ʬʽʢʩʦʚʘʥʦʶ ʜʦʚ-

ʞʠʥʦʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʦʜʥʽʡ ʪʨʝʪʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʝʣʽʧʩʽʚ AB, ʪʘ ʟ ʮʝʥ-

ʪʨʦʤ ʪʨʽʱʠʥʠ ʥʘ ʨʽʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʤʝʞ ʧʝʨʝʨʽʟʫ. ʂʨʠʚʽ 1-5 ʽʣʶʩʪʨʫʶʪʴ ʧʦʚʝʜʽ-

ʥʢʫ ʂɯʅ ʜʣʷ ʢʫʪʽʚ 0 0 0 0 00 , 30 , 45 , 60 , 90, ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʧʦʚʝʜʽʥʢʘ ʂɯʅ ʽʜʝʥʪʠʯʥʘ ʜʣʷ ʦʙʦʭ ʚʝʨʰʠʥ ʪʨʽʱʠʥʠ, ʘʣʝ k k- +< . ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ 

ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʝʜʽʥʢʠ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʂɯʅ ʫ ʯʘʩʪʦʪ-

ʥʽʡ ʦʙʣʘʩʪʽ, ʟʦʢʨʝʤʘ ʾʭ ʚʠʭʦʜʫ ʥʘ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ, ʥʘʚʝʜʝʥʦ ʜʣʷ k+  (ʨʠʩ. 3):  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʠʡ ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʚʠʟʥʘ-

ʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʨʦʞʥʠʩʪʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʪʽʣʽ ʜʦʚʽʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʥʘʩʢʨʽʟʥʠʤʠ ʪʨʽʱʠʥʘʤʠ ʟʘ ʘʥʪʠʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʦʢʨʝʤʦ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʥʘ ʜʝʬʝʢʪʽ ʪʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʠ ʥʘ 

ʤʝʞʽ ʪʽʣʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʮʠʤ ʧʦʣʝʛʰʝʥʥʷ ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʄʝʪʦʜ ʤʦʞʝ ʙʫʪʠ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʥʘ ʚʠʧʘʜʦʢ ʩʪʘʥʫ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʇʝʚʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʟʘʩʪʦ-

ʩʫʚʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʝʬʝʢʪʫ ʜʦ ʤʝʞʽ ʽ ʥʝʛʣʘʜʢʦʾ 

ʤʝʞʽ ʮʠʣʽʥʜʨʘ. ɸʣʝ ʚʟʘʛʘʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʞʝʥʦ ʦʙʯʠʩ-

ʣʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʾʭ ʟʥʘ-

ʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʽʱʠʥʠ ʽ ʮʠʣʽʥʜʨʘ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪ-

ʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʪʨʽʱʠʥ ʫ ʧʨʫʞʥʦʤʫ ʧʦʨʦʞʥʠʩʪʦʤʫ ʮʠʣʽʥʜʨʽ ʟʘ 

ʛʘʨʤʦʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʠʥʘʤʽʯʥʠʭ 
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ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʜʝʬʝʢʪʽʚ, ʪʘʢ ʽ ʨʝʟʦʥʘʥʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʾʭ ʟʤʽʥʠ ʚʥʘʩʣʽʜʦʢ 

ʛʝʥʝʨʘʮʽʾ ʭʚʠʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ.  

ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʷʚʣʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʦ-

ʛʦ ʘʙʦ ʜʚʦʭ ʨʝʟʦʥʘʥʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʪʨʽʱʠʥʠ ʩʪʦʩʦʚʥʦ ʤʝʞʽ ʪʽʣʘ. 

ɿʤʽʥʘ ʢʫʪʘ ʥʘʭʠʣʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʂɯʅ ʪʘ ʩʪʨʽʤʢʽʩʪʴ ʾʭ ʚʠʭʦʜʫ 

ʥʘ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ ʟ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʛʝʨʤʝʪʠʯʥʠʤ 

ʢʦʤʧʨʝʩʦʨʦʤ ʩʫʜʥʦʚʦʾ ʭʦʣʦʜʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʽʛʘʯʘ ʢʦʦʨʜʠ-

ʥʘʪ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʮʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨ-

ʪʘʥʥʷ ʜʚʠʛʫʥʘ ʽ ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘ ʚʘʣʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦʚʘ ʭʦʣʦʜʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʢʦʤʧʨʝʩʦʨ, ʤʦʜʝʣʶʚʘʥʥʷ, ʩʠʩ-

ʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʯʽ ʢʦʦʨʜʠʥʘʪ.  
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Abstract. The purpose of the article is to develop a mathematical model of the control system of a 

hermetic compressor of the small productivity ship's refrigeration unit on the basis of an observer of the co-
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ordinates of an automated electric drive, which allows in real time to estimate frequency of rotation of en-

gine and moment of resistance on the shaft. 

Keywords: ship's refrigeration unit, electric drive, compressor, modeling, control system, coordinate 

observers. 

 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʨʰʥʝʚʠʭ 

ʢʦʤʧʨʝʩʦʨʽʚ ʩʫʜʥʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʉʍʋ) ʫʢʣʘʜʝʥʘ ʚ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʾʭ ʦʙʝʨʪʘʥʥʷ. 

ɿʘʜʘʯʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʛʝʨʤʝʪʠʯʥʦʛʦ ʦʜʥʦʧʦʨʰʥʝʚʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ ʉʍʋ ʧʨʠ ʟʥʠʞʝʥʽʡ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʘʚʪʦ-

ʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ɽɼ) 

ʢʦʤʧʨʝʩʦʨʘ [1]. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ ʜʚʽ ʧʨʦʙʣʝʤʠ: 

- ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʽʩʥʫʶʯʽ ʛʝʨʤʝʪʠʯʥʽ ʢʦʤʧʨʝʩʦʨʠ ʜʘʪʯʠʢʘ ʯʘ-

ʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ; 

- ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟʙʫʨʝʥʥʷ (ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʥʘ ʚʘʣ 
ʜʚʠʛʫʥʘ ʢʦʤʧʨʝʩʦʨʘ, ʷʢʠʡ ʤʘʻ ʨʽʟʢʦ ʚʠʨʘʞʝʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʽ ʟʤʽʥʥʠʡ ʭʘʨʘʢ-

ʪʝʨ). 

ʏʘʩʪʦ ʧʨʠ ʩʠʥʪʝʟʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ) ɽɼ ʢʦʤʧʨʝ-

ʩʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʫ. 

ʊʦʜʽ, ʷʢʱʦ ʙʫʜʫʪʴ ʚʽʜʦʤʽ (ʦʙʯʠʩʣʝʥʽ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ) ʥʝʚʽʜʦʤʽ ʟʤʽʥʥʽ, ʤʦʞʣʠʚʘ 

ʧʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʠʭ ʉɸʋ ɽɼ ʢʦʤʧʨʝʩʦʨʘ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʪʢʦʚʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʟʙʫʨʝʥʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ( ʥʘ-

ʧʨʠʢʣʘʜ, ʟʤʽʥ ʤʦʤʝʥʪʫ ʦʧʦʨʫ). 

ɸʥʘʣʽʟ ʨʦʙʽʪ [3, 4] ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʽ 

ʧʨʦʩʪʠʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ ʻ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ɽɼ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʠ-

ʚʥʠʭ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʃʶʝʥʙʝʨʛʝʨʘ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʉɸʋ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʪʠʧʫ çʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ï ʪʨʠʬʘʟʥʠʡ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠ-

ʛʫʥè (ʇʏ-ʊɸɼ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʃʶʝʥʙʝʨʛʝʨʘ [3] ʜʣʷ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ ʉʍʋ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʄʄ) ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʛʝʨʤʝʪʠʯʥʠʤ ʦʜʥʦʧʦʨʰʥʝʚʠʤ ʢʦʤʧʨʝʩʦʨʦʤ ʉʍʋ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʈʦʟʛ-

ʣʷʜʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʪʘʢʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʽʛʘʯʘ ʢʦʦʨʜʠʥʘʪ ʘʚʪʦʤʘʪʠʟʦ-

ʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʠʩʪʝʤʠ ʇʏ-ʊɸɼ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ, ʷʢʘ ʜʦʟʚʦ-

ʣʷʻ (ʧʨʠ ʪʝʭʥʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ) ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʮʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ ʽ ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘ ʡʦʛʦ ʚʘʣʫ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʥʘʟʚʘʥʠʭ 

ʟʤʽʥʥʠʭ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʉɸʋ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʉʍʋ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʷʜ ʯʘʩʪʠʥʥʠʭ ʟʘ-

ʜʘʯ: 

- ʨʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʫ ʩʧʦʩʪʝʨʽʛʘʯʘ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʩʭʝʤ 
ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʃʶʝʥʙʝʨʛʝʨʘ; 

- ʩʠʥʪʝʟʫʚʘʪʠ ʤʦʜʝʣʴ ʩʧʦʩʪʝʨʽʛʘʯʘ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʦʮʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʽ ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘ ʚʘʣʫ; 

- ʟʘʩʦʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 
ʦʪʨʠʤʘʥʦʛʦ ʩʧʦʩʪʝʨʽʛʘʯʘ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʣʽʥʝʘʨʠʟʦʚʘʥʫ ʄʄ ʊɸɼ: 
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 ï ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʫ ʊɸɼ;  1 uw=  ï ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ;  

cM f=  ï ʟʙʫʨʶʶʯʠʡ ʚʧʣʠʚ; 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʊɸɼ ʄ. ʊʦʜʽ ʤʘʪʨʠʮʷ ʚʠʭʦʜʫ [ ]1  0C= , ʘ ʩʘʤ ʚʝʢ-

ʪʦʨ
  
ʚʠʭʽʜʥʠʭ (ʚʠʤʽʨʶʚʘʥʠʭ) ʟʤʽʥʥʠʭ: 
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             (2) 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʝʢʪʦʨʘ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʫ ʩʧʦʩʪʝʨʽʛʘʯ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʄʄ ʊɸɼ ʰʣʷʭʦʤ ʾʾ ʜʦʧʦʚʥʝʥʥʷ "ʩʪʘʙʽʣʽʟʫʶʯʦʶ ʜʦʙʘʚʢʦʶ"Ĕ( )L Y Y-  [3]. ɺʚʘ-

ʞʘʶʯʠ ʟʙʫʨʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ, ʟ ʚʠʨʘʟʽʚ (1) ʽ (2) ʦʪʨʠʤʘʻʤʦ ʣʽʥʝʘʨʠʟʦʚʘʥʫ 

ʄʄ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ ʧʦʚʥʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʊɸɼ: 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʯʘ ʡʦʛʦ ʙʘʞʘʥʦ ʨʝʘʣʽʟʫʚʘ-

ʪʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʄʄ ʊɸɼ, ʚʠʢʦʥʘʥʦʾ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ [2]. 

ɼʣʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (3) ʜʦʮʽʣʴʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʚʠʛʣʷʜʫ: 
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ʇʝʨʝʪʚʦʨʝʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 1. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ (4) ʽ ʟʘʟʥʘʯʝʥʦʾ ʩʭʝʤʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ "ʩʪʘʙʽʣʽ-

ʟʫʶʯʘ ʜʦʙʘʚʢʘ" ( )2
ĔJ L M MÖ -  ʫʚ̫ʣʷʻ ʩʦʙʦʶ ʬʘʢʪʠʯʥʦ ʦʮʽʥʝʥʝ ʟʥʘʯʝʥʥʷ ʤʦʤʝ-

ʥʪʫ ʦʧʦʨʫ ʊɸɼ 
Ĕ

cM  ʪʘ ʚ ʩʭʝʤʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʫʤʘʪʦʨ, ʱʦ ʦʙʯʠʩʣʶʻ ʜʠʥʘʤʽʯʥʠʡ 

ʤʦʤʝʥʪ ʚʩʽʻʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ çʊɸɼ-ʢʦʤʧʨʝʩʦʨè.  ʋ ʩʚʦʶ ʯʝʨʛʫ, ʦʮʽ-

ʥʝʥʘ "ʩʪʘʙʽʣʽʟʫʶʯʘ ʜʦʙʘʚʢʘ" ( )2 1 Ĕ

i

T L
M M

h

Ö
Ö -  ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʫʤʘʪʦʨ, ʱʦ ʦʙʯʠʩ-

ʣʶʻ ʰʫʢʘʥʫ ʯʘʩʪʦʪʫ ʨʦʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʯʘ ʩʪʘʥʫ ʥʝʩʢʣʘʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʫ 

ʩʝʨʝʜʦʚʠʱʽ Matlab / Simulink ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ, ʱʦ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽ ʧʦʚʥʫ ʄʄ ʊɸɼ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ.  

 
ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʫ ʽ ʡʦʛʦ ʦʮʽʥʢʘ (ʜʣʷ cM ) 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ 

ʩʧʽʣʴʥʦ ʟ ʊɸɼ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʉʍʋ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦʤʫ ʩʠʛʥʘʣʽ ʟʘ-

ʚʜʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 

0,3 ʅĿʤ, ʦʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʢʫʪʦʚʦʾ ʯʘʩʪʦʪʠ W ʪʘ ʤʦʤʝʥʪʫ ʦʧʦʨʫ cM ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʛʦ ʊɸɼ, ʘ ʪʘʢʦʞ ʾʭ ʦʮʽʥʢʠ ĔW ʠ ʩ
ĔM  ʥʘ ʚʠʭʦʜʽ ʩʧʦʩʪʝʨʽʛʘʯʘ. ʅʘʧʨʠ-

ʢʣʘʜ, ʥʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʚʘʣʫ ʢʦʤʧʨʝʩʦʨʘ. ʊʫʪ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʦʮʽʥʶʚʘʥʘ ʢʦʦʨʜʠʥʘʪʘ ʩʪʘʥʫ ʝʣʝʢʪ-

ʨʦʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʜʦʩʠʪʴ ʙʣʠʟʴʢʘ ʜʦ ʡʦʛʦ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ (ʦʪʨʠʤʘʥʠʭ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ). ʆʮʽʥʶʚʘʥʘ ʧʦʭʠʙʢʘ ʩʧʦʩʪʝʨʽʛʘʯʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5% ʟʘ 

ʯʘʩʪʦʪʦ  ʁʦʙʝʨʪʘʥʥʷ ʽ 10%  ʟʘ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ. 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʟʘʩʦʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʽ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʊɸɼ ʢʦʤʧʨʝʩʦʨʘ ʉʍʋ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ ʜʦ-

ʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟʘʤʢʥʫʪʽ ʯʝʨʝʟ ʩʧʦʩʪʝʨʽʛʘʯ ʉɸʋ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦʨʰʥʝ-

ʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʉʍʋ ʽ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʉʍʋ. 

ɿ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʢʠ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʤʦʞʣʠʚʝ ʧʦʜʘʣʴʰʝ ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʯʘ ʃʶʝʥʙʝʨʛʝʨʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʥʠʞʝʥʦʛʦ ʧʦʨʷʜʢʫ ʫ ɽʇ ʉʍʋ.  
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AN ITERATIVE METHOD FOR MODELING WAVE FIELDS IN BO DIES 

WITH THIN RIGID INCLUSIONS  

AT OSCILLATIONS OF LONGITUDINAL SHEAR  

 
Vsevolod Popov, Doctor of Science, Professor 

National University çOdessa Maritime Academyè 

 
Abstract. The problem of the diffraction field determination is arising as a result of the longitudinal 

shear wave interaction with the thin rigid inclusions system arbitrarily situated in an infinity body was 

solved. Inclusions are considered to be fully coupled to the elastic medium and are moving. Unknown ampli-

tudes of inclusions are determined from the equations of motion. The original problem is reduced to the sys-

tem of the singular integral equations for unknown jumps of stresses on the inclusionsô surface, The iterative 

method of this system solving, where the zero approximation are the solutions of the integral equations for 

the single inclusions, is proposed. 

Keywords: Thin rigid inclusion, Wave interaction, Integral equations, Iterative method. 

 

Nowadays methods of mechanics of deformable bodies (potentials method, dis-

continuous solutions method, etc.) make it easy to reduce the problem of determina-

tion of wave fields in a body with system of thin inclusions or cracks to the solution 

systems of integral equations. But, the main attention is paid to bodies with systems 

of cracks. Research of dynamic stress state bodies with systems of thin rigid inclu-

sions is much less. Thus the determination of dynamic stress state and wave fields in 

bodies with systems of thin rigid inclusions is not completely solved. In the submitted 
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article, iterative method for determination of SIF and wave fields in the interaction of 

the longitudinal shear waves of N inclusions.  

Let an elastic body that is in a longitudinal shear strain condition, N  through 

thin rigid inclusions are situated. These inclusions are occupied on the plane Oxyby 

the segments length 2 kd  and with centers at points with coordinates 

( ), , 1,2,..., .k ka b k N= (Fig.1) 

 
Fig. 1  

 

The wave of longitudinal shear interacts with them which and causing the fol-

lowing displacement along axis :Oz  

 
2 0 0( cos sin ) 2 2

2( , ) ,
i x yqW x y A e G
k q qk rwÖ + Ö

= =  (1) 

where w- the frequency of the oscillations,,Gr - density and modulus of shear of the 

body,
0q- the angle between the direction of propagation of the wave and the positive 

direction of the axis .Ox  Multiplier i te w-  which determines dependency from time here 

and then rejected. Let ( , )W x y  is the only different from 0 in the conditions of longitu-

dinal shear strain component of the vector of displacements caused by waves reflect-

ed from the defects. Then it must to satisfy the Helmholtz equation 

 2

2 0,W WkD + = (2) 

where D- the Laplace operator in a system of coordinates Oxy. This equation must be 

seen with conditions on the inclusions for the formulation that the local coordinate 

systems 
k k kO x y connected with each of them. It is assumed that inclusion is complete-

ly coupled with an elastic medium leads to equation  

 ( ) ( ) ( ) 2 0,0 ,0 , ,0 ,ki zq q

k k k k k k kW x c W x W x Ae
k

= - =-  (3) 

( ) ( )0 0 0 0 0cos sin cos sin , 1,2,3,..., .k k k k k k kz a b x y k Nq q a q a q= + + - - - =  

Also the surfaces of inclusions cause a discontinuity stress unknown jumping 

which denomination 

 ( ) ( ) ()1, 0 , 0 , , 1,2,..., .
k kzy k zy k k k k k kx x x d x d k Nt t c+ - - = - < < =  (4) 

In equality (3) consists of 
kc -unknown displacement of inclusions. They are de-

termined from the equations of motion of inclusions 

 ( )2

1 , 1,2,...
k

k

d

k k k k k

d

m c x dx k Nw c
-

= =ñ  (5) 
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where 
km -mass of k -th inclusion. 

For the solution of the problem for each inclusion discontinuous solutions of 

equation (2) [1], [2] from jumping (4) are built 

 1
2

( )
( , ) ( , ) , 1,2,..., .

l

l

d

d l
l l l l l

d

W x y r x y d l N
G

c h
h h

-

= - =ñ  (6) 

Displacement of the scattered wave field in the coordinate system Oxyis repre-

sented in the form of 

 ( ) ( )
1

, , ,
N

g

l

l

W x y W x y
=

=ä  (7) 

Where ( , )g

lW x y  are obtained from (6) as a result of the coordinate transfor-

mation. For determination of the unknown jumps 
1 ( )l lxc from the conditions (3) the 

system of integral equations must be obtained. That the received system has received 

singularity Cauchy type, (3) is replaced by the equivalent equalities 

 ( ,0) ( ,0), ( ,0) ( ,0), 1,2,..., .
q

qk k
k k k k k k k

k k

W W
x x W d c W d k N

x x

µ µ
=- - = - - =

µ µ
 (8) 

After transformations of coordinates in the (7) and substitution to (8) the next 

system of singular integral equations with additional conditions is obtained: 

 

 

()

()[ ]

0 0

0

1 1

( )

0 0 0

11 1

1 1

( 1)

0 0

1,1 1

1 1 1
( ) ( ) ( , ) cos( ) ,

2 2

ln(1 ) ( 1) ( ) ( ) ,
2 2

k

k

N
i r

k k l kl k

l
l k

N
i rk l

k k l lk k

l
l k

F d R d i A e

D d D d c A e

k V

k

j t t V t j t t V t k a q
p t V p

g g
j t t t t j t t t

p p

=- -
¸

-

=- -
¸

å õ
- + - + =- -æ ö
-ç ÷

+ + + + = -

äñ ñ

äñ ñ

 (9) 

()
1

0 2

10 0

1
1,2,.., .

2
k k

k k k

c d k N
h

j t t
g k r-

=- , =ñ  

In this system, introduced the notation 

 

( ) ( ) , 1,2,..., ; , ,l l l l k k k kd G k N d x d d dj t c t h t V g= = = = =  

( )0 2 1 2 0 0, max , , , , , , .k k k
N k k k

k

c h
d d d d d c h

d d

r
k k r

r
= = = = = 

where ,k kh r are the thickness and density of the material of k -th inclusion.  

The system of integral equations (9) can be solved approximately using the by 

the mechanical quadrature method [3], as in [4], [5]. But the immediate use of this 

method requires solving a system of linear algebraic equations, which is proportional 

to the number of inclusions N . Therefore, the iterative method for solving the system 

(9) is proposed for elimination of this problem. For this, the zero approximation is so-

lutions of N  separate equations for single inclusion. Then an iterative process contin-

ues by solving the next equations at every step 
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Solution of integral equations (10) is based on the representation of unknown 

functions in the form 

 ()()
()()

2
, 1,2, , , 1,2,...;

1

i

i k

k k N i
y t

j t
t

= = =
-

 (11) 

The formula (11) provides an opportunity to numerically solve equations (10) 

method of mechanical quadratures [3]. As a result, equations (10) are reduced to the 

solution of systems of linear algebraic equations sequence that differ only in the right 

sides of. As it is known [6] stresses in the body around the thin rigid inclusions are 

described stress intensity factorslK° near its ends 
l lx d=°. After solving the system 

(10) their approximate value by results of the i -th iteration are calculated on formulas 

 ()( )1 , 1,2, ,
2

il
l l

l l

K
k l N

G d
y

°
°= = ° =  (12) 

One of the main purposes of the numerical analysis was to study practical con-

vergence of iterative method is proposed. This was a system with three inclusions of 

the same length 2d  is considered, Inclusion are placed at the sides of the proper tri-

angle with sides long 4d  , as shown in Fig.2 The thickness and density of the inclu-

sions here are considered to be the same:0 00.05, 1.k kh r= = It was assumed that plane 

wave of longitudinal shear, propagating along the positive direction of the axis inter-

acts with inclusions ( )00 90y q= . The Fig.3 shows the dependency graphs of absolute 

value of the dimensionless SIF 1 1 1k k k- += =  for first inclusion of the dimensionless 

wave number
0 2dk k= .  

  

Fig. 2 Fig.3 
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Curve 1 corresponds to the values SIF obtained as a result of the immediate solution 

of the system of integral equations (14) mechanical quadrature methods. Curves 2 

and 4 show the value of the SIF is obtained by the formula (18) as a result of the im-

plementation of the specified number of iterations. We can see that after 4 iterations 

the results are obtained by different methods almost do not differ. The continuation of 

the iterative process lids to the complete coincidence of the results. 

Conclusions. Effective iterative method of solving the problem by definition 

stress condition and diffraction fields in body with arbitrary system of thin rigid in-

clusions at the interaction with the longitudinal shear waves is proposed. This method 

can be used for systems of inclusions with implicate geometry and sufficiently tightly 

placed inclusions. Numerical investigation has determined that the configuration of a 

system of inclusions, their size and relative locating substantially influence the value 

of the SIF.  
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ɼɺɸ ʄɯɾʌɸɿʅɯ ɼɽʌɽʂʊʀ ɺ ɸʅɯɿʆʊʈʆʇʅɯʁ ʇʃʆʑʀʅɯ 

 
ʂ. ʄ. ɸʨʭʠʧʝʥʢʦ, ʢ. ʬ.-ʤ. ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
 ɸʥʦʪʘʮʽʷ: ɺ ʥʝʦʜʥʦʨʽʜʥʽʡ ʘʥʽʟʦʪʨʦʧʥʽʡ ʧʣʦʱʠʥʽ ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʽʞʬʘʟ-

ʥʠʤʠ ʪʨʽʱʠʥʦʶ ʪʘ ʚʢʣʶʯʝʥʥʷʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʟʯʝʧʣʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʽʚ ʟʘʜʘʯʘ ʙʫʣʘ ʟʚʝʜʝʥʘ ʜʦ ʩʠʩʪʝʤʠ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʙʫʣʦ ʜʦʩʣʽ-

ʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʝʬʝʢʪʘʤʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʥʠʭ, ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʜʝʬʝʢʪʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʦʜʥʦʨʽʜʥʘ ʘʥʽʟʦʪʨʦʧʥʘ ʧʣʦʱʠʥʘ, ʤʽʞʬʘʟʥʽ ʪʨʽʱʠʥʘ ʪʘ ʚʢʣʶʯʝʥʥʷ, ʩʠʩʪʝʤʠ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. 
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TWO INTERFACE DEFECTS IN ANISOTROPIC PLANE  
 

K. Arkhypenko , PhD 

National University çOdessa Maritime Academyè 
 

Abstract: In the inhomogeneous anisotropic plane the problem about interaction between interphase 

crack and inclusion, which is in the conditions of full cohesion, was considered. Using the method of singu-

lar integral relations for interphase defects, the problem was reduced to the system of singular integral 

equations, and the method for its solution is proposed. As a result, the effect of the distance between defects, 

the loading applied to them and the properties of anisotropic materials on the features of the stress fields in 

the neighborhood of defects was investigated. 

        Key-words: inhomogeneous anisotropic plane, interphase crack and inclusion, systems of singular 

integral equations, stresses, stress intensity factor. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʫʪʦ ʥʝʦʜʥʦʨʽʜʥʫ ʘʥʽʟʦʪʨʦʧʥʫ ʧʣʦʱʠʥʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʧ̔ ʚʧʣʦʱʠʥ. ʃʽʥʽʻ ʁʟôʻʜʥʘʥʥʷ ʮʠʭ ʧʽʚʧ-

ʣʦʱʠʥ ʻ ʚʽʩʴ Oy, ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʝʥʽ ʪʨʽʱʠʥʘ 1 :{ 0, [ ; ]}L x y a b= Í  ʪʘ ʘʙʩʦʣʶʪʥʦ 

ʞʦʨʩʪʢʝ ʪʦʥʢʝ ʚʢʣʶʯʝʥʥʷ 2 :{ 0, [ ; ]}L x y ʩ d= Í , ( )a b c d< < <, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʟ ʘʥʽʟʦʪʨʦʧʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʅʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ 

ʧʨʠʢʣʘʜʝʥʦ ʩʠʣʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ( 0, ) ( )x y ys ° =s, ( 0, ) ( )xy y yt ° =t, 

[ ; ]y a bÍ  ʥʘ ʙʝʨʝʛʘʭ ʪʨʽʱʠʥʠ. ɺʽʜʦʤʽ ʬʦʨʤʠ ʙʝʨʝʛʽʚ ʚʢʣʶʯʝʥʥʷ ( ) ( 0, )u y u y°

* = ° , 

2y LÍ , ʽ ʜʦ ʚʢʣʶʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʦ ʜʦʚʽʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʝ-

ʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ 1 2P ( , )P P=  ʽ ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ 0P  ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʚʢʣʶʯʝʥʥʷ. 

ɼʣʷ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʜʦ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʉɯʈ) 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [1,2]. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʝ ʤʘʪʨʠʯʥʝ ʉɯʈ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʞʝʥʴ 

( ), 1,2jH y j- =  ʪʘ ʧʦʭʽʜʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ( ), 3,4jH y j- =  

()( ) ( ) ( ) ( ) ( ) ( )

1 2B t ( ) C [t ] C [t ] p ( ), 1,2.
jj j j j j j

jy y y L j*Ö + ÖG + ÖG = Í = (1) 

() ()1 23 1

4 2

( ) ( )1 ( )
[ ] , t ( ) , t ( ) ,

( ) ( )
j

j

L

H y H yf t dt
f y y

t y H y H y

- -

- -

å õ å õ
G = = =æ ö æ ö

p - ç ÷ ç ÷
ñ  

() () () ()1 2 1 2 544

544

( ) 0 00
p ( ) 2 ,p ( ) 2 ,B ,B ,

( ) ( ) 00

y rr
y l y l

y g y rr

--

+ --

å õs å õå õ å õ
= = = =æ öæ öæ ö æ ö

t d+ --ç ÷ ç ÷ç ÷ ç ÷
 

() () () ()1 1 2 21 2 14 24 15 25 14 24

3 1 34 14 35 15 34 14

C ,C ,C ,C ,
r r r r r r r r

r r r r r r r r

+ + + + + + + +

* *+ + + + + + + +

å õ å õ å õ å õ- - - -
= = = =æ ö æ ö æ ö æ ö

- - - - - -ç ÷ ç ÷ ç ÷ ç ÷
 

ʜʝ 2 2

2 3 1 42 ( ) ( )l r r r r+ + + -= - -  ʽ ,j ijr r° ° ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʥʽʟʦʪʨʦʧ-

ʥʠʭ ʧʽʚʧʣʦʱʠʥ [1], 2 ( ) ( ( ) ( ))yg y u y u y+ + -

* *
¡= + , d ï ʥʝʚʽʜʦʤʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʚʢʣʶʯʝʥʥʷ. ʇʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʟʘʚʝʨʰʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ 

()() ()() ()1 2

1 0t 0, t P,

b d d

a c c

y dy y dy H y ydy P-= = =ñ ñ ñ . (2) 
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2. ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʉɯʈ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʽʜ ʨʦʙʽʪ [1,2], ʤʘʪʨʠʯʥʝ 

ʉɯʈ (1) ʨʦʟʚôʷʟʘʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
()( ) ( ) ( ) (3 ) ( ) ( )

3J Ű ( ) [Ű ] V [Ű ] U p ( ), , 1,2
jj j j j j j

j j jy y y L j-

-Ö +G + ÖG = Ö Í =, (3) 

() () () ( )3( ) ( ) 1 ( ) ( ) ( ) ( ) 1Ű ( ) (S ) t ( ),U (C S ) ,V U C S
j j j jj j j j j jy y

-- -

*= Ö = Ö = Ö Ö, 

() () () 2 11 22 2 25 25

21 01 1 01 15 02 15 02

0
S ,S ,J ,

0

jj

j

r r r r

r i r i r i r i

+ + + +
-

+ + + +

lå õ å õå õ- -
= = =æ ö æ öæ ö

l- l + l - l + lç ÷ç ÷ ç ÷
 

( )
1 1 2

4 1 01 01 4 1 1 2 3 11 , 1,2, sgn( ) , ( ) ,
j

j ir d j r d d r r r
+ - - - + + +l = - l = l = Ö = Ö - 

( ) ( )
21 1

54 2 02 02 54 2 2 25 35 151 , 3,4, sgn( ) ,
j

j ir d j r d d r r r
+ - - - + + +l = - l = l = = Ö -. 

ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʽʚ ʤʘʪʨʠʯʥʦʛʦ ʉɯʈ (3) ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ 

ʥʘ ʢʽʥʮʷʭ ʪʨʽʱʠʥʠ ʪʘ ʚʢʣʶʯʝʥʥʷ ʤʘʶʪʴ ʢʦʨʝʥʝʚʫ ʦʩʦʙʣʠʚʽʩʪʴ ʧʽʜʩʠʣʝʥʫ ʦʩʮʠ-

ʣʷʮʽʻʶ. ʆʩʪʘʥʥʻ ʜʦʟʚʦʣʷʻ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʢʠ (3) ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʟ ʧʦʣʽʥʦʤʽʚ ʗʢʦ-

ʙ ̔
,

( )j j

nP
g g
x: 

1

0

1

( ) ( ) ( ) ( ), 1, 1,4,
2 2

j

j j jn n j j

n

b a b a
q Q q j

¤
g -

=

- +
T x =t x+ = Ö x + Öw x x ¢ =ä  (4) 

()( )( ) () ()( )( )
, 11 1 , 1 1 , 1,2j j j jj j j

n n jQ P j
g g g gg g g -x = -x +x x w x = -x +x =. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ kmq  ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʦʨʪʦʛʦ-

ʥʘʣʴʥʠʭ ʤʥʦʛʦʯʣʝʥʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʝʩʢʽʥʯʝʥʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯ-

ʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ ʦʩʪʘʥʥʴʦʾ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʨʝʜʫʢʮʽʾ [4], ʽ ʜʦʚʝʜʝʥʘ ʝʢʩ-

ʧʦʥʝʥʮʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʦ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ kmq  ʨʦʟʚʠʥʝʥʥʷ (4) ʽ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫ-

ʣʫ ʜʣʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʢʣʶʯʝʥʥʷ d: 

()

( )
()

()

1
22 2
2 2 3 002

31 1 0 302 2
1 112 12

1 41

8 2

j

j jn n

j n

q A v q J F
l u l u

-
¤

= =

+ a å õ-a
d= - +æ ö

Ö pÖç ÷
ä ä . (5) 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ (4) ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʠ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦ-

ʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʥʷ (ʋʂɯʅ) ʫ ʚʝʨʰʠʥʘʭ ʪʨʽʱʠʥʠ ʪʘ ʚʢʣʶʯʝʥ-

ʥʷ: 

() ()( )
2

1 11 01

1 11 2 21 1

1

2
T

b a
K r S r S

l

° + + °- -a
= - + S, (6) 
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1
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K r S r S K r S r S

l l

° + + ° ° + + °- -a -
= - S = Ö + Ö S, 
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1
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34 11 14 21 3 3 02 2

2
, 1

2
I

d c P
K r S r S

l d c

° + + ° ° °-
= Ö + Ö S S = -a S °

p -
. 

ʜʝ j
TK ° ï ʋʂɯʅ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ (1j =) ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (2j= ) ʫ ʚʝʨʠh-

ʥʘʭ ʪʨʽʱʠʥʠ a  ʽ b ʚʽʜʧʦʚʽʜʥʦ, ʽ j

IK ° ï ʋʂɯʅ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ (1j =) ʽ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ( 2j= ) ʫ ʚʝʨʰʠʥʘʭ ʚʢʣʶʯʝʥʥʷ c  ʽ d  ʚʽʜʧʦʚʽʜʥʦ. 
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3. ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ. ʇʨʠ ʯʠʩʣʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʘ ʨʦʟʛ-

ʣʷʥʫʪʘ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʘ ʘʥʽʟʦʪʨʦʧʥʘ ʧʣʦʱʠʥʘ, ʱʦ ʩʢʣʘʜʘʣʘʩʴ ʟ ʢʦʤʙʽʥʘʮʽʾ ʪʘ-

ʢʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3]: ʩʢʣʦʧʣʘʩʪʠʢ ʥʘʤʦʪʫʚʘʣʴʥʠʡ ʦʜʥʦʩʧʨʷʤʦʚʘʥʠʡ 

(ʤʘʪʝʨʽʘʣ 1m ), ʩʢʣʦʧʣʘʩʪʠʢ ʦʨʪʦʛʦʥʘʣʴʥʦ-ʘʨʤʦʚʘʥʠʡ (ʤʘʪʝʨʽʘʣ 2m ), ʩʢʣʦʧʣʘʩ-

ʪʠʢ ʉʊɽʊ (ʤʘʪʝʨʽʘʣ 3m ), ʩʢʣʦʚʦʣʦʢʥʦ ACTT (ʤʘʪʝʨʽʘʣ 4m ). ʅʘ ʢʦʞʥʦʤʫ ʨʠʩʫ-

ʥʢʫ ʢʨʠʚʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʠʥʽ, ʩʢʣʘʜʝʥʦʾ ʟ ʤʘʪʝʨʽʘʣʽʚ 1m  ( 0x< ) ʽ 2m  ( 0x> ), 

ʢʨʠʚʘ 2 ï ʧʣʦʱʠʥʽ, ʩʢʣʘʜʝʥʦʾ ʟ ʤʘʪʝʨʽʘʣʽʚ 4m  ( 0x< ) ʽ 3m  ( 0x> ), ʢʨʠʚʘ 3 ï 

ʧʣʦʱʠʥʽ, ʩʢʣʘʜʝʥʦʾ ʟ ʤʘʪʝʨʽʘʣʽʚ 2m  ( 0x< ) ʽ 4m  ( 0x> ). ʇʦʣʷ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ 

ʪʨʽʱʠʥʠ ʪʘ ʚʢʣʶʯʝʥʥʷ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʠʤʠ ʜʝʬʝʢʪʘʤʠ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʋʂɯʅ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʜʝʬʝʢʪʘʤʠ ʫ ʥʠʞʥ̔ʡ (1a) ʪʘ ʚʝʨʭʥʽʡ (1b) ʚʝʨʰʠʥʘʭ ʪʨʽʱʠʥʠ, ʢʦʣʠ 

() ()1,P 0, 0y ys =- = t = ʽ 0 0P = . 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ʈʠʩʫʥʦʢ 2 
 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʨʠʩʫʥʢʘ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʣʠ ʜʝʬʝʢʪʠ ʥʘ-

ʙʣʠʞʘʶʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʋʂɯʅ ʟʤʝʥʰʫʻʪʴʩʷ ʜʣʷ ʪʨʽʱʠʥʠ, ʪʘ ʟʤʝʥʰʝʥʥʷ ʙʽ-

ʣʴʰʝ ʫ ʚʝʨʰʠʥʠ, ʙʣʠʞʯʦʾ ʜʦ ʚʢʣʶʯʝʥʥʷ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷ, ʋʂɯʅ, ʥʘ-

ʚʧʘʢʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʙʣʠʞʝʥʥʽ ʜʝʬʝʢʪʽʚ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʽʣʴʰʝ ʜʣʷ ʚʝʨʰʠ-

ʥʠ, ʙʣʠʞʯʦ ʾʜʦ ʪʨʽʱʠʥʠ. ʗʢʱʦ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʥʘʭʦʜʠʪʴʩʷ ʣʠʰʝ ʚʢʣʶʯʝʥ-

ʥʷ, ʪʦ ʧʦʚʝʜʽʥʢʘ ʋʂɯʅ ʟʦʚʩʽʤ ʧʨʦʪʠʣʝʞʥʘ, ʪʦʙʪʦ ʋʂɯʅ ʜʣʷ ʪʨʽʱʠʥʠ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ, ʘ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʣʠʚ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʣʷ ʥʘ-

ʧʨʫʞʝʥʴ ʩʪʘʻ ʟʥʘʯʥʠʤ, ʢʦʣʠ . 

ʂʦʥʪʘʢʪʥʽ ʟʦʥʠ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʜʣʷ ʨʽʟʥʠʭ ʥʘʚʘʥ-

ʪʘʞʝʥʴ ʦʙʦʭ ʜʝʬʝʢʪʽʚ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʙʫʜʴ-ʷʢʝ ʜʦʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢ ʥʘ 

ʪʨʽʱʠʥʫ, ʪʘʢ ʽ ʥʘ ʚʢʣʶʯʝʥʥʷ ʚʠʢʣʠʢʘʻ ʢʦʥʪʘʢʪ ʙʝʨʝʛʽʚ ʚ ʦʙʦʭ ʚʝʨʰʠʥʘʭ ʪʨʽʱʠ-

ʥʠ, ʘʣʝ ʦʜʥʘ ʟ ʮʠʭ ʟʦʥ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʟʘ ʽʥʰʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʤʦʞʥʘ ʚʚʘ-

ʞʘʪʠ, ʱʦ ʥʘ ʪʨʽʱʠʥʽ ʚʠʥʠʢʘʻ ʣʠʰʝ ʦʜʥʘ ʢʦʥʪʘʢʪʥʘ ʟʦʥʘ. ʂʦʣʠ ʪʨʽʱʠʥʘ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʧʽʜ ʧʦʩʪʽʡʥʠʤ ʥʦʨʤʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʜʦʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʝʥʰʝ, ʥʽʞ ʥʦʨʤʘʣʴʥʝ, ʪʘ ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʥʘ ʚʢʣʶʯʝʥʥ ̔ʤʝʥʰʘ, ʥʽʞ ʥʦʨʤʘʣʴ-

ʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʮʽ ʩʠʣʠ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ, ʪʦʜ ̔ʦʙʠʜʚʽ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʥʘ-

ʩʪ̔ʣʴʢʠ ʤʘʣʽ, ʾʭ ʨʦʟʤʽʨʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʦʤ ʪʨʽʱʠʥʠ. ʈʦ-

ʟʤʽʨʠ ʢʦʥʪʘʢʪʥʠʭ ʟʦʥ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʨʦʟʤʽʨʦʤ ʪʨʽʱʠʥʠ ʣʠʰʝ, ʢʦʣʠ ʪʨʽʱʠʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʦʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘʙʦ ʢʦʣʠ ʚʦʥʦ ʙʽʣʴʰʝ ʥʦʨʤʘʣʴʥʦʛʦ 


