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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. 
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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: 



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 

                                                                                                                                                           

24  www.femire.onma.edu.ua 

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. 
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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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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. 


