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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 ʜʠʨʝʢʪʦʨ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʘʚʪʦʤʘʪʠʢʠ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ;   

ʆʞʝʥʢʦ ɭ.ʄ. ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ;  

ʊʦʨʩʴʢʠʡ ɺ. ɻ. ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ  ʤʦʨʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ;   

ɻʦʣʦʙʦʨʦʜʴʢʦ ʆ.ɯ. ï ʥʘʯʘʣʴʥʠʢ ɺʊɿʅ. 

                    

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʩʝʢʨʝʪʘʨ: 

ɻʣʘʟʻʚʘ ʆ.ɺ. ï ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ.    

 

        

 

ʋ  ʟʙʽʨʥʠʢʫ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʨʦʟʤʽʱʝʥʦ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè, ʱʦ ʚʽʜʙʫʣʘʩʴ 24-25 ʣʠʩʪʦʧʘʜʘ 

2020 ʨʦʢʫ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè.  

ʊʝʤʘʪʠʢʘ ʢʦʥʬʝʨʝʥʮʽʾ ʦʭʦʧʣʶʻ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʥʘʧʨʷʤʢʠ: ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʩʫ-

ʜʥʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʝʥ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ 

ʷʚʠʱ ʚ  ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʪʘ ʨʘʜʽʦʪʝʭʥʽʮʽ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʩʫʜʥʦʚʠʭ ʪʝʭ-

ʥʯ̔ʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʚʽʪʥʽ ʪʘ ʧʨʦʬʝʩʽʡʥʽ ʩʪʘʥʜʘʨʪʠ. 
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ʘʚʪʦʤʘʪʠʢʘè, 24.11.2020 - 25.11.2020. ï ʆʜʝʩʘ: ʅʋ çʆʄɸè, 2020. ï 243 ʩ. 
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Budashko V., Vlasov V., Kosmas Zdrozis, Basil Shafiq 
 

85 
Design of power plants, propulsion complexes and control systems for ships of 
the futureééééééééééééééééééééééééééé. 
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ʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾéééééééééééééééééééééé... 
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ʄʠʭʘʡʣʦʚ ʉ.ɸ., ʂʦʥʦʥʝʥʢʦ ɸ.ʉ. 
186 ɸʥʘʣʠʟ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢéééé 

 

ʄʠʭʘʡʣʦʚ ʉ.ɸ., ʍʘʨʯʝʥʢʦ ʈ.ʖ.  
 

191 
ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ ʩʫʜʥʦ-

ʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʨʝʞ éééééééééééééééééééé 
 
 

ʉʝʢʮʽʷ 9. ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʉʋɼʅʆɺʀʍ ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ 
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ʤʘʩʰʪʘʙʫ ʚʨʝʤʝʥʠééééééééééééééééééééééé. 

 

ʄʠʨʛʦʨʦʜ ɺ.ʌ.,  ɻʚʦʟʜʝʚʘ ɯ.ʄ., ʂʦʚʪʫʥ ɸ.ɯ.  
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ʣʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʥʦʢ ʽʟ ʜʨʦʙʦʚʠʤ ʧʦʢʘʞʯʠʢʦʤ ʽʥʪʝ-
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ɻʦʨʙ ʉ.ʀ., ɹʫʜʫʨʦʚ ʅ.ʀ. 
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Mikhailov S. A., Kharchenko R. Yu.  
217 Intelligent climate management in vessels éééééééééééééé 
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ʪʦʚʢʠ ʜʠʩʧʝʪʯʝʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤéééééééééé.. 
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ʂʆʈʆʊʂʆɻʆ ɿɸʄʀʂɸʅʅʗ 

 
ɺ.ʉ. ʃʫʢʦʚʮʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɻ. ɯ. ɹʘʥʜʫʨʦʚ, ʤʘʛʠʩʪʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè 

 

ɸʥʦʪʘʮʽʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ ʷʢʠʡ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘ-

ʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʚʘʞʢʠʭ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʚ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘʢ ʷʢ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʟ ʤʦʞʣʠʚʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ 

ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʽ ʧʦʨʫʰʝʥʥʷʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  

ʄʝʪʦʜ ʣʽʢʚʽʜʘʮʽʾ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʝʥʝʨʛʦʩʠ-

ʩʪʝʤʠ ʽ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʘʩʠʥʭʨʦʥʥʠʛʦ ʨʝʞʠʤʫ. ʆʜʥʠʤ ʟ 

ʷʢʠʭ ʻ ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ ʚ ʤʝʨʝʞʽ.  

ʋ ʨʘʟʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ, ʱʦʙ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ ʤʠʪʪʻʚʝ ʚʽʜʢʣʶʯʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʰʠʥ ʛʦʣʦʚʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʱʠʪʘ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜ ʣʽʢʚʽʜʘʮʽ ʾʘʩʠʥʭʨʦʥʥʦʛʦ 

ʨʝʞʠʤʫ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɸʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ (ɸʈ), ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ (ʂɿ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʛʘʣʴ-

ʤʫʚʘʥʥʷ (ɽʄʊ) ʩʪʨʫʤʦʚʦʛʦ ʟʦʥʘ ʛʘʣʴʤʫʚʘʥʥʷ (ʉɿɻ) ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ (ɼɻ). 

 
DETECTION AND ELIMINATION OF SYNCHRONOUS MODE AFTER EXTERNAL 

SHORT CIRCUIT  
 

V. Lukovtsev,  Associate Professor, PhD 

H. Bandurov,  Master Student      

 

Abstract. In this scientific robot, the asynchronous mode which today remains one of the most severe 

emergency modes in ship power systems as it is associated with loss of stability of parallel operation of the 

power plant, with possible damage to power system elements and power outages. 

The method of eliminating the asynchronous mode largely depends on the design of the power system 

and synchronous generators, as well as on the cause of the asynchronous mode. One of which is a short cir-

cuit in the network. 

In the case of asynchronous mode of the diesel generator, in order not to instantly disconnect the 

generator from the tires of the main switchboard, the method of eliminating the asynchronous mode by elec-

tromagnetic braking is considered. 

Key words. Asynchronous mode (AR), short circuit (SC) electromagnetic braking (EMB), current 

braking zone (ʉɺZ) diesel generator (DG). 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇ̔ ʩʣʷ ʫʩʫʥʝʥʥʷ ʂɿ ʚ ʤʝʨʝʞʽ ʟ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʤʠ ɼɻ, ʧʽʩʣʷ ʟʥʠ-

ʞʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷʽ ̔ ʢʫʪʦʚʠʡ ʰʚʠʜʢʽʩʪʶ ʨʦʪʦʨʘ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʚ ɸʈ. 

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʫʩʫʥʫʪʠ ɸʈ ʤʽʞ ʧʘʨʘʣʝʣʴʥʠʤʠ ʜʽʶʯʠʭ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘ-

ʪʦʨʽʚ ʧʽʩʣʷ ʂɿ hʣʷʭʦʤ ʪʦʨʤʦʞʝʥʥʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ (ɼɻɸ).  

ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʪʠ ʫʛʦʣ ʚʠʙʽʛʫ ʨʦʪʦʨʘ ɗ ʪʘ ʡʦʛʦ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ. ʋ ʩʪʘʙʽʣʴʥʦʤʫ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ ʫʛʦʣ ɗ ʣʝʞʠʪʴ ʫ ʤʝʞ ʚʽʜ 0Á ʜʦ 

90Á. ʋ ʨʘʟʽ ʚʠʙʽʛʫ ʨʦʪʦʨʘ ʟʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞi ʟ ʤʝʪʦʶ ʧʦʩʠʣʝʥʥʷ ʩʠʥʭʨʦʥʽʟʫʶʯʦ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʛʦ ʤʦʤʝʥʪʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʚ ʤʝʞʘʭ ʚʽʜ 90Á ʜʦ 180Á (ʚʽʜʧʦʚʽʜʥʦ ʫʛʣʦʚʦʾ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʉɻ), ʟʤʝʥʰʝʥʥʷ ʫʛʣʦʚʦʾ ʰʚʠʜʢʦʩʪ ̔ʨʦʪʦʨʘ. 

ɺ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʦʨʛʘʥʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʝʣʝ ʦʧʦʨʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʽʥʜʫʢʮʽʡʥʦʾ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʦʩʥʦʚʽ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʨʽʟʥʠʭ ʚʠʢʦʥʘʥʴ ʨʝʣʝ ʧʦʣʷʛʘʻ ʚ ʩʧʦʩʦʙʽ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʧʨʦ ʩʪʨʫʤʽ ʽ ʥʘʧʨʫʟʽ. 

ʇʦʚʝʜʽʥʢʘ ʨʝʣʝ ʦʧʦʨʫ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

, ʜʝ - ʢʫʪ ʤʽʞ ʩʪʨʫʤʦʤ ʽ ʥʘʧʨʫʛʦʶ, ʱʦ ʧʽʜʚʦʜʷʪʴʩʷ ʜʦ ʨʝʣʝ. ʆʧʽʨ 

z ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʢʪʠʚʥʦʛʦ r ʽ ʨʝʘʢʪʠʚʥʦʛʦ x ʦʧʦʨʽʚ: z= r+jx ʘʙʦ, ,  

ʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʣʝ ʦʧʦʨʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚ ʧʣʦʱʠʥʽ z, ʚʽʜʢʣʘʜʘʶʯʠ r ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ, ʘ x - ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʦʨʛʘʥʽʚ ʜʠʩʪʘʥʮʽʡʥʠʭʟ ʘʭʠʩʪʽʚ ʧʦʚʠʥʥʽ ʙʫ-

ʪʠ ʥʘʜʽʡʥʦ ʚʽʜʙʫʜʦʚʘʥʽ ʚʽʜ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʝʞʠʤʽʚ, ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʦʧʦ-

ʨʫ ʜʫʛʠ. 

ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦʨʫʰʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʘ 

ʨʦʙʦʪʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʚʠʥʠʢʘʻ ɸʈ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷʧ ʝʨʽʦʜʠʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ (ʈʠʩ.1). ɺ ʮʠʭ ʫʤʦʚʘʭ ʨʝʣʝ ʦʧʦʨʫ ʤʦʞʝ ʟʘʤʽʨʷʪʠ ʦʧʽʨ 

ʤʝʥʰʝ ʫʩʪʘʚʢʠ ʽ ʧʦʤʠʣʢʦʚʦ ʩʧʨʘʮʶʚʘʪʠ. 

 
ʈʠʩʫʥʦʢ 1- ʉʭʝʤʘ ʨʦʙʦʪʠʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʧʨʠʡʤʘʣʴʥʶʝʥʝʨʛʦʩʠʩʪʝʤʫ: 

- ʩʪʨʫʤ ʚ ʣʽʥʽʾ;  - ʦʧʽʨ ʛʝʥʝʨʘʪʦʨʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ;  -ʦʧʽʨʣʽʥʽʾʟʚ'ʷʟʢʫ;  - ʦʧʽʨ ʩʠ-

ʩʪʝʤʠ. :  - ʥʘʧʨʫʛʘ ʚ ʤʽʩʮʽʫʩʪʘʥʦʚʢʠ ʟʘʭʠʩʪʫ; - ʩʪʨʫʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ; - ʢʫʪ ʤʽʞ 

ʝ.ʨ.ʩ. ʛʝʥʝʨʘʪʦʨʘ ʽ ʩʠʩʪʝʤʠ. 

 

ɿʦʥʘ, ʦʙʤʝʞʝʥʘ ʢʦʣʦʤ, ʻ ʟʦʥʦʶ ʜʽʾ ʨʝʣʝ. ʆʧʽʨʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘʢʠʭ ʨʝʣʝ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ , ʪʦʤʫ ʾʭ ʥʘʟʠʚʘʶʪʴ ʨʝʣʝ ʧʦʚʥʦʛʦ ʦʧʦʨʫ. 

ʋʪʦʯʥʝʥʥʷ ʫʩʪʘʚʦʢ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ, ʷʢʱʦ ʟʘʬʽʢʩʦʚʘʥʦ 
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ʚʠʧʘʜʢʠ ʉɿɻ ʧʨʠ ʟʦʚʥʽʰʥʽʭ ʂɿ. ʋʪʦʯʥʝʥʥʷ ʫʩʪʘʚʦʢ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʦ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʝ: 

                                       
() a

w
w

tgI

I ɼʀʌ

K

MAXʅɹ
ʊʆʈʄ *

*5,1
3

.

¡¡
=                                        (1) 

ʜʝ: MAXʅɹI .  - ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ʥʝʙʘʣʘʥʩʫ,
KI - ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʬʘʟʽ ʧʨʠ 

ʂɿ  ʥʘ ʚʠʚʦʜʘʭ ʛʝʥʝʨʘʪʦʨʘ;ɼʀʌw - ʯʠʩʣʦ ʚʠʪʢʽʚ ʨʦʙʦʯʦʾ ʦʙʤʦʪʢʠ, atg  - ʪʘʥʛʝʥʩ 

ʢʫʪʘ ʥʘʭʠʣʫ, ʧʨʦʚʝʜʝʥʦʾ ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʛʘʣʴʤʽʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. 

ʅʘ ʨʠʩ.2. ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʡ ʟʘʭʠʩʪʫ ʛʘʣʴʤʫʚʘʥʥʷ ɼɻ ʧʨʠ ʂɿ. 

  

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʩʠʛʥʘʣʫ ʥʘ ʛʘʣʴʤʫʚʘʥʥʷ ʉɿɻ 

ɺʠʩʥʦʚʦʢ: ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʪʦ-

ʨʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʧʘʚʰʠʡ ʚ ɸʈ ʧʽʩʣʷ ʫʩʫʥʝʥʥʷ ʂɿ ʚ ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʰʪʘʪʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. 
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INVESTIGATION OF ASYNCHRONO US MODE AFTER LOSS OF EXCITATIO N 

 

V.Lukovtsev,Associate Professor, PhD 

H. Brynza, Master Student      

National University çOdesa Maritime Academyè 

 

Abstract: the articles describes the method that determine the loss of excicatation of diesel-

generator due to failure of automatic voltage regulator and suggests how to prevent work of  synchronous 

generator  in asynchronous mode after loss of excitation for some time till stand-by generator will start and 

take a power. 

  Key words:loss of excitation, synchronous generator, battery, protection. 

 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʩʫʜʥʘʭ ʤʦʨʩʴʢʦʛʦ ʬʣʦʪʫ  ʻ ʩʠʥʭ-

ʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ (ʉɻ). ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʥʭ-

ʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ, ʟʦʢʨʝʤʘ, ʢʦʣʠ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ, ʻ ʦʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʯʘʩʥʠʭ  

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʩʠʩʪʝʤ[1].  

ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ  ʫ ʨʦʙʦʪʽ ʻ ʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ  ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ  ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʨʠ ʚʪʨʘʪʽ ʟʙʫʜʞʝʥʥʷ ʽʟ-ʟʘ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ɸʈʅ ʦʜʥʦʛʦ ʟ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. 

ʇʨʦʧʦʥʫʻʤʦ, ʱʦ ʜʣʷ ʫʩʫʥʝʥʥʷ  ʘʩʠʥʭʨʦʥʥʦʛʦ ʨʝʞʠʤʫ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʣʶʯʠʪʠ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ ʜʦ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʪʘ ʢʦʤʧʝ-

ʥʩʫʚʘʪʠ ʮʠʤ ʨʦʙʦʪʫ ɸʈʅ ʥʘ  ʯʘʩ ʜʦʢʠ ʨʝʟʝʨʚʥʠʡ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨ ʟʘʧʫʩʪʠʪʴʩʷ 

ʪʘ ʚʽʟʴʤʝʪʴʩʷ ʥʘ ʰʠʥʠ ɻʈʑ.   

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʉɻ  ʚ ʘʩʠʥʭʨʦʥ-

ʥʦʤʫ ʨʝʞʠʤʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʩʪʝʥʜʽ   ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʩʫʜʝʥ ʅʋ çʆʄɸè.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ, ʱʦ  ʚʠʟʥʘʯʘʻ  ʚʪʨʘʪʠ ʟʙʫʜʞʝʥʥʷ ʛʝʥʝʨʘ-

ʪʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝ-

ʥʝʨʘʪʦʨʘ (P-Q). 

ɺʠʨʦʙʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʦʙʤʝʞʝʥʦ ʤʦʞ-

ʣʠʚʽʩʪʶ ʛʝʥʝʨʘʪʦʨʘ, ʤʝʞʘʤʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʞʘʤʠ ʥʝʜʦʟʙʫʜʞʝʥʥʷ.[1] 

ɯʥʪʝʨʚʘʣ ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʭʠʩʪʫ  ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʨʠʚʦʾ ʧʦʪʫʞ-
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ʥʦʩʪʽ ʪʘ ʽʟ ʤʝʞʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ(ʄʉʉ). ʊʦʤʫ ʤʝʞʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʦʙʤʝʞʠʪʴ ʝʣʝʤʝʥʪ ʚʪʨʘʪʠ ʟʙʫʜʞʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʙʫ-

ʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʫʩʝʨʝʜʠʥʽ ʢʨʠʚʦʾ ʄʉʉ.[2] 

ʂʦʣʠ ʚʠʭʽʜʥʘ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ ʥʝʜʦʟʙʫʜʞʝʥʥʫ ʤʝʞʫ , ʪʦ 

ʚʠʡʜʝ ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ.  ʂʦʣʠ ʨʦʙʦʯʘ ʪʦʯʢʘ ʧʦʪʨʘʧʣʷʻ ʫ ʟʦʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʭʠ-

ʩʥʠʡ ʝʣʝʤʝʥʪ ʚʪʨʘʪʠ ʟʙʫʜʞʝʥʥʷ ʩʧʨʘʮʶʻ ʪʘ ʨʝʣʝ ʂ1 ʦʪʨʠʤʫʻ  ʩʠʛʥʘʣ. 

  
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʘʭʠʩʪʫ ʚʽʜ ʚʪʨʘʪʠ  

ʟʙʫʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ (P-Q) 
ʈʠʩʫʥʦʢ  2 ï ʇʽʜʢʣʶʯʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ 

ʙʘʪʘʨʝʾ ʜʦ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ 

 

ʅʘ ʨʠʩʫʥʢʫ 1, ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʉɻ ʟ  ʜʦʜʘʪʢʦʚʠʤ ʧʨʠʩʪʨʦ-

ʻʤ. 

ʉʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ(ʉɻ), ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ, ʘʚ-

ʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ(ɸʈʅ), ʜʽʦʜʥʦʛʦ ʤʦʩʪʫ(ɼʄ), ʧʦʪʝʥʮʽʦʤʝʪʨʘ, 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, ʜʽʦʜʫ ʪʘ ʨʝʣʝ ʂ1. 

ʇʨʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʜʽʦʜʥʦʛʦ ʤʦʩʪʫ, ʦʙʨʠʚ ʣʘʥʮʶʛʘ ʞʠʚʣʝʥʥʷ, ʨʝʣʝ ʂ1  

ʦʪʨʠʤʫʻ ʩʠʛʥʘʣ ʚʽʜ ʝʣʝʤʝʥʪʘ ʚʪʨʘʪʠ ʟʙʫʜʞʝʥʥʷ  ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʢʣʶʯʝ ʢʦʥ-

ʪʘʢʪʠ  ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʟ ʜʽʦʜʥʦʛʦ ʤʦʩʪʫ ʥʘ  ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜʢʣʶʯʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʜʘʻ ʤʦʞʣʠ-

ʚʽʩʪʴ ʧʦʜʘʚʘʪʠ ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʩʪʨʫʤ , ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ 30%, ʜʦʢʠ ʟʘʧʫʩʪʠʪʴʩʷ ʨʝʟʝʨʚʥʠʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ, ʧʽʩʣʷ ʮʴʦʛʦ 

ʤʦʞʝʤʦ ʚʠʤʢʥʫʪʠ ʘʛʨʝʛʘʪ ʪʘ ʧʦʯʘʪʠ ʜʽʘʛʥʦʩʪʠʢʫ ʛʝʥʝʨʘʪʦʨʘ.  ʊʘʢʠʡ ʤʝʪʦʜ ʧʽʜ-

ʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʉɽɽʉ. 
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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 ʚʘʥ-

ʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʩʫʜʘʭ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʫ (ʦʩʦʙʣʠʚʦ 

ʙʘʣʢʝʨʽʚ) ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʘʥʥʷ.  

ʉʴʦʛʦʜʝʥʥʷ ʚ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʩʫʜʥʘ ʚʭʦʜʠʪʴ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʘʥʪʘʞʝʥʴ 

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

ʚʘʪʠ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʢʦʨʧʫʩʽ ʷʢ ʚ ʧʨʦʮʝʩʽ ʨʝʡʩʫ, ʪʘʢ ʽ ʚ ʧʨʦʮʝ-

ʩʽ ʚʠʢʦʥʘʥʥʷ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʟʘʩʪʝʨʝʞʝʥʥʷ (ʘʣʷʨʤʠ) ʧʨʦ ʧʨʠʙʣʠʞʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʜʦ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ [1]. 

ɿʛʽʜʥʦ ʜʦʢʫʤʝʥʪʘʤ ɯʄʆ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʜʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʘʩʪʫʧ-

ʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ (ʨʠʩʫʥʦʢ 1,ʘ): ʜʘʪʯʠʢʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʨʧʫʩʽ ʩʫʜʥʘ (ʧʘʣʫʙʽ); 

ʘʢʩʝʣʝʨʦʤʝʪʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ ʚ ʥʦʩʽ ʪʘ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʫʜʥʘ 
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ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ; ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʡ ʙʣʦʢ ʜʣʷ ʦʙʨʦʙ-

ʢʠ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʪʯʠʢʽʚ ʪʘ ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩ-

ʪʝʤʫ ʩʫʜʥʘ ʧʦ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʢʘʥʘʣʫ; ʧʨʠʩʪʨʽʡ ʟʙʝʨʽʛʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʊʨʘʜʠʮʽʡʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʻ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ, ʷʢʽ ʙʫ-

ʜʫʶʪʴ ʟʘ ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ. ʅʝʜʦʣʽʢʦʤ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʻ ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ ʧʘʨʘ-

ʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʧʝʨʰ ʟʘ ʚʩʝ ʪʝ-

ʤʧʝʨʘʪʫʨʠ.  

ʅʝʟʥʘʯʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʡʦʛʦ ʩʠʛ-

ʥʘʣʫ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʤʘʣʦʶ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʶ ʪʘʢʦʛʦ ʩʠʛʥʘ-

ʣʫ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʙ ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʚ 

ʽʥʰʠʡ ʪʠʧ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʘʻ ʙʽʣʴʰʫ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʪʚʦʨʶ-

ʚʘʯʽ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʯʘʩʪʦʪʫ [2]. ʊʘʢʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʩʠʥʭ-

ʨʦʥʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 6 ʪʠʧʫ AD7741, ʪʘ ʤʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 5, ʯʘʩʪʦʪʥʠʡ ʜʽʣʴʥʠʢ 7 ʪʘ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 8, ʢʦʞʥʠʡ ʟ 

ʷʢʠʭ ʚʧʣʠʚʘʻ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʣʽʩʪʴ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ (ʨʠʩʫʥʦʢ 

1,ʙ) [3].   

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʣʦʩʪʽ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ 

(ɹɸʏʇ) ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʣʽʩʪʴ ʡʦʛʦ ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʽʜʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè 

(ɹɸʏʇ) ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 700 ʉ) ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝ-

ʞʠʤʽ ʟ ʧʝʨʝʜʘʯʝʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦ ʽʥʪʝʨʬʝʡʩʫ USB ʚ ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʶʪʝʨ. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘ ʥʝʦʙʭʽʜʥʠʭ ʪʝʤ- 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʨʧʫʩʽ ʩʫʜʥʘ ʬʽʨʤʠ ñScimarô (ʘ) ʪʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʽʚ ʫ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ (ʙ): 

1 ï ʘʢʩʝʣʝʨʘʪʦʨ; 2 ï ʪʝʥʟʦʜʘʪʯʠʢʠ; 3 ï ʜʘʪʯʠʢʠ ʪʠʩʢʫ ʚʦʜʠ; 4 - ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʭʦʜʦʚʦʛʦ 

ʤʦʩʪʠʢʘ; 5 ï ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 6 ï ʩʠʥʭʨʦʥʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ AD7741;  

7 ï ʜʚʽʡʢʦʚʠʡ ʜʽʣʴʥʠʢ ʯʘʩʪʦʪʠ;  8 ï ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ; 9 ï ʧʘʨʘʣʝʣʴʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ;  

10 ʩʪʘʙʽʣʽʪʨʦʥ ʥʘ 5 ɺ;  11 ï ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ 
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ʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʪʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʣʴʰʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʩʝʨʝʜʦ-

ʚʠʱʽ Microsoft Office Exel.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʧʦʪʨʝʙʫʻ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ RISC ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʠʧʫ ATMega16. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘ-

ʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ çʥʘʧʨʫʛʘ ï ʯʘʩʪʦʪʘè ʧʨʠ ʨʽʟʥʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʙʣʦʢʽʚ. 

1. ʊʝʨʤʦʩʪʘʪ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʨʝʟʠʩʪʠʚʥʠʡ ʥʘʛʨʽʚʘʯ, ʜʘʪʯʠʢʠ ʪʝʤʧʝ-
ʨʘʪʫʨʠ (ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʽ ʨʝʛʫʣʶʶʯʠʡ) ʪʘ ʫʪʨʠʤʫʚʘʯ, ʚ ʷʢʦʤʫ ʟʘʢʨʽʧʣʶʻʪʴʩʷ 

ɹɸʏʇ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʙʫʜʫʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ.  

2. ʇʨʠʩʪʨʽʡ ʟʘʚʜʘʥʥʷ ʟʨʘʟʢʦʚʦʾ ʥʘʧʨʫʛʠ, ʫ ʷʢʦʩʪʽ ʢʦʪʨʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʠʩʪʨʽʡ ʄʠʢʨʦʩʠʤ-04ʄ. ʊʘʢʠʡ ʧʨʠʩʪʨʽʡ ʞʠʚʠʪʴʩʷ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 8é12 

ɺ ʽ ʤʘʻ ʽʥʪʝʨʬʝʡʩ RS232 ʟʘ ʜʦʧʦʤʦʛʦʶ  ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʻʤ. 

ʇʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʦʙʦʯʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʯʽ ʚʽʜ -3,1000 ʜʦ 

+3,1000 ʤɺ/ɺ ʟ ʢʨʦʢʦʤ ʚʽʜ 0,0001 ʜʦ 3,1000 ʤɺ/ɺ. ʅʝʣʽʥʽʡʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫ-

ʛʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,003 %.  

ʇʨʠʩʪʨʽʡ ʟʘʚʜʘʥʥʷ ʟʨʘ-

ʟʢʦʚʠʭ ʥʘʧʨʫʛ 

çʄʀʂʈʆʉʀʄè 

ʈʝʟʠʩʪʠʚʥʠʡ ʥʘʛʨʽʚʘʯ 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʨʭʥʽʡ 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʥʽʡ 

ɼʦʩʣʽʜʞʫʻʤʠʡ ɹɸʏʇ 

ʊʝʨʤʦʩʪʘʪ 

ɼʞʝʨʝʣʦ ʩʪʨʫ-

ʤʫ 63 ʤɸ 
ʉʧʨʷʤʦʚʫʚʘʯ 

ʉʧʨʷʤʦʚʫʚʘʯ 2 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ 

ɹʣʦʢ ʞʠʚʣʝʥʥʷ 

ʈʝʛʫʣʶʶʯʠʡ 

ʩʠʤʠʩʪʦʨ 
ʉʪʘʙʽʣʽʟʘʪʦʨ +12 

B 

= 12 ɺ 

ɹʣʦʢ  ʫʧʨʘʚʣʽʥʥʷ 

ɯʥʪʝʨʬʝʡʩ RS232 

ɯʥʪʝʨʬʝʡʩ 

USB ʈʂɯ ʜʠʩʧʣʝʡ 

ʂʣʘʚʽʘʪʫʨʘ 4ʭ4 

ʐɯʄ ʨʝʛʫʣʷʪʦʨ 

ʄʢ̔ʨʦʢʦʥʪʨʦʣʝʨ 

ATmega16 

ɹʇ +5 ɺ 

ɺʭʽʜ USB ʧʝʨʩʦʥʘʣʴ-

ʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ 

ɺʫʟʦʣ ʬʦʨʤʫʚʘʥʥʷ 

ʽʤʧʫʣʴʩʽʚ  

ʋʧʨʘʚʣʝʥʥʷ ʢʥʦʧʢʘʤʠ 

ʈʠʩʫʥʦʢ 2 ï   ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʦʩʣʽʜʞʝʥʥʷ  ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʪʘʣʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʏʇ   
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3. ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʘʚʪʦʤʘʪʠʯ-
ʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ çʥʘʧʨʫʛʘ ï ʯʘʩ-

ʪʦʪʘè ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʧʝʨʝʜʘʻ ʜʘʥʥʽ ʧʦ ʽʥʪʝʨʬʝʡʩʫ USART. 

4. ɹʣʦʢ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ USART ʫ ʽʥʪʝʨʬʝʡʩ RS-232 (ʜʣʷ ʟʤʽ-

ʥʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʄʠʢʨʦʩʠʤ-04ʄ) ʪʘ USB (ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʘʤʽʨʷʥʠʭ ʜʘ-

ʥʠʭ ʫ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʜʣʷ ʾʭ ʧʦʩʣʽʜʫʶʯʦ ʾʦʙʨʦʙʢʠ). 

5. ɹʣʦʢ ʞʠʚʣʝʥʥʷ, ʷʢʠʡ ʚʠʜʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʽ ʤʘʻ ʩʽʤʽ-

ʩʪʦʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʟʠʩʪʠʚʥʦʛʦ ʥʘʛʨʽʚʘʯʘ.  

ʎʠʢʣ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ:  

¶ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ (ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 700 ʉ); 

ʰʘʛʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ 5 ʜʦ 200 ʉ); ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫ-

ʨʽ (ʚʽʜ 10 ʩ ʜʦ 10 ʭʚ);  

¶ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʢʽʥʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (ʚʽʜ 0 ʜʦ 2,000 ʤɺ/ɺ); 
ʰʘʛʫ ʟʤʽʥʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (ʚʽʜ 0,0 ʜʦ 0,2 ʤɺ/ɺ);  

¶ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ (ʚʽʜ 0,1 ʩ ʜʦ 5 ʩ); ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʚʽʜ 1 ʜʦ 10); 

¶ h ʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʟʘ ʽʥʪʝʨʬʝʡʩʦʤ  USART (ʚʽʜ 9600 ɹʦʜ ʜʦ 38 400 ɹʦʜ).  

ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʘʪʫʨʠ 4ʭ4 ʪʘ ʚʠʚʦʜʷʪʴ-

ʩʷ ʥʘ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ 16-ʩʠʤʚʦʣʴʥʠʡ ʜʚʦʭ ʩʪʨʦʢʦʚʠʡ ʽʥʜʠʢʘʪʦʨ ʈʂɯ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʙʝʨʝʞʝʥʽ ʚ EEPROM. 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʝʦʙ-

ʭʽʜʥʘ ʧʦʯʘʪʢʦʚʘ ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ çʄʀʂʈʆʉʀʄè ʢʦʤʘʥʜʦʶ ʤʽʢʨʦʢʦʥ-

ʪʨʦʣʝʨʘ ʧʦ ʽʥʪʝʨʬʝʡʩʫ RS-232; ʟʘʤʽʨʷʻʪʴʩʷ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʘ ʥʘ ʚʠʭʦʜʽ 

ɹɸʏʇ (ʪʦʯʥʽʩʪʴ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ 1ʩ ʜʦʩʷʛʘʻ 0,05 %), ʷʢʘ ʧʦ ʽʥʪʝʨʬʝʡʩʫ USB 

ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʫ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ. ʎʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ.  

ʇʽʩʣʷ ʯʦʛʦ ʚʢʣʶʯʘʻʪʴʩʷ ʨʝʟʠʩʪʠʚʥʠʡ ʥʘʛʨʽʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʤʽʩʪʦʨʘ ʢʦ-

ʤʘʥʜʦʶ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʥʘ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ. ɺʠʢʦʥʫʶʪʴʩʷ ʟʘʤʽʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʽʥʪʝʨʬʝʡʩʫ SPI. ʂʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʥʴʦʛʦ ʜʘʪʯʠʢʘ ʜʦʩʷʛʘʻ ʥʝʦʙʭʽʜʥʦʾ, ʪʦ ʥʘʛʨʽʚʘʯ ʚʽʜʢʣʶʯʘʻʪʴʩʷ. 

ʇʨʠ ʟʨʽʚʥʷʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʦʙʦʭ ʜʘʪʯʠʢʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠ-

ʢʦʥʫʶʪʴʩʷ ʟʘʤʽʨʠ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ. ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʠʞʫʻʪʴʩʷ ʥʠʞʯʝ ʟʘʜʘʥʦʾ, ʪʦ ʨʝʟʠʩʪʠʚʥʠʡ ʥʘʛʨʽʚʘʯ ʚʢʣʶʯʘʻʪʴʩʷ ʥʘ ʧʦʣʦʚʠʥʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʥʦʚʫ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʇʽʩʣʷ ʯʦʛʦ ʢʦʤʘʥʜʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʧʨʫ-

ʛʠ ʥʘ ɹɸʏʇ ʟʘ ʜʦʧʦʤʦʛʦʶ  çʄʀʂʈʆʉʀʄè ʽ  ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥ-

ʥʷ ʯʘʩʪʦʪʠ. 

ʆʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʦ ʧʦʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦ ʚʠ-

ʤʽʨʶʚʘʥʥʶ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹɸʏʇ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʟʘʜʘʥʦʾ  ʪʝ-

ʤʧʝʨʘʪʫʨʠ.     

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʣʦʩʪʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ çʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘè ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘʣʝ 

ʧʦʪʨʝʙʫʻʪʴʩʷ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʠʞʯʝ ʢʽʤʥʘʪʥʦʾ, ʱʦ ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʇʝʣʴʪʴʻ.  
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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. ʆʜʥʘʢʦ ʦʜʥʦʛʦ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʢʘʟʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʥʝ ʚʝʨʥʳʭ ʜʝʡʩʪʚʠʡ ʦʧʝʨʘʪʦʨʘ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʉʇʇʈ), ʚʦʟʥʠʢʰʠʝ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦʚʩʝʜʥʝʚʥʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʟʚʘʥʥʳʤ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʣʠʮʘʤ, 

ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʷ (ʃʇʈ). ʉ ʧʦʤʦʱʴʶ ʉʇʇʈ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʝ 

ʟʘʜʘʯʠ[6]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ ʠ ʪ.ʜ 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʷʚʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʨʝʘʣʴ-

ʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʦʧʳʪʘ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʅʝʯʝʪʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʷʚʣʷʷʩʴ ʤʥʦʛʦʟʥʘʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʙʦʣʴʰʝ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʢʘʟʳʚʘʥʠʡ çʠʩʪʠʥʘè ʠʣʠ çʣʦʞʴè. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʣʘʝʪ 

ʥʝʯʝʪʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʘʜʝʢʚʘʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʵʢʩʧʝʨʪʦʚ, ʦʧʝʨʠʨʫʷ ʪʝʤʠ ʧʦʥʷʪʠʷʤʠ, ʚ ʪʝʨʤʠʥʘʭ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʤʥʦʞʝʩʪʚʝ ʚʭʦʜʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ.  

ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʉʇʇʈ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [2,5]. ʇʨʠʥʮʠʧʳ ʠʭ 

ʧʦʩʪʨʦʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ [6].  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʉʇʇʈ ʙʳʣʘ ʚʟʷʪʘ ʤʦʜʝʣʴ [7], ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣ ʠʩ-

ʧʦʣʴʟʦʚʘʥ Fuzzy Logic Toolbox ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ Matlab. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʝʛʫʣʷʪʦʨʘ.  

 
ʈʠʩʫʥʦʢ 1- ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ fuzzy ʨʝʛʫʣʷʪʦʨʘ 

 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

20  www.femire.onma.edu.ua 
 

ʉʘʤ ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʘʣʛʦʨʠʪʤʫ ʄʘʤʜʘʥʠ, ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʦʧʦʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʜʝʡʩʪʚʫʶʱʠʤ, ʝʝ ʧʨʦʠʟʚʦʜ-

ʥʘʷ ʠ ʠʥʪʝʛʨʘʣ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʙʘʟʳ ʧʨʘ-

ʚʠʣ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚʳʩʢʘʟʳʚʘʥʠʷ ʚ ʬʦʨʤʝ çɽʩʣʠ-ʊʦè. ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʧʨʘ-

ʚʠʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. ɼʘʣʝʝ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʧʨʦʮʝʜʫʨʫ ʬʘ-

ʟʠʬʠʢʘʮʠʠ, ʪ.ʝ. ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ. 

ʉʣʝʜʫʶʱʠʤ ʠʜʝʪ ʙʣʦʢ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʦʜʫʩʣʦʚʠʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʡ, ʧʦʜʫʩʣʦʚʠʡ ʙʘʟʳ ʧʨʘʚʠʣ. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʫʩʣʦʚʠʡ ʢ ʧʦʜʟʘʢʣʶʯʝʥʠʷʤ ʠ ʧʦʣʫʯʝʥʠʝ ʥʝ-

ʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʚʩʝʭ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʅʘ ʨʠʩʫʥʢʘʭ 2-5 ʧʦʢʘʟʘʥʳ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʙʣʦʢ ʜʝʬʘʟʠʬʠʢʘ-

ʮʠʠ, ʛʜʝ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʜʠʩ-

ʧʣʝʡ. ʄʦʜʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

  
ʈʠʩʫʥʦʢ 2- ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ 

çʦʰʠʙʢʘè 
ʈʠʩʫʥʦʢ 3- ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ 

çʠʥʪʝʛʨʘʣ ʦʰʠʙʢʠè 
 

  
ʈʠʩʫʥʦʢ 4- ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ 

çʧʨʦʠʟʚʦʜʥʘʷ ʦʰʠʙʢʠè 

ʈʠʩʫʥʦʢ 5- ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ çʢʦ-

ʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʂʨè 

 

ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ çK iè ʠ çʂdè ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʶʪʩʷ  Z ʠ  S ï 

ʦʙʨʘʟʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ  ʚʠʜʘʤʠ [7]. ʆʜʥʘʢʦ K i ʣʝʞʠʪ ʥʘ ʫʥʠʚʝʨʩʫʤʝ [0-15], ʘ  

ʂd = [0-0.02]. 
 

ʊʘʙʣʠʮʘ1- ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Otr ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

Nul ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

Pol ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

Mal ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ 

Sred ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

Bol ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 
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ʈʠʩʫʥʦʢ 6 ï ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʧʨʘʚʠʣ 

 

 
ʈʠʩʫʥʦʢ 7 ï ʄʦʜʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

 

 
ʈʠʩʫʥʦʢ 8 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 8 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʢʘʯʦʢ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 

15% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ 

ɺʳʚʦʜ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʦʜʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ, fuzzy ʨʝʛʫʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘ-

ʙʦʪʝ ʛʝʥʝʨʘʪʦʨʦʚ. 
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 Annotation: the research of the electric motors with permanent magnets rotor design for the "Azipod", 

specifically the influence of the rotor constructive fabrication to characteristics of the electric machine. 

 Key words: magnet, electric motor, pole, rotor, design. 
   

 ɺʩʪʫʧ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʩʚʽʪʦʚʦʤʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʧʨʦʧʫʣʴʩʠʚʥʽ ʢʝʨʤʦʚʽ ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 5 ʜʦ 

30 ʄʚʪ ʟ ʘʟʠʤʫʪʥʠʤʠ ʛʨʝʙʥʠʤʠ ʛʚʠʥʪʘʤʠ ʪʠʧʫ "Azipod" ʘʙʦ ʪʠʧʫ Schottel 

Propulsor ʟ ʧʦʜʚʽʡʥʠʤʠ ʛʚʠʥʪʘʤʠ. 
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 ʅʘʟʚʘ ʛʚʠʥʪʦ-ʨʫʣʴʦʚʦʾ ʫʩʪʘʥʦʚʢʠ Azipod ʧʦʭʦʜʠʪʴ ʚʽʜ ʩʣʽʚ Azimuthing 

Podded Drive. ɺʧʝʨʰʝ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ ʌʽʥʣʷʥʜʽʾ ʽ ʚʩʪʘʥʦʚʣʝʥʘ ʚ 1990 ʨ ʥʘ 

ʜʚʦʭ ʘʨʢʪʠʯʥʠʭ ʪʘʥʢʝʨʘʭ, ʷʢʽ ʧʨʦʡʰʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʨʦʩʽʡʩʴʢʽʡ ɸʨʢʪʠʮʽ ʚ 

1998 ʨʦʮʽ. ʅʘ ʙʘʟʽ ʮʴʦʛʦ ʜʦʩʚʽʜʫ ʬʽʥʩʴʢʘ ʬʽʨʤʘ Kvaerner Masa-Yards ʨʦʟʨʦʙʠʣʘ 

ʪʘʥʢʝʨ ʧʦʜʚʽʡʥʦʾ ʜʽʾ - Double Acting Tanker (DAT).  

ʋʩʪʘʥʦʚʢʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘ ʚʩʽʭ ʩʫʜʘʭ, ʦʙʣʘʜʥʘʥʠʭ ʝʣʝʢʪʨʠʯʥʦʶ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʫʩʪʘʥʦʚʢʦʶ. ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʥʘ ʟʥʘʡʰʣʘ ʥʘ ʢʨʫʾʟʥʠʭ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʫʜʘʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʧʨʠ ʟʘʭʦʜʘʭ ʚ ʧʦʨʪʠ ʽ 

ʧʨʠ ʰʚʘʨʪʫʚʘʥʥʽ ʜʦ ʧʨʠʯʘʣʽʚ. ʅʘ ʢʘʙʝʣʝʫʢʣʘʜʘʯʘʭ ʽ ʽʥʰʠʭ ʪʠʧʘʭ ʜʦʧʦʤʽʞʥʠʭ 

ʩʫʜʝʥ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʘʟʽʧʦʜʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʣʽʥʽʾ ʚʘʣʦʧʨʦʚʦʜʫ 

ʚʽʜ ʜʚʠʛʫʥʘ ʜʦ ʛʚʠʥʪʘ, ʢʝʨʤʘ ʽ ʨʫʣʴʦʚʦʾ ʤʘʰʠʥʠ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʽ ʚʽʙʨʘ-

ʮʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ ʛʨʝʙʥʠʤ ʛʚʠʥʪʦʤ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʛʚʠʥʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʛʨʝ-

ʙʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʚʩʝʨʝʜʠʥʽ ʛʦʥʜʦʣʠ ʥʘ ʦʜʥʦʤʫ ʚʘʣʫ ʟ ʛʨʝ-

ʙʥʠʤ ʛʚʠʥʪʦʤ. ʋʩʪʘʥʦʚʢʘ ʨʦʟʤʽʱʝʥʘ ʧʦʟʘ ʤʝʞʘʤʠ ʢʦʨʧʫʩʫ ʩʫʜʥʘ ʽ ʩʪʚʦʨʶʻ ʨʝʘ-

ʢʪʠʚʥʫ ʩʠʣʫ, ʥʘʧʨʷʤ ʷʢʦʾ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦ-

ʚʝʨʪʘʪʠ ʩʫʜʥʦ ʥʘ ʤʽʩʮʽ ʥʘ 360 ʛʨʘʜʫʩʽʚ, ʩʪʘʙʽʣʴʥʦ ʪʨʠʤʘʪʠ ʢʫʨʩ. ʊʝʭʥʽʯʥʝ ʦʙ-

ʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʤʽʥʽʤʘʣʴʥʦ, ʧʽʜʰʠʧʥʠʢʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʨʝʤʦʥʪʫ ʧʨʦʪʷ-

ʛʦʤ 100 ʪʠʩ.ʛʦʜ (ʧʨʠʙʣʠʟʥʦ 10 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ). 

ɽʢʦʥʦʤʽʷ ʯʘʩʫ ʥʘ ʰʚʘʨʪʫʚʘʥʥʷ ʟ ʫʩʪʘʥʦʚʢʦʶ Azipod ʩʪʘʥʦʚʠʪʴ 2-3 ʛʦʜ, ʘ 

ʧʘʣʠʚʘ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʜʦʩʷʛʘʻ 10%. 

ɿʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ Azipod ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʜʽʚ ʥʝ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤ 

ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʤʘʰʠʥʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ, ʧʣʦʱʘ ʷʢʦʛʦ ʟʘʚʞʜʠ 

ʣʽʤʽʪʫʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʦʶ ʜʚʠʛʫʥʘ ʚ ɼʇ ʩʫʜʥʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʝʨʘʮʽʦʥʘʣʴ-

ʥʦ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʦʰʠʨʝʥʥʷ, ʷʢ ʜʚʠʛʫʥʠ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʫʩʪʘʥʦʚʦʢ, ʦʪʨʠʤʘ-

ʣʠ ʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʜʦ-

ʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʟ ʥʠʟʴʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ [1]. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ . 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʩʠʥʭʨʦʥʥʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʤʘʛʥʽʪʘʤʠ (ʉɼʇʄ) ʽ ʽʥʰʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ (ʘʩʠʥʭʨʦʥʥʠʡ 

ʜʚʠʛʫʥ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ, ʩʠʥʭʨʦʥʥʠʡ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽ-

ʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ) ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʦʨʘ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʠʭ 

ʤʘʛʥʽʪʽʚ ʚ ʨʦʪʦʨʽ ʚʽʜʩʫʪʥʽ ʚʪʨʘʪʠ [1,2]. 

ɿʥʘʯʠʪʴ, ʉɼʇʄ ʤʘʻ ʂʂɼ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (2-3%), ʥʽʞ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʠʡ 

ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʟʘ ʫʤʦʚʠ, ʱʦ ʩʪʘʪʦʨ ʤʘʻ ʦʜʥʘʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʘ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. ʇʨʠ 

ʮʴʦʤʫ ʂʂɼ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʢʦʨʧʫʩʫ. 

ɼʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʉɼʇʄ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʜʽʘʧʘʟʦʥ ʘʩʠʥʭʨʦʥʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʉɼʇʄ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦ-

ʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʧʽʜʚʠʱʫʻ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʉɼ 

[3]. 

ɺʽʜʩʫʪʥʽʩʪʴ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʨʦʪʦʨʘ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʟʥʠʟʠʪʠ ʡʦʛʦ 

ʚʘʛʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. ʉɼʇʄ ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ ʽ ʢʦʤ-

ʧʘʢʪʥʽʰʝ ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʧʨʠ ʟʙʽ-

ʣʴʰʝʥʥʽ ʤʽʞʩʝʨʚʽʩʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʥʘ ʨʦʪʦʨʽ ʩʧʨʦʱʫʻ ʝʢʩʧʣʫʘʪʘʮʽʶ ʉɼʇʄ, 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʱʽʪʢʦʚʦ-ʢʽʣʴʮʝʚʦʛʦ ʚʫʟʣʘ, ʷʢ ʫ ʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʪʨʘʜʠ-

ʮʡ̔ʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. ʉɼʇʄ  ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʝʟʰʫʤʥʽʩʪʴ ʧʽʜ 

ʯʘʩ ʨʦʙʦʪʠ [2]. 

ʎʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʩʠʥʬʘʟʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʜʚʠʛʫʥʽʚ 

ʚʢʣʶʯʝʥʠʭ ʚ ʦʜʥʫ ʤʝʨʝʞʫ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʛʨʘʰ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʤʽʩʮʝ ʚ ʥʘʩʣʽʜʦʢ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʤʘʰʠʥʠ. ɺʢʘʟʘʥʘ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʉɼʇʄ ʻ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 

ʷʢʦʩʪʽ ʛʨʝʙʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ[4]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʨʦʪʦʨʘ ʷʚʥʦ ʧʦʣʶʩʥʦʛʦ ʉɼ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦ-

ʚʘʥʝ ʧʦ ʥʘʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʘʤ [4]: 

-  I ʚʘʨʽʘʥʪ: ʉɼ ʟʽ ʟʙʽʨʥʠʤ ʨʦʪʦʨʦʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʨʠʟʤʘʪʠʯʥʠʤʠ ʤʘʛʥʽʪʘ-

ʤʠ (ʇʇʄ) ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʪʠʧʫ çʟʽʨʦʯʢʘè ʙʝʟ ʦʧʫʢʣʠʭ ʧʦʣʶʩʥʠʭ 

ʙʘʰʤʘʢʽʚ (ʇɹ) ʪʘ ʙʝʟ ʟʚʘʨʝʥʡ̔ ʦʙʦʣʦʥʮʽ; 

-  II ʚʘʨʽʘʥʪ: ʉɼ ʟʽ ʟʙʽʨʥʠʤ ʨʦʪʦʨʦʤ ʟ ʇʄ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ʙʝʟ ʦʧʫʢʣʠʭ ʇɹ ʪʘ ʙʝʟ ʟʚʘʨʝʥʡ̔ ʦʙʦʣʦʥʮʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʟ ʧʨʠʟʤʘʪʠʯʥʠʤʠ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (ʜʚʘ ʚʘʨʽʘʥʪʘ ʨʦʟʨʘʭʫʥʢʫ ʨʦʪʦʨʘ: ʪʠʧʫ çʟʽʨʦʯʢʘè ï ʟ ʨʘʜʽ-

ʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ, ʢʦʣʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ï ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷʤ ʤʘʛʥʽʪʽʚ) ʟ ʥʘʩʪʫʧʥʠʤʠ ʥʦʤʽʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ï   

ʃʽʥʽʡʥʘ ʥʘʧʨʫʛʘ ï   ʟ'ʻʜʥʘʥʥʷ ʬʘʟ ï çʟʽʨʢʘè (). 

ʏʘʩʪʦʪʘ ʤʝʨʝʞʽ ï   

ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ï = 0,9 (ʚʠʧʝʨʝʜʞʘʶʯʝ). 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ï  . 

ɻʘʨʘʥʪʦʚʘʥʠʡ ʂʂɼ  ï  ʥʝ ʥʠʞʯʝ 93,0%. 

ʉʪʘʪʠʯʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ  ï  ʥʝ ʤʝʥʰʝ 2  (). 

ʇʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ï   ʥʝ ʥʠʞʯʝ 1,5 . 

   ʇʫʩʢʦʚʠʡ ʩʪʨʫʤ ï  ʥʝ ʚʠʱʝ 4,0. 

   ɺʭʽʜʥʠʡ ʤʦʤʝʥʪ ï  ʥʝ ʥʠʞʯʝ 0,8 . 

ɼʘʥʽ ʜʚʘ ʪʠʧʫ ʨʦʪʦʨʘ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʫ ʧʨʦʛʨʘʤʽ ɽLCUT. 

ɼʘʣʠ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʫʣʶʚʘʥʥʷ, ʫ ʧʨʦʛʨʘʤʽ ELCUT, ʨʦʪʦʨʘ ʟ 

ʜʚʦʤʘ ʪʠʧʘʤʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ      
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ʈʠʩʫʥʦʢ 2 ï ɼʚʘ ʪʠʧʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʨʦʪʦʨʘ 

ʘ) ʨʦʪʦʨ ʪʠʧʫ çʟʽʨʦʯʢʘè ʟ ʨʘʜʽʘʣʴʥʠʤ  

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ 

ʙ) ʢʦʣʝʢʪʦʨʥʠʡ ʨʦʪʦʨ ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ  

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ 

 
 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʘʨʪʠʥʘ ʧʦʣʷ ʜʣʷ ʨʦʪʦʨʘ ʪʠʧʫ çʟʽʨʦʯʢʘè ʟ ʨʘʜʽʘʣʴʥʠʤ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ 
 

  

ʈʠʩʫʥʦʢ 4 ï ʂʘʨʪʠʥʘ ʧʦʣʷ ʜʣʷ ʨʦʪʦʨʘ ʢʦʣʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ  

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷʤ 

 

  
ʈʠʩ. 5.1 ï ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʚ ʟʘʟʦʨʽ ʜʣʷ 

ʨʦʪʦʨʘ ʪʠʧʫ çʟʽʨʦʯʢʘè 
ʈʠʩ. 5.2 ï ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʚ ʟʘʟʦʨʽ  ʜʣʷ  

ʨʦʪʦʨʘ ʢʦʣʝʢʪʦʨʥʦʛʦ ʪʠʧʫ 

 

ɺʠʩʥʦʚʦʢ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʥʦ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʪʦʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʛʥʽʪʽʚ ʥʘ ʥʴʦʤʫ [3]. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʈʦʪʦʨ ʢʦʣʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ʤʘʻ ʤʘʛʥʽʪʥʫ ʽʥʜʫʢʮʽʶ, ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʙʽʣʴʰʝ 

ʥʽʞ ʨʦʪʦʨ ʪʠʧʫ çʟʽʨʦʯʢʘè.  ʊʘʢ ʷʢ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʚʧʣʠʚʘʻ ʥʘ ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯ-

ʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʰʠʥʠ, ʪʦ ʦʯʝʚʠʜʥʦ ʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʠ ʪʘʢʦʛʦ ʚʠ-

ʢʦʥʘʥʥʷ ʙʫʜʫʪʴ ʢʨʘʱʝ. 

ʌʦʨʤʘ ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʻ ʦʯʝʚʠʜʥʦʶ ʜʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʪʠʧʫ. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʧʨʦʪʦʪʠʧʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʨʤʦ-

ʚʦʶ ʪʘ ʙʽʯʥʦʶ ʨʘʤʧʘʤʠ ʨʦʣʢʝʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦ-

ʣʝʨʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʪʘ ʥʘʛʣʷʜʫ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʧʦʙʫʜʦʚʘʥʦ ʥʘ 

ʙʘʟʽ SCADA Citech v.7.40, ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ Mitsubishi Electric. 

ɺʨʘʭʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ SCADA, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʜʘʯʽ ʤʽʞ ʥʠʤʠ, 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʨʘʤʧ ʟ ʫʟʛʦʜʞʝʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʝʣʝʢʪ-

ʨʦʧʨʠʚʦʜʽʚ 1-ʾ ʪʘ 2-ʾ ʩʝʢʮʽʡ ʜʣʷ ʢʦʨʤʦʚʦʾ ʘʧʘʨʝʣʽ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʨʘʤʧʠ ʽ ʦʧʦʨʠ ʜʣʷ ʙʽʯ-

ʥʦʾ ʘʧʘʨʝʣʽ. ʉʠʩʪʝʤʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʩʫʤʽʱʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ, ʢʦʥʪʨʘʩʪʥʠʭ ʢʦʣʴʦʨʽʚ, ʨʦ-

ʟʪʘʰʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʨʫʯ ʟ ʟʦʙʨʘʞʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʫ ʨʦʙʦ-

ʪʫ, ʽʥʜʠʢʘʮʽʶ ʩʪʘʥʫ ʤʝʭʘʥʽʟʤʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʚʘʨʽʡ, ʪʘ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʽʜ-

ʡʦʤ/ʩʧʫʩʢ ʨʘʤʧ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟ-

ʤʘʤʠ ʧʦʚʦʨʦʪʫ ʩʝʢʮʽʡ ʢʦʨʤʦʚʦʾ ʨʘʤʧʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʟ ʟʘʭʠʩʪʦʤ 

ʚʽʜ ʟʘʨʠʚʘʥʥʷ ʘʙʦ ʥʘʜʤʽʨʥʦʛʦ ʧʽʜʡʦʤʫ ʥʦʩʫ ʨʘʤʧʠ ʪʘ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʽʜʡʦ-

ʤʫ/ʩʧʫʩʢʫ ʙʽʯʥʦʾ ʨʘʤʧʠ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʣʽʥʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʨʦʩʫ ʧʽʜʪʷʛʫʚʘʥʥʷ ʨʘʤʧʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ 

ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʦʨʠ ʨʘʤʧʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʈʦʣʢʝʨ, ʘʧʘʨʝʣʴ, SCADA, ʧʨʦʤʠʩʣʦʚʠʡ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ, ʧʝʨʝʪʚʦʨʶ-

ʚʘʯ ʯʘʩʪʦʪʠ. 
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     Abstract. The purpose of the work is to develop a prototype of an automated control system for the 

quarter and side ramps of rollers using modern electric drives, industrial controllers, and means of visuali-

zation, scheduling, and supervision. The automated system is based on SCADA Citech v.7.40, industrial con-

trollers, and electric drives Mitsubishi Electric. The peculiarities of the controllers and SCADA are taken 

into account, which allowed distributing tasks between them, and the possibility of automatic lifting / lower-

ing of ramps with coordinated control of electric drives of 1st and 2nd sections for quarter ramp and mecha-

nisms for raising / lowering, and support for side ramp is provided. The visualization system by combining 

graphic images, contrasting colors, the location of the controls near to the image of the corresponding 

mechanism provides convenient operation, indication of the status of mechanisms, including accidents, and, 

above all, provides automatic lifting / lowering of ramps. The scientific novelty of the work is to develop a 

method of coordinated control of the mechanisms of rotation of the quarter ramp sections to provide auto-

matic lifting / lowering with protection against burying or excessive lifting of the ramp nose and a method of 

controlling the electric drive lifting / lowering the side ramp at a constant angular velocity. the image of a 

rope of pulling up of a ramp including at simultaneous work of the mechanism of movement of a support of a 

ramp. 

    Key words: Ro-Ro, ramp, SCADA, industrial PLC, frequency converter. 

 

ʈʦʣʢʝʨʠ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʢʦʣʽʩʥʽʡ ʭʦʜʽ, ʷʢʽ ʨʦʟ-

ʪʘʰʦʚʫʶʪʴʩʷ ʥʘ  ʯʠʩʝʣʴʥʠʭ ʧʘʣʫʙʘʭ, ʟôʻʜʥʘʥʠʭ ʧʽʜʡʦʤʥʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ 

ʪʘ/ʘʙʦ ʥʘʭʠʣʴʥʠʤʠ ʧʘʥʜʫʩʘʤʠ ʤʽʞ ʩʦʙʦʶ ʪʘ ʜʚʦʤʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ ʨʘʤʧʘʤʠ 

(ʘʧʘʨʝʣʷʤʠ) ï ʢʦʨʤʦʚʦʶ ʪʘ ʙʽʯʥʦʶ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʚʘʥʪʘʞʽʚ ʥʘ ʙʝʨʝʛ 

ʯʠ ʟ ʙʝʨʝʛʘ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʘʥʪʘʞʥʠʭ ʧʘʣʫʙ ʪʘ ʘʧʘʨʝʣʝʡ ʥʘ ʨʦʣʢʝʨʽ (1ï ʢʦʨʤʦʚʘ ʨʘʤʧʘ, 

2 ï ʙʽʯʥʘ ʨʘʤʧʘ, 3 ï ʥʘʚʽʩ, 4é9 ï ʧʽʜʡʦʤʥʽ ʪʘ ʨʫʭʦʤʽ ʧʘʥʜʫʩʠ ʪʘ ʧʘʣʫʙʠ) [1] 

 

ʅʘ ʨʦʣʢʝʨʘʭ Noble Ace [2] ʪʘ Lydden [3] ʩʠʩʪʝʤʠ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʢʦʨʤʦ-

ʚʦʾ ʪʘ ʙʽʯʥʦʾ ʨʘʤʧ ʧʦʙʫʜʦʚʘʥʦ ʜʝʩʷʪʠʨʽʯʯʷ ʪʦʤʫ ʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʽʣʴʢʠ ʨʫʯʥʝ 

ʢʝʨʫʚʘʥʥʷ.  



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʧʨʦʪʦʪʠʧʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʨʘʤʧʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ 

ʪʘ ʟʘʩʦʙʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʪʘ ʥʘʛʣʷʜʫ (SCADA). 

ʂʦʨʤʦʚʘ ʘʧʘʨʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʝʢʮʽʡ, ʽ ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʾʾ ʨʦ-

ʙʦʪʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʟʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʽʜʡʦʤʦʤ ʪʘ ʩʧʫʩʢʦʤ ʪʘʢ, ʱʦʙ ʥʽʩ 

ʨʘʤʧʠ ʥʝ ʟʘʨʠʚʩʷ ʫ ʙʝʨʝʛ ʘʙʦ ʥʝ ʧʽʜʥʽʤʘʚʩʷ ʜʫʞʝ ʚʠʩʦʢʦ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʩʧʫ-

ʩʢʫ ʨʘʤʧʠ 1-ʫ ʩʝʢʮʽʶ ʦʧʫʩʢʘʶʪʴ, ʘ 2-ʫ ï ʧʽʜʥʽʤʘʶʪʴ, ʘ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ï ʥʘʚʧʘ-

ʢʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ. 

ʇʨʠ ʨʦʙʦʪʽ ʫ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʧʦʤʠʣʦʢ ʚʩʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦ-

ʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʜʣʷ ʦʢʨʝʤʠʭ ʩʝʢʮʽʡ ʟ ʚʽʟʫʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ ʧʦʣʦʞʝʥʥʷ ʨʘ-

ʤʧʠ. ʊʘʢʦʞ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʨʘʤʧʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʘʪʯʠʢ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ 

1-ʡ ʩʝʢʮʽʾ ʨʘʤʧʠ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʤʠʢʘʪʠ ʤʝ-

ʭʘʥʽʟʤ ʧʽʜʡʦʤʫ ʜʨʫʛʦʾ ʩʝʢʮʽʾ ʧʽʜ ʯʘʩ ʩʧʫʩʢʫ ʨʘʤʧʠ, ʘʙʦ ʩʧʫʩʢʫ 2-ʾ ʩʝʢʮʽʾ ʧʽʜ ʯʘʩ 

ʧʽʜʡʦʤʫ ʨʘʤʧʠ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʦʥʠ ʚʽʜʧʦ-

ʚʽʜʘʣʴʥʦʩʪʽ ʤʽʞ ʢʦʥʪʨʦʣʝʨʦʤ ʪʘ SCADA. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʪʠʧʦʚʠʡ ʮʠʢʣ 

ʢʦʥʪʨʦʣʝʨʘ ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ʤʽʣʽʩʝʢʫʥʜ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʪʦʯʥʦ ʽ ʟʘ 

ʮʝʡ ʯʘʩ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʦʧʝʨʘʮʽʾ ʧʨʦʛʨʘʤʠ, ʪʦ ʥʘ ʢʦʥʪʨʦʣʝʨ ʥʝʦʙ-

ʭʽʜʥʦ ʧʦʢʣʘʩʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘʜʘʯʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʢʦʞʥʦʛʦ 

ʚʠʢʦʥʘʚʯʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɸ SCADA ʟ ʮʠʢʣʦʤ ʚʠʢʦʥʘʥʥʷ, 

ʷʢʠʡ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 0,05 ʩ ʪʘ ʤʦʞʝ ʚʠʧʘʜʢʦʚʦ ʟʤʽʥʶʚʘʪʠʩʷ ʽʟ-ʟʘ ʬʦʥʦʚʠʭ 

ʧʨʦʛʨʘʤ, ʧʦʚʠʥʥʘ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʢʦʤʘʥʜʠ ʦʧʝʨʘʪʦʨʘ, ʬʦʨʤʫʚʘʪʠ ʜʽʘʛʨʘʤʠ 

ʰʚʠʜʢʦʩʪʽ (ʧʦʣʦʞʝʥʥʷ) ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʤʘʥʜ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʜʘʪʯʠ-

ʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ, ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʜʽʡ ʦʧʝʨʘʪʦ-

ʨʘ ʪʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʰʪʘʪʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʚʽʟʫʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʦʾ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʧʦʣʦʞʝʥʥʷ ʨʘʤʧʠ, ʩʪʘʥ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʢʦʦʨʜʠʥʘʪ ʪʘ ʦʨʛʘʥʽʚ 

ʢʝʨʫʚʘʥʥʷ. ʅʘ ʨʠʩ. 2 ʚʽʜʦʙʨʘʞʝʥʦ ʜʝʢʽʣʴʢʘ ʢʘʜʨʽʚ ʟ ʢʣʶʯʦʚʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ 

ʨʘʤʧʠ.  

ʄʦʞʣʠʚʦʩʪʽ SCADA ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʜʝʷʢʽ ʩʧʝʮʽʘʣʴʥʽ ʝʬʝʢʪʠ, ʷʢʽ 

ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʘ ʝʢʨʘʥʽ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʦʜʽʾ, ʘ ʟ ʜʨʫʛʦʛʦ ʙʦʢʫ 

ʟʤʝʥʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʊʘʢ, ʢʥʦʧʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʽʥ-

ʜʠʢʘʪʦʨʘ ʜʽʾ ï ʚʦʥʠ ʧʝʨʝʜʘʶʪʴ ʢʦʤʘʥʜʫ ʢʦʥʪʨʦʣʝʨʫ ʪʘ ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʥʴʦʛʦ ʧʽʜ-

ʪʚʝʨʜʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ, ʬʽʢʩʘʪʦʨʠ ʟʤʽʥʶʶʪʴ ʢʦʥʪʫʨʠ ʽ ʢʦʣʴʦʨʠ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʢʦʤʘʥʜ ʪʘ ʾʭ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ:  ï ʨʦʟʽʤʢʥʝʥʠʡ; 

 ï ʟʘʤʢʥʝʥʠʡ;  ï ʘʚʘʨʽʷ, ʷʢʱʦ ʩʪʘʥ ʬʽʢʩʘʪʦʨʽʚ ʥʘ ʣʽʚʦ-

ʤʫ ʪʘ/ʘʙʦ ʧʨʘʚʦʤʫ ʙʦʢʘʭ ʨʘʤʧʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ ʩʪʘʥʫ ʧʽʩʣʷ ʧʝʚʥʦʾ ʟʘ-

ʪʨʠʤʢʠ ʯʘʩʫ. ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʴʦʨʫ ʪʘ ʥʘʧʨʷʤʫ ʩʪʨʽʣʦʢ  ʧʽʜʢʨʝʩ-

ʣʶʻʪʴʩʷ ʥʘʧʨʷʤ ʨʫʭʫ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʦʢʨʝʤʠʭ ʩʝʢʮʽʡ ʨʘʤʧʠ.  
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ʆʨʛʘʥʠ ʢʝʨʫʚʘʥʥʷ ʟʛʨʫʧʦʚʘʥʦ ʧʦ ʩʝʢʮʽʷʤ ʪʘ ʦʢʨʝʤʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʦ ʙʽʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

              
ʘ)        ʙ) 

      
ʚ)        ʛ) 
ʈʠʩʫʥʦʢ 2 ï ɺʽʟʫʘʣʴʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ ʢʦʨʤʦʚʦʾ ʨʘʤʧʠ 

(ʘ ï ʨʘʤʧʘ ʧʽʜʥʷʪʘ ʽ ʟʘʬʽʢʩʦʚʘʥʘ; ʙ ï ʨʘʤʧʘ ʥʘ ʙʝʨʝʛʫ; ʚ ï ʥʘʡʥʠʞʯʘ ʪʦʯʢʘ ʥʦʩʫ ʧʨʠ ʩʧʫʩʢʽ; 

ʛ ï ʥʘʡʚʠʱʘ ʪʦʯʢʘ ʥʦʩʫ ʧʨʠ ʧʽʜʡʦʤʽ) 

 

ʊʘʢʦʞ ʚʠʨʽʰʝʥʦ ʟʘʚʜʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʨʦʩʫ ʜʣʷ ʧʝʨʰʦʾ ʩʝʢʮʽʾ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʜʚʦʭ ʬʫʥʢʮʽʡ ï ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʜʦʚʞʠʥʠ ʢʘʥʘʪʫ L_rope1 ʪʘ ʧʦʚʦʨʦʪʫ 

ʣʽʥʽʾ ʥʘ ʢʫʪ fi_rope1 ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 1-ʾ ʩʝʢʮʽʾ fi_section1: 

L_rope1 = Sqrt ( 900*900 + 815*815 ï 2 * 900 * 815 * Cos ( ( fi_section1 + 45 ) 

/57.3)), 

fi_rope1 = ï 90 ï 57.3 * ArcSin ( 850 * Sin ( ( 45 + fi_section1 ) / 57.3 ) / L_rope1 ). 

ʎʝ ʚʽʟʫʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʽʣʽʩʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʦʙʨʘʟʫ. 

SCADA ʙʽʯʥʦʾ ʨʘʤʧʠ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʪʠʤʠ ʞ ʧʨʠʥʮʠʧʘʤʠ. ɸʣʝ ʩʫʪʪʻʚʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʨʘʤʧʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʯʥʦʾ ʨʘʤʧʠ ʥʝ ʪʘʣʴʢʠ ʧʽʜʥʽʤʘʪʠʩʷ ʪʘ 

ʦʧʫʩʢʘʪʠʩʷ ʥʘ ʙʝʨʝʛ, ʘʣʝ ʡ ʧʝʨʝʤʽʱʫʚʘʪʠ ʪʦʯʢʫ ʦʧʦʨʠ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʧʦʨʫʯ ʟ 

ʥʝʦʙʭʽʜʥʦʶ ʧʘʣʫʙʦʶ ï 5, 6ʘ, 6b, MaxLevel.  

ʊʦʤʫ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴ ʜʚʦʭ ʢʦʦʨʜʠʥʘʪ ï ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʦʧʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʤʘʥʜʠ ʦʧʝʨʘʪʦʨʘ (ʘʥʘʣʦʛʽʯʥʦ ʣʽʬʪʫ) ʪʘ 

ʩʧʫʩʢ/ʧʽʜʡʦʤ ʨʘʤʧʠ. ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʦʧʦʨʠ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʟʤ ʧʽʜʡʦʤʫ ʨʘ-

ʤʧʠ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʫʪ ʩʧʫʩʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʣʫʙʠ, ʧʨʦʪʠ ʷʢʦʾ ʟʘʬʽʢʩʦʚʘʥʦ 

ʨʘʤʧʫ.  

ɺ SCADA ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽʶ ʢʦʥʪʨʦʣʷ ʚʽʜʩʪʘʥʽ ʨʘʤʧʠ ʚʽʜ ʙʝʨʝʛʘ ʥʝʟʘ-

ʣʝʞʥʦ ʚʽʜ ʧʘʣʫʙʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʽʜ ʟʘʨʠʚʘʥʥʷ ʘʙʦ ʚʽʜʨʠʚʫ ʨʘʤʧʠ ʚʽʜ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ʙʝʨʝʛʘ. ʉʪʘʥ ʬʽʢʩʘʪʦʨʽʚ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʛʨʘʬʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ:  (ʨʦʟʽ-

ʤʢʥʝʥʠʡ) ʪʘ  (ʟʘʤʢʥʝʥʠʡ) ï ʜʣʷ ʬʽʢʩʘʪʦʨʽʚ ʨʘʤʧʠ ʜʦ ʙʦʨʪʫ;  ʪʘ  

ï ʜʣʷ ʬʽʢʩʘʪʦʨʽʚ ʦʧʦʨʠ ʨʘʤʧʠ ʧʨʦʪʠ ʥʝʦʙʭʽʜʥʦʾ ʧʘʣʫʙʠ. ɿʘ ʦʩʥʦʚʫ ʛʨʘʬʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʟʷʪʦ ʾʭ ʬʘʢʪʠʯʥʠʡ ʚʠʛʣʷʜ ʟ ʪʝʭʥʽʯʥʦʛʦ ʧʘʩʧʦʨʪʫ ʧʨʠʣʘʜʽʚ [1], ʘʣʝ 

ʜʣʷ ʧʽʜʢʨʝʩʣʝʥʥʷ ʩʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ Bitmap Editor ʟʤʽʥʝʥʦ ʢʦʣʴʦʨʠ. ʗʢʱʦ 

ʩʪʘʥ ʬʽʢʩʘʪʦʨʽʚ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ, ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʥʶ-

ʶʪʴʩʷ ʥʘ ʘʚʘʨʽʡʥʽ: , . ɼʦʜʘʪʢʦʚʽ ʛʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʚʽʜʦʙʨʘ-

ʞʝʥʥʷ ʥʘʧʨʷʤʫ ʨʫʭʫ ʪʨʦʩʫ  (ʚʥʠʟ),  (ʚʛʦʨʫ),  (ʩʪʦʧ) ʧʦʻʜʥʘʥʦ ʚ ʛʨʫʧʫ 

. ʅʝʦʙʭʽʜʥʠʡ ʝʣʝʤʝʥʪ ʚʤʠʢʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʟʥʘʢʫ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʂʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ ʬʽʢʩʘʪʦʨʘʤʠ, ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʦʧʦʨʠ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʨʘʤʧʠ ʨʦʟʪʘʰʦʚʘʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʨʫʯ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʝʭʘ-

ʥʽʟʤʘʤʠ. 

ʇʘʥʝʣʴ ʩʧʨʘʚʘ ʚʽʜʧʦʚʽʜʘʻ ʬʘʢʪʠʯʥʦʤʫ ʚʠʛʣʷʜʫ ʩʝʢʮʽʾ ʢʝʨʫʚʘʥʥʷ ʨʘʤʧʦʶ 

ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ çʣʘʤʧè ʪʘ çʧʝʨʝʤʠʢʘʯʽʚè, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʚʦʾ 

ʢʦʣʴʦʨʠ ʪʘ ʢʫʪ ʧʦʚʦʨʦʪʫ, ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ ʤʝʭʘʥʽʟʤʫ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʙʽʯʥʦʾ ʨʘʤʧʠ ʥʘ ʝʢʨʘʥʽ SCADA ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3. 

 

             
ʘ)       ʙ) 

                         
ʚ)       ʛ) 

ʈʠʩʫʥʦʢ 3 ï ɺʽʟʫʘʣʴʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ ʙʽʯʥʦʾ ʨʘʤʧʠ 

 (ʘ ï ʨʘʤʧʘ ʧʽʜʥʷʪʘ ʽ ʟʘʬʽʢʩʦʚʘʥʘ; ʙ ï ʨʘʤʧʘ ʥʘ ʙʝʨʝʛʫ; ʚ ï ʨʘʤʧʘ ʥʠʞʯʝ 15 Á; 

 ʛ ï ʨʘʤʧʘ ʩʧʫʩʢʘʻʪʴʩʷ ʟ MaxLevel ʜʦ ʧʘʣʫʙʠ 6b) 

 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʦʙʨʘʟʫ ʪʨʦʩʫ ʚʠʢʦʨʠʩʪʘʥʦ ʬʫʥʢʮʽʾ ʤʘʩʰʪʘ-

ʙʫʚʘʥʥʷ ʪʘ ʧʦʚʦʨʦʪʫ ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ L_rope ʽ fi_rope ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʦʧʦʨʫ ʨʘʤʧʠ s_deck ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʨʘʤʧʠ s_fi: 
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L_rope = Sqrt ( (875 ï s_deck*60)*(875 ï s_deck*60) + 800*800 ï 2 * (875 ï 

s_deck*60) * 800 * Cos ( (90 + s_fi) / 57.3) ), 

fi_rope = 90 ï 57.3 * ArcSin ( 800 * Sin ( (90 + s_fi) / 57.3 ) / L_rope). 

ɸʣʝ, ʢʨʽʤ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʨʦʟʨʘʭʫʥʦʢ ʫʤʦʚʥʦʾ ʜʦʚʞʠʥʠ ʪʨʦʩʫ ʥʘ-

ʜʘʻ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʫ ʧʽʜ-

ʡʦʤʫ ʨʘʤʧʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ: 

v_rope = ï ( L_rope ï L_rope_old ) / 0.05, 

L_rope_old = L_rope. 

ʈʦʙʦʪʫ SCADA ʥʘ ʢʦʤʧôʶʪʝʨʽ ʚʠʢʦʥʘʥʦ ʫ ʨʝʞʠʤʽ ʝʤʫʣʷʮʽʾ ʧʨʦʮʝʩʽʚ ʟ ʣʦ-

ʢʘʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ. ɸʣʝ ʫʩʽ ʢʦʥʩʪʘʥʪʠ ʪʘ ʟʤʽʥʥʽ ʚ ʧʨʦʛʨʘʤʽ SCADA ʚʽʜʧʦʚʽʜʘ-

ʶʪʴ ʪʝʛʘʤ, ʧʦʚôʷʟʘʥʠʤ ʟ ʧʨʦʛʨʘʤʦʶ ʢʦʥʪʨʦʣʝʨʘ. ʊʦʤʫ ʧʝʨʝʭʽʜ ʥʘ ʨʦʙʦʯʫ ʚʝʨʩʽʶ 

ʧʨʦʛʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʽʚ Mitsubishi Electric FX3U [4] ʪʘ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ FR-F800-E [5] ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʰʣʷʭʦʤ 

ʧʝʨʝʤʽʱʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʫ ʪʝʛʠ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʟʠʯʥʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʪʘ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʭ 

ʟʤʽʥʥʠʭ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʪʠʧʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʢʦʨʤʦʚʦʶ ʪʘ ʙʽʯʥʦʶ 

ʘʧʘʨʝʣʷʤʠ ʨʦʣʢʝʨʽʚ ʜʣʷ ʟʘʤʽʥʠ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ SCADA Citech v.7.40, ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʢʝʨʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ Mitsubishi Electric. ɺ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ ʚʨʘʭʦʚʘʥʦ ʦʩʦʙʣʠ-

ʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ SCADA, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʜʘʯʽ ʤʽʞ ʥʠʤʠ, 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʨʘʤʧ ʟ ʫʟʛʦʜʞʝʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 1-ʾ ʪʘ 2-ʾ ʩʝʢʮʽʡ ʜʣʷ ʢʦʨʤʦʚʦʾ ʘʧʘʨʝʣʽ ʪʘ ʤʝʭʘʥʽʟʤʽʚ 

ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʨʘʤʧʠ ʽ ʪʦʯʢʠ ʦʧʦʨʫ ʜʣʷ ʙʽʯʥʦʾ ʘʧʘʨʝʣʽ. ʉʠʩʪʝʤʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʩʫʤʽʱʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ, ʢʦʥʪʨʘʩʪʥʠʭ ʢʦʣʴʦʨʽʚ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʨ-

ʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ ʧʦʨʫʯ ʟ ʟʦʙʨʘʞʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯ-

ʥʫ ʨʦʙʦʪʫ ʪʘ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʽʜʡʦʤ/ʩʧʫʩʢ ʨʘʤʧ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʫʟʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥ-

ʥʷ ʤʝʭʘʥʽʟʤʘʤʠ ʧʦʚʦʨʦʪʫ ʩʝʢʮʽʡ ʢʦʨʤʦʚʦʾ ʨʘʤʧʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʟ ʟʘʭʠʩʪʦʤ ʚʽʜ ʟʘʨʠʚʘʥʥʷ ʘʙʦ ʥʘʜʤʽʨʥʦʛʦ ʧʽʜʡʦʤʫ ʥʦʩʫ ʨʘ-

ʤʧʠ ʪʘ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʽʜʡʦʤʫ/ʩʧʫʩʢʫ ʙʽʯʥʦʾ ʨʘʤʧʠ ʟ ʧʦʩ-

ʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚʥʦʾ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚ ʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʨʦʩʫ ʧʽʜʪʷʛʫʚʘʥʥʷ ʨʘʤʧʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʦʜʥʦʯʘʩ-

ʥʽʡ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʦʨʠ ʨʘʤʧʠ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʣʽʬʪʫ ʚʽʜʧʦʚʽʜ-

ʥʦ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʧʨʠʚʦʜʽʚ ʟ ʚʝʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʟʘ ʧʦʣʝʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ, ʤʦʤʝʥʪʫ ʪʘ ʰʚʠ-

ʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʤʦʤʝʥʪʫ. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦ-

ʧʦʥʫʚʘʪʠ ʤʝʪʦʜ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʘʙʽʥʠ ʣʽʬʪʫ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦ-

ʩʪʽ ʟ ʦʙʤʝʞʝʥʥʷʤ ʨʠʚʢʘ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʝ ʙʝʟʫʜʘʨʥʝ ʟʨʦʩʪʘʥʥʷ ʤʦʤʝʥʪʫ ʜʚʠʛʫ-

ʥʘ. ɿʫʧʠʥʢʘ ʩʪʘʻ ʤʦʞʣʠʚʦʶ ʚ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʦʭʠʙʮʽ ʧʦʟʠ-

ʮʽʦʥʫʚʘʥʥʷ. ɼʦʜʘʪʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʟʘ ʧʦʭʠʙʢʦʶ ʤʽʞ ʩʬʦʨʤʦʚʘ-

ʥʦʶ ʪʘ ʬʘʢʪʠʯʥʦʶ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʢʘʙʽʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʙʘʟʽ ʧʨʦʤʠʩʣʦ-

ʚʦʛʦ ʢʦʥʪʨʦʣʝʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʝʥʢʦʜʝʨʽʚ ʪʘʢʦʞ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶ-

ʚʘʪʠ ʢʽʥʮʝʚʽ ʜʘʪʯʠʢʠ ʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʞʥʦʾ ʪʦʯʢʠ ʟʫʧʠʥʢʠ, ʧʝʨʝʾʟʜ ʷʢʠʭ çʚʤʠʢʘʻè 

ʛʘʣʴʤʽʚʥʫ ʜʽʣʷʥʢʫ ʜʽʘʛʨʘʤʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʟʫʧʠʥʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʙʽʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɺʘʥʪʘʞʦʧʘʩʘʞʠʨʩʴʢʠʡ ʣʽʬʪ, ʧʨʦʤʠʩʣʦʚʠʡ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ, ʧʝʨʝ-

ʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ʟ ʚʝʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ, ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. 
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            Abstract. The purpose of the work is to improve the method of control of the electric drive of the ele-

vator in accordance with the capabilities of modern asynchronous drives with field orientation control to 

ensure increased positioning accuracy with speed, torque, and torque growth limits. The analysis of possibil-

ities of modern frequency converters allows offering a method of positioning of an elevator cab by the for-

mation of the deterministic diagram of speed with restriction of jerk and acceleration that provides linear 

shock-free growth of the moment of the engine. Stopping becomes possible at a precisely defined time with 

minimal positioning error. An additional increase in accuracy is provided by the PI controller for the error 

between the generated and the actual speed of the cab. The implementation of the proposed method on the 

basis of an industrial controller using common encoders also makes it possible to install end switces at a 

precisely defined distance from each stopping point, moving which "turns on" the brake section of the dia-

gram and provides accurate stopping regardless of cab load. 

Keywords. Freight and passenger elevator, industrial programmable controller, frequency converter 

with vector control, asynchronous electric drive. 

 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʣʽʬʪ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʡʦʤʫ ʽ ʩʧʫʩʢʫ ʣʶʜʝʡ ʪʘ/ʘʙʦ ʚʘʥ-

ʪʘʞʽʚ ʫ ʢʘʙʽʥʽ, ʨʫʭʦʤʽʡ ʧʦ ʞʦʨʩʪʢʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʚ ʩʧʝʮʽʘʣʴʥʽʡ 

ʽʟʦʣʴʦʚʘʥʽʡ ʰʘʭʪʽ (ʨʠʩ. 1). ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʣʽʬʪʫ ï ʢʦʤʬʦʨʪʥʝ ʽ ʙʝʟʧʝʯʥʝ ʧʝ-

ʨʝʤʽʱʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ ʥʝʦʙʭʽʜʥʫ ʧʘʣʫʙʫ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʫ ʩʫʧʨʦʚʦʜʽ ʧʘʩʘʞʠʨʘ, ʧʨʠ ʮʴʦʤʫ ʩʫʤʘʨʥʘ ʚʘʛʘ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʩʪʘʥʦʚʣʝʥʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʣʽʬʪʘ. ʃʽʬʪ ʪʘ ʡʦʛʦ 

ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʷʤ ʽ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʠʤ 

ʜʦ ʨʦʙʦʪʠ ʥʘ ʩʫʜʥʽ.  
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ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʣʽʬʪʘ ʻ: 

-  - ʛʦʣʦʚʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟ ʨʝʜʫʢʪʦʨʦʤ; 

-  - ʢʘʙʽʥʘ; 

-  - ʧʨʦʪʠʚʘʛʘ; 

-  - ʪʷʛʦʚʽ ʨʝʤʝʥʽ; 

-  - ʜʚʝʨʽ ʢʘʙʽʥʠ; 

-  - ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʜʚʝʨʝʡ ʢʘʙʽʥʠ;  

-  - ʢʽʥʮʝʚʽ ʪʘ ʧʨʠʢʽʥʮʝʚʽ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʜʚʝʨʝʡ 

ʢʘʙʽʥʠ; 

-  - ʜʚʝʨʽ ʰʘʭʪʠ ʥʘ ʢʦʞʥʽʡ ʧʘʣʫʙʽ; 

-  - ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʜʚʝʨʝʡ ʰʘʭʪʠ ʥʘ ʢʦʞʥʽʡ ʧʘʣʫʙʽ; 

-  - ʢʽʥʮʝʚʽ ʪʘ ʧʨʠʢʽʥʮʝʚʽ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʜʚʝʨʝʡ 

ʰʘʭʪʠ ʥʘ ʢʦʞʥʽʡ ʧʘʣʫʙʽ; 

-  - ʥʘʧʨʘʚʣʷʶʯʽ ʢʘʙʽʥʠ ʽ ʧʨʦʪʠʚʘʛʠ; 

-  - ʙʫʬʝʨʠ ʢʘʙʽʥʠ ʽ ʧʨʦʪʠʚʘʛʠ; 

-  - ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʟ ʢʦʥʪʨʦʣʝʨʦʤ; 

-  - ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʢʘʙʽʥʠ ʥʘ ʢʦʞʥʽʡ ʧʘʣʫʙʽ; 

-  - ʦʙʤʝʞʫʚʘʯ ʰʚʠʜʢʦʩʪʽ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʦʚʠʥʝʥ ʟʘʙʝʟ-

ʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʽ ʢʦʤʬʦʨʪ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʣʽʬʪʽ, 

ʻ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ. ɸʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʽʜ 

ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʡʦʛʦ ʨʝʛʫʣʷʪʦʨʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʛʨʫʧʠ ʚʠʤʦʛ [2]: 

1. ʊʦʯʥʝ ʧʦʟʠʮʽʶʚʘʥʥʷ ʣʽʬʪʫ ʥʘ ʢʦʞʥʽʡ ʧʘʣʫʙʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʫ 
ʨʫʭʫ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʙʽʥʠ; 

2. ʆʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʥʘ ʧʘʩʧʦʨʪʥʦʤʫ ʨʽʚʥʽ; 

3. ʆʙʤʝʞʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ; 

4. ʆʙʤʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽ ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ ʚ ʜʠʥʘʤʽʯʥʠʭ ʽ ʫʩʪʘʣʝʥʠʭ ʨʝ-
ʞʠʤʘʭ; 

5. ʆʙʤʝʞʝʥʥʷ ʪʝʤʧʫ ʟʨʦʩʪʘʥʥʷ ʤʦʤʝʥʪʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʫʜʘʨʥʠʭ ʥʘʚʘʥ-
ʪʘʞʝʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʣʽʬʪʘ. 

ʆʩʥʦʚʥʦʶ ʜʽʻʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʻ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʪʘ/ʘʙʦ ʚʘʥʪʘ-

ʞʫ ʚ ʢʘʙʽʥʽ ʣʽʬʪʘ ʥʘ ʟʘʜʘʥʫ ʧʘʣʫʙʫ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʻ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʟ ʚʝʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʘʩʠʥʭʨʦʥʥʠʤʠ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤʠ 

ʜʚʠʛʫʥʘʤʠ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʜʚʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʪʘ ʢʝ-

ʨʫʚʘʥʥʷ ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʘʢʪʠʚʦʚʘ-

ʥʦ ʜʚʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʽ ʚʝʢʪʦʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʦʤʝʥ-

ʪʦʤ, ʚ ʜʨʫʛʦʤʫ ï ʩʠʛʥʘʣ ʟ ʟʦʚʥʽʰʥʴʦʾ ʢʦʥʪʨʦʣʝʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʨʝʛʫʣʷʪʦʨ ʤʦʤʝʥʪʫ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʷʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʥʢʦʜʝʨʽʚ, ʪʘʢ ʽ ʙʝʟ ʥʠʭ ʚ ʨʝʞʠʤʽ "Sensorless" [3].  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʣʽʬ-

ʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʧʨʠʚʦʜʽʚ ʟ ʚʝʢʪʦʨʥʠʤ ʢʝ-

ʨʫʚʘʥʥʷʤ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʟʘ ʧʦʣʝʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʟʠ-

ʮʦ̔ʥʫʚʘʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ, ʤʦʤʝʥʪʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʤʦ-

ʤʝʥʪʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʣʽʬʪʘ [1] 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
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ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʪʘʢʫ ʜʽʘʛʨʘʤʫ ʟʤʽʥʠ ʧʦ-

ʣʦʞʝʥʥʷ ʢʘʙʽʥʠ ()s t , ʷʢʘ ʙʫʜʝ ʥʝʧʝʨʝʨʚʥʘ, ʪʨʠʯʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ. ɺʘʞʣʠʚʦ, ʱʦ 

ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʣʠʰʝ ʟʘʜʘʚʘʪʠ ʜʽʘʛʨʘʤʫ ʪʨʝʪʴʦʾ ʧʦʭʽʜʥʦʾ 
'''

maxs , ʘ ʽʥʰʽ ʢʦʦʨʜʠʥʘʪʠ ʟʤʦʞʝ ʦʙʯʠʩʣʠʪʠ ʢʦʥʪʨʦʣʝʨ ʙʫʜʴ-ʷʢʠʤ ʤʝʪʦʜʦʤ ʽʥʪʝ-

ʛʨʫʚʘʥʥʷ [4]: 
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  (1) 

ɹʣʠʟʴʢʽ ʟʘ ʚʠʛʣʷʜʦʤ ʜʽʘʛʨʘʤʠ ʬʦʨʤʫʶʪʴ ʜʣʷ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ 

ʧʽʜʚʽʰʝʥʦʛʦ ʚʘʥʪʘʞʫ ʘʙʦ ʜʦʚʛʠʭ ʨʫʭʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [4ï7]. 

ɿʘʜʘʻʤʦ ʧʦʯʘʪʢʦʚʫ ʜʽʣʷʥʢʫ ʜʽʘʛʨʘʤʠ ʟ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ 1.1 1.2 1.1t t t- -, ʥʘ 

ʷʢʽʡ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ () max0 .F t F¢ ¢  

ɿ ʟʘʢʦʥʫ ʟʤʽʥʠ ()'''s t : 
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ɺ ʢʽʥʮʝʚʠʭ ʪʦʯʢʘʭ ʽʥʪʝʨʚʘʣʽʚ ʦʪʨʠʤʘʻʤʦ: 
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ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘʢʠʭ ʜʽʘʛʨʘʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʝʢʽʣʴʢʘ 

ʢʣʘʩʽʚ ʧʝʨʝʤʽʱʝʥʥʷ: ʚʝʣʠʢʽ ï ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʘʻ ʥʦʤʽʥʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ; ʩʝʨʝʜʥʽ 

ï ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʷʛʘʻ ʥʦʤʽʥʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ; ʤʘʣʽ ï ʨʠʚʦʢ ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ ʚʝ-

ʣʠʯʠʥʫ; ʥʘʜʤʘʣʽ ï ʟʘ ʧʨʠʧʫʩʪʠʤʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʨʠʚʦʢ 

ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʤʝʭʘʥʽʟʤ ʣʽʬʪʫ. 

ɺ ʤʦʤʝʥʪ ʯʘʩʫ 1.1t t=  ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʪʘʻ ʤʘʢʩʠʤʫʤʫ, ʪʦʙʪʦ '''

max max 1.1a s t= , ʘ 

ʰʚʠʜʢʽʩʪʴ ʩʪʘʻ ʤʘʢʩʠʤʘʣʴʥʦʶ ( )''' 2

max max 1.1 1.2 1.1v s t t t= +  ʧʨʠ 1.1 1.22t t t= + . ɿʘ ʮʝʡ ʯʘʩ 

ʣʽʬʪ ʧʦʚʠʥʝʥ ʧʨʦʡʪʠ ʰʣʷʭ 
2 2

''' 3 1.1 1.2 1.1 1.2
max 1.1

3

2 2

t t t t
s t
å õ
+ +æ ö

ç ÷
. 

ɿʘ ʯʘʩ 2t  (ʨʦʟʛʽʥ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟ ʜʽʘʛʨʘʤʦʶ (2) ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʟʥʘʢʘ-

ʤʠ) ʙʫʜʝ ʧʨʦʡʜʝʥʦ ʰʣʷʭ 12s , ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ '''

max max max 1.1 1.2, , , ,a v s t t : 
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=
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å õ å õ
= + + = + +æ ö æ ö

ç ÷ç ÷

  (5) 

ɭ ʥʦʨʤʘʪʠʚʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨ-

ʚʘʣʠ. ʊʘʢ, ʢʦʤʬʦʨʪʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʩʢʦʨʝʥʥʷ ʥʝ ʙʽʣʴʰʝ 2

max 0.1 1 /a g m s= = , 

ʧʘʩʧʦʨʪʥʘ ʰʚʠʜʢʽʩʪʴ ʣʽʬʪʫ max 0.5 /v m s= . ɺʽʜʧʦʚʽʜʥʦ 1.2 1.1 0.5t t s+ = . ʗʢʠʤ ʙʠ ʥʝ 

ʙʫʣʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 1.1 1.2,t t , ʩʫʤʘʨʥʠʡ ʯʘʩ ʨʫʭʫ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʧʘʣʫ-

ʙʘʤʠ ʥʝ ʟʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 1 s, ʷʢʱʦ ʤʽʞ ʜʽʣʷʥʢʘʤʠ ʨʦʟʛʦʥʫ ʪʘ ʛʘʣʴʤʫʚʘʥ-

ʥʷ ʥʝ ʙʫʜʝ ʜʽʣʷʥʢʠ ʟ ʧʦʩʪʽʡʥʦʶ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠ ʟʚʠʯʘʡʥʽʡ 

ʚʽʜʩʪʘʥʽ 3 m ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ 0.5 m/s ʮʝ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʡ 

ʪʨʝʪʽʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ 1.3t , ʨʦʟʨʘʭʫʥʦʢ ʷʢʦʛʦ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʡ. ʗʢʱʦ ʚʠʟʥʘ-

ʯʝʥʦ ʚʝʣʠʯʠʥʠ 1.1 1.2,t t , ʪʦ  
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çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

36  www.femire.onma.edu.ua 
 

 
( )

( )
( )max 1.1 1.2

1.3 1.1 1.2

max 1.1 1.2 max

2
2

L L
s a t t s

t t t
a t t v

- +
= = - +

+
.  (6) 

 

ɺ ʜʽʘʛʨʘʤʘʭ ʥʘ ʨʠʩ. 2 ʧʨʠʡʥʷʪʦ 
1.1 0.3t s= . ɺʽʜʧʦʚʽʜʥʦ ()''' 3

max 3. 3 /s m s= , 

12 0.4s m= . ʇʨʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʘʣʫʙʘʤʠ 3 m ʦʪʨʠʤʘʻʤʦ 
1.3 5.2t s= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʴ-ʷʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʬʪʫ ʤʽʞ ʧʘʣʫʙʘʤʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʢʣʘʩʫ ʚʝʣʠʢʠʭ. 

ʊʘʢʘ ʜʽʘʛʨʘʤʘ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʜʽʘʛʨʘʤʦʶ, ʷʢʫ ʚʽʜʧʨʘʮʴʦʚʫʻ ʩʪʘʥʜʘʨʪʥʘ 

ʩʠʩʪʝʤʘ ʟ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ: 

1) ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʻ ʟʥʘʢʦʟʤʽʥʥʠʤ, ʘʣʝ ʚʽʥ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʝ ʩʪʨʠʙʢʦʤ, ʷʢ 

ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʧʣʘʚʥʦ ʚ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʚʜʘʥʥʷ; 

2) ʰʣʷʭ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʢʘʙʽʥʘ ʜʦ ʢʽʥʮʷ ʧʝʨʽʦʜʫ ʨʦʟʛʦʥʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʻ ʘʙʩʦʣʶʪʥʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ, ʦʩʢʽʣʴʢʠ, ʧʦ ʩʫʪʽ, ʮʝ ʟʘʜʘʥʦ ʬʦʨʤʫʣʘʤʠ (5). ʎʝ 

ʥʘʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʥʘ ʧʝʚʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʪʦʯʢʠ 

ʟʫʧʠʥʢʠ ʜʣʷ ʧʦʯʘʪʢʫ ʬʦʨʤʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʜʽʣʷʥʢʠ ʜʽʘʛʨʘʤʠ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʽʜʝʘʣʴʥʠʤ, ʧʦʜʘʯʘ ʥʘ ʚʭʽʜ ʟʘʚʜʘʥʥʷ ʰʚʠʜ-

ʢʦʩʪʽ ʩʠʛʥʘʣʫ ()'s t  ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʙʽʥʠ ʥʘ ʟʘʜʘʥʫ ʚʽʜʩʪʘʥʴ. ɸʣʝ ʽʟ-

ʟʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʘʢʪʠʚʥʦʛʦ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʟʤ ʬʘʢʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ. 

ʅʘ ʨʠʩ. 2 ʧʦʨʽʚʥʷʥʦ ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʽʚ ʩʪʘʪʦʨʘ, ʰʚʠʜʢʦʩʪʝʡ, ʤʦʤʝʥʪʽʚ ʪʘ 

ʧʦʭʠʙʢʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ds ʚ ʩʠʩʪʝʤʽ ʟ ʢʣʘʩʠʯʥʠʤ ʧʨʦʧʦʨʮʽʡʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 2,ʘ) ʪʘ ʚ ʩʠʩʪʝʤʽ ʽʟ ʙʣʦʢʦʤ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(3) (ʨʠʩ. 2,ʙ). ɺʽʜʧʦʚʽʜʥʽ ʙʣʦʢʠ ʜʣʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʟʥʘʯʝʥʦ ʥʘ ʤʦʜʝʣʽ (ʨʠʩ. 2,ʚ) 

ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ. ɺʠʜʥʦ, ʱʦ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʚʩʷ, ʘʣʝ 

ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʤʦʤʝʥʪʠ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʘ ʥʝ ʩʪʨʠ-

ʙʢʘʤʠ. ɸ ʥʘʧʨʠʢʽʥʮʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʦʯʥʦ ʚ ʟʘʜʘʥʠʡ ʯʘʩ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 

2ʝ-4 m ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟ ʟʘʪʷʛʥʫʪʠʤ ʧʨʦʮʝʩʦʤ. 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 2,ʙ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʟʘ ʧʦʭʠ-

ʙʢʦʶ ʤʽʞ ʟʘʚʜʘʥʥʷʤ 's  ʪʘ ʰʚʠʜʢʽʩʪʶ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʬʽʟʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʇɼ-

ʨʝʛʫʣʷʪʦʨʫ ʧʦʣʦʞʝʥʥʷ. ɹʣʦʢʠ ʪʘʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʦʙʨʘʞʝʥʦ ʚ ʤʦʜʝʣʽ ʩʽʨʠʤ ʢʦ-

ʣʴʦʨʦʤ ʟ ʯʝʨʚʦʥʠʤ ʪʝʢʩʪʦʤ ʥʘ ʨʠʩ. 2,ʚ. ʇʦʭʠʙʢʘ ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 

8ʝ-6 m, ʱʦ ʤʝʥʰ ʟʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʤ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʥʷ ʜʣʷ 

ʣʽʬʪʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʣʠʚʘ ʥʘ ʙʘʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥ-

ʪʨʦʣʝʨʫ ʟ ʦʙʨʦʙʢʦʶ ʯʠʩʝʣ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʨʦʣʝʨʽʚ 

Mitsubishi Electric, ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʝʥʢʦʜʝʨʽʚ ʟ 2500 ppr ʪʘ 

ʩʪʘʥʜʘʨʪʥʦʶ ʩʭʝʤʦʶ ʤʫʣʴʪʠʧʣʽʢʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 4, ʷʢʫ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʥʘʜʰʚʠʜʢʽʩʥʽ ʣʽʯʠʣʴʥʠʢʠ ʫ ʩʢʣʘʜʽ ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʦʜʫʣʽʚ ʮʠʭ ʢʦʥʪʨʦ-

ʣʝʨʽʚ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʽʥʮʝʚʽ ʜʘʪʯʠʢʠ ʥʘ ʚʽʜʩʪʘʥʽ 0.4 m ʚʽʜ 

ʢʦʞʥʦʾ ʪʦʯʢʠ ʟʫʧʠʥʢʠ, ʧʝʨʝʾʟʜ ʷʢʠʭ ʙʫʜʝ ʚʤʠʢʘʪʠ ʛʘʣʴʤʽʚʥʫ ʜʽʣʷʥʢʫ ʜʽʘʛʨʘʤʠ 

ʰʚʠʜʢʦʩʪʽ. 
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ʘ)      ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʟ ʢʣʘʩʠʯʥʠʤ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦ-

ʞʝʥʥʷ (ʘ), ʚ ʩʠʩʪʝʤʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (3) (ʙ), ʪʘ ʚ ʩʠʩʪʝʤʽ (ʚ) 

ʟ ʇɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦʩʪʽ (ʛ)  



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
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ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʜʣʷ ʢʝ-

ʨʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʠʤʠ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʚʝʢʪʦʨʫ 

ʧʦʣʷ ʜʦʟʚʦʣʠʚ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʘʙʽʥʠ ʣʽʬʪʫ ʰʣʷʭʦʤ ʬʦʨ-

ʤʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʜʽʘʛʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʟ ʦʙʤʝʞʝʥʥʷʤ ʨʠʚʢʘ ʪʘ ʧʨʠʩʢʦʨʝʥ-

ʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʝ ʙʝʟʫʜʘʨʥʝ ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʤʦʤʝʥʪʫ ʜʚʠʛʫ-

ʥʘ. ʇʨʠ ʮʴʦʤʫ ʟʫʧʠʥʢʘ ʩʪʘʻ ʤʦʞʣʠʚʦʶ ʚ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʧʨʠ ʨʦʟʨʘʭʫʥ-

ʢʦʚʽʡ ʧʦʭʠʙʮʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʝʥʰ 1 mm. ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʥʘ ʙʘʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨʫ ʟ ʦʙʨʦʙʢʦʶ ʯʠʩʝʣ ʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ ʪʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʝʥʢʦʜʝʨʽʚ ʟ 2500 ppr ʪʘ ʩʪʘʥʜʘʨʪʥʦʶ ʩʭʝʤʦʶ 

ʤʫʣʴʪʠʧʣʽʢʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʪʘʢʦʞ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʢʽʥʮʝʚʽ ʜʘʪ-

ʯʠʢʠ ʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʦʞʥʦʾ ʪʦʯʢʠ ʟʫʧʠʥʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʬʦʨʤʫʚʘʥʥʽ ʜʽʘʛʨʘʤ ʨʫʭʫ ʣʽʬʪʫ ʟ ʦʙʤʝʞʝʥ-

ʥʷʤ ʨʠʚʢʘ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʩʠʥʪʝʟʽ ʜʦʜʘʪʢʦʚʦʛʦ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʧʦʭʠʙʢʦʶ 

ʤʽʞ ʩʬʦʨʤʦʚʘʥʦʶ ʪʘ ʬʘʢʪʠʯʥʦʶ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʫ 

ʟʫʧʠʥʢʫ ʢʘʙʽʥʠ ʣʽʬʪʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ.  
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ʩʫʜʥʦ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʝʪʴʦʛʦ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʜʽ-

ʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ɺʩʪʘʥʦʚʣʝʥʠʡ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʽʜʠʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ.. ʇʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʦʢʫ ʧʨʠ ʩʪʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʣʠʟʴʢʘ ʜʦ ʨʽʚʥʦ-

ʚʘʛʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ 

ʧʘʣʠʚʘ IFO ʪʘ MGO. 
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Abstract. The application of a strain gauge of liquid flow is considered, in which to increase the relia-

bility and accuracy of measurement it was proposed to measure the flow of liquid by the difference of static 

pressures in two different sections of the pipe for the fuel loading system on the ship. It is shown that the in-

stallation of the third strain gage allows to extend the measuring range of flow velocities. The influence of 

geometric dimensions and physical properties of the fluid on the magnitude of the error is established. At 

low flow rates at a system state close to equilibrium, measurements must be made using expressions describ-

ing the effect of IFO and MGO fuel friction losses. 

Keywords: liquid, flow meter, strain gauge, fuel system, error. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʜʥʘ - ʩʘʤʽ çʥʝʥʘʞʝʨʣʠʚʽè ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʥʝʚʠʙʘ-

ʛʣʠʚʽ ʩʧʦʞʠʚʘʯʽ ʧʘʣʠʚʘ: ʜʣʷ ʾʭ ʟʘʧʨʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʜʠʟʝʣʴ, ʽ ʤʘʟʫʪ, ʽ ʩʫ-

ʤʽʰʽ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʚʫʛʣʝʚʦʜʥʽʚ. ʆʜʥʘʢ çʚʩʝʾʜʥʽʩʪʴè ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʩʴʦʛʦ-

ʜʥʽ ʚʩʝ ʩʠʣʴʥʽʰʝ ʦʙʤʝʞʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʠ. ɸ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ ʧʨʠ 

ʙʫʥʢʝʨʫʚʘʥʥʽ - ʟʘʧʨʘʚʮʽ ʩʫʜʽʚ ʧʘʣʠʚʦʤ - ʜʦʟʚʦʣʷʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʚʦʜ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ. ɼʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʾ 

ʙʫʥʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʤʽʨʠ ʚʠʪʨʘʪ ʧʘʣʠʚʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʦʤʽ ʽʥʜʫʢʮʽʡʥʠʡ, ʪʝʧʣʦʚʠʡ ʪʘ 

ʽʥʰʽ ʚʠʪʨʘʪʦʤʽʨʠ, ʥʝʜʦʣʽʢʘʤʠ ʷʢʠʭ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʨʽʰʥʦʩʪʽ ʚʠʤʽʨʶ-

ʚʘʥʴ ʧʨʦʪʷʛʦʤ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʜʠʥʽ ʽ ʟʤʝʥʰʫʻ  ʾʭ 

ʥʘʜʽʡʥʽʩʪʴ. ʈʘʥʽ ʥʘʤʠ ʙʫʣʦ ʧʦʢʘʟʘʥʝ , ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʚ ʙʘʣʘʩʪʥʦ-ʦʩʫʰʫʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ 

ʨʽʜʠʥʠ ʟʘ ʨʽʟʥʠʮʝʶ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʜʚʦʭ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʨʫʙʠ [1]. ɺʩʪʘ-

ʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʟʨʦʩʪʘʻ ʧʦʭʠʙʢʘ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ 

ʥʘʷʚʥʽʩʪʶ ʪʝʨʪʷ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ. ʈʦʟʨʘʭʫʥʢʠ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʟʘʙʦʨʪʥʦʾ 

ʚʦʜʠ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʦʙʤʝʞʝʥʘ ʧʨʘʚʠʣʘʤʠ ʈʝʛʽʩʪʨʫ ʜʦ ʟʥʘʯʝʥʥʷ 3,25 ʤ/ʩ, 

ʧʦʢʘʟʘʣʠ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʦʢ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ [2], ʟʤʝʥʰʝʥʥʽ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʩʦʙʫ ʚʠʤʽ-

ʨʶʚʘʥʴ ʟ ʪʨʴʦʤʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ [3] ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʪʦʢʫ.  ʇʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʥʟʦʤʝʪʨʽʾ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʘʣʠ-

ʚʘ, ʷʢʝ ʚʦʣʦʜʽʻ ʙʽʣʴʰʦʶ ʚôʷʟʢʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ ʟʘʙʦʨʪʥʦʶ ʚʦʜʦʶ ʚ ʨʦʙʦʪʽ [1] ʥʝ 

ʨʦʟʛʣʷʜʘʣʘʩʴ.  



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʆʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ [4] ʜʣʷ ʚôʷʟʢʠʭ ʨʽʜʠʥ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,7 ʤ/ʩ, ʜʣʷ ʤʘ-

ʣʦʚôʷʟʢʠʭ ï 2,0 ʤ/ʩ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ ʽʟ ʪʝʥ-

ʟʦʤʝʪʨʠʯʥʠʤ ʚʠʪʨʘʪʦʤʽʨʦʤ ʨʽʜʠʥʠ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʫʜʥʦʚʦʾ ʧʽʜʩʠʩʪʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ 

I-VI ï ʪʘʥʢʠ ʟ IFO; VII , VIII  ï ʪʘʥʢʠ ʟ MGO 
 

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

ʪʘʢʦʛʦ ʚʠʪʨʘʪʦʤʽʨʫ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦ-

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

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, 

     21 ii r,r  - ʚʥʫʪʨʽʰʥʽ ʨʘʜʽʫʩʠ ʪʨʫʙ ʚ ʧʝʨʝʪʠʥʘʭ 1 ʽ 2. 

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 ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

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

ʟʥʠʮʷ ʪʠʩʢʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 2 [2] ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʨʠ 

ʜʚʦʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʰʝʥʥʷ d/l  . 
 

 
ʈʠʩʫʥʦʢ 2 ï ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ l/d  ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ  

d = 0,1 ʤ, 1- l/d=0,1; 2 - l/d=0,01 [2] 

 

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

ʨʥʽ ʜʣʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʧʨʠ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʚʠ-

ʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʦʜʠʪʠ ʟʘ ʨʽʟʥʠʮʝʶ ʪʠʩʢʽʚ ʫ ʧʝʨʝʪʠʥʘʭ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪ-

ʨʘ. ʇʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʦʢʫ ʧʨʠ ʩʪʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʣʠʟʴʢʘ ʜʦ ʨʽʚʥʦʚʘʛʠ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ 

ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ ʧʘʣʠʚʘ IFO ʪʘ MGO [2]. 

 
ʃɯʊɽʈɸʊʋʈɸ 

 

1. ɻʘʫʨ ʊ.ʆ., ɿʘʨʠʮʴʢʘ ʆ.ɯ., ʉʢʨʠʙʘʥʪʦʚʠʯ ɺ.ɺ., ʎʘʮʢʦ ɺ.ɯ.  ɼʦʩʣʽʜʞʝʥʥʷ ʩʫʜʥʦʚʦʾ ʙʘʣʘʩʪʥʦ-ʦʩʫʰʫʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʚʠʪʨʘʪʦʤʽʨʦʤ ʨʽʜʠʥʠ /ʄʘʪʝʨʽʘʣʠ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ "ʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦ-

ʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘ" 05.11.2019-06.11.2019.-ʆʜʝʩʘ;ʅʋ "ʆʄɸ",2020,ʩ.61-64. 

2. ɸʥʪʦʭʦʚ ʆ.ɼ., ɹʘʙʽʡ ʖ.ʉ., ɻʘʫʨ ʊ.ʆ., ʅʽʢʽʬʦʨʦʚ ɺ.ɯ., ʎʘʮʢʦ ɺ.ɯ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʜʝʷʢʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʦʯ-

ʥʽʩʪʴ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʚʠʪʨʘʪʦʤʽʨʘ ʨʽʜʠʥʠ. StŚedoevropskĨ vŊstn²k pro vŊdu a vĨzkum 7(59) 2019, pp/65-74. 

3. ɸʥʪʦʭʦʚ ʆ.ɼ., ɻʘʫʨ ʊ.ʆ., ʅʽʢʽʬʦʨʦʚ ɺ.ɯ., ʎʘʮʢʦ ɺ.ɯ. ʊʝʥʟʦʤʝʪʨʠʯʥʠʡ ʚʠʪʨʘʪʦʤʽʨ ʨʽʜʠʥʠ. ɺʽʩʥʠʢ ʆʜʝʩʴ-
ʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ˉ4(57), 2018, ʩ.121-130. 

4. http://bcm-oil.ru/?page_id=6066 (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 18.06.2020). 

 

 
 

 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

42  www.femire.onma.edu.ua 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʂʆʅʉʊʈʋʂʎɯɰ ɺʀʄɯʈʖɺɸʃʔʅʆɻʆ ʊʈʋɹʆʇʈʆɺʆɼʋ 

ʅɸ ʈɽɿʋʃʔʊɸʊʀ ɺʀʄɯʈʖɺɸʅʅʗ ɺʀʊʈɸʊ ʈɯɼʀʅʀ ɺ ʉʋɼʅʆɺʀʍ ʉʀʉʊɽʄɸʍ 
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ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʬʦʨʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʚʠʪʨʘ-

ʪʦʤʽʨʘ ʨʽʜʠʥʠ ʥʘ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧ-

ʨʦʚʦʜʫ ʥʝ ʦʢʘʟʫʻ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʪʨʘʪʫ ʥʘʧʦʨʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʨʝʢʦʤʝʥ-

ʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʫʙʦʧʨʦʚʽʜ ʟ ʨʘʧʪʦʚʠʤʠ ʨʦʟʰʠʨʝʥʥʷʤ ʪʘ ʟʚʫʞʝʥʥʷʤ ʧʦʪʦʢʫ. ʎʝ ʜʦʟʚʦ-

ʣʷʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʪʝʨʪʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʧʦʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ 

ʟʨʽʚʥʷʥʦ ʟ ʧʦʩʪʫʧʦʚʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʪʘ ʟʚʫʞʝʥʥʷʤ ʧʦʪʦʢʫ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʜʠʥʘ, ʚʠʪʨʘʪʦʤʽʨ, ʪʝʥʟʦʤʝʪʨʽʷ, ʪʨʫʙʦʧʨʦʚʽʜ, ʧʦʭʠʙʢʘ,    

 

INVESTIGATION OF THE INFLUENCE OF TH E DESIGN OF THE MEASURING 

PIPELINE ON THE RESULTS OF MEASUREMENT OF LIQUID FLOWS IN SHIP 

SYSTEMS 

 
S. Dranchuk, Ph.D., docent 

O. Kochetkov, Ph.D., docent 

I . Mudryonov , undergraduate 

V. Tsatsko, Ph.D., senior lecturer 

Odessa National Maritime University 

 

Abstract. The influence of the shape of the measuring pipe of the strain gauge of the liquid flow on the 

measurement error is investigated. It is established that the hydraulic resistance of the measuring pipeline 

does not have a significant effect on the pressure loss. To increase the accuracy of measurements, it is 

recommended to use a pipeline with sudden expansion and contraction of the flow. This reduces the effect of 

friction on the measurement results and extends the range of flow velocities as compared to the gradual 

expansion and contraction of the flow.  

Keywords: liquid, flowmeter, strain gauge, pipeline, error. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘ ʚʝʣʠʢʠʭ ʩʫʜʘʭ, ʥʘʬʪʦʨʫʜʦʚʦʟʘʭ ʽ ʢʨʠʛʦʣʘʤʘʭ 

ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʘʩ ʚʦʜʠ ʚ ʙʘʣʘʩʪʥʠʭ ʩʠʩʪʝ-

ʤʘʭ, ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʘʣʠʚʘ ʪʘ ʤʘʩʪʠʣ  ʪʘ ʽʥ. ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪ ʨʽʜʠʥʠ.  ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʪʨʘʪʦʤʽʨʽʚ, ʚ ʷʢʠʭ ʜʘʪʯʠʢʠ ʨʦʟʤʽʱʝʥʽ ʚʩʝʨʝʜʠ-

ʥʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙ-

ʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʙʠʨʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʣʷ ʧʨʦ-

ʬʽʣʘʢʪʠʢʠ ʘʙʦ ʟʘʤʽʥʠ ʜʘʪʯʠʢʽʚ.                                                                                                            

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʨʦʙʦʪʽ [1] ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘ-

ʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʨʽ-

ʜʠʥʠ ʟʘ ʨʽʟʥʠʮʝʶ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʜʚʦʭ ʨʽʟʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʨʫʙʠ.  

ʋ ʥʘʚʝʜʝʥʦʤʫ ʚ ʨʦʙʦʪʽ [1] ʚʠʪʨʘʪʦʤʽʨʽ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʚʧʣʠʚ ʪʝʨʪʷ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. ʇʦ ʤʽʨʽ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥ-

ʥʷ ʚʠʪʨʘʪ ʟʨʦʩʪʘʻ. 
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ʊʦʤʫ ʚ ʨʦʙʦʪʽ [2] ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʪʨʴʦʤʘ ʪʝʥʟʦ-

ʨʝʟʠʩʪʦʨʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʰʠʨʠʣʦ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ. 

ɺ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʦʙʦʪʘʭ ʥʝ ʨʦʟʛʣʷʜʘʚʩʷ ʚʧʣʠʚ ʬʦʨʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ  ʥʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʘʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʠ ʚʧʣʠʚʫ ʚʠ-

ʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʘ ʧʦʭʠʙʢʠ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʪʨʘʪʦʤʽʨʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.   

ɿʛʽʜʥʦ ʈɼ 5.5270-85 çʉʠʩʪʝʤʠ ʪʨʶʤʥʽ ʽ ʙʘʣʘʩʪʥʽ ʩʫʜʥʦʚʽ. ʇʨʘʚʠʣʘ ʽ ʥʦʨʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ è, ʰʚʠʜʢʽʩʪʴ ʚ ʥʘʛʥʽʪʘʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

3,25 ʤ / ʩ [3] . 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʨʠ ʨʽʟ-

ʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʘʭ [4]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ l/d  ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ  

d = 0,1 ʤ, 1- l/d=0,1; 2 - l/d=0,01 [4] 

 

ʋ ʨʦʙʦʪʽ [1] ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʤʘʻ ʜʚʘ ʧʦʩʪʫʧʦʚʽ ʧʝʨʝʭʦʜʠ ʚʽʜ 

ʙʽʣʴʰʦʛʦ ʜʦ ʤʝʥʰʦʛʦ ʽ ʥʘʚʧʘʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫ-

ʙʦʧʨʦʚʦʜʫ, ʘʣʝ ʫʩʢʣʘʜʥʶʻ ʦʪʨʠʤʘʥʥʷ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ d/l , ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʧʦʭʠʙʦʢ. ʈʘʧʪʦʚʽ ʧʝʨʝʭʦʜʠ (ʨʠʩʫʥʦʢ 2) ʧʨʠʚʦʜʷʪʴ ʜʦ ʙʽʣʴʰʠʭ ʟʥʘ-

ʯʝʥʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʘʣʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ. ʆʮʽʥʠʤʦ 

ʚʝʣʠʯʠʥʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 

 

ʈʠʩʫʥʦʢ 2. ï ʈʘʧʪʦʚʽ ʟʚʫʞʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʦʢʫ 
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çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

44  www.femire.onma.edu.ua 
 

ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʨʦʟʛʣʷʥʝʤʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʘ 

ʪʨʫʙʦʧʨʦʚʽʜ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 108 ʤʤ ʟ ʪʦʚʱʠʥʦʶ 

ʩʪʽʥʢʠ 5 ʤʤ ʟ ʫʤʦʚʥʠʤ ʧʨʦʭʦʜʦʤ Dʫ100. 

ʄʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ: 

1. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʤʝʥʰʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ ʤʝʥʰʦʾ 

ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ. 

2. ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʙʽʣʴʰʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘ ʙʽʣʴʰʦʾ 

ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ. 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʥʘʛʥʽʪʘʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʽ. ʈʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ h21 = 4,5 ʤʤ ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʊʦʜʽ 

ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ri21 = 44,1 ʤʤ. 

ɼʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʻʤʦ  h22= 5,6 ʤʤ, ʪʦʜʽ ri22 = 54,9 ʤʤ. 

ɺʪʨʘʪʘ ʥʘʧʦʨʫ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʩʢʣʘʜʘʻ ʽ ʚ ʧʝʨʰʦʤʫ ʽ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʘʭ ʙʽʣʷ 0,3 ʤ. ʎʷ ʚʝʣʠʯʠʥʘ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʘʧʦʨʫ ʥʘʩʦʩʫ (ʥʘʧʨʠ-

ʢʣʘʜ ʥʘʩʦʩ ʅʎɺʉ-63/20ʄ ʤʘʻ ʥʘʧʽʨ 20 ʤ), ʪʦʤʫ ʚʪʨʘʪʘʤʠ ʥʘʧʦʨʫ ʥʘ ʚʠʤʽʨʶʚʘ-

ʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʪʘ ʟʚʫʞʝʥʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʪʨʘʪʠ ʥʘʧʦʨʫ 

ʟʤʝʥʰʫʶʪʴʩʷ. ʇʨʠ ʧʝʨʝʙʽʛʫ ʨʽʜʠʥʠ ʚ ʜʠʬʫʟʦʨʽ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʦʢ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʨʘʜʽ-

ʻʥʪ ʪʠʩʢʫ. ʇʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʨʦʟʰʠʨʝʥʥʷ Ŭ ʯʘʩʪʠʥʢʠ ʫ ʩʪʽʥʢʠ ʥʝ ʤʦ-

ʞʫʪʴ ʧʦʜʦʣʘʪʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʠʩʢ ʽ ʟʫʧʠʥʷʶʪʴʩʷ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʢʫʪʘ ʯʘʩʪʢʠ ʨʽʜʠʥʠ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʷ ʧʨʦʪʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ, ʷʢ ʧʨʠ ʨʽʟʢʦʤʫ 

ʨʦʟʰʠʨʝʥʥʽ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʩʪʽʥʦʢ ʽ ʩʪʚʦʨʝʥʥʷ ʚʠ-

ʭʨʽʚ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʮʠʭ ʷʚʠʱ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ Ŭ ʽ ʩʪʫʧʝʥʝʤ ʨʦʟʰʠ-

ʨʝʥʥʷ. ɺʪʨʘʪʫ ʥʘʧʦʨʫ ʚ ʜʠʬʫʟʦʨʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʤʫ ʚʪʨʘʪ ʥʘ ʪʝ-

ʨʪʷ ʽ ʨʦʟʰʠʨʝʥʥʷ. ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʢʫʪʘʭ Ŭ ʟʨʦʩʪʘʶʪʴ ʚʪʨʘʪʠ ʧʦ ʜʦʚʞʠʥʽ, ʘ ʦʧʽʨ 

ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʩʪʘʻ ʤʽʥʽʤʘʣʴʥʠʤ. ʇʨʠ ʚʝʣʠʢʠʭ ʢʫʪʘʭ Ŭ ʥʘʚʧʘʢʠ ʟʨʦʩʪʘʻ ʦʧʽʨ ʥʘ 

ʨʦʟʰʠʨʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ d/l  ʧʨʠ ʨʘʧʪʦʚʦʤʫ ʟʚʫʞʝʥʥʽ ʪʘ ʨʦʟʰʠʨʝʥʥʽ ʧʦʪʦʢʫ 

ʟʥʘʯʥʦ ʥʠʞʯʝ ʥʽʞ ʧʨʠ ʧʦʩʪʫʧʦʚʦʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ʧʦʭʠʙʢʠ, 

ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ ʽ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʚʠʤʽ-

ʨʶʚʘʥʥʷ. ʊʦʤʫ ʨʝʢʦʤʝʥʜʫʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʟ 

ʨʘʧʪʦʚʠʤʠ ʟʚʫʞʝʥʥʷʤ ʪʘ ʨʦʟʰʠʨʝʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ.  ɼʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʬʦʨʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʝʥ-

ʟʦʤʝʪʨʠʯʥʦʛʦ ʚʠʪʨʘʪʦʤʽʨʘ ʨʽʜʠʥʠ ʥʘ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʝ ʦʢʘʟʫʻ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʚʪʨʘʪʫ ʥʘʧʦʨʫ. 

 ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʨʫʙʦʧʨʦʚʽʜ ʟ ʨʘʧʪʦʚʠʤʠ ʨʦʟʰʠʨʝʥʥʷʤ ʪʘ ʟʚʫʞʝʥʥʷʤ ʧʦʪʦʢʫ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʪʝʨʪʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʧʦʰʠʨʠʪʠ 

ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʟʨʽʚʥʷʥʦ ʟ ʧʦʩʪʫʧʦʚʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʪʘ ʟʚʫʞʝʥʥʷʤ 

ʧʦʪʦʢʫ. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  ʇʨʦʙʣʝʤʘ ʯʠʩʪʦʪʠ ʘʪʤʦʩʬʝʨʠ ʚʠʥʠʢʣʘ ʨʘʟʦʤ ʟ ʧʦ-

ʷʚʦʶ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʘʬʪʽ.  ʇʨʦʪʷʛʦʤ ʧʦʧʝʨʝʜ-

ʥʽʭ ʩʪʦʣʽʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʥʦʩʠʣʦ ʤʽʩʮʝʚʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʦ-

ʩʣʦ ʟʘʥʝʧʦʢʦʻʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʟ ʧʨʠʚʦʜʫ ʚʧʣʠʚʫ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘ-

ʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʚʧʣʠʚʽʚ ʜʽʷʣʴʥʦʩʪʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦ-

ʨʪʫ ʥʘ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʧʽʜʢʨʝʩʣʶʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘ ʮʝʡ ʩʝʢʪʦʨ ʧʨʠʧʘʜʘʻ ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʠʭ ʚʠʢʠʜʽʚ NOx  ʪʘ Cʆx ʽ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʚʽʪʨʷ.  ʂʨʽʤ ʪʦʛʦ, ʽʩ-

ʥʫʶʯʽ ʪʝʥʜʝʥʮʽʾ ʧʨʠʧʫʩʢʘʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʩʠʪʫʘʮʽʾ ʚ ʤʘʡʙʫʪʥʴʦʤʫ.  ɼʽʡʩʥʦ, ʚʠ-

ʢʠʜʠ CO2 ʚʽʜ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʦʮʽʥʶʶʪʴʩʷ ʚ 3-5% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʢʠʜʽʚ CO2. 

ʂʨʽʤ ʪʦʛʦ, ʦʮʽʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ 2050 ʨʦʮʽ ʥʘ ʤʦʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʙʫʜʝ ʧʨʠ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʧʘʜʘʪʠ 15% ʟʘʛʘʣʴʥʠʭ ʚʠʢʠʜʽʚ NOx  ʪʘ Cʆx [1]. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʷʜ ʤʦʨʩʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʚʚʝʣʠ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʱʦ ʜʦ ʩʫʜʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʩʫʜʘʭ ʤʦʨʩʴʢʦʛʦ 

ʬʣʦʪʫ. ɿ 1 ʩʽʯʥʷ 2020 ʨʦʢʫ ʄʂ ʄɸʈʇʆʃ ʚʚʝʣʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʤʽʪ ʩʨ̔ʢʠ ʚ ʤʘʟʫ-

ʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʥʘ ʩʫʜʘʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʤʝʞʘʤʠ ʧʦʟʥʘʯʝʥʠʭ ʟʦʥ ʦʙ-

ʤʝʞʝʥʥʷ ʚʠʢʠʜʽʚ, ʙʫʜʝ ʟʥʠʞʝʥʦ ʜʦ 0,5%. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʝ ʧʘʣʠʚʦ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʜʥʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ (ʷʢ ʦʩʥʦʚʥʠʤʠ, ʪʘʢ ʽ ʜʦʧʦʤʽʞʥʠʤʠ) ʽ ʢʦʪ-

ʣʘʤʠ, ʤʘʻ ʤʽʩʪʠʪʠ ʥʝ ʙʽʣʴʰʝ 0,5% ʩʽʨʢʠ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʟʦʥʠ ʢʦʥʪʨʦʣʶ ʚʠ-

ʢʠʜʽʚ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ECA, - ʮʝ ʟʦʥʠ, ʜʝ ʜʽʶʪʴ ʙʽʣʴʰ ʩʫʚʦʨʽ ʧʨʘʚʠʣʘ ʽ ʚʠʤʦʛʠ 

ʱʦʜʦ ʚʠʢʠʜʽʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʘʥʪʘʞʽʚ.  ʃʽʤʽʪ ʚʤʽʩʪʫ ʩʽʨʢʠ ʚ ʧʘʣʠʚʽ ʜʣʷ 

ʩʫʜʝʥ ʚ ʢʨʘʾʥʘʭ ʟ ʟʦʥʘʤʠ ɽʉɸ ʩʪʘʥʦʚʠʪʴ 0,1%.   ʋ ʟʚ'ʷʟʢʫ ʟʽ ʩʪʨʦʛʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦʜʘʪʢʘ VI ʄʂ ʄɸʈʇʆʃ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʘʢʪʠʚʥʠʭ ʜʽʡ 

ʩʧʨʠʷʶʯʠʭ ʨʽʰʝʥʥʶ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʢʩʠʜʘʤʠ ʘʟʦʪʫ 

ʪʘ ʽʥʰʠʤʠ ʰʢʽʜʣʠʚʠʤʠ ʛʘʟʘʤʠ.  

ʄʝʪʘ ʪʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝ-

ʮʠʨʢʫʣʷʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ 

ʚ ʘʪʤʦʩʬʝʨʫ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʜʠʤʦʩʦʩʘ. 

ʆʙôʻʢʪʦʤ ʨʦʙʦʪʠ ʻ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʩʫʜʦʚʦʤʫ ʜʦʧʦʤʽʞ-

ʥʦʤʫ ʢʦʪʣʽ  

ɺʽʜʦʤʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʶ NOx ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʛʘʟʽʚ ʨʝʮʠʨʢʫ-

ʣʷʮʽʾ. ʎʝʡ ʟʘʭʦʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ .  ɿʘʟʚʠʯʘʡ ʜʠʤʦʚʽ ʛʘʟʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʟʘʙʠʨʘʶʪʴʩʷ ʟ ʚʭʦʜʫ ʫ ʩʠʩ-

ʪʝʤʫ, ʜʝ ʾʭ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 300 ʜʦ 350 Á ʉ, ʽ ʟ ʜʦʧʦʤʦʛʦʶ ʜʠʤʦʩʦʩʽʚ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʜʘʶʪʴ ʚ ʪʦʧʢʦʚʫ ʢʘʤʝʨʫ.  ʂʽʣʴʢʽʩʪʴ ʽ ʤʽʩʮʝ ʚʚʝʜʝʥʥʷ ʛʘʟʽʚ ʨʝʮʠ-

ʨʢʫʣʷʮʽʾ ʚʽʜʽʛʨʘʻ ʜʫʞʝ ʚʝʣʠʢʫ ʨʦʣʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦ-

ʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ NOx ʜʦ 50%  [2]. 

ɺʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʠ ʪʘ ʦʙôʻʢʪʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʫ ʨʝʮʠʨʢʫʣʷ-

ʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʩʫʜʥʦʚʠʭ ʜʦʧʦʤʽʞʥʠʭ ʢʦʪʣʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʜʠʤʦ-

ʩʦʩʦʤ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ NOx ʪʘ Cʆx ʜʦ 50%  ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʘʡʦʥʽʚ ʧʣʘʚʘʥʥʷ 

ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʱʦ ʻ ʚʘʛʦʤʦʶ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɯʩʥʫʻ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʚʚʦʜʫ ʛʘʟʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ. 

1. ʇʽʜ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʪʦʧʢʠ. 

2. ʋ ʰʧʣʽʮ ʧʽʜ ʛʦʨʽʢʘʤʠ. 

3. ʋ ʧʦʚʽʪʨʦʧʨʦʚʽʜ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ. 

4. ɺ ʟʘʧʘʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʤʽʞ ʧʦʪʦʢʘʤʠ ʧʦʚʽʪʨʷ, ʘʙʦ ʚ ʦʜʠʥ ʟ ʧʦʪʦʢʽʚ.  

5. ɺ ʧʦʪʽʢ ʧʘʣʠʚʘ ʥʘ ʟʘʧʘʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʚʨʘ-

ʭʦʚʫʶʯʠ ʨʽʟʥʽ ʪʠʧʠ ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʠʤʦʩʦʩʫ, ʤʝʪʦʜ 

ʚʚʦʜʫ ʛʘʟʽʚ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʜʽʘʛʨʘʤʘ ʷʢʘ ʧʦʢʘʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ NOx. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʫʜʦʚʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʢʦʪ-

ʣʘ ʟ ʘʚʪʦʤʘʪʠʢʦʶ, ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʜʠʤʦʚʠʭ 

ʛʘʟʽʚ: ɺ ï ʚʝʥʪʠʣʷʪʦʨ; ɼʉ ï ʜʠʤʦʩʦʩ; ʇʇ - ʧʦʚʽ-

ʪʨʷʥʠʡ ʧʽʜʽʛʨʽʚʘʯ; ɺɽ ï ʚʦʜʷʥʠʡ ʝʢʦʥʦʤʘʡʟʝʨ; 

ʇʅ ï ʧʠʪʦʤʠʡ ʥʘʩʦʩ; QE ï ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ; FFC 

ï ʨʝʛʫʣʷʪʦʨ ʨʝʮʠʨʢʫʣʷʮʽʾ; FE ï ʚʠʤʽʨʶʚʘʯ ʨʦʟ-

ʭʦʜʽʚ; Õ - ʢʝʨʫʶʯʽ   ʚʧʣʠʚʠ  

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʶ 

NOx ʫ ʚʠʭʽʜʥʠʭ ʛʘʟʘʭ ʧʨʠ ʨʽʟʥʠʭ ʤʝʪʦʜʘʭ 

ʚʚʦʜʫ ʛʘʟʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ 

 

 

 ʋ ʟʚôʷʟʢʫ ʟ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʨʝʙ ʣʶʜʩʪʚʘ ʧʨʦʛʨʝʩ ʥʝ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ. ʋ ʩʫ-

ʯʘʩʥʦʤʫ ʩʫʜʥʦʧʣʘʚʩʪʚʽ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʩʫʜʥʘ ʢʣʘʩʫ çɸ1è ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʪʘ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠ-

ʱʝ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ NOx, ʫ ʜʦʧʦʤʽʞʥʦʤʫ ʢʦʪʣʽ 

ʫʩʪʘʥʦʚʣʝʥʦ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʛʦʨʽʥʥʷ ʚ ʪʦʧʮʽ, ʪʘ ʢʦʥʪʨʦʣʝʨ 

(ʨʠʩ 2), ʢʝʨʫʶʯʠʡ ʚʠʪʨʘʪʠ ʜʠʤʦʚʦʛʦ ʛʘʟʫ ʥʘ ʨʝʮʠʨʢʫʣʷʮʽʶ, ʱʦʙ ʜʦʤʦʛʪʠʩʷ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʟʫ ʪʘ ʧʘʣʠʚʘ ʜʣʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝ-

ʮʠʨʢʫʣʷʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠ-

ʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨ-

ʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚ ʘʛʨʝʛʘʪʘʭ ʉɽʋ.     

ɺʠʩʥʦʚʢʠ: ʉʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʜʠʤʦʩʦʩʫ  

ʩʫʜʥʦʚʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʢʦʪʣʘ ɹʘʣʢʝʨʫ ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʶ 38000 ʪʦʥ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɺʠʷʚʣʝʥʦ ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʜʠʤʦʩʦʩʦʤ ʩʧʨʠʷʣʦ ʟʥʠʞʝʥʥʶ ʨʽʚʥʶ 

NOx ʪʘ Cox ʫ ʚʠʭʽʜʥʠʭ ʛʘʟʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʝʥʘ ʯʘʩʪʢʘ ʚʧʣʠʚʫ ʦʪʨʫʡʥʠʭ 

ʨʝʯʦʚʠʥ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʩʫʜʝʥ.  
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PROSPECTS FOR USING THE CAPACITOR CONTROL SYSTEM IN A SHIP POWER 

PLANT  

D. Vyshnevskyi, postgraduate 

M. Mukha, Dr. of Technical Sciences, Associate professor 

National University "Odessa Maritime Academy" 

 

 Abstract: The use of a capacitor control system as part of a ship power plant makes it possible to in-

crease the efficiency of the generator complex, improve the quality of transient processes, and simplify the 

voltage regulation system.  

Keywords: Capacitor installation, voltage control system, ship generator complex. 

 

       ʉʫʜʥʘ ʩʫʯʘʩʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʬʣʦʪʫ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ, 

ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʾ ʩʢʣʘʜʘʻ ʜʦ 30% ʧʦʪʫʞʥʦʩʪʽ ʩʫʜʥʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʉʪʨʫʢʪʫʨʘ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʠʪʨʘ-

ʯʘʶʪʴʩʷ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ [1, 2]. 

       ɹʽʣʴʰʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʩʫʜʘʭ ʻ ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ, ʚ 

ʷʢʠʭ ʟʤʽʥʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʙʤʦʪʢʘʤʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʦʙʤʦ-

ʪʢʘʭ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʽʥʜʫʢʫʶʪʴʩʷ ʨʝʘʢʪʠʚʥʽ ʝ.ʨ.ʩ., ʱʦ ʦʙʫʤʦʚ-

ʣʶʶʪʴ ʟʩʫʚ ʧʦ ʬʘʟʽ ʤʽʞ ʥʘʧʨʫʛʦʶ ʽ ʩʪʨʫʤʦʤ. ʊʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʻ ʨʝʘ-

ʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʟʙʽʣʴʰʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ 

1/cosj. 

       ɹʝʟ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʢʣʶʯʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʛʝʥʝʨʫʶʯʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʣʝʥʥʷ ʤʦ-

ʪʦʨʝʩʫʨʩʫ, ʟʥʠʞʝʥʥʷ ʂʂɼ ʽ ʧʝʨʝʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʇʨʷʤʠʡ ʧʫʩʢ ʧʦʪʫʞʥʦʛʦ ʝʣʝʢʪ-

ʨʦʜʚʠʛʫʥʘ ʥʝʤʦʞʣʠʚʠʡ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʨʝʘʢʪʠʚʥʠʡ ʩʪʨʫʤ, ʩʫʤʽ-

ʨʥʠʡ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʛʝʥʝʨʘʪʦʨʘ [3]. 
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      ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʰʣʷʭʦʤ ʢʦ-

ʤʫʪʘʮʽʾ ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ ʩʝʢʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʨʠʩʪʦʨʥʠʭ ʢʣʶʯʽʚ. ɼʠʥʘʤʽʯʥʘ 

ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦ-

ʮʝʩʽʚ ʧʨʠ ʢʦʤʫʪʘʮʽʾ ʟʤʽʰʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʽ ʧʫʩʢʫ ʧʨʠʚʦʜʽʚ ʩʫʤʽʨʥʦʶ ʧʦʪʫ-

ʞʥʦʩʪʽ [4]. 

      ʊʘʢʦʞ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝ-

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʋʂʈʄ) ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʧʨʫʛʦʶ ʟʘʩʪʦʩʦʚʘ-

ʥʠʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʂʦʥʜʝʥʩʘʪʦʨʥʽ ʩʝʢ-

ʮʽʾ, ʱʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʩʪʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʽʥʝʨʮʽʡʥʽʩʪʴ ʢʘʥʘʣʫ ʫʧʨʘʚ-

ʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʧʦʨʷʜʦʢ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ-

ʧʨʫʛʦʶ. ʈʝʞʠʤ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʤʦʞʝ ʫʧʨʘʚʣʷʪʠʩʷ 

ʩʧʽʣʴʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʫʛʠ, ʱʦ ʩʧʨʦʱʫʻ ʩʠʩʪʝʤʫ ʨʝʛʫʣʶʚʘʥʥʷ. 

       ɿʘʩʪʦʩʫʚʘʥʥʷ ʋʂʈʄ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʘʩʠ-

ʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ [5] ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʥʭʨʦʥʥʠʤʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘ-

ʜʽʡʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʽ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

       ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚ ʩʢʣʘʜʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʽ ʟʥʠʟʠʪʠ 

ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʩʫʜʥʦʚʦ  ʁʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. 
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ɺʩʪʫʧ. ʇʨʠ ʧʝʨʝʚʝʟʝʥʥʷʭ ʥʘ ʩʫʜʥʘʭ ʟ ʢʦʨʦʪʢʠʤʠ ʤʘʨʰʨʫʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʥʘ ʧʦʨʦʤʘʭ ʘʙʦ ʧʦʨʪʦʚʠʭ ʙʫʢʩʠʨʘʭ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʪʦ ʝʣʝʢʪʨʠʯʥʠʭ ʨʫʭʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟ ʫʜʦʩʢʦʥʘʣʝʥʠʤʠ ʣʽʪʽʡ-ʽʦʥʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ʚʠʩʦʢʦʾ ʻʤʥʦʩʪʽ ʤʦʞʝ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʨʦʙʦʪʫ ʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ ʟʘ ʫʤʦʚʠ ʧʽʜʟʘʨʷʜʢʠ ʜʦ ʜʦʩʪʘʪʥʴʦ-

ʛʦ ʨʽʚʥʷ ʝʥʝʨʛʽʾ ʥʘ ʢʦʞʥʽʡ ʩʪʦʷʥʮʽ. ɼʣʷ ʧʦʨʦʤʽʚ ʯʘʩ ʩʪʦʷʥʢʠ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜʟʘʨʷʜʢʘ, ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʩʴʦʛʦ 4-5 ʭʚ.[1]. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʰʪʝʢʝʨʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʩʪʠʢʫʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʜʣʷ ʟʘʨʷ-

ʜʢʠ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʨʦʤʘʭ ʘʙʦ ʛʽʙʨʠʜʥʠʭ 

ʙʫʢʩʠʨʘʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʝʜʦʩʪʘʪʥʶ ʥʘʜʽʡʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʝʣʝʢʪ-

ʨʦʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʟʘʩʦʣʝʥʦʩʪʽ, ʦʧʘʜʽʚ ʽ ʦʙʤʝʨʟʘʥʥʷ. [2]. ʂʨʽʤ ʪʦʛʦ, ʤʦʨʩʴʢʽ ʩʠ-

ʩʪʝʤʠ ʟʘʨʷʜʢʠ ʧʦʪʨʝʙʫʶʪʴ ʰʚʠʜʢʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʚʽʜʢʣʶʯʝʥ-

ʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʟʥʘʯʝʥʽ ʦʙʩʪʘʚʠʥʠ ʤʦʪʠʚʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʾ ʙʝʟʢʦ-

ʥʪʘʢʪʥʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʜʣʷ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤ ʟʘʨʷʜʢʠ ʘʢʫʤʫʣʷʪʦʨʽʚ ʻ ʥʘʩʪʽʣʴ-

ʢʠ ʞ ʚʝʣʠʢʦʶ, ʷʢ ʽ ʜʣʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ɯʥʜʫʢʪʠʚʥʽ ʟʘʨʷʜʥʽ ʩʠʩʪʝʤʠ (ɯɿʉ) ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʛʘʡʥʫ ʧʝʨʝʜʘʯʫ 

ʝʥʝʨʛʽʾ ʥʘ ʩʫʜʥʦ, ʚʽʜ ʤʦʤʝʥʪʫ ʰʚʘʨʪʫʚʘʥʥʷ ʽ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʦʥʦ ʧʦʯʠ-

ʥʘʻ ʥʘʩʪʫʧʥʠʡ ʨʝʡʩ. ʇʨʦʪʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʽʥʜʫʢʪʠʚʥʦʾ ʟʘʨʷʜʢʠ ʚ 

ʤʦʨʩʴʢʦʤʫ ʩʝʢʪʦʨʽ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ [ 3, 4, 5, 6]: 

1. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʝʣʝʢʪʨʦʙʫʩʽʚ ʘʙʦ ʪʨʘʤʚʘʾʚ, ʜʣʷ ʩʫʜʝʥ ʧʦʪ-

ʨʽʙʝʥ ʟʥʘʯʥʦ ʚʠʱʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʽ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ, ʪʦʤʫ ʤʦʨʩʴ-

ʢʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦ-

ʨʷʜʢʫ ʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ ʤʝʛʘʚʘʪ. 

2 ʉʫʜʥʦ ʧʽʜ ʯʘʩ ʟʘʨʷʜʢʠ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʨʫʭʦ-

ʤʦʾ ʙʝʨʝʛʦʚʦʾ ʯʘʩʪʠʥʠ ʟʘʨʷʜʥʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʢʦʤʙʽʥʦʚʘʥʫ ʜʽʶ ʚʽʪʨʫ, ʭʚʠʣʴ ʽ 

ʟʤʽʥʫ ʦʩʘʜʢʠ ʫ ʧʨʦʮʝʩʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʟʩʫʚʫ ʽ ʟʤʽʥʠ ʚʟʘʻʤʥʦʛʦ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʽʥʜʫʢʪʠʚʥʦʛʦ ʟʚ'ʷʟʢʫ (ʢʦʪʫʰʦʢ), ʘ ʪʘʢʦʞ ʜʦʚʞʠʥʠ ʧʦʚʽʪ-

ʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʥʠʤʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʥʘʧʨʷʤʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʜʫʢʪʠʚ-

ʥʠʭ ʟʘʨʷʜʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʧʨʠʥ-

ʮʠʧʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʝʨʝʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ) ʽ ʽʥʚʘ-

ʨʽʘʥʪʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʜʦ ʟʤʽʥʠ ʫʤʦʚ ʽʥ-

ʜʫʢʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ. 
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 ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ (ʤʝʭʘʥʽʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʩʭʝʤʦʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ) ʩʫʯʘʩʥʠʭ ʤʦʨʩʴʢʠʭ ɯɿʉ; 

- ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ ʽ ʥʝʦʙʭʽʜʥʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʽʥʚʝʨʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ɯɿʉ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ; 

- ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʧʨʠʥʮʠʧʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʥʘ ʨʝʞʠʤ ɯɿʉ. 

 ʂʦʥʩʪʨʫʢʮʽʷ, ʩʭʝʤʦʪʝʭʥʽʢʘ ʪʘ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ɯɿʉ.  

 ɼʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʫ ʤʦʨʩʴʢʠʭ ʟʘʨʷʜʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝ-

ʭʘʥʽʯʥʽ ʢʦʥʪʘʢʪʥʽ ʩʪʠʢʫʚʘʣʴʥʽ ʚʫʟʣʠ. ɸʣʝ ʥʘ ʧʝʨʰʦʤʫ ʚ ʩʚʽʪʽ ʥʦʨʚʝʟʴʢʦʤʫ ʘʢʫ-

ʤʫʣʷʪʦʨʥʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʧʦʨʦʤʽ ʄF Ampere, ʧʦʙʫʜʦʚʘʥʠʡ ʫ 2014 ʨ., ʤʘʣʠ 

ʤʽʩʮʝ ʘʚʘʨʽʾ, ʧʦʚô̫ ʟʘʥʽʟ ʚʽʜʤʦʚʦʶ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʰʪʝʢʝʨʘ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʨʦ-

ʙʣʝʤ ʽ ʦʙʤʝʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʚʫʟʣʘʤʠ, ʥʦʨʚʝʟʴʢʘ 

ʩʫʜʥʦʙʫʜʽʚʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʨʦʟʨʦʙʣʷʻ ʪʝʭʥʦʣʦʛʽʶ ʙʝʟʜʨʦʪʦʚʦʾ ʙʝʟʢʦʥʪʘʢʪʥʦʾ 

ʽʥʜʫʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʥʘ ʩʫʜʥʦ, ʧʨʠʥʮʠʧ ʷʢʦʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 [7]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʜʫʢʪʠʚʥʦʾ ʟʘʨʷʜʥʦʾ ʩʠʩʪʝʤʠ 

 

         ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʙʝʨʝʛʦʚʠʡ ʪʘ ʩʫʜʥʦʚʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫ-

ʶʪʴ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ. ʊʝʭʥʦʣʦʛʽʷ ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʜʚʦʭ ʽʥʜʫʢʪʠʚʥʠʭ ʢʦʪʫʰʦʢ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʪ. ʟ. ʽʥʜʫʢʪʠʚʥʫ ʘʙʦ ʤʘʛ-

ʥʽʪʥʫ ʤʫʬʪʫ, ʯʝʨʝʟ ʷʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʢʦʥʪʘʢʪʥʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʟʤʽʥʥʝ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ.  

ʋ 2017 ʨ. ʚʧʝʨʰʝ ʚ ʩʚʽʪʽ ʢʦʤʧʘʥʽʻʶ Wªrtsilª Marine Solutions ʚʠʨʦʙʣʝʥʦ, 

ʟʤʦʥʪʦʚʘʥʦ ʽ ʚʠʧʨʦʙʫʚʘʥʦ ʽʥʜʫʢʪʠʚʥʠʡ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʛʽʙʨʠʜʥʦʤʫ ʧʦʨʦ-

ʤʽ MF Folgefonn. ʈʝʘʣʽʟʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʫʞʥʽʩʪ ɹʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ 

ʜʦ 2,5 ʄɺʪ ʟ ʂʂɼ ʥʝ ʤʝʥʰʝ 95% ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ ʤʽʞ 15 ʽ 

50 ʩʤ. ɹʝʨʝʛʦʚʽ ʪʘ ʙʦʨʪʦʚʽ ʯʘʩʪʠʥʠ ʧʨʠʩʪʨʦʶ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʧʨʫʛʫ 

690 ɺ ʥʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʊʘʢʦʞ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʨʦʟʧʦʜʽʣʴ-

ʯʠʭ ʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʑʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ,  ʧʝʨʝʜʘʥʦʾ ʯʝʨʝʟ ʽʥʜʫʢʪʠʚʥʫ 

ʤʫʬʪʫ, ʩʢʣʘʜʘʻ 500 ʢɺʪ/ʤ2 ʥʘ ʨʦʙʦʯʽʡ ʯʘʩʪʦʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 2 ï 8 ʢɻʮ. ʅʘ ʚʠʙʽʨ ʜʽ-

ʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʚʧʣʠʚʘʻ ʧʝʨʝʚʘʞʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʝʨʝʛʦʚʦʤʫ ʽʥʚʝʨ-

ʪʦʨʽ ɯɿʉ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʩʪʦʚʠʭ IGBT-ʤʦʜʫʣʽʚ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʥʠʭ ʦʯʽʢʫʚʘʥʠʭ ʚʽʜʥʦʩʥʠʭ ʟʤʽʱʝʥʴ ʢʦʪʫʰʦʢ ʤʫʬʪʠ ʫ ʥʘʧʨʷʤʽ 

ʚʛʦʨʫ ï ʚʥʠʟ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʟʦʥʠ ʧʝʨʝʢʨʠʪʪʷ ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʷ, ʧʦʜʦʚʞʝʥʘ ʫ ʚʝʨʪʠʢʘʣʽ. 

     



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɯɿʉ. 

  ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʘ ʪʦʧʦʣʦʛʽʷ ɯɿʉ ʟ ʩʝʨʽʻʩʥʦ-ʩʝʨʽʻʩʥʦʶ (SS) ʻʤʥʽʩʥʦʶ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʥʘ ʨʠʩʫʥʢʫ 3 ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʨʦʟʨʘʭʫʥ-

ʢʦʚʘ ʩʭʝʤʘ ʮʽʻʾ ʩʠʩʪʝʤʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʊʦʧʦʣʦʛʽʷ ʪʠʧʦʚʦʾ ɯɿʉ 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ɯɿʉ 

 

  ʇʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: R1, L1; R2, L2 ï ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟ-

ʩʽʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽ ʧʨʠʡʤʘʣʴʥʦʾ ʢʦʪʫʰʦʢ; ʄ ï ʚʟʘʻʤʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦ-

ʪʫʰʦʢ; ʉ1, ʉ2 ï ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʻʤʥʦʩʪʽ. ʆʙʠʜʚʘ ʢʦʥʪʫʨʠ (ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ) 

ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʦʜʥʘʢʦʚʫ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ : 

 . 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʛʘʨʤʦʥʽʯʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʟʤʽʥʥʠʭ ʥʘʧʨʫʛ ʽ 

ʩʪʨʫʤʽʚ; ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ. ɼʽʶʯʽ ʟʥʘʯʝʥʥʷ ʢʦʤ-

ʧʣʝʢʩʽʚ ʚʭʽʜʥʦʾ ʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ: 

 ;   ;    (1) 

 ;    .    (2) 

ɽʣʝʤʝʥʪʘʨʥʠʡ ʘʥʘʣʽʟ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʟ ʥʫʣʴʦ-

ʚʠʤʠ ʚʪʨʘʪʘʤʠ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʫʤʦʚʠ  : 

 ;   ;  . 

ʊʦʜʽ ʚʠʭʦʜʠʪʴ, ʱʦ ʢʦʤʧʣʝʢʩʥʽ ʽ ʘʢʪʠʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ 

ʢʦʥʪʫʨʽʚ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʤʦʜʫʣʝʤ , ʘʣʝ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʟʥʘʢʦʤ, ʪʦʙʪʦ ʚʭʽʜʥʠʡ ʢʦ-

ʥʪʫʨ ʻ ʛʝʥʝʨʫʶʯʠʤ, ʘ ʚʠʭʽʜʥʠʡ ï ʩʧʦʞʠʚʘʶʯʠʤ: 

 .    (3) 

        ʗʢʱʦ ʯʝʨʝʟ ʟʤʽʥʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʢʦʪʫʰʦʢ ʚʟʘʻʤʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʟʤʽʥʶ-

ʚʘʪʠʤʝʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ  (ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ ʩʣʘʙʢʦ 
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ʟʚôʷʟʘʥʠʭ ʩʠʩʪʝʤʘʭ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʽ L2, ʘ ʦʪʞʝ ʽ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʦʙʦʭ ʢʦʥ-

ʪʫʨʽʚ ɤ0 ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʣʠʤʠ), ʪʦ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʧʝʨʝʜʘʥʽʡ ʧʦʪʫʞʥʦʩʪʽ Pʅʆʄ 

ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 .   (4) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ɸɯʅ 

                   (5) 

ʜʝ    ï ʢʦʝʬʽʮʽʻʥʪ ʟʚô̫ ʟʢʫ. 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʧʦʨʮʽʡʥʘ 

ʚʽʜʥʦʰʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ k , ʪʦʙʪʦ, ʯʠʤ ʙʽʣʴʰʠʤ ʻ ʜʽ-

ʘʧʘʟʦʥ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ k, ʪʠʤ ʚʠʱʠʤ ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʡ ʥʦʤʽʥʘʣ ʚʩʪʘ-

ʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɸɯʅ ʧʨʠ ʟʘʜʘʥʦʤʫ ʥʦʤʽʥʘʣʽ ʧʝʨʝʜʘʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩ-

ʪʽ.  

ɺʠʩʥʦʚʢʠ: ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ɯɿʉ ʜʦ ʟʥʘʯʥʠʭ ʧʦʟʠʮʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽ ʚʽʜʧʦ-

ʚʽʜʥʠʭ ʟʤʽʥ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 1) ʤʝ-

ʭʘʥʽʯʥʝ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʬʽʢʩʘʮʽʾ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʙʦʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢ-

ʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ; 2) ʜʝʷʢʘ ʧʨʠʧʫʩʪʠʤʘ ʚʘʨʽʘʮʽʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʤʘʻ ʙʫʪʠ 

ʢʦʤʧʝʥʩʦʚʘʥʘ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʽʥʚʝʨʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʉʠʩ-

ʪʝʤʘ ʤʘʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʤʽʥʫ ʫʤʦʚ ʟʚôʷʟʢʫ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʾʭ ʥʝʛʘ-

ʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯɿʉ. ʅʝʜʦʣʽʢʘʤʠ ʧʝʨʰʦʛʦ ʰʣʷʭʫ ʻ ʩʢʣʘʜʥʽʩʪʴ, 

ʥʝʜʦʩʪʘʪʥʷ ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʥʘʯʥʘ ʚʘʨʪʽʩʪʴ. ɼʨʫʛʠʡ ʰʣʷʭ ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʝ-

ʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ɯɿʉ ʨʘʟʦʤ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʘʨʷʜʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚôʷʟʢʫ ʟʘ ʨʘ-

ʭʫʥʦʢ ʢʝʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʶ ʯʘʩʪʦʪʦʶ ʽ ʥʘʧʨʫʛʦʶ ʽʥʚʝʨʪʦʨʘ. 
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ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʦʙʤʝʞʝʥʥʷ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʷʢʽ ʜʦʟʚʦʣʷ-

ʶʪʴ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʦ ʧʦʪʦʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʩʪʝʧʝʥʽ ʚʠʙʦʨʢʠ ʪʨʦʩʘ ʩʫʜʥʦʚʠʭ ʧʘʣʫʙ-

ʥʠʭ ʚʘʥʪʘʞʥʠʭ ʢʨʘʥʽʚ ʟ ʝʣʝʢʪʨʦ- ʪʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ  ʪʘʢʠʭ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʷʢ 

MITSUBISHI, MACGREGOR, IHI. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʦʞʽ ʧʨʠʥʮʠʧʠ ʪʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʣʽʤʽʪʫʚʘʥʥʷ  ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ  

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ ʧʨʠʚʦʜʦʤ ʢʨʘʥʘ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʣʛʦ-

ʨʠʪʤʠ ʪʘ ʬʨʘʛʤʝʥʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʥʘ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʙʘʟʽ PLC. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʫʙʥʠʡ ʚʘʥʪʘʞʥʠʡ ʢʨʘʥ, ʣʽʤʽʪʥʽ ʚʠʤʠʢʘʯʽ, ʨʦʙʦʯʘ ʟʦʥʘ ʢʨʘʥʫ, ʩʠʩʪʝʤʘ ʢʦ-

ʥʪʨʦʣʶ ʢʨʘʥʫ, ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʦʜ, ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. 

 
ANALYSIS OF TECHNICAL IMPLEMENTATION OF WORKING ZONEôS 

LIMITATON OF THE DECK CARGO CRANES THAT ARE ELECTRO - AND 

ELECTROHYDRAULIC DRIVEN  

 
V.V. Busher, Dr. of Science, Professor 

A.S. Lozgachev, Master Student 

National University ñOdessa Maritime Academyò 

  

Abstract. An analysis of technical implementation of working zoneôs limitation and methods that are 

used for monitoring current load and jib position of the deck cargo cranes that are electro and electro hy-

draulic driven was performed. It was established that different leading manufacturers such as MITSUBISHI, 

MACGREGOR, IHI are using similar design principles in constructing such systems. Algorithms and con-

trollerôs code fragments based on the information received during analysis were designed. That may be used 

when changing from electro hydraulic drives, already established, on electric motor based on VFD and 

PLC. 

Keywords: deck cargo crane, limit-switch, craneôs working zone, crane control system, electro hy-

draulic, variable-frequency electric motor. 

 

ʇʘʣʫʙʥʳʝ ʛʨʫʟʦʚʳʝ ʢʨʘʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʙʘʣʢʝʨʘʭ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʛʨʫʟʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʀʩʧʨʘʚʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʢʨʘʥʘ, ʘ ʛʣʘʚʥʦʝ ï ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʤ ï ʦʪ-

ʚʝʪʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ [9]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʨʘ-

ʥʘ [7]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʠ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʘʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʣʦʢʦʤ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʠ ʥʘʩʪʨʦʝʢ 

ʧʨʠʚʦʜʦʚ ʢʨʘʥʦʚ. 
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ɺʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʘʣʫʙʥʳʭ ʛʨʫʟʦʚʳʭ ʢʨʘʥʦʚ, ʪʘʢʠʝ, ʢʘʢ 

MISUBISHI, MACGREGOR, IHI, ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠ ʧʦʭʦʞʠʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ [2,3,4,5,6], ʯʪʦ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ClassNK (Nipon Kaji Kyokai), American Bureau of shipping, Russian 

maritime register of shipping [1,8,10]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʨʘʟʣʠʯʘ-

ʝʪʩʷ ʣʠʰʴ ʥʘʙʦʨ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʠʣʠ ʢʦʥʝʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ. 

ʆʜʥʘʢʦ, ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʛʨʘʥʠʯʠʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʢʘʞʜʦʤ ʢʨʘʥʝ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʝʝ: ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʦʜʲʝʤʘ ʛʘʢʘ, ʦʛʨʘʥʠʯʠʪʝʣʴ ʩʧʫʩʢʘ 

ʛʘʢʘ, ʦʛʨʘʥʠʯʠʪʝʣʠ ʤʠʥʠʤʘʣʴʥʦʛʦ/ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʣʝʪʘ ʩʪʨʝʣʳ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʢʦʥʝʯʥʳʝ ʚʳʢʣʶʯʘʪʝʣʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠ ʁʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘ-

ʮʠʡ ʢʨʘʥʦʤ.  

ʋʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʢʨʘʥʘʭ ʬʠʨʤʳ MACGREGOR  ʥʘʙʦʨʳ ʦʛʨʘʥʠʯʠʪʝʣʝʡ, 

ʩʦʩʪʦʷʱʠʝ ʢʘʢ ʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ, ʷʚʣʷʶʪʩʷ ʭʦʨʦ-

ʰʠʤ ʧʨʠʤʝʨʦʤ ʧʦʜʭʦʜʘ ʢ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʢʨʘʥʘ.  

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï Limit  switch box ʩʣʝʚʘ - ʯʝʨʪʝʞ (ʟʝʣʝʥʳʤ ʧʦʢʘʟʘʥʳ ʤʠʢʨʦʧʝʨʝʢʣʶʯʘʪʝʣʠ, 

ʩʠʥʠʤ ï ʵʥʢʦʜʝʨ, ʩʝʨʳʤ ʢʫʣʘʯʢʠ) ʩʧʨʘʚʘ - ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʦʪʦ ʨʝʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

 

ʅʘ ʣʝʙʝʜʢʘʭ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʩʪʨʝʣʳ ʠ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲ-

ʝʤʘ/ʩʧʫʩʢʘ ʛʨʫʟʘ ʨʘʟʤʝʱʝʥ limit switch box (ʈʠʩ. 1), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʚʘʣʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʳ ʢʫʣʘʯʢʠ, ʤʠʢʨʦʧʝʨʝʢʣʶʯʘʪʝʣʠ ʠ ʘʙʩʦʣʶʪʥʳʡ ʵʥʢʦʜʝʨ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʢʨʘʥʦʚ MACGREGOR). Limit switch box ʯʝʨʝʟ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʝʨʝʜʘʯʫ ʩʚʷʟʘʥ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ. ɺʟʘʠʤʦʩʚʷʟʴ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ 

ʙʘʨʘʙʘʥʘ ʠ ʩʪʝʧʝʥʠ ʚʳʙʦʨʢʠ ʪʨʦʩʘ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʵʪʠʭ ʦʙʦʨʦʪʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʣʦʞʝʥʠʝ ʢʫʣʘʯʢʦʚ ʚ limit switch box. ɺʦʟʜʝʡʩʪʚʠʝ ʢʫʣʘʯʢʘ ʥʘ ʤʠʢʨʦʧʝʨʝʢʣʶ-

ʯʘʪʝʣʴ ʠ ʟʘʤʳʢʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʝ ʧʦʥʷʪʴ, ʯʪʦ ʜʦʩʪʠʛ-

ʥʫʪʦ ʛʨʘʥʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʝʜʝʪ ʢ ʦʩʪʘʥʦʚʢʝ ʢʨʘʥʘ ʠʣʠ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦ-

ʩʪʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʲʝʤʘ/ʩʧʫʩʢʘ (ʈʠʩ 2) ʵʪʦ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʠʪʝʣʠ: BH 4 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʜʲʝʤʘ ʛʘʢʘ (full drum limit); BH 3 ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʛʨʘʥʠʮʘ, 

ʣʝʞʘʱʘʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ (10%) ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʝʨʭʥʝʡ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʛʨʘʥʠʮʳ ʧʦʜʲʝʤʘ ʛʘʢʘ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲ-

ʝʤʘ(speed reduce full drum); BH 1 ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʧʫʩʢʘ ʛʘʢʘ (empty drum 

limit) ; BH 2 ʘʥʘʣʦʛʠʯʥʳʡ BH 3, ʪʦʣʴʢʦ ʜʣʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ (speed reduce empty 

drum); ʦʛʨʘʥʠʯʠʪʝʣʴ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʩʪʦʣʢʥʦʚʝʥʠʝ ʙʣʦʢʘ ʩʦ ʩʪʨʝʣʦʡ ʢʨʘʥʘ 

(high hook limit).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʩʪʨʝʣʳ (ʈʠʩ 3): BL 1 ʦʛʨʘʥʠʯʠʪʝʣʴ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʚʳʣʝʪʘ ʩʪʨʝʣʳ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʚ ʧʦʣʦʞʝʥʠʝ 

çʧʦ-ʧʦʭʦʜʥʦʤʫè (jib parking position); BL 2 ʛʨʘʥʠʮʘ, ʜʦʩʪʠʛʘʷ ʢʦʪʦʨʫʶ ʧʨʦʠʩ-

ʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ; ʧʨʠ ʧʦʜʭʦʜʝ ʚʳʣʝʪʘ ʩʪʨʝʣʳ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

(speed reduce, luffing out); BL 3 ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʣʝʪ ʩʪʨʝʣʳ (Max jib outreach); 

BL 4 ʧʦ ʘʥʘʣʦʛʠʠ ʩ BL 2, ʪʦʣʴʢʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʳʣʝʪʘ ʩʪʨʝʣʳ (speed reduce, 

luffing in); BL 5 ʤʠʥʠʤʘʣʴʥʳʡ ʚʳʣʝʪ ʩʪʨʝʣʳ (min jib outreach); BL 6 ʧʨʠ ʩʨʘʙʘ-

ʪr ʚʘʥʠʠ ʵʪʦʛʦ ʣʠʤʠʪʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʠʜ-

ʨʦʤʦʪʦʨʘ/ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʩʪʨʝʣʳ ʪʨʦʩ ʠʩʧʳʪʳʚʘʝʪ 

ʧʦʚʳʰʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʝʛʦ ʦʙʨʳʚʫ (Force limitation for parking position); BL 7 limit switch (ʜʝ-

ʪʝʢʪʦʨ) ʩʠʩʪʝʤʳ çJack knife preventionè, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ 

ʦʛʨʘʥʠʯʠʪʝʣʴ BL 7 ʠ Tilt switch, ʨʝʘʛʠʨʫʶʱʠʡ ʥʘ ʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ (ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʝ çJack knifeè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʛʨʫʟʘ ʩ ʙʘʰ-

ʥʝʡ ʢʨʘʥʘ ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʩʪʨʝʣʳ ʥʘ ʙʘʰʥʶ ʢʨʘʥʘ, ʪʘʢʘʷ ʦʧʘʩʥʦʩʪʴ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʙʦʣʴʰʦʤ ʢʨʝʥʝ/ʜʝʬʝʨʝʥʪʝ -1 , ʥʝʙʦʣʴʰʦʤ ʚʳʣʝʪʝ ʩʪʨʝʣʳ - 2 ʠ 

ʙʦʣʴʰʦʡ ʩʠʣʝ ʚʝʪʨʘ ï 3 , ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʩʪʦʨʦʥʫ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʩʪʨʝʣʳ ʈʠʩ. 

4). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʙʘʨʘʙʘʥʦʚ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ ʩʪʨʝʣʳ ʠ ʧʦʜʲ-

ʝʤʘ/ʩʧʫʩʢʘ ʛʨʫʟʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʝʪʝʢʪʦʨ ʧʨʦʚʠʩʘʥʠʷ ʪʨʦʩʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ 

ʥʘ limit-switch slack wire switch, ʩʨʘʙʘʪʳʚʘʥʠʝ ʚʝʜʝʪ ʢ ʦʩʪʘʥʦʚʢʝ ʢʨʘʥʘ. 

ʈʠʩʫʥʦʢ 2 ï ʋʨʦʚʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʛʨʘ-

ʥʠʯʠʪʝʣʝʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ  

ʧʦʜʲʝʤʘ/ʩʧʫʩʢʘ 

ʈʠʩʫʥʦʢ 3 ï ʋʨʦʚʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʛʨʘʥʠ-

ʯʠʪʝʣʝʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʥʝʥʠʷ ʚʳʣʝʪʘ 

ʩʪʨʝʣʳ 
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ʈʠʩʫʥʦʢ 4 ï ʋʩʣʦʚʠʷ çJack Knifeè 

ʊʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʦʛʦʚʦʨʝʥʦ, ʯʪʦ ʚ ʢʘʙʠʥʝ ʢʨʘʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʤʝʱʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʠ ʜʦʧʫʩʢʘ-

ʝʤʫʶ ʨʘʙʦʯʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʪʝʣʴ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚʳʣʝʪʫ ʩʪʨʝʣʳ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʢʨʘʥʘʭ ʬʠʨʤʳ MACGREGOR ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʳʭʦʜʝ ʟʘ ʧʨʝʜʝʣʳ ʨʘʙʦʯʝʡ 

ʟʦʥʳ ʠʣʠ ʜʦʧʫʩʪʠʤʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʜʠʩʧʣʝʡ (ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ), ʛʜʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʪʝʢʫʱʘʷ ʥʘʛʨʫʟʢʘ ʠ ʩʪʝʧʝʥʴ ʚʳʙʦʨʢʠ 

ʪʨʦʩʘ (ʈʠʩ 5).  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ, ʪʘʢ ʠ 

ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʘʥʘʭ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʠʪʫʘʮʠʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʢʦ-

ʤʘʥʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʢʦʥʝʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʜʘʪʯʠʢʦʚ. ɼʘʥʥʳʝ ʦ ʥʘʛʨʫʟʢʝ 

ʚ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʨʘʥʘʭ ʦʩʥʦʚʳʚʘʪʁʩʷ ʥʘ ʩʠʛʥʘʣʝ 4-20 mA, ʧʦʩʪʫʧʘʶ-

ʱʝʛʦ ʦʪ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʨʘʥʘ 

(ʜʘʚʣʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʘʛʨʫʟʢʝ ʥʘ ʛʘʢʝ/ʛʨʝʡʬʝʨʝ). ɺ ʢʨʘʥʘʭ ʩ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʥʘʛʨʫʟʢʠ (load cell), ʦʜʥʘ-

ʢʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʛʨʫʟʢʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʢʘʟʘʥʠʷʭ ʜʘʪʯʠʢʘ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʦ ʤʦʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ. (ɺ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʷʪ 4 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ [4,11] ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʙʱʝʛʦ ʟʚʝʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʙʨʘʟʫʶʱʝʛʦ ʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪ ʢʦʪʦ-

ʨʦʡ ʧʠʪʘʶʪʩʷ ʠʥʚʝʨʪʦʨʥʳʝ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʇʏ. .ɼʘʥʥʳʝ ʦ ʤʦʤʝʥʪʝ  ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠʭʦʜʷʱʠʝ ʩ ʇʏ ʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʘ 

ʥʘʛʨʫʟʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʨʘʥʘ CC3000, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ 

PLC, ʩʦʩʪʦʷʱʝʡ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ 4 ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ï ʩʘʤʦʛʦ PLC ʠ ʤʦʜʫʣʝʡ 

ʨʘʩʰʠʨʝʥʠʷ, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʥʘʟʚʘʥʠʷ:Sc ï supervisory, Ho ï hoisting, Lu ï 

luffing, Sl ï slewing.  ʂʘʢ ʚʠʜʥʦ, ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʚʭʦʜ-

ʥʳʝ/ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʨʘʥʘ). 

ʈʠʩʫʥʦʢ 5 ï ʉʥʠʤʦʢ ʤʦʥʠʪʦʨʘ ʥʘ ʢʦʪʦʨʳʡ 

ʚʳʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʝ 

ʠ ʧʦʣʦʞʝʥʠʠ ʩʪʨʝʣʳ 
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 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʳʙʦʨʢʠ ʪʨʦʩʘ ʠʩʧʦʣʴʟʫʶʪ ʘʙʩʦʣʶʪʥʳʡ ʵʥʢʦ-

ʜʝʨ, ʢʘʢ ʚ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʢʨʘʥʘʭ  ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʈʠʩ. 1. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʠ 

ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʘ ʪʘʢʞʝ 

ʧʨʘʚʠʣʘ ʥʘʩʪʨʦʡʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʘʥʦʚ ʠʣʠ ʜʣʷ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʨʘʥʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʮʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦ ʩʚʦʠʤ ʩʧʝʮʠʬʠʢʘʮʠʦʥ-

ʥʳʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʯʘʤ ʤʦʥʠʪʦʨʠʥʛʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʪʯʠʢʘ ʠʟʥʦʩʘ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʪʫʣʢʘ ʮʠʣʠʥʜʨʘ, ʠʟʥʦʩ, ʩʚʝʪʦʚʦʜ 

 
SURFACE WEAR SENSOR CYLINDER-PISTON GROUPS 

OF INTERNAL COMBUSTION ENGINES  
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Abstract. To build a comprehensive monitoring system for the parameters of the ship's power plant, 

it is necessary to effectively monitor the state of the cylinder-piston group. The existing control systems do 
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not fully meet the monitoring tasks in terms of their specification and technical characteristics. The capabili-

ties of the existing known systems have limitations on the depth of use and compensation for the influence of 

operational factors. A new circuit design of the wear sensor based on fiber-optic elements is proposed. 

Key words: cylinder sleeve, wear, light guide 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʦʨʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ, ʥʘʣʠʯʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠ-

ʤʫ ʁʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ (ʎʇɻ)  ʩ ʙʦʣʴʰʦʡ ʛʘʨʘʥ-

ʪʠʝʡ ʦʪ ʜʝʩʪʨʫʢʮʠʠ ʠʭ ʚ ʥʦʤʠʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʥʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʜʝʪʘʣʝʡ ʎʇɻ ʠʟ ʩʪʨʦʷ ʷʚʣʷʝʪʩʷ ʥʝ ʨʘʟ-

ʨʫʰʝʥʠʝ, ʘ ʠʟʥʦʩ ʠ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ʎʇɻ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʩʨʦʢʦʚ ʠ ʦʙʲʝ-

ʤʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʎʇɻ ̫ʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ [1, 2]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʜʝʰʝʚʳʭ ʧʨʠʙʦʨʦʚ ʢʦʥ-

ʪʨʦʣʷ ʠʟʥʦʩʘ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʴʶ ʠ ʵʢʩʧʨʝʩʩʠʚʥʦʩʪʴʶ, 

ʧʦʪʨʝʙʦʚʘʣ ʧʝʨʝʭʦʜʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ [3, 4].   

ʇʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʤʥʦ-

ʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʘʣʛʦʨʠʪʤʘ ʠ ʩʨʝʜʩʪʚ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʚʠʯʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

(ʇʆʕʇ) [5]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʠʟʥʦʩʘ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʇʆʕʇ ʩʦʟʜʘʥ ʥʘ 

ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʠ ɹʨʵʛʛʘ.  

ʀʟʚʝʩʪʥʦ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʪʯʠʢʘ ʠʟʥʦʩʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

ʩʚʝʪʦʚʦʜʘ ʩ ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʦʡ ɹʨʵʛʛʘ, ʢʦʪʦʨʳʡ ʚʩʪʨʦʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʠʟʥʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1) [6]. 

ʅʝʜʦʩʪʘʪʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʜʘ, 

ʢʦʪʦʨʳʡ ʠʟʥʘʰʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʦʣʦ-

ʢʦʥʥʳʭ ʨʝʰʝʪʦʢ ɹʨʵʛʛʘ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʦʪʢʣʠʢʘ ʦʪ ʠʟʥʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʚʘʨʠʘʪʠʚʥʫʶ ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ʪʦʨʮʘ ʩʚʝʪʦʚʦʜʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʦ-

ʜʫʢʪʘʤʠ ʠʟʥʦʩʘ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ; 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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- ʧʨʠʤʝʥʝʥʠʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʪʦʚʦʜʦʤ ʩ ʨʝʰʝʪʢʦʡ ɹʨʵʛʛʘ ʜʣʷ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʝʥʠʝ ʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʠʙʨʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ [7].  

 
ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʘʪʯʠʢ ʠʟʥʦʩʘ 

 ʩ ʚʦʣʦʢʦʥʥʦʡ ʨʝʰʝʪʢʦʡ ɹʨʵʛʛʘ 

 

ɼʘʪʯʠʢ ʠʟʥʦʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʢʦʥʪʨʦʣʴ ʚʠʙʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʎʇɻ, ʩʦʩʪʦʠʪ ʠʟ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʚʝʪʦʚʦʜʘ ʩ ʢʦʥʩʦʣʴʥʦ 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʤ ʟʝʨʢʘʣʦʤ (ʨʠʩ. 2) [8]. 

  

ʈʠʩʫʥʦʢ 2 ï ɺʠʙʨʘʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʠʟʥʦʩʘ: 

1 - ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ; 2 - ʦʙʦʣʦʯʢʘ; 3 ï 

ʦʧʦʨʘ ʢʦʥʩʦʣʠ; 4 - ʟʝʨʢʘʣʦ; 

 5 - ʦʩʥʦʚʘʥʠʝ 

ʈʠʩʫʥʦʢ 3 ïɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʠʟ-

ʥʦʩʘ: 1 - ʢʦʨʧʫʩ ʩ ʦʩʥʦʚʘʥʠʝʤ; 2 - ʩʚʝʪʦʚʦʜ; 

 3 ï ʙʠʩʪʝʢʣʷʥʥʦʝ ʟʝʨʢʘʣʦ-ʠʥʝʨʮʠʦʥʥʘʷ ʤʘʩʩʘ. 

 

 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʝʨʴʝʟʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʩʦʙʝʥʥʦ-

ʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʩʚʝʪʦʚʦʜʝ 

ʟʝʨʢʘʣʘ: 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 
ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; 
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- ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʦʤ "ʩʚʝʪʦʚʦʜ-ʢʦʥʩʦʣʴ ʟʝʨʢʘʣʦ" ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʟʠʪʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʝ-

ʙʘʥʠʷʤ, ʩʦʟʜʘʚʘʝʤʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʚʝʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʠʟʥʦʩʘ ʧʦʟʚʦʣʠʣ ʢʦʥʢʨʝʪʠʟʠʨʦ-

ʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʦʚʦʤʫ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦ-

ʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʟʮʘʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʜʘʪʯʠʢ ʜʦʣʞʝʥ ʦʙʝʩ-

ʧʝʯʠʪʴ: 

- ʧʦʚʳʰʝʥʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʢʩʧʣʫʘʪʘ-
ʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ; 

- ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛ-
ʥʘʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʢʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ; 

- ʩʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʦʣʦ-
ʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʠʟʥʦʩʘ. ʉʫʱʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʜʘʪʯʠʢʘ ʧʦʷʩʥʷʝʪʩʷ ʯʝʨʪʝʞʦʤ (ʨʠʩ. 3). ʌʦʢʫʩ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʢʦʪʦʨʦʝ 

ʚʳʧʦʣʥʝʥʦ ʩ ʠʪʪʨʠʝʚʦʛʦ ʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʩʚʝʪʦʚʦʜʘ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʝʨʢʘʣʦ, ʢʘʢ ʠʥʝʨʮʠʦʥʥʘʷ ʤʘʩʩʘ, 

ʚʦʩʩʦʟʜʘʝʪ ʢʦʣʝʙʘʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʟʥʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂʦʣʝʙʘʥʠʷ 

ʟʝʨʢʘʣʘ ʚʳʟʳʚʘʪʁ ʤʦʜʫʣʷʮʠʶ ʦʧʦʨʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ 

ʩʚʝʪʦʚʦʜʘ ʢ ʟʝʨʢʘʣʫ ʠ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ ʜʦ ʩʚʝʪʦʚʦʜʘ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʙʠʩʪʝʢʣʷʥʥʦʝ ʟʝʨʢʘʣʦ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʛʝʦʤʝʪʨʠʶ (ʠʟʤʝʥʷʝʪʩʷ ʨʘʩʩʪʦ-

ʷʥʠʝ ʤʝʞʜʫ ʬʦʢʫʩʦʤ ʟʝʨʢʘʣʘ ʠ ʪʦʨʮʦʤ ʩʚʝʪʦʚʦʜʘ) ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʫʩʣʦʚʠʷ ʤʦ-

ʜʫʣʷʮʠʠ ʦʧʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʥʝʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [9-12]. 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʥʘʜ ʭʦʜʠʪ ʩʦ 

ʩʚʝʪʦʚʦʜʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʠʟʤʝʨʷʝʤʦʡ ʚʠʙʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʡ ʢ ʥʝʡ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ, ʠ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʧʘʨʘ-

ʟʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʪ ʧʣʳʚʫ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʚʥʝʰʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʙʣʠʟʢʠ ʢ ʩʪʘʥʜʘʨʪʥʳʤ), ʚ 

ʵʣʝʤʝʥʪʘʭ ʜʘʪʯʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʣʴʢʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʝʩʪʘʙʠʣʠʟʠʨʫ-

ʶʱʠʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʠʟʤʝʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʙʠʩʪʝʢʣʷʥʥʦʛʦ ʟʝʨʢʘʣʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʧʦ-

ʨʝ. ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʠʟʛʠʙʘ ʟʝʨʢʘʣʘ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʷ ʤʦʜʫʣʷʮʠʠ 

ʦʧʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɿʘʬʠʢʩʠ-

ʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʨʘʚ-

ʢʠ. 

ɺ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʜʚʠʛʘʪʝʣʴ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ) ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʠʙ-

ʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʟʝʨʢʘʣʘ-ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʝʪ-

ʩʷ ʚ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʷ ʤʦʜʫʣʷʮʠʠ ʦʧʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʚʝʪʦʚʦʜʝ ʧʨʦʧʦʨʮʠ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ʠʟʤʝʨʷʝʤʦʡ ʚʠʙʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦʡ ʝʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʙʠʩʪʝʢʣʷʥʥʦʛʦ ʟʝʨ-

ʢʘʣʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʧʦʨʝ. ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʠʟʛʠʙʘ ʟʝʨʢʘʣʘ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʷ ʤʦʜʫʣʷʮʠʠ ʦʧʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʥʘʜ ʭʦʜʠʪ ʩʦ 

ʩʚʝʪʦʚʦʜʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʠʟʤʝʨʷʝʤʦʡ ʚʠʙʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʡ ʢ ʥʝʡ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ, ʠ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʧʘʨʘ-

ʟʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʪ ʧʣʳʚʫ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʜʘʪʯʠʢʘ ʢ ʜʝʩʪʘʙʠʣʠ-

ʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʚ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʣʦʚʠʭ̫ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʪ: 

- ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ ʚ ʠʟʤʝʥʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʘ; 

- ʢʦʤʧʝʥʩʘʮʠ ʁʚʣʠʷʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ ʜʘʪʯʠʢʘ; 

- ʧʨʠʙʣʠʞʝʥʠʝ ʜʘʪʯʠʢʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ, ʢ ʠʩʪʦʯʥʠʢʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʟʙʨʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ 
ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʠʟʣʫʯʝʥʠʷ; 

- ʫʧʨʦʱʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʘʪʯʠʢʘ, ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʎʇɻ ʧʦʟʚʦʣʠʪ ʘʜʝʢʚʘʪʥʦ, ʜʦʩʪʦʚʝʨʥʦ ʠ ʙʝʟʦʧʘʩʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʥʦʩʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʩʪʨʘʪʝʛʠʶ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦ ʩʚʦʠʤ ʩʧʝʮʠʬʠʢʘʮʠʦʥʥʳʤ ʠ ʪʝʭʥʠʯʝ-

ʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʯʘʤ ʤʦʥʠʪʦʨʠʥʛʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟ-

ʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʥʦʚʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʪʫʨʙʠʜʠʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 
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Abstract: To build a comprehensive monitoring system for the parameters of a ship's power plant, it 

is necessary to effectively monitor the state of technical environments. The existing control systems do not 
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erational factors. A new circuit design of a turbidimeter based on fiber-optic elements is proposed. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʝʝ ʩʚʷʟʴ ʩ ʚʘʞʥʳʤʠ 

ʥʘʫʯʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ 

 

ɺ ʧʨʦʮʝʩʩʘʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ (ʉʕʋ) ʥʝʨʘʟʨʫʰʘʶʱʠʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʤʫʪʥʦʤʝʪʨʠʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦ-

ʦʨʜʠʥʘʪʘʭ ʩʨʝʜʳ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩ-

http://thermalinfo.ru/svojstva-materialov/keramika-i-steklo/temperaturnyj-koeffitsient-linejnogo-rasshireniya-stekla-pri-razlichnyh-temperaturah
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ʩ rʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʥʘʣʠʟ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ [1]. 

ʇʦʣʫʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʦ 

ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʨʝʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʳ, ʤʝ-

ʭʘʥʠʟʤʳ ʠ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʠ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʚʳ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʙʲʝʢʪʦʚ ʉʕʋ. 

ɻʘʟʦʦʙʨʘʟʥʳʝ, ʩʤʘʟʦʯʥʳʝ ʠ ʦʭʣʘʞʜʘʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʢʘʢ ʘʢʪʠʚ-

ʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘʢʪʠʚʥʦ ʚʣʠʷʶʪ ʠ ʥʘ ʚʝʩʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʆʩʦ-

ʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʤʝʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥ-

ʩʠʚʥʳʤ ʩʪʘʨʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʨʘʙʦʪʢʠ. ʄʝʪʦʜʘʤʠ 

ʩʪʫʧʝʥʯʘʪʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʦʙʲʝʢʪʦʚ ʉʕʋ. 

ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʉʕʋ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʝʣ, ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʵʤʫʣʴʩʠʡ, ʩʫʩʧʝʥʟʠʡ, ʦʭʣʘʞʜʘ-

ʶʱʠʭ ʞʠʜʢʦʩʪʝʡ, ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʠ ʩʨʝʜ-

ʩʪʚʘ ʤʫʪʥʦʤʝʪʨʠʠ. 

ʉʝʣʝʢʪʠʚʥʘʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʤʫʪ-

ʥʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠ ʦʪʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ʫʨʦʚʥʝ ʟʘʨʦʞʜʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ [1-3]. 

 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʩʚʝʱʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ 

 ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ 

ʇʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʤʫʪʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ.  ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʤʝʱʝʥʠʝ ʧʨʦʙ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʨʝʜ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʶʚʝʪʘʭ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ ʜʣʷ ʦʪʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ ʧʨʦʙ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘʟʝʤʥʦ-

ʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʫʣʫʯʰʘʝʪ ʦʛʨʘ-

ʥʠʯʝʥʥʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʪʫʨʙʦʜʠʤʝʪʨʦʚ, ʥʦ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤ ʵʢʩʧʨʝʩʩ-

ʢʦʥʪʨʦʣʷ ʩ ʜʦʧʫʩʪʠʤʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʟ-

ʚʝʩʪʥʳʤ ʧʨʠʙʦʨʘʤ ʤʫʪʥʦʤʝʪʨʠʠ ʷʚʣʷʶʪʩʷ ʪʫʨʙʠʜʠʤʝʪʨʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʚʳʰʣʠ ʟʘ ʨʘʤʢʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ-

ʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʢʦʥʪʨʦʣʷ. 

ʄʝʞʜʫ ʪʝʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʝʜʦʨʦʛʦʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʧʨʠʙʦʨʝ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʘ 

ʨʘʙʦʪ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ [2]. 

 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʯʘʪʦ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʩʪʘʪʴʠ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ) 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʪʫʨʙʠʜʠʤʝʪʨʦʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪ-

ʥʳʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʠʙʦʨʦʚ. 
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ʀʟʚʝʩʪʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʪʫʨʙʠʜʠʤʝʪʨ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʳ ʚ ʚʠʜʝ 

ʢʶʚʝʪʳ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʠʟʣʫʯʘʶʱʝʛʦ ʠ ʧʨʠ-

ʥʠʤʘʶʱʝʛʦ ʩʚʝʪʦʚʦʜʦʚ, ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʤʦʜʫʣʷ ʩ ʞʠʜʢʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʨʝʬʣʝʢʪʦʤʝʪʨʘ (ʨʠʩ. 1) [2]. 

ʅʝʜʦʩʪʘʪʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʚʝʜʦʪʦʚʦ-

ʜʦʚ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʢʶʚʝʪʳ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʦʦʩʥʦʩʪʠ ʩʚʝʪʦʚʦʜʦʚ ʧʦʜ ʚʦʟ-
ʜʝʡʩʪʚʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ; 

  

ʈʠʩʫʥʦʢ 1 ï ʇʝʨʚʠʯʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʦʣʦ-

ʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʨʙʠʜʠʤʝʪʨʘ 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʜʚʫʭʣʫʯʝʚʦʛʦ ʢʦʤʧʝʥʩʘ-

ʮʠʦʥʥʦʛʦ ʪʫʨʙʠʜʠʤʝʪʨʘ 
 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ ʪʦʨʮʦʚ ʩʚʝʪʦʚʦʜʦʚ ʠʟ ʢʚʘʨʮʝʚʦʛʦ 
ʩʪʝʢʣʘ ʜʣʷ ʫʜʘʣʝʥʠʷ, ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʩʨʝʜ, ʩʣʦʷ ʩʪʝʢʣʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʦʣʴʰʦʡ ʦʧʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʦʤ, ʯʪʦ ʜʦʩʪʠʛʘʝʪ-

ʩʷ, ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ, ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʪʫʨʙʠʜʠʤʝʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʩʥʦʚʳ, ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʨʘʟʚʝʪ-

ʚʠʪʝʣʷ, ʩʚʝʪʦʚʦʜʘ ʢʘʥʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʝʪʦʚʦʜʘ ʵʪʘ-

ʣʦʥʥʦʛʦ ʢʘʥʘʣʘ, ʢʶʚʝʪʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʩʨʝʜʦʡ ʠ ʵʪʘʣʦʥʦʤ, ʬʦʪʦʧʨʠʝʤʥʠʢʘ, 

ʢʦʤʧʘʨʘʪʦʨʘ ʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʤʦʜʫʣʷ ʩ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ, ʦʙʲ-

ʝʜʠʥʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʨʝʬʣʝʢʪʦʤʝʪʨʘ (ʨʠʩ. 2) [3]. 

ʅʝʜʦʩʪʘʪʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʘ, 

ʩʚʝʪʦʚʦʜʘ ʢʘʥʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʚʝʪʦʚʦʜʘ ʵʪʘʣʦʥʥʦ-

ʛʦ ʢʘʥʘʣʘ: 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʤʦʱʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥ-
ʥʘʷ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʵʪʘʣʦʥʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ 
ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʩʚʝʪʦʚʦʜʘ ʢʘʥʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʚʝʪʦʚʦʜʘ ʵʪʘʣʦʥʥʦʛʦ ʢʘʥʘʣʘ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʢʘʯʝ-

ʩʪʚʦʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʧʘʨʘʟʠʪʥʦʡ ʤʦʜʫʣʷʮʠʠ; 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʩʣʦʞʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʵʪʘʣʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʪʦʚʦʜʘ. 

 

ʀʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɸʥʘʣʠʟ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ ʤʫʪʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʨʙʠʜʠʤʝʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠ-

ʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʟʘʱʠʱʝʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʦʪ-

ʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʨʝʜ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʝʥʳ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʫʩʪʨʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ. 

ʉʫʱʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʫʨʙʠʜʠʤʝʪʨʘ ʧʦʷʩʥʷʝʪʩʷ ʯʝʨʪʝʞʦʤ (ʨʠʩ. 3).  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʘ ʩʦʜʝʨʞʠʪ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʮʝʥ-

ʪʨʘʣʴʥʳʡ ʩʚʝʪʦʚʦʜ ʩ ʟʝʨʢʘʣʴʥʳʤ ʩʣʦʝʤ ʩ ʩʘʧʬʠʨʦʚʦʛʦ ʩʪʝʢʣʘ ʥʘ ʪʦʨʮʝ.   

 

 
 

ʈʠʩʫʥʦʢ 3 ï  ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʪʫʨʙʠʜʠʤʝʪʨ: 1 - ʧʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ ʩ ʵʢʨʘʥʦʤ, ʦʙʲ-

ʝʜʠʥʝʥʥʳʝ ʚ ʩʦʩʪʘʚʝ ʨʝʬʣʝʢʪʦʤʝʪʨʘ; 2 - ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ; 3 - ʙʣʦʢ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ; 4 - ʨʘʟʚʝʪʚʠʪʝʣʴ; 5 - ʤʫʣʴʪʠʧʣʝʢʩʦʨ / ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ; 6 - ʙʠʤʝʪʘʣʣʠ-

ʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ; 7 - ʧʝʨʚʠʯʥʳʡ ʩʚʝʪʦʚʦʜ; 8 - ʮʝʥʪʨʘʣʴʥʳʡ ʩʚʝʪʦʚʦʜ; 9 - ʢʦʣʴʮʘ ʠʟ ʢʨʦʥʘ ʠ 

ʪʷʞʝʣʦʛʦ ʬʣʠʥʪʘ; 10 ï ʟʝʨʢʘʣʴʥʳʡ ʩʣʦʡ; 11 - ʦʩʥʦʚʘʥʠʝ; 12 - ʬʦʪʦʧʨʠʝʤʥʠʢ. 

 

ʎʝʥʪʨʘʣʴʥʳʡ ʩʚʝʪʦʚʦʜ ʩʦʝʜʠʥʝʥ ʩ ʥʘʙʦʨʦʤ ʩʚʘʨʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʣʝʮ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʩʪʝʢʦʣ ʪʠʧʘ ʢʨʦʥ ʠ ʪʷʞʝʣʳʡ ʬʣʠʥʪ. ʂʦʣʴʮʘ ʨʘʩʧʦʣʦʞʝʥʳ ʢʦ-

ʘʢʩʠʘʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʚʝʪʦʚʦʜʫ. ʇʦʩʣʝʜʥʠʡ ʩʦʝʜʠʥʝʥ ʩ ʧʝʨʚʠʯʥʳʤ ʩʚʝʪʦʚʦ-

ʜʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ, ʤʫʣʴʪʠʧʣʝʢʩʦ-

ʨʦʤ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ, ʨʘʟʚʝʪʚʠʪʝʣʝʤ, ʙʣʦʢʦʤ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘʤʠ. ʀʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʬʣʝʢʪʦʤʝʪʨʦʤ. 

ɼʠʘʧʘʟʦʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʣʝʮ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥ ʢ ʜʠʘ-

ʧʘʟʦʥʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. ʀʟʣʫʯʝʥʠʝ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʫʯʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ. ʈʘʟʜʝʣʝʥʥʦʝ ʠʟʣʫ-
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ʯʝʥʠʝ ʯʝʨʝʟ ʨʘʟʚʝʪʚʠʪʝʣʴ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ ʠ ʧʝʨʚʠʯʥʳʡ ʩʚʝʪʦ-

ʚʦʜ ʧʦʩʪʫʧʘʝʪ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʩʚʝʪʦʚʦʜ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʩʚʝʪʦʚʦʜ, ʢʦʣʴʮʘ ʠʟ ʢʨʦʥʘ ʠ ʪʷʞʝʣʦʛʦ ʬʣʠʥʪʘ ʠ ʢʦʥʪʨʦʣʠʨʫ-

ʝʤʘʷ ʩʨʝʜʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʢʦʣʝʮ ʦʙʨʘʟʫʶʪ ʪʨʝʭʩʣʦʡʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦ-

ʚʦʜ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʩ ʢʦʣʴʮʘʤʠ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʚʝʪʦʚʦʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ. ʇʦʩʣʝʜ-

ʥʝʝ ʛʝʥʝʨʠʨʫʝʪ ʪʫʥʥʝʣʴʥʦʝ ʧʝʨʝʢʘʯʠʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʟʘ ʧʨʝʜʝʣʳ ʩʚʝʪʦʚʦʜʘ. ʇʦ-

ʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʣʝʮ ʧʦʜʦʙʨʘʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚ-

ʥʷ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʟ ʢʦʥʪʨʦʣʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ ʚ ʨʘʤʢʘʭ ʪʨʝʭ ʨʝ-

ʞʠʤʦʚ: ʧʦʷʚʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ "ʩʣʝʜʳ"; "ʪʨʝʚʦʛʘ"; "ʘʚʘʨʠʷ".  

ʅʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʚʝ-

ʪʦʚʦʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʪʨʘʞʘʶʱʝʛʦʩʷ ʦʪ ʩʣʦʷ ʠʟ ʩʘʧʬʠʨʦʚʦʛʦ ʩʪʝʢʣʘ [4-6]. 

ɺ ʨʝʞʠʤʝ ʢʘʣʠʙʨʦʚʢʠ, ʪʦ ʝʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʚ ʨʝ-

ʬʣʝʢʪʦʤʝʪʨʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʩʚʝʪʦ-

ʚʦʜ. ɺ ʩʚʝʪʦʚʦʜʝ, ʢʦʪʦʨʳʡ ʦʧʪʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʢʦʣʴʮʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʩʢʚʦʟʴ ʥʝʛʦ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝʤ ʚ ʤʘʪʝʨʠʘʣʝ ʩʚʝʪʦʚʦʜʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʚʦʟʚʨʘʱʘʶʱʝʛʦʩʷ ʚ ʨʝʬʣʝʢʪʦʤʝʪʨ, ʬʠʢ-

ʩʠʨʫʝʪʩʷ ʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʢʘʢ ʧʦʧʨʘʚʢʘ. 

ɺ ʧʦʛʨʫʞʝʥʠʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʩʨʝʜʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʚʝʪʦʚʦʜʘ, ʩʦʧʨʷ-

ʞʝʥʥʦʛʦ ʩ ʢʦʣʴʮʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʘʯʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʩʚʝʪʦʚʦ-

ʜʘ ʥʘʨʫʞʫ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ʇʦʩʣʝ 

ʵʪʦʛʦ, ʠʟʤʝʥʝʥʥʦʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʝ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʟʝʨʢʘʣʴʥʦʛʦ ʩʣʦʷ 

ʠ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʪʢʫ ʨʘʟʚʝʪʚʠʪʝʣʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʨʝʬʣʝʢʪʦʤʝʪ-

ʨʘ. ɺ ʨʝʬʣʝʢʪʦʤʝʪʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʳʡ ʧʦʰʘʛʦʚʳʡ ʢʦʥʪʨʦʣʴ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʚʩʝʭ ʟʦʥ ʢʦʥʪʘʢʪʘ ʩʚʝʪʦʚʦʜʘ ʩ ʢʦʣʴʮʘʤʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʩʚʝʪʘ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʝʣʠʯʠʥʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʘ ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʦʤ ʠʟʣʫʯʝʥʠʷ ʫʢʘʞʫʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʢʦʣʴʮʦ, ʪʦ ʝʩʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʤʫʪʥʦʩʪʠ. 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʛʠʙʘ 

ʩʚʝʪʦʚʦʜʘ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʚʠʯʥʦʛʦ ʩʚʝʪʦʚʦʜʘ. ʉʦʟʜʘʥʥʳʡ ʠʟʛʠʙ ʠʥʠʮʠʠʨʫʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʫ  ʁʫʪʝʯʢʫ ʠʟʣʫʯʝʥʠʷ ʟʘ ʧʨʝʜʝʣʳ ʩʚʝʪʦʚʦʜʘ. ʇʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ ʠʟʛʠʙ ʧʣʘʩʪʠʥʳ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʧʦʪʝʨʠ 

ʤʝʥʷʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛ-

ʥʘʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʤʫʪʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝ-

ʜʳ. 

ɺʳʚʦʜʳ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʷʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʨʝʜ ʦʙʝʩʧʝʯʠʪ: 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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- ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜ r ʚ 

ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ; 

- ʢʦʤʧʝʥʩʘʮʠʶ ʚʣʠʷʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 
ʢʘʥʘʣ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʚ 

ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ; 

- ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʙʣʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʟʙʨʘʥʠʝ ʨʘʮʠʦʥʘʣʴ-

ʥʦʡ ʩʭʝʤʳ ʤʦʜʫʣʷʮʠʠ ʦʧʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ, ʥʠʟʢʦʵʥʝʨʛʦʟʘʪʨʘʪʥʦʛʦ ʠ ʥʝʤʘʪʝʨʠʘʣʦʝʤʢʦʛʦ, 

ʥʘʜʝʞʥʦʛʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʩʪʦʛʦ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʪʫʨʙʦʜʠʤʝʪʨʘ ʧʦʟʚʦʣʠʪ ʘʜʝʢʚʘʪʥʦ, ʜʦʩʪʦʚʝʨʥʦ ʠ ʙʝʟʦʧʘʩʥʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʲʝʢʪʦʚ ʉʕʋ [7, 8]. 
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Abstract: Ship electrical power system with synchronous generators basic parameters measurement 

algorithm and method is offered. The main feature of new solution is based on the application of advanced 

multiplicated data processing method, the primary data is coming from generator current and voltage sen-

sors. Offered method application allows in period of time faster than one sinusoid period to measure: line 

voltage, phase current, power factor, current frequency and direction of the power. The predictive calcula-

tion possibility of evaluating variables peak values sampling moments is provided. The algorithm is multi-

purpose because it can be easily adopted in any shipôs electrical power measurement, control and monitor-

ing systems, it has small measuring errors and simple technical implementation. Application of the offered 

algorithm is especially effective in shipôs electrical power systems where a number of specific parameters 

(high accuracy ship dynamic positioning, fast power factor correction, impact electrical load compensation) 

dynamic stabilization and compensation is necessary. 

Keywords: ship's electrical power system, measurement, electrical power parameters, algorithm. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʬʽʛʫʨʘ-

ʮʽʾ ʩʫʯʘʩʥʠʭ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ (ʉɽɽʉ), ʦʙʫʤʦʚʣʝʥʝ, ʫ ʧʝ-

ʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʨʩʴʢʠʭ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ, ʚʠʤʘʛʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʉʫʯʘʩʥʽ ʰʚʠʜʢʦʜʽʶʯʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘ-

ʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʩʦʙʣʠʚʦ ʟʘʪʨʝʙʫʚʘʥʽ ʥʘ ʩʫʜʥʘʭ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʪʘ ʛʽ-

ʙʨʠʜʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʦʧʫʣʴʩʠʚʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʘ ʩʫʜʥʘʭ ʟ ʩʠʩʪʝʤʘʤʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ ʙʝʟʧʽʣʦʪʥʠʭ ʩʫʜʥʘʭ ʟ ʝʣʝʢʪʨʦʨʫʭʦʤ [1-3, 15]. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ (ɸʉʋ) ʩʫʜ-

ʥʦʚʠʤʠ ʙʘʛʘʪʦʘʛʨʝʛʘʪʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʨʦʟʛʣʷʥʫʪʦ ʫ [4-6, 19, 20], 

ʜʝ ʚʠʩʚʽʪʣʝʥʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʦʩʪʘ-

ʚʦʤ ʛʝʥʝʨʘʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻɸ) ʧʨʦʮʝʩʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʮʠʬ-

ʨʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ (ʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʪʝʭʥʽʮʽ ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢ-

ʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ) ʟʽʪʢʥʫʣʦʩʴ ʟ ʥʠʟʢʦʶ ʟʘʚʜʘʥʴ [4, 7, 8, 21-25], ʫ ʪʦ-

ʤʫ ʯʠʩʣʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʦʛ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʝʢʦʥʦ-

ʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ. 

ʋ ʨʦʙʦʪʘʭ [4-6, 8, 17, 18] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʘʞʣʠʚʽʰʦʶ ʩʢʣʘʜʦʚʦʶ ʪʘʢʠʭ ʩʫ-

ʜʥʦʚʠʭ ɸʉʋ, ʢʦʞʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ɻɸ: ʘʤʧʣʽʪʫʜʠ ʪʘ ʭʘʨʘʢʪʝʨʫ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʩʽʭ ʬʘʟʘʭ, ʥʘʧʨʫʛʠ, ʯʘ-

ʩʪʦʪʠ ʩʪʨʫʤʫ, ʬʘʟʦʚʦʛʦ ʢʫʪʘ (ű) ʟʩʫʚʫ ʤʽʞ ʩʪʨʫʤʦʤ ʪʘ ʥʘʧʨʫʛʦʶ, ʥʘʧʨʷʤʫ ʧʦ-

ʪʫʞʥʦʩʪʽ ʪʘ ʽʥʰʠʭ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ɺʠʤʦʛʘ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ɯɺʉ) 

ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘʟʥʘʯʝʥʠʭ ʩʫʜʝʥ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʧʫʣʴʩʠʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʘ ʩʠʩʪʝʤʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ, ʩʘʤʝ ʰʚʠʜʢʦʜʽʷ ɯɺʉ ʟʘʙʝʟʧʝ-

ʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʩʫʜʥʦʤ ʡʦʛʦ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦ-

ʛʦ ʛʦʣʦʚʥʽ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʟʦʤ ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦ-

ʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʽʜʧʨʦʛʨʘʤ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʛʦʩʪʨʦ ʚʠʥʠʢʣʦ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʫʩʽʻʾ 

ɯɺʉ. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʰʣʷʭʽʚ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʥʘ ʙʘʟʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ [4, 9-11, 16] ʮʠʬʨʦʚʠʭ ʩʧʦ-

ʩʦʙʽʚ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʰʫʢ ʤʝʪʦʜʫ ʪʘ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʰʚʠʜʢʦʜʽʶʯʦʾ ʦʮʽʥ-

ʢʠ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʦʩʥʦʚʽ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʫ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ n-ʬʘʟʥʽʡ ʩʠʩʪʝʤʽ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʙʝʟ-

ʣʽʯʽ ʚʝʣʠʯʠʥ {I1, é,  In, U1, é, Un,  f, ű} ʚʜ̔ʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʰʚʠʜ-

ʢʦʜʽʾ, ʜʝ I1, é, In ʽ U1, é, Un ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʬʘʟʥʠʭ ʩʪʨʫʤʽʚ ʽ ʣʽʥʽʡʥʠʭ ʥʘ-

ʧʨʫʛ.  

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʪʨʠʬʘʟʥʫ ʩʠʩʪʝʤʫ, ʷʢ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʦʢʨʝʤʠʡ 

ʚʠʧʘʜʦʢ n-ʬʘʟʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʪʨʠʬʘʟ-

ʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʪʚʦʨʠʤʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʚʘʯʽʚ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʪʨʠ 

ʣʽʥʽʡʥʽ (ɸɺ, ɺʉ, ʉA) ʥʘʧʨʫʛʠ ʡ ʪʨʠ ʬʘʟʥʠʭ (ɸ, ɺ, ʉ) ʩʪʨʫʤʠ ʛʝʥʝʨʘʪʦʨʘ ʫ ʜʠʩ-

ʢʨʝʪʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʽʚʧʝʨʽʦʜʠ ʾʭ ʩʠʥʫʩʦʾʜ. ʇʦʩʣʜ̔ʦʚʥʠʡ, ʧʦ-

ʙʘʡʪʥʠʡ ʘʥʘʣʽʟ ʥʘʙʦʨʽʚ ʩʪʘʥʽʚ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥ 

(ʘʣʛʦʨʠʪʤ) ʫʧʨʘʚʣʽʥʥʷ ɸʎʇ, ʥʘ ʚʭʽʜ ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ ʥʦʨʤʘʣʟ̔ʦʚʘʥʽ ʘʤʧʣʽʪʫʜʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʩʪʨʫʤʽʚ ʬʘʟ ʽ ʣʽʥʽʡʥʠʭ ʥʘʧʨʫʛ ʛʝʥʝʨʘʪʦʨʘ.  

ʅʘ ʨʠʩ. 1. ʥʘʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʩʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʚʠʤʽʨʫ. ʋ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʦʙʝ-

ʨʝʤʦ ʣʥ̔ʽʡʥʽ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʪʨʠʬʘʟʥʘ, ʪʦ ʯʠʩʣʦ ʤʦʞʣʠ-

ʚʠʭ ʩʪʘʥʽʚ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʽʚʧʝʨʽʦʜʠ ʩʠʥʫʩʦʾʜ, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʰʝʩʪʠ. ʆʜʥʦʟʥʘʯʥʽ ʥʘʙʦʨʠ 0ï0ï0 ʽ 1ï1ï1 ʫ ʩʠʤʝʪʨʠʯʥʽʡ ʪʨʠʬʘʟʥʽʡ 

ʩʠʩʪʝʤʽ ʥʝʤʦʞʣʠʚʽ. ʄʦʞʣʠʚʽ ʥʘʙʦʨʠ ʩʪʘʥʽʚ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʝʨʛʫʚʘʥʥʷ ʣʽʥʽʡ-

ʥʠʭ ʥʘʧʨʫʛ UAB, UBC, UCA ʧʦʟʥʘʯʠʤʦ ʉ1 ,é, ʉ6 ʪʘʢ, ʱʦʙ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʩʪʘʥʫ 

ʟʙʽʛʘʚʩʷ ʟ ʡʦʛʦ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ, ʪʦʙʪʦ ʉ1 ï 001 (UAB =0; UBC = 0; UCA = 1); C2 ï 

010; C3 ï 011; C4 ï 100; C5 ï 101; C6 ï 110. ʂʦʞʥʠʡ ʩʪʘʥ ʚʠʟʥʘʯʘʻ ʻʜʠʥʠʡ ʤʦʞ-

ʣʠʚʠʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʰʚʠʜʢʦʜʽʾ ʰʣʷʭ (ʘʣʛʦʨʠʪʤ) ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʤʽʨʫ. 

ɸʥʘʣʽʟ ʟʥʘʯʝʥʴ ʮʠʭ ʙʽʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝ-

ʨʘʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ UBC ʧʝʨʝʭʦʜʠʪʴ:  
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ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠʭʽʜʥʠʡ ʩʪʘʥ ï C4 (ʥʘ ʜʽʘʛʨʘʤʽ ʮʝ ʧʦʟʥʘʯʝʥʝ ʣʽʥʽʻʶ ï 1), 

ʪʦʤʫ ʥʘʡʙʣʠʞʯʠʤ ʟʘ ʯʘʩʦʤ ʻ ʟʤʽʥʘ ʩʪʘʥʫ ʙʽʪʘ UBC. ʊʦʤʫ ʧʨʦʛʨʘʤʘ ʚʠʤʽʨʫ ʚʠʟʥʘ-

ʯʘʻ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ UBC ʟ ç0è ʫ ç1è (ʣʽʥʽʷ 2) ʽ ʟʘʧʠʩʫʻ ʚʩʝ ʚʠʭʽʜʥʝ ʩʣʦʚʦ, ʫ 

ʷʢʦʤʫ ʤʘʩʢʫʶʪʴʩʷ ʚʩʽ ʙʽʪʠ, ʢʨʽʤ UBC ʽ IA. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʩʧʦʩʽʙ ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʚʠʤʽʨʫ  

ʧʘʨʘʤʝʪʨʽʚ  ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

 

ɼʘʣʽ ʙʫʜʝʤʦ ʨʦʙʠʪʠ ʚʽʜʣʽʢ ʦʜʠʥʠʯʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʽʜ ʣʽʥʽʾ 2 ʜʦ 

ʤʦʤʝʥʪʽʚ ʟʤʽʥʠ ʩʪʘʥʫ ʙʽʪʽʚ IA ʽ UBC (ʣʽʥʽʾ 3 ʽ 4, ʚʽʜʧʦʚʽʜʥʦ). ʆʪʨʠʤʘʥʽ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʮʠʬʨʦʚʽ ʢʦʜʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʢʫʪʫ ű ʽ ʧʝʨʽʦʜ ʊ. 

ʋ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʮʠʬʨʦʚʠʡ ʢʦʜ ʽʥʪʝʨʚʘʣʫ (ʣʽʥʽʷ 2 ï ʣʽʥʽʷ 3) ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠ-

ʯʠʥʽ (90Á ï ű), ʘ ʢʦʜ ʽʥʪʝʨʚʘʣʫ (ʣʽʥʽʷ 2 ï ʣʽʥʽʷ 4) ʚʝʣʠʯʠʥʽ 1/6T. ʎʷ ʽʥʬʦʨʤʘʮʽʷ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʤʦʤʝʥʪʠ ʚʠʤʽʨʫ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ UBC ʽ ʬʘʟʥʠʭ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʩʪʨʫʤʽʚ Iɸ, IB, IC  (ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʣʽʥʽʷʭ 5, 6, 7, 8), ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ 

ʽʥʪʝʨʚʘʣʦʤ Ű = 1/6T. 

 ɼʣʷ ʚʠʧʘʜʢʫ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʜʽʘʛʨʘʤʽ, ʤʦʤʝʥʪ ʚʠʤʽʨʫ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ IA 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ ʢʽʣʴʢʦʩʪʽ ʚʽʜʣʽʯʝʥʠʭ ʦʜʠʥʠʯʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚʝʣʠ-

ʯʠʥʽ 1/4T + (90Á ï ű) ʟ ʤʦʤʝʥʪʫ ʧʝʨʝʭʦʜʫ UBC ʟ 0 ʫ 1.  

ʆʪʨʠʤʘʥʽ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʮʠʬʨʦʚʽ ʢʦʜʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʟʥʘ-

ʯʝʥʥʷʤ Iɸ, IB, IC, U, f  ʽ ű ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʘʢʪʠʚʥʫ ï ʈ, ʨʝʘʢʪʠʚʥʫ ï Q ʽ 

ʧʦʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦ ʚʽʜʦʤʠʭ ʟʘʣʝʞʥʦʩʪʷʭ: j= cosUIʈ , j= tgPQ , ʘʙʦ 

j= sinUIQ ; 22 QPS += , ʘʙʦ S=UI, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦ-

ʩʪʽ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟʘ ʬʘʟʘʤʠ (ʦʙʨʠʚ, ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ (ʂɿ), ʥʝʩʠʤʝʪʨʠʯʥʝ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʽ ʪ. ʜ.). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʚʠʤʽʨʫ ʘʢʪʠʚʥʦʾ ʡ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɻɸ 

ʚʽʜʤʦʚʠʤʦʩʷ ʚʽʜ ʦʧʝʨʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʾʭ ʨʦʟʨʘʭʫʥʢʘʤʠ ʟʘ ʟʥʘʯʝʥʥʤ̫ʠ ʽ ʬʘʟʦʶ 

ʩʪʨʫʤʫ. ɼʦʩʷʛʪʠ ʮʴʦʛʦ ʤʦʞʥʘ ʬʦʨʤʫʚʘʥʥʷʤ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʤʽʨ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʫ ʤʦʤʝʥʪ ʟʤʽʥʠ ʩʪʘʥʫ ʙʽʪʽʚ ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʘʥʠʭ ʥʘʧʨʫʛ: ʜʣʷ IA Ÿ UBC; ʜʣʷ 

IB Ÿ UCA; ʜʣʷ IC Ÿ UAB. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (ʜʠʚ. ʨʠʩ. 1), ʤʦʤʝʥʪʠ ʚʠʤʽʨʫ ʘʢʪʠʚ-

ʥʠʭ ʩʪʨʫʤʽʚ ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦ ʣʽʥʽʷʭ 2, 4, 6 ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʩʪʨʫʤʽʚ Iɸ, IB, 

IC. ʇʨʘʢʪʠʯʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʜʽʾ 

ʡ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ɸʎʇ.  

ɼʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥ-

ʥʷ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʫ. ɺʚʘʞʘʻʤʦ, ʱʦ ʫ ʄʇ-ʩʠʩʪʝʤʽ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘ-

ʤʝʪʨʠ (Iɸ, IB, IC, U,  f  ʽ ű) ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʠʢʣʽʯʥʦ (ʟ ʧʝʨʽʦʜʦʤ ʊʊʎ) ʽ ʧʦʚ'ʟ̫ʘʥʝ ʟ 

ʫʧʨʘʚʣʽʥʥʷʤ ʽ ʨʦʙʦʪʦʶ ɸʎʇ. ɯʟ ʮʽʻʾ ʧʨʠʯʠʥʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʡ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʫ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʰʚʠʜʢʦ-

ʜʽʾ ʡ ʪʦʯʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ɸʎʇ, ʪʦʙʪʦ ʫ ʤʝʪʦʜʽ ʪʘ ʝʣʝʤʝʥ-

ʪʥʦʾ ʙʘʟʠ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ʇʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʚʜʘʥʥʷ ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

(ʩʪʨʫʤʽʚ, ʧʦʪʫʞʥʦʩʪʽ, ʥʘʧʨʫʛʠ ʡ ʽʥ.), ʟ ʤʽʨʢʫʚʘʥʴ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʟʛʜ̔ʥʦ ʟ ʦʙʨʘ-

ʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ, ʧʨʠʥʮʠʧʦʚʦ ʧʨʠʜʘʪʥʽ ɸʎʇ ʽʟ ʧʦʛʨʽʰ-

ʥʽʩʪʶ ʚʽʜ 0,05 ʜʦ 1 % ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 30 ʄɻʮ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʘʜʘʧʪʘʮʽʷ 

ʧʨʦʮʝʩʫ ʚʠʤʽʨʫ ʜʦ: ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʤʦʤʝʥʪ ʫʚʝʜʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʾ ʉ = {C1,é.,Cn} ʽ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʤʦʤʝʥʪʦʤ ʫʚʝʜʝʥʥʷ ʉi ʽ ʧʦʯʘʪʢʦʤ 

ʡʦʛʦ ʘʥʘʣʽʟʫ t = { t1,é,tn}, ʜʝ n = 1, 2, 3,é . ɿʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʮʴʦʤʫ ʚʠʧʘʜ-

ʢʫ ʧʦʣʷʛʘʻ ʫ ʚʢʘʟʽʚʮʽ, ʷʢʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʟ S = {U1, é. ,Uq}, ʜʝ q ï ʯʠʩʣʦ ʪʘʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʩʣʽʜ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʉ ʠ t. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʘ-

ʚʠʣʦʤ (ʘʣʛʦʨʠʪʤʦʤ) RA: 

Ui = RA{C, Ui ï 1, t},  

ʜʝ Ui, Uiï1 Í S.  ʇʨʠ ʮʴʦʤʫ ʧʨʘʚʠʣʦ RA ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʦʧʪʠʤʽ-

ʟʘʮʽʾ: ʟʘ ʢʨʠʪʝʨʽʻʤ ʰʚʠʜʢʦʜʽʾ U ʰʣʷʭʦʤ ʧʝʨʝʚʽʨʢʠ ʫʤʦʚ P1, P2  ̔P3 ʜʣʷ ʚʠʟʥʘʯʝʥ-

ʥ ̫ʩʪʘʥʫ ʉi ʟ ʥʘʙʦʨʫ {C1,é,C6}.  

ɿʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʪʘʥʦʤ ʉi  ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʫʧʨʘʚʣʽʥʥʷ Ui  ʫʚʦʜʷʪʴ ʜʦ ʘʣʛʦ-

ʨʠʪʤʫ ʧʦʪʨʽʙʥʠʡ ʥʘʙʽʨ ʫʤʦʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʘ 
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ʘʨʭʽʪʝʢʪʫʨʘ ʘʣʛʦʨʠʪʤʫ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ʋʨʘʭʦʚʫʯʁʠ ʚʠʢʣʘ-

ʜʝʥʝ, ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʠ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɻɸ PRMP, ʟʘʧʠʩʘ-

ʥʠʡ ʤʦʚʦʶ ʃʉɸ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʞʝʥʥʷ: 

K

251424

14

24

1110

23

IV

23

7

20

II

2218

139

21

II

21

1110

22

IV

20

54

1915

186

18

128

17

III

17

11

10

11

IV

1525

III17II17I

15

6

1413

13

13

121110

12

IV

12

8

16

III

11

53

19

II

10

I

1025

2

910

6

810

5

710

4

7

3

68

9

3

510

3

410

2

4

3

365

2

210

1

191

3

3

2

2

11ʇ

.

.....

.......

.

..

SPAAMRAMR

AAMRAAMRAAAAAAMRA

AMRPCAPCAPCAPAAAMR

AMRAAMRMRAUUUP

PUUPPUPPPASPRMP

®¬w¬®¬®¬®¬w

¬®¬®®¬w®¬®

¬®¬w®®¬®¬

®¬®¬¬®¬w®¬w®¬w®¬w¬®¬w

¬®¬w®¬w¬®¬w¬®¬w®¬w¬¬¬=

 

ʜʝ Sʇ ̔  SK ï ʧʦʯʘʪʢʦʚʠʡ ʽ ʢʽʥʮʝʚʠʡ ʦʧʝʨʘʪʦʨʠ: P1, P2, P3, P4, P5 ʽ P6 ï ʧʝʨʝʚʽʨʢʘ 

ʫʤʦʚ UAB = 0; UBC = 0; UCA = 0; UAB = 1; UBC = 1 ʽ UCA = 1, ʚʽʜʧʦʚʽʜʥʦ; P7, P8, P9, 

P10, P11 ʽ P12 ï ʧʝʨʝʚʽʨʢʘ ʫʤʦʚ IA = 0 ; IB = 0; IC = 0; IA = 1; IB = 1 ʽ IC = 1, ʚʽʜʧʦʚʽʜ-

ʥʦ; P13 ʽ P14 ï ʧʝʨʝʚʽʨʢʘ ʫʤʦʚ ʨʘʭʫʚʘʥʥʷ NCT = 1/4T + (90Á ï ű) ʽ NCT = 1/4T + ű, 

ʚʽʜʧʦʚʽʜʥʦ; U1 ï U6 ʦʧʝʨʘʪʦʨʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʠʩʦʤ ʫʤʦʚ ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜ-

ʧʦʚʽʜʥʽ ʢʦʤʽʨʢʠ ʧʘʤ'ʷʪʽ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1; ɸ1 ï ʦʧʝʨʘʪʦʨ ʫʚʝʜʝʥʥʷ ʮʠʬʨʦʚʦ-

ʛʦ ʢʦʜʫ ʥʘʧʨʫʛ UAB ï UBC ï UCA; ɸ2 ï ʚʠʜʘʯʘ ʘʚʘʨʽʡʥʦʛʦ ʩʠʛʥʘʣʫ "ʇʦʨʫʰʝʥʦ ʯʝʨ-

ʛʫʚʘʥʥʷ ʬʘʟ"; ɸ3 ʽ ɸ4 ï ʨʝʻʩʪʨʘʮʽʷ ʩʪʘʥʽʚ "ɻʝʥʝʨʘʪʦʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɻɸ" ʽ 

"ʈʫʭʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɻɸ", ʚʽʜʧʦʚʽʜʥʦ; ɸ5 ʽ ɸ6 ï ʦʧʝʨʘʪʦʨʠ ʧʦʯʘʪʢʫ ʡ ʟʫʧʠʥʢʠ 

ʨʘʭʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; ɸ7, ɸ8, ɸ9, ɸ10 ï ʦʧʝʨʘʪʦʨʠ ʟʘʧʠʩʫ ʫ ʧʘʤ'ʷʪʽ ʟʥʘʯʝʥʴ ű; 90Á 

ï ű: 180Á ï ű ʽ 1/6T, ʚʽʜʧʦʚʽʜʥʦ; ɸ11 ï ʨʦʟʨʘʭʫʥʢʠ ʟʥʘʯʝʥʥʷ ʊ1, 1/2T, 1/4T; A12 ʽ ɸ13 

ï ʨʦʟʨʘʭʫʥʢʠ ʟʥʘʯʝʥʥʷ "ű" ʟʘ ʬʦʨʤʫʣʘʤʠ ű = 1/4ʊ ï (90Á ï ű) ʽ ű = 1/2T ï (180Á ï 

ű), ʚʽʜʧʦʚʽʜʥʦ; ɸ14, ɸ15 ʽ ɸ16 ï ʚʠʤʽʨ IA, IB ʽ IC, ʚʽʜʧʦʚʽʜʥʦ; ɸ17 ʽ ɸ18 ʚʠʪʨʠʤʢʠ ʯʘʩʫ 

Ű = 1/6T ʽ Ű = 1/4T, ʚʽʜʧʦʚʽʜʥʦ; ɤ ï ʙʝʟʫʤʦʚʥʠʡ ʧʝʨʝʭʽʜ. 

 
ʊʘʙʣʠʮʷ 1 - ʆʧʝʨʘʪʦʨʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʠʩʦʤ ʫʤʦʚ ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʽʨ-

ʢʠ ʧʘʤ'ʷʪʽ 

ʂʦʤʨ̔ʢʘ 

ʆʧʝʨʘʪʦʨ 
MRI  MRII  MRIII  MRIV  PCI PCII  PCIII  

U1 P4 P9 P12 P3 A16 A15 A14 

U2 P6 P8 P11 P2 A15 A14 A16 

U3 P2 P10 P7 P4 A14 A16 A15 

U4 P5 P7 P10 P1 A14 A16 A15 

U5 P3 P11 P8 P5 A15 A14 A16 

U6 P1 P12 P9 P6 A16 A15 A14 

ʋ ʪʘʙʣʠʮʽ ʧʦʟʥʘʯʝʥʦ: MRI ï MRIV ʢʦʤʽʨʢʠ ʧʘʤ'ʷʪʽ ʜʣʷ ʟʘʧʠʩʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʫʤʦʚ; PCI ï PCIII ï ʢʦʤʽʨʢʠ ʧʘʤ'ʷʪʽ ʜʣʷ ʟʘʧʠʩʫ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʬʘʟʥʠʭ 

ʩʪʨʫʤʽʚ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʙʘʛʘʪʦʤʨ̔ʥʦʛʦ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɻɸ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʫʣʴʪʠʧʣʽʮʽʡʥʦʶ ʦʙʨʦʙʢʦʶ ʜʠʩʢʨʝʪʥʦ-

ʘʥʘʣʦʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʛʘʨʤʦʥʽʡʥʠʭ ʚʝʣʠʯʠʥ. ʊʘʢʘ ʦʙʨʦʙʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ʯʘʩ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʦʜʠʥ ʧʝʨʽʦʜ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, ʚʠʤʽʨʷʪʠ: ʘʤʧʣʽʪʫʜ-

ʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʩʽʭ ʬʘʟʘʭ; ʣʥ̔ʽʡʥʫ ʥʘʧʨʫʛʫ; ʬʘʟʦʚʠʡ ʢʫʪ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; ʯʘʩʪʦʪʫ ʩʪʨʫʤʫ; ʥʘʧʨʷʤʦʢ ʧʦʪʫʞʥʦʩʪʽ.   

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʛʘʨʤʦʥʽʡʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʫ ʨʝʘʣʴ-

ʥʦʤʫ ʯʘʩʽ. 

ɸʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʶʚʘʪʠ ʰʚʠʜʢʦʜʽʶʯʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝ-

ʩʦʤ ʚʠʤʽʨʫ, ʷʢ ʜʣʷ ʪʨʠʬʘʟʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʟʘʙʝʟʧʝ-

ʯʝʥʥʷ; ʘʣʛʦʨʠʪʤ ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʣʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʫ ʙʫʜʴ-ʷʢʽ ʩʫʜʥʦʚʽ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʘʻ ʥʠʟʴʢʫ ʚʠʤʽ-

ʨʶʚʘʣʴʥʫ ʧʦʭʠʙʢʫ ʪʘ ʣʝʛʢʫ ʪʝʭʥʽʯʥʫ ʨʝʘʣʽʟʘʮʽʶ.  
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ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ INTEL  VPRO ɼʃʗ ʋɼɸʃɪʅʅʆɻʆ  

ɸɼʄʀʅʀʉʊʈʀʈʆɺɸʅʀʗ ʂʆʄʇʔʖʊɽʈʅʓʍ ʉʀʉʊɽʄ 

 
ɺ.ʌ. ʐʘʧʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʆʜʝʩʩʢʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷ" 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʘʣʸʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ.  ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ Intel vPRO ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ.  

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: Intel vPRO, ʫʜʘʣʸʥʥʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. 

 
INTEL VPRO TECHNOLOG Y APPLICATION FOR RE MOTE  

ADMINI STRATING OF COMPUTER SYSTEMS  

 
V.F.Shapo, PhD,  Associate Professor  

National University "Odessa Maritime Academy" 

Abstract. The necessity of remote administrating of computer systems for reducing of time and finan-

cial resources consumption is shown. Ways of Intel vPro technology implementation for automation of sys-

tem administrators operation are analyzed. 
Keywords: Intel vPro, remote administrating of computer systems. 

 

 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʘʤʠ  ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʀT-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘ-

ʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʵʪʘ ʩʠʪʫʘʮʠʷ ʩʪʘʣʘ 

ʚ ʧʝʨʠʦʜ ʧʝʨʝʭʦʜʘ ʚ ʫʜʘʣʸʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʥʘʭʦʞʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʤʥʦʞʝʩʪʚʘ ʦʨʛʘ-

ʥʠʟʘʮʠʡ ʠ ʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʘ ʢʘʨʘʥʪʠʥ, ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʧʨʠ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʦʚ 

ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʣʘʩʩʘʭ ʦʙʱʝʞʠʪʠʡ ʠ ʪ.ʜ. 

ʇʦʜʭʦʜ ʀʊ-ʩʣʫʞʙ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝ-

ʥʠ ʨʘʟʣʠʯʘʪʩɹʷ, ʥʦ ʚ ʦʙʝɦʤ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʯʪʦʙʳ ʩʵʢʦʥʦʤʠʪʴ ʝʛʦ ʚʨʝʤʷ ʠ 

ʩʦʢʨʘʪʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. 

IT-ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʫʛʨʦʟʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʇʂ, ʪʘʢʠʤʠ ʢʘʢ ʠʥ-

ʚʝʥʪʘʨʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʦʨʧʦʨʘʮʠʷ Intel ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ vPro, ʩʦ-

ʟʜʘʚ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʜʘʣʸʥʥʦ ʦʙʩʣʫʞʠʚʘʪ ɹʤʥʦʞʝʩʪʚʦ ʢʦʤ-

ʧʴʶʪʝʨʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ vPro ï ʪʝʨʤʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʨʧʦʨʘʮʠʝʡ Intel ʜʣʷ ʠhʨʦʢʦʛʦ 

ʨ̫ ʜʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʧʧʘʨʘʪʥʳʭ ʬʫʥʢʮʠʡ ʢʦʤʧʴʶʪʝʨʦʚ: Hyper Threading, Turbo 

Boost, VT-x, VT-d, Trusted Execution Technology (TXT), Management Engine 

(ME), Active Management Technology (AMT), Anti-Theft (AT). ʂʦʤʧʴʶʪʝʨʳ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ vPro, ʜʦʣʞʥʳ ʠʤʝʪ ɹ ʧʨʦʮʝʩʩʦʨ, ʯʠʧʩʝʪ ʠ BIOS (Base In-

put/output System, ʙʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ) ʩ ʧʦʜʜʝʨʞʢʦʡ vPro. ʆʙʱʠʡ 

ʧʦʜʭʦʜ ʢ ʫʜʘʣʸʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʢʦʤʧʴʶʪʝʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

vPro ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

1. Intel Management Engine. 

ʊʝʭʥʦʣʦʛʠʷ Intel ME ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʥʘʧʨʷʤʫʶ, ʤʠʥʫʷ ʥʘʜʩʪʨʦʡʢʫ ʚ ʚʠʜʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʆʉ). ʕʪʘ ʬʫʥʢʮʠʷ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʆʉ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʫʜʘʣʸʥʥʳʤ ʢʦʤʧʴʶʪʝ-

ʨʦʤ ʧʦ ʥʝʟʘʚʠʩʠʤʦʤʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ TCP/IP, ʜʘʞʝ ʝʩʣʠ ʢʦʤʧʴʶʪʝʨ 

ʚʳʢʣʶʯʝʥ (ʫʜʘʣʸʥʥʦʝ ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʢʦʤʧʴʪʁʝʨʘ). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʜʘʣʸʥʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘʧʧʘ-

ʨʘʪʥʦʡ ʯʘʩʪʠ, ʧʦʵʪʦʤʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʨʷʜ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʨʘʥʴʰʝ ʪʨʝʙʦʚʘʣʠ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʨʷʜʦʤ ʩ ʵʪʠʤ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʀʟʥʘʯʘʣʴʥʦ ʥʘʩʪʨʦʡʢʠ Intel ME ʚʢʣʶʯʘʶʪʩʷ ʧʦʩʣʝ ʝʸ ʘʢʪʠʚʘʮʠʠ ʚ BIOS, 

ʧʦʩʣʝ ʯʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʨʷʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ BIOS. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʨʝʞʠʤ "ON in S0, ME Wake in S3, S4-5" 

(ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʳ BIOS ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: 

Wake Up On Lan, Wake on LAN from S5, MAC Resume From S3/S4, Power Up By 

Onboard LAN, Resume By WOL). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʫʜʘʣʸʥ-

ʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʝʩʣʠ ʢʦʤʧʴʶʪʝʨ ʧʦʜʢʣʶʯʸʥ ʢ ʧʠʪʘʥʠʶ. ɽʩʣʠ 

ʭʦʩʪ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ S3-S5 ʠ ʩʠʩʪʝʤʘ ʧʦʜʢʣʶʯʝʥʘ ʢ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 
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ʩʠʩʪʝʤʘ ʫʜʘʣʸʥʥʦʛʦ ʜʦʩʪʫʧʘ "ʟʘʩʳʧʘʝʪ" ʩʧʫʩʪʷ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ, ʥʦ ʚʢʣʶʯʘ-

ʝʪʩʷ ʚʥʦʚʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʝʪʝʚʦʛʦ ʩʦʦʙʱʝʥʠʷ.  

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʢʦʤʧʴʶʪʝʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʝʞʫʨʥʦʤ 

ʨʝʞʠʤʝ, ʚʳʧʦʣʥʷʝʪ ʤʦʥʠʪʦʨʠʥʛ ʚʩʝʭ ʧʨʠʭʦʜʷʱʠʭ ʧʦ ʩʝʪʠ ʜʘʥʥʳʭ. ʇʦʣʫʯʠʚ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ çʤʘʛʠʯʝʩʢʠʡè ʧʘʢʝʪ (Magic Packet), ʩʝ-

ʪʝʚʦʡ ʘʜʘʧʪʝʨ ʜʘʝʪ ʢʦʤʘʥʜʫ ʥʘ ʚʢʣʶʯʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʚʦʟʤʦʞ-

ʥʦʩʪʴ, IT-ʦʪʜʝʣ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʫʜʘʣʸʥʥʳʤ ʢʦʤʧʴʶʪʝʨʘʤ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ 

ʩʥʘ, ʥʦ ʚʢʣʶʯʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʩʦʪʨʫʜʥʠʢʠ ʫʭʦʜʷʪ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʥʳʭ ʦʙʥʦʚʣʝʥʠʡ.  

Intel ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʝʨʪʠʬʠʢʘʪʳ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʜʘʣʸʥʥʦʛʦ ʜʦ-

ʩʪʫʧʘ ʠ ʢʦʤʧʴʶʪʝʨ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʜʦ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʘʤ. 

  
ʈʠʩʫʥʦʢ 1 ï ʋʜʘʣʸʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʴ-

ʶʪʝʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ vPro 
ʈʠʩʫʥʦʢ 2 ï ʀʤʠʪʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʧʦ 

ʩʝʪʠ 
2. Intel Active Management Technology. 

ɺ ʥʘʯʘʣʴʥʳʭ ʚʝʨʩʠʷʭ vPro AMT ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʘ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʚ 

ʤʘʪʝʨʠʥʩʢʫʶ ʧʣʘʪʫ ʧʨʦʮʝʩʩʦʨʦʤ, ʟʘʚʠʩ ̫ ʦʪ ʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʩʣʝ ʧʝʨʝʥʦʩʘ 

ʬʫʥʢʮʠʡ ʫʜʘʣʸʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʧʣʘʪʫ/ʩʝʪʝʚʦʡ ʢʦʥʪʨʦʣʣʝʨ 

ʤʥʦʛʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʤʧʴʶʪʝʨ ʚʳ-

ʢʣʶʯʝʥ ʠʣʠ ʜʦ ʟʘʛʨʫʟʢʠ ʆʉ. ʂʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ATM: 

ʫʜʘʣʸʥʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʚʳʢʣʶʯʝʥʠʝ ʠʣʠ ʦʪʜʝʣʴʥʳʡ ʮʠʢʣ ʚʢʣʶʯʝ-

ʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ; 

ʤʦʥʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʘ ʩʠʩʪʝʤʳ ʜʣʷ ʟʘʛʨʫʟʢʠ ʆʉ ʥʘ ʫʜʘʣʸʥʥʦʤ ʢʦʤʧʴʶʪʝʨʝ; 

ʫʜʘʣʸʥʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʘʭ ʢʦʤʧʴʶʪʝʨʘ; 

ʫʜʘʣʸʥʥʦʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʢʦʥʩʦʣʠ ʩʨʝʜʩʪʚʘʤʠ Serial over LAN (SoL) 

(ʨʠʩ. 2); 

ʚr ʚʦʜ Out-of-Band (OoB) ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʢʘʥʘʣʘ TLS ʤʝʞʜʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʠ ʢʣʠʝʥʪ-

ʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʫʧʨʘʚʣʷʝʤʦʡ ʩ ʧʦʤʦʱʴʶ vPro. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʳ, ʯʪʦʙʳ ʜʘʪʴ ʩʠʩʪʝʤʥʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦ-

ʨʘʤ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʝʟʘʚʠʩʠ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʤʦ ʦʪ ʆʉ (ʭʦʪʷ Intel ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʛʨʘʤʤʥʫʶ ʥʘʜʩʪʨʦʡʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʠʥʪʝ-

ʛʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ AMT ʚ ʆʉ). 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʛʦ ʜʦʩʪʫʧʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʢ ʢʣʘʚʠʘʪʫʨʝ, ʚʠʜʝʦʢʘʨ-

ʪʝ ʠ ʤʳʰʠ ʥʘ ʢʣʠʝʥʪʩʢʦʤ ʢʦʤʧɹʁʪʝʨʝ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʥʜʘʨʪʘ AMT 6.0 ʜʦʙʘʚʣʝʥ 

KVM Remote Control. ʄʦʞʥʦ ʧʝʨʝʭʚʘʪʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠ-

ʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʝʸ ʜʠʘʛʥʦʩʪʠʢʫ, ʜʘʞʝ ʝʩʣʠ ʥʘ ʥʝʡ ʥʝ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʆʉ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʘʩʴ ʧʦʜʜʝʨʞʢʘ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʳʙʦʨʘ ʨʘʟʨʝ-

ʰʝʥʠʡ ʚ ʨʝʞʠʤʝ KVM, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʥʦʛʠʝ ʨʝʰʝʥʠʷ KVM-over-IP, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ IPMI 2.0 ʚ ʥʝʢʦʪʦ-

ʨʳʭ ʩʝʨʚʝʨʥʳʭ ʤʘʪʝʨʠʥʩʢʠʭ ʧʣʘʪʘʭ, ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʙʦʪʫ ʥʘ ʨʘʟʨʝʰʝ-

ʥʠʠ 800 Ĭ 600. ʕʪʦ ʥʝ ʩʦʟʜʘʸʪ ʧʨʦʙʣʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʫʜʘʣʸʥʥʳʤʠ ʩʝʨʚʝʨʘʤʠ 

(ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʚʩʸ ʨʘʚʥʦ ʫʧʨʘʚʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ), ʘ 

ʚʦʪ ʦʙʩʣʫʞʠʚʘʪʴ ʢʣʠʝʥʪʩʢʠʝ ʤʘʰʠʥʳ ʥʘ ʪʘʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʩʦʚʩʝʤ ʥʝ ʢʦʤʬʦʨʪ-

ʥʦ. ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ AMT 7 ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʨʝʰʝʥʠʠ ʜʦ 1920Ĭ1200. 

IPMI (Intelligent Platform Management Interface, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ), ï ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʩʝʨʚʝʨʘ. IPMI ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ IP-KVM, 

iLo, iDRAC, IMM. IPMI ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ: 

ʫʜʘʣʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʚʳʢʣʶʯʝʥʠʝ ʠ ʧʝʨʝʟʘʛʨʫʟʢʫ ʩʝʨʚʝʨʘ; 

ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ; 

ʫʜʘʣʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʨʚʝʨʫ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʆʉ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ)); 

ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ ʠ ʧʨʘʚʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʧʦʜʜʝʨʞʢʦʡ 

LDAP ʠ Active Directory; 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʨʪʘʤʠ ʜʦʩʪʫʧʘ ʠ ʟʘʱʠʪʫ ʜʦʩʪʫʧʘ SSL-ʩʝʨʪʠʬʠʢʘʪʦʤ; 

ʥʘʩʪʨʦʡʢʫ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʨʘʙʦʪʝ ʩʝʨʚʝʨʘ. 

ʉ ʚʝʨʩʠʠ AMT 7 ʦʙʝʩʧʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʥʘʣ ʩʦʪʦʚʳʭ ʩʝ-

ʪʝʡ 3G ʜʣʷ ʦʪʧʨʘʚʢʠ ʫʜʘʣʸʥʥʦʡ ʢʦʤʘʥʜʳ kill, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʰʘʥʩʳ 

ʩʦʭʨʘʥʠʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʝʛʦ ʢʨʘʞʝ. ɺʦʩʩʪʘ-

ʥʦʚʠʪʴ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʥʦ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʚʭʦʜʘ ʧʦ IP ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʘʫʪʝʥʪʠʬʠʢʘ-

ʮʠʠ, ʟʘʪʝʤ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ System Status (ʨʠʩ. 3). 

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ vPro ï ʫʜʘʣʸʥʥʘʷ ʧʝʨʝʟʘʛʨʫʟʢʘ ʢʣʠʝʥʪ-

ʩʢʦʡ ʤʘʰʠʥʳ. ʀʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʥʝʩʢʦʣʴʢʠʤ ʚʘʨʠʘʥʪʘʤ ʧʝʨʝʟʘ-

ʛʨʫʟʢʠ. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʝʟʥʘ, ʝʩʣʠ ʆʉ ʥʝ ʟʘʛʨʫʞʘʝʪʩʷ ʩ ʣʦ-

ʢʘʣʴʥʦʛʦ ʞʸʩʪʢʦʛʦ ʜʠʩʢʘ ʠ ʥʝʦʙʭʦʜʠʤʘ ʟʘʛʨʫʟʢʘ ʩ ʜʨʫʛʦʛʦ ʥʦʩʠʪʝʣʷ ʣʠʙʦ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ/ʦʪʢʘʪ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʟʘ. ʅʘʩʪʨʦʡʢʠ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ ʠ ʚ BIOS ʜʦʩʪʫʧʥʳ ʬʫʥʢʮʠʠ ʫʜʘʣʸʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʤʳ ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʨʘʥʝʝ. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ IP-ʘʜʨʝʩʘ, ʣʠʙʦ ʦʥʠ ʤʦʛʫʪ ʥʘʟʥʘʯʘʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ DHCP-ʩʝʨʚʝʨʦʤ (ʨʠʩ. 4). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʨʝʩʦʚ IPv4 ʧʦʩʪʝʧʝʥ-

ʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚ ʧʦʣʴʟʫ IPv6 (ʨʠʩ. 5).  
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ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʩʝʪʝʚʳʝ ʠʤʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʤ ʢʦʤʧʴʶʪʝʨʘʤ, ʜʦʙʘʚʣʷʪʴ, ʠʟʤʝʥʷʪʴ ʠʣʠ ʫʜʘʣʷʪʴ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ, ʧʨʠʩʚʘʠʚʘʷ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʨʘʟʥʳʝ ʧʨʘʚʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʣʘʚʥʦʝ ʦʢʥʦ ɺʝʙ-ʠʥʪʝʨʬʝʡʩʘ Intel AMT  
 

 
 

ʈʠʩʫʥʦʢ 4 ï ʅʘʩʪʨʦʡʢʘ ʩʝʪʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ IPv4 

 

KVM Remote Control ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʆ RealVNC Viewer Plus 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʘʪʬʦʨʤʦʡ vPro ʜʣ ̫ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣ ̫ʥʘʜ ʫʜʘʣʸʥʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ ʜʘʞʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥ ʟʘʛʨʫʟʠʪ ʆʉ. RealVNC Viewer Plus ʧʦʣʫʯʘʝʪ 

ʜʦʩʪʫʧ ʢ ʥʝʩʢʦʣʴʢʠʤ ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʩʝʨʚʝʨʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ IPMI 2.0, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʠʪ ʝʸ ʧʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʠ. 

ʏʝʨʝʟ ʦʪʜʝʣʴʥʳʡ ʢʘʥʘʣ ʩ TLS-ʰʠʬʨʦʚʘʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ RealVNC Viewer Plus ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ OoB. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ʈʠʩʫʥʦʢ 5 ï ʅʘʩʪʨʦʡʢʘ ʩʝʪʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ IPv6 

 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʦʟʜʘʸʪʩʷ ʩʣʫʞʙʘ ʫʜʘʣʸʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʘʙʦʯʝʤʫ ʩʪʦʣʫ 

ʢʦʤʧʴʶʪʝʨʘ VNC (Virtual Network Computing), ʜʘʶʱʘʷ ʜʦʩʪʫʧ ʢ ʘʧʧʘʨʘʪʥʤr 

ʫʩʪʨʦʡʩʪʚʘʤ ʫʜʘʣʸʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, 

ʯʝʤ ʆʉ. ɿʘʧʫʩʢʘʪʴ VNC-ʩʝʨʚʝʨ ʥʘ ʭʦʩʪ-ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʵʪʦʤ ʥʝ ʥʫʞʥʦ. ʆʪʯʘ-

ʩʪʠ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇʆ NetMeeting, VNC ʠ 

Remote Desktop Connection. ɸʚʪʦʨʠʟʘʮʠ ̫ʚ RealVNC Viewer Plus ʤʦʞʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʬʨʦʚʘʥʠʷ TLS (Transport Layer Security), ʜʦʧʦʣʥʷ-

ʶʱʝʛʦ ʩʧʝʮʠʘʣʴʥʳʡ ʪʠʧ ʩʦʝʜʠʥʝʥʠʷ Intel AMT KVM.  

  
ʃʀʊɽʈɸʊʋʈɸ 

 

1. ʂʦʨʧʦʨʘʮʠʷ Intel [ʕʣʝʢʪʨʦʥʥʡr ʨʝʩʫʨʩ]: https://www.intel.com/content/www/us/en/architecture-and-

technology/vpro/vpro-platform-general.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.11.2020). 
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ʇʈʆʇʆɿʀʎɯɰ ʑʆɼʆ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʆʇɽʈɸʎɯʁ  

ɺʀɺɸʅʊɸɾɽʅʅʗ ʂʆʅʊɽʁʅɽʈɯɺ ʇɸʃʋɹʅʀʄ ʂʈɸʅʆʄ 

 
ɸ. ɯ. ʐʝʩʪʘʢʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʄʦʨʩʴʢʘ ɸʢʘʜʝʤʽʷ" 

ʃ. ɺ. ʄʝʣʴʥʽʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʥʦʪʘʮʽʷ: ɺ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʘ ʤʦʞʣʠʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʘ ʟ  

ʧʦʚʦʨʦʪʥʠʤ ʩʧʨʝʜʝʨʦʤ ʚ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʟʠʮʽʡ ʩʪʨʽʣʠ ʽ ʩʧʨʝʜʝʨʘ   ʙʫʚ ʦʙˇʨʫʥʪʦʚʘʥʠʡ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʚʝʜʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʝʡʥʝʨʽʚ  ʜʦ ʟʘʚʜʘʥʴ ʧʨʠʚʦʜʽʚ ʧʦ-

ʚʦʨʦʪʫ ʽ ʚʠʣʽʪʫ ʩʪʨʽʣʠ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʘ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ:  ʫʩʫʥʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ, ʟʥʠʞʝʥʥʷ ʯʘʩʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʦʧʝʨʘʮʽʡ ʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʩʪʦʷʥʢʠ ʩʫʜʥʘ ʚ 

ʧʦʨʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʫʙʥʠʡ ʢʨʘʥ, ʩʧʨʝʜʝʨ, ʢʦʥʪʝʡʥʝʨ, ʘʣʛʦʨʠʪʤ ʧʦʟʠʮʽʶʚʘʥʥʷ.  



                                                                                                                                                  ISSN 2706-7874 (print)     
                                                  è  

                                                                                                                   DOI:10.31653/2706-7874.SEEEA-2020.11.1-245 

                                                                                                                                                  

www.femire.onma.edu.ua   81 

 

SUGGESTIONS  FOR  AUTOMATION  OF  CONTAINERS  

  UNLOADING  OPERATIONS  BY  THE DECK CRANE  

 
A. Shestaka, senior Lecturer 

Odessa National Polytechnic University 

L. Melnikova, PhD, ʘss. Professor 

National University "Odessa Maritime Academy" 

 

Abstract: The article presents the algorithms development  for the operation of a deck crane with a ro-

tary spreader in a semi-automatic mode in order to optimize loading and unloading operations. On the basis 

of boom and spreader position calculations the transformation algorithm  containers coordinates to refer-

ences of deck crane boom luffing and slewing drives was proved, developed and offered. This provides: the 

elimination of the human factor, reducing the time of the technological process, increasing the operations 

efficiency and decreasing the time vessel handling in the port.   

Key words:  deck crane, spreader, container, algorithm, positioning 

 

ʇʦʩʪʽʡʥʠʡ ʽ ʜʠʥʘʤʽʯʥʠʡ ʟʨʽʩʪ ʙʣʠʟʴʢʦ 5% ʱʦʨʦʢʫ [2] ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʚ ʛʘ-

ʣʫʟʽ ʤʦʨʩʴʢʠʭ ʪʘ ʨʽʯʢʦʚʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʦʟʦʢ ʥʝʚʝʣʠʢʠʤʠ (ʜʦ 4000 TEU) 

ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʤʠ (ʬʽʜʝʨʘʤʠ) ʥʘ ʥʝʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʧʦʨʪʫ ʨʦʟʚʘʥ-

ʪʘʞʝʥʥʷ ʦʢʝʘʥʩʴʢʦʛʦ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʜʦ ʤʽʩʮʝʚʠʭ ʧʦʨʪʽʚ ʧʨʠʟʥʘʯʝʥʥʷ ʚʘʥʪʘʞʫ. 

ʊʘʢʽ ʩʫʜʥʘ-ʬʽʜʝʨʠ ʧʨʦʚʦʜʷʪʴ ʦʧʝʨʘʮʽʶ ʩʘʤʦʚʠʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʣʘʩʥʠʭ [3] ʧʘʣʫʙʥʠʭ ʢʨʘʥʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ [4] ʦʩʥʘʱʝʥʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʩʧʨʝʜʝʨʘʤʠ).  ʆʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʪʘʢʠʭ ʦʧʝʨʘʮʽʷʭ ʻ ʩʧʨʝʜʝʨ ʟ ʨʦʪʘʪʦʨʦʤ [5], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʚʦ-

ʨʦʪ ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʦʾ ʨʘʤʠ (ʽ ʧʦʨʦʞʥʴʦʾ, ʽ ʨʘʟʦʤ ʟ ʢʦʥʪʝʡʥʝʨʦʤ) ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʽʡ ʧʣʦʱʠʥʥʽ ʜʣʷ ʪʦʯʥʦʾ ʧʦʩʘʜʢʠ ʥʘ ʢʦʥʪʝʡʥʝʨ. ʉʫʯʘʩʥʽ ʨʦʪʘʪʦʨʠ [5] ʜʦʟʚʦʣʷ-

ʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʚʦʨʦʪ ʢʦʥʪʝʡʥʝʨʘ ʚ ʤʝʞʘʭ ʚʽʜ -185ϲʜʦ +95ϲ. ʉʧʨʝʜʝʨʠ ʚʟʘʛʘ-
ʣʽ ʽ ʩʧʨʝʜʝʨʠ ʟ ʨʦʪʘʪʦʨʦʤ ʦʩʥʘʱʝʥʽ ʢʝʨʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ [6], ʷʢʽ ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ 

ʟʦʢʨʝʤʘ ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʝʨ (PLC), ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ (Human 

Machine Interface, HMI) ʪʘ ʢʦʤʫʥʽʢʘʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ CAN 

Open ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʢʦʤʧʣʝʢʪʘʮʽʾ [7] . ɼʣʷ ʩʧʨʝʜʝʨʽʚ ʦʜʥʦʛʦ ʟ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙ-

ʥʠʢʽʚ Bromma ʪʘʢʘ ʩʠʩʪʝʤʘ (Spreader Control System SCS4ϭ) ʦʧʝʨʫʻ ʟ ʜʘʥʠʤʠ 
ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʩʽʭ ʩʝʥʩʦʨʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʩʧʨʝʜʝʨʘ, ʜʦʟʚʦʣʷʻ ʩʢʘʥʫʚʘʪʠ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʪʠ  ʥʦʤʝʨ ʢʦʥʪʝʡʥʝʨʘ, ʧʝʨʝʜʘʻ ʜʘʥʽ ʚ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʢʨʘʥʦʤ, ʘ 

ʪʘʢʦʞ ʟʙʠʨʘʻ ʩʪʘʪʠʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʾʾ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ 

[7]. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʘʣʫʙʥʠʤ ʢʨʘʥʦʤ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʦʧʝʨʫʻ ʚ ʨʝʘʣʴʥʦ-

ʤʫ ʯʘʩʽ ʟ ʧʦʚʥʠʤ ʤʘʩʠʚʦʤ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʢʨʘʥʘ. ɿʘ ʽʻʨʘʨʭʽʻʶ 

ʚʦʥʘ, ʟʨʦʟʫʤʽʣʦ, ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʧʨʝʜʝʨʦʤ. 

ɸʥʘʣ̔ʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʘ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʥʪʝʡʥʝʨʽʚ, ʧʦʢʘʟʘʚ, 

ʱʦ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʙʦʯʠʭ ʦʧʝʨʘʮʽʡ ʻ ʤʦʞʣʠʚʠʤ ʧʨʠ ʫʩʫʥʝʥʥʽ ʦʧʝʨʘ-

ʮʽʾ ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʧʨʝʜʝʨʘ ʥʘʜ ʮʝʥʪʨʦʤ ʥʘʩʪʫʧʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʱʦ ʙʫʜʝ ʚʠʚʘʥ-

ʪʘʞʫʚʘʪʠʩʴ ʟ ʧʘʣʫʙʠ. ʎʷ ʦʧʝʨʘʮʽʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʦʪʨʝʙʫʻ ʫʯʘʩʪʽ ʜʦʧʦʤʽʞʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʢʦʨʝʛʫʻ ʪʦʯʥʫ ʧʦʩʘʜʢʫ ʩʧʨʝʜʝʨʘ ʥʘ ʢʦʥʪʝʡʥʝʨ, ʦʩʦʙʣʠʚʦ ʫ ʚʠ-

ʧʘʜʢʘʭ, ʢʦʣʠ ʦʙʨʦʙʣʷʻʪʴʩʷ ʢʦʥʪʝʡʥʝʨ ʥʠʞʥʴʦʛʦ ʷʨʫʩʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʽʜ ʢʦʣʦʥʠ 

ʢʨʘʥʘ ʨʷʜʫ, ʷʢʠʡ ʜʦ ʪʦʛʦ ʞ ʤʦʞʝ ʙʫʪʠ ʟʘʢʨʠʪʠʤ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʙʦ-

ʢʫ ʦʧʝʨʘʪʦʨʘ ʢʦʥʪʝʡʥʝʨʘʤʠ ʚʠʱʠʭ ʷʨʫʩʽʚ ʙʣʠʞʥʽʭ ʨʷʜʽʚ. ʊʘʢʽ ʜʽʾ, ʱʦ ʚʠʤʫʰʝʥʦ 

ʤʘʶʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʤʘʡʞʝ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʧʦ ʩʫʪʽ ʻ ʥʝʪʝʭʥʦʣʦʛʽʯ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
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ʥʠʤʠ ʽ ʟʘʡʤʘʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʯʘʩ, ʷʢʠʡ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʯʘʩʦʤ ʚʘʥʪʘʞʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʮʽʣʦʤʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʚʘʥ-

ʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟ ʧʘʣʫʙʠ ʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʘ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʝʡʥʝʨʽʚ ʽ ʧʨʠʚʝʜʝʥʥʷ ʮʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦ ʟʘʚʜʘʥʴ 

ʧʨʠʚʦʜʽʚ ʧʦʚʦʨʦʪʫ ʽ ʚʠʣʽʪʫ ʩʪʨʽʣʠ. ʉʫʪʪʻʚʠʤ ʤʦʤʝʥʪʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʧʽʜʟʘ-

ʜʘʯ ʻ ʪʝ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘʜʘʻʪʴʩʷ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʚ'ʷʟʘʥʽʡ ʜʦ ʧʣʦʱʠʥʠ ʧʘʣʫʙʠ ʽʟ ʟʙʽʛʦʤ ʦʜʥʽʻʾ ʟʽ ʩʚʦʾʭ ʦʩʝʡ ʟ ʧʦʟʜʦʚʞʥʴʦʶ ʚʽʩ-

ʩʶ ʩʫʜʥʘ, ʘ ʢʨʘʥ ʦʧʝʨʫʻ ʧʦʣʷʨʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ "ʚʠʣʽʪ ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʩʪʨʽʣʠ". ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ  ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʧʨʝʜʝʨʘ ʥʘʜ ʢʦʥʪʝʡʥʝ-

ʨʦʤ, ʱʦ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ, ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ  ʧʨʷʤʠʡ ʪʘ ʟʚʦʨʦʪʥʽʡ ʧʝʨʝʭʦʜʠ 

ʚʽʜ ʜʝʢʘʨʪʦʚʠʭ ʜʦ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʧʦʪʨʽʙʥʘ ʧʦ-

ʧʝʨʝʜʥʷ "ʧʨʠʚ'ʷʟʢʘ" ʜʚʦʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʷʢʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʫ ʨʦʙʦʪʽ [1]. 

ʉʪʨʽʣʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʩʝʨʝʜʥʽʤ ʢʦʥʪʝʡʥʝʨʦʤ ʧʝʨʰʦʛʦ ʨʷʜʫ ʪʘ-

ʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʮʝʥʪʨ ʩʧʨʝʜʝʨʘ ʟʙʽʛʘʚʩʷ ʟ ʮʝʥʪʨʦʤ ʢʦʥʪʝʡʥʝʨʘ. ɼʘʥʽ ʧʨʦ ʧʦʯʘʪ-

ʢʦʚʠʡ ʚʠʣʽʪ ʩʪʨʽʣʠ L0 ʽ ʧʨʦ ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ Ŭ0 ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʴ 

PLC. ʄʘʶʯʠ ʮʽ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ ʚʩʽʭ 

ʢʦʥʪʝʡʥʝʨʽʚ ʽ ʚ ʧʝʨʰʦʤʫ, ʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʷʜʘʭ. ɺʠʣʽʪ ʩʪʨʽʣʠ (ʪʦʙʪʦ, ʜʦʚʞʠʥʫ 

ʧʨʦʝʢʮʽʾ ʩʪʨʽʣʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʣʦʱʠʥʫ) Li ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ Ŭi ʜʣʷ i-ʛʦ ʢʦʥʪʝʡ-

ʥʝʨʘ ʚ ʨʷʜʫ  ʚʠʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʽ [1]. ɺʠʨʘʟʠ (1) ʽ (2) ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʢʫ-

ʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ nia ʽ nib  ʢʽʥʮʷ ʩʪʨʽʣʠ (ʮʝʥʪʨʫ ʩʧʨʝʜʝʨʘ), ʧʨʦʝʢʮʽʷ ʷʢʦʛʦ ʩʧʽʚʧʘ-

ʜʘʻ ʟ ʮʝʥʪʨʦʤ ni-ʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʯʝʨʝʟ jL , lD, LD , 0L  ʪʘ ʥʦʤʝʨ (ni). ʉʭʝʤʘ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ nia ʽ nib  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ.1. 

LnL

li
arctg

yL

x
arctg

ni

ni
ni

DÖ-+

DÖ-
=

+
=

)1(

)3(

00

a    (1) 

 

[ ] [ ]

j
ni

L

LnLli
ar

DÖ-++DÖ-
=

)1()3(
cos

0
2

b    (2) 

ʜʝ jL  - ʜʦʚʞʠʥʘ ʩʪʨʽʣʠ ʜʣʷ ʧʦʟʠʮʽʾ  ni-ʛʦ ʢʦʥʪʝʡʥʝʨʘ, 

ȹl - ʜʦʚʞʠʥʘ ʧʨʦʤʽʞʢʫ ʤʽʞ ʮʝʥʪʨʘʤʠ ʢʦʥʪʝʡʥʝʨʽʚ ʧʦ ʰʠʨʠʥʽ, 
LD  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʢʦʥʪʝʡʥʝʨʽʚ ʧʦ ʛʣʠʙʠʥʽ, 

L0 - ʧʦʯʘʪʢʦʚʠʡ ʚʠʣʽʪ ʩʪʨʽʣʠ. 

ɿʥʘʯʝʥʥʷ nia , nib  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʨʠʚʦʜʽʚ ʧʦʚʦ-

ʨʦʪʫ ʪʘ ʚʠʣʽʪʫ ʩʪʨʽʣʠ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʝ ʦʙʯʠʩʣʶʚʘʪʠ-

ʩʷ ʙʦʨʪʦʚʠʤ PLC ʢʨʘʥʘ ʪʘ ʤʘʻ ʚʚʦʜʠʪʠʩʷ ʚ ʚʣʘʩʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʟʛʽʜʥʦ ʜʦ 

ʥʦʤʝʨʫ (ni) ʢʦʥʪʝʡʥʝʨʘ, ʱʦ ʙʫʜʝ ʚʠʚʘʥʪʘʞʫʚʘʪʠʩʴ. 

ɺʠʜʘʯʘ ʩʠʛʥʘʣʽʚ nia  ʽ nib , ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʫʚ'ʷʟʢʠ ʨʽʚʥʽʚ (ʤʘʩʰʪʘʙʫʚʘʥʥʷ) 

ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ ʯʝʨʝʟ ʙʣʦʢ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʜʫʙʣʶʚʘʥʥʷʤ 

ʩʠʛʥʘʣʽʚ ʚʽʜ ʜʞʦʡʩʪʠʢʽʚ ʧʦʚʦʨʦʪʫ ʽ ʚʠʣʽʪʫ ʩʪʨʽʣʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ 

ʧʦʚʦʨʦʪʦʤ ʩʧʨʝʜʝʨʘ. 
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  ʘ)       ʙ) 

 

ʈʠʩʫʥʦʢ  1 ï ɺʠʟʥʘʯʝʥʥʷ: ʘ) ʢʫʪʘ ʧʦʚʦʨʦʪʫ nia  ʯʝʨʝʟ ʧʦʟʠʮʽʶ ni-ʛʦ ʢʦʥʪʝʡʥʝʨʘ, 

ʙ) ʧʦʯʘʪʢʦʚʦʛʦ ʢʫʪʘ ʚʠʣʽʪʫ ʩʪʨʽʣʠ 3nb  ʯʝʨʝʟ ʧʦʟʠʮʽʶ n3-ʛʦ ʢʦʥʪʝʡʥʝʨʘ 

 

ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʘʣʫʙʥʦʛʦ ʢʨʘʥʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1) ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ L0, Ŭ0 ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʢʦʜʝʨʽʚ 

ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ ʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ. ʎʷ ʦʧʝʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʢʦʤʘʥʜʽ "ɺʚʝʩʪʠ 

ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ", ʷʢʫ ʧʦʜʘʻ ʦʧʝʨʘʪʦʨ.; 

2) ʚʚʝʜʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʥʦʤʝʨʘ ʩʝʨʝʜʥʴʦʛʦ (ʨʘʭʫʶʯʠʩʴ ʟʣʽʚʘ ʥʘʧʨʘʚʦ) ʢʦʥ-

ʪʝʡʥʝʨʘ N0, ʧʦ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʚôʷʟʢʘ ʢʦʦʨʜʠʥʘʪ; 

3) ʧʝʨʝʚʝʜʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʩʧʨʝʜʝʨʘ ʪʘ ʤʝʭʘ-

ʥʽʟʤʘʤʠ ʧʦʚʦʨʦʪʫ ʽ ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ ʢʨʘʥʘ ʚ ʨʝʞʠʤ AUTO Positioning. ʇʽʩʣʷ ʮʴʦ-

ʛʦ ʚʢʣʶʯʘʶʪʴʩʷ ʜʫʙʣʶʶʯʽ ʢʘʥʘʣʠ ʧʦʜʘʯʽ ʩʠʛʥʘʣʽʚ ŬSn  ̔Ln, Ŭn ʧʘʨʘʣʝʣʴʥʦ ʚʽʜʧʦ-

ʚʽʜʥʠʤ ʣʽʥʽʷʤ ʟ ʚʠʭʦʜʽʚ ʢʝʨʫʶʯʠʭ ʜʞʦʡʩʪʠʢʽʚ ʩʧʨʝʜʝʨʘ, ʧʦʚʦʨʦʪʫ ʪʘ ʚʠʣʴʦʪʫ 

ʩʪʨʽʣʠ; 

4) ʚʚʝʜʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʥʦʤʝʨʘ n ʢʦʥʪʝʡʥʝʨʘ, ʷʢʠʡ ʦʙʨʦʙʣʷʻʪʴʩʷ; 

5) ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦʟʠʮʽʶʚʘʥʥʷ ʮʝʥʪʨʘ ʩʧʨʝʜʝʨʘ ʥʘʜ ʛʝ-

ʦʤʝʪʨʠʯʥʠʤ ʮʝʥʪʨʦʤ n-ʛʦ ʢʦʥʪʝʡʥʝʨʘ ʤʝʭʘʥʽʟʤʘʤʠ ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ ʪʘ ʧʦʚʦʨʦʪʫ 

ʢʨʘʥʘ ʽ ʘʚʪʦʤʘʪʠʯʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʩʧʨʝʜʝʨʘ ʥʘ ʧʦʪʨʽʙʥʠʡ ʢʫʪ ʤʝʭʘʥʽʟʤʦʤ ʧʦʚʦ-

ʨʦʪʫ ʩʧʨʝʜʝʨʘ; 

6) ʨʫʯʥʘ ʧʦʩʘʜʢʘ ʩʧʨʝʜʝʨʘ ʦʧʝʨʘʪʦʨʦʤ ʥʘ ʢʦʥʪʝʡʥʝʨ; 

        7) ʬʽʢʩʘʮʽʷ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʦ ʟʘʢʨʠʪʪʷ ʪʚʽʩʪʣʦʢʽʚ ʩʧʨʝʜʝʨʘ, ʷʢʠʡ ʽʥʪʝ-

ʨʧʨʝʪʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ ʚ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʩʠʛʥʘʣʫ ʧʦʜʘʣʴʰʦʾ ʦʧʝʨʘʮʽʾ ʚʠʚʘʥʪʘ-

ʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ; 

8) ʨʫʯʥʝ ʚʠʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʦʧʝʨʘʪʦʨʦʤ ʽ ʧʦʩʘʜʢʘ ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʙʝ-

ʨʝʛ (ʧʣʘʪʬʦʨʤʫ, ʽʥʰʠʡ ʙʦʨʪ); 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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9) ʬʽʢʩʘʮʽʷ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʦ ʨʦʟʢʨʠʪʪʷ ʪʚʽʩʪʣʦʢʽʚ, ʷʢʠʡ ʽʥʪʝʨʧʨʝʪʫ-

ʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ, ʢʽʥʮʝʚʦʛʦ ʩʠʛʥʘʣʫ ʦʧʝʨʘʮʽʾ ʚʠʚʘʥʪʘʞʝʥʥʷ 

ʢʦʥʪʝʡʥʝʨʘ; 

10) ʧʝʨʝʭʽʜ ʜʦ ʪʦʯʢʠ ʚʚʦʜʫ ʥʦʤʝʨʘ ʥʘʩʪʫʧʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʪʦʙʪʦ, ʜʦ ʧʦʯʘ-

ʪʢʫ ʥʘʩʪʫʧʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʠʢʣʫ ʧʦʟʠʮʽʶʚʘʥʥʷ; 

11) ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʣʠʚʘ ʨʫʯʥʘ ʢʦʨʝʢʮʽʷ ʧʦʣʦʞʝʥʴ ʢʽʥʮʷ ʩʪʨʽʣʠ ʽ ʢʫʪʘ 

ʩʧʨʝʜʝʨʘ ʧʦ ʟʘʧʠʪʫ ʦʧʝʨʘʪʦʨʘ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ "Manual Correction", ʥʘʷ-

ʚʥʽʩʪʴ ʷʢʦʛʦ ʽʥʽʮʽʶʻ ʧʝʨʝʭʽʜ ʜʦ ʧʽʜʧʨʦʛʨʘʤʠ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʭʘʥʽʟʤʘʤʠ 

ʚʩʝʨʝʜʠʥʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʮʠʢʣʫ. ʂʽʥʮʝʚʽ ʩʢʦʨʠʛʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ Ln, Ŭn 

ʽ ŬSn ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʢʦʧʣʝʥʦʾ ʧʦ-

ʭʠʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ; 

12) ʧʝʨʝʚʝʜʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ ʩʧʨʝʜʝʨʘ ʪʘ ʤʝ-

ʭʘʥʽʟʤʘʤʠ ʧʦʚʦʨʦʪʫ ʽ ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ ʢʨʘʥʘ ʟ ʨʝʞʠʤʫ AUTO Positioning ʚ ʨʝʞʠʤ 

MANUAL ʽʥʽʮʽʶʻ ʧʝʨʝʭʽʜ ʧʨʦʛʨʘʤʠ ʚ ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʟ ʥʫʣʴʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʩʽʭ ʢʦʦʨʜʠʥʘʪ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ, 

ʷʢʽʡ ʣʠʰʝ ʚʚʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ ʥʦʤʝʨ ʥʘʩʪʫʧʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʱʦ ʧʽʜʣʷʛʘʻ ʦʙʨʦʙ-

ʮʽ, ʪʘ ʟʜʽʡʩʥʶʻ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʢʦʨʝʢʪʥʽʩʪʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʭ ʦʧʝʨʘʮʽʡ. ʇʨʦʮʝʩ ʧʦʟʠʮʽʶʚʘʥʥʷ ʩʧʨʝʜʝʨʘ ʥʘʜ ʢʦʥʪʝʡʥʝʨʦʤ ʥʝ ʧʦʪʨʝʙʫʻ 

ʫʯʘʩʪʽ ʜʦʧʦʤʽʞʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ: ʫʩʫʥʝʥʥʷ ʣʶʜʩʴ-

ʢʦʛʦ ʬʘʢʪʦʨʘ, ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʩʘʤʦʚʠʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʦʧʝʨʘʮʽʡ, ʽ ï ʟʘʛʘʣʦʤ ï ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʩʪʦʷʥʢʠ ʩʫʜʥʘ ʚ ʧʦʨʪʫ. 
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Abstract. The integrated use of ships of the future (SoF) - unmanned vehicles, allows us to solve many 

practically significant and important problems inherent in the current economic and military-political situa-

tion of World. There is an important task that is part of the "Military doctrine of Ukraine" and ñConcept of 

development of the security and defense sector of Ukraineò, namely the production in the Ukraine of modern 

small-sized SOFs, which are designed to perform specific tasks when in military and civilian use. It is be-

lieved that this task is solved either by the purchase of imported SOFs (for civilian use only), or only if there 

is sufficient funding for certain areas of research and the creation of military SOFs which will require signif-

icant resources. A conceptual solution is proposed, which significantly reduces the resources needed to cre-

ate a dual-purpose (for civil and military use) SOF. This will use a mixture of hardware, including parts of 

the power plant, propulsion system, energy management system, dynamic positioning system from commer-

cial vehicles and will be modular in its construction. The basis for the construction of individual modules is a 

comprehensive automation of all functions, computerization, implementation of group technology, providing 

high flexibility. Functional-technological structure of the automated module consists of two components: 

functional structure (nomenclature of assembled parts, their properties, complex operations, organization of 

processes, level of re-installation, etc.) and technological structure (control technology, technological fea-

tures, hierarchy of components, etc.). Central in modular technological processes is re-installation, which is 

the basis of their efficiency. 

Keywords: ships of the future, control algorithms, power plant, propulsion induction electric motor, 

frequency converter, formalization of the physical model, computational fluid dynamics 
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ɸʙʩʪʨʘʢʪ. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʝʥ ʤʘʡʙʫʪʥʴʦʛʦ ï ʙʝʟʧʽʣʦʪʥʠʭ ʤʘʰʠʥ, ʜʦʟʚʦʣʷʻ ʥʘʤ 

ʚʠʨʽʰʠʪʠ ʙʘʛʘʪʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʽ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʚʣʘʩʪʠʚʠʭ ʩʫʯʘʩʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʪʘ 

ʚʽʡʩʴʢʦʚʦ-ʧʦʣʽʪʠʯʥʦʤʫ ʩʪʘʥʦʚʠʱʫ ʚ ʩʚʽʪʽ. ɭ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʻ ʯʘʩʪʠʥʦʶ "ɺʽʡʩʴʢʦʚʦʾ ʜʦʢʪʨʠ-

ʥʠ ʋʢʨʘʾʥʠ" ʪʘ "ʂʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʙʝʟʧʝʢʠ ʪʘ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ", ʘ ʩʘʤʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚ 

ʋʢʨʘʾʥʽ ʩʫʯʘʩʥʠʭ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʩʫʜʝʥ ʤʘʡʙʫʪʥʴʦʛʦ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚ-

ʜʘʥʥʷ ʫ ʚʽʡʩʴʢʦʚʠʭ ʪʘ ʮʠʚʽʣʴʥʠʭ ʮʽʣʷʭ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʘʙʦ ʟʘʢʫʧʽʚʣʝʶ ʽʤ-
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ʧʦʨʪʦʚʘʥʠʭ ʩʫʜʝʥ ʤʘʡʙʫʪʥʴʦʛʦ (ʣʠʰʝ ʜʣʷ ʮʠʚʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ), ʘʙʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʜʦʩʪʘʪʥʴʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʩʫʜʝʥ ʤʘʡʙʫʪʥʴʦʛʦ, ʱʦ ʧʦʪʨʝ-

ʙʫʚʘʪʠʤʝ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʨʝʩʫʨʩʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʜʝʥ ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʜʣʷ ʮʠʚʽʣʴʥʦʛʦ ʪʘ ʚʽʡʩʴʢʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ). ɼʣʷ ʮʴʦʛʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʤʽʰ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ, ʚʢʣʶʯʘʶʯʠ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʾ, ʨʫʰʽʡʥʫ ʩʠʩʪʝʤʫ, ʩʠʩʪʝʤʫ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʩʠʩʪʝʤʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽ ʙʫʜʝ 

ʤʦʜʫʣʴʥʦʶ ʚ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʻ ʢʦʤʧʣʝʢʩʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʩʽʭ 

ʬʫʥʢʮʽʡ, ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʨʫʧʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʜʫʣʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʥʦʤʝʥʢʣʘʪʫʨʘ ʟʽʙʨʘʥʠʭ ʜʝʪʘʣʝʡ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ, ʦʨ-

ʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ, ʨʽʚʝʥʴ ʧʝʨʝʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʱʦ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ (ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥ-

ʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʽʻʨʘʨʭʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʦʱʦ). ʎʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ ʤʦʜʫʣʴʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘʡʤʘʻ ʧʝʨʝʚʩʪʘʥʦʚʣʝʥʥʷ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʘ ʤʘʡʙʫʪʥʴʦʛʦ, ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʨʫʰʽʡʥʠʡ ʘʩʠʥʭʨʦʥ-

ʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ, ʬʦʨʤʘʣʽʟʘʮʽʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʜʠʥʘʤʽʢʘ 

ʨʽʜʠʥʠ 

 

1. Introduction  

Research marine and industrial technologies and innovations provides an op-

portunity to identify the most significant features of such vessels, adopting best-in-

class solutions that will significantly improve economic results, reliability, opera-

tional safety and environmental protection. 

The complex use of diesels with electronic injection, brushless generators, 

electric propulsion systems theoretically allow the creation of ships of the future 

with high-precision dynamic stabilization at any geographical position in severe hy-

drometeorological conditions. This is a prerequisite for SOF systems and is in fact 

no different to the requirements for weapons. The processes of energy efficient en-

ergy transfer in the power plants of SOF with combined propulsion complexes 

(CPC) are not usually studied [31]. The power plant for ships of the future (PPSoF), 

created for specific types of vehicles with Dynamic Positioning (DP) systems, have 

special requirements for energy consumption and energy efficiency. The multifunc-

tional capabilities of DP vessels can be used only to a limited extent, because their 

efficient operation requires power that significantly exceeds that of modern PPSOFs 

with no DP systems. The conceptual development of the PPSOF of such vessels 

with DP is important in the creation of specialized CPCs, the use of special types of 

electric drives, the use of specialized energy sources and controls. 

On the other hand, such a vessel should be part of a single integral decision 

support system. It should be created on the basis of combining all onboard devices 

and systems into a single integral system. 

The rationale for the expediency of this approach to the design of ships of the 

future is the complex, multi-level nature of technological processes and objects that 

are in constant development. These processes and objects require a systematic sci-

entific approach based on the theory of control and forecasting of nonlinear, multi-

level processes. 

Remote diagnostics will become an essential feature of the ships of the future. 

This will increase vessel safety and reduce costs by simplifying remote maintenance 

of all devices connected to fully integrated navigation, energy management and 



                                                                                                                                                  ISSN 2706-7874 (print)     
                                                  è  

                                                                                                                   DOI:10.31653/2706-7874.SEEEA-2020.11.1-245 

                                                                                                                                                  

www.femire.onma.edu.ua   87 

 

safety systems. On-line, with early access, it is easy to make small changes that will 

help prevent major problems in the future. A necessary condition for the successful 

operation of the projects under consideration is the fault tolerance of automation 

systems. 

More information means a better transition to a higher level of control and 

more efficient service planning, which reduces the need for the presence of service 

engineers on the ship or reduces the call time, if any [33, 34]. 

Achieving a balance between high precision dynamic positioning by the vessel 

whilst maintaining energy efficiency and stability of the PPSOF CPC can be prob-

lematic. However, there is a contradiction and demand of practice ï to achieve max-

imum energy efficiency while maintaining the objectives of safety, ecology and, 

most importantly ï the implementation of the main technological task of a SOF. 

Even the preliminary analysis [4, 6, 14, 16, 18] shows that the use of special con-

trols and modified CPCs will lead to at least a 30% increase in the efficiency of 

power conversion from energy sources to propellers. But this problem is not solved 

by methods of almost uncontrolled counteraction of the force of the propeller thrust 

due to the coordinated counterbalance to external perturbation. 

The authors analyzed the recommendations for assessing the characteristics of 

the CPC PPSOF: calculating the power of the engines and determining their type, 

completing the propulsion complexes of various types. These data were obtained on 

the basis of empirical experience in design and operation, as well as statistical pro-

cessing of information about ships of the future (private joint-stock company 

"Chernomorsudnoproekt", Ukraine) [19]. 

Analysis of the current state of research, approaches and methodology [23, 26, 

27, 30], solving problems of improving the efficiency of vessels with DP, PPSOF 

CPC for various purposes (international concerns Wartsila, Danfoss) do not allow 

us to confidently declare a solution to the problem of reducing efficiency and in-

creasing failures during normal operation of vessels and in the modes of the DP. 

The generalization of the results of studies of the performance characteristics of 

ships of the future with CPC and DP system, performed by different authors [4, 23, 

26, 27, 31], and their methods do not allow us, with sufficient accuracy sufficient 

accuracy to perform calculations of running and dynamic qualities of ships of the 

future for different purposes. Model and field tests of propellers, empirical methods 

for determining the resistance, as well as the calculation and design of engines of 

various types, cause complex, unresolved issues of interaction of propellers with the 

hull [14, 16, 23]. 

An SOF is a free is a free-floating object with six degrees of freedom - three 

linear movements and three rotations about the spatial axes coordinate systems. All 

spatial evolutions of SOF in the aquatic environment can be reduced to two main 

modes of movement ï global movement from the initial position to the object and 

local maneuvering over the object. If in in the first mode, translational and relatively 

rectilinear movements prevail, in the second there are no preferred movements. In 

all six coordinates, the SOF moves equally and there is no advantage of any coordi-

nate. The SOF as a free-floating body perceives numerous power disturbances from 
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the environment and operating equipment. Since the vector disturbances are diffi-

cult to predict, it is almost impossible to hold position of the SOF with one propel-

ler, even with a perfect DP system. What is needed is a dynamic positioning system 

that works in synergy with a multi-propellers CPC, without which SOFs become 

observation cameras with extremely limited mission capabilities. 

Hydrometeorological factors and uncertainties related to the area of navigation, 

season, fuel prices, oil, crew consistency, etc. have the significant impact on the ef-

ficiency of DP systems, their PPSOF and CPC. Thus [4, 18, 23, 30, 31]: 

ï the issues of substantiation of the type, determination of the optimal (ration-

al) architecture and main characteristics of the CPC in the implementation of PPSOF 

projects are not given enough attention, and most existing methods of assessing the 

effectiveness of PPSOF are used outside the systematic approach to design and con-

sequently do not always meet modern requirements [4, 18, 31]; 

ï  the promising direction in the implementation of work related to improving 

the efficiency of DP, PPSOF and CPC systems is the use of modern simulation envi-

ronments and CAD/CAM/CAE-systems, which allows us to analyse random factors 

and dynamics of the environment for the operation of DP systems [18, 19, 26]; 

ï  relevant for SOF and dual-use are the issues of increasing the reliability and 

efficiency of the CPC PPSOF with guaranteed performance of technological tasks by 

the vessel [26, 27, 30]; 

ï  insufficiently covered issues related to the automation of work on the design 

and technological preparation of production in projects to improve the efficiency of 

the CPC PPSOF SOF. 

 

2. Purpose of work 

Research has been carried out on the processes of energy processes of energy-

saving dynamic positioning, control, conversion and energy transfer in PPSOF CPC 

of SOF vessels with improvement of systems, hardware and software, development 

of methods of guaranteed performance of special and basic technological tasks of 

SOF under the condition of high energy efficiency of functioning of their PPSOF of 

the CPC working in various difficult operational modes. 

 

3. Contents and results of the research 

The authors proposed improved methods and algorithms for monitoring and 

control of the moment of the CPC PPSOF (for example, patents of Ukraine ˉ100819 

from 10.08.2015, ˉ107006 from 03.06.2016, ˉ108074 from 26.06.2016) and con-

struction the synergistic structure of the control system [7, 8-13, 15, 20, 25], theoreti-

cally allow us to solve the problem of optimizing the process of controllability of the 

DP system while increasing the efficiency of power transmission to the propellers, 

increasing reliability and expanding functionality, in particular ï dual purpose vessels 

(civilian and military). Advanced control algorithms [7, 8, 10, 12, 15, 25] allow this 

to be achieved, based on the application of independent input load characteristics, to 

generate propeller torques, implement the necessary control signals taking the loca-

tion of active thrusts relative to the hull, quickly reconfigure environmentally de-
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pendent parameters. Using the results of similar of similar research [29], dependences 

of crossing of typical situations operational parameters were obtained for PPSOF 

CPC [9]: 

 

i ij

is ik

i ks ik

ik ij

d =0; a =0; j=0; j=1,2,...,L;

k 1,2,...,L; p P , s=1,2,...,S

d =1; b =1; a 1;

ʉ ʉ , j=1,2,...,L;

$ = Í Ý

Ý =
 (1) 

where: di, bs and aj ï auxiliary indicator variables of the iterative process; 

  pis ï s-th sign of the situational factor; 

  Pik ï the set of characteristic features of the k-th typical situation factor for the    

i-th operating mode identifier; 

  C←ik ï set of variables taken into account in the modified task; 

  C←ij ï an average set of typical situational factors for which aij Í 0. 

Based on the obtained dependences [9, 20], the authors are developing the re-

duced (1:50) physical model of the multifunctional propulsion configuration with a 

DP system (Fig. 1), which will help prove the effectiveness of the proposed solutions. 

At the level of technical implementation, in the links of orientation, stabilization, nav-

igation and control, the authors introduce such elements as solid-wave gyroscopes 

and piezoelectric transducers, which, in contrast to traditionally used devices in DP 

systems, can independently measure angles and speed [9-11, 13, 20]. 

 

Figure 1 ï Physical modeling of a multifunctional propulsion complexes; 1 ï steering device of the 

CRP system; 2 ï the main electric motor of the CRP system; 3 ï aft steering device; 4 ï steering 

device with two degrees of freedom; 5 ï tunnel steering device. 

The study of the principles of synthesis and operation of DP systems equipped 

with CPCs reveals the widespread use of typical PID-controllers in different circuits 

of the control system, despite the significant shortcomings ï the complexity of pa-

rameterization, noise sensitivity, unreasonable energy consumption and others [1, 3, 

5, 17]. 

There is no open access analysis of SOF. It is known [4, 30] that in some DPS1 

systems (according to the classification of the American Bureau of Shipping, ABS) it 

is possible to "shut down" the main and auxiliary engines, thrusters, and the vessel 

will keep a position even in difficult weather conditions. Sometimes [14] the opera-
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tion of ships of the future with DP systems (DPS2), where there is a global satellite 

navigation system (GNSS) with a FanBeam device and a working autopilot, is re-

duced to the operation of the algorithm DPS1. On state-of-the-art beta versions of K-

POS systems (Kongsberg proprietary system) [6, 23, 27], the ships of the future will 

be very difficult to steer in some situations. Increasing the speed of the DP system 

gives significant technological advantages, but the energy efficiency of such DP sys-

tems is very questionable [4, 14, 18]. 

Assuming that the service requests of the system's DP sensors have a Poisson 

nature of the flow of requests and the laws of service, then the flow of events in the 

DP system must have three properties: normal, no effect and stationary, and obey the 

law of Poisson's propagation [9, 20]: 

 n ɚŰ

n
P (Ű) (ɚŰ) e n!,-= Ö                                                (2) 

where: Pn(Ű) ï the probability of occurrence of n homogeneous events in the time in-

terval Ű; 

            ɚ ï the constant positive number that defines the average number of events 

per unit of time. 

Thus, the solution of the problem of improving the energy efficiency of SOF 

with DP: a) providing the necessary, technologically determined, positioning accura-

cy (for example, to ensure the operation of guidance systems); b) taking into account 

the action of external disturbances in the open sea, is relevant, has practical signifi-

cance and is not conceptually resolved. 

Improving the accuracy of dynamic positioning systems of special ships of the 

future allows us to use them for SOFs, which can be done through the simultaneous 

use of energy efficient management methods by: a) construction the special structure 

of PPSOF and CPC, b) using a real-time model in the control loop, c) appropriate 

corrective actions by means of the forecast analysis of mutual influence of operation-

al parameters of separate elements of PPSOF and CPC. 

For example, for these DP systems according to formulas (1) and (2), many typical 

situational factors will have intersections, which affects the adjustment of the corre-

sponding coefficients of PID-regulators, ie [22, 24]: 

 ik ijʉ ʉ ,k 1,2,...,L;

j=1,2,...,L; k j.

=Î =

¸
                                             (3) 

where: ʉ←i ï the set of situational factors of the operating mode;  L ï the subset ʉ←i, k = 

1, 2, ..., L, relevant to typical situational factors. All current situations are evaluated 

for belonging to a particular set ʉ←kj, k = 1, 2, ..., L, and the task is replaced by the task 

equivalent to the typical situation ʉ←kj. 

According to the results of research, the following are determined: a) criteria 

for assessing the quality of power transmission from energy sources to propulsion 

systems in the CPC PPSOF in different operating conditions; b) methods for forecast-

ing excess power consumption during changes in the operational regime of dual-use 

vessels; c) criteria for assessing the derivation efficiency of CPC engines in order to 

improve the energy performance of PPSOF and to develop a methodology for match-
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ing the characteristics of motors of CPC for the projected analysis of power conver-

sion processes in PPSOF. 

In particular, taking to formulas (1) and (3), for the set of situational factors ʉ←kj 

of the operating mode, we define the corresponding intersections for k = 1, 2, ..., L, s 

= 1, 2, ..., S. Indicator variables of the iterative processes di, bs, and aj change arbitrar-

ily within the set of characteristic features of the k ï the typical situational factor for 

the i-th identifier of the operational mode Pik (Fig. 2). The set of variables of the mod-

ified problem is an intersecting set of typical situational factors for which aij  Í 0. 

From the fig. 2, we can conclude that the determination of the values of the 

probabilistic coefficients of the disturbing factors applied to dynamic positioning sys-

tems and the formation of the configuration matrix of the compensating forces with 

the determination of the place of application is possible based on the corresponding 

identification factors. Obtaining correction factors affecting the components of forces 

and moments proportional to the size of the model and the real object tied to the orig-

inal geometry is possible by formalizing physical models with the means of identify-

ing disturbing factors on the line of the compensating element. 

 

Figure 2 ï The intersections of the set of situational factors ʉ←kj of the operational  

mode for k = 1, 2, ..., L, s = 1, 2, ..., S 

 Mathematical models have been developed: a) power transfer in the CPC 

PPSOF of different types, which will allow us to assess the energy efficiency and 

quality of processes in the DP of ships of the future equipped with different types of 

electric motors and propulsion and choose the most efficient solution; b) PPSOF of 

the CPC, taking random factors, which are caused, firstly, by changes in the operating 

modes of PPSOF and which directly affect the CPC, and secondly, by changes in the 

environment that affects the CPC, and indirectly the PPSOF. This allows you to justi-

fy the type and main characteristics of the PPSOF. 
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Figure 3 ï Mathematical expectation of the situational factor that will cause the system 

to exit from the stable state. 
 

 The developed methods are: a) prediction of possible operational reduction of 

efficiency of functioning of motors of PPSOF and motors of CPC of the DP system 

with allowing for more perfect positioning; b) structural and parametric identification 

of PPSOF and CPC based on the results of operational observations using DMI (Data 

Mining Index)-models in order to achieve maximum energy efficiency of controls; c) 

automated design of CPC PPSOF, based on the use of modern CAD/CAM/CAE-

systems. According to (2) for the DP of the CPC control system, which is under the 

influence of nondeterministic loads, the distribution of the intensity of applications 

for perturbations following one another with an interval less than the average value of 

1/ɚ is shown in Fig. 3 [9, 20]. The increase in the statistics of the frequency of signif-

icant identification factors of process characteristics in CPC and PPSOF during itera-

tive procedures is proportional to the sample size and does not lead to an increase in 

variables and coefficients of regression models. Random values of variable perturb-

ing effects are not correlated, which is evidence of the premise of applying the prin-

ciples of composition of regression models according to the results of experimental 

studies. 

 The following are products and systems that combine to create integrated, cus-

tomized solutions to build the ships of tomorrow [35, 36]: 

ï  full integrated automation based on the TIA portal (Totally Integrated Au-

tomation Portal), an effective and proven engineering environment that allows you to 

optimally design all automation processes for construction, operation, ship mainte-

nance and innovation; 

ï  complete set of propulsion systems that optimize the operation of the vessel 

throughout its full service life. The systems include, in particular, all elements from 

generators to propulsion motors from less than 100 kW to 100 MW; 

ï smart and reliable sensors for measuring pressure, temperature, flow, level, 

humidity, leakage set the standard for accuracy and reliability electric propulsion sys-

tems Blue Drive Plus, an innovative holistic solution presented by SIEMENS; 

ï for power plants of diesel-electric ships, increasing safety, reducing operat-

ing costs, improving life cycle economics, eliminating environmental problems. 
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- power plants with azimuth settings that optimize design flexibility, maneu-

verability and ease of maintenance; 

ï equipping ships with modern stations for receiving coastal electricity while 

staying in ports; 

ï optimizing energy management solutions can improve the energy efficiency 

and productivity of ships with savings of up to 40%. The technology creates seamless 

connections between all systems, including auxiliary systems such as heating, cool-

ing, lighting and shutter control, and low voltage distribution. 

4. Conclusions and recommendations 

1. Using a modified direct torque controller such as Direct Torque Control or a 

vector speed controllers [24] (for example, Vector Oriental Control) and the like, the 

models of which are presented in [23, 26, 27, 30], do not allow us to correlate the co-

ordinates of the electric drives of the CPC in accordance with the operating mode. 

Due to the lack of appropriate elements in the structure of these systems, smooth 

switching of positioning modes is possible. Therefore we can conclude that the re-

sults obtained by these authors during their modelling is very unique. 

2. Further research is planned to compensate for the reduction and change in 

direction of thrust of the propellers due to the interaction of the flow from the rudders 

with the hull, the impact of the propulsion flow from one engine on the neighbouring 

one, the Coanda effect, for which the authors are developing the physical model of 

CPC with microcontroller control system [28]. 

3. The expected results are consistent with the requirements of the International 

Maritime Classification Organizations to the CPC PPSOF of vessels operating for DP 

modes. The results of the work can be used in the design and construction of main 

and auxiliary PPSOF and control systems of modern autonomous ships of the future. 

The use of the results of the study aims to fully create opportunities for solving prob-

lems to achieve improvements in reliability, efficiency, security of the CPC PPSOF, 

and the implementation of special tasks for the world fleet [2, 18].  

4. The social and economic effect of the implementation of the survey results 

will exceed the costs, as the expected results are aimed at solving the main problems 

of Ukraine ï providing the state with energy resources and improving its defense ca-

pabilities. 

Thus, as a result of the optimization of the components of energy flows, it will 

be possible to obtain significant advantages and real benefits throughout the entire 

life of the vessel, namely [32]: 

1) increase adaptability to future technologies; 

2) optimize environmental compatibility; 

3) increase the efficiency of all onboard technological processes; 

4) reduce the number of installed elements and minimize the use of control 

equipment; 

5) make more informed operational decisions; 

6) reduce fuel consumption; 

7) improve reliability and safety; 
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8) reduce overall engineering costs; 

9) simplify maintenance. 

Well-tuned software, planning and system integration allow the modern vessel 

to function as a whole to successfully navigate the vessel from concept to handover 

and finally to the end of successful operation. 

 

Acknowledgements  

The author thanks the reviewers of the report for the number of their useful com-

ments made during the review process, as well as the engineers of the Automation 

and Electrical Engineering Faculty for the opportunity to conduct tests of physical 

models. 
REFERENCES 

 

1. Abdallah, I. Event driven Hybrid Bond Graph for Hybrid Renewable Energy Systems part I: Modelling and 

operating mode management [Text] / I. Abdallah, A.-L. Gehin, B. O. Bouamama // International Journal of Hydrogen 

Energy. ï 2018. ï V. 43, I. 49. ï P. 22088-22107. ISSN 0360-3199. Doi: 10.1016/j.ijhydene.2017.10.144. 

2. Alfheim, H. L. Development of a Dynamic Positioning System for the ReVolt Model Ship [Text] / 

H. L. Alfheim, K. Muggerud, M. Breivik, E. F. Brekke, E. Eide, Ï. Engelhardtsen // IFAC-PapersOnLine. ï 2018. ï 

V. 51, I. 29. ï P. 116-121, ISSN 2405-8963. Doi: 10.1016/j.ifacol.2018.09.479. 

3. Alice, R. Quantitative assessment of service delivery process: application of hybrid simulation modelling 

[Text] / R. Alice, P. Giuditta, S. Cavalieri // IFAC-PapersOnLine. ï 2018. ï V. 51, I. 11. ï P. 1113-1118. ISSN 2405-

8963. Doi: 10.1016/j.ifacol.2018.08.454. 

4. Arditti, F. Dynamic Positioning simulations of a Thrust Allocation Algorithm considering Hydrodynamic In-

teractions [Text] / F. Arditti, H. Cozijn, Ed F.G. Van Daalen, E. A. Tannuri // IFAC-PapersOnLine. ï 2018. ï V. 51, 

I. 29. ï P. 122-127, ISSN 2405-8963. Doi: 10.1016/j.ifacol.2018.09.480. 

5. Athavale, J. Chapter Three ï Thermal Modeling of Data Centers for Control and Energy Usage Optimization 

[Text] / J. Athavale, M. Yoda, Y. Joshi. Editor(s): Ephraim M. Sparrow, John P. Abraham, John M. Gorman // Advanc-

es in Heat Transfer, Elsevier. ï 2018. ï V. 50. ï P. 123-186, ISSN 0065-2717, ISBN 9780128151853. Doi: 

10.1016/bs.aiht.2018.07.001. 

6. Bassam, A. M. Wilson Experimental testing and simulations of an autonomous, self-propulsion and self-

measuring tanker ship model [Text] / A. M. Bassam, A. B. Phillips, S. R. Turnock, P. A. Wilson // Ocean Engineering. 

ï 2019. ï V. 186. ï Art. 106065. ISSN 0029-8018. Doi: 10.1016/j.oceaneng.2019.05.047. 

7. Budashko, V. Decision support systemôs concept for design of combined propulsion complexes [Text] / V. 
Budashko, V. Nikolskyi, O. Onishchenko, S. Khniunin / Eastern-European Journal of Enterprise Technologies. ï 2016. 

ï V. 3. ï ˉ 8(81). ï P. 10 ï 21. Doi:10.15587/1729-4061.2016.72543. 

8. Budashko, V. Formalization of design for physical model of the azimuth thruster with two degrees of freedom 

by computational fluid dynamics methods [Text] / V., Budashko // Eastern-European Journal of Enterprise Technolo-

gies. ï 2017. ï V. 3. ï ˉ 7(87). ï P. 40ï49. Doi:10.15587/1729-4061.2017.101298. 

9. Budashko, V. Improvement of the operation for electromechanical system under non-permanent loading [Text] 

/ V. Budashko, I. Hvozdeva, O. Onishchenko, V. Shevchenko, R. Kudelkin // 2020 IEEE 15th International Conference 

on Advanced Trends in Radioelectronics, Telecommunications and Computer Engineering (TCSET), Slavske, 25-29 

Feb. 2020, Ukraine: IEEE. ï P. 35-39. Doi: 10.1109/TCSET49122.2020.235588. 

10. Budashko, V. Synthesis of the Management Strategy of the Ship Power Plant for the Combined Propulsion 

Complex [Text] / V. Budashko, V. Shevchenko // 2018 IEEE 5th International Conference on Methods and Systems of 

Navigation and Motion Control (MSNMC), Kyiv, 16-18 Oct. 2018, Ukraine: IEEE. P. 106-108. Doi: 

10.1109/MSNMC.2018.8576266. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: \WWW/ URL: https://ieeexplore.ieee.org/document/8576266. ï 5.1.2019 

ʨ. ï ɿʘʛʦʣ. ʟ ʝʢʨʘʥʫ. 

11. Budashko, V.V. Implementation approaches during simulation of energy processes for a dynamically posi-

tioned ship [Text] / V.V. Budashko // Electrical Engineering & Electromechanics. ï 2015. ï V. 6. ï P. 14-19. Doi: 

10.20998/2074-272X.2015.6.02. (Rus). 

12. Budashko, V.V. Improving management system combined thruster propulsion systems [Text] / V.V. Bu-

dashko, O.A. Onishchenko // Bulletin of NTU çKhPɯè. ï 2014. ï V. 38 (1081). ï P. 45-51. (Ukr). 

13. Budashko, V.V. Mathematic modeling of allrange controllers speed of thrusters for ship power plants in 

combined propulsion complexes [Text] / V.V. Budashko, E.A. Yushkov // Electronic Modeling. ï 2015. ï V. 37, I. 2. ï 

P. 101-114. (Rus).  

14. Budashko, V. V. Design of the three-level multicriterial strategy of hybrid marine power plant control for a 

combined propulsion complex [Text] / V. V. Budashko / Electrical engineering & electromechanics. ï 2017. ï ˉ2. ï P. 

https://doi.org/10.1016/j.ijhydene.2017.10.144
https://doi.org/10.1016/j.ifacol.2018.09.479
https://doi.org/10.1016/j.ifacol.2018.08.454
https://doi.org/10.1016/j.ifacol.2018.09.480
https://doi.org/10.1016/bs.aiht.2018.07.001
https://doi.org/10.1016/j.oceaneng.2019.05.047
http://dx.doi.org/10.15587/1729-4061.2016.72543
http://dx.doi.org/10.15587/1729-4061.2017.101298
https://doi.org/10.1109/TCSET49122.2020.235588
https://doi.org/10.1109/MSNMC.2018.8576266
https://ieeexplore.ieee.org/document/8576266


                                                                                                                                                  ISSN 2706-7874 (print)     
                                                  è  

                                                                                                                   DOI:10.31653/2706-7874.SEEEA-2020.11.1-245 

                                                                                                                                                  

www.femire.onma.edu.ua   95 

 

62 ï 72. Doi:10.20998/2074-272X.2017.2.10. 

15. Budashko, V. V. Physical model of degradation effect by interaction azimuthal flow with hull of ship [Text] / 

V. V. Budashko, V. V. Nikolskyi, O. A. Onishchenko, S. N. Khniunin // Proceeding Book of International conference 

on engine room simulators (ICERS12). ï Istanbul, Istanbul Technical University, Maritime Faculty, 2015. ï P. 49ï53. 

ISBN: 978ï605ï01ï0782ï1. Aviable at: \www/ URL: http://www.maritime.itu.edu.tr/icers12/program.htm. 

16. Fan, H. Dynamic analysis of a hang-off drilling riser considering internal solitary wave and vessel motion 

[Text] / H. Fan, C. Li, Z. Wang, L. Xu, Y. Wang, X. Feng // Journal of Natural Gas Science and Engineering. ï 2017. ï 

V. 37. ï P. 512-522, ISSN 1875-5100. Doi: 10.1016/j.jngse.2016.12.003. 

17. Fang, M.-C. Application of neuro-fuzzy algorithm to portable dynamic positioning control system for ships / 

M.-C. Fang, Z.-Y. Lee // International Journal of Naval Architecture and Ocean Engineering. ï 2016. ï V. 8, I. 1. ï 

P. 38-52, ISSN 2092-6782. Doi: 10.1016/j.ijnaoe.2015.09.003. 

18. Fu, J. Modelling and simulation of flight control electromechanical actuators with special focus on model ar-

chitecting, multidisciplinary effects and power flows / J. Fu, J.-C. Mar®, Y. Fu // Chinese Journal of Aeronautics. ï 

2017. ï V. 30, I. 1. ï P. 47-65. ISSN 1000-9361. Doi:10.1016/j.cja.2016.07.006. 

19. http://chsp.mksat.net/en/ 

20. Hvozdeva, I. Problems of Improving the Diagnostic Systems of Marine Diesel Generator Sets [Text] / 

I. Hvozdeva, V. Myrhorod, V. Budashko, V. Shevchenko // 2020 IEEE 15th International Conference on Advanced 

Trends in Radioelectronics, Telecommunications and Computer Engineering (TCSET), Slavske, 25-29 Feb. 2020, 

Ukraine: IEEE. ï P. 350-354. Doi: 10.1109/TCSET49122.2020.235453. 

21. Ianagui, A. S. S. High Order Sliding Mode Control and Observation for DP Systems [Text] / Andr® S.S. 

Ianagui, E. A. Tannuri // IFAC-PapersOnLine. -2018. ï V. 51, I. 29. ï P. 110-115, ISSN 2405-8963. Doi: 

10.1016/j.ifacol.2018.09.478. 

22. Jayasiri, A. Wavelet-based Controller Design for Dynamic Positioning of Vessels [Text] / A. Jayasiri, 

S. Ahmed, S. Imtiaz // IFAC-PapersOnLine. ï 2017. ï V. 50, I. 1. ï P. 1133-1138, ISSN 2405-8963. Doi: 

10.1016/j.ifacol.2017.08.396. 

23. Jianyun, Z. Bi-objective optimal design of plug-in hybrid electric propulsion system for ships [Text] / 

Z. Jianyun, C. Li, X. Lijuan, W. Bin // Energy. ï 2019. ï V. 177. ï P. 247-261, ISSN 0360-5442. Doi: 

10.1016/j.energy.2019.04.079. 

24. Kommula, B. N. Direct instantaneous torque control of Brushless DC motor using firefly Algorithm based 

fractional order PID controller [Text] / B. N. Kommula, V. R. Kota // Journal of King Saud University - Engineering 

Sciences. ï 2020. ï V. 32, I. 2. ï P. 133-140, ISSN 1018-3639. Doi: 10.1016/j.jksues.2018.04.007. 

25. Mazur, O. M. Terminology used for a multipurpose vessels of the auxiliary fleet [Text] / O. M. Mazur, 

T. S. Obnyavko, O. A. Onishchenko // Proceeding Book of X International scientific and technical conference ñSHIPSô 

ELECTRICAL ENGINEERING, ELECTRONICS AND AUTOMATIONò (SEEɽA-2019) ï Odessa, National Univer-

sity ñOdessa Maritime Academyò: NU ñOMAò, Odessa, Ukraine. ï 2019. ï P. 95-101. ISSN 2706-7874 (print). Aviable 

at: \www/ URL: http://femire.onma.edu.ua/docs/conf/ʄʘʪʝʨʠʘʣʳ%20ʢʦʥʬ_2019.pdf.  

26. MihŁiŞŁ, A. S. Multi-objective traffic signal optimization using 3D mesoscopic simulation and evolutionary 

algorithms [Text] / A. S. MihŁiŞŁ, L. Dupont, M. Camargo // Simulation Modelling Practice and Theory. ï 2018. ï V. 

86. ï P. 120-138. ISSN 1569-190X. Doi: 10.1016/j.simpat.2018.05.005. 

27. Rindaroey, M. Fuel Optimal Thrust Allocation in Dynamic Positioning [Text] / M. Rindaroey, 

T. A. Johansen // IFAC Proceedings Volumes. ï 2013. ï V. 46, I. 33. ï P. 43-48, ISSN 1474-6670, ISBN 

9783902823526. Doi: 10.3182/20130918-4-JP-3022.00032. 

28. Seo, D.-W. Performance analysis of a horn-type rudder implementing the Coanda effect [Text] / D.-W. Seo, 

J. Oh, J. Jang // International Journal of Naval Architecture and Ocean Engineering. ï 2017. ï V. 9, I. 2. ï P. 177-184, 

ISSN 2092-6782. Doi: 10.1016/j.ijnaoe.2016.09.003. 

29. Ueno, M. Estimation of full-scale propeller torque and thrust using free-running model ship in waves [Text] / 

M. Ueno, Y. Tsukada // Ocean Engineering. ï 2016. ï V. 120. ï P. 30-39, ISSN 0029-8018. 

Doi:10.1016/j.oceaneng.2016.05.005. 

30. Veksler, A. Transient power control in dynamic positioning - governor feedforward and dynamic thrust allo-

cation / A. Veksler, T. A. Johansen, R. Skjetne [Text] // IFAC Proceedings Volumes. ï 2012. ï V. 45, I. 27. ï P. 158-

163, ISSN 1474-6670, ISBN 9783902823632. Doi: 10.3182/20120919-3-IT-2046.00027. 

31. Y.-S. Sun, X.-R. Ran, Y.-M. Li, G.-C. Zhang, Y.-H. Zhang Thruster fault diagnosis method based on Gaussi-

an particle filter for autonomous underwater vehicles / Y.-S. Sun, X.-R. Ran, Y.-M. Li, G.-C. Zhang, Y.-H. Zhang // 

International Journal of Naval Architecture and Ocean Engineering. ï 2016. ï V. 8, I. 3. ï P. 243-251, ISSN 2092-6782. 

Doi: 10.1016/j.ijnaoe.2016.03.003. 

32.  ʈʘʢ ʆ. ʄ., ɻʣʘʟʻʚʘ ʆ.ɺ., ɼʫʜʢʦ ʉ.ɸ. ɺʠʟʥʘʯʝʥʥʷ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʪʝʨʤʦʝʬʝʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ ʩʫʜʥʦʚʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʾʾ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɽʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ. ɺʠʧ. 28(104). ʂʠʾʚ. 2018. 

ʉ. 147ï153. ISSN 2221-3805 URL: http://dx.doi.org/ 10.15276/eltecs.28.104.2018.17 

33. ʉ. ʌ. ʉʘʤʦʥʦʚ, ʆ.ɺ. ɻʣʘʟʝʚʘ, ɺ.ɸ. ɼʫʙʦʚʠʢ, ɺ.ɹ. ɺʣʘʩʦʚ ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʛʝʥʝʨʠ-
ʨʫʶʱʠʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ / ʄʘʪʝʨʽʘʣʠ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʫʜʥʦʚʦʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʽ ʨʘʜʽʦʪʝʭʥʽʢʠè 29.11. 2016 ï 30.11. 2016 ï ʆʜʝʩʘ: ʅʋ çʆʄɸè. ï 2016. ï ʉ. 34 ï 37 

http://dx.doi.org/10.20998/2074-272X.2017.2.10
http://www.maritime.itu.edu.tr/icers12/program.htm
https://doi.org/10.1016/j.jngse.2016.12.003
https://doi.org/10.1016/j.ijnaoe.2015.09.003
https://doi.org/10.1016/j.cja.2016.07.006
http://chsp.mksat.net/en/
https://scholar.google.com.ua/scholar?oi=bibs&cluster=4025063946616956572&btnI=1&hl=uk
https://doi.org/10.1109/TCSET49122.2020.235453
https://doi.org/10.1016/j.ifacol.2018.09.478
https://doi.org/10.1016/j.ifacol.2017.08.396
https://doi.org/10.1016/j.energy.2019.04.079
https://doi.org/10.1016/j.jksues.2018.04.007
http://femire.onma.edu.ua/docs/conf/Материалы%20конф_2019.pdf
https://doi.org/10.1016/j.simpat.2018.05.005
https://doi.org/10.3182/20130918-4-JP-3022.00032
https://doi.org/10.1016/j.ijnaoe.2016.09.003
https://doi.org/10.1016/j.oceaneng.2016.05.005
https://doi.org/10.3182/20120919-3-IT-2046.00027
https://doi.org/10.1016/j.ijnaoe.2016.03.003


ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

96  www.femire.onma.edu.ua 
 

34. ʉ.ʌ. ʉʘʤʦʥʦʚ, ʆ.ɺ. ɻʣʘʟʻʚʘ, ɺ.ɹ. ɺʣʘʩʦʚ ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʨʦʧʫʣʴʩʠʚʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ (MINTT-2019) 

[ɿʙʽʨʢʘ ʤʘʪʝʨʽʘʣʽʚ [XI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (28-30 ʪʨʘʚʥʷ 2019 ʨʦʢʫ, ʤ. ʍʝʨʩʦʥ, 

ʋʢʨʘʾʥʘ)]. ï ʍʝʨʩʦʥ: ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, 2019. ï ʉ.406-410 

35. https://new.siemens.com/ru/ru/produkty/avtomatizacia/industry-software/automation-software/tia-

portal/programmnoe-obespechenie.html 

36. https://www.siemens-energy.com/global/en/offerings/industrial-applications/marine.html 

 

 

 

ʋɼʂ 629.5.064.5 

 
ʉʀʉʊɽʄɸ ɹɽʈɽɻʆɺʆɻʆ ɺʀʉʆʂʆɺʆʃʔʊʅʆɻʆ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʉʋɼɽʅ 

 
ɺ.ɸ. ʐʝʚʯʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʉ.ʌ. ʉʘʤʦʥʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺ.ʆ. ɼʫʙʦʚʠʢ, ʩʪ. ʚʠʢʣʘʜʘʯ 

ɸ.ɸ. ʂʫʣʴʙʘʮʴʢʠʡ, ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʮʝʧʮʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʨʝʛʦʚʦʛʦ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ 

ʚʽʜʢʣʶʯʠʪʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʥʘ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʚ ʧʦʨʪʫ ʪʘ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʩʫʚʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ, ʦʙʣʘʜʥʘʥʠʭ ʥʝʦʙʭʽʜʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ, ʜʦʟʚʦʣʷʻ  ʧʽʜ'ʻʜʥʘʥʥʷ 

ʙʝʨʝʛʦʚʦʾ  ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʦʣʫʯʥʦʾ ʘʨʤʘʪʫʨʠ, ʜʦ ʩʫʜʥʘ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʽʾ 

ʧʘʣʠʚʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ, çʙʝʨʝʛ-ʩʫʜʥʦè, ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʩʠʩʪʝʤʘ ʚʠʩʦʢʦ-

ʚʦʣʴʪʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʝʣʝʢʪʨʦʤʝʨʝʞʘ. 
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Abstract: In paper is considered high voltage shore electrical power supply concept with the purpose 

of providing shipsô consumers with electrical supply. This concept allows to switch off shipôs diesel-

generators for the period of port berthing or during cargo operations. The use of portable containers 

equipped with necessary equipment allows connection of shipôs electrical power plant to the shore electrical 

network. Such approach application allows to reduce harmful emissions to the atmosphere and save the fuel.  

        Keywords: diesel-generator, ñshore-shipò,  environment, high voltage electrical supply system, elec-

trical network. 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʫʜʥʘ ʪʝʨʤʽʥ ʡʦʛʦ ʩʪʦʷʥʢʠ ʚ ʧʦʨʪʫ ʩʪʘʥʦ-

ʚʠʪʴ 10% - 60% ʭʦʜʦʚʦʛʦ ʯʘʩʫ. ɿʘʟʚʠʯʘʡ, ʚ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʩʫʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. 

ʂʦʥʮʝʧʮʽʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʙʝʨʝʛʦʚʠʭ ʩʠʩʪʝʤ ʝʣʝʢ-

ʪʨʦʧʦʩʪʘʯʘʥʥʷ ʦʙʫʤʦʚʣʶʻ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ ʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʩʫʜʥʦʚʠʭ ʜʦʧʦʤʽʞʥʠʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʚ 

ʧʦʨʪʫ ʪʘ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ  ʚʠʢʠʜʽʚ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɿʘ ʜʘʥʠʤʠ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʧʦʨʪʫ 

https://new.siemens.com/ru/ru/produkty/avtomatizacia/industry-software/automation-software/tia-portal/programmnoe-obespechenie.html
https://new.siemens.com/ru/ru/produkty/avtomatizacia/industry-software/automation-software/tia-portal/programmnoe-obespechenie.html
https://www.siemens-energy.com/global/en/offerings/industrial-applications/marine.html
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ʈʦʪʪʝʨʜʘʤʘ, ʱʦʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʢʠʜʽʚ ʟ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ  ʩʪʘʥʦʚʠʪʴ 600000 ʪʦʥʥ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ 8000 ʪʦʥʥ ʘʟʦʪʫ. ʇʦʨʪ ʚ 2019 ʨʦʮʽ ʟʙʽʣʴʰʠʚ ʚʘʥʪʘʞʦʦʙʽʛ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ 2018 ʨʦʢʦʤ ʥʘ 0,1% - ʜʦ 469,402 ʤʣʥ ʪʦʥʥ, ʢʦʥʪʝʡʥʝʨʦʦʙʦʨʦʪ - ʥʘ 

2,1%, ʜʦ 14 810 804 TEU [1]. 

 ɼʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʬʘʭʽʚʮʷʤʠ ʬʨʘʥʮʫʟʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʽʚ-

ʥʦʛʦ ʢʦʥʛʣʦʤʝʨʘʪʫ Schneider Electric ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʫʜʥʦʚʣʘʩʥʠʢʠ ʧʘʩʘʞʠʨʩʴ-

ʢʠʭ ʩʫʜʝʥ ʤʦʞʫʪʴ ʟʘʦʱʘʜʠʪʠ ʙʣʠʟʴʢʦ 500 ʪʠʩʷʯ ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʨʽʢ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʩʧʦʣʫʯʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʧʨʠʡʦʤʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʙʝʨʝʛʘ, ʚʽʜʤʦʚʠʚʰʠʩʴ 

ʧʨʠ ʮʴʦʤʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ cʫʜʥʦʚʠʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʚ 

ʧʦʨʪʫ [2] . 

 ɿʛʽʜʥʦ ʟ ʪʝʢʩʪʦʤ ʥʦʚʠʭ ʟʘʢʦʥʽʚ, ʨʝʘʣʽʟʘʮʽʷ ʩʧʦʣʫʯʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʧʨʠʡʦ-

ʤʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʙʝʨʝʛʘ ʚ 2025 ʨʦʮʽ ʩʪʘʥʝ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʜʣʷ ʚʩʽʭ ʨʦʟʪʘʰʦʚʘ-

ʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʉ ʧʦʨʪʽʚ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʢʦʤʝʨʮʽʡʥʽ ʩʫʜʥʘ. ʋ ʜʝʷʢʠʭ ʧʦʨ-

ʪʘʭ ʚ ʉʐɸ, ʚ ʂʘʥʘʜʽ, ʥʘ ɸʣʷʩʮʽ ʥʘʷʚʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʟ ʙʝʨʝʛʘ ʚʞʝ ʻ 

ʦʙʦʚ'ʷʟʢʦʚʦ .ʁ  

  ɺʠʩʥʦʚʢʠ ʥʝʟʘʣʝʞʥʠʭ ʘʥʘʣʽʪʠʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʧʦʨʪʽʚ ʧʦʢʠ ʱʦ ʥʝ ʦʙʣʘʜʥʘʥʽ ʩʧʦʣʫʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʽʻʶ çʙʝʨʝʛ-ʩʫʜʥʦè, ʘ ʪʘʢʦʞ  ʙʽʣʴʰʽʩʪʴ ʩʫʜʝʥ ʥʝ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʨ-

ʬʝʡʩʥʠʭ ʟ'ʻʜʥʘʥʴ. ʑʝ ʥʝ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʩʧʨʦʱʝʥʥʷ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʢʣʶʯʝʥʥʷ ʩʫʜʥʘ ʜʦ ʙʝʨʝʛʦʚʠʭ ʽʥʞʝ-

ʥʝʨʥʠʭ ʤʝʨʝʞ, ʟʛʽʜʥʦ ʜʽʶʯʠʭ ʪʘ ʨʦʟʨʦʙʣʷʶʯʠʭ  ʩʴʦʛʦʜʥʽ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥ-

ʜʘʨʪʽʚ. ʎʽ ʜʦʢʫʤʝʥʪʠ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʽ ʘʢʪʠʚʥʦ ʜʦʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʬʘʭʽʚʮʷʤʠ 

ʄʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (International Organization for 

Standardization; ISO), ʄʽʞʥʘʨʦʜʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʢʦʤʽʩʽʾ (International 

Electrotechnical Commission; IEC) ʪʘ ɯʥʩʪʠʪʫʪʫ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʥʽʢʠ (Institute of Electrical and Electronics Engineers; IEEE). ʉʧʠʩʦʢ ʩʪʘʥ-

ʜʘʨʪʽʚ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:   

1) ISO / IEC / IEEE 80005-1: 2012 "ʇʽʜʢʣʶʯʝʥʥʷ ʩʫʜʝʥ ʜʦ ʙʝʨʝʛʦʚʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ ʚ ʧʦʨʪʫ - ʏʘʩʪʠʥʘ 1: ʉʠʩʪʝʤʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʧʽʜ'ʻʜʥʘʥʥʷ - 

ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ"; 2) IEC/IEEE CD 80005-2 "ʇʦʜʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʩʫʜʥʘ ʟ 

ʙʝʨʝʛʘ ʚ ʧʦʨʪʫ - ʏʘʩʪʠʥʘ 2: ʉʠʩʪʝʤʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʧʽʜ'ʻʜʥʘʥʥʷ - 

ʆʧʠʩ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ"; 3) IEC / PAS 80005-3: 2014 "ʇʽʜʢʣʶʯʝʥʥʷ 

ʩʫʜʝʥ ʜʦ ʙʝʨʝʛʦʚʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʚ ʧʦʨʪʫ - ʏʘʩʪʠʥʘ 3: ʉʠʩʪʝʤʘ ʥʠʟʴʢʦ-

ʚʦʣʴʪʥʦʛʦ ʙʝʨʝʛʦʚʦʛʦ ʧʽʜ'ʻʜʥʘʥʥʷ - ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ" [2]. 

 ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʘʶʪʴ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ ʚʦʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʦ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʪʘ ʥʠʟʴʢʦʚʦʣʴʪ-

ʥʦʾ ʩʧʦʣʫʯʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʧʨʠʡʦʤʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ çʙʝʨʝʛ-ʩʫʜʥʦè ʚ ʧʦʨʪʘʭ [3, 

4] (ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ, ʢʘʙʝʣʽ, ʨʦʟʝʪʢʠ ʽ ʪ.ʽ.) ʽ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʟʚʦʣʷʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʤ ʩʣʫʞʙʘʤ ʧʽʜʢʣʶʯʘʪʠ ʩʫʜʥʦ ʜʦ ʩʠ-

ʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʪʫ. 

 ʈʦʟʚʠʥʝʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʫʜʝʥ ʟ ʙʝʨʝʛʘ, ʜʦʟʚʦʣʠʪʴ ʪʘʢʦʞ 

ʧʨʦʚʦʜʠʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʩʫʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʣʠʚʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ 

ʚʘʨʽʘʥʪʠ [5, 6], ʪʘʢʽ ʷʢ ʥʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤ 

ʫʩʪʘʪʢʫʚʘʥʥʷʤ.  



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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 ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʜʝ-ʷʢʠʭ ʧʦʨʪʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʩʫʜʝʥ ʥʘʧʨʫʛʦʶ 

6,6ʢɺ ʽ 11ʢɺ. ʉʫʯʘʩʥʽ ʢʦʥʪʝʡʥʝʨʦʚʦʟʠ ʤʘʶʪʴ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʩʝʢʮʽʾ ʥʘ ʛʦʣʦʚʥʦʤʫ 

ʨʦʟʧʦʜʽʣʴʥʦʤʫ ʱʠʪʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜôʻʜʥʘʥʽ ʜʦ ʙʝʨʝʛʦʚʠʭ ʩʪʘʥʮʽʡ ʝʣʝʢʪʨʦʧʦ-

ʩʪʘʯʘʥʥʷ. ɸ ʩʫʜʥʘ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʝʨʝʩʫʚʥʽ ʢʦʥʪʝʡʥʝʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʧʨʠʯʘʣʽ  ʘʙʦ ʥʘ ʧʘʣʫʙʽ ʩʫʜʥʘ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʪʘʢʠʡ ʧʝʨʝʩʫʚʥʠʡ ʢʦʥʪʝʡʥʝʨ ʟʘʙʝʟʧʝʯʫʻ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʽʻʶ ʩʫʜʥʦʚʽ ʩʧʦʞʠʚʘʯʽ.  

ɼʘʥʠʡ ʢʦʥʪʝʡʥʝʨ ʦʙʣʘʜʥʘʥʠʡ ʥʘʩʪʫʧʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ (ʨʠʩ.1) : 

- Transferable load 3500 kVA max (1) - ʧʝʨʝʜʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- Existing or new panel (2) - ʽʩʥʫʶʯʘ ʘʙʦ ʥʦʚʘ ʧʘʥʝʣʴ; 

- AMP ï alternative marine power (3) - ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʞʠʚʣʝʥʥʷ ʩʫʜʥʘ; 

- Main switchboard (4) - ɻʦʣʦʚʥʠʡ ʨʦʟʧʦʜʽʣʴʯʠʡ ʱʠʪ;  

- ʉable brackets (5) - ʢʘʙʝʣʴʥʽ ʢʨʦʥʰʪʝʡʥʠ; 

- 450V, 60Hz power supply from vessel (6) - ʧʦʜʘʯʘ ʞʠʚʣʝʥʥʷ ʚʽʜ ʩʫʜʥʦʚʦʾ 

ʤʝʨʝʞʽ; 

- 360C cooling water supply from vessel (7) - ʧʦʜʘʯʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ 

ʚʽʜ ʩʫʜʥʘ; 

- Air /watercooler for transformer (8) - ʧʦʚʽʪʨʷʥʠʡ / ʚʦʜʷʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

- Cable roller guide (9) - ʥʘʧʨʷʤʥʘ ʨʦʣʠʢʘ ʢʘʙʝʣʶ; 

- Cable reel control (10) - ʫʧʨʘʚʣʽʥʥʷ ʢʘʙʝʣʴʥʠʤ ʙʘʨʘʙʘʥʦʤ. 

 
ʈʠʩʫʥʦʢ 1 ï  ʉʭʝʤʘ ʢʦʥʪʝʡʥʝʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʫʜʥʘ ʟ ʙʝʨʝʛʘ 

 

  ʊʘʢʠʤ ʯʠʥʦʤ, ʙʝʟʧʝʨʝʙʽʡʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʫʜʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʟ 

ʙʝʨʝʛʘ ʥʘ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦ. ʂʨʽʤ ʪʦʛʦ, ʟʛʽʜʥʦ ʚʠʤʦʛ ɯʄʆ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʫʜʝʥ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʜʥʦʚʠʭ ʝʥʝʨ-

ʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝ-

ʜʦʚʠʱʝ. 

ɺʠʩʥʦʚʢʠ:   
1) ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ çʙʝʨʝʛ-ʩʫʜʥʦè ʟʘʤʽʩʪʴ ʩʫʜʥʦʚʠʭ 

ɼɻ ʚ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʝʢʦʣʦʛʽʯʥʽʰʝ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ ʚ ʘʢʚʘʪʦʨʽʾ ʧʦʨʪʫ; 
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2) ʩʫʯʘʩʥʽ ʧʨʦʝʢʪʦʚʘʥʽ ʩʫʜʥʘ ʘʙʦ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 
ʫʩʪʘʪʢʫʚʘʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʟ'ʻʜʥʘʥʥʷ ʟ ʙʝʨʝʛʦʚʦʶ ʚʠʩʦʢʦʚʦʣʴʪ-

ʥʦʶ ʝʣʝʢʪʨʦʤʝʨʝʞʝʶ, ʱʦ ʩʠʥʭʨʦʥʽʟʫʻ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʟ ʙʝʨʝʛʘ ʥʘ ʩʫʜʥʦ ʽ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʫʜʥʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

3) ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʥʷ ʪʘ ʽʥʩʪʨʫʢʪʘʞʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʧʝʨ-
ʩʦʥʘʣʫ [7], ʧʨʘʮʶʶʯʦʛʦ ʟ ʢʘʙʝʣʷʤʠ ʽ ʩʠʩʪʝʤʘʤʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʙʝʨʝʛʦʚʠʤʠ ʪʦʯʢʘʤʠ ʧʽʜ'ʻʜʥʘʥʥʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 

çʙʝʨʝʛ-ʩʫʜʥʦè. 
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ɸʥʦʪʘʮʽʷ: ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʫʜʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʝʙʥʦʾ ʝʣʝʢʪʨʠʯ-

ʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʮʠʢʣʦʢʦʥʚʝʨʪʦʨʦʤ. ɸʥʘʣʽʟʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʨʝʜʫʢʪʦʨʥʠʭ 

ʪʘ ʙʝʟ ʨʝʜʫʢʪʦʨʥʘ ʫʩʪʘʥʦʚʢʠ. ʆʙʨʘʥʦ ʚʘʨʽʘʥʪ, ʷʢʠʡ ʤʘʻ ʢʨʘʱʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ.  
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DEVELOPMENT OF AC PROPULSION ELECTRICAL SYSTEM WITH 

CYCLOCONVERTER OF SPECIAL PURPOSE VESSEL 
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M. Pasiechka, Master Student      
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Abstract:The usage of an AC propulsion electric unit with a cycloconverter in a special purpose vessel 

is considered. Several variants of reduction gear and without reduction gear installation are analyzed. The 

option that has the best technical and economic indicators is chosen. 
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ɻʨʝʙʥʽ ʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ (ɻɽʋ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʜʘʭ ʩʧʝʮʧʨʠʟʥʘ-

ʯʝʥʥʷ. ɺ ʥʠʭ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜ ʛʦʣʦʚʥʠʭ ʜʚʠʛʫʥʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ɽʣʝʢʪʨʠʯʥʘ ʧʝʨʝʜʘʯʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠ-

ʢʦʥʘʥʥʷ ʦʜʥʽʻʾ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ï ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʣʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʟʤʽʥʘʭ ʤʦʤʝʥʪʫ ʥʘ 

ʛʨʝʙʥʦʤʫ ʛʚʠʥʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʦʾ ʩʭʝʤʠ ʟ ʪʨʴʦʭ ʦʙʤʦʪʢʦʚʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʪʘ 

ʜʚʦʙʣʦʯʥʠʤ ʚʠʧʨʷʤʣʷʯʝʤ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ  ʯʘʩʪʦʪʠ ʟ ʘʚʪʦʥʦʤʥʠʤ ʽʥʚʝʨʪʦʨʦʤ 

ʥʘʧʨʫʛʠ ʦʜʥʠʤ ʟ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʫʜʥʘ ʩʧʝʮʧʨʠʟʥʘʯʝʥʥʷ ʻ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ɻɽʋ ʟ ʮʠʢʣʦʢʦʥʚʝʨʪʦʨʦʤ, ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʯʘʩʪʦʪʠ 

(ɹʇʏ), ʱʦ ʧʨʘʮʶʻ ʥʘ ʘʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ (ɸɼ) (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ɯʩʥʫʶʯʘ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʠ ɻɽʋ 

 

ʈʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʩʭʝʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ. ɿʛʽʜʥʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʙʝʨʪʠ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʟʤʽʥʶ-

ʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ï 200 ʦʙ/ʭʚ., ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʏ  (f ʟʤʽ-

ʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 30 ɻʮ). ʈʦʟʛʣʷʥʫʪʽ ʪʨʠ ʚʘʨʽʘʥʪʘ ʩʭʝʤ ɻɽʋ: 

1) ʙʝʟ ʨʝʜʫʢʪʦʨʥʘ ʟ ʪʨʠʬʘʟʥʠʤ ɸɼ 4A355M12; 

2) ʨʝʜʫʢʪʦʨʥʘ ʟ ʪʨʠʬʘʟʥʠʤ ɸɼ 4ɸ315ʄ8; 

3) ʨʝʜʫʢʪʦʨʥʘ ʟ ʪʨʠʬʘʟʥʠʤ ɸɼ 4ɸ250ʄ4. 

ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʥʘʥʦ ʧʦʰʫʢ ʧʦʪʨʽʙʥʦʛʦ ʧʨʦʝʢʪʫ ʧʨʠ ʟʤʽʥʽ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʮʠʢʣʦʢʦʥʚʝʨʪʦʨʘ (ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʟʘʢʦʥ ʯʘʩʪʦʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷ). ɺ ʪʨʝʪʴʦʤʫ ʚʘʨʽʘʥʪʽ ʨʦʟʛʣʷ-

ʜʘʻʪʴʩʷ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ. 

ʋʩʽ ʚʘʨʽʘʥʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ.2). 

 

ʈʠʩʫʥʦʢ 2 ï ʊʝʤʧʝʨʘʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɸɽɼ 
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4ɸ250ʄ4. ʁʦʛʦ ʟʥʘʯʫʱʽ ʧʘʨʘʤʝʪʨʠ ʥʘʩʪʫʧʥʽ:  ʤʘʩʘ ï 754 ʢʛ, ʚʘʨʪʽʩʪʴ ï 53509 

ʫ.ʦ., ʦʙôʻʤ ï 0.1394 ʜʤ.ʢʫʙ., ʂʂɼ ʧʨʠʚʦʜʫ ï 0,586. 
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ʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʟ ʧʦʪʫʞʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʟʘʧʨʦʧʦ-
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Abstract: The main directions of ensuring energy efficiency and quality of electricity in ship power 

plants with powerful semiconductor converters are considered, methods and means of their realization are 
offered.  

Keywords: energy efficiency, semiconductor converters, power quality.  

 

         ɺʩʪʫʧ. ɻʝʥʝʨʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʪʘ ʧʣʘʚʩʧʦʨʫʜ ʻ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ ʩʫʜʥʦʚʠʤʠ ʧʝʨʚʠʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ï ʜʠʟʝʣʴʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 40%, ʘ ʨʝʰʪʘ ʨʦʟʩʽ-

ʶʻʪʴʩʷ ʯʝʨʝʟ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʪʘ ʚʠʭʣʦʧʠ. ʉʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʻ ʪʘʢʦʞ 

ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (CO2, NOX, CH4 ʽ ʪ.ʧ.). ʆʜʠʥ ʪʽʣʴʢʠ ʩʝʢʪʦʨ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʩʧʦʞʠʚʘʻ ʙʽʣʷ 300 ʤʽʣʴʡʦʥʽʚ ʤʝʪʨʠʯʥʠʭ ʪʦʥ ʧʘʣʠʚʘ ʥʘ ʨʽʢ [1] ʽ 

ʩʪʚʦʨʶʻ 15% ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʦʢʩʠʜʫ ʘʟʦʪʫ NOX ʧʨʠ ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ ʟʙʽ-

ʣʴʰʝʥʥʶ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ʊʦʤʫ ʄʽʞʥʘʨʦʜʥʘ ʤʦʨʩʴʢʘ ʦʨʛʘʥʽʟʘ-

ʮʽʷ (IMO) ʚʩʪʘʥʦʚʠʣʘ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʠʜʠ, ʷʢʽ ʨʝʛʫʣʶʶʪʴʩʷ ʄʽʞʥʘʨʦʜʥʦʶ 

ʢʦʥʚʝʥʮʽʻʶ ʧʦ ʟʘʧʦʙʽʛʘʥʥ ʁʟʘʙʨʫʜʥʝʥʥ ʁʟ ʩʫʜʝʥ (MARPOL) [2]. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʻ ʷʢ ʩʢʦʨʦʯʝʥʥʶ ʩʧʦʞʠ-

ʚʘʥʥʷ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʶ ʧʦʥʘʜʥʦʨʤʦʚʠʭ ʚʠʢʠʜʽʚ. ɿʘʟʥʘʯʝʥʘ ʤʝʪʘ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʰʣʷʭʦʤ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʘʚʪʦʥʦʤʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝ-

ʪʠʯʥʠʭ ʩʠʩʪʝʤ (ɽɽʉ) ʟʘʩʦʙʽʚ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ï ʧʦʪʫʞʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦ-
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ʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʅʇ),  ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʫ ʛʨʝʙʥʠʭ ʝʣʝʢʪ-

ʨʦʫʩʪʘʥʦʚʢʘʭ (ɻɽʋ). ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ɻɽʋ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘ-

ʚʘʥʪʘʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʙʽʣʴʰʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ [3].  

ʆʜʥʘʢ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʢʣʠʢʘʻ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʦʨʦʜʞʫʻ ʧʨʦʙʣʝʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩ-

ʥʦʩʪʽ ʚ ʘʚʪʦʥʦʤʥʽʡ ʤʝʨʝʞʽ. ɿʘʨʝʻʩʪʨʦʚʘʥʦ ʨʷʜ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ, ʱʦ ʩʪʘʣʠʩʷ ʯʝ-

ʨʝʟ ʥʝʧʨʠʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʥʘʧʨʫʛ ʽ ʩʪʨʫʤʽʚ ʚ ɽɽʉ, ʟʫʤʦʚʣʝʥʠʭ  

ʅʇ, ʥʘʧʨʠʢʣʘʜ ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ʚʠʙʫʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʙʦʨʪʫ RMS çQueen 

Maryè [4]. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʽʙʥʠʭ ʘʚʘʨʽʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʦ-

ʥʫʚʘʥʥʷ ʩʫʜʝʥ ʪʘ ʙʝʟʧʝʢʠ ʝʢʽʧʘʞʽʚ ʤʦʨʩʴʢʽ ʨʝʛʫʣʶʶʯʽ ʦʨʛʘʥʠ, ʨʘʟʦʤ ʟ IEC, 

IEEE, ABC ʪʘ ʽʥ., ʨʦʟʨʦʙʣʷʶʪʴ ʩʪʘʥʜʘʨʪʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʾʾ ʧʦʢʘʟʥʠʢʽʚ [5]. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʘʶʪʴ ʛʣʠʙʦʢʠʡ ʚʥʫʪʨʽʰʥʽʡ 

ʟʚôʷʟʦʢ ʪʘ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝ-

ʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʟ ʧʦʪʫʞʥʠʤʠ 

ʅʇ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʨʝʞʠʤʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʽʜʧʦʚʽʜ-

ʥʽ ʧʦʥʷʪʪʷ ʪʘ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʾʭ ʚʠʟʥʘʯʘʶʪʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 
- ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʠ ɽɽʉ ʟ ʅʇ ʩʫʯʘʩʥʠʭ ʤʦʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ; 

- ʘʥʘʣʽʟ ʪʦʧʦʣʦʛʽʾ ʅʇ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʧʽʜʚʠʱʝʥʥʷ; 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʠʭ ɽɽʉ ʟ ʅʇ ʪʘ 

ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʚʠʤʦʛ. 

ɸʨʭʽʪʝʢʪʫʨʘ ɽɽʉ ʪʘ ʅʇ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʦʪʠʧʥʽʩʪʴ ʩʫʜʝʥ, ʢʦʥʬʽʛʫʨʘ-

ʮʽʾ ɽɽʉ ʟ ɻɽʋ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʭʥʽʭ ʝʣʝʤʝʥʪʽʚ ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʨʠʩʠ: 

1 ʊʦʧʦʣʦʛʽʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ɽɽʉ ʟʽ ʩʧʽʣʴʥʠʤʠ ʰʠʥʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʛʦʣʦ-

ʚʥʦʛʦ ʨʦʟʧʦʜʽʣʴʯʦʛʦ ʱʠʪʘ (ɻʈʑ).  

2. ɺʝʣʠʢʘ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ɽɽʉ. ʇʦʪʫʞʥʽʩʪʴ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʤʦʞʝ ʜʦ-

ʩʷʛʘʪʠ 20 ʄɺʪ, ʘ ʟʘʛʘʣʴʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ï 80 ʄɺʪ ʽ ʙʽʣʴ-

ʰʝ. ʅʘʧʨʠʢʣʘʜ, ʫ ʥʘʡʙʽʣʴʰʦʛʦ ʥʘ ʩʴʦʛʦʜʥʽ ʢʨʫʾʟʥʦʛʦ ʣʘʡʥʝʨʘ çAllure of the 

Seasè ʧʦʪʫʞʥʦʩʪʽ ɽɽʉ ʪʘ ɻɽʋ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 97 ʄɺʪ ʽ 60 ʄɺʪ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʰʠʥʘʭ ɻʈʑ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ( ʚʽʜ 690 ɺ ʜʦ 11 ʢɺ).  

4. ʇʝʨʝʚʘʞʥʝ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʛʨʝʙʥʠʭ ʪʘ ʧʽʜʨʫʣʶʶʯʠʭ ʫʩʪʘʥʦʚ-

ʢʘʭ  ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ (ʇʏ) ʟ ʣʘʥʢʦʶ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʩʭʝʤʦʶ çʚʠ-

ʧʨʷʤʣʷʯ (ɺ) ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ (ɸɯ)è. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʘʚʪʦ-

ʥʦʤʥʽ  ʽʥʚʝʨʪʦʨʠ ʩʪʨʫʤʫ (ɸɯʉ) ʥʘ ʦʜʥʦʦʧʝʨʘʮʽʡʥʠʭ SCR ʪʠʨʠʩʪʦʨʘʭ (ʚ ʫʩʪʘʥʦʚ-

ʢʘʭ ʥʘʡʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ) ʪʘ ʘʚʪʦʥʦʤʥʽ ʽʥʚʝʨʪʦʨʠ 

ʥʘʧʨʫʛʠ (ɸɯʅ) ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (ʐɯʄ) ʥʘ GTO ʘʙʦ IGBT 

ʤʦʜʫʣʷʭ (ʚ ʫʩʪʘʥʦʚʢʘʭ ʟ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ)  [6, 7]. 

5. ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʽʡ ʤʝʨʝʞʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦ-

ʪʚʦʨʝʥʴ ʩʪʨʫʤʫ, ʷʢʠʡ ʩʧʦʞʠʚʘʻʪʴʩʷ ʇʏ, ʩʪʘʥʜʘʨʪʥʠʤ ʩʧʦʩʦʙʦʤ ï ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʫʣʴʩʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ (ʟ 6 ʜʦ 12 ʘʙʦ 24) ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʦ-
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ʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʬʘʟʦʧʦʚʦʨʦʪʥʠʤʠ ʚʪʦʨʠʥʥʠʤʠ ʦʙʤʦʪʢʘʤʠ ʪʘ 

ʙʘʛʘʪʦʤʦʩʪʦʚʠʭ ʚʠʧʨʷʤʥʠʭ ʩʭʝʤ [6]. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ 

ʬʦʨʤʠ ʩʪʨʫʤʫ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʭʽʜʥʠʭ ʬʽʣʴʪʨʽʚ ʇʏ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ɸɯʅ ʟ ʐɯʄ. 

ʇʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʧʦʢʨʘʱʝʥʥʷ. 

IMO ʫ 2011 ʨ. ʽʥʽʮʽʶʚʘʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʛʽʜʥʦ ʟ ʯʠʤ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ï ʽʥʜʝʢʩ EEDI 

(EEDI ï The Energy Efficiency Design Index), ʷʢʦʤʫ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽ ʩʫʜ-

ʥʘ, ʧʦʙʫʜʦʚʘʥʽ ʧʽʩʣʷ 2013 ʨ [2]. EEDI ʧʦʻʜʥʫʻ ʚ ʦʮʽʥʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙ-

ʩʷʛʠ ʚʠʢʠʜʽʚ CO2, ʚʽʜʧʦʚʽʜʥʽ ʦʙʩʷʛʘʤ ʢʦʨʠʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʤʠʣʶ  ʫ ʚʠʛʣʷʜʽ ʾʭ 

ʚʽʜʥʦʰʝʥʥʷ ʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ (ʛ CO2 / ʪ Ö ʤʠʣʷ). ɺʠʢʦʨʠʩʪʘʥʥʷ EEDI ʧʨʠ ʚʠʟʥʘ-

ʯʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʡʦʛʦ ʢʦʨʝʣʴʦʚʘʥʦʩʪʽ ʟ ʽʥʰʠʤ ʩʧʦʨʽʜ-

ʥʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ï ʥ̔ʜʝʢʩʦʤ EEOI , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʘʢʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ . 

ʇʦʚʥʘ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ EEDI ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʚʠʛʣʷʜʫ [8]: 

 , 

ʜʝ A, B, C ï ʚʠʢʠʜʠ CO2 ʚʽʜʧʦʚʽʜʥʦ ʛʦʣʦʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʜʦʧʦʤʽʞʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʜʚʠʛʫʥʽʚ ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, D ï ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʟʘʚʜʷʢʠ ʽʥʥʦʚʘʮʽʡ-

ʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, E ï ʦʙʩʷʛʠ ʢʦʨʠʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ (ʪʨʘʥʩʧʦʨʪʥʘ ʨʦʙʦʪʘ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʩʫʜʥʦ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ IMO, ʧʦʚʠʥʥʦ ʤʘʪʠ 

ʟʥʘʯʝʥʥʷ EEDI, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʥʦʨʤʘʪʠʚ. 

ɼʦ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ: ʯʠʤ ʤʝʥʰʠʡ EEDI, ʪʠʤ ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʦʶ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʩʫʜʥʘ; 

- ʟʘʤʽʥʘ ʚʘʞʢʦʛʦ ʤʦʨʩʴʢʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʉʇɻ; 

- ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦ-

ʛʦ (ʥʠʞʯʝ 50%) ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ 

ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʝʡ [9], ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 1; 

- ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻʜʠʥʦʾ ɽɽʉ ʟ ʰʠʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

(ʨʠʩʫʥʦʢ 2), ʦʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʫ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜ-

ʥʦʩʪʽ ʜʦ ʧʨʦʬʽʣʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʚʠʯʘʡʥʽʡ ʻʜʠʥʽʡ ɽɽʉ ʟ ʰʠʥʘʤʠ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ʋ ʩʠʩʪʝʤʽ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩʫʥʢʫ 2, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʠʟʝʣʽʚ ʽ, ʚʽʜʧʦ-

ʚʽʜʥʦ, ʯʘʩʪʦʪʘ ʥʘʧʨʫʛʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʤʦʞʫʪʴ ʚʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʟʘ ʥʝʦʙ-

ʭʽʜʥʽʩʪʶ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʯʘʩʪʦʪʠ ʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟʘʛʘʣʴʥʦʩʫʜʥʦʚʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ DC/AC ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʠʭ ɽɽʉ ʪʘ ʾʭ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ. 

ʋ ʩʫʜʥʦʚʠʭ ɽɽʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ï ʩʠʥʭʨʦʥʥʽ 

ʛʝʥʝʨʘʪʦʨʠ ʫ ʤʦʨʩʴʢʦʤʫ ʚʠʢʦʥʘʥʥʽ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʦʧʽʨ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ (15-20%), ʱʦ ʚʠʢʣʠʢʘʻ ʥʘʜʤʽʨʥʽ ʨʽʚʥʽ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ-

ʧʨʫʛʠ ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ ʅʇ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʪʨʫʤʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʠʟʝʣʴ-

ʥʦʛʦ ʜʚʠʛʫʥʘ                      

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʻʜʠʥʦʾ ʩʫʜʥʦʚʦʾ ɽɽʉ ʟ 

ʰʠʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 
 

ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ IEC / ISO / IEEE, ʷʢʠʤʠ ʢʝʨʫʻʪʴʩʷ IMO, ʚʠʟʥʘʯʘʶʪʴ 

ʥʦʨʤʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʦʣʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [5]: 

- ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʦʩʪʽ ʥʘʧʨʫʛʠ ʧʦ ʦʢʨʝʤʠʭ ʛʘʨʤʦʥʽʢʘʭ ʪʘ ʽʥʪʝ-

ʛʨʘʣʴʥʠʡ (THD ï Total Harmonic Distortion) ï ʚʽʜʧʦʚʽʜʥʦ,    ʪʘ  

; 

- ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ  ʪʘ  , ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʽʩʪʴ 

ʩʪʨʫʤʫ. 

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʇʏ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʻ ʽ ʥʘ 

ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʻ  ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ï ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʦ ʡʦʛʦ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [5]: 

, 

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʪʚʦʨʝʥʥʷ,  ï ʢʦʝʬʽʮʽʻʥʪ 

ʟʩʫʚʫ  ʦʩʥʦʚʥʠʭ ʛʘʨʤʦʥʽʢ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ, ʩʧʦʞʠʚʘʥʦʛʦ ʅʇ. 

ʅʘ ʨʠʩʫʥʢʫ 3, ʘ, ʙ ʥʘʚʝʜʝʥʦ ʦʜʝʨʞʘʥʽ ʚ [10] ʫʟʘʛʘʣʴʥʝʥʽ ʟʘʣʝʞʥʦʩʪʽ  ʪʘ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʇʏ  (  ï ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʂɿ ʫ ʪʦʯʮʽ ʧʽʜʢʣʶʯʝʥʥʷ ʈ ʫ ʩʢʣʘʜʽ ʇʏ). ʉʽʤʝʡʩʪʚʘ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ 

ʇʏ ʟʘ ʩʭʝʤʦʶ ɺ-ɸɯʅ ʟ ʐɯʄ ʚʽʜʧʦʚʽʜʥʦ ʟ ʻʤʥʽʩʥʠʤ (ʨʠʩʫʥʦʢ 3, ʘ) ʪʘ ʽʥʜʫʢʪʠʚ-

ʥʦ-ʻʤʥʽʩʥʠʤ (ʨʠʩʫʥʦʢ 3, ʙ) ʟʛʣʘʜʞʫʚʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ. 
 

ɿ ʨʠʩʫʥʢʫ 3, ʘ ʚʠʪʽʢʘʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ  

ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʧʦʞʠʚʘʥʦʛʦ ʩʪʨʫʤʫ  

ʤʦʞʣʠʚʦ ʽ ʜʣʷ ʩʭʝʤʠ ʇʏ ʟ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʠʤ ʻʤʥʽʩʥʠʤ ʬʽʣʴʪʨʦʤ, ʷʢʱʦ ʟʘʙʝʟ-

ʧʝʯʝʥʦ ʨʝʞʠʤ ʧʨʠ . ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩ-

ʪʘʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʇʏ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʘʙʦ ʜʦʜʘʪʢʦʚʠʡ ʣʽʥʽʡʥʠʡ ʨʝʘʢʪʦʨ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʇʏ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʫ ʩʭʝʤʘʭ: 

ʘ) ï ʟ ʻʤʥʽʩʥʠʤ ʟʛʣʘʜʞʫʚʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ;  

ʙ) ï ʟ ʽʥʜʫʢʪʠʚʥʦ-ʻʤʥʽʩʥʠʤ ʟʛʣʘʜʞʫʚʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ 
 

ɺʠʩʥʦʚʢʠ: ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨ-

ʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʟ ʧʦʪʫʞ-

ʥʠʤʠ ʅʇ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 

 
ʃɯʊɽʈɸʊʋʈɸ 
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ɸʥʦʪʘʮʽʷ.. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦ-

ʬʘʟʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ɹɯʇ) ʟ ʩʠʣʦʚʠʤʠ ʢʘʥʘʣʘʤʠ ʟʥʠʞʫʶʯʦʛʦ ʪʠʧʫ ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʨʝ-

ʞʠʤʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʣʦʚʽ ʢʘʥʘʣʠ ʟʥʠʞʫʶʯʦʛʦ ʪʠʧʫ, ʙʘʛʘʪʦʬʘʟʥʽ ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. 

 

THE INFLUENCE OF THE OPERATING MODE OF THE POWER CHANNELS 

DECREASING TYPE FOR OUTPUT PULSATION  MULTI -PHASE PULSE 

CONVERTERS 

 
I. P. Maliavin, PhD, Assistant professor 

National University çOdessa Maritime Academyè 

 

Abstract. The obtained results of an automated study of multiphase pulse converters (MPʉ) with  

decreasing-type power channels in the boundary mode of operation are considered.  

Key words: decreasing-type  power channels, multiphase pulse converters  

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʙʫʜʴ-ʷʢʦʾ ʨʘʜʽʦʪʝʭʥʽ-

ʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʽ ʧʦʙʫʜʦʚʠ ʟʘʩʦʙʽʚ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʢʣʶʯʦʚʦʶ ʣʘʥʢʦʶ ʷʢʠʭ ʻ ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʩʪʽʡʥʦʾ 

ʥʘʧʨʫʛʠ (ʇʇʅ) ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ N ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ (ʉʂ) 

[1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʧʨʠʥʮʠʧʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪ-

ʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ï ʚ ʙʘʛʘʪʦʬʘʟʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ (ɹɯʇ) ï ʩʧʨʠʷʻ ʧʽʜ-

ʚʠʱʝʥʥʶ ʂʂɼ, ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ; ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʽ ʤʘʩʦʛʘ-

ʙʘʨʠʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ; ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪ-

ʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʇʇʅ.      

ʅʘʡʙʽʣʴʰ ʚʠʚʯʝʥʽ ɹɯʇ ʟ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ (ʐɯʄ) ʨʝʛʫʣʶʚʘʥʥʷʤ, ʉʂ 

ʷʢʠʭ ʧʨʘʮʶʶʪʴ ʚ ʨʦʟʨʠʚʥʦʤʫ ʘʙʦ ʙʝʟʨʦʟʨʠʚʥʦʤʫ ʨʝʞʠʤʘʭ. ɻʨʘʥʠʯʥʠʡ ʨʝʞʠʤ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʩʠʣʦʚʠʭ ʢʦʤʫʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʜ̔ʚʠʱʠʪʠ ʂʂɼ, ʧʦʣʽʧʰʠʪʠ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [2]. ɸʣʝ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝ-

ʟʫʣɹʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ɹɯʇ, ʉʂ ʷʢʠʭ ʧʨʘʮʶʶʪʴ ʚ ʛʨʘʥʠʯ-

ʥʦʤʫ ʨʝʞʠʤʽ, ʩʪʨʠʤʫʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʇʇʅ ʤʦʜʫʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʉʂ ʟʥʠʞʫ-

ʯʁʦʛʦ ʪʠʧʫ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʇʇʅ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ [2], ʷʢʘ ʦʧʠʩʫʻ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʽ ʝʥʝʨ-

ʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʇʇʅ. 

ʋ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ. 1), ʤʠʪʪʻʚʠʡ ʩʪʨʫʤ ʜʨʦʩʝʣʷ iL(t) ʥʘ ʢʦʞʥʦʤʫ 

ʧʝʨʽʦʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ ʟ ʧʦʜʘʣʴʰʠʤ ʟʨʦʩʪʘʥʥʷʤ ʽ ʧʨʠ ʮʴʦʤʫ ʥʦ-

ʩʠʪʴ ʙʝʟʨʦʟʨʠʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʣʦʚʠʭ ʢʦʤʫʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʤʦʤʝʥʪʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʚ 

ʜʨʦʩʝʣʽ (ʟʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʪʨʘʪ) [2]. 

ʅʘ ʨʠʩ. 1: T ï ʧʝʨʽʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ; tʥ ï ʯʘʩ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʜʨʦʩʝʣʽ; 

tʚ ï ʯʘʩ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ; Im1 ï ʩʪʨʫʤ ʧʝʨʚʠʥʥʦʾ ʥʘʧʽʚʦʙʤʦʪʢʠ 

ʜʨʦʩʝʣʷ; Im2 ï ʩʪʨʫʤ ʚʪʦʨʠʥʥʦʾ ʥʘʧʽʚʦʙʤʦʪʢʠ ʜʨʦʩʝʣʷ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʠ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ ʉʂ iL(t) ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʇʇʅ  

ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʘ) n21 = 1, ʙ) n21> 1, ʚ) n21 <1 
 

ʋ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʘʚʞʜʠ:ɺʅ ttT += , Ttʅʅʢ = , Ttɺɺʢ= , 1ʢʢ ɺʅ =+ , 

ʜʝ ʢʥ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ, ʢʚ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʥʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ 

ʇʇʅ ʻ ʚʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʽʡ ʟʤʽʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʤʫ, ʷʢʫ ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʚ ʘʙʩʦʣʶʪʥʦʤʫ ȹI ʪʘʢ ʽ ʫ ʚʽʜʥʦʩʥʦʤʫ ʚʠʛʣʷʜʽ ʂʇ1 (ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ ʧʝʨ-

ʰʦʾ ʛʘʨʤʦʥʽʢʠ) [2]. 

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʙʩʦʣʶʪʥʠʭ DI ʽ ʚʽʜʥʦʩʥʠʭ ʂʇ1 ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʫ 

ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʢʦʣʘʭ ʇʇʅ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʦ ʚʠʙʠʨʘʪʠ ʧʘʨʘʤʝʪʨʠ ʟʛʣʘ-

ʜʞʫʶʯʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʫʣʴʩʘʮʽʡ ʥʘʧʨʫʛʠ (DU, ʂʇ1U )  

ʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʢʦʣʘʭ ʇʇʅ [1]. 

ʋ ʨʝʞʠʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʥ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ ʻ 

ʬʫʥʢʮʽʻʶ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʧ. ʇʨʠ ʟʤʽʥʽ Uʧ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʜʝʩʪʘʙʽʣʽʟʫʶ-

ʯʠʭ ʬʘʢʪʦʨʽʚ ï ʟʤʽʥʶʻʪʴʩʷ ʽ ʢʥ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘ ̒ʥʘ ʚʝʣʠʯʠʥʫ ʧʫʣʴʩʘʮʽʾ ʩʪʨʫ-

ʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ȹIʥ. 

ɺʠʭʦʜʷʯʠ ʟʽ ʩʢʘʟʘʥʦʛʦ, ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʫ ʨʦ-

ʙʦʪʠ ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ ï ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ ï ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʇʇʅ, ʚʝʣʠʯʠʥʫ ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ȹIʥ. 

ɿʥʘʶʯʠ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ Uʧ ʘʙʦ ʢʥ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʧʫʣʴʩʘʮʽʡ 

ʟʤʥ̔ʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʚʠʙʠʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʟʛʣʘ-

ʜʞʫʁ ʯʠʭ ʬʽʣʴʪʨʽʚ. 

ʅʠʞʯʝ, ʥʘ ʨʠʩ. 2 ï 4, ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʇʇʅ ʟʥʠʞʫʶʯʦʛʦ 

ʪʠʧʫ, ʥʘ ̫ʢʠʭ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: N ï ʢʽʣʴʢʽʩʪʴ ʩʠʣʦʚʠʭ ʢʘʥʘʣʽʚ; n21 

ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʨʦʩʝʣʷ; Tʦʪʥ = t/T ï ʚʽʜʥʦʩʥʠʡ ʯʘʩ; ȹIʥ ï ʘʙʩʦʣʶʪʥʽ 

ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ȹIʥ ʦʜʥʦʛʦ ʉʂ (N = 1) ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21 ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ 

ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ. ʎʠʬʨʘʤʠ ʧʦʟʥʘʯʝʥʽ ʘʥʘʣʽʟʦʚʘʥʽ ʪʦʯʢʠ ʧʨʠ n21=0,5, n21=1, n21=2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʇʇʅ (ʨʠʩ. 2) ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Iʥ = 1A; ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʥʘʧʽʚ-

ʦʙʤʦʪʢʠ ʜʨʦʩʝʣʷ ï L1 = 1,25 ʤʢɻʥ, ʇʇʅ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʛʨʘ-

ʥʠʯʥʦʤʫ ʩʪʨʫʤʽ ʜʨʦʩʝʣʷ, ʚʩʽ ʡʦʛʦ ʝʣʝʤʝʥʪʠ ʽʜʝʘʣʴʥʽ. 

ɯʟ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ.2) ʚʠʜʥʦ, ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ ʚ ʪʦʯ-

ʢʘʭ 1 ʽ 5; 2 ʽ 6; 3 ʽ 7 ʘ ʪʘʢʦʞ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21=1 ʚ ʪʦʯʮʽ 4. ʇʨʠ 

ʮʦɹʤʫ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʘʙʩʦʣʶʪʥʠʭ ʧʫʣʴʩʘʮʽʡ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦ-

ʥʽ ʢʦʝʬʮ̔ʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʽ ʤʘʻ ʚʝʣʠʢʫ ʙʽʣʴʰʫ (ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʨʚ̔ʥʷ ʧʫʣʴʩʘʮʽʾ ȹIʥ), ʽ ʚʽʜʧʦʚʽʜʥʦ ï ʙʽʣhɹʠʡ ʨʽʚʝʥʴ ȹIʥ ʧʨʠ 0 Ò n21 Ò 1 ʧʨʠ 

ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ, ʷʢʠʡ ʧʨʘʛʥʝ ʜʦ ʦʜʠʥʠʮʽ (ʢʥ Ÿ 1). 

ɺʠʜʥʦ (ʨʠʩ. 2), ʱʦ ʧʨʠ ʧʨʦʧʦʨ-

ʮʡ̔ʥʽʡ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘ-

ʮʽʾ n21 ʱʦʜʦ n21=1 (ʥʘʧʨʠʢʣʘʜ, ʚ 2 ʨʘʟʠ 

ï ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ n21=0,5 ʽ n21=2) 

ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʾ ȹIʥ ʚ ʪʦʯʮʽ 1 ʙʽʣʴʰʝ, 

ʥʽʞ   ʨ̔ʚʝʥʴ ʧʫʣʴʩʘʮʽʾ ȹIʥ ʚ ʪʦʯʮʽ 7 

ʧʨʠ ʢʥ= 0,75. 

ɯ, ʥʘʚʧʘʢʠ, ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʢʥ, ʷʢʠʡ ʧʨʘʛʥʝ ʜʦ ʥʫʣ ̫(ʢʥ 

Ÿ 0), ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʨʽʚʥʷ ʧʫʣʴʩʘʮʽʾ 

(ʢʨʫʪʠʟʥʘ) ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 0 Ò n21 Ò 

1 ʤʝʥh ʝ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʽʘʧʘʟʦʥʦʤ 

ʟʤʽʥʠ 1Ò n21 Ò 2. ɺʠʜʥʦ (ʨʠʩ. 2), ʱʦ 

ʨ̔ʚʝʥʴ ʧʫʣʴʩʘʮʽʾ ȹIʥ ʚ ʪʦʯʮʽ 3 ʤʝʥʰʝ, ʥʽʞ ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʾ ȹIʥ ʚ ʪʦʯʮʽ 5 ʧʨʠ ʢʥ = 

0,25. 

ʇʨʠ ʟʥʘʯʝʥʥʽ n21 = 1 ʚʠʜʥʦ (ʨʠʩ. 2), ʱʦ ʘʤʧʣʽʪʫʜʘ ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʦʜʥʘʢʦʚʘ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʩʪʘʥʦʚʠʪʴ ʧʦʜʚʦʻ-

ʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʪʦʯʢʘ 4. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʽ ʥʘ ʯʘʩʦ-

ʚʠʭ ʜʽʘʛʨʘʤʘʭ (ʨʠʩ. 3). ʅʘʧʨʠʢʣʘʜ, ʧʨʠ n21=0,5 ʘʤʧʣʽʪʫʜʘ ʧʫʣʴʩʘʮʽʾ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙ̔ʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘ-

ʯʝʥʥʽ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Iʥ (ʨʠʩ. 3,ʘ). ɺʠʜʥʦ, ʱʦ ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʾ ȹIʥ ʚ ʪʦʯʮʽ 

1 (ʧʨʠ ʢʥ1 = 0,75) ʙʽʣʴʰʝ, ʥʽʞ ʚ ʪʦʯʮʽ 3 (ʧʨʠ ʢʥ3 = 0,25). ɯʥʜʝʢʩʦʤ ʧʨʠ ʢʥ ʧʦʟʥʘ-

ʯʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʪʦʯʢʘ. 
 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ 

ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ȹIʥ ʚʽʜ n21 ʧʨʠ ʨʽʟʥʠʭ ʢʥ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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  ʘ)     ʙ)     ʚ) 

ʈʠʩʫʥʦʢ 3 ï ʏʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ ʧʨʠ ʨʽʟʥʠʭ ʢʥ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ  

ʪʨʘʥʩʬʦʨʤʘʮʽʾ: n21 = 0,5 (ʘ), n21 = 1 (ʙ) ʽ n21 = 2 (ʚ). 

 

ɯ, ʥʘʚʧʘʢʠ, ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21 = 2 (ʨʠʩ. 3,ʚ) ʚʝʣʠʯʠʥʘ ʧʫʣʴ-

ʩʘʮʽʡ ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʩʝ-

ʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Iʥ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, (ʨʠʩ. 3) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21 = 1, ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ ʜʨʦʩʝʣʷ ʜʣʷ ʨʽʟʥʠʭ ʢʦ-

ʝʬʽʮʽʻʥʪʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ ʦʜʥʘʢʦʚʽ ï ʪʦʯʢʘ 4 ʥʘ ʨʠʩ. 2 ʽ ʨʠʩ. 3,ʙ. ɺʠʜʥʦ, ʱʦ ʧʨʠ 

n21 = 1 (ʨʠʩ. 3,ʙ), ʧʣʦʱʘ ʪʨʠʢʫʪʥʠʢʘ (ʦʛʠʥʘʶʯʦ ʾʤʠʪʪʻʚʦʛʦ ʩʪʨʫʤʫ) ʟʙʝʨʽʛʘʻʪʩɹʷ 

ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘʢʦʧʠʯʝʥʥʷ, ʪʦʤʫ ʽ ʚʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʽʾ ʤʘʪʠʤʝ ʧʦ-

ʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʨʠʩ. 2, 3) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʟʥʠ-

ʞʫʁ ʯʦʤʫ ʉʂ ʇʇʅ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʫʪʴ ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21=1. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʛʣʷʥʫʪʫ ʟʘʣʝʞʥʩ̔ʪɹ ï 

ʜʣʷ ʦʜʥʦʛʦ ʉʂ (N = 1) ï ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ 

ʧʫʣɹʩʘʮʽʾ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘ-

ʧʘʟʦʥʽ ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ Uʧ (ʢʥ) ʜʣʷ ʙʘʛʘ-

ʪʦʬʘʟʥʦʛʦ ʨʝʞʠʤʫ ʇʇʅ (N > 1). 

ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʜʣʷ ʢʦ-

ʝʬʽʮʽʻʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21> 1 ʨʚ̔ʝʥʴ ʧʫʣʴʩʘʮʽʾ 

ʙʫʜʝ ʙʽʣʴʰʠʤ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ, 

ʱʦ ʧʨʘʛʥʫʪʴ ʜʦ ʥʫʣʷ (ʢʥ Ÿ 0), ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʠʧʘʜʢʦʤ ʧʨʠ n21> 1, ʘʣʝ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʢʥ, ʱʦ ʧʨʘʛʥʫʪʴ ʜʦ ʦʜʠʥʠʮʽ (ʢʥ Ÿ 1). 

ʉʢʘʟʘʥʝ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ. 4, ʥʘ ʷʢʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ȹIʥ ʚʽʜ ʢʥ ʧʨʠ ʨʽʟʥʠʭ 

n21 ʜʣʷ ɹɯʇ ʧʨʠ N = 4. ɺʠʜʥʦ, ʱʦ ʪʘʢʦʞ, ʷʢ ʽ ʜʣʷ ʦʜʥʦʛʦ ʉʂ (N = 1 ï ʨʠʩ. 2), ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʤʝʪʨʽʷ ʟʥʘʯʝʥʴ ʘʤʧʣʽʪʫʜ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ȹIʥ ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ n21 ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʢʥ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʢʥ = 0,25 ʧʨʠ n21 = 2 ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ȹIʥ = 4 (ʪʦʯʢʘ ɸ) ï ʪʘʢʝ ʞ, ʷʢ 

ʽ ʜʣʷ ʢʥ = 0,75 ʧʨʠ n21 = 0,5 (ʪʦʯʢʘ ɺ). 

 

ʈʠʩʫʥʦʢ 4 ï ʇʫʣʴʩʘʮʽʡ ȹIʥ ʜʣʷ ɹɯʇ 
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ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ï ʜʣʷ ʦʜʥʦʛʦ N = 1 ʉʂ ï 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʨʝ-

ʞʠʤʫ ʨʦʙʦʪʠ ʇʇʅ, ʧʨʠ N > 1. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʛʦ ʜʦʩʣʜ̔ʞʝʥʥʷ ɹɯʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʄ [3]. 
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ɸʥʦʪʘʮʽʷ: ʋ ʩʪʘʪʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʥʘʷʚʥʦʩʪʽ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʦʤʝ-

ʨʝʞʽ ʨʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷʤ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦ-

ʜʝʣʝʡ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷè ʪʘ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï ɸʢʪʠʚ-

ʥʠʡ ʬʽʣʴʪʨ ʛʘʨʤʦʥʽʢ ï ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷè ʩʪʚʦʨʝʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB. ʇʦʢʘʟʘʣʦ, ʱʦ 

ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʛʘʨʤʦʥʽʢ (ɸʌɻ) ʜʦʟʚʦʣʠʣʘ ʟʤʝʥʰʠʪʠ ʩʫʤʘʨʥʽ ʢʦʝʬʽʮʽʻʥ-

ʪʠ ʛʘʨʤʦʥʽʢ THD ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʜʦ ʥʦʨʤ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʤʦʨʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 
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ʢʦʝʬʽʮʽʻʥʪ ʛʘʨʤʦʥʽʢ (THD).  

 
IMPROVING THE QUALITY PARAMETERS OF SHIPôS POWER NETWORK WITH 

NONLINEAR LOAD BY USING AN ACTIVE HARMONIC FILTER  
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 Abstract: Based on the presence of higher harmonics of voltage and current in the power grid, the 

article discusses ways to improve the quality indicators of a ship power grid with a nonlinear load. The 

analysis of the power quality indicators of the power grid was carried out using the computer models "Shipôs 

power grid - Nonlinear load" and "Shipôs power grid - Active harmonic filter - Nonlinear load" created in 
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the MATLAB environment. Showed that the model using an active harmonic filter (AFG) allowed to reduce 

the total harmonic distortion THD of voltage and current to the norms that are determined by marine stand-

ards.  

 Keywords: power quality indicators, shipôs power grid, non-linear load, harmonic distortion, passive 

harmonic filter, active harmonic filter, total harmonic distortion (THD). 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ  ʷʢ ʩʫʜʥʦʚʠʭ, ʪʘʢ ʽ ʙʝʨʝʛʦʚʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʝ 

ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʩʫʯʘʩʥʠʤ ʪʘ ʧʦʚʥʦʮʽʥʥʠʤ ʙʝʟ ʨʝʘʣʽʟʘʮʽʾ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʬʫʥʢʮʽʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯ-

ʥʠʭ ʩʠʩʪʝʤ ʧʨʘʮʶʶʪʴ ʟʽ ʟʤʽʥʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʝ ʤʘʻ ʥʝʣʽʥʽʡʥʫ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ɿʤʽʥʥʝ ʥʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ  ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯ-

ʥʠʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʫ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ɺʨʘʭʫʚʘʥʥʷ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʩʫʜ-

ʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ʻ ʘʚʪʦʥʦʤʥʦʶ ʝʣʝʢʪʨʦʤʝʨʝʞʦʶ ʟ ʢʽʥʮʝʚʦʶ ʧʦʪʫʞʥʽʩʪʶ, 

ʧʽʜʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʥʘ ʨʽʚʥʽ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝ-

ʥʦ ʤʦʨʩʴʢʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘʤʠ [1,2], ʨʦʙʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʫʘʣʴʥʠʤ.  

 ʊʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʻ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʛʘʨʤʦʥʽʢ, ʘ ʩʘʤʝ ʧʘʩʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʛʘʨʤʦʥʽʢ (ʇʌɻ) ʪʘ ʘʢ-

ʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʛʘʨʤʦʥʽʢ (ɸʌɻ) [3,4].  

ʇʌɻ ʻ ʩʪʘʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ,  ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʚʠʱʝ ʨʝʟʦʥʘʥʩʫ ʥʘ-

ʧʨʫʛʠ ʘʙʦ ʨʝʟʦʥʘʥʩʫ ʩʪʨʫʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʩʣʘʙʣʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʛʘʨ-

ʤʦʥʽʢʠ ʥʘ ʷʢʫ ʥʘʣʘʰʪʦʚʘʥʦ ʨʝʟʦʥʘʥʩʥʝ ʢʦʣʦ [4]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʇʌɻ ʟʤʝʥʰʫʻʪʴ-

ʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʢʣʘʜʫ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʘ 

ʪʘʢʦʞ ʧʨʠ ï ʟʤʽʥʽ ʽʤʧʝʜʘʥʩʫ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ʎʝ ʻ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʇʌɻ ʫ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ.   

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʌɻ, ʷʢʽ ʩʧʨʦʤʦʞʥʽ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʨʘ-

ʟʫ ʜʚʽ ʬʫʥʢʮʽʾ: ʧʝʨʰʘ - ʫʩʫʥʝʥʥʷ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʜʨʫʛʘ -  

ʢʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [3,5,6].  ʉʘʤʘ ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ ɸʌɻ ʨʦʙʠʪʴ ʾʭ  

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ. 

ɿʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʥʘʩʪʫʧ-

ʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB  ʚ ʧʘʢʝʪʽ  Simulink: çʉʫʜʥʦʚʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷè, ʘ ʪʘʢʦʞ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï 

ɸʌɻ ï ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷè. ʄʦʜʝʣʽ ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ  ʥʘʧʨʫʛʫ ʝʣʝʢʪʨʦʤʝ-

ʨʝʞʽ U=440ɺ ʟ ʨʦʙʦʯʦʶ ʯʘʩʪʦʪʦʶ f=60ɻʮ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʨʝʘʣʽ-

ʟʦʚʘʥʦ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦʪʫʞʥʽʩʪʶ ʈ=150 ʢɺʪ.  

ʄʦʜʝʣʴ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʧʦʢʘʟʘʣʘ ʥʘʷʚʥʽʩʪʴ ʫ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦ-

ʤʝʨʝʞʽ ʟʥʘʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ʉʫʤʘʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʘ-

ʨʤʦʥʽʢ THD ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ, ʩʢʣʘʜʘʶʪʴ 8,38% ʪʘ 38,63% ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʧʝ-

ʨʝʚʠʱʫʻ ʥʦʨʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʤʦʨʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʜʦ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʩʫʜʘʭ [2].  ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 
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ʘ) ï ʦʩʮʠʣʦʛʨʘʤʘ ʥʘʧʨʫʛʠ 

 

 
 

ʙ) ï ʦʩʮʠʣʦʛʨʘʤʘ ʩʪʨʫʤʫ 

 

ʈʠʩʫʥʦʢ 1 ï ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ 

 

 ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï ɸʌɻ ï ʅʝʣʽʥʽʡʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷè, ʘ ʥʘ ʨʠʩ. 3 ï ʚʽʜʧʦʚʽʜʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʧʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ɸʌɻ. 

 
  

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʤʝʨʝʞʘ ï ɸʌɻ ï ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷè 

 
ʘ) ï ʦʩʮʠʣʦʛʨʘʤʘ ʥʘʧʨʫʛʠ 

 
ʙ) ï ʦʩʮʠʣʦʛʨʘʤʘ ʩʪʨʫʤʫ 

 

ʈʠʩʫʥʦʢ 3 ï  ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʌɻ 

 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʦʜʝʣʴ ʟ ɸʌɻ ʜʦʟʚʦʣʠʣʘ ʟʤʝʥ-

ʰʠʪʠ ʩʫʤʘʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʘʨʤʦʥʽʢ THD ʥʘʧʨʫʛʠ ʜʦ ʟʥʘʯʝʥʥʷ 0,02% ʪʘ THD 

ʩʪʨʫʤʫ ʜʦ ʟʥʘʯʝʥʥʷ 1,29%. ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʮʠʣʦʛʨʘʤ ʜʝʤʦʥʩʪʨʫʻ ʤʘʡʞʝ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʤʝʨʝʞʽ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʟʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʥʘʷʚʥʦʩʪʽ ʚʠ-

ʱʠʭ ʛʘʨʤʦʥʽʢ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʚ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʌɻ ʜʣʷ ʾʭ ʧʨʠʛʥʽ-

ʯʝʥʥʷ. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʟ ɸʌɻ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ THD ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʜʦ 

ʟʥʘʯʝʥʴ ʥʠʞʯʝ ʥʦʨʤ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʦʨʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ.  
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ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʪʷ ʙʫʜʝ ʢʦʨʠʩʥʦʶ ʜʣʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʽʚ ʽ ʩʪʘʨʰʠʭ 

ʤʝʭʘʥʽʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʩʫʜʥʘʭ, ʫ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʠ-

ʛʫʥʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ MAN B&W. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ, ʚ ʾʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʽʦʜʠʯʥʦ ʚʠʥʠʢʘʶʪʴ ʘʚʘʨʽʡʥʽ ʩʠʛʥʘʣʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ "ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʰʫʤʫ", ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʷʢ ʩʘʤʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ ʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩ-

ʪʘʥʦʚʢʠ ʚ ʮʽʣʦʤʫ. ʄʝʪʦʜʠʢʠ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʩʪʘʪʪʽ, ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʣʝʛʰʠʪʠ ʧʦʰʫʢ, ʣʦʢʘʣʽʟʘʮʽʶ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ɼʚʠʛʫʥʠ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ. ɽʣʝʢʪʨʠʯʥʠʡ ʰʫʤ. ʃʽʯʠʣʴʥʠʢ 

ʽʤʧʫʣʴʩʽʚ ʰʫʤʫ. ɯʟʦʤʝʪʨ. 

 
SEARCHING AND TROUBLESHOOTING ALGORITHM S OF "ELECTRICAL NOISE" 

IN MAIN ENGINE's ELECTRONICAL CONTROL SYSTEM  
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Abstract. This article is interesting for ship ETOs and Chief Engineers who work on ships that use 

electronically controlled engines manufactured by MAN B&W. During the operation of engines, their con-

trol systems periodically generate alarms associated with the presence of "electrical noise", which leads to 

incorrect operation of both the control system itself and the power plant as a whole. The techniques dis-

cussed in this article are help to facilitate the search, localization and troubleshooting. 

Keywords. Engines with electronic control system. Electrical noise. Counter of impulses of noise. 

Isometer. 

 

ɺʩʪʫʧ. ɼʦ ʧʦʥʷʪʪʷ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ" ("Electrical Noise") ʚʽʜʥʦʩʠʪʴʩʷ 

ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ, ʷʢʽ ʯʘʩʪʦ ʻ ʚʠʧʘʜʢʦʚʠʤʠ, ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ 

ʘʤʧʣʽʪʫʜʠ, ʽ ʟʘʚʞʜʠ ʥʝʙʘʞʘʥʽ. ʋ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʝʣʝʢʪʨʦʥ-

ʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʮʝʡ ʪʝʨʤʽʥ ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʝ-

ʨʽʦʜʠʯʥʦ ʥʠʟʴʢʦʶ ʽʟʦʣʷʮʽʻʶ, ʷʢʘ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚ ʩʠʩʪʝʤʽ 24 ɺ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʜʝ, ʥʘʧʨʠʢʣʘʜ, ʧʦʰʢʦʜʞʝʥʽ ʜʘʪʯʠʢʠ ʘʙʦ ʧʨʦʚʦʜʢʘ, ʷʢʘ ʩʪʚʦʨʶʻ ʢʦʥʪʘʢʪ 

ʟ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʠʟʴʢʦʶ ʽʟʦʣʷʮʽʻʶ ʚʚʘʞʘʻʪʴʩʷ ʽʟʦʣʷʮʽʷ 

ʥʠʞʯʝ 70 ʢʆʤ [3]. ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʩʠʛʥʘʣʫ ʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ, 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʪʦʤʫ ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʦ ʥʠʟʴʢʽʡ ʽʟʦʣʷʮʽʾ, ʰʪʘʪʥʠʡ ʧʨʠʣʘʜ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʽʟʦ-

ʣʷʮʽʾ (ʽʟʦʤʝʪʨ Bender) ʚʠʷʚʠʪʴ ʥʝʩʧʨʘʚʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ ʽ ʘʢʪʠʚʫʻ ʘʚʘʨʽʡʥʠʡ ʩʠʛ-

ʥʘʣ [1- 2]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʥʝ-

ʩʧʨʘʚʥʦʩʪʽ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ" ʚ ʩʠʩʪʝʤʘʭ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʛʦʣʦʚʥʦ-

ʛʦ ʜʚʠʛʫʥʘ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ MAN B&W, ʘ ʪʘʢʦʞ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ 

ʪʘ ʫʩʫʥʝʥʥʷ ʚʠʥʠʢʣʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ. 

ɼʽʘʛʥʦʩʪʠʢʘ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʌʫʥʢʮʽʷ "ɺʠʷʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ" ʚ 

ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʘʤʠ ʬʽʨʤʠ MAN B&W ʨʝʘʣʽʟʦʚʘʥʘ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʘ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ 

ʽʟʦʣʷʮʽʾ. ʷʢʠʡ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʩʪʘʥʜʘʨʪʥʠʤ ʽʟʦʤʝʪʨʦʤ Bender. ʗʢʱʦ ʞ 

ʚ ʩʠʩʪʝʤʽ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʥʠʟʴʢʠʡ ʦʧʽʨ ʽʟʦʣʷʮʽʾ, ʪʦ ʮʶ ʥʝʩʧʨʘʚʥʽʩʪʴ 

ʩʣʽʜ ʫʩʫʥʫʪʠ ʧʝʨʝʜ ʧʦʰʫʢʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʰʢʦʜ. ʎʷ ʬʫʥʢʮʽʷ ʽʥʪʝʛʨʦʚʘʥʘ ʜʦ 

ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʮʠʣʽʥʜʨʦʤ 

CCU (Cylinder Control Unit), ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ñʧʘʢʝʪʥʘò, ʢʦʪʨʘ ʚʠʨʦʙʣʷʻ ʚʠʙʽʨʢʫ 

ʟ ʯʘʩʪʦʪʦʶ 2 ʢɻʮ. ɺʦʥʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʽʣʴʢʠ ʚ ʙʣʦʢʘʭ CCU. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʧʨʦ-

ʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʩʥʫʻ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʦʟ'ʻʤʽ J35 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 [4]. 

 
ʈʠʩʫʥʦʢ 1 ï ɯʣʶʩʪʨʘʮʽʷ ʯʘʩʪʠʥʠ ʫʩʪʘʥʦʚʢʠ ʟ ʨʝʘʣʽʟʘʮʽʝʡ ʬʫʥʢʮʽʾ  

ñɺʠʷʚʣʝʥʥʷ ʰʫʤʫò 

 

ʅʘ ʨʠʩʫʥʢʫ 1 ʚʽʜʧʦʚʽʜʥʠʤʠ ʮʠʬʨʘʤʠ ʧʦʟʥʘʯʝʥʽ: 1 ï ʢʘʙʝʣʴʥʠʡ ʥʘʢʦʥʝʯ-

ʥʠʢ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʟʘʟʝʤʣʝʥʥʷ; 2 ï ʧʝʨʝʤʠʯʢʘ; 3 ï ʢʦʥʜʝʥʩʘʪʦʨ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

50 ɺ, 47 ʥʌ; 4 ï ʨʝʟʠʩʪʦʨ ʟ ʦʧʦʨʦʤ 2 ʢʆʤ; 5 ʽ 6 ï ʨʦʟ'ʻʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ ʢʘʨʪʽ 

CCU. 

ʋʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʚʝʣʠʢʫ ʩʪʨʫʤʦʚʫ ʧʝʪʣʶ ʚ ʨʦʟ'ʻʤʽ J35, ʧʽʜʢʣʶʯʝ-

ʥʫ ʜʦ ʟʘʟʝʤʣʝʥʥʷ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ. ʂʦʥʜʝʥʩʘʪʦʨ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʟʘʙʝʟʧʝ-

ʯʫʻ ʜʦʜʘʪʢʦʚʝ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʚʽʪʴ ʜʫʞʝ ʤʘʣʠʭ ʽʤʧʫʣʴʩʽʚ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʥʥʻ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʧʝʨʝ-

ʚʘʞʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʰʢʦʜʠ ʚʧʣʠʥʫʪʴ ʥʘ ʽʥʰʽ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʫʧ-

ʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ. 

ʂʦʞʝʥ ʙʣʦʢ CCU ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʣʽʯʠʣʴʥʠʢ, ʷʢʠʡ ʧʽʜʨʘʭʦʚʫʻ ʯʘʩʪʦʪʫ ʚʠ-

ʥʠʢʘʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ. ʃʽʯʠʣʴʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ-
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ʩʷ ʷʢ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ, ʪʘʢ ʽ ʜʣʷ ʚʢʘʟʽʚʢʠ ʪʦʛʦ, ʜʝ 

ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʥʝʩʧʨʘʚʥʽʩʪʴ. 

ɯʤʧʫʣʴʩʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ, ʷʢʱʦ ʪʘʢʽ ʻ, ʨʝʻʩʪʨʫʶʪʴʩʷ ʙʣʦʢʘʤʠ CCU ʽ, 

ʷʢʱʦ ʾʭ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʠʱʫʻ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʩʧʨʘʮʴʦʚʫʻ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ. 

ʊʘʢʦʞ CCU ʢʦʥʪʨʦʣʶʻ ʢʽʣʴʢʽʩʪʴ ʥʘʜʽʩʣʘʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʟʙʽʣʴʰʫʻ ʣʽʯʠʣʴʥʠʢ ʽʤ-

ʧʫʣʴʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ. 

ʆʩʢʽʣʴʢʠ ʚʩʽ ʜʘʪʯʠʢʠ ʽ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ 

(MPC) ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 24ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʪʦ ʚ 

ʨʘʟʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʽʟʦʣʷʮʽʾ, ʙʫʜʝ ʥʘʜʘʚʘʪʠʩʷ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ 

ʚʫʟʣʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʚʩʽʻʾ ʤʝʨʝʞʽ. 

ʗʢʱʦ ʚʩʽ ʣʽʯʠʣʴʥʠʢʠ ʰʫʤʦʚʠʭ ʽʤʧʫʣʴʩʽʚ CCU ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʘʙʦ ʙʣʠʟʴʢʫ ʜʦ ʥʝʾ ʯʘʩʪʦʪʫ, ʪʦ ʧʦʤʠʣʢʘ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʚʠʢʣʠʢʘʥʘ ʟʟʦʚʥʽ, ʘ ʥʝ 

ʣʦʢʘʣʴʥʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ CCU. ʗʢʱʦ ʞ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ʫ ʦʜʥʦʛʦ ʣʽʯʠʣʴʥʠʢ 

ʰʫʤʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʙʣʦʢʫ CCU ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʽʥʰʠʭ CCU, ʪʦʜʽ ʧʦʤʠʣ-

ʢʘ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʣʦʢʘʣʴʥʘ ʥʘ ʜʘʥʦʤʫ ʙʣʦʮʽ CCU. 

ɿʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʽʚ ʰʫʤʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʤʦʞʥʘ ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʛʦʣʦʚʥʽʡ 

ʧʘʥʝʣʽ (MOP) ʢʘʥʘʣ 71 (CH71) ʥʘ ʢʦʞʥʦʤʫ CCU, ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ 

ʢʦʤʧ'ʶʪʝʨʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ (CoCoS), ʨʠʩʫʥʦʢ 2 [3]. ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ 

ʧʨʠʢʣʘʜ ʥʠʟʴʢʦʾ ʽʟʦʣʷʮʽʾ ʥʘ ʙʣʦʮʽ CCU-5. ʇʨʠʯʠʥʦʶ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚʠʷʚʠʣʘʩʷ, 

ʧʦʰʢʦʜʞʝʥʘ ʽʟʦʣʷʮʽʷ ʧʨʦʚʦʜʫ ʚʩʝʨʝʜʠʥʽ ʨʦʟʧʦʜʽʣʴʥʦʾ ʢʦʨʦʙʢʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɯʥʜʠʢʘʮʽʷ ʧʝʨʝʨʠʚʯʘʩʪʦʾ ʥʠʟʴʢʦʾ ʽʟʦʣʷʮʽʾ ʥʘ ʙʣʦʮʽ CCU-5 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ" ʩʧʨʘʮʴʦʚʫʻ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʽʙʨʘʮʽʾ ʜʚʠʛʫʥʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʘʪʯʠʢʠ ʽ 

ʧʨʦʚʦʜʢʫ. 

ɸʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʇʨʠ ʫʩʫʥʝʥʥʽ ʥʝʩʧʨʘʚ-

ʥʦʩʪʝʡ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʦʪʨʽʙʥʦ ʧʦʯʠʥʘʪʠ ʧʦʰʫʢ ʜʘʪʯʠʢʽʚ, ʢʘʙʝʣʽʚ ʽ ʧʨʦ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʚʦʜʽʚ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʚʠʛʫʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ, ʟ ʚʝʣʠʢʦʶ ʡʤʦʚʽ-

ʨʥʽʩʪʶ, ʻ ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ. 

ʇʨʠ ʚʠʭʦʜʽ ʘʚʘʨʽʡʥʦʛʦ ʩʠʛʥʘʣʫ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ", ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜ-

ʥʦ ʚʠʟʥʘʯʠʪʠ ʯʠ ʻ ʮʝʡ ʩʠʛʥʘʣ ʢʦʣʝʢʪʠʚʥʠʤ, ʪʦʙʪʦ ʥʘ ʜʝʢʽʣʴʢʦʭ CCU ʘʙʦ ʞ ʥʘ 

ʦʜʥʦʤʫ ʧʝʚʥʦʤʫ CCU, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʗʢʱʦ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ ʧʨʠʩʫ-

ʪʥʽʡ ʥʘ ʦʜʥʦʤʫ CCU, ʪʦ ʚʠʧʘʜʦʢ ʚʚʘʞʘʻʪʴʩʷ ʧʨʦʩʪʠʤ ʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʥʝ-

ʩʧʨʘʚʥʦʩʪʽ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʮʠʣʽʥʜʨʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʦʙʩʪʝʞʠʪʠ ʽ ʧʝʨʝʚʽ-

ʨʠʪʠ: 

1. ʈʦʟʧʦʜʽʣʴʥʽ ʢʦʨʦʙʢʠ, ʟ'ʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʦʜʠ ʽ ʨʦʟ'ʻʤʠ ʢʣʘʧʘʥʘ FIVA, ʘ 

ʩʘʤʝ: ʘ) ʧʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʠ ʧʨʠʚʦʜʫ; ʙ) ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ 

ʧʦʣʦʞʝʥʥʷ ʧʣʫʥʞʝʨʘ FIVA. 

2. ʈʦʟʧʦʜʽʣʴʥʽ ʢʦʨʦʙʢʠ, ʟ'ʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʦʜʠ ʽ ʨʦʟ'ʻʤʠ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ 

ʮʠʣʽʥʜʨʽʚ Ŭ-ʣʫʙʨʠʢʘʪʦʨʘ, ʘ ʩʘʤʝ: ʘ) ʜʘʪʯʠʢʘ ʧʨʦʪʦʢʠ ʤʘʩʣʘ; ʙ) ʩʦʣʝʥʦʾʜʥʠʡ ʢʣʘ-

ʧʘʥ ʘʢʪʠʚʘʮʽʾ ʫʧʨʠʩʢʫʚʘʥʥʷ ʤʘʩʣʘ ʚ ʪʦʯʢʠ ʟʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʘ; ʚ) ʜʘʪʯʠʢ ʟʚʦʨʦ-

ʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʫʧʦʨʩʢʫʚʘʥʥʶ ʤʘʩʣʘ ʚ ʪʦʯʢʠ ʟʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʘ; 

3. ʇʣʫʥʞʝʨ ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ï ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟ-

ʢʫ ʧʦ ʧʦʣʦʞʝʥʥʶ ʧʣʫʥʞʝʨʘ. 

4. ɺʠʧʫʩʢʥʠʡ ʢʣʘʧʘʥ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ï ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ 

ʧʦʣʦʞʝʥʥʷ ʰʪʦʢʘ ʢʣʘʧʘʥʘ. 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʫʢʫ, ʥʝʩʧʨʘʚʥʦʩʪʽ ʙʫʣʠ ʥʝ ʚʠʷʚʣʝʥʽ, ʪʦ ʩʣʽʜ ʧʨʦʜʦ-

ʚʞʠʪʠ ʧʝʨʝʚʽʨʢʫ ʧʽʜʢʣʶʯʝʥʴ ʽ ʮʽʣʽʩʥʦʩʪʽ ʧʨʦʚʦʜʽʚ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʠ MPC ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʙʣʦʮʽ CCU. 

ʗʢʱʦ ʩʠʛʥʘʣ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ" ʧʨʠʩʫʪʥʽʡ ʥʘ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʘʭ CCU, ʪʦ 

ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʽ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʘ ʩʘʤ ʧʦʰʫʢ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʇʨʦ-

ʪʝ, ʜʽʾ ʟ ʧʦʰʫʢʫ ʜʦʮʽʣʴʥʦ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʽ ʧʨʦʚʦʜʠʪʠ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ ʧʦʨʷʜʢʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʥʠʞʯʝ: 

1. ʇʦʯʠʥʘʪʠ ʧʦʰʫʢ ʥʝʩʧʨʘʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ TSA-

A ʽ TSA-B, ʜʦ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ ʝʥʢʦʜʝʨʠ ɸ ʽ ɺ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʜʘʪʯʠʢ ʤʘʨʢʝʨʘ ɺʄʊ ʜʣʷ 1-ʛʦ ʮʠʣʽʥʜʨʘ. ʉʠʛʥʘʣʠ ʚʽʜ ʜʘʥʠʭ 

ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʥʘʜʭʦʜʷʪʴ ʥʘ ʨʽʟʥʽ MPC, ʪʦʤʫ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʥʠʭ ʤʦ-

ʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ ʚʽʜʨʘʟʫ ʚ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʘʭ CCU. 

2. ʉʣʽʜ ʧʝʨʝʚʽʨʠʪʠ ʟ'ʻʜʥʫʚʘʣʴʥʽ ʢʦʨʦʙʢʠ ʨʦʟʧʦʜʽʣʫ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʘʨʪ, ʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʥʘʷʚʥʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʥʠʭ. 

3. ʆʛʣʷʥʫʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʧʽʜʢʣʶʯʝʥʥʷʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜ-

ʩʠʣʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʠ ʛʽʜʨʘʚʣʽʢʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ HPS. 

4. ʇʝʨʝʚʽʨʠʪʠ ʷʢʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ ʚ ʧʘʥʝʣʽ ʤʽʩʮʝʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ 

LOP. 

5. ʇʝʨʝʚʽʨʠʪʠ ʽʥʰʽ ʢʘʙʽʥʝʪʠ (ʱʠʪʠ), ʷʢʽ ʤʽʩʪʷʪʴ ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ ʫʧʨʘʚ-

ʣʽʥʥʷ MPC, ʘʣʝ ʥʝ ʻ ʙʣʦʢʘʤʠ CCU. ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʪʽʣʴʢʠ ʚ ʙʣʦʢʘʭ CCU 

ʻ ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ. ʊʦʤʫ, ʽʥʰʽ MPC ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʛʘʣʴ-

ʥʫ ʩʠʩʪʝʤʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠʩʷ ʩʠʩʪʝʤʦʶ. 

6. ʗʢʱʦ ʚ ʧʦʧʝʨʝʜʥʽʭ ʚʠʧʘʜʢʘʭ ʫʩʫʥʫʪʠ ʥʝʩʧʨʘʚʥʽʩʪʴ ʥʝ ʚʜʘʣʦʩʷ, ʪʦ ʚʘʨʪʦ 

ʧʨʦʚʝʩʪʠ ʧʝʨʝʚʽʨʢʫ ʟ'ʻʜʥʘʥʴ ʽ ʧʽʜʢʣʶʯʝʥʴ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ MPC ʫ ʚʩʽʭ 

ʙʣʦʢʘʭ CCU, ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽʡ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ.  
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ʗʢ ʧʨʘʚʠʣʦ, ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʽʡ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʫʩʫ-

ʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦ ʚʠʥʠʢʘʶʯʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʽʟʦʣʷʮʽʾ, ʷʢʽ ʚʠ-

ʢʣʠʢʘʶʪʴ ʘʚʘʨʽʡʥʠʡ ʩʠʛʥʘʣ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ". 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʦʰʫʢ ʥʝʩʧʨʘʚʥʦʩʪʽ ʢʦʨʠʩʥʦ ʜʦʧʦʚʥʠʪʠ ʚʠʤʽʨʘʤʠ 

ʦʤʤʝʪʨʘ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʬʦʨʤʫʣʶʻʤʦ ʥʘʩʪʫʧʥʝ: 

1. ɺʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ñʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤò ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʘʙʦ ʜʦ ʡʦʛʦ ʟʫʧʠʥʢʠ. 

2. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʩʠʛʥʘʣʫ "ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ" ʻ ʢʦʨʦʪʢʦʯʘʩʥʝ 
ʧʝʨʝʨʠʚʯʘʩʪʝ ʧʘʜʽʥʥʷ ʨʽʚʥʷ ʽʟʦʣʷʮʽʾ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. 

3. ʅʝʩʧʨʘʚʥʽʩʪʴ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʰʫʤʦʤ ʪʘ ʥʦʩʠʪʴ ʧʝʨʽʦʜʠʯ-
ʥʠʡ ʭʘʨʘʢʪʝʨ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʩʪʘʥʜʘʨʪʥʠʤ ʽʟʦʤʝʪʨʦʤ Bender. 

4. ɯʩʥʫʶʯʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʽ ʤʝʪʦʜʠ ʟʜʘʪʥʽ ʣʦʢʘʣʽʟʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ 
ʥʝʩʧʨʘʚʥʦʩʪʽ ʜʦ ʨʽʚʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʮʠʣʽʥʜʨʘ ʣʠʰʝ ʚ ʦʙʤʝʞʝʥʠʭ ʚʠʧʘʜʢʘʭ. 

5. ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʰʫʤʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʣʽʯʠʣʴʥʠʢʘ ʦʜʥʦʛʦ CCU 
ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʽʥʰʠʭ CCU, ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʽ ʥʘ ʣʦ-

ʢʘʣʴʥʦʤʫ ʨʦʟʛʣʷʥʫʪʦʤʫ CCU. 

6. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʪʠ, ʘʙʦ ʙʣʠʟʴʢʦʶ ʜʦ ʦʜʥʘʢʦ-

ʚʦʾ, ʚʩʽʭ ʣʽʯʠʣʴʥʠʢʽʚ ʰʫʤʦʚʠʭ ʽʤʧʫʣʴʩʽʚ CCU, ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʾ 

ʥʝʩʧʨʘʚʥʦʩʪʽ. 

7. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʦʰʫʢʫ ʥʝʩʧʨʘ-
ʚʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʾʾ ʣʦʢʘʣʽʟʘʮʽʾ. 
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ʉʝʢʮʽʷ 5. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɯ ʗɺʀʑ ɺ 
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 ɸʥʦʪʘʮʽʷ: ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʥʘ ʢʦʨʧʫʩʽ ʩʫʜʥʘ ʟʘʧʨʧʦ-

ʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ. ɺ ʷʢʦʩʪʽ ʬʘʢʪʦʨʽʚ (ʨʝʛʨʝʩʦʨʽʚ) ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʥʘ, ʷʢ ʪʦ ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ, 

ʦʩʘʜʢʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʣʴʥʦʾ ʧʦʚʥʦʪʠ. ʇʨʠ ʚʠʙʦʨʽ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʣʠʩʴ ʟʥʘʯʝʥʥʷ ʥʦʨ-

ʤʘʣʽʟʦʚʘʥʦʛʦ R-ʢʚʘʜʨʘʪʫ ʽ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʭʠʙʦʢ. ɿʥʘʯʫʱʽʩʪʴ ʤʦʜʝʣʝʡ ʽ ʟʥʘʯʫʱʽʩʪʴ ʚʩʽʭ 

ʨʝʛʨʝʩʦʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʤʦʜʝʣʴ, ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʷ ʌʽʰʝʨʘ ʽ ʉʪʴʶʜʝʥʪʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʤʥʦʞʝʩʪʚʝʥʥʳʡ 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 
 

METHODS FOR CONSTRUCTING MATHEMATICAL MODELS OF HYDRODYNAMIC 

FORCES ON THE SHIPôS HULL 

 
O. Kryvyi, Dr. of Science, Professor 

National University çOdesa Maritime Academyè 

 

Abstract: To build mathematical models of hydrodynamic forces on the hull, it is proposed to use mul-

tifactor regression analysis. As factors (regressors), various dimensionless ratios of the geometric parame-

ters of the vessel, such as length, width, draft, and block coefficient are taken. When choosing these regres-

sion models, the values of the normalized R-squared and the value of standard errors were estimated. The 

significance of the models and the significance of all factors (regressors) included in the model were as-

sessed using Fisher's and Student's tests. 

        Key-words: planar motion of a ship, hydrodynamic forces, hydrodynamic characteristics, hydrody-

namic constants 

 

ɿʘʟʚʠʯʘʡ ʧʨʦʝʢʮʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ,h hX Y  ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʠʭ 

ʟ ʩʫʜʥʦʤ ʽ ʤʦʤʝʥʪ hM  ʥʘʚʢʦʣʦ ʦʩʽ Z , ʧʦʜʘʻʪʴʩʷ ʪʘʢ 

                  2 2 2( , ), ( , ), ( , ).x y m

h h h h h hX v C Y v C M v Cb w b w b w= = =                             (1) 

ʊʫʪ , ,v b w- ʚʽʜʧʦʚʽʜʥʦ ʚʝʣʠʯʠʥʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʰʚʠʜʢʦʩʪʽ, ʢʫʪ ʜʨʝʡʬʫ ʽ ʢʫ-

ʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ. ɺʝʣʠʯʠʥʠ ( , )x

hC b w, ( , )y

hC b w, ( , )m

hC b w ʥʘʟʠʚʘʶʪʴ ʛʽʜʨʦʜʠ-

ʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʫ ʩʫʜʥʘ. ʈʦʟʚôʷʟʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʜʠ-

ʬʝʨʝʥʮʘ̔ʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʩʫʜʥʘ [3-5], ʦʙʫʤʦʚʣʶʻ ʜʦʩʪʘʪʥʴʦ ʛʣʘʜʢʽʩʪʴ ʧʨʘʚʠʭ 

ʯʘʩʪʠʥ ʽ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʦʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ ʨʷʜʽʚ ʄʘʢʣʦʨʝʥʘ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ:  

           
0 0, 0

( , )1
( , ) ,{ } { , , }, .

( )!

k j x
x p j k p h
h jk jk j k

j k

C
C C p x y m C

j k
b w

b w
b w b w

b w

+¤

+ = = =

µ
= = =

+ µ µ
ä       (2) 
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ɺ ʨʦʟʚʠʥʝʥʥʽ (2) p

jkC  ʥʘʟʠʚʘʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʩʪʘʣʠʤʠ (ʘʙʦ ʛʠʜʨʦʜʠ-

ʥʘʤʽʯʥʠʤʠ ʧʦʭʽʜʥʠʤʠ) ʩʠʣ ʽ ʤʦʤʝʥʪʫ ʥʘ ʢʦʨʧʫʩʽ ʩʫʜʥʘ. ʇʦʜʘʥʥʷ (2) ʜʦʟʚʦʣʷʻ 

ʧʨʠ ʤʘʣʠʭ ʢʫʪʘʭ ʜʨʝʡʬʫ ʽ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ ʧʦʣʽʥʦʤʘʤʠ. ʗʢʱʦ, ʟʦʢʨʝʤʘ, ʦʙʤʝʞʠʪʠʩʴ ʯʣʝʥʘʤʠ ʧʦʨʷʜʢʫ 

ʥʝ ʚʠʱʝ ʯʝʪʚʝʨʪʦʛʦ ʽ ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ [1-7], ʪʦ ʦʪʨʠ-

ʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʧʦʜʘʥʥʷ 

                                      00

2 2 4

20 11 02 40( , ) ,x x x x x x

hC C C C C Cb w b bw w b= + + + +                        

                    10

3 2 2 3

01 30 21 12 03( , ) ,y y y y y y y

hC C C C C C Cb w b w b b w bw w= + + + + +                      (3) 

                            10

3 2 2 3

01 30 21 12 03( , ) .m m m m m m m

hC C C C C C Cb w b w b b w bw w= + + + + +                

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʪʘʣʽ ʚ ʨʦʟʚʠʥʝʥʥʷʭ (3) ʧʦʜʘʶʪʴ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʘʣʠʭ ʟʘʩʪʦʩʦʚʘʥʦ ʙʘʛʘʪʦ-

ʬʘʢʪʦʨʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ. ɺʠʢʦʨʠʩʪʘʥʘ ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʢʚʘʟʽʣʽʥʽʡʥʘ ʤʦʜʝʣʴ 

ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʠʭ ʨʝʛʨʝʩʦʨʽʚ (ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ) 

                                 
1 2 3 4, , , ,b

B T Tʉ
L L B

h h h h= = = =                                         (4) 

ʜʝ L- ʜʦʚʞʠʥʘ ʩʫʜʥʘ ʧʦ ʜʽʶʯʫ ʚʘʪʝʨʣʽʥʽʶ, B- ʰʠʨʠʥʘ ʩʫʜʥʘ ʧʦ ʜʽʶʯʫ ʚʘʪʝʨʣʽ-

ʥʽʶ, T- ʦʩʘʜʢʘ ʩʫʜʥʘ ʥʘ ʤʽʜʝʣʽ, 
bC - ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʣʴʥʦʾ ʧʦʚʥʦʪʠ. ɺ ʷʢʦʩʪʽ ʚʠ-

ʟʥʘʯʘʶʯʠʭ ʨʝʛʨʝʩʦʨʽʚ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʽ ʙʘʟʦʚʽ ʨʝʛʨʝʩʦʨʠ (4) ʘʙʦ ʾʭ ʤʫʣʴʪʠ-

ʧʣʽʢʘʪʦʨʠ, ʪʦʙʪʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʪʘʣʽ ʨʦʟʰʫʢʫʻʤʦ ʪʘʢ 

                    
0 1

, , { } { , , }, ( , 0, ,4).
i

ip

jk j j j i

j i

C p x y z j k
kk

Vlx x h
= =

= = = =ä Ô                                (5) 

ʇʦʢʘʟʥʠʢ k, ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʠʚʥʦʾ ʤʦʜʝʣʽ jl ʽ ʧʦʢʘʟʥʠʢʠ jk , jV ʨʝʛʨʝʩʦʨʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʩʪʘʣʦʾ p

jkC .  

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ (5)  ʦʮʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ʮʽʣʦʤʫ 

ʽ ʢʦʞʥʦʛʦ ʨʝʛʨʝʩʦʨʘ ʦʢʨʝʤʦ. ʄʦʜʝʣʴ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ, ʷʢʱʦ ʚʠʢʦ-

ʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ   

1) ɼʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʢʦʨʝʣʷʮʽʾ R:  

                                                                 0,R a>                                               (6) 

ʜʝ ʧʘʨʘʤʝʪʨ 0 0, (0 1)a a¢ ¢ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʟʚôʷʟʢʫ (ʢʦʨʝʣʷʮʽʾ) ʛʽʜʨʦʜʠʥʘʤʽʯ-

ʥʠʭ ʧʦʭʽʜʥʠʭ p

jkC  ʟ ʨʝʛʨʝʩʦʨʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʧʦʜʘʥʥʷ (5). ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ 

0 0.5a< , ʟʚ'ʷʟʦʢ ʚʚʘʞʘʻʪʴʩʷ ʥʝ ʧʨʠʡʥʷʪʥʠʤ, ʷʢʱʦ 00.5 0.7a¢ ¢ , ʟʚ'ʷʟʦʢ ʚʚʘʞʘʻʪʴʩʷ 

ʟʘʜʦʚʽʣʴʥʠʤ, ʷʢʱʦ 00.7 0.8a< ¢  ʟʚ'ʷʟʦʢ ʚʚʘʞʘʻʪʴʩʷ ʜʦʙʨʦʶ, ʷʢʱʦ 00.8 1a< < ʟʚ'ʷ-

ʟʦʢ ʚʚʘʞʘʻʪʴʩʷ ʚʚʽʜʥʠʤ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 

                                                                                                                                                

122  www.femire.onma.edu.ua 
 

2) ʉʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ ʚ ʮʽʣʦʤʫ ʢʦʞʥʦʾ ʤʦʜʝʣʽ (5) ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʢʨʠ-
ʪʝʨʽʻʤ ʌʽʰʝʨʘ 

                                           (1 , 1, ),c nk FF F m n ma> - - -                                      (7) 

ʜʝ 
2

21 1
c

R n m
F

R m

-
= -
- -

ʩʪʘʪʠʩʪʠʢʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʘ ʤʘʻ ʨʦʟʧʦʜʽʣ ʌʽʰʝʨʘ-

ʉʥʝʜʝʢʦʨʘ (F-ʨʦʟʧʦʜʽʣ); m- ʢʽʣʴʢʽʩʪʴ ʥʝ ʥʫʣʴʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʝʡ (5); n- 

ʦʙôʻʤ ʚʠʙʽʨʢʠ; (1 , 1, )nk FF m n ma- - - - ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ F-ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʨʽʚʥʷ 

ʟʥʘʯʠʤʦʩʪʽ 
Fa. ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ Fa , ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (7), 

ʪʠʤ ʚʠʱʝ ʚ ʮʽʣʦʤʫ ʩʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʤʦʜʝʣʽ. ɺʽʜʤʽʥʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʨʽ-

ʚʝʥʴ: 0.05Fa ¢ .  

3) ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʩʪʘʪʠʩʪʠʢʠ 
cF  ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʤʦʚʽʨʥʦʩʪʽ 

( (1 , 1, ))F c nk FP F F m n mg a= > - - -. ʏʠʤ ʤʝʥʰʝ Fg, ʪʠʤ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʩʪʘʪʠʩʪʠʢʠ 

cF , ʙʫʜʝ ʚʠʱʝ. ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʚʚʘʞʘʻʤʦ ʧʨʠʡʥʷʪʥʠʤ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʫʤʦʚʘ 

                                                          .F Fg a<                                                    (8) 

4) ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ js  ʨʝʛʨʝʩʦʨʘ jx ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ 

                                                          .j js l<                                                    (9) 

5) ʉʪʘʪʠʩʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ ʢʦʞʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʨʝʩʽʾ ʚʠʟʥʘʯʘʻʤʦ ʥʘ ʦʩ-
ʥʦʚʽ t- ʢʨʠʪʝʨʽʷ ʉʪʴʶʜʝʥʪʘ 

                                                         ,j krt t>                                                    (10) 

ʜʝ , (1 , )j
j kr s

j

t t t n m
l

a
s

= = - - - ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʨʽʚʥʷ 

ʟʥʘʯʠʤʦʩʪʽ sa . ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ sa, ʧʨʠ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (10), 

ʪʠʤ ʚʠʱʝ ʚ ʮʽʣʦʤʫ ʩʪʘʪʠʩʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ. ɺʽʜʤʽʥʥʠʤ 

ʚʚʘʞʘʻʪʴʩʷ ʨʽʚʝʥʴ: 0.05sa¢ .  

6) ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʨʝʛʨʝʩʦʨʽʚ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʡʤʦʚʽʨ-
ʥʦʩʪʽ ( (1 , ))j j kr sP t t n mg a= > - - ʏʠʤ ʤʝʥʰʝ jg, ʪʠʤ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʨʝʛʨʝʩʦʨʘ ʚʠʱʠʡ. ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʡʥʷʪʥʠʤ, ʷʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʫʤʦʚʘ 

                                                            .j sg a<                                                    (11) 

7) ʇʨʠ ʚʠʙʦʨʽ ʨʝʛʨʝʩʦʨʽʚ ʚʘʞʣʠʚʦ ʫʥʠʢʥʫʪʠ ʤʫʣʴʪʠʢʦʣʣʽʥʝʘʨʥʦʩʪʽ, ʪʦʙʪʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʛʨʝʩʦʨʽʚ ʽʟ ʚʝʣʠʢʦʶ ʧʘʨʥʦʶ ʢʦʨʝʣʷʮʽʻʶ:  

                                                         
, , ,

j i mkR j ix x a<  ̧                                     (12) 
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ʜʝ ,j i
Rx x- ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʨʝʛʨʝʩʦʨʽʚ, 

mka - ʧʦʢʘʟʥʠʢ ʨʽʚʥʷ ʢʦʨʝʣʷʮʽʾ 

ʨʝʛʨʝʩʦʨʽʚ.   

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʭʽʜʥʠʭ ʢʣʶʯʦʚʦʶ 

ʻ ʫʤʦʚʘ (6). ɸʣʝ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʤ ʟ ʚʠ-

ʩʦʢʠʤ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ, ʪʦʙʪʦ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʠ (7) ʽ (8) ʧʨʠ ʜʦ-

ʩʪʘʪʥʴʦ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ 
Fa . ʋʤʦʚʘ (9) ʜʦʟʚʦʣʷʻ ʚʽʜʢʠʥʫʪʠ ʥʝ ʟʥʘʯʠʤʽ ʨʝʛʨʝʩʦ-

ʨʠ. ʋʤʦʚʠ (10) ʽ (11), ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ 
sa, ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʠʤʽʩʪʴ ʽ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ. ʋʤʦʚʘ (12) ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʨʝ-

ʛʨʝʩʦʨʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʫʣʴʪʠʢʦʣʣʽʥʝʘʨʥʦʩʪʽ ʤʦʜʝʣʝʡ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʭʽʜʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʟʘʩʪʦ-

ʩʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʠʻʜʥʘʥʥʷ ʨʝʛʨʝʩʦʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʣʠʩʴ ʥʘʡ-

ʙʽʣʴʰ ʟʥʘʯʠʤʽ ʨʝʛʨʝʩʦʨʠ ʤʦʜʝʣʽ, ʪʦʙʪʦ ʨʝʛʨʝʩʦʨʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥ-

ʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʶ ʩʪʘʣʦʶ. ɼʘʣʽ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʠʤʠ ʨʝ-

ʛʨʝʩʦʨʘʤʠ, ʧʨʠʻʜʥʫʻʤʦ ʥʦʚʽ ʨʝʛʨʝʩʦʨʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʚʠʢʦʥʘʥʥʷ ʢʨʠ-

ʪʝʨʽʾʚ 1) - 6). ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (12). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʜʝʢʽʣʴʢʘ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʠʨʘʻʤʦ ʪʽ ʤʦʜʝʣʽ, ʜʣʷ ʷʢʠʭ ʟʥʘʯʝʥʥʷ 
Fa , 

sa  ʽ k ʙʫʜʫʪʴ ʤʽ-

ʥʽʤʘʣʴʥʠʤʠ, ʘ ʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ R ʤʘʢʩʠʤʘʣʴʥʠʤ.  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʤʘʪʝ-

ʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ [6], ʚʠʷʚʠʪʠ ʾʭ ʥʝʜʦʣʽʢʠ ʽ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʨʝʣʷʮʽʾ [1,2]. ʎʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʙʫ-

ʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽʥʰʠʭ ʥʝʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʩʫʜʥʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦ-

ʛʦ ʢʦʤʧʣʝʢʩʫ. 
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 ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʘʛʘʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ  ʩʫʜʦʚʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʉʦʙʨʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʩʫʜʦʚʦʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʝʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʦʰʠʙʦʢ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʜʘʥʥʳʝ, ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 
MATHEMATICAL MODEL OF THE TEMPERATURE MODE OF MARINE DIESEL 

GENERATOR PLANTS BASED ON RADIAL -BASIC NEURAL NETWORK  
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Abstract: An approach to the construction of a mathematical model of the temperature mode of ma-

rine diesel generator sets is proposed and substantiated. Statistical data characterizing the technical condi-

tion of ship diesel generator sets in real operating conditions were collected and systematized. A regression 

model of the temperature mode of a marine diesel generator set has been developed and its computer imple-

mentation has been carried out. The obtained results make it possible to reduce the level of residual errors 

and, thereby, to increase the reliability of the diagnostic conclusions of automated monitoring and diagnos-

tic systems. 

Key words: diagnostic parameter, diesel generator set, statistical data, regression model 
 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʉʕʋ) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɼɻʋ). ʉʪʨʘʪʝʛʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠ  ʁʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ɼɻʋ ʠ ʧʨʦʜʣʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʠʭ ʩʦʩʪʘʚ. ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʩʪʨʘ-

ʪʝʛʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ (ɸʉʂɼ) ɼɻʋ. 

ʇʨʦʙʣʝʤʥʳʤ ʚʦʧʨʦʩʦʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ɸʉʂɼ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ɸʉʂɼ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʫʜʦʚʳʭ ɼɻʋ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʜʦ-

ʚʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʜʠʩʢʨʝʪʥʳʭ ʠʟʤʝ-
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ʨʝʥʠʡ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝ-

ʥʠʡ, ʦʙʦʨʦʪʦʚ ʪʫʨʙʠʥ, ʚʠʙʨʦʧʘʨʘʤʝʪʨʦʚ, ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʠ ʪ.ʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ɸʉʂɼ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ɼɻʋ, ʫʯʠʪʳʚʘʶʱʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʷ ʠʭ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ. 

ʈʘʙʦʪʳ [1ï4] ʧʦʩʚʷʱʝʥʳ ʧʨʦʙʣʝʤʘʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʫʜʦ-

ʚʳʭ ɼɻʋ. ʇʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [5,6]. ɺ 

[1,7,8] ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʠ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ɸʉʂɼ ʥʘ ʦʩʥʦʚʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɺ [7] ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʫʜʦʚʳʭ ɸʉʂɼ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦ-

ʜʠʪʩʷ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɻʋ. 

ɺ [1, 9] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ɸʉʂɼ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʩʫʜʘʭ, ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʘʣʛʦʨʠʪʤʳ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

[10ï13] ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʠʥʮʠʧʳ 

ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɸʉʂɼ ʘʣʛʦʨʠʪʤʦʚ ʥʝʯʝʪʢʦʡ ʣʦ-

ʛʠʢʠ ʨʘʩʢʨʳʪʳ ʚ ʨʘʙʦʪʘʭ [3, 10]. ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ 

[8] ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʫʶʱʝʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʤʝʞʜʫ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ɸʉʂɼ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʬʘʢʪʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʢ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʠʜʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠ-

ʤʦʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɼɻʋ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʉʕʋ  ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ɼɻʋ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʦʜʝʣʠ 6EY18L ʧʨʦʠʟʚʦʜʠʪʝʣʷ YANMAR ʠ ʛʝʥʝʨʘʪʦʨʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ HYUNDAI [14]. ʇʘʨʘʤʝʪʨʳ ɼɻʋ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʜʚʫʤʷ ʩʠ-

ʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ: EPM (Enamor Power Monitor) ʠ Kongsberg K-Chief 600 

ʉʠʩʪʝʤʘ EPM ʢʦʥʪʨʦʣʠʨʫʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʩʠʥʭʨʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ (ʥʘʧʨʷʞʝʥʠʝ, ʩʠʣʫ ʪʦʢʘ, ʯʘʩʪʦʪʫ, 

ʤʦʱʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʠ ʪ.ʜ.). ʇʝʨʝʜʘʯʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʫ RS 485 ʚ ʬʦʨʤʘʪʝ NMEA (çNational Marine 

Electronics Associationè) ʜʨʫʛʠʤ ʩʫʜʦʚʳʤ ʩʠʩʪʝʤʘʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ Kongsberg K-Chief 600. ʕʪʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʠ-

ʨʫʝʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʩʫʜʦʚʳʭ ɼɻʋ. ʂ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʦʜʷʱʠʭ ʛʘ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʟʦʚ ʮʠʣʠʥʜʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʴ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠ ʜʨʫʛʠʝ. 

ɼʣʷ ʬʠʢʩʘʮʠʠ ʟʥʘʯʝʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʦʚʳʭ ɼɻʋ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʫʶ ʢʘʞʜʳʝ 24 ʯʘʩʘ ʟʘ-

ʥʦʩʠʣʠʩʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʄ.ɸ. ʗʢʠʤʝʥʢʦ [14].  ʉʠ-

ʩʪʝʤʘʪʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʠʡ ʤʘʩʩʠʚ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ 30 ʚʝʢʪʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʞʜʳʡ ʜʣʠʥʦʡ ʧʦ 162 ʟʥʘʯʝʥʠʷ. ʅʘ ʦʩʥʦ-

ʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʘʷ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʜʦʚʳʭ ɼɻʋ. ʂ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʟʝʣʝʡ ʠ ʪʦʢ ʥʘʛʨʫʟʢʠ 

(ʤʦʱʥʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ). 

ʅʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [14] ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɼɻʋ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʚʳʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʮʠʣʠʥʜʨʦʚ ʜʠʟʝʣʴ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 1). 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʝr ʨʷʜʳ ʪʝʤʧʝʨʘʪʫʨ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ  

ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ɼɻʋ ˉ1, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʮʠʣʠʥʜʨʘʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʮʠʣʠʥʜʨʘʤ ɼɻʋ ˉ 1 ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʚ 

ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʨʠʩ. 2). 

 

  
ʈʠʩʫʥʦʢ 1 ï ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʪʝʤʧʝʨʘʪʫʨ 

ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ ɼɻʋ 
ʈʠʩʫʥʦʢ 2 ï ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

ɼɻʋ 

ʈʠʩʫʥʦʢ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʮʠ-

ʣʠʥʜʨʦʚ ɼɻʋ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʠ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʪʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ. 

ʂʘʯʝʩʪʚʦ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʛʦ ʨʝʞʠʤʘ ɼɻʋ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ 

ʦʩʪʘʪʦʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 



                                                                                                                                                  ISSN 2706-7874 (print)     
                                                  è  

                                                                                                                   DOI:10.31653/2706-7874.SEEEA-2020.11.1-245 

                                                                                                                                                  

www.femire.onma.edu.ua   127 

 

  
ʈʠʩʫʥʦʢ 3 ï  ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦ-

ʜʷʱʠʭ ʛʘʟʦʚ ʮʠʣʠʥʜʨʦʚ ɼɻʋ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠ-

ʯʝʩʢʦʡ ʦʰʠʙʢʠ ʦʩʪʘʪʦʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʦ 

ʮʠʣʠʥʜʨʘʤ ɼɻʋ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɼɻʋ, ʘ ʠʤʝʥ-

ʥʦ: ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʭʦʜʷʱʠʭ ʛʘʟʦʚ ʠ ʪʦʢʘ ʥʘʛʨʫʟʢʠ, ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, 

ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʥʠʞʝʥʠʝ ʉʂʆ ʦʩʪʘʪʦʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨʦʙʘʩʪʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʀʟʚʝʩʪʥʳʤ 

ʬʘʢʪʦʤ ʩʚʦʡʩʪʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦ-

ʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʚʳʙʨʦʩʘʤè - ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʢʣʦʥʝ-

ʥʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʦʰʠʙʢʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ. ɼʝʬʦʨʤʘʮʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʡ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ʅʘʧʨʦʪʠʚ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʣʠʰʝʥʘ 

ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʵʢʟʝʤʧʣʷʨʫ ɼɻʋ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʝʜʝʥʠʝ ʠʩʪʦʨʠʠ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ  ʩʫʜʦʚʳʭ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʉʦʙʨʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʝ-

ʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʩʫʜʦʚʦʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʝʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʦʰʠʙʦʢ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ 

ʠ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʪ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɼɻʋ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʮʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʥʘʧʨʫʟʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: MATLAB Simulink SimPowerSystems, ʩʠʤʫʣʷʮʽʷ ʘʚʘʨʽʾ, ʚʠʩʦʢʦʚʦʣʴʪʥʠʡ ʧʝʨʝ-

ʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ, ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

 

OPTIMIZATION OF SPACE -VECTOR MODULATION METHOD AND 

COMPENSATION OF ACCIDENT IN A HIGH VOLTAGE CASCADE FREQUENCY 

CONVERTERS 
 

A. Karpelenia, Master Student 

V. Busher, Dr. of Science, Professor 

V. Zakharchenko, Dr. of Science, Professor 
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 Abstract. The use of high-voltage frequency converters is one of the most promising areas in modern 

high-power electric drives. Among such converters due to the increased reliability, preservation of working 

capacity at damage of one or several power modules, a possibility of fast repair thanks to a modular design 

the multilevel cascade inverters with H-bridges become the most widespread. The paper analyzes the method 

of balancing linear voltages and finds the conditions for the most efficient use of spatial-vector modulation, 

which provides an increase in the voltage of the first harmonic at a limited voltage of the power supply. 

 Key-words: MATLAB Simulink SimPowerSystems, accident simulation, high voltage frequency con-

verter, third harmonic, optimal coefficient. 

 

ɺʠʩʦʢʦʚʦʣʴʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʽʢʠ, ʜʝ ʥʝʦʙʭʽʜʥʽ ʧʦʪʫʞʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ. ʇʦʨʷʜ ʟ ʟʘʛʘʣʴ-

ʥʠʤʠ ʧʦʟʠʪʠʚʥʠʤʠ ʷʢʦʩʪʷʤʠ ï ʧʣʘʚʥʝ ʽ ʝʢʦʥʦʤʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ï ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʙʘʛʘʪʦʨʘʟʦ-

ʚʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʝʨʰ ʟʘ ʚʩʝ ʤʜ̔ʽ, ʟʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʢʘʙʝʣʽʚ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʟʘʧʝʨʝʯʥʽ ʧʝʨʝʚʘ-

ʛʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʦʾʟʜʘ ʪʘ ʩʫʜʥʘ. ʉʘʤʝ ʪʦʤʫ 

ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʦʛʦ ʩʫʜʥʘ ʻ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʙʦʨʪʫ. ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʦʜʘʯʽ ʥʘ ʝʣʝʢʪ-

ʨʦʧʨʠʚʦʜ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦʾ ʜʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʢʦʨʝʢʮʽʾ ʣʽʥʽʡʥʠʭ 

ʥʘʧʨʫʛ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʩʝʢʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʢʘʩʢʘʜʥʦʾ ʩʠʩʪʝ-

ʤʠ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʯʘʩʪʦʪʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʧʝ-

ʨʝʭʦʜʫ ʚʽʜ ʰʪʘʪʥʦʛʦ ʜʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪ-

ʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʩʫʜʥʦʚʦʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʤʝʨʝʞʽ ʟ ʧʦʪʫʞʥʠʤ ʘʩʠʥʭʨʦʥ-

ʥʠʤ ʜʚʠʛʫʥʦʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ, 

ʷʢʠʡ ʟʘʩʥʦʚʘʥʦ ʥʘ ʟʤʽʱʝʥʥʽ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʪʘ ʧʦʚʦʨʦʪʫ ʬʘʟʥʠʭ ʥʘʧʨʫʛ ʧʝʨʝ-

ʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʤʝʪʨʽʶ ʘʤʧʣʽʪʫʜ ʪʘ ʟʙʝʨʝʛʪʠ ʧʨʦʩ-

ʪʦʨʦʚʝ ʧʦʣʦʞʝʥʥʷ ʣʽʥʽʡʥʠʭ ʥʘʧʨʫʛ ʧʨʠ ʧʦʰʢʦʜʞʝʥʽ ʩʝʢʮʽʾ ʚ ʬʘʟʽ. ʅʘ ʮʽʡ ʧʽʜʩʪʘ-

ʚʽ ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʇʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ï ʘʩʠʥʭʨʦʥ-

ʥʠʡ ʜʚʠʛʫʥ ʟ ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤè ʚ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ MATLAB 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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Simulink SimPowerSystems (ʨʠʩ. 1), ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʐɯʄ ʥʘ ʚʠʭʦʜʽ ʢʘʩʢʘʜʥʦʛʦ ɸɯʅ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʚʠ-

ʢʦʥʘʥʘ ʤʦʜʝʣʴ ʧôʷʪʠ ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ɸɼ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ 

ʚʽʜʤʦʚʽ ʬʘʟʥʠʭ ʩʝʢʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

 

ʈʠʩʫʥʦʢ 1ï ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʩʠʩʪʝʤʦʶ ʢʦʨʝʢʮʽʾ ʪʘ ʽʤʽʪʘʮʽʻʶ ʘʚʘʨʽʾ 

 

ɺ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʨʦʩʪʦʨʦʚʦ-ʚʝʢʪʦʨʥʦʾ ʤʦʜʫʣʷʮʽʾ ʰʣʷʭʦʤ ʜʦ-

ʜʘʚʘʥʥʷ ʢ ʬʘʟʥʠʤ ʥʘʧʨʫʛʘʤ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ ʟ ʘʤʧʣʽʪʫʜʦʶ , ʜʝ L ï ʚʝʣʠ-

ʯʠʥʘ ʣʽʥʽʡʥʦʾ ʥʘʧʨʫʛʠ. ɺ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ï ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʘʤʧʣʽʪʫʜʽ ʩʠʛʥʘʣʫ 1 

ʘʤʧʣʽʪʫʜʘ 1-ʾ ʛʘʨʤʦʥʽʢʠ ʥʘ 16% ʙʽʣʴʰʝ ʟ ʜʽʶʯʠʤ ʟʥʘʯʝʥʥʷʤ 0.866 ʟʘʤʽʩʪʴ 0.707 

ʙʝʟ 3-ʾ ʛʘʨʤʦʥʽʢʠ. ɺʭʽʜ çC_A_0è ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʩʫʚ ʬʘʟʠ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽ-

ʢʠ. ʇʽʜ ʯʘʩ ʘʚʘʨʽʾ ʚʥʘʩʣʽʜʦʢ ʧʦʚʦʨʦʪʫ ʚʝʢʪʦʨʽʚ ʬʘʟʥʦʾ ʥʘʧʨʫʛʠ 1-ʾ ʛʘʨʤʦʥʽʢʠ ʟ 

ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ (ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʽ ʩʠʤʝʪʨʽʶ 

ʪʨʠʢʫʪʥʠʢʘ ʣʽʥʽʡʥʠʭ ʥʘʧʨʫʛ) 3-ʷ ʛʘʨʤʦʥʽʢʘ ʟʤʽʱʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʝʨʰʠʭ ʚ ʢʦʞ-

ʥʽʡ ʬʘʟʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʥʘʧʨʫʛʠ ʽ ʧʦʷʚʽ ʤʘʢʩʠʤʫʤʽʚ, ʷʢʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʥʦʤʽʥʘʣʴʥʫ ʥʘʧʨʫʛʫ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ɼʣʷ ʦʪʨʠ-

ʤʘʥʥʷ ʥʘʡʤʝʥʰʦʛʦ ʩʪʨʠʙʢʫ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʛʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦ-

ʚʝʜʝʥʦ ʧʽʜʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʪʘ ʟʩʫʚʫ, ʜʘʥʽ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.  

ɺ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ʧʦʰʫʢ ʢʫʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʰʝʥʥʷʤ ʩʠʩʪʝʤʠ ʨʽʚ-

ʥʷʥʴ: 

                                                            (1) 

           

ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʢʫʪʠ ʟʩʫʚʫ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ ʜʣʷ ʢʦʞ-

ʥʦʾ ʬʘʟʠ ʪʘ ʚʝʣʠʯʠʥʫ L ʧʽʩʣʷ ʘʚʘʨʽʾ, ʘ ʧʦʪʽʤ, ʟ ʰʘʛʦʤ 0.2, ʚʠʢʦʥʘʥʦ ʧʝʨʝʙʽʨ ʤʦ-
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ʞʣʠʚʠʭ ʟʥʘʯʝʥʴ C_A_0. ɺ ʪʘʙʣ. 1 ʥʘʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʧʦʰʢʦ-

ʜʞʝʥʥʽ ʦʜʥʦʾ ʩʝʢʮʽʾ ʚ ʬʘʟʽ ɺ ʪʘ ʜʚʦʭ ʩʝʢʮʽʡ ʚ ʬʘʟʽ ʉ ʜʣʷ 5-ʨʽʚʥʝʚʦʛʦ ʽʥʚʝʨʪʦʨʘ. 

 
ʊʘʙʣʠʮʷ 1ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ ʘʚʘʨʽʾ. 

ɿʥʘʯʝʥʥʷ  

ʉ_ɸ_0 

ɻʨʘʬʽʢʠ ʥʘʧʨʫʛʠ ʚ ʬʘʟʘʭ 

ʜʦ ʽ ʧʽʩʣʷ ʘʚʘʨʽʾ 

ɿʥʘʯʝʥʥʷ  

ʉ_ɸ_0 
ɻʨʘʬʽʢʠ ʥʘʧʨʫʛʠ ʚ ʬʘʟʘʭ 

ʜʦ ʽ ʧʽʩʣʷ ʘʚʘʨʽʾ 

 

 

1.0943951024 

 

1.6943951024 

 

1.2943951024 

 

1.8943951024 

 

1.4943951024 

 

2.0943951024 

 

2.2943951024 

 

2.8943951024 

 

2.4943951024 

 

3.0943951024 

 

2.6943951024 
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ɼʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʻ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʚʝʣʠʯʠʥʘ 2.0943951024 

ʨʘʜʽʘʥ, ʱʦ ʚ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʢʫʪʫ ʟʩʫʚʫ ʥʝʧʦʰʢʦʜʞʝʥʦʾ ʬʘʟʠ ɸ. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʘʙʦ ʟʥʠʞʝʥʥʷ ʮʴʦʛʦ ʢʫʪʫ ʟʙʽʣʴʰʫ ̒ʘʤʧʣʽʪʫʜʫ 

ʥʘʧʨʫʛʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʤʝʥʰʝʥʥʷ L ʪʘʢ, ʱʦʙ ʩʫʤʘ 1-ʾ ʪʘ 3-ʾ ʛʘʨʤʦʥʽʢ ʥʝ ʧʝʨʝʚʠ-

ʱʫʚʘʣʘ 1 (ʧʦʨʫʰʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʢʦʣʠʚʘʥʴ ʤʦʤʝʥʪʫ ʟ ʧʦʪ-

ʨʽʡʥʦʶ ʯʘʩʪʦʪʦʶ). ɺʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʪʘ 

ʞʦʨʩʪʢʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ., ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ 

ʜʚʠʛʫʥʘ ʪʘ ʤʦʤʝʥʪ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʊʦʙʪʦ, ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʪʫ ʟʩʫʚʫ 3-ʾ 

ʛʘʨʤʦʥʽʢʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʜʚʠʛʫʥʘ. ʊʦʙʪʦ, ʧʨʦʩʪʦʨʦʚʦ-ʚʝʢʪʦʨʥʘ ʤʦʜʫʣʷʮʽʷ ʫ ʰʪʘʪ-

ʥʦʤʫ ʨʝʞʠʤʽ ʧʽʜʚʠʱʫʻ ʥʘʧʨʫʛʫ ʥʘ 15%, ʘʣʝ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ-ʟʘ ʚʠ-

ʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʥʘʧʨʫʛʠ. ʉʘʤʝ ʪʨʝʪʷ ʛʘʨʤʦʥʽʢʘ ʧʦʨʫʰʫʻ ʩʠʤʝʪʨʽʶ ʚʝʨʭʽʚʦʢ ʚ 

ʫʩʽʭ ʬʘʟʘʭ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʥʘʡʜʝʥʦʾ ʫʤʦʚʠ ʚhʠʜʢʽʩʪʴ 

ʜʚʠʛʫʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʥʘʡʤʝʥʰʫ ʟ ʤʦʞʣʠʚʠʭ ʚʝʣʠʯʠʥʫ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʘʚʘʨʽʾ 

 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 

ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʧʨʠ ʧʦʰʢʦʜʞʝʥʽ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʩʝʢʮʽʡ 

ʚ ʨʽʟʥʠʭ ʬʘʟʘʭ. ʇʽʜʽʙʨʘʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʟʩʫʚʫ ʥʘʧʨʫʛʠ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ʧʨʦʩʪʦʨʦʚʦ-ʚʝʢʪʦʨʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʤʽʥʫ ʬʦʨʤʠ ʬʘʟʥʦʾ ʥʘ-

ʧʨʫʛʠ. ɺ ʨʦʙʦʪʽ ʥʘʜʘʥʦ ʪʘʙʣʠʮʽ, ʛʨʘʬʽʢʠ ʪʘ ʤʦʜʝʣʽ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʠʥʮʠʧʠ ʨʝ-

ʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

 
ʃɯʊɽʈɸʊʋʈɸ 

 

1. ɺʳʩʦʢʦʚʦʣʴʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-
ʥʠʷ ɺ.ʀ. ʂʦʩʪʝʥʢʦ, ɸ.ɸ. ʐʘʚʸʣʢʠʥ, ɼ.ʅ. ʄʠʨʦʰʥʠʢ ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2003, - 

5 ʩ. 
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3. Optimal control method of high-voltage frequency converters with damaged cells V.V. Busher, O.V. 

Glazeva, A.P. Cherny, 2020, ï 3 c. 

4. Glazeva O V 2018 The use of high-voltage frequency converters as a method of increasing the energy 

efficiency index at the marine industry Materials of the scientific-methodical conference ñShip engineering, electronics 

and automationò pʨ 70ï78. 
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ʋɼʂ 629.534.1  

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʂʆʅʊɸʂʊʅʆɰ ɺɿɸɭʄʆɼɯɰ ʇʈʀ 

ʂʈʋʊʀʃʔʅʀʍ ʂʆʃʀɺɸʅʅʗʍ 

 
ɺ.ɻ. ʇʦʧʦʚ, ʜ.ʬ.-ʤ.ʥ, ʧʨʦʬʝʩʦʨ  

ʆ. ɯ. ʂʠʨʠʣʦʚʘ, ʢ.ʬ.-ʤ.ʥ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 
ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʢʽʥʯʝʥʥʦʛʦ ʧʨʫʞʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʟʯʝʧʣʝ-

ʥʦʛʦ ʟ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ. ɺ ʮʠʣʽʥʜʨʽ ʽ ʧʽʚʧʨʦʩʪʦʨʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʜʽʾ ʥʘ ʮʠʣʽʥʜʨ ʢʨʫʪʠʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʟʯʝʧʣʝʥʫ ʟ ʥʠʤ ʞʦʨʩʪʢʫ ʥʘʢʣʘʜʢʫ. ʈʦʟʚôʷʟʘʥʥʷ ʚʠʭʽ-

ʜʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʥʘʧʨʫʞʝʥʥʷ-

ʤʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. ɼʣʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʩʪʚʦʨʝʥʦ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʫ ʦʩʦʙʣʠʚʽʩʪʴ 

ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣʘʭ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʫʞʥʠʡ ʮʠʣʽʥʜʨ, ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʥʝʨʫʭʦʤʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝ-

ʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 
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ɼʝʪʘʣʽ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʦ-

ʩʠʪʴ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ 

ʤʽʮʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ 

ʩʘʤʝ ʫ ʤʽʩʮʽ ʟôʻʜʥʘʥʥʷ ʽ ʢʦʥʪʘʢʪʫ. ɺʝʣʠʯʠʥʠ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʙʽ-

ʣʴʰʫʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʚʽʙʨʘʮʽʾ. ʄʘʪʝʤʘʪʠʯ-

ʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʤʘʛʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʤʽ-

ʰʘʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ.  

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʻ 

ʟʚʝʜʝʥʥʷ ʾʭ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʩʠʥʛʫʣʷʨ-

ʥʠʭ. ʆʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʮʠʭ ʨʽʚʥʷʥʴ ʚʜʘʻʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ. ʊʦʤʫ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʢʽʚ. 

  ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʠʡ ʽʟʦʪʨʦʧʥʠʡ ʧʽʚʧʨʦʩʪʽʨ 0 , 0, 0 2r z j p¢ <+¤ -¤< ¢ ¢ <, ʚ 

ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʯʝʧʣʝʥʠʡ ʟ ʥʠʤ ʧʨʫʞʥʽʡ ʮʠʣʽʥʜʨ 
0

0 , 0 , 0 2r r z a j p¢ < ¢ < ¢ <. ɿ 

ʚʝʨʭʥʴʦʶ ʦʩʥʦʚʦʶ ʮʠʣʽʥʜʨʘ ʟʯʝʧʣʝʥʘ ʞʦʨʩʪʢʘ ʥʘʢʣʘʜʢʘ ʪʦʚʱʠʥʠ d  ʽ ʪʦʛʦ ʞ 

ʨʘʜʽʫʩʘ, ʱʦ ʽ ʮʠʣʽʥʜʨ (ʨʠʩ.1). ʅʘ ʥʘʢʣʘʜʢʫ ʜʽʻ ʛʘʨʤʦʥʽʯʥʠʡ ʟʘʣʝʞʥʠʡ ʚʽʜ ʯʘʩʫ 

ʢʨʫʪʠʣʴʥʠʡ ʤʦʤʝʥʪ i tMe w-  ( ʥʘʜʘʣʽ ʤʥʦʞʥʠʢ i te w-  ʦʧʫʱʝʥʦ). ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚ ʧʽʚ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ʧʨʦʩʪʦʨʽ ʪʘ ʮʠʣʽʥʜʨʽ ʨʝʘʣʽʟʦʚʘʥʘ ʚʽʩʝʩʠʤʝʪʨʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʢʨʫʯʝʥʥʷ, ʟʘ ʷʢʦʾ 

ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ ʙʫʜʫʪʴ ʣʠʰʝ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ( ), , 1,2
j

w r z j= , ʱʦ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 
2 2 2 2 2

2
22 2 2 2

1
0, , 1,2

j j j j j

j

j

w w w w
j

r rr r z G

µ µ µ r w
+ - + = k = =
µµ µ

                       (7) 

ʜʝ ( ) ( )
1 2

, , ,w r z w r z -ʧʝʨʝʤʽɦ ʝʥʥ ̫ʚ̔ ʜʧʦʚʽʜʥʦ ʚ ʮʠʣʽʥʜʨʽ ʪʘ ʚ ʧʽʚʧʨʦʩʪʦʨʽ, ,
j j

Gr -ʛʫ-

ʩʪʠʥʘ ʪʘ ʤʦʜʫʣʴ ʟʩʫʚʫ ʮʠʣʽʥʜʨʘ ( )1j =  ʪʘ ʧʽʚʧʨʦʩʪʦʨʫ ( )2j= .  

ʈʠʩʫʥʦʢ 1 ï ʎʠʣʽʥʜʨ ʟ ʞʦʨʩʪʢʦʶ ʥʘʢʣʘʜʢʦʶ, ʟʯʝʧʣʝʥʠʡ ʩ ʧʽʚʧʨʦʩʪʦʨʦʤ 

 

ɺ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʮʠʣʽʥʜʨʘ ʪʘ ʧʽʚʧʨʦʩʪʦʨʘ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ: 

 

( ) ( ) ()

( ) ( ) ()

1 1
1 0

2 2
2

, 0 , 0 , 0

, 0 , 0

z

z

w
r G r q r r r

z

w
r G r q r

z

j

j

µ
t + = + = ¢ <

µ

µ
t - = - =

µ

                              (8) 

ɺ (8) ()q r -ʥʝʚʽʜʦʤʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ʊʘʢʦʞ  

( ) ( )1 2 0, 0 , 0 , 0w r w r r r+ = - ¢ <.    (9) 

 

ɿ ʫʤʦʚ ʟʯʝʧʣʝʥʥʷ ʟ ʥʘʢʣʘʜʢʦʶ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʨʽʚʥʽʩʪʴ 

 

( )1 0 0, , 0w r a r r r=q ¢ ¢      (10) 

 

ɺ (10) 0q -ʥʝʚʽʜʦʤʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʘʢʣʘʜʢʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʾʾ ʢʦʣʠ-

ʚʘʥʴ: 
2

0 0 Rj M M-w q = -       (11) 

( )
0

4 2 1
0 0 0

0

, 2 ,
2

r

R zj r d M r r a drj

p
= r = p tñ , 

0
j -ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʥʘʢʣʘʜʢʠ ʚʽʜʥʦʩʥʦ Oz, 

R
M -ʤʦʤʝʥʪ ʨʝʘʢʮʽʾ ʩʠʣ, ʜʽʶʯʠʭ ʥʘ 

ʥʘʢʣʘʜʢʫ, 
0
r-ʛʫʩʪʠʥʘ ʥʘʢʣʘʜʢʠ,.( )1 ,z r ajt -ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʥʘʢʣʘʜʢʦʶ. 

ɹʽʯʥʘ ʧʦʚʝʨʭʥʷ ʮʠʣʽʥʜʨʘ ʪʘ ʧʦʚʝʨʭʥʷ ʧʽʚʧʨʦʩʪʦʨʫ ʧʦʟʘ ʟʦʥʦʶ ʢʦʥʪʘʢʪʫ ʚʚʘʞʘ-

ʶʪʴʩʷ ʥʝʥʘʚʘʥʪʘʞʝʥʠʤʠ: 
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( )
0

1 1
0 1, 0, 0r

r r

w
r z G r z a

r r
j

=

µå õ
t = = < <æ ö

µç ÷
     (12) 

( )2
0, 0 0, .z r r rjt - = >       (13) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (7),(8), (10),(12), ʷʢ ʽ ʚ [1], [2], ʟʘʩʪʦʩʦʚʘʥʦ ʤʝ-

ʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ ʽʥʪʝʛʨʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʥʝʚʽ-

ʜʦʤʽ ʥʘʧʨʫʞʝʥʥʷ ()q r  ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʧʦʜʘʶʪʴʩʷ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ 

( ), , 1,2
j

w r z j=  [2]. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʟ (9) ʦʪʨʠʤʘʥʦ ʽʥʪʝʛʨʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ 

 

()
( ) ( )

0

0
1 2

210

, ,
cos

r
q r

D r D r d
G a

h q
h è h + h ø h=ê ú kñ       (14) 

ɺʠʛʣʷʜ ʷʜʝʨ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ [2]. 

ɼʘʣʽ (14) ʧʝʨʝʪʚʦʨʝʥʦ ʥʘ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʨʦʜʫ ʚʽʜʥʦʩʥʦ ʥʦʚʦʾ ʥʝ-

ʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ [2]: 

()
()

()
()0 0

2 2 2 2

2
,

r r

x

q x dx
x d q

x xh

h jµ
j = h h h =-

pµhh - -h
ñ ñ  

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ [2] ʪʘ ʚʠʜʽʣʝʥʥʷ ʩʠʥʛʫʣʷʨʥʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʚʠ-

ʛʣʷʜʫ  

( )() () ( ) ( ) ( )
( )

( ) ( ) ( ) ( )

1
0

1 0

1 2 3

21 1 1 15
1 ln 2 ln 2 , ,

2 2 4 4 cos

, ,  1 1.

c g g R d

R Q cQ Q

q zp
z t t z t z t z t

p t z t z gk

t z t z t z t z z

-

è ø
+ + + - + + - + + + =é ù- - + + úê

, = - + - + - < <

ñ
  (15) 

 

ɺ (15) ʩʠʥʛʫʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ʤʘʻ ʥʝʨʫʭʦʤʫ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ 1t z= =°. ʆʪʞʝ, 

ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʽʩʪʴ ()g t  ʧʨʠ 1t­°. ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʩʪʝʧʝʥʝʚʘ ʦʩʦʙʣʠ-

ʚʽʩʪʴ, ʷʢʘ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʊʦʤʫ ʚʠʛʣʷʜ 

ʨʦʟʚôʷʟʢʫ (15) ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ: 

 

()( ) ()21g
s

t t y t= - , 

 

ʜʝ ()y t- ʬʫʥʢʮʽʷ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ɻʴʦʣʴʜʝʨʘ ʥʘ [ ]1,1- . ʇʦʢʘʟʥʠʢ ʦʩʦʙ-

ʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʘʩʠʤʧʪʦʪʠʢ ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥ [2] ʪʘ 

ʜʦʨʽʚʥʶʻ  
1 1

arcsin .
1c

s
p
=

+
 

ɼʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʙʣʠʞʝʥʥʽ 

ʬʫʥʢʮʽʡ ()y t ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʤʥʦʛʦʯʣʝʥʘʤʠ ʟ ʢʦʨʝʥʷʤʠ ʤʥʦʛʦʯʣʝʥʽʚ ʗʢʦʙʽ 

(),

n
Ps st  ʚ ʨʦʣʽ ʪʦʯʦʢ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɺ (15) ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘʣʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ, ʘʥʘʣʦʛʽʯʥʠʭ ʜʦ [3], ʨʝʛʫʣʷʨʥʽïʟʘ 

ʬʦʨʤʫʣʘʤʠ ɻʘʫʩʘ-ʗʢʦʙʽ, ʜʝ ʪʦʯʢʘʤʠ ʢʦʣʦʢʘʮʽʾ ʻ , 1,2,...,k k k nz =t = . ɺ ʨʝʟʫʣʴʪʘʪʽ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʫ 

ʚʫʟʣʘʭ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɼʦ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʜʦʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ (11), ʱʦ ʚʠʟʥʘʯʘʻ 

ʘʤʧʣʽʪʫʜʫ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʘʢʣʘʜʢʠ.  

ʗʢ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʘ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (15), ʨʦʟʛʣʷʥʫʪʦ 

ʘʣʶʤʽʥʽʻʚʠʡ ʮʠʣʽʥʜʨ ( )10 2 3 3
1 12,6 10 , 2,7 10G n m kg mr= Ö = Ö  ʟ ʨʘʜʽʫʩʦʤ 0 0,2r m=  ʟʽ ʩʪʘ-

ʣʝʚʦʶ ʥʘʢʣʘʜʢʦʶ( )3 3
0 7,8 10 kg mr= Ö  ʪʦʚʱʠʥʦʶ 0,02d m= , ʜʦ ʷʢʦʾ ʧʨʠʢʣʘʜʘʚʩʷ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʟ ʘʤʧʣʽʪʫʜʦʶ 1000M n m= Ö. ʄʘʪʝʨʽʘʣ ʧʽʚʧʨʦʩʪʦʨʫ-ʯʘʚʫʥ 

( )10 2 3 3
2 24,4 10 , 7,2 10G n m kg mr= Ö = Ö . ʈʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʙʝʟʨʦʟʤʽʨʥʽ ʥʘʧʨʫʞʝʥʥʷ 

() ( )0 1S q r Gz z=  ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʮʠʣʽʥʜʨʫ ʽ ʧʽʚʧʨʦʩʪʦʨʫ. ʆʙʯʠʩʣʝʥʥ ̫ʟʜʽʡʩʥʶ-

ʚʘʣʠʩʴ ʧʨʠ ʟʥʘʯʝʥʥʽ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 0 2 0 0 1 1 4r r Gk k w r= = =. ɺʦ-

ʥʠ ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʈʠʩ.2, ʜʝ ʢʦʞʥʘ ʢʨʠʚʘ ʚʽʜʧʦʚʽʜʘʻ ʚʢʘʟʘʥʦʤʫ 

ʯʠʩʣʫ ʪʦʯʦʢ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʬʫʥʢʮʽʾ ()y t.  

 

 
ʈʠʩʫʥʦʢ 2 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ ʤʝʥʰʦʶ 

0,1% ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 10-15 ʪʦʯʦʢ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʊʘʢʘ ʧʨʘʢʪʠʯʥʘ 

ʟʙʽʞʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʴʦʛʦ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 00 10k¢ ¢ . 

ɺʠʩʥʦʚʢʠ. ɺʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ 

ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʩʧʝʮʽʘʣʴʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʪʘ ʨʦ-

ʟʨʦʙʠʪʠ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʥʛʫʣʷʨʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ 

ʜʚʦʤʘ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʷʢʠʡ ʤʘʻ ʰʚʠʜʢʫ ʧʨʘʢʪʠʯʥʫ ʟʙʽʞʥʽʩʪʴ. ʎʝʡ 

ʤʝʪʦʜ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʠʭ ʪʽʣ ʚ ʫʤʦʚʘʭ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʊʘʢʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʬʽʟʠʯʥʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʥʪʘʢʪʥʠʭ ʪʽʣ. 
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ʌʋʅɼɸʄɽʅʊɸʃʔʅɯ ʈʆɿɺôʗɿʂʀ ɼʃʗ ʂʋʉʂʆɺʆ-ʆɼʅʆʈɯɼʅʆɻʆ 

ʊʈɸʅʉɺɽʈʉɸʃʔʅʆ-ɯɿʆʊʈʆʇʅʆɻʆ ʇʈʆʉʊʆʈʋ  

 
ʆ. ʌ. ʂʨʠʚʠʡ, ʜʦʢʪʦʨ ʬʟ̔.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ʖ. ʆ. ʄʦʨʦʟʦʚ, ʢʘʥʜʠʜʘʪ ʬ̔ʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

 ɸʥʦʪʘʮʽʷ: ʆʪʨʠʤʘʥʦ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʽ ʧʦʜʘʥʥʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʽ ʽ ʚʝʢʪʦʨʫ ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʣʦ-

ʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʧʽʚʧʨʦʩʪʦʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʦʩʝʨʝʜʞʝʥʠʭ ʥʦ-

ʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʩʠʣ. ɼʦʩʣʽʜʞʝʥʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʧʽʚʧʨʦʩʪʦ-

ʨʽʚ, ʜʣʷ ʜʝʷʢʠʭ ʢʦʤʙʽʥʘʮʽʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʧʣʠʚʫ ʟʦʩʝʨʝʜʞʝʥʠʭ 

ʩʠʣ ʥʘ ʥʘʧʨʫʞʝʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʷʢʠʭ ʫʤʦʚʘʭ, ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʪʨʘʥʩʚʝʨʩʘʣʴ-

ʥʦ-ʽʟʦʪʨʦʧʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʚʽʜʩʫʪʥʽ ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ, ʤʘʪʨʠʯʥʘ ʟʘʜʘʯʘ ʈʽʤʘʥʘ, ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʽʟʦʪʨʦʧʥʠʡ ʥʝʦʜʥʦʨʽʜʥʠʡ ʧʨʦʩʪʽʨ, ʫʟʘʛʘʣʴʥʝʥʽ ʬʫʥʢʮʽʾ. 

 
FUNDAMENTAL  SOLUTIONS FOR A PIECE-HOMOGENEOUS TRANSVERSAL-

ISOTROPIC SPACE  

 
O. Kryvyi, Dr. of Science, Professor 

National University çOdesa Maritime Academyè 

Yu. Morozov, Candidate of Science, Associate professor 

Odesa National Polytechnic University 

 

Abstract: Explicit expressions for the components of the fundamental solution vector are obtained, as 

well as simple representations for the components of the stress tensor and the displacement vector in the 

connection plane of transversely isotropic half-spaces, which are under the action of concentrated normal 

and tangential forces. The fields of stresses and displacements in the plane of the half-spaces compound are 

investigated. In particular, for some combinations of materials, numerical values of the coefficients of the 

influence of concentrated forces on stresses and displacements are given. Also, the conditions are estab-

lished under which there are no normal displacements in the plane of connection of transversely isotropic 

spaces.  

        Key-words:  fundamental solutions, matrix Riemann problem, transversely isotropic inhomogeneous 

space, generalized functions. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʤʽʞʬʘʟʥʠʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʜʝʬʝʢʪʘʭ ʪʠʧʫ ʪʨʽʱʠʥ ʘʙʦ ʚʢʣʶʯʝʥʴ ʚ ʪʝʨʤʦʧʨʫʞʥʠʭ ʧʦʣʷʭ ʜʣʷ ʨʽʟʥʠʭ ʩʝʨʝʜʦ-

ʚʠ ɦ ʤʘʻ ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽ 

ʨʦʟʚôʷʟʘʥʥʽ ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʧʨʦ ʜʝʬʝʢʪʠ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ 

ʩʘʤʦʤʫ ʜʝʬʝʢʪʽ, ʷʢ ʪʦ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʙʝʨʝʛʘʭ ʪʨʽʱʠʥʠ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ 

ʚʢʣʶʯʝʥʥʽ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʬʽʟʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʧʦʣʽʚ ʥʘ-

ʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʚ ʦʢʦʣʽ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʚʽʜʦʤʽ ʥʘʧʨʫʞʝʥʥʷ 

ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ, ʚ ʜʝʷʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ, ʘʙʦ ʥʘ ʥʝʩʢʽʥ-

ʯʝʥʥʦʩʪʽ (ʜʣʷ ʥʝʦʙʤʝʞʝʥʠʭ ʪʽʣ), ʪʦ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʜʝʬʝʢʪʽ ʻ 

ʦʢʨʝʤʦʶ ʧʨʦʙʣʝʤʦʶ. ɺ ʨʘʤʢʘʭ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘ-

ʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʫ ʚʽʜʧʦ-

ʚʽʜʥʠʭ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʪʽʣʘʭ ʙʝʟ ʜʝʬʝʢʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʩʠʣ. ɺ ʜʘ-
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ʥʽʡ ʨʦʙʦʪʽ, ʫʟʘʛʘʣʴʥʝʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [1-9] ʧʽʜʭʽʜ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʚ ʷʚʥʦʤʫ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ 

ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʦʙôʻʤʥʠʭ 

ʥʘ ʥʘʧʨʫʞʝʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʝʭʘʡ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʩʢʣʘʜʝʥʦʤʫ ʽʟ ʜʚʦʭ 

ʨʽʟʥʠʭ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʦʧʥʠʭ ʧʽʚʧʨʦʩʪʦʨʽʚ, ʧʦʚʥʽʩʪʶ ʟʯʝʧʣʝʥʠʭ ʚ ʧʣʦʱʠʥʽ 

0z= , ʜʽʶʪʴ ʦʙôʻʤʥʽ ʩʠʣʠ 1 2 3( , , ) ( , , ),x y z P P P=P  ʇʨʫʞʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʦʩ-

ʪʦʨʫ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ 
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W- ʦʙʣʘʩʪʴ ʟʦʩʝʨʝʜʞʝʥʥʷ ʦʙôʻʤʥʠʭ ʩʠʣ; ( )d W ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʬʫʥʢʮʽʷ ʦʙʣʘʩ-

ʪʽ W ʽʟ 3( )¡À ; kjs°- ʢʦʝʬʽʮʽʻʥʪʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʝʨ-

ʭʥʴʦʛʦ 0z>  ʽ ʥʠʞʥʴʦʛʦ 0z<  ʧʽʚʧʨʦʩʪʦʨʽʚ; 3 3³ -O  ʥʫʣʴʦʚʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʦʩʪʽ 

3 3³ . 

ʇʦʙʫʜʦʚʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ. ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ (1) ʧʦʜʘʤʦ 
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ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʨʦʙʽʪ [1-9], ʦʪʨʠʤʘʻʤʦ ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʷʢʝ ʻ 

ʢʨʘʻʚʦʶ ʫʤʦʚʦʶ ʤʘʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʈʽʤʘʥʘ ʧʦ ʟʤʽʥʥʽʡ 3a . 
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ʇʦʣʷ ʥʘʧʨʫʞʝʥʴ  ̔ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʧʽʚʧʨʦʩʪʦʨʽʚ. ʇʦʢ-

ʣʘʚʰʠ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʘʭ 0z= , ʦʪʨʠʤʘʻʤʦ ʨʦʟʧʦʜʽʣ ʥʦʨʤʘʣʴʥʠʭ ʽ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʣʦʱʠʥʽ ʟ'ʻʜʥʘʥʥʷ ʧʽʚʧʨʦʩʪʦʨʽʚ ʚ ʨʘʟʽ, ʢʦ-

ʣʠ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʜʽʻ ʟʦʩʝʨʝʜʞʝʥʘ ʩʠʣʘ 1 2 3( , , )P P P=P  ʚ ʪʦʯʮʽ 
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ʅʝʭʘʡ ʟʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ 3
°P  ʟʘʭʦʜʷʪʴʩʷ ʚ ʪʦʯʢʘʭ 0z° ʥʘ ʦʩʽ Z  ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ ʧʽʚʧʨʦʩʪʦʨʘʭ, ʪʦʜʽ ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ 0z=  ʧʦ-

ʜʘʤʦ ʪʘʢ 
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ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʩʪʦʤʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʨʦʟʚôʷʟʢʠ ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʦʧʥʦʛʦ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʽ ʜʦ-

ʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʫʤʦʚʠ ʥʘ ʤʽʞʬʘʟʥʠʭ ʜʝʬʝʢʪʘʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʙôʻʤʥʦʛʦ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʦ ʦʙôʻʤʫ ʪʘʢ ʽ ʧʦ ʧʦʚʝʨʭʥʷʤ ʤʽʨʠ ʥʫʣʴ 

ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʦʢʨʝʤʘ, ʦʪʨʠʤʘʥʦ ʧʨʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝ-

ʨʝʤʽʱʝʥʴ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʧʽʚʧʨʦʩʪʦʨʽʚ ʚʽʜ ʟʥʘʯʝʥʴ ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʚ ʜʦʚʽʣʴʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʟʦʪʨʦʧʥʦ-

ʛʦ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ ʚ ʧʣʦʱʠʥʽ ʟôʻʜʥʘʥʥʷ ʧʽʚʧʨʦʩʪʦʨʽʚ ʤʘʻ ʤʽʩʮʝ ʜʝʬʦʨʤʘʮʽʷ. ɺʩʪʘʥʦʚʣʝʥʽ 

ʫʤʦʚʠ (17), ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʷʢʠʭ ʚʢʘʟʘʥʘ ʜʝʬʦʨʤʘʮʽʷ ʚʽʜʩʫʪʥʷ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʷʢ ʩʘʤʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢ ʽ ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯ-

ʥʶʚʘʪʠ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʤʽʞʬʘʟʥʽ ʜʝʬʝʢʪʠ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ɺ ʆʂʆʃɯ ɼɽʌɽʂʊɸ ʋ ɺʀɻʃʗɼɯ 

N-ʃɸʅʂʆɺʆɻʆ ɺʂʃʖʏɽʅʅʗ ʇʈʀ ɼɯɰ ʍɺʀʃɯ ʇʆɿɼʆɺɾʅʔʆɻʆ ɿʉʋɺʋ 

 
ɺ. ɻ. ʇʦʧʦʚ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʦʨ 

ʆ.ɺ. ʃʠʪʚʠʥ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ: ʈʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ ʪʫʥʝʣʴʥʦʛʦ ʞʦʨʩʪʢʦʛʦ 

ʚʢʣʶʯʝʥʥʷ, ʱʦ ʚ ʧʝʨʝʨʽʟʽ ʧʨʝʜʩʪʘʚʣʷʻ ʣʘʤʘʥʫ. ʎʝ ʚʢʣʶʯʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʫʞʥʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʚ ʷʢʦʤʫ ʧʦʰʠʨʶʶʪʴʩʷ ʧʣʦʩʢʽ ʛʘʨʤʦʥʽʯʥʽ ʭʚʠʣʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ. ɿʘʜʘʯʘ ʟʚʝʜʝʥʘ ʜʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ɼʣʷ ʥʘʙʣʠʞʝ-

ʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʧʨʘʚʞʥʶ ʘʩʠʤʧ-

ʪʦʪʠʢʫ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʽ ʢʚʘʜʨʘʪʫʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘ-

ʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʦʨʩʪʢʝ ʚʢʣʶʯʝʥʥʷ, ʛʘʨʤʦʥʽʯʥʽ ʭʚʠʣʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ, ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘ-

ʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʥʝʨʫʭʦʤʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

 
THE STRESS STATE SIMULATION  IN THE VICINITY OF THE  

N SEGMENTS BROKEN LINE AS DEFECT UNDER HARMONIC WAVES OF TH E 

LONGITUDINAL SHIFT  

 
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 plane harmonic waves of the longitudinal shift is prop-

agating in the unlimited medium with this inclusion. 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 waves of the longitudinal shift, 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. ɺ ʪʽʣʽ ʧʦʰʠʨʶʶʪʴʩʷ ʛʘʨʤʦʥʽʯʥʽ ʭʚʠʣʽ ʧʦʟʜʦʚ-

ʞʥʴʦʛʦ ʟʩʫʚʫ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ  ʥʘʩʪʫʧʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ Oz 

( ) ( )2 0 0cos sin0 ;
i x y

k
W x y Ae

k q q+
= , 

2
2

2 G

rw
k = , 1;...;k N= , 

ʜʝ ,G r ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʪʘ ʛʫʩʪʠʥʘ ʩʝʨʝʜʦʚʠʱʘ, w ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ, 0
q ï ʢʫʪ 

ʤʽʞ ʥʘʧʨʷʤʢʦʤ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʪʘ ʚʽʩʩʶ Ox. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʥʦʞʥʠʢʦʤ i te w- , ʷʢʠʡ ʪʫʪ ʽ ʥʘʜʘʣʽ ʚʽʜʢʠʥʫʪʠʡ. ɿʘ ʫʤʦʚ ʘʥʪʠʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʻʜʠʥʘ ʚʽʜʤʽʥʥʘ ʚʽʜ 0 z-ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʨʦʟʩʽʷʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ 

( );W x y  ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oxy ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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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) 

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 
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- =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 
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E  ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ N N³ , U  ï ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ N N³  

ʟ ʝʣʝʤʝʥʪʘʤʠ 1,..., Ng g ʥʘ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ. ʄʘʪʨʠʮʽ ( ),R t z ʪʘ ()D t
 
ʩʢʣʘʜʘ-

ʶʪʴʩʷ ʟ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʛʫʣʷʨʥʽ ʽʥʪʝʛʨʘʣʠ. ʄʘʪʨʠʮʷ ( ),Q t z ʤʘʻ ʚʠ-
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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 ʥʝ-
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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  
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ʊʫʪ ʧʦʢʘʟʥʠʢʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ. 

ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʡ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴ-

ʥʠʭ 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 
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ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʛʣʷʥʫʪʦ 

ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʝ ʚʢʣʶʯʝʥʥʷ ʟ ʪʨʴʦʭ ʣʘʥʦʢ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ d  (ʈʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 

 

ɿôʷʩʦʚʘʥʦ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʂɯʅ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ 

ʬʦʨʤʠ, ʘ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ b ʤʽʞ ʡʦʛʦ ʣʘʥʢʘʤʠ ʧʨʠ 0

0
90=q . ʅʘ ʨʠʩ. 2 ʠ 3 

ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʚʽʜʧʦʚʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ ʂɯʅ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ 

ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʾ ʯʘʩʪʦʪʠ 0k   ʧʨʠ 1 5b- = , 2 45- , 3 90- , 4 135- , .5 175-  

 

  
ʈʠʩʫʥʦʢ 2 ʈʠʩʫʥʦʢ 3 

 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ  ʥʘ ʨʠʩ. 2 ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ ʣʘʥʢʠ ʚʢʣʶʯʝʥʥʷ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ, ʟʥʘʯʝʥʥʷ  ʂɯʅ ʟʨʦʩʪʘʶʪʴ ʤʦʥʦʪʦʥʥʦ. ɿ 

ʨʦʩʪʦʤ ʢʫʪʘ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ ʟʘʣʝʞʥʽʩʪʴ ʂɯʅ ʚʽʜ 0k  ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʧʨʠ 

ʮʴʦʤʫ ʽʩʥʫʶʪʴ ʯʘʩʪʦʪʠ, ʟʘ ʷʢʠʭ ʂɯʅ ʥʘʙʫʚʘʶʪʴ  ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʑʦ ʩʪʦ-

ʩʫʻʪʴʩʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʚʢʣʯʁʝʥʥʷ (ʈʠʩ. 3), ʪʦ ʾʾ ʟʥʘʯʝʥʥʷ ʩʧʘʜʘʶʪʴ ʟ ʨʦʩ-

ʪʦʤ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠ ʚʩʽʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ. ʅʘʡʙʽ-

ʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʘ ʥʘʙʫʚʘʻ, ʢʦʣʠ ʣʘʥʢʠ ʚʢʣʶʯʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʤʘʡʞʝ 

ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ. ɿ ʟʨʦʩʪʘʥʥʷʤ ʢʫʪʘ ʤʽʞ ʣʘʥʢʘʤʠ ʚʢʣʶʯʝʥʥʷ  ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫ-

ʜʠ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʤʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 0k, ʚʽʜʤʽʥʥʫ ʚʽʜ ʤʦʥʦʪʦʥʥʦʾ. 

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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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʅɸʇʈʋɾʅʆɻʆ ʉʊɸʅʋ ɺ ʆʂʆʃɯ 

ɾʆʈʉʊʂʆɻʆ ɺʂʃʖʏɽʅʅʗ ɿ ʊʈɯʑʀʅʆʖ ʅɸ ʇʈʆɼʆɺɾɽʅɯ ʇʈʀ ɿʉʋɺʅʆʄʋ 

ɻɸʈʄʆʅɯʁʅʆʄʋ ʅɸɺɸʅʊɸɾɽʅɯ 
 

ɺ. ɻ. ʇʦʧʦʚ, ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. 

ɸ. ʉ. ʄʽʰʘʨʽʥ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ: ʨʦʟʚ'ʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʂɯʅ ʜʣʷ ʪʨʽʱʠʥʠ ʽ ʚʢʣʶʯʝʥʥʷ, ʷʢʽ ʚʠʭʦ-

ʜʷʪʴ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ. ɺʢʣʶʯʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʥʝʦʙʤʝʞʝʥʦʤʫ ʧʨʫʞʥʦʤʫ ʪʽʣʽ ʚ ʫʤʦʚʘʭ ʜʝʬʦʨʤʘʮʽʾ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ, ʜʝ ʚʠʥʠʢʘʶʪʴ ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣʠ ʟʩʫʚʫ, ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ 

ʚʢʣʶʯʝʥʥʷ. ɺʠʭʽʜʥʘ ʟʘʜʘʯʘ ʧʨʠʚʝʜʝʥʘ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʜʚʦʭ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʠʩʣʦʚʠʡ 

ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʧʨʘʚʞʥʶ ʘʩʠʤʧʪʦʪʠʢʫ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʽ ʢʚʘʜʨʘʪʫ-

ʨʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ , ʩʠʥʛʫʣʷʨʥʽ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽ-

ʚʥʷʥʥʷ, ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʥʝʨʫʭʦʤʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʚʢʣʶʯʝʥʥʷ, ʪʨʽʱʠʥʘ. 

 
MATHEMATICAL MODELING OF THE STRESS STATE IN THE VICINITY OF THE 

RIGID INCLUSION WITH A CRACK ON THE EXTENSION AT A SHEAR 

HARMONIOUS LOAD  
 

V. G. Popov, Dr. Sci. (Phys.-Math.), prof., 

A. S. Misharin 

National University "Odesa Maritime Academy" 

 

Abstract: the problem of determination the dynamic SIF is solved for crack and inclusion, which begin 

of one point. 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 

original problem is reduced to the system of two singular integro-differential equations with the fixed singu-

larity. The numerical method of this system solving which considers real asymptotic unknown function and 

special quadrature formulas for singular integrals is proposed. 

 Key-words: stress intensity factors (SIF), singular integro-differential equations, harmonic oscillation, 

fixed singularity, inclusion, crack. 

 

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 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
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ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʘ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʱʦ ʨʦʟ-

ʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʽʜ ʜʝʷʢʠʤʠ ʢʫʪʘʤʠ, ʱʦʜʦ ʧʣʦʱʠʥʽ ʚʢʣʶʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ) ʜʣʷ ʪʨʽʱʠʥ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ ʚʢʣʶ-

ʯʝʥʥʷ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʣʽʥʽʾ, ʚ ʩʪʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʮʽ, ʚʠʚʯʘʣʠʩʷ ʚ ʨʦʙʦ-

ʪʘʭ [2-4]. ɸʥʘʣʦʛʽʯʥʘ ʟʘʜʘʯʘ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ ʟ ʪʨʽʱʠʥʦʶ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ ʚʢʣʶ-

ʯʝʥʥʷ 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 ʟʽ 

ʪʨʫʜʥʦʱʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʴ ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʋ ʨʦʙʦʪʘʭ [6-8] ʨʦʟʚôʷʟʘʥʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥ-

ʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ V-ʧʦʜʽʙʥʠʭ ʪʨʽʱʠʥ ʽ ʚʢʣʶʯʝʥʴ, ʘ ʪʘ-

ʢʦʞ ʪʨʽʱʠʥ ʫ ʚʠʛʣʷʜʽ ʣʘʤʘʥʠʭ. ʊʘʤ ʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚ'-

ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʥʝʨʫʭʦʤʠʤʠ ʦʩʦʙʣʠ-

ʚʦʩʪʷʤʠ. ʎʝʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʫ ʘʩʠʤʧʪʦʪʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʚ ʦʢʦʣʽ ʦʩʦʙʣʠ-

ʚʠʭ ʪʦʯʦʢ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ ʩʧʝʮʽʘʣʴʥʠʭ 

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 ʥʘʩʢʨʽʟʥʠʡ ʜʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ ʩʤʫ-

ʛʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚʽʜ ʢʨʘʶ ʷʢʦʛʦ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ ʚʽʜʭʦʜʠʪʴ ʪʨʽʱʠʥʘ. ʋ ʧʣʦ-

ʱʠʥʽ Oxy ʚʢʣʶʯʝʥʥʷ ʽ ʪʨʽʱʠʥʘ ʨʦʟʪʘʰʦʚʘʥʽ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ.1. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʢʣʶʯʝʥʥʷ, ʚʽʜ ʢʨʘʶ ʷʢʦʛʦ ʚʽʜʭʦʜʠʪʴ ʪʨʽʱʠʥʘ. 

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 ʪʽʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʘʥʪʠʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʻʜʠʥʘ ʚʽʜʤʽʥʥʘ ʚʽʜ ʥʫʣʷ z - ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʴ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚ-

ʥʷʥʥʶ ɻʝʣʴʤʛʦʣʴʮʘ: 
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ʜʝ D- ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oxy. ɼʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʨʘʥʠʯ-

ʥʠʭ ʫʤʦʚ ʥʘ ʜʝʬʝʢʪʽ ʟ ʚʢʣʶʯʝʥʥʷʤ ʽ ʪʨʽʱʠʥʦʶ ʧʦʚôʷʟʫʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1). ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʪʨʽʱʠʥʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, 

ʱʦ ʾʾ ʧʦʚʝʨʭʥʷ ʚʚʘʞʘʻʪʴʩʷ ʥʝʟʘʚʘʥʪʘʞʝʥʦʶ, ʘ ʤʽʞ ʚʢʣʶʯʝʥʥʷʤ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝ-

ʨʝʜʦʚʠʱʝʤ ʨʝʘʣʽʟʦʚʘʥʽ ʫʤʦʚʠ ʽʜʝʘʣʴʥʦʛʦ ʟʯʝʧʣʝʥʥʷ. 

  ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʥʦʛʦ ʩʪʘʥʫ ʚ ʦʢʦʣʽ ʧʦʜʽʙʥʦʛʦ ʜʝʬʝʢʪʫ ʧʨʠ ʜʽʾ ʥʘ 

ʥʴʦʛʦ ʭʚʠʣʽ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ ʨʦʟʛʣʷʜʘʣʘʩʴ ʫ [9]. 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʨʦʟʰʫʢʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʨʦʟʨʠʚʥʠʭ 

ʨʦʟʚ`ʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʧʦʙʫʜʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʪʨʽʱʠʥʠ ʽ ʚʢʣʶ-

ʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʞʝʥʴ ʽ 

ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʜʝʬʝʢʪʘʭ:  
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ʜʝ ( )j t1  ʽ ( )j t2  ʬʫʥʢʮʽʾ ʧʦʚôʷʟʘʥʽ ʟ ʩʪʨʠʙʢʘʤʠ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʩʠʥʛʫʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ʩʠʩʪʝʤʠ (2) ʤʽʩʪʠʪ ɹʥʝʨʫʭʦʤʽ ʦʩʦ-

ʙʣʠʚʦʩʪʽ ʧʨʠ ,t=° z=°1 1. ʎʝ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ ʜʣʷ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢ-
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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. ʈʦʟʛʣʷʥʫʪʦ ʜʝʬʝʢʪʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʧʦʯʘʪ-

ʢʫ ʢʦʦʨʜʠʥʘʪ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʩʠʤʝʪʨʠʯʥʦ ʱʦʜʦ ʚʽʩʽ Oy. ʉʠʣʘ ʟʩʫʚʫ ʜʽʻ ʫʟʜʦʚʞ 

ʜʦʜʘʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʚʽʩʽ Oz. ʅʘ ʈʠʩ.2 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʙʝʟʨʦʟʤʽʨʥʠʭ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 
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ʂɯʅ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠ ʜʽʾ ʩʠʣʦʶ ʟʩʫʚʫ. ʂʫʪ ʤʽʞ 

ʜʝʬʝʢʪʘʤʠ ʙʨʘʚʩʷ ʧʦʩʣʽʜʦʚʥʦ 30 60 90 120, , ,b=  ʽ 175, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠ-

ʚʠʤ ʥʘ ʨʠʩʫʥʢʘʭ ʧʽʜ ʥʦʤʝʨʘʤʠ 1, 2, 3, 4, 5. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʦʢʘʟʘʥʦ ʽʩʥʫʚʘʥʥʷ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 
0

(1 2)k< < , ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʂɯʅ ʜʣʷ ʪʨʽ-

ʱʠʥʠ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ. ɼʣʷ ʚʩʽʭ ʢʫʪʽʚ ʢʨʽʤ ʢʫʪʽʚ ʙʣʠʟʴʢʠʭ ʜʦ 180  ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʟʥʘʯʝʥʴ ʂɯʅ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʧʨʠ ʥʝʚʝʣʠʢʠʭ 
0

( 2)k¢  ʟʥʘʯʝʥ-

ʥʷʭ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ. ʇʦʪʽʤ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠʡʤʘʻ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢ-

ʪʝʨ. 

 

  ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʂɯʅ ʜʣʷ ʚʢʣʶʯʝʥʥʷ 
1

k  ʽ ʪʨʽʱʠʥʠ 
2

k  ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ 
0
k   

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʤʽʞ ʜʝʬʝʢʪʘʤʠ. ʂʨʠʚʠʤ ʧʽʜ ʥʦʤʝʨʘʤʠ 1, 2, 3, 4, 5  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʠ 30 60 90 120, , ,b=  ʽ 175 . 
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Abstract: The process of destruction of plant raw materials is considered from the position of fractal 

geometry as the formation of a fractional-dimensional layer. The article proposes formulas for calculating 

the specific energy saturation and specific surface area of a dispersed system using the concepts of fractal 

geometry. 
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dimension. 

 

      ʈʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʚʘʞʢʦ ʧʦʜʨʽʙʥʶʚʘʥʠʭ  ʤʘʪʝ-

ʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, 

ʱʦ ʩʧʨʠʷʶʪʴ ʚʠʨʽʰʝʥʥʶ ʜʝʷʢʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦ-

ʚʠʥʠ, :̒ 

  ╖ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʡʦʛʦ ʦʩʦʙ-

ʣʠʚʦʩʪʽ; 

 ╖ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʠʭ ʤʣʠʥʽʚ, ʦɦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʦʙʨʦʙʢʠ (ʤʘʪʝʨʽʘʣ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʨʦʟʤʽʨ, ʥʘʙʽʨ ʽ ʬʦʨʤʘ ʪʽʣ, ʱʦ ʤʝʣʶʪʴ, 

ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʣʠʥʘ, ʢʽʣʴʢʽʩʪʴ ʤʘ-

ʪʝʨʽʘʣʫ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ). 

ʋʩʽ ʧʣʦʜʠ ʨʦʟʜʽʣʠʤʦ ʫʤʦʚʥʦ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

╖  ʩʫʭʽ ʧʣʦʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ ʤʦʤʝʥʪʫ ʜʦʟʨʽʚʘʥʥʷ 12-18% ʚʦʜʠ; 

╖  ʩʦʢʦʚʠʪʽ ʧʣʦʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ ʤʦʤʝʥʪʫ ʜʦʟʨʽʚʘʥʥʷ 80-90% ʚʦʜʠ . 

         ɼʣʷ ʧʣʦʜʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ ʤʦʤʝʥʪʫ ʦʙʨʦʙʢʠ 80-90% ʚʦʜʠ, ʚʽʙʨʘʮʽʡʥʝ 

ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. 

 ʋ ʩʚʦʶ ʯʝʨʛʫ,ʩʫʭʽ ʧʣʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʩʚʦʾʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʽ ʘʥʘʪʦ-

ʤʽʯʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʙʫʜʦʚʠ [1] (ʟʝʨʥʽʚʢʠ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ: ʞʠʪʦ, ʦʚʝʩ, ʷʯ-

ʤʽʥʴ, ʨʠʩ, ʢʫʢʫʨʫʜʟʘ, ʩʦʨʛʦ ʪʘ ʙʦʙʦʚʽ ʢʫʣʴʪʫʨʠ). ʊʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʟʝʨʥʽ-

ʚʦʢ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʻ ʧʣʽʜ ʧʰʝʥʠʮʽ. ʇʰʝʥʠʯʥʽ ʚʠʩʽʚʢʠ ʤʽʩʪʷʪʴ ʜʦ 24% ʭʘʨʯʦ-

ʚʠʭ ʚʦʣʦʢʦʥ, ʦʙʦʣʦʥʢʠ ʛʨʝʯʢʠ - 75%, ʧʣʽʚʢʠ ʨʠʩʫ - 78%, ʦʙʦʣʦʥʢʠ ʛʦʨʦʭʫ - 

60%, ʦʙʦʣʦʥʢʠ ʚʽʚʩʘ - 65%, ʦʙʦʣʦʥʢʘ ʩʦʾ - 50%, ʢʫʢʫʨʫʜʟʷʥʘ ʤʝʟʛʘ - 28%. ʉʣʽʜ 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʽʟʥʫ ʧʠʪʦʤʫ ʚʘʛʫ ʤʘʶʪʴ ʥʘʚʽʪʴ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴ-

ʪʫʨ. 

       ʇʦʜʨʽʙʥʶʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʠʧʫ ʧʰʝʥʠʮʽ) ʪʽʣʴʢʠ ʫʜʘʨʥʠʤ ʨʝ-

ʞʠʤʦʤ ʥʝʝʬʝʢʪʠʚʥʝ, ʙʦ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚʠʩʽʚʢʠ, ʰʚʠ-

ʜʢʽʩʪʴ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʷʢʠʭ ʽʩʪʦʪʥʦ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʷʜʨʘ. 

  ɯʥʰʦʶ ʩʧʝʮʠʬʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʧʨʠʩʫ-

ʪʥʽʩʪʴ ʦʣʽʾ (ʥʘʷʚʥʽʩʪʴ ʦʣʽʾ 10-15%), ʱʦ ʚʽʜʜʽʣʷʻʪʴʩʷ ʧʽʩʣʷ  ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʤʘʪʝ-

ʨʽʘʣʫ. ʇʨʠ ʦʙʨʦʙʮʽ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ ʟ ʦʣʽʾ, ʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʥʘʣʠʧʘʥʥʷ ʪʦʥʢʠʭ ʯʘʩʪʠʥʦʢ ʧʨʦʜʫʢʪʫ ʥʘ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʽ ʥʘ ʨʦʙʦʯʽ ʯʘʩ-

ʪʠʥʠ ʤʝʭʘʥʽʟʤʫ ʧʦʜʨʽʙʥʶʚʘʥʥʷ. 

 ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ ʯʘʩʪʠʥʦʢ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʭʽʤʽʯʥʠʤʠ ʚʣʘ-

ʩʪʠʚʦʩʪʷʤʠ ʧʦʨʷʜ ʟ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʯʘʩʪʢʠ ʚʽʜʯʫʚʘʶʪʴ ʽ ʧʣʘʩʪʠʯʥʽ ʜʝ-

ʬʦʨʤʘʮʽʾ, ʥʘ ʷʢʽ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʝʣʠʢʘ ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ ʧʦʜʨʽʙʥʶʚʘʥʥʷ. ʊʘʢ, ʟʘ ʜʘ-

ʥʠʤʠ [2], ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʟʝʨʥʘ ʧʦʪʨʽʙʥʦ ʟʫʩʠʣʣʷ 32ʄʇʘ °16ʄʇʘ 

ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʝʨʥʽʚʦʢ. ɿʘʣʠʰʢʦʚʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝʙʘʞʘʥʦ. ʇʦʷʩʥʝʥʥʷ ʟʤʽ-

ʥʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʜʽʙʥʠʭ ʟʤʽʥ, ʘ 

ʪʘʢʦʞ ʩʢʣʘʜʘʥʥʷ ʪʝʦʨʽʾ  ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʜʦʩʣʽ-

ʜʞʝʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʦʾ ʤʝʞʽ ʤʽʮʥʦʩʪʽ, ʘ, 

ʦʪʞʝ, ʡ ʩʪʫʧʝʥʷ ʾʭʥʴʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

 ʋ ʚʽʙʨʘʮʽʡʥʠʭ ʤʣʠʥʘʭ [3,4] ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ  

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ  ʫʜʘʨʥʦʛʦ ʪʘ ʧʝʨʝʪʝʨʪʦʛʦʚʧʣʠʚʫ ʥʘ ʪʽʣʘ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʤʣʠʚʫ. ʈʽʟʥʽ ʪʠʧʠ ʨʫʡʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʛʦ ʨʝʞʠʤʫ, ʢʽʣʴʢʽʩʪʶ ʤʘʪʝʨʽʘʣʫ, ʱʦʟʘʚʘʥʪʘʞʫʶʪ.ɹ ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʠʨʘʥʥʷ  ʪʨʝʙʘ, ʱʦʙ ʥʘ ʧʦʚʝʨʭʥʽ  ʰʘʨʫʯʘʩʪʠʥʦʢ, ʷʢʽʧʦʜʨʽʙʥʶʶʪʴ,  

ʚʠʥʠʢʣʠ ʜʦʪʠʯʥʽ  (t)  ʽ ʥʦʨʤʘʣʴʥʽ (s) ʥʘʧʨʫʛʠ ʚʝʣʠʢʠʭ  ʛʨʘʥʠʯʥʠʭ ʚʠʪʨʠʚʘ-

ʣʠʭ( ptt= ) ʘʙʦ ʤʽʮʥʦʩʪʽ( pss= ). ʗʢ ʩʚʽʜʯʘʪʴ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3],  ʚʠʢʦ-

ʥʘʥʥʷ ʫʤʦʚʠ ʤʦʞʣʠʚʦ ʫ ʨʘʟʽ, ʢʦʣʠptt )4,02,0( -º  . 

 ɺ ʝʥʝʨʛʝʪʠʯʥʽʡ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝ-

ʩʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [5], ʦʮʽʥʶʻʪʴʩʷ ʧʠʪʦʤʦʶ ʝʥʝʨʛʦʥʘʩʠʯʝʥ̔ʩʪʁ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩ-

ʪʝʤʠ, ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʟʘ ʦʙʩʷʛʦʤ  ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ, ʽ ʚʠʨʘʞʝʥʘ ʟʘ-

ʣʝʞʥʽʩʪʶ 
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ʜʝ    hïʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʜʠʩʧʝʨʩʥʦʶ ʩʠʩʪʝʤʦʶ ʚ ʧʨʦʮʝʩʽ ʧʦʜʨʽʙ-

ʥʝʥʥʷ (ɖ < 1); KV ï ʦʙʩʷʛ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ; muī  ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʪʽʣ, ʱʦ ʤʝʣʶʪʴ; Wī ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʽʣ, ʱʦ ʤʝʣʶʪʴ; Pīʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ. 

          ɺʽʜʦʤʦ, ʱʦ [4,6] ʪʦʥʢʦ ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ ʘʛʨʝʛʫʻ, ʽ ʯʘʩʪʠʥʢʠ ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʙʠʨʘʶʪʴʩʷ ʚ ʘʛʨʝʛʘʪʠ, ʷʢʽ ʚʝʜʫʪʴ ʩʝʙʝ ʷʢ ʻʜʠʥʝ ʮʽʣʝ (ʯʘʩʪʢʘ). 

ʇʨʠ ʭʽʤʽʯʥʦʤʫ ʘʙʦʩʦʨʙʽʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʘʛʨʝʛʘʪʽʚ ʙʝʨʝ 

ʫʯʘʩʪʴ ʫʮʴʦʤʫ ʧʨʦʮʝʩʽ ʽ ʯʘʩʪʢʦʶ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ ʪʚʝʨʜʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ, ʱʦ ʦʙʤʝʞʝʥʘ ʨʽʜʢʦʶ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʦʶ ʬʘʟʦʶ.  ɸʛʨʝʛʦʚʘʥʘ  ʯʘʩʪʢʘ ʤʦ-
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ʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʨʦʟʧʘʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʜʦʩʪʘʪʥʴʦʤʫ ʤʝʭʘʥʽʯʥʦʤʫ ʘʙʦ ʽʥʰʦʤʫ ʪʠʧʫ ʚʧʣʠʚʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ 

ʬʨʘʢʪʘʣ [7], ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʧʦʨʠʩʪʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʧʦʨʠʩʪʦʾ ʯʘʩʪʠʥʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʦʥʷʪʪʷ ʦʙʩʷʛʫ ʪʨʦʭʠ  

ʚʠʜʦʟʤʽʥʶʻʪʴʩʷ. ʇʦʨʠʩʪʘ ʯʘʩʪʢʘ, ʷʢ ʘʛʨʝʛʘʪ ʥʝʧʦʨʠʩʪʠʭ ʯʘʩʪʠʥʦʢ, ʤʦʜʝʣʶʻʪʴʩʷ 

ʛʫʙʢʦʶ ʄʝʥʛʝʨʘ [7,8,9]. ɸʥʘʣʦʛʽʯʥʦ [8] ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʘʛʨʝʛʦʚʘʥʘ ʧʦʨʠʩʪʘ 

ʯʘʩʪʢʘ ʻ ʢʫʙʦʤ ʟ ʜʦʚʞʠʥʦʶ ʩʪʦʨʦʥʠ , ʱʦ ʜʦʨʽʚʥʶʻ C, ʪʦʜʽ ʦʙʩʷʛ ʛʫʙʢʠ ʄʝʥʛʝʨʘ 

ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ 
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     ʋ ʡʤʦʚʽʨʥʽʩʥʽʡ ʤʦʜʝʣʽ [3,8] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢ ʦʢʨʝʤʫ ʯʘʩʪʢʫ, ʪʘʢ ʽ ʚʝʩʴ ʘʥʩʘʤʙʣʴ 

ʯʘʩʪʠʥʦʢ. ʏʘʩʪʢʘ ʪʘ ʾʾ ʨʦʟʤʽʨʠ (ʣʽʥʽʡʥʽ) ʽ ʬʦʨʤʘ (ʦʙ'ʻʤʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ)  ʩʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʥʦ  ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ÷S  ʯʘʩʪʠʥʢʠ ʘʙʦ ʘʥʩʘʤʙʣʶ ʯʘʩʪʠʥʦʢ. ʇʠ-

ʪʦʤʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʢʠ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱʽ ʾʾ ʧʦʚʥʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ (ʜʣʷ ʘʛʨʝʛʘʪʽʚ) ʜʦ ʚʘʛʠ, ʽ ʤʦʞʝ ʙʫʪʠ ʫʪʦʯʥʝʥʘ [8] ʟ ʜʦʧʦʤʦʛʦʶ ʬʨʘʢʪʘ-

ʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 
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ʜʝ      X  ï  ʜʦʚʞʠʥʘ ʨʝʙʨʘ ʢʫʙʽʯʥʦʾ ʯʘʩʪʢʠ;  

(t)g  ī ʥʘʩʠʧʥʘ ʚʘʛʘ;  

X(t)ī ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚ ʦʜʠʥʠʮʽ ʚʘʛʠ; 

nī  ʢʽʣʴʢʽʩʪʴ ʧʽʨ,1,26Dº .      

 ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʬʨʘʢʪʘʣ ʜʦʟʚʦʣʷʻ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʧʦʨʠʩʪʠʭ ʩʠʩʪʝʤ, ʥʘʡʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʽʟʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦ-

ʚʠʥʠ ʫ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ  ʘʢʪʠʚʘʮʽʾ ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʯʘʡ-

ʥʦʛʦ ʧʠʣʫ ʪʘ ʢʨʠʭʪʠ [10], ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʢʽʩʪʦʯʦʢ ʚʠʥʦʛʨʘʜʫ, ʚʠʰʝʥʴ, ʟʝʨʝʥ ʥʘ-



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʪʫʨʘʣʴʥʦʾ ʢʘʚʠ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʜʨʽʙʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʟʣʘʢʽʚ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʨʤʽʚ. 
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ʈʘʟʚʠʪʠʝ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʦʨʠʝʥʪʠʨʫ-

ʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʝʨ-

ʛʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʚʦʣʥʦʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠ-

ʧʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʤʦʨʩʢʠʤʠ ʚʦʣʥʘʤʠ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʜʫʢ-

ʪʦʨʘ ʚʨʘʱʘʝʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʘʣ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʧʘʪʝʥʪ 

ˉ 115685) [1]). ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʭ ʞʝʣʦʙʦʚ, ʟʘʢʨʝʧ-

ʣʝʥʥʳʭ ʥʘ ʢʘʨʫʩʝʣʠ ʧʦ ʨʘʜʠʫʩʘʤ.  ʇʨʠ ʥʘʙʝʛʘʥʠʠ ʚʦʣʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʚʦʣʥʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʡ ʞʝʣʦʙ, ʦʙʨʘʟʫʝʪ ʚʨʘʱʘʶ-

ʱʠʡ ʤʦʤʝʥʪ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʩʦ ʩʪʦʨʦʥʳ ʚʦʣʥʳ ʥʘ ʞʝʣʦʙ 

ʢʘʨʫʩʝʣʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʦ ʩʠʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʦʨʩʢʦʡ ʚʦʣʥʳ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʩ ʦʩʴʶ ʦʭ 

ʫʛʦʣ ɓ (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ʅʘʙʝʛʘʥʠʝ ʤʦʨʩʢʦʡ ʚʦʣʥʳ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ (ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ) ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝ-

ʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʬʦʨʤʝ ʕʡʣʝʨʘ, ʚʳʨʘʞʘʶʱʝʡ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ 

ʠʤʧʫʣʴʩʘ [2] 

0x zv v

x z

µ µ
+ =

µ µ
,                                                    (1) 

1x x x
x z

v v v p
v v

t x z xr

µ µ µ µ
+ + =-

µ µ µ µ
 ,                             (2) 

1z z z
x z

v v v p
v v g

t x z zr

µ µ µ µ
+ + =- -

µ µ µ µ
,                    (3) 

 

ʛʜʝ ,x zv v ï ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ , ,x z p ï ʜʘʚʣʝʥʠʝ, g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦ-

ʛʦ ʧʘʜʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʷ (1) ï (3) ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʪʨʝʭ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʬʫʥʢʮʠʡ  , ,x zv v p. 

ʊʘʢ ʢʘʢ ʜʚʠʞʝʥʠʝ ʥʝʫʩʪʘʥʦʚʠʚʰʝʝʩʷ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ ʥʘʯʘʣʴʥʦʝ 

ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʝ 

 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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( )1 ,  ,  ,  x f x y zu=  ( )2 ,  ,  ,   z f x y zu=  ( )3 ,  ,       p f x y z=  ʧʨʠ t = 0.           (4) 

 

ɺ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʪʚʝʨʜʦʡ ʩʪʝʥʢʝ 

ʧʨʠʥʠʤʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ nv  ʥʘ ʪʚʝʨʜʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ S  ʦʪʩʫʪʩʪʚʫʝʪ, ʪ.ʝ. 

0nv = .  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʙʝʟʚʠʭʨʝʚʳʤʠ ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ 

( ), ,x z tj , ʯʪʦ v gradj=  ʠʣʠ xv
x

jµ
=
µ

, zv
z

jµ
=
µ

. 

ʇʦʜʩʪʘʚʣʷʷ ,x zv v   ʚ ʫʨʘʚʥʝʥʠʝ (3), ʧʦʣʫʯʘʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ j  

ʫʨʘʚʥʝʥʠʝ                               
2 2

2 2
0

x z

j jµ µ
+ =

µ µ
.                                                      (5) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ p  ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʘʣ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʨʘʚʥʝʥʠʡ (1) ï (3) 

 

21 1
( )

2
v p gz D t

t

j

r

µ
+ + + =

µ
.                                     (6) 

 

ʅʘ ʜʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ  1 0zv
z

jµ
= =
µ

      ʧʨʠ      z H=- . 

ʅʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ 

ʨʘʚʝʥʩʪʚʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ p  ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 0p   ʜʘʚʣʝʥʠʡ. 

0( ) zp pz== .                                                            (7) 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ z z=   ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ, 

ʩʦʩʪʦʷʱʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʥʦʨʤʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʣʶ-

ʙʦʡ ʪʦʯʢʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʵʪʦʡ ʞʝ 

ʪʦʯʢʝ, ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. 

ʊ.ʢ. ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  0( ) zp pz== , ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

x

z

v
z t xz

j z z

=

µ µ µå õ
= +æ ö

µ µ µç ÷
                                            (8) 

ʊʨʫʜʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʫʩʣʦʚʠʡ ʩʦʩʪʦʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ ( , )x tz , ʚʭʦʜʷʱʘʷ ʚ ʵʪʠ ʫʩʣʦʚʠʷ, ʥʝʠʟʚʝʩʪʥʘ ʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʚʦʣʥʦʚʦʤ ʧʨʦʮʝʩʩʝ ʚ ʙʘʩʩʝʡʥʝ ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠ-

ʥʳ. ʇʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ 

( )sin( )z kx tj s=F - ,                                         (9) 
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ű ʚ ʫʨʘʚʥʝʥʠʝ (13), ʧʦʣʫʯʘʝʤ 
2( ) s  0n  ik qÖ¡¡F - F =,                                          (10) 

ʛʜʝ     ïkx tq s= . 

ʊʘʢ ʢʘʢ sinq ʥʝ ʨʘʚʝʥ ʪʦʞʜʝʩʪʚʝʥʥʦ ʥʫʣʶ, ʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ (10) ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʱʝʥʠʝ ʚ ʥʫʣʴ ʚʳʨʘʞʝʥʠʷ ʚ ʢʨʫʛʣʦʡ ʩʢʦʙʢʝ, ʪ.ʝ. 
2(   0) k¡¡F - F =        ( 0)H z- ¢ ¢. 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( ) kz kzz Ae Be-F = +  ,                                           (11) 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʩʩʝʡʥ ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 0zv
z

fµ
= ­
µ

 

ʧʨʠ  z Ÿ - ¤, ʪ.ʝ.        ūӾ Ÿ 0 ʧʨʠ z Ÿ - ¤, ʪʦʛʜʘ  0B= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ ű ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ 

sin · ,      kzAe qF =  ʛʜʝ     ï kx tq s= ,                      (12) 

ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ ʥʘ ʜʥʝ, ʥʦ ʝʱʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦ-

ʰʝʥʠʶ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜʩʪʘʚʣʷʷ (12) ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ 

ʥʘ ʩʚʦʙʦʜʥʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʠʤ                                                          
2

2

0

0

z

g
t z

j j

=

å õµ µ
+ =æ ö

µ µç ÷
, 

( )2 ï Ŀ sin  0gk As q= . 

ʪ.ʝ.    

                                2 ·g ks = .                                                        (13) 

ʂʘʢ ʚʠʜʥʦ, ʚʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʩʢʦʨʦʩʪʠ (12) ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ů ʠ k, ʩʚʷʟʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʝʤ (13) ʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʟʥʘʯʝʥʠʠ A. 

ʀʩʧʦʣʴʟʫʷ (12), ʜʣʷ ʧʨʦʬʠʣʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 

cos
A

g

s
z q= , 

ʛʜʝ  A ï ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ, q  ï ʬʘʟʘ ʚʦʣʥʳ, k ʠ ů ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʠ ʯʘʩʪʦʪʘ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ ʠ ʧʝʨʠʦʜʦʤ Ű ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

l

p2
=k ,         

t

p
s

2
=  

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜ-

ʢʦʩʪʠ ʚ ʚʦʣʥʦʚʦʤ ʧʨʦʮʝʩʩʝ: 

coskz
x aKe

x

f
u q

µ
= =
µ

,      sinkz
z aKe

z

f
u q
µ
= =
µ

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʚʦʣʥʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

0p  p · ·  · · s· cokzg z a g er r q= - +   



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
24.11.2020 ï 25.11.2020 
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ɺʳʯʠʩʣʝʥʥʘʷ ʚʳʰʝ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝ-

ʥʠʡ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʚʦʜʝ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʶʪ ʫʛʣʦʚʫʶ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ȹp ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʫʜʘʨʝ ʦ ʧʦ-

ʣʫʧʨʦʥʠʮʘʝʤʳʡ ʞʝʣʦʙ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʠʟʤʝʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʞQ
F

t

µ
=

µ
. ʇʨʠʤʝʥʠʚ ʝʛʦ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙʲ-

ʝʤʫ, ʠʤʝʶʱʝʤʫ ʜʣʠʥʫ dL, ʚ ʢʦʪʦʨʦʤ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  dt  ʧʨʦʠʟʦʰʣʘ 

ʦʩʪʘʥʦʚʢʘ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʙʘ. ɿʜʝʩʴ Qʞ ïʚʝʢʪʦʨ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʨʫʙʢʝ ʪʦʢʘ.        

ʞ ʩʨdQ S dL vr= Ö Ö. 

ʊʦʛʜʘ ʟʘʢʦʥ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

( )ʩʨdL Sv
p p p S

dt

rÖ
= - -D Ö 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜC
dt

dL
ʫ-=  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʟ-

ʤʫʱʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʪʝ-

ʯʝʥʠʷ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦ-

ʱʘʜʠ ʞʝʣʦʙʘ ʢʘʨʫʩʝʣʴʥʦʛʦ ʧʨʠʚʦʜʘ 

( )ʫʜ ʩʨn
p C vrD = Ö Ö , 

ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

3
ʫʜC

T

l
= , 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, Tï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ. 

ɺʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ ʥʘ 

ʞʝʣʦʙʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʦʣʫ-

ʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʞʝʣʦʙʘ 

ʢʘʨʫʩʝʣʴʥʦʛʦ ʧʨʠʚʦʜʘ 

 
ʃʀʊɽʈɸʊʋʈɸ 

 

1. ʄʘʪʝʨʽʘʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʘʡʪʫ ɺʽʜʦʤʦʩʪʽ ʟ ɼʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʦʜʠ: ʇʘ-

ʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ115685 - ñʂʘʨʫʩʝʣʴʥʦ-ʪʫʨʙʽʥʥʠʡ ʧʨʠʩʪʨʽʡ ʟ ʥʘʧʽʚʧʨʦʥʠʢʣʠʚʠʤʠ ʣʦʧʘʪʷʤʠ ʭʚʠʣʴʦʚʦʾ 
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ʆʉʆɹʃʀɺʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ɸʃɻʆʈʀʊʄʋ 

ʄʆɼɽʃʖɺɸʅʅʗ ɺɽʅʊʀʃʔʅʆ-ɯʅɼʋʂʊʆʈʅʀʍ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ʉʋɼʅʆɺʀʍ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷò 

  

ɸʥʦʪʘʮʽʷ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʫʶʪʴʩʷ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʩʠʩʪʝʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʚʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʨʠ ʟʤʽʥʘʭ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ, ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ, ʤʝʭʘʥʽ-

ʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʠʡ ʜʚʠʛʫʥ, ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʩʫʜʥʦʚʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʩʠʩʪʝʤʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. 

 

FEATURES OF FUNCTIONING AND DEVELOPMENT OF AN ALGORITHM  

FOR MODELING VALVE -INDUCTOR ELECTRIC DRIVES OF SHIP 

MECHANISMS AND SYSTEMS 
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Abstract. The aim of the article is to improve the mathematical model of the valve-inductor motor, on 

the basis of which simulation models of automated electric drives of various promising ship mechanisms and 

systems are built. The use of an advanced mathematical model allows to study the behavior of the control 

system of ship mechanisms when the load on the motor shaft, supply voltage and other parameters, to calcu-

late the dynamic, mechanical and energy characteristics of the electric drive. 

Keywords: valve-inductor motor, electric drive, ship mechanisms and systems, modeling, control sys-

tem. 

 

ɼʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

ʩʫʯʘʩʥʠʭ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʩʠʩʪʝʤ ʚʝʣʴʤʠ ʟʘʪʨʝʙʫʚʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʦ ʾʧʦʪʫʞʥʦʩʪʽ. ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʟʚʘʥʠʭ ʝʣʝʢʪʨʦ-

ʧʨʠʚʦʜʽʚ ï ʤʦʞʣʠʚʽʩʪʴ ʞʠʚʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ  ʫ ʜʽʘʧʘʟʦʥʽ D = 3é20, ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʫʩʪʘʥʦ-

ʚʯʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʜʘʪʯʠʢʽʚ, ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʦʙʦʪʘ ʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʽʡ-

ʥʠʭ ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽ-

ʣʴʥʦ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥ ̔ʝʣʝ-

ʢʪʨʦʧʨʠʚʦʜʠ (ɺɯʇ), ʫ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥ ̔ʜʚʠʛʫ-

ʥʠ (ɺɯɼ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ, ʥʘʜʽʡʥʽʩʪʶ  ʽ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʢʦʥ-

ʩʪʨʫʢʮʽʾ. 



ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʥ̔ʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè 
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ʆʜʥʘʢ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺɯʇ ʥʝʦʙʭʽʜʥʘ ʨʝʪʝʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ ʚʠ-

ʨʦʙʥʠʮʪʚʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ (ʙʘʞʘʥʦ, ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʤʽʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʥʦʾ 

ʥʘʜʤʽʨʥʦʩʪʽ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ) ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʩʢʣʘʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚô̫ ʟʘʥʽ ʟ ʨʽʟʢʦ ʥʝʣʽ-

ʥʽʡʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ɺɯɼ (ʤʦʤʝʥʪʫ, ʧʦʪʦʢʦʟʯʝʧ-

ʣʝʥʥʷ, ʩʪʨʫʤʫ). ʉʪʨʫʢʪʫʨʥʦ ɺɯʇ ʤʽʩʪʠʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ, 

ʝʣʝʢʪʨʦʥʥʠʡ ʽʥʚʝʨʪʦʨ (ʢʦʤʫʪʘʪʦʨ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ) ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ï ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʫ ʤʘʰʠʥʫ ɯʄ (ʨʠʩ.1). 
 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʚʝʥʪʠʣʴʥʦ-ʽʥʜʫʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ɺɯɼ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝ-

ʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʫʻ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʷʢʠʡ ʬʦʨʤʫʻ ʽʤʧʫʣʴʩʥʫ ʥʘʧʨʫʛʫ ʥʘ ʬʘʟʘʭ ɺɯɼ ʫ ʬʫʥʢʮʽʾ ʩʠʛ-

ʥʘʣʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʜʘʪʯʠʢʘ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ (ɼʇʈ).  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ɺɯɼ ʫʷʚʣʷʻ ʩʦʙʦʶ ʧʘʢʝʪʠ ʣʠʩʪʽʚ ʤʘʛʥʽʪʦʤôʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ ʟ̔ ʷʚʥʦ ʚʠʨʘʞʝʥʠʤʠ ʧʦʣʶʩʘʤʠ, ʘ ʢʦʪʫʰʢʠ ʦʙ-

ʤʦʪʢʠ ʷʢʦʨʷ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʣʶʩʘʭ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʩʪʘʪʦʨʘ, ʧʨʠʯʦʤʫ ʢʦ-

ʪʫʰʢʠ ʧʨʦʪʠʣʝʞʥʠʭ ʧʦʣʶʩʽʚ ʟôʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʪʘ ʫʪʚʦʨʶʶʪʴ ʬʘʟʥʽ ʩʝʢʮʽʾ. 

ʏʠʩʣʦ ʬʘʟ ʚʠʟʥʘʯʘʻ ʯʠʩʣʦ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʩʢʣʘʜʥʽʩʪʴ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪ-

ʨʦʜʚʠʛʫʥʘ ʽ ʧʨʦʧʦʥʦʚʘʥʠʭ ʜʦ ʥʴʦʛʦ ʚʠʤʦʛ, ʟʘʜʘʻʪʴʩʷ ʨʽʟʥʝ ʯʠʩʣʦ ʧʦʣʶʩʽʚ ʩʪʘʪʦ-

ʨʘ ʽ ʨʦʪʦʨʘ. ʆʯʝʚʠʜʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʧʨʦʩʪʦʪʘ ʻ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʝʣʝʢʪʨʦ-

ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʦʩʥʦʚʽ Bɯɼ.  

ʆʩʢʽʣʴʢʠ ʦʜʥʦʟʥʘʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥ ̫ʢʦʥʩʪʨʫʢʮʽʾ ɺɯɼ ʥʝʤʘʻ, ʪʦ 

ʚʠʥʠʢʘʻ ʙʝʟʣʽʯ ʧʨʦʝʢʪʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʨʦʟʚôʷʟʘʪʠ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʛʣʷʜʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ɺɯɼ. ʇʨʠ ʮʴʦʤʫ 

ʧʦʪʨʽʙʥʦ ʜʘʪʠ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʨʽʚʥʷʤ ʧʫʣʴʩʘʮʽʡ ʤʦʤʝʥ-

ʪʫ, ʚʠʨʽʰʠʪʠ ʟʘʜʘʯ ̔ʩʪʽʡʢʦʩʪʽ, ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʢʦʤʫʪʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʽʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʠʣʦʚʽ ʝʣʝʤʝʥʪʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ 

ʽ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʩʪʨʫʤʽʚ ʚ ʦʙʤʦʪʢʘʭ ɺɯɼ ʥʘ ʬʦʨʤʫ-

ʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʤʫ, ʪʦ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʩʪʨʫʤʘʤʠ ʬʘʟ ɺɯɼ ï ʦʩʥʦʚʘ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʚʩʴʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʩʫʜʥʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. 
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ʏʝʨʝʟ ʦʙʤʝʞʝʥʠʡ ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺɯʇ ʟʥʘʯʥʘ ʨʦʣʴ ʫ 

ʦʪʨʠʤʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʫʷʚʣʝʥʴ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʥʘʣʝʞʠʪʴ 

ʢʦʤʧôʁ ʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ. ʇʨʠ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʣʘʛʦʜʞʝʥʘ ʽ ʚʝʨʠʬʽʢʦʚʘʥʘ ʢʦʤʧôʁ ʪʝʨʥʘ ʤʦʜʝʣʴ ɺɯʇ ʜʦʟʚʦʣʷʻ ʜʦʩ-

ʣʽʜʞʫʚʘʪʠ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʞʠʤʘʭ ʥʝ ʪʽʣʴʢʠ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʛʦ 

ʜʚʠʛʫʥʘ, ʘ ʡ ʫʩʴʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʧʨʠʯʦʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʦ-

ʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʟʤʫ ʽ ʩʠʩʪʝʤʠ. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ɺɯɼ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʫʻʪʴʩʷ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʋ 

ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ɺɯɼ ʧʦʢʣʘʜʝʥʽ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʬʘʟ 

ʜʚʠʛʫʥʘ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ [1], ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ: 
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ʜʝ 
ʬU ,  

ʬi ,  
ʬy ,   

ʬR ï ʚʽʜʧʦʚʽʜʥʦ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʢʦʤʫʪʘʪʦʨʘ, ʩʪʨʫʤ, ʧʦʪʦʢʦʟ-

ʯʝʧʣʝʥʥʷ ʽ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʬʘʟʠ ʩʪʘʪʦʨʘ; rw  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ; J  ï ʩʫ-

ʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʚʠʛʫʥʘ ʽ ʨʫʭʦʤʠʭ ʤʘʩ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ; 

M  ï ʩʫʤʘʨʥʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʬʘʟ ʩʪʘʪʦʨʘ; cM  ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ; J ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʣʫ ʨʦʪʦʨʘ, sN ï ʯʠʩʣʦ ʟʫʙʮʽʚ ʩʪʘʪʦʨʘ. 

ɿʘʛʘʣʴʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (1) ʻ ʙʘʟʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʪʘʣʽʟʦʚʘʥʦʾ ʽʤʽ-

ʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ɺɯɼ ʽ ʤʝʭʘʥʽʟʤʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ɺɯʇ, ʷʢʽʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ  

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝ ʪʽʣʴʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺɯɼ, ʘʣʝ ʡ ʦʩʦʙ-

ʣʠʚʦʩʪʝʡ ʦʙʨʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ ï Matlab. ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ɺɯʇ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʣʽʥʽʡʥʦʩʪ̔ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ɺɯɼ, ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʩʢʨʝʪʥʦʾ ʨʦʙʦʪʠ 

ʡʦʛʦ ʬʘʟ, ʟʤʽʥʫ ʚʣʘʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʜʣʷ ʧʨʦʝ-

ʢʪʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺɯʇ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ɺɯʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʽʣʴ-

ʢʘ ʝʪʘʧʽʚ. 

ʉʧʦʯʘʪʢʫ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ ʦʙʤʦʪʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ɺɯɼ ʨʦʟʨʘʭʦ-

ʚʫʻʪʴʩʷ ʡʦʛʦ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʨʷʜʫ ʢʫʪʦʚʠʭ ʧʦʣʦʞʝʥʴ ʨʦʪʦʨʘ ʱʦʜʦ ʟʫʙʮʽʚ ʩʪʘʪʦʨʘ [2]. ʋ ʨʝʟʫʣʴ-

ʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʫʶʪʴ ʪʨʠʚʠʤʽʨʥʽ ʤʘʩʠʚʠ ʟʥʘʯʝʥʴ ʢʨʠʚʠʭ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 

ʬʘʟʠ ʜʚʠʛʫʥʘ ʽ ʤʦʤʝʥʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʪʦʨʘ ʽ ʘʤ-

ʧʣʽʪʫʜʠ ʩʪʨʫʤʫ ʷʢʦʨʷ. 




