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ɹʦʨʩʘ ɭ. ɺ., ɹʫʜʘʰʢʦ ɺ. ɺ.  43 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ʂʆʄʇɽʅʉɸʎɯɰ ʂʆʃʀɺɸʅʔ 

ʅɸɺɸʅʊɸɾɽʅʅʗ ɽʃɽʂʊʈʀʏʅʀʍ ʇʈʆʇʋʃʔʉʀɺʅʀʍ ʂʆʄʇʃɽʂʉɯɺ 
 

 

ʅʘʡʜʝʥʢʦ ʆ. ɺ., ɹʝʨʩʝʥʴʦʚʘ ʅ.ʄ.  52 

ʅɸɼɯʁʅɯʉʊʔ ɸʉʀʅʍʈʆʅʅʀʍ ɼɺʀɻʋʅɯɺ ʋ ʉʀʉʊɽʄɯ 

ɭɺʈʆʇɽʁʉʔʂʀʍ ʉʊɸʅɼɸʈʊɯɺ ʊɸ ɺʀʄʆɻ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 
 

 

ʄʠʭʘʡʣʝʥʢʦ ɺ.ʉ., ʃʝʱʝʥʢʦ ɺ.ɺ., ɻʨʘʤʘ ɻ.ʇ. 55 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ʄɽʊʆɼɯɺ ɸɼɸʇʊɸʎɯɰ ɸɻʈɽɻɸʊɯɺ ʉɽʋ ɺ 

ʇʈʆʎɽʉɸʍ ɿʄɯʅʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 
 

 

ʄʫʭʘ ʄ.ʁ., ɼʨʘʥʢʦʚʘ ɸ.ʆ., ɿʚʻʨʴʢʦʚ ɼ.ʆ. 58 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʋɼʅʆɺʆɰ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʆɰ ʋʉʊɸʅʆɺʂʀ 

ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ɺɸʃʆɻɽʅɽʈɸʊʆʈʅʆɰ ʉʀʉʊɽʄʀ ɿ 

ʊɽʍʅʆʃʆɻɯɭʖ ʐɯʄ  
  

 

 

ɼʫʙʦʚʠʢ ɺ.ʆ., ʉʘʤʦʥʦʚ ʉ.ʌ.,  ʂʫʣʴʙʘʮʴʢʠʡ ɸ.ɺ., ɼʫʜʢʦ ʉ.ɸ. 67 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʊʈɸɼɯʎɯʁʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ  ɼʃʗ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʋɼʅʆɺʀʍ ʉʇʆɾʀɺɸʏɯɺ ɽʃɽʂʊʈʆɽʅɽʈɻɯɭʖ  

 

 

 
 

ʉʝʢʮʽʷ 4. ʉʋʏɸʉʅɯ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ 
ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ, ʂʆʄʇʆʅɽʅʊʀ ʊɸ ɼɯɸɻʅʆʉʊʀʂɸ 

 
ʆʧʨʠʰʢʦ ʄ. ʆ. 68 

ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɺʆʃʂʆʅʅʆɰ ʆʇʊʀʂʀ, ʗʂɸ 

ɯʅʊɽɻʈʆɺɸʅɸ ʋ ʂʆʅʉʊʈʋʂʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ 
 

 

ʐʝʩʪʘʢʘ ɸ.ɯ., ʄʝʣʴʥʽʢʦʚʘ ʃ.ɺ. 77 

GaN ʽ SiC: ʅʆɺɯ ʄɸʊɽʈɯɸʃʀ ɯ ʅʆɺɯ ʄʆɾʃʀɺʆʉʊɯ ʉʀʃʆɺʆɰ 

ɽʃɽʂʊʈʆʅɯʂʀ 

 

 

 
ʉʝʢʮʽʷ 5. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɯ ʗɺʀʑ ɺ 

ɽʃɽʄɽʅʊɸʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʆʂ 

 
ʇʦʧʦʚ ɺ.ɻ., ʂʠʨʠʣʦʚʘ ʆ.ɯ.  80 

ʄɸʊɽʄɸʊʀʏʅɽʄʆɼɽʃʖɺɸʅʅʗ ʍɺʀʃʔʆɺʀʍ ʇʆʃɯɺ ɺ ʊɯʃɸʍ, ʑʆ 

ʄɯʉʊʗʊʔ ʊʆʅʂɯ ɾʆʈʉʊʂɯ ɺʂʃʖʏɽʅʅʗ  

 

 

ʇʪʘʱʝʥʢʦ ʌ.ʆ., ʇʦʧʦʚʩʴʢʠʡ ʆ.ʖ., ɻʦʨʶʢ ɸ.ɸ., ɿʝʥʯʝʥʢʦ ɺ.ʇ.  84 

ʂɯʅɽʏʅʆ-ɽʃɽʄɽʅʊʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɹɽɿɼʈʆʊʆɺʆɰ ʇɽʈɽɼɸʏɯ 

ɽʅɽʈɻɯɰ ɺ ɼɯɸʇɸɿʆʅɯ ʋʃʔʊʈɸɺʀʉʆʂʀʍ ʏɸʉʊʆʊ 
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ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʆɰ ʉʀʉʊɽʄʀ ɸɺʊʆʅʆʄʅʆɻʆ ʇʃɸɺɸʃʔʅʆɻʆ 
ɸʇɸʈɸʊɸ 
 

 

ʂʨʠʚʠʡ ʆ.ʌ, ʄʦʨʦʟʦʚ ʖ.ʆ.  92 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʄɯɾʌɸɿʅʀʍ ɾʆʈʉʊʂʀʍ ɺʂʃʖʏɽʅʔ ʅɸ 

ʄɯʎʅɯʉʊʔ ɼɽʊɸʃɽʁ ɿ ʂʋʉʂʆɺʆ-ʆɼʅʆʈɯɼʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

 

ʉʝʢʮʽʷ 6. ʈɸɼɯʆʊɽʍʅɯʂɸ, ɽʃɽʂʊʈʆʅɯʂɸ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ 

Shpinareva I.M., Strashnov V.V.   96 

A SURVEY OF WPA2 WEAKNESSES: PIXIE DUST, PMKID EXTRACTION 

AND KEY REINSTALLATION ATTACKS 

 

 

ʐʠʰʢʽʥ ʆ.ɺ., ʇʘʰʝʥʢʦ ʆ.ʃ. 100 

ʉʂɸʉʋɺɸʅʅʗ ʅɽʅɸɺʄʀʉʅʆɻʆ ʎʀʌʈʆɺʆɻʆ ʉɽʃɽʂʊʀɺʅʆɻʆ 

ɺʀʂʃʀʂʋ ʃʀʍɸ ʋ ɻʄɿʃɹ 

 

 

ʂʫʧʨʦʚʩʴʢʠʡ ɺ.ɯ.  104 

ʎʀʌʈʆɺɸ ʉʀʉʊɽʄɸ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ NAVDAT  ʗʂ ɽʃɽʄɽʅʊ 

ʄʆɼɽʈʅɯɿɸʎɯɰ ɻʄɿʃɹ 
 

 

ʐʠʰʢʽʥ ʆ.ɺ., ʂʦʥʦʚʝʮʴ ɺ.ɯ., ʇʘʰʝʥʢʦ ʆ.ʃ., ʍʘʨʯʝʥʢʦ ʈ.ʖ.  109 

ʃɸɹʆʈɸʊʆʈʅʀʁ ʉʊɽʅɼ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ʉʋɼʅʆɺʀʍ 

ʇʈʀʁʄɸʏɯɺ ɻʅʉʉ 
 

 

ʇʘʰʝʥʢʦ ʆ.ʃ.  114 

ʊɽʍʅʆʃʆɻɯʗ ʇɯɼʊɺɽʈɼɾɽʅʅʗ ʉʇʆɺɯʑɽʅʔ (Return Link Service) ɺ 

ɸɺɸʈɯʁʅʀʍ ʈɸɼɯʆɹʋʗʍ (EPIRB)  
 

 

 ɹʦʨʩʘ ɭ.ɺ., ʄʠʭʘʡʣʦʚ ʉ.ɸ. 117 

ʆɻʃʗɼ ɿɸʉʆɹɯɺ ɿɸɹɽɿʇɽʏɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɹɽɿʇɽʂʀ ɼʃʗ 

ɸɺʊʆʅʆʄʅʀʍ ʉʋɼɽʅ 

 

 

ʄʠʭʘʡʣʦʚ ʉ.ɸ., ʏʫʡʢʦ ʗ.ɯ. 122 
ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʂɯɹɽʈʉʊɯʁʂʆʉʊɯ ʊʈɸɼʀʎɯʁʅʀʍ ʊɸ 
ɸɺʊʆʅʆʄʅʀʍ ʉʋɼɽʅ 
 

 

ʄʠʭʘʡʣʦʚ ʉ.ɸ., ʂʨʠʮʴʢʠʡ ɺ.ɯ. 126 

ʄɽʊʆɼʆʃʆɻɯʗ, ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʊɽʅɼɽʅʎɯɰ ʉʊɺʆʈɽʅʅʗ ʉʀʉʊɽʄ 

ʂɯɹɽʈɹɽɿʇɽʂɯ ɼʃʗ ɸɺʊʆʅʆʄʅʀʍ ʉʋɼɽʅ 
 

 

Levinskyi M.V., Levinskyi V.M., Volovshchykov V.Yu. 131 

IMPROVING NETWORK TRAFFIC IN BANDWIDTH-RESTRICTED 

MILITARY INFRASTRUCTURES USING PI-HOLE 
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ʉʝʢʮʽʷ 7. ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɺ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ 

ʉʀʉʊɽʄɸʍ 

 

ɹʫʰʝʨ ɺ.ɺ.,ɿʘʭʘʨʯʝʥʢʦ ɺ.ʄ., ʂʨʘʚʯʝʥʢʦ ɺ.ɺ.      134 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ʂɽʈʋɺɸʅʅʗ ʂʆʄʇɽʅʉɸʊʆʈʆʄ 

ʈɽɸʂʊʀɺʅʆɰ ʇʆʊʋɾʅʆʉʊɯ ɺ ɺʀʉʆʂʆɺʆʃʔʊʅʆʄʋ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɯ ʇɯɼʈʋʃʖʖʏʆɻʆ ʇʈʀʉʊʈʆʖ 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇɽʈɽʍɯɼʅʀʍ ʇʈʆʎɽʉɯɺ ɺ ʇʈʆʇʋʃʔʉʀɺʅʀʍ 

ʂʆʄʇʃɽʂʉɸʍ ɽʃɽʂʊʈʆʍʆɼɯɺ ʇʈʀ ʄɸʅɽɺʈʋɺɸʅʅɯ 
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ɼɺʀɻʋʅɸ ɺ ʄɽʍɸʅɯɿʄɯ ɿ ʋɼɸʈʅʀʄ ʅɸɺɸʅʊɸɾɽʅʅʗʄ 
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ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ɺʀʉʆʂʆɺʆʃʔʊʅʆɻʆ ʇʈʀʉʊʈʆʖ ʇʃɸɺʅʆɻʆ 
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ɼʆʉʃɯɼɾɽʅʅɯ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ʇʆʉʊɯʁʅʆɰ ʅɸʇʈʋɻʀ 
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ʂʆʄʇʈɽʉʆʈʋ ʇʋʉʂʆɺʆɻʆ ʇʆɺɯʊʈʗ ɻʆʃʆɺʅʆɻʆ ɼɺʀɻʋʅɸ ʊɸ 

ʇʈʆɹʃɽʄʀ ʈɽɸʃɯɿɸʎɯɰ  
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ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʁ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏʅʀʁ ʇʈʀʉʊʈɯʁ ɼʃʗ 

ʂʆʅʊʈʆʃʖ ʇɸʈɸʄɽʊʈɯɺ ʇʆɺɯʊʈʗʅʀʍ ʄɸʉ ʋ ɹɸʃɸʉʊʅʀʍ 
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ɸʥʦʪʘʮʽʷ: ʈʦʟʨʦʙʢʘ ʧʨʠʙʝʨʝʞʥʦʛʦ ʰʝʣʴʬʫ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʫ-

ʢʦʤʽʩʪʢʠʭ ʛʘʣʫʟʝʡ ʤʦʨʩʴʢʦʾ ʽʥʜʫʩʪʨʽʾ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʫʜʝʥ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʙʫʨʦʚʠʭ, ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʚʘʥʪʘʞʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʘʨʘʤʝʪʨʠʯʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʟʠʤʫʪʘʣʴʥʠʤʠ ʧʽʜʨʫʣʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ɸʇʇ), 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʂʇʂ), ʱʦ ʜʦʟʚʦ-

ʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʉɽʋ) ʂʇʂ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʘʟʠʤʫʪʘʣʴʥʠʤʠ ʧʽʜʨʫʣʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʨʘʥʩʧʦ-

ʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʦʨʩʴʢʦʛʦ ʙʘʟʫʚʘʥʥʷ (ʊɿʄɹ) ʽʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʧʨʦʧʫʣʴʩʠʚʥʠʤʠ ʘʢʦʤʧʣʝʢʩʘʤʠ. ʇʨʝ-

ʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʠʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʤʦʜʝʣʣʶ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʫ ʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʨʦʧʫʣʴʩʠʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʪʩʨʽʡ, ʣʽʥʽʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ. 
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Abstract: The development of the coastal shelf involves the development of high-tech science-

intensive branches of the marine industry, which involve the construction and operation of vessels de-

signed for exploration and drilling, lifting and transport and loading and unloading operations in vari-

ous operating conditions. The purpose of the research is parametric optimization of linear-quadratic 

control of azimuthal thrusters (ATHs) located in the stern of the combined propulsion complex (CPC), 

which will allow to increase the efficiency of the operation of ship power plants (SPPs) of the CPC. The 

object of the research is the process of controlling azimuthal thrusters of sea-based vehicles (SBVs) with 

combined propulsion acomplexes. The subject of the research is the linear-quadratic method of control-

ling a propulsive complex model with ATHs in the stern. 

Keywords: combined propulsion complex, thruster, linear-quadratic control, modeling. 

 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ï ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʂʇʂ ʪʘ ʟʫʩʠʣʴ ɸʇʇ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʜʝʥ ʧʦʜʽʙʥʦʛʦ ʢʣʘʩʫ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʂʇʂ ʽʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ; 

ï ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ɸʇʇ 

ʪʘ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʠ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʚʧʣʠʚʫ ʟʙʫʨʶʶʯʠʭ 

ʩʠʣ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʦʣʝʨʘ;  

ï ʚʠʢʦʥʘʪʠ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʂʇʂ ʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ 

ʯʘʩʪʠʥʽ; 

ï ʘʜʘʧʪʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʢʦʥʪʨʦʣʝʨʫ ʪʘ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʪʝʩʪʫʚʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶ-
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ʚʘʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʥʘʣʘʰʪʫʚʘʥʴ ʢʦʥʪʨʦʣʝʨʽʚ.  

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʙʝʟ ʚʩʝʙʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʣʽʥʽʷʭ ʛʨʝʙʥʠʭ ʧʦʪʦʢʽʚ ʨʫʰʽʾʚ ʽʟ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʨʢʝʨʽʚ ʥʘ ʧʝʨʝʪʠʥʘʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʾ ʚʩʝʨʝʞʠʤʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʧʦʪʫʞʥʽʩʪʶ, ʤʦʤʝʥʪʦʤ ʪʘ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ɸʇʇ ʂʇʂ ʽ ʤʝʪʦʜʽʚ ʧʦ-

ʙʫʜʦʚʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʪʨʠʨʽʚʥʝʚʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʦʤ ʧʦʪʫʞʥʦʩʪʽ ʫ 

ʉɽʋ ʂʇʂ [1, 2]. 

ʇʨʦʮʝʜʫʨʘ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʨʦʣʝʨʫ, ʷʢʠʡ ʤʦʞʝ ʢʝʨʫʚʘʪʠ 

ʩʫʜʥʦʤ ʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʨʽʚʥʷʥʥʷ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥ-

ʥʷ, ʡʦʛʦ ʨʦʙʦʪʠ ʽʟ ʨʝʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʰʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʙʣʝʤʫ: 

ï ʚʠʟʥʘʯʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʩʫʜʥʘ ʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘ-

ʩʪʠʥʽ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʘʜʘʧʪʫʚʘʪʠ ʦʪʨʠʤʘʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʨʦʙʦʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʘʣʛʦ-

ʨʠʪʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʫ ʨʫʭʫ; 

ï ʧʨʦʚʝʩʪʠ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʩʫʜʥʘ ʟ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ; 

ʧʨʦʚʝʩʪʠ ʽʤʽʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝ-

ʪʦʜʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʦʾ ʧʨʦʙʣʝʤʠ ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʙʫʚ ʧʦʜʽʣʝʥʠʡ ʥʘ ʧôʷʪʴ ʝʪʘʧʽʚ: 

ï ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʪʘ ʟʫʩʠʣʴ ɸʇʇ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʧʦʜʽʙʥʦʛʦ ʢʣʘʩʫ; 

ï ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ɸʇʇ ʥʘ ʦʩʥʦʚʽ 

ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʚʧʣʠʚʫ ʟʙʫʨʶʶʯʠʭ ʩʠʣ ʥʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʦʣʝʨʘ; 

ï ʪʝʩʪʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ; 

ï ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʥʘʣʘʰʪʫʚʘʥʴ ʢʦʥʪʨʦʣʝʨʽʚ. 

ʌʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ ʪʘ ʪʦʛʦ, 

ʷʢ ʧʝʚʥʽ ʩʠʣʠ ʜʽʶʪʴ ʥʘ ʩʫʜʥʦ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʷʩʥʶʻʪʴʩʷ, ʷʢ ʫʧʦʨʠ ʽ 

ʦʙʝʨʪʘʶʯʽ ʤʦʤʝʥʪʠ ɸʇʇ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʫʜʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥ-

ʥʷ. ʇʦʪʽʤ ʮʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʝʢʪʦʨʫ 

ʩʪʘʥʽʚ, ʫ ʷʢʦʤʫ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʨʝʛʫʣʷʪʦʨ. ʇʦʪʽʤ ʦʧʠʩʫʻʪʴʩʷ, ʷʢ ʧʨʘʮʶʻ LQR ʽ ʷʢ 

ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʪʘ ʨʽʚʥʷʥʥʷ ʈʽʢʢʘʪʽ. ʊʘʢʦʞ ʧʦʷʩ-

ʥʶʻʪʴʩʷ, ʷʢ ʚʤʠʢʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʽʾ ʨʝʛʫʣʷʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʝʢʩʧʣʫʘ-

ʪʘʮʽʡʥʠʭ ʫʤʦʚ. ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʨʝʛʫʣʷʪʦʨʘ ʪʘ 

ʢʦʥʪʨʦʣʝʨʘ ʝʪʘʣʦʥʥʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʘʥʘʣʽʟʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘ-

ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʚʠʙʦʨʫ ʨʽʟʥʠʭ ʨʦ-

ʙʦʯʠʭ ʪʦʯʦʢ ʜʣʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʤʦʜʝʣʽ ʜʣʷ ʨʽʟʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿʄɹ ʧʦʪʨʽʙʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʎʝ ʨʫʭʦʤʘ ʪʘ ʥʝʨʫʭʦʤʘ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʫ ʨʽʚʥʷʥʥʷʭ 

(1) ʪʘ (2). ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʫʷʚʣʝʥʥʷ ʜʣʷ ʥʝʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʢʦʨʧʫʩʥʽʡ ʩʠʤʝʪʨʽʾ ʥʘʚʢʦʣʦ XbZb-ʧʣʦʱʠʥʠ, ʧʨʠʙʣʠʟʥʦʾ ʩʠʤʝʪʨʽʾ ʥʘʚʢʦʣʦ YbZb-ʧʣʦʱʠʥʠ ʪʘ 

ʧʨʦʻʢʮʽʾ ʥʘ Zb-ʚʽʩʴ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʚʦʜʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. ɯʥʝʨʮʽʡʥʘ (ʥʝʨʫʭʦʤʘ) 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʩʫʜʥʘ ʚ ʛʣʦʙʘʣʴ-

ʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʪʘ ʢʫʪʘʭ ɽʡʣʝʨʘ, ʷʢ [x y z]Tʪʘ [◖ ɗ ɣ]T, ʚʽʜʧʦʚʽʜʥʦ. ʈʫʭʦʤʘ ʩʠʩʪʝʤʘ ʢʦʦʨ-

ʜʠʥʘʪ ʦʧʠʩʫʻ ʩʠʣʠ, ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ, ʣʽʥʽʡʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ [X Y Z]T, [K M 

N]T
, [u v w]T

, [x y z]T, ʘ ʪʘʢʦʞ [p q r]T ʚʽʜʧʦʚʽʜʥʦ. ʈʫʭ ʩʫʜʥʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʰʽʩʪʴʤʘ ʩʪʫʧʝ-

ʥʷʤʠ ʩʚʦʙʦʜʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʫ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ: ʧʦ-

ʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ (ʩʧʣʝʩʢ), ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʜʨʝʡʬ) ʽ ʚʝʨʪʠʢʘʣʴʥʝ ʧʝ-

ʨʝʤʽʱʝʥʥʷ (ʧʽʜʡʦʤ), ʘ ʪʘʢʦʞ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʥʘʚʢʦʣʦ ʪʨʴʦʭ ʦʩʝʡ: ʙʦʨʪʦʚʘ ʭʠʪʘʚʠʮʷ 

http://www.nauticexpo.com/boat-manufacturer/electric-thruster-21599.html
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(ʢʨʝʥ), ʢʽʣʴʦʚʘ ʭʠʪʘʚʠʮʷ (ʪʘʥʛʘʞ) ʪʘ ʥʠʰʧʦʨʝʥʥʷ. ʎʝ ʩʪʘʥʜʘʨʪʥʽ ʧʦʟʥʘʯʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ [3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʘʥʜʘʨʪʥʽ ʧʦʟʥʘʯʝʥʥʷ ʦʧʠʩʫ ʨʫʭʫ ʩʫʜʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (1) ʪʘ (2) 

 
ɿʚʠʯʘʡʥʝ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʝʭʪʫʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʨʫʭʘʤʠ 

ʪʘ ʧʦʟʜʦʚʞʥʴʦʶ ʭʠʪʘʚʠʮʝʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʾ ʤʦʜʝʣʽ ʢʫʪ ʢʨʝʥʫ ʪʘʢʦʞ ʧʝʨʝʜʙʘ-

ʯʘʻʪʴʩʷ ʤʘʣʠʤ. ʄʘʶʯʠ ʮʝ ʥʘ ʫʚʘʟʽ, ʚʝʢʪʦʨ ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʽ ʚʝʢʪʦʨ ʣʽʥʽʡʥʦ-ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

                                           
ʎʽ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʤʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʷʢ: 

                                                   
ʘ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʩʫʜʥʘ ʚ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

                                     
ʜʝ: MRB ï ʤʘʪʨʠʮʷ ʽʥʝʨʮʽʾ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, CRB(v)v ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʮʝʥʪʨʦʚʽ ʪʘ ʢʦʨʽʦʣʽʩʦʚʽ 

ʯʣʝʥʠ, D(ɜ) ï ʤʘʪʨʠʮʷ ʜʝʤʧʬʫʚʘʥʥʷ, Űact ï ʚʝʢʪʦʨ ʽʟ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ.  

ʉʧʦʯʘʪʢʫ ʜʣʷ ʮʽʻʾ ʧʨʦʩʪʦʾ ʤʦʜʝʣʽ ʯʣʝʥʠ ʂʦʨʽʦʣʽʩʘ ʪʘ ʤʘʪʨʠʮʷ ʜʝʤʧʬʫʚʘʥʥʷ ʙʫʜʫʪʴ 

ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. ʎʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʨʫʭʫ ʟʘʩʥʦʚʘʥʘ ʥʘ, ʘ ʨʽʟʥʽ ʦʧʠʩʠ 

ʩʠʣ ʟʘʩʥʦʚʘʥʽ ʥʘ [n], ʜʝ ʚʠʚʯʘʶʪʴʩʷ ʤʦʜʝʣʽ ʟ ʯʦʪʠʨʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ (ʜʝ roll  ï ʮʝ ʜʦ-

ʜʘʪʢʦʚʠʡ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ), ʘ ʥʝ ʟ ʪʨʴʦʭ, ʷʢ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʨʴʦʭ ʩʪʫ-

ʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [4]:  
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ʜʝ ʧʦʚʥʘ ʤʘʩʘ ʩʫʜʥʘ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ m ʟʥʘʭʦʜʠʪʴʩʷ rg = rG = [xG, yG], ʘ ʪʘʢʦʞ Iz ï ʤʦ-

ʤʝʥʪ ʽʥʝʨʮʽʾ ʱʦʜʦ ʦʩʽ z, ʚʠʨʘʞʝʥʠʡ ʚ b-ʩʠʩʪʝʤʽ. Xu, Yv ʽ Nr ï ʤʘʩʰʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʤʧ-

ʬʫʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ CRB(ɜ) ʟʘʣʝʞʠʪʴ ʚʽʜ ɜ, ʯʣʝʥ CRB(ɜ)ɜ ʩʪʘʻ ʥʝʣʽʥʽʡʥʠʤ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

LQR ʚʠʤʘʛʘʻ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʥʝʘʨʠʟʘʮʽʷ ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ 

ʜʘʣʽ. ʃʽʥʝʘʨʠʟʘʮʽʷ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

                                           
ʜʝ L(x) ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ, f(a) ï ʬʫʥʢʮʽʷ, ʱʦ ʧʽʜʣʷʛʘʻ ʣʽʥʝʘʨʠʟʘʮʽʾ 

ʦʮʽʥʶʻʪʴʩʷ ʚ a, f '(a) ʻ ʧʦʭʽʜʥʦʶ f(x) ʧʦ x, ʦʮʽʥʝʥʦʶ ʚ (a), ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʗʢʦʙʽʘʥ ʬʫʥʢ-

ʮʽʾ f(x). ʅʘʨʝʰʪʽ, x ï ʟʤʽʥʥʘ ʣʽʥʝʘʨʠʟʘʮʽʷ (ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ɜ), a ï ʦʙʨʘʥʘ ʨʦʙʦʯʘ ʪʦʯʢʘ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʝʘʨʽʟʫʶʯʽ ʯʣʝʥʠ ʨʽʚʥʽ: 

                            
ʷʢʽ ʤʽʩʪʷʪʴ ʗʢʦʙʽʘʥ: 

                                 
ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʾ ʧʨʦʝʢʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʠʡ ʧʨʦʮʝʩ ʽʪʝʨʘʮʽʡ-

ʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʚʝʜʽʥʢʠ ʨʝʛʫʣʷʪʦʨʫ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴ-

ʩʷ, ʱʦʙ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʂʦʥʪʨʦʣʝʨ, ʚʠʟʥʘʯʝʥʠʡ ʚʠ-

ʱʝ, ʩʢʠʜʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚ ʥʫʣʴ, ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʪʨʦʣʝʨ ʧʦʚʠʥʝʥ ʩʣʽʜʫʚʘʪʠ ʟʘʜʘ-

ʥʦʤʫ ʝʪʘʣʦʥʥʦʤʫ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ r ʚ ʨʽʚʥʷʥʥʷʭ. ʎʝ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʧʝʨʝʧʠʩʘʚʰʠ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʷʢ: 

                                               
ʜʝ Lr ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʘʪʠʯʥʝ ʧʦʩʠʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʦ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ. 

ʇʦʜʽʙʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ LQR ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʚ [5]. ʈʦʟʨʦʙʣʝʥʘ ʟʘ ʦʟʥʘʯʝʥʠʤ 

ʧʨʠʥʮʠʧʦʤ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2. 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 

12                                                                                                                  http://femire.onma.edu.ua/ 
 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʦʜʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʝʪʘʣʦʥʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʩʠʩʪʝʤʠ 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʚʦʭ ʨʽʟʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. ʈʝʛʫʣʷʪʦʨ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʚ 7 ʨʘʟʽʚ ʚʠʱʝ ʝʪʘ-

ʣʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʽʩʣʷ 10 ʩ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʫʣʴʦʚʦʛʦ ʢʫʪʘ 
 

ɿʛʽʜʥʦ ʨʠʩ. 4, ʙ ʢʥ̔ʮʝʚʝ ʟʥʘʯʝʥʥʷ Ŭ ʜʦʨʽʚʥʶʻ Ŭp=Ŭs=0.065 ʨʘʜ. 

 

  

ʘ ʙ 
ʈʠʩʫʥʦʢ 4 ï ɺʭʽʜʥʽ ʩʠʛʥʘʣʠ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʫʣʴʦʚʦʛʦ ʢʫʪʘ: ʘ ï ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ; ʙ ï ʢʫʪ Ŭ 
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ɺʠʩʥʦʚʦʢ 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʣʽʥʽʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɸʇʇ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ ʧʦʣʷʛʘʣʦ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʩʪʦʨʽʚ ʩʪʘʥʽʚ ʪʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥ-
ʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʘʜʝʢʚʘʪʥʦ ʤʦʜʝʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʥʠʰʧʦʨʝʥʥʷ ʩʫʜʥʘ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ 
ʚʧʣʠʚ ʟʙʫʨʶʶʯʠʭ ʩʠʣ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʦʣʝʨʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 
ʤʘʣʽ ʚʽʜ'ʻʤʥʽ ʢʫʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘʚʢʦʣʦ ʦʩʽ z ʪʘ ʧʦʟʠʪʠʚʥʫ 
ʰʚʠʜʢʽʩʪʴ ʥʠʰʧʦʨʝʥʥʷ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ɸʇʇ ʥʝʦʙ-
ʭʽʜʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʟʤʝʥʰʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʫʪʘ Ŭ ʜʦ ʢʽʥʮʝʚʦʛʦ 
ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʝʘʨʠ-
ʟʘʮʽʾ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ Ŭ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʤʫ ʟʥʘʯʝʥʥʶ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ 
ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ. 

ʇʝʨʝʚʽʨʢʘ ʧʦʚʝʜʽʥʢʠ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʥʦʩʥʦ ʘʜʝʢʚʘʪʥʦʾ ʧʝʨʝ-
ʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʭʠʙʢʫ 
ʩʪʝʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʜʝʥ ʮʴʦʛʦ ʢʣʘʩʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, 
ʱʦ ʩʪʨʠʙʢʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɸʇʇ, ʷʢʽ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤ ʥʫʣʴʦʚʠʤ ʢʫʪʦʤ, 
ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʥʘ ʩʪʨʠʙʦʢ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. ʄʘʣʽ ʢʫʪʠ 
ʨʦʟʪʘʰʫʚʘʥʥʷ ɸʇʇ ʚʽʜʥʦʩʥʦ ʜʽʘʤʝʪʨʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʫʜʥʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʦʙʦʤ 
ʜʚʠʛʫʥʘʤ ɸʇʇ ʧʦʪʨʽʙʥʘ ʤʝʥʰʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʷʛʠ. 

ɼʣʷ ʬʽʟʠʯʥʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ɸʇʇ ʫ ʢʦʨʤʦʚʽʡ ʯʘʩʪʠʥʽ 
ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʝʣʝʢʪʨʦʥʥʦ-ʢʦʤʫʪʦʚʘʥʦʛʦ 
ʜʚʠʛʫʥʘ ʪʘ ʩʝʨʚʦʧʨʠʚʦʜʫ ʜʣʷ ʢʦʞʥʦʛʦ ɸʇʇ. ɽʣʝʢʪʨʦʥʥʦ-ʢʦʤʫʪʦʚʘʥʠʡ ʜʚʠʛʫʥ ʟ'ʻʜʥʘʥʠʡ ʟ 
ʛʚʠʥʪʦʤ ɸʇʇ ʯʝʨʝʟ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʢʦʥʪʨʦʣʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʭʽʜʥʽ ʜʘʥʽ 
ʚʽʜ GPS ʪʘ IMU ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʢʫʨʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʩʫʜʥʘ. ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 
ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʩʪʨʫʤʠ ʜʚʠʛʫʥʘ ʪʘ 
ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʅʘ ʧʨʘʢʪʠʮʽ 
ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 
ʧʦʰʢʦʜʞʝʥʥʶ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʅʝʟʘʣʝʞʥʝ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʪʘ ʢʫʪʦʤ ɸʇʇ ʽʟ ʣʽʥʝʘʨʠʟʘʮʽʻʶ ʟ ʥʫʣʴʦʚʠʤ ʘʙʦ 
ʥʝʥʫʣʴʦʚʠʤ ʢʫʪʦʤ ɸʇʇ ʜʦʚʝʣʦ ʩʚʦʶ ʙʽʣʴʰʫ ʨʝʛʫʣʴʦʚʘʥʫ ʟʜʘʪʥʽʩʪʴ, ʥʽʞ ʩʠʥʭʨʦʥʥʝ. ɼʣʷ 
ʟʤʝʥʰʝʥʥʷ ʧʨʦʪʠʜʽʾ ʜʚʠʛʫʥʽʚ ɸʇʇ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫʟʛʦʜʞʝʥʫ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ 
ʢʫʪʘ Ŭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ. ɸ ʜʣʷ ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʣ ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʶ-
ʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʚʽʜ'ʻʤʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘʚʢʦʣʦ ʦʩʽ z. ʇʽʜʚʠ-
ʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʽʥʝʘʨʠʟʘʮʽʾ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʫʩʫʥʝʥʥʷ ʟʘʡʚʠʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʠʣ ʫ 
ʥʘʧʨʷʤʢʫ yb. 
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Introduction  

The introduction of intelligent technologies into maritime vessel control systems is a key 
direction in the development of the modern maritime industry. The rapid growth of computing 
power, machine learning algorithms, and monitoring sensor systems creates prerequisites for 
transitioning from traditional control methods to adaptive and self-learning ones. In the context 
of increasing maritime transportation and rising requirements for safety, environmental 
sustainability, and efficiency, intelligent navigation systems are becoming the foundation of the 
industry's future. 

Technology Overview 
Current trends include the widespread implementation of multi-sensor complexes, the 

digitalization of onboard processes, the development of dynamic positioning systems, and the 
integration of AI algorithms into navigation solutions. There is also a shift from standard ship-
parameter control systems to fully digital architectures, providing high accuracy and rapid data 
exchange between vessel subsystems and shore-based monitoring centers. These technologies 
form the basis of a ñsmartò vessel capable of autonomously assessing situations and making 
decisions. 

Intelligent vessel control systems include algorithms for trajectory optimization, prediction 
of surrounding object behavior, and adaptive adjustment of movement parameters. The use of 
machine learning methods ensures continuous improvement of mathematical models based on 
data about weather conditions, currents, vessel traffic, and changes in route configurations. 
Particular attention is given to reducing crew workload and preventing human errors. 

It should be noted that autonomous vessels require reliable systems for identifying vessel-
object parameters and stable operation in conditions of limited communication with shore 
centers. The introduction of computer vision systems ensures timely decision-making by control 
systems. Sensor data is processed in real time using object recognition algorithms and trajectory 
prediction models. Intelligent data analysis systems create a comprehensive picture of the 
surrounding environment, enabling a vessel to operate safely even in poor visibility and 
challenging weather conditions. 

The use of AI in navigation includes developments in the fields of deep learning and 
neural network forecasting. These technologies provide automatic selection of optimal routes, 
collision avoidance, and increased resilience to external disruptions. 

It is also important to note that the increasing level of automation requires enhanced 
protection of vessel systems against cyber threats. Intelligent navigation and control systems 
must be resilient to attacks, ensure data integrity, and maintain secure information exchange 
between subsystems. The development of cybersecurity standards is becoming a crucial aspect 
of implementing autonomous vessels, especially amid growing digital dependence of transport 
processes. 

Conclusion 

Intelligent control systems and automated navigation are becoming the foundation for 
transforming global maritime transport. The development of AI technologies, sensor systems, 
cybersecurity solutions, and autonomous platforms opens possibilities for creating highly 
efficient, environmentally friendly, and safe next-generation vessels. Innovations in this field are 
establishing new standards for the maritime industry and shaping its long-term future. 

 

https://orcid.org/0000-0002-9335-6131


 

                                                                   

 http://femire.onma.edu.ua/                                                                                                                               17 

 

 

THE IMPORTANCE OF TRAINING MARITIME PROFESSIONALS IN ARTIFICIAL 

INTELLIGENCE TECHNOLOGIES TO ENHANCE NAVIGATION SAFETY AND 

OPERATIONAL EFFICIENCY  

 

Petryshyn Lubomyr, professor, Doctor of Technical Sciences  

https://orcid.org/0000-0003-4168-3891 

Agh University of Krakow, Dept. of Enterprise Management, Krakow, Poland,  

 

Artificial intelligence (AI) is becoming a key element of modern navigation, monitoring, 

and vessel control systems. The expanding use of autonomous modules, forecasting systems, 

and intelligent assistants requires maritime specialists to understand the principles of AI tech-

nologies and to be able to interact with them effectively. Most maritime accidents are linked to 

crew errors. Training in AI tools enables seafarers to process information more quickly, respond 

to risks in a timely manner, and reduce the likelihood of critical mistakes. Knowledge of algo-

rithms and the capabilities of automated systems increases trust in them and improves decision-

making quality. 

AI is used for route optimization, monitoring the technical condition of equipment, pre-

dicting malfunctions, and ensuring efficient fuel consumption. Understanding these technologies 

allows both crew members and shore-based specialists to effectively interact with automated 

systems, improving the economic efficiency of vessel operation. The integration of data from 

radars, lidars, cameras, and navigation systems into a single intelligent interface requires strong 

data interpretation skills. Specialists trained to work with AI modules can analyze complex in-

formation more quickly and make accurate decisions in challenging navigational conditions. 

The future of the industry is linked to the development of unmanned and partially autonomous 

shipping. 

To remain competitive, maritime professionals must possess competencies in AI, neural 

network control systems, digital diagnostics, and big data analytics. AI systems increase the dig-

ital dependence of vessels, creating additional risks. Professionals must understand the funda-

mental principles of cybersecurity, methods for protecting AI modules from cyberattacks, and 

ways to prevent threats that may affect vessel safety. 

High-quality training of specialists requires updating maritime educational standards, in-

cluding courses on AI, modeling, machine learning, digital navigation systems, and data analy-

sis. The use of AI-based simulators and training systems will increase the effectiveness of edu-

cation. The transition to digital technologies stimulates demand for highly qualified personnel. 

Training in AI helps form a new professional mindset, enhances career opportunities, and con-

tributes to attracting young people to the maritime sector. 
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ʉʝʢʮʽʷ 1. ʉʋɼʅʆɺɽ ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ, ɽʃɽʂʊʈʆʅʅɸ 

ɸʇɸʈɸʊʋʈɸ ʊɸ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ 

 
ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ʂɽʈʋɺɸʅʅʗ ʇʈʆʇʋʃʔʉʀɺʅʀʄ 

ʂʆʄʇʃɽʂʉʆʄ ʆʌʐʆʈʅʆɻʆ ʉʋɼʅɸ ʅɸ ʏɸʉʊʂʆɺʀʍ ʈɽɾʀʄɸʍ 
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https://orcid.org/0009-0006-2697-5721 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè  

 
ɸʥʦʪʘʮʽʷ: ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦ-

ʛʦ ʢʝʨʫʚʘʥʥʷ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʯʘʩʽ ʩʠʩʪʝʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʮʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʥʦʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ. ʇʨʦ-
ʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʮʽ ʤʦʜʝʣʽ ʥʝʜʦʩʪʘʪʥʴʦ ʘʜʝʢʚʘʪʥʦ ʨʝʘʣʽʟʫʶʪʴ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ, 
ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʥʝ ʚʧʣʠʥʫʪʠ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦ-
ʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽʟ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʩʠʩ-
ʪʝʤʠ, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʽ ʧʦʻʜʥʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʪʯʠʢʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ ʽʟ 
ʻʜʠʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʚ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦ-
ʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʜʠʥʘʤʽʢʫ ʩʫʜʥʘ, ʻ ʤʦʜʝʣʣʶ "ʩʽʨʦʛʦ ʷʱʠʢʘ", ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʪʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʯʘʩʪʢʦʚʫ ʪʝʦʨʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʜʘʥʠʤʠ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʤʦ-
ʜʝʣʽ. ʊʝʦʨʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʴ  ʚʽʜ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʛʣʘʜʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʜʦ 
ʤʦʜʝʣʝʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʣʠʰʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟ ʜʘʥʠʭ ʯʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡ-
ʥʷʪʪʷ ʨʽʰʝʥʴ. ʊʦʤʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫʶʪʴʩʷ ʥʝʚʽʜʦʤʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 
ʪʘʢʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʤʘʩʘ ʪʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʦʮʽʥʮʽ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʦʮʽʥʝʥʽ 
ʮʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʶʚʘʥʥʷ, ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʦʧʪʠʤʽʟʘʮʽʷ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʨʦʧʫʣʴ-
ʩʠʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʯʘʩʪʢʦʚʽ ʨʝʞʠʤʠ  
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ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʩʧʦʯʘʪʢʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʦ-

ʜʝʣʣʶ ʩʫʜʥʘ ʟ 4 ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ. ʎʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʝ-

ʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ 

ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ, ʧʦʙʫ-

ʜʦʚʘʥʦʛʦ ʟʘ ʧʨʠʥʮʠʧʦʤ ʻʜʠʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʧʦʚʝʜʽʥʢʠ ʩʫʜʥʘ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶ-

ʚʘʥʥʷ [1-4]. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʪʘ ʦʮʽʥʢʠ ʧʦʚʝʜʽʥʢʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʫʜʥʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʰʫʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʟʤʽʥ ʜʠʥʘʤʽʢʠ [5]. 

ʎʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʽʟ ʨʽʟʥʠʤʠ ʨʝʘʣʽʟʘʮʽʷʤʠ ʰʫʤʫ ʚ ʤʦʜʝʣʶʚʘʥʥʽ, ʱʦʙ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʥʝʜʝʪʝʨʤʽʥʦʚʘ-

ʥʦʛʦ ʜʦʚʢʽʣʣʷ ʥʘ ʜʠʩʧʝʨʩʽʶ ʪʘ ʟʤʽʱʝʥʥʷ ʦʮʽʥʦʢ ʫ ʥʝʚʠʟʥʘʯʝʥʽ ʟʦʥʠ [6]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘ-

ʟʫʶʪʴ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʪʘ ʟʩʫʚ ʩʠʣʴʥʦ ʚʘʨʽʶʶʪʴʩʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʜʠʥʘʤʽʢʠ ʧʦʤʽʪʥʘ ʚ ʜʝʷʢʠʭ ʦʮʽʥʢʘʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠ-

ʢʠʭ ʧʨʦʤʽʞʢʘʭ ʦʮʽʥʢʠ ʜʘʥʠʭ [7]. 

ʋ [8] ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʫʤʫʣʷʪʠʚʥʦʤʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢ ʟʚʘʥʽ ʨʝʢʫʨʩʠʚʥʽ ʟʘʣʠʰʢʠ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝ-

ʢʫʨʩʠʚʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʰʚʠʜʢʝ ʪʘ ʝʬʝʢʪʠʚʥʝ ʚʠʷʚʣʝʥ-

ʥʷ ʚʽʜʭʠʣʝʥʴ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʪʦʜ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʟ ʥʘʜʽʡʥʠʤ 

ʚʠʷʚʣʝʥʥʷʤ ʟʤʽʥ ʫ ʜʠʥʘʤʽʮʽ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ ʯʦʪʠʨʠ ʭʚʠʣʠʥʠ ʟʙʦʨʫ ʜʘʥʠʭ. ɺʠʚʯʝʥʥʷ ʩʘ-

ʤʠʭ ʨʝʢʫʨʩʠʚʥʠʭ ʟʘʣʠʰʢʽʚ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦ-

ʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʾʭ ʟʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʘ ʩʪʘʥ-

ʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʜʘʨʪʥʽʡ ʧʦʤʠʣʮʽ ʤʦʜʝʣʽ. 

ʄʝʪʦʜʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ, ʥʘʧʨʠʢʣʘʜ ʫ [9-12], ʙʫʣʠ ʧʝʨʝʚʽʨʝʥʽ ʥʘ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʥʘ 

ʨʝʘʣʴʥʦʤʽʡ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ ʩʫʜʥʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʤʝʪʦʜʽʚ ʫ ʨʝ-

ʘʣʴʥʠʭ ʦʙʩʪʘʚʠʥʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʢʨʝʪʥʽ ʜʘʥʽ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʟʦʤ ʽʟ ʜʝʷʢʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʘʥʘʣʽʟ ʟʤʽʥ ʫ ʜʠʥʘʤʽʮʽ ʩʫʜʥʘ ʽʟ ʦʮʽʥʢʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʡʦʛʦ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʥʘ ʙʘʟʽ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (ʈʠʩ. 1) ʧʦʙʫʜʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʫ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʩʫʜʥʘ ʟ 

ʩʠʩʪʝʤʥʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʨʫʰʽʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʘʜʘʧʪʦʚʘʥʦʶ ʜʣʷ ʮʽʣʝʡ ʫʧʨʘʚ-

ʣʽʥʥʷ, ʽ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ ʜʠʥʘʤʽʢʦʶ ʜʘʥʠʭ ʨʝʘʣʴʥʦʛʦ ʩʫʜʥʘ; 

- ʦʮʽʥʠʪʠ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʠʥʘʤʽʯʥʦʶ ʤʦʜʝʣʣʶ ʩʫʜʥʘ, ʽ ʧʝʨʝʚʽʨʠʪʠ ʾʾ 

ʘʜʝʢʚʘʪʥʽʩʪʴ; 

- ʨʦʟʨʦʙʠʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʡ ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʤʽʥ ʫ ʜʠ-
ʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ. 

ɺ ʮ̔ʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʪ̒ʴʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪ-

ʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʩʪʦʩʫʪ̒ʩɹʷ ʻʜʠʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʩʫʜʝʥ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʧʨʦʧʫʣʴʩʠʚʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [13-15]. ʊʨʠ ʚʝʣʠʢʽ ʤʦʨʩʴʢʽ ʥʘʧʨʷʤʢʠ, ʜʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʤʘ-

ʶʪʴ ʦʩʦʙʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʮʝ ʩʫʜʥʘ ʦʬʰʦʨʥʦʛʦ ʬʣʦʪʫ, ʩʫʜʥʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʨʦʟʚʽʜʢʠ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʚ ʤʦʨʽ, ʽ ʩʫʜʥʘ ʨʠʙʦʣʦʚʥʦʛʦ ʬʣʦʪʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʟʚʠ-

ʪʦʢ ʮʠʭ ʥʘʧʨʷʤʢʽʚ ʟʙʽʣʴʰʘʪʴ ʧʦʧʠʪ ʥʘ ʙʽʣʴʰ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʙʝʟʧʝʢʫ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ [16, 17].  

ʆʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʢʝ-

ʨʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʜʦʟʚʦʣʷʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚ 

ʢʦʥʪʨʦʣʝʨʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯ-

ʥʦʩʪʽ. ʅʝʜʦʣʽʢʠ ʧʦʜʽʙʥʠʭ  ʧʽʜʭʦʜʽʚ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʜʝʢʚʘʪʥʽʩʪʶ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʦʙʤʝʞʝʥʽʩʪʴ ʩʠʩʪʝʤ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʥʘʜʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ [18, 19]. 
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ʈʠʩʫʥʦʢ 1 ï ʌ̔ ʟʠʯʥʘ ʤʦʜʝʣ ɹʩʫʜʥʘ ʟʽ ʟʤʽʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: 1 ï ʧʽʜʨʫʣʶʶʯʽ ʧʨʠʩʪʨʦʾ ʩʠʩʪʝʤʠ 

ʛʚʠʥʪʽʚ ʧʨʦʪʠʣʝʞʥʦʛʦ ʦʙʝʨʪʘʥʥʷ; 2 ï ʛʦʣʦʚʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʩʠʩʪʝʤʠ ʩʠʩʪʝʤʠ ʛʚʠʥʪʽʚ ʧʨʦʪʠʣʝ-

ʞʥʦʛʦ ʦʙʝʨʪʘʥʥʷ; 3 ï ʢʦʨʤʦʚʠʡ ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ; 4 ï ʥʦʩʦʚʠʡ ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟ 

ʜʚʦʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ; 5 ï ʥʦʩʦʚʠʡ ʪʫʥʝʣʴʥʠʡ ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ. 
 

ʊʦʤʫ, ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚ'ʷʟʘʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʽʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʝʢʚʘʪʥʠʭ ʧʝʨʝʚʽʨʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [20]. ʆʩʢʽʣʴʢʠ 

ʧʘʨʘʤʝʪʨʠ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ, ʪʘʢʽ ʷʢ ʤʘʩʘ ʪʘ ʮʝʥʪʨ ʪʷʞʽʥʥʷ, ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʥʘʧʨʠ-

ʢʣʘʜ, ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʤʠʣʦʢ ʚ ʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʥʝʟʤʽʥʥʠʭ ʚ ʯʘʩʽ [21]. ʈʦʟʨʦʙʣʷʶʯʠ ʟʤʽʥʥʽ ʫ ʯʘʩʽ ʤʦʜʝʣʽ, ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ 

ʟʘʟʥʘʯʝʥʠʭ ʧʦʤʠʣʦʢ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʧʨʦʙʣʝʤʠ. ʆʜʥʘ ʟ ʧʨʦʙʣʝʤ ʩʪʦʩʫʻʪʴʩʷ 

ʟʜʘʪʥʦʩʪʽ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʫʜʥʘ ʪʘ ʦʥʦʚʣʶʚʘʪʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʤʦʜʝʣʽ ʧʽʜ ʯʘʩ ʨʫ-

ʭʫ. ɼʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʥʘ ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʙʦʨʽʚ ʜʘʪ-

ʯʠʢʽʚ ʘʙʦ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʚʥʠʡ ʚʠʜ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʏʝʨʝʟ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ ʩʫʜʥʘ ʽʟ ʜʦʚʢʽʣʣʷʤ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʩʫʜʥʘ ʻ ʥʝ-

ʪʨʠʚʽʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʽ ʦʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝ-

ʣʝʡ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʪʘ ʧʦʻʜʥʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ ʜʘʪʯʠʢʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʤʦʜʝʣʽ ʟ 4 ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ (ʧʦ-

ʚʟʜʦʚʞʥʻ ʧʝʨʝʤʽʱʝʥʥʷ, ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʙʦʨʪʦʚʘ ʭʠʪʘʚʠʮʷ (ʢʨʝʥ) ʪʘ ʥʠʰʧʦʨʝʥ-

ʥʷ), ʚ ʷʢʽʡ ʥʝ ʙʫʜʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʘʥʽ ʪʘʥʛʘʞʥʽ (ʢʽʣʴʦʚʘ ʭʠʪʘʚʠʮʷ, ʘʥʽ ʧʽʜʡʦʤʥʽ ʨʫʭʠ (ʟʘ-

ʥʫʨʝʥʥʷ). ʇʘʨʘʤʝʪʨʠ ʚ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʙʘʛʘʪʦʮʽʣʴʦʚʦʤʫ ʤʦʨʩʴʢʦʤʫ 

ʩʫʜʥʽ. ʊʘʢʦʞ ʚ ʜʝʷʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʝʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʤʦʜʝʣʽ ʩʧʨʦʱʫʶʪʴʩʷ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʧʘ-

ʨʘʤʝʪʨʠ ʜʦʚʢʽʣʣʷ, ʷʢ ʭʚʠʣʽ ʪʘ ʚʽʪʝʨ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʦʮʽʥʶʶʪʴʩʷ ʣʠʰʝ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʧʦʚôʷʟʘʥʽ ʟ ʜʠʥʘʤʽʢʦʶ ʧʦʚʦʨʦʪʫ ʩʫʜʥʘ, ʪʦʙʪʦ ʤʦʜʝʣʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ, ʻ 

ʤʦʜʝʣʣʶ ʜʠʥʘʤʽʢʠ ʧʦʚʦʨʦʪʫ ʩʫʜʥʘ. ʂʦʣʠ ʤʦʚʘ ʟʘʭʦʜʠʪʴ ʧʨʦ ʦʮʽʥʢʫ ʤʦʜʝʣʽ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʧʣʠʚʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʰʫʤʫ, ʙʝʟ ʨʦʟʛʣʷʜʫ ʪʝʦʨʽʾ, ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʋ 

ʧʨʦʮʝʩʽ ʦʮʽʥʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʠ ʚʽʜ ʧʨʠʚʦʜʽʚ ʧʽʜʨʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ 

ʻ ʚʽʜʦʤʠʤʠ ʘʙʦ ʪʘʢʠʤʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

ʑʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʫʭ ʩʫʜʥʘ ʪʘ ʪʝ, ʷʢ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʧʣʠ-

ʚʘʁʪʴ ʥʘ ʜʠʥʘʤʽʢʫ, ʚʠʢʦʥʫʶʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Matlab Simulink ʽʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʭ ʤʦʜʝʣʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʫʣʷʮʽʾ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 
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ʩʧʝʮʽʘʣʴʥʽ ʤʘʥʝʚʨʠ ʪʘ ʫʤʦʚʠ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʩʠʤʫʣʷʮʽʾ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ. ʋʩʽ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʤʽʥ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝ-

ʞʠʤʫ, ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʇʦ-ʧʝʨʰʝ, ʟʘʛʘʣʴʥʫ ʜʠʥʘʤʽʢʫ ʧʦʚʦʨʦʪʫ ʪʘ ʪʝ, ʷʢ ʟʤʽʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ, ʘʥʘʣʽʟʫ-

ʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʶ ʟʤʽʥ ʚ ʜʘʥʠʭ 

ʨʫʭʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʟʥʘʥʥʷ, ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʦʪʨʠʤʫʻʪʴʩʷ ʥʝʧʘʨʘʤʝʪ-

ʨʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫʧʝʨʝʜʞʝʥʝ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʫ ʜʠʥʘʤʽʮʽ. 

ʆʮʽʥʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʜʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ "ʩʽʨʦʛʦ ʷʱʠʢʘ", ʷʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [22]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦ-

ʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʰʫʤʫ ʥʘ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ. ʇʝ-

ʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʫʜʥʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʧʣʘʪʬʦʨʤʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʜʝʷʢʠʭ 

ʤʘʥʝʚʨʽʚ ʽʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʫʧʦʨʠ ʪʘ ʤʦʤʝʥʪʠ ʇʇ ʚʠʤʽʨʶʶʪʴʩʷ ʘʙʦ ʦʮʽʥʶʶʪʴʩʷ, ʘ 

ʚʧʣʠʚ ʧʦʭʠʙʦʢ ʜʣʷ ʮʠʭ ʩʠʣ ʦʙʛʦʚʦʨʶʶʪʴʩʷ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ, ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʢʪʦʨʠ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʩʫʜ-

ʥʘ ʜʦʨʽʚʥʶʻ m, ʮʝʥʪʨ ʤʘʩʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ rg = [xg, zg]
T, ʘ Ix ʽ Iz ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʫʜʥʘ 

ʚʽʜʥʦʩʥʦ ʦʩʽ x ʽ z ʚʽʜʧʦʚʽʜʥʦ, ʫʩʽ ʚʠʨʘʞʝʥʽ ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʚ'ʷʟʘʥʽʡ ʟ ʩʫʜ-

ʥʦʤ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʫʜʥʦ ʩʠʤʝʪʨʠʯʥʝ ʫ ʥʘʧʨʷʤʢʫ y ʚʽʜʥʦʩʥʦ ʜʽʘʤʝʪʨʘʣʴʥʦʾ ʧʣʦʱʠʥʠ. 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʠʩʪʝʤʫ, ï ʮʝ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ (Űx,hyd), ʩʠʣʠ ʫʧʦʨʫ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜʨʫʣʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʦʱʦ (Űx,act) ʽ ʟʙʫʨʝʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʥʘʩʣʽʜʦʢ 

ʚʽʪʨʫ, ʭʠʪʘʚʠʮʽ ʪʘ ʤʦʨʩʴʢʠʭ ʪʝʯʽʡ (Űx,env). 
 

 

ʈʠʩʫʥʦʢ 2 ï ʉʪʘʥʜʘʨʪʥʽ ʧʦʟʥʘʯʝʥʥʷ ʦʧʠʩʫ ʨʫʭʫ ʩʫʜʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 1) 

 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʩʥʦʚʥʦʾ ʤʝʪʠ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʽʢʠ ʜʣʷ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʥʝʚʨʫʚʘʥʥʷ. 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʫʜʥʘ ʥʘ ʚʽʜʢʨʠʪʽʡ ʚʦʜʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʠʥʘʤʽʢʦʶ ʩʫʜʥʘ, ʥʘ ʝʪʘʧʽ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɸʜʝʢʚʘʪʥʦ 

ʦʮʽʥʝʥʦʶ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʪʘʢʦʶ ʤʦʜʝʣʣʶ ʨʫʭʫ ʩʫʜʥʘ ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʜʣʷ 4 ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ [23, 24]:  
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ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʤʦʨʩʴʢʦʛʦ ʙʘʟʫʚʘʥʥʷ 

(ʊɿʄɹ) ʧʽʜ ʚʧʣʠʚʦʤ ʫʧʦʨʽʚ ʧʽʜʨʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ [25-27]. ʎ ̔ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʶʪʴ ʧʝʨʝ-

ʭʨʝʩʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 4 ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ, ʷʢʠʤʠ  ̒ʧʦʚʟʜʦʚʞʥʽʡ ʨʫʭ (u), ʧʦʧʝʨʝʯʥʠʡ ʨʫʭ 

ʘʙʦ ʜʨʝʡʬ (v), ʢʨʝʥ (p)  ̔ʥʠʰʧʦʨʝʥʥʷ (r). 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ̔ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʜʚʦʭ ʨʽʟʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʽʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥ,̫ ʚʠʱʝ ʝʪʘʣʦʥʥʦʛʦ ʫ 7 ʨʘʟʽʚ, ʽʟ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʧʽʩʣʷ 10 ʩ. 
 

 
ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʫʣʴʦʚʦʛʦ ʢʫʪʘ 

 

ʌʘʢʪ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʦʮʽʥʢʠ ʙʽʣʴʰ ʨʽʟʢʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʨʫʭʫ ʥʘ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʽʟ ʧʨʦʪʠʜʽʻʶ ʫʤʦʚʽ, ʢʦʣʠ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʩʷʛʘ-

ʶʪʴ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ. ɸʣʝ, ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ Ŭ ʻ ʜʦʮʽʣʴʥʠʤ, ʪʦʤʫ ʱʦ ʤʘʣʽ ʥʝʛʘʪʠʚʥʽ ʢʫʪʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʟʠʪʠʚʥʽ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ ʥʘʚʢʦʣʦ ʦʩʽ z ʪʘ ʧʦʟʠʪʠʚʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʚʟʜʦʚʞ-

ʥʴʦʛʦ ʨʫʭʫ. ʇʠʪʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʜʠʩʢʫʩʽʡʥʠʤ, ʚ ʪʦʤʫ ʨʦʟʫʤʽʥʥʷ, ʯʠ ʤʦʞʫʪʴ ʪʘʢʽ ʤʘʣʽ ʢʫ-

ʪʠ ʤʘʪʠ ʪʘʢʠʡ ʝʬʝʢʪ, ʷʢʱʦ ʥʫʣʴʦʚʠʡ ʢʫʪ ʜʘʻ ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʨʦ-

ʙʦʪʠ ʢʦʥʪʨʦʣʝʨʘ. ʑʝ ʦʜʥʘ ʜʠʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʜʽʣʝʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʽʜ-

ʨʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʾʾ ʩʪʨʠʙʢʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜʯʘʩ ʦʜʥʘʢʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʥʪʨʦʣʝʨʫ 

ʜʣʷ ʦʙʦʭ ʩʠʤʫʣʷʮʽʡ, ʱʦ ʜʣʷ ʨʝʘʣʴʥʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠ-

ʚʘʻ ʥʘ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ɸʥʦʪʘʮʽʷ: ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢ-

ʪʨʦʩʪʘʥʮʽʻʶ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʪʝʦʫʤʦʚ. ʇʨʦʘʥʘʣʽʟʦʚʘ-

ʥʦ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʪʘ ʾʭ ʩʝʨʝʜʥʶ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ. ɿʘʧʨʦʧʦʥʦʚʘ-

ʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʜʚʠʛʫʥʽʚ ʫ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʚʦʣʦʛʦʛʦ ʽ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʫ ʨʦ-

ʙʦʪʽ ʥʦʤʦʛʨʘʤʘʤʠ. ʆʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦ-

ʚʽʪʨʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʂʂɼ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦ ʾʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʽ ʧʦʜʘʯʽ ʧʘʣʠʚʘ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʧʨʘʚʠʣʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʛʝʥʝʨʘʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʩʠʥʪʝʟ ʘʣʛʦ-

ʨʠʪʤʽʚ, ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʦʧʪʠʤʽʟʘʮʽʷ. 
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Abstract: the work examines the solution to the problem of improving the efficiency of power plant 

control based on the criterion of minimizing fuel consumption while taking meteorological conditions 

into account. The operating modes of modern ship power plants and their average load levels are ana-

lyzed. Expressions are proposed for determining the total air excess coefficient of engines in a ship pow-

er plant, considering the consumption of moist and dry air, as determined by the nomograms presented 

in the study. Expressions are obtained for determining the optimal air excess coefficient of an internal 

combustion engine corresponding to the maximum efficiency. Algorithms for power plant control are 

developed, taking into account minimal fuel consumption by varying the air excess coefficient and fuel 

supply. The conducted research makes it possible to establish rules for the operation of an optimal power 

plant control system under changing load conditions, the technical state of generator sets, and environ-

mental conditions. 

        Key-words: power plant control, air excess ratio, algorithm synthesis, fuel consumption, optimiza-

tion. 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʩʫʜ-

ʥʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [1,2] 
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ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʚʠʩʦʢʦʶ ʝʢʦʥʦʤʽʯʥʽʩʪʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʢʦʤʧʣʝʢʪʘʮʽʻʶ ʝʣʝʢ-

ʪʨʦʩʪʘʥʮʽʾ, ʘ ʡ ʥʝʜʦʩʢʦʥʘʣʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ɼʦʩʽ ʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ 

ʟʜʽʡʩʥʶʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʠʭ, ʘ ʯʘʩʪʦ ʜʦʩʠʪʴ ʛʨʫʙʠʭ ʩʧʦʩʦʙʽʚ [3-5], 

ʧʨʘʛʥʫʯʠ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʢʨʠʪʝʨʽʶ ï ʨʝʟʝʨʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦ-

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ɽɽʉ) ʚ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʩʫʜʥʘ [6,7]. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦ 

ʨʝʞʠʤʘʭ ʚʠʭʦʜʷʪʴ ʟʘʟʚʠʯʘʡ ʟ ʫʩʝʨʝʜʥʝʥʠʭ ʘʙʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʝʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ 

(ʟʘʧʠʪʫ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʚʦʣʦʛʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪ.ʜ.), ʥʝ ʚʨʘʭʦʚʫʶʯʠ 

ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʾʭ ʟʤʽʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠ-

ʢʽʚ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʮʽʣʘ ʥʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ [8-10]. 

ʈʦʟʛʣʷʥʫʪʽ ʚ [11] ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʟʘ ʧʨʠʥʮʠʧʦʤ ʛʥʫʯʢʠʭ ʧʦʨʦ-

ʛ̔ ʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʧʠʪʘʥʴ ʦʧʪʠʤʽ-

ʟʘʮʽʾ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷʤ ʪʘ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ [12]. ʆʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠ ʮʴʦʤʫ ʟʚʝʨʪʘʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʤʝʪʝʦʫʤʦʚ [13,14] ʫ ʨʦʟʨʘʭʫʥʢʫ 

ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʾʭ ʪʝʨʤʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɺʽʜʟʥʘ-

ʯʘʻʪʴʩʷ [3,15] ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʤʝʪʝʦʫʤʦʚ ʥʘ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʜʠʟʝʣʽʚ, ʱʦ ʚʽʜ-

ʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʢʦʥʩʪʨʫʢʮʽʡ. ɻʨʘʥʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʽʚ ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘ-

ʪʠʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʙʽʣʴʰʝ 32Áʉ, ʚʦʣʦʛʦʩʪʽ ʙʽʣʴʰʝ 

60% ʽ ʟʥʠʞʝʥʥʷ ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʥʠʞʯʝ 101,3 ʢʇʘ [16]. ɺʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʫ ʩʫ-

ʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʠʙʽʨʢʦʚʦ, ʪʦʜʽ ʷʢ ʚʦʥʠ ʜʽʶʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʦ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ "Wartsila-Sulzer" [17,18] ʚʢʘʟʫʻ ʚ ʧʘʩʧʦʨʪʽ ʜʠʟʝʣʷ, ʱʦ 

ʥʦʨʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʨʝʜʦʚʠʱʘ ʻ: ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 960 ʤʙʘʨ (720 ʤʤ ʨʪ.ʩʪ.), ʪʝ-

ʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 20Áʉ, ʚʦʣʦʛʽʩʪʴ 70% ʽ ʧʦʧʝʨʝʜʞʘʻ ʧʨʦ ʪʝ, ʱʦ ʙʫʜʴ-ʷʢʝ ʚʽʜʭʠʣʝʥʥʷ ʮʠʭ 

ʚʝʣʠʯʠʥ, ʦʩʦʙʣʠʚʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʚʩʤʦʢʪʫʻʪʴʩʷ ʽ ʪʠʩʢʫ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʤʽʥʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ. 

ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʟʤʽʥʘʤʠ ʧʨʠ ʧʣʘʚʘʥʥʽ ʩʫʜʥʘ ʚ ʪʨʦʧʽʯʥʠʭ ʫʤʦʚʘʭ ʻ ʟʤʝʥ-

ʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ, 

ʚʠʢʣʠʢʘʥʽ ʟʤʝʥʰʝʥʥʷʤ ʚʘʛʦʚʦʛʦ ʟʘʨʷʜʫ ʧʦʚʽʪʨʷ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘ-

ʪʫʨʠ [19]. 

ɺʠʢʣʠʢʘʥʦ ʮʝ ʪʠʤ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʘʛʦʚʦʛʦ ʟʘʨʷʜʫ ʧʦʚʽʪʨʷ kr  ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʝ-

ʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʮk / gk vrh=a , ʜʝ vh - ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʘ, ʘʮg - ʮʠ-

ʢʣʦʚʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʥʠʞʝʥʥʷ Ŭ ʚʠʢʣʠʯʝ ʟʤʝʥʰʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ih ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʝʬʝʢʪʠʚʥʦʛʦ eh ʂʂɼ ʜʚʠʛʫʥʘ )(a=h fe . ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʠʟʝʣʷ 

ekgM h= ʮ  ʧʦʯʥʝ ʟʥʠʞʫʚʘʪʠʩʷ, ʘ ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʠ ʟ ʤʝʪʦʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ 

ʧʦʯʥʝ ʟʙʽʣʴʰʫʚʘʪʠ ʧʦʜʘʯʫ ʧʘʣʠʚʘ ʮg , ʯʠʤ ʚʠʢʣʠʯʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʽʥʜʠ-

ʢʘʪʦʨʥʦʤʫ ʪʠʩʢʫ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟʨʦʩʪʘʪʠʤʝ. ʅʘʜʤʽʨʥʝ ʧʽʜʚʠ-

ʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʟʤʫʰʫʻ ʩʫʜʦʚʠʭ ʬʘʭʽʚʮʽʚ ʟʤʝʥʰʫʚʘʪʠ ʮʠʢʣʦʚʫ ʧʦʜʘ-

ʯʫ ʧʘʣʠʚʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʤʘʨʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ɻɸ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʰʝʩʪʠʘʛʨʝʛʘʪʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʫʜʝʥ ʪʠʧʫ 

"HAI YANG SHI YOU 702" ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʧʣʘʚʘʥʥʽ ʩʫʜʥʘ ʚ ʨʽʟʥʠʭ ʰʠʨʦʪʘʭ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʪʨʦʧʽʯʥʽʡ ʟʦʥʽ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʤʝʪʝʦʝʣʝʤʝʥʪʽʚ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ  

·=j·= ¯ 60;4520( Cta .)ʩʪ.ʨʪʤʤ780750%;85 ·=aP , ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʛʨʘʥʠʯʥʦ ʜʦ-

ʧʫʩʪʠʤʦʾ, ʟʘ ʫʤʦʚ ʜʦʧʫʩʪʠʤʦʾ, ʟʘ ʫʤʦʚ 604 ʢʚʪ (ʥʘ 18%). ʏʘʩʪʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʨʦʙʣʷʪʴ ʜʣʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚʘʞʢʦ 

ʟʜʽʡʩʥʝʥʥʠʤ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʦʤ ɻɸ. ʊʦʤʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʠ-

ʟʠʢʫ, ʱʦʜʦ ʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʜʦʚʦʜʠʪʴʩʷ ʪʨʠʤʘʪʠ ʚʢʣʶʯʝʥʠʤ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ 

ʟʘʧʘʩ ʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʭʦʜʦʚʦʤʫ ʨʝʞʠʤʽ ʟʘʤʽʩʪʴ ʤʦʞʣʠʚʠʭ ʯʦʪʠʨʴʦʭ 

ʜʽʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʧ'ʷʪʴ ɻɸ, ʱʦ ʪʨʠʚʘʣʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 
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ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

mie hh=h  ʂʂɼ. 

ɸʥʘʣʽʟ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʬʣʦʪʫ [20] 

ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʪʘʥʦʚʠʪʴ %3530·  ʟʘʛʘʣʴʥʦʾ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ. ʅʘ ʩʫʜʥʘʭ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʧʨʦʪʷ-

ʛʦʤ ʤʘʡʞʝ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʯʘʩʫ (90%) ʟʘʚʘʥʪʘʞʝʥʦ ʤʝʥʰ ʥʽʞ ʥʘ ʧʦʣʦʚʠʥʫ [21]. ʊʨʠʚʘʣʘ 

ʨʦʙʦʪʘ ʜʚʠʛʫʥʽʚ ʟʽ ʟʥʠʞʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʧʨʦʜʫʚʘʣʴʥʠʭ ʽ 

ʚʠʭʣʦʧʥʠʭ ʚʽʢʥʘʭ, ʢʣʘʧʘʥʘʭ, ʛʘʟʦʪʫʨʙʦʥʘʛʥʽʪʘʯʘʭ, ʚʠʭʣʦʧʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʽ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘʭ, ʱʦ ʟʥʠʞʫʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ. ɺʽʜʦʤʽ ʚʠʧʘʜʢʠ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʤʦʪʠʣʝʚʠʭ ʪʘ ʨʘʤʦ-

ʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʜʚʠʛʫʥʽʚ ʯʝʨʝʟ ʪʨʠʚʘʣʫ ʨʦʙʦʪʫ ʥʘ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʅʘ ʩʫʜʥʘʭ ʪʠʧʫ 

DSV "Bar Protector" ʧʨʠ ʨʦʙʦʪʽ ʦʜʥʦʛʦ ɼɻ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 270 ʢɺʪ ʟʘʤʽʩʪʴ ʜʚʦʭ ɼɻ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʤʝʥʰʝ 50% ʥʦʤeN  ʜʦʙʦʚʘ ʝʢʦʥʦʤʽʷ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ ʜʦʩʷʛʥʝ 0,8 ʪ, ʘ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʤʘʩʣʘ 8-10 ʣ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʨʝʩʫʨʩʫ ɼɻ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʜʦʟʚʦʣʠʣʦ ʙ ʚ ʮʽʣʦʤʫ ʧʦ ʬʣʦʪʫ ʦʪʨʠʤʘʪʠ ʽʩʪʦ-

ʪʥʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʧʨʠʡʤʝʤʦ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦ-

ʣʶ ʜʦʧʫʩʪʠʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʠʟʝʣʽʚ, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘ-

ʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʽʞʥʘʨʦʜʥʠʤ ʢʦʥʛʨʝʩʦʤ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ 

ʧʦʢʣʘʜʝʥʦ ʬʦʨʤʫʣʠ ʂ. ʎʠʥʥʝʨʘ [22] ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʽʥʜʠʢʘʪʦʨʥʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ, ʜʝ ʽʥʜʠʢʘʪʦʨʥʘ ʧʦʪʫʞʥʽʩʪʴ: 
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ʜʝ Niʟ, Niʦ ʽʥʜʠʢʘʪʦʨʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʪʦʯʥʠʭ ʽ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ; D ï ʙʘʨʦ-

ʤʝʪʨʠʯʥʠʡ ʪʠʩʢ, ʢʇʘ; ʈʇ ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʢʇʘ; ʊ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 

ʥʘ ʚʩʤʦʢʪʫʚʘʥʥʽ, Á ʂ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʱʦ ʦʭʦʣʦʜʞʫʻ, Áʂ. 

ʇʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ i-d ʜʽʘʛʨʘʤʦʶ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʨʠʩ. 1, ʫ ʬʫʥʢʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ; ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ m, n, q ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦ-

ʩʪʽ ʚʽʜ ʥʦʨʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ca  ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 
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1-2: t=const; ű=var; d=var.

1-3: t=var; ű=var.

1-4: d=const; ű=var; t=var.
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ Mɖ  ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ RCLk  ʧʦʪʫʞʥʦʩʪʽ ʚʠ-

ʟʥʘʯʘʪʠʤʝʪʴʩʷ ʬʦʨʤʫʣʦʶ  

1/ɖ)1(7,0( M---= kkkRCL , 

ʘ ʜʦʧʫʩʪʠʤʘ iPʜ  ʧʦʪʫʞʥʽʩʪʴ i-ʛʦ ɼɻ ʚʠʨʘʟʦʤ, Hʜ PkP RCLi Ö= , ʜʝ HP - ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞ-

ʥʽʩʪʴ ʜʚʠʛʫʥʘ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜ 27 ʜʦ 62Áʉ, ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʶʚʘʣʠʩʷ ʚʽʜ 0,96 ʜʦ 0,88, ʘ ʧʨʠ ʟʤʽʥʘʭ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ (ʊ, D, j) - ʚʽʜ 0,93 ʜʦ 0,85. ʇʨʠ 

ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʱʦ ʦʭʦʣʦʜʞʫʻ, ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 25...35Áʉ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥ ʚʠʟʥʘʯʝʥʥʷ RCLk , ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʚ ʘʣʛʦ-

ʨʠʪʤʘʭ ʨʦʙʦʪʠ [11,23] ʥʘʜʘʻ ʛʥʫʯʢʽʩʪʴ ʫ ʧʦʨʦʜʞʝʥʥʽ ʧʨʝʜʠʢʘʪʽʚ PH(l), ʈD(l), ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʜʦʟʚʦʣʠʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ɻɸ ʚ ʟʦʥʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʱʝ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʰʣʷʭʦʤ ʧʽʜʪʨʠʤʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ, ʷʢʱʦ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʨʝʞʠʤʫ ʧʨʠʡʥʷʪʠ [16] ʧʦʩʪʽʡʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʩʫ-

ʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ 

min,ŬŬ Ý- optc  

ʜʝ cŬ- ʧʦʪʦʯʥʝ, optŬ - ʦʧʪʠʤʘʣʴʥʝ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʟʥʘʯʝʥʥʷ ʢʦ-

ʝʬʽʮʽʻʥʪʘ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠ-

ʪʨʘʪʽ ʧʘʣʠʚʘ ʽ ʜʦʧʫʩʪʠʤʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. ʋ ʩʫʜʥʦʚʠʭ ʫʤʦʚʘʭ ʩʫʤʘʨʥʠʡ ʢʦ-

ʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ [16] ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ ʧʨʠʣʘʜʽʚ, ʢʦʨʠʩʪʫʶʯʠʩʴ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʧʦʚʥʝʥʥʷ ʽ ʧʨʦʜʫʚʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʤ; SP  ʽ ST  - 
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ʚʤʽʩʪ ʚʦʣʦʛʦʩʪʽ ʫ ʧʦʚʽʪʨʽ ʫ i-ʪʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ. 

ʎʝʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʦʤʦʛʨʘʤʠ, ʨʠʩ. 2,  
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ʜʝ ʚʠʪʨʘʪʘ ʚʦʣʦʛʦʛʦ ʪʘ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ ʧʦʚ'ʷʟʘʥʽ ʚʽʜʥʦʰʝʥʥʷʤ 
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ɿʥʘʯʝʥʥʷ di ʟʥʘʭʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ ʚʦʣʦʛʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ i-d ʜʽʘʛʨʘʤʠ, ʨʠʩ. 

1. 

ɿ ʥʦʤʦʛʨʘʤʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ɼɻ P(i) ʽ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ A
TG , ʽʥʰʽ 

ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʥʘʙʦʨʦʤ { }iSS diTiP ),(),( , ʪʦ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽ-

ʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʙʫʜʝ optc i Ŭ)(Ŭ <  ʤʝʥʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʚʠʪʨʘʪʘ ʩʫʭʦʛʦ 

ʧʦʚʽʪʨʷ ʥʘ ɺʉGD  ʤʝʥʰʝ ʥʦʨʤʠ, ʱʦ ʧʦʛʽʨʰʠʪʴ ʧʨʦʮʝʩ ʟʛʦʨʷʥʥʷ ʽ ʧʨʠʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʛʫʣʶʚʘʪʠ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʤʦʞʥʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟʤʝʥ-

ʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʚʝʣʠʯʠʥʫ TGD  ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʧʘʨʘ-

ʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʤʠ ɻɸ PRSH ʘʙʦ ʧʽʜʢʣʶʯʝʥʥʷʤ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ONACC ʘʙʦ ʚʽʜʢʣʶʯʝʥ-

ʥʷʤ ʜʨʫʛʦʨʷʜʥʠʭ OFCNS ʜʣʷ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʩʧʦʞʠʚʘʯʽʚ; ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜʫʚ-

ʥʦʛʦ ʧʦʚʽʪʨʷ ʊS ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʦʢʫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʥʘʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʦʥʘ optc ŬŬ>  ʻ ʪʘʢʦʞ ʥʝʙʘʞʘʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ cŬ  ʚʽʜ-

ʥʦʩʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʪʝʧʣʘ 

ʟ ʛʘʟʘʤʠ, ʱʦ ʡʜʫʪʴ, ʽ ʟʤʝʥʰʝʥʥʷʤ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ. 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʈRʆʈʊ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ, ʷʢʱʦ ʫ ʷʢʦʩʪʽ ʫʤʦʚʠ ʧʨʠʡʥʷʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʜʘʪʯʠʢʠ { }ʛ,,,,, tGTPP TSiS j  ʜʝ ű - ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʛt - ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʣʦʧʥʠʭ 

ʛʘʟʽʚ, { }SMFSMW,  ʚʠʢʦʥʘʚʯʽ ʦʨʛʘʥʠ (ʩʝʨʚʦʤʦʪʦʨʠ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ 

ʧʦʜʘʯʝʶ ʚʦʜʠ SMW ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʧʦʜʘʯʽ ʧʘʣʠʚʘ SMF. 

ʋ ʷʢʦʩʪʽ ʩʧʦʩʦʙʫ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʈRʆʈʊ ʚʠʙʝʨʝʤʦ ʩʧʦʩʽʙ ʧʝʨʝʨʠʚʘʥʥʷ 

ʟ ʧʝʨʽʦʜʦʤ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊʎʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʜʠʟʝʣʷ, ʷʢ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʠʤʦ ʧʨʦʛʨʘʤʫ 

ʈRʆʈʊ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʈROʈʊ = {SBHTP, SBALF, SBSM, SBCNT} ʧʽʜʧʨʦʛʨʘʤ, ʘ ʩʘʤʝ 

ʧʽʜʧʨʦʛʨʘʤʠ Sɺ ʢʦʥʪʨʦʣʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ SBHTP, ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʭʠʣʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ SBALF, ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʚʦʤʦʪʦʨʘʤʠ SBSM ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʪʨʠʚʘʣʦʩʪʽ 

ʚʢʣʶʯʝʥʥʷ ʩʝʨʚʦʤʦʪʦʨʫ CNT. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ ʟʘʧʠʰʝʤʦ ʧʨʘʚʠʣʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ 

ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ, ʧʨʠʡʥʷʪʦʛʦ ʥʘʤʠ ʚ [24-26]: 

 

while Tʊʎ  do  PROPT,SBALF,SBHTP,SBSM,SBCNT  od 

while  SBALF  do: )( ʛʛ
ʜʦʧ

ʛ ttti D=-  if 0ʛ>Dt  then  HTP 

go to  SBHTP  else do: j= ,,,,()((Ŭ GTPPfi SiSc , ))( optc i a-aD    

if  ʜʦʧ)( aD>aD ic  

then go to  SBSM  else fi od, 

 

ʪʦʙʪʦ. ʚʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʛʨʘʤʠ SBALF ʟʘʚʞʜʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʛt  ʽ, ʷʢʱʦ ʚʦʥʘ ʚʠʱʝ ʥʦʨʤʠ (ʅʊʈ = ɯ), ʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ SBʅʊʈ, 

ʽʥʘʢʰʝ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ )(ica  ʽ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ opta , 

ʷʢʱʦ ʧʨʠ ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʚʠʱʝ ʜʦʧʫʩʪʠʤʦʛʦ, ʪʦ ʧʝʨʝʭʽʜ ʜʦ SɺSʄ, ʽʥʘʢʰʝ ʢʽʥʝʮʴ 

ʧʨʦʛʨʘʤʠ. 

ʇʽʜʧʨʦʛʨʘʤʘ ɺʅʊʈ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ: 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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while  SBHTP  do if  WVOPNHTP&  then 

ONSMW(INC) do )( ʛtfBW D=  go to  SBCNT  else if  HTP&WVOPN&DCF   

then  ONSMF(DEC)  do 

)( ʛtfBF D=  go to  SCBNT(BF)  else fi od, 

ʪʦʙʪʦ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʚʠʱʝ ʥʦʨʤʠ (ʅʊʈ = ɯ) ʽ ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʥʘʜʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ ʧʦʚʥʽʩʪʶ ʥʝ ʚʽʜʢʨʠʪʠʡ WVOPN, ʪʦ: ʚʢʣʶʯʘʻʪʴʩʷ ON ʩʝʨʚʦ-

ʤʦʪʦʨ Sʄ ʫ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ INʉ ʧʦʜʘʯʽ ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ ONSMW(INC); ʨʦʟʨʘʭʦ-

ʚʫʻʪʴʩʷ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ BW ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʜʦ ʧʽʜʧʨʦʛʨʘʤʠ ʚʽʜʣʽʢʫ SBCNT ʯʘʩʫ ʨʦʙʦʪʠ ʩʝʨʚʦʤʦʪʦʨʘ. ʗʢʱʦ ʞ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʛʘʟʽʚ ʢʣʘʧʘʥ ʚʦʜʠ ʚʠʷʚʠʪʴʩʷ ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʠʤ WVOPN ʽ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ (ʨʽʚ-

ʥʽ ʢʦʦʨʜʠʥʘʪʦʨʘ) ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ DCF ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʽʚ ʟʤʝʥʰʝʥʥʷʤ ʧʦʜʘʯʽ 

ʧʘʣʠʚʘ, ʪʦ ʚʢʣʶʯʘʻʪʴʩʷ ʆN ʩʝʨʚʦʜʚʠʛʫʥ SMF ʨʝʛʫʣʷʪʦʨʘ ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ ʧʦʜʘʯʽ 

ʧʘʣʠʚʘ ONSMF(DEC), ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ ɺF ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʧʽʜʧ-

ʨʦʛʨʘʤʠ ʚʽʜʣʽʢʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ SBCNT(ɺF), ʽʥʘʢʰʝ ʢʽʥʝʮʴ ʧʽʜʧʨʦʛʨʘʤʠ. 

ɯʥʰʽ { }SBCNTSBSM,  ʧʽʜʧʨʦʛʨʘʤʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʽʥʩʪʨʫʢʮʽʷ-

ʤʠ: 

while  SBSM  do if  WVOPNic &)0)(( <aD   then  ONSMW(INC) do BW = f(æŬ)   

go to  SBCNT(BW)  else if  &)0)(( >aD ic )& HTPWVCLS   

then ONSMW(DEC) do  BW = f(æŬ)  go to SBCNT(BW) else if &)0)(( <aD ic  

WVOPN&DCF  then ONSMF(DEC) do  BF = f(æŬ)  go to SBHTP  else fi od 

while  SBCNT(BW)  do:  

if )0)(1)1(( =-+D CNTtBW  then OFSMW else fi od; 

while  SBCNT(BF)   

do: if  )0)(1)1(( =-+D CNTtBF   

then OFSMF else fi od, 
ʪʦʙʪʦ. ʧʨʠ ʚʽʜʭʠʣʝʥʥʷʭ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʪʫ ʯʠ ʽʥʰʫ ʩʪʦʨʦʥʫ ʚʽʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʠʢʘʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʝʨʚʦʤʦʪʦʨʠ, ʷʢʱʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝ-

ʛʫʣʶʚʘʥʥʷ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʣʘʧʘʥ ʚʞʝ ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʠʡ, ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʧʦʜʘʯʫ ʧʘʣʠʚʘ, ʷʢʱʦ ʻ ʥʘ ʮʝ ʜʦʟʚʽʣ ʢʦʦʨʜʠʥʘʪʦʨʘ (Dʉʈ = ɯ). ʇʨʠ ʧʝ-

ʨʝʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʫʩʢʥʠʭ ʛʘʟʽʚ ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʧʽʜʧʨʦʛʨʘʤʠ SBʅʊʈ. 

ɺʠʢʦʥʘʥʥʷ ʧʽʜʧʨʦʛʨʘʤ SɺʉNT ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜʥʽ-

ʤʘʥʥʷ ʟ ʟʘʣʠʰʢʫ ʯʠʩʣʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʝʣʠʯʠʥʫ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ )1( +D tB , ʦʜʠʥʠʮʽ 

1(ʉNT), ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʝʢʚʽʚʘʣʝʥʪʥʘ ʪʨʠʚʘʣʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʪʘʢʪʫ ʊʊʎ. 

ʇʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ɼɻ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ca  

ʧʝʚʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ [27,28], ʪʘʢ ʷʢ ʜʣʷ 

ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʥʦʨʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ 

ʨʝʞʠʤ ʜʠʟʝʣʷ, ʘʣʝ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ, ʨʠʩ. 3. 

ʆʜʥʘʢ, ʚ ʮʽʣʦʤʫ ʧʦ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʩʫʤʘʨʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʤʦʞʝ 

ʥʝ ʤʘʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ: 
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ʜʝ SF , )(iF  - ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʛʦʜʠʥʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ i-ʛʦ ɻɸ; Seg , ge(i) - ʧʠʪʦʤʽ ʚʠ-

ʪʨʘʪʠ ʧʘʣʠʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ i-ʛʦ ɻɸ; SP  ʪʘ ɼP (i) ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ i-ʛʦ 

ɻɸ; S=l PiPi /)()( ɼ - ʯʘʩʪʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ i-ʛʦ ɻɸ. 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʤʽʥʽʤʫʤʫ SF  ʻ ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʧʦʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʘ 

dgeɆ: 
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ʈʠʩʫʥʦʢ 3 ï  ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʨʠ 65% ʥʘʚʘʥʪʘʞʝʥʥʽ 
 

ʈʠʩʫʥʦʢ 4 ï ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ge 

 

ʗʢʱʦ ɻɸ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙ-

ʭʽʜʥʦʾ ʫʤʦʚʠ ʧʦʪʨʽʙʥʦ ʚ ʪʦʯʢʘʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʥʘʙʦʨʫ ʫʤʦʚ  
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ʱʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʩʽ ʧʦʭʽʜʥʽ 
)(ɼ iPµ

qµ
 ʚʠʷʚʣʷʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤʠ. 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʚʘʪʠ, ʟʘ ʫʤʦʚ ʦʧ-

ʪʠʤʘʣʴʥʦʩʪʽ ʥʠʞʥʽ ʧʦʨʦʛʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʨʠʩ. 4.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʴ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ, ʨʠʩ. 5, ʦʙʤʝʞʝʥʘ ʜʦʧʫʩʪʠʤʠʤʠ ʤʝʞʘ-

ʤʠ ʤʦʞʝ ʟʨʦʩʪʠ, ʽ ʾʾ ʚʠʨʘʟ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

ɼ
1

ɻ )1()( P
l

iPPPD
n
-¢¢  

ʇʨʦʪʝ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʠʥʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʷʢ ʧʨʘʚʠʣʦ, ʟʤʽʥʶʶʪʴʩʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʾʭ ʨʦʟʢʠʜʫ ʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥ-

ʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʜʠʥʘʤʽʯ-

ʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ (ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʦʛʦ), ʜʣʷ 

ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʩʢʣʘʜʫ ɻɸ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʦʙʤʝʞʝʥʴ. 
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ʈʠʩʫʥʦʢ 5 ï ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʧʫʩʪʠʤʦʾ ʥʠʞʥʴʦʾ ʤʝʞʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘ ʫʤʦʚʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʝʢ-

ʚʽʚʘʣʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ( )ɽF PS S, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʣʝʞʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʘʛʨʝʛʘʪʽʚ ʚʽʜ ʾʭ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʙʪʦ: 

( ){ }( ) min ( ( ))ɽ

i iF P F P i F P PiS S S- S= + -  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ )(iP  ʟʥʘʭʦʜʞʝʥʥʷ min( )ɽF PS S  ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ ( )PiPFiPF ii -+ S-S))(( , ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘ-

ʯʝʥʠʡ ʧʨʦʩʪʠʤ ʧʝʨʝʙʦʨʦʤ. ʆʜʥʦʯʘʩʥʦ ʟ ʚʠʙʦʨʦʤ ʩʢʣʘʜʫ ɻɸ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʽ ʧʨʘʚʠʣʘ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʜʦ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɻɸ ʪʘ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

1. ʌʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ɻɸ, ʾʭ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

2. ɸʥʘʣʽʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʛʨʝʛʘʪʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʫ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ RCLk  ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʚʝʨʭʥʽʭ 

ʧʦʨʦʛʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʤʦʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʝʪʝʦʝʣʝʤʝʥʪʽʚ. 

4. ʂʦʨʠʛʫʚʘʥʥʷ ʜʦʧʫʩʪʠʤʠʭ, ʟʘ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʠʞʥʽʭ 

ʧʦʨʦʛʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

5. ɺʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʥʘʣʽʟ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ɻɸ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪ 

ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʧʦʨʦʛʽʚ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ. 

6. ɺʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʫʩʢʫ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʧʝʨʝʢʣʘʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʫʧʠʥʢʠ 

ɻɸ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ɻɸ. 
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7. ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʤʠ ɻɸ ʟʘ ʫʤʦʚʘʤʠ ʦʧʪʠʤʘʣʴʥʦʩ-

ʪʽ ( )SS PF min . 

8. ɺʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʈRʆʈʊ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʚʠʥʥʦʛʦ ʜʚʠʛʫʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʨʝ-

ʘʣʽʟʘʮʽʾ ʢʨʠʪʝʨʽʶ min)( ­a-a optc . 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚ ʨʝʞʠʤʽ, ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ, ʘʙʦ ʚ ʧʝʨʽʦʜ ʟʤʽʥʠ ʩʢʣʘ-

ʜʫ ʟʘ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʘʚʘʨʽʡʥʽ ʽ ʧʝʨʝʜʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ, 

ʚʠʢʣʠʢʘʥʽ ʚʠʙʽʛʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ. 

ɼʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʥʘ ʚʚʝ-

ʜʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʪʘ ʚʠʚʝʜʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ɻɸ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʦʾ ʯʝʨʛʦʚʦʩʪʽ, ʨʦʟʨʦʙʮʽ 

ʷʢʠʭ ʙʫʜʫʪʴ ʧʨʠʩʚʷʯʝʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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Abstract: This paper examines the possibility of measuring the main magnetic field parameters in 

the gap of powerful marine asynchronous electric motors by using piezoelectric bimorph elements as 

vibration transducers for magnetically sensitive inductive coils in a differential connection. Measuring 

the field parameters in the gap, and determining, in particular, the angle of inclination of the field lines 

relative to the normal, enables the usage of additional control loops in the electric drive control system 

and expands the range of diagnostic measurements for assessing the motor's condition. 

Keywords: magnetic gap of an asynchronous motor, piezoelectric elements, bimorph vibrator, in-

duction coils, differential switching, electric drive control system, electric motor condition diagnostics. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽʡ ʚʘʨʪʦʩʪʽ 
ʘʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ (ɸɼ) ʩʪʘʣʠ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦ-
ʜʫ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʷʚʥʫ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʙʫʜʴ-
ʷʢʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘʢʣʘʜʝʥʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʪʚʦ-
ʨʝʥʥʷ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚ-
ʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʚ ʧʨʠʚʘʪʥʠʭ ʧʦʭʽʜʥʠʭ [1]. ʈʽʚʥʷʥʥʷ ʧʦʣʷ ʤʘʶʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 
ʙʝʟʣʽʯ ʥʝʟʘʣʝʞʥʠʭ ʜʨʫʛ ʚʽʜ ʜʨʫʛʘ ʨʽʰʝʥʴ. ɸʣʝ ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʠʡ ʚʠ-
ʟʥʘʯʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ɸɼ, ʽʩʥʫʻ ʦʜʥʘ ʻʜʠʥʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʢʘʨʪʠʥʘ ʧʦʣʷ, ʷʢʘ ʦʧʠ-
ʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʪʦʤʫ ʚʠʙʽʨ ʻʜʠʥʦʛʦ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, 
ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʩʪʘʚʣʝʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯ-
ʥʦ ʚʽʜʦʤʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʉʢʣʘʜʥʽʩʪʴ ʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, 
ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʭ, ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʫʧ-
ʨʘʚʣʽʥʥʷ ɸɼ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ ʾʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ. ɼʣʷ ʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ 
ʫ ʧʦʪʫʞʥʠʭ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʭ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʣʝʢʪ-
ʨʦʤʝʭʘʥʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ, ʛʨʘʥʠʯʥʽ ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ 
ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʜʦʜʘʪʢʦʚʽ ʩʢʣʘʜʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ ʫ 
ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʫʤʦʚʘʭ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʢʦʣʠ ʧʦʪʫʞʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ 
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ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʚ ʤʝʞʘʭ ʧʦʣʽʚ ʨʦʟʩʽʶʚʘʥʥʷ, ʱʦ ʚʟʘʻʤʥʦ 
ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʦʩʦʙʣʠʚʦ, ʥʘ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʥʘʩʠʯʝʥʠʭ ʩʫʜʥʘʭ ʧʨʠ ʚʝʣʠʢʽʡ ʱʽʣʴʥʦʩʪʽ 
ʫʩʪʘʥʦʚʢʠ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ. ʊʦʤʫ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʠʪʠ ʷʢʠʡʩʴ ʢʦʥʢʨʝʪʥʠʡ ʧʘ-
ʨʘʤʝʪʨ ʧʨʘʮʶʶʯʦʛʦ ʜʚʠʛʫʥʘ ʥʘʡʯʘʩʪʽʰʝ ʚʜʘʶʪʴʩʷ ʜʦ ʧʨʘʢʪʠʯʥʠʭ ʚʠʤʽʨʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 
ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʚʠʤʽʨʶ-
ʚʘʥʥʷ ʡʦʛʦ ʧʦʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʥʠʤ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʡʦʛʦ ʩʪʘʥʫ ʙʫʣʦ 
ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʘʟʥʘʯʝʥʽ 
ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʫʜʥʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʻ ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ/ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ 
ʚ ʤʘʛʥʽʪʥʦʤʫ ʟʘʟʦʨʽ ɸɼ. ʆʜʥʘʢ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪ-
ʨʦʜʚʠʛʫʥʦʤ, ʢʨʽʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ ʽ ʥʘʧʨʫʞʝʥʦʩʪʽ, ʚʠʥʠʢʘʻ 
ʧʦʪʨʝʙʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚ ʟʘʟʦʨʽ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʢʫʪʘ ʥʘʭʠʣʫ ʚʝʢʪʦʨʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʜʥʦ-
ʩʥʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʣʶʩʘ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʜʚʠʛʫʥʘ, ʱʦ 
ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʚʟʘʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʚʟʘʥʥʷ ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ 
ʜʘʻ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʩʪʠ ʚ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʜʦʜʘʪʢʦʚʠʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʽʥ-
ʥʷ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 
ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʥʝ-
ʧʨʷʤʽ ʤʝʪʦʜʠ, ʤʝʪʦʜ ɻʘʫʩʩʘ ʪʘ ʽʥʰʽ. ɺ ʷʢʦʩʪʽ ʤʘʛʥʽʪʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ 
ʧʦʣʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ (ʜʘʪʯʠʢʠ ʍʦʣʣʘ, ʤʘʛʥʽʪʦʨʝʟʠʩʪʦʨʠ ʽ 
ʤʘʛʥʽʪʦʪʨʘʥʟʠʩʪʦʨʠ), ʬʝʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʘ ʪʘʢʦʞ ʪʨʘʜʠʮʽʡʥʽ ʜʨʦʪʦʚʽ ʢʦʪʫʰʢʠ 
ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʘ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦ-
ʣʷ ʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 
ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʜʘʪʯʠʢʘ. ʎʽ ʥʦʚʽ ʢʦʤʙʽʥʘʮʽʡʥʽ 
ʩʠʛʥʘʣʠ ʚʠʥʠʢʘʶʪʴ ʷʢ ʩʫʤʠ ʪʘ ʨʽʟʥʠʮʽ ʯʘʩʪʦʪ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʾʭ ʛʘʨʤʦʥʽʢ, ʩʪʚʦʨʶʶ-
ʯʠ ʧʝʨʝʭʨʝʩʥʽ ʧʝʨʝʰʢʦʜʠ, ʱʦ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʟʥʠʞʫʶʪʴ 
ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɼʦ ʪʦʛʦ ʞ ʚʩʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ, ʯʫʪʣʠʚʽ ʜʦ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ, ʚʠ-
ʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʘʙʦ ʤʦʜʫʣʷʮʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ 
ʢʦʥʩʪʨʫʢʮʽʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʱʫʧʘ, ʪʦʤʫ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʽʥʜʫʢʮʽʡʥʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶ-
ʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚ ʷʢʦʩʪʽ ʤʘʛʥʽʪʦʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʢʨʦʤʽʥʽʘʪʶʨʥʘ 
ʜʨʦʪʦʚʘ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʧʨʠʩʪʨʽʡ, ʦʧʠʩʘʥʠʡ ʫ [2]. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʟʘʩʥʦ-
ʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʝ.ʨ.ʩ., ʷʢʘ ʥʘʚʦʜʠʪʴʩʷ ʚ ʙʘʛʘʪʦʚʠʪʢʦʚʽʡ ʢʦʪʫʰʮʽ, ʱʦ ʟʜʽʡʩ-
ʥʶʻ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʟʘʜʘʥʦʾ ʪʦʯʢʠ ʧʦʣʷ. ʗʢ ʚʽʜʦʤʦ, ʚʝʣʠʯʠʥʘ ʝ ʮʽʻʾ ʝ.ʨ.ʩ. , ʚʽʜʧʦʚʽʜ-
ʥʦ ʜʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ, ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʌ, ʱʦ ʧʝʨʝ-
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ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘ-
ʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʟʘʟʦʨʽ ʘʩʠʥʭʨʦʥʥʠʭ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘ-
ʥʽʯʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʥʘ ʦʩʥʦʚʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʚ ʩʠʣʫ 
ʻʤʥʽʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʤʧʝʜʘʥʩʫ, ʥʝ ʩʪʚʦʨʶʶʪʴ ʚʣʘʩʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 
ʷʢʝ ʤʦʛʣʦ ʙ ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ. ʊʘʢʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʣʦʩʢʽ 
ʧʣʘʩʪʠʥʠ, ʚʠʨʽʟʘʥʽ ʟ ʧʨʠʨʦʜʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧ'ʻʟʦʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʨʠʩʪʘʣʽʚ ʢʚʘʨ-
ʮʫ) ʘʙʦ ʩʬʦʨʤʦʚʘʥʽ ʟʽ ʰʪʫʯʥʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ, ʮʠʨʢʦʥʘʪʫ-
ʪʠʪʘʥʘʪʫ ʩʚʠʥʮʶ ʘʙʦ ʥʽʦʙʘʪʫ ʣʽʪʽʶ), ʫ ʷʢʠʭ ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʤʽʨ l l ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ 
ʾʭ ʰʠʨʠʥʫ l2 ʪʘ ʪʦʚʱʠʥʫ l3. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧ'ʻʟʦʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 
ʾʭ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʣʘʩʪʠʥʠ ʧʦʢʨʠʚʘʶʪʴʩʷ ʝʣʝʢʪ-
ʨʦʧʨʦʚʽʜʥʠʤ ʰʘʨʦʤ (ʥʘʧʨʠʢʣʘʜ, ʧʦʨʦʰʢʦʤ ʩʨʽʙʣʘ), ʷʢʠʡ ʧʦʪʽʤ ʚʧʽʢʘʻʪʴʩʷ ʚ ʤʘʪʝʨʽʘʣ ʧʣʘ-
ʩʪʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʘʜʛʝʟʽʾ. ʇʦʪʽʤ ʫ ʧôʻʟʦʧʣʘʩʪʠʥʘʭ ʩʪʚʦʨʶʻʪʴʩʷ ʚʥʫʪʨʽʰ-
ʥʷ ʧʦʣʷʨʠʟʘʮʽʷ, ʷʢʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ 
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ʚʽʜ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʥʠʭ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ 
ʨʦʢʽʚ. ʇʽʩʣʷ ʯʦʛʦ ʧʣʘʩʪʠʥʠ ʩʢʣʝʶʶʪʴʩʷ ʘʙʦ ʩʧʘʶʶʪʴʩʷ ʧʦʧʘʨʥʦ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤ-
ʢʫ ʚʟʜʦʚʞ ʜʦʚʛʦʾ ʩʪʦʨʦʥʠ, ʫʪʚʦʨʶʶʯʠ ʜʚʦʰʘʨʦʚʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʙʽʤʦʨʬʥʽ ʧʝʨʝʪʚʦʨʶʚʘ-
ʯʽ. ʊʝʭʥʦʣʦʛʽʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʙʨʝ ʚʽʜʧʨʘʮʴʦʚʘʥʘ, ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʚ ʣʽʪʝʨʘʪʫʨʽ [3] ʪʘ 
ʜʦʩʪʫʧʥʘ ʥʘʚʽʪʴ ʫ ʩʫʜʥʦʚʠʭ ʫʤʦʚʘʭ. 

ʆʜʠʥ ʢʽʥʝʮʴ ʚʽʙʨʘʪʦʨʘ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʪʚʝʨʜʠʡ ʦʧʦʨʽ ʜʘʪʯʠʢʘ ʧʦʣʷ (ʱʫʧʘ), ʷʢʠʡ 
ʚʩʪʘʚʣʷʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʠʡ ʟʘʟʦʨ ɸɼ, ʘ ʥʘ ʧʨʦʪʠʣʝʞʥʦʤʫ (ʨʫʭʦʤʦʤʫ) ʢʽʥʮʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦ-
ʛʦ ʙʽʤʦʨʬʘ ʟʘʢʨʽʧʣʶʶʪʴ ʤʘʛʥʽʪʦʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʪʫʰʢʠ ʨʦʟʤʽʱʫʶʪʴʩʷ 
ʫ ʪʦʯʮʽ, ʜʝ ʘʤʧʣʽʪʫʜʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʪʦʨʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ.  

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʽʥʜʫʢʮʽʡʥʠʭ ʜʘʪʯʠʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʙʘʟʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 
ʙʽʤʦʨʬʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʷʪʠ ʣʠʰʝ ʤʘʛʥʽʪʥʫ ʽʥʜʫʢʮʽʶ (ʘʙʦ ʧʨʦʧʦʨʮʽʡʥʫ ʾʡ ʥʘ-
ʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ) ʫ ʪʦʯʮʽ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ. ʆʜʥʘʢ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ 
ʟʘʟʦʨʽ ɸɼ ʚʘʞʣʠʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʥʝ ʪʽʣʴʢʠ ʚʝʣʠʯʠʥʘ, ʘ ʡ ʥʘʧʨʷʤʦʢ ʧʦʣʷ. ɼʣʷ ʚʠʤʽʨʶ-
ʚʘʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʽ ɸɼ ʱʦʜʦ ʥʦʨʤʘʣʽ ʜʦ ʡʦʛʦ ʧʦ-
ʣʶʩʽʚ ʤʦʞʣʠʚʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʽʥʜʫʢʪʠʚʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʷ ʟʘ ʨʘʭʫʥʦʢ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 
ʨʠʩ.1. 

         ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʧʨʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-
ʤʫ ʚʢʣʶʯʝʥʥʽ ʢʦʪʫʰʦʢ ʤʽʩʪʠʪʠʤʝ ʽʥʬʦʨʤʘʮʽʶ ʥʝ ʪʽʣʴʢʠ ʧʨʦ 
ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʚ ʜʘʥʽʡ ʪʦʯʮʽ, ʘʣʝ ʽ ʚʠʷʚʠʪʴʩʷ ʧʨʦʧʦʨ-
ʮʽʡʥʠʤ ʩʠʥʫʩʫ ʢʫʪʘ ʥʘʭʠʣʫ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʘʟʦʨʽ 
ɸɼ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʨʦʱʝʥʦʛʦ ʚʠʨʘʟʫ: 

               
0

0( ) sin( )sin( 45 )ʥ me t k k B tw q a= + + , 

ʜʝ k0 ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʟʘʣʝʞʥʠʡ ʚʽʜ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠʩʪʨʦʶ, kʥ ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʦʨʪʦ-
ʛʦʥʘʣʴʥʦʩʪʽ ʢʦʪʫʰʦʢ, Bm ï ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʤʘ-

ʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʟʘʟʦʨʽ ɸɼ, w - ʢʨʫʛʦʚʘ ʯʘʩ-
ʪʦʪʘ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧ'ʻʟʦʚʽʙʨʘʪʦʨʘ, Ŭ ï ʚʟʘʻʤʥʠʡ ʢʫʪ 

ʥʘʭʠʣʫ ʤʘʛʥʽʪʦʯʫʪʣʠʚʠʭ ʢʦʪʫʰʦʢ. 
ʊʘʢ ʷʢ ʮʝʡ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ ʧʦʚʥʽʩʪʶ ʧʦʤʽʱʘʪʠʩʷ ʚ ʜʦʩʠʪʴ ʤʘʣʠʡ ʟʘʟʦʨ ʝʣʝʢʪʨʦʜ-

ʚʠʛʫʥʘ, ʪʦ ʨʦʟʤʽʱʝʥʥʷ ʜʚʦʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʩʪʨʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦ, ʪʦʙʪʦ ʯʽʪʢʦ ʧʽʜ 
ʢʫʪʦʤ 90ʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʻ ʜʝʷʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʢʣʘʜʥʽʩʪʴ. ʎʷ ʧʨʦʙʣʝʤʘ ʚʠ-
ʨʽʰʫʻʪʴʩʷ ʚʟʘʻʤʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ ʢʦʪʫʰʦʢ ʧʽʜ ʢʫʪʦʤ ʙʽʣʴʰʝ 90ʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. 
ɿʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʢʦʪʫʰʦʢ ʜʦ ʟʥʘʯʝʥʥʷ (Ŭ + 90ʦ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚ ʨʽʚʥʷʥʥʽ 
ʜʣʷ ʝ.ʜ.ʩ. ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ kʥ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʘʥʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ 
ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʚʢʣʶʯʝʥʥʷ ʢʦʪʫʰʦʢ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʚʘ ʢʘʥʘʣʠ: ʦʜʠʥ ʦʙʨʦʙʣʷʪʠʤʝ ʩʠʛ-
ʥʘʣ, ʦʜʝʨʞʫʚʘʥʠʡ ʚʽʜ ʦʜʥʦʾ ʟ ʢʦʪʫʰʦʢ, ʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʚ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ (ʘʙʦ ʥʘ-
ʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ) ʚ ʜʘʥʽʡ ʪʦʯʮʽ, ʘ ʜʨʫʛʠʡ ï ʦʙʨʦʙʣʷʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʩʠʛʥʘʣ ʚʽʜ ʜʚʦʭ 

ʢʦʪʫʰʦʢ, ʷʢʠʡ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʢʫʪʫ ʥʘʭʠʣʫ ʤʘʛʥʽʪʥʠʭ ʣʽʥʽʡ ʧʦʣʷ q ʫ ʜʘʥʽʡ ʪʦʯʮʽ ʟʘʟʦʨʫ 
ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʧʦʣʶʩʽʚ ɸɼ. 

ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʷʭ, ʘʣʝ ʽ 
ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʫʧʨʘʚʣʽʥʥʷ ʚʝʢʪʦʨʥʠʤʠ ʩʫʜʥʦʚʠʤʠ ɸɼ. 
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 ɸʥʦʪʘʮʽʷ: ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʽʜʭʽʜ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʰʣʷʭʦʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʨʝʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʥʝʡʨʦʤʝ-

ʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʛʣʷʥʫʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʪʝʭʥʽʯʥʦ-

ʛʦ ʩʪʘʥʫ ʩʢʣʘʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʧʘʨʘʤʝʪʨʽʚ ʨʝʻʩʪʨʘʮʽʾ 

ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʧʨʷʤʢʠ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ɺʠʨʽʰʝʥʦ ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘ-

ʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ  ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʘʣʢʝʨʫ ʟʘ ʩʫʢʫʧʥʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʬʽʢʩʫʶʪʴʩʷ ʩʫʜʥʦʚʦʶ SCADA ʥʘ ʧʨʦʪʷʟʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʩʪʘʥʦʚ-

ʣʝʥʦ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʨʦʛʥʦʟʫ ʡʦʛʦ ʟʤʽʥʠ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟ ʜʦʩ-

ʪʘʪʥʽʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʦʯʥʦʩʪʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʠʤʦʩʪʽ. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʩʫʜʥʦʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ, ʦʮʽʥʢʘ 

ʪʘ ʧʨʦʛʥʦʟ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ. 
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ɺʠʤʦʛʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʩʫʯʘʩʥʠʭ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

(ʉɽɽʉ) ʽ, ʟʦʢʨʝʤʘ, ʜʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɼɻʋ), ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʧʝ-

ʨʝʭʦʜʫ ʜʦ ʩʪʨʘʪʝʛʽʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʟʘ ʧʨʦʛʥʦʟʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ  ʪʘ ʚʠʨʽʰʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʠʚʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʻ ʜʦʩʪʦʚʽʨʥʘ ʦʮʽʥʢʘ  ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʨʦ-

ʛʥʦʟʫ ʟʤʽʥʠ ʪʘʢʦʛʦ ʩʪʘʥʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʟ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʙʝʟʧʝʢʠ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʄʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝ-

ʢʪʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʽ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʩʥʫʶʯʠ-

ʤʠ. 

ɿʚʽʜʩʠ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ ʧʝʨʝʭʦʜʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤ ʟʘ ʪʝʭʥʽʯ-

ʥʠʤ ʩʪʘʥʦʤ ʽ ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ, ʷʢʽ ʟʜʘʪʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫ-

ʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ɼɻɸ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʤʝʪʦʜʽʚ, ʤʝʪʦʜʠʯʥʠʭ 

ʦʩʥʦʚ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʽ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʚ ʩʠʩʪʝʤʘʭ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʤʦʜʝʣʽ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʦʨʦʜʞʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʠʨʽ-

ʝhʥʥʷ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʜʽʘʛ-

ʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʧʦ-

ʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʮʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʷʢʽ ʟ ʙʽʣʴʰʦʶ ʘʜʝʢʚʘʪʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʟʠʮʽ ʧʨʦ-

ʮʝʩʽʚ ʚ ɼɻʋ, ʪʘ ʧʦʙʫʜʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʜʝʣʝʡ ʧʦʨʦʜʞʝʥʥʷ ʜʘʥʠʭ ʽ, ʥʘ ʮʽʡ ʦʩʥʦʚʽ, ʩʪʚʦ-

ʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘ ʪʘ ʧʨʦʛʥʦʟʫ 

ʡʦʛʦ ʟʤʽʥ ʥʘ ʧʨʦʪʷʟʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ . 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻ ʤʽʩʮʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʧʨʘʢʪʠʢʦʶ ʚʠʤʦʛʘʤʠ ʜʦ ʩʠʩ-

ʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ  ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʉɽɽʉ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʧʨʘʢʪʠʢʦʶ 

ʚʠʤʦʛʘʤʠ ʜʦ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ  ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ-

ʩʷ ʚ ʉɽɽʉ, ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʩʫʜʥʦʚʠʭ ɼɻʋ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʮʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʷʢʽ ʟ ʙʽʣʴʰʦʶ ʘʜʝʢʚʘʪʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʟʠʮʽ ʧʨʦʮʝʩʽʚ ʚ ɼɻʋ, ʥʘ ʧʨʦʪʷʟʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʫ-

ʯʘʩʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʩʫʜʥʽ ʩʠʩʪʝʤʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʬʽʢʩʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ (ʽ ʧʨʦʛʥʦʟʫ) 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻɸ ʜʦʮʽʣʴʥʦ ʚʠʙʨʘʪʠ ʣʠʰʝ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʜʦ ʙʽʣʴʰ ʜʝʪʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ, ʘ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ ï ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻɸ ʪʘ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʨʦʟ-

ʨʘʭʫʥʢʽʚ ʟʘ ʦʙʨʘʥʦʶ ʤʦʜʝʣʣʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʰʠʤ ʟʘʚʜʘʥʥʷʤ ʩʪʘʚ ʚʽʜʙʽʨ ʯʠʩʣʘ ʜʽʘʛʥʦ-

ʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʦʛʦ ʽ ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɼɻɸ. ɺʠʙʽʨ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

ʉʣʽʜ ʤʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʻ ʟʤʽʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʩʘʤʝ ʪʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʻ ʚʠʟʥʘʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʚʠʤʦʛʘʤ ʱʦʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʪʘʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ʆʙʨʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʽʟ ʩʫʢʫʧʥʦʩʪʽ ʜʘʥʠʭ ʨʝʻʩʪʨʘʮʽʾ ʜʘʻ 

ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʰʫʢʫʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʊʘʢʠʤ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʾ ʩʫʢʫʧʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʻʩʪʨʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ɼɻʋ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ɼɻʋ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

 

ʋ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ,  ʦʙʨʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʻ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʪʝʧʣʦʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʮʠʣʽʥʜʨʘʤʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ.  

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ  ʚʽʜʽʙʨʘʥʠʭ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʮʠʣʽʥʜʨʽʚ ˉ 1ï ˉ 5 (ʨʠʩ. 2), ʩʠʣʘ 

ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 3).  ʂʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʪʘ ʩʪʨʫʤʫ 

ʧʦ ʮʠʣʽʥʜʨʘʤ ɼɻʋ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʭʽʜʥʫ ʛʽʧʦʪʝʟʫ. ʈʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʪʘ ʩʪʨʫʤʫ ɼɻʋ  ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5. ʇʨʦʛʥʦʟ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ɼɻʋ 

ʟʘ ʮʠʣʽʥʜʨʘʤʠ ʽʣʶʩʪʨʫʶʪʴ ʜʽʘʛʨʘʤʘ ʨʠʩ. 6. ʄʝʞʽ ʜʦʧʫʩʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ɼɻʋ (ʟʘ 

ʤʝʪʦʜʠʢʦʶ  Kongsberg) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7. 
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ʈʠʩʫʥʦʢ 2 ï ʏʘʩʦʚʠʡ ʨʷʜ ʪʝʤʧʝʨʘʪʫʨ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʧʦ ʮʠʣʽʥʜʨʘʤ  
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ʈʠʩʫʥʦʢ. 3 ï ʏʘʩʦʚʠʡ ʨʷʜ ʩʠʣʠ ʩʪʨʫʤʫ ʈʠʩʫʥʦʢ. 4 ï ʂʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽ\ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʛʘʟʽʚ ʪʘ ʩʪʨʫʤʫ ʧʦ ʮʠʣʽʥʜʨʘʤ ɼɻʋ 
 

 
 

ʈʠʩʫʥʦʢ. 5 ï ʈʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ\ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʟʽʚ ʪʘ ʩʪʨʫʤʫ ɼɻʋ  

 

ʈʠʩʫʥʦʢ.6 ï ʇʨʦʛʥʦʟ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ɼɻʋ ʟʘ 

ʮʠʣʽʥʜʨʦʤ 5 

 

 

 

ʈʠʩʫʥʦʢ. 7 ï ɼʦʧʫʩʢ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ɼɻʋ ʟʘ ʤʝʪʦʜʠʢʦʶ  Kongsberg 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʛʥʦʟʫ ʟʤʽʥʠ 

ʩʪʘʥʫ ɼɻʋ ʟʘ ʦʙʨʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʜʘʥʽ ʱʦʜʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦ-

ʭʠʙʢʠ (STD):ʎʠʣʽʥʜʨ 1: 11,34 grad, ʎʠʣʽʥʜʨ 2: 16,02 grad, , ʎʠʣʽʥʜʨ 3: 16,07 grad, ʎʠʣʽʥʜʨ 

4: 16,68 grad, ʎʠʣʽʥʜʨ 5: 16,96 grad. ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʟʘ ʚʽʜʦʤʠʤʠ 

ʢʣʘʩʠʯʥʠʤʠ ʨʝʛʨʝʩʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʴʰ ʥʽʞ 20 grad, ʱʦ, ʚʣʘʩʥʝ, ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʧʝʨʝʚʘʛʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ. 

ɺʠʩʥʦʚʢʠ. ʆʩʥʦʚʥʠʤʠ ʚʠʩʥʦʚʢʘʤʠ ʻ ʥʘʩʪʫʧʥʽ: 

ɺʠʢʦʥʘʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʽ ʟʚôʷʟʢʠ ʤʽʞ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ʨʝʻʩʪʨʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʾ. ʈʦʟʨʦ-

ʙʣʝʥʽ ʥʝʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ, ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʧʦʣʽʥʦʤʽʘʣʴʥʽ, ʪʘʢ ʽ ʥʝʡʨʦʤʝʨʝʞʝʚʽ,  ʚʟʘ-

ʻʤʦʟʚôʷʟʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʮʠʣʽʥʜʨʽʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚʽʜ ʡʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʘ ʾʾ ʧʝʨʝʚʽʨʢʘ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ.  ɺʩʪʘʥʦʚʣʝʥʘ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɼɻʋ ʟʘ ʦʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʥʝʡ-

ʨʦʤʝʨʝʞʽ ʨʝʛʨʝʩʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ.  ʥʝʡʨʦʤʝʨʝʞʘ ʨʝʛʨʝʩʽʾ ʟʘʙʝʟʧʝʯʫʻ ʚʽʨʦʛʽʜʥʝ ʧʨʦʛʥʦ-

ʟʫʚʘʥʥʷ ʟʤʽʥʠ ʦʙʨʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦ-

ʭʠʙʢʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʤʝʞʘʤ ʜʦʧʫʩʢʫ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʉʝʢʮʽʷ 2. ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ʊɸ ʅɸɼɯʁʅɯʉʊʔ 

ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ ʉʀʉʊɽʄ 
 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ʂʆʄʇɽʅʉɸʎɯɰ ʂʆʃʀɺɸʅʔ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ɽʃɽʂʊʈʀʏʅʀʍ ʇʈʆʇʋʃʔʉʀɺʅʀʍ ʂʆʄʇʃɽʂʉɯɺ 

 
ɹʦʨʩʘ ɭ. ɺ. ʟʜʦʙʫʚʘʯ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ: ʉʫʯʘʩʥʽ ʩʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʩʫʯʘʩʥʠʭ ʩʫʜʥʘʭ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʘʪʠ ʢʨʘʱʦʾ 

ʤʘʥʝʚʨʝʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ. ʋ ʮʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʩʫʜʥʘ ʟ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʨʦʧʫʣʴʩʠʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. ʆʩʥʦʚʥʘ ʤʝʪʘ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʘʥʘʣʽʟʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩʫʜʝʥ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ: ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʩʥʦʚʘʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ, ʦʙʣʘʜʥʘʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʧʨʦʧʫʣʴʩʠʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦʚʠʡ ʧʨʦʧʫʣʴʩʠʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʛʥʦʟʥʝ ʢʝʨʫʚʘʥʥʷ, ʧʽʜʨʫʣʶʶʯʽ ʧʨʠ-

ʩʪʨʦʾ, ʜʽʘʛʥʦʩʪʠʢʘ, ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
 

IMPROVEMENT OF THE METHOD FOR COMPENSATING LOAD 

FLUCTUATIONS OF ELECTRIC PROPULSION COMPLEXESS  
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Abstract: Modern ship power plants must provide high efficiency and reliability during opera-

tion in various operating conditions. The use of combined propulsion complexes on modern ships allows 

for better maneuverability, economy and rational use of engine power. This work considers the power 

transmission processes in the electrical power system of a ship with a combined propulsion complex op-

erating in different modes. The main objective of the work is to study the principles of operation of the 

propulsion complex and analyze energy processes under different operating conditions. The aim of the 

work is to study energy processes in combined propulsion complexes of ships. To achieve the goal, it is 

necessary to solve the main tasks: to familiarize yourself with the theoretical foundations of power 

transmission, to determine the main methods for calculating power for a specific ship equipped with a 

combined propulsion complex and to assess the efficiency of energy processes in different operating 

modes. 

Keywords: ship propulsion complex, predictive control, thrusters, diagnostics, load fluctuations. 
 

ʎʽʣʣʶ ʜʦʩʣʽʜʞʝʥʴ: ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

ʪʘ ʦʧʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʧʫʣʴʩʠʚʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʽʟ ʥʦʩʦʚʠʤ ʧʽʜʨʫʣʶʶʯʠʤ 

ʧʨʠʩʪʨʦʻʤ ʽʟ ʬʽʢʩʘʮʽʻʶ ʧʝʨʝʭʽʜʥʠʭ ʪʘ ʫʩʪʘʣʝʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʫʜʥʦʚʽʡ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ 

ʩʠʩʪʝʤʽ, ʦʮʽʥʢʦʶ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʜʠʥʘʤʽʢʠ ʨʦʙʦʪʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʦʛʣʠʙʣʝʥʦ ʜʦʩʣʽʜʠʪʠ ʧʨʠʨʦʜʫ ʪʘ ʧʘʨʘʤʝʪʨʠ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ, 
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ʯʘʩʪʦʪʠ, ʩʪʨʫʤʽʚ ʽ cos ű, ʩʧʨʠʯʠʥʝʥʠʭ ʨʦʙʦʪʦʶ ʥʦʩʦʚʦʛʦ ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʅʇʇ), 

ʪʘ ʨʦʟʨʦʙʠʪʠ ʡ ʧʝʨʝʚʽʨʠʪʠ ʧʨʘʢʪʠʯʥʽ ʤʝʪʦʜʠ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʩʫʜʥʘ. 

ʅʘʚʯʘʣʴʥʦ-ʧʨʘʢʪʠʯʥʠʡ ʢʦʥʪʝʢʩʪ ʥʘ ʙʦʨʪʫ mv ñJamnoò: ʧʽʜʯʘʩ ʩʪʘʞʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟʽ ʩʢʣʘʜʦʤ ʽ ʧʨʠʥʮʠʧʘʤʠ ʨʦʙʦʪʠ ʛʦʣʦʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ (ɻɽʋ), ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ (K-Chief 600), 

ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ (Auto-Chief 600), ʘ ʪʘʢʦʞ ʜʦʧʦʤʽʞʥʠʤʠ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʫʜʥʘ (ʛʝʥʝʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʠʪʠ ʨʦʟʧʦʜʽʣʫ, ʟʘʭʠʩʪ, 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ, PMS) ʽʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ɻɽʋ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʧʫʣʴʩʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽʟ ʅʇʇ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ: 

ï ʦʟʥʘʡʦʤʣʝʥʥʷ ʟʽ ʩʢʣʘʜʦʤ, ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ɻɽʋ ʪʘ ʜʦʧʦʤʽʞʥʠʭ 
ʩʠʩʪʝʤ; ʜʦʩʣʽʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʥʘ ʥʘ ʧʨʘʢʪʠʮʽ 

(ʛʝʥʝʨʘʪʦʨʠ, ɻʈʑ/ʈʇ, ʟʘʭʠʩʪʠ, ʩʠʥʭʨʦʥʽʟʘʮʽʷ, PMS); 

ï ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʧʫʣʴʩʠʚʥʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʽʟ ʅʇʇ ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ ʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ; 

ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʚʠʤʽʨʶʚʘʥʴ: ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʨʦʣʶ (ɻʈʑ, ʩʝʢʮʽʾ 
ʰʠʥ, ʚʚʦʜʠ, ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ ʅʇʇ), ʧʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ (U, f, I, P, Q, S, cos ű); 

ï ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʧʫʩʢʦʤ/ʟʫʧʠʥʢʦʶ ʪʘ ʟʤʽʥʦʶ ʪʷʛʠ ʅʇʇ ʚ 
ʪʠʧʦʚʠʭ ʩʫʜʥʦʚʠʭ ʨʝʞʠʤʘʭ (ʰʚʘʨʪʦʚʽ ʦʧʝʨʘʮʽʾ, ʤʘʥʝʚʨʫʚʘʥʥʷ), ʬʽʢʩʘʮʽʷ ʧʨʦʚʘʣʽʚ 

ʥʘʧʨʫʛʠ, ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʝʘʢʮʽʾ ʨʝʛʫʣʷʪʦʨʽʚ (AVR, ʨʝʛʫʣʷʪʦʨ ʧʘʣʠʚʘ/ʯʘʩʪʦʪʠ) 

ʪʘ PMS; 

ï ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ: ʧʦʙʫʜʦʚʘ ʯʘʩʦʚʠʭ ʜʽʘʛʨʘʤ, ʩʧʝʢʪʨʽʚ, ʩʪʘʪʠʩʪʠʯʥʠʭ ʢʨʠʚʠʭ; 
ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʟʤʽʥʠ cos ű ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʯʘʩ ʫʧʨʘʚʣʷʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʧʫʣʴʩʠʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʽʟ ʅʇʇ. 

ʅʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʤʝʪʦʜʠʢ [1-10], ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ 

ʜʣʷ ʦʜʥʦʪʠʧʦʥʦʛʦ ʩʫʜʥʘ Bourbon OaïBourbon Orca [11-15]: 

ï ʜʽʘʤʝʪʨ ʛʚʠʥʪʘ  

ï ʪʷʛʘ ʥʘ ʢʥʝʭʪʽ (ʥʘ ʙʦʯʮʽ)  

ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ; 

ï ʢʽʣʴʢʽʩʪʴ ʛʦʣʦʚʥʠʭ ʛʚʠʥʪʽʚ  

ï  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʦʣʦʥʦʩʪʠ 35ă ʽ ʪʝʤʧʝʨʘʪʫʨʠ å15 ÁC (ʫʤʦʚʠ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʟʘ ISO 80000 ʪʘ ITTC [15])  

ï  ï ʧʨʠʡʥʷʪʠʡ ʩʪʘʥʜʘʨʪ (World Geodetic System, ISO 80000-3, 

CODATA) [19-22]. 

ʇʝʨʝʚʝʜʝʥʥʷ ʪʷʛʠ ʅʇʇ ʚ ʅʴʶʪʦʥʠ [16-18]: 

 
ʊʷʛʘ ʥʘ ʦʜʠʥ ʛʚʠʥʪ: 

 
ʂʦʝʬʽʮʽʻʥʪ ʪʷʛʠ  ʧʨʠ : 

 
ʜʝ ,  

 

https://www.ittc.info/media/7989/75-02-01-03.pdf?utm_source=chatgpt.com
https://www.bipm.org/en/committees/cg/cgpm/3-1901/resolution-2?utm_source=chatgpt.com
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ʆʙʯʠʩʣʝʥʥʷ ʢʦʥʩʪʘʥʪʠ: 

 
 

ʆʪʞʝ:    

 
ʆʙʯʠʩʣʝʤʦ ʜʣʷ ʨʽʟʥʠʭ rpm: 

 

 

 

 

 
 

ɺʠʢʦʥʫʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [23-31], ʦʪʨʠʤʫʻʤʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1, 2, 3 ʪʘ 4, ʚʽʜʧʦʚʽʜʥʦ: ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʪʷʛʠ ʜʦ ʰʚʠʜʢʦʩʪʠ 

ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ ʅʇʇ, ʟʘʣʝʞʥʽʩʪʴ ʪʷʛʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʫʜʥʘ, ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ, ʟʘʣʝʞʥʽʩʪʴ ʪʷʛʠ ʚʽʜ ʦʙʝʨʪʽʚ ʛʚʠʥʪʘ. 

ʇʽʜʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ mv «Jamno» 

ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʤʘʥʝʚʨʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʰʚʘʨʪʫʚʘʥʴ ʫ ʧʦʨʪʘʭ, ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʦʩʦʚʠʡ ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʅʇʇ). ʊʠʧʦʚʠʡ ʯʘʩʦʚʠʡ ʧʨʦʬʽʣʴ 

ʪʘʢʠʡ: ʩʫʤʘʨʥʠʡ ʽʥʪʝʨʚʘʣ ʨʦʙʦʪʠ ʅʇʇ ʧʽʜʯʘʩ ʤʘʥʝʚʨʽʚ ʩʷʛʘʻ ʜʦ 2 ʛʦʜʠʥ, ʟ ʷʢʠʭ 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ 5-10 ʭʚ. ʜʦ 30 ʭʚ. ʧʨʠʧʘʜʘʻ ʚʣʘʩʥʝ ʥʘ ʦʧʝʨʫʚʘʥʥʷ (ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ, 

ʨʝʚʝʨʩʠ, ʫʪʨʠʤʘʥʥʷ ʢʫʨʩʫ ʙʽʣʷ ʧʨʠʯʘʣʫ). ʈʝʰʪʫ ʯʘʩʫ ʧʽʜʨʫʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʧʝʨʝʙʫʚʘʻ ʫ 

ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ: ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʦʙʝʨʪʘʻʪʴʩʷ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʣʦʧʘʪʽ CPP ʫ 

ʥʝʡʪʨʘʣʽ), ʛʽʜʨʦʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʛʦʪʦʚʥʽʩʪʴ. 

ʋ ʬʘʟʽ ʘʢʪʠʚʥʦʛʦ ʦʧʝʨʫʚʘʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʧʦʚʪʦʨʶʚʘʥʠʡ ʮʠʢʣ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʪʷʛʠ ʟ ʯʘʩʪʠʤʠ ʟʤʽʥʘʤʠ ʥʘʧʨʷʤʫ (port/starboard) ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʨʦʢʫ. 

ʊʠʧʦʚʠʡ ʩʮʝʥʘʨʽʡ: ʩʝʨʽʾ ʢʦʤʘʥʜ ʟ ʪʨʠʚʘʣʽʩʪʶ 1-2 ʭʚ. ʪʘ ʧʘʫʟʘʤʠ ʪʘʢʦʛʦ ʩʘʤʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʪʷʛʠ ʜʦ ʰʚʠʜʢʦʩʪʠ ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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ʈʠʩʫʥʦʢ 2 ï  ɿʘʣʝʞʥʽʩʪʴ ʪʷʛʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʫʜʥʘ 

 

 
                                             ʈʠʩʫʥʦʢ 3 ï  ɿʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ 

  

 
                                      

ʈʠʩʫʥʦʢ 4 ï  ɿʘʣʝʞʥʽʩʪʴ ʪʷʛʠ ʚʽʜ ʦʙʝʨʪʽʚ ʛʚʠʥʪʘ 
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ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʽʩʪʢʘ ʘʙʦ ʢʨʠʣ ʤʽʩʪʢʘ ʜʞʦʡʩʪʠʢʦʤ ʽʟ ʧʨʦʧʦʨʮʽʡʥʠʤ ʟʘ-

ʜʘʥʥʷʤ ʢʨʦʢʫ (pitch). ʆʧʝʨʫʚʘʥʥʷ ʧʽʜʨʫʣʶʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʚʠʱʦʾ ʟʘ 5 ʚʫʟʣʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ ʅʇʇ ʟʥʘʭʦʜʠʚʩʷ ʚ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʦʧʝʨʫʚʘʚʩʷ, 

ʥʘʚʽʪʴ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʫ 7 ʚʫʟʣʽʚ, ʪʘʢʝ ʪʨʘʧʣʷʣʦʩʷ ʧʽʜ ʯʘʩ ʚʠʭʦʜʫ ʽʟ ʧʦʨʪʫ. 

ʅʘ ʨʠʩ. 5-9 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʯʘʩ ʫʧʨʘʚ-

ʣʽʥʥʷ ʅʇʇ ʥʘ ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ.  

          

ʈʠʩʫʥʦʢ 5 ï  ʇʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ʫ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 6 ï ʇʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ ʧʽʜ ʯʘʩ ʦʧʝʨʫʚʘʥʥʷ 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʩʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʝ-

ʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʅʇʇ ʚʟʘʛʘʣʽ.  

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʯʘʩ ʤʘʥʝʚʨʽʚ 25 ʣʠʧʥʷ 2025 ʨʦʢʫ, ʣʦʮʤʘʥ çʥʝ ʧʦʙʘʯʠʚ ʩʪʨʫʤʝʥʷ 

ʚʦʜʠ ʚʽʜ ʥʦʩʦʚʦʛʦ ʧʽʜʨʫʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶè, ʯʝʨʝʟ ʱʦ ʜʘʚ ʟʘʧʠʪ ʫ ʤʘʰʠʥʥʝ ʚʽʜʜʽʣʝʥʥʷ 

ʥʘ ʟʫʧʠʥʢʫ ʪʘ ʧʦʚʪʦʨʥʠʡ ʟʘʧʫʩʢ ʅʇʇ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʛʨʘʬʽʢʘʭ ʩʪʨʫʤʫ ʨʠʩ. 7. 

ɽʤʧʽʨʠʯʥʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʫ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 

ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (cos ű) ʧʦʤʽʪʥʦ ʧʘʜʘʻ ʜʦ ~0,5, ʽ ʪʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʝ ʪʨʠʚʘʪʠ ʜʦ ʜʚʦʭ ʛʦʜʠʥ (ʩʫʢʫʧʥʦ ʟʘ ʧʝʨʽʦʜ ʤʘʥʝʚʨʫʚʘʥʥʷ). ʇʽʜʯʘʩ ʘʢʪʠʚʥʦʛʦ ʦʧʝ-

ʨʫʚʘʥʥʷ ʧʽʜʨʫʣʶʶʯʠʤ ʧʨʠʩʪʨʦʻʤ cos ű ʟʨʦʩʪʘʻ ʜʦ ~0,8, ʧʽʩʣʷ ʯʦʛʦ ʟʥʦʚʫ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ 

ʯʝʨʛʫʚʘʣʴʥʠʭ  ʟʥʘʯʝʥʴ (~0.5). 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʤʠ ʛʝʥʝʨʘʪʦʨʽʚ ʧʽʜ ʯʘʩ ʦʧʝʨʫʚʘʥʥʷ ʅʇʇ 

 

ʈʠʩʫʥʦʢ 8 ï ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ 

 
ʈʠʩʫʥʦʢ 9 ï ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʦʧʝʨʫʚʘʥʥʷ 

 

ʌʽʟʠʯʥʦ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʤʘʡʞʝ ʥʝ ʤʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʈ ʤʘʣʘ, ʘ ʨʝʘʢ-

ʪʠʚʥʘ ʩʢʣʘʜʦʚʘ Q ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ. ʎʝ ʟʥʠʞʫʻ cos ű ʥʘ ʰʠʥʘʭ ɻʈʑ, ʧʦʛʽʨʰʫʻ ʨʝʟʝʨʚ ʟʘ 

ʩʪʨʫʤʦʤ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʚʪʨʘʪʠ ʪʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʽʥʰʠʭ 

ʩʧʦʞʠʚʘʯʽʚ. 
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ʅʘ ʧʨʘʢʪʠʮʽ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʥʽ ʩʠʩʪʝʤʠ ʘʙʦ ʘʢʪʠʚʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ ʯʘʩʪʦ ʚʩʪʘʥʦʚ-

ʣʶʶʪʴ ʥʘ ʩʫʜʥʘʭ ʽʟ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ ʧʽʜʨʫʣʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʜʝ ʨʝʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʚ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ ʽʩʪʦʪʥʽʰʘ. ɼʣʷ ʩʫʜʥʘ ʟ ʦʜʥʠʤ ʧʽʜʨʫʣʶʶʯʠʤ ʧʨʠʩʪʨʦʻʤ (ʷʢ ʥʘ mv 

«Jamnoè) ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʡʦʛʦ ʥʘʷʚʥʦʩʪʽ ʪʘ ʧʦʪʨʝʙʘ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʩʫʧʝʨʢʦʥʜʝʥ-

ʩʘʪʦʨʽʚ ʥʝʦʯʝʚʠʜʥʘ, ʪʘʢ ʥʘ ʜʦʜʘʥʦʢ ʚʩʝ ʦʜʥʦ ʟʘʣʫʯʘʶʪʴʩʷ ʙʫʢʩʠʨʠ. 

ɺʦʜʥʦʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʚʦʜʦʡʤʘʭ/ɺʝʣʠʢʠʭ ʆʟʝʨʘʭ (ʜʣʷ ʷʢʠʭ ʩʫʜʥʦ 

ʟʙʫʜʦʚʘʥʝ) ʤʦʞʝ ʟʤʽʥʠʪʠ ʙʘʣʘʥʩ ʥʘ ʢʦʨʠʩʪʴ ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ: ʯʘʩʪʽ ʤʘʥʝʚʨʠ ʫ ɺʝ-

ʣʠʢʠʭ ʆʟʝʨʘʭ, ʯʝʨʝʟ ʱʦ ʟʨʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʽʜʚʠʱʝʥʽʡ ʚʠʤʦʛʠ ʜʦ ʘʚʪʦʥʦʤʥʦʩʪʽ, 

ʨʦʙʣʷʪʴ ʢʦʤʧʣʝʢʩ ʧʽʜʨʫʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʠʤ ʯʝʨʝʟ ʚʠʱʫ ʦʧʝʨʘʪʠʚ-

ʥʽʩʪʴ. 

ɺʠʩʥʦʚʦʢ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ mv «Jamnoè ʥʘʜʘʣʦ ʮʽʣʽʩʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦ-

ʩʚʽʜ ʨʦʙʦʪʠ ʟ ʛʦʣʦʚʥʠʤʠ ʪʘ ʜʦʧʦʤʽʞʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʫʜʥʘ ʪʘ ʩʪʘʣʦ ʦʩʥʦʚʦʶ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʮʽʣʴʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʚʠʤʽʨʶʚʘʥʴ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʅʇʇ ʥʘ ʨʦʙʦ-

ʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʧʨʦʮʝʩʽ ʩʠʩʪʝʤʥʦ ʬʽʢʩʫʚʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʧʨʦʧʫʣʴʩʠʚ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ CPP, ʨʦʙʦʪʘ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʦʞ ʢʦʥʪʫʨʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʣʦʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʙʘʛʘʪʦ-

ʨʘʟʦʚʦ ʧʽʜʯʘʩ ʨʝʘʣʴʥʠʭ ʰʚʘʨʪʦʚʠʭ ʽ ʤʘʥʝʚʨʦʚʠʭ ʝʧʽʟʦʜʽʚ. ɼʘʥʽ ʟʙʠʨʘʣʠʩʷ ʟʽ ʰʪʘʪʥʠʭ ʟʘ-

ʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ (K-Chief 600) ʟ ʢʦʥʪʨʦʣʝʤ ʪʨʝʥʜʽʚ U, I, P, Q, S, cos ű, f ʪʘ ʬʽʢʩʘʮʽʻʶ 

ʧʦʜʽʡ. ɼʣʷ ʢʦʞʥʦʛʦ ʝʧʽʟʦʜʫ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʯʘʩʦʚʽ ʤʽʪʢʠ, ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʝʞʠʤ 

ʯʝʨʛʫʚʘʥʥʷ/ʦʧʝʨʫʚʘʥʥʷ), ʪʨʠʚʘʣʽʩʪʴ ʜʽʣʷʥʦʢ, çʩʪʫʧʝʥʽè ʡ ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ ȹU ʪʘ ʯʘʩ ʾʾ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʨʝʘʢʮʽʾ AVR ʽ ʧʘʣʠʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʘʢ-

ʪʠʚʥʦʾ ʡ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʧʨʘʮʶʶʯʠʤʠ DG ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʅʇʇ. ʆʢʨʝʤʦ 

ʚʽʜʟʥʘʯʘʣʠʩʷ ʨʝʞʠʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʅʇʇ (ʣʦʧʘʪʽ CPP ʫ ʥʝʡʪʨʘʣʽ). 

ʂʣʶʯʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ï ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʶʚʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʧʣʠʚʫ ʅʇʇ ʥʘ ɽɽʉ; ʟʘʬʽʢʩʦʚʘʥʦ ʪʠʧʦʚʽ 
ʧʨʦʬʽʣʽ cos ű ʫ standby (~0,5) ʯʝʨʝʟ ʟʥʘʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʙʝʟ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫ ʬʘʟʽ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ (~0,8) ʧʽʜ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʪʷʛʠ ʡ ʨʝʚʝʨʩʽʚ ʫ ʤʝʞʘʭ ʤʘʥʝʚʨʽʚ ʪʨʠʚʘʣʽʩʪʶ ʜʦ 2 ʛʦʜʠʥ; 

ï ʚʠʷʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʫ ʟʤʽʥʫ ʨʦʟʧʦʜʽʣʫ P/Q ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʽʚ ʯʝʨʛʫʚʘʥʥʷ ź 

ʦʧʝʨʫʚʘʥʥʷ: ʫ ʯʝʨʛʫʚʘʥʥʽ ʜʦʤʽʥʫʻ ʨʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʅʇʇ, ʘ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʨʦʩʪʘʻ ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʪʘ cos ű ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ; 

ʨʝʘʢʮʽʾ AVR ʽ ʨʝʛʫʣʷʪʦʨʽʚ ʧʘʣʠʚʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ U ʪʘ f ʙʝʟ ʪʨʠʚʘʣʠʭ 

ʚʽʜʭʠʣʝʥʴ; 

ï ʦʮʽʥʝʥʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʥʘ ʛʦʣʦʚʥʦʤʫ ʨʦʟʧʦʜʽʣʴʯʦʤʫ ʱʠʪʽ (ɻʈʑ) ʧʨʠ ʨʽʟʢʠʭ 
ʟʤʽʥʘʭ ʢʫʪʘ ʣʦʧʘʪʝʡ CPP: ʟʘʬʽʢʩʦʚʘʥʽ ʢʦʨʦʪʢʦʯʘʩʥʽ ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʥʘʯʝʥʴ ʽʟ ʧʦʚʝʨʥʝʥʥʷʤ ʜʦ ʥʦʤʽʥʘʣʫ ʟʘ ʪʠʧʦʚʠʡ ʯʘʩ; ʚʠʧʘʜʢʽʚ 

ʨʦʟʩʠʥʭʨʦʥʽʟʘʮʽʾ DG ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʽʚʽʚ K-Chief 600 (ʪʨʝʥʜʠ U, I, P, Q, S, cos ű, f, ʘ ʪʘʢʦʞ ʞʫʨʥʘʣʠ ʪʨʠʚʦʛ ʽ 

ʧʦʜʽʡ) ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʅʇʇ ʥʘ ɽɽʉ, ʩʪʚʦʨʝʥʥʷ ʧʦʨʽʚʥʶʚʘʥʠʭ 

çʧʘʩʧʦʨʪʽʚè ʤʘʥʝʚʨʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʪʦʨʶʚʘʥʠʭ ʩʪʨʠʙʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʨʝʞʠʤʫ standby ʅʇʇ ʥʘ cos ű ʽ 

ʨʝʘʢʪʠʚʥʫ ʩʢʣʘʜʦʚʫ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʦʚʘʥʝ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʝʨʝ-

ʭʦʜʽ ʜʦ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ. ʉʬʦʨʤʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʽ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ 

ʪʨʝʥʜʽʚ ʩʪʘʥʫʪʴ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʘʤʢʘʭ ʪʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝ-

ʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʟ ʬʦʢʫʩʦʤ ʥʘ: 

ï ʘʣʛʦʨʠʪʤʘʭ ʢʦʨʝʢʮʽʾ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ AVR ʽ ʧʘʣʠʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ DG ʫ 
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ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ; 

ï ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʣʫʯʝʥʥʷ ʜʞʝʨʝʣ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (PFC, ɺɸʈ-ʧʽʜʪʨʠʤʢʘ); 

ï ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʱʦʜʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʅʇʇ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʽʟ CPP ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ɽɽʉ ʽ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʩʠʩʪʝʤʠ. 
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ʥʦʩʪʽ, ʯʠʥʥʠʢʠ ʚʽʜʤʦʚ, ʦʛʣʷʜ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ʅʘʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʛʨʘʬʽʢʠ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʥʘ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ, ʨʝʩʫʨʩ ʽ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ. 
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 Abstract: The article examines approaches to ensuring the reliability of induction motors in the 

context of European energy efficiency standards. It presents the main reliability indicators, failure fac-

tors, an overview of regulatory documents, and trends in improving the longevity of electrical machines. 

Analytical graphs are provided, demonstrating the impact of energy efficiency class on thermal losses, 

lifespan, and failure rates. 

Keywords: induction motor; FMEA; risk analysis; drive reliability; failure modes; RPN; energy 

efficiency; IEC 61800-5-1; IEC 60204-1; safety analysis; maintenance; functional safety; electrome-

chanical systems. 

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʚʘʞʣʠʚʝ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʚʠʨʦʙʥʠ-

ʮʪʚʘ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɽʣʝʢʪʨʦʜʚʠʛʫʥʠ ʩʧʦ-

ʞʠʚʘʶʪʴ ʙʣʠʟʴʢʦ 45 % ʩʚʽʪʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʤʫ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʤʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. ʈʝʛʣʘʤʝʥʪ (ɭʉ) 2019/1781 ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʢʣʘʩʽʚ IE3ïIE4 ʩʪʠʤʫʣʶʻ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʅʘʜʽʡʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʝʟ ʚʽʜʤʦʚʠ [3] ʽ ʦʮʽʥʶʻʪʴ-

ʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ: ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʽ ʟʙʝʨʝʞʫʚʘʥʽʩʪʴ. 

ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ɸɼ ð ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʮʽʾ, ʟʥʦʩ ʧʽʜʰʠʧʥʠʢʽʚ, ʧʦʨʫʰʝʥʥʷ ʙʘ-

ʣʘʥʩʫʚʘʥʥʷ ʨʦʪʦʨʘ ʪʘ ʧʝʨʝʛʨʽʚ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ; ʧʦʥʘʜ 

55 % ʚʽʜʤʦʚ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʛʨʽʚʦʤ ʪʘ ʜʝʛʨʘʜʘʮʽʻʶ ʽʟʦʣʷʮʽʾ [4]. 

ʎʷ ʜʽʘʛʨʘʤʘ ð ʢʨʫʛʦʚʘ (pie chart), ʷʢʘ ʧʦʢʘʟʫʻ ʨʦʟʧʦʜʽʣ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʜʽʡ-

ʥʦʩʪʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ.  

ɼʽʘʛʨʘʤʘ ʽʣʶʩʪʨʫʻ ʚʽʜʥʦʩʥʫ ʚʘʛʫ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʦʮʽʥʮʽ ʥʘʜʽʡʥʦʩ-

ʪʽ. 

ɹʝʟʚʽʜʤʦʚʥʽʩʪʴ (35 %), ʜʦʚʛʦʚʽʯʥʽʩʪʴ (30 %), ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ (20 %) ʽ ʟʙʝʨʝʞʫ-

ʚʘʥʽʩʪʴ (15 %) ʚʠʟʥʘʯʘʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʥʘʜʽʡʥʽʩʪʴ ʜʚʠʛʫʥʽʚ. ɭʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ ʝʣʝʢ-
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ʪʨʠʯʥʠʭ ʤʘʰʠʥ ʙʘʟʫʶʪʴʩʷ ʥʘ IEC 60034 (EN 60034 ʫ ɭʉ) ʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʚʪʨʘʪʠ, ʰʫʤ, ʚʽʙʨʘʮʽʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ. EN 60034-30-1:2014 ʚʠʟʥʘʯʘʻ ʢʣʘʩʠ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʦʩʪʽ IE1ïIE5. 

 

ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʥʘʜʽʡʥʦʩʪʽ ɸɼ 
 

ɿ 1 ʣʠʧʥʷ 2021 ʨʦʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʈʝʛʣʘʤʝʥʪʫ (EU) 2019/1781 ʫ ɭʉ ʜʦʟʚʦʣʝʥʦ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʜʚʠʛʫʥʠ ʢʣʘʩʫ IE3 ʽ ʚʠʱʝ, ʚʢʣʶʯʥʦ ʟ ʯʘʩʪʦʪʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʥʠʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʫ ʚʠʩʦʢʦʝʬʝ-

ʢʪʠʚʥʠʭ ʜʚʠʛʫʥʘʭ ʟʤʝʥʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʤʦʪʦʢ ʽ ʧʽʜʰʠʧʥʠʢʽʚ, ʧʦʜʦʚʞʫʶʯʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʾ: ʟʘ ʦʮʽʥʢʘʤʠ ABB, ʢʦʞʥʝ ʟʥʠʞʝʥʥʷ ʥʘ 10 Áʉ ʧʦʜʚʦʶʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʟʦ-

ʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʚʠʛʫʥʠ IE3ïIE5 ʝʢʦʥʦʤʣʷʪʴ ʝʥʝʨʛʽʶ ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʟʤʝʥʰʫʶʯʠ ʚʽʜʤʦʚʠ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʜʥʘʢ ʩʘʤʽ ʩʪʘʥʜʘʨʪʠ 

ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ð ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʩʠʩʪʝʤʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʤʝʪʦʜʠʢʦʶ FMEA. 

1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ. 

FMEA (Failure Modes and Effects Analysis) ð ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ, ʾʭ ʧʨʠʯʠʥ, ʥʘʩʣʽʜʢʽʚ ʽ ʧʨʽʦʨʠʪʝʪʽʚ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ. ɺʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʝʥʝʨʛʝʪʠʮʽ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʩʠʥʭ-

ʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ (ɸɼ), ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʘʤ IEC 

61800-5-1, IEC 60204-1, IEC 60034 [8]. ɸʣʴʪʝʨʥʘʪʠʚʠ: FTA, HAZOP, RCM, RCA, FMECA 

ʪʘ ʤʘʨʢʦʚʩʴʢʽ/ʩʪʦxʘʩʪʠʯʥʽ ʤʦʜʝʣʽ [8]. ʇʝʨʝʚʘʛʠ FMEA ð ʧʨʦʩʪʦʪʘ, ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ, 

ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ ʩʣʘʙʢʠʭ ʤʽʩʮʴ, ʢʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ RPN [8]; ʥʝʜʦʣʽʢʠ ð ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʥʝʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʟʥʘʯʥʽ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ [9]. ɸʢ-

ʪʫʘʣʴʥʽʩʪʴ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʚʠʤʦʛʠ IEC, ʧʦʰʠʨʝʥʥʷ ʇʏ ʽ çʨʦʟʫʤʥʠʭè ʜʘʪʯʠʢʽʚ ʪʘ ʧʝʨʝʭʽʜ ʜʦ 

Predictive Maintenance [1,9]. 

2.ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʧʦʙʫʜʦʚʘ ʩʠʛʥʘʣʴʥʦ-ʧʦʚʝʜʽʥʢʦʚʦʾ ʩʭʝʤʠ ɸɼ. 

ʇʝʨʰʠʡ ʝʪʘʧ FMEA ð ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ 

IEC 61800-5-1 ʽ IEC 60204-1 [12] ʪʘ ʧʦʙʫʜʦʚʘ ʩʠʛʥʘʣʴʥʦ-ʧʦʚʝʜʽʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʢʣʶʯʘʻ 

ʣʦʛʽʢʫ ʨʦʙʦʪʠ, ʚʟʘʻʤʦʜʽʶ ʝʣʝʤʝʥʪʽʚ ʽ ʧʦʪʝʥʮʽʡʥʽ ʥʝʙʝʟʧʝʯʥʽ ʩʪʘʥʠ. 

ɼʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʦʞʣʠʚʽ ʨʝʞʠʤʠ ʚʽʜʤʦʚ, ʾʭʥʽ ʧʨʠʯʠʥʠ ʪʘ ʥʘʩʣʽʜʢʠ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʜʚʠʛʫʥʘ: ʩʪʘʪʦʨ, ʨʦʪʦʨ, ʧʽʜʰʠʧʥʠʢʠ, ʽʟʦʣʷʮʽʷ, ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʇʏ ʽ ʟʘʭʠʩʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʛʨʽʚ ʦʙʤʦʪʢʠ ʘʙʦ ʧʨʦʙʽʡ ʽʟʦʣʷʮʽʾ ʜʣʷ ʩʪʘʪʦʨʘ, ʟʥʦʩ ʘʙʦ ʚʠʩʠʭʘʥʥʷ ʤʘʩʪʠʣʘ 

ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʂʦʞʥʦʤʫ ʨʝʞʠʤʫ ʧʨʠʩʚʦʶʶʪʴ ʧʘʨʘʤʝʪʨʠ Severity (S), Occurrence (O) ʪʘ Detection 

(D) ʟʘ ʜʝʩʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʥʘʯʝʥʴ ʦʙʯʠʩʣʶʻʪʴʩʷ RPN = SĿOĿD, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʤʦʚʠ ʪʘ ʧʨʽʦʨʠʪʝʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʡ ʧʣʘ-

ʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 1 - FMEA-ʪʘʙʣʠʮʷ 

ɽʣʝʤʝʥʪ 
Failure 

Mode 
Cause Effect S O D 

RPN = 

S·O·D 
ɼʽʾ (Actions) 

ʉʪʘʪʦʨ ʇʝʨʝʛʨʽʚ 
ʅʝʜʦʩʪʘʪʥʻ 

ʦʭʦʣʦʜʞʝʥʥʷ 

ʇʦʞʝʞʘ, 

ʧʨʦʩʪʽʡ 

ʣʽʥʽʾ 

9 4 6 216 

ʊʝʤʧʝʨʘʪʫʨʥʽ 

ʜʘʪʯʠʢʠ, 

ʩʠʛʥʘʣʽʟʘʮʽʷ. 
 

3. ʄʝʪʦʜʠʢʘ FMEA ʜʣʷ ɸɼ  
3.1. ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʧʦʙʫʜʦʚʘ ʩʠʛʥʘʣʴʥʦ-ʧʦʚʝʜʽʥʢʦʚʦʾ ʩʭʝʤʠ ɸɼ. ɺʠʟʥʘʯʘʶʪʴ ʥʦʨʤʘ-

ʪʠʚʥʽ ʦʙʤʝʞʝʥʥʷ ʟʘ IEC 61800-5-1 ʪʘ IEC 60204-1 ʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʠʛʥʘʣʴʥʠʡ 
ʘʥʘʣʽʟ, ʱʦ ʚʢʣʶʯʘʻ ʩʠʛʥʘʣʴʥʦ-ʧʦʚʝʜʽʥʢʦʚʫ ʪʘ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʠ, ʚʟʘʻʤʦʜʽʶ ʟ ʇʏ, ʨʝʣʝ, 
ʜʘʪʯʠʢʘʤʠ ʪʘ ʣʦʛʽʢʫ ʩʪʘʥʽʚ (ʧʫʩʢïʨʦʙʦʪʘïʘʚʘʨʽʷïʟʫʧʠʥʢʘ). 

3.2. ɯʜʝʥʪʠʬʽʢʘʮʽʷ Failure Modes, Causes, Effects. ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʜʚʠʛʫʥʘ (ʩʪʘʪʦʨ, ʨʦ-
ʪʦʨ, ʧʽʜʰʠʧʥʠʢʠ, ʢʣʝʤʥʘ ʢʦʨʦʙʢʘ, ʚʝʥʪʠʣʷʪʦʨ, ʽʟʦʣʷʮʽʷ, ʇʏ) ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʽ ʚʽʜʤʦ-
ʚʠ, ʾʭ ʧʨʠʯʠʥʠ ʪʘ ʥʘʩʣʽʜʢʠ. 

3.3. ɺʠʟʥʘʯʝʥʥʷ ʰʢʘʣ S, O, D. Severity (S) ð ʩʝʨʡʦʟʥʽʩʪʴ ʥʘʩʣʽʜʢʽʚ, Occurrence (O) 
ð ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ, Detection (D) ð ʤʦʞʣʠʚʽʩʪʴ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ (1 ð ʣʝʛʢʦ, 10 
ð ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ). 

3.4. ɿʘʧʦʚʥʝʥʥʷ ʪʘʙʣʠʮʽ FMEA. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚʽʜʤʦʚʠ ʟʘʧʦʚʥʶʶʪʴ ʨʷʜʦʢ ʪʘʙ-
ʣʠʮʽ, ʦʙʯʠʩʣʶʶʪʴ RPN = S·O·D ʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʽʦʨʠʪʝʪʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʨʠʟʠ-
ʢʽʚ. 

3.5. ɿʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ. ɼʣʷ ʚʠʩʦʢʦʨʠʟʠʢʦʚʠʭ RPN ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʭʥʽʯʥʽ 
(ʧʦʢʨʘʱʝʥʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʜʘʪʯʠʢʠ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʟʦʣʷʮʽʾ, ʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʽʜʙʽʨ ʧʽʜʰʠʧʥʠ-
ʢʽʚ) ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʜʽʾ (ʊʆ, ʦʯʠʱʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʥʘʚʯʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ). 
ʉʫʯʘʩʥʽ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʤʘʣʦʚʪʨʘʪʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ, ʪʝʨʤʦʩʪʽʡʢʽ ʣʘʢʠ ʪʘ Smart 
Motors ʜʣʷ Predictive Maintenance [6]. ɺʠʢʦʨʠʩʪʘʥʥʷ IE3 ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 10ï15 % ʽ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ CO  ʥʘ ʧʦʥʘʜ 40 ʤʣʥ ʪʦʥʥ ʥʘ ʨʽʢ, ʧʽʜʪʨʠʤʫʶ-
ʯʠ çɭʚʨʦʧʝʡʩʴʢʠʡ ʟʝʣʝʥʠʡ ʢʫʨʩè [7]. 

ɺʠʩʥʦʚʢʠ. ʅʘʜʽʡʥʽʩʪʴ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʚʘʞʣʠʚʘ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ 
ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʉʪʘʥʜʘʨʪʠ IEC ʽ ʨʝʛʣʘʤʝʥʪ ɭʉ 2019/1781 ʩʪʠʤʫʣʶʶʪʴ ʟʘʩʪʦʩʫ-
ʚʘʥʥʷ ʜʚʠʛʫʥʽʚ IE3ïIE5. FMEA ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʢʨʠʪʠʯʥʽ ʚʽʜʤʦʚʠ (ʧʝʨʝʛʨʽʚ, ʜʝʛʨʘʜʘʮʽʷ 
ʽʟʦʣʷʮʽʾ, ʟʥʦʩ ʧʽʜʰʠʧʥʠʢʽʚ), ʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʜʚʠʛʫʥʠ ʟ ʩʠʩʪʝʤʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʨʘ-
ʱʫʶʪʴ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʽ ʧʦʜʦʚʞʫʶʪʴ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʇʦʻʜʥʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ, ʤʝʪʦʜʠʢ ʽ 
ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ɸɼ. 
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ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʛʨʝʛʘʪʽʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʉɽʋ), ʧʝʨʽʦʜʠ-
ʯʥʦ, ʦʜʠʥ ʨʘʟ ʚ ʪʨʠ ʨʦʢʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʾʭʥʻ ʪʝʧʣʦʪʝʭʥʽʯʥʝ ʥʘʣʘʰʪʫ-
ʚʘʥʥʷ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʣʘʰʪʫ-
ʚʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ), ʧʦʣʽʧʰʝʥʥʷ ʨʽʚʥʷ ʘʜʘʧʪʘʮʽʾ ʩʫʜʥʦʚʠʭ ʘʛ-
ʨʝʛʘʪʽʚ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 
ʧʦʤʠʣʢʘʤʠ ʦʧʝʨʘʪʦʨʽʚ ʽ ʥʘʣʘʜʯʠʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ. 

 ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚ ʉɸʋ  ʘʛʨʝʛʘʪʽʚ ʉɽʋ ʥʘ ʧʨʠʢʣʘʜʽ 
ʩʫʜʥʦʚʠʭ  ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ (ʉʇʂ), ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [1-5], ʟ ʤʝʪʦʶ ʚʠʟʥʘ-
ʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʷʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʝʢʩ-
ʧʣʫʘʪʘʮʽʾ ʉʇʂ, ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʦʙʨʘʥʘ ʧʽʜʩʠʩ-
ʪʝʤʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʠʩʢʫ ʧʘʨʫ.  

ɺʽʜʦʤʦ, ʱʦ ʢʣʘʩʠʯʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ, ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢʠʭ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 
ʤʝʪʦʜʦʤ ɿʠʛʣʝʨʘ-ʅʽʢʦʣʴʩʘ, ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥ-
ʥʷ [4]. ʗʢ ʧʨʘʚʠʣʦ, ʧʦʪʨʽʙʥʘ ʜʦʜʘʪʢʦʚʝ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, 
ʤʝʪʦʜ ɿʠʛʣʝʨʘ-ʅʽʢʦʣʴʩʘ ʽ ʜʝʷʢʽ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʰʠʨʝʥʽ ʚ ʘʜʘʧʪʠʚʥʠʭ ʉɸʋ ʽ ʚʠʨʦʙʥʠ-
ʢʠ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʝʢʦʤʝʥʜʫʶʪʴ ʾʭ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʦ-
ʜʘʣɹh ʦʾ ʘʜʘʧʪʘʮʽʾ, ʚ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʘʨʘʤʝʪʨʽʚ ʘʛʨʝʛʘʪʽʚ ʉɽʋ. ʊʘʢʦʞ, ʜʣʷ ʧʦʨʽʚʥʷʣʴ-
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ʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʉɸʋ, ʥʘ ʧʨʠʢʣʘʜʽ ʦʙ'ʻʢʪʘ ʉʇʂ, ʧʨʦʚʝʜʝʥʦ 
ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʇɯ-
ʨʝʛʫʣʷʪʦʨʘ ʚ ʧʘʨʦʚʠʭ ʉɸʋ ʧʦ ʤʝʪʦʜʫ ʂʦʻʥʘ-ʂʫʥʘ ʽ ʤʝʪʦʜʫ ʥʘʣʘʰʪʫʚʘʥʥʷ AMIGO [2,3]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʉɸʋ ʧʘʨʦʛʝʥʝʨʫʶʯʠʭ ʘʛʨʝʛʘʪʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʩʪʦ ʚʠʢʦ-
ʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ 
ʆ.ʇ. ʂʘʧʻʣʦʚʠʯ [5] ʽ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ  ʊʝʧʣʦʪʝʭʥʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ 
(ɺʊɯ). ɼʘʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʦʙʥʠʢʘʤʠ ʩʫʜʥʦʚʠʭ ʉɸʋ ʽ ʚ ʜʘʥʠʡ ʯʘʩ. 

ɽʢʩʧʝʨʪʥʽ ʧʨʘʚʠʣʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʉɸʋ [3] ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʜʣʷ ʨʝʛʫʣʷʪʦʨʽʚ, 
ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʝʢʩʧʝʨʪ-
ʥʠʡ ʤʝʪʦʜ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ ʝʢʩʧʝʨʪʘ-ʥʘʣʘʜʯʠʢʘ, ʟʘ 
ʚʧʣʠʚʦʤ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʜʫ çʗʂʑʆ 
ʋʤʦʚʘ 1 (ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʢʝ) ɯ çʋʤʦʚʘ 2 (ʢʦʣʠʚʘʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʝʣʠʢʝè 
ʊʆ çɼʽʷ ï ʟʤʝʥʰʠʪʠ ʂʨ ʽ ʟʙʽʣʴʰʠʪʠ ʊ̔è ʽ ʪ.ʜ. ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʥʘʣʘʰ-
ʪʫʚʘʥʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʘʛʨʝʛʘʪʽʚ ʉɽʋ ʨʷʜʫ ʟʘʨʫʙʽʞʥʠʭ ʢʦʤʧʘʥʽʾ. ʇʦʨʽʚʥʷʣʴʥʘ ʘʧʨʦʙʘʮʽʷ 
ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʉɸʋ ʪʠʩʢʫ ʧʘʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ ʚʠʢʦʥʘʥʘ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʟ ʤʦʜʝʣʣʶ ʉʇʂ (ʨʠʩ.1), ʧʨʦʚʦʜʠ-
ʣʘʩʷ ʚ ʧʨʦʛʨʘʤʽ MatLab. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʉɸʋ ʪʠʩʢʫ ʧʘʨʫ ʉʇʂ 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʉɸʋ  ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʉɸʋ 

ʪʠʩʢʫ ʧʘʨʫ ʉʇʋ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʷ 1 ï  ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʤʝʪʦʜʽʚ ʘʜʘʧʪʘʮʽʾ  ɼʇʂ ʂɸɺ 16 ʜʦ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʽ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʉɸʋ ʘʛʨʝʛʘʪʽʚ ʉɽʋ  

ɿʥʘʯʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʘʜʘʧʪʘʮʽʾ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʉɸʋ ʪʠʩʢʫ ʧʘʨʫ ʉʇʋ  

ʇʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ 

ʎ
ʠ
ʛ
ʣ
ʝ
ʨ
ʘ

-

ʅ
ʽ
ʢ
ʦ
ʣ
ʩ
ʘ

 

ʆ
ʮ
ʽ
ʥ
ʢ
ʠ

 

ʤ
ʦ
ʜ
ʝ
ʣ
ʽ

 

ʥ
ʘ
ʣ
ʘ
ʰ
ʪ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

ʚ
 
ʧ
ʨ
ʦ
ʮ
ʝ
ʩ
ʽ
 

 

ʘ
ʜ
ʘ
ʧ
ʪ
ʘ
ʮ
ʽ
ʾ

 

ɸ
ʚ
ʪ
ʦ
ʢ
ʦ
ʣ
ʠ
ʚ
ʘ
-

ʣ
ʴ
ʥ
ʠ
ʡ
 
ɺ
.
 
ʈ
ʦ
-

ʪ
ʘ
ʯ
ʘ

 

ɽ
ʢ
ʩ
ʧ
ʝ
ʨ
ʪ
ʥ
ʠ
ʡ

 

ʊʨ, ʩ (ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ),ʩ 480 330 600 220 

G, (%) ïʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 40 25 35 - 

ʊ ʨʦʟʨʘʭʫʥʢʫ, ʩ ï ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘ-

ʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʚ ʧʨʦʛʨʘʤʽ 

100 60 78 30 

ʏʘʩ ʥʘʣʘʪhʫʚʘʥʥʷ ʉɸʋ (ʨʫʯʥʦʛʦ ʢʦʨʝ-

ʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ), ʭʚ 
5 7 6 1 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʳ 1 

ɿʥʘʯʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʥʘʩʪʨʦʡʢʠ ʽ ʘʜʘʧʪʘʮʽʾ ʉɸʋ ʪʠʩʢʫ ʧʘʨʫ ʉʇʋ  

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 
ʂʦʻʥʘ-ʂʫʥʘ 

(5) 

AMIGO 

(6) 

ɸ.ʂʦʧʻʣʦʚʠʯʘ 

(7) 

ɺʊɯ 

(8) 

ʊʨ, ʩ (ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ),ʩ 430 400 700 600 

G, (%)ïʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 35 - - 25 

ʊʨʦʟʨʘʭʫʥʢʫ, ʩ ï ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʦʧ-

ʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʦ ʬʦʨ-

ʤʫʣʘʤ  

60 60 60 60 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʉɸʋ, ʭʚ 

9 8 13 11 

ɺʠʩʥʦʚʢʠ.  ʅʘ ʦʩʥʦʚʽ ʚʠʜʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ (ʧʝʨʰʦ-

ʛʦ ʚʽʜʭʠʣʝʥʥʷ, ʯʘʩʫ ʨʝʛʫʣʶʚʘʥʥʷ) (ʜʠʚ. ʨʠʩ. 2), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ ʥʘ-

ʩʪʨʦʡʢʠ AMIGO ʚʦʣʦʜʽʻ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʰʚʠʜʢʦʜʽʾ ʽ ʤʘʣʠʤ ʯʘʩʦʤ ʨʝʛʫʣʶʚʘʥ-

ʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʩʪʨʦʡʢʘʤʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʩʦʢʦ-ʽʥʝʨʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʟʘʧʽʟʥʝʥʥʷʤ, ʧʨʦʪʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʪʨʠʚʘʣʽʩʪʶ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚ ʨʷʜʽ ʚʠ-

ʧʘʜʢʽʚ, ʨʫʯʥʦʛʦ ʢʦʨʝʢʪʫʚʘʥʥʷ. ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʆ.ʇ. ʂʦʧʝʣʦʚʠʯʘ  ʤʘʻ ʚʝʣʴʤʠ ʥʠʟʴʢʫ 

ʰʚʠʜʢʦʜʽʶ ʽ ʥʝ ʤʘʻ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʠʭ ʪʠʧʽʚ ʧʨʦʮʝ-

ʩʽʚ, ʜʦ ʷʢʠʭ ʥʝ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʧʦ ʰʚʠʜʢʦʜʽʾ. ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ɿʠʛʣʝʨʘ-

ʅʽʢʦʣʴʩʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʠʤʦʛʠ ʜʦ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʜʝʤʦʥʩʪʨʫʻ ʥʝʧʨʠʧʫʩʪʠʤʠʡ 

ʟʘʢʠʜ, ʷʢʠʡ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʉʇʋ.  

ʄʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʜʣʷ ʛʝʥʝ-

ʨʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʧʦʪʽʤ ʫʪʦʯ-

ʥʷʶʪʴʩʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʪʽʣʴʢʠ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫ-

ʪʥʦʩʪʽ ʚʧʣʠʚʫ ʛʣʠʙʦʢʠʭ 

ʟʙʫʨʝʥʴ ʥʘ ʦʙ'ʻʢʪ ʨʝʛʫʣʶ-

ʚʘʥʥʷ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʦʢʘʟʘʚ, ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʉɸʋ (ʯʘʩ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʝʨʰʝ ʚʽʜʭʠ-

ʣʝʥʥʷ) ʫ ʝʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦ-

ʜʫ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ.  
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ɿʚʻʨʴʢʦʚ ɼ.ʆ.,  ʤʘʛʽʩʪʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʜʥʦʚʠʭ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ABB, ʾʭʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʦʾ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ 

ʫʧʨʘʚʣʷʻ ʨʦʙʦʪʦʶ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʜʚʠʛʫʥʘ ʩʫʜʥʘ. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʢʦʤʧʦʥʦʚʢʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʤʝʪʦʶ ʤʦ-

ʜʝʨʥʽʟʘʮʽʾ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʙʘʟʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ ʥʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʘʭ ʪʘ ʩʠʣʦʚʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʛʘʨʤʦʥʽʢ ʩʫʜʥʦʚʦʾ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʧʨʦʚʝʜʝʥʘ ʝʥʝʨʛʝʪʠ-

ʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʛʨʝʙʥʦʛʦ ʚʘʣʫ 

ʩʫʜʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʘʣʽʟ ʩʫʜʥʦʚʠʭ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ʟ ʐɯʄ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ. 
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ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʦʣʦʚʥʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ (ɺɻʉ) ʥʘ ʩʫʜʥʘʭ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʆʜʥʠʤʠ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠ-

ʢʽʚ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɺɻʋ) ʫ ʩʢʣʘʜʽ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪ-

ʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʉɽɽʉ) ʻ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 

15÷20% ʪʘ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ 2-5% ʚ ʘʪʤʦʩʬʝʨʫ ʚʽʜ ʩʫʜʝʥ [1 

ï 3].  

ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ɺɻʉ ʧʨʦʚʽʜʥʽ ʩʫʜʥʦʙʫʜʽʚʥʠʢʠ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ ʥʘ ɺɻʋ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘ ʩʫʯʘʩʥʠʭ ʩʫʜʥʘʭ ʚʠ-
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ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʟʦʢʨʝʤʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʽ ʘʛʨʝʛʘ-

ʪʠ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʽ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ.  

ɺ ʨʦʙʦʪʘʭ [1,2,4-7] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʘʨʽʘʥʪʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʞʝ ʜʽʶʯʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭʥʽʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʢʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ɺɻʋ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʽʚ (ɺɻ), ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɺɻ ʟ ʩʠʥʭʨʦʥʥʠʤ ɺɻ ʽ ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʦʚʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. 

ʅʘʨʘʟʽ ʥʘ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ.  

ʗʢ ʚʽʜʦʤʦ [1, 8-11], ɺɻʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʘ ʩʫʜʥʘʭ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʚʠʥʪ 

ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʦʢʦʤ (CPP) ʷʢ ʨʫʰʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, ʪʘʢ ʽ ʥʘ ʩʫʜʥʘʭ ʽʟ ʛʚʠʥʪʦʤ ʟ ʬʽʢʩʦʚʘ-

ʥʠʤ ʢʨʦʢʦʤ (FPP). ɺʘʣʦʛʝʥʝʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʥʘʭ ʽʟ CPP ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʥʘ 

ʤʦʨʩʴʢʦʤʫ ʬʣʦʪʽ. ʅʘ ʩʫʜʥʘʭ ʽʟ CPP ʽ ɺɻʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʛʦʣʦʚ-

ʥʠʤ ʜʚʠʛʫʥʦʤ: 

1) ʢʝʨʫʚʘʥʥʷ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋ 

ʮʽʡ ʚʝʨʩʽʾ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʨʝʛʫʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʨʦʢʫ ʛʚʠʥʪʘ, ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ; 

2) ʫʧʨʘʚʣʽʥʥʷ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ ʟʘ ʢʦʤʙʽʥʘʪʦʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋ ʮʽʡ ʚʝʨ-

ʩʽʾ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʟʤʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʨʦʢʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʚʠʥʪʘ. 

ʂʦʤʙʽʥʘʪʦʨʥʠʡ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʻ ʝʢʦʥʦʤʽʯʥʠʤ, ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʤʢʥʫʪʠ ɺɻʋ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʦʪʘ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʽʥʶʻʪʴʩʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʘʨʘʟʽ ɺɻʋ ʥʘ ʩʫʜʥʘʭ ʟ CPP ʧʨʘʮʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ. ɺʦ-

ʥʠ ʧʨʦʩʪʽʰʽ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʭʦʨʦʰʫ ʚʘʛʫ ʪʘ ʨʦʟʤʽʨʠ. ʆʜʥʘʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʩʝ ʱʝ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ, ʷʢʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʠʡ ʜʚʠʛʫʥ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʻʪʴʩʷ ʢʫʪ ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʝʡ CPP, ʪʦʙʪʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʨʦʢʫ ʛʚʠʥʪʘ. ʇʨʠ ʪʘʢʦ-

ʤʫ ʫʧʨʘʚʣʽʥʥʽ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʤʘʩʪʠʣʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʝʢʦʥʦʤʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʫʜʥʘ 

ʟ CPP ʤʦʞʝ ʟʨʦʩʪʠ ʜʦ 20% [4]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʩʫʜʥʘʭ ʟ 

CPP ʽ ɺɻ ʥʝʦʙʭʽʜʥʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʯʘʩʪʦʪʫ ʩʪʨʫʤʫ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜ-

ʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ ɺɻ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʥʝʪʘʨʥʠʭ ʧʝʨʝʜʘʯ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

(PP). ʆʜʥʘʢ ʮʽ ʩʪʘʙʽʣʽʟʫʶʯʽ ʝʣʝʤʝʥʪʠ ʟʙʽʣʴʰʫʶʪʴ ʚʘʛʫ ʪʘ ʨʦʟʤʽʨʠ ɺɻʋ, ʟʥʠʞʫʶʪʴ ʾʾ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʽ ʫʩʢʣʘʜʥʶʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʘʛʘʪʦ ʧʠʰʫʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʩʫʜʥʘʭ ʟ ʩʠʥʭʨʦʥʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ CPP [2, 4 ï 7], ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʷʢʠʭ ʟ ʪʠʧʦʚʠʤ ʚʘʣʦʛʝʥʝʨʘʪʦʨʦʤ ʢʦʰʪʫʚʘʪʠʤʝ ʙʣʠʟʴʢʦ $450 (USD) ʟʘ ʢɺʪ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʠʧʫ ʩʫʜʥʘ, ʦʮʽʥʝʥʦ, ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ ʚʽʜ 

$520,000 ʜʦ $3,500,000 (USD) [8]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ 

ʾʭʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʽ ʚʧʨʦʚʘʜʠʪʠ ʪʘʢʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: ʘʚʪʦʥʦʤʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʛʝʥʝʨʘ-

ʪʦʨ ʧʘʨʘʣʝʣʴʥʦ ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʜʠʟʝʣʴʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ (PTO), ʘʚʪʦʥʦʤʥʠʡ ʜʚʠʛʫʥ, ʨʫʭ 

ʨʘʟʦʤ ʽʟ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ (PTI, PTH). ʊʨʘʜʠʮʽʡʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʫʩʪʘʥʦʚʢʠ ʚʢʣʶʯʘʻ ʩʠʥ-

ʭʨʦʥʥʠʡ ʚʘʣʦʛʝʥʝʨʘʪʦʨ, ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ.  

ʅʘʡʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʽʚ ʻ  ʜʣʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʽʚ ʽʟ 

ʬʫʥʢʮʽʦʥʘʣʦʤ PTO, ʪʦʤʫ ʱʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨ ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ ʧʦʪʫʞʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʜʚʠ-

ʛʫʥʘ ʽ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʟʘʤʽʥʶʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘʤʠ (ɼɻ). ʂʨʽʤ ʪʦ-

ʛʦ, ʤʝʥʰʽ, ʘʣʝ ʚʩʝ ʞ ʟʥʘʯʥʽ ʩʢʦʨʦʯʝʥʥʷ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʜʝ 

ʚʘʣʦʛʝʥʝʨʘʪʦʨ ʚʠʢʣʶʯʥʦ ʟʘʤʽʥʶʻ ʜʦʧʦʤʽʞʥʫ ʧʦʪʫʞʥʽʩʪʴ ɼɻ. 

ɿʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘʢʦʞ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʪʠʧʫ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʗʢʱʦ ʛʦ-

ʣʦʚʥʠʡ ʜʚʠʛʫʥ ï ʜʚʦʪʘʢʪʥʠʡ, ʘ ʜʦʧʦʤʽʞʥʽ ʜʠʟʝʣʽ ï ʯʦʪʠʨʠʪʘʢʪʥʽ, ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʦʪʝ-

ʥʮʽʡʥʦ ʟʥʘʯʥʝ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫ-
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ʥʦʤ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ PTO ʤʘʻ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ. ʗʢʱʦ ʥʘ ʩʫʜʥʽ ʻ ʛʚʠʥʪ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʨʦʢʦʤ (CPP) ʽ PTO ʙʝʟ ʯʘʩ-

ʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʛʨʝʙʥʠʡ ʚʘʣ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʦʩʪʽʡʥʠʭ ʦʙʝʨʪʘʭ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʤʝʨʝʞʝʚʫ ʯʘʩʪʦʪʫ ʚʽʜ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ PTO (50 ʘʙʦ 60 ɻʮ). ʂʦʣʠ ʩʫʜʥʦ ʨʫ-

ʭʘʻʪʴʩʷ ʥʘ ʟʥʠʞʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʢʨʦʢ ʛʚʠʥʪʘ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʩʠʣʫ ʨʫʭʫ, 

ʦʩʢʽʣʴʢʠ ʦʙʝʨʪʠ ʧʦʩʪʽʡʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʠʩʢʫ ʪʘ ʢʘʚʽʪʘʮʽʾ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʛʚʠʥʪʘ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ PTO ʟ ʯʘʩʪʦʪʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, 

ʱʦʙ ʛʨʝʙʥʠʡ ʚʘʣ ʥʝ ʧʦʪʨʝʙʫʚʘʚ ʨʦʙʦʪʠ ʥʘ ʧʦʩʪʽʡʥʠʭ ʦʙʝʨʪʘʭ ʽ ʧʽʜʚʠʱʫʚʘʚ ʝʥʝʨʛʦʝʬʝʢʪʠ-

ʚʥʽʩʪʴ ʩʫʜʥʘ.  

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (PMSG) ʧʦʨʽʚʥʷ-

ʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʥʭʨʦʥʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ (EESG) ʪʘʢʽ: 

- ʚʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʫ ʤʝʞʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ) (ʚʽʜ 3 ʜʦ 6% ð ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ [11]), 

- ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ, PMSG ʧʦʚʽʣʴʥʘ ʰʚʠʜʢʽʩʪʴ) ʤʦʞʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʙʝʟ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ (ʚʪʨʘʪʠ ʚʽʜ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ð ʙʣʠʟʴʢʦ 2% [11]), 

- ʤʝʥʰʘ ʚʘʛʘ ʪʘ ʨʦʟʤʽʨʠ, 

- ʚʠʩʦʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ, 

- ʚʠʱʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ, 

- ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʘʣʦʛʝʥʝʨʘʪʦʨ ʻ ʥʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʱʦ ʚʽʥ ʦʙʣʘʜʥʘʥʠʡ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʤ ʧʨʠʚʦʜʦʤ (VFD). ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʘʣʦʛʝʥʝʨʘʪʦʨ ʤʦʞʥʘ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʚ ʰʠʨʰʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʫ ʛʥʫʯʢʽʩʪʴ ʽʩʥʫʶʯʦʛʦ ʚʘʣʦʛʝ-

ʥʝʨʘʪʦʨʘ ʪʘʢʦʞ ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ, ʤʦʜʝʨʥʽʟʫʚʘʚʰʠ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ VFD ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ (ʩʪʘʙʽʣʽʟʘʮʽʾ) ʚʠʭ̔ʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʥʘ ʣʽʥʽʾ ʛʨʝʙʥʦʛʦ ʚʘʣʫ 

ʩʫʜʥʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (PMSG) ʪʘ ʯʘʩʪʦʪʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʝʥʝʨʛʽʾ (Frequency Converter), ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʚʦʜ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ 

(SGD), ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ PMSG ʪʘ  

Frequency Converter (SGD) 

 

ɺʘʣʦʛʝʥʝʨʘʪʦʨ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ (VSSG) - ʮʝ ʚʘʣʦʛʝʥʝʨʘʪʦʨ, ʧʽʜ-

ʢʣʶʯʝʥʠʡ ʜʦ ʧʨʠʚʦʜʫ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ (SGD), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʨʝʙʥʦʛʦ ʚʘʣʫ (Main Engine). ʆʩʥʦʚ-

ʥʦʶ ʬʫʥʢʮʽʻʶ VSSG ʻ ʧʦʜʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʫʜʥʦʚʫ ʤʝʨʝʞʫ ʞʠʚʣʝʥʥʷ (MSWB). ʊʘʢʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʥʘʟʠʚʘʻʪʴʩʷ PTO (Power Take Off). 
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ʆʪʞʝ, ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ (PMSG), ʙʣʦʢʫ 

ʫʧʨʘʚʣʽʥʥʷ ʽ SGD. ʂʨʽʤ ʪʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʦʩʥʘʱʝʥʘ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʤ, ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʚʠʤʠʢʘʯʘʤʠ ʪʘ ʧʽʜʨʫʣʶʶʯʠʤʠ ʜʚʠʛʫʥʘʤʠ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʜʦ ʩʢʣʘʜʫ SGD ʚʭʦʜʠʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʘʰʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʦʙʝʨʪʦʚʠʭ ʤʘʰʠʥ (RMC). ɺʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʪʚʦʨʶ-

ʚʘʯ, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʫʜʥʦʚʦʾ ʤʝʨʝʞʽ ʯʝʨʝʟ ʬʽʣʴʪʨ LCL, ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʩʫ-

ʜʥʦʚʦʾ ʤʝʨʝʞʽ (SNC). ʇʦʜʘʥʥʷ ʙʘʟʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.  

 
ʈʠʩʫʥʦʢ 2 - ɹʘʟʦʚʘ ʩʠʩʪʝʤʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʽ ʧʨʠʚʦʜʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ (SGD) 

 

ɺ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ (PTO mode) ʝʥʝʨʛʽʷ ʙʝʨʝʪʴʩʷ ʚʽʜ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʝʨʪʘʥ-

ʥʷ ʚʘʣʫ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ ʛʨʝʙʥʠʡ ʛʚʠʥʪ. ɸʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʙʦʪʠ 

ʤʝʨʝʞʽ, ʚʠʨʦʙʣʷʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʜʚʠʛʫʥʦʤ (Main Engine). 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʉɽɽʉ) ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘ-

ʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʫʣʴʪʠʧʨʠʚʦʜʥʦʛʦ ʙʣʦʢʫ ʚʠʧʨʷʤʣʷʯʽʚ  ʥʘ IGBT-ʪʨʘʥʟʠʩʪʦʨʘʭ ʩʝʨʽʾ 

ACS880MDCL ʟ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ ABB. 

ɺ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʠ ʚʘʣʦʛʝʥʝʨʘʪʦʨʽʚ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʘʨʘʣʝ-

ʣʴʥʦ ʟ ʽʥʰʠʤʠ ʜʦʧʦʤʽʞʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʘʙʦ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝ-

ʞʠʤʽ, ʙʫʜʫʯʠ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʚ ʤʝʨʝʞʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.  

 

 
ʈʠʩʫʥʦʢ 3 ï PTO ʨʝʞʠʤ, ʧʘʨʘʣʝʣʴʥʠʡ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ 

6. ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 
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ʈʠʩʫʥʦʢ 4 ï ʈʝʞʠʤ PTO, ʩʪʚʦʨʶʻ ʽ ʧʽʜʪʨʠʤʫʻ ʘʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʝʨʝʞʽ 

 

RMC ʫʧʨʘʚʣʷʻ ʥʘʧʨʫʛʦʶ ʥʘ ʣʽʥʽʾ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʾʾ ʚ ʤʝʞʘʭ 

ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. RMC ʤʦʞʝ ʙʫʪʠ ʜʽʦʜʥʠʤ ʤʦʩʪʦʤ (INU,) ʘʙʦ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, IGBT 

ʤʦʜʫʣʝʤ ʞʠʚʣʝʥʥʷ (ISU). ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʽʦʜʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʘʚʪʦʤʘʪʠʯʥʠʡ ʨʝʛʫʣʷʪʦʨ 

ʥʘʧʨʫʛʠ ʩʠʥʭʨʦʥʥʦʾ ʤʘʰʠʥʠ (AVR) ʟʘʙʝʟʧʝʯʫʻ ʚʭʽʜʥʠʡ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʽ-

ʚʝʥʴ ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ ʣʘʥʮʶʛʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. SNC ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʻ ʷʢ ISU, ʢʝ-

ʨʦʚʘʥʠʡ ʰʪʘʪʥʦʶ ʩʫʜʥʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ (PMS), ʘʙʦ ʩʘʤʦʩʪʽʡʥʦ, 

ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ. ISU ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʘʙʦ ʣʽʥʽʻʶ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʘʙʦ ʥʘʧʨʫʛʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɺ ʨʝʞʠʤʽ ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ISU, ʢʝ-

ʨʦʚʘʥʠʡ PMS, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʟʤʽʥʥʦʶ ʥʘʧʨʫʛʦʶ, ʽ ISU ʥʝ ʨʝʛʫʣʶ ̒ʧʦʩ-

ʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʷʢʝ ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʘʥʝ RMC.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ ʽʟ ʧʽʜʪʨʠʤʢʦʶ ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ 

PMSG ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʨʝʙʥʦʛʦ ʚʘʣʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʪʫʞʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ.  

ʅʘ ʨʠʩʫʥʢʫ 5 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ PMSG, ʜʝ 

ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

- ME - ɻʦʣʦʚʥʠʡ ʜʚʠʛʫʥ, 

- PMSG ð ʇʦʩʪʽʡʥʠʡ ʤʘʛʥʽʪʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ, 

- AR ð ʘʢʪʠʚʥʠʡ ʚʠʧʨʷʤʣʷʯ, 

- ARC ð ʮʝ ʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʠʧʨʷʤʣʷʯʝʤ, 

- C - ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ 

ʟʘʤʽʱʝʥʥʷ, ʨʠʩ. 6.  

ʋ ʮʽʡ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 6.) AR ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʝʨʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ 

( ), ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ PMSG ʟ . ɺʥʫʪʨʽʰʥʽʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʰʠʥʠ ʻ ʽʥʜʫʢʪʠʚʥʠʡ ʪʘ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʫ ʩʭʝʤʽ ʟʘʤʽʱʝʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ PMSG ʟʜʽʡʩʥʝʥʦ ʚ ʩʠʥʭʨʦʥʥʦ ʦʙʝʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ (ʨʝʟʫʣʴʪʫʶʯʦʛʦ) ʚʝʢʪʦʨʘ [9,10] ʪʘ ʤʝʪʦʜʫ çʛʦʣʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾè 

[3,9]. ʎʝʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

 
ʜʝ: 
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 - ʧʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ɽʈʉ) ʥʘ ʦʙʤʦʪʢʘʭ 

ʩʪʘʪʦʨʘ; 

 - ʧʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ ʥʘʧʨʫʛʠ ʚ ʢʦʣʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ; 

 - ʧʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʢʘʭ ʩʪʘʪʦʨʘ; 

 ï ʦʧʽʨ ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ; 

 ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʤʘʰʠʥʠ; 

 - ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʥʘʧʨʫʛʠ PSC. 

 

 
ʈʠʩʫʥʦʢ 5 - ɹʣʦʢ ʜʽʘʛʨʘʤʘ ʚʘʣʦʛʝʥʝʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ PMSG 

 

 
ʈʠʩʫʥʦʢ 6 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ PMSG 

 

ʅʠʞʯʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʦʶ, ʧʨʠ ʷʢʦʤʫ ʜʞʝʨʝʣʦʤ ʢʝʨʫʶʯʦʛʦ 

ʩʪʨʫʤʫ ʚʠʩʪʫʧʘʻ ʘʢʪʠʚʥʠʡ ʚʠʧʨʷʤʣʷʯ. 

ʆʩʥʦʚʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ AR ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʜʫʣʷʮʽʾ m ʽ ʬʘʟʠ ʤʦʜʫʣʷʮʽʾ , ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 
ɼʝ: - ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ, - ʧʦʚʥʠʡ ʦʧʽʨ PMSG ʽ AR ʥʘ ʩʪʦʨʦʥʽ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ. ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ AR ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʬʘʟʠ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʜʚʦʭ ʰʚʠʜʢʦʩʪʝʡ ʚʘʣʘ ʤʘʰʠʥʠ 100 ʨʘʜ/ʩ ʪʘ 150 ʨʘʜ/ʩ.  
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ʈʠʩʫʥʦʢ 7 ï ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ AR ʥʘ ʢʦʝʬʽʮʽʻʥʪʽ ʤʦʜʫʣʷʮʽʾ (m) ʪʘ ʬʘʟʽ ʤʦʜʫʣʷʮʽʾ (fi) ʜʣʷ ʜʚʦʭ 

ʰʚʠʜʢʦʩʪʝʡ ʚʘʣʘ ʤʘʰʠʥʠ (a) 100 ʨʘʜ/ʩ ʽ 150 ʨʘʜ/ʩ (b) 

 

ʅʘ ʨʠʩ. 8 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʧʨʝʜʩʪʘ-

ʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʷʤʠ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ PMSG ʚʽʜ ʩʠʛʥʘʣʽʚ ʢʝ-

ʨʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 8 ï ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʤʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ PMSG 

 

ʆʪʨʠʤʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʤʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ PMSG ʜʦʟʚʦʣʷʶʪʴ 

ʦʮʽʥʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ: 

- ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ PMSG ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ ʟʘʣʝʞʠʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʽ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜ ʩʢʣʘʜʦʚʦʾ ; 

- ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ PMSG ʧʦʨʽʚʥʷʥʥʘ ʟ ʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ ʽ ʚʪʨʘʪ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ AR ʽ ʦʙʤʦʪʢʘʭ 

PMSG; 

- ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʫʣʴʦʚʦʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʥʘʚʘʥʪʘʞʝʥʥʽ PMSG ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʝʚʥʫ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ  ʽ ; 

- ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʥʫʣʴʦʚʽʡ ʨʝʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʥʘʚʘʥʪʘʞʝʥʥʽ PMSG ʜʣʷ ʦʙʨʘʥʦʾ ʤʘʰʠʥʠ ʦʙʤʝʞʝʥʠʡ ʟʥʘʯʝʥʥʷʤ  ; 

- ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʪʽʣʴʢʠ ʧʦ ʘʢʪʠʚʥʽʡ ʩʢʣʘʜʦʚʽʡ () ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ 

ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ  ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜ'ʻʤʥʦʶ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ AR ʜʣʷ PMSG ʻ 

ʘʢʪʠʚʥʠʤ ʻʤʥʽʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʟ PMSG ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 9. 
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ʈʠʩʫʥʦʢ 9 ï ʆʧʪʠʤʽʟʦʚʘʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʛʝʥʝʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʟ 

PMSG ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ï ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ ʧʨʠ ʟʤʽʥʽ ʩʪʨʫʤʫ (ʧʦ-

ʪʫʞʥʦʩʪʽ) ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʛʨʝʙʥʦʛʦ ʚʘʣʫ. ʇʝʨʝʭʽʜʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ ʦʧʪʠʤʽʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʟʤʽʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʰʚʠʜʢʦʩʪʽ PMSG ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 11. 

 

 
ʈʠʩʫʥʦʢ 11 - ʇʝʨʝʭʽʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ ʦʧʪʠʤʽʟʦʚʘʥʽʡ  

ʩʠʩʪʝʤʽ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪʽ PMSG 

 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʩʠʩʪʝʤʠ PMSG-AR ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ 

ʢʝʨʫʚʘʥʥʷ AR ʜʦʟʚʦʣʠʣʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ PMSG-AR. ʈʝʘʢʪʠʚʥʽ ʩʪʨʫʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʪʨʘʪʠ ʚ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽ ʤʘʰʠʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʠʤʠ ʧʨʠ ʧʝʚʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʽ ʬʘʟʠ ʥʘʧʨʫʛʠ (ʩʪʨʫʤʫ) ʥʘ ʩʪʦʨʦʥʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ AR. 

ʆʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʦʪʫʞʥʠʭ ʛʽʙʨʠʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤ ʟ ʧʦʚʥʦʶ 

ʝʣʝʢʪʨʠʯʥʦʶ ʪʷʛʦʶ. ʎʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʽʟʥʽ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʩʫʤʘʨʥʦʤʫ ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʦʙ'ʻʢʪʽʚ ʻ 

ʥʘʟʝʤʥʠʡ, ʤʦʨʩʴʢʠʡ, ʨʽʯʢʦʚʠʡ ʽ ʧʦʚʽʪʨʷʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʘ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ - ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ, ʚʘʣʦʛʝʥʝʨʘʪʦʨʠ, ʧʘʨʦ- ʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ, 

ʘʢʫʤʫʣʷʪʦʨʠ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ ʪʘ ʽʥ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

 

1. IMO: Improving the energy efficiency of ships 

https://www.imo.org/en/OurWork/Environment/Pages/Improving%20the%20energy%20efficiency%20o

f%20ships.aspx    

2. MAN Energy Solutions/Shaft generators for low speed main engines. 5510-0003-03ppr Apr 

2021, 27 p.  

https://www.man-es.com/docs/default-source/marine/tools/5510-0003-03ppr.pdf?sfvrsn=b570e4e5_12   

3. J. Prousalidis, C. Patsios, F. Kanellos, A. Sarigiannidis, N. Tsekouras, and G. Antonopoulos, 

ñExploiting shaft generators to improve ship efficiency,ò in Proc. Int. Conf. Elect. Syst. Aircraft, Rail-

way, Ship Propuls. Road Vehicles (ESARS), Oct. 2012, pp. 1ï6. 

4. https://shipnerdnews.com/the-2-main-shaft-generator-technologies-available-now/   

5. Trong T., Duc M., Ngo Q-V. The Power-Sharing System of DFIG-Based Shaft Generator Con-

nected to a Grid of the Ship. IEEE Access, 2021, pp. 1 - 11. 10.1109/ACCESS.2021.3102659. 

https://scholar.google.com/scholar?as_q=The+Power-Sharing+System+of+DFIG-

Based+Shaft+Generator+Connected+to+a+Grid+of+the+Ship&as_occt=title&hl=en&as_sdt=0%2C31   

6. ABB white paper: Towards an energy efficient future for shipping/ High efficiency ABB per-

manent magnet shaft generator solutions 

https://search.abb.com/library/Download.aspx?DocumentID=9AKK108466A6782&LanguageCode=en&

DocumentPartId=&Action=Launch .  

7. J M Prousalidis, E Xanthopoulos & K Voutzoulidis (2009) Reactive power sharing in ship en-

ergy systems with shaft generators, Journal of Marine Engineering & Technology, 8:1, 21-38, 

https://doi.org/10.1080/20464177.2009.11020216   

8. A. Sarigiannidis, A. Kladas, E. Chatzinikolaou, and C. Patsios, ñHigh efficiency shaft generator 

drive system design for Ro-Ro trailer-passenger ship application,ò in Proc. Int. Conf. Elect. Syst. Air-

craft, Railway, Ship Propuls. Road Vehicles (ESARS), Mar. 2015, pp. 1ï6. 

9. MATLAB SCHOOL. Virtual laboratory for power electronics and electromechanical devices in 

Matlab+Simulink software. Lesson 26: Optimization of energetic properties of mechatronic system by 

means of electric machine with power electronic, Magazine ĂPower electronicsò Vol. 3, No 72, pp. 68-

75, 2018, (ISSN 2079-9322). 

        10. T. Friedli, M. Hartmann and J. W. Kolar, ñThe Essence of Three-Phase PFC Rectifier Sys-

temsðPart II,ò IEEE Transactions on Power Electronics, Vol. 29, No. 2, pp. 543-560, Feb. 2014. 

11. Halvor Schßyen, Hussein Sow, ñA decision making tool concerning retrofit of shaft generator 

frequency converterò. J. Ocean Engineering, vol. 109 (2015), p.p.103ï112. 

https://www.sciencedirect.com/journal/ocean-engineering  

 

 

 

 

 

 

 

 

https://www.imo.org/en/OurWork/Environment/Pages/Improving%20the%20energy%20efficiency%20of%20ships.aspx
https://www.imo.org/en/OurWork/Environment/Pages/Improving%20the%20energy%20efficiency%20of%20ships.aspx
https://www.man-es.com/docs/default-source/marine/tools/5510-0003-03ppr.pdf?sfvrsn=b570e4e5_12
https://shipnerdnews.com/the-2-main-shaft-generator-technologies-available-now/
https://scholar.google.com/scholar?as_q=The+Power-Sharing+System+of+DFIG-Based+Shaft+Generator+Connected+to+a+Grid+of+the+Ship&as_occt=title&hl=en&as_sdt=0%2C31
https://scholar.google.com/scholar?as_q=The+Power-Sharing+System+of+DFIG-Based+Shaft+Generator+Connected+to+a+Grid+of+the+Ship&as_occt=title&hl=en&as_sdt=0%2C31
https://search.abb.com/library/Download.aspx?DocumentID=9AKK108466A6782&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=9AKK108466A6782&LanguageCode=en&DocumentPartId=&Action=Launch
https://doi.org/10.1080/20464177.2009.11020216
https://www.sciencedirect.com/journal/ocean-engineering


 

                                                                   

 http://femire.onma.edu.ua/                                                                                                                               67 

 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʊʈɸɼɯʎɯʁʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ  ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʉʋɼɽʅ ɽʃɽʂʊʈʆɽʅɽʈɻɯɭʖ 

 

ɼʫʙʦʚʠʢ ɺ.ʆ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

https://orcid.org/0009-0001-6571-1140 

ʉʘʤʦʥʦʚ ʉ.ʌ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

https://orcid.org/0000-0002-8984-0393  

ʂʫʣʴʙʘʮʴʢʠʡ ɸ.ɸ., ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ «ʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ» 

ɼʫʜʢʦ ʉ.ɸ., ʝʣʝʢʪʨʦʤʝʭʘʥʽʢ  

 

ɸʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʽʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʚ ʧʝʨʽʦʜ ʾʭ ʩʪʦʷʥʢʠ ʚ ʧʨʠʣʝʛʣʠʭ ʟʦʥʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʰʣʷʭʠ 

ʟʤʝʥʰʫʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ  ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ 

ʪʘ ʭʚʠʣʴʦʚʦʾ ʝʥʝʨʛʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʭʚʠʣʴʦʚʘ ʪʘ ʛʽʙʨʠʜʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘ ʤʦʨʩʴʢʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

         ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ, ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʝʪʨʘʜʽʮʽʡʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʭʚʠʣʴʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʛʽʙʨʠʜʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʝʢʦʣʦʛʽʷ.  
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Abstract: The paper considers the issues of using non-traditional energy sources to provide ships 

with electricity during their parking in nearby areas. The proposed paths reduce environmental pollution 
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ɺ ʪʝʧʝʨʝʰʥʽʡ ʯʘʩ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʨʘʤʢʦʚʽ ʢʦʥʚʝʥʮʽʾ ʆʆʅ, ʨʝʛʣʘʤʝʥʪʠ ʤʽʞʥʘʨʦʜʥʦʾ 

ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʤʽʞʥʘʨʦʜʥʽ ʜʦʛʦʚʦʨʠ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʧʨʘʚʠʣ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥ-

ʥʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʩʘʤʝ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʈʝʛʽʦʥʘʣʴʥʽ 

ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʘʢʪʠʢʠ, ʧʨʘʚʠʣʘ ʽ ʥʦʨʤʠ ʧʦʢʣʠʢʘʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʦʙʘʣʴʥʠʡ 

ʧʝʨʝʭʽʜ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʤʦʨʩʴʢʦʛʦ  ʪʨʘʥʩʧʦʨʪʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʙʘʛʘʪʦ ʮʽʣʴʦ-

ʚʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ. ʊʦʤʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ 

ʥʘʮʽʣʝʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʦʨʩʴʢʽʡ ʛʘʣʫʟʽ ʪʘ ʚ ʩʫʜʥʦʚʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʣʝʢ-

ʩʘʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡ. 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʟʚôʷʟʢʫ ʟ ʟʘʧʦʙʽʛʘʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʝʢʦʥʦʤʽʻʶ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʫʜʥʘʭ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ, ʭʚʠʣʴʦʚʦʾ) ʩʧʽʣʴʥʦ ʟ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [1,2].  

ʈʝʛʣʘʤʝʥʪʦʤ (ɭʉ) 2023/1805 (FuelEU Maritime) ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʦʩʪʫʧʦʚʝ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʢʠʜʽʚ ʚʽʜ ʤʦʨʩʴʢʦʛʦ ʧʘʣʠʚʘ ï ʚʽʜ 2% ʫ 2025 ʨʦʮʽ ʜʦ 80% ʫ 2050 ʨʦʮʽ ʰʣʷʭʦʤ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ. ʎʝ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʠʟʴʢʦ-
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ʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʫʜʥʦʧʣʘʚʩʪʚʽ ʚ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ɭʉ. ʅʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʽʥʽʮʽʘʪʠʚ ɭʉ, ʫ 2023 ʨʦʮʽ ʄʽʞʥʘʨʦʜʥʘ ʤʦʨʩʴʢʘ ʦʨ-

ʛʘʥʽʟʘʮʽʷ ʫʭʚʘʣʠʣʘ ʦʥʦʚʣʝʥʫ GHG Strategy, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ ʫ ʩʫʜʥʦʧʣʘʚʥʽʡ ʛʘʣʫʟʽ ʜʦ ʥʫʣʷ ʧʨʠʙʣʠʟʥʦ ʜʦ 2050 ʨʦʢʫ. ɿʦʢʨʝʤʘ: ʜʦ 2030 ʨʦʢʫ ï ʩʢʦ-

ʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʥʘ 20-30%; ʜʦ 2040 ʨʦʢʫ ð ʥʘ 70-80% [4]. 

 ʇʨʠʢʣʘʜʦʤ ʩʫʯʘʩʥʦʛʦ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʻ ʩʧʫʱʝʥʝ ʥʘ ʚʦʜʫ ʚ ʪʨʘʚʥʽ 2025 ʨʦʢʫ ʚ ɸʚʩ-

ʪʨʘʣʽʾ ʥʘʡʙʽʣʴʰʝ ʫ ʩʚʽʪʽ ʩʫʜʥʦ çChina Zorrillaè, ʷʢʝ ʧʨʘʮʶʚʘʪʠʤʝ ʧʦʚʥʽʩʪʶ ʥʘ ʘʢʫʤʫʣʷʪʦ-

ʨʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʦʩʥʘʱʝʥʽʡ 250 ʪʦʥʘʤʠ ʘʢʫʤʫʣʷʪʦʨʽʚ ʽ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʦʟʠʪʠ ʜʦ 

2100 ʧʘʩʘʞʠʨʽʚ ʪʘ 225 ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʨʠʩ.1). ʉʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʤʘʻ ʧʦ-

ʪʫʞʥʽʩʪʴ 40 ʄɺʪ/ʛʦʜ. ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʻ ʝʥʝʨʛʽʶ ʚʽʩʴʤʦʤ ʚʦʜʦʤʝʪʥʠʤ ʜʚʠʛʫʥʘʤ ʬʽʨʤʠ 

Wartsila. ʉʫʜʥʦ ʜʦʚʞʠʥʦʶ 130ʤ ʪʘ ʰʠʨʠʥʦʶ 32ʤ ʻ ʥʘʡʙʽʣʴʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪ-

ʥʠʤ ʟʘʩʦʙʦʤ ʫ ʩʚʽʪʽ ʪʘ ʤʘʻ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʚʯʝʪʚʝʨʦ ʧʝʨʝʚʠʱʫʻ ʧʦʪʫʞʥʽʩʪʴ 

ʙʫʜʴ-ʷʢʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʤʦʨʩʴʢʦʾ ʫʩʪʘʥʦʚʢʠ [5]. ʉʫʜʥʦ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʤʘʨʰʨʫʪʠ ʤʽʞ 

ʧʦʨʪʘʤʠ ɸʨʛʝʥʪʠʥʠ ʪʘ ʋʨʫʛʚʘʶ.  

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʫʜʥʘ çChina Zorrilla» 

 

ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʥʘ ʧʝʨʽʦʜ ʩʪʦʷʥʢʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠ-

ʚʠʤ ʧʠʪʘʥʥʷʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸ ʪʘ-

ʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʟʨʦʩʪʘʪʠʤʝ ʢʽʴʢʽʩʪʴ ʩʫʜʝʥ, ʷʢʽ ʚ ʩʢʣʘʜʽ ʩʫʜ-

ʥʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴ ʦʩʥʦʚʥʠʤ ʞʠʚʣʝʥʥʷʤ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ 

[3], ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʧʨʦʙʣʝʤʘ ʾʭ ʧʽʜʟʘʨʷʜʢʠ.  

ʇʨʦʛʨʝʩ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʴ ʥʝ ʪʽʣʴʢʠ ʥʘ ʩʫʜ-

ʥʘ [1], ʘ ʽ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ʪʘ ʧʨʠʣʝʛʣʠʭ ʟʦʥʘʭ: ʩʪʦʷʥʢʘ ʥʘ ʨʝʡʜʽ, ʥʘ ʷʢʽʨʥʽʡ ʩʪʦʷʥʮʽ ʘʙʦ ʩʪʦ-

ʷʥʢʘʭ ʩʫʜʝʥ ʙʽʣʷ ʧʣʘʚʫʯʠʭ ʟʘʩʦʙʽʚ ʫʪʨʠʤʫʚʘʥʥʷ  (ʰʚʘʨʪʦʚʥʽ ʙʦʯʢʠ). ɺ ʮʠʭ ʤʽʩʮʷʭ ʪʘ ʥʘ 

ʤʦʨʩʴʢʠʭ, ʨʽʯʢʦʚʠʭ ʧʣʘʪʬʦʨʤʘʭ ʤʦʞʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʩʦʥʷʯʥʽ, ʚʽʪʨʦʚʽ ʪʘ ʭʚʠʣʴʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʟʘʨʷʜʢʫ ʘʢʫ-

ʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʠʤʠ ʦʩʥʘʱʝʥʽ ʩʫʜʥʘ ʟ ʝʣʝʢʪʨʦʨʫʭʦʤ.  

ʅʘʫʢʦʚʮʽ ʨʽʟʥʠʭ ʢʨʘʾʥ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥ-

ʥ ̫ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʇʨʦʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʭʚʠʣʴ ʨʦʟʨʦʙʣʷʶʪʴ ʪʘ 

ʨʝʘʣʽʟʦʚʫʶʪʴ ʽʥʞʝʥʝʨʠ ʗʧʦʥʽʾ, ɸʚʩʪʨʘʣʽʾ, ʉʐɸ, ʋʢʨʘʾʥʠ, ʐʚʝʮʽʾ ʪʘ ʽʥʰʽ. ɺ ʪʘʢʠʭ ʧʨʦʝʢ-

ʪʘʭ ʟʘ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʽʚ ʙʝʨʝʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʬʨʦʥʪʫ ʭʚʠʣʴ: ʯʠʤ ʙʽʣʴʰʦʶ ʻ ʭʚʠʣʷ, ʪʠʤ 

ʢʨʘʱʝ. ɿʘ ʩʝʨʝʜʥʴʦʶ ʚʠʩʦʪʦʶ ʭʚʠʣʴ ʫ ʉʚʽʪʦʚʦʤʫ ʦʢʝʘʥʽ 2,5ʤ ʽ ʧʝʨʽʦʜʽ 8ʩ ʧʠʪʦʤʠʡ ʧʦʪʽʢ 

ʝʥʝʨʛʽʾ, ʷʢʠʡ ʧʨʠʧʘʜʘʻ ʥʘ 1ʤ ʬʨʦʥʪʫ ʭʚʠʣʽ, ʩʢʣʘʜʘʻ 75 ʢɺʪ/ʤ. ʇʠʪʦʤʠʡ ʧʦʪʽʢ ʝʥʝʨʛʽʾ ʚʽʪ-

ʨʦʚʠʭ ʭʚʠʣʴ, ʥʘʧʨʠʢʣʘʜ, ʚ ɸʟʦʚʩʴʢʦʤʫ ʤʦʨʽ - 3 ʢɺʪ/ʤ, ʏʦʨʥʦʤʫ - 6-8 ʢɺʪ/ʤ [6].  

ʈʦʟʨʦʙʣʝʥʘ ʫʢʨʘʾʥʩʴʢʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ  ʭʚʠʣʴʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʝʬʝʢʪʠʚʥʘ ʪʠʤ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʰʪʦʚʭʫ ʭʚʠʣʴ ʨʽʟʥʦʾ ʩʠʣʠ. ʆʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʾ 
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ʩʪʘʥʦʚʣʷʪʴ 3 ʧʦʥʪʦʥʥʽ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɼʚʽ ʧʣʘʪʬʦʨʤʠ, ʛʦʡʜʘʶʯʠʩʴ ʥʘ 

ʭʚʠʣʷʭ, ʧʝʨʝʜʘʶʪʴ ʩʚʽʡ ʨʫʭ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʚʘʞʝʣʽ ʥʘ ʩʠʩʪʝʤʫ ʪʫʨʙʽʥ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʩʠʩ-

ʪʝʤʘ ʪʫʨʙʽʥ ʧʨʠʚʦʜʠʪʴ ʚ ʜʽʶ ʛʝʥʝʨʘʪʦʨʠ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʋ ʨʦʟʨʦʙʮʽ 

ʚʧʨʦʚʘʜʞʝʥʦ ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʰʪʦʚʭʫ ʭʚʠʣʴ ʨʽʟʥʦʾ ʩʠʣʠ, ʪʦʤʫ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʘ 

ʚʠʛʦʪʦʚʣʷʪʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʘʢʚʘʪʦʨʽʡ. ʐʠʨʠʥʘ ʪʘʢʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦ-

ʞʝ ʩʪʘʥʦʚʠʪʠ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 35ʤ ʜʦ 65ʤ, ʘ ʜʦʚʞʠʥʘ ʩʷʛʘʪʠ ʚʽʜ 100 ʜʦ 200ʤ [7,8]. 

ʍʚʠʣʴʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ, ʘ ʩʘʤʝ: ʧʦʧʣʘʚʢʦʚʽ ʭʚʠʣʴʦʚʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʨʦʙʣʷʶʪʴ ʝʥʝʨʛʽʶ ʟʘʚʜʷʢʠ ʨʫʭʫ ʧʣʘʚʘʶʯʦʛʦ ʧʦʧʣʘʚʢʘ ʧʨʠ ʧʽʜʥʷʪʪʽ ʡʦʛʦ 

ʭʚʠʣʝʶ; ʪʫʨʙʽʥʥʽ ð ʟʘʚʜʷʢʠ ʦʙʝʨʪʘʥʥʶ ʪʫʨʙʽʥʠ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʧʦʚʽʪʨʷʤ, ʷʢʝ 

ʚʠʪʽʩʥʷʻʪʴʩʷ ʭʚʠʣʝʶ ʟʽ ʩʧʝʮʽʘʣʴʥʦʾ ʢʘʤʝʨʠ; ʛʽʜʨʘʚʣʽʯʥʽ ð ʟʘʚʜʷʢʠ ʨʫʭʫ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʧʦʨʰʥʽʚ ʫ ʢʦʥʚʝʨʪʝʨʘʭ.  

ʐʚʝʜʩʴʢʘ ʢʦʤʧʘʥʽʷ NoviOcean ʨʦʟʨʦʙʣʷʻ ʛʽʙʨʠʜʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻ ʦʙ'ʻʜʥʘʥʽ ʨʝʩʫʨʩʠ ʭʚʠʣʴ, ʚʽʪʨʫ ʪʘ ʩʦʥʮʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ. ɽʣʝʢ-

ʪʨʦʩʪʘʥʮʽʷ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2, ʤʘʻ ʜʦʚʞʠʥʫ 38ʤ, ʥʘ ʷʢʽʡ  ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʪʨʷʥʽ 

ʪʫʨʙʽʥʠ ʪʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ʇʨʷʤʦʢʫʪʥʠʡ ʧʣʽʪ ʣʝʞʠʪʴ ʥʘ ʭʚʠʣʷʭ, ʘ ʚʥʠʟʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘʧʦ-

ʚʥʝʥʠʡ ʚʦʜʦʶ ʮʠʣʽʥʜʨ ʟ'ʻʜʥʘʥʠʡ ʟ ʤʦʨʩʴʢʠʤ ʜʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʰʥʝʚʦʛʦ ʰʪʦʢʘ ʪʘ 

ʢʘʙʝʣʶ. ʗʢʦʨʽ ʫʪʨʠʤʫʶʪʴ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʤʽʩʮʽ. ʅʘʛʦʨʽ ʧʣʦʪʫ ʨʦʟʪʘʰʦʚʘʥʽ ʰʽʩʪʴ ʚʝʨ-

ʪʠʢʘʣʴʥʠʭ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ, ʱʦ ʛʝʥʝʨʫʶʪʴ 300 ʢɺʪ. ɰʭ ʜʦʧʦʚʥʶʶʪʴ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʱʦ ʚʠ-

ʨʦʙʣʷʶʪʴ 50-80 ʢɺʪ, ʱʦ ʟʘʛʘʣʦʤ ʜʦʩʷʛʘʻ ʙʣʠʟʴʢʦ 1 ʄɺʪ. ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ 

ʩʢʣʘʜʘʻ 40%. 

ʍʚʠʣʴʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʬʫʥʢʮʽʦʥʫʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʥʘʩʦʩʘ: ʧʨʠ ʧʽʜʡʦʤʽ ʧʣʦʪʫ ʚʦʜʘ 

ʟʘʢʘʯʫʻʪʴʩʷ ʚʛʦʨʫ ʽ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʷʤʫʻ ʥʘ ʣʦʧʘʪʽ ʪʫʨʙʽʥʠ ʇʝʣʪʦʥʘ, ʨʫʭʘʶʯʠ ʾʾ. 

ɽʥʝʨʛʽʷ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʠʢʫ. ʎʷ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ 

ʧʝʨʝʚʽʨʝʥʽ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʟʘʧʘʪʝʥʪʦʚʘʥʫ ʩʠ-

ʩʪʝʤʫ [9,10]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʠʙʨʠʜʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʢʦʤʧʘʥʽʾ NoviOcean 

 

ɽʣʝʢʪʨʦʩʪʘʥʮʽʷ NoviOcean ʧʦʻʜʥʫʻ ʝʥʝʨʛʽʶ ʭʚʠʣʴ, ʚʽʪʨʫ ʪʘ ʩʦʥʮʷ ʚ ʦʜʥʦʤʫ ʨʽʰʝʥʥʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʥʝʤʘ ʩʦʥʮʷ ʪʘ ʚʽʪʨʘ. ʎʝ ʟʥʠʞʫʻ ʥʦʨʤʦ-

ʚʘʥʫ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (LCOE) ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ [9,10]. 

ʂʦʤʧʘʥʽʷ ʧʣʘʥʫʻ ʨʦʟʨʦʙʠʪʠ ʪʘʢʫ ʛʽʙʨʠʜʥʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʶ, ʱʦ ʧʦʻʜʥʫʻ ʭʚʠʣʴʦʚʽ ʪʘ 

ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ, ʘ ʪʘʢʦʞ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ ʫʟʙʝʨʝʞʞʽ ʇʽʚʥʽʯʥʦʾ ʪʘ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ. 
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ʄʦʨʩʴʢʽ ʧʣʘʪʬʦʨʤʠ, ʥʘ ʷʢʠʭ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʠʪʨʠʤʫʚʘʪʠ ʧʦʛʽʨʰʝʥʥʷ ʤʝʪʝʨʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʰʪʦʨʤʽʚ. ɺʦʥʠ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʜʦʨʦʛʠ-

ʤʠ, ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤʠ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʦ-

ʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ. 

 ɼʦ ʧʦʟʠʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʭʚʠʣʴʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʥʠʟʴʢʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʟʥʘʯʥʠʡ ʩʫʤʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʘ ʪʘʢʦʞ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʝ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʚʘʛʠ, ʥʽʞ ʤʦʨʩʴʢʽ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩ-

ʪʘʥʮʽʾ, ʘ ʜʦ ʥʝʜʦʣʽʢʽʚ ï ʾʾ ʧʝʨʝʨʠʚʯʘʪʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ. 1. ʅʝʦʙʭʽʜʥʦ  ʨʦʟʙʫʜʦʚʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʚ ʤʦʨʩʴʢʠʭ, ʨʽʯʢʦʚʠʭ ʧʦʨʪʘʭ, ʧʨʠʣʝʛʣʠʭ ʪʘ ʧʨʠʙʨʝʞʥʠʭ ʟʦʥʘʭ. 2. ʈʦʟʚʠʪʦʢ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʝ ʧʦʚʠʥʝʥ ʟʥʠʞʫʚʘʪʠ ʷʢʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 3. ɺʠ-

ʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʤʦʨʽ ʪʘ 

ʧʨʠʙʨʝʞʥʠʭ, ʧʨʠʣʝʛʣʠʭ ʟʦʥʘʭ.  
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ʉʝʢʮʽʷ 4. ʉʋʏɸʉʅɯ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ  
ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ, ʂʆʄʇʆʅɽʅʊʀ ʊɸ ɼɯɸɻʅʆʉʊʀʂɸ 

 

ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɺʆʃʂʆʅʅʆɰ ʆʇʊʀʂʀ, ʗʂɸ ɯʅʊɽɻʈʆɺɸʅɸ ʋ 

ʂʆʅʉʊʈʋʂʎɯʁʅɯ ʄɸʊɽʈɯɸʃʀ 

 
ʆʧʨʠʰʢʦ ʄ.ʆ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

https://orcid.org/0000-0002-9385-8676  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ" 

 
ɸʥʦʪʘʮʽʷ. ʂʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʜʥʦʙʫʜʫ-

ʚʘʥʥʽ. ʂʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʘʩʪʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦ-

ʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʷʢʽ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʫʩʪʘʣʽʩʥʫ ʜʝʩʪʨʫʢʮʽʶ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʚʠʤʘʛʘʻ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʽʘʛʥʦʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ, ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʶ, ʣʦʢʘʣʽʟʘʮʽʶ ʡ ʦʮʽʥʢʫ ʥʝʙʝʟʧʝʢʠ ʜʝʬʝ-

ʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʙʝʟʧʝʢʫ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢ-

ʮʽʾ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ ʝʬʝʢʪʠʚʥʽʰʝ ʟʘ ʽʥʰʠʭ ʟʜʘʪʥʽ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʡ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʜʫʞʝ ʢʦʤʧʘʢʪʥʽ ʨʦʟʤʽʨʠ, ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʚʙʫʜʦʚʘʥʽ ʚ ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ, ʷʢ ʨʦʟʧʦʜʽʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ. 

ʆʜʥʘʢ, ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʣʦʢʦʥʥʠʡ ʜʘʪʯʠʢ, ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʜʽʡʥʽʩʪʴ 
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Abstract. Composite structures are widely used in shipbuilding. Composite structures are often 

operated in difficult hydrometeorological conditions that can generate permanent destruction of struc-

tures. This circumstance requires monitoring the technical condition of structures in real time. Diagnos-

tic control, in this case, is focused on detecting, identifying, localizing and assessing the danger of de-

fects that can negatively affect the safety or operational characteristics of the structure. Fiber-optic sen-

sors are more effective than others in solving the tasks of diagnosing and monitoring the technical condi-

tion of structures, and also have very compact dimensions, can be built into structures such as a distrib-

uted information and measurement system. However, there is a pressing scientific and technical task of 

increasing the reliability of fiber-optic structures integrated into structural materials. 
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ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʩʫʜʥʦʙʫʜʽʚʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪ-

ʚʘʤʠ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʻ ʤʝʪʦʜʠ ʨʫ-

ʯʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʡ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʩʦʯʝʥʥʷ. ʄʝʪʦʜ ʨʫʯʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦ-

ʮʝʩ ʨʦʟʤʽʱʝʥʥʷ ʰʘʨʽʚ ʘʨʤʦʚʘʥʠʭ ʚʦʣʦʢʥʦʤ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʧʦʰʘʨʦʚʦʛʦ ʧʘʢʝʪʘ ʟ ʥʘ-

ʩʪʫʧʥʠʤ ʜʦʜʘʥʥʷʤ ʡʦʤʫ ʬʦʨʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʝʪʘʣʽ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʘʨʤʫ-

ʶʯʽ ʚʦʣʦʢʥʘ ʘʙʦ ʪʢʘʥʠʥʠ ʨʦʟʤʽʱʘʶʪʴʩʷ ʰʘʨʘʤʠ, ʤʽʞ ʷʢʠʤʠ ʥʘʥʦʩʠʪʴʩʷ ʤʘʪʨʠʮʷ. ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʫʢʣʘʜʘʥʥʷ ʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʩʤʦʣʷʥʦʾ ʤʘʪʨʠʮʽ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʢʦʤʧʦʟʠʪ ʟʜʦ-

ʙʫʚʘʻ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ. ʇʦʧʝʨʝʜʥʴʦ ʧʨʦʩʦʯʝʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʧʨʝʧʨʝʛʠ) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʢʨʝʤʽ ʰʘʨʠ ʢʦʤʧʦʟʠʪʥʠʭ ʚʦʣʦʢʦʥ, ʫʞʝ ʧʨʦʩʦʯʝʥʠʭ ʤʘʪʨʠʯ-

ʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʥʘʧʨʠʢʣʘʜ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ. ʋ ʧʨʦʮʝʩʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʘ ʪʘʢʠʭ 

ʰʘʨʽʚ ʫʢʣʘʜʘʶʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʧʽʩʣʷ ʯʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʪʚʝʨʜʞʝʥʥʷ - ʘʙʦ ʚ ʧʨʠʨʦ-

ʜʥʽʭ ʫʤʦʚʘʭ, ʘʙʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʧʣʘ ʡ/ʘʙʦ ʪʠʩʢʫ. ʌʦʨʤʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʘʢʫʫʤʥʠʤ 

https://orcid.org/0000-0002-9385-8676
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(ʧʘʢʝʪʥʝ) ʘʙʦ ʘʚʪʦʢʣʘʚʥʠʤ. ʉʪʘʥʜʘʨʪʥʽ ʘʚʪʦʢʣʘʚʥʽ ʫʤʦʚʠ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʠʧʫʩʢʘʶʪʴ ʜʽʘ-

ʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 120 é 200 ÁC ʽ ʪʠʩʢ ʜʦ 7 ʢʇʘ. 

ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ (ʆɺ) ʫ ʟʨʘʟʢʠ, ʩʪʚʦʨʝʥʽ ʷʢ ʤʝʪʦʜʦʤ ʨʫʯʥʦʛʦ, ʪʘʢ ʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʪʚʝʨʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʭʦʞʠʡ ʧʨʦʮʝʩ. ʇʝʨʝʜ ʟʘʪʚʝʨʜʞʝʥʥʷʤ ʆɺ 

ʨʦʟʤʽʱʘʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʰʘʨ ʢʦʤʧʦʟʠʪʘ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʟʘʟʥʘʶʪʴ ʥʝʚʝʣʠʢʦʾ ʧʦʧʝ-

ʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʚʠʛʠʥʫ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʜʘʪ-

ʯʠʢʘ (ɺʆɼ) ʚʠʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡ ʛʘʣʫʟʽ, ʜʝ ʧʦʪʨʽʙʝʥ ʤʦʥʽʪʦʨʠʥʛ 

ʧʘʨʘʤʝʪʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʤʽʨʽ ʜʝʬʦʨʤʘʮʽʾ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʘʪʯʠʢʠ ʽʥʪʝʛʨʫʶʪʴ ʫ ʥʘʡʙʽʣʴʰ ʚʽʜʜʘʣʝʥʠʡ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʰʘʨ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ. ɺʽʟʫʘʣʴʥʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʝʪʘʧʽʚ ʨʫʯʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ɺʆɼ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʨʠʩ. 1, a ʽ 1, b. ʇʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʢʦʤʧʦʟʠʪʥʠʤʠ ʜʝʪʘʣʷʤʠ ʆɺ ʤʦʞʫʪʴ ʽʥʪʝʛ-

ʨʫʚʘʪʠʩʷ ʚʨʫʯʥʫ ʬʘʭʽʚʮʝʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, c [1, 2].  

        

 
ʈʠʩʫʥʦʢ 1 ï ɯʥʪʝʛʨʘʮʽʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʫ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ: 

 ʘ - ʨʫʯʥʝ ʫʢʣʘʜʘʥʥʷ; b - ʤʝʪʦʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʩʦʯʝʥʥʷ;  

c - ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʧʦʟʠʪʥʦʾ ʜʝʪʘʣʽ ʟ ʽʥʪʝʨʛʘʮʽʻʡ ɺʆɼ [1] 

 

ʆʜʥʘʢ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʙʫʜʦ-

ʚʘʥʠʤʠ ɺʆɼ ʜʦʩʪʫʧʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ 

ʧʨʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ɺʆɼ ʫ ʢʦʤʧʦʟʠʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘʣʠʰʘʻʪʴʩʷ ʚʧʣʠʚ ʮʠʭ ʜʘʪʯʠʢʽʚ ʥʘ 

ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ ʜʝʪʘʣʽ. 
ʆʜʥʽʻʾ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ɺʆɼ ʫ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʽʥʽʤʽʟʘʮʽʷ ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʜʝʩʪʨʫʢʮʽʾ 
ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʆɺ. ʋ ʭʦʜʽ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʥʘʣʽʟʫʚʘʣʦʩʷ ʚʧʣʠʚ ʚʙʫʜʦʚʘ-
ʥʠʭ ɺʆɼ ʥʘ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ, ʷʢ ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʦʟʪʷʛʘʥʥʽ ʡ ʩʪʠʩʢʫ, ʪʚʝʨʜʽʩʪʴ, 
ʤʽʞʰʘʨʦʚʘ ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ, ʫʩʪʘʣʽʩʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʆɺ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʰʘʨʠ ʘʙʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʾʤ, ʥʝ ʚʠʷʚʣʷʻ 
ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʟʘʣʠʰʘʻʪʴʩʷ ʯʠʥʥʠʤ 
ʥʘʚʽʪʴ ʜʣʷ ʚʦʣʦʢʦʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʥʘʡʙʽʣʴʰ ʫʨʘʟʣʠʚʠʭ ʟʦʥʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʮʽʣʦʤʫ ʙʫʜʴ-
ʷʢʽ ʧʦʪʝʥʮʽʡʥʽ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʡ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, 
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ʷʢ ʦʨʽʻʥʪʘʮʽʷ ʆɺ ʱʦʜʦ ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ, ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʜʽʘʤʝʪʨ ʚʦʣʦʢʥʘ, ʘ 
ʪʘʢʦʞ ʚʠʜ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʥʴʦʤʫ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ʤʽʞ ʆɺ ʽ ʥʘʧʨʷʤʢʘʤʠ ʰʘʨʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʜʝʛʨʘ-
ʜʘʮʽʾ. ɼʦʜʘʪʢʦʚʦʶ ʩʢʣʘʜʥʽʩʪʶ ʻ ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ ʆɺ, ʚʢʣʶʯʘʶʯʠ ʡʦʛʦ ʙʫʬʝʨʥʝ ʧʦʢʨʠʪʪʷ, 
ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʚʠʯʘʡʥʦ ʢʦʤʝʨʮʽʡʥʽ 
ʆɺ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʫ ʜʽʘʧʘʟʦʥʽ 125 é 230 ʤʢʤ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʚ ʜʝʩʷʪʴ-ʧ'ʷʪʥʘʜʮʷʪʴ ʨʘʟ ʧʝ-
ʨʝʚʠʱʫʻ ʜʽʘʤʝʪʨ ɽ-ʩʢʣʦʚʦʣʦʢʥʘ ʘʙʦ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ. ʋʢʣʘʜʘʥʥʷ ʆɺ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-
ʥʦ ʘʨʤʫʶʯʠʤ ʰʘʨʘʤ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʦʩʝʨʝʜʢʦʚʽ ʚʽʟʝʨʫʥʢʠ ʘʙʦ "ʢʠʰʝʥʽ" ʫʩʝ-
ʨʝʜʠʥʽ ʩʤʦʣʠ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʮʝʥʪʨʘʤʠ ʟʘʨʦʜʞʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʢʦʤʧʦʟʠʪʥʽʡ ʩʪʨʫʢʪʫʨʽ. 
ʋʪʚʦʨʶʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʮʝʥʪʨʽʚ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝ-

ʨʽʘʣʫ ʫ ʚʠʛʣʷʜʽ ʨʦʟʰʘʨʫʚʘʥʥʷ [1, 2]. 
ʗʢʱʦ ʆɺ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʠ ʘʨʤʫʶʯʠʭ ʚʦʣʦʢʦʥ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʚ-

ʥʦʤʽʨʥʝ ʫʱʽʣʴʥʝʥʥʷ ʥʘʚʢʦʣʦ ʚʦʣʦʢʥʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʝʭʘʥʽʯ-
ʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʘʢʝʪʫ ʟʙʝʨʽʛʘʪʠʩʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʤʽʥ. ʂʨʽʤ ʮʴʦʛʦ, ʫʢʣʘʜʘʥʥʷ ʆɺ ʟʘ 
ʥʘʧʨʷʤʢʦʤ ʘʨʤʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ-
ʚʜʷʢʠ ʾʭʥʽʡ ʚʣʘʩʥʽʡ ʥʝʩʫʯʽʡ ʟʜʘʪʥʦʩʪʽ [2 - 6].  

ɸʥʘʣʽʟ [6] ʤʽʮʥʦʩʪʽ ʥʘ ʚʠʛʠʥ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ɺʆɼ, ʟʜʘ-
ʪʥʠʤ ʚʠʪʨʠʤʫʚʘʪʠ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
ʋʩʪʘʥʦʚʢʘ ɺʆɼ ʫ ʟʦʥʫ ʨʦʟʪʷʛʘʥʥʷ, ʷʢ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ, ʪʘʢ ʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʥʝ 
ʧʨʠʚʝʣʘ ʜʦ ʽʩʪʦʪʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʚʠʛʠʥ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʡ ʧʨʠ ʩʪʠʩʢʘʶʯʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʷʢʱʦ ʜʘʪʯʠʢ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ. 
ʆʜʥʘʢ ʚʠʷʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ɺʆɼ ʧʦʧʝʨʝʯʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʦʙʣʘʩʪʽ ʩʪʠʩʢʫ ʚʠʢʣʠʢʘʻ 
ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʚʠʛʠʥ [7]. 

ʆʜʥʘʢ, ʫ ʆɺ ʜʽʘʤʝʪʨʫ 125 é 230 ʤʢʤ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʙʘʛʘʪʦʤʦʜʦʚʠʡ  ʨʝʞʠʤ, ʷʢʠʡ 
ʩʧʦʣʫʯʝʥʠʡ ʟ ʷʚʠʱʝʤ ʪʘ ʥʘʩʣʽʜʢʘʤʠ ʤʽʞʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ. ʄʽʞʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʥʦ 
ʦʙʤʝʞʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʫʩʴʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʡ ʟʤʫʰʫʻ ʚʠ-
ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʠʟʴʢʦʝʬʝʢʪʠʚʥʽ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʜʽʦʜʠ (ʉɺɼ) ʷʢ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽ-
ʥʶʚʘʥʥʷ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʽʾ ʫ ʆɺ ʧʦʚʠʥʥʘ ʧʦʰʠʨʶʚʘʪʠʩʷ 

ʪʽʣʴʢʠ ʦʜʥʘ ʤʦʜʘ, ʪʦʙʪʦ ʭʚʠʣʝʚʦʜʥʠʡ ʧʘʨʘʤʝʪʨ V < 2,405. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʟʙʽʣʴ-
ʰʝʥʥʷʤ ʨʦʙʦʯʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʩʝʨʮʝʚʠʥʠ ʘʙʦ ʟʤʽʥʦʶ ʨʽʟʥʠʮʽ ʧʦ-

ʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ (ʇɿ) ʤʽʞ ʩʝʨʮʝʚʠʥʦʶ ʡ ʦʙʦʣʦʥʢʦʶ [8]. 
ɿʥʠʞʝʥʥʷ ʇɿ ʩʝʨʮʝʚʠʥʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʠʤʝʪʨʠʯʥʠʭ ʭʚʠʣʴ, ʱʦ ʧʦ-

ʰʠʨʶʶʪʴʩʷ ʚ ʆɺ, ʽʟ ʯʦʪʠʨʴʦʭ (ʆɺ ʟʽ ʩʭʽʜʯʘʩʪʠʤ ʇʇɿ, ʨʠʩ. 2, ʘ) ʜʦ ʜʚʦʭ (ʇʇɿ ʆɺ ʚʽʜʧʦʚʽ-
ʜʘʻ ʨʠʩ. 2, 6).  

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʦʬʽʣʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʩʭʽʜʯʘʩʪʦʛʦ ʆɺ: ʘ - ʩʪʘʥʜʘʨʪʥʠʡ;  

ʙ, ʚ - ʟ ʜʝʧʨʝʩʦʚʘʥʦʶ ʩʝʨʮʝʚʠʥʦʶ; ʛ - ʟ ʧʦʚʽʪʨʷʥʠʤ ʢʘʧʽʣʷʨʦʤ ʫ ʩʝʨʮʝʚʠʥʽ 

 

ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ (ʨʠʩ. 2, ʚ) ʽ ʧʝʨʝʭʽʜ ʜʦ ʚʦʣʦ-

ʢʥʘ ʟ ʧʦʚʽʪʨʷʥʠʤ ʢʘʧʽʣʷʨʦʤ ʫ ʩʝʨʮʝʚʠʥʽ  ʥʝ ʟʤʽʥʶʻ ʢʘʨʪʠʥʫ ʷʢʽʩʥʦ.  
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ʋ ʚʠʧʘʜʢʫ ʇʇɿ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 2, ʚ-ʛ, ʥʘ ʢʨʠʪʠʯʥʠʭ ʯʘʩʪʦʪʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʽ-

ʢʘʥʥʷ ʭʚʠʣʴ ʦʙʦʣʦʥʢʠ ʚ ʟʦʚʥʽʰʥʶ ʦʙʣʘʩʪʴ, ʪʦʤʫ ʱʦ ʧʦʨʫʰʫʻʪʴʩʷ ʫʤʦʚʘ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽ-

ʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ ʥʘ ʜʨʫʛʽʡ ʛʨʘʥʠʮʽ ("ʦʙʦʣʦʥʢʘ - ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ"). ʇʝʨʝʭʽʜ ʚ ʟʦʚ-

ʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʯʠʥʘʻʪʴʩʷ ʨʘʥʽʰʝ, ʯʠʤ ʫ ʚʥʫʪʨʽʰʥʶ ʦʙʣʘʩʪʴ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʬʽʣʴ ʆɺ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 2, ʙ, ʫʤʦʚʘ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜ-

ʙʠʪʪʷ ʥʘ ʛʨʘʥʠʮʽ "ʩʝʨʮʝʚʠʥʘ - ʦʙʦʣʦʥʢʘ" ʧʦʨʫʰʫʻʪʴʩʷ ʨʘʥʽʰʝ, ʯʠʤ ʥʘ ʛʨʘʥʠʮʽ "ʦʙʦʣʦʥʢʘ - 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ". ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʯʠʥʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʭʚʠʣʴ ʫ ʩʝʨʮʝʚʠʥʫ ʆɺ. 

ɸʥʘʣʽʟ ʇʇɿ (ʨʠʩ. 2, ʚ-ʛ) ʤʝʪʦʜʦʤ ʧʨʦʬʽʣʽʚ ʨʽʚʥʦʛʦ ʦʙ'ʻʤʫ, ʧʦʢʘʟʘʚ, ʱʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ 

ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ ʇʇɿ, ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʬʽʣʴ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʆɺ "ʟʚʦʨʦʪʥʠʡ a-ʧʨʦʬʽʣʴ" 

 

ʋ ʪʘʢʦʤʫ ʧʨʦʬʽʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʝʨʮʝʚʠʥʘ ʤʘʻ ʟʥʠʞʝʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ n1 

(ʦʙʣʘʩʪʴ 0 - ʘ), ʨʦʙʦʯʘ ʩʝʨʮʝʚʠʥʘ - n2 (ʦʙʣʘʩʪʴ ʘ - b), ʚʪʦʨʠʥʥʘ ʩʝʨʮʝʚʠʥʘ - n3 (ʦʙʣʘʩʪʴ b - 

c), ʘ ʦʙʦʣʦʥʢʘ n4 (ʦʙʣʘʩʪʴ c - d). ɼʽʘʤʝʪʨʠ ʪʨʫʙʯʘʩʪʠʭ ʩʝʨʮʝʚʠʥ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʦʶ ʦʜ-

ʥʦʤʦʜʦʚʦʩʪʽ ʧʨʠ  

 
ʜʝ  - ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟ ʙʽʣʴʰʠʤ ʽ ʤʝʥʰʠʤ ʇɿ;  - ʜʽʘʤʝʪʨʠ ʪʨʫ-

ʙʯʘʩʪʠʭ ʦʙʣʘʩʪʝʡ. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʦʩʪʨʫʢʮʽʡ-

ʥʠʭ ʤʘʪʝʨʘ̔ʣʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʚʦʣʴʚʝʨʥʠʾ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ (ʈʆɺ) ʽʟ ʧʦʨʦʞ-

ʥʴʦʶ ʩʝʨʮʝʚʠʥʦʶ, ʚʽʜʦʤʠʭ ʷʢ ʨʝʚʦʣʴʚʝʨʥʽ ʩʚʽʪʣʦʚʦʜʠ (ʈʉ). ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʩʪʨʫʢʪʫ-

ʨʠ ʧʦʨʦʞʥʴʦʛʦ ʈʉ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4, ʜʝ ʧʦʢʘʟʘʥʦ ʛʝʦʤʝʪʨʽʶ ʘʥʪʠʨʝʟʦʥʘʥʩʥʦʛʦ ʚʦʣʦʢʥʘ.  

 

ʈʠʩʫʥʦʢ 4 ï ʈʝʚʦʣʴʚʝʨʥʝ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ: ʘ - ʛʝʦʤʝʪʨʽʷ ʨʝʚʦʣʴʚʝʨʥʦʛʦ ʘʥʪʠʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʨʦʞ-

ʥʠʩʪʦʛʦ ʨʝʚʦʣʴʚʝʨʥʦʛʦ ʚʦʣʦʢʥʘ, ʜʝ ʚʦʣʦʢʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʘʥʪʠʨʝʟʦʥʘʥʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʽʣʴ-

ʮʝʚʦʛʦ ʪʠʧʫ (ʙʣʘʢʠʪʥʘ ʦʙʣʘʩʪʴ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʚʢʦʣʦ ʮʝʥʪʨʘʣʴʥʘ ʦʙʣʘʩʪʴ ʷʜʨʘ (ʧʦʟʥʘʯʝʥʘ ʯʦʨ-

ʥʦʶ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ); ʙ  - ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʟ ʫʩʽʤʘ ʚʽʜʧʦʚʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ. ʂʽʣʴʮʷ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʜʽ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʟ ʥʠʞʯʠʤ ʧʦʢʘʟ-

ʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ. 
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ʁʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʚʢʣʶʯʘʻ ʰʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʢʽʣʴʮʝʚʦʾ ʬʦʨʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʚʢʦʣʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʷʜʨʘ, ʷʢʝ ʦʪʦʯʝʥʝ ʩʝʨʝʜʦʚʠʱʝʤ ʽʟ ʥʠʞʯʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ. 

ʂʽʣʴʮʷ ʚʠʢʦʥʘʥʽ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʩʦʢʘ ʣʦʢʘʣʽʟʘʮʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʧʦ-

ʨʦʞʥʽʡ ʩʝʨʮʝʚʠʥʽ ʩʪʘʣʘ ʨʝʘʣʴʥʦʶ ʟʘʚʜʷʢʠ ʩʧʝʮʠʬʽʯʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʈʆɺ ʽʟ ʥʝʛʘʪʠʚʥʦʶ 

ʢʨʠʚʠʟʥʦʶ ʤʝʞʽ ʩʝʨʮʝʚʠʥʘ-ʦʙʦʣʦʥʢʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʚ ʤʽʥʽʤʘʣʴʥʫ ʯʘʩʪʢʫ ʦʧʪʠʯ-

ʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʦʙʦʣʦʥʮʽ ï ʤʝʥʰ ʥʽʞ 10 . ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʩʷʛʥʫʪʽ ʤʽʥʽʤʘʣʴʥʽ 

ʦʧʪʠʯʥʽ ʚʪʨʘʪʠ ʫ ʢʚʘʨʮʦʚʠʭ ʈʆɺ ʩʢʣʘʜʘʶʪʴ 0,22 ʜɹ/ʢʤ ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 1625 ʥʤ ʪʘ 0,28 

ʜɹ/ʢʤ ʜʣʷ 1550 ʥʤ. ʎʝ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʚʽʪ-

ʣʦʚʦʜʽʚ (~0,15 ʜɹ/ʢʤ ʧʨʠ ɚ = 1550 ʥʤ). ɿʘʚʜʷʢʠ ʧʦʨʦʞʥʽʡ ʩʝʨʮʝʚʠʥʽ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ ʦʧʪʠʯ-

ʥʠʭ ʚʪʨʘʪ, ʷʢ ʨʝʣʻʻʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʯʠ ʝʣʝʢʪʨʦʥʥʝ ʪʘ ʬʦʥʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ, ʟʥʘʯʥʦ ʧʦ-

ʜʘʚʣʝʥʽ. ɿʥʘʯʝʥʥʷ ʈʆɺ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ ʯʝʨʝʟ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ 

ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠ-

ʩʪʝʤ ʟʚ'ʷʟʢʫ. ɺʧʝʨʰʝ ʩʘʤʝ ʫ ʧʦʨʦʞʥʽʭ ʈʆɺ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʢʦʥʮʝʧʮʽʶ ʥʝʛʘʪʠʚʥʦʾ ʢʨʠ-

ʚʠʟʥʠ ʦʙʦʣʦʥʢʠ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʦʧʪʠʯʥʽ ʚʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʙʠʪʪʷ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʤʝʞʽ ʩʝʨʮʝʚʠʥʘ-ʦʙʦʣʦʥʢʘ ʪʘ ʫʥʽʢʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʈʆɺ ʻ ʮʠʣʽʥʜʨʠʯʥʘ ʩʠʤʝʪʨʽʷ ʝʣʝʤʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʪʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘʚʢʦʣʦ ʩʝʨʮʝʚʠʥʠ ʙʝʟ ʟʽʪʢʥʝʥʥʷ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʫʻ ʭʚʠʣʝʚʦʜʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʚʟʜʦʚʞ ʫʩʽʻʾ ʜʦʚʞʠʥʠ ʩʚʽʪʣʦʚʦʜʘ. ʄʘʪʝʨʽʘʣ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʦʯʥʽʩʪʴ ʾʭ ʧʽʜʪʨʠʤʢʠ ʧʨʷʤʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʦʧʪʠʯʥʽ ʷʢʦʩʪʽ ʈʆɺ. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʆɺ ʟ ʧʦʨʦʞʥʠʥʦʶ, ʈʆɺ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʠʢʦʥʘʥʽ ʟ ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ, ʚʦʥʠ ʟʜʘʪʥʽ ʧʝʨʝʜʘʚʘʪʠ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʩʧʝʢʪʨʽ ʚʽʜ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʫ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ, ʱʦ ʦʧʪʠʯʥʽ ʚʪʨʘʪʠ ʚ ʈʆɺ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 1 ʜɹ/ʤ ʫ ʜʽʘʧʘ-

ʟʦʥʽ ʚʽʜ 200 ʥʤ ʜʦ 4,4 ʤʢʤ. ʋ ʙʣʠʟʴʢʦʤʫ ʩʧʝʢʪʨʽ ɯʏ ʧʦʨʦʞʥʠʩʪʽ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʽʯʥʽ ʩʚʽʪ-

ʣʦʚʦʜʠ (ʌʂʉ) ʜʝʤʦʥʩʪʨʫʶʪʴ ʪʨʦʭʠ ʥʠʞʯʽ ʚʪʨʘʪʠ (ʙʣʠʟʴʢʦ 1 ʜɹ/ʢʤ ʥʘ 1,5 ʤʢʤ). ʇʨʦʪʝ ʯʝ-

ʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʝʨʽʦʜʘʤʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚʦʥʠ ʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʚʪʨʘʪ ʫ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʈʆɺ [9 - 14]. 

ʋʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʈʆɺ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʽʥʪʝʛʨʦʚʘʥʽ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [15, 

16]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʈʆɺ ʥʘʙʣʠʟʠʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʩʪʚʦ-

ʨʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʜʘʪʥʠʭ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʦʟʧʦʜʽʣ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʥʘ ʢʦʨʧʫʩ 

ʩʫʜʥʘ. 

ʇʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʆɺ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʠʭ ʩʢʣʦʤʘʪʝʨʽʘʣʽʚ. ʆʙôʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʽʥʰʠʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦ-

ʚʘʤʠ, ʚ ʻʜʠʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʝʥʝʨʛʦʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʫʜʝʥ [17, 18]. 
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ʉʠʣʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ ʻ ʥʝʚʽʜ'ʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʚ ʛʘʣʫʟʽ 

ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ð ʚʽʜ ʥʝʚʝʣʠʢʠʭ ʟʘʨʷʜʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʜʦ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʦʤ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʇʨʦʪʷ-

ʛʦʤ ʦʩʪʘʥʥʽʭ ʯʦʪʠʨʴʦʭ ʜʝʩʷʪʠʣʽʪʴ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʮʽʡ ʛʘʣʫʟʽ ʙʘʟʫʚʘ-

ʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ (Si). ʆʜʥʘʢ, ʙʣʠʟʴʢʦ ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ ʪʦʤʫ ʧʦʯʘʣʠ ʟ'ʷʚʣʷʪʠʩʴ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ 

ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ (Wide-Bandgap, WBG) ð ʟʦʢʨʝʤʘ, ʥʽʪʨʠʜʫ ʛʘʣʽʶ (GaN) ʪʘ 

ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ (SiC), ʷʢʽ ʨʦʟʧʦʯʘʣʠ ʩʧʨʘʚʞʥʶ ʨʝʚʦʣʶʮʽʶ, ʦʙʽʮʷʶʯʠ ʥʝʙʘʯʝʥʽ ʨʘʥʽʰʝ 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

Si ʬʘʢʪʠʯʥʦ ʜʦʩʷʛ ʩʚʦʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʞ ʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷʭ: ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʪʘ ʥʘʧʨʫʛʠ ʢʨʝʤʥʽʻʚʽ ʪʨʘʥʟʠʩʪʦʨʠ, ʪʘʢʽ ʷʢ 

IGBT ʪʘ MOSFET, ʥʝ ʤʦʞʫʪʴ ʧʦʟʙʫʪʠʩʷ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʤʠʢʘʥʥʷ ʪʘ ʚʪʨʘʪ ʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʦʤʽʟʜʢʠʭ ʨʘʜʽʘʪʦʨʽʚ ʽ ʚʝʥʪʠʣʷʪʦʨʽʚ. ʎʝ ʘʚʪʦʤʘ-

ʪʠʯʥʦ ʧʽʜʚʠʱʫʻ ʛʘʙʘʨʠʪʠ ʪʘ ʤʘʩʫ ʧʨʠʩʪʨʦʾʚ ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʘ ʪʘʢʦʞ ʨʦʙʠʪʴ ʾʭ ʚʝʣʴ-

ʤʠ ʚʠʤʦʛʣʠʚʠʤʠ ʜʦ ʫʤʦʚ ʨʦʙʦʪʠ. 

ʅʘʪʦʤʽʩʪʴ, GaN ʪʘ SiC ʚʠʨʽʰʫʶʪʴ ʮʶ ʧʨʦʙʣʝʤʫ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ: 

1) ʐʠʨʦʢʘ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ, ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʥʽʞ ʫ Si (1.12 ʝɺ). ʋ SiC ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 3.2 ʝɺ, ʘ ʚ GaN ʧʨʠʙʣʠʟʥʦ 3.4 ʝɺ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʪʝʨʽʘʣʘʤ ʧʨʘʮʶʚʘʪʠ ʟʘ ʚʠʱʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʱʦʾ ʥʘʧʨʫʛʠ ʙʝʟ ʪʝʨʤʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ; 

2) ɺʠʱʘ ʢʨʠʪʠʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠ-

ʩʪʨʦʾ ʟ ʪʦʥʰʠʤʠ ʰʘʨʘʤʠ ʜʣʷ ʚʠʪʨʠʤʢʠ ʪʽʻʾ ʞ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʛʦ ʦʧʦʨʫ ʚ 

ʫʚʽʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʪʘ ʤʝʥʰʠʭ ʚʪʨʘʪ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ; 
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3)ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ (ʦʩʦʙʣʠʚʦ ʚ GaN) ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʽ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ, ʪʦʙʪʦ ʚʠʱʽ ʨʦʙʦʯʽ ʯʘʩʪʦʪʠ. 

GaN ʻ ʽʜʝʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʽʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʧʝʨʝʤʠʢʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʴʦʶ (ʜʦ 650 ɺ) ʥʘʧʨʫʛʦʶ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʥʠʞʯʽ ʚʪʨʘʪʠ ʥʘ ʧʝʨʝʤʠʢʘʥ-

ʥʷ. ʁʦʛʦ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

- ʥʘʜʟʚʠʯʘʡʥʘ ʰʚʠʜʢʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʜʦʟʚʦʣʷʻ GaN-

ʪʨʘʥʟʠʩʪʦʨʘʤ (ʟʘʟʚʠʯʘʡ HEMTs ð High Electron Mobility Transistors) ʧʨʘʮʶʚʘʪʠ ʥʘ ʯʘʩʪʦ-

ʪʘʭ ʫ ʜʝʩʷʪʢʠ ʤʝʛʘʛʝʨʮ; 

- ʽʥʪʝʛʨʘʮʽʷ ʥʘ ʢʨʝʤʥʽʾ: GaN-ʪʨʘʥʟʠʩʪʦʨʠ ʯʘʩʪʦ ʚʠʨʦʱʫʶʪʴ ʥʘ ʥʝʜʦʨʦʛʠʭ ʢʨʝʤʥʽʻʚʠʭ 

ʧʽʜʢʣʘʜʢʘʭ (GaN-on-Si), ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʚʠʨʦʙʥʠʯʫ ʚʘʨʪʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ SiC; 

ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʟʘʨʷʜʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʩʧʦʞʠʚʯʦʾ ʝʣʝʢʪʨʦʥʽʢʠ (ʪʝʣʝʬʦʥʠ, ʥʦ-

ʫʪʙʫʢʠ, ʪʦʱʦ), DC-DC ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʽʥʚʝʨʪʦʨʠ ʜʣʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ, RF-ʝʣʝʢʪʨʦʥʽʢʘ (5G ʪʘ ʨʘʜʘʨʥʽ ʩʠʩʪʝʤʠ). 

ʇʝʨʝʭʽʜ ʜʦ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʥʦ ʤʝʥʰʽ ʽʥʜʫʢʪʦʨʠ, ʢʦʥ-

ʜʝʥʩʘʪʦʨʠ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʱʦ ʨʘʜʠʢʘʣʴʥʦ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʪʘ ʚʘʛʫ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢ-

ʪʫ. 

SiC ʻ ʦʩʥʦʚʥʠʤ ʢʦʥʢʫʨʝʥʪ ʢʨʝʤʥʽʶ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʽʟ ʚʠʩʦʢʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʚʠʩʦ-

ʢʦʶ ʥʘʧʨʫʛʦʶ (ʚʽʜ 1200 ɺ ʜʦ 10 ʢɺ). ʁʦʛʦ ʧʝʨʝʚʘʛʠ: 

- ʚʠʩʦʢʘ ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ: ʟʘʚʜʷʢʠ ʰʠʨʦʢʽʡ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ SiC-ʧʨʠʩʪʨʦʾ ʣʝʛʢʦ ʚʠʪ-

ʨʠʤʫʶʪʴ ʥʘʧʨʫʛʫ, ʥʝʜʦʩʷʞʥʫ ʜʣʷ Si; 

- ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ: SiC ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʥʘʜ 200 C, ʪʦʜʽ ʷʢ Si-

ʧʨʠʩʪʨʦʾ ʦʙʤʝʞʝʥʽ 150 C. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʘʢʪʠʚʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ. 

ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʪʷʛʦʚʽ ʽʥʚʝʨʪʦʨʠ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʜʝ SiC ʟʙʽʣʴʰʫʻ ʟʘʧʘʩ 

ʭʦʜʫ ʪʘ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʽʥʚʝʨʪʦʨʘ; ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ; ʽʥʚʝʨʪʦʨʠ 

ʜʣʷ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

SiC ʚʞʝ ʩʪʘʚ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʫ ʛʦʣʦʚʥʠʭ ʽʥʚʝʨʪʦʨʘʭ ʙʘʛʘʪʴʦʭ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙ-

ʥʠʢʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʪʘʨʝʾ ʜʦ 10%. 

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʽʪʨʠʜ ʛʘʣʽʶ ʧʝʨʝʡʰʦʚ ʟ ʥʽʰʽ ʚ ʤʝʡʥʩʪʨʽʤ ʣʠʰʝ ʟʘ ʢʽʣʴʢʘ ʨʦʢʽʚ. 

ʈʘʥʽʰʝ ʦʙʤʝʞʝʥʠʡ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ, ʷʢ ʰʚʠʜʢʽ ʟʘʨʷʜʥʽ ʧʨʠʩʪʨʦʾ, GaN ʪʝʧʝʨ ʞʠʚʠʪʴ ʮʝʥ-

ʪʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʩʦʥʷʯʥʽ ʽʥʚʝʨʪʦʨʠ ʪʘ ʩʠʩʪʝʤʠ ʩʠʣʦʚʽ ʘʛʨʝʛʘʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɺʧʨʦ-

ʚʘʜʞʝʥʥʷ GaN ʰʚʠʜʢʦ ʧʨʠʩʢʦʨʠʣʦʩʷ ð ʨʠʥʦʢ ʩʠʣʦʚʠʭ ʧʨʠʩʪʨʦʾʚ GaN ʟʨʽʩ ʤʘʡʞʝ ʚ 

ʜʝʚ'ʷʪʴ ʨʘʟʽʚ ʤʽʞ 2020 ʽ 2025 ʨʦʢʘʤʠ, ʜʝʤʦʥʩʪʨʫʶʯʠ, ʱʦ ʮʝ ʧʝʨʝʚʽʨʝʥʠʡ ʚʠʙʽʨ ʜʣʷ ʚʠʤʦʛ-

ʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ɼʠʥʘʤʽʢʘ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʥʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚ ʢʦʨʦʪʢʽʡ ʨʝʪʨʦʩʧʝʢʪʠʚʽ (ʚʽʜ 

2022 ʨʦʢʫ) ʽ ʟ ʧʨʦʛʥʦʟʘʤʠ ʜʦ 2030 ʨʦʢʫ ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ Yole Grop [1] ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

1. 

 
ʈʠʩʫʥʦʢ 1 - ʏʘʩʪʢʠ ʨʠʥʢʫ ʜʦʭʽʜʥʦʩʪʽ ʚʽʜ ʧʨʦʜʘʞʫ ʧʨʠʩʪʨʦʾʚ ʫ 2022-2030 ʨʦʢʘʭ ï  

ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʩʣʽʜʞʝʥʴ Yole Group 
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ʇʨʠʯʠʥʘ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ GaN ʧʨʦʩʪʘ: ʚʠʩʦʢʝ ʧʦʣʝ ʧʨʦʙʦʶ GaN ʪʘ ʰʚʠʜʢʘ 

ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʝʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʜʫʞʝ ʥʠʟʴʢʠʤ ʟʘʨʷʜʦʤ ʧʘʨʘʟʠʪ-

ʥʠʭ ʻʤʥʦʩʪʝʡ, ʽ ʮʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʝ ʧʝʨʝʤʠʢʘʥʥʷ ʟ ʥʠʟʴʢʠʤʠ ʚʪʨʘʪʘʤʠ ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ. ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʯʘʩʪʦʪʠ ʢʦʤʫʪʘʮʽʾ, 

ʱʦʙ ʟʤʝʥʰʠʪʠ ʤʘʛʥʽʪʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʪʘ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ, ʟʨʝʰʪʦʶ ʩʪʚʦʨʶʶʯʠ ʤʝʥʰʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ 

ʤʝʥʰʝ ʝʥʝʨʛʽʾ. 

ɺ ʮʝʡ ʞʝ ʯʘʩ, ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʩʪʘʚ ʩʧʨʘʚʞʥʽʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘ-

ʣʫʟʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʚʠʩʦʢʽʡ ʥʘʧʨʫʟʽ ʪʘ ʧʦʪʫʞ-

ʥʦʩʪʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʊʷʛʦʚʠʡ ʽʥ-

ʚʝʨʪʦʨ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʧʝʨʝʪʚʦʨʶʻ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ ʥʘ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʧʨʠ ʮʴʦʤʫ ʻ ʻʜʠʥʠʤ ʥʘʡʙʽʣʴʰʠʤ ʜʞʝʨʝʣʦʤ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ 

ʤʽʞ ʙʘʪʘʨʝʻʶ ʪʘ ʢʦʣʝʩʘʤʠ. 

ʊʦʤʫ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʝʤʥʽʻʚʠʭ IGBT ʜʦ SiC MOSFETs ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʽʥʚʝʨ-

ʪʦʨʽ ʥʘ 50-70%, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʘʢʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʛʘʣʫʟʝʚʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʷʢ 

Wolfspeed ʪʘ Infineon. ʎʝ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʧʘʩʫ ʭʦʜʫ ʘʚʪʦʤʦʙʽʣʷ, ʟʘʟʚʠʯʘʡ ʥʘ 5-10%, ʧʨʠ ʪʦʤʫ ʞ ʨʦʟʤʽʨʽ ʙʘʪʘʨʝʾ. 

ʉʫʯʘʩʥʽ ʚʠʨʦʙʥʠʢʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʘʨʭʽʪʝʢʪʫʨʠ (ʥʘʧʨʠ-

ʢʣʘʜ, 800 ɺ ʟʘʤʽʩʪʴ 400 ɺ) ʜʣʷ ʧʨʠʩʢʦʨʝʥʦʾ ʟʘʨʷʜʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ. SiC MOSFETs 

ʣʝʛʢʦ ʚʠʪʨʠʤʫʶʪʴ ʪʘʢʽ ʥʘʧʨʫʛʠ (1200 ɺ), ʪʦʜʽ ʷʢ ʢʨʝʤʥʽʻʚʽ ʧʨʠʩʪʨʦʾ ʮʴʦʛʦ ʢʣʘʩʫ ʻ 

ʛʨʦʤʽʟʜʢʠʤʠ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤʠ. ɼʦ ʪʦʛʦ ʞ, ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʠʢʘʥʥʷ SiC ʜʦʟʚʦʣʷʻ ʩʫʪ-

ʪʻʚʦ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʽʥʚʝʨʪʦʨʘ ʪʘ ʡʦʛʦ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʚʽʣʴʥʷʶʯʠ ʤʽʩʮʝ ʪʘ 

ʟʤʝʥʰʫʶʯʠ ʟʘʛʘʣʴʥʫ ʚʘʛʫ ʘʚʪʦʤʦʙʽʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʩʫʯʘʩʥʦʤʫ ʣʘʥʜʰʘʬʪʽ ʩʠʣʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʢʦʞʝʥ ʤʘʪʝʨʽʘʣ ʤʘʻ 

ʩʚʦʻ ʤʽʩʮʝ: 

- Si ʟʘʣʠʰʘʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʥʠʞʯʠʭ ʥʘʧʨʫʛʘʭ ʪʘ ʧʦʤʽʨʥʠʭ ʯʘʩʪʦ-

ʪʘʭ; 

- SiC ʜʦʤʽʥʫʻ ʚ ʥʘʡʚʠʱʠʭ ʜʽʘʧʘʟʦʥʘʭ ʥʘʧʨʫʛʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ; 

- GaN, ʦʩʦʙʣʠʚʦ ʚ ʢʣʘʩʽ ʚʽʜ 600 ɺ ʜʦ 650 ɺ, ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʢʦʣʠ ʧʦ-

ʪʨʽʙʥʽ ʥʘʜʰʚʠʜʢʝ ʧʝʨʝʤʠʢʘʥʥʷ, ʢʦʤʧʘʢʪʥʠʡ ʨʦʟʤʽʨ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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https://www.engineering.com/si-sic-and-gan-for-power-devices-part-two-igbts-si-mosfets-super-junction-si-mosfets-and-sic-mosfets/
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ʉʝʢʮʽʷ 5. ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɯ ʗɺʀʑ ɺ 

ɽʃɽʄɽʅʊɸʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʆʂ 

 
ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʍɺʀʃʔʆɺʀʍ ʇʆʃɯɺ ɺ ʊɯʃɸʍ, ʑʆ 

ʄɯʉʊʗʊʔ ʊʆʅʂɯ ɾʆʈʉʊʂɯ ɺʂʃʖʏɽʅʅʗ  

 
ɺʩʝʚʦʣʦʜ ʇʦʧʦʚ, ʜ.ʬ.-ʤ.ʥ, ʧʨʦʬʝʩʦʨ 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè, ʋʢʨʘʾʥʘ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ ʚ ʧʨʫʞʥʠʭ ʪʽʣʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʚʽʙʨʘʮʽʾ ʽ ʤʽʩʪʷʪʴ ʜʦʚʽʣʴʥʽ ʩʠʩʪʝʤʠ ʪʦʥʢʠʭ ʞʦʨʩʪʢʠʭ ʚʢʣʶʯʝʥʴ. ɺʥʘʩʣʽʜʦʢ ʚʽʙʨʘʮʽʾ ʚ ʪʽʣʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʧʣʦʩʢʽ ʛʘʨʤʦʥʽʯʥʽ P ʽ SV ʭʚʠʣʽ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʚʢʣʶʯʝʥʥʷʤʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦ-

ʜʝʣʴ ʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ 

ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫ-

ʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʷʭ ʚʢʣʶʯʝʥʴ. ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʦ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʠʭ 

ʢʚʘʜʨʘʪʫʨ. ʉʧʨʦʤʦʞʥʽʩʪʴ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ, ʫʪʚʦʨʝʥʠʭ ʜʠʬʨʘ-

ʢʮʽʻʶ ʭʚʠʣʴ ʥʘ ʚʢʣʶʯʝʥʥʷʭ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʯʠʩʣʦʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʥʢʽ ʚʢʣʶʯʝʥʥʷ, ʧʨʫʞʥʽ ʭʚʠʣʽ, ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠ-

ʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 
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A mathematical model of wave fields in elastic bodies subjected to vibration and containing arbi-

trary systems of thin rigid inclusions is proposed. As a result of vibration, plane harmonic P and SV 

waves propagate in the body, interacting with the inclusions. The mathematical model is formulated as a 

boundary value problem for the equation of motion of an elastic medium under conditions of plane de-

formation, which is reduced to a system of integral equations with respect to the stress jumps on the sur-

faces of the inclusions. The resulting system is solved approximately by the method of mechanical quad-

ratures. The ability of the model to investigate the features of wave fields formed by the diffraction of 

waves on the inclusions is demonstrated by numerical examples. 
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ʇʨʠʩʫʪʥʽʩʪʴ ʚ ʜʝʪʘʣʷʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʨʪʦʚʠʭ 

ʩʧʦʨʫʜ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʚʢʣʶʯʝʥʴ ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ [1-3] ʻ ʜʦʩʠʪʴ 

ʧʦʰʠʨʝʥʦʶ ʩʠʪʫʘʮʽʻʶ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ, ʪʘʢ ʽ ʧʽʜʢʨʽʧʣʶʶʯʽ ʝʣʝ-

ʤʝʥʪʠ ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴʩʷ ʞʦʨʩʪʢʽ ʚʩʪʘʚʢʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʚʢʣʶʯʝʥʴ. ʎʽ ʞʦʨʩʪʢʽ ʧʽʜʢʨʽʧʣʝʥʥʷ ʟ ʦʜ-

ʥʦʛʦ ʙʦʢʫ ʧʽʜʩʠʣʶʶʪʴ ʟʘʛʘʣʴʥʫ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʘ ʟ ʽʥʰʦʛʦ ʻ ʜʞʝʨʝʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ-

ʧʨʫʞʝʥʴ ʚ ʾʭ ʦʢʦʣʽ , ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʪʨʽʱʠʥ ʪʘ ʨʫʡʥʫʚʘʥʥʷ [1,2]. ʆʩʦʙʣʠʚʦ 

ʮʝ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʚ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʢʣʘʜʥʘ ʩʪʨʫʢʪʫʨʘ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ, ʫʪʚʦ-

ʨʝʥʠʭ ʚʽʜʙʠʪʪʷʤ ʭʚʠʣʴ ʚʽʜ ʧʦʚʝʨʭʦʥʴ ʚʢʣʶʯʝʥʴ, ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʧʨʫʞʝʥʴ ʽ ʩʧʨʠʯʠʥʷʪʠ ʷʚʠʱʘ, ʧʦʜʽʙʥʽ ʜʦ ʨʝʟʦʥʘʥʩʫ [4,5]. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʦʛʣʷʜʫ ʩʫ-

ʯʘʩʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʟʦʢʨʝʤʘ ʟ ʜʝʪʘʣʴʥʦʛʦ ʦʛʣʷʜʫ [1], ʽʩʥʫʻ ʨʽʟʥʦʤʘʥʽʪʪʷ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʜʝ 

https://orcid.org/0000-0003-2416-642Х
https://orcid.org/0000-0002-9221-182Х
https://orcid.org/0000-0003-2416-642Х
https://orcid.org/0000-0002-9221-182Х
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ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʘ ʟ ʦʜʥʠʤ ʦʢʨʝʤʠʤ ʚʢʣʶʯʝʥʥʷʤ. ʈʦʙʽʪ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ ʚ ʪʽʣʘʭ ʟ ʩʠʩʪʝʤʘʤʠ ʚʢʣʶʯʝʥʴ, ʟʥʘʯʥʦ ʤʝʥʰʝ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʬʦʨʤʫʣʶʻʪʴʩʷ ʽ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʭʚʠʣʴ ʟ ʩʠʩʪʝʤʘʤʠ ʜʦʚʽʣʴʥʦ ʨʦʟʤʽʱʝ-

ʥʠʭ ʚʢʣʶʯʝʥʴ.  

 

 
 

ʈʠʩ.1 

                                                  

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽ ʧʨʠʚʝʜʝʥʥʷ ʾʾ ʜʦ ʩʠʩʪʝʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʫʞʥʝ ʽʟʦʪʨʦʧʥʝ ʪʽʣʦ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʤʽʩʪʠʪʴ N  ʪʦʥʢʠʭ ʞʦʨʩʪʢʠʭ ʚʢʣʶʯʝʥʴ. ɺʢʣʶʯʝʥʥʷ ʚ ʢʦʦʨʜʠʥʘʪʥʽʡ ʧʣʦʱʠʥʽ Oxy  ʨʦʟʤʽ-

ʱʫʶʪʴʩʷ ʥʘ ʚʽʜʨʽʟʢʘʭ ʜʦʚʞʠʥʦʶ 2 kd  ʟ ʮʝʥʪʨʘʤʠ ʫ ʪʦʯʢʘʭ ( ), , 1,2,...=k k kO a b k N ʽ ʤʘʶʪʴ 

ʪʦʚʱʠʥʫ k ks h<<  (ʈʠʩ. 1). ʋ ʪʽʣʽ ʧʦʰʠʨʶʶʪʴʩʷ ʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʧʣʦʩʢʽ ʛʘʨ-

ʤʦʥʽʯʥʽ ʭʚʠʣʽ, ʧʦʟʜʦʚʞʥʽ P  ʘʙʦ ʟʩʫʚʥʽ SV, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ( ) ( )0 0, , ,u x y v x y . 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʥʠʢʦʤ ɤi te- , ʷʢʠʡ ʚʩʶʜʠ ʚʽʜʢʠʥʫʪʦ. 

ʅʝʭʘʡ ( )( ), , ,u x y v x y-ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʚʢʣʶʯʝʥʥʷʤʠ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ. ɿʘ 

ʫʤʦʚ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʦʥʠ ʤʘʶʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ: 

( ) ( )2 22 ;  2 ,
å õ å õµ µ µ µ µ µ

l+ m + +mD =-rw l+ m + +mD =-rwæ ö æ ö
µ µ µ µ µ µç ÷ ç ÷

u v u v
u u v v

x x y y x y
  (1) 

ʜʝ ɚ,ɛ,ɟ-ʢʦʝʬʽʮʽʻʥʪʠ ʃʘʤʝ ʽ ʛʫʩʪʠʥʘ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, w-ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ.  

ʉʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (1) ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʚʢʣʶʯʝʥʥʷʭ, ʷʢʽ ʚʥʘ-

ʩʣʽʜʦʢ ʤʘʣʦʾ ʪʦʚʱʠʥʠ ʬʦʨʤʫʣʶʶʪʴʩʷ ʥʘ ʾʭ ʩʝʨʝʜʠʥʥʽʡ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ ʟ ʢʦʞʥʠʤ 

ʚʢʣʶʯʝʥʥʷʤ ʧʦʚôʷʟʫʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ k k kO x y  (ʈʠʩ.1). ʅʝʭʘʡ 

( ) ( ), , , ,k k
k k k ku x y v x y ( ) ( ), , , ,s sk k

x k k y k kx y x y ( ),t -k
yx k kx y ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʩʽʷʥʦ-

ʛʦ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʦʚôʷʟʘʥʽʡ ʟ ʢ-ʤ ʚʢʣʶʯʝʥʥʷʤ, ʘ 

( ) ( )0 0, , ,k k
k k k ku x y v x y -ʧʝʨʝʤʽʱʝʥʥʷ ʭʚʠʣʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʢʣʶʯʝʥʥʷ ʫ ʪʽʡ ʞʝ ʩʠʩʪʝʤʽ ʢʦʦʨ-

ʜʠʥʘʪ. ʊʦʜʽ, ʟʘ ʫʤʦʚ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʢʣʶʯʝʥʴ ʟ ʤʘʪʨʠʮʝʶ, ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʴ ʨʽʚʥʦ-

ʩʪʽ: 

( ) ( ) ( ) ( )0 0
1 2,0 ,0 ;  ,0 ,0 ,  , 1,2,..., .k k k k

k k k k k k k k k k kv x h x v x u x h u x d x d k N= +b - = - - < < =      (2) 

ʆʢʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʚʢʣʶʯʝʥʴ ʩʧʨʠʯʠʥʷʻ ʨʦʟʨʠʚʠ ʥʘʧʨʫʞʝʥʴ, ʩʪʨʠʙʢʠ ʷʢʠʭ ʧʦʟʥʘ-

ʯʝʥʦ 

( ) ( ) () ( ) ( ) ()1 2, 0 , 0 ; , 0 , 0 ; ; 1,2,... .k k k k
y k y k k yx k yx k k k kx x y x x y d x d k Ns + -s - =c t + -t - =c - < < = (3) 



 

 

XV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  çʉʫʜʥʦʚʘ ʝʣʝʢʪʨʦʽʥʞʝʥʝʨʽʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʘʚʪʦʤʘʪʠʢʘè - 26.11.2025 
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ʅʝʚʽʜʦʤʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʢʣʶʯʝʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʫ (2), ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ 

ʨʫʭʫ [5]. ɿʘ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʣʝ ʥʘʧʨʫʞʝʥʴ ʫ ʪʽʣʽ ʟ ʩʠʩʪʝʤʦʶ 

ʚʢʣʶʯʝʥʴ. ɼʣʷ ʮʴʦʛʦ, ʷʢ ʽ ʫ [5], ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʦʟʨʠʚʥʽ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʴ (1) ʟʽ ʩʪʨʠʙ-

ʢʘʤʠ ʥʘʧʨʫʞʝʥʴ (3) ( ) ( ), , ,dl dl
l l l lv x y u x y , ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʫ ʧʦʚôʷʟʘʥʽʡ 

ʟ ʥʠʤ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ.  

ʋ ʩʠʩʪʝʤʽ Oxy  ʢʦʞʝʥ ʨʦʟʨʠʚʥʠʡ ʨʦʟʚôʷʟʦʢ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʤʽʱʝʥ-

ʥʷ: cos sin ;  sin cos ,gl dl dl gl dl dl
l l l lu u v v u v= a - a = a + a laï ʢʫʪʠ ʤʽʞ ʦʩʷʤʠ lOx  ʪʘ Ox .  

ʇʝʨʝʤʽʱʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʭʚʠʣʷʤʠ, ʚʽʜʙʠʪʠʤʠ ʚʽʜ ʚʢʣʶʯʝʥʴ, ʧʦʜʘʤʦ ʪʘʢ:  

                             ( ) ( ) ( ) ( )
1 1

, , ,   , ,
N N

gl gl

l l

u x y u x y v x y v x y
= =

= =ä ä                                             (4) 

ʋ ʧʦʜʽʙʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʜʘʶʪʴʩʷ ʽ ʥʘʧʨʫʞʝʥʥʷ , ,x y xys s t. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʣʠ (4) 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʪʽʣʽ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʟʘ ʫʤʦʚʠ ʪʦʛʦ, ʱʦ 

ʚʠʟʥʘʯʝʥʽ ʥʝʚʽʜʦʤʽ ʩʪʨʠʙʢʠ (3). ɼʣʷ ʮʴʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʫʤʦʚ (2), ʦʪʨʠʤʘʥʘ ʩʠʩ-

ʪʝʤʘ 2N ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʞʝʥʴ.  

2. ʏʠʩʣʦʚʝ ʨʦʟʚôʷʟʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩ-

ʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ, ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʠʡ ʫ [7]. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʥʥʽ ʥʝʚʽʜʦʤʦʾ ʬʫʥ-

ʢʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʨʝʥʝʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʚʢʣʶʯʝʥʴ ʫ ʚʠʛʣʷʜʽ 

( )
0,5

1 2( ) ( );  ( ) 1 ( ),   1,2,..., ;   1,2,sk sk k sk skd k N s
-

-j t =m c t j t = -t y t = =   (5) 

ʜʝ ʬʫʥʢʮʽʾ ( )sky t ʚʚʘʞʘʶʪʴʩʷ ʪʘʢʠʤʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʠ ɻʝʣʴʜʝʨʘ ʽ ( 1) 0sky ° .̧ 

ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤ ʤʥʦʛʦʯʣʝʥʦʤ, ʜʝ ʚʫʟʣʘʤʠ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʻ , 1,2,...,m m nt = -ʢʦʨʝʥʽ ʤʥʦʛʦʯʣʝʥʘ ʏʝʙʠʰʝʚʘ ( )nT t. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ 

skmy  ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʚ ʚʫʟʣʘʭ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘʢ ʩʘʤʦ, ʷʢ ʫ [7], ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʠʭ ʢʚʘ-

ʜʨʘʪʫʨ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ.  

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʪʦʥʢʠʭ ʚʢʣʶʯʝʥʴ ʻ 

ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ) [1], [3]. ʇʽʩʣʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʯʝʨʝʟ ʧʦʜʘʥʥʷ (5) ʾʭ ʙʝʟʨʦʟʤʽʨʥʽ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [7]: 

                        
( )

( )
( )

1
1 ,  1,2;  1,2, ....,

16 1

s

sl slk s l N° -
=° y ° = =

-n
         (6) 

ɺ (6) 1 2,  l lk k° ° ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʚʦʩʴʤʠ ʚʢʣʶʯʝʥʴ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ (ʈʠʩ. 2) ʟʜʽʡʩʥʝʥʘ ʨʝʘʣʽ-

ʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɺʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʚʢʣʶʯʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ 0,25h d=  ʽ ʢʫʪʦʤ ɓ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ. ɺʢʣʶʯʝʥʥʷ ʧʨʠʧʫʩʢʘʶʪʴʩʷ 

ʩʪʘʣʝʚʠʤʠ, ʘ ʤʘʪʝʨʽʘʣʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʦʨʛʩʢʣʦ.  

 
                                                                       ʈʠʩ.2 
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ʉʠʩʪʝʤʘ ʚʢʣʶʯʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʚʟʜʦʚʞʥʽʭ P-ʭʚʠʣʴ ʦʜʠʥʠʯʥʦʾ ʙʝʟʨʦʟ-

ʤʽʨʥʦʾ ʘʤʧʣʽʪʫʜʠ / 1A d= . ʍʚʠʣʽ ʧʦʰʠʨʶʶʪʴʩʷ ʚʟʜʦʚʞ ʦʩʽ Oy  (ʈʠʩ. 2), ʪʦʙʪʦ 0
0 90q = . ʈʝ-

ʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʂɯʅ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 11k- ʜʣʷ ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʂɯʅ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ.  

           
                       ʈʠʩ.3                                                                                   ʈʠʩ. 4 

ɻʨʘʬʽʢʠ ʥʘ ʈʠʩ. 3 ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩ-

ʪʝʤʠ, ʘ ʩʘʤʝ ʢʫʪʘ b. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʽʩʥʫʶʪʴ ʯʘʩʪʦʪʠ, ʧʨʠ 

ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʂɯʅ ʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ. ʅʘʡʙʽʣʴʰʠʡ ʟ ʥʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 045b= . 

ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ.4 ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘ-

ʧʨʫʞʝʥʴ ʽ ʾʭ ʦʢʦʣʽ. ʈʦʟʛʣʷʜʘʣʠʩʴ ʚʠʧʘʜʢʠ ʜʚʦʭ (1 ʽ 2), ʯʦʪʠʨʴʦʭ (1-4), ʰʝʩʪʠ (1-6) ʪʘ ʚʦʩʴ-

ʤʠ ʚʢʣʶʯʝʥʴ ʧʨʠ ʟʥʘʯʝʥʥʽ 045b= . ʐʪʨʠʭʦʚʘ ʢʨʠʚʘ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʟʥʘʯʝʥʴ ʂɯʅ ʜʣʷ ʦʜʥʦʛʦ 

ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʢʣʶʯʝʥ-

ʥʷʤʠ ʚ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʾ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʜʥʠʤ ʦʢʨʝʤʠʤ ʚʢʣʶʯʝʥʥʷʤ. ʇʦʯʠʥʘʶʯʠ ʟ ʜʝʷʢʦʛʦ ʤʦʤʝʥʪʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 4N² ) 

ʚʠʥʠʢʘʶʪʴ ʯʘʩʪʦʪʠ, ʧʨʠ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʚʠʱʘ, ʧʦʜʽʙʥʽ ʜʦ ʨʝʟʦʥʘʥʩʫ. ʇʨʠ ʮʠʭ ʯʘʩ-

ʪʦʪʘʭ ʟʥʘʯʝʥʥʷ ʂɯʅ ʤʦʞʫʪʴ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʦʢʨʝʤʦʛʦ 

ʚʢʣʶʯʝʥʥʷ.  
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ɸʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʽʥʝʯʥʦ-ʝʣʝʤʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ 

ʝʥʝʨʛʽʾ ʚ ʋɺʏ-ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʜʚʦʤʘ ʨʘʤʢʦʚʠʤʠ ʘʥʪʝʥʘʤʠ, ʦʩʥʘʱʝʥʠʤʠ ʧʽʜʩʪʨʦʶʚʘʣʴʥʠʤʠ ʽʥʜʫʢ-

ʪʠʚʥʦʩʪʷʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ ʪʘ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʢʦʝʬʽʮʽ-

ʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʽʥʜʫʢʪʠʚʥʦʩʪʷʭ 50-56 ʥɻʥ ʽ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 2 ʩʤ 

ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ï ʜʦ 60% ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʦʚʘʥʠʭ ʘʥʪʝʥ 

ʙʣʠʞʥʴʦʾ ʜʽʾ ʜʣʷ RFID- ʪʘ WPT-ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ COMSOL Multiphysics ʜʣʷ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʘʥʪʝʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʽʥʝʯʥʦ-ʝʣʝʤʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʝʟʜʨʦʪʦʚʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ, ʫʣʴʪʨʘʚʠʩʦ-

ʢʽ ʯʘʩʪʦʪʠ (ʋɺʏ, UHF), S-ʧʘʨʘʤʝʪʨʠ, COMSOL Multiphysics. 
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Abstract: The paper presents a finite element simulation of wireless power transfer in the UHF 

band between two loop antennas equipped with tuning inductors. The influence of the distance between 

the antennas and the inductance value on the reflection and transmission coefficients is analyzed. It is 

shown that at inductances of 50ï56 nH and a spacing of about 2 cm, the maximum transfer efficiency 

reaches up to 60% of the input power. The obtained results confirm the possibility of optimizing the pa-

rameters of short-range printed antennas for RFID and WPT systems and demonstrate the applicability 

of numerical modeling in COMSOL Multiphysics for analyzing electromagnetic coupling of antennas in 

the UHF frequency range.  
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ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ (Wireless Power Transfer, WPT) ʟʥʘ-

ʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (RFID), ʙʝʟʜʨʦʪʦʚʠʭ 

ʜʘʪʯʠʢʘʭ ʪʘ ʤʘʣʦʧʦʪʫʞʥʠʭ ʧʨʠʩʪʨʦʷʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʜʽʘʧʘʟʦʥʠ ʥʠʟʴʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʯʘʩʪʦʪ (ʜʦ ʢʽʣʴʢʦʭ ʤʝʛʘʛʝʨʮ), ʜʝ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʽʥʜʫʢʪʠʚʥʦʛʦ ʟʚ'ʷʟʢʫ ʢʦʪʫʰʦʢ. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʯʘ-

ʩʪʦʪʠ ʜʦ ʜʽʘʧʘʟʦʥʫ ʫʣʴʪʨʘʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (UHF, 860-960 ʄɻʮ) ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ: 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʥʪʝʥ, ʧʦʻʜʥʘʥʥʷ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʪʘ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ 

ʨʝʘʣʽʟʘʮʽʷ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ RFID-ʪʠʧʫ. ɺ UHF-ʜʽʘʧʘʟʦʥʽ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʘʥʪʝʥʘʤʠ ʥʦʩʠʪʴ 

ʧʝʨʝʭʽʜʥʠʡ ʭʘʨʘʢʪʝʨ ʤʽʞ ʙʣʠʞʥʽʤ ʽʥʜʫʢʪʠʚʥʠʤ ʪʘ ʜʘʣʝʢʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ɽʬʝ-

ʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʧʨʠ ʮʴʦʤʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ, 
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ʾʭʥʴʦʾ ʛʝʦʤʝʪʨʽʾ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʥʪʫʨʽʚ. ɿʤʽʥʘ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦ-

ʣʷ ʪʘ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚ'ʷʟʢʫ. ʄʝʪʦʜ ʢʽʥʝʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ COMSOL Multiphysics, ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦ-

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, S-ʧʘʨʘʤʝʪʨʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʦʢʠ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝ-

ʨʛʽʾ. ʄʦʜʝʣʶʚʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ S-ʧʘʨʘʤʝʪʨʽʚ 

(S , S ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʙʠʪʫ ʪʘ ʧʝʨʝʜʘʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ. ʋ ʮʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚ UHF-ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʜʚʦʤʘ ʢʽʣʴʮʝʚʠʤʠ ʨʘʤʢʦʚʠʤʠ 

ʘʥʪʝʥʘʤʠ. ʗʢ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʚʠʙʨʘʥʦ ʟʥʘʯʝʥʥʷ 868 ʄɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ UHF 

RFID, ʜʦʟʚʦʣʝʥʦʤʫ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ, ʥʘʫʢʦʚʦʛʦ ʪʘ ʤʝʜʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (ISM band) ʚ 

ɭʚʨʦʧʽ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʏʘʩʪʦʪʘ 868 ʄɻʮ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴ-

ʥʝ ʧʦʻʜʥʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʪʘ ʨʦʟʤʽʨʽʚ ʘʥʪʝʥ, ʜʦʟʚʦʣʷʶʯʠ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʤʧʘʢʪʥʽ ʢʦʥ-

ʩʪʨʫʢʮʽʾ ʽʟ ʩʪʽʡʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɹʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ ʪʘ ʚʝʣʠʯʠʥʠ ʧʽʜʩʪʨʦʶʚʘʣʴʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪ-

ʪ ̫ʪʘ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʢʦʤʙʽʥʘ-

ʮʽʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚ ʙʣʠʞʥʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʽ ʧʝʨʝʭʽʜʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʦʜʽʙʥʽ ʧʽʜʭʦʜʠ ʜʦ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʽ ʫ ʨʦʙʦʪʘʭ [1ï3], ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʽʜʪʚʝ-

ʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʯʘʩʪʦʪʘʭ UHF RFID. 

ʋ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ ʨʘʤʢʦʚʠʭ ʘʥʪʝʥ, 

ʚʠʢʦʥʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʤʽʜʥʠʭ ʢʽʣʝʮʴ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝ-

ʥʫ (PTFE) ʪʦʚʱʠʥʦʶ 2 ʤʤ. ʊʦʚʱʠʥʘ ʤʽʜʥʦʛʦ ʰʘʨʫ ʚ ʤʦʜʝʣʽ ʚʚʘʞʘʣʘʩʷ ʜʫʞʝ ʤʘʣʦʶ ʚ ʧʦ-

ʨʽʚʥʷʥʥʽ ʟ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ, ʘʣʝ ʚʦʥʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʛʣʠʙʠʥʫ ʩʢʽʥ-ʰʘʨʫ ʤʽʜʽ (å2.15 

ʤʢʤ ʧʨʠ ʯʘʩʪʦʪʽ 868 ʄɻʮ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʧʨʦʚʽʜʥʠʡ ʰʘʨ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʽʜʝ-

ʘʣʴʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ (Perfect Electric Conductor, PEC). ʋ ʮʝʥʪʨʽ ʢʦʞʥʦʛʦ ʢʽʣʴʮʷ ʚʩʪʘʥʦʚʣʝʥʘ 

ʟʦʩʝʨʝʜʞʝʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʤʦʜʝʣʶʻ ʩʪʘʥʜʘʨʪʥʠʡ ʝʣʝʤʝʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʥʪʘʞʫ 

ʬʦʨʤ-ʬʘʢʪʦʨʫ 0805. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʙʠʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʪʝʥʠ ʪʝ-

ʭʥʦʣʦʛʽʯʥʦʶ ʪʘ ʩʫʤʽʩʥʦʶ ʟ ʪʠʧʦʚʠʤʠ ʜʨʫʢʦʚʘʥʠʤʠ ʧʣʘʪʘʤʠ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʘʢʪʠʯʥʫ ʨʝʘ-

ʣʽʟʘʮʽʶ. ʅʦʤʽʥʘʣʠ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ ʚʘʨʽʶʚʘʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 42-60 ʥɻʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʯʘʩʪʦʪʫ 868 ʄɻʮ. ʋ ʨʦʟʨʠʚʽ ʢʦʞʥʦʛʦ ʢʽʣʴʮʷ, ʚʠ-

ʢʦʥʘʥʦʛʦ ʷʢ PEC-ʢʦʥʪʫʨ, ʨʦʟʤʽʱʝʥʠʡ ʟʦʩʝʨʝʜʞʝʥʠʡ ʧʦʨʪ ʟ ʭʚʠʣʴʦʚʠʤ ʦʧʦʨʦʤ 50 ʆʤ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʘʙʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʛʫʢʫ 

ʧʨʠʡʤʘʣʴʥʦʾ. ɼʽʘʤʝʪʨ ʢʦʞʥʦʛʦ ʢʽʣʴʮʷ ʩʪʘʥʦʚʠʪʴ 4 ʩʤ, ʰʠʨʠʥʘ ʧʨʦʚʽʜʥʦʾ ʜʦʨʽʞʢʠ ï 3 ʤʤ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʥʪʝʥʘʤʠ ʟʤʽʥʶʚʘʣʘʩʷ ʧʘʨʘʤʝʪʨʠʯʥʦ ʚʽʜ 1 ʜʦ 20 ʩʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ 

ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚ'ʷʟʢʫ ʥʘ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʷʚ-

ʣʷʻ ʩʦʙʦʶʩʬʝʨʫ, ʷʢʘ ʦʪʦʯʫʻ ʦʙʠʜʚʽ ʘʥʪʝʥʠ. ɿʦʚʥʽʰʥ ̫ʤʝʞʘ ʮʽʻʾ ʩʬʝʨʠ ʚʢʣʶʯʘʣʘ ʽʜʝʘʣʴʥʦ 

ʫʟʛʦʜʞʝʥ ̔ʰʘʨʠ (Perfectly Matched Layers, PML), ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽ-

ʥʶʚʘʥʥʷ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʫʤʦʚ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʙʝʟ ʚʽʜʙʠʪʪʷ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ COMSOL 

Multiphysics, ʤʦʜʫʣʴ RF > Electromagnetic Waves, Frequency Domain. ɹʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʩʪʘʮʽʦʥʘʨʥʘ ʯʘʩʪʦʪʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ S-ʧʘʨʘʤʝʪʨʘʤʠ (S , S ), ʱʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʙʠʪʫ ʪʘ ʧʝʨʝʜʘʥʫ ʧʦʪʫʞʥʽʩʪʴ. ʉʽʪʢʘ ʬʦʨʤʫʚʘʣʘʩʷ ʘʜʘʧʪʠʚʥʦ ʟ ʣʦʢʘʣʴʥʠʤ 

ʟʛʫʱʝʥʥʷʤ ʚ ʦʙʣʘʩʪʷʭ ʚʠʩʦʢʦʾ ʛʨʘʜʽʻʥʪʥʦʩʪʽ ʧʦʣʷ (ʧʦʙʣʠʟʫ ʘʥʪʝʥ ʪʘ ʧʦʨʪʽʚ). ɼʣʷ ʘʥʘʣʽʟʫ 

ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʚʘ ʪʠʧʠ ʨʦʟʨʘʭʫʥʢʽʚ: frequency sweep (ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 100ï1000 ʄɻʮ) 

ʪʘ parametric sweep ʧʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 868 ʄɻʮ. 

ʅʘ ʨʠʩ. 1ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʛʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ, ʱʦ ʚʢʣʶʯʘʻ ʜʚʽ ʽʜʝʥʪʠʯʥʽ 

ʨʘʤʢʦʚʽ ʘʥʪʝʥʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ PTFE ʧʽʜʢʣʘʜʢʘʭ ʽ ʦʪʦʯʝʥʽ ʩʬʝʨʠʯʥʦʶ ʦʙʣʘʩʪʶ ʟ ʽʜʝʘʣʴʥʦ 

ʫʟʛʦʜʞʝʥʠʤʠ ʰʘʨʘʤʠ (PML). ɺʽʜʦʙʨʘʞʝʥʘ ʢʽʥʝʯʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʛʫʱʝʥʥʷʤ ʚ ʦʙʣʘʩʪʷʭ ʚʠʩʦʢʦʛʦ ʛʨʘʜʽʻʥʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ ʘʥʪʝʥ ʽ ʧʦʨʪʽʚ 
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ʟʙʫʜʞʝʥʥʷ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʦʧʠʩ ʷʢ ʙʣʠʞʥʴʦʛʦ ʧʦʣʷ, ʪʘʢ ʽ ʧʝʨʝʭʽʜʥʦʾ 

ʦʙʣʘʩʪʽ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʟʘʻʤʦʜʽʷ ʘʥʪʝʥ. 

ʅʘ ʨʠʩ. 1ʙ ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʚ ʣʦʛʘʨʠʬʤʽʯ-

ʥʦʤʫ ʤʘʩʰʪʘʙʽ) ʽ ʚʝʢʪʦʨʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ 

ʥʘ ʯʘʩʪʦʪʽ 868 ʄɻʮ. ɺʠʜʥʦ, ʱʦ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʜʽʣʷʥʮʽ ʤʽʞ 

ʘʥʪʝʥʘʤʠ, ʜʝ ʬʦʨʤʫʻʪʴʩʷ ʟʘʤʢʥʫʪʘ ʩʠʩʪʝʤʘ ʩʠʣʦʚʠʭ ʣʽʥʽʡ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʥʪʝʥʘʤʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʣʷ ʦʙʣʘʩʪʽ ʟʚ'ʷʟʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʚʽʜʙʠʚʘʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 

ʦʩʣʘʙʣʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪ ʫ ʙʣʠʞʥʽʡ ʟʦʥʽ. ʅʘʷʚʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʦʛʦ 

ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ ʜʦ ʧʨʠʡʤʘʣʴʥʦʾ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʧʦʩʪʘ-

ʥʦʚʢʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʦʙʨʘʥʦʾ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ.   

 
 

ʈʠʩʫʥʦʢ 1 ï ʘ)  ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʝʣʴʥʦʾ ʦʙʣʘʩʪʽ ʟ ʨʦʟʙʠʪʪʷʤ ʥʘ ʢʽʥʝʯʥʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ;  

ʙ) ʨʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʩʝʨʝʜʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘ-

ʥʦ ʥʘʧʨʷʤʢʠ ʚʝʢʪʦʨʽʚ ʩʝʨʝʜʥʴʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ. 
 

ʆʩʥʦʚʥʽ ʢʽʣʴʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʠʩ. 2, ʜʝ ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦ-

ʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ |S |2 ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ d ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʽʜ-

ʩʪʨʦʶʚʘʣʴʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L. ɼʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʥʘʯʝʥʴ L ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ 

ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʦʙʣʠʟʫ d å 2 ʩʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚ'ʷʟʢʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʫʟʛʦʜʞʝʥʥʷ ʢʦʥʪʫʨʽʚ. ʇʨʠ ʤʝʥʰʠʭ ʚʽʜʩʪʘʥʷʭ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟʥʠʞʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʟʚ'ʷʟʢʠ (overcoupling), ʧʨʠ ʚʝʣʠʢʠʭ ï ʯʝ-

ʨʝʟ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (undercoupling). 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ |S |2(d) ʧʦʢʘʟʫʻ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʻʤʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʘʥʪʝʥ ʪʘ ʾʭ ʨʝʟʦʥʘʥʩʥʠʤ ʥʘʣʘʰʪʫʚʘʥʥʷʤ. ʇʨʠ ʬʽʢʩʦ-

ʚʘʥʽʡ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʽ 868 ʄɻʮ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L ʚʝʜʝ ʜʦ ʟʤʽʱʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ 

ʯʘʩʪʦʪʠ ʩʠʩʪʝʤʠ ʫ ʙʽʢ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ, ʪʦʜʽ ʷʢ ʟʤʝʥʰʝʥʥʷ L ï ʜʦ ʾʾ ʟʨʦʩʪʘʥʥ.̫ ʆʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʽʜʩʪʨʦʶʚʘʣʴʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʚ ʜʽʘʧʘʟʦʥʽ 50-56 ʥɻʥ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘ-

ʣʴʥʫ ʯʘʩʪʢʫ ʧʝʨʝʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʜʦʩʷʛʘʻ 0.55ï0.6 (ʙʣʠʟʴʢʦ ï 2.2 ʜɹ) ʧʨʠ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʥʪʝʥʘʤʠ d å 2 ʩʤ. ʇʨʠ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʟʥʠʞʫʻʪʴʩʷ ʚʥʘ-

ʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʥʠʟʫʻ ʧʨʠʡʤʘʣʴʥʫ ʢʦʪʫʰʢʫ, ʘ ʟʘ ʜʫʞʝ ʤʘʣʠʭ 

ʚʽʜʩʪʘʥʝʡ ʯʝʨʝʟ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʦʜ ʽ ʚʠʥʠʢʥʝʥʥʷ ʨʝʞʠʤʫ ʧʝʨʝʟʚ'ʷʟʢʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʨʝʟʦʥʘʥʩʥʦʾ 

ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚ ʜʽʘʧʘʟʦ-

ʥʽ ʙʣʠʞʥʴʦʛʦ ʪʘ ʧʝʨʝʭʽʜʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʧʨʘʢʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʮʝ ʚʢʘ-

ʟʫʻ ʥʘ ʽʩʥʫʚʘʥʥʷ ʩʪʽʡʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚ ʷʢʦʤʫ ʘʥʪʝʥʠ ʜʨʫʢʦʚʘʥʦʾ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʦʥʪʘʞʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʧʫ 0805 ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ 
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ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʥʘ ʚʽʜʩʪʘʥʷʭ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ, ʦʨʽʻʥʪʘʮʽʾ ʪʘ 

ʯʠʩʣʘ ʚʠʪʢʽʚ ʘʥʪʝʥ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚ'ʷʟʢʫ ʪʘ ʫʟʛʦʜʞʝʥʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ |S |2 ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ d  

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʽʜʩʪʨʦʶʚʘʣʴʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L (ʟʥʘʯʝʥʥʷ L ʫ ʥɻʥ ʚʢʘʟʘʥʽ ʧʦʨʫʯ ʟ ʢʨʠʚʠ-

ʤʠ) 
 

ɺʠʩʥʦʚʢʠ. ʄʝʪʦʜʦʤ ʢʽʥʝʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ COMSOL Multiphysics ʧʨʦʚʝ-

ʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʤʽʞ ʜʚʦʤʘ ʢʽʣʴʮʝʚʠʤʠ 

ʘʥʪʝʥʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʫʣʴʪʨʘʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (868 ʄɻʮ). ʇʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ ʪʘ ʧʘʨʘʤʝʪ-

ʨʽʚ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʥʪʫʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʜʩʪʨʦʶʚʘʣʴʥʦʶ ʽʥʜʫʢʪʠʚʥʽʩʪʶ. 

ʇʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 868 ʄɻʮ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞ-

ʥʦʩʪʽ |S |2 ʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʘʥʪʝʥʘʤʠ d å 2 ʩʤ ʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L = 50ï56 ʥɻʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʫ ̒ʦʧʪʠʤʘʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ. ʇʨʠ ʤʝʥʰʠʭ ʚʽʜʩʪʘʥʷʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʦʙʤʝ-

ʞʫʻʪʴʩʷ ʝʬʝʢʪʦʤ ʧʝʨʝʟʚ'ʷʟʢʠ (overcoupling), ʘ ʧʨʠ ʙʽʣʴʰʠʭ ï ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘ-

ʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ (undercoupling). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠ-

ʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʘʢʪʥʠʭ ʜʨʫʢʦʚʘʥʠʭ ʘʥʪʝʥ ʟ ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʥʪʘʞʫ ʪʠʧʫ 

0805, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʥʘ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ, ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ RFID ʪʘ WPT ʙʣʠʞʥʴʦʾ ʜʽʾ.      
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ɸʥʦʪʘʮʽʷ: ʫ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʠʡ ʩʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʇɯĮ-ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ, ʧʨʠʟ-

ʥʘʯʝʥʦʛʦ ʜʣʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʠʭ ʧʣʘʚʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʇʦʢʘ-

ʟʘʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ɽʈʉ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʝʛʫʣʷʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʩʪʘʪʠʟʤ, ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫ-

ʨʫ ʩʪʨʫʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʝʛʫʣʷʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʚʠʭʽʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʽʟ ʥʘʩʠʯʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʮʠʬʨʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ, ʇɯĮ-ʨʝʛʫʣʷʪʦʨ, ʧʨʦʪʠ-ɽʈʉ, 
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Abstract: this paper addresses the structural synthesis and analysis of a PI²-current controller 

designed for high-dynamic electromechanical systems (EMS) in autonomous marine vehicles (AMVs). It 

is shown that taking into account the internal back-electromotive force (Back-EMF) feedback and em-

ploying two integral components within the controller allows for increased astatism, accuracy, and sta-

bility of the closed-loop current circuit. The proposed controller structure ensures fast saturation recov-

ery of the integral channels and reduced computational costs during digital implementation on micro-

controllers. 

Keywords: electromechanical system, current controller, PI² controller, back-EMF, high-speed 

drive, anti-windup, ʘutonomous surface vehicle. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʘʚʪʦʥʦʤʥʽ (ʙʝʟʧʽʣʦʪʥʽ) ʥʘʜʚʦʜʥʽ ʧʣʘʚʘʣʴʥʽ ʘʧʘʨʘʪʠ ʥʝʚʝʣʠʢʦʛʦ ʜʝʜ-
ʚʝʡʪʫ ʤʘʶʪʴ ʙʝʟʣʽʯ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʨʽʟʥʦʛʦ ʪʠʧʫ ʽ ʧʨʠʟʥʘ-
ʯʝʥʥʷ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʩʣʽʜʢʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʥʷ, ʥʘʚʽʛʘʮʽʾ ʪʦʱʦ. ɻʦʣʦʚʥʦʶ ʦʙ'ʻʜʥʫʶ-
ʯʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ (ɽʄʉ) ʻ ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʩʪʨʫ-
ʤʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ʽ ʤʘʣʠʡ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ (ʜʚʠʛʫʥʘ, ʧʝ-
ʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʦʙ'ʻʢʪʘ). ɼʫʞʝ ʤʘʣʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʪʘʣʘ ʯʘʩʫ ʊʤ, ʷʢʘ ʦʙʫʤʦʚ-
ʣʝʥʘ ʤʘʣʠʤ ʩʫʤʘʨʥʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʤʝʭʘʥʽʟʤʫ, ʩʧʽʚʨʦʟʤʽʨʥʘ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʪʘ-
ʣʦʶ ʊʝ ʯʘʩʫ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ɽʄʉ. ʗʢʱʦ ʫ ɽʄʉ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʝʢʽʣʴʢʘ ʢɺʪ) 

ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʚʧʣʠʚʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʦʪʠ-ɽʈʉ, ʦʩʢʽʣʴʢʽ ʊʤ >>ʊʝ, ʪʦ ʫ ɽʄʉ, ʜʝ ʊʤ @ ʊʝ, 
ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ (ʧʦʭʽʜʥʘ) ʜʫʞʝ ʚʝʣʠʢʘ ʽ ʧʨʦʪʠ-ɽʈʉ ɽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢ-
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ʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʪʘʪʠʯʥʫ ʧʦʤʠʣʢʫ (ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʽʜʪʨʠʤʫʚʘʥʦʛʦ ʩʪʨʫ-
ʤʫ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʥʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʚʩʽ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʠʛʫʥʘ 
ɽʄʉ, ʟʤʝʥʰʫʻ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʜʽʾ ʩʣʽʜʢʫʶʯʠʭ, ʧʦʟʠʮʽʡʥʠʭ ʽ ʩʪʘʙʽʣʽ-
ʟʫʶʯʠʭ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʧʣʘʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ (ɸʇɸ).  

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʮʷ ʧʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʪʝʭʥʽʯʥʦʶ ʥʝʤʦʞʣʠʚʽʩʪʶ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ. ɿʘʛʘʣʦʤ ʮʝ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚ-
ʣʝʥʥʷ ʜʘʪʯʠʢʘ ɽʈʉ, ʷʢʠʡ  ʚʠʟʥʘʯʘʻ ʟʥʘʯʝʥʥʷ ɽʈʉ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʽ ʦʮʽʥʶʻ 

ʰʚʠʜʢʽʩʪʴ w ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʜʚʠʛʫʥʘ (ɽ ¹ w). ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʪʘʪʠʯʥʠʭ (ʫ 
ʛʦʣʦʚʥʦʤʫ ï ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ) ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʄʉ ʚʠʢʦʨʠʩʪʦ-
ʚʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʚʫʟʣʠ ʢʝʨʦʚʘʥʦʛʦ ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ɽʄʉ ʩʠʩʪʝʤ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʶʚʘʥ-
ʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʽʥʪʝʛʨʘ-
ʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʟʦʢʨʝʤʘ, ʩʪʨʫʢʪʫʨ ʪʠʧʫ P + I + I (PI² ï ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʦ-
ʽʥʪʝʛʨʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʢʣʘʩʫ PIĮ ʨʝʛʫʣʷʪʦʨʽʚ ʟʫʤʦʚʣʝʥʝ ʧʦʪʨʝʙʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚʽʣʴʥʠʭ, ʟʦʢʨʝʤʘ, ʨʘʤʧʦʚʠʭ ʟʙʫ-
ʨʝʥʴ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʽ ʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ʆʜʥʠʤ ʽʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʞʝʨʝʣ, ʧʨʠ-
ʩʚʷʯʝʥʠʭ ʘʥʘʣʽʟʫ PI²-ʢʦʤʧʝʥʩʘʪʦʨʽʚ (ʷʢ ʾʭ ʥʘʟʠʚʘʶʪʴ ʘʚʪʦʨʠ), ʻ ʨʦʙʦʪʘ [1], ʫ ʷʢʽʡ ʜʝʪʘʣʴʥʦ 
ʜʦʩʣʽʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʪʘ ʨʦʙʘʩʪʥʽʩʪʴ ʢʦʤʧʝʥʩʘʪʦʨʘ ʟ ʧʝʨʝʜʘʪʦʯʥʦʶ ʬʫʥʢʮʽʻʶ 
W(s) = Kp + K i1/s + K i2/s

2. ɸʚʪʦʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʢʣʶʯʝʥʥʷ ʜʨʫʛʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʽʩʪʦʪʥʦ 
ʧʽʜʚʠʱʫʻ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʦʚʽʣʴʥʽ ʟʙʫʨʝʥʥʷ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʟʤʝʥʰʫʻ ʟʘʧʘʩ 
ʩʪʽʡʢʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. 
ʉʭʦʞʽ ʚʠʩʥʦʚʢʠ ʧʦʜʘʥʦ ʫ [2], ʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ, ʫ ʪʦ-
ʤʫ ʯʠʩʣʽ P + I + I, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʩʢʣʘʜʥʠʭ 
ʜʠʥʘʤʽʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʋ ʨʦʙʦʪʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʜʨʫʛʠʡ ʽʥʪʝʛʨʘʪʦʨ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 
ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʪʨʝʥʜʽʚ ʧʦʤʠʣʢʠ ʨʝʛʫʣʶʚʘʥʥʷ, 
ʦʜʥʘʢ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ 
ʟʘ ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ.  

ʇʨʠʢʣʘʜʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʨʝʛʫʣʷʪʦʨʽʚ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʜʦʢʣʘ-
ʜʥʦ ʚʠʩʚʽʪʣʝʥʦ ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʦʥʦʛʨʘʬʽʷʭ [3-5]. ʋ ʮʠʭ ʧʨʘʮʷʭ ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʽ ʝʣʝ-
ʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʾʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʢʣʶʯʥʦ ʟ ʚʧʣʠʚʦʤ ʧʨʦʪʠ-ɽʈʉ, ʩʪʨʫʢʪʫʨʦʶ ʢʦʥ-
ʪʫʨʽʚ ʩʪʨʫʤʫ, ʦʙʤʝʞʝʥʥʷʤʠ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʥʘ ʮʠʬʨʦʚʠʭ ʧʨʦʮʝʩʦʨʘʭ 
(DSP). ɿʦʢʨʝʤʘ, [5] ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʻ ʧʨʦʙʣʝʤʠ ʥʘʩʠʯʝʥʥʷ, ʚʧʣʠʚʫ ʟʘʪʨʠʤʦʢ ʽ ʜʠʩʢʨʝʪʠ-
ʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʢʦʥʪʫʨʽʚ ʩʪʨʫʤʫ, ʱʦ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤʠ ʫ 
ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʨʝʛʫʣʷʪʦʨʽʚ ʪʠʧʫ PI².  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʽ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝ-
ʨʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʨʦʙʦʪʽ [6]. ɸʚʪʦʨʠ ʫʟʘʛʘʣʴʥʶʶʪʴ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʘʥʘʣʽʟʫ ʪʘ 
ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʥʪʫʨʘʤʠ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥ-
ʩʪʨʫʶʪʴ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʢʦʥʪʫʨʽ 
ʨʝʛʫʣʶʚʘʥʥʷ ɽʄʉ. ʆʢʨʝʤʠʡ ʧʣʘʩʪ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʩʠ-
ʯʝʥʥʷ (wind-up), ʷʢʘ ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨ ʽʟ ʧʦʜʚʽʡʥʠʤ ʽʥʪʝʛʨʘʪʦʨʦʤ. ʆʛʣʷʜ 
[7] ʫʟʘʛʘʣʴʥʶʻ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ "anti-windup", ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʪʘ ʢʝ-
ʨʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʪʠʧʫ "Saturation" ʽ "Dead-zone". ʂʣʘʩʠʯʥʘ 
ʨʦʙʦʪʘ ʟ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ [8] ʨʦʟʛʣʷʜʘʻ ʜʨʦʙʦʚʦ-ʨʘʮʽʦʥʘʣʴʥʽ ʬʫʥʢʮʽʾ ʨʝʛʫʣʷʪʦʨʽʚ ʷʢ ʪʠʧʦʚʽ 
ʬʘʟʦʚʽ ʢʦʤʧʝʥʩʘʪʦʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʨʠʥʮʠʧ ʜʣʷ ʢʦʨʝʢʮʽʾ ʢʦʨʝʥʝʚʦʛʦ 
ʛʦʜʦʛʨʘʬʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽ ʰʚʠʜʢʦʜʽʾ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɽʄʉ, ʷʢʘ ʚʭʦ-
ʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʜʝʷʢʠʭ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʚʪʦʥʦʤʥʠʭ ʧʣʘʚʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɸʇɸ). ʅʘ 
ʨʠʩ. 1 ʧʦʟʥʘʯʝʥʦ: ɿʂʈʉ ï ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʩʪʨʫʤʫ, ɽʏɼ ʪʘ ʄʏ ï ʝʣʝʢʪʨʠʯʥʘ ʪʘ ʤʝʭʘʥʽʯ-
ʥʘ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ɺɿɿɼ ï ʚʥʫʪʨʽʰʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʝʣʝʢʪʨʠʯʥʦʛʦ 
ʜʚʠʛʫʥʘ, ɼʉʏ ï ʜʘʪʯʠʢ ʩʪʨʫʤʫ, ɼɽʈʉ ï ʜʘʪʯʠʢ ɽʈʉ, ʈɽ ï ʨʝʛʫʣʷʪʦʨ ɽʈʉ, ʈʉ ï ʨʝʛʫʣʷʪʦʨ 
ʩʪʨʫʤʫ, ɼʉʆ ï ʚʫʟʦʣ ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-
ʪʠʢ ɽʄʉ. 
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ʈʝʘʣʽʟʘʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ɽʈʉ (ʚʫʟʦʣ 2) ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʽʰʝʥʥʽ ʚʽʜʦʤʠʭ ʨʽʚʥʷʥʴ 
ʝʣʝʢʪʨʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ. ʉʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ɽʈʉ ʜʣʷ ʩʠʩʪʝʤʠ, 
ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʘʪʦʯʥʦʶ ʬʫʥʢʮʽʻʶ:  
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,                                             (1) 

ʜʝ      kʩ,  kʥ ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘ ʩʪʨʫʤʦʤ  ɯ  ʪʘ ʥʘʧʨʫʛʦʶ  U;  
kʤ ï ʤʘʩʰʪʘʙʫʚʘʣʴʥʠʡ (ʜʦ ʰʚʠʜʢʦʩʪʽ) ʢʦʝʬʽʮʽʻʥʪ.  
ʊʘʢʠʡ ʚʠʤʽʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʙʣʠʞʝʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʽ ɽʈʉ ʝʣʝʢʪʨʦʜ-

ʚʠʛʫʥʘ ʫ ʜʠʥʘʤʽʮʽ. ʎʝ ʥʘʙʣʠʞʝʥʥʷ ʪʠʤ ʪʦʯʥʽʰʝ, ʯʠʤ ʙʣʠʞʯʝ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʩʪʘʣʽ ʯʘʩʫ: ʜʘ-
ʪʯʠʢʽʚ ʩʪʨʫʤʫ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʪʘʣʘ ʯʘʩʫ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.       

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʇ-ʨʝʛʫʣʷʪʦʨʘ ɽʈʉ, ʷʢʠʡ ʥʘʙʫʜʦʚʫʻ ɽʄʉ (ʜʠʚ. ʨʠʩ. 1) ʥʘ ʪʝʭ-
ʥʽʯʥʠʡ ʦʧʪʠʤʫʤ, ʤʘʻ ʚʠʛʣʷʜ: 
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,                                               (2) 

ʜʝ kʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ɽʈʉ. 
ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʩʫʪʪʻʚʠʤ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ ʩʪʨʫʤʫ ʪʘ ʡʦʛʦ 

ʧʦʤʽʪʥʠʤ ʩʪʘʪʠʟʤʦʤ, ʫ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ (ɿʂʈʉ) ʚʠʢʦʨʠʩʪʘʥʦ ʈɯ2-
ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ (ʈʉ), ʢʦʤʧʝʥʩʫʶʯʠʡ ʚʥʫʪʨʽʰʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʟʘ ɽʈʉ ʫ ɽʄʉ: 
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,                                          (3) 

ʜʝ kʧ ʽ Tʧ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʽ ʩʪʘʣʘ ʯʘʩʫ ʩʠʣʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɽʄʉ ʟ ʨʝʛʫʣʷʪʦʨʘʤʠ ʩʪʨʫʤʫ, ɽʈʉ  

ʪʘ ʜʦʜʘʪʢʦʚʠʤ ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷʤ 
 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ (3) ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʣʽʪʝʨʘʪʫʨʽ ʧʽʜ ʥʘʟʚʦʶ "ʬʘʟʦʚʠʡ ʢʦʤ-
ʧʝʥʩʘʪʦʨ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ" ʘʙʦ "ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʩʠʩʪʝʤ ʽʟ ʧʦʜʚʽʡʥʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ". ʗʢ 
ʧʦʢʘʟʘʣʠ ʤʦʜʝʣʴʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ, ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʨʝʛʫʣʷʪʦʨʘ 
ʩʪʨʫʤʫ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʮʝʚʽ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ɿʂʈʉ, ʻ ʥʝʦʙʭʽʜ-
ʥʽʩʪʴ ʥʘʡʰʚʠʜʰʦʛʦ ʚʠʭʦʜʫ ʡʦʛʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟ ʥʘʩʠʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ 
ʫʩʽ ʨʝʛʫʣʷʪʦʨʠ ɽʄʉ ʤʘʶʪʴ ʮʠʬʨʦʚʫ ʨʝʘʣʽʟʘʮʽʶ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʦ 16-ʨʦʟʨʷʜʥʠʭ ʤʽʢʨʦ-
ʢʦʥʪʨʦʣʝʨʽʚ TMS320x24xx ʬ. Texas Instruments, ʘʙʦ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʩʝʨʽʡ STM32), ʪʦʤʫ 
ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ, ʷʢʘ ʤʘʻ ʤʽʥʽʤʘʣʴ-
ʥʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʤʥʦʞʝʥʥʷ ʽ ʘʢʫʤʫʣʶʚʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʜʘʥʠʭ ʟ ʤʦʞʣʠʚʽʩʪʶ ʥʝʟʘʣʝ-
ʞʥʦʾ ʥʘʙʫʜʦʚʠ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʈʉ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ (ʨʠʩ. 2) ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʜʦʟʚʦʣʠʣʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 
ʜʠʩʢʨʝʪʥʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʨʝʛʫʣʷʪʦʨʘ ʫ ʩʠʩʪʝʤʘʭ ʢʦʤʘʥʜ TMS320x24xx ʪʘ STM32 ʟ 
ʤʽʥʽʤʘʣʴʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʘ ʨʦʟʜʽʣʴʥʦʶ ʥʘʙʫʜʦʚʦʶ ʢʦʞʥʦʛʦ ʟ ʢʦʝʬʽʮʽ-
ʻʥʪʽʚ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʰʚʠʜʢʦ ʚʠʭʦʜʠʪʠ ʽʥʪʝʛʨʘʣʴʥʠʤ ʩʢʣʘʜʦʚʠʤ ʟ ʥʘʩʠʯʝʥʥʷ ʽ 
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ʤʘʪʠ ʥʝʦʙʭʽʜʥʝ ʩʫʤʘʨʥʝ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʈʉ. ʅʘ ʩʭʝʤʽ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2, 

ʤʘʣʘ ʥʝʢʦʤʧʝʥʩʦʚʘʥʘ ʩʪʘʣʘ ʯʘʩʫ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʧʦʟʥʘʯʝʥʘ, ʷʢ Tm1 = Tʧ + Tʩ. ʈʦʟʜʽʣʴʥʫ ʥʘ-
ʙʫʜʦʚʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʜʽʡʩʥʶʶʪʴ ʣʘʥʢʠ: 1 ï ʧʨʦʧʦʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ; 2 ʽ 3 ï ʧʝʨh ʫ ʽ ʜʨʫʛʫ 
ʽʥʪʝʛʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ. ʆʙʤʝʞʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʩʫʤʘʨʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 
ʟʜʽʡʩʥʶʶʪʴ ʣʘʥʢʠ ʦʙʤʝʞʝʥʥʷ 7. ʐʚʠʜʢʠʡ ʚʠʭʽʜ ʟ ʥʘʩʠʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ 4 ʽ ʣʘʥʢʘʤʠ 5 ñʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽò ("ʤʝʨʪʚʘ ʟʦʥʘ"). 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʇɯ2-ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʰʚʠʜʢʦʜʽʶʯʦʾ ɽʄʉ 
 

ɺʠʩʥʦʚʢʠ. ʉʫʯʘʩʥʘ ʥʘʫʢʦʚʘ ʣʽʪʝʨʘʪʫʨʘ ʧʽʜʪʚʝʨʜʞʫʻ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
PI²-ʨʝʛʫʣʷʪʦʨʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʘʩʪʘʪʠʟʤʫ ʢʦʥʪʫʨʽʚ ʩʪʨʫʤʫ ʚ ʰʚʠʜʢʦʜʽʶʯʠʭ 
ɽʄʉ. ɼʦʩʣʽʜʥʠʢʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ anti-windup-
ʤʝʭʘʥʽʟʤʽʚ, ʢʦʨʝʢʮʽʾ ʬʘʟʠ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʬʦʨʤʫʻ ʮʽʣʽʩʥʫ 
ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʘʥʘʣʽʟʫ, ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɽʄʉ ʟ ʪʘʢʠʤʠ PI²-
ʨʝʛʫʣʷʪʦʨʘʤʠ.  ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʇɯĮ-ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 
ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʜʽʶʯʠʭ ʢʦʥʪʫʨʽʚ ʩʪʨʫʤʫ ʫ ʩʠʩʪʝʤʘʭ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʢʝ-
ʨʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʧʨʠʚʦʜʘʭ ʟ ʦʙʤʝʞʝʥʦʶ ʩʝʥʩʦʨʠʢʦʶ ʪʘ ʩʫʪʪʻʚʠʤ ʚʧʣʠʚʦʤ ʧʨʦʪʠ-ɽʈʉ. 
ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʘʚʪʦʥʦʤʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 
ʢʦʤʧʣʝʢʩʽʚ ʧʣʘʚʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʦʧʪʠʤʽ-
ʟʘʮʽʶ ʮʠʬʨʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʪʠʥʘʩʠʯʝʥʥʷ ʜʣʷ ʜʚʦʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʥʘ ʨʦʟʨʦ-
ʙʢʫ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʶʥʽʥʛʫ ʧʘʨʘʤʝʪʨʽʚ PI²-ʨʝʛʫʣʷʪʦʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʠʭ 
ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ɸʇɸ. 
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ɸʥʦʪʘʮʽʷ: ʅʘʷʚʥʽʩʪʴ ʤʽʞʬʘʟʥʠʭ ʞʦʨʩʪʢʠʭ ʚʢʣʶʯʝʥʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ  ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ  ʜʝʪʘʣʝʡ ʟ ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʭ ʨʫʡ-

ʥʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʾʭ ʷʢʦʩʪʽ, ʧʦʙʫʜʦ-

ʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʚʢʣʶʯʝʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ 

ʩʪʨʠʙʢʘ ʥʘʧʨʫʞʝʥʴ ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʢʣʶʯʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʢʫʩʢʦʚʦ-ʦʜʥʦʨʽʜʥʽ ʤʘʪʝʨʽʘʣʠ. ʢʽʣʴʮʝʚʝ ʤʽʞʬʘʟʥʝ ʚʢʣʶʯʝʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ. 
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Abstract: The presence of interphase hard inclusions significantly affects the mechanical proper-

ties of parts made of piecewise homogeneous materials and, under certain conditions, leads to their de-

struction. To determine the strength and establish quality requirements, a mathematical model has been 

developed that allows the influence of inclusions on the strength of such materials to be investigated. A 

generalized boundary element method has been proposed and a numerical analysis of the behavior of 

stress jumps and the angle of rotation of inclusions has been performed. 

Keywords: piecewise homogeneous materials. annular interfacial inclusion, mathematical model. 

 

ʂʽʣʴʮʝʚʝ ʤʽʞʬʘʟʥʝ ʚʢʣʶʯʝʥʥʷ ʚ ʧʣʦʱʠʥʽ ʨʦʟʜʽʣʫ ʤʘʪʝʨʽʘʣʽʚ ʚʢʣʶʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ: 

ʜʝʬʝʢʪʦʤ ʩʪʨʫʢʪʫʨʠ: ʥʘʧʨʠʢʣʘʜ, ʦʙʣʘʩʪʴ ʟ ʽʥʰʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʧʦʨʠʩʪʽʩʪʶ ʯʠ ʽʥʰʦʶ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʪʝʨʽʘ-

ʣʫ. 

ʉʧʝʮʠʬʽʯʥʦʶ ʬʦʨʤʦʶ ʘʨʤʫʚʘʥʥʷ: ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠʩʷ ʢʽʣʴʮʝʚʽ ʝʣʝʤʝʥʪʠ ʧʦʣʽʧʰʝʥʥʷ ʧʝʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʫ ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʪʠʩʢʫ ʦʜʥʘ 

ʬʘʟʘ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʽʥʰʫ, ʽ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʽʣʴʮʝʚʘ ʟ 

ʧʨʦʤʽʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʙʦ ʩʢʣʘʜʦʤ. 

ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʚʢʣʶʯʝʥʥʷ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʣʦʢʘʣʴʥʽ ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ 

ʘʙʦ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʬʘʟ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʦʙʣʘ-

ʩʪʽ ʟôʻʜʥʘʥʥʷ ʧʨʫʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʻ ʚʘʞʣʠʚʦʶ ʧʨʘʢʪʠʯʥʦʶ ʽ ʩʢʣʘʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʤʽʞʬʘʟʥʝ ʞʦʨʩʪʢʝ ʢʽʣʴʮʝʚʝ ʚʢʣʶʯʝʥʥʷ ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʟ ʧʽʚʧʨʦʩʪʦʨʘʤʠ. ɺʠʢʦʨʠʩʪʘʚʰʠ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦ-
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ʙʦʪʘʭ [1-6]  ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʪʨʴʦʭ ʜʚʦʚʠʤʽʨʥʠʭ ʉɯʈ, ʷʢʘ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʥʦʩʥʦ 
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ʗʢʱʦ, ʢʦʥʪʫʨ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʦʙʣʘʩʪʴ W  ʻ ʛʣʘʜʢʠʤ, ʪʦ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʨʦʟʚôʷʟʢʽʚ ʥʘ 

ʢʨʘʶ ʚʢʣʶʯʝʥʥʷ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʪʠʧʦʤ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʢʣʶʯʝʥʥʷ ʽʟ ʩʝʨʝʜʦʚʠ-

ʱʝʤ, ʦʪʞʝ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ [27], ʤʦʞʝʤʦ ʧʨʠ 
2 2x y ar= + ­ʤʘʶʪʴ ʩʪʝʧʝʥʝʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʟ ʧʦʢʘʟʥʠʢʘʤʠ 00,5 ia- ° ʽ 0,5.- ʇʨʫʞʥʽ ʩʪʘ-

ʣʽ0a- ʚʠʨʘʞʘʶʪʴʩʷ [3] ʯʝʨʝʟ ʢʦʤʙʽʥʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ ʽ ʟʘʜʦʚʦ-
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ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʤʽʞʬʘʟʥʠʭ ʚʢʣʶʯʝʥʴ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʢʦʥ-

ʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʥʝʦʜʥʦʨʽʜʥʠʤ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʤ ʧʨʦʩʪʦʨʦʤ. 
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Abstract: The document analyses key WPA2 vulnerabilities and methods of exploiting them: Pixie 

Dust (WPS), interception and PMKID selection (via direct request to the access point and via deauthen-

tication with 4-way handshake interception) and key reinstallation attack (KRACK).  

Keywords: WPA2; WPS; Pixie Dust; PMKID; 4 way handshake; deauthentication; KRACK; net-

work security; PSK; Wi Fi vulnerabilities 
 

ʆɻʃʗɼ ɺʈɸɿʃʀɺʆʉʊɽʁ WPA2: PIXIE DUST, ɺʀʊʗɻʅɽʅʅʗ PMKID ʊɸ ɸʊɸʂʀ 

ʇʆɺʊʆʈʅʆɰ ɯʅʉʊɸʃʗʎɯɰ ʂʃʖʏɯɺ 
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ʉʪʨʘʰʥʦʚ ɺ.ɺ., ʩʪʫʜʝʥʪ 
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ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ 

 

ɸʥʦʪʘʮʽʷ: ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʣʶʯʦʚʽ ʚʨʘʟʣʠʚʦʩʪʽ WPA2 ʪʘ ʤʝʪʦʜʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

Pixie Dust (WPS), ʧʝʨʝʭʦʧʣʝʥʥʷ ʪʘ ʧʽʜʙʽʨ PMKID (ʯʝʨʝʟ ʧʨʷʤʠʡ ʟʘʧʠʪ ʜʦ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʪʘ ʯʝʨʝʟ 

deauthentication ʟ ʧʝʨʝʭʦʧʣʝʥʥʷʤ 4 way handshake) ʽ ʘʪʘʢʘ ʧʦʚʪʦʨʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʣʶʯʽʚ 

(KRACK). 

ʂʣʁʯʦʚʽ ʩʣʦʚʘ: WPA2; WPS; Pixie Dust; PMKID; 4 way handshake; deauthentication; KRACK; 

ʤʝʨʝʞʝʚʘ ʙʝʟʧʝʢʘ; PSK; ʚʨʘʟʣʠʚʦʩʪʽ Wi Fi 
 

Formulation of a practical problem  
The WPA2 protocol is the security standard for almost all modern Wi-Fi networks, but re-

cent studies have revealed significant vulnerabilities in it. For example, the KRACK attack ex-
posed óserious weaknesses in WPA2ô ï an attacker within range can break the encryption and 
read information that was previously considered secure[1]. In addition, it has been found that 
about 80% of network devices remain vulnerable to the Pixie Dust attack even a decade after its 
discovery[2]. Taken together, this means that the confidentiality of WPA2 networks is at risk, 
and significant implementation errors (WPS, incorrect handshake processing) increase the risk 
of PSK and session keys being exposed. 

List of tasks to be solved 
1. Analyse known vulnerabilities of the WPA2 protocol and related components (in par-

ticular, WPS).  
2. Describe and investigate the main methods of attacks on WPA2: Pixie Dust (WPS vul-

nerability), PMKID capture (without a client and via handshake), and KRACK.  
3. Assess the level of threat to WPA2 security resulting from the use of these attacks.  
4. Formulate recommendations for protecting WPA2 networks based on the results ob-

tained. 
Presentation of the essence of the study 
1. Pixie Dust Attack 
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The Pixie Dust attack is a fast and effective method of hacking Wi-Fi networks that use 
the Wi-Fi Protected Setup (WPS) feature. The vulnerability lies not in the WPA2 protocol itself, 
but in the implementation of WPS, specifically in the insufficient entropy (randomness) of cer-
tain cryptographic values (nonces), which allows an attacker to perform a quick offline brute-
force attack to obtain the WPS PIN code. 

1.1 Prerequisite - WPS Protocol and Its Weak Link 
WPS was developed to simplify the connection of devices to a Wi-Fi network. The stand-

ard WPS authentication mechanism requires an 8-digit PIN code to be entered[2]. The vulnera-
bility exploited by Pixie Dust is related to the exchange of M3 and M7 messages during the 
WPS process. 

In this exchange, devices (the registrar, usually the client, and the enrollee, usually the 
router) exchange keys and random numbers called nonces (number used once). 

-  (Enroller Nonce 1); 

-  (Registrar Nonce 1); 

-  (Enroller Nonce 2); 

-  (Registrar Nonce 2). 

Key weakness: WPS uses a PIN code as the initial seed for generating authorisation hash-
es (AuthHash) and master keys (PKE). To verify the correctness of the PIN code, the router 
sends two key elements in plain text: and , which are hashes calculat-
ed based on the PIN code, MAC address, and exchanged nonce. 

1.2 How Pixie Dust Attacks Work 
The Pixie Dust attack (often implemented by the Reaver or WPS-Hack tool) exploits the 

fact that some manufacturers (notably those with Ralink, Broadcom, Atheros, and Realtek chip-
sets) use insufficiently random (weak) values for their nonces (especially  and  or 

 and ). 
1.2.1 Stage 1: Interception of Cryptographic Elements 
The attacker, while within range of the Wi-Fi network: 
1. Starts a WPS session with a router (enroller), imitating a registrar. 
2. Intercepts the necessary cryptographic data that the router sends in response: 

- ; 

- ; 

-  (Public Key Enroller); 

-  (registrar response); 

-  (registrar response); 

-  (especially  and ). The generation of these values with low entropy 

(e.g., based on system time, MAC address, or other predictable data) is the Achilles heel. 
1.2.2 Stage 2: Offline Search and Factorisation (Attack on Reduced Complexity) 
Instead of trying to guess an 8-digit PIN (which would require up to 10  attempts), Pixie 

Dust performs offline brute force attacks using intercepted data. 
1. Weak Nonce: If  and  (or  and ) were weak, they could be 

predicted or quickly recovered (e.g., by brute-forcing a small range of values), or their recovery 
could be skipped altogether, as some WPS implementations use them in such a way that they 
can be excluded from the equation. 

2. PIN attack: The attack boils down to brute-forcing possible PIN codes (the first 7 dig-
its, since the 8th is a checksum) and calculating the corresponding control hashes (AuthHash) 
using intercepted weak nonces. 

3. Comparison: The calculated hash is compared with the intercepted  and 

. Since the entire process takes place on the attacker's computer (offline), there are 

no restrictions on the number of attempts imposed by the router (e.g., blocking after 3 failed at-
tempts). 

2. PMKID attack (without client) 
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The attack, presented in 2018, exploits a vulnerability in the way some access points (APs) 
handle association requests and cache keys. It allows an attacker to obtain a cryptographic hash 
(PMKID) that is directly related to the PMK (Pairwise Master Key) and, therefore, to the PSK 
(Pre-Shared Key), without having to intercept the entire 4-way handshake[3]. 

2.1 Key Components: PMK and PMKID 
To understand the attack, it is important to distinguish between two key elements: 
PMK (Pairwise Master Key): This is a 256-bit master key that forms the basis for all ses-

sion keys in WPA2. It is not your password, but it is generated from it. The process looks like 
this: 

 
Where PSK is the network password (Pre-Shared Key) and SSID is its name. 
PMKID (PMK Identifier): This is the identifier or hash of the PMK itself. It is used by the 

access point for caching. When a client successfully authenticates, the AP stores the PMK and 
creates a PMKID as a óshortcutô to that PMK. PMKID formula: 

 
Where BSSID is the MAC address of the access point, and StationMAC is the MAC ad-

dress of the client. Key point: If you can guess the PSK, you can calculate the PMK, and then, 
knowing the MAC addresses, you can calculate the PMKID[3]. A PMKID attack reverses this 
process: it obtains the PMKID and tries every possible PSK until the calculated PMKID matches 
the captured one. 

2.2 Attack Mechanism 
The attack process (often performed by tools such as hcxtools and hashcat) consists of 

three main stages: 
2.2.1 Stage 1: Request for Association (Client Simulation).Knowing the BSSID (MAC) 

and SSID of the target network, the attacker sends a single special frame: Association Request. 

- This frame simulates an attempt by a new client (with the attacker's MAC address) to 
connect to the network. 

- The frame must contain an RSN (Robust Security Network) element, which informs the 
access point that the client supports WPA2 and is ready for authentication. 

2.2.2 Stage 2: Obtaining PMKID (AP Response) 
The vulnerable access point receives this request. It does not yet know whether the client's 

password is correct, but it checks its PMK cache. 
1. If the access point supports PMK caching (which is necessary for features such as 

802.11r Fast Roaming, but is often enabled even without it), it sends the first EAPOL message 
of the 4-way handshake in response. 

2. It is in this first EAPOL frame, in the special RSN field, that the PMKID is contained. 
3. The attacker intercepts this single frame and extracts three vital pieces of data from it: 

- Captured PMKID 

- BSSID (AP MAC) 

- StationMAC (attacker's MAC address) 
2.2.3 Stage 3: Offline Brute-Force 
This is the óheartô of the attack. The attacker does not need further contact with the router. 

The entire brute force process takes place offline on their own equipment (usually using a GPU). 
1. The attacker takes a dictionary of probable passwords (PSK). 
2. For each candidate  from the dictionary, it performs the same two calcula-

tions as the router: 

- Calculate  

- Calculate    
3. Comparison: 

- If PMKID_guess matches the Captured PMKID, the password has been found. 

- If not, the next password from the dictionary is taken. 
This process is extremely efficient (for example, in hashcat this is mode -m 16800) and 

can try billions of combinations per second. 
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3. PMKID attack (interception of a 4-way handshake by deauthentication) 
This classic method is a two-phase attack that exploits a weakness in the management 

frames of the 802.11 protocol and the nature of the WPA2 4-Way Handshake. 
3.1 Attack Mechanism 
3.1.1 Stage 1: Forced Deauthentication (Deauth).The attacker finds the MAC addresses of 

the access point (BSSID) and the connected client (StationMAC). Since 802.11 control frames 
are not encrypted, he sends a spoofed deauth packet to the client on behalf of the access point. 
The client, considering the frame to be legitimate, immediately disconnects and automatically 
initiates the reconnection process. 

3.1.2 Stage 2: Interception of the 4-Way Handshake 
When the client reconnects, a 4-way WPA2 handshake occurs. An attacker in monitoring 

mode records these four EAPOL frames to obtain key data for the attack: two random numbers 
(ANonce from the AP and SNonce from the client), MAC addresses (BSSID/StationMAC) and 
MIC (Message Integrity Code). This MIC, calculated based on the PSK, is what allows further 
offline brute force attacks. 

3.1.3 Stage 3: Offline Brute-Force.The PMKID attack's offline phase is the core of the 
process, carried out entirely on the attacker's equipment (typically utilizing a GPU), meaning no 
further contact with the router is required. The attacker takes a dictionary of probable passwords 
(PSK) and, for each candidate, performs the same cryptographic calculations as the router: first 
calculating the assumed PMK, and then the PMKID_guess. If the calculated PMKID_guess 
matches the Captured PMKID, the password is found.  

4. Key Reinstallation Attack (KRACK).This attack exploits a flaw in the WPA2 protocol 
discovered by Wang and Piesens in 2017. When a client receives a repeated message M3 from 
the handshake (due to packet loss), it re-establishes the same session key and resets the counters 
(nonce, packet number) to their initial values[1]. Since the key in WPA2 should only be used 
once, such a reset violates cryptographic conditions and allows the same key to be reused. As a 
result, KRACK allows an attacker to decrypt transmitted packets, repeat or modify their con-
tents[1]. The initial research shows that KRACK can be used to steal passwords, cookies, and 
other sensitive data, as well as inject malicious traffic into a session[1]. 

Conclusions. The attacks analysed show that although WPA2 cryptography remains 
strong in essence, its practical security largely depends on implementation and configuration. 
For example, WPA2 itself protects even complex passwords, but the WPS (Pixie Dust) vulnera-
bility allows it to be bypassed. On the other hand, flaws in the handshake procedure (KRACK) 
indicate that any WPA2 implementation could be vulnerable to key reinstallation, which leads to 
key reuse. As a result, the threat of WPA2 must be assessed on a case-by-case basis: when using 
modern devices with updated firmware and WPS disabled, the risks are significantly reduced. 
However, the vulnerability of PMKID attacks and the possibility of forced handshakes make 
WPA2-PSK networks vulnerable to dictionary password attacks. Thus, WPA2 remains suffi-
ciently secure when properly configured (complex key, WPS disabled, management frame pro-
tection enabled, etc.), but otherwise, the attacks discussed above can pose a serious threat. 
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ʥʝʥʘʚʤʠʩʥʠʭ ʚʠʢʣʠʢʽʚ ʣʠʭʘ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʢʣʠʢʫ (ʎʉɺ) ʫ 
ɻʄɿʃɹ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʠʤʦʛ ʈʝʟʦʣʶʮʽʾ IMO MSC.514(105), ʧʦʣʦʞʝʥʴ ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-R 
M.493 ʪʘ ʟʤʽʥ ʫ ʧʨʦʮʝʜʫʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʈʝʟʦʣʶʮʽʡ WRC-2019 ʽ WRC-2023. ʅʘ ʪʨʝʥʘʞʝʨʽ 
ɻʄɿʃɹ SAILOR TGS 6000 ʜʦʩʣʽʜʞʝʥʦ ʪʨʠ ʩʮʝʥʘʨʽʾ ʜʽʡ ʦʧʝʨʘʪʦʨʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ 
ʬʦʨʤʫʣʫ ʩʢʘʩʫʚʘʥʥʷ ʣʠʭʘ ʪʘ ʦʢʨʝʩʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʩʫʜʥʦʚʠʭ ʚʘʭ-
ʪʦʚʠʭ ʦʬʽʮʝʨʽʚ. 
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Abstract: The study is devoted to the analysis of the causes, procedures and technical aspects of 
cancelling unintentional distress alerts generated through Digital Selective Calling (DSC) within the 
GMDSS. The requirements of IMO Resolution MSC.514(105), the provisions of ITU-R Recommendation 
M.493, and the procedural changes introduced by WRC-2019 and WRC-2023 have been examined. 
Three operator action scenarios were investigated using the SAILOR TGS 6000 GMDSS simulator. A 
generalized distress cancellation formula has been proposed, and the need to enhance the competence of 
shipôs watch officers has been outlined. 
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ɺʩʪʫʧ.ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʭ ʩʧʦʩʦʙʽʚ ʟʜʽʡʩʥʝʥʥʷ ʦʧʦʚʽʱʝʥʴ ʧʨʦ ʣʠʭʦ, ʷʢʱʦ ʪʘʢʝ 
ʪʨʘʧʣʷʻʪʴʩʷ, ʚ ɻʣʦʙʘʣʴʥʽʡ ʤʦʨʩʴʢʽʡ ʩʠʩʪʝʤʽ ʟʚô̫ ʟʢʫ ʧʽʜ ʯʘʩ ʣʠʭʘ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟ-
ʧʝʢʠ (ɻʄɿʃɹ)  ̒ʮʠʬʨʦʚʽʡ ʩʝʣʝʢʪʠʚʥʠʡ ʚʠʢʣʠʢ (ʎɺɺ) ʚ ʜʘ̔ʧʘʟʦʥʘʭ ʋʂʍ ʪʘ ʇʍ/ʂʍ 
ʨʘʜʽʦʭʚʠʣʴ, ʷʢʽʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʫʩʽʭ ʤʦʨʩʴʢʠʡ ʨʘʡʦʥʘʭ ɻʄɿʃɹ ʚ ʥʘʧʨʷʤʢʘʭ 
ʩʫʜʥʦ-ʩʫʜʥʦ ʪʘ ʩʫʜʥʦ-ʙʝʨʝʛ ʥʘ ʙʫʜʴ ʷʢʠʭ ʚʽʜʩʪʘʥʷʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʾ ʯʘʩʪʦʪʠ 
ʚʠʢʣʠʢʫ. ʉʠʩʪʝʤʘ ʎɺɺ (ʘʥʛʣ. Digital Selective Calling, DSC) [1] ʚʽʜ ʩʘʤʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ɻʄɿʃɹ  ̒ʙʘʟʦʚʦʶ ʫ ʥʘʟʝʤʥʦʤʫ ʟʚô̫ ʟʢʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠ-
ʩʪʝʤ ʤʦʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ VDES, NAVDAT. ɹʝʟʟʘʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʎɺɺ ʥʘ ʚʽʜʤʽʥʫ 
ʚʽʜ ʟʘʩʦʙʽʚ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚô̫ ʟʢʫ ɯʥʤʘʨʩʘʪ, ɯʨʽʜʽʫʤ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʨʘʜʽʦʙʫʷ (EPIRB) 406 
ʄɻʮ  ̒ʪʝ, ʱʦ ʚʠʢʣʠʢ ʣʠʭʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʪʨʠʤʫʻʪʴʩʷ ʤʦʨʩʴʢʠʤʠ ʩʫʜʥʘ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ 
ʤʦʞʫʪʴ ʰʚʠʜʢʦ ʥʘʜʘʪʠ ʜʦʧʦʤʦʛʫ, ʘ ʥʝ ʷʢ ʨʝʟʫʣʴʪʘʪ ʨʝʪʨʘʥʩʣʷʮʽʾ ʙʝʨʝʛʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʚ 
ʩʠʩʪʝʤʘʭ SafetyNet, SafetyCast, NAVTEX. 

ɸʣʝ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʽʩʥʫʚʘʥʥʷ ɻʄɿʃɹ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʥʝʥʘʚʤʠʩʥʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ 
ʚʠʢʣʠʢʽʚ ʣʠʭʘ ʎɺɺ ʪʘ ʥʝʥʘʣʝʞʥʦʛʦ ʾʭ ʩʢʘʩʫʚʘʥʥʷ. ʈʝʟʦʣʶʮʽʷ ɯʄʆ MSC.514(105) ʚʽʜ 28 
ʢʚʽʪʥʷ 2022 ʨ. [2] ʟʘʢʣʠʢʘʻ ʜʦʩʣʽʚʥʦ ʥʘʮʽʦʥʘʣʴʥʽ ʘʜʤʽʥʽʩʪʨʘʮʽʾ:  

.1 ʽʥʬʦʨʤʫʚʘʪʠ ʩʫʜʥʦʚʣʘʩʥʠʢʽʚ ʪʘ ʤʦʨʷʢʽʚ ʧʨʦ ʥʘʩʣʽʜʢʠ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʭʠʙʥʠʭ 
ʩʧʦʚʽʱʝʥʴ ʧʨʦ ʣʠʭʦ; 

.2 ʚʞʠʪʠ ʟʘʭʦʜʽʚ, ʱʦʙ ʩʫʜʥʘ ʤʦʛʣʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʨʝʻʩʪʨʫʚʘʪʠ ʚʩʝ ʦʙʣʘʜʥʘʥʥʷ 
ɻʄɿʃɹ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʮʠʭ ʨʝʻʩʪʨʘʮʽʡʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʦʨ-
ʜʠʥʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ; 

https://orcid.org/0000-0002-9781-9391
https://orcid.org/0000-0002-0462-0130
https://orcid.org/0000-0002-9781-9391
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.3 ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʘʚʦʦʭʦ-
ʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ ʪʠʭ, ʭʪʦ  

- ʥʝʥʘʚʤʠʩʥʦ ʧʝʨʝʜʘʻ ʭʠʙʥʠʡ ʩʠʛʥʘʣ ʣʠʭʘ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʩʢʘʩʫʚʘʥʥʷ ʘʙʦ ʥʝ ʨʝʘʛʫʻ 
ʥʘ ʩʠʛʥʘʣ ʣʠʭʘ ʯʝʨʝʟ ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʥʝʜʙʘʣʽʩʪʴ; 

- ʥʝʦʜʥʦʨʘʟʦʚʦ ʪʘ ʥʘʚʤʠʩʥʦ ʧʝʨʝʜʘʻ ʭʠʙʥʠʡ ʩʠʛʥʘʣ ʣʠʭʘ. 
ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʥʝʥʘʚʤʠʩʥʠʭ ʚʠʢʣʠʢʽʚ ʎɺɺ ʪʘ ʾʭ ʢʦʨʝʢʪʥʦʛʦ ʩʢʘʩʫʚʘʥʥʷ, 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʤʘʻ ʙʫʪʠ ʫ ʤʘʩʰʪʘʙʽ ʩʚʽʪʦʚʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʜʚʦʤʘ ʈʝ-
ʟʦʣʶʮʽʷʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʈʘʜʽʦ ʂʦʥʬʝʨʝʥʮʽʾ ʩʪʦʩʦʚʥʦ ʧʨʦʮʝʜʫʨʠ ʩʢʘʩʫʚʘʥʥʷ ʥʝʥʘʚʤʠʩʥʠʭ 
ʚʠʢʣʠʢʽʚ 2019 ʽ 2023 ʨʦʢʽʚ [3, 4].  

ʎʽʣʣʶ ʜʦʧʦʚʽʜʽ ʻ ʘʥʘʣʽʟ ʧʨʦʮʝʜʫʨʠ ʩʢʘʩʫʚʘʥʥʷ ʥʝʥʘʚʤʠʩʥʠʭ ʎɺɺ ʣʠʭʘ ʥʘ ʦʩʥʦʚʽ ʜʦ-
ʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ ʪʨʝʥʘʞʝʨʫ ɻʄɿʃɹ ʪʠʧʫ SAILOR TGS 6000 ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 
ʜʽʻʚʦʾ ʬʦʨʤʫʣʠ ʩʢʘʩʫʚʘʥʥʷ ʣʠʭʘ ʚ ʫʤʦʚʘʭ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʧʦʢʦʣʽʥʴ ʩʫʜʥʦʚʦʾ 
ʘʧʘʨʘʪʫʨʠ ʨʘʜʽʦʟʚôʷʟʢʫ.  

ɿʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ: 
1) ʊʨʝʥʘʞʝʨ TGS 6000 ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʬʽʨʤʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

SAILOR, ʷʢʝ ʟʘʩʪʦʩʦʚʘʥʝ ʫ ʨʝʘʣʴʥʽʡ ʩʝʨʪʠʬʽʢʦʚʘʥʽʡ ɿʘʟʥʘʯʝʥʠʡ ʘʧʘʨʘʪʫʨʽ, ʷʢʘ ʚʠʛʦʪʦʚ-
ʣʷʻʪʴʩʷ ʮʽʻʶ ʞ ʢʦʤʧʘʥʽʻʶ. 

2) ɿʘʟʥʘʯʝʥʠʡ ʪʨʝʥʘʞʝʨ ʤʘʻ ʥʘʣʝʞʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ ʪʘ ʚʠʢʦʥʫʻ ʚ ʪʦʯʥʦʩʪʽ ʪʘʢʽ ʞ ʩʘʤʽ 
ʬʫʥʢʮʽʾ ʷʢ ʽ ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʩʮʝʥʘʨʽʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʩʢʘʩʫʚʘʥʥʷ ʥʝʥʘʚʤʠʩʥʦʛʦ ʎɺɺ 
ʋʂʍ ʨʘʜʽʦʩʪʘʥʮʽʻʶ SAILOR 6222 VHF DSC: 

1) ɺʠʢʣʠʢ ʣʠʭʘ ʥʘ ʢʘʥʘʣʽ 70; 
2) ɺʠʢʣʠʢ ʣʠʭʘ ʪʘ ʡʦʛʦ ʩʢʘʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʦʶ ʢʥʦʧʢʦʶ ANNUL; 
3) ɺʠʢʣʠʢ ʣʠʭʘ ʪʘ ʡʦʛʦ ʩʢʘʩʫʚʘʥʥʷ ʰʣʷʭʦʤ ʚʠʤʢʥʝʥʥʷ ï ʫʚʽʤʢʥʝʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ 

(off ï on). 
ʉʮʝʥʘʨʽʡ 1). 
ɿʦʙʨʘʞʝʥʥʷ ʝʢʨʘʥʫ ʨʘʜʽʦʩʪʘʥʮʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩʫʥʦʢ 1 ï ʋʂʍ ʨʘʜʽʦʩʪʘʥʮʽʷ, ʱʦ ʧʝʨʝʜʘʻ ʣʠʭʦ: ʘ) ʧʝʨʝʜʘʯʘ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʣʠʭʦ;  

ʙ) ʦʯʽʢʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ; ʚ) ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʦʚʪʦʨʥʘ ʚʽʜʧʨʘʚʢʘ ʣʠ-

ʭʘ/ʘʙʦ ʟʘʙʦʨʦʥʘ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʢʥʦʧʢʦʶ ʆ 

 

ʇʽʩʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʚʠʢʣʠʢʫ ʣʠʭʘ ʢʥʦʧʢʦʶ DISTRESS ʨʘʜʽʦʩʪʘʥʮʽʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝ-

ʞʠʤ ʦʯʽʢʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜ ʙʝʨʝʛʦʚʦʾ ʩʪʘʥʮʽʾ. ɿʘ ʩʮʝʥʘʨʽʻʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝ ʙʫʣʦ. 

ʇʦʚʪʦʨʥʝ ʧʝʨʝʜʘʚʘʥʥʷ ʣʠʭʘ ʤʦʞʝ ʙʫʪʠ ʯʝʨʝʟ 3,5 ï 4,5 ʭʚʠʣʠʥʠ ʟ ʚʠʧʘʜʢʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʚ 

ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʈʘʜʽʦʩʪʘʥʮʽʷ ʟʘʧʨʦʰʫʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʣʠʢʫ. ʄʦʞʣʠ-

ʚʘ ʟʘʙʦʨʦʥʘ (Prohibit) ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʣʠʢʫ (ʈʠʩ. 1 ʚ) ʧʨʦʛʨʘʤʦʚʘʥʦʶ ʢʥʦʧʢʦʶ ʆʂ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʜʽʦʩʪʘʥʮʽʷ ʧʝʨʝʜʘʻ ʚʠʢʣʠʢ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ. ɯʥʘʢʰʝ ʚʠʢʣʠʢ ʣʠʭʘ ʙʫʜʝ 

ʧʦʚʪʦʨʝʥʠʡ. ʉʮʝʥʘʨʽʡ 1) ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚ ʨʘʡʦʥʘʭ ɸ2, ɸ3, ɸ4, ʜʝ ʥʝʤʦʞʣʠʚʠʡ ʋʂʍ 

ʟʚ'ʷʟʦʢ ʟ ʙʝʨʝʛʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ. 

ʉʮʝʥʘʨʽʡ 2). 

ɼʽʾ ʚʘʭʪʦʚʦʛʦ ʧʦʤʽʯʥʠʢʘ ʜʣʷ ʩʢʘʩʫʚʘʥʥʷ ʧʦʤʠʣʢʦʚʦʛʦ ʚʠʢʣʠʢʫ ʣʠʭʘ ʫ ʚʩʽʭ ʜʽʘʧʘʟʦ-

ʥʘʭ ʥʘʟʝʤʥʦʛʦ ʟʚôʷʟʢʫ ʋʂʍ, ʇʍ, ʂʍ ʦʜʥʘʢʦʚʽ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʢʨʦʢʽʚ: 

1. ʉʢʘʩʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʎɺɺ, ʷʢʱʦ ʘʧʘʨʘʪʫʨʘ ʜʦʟʚʦʣʷʻ ʮʝ ʟʨʦʙʠʪʠ [1]. 
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2. ɻʦʣʦʩʦʚʝ ʩʢʘʩʫʚʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʘʜʽʦʪʝʣʝʬʦʥʥʦʤʫ ʢʘʥʘʣʽ (ʢʘʥʘʣʘʭ). 

ʊʘʢʽʡ ʧʦʨʷʜʦʢ ʚʚʝʜʝʥʠʡ ʱʝ ʟ 2009 ʨʦʢʫ, ʢʦʣʠ ʟô̫ ʚʠʣʘʩʴ 13-ʪʘ ʨʝʜʘʢʮʽʷ ʈʝʢʦʤʝʥʜʘʮʽʾ 

ITU-R M.493-13 (10/2009) Digital selective-calling system for use in the maritime mobile ser-

vice. ʋ ʥʘʩʪʫʧʥʽʡ ʨʝʜʘʢʮʽʾ 2015 ʨʦʢʫ ʟô̫ ʚʠʚʩʷ ʪʝʨʤʽʥ «ʆʧʝʨʘʮʽʷ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ ʫ ʨʘʟʽ 

ʣʠʭʘ» (Distress self-cancel operation).  

ʎɺɺ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ ʦʟʥʘʯʘʻ ʧʝʨʝʜʘʯʫ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʚʦʛʦ ʞʝ ʚʠʢʣʠʢʫ ʣʠʭʘ 

ʟʘʤʽʩʪʴ ʙʝʨʝʛʦʚʦʾ ʩʪʘʥʮʽʾ, ʷʢʱʦ ʚʦʥʘ ʱʝ ʥʝ ʚʩʪʠʛʣʘ ʟʨʦʙʠʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ɹʝʨʝʛʦʚʽ 

ʩʪʘʥʮʽʾ ʤʦʞʫʪʴ ʟʘʪʨʠʤʫʚʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʢʣʠʢʫ ʣʠʢʘ ʥʘ ʯʘʩ ʜʦ 2 Ĳ ʭʚʠʣʠʥʠ ʚʽʜ ʡʦʛʦ 

ʦʪʨʠʤʘʥʥʷ. ɸʣʝ, ʷʢʱʦ ʙʝʨʝʛʦʚʘ ʩʪʘʥʮʽʷ ʚʞʝ ʟʨʦʙʠʣʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʪʦ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ 

ʙʫʜʝ ʥʝʤʦʞʣʠʚʠʤ. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʧʽʩʣʷ ʎɺɺ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʫʜʥʦʤ ʩʚʦʛʦ ʞʝ ʚʠʢʣʠʢʫ ʣʠʭʘ ʟʘʤʽʩʪʴ ʙʝʨʝʛʦʚʦʾ ʩʪʘʥʮʽʾ, ʤʘʻ ʙʫʪʠ ʨʘʜʽʦʪʝ-

ʣʝʬʦʥʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʩʢʘʩʫʚʘʥʥʷ ʚʠʢʣʠʢʫ, ʷʢʝ ʨʦʙʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪʥʠʭ 

ʧʽʜʜʽʘʧʘʟʦʥʘʭ, ʜʝ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʢʣʠʢ ʣʠʭʘ. 

ʉʫʯʘʩʥʽ ʨʘʜʽʦʩʪʘʥʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʫʧʨʘʚʣʽʥ-

ʥʷ ʨʘʜʽʦʟʚôʷʟʢʦʤ. ʗʢʱʦ ʦʧʝʨʘʪʦʨ ʜʣʷ ʩʢʘʩʫʚʘʥʥʷ ʧʦʤʠʣʢʦʚʦʛʦ ʣʠʭʘ ʽʥʽʮʽʶʻ ʧʨʦʮʝʜʫʨʫ 

ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ, ʪʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʢʣʠʢʫ ʣʠʭʘ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʫʩʽʭ ʯʘʩʪʦʪ-

ʥʠʭ ʧʽʜ ʜʽʘʧʘʟʦʥʘʭ, ʜʝ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʚʠʢʣʠʢʠ ʣʠʢʘ. ʇʽʩʣʷ ʎɺɺ ʩʢʘʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʘʜʽʦʪʝʣʝʬʦʥʥʽ ʢʘʥʘʣʠ/ʯʘʩʪʦʪʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʦʣʦʩʦʚʦʛʦ ʩʢʘʩʫʚʘʥʥʷ. ɺ 

ʨʘʜʽʦʩʪʘʥʮʽʷʭ SAILOR ʩʝʨʽʾ 6000 ʧʨʦʮʝʜʫʨʘ ʩʢʘʩʫʚʘʥʥʷ ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʛʨʘʤʦʚʘʥʦʶ 

ʢʥʦʧʢʦʶ ANNUL ʷʢ ʚ ʋʂʍ ʪʘʢ ʽ ʚ ʇʍ/ʂʍ ʜʽʘʧʘʟʦʥʘʭ ʟ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʻʶ, 

ʷʢʱʦ ʎɺɺ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟ ʙʦʢʫ ʙʝʨʝʛʦʚʦʾ ʩʪʘʥʮʽʾ ʱʝ ʥʝ ʙʫʣʦ ʦʪʨʠʤʘʥʝ. 

ʉʮʝʥʘʨʽʡ 3). 

ʋ ʩʮʝʥʘʨʽʾ 3) ʘʥʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʩʢʘʩʫʚʘʥʥʷ ʚʠʢʣʠʢʫ ʣʠʭʘ ʰʣʷʭʦʤ off ï on ʞʠʚ-

ʣʝʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ. ɼʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦ-

ʮʝʜʫʨʠ ʩʢʘʩʫʚʘʥʥʷ ʣʠʭʘ ʟʘ ʈʝʢʦʤʝʥʜʘʮʽʻʶ 349 ʫ ʚʝʨʩʽʾ 2024 ʨʦʢʫ.  

ɺʩʝʩʚʽʪʥʷ ʨʘʜʽʦʢʦʥʬʝʨʝʥʮʽʷ ʧʦʩʧʽʣʴ ʫ 2019 ʽ 2023 ʨʦʢʘʭ (WRC-2019 & WRC-2023) 

çʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʝʨʝʜʘʯʘ ʪʘ ʨʝʪʨʘʥʩʣʷʮʽʷ ʭʠʙʥʠʭ ʩʠʛʥʘʣʽʚ ʣʠʭʘ ʻ ʟʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ 

ɻʄɿʃɹè, ʟʘʢʣʠʢʘʣʘ ʥʘʮʽʦʥʘʣʴʥʽ ʘʜʤʽʥʽʩʪʨʘʮʽʾ: 

- ʚʞʠʪʠ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʭʠʙʥʠʭ ʩʧʦʚʽʱʝʥʴ ʧʨʦ ʣʠʭʦ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʧʦʪʨʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʷʪʫʚʘʣʴʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

- ʟʘʦʭʦʯʫʚʘʪʠ ʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ɻʄɿʃɹ, ʧʨʠʜʽʣʷʶʯʠ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʥʘʣʝʞʥʦʤʫ ʥʘʚʯʘʥʥʶ. 

ʇʨʦʮʝʜʫʨʘ ʩʢʘʩʫʚʘʥʥʷ ʚ ʋʂʍ, ʇʍ, ʂʍ ʜʽʘʧʘʟʦʥʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ 

[3, 4]: 

RESOLUTION 349 (REV.WRC-19) 

1) Reset the equipment immediately;  

2) If the DSC equipment is capable of cancellation, cancel the alert in accordance with the 

most recent version of Recommendation ITU-R M.493;  

3) Set to channel 16; and  

4) Transmit a broadcast message to ñAll Stationsò giving the shipôs name, call sign and 

maritime mobile service identity (MMSI), and cancel the false distress alert. 

RESOLUTION 349 (REV.WRC-23) 

1) Follow the instructions on the radio screen, if applicable, or  Switch off and switch on 

after 10 seconds, and follow the instructions on the radio screen, if applicable;  

2) If the digital selective-calling (DSC) equipment is capable of cancellation, start the dis-

tress self-cancel operation in accordance with the most recent version of Recommendation ITU-

R M.493;  

3) Set to channel 16; and  

4) Transmit a broadcast message to ñAll Stationsò giving the shipôs name, call sign and 

maritime mobile service identity (MMSI), and cancel the false distress alert. 
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ʇʦ ʩʫʪʽ ʦʙʠʜʚʽ ʧʨʦʮʝʜʫʨʠ ʩʢʘʩʫʚʘʥʥʷ ʫ ʚʝʨʩʽʷʭ WRC-2019 ̔ WRC-2023 ʚʽʜʨʽʟʥʷʶʪʴ-

ʩ ̫ʪʽʣʴʢʠ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʝʨʰʦʛʦ ʧʫʥʢʪʫ: 
 

WRC-2019 1) Reset the equipment immediately; 

WRC-2023 1) Follow the instructions on the radio screen, if applicable, or Switch off and switch on 

after 10 seconds, and follow the instructions on the radio screen, if applicable. 

 

ʆʧʝʨʘʮʽʷ Reset (ʇʝʨʝʟʘʚʘʥʪʘʞʝʥʥʷ) ʫ ʚʝʨʩʽʾ WRC-2019 ʟʘʤʽʥʝʥʘ ʥʘ off ï on (ɺʠ-

ʤʢʥʫʪʠ ï ʋʚʽʤʢʥʫʪʠ) ʦʧʝʨʘʮʽʶ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ ʜʣʷ ʩʮʝʥʘʨʽʶ 

3 (off ï on). 

 
ʈʠʩʫʥʦʢ 2 ï ʋʂʍ ʨʘʜʽʦʩʪʘʥʮʽʷ ʱʦ ʧʝʨʝʜʘʻ ʣʠʭʦ: ʘ) ʧʝʨʝʜʘʯʘ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʣʠʭʦ; ʙ) ʚʠʤʢʥʝʥʥʷ 

ʨʘʜʽʦʩʪʘʥʮʽʾ; ʚ) ʫʚʽʤʢʥʝʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ, ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʚʽʢʥʦ ʟ ʧʨʦʧʦʟʠʮʽʻʶ ʧʨʦʜʦʚʞʠʪʠ ʘʙʦ  

ʩʢʘʩʫʚʘʪʠ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʣʠʭʦ 

 
ʇʽʩʣʷ ʫʚʽʤʢʥʝʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ ʟôʷʚʣʷʻʪʴʩʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘ-

ʪʠʯʥʦʛʦ ʧʦʚʪʦʨʝʥʥʷ ʚʠʢʣʠʢʽʚ ʣʠʭʘ (AUTO-RESUME), ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʜʘ-
ʚʘʥʥʷ ʣʠʭʘ (QUIT SENDING DISTRESS STATE). ʇʦʜʦʚʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʣʠʭʘ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ ʆʂ, ʘʙʦ ʟʘ ʪʘʡʤʝʨʦʤ. ʋ ʨʘʟʽ ʥʘʪʠʩʢʘʥʥʷ QUIT 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʣʠʭʘ. ɺʘʞʣʠʚʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʘʚʘʥʥʷ ʚʠʢʣʠʢʫ 
ʩʘʤʦ-ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʛʘʣʽ. 

ɺʠʩʥʦʚʢʠ 
1. ʈʝʟʦʣʶʮʽʷ WRC-2023 [4] ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʩʫʤʥʽʚʠ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ 

off ï on, ʦʩʢʽʣʴʢʠ ʫ ʨʘʟʽ ʚʠʤʠʢʘʥʥʷ ʨʘʜʽʦʩʪʘʥʮʽʾ ʚʪʨʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ 
ʚʠʢʣʠʢʫ ʩʘʤʦ-ʩʢʘʩʫʚʘʥʥʷ, ʭʦʯʘ ʨʘʜʽʦʩʪʘʥʮʽʷ ʟʜʘʪʥʘ (Capable) ʮʝ ʟʨʦʙʠʪʠ. ʇʨʦʧʦʟʠʮʽʷ 
ñFollow the instructions on the radio screen, if applicable,ò ʜʽʡʩʥʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʩʘʤʦ-
ʩʢʘʩʫʚʘʥʥʷ ʢʥʦʧʢʦʶ ANNUL, ʘʣʝ ʘʣʴʪʝʨʥʘʪʠʚʘ (or) ʫ ʚʠʛʣʷʜʽ ñSwitch off and switch on af-
ter 10 secondsò ʥʝ  ̒ʨʽʚʥʦʮʽʥʥʦʶ ʧʝʨʰʦʾ ʧʨʦʧʦʟʠʮʽʾ ʪʦʤʫ ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʩʘʤʦ-
ʩʢʘʩʫʚʘʥʥʷ. 

2. ʊʝʦʨʝʪʠʯʥʫ ʽ ʪʨʝʥʘʞʝʨʥʫ ʧʽʜʛʦʪʦʚʢʫ ʟ ɻʄɿʃɹ ʪʨʝʙʘ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, 
ʱʦʙ ʢʫʨʩʘʥʪ ʨʦʟʫʤʽʚ ʩʘʤ ʧʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʩʢʘʩʫʚʘʥʥʷ ʭʠʙʥʦʛʦ ʚʠʢʣʠʢʫ 
ʣʠʭʘ, ʘ ʥʝ ʤʝʭʘʥʽʯʥʦ ʩʣʽʜʢʫʚʘʚ ʫʟʘʛʘʣʴʥʝʥʠʤ ʨʝʢʦʤʝʥʜʘʮʽʷʤ. 

3. ɺʘʭʪʦʚʠʡ ʧʦʤʽʯʥʠʢ ʤʘʻ ʙʫʪʠ ʟʥʘʡʦʤʠʡ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 
ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ, ʱʦʙ ʫ ʢʨʠʪʠʯʥʽʡ ʩʠʪʫʘʮʽʾ ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ ʥʝ ʜʦʧʫʩʪʠʪʠ ʧʦʤʠʣʦʢ ʚ 
ʫʧʨʘʚʣʽʥʥʽ ʘʧʘʨʘʪʫʨʦʶ. 
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ɸʥʦʪʘʮʽʷ: ʨʦʟʛʣʷʥʫʪʦ ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʢʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ɻʄɿʃɹ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʫ ʝ-ʥʘʚʽʛʘʮʽʷ, ï ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʦʾ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ NAVDAT. 

ɺʠʷʚʣʝʥʦ ʧʝʨʝʜʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ NAVDAT ʪʘ ʾʾ ʤʽʩʮʝ ʚ ʩʠʩʪʝʤʽ ɻʄɿʃɹ. ɿʨʦʙʣʝʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ NAVDAT ʟ ʩʠʩʪʝʤʦʶ NAVTEX. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝ-ʥʘʚʽʛʘʮʽʷ, ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʙʝʟʧʝʢʘ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʮʠʬʨʦʚʽ ʪʝʭʥʦ-

ʣʦʛʽʾ, ʽʥʬʦʨʤʘʮʽʷ ʟ ʙʝʟʧʝʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʩʪʘʥʜʘʨʪʠ ʢʽʙʝʨ-
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Abstract: one of the directions of modernization of the GMDSS, which is carried out within the 

framework of the e-navigation project, is considered, ï  the implementation of the digital broadband data 

system NAVDAT. The prerequisites for the implementation of NAVDAT and its place in the GMDSS 

system are identified. A comparison of the functional capabilities of NAVDAT with the NAVTEX system 

is made. 
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ɺʩʪʫʧ. ʊʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʥʽʢʠ, ʨʘʜʽʦʟʚ'ʷʟʢʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭ-
ʥʦʣʦʛʽʡ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ-
ʩʷ ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʥʘʭ. ʉʴʦʛʦʜʥʽ ʮʷ ʨʦʙʦʪʘ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʝ-
ʥʘʚʽʛʘʮʽʷ, ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʷʢʦʛʦ ʻ ʇʽʜʢʦʤʽʪʝʪ ʟ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʩʪʚʘ, ʟʚ'ʷʟʢʫ, ʧʦʰʫʢʫ ʪʘ 
ʨʷʪʫʚʘʥʥʷ (Sub-Committee on Safety of Navigation, Communication and Search and Rescue ï 
NCSR) [1]. ɿ 2016 ʨʦʢʫ ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʨʦʙʦʪʠ ʟ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ɻʄɿʃɹ 
[2,3], ʦʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʷʢʦʛʦ ʻ ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʥʘ-
ʟʝʤʥʠʭ ʤʝʨʝʞ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʥʘʚʽʛʘʮʽʾ ʻ 
ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʥʘʟʝʤʥʠʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʦʚʠʭ ʜʣʷ  ʤʦʨʩʴʢʦʛʦ ʨʘ-
ʜʽʦʟʚ'ʷʟʢʫ ʧʨʠʥʮʠʧʘʭ. ɿ ʨʦʟʚʠʪʢʦʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʧʦʪʨʝʙʠ ʫ ʰʚʠʜʢʽ-
ʩʥʦʤʫ ʡ ʥʘʜʽʡʥʦʤʫ ʦʙʤʽʥʽ ʥʘʚʽʛʘʮʽʡʥʦʶ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚʠʥʠʢʣʘ ʥʝʦʙ-
ʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʤʦʨʩʴʢʦʛʦ ʟʚôʷʟʢʫ. ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʥʘʚʽʛʘʮʽʡ-
ʥʦʾ ʙʝʟʧʝʢʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʦʚʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ (SAR), ʧʝʨʝʜʘʯʽ 
ʥʘʚʽʛʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʩʪʚʘ (MSI) ʚʩʝ ʙʽʣʴʰʝ ʚʠʤʘʛʘʶʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ 
ʘʥʘʣʦʛʦʚʠʭ ʜʦ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʎʠʬʨʦʚʘ ʰʠʨʦʢʦʩʤʫʛʦʚʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ  
NAVDAT  (Navigational Data) ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʘ ʽʜʝ ʥʘ ʟʘʤʽʥʫ 
ʧʦʧʝʨʝʜʥʽʡ ʩʠʩʪʝʤʽ NAVTEX. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ 
ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ, ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʾʭ ʦʥʦʚʣʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ 
ʜʦʩʪʘʪʥʶ ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʩʫʯʘʩʥʠʤʠ ʩʫʜʥʦʚʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟʦʢʨʝʤʘ 
ECDIS. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʉʠʩʪʝʤʘ NAVDAT  ʚʠʥʠʢʣʘ ʷʢ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʦʪʨʝʙʠ ʩʫʯʘʩʥʦʛʦ 
ʤʦʨʝʧʣʘʚʩʪʚʘ ʪʘ ʩʪʘʥʜʘʨʪʠ ʝ-ʥʘʚ̔ʛʘʮʽʾ ʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ, ʥʘʜʽʡʥʦʤʫ ʪʘ ʰʚʠʜʢʦʤʫ ʩʧʦ-
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ʩʦʙʽ ʧʝʨʝʜʘʯʽ ʤʦʨʩʴʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʥʘʚʽʛʘʮʽʡʥʽ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʧʨʦʛʥʦʟʠ ʧʦʛʦ-
ʜʠ, ʽʥʬʦʨʤʘʮʽʶ ʟ ʙʝʟʧʝʢʠ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ ʽʥʰʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʨʘʤʢʘʭ ɻʄɿʃɹ. ɿ ʨʦʟʚʠ-
ʪʢʦʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʦʪʨʝʙʦʶ ʚ ʽʥʪʝʛʨʘʮʽʾ ʛʨʘʬʽʯʥʦʾ ʽ ʤʫʣʴʪʠʤʝʜʽʡʥʦʾ ʽʥʬʦʨʤʘ-
ʮʽʾ ʚ ʨʘʤʢʘʭ ʮʠʬʨʦʚʦʾ ʥʘʚʽʛʘʮʽʾ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʢʘʨʪ 
(ENC), ʟ'ʷʚʠʣʘʩʷ ʧʦʪʨʝʙʘ ʫ ʥʦʚʦʤʫ, ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦʤʫ ʨʽʰʝʥʥʽ, ʷʢʠʤ ʩʪʘʣʘ ʩʠʩʪʝʤʘ 
NAVDAT ʽ  ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʴʦʛʦʜʥʽ ʷʢ ʨʝʘʣʴʥʘ ʧʝʨʝʜʫʤʦʚʘ ʜʣʷ ʟʘʤʽʥʠ ʘʙʦ ʜʦʧʦʚʥʝʥʥʷ 
ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ NAVTEX  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ NAVDAT  ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʝʚʦ-
ʣʶʮʽʻʶ ɻʄɿʃɹ. ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʝʟʧʝʢʠ ʤʦ-
ʨʝʧʣʘʚʩʪʚʘ ʚ ʥʘʟʝʤʥʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʠʩʪʝʤʘ NAVTEX, ʷʢʘ ʬʫʥʢʮʽ-
ʦʥʫʻ ʥʘ ʯʘʩʪʦʪʘʭ 518 ʢɻʮ, 490 ʢɻʮ ʪʘ 4209,5 ʢɻʮ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ 
ʧʨʦʩʪʦʪʫ, ʩʠʩʪʝʤʘ ʤʘʻ ʩʫʪʪʻʚʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʬʦʨʤʘʪʫ ʧʦʚʽʜʦ-
ʤʣʝʥʴ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 100 ʙʽʪ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʚʠʤʦʛʘʤ ʤʠʥʫ-
ʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʘʣʝ ʚʠʷʚʠʣʦʩʴ ʥʝʜʦʩʪʘʪʥʽʤ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. NAVTEX ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ 
ʣʠʰʝ ʚ ʬʦʨʤʘʪʽ ASCII, ʱʦ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʛʨʘ-
ʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʤʝʪʝʦʢʘʨʪʠ, ʣʴʦʜʦʚʽ ʢʘʨʪʠ, ʩʭʝʤʠ ʩʫʜʥʦʚʠʭ ʭʦʜʽʚ) ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʪ-
ʨʠʤʢʠ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʨʩʴʢʠʭ ʮʠʬʨʦʚʠʭ ʬʦʨʤʘʪʽʚ (S-57, S-100). ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʩʣʘʙ-
ʢʠʭ ʩʪʦʨʽʥ NAVTEX ʻ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʚʘʞʣʠʚʠʭ 
ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʽ ʨʠʟʠʢʠ ʜʣʷ ʤʦʨʩʴʢʦʾ ʙʝʟʧʝʢʠ. 

ɺ ʫʤʦʚʘʭ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʘ-
ʥʠʭ, ʱʦ ʤʘʶʪʴ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʥʦʤ, ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ 
ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʦʩʤʫʛʦʚʫ, ʥʘʜʽʡʥʫ ʪʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʫ ʧʝʨʝʜʘʯʫ 
ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

ʋ ʨʘʤʢʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ɻʄɿʃɹ, NAVDAT  ʚʠʢʦʥʫʻ ʢʽʣʴʢʘ ʩʪʨʘʪʝʛʽʯʥʠʭ 
ʬʫʥʢʮʽʡ [5]: 

1. ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʮʠʬʨʦʚʠʤʠ ʩʝʨʚʽʩʘʤʠ ï NAVDAT  ʧʽʜʪʨʠʤʫʻ ʘʚʪʦʤʘʪʠʯʥʫ 
ʧʝʨʝʜʘʯʫ ʧʦʚʽʜʦʤʣʝʥʴ ʪʠʧʫ MSI (Maritime Safety Information) ʽ SAR (Search and Rescue), 
ʜʦʟʚʦʣʷʶʯʠ ʛʘʨʤʦʥʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʟ ECDIS, INS ʪʘ ʽʥʰʠʤʠ ʩʫʜʥʦʚʠʤʠ ʩʠʩ-
ʪʝʤʘʤʠ. 

2. ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ï ʟʘʚʜʷʢʠ ʢʦʜʫʚʘʥʥʶ, ʚʝʨʠʬʽʢʘʮʽʾ 
ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʮʠʬʨʦʚʠʤ ʧʽʜʧʠʩʘʤ, NAVDAT  ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʪʘʥʜʘʨʪʽʚ ʢʽʙʝʨʙʝʟ-
ʧʝʢʠ ʪʘ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢʠ ʧʦʤʠʣʦʢ. 

3. ʇʦʢʨʘʱʝʥʥʷ ʩʪʫʧʝʥʷ ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʝʢʽʧʘʞʫ ï ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʥʥʷ 
ʛʨʘʬʽʯʥʦʾ ʽ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʜʨʫʞʥʴʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʩʧʨʠʡʥʷʪʪʷ ʪʘ 
ʘʥʘʣʽʟ ʜʘʥʠʭ. 

4. ʇʽʜʪʨʠʤʢʘ ʢʦʥʮʝʧʮʽʾ ʝ-ʥʘʚʽʛʘʮʽʷ ï NAVDAT  ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʨʦʟʚʠʪʢʫ 
ʝʣʝʢʪʨʦʥʥʦʾ ʥʘʚʽʛʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʜʦʩʪʘʚʢʫ ʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨ-
ʤʘʮʽʾ ʫ ʧʦʪʨʽʙʥʠʡ ʯʘʩ ʫ ʧʦʪʨʽʙʥʝ ʤʽʩʮʝ. 

 
ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ NAVDAT  ʽ NAVTEX 

ʂʨʠʪʝʨʽʡ NAVDAT  NAVTEX  

ʊʠʧ ʤʦʜʫʣʷʮʽʾ OFDM(ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʤʫʣʴʪʠʧʣʝʢʩ ʟ 

ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ) 

F1B 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 0.3 ï 29 ʢʙʽʪ/ʩ 100 ʙʽʪ/ʩ 

ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ɼʦ 10 ʢɻʮ ʇʨʠʙʣʠʟʥʦ 300 ɻʮ 

ʌʦʨʤʘʪʠ ʧʝʨʝʜʘʥʠʭ ʜʘ-

ʥʠʭ 

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ: ʪʝʢʩʪ, ʨʘʩʪʨʦʚʽ ʪʘ 

ʚʝʢʪʦʨʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʬʘʡʣʠ GRIB, S-

100, XML 

ʃʠʰʝ ASCII-ʪʝʢʩʪ, 

ʣʽʤʽʪʦʚʘʥʠʡ ʦʙʩʷʛʦʤ 

(ʜʦ ~500 ʩʣʽʚ) 

ʇʦʢʨʠʪʪʷ (ʜʽʘʧʘʟʦʥ ʜʽʾ) ɺʽʜ 100 ʜʦ 400 ʤʦʨʩʴʢʠʭ ʤʠʣʴ (ʟʘ-

ʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʽ ʨʝʞʠʤʫ ʧʝʨʝ-

ʜʘʯʽ) 

~200ï400 ʤʦʨʩʴʢʠʭ 

ʤʠʣʴ (ʟʘʣʝʞʥʦ ʚʽʜ ʧʦ-

ʪʫʞʥʦʩʪʽ ʪʘ ʟʘʚʘʜ) 
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ʇʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ 6ï50 ʢɺʪ PEP (ʧʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ) 0.75ï1.5 ʢɺʪ 

(ʧʦʩʪʽʡʥʘ) 

ʊʠʧ ʢʦʜʫʚʘʥʥʷ QAM (Quadrature Amplitude Modula-

tion), ʟ ʢʦʜʘʤʠ ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʦʢ 

ɹʝʟ ʢʦʨʝʢʮʽʾ, ʧʨʦʩʪʠʡ 

ʬʦʨʤʘʪ ʪʝʢʩʪʫ 

ʈʝʞʠʤ ʧʝʨʝʜʘʯʽ ʇʘʢʝʪʥʘ, ʟ ʙʘʛʘʪʦʨʽʚʥʝʚʠʤ ʢʦʜʫʚʘʥ-

ʥʷʤ ʪʘ ʨʦʟʜʽʣʝʥʥʷʤ ʢʦʥʪʝʥʪʫ ʟʘ ʪʝ-

ʤʘʤʠ 

ʇʦʩʣʽʜʦʚʥʘ ʧʝʨʝʜʘʯʘ 

ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʚʽʜʦʤ-

ʣʝʥʴ 

ʉʫʤʽʩʥʽʩʪʴ ʟ  

e-Navigation 

ʇʦʚʥʘ ʧʽʜʪʨʠʤʢʘ, ʚʢʣʶʯʥʦ ʟ ʘʚʪʦʤʘ-

ʪʠʯʥʠʤ ʦʥʦʚʣʝʥʥʷʤ ECDIS 

ʆʙʤʝʞʝʥʘ 

ɻʥʫʯʢʽʩʪʴ/ʨʦʟʰʠʨʝʥʥʷ ʄʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʽʜ ʨʽʟʥʽ 

ʨʝʞʠʤʠ, ʘʜʘʧʪʠʚʥʘ ʤʦʜʫʣʷʮʽʷ 

ʉʪʘʪʠʯʥʠʡ ʧʨʦʪʦʢʦʣ 

ʅʘʷʚʥʽʩʪʴ ʩʧʩʦʙʫ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ  

ʄʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʨʽʚʥʽ ʽʥʪʝ-

ʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ɺʽʜʩʫʪʥʻ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʨʦʙʢʠ ʇʦʚʥʘ, ʟ ʨʦʟʧʦʜʽʣʦʤ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘ 

ʪʠʧʘʤʠ ʪʘ ʘʜʨʝʩʘʮʽʻʶ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʠʩʪʝʤ 

ɺʽʜʩʫʪʥʷ, ʚʩʷ ʦʙʨʦʙʢʘ 

ï  ʚʨʫʯʥʫ 

ʇʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʦʚʠʤʠ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ 

IHO, ITU-R M.2010 

ITU-R M.540-2 

 
ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ NAVDAT  ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪʥʠʭ 

ʨʝʩʫʨʩʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

NAVTEX ʟ ʡʦʛʦ ʬʽʢʩʦʚʘʥʠʤ ʨʦʟʢʣʘʜʦʤ ʧʝʨʝʜʘʯ ʪʘ ʦʙʤʝʞʝʥʠʤ ʥʘʙʦʨʦʤ ʯʘʩʪʦʪ, NAVDAT  

ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥ ʫ ʝʬʽʨʽ, ʚʠʙʠʨʘʶʯʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʯʽ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ ʽʦʥʦʩʬʝʨʥʠʭ ʟʙʫʨʝʥʴ ʘʙʦ ʧʨʠ ʟʥʘʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʯʘ-

ʩʪʦʪʠ. 

ʆʢʨʝʤʦ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʧʽʜʪʨʠʤʢʫ NAVDAT ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ NAVTEX, ʷʢʠʡ ʚʟʘʛʘʣʽ ʥʝ ʤʘʻ ʟʘʭʠʩʪʫ ʚʽʜ ʢʽʙʝʨʘʪʘʢ, NAVDAT ʨʝʘʣʽʟʫʻ ʤʝ-

ʭʘʥʽʟʤʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ, ʰʠʬʨʫʚʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʭʠʩʪʫ 

ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʥ̔ʬʦʨʤʘʮʽʾ, ʧʦʚ'ʷʟʘʥʦʾ 

ʟ ʙʝʟʧʝʢʦʶ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ NAVDAT  ʽ NAVTEX [ 6]  ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ NAVDAT  ʪʘ NAVTEX ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚ-

ʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʷʢ ʫ ʨʽʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʪʘʢ ʽ ʫ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ. NAVDAT  ʻ ʩʫʯʘʩʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʤʦʛʠ ʢʦʥʮʝʧʮʽʾ e-

ʥʘʚʽʛʘʮʽʾ ʪʘ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʫ ʧʝʨʝʜʘʯʫ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘ-

ʮʽʾ ʨʽʟʥʦʛʦ ʪʠʧʫ: ʪʝʢʩʪ, ʛʨʘʬʽʢʘ, ʤʝʪʝʦʜʘʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ. ʉʠʩʪʝʤʘ ʨʝʘʣʽʟʫʻ ʘʜʘʧʪʠʚʥʫ 

ʮʠʬʨʦʚʫ ʤʦʜʫʣʷʮʽʶ (OFDM), ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʘʚʘʜ, ʚʠʩʦʢʫ ʤʘʩʰʪʘʙʦʚʘ-

ʥʽʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʦʙʨʦʙʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʟ ECDIS. ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦ-

ʩʪʽ ʜʣʷ ʧʦʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ NAVDAT  ʫ ʤʘʡʙʫʪʥʶ ʘʨʭʽʪʝʢʪʫʨʫ ɻʄɿʃɹ ʪʘ ʮʠʬʨʦʚʦʛʦ ʤʦʨʩʴ-

ʢʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʛʘʣʦʤ. 

ʅʘ ʨʠʩ.1 [2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ NAVDAT, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧôʷʪʠ ʤʦ-

ʜʫʣʽʚ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʩʠʩʪʝʤʘ, ʙʝʨʝʛʦʚʘ ʤʝʨʝʞʘ, ʙʝʨʝʛʦʚʠʡ ʧʝʨʝʜʘʚʘʯ, ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʪʘ 

ʩʫʜʥʦʚʠʡ ʧʨʠʡʤʘʯ. 

NAVDAT  ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʨʩʴʢʦʛʦ ʟʚ'ʷʟʢʫ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʯʠ ʨʦʟʧʦʜʽʣʝʥʫ ʤʝʨʝʞʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʘʪʠ ʢʽʣʴ-

ʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ - ʛʽʜʨʦʛʨʘʬʽʯʥʽ ʩʣʫʞʙʠ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʮʝʥʪʨʠ, ʨʷʪʫʚʘʣʴʥʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʮʝʥʪʨʠ. ʎʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ NAVTEX, ʜʝ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦʭʦʜʠʪʴ ʞʦʨʩʪʢʫ ʬʽʣʴʪʨʘʮʽʶ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʮʝʥʪʨʠ. 

ʇʨʦʚʝʜʝʥʽ ʪʝʩʪʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ NAVDAT, ʧʽʣʦʪʥʽ ʧʨʦʝʢʪʠ ʚ ʂʠʪʘʾ ʽ ʌʨʘʥ-

ʮʽʾ [7,8,9,10] ʧʽʜʪʚʝʨʜʠʣʠ ʾʾ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʪʝʭʥʽʯʥʫ ʛʦʪʦʚʥʽʩʪʴ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʤʦʨʩʴʢʠʭ ʫʤʦʚʘʭ. ʋʩʧʽʰʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽ-
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ʪʫ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ NAVDAT  ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʩʰʪʘʙʥʝ ʧʦʢʨʠʪʪʷ ʡ ʽʥʪʝʛʨʘʮʽʶ ʟ ʩʫ-

ʯʘʩʥʠʤʠ ʩʫʜʥʦʚʠʤʠ ʥʘʚʽʛʘʮʽʡʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʤʦʜʝ-

ʨʥʽʟʘʮʽʾ ɻʄɿʃɹ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʬʨʦʚʦʾ ʤʦʨʩʴʢʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ.  

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ NAVDAT  

 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʠ NAVDAT  ʫ ɻʄɿʃɹ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʦʨʩʴʢʦʾ ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʴʦʛʦʜʥʽ ʮʝʡ ʧʨʦʮʝʩ 

ʪʨʠʚʘʻ ʫ ʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

ʥʦʨʤʘʪʠʚʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʯʝʨʝʟ IMO, ITU, IHO ʪʘ ʽʥʰʽ ʨʝʛʫʣʷʪʦʨʥʽ ʦʨʛʘʥʠ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ, ʤʝʪʦʜʠʢ ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʩʝʨʪʠʬʽʢʘʮʽʾ; 

ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ: ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʦʙʣʘʜʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, Nautel-Navigation) ʨʦ-

ʟʨʦʙʣʷʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʝʨʝʛʦʚʠʭ ʩʪʘʥʮʽʡ ʪʘ ʩʫʜʥʦʚʠʭ ʧʨʠʡʤʘʯʽʚ, ʟʜʘʪʥʠʭ 

ʧʨʠʡʤʘʪʠ, ʜʝʢʦʜʫʚʘʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʬʦʨʤʘʪʘʭ S-100, XML , JPEG2000 

ʪʦʱʦ; 

ʦʧʝʨʘʪʠʚʥʘ ʽʥʪʝʛʨʘʮʽʷ: ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʧʨʦʚʘʡʜʝʨʘʤʠ MSI, ʮʝʥʪʨʘʤʠ 

ʧʦʨʷʪʫʥʢʫ, ʤʝʪʝʦʩʣʫʞʙʘʤʠ ʪʘ ʧʦʨʪʦʚʠʤʠ ʦʨʛʘʥʘʤʠ, ʱʦ ʛʦʪʫʶʪʴ ʢʦʥʪʝʥʪ ʜʣʷ ʪʨʘʥʩʣʷʮʽʾ 

ʯʝʨʝʟ NAVDAT. 

ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʩʪʚʘ, ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʤʦʨʩʴʢʦʛʦ ʪʨʘʬʽʢʫ, ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʝ-ʥʘʚʽʛʘʮʽʾ  ʪʘ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʥʘʚʽʛʘʮʽʾ, ʟʦʢʨʝʤʘ S-100, 

ʩʬʦʨʤʫʚʘʣʠ ʦʙ'ʻʢʪʠʚʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʩʪʚʘ, ʟʜʘʪʥʦʾ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʥʝ ʣʠʰʝ ʪʝʢʩʪʫ, ʘ ʡ ʙʘʛʘʪʦʬʦʨʤʘʪ-

ʥʠʭ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ NAVDAT  ʚʠʩʪʫʧʘʻ ʷʢ ʚʠʩʦʢʦʝ-

ʬʝʢʪʠʚʥʝ ʜʦʧʦʚʥʝʥʥʷ, ʘ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ï ʷʢ ʧʦʪʝʥʮʽʡʥʘ ʟʘʤʽʥʘ ʜʣʷ ʩʠʩʪʝʤʠ NAVTEX. 
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ɼʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʣʦʛʽʚ, ʘ ʪʘʢʦʞ ʨʝ-
ʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʽ ʤʫʣʴʪʠʩʠʩʪʝʤʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʤʦʜʫʣʽʚ. ʇʦʢʘʟʘʥʦ 
ʤʦʞʣʠʚʦʩʪʽ ʩʪʝʥʜʫ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʶʚʘʥʥʷ, ʷʢʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, 
ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ʽ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʫ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 
ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʪʘ 
ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɻʅʉʉ; NMEA-0183; ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ; ʥʘʚʽʛʘʮʽʡʥʽ ʜʘʥʽ; ʩʫʧʫʪʥʠʢʦʚʘ 
ʥʘʚʽʛʘʮʽʷ; ʢʽʙʝʨʨʠʟʠʢʠ ʫ ʥʘʚʽʛʘʮʽʾ; ʤʦʨʩʴʢʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. 
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Abstract. The paper examines the development and practical application of a laboratory stand de-
signed for studying marine GNSS receivers. The system includes an antenna, a receiver, and a personal 
computer equipped with software for recording and analyzing NMEA messages. The structure of naviga-
tion data is analyzed in detail, with examples of logs and results of testing multi-frequency and multi-
system navigation modules provided. The standôs capabilities for assessing positioning accuracy, satel-
lite signal quality, interference effects, and performance in differential modes are demonstrated. The 
proposed approach can be applied in the educational process for training maritime specialists and en-
hancing competence in the field of navigation system cybersecurity 

Keywords: GNSS; NMEA-0183; laboratory stand; navigation data; satellite navigation; naviga-
tion cybersecurity risks; maritime navigation systems. 

 

ɺʩʪʫʧ. ʇʨʠʡʤʘʯʽ ɻʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ (ɻʅʉʉ) ʻ ʦʩʥʦʚ-
ʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. ɹʝʟʧʝʨʝʨʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʘ ʯʘʩʦ-
ʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟʘ ʚʩʝʩʚʽʪʥʽʤ ʢʦʦʨʜʠʥʦʚʘʥʠʤ ʯʘʩʦʤ (UTC) ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥ-
ʥʷ ʩʫʜʥʦʚʠʭ ʩʠʩʪʝʤ ʥʘʚʽʛʘʮʽʾ ʪʘ ʨʘʜʽʦʟʚôʷʟʢʫ (GMDSS). ʊʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ 
ʜʣʷ ʩʫʜʥʦʚʠʭ ʤʦʨʩʴʢʠʭ ʧʨʠʡʤʘʯʽʚ ɻʅʉʉ ʚʠʟʥʘʯʝʥʽ ʨʝʟʦʣʶʮʽʻʶ ɯʄʆ [1]. 

ʉʫʯʘʩʥʽ ʤʦʨʩʴʢʽ ʧʨʠʡʤʘʯʽ ɻʅʉʉ ʻ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ ʽ ʤʫʣʴʪʠʩʠʩʪʝʤʥʠʤʠ ʧʨʠ-
ʩʪʨʦʷʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʅʉʉ ʤʦʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. ɼʣʷ ʧʽʜʚʠ-
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ʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʠʡʤʘʯʽʚ ɻʅʉʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʢʦʨʝʢʮʽʾ ʥʘ 
ʦʩʥʦʚʽ ʜʦʧʦʚʥʶʶʯʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (Satellite Based Augmented System, 
SBAS) ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʧʦʢʨʠʪʪʷ, ʇʽʚʥʽʯʥʝ - ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʪʘ ɸʟʽʡʩʴʢʦʛʦ ʨʝʛʽʦʥʽʚ. 

ʊʘʙʣʠʮʷ 1 ï ɻʅʉʉ, ʩʠʛʥʘʣʠ ʪʘ ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ ʤʦʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʉʠʩʪʝʤʘ ʉʠʛʥʘʣ ʏʘʩʪʦʪʘ, ʄɻʮ ʇʨʠʟʥʘʯʝʥʥʷ 

GPS L1 C/A 1575.42 ʆʩʥʦʚʥʠʡ ʮʠʚʽʣʴʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʚʩʽʭ ʤʦʨʩʴʢʠʭ ʧʨʠʡ-

ʤʘʯʽʚ GPS; ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʫ GMDSS, AIS, ECDIS 

L5 1176.45 ɺʠʩʦʢʦʪʦʯʥʠʡ ʩʠʛʥʘʣ (Safety-of-Life); ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʤʦʨʩʴʢʠʭ GNSS ʧʨʠʡʤʘʯʘʭ 

https://www.gps.gov/technical/icwg/ 

GLONASS L1OF å1602.0 Ñ 

k×0.5625 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʜʚʦʩʠʩʪʝʤʥʠʭ GPS/GLONASS 

ʤʦʨʩʴʢʠʭ ʧʨʠʡʤʘʯʘʭ 

L3OC 1202.025 ʅʦʚʠʡ ʮʠʚʽʣʴʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʩʫʤʽʩʥʦʩʪʽ ʟ 

Galileo/BeiDou ʫ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ 

Galileo E1 

(OS) 

1575.42 ɺʽʜʢʨʠʪʘ ʩʣʫʞʙʘ, ʩʫʤʽʩʥʘ ʟ GPS L1; ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʫ ʤʦʨʩʴʢʠʭ ʙʘʛʘʪʦʩʠʩʪʝʤʥʠʭ ʧʨʠʡʤʘʯʘʭ 

https://galileognss.eu/ 

E5a 1176.45 ɺʠʩʦʢʦʪʦʯʥʠʡ ʩʠʛʥʘʣ; ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʥʘʚʽʛʘʮʽʾ ʧʽʜ-

ʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ (ECDIS, VDES) 

BeiDou  B1C 1575.42 ʉʫʤʽʩʥʠʡ ʽʟ GPS L1/E1; ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʠʡʤʘ-

ʯʘʭ ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ 

B2a 1176.45 ɺʠʩʦʢʦʪʦʯʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʥʘʚʽʛʘʮʽʾ 

http://en.beidou.gov.cn/ 

SBAS 

(EGNOS, 

WAAS, 

MSAS) 

L1 / L5 1575.42 / 1176.45 ʉʠʛʥʘʣʠ ʢʦʨʝʢʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡ-

ʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʨʘʡʦʥʘʭ ɭʚʨʦʧʠ, 

ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ, ɸʟʽʾ 

 

ɺ ʫʤʦʚʘʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʢʽʙʝʨʧʦʨʫʰʝʥʴ ʚʽʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ 

ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʡʤʘʯʽʚ ɻʅʉʉ ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɸʜʝʢʚʘʪʥʝ, ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʘʪʘʢʠ ʧʦʨʫʰʝʥʥʷ ʜʦ ʩʠʛʥʘʣʽʚ ɻʅʉʉ ʧʦʪʨʝʙʫʻ ʧʦ-

ʛʣʠʙʣʝʥʠʭ ʟʥʘʥʴ ʪʘ ʧʨʘʢʪʠʢ ʩʫʜʥʦʚʦʾ ʢʦʤʘʥʜʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʤʦʨʩʴʢʦʾ ʙʝʟʧʝʢʠ. 

ʎʽʣʣʶ ʜʦʧʦʚʽʜʽ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦ-

ʩʣʽʜʥʠʮʴʢʦʛʦ ʩʪʝʥʜʫ ʧʨʠʡʤʘʯʽʚ ɻʅʉʉ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʩʪʝʥʜ ʚ ʙʘʟʦʚʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʪʝʥʠ, ʧʨʠʡʤʘʯʘ GPS 

ʪʠʧʫ SPR-1400, ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

(ʨʠʩ. 1).  

 
                                        ʈʠʩʫʥʦʢ 1 ï  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʩʪʝʥʜʫ 

 

 ʇʽʜʢʣʶʯʝʥʥʷ ʧʨʠʡʤʘʯʘ GPS ʜʦ ʢʦʤʧôʶʪʝʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ USB ʧʦʨʪ. ʇʝʨʝʜʘ-

ʚʘʥʥʷ ʜʘʥʠʭ ʫ ʥʘʧʨʷʤʢʫ ʧʨʠʡʤʘʯ GPS ï ʢʦʤʧôʶʪʝʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ ʧʨʦʪʦ-

ʢʦʣʦʤ ʦʙʤʽʥʫ ʜʘʥʠʭ IEC-61162-1/2 (NMEA-0183). ʄʦʞʣʠʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʽʥʰʠʭ ʧʨʠʡ-
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ʤʘʯʽʚ ʟʘʤʽʩʪʴ SPR-1400 ʪʘ ʘʥʪʝʥ (ʟʘ ʥʘʷʚʥʽʩʪʶ) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʘʥʪʝʥ ʟ ʢʝʨʦʚʘʥʦʶ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (Controlled Receiver Pattern Antennaʙ CRPA). 

 
ʘ)                          ʙ)       ʚ) 

ʈʠʩʫʥʦʢ 2 ï ʉʢʣʘʜʦʚʽ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʩʪʝʥʜʫ: ʘ) ʘʥʪʝʥʘ, ʙ) ʧʨʠʡʤʘʯ GPS,  

ʚ) ʟʦʙʨʘʞʝʥʥʷ çʤʽʰʝʥʴè ʦʙʯʠʩʣʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ 

 

ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʞʫʨʥʘʣʠ (ʣʦʛʠ) ʧʨʠʡʥʷʪʠʭ ʧʦʚʽʜʦʤʣʝʥʴ 

ʧʨʠʡʤʘʯʘ ɻʅʉʉ, ʚʽʜʦʙʨʘʞʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʭ, ʧʝʨʝʜʘ-

ʚʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʫ ʩʝʨʝʜʦʚʠʱʽ MatLab. 

ʇʨʠʢʣʘʜ ʜʝʢʽʣʴʢʦʭ ʨʷʜʢʽʚ ʞʫʨʥʘʣʫ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʠʡʤʘʯʘ ʥʘʚʝʜʝʥʠʡ ʥʠʞʯʝ: 

$GPDTM,W84,,0.0000,N,0.0000,E,0.0000,W84*5F 

$GPGGA,092129.00,4628.9788,N,03042.7097,E,1,10,00.7,0067,M,0031,M,,*62 

$GPGNS,092129.00,4628.9788,N,03042.7097,E,A,10,00.7,0067,0031,,*09 

$GPGBS,092129.00,2.8,2.5,6.2,,,,*49 

$GPGLL,4628.9788,N,03042.7097,E,092129.00,A,A*62 

$GPRMC,092129.00,A,4628.9788,N,03042.7097,E,00.0,000.0,250425,,,A*61 

$GPVTG,000.0,T,,,00.0,N,00.0,K,A*40 

$GPZDA,092129,25,04,2025,-00,00*62 

$GPDTM,W84,,0.0000,N,0.0000,E,0.0000,W84*5F 

$GPGGA,092130.00,4628.9788,N,03042.7097,E,1,10,00.7,0067,M,0031,M,,*6A 

$GPGNS,092130.00,4628.9788,N,03042.7097,E,A,10,00.7,0067,0031,,*01 

$GPGBS,092130.00,2.8,2.5,6.2,,,,*41 

$GPGLL,4628.9788,N,03042.7097,E,092130.00,A,A*6A 

ʌʦʨʤʘʪ ʨʝʯʝʥʴ NMEA ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʰʠʤ ʩʠʤʚʦʣʦʤ ʟʥʘʢ $. ɼʘʣʽ ʽʜʫʪʴ 

ʜʚʽ ʣʽʪʝʨʠ GP, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʜʞʝʨʝʣʦ ʜʘʥʠʭ (Talker). ʅʘʩʪʫʧʥʽ 3 ʣʽʪʝʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʥʘʟʚʠ ʨʝʯʝʥʥʷ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʝ ʨʝʯʝʥʥʷ $GPRMC - Recommended Minimum 

Specific GNSS Data, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʦʨʜʠʥʘʪʠ, ʢʫʨʩ ʽ ʯʘʩ. ɿʥʘ-

ʯʝʥʥʷ ʫʩʽʭ ʧʦʣʽʚ ʜʘʥʠʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2. 

 
NMEA Sentence: $GPRMC,092129.00,A,4628.9788,N,03042.7097,E,00.0,000.0,250425,,,A*61

 
 

ʊʘʙʣʠʮʷ 2 ï  ɸʥʘʣʽʟ ʨʝʯʝʥʥʷ $GPRMC 

ʇʦʣʝ No. ɿʥʘʯʝʥʥʷ ʈʦʟʰʠʬʨʫʚʘʥʥʷ ʇʦʷʩʥʝʥʥʷ 

1 092129.00 UTC Time 09:21:29.00 (UTC) 

2 A Status A = Data valid (V = invalid) 

3 4628.9788 Latitude 46Á28.9788ǋ N 

4 N Latitude Hemisphere North 

5 03042.7097 Longitude 30Á42.7097ǋ E 

6 E Longitude Hemisphere East 

7 00.0 Speed Over Ground (SOG) 0.0 knots (å 0.0 km/h) 
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8 000.0 Course Over Ground (COG) 000.0° (true) 

9 250425 Date (ddmmyy) 25 April 2025 

10 (empty) Magnetic Variation Not provided 

11 (empty) Magnetic Variation Direction Not provided 

12 A Mode Indicator A = Autonomous GNSS fix 

Checksum *61 Checksum Valid (XOR of characters between $ and 

* = 61) 
 

ʅʘ ʨʠʩ. 2 (ʚ) ʥʘʚʝʜʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʪʦʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʫ ʨʝʞʠʤʽ 

çʄʽʰʝʥʴè. ʂʽʣʴʮʷ ʜʘʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʽ ʟ ʢʨʦʢʦʤ ʨʘʜʽʫʩʘ 2,5 ʤʝʪʨʘ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦ-

ʚʦʜʠʣʠʩʴ 25 ʢʚʽʪʥʷ 2025 ʨ. ʇʨʠʡʤʘʯ ʚʠʜʘʻ ʢʦʦʨʜʠʥʘʪʠ ʢʦʞʥʫ ʩʝʢʫʥʜʫ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴʩʷ 

ʟʝʣʝʥʦʶ ʢʨʘʧʢʦʶ (ɸʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʙʝʟ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʢʦʨʝʢʮʽʾ). ʉʧʦʩʪʝʨʽʛʘʣʦʩʴ ʘʥʦ-

ʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʦʙʯʠʩʣʝʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʷʢʝ ʤʦʛʣʦ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʧʦʚʽʪʨʷʥʦʾ ʪʨʠʚʦʛʠ, 

ʦʙôʷʚʣʝʥʦʾ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʉʪʝʥʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʫʣʴʪʠʩʠʩʪʝʤʥʽ ʧʨʠʡʤʘʯʽ ɻʅʉʉ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʛʦ ʧʨʠʡʤʘʯʘ [3].  

 

                        ʈʠʩʫʥʦʢ 3 ï ʈʦʟʰʠʬʨʫʚʘʥʥʷ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ ʟ ʚʠʭʦʜʫ ʤʦʜʫʣʷ u-blox NEO-F10N 
 

 ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʪʦʚʧʯʠʢʦʚʽ ʛʨʘʬʽʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʤʫʣʴ-
ʪʠʩʠʩʪʝʤʥʦʛʦ ʧʨʠʡʤʘʯʘ ɻʅʉʉ ʪʠʧʫ u-blox NEO-F10N ʧʨʦʬʝʩʽʡʥʦʛʦ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʢʣʘʩʫ, 
ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣʠ ʚʽʜ ʢʽʣʴʢʦʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (GPS, Galileo, BeiDou, 
SBAS).  

ɸʥʘʣʽʟ ʧʦ ʩʝʢʮʽʷʭ: 
1. ɿʘʛʘʣʴʥʽ ʜʘʥʽ ʧʦʟʠʮʽʶʚʘʥʥʷ (ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ). 
- Lat/Long: 46Á25ǋ22.9932ǌN, 30Á44ǋ31.2804ǌE - ʧʦʟʠʮʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʡʤʘʯʘ; 
- Alt:  41.8 m ð ʚʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ; 
- UtcTime / UtcDate: 15:19 UTC, 27 ʣʠʧʥʷ 2024 ʨ. 
- HDOP = 0.6, PDOP = 1.2, VDOP = 1.0 - ʜʫʞʝ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʨʦʟʚʝʜʝʥʥʷ ʪʦʯʥʦʩʪʽ 

(Dilution of Precision), ɦ ʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʛʝʦʤʝʪʨʠʯʥʫ ʷʢʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦ ʾʢʦʥʬʽʛʫ-
ʨʘʮʽʾ - ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ. 

- Quality: 2 (Differential) ̔ Fix mode: D (Differential) ð ʦʟʥʘʯʘʻ, ɦ ʦ ʧʨʠʡʤʘʯ ʧʨʘʮʶʻ ʫ 
ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ (DGPS), ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʧʨʘʚʢʠ ʟ ʨʝʬʝʨʝʥʮ-ʩʪʘʥʮʽʾ 
(ʥʘʧʨʠʢʣʘʜ, SBAS ʘʙʦ RTK). 
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- SV U/V: 21/33 - ʟ 33 ʩʫʧʫʪʥʠʢʽʚ, ʚʠʜʠʤʠʭ ʫ ʧʦʣʽ ʟʦʨʫ, 21 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 
ʨʦʟʚôʷʟʘʥʥʽ (ʜʫʞʝ ʜʦʙʨʠʡ ʧʦʢʘʟʥʠʢ). 

2. CNO View (Carrier-to-Noise Ratio) 
- ʂʦʞʝʥ ʩʪʦʚʧʯʠʢ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫïh ʫʤʫ (C/N ) ʫ ʜɹ-ɻʮ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʫʧʫʪʥʠʢʘ ʪʘ ʯʘʩʪʦʪʠ. 
- ʂʦʣʽʨʥʘ ʩʭʝʤʘ: 
¶ (ʩʠʥʽʡ ʢʦʣʽʨ) L1/E1/B1C - ʙʘʟʦʚʽ ʯʘʩʪʦʪʠ; 
¶ (ʟʝʣʝʥʠʡ ʢʦʣʽʨ) L5/E5a/B2a - ʩʫʯʘʩʥʽ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ (ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ); 
¶ (ʩʽʨʠʡ ʘʙʦ ʽʥʰʠʡ ʢʦʣʽʨ) - L2/E1b ʪʦʱʦ. 
GPS (L1/L5) 
- ʇʨʠʡʥʷʪʦ 8 ʩʫʧʫʪʥʠʢʽʚ ʥʘ L1, 6 ʥʘ L5 ð ʜʦʙʨʠʡ ʨʽʚʝʥʴ ʙʘʛʦʯʘʩʪʦʪʥʦʩʪʽ. 
- C/N  = 35ï47 ʜɹ-ɻʮ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʘʙʽʣʴʥʠʡ ʧʨʠʡʦʤ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʰʢʦʜ ʯʠ 

ʟʘʪʽʥʝʥʥʷ. 
- ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʛʥʘʣ L5Q, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʪʨʠʤʢʫ ʩʫʯʘʩʥʠʭ ʩʠʛʥʘʣʽʚ GPS 

Block IIF/III.  
- ʅʘʷʚʥʽʩʪʴ SBAS (GEO ʩʫʧʫʪʥʠʢʠ G123ïG136) Ÿ ʧʨʠʡʤʘʯ ʦʪʨʠʤʫʻ ʜʠʬʝʨʝʥʮʽʡʥʽ 

ʢʦʨʝʢʮʽʾ. 
Galileo (E1b/E5a) 
- ɸʢʪʠʚʥʦ ʧʨʠʡʤʘʶʪʴʩʷ 6+6 ʩʫʧʫʪʥʠʢʽʚ (E2, E7, E8, E13, E25, E26, E29, E30, E33). 
- C/N  ʜʦ 47 ʜɹ-ɻʮ - ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʽʚ. 
- ʅʘʷʚʥʽʩʪʴ ʜʚʦʭ ʯʘʩʪʦʪ (E1b/E5a) ʜʦʟʚʦʣʷʻ ʜʚʦʯʘʩʪʦʪʥʫ ʢʦʨʝʢʮʽʶ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘ-

ʪʨʠʤʢʠ. 
- ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ (ʜʦ ʜʝʮʠʤʝʪʨʽʚ) ʥʘʚʽʪʴ ʙʝʟ RTK (Real Time Kine-

matic). 
BeiDou (B1C/B2a) 
- 7 ʩʫʧʫʪʥʠʢʽʚ ʥʘ B1C, 7 ʥʘ B2a (B23ïB41) - ʚʢʣʶʯʘʻ MEO ʽ GEO ʩʫʧʫʪʥʠʢʠ. 
- ʉʠʣʴʥʽ ʩʠʛʥʘʣʠ (ʜʦ 45 ʜɹ-ɻʮ) - ʝʬʝʢʪʠʚʥʘ ʚʠʜʠʤʽʩʪʴ ʫ ʩʭʽʜʥʦʤʫ ʨʝʛʽʦʥʽ ɭʚʨʘʟʽʾ. 
- ʇʽʜʪʨʠʤʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ BDS-3 (B1C/B2a), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʫʤʽʩʥʽʩʪʴ ʽʟ GPS 

L1/L5. 
ɺʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫ ʥʘʩʪʫʧʥʽ: 
1. ʇʨʠʡʤʘʯ ʧʨʘʮʶʻ ʫ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ (DGNSS) - ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʻ ʢʦʨʝʢʮʽʾ, 

ʤʦʞʣʠʚʦ ʟ EGNOS ʘʙʦ ʣʦʢʘʣʴʥʦʾ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. 
2. ɹʘʛʘʪʦʩʠʩʪʝʤʥʘ ʽ ʤʫʣʴʪʠʩʠʩʪʝʤʥʘ ʨʦʙʦʪʘ (GPS, Galileo, BeiDou, SBAS) ʛʘʨʘʥʪʫʻ 

ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. 
3. ɺʠʩʦʢʽ C/N  ʟʥʘʯʝʥʥʷ (35ï47 ʜɹ-ɻʮ) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʨʘʜʽʦʧʝʨʝʰʢʦʜ, 

ʤʫʣʴʪʠʧʘʩʽʚ ʘʙʦ ʝʢʨʘʥʫʚʘʥʥʷ. 
4. DOP < 1.2 Ÿ ʚʽʜʤʽʥʥʘ ʛʝʦʤʝʪʨʽʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 
5. ʂʦʦʨʜʠʥʘʪʠ ʪʘ ʯʘʩ ʩʪʘʙʽʣʴʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʫʩʧʽʰʥʫ ʢʘʣʽʙʨʦʚʢʫ ʽ ʪʦʯʥʽʩʪʴ ʫ 

ʤʝʞʘʭ 0.5 ï 1 ʤ (ʜʣʷ DGNSS). 
ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʤʘʯʽʚ ʪʘ ʘʥʪʝʥ 

ɻʅʉʉ. ʄʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʢʫʨʩʘʥʪʽʚ: 
ʤʘʛʽʩʪʨʽʚ ʩʫʜʥʦʚʦʜʽʡʥʽʡ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʫ ʜʠʩʮʠʧʣʽʥʽ çʋʧʨʘʚʣʽʥʥʷ ʢʽʙʝʨʨʠʟʠʢʘʤʠ ʥʘ ʤʦʨʽè 
ʪʘ ʙʘʢʘʣʘʚʨʽʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʫ ʜʠʩʮʠʧʣʽʥʽ çʉʫʜʥʦʚʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 
ʥʘʚʽʛʘʮʽʾ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʟʚôʷʟʢʫè. 
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ɸʥʦʪʘʮʽʷ: ʊʝʭʥʦʣʦʛʽʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʧʦʚʽʱʝʥʴ (Return Link Service, RLS) ð ʮʝ ʥʦʚʘ ʬʫʥʢ-

ʮʽʷ ʚ ʩʠʩʪʝʤʽ COSPAS SARSAT, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʘʢʪʠ-

ʚʦʚʘʥʠʡ ʘʚʘʨʽʡʥʠʡ ʨʘʜʽʦʙʫʡ EPIRB (Emergency Position Indicating Radio Beacon). ʂʦʣʠ ʘʚʘʨʽʡʥʠʡ 

ʙʫʡ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʶ RLS, ʘʢʪʠʚʫʻʪʴʩʷ ʽ ʩʠʛʥʘʣ ʧʨʦ ʣʠʭʦ ʥʘ ʯʘʩʪʦʪʽ 406 ʄɻʮ ʧʨʠʡʤʘʻʪʴʩʷ 

ʪʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʤʝʨʝʞʝʶ COSPAS SARSAT, ʢʦʨʦʪʢʝ RLS ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ EPIRB 

ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʦʚʝ ʩʫʟʽʨôʷ Galileo. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʡ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, RLS ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʛʥʘʣ ʣʠʭʘ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʪʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʩʣʫʞ-

ʙʘʤʠ ʧʦʰʫʢʫ ʽ ʨʷʪʫʚʘʥʥʷ. ʋ ʮʽʡ ʜʦʧʦʚʽʜʽ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ RLS, ʾʾ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʠ Galileo MEOSAR ʪʘ ʥʘʚʝʜʝʥʠʡ ʧʝʨʝʣʽʢ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ EPIRB ʽʟ ʧʽʜʪʨʠʤʢʦʶ 

RLS.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɸʈɹ, ʂʦʩʧʘʩ-ʉʘʨʩʘʪ, ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʧʦʚʽʱʝʥʴ, ɻʘʣʽʣʝʦ. 
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Abstract: The Return Link Service (RLS) is a new feature of the COSPAS SARSAT system that 

provides a confirmation signal directly to the activated EPIRB (Emergency Position Indicating Radio 

Beacon). When an RLS capable beacon is triggered and its 406꜡MHz distress message is received and 

processed by the COSPAS SARSAT network, a short Return Link Message is sent via the Galileo satellite 

constellation back to the beacon. The beacon indicates reception. Thus, RLS reassures the user that the 

distress signal has been received and localized by search and rescue authorities. This report explains 

how RLS works, its technical implementation via Galileo MEOSAR satellites and lists modern EPIRB 

models with RLS.  
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ʅʝʚʽʜôʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʽʞʥʘʨʦʜʥʦʾ ʩʠʩʪʝʤʠ COSPAS-SARSAT ̒  ʤʦʨʩʴʢʽ ʘʚʘʨʽʡʥʽ 

ʨʘʜʽʦʙʫʾ (EPIRB ï Emergency Position Indicating Radio Beacon), ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʽ 

406 ʄɻʮ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʚʠʷʚʣʝʥʥʷ ʩʫʜʝʥ ʫ ʨʘʟʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ. ʉʫʯʘʩʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ COSPAS-SARSAT ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ, ʘ ʡ ʥʘʟʝʤʥʠʡ ʪʘ ʢʦ-

ʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪʠ. ʆʩʪʘʥʥʽʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʫʧʫʪʥʠʢʘʤʠ ʢʽʣʴʢʦʭ ʦʨʙʽʪʘʣʴʥʠʭ ʨʽʚʥʽʚ ï 

ʥʠʟʴʢʦʦʨʙʽʪʘʣʴʥʽ (LEO), ʛʝʦʩʪʘʮʽʦʥʘʨʥʽ (GEO) ʪʘ ʩʝʨʝʜʥʴʦʦʨʙʽʪʘʣʴʥʽ (MEO) ʩʫʧʫʪʥʠʢʠ. ɿ 

2016 ʨʦʢʫ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʧʨʦʛʨʘʤʫ Galileo 

Search and Rescue (SAR/Galileo) ʥʘ ʙʘʟʽ ʩʝʨʝʜʥʴʦʦʨʙʽʪʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʩʢʣʘʜʫ ʛʣʦʙʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Galileo [1].  

ʂʦʩʤʽʯʥʠʡ ʩʝʛʤʝʥʪ Galileo ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʟʽʨôʷ ʪʠʧʫ Walker 24/3/1 ï 24 ʩʫʧʫʪʥʠʢʽʚ 

ʥʘ ʩʝʨʝʜʥʽʡ ʥʘʚʢʦʣʦʟʝʤʥʽʡ ʦʨʙʽʪʽ ʪʘ ʨʝʟʝʨʚʥʠʭ ʘʧʘʨʘʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʪʨʴʦʭ ʦʨʙʽʪʘʣʴ-

ʥʠʭ ʧʣʦʱʠʥʘʭ. ɺʫʟʣʠ ʾʭʥʽʭ ʚʠʩʭʽʜʥʠʭ ʛʽʣʦʢ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʟ ʽʥʪʝʨʚʘʣʦʤ ʫ 120 

ʛʨʘʜʫʩʽʚ, ʘ ʩʘʤʽ ʦʨʙʽʪʠ ʥʘʭʠʣʝʥʽ ʧʽʜ ʢʫʪʦʤ 56 ʛʨʘʜʫʩʽʚ ʜʦ ʝʢʚʘʪʦʨʘ. ʉʫʧʫʪʥʠʢʠ ʟʜʽʡʩʥʶ-

ʶʪʴ ʦʙʝʨʪ ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʧʨʠʙʣʠʟʥʦ ʟʘ 14 ʛʦʜʠʥ ʥʘ ʚʠʩʦʪʽ 23 222 ʢʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʜʠ-

ʤʽʩʪʴ ʱʦʥʘʡʤʝʥʰʝ ʯʦʪʠʨʴʦʭ ʩʫʧʫʪʥʠʢʽʚ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʽʩʮʝʚʦʛʦ ʨʝʣʴʻʬʫ ʪʘ ʟʘʪʽʥʝʥʥʷ) [2]. 
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ʉʫʧʫʪʥʠʢʠ ʩʠʩʪʝʤʠ Galileo, ʦʢʨʽʤ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʩʥʘʱʝʥʽ ʨʝʪʨʘʥʩ-
ʣʷʪʦʨʘʤʠ ʩʠʛʥʘʣʽʚ ʣʠʭʘ SAR Repeater (SARR) ʥʘ ʧʽʜʪʨʠʤʢʫ ʩʠʩʪʝʤʠ COSPAS-SARSAT 
MEOSAR. ʆʙʣʘʜʥʘʥʥʷ Galileo SARR ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʜʘʚʘʯʽʚ çbent-pipe SAR 
Transpondersè ʪʘ ʘʥʪʝʥ ʧʨʠʡʦʤʫ ʡ ʧʝʨʝʜʘʯʽ SAR. ɺʦʥʠ ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣʠ ʣʠʭʘ ʥʘ ʯʘʩʪʦ-
ʪ̔ 406 ʄɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʘʤ COSPAS-SARSAT, ʽ ʧʦʚʪʦʨʥʦ ʧʝʨʝʜʘʶʪʴ ʾʭ ʫ L 
ʜʽʘʧʘʟʦʥʽ ʥʘ ʯʘʩʪʦʪʽ 1544,1 ʄɻʮ ʙʝʟ ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʘʙʦ ʜʝʤʦʜʫʣʷʮʽʾ ʥʘ ʙʦʨʪʫ 
ï ʜʦ MEOLUT, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʟʦʥʽ ʚʠʜʠʤʦʩʪʽ, ʛʣʦʙʘʣʴʥʦ. ʂʣʶʯʦʚʘ ʬʫʥʢʮʽʷ Galileo 
SARR ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʫ ʣʠʭʘ (FLS ï Forward Link Service) ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 
ʩʠʛʥʘʣʫ ʣʠʭʘ (RLS ï Return Link Service) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʘʚʘʨʽʡʥʠʡ ʨʘʜʽʦʙʫʡ, ʽʥʬʦʨʤʫ-
ʶʯʠ ʧʦʩʪʨʘʞʜʘʣʦʛʦ ʧʨʦ ʫʩʧʽʰʥʝ ʚʠʷʚʣʝʥʥʷ ʡ ʦʙʨʦʙʣʝʥʥʷ ʩʠʛʥʘʣʫ. ʇʝʨʝʜʘʯʘ RLS ʟʜʽʡʩ-
ʥʶʻʪʴʩʷ ʯʝʨʝʟ ʥʘʚʽʛʘʮʽʡʥʠʡ ʩʠʛʥʘʣ Galileo E1. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʥʷ ʜʦʧʦʚʽʜʽ 28 ʩʫʧʫʪʥʠ-
ʢʽʚ Galileo ʧʽʜʪʨʠʤʫʚʘʣʠ RLS, ʜʚʘ ʟ ʷʢʠʭ ʥʝ ʤʘʶʪʴ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʝ ʜʚʘ ʚʠʚʝ-
ʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 2017 ʪʘ 2023 ʨʦʢʘʭ [3]. 

ʄʘʨʰʨʫʪ RLM ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʨʽʟʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ 
ʢʦʩʤʽʯʥʦʾ ʪʘ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʦʮʝʩ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ, ʢʦʣʠ RLS-
ʩʫʤʽʩʥʠʡ EPIRB ʧʝʨʝʜʘʻ Forward Link Alert Message (FLAM) ʥʘ ʯʘʩʪʦʪʽ 406 ʄɻʮ, ʷʢʠʡ 
ʤʽʩʪʠʪʴ ʟʘʧʠʪ ʥʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ. ʉʫʧʫʪʥʠʢʠ Galileo, ʦʩʥʘʱʝʥʽ ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ SARR, 
ʧʨʠʡʤʘʶʪʴ ʮʝʡ ʩʠʛʥʘʣ ʽ ʥʝʛʘʡʥʦ ʨʝʪʨʘʥʩʣʶʶʪʴ ʡʦʛʦ ʫ L-ʜʽʘʧʘʟʦʥʽ (1544,1 ʄɻʮ) ʜʦ ʥʘʟʝ-
ʤʥʠʭ ʩʪʘʥʮʽʡ EU MEOLUT, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʘʚʘʨʽʡʥʦ-
ʛʦ ʨʘʜʽʦʙʫʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʚʽʜʦʤʣʝʥʴ RLM ʪʝʭʥʦʣʦʛʽʾ RLS 

 
ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʽʻʶ (MCC ï Mission Control 

Centre), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʛʽʦʥ, ʜʝ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣ ʣʠʭʘ. MCC ʬʦʨʤʫʻ ʟʘʧʠʪ ʥʘ 
ʧʽʜʪʚʝʨʜʞʝʥʥʷ (RLM Request) ʽ ʥʘʜʩʠʣʘʻ ʡʦʛʦ ʜʦ ʦʜʥʦʛʦ ʟ ʥʘʮʽʦʥʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ï ʌʨʘʥ-
ʮʫʟʴʢʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʽʻʶ (FMCC ï French Mission Control Centre), ʱʦ ʻ ʦʩʥʦʚ-
ʥʠʤ ʘʙʦ, ʫ ʨʝʟʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, ɯʩʧʘʥʩʴʢʦʤʫ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʽʻʶ (SPMCC ï Spanish 
Mission Control Centre).  

ɼʘʣʽ ʟʘʧʠʪ ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʇʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ ʟʚʦʨʦʪʥʦʛʦ ʢʘʥʘʣʫ (RLSP ï Return 
Link Service Provider), ʷʢʠʡ ʨʦʟʤʽʱʝʥʠʡ ʫ ʉʝʨʚʽʩʥʦʤʫ ʮʝʥʪʨʽ SAR/Galileo (SGSC ï 
SAR/Galileo Service Centre) ʫ ʊʫʣʫʟʽ. ʎʝ ʻʜʠʥʠʡ ʝʣʝʤʝʥʪ ʱʦ ʧʦʻʜʥʫʻ ʩʠʩʪʝʤʠ Galileo ʪʘ 
COSPAS-SARSAT. ʊʫʪ ʬʦʨʤʫʻʪʴʩʷ RLM Transmission Request (RLMR) ï ʟʘʧʠʪ ʥʘ ʟʘʚʘʥ-
ʪʘʞʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʦ ʩʫʧʫʪʥʠʢʽʚ. RLM ʪʨʘʥʩʣʶʻʪʴʩʷ ʯʝʨʝʟ ʜʚʘ ʩʫʧʫʪʥʠʢʠ Galileo ʦʜ-
ʥʦʯʘʩʥʦ ʥʘ ʯʘʩʪʦʪʽ 1575,42 ʄɻʮ (ʩʠʛʥʘʣ Galileo E1), ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʦ-
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ʤʫ. ʊʦʙʪʦ ʧʦ ʬʘʢʪʫ ʩʠʩʪʝʤʘ Galileo ʚʙʫʜʦʚʫʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʥʘʚʽʛʘʮʽʡʥʠʡ ʩʠʛʥʘʣ. ʆʪ-
ʨʠʤʘʚʰʠ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘʚʘʨʽʡʥʠʡ ʨʘʜʽʦʙʫʡ ʜʝʢʦʜʫʻ ʡʦʛʦ ʽ ʪʠʤ ʩʘʤʠʤ ʦʪʨʠʤʫʻ 
ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʡʦʛʦ ʩʠʛʥʘʣ ʙʫʚ ʚʠʷʚʣʝʥʠʡ, ʘ ʢʦʦʨʜʠʥʘʪʠ ï ʚʠʟʥʘʯʝʥʽ. ʉʠʩʪʝʤʘ Galileo 
ʛʘʨʘʥʪʫʻ ʜʦʩʪʘʚʢʫ RLS ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʤʝʞʘʭ 15 ʭʚʠʣʠʥ ʚ ʙʽʣʴʰʝ ʥʽʞ 99% ʚʠʧʘʜʢʽʚ [2]. 

ʊʝʭʥʦʣʦʛʽʶ RLS ʧʽʜʪʨʠʤʫʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʥʦʚʽ ʤʦʜʝʣʽ ʘʚʘʨʽʡʥʠʭ ʨʘʜʽʦʙʫʾʚ 

(EPIRB/PLB/ELT)[4], ʘ ʩʘʤʝ 2-ʝ ʧʦʢʦʣʽʥʥʷ ʨʘʜʽʦʙʫʾʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʥʦʚʣʝʥʠʤ ʩʪʘʥ-

ʜʘʨʪʘʤ COSPAS-SARSAT ʟ RLS-ʧʨʦʪʦʢʦʣʦʤ. ʆʙʦʚôʷʟʢʦʚʠʤ ʻ ʥʘʷʚʥʽʩʪʴ Galileo-ʧʨʠʡʤʘʯʘ. 

ʇʝʨʝʜʘʯʘ RLS ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʝʟʢʦʰʪʦʚʥʽʡ ʦʩʥʦʚʽ. ɭ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʟʽ ʩʪʦʨʦʥʠ 

ʘʜʤʽʥʽʩʪʨʘʮʽʡ ʢʨʘʾʥ ʥʘ ʧʨʦʜʘʞ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʘʨʽʡʥʠʭ ʨʘʜʽʦʙʫʾʚ [5]. 

ʅʘ ʨʠʥʢʫ EPIRB ʟ ʧʽʜʪʨʠʤʢʦʶ RLS ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘʩʪʫʧʥʠʤʠ ʤʦʜʝʣʷʤʠ: ACR Electronics GlobalFix V6 

[6], Orolia / Kannad SafePro+ AIS RLS [7], McMurdo 

SmartFind AIS RLS, Ocean Signal rescueME EPIRB2 Pro 

 ̔ EPIRB3. ʋ ʚʩʽ ʮ ̔ʤʦʜʝʣ ̔ʚʙʫʜʦʚʘʥʽ GNSS-ʧʨʠʡʤʘʯʽ 

ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʩʫʧʫʪʥʠʢʘʤʠ Galileo ʪʘ GPS, ɦ ʦ 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʙʫʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʾ RLS ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʯʝ-

ʨʝʟ ʩʚʽʪʣʦʚʫ ʽʥʜʠʢʘʮʽʶ (ʩʠʥʻ ʤʠʛʦʪʽʥʥʷ LED) ʘʙʦ, ʫ 

ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ, ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʜʠʩʧʣʝʾ ʙʫʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʩʠʛʥʘʣ ʣʠʭʘ 

ʙʫʚ ʫʩʧʽʰʥʦ ʧʨʠʡʥʷʪʠʡ  ̔ ʤʽʩʮʝ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʚʠʟʥʘʯʝʥʝ. ɼʦʜʘʪʢʦʚʦ, ʜʝʷʢʽ ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ Safe-

Pro+ AIS RLS, ̔ ʥʪʝʛʨʫʶʪʴ AIS ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ. ʆʩʥʦʚʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ EPIRB ʧʦʣʷʛʘʻ ʫ   ʟʚʦʨʦʪ-

ʥʦʤʫ ʢʘʥʘʣʽ ʟʚô̫ ʟʢʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʩʠʭʦʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ ʜʣʷ ʧʦʩʪʨʘʞʜʘʣʦʛʦ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ  ̔ʢʦʥʪʨʦʣʴ ʟʘ ʨʦʙʦʪʦʶ ʩʠʩʪʝʤʠ 

ʧʦʰʫʢʫ ʪʘ ʨʷʪʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʷ RLS ʜʝʤʦʥʩʪʨʫʻ ʩʢʣʘʜʥʫ, ʘʣʝ ʟʣʘʛʦʜʞʝʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ COSPAS-SARSAT  ̔ Galileo. ʎ  ̫ʪʝʭʥʦʣʦʛʽʷ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʘʜʞʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʫ 

ʣʠʭʘ, ʘ ʡ ʧʩʠʭʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʨ̫ ʪʫʚʘʣʴʥʘ ʦʧʝʨʘʮʽʷ ʨʦʟʧʦʯʠ-

ʥʘʻʪʴʩʷ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè  

 

 ɸʥʦʪʘʮʽʷ: ʈʦʟʚʠʪʦʢ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ ʧʦʯʠʥʘʻ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. ʃʶʜʠʥʘ, ʷʢ ʦʩʪʘʥʥʷ ʣʘʥʢʘ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʙʝʟʧʝʢʠ ʥʘ ʙʦʨʪʫ ʟʘʤʽʥʶʻʪʴʩʷ ʮʠʬʦ-

ʨʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʽʙʝʨʘʪʘʢ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝ-

ʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʙʝʟʝʢʽʧʘʞʥʠʭ ʩʫʜʝʥ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽ ʤʽʞʥʘʨʦʜʥʽ ʚʠ-

ʤʦʛʠ ʜʦ ʾʭ ʢʽʙʝʨʟʘʭʠʩʪʫ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ ʟʘ ʛʨʫʧʘʤʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʥʦʤʥʽ ʩʫʜʥʘ; ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ; ʢʽʙʝʨʙʝʟʧʝʢʘ; ʢʽʙʝʨʟʘʛʨʦʟʠ; IMO; 

IACS UR E26/E27; ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ; OT-ʩʠʩʪʝʤʠ; ʩʝʥʩʦʨʠ; ʤʦʥʽʪʦʨʠʥʛ. 
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 Abstract: The development of autonomous vessels is beginning to create new challenges for in-

formation security. The person, as the last link in maintaining security on board, is being replaced by 

digital technologies, which significantly increases vulnerability to various types of cyberattacks. The pa-

per reviews modern threats to unmanned vessels and analyzes current international requirements for 

their cyber protection. A classification of means of ensuring information security of autonomous vessels 

by groups was proposed. 
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 ʆʩʪʘʥʥʽ ʨʦʢʠ ʤʠ ʥʝʚʧʠʥʥʦ ʨʫʭʘʻʤʦʩʷ ʜʦ ʥʦʚʦʾ ʝʨʠ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ - ʘʚʪʦ-

ʥʦʤʥʠʭ ʩʫʜʝʥ, ʟʜʘʪʥʠʭ ʧʣʘʚʘʪʠ ʙʝʟ ʧʦʩʪʽʡʥʦʛʦ ʝʢʽʧʘʞʫ ʥʘ ʙʦʨʪʫ.  

ʊʘʢʽ ʧʨʦʝʢʪʠ, ʷʢ ʙʝʟʝʢʽʧʘʞʥʝ ʩʫʜʥʦ Yara Birkeland ʚ ʅʦʨʚʝʛʽʾ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʪʝʥ-

ʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʘʚʪʦʥʦʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ - ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ [1]. 

ʆʜʥʘʢ ʚʦʜʥʦʯʘʩ ʧʦʚʥʘ ʮʠʬʨʦʚʽʟʘʮʽʷ ʩʪʚʦʨʶʶʻ ʯʠʩʣʝʥʥʽ ʚʨʘʟʣʠʚʦʩʪʽ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ. ɸʪʘʢʠ ʥʘ ʥʘʚʽʛʘʮʽʡʥʽ ʪʘ ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ [1] ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘ-

ʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ʅʝʙʝʟʧʝʢʘ ʧʽʜʩʠʣʶʻʪʴʩʷ ʪʠʤ ʱʦ, ʤʦʨʩʴʢʘ ʽʥʜʫʩʪʨʽʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 20 ʨʦʢʽʚ ʧʦʟʘʜʫ 

ʩʧʦʨʽʜʥʝʥʠʭ ʛʘʣʫʟʝʡ ʟʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʢʽʙʝʨʟʘʭʠʩʪʫ [2]. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʘʚʪʦʥʦʤʥʽ ʩʫʜʥʘ 

ʩʪʘʥʫʪʴ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʮʽʣʷʤʠ ʜʣʷ ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ [2].  

ʊʦʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ: 

Á ɸʨʭʽʪʝʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ 

Á ɸʢʪʫʘʣʴʥʽ ʢʽʙʝʨʟʘʛʨʦʟʠ 

Á ʅʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʪʘ ʩʪʘʥʜʘʨʪʠ 

Á ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ 
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ɸʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨʠ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ 

ɸʨʭʽʪʝʢʪʫʨʘ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʘ ʜʘʪʯʠʢʽʚ [3]: 

Á ʉʠʩʪʝʤʘ ʩʠʪʫʘʮʽʡʥʦʾ ʦʙʽʟʥʘʥʦʩʪʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʘʜʘʨʠ, ʣʽʜʘʨʠ, ʢʘʤʝʨʠ, ʛʽʨʦ-

ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʥʘʚʽʛʘʮʽʡʥʽ ʧʨʠʡʤʘʯʽ GNSS (GPS) ʪʘ ʘʚʪʦʤʘ-

ʪʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (AIS) 

Á ʉʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʘʥʘʣʽʟʫʻ ʜʘʥʽ ʩʝʥʩʦʨʽʚ ʪʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʥʘʚʽʛʘʮʽʾ ʽ ʤʘʥʝʚʨʫʚʘʥʥʷ 

Á ʉʠʩʪʝʤʘ ʚʠʢʦʥʘʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʟʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʨʫʰʽʡʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, ʝʥʝʨʛʝ-
ʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʜʦʧʦʤʽʞʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 

     ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ ʪʽʩʥʦ ʚʟʘʻʤʦ-

ʧʦʚôʷʟʘʥʽ ʪʘ ʦʙʤʽʥʶʶʪʴʩʷ ʜʘʥʠʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʚʠʩʦʢʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʥʝʜʦʣʽʢʦʤ ʩʪʘʻ ʧʽʜʚʠʱʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʱʦ ʨʦʙʠʪʴ ʩʫʜʥʦ ʚʨʘʟʣʠʚʠʤ ʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʘʪʘʢ. 

         ʉʫʯʘʩʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ. ʉʫʯʘʩʥʽ ʢʽʙʝʨʟʘʛʨʦʟʠ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʩʫ-

ʜʝʥ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʚʽʜ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʜʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʢʦʨʘʙʝʣʴʥʽ ʤʝʨʝʞʽ ʯʝʨʝʟ ʰʢʽʜʣʠʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

Á ɸʪʘʢʠ ʥʘ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʛʥʘʣʠ (RF-ʘʪʘʢʠ). ɸʚʪʦʥʦʤʥʽ ʩʫʜʥʘ ʟʘʣʝʞʥʽ ʚʽʜ GNSS 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʪʦʤʫ ʛʣʫʰʽʥʥʷ ʘʙʦ ʩʧʫʬʽʥʛ ʩʠʛʥʘʣʽʚ GPS ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ 

ʟʘʛʨʦʟʫ. ʊʘʢ, ʥ 2017 ʨʦʮʽ ʥʝ ʏʦʨʥʦʤʫ ʤʦʨʽ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʤʘʩʦʚʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʦʥʘʜ 

20 ʩʫʜʝʥ ʦʜʥʦʯʘʩʥʦ ʦʜʝʨʞʫʚʘʣʠ ʧʦʤʠʣʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ: ʾʭ GPS-ʧʨʠʣʘʜʠ ʧʦʢʘʟʫʚʘʣʠ ʧʦ-

ʣʦʞʝʥʥʷ ʛʣʠʙʦʢʦ ʥʘ ʩʫʰʽ ʟʘ ʜʝʩʷʪʢʠ ʤʠʣʴ ʚʽʜ ʨʝʘʣʴʥʦʛʦ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ [4]. 

Á ʆʙʤʘʥ ʪʘ ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʩʝʥʩʦʨʽʚ. ʄʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʰʣʷʭʦʤ ʬʽʟʠʯʥʦʛʦ 

ʚʧʣʠʚʫ, ʪʘʢ ʽ ʰʣʷʭʽʤ ʧʽʜʨʦʙʢʠ ʜʘʥʠʭ. ʊʘʢ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʧʨʘʚʠʣʦʤ COLREG 14, ʫ 97 000 

ʩʠʤʫʣʷʮʽʡ çʫʤʦʚʥʽ ʭʘʢʝʨʠè ʟʤʫʩʠʣʠ ʩʫʜʥʦ ʤʘʥʝʚʨʫʚʘʪʠ ʟʘ ʟʘʜʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʂʦʨʠ-

ʩʪʫʶʯʠʩʴ ʧʨʘʚʠʣʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʟʽʪʢʥʝʥʴ, çʭʘʢʝʨʠè ʚʩʪʘʚʣʷʣʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʪʘ 

ʚʠʜʘʣʷʣʠ ʽʩʥʫʶʯʽ [2]. ɯʥʰʠʡ ʧʨʠʢʣʘʜ ï ʟʣʘʤ ECDIS ʽʟʨʘʾʣʴʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Naval Dome. 

çʂʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʫʜʥʘ ï ʧʦʣʦʞʝʥʥʷ, ʢʫʨʩ, ʛʣʠʙʠʥʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ï ʤʘʥʽʧʫʣʶʚʘʣʠʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʚʽʛʘʮʽʡʥʘ ʢʘʨʪʠʥʘ ʤʘʣʘ ʩʝʥʩ ʽ ʥʝ ʚʠʢʣʠʢʘʣʘ ʧʽʜʦʟʨè, ï ʩʢʘʟʘʚ ɸʩʘʬ 

ʐʝʬʽ [5]. 

Á ʇʝʨʝʭʦʧʣʝʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʷ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ. ɺ 2022 ʨʦʮʽ ʛʨʫʧʘ ʭʘʢʝʨʽʚ ʟ ɯʨʘʥʫ, 

ʚʽʜʦʤʘ ʷʢ Lab Dookhtegan,  ʧʝʨʝʭʦʧʠʣʘ ʩʫʧʫʪʥʠʢʦʚʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ ʽ ʚʠʚʝʣʘ ʟ ʣʘʜʫ ʢʦ-

ʤʫʥʽʢʘʮʽʾ 60 ʩʫʜʝʥ, ʷʢʽ ʦʧʝʨʫʚʘʣʠʩʷ ɯʨʘʥʩʴʢʠʤʠ ʢʦʤʧʘʥʽʷʤʠ NITC ʪʘ IRISL ʽ ʥʘ ʷʢʽ ʙʫʣʠ 

ʥʘʢʣʘʜʝʥʽ ʩʘʥʢʮʽʾ ʉʐɸ. ʋʩʧʽʭ ʙʫʚ ʦʜʝʨʞʘʥʠʡ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʘʥʠʭ, ʣʠ-

ʰʠʚʰʠ ʩʫʜʥʘ çʩʣʽʧʠʤʠè [6]. 

Á ɸʪʘʢʠ ʥʘ ʙʦʨʪʦʚʽ OT-ʩʠʩʪʝʤʠ. ʆʧʝʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (OT) ʩʫʜʥʘ ï ʩʠʩʪʝʤʠ ʢʝ-

ʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ, ʛʝʥʝʨʘʪʦʨʘʤʠ, ʥʘʩʦʩʘʤʠ ï ʟʘʟʥʘʶʪʴ ʪʠʭ ʩʘʤʠʭ ʟʘʛʨʦʟ, ʱʦ ʡ ʧʨʦʤʠ-

ʩʣʦʚʽ ʩʠʩʪʝʤʠ ʥʘ ʩʫʰʽ. ɿʛʘʜʘʥʘ ʚʞʝ ʽʟʨʘʾʣʴʩʴʢʘ ʢʦʤʧʘʥʽʷ Naval Dome ʧʽʜʢʣʶʯʠʣʘʩʷ ʜʦ 

MCS ʩʫʜʥʘ ʪʘ ʚʨʘʟʠʣʘ ʙʘʣʘʩʪʥʫ ʩʠʩʪʝʤʫ. ʅʘ ʝʢʨʘʥʽ ʚʩʝ ʙʫʣʦ ʜʦʙʨʝ, ʦʜʥʘʢ ʚ ʨʝʘʣʴʥʦʩʪʽ 

ʥʘʩʦʩʠ ʟʫʧʠʥʠʣʠ ʨʦʙʦʪʫ [5].  

Á ɸʪʘʢʠ ʥʘ ʰʪʫʯʥʠʡ ʨʦʟʫʤ. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʙʜʫʨʝʥʝ ʮʽʣʝʩʧʨʷʤʦ-

ʚʘʥʠʤʠ ʚʧʣʠʚʘʤʠ: ʚʽʜ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʘʣʛʦ-

ʨʠʪʤʽʚ. ʆʣʝʢʩʘʥʜʨ ɺʫʜʽ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ çʢʽʣʴʢʘ ʧʽʢʩʝʣʽʚè ð ʥʝʚʠʜʠʤʠʭ 

ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ, ð ʷʢʽ çʟʤʫʩʷʪʴ ʰʪʫʯʥʠʡ ʨʦʟʫʤ ʥʝʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʥʘʢè [7]. 

ɿ 2014 ʧʦ 2024 ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʪʨʠʚʦʞʥʘ ʪʝʥʜʝʥʮʽʷ ʥʝʫʭʠʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʽʙʝʨʽʥ-

ʮʠʜʝʥʪʽʚ. ʂʽʙʝʨʘʪʘʢʘʤʠ ʧʽʜʜʘʚʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, ʪʘʢʽ ʷʢ 

ʥʘʚʽʛʘʮʽʷ, ʧʦʨʪʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʩʫʜʥʦʧʣʘʚʥʽ ʢʦʤʧʘʥʽʾ, ʤʦʨʩʴʢʽ ʦʨʛʘʥʠ ʚʣʘʜʠ, ʜʝʨʞʘʚʥʽ 

ʫʩʪʘʥʦʚʠ, ʩʫʜʥʦʙʫʜʽʚʥʠʢʠ ʪʘ ʧʽʜʨʷʜʥʠʢʠ ʦʙʦʨʦʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [8], [9]. 

ɸʥʘʣʽʟ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɿʨʦʩʪʘʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ ʫ ʤʦʨʩʴʢʽʡ ʽʥʜʫ-

ʩʪʨʽʾ ʩʧʦʥʫʢʘʣʦ ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʪʦʚʘʨʠʩʪʚʘ ʨʦʟʨʦʙʠʪʠ ʧʝʨʰʽ ʨʝʛʫʣʷ-

ʪʠʚʥʽ ʘʢʪʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʘ ʩʫʜʘʭ. 

https://www.mdpi.com/1424-8220/23/11/5033#:~:text=Judgment%20technology%20allows%20autonomous%20ships,and%20take%20action%20in%20advance
https://rntfnd.org/2017/07/12/mass-gps-spoofing-attack-in-the-black-sea-maritime-executive/#:~:text=GPS%20sometimes%20looses%20position%20or,high%20HDOP
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2023.1151188/full
https://www.maritime-executive.com/article/tests-show-ease-of-hacking-ecdis-radar-and-machinery
https://www.securityweek.com/in-other-news-iranian-ships-hacked-verified-android-developers-ai-used-in-attacks/#:~:text=In%20Other%20News%3A%20Iranian%20Ships,allegedly%20disrupted%20the%20communication
https://maritime-executive.com/article/tests-show-ease-of-hacking-ecdis-radar-and-machinery#:~:text=In%20a%20second%20attack%2C%20the,%E2%80%93%20to%20hack%20the%20system
https://www.hpcwire.com/bigdatawire/2020/07/28/hacking-ai-exposing-vulnerabilities-in-machine-learning/
https://arxiv.org/html/2409.11417v2#:~:text=Both%20databases%20,challenge%20of%20sustaining%20critical%20information
https://maritimecybersecurity.nl/
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ʋ 2017 ʨʦʮʽ ɯʄʆ ʦʬʽʮʽʡʥʦ ʚʠʟʥʘʣʘ, ʱʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʽʜʽʨʚʘʪʠ 

ʙʝʟʧʝʢʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʽ ʟʘʢʣʠʢʘʣʘ ʩʫʜʥʦʚʣʘʩʥʠʢʽʚ ʽʥʪʝʛʨʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʢʽʙʝʨʨʠʟʠʢʘʤʠ 

ʜʦ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʫ ʙʝʟʧʝʢʠ (ʨʝʟʦʣʶʮʽʷ MSC.428(98)). ʎʽʻʶ ʨʝʟʦʣʶʮʽʻʶ ɯʄʆ ʟʦ-

ʙʦʚôʷʟʘʣʘ ʟ 2021 ʨʦʢʫ ʚʢʣʶʯʘʪʠ ʢʽʙʝʨʨʠʟʠʢʠ ʜʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʢʦʞʥʦʛʦ 

ʩʫʜʥʘ [2]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʦ ʤʦʤʝʥʪʫ ʧʝʨʰʦʛʦ ʧʣʘʥʦʚʦʛʦ ʘʫʜʠʪʫ ʧʽʩʣʷ 1 ʩʽʯʥʷ 2021 ʨʦ-

ʢʫ ʢʦʤʧʘʥʽʾ ʧʦʚʠʥʥʽ ʙʫʣʠ ʜʦʧʦʚʥʠʪʠ ʩʚʦʾ SMS ʧʨʦʮʝʜʫʨʘʤʠ ʱʦʜʦ ʢʽʙʝʨʙʝʟʧʝʢʠ (ʽʜʝʥʪʠ-

ʬʽʢʘʮʽʷ ʟʘʛʨʦʟ, ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ, ʧʣʘʥʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪʠ). 

  ɼʣʷ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ ʥʘ ʨʽʚʥʽ ɯʄʆ ʥʘʨʘʟʽ ʥʝʤʘʻ ʦʢʨʝʤʠʭ ʧʨʘʚʠʣ ʱʦʜʦ ʢʽʙʝʨʙʝʟʧʝ-

ʢʠ. ɺʦʥʠ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʪʽ ʞ ʚʠʤʦʛʠ, ʱʦ ʡ ʽʥʰʽ.  

 ʅʘʨʘʟʽ IMO ʚʠʟʥʘʯʠʣʦ 4 ʨʽʚʥʽ ʘʚʪʦʥʦʤʥʦʩʪʽ (ʚʽʜ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ ʜʦ 

ʧʦʚʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʙʝʟ ʝʢʽʧʘʞʫ) [2]. ɺ ʨʘʤʢʘʭ MSC 2021 ʚʠʟʥʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʨʽʚʥʽʚ 3 ʽ 4 

(ʚʽʜʜʘʣʝʥʦ ʢʝʨʦʚʘʥʽ ʙʝʟ ʝʢʽʧʘʞʫ ʪʘ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʽ ʩʫʜʥʘ) ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʜʦʜʘʪ-

ʢʦʚʽ ʟʘʭʦʜʠ.  

ʇʨʷʤʠʭ ʦʢʨʝʤʠʭ ʚʠʤʦʛ, ʥʘ ʨʽʚʥʽ ʢʦʥʚʝʥʮʽʡ, ʧʦʢʠ ʱʦ ʥʝʤʘʻ, ʪʦʤʫ ʟʘʜʦʚʦʣʴʥʷʻʤʦʩʷ 

ʚʠʢʣʶʯʥʦ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʘʥʽ ʟ ʙʘʟʠ MCAD 

 

ʆʜʥʘʢ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʚʽʜʽʛʨʘʶʪʴ ʢʣʘ-

ʩʠʬʽʢʘʮʽʡʥʽ ʪʦʚʘʨʠʩʪʚʘ, ʦʙôʻʜʥʘʥʽ ʚ ʄʽʞʥʘʨʦʜʥʫ ʘʩʦʮʽʘʮʽʶ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ 

(IACS). ʋ 2021 ʨʦʮʽ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʜʚʘ ʢʣʶʯʦʚʠʭ ʜʦʢʫʤʝʥʪʠ: IACS UR E26 ñCyber 

Resilience of Shipsò ʪʘ UR E27 ñCyber Resilience of On-board Systems and Equipmentò [10], 

ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʜʣʷ ʥʦʚʠʭ ʩʫʜʝʥ ʽʟ ʢʦʥʪʨʘʢʪʦʤ ʥʘ ʧʦʙʫʜʦʚʫ ʧʽʩʣʷ 

1 ʩʽʯʥʷ 2024 ʨʦʢʫ 

ʇʝʨʰʠʡ ʜʦʢʫʤʝʥʪ ʚʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ ʜʦ ʢʽʙʝʨʟʘʭʠʱʝʥʦʩʪʽ ʥʘ ʨʽʚʥʽ ʮʽʣʦʛʦ ʩʫʜʥʘ 

(ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞ, ʥʘʷʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ).  

ɼʨʫʛʠʡ ʜʦʢʫʤʝʥʪ ʢʦʥʢʨʝʪʠʟʫʻ ʚʠʤʦʛʠ ʜʦ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʩʠʩʪʝʤ (ʟʘʭʠʩʪ ʥʘ 

ʨʽʚʥʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʙʝʟʧʝʯʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤ 

ʥʘʚʽʛʘʮʽʾ, ʟʚôʷʟʢʫ, ʝʥʝʨʛʝʪʠʢʠ ʪʦʱʦ). 

UR E26/E27 ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʰʠʡ ʛʘʣʫʟʝʚʠʡ ʩʪʘʥʜʘʨʪ ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʣʷ ʩʫ-

ʜʝʥ. ɺʽʥ ʟʦʙʦʚôʷʟʫʻ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʡ ʙʫʜʽʚʥʠʮʪʚʽ ʩʫʜʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʷʜ ʤʽʥʽʤʘʣʴʥʠʭ 

ʢʽʙʝʨʟʘʭʠʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ: ʟʦʢʨʝʤʘ, ʩʝʛʤʝʥʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʥʘ ʽʟʦʣʴʦʚʘʥʽ ʟʦʥʠ, ʥʘʷʚʥʽʩʪʴ 

ʙʨʘʥʜʤʘʫʝʨʽʚ ʤʽʞ ʩʝʛʤʝʥʪʘʤʠ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤ, ʽʥʪʝ-

ʛʨʘʮʽʶ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ (IDS) ʪʘ ʘʥʦʤʘʣʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʘʭʠʩʪ 

ʙʝʟʜʨʦʪʦʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʙʝʟʧʝʯʥʝ ʦʥʦʚʣʝʥʥʷ ʇɿ, ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ ʜʘʥʠʭ ʪʦʱʦ.  

https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2023.1151188/full
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2023.1151188/full
https://iacs.org.uk/news/iacs-ur-e26-and-e27-press-release
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ʇʦʧʨʠ ʪʝ ʱʦ ʚʠʤʦʛʠ IACS ʡ ʧʽʜʥʽʤʘʶʪʴ ʧʣʘʥʢʫ ʢʽʙʝʨʟʘʭʠʩʪʫ ʩʫʜʝʥ, ʘʣʝ ʧʦʢʠ ʱʦ 

ʧʨʷʤʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʨʠʟʠʢʽʚ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʥʘʨʘʟʽ ʚʠʜʥʽʶʪʴʩʷ ʯʽʪʢʽ ʦʟʥʘʢʠ 

ʪʦʛʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʚʦʥʠ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʫʜʝʥ ʟ ʝʢʽʧʘʞʝʤ [3]. ɼʽʻʚʽ ʨʦʟʨʦʙʢʠ ʙʫʜʫʪʴ 

ʤʦʞʣʠʚʽ ʣʠʰʝ ʧʽʩʣʷ ʤʘʩʦʚʦʛʦ ʟʘʧʫʩʢʫ ʪʘ ʧʝʨʰʠʭ ʤʘʩʰʪʘʙʥʠʭ ʘʚʘʨʽʡ.  

ɺ ʜʝʷʢʠʭ ʶʨʠʩʜʠʢʮʽʷʭ ʟôʷʚʣʷʶʪʴʩʷ ʽ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ: ʥʘʧʨʠʢʣʘʜ, ʫ ɺʝʣʠʢʽʡ 

ɹʨʠʪʘʥʽʾ ʚʠʧʫʱʝʥʦ ʨʝʛʫʣʷʪʦʨʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ UK Code of Practice: Cyber Security for 

Ships [11], ʘ ʄʦʨʩʴʢʘ ʪʘ ʧʦʨʪʦʚʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʉʽʥʛʘʧʫʨʫ (MPA) ʽʥʚʝʩʪʫʻ ʫ ʩʪʚʦʨʝʥʥʷ ʪʝ-

ʩʪʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ʥʘ ʢʰʪʘʣʪ MariOT ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʽʰʝʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʣʷ ʤʦʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ [12]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯɹ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ. ʂʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ 

ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ. ʄʦʞʥʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʜʽʣʠʪʠ 

ʜʝʢʽʣʴʢʘ ʛʨʫʧ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʤʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʘʚʪʦʥʦʤʥʠʭ 

ʩʫʜʝʥ. ʂʦʞʥʘ ʛʨʫʧʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʘʩʧʝʢʪʫ ʟʘʭʠʩʪʫ ï ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʜʦ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʩʘʤʠʭ ʩʠʩʪʝʤʘʭ. 

Á ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ. ʉʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʣʽʪʠʢʠ, ʧʨʦʮʝʜʫʨʠ ʪʘ ʧʨʘʢʪʠʢʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʦʶ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʫʜʥʦʚʣʘʩʥʠʢʦʤ ʽ ʦʧʝʨʘʪʦʨʦʤ ʬʣʦʪʫ. ʂʦʤʧʘʥʽʷ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʣʘʥ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪʠ: ʷʢʱʦ ʘʚʪʦʥʦʤʥʝ ʩʫʜʥʦ ʧʦʪʨʘʧʣʷʻ ʧʽʜ ʢʽʙʝ-

ʨʘʪʘʢʫ, ʪʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʩʫʜʥʦ ʥʘ ʩʝʙʝ ʙʝʨʝ ʢʨʠʟʦʚʘ ʛʨʫʧʘ, ʷʢʘ ʧʝʨʝʚʦʜʠʪʴ ʩʫʜʥʦ ʚ 

ʙʝʟʧʝʯʥʠʡ ʨʝʞʠʤ ʪʘ ʽʥʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʥʽ ʦʨʛʘʥʠ. 

Á ɸʨʭʽʪʝʢʪʫʨʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ. ʎʝ ʟʘʭʦʜʠ, ʱʦ ʟʘʢʣʘʜʘʶʪʴʩʷ ʫ ʧʨʦʻʢʪʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤ ʩʫʜʥʘ, ʨʦʙʣʷʯʠ ʾʾ ʩʪʽʡʢʽʰʦʶ ʜʦ ʘʪʘʢ. ʆʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ï ʩʝʛʤʝʥʪʘʮʽʷ 

ʤʝʨʝʞʽ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʟʘʭʦʜʦʤ ʻ ʨʝʟʝʨʚʫʚʘʥʥʷ. ɸʚʪʦʥʦʤʥʝ ʩʫʜʥʦ ʧʦʚʠʥʥʦ ʤʘʪʠ 

ʜʫʙʣʴʦʚʘʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʝʥʩʦʨʠ. ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʻ ʧʨʠʥʮʠʧ ʨʦʟʧʦʜʽʣʫ ʜʦʚʽʨʠ. ɾʦʜʥʘ 

ʧʽʜʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʽʥʰʦʶ. ʈʽʰʝʥʥʷ AI-

ʤʦʜʫʣʷ ʧʝʨʽʦʜʠʯʥʦ ʤʦʞʫʪʴ ʚʘʣʽʜʫʚʘʪʠʩʷ ʧʨʦʩʪʽʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʘʙʦ ʦʧʝʨʘʪʦʨʦʤ (ʧʨʠ 

ʟʚôʷʟʢʫ), ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʥʝʢʦʨʝʢʪʥʽ ʜʽʾ. ʉʠʩʪʝʤʠ ʙʝʟʧʝʢʠ (ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ, ʧʦʞʝʞʦ-

ʛʘʩʽʥʥʷ) ʩʣʽʜ ʩʧʨʦʻʢʪʫʚʘʪʠ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʥʘʚʽʪʴ ʧʨʠ ʧʦʨʫ-

ʰʝʥʽʡ ʤʝʨʝʞʽ.  

Á ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ ʩʝʥʩʦʨʽʚ ʪʘ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʂʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʻ ʧʦʻʜʥʘ-

ʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʘʪʯʠʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʚʧʨʦʚʘʜʠʪʠ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʚʽʨʢʠ ʢʦʥʩʠʩʪʝʥʪ-

ʥʦʩʪʽ ʜʘʥʠʭ.  

Á ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ OT-ʩʠʩʪʝʤ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʩʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ 

ʤʘʶʪʴ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʧʘʨʦʣʷʤʠ, ʙʘʞʘʥʦ ʟ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʶ ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʜʦ ʥʠʭ ʜʦʩʪʫʧ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʚʩʝʨʝʜʠʥʽ ʩʫʜʥʦʚʦʾ ʤʝʨʝʞʽ.  

ɺʠʩʥʦʚʦʢ. ɸʚʪʦʥʦʤʥʽ ʩʫʜʥʘ ʦʙʽʮʷʶʪʴ ʨʝʚʦʣʶʮʽʶ ʚ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ, ʧʨʦʪʝ 

ʨʘʟʦʤ ʟ ʪʠʤ ʚʠʩʫʚʘʶʪʴ ʙʝʟʧʨʝʮʝʜʝʥʪʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʚʞʝ ʩʴʦʛʦʜʥʽ ʩʫʜʥʦʙʫʜʽʚʥʠʢʠ ʪʘ ʦʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʧʨʠʜʽʣʷʪʠ ʤʘʢʩʠʤʫʤ ʫʚʘʛʠ ʢʦʤʧʣʝʢʩ-

ʥʦʤʫ ʟʘʭʠʩʪʫ ï ʚʽʜ ʧʦʣʽʪʠʢ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʙʘʨôʻʨʽʚ ʽ 

ʤʦʥʽʪʦʨʠʥʛʫ. ʅʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘ-

ʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʥʘʛʦʜʽ ʜʣʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. 
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ɸʥʦʪʘʮʽʷ: ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʪʘ 
ʧʝʨʝʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʨʩʴʢʠʭ ʘʚʪʦʥʦʤʥʠʭ ʥʘʜʚʦʜʥʠʭ ʩʫʜʝʥ (MASS). ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʣʴ-
ʥʠʡ ʘʥʘʣʽʟ ʢʽʙʝʨʟʘʛʨʦʟ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʫʜʝʥ ʟ ʝʢʽʧʘʞʝʤ ʪʘ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ. ɸʢʮʝʥ-
ʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʟʤʽʥʽ ʧʨʠʨʦʜʠ ʨʠʟʠʢʽʚ ʚʥʘʩʣʽʜʦʢ ʫʩʫʥʝʥʥʷ çʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘè, ʱʦ ʧʝʨʝʪʚʦʨʶʻ 
ʟʘʛʨʦʟʠ ʟ ʦʧʝʨʘʮʽʡʥʠʭ ʥʘ ʢʘʪʘʩʪʨʦʬʽʯʥʽ. ʆʧʠʩʫʶʪʴʩʷ ʥʦʚʽ ʚʝʢʪʦʨʠ ʘʪʘʢ ʪʘ ʾʭʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 
ʙʝʟʧʝʢʠ ʤʦʨʝʧʣʘʚʩʪʚʘ. ʊʘʢʦʞ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʨʦʣʴ ʥʦʚʦʾ ʨʝʛʫʣʷʪʦʨʥʦʾ ʙʘʟʠ, ʟʦʢʨʝʤʘ ɭʜʠʥʠʭ ʚʠ-
ʤʦʛ IACS UR E26 ʪʘ E27, ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʘʥʜʘʨʪʫ ʢʽʙʝʨʩʪʽʡʢʦʩʪʽ ʷʢ ʦʙʦʚôʷʟʢʦʚʦʾ ʫʤʦʚʠ ʩʫʯʘʩʥʦʾ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʽʟʘʮʽʷ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʘʚʪʦʥʦʤʥʽ ʩʫʜʥʘ (MASS), ʢʽʙʝʨʩʪʽʡʢʽʩʪʴ, 
IACS UR E26 ʪʘ E27, ʚʝʢʪʦʨʠ ʢʽʙʝʨʘʪʘʢ, ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʤʦʨʩʴʢʘ ʢʽʙʝʨʙʝʟʧʝʢʘ. 
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Abstract: The article examines the digital transformation process within the maritime industry 

and the transition to the use of Maritime Autonomous Surface Ships (MASS). A comparative analysis of 
cyber threats facing traditional manned vessels and fully autonomous vessels is conducted. Particular 
attention is focused on the shifting nature of risks resulting from the elimination of the "human factor," 
which transforms threats from operational to catastrophic. New attack vectors and their implications for 
maritime safety are described. The article also highlights the role of the new regulatory framework, spe-
cifically IACS Unified Requirements UR E26 and E27, in establishing cyber resilience standards as a 
mandatory condition for modern vessel operations. 
 Keywords: maritime digitalization, autonomous ships (MASS), cyber resilience, IACS UR E26 
and E27, cyber attack vectors, human factor, maritime cybersecurity. 
 

 ʋ ʥʘʰ ʯʘʩ ʤʦʨʩʴʢʘ ʛʘʣʫʟʴ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 
ʜʦ ʩʪʠʨʘʥʥʷ ʢʦʨʜʦʥʽʚ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ (IT) ʪʘ ʦʧʝʨʘʮʽʡʥʠʤʠ ʪʝʭʥʦ-
ʣʦʛʽʷʤʠ (OT). ʉʠʩʪʝʤʠ, ʱʦ ʨʘʥʽʰʝ ʧʨʘʮʶʚʘʣʠ ʚ ʽʟʦʣʷʮʽʾ, ʪʝʧʝʨ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ɯʥʪʝʨʥʝʪʫ 
ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʷ ʟʚ'ʷʟʘʥʽʩʪʴ ʨʦʟʚʽʷʣʘ ʤʽʬ 
ʧʨʦ ʙʝʟʧʝʢʫ ʯʝʨʝʟ "ʧʦʚʽʪʨʷʥʠʡ ʟʘʟʦʨ", ʧʽʜʜʘʚʰʠ ʩʫʜʥʘ ʥʦʚʠʤ ʽ ʩʢʣʘʜʥʽʰʠʤ ʢʽʙʝʨʘʪʘʢʘʤ. 
ɿʙʽʡ ʘʙʦ ʟʣʦʚʤʠʩʥʝ ʟʘʭʦʧʣʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ ʥʘʚʽʛʘʮʽʻʶ, ʩʠʣʦ-
ʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʘʙʦ ʚʘʥʪʘʞʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ 
ʥʘʩʣʽʜʢʽʚ. ʋʩʚʽʜʦʤʣʶʶʯʠ, ʱʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʟʛʫʙʥʠʡ ʚʧʣʠʚ ʥʘ ʞʠʪʪʷ, ʚʣʘʩ-
ʥʽʩʪʴ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʤʦʨʩʴʢʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʧʦʯʘʣʦ ʧʝʨʝʛʣʷʜʘʪʠ ʧʽʜʭʦʜʠ ʜʦ 
ʙʝʟʧʝʢʠ. 
 ʇʦʷʚʘ ʤʦʨʩʴʢʠʭ ʘʚʪʦʥʦʤʥʠʭ ʥʘʜʚʦʜʥʠʭ ʩʫʜʝʥ (MASS) ʟʘʢʣʠʢʘʣʘ ʢʘʨʜʠʥʘʣʴʥʦ 
ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʫʩʫʥʫʪʠ ʨʠʟʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. ʆʜʥʘʢ, ʫʩʫ-
ʚʘʶʯʠ ʦʜʠʥ ʥʘʙʽʨ ʨʠʟʠʢʽʚ, ʘʚʪʦʥʦʤʽʷ ʩʪʚʦʨʶʻ ʥʦʚʠʡ, ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽʰʠʡ. ʗʢʱʦ ʥʘ 
ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʫʜʥʽ ʢʽʙʝʨʘʪʘʢʘ - ʮʝ ʩʝʨʡʦʟʥʠʡ ʽʥʮʠʜʝʥʪ, ʱʦ ʚʠʤʘʛʘʻ ʨʝʘʢʮʽʾ ʝʢʽʧʘʞʫ, ʪʦ ʥʘ 
ʘʚʪʦʥʦʤʥʦʤʫ ʩʫʜʥʽ - ʮʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʟʘʛʨʦʟʘ, ʟʜʘʪʥʘ ʥʝʛʘʡʥʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʩʫʜ-
ʥʘ. 
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ʈʠʩʫʥʦʢ 1 - ʈʦʟʧʦʜʽʣ ʧʨʠʯʠʥ ʤʦʨʩʴʢʠʭ ʘʚʘʨʽʡ ʪʘ ʽʥʮʠʜʝʥʪʽʚ 

  

ʉʫʯʘʩʥʝ ʩʫʜʥʦ ʟ ʝʢʽʧʘʞʝʤ ʷʚʣʷʻ ʩʦʙʦʶ ʢʽʙʝʨʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ ʟ ʙʝʟʣʽʯʯʶ ʚʝʢʪʦʨʽʚ 

ʘʪʘʢʠ. ʋʨʘʟʣʠʚʦʩʪʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ. ʇʝʨʰʘ - ʮʝ IT-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʚʢʣʶʯʘʻ ʙʽʟʥʝʩ-ʤʝʨʝʞʫ ʪʘ ʤʝʨʝʞʫ ʜʣʷ ʝʢʽʧʘʞʫ. ʎʽ ʤʝʨʝʞʽ ʯʘʩʪʦ ʩʪʘ-

ʶʪʴ ʪʦʯʢʦʶ ʚʭʦʜʫ ʜʣʷ ʟʣʦʚʤʠʩʥʠʢʽʚ ʯʝʨʝʟ ʬʽʰʠʥʛʦʚʽ ʣʠʩʪʠ ʘʙʦ ʟʘʨʘʞʝʥʽ ʦʩʦʙʠʩʪʽ ʧʨʠ-

ʩʪʨʦʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʪʘʢ ʧʨʦʛʨʘʤ-ʚʠʤʘʛʘʯʽʚ, ʷʢʽ ʧʘʨʘʣʽʟʫʶʪʴ ʣʦʛʽʩʪʠʢʫ. ɼʨʫʛʘ ʢʘʪʝ-

ʛʦʨʽʷ - ʮʝ ʦʧʝʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (OT). ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʩʠʩʪʝʤʠ: 

ʥʘʚʽʛʘʮʽʡʥʽ ʢʦʤʧʣʝʢʩʠ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʠʣʦʚʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʪʘ ʢʝʨʤʦʚʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʘ ʪʘʢʦʞ ʩʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. ɸʪʘʢʠ ʥʘ 

OT, ʪʘʢʽ ʷʢ GPS-ʩʧʫʬʽʥʛ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʯʝʨʝʟ USB-ʥʘʢʦʧʠʯʫʚʘʯʽ ʜʣʷ 

ʦʥʦʚʣʝʥʥʷ ʢʘʨʪ, ʥʝʩʫʪʴ ʧʨʷʤʫ ʬʽʟʠʯʥʫ ʟʘʛʨʦʟʫ, ʘʞ ʜʦ ʧʦʩʘʜʢʠ ʥʘ ʤʽʣʠʥʫ ʘʙʦ ʟʽʪʢʥʝʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʤʝʨʝʞʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʩʫʯʘʩʥʦʛʦ ʩʫʜʥʘ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʨʠʟʠʢʠ, ʫ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʫʜʥʘ ʻ ʫʥʽʢʘʣʴʥʠʡ ʽ ʦʩʪʘʥʥʽʡ ʨʫʙʽʞ ʦʙʦ-

ʨʦʥʠ - ʣʶʜʩʴʢʠʡ ʝʢʽʧʘʞ. ʉʫʜʥʦʚʦʜʽʡ, ʷʢʠʡ ʧʦʤʽʪʠʚ ʨʦʟʙʽʞʥʽʩʪʴ ʜʘʥʠʭ GPS ʟ ʧʦʢʘʟʘʥʥʷʤʠ 

ʨʘʜʘʨʘ ʘʙʦ ʚʽʟʫʘʣʴʥʦʶ ʦʙʩʪʘʥʦʚʢʦʶ, ʟʜʘʪʥʠʡ ʨʦʟʧʽʟʥʘʪʠ ʘʥʦʤʘʣʽʶ ʪʘ ʧʝʨʝʡʪʠ ʥʘ ʨʫʯʥʝ 

ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʽʧʘʞ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ "ʣʶʜʩʴʢʦʛʦ ʙʘʨ'ʻʨʘ ʟʘʭʠʩʪʫ", ʟʜʘʪʥʦʛʦ 

ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʠʪʠ ʮʠʬʨʦʚʽ ʜʘʥʽ ʪʘ ʟʘʧʦʙʽʛʪʠ ʢʘʪʘʩʪʨʦʬʽ. 

ɿʨʦʩʪʘʶʯʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʝʨʡʦʟʥʦʩʪʽ ʟʘʛʨʦʟ ʩʧʦ-

ʥʫʢʘʣʠ ʢʣʶʯʦʚʽ ʛʘʣʫʟʝʚʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʡʪʠ ʚʽʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ ʩʫʚʦʨʠʭ ʚʠʤʦʛ. 

ʄʽʞʥʘʨʦʜʥʘ ʘʩʦʮʽʘʮʽʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ (IACS) ʚʠʟʥʘʣʘ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʩʫʜʝʥ ʜʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ ʥʝʦʙʭʽʜʥʽ ʘʢʪʠʚʥʽ ʜʽʾ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʛʘʣʫʟʽ. ʈʝʟʫʣʴʪʘ-

ʪʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʩʪʘʣʦ ʧʨʠʡʥʷʪʪʷ ʜʚʦʭ ʥʦʚʠʭ ɭʜʠʥʠʭ ɺʠʤʦʛ (UR) ʱʦʜʦ ʢʽʙʝʨʩʪʽʡʢʦʩʪʽ, ʷʢʽ 

ʩʪʘʣʠ ʦʙʦʚ'ʷʟʢʦʚʠʤʠ ʜʣʷ ʩʫʜʝʥ, ʟʘʢʦʥʪʨʘʢʪʦʚʘʥʠʭ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʧʽʩʣʷ 1 ʩʽʯʥʷ 2024 ʨʦʢʫ. 
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UR E27 - ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤ ʜʦ ʾʭ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʙʦʨʪ. ɺʦʥʘ ʧʦʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʥʘ ʩʪʦʨʦʥʥʽʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʤʦʛʘ 

UR E27 ʛʘʨʘʥʪʫʻ, ʱʦ ʩʠʩʪʝʤʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʙʝʟʧʝʯʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʨʦʟʨʦʙ-

ʢʠ ʪʘ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ.  

UR E26 - ʨʦʟʛʣʷʜʘʻ ʩʫʜʥʦ ʷʢ ʻʜʠʥʠʡ ʢʦʣʝʢʪʠʚʥʠʡ ʦʙ'ʻʢʪ ʢʽʙʝʨʩʪʽʡʢʦʩʪʽ. ʎʷ ʚʠʤʦʛʘ 

ʥʘʮʽʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ OT ʪʘ IT ʚ ʻʜʠʥʫ ʙʦʨʪʦʚʫ 

ʤʝʨʝʞʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʫʜʥʘ.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʘʢʠʭ ʩʫʚʦʨʠʭ, ʦʙʦʚ'ʷʟʢʦʚʠʭ ʟʘʭʦʜʘʭ, ʷʢ UR E26 ʪʘ E27, ʩʪʘʻ ʦʯʝʚʠʜ-

ʥʦʶ ʧʨʠ ʘʥʘʣʽʟʽ ʨʠʟʠʢʽʚ ʘʚʪʦʥʦʤʥʠʭ ʩʫʜʝʥ. MASS ʫʩʫʚʘʶʪʴ ʣʶʜʩʴʢʠʡ ʝʢʽʧʘʞ, ʘ ʨʘʟʦʤ ʟ 

ʥʠʤ ʽ "ʣʶʜʩʴʢʠʡ ʙʘʨ'ʻʨ ʟʘʭʠʩʪʫ". ʉʫʜʥʦ ʩʪʘʻ ʘʙʩʦʣʶʪʥʦ ʟʘʣʝʞʥʠʤ ʚʽʜ ʧʦʪʦʢʫ ʜʘʥʠʭ ʽ ʢʦ-

ʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʩʚʦʾʭ ʩʠʩʪʝʤ.  

 
ʈʠʩʫʥʦʢ 3 ï ɺʝʢʪʦʨʠ ʢʽʙʝʨʘʪʘʢ ʥʘ ʩʠʩʪʝʤʠ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʩʫʜʥʘ 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʨʦʜʞʫʻ ʪʨʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ, ʢʨʠʪʠʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʚʝʢʪʦʨʠ ʘʪʘʢʠ, 

ʚʽʜʩʫʪʥʽ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʩʫʜʥʘʭ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʙʝʨʝʛʦʚʠʡ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ (ɹʎʋ). ʂʦʤ-

ʧʨʦʤʝʪʘʮʽʷ ɹʎʋ ʨʽʚʥʦʩʠʣʴʥʘ ʟʘʭʦʧʣʝʥʥʶ ʥʝ ʦʜʥʦʛʦ ʩʫʜʥʘ, ʘ ʮʽʣʦʛʦ ʬʣʦʪʫ, ʧʝʨʝʪʚʦʨʶʶʯʠ 

ʟʣʦʚʤʠʩʥʠʢʘ ʥʘ "ʮʠʬʨʦʚʦʛʦ ʘʜʤʽʨʘʣʘ". ʇʦ-ʜʨʫʛʝ, ʮʝ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ "ʩʫʜʥʦ-ʙʝʨʝʛ". MASS 

ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ɸʪʘʢʘ ʪʠʧʫ "ɺʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ" 

(DoS) ʥʘ ʮʝʡ ʢʘʥʘʣ ʥʝ ʧʨʦʩʪʦ ʫʧʦʚʽʣʴʥʠʪʴ ʨʦʙʦʪʫ, ʘ ʧʦʚʥʽʩʪʶ "ʟʘʩʣʽʧʠʪʴ" ʽ ʧʘʨʘʣʽʟʫʻ ʩʫʜ-

ʥʦ ʫ ʚʽʜʢʨʠʪʦʤʫ ʤʦʨʽ. ʇʦ-ʪʨʝʪʻ, ʮʝ ʩʠʩʪʝʤʘ ʩʧʨʠʡʥʷʪʪʷ (ʐɯ). ɸʚʪʦʥʦʤʥʝ ʩʫʜʥʦ "ʙʘʯʠʪʴ" 

ʩʚʽʪ ʯʝʨʝʟ ʩʫʢʫʧʥʽʩʪʴ ʩʝʥʩʦʨʽʚ. ɿʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʧʨʦʚʝʩʪʠ ʩʢʦʦʨʜʠʥʦʚʘʥʫ ʘʪʘʢʫ, 

ʧʽʜʤʽʥʠʚʰʠ ʜʘʥʽ ʟ ʫʩʽʭ ʮʠʭ ʜʘʪʯʠʢʽʚ ʦʜʥʦʯʘʩʥʦ, ʱʦʙ ʦʙʜʫʨʠʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ ʟʤʫʩʠ-

ʪʠ ʡʦʛʦ "ʙʘʯʠʪʠ" ʭʠʙʥʫ ʨʝʘʣʴʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʥʘʧʨʘʚʠʪʠ ʩʫʜʥʦ ʧʨʷʤʦ ʥʘ ʧʝʨʝʰʢʦʜʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʮʝʡ ʨʦʟʨʠʚ: 

- ɺʽʜʤʦʚʘ ʘʙʦ ʚʠʷʚʣʝʥʥʷ: ʅʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʫʜʥʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʽʜʤʦʚʘ ʚ ʜʦʩʪʫʧʽ ʜʦ 

ʚʘʥʪʘʞʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʰʧʠʛʫʥʩʪʚʦ ʟʘ ʤʘʨʰʨʫʪʦʤ. ʅʘ ʘʚʪʦʥʦʤʥʦʤʫ ʩʫʜʥʽ ʢʦʤʧʨʦʤʝʪʘʮʽʷ 

ʙʝʨʝʛʦʚʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʧʽʜʤʽʥʘ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ - ʮʝ ʥʝ ʧʨʦʩʪʦ ʚʽʜʤʦʚʘ ʚ 

ʜʦʩʪʫʧʽ ʜʣʷ ʚʣʘʩʥʠʢʘ, ʮʝ ʧʝʨʝʭʦʧʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʟʣʦʚʤʠʩʥʠʢʦʤ. ʎʝ ʨʽʚʥʦʩʠʣʴʥʦ ʮʠʬʨʦ-

ʚʦʤʫ ʚʠʢʨʘʜʝʥʥʶ ʚʘʨʪʽʩʪʶ ʚ ʩʦʪʥʽ ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ. 

- ʈʫʡʥʫʚʘʥʥʷ: ʅʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʩʫʜʥʽ GPS-ʩʧʫʬʽʥʛ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʧʘʜʢʦʚʦʾ 

ʘʚʘʨʽʾ, ʷʢʱʦ ʝʢʽʧʘʞ ʥʝ ʚʩʪʠʛʥʝ ʟʨʝʘʛʫʚʘʪʠ. ʅʘ ʘʚʪʦʥʦʤʥʦʤʫ ʩʫʜʥʽ, ʧʦʟʙʘʚʣʝʥʦʤʫ ʣʶʜʩʴʢʦʾ 

ʽʥʪʫʾʮʽʾ, ʩʢʦʦʨʜʠʥʦʚʘʥʘ ʘʪʘʢʘ ʥʘ ʩʠʩʪʝʤʠ ʩʧʨʠʡʥʷʪʪʷ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʩʫʜʥʦ ʷʢ ʟʙʨʦʶ. ɿʣʦʚʤʠʩʥʠʢ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʢʦʥʪʨʦʣʴ, ʤʦʞʝ ʥʘʧʨʘʚʠʪʠ ʛʘʟʦʚʦʟ 

ʘʙʦ ʪʘʥʢʝʨ ʥʘ ʧʦʨʪʦʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʤʽʩʪ ʘʙʦ ʤʦʨʩʴʢʫ ʧʣʘʪʬʦʨʤʫ. ʈʠʟʠʢ ʧʝʨʝʪʚʦʨʶʻʪʴ-

ʩʷ ʟ ʦʧʝʨʘʮʽʡʥʦʛʦ ʥʘ ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ. 
ʇ'ʷʪʴ ʬʫʥʢʮʽʡ, ʟʘʢʣʘʜʝʥʠʭ ʚ UR E26, ʻ ʧʣʘʥʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʽʙʝʨʘʪʘʢ 

ʪʘ ʫʥʠʢʥʝʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ: 


