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ʆʈɻɸʅɯɿɸʊʆʈʀ ʂʆʅʌɽʈɽʅʎɯɰ 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʄʀʂʆʃɸɰɺʉʔʂɸ ʆɹʃɸʉʅɸ ɼɽʈɾɸɺʅɸ ɸɼʄɯʅɯʉʊʈɸʎɯʗ  

ɼɽʇɸʈʊɸʄɽʅʊ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ  

ʄʀʂʆʃɸɰɺʉʔʂʆɰ ʆɹʃɸʉʅʆɰ  ɼɽʈɾɸɺʅʆɰ ɸɼʄɯʅɯʉʊʈɸʎɯɰ 

 

 

ʇɸʈʊʅɽʈʀ ʂʆʅʌɽʈɽʅʎɯɰ 
ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ; ʄʽʥʽʩʪʝʨʩʪʚʦ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ, ʪʝʨʠʪʦʨʽʡ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʋʢʨʘʾʥʠ; ɼʇ çɸʜʤʽʥʽʩʪʨʘʮʽʷ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚè (ʋʢʨʘʾʥʘ); ɼʇ çɸʜʤʽʥʽʩʪʨʘʮʽʷ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚè 

(ʋʢʨʘʾʥʘ); ɼʇ çɼʦʩʣʽʜʥʦ-ʧʨʦ̒ʢʪʥʠʡ ʮʝʥʪʨ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷè (ʋʢʨʘʾʥʘ); ʇʽʚʜʝʥʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ 

ʅɸʅ ʋʢʨʘʾʥʠ ʽ ʄʆʅ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ); ɻʦʣʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʋʢʨʘʾʥʠ ʫ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (ʋʢʨʘʾʥʘ); ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ 

ʘʢʘʜʝʤʽʷè (ʋʢʨʘʾʥʘ); ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ); ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ); ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ); ʂʦʤʧʘʥʽʷ 

çɸʄɯʂʆ ɻʈʋʇʇè (ʋʢʨʘʾʥʘ); ʄʦʨʩʴʢʝ ʽʥʞʝʥʝʨʥʝ ʙʶʨʦ (ʋʢʨʘʾʥʘ); ɸʊ çɿʘʚʦʜ çɽʢʚʘʪʦʨè (ʋʢʨʘʾʥʘ); 

ɸʩʦʮʽʘʮʽʷ ʚʝʪʝʨʘʥʽʚ ɺʽʡʩʴʢʦʚʦ-ʤʦʨʩʴʢʠʭ ʩʠʣ ʋʢʨʘʾʥʠ (ʋʢʨʘʾʥʘ); ʍʘʨʙʽʥʩʴʢʠʡ ʽʥʞʝʥʝʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʂʅʈ); ʋʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʎʟʷʥʩʫ (ʂʅʈ); ʊʘʜʞʠʮɹ ʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʽʤ. ʘʢʘʜʝʤʽʢʘ ʄ.ʉ. ʆʩʠʤʠ (ʊʘʜʞʠʢʽʩʪʘʥ); ʂʦʰʘʣʽʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʇʦʣʴʱʘ); ɻʜʘʥʴʩʴʢʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʇʦʣʴʱʘ); ʇʨʘʟʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʽʤʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ (ʏʝʩʴʢʘ ʨʝʩʧʫʙʣʽʢʘ); 

ɹʘʪʫʤʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʚʽʛʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ɻʨʫʟʽʷ); ɼʋ çʅʘʮʽʦʥʘʣʴʥʠʡ ʘʥʪʘʨʢʪʠʯʥʠʡ ʥʘʫʢʦʚʠʡ 

ʮʝʥʪʨè. 

 

 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʇɸʈʊʅɽʈʀ  
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ʞʫʨʥʘʣ çʉʫʜʥʦʧʣʘʚʩʪʚʦè  

 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʚʠʧʫʩʢ  

ʇʘʚʣʦʚ ɻʝʥʥʘʜʽʡ ɺʽʢʪʦʨʦʚʠʯ  
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ɸʥʦʪʘʮʽʷ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʩʫʜʝʥ 

ʪʝʭʥʽʯʥʦʛʦ ʬʣʦʪʫ ʜʣʷ ʋʢʨʘʾʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʢʦʥʮʝʧʪʠ ʩʫʜʝʥ ʧʨʦʻʢʪʽʚ TG23 ʪʘ TG24. 

ʇʨʦʻʢʪ TG23 ï ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʙʫʢʩʠʨ ʟʽ ʩʢʨʝʧʝʨʦʤ, ʧʨʦʻʢʪ TG24 ï 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʫʢʩʠʨ ʟʤʽʰʘʥʦʛʦ ʧʣʘʚʘʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʥʘ ɼʫʥʘʾ. 

ʆʧʮʽʦʥʘʣʴʥʦ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʪʽʚ ʥʘ ʝʣʝʢʪʨʦʨʫʩʽ ʘʙʦ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʘʭ 

ʧʘʣʠʚʘ (ʘʤʽʘʢ, ɿʇɻ, ʤʝʪʘʥʦʣ). ɿʘʟʥʘʯʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʥʮʝʧʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʘʟʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ ʯʠ ʙʫʜʽʚʥʠʮʪʚʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʮʝʧʪ; ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; ʙʫʢʩʠʨ; ʧʨʦʻʢʪʫʚʘʥʥʷ; ʢʣʘʩ 

ʩʫʜʥʘ.ɼʣʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʦʨʪʽʚ ʋʢʨʘʾʥʠ ʧʦʪʨʽʙʥʽ ʩʫʜʥʘ, ʷʢʽ ʾʭ 

ʦʙʩʣʫʛʦʚʫʶʪʴ. ʗʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʧʣʘʚʫʯʽ ʟʘʩʦʙʠ, ʩʫʜʥʘ ʪʝʭʥʽʯʥʦʛʦ ʬʣʦʪʫ ʤʦʨʘʣʴʥʦ ʪʘ ʬʽʟʠʯʥʦ 

ʩʪʘʨʽʶʪʴ. ʅʘ ʟʘʤʽʥʫ ʽʩʥʫʶʯʠʤ ʩʫʜʥʘʤ, ʙʝʟʫʤʦʚʥʦ, ʧʦʪʨʽʙʥʽ ʩʫʯʘʩʥʽ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ. 

 

ʗʢʱʦ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʥʘ ʦʙʽʡʪʠʩʷ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʪʘ ʜʦʦʙʣʘʜʥʘʥʥʷʤ 

(ʥʘʧʨʠʢʣʘʜ, ʷʢ ʫʩʪʘʥʦʚʢʘ ʩʢʨʝʧʝʨʘ ʥʘ ʙʫʢʩʠʨ çɻʘʡʜʘʤʘʢʘè ʧʨʦʻʢʪʫ 14060 ɸʄʇʋ, ʷʢʘ 

ʜʦʟʚʦʣʠʣʘ ʜʦʜʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʙʫʢʩʠʨʫ, ʜʠʚ. ʨʠʩʫʥʦʢ 1), ʪʦ ʚ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʘʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʷʢʽʩʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʜʫʣʴʥʽʩʪʴ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ), ʧʽʜʪʨʠʤʢʠ ʝʢʦʣʦʛʽʾ 

(ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ) ʪʘ ʨʦʟʚʠʪʢʫ ʧʦʨʪʽʚ (ʟʙʽʣʴʰʝʥʥʷ ʚʘʥʪʘʞʦʦʙʽʛʫ, ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʫ ʧʦʨʪʘʭ ʪʦʱʦ) 

ʚʢʨʘʡ ʙʘʞʘʥʦ ʙʫʜʫʚʘʪʠ ʥʦʚʠʡ ʪʝʭʥʽʯʥʠʡ ʬʣʦʪ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʚʠʤʦʛʠ ʜʝʨʞʘʚʠ ʪʘ 

ʦʧʝʨʘʪʦʨʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʙʫʢʩʠʨʘ-h ʪʦʚʭʘʯʘ ʧʨʦʻʢʪʫ 14060 çɻʘʡʜʘʤʘʢʘè 

ʜʦʦʙʣʘʜʥʘʥʦʛʦ ʩʢʨʝʧʝʨʦʤ ʜʣʷ ɸʄʇʋ 

 

ʄʦʨʩʴʢʝ ɯʥʞʝʥʝʨʥʝ ɹʶʨʦ ʨʦʟʨʦʙʠʣʦ ʜʚʘ ʢʦʥʮʝʧʪʠ ʩʫʜʝʥ ʪʝʭʥʽʯʥʦʛʦ ʬʣʦʪʫ ʧʨʦʻʢʪʽʚ 

TG23 ʪʘ TG24.  

ʇʨʦʝʢʪ TG23 (ʜʠʚ. ʨʠʩʫʥʦʢ 2) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ ʋʢʨʘʾʥʠ, 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: ʜʥʦʧʦʛʣʠʙʣʝʥʥʷ ʟʽ ʩʢʨʝʧʝʨʦʤ, ʝʢʦʣʦʛʽʯʥʝ ʩʫʜʥʦ, ʧʦʞʝʞʥʝ ʩʫʜʥʦ, ʩʫʜʥʦ 

ʧʦʩʪʘʯʘʥʥʷ, ʙʦʥʦʧʦʩʪʘʥʦʚʥʠʢ ʪʘ ʙʫʢʩʠʨ-ʢʘʥʪʦʚʱʠʢ. ɺʠʙʨʘʥʠʡ ʣʴʦʜʦʚʠʡ ʢʣʘʩ ʜʦʟʚʦʣʷʻ 

ʮʽʣʦʨʽʯʥʫ ʨʦʙʦʪʫ. 

ʇʨʦʝʢʪ TG24 (ʜʠʚ. ʨʠʩʫʥʦʢ 3) ʧʨʠʟʥʘʯʝʥʠʡ ʷʢ ʜʣʷ ʨʦʙʦʪʠ ʚ ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ ʋʢʨʘʾʥʠ, 

ʪʘʢ ʽ ʚ ʜʫʥʘʡʩʴʢʠʭ ʧʦʨʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʫ ʚʝʨʭʽʚôʾ  ɼʫʥʘʶ: ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ: 

ʚʦʜʽʥʥʷ ʙʘʨʞ ʤʝʪʦʜʦʤ ʰʪʦʚʭʘʥʥʷ, ʧʦʞʝʞʥʝ ʩʫʜʥʦ, ʩʫʜʥʦ-ʨʷʪʫʚʘʣʴʥʠʢ. ɺʠʙʨʘʥʠʡ ʣʴʦʜʦʚʠʡ 

ʢʣʘʩ ʜʦʟʚʦʣʷʻ ʮʽʣʦʨʽʯʥʫ ʨʦʙʦʪʫ. 

ʆʧʮʽʦʥʘʣʴʥʦ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʪʽʚ ʥʘ ʝʣʝʢʪʨʦʨʫʩʽ ʘʙʦ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʘʭ 

ʧʘʣʠʚʘ (ʘʤʽʘʢ, ɿʇɻ, ʤʝʪʘʥʦʣ). 

ɺʠʩʥʦʚʦʢ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʩʫʜʝʥ ʪʝʭʥʽʯʥʦʛʦ 

ʬʣʦʪʫ ʜʣʷ ʋʢʨʘʾʥʠ.ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʠ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʫʜʝʥ ʧʨʦʻʢʪʽʚ 

TG23 ʪʘ TG24, ʷʢʽ ʤʦʛʣʠ ʙ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʽʚ ʪʘ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 
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ʧʨʦʻʢʪʫ TG23 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʛʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʫʢʩʠʨʫ ʟʤʽʰʘʥʦʛʦ ʧʣʘʚʘʥʥʷ 

ʧʨʦʻʢʪʫ TG24 ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʥʘ ɼʫʥʘʾ 

 

CONCEPT PROJECTS OF MULTIFUNCTIONAL VESSELS OF TECHNICAL 

FLEET FOR UKRAINE  

Iegorov Oleksandr, Ilnytskii Ihor. Tonyuk Valeriy  

Marine Engineering Bureau, Odesa, Ukraine 

Text of the annotation. Necessity of the construction of modern multipurpose vessels of the 

technical fleet for Ukraine is shown. Two concepts of vessels of the projects TG23 and TG24 are 

proposed. Project TG23 ï a multifunctional sea tug with a scraper, project TG24 ï a multifunctional 

river-sea tug with the ability to operate on the Danube. Optionally, the concepts can be implemented 

on electric propulsion or on alternative fuels (ammonia, LNG, methanol). It is noted that the proposed 

concepts can be the basis for further development or construction. 

Keywords: concept; tug; multifunctionality; design; vesselôs class. 
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ɸʥʦʪʘʮʽʷ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʦʬʰʦʨʥʠʭ ʩʫʜʝʥ ʜʣʷ ʢʘʩʧʽʡʩʴʢʦʛʦ ʨʝʛʽʦʥʫ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʊʘʢʽ ʥʦʚʽ ʩʫʜʥʘ ʥʝʦʙʭʽʜʥʦ ʧʨʦʻʢʪʫʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ 

ʝʢʦʣʦʛʽʾ ʽ ʝʢʦʥʦʤʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʙʫʢʩʠʨʫʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʦ ʢʦʥʮʝʧʪ ʩʫʯʘʩʥʦʛʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ 

ʧʨʦʻʢʪʫ SCV101 ʜʣʷ ʂʘʩʧʽʶ, ʟʘʩʪʦʩʦʚʘʥʽ ʧʦʚʥʽ ʩʫʜʥʦʚʽ ʦʙʚʦʜʠ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘ ʚʘʥʪʘʞʥʠʭ ʩʫʜʥʘʭ ʟʤʽʰʘʥʦʛʦ ʧʣʘʚʘʥʥʷ ʄʦʨʩʴʢʦʛʦ ɯʥʞʝʥʝʨʥʦʛʦ ɹʶʨʦ ʟ 

ʽʥʰʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʦʣʦʚʥʠʭ ʨʦʟʤʽʨʝʥʴ, ʷʢʽ ʫʩʧʽʰʥʦ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʟ 2012 ʨʦʢʫ. 

ʇʨʦʚʝʜʝʥʦ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʚ ʜʦʩʣʽʜʥʦʤʫ ʙʘʩʝʡʥʽ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘ ʪʠʭʽʡ 

ʛʣʠʙʦʢʽʡ ʚʦʜʽ. ɺʠʟʥʘʯʝʥʦ ʙʫʢʩʠʨʫʚʘʣʴʥʠʡ ʦʧʽʨ ʪʘ ʧʦʪʫʞʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʦʻʢʪʽʚ ʩʫʜʝʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʨʦʙʫʚʘʥʥʷ; ʥʘʬʪʦʛʘʟʦʚʠʡ ʩʝʢʪʦʨ; ʢʨʘʥʦʚʝ ʩʫʜʥʦ; ʧʨʦʻʢʪʫʚʘʥʥʷ; 

ʦʙʚʦʜʠ ʩʫʜʥʘ. 

 

ʇʨʠ ʦʩʚʦʻʥʥʽ ʤʦʨʩʴʢʦʛʦ ʥʘʬʪʦʧʨʦʤʠʩʣʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʽʜʚʦʜʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʙʽʪ, ʨʦʣʴ 

ʢʨʘʥʦʚʠʭ ʩʫʜʝʥ ʙʝʟʟʘʧʝʨʝʯʥʘ. ʂʨʘʥʦʚʽ ʩʫʜʥʘ ʪʘ ʩʫʜʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙʣʘʜʥʘʥʽ ʚʘʥʪʘʞʥʠʤʠ 

ʢʨʘʥʘʤʠ, ʻ ʦʩʥʦʚʥʠʤʠ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʻʜʠʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʽʪ 

ʥʘ ʤʦʨʩʴʢʦʤʫ ʥʘʬʪʦʧʨʦʤʠʩʣʽ ʚ ʂʘʩʧʽʡʩʴʢʦʤʫ ʤʦʨʽ [1]. ʍʘʨʘʢʪʝʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʨʘʥʽʚ, ʾʭ ʤʦʨʘʣʴʥʝ ʪʘ ʬʽʟʠʯʥʝ ʩʪʘʨʽʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ ʟ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ ʢʨʘʥʘ 200-300 ʪ. 

ʈʘʥʽʰʝ ʄʦʨʩʴʢʠʤ ɯʥʞʝʥʝʨʥʠʤ ɹʶʨʦ ʜʣʷ ASCO (Azerbaijan State Shipping Company) ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʢʨʘʥʦʚʽ ʩʫʜʥʘ ʧʨʦʝʢʪʽʚ CV01, CV02 ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 100 ʪ ʽ 50 ʪ ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʥʮʝʧʪ SCV101 (ʪʝʦʨʝʪʠʯʥʝ ʢʨʝʩʣʝʥʥʷ ʜʠʚ. ʨʠʩʫʥʦʢ 1) ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʮʠʭ ʩʫʜʝʥ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʟʠʪʠʚʥʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʥʠʭ ʚʘʥʪʘʞʥʠʭ ʩʫʜʝʥ ʙʫʣʦ ʫʭʚʘʣʝʥʦ 
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ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʪʠ ʧʦʚʥʽ ʦʙʚʦʜʠ ʥʘ ʨʦʟʨʦʙʣʝʥʦʤʫ ʢʦʥʮʝʧʪʽ ʪʘ ʜʦʩʣʽʜʠʪʠ ʭʦʜʦʚʽ ʷʢʦʩʪʽ 

ʰʣʷʭʦʤ ʤʦʜʝʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ  

ʧʨʦʻʢʪʫ SCV101 ʜʣʷ ʂʘʩʧʽʶ 

 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʙʫʢʩʠʨʫʚʘʣʴʥʦʛʦ 

ʦʧʦʨʫ ʽ ʙʫʢʩʠʨʫʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʫʜʥʘ (ʜʠʚ. ʨʠʩʫʥʢʠ 2 ʪʘ 3). ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ 

ʜʦʩʣʽʜʥʦʤʫ ʙʘʩʝʡʥʽ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʆʅʄʋ) ʥʘ ʪʠʭʽʡ 

ʛʣʠʙʦʢʽʡ ʚʦʜʽ. ʄʦʜʝʣʴ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ ʧʨʦʻʢʪʫ SCV101 ʚʠʛʦʪʦʚʣʝʥʦ ʚ ʤʘʩʰʪʘʙʽ 1:51,5 ʟ 

ʧʽʥʦʧʣʘʩʪʫ, ʦʙʢʣʝʻʥʦ ʩʢʣʦʪʢʘʥʠʥʦʶ, ʧʦʰʧʘʢʣʴʦʚʘʥʦ ʪʘ ʧʦʬʘʨʙʦʚʘʥʦ. 
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ɹʫʢʩʠʨʫʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʦʩʘʜʮʽ 0,085 ʤ (4,40 ʤ ʜʣʷ ʥʘʪʫʨʠ) 

ʧʝʨʝʜʥʽʤ ʭʦʜʦʤ ʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ ʤʦʜʝʣʽ ʩʫʜʥʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʠʩʣʘʤ ʌʨʫʜʘ ʚʽʜ  

Fr = 0,073 ʜʦ Fr = 0,177 ʟ ʢʨʦʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʦʨʫ ʤʦʜʝʣʽ 0,05 ʢʛʩ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɹʫʢʩʠʨʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʛʣʠʙʦʢʽʡ ʚʦʜʽ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, 

Fr = 0,157 

 

 
ʈʠʩʫʥʦʢ 3 ï ɹʫʢʩʠʨʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʛʨʘʥʠʯʥʦʾ, Fr = 0,177 

 

ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʦ ʙʫʢʩʠʨʫʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʜʝʣʽ ʢʨʘʥʦʚʦʛʦ ʩʫʜʥʘ ʧʨʦʻʢʪʫ 

SCV101. ɺʠʢʦʥʘʥʦ ʧʝʨʝʨʘʭʫʥʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʥʘʪʫʨʥʝ ʩʫʜʥʦ. ɿʘ ʜʘʥʠʤʠ 

ʙʫʢʩʠʨʫʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʟʽ ʩʚʽʞʦʬʘʨʙʦʚʘʥʠʤ ʢʦʨʧʫʩʦʤ, ʦʩʘʜʢʦʶ 4,40 ʤ 

ʫ ʛʣʠʙʦʢʽʡ ʩʧʦʢʽʡʥʽʡ ʚʦʜʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʛʦʣʦʚʥʦʾ ʨʫʭʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ Ne = 2700 ʢɺʪ ʩʢʣʘʜʝ, ʧʨʠʥʘʡʤʥʽ, 10,00 ʚʫʟʣʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

[1]. Abdullayev O. Model for selecting and analyzing the influence of lifting gear on the main 

dimensions of subsea construction vessel. O: Herald of the Odesa National Maritime University, 

2024, ̄ 3(74), 7-18 pp [in English]. 
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RESEARCH OF RUNNING CHARACTERISTICS OF NEW GENERATION SCV101 

MULTIFUNCTIONAL CRANE VESSEL FOR THE CASPIAN SEA  

Iegorov Oleksandr, Demidyuk Oleksandr, Abdullayev Oyrad 

Marine Engineering Bureau, Odesa, Ukraine 

Text of the annotation. Necessity of creation of new generation offshore vessels for the 

Caspian region is shown. Such new vessels should be designed with taking into account modern 

requirements for ecology and economy, which requires additional towing tests. Within the scope of 

the work, the concept of modern multifunctional crane vessel of SCV101 project for the Caspian Sea 

was created, and full ship contours were applied, which until now have been used on river-sea cargo 

vessels designed by Marine Engineering Bureau with different ratios of main dimensions and have 

been successfully tested in practice since 2012. Physical simulation of the motion of a new generation 

multifunctional crane vessel was carried out in the research basin of the Odessa National Maritime 

University in calm deep water. The towing resistance and power were determined. The obtained data 

can be used in the future when developing similar vessel designs. 

Keywords: trials; oil and gas sector; crane vessel; design; hull contours. 
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ɸʥʦʪʘʮʽʷ: ɺ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʦ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʣʶʜʠʥʠ ʚ 

ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʾʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʫʩʠʣʣʷ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʫ ʥʘʧʨʷʤʫ ʧʽʜʚʠʱʝʥʥʷ 

ʮʽʻʾ ʙʝʟʧʝʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʝʥ, ʥʝʜʦʣʽʢʠ ʷʢʦʾ ʚʝʜʫʪʴ ʜʦ 

ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ ʥʘʩʣʽʜʢʽʚ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʩʪʦʭʘʩʪʠʯʥʦʾ 

ʪʝʦʨʽʾ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʦʾ ʭʠʪʘʚʠʮʽ ʩʫʜʝʥ ʪʘ ʾʾ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʩʪʽʡʥʦʩʪʽ, 

ʘʥʘʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʷʤ ʦʩʪʽʡʥʦʩʪʽ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʩʫʜʝʥ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʻʶ. ʎʽ ʢʨʠʪʝʨʽʾ ʚ ʩʠʩʪʝʤʽ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʝʦʨʽʾ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʜʝʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʩʫʜʝʥ, ʷʢʽ 

ʧʽʜʚʠʱʫʶʪʴ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʾʭ ʤʘʡʙʫʪʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʞʝ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦ, ʢʨʠʪʝʨʽʾ ʦʩʪʽʡʥʦʩʪʽ, ʩʪʦʭʘʩʪʠʯʥʝ ʢʦʥʮʝʧʪʫʘʣʴʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ. 
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ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ (ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ) ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ ʧʦʚʠʥʥʽ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʜʦʩʷʛʥʝʥʥʷʤ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʮʽʣʝʡ ï ʥʘʷʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 

ʧʣʘʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʽʥʞʝʥʝʨʥʠʭ ʪʘ 

ʥʘʚʽʛʘʮʽʡʥʠʭ (ʤʦʨʝʭʽʜʥʠʭ) ʷʢʦʩʪʝʡ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ ʙʫʜʽʚʥʠʮʪʚʽ ʩʫʜʝʥ ʪʘ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘʣʝʞʥʦʶ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʻʶ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʷʢʦʩʪʝʡ ʩʫʜʝʥ ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʷʪʴ ʤʽʩʪʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ, 

ʧʦʚô̫ ʟʘʥʠʭ, ʧʝʨʝʚʘʞʥʦ, ʟ ʢʦʨʠʩʥʠʤʠ ʦʙʩʷʛʘʤʠ ʩʫʜʥʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʪʘ ʾʭ ʤʘʩʦʚʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

ʉʫʢʫʧʥʽʩʪʴ ʤʦʨʝʭʽʜʥʠʭ ʷʢʦʩʪʝʡ ʩʫʜʝʥ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʣʘʚʫʯʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ, 

ʥʝʧʦʪʦʧʣʶʚʘʥʽʩʪʴ, ʭʦʜʦʚʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪʴ ʽ ʚʣʘʩʥʝ ʤʦʨʝʭʽʜʥʽʩʪʴ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨʠ 

ʩʫʜʝʥ, ʬʦʨʤʠ ʢʦʨʧʫʩʽʚ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʢʣʘʜʽʚ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʩʠʩʪʝʤ. 

ɺʚʘʞʘʶʪʴ, ʱʦ ʪʘʢʽ ʷʢʦʩʪʽ ʩʫʜʝʥ, ʷʢ ʤʽʩʪʢʽʩʪʴ ʽ ʭʦʜʦʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʶʪʴ, ʧʝʨʝʚʘʞʥʦ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʝʥ. ʆʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʾʭ ʧʣʘʚʘʥʥʷ (ʥʘʜʽʡʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ) ʻ: ʤʽʮʥʽʩʪʴ, ʧʣʘʚʫʯʽʩʪʴ, ʦʩʪʽʡʥʽʩʪʴ, 

ʥʝʧʦʪʦʧʣʶʚʘʥʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪʴ ʪʘ ʤʦʨʝʭʽʜʥʽʩʪʴ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʽʚʥʝʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʘʤʠ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʷʢʦʩʪʝʡ. 

ʋ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʩʫʜʘʤʠ ʤʘʶʪʴ ʤʽʩʮʝ ʘʚʘʨʽʾ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʤʽʨʥʽ ʪʘ 

ʢʘʪʘʩʪʨʦʬʽʯʥʽ, ʧʦʚô̫ ʟʘʥʽ ʽʟ ʚʪʨʘʪʦʶ ʩʫʜʝʥ ʪʘ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ. ʆʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʧʨʝʜʩʪʘʚʣʷʻ 

ʥʘʡʙʽʣʴʰʫ ʮʽʥʥʽʩʪʴ, ʨʽʚʝʥʴ ʘʚʘʨʽʡʥʦʩʪʽ ʚ ʤʦʨʩʴʢʽʡ ʛʘʣʫʟʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʾʭ ʢʽʣʴʢʽʩʪʶ 

(ʩʪʦʩʦʚʥʦ ʟʘʡʥʷʪʠʭ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʣʶʜʝʡ) ʥʘ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʥʦʤʫ ʨʦʢʫ. 

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʩʪʦʣʽʪʪʽ ʩʝʨʝʜ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʘʚʘʨʽʡ ʦʩʦʙʣʠʚʦ ʚʠʨʽʟʥʷʣʠʩʷ ʘʚʘʨʽʾ, 

ʧʦʚô̫ ʟʘʥʽ ʟ ʚʪʨʘʪʦʶ ʦʩʪʽʡʥʦʩʪʽ. ʇʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʾʭ ʢʽʣʴʢʦʩʪʽ ï ʤʝʥʰʝ 10 %, ʮʽ ʘʚʘʨʽʾ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʷ ʙʽʣʴʰ ʥʽʞ 60 % ʣʶʜʩʴʢʠʭ ʞʝʨʪʚ. ʎʝ ʪʘ ʽʥʰʽ ʦʙʩʪʘʚʠʥʠ ʘʚʘʨʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʚʠʟʥʘʯʠʣʠ ʪʝ, ʱʦ ʤʦʨʩʴʢʘ ʛʘʣʫʟʴ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʛʘʣʫʟʷʤʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʤʘʻ ʦʜʠʥ 

ʽʟ ʥʘʡʥʠʞʯʠʭ ʨʽʚʥʽʚ ʙʝʟʧʝʢʠ  

1. ʅʘʧʨʷʤʠ ʨʦʙʦʪʠ ʄʽʞʥʘʨʦʜʥʦʾ ʤʦʨʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 

ʫ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʄʽʞʥʘʨʦʜʥʘ ʤʦʨʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ (IMO) ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʩʪʚʦʨʠʣʘ 

ʩʧʝʮʽʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʾʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜ ʥʘʟʚʦʶ ʌʦʨʤʘʣʽʟʦʚʘʥʘ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ (ʌʆɹ) ʘʙʦ 

Formal Safety Assessment (FSA) [1]. ʈʦʟʨʦʙʣʝʥʘ ʄʝʪʦʜʦʣʦʛʽʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʠʣ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʌʆɹ (FSA) ʩʢʣʘʜʘʻ ʧô̫ ʪʴ ʝʪʘʧʽʚ: 

ï ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʙʝʟʧʝʢ,  

ï ʆʮʽʥʢʘ ʨʠʟʠʢʽʚ (ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ ʥʝʙʝʟʧʝʢ ʽ ʨʦʟʤʽʨʽʚ ʾʭ ʥʘʩʣʽʜʢʽʚ),  

ï ɺʠʙʽʨ ʩʧʦʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʨʠʟʠʢʽʚ (ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ),  

ï ʆʮʽʥʢʘ ʧʝʨʝʚʘʛ (ʚʠʛʽʜ) ʽ ʚʠʪʨʘʪ,  

ï ʈʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʦʚʣʝʥʠʭ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʦʣʦʛʽʻʶ ʌʆɹ (FSA) ʧʨʘʚʠʣ 

ʱʦʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʦʚʠʭ ʩʫʜʝʥ ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ 

(ʦʨʽʻʥʪʦʚʥʦ ʜʦ 2030 ʨʦʢʫ) ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʜʦʧʫʩʪʠʤʦʛʦ (ʧʨʠʡʥʷʪʥʦʛʦ) ʨʽʯʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ 

ʣʶʜʝʡ, ʟʘʡʥʷʪʠʭ ʫ ʤʦʨʩʴʢʠʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʽʚ:  

ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʠʟʠʢ ʞʠʪʪʷ ʯʣʝʥʘ ʝʢʽʧʘʞʫ ï 1,0Ŀ10ï4;  

ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʠʟʠʢ ʞʠʪʪʷ ʧʘʩʘʞʠʨʘ ï 1,0Ŀ10ï5;  
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ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʠʟʠʢ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ ʥʘ ʙʝʨʝʟʽ ï 1,0 Ŀ 10-5 

(ʮʝ ʟʥʘʯʽʪʴ, ʱʦ ʛʠʥʝ ʣʠʰʝ ʦʜʥʘ ʣʶʜʠʥʘ ʽʟ 10 000 ʘʙʦ 100 000 ʧʨʦʪʷʛʦʤ ʨʦʢʫ).  

ʇʽʩʣʷ ʚʠʭʦʜʫ ʫ 2002 ʨʦʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʌʆɹ [1], ʫ ʢʨʘʾʥʘʭ, ʧʽʜʚʽʜʦʤʯʠʭ IMO, ʧʨʦʚʦʜʷʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʠʣ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽʡ ʽʤʦʚʽʨʥʽʩʥʽʡ 

ʦʩʥʦʚʽ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʽʻʾ ʢʦʣʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʫ 

2018 ʨʦʮʽ IMO ʚʠʧʫʩʪʠʣʘ ʧʝʨʝʛʣʷʥʫʪʽ ʢʝʨʽʚʥʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʘʣʴʥʦʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ (FSA) ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʨʘʚʠʣ IMO, ʚʢʣʶʯʘʶʯʠ ʧʨʘʚʠʣʘ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʦʩʪʽʡʥʽʩʪʴ ʩʫʜʝʥ [2]. ʆʩʦʙʣʠʚʽʩʪʶ ʥʦʚʠʭ ʧʨʘʚʠʣ [2] ʟô̫ ʚʠʣʦʩʷ ʪʝ, ʱʦ ʄʽʞʥʘʨʦʜʥʘ ʤʦʨʩʴʢʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʦʙʫʤʦʚʠʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡ ï ʡʤʦʚʽʨʥʦʩʪʝʡ ʛʠʙʝʣʽ ʩʫʜʝʥ ʠ ʣʶʜʝʡ ʚ ʫʤʦʚʘʭ ʤʘʡʙʫʪʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʣʫʟʽ 

ʚʞʝ ʚ ʧʨʦʮʝʩʽ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɿʜʽʡʩʥʶʚʘʪʠʩʷ ʪʘʢʠ ʚʠʤʦʛʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘ ʦʢʨʝʤʠʤʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ï ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʜʽʷʤʠ ï ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ ʫ ʚʠʟʥʘʯʝʥʠʭ ʘʢʚʘʪʦʨʽʷʭ.  

ɿʛʽʜʥʦ ʊʠʤʯʘʩʦʚʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʪʽʡʢʦʩʪʽ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʩʫʜʝʥ ʜʨʫʛʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ ɯʄʆ ʫ ʢʚʽʪʥʽ 2023 ʨʦʢʫ ʮʠʨʢʫʣʷʨʘʤʠ MSC.1/Circ.1652, 1627 [4, 5], 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧô̫ ʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʨʝʞʠʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ: ʮʝ 

ʧʦʣʦʞʝʥʥʷ ʩʫʜʥʘ ʙʝʟ ʭʦʜʫ ʣʘʛʦʤ ʜʦ ʚʽʪʨʫ ʽ ʭʚʠʣʶʚʘʥʥʶ (ʩʪʘʥ ʪʘʢ ʟʚʘʥʦʛʦ çʤʝʨʪʚʦʛʦ ʩʫʜʥʘè), 

ʥʘʜʤʽʨʥʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʯʠʩʪʘ ʚʪʨʘʪʘ ʦʩʪʽʡʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʨʝʟʦʥʘʥʩ ʙʦʨʪʦʚʦʾ ʭʠʪʘʚʠʮʽ ʪʘ 

ʙʨʦʯʠʥʛ ï ʧʝʨʝʢʠʜʘʥʥʷ ʩʫʜʥʘ ʧʽʩʣʷ ʡʦʛʦ ʟʘʭʚʘʪʫ ʧʦʧʫʪʥʦʶ ʭʚʠʣʝʶ. ʂʨʠʪʝʨʽʾ ʤʘʶʪʴ 

ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʪʨʫʢʪʫʨʫ, ʜʝ ʜʚʘ ʧʝʨʰʽ ʨʽʚʥʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʾ ʚʨʘʟʣʠʚʦʩʪʽ 

ʩʫʜʝʥ ʜʦ ʚʪʨʘʪ ʦʩʪʽʡʥʦʩʪʽ, ʘ ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʪʘʢ ʟʚʘʥʠʭ ʧʨʷʤʠʭ ʦʮʽʥʦʢ ʦʩʪʽʡʥʦʩʪʽ (DSA) [3, 4]. ʇʨʠ ʮʴʦʤʫ 

ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʤʽʩʪʠʪʴ ʪʨʘʜʠʮʽʡʥʠʡ ʂʨʠʪʝʨʽʡ ʧʦʛʦʜʠ, ʜʨʫʛʠʡ ï ʦʙʤʝʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʫʧʫ 

ʚʽʜʤʦʚʥʦʛʦ ʩʪʘʥʫ ʚ ʢʦʞʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʪʫʘʮʽʾ, ʪʨʝʪʽʡ ï ʚʠʟʥʘʯʘʻ ʪʘʢʽ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʣʽʯʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʨʫʭʫ ʩʫʜʝʥ ʥʘ ʨʝʛʫʣʷʨʥʦʤʫ ʪʘ ʥʝʨʝʛʫʣʷʨʥʦʤʫ ʭʚʠʣʶʚʘʥʥʽ.  

ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʦʧʠʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʥʦʚʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʝʥ ʥʘʚʝʜʝʥʦ ʫ ɿʚʽʪʽ 

ʢʦʤʽʪʝʪʫ çʉʪʽʡʢʽʩʪʴ ʥʘ ʭʚʠʣʶʚʘʥʥʽè ʥʘ 30-ʡ ʢʦʥʬʝʨʝʥʮʽʾ ʜʦʩʣʽʜʦʚʠʭ ʙʘʩʝʡʥʽʚ, ʱʦ ʚʽʜʙʫʣʘʩʷ ʚ 

2024 ʨʦʮʽ [5]. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʢʠʜʘʥʥʷ ʩʫʜʝʥ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʩʫʜʝʥ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʽʶʯʠʭ ʚʽʪʨʦ-ʭʚʠʣʴʦʚʠʭ ʟʙʫʨʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʨʦʙʢʠ ʧʨʷʤʠʭ ʯʠʩʝʣʴʥʠʭ ʨʽʰʝʥʴ ʨʽʚʥʷʥʴ ʨʫʭʫ ʩʫʜʝʥ ʪʘ ʾʭ ʤʦʜʝʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

2. ʆʩʦʙʠʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʝʥ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʝʥ ʧʝʨʰʽ ʜʚʘ ʝʪʘʧʠ ʤʝʪʦʜʦʣʦʛʽʾ FSA ï 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʝʙʝʟʧʝʢ ʪʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ (ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ ʥʝʙʝʟʧʝʢ ʪʘ ʨʦʟʤʽʨʽʚ 

ʾʭ ʥʘʩʣʽʜʢʽʚ) ï ʟʘʜʦʚʛʦ ʜʦ ʾʾ ʧʦʷʚʠ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʛʦ ʘʚʪʦʨʦʤ ʜʦʧʦʚʽʜʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʪʝʦʨʽʡ 

ʪʝʭʥʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʝʦʨʽʷ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʦʾ ʢʘʯʢʠ ʩʫʜʝʥ ʚ ʫʤʦʚʘʭ ʰʪʦʨʤʫ ʽ 

ʾʾ ʣʦʢʘʣʴʥʦʾ ʪʘ ʥʝʣʦʢʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʦʩʥʦʚʘʤʠ ʢʦʪʨʠʭ ʩʪʘʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʪʦʭʘʩʪʠʯʥʘ ʪʝʦʨʽʷ 

ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʦʾ ʢʘʯʢʠ ʩʫʜʝʥ ʚ ʫʤʦʚʘʭ ʰʪʦʨʤʫ ʪʘ ʾʾ ʣʦʢʘʣʴʥʦʾ ʪʘ ʥʝʣʦʢʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʷʢʘ 

ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ ʘʣʛʦʨʠʪʤʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʝʛʘʪʠʚʥʠʭ ʧʦʜʽʡ ʫ ʢʦʤʧʣʝʢʩʽ 

ʤʦʞʣʠʚʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʡ [6-11].  
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚʠʥʝʥʦʾ ʚ ʢʣʘʩʽ ʤʘʨʢʽʚʩʴʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʪʝʦʨʽʾ ʪʝʭʥʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʩʫʜʝʥ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʜʚʽ ʧʨʦʙʣʝʤʠ ʾʭʥʴʦʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʥʝʣʦʢʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ï 

ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʥʝ ʧʝʨʝʢʠʜʘʥʥʷ ʩʫʜʝʥ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʣʘʛʦʤ ʽ ʨʫʩʽ ʜʦʚʽʣʴʥʠʤ ʢʫʨʩʦʤ ʧʦ 

ʚʜ̔ʥʦʰʝʥʥʶ ʜʦ ʚʽʪʨʫ ʽ ʭʚʠʣʶʚʘʥʥʶ ʚ ʫʤʦʚʘʭ ʰʪʦʨʤʫ, ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ 

ʦʙʣʘʩʪʝʡ ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʥʘ ʚ ʧʨʦʩʪʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʜʽʶʯʦʛʦ ʚʽʪʨʫ ʪʘ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʤʦʨʩʴʢʦʛʦ 

ʭʚʠʣʶʚʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʦʩʪʽʡʥʦʩʪʽ ʩʫʜʝʥ, ʘʥʘʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʷʤ ʦʩʪʽʡʥʦʩʪʽ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʩʫʜʝʥ 

ʚ ʟʘʟʥʘʯʝʥʠʭ ʧô̫ ʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. 

3. ʆʩʦʙʠʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʪʝʦʨʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʜʝʥ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚ ʟʘʜʘʯʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʝʭʽʜʥʠʭ ʷʢʦʩʪʝʡ 

ʩʫʜʝʥ ʜʦʟʚʦʣʠʣʠ ʘʚʪʦʨʫ ʜʦʧʦʚʽʜʽ ʧʦʰʠʨʠʪʠ ʪʘʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʨʘʙʣʽʚ ʽ ʩʫʜʝʥ. ɿʜʽʡʩʥʝʥʦ ʚʦʥʦ ʚʥʘʩʣʽʜʦʢ ʨʦʟʨʦʙʢʠ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʝʦʨʽʾ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʾʭ ʧʨʦʻʢʪʫʚʘʥʥʷ [13-16]. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʽʚ 

ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʦʨʽʾ ʩʪʘʣʦ ʜʦʩʷʛʥʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʻʢʪʥʦʛʦ ʨʽʰʝʥʥʷ 

ʩʫʜʥʘ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʮʽʣʝʡ ʡʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʧʦʜʘʣʴʰʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙô̒ ʢʪʘ. ɼʨʫʛʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʤʝʪʦʜʽʚ ʩʪʘʣʦ ʪʝ, ʱʦ ʜʦ 

ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʩʫʜʥʘ, ʧʨʦʻʢʪʥʝ ʨʽʰʝʥʥʷ ʷʢʦʛʦ 

ʦʧʪʠʤʽʟʫʻʪʴʩʷ, ʫʚʽʡʰʣʠ ʢʨʠʪʝʨʽʾ, ʘʥʘʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʷʤ ʦʩʪʽʡʥʦʩʪʽ ʥʝʧʦʰʢʦʜʞʝʥʠʭ ʩʫʜʝʥ 

ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʇʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʩʫʜʝʥ ʚ ʩʪʦʭʘʩʪʠʯʥʠʭ ʫʤʦʚʘʭ ʾʭ ʽʩʥʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ 

ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʻʜʠʥʽʡ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʽ ʫʚʝʩʴ ʢʦʤʧʣʝʢʩ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʫʜʝʥ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʙʣʝʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʞʠʪʪʷ 

ʣʶʜʠʥʽ ʥʘ ʤʦʨʽ ʚʞʝ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʜʝʥ, ʷʢ ʪʦ ʥʘʤʽʯʝʥʦ ʄʽʞʥʘʨʦʜʥʦʶ 

ʤʦʨʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. 
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Abstract: The report presents modern requirements for ensuring the safety of human life in the 

maritime sector of its activities, the efforts of the International Maritime Organization to increase this 

safety, especially in ensuring the necessary stability of vessels, the capsize of which lead to the most 

serious consequences. It is proposed to use the developed methods of the stochastic theory of 

significant nonlinear ship motion and its stability to determine stability criteria similar to the intact 

stability criteria of second-generation proposed by the organization. These criteria in the system of 

methods of the developed stochastic theory of conceptual design of ships are used to find optimal 

design solutions for ships that increase the level of safety of their future operation already at the early 

stages of design. 
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ɸʥʦʪʘʮʽʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʦʪʨʝʙ ʧʽʜʧʨʠʻʤʩʪʚ ʩʫʜʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ ʪʘ ʩʫʯʘʩʥʦʛʦ 

ʩʪʘʥʫ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ 

Shipbuilding 4.0 ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, Shipbuilding 4.0, ʬʘʭʽʚʮʽ, ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ. 

 

ɺʩʪʫʧ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʩʫʜʥʦʨʝʤʦʥʪʫ ʚ ʩʚʽʪʽ 

ʧʦʚô̫ ʟʫʻʪʴʩʷ ʟ ʽʜʝʦʣʦʛʽʻʶ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. [1é4].  

ɸʥʘʣʽʟ ʨʠʥʢʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʩʫʜʥʦʨʝʤʦʥʪʫ ʜʦʚʦʜʠʪʴ, ʱʦ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʧʨʦʙʣʝʤ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʣʫʟʽ ʬʘʭʽʚʮʷʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ ʪʘ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʜʝʨʞʘʚ ʟ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʤʠ ʩʫʜʥʦʙʫʜʽʚʥʠʤʠ ʪʘ ʩʫʜʥʦʨʝʤʦʥʪʥʠʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘʤʠ, ʜʣʷ ʜʝʨʞʘʚ, ʷʢʽ ʧʣʘʥʫʶʪʴ ʚʽʜʪʚʦʨʠʪʠ ʟʘʥʝʜʙʘʥʽ ʩʫʜʥʦʙʫʜʽʚʥʽ ʘʢʪʠʚʠ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʜʝʨʞʘʚ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʩʫʜʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʜʦʚʦʜʠʪʴ, 

ʱʦ ʦʩʚʽʪʥʽʡ ʧʨʦʩʪʽʨ ʟ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0 ʧʝʨʝʙʫʚʘʻ 

ʫ ʩʪʘʥʽ ʜʠʥʘʤʽʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ [5, 6].  

ɿʘ ʫʤʦʚ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʩʫʜʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ ʥʘ ʝʢʦʥʦʤʽʢʫ ʜʝʨʞʘʚ ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0 ʷʚʣʷʻ ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ 

ʥʘʫʢʦʚʦ ï ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʟʘ ʩʢʣʘʜʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘ ʩʫʯʘʩʥʦʤʫ 

ʝʪʘʧʽ ʡʦʛʦ ʨʦʟʚʠʪʢʫ.  
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ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʢʦʤʧʝʪʝʥʮʽʡ ʟ ʚʽʜʦʤʠʤʠ ʧʦʪʨʝʙʘʤʠ ʫ ʬʘʭʽʚʮʽʚ ʩʫʜʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ ʜʦʚʦʜʠʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʩʚʽʪʥʽʡ ʧʨʦʩʪʽʨ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ. 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʨʦʙʦʯʦʾ ʛʨʫʧʠ (ʅʘʢʘʟ ʨʝʢʪʦʨʘ ʚʽʜ 18.08.2023 ʨ. ˉ 160) ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʡ 

ʟ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ ʩʫʜʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ(ɸʩʦʮʽʘʮʽʷ ʩʫʜʥʦʙʫʜʽʚʥʠʢʽʚ 

ʋʢʨʘʾʥʠ, ʄʦʨʩʴʢʠʡ ʢʣʘʩʪʝʨ ʋʢʨʘʾʥʠ, ʈʝʛʽʩʪʨ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʽ) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʩʬʦʨʤʦʚʘʥʦ ʦʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʥʘʧʨʷʤʢʽʚ, ʘ ʪʘʢʦʞ ʙʘʟʦʚʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʰʦʯʝʨʛʦʚʦ ʚʚʝʩʪʠ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʫʥʽʚʝʨʩʠʪʝʪʫ: ʛʽʙʨʠʜʥʠʡ ʽʥʞʠʥʽʨʠʥʛ, ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʥʘ 

ʽʥʞʝʥʝʨʽʷ, ʫʧʨʘʚʣʽʥʥʷ ɾʎ ʤʦʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʮʠʬʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʮʠʬʨʦʚʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʪʦʱʦ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʠʭ ʧʨʦʛʨʘʤ (ʆʇʇ) ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʞʝ ʚʥʝʩʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ (ʉʂ) ʪʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦ 

ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ (ʇʈʅ), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0 ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʘʣʫʟʽ.  

ʆʩʥʦʚʥʽ ʢʦʨʠʛʫʚʘʥʥʷ ʙʣʦʢʫ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʩʪʦʩʫʶʪʴʩʷ ʮʠʢʣʫ ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ (ʎʇʇ) ʬʘʭʽʚʮʽʚ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʜʨʫʛʦʤʫ ʦʩʚʽʪʥʴʦʤʫ (ʤʘʛʽʩʪʝʨʩʴʢʦʤʫ) ʪʘ 

ʪʨʝʪʴʦʤʫ ʦʩʚʽʪʥʴʦ ï ʥʘʫʢʦʚʦʤʫ (ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ) ʨʽʚʥʷʭ ʥʘʮʽʦʥʘʣʴʥʦʾ ʨʘʤʢʠ ʢʚʘʣʽʬʽʢʘʮʽʡ.  

ʅʘʚʦʜʷʪʴʩʷ ʦʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʚʥʝʩʝʥʠʭ ʢʦʨʠʛʫʚʘʥʴ ʟʘʟʥʘʯʝʥʠʭ ʚ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʠʭ 

ʧʨʦʛʨʘʤʘʭ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʅʋʂ: 

ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï çʄʘʛʽʩʪʨè 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 122 ï ʂʦʤʧôʁ ʪʝʨʥʽ ʥʘʫʢʠ. ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ çʂʦʤʧôʁ ʪʝʨʥʽ 

ʥʘʫʢʠè. 

ʅʦʚʽ ʦʩʚʽʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʎʇʇ: ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ (10 ʢʨʝʜ.); ʽʤʽʪʘʮʽʡʥʽ ʧʨʦʻʢʪʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ( 4 ʢʨʝʜ.); ʩʫʯʘʩʥʽ ʟʘʩʦʙʠ ʢʦʣʝʢʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (3 ʢʨʝʜ.). 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 132 ï ʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ. ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ çʂʦʤʧʦʟʠʮʽʡʥʽ 

ʪʘ ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʢʨʠʪʪʷè. 

ʅʦʚʽ ʦʩʚʽʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʎʇʇ: ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (8 ʢʨʝʜ.); 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (3 ʢʨʝʜ.); ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ (3 ʢʨʝʜ.); ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (3 ʢʨʝʜ.). 

ɿʘ ʥʘʧʨʷʤʢʘʤʠ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. 

ʛʦʪʫʻʪʴʩʷ ʚʽʜʢʨʠʪʪʷ ʜʚʦʭ ʥʘʫʢʦʚʠʭ ʮʝʥʪʨʽʚ.  

ɺʢʘʟʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʪʨʝʙʘʤʠ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. ʅʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʪʘ ʟʤʽʩʪʫ ʪʝʤ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʨʦʟʚʠʪʢʦʤ ʩʢʣʘʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. 

ɺʠʩʥʦʚʦʢ 

1. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟʘ ʥʘʧʨʷʤʢʘʤʠ 

ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ Shipbuilding 4.0. ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ ʧʨʠʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʶ. 
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Abstract. Based on an analysis of the needs of shipbuilding companies and the current state of 

specialist training in various countries around the world, the main areas for improving university 

training programs have been identified for each component of the Shipbuilding 4.0 technology 

platform.  
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ɸʥʦʪʘʮʽʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʦʨʝʧʣʘʚʩʪʚʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʫʤʦʚʣʝʥʽ 

ʚʠʤʦʛʘʤʠ IMO ɦ ʦʜʦ ʦʙʤʝʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʜʦʚʢʽʣʣʷ ʚʠʢʠʜʽʚ, ʟʦʢʨʝʤʘ ï GHG. ʎʝ ʧʠʪʘʥʥʷ 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʩʫʜʝʥ, ʘʣʝ ʚ ʙʽʣʴʰʦʾ ʤʽʨʽ ʚʦʥʦ 

ʪʦʨʢʘʻʪʴʩʷ ʩʫʜʝʥ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʥʪʨʦʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʜʝʥ ʧʦ CII 

(Carbon Intensity Indicator) ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʚ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʜʘʪʥʠʭ ʨʘʜʠʢʘʣʴʥʦ ʟʤʝʥʰʠʪʠ 

ʝʤʽʩʽʶ GHG [1]. ʎʽ ʬʘʢʪʦʨʠ ʟʫʤʦʚʣʶʶʪʴ ʧʦʪʨʝʙʫ ʫ ʬʘʭʽʚʮʷʭ ʚʽʜʧʦʚʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʉʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ, ʪʝʭʥʦʣʦʛʽʾ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ʧʨʦʧʫʣʴʩʠʚʥʠʡ ʢʦʤʧʣʝʢʩ.  

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ʅʦʚʽʪʥʽ ʩʫʜʥʘ ʪʘ ʪʽ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʝʤʽʩʽʶ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ. ɺʽʜʦʤʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ. ɼʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʞʥʦʤʫ ʟ ʧʨʦʝʢʪʽʚ ʤʘʻ ʙʫʪʠ ʜʝʪʘʣʴʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʘ. ɺ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʧʦʧʠʪ ʜʦ ʦʥʦʚʣʝʥʠʭ ʧʽʜʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɽʋ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʜʝʥ ʪʘ ʾʭ ɽʋ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʚ ʩʫʜʥʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ ʚʽʜʙʫʣʠʩʴ 

ʩʫʪʪʻʚʽ ʷʢʽʩʥʽ ʟʤʽʥʠ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ɽʋ ʜʝʷʢʠʭ ʪʠʧʽʚ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʚ ʪʝʨʤʽʥ 2020 ï 2024 ʨʦʢʠ. ʆʢʨʝʤʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʨʠʢʣʘʜʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ 

Retrofit Project ʜʣʷ ʩʫʜʝʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʚ ʭʦʜʽ ʷʢʠʭ ʨʝʘʣʽʟʦʚʫʚʘʣʠʩʴ ʨʽʰʝʥʥʷ, 

ʧʝʨʝʜʙʘʯʝʥʽ ʥʘʷʚʥʠʤʠ SEEMP.  

ʅʘʚʽʪʴ ʧʨʦʩʪʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ɽʋ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʥʦʚʠʭ ʩʫʜʥʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ 

ʩʠʩʪʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʩʢʠʜʥʠʭ ʛʘʟʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʦʜʫʢʫʚʘʪʠ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ. ʈʝʟʫʣʴʪʘʪ 

ʮʽʣʢʦʤ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘʷʚʥʠʭ ʪʝʧʣʦʚʠʭ ʚʠʢʠʜʽʚ.  

ʂʦʥʪʝʡʥʝʨʦʚʦʟʠ. ɺ ʧʝʨʽʦʜ 2020 ï 2024 ʧʨʦʚʽʜʥʽ ʣʦʛʽʩʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʨʦʟʤʽʩʪʠʣʠ ʟʘʢʘʟʠ 

ʥʘ ʧʦʙʫʜʦʚʫ ʩʝʨʽʡ ULCS ʻʤʥʽʩʪʶ 20000 ï 24400 TEUs. ʅʘ ʚʩʽʭ ʩʫʜʥʘʭ ʨʝʘʣʽʟʦʚʘʥʽ ʦʜʥʦʚʘʣʴʥʽ 

ɽʋ ʟ ʤʘʣʦʦʙʝʨʪʦʚʠʤʠ ɻɼ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ʜʚʠʛʫʥʽʚ ʧʨʘʮʶʻ ʥʘ ʤʘʣʦʩʽʨʢʦʚʠʭ ʧʘʣʠʚʘʭ ï MGO, 

LSFO ʘʙʦ ULSFO, ʪʘʢʦʞ ʧʦʰʠʨʝʥʽ ʜʚʦʧʘʣʠʚʥʽ ɼɺɿ, ʷʢʽ ʟʜʘʪʥʽ ʩʧʦʞʠʚʘʪʠ ʤʝʪʘʥʦʣ ʪʘ ʩʢʨʘʧʣʝʥʽ 

ʢʨʽʦʛʝʥʥʽ ʧʘʣʠʚʘ ï LNG ʪʘ LNH3 [2]. 

ʆʩʦʙʣʠʚʽʩʪʶ ɽʋ ʮʠʭ ʩʫʜʝʥ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʚʠʥʝʥʠʭ WHRS, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘ ʩʫʜʥʘʭ ʙʽʣʴʰ ʨʘʥʥʴʦʾ ʧʦʙʫʜʦʚʠ, ʪʘʢʠʭ, ʷʢ ʢʦʥʪʝʡʥʝʨʦʚʦʟʠ ʢʣʘʩʫ Triple 
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ɽ Maersk Line, ʟʦʢʨʝʤʘ MÞrsk Mc-Kinney Mßller. WHRS ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʥʝ ʧʨʦʜʫʢʫʶʪʴ 

ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ, ʘ ʚʠʢʦʥʫʶʪʴ ʩʫʪʦ ʪʝʧʣʦʬʽʢʘʮʽʡʥʽ ʟʘʜʘʯʽ. ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʉɽʋ 

ʢʦʥʪʝʡʥʝʨʦʚʦʟʫ MSC IRINA, (IMO number 9929429), ʟ ʜʚʦʧʘʣʠʚʥʠʤ ɻɼ 11X92 ʚʠʨʦʙʥʠʮʪʚʘ 

WinGD Ltd.  

ɭ ʧʦʦʜʠʥʦʢʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʩʫʜʥʘʭ ORC WHRS [3]. ʊʘʢ ʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʽ 

Arnold Maersk, (IMO number 9260433, ɻɼ Wªrtsilª 12RTA96C), ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʨʦʙʦʪʘ 

ʪʝʧʣʦʫʪʠʣʽʟʘʮʽʡʥʦʾ ORC ʫʩʪʘʥʦʚʢʠ Hydrocurrent 125EJW, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʩʢʠʜʥʫ ʪʝʧʣʦʪʫ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ɻɼ ʪʘ ɼɻ. ʗʢ ʧʦʢʘʟʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʙʦʨʪʥʦʾ ʚʦʜʠ. ɼʦʩʷʛʥʫʪʘ ʧʦʪʫʞʥʽʩʪʴ ORC ʫʩʪʘʥʦʚʢʠ 

ʩʪʘʥʦʚʠʣʘ 62 ï 75 ʢɺʪ, ʧʨʠ ʤʘʩʽ ʘʛʨʝʛʘʪʘ 38 ʪʦʥ, ʱʦ ʥʝ ʻ ʟʘʜʦʚʽʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ [4].  

ɹʘʣʢʝʨʠ ʪʘ ʪʘʥʢʝʨʠ. ʆʯʽʢʫʚʘʥʦ, ʱʦ ʪʘʢʘ ʩʘʤʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʧʨʦʱʝʥʥʷ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʠʜʥʦʾ ʪʝʧʣʦʪʠ ʉɽʋ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʩʫʯʘʩʥʠʭ ʙʘʣʢʝʨʽʚ ʪʘ ʪʘʥʢʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʾʭ 

ɻɼ ʤʘʶʪʴ ʟʥʘʯʥʦ ʥʠʞʯʫ ʧʦʪʫʞʥʽʩʪʴ, ʦʪʞʝ ʦʙô̒ ʤʠ ʪʝʧʣʦʚʠʭ ʚʠʢʠʜʽʚ ʟʥʘʯʥʦ ʤʝʥʰʽ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʩʽʭ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ ʟʨʦʩʪʘʻ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʜʦʩʷʛʥʫʪʽ ʨʽʚʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ EEDI ʪʘ EEXI. ɺʦʯʝʚʠʜʴ, ʱʦ ʮʴʦʤʫ ʩʧʨʠʷʶʪʴ ʽʥʰʽ 

ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʨʠʩʦʶ ʩʴʦʛʦʜʝʥʥʷ ʻ ʦʜʥʦʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʩʫʜʥʘʭ ʜʝʢʽʣʴʢʦʭ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ ʟʥʘʯʥʦʛʦ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʦʝʢʪʘʥʪʽʚ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʩʫʜʝʥ.  

ʇʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʝʢʪʘʭ ʩʫʜʝʥ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʝʣʝʤʝʥʪʠ ESD (Energy 

Saving Devises), ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʫʣʴʩʠʚʥʦʾ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ [5-7]. ɿʥʘʯʥʠʡ 

ʧʨʦʛʨʝʩ ʜʦʩʷʛʥʫʪʠʡ ʚ ʟʤʝʥʰʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʦʧʦʨʫ ʩʫʜʥʘ, ʟʦʢʨʝʤʘ ʚ 

ʧʜ̔ʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ ʛʚʠʥʪ-ʢʦʨʧʫʩ ʩʫʜʥʘ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʩʫʜʥʘʭ ALS (Air 

Lubricating System) ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʪʝʨʪʷ ʢʦʨʧʫʩʫ ʩʫʜʥʘ ʧʨʠ ʭʦʜʽ [8].  

ɺʘʛʦʤʘ ʫʚʘʛʘ ʩʧʨʷʤʦʚʘʥʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʩʫʜʥʘʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɭ ʯʠʩʣʝʥʥʽ ʧʨʠʢʣʘʜʠ ʚʞʠʪʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʜʘʪʢʦʚʠʭ ʨʫʰʽʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʽʶ 

ʚʽʪʨʫ ï Wind-Assisted Propulsion Systems (WAPS). ʎʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʜʣʷ ʩʫʜʝʥ, ʱʦ 

ʧʨʦʝʢʪʫʶʪʴʩʷ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʝʢʪʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʫʜʝʥ ï Retrofit Projects [9].  

ɺʠʩʥʦʚʢʠ 

ʉʠʪʫʘʮʽʷ ʥʘ ʨʠʥʢʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦ, 

ʱʦ ʩʪʘʚʠʪʴ ʧʠʪʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ. ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʥʘʫʢʦʻʤʥʠʤ ʥʘʧʨʷʤʦʤ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ.  

ɿʘʜʘʯʘ ʜʣʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʥʘʜʘʪʠ ʩʪʫʜʝʥʪʘʤ ʧʦʪʨʽʙʥʽ ʬʘʭʦʚʽ ʢʦʤʧʝʪʝʥʮʽʾ ʪʘ ʩʬʦʨʤʫʚʘʪʠ 

ʥʘʚʠʯʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʄʦʞʣʠʚʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʠʩʪʝʤʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʘ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʨʦʙʣʝʤʥʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ï PBL, ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʷ ʦʩʚʽʪʥʽʭ 

ʧʨʦʛʨʘʤʘ ʚ ʤʝʞʘʭ ʛʘʣʫʟʽ ʟʥʘʥʴ G11 ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ (135 ʉʫʜʥʦʙʫʜʫʚʘʥʥʷ).  
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SHIP POWER ENGINEERING: DEVELOPMENT TRENDS AND MODERN 

METHODS OF IMPROVING SHIP EFFICIENCY  

Korobko V.V.  

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine 

Abstract. The current state and further development of shipping are largely determined by the 

IMO requirements on limiting environmentally harmful emissions, in particular GHG. This issue is 

relevant in the design and construction of new vessels, but to a greater extent it concerns ships already 

in operation. The monitoring of vessel performance through the Carbon Intensity Indicator (CII) 

necessitates technologies capable of radically reducing GHG emissions [1]. These factors highlight 

the growing demand for specialists with appropriate qualifications. 

Keywords: marine power plants, energy-saving technologies, propulsion complex. 
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Classification Society, IACS), ʜʘʣʽ ʧʦ ʪʝʢʩʪʫ IACS, ʯʣʝʥʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ, ʫ ʧʽʜʪʨʠʤʮʽ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʚ 

ʛʣʦʙʘʣʴʥʦʤʫ ʩʫʜʥʦʧʣʘʚʩʪʚʽ. IACS ʥʘʨʘʟʽ ʥʘʣʽʯʫʻ ʟʘʛʘʣʦʤ 12 ʪʦʚʘʨʠʩʪʚ-ʯʣʝʥʽʚ, ʽ ʧʦʥʘʜ 90% 

ʩʚʽʪʦʚʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʬʣʦʪʫ (gross tonnage base) ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʚ 

ʪʦʚʘʨʠʩʪʚʘʭ-ʯʣʝʥʘʭ IACS. 

ʅʘʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʭʘʥʽʟʤʫ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ ʈʝʛʽʩʪʨ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʫ ʄʽʞʥʘʨʦʜʥʽʡ ʘʩʦʮʽʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ 

ʪʦʚʘʨʠʩʪʚ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʈʝʛʽʩʪʨ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ, ʢʣʘʩʠʬʽʢʘʮʽʡʥʝ ʪʦʚʘʨʠʩʪʚʦ, ʤʽʞʥʘʨʦʜʥʘ 

ʘʩʦʮʽʘʮʽʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ, ʚʦʜʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʣʘʩʠʬʽʢʘʮʽʡʥʝ ʪʦʚʘʨʠʩʪʚʦ ʚʠʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʷʢ ʦʢʨʝʤʘ ʦʨʛʘʥʽʟʘʮʽʷ, ʟ ʦʢʨʝʤʠʤʠ ʚʠʤʦʛʘʤʠ ʟʛʽʜʥʦ Code for Recognized 

Organization ((RO CODE) Resolution MSC.349(92) 21.06.2013) ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘ ʥʘʙʦʨʦʤ 

ʫʥʽʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ: ʨʦʟʨʦʙʢʘ ʚʣʘʩʥʠʭ ʧʨʘʚʠʣ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʜʝʥ, ʝʢʩʧʝʨʪʠʟʦʶ ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ, ʪʝʭʥʽʯʥʠʡ ʥʘʛʣʷʜ ʟʘ ʧʦʙʫʜʦʚʦʶ ʪʘ ʨʝʤʦʥʪʦʤ ʩʫʜʝʥ, ʩʝʨʪʠʬʽʢʘʮʽʻʶ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʋʢʨʘʾʥʽ ʚʣʘʩʥʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʨʦʟʧʦʯʘʪʘ ʚ 1998 ʨʦʮʽ, ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ˉ814 ʚʽʜ 08.06.1998 ʨʦʢʫ çʇʨʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ, ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʽ 

ʩʫʜʥʦʧʣʘʚʥʦʛʦ ʥʘʛʣʷʜʫ ʥʘ ʤʦʨʩʴʢʦʤʫ ʽ ʚʥʫʪʨʽʰʥʴʦʤʫ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽè ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 

ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʂʣʘʩʠʬʽʢʘʮʽʡʥʝ ʪʦʚʘʨʠʩʪʚʦ ʈʝʛʽʩʪʨ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠè. 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʤ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤ ʪʦʚʘʨʠʩʪʚʦʤ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʙʘʯʝʥʥʷ ʮʝ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʚ IACS. ʊʦʤʫ ʘʥʘʣʽʟ, 

ʨʝʘʣʽʟʘʮʽʷ ʤʝʭʘʥʽʟʤʽʚ ʚʩʪʫʧʫ ʜʦ IACS ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʢʨʠʪʽ ʧʨʠʥʮʠʧʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʟʘ ʩʫʜʥʘʤʠ. ʆʜʥʘʢ ʚ ʣʽʪʝʨʘʪʫʨʽ ʯʠ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʚ ʮʽʣʦʤʫ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʟʘ ʩʫʜʥʘʤʠ ʚ ʋʢʨʘʾʥʽ. ʉʪʘʚʠʪʴʩʷ ʟʘ 

ʤʝʪʫ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʈʝʛʽʩʪʨʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʚ IACS. 

ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʚ IACS ʽ ʥʘʚʝʩʪʠ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʙʫʪʪʷ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʦʪʨʠʤʘʥʥʷ ʯʣʝʥʩʪʚʘ 

ʄʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ ɼʝʨʞʘʚʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

çʂʣʘʩʠʬʽʢʘʮʽʡʥʝ ʪʦʚʘʨʠʩʪʚʦ ʈʝʛʽʩʪʨ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠè, ʪʘ ʤʦʞʣʠʚʠʡ ʰʣʷʭ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋʨʷʜʠ ʨʦʟʚʠʥʫʪʠʭ ʜʝʨʞʘʚ ʧʨʠʜʽʣʷʶʪʴ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʫ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʜʽʷʣʴʥʽʩʪʴ ʟʘʚʞʜʠ ʫ ʪʦʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʟ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʦʚʥʽʰʥʴʦʾ ʧʦʣʽʪʠʢʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʡʩʴʢʦʚʦ-ʩʪʨʘʪʝʛʽʯʥʠʭ ʽʥʪʝʨʝʩʽʚ ʜʝʨʞʘʚʠ. 

ʆʩʦʙʣʠʚʘ ʨʦʣʴ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʽʥ ʻ ʛʦʣʦʚʥʠʤ ʤʘʪʝʨʽʘʣʴʥʠʤ ʟʘʩʦʙʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʚᾷʷʟʢʽʚ. ʋʢʨʘʾʥʘ ʚ 1994 ʨʦʮʽ ʨʘʪʠʬʽʢʫʚʘʣʘ ʢʦʥʚʝʥʮʽʶ 

ʆʆʅ ʦ ʄʽʞʥʘʨʦʜʥʽʡ ʤʦʨʩʴʢʽʡ ʦʨʛʘʥʽʟʘʮʽʾ (International Maritime Organization ï IMO), 

ʟʘʙʝʟʧʝʯʠʚ ʪʠʤ ʩʘʤʠʤ ʧʦʚʥʦʧʨʘʚʥʫ ʫʯʘʩʪʴ ʜʝʨʞʘʚʠ ʚ ʨʦʙʦʪʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʦʨʛʘʥʫ ʧʦ ʩʫʜʥʦʧʣʘʚʩʪʚʫ, ʷʢʠʡ ʦʙô̒ ʜʥʫʻ 176 ʜʝʨʞʘʚ (ʋʢʨʘʾʥʘ ʩʪʘʣʘ 149 ʯʣʝʥʦʤ IMO). ʆʜʥʠʤ 

ʟ ʦʙʦʚô̫ ʟʢʽʚ ʜʝʨʞʘʚ-ʫʯʘʩʥʠʢʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʛʦʚʦʨʽʚ (ʤʽʞʫʨʷʜʦʚʠʭ ʢʦʥʚʝʥʮʽʡ) ʚ ʨʘʤʢʘʭ IMO 

ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʜʝʥ ʧʽʜ ʧʨʘʧʦʨʦʤ ʫʩʽʤ ʚʠʤʦʛʘʤ ʮʠʭ ʢʦʥʚʝʥʮʽʡ. ɼʣʷ ʯʦʛʦ ʫʨʷʜʠ 

ʜʝʨʞʘʚ-ʫʯʘʩʥʠʢʽʚ ʢʦʥʚʝʥʮʽʡ IMO ʦʨʛʘʥʽʟʫʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʧʝʮʽʘʣʴʥʽ ʜʝʨʞʘʚʥʽ ʩʣʫʞʙʠ ʟ 

ʪʝʭʥʽʯʥʦʛʦ ʥʘʜʟʦʨʫ ʟʘ ʩʫʜʥʘʤʠ, ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʥʘʮʽʦʥʘʣʴʥʝ ʤʦʨʩʴʢʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, 

ʚʽʜʧʦʚʽʜʥʝ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʶ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʜʝʣʝʛʫʶʪʴ ʯʘʩʪʠʥʫ ʩʚʦʾʭ 

ʧʦʚʥʦʚʘʞʝʥʴ ʚʠʟʥʘʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʛʽʜʥʦ ʟ ʂʦʜʝʢʩʦʤ ʧʨʦ ɺʠʟʥʘʥʥʽ ʦʨʛʘʥʽʟʘʮʽʾ (Code for 

Recognized Organization (RO CODE) Resolution MSC.349(92) 21.06.2013. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʩʚʽʪʽ ʻ 118 ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ ʷʢʠʤ ʜʝʣʝʛʦʚʘʥʽ 

ʧʦʚʥʦʚʘʞʝʥʥʷ ʫʨʷʜʽʚ ʢʨʘʾʥ (ʽʥʬʦʨʤʘʮʽʷ GISIS IMO) ʟʛʽʜʥʦ RO CODE. 

ʇʨʦʚʽʜʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʪʦʚʘʨʠʩʪʚʘ ʩʚʽʪʫ ʦʙô̒ ʜʥʘʥʽ ʚ ʤʽʞʥʘʨʦʜʥʫ ʥʝʫʨʷʜʦʚʫ ʦʨʛʘʥʽʟʘʮʽʶ ï 

ʄʽʞʥʘʨʦʜʥʫ ʘʩʦʮʽʘʮʽʶ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ (International Association of Classification 

Societies (IACS), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 12 ʯʣʝʥʽʚ, ʧʝʨʝʣʽʢ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ ɯ. 

 

ʊʘʙʣʠʮʷ ï ɯ 

ˉ ʅʘʟʚʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ɸʙʨʝʚʽʘʪʫʨʘ ʂʨʘʾʥʘ 

1 American Bureau of Shipping ABS ʉʐɸ 

2 Bureau Veritas S.A. BV ʌʨʘʥʮʽʷ 

3 China Classification Society CCS ʂʠʪʘʡ 

4 Croatian Register of Shipping CRS ʍʦʨʚʘʪʽʷ 

5 DNV AS DNV ʅʦʨʚʝʛʽʷ 

6 Indian Register of Shipping IRS ɯʥʜʽʷ 

7 Korean Register KR ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ 

8 Lloydôs Register Group Ltd LR ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

9 Nippon Kaiji Kyokai NK ʗʧʦʥʽʷ 

10 Polish Register of Shipping PRS ʇʦʣʴʱʘ 

11 RINA Services S.p.A. RINA ɯʪʘʣʽʷ 

12 T¿rk Loydu A.S. TL ʊʫʨʝʯʯʠʥʘ 

 

IACS ʟʘʩʥʦʚʘʥʘ ʟ 1968 ʨʦʢʫ ʟ ʤʝʪʦʶ ʩʧʽʣʴʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʥʘ ʤʦʨʽ, 

ʥʘʜʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʦʩʣʫʛ ʽ ʩʧʽʚʧʨʘʮʽ ʟ ʨʽʟʥʠʤʠ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʡ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. 

IACS ʥʘʜʘʥʦ ʩʪʘʪʫʩ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʦʨʛʘʥʫ ʧʨʠ ɯʄʆ. ʋʥʽʬʽʢʦʚʘʥʽ ʪʣʫʤʘʯʝʥʥʷ ʢʦʥʚʝʥʮʽʡ ʽ 

ʨʝʟʦʣʶʮʽʡ ɯʄʆ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ IACS, ʚʠʟʥʘʶʪʴʩʷ ʫʨʷʜʘʤʠ ʚʩʽʭ ʢʨʘʾʥ-ʯʣʝʥʽʚ ɯʄʆ ʪʘ 

ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʥʦʨʤʘʪʠʚʠ. ʋ 1991 ʨʦʮʽ IACS ʫʭʚʘʣʠʣʦ ʨʽʰʝʥʥʷ, ʱʦ ʟ 1 ʩʽʯʥʷ 

1994 ʨʦʢʫ ʯʣʝʥʩʪʚʦ ʫ ʥʽʡ ʙʫʜʝ ʜʦʩʪʫʧʥʝ ʣʠʰʝ ʪʠʤ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ, ʷʢʽ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʭʝʤʽ Quality System Certification Scheme (QSCS), ʱʦ ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 9001 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʠʬʽʢʠ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʟʘʚʜʘʥʴ 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ. ʂʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ ʻ ʯʣʝʥʘʤʠ IACS ʧʨʦʭʦʜʷʪʴ 

ʨʝʪʝʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʴʦʤʫ ʩʪʘʥʜʘʨʪʫ, ʷʢʫ ʧʨʦʚʦʜʷʪʴ ʥʝʟʘʣʝʞʥʽ ʘʫʜʠʪʦʨʠ. 

ʋ ʩʚʽʪʽ ʻ ʪʽʣʴʢʠ ʪʨʠ ʢʦʤʧʘʥʽʾ ʷʢʽ ʢʦʤʧʝʪʝʥʪʥʽ ʽ ʚʠʟʥʘʶʪʴʩʷ IACS ʮʝ The British Standards 

Institution (BSI, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), Soci®t® G®n®rale de Surveillance SA (SGS, ʐʚʝʡʮʘʨʽʷ) ʪʘ 

DECRA, ʅʽʤʝʯʯʠʥʘ.  

IACS ʤʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʡ ʚʠʢʦʥʘʥʥʷ ʾʾ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ. ɺʠʱʠʤ ʦʨʛʘʥʦʤ ʻ ʈʘʜʘ (Council), ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ 
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ʢʝʨʽʚʥʠʢʠ ʚʩʽʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ-ʯʣʝʥʽʚ. ʈʘʜʘ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʫʭʚʘʣʶʻ ʩʪʨʘʪʝʛʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʟʘʪʚʝʨʜʞʫʻ ʢʣʶʯʦʚʽ ʜʦʢʫʤʝʥʪʠ. ʆʧʝʨʘʪʠʚʥʫ 

ʜʽʷʣʴʥʽʩʪʴ IACS ʢʦʦʨʜʠʥʫʻ ɻʝʥʝʨʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨʽʘʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʦʪʠ 

ʧʦʩʪʽʡʥʠʭ ʽ ʪʠʤʯʘʩʦʚʠʭ ʢʦʤʽʪʝʪʽʚ. ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ï ʇʦʩʪʽʡʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʢʦʤʽʪʝʪ (General Policy Group), ʱʦ ʨʦʟʨʦʙʣʷʻ ʫʥʽʬʽʢʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʛʦʪʫʻ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʡ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʚʩʽʭ ʯʣʝʥʽʚ IACS. ʊʘʢʦʞ ʫ ʤʝʞʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʶʪʴ ʪʝʤʘʪʠʯʥʽ 

ʨʦʙʦʯʽ ʛʨʫʧʠ ʡ ʧʽʜʢʦʤʽʪʝʪʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʙʝʟʧʝʢʠ, ʝʢʦʣʦʛʽʾ, ʮʠʬʨʦʚʽʟʘʮʽʾ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʦʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʝʢʩʧʝʨʪʥʽ ʛʨʫʧʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʨʦʟʛʣʷʜ ʧʨʦʝʢʪʽʚ ʟʤʽʥ ʜʦ 

ʩʪʘʥʜʘʨʪʽʚ, ʘʥʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴ ʘʫʜʠʪ 

ʷʢʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʯʣʝʥʽʚ IACS. ʆʢʨʝʤʠʡ ʥʘʧʨʷʤ ï ʚʟʘʻʤʦʜʽʷ ʟ ɯʄʆ ʪʘ ʽʥʰʠʤʠ ʧʨʦʬʽʣʴʥʠʤʠ 

ʽʥʩʪʠʪʫʮʽʷʤʠ, ʜʣʷ ʯʦʛʦ ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʜʦʨʘʜʯʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʣʘʪʬʦʨʤʠ. ʏʽʪʢʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ IACS ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʛʣʦʙʘʣʴʥʽ ʚʠʢʣʠʢʠ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʥʽʬʽʢʘʮʽʶ ʩʪʘʥʜʘʨʪʽʚ ʽ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ IACS ʘʢʪʠʚʥʦ ʘʜʘʧʪʫʻ ʩʚʦʾ ʩʪʘʥʜʘʨʪʠ ʜʦ ʥʦʚʠʭ ʛʣʦʙʘʣʴʥʠʭ 

ʚʠʢʣʠʢʽʚ ʫ ʤʦʨʩʴʢʽʡ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʬʨʦʚʽʟʘʮʽʾ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʩʫʜʝʥ. ʆʨʛʘʥʽʟʘʮʽʷ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʡ 

ʦʥʦʚʣʝʥʥʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʥʦʤʥʽ ʩʫʜʥʘ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʴʥʦʛʦ, ʩʧʨʠʷʻ ʽʥʪʝʛʨʘʮʽʾ ʥʦʨʤ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʪʘ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʚʽʨʦʢ ʽ 

ʩʝʨʪʠʬʽʢʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʟʚʠʚʘʻ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʜʣʷ ʬʘʭʽʚʮʽʚ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ, ʨʝʘʛʫʻ ʥʘ ʘʢʪʫʘʣʴʥʽ ʚʠʢʣʠʢʠ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʨʽʰʝʥʴ ʽ ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʫʜʥʦʚʣʘʩʥʠʢʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʩʪʫʧʥʦʛʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʦʚʽʜʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ 

ʪʦʚʘʨʠʩʪʚʘ ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ IACS ʚʯʘʩʥʦ ʨʝʘʛʫʶʪʴ ʥʘ ʚʠʢʣʠʢʠ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ ʦʢʨʝʤʦ 

ʟʘʡʤʘʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʩʪʫʧ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʘʩʦʮʽʘʮʽʾ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʪʦʚʘʨʠʩʪʚ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʩʪʘʥʜʘʨʪʽʚ 

ʙʝʟʧʝʢʠ, ʷʢʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʏʣʝʥʩʪʚʦ ʚʽʜʢʨʠʚʘʻ ʜʦʩʪʫʧ ʜʦ 

ʥʘʧʨʘʮʴʦʚʘʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ, ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʻʜʠʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ, ʩʧʨʠʷʻ 

ʚʟʘʻʤʥʦʤʫ ʚʠʟʥʘʥʥʶ ʩʝʨʪʠʬʽʢʘʪʽʚ ʽ ʩʧʨʦʱʝʥʥʶ ʧʨʦʮʝʜʫʨ ʜʣʷ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʩʧʽʚʧʨʘʮʷ ʚ ʤʝʞʘʭ ʘʩʦʮʽʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʧʽʜʚʠʱʫʻ 

ʧʨʝʩʪʠʞ ʦʨʛʘʥʽʟʘʮʽʾ, ʨʦʟʰʠʨʶʻ ʧʘʨʪʥʝʨʩʪʚʦ ʪʘ ʽʥʪʝʛʨʫʻ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. ʎʝ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʪʝʨʝʩʽʚ ʜʝʨʞʘʚʠ ʡ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʩʚʽʪʦʚʽʡ ʘʨʝʥʽ. 

I  ʯʘʩʪʠʥʘ. ʇʨʦʮʝʜʫʨʘ ʪʘ ʬʽʥʘʥʩʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

ʆʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʚ IACS ʚʠʢʣʘʜʝʥʽ IACS PROCEDURES Volume 2 
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2023 ʨʦʮʽ ʧʨʦʭʦʜʠʚ ʥʝʟʘʣʝʞʥʠʡ ʘʫʜʠʪ, ʟʘ ʟʘʤʦʚʣʝʥʥʷʤ European Maritime Safety Agency 

(EMSA), ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ ʜʦʧʦʤʦʛʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ɸʜʤʽʥʽʩʪʨʘʮʽʾ ʉʫʜʥʦʧʣʘʚʩʪʚʘ 

ʋʢʨʘʾʥʠ. ɸʫʜʠʪ ʧʨʦʚʦʜʠʚ ʥʝʟʘʣʝʞʥʠʡ ʘʫʜʠʪʦʨ Ulf  Birgander, ʷʢʠʡ ʚʠʟʥʘʥʠʡ IACS ʽ ʚʠʢʦʥʫʚʘʚ 

ʘʫʜʠʪʠ ʯʣʝʥʘʤ ʘʩʦʮʽʘʮʽʾ. ɸʫʜʠʪ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ RO Code ʪʘ ʈʝʛʣʘʤʝʥʪʫ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʽ ʈʘʜʠ (ɭʉ) ˉ 391/2009 ʚʽʜ 23 ʢʚʽʪʥʷ 2009 ʨʦʢʫ ʧʨʦ ʟʘʛʘʣʴʥʽ 

ʧʨʘʚʠʣʘ ʪʘ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʫ ʪʘ ʦʛʣʷʜ ʩʫʜʝʥ, (ʜʘʣʽ ï 

ʈʝʛʣʘʤʝʥʪ ˉ 391). ʂʨʠʪʝʨʽʾ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ ʚ IACS, RO Code ʪʘ ʈʝʛʣʘʤʝʥʪ ˉ 391 ʜʦʩʠʪʴ 

ʩʭʦʞʽ. ʇʝʨʝʣʽʢ ʢʨʠʪʝʨʽʾʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʈʝʛʽʩʪʨʫ ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʽ 2. 
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24 

ʊʘʙʣʠʮʷ 2 

ˉ ʅʘʟʚʘ ʢʨʠʪʝʨʽʶ 
ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚ ʈʝʛʽʩʪʨʽ 
ʇʨʠʤʽʪʢʠ 

1 
ɿʘʷʚʥʠʢ ʧʦʚʠʥʝʥ ʩʧʦʯʘʪʢʫ ʙʫʪʠ ʚʠʟʥʘʥʠʡ IACS ʷʢ 

Classification Society 
ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

2 
ʅʘʷʚʥʽʩʪʴ ʜʽʡʩʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʟʘ ʉʭʝʤʦʶ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʷʢʦʩʪʽ IACS (QSCS) 
ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

3 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ, 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʧʽʜʪʨʠʤʫʚʘʪʠ, ʨʝʛʫʣʷʨʥʦ 

ʦʥʦʚʣʶʚʘʪʠ ʪʘ ʧʫʙʣʽʢʫʚʘʪʠ ʚʣʘʩʥʠʡ ʥʘʙʽʨ ʧʨʘʚʠʣ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

4 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʦʛʣʷʜʠ 

ʩʫʜʝʥ, ʱʦ ʙʫʜʫʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ 

ɿʘʷʚʥʠʢʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɯʄʆ 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ 
ɺʽʜʩʫʪʥʽʩʪʴ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ 

5 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʝʨʽʦʜʠʯʥʽ 

ʦʛʣʷʜʠ ʩʫʜʝʥ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ ʟʘʷʚʥʠʢʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ɯʄʆ 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

6 

ɼʦʩʪʘʪʥʻ ʤʽʞʥʘʨʦʜʥʝ ʧʦʢʨʠʪʪʷ ʝʢʩʢʣʶʟʠʚʥʠʤʠ 

ʽʥʩʧʝʢʪʦʨʘʤʠ ʚʽʜʥʦʩʥʦ ʦʙʩʷʛʫ ʧʽʜʪʨʠʤʢʠ 

ɿʘʷʚʥʠʢʦʤ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʪʘ 

ʢʣʘʩʠʬʽʢʦʚʘʥʦʛʦ ʧʘʨʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

7 

ɼʦʢʫʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʜʦʩʚʽʜ, ʷʢʠʡ 

ʧʽʜʪʚʝʨʜʞʫʻ ʟʜʘʪʥʽʩʪʴ ɿʘʷʚʥʠʢʘ ʦʮʽʥʶʚʘʪʠ ʧʨʦʝʢʪʠ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ/ʘʙʦ ʩʫʪʪʻʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ/ʘʙʦ 

ʩʫʜʝʥ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʙʫʜʴ-̫ ʢʦʾ ʟʘʩʪʦʩʦʚʥʦʾ ʂʦʥʚʝʥʮʽʾ ɯʄʆ 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

8 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʣʘʩʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʢʣʘʩʠʬʽʢʦʚʘʥʦʛʦ 

ʬʣʦʪʫ ɿʘʷʚʥʠʢʘ ʪʘ ʡʦʛʦ ʫʯʘʩʪʽ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʜʝʥ, ʱʦ ʙʫʜʫʶʪʴʩʷ. 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

9 

ʊʝʭʥʽʯʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʨʦʙʦʪʫ 

ʄɸʂʆ ʟ ʨʦʟʨʦʙʢʠ ʤʽʥʽʤʘʣʴʥʠʭ ʧʨʘʚʠʣ ʪʘ ʚʠʤʦʛ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʤʦʨʽ. 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

10 
ɺʥʝʩʦʢ ɿʘʷʚʥʠʢʘ ʚ ʨʦʙʦʪʫ IACS ʥʘ ʧʦʩʪʽʡʥʽʡ 

ʦʩʥʦʚʽ ʟ ʡʦʛʦ ʚʣʘʩʥʠʤ ʧʝʨʩʦʥʘʣʦʤ 
ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

11 
ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʩʫʜʝʥ ʫʩʽʤ 

ʨʝʟʦʣʶʮʽʷʤ IACS. 
ʅʝ ʚʠʟʥʘʯʝʥʦ ʅʝ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ 

12 

ɼʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʂʦʤʽʪʝʪ ʟ ʤʦʨʩʴʢʦʾ ʙʝʟʧʝʢʠ ɯʄʆ 

ʧʠʩʴʤʦʚʦ ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʇʨʘʚʠʣ ʪʘ 

ʧʨʦʮʝʜʫʨ ɿʘʷʚʥʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʚʠʤʦʛʘʤ 

ʄʽʞʥʘʨʦʜʥʠʭ ʮʽʣʴʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ 

ʩʫʜʝʥ ʜʣʷ ʙʘʣʢʝʨʽʚ ʪʘ ʥʘʬʪʦʥʘʣʠʚʥʠʭ ʪʘʥʢʝʨʽʚ 

(ʈʝʛʣʘʤʝʥʪ II-1/3-10 SOLAS, ʈʝʟʦʣʶʮʽʷ ɯʄʆ 

MSC.287(87)). 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

13 
ɿʘʷʚʥʠʢ ʧʦʚʠʥʝʥ ʧʽʜʪʚʝʨʜʠʪʠ, ʱʦ ʥʘ ʜʘʪʫ ʧʦʜʘʥʥʷ 

ʟʘʷʚʢʠ ʜʦ IACS ʚʽʥ ʧʨʠʡʥʷʚ ʈʝʟʦʣʶʮʽʾ IACS. 
ʅʝ ʚʽʜʧʦʚʽʜʘʻ  
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2 

ˉ ʅʘʟʚʘ ʢʨʠʪʝʨʽʶ 
ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚ ʈʝʛʽʩʪʨʽ 
ʇʨʠʤʽʪʢʠ 

14 
ɿʘʷʚʥʠʢ ʧʦʚʠʥʝʥ ʥʘʜʘʪʠ ʜʦʢʘʟʠ ʨʦʙʽʪ ʥʘ 

ʥʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 
ʅʝ ʚʽʜʧʦʚʽʜʘʻ 

ɺʽʜʩʫʪʥʽʩʪʴ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ 

15 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʟʜʘʪʥʽʩʪʴ: ɿʘʷʚʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʣʘʩʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ, ʱʦʙ ʥʝ ʚʽʜʩʪʘʚʘʪʠ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʪʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʚʢʣʶʯʘʶʯʠ ʩʧʽʚʧʨʘʮʶ ʟ ʘʢʘʜʝʤʽʯʥʠʤʠ ʢʦʣʘʤʠ, 

ʘ ʪʘʢʦʞ ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʽʩʥʫʶʯʠʭ ʩʫʜʝʥ ʜʣʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʤʘʡʙʫʪʥʽʭ ʧʨʘʚʠʣ. 

ɺʽʜʧʦʚʽʜʘʻ 

ʉʧʽʚʧʨʘʮʷ ʟ 

ʅʘʮʽʦʥʘʣʴʥʠʤ 

ʫʥʽʚʝʨʩʠʪʝʪʦʤ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʪʘ 

ʅʘʮʽʦʥʘʣʴʥʠʤ 

ɸʥʪʘʨʢʪʠʯʥʠʤ ʎʝʥʪʨʦʤ 

16 

ɼʦʢʘʟʠ ʪʦʛʦ, ʱʦ ɿʘʷʚʥʠʢ ʤʘʻ ʚʣʘʩʥʫ ʘʢʪʠʚʥʫ 

ʜʦʩʣʽʜʥʠʮʴʢʫ ʪʘ ʨʦʟʨʦʙʥʠʮʴʢʫ ʛʨʫʧʫ, ʷʢʘ 

ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʪʘ ʦʥʦʚʣʝʥʥʶ ʧʨʘʚʠʣ. 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

17 

ɿʘʧʠʩʠ ʧʨʦ ʥʘʚʯʘʥʥʷ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʶ, ʘ ʪʘʢʦʞ 

ʫʧʦʚʥʦʚʘʞʝʥʥʷ ʾʭʥʽʭ ʝʢʩʢʣʶʟʠʚʥʠʭ ʽʥʩʧʝʢʪʦʨʽʚ 

ʜʣʷ ʪʠʧ ʚ ʩʫʜʝʥ ʪʘ ʢʦʥʚʝʥʮʽʡ. 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

18 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

ʩʫʜʝʥ ʧʣʶʩ ʩʫʜʝʥ, ʱʦ ʙʫʜʫʶʪʴʩʷ, ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʝʢʩʢʣʶʟʠʚʥʠʭ ʧʦʣʴʦʚʠʭ ʽʥʩʧʝʢʪʦʨʽʚ 

ɺʽʜʧʦʚʽʜʘʻ ɸʫʜʠʪ EMSA 

19 

ʊʝʭʥʽʯʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʙʠʪʠ ʚʥʝʩʦʢ ʫ IACS 

ʊʝʭʥʽʯʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʨʦʙʦʪʫ 

ʟ ʨʦʟʨʦʙʢʠ ʤʽʥʽʤʘʣʴʥʠʭ ʧʨʘʚʠʣ ʪʘ ʚʠʤʦʛ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʤʦʨʽ. 

ʅʝ ʚʽʜʧʦʚʽʜʘʻ  

20 
ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʚʥʝʩʢʠ ʜʦ IACS ʥʘ ʨʽʚʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʟʘʩʘʜʘʭ ʟ ʽʥʰʠʤʠ ʯʣʝʥʘʤʠ IACS. 
ʅʝ ʚʠʟʥʘʯʝʥʦ  

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʯʠʡ ʧʝʨʝʣʽʢ ʢʨʠʪʝʨʽʾʚ ʟʥʘʯʥʦ ʰʠʨʰʠʡ, ʧʨʦʪʝ ʚ ʪʘʙʣʠʮʽ 

ʥʘʚʝʜʝʥʦ ʣʠʰʝ ʥʘʡʚʘʞʣʠʚʽʰʽ ʟ ʥʠʭ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʘʥʘʣʽʟʫ. 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʥʥʷ: 

1. ʇʨʦʭʦʜʞʝʥʥʷ ʘʫʜʠʪʫ ʟ ʚʠʧʨʘʚʣʝʥʥʷʤ ʟʘʫʚʘʞʝʥʴ QSCS ï 6 ʤʽʩʷʮʽʚ; 

2. ɺʠʟʥʘʥʥʷ ʧʨʘʚʠʣ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʢʦʤʽʪʝʪʦʤ MSC IMO ï 6 ʤʽʩʷʮʽʚ;  

3. ʇʦʜʘʥʥʷ ʪʘ ʨʦʟʛʣʷʜ ʟʘʷʚʢʠ ï 1 ʤʽʩʷʮʴ; 

4. ʇʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ï 9 ʤʽʩʷʮʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʥʘʙʫʪʪʷ ʯʣʝʥʩʪʚʘ 2 ʨʦʢʠ. 

1. ʈʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʠʭ ʬʽʥʘʥʩʽʚ: 

ï ʇʝʨʰʠʡ ʚʥʝʩʦʢ ï 30 000 GBP. 

ï ʂʦʰʪʠ ʥʘ ʚʽʜʨʷʜʞʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʘʫʜʠʪʫ ï 20 000 EUR. 

ï ɸʫʜʠʪ ʫ ʚʠʟʥʘʥʦʾ ʩʝʨʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʤʧʘʥʽʾ ï 10 000 EUR. 

2. ʃʶʜʩʴʢʠʡ ʨʝʩʫʨʩ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʨʠʪʝʨʽʷʤ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʚʽʜʜʽʣʠ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʝʨʩʦʥʘʣʫ. ɼʣʷ ʬʽʥʘʥʩʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ (ɿʇ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʙô̒ ʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʧʝʨʩʦʥʘʣ. ɿʇ ʧʨʠʡʤʘʻʤʦ 40 000,00 ʛʨʥ., ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʘʪʢʽʚ ʷʢʝ ʩʧʣʘʯʫʻ ʧʽʜʧʨʠʻʤʩʪʚʦ. 
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ˉ ʅʘʟʚʘ ʚʽʜʜʽʣʫ 
ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ 

ʌʦʥʜ ɿʇ, ʟ ʧʦʜʘʪʢʘʤʠ, 

ʛʨʥ 
ʇʨʠʤʽʪʢʠ 

1 ɺʽʜʜʽʣ ʜʦʩʣʽʜʞʝʥʴ 3 1 560 000  

2 
ɺʽʜʜʽʣ ʩʧʽʚʧʨʘʮʽ ʟ IMO ʪʘ IACS 

(ʢʦʤʽʪʝʪʠ) 
4 2 080 000  

3 ɺʽʜʜʽʣ ʨʦʟʨʦʙʢʠ ʧʨʘʚʠʣ 2 1 040 000  

4 ɺʥʫʪʨʽʰʥʽʡ ʘʫʜʠʪʦʨ 1 520 000  

5 ɺʽʜʜʽʣ IT 2 1 040 000  

6 ʈʘʟʦʤ 12 6 240 000  

 

3. ʅʘʚʯʘʥʥʷ  

ɿ ʜʦʩʚʽʜʫ ʈʝʛʽʩʪʨʫ ʽ ʧʦʪʦʯʥʦʾ ʚʘʨʪʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʢʫʨʩʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦ 500 000,00 ʛʨʥ ʥʘ ʨʽʢ. 

4. ʄʘʪʝʨʽʘʣʴʥʠʡ ʨʝʩʫʨʩ 

ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʢʦʶ ï 12 ʬʘʭʽʚʮʽʚ ʭ 80 000 ʛʨʥ = 960 000,00 ʛʨʥ 

ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʯʠʤ ʤʽʩʮʝʤ ï 12 ʬʘʭʽʚʮʽʚ ʭ 20 000 ʛʨʥ = 240 000,00 ʛʨʥ 

ï ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ï 500 000,00 ʛʨʥ 

ï ʈʘʟʦʤ ï 1 700 000,00 ʛʨʥ 

5. ɯʥʰʽ ʚʠʪʨʘʪʠ 

ï ɺʠʧʨʘʚʣʝʥʥʷ ʟʘʫʚʘʞʝʥʴ ʘʫʜʠʪʦʨʽʚ ï 1 000 000,00 ʛʨʥ 

ï ʆʥʦʚʣʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï 4 000 000 ʛʨʥ. 

6. ʇʽʜʩʫʤʦʢ 

 

ˉ ʅʘʟʚʘ ʦʧʝʨʘʮʽʾ ɺʘʨʪʽʩʪʴ ɽʢʚʽʚʘʣʝʥʪ, ʛʨʥ ʇʨʠʤʽʪʢʘ 

1 ʇʝʨʰʠʡ ʚʥʝʩʦʢ 30 000 GBP 1 660 000 ʆʜʥʦʨʘʟʦʚʦ 

2 
ʇʨʦʮʝʩ ʚʠʟʥʘʥʥʷ, 

ʚʽʜʨʷʜʞʝʥʥʷ ʘʫʜʠʪʦʨʽʚ 
20 000 EUR 960 000 ʆʜʥʦʨʘʟʦʚʦ 

3 ɸʫʜʠʪ 10 000 EUR 480 000 ʆʜʥʦʨʘʟʦʚʦ 

4 ʃʶʜʩʴʢʠʡ ʨʝʩʫʨʩ  6 240 000 ʑʦʨʽʯʥʦ 

5 ʅʘʚʯʘʥʥʷ  500 000 ʑʦʨʽʯʥʦ 

6 ʄʘʪʝʨʽʘʣʴʥʠʡ ʨʝʩʫʨʩ  1 700 000 ʑʦʨʽʯʥʦ 

7 ɯʥʰʽ ʚʠʪʨʘʪʠ  5 000 000 ʑʦʨʽʯʥʦ 

8 ʈʘʟʦʤ  16 540 000  

 

ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʜʦʜʘʪʢʦʚʝ ʬʽʥʘʥʩʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʈʝʛʽʩʪʨ ʜʣʷ ʚʩʪʫʧʫ ʜʦ IACS 

ʩʪʘʥʦʚʠʪʴ 15 000 000,00 ʛʨʥ ʥʘ ʨʽʢ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʱʦʨʽʯʥʽ ʯʣʝʥʩʴʢʽ ʚʥʝʩʢʠ. ɿʘ 2024 ʟʚʽʪʥʽʡ ʨʽʢ 

ʚʠʜʘʪʢʠ ʈʝʛʽʩʪʨʫ ʩʢʣʘʣʠ 61 600 ʪʠʩ. ʛʨʥ. ʪʦʙʪʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻ ʤʘʡʞʝ 25%, ʱʦ ʻ ʜʦʩʠʪʴ 

ʩʫʪʪʻʚʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʙʶʜʞʝʪʫ ʪʘ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ ʜʦ 

ʤʽʞʥʘʨʦʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

II  ʯʘʩʪʠʥʘ. ʇʦʨʽʚʥʷʥʥʷ ʈʝʛʽʩʪʨʘ ʟ ʽʥʰʠʤʠ ʂʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʪʦʚʘʨʠʩʪʚʘʤʠ 

ʯʣʝʥʘʤʠ IACS. 

ɺ ʪʘʙʣʠʮʽ 3 ʧʦʢʘʟʘʥʠʡ ʬʣʦʪ IACS ʧʦʨʽʚʥʷʥʦ ʟ ʛʣʦʙʘʣʴʥʠʤ ʬʣʦʪʦʤ (ʟʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ IACS 

ʟʘ 2024 ʨʽʢ). 
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ʊʘʙʣʠʮʷ 3 

 ɺʘʣʦʚʘ ʤʽʩʪʢʽʩʪʴ, ʪ ɺʽʜʥʦʰʝʥʥʷ 

ʉʚʽʪ 1 484 552 948 100% 

IACS 1 391 219 222 93,71% 

 ɼʝʜʚʝʡʪ, ʪ  

ʉʚʽʪ 2 160 800 857 100% 

IACS 2 022 848 075 93,62% 

 ʂ̔ ʣʴʢʽʩʪʴ, ʰʪ  

ʉʚʽʪ 73 148 100% 

IACS 57 283 78,31% 

 

ɺ ʪʘʙʣʠʮʽ 4 ʥʘʚʝʜʝʥʥʷ ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʩʫʜʝʥ ʤʽʞ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʪʦʚʘʨʠʩʪʚʘʤʠ-

ʯʣʝʥʘʤʠ IACS ʪʘ ʩʫʜʝʥ ʈʝʛʽʩʪʨʫ (UR). ʊʘʢ ʷʢ ʨʽʟʥʠʮʷ ʟʥʘʯʥʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʚʠʙʠʨʘʻʤʦ ʪʽʣʴʢʠ PRS, CRS ʪʘ TL. ɺ ʪʘʙʣʠʮʽ 5 ʪʘ 6 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʘʣʦʚʦʾ ʤʽʩʪʢʦʩʪʽ ʪʘ 

ʜʝʜʚʝʡʪʫ. ʋ ʪʘʙʣʠʮʽ 7 ʪʘ 8 ʢʽʣʴʢʽʩʪʴ ʽʥʩʧʝʢʪʦʨʽʚ ʪʘ ʫʧʦʚʥʦʚʘʞʝʥʠʭ ʧʨʘʧʦʨʽʚ. 

 

ʊʘʙʣʠʮʷ 4 
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ʊʘʙʣʠʮʷ 5 
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ʊʘʙʣʠʮ̫ 7 

 
ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʶʨʚʝʻʨʽʚ ʚ ʈʝʛʽʩʪʨʽ 29, ʚ ʪʘʙʣʠʮʽ ʧʦʢʘʟʘʥʽ ʪʽ ʬʘʭʽʚʮʽ 

ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʽ ʚ ʪʝʭʥʽʯʥʦʤʫ ʥʘʛʣʷʜʽ ʟʘ ʢʦʥʚʝʥʮʽʡʥʠʤʠ ʩʫʜʥʘʤʠ. 

 

ʊʘʙʣʠʮʷ 8 

 
 

ɿ ʪʘʙʣʠʮʴ ʥʘʦʯʥʦ ʚʠʜʥʦ, ʥʘʩʢʽʣʴʢʠ ʤʝʥʰʠʤ ʻ ʬʣʦʪ ʈʝʛʽʩʪʨʫ ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʯʣʝʥʽʚ IACS. ɺʽʟʫʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʜʘʻ ʯʽʪʢʝ ʨʦʟʫʤʽʥʥʷ 

ʤʘʩʰʪʘʙʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʚʠʪʢʫ. ɿʤʝʥʰʝʥʠʡ ʬʣʦʪ ʦʟʥʘʯʘʻ ʥʝ 

ʣʠʰʝ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʩʫʜʝʥ ʧʽʜ ʥʘʛʣʷʜʦʤ, ʘ ʡ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʽ ʜʦʭʦʜʠ ʚʽʜ ʧʨʦʚʝʜʝʥʥʷ 

ʦʛʣʷʜʽʚ, ʩʝʨʪʠʬʽʢʘʮʽʡ ʪʘ ʩʫʧʫʪʥʽʭ ʧʦʩʣʫʛ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, 

ʢʨʽʤ ʢʽʣʴʢʦʩʪʽ ʩʫʜʝʥ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, 

ʷʢ ʚʘʣʦʚʘ ʤʽʩʪʢʽʩʪʴ ʽ ʜʝʜʚʝʡʪ. ɿʚʽʪ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʦʙô̒ ʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʨʝʯʝʡ, 

ʘ ʡ ʩʬʦʨʤʫʚʘʪʠ ʩʪʨʘʪʝʛʽʯʥʽ ʦʨʽʻʥʪʠʨʠ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʬʣʦʪʫ ʧʽʜ ʥʘʛʣʷʜʦʤ. 
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III  ʯʘʩʪʠʥʘ. ɸʥʘʣʽʟ ʬʣʦʪʫ ʽ ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʈʝʛʽʩʪʨʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʠʥʘʤʽʢʫ ʬʣʦʪʫ ʚʧʨʦʜʦʚʞ 2016ï2024 ʨʦʢʽʚ, ʊʘʙʣʠʮʷ 9, ʪʘ ʪʘʙʣʠʮʷ 10, ʟʘ 

ʜʘʥʠʤʠ ʈʝʛʽʩʪʨʦʚʦʾ ʢʥʠʛʠ. ʇʨʦʩʪʝʞʫʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʷʢ ʢʽʣʴʢʦʩʪʽ ʩʫʜʝʥ 

ʧʽʜ ʥʘʛʣʷʜʦʤ, ʪʘʢ ʽ ʾʭʥʴʦʾ ʚʘʣʦʚʦʾ ʤʽʩʪʢʦʩʪʽ. ɼʦ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʮʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʩʪʫʧʦʚʦ, ʘʣʝ ʥʝʫʭʠʣʴʥʦ ʟʤʝʥʰʫʚʘʣʠʩʷ, ʱʦ ʙʫʣʦ ʟʫʤʦʚʣʝʥʦ ʟʘʛʘʣʴʥʠʤ ʩʪʘʨʽʥʥʷʤ ʬʣʦʪʫ, 

ʥʝʜʦʩʪʘʪʥʽʤ ʦʥʦʚʣʝʥʥʷʤ ʩʫʜʝʥ, ʟʛʦʨʪʘʥʥʷʤ ʽʥʚʝʩʪʠʮʽʡ ʫ ʛʘʣʫʟʽ ʪʘ ʧʦʩʪʫʧʦʚʠʤ ʩʢʦʨʦʯʝʥʥʷʤ 

ʦʙʩʷʛʽʚ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. ʆʜʥʘʢ ʧʦʯʘʪʦʢ ʚʽʡʥʠ ʩʧʨʠʯʠʥʠʚ ʜʽʡʩʥʦ ʢʘʪʘʩʪʨʦʬʽʯʥʝ 

ʧʘʜʽʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʋʞʝ ʫ 2022 ʨʦʮʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʨʽʟʢʝ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʫʜʝʥ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʧʽʜ ʥʘʛʣʷʜʦʤ, ʘ ʚʘʣʦʚʘ ʤʽʩʪʢʽʩʪʴ ʬʣʦʪʫ ʟʤʝʥʰʠʣʘʩʷ ʱʝ ʙʽʣʴʰ ʩʪʨʽʤʢʠʤʠ 

ʪʝʤʧʘʤʠ. ʇʨʠʯʠʥʠ ʮʴʦʛʦ ï ʤʘʩʦʚʘ ʟʫʧʠʥʢʘ ʥʘʚʽʛʘʮʽʾ, ʚʪʨʘʪʘ ʩʫʜʝʥ, ʟʥʠʱʝʥʥʷ ʧʦʨʪʦʚʦʾ ʪʘ 

ʚʠʨʦʙʥʠʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʬʘʢʪʠʯʥʠʡ ʧʘʨʘʣʽʯ ʩʫʜʥʦʨʝʤʦʥʪʥʠʭ ʽ ʩʫʜʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʚʪʨʘʪʠʣʠ ʟʤʦʛʫ ʫʪʨʠʤʫʚʘʪʠ ʘʙʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ 

ʩʫʜʥʘ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʚʝʜʝʥʥʷ ʾʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʦʙʣʠʚʦ ʧʦʢʘʟʦʚʦʶ ʻ ʜʠʥʘʤʽʢʘ ʩʘʤʝ 

ʚʘʣʦʚʦʾ ʤʽʩʪʢʦʩʪʽ ï ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʚʽʜʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʩʫʜʝʥ, ʘ ʡ ʧʨʦ ʾʭʥʽʡ ʨʦʟʤʽʨ ʽ 

ʢʦʤʝʨʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʇʘʜʽʥʥʷ ʚʘʣʦʚʦʾ ʤʽʩʪʢʦʩʪʽ ʧʽʩʣʷ 2022 ʨʦʢʫ ʦʟʥʘʯʘʻ, ʱʦ ʚʪʨʘʯʘʣʠʩʷ 

ʧʝʨʝʜʫʩʽʤ ʚʝʣʠʢʽ ʩʫʜʥʘ, ʟʜʘʪʥʽ ʧʨʠʥʦʩʠʪʠ ʥʘʡʙʽʣʴʰʽ ʜʦʭʦʜʠ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʡ 

ʩʝʨʪʠʬʽʢʘʮʽʾ, ʱʦ ʱʝ ʙʽʣʴʰʝ ʫʩʢʣʘʜʥʶʻ ʬʽʥʘʥʩʦʚʫ ʩʠʪʫʘʮʽʶ ʈʝʛʽʩʪʨʫ. ɿʘʛʘʣʦʤ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʟʘ 

ʚʽʩʽʤ ʨʦʢʽʚ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʛʘʣʫʟʴ ʧʝʨʝʞʠʚʘʻ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʢʨʠʟʠ, ʘ ʧʝʨʝʣʦʤʥʠʤ 

ʤʦʤʝʥʪʦʤ ʩʪʘʣʦ ʩʘʤʝ ʧʦʯʘʪʦʢ ʚʽʡʥʠ.  
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ʊʘʙʣʠʮʷ 10 

 
 

ɼʣʷ ʚʩʝʙʽʯʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʈʝʛʽʩʪʨʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʚʠʪʢʫ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʘʥʘʣʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʬʣʦʪʫ, ʘʣʝ ʡ 

ʚʨʘʭʦʚʫʚʘʪʠ ʣʶʜʩʴʢʠʡ ʨʝʩʫʨʩ ï ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʯʘʩ ʽʥʩʧʝʢʪʦʨʽʚ ʪʘ ʪʝʦʨʝʪʠʯʥʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʦʙʩʷʛ ʣʶʜʠʥʦ-ʛʦʜʠʥ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʘʜʘʥʥʷ ʧʝʚʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʩʣʫʛ. ɼʣʷ ʮʴʦʛʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʢʦʞʥʦʛʦ ʽʥʩʧʝʢʪʦʨʘ: ʩʢʽʣʴʢʠ ʛʦʜʠʥ ʥʘ 

ʪʠʞʜʝʥʴ/ʤʽʩʷʮʴ ʧʨʠʧʘʜʘʻ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʜʝʥ, ʽ ʩʢʽʣʴʢʠ ï ʥʘ ʜʦʧʦʤʽʞʥʽ ʯʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʚʜʘʥʥʷ. ʇʘʨʘʣʝʣʴʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʪʨʠʚʘʣʦʩʪʽ ʢʦʞʥʦʾ 

ʧʦʩʣʫʛʠ ʟʘ ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʈʝʛʽʩʪʨʫ. ɼʘʣʽ ʚʚʦʜʠʪʴʩʷ ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ï 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʣʶʜʠʥʦ-ʛʦʜʠʥʘʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʩʣʫʛ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʬʣʦʪʫ ʧʝʚʥʦʛʦ ʦʙʩʷʛʫ ʪʘ ʪʠʧʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʦʜʝʣʶʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ: ʟʽʩʪʘʚʣʷʶʯʠ ʧʦʪʦʯʥʠʡ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʯʘʩ ʽʟ 

ʪʝʦʨʝʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤ, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʜʝʬʽʮʠʪ ʯʠ ʥʘʜʣʠʰʦʢ ʨʦʙʦʯʦʛʦ ʨʝʩʫʨʩʫ, ʚʠʟʥʘʯʠʪʠ 

ʧʝʨʽʦʜʠ ʧʨʦʩʪʦʾʚ ʘʙʦ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ ʢʦʥʪʝʢʩʪʽ ʥʘʜʭʦʜʞʝʥʴ ʪʘ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʥʘʧʨʷʤʫ ʧʦʚô̫ ʟʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʽʟ ʜʦʭʦʜʘʤʠ 

ʦʨʛʘʥʽʟʘʮʽʾ. ɺʘʨʪʽʩʪʴ ʢʦʞʥʦʾ ʧʦʩʣʫʛʠ ʤʥʦʞʠʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʧʨʦʮʝʜʫʨ ʟʘ ʧʝʚʥʠʡ 

ʧʝʨʽʦʜ ï ʪʘʢ ʬʦʨʤʫʻʪʴʩʷ ʬʘʢʪʠʯʥʘ ʚʠʨʫʯʢʘ. ɼʘʣʽ ʮʝʡ ʜʦʭʽʜ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʨʝʘʣʴʥʦ 

ʚʠʪʨʘʯʝʥʠʤ ʯʘʩʦʤ ʽʥʩʧʝʢʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʨʘʭʫʚʘʪʠ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʚʠʜʫ 

ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʽʡ ʜʦʭʽʜ ʥʘ ʦʜʥʫ ʣʶʜʠʥʦ-ʛʦʜʠʥʫ. 
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ʄʦʨʩʴʢʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ 
154 6 088 3 2 029 96,8% 3,2% 5 4 

ʄʦʨʩʴʢʽ ʢʦʥʚʝʥʮʽʡʥʽ 76 7 485 4 1 871 89,3% 10,7% 8 6 

ɿʤʽʰʘʥʦʛʦ ʧʣʘʚʘʥʥʷ 163 9 368 6 1 561 74,5% 25,5% 42 32 

ɺʥʫʪʨʽʰʥʴʦʛʦ 

ʧʣʘʚʘʥʥʷ 
635 12 864 7 1 838 87,7% 12,3% 78 60 

 

ɸʥʘʣʽʟʫʶʯʠ ʥʘʷʚʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʤʘʩʰʪʘʙʠ ʬʣʦʪʫ ʧʽʜ ʥʘʛʣʷʜʦʤ, ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ 

ʥʘʚʽʪʴ ʟʘ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʩʧʝʢʪʦʨʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʈʝʛʽʩʪʨʫ. ʎʝ ʥʘʛʣʷʜʥʦ ʚʙʘʯʘʻʪʴʩʷ ʚ ʊʘʙʣʠʮʽ 11. ʎʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʡʥʦʾ ʤʦʪʠʚʘʮʽʾ, ʪʘʢ ʽ ʥʘ ʬʽʥʘʥʩʦʚʫ ʩʪʽʡʢʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʽʥʩʧʝʢʪʦʨ ʧʦʚʠʥʝʥ ʤʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʽʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʬʣʦʪʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʜʨʦʚʠʭ ʨʝʩʫʨʩʽʚ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʈʝʛʽʩʪʨʫ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʬʣʦʪ ʧʽʜ 

ʥʘʛʣʷʜʦʤ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 10ï15%. ʊʘʢʠʡ ʧʨʠʨʽʩʪ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ, ʫʥʠʢʥʫʪʠ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʜʦʭʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʛʣʷʜʽʚ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ. ɿʨʦʩʪʘʥʥʷ 

ʬʣʦʪʫ ʥʘ 10ï15% ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʨʽʚʥʷʪʠ ʙʘʣʘʥʩ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʽʥʩʧʝʢʪʦʨʽʚ ʽ ʦʙʩʷʛʦʤ ʨʦʙʽʪ, 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʦʾʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʧʨʠʪʽʢ ʬʽʥʘʥʩʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ. ʎʝ 

ʪʘʢʦʞ ʩʪʚʦʨʠʪʴ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʆʜʥʘʢ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʜʦ IACS, ʪʦ ʚʠʤʦʛʠ ʩʪʘʶʪʴ ʟʥʘʯʥʦ 

ʩʫʚʦʨʽʰʠʤʠ. ɼʣʷ ʚʩʪʫʧʫ ʤʘʻ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʥʝ ʣʠʰʝ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʡ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ 

ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ɿʦʢʨʝʤʘ, ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʨʦʩʪʘʥʥʷ ʬʣʦʪʫ 

ʧʜ̔ ʥʘʛʣʷʜʦʤ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 50%, ʧʨʠ ʯʦʤʫ ʚʘʣʦʚʘ ʤʽʩʪʢʽʩʪʴ ʟʥʘʯʥʦ ʚʘʞʣʠʚʽʰʠʡ ʧʦʢʘʟʥʠʢ 

ʥʽʞ ʢʽʣʴʢʽʩʪʴ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʪʠʤ, ʱʦ IACS ʚʠʩʫʚʘʻ ʞʦʨʩʪʢʽ ʢʨʠʪʝʨʽʾ ʱʦʜʦ ʤʘʩʰʪʘʙʽʚ 

ʜʽʷʣʴʥʦʩʪʽ, ʨʽʚʥʷ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ, ʬʽʥʘʥʩʦʚʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʚʧʣʠʚʫ ʥʘ ʨʠʥʢʫ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʃʠʰʝ ʟʘ ʫʤʦʚʠ ʚʽʜʯʫʪʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʣʦʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʥʝʦʙʭʽʜʥʦʛʦ ʤʽʥʽʤʫʤʫ ʜʣʷ ʨʦʟʛʣʷʜʫ ʟʘʷʚʢʠ ʥʘ ʚʩʪʫʧ, ʘ ʪʘʢʦʞ ʟʘʣʫʯʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʢʣʽʻʥʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʦʾ ʜʦʭʽʜʥʦʾ ʙʘʟʠ. 

ɺʠʩʥʦʚʢʠ. 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʈʝʛʽʩʪʨʫ, ʷʢ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʦʤʫ ʪʦʚʘʨʠʩʪʚʫ, ʰʣʷʭ ʜʦ IACS ʥʝʦʙʭʽʜʥʠʡ ʢʨʦʢ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ 

ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʜʞʫ. 

2. ɺ ʪʦʡ ʞʝ ʯʘʩ ʻ ʙʘʛʘʪʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʠʤʠ 

ʥʝʛʘʪʠʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʚʧʣʠʚ ʚʦʻʥʥʠʭ ʜʽʡ, ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ, ʥʝʧʨʠʚʘʙʣʠʚʽʩʪʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʘʧʦʨʘ ʜʣʷ ʬʣʦʪʫ. ʋ ʮʠʭ 

ʫʤʦʚʘʭ ʩʪʨʘʪʝʛʽʯʥʠʡ ʥʘʧʨʷʤʦʢ ʈʝʛʽʩʪʨʫ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʝʪʘʧʠ: 
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ï ʇʝʨʰʠʡ ʝʪʘʧ ï ʩʪʘʙʽʣʽʟʘʮʽʷ: ʟʦʩʝʨʝʜʞʝʥʥʷ ʥʘ ʟʙʝʨʝʞʝʥʥʽ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʧʽʜʪʨʠʤʮʽ ʥʘʷʚʥʦʛʦ ʬʣʦʪʫ ʡ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʧʝʨʽʦʜ ʚʽʡʥʠ. ʉʘʤʝ ʮʝʡ ʝʪʘʧ ʻ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʪʨʘʪʠ ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ ʨʝʩʫʨʩʽʚ, ʱʦ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʫʩʢʣʘʜʥʠʪʴ 

ʚʽʜʥʦʚʣʝʥʥʷ ʛʘʣʫʟʽ. 

ï ɼʨʫʛʠʡ ʝʪʘʧ ï ʧʽʩʣʷʚʦʻʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ: ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʪʝʥʜʝʥʮʽʾ ʟʨʦʩʪʘʥʥʷ ʬʣʦʪʫ, 

ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʠʡʥʷʪʪʷ 

ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʤʦʨʩʴʢʦʾ ʛʘʣʫʟʽ. ɿʘ ʮʝʡ ʯʘʩ ʤʘʻ ʙʫʪʠ ʟʘʢʣʘʜʝʥʦ 

ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʛʘʣʫʟʽ. 

ï ʊʨʝʪʽʡ ʝʪʘʧ ï ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ: ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʬʣʦʪʫ, ʨʝʘʣʽʟʘʮʽʶ 

ʢʦʤʧʣʝʢʩʥʦʾ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʽʥʪʝʛʨʘʮʽʶ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʨʠʥʢʘʤʠ ʪʘ ʧʽʜʛʦʪʦʚʢʫ 

ʜʦ ʚʩʪʫʧʫ ʫ IACS.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʈʝʛʽʩʪʨʫ ʥʘ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʻ ʥʘʨʦʱʫʚʘʥʥʷ ʬʣʦʪʫ 

ʧʽʜ ʥʘʛʣʷʜʦʤ ʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ. ʎʝ ʩʪʘʥʝ ʟʘʧʦʨʫʢʦʶ ʥʝ ʣʠʰʝ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʫ ʧʨʦʚʽʜʥʽ 

ʤʽʞʥʘʨʦʜʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ IACS. ɼʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ ʚʠʤʘʛʘʪʠʤʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʦʣʽʪʠʢʠ ʜʝʨʞʘʚʠ, ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ, ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʪʘ ʧʦʩʣʽʜʦʚʥʦʾ ʨʦʙʦʪʠ ʥʘʜ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. 
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The American National Standards Institute (ANSI) is a private, non-profit organization that 

administers and coordinates the U.S. voluntary standards and conformity assessment system. Founded in 

1918, the Institute collaborates closely with industry and government stakeholders to identify and develop 

standardsï and conformance-based solutions to national and global priorities [1]. 

The American National Standards Institute (ANSI) oversees the creation and dissemination of 

various standards and measures, including business norms and standards in the United States. 

The ANSI is a private, nonprofit organization that does not develop standards. Instead, it 

oversees the creation of voluntary standards for various manufacturing processes, products, systems, 
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services, and personnel in nearly every U.S. business sector. It also ensures that U.S. standards are 

consistent with international standards, enabling U.S. products to be sold and used abroad. 

ASTM F2016-00(2018) consists of three annexes ï hull structure, outfitting, and coating ï that 

comprise commercial shipbuildingôs primary phases. It provides artistry criteria for commercial 

shipbuilding, ship repair, or both. The standard criteria are intended to apply to conventional, 

commercial ship construction. In many cases, specialized, nonconventional vessels using nonstandard 

materials or built-to-serve sole requirements may require unique acceptance criteria beyond those 

provided in this practice [1]. 

Specific criteria to be selected from the standard should be contractually agreed upon between 

the ship owner and shipbuilder. Classification rules, regulatory requirements, and ship specifications 

all help define an acceptable level of construction quality; however, the guidance in ASTM F2016-

00(2018) alone is insufficient. Therefore, it is up to the shipbuilder to describe the artistry reflected 

in the delivered ship, and for the ship owner to communicate his expectations effectively for the final 

product. Fig. 1 shows the ANSI standards coordination scheme. 

 

 
 

Figure 1 ï ANSI Standards Coordination Scheme: 

Left side (beige arrows) ï national partners (Coordinates with):  ASME ï mechanical systems, 

pipelines, boilers, AWS ï welding standards, IEEE ï electrical systems and automation,  

SAE ï engines, hydraulics, fuel systems; Right side (blue arrows) ï international organizations 

(Harmonizes Standards with): ISO ï international standardization;  

IEC ï electrotechnical standardization 
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In the ASTM F2016 00(2018) standard, the term Outfitting refers to all work involved in 

equipping a vessel after the completion of the main hull structures. It is the second significant section 

of the document, which sets out the quality requirements for installing equipment, systems, and 

interior arrangements [2]. Fig. 2 shows a generalized diagram of ASTMF2016 00(2018) outfitting in 

marine engineering. 

 

 
 

Figure 2 ï Generalized scheme ASTMF2016 00(2018) Outfitting in marine engineering 

 

ASTM (American Society for Testing and Materials) develops standards for international 

materials and testing methods. A key example of shipbuilding is ASTM A131, the standard for 

shipbuilding steels, which specifies the chemical composition, mechanical properties, and quality 

control methods for rolled steel plates. ASTM also regulates the testing of metals (strength, impact 

toughness, corrosion resistance), polymers, coatings, and welded joints used in ships. 

SAE (Society of Automotive Engineers) initially specialized in transportation, but its standards 

for materials, fasteners, hydraulics, electrical engineering, and control systems have also found 

application in the maritime industry. 

In shipbuilding, SAE standards are often used for specifications of bolts, nuts, studs, and 

threaded connections, and requirements for hydraulic and fuel hoses. 

In marine engineering, ASTM and SAE standards are a ócommon languageô between designers, 

shipyards, material suppliers, and classification societies. They help ensure that materials and 

components have predictable properties and that the finished vessel is safe and durable. 

Fig. 3 shows a diagram of ASTM and SAE interaction. 
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Figure 3 ς Diagram of ASTM and SAE interaction: Left section (dark blue) ï areas covered by 

ASTM꜡F2016 00(2018): hull structures, outfitting, coatings; Right section (brown) ï areas typically 

regulated by SAE: materials, equipment, technical specifications; Overlap ï the zone where both 

standards may be applied simultaneously, for example, when ASTM defines the quality level of 

installation, and SAE specifies the technical characteristics of the equipment or materials themselves 

 

Conclusions 

Although developed in the USA, ANSI (American National Standards Institute) standards are 

used worldwide, especially in industries where American technologies, equipment, or design 

solutions are the industry standard. ANSI is the official representative of the USA in ISO and IEC, 

so many American standards have international status or are harmonized with ISO/IEC. With the 

current GOST, ANSI facilitates integration with innovative systems, simplifies certification, and 

makes products competitive in international tenders.  

ANSI is not just ñAmerican standardsò, but a tool for global compatibility. Their 

implementation worldwide is often associated with the desire of companies to be part of international 

supply chains and meet the requirements of large customers. 
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ɺʩʪʫʧ. ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ʤʦʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʩʠʩʪʝʤ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʢʠʜʘʤʠ. ʊʨʘʜʠʮʽʡʥʽ 

ʜʠʟʝʣʴʥʽ ʜʚʠʛʫʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʧʘʣʴʥʦʛʦ; ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʦ ʧʘʜʘʻ ʧʨʠ ʨʦʙʦʪʽ ʫ ʨʝʞʠʤʘʭ ʯʘʩʪʠʭ ʧʝʨʝʭʦʜʽʚ [1]. ɻʽʙʨʠʜʥʽ ʩʠʣʦʚʽ 

ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʝʥʝʨʛʽʾ ʪʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʜʠʟʝʣʴʥʠʤ ʘʛʨʝʛʘʪʘʤ ʫ ʟʦʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʽʢʦʚʽ ʧʦʪʨʝʙʠ ʟʘ ʨʘʭʫʥʦʢ ʙʘʪʘʨʝʾ. ʂʦʤʧʘʥʽʷ Wªrtsilª 
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ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʟʘʚʜʷʢʠ ʛʽʙʨʠʜʥʦʤʫ ʨʝʞʠʤʫ ʟ çpeak shavingè ʙʘʪʘʨʝʷ ʚʽʜʙʠʨʘʻ ʟʤʽʥʥʠʡ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʩʥʦʚʥʦʤʫ ʜʚʠʛʫʥʫ ʧʨʘʮʶʚʘʪʠ ʥʘ ʩʪʘʣʦʤʫ ʨʽʚʥʽ ʡ 

ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʪʘ ʧʦʚô̫ ʟʘʥʽ ʟ ʥʠʤ ʚʠʢʠʜʠ, ʟʙʽʣʴʰʫʶʯʠ ʤʽʞʩʝʨʚʽʩʥʠʡ ʽʥʪʝʨʚʘʣ ʽ 

ʟʥʠʞʫʶʯʠ ʰʫʤ [2]. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʘʙʣʽʚ ʪʘ ʩʫʜʝʥ ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʶ 

ʧʘʣʠʚʘ 10ï20 % ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO  ʜʦ 20 % [2]. 

ɼʣʷ ʘʤʬʽʙʽʡʥʠʭ ʩʫʜʝʥ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ (ʉʇʇɸ), ʷʢʽ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ï ʚʽʜ ʚʦʜʦʪʦʥʥʘʞʥʦʛʦ ʧʣʘʚʘʥʥʷ ʜʦ ʢʦʚʟʘʥʥʷ ʥʘ ʧʦʜʫʰʮʽ, ʪʘʢʽ ʧʝʨʝʚʘʛʠ ʻ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤʠ. ʆʜʥʘʢ ʥʘʷʚʥʽ ʤʦʜʝʣʽ ʯʘʩʪʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʜʚʦʭ ʨʝʞʠʤʽʚ 

ʨʫʭʫ ʡ ʜʠʥʘʤʽʢʫ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʧʨʠ ʨʽʟʥʠʭ ʧʨʦʬʽʣʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʽʙʨʠʜʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʘʤʬʽʙʽʡʥʦʛʦ ʩʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ, ʟʤʽʥʫ ʨʽʚʥʷ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ( State of Charge ï SOC ) ʪʘ ʚʠʙʠʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʆʧʠʩ ʛʽʙʨʠʜʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʘ ʫʩʪʘʥʦʚʢʘ ʥʘʣʝʞʠʪʴ ʜʦ ʧʦʩʣʽʜʦʚʥʦʾ (ʩʝʨʽʡʥʦʾ) 

ʩʭʝʤʠ. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ:  

(1) ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ (ɼɼ) ʟ ʚʘʣʦʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

(2) ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ (ɸʂɹ) ʟ ʩʠʩʪʝʤʦʶ ʟʘʨʷʜʞʝʥʥʷ/ʨʦʟʨʷʜʞʝʥʥʷ; 

(3) ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʨʫʰʽʾʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʘʭ ʧʦʚʽʪʨʷʥʦʾ ʧʦʜʫʰʢʠ ʪʘ 

ʚʦʜʦʪʦʥʥʘʞʥʦʛʦ ʭʦʜʫ; 

(4) ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʦʤ, ʷʢʘ ʚʠʙʠʨʘʻ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ (ʜʠʟʝʣʴʥʠʡ 

ʛʝʥʝʨʘʪʦʨ, ɸʂɹ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʨʝʞʠʤ) ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʪʘʥʫ ʙʘʪʘʨʝʾ.  

ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ ʻ: ʧʦʪʨʽʙʥʘ ʧʦʪʫʞʥʽʩʪʴ ὖ̐̏̓ὸ̑ (ʢɺʪ), ʧʦʪʫʞʥʽʩʪʴ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ὖˑ ˑ ὸː (ʢɺʪ), ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ὖ̄̆ ̎ὸ (ʢɺʪ), ʧʦʪʫʞʥʽʩʪʴ ʙʘʪʘʨʝʾ 

ὖ̱ ˗(ˎt) (ʢɺʪ), ʨʽʚʝʥʴ ʟʘʨʷʜʫ Ὓὕὅ ὸ (%, 0éɯ), ʂʂɼ ʛʝʥʝʨʘʪʦʨʘ ʂ̄ ̆̎ (ï), ʂʂɼ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 

ʂ̆  ̌(ï), ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʙʘʪʘʨʝʾ ʂ̈ ́̑, ʂ̑ ̏̈ (ï), ʪʘ ʥʦʤʽʥʘʣʴʥʘ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ Ὁ̎ ̏ ̍

(ʢɺʪĿʛʦʜ). 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 

1. ɹʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t ʥʝʦʙʭʽʜʥʘ ʤʝʭʘʥʽʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʨʫʰʽʷʭ ὖ̐̏̓ὸ̑ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʤʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ɸʂɹ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʂʂɼ:  

ὖ̐̏̓ὸ̑ ʂ̆ ʂ̌̄ ̆ ̎ὖ̄̆ὸ̎  ὖ̱ ˗ ὸˎ . 

ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ὖ̱ ˗ ὸˎ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʷʜʫ (ʙʘʪʘʨʝʷ ʚʽʜʜʘʻ ʝʥʝʨʛʽʶ), ʥʝʛʘʪʠʚʥʝ ï 

ʟʘʨʷʜʞʝʥʥʶ. ɽʥʝʨʛʽʷ ʙʘʪʘʨʝʾ ʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʮʝʧʮʽʾ çpeak shavingè [2]. 

2. ɼʠʥʘʤʽʢʘ ʨʽʚʥʷ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ. ʈʽʚʝʥʴ ʟʘʨʷʜʫ SOC ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʝʪʦʜʦʤ 

çcoulomb countingè ʷʢ ʽʥʪʝʛʨʘʣ ʩʪʨʫʤʫ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʘʙʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʧʦʜʽʣʝʥʠʡ ʥʘ 

ʥʦʤʽʥʘʣʴʥʫ ʻʤʥʽʩʪʴ. ʎʝ ʜʘʻ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ  

 ̂́̓

̎̏̍
, 

ʜʝ Ὅ̂́ὸ̓  ʩʪʨʫʤ ʟʘʨʷʜʫ (ʚʽʜô̒ ʤʥʠʡ) ʘʙʦ ʨʦʟʨʷʜʫ (ʜʦʜʘʪʥʽʡ). ʇʨʠ ʜʠʩʢʨʝʪʥʦʤʫ ʦʧʠʩʽ ʟʤʽʥʫ 

Ὓὕὅ ʟʘ ʢʨʦʢ ῳὸ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ  
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Ὓὕὅ ὸ Ὓὕὅὸ ρ , 

ʜʝ ὗ  ï ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ [3]. ɼʣʷ ʛʽʙʨʠʜʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʂʂɼ ʟʘʨʷʜʫ ʂ̈ ́̑ ʽ ʨʦʟʨʷʜʫ ʂ̑ ̏̈ [3]. 

3. ʄʦʜʝʣʴ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ. ɺʠʪʨʘʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ F (ʣ/ʛʦʜ) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʡ ʤʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʢʚʘʜʨʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ:  

Ὂὸ ὥ ὖˑ ˑὸ ὦ ὖˑ ˑὸ ὧ , 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ a, b, c ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʝʥʜʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ BSFC (Brake Specific Fuel Consumption) ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ ʚʠʪʨʘʪʠ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʽ ʚʠʤʽʨʶʻʪʴʩʷ, ʷʢ ʧʦʢʘʟʫʻ ʜʦʚʽʜʢʦʚʘ ʣʽʪʝʨʘʪʫʨʘ, ʫ 

ʛ/(ʢɺʪĿʛʦʜ) [1, 4, 5]. 

4. ʆʙʤʝʞʝʥʥʷ ʪʘ ʫʤʦʚʠ. ɿʥʘʯʝʥʥʷ SOC(t) ʦʙʤʝʞʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣʦʤ [Ὓὕὅ , 

Ὓὕὅ ], ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʘʪʘʨʝʾ ʪʘ ʚʠʤʦʛʘʤʠ ʜʦ ʾʾ ʟʙʝʨʝʞʝʥʥʷ. 

ʇʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʦʙʤʝʞʝʥʘ ʤʘʢʩʠʤʫʤʦʤ ὖˑ ȟˑ , ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ï 

ὖ̄̆ȟ̎ . ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʘʪʘʨʝʾ ὖ̱ ˗ȟˎ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʩʠʩʪʝʤʦʶ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʙʘʪʘʨʝʾ ʰʚʠʜʢʽʩʪʴ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʪʘʢʦʞ ʦʙʤʝʞʫʻʪʴʩʷ. 

5. ʆʧʝʨʘʮʽʡʥʽ ʨʝʞʠʤʠ. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʦʙʠʨʘʻ ʨʝʞʠʤ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ SOC: 

Å ɼʠʟʝʣʴʥʠʡ ʨʝʞʠʤ (ʛʝʥʝʨʘʪʦʨʥʠʡ): ʧʨʠ  Ὓὕὅὸ Ὓὕὅ  ʽ ὖ̐̏̓ὸ̑ ὖˑ ȟˑ  

ʧʦʪʫʞʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ. ɹʘʪʘʨʝʷ ʤʦʞʝ ʟʘʨʷʜʞʘʪʠʩʴ (ὖ̱ ˗ πˎ . 

Å ɽʣʝʢʪʨʠʯʥʠʡ ʨʝʞʠʤ: ʧʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ὖ̐̏̓ὸ̑ ὖ̱ ˗ȟˎ  ʪʘ  

Ὓὕὅὸ Ὓὕὅ  ʩʫʜʥʦ ʨʫʭʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ɸʂɹ. 

Å ʂʦʤʙʽʥʦʚʘʥʠʡ ʨʝʞʠʤ: ʧʨʠ ὖ̐̏̓ὸ̑  ὖˑ ȟˑ ʦ ʧʨʠ ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʠʟʝʣʴʥʠʡ 

ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʘ ʙʨʘʢʫ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧʝʥʩʫʻ ʙʘʪʘʨʝʷ (peak shaving) [2]. 

Å ʈʝʞʠʤ ʟʘʨʷʜʞʝʥʥʷ: ʧʨʠ Ὓὕὅ  Ὓὕὅ  ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ 

ʧʨʘʮʶʻ ʥʘ ʟʘʨʷʜʞʝʥʥʷ ʙʘʪʘʨʝʾ. 

6. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʠʩʘʥʠʭ ʨʽʚʥʷʥʴ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʘʨʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʧʝʨʽʦʜ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ Ὕ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʦʙʤʝʞʝʥʴ ʥʘ Ὓὕὅ, ʧʦʪʫʞʥʦʩʪʽ ʡ ʨʝʞʠʤʠ ʨʦʙʦʪʠ:  

ˑˑ ȟˍ˗ˎ 
ὐ ᷿ὊὸÄὸ. 

ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʘʪʝʛʽʾ ʤʽʥʽʤʽʟʘʮʽʾ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʚʠʪʨʘʪ (Equivalent Consumption Minimization Strategy ï ECMS), ʫ ʷʢʽʡ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʙʘʪʘʨʝʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʚʘʨʪʦʩʪʽ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʧʨʘʚʠʣʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʙʫʜʫʻʪʴʩʷ ʥʘ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʥʷʭ Ὓὕὅ. 

ʆʙʛʦʚʦʨʝʥʥʷ. ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ ʪʘ ʜʠʥʘʤʽʢʫ 

ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʬʽʣʽʚ ʨʫʭʫ ʉʇʇɸ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʘʻ ʟʤʦʛʫ 

ʥʘ 10...20 % ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʽ ʜʦ 20 % ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ CO  ʜʣʷ ʪʠʧʦʚʠʭ 

ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ [2], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʣʷ ʘʤʬʽʙʽʡʥʠʭ ʩʫʜʝʥ. 

ʄʦʜʝʣʴ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʦʙʨʘʪʠ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʪʘ ʧʦʪʫʞʥʽʩʪʴ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ 
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ʨʝʞʠʤʠ, ʢʦʣʠ ʩʫʜʥʦ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʦʚʥʽʩʪʶ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʫ 

ʚʦʜʦʪʦʥʥʘʞʥʦʤʫ ʨʝʞʠʤʽ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʷʛʘ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʨʝʞʠʤ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ 

ʟʘʧʘʩ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʫ ʨʝʞʠʤʽ ʨʫʭʫ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʪʘ ʧʨʠ ʤʘʥʝʚʨʘʭ ʫ ʧʦʨʪʫ 

ʤʦʞʣʠʚʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʭʽʜ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ ʽ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʛʽʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʘʤʬʽʙʽʡʥʠʭ ʩʫʜʝʥ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ. ɺʦʥʘ 

ʦʧʠʩʫʻ ʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ, ʟʤʽʥʫ ʨʽʚʥʷ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʪʘ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪʠ 

ʧʘʣʴʥʦʛʦ, ʜʦʟʚʦʣʷʶʯʠ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʘʣʠʚʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʦʙʤʝʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʝʣʽ ʜʦʧʦʤʦʞʝ ʨʦʟʨʦʙʥʠʢʘʤ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʙʨʠʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʻʤʥʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʘ ʪʘ ʛʨʘʬʽʢ ʨʦʙʦʪʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʟʥʠʞʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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Abstract. The paper considers the construction of a mathematical model for assessing the 

energy characteristics of hybrid power plants on amphibious hovercraft. The proposed model 

describes the power balance between the diesel generator set, the battery and the electric motors of 

the propulsion units, takes into account the change in the battery charge level and allows minimizing 

fuel consumption by optimally controlling the operating modes. Using the model makes it possible 

to assess the efficiency of various configurations at the design stage, reduce emissions and improve 

the dynamics of the vessel. 
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ɸʥʦʪʘʮʽʷ. ʇʣʘʚʫʯʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ï ʥʦʚʠʡ ʥʘʧʨʷʤ ʫ ʛʘʣʫʟʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʘ ʬʦʨʤʠ ʧʦʥʪʦʥʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʭʦʜʠʪʠ 

ʜʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʬʦʨʤʠ ʧʦʥʪʦʥʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʚʠʣʴʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʽʦʨʠʪʝʪʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʘʜʽʡʥʠʭ ʧʣʘʚʫʯʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʦʩʪʽʡʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʣʘʚʫʯʘ ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʩʠʩʪʝʤʘ FPV, ʧʦʥʪʦʥʠ, ʦʩʪʽʡʥʽʩʪʴ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʭʚʠʣʽ, ʪʝʯʽʷ 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʇʣʘʚʫʯʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (FPV) ʩʪʘʣʠ ʥʦʚʠʤ ʥʘʧʨʷʤʢʦʤ 

ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʦʩʢʽʣʴʢʠ ʧʣʘʚʫʯʽ 

ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʚʦʜʦʡʤʘʭ, ʙʫʜʴ ʪʦ ʤʦʨʝ ʯʠ ʦʟʝʨʦ. ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʴ 

ʽ ʪʝʯʽʡ ʩʪʚʦʨʶʻ ʜʠʥʘʤʽʯʥʫ ʨʝʘʢʮʽʶ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ 

ʜʽʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʨʽʟʥʠʤʠ ʧʦʥʪʦʥʘʤʠ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ 

ʚʧʣʠʚʫ ʭʚʠʣʴ ʽ ʪʝʯʽʡ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʦʩʪʽʡʥʦʩʪʽ [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʝʜʽʥʢʠ ʢʦʞʥʦʛʦ ʧʦʥʪʦʥʘ ʧʽʜ ʚʧʣʠʚʦʤ ʭʚʠʣʴ ʽ ʪʝʯʽʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ 

ʢʦʞʝʥ ʧʦʥʪʦʥ ʤʘʻ ʩʚʦʶ ʦʩʦʙʣʠʚʽʩʪʴ ʫ ʚʠʪʨʠʤʘʥʥʽ ʥʘʡʚʠʱʦʾ ʨʝʘʢʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʜʦʢʣʘʜʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 3 ʪʠʧʠ ʬʦʨʤʠ ʧʦʥʪʦʥʽʚ, ʘ ʩʘʤʝ ʮʠʣʽʥʜʨʠʯʥʘ, 

ʧʨʷʤʦʢʫʪʥʘ ʪʘ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʘ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʄʝʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ, ʷʢʠʡ 

ʪʠʧ ʬʦʨʤʠ ʧʦʥʪʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʽʜ ʜʽʻʶ ʭʚʠʣʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʪʝʯʽʾ. 

 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

43 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʠ ʬʦʨʤ ʧʦʥʪʦʥʽʚ 

 

ʃʽʥʽʡʥʘ ʪʝʦʨʽʷ ʭʚʠʣʴ ɽʡʨʽ 

ʊʝʦʨʽʷ ʧʦʚʽʪʨʷʥʠʭ ʭʚʠʣʴ ʦʧʠʩʫʻ ʣʽʥʽʡʥʝ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʨʽʜʠʥʽ. ʇʨʠʧʫʱʝʥʥʷ ʮʽʻʾ 

ʪʝʦʨʽʾ ʭʚʠʣʴ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʦʡʥʦʶ [2]. ʎʷ ʪʝʦʨʽʷ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʦʨʩʴʢʽʡ ʪʘ ʧʨʠʙʝʨʝʞʥʽʡ ʽʥʞʝʥʝʨʽʾ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʊʝʦʨʽʷ ʧʦʚʽʪʨʷʥʠʭ ʭʚʠʣʴ ʥʘʜʘʻ ʧʨʠʙʣʠʟʥʠʡ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʭʚʠʣʴ ʪʘ ʾʭ ʚʧʣʠʚʫ. 

ʊʝʦʨʽʷ ʧʦʚʽʪʨʷʥʠʭ ʭʚʠʣʴ ʦʧʠʩʫʻ ʣʽʥʽʡʥʝ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʃʽʥʽʡʥʘ ʭʚʠʣʴʦʚʘ ʪʝʦʨʽʷ ɽʡʨʽ 

 

ʂʽʥʝʤʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʘʤʧʣʽʪʫʜʠ ʣʽʥʽʡʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʚʠʩʦʪʽ ʭʚʠʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ (ʘʙʦ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʽ). ʆʪʞʝ, ʥʦʨʤʘʣʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʻ ʫʥʽʢʘʣʴʥʠʤ ʽ ʥʝʟʤʽʥʥʠʤ 

ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜʠ, ʢʦʣʠ ʮʽ ʘʤʧʣʽʪʫʜʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʭʚʠʣʽ. 
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ʊʝʦʨʽʷ ʭʚʠʣʴ ʉʪʦʢʩʘ 

ʊʝʦʨʽʷ ʭʚʠʣʴ ʉʪʦʢʩʘ ʢʦʨʠʩʥʘ ʜʣʷ ʭʚʠʣʴ ʫ ʤʽʣʢʦʚʦʜʥʠʭ ʽ ʛʣʠʙʦʢʠʭ ʚʦʜʘʭ. ɺʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʭʚʠʣʴ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʽ ʤʦʨʩʴʢʠʭ ʩʧʦʨʫʜʘʭ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʮʠʣʽʥʜʨʘ ʽ ʤʦʥʦʙʘʰʪʦʚʦʾ 

ʧʣʘʪʬʦʨʤʠ. ʂʽʥʝʤʘʪʠʢʘ ʭʚʠʣʴ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʦʨʫʜ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʚʠʣʴʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʨʝʘʢʮʽʷ 

ɾʦʨʩʪʢʝ ʪʽʣʦ ʤʘʻ ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ (DOF) ʨʫʭʫ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʽʣʦ 

ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʚ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʝʡ, ʥʘ ʷʢʠʭ ʚʦʥʦ ʦʨʽʻʥʪʦʚʘʥʝ, 

ʚʢʣʶʯʘʶʯʠ ʚʧʝʨʝʜ ʽ ʥʘʟʘʜ (ʚʽʜʦʤʠʡ ʷʢ ʨʠʚʦʢ), ʚʛʦʨʫ ʽ ʚʥʠʟ (ʚʽʜʦʤʠʡ ʷʢ ʧʽʜʡʦʤ), ʘ ʪʘʢʦʞ ʚʣʽʚʦ 

ʽ ʚʧʨʘʚʦ (ʚʽʜʦʤʠʡ ʷʢ ʭʠʪʘʥʥʷ), ʘ ʪʘʢʦʞ ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʪʨʴʦʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴʩʷ ʨʠʩʢʘʥʥʷ (ʥʦʨʤʘʣʴʥʘ ʚʽʩʴ), ʪʘʥʛʘʞ (ʧʦʧʝʨʝʯʥʘ ʚʽʩʴ) ʽ ʢʨʝʥ (ʧʦʟʜʦʚʞʥʷ 

ʚʽʩʴ). ʅʘ ʨʠʩʫʥʢʫ 4 ʧʦʢʘʟʘʥʦ 6 DOF ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï 6 ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʬʦʨʤ ʧʦʥʪʦʥʽʚ 

ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ ʧʨʷʤʦʢʫʪʥʠʡ ʧʦʥʪʦʥ ʜʣʷ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

[3]. ʈʦʟʤʽʨʠ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʘ ʪʘʢʦʞ ʚʠʩʦʪʘ ʢʦʣʦʥʠ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʽ ʜʽʘʤʝʪʨ 

ʢʦʣʦʥʠ ʻ ʬʽʢʩʦʚʘʥʠʤʠ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʬʦʨʤ ʧʦʥʪʦʥʽʚ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 4. ʈʦʟʤʽʨʠ 

ʙʘʟʦʚʦʛʦ ʧʦʥʪʦʥʘ (ʧʣʘʚʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ) ʟʘʣʠʰʘʶʪʴʩʷ ʨʽʟʥʠʤʠ, ʱʦ ʩʣʫʞʠʪʴ ʟʤʽʥʥʦʶ ʜʣʷ ʮʽʻʾ 

ʨʦʙʦʪʠ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʨʷʤʦʢʫʪʥʠʡ ʧʦʥʪʦʥ 

 

ʊʘʙʣʠʮʷ 1 ï ʇʨʠʢʣʘʜ ʨʦʟʤʽʨʽʚ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʦʥʪʦʥʦʤ 

ɼʝʪʘʣʽ ʈʦʟʤʽʨ 

ʇʣʘʚʘʶʯʘ ʢʦʥʩʪʨʫʢʮʽʷ 1035 ʤʤ * 860 ʤʤ * 220 ʤʤ 

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ 754 ʤʤ * 905 ʤʤ * 60 ʤʤ 

ʈʘʜʽʫʩ ʢʦʣʦʥʠ 45 

ʂʫʪ ʤʽʞ ʢʦʤʧʦʥʝʥʪʦʤ ʽ ʧʦʧʣʘʚʢʦʤ 12 

ɺʠʩʦʪʘ ʧʦʚʝʨʭʥʽ ʧʦʧʣʘʚʢʘ 75 ʤʤ 

 

 
ʈʠʩʫʥʦʢ 5 ï ʎʠʣʽʥʜʨʠʯʥʠʡ ʧʦʥʪʦʥ 

 

ʊʘʙʣʠʮʷ 2 ï ʇʨʠʢʣʘʜ ʨʦʟʤʽʨʽʚ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʥʪʦʥʦʤ 

ɼʝʪʘʣʽ ʈʦʟʤʽʨ 

ʇʣʘʚʘʶʯʠʡ 
V1: 1035 ʤʤ * 1102 ʤʤ * ˊ 

V2: 860 ʤʤ * 1102 ʤʤ * ˊ 

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ 754 ʤʤ * 905 ʤʤ * 60 ʤʤ 

ʈʘʜʽʫʩ ʢʦʣʦʥʠ 45 

ʂʫʪ ʤʽʞ ʢʦʤʧʦʥʝʥʪʦʤ 

ʽ ʧʦʧʣʘʚʮʷ 
12 

ɺʠʩʦʪʘ ʧʦʚʝʨʭʥʽ ʧʦʧʣʘʚʢʘ 75 

 

 
ʈʠʩʫʥʦʢ 6 ï ʊʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ ʧʦʥʪʦʥ 
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ʊʘʙʣʠʮʷ 3 ï ʇʨʠʢʣʘʜ ʨʦʟʤʽʨʽʚ ʧʣʘʚʫʯʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʤ ʧʦʥʪʦʥʦʤ 

ɼʝʪʘʣʽ ʈʦʟʤʽʨ 

ʇʣʘʚʘʶʯʘ 

V1: İ * (110 ʤʤ + 220 ʤʤ) * 220 ʤʤ 

* 1035 ʤʤ 

V2: İ * (110 ʤʤ + 220 ʤʤ) * 220 ʤʤ 

* 860 ʤʤ 

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ 754 ʤʤ * 905 ʤʤ * 60 ʤʤ 

ʈʘʜʽʫʩ ʢʦʣʦʥʠ 45 

ʂʫʪ ʤʽʞ ʢʦʤʧʦʥʝʥʪʦʤ 

ʽ ʧʦʧʣʘʚʮʷ 
12 

ɺʠʩʦʪʘ ʧʦʚʝʨʭʥʽ ʧʦʧʣʘʚʢʘ 75 ʤʤ 

 

ʊʘʙʣʠʮʷ 4 ï ʆʛʣʷʜ ʫʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʥʪʦʥʘ 

ʈʝʛʫʣʷʨʥʽ ʭʚʠʣʽ (ʭʚʠʣʽ ɽʡʨʽ, ʉʪʦʢʩʘ 2-ʛʦʧʦʨʷʜʢʫ) 

ɺʠʩʦʪʘ ʭʚʠʣʽ 8,44 

ʇʝʨʽʦʜ 8,38 

ʅʝʨʝʛʫʣʷʨʥʘ ʭʚʠʣʷ (ʩʧʝʢʪʨ JONSWAP ʽ PM) 

ɺʠʩʦʪʘ ʭʚʠʣʽ 4,38 ʤ 

ʇʝʨʽʦʜ 6,91 

ɻʘʤʤʘ 3 

ʇʽʢʦʚʘ ʯʘʩʪʦʪʘ 1/9,74 = 0,1027 ɻʮ 

ʉʪʨʫʤ 

ʇʦʚʝʨʭʥʷ 1,24 ʤ/ʩ 

 

ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʚʠʙʦʨʽ ʚʠʩʦʪʠ ʭʚʠʣʽ ʜʣʷ ʨʝʛʫʣʷʨʥʠʭ ʭʚʠʣʴ, ʷʢʘ 

ʧʣʘʥʫʚʘʣʘʩʷ ʥʘ ʨʽʚʥʽ 8,44 ʤ, ʘʣʝ ʚ ANSYS AQWA ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʭʚʠʣʽ, ʷʢʫ ʤʦʞʝ 

ʦʙʨʦʙʠʪʠ ʧʨʦʛʨʘʤʘ, ʩʪʘʥʦʚʠʪʴ 7,82 ʤ, ʮʝ ʙʫʚ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʫʩʽʭ ʜʦʩʪʫʧʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʦʥʪʦʥʽʚ ʧʽʜ ʜʽʻʶ ʭʚʠʣʴ ʪʘ ʪʝʯʽʡ, ʙʫʣʦ 

ʩʬʦʨʤʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʪʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʣʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʤʝʞʘʭ ʮʽʻʾ ʨʦʙʦʪʠ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʰʣʷʭʦʤ ʢʨʠʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʩʠʥʪʝʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʥʘʫʢʦʚʠʭ 

ʜʞʝʨʝʣʘʭ. 

ʈʝʪʝʣʴʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ [4] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʮʠʣʽʥʜʨʠʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʦʥʪʦʥʘ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʧʨʠ ʧʨʦʪʠʜʽʾ ʭʚʠʣʴʦʚʦʤʫ ʥʘʛʦʥʫ, ʪʦʜʽ ʷʢ ʧʨʷʤʦʢʫʪʥʽ ʧʦʥʪʦʥʠ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʽʥʰʽ ʪʠʧʠ ʟʘ ʨʝʘʢʮʽʻʶ ʥʘ ʧʽʜʡʦʤ. ʊʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʧʦʥʪʦʥʠ ʚʠʷʚʠʣʠʩʷ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʥʘʭʠʣʫ. ɼʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʭʚʠʣʽ ʉʪʦʢʩʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʭʚʠʣʽ ɽʡʨʽ ʯʠʥʷʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʘʢʮʽʶ RAO. 

ʇʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ JONSWAP ʪʘ PM ʧʦʢʘʟʘʣʦ, ʱʦ ʧʝʨʰʠʡ ʟ ʥʠʭ ʬʦʨʤʫʻ ʙʽʣʴʰʫ ʨʝʘʢʮʽʶ ʥʘ 

ʭʚʠʣʽ ʪʘ ʧʽʜʡʦʤ, ʪʦʜʽ ʷʢ ʜʨʫʛʠʡ ʧʝʨʝʚʘʞʘʻ ʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʾ ʥʘ ʥʘʭʠʣ. ʊʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʦ, ʱʦ 

ʭʚʠʣʽ ʟ ʥʘʧʨʷʤʢʦʤ 0Á ʩʧʨʠʯʠʥʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ RAO ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʭʚʠʣʷʤʠ ʧʽʜ 

ʢʫʪʘʤʠ 45Á ʪʘ 135Á [5]. 

ʆʪʨʠʤʘʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʭʦʜʠʪʠ ʜʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʬʦʨʤʠ ʧʦʥʪʦʥʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʚʠʣʴʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʽʦʨʠʪʝʪʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʥʘʜʽʡʥʠʭ ʧʣʘʚʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇʈʆʎɽʉɯɺ ʇʈʆɭʂʊʋɺɸʅʅʗ 

ʊɸ ʉɽʈɯʁʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ ɿɸʉʆɹɯɺ ʇɯɼɺʆɼʅʆɰ ʈʆɹʆʊʆʊɽʍʅɯʂʀ 

 

ɹʣʽʥʮʦʚ ɺ.ʉ. 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʜʠʨʝʢʪʦʨ ʅɼɯ ʧʽʜʚʦʜʥʦʾ ʪʝʭʥʽʢʠ 

ɹʘʙʢʽʥ ɻ.ɺ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʅʋʂ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ ʩʫʜʥʦʚʠʭ 

ʪʘ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤ. ʄʘʢʘʨʦʚʘ 

 

ɸʥʦʪʘʮʽʷ 

ʋ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʥʦʤʥʽ ʥʝʥʘʩʝʣʝʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ (ɸʅʇɸ) 
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ʪʘ ʜʠʩʪʘʥʮʽʡʥʦ ʢʝʨʦʚʘʥʽ ʧʨʠʚô̫ ʟʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ ʜʚʦʭ ʪʠʧʽʚ ï ʩʘʤʦʭʽʜʥʽ (ʉʇʇɸ) ʪʘ 

ʙʫʢʩʠʨʫʚʘʥʽ (ɹʇɸ). ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ, 

ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʫ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʥʘʯʝʥʥʷ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʽʤʝʨʩʠʚʥʠʭ ʽ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ, ʝʬʝʢʪʠʚʥʠʭ 

ʽ ʘʜʘʧʪʠʚʥʠʭ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʨʩʴʢʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, 

ʽʤʝʨʩʠʚʥʽ ʪʘ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʇʽʜʚʦʜʥʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʻ ʢʣʶʯʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʩʠʩʪʝʤʘʭ ʤʦʨʩʴʢʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʨʦʟʚʽʜʢʠ, ʧʨʦʪʠʤʽʥʥʦʾ ʙʦʨʦʪʴʙʠ, ʦʭʦʨʦʥʠ ʧʽʜʚʦʜʥʠʭ ʦʙô̒ ʢʪʽʚ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

[1, 2]. ɰʾ ʨʦʟʚʠʪʦʢ ʧʦʪʨʝʙʫʻ ʛʣʠʙʦʢʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʽ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ ʤʽʞ ʛʘʣʫʟʷʤʠ ʟʥʘʥʴ. 

ɿʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʘʚʪʦʥʦʤʥʦʩʪʽ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʤʝʪʦʜʦʣʦʛʽʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʚʩʝʙʽʯʥʽʩʪʴ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ, ʪʘ ʽʤʝʨʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʪʝʭʥʽʢʠ. ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʟʤʦʛʫ 

ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʾʭ ʙʫʜʽʚʥʠʮʪʚʦ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʽʤʝʨʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘʢʦʾ ʪʝʭʥʽʢʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ, ʝʩʢʽʟʥʦʛʦ ʪʘ 

ʨʦʙʦʯʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʦʨʩʴʢʠʭ ʤʽʩʽʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: 

ï ʘʚʪʦʥʦʤʥʠʭ ʥʝʥʘʩʝʣʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ (ɸʅʇɸ) ï ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʧʽʜʚʦʜʥʽ ʤʽʩʽʾ ʩʘʤʦʩʪʽʡʥʦ, ʧʦ ʟʘʟʜʘʣʝʛʽʜʴ ʨʦʟʨʦʙʣʝʥʠʤ ʧʨʦʛʨʘʤʘʤ ʘʙʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ); 

ï ʩʘʤʦʭʽʜʥʠʭ ʧʨʠʚô̫ ʟʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ (ʉʇʇɸ) ï ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʧʽʜʚʦʜʥʽ ʤʽʩʽʾ ʫ ʨʝʞʠʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʨʫʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʙʦʢʫ 

ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ;  

ï ʙʫʢʩʠʨʫʚʘʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇɸ) ï ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʧʽʜʚʦʜʥʽ ʤʽʩʽʾ ʫ ʨʝʞʠʤʽ ʙʫʢʩʠʨʫʚʘʥʥʷ ʥʘʜʚʦʜʥʠʤ, ʧʽʜʚʦʜʥʠʤ ʯʠ ʘʚʽʘʮʽʡʥʠʤ ʙʫʢʩʠʨʫʚʘʣʴʥʠʢʦʤ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʚʢʣʶʯʘʶʪʴ: ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʠʩʢʫ, ʪʦʯʥʽʩʪʴ ʥʘʚʽʛʘʮʽʾ, ʛʥʫʯʢʽʩʪʴ ʫ ʟʤʽʥʽ 

ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ 

ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʦ ʨʦʣʴ ʽ ʤʽʩʮʝ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʽʤʝʨʩʽʡʥʠʭ ʪʘ ʘʜʠʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʨʦʟʛʣʷʜʘʻ ʤʦʨʩʴʢʠʡ ʨʦʙʦʪ ʥʝ ʷʢ ʥʘʙʽʨ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʷʢ ʻʜʠʥʫ 

ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ, ʜʝ ʚʩʽ ʝʣʝʤʝʥʪʠ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʢʦʥʬʣʽʢʪʽʚ ʤʽʞ 

ʧʽʜʩʠʩʪʝʤʘʤʠ ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ.  

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʠʥʮʠʧʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ (ɿʇʈ) ʚʙʘʯʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʣʽʢʫ ʦʩʥʦʚʥʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ [3, 4]: 

ï ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ɿʇʈ; 

ï ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʟʚô̫ ʟʢʫ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ ɿʇʈ; 

ï ʝʥʝʨʛʝʪʠʯʥʝ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ï ʦʮʽʥʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɿʇʈ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ;  

ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʠ ʮʴʦʤʫ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɿʇʈ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʪʫʧʥʽ ʾʭ ʢʣʶʯʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ: 

ï ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ ʽ ʩʪʚʦʨʝʥʥʷ ɿʇʈ; 

ï ʪʝʭʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʝʨʽʡʥʠʭ ʟʨʘʟʢʽʚ ɿʇʈ; 

ï ʟʜʘʪʥʽʩʪʴ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ɿʇʈ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʮʝ 

ʚʠʨʦʙʠ ʚʠʩʦʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɯʤʝʨʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ çʝʬʝʢʪ 

ʟʘʥʫʨʝʥʥʷè ʚ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʝ ʢʦʤʧôʁ ʪʝʨʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʚʽʜʯʫʪʪʷ ʧʨʠʩʫʪʥʦʩʪʽ ʘʙʦ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʮʠʬʨʦʚʠʤ ʧʨʦʩʪʦʨʦʤ [5, 6].  

ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʚʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ (VR), ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (AR) ʪʘ ʟʤʽʰʘʥʘ 

ʨʝʘʣʴʥʽʩʪʴ (MR). 

ɯʤʝʨʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʧʨʦʧʦʥʫʶʯʠ ʽʥʞʝʥʝʨʘʤ-ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʽʥʥʦʚʘʮʽʡʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʙʦʪʠ ʚ 

ʩʢʣʘʜʥʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʫʤʦʚʘʭ, ʘ ʩʘʤʝ: 

ï ʚʽʨʪʫʘʣʴʥʫ ʨʝʘʣʴʥʽʩʪʴ (VR), ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʽʥʞʝʥʝʨʘʤ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʴʥʽ 3D-ʤʦʜʝʣʽ 

ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʤʦʜʝʣʶʚʘʪʠ ʾʭʥʶ ʨʦʙʦʪʫ ʚ ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʽʜʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

ï ʜʦʧʦʚʥʝʥʫ ʨʝʘʣʴʥʽʩʪʴ (AR), ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ɿʇʈ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʝʨʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʥʘ ʮʝʡ ʯʘʩ ʻ ʥʘʛʘʣʴʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʝʨʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ɿʇʈ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ: 

ï ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɿʇʈ ï ʧʨʦʮʝʩʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʚ ʨʽʟʥʠʭ 

ʧʽʜʚʦʜʥʠʭ ʫʤʦʚʘʭ; 

ï ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ï ʧʨʦʮʝʩʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʝʨʛʦʥʦʤʽʢʠ; 

ï ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʚʠʢʦʥʘʥʥʽ ʤʦʥʪʘʞʥʠʭ ʪʘ ʧʫʩʢʦ-ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ï 

ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʜʘʻ ʟʤʦʛʫ ʪʝʭʥʽʯʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʙʘʯʠʪʠ ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʢʮʽʾ; 

ï ʧʨʠ ʢʦʥʪʨʦʣʽ ʷʢʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ɿʇʈ, ʦʩʢʽʣʴʢʠ AR ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʨʝʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʟʙʽʨʦʢ ʮʠʬʨʦʚʠʤ ʤʦʜʝʣʷʤ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ; 
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ï ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ï VR-ʩʠʤʫʣʷʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʙʝʟʨʠʟʠʢʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ï ʧʨʠ ʥʘʚʯʘʥʥʽ ʦʧʝʨʘʪʦʨʽʚ ï ʦʩʢʽʣʴʢʠ ʪʨʝʥʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ 

ʫ VR-ʩʝʨʝʜʦʚʠʱʽ ʻ ʙʝʟʧʝʯʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʤʝʨʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʚʽʜ ʽʜʝʾ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘʣʫʯʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ, ʧʦʚô̫ ʟʘʥʠʭ ʟ 

ʧʽʜʚʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʥʫʯʢʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, 

ʷʢʽ ʥʝʜʦʩʪʫʧʥʽ ʧʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ɿʇʈ: 

ï ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ɿʇʈ ï ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ ʯʘʩʪʦ ʤʘʶʪʴ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ; 

ï ʰʚʠʜʢʝ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ɿʇʈ ï ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʽʥʞʝʥʝʨʘʤ ʰʚʠʜʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʬʽʟʠʯʥʽ ʧʨʦʪʦʪʠʧʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ; 

ï ʙʫʜʽʚʥʠʮʪʚʦ ɿʇʈ ï ʩʝʨʽʡʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʠʧʦʚʠʭ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ; 

ï ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ɿʇʈ ï ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʥʘ ʤʽʩʮʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʫ ʧʦʭʽʜʥʠʭ ʫʤʦʚʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʶʪʴ ʛʥʫʯʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʨʦʟʨʦʙʢʠ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɺʠʩʥʦʚʢʠ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʦʙʽʚ ʤʦʨʩʴʢʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʢʫ, 

ʤʝʭʘʥʦʪʨʦʥʽʢʫ, ʪʝʦʨʽʶ ʢʝʨʫʚʘʥʥʷ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʽʤʝʨʩʠʚʥʽ ʪʘ ʘʜʠʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ, ʱʦ ʧʦʻʜʥʫʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʽʤʝʨʩʠʚʥʽ ʪʘ ʘʜʠʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʝ ʙʘʯʝʥʥʷ ʧʨʦʝʢʪʫ, ʦʧʪʠʤʽʟʫʶʯʠ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʝʪʘʧʘʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢʠ ʥʝʚʜʘʣʠʭ ʨʽʰʝʥʴ. ɯʤʝʨʩʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʶʶʪʴ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʥʝʜʦʣʽʢʠ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʨʦʟʨʦʙʢʠ. ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʥʫʯʢʽʩʪʴ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʢʣʘʜʥʠʭ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ 

ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʥʝʨʛʽʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʫʢʦʚʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʦʙʦʨʦʥʥʠʭ ʩʬʝʨʘʭ.  
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Abstract  

The report examines the main directions of improving the processes of creating modern 

underwater robotics, including autonomous unmanned underwater vehicles (AUVs) and remotely 

controlled tethered underwater vehicles of two types ï self-propelled (SPVA) and towed (BVA). The 

basic principles of hydrodynamic, energy, navigation and algorithmic support that form the basis of 

design are analyzed. The features of serial production of underwater vehicles are considered and the 

importance of a systems approach and immersive and additive technologies for the formation of 

sustainable, effective and adaptive to modern requirements technical solutions is substantiated. 

Keywords: marine robotics, design, construction, systems approach, immersive and additive 

technologies 
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ʋʢʨʘʾʥʘ, ʤ. ʄʠʢʦʣʘʾʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ 

 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʤʦʨʩʴʢʦʾ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʄʂɯ), ʚʢʣʶʯʘʶʯʠ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʢʘʙʝʣʽ ʪʘ ʧʣʘʪʬʦʨʤʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʪʠʧʠ ʧʽʜʚʦʜʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʘʧʘʨʘʪʽʚ (ɸʅʇɸ, ʉʇʇɸ, ɹʇɸ), ʾʭʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʽ 

ʨʦʟʚʠʪʢʫ ʘʚʪʦʥʦʤʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʨʘʜʽʦʙʫʷʤʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʘʚʪʦʥʦʤʥʽʩʪʴ ʽ ʦʧʝʨʘʪʠʚʥʠʡ 

ʟʚô̫ ʟʦʢ ʽʟ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʽ ʨʽʰʝʥʥʷ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ, ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ ʚ ʤʦʨʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʚʦʜʥʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʤʦʨʩʴʢʘ ʢʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʘʚʪʦʥʦʤʥʠʡ 

ʥʝʥʘʩʝʣʝʥʠʡ ʧʽʜʚʦʜʥʠʡ ʘʧʘʨʘʪ. 

 

ɺʩʪʫʧ. ʄʦʨʩʴʢʘ ʢʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʄʂɯ), ʱʦ ʚʢʣʶʯʘʻ ʧʽʜʚʦʜʥʽ ʢʘʙʝʣʽ, 

ʪʨʫʙʦʧʨʦʚʦʜʠ, ʥʘʬʪʦʚʽ ʪʘ ʛʘʟʦʚʽ ʧʣʘʪʬʦʨʤʠ, ʧʦʨʪʠ ʪʘ ʽʥʰʽ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʽ ʦʙô̒ ʢʪʠ, ʻ 

ʦʩʥʦʚʦʶ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʙʝʟʧʝʢʠ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʛʣʦʙʘʣʴʥʠʡ 

ʟʚô̫ ʟʦʢ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʫ ʪʦʨʛʽʚʣʶ. ʆʜʥʘʢ, ʟʨʦʩʪʘʥʥʷ ʛʝʦʧʦʣʽʪʠʯʥʦʾ ʥʘʧʨʫʛʠ, ʪʝʨʦʨʠʩʪʠʯʥʠʭ 

ʟʘʛʨʦʟ, ʘ ʪʘʢʦʞ ʨʠʟʠʢʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʥʝʣʝʛʘʣʴʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ, 

ʨʦʙʣʷʪʴ ʮʽ ʦʙô̒ ʢʪʠ ʚʨʘʟʣʠʚʠʤʠ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʭʦʨʦʥʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʘʪʨʫʣʶʚʘʥʥʽ ʥʘʜʚʦʜʥʠʤʠ ʩʫʜʥʘʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʦʣʘʟʽʚ, ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʥʝʩʫʪʴ ʟʥʘʯʥʽ ʨʠʟʠʢʠ. ʎʝ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʭʠʩʪʫ ʄʂɯ. ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʧʽʜʚʦʜʥʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʚʠʩʪʫʧʘʻ ʷʢ ʢʣʶʯʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʧʨʦʧʦʥʫʻ ʽʥʥʦʚʘʮʽʡʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʮʠʭ ʦʙô̒ ʢʪʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʢʦʤʧʣʝʢʩʥʠʡ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʭʦʨʦʥʠ ʄʂɯ ï ʦʩʥʦʚʥʽ ʪʠʧʠ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ, ʾʭʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʝʨʝʚʘʛʠ ʪʘ ʚʠʢʣʠʢʠ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʦʨʩʴʢʽ ʨʦʙʦʪʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʭʦʨʦʥʠ ʄʂɯ, 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʾʭʥʴʦʾ ʜʽʾ ʪʘ ʩʪʫʧʝʥʝʤ ʘʚʪʦʥʦʤʥʦʩʪʽ.  

ʆʩʥʦʚʥʠʤʠ ʻ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʧʽʜʚʦʜʥʠʭ ʨʦʙʦʪʽʚ: 

ʘʚʪʦʥʦʤʥʽ ʥʝʥʘʩʝʣʝʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ (ɸʅʇɸ, ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ï Autonomous 

Underwater Vehicles, AUVs) ï ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ-ʨʦʙʦʪʠ, ʱʦ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʽʜ ʚʦʜʦʶ ʟʘ 
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ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʦʶ ʧʨʦʛʨʘʤʦʶ, ʥʝ ʧʦʪʨʝʙʫʶʯʠ ʧʦʩʪʽʡʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʦʧʝʨʘʪʦʨʦʤ [1]; ʾʭʥʷ 

ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʨʠʚʘʣʠʭ ʤʽʩʽʡ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ ʽ ʚʽʜʩʪʘʥʷʭ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʧʘʪʨʫʣʶʚʘʥʥʷ ʟʥʘʯʥʠʭ ʘʢʚʘʪʦʨʽʡ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʜʥʘ ʪʘ ʧʦʰʫʢʫ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ; ɸʅʇɸ ʦʙʣʘʜʥʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, ʟʦʢʨʝʤʘ ʩʦʥʘʨʘʤʠ, 

ʛʽʜʨʦʣʦʢʘʪʦʨʘʤʠ ʙʽʯʥʦʛʦ ʦʛʣʷʜʫ, ʚʽʜʝʦʢʘʤʝʨʘʤʠ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʤʘʛʥʽʪʦʤʝʪʨʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʦʙô̒ ʢʪʽʚ; ʥʝʜʦʣʽʢʦʤ ɸʅʇɸ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʟ ʙʝʨʝʛʦʚʠʤ ʮʝʥʪʨʦʤ ʢʝʨʫʚʘʥʥʷ ʤʦʨʩʴʢʠʤʠ ʤʽʩʽʷʤʠ (ɹʎʂ), ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʦʧʝʨʘʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʥʠʤ ʟ ʙʦʢʫ ʦʧʝʨʘʪʦʨʘ; 

ʩʘʤʦʭʽʜʥʽ ʧʨʠʚô̫ ʟʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ (ʉʇʇɸ, ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ï Remotely Operated 

Vehicles, ROVs), ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʟ ʥʘʜʚʦʜʥʦʛʦ ʩʫʜʥʘ-ʥʦʩʽʷ ʯʝʨʝʟ ʢʘʙʝʣʴ-ʪʨʦʩ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ ʪʘ ʜʚʦʭʩʪʦʨʦʥʥʽʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʉʇʇɸ ʪʘ ʧʦʩʪʦʤ ʢʝʨʫʚʘʥʥʷ, 

ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʩʫʜʥʽ-ʥʦʩʽʾ [2]; ʉʇʇɸ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʘ 

ʪʦʯʥʠʭ ʤʘʥʽʧʫʣʷʮʽʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʣʶʜʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ï ʨʝʤʦʥʪ ʧʽʜʚʦʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ, ʧʽʜʡʦʤ ʦʙô̒ ʢʪʽʚ ʟ ʤʦʨʩʴʢʦʛʦ ʜʥʘ ʪʘ, ʟʘ ʧʦʪʨʝʙʠ, ʟʥʝʰʢʦʜʞʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ; ʾʭʥʷ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ï ʥʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʤʽʥʫ ʟ ɹʎʂ, ʘ ʥʝʜʦʣʽʢʦʤ ï ʤʘʣʠʡ ʨʘʜʽʫʩ ʜʽʾ, ʦʙʤʝʞʝʥʠʡ ʜʦʚʞʠʥʦʶ ʢʘʙʝʣʴ-ʪʨʦʩʫ; 

ʙʝʟʝʢʽʧʘʞʥʽ ʙʫʢʩʠʨʫʚʘʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ (ɹʇɸ, ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ï Towed 

Underwater Vehicles, TUVs) ï ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ-ʨʦʙʦʪʠ, ʷʢʽ ʦʩʥʘʱʝʥʽ ʚʽʜʝʦʢʘʤʝʨʘʤʠ ʪʘ 

ʩʦʥʘʨʘʤʠ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʣʘʜʦʚʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚʦʜʥʦʾ ʪʦʚʱʽ ʪʘ ʤʦʨʩʴʢʦʛʦ ʜʥʘ [3]; 

ʾʭʥʷ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ï ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟ-ʟʘ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʰʚʠʜʢʦʩʪʽ ʭʦʜʫ ʩʫʜʥʘ-

ʙʫʢʩʠʨʫʚʘʣʴʥʠʢʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʟ ɹʎʂ, ʘ ʥʝʜʦʣʽʢʦʤ ï ʤʘʣʠʡ 

ʨʘʜʽʫʩ ʜʽʾ, ʦʙʤʝʞʝʥʠʡ ʜʦʚʞʠʥʦʶ ʢʘʙʝʣʴ-ʙʫʢʩʠʨʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʚʣʘʩʥʠʭ ʨʫʰʽʾʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ, ʷʢʽ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤʠ, ʥʝʙʝʟʧʝʯʥʠʤʠ ʘʙʦ ʥʝʤʦʞʣʠʚʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʚʦʜʦʣʘʟʘʤʠ: 

ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʽʥʩʧʝʢʮʽʷ: ɸʇɸ, ʉʇʇɸ ʪʘ ɹʇɸ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʛʫʣʷʨʥʽ ʽʥʩʧʝʢʮʽʾ 

ʧʽʜʚʦʜʥʠʭ ʢʘʙʝʣʽʚ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʠʷʚʣʷʶʯʠ ʧʦʰʢʦʜʞʝʥʥʷ ʯʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʚʪʨʫʯʘʥʥʷ; 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʜʘʥʠʭ ʪʘ ʾʭ ʦʧʝʨʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʥʘ ʨʘʥʥʽʭ 

ʩʪʘʜʽʷʭ; 

ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ: ʚʢʘʟʘʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʤʦʞʫʪʴ ʧʘʪʨʫʣʶʚʘʪʠ 

ʘʢʚʘʪʦʨʽʶ ʥʘʚʢʦʣʦ ʢʨʠʪʠʯʥʠʭ ʦʙô̒ ʢʪʽʚ, ʚʠʷʚʣʷʶʯʠ ʧʽʜʦʟʨʽʣʽ ʦʙô̒ ʢʪʠ ʘʙʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʫ 

ʜʽʷʣʴʥʽʩʪʴ (ʩʦʥʘʨʠ ʤʦʞʫʪʴ ʩʢʘʥʫʚʘʪʠ ʚʦʜʥʫ ʪʦʚʱʫ ʥʘ ʧʨʝʜʤʝʪ ʚʠʷʚʣʝʥʥʷ ʜʠʚʝʨʩʘʥʪʽʚ ʘʙʦ 

çʯʫʞʠʭè ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ, ʘ ʤʘʛʥʽʪʦʤʝʪʨʠ ʜʦʧʦʤʘʛʘʶʪʴ ʟʥʘʡʪʠ ʤʽʥʠ ʯʠ ʽʥʰʽ ʤʝʪʘʣʝʚʽ 

ʦʙô̒ ʢʪʠ); 

ʝʢʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ: ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʤʦʞʫʪʴ ʤʦʥʽʪʦʨʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʚʦʜʠ, ʚʠʷʚʣʷʪʠ ʨʦʟʣʠʚʠ ʥʘʬʪʠ ʘʙʦ ʽʥʰʽ ʭʽʤʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭʥʽ ʥʘʩʣʽʜʢʠ; 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʉʇʇɸ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʧʽʜʡʦʤʫ ʧʦʰʢʦʜʞʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʟʥʝʰʢʦʜʞʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʧʨʝʜʤʝʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʨʠʟʠʢ ʜʣʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚô̫  ʣʶʜʝʡ. 

ʆʜʥʘʢ, ʧʦʧʨʠ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʤʘʻ ʧʝʚʥʽ 

ʚʠʢʣʠʢʠ [4]: 
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ʘʚʪʦʥʦʤʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ï ʪʨʠʚʘʣʽʩʪʴ ʤʽʩʽʡ ɸʇɸ ʦʙʤʝʞʝʥʘ ʻʤʥʽʩʪʶ ʾʭʥʽʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ, 

ʪʘ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʨʷʜʢʠ ʚʽʜ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ; 

ʥʘʚʽʛʘʮʽʷ ʪʘ ʟʚô̫ ʟʦʢ ï ʧʽʜ ʚʦʜʦʶ GPS ʥʝ ʬʫʥʢʮʽʦʥʫʻ, ʪʦʤʫ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ-ʨʦʙʦʪʠ 

ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʽʥʝʨʮʽʡʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʘʢʫʩʪʠʯʥʽ ʤʦʜʝʤʠ ʪʘ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, 

ʱʦ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʨʘʜʽʫʩ ʜʽʾ; 

ʢʦʦʨʜʠʥʘʮʽʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ï ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʭʦʨʦʥʠ ʚʝʣʠʢʠʭ ʘʢʚʘʪʦʨʽʡ ʥʝʦʙʭʽʜʥʘ 

ʢʦʦʨʜʠʥʘʮʽʷ ʨʦʙʦʪʠ ʜʝʢʽʣʴʢʦʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʙʝʟʧʝʯʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʨʫʭʫ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʽʜʚʦʜʥʠʭ ʤʽʩʽʡ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʝʬʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʽʜʚʦʜʥʦʾ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʣʷ ʦʭʦʨʦʥʠ ʦʙô̒ ʢʪʽʚ ʄʂɯ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʅʇɸ ʟ ʨʘʜʽʦʙʫʷʤʠ 

(ɸʅʇɸ-ʈɹ), ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʧʝʨʝʚʘʛʠ ʪʨʘʜʠʮʽʡʥʠʭ ɸʅʇɸ (ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʥʦʤʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʚʽʜʜʘʣʝʥʽ ʤʽʩʽʾ) ʟ ʧʝʨʝʚʘʛʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʉʇʇɸ (ʥʘʷʚʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʟ ɹʎʂ) [5]. ʊʘʢʽ ʘʧʘʨʘʪʠ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʽ ʤʘʶʪʴ ʜʚʽ ʣʘʥʢʠ ï ɸʅʇɸ 

ʷʢ ʥʦʩʽʡ ʧʦʰʫʢʦʚʦʾ ʘʧʘʨʘʪʫʨʠ ʪʘ ʷʢ ʙʫʢʩʠʨʫʚʘʣʴʥʠʢ ʨʘʜʽʦʙʫʷ (ʈɹ) ʪʘ, ʚʣʘʩʥʝ, ʨʘʜʽʦʙʫʡ ʷʢ ʥʦʩʽʡ 

ʘʧʘʨʘʪʫʨʠ ʜʚʦʭʩʪʦʨʦʥʥʴʦʛʦ ʟʚô̫ ʟʢʫ ɸʅʇɸ ʟ ɹʎʂ. ʇʨʠ ʮʴʦʤʫ, ʢʦʨʧʫʩ ʈɹ ʻ ʝʣʝʤʝʥʪʦʤ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʙʪʽʯʥʠʢʘ ɸʅʇɸ, ʘ ʡʦʛʦ ʥʝʩʫʯʽ ʧʦʚʝʨʭʥʽ (ʢʨʠʣʘ) ʤʘʶʪʴ ʬʦʨʤʫ ʜʫʛʠ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ɸʅʇɸ-ʈɹ ʫ ʟʛʦʨʥʫʪʦʤʫ ʩʪʘʥʽ, ʘʣʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʫʛʦʚʦʛʦ 

ʢʨʠʣʘ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [6] ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ 

(ʜʫʛʦʚʠʭ ʢʨʠʣ) ʜʣʷ ʨʘʜʽʦʙʫʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤ ʥʦʚʽʪʥʽʭ ʟʘʩʦʙʽʚ ʧʽʜʚʦʜʥʦʾ 

ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ɺʠʩʥʦʚʢʠ 

1. ʇʽʜʚʦʜʥʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʠ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʟʘʭʠʩʪʫ ʤʦʨʩʴʢʦʾ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ-ʨʦʙʦʪʽʚ ʜʘʻ 

ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʙʝʟʧʝʢʫ ʦʙô̒ ʢʪʽʚ ʤʦʨʩʴʢʦʾ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʚʦʜʷʯʠ ʜʦ ʤʽʥʽʤʫʤʫ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʨʠʟʠʢʫ.  

2. ʄʦʨʩʴʢʽ ʨʦʙʦʪʠ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʚʜʘʥʴ: ʚʽʜ ʨʫʪʠʥʥʦʛʦ 

ʧʘʪʨʫʣʶʚʘʥʥʷ ʪʘ ʽʥʩʧʝʢʮʽʾ ʜʦ ʚʠʩʦʢʦʪʦʯʥʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʽ ʟʥʝʰʢʦʜʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙô̒ ʢʪʽʚ. ɰʭʥʷ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʩʢʣʘʜʥʠʭ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʪʘ ʥʘ 

çʟʘʚʦʜʦʣʘʟʥʠʭè ʛʣʠʙʠʥʘʭ ʰʝʣʴʬʫ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʜʠʚʝʨʩʽʷʤ, ʚʠʷʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. 

3. ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʘʚʪʦʥʦʤʥʠʭ ʥʝʥʘʩʝʣʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ ʟ 

ʨʘʜʽʦʙʫʷʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʫʛʦʚʠʭ ʢʨʠʣ ʨʘʜʽʦʙʫʾʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʘʢʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ. 
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ʄʘʪʝʨʽʘʣʠ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʉʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʝʤʦʥʪʫ ʩʫʜʝʥ, ʤʦʨʩʴʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʽ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜè , 22-23 ʪʨʘʚʥʷ 2024 ʨʦʢʫ. ʄʠʢʦʣʘʾʚ : ɯʣʽʦʥ, 2025. ʉ. 126-131.  
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Abstract. The article examines modern underwater robotics technologies for protecting 

maritime critical infrastructure (MCI), including pipelines, cables, and platforms. It analyzes the main 

types of underwater robotic devices (AUVs, ROVs, TUVs), their functional capabilities, advantages, 

and limitations. Special attention is given to the development prospects of autonomous vehicles with 

radio buoys, which combine autonomy with operational communication with the control center. Such 

solutions enhance safety, monitoring efficiency, and response to threats in the marine environment. 
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ɸʥʦʪʘʮʽʷ. ɸʢʫʩʪʠʯʥʠʡ ʢʦʤʬʦʨʪ ï ʢʣʶʯʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢʦʩʪʽ ʽʥʪʝʨô̒ ʨʫ ʷʭʪʠ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʧʨʦʩʪʦʨʫ, ʟʨʫʯʥʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʽ ʙʝʟʧʝʢʫ. ɺ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ, ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʽ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʜʞʝʨʝʣ ʰʫʤʫ (ʜʚʠʛʫʥʠ, 

ʩʠʩʪʝʤʠ HVAC, ʤʝʭʘʥʽʟʤʠ) ʦʧʪʠʤʽʟʘʮʽʷ ʘʢʫʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ: 

ʧʦʻʜʥʘʥʥʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʧʣʘʥʫʚʘʥʥʷ, ʛʨʘʤʦʪʥʦʛʦ ʧʽʜʙʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʫ ʜʞʝʨʝʣʽ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʨʠʥʮʠʧʠ 

ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ ʩʪʦʩʦʚʥʦ ʷʭʪʦʚʠʭ ʽʥʪʝʨô̒ ʨʽʚ, ʦʧʠʩʘʥʽ ʧʨʘʢʪʠʯʥʽ ʧʨʠʡʦʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʽʥʞʝʥʝʨʥʦʾ ʽʥʪʝʛʨʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʥʠʡ ʢʦʤʬʦʨʪ, ʷʭʪʦʚʠʡ ʽʥʪʝʨô̒ ʨ, ʟʚʫʢʦʽʟʦʣʷʮʽʷ, ʜʠʟʘʡʥ, 

ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ. 

 

ɸʢʫʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʬʦʨʤʫʻ ʝʩʪʝʪʠʯʥʝ ʽ ʬʽʟʽʦʣʦʛʽʯʥʝ ʩʧʨʠʡʥʷʪʪʷ ʧʨʦʩʪʦʨʫ, ʘʢʫʤʫʣʶʻ 

ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ, ʚʧʣʠʚʘʻ ʥʘ ʩʪʦʤʣʶʚʘʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʚʽʜʧʦʯʠʥʢʫ ʥʘ ʩʫʜʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʙʫʜʽʚʝʣʴ, ʷʭʪʠ ʧʨʝʜô̫ ʚʣʷʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ: ʦʙʤʝʞʝʥʽ ʦʙʩʷʛʠ ʧʨʠʤʽʱʝʥʴ, 

ʙʣʠʟʴʢʽʩʪʴ ʟʦʥ ʚʽʜʧʦʯʠʥʢʫ ʽ ʪʝʭʥʽʯʥʠʭ ʚʫʟʣʽʚ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʰʫʤʽʚ, ʧʽʜʚʠʱʝʥʫ ʚʦʣʦʛʽʩʪʴ ʽ ʚʠʤʦʛʠ ʜʦ ʚʘʛʠ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ.  

ʋ ʢʦʥʪʝʢʩʪʽ ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʘʢʫʩʪʠʯʥʠʡ ʬʦʥ ʚ ʽʥʪʝʨô̒ ʨʽ ʷʭʪʠ ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ 

ʻ ʥʝ ʪʽʣʴʢʠ ʾʭ ʙʘʟʦʚʽ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʽ ʽ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʣʝ ʽ ʤʦʨʩʴʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ (ʚʦʣʦʛʽʩʪʴ, ʩʦʣʦʥʝ ʧʦʚʽʪʨʷ, ʚʘʛʘ, ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ). 

ʊʘʢ, ʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ (ʪʢʘʥʠʥʠ, ʢʠʣʠʤʠ) ʚʦʣʦʜʽʶʪʴ ʝʬʝʢʪʠʚʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʥʘ 

ʩʝʨʝʜʥʽʭ ʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʘʣʝ ʩʣʘʙʢʽʰʝ ï ʥʘ ʥʠʟʴʢʠʭ. ʅʘ ʷʭʪʘʭ ʮʝ ʚʘʞʣʠʚʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʦʙʨʘʞʝʥʴ ʚ ʜʽʘʧʘʟʦʥʽ ʤʦʚʠ (500-4000 ɻʮ). ʇʘʥʝʣʽ ʟ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ ʽ ʙʘʛʘʪʦʰʘʨʦʚʽ 

ʢʦʤʧʦʟʠʪʠ ʧʦʢʨʘʱʫʶʪʴ ʧʦʛʣʠʥʘʥʥʷ ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚʢʣʶʯʘʶʯʠ ʥʠʟʴʢʽ ʯʘʩʪʦʪʠ, 

ʟʘ ʫʤʦʚʠ ʘʜʝʢʚʘʪʥʦʾ ʪʦʚʱʠʥʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ. ʇʝʨʬʦʨʦʚʘʥʽ ʧʘʥʝʣʽ ʟ ʨʝʟʦʥʘʥʩʥʠʤʠ 
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ʰʘʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʥʠʞʫʚʘʪʠ ʜʦʤʽʥʫʶʯʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʆʜʥʘʢ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʤʘʩʦʛʘʙʘʨʠʪʥʠʤʠ ʚʠʤʦʛʘʤʠ ʽ ʫʤʦʚʘʤʠ ʢʦʨʦʟʽʾ (ʚʦʣʦʛʦʩʪʽ). 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʧʦʚʽʪʨʷʥʦʾ ʟʚʫʢʦʽʟʦʣʷʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʩʘ ʽ ʫʱʽʣʴʥʝʥʥʷ ʰʚʽʚ: 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʘʥʝʣʽ, ʢʦʤʧʦʟʠʪʥʘ (ʙʘʢʝʣʽʟʦʚʘʥʘ) ʬʘʥʝʨʘ ʽʟ ʟʘʧʦʚʥʝʥʥʷʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫʱʽʣʴʥʶʚʘʯʽʚ ʽ ʘʢʫʩʪʠʯʥʠʭ ʧʨʦʢʣʘʜʦʢ. ʂʨʽʤ ʪʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʘʢʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ 

ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʧʽʜʚʠʱʝʥʫ ʚʦʣʦʛʽʩʪʴ, ʩʦʣʦʥʝ ʧʦʚʽʪʨʷ 

ʪʘ ʚʠʤʦʛʠ ʜʦ ʚʘʛʠ. ʂʦʤʧʨʦʤʽʩ ʯʘʩʪʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʦʨʩʴʢʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʰʫʤʦʧʦʛʣʠʥʘʶʯʠʤʠ ʰʘʨʘʤʠ ʽ ʚʦʣʦʛʦʩʪʽʡʢʠʤʠ ʦʙʣʠʮʶʚʘʥʥʷʤʠ. 

ɺʧʣʠʚ ʧʣʘʥʫʚʘʥʥʷ ʽ ʛʝʦʤʝʪʨʽʾ ʧʨʠʤʽʱʝʥʴ ʥʘ ʨʽʚʥʽ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʤʬʦʨʪʫ ʧʨʦʷʚʣʷʻʪʴʩʷ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʯʝʨʝʟ ʦʙʩʷʛ ʽ ʬʦʨʤʫ ʢʽʤʥʘʪ: ʚ ʤʘʣʠʭ ʦʙʩʷʛʘʭ ʟʚʫʢʦʚʝ ʧʦʣʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʰʚʠʜʰʝ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʘʥʥʴʦʾ ʥʘʩʠʯʝʥʦʩʪʽ ʘʢʫʩʪʠʢʠ ʽ ʧʦʷʚʠ ʨʝʟʦʥʘʥʩʥʠʭ ʧʽʢʽʚ. ʊʦʜʽ 

ʷʢ ʢʦʨʝʢʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʧʽʜʽʙʨʘʥʠʭ ʜʝʢʦʨʘʪʠʚʥʦ-ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ ʫʪʨʠʤʫʚʘʪʠ ʯʘʩ ʨʝʚʝʨʙʝʨʘʮʽʾ ʚ ʥʝʦʙʭʽʜʥʠʭ ʤʝʞʘʭ ʽ ʧʦʤô̫ ʢʰʫʚʘʪʠ ʮʽ 

ʝʬʝʢʪʠ. ʉʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʟ ʧʦʭʠʣʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʽ ʚʙʫʜʦʚʘʥʠʤʠ ʤʝʙʣʷʤʠ ʥʝʨʽʜʢʦ ʧʦʨʦʜʞʫʻ 

ʣʦʢʘʣʴʥʽ ʬʦʢʫʩʫʶʯʽ ʝʬʝʢʪʠ ʽ ʩʪʦʷʯʽ ʭʚʠʣʽ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʜʠʩʙʘʣʘʥʩʠ. ʇʨʦʻʢʪʥʽ 

ʧʨʠʡʦʤʠ ï ʟʤʽʱʝʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥ, ʚʚʝʜʝʥʥʷ ʜʠʬʫʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʧʦʛʣʠʥʘʯʽʚ, ʚʘʨʽʶʚʘʥʥʷ ʛʣʠʙʠʥʠ ʥʽʰ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʝʛʫʣʷʨʥʠʭ ʚʽʜʦʙʨʘʞʘʶʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʽ ʟʥʠʞʝʥʥʷ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ 

ʘʢʫʩʪʠʯʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʷʭʪʦʚʦʛʦ ʽʥʪʝʨô̒ ʨʫ ʮʽ ʤʽʨʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʧʦʻʜʥʫʚʘʪʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦ ʤʘʩʽ, ʦʙʩʷʛʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʚʠʤʦʛʘʤ, ʚʠʙʫʜʦʚʫʶʯʠ 

ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʧʣʘʥʫʚʘʥʥʷ, ʛʝʦʤʝʪʨʽʾ ʽ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʞʘʥʠʭ 

ʘʢʫʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣ ʰʫʤʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ ʨʦʙʣʷʪʴ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʘʢʫʩʪʠʯʥʫ ʧʨʠʚʘʪʥʽʩʪʴ ʽ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ ʥʘ ʙʦʨʪʫ ʷʭʪʠ. ɽʬʝʢʪʠʚʥʘ ʩʪʨʘʪʝʛʽʷ ʧʦʚʠʥʥʘ 

ʧʝʨʝʜʙʘʯʘʪʠ ʣʦʢʘʣʽʟʘʮʽʶ ʪʝʭʥʽʯʥʠʭ ʚʫʟʣʽʚ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʽʟʦʣʴʦʚʘʥʠʭ ʚʽʜ ʞʠʪʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ ʜʽʣʷʥʢʘʭ ʢʦʨʧʫʩʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʦʢʘʣʴʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʽ ʛʣʫʰʥʠʢʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʠʥʥʝ ʚʢʣʶʯʘʪʠ ʙʫʬʝʨʥʽ ʟʦʥʠ ï ʧʨʦʭʽʜʥʽ ʚʽʜʩʽʢʠ, ʪʝʭʥʽʯʥʽ ʢʦʨʠʜʦʨʠ ʘʙʦ 

ʩʢʣʘʜʩʴʢʽ ʧʨʠʤʽʱʝʥʥʷ ʤʽʞ ʤʘʰʠʥʥʠʤʠ ʚʽʜʩʽʢʘʤʠ ʽ ʢʘʶʪʘʤʠ, ʟʤʽʱʫʶʯʠ ʩʧʘʣʴʥʽ ʤʽʩʮʷ 

ʷʢʥʘʡʜʘʣʽ ʚʽʜ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʽ ʤʽʥʽʤʽʟʫʶʯʠ ʧʨʷʤʽ ʘʢʫʩʪʠʯʥʽ ʰʣʷʭʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʝʨʤʝʪʠʯʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʽ ʟʚʫʢʦʽʟʦʣʴʦʚʘʥʽ ʜʚʝʨʥʽ ʧʨʦʨʽʟʠ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʜʠʩʪʘʥʮʽʶʚʘʥʥʷ. ɺ 

ʩʫʤʽ ʪʘʢʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʬʦʥʦʚʦʛʦ ʰʫʤʫ, ʧʽʜʚʠʱʠʪʠ ʘʢʫʩʪʠʯʥʫ 

ʟʨʫʯʥʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʧʨʠ ʦʙʣʽʢʫ ʦʙʤʝʞʝʥʴ ʧʦ ʤʘʩʽ ʽ ʦʙô̒ ʤʫ, ʪʠʧʦʚʠʭ ʜʣʷ ʤʦʨʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʙʣʽ ʽ ʚʙʫʜʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʚ ʷʭʪʦʚʦʤʫ ʽʥʪʝʨô̒ ʨʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʷʢ ʧʨʝʜʤʝʪʠ 

ʧʦʙʫʪʫ, ʘʣʝ ʽ ʷʢ ʝʬʝʢʪʠʚʥʽ ʘʢʫʩʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ: ʤô̫ ʢʽ ʧʦʚʝʨʭʥʽ ʽ ʦʙʙʠʚʢʠ ʧʦʛʣʠʥʘʶʪʴ 

ʩʝʨʝʜʥʴʦ  ʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʢʠʣʠʤʠ ʽ ʰʪʦʨʠ ʧʦʤô̫ ʢʰʫʶʪʴ ʧʝʨʚʠʥʥʽ 

ʚʽʜʣʫʥʥʷ ʫʜʘʨʠ, ʘ ʥʽʰʽ ʽ ʢʥʠʞʢʦʚʽ ʧʦʣʠʮʽ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʩʣʫʞʘʪʴ ʨʦʟʩʽʶʚʘʯʘʤʠ, 

ʟʤʝʥʰʫʶʯʠ ʣʦʢʘʣʴʥʽ ʨʝʟʦʥʘʥʩʠ ʽ ʭʚʠʣʽ. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʚʙʫʜʦʚʘʥʽ ʤʝʙʣʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʜʣʷ ʘʢʫʩʪʠʢʠ: ʟʘʰʠʪʽ ʽ ʥʘʧʦʚʥʝʥʽ ʰʫʤʦʽʟʦʣʷʮʽʡʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʩʝʢʮʽʾ, ʩʠʜʽʥʥʷ ʟ ʤʘʩ ʜʝʤʧʬʫʶʯʠʤʠ ʰʘʨʘʤʠ, ʘʢʫʩʪʠʯʥʽ ʧʘʥʝʣʽ, ʟʘʤʘʩʢʦʚʘʥʽ ʧʽʜ 

ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʚʝʨʭʥʽ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷ, ʦʙʙʠʚʢʫ ʽ ʘʢʫʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚ ʦʜʥʦʤʫ ʝʣʝʤʝʥʪʽ. ʆʜʥʘʢ ʣʝʛʢ ̔ʽ ʜʝʢʦʨʘʪʠʚʥ ̔ʤʝʙʣʽ ʥʝ ʟʘʤʽʥʶʶʪʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʟʘʭʦʜʽʚ: 

ʨʦʟʚô̫ ʟʢʘ ʦʧʦʨ, ʫʱʽʣʴʥʝʥʽ ʰʚʠ, ʤʘʩʠʚʥʽ ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʝʨʝʛʦʨʦʜʢʠ ʽ ʜʝʤʧʬʫʶʯʽ ʧʨʦʢʣʘʜʢʠ 
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ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʧʦʚʽʪʨʷʥʦ  ʁ ʽ ʩʪʨʫʢʪʫʨʥʦʶ ʧʝʨʝʜʘʯʝʶ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʰʫʤʽʚ.  

ʉʪʨʫʢʪʫʨʘ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʤʬʦʨʪʫ ʚ ʽʥʪʝʨô̒ ʨʽ ʷʭʪ 

ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ:  

ï ʦʮʽʥʢʫ ʚʠʭʽʜʥʠʭ ʰʫʤʦʚʠʭ ʫʤʦʚ ʽ ʚʠʤʦʛ ʜʦ ʧʨʠʤʽʱʝʥʴ; 

ï ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʟʘʭʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʩʧʦʯʘʪʢʫ ʟʥʠʞʝʥʥʷ ʰʫʤʫ ʫ ʜʞʝʨʝʣ ̔̔  ʢʦʥʩʪʨʫʢʮʽʡʥʘ 

ʨʦʟʚô̫ ʟʢʘ, ʧʦʪʽʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʦʙʨʦʙʢʠ ʽ ʧʣʘʥʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʷʭʪʠ;  

ï ʧʦʩʣʽʜʦʚʥʠʡ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʨʩʴʢʦʾ 

ʩʧʝʮʠʬʽʢʠ (ʚʘʛʘ, ʚʦʣʦʛʦʩʪʽʡʢʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʫʩʪʠʯʥʠʡ ʢʦʤʬʦʨʪ ʥʘ ʷʭʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʦʜʥʠʤ ʟʘʭʦʜʦʤ, ʘ ʩʠʩʪʝʤʥʠʤ 

ʧʦʻʜʥʘʥʥʷʤ: ʢʦʥʪʨʦʣʴ ʰʫʤʫ ʫ ʜʞʝʨʝʣ,̔ ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʨʦʟʚô̫ ʟʢʘ, ʧʨʦʜʫʤʘʥʝ ʧʣʘʥʫʚʘʥʥʷ, 

ʛʨʘʤʦʪʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʦʧʪʠʤʘʣʴʥʠʡ ʧʽʜʙʽʨ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʙʣʽʚ ʽ ʚʙʫʜʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʦʣʽ ʘʢʫʩʪʠʯʥʠʭ çʽʥʩʪʨʫʤʝʥʪʽʚè. 
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ACOUSTIC COMFORT IN YACHT INTERIORS: THE INFLUENCE OF LAYOUT  

AND DECORATIVE MATERIALS ON THE PERCEPTION OF SPACE  
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Annotation: Acoustic comfort is a key component of the quality of the yachtôs interior, which 

directly affects the perception of space, comfort of stay and safety. In conditions of limited volume, 

complex housing design and high density of noise sources (ʤotors, HVAC systems, mechanisms), 

optimization of the acoustic environment requires a systematic approach: a combination of design 

solutions for planning, competent selection of the design of enclosing surfaces, as well as measures 

to reduce noise in the source. The article discusses the principles of sound absorption in relation to 

yacht interiors, describes practical techniques for planning and engineering integration. 

Keywords: acoustic comfort, yacht interior, sound insulation, design, layout, design solutions. 
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ɸʥʦʪʘʮʽʷ. ɺʽʜʧʦʯʠʥʦʢ ʥʘ ʚʦʜʽ ʩʪʘʻ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʱʦʨʦʢʫ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʟʘʡʥʫ ʽʥʪʝʨô̒ ʨʽʚ ʢʘʪʝʨʽʚ ʢʘʪʝʛʦʨʽʾ Day Cruiser ʜʦʚʞʠʥʦʶ 

ʜʦ 10 ʤʝʪʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʄʦʪʦʨʥʠʡ ʢʘʪʝʨ, ʟʦʥʘ ʚʽʜʧʦʯʠʥʢʫ, ʜʠʟʘʡʥ ʽʥʪʝʨô̒ ʨʫ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʠʥʦʢ ʤʘʣʦʤʽʨʥʠʭ ʩʫʜʝʥ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, 

ʧʨʦʧʦʥʫʶʯʠ ʩʫʯʘʩʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʥʘ ʚʦʜʽ. ʂʘʪʝʨʘ ʢʘʪʝʛʦʨʽʾ Day Cruiser 

ʜʦʚʞʠʥʦʶ ʜʦ 10 ʤʝʪʨʽʚ ʩʪʘʣʠ ʩʧʨʘʚʞʥʽʤʠ "ʜʝʥʥʠʤʠ ʘʧʘʨʪʘʤʝʥʪʘʤʠ" ʜʣʷ ʧʦʮʽʥʦʚʫʚʘʯʽʚ ʤʦʨʩʴʢʠʭ 

ʧʨʦʛʫʣʷʥʦʢ. ʎʽ ʢʦʤʧʘʢʪʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʫʜʥʘ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʝʨʛʦʥʦʤʽʢʫ, ʩʪʠʣʴ ʪʘ ʙʝʟʣʽʯ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʝʣʘʢʩʫ ï ʚʽʜ ʩʦʥʷʯʥʠʭ ʣʝʞʘʢʽʚ ʜʦ ʟʘʪʠʰʥʠʭ ʢʘʶʪ ʪʘ ʦʙʽʜʥʽʭ ʟʦʥ. 

ʂʘʪʝʨʠ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʤʦʞʫʪʴ ʢʦʤʧʣʝʢʪʫʚʘʪʠʩʴ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʘʙʦ ʧʽʜʚʽʩʥʠʤʠ ʜʚʠʛʫʥʘʤʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʢʽʚ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʘʤʝ ʧʽʜʚʽʩʥʠʤ 

ʜʚʠʛʫʥʘʤ. ʎʝ ʦʙʫʤʦʚʣʝʥʝ ʨʷʜʦʤ ʧʨʠʯʠʥ. ɿʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʩʪʽʨ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ. ɺʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʚʽʩʥʦʛʦ ʤʦʪʦʨʘ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ ʩʪʘʮʽʦʥʘʨʥʠʡ. ɼʦʟʚʦʣʷʻ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ 

ʤʽʣʢʦʚʦʜʥʠʭ ʜʽʣʷʥʢʘʭ. ɼʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʟʦʥʫ ʢʫʧʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʦ, ʷʢʠʤ ʯʠʥʦʤ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʟʦʥʠ ʚʽʜʧʦʯʠʥʢʫ ʚ ʢʘʪʝʨʘʭ ʮʽʻʾ 

ʢʘʪʝʛʦʨʽʾ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʽʰʝʥʥʷ ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʢʦʤʬʦʨʪʫ. ʇʨʦʩʪʽʨ ʜʣʷ 

ʚʽʜʧʦʯʠʥʢʫ ʥʘ ʢʘʪʝʨʘʭ ʢʘʪʝʛʦʨʽʾ Day Cruiser ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʟʦʥʠ: ʥʦʩʦʚʘ ʟʦʥʘ, 

ʟʦʥʘ ʢʦʢʧʽʪʫ ʪʘ ʢʫʧʘʣʴʥʘ ʟʦʥʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʠʟʘʡʥʫ ʟʦʥ ʚʽʜʧʦʯʠʥʢʫ ʢʘʪʝʨʽʚ ʢʘʪʝʛʦʨʽʾ 

Day Cruiser ʥʘ ʧʨʠʢʣʘʜʽ ʦʩʪʘʥʥʽʭ ʤʦʜʝʣʝʡ ʚʽʜʦʤʠʭ ʩʚʽʪʦʚʠʭ ʙʨʝʥʜʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʽʜʦʤʘ ʬʨʘʥʮʫʟʴʢʘ ʚʝʨʬ Jeanneau ʟ 2018 ʨʦʢʫ (ʨʝʩʪʘʡʣʽʥʛ 2023 ʨʽʢ) 

ʚʠʧʫʩʢʘʻ ʤʦʪʦʨʥʠʡ ʢʘʪʝʨ Jeanneau Cap Camarat 9.0 WA, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʠʡ ʛʨʫʧʦʶ Jeanneau 

desin, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ ʪʘʢʽ ʚʽʜʦʤʽ ʜʠʟʘʡʥʝʨʠ ʷʢ Patrice Sarrazin (Sarrazin Design) ʪʘ Michael 

Peters (Michael Peters yacht desin) [1]. ʎʷ ʤʦʜʝʣʴ ʧʦʻʜʥʫʻ ʩʧʦʨʪʠʚʥʠʡ ʩʪʠʣʴ, ʩʽʤʝʡʥʠʡ ʢʦʤʬʦʨʪ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. ɰʾ ʚʽʜʨʽʟʥʷʶʪʴ ʩʫʯʘʩʥʽ ʣʽʥʽʾ ʦʙʚʦʜʫ, ʱʦ ʥʘʜʘʶʪʴ ʾʡ ʝʣʝʛʘʥʪʥʦʩʪʽ. ʂʘʪʝʨ 

ʤʘʻ ʜʦʚʞʠʥʫ 8,6 ʤ ʪʘ ʜʦʧʫʩʢʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʙʦ ʦʜʥʦʛʦ ʧʽʜʚʽʩʥʦʛʦ ʤʦʪʦʨʘ ʧʦʪʫʞʥʽʩʪʶ 350HP 

ʘʙʦ ʜʚʦʭ ʧʦʪʫʞʥʽʩʪʶ 250HP ʢʦʞʥʠʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʚʝʣʠʢʘ ʧʣʦʱʘ ʧʘʣʫʙʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ (ʧʨʦʩʪʦʨʦʚʠʡ ʢʦʢʧʽʪ ʪʘ ʥʦʩʦʚʠʡ ʜʠʚʘʥ). ɺʽʜʢʠʜʥʘ ʩʧʠʥʢʘ ʢʦʨʤʦʚʦʛʦ 

ʩʠʜʽʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʢʦʨʤʦʚʠʡ ʢʦʢʧʽʪ ʥʘ ʧʨʦʩʪʦʨʫ ʧʘʣʫʙʫ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ ʟʘ ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ. 
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ɹʽʯʥʘ ʪʝʨʘʩʘ ʨʦʟʰʠʨʶʻ ʢʦʢʧʽʪ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʠʡ ʪʘ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʤʦʨʷ, ʜʦʟʚʦʣʷʶʯʠ 

ʢʫʧʘʪʠʩʷ ʫ ʧʦʚʥʽʡ ʙʝʟʧʝʮʽ. ʂʨʠʥʦʣʽʥʠ ʥʘ ʮʽʡ ʤʦʜʝʣʽ ʻ ʚʽʟʫʘʣʴʥʠʤ ʧʦʜʦʚʞʝʥʥʷʤ ʢʦʨʧʫʩʫ ʪʘ 

ʩʪʚʦʨʶʶʪʴ ʚʨʘʞʝʥʥʷ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ ʟ ʢʦʨʧʫʩʦʤ. 

ʑʝ ʦʜʥʠʤ ʷʨʢʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʢʘʪʝʨʽʚ ʢʘʪʝʛʦʨʽʾ Day Cruiser ʙʝʟʫʤʦʚʥʦ ʻ ʧʨʦʜʫʢʪ 

ʙʨʠʪʘʥʩʴʢʦʾ ʚʝʨʬʽ Quicksilver ʢʘʪʝʨ Quicksilver Activ 875 Sundeck. ɼʠʟʘʡʥ ʢʘʪʝʨʘ ʨʦʟʨʦʙʣʝʥʦ 

ʟʘ ʫʯʘʩʪʶ ʚʽʜʦʤʦʛʦ ʜʠʟʘʡʥʝʨʘ Carsten Astheimer [2]. ʎʝ ʩʪʠʣʴʥʠʡ ʢʨʫʾʟʝʨ ʟ ʘʢʮʝʥʪʦʤ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʤʬʦʨʪ ʪʘ ʤʘʻ ʦʜʥʫ ʟ ʩʘʤʠʭ ʧʨʦʩʪʦʨʠʭ ʩʦʥʷʯʥʠʭ ʧʘʣʫʙ ʫ ʩʚʦʻʤʫ ʢʣʘʩʽ. ɻʣʘʜʢʽ 

ʣʽʥʽʾ ʪʘ ʧʦʤʽʨʥʦ ʘʛʨʝʩʠʚʥʠʡ ʩʠʣʫʝʪ ʥʘʜʘʶʪʴ ʩʫʜʥʫ ʜʠʥʘʤʽʯʥʠʡ ʚʠʛʣʷʜ. ʂʘʪʝʨ ʤʘʻ ʜʦʚʞʠʥʫ 8,74 

ʤʝʪʨʠ ʪʘ ʤʦʞʝ ʢʦʤʧʣʝʢʪʫʚʘʪʠʩʴ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʧʽʜʚʽʩʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʟ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 

500HP. ɺ ʢʦʢʧʽʪʽ ʨʦʟʪʘʰʦʚʘʥʠʡ U-ʧʦʜʽʙʥʠʡ ʜʠʚʘʥ ʟ ʚʽʜʢʠʜʥʠʤʠ ʩʠʜʽʥʥʷʤʠ, ʱʦ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʣʘʫʥʞ-ʟʦʥʫ ʘʙʦ ʦʙʽʜʥʶ. ɼʠʟʘʡʥ ʢʘʪʝʨʘ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʧʨʦʩʪʦʪʫ ʪʘ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʣʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʧʽʜ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ. ɺ ʥʴʦʤʫ ʯʽʪʢʦ ʚʠʪʨʠʤʘʥʠʡ ʙʘʣʘʥʩ ʤʽʞ 

ʝʩʪʝʪʠʢʦʶ ʪʘ ʧʨʘʢʪʠʯʥʽʩʪʶ ï ʥʽʯʦʛʦ ʟʘʡʚʦʛʦ, ʚʩʝ ʥʘ ʩʚʦʻʤʫ ʤʽʩʮʽ. 

ɺʘʨʪʠʡ ʫʚʘʛʠ ʪʘʢʦʞ ʢʘʪʝʨ ʚʽʜʦʤʦʾ ʬʨʘʥʮʫʟʴʢʦʾ ʚʝʨʬʽ Beneteau, ʷʢʘ ʤʘʻ ʧʦʥʘʜ 140 ʨʽʯʥʫ 

ʽʩʪʦʨʽʶ ʪʘ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʫʜʽʚʥʠʮʪʚʽ ʧʘʨʫʩʥʠʭ ʷʭʪ ʪʘ ʤʦʪʦʨʥʠʭ ʢʘʪʝʨʽʚ. ʎʝ Beneteau Flyer 

9 SUNdeck, ʷʢʠʡ ʚʠʧʫʩʢʘʻʪʴʩʷ ʧʦʯʠʥʘʶʯʠ ʟ 2020 ʨʦʢʫ. ɼʠʟʘʡʥ ʢʘʪʝʨʘ ʨʦʟʨʦʙʣʝʥʠʡ ʩʪʫʜʽʻʶ 

Style & Design, ʘ ʘʨʭʽʪʝʢʪʫʨʘ ʢʦʨʧʫʩʘ ï ʽʥʞʝʥʝʨʘʤʠ Beneteau Powerboat [3]. ʎʷ ʢʦʣʘʙʦʨʘʮʽʷ 

ʧʦʻʜʥʘʣʘ ʬʨʘʥʮʫʟʴʢʫ ʝʣʝʛʘʥʪʥʽʩʪʴ ʪʘ ʽʥʞʝʥʝʨʥʫ ʪʦʯʥʽʩʪʴ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʢʘʪʝʨ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤ 

ʧʨʦʩʪʦʨʦʤ, ʩʫʯʘʩʥʠʤ ʩʠʣʫʝʪʦʤ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʤʬʦʨʪʫ. ɺʽʥ ʤʘʻ ʜʦʚʞʠʥʫ 9,1 ʤʝʪʨʠ ʪʘ 

ʤʦʞʝ ʢʦʤʧʣʝʢʪʫʚʘʪʠʩʴ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʧʽʜʚʽʩʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʟ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 500HP. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʙʦʨʪʦʚʘ ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʦʧʫʩʢʘʻʪʴʩʷ ʪʘ ʟʙʽʣʴʰʫʻ ʟʦʥʫ ʚʽʜʧʦʯʠʥʢʫ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʘʣʫʙʘ ʥʘ ʢʘʪʝʨʘʭ 

ʢʘʪʝʛʦʨʽʾ Day Cruiser ʥʝ ʧʨʦʩʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ, ʘ ʚʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʜʠʟʘʡʥʫ. ɺʽʥ 

ʧʦʻʜʥʫʻ ʝʩʪʝʪʠʢʫ, ʢʦʤʬʦʨʪ ʪʘ ʧʨʘʢʪʠʯʥʽʩʪʴ, ʢʣʶʯʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʷʢʦʛʦ ʻ ʚʝʣʠʢʘ ʧʣʦʱʘ 

ʩʦʣʷʨʽʶ ʟ ʤô̫ ʢʠʤʠ ʤʘʪʨʘʮʘʤʠ, ʧʘʣʫʙʥʝ ʧʦʢʨʠʪʪʷ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʝʤʽʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʘ ʤʘʻ 

ʥʝʢʦʚʟʥʫ ʧʦʚʝʨʭʥʶ. ɽʨʛʦʥʦʤʽʯʥʽ ʩʭʦʜʠ ʪʘ ʧʦʨʫʯʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʯʥʠʡ ʜʦʩʪʫʧ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

[1] URL: https://www.jeanneau.com/boats/powerboat/7-cap-camarat-walk-around/ 

116-cap-camarat-9-0-wa. 

[2] URL: https://www.quicksilver-boats.com/uk/en/activ-875-sundeck. 

[3] URL: https://www.beneteau.com/flyer/flyer-9-sundeck. 
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Abstract. Water recreation is becoming more popular every year. The study addresses the issue 

of taking into account the design features of the interiors of Day Cruiser boats up to 10 meters long. 
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ɸʥʦʪʘʮʽʷ  

ɹʘʨʞʝ-ʙʫʢʩʠʨʥʽ ʩʦʩʪʘʚʠ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ ʥʘ ʨʽʯʢʘʭ ɼʫʥʘʡ, 

ɼʥʽʧʨʦ, ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʪʘ ʫ ɹʫʟʴʢʦ-ɼʥʽʧʨʦʚʩʴʢʦ-ʣʠʤʘʥʩʴʢʦʤʫ ʢʘʥʘʣʽ. ʇʦʯʘʪʦʢ ʚʽʡʥʠ ʫ 

2022 ʨʦʮʽ ʩʫʪʪʻʚʦ ʟʤʽʥʠʚ ʚʘʥʪʘʞʦʧʦʪʦʢʠ ʤʦʨʩʴʢʠʭ ʪʘ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ ʋʢʨʘʾʥʠ. ɿʙʽʣʴʰʝʥʥʷ 

ʛʣʠʙʠʥ ʫ ʧʦʨʪʘʭ ɼʫʥʘʶ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ ʻʜʠʥʠʤʠ ʧʨʘʮʶʶʯʠʤʠ ʨʽʯʢʦʚʠʤʠ ʧʦʨʪʘʤʠ ʧʨʠʟʚʝʣʦ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʙʘʨʞʝ-ʙʫʢʩʠʨʥʠʭ ʩʦʩʪʘʚʽʚ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺ ʨʦʙʦʪʽ ʧʨʠʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʚ ʜʦʩʣʽʜʦʚʦʤʫ ʙʘʩʝʡʥʽ ʅʋʂ. ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʙʫʢʩʠʨʫʚʘʣʴʥʦʛʦ ʦʧʦʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʷʢ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʙʘʨʞʝ-ʙʫʢʩʠʨʥʦʛʦ ʩʦʩʪʘʚʫ ï ʙʫʢʩʠʨʘ-ʰʪʦʚʭʘʯʘ ʪʘ ʥʝʩʘʤʦʭʽʜʥʦʾ ʙʘʨʞʽ ʪʘʢ ʽ 

ʚʩʴʦʛʦ ʢʦʤʣʝʢʩʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʫʭʫ: ʥʦʩʦʤ ʫʧʝʨʝʜ, ʢʦʨʤʦʶ 

ʫʧʝʨʝʜ ʪʘ ʽʥʰʽ ʚʘʨʽʘʥʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʩʣʽʜʦʚʠʡ ʙʘʩʝʡʥ, ʙʘʨʞʝ-ʙʫʢʩʠʨʥʠʡ ʩʦʩʪʘʚ, ʥʝʩʘʤʦʭʽʜʥʘ ʙʘʨʞʘ, 

ʙʫʢʩʠʨʫʚʘʣʴʥʠʡ ʦʧʽʨ, ʙʫʢʩʠʨʫʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ.  

 

ʋʢʨʘʾʥʘ, ʷʢ ʩʫʯʘʩʥʘ ʤʦʨʩʴʢʘ ʜʝʨʞʘʚʘ, ʤʘʻ ʟʨʫʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʨʪʽʚ, ʷʢʝ ʤʘʻ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʚʜʷʢʠ 

ʧʨʦʪʷʞʥʦʩʪʽ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʤʘʡʞʝ 2500 ʢʽʣʦʤʝʪʨʽʚ, ʫ ʢʨʘʾʥʽ ʬʫʥʢʮʽʦʥʫʻ 19 ʤʦʨʩʴʢʠʭ ʪʘ 

14 ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ. ɼʦ ʧʦʯʘʪʢʫ ʚʽʡʥʠ ʟ ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʤʦʨʩʴʢʽ ʧʦʨʪʠ ʧʨʘʮʶʚʘʣʠ ʟ ʛʘʨʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʦ ʧʝʨʝʚʘʣʮʽ ʚʘʥʪʘʞʽʚ. ɺ ʣʠʩʪʦʧʘʜʽ 2013 ʨʦʢʫ ʋʨʷʜ ʋʢʨʘʾʥʠ ʜʦʨʫʯʠʚ ʧʨʦʬʽʣʴʥʠʤ 

ʤʽʥʽʩʪʝʨʩʪʚʘʤ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʨʦʟʚʠʪʢʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʥʘ ɼʥʽʧʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʧʨʦʻʢʪʽʚ ʩʫʜʝʥ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʧʦ ʚʥʫʪʨʽʰʥʽʭ ʚʦʜʥʠʭ ʰʣʷʭʘʭ ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘ 

ʥʦʚʠʭ ʩʫʜʝʥ ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ. 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

62 

ʇʦʯʠʥʘʶʯʠ ʟ 2014 ʨʦʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʩʫʜʝʥ 

ʟʤʽʰʘʥʦʛʦ ʧʣʘʚʘʥʥʷ ʜʣʷ ɼʥʽʧʨʘ ʟʘʚʜʷʢʠ ʟʨʦʩʪʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʝʢʩʧʦʨʪʫ ʟʝʨʥʦʚʠʭ. ɿʙʽʣʴʰʝʥʥʷ ʦʙô̒ ʤʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʦ ɼʥʽʧʨʫ, ʇʽʚʜʝʥʥʦʤʫ ɹʫʛʫ ʪʘ ɼʫʥʘʶ 

ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʢʨʫʧʥʠʤʠ ʟʝʨʥʦʚʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʚʣʘʩʥʦʛʦ ʬʣʦʪʫ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ. ʂʦʤʧʘʥʽʷ çʅʽʙʫʣʦʥè ʟ 2010 ʧʦ 2020 ʨʦʢʠ ʧʦʙʫʜʫʚʘʣʘ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ 

44 ʥʝʩʘʤʦʭʽʜʥʽ ʙʘʨʞʽ ʪʘ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʙʫʢʩʠʨʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʨʞʝ-ʙʫʢʩʠʨʥʠʭ ʩʦʩʪʘʚʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʬʣʦʪ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ɼʥʽʧʨʽ ʪʘ ʇʽʚʜʝʥʥʦʤʫ ɹʫʟʽ. ɸʣʝ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʧʦʧʦʚʥʝʥʥʷ ʬʣʦʪʫ ʩʫʯʘʩʥʠʤʠ ʩʫʜʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʣʘʚʘʥʥʷ, ʩʝʨʝʜʥʽʡ ʚʽʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʝʥ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʥʘʛʣʷʜʦʤ ʈʝʛʽʩʪʨʘ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ, ʩʪʘʥʦʚʠʪʴ 35,5 ʨʦʢʽʚ. ʇʦ ʦʢʨʝʤʠʭ 

ʢʘʪʝʛʦʨʽʷʭ: ʩʘʤʦʭʽʜʥʽ ʩʫʭʦʚʘʥʪʘʞʥʽ ʩʫʜʥʘ ï 35,5 ʨʦʢʽʚ, ʥʝʩʘʤʦʭʽʜʥʽ ʚʘʥʪʘʞʥʽï 28,5 ʨʦʢʽʚ, 

ʥʝʩʘʤʦʭʽʜʥʽ ʥʘʣʠʚʥʽ ï 38 ʨʦʢʽʚ, ʙʫʢʩʠʨʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʩʘʤʦʭʽʜʥʠʭ ʩʫʭʦʚʘʥʪʘʞʥʠʭ ʪʘ 

ʥʘʣʠʚʥʠʭ ï 43,5 ʨʦʢʽʚ. ʅʘ ɼʫʥʘʾ ʧʽʜ ʧʨʘʧʦʨʦʤ ʋʢʨʘʾʥʠ ʥʘ 2010 ʨʽʢ ʧʨʘʮʶʚʘʣʦ 90 ʰʪʦʚʭʘʯʽʚ ʪʘ 

ʙʫʢʩʠʨʽʚ ʪʘ 403 ʥʝʩʘʤʦʭʽʜʥʽ ʙʘʨʞʽ. 72% ʰʪʦʚʭʘʯʽʚ ʪʘ ʙʫʢʩʠʨʽʚ ʤʘʶʪʴ ʚʽʢ ʙʽʣʴʰʝ 35 ʨʦʢʽʚ, 59% ï 

ʚʽʜ 20 ʜʦ 30 ʨʦʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʠʩʴ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʫʪʠʣʽʟʫʚʘʪʠʩʷ [1].  

ɿ ʧʦʯʘʪʢʦʤ ʚʽʡʥʠ ʟ ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʙʽʣʴʰʽʩʪʴ ʤʦʨʩʴʢʠʭ ʪʘ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ ʙʫʣʦ ʟʘʢʨʠʪʦ 

ʥʘ ʧʝʨʽʦʜ ʙʦʡʦʚʠʭ ʜʽʡ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ ʥʘ ɼʥʽʧʨʽ ʪʘ ʇʽʚʜʝʥʥʦʤʫ ɹʫʟʽ ʽ ʤʦʨʩʴʢʠʭ 

ʧʦʨʪʽʚ ʫ ɹʫʟʴʢʦ-ɼʥʽʧʨʦʚʩʴʢʦ-ʣʠʤʘʥʩʴʢʦʤʫ ʢʘʥʘʣʽ. ʅʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʟʙʝʨʝʛʣʠ 

ʧʦʨʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ɼʫʥʘʾ ï ɯʟʤʘʾʣʴʩʴʢʠʡ, ɹʽʣʛʦʨʦʜ-ɼʥʽʩʪʨʦʚʩʴʢʠʡ, ʈʝʥʽʡʩʴʢʠʡ, ʘ ʪʘʢʦʞ 

ʋʩʪ-ɼʫʥʘʡʩʴʢʠʡ ʧʦʨʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠʩʷ ʥʘʧʨʷʤʠ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ, ʦʙʩʷʛʠ ʪʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʘʥʪʘʞʽʚ. ʇʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʥʘ ʧʦʨʪʠ ɼʫʥʘʶ ʧʨʠʟʚʝʣʦ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʽʥʠ ʩʪʘʨʦʛʦ ʬʣʦʪʫ ʥʦʚʠʤʠ ʩʫʜʥʘʤʠ. ʈʦʟʤʽʨʠ ʥʝʩʘʤʦʭʽʜʥʠʭ ʙʘʨʞ ʪʘ ʙʫʢʩʠʨʽʚ 

ʰʪʦʚʭʘʯʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʠʭ ʜʥʦʧʦʛʣʠʙʣʶʚʘʥʠʭ ʨʦʙʽʪ ʚʞʝ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤʠ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʛʦ ʟ ʥʦʚʠʭ ʙʘʨʞʝ-ʙʫʢʩʠʨʥʠʭ ʩʦʩʪʘʚʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʦʩʣʽʜʦʚʦʤʫ ʙʘʩʝʡʥʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ. 

ʄʝʪʦʶ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʦʨʫ ʨʫʭʫ 

ʙʫʢʩʠʨʘ, ʙʘʨʞʽ ʪʘ ʙʘʨʞʝʙʫʢʩʠʨʥʦʛʦ ʩʦʩʪʘʚʫ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʪʘ ʟʘʜʥʴʦʤʫ ʭʦʜʫ (ʚʽʜ 3 ʜʦ 8 ʚʫʟʣʽʚ), 

ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʦʧʦʨʫ ʩʢʝʛʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʙʘʨʞʽ ʚ 

ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ï ʩʪʘʮʽʦʥʘʨʥʦ ʟʘʢʨʽʧʣʝʥʠʭ ʽ ʚʠʩʫʚʥʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʜʦ ɼʇ ʙʘʨʞʽ (5, 6 ʽ 7 ʛʨʘʜʫʩʽʚ). 

ɼʦʩʣʽʜʞʫʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʝʥ ʩʪʘʣʠ: 

ɼʣʷ ʙʫʢʩʠʨʘ ʧʨ.ʊ2412 - 

ɺʦʜʦʪʦʥʥʘʞʥʽʩʪʴ ʫ ʧʦʚʥʦʤʫ ʚʘʥʪʘʞʝʥʥʽ ï D = 295 ʪ.  

ʇʨʠ ʮʴʦʤʫ: 

ï ʜʦʚʞʠʥʘ ʧʦ ʜʽʶʯʽʡ ʚʘʪʝʨʣʽʥʽʾ LWL = 22,46 ʤ;  

ï ʰʠʨʠʥʘ ʧʦ ʜʽʶʯʽʡ ʚʘʪʝʨʣʽʥʽʾ ɺWL = 10,00 ʤ; 

ï ʦʩʘʜʢʘ ʊWL = 2,50 ʤ,  

2. ɼʣʷ ʙʘʨʞʽ ʧʨ.ɺ6100 ï 

ɺʦʜʦʪʦʥʥʘʞʥʽʩʪʴ ʫ ʧʦʚʥʦʤʫ ʚʘʥʪʘʞʝʥʥʽ ï D = 7405 ʪ: 

ï ʜʦʚʞʠʥʘ ʧʦ ʜʽʶʯʽʡ ʚʘʪʝʨʣʽʥʽʾ LWL = 115,72 ʤ;  

ï ʰʠʨʠʥʘ ʧʦ ʜʽʶʯʽʡ ʚʘʪʝʨʣʽʥʽʾ ɺWL = 17,20 ʤ; 

ï ʦʩʘʜʢʘ ʊWL = 4,00 ʤ,  
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʛʦʪʦʚʣʝʥʽ ʤʦʜʝʣʽ ʢʦʨʧʫʩʫ ʙʫʢʩʠʨʘ ʽ ʙʘʨʞʽ ʚ ʤʘʩʰʪʘʙʽ 

1:55 ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʪʫʨʠ. 

ʄʦʜʝʣʽ ʚʠʢʦʥʘʥʽ ʟ ʧʽʥʦʧʣʘʩʪʦʚʠʭ ʤʽʮʥʠʭ ʢʦʨʧʫʩʽʚ. ʋ ʤʽʮʥʠʭ ʢʦʨʧʫʩʘʭ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʙʽʨʢʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʥʘʪʫʨʽ ʦʙʪʽʢʘʥʥʷ 

ʟʤʦʯʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʜʝʣʝʡ ʣʘʤʽʥʘʨʥʠʤʠ ʽ ʪʫʨʙʫʣʝʥʪʥʠʤʠ ʧʨʠʢʦʨʜʦʥʥʠʤʠ ʰʘʨʘʤʠ ʥʘ 

ʤʦʜʝʣʷʭ ʚʩʪʘʥʦʚʣʝʥʽ ʜʨʦʪʦʚʽ ʪʫʨʙʫʣʽʟʘʪʦʨʠ ʜʽʘʤʝʪʨʦʤ 0,001/0,0018 ʤ ʽ ʟʤʦʯʝʥʦʶ ʜʦʚʞʠʥʦʶ 

0,091/0,457 ʤ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʙʫʢʩʠʨʘ ʧʨ.ʊ2412 ʫ ʤʘʩʰʪʘʙʽ 1:55 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʫʭ ʤʦʜʝʣʽ ʙʫʢʩʠʨʘ ʧʨ.ʊ2412 ʟʽ ʰʚʠʜʢʽʩʪʶ 8 ʚʫʟʣʽʚ 
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ʈʠʩʫʥʦʢ 3 ï ʈʫʭ ʤʦʜʝʣʽ ʙʘʨʞʽ ʧʨ.ɺ6100 ʟʽ ʰʚʠʜʢʽʩʪʶ vʥ = 8 ʚʫʟʣʽʚ 

 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʫʭ ʤʦʜʝʣʽ ʙʘʨʞʝ-ʙʫʢʩʠʨʥʦʛʦ ʩʦʩʪʘʚʫ ʧʨ.ʊ2412+ʧʨ.ɺ6100  

ʟʽ ʰʚʠʜʢʽʩʪʶ vʥ = 8 ʚʫʟʣʽʚ 

 

 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

65 

 
ʈʠʩʫʥʦʢ 5 ï ɹʫʢʩʠʨʫʚʘʣʴʥʠʡ ʦʧʽʨ ʤʦʜʝʣʽ ʙʘʨʞʽ ʧʨ.ɺ6100 ʟʽ ʰʚʠʜʢʽʩʪʶ vʥ = 8 ʚʫʟʣʽʚ 

 

ɹʫʢʩʠʨʫʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʛʦʣʦʛʦ ʢʦʨʧʫʩʫ ʙʘʨʞʽ ʪʘ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʩʢʝʛʘʤʠ ʜʣʷ ʧʦʣʦʞʝʥʥʷ ʥʦʩʦʤ ʫʧʝʨʝʜ ʪʘ ʢʦʨʤʦʶ ʫʧʝʨʝʜ. ʈʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 6. 

 
ʈʠʩʫʥʦʢ 6 ï ɹʫʢʩʠʨʫʚʘʣʴʥʠʡ ʦʧʽʨ ʙʫʢʩʠʨʘ ʧʨ.ʊ2412 
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ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʢʫʪʘʤʠ ʜʨʝʡʬʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 5 ʜʦ 7 ʛʨʘʜʫʩʽʚ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 7. 

 

 
ʈʠʩʫʥʦʢ 7 ï ɹʫʢʩʠʨʫʚʘʣʴʥʠʡ ʦʧʽʨ ʙʫʢʩʠʨʥʦʛʦ ʩʦʩʪʘʚʫ ʧʨ.ʊ2412+ ʧʨ.ɺ6100  

ʟ ʢʫʪʘʤʠ ʜʨʝʡʬʫ 5-7 ʛʨʘʜʫʩʽʚ 
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EXPERIMENTAL DETERMINATION OF THE CHARACTERISTICS OF A BARGE -

TUG TRAINS  

Alina Astakhova, Vira Savochkina, ʆleksii Yastreba 

Admiral Makarov National University of Shipbuilding 

Abstract 

Barge-tug convoys play a significant role in the transportation of cargo on the Danube, Dnieper, 

Southern Bug rivers, and in the Bug-Dnieper-Liman Canal. The outbreak of war in 2022 significantly 

changed cargo flows in Ukraineôs sea and river ports. The increase in depth in the Danube ports, 

which remained the only functioning river ports, led to the need to change the size of barge-tug 

combinations for more efficient use. The paper presents the results of experimental studies conducted 

in the experimental basin of the National University of Shipbuilding. The data on towing resistance 

and power are given for both individual parts of the barge-tug combination ï the tugboat and the non-

self-propelled barge ï and for the entire complex. The experiments were conducted for different 

movement options: bow forward, stern forward, and others. 

Keywords: towing tank, barge-tug combination, non-self-propelled barge, towing resistance, 

towing power. 
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. ʕʢʩ-ʪ ʅʋʂ, R1 ʢʦʨʧʫʩʦʚ ʩʦʩʪʘʚʘ cʦ ʩʢʝʛʘʤʠ ʧʨʠ 5 ʛʨʘʜ ʢ ɼʇ, ʢʅ

ʕʢʩ-ʪ ʅʋʂ,  Rt ʧʦʣʥʦʝ ʩʦʩʪʘʚʘ cʦ ʩʢʝʛʘʤʠ ʧʨʠ 5 ʛʨʘʜ ʢ ɼʇ, ʢʅ

ʕʢʩ-ʪ ʅʋʂ, R1 ʢʦʨʧʫʩʦʚ ʩʦʩʪʘʚʘ cʦ ʩʢʝʛʘʤʠ ʧʨʠ 6 ʛʨʘʜ ʢ ɼʇ, ʢʅ

ʕʢʩ-ʪ ʅʋʂ,  Rt ʧʦʣʥʦʝ ʩʦʩʪʘʚʘ cʦ ʩʢʝʛʘʤʠ ʧʨʠ 6 ʛʨʘʜ ʢ ɼʇ, ʢʅ

ʕʢʩ-ʪ ʅʋʂ, R1 ʢʦʨʧʫʩʦʚ ʩʦʩʪʘʚʘ  cʦ ʩʢʝʛʘʤʠ ʧʨʠ 7 ʛʨʘʜ ʢ ɼʇ, ʢʅ

ʕʢʩ-ʪ ʅʋʂ,  Rt ʧʦʣʥʦʝ ʩʦʩʪʘʚʘ  cʦ ʩʢʝʛʘʤʠ ʧʨʠ 7 ʛʨʘʜ ʢ ɼʇ, ʢʅ
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ʋɼʂ 629.5.01 
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ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʙʚʦʜʽʚ ʢʦʨʧʫʩʫ ʛʣʽʩʫʶʯʦʛʦ ʩʫʜʥʘ ʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʥʽ ʤʦʨʝʭʽʜʥʽ ʷʢʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʤʘʩʠʚ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʪʘʢʦʛʦ ʩʫʜʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʣʽʩʫʶʯʝ ʩʫʜʥʦ; ʦʙʚʦʜʠ ʢʦʨʧʫʩʫ; ʤʦʨʝʭʽʜʥʽ ʷʢʦʩʪʽ; ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ 

ʧʨʦʝʢʪ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʨʝʞʠʤʫ ʛʣʽʩʫʚʘʥʥʷ (ʈɻ) ʛʣʽʩʫʶʯʦʛʦ ʩʫʜʥʘ (ɻʉ) 

ʚʠʟʥʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʫ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ), ʘʣʝ ʪʘʢʦʞ ʽ ʧʨʠʥʮʠʧʽʘʣʴʥʽ 

ʥʝʜʦʣʽʢʠ. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤ ʟ ʥʠʭ ʻ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʤʦʨʝʭʽʜʥʦʩʪʽ. ɿʤʝʥʰʝʥʥʷ ʟʤʦʯʝʥʦʾ 

ʧʦʚʝʨʭʥʽ ɻʉ ʧʽʩʣʷ ʚʠʭʦʜʫ ʥʘ ʈɻ ʟʫʤʦʚʣʶʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʽʪʴ ʧʨʠ 

ʥʝʚʝʣʠʢʽʡ ʭʚʠʣʽ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ 

ʧʦʟʜʦʚʞʥʴʦʾ ʭʠʪʘʚʠʮʽ ʽ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ʋʜʘʨʠ ʭʚʠʣʴ ʦʙ ʜʽʣʷʥʢʫ ʜʥʠʱʘ ʥʘʜ ʚʦʜʦʶ 

ʚʠʟʠʚʘʶʪʴ ʟʥʘʯʥʝ ʟʘʙʨʠʟʢʫʚʘʥʥʷ, ʙʦʨʪʦʚʫ ʭʠʪʘʚʠʮʶ ʽ ʨʠʩʢʘʥʥʷ ɻʉ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʡʦʛʦ 

ʤʦʨʝʭʽʜʥʽʩʪʴ. ʊʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʨʦʰʦʾ ʭʦʜʦʚʦʩʪʽ ʽ ʥʝʦʙʭʽʜʥʦʾ ʤʦʨʝʭʽʜʥʦʩʪʽ ʻ ʦʩʥʦʚʥʦʶ 

ʟʘʜʘʯʝʶ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɻʉ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʙʚʦʜʽʚ ʢʦʨʧʫʩʫ ɻʉ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʥʽ 

ʤʦʨʝʭʽʜʥʽ ʷʢʦʩʪʽ, ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʘʚʜʘʥʥʷ ʥʘ 

ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʪʘʢʠʭ ʩʫʜʝʥ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɻʦʣʦʚʥʦʶ ʦʟʥʘʢʦʶ ʦʙʚʦʜʽʚ ɻʉ ʻ ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʜʥʠʱʘ, ʱʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟ ʜʦʜʘʪʥʠʤ ʢʫʪʦʤ ʜʦ ʟʫʩʪʨʽʯʥʦʛʦ ʧʦʪʦʢʫ ʚʦʜʠ ʽ ʤʘʶʪʴ ʧʣʦʱʫ, ʜʦʩʪʘʪʥʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʧʽʜʪʨʠʤʘʥʥʷ, ʷʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʧʦ ʚʝʣʠʯʠʥʽ ʜʦ 

ʤʘʩʠ ʩʫʜʥʘ.  

ɯʥʰʦʶ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦʶ ʦʟʥʘʢʦʶ ʦʙʚʦʜʽʚ ɻʉ ʻ ʛʦʩʪʨʽ ʩʢʫʣʠ (ʘʙʦ ʝʣʝʤʝʥʪʠ ʦʙʚʦʜʽʚ, ʱʦ 

ʟʘʤʽʥʶʶʪʴ ʾʭ), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʨʠʚ ʧʦʪʦʢʫ ʚʦʜʠ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʟ-ʧʽʜ ʜʥʠʱʘ ʚʽʜ ʙʦʨʪʽʚ ʟ 
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ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʟʤʦʯʝʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ. ɿʘʛʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʮʠʭ ʩʫʜʝʥ ʻ ʪʘʢʦʞ ʬʦʨʤʘ 

ʢʦʨʤʦʚʦʾ ʯʘʩʪʠʥʠ ʜʥʠʱʘ (ʘʙʦ ʥʝʩʫʯʦʾ ʧʦʚʝʨʭʥʽ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʨʠʚ ʧʦʟʘʜʫ ʥʠʭ ʧʦʪʦʢʫ ʚʦʜʠ.  

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʤʦʛ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɽʊʍ) ɻʉ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʽ ʧʨʠʟʥʘʯʝʥʴ ʽ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʬʦʨʤʠ ʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʚʦʜʽʚ ʥʘ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʣʦ 

ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʨʤ ʪʘʢʠʭ ʩʫʜʝʥ. ʉʝʨʝʜ ʥʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʦʩʪʽ ʬʦʨʤʠ: ʢʨʫʛʣʦ-ʩʢʫʣʽ, 

ʧʣʦʩʢʦ-ʢʽʣʝʚʘʪʽ, ʧʣʦʩʢʦʜʦʥʥʽ, ʣʝʢʘʣʴʥʽ, ʫʚʽʛʥʫʪʦ-ʢʽʣʝʚʘʪʽ, ʚʠʧʫʢʣʦ-ʢʽʣʝʚʘʪʽ. ɼʦ ʩʢʣʘʜʥʠʭ ʬʦʨʤ 

ʚʽʜʥʦʩʷʪʴʩʷ: ʢʘʬʝʜʨʘʣ, ʪʨʠʢʣʽʥ, çʤʦʨʩʴʢʠʡ ʥʽʞè, ʨʝʜʘʥʥʽ, ʪʫʥʝʣʴʥʽ, çʤʦʨʩʴʢʽ ʩʘʥʠè, ʪʨʠʤʘʨʘʥ, 

çʩʘʥʠ ʌʦʢʩʘè [1], ʢʘʪʘʤʘʨʘʥ [2].  

ʉʢʣʘʜʥʽ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʦʟʥʘʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʥʦʚʥʽ ï 

ʥʘʷʚʥʽʩʪʴ, ʯʠʩʣʦ ʽ ʬʦʨʤʘ ʪʫʥʝʣʽʚ, ʨʝʜʘʥʽʚ, ʥʝʩʫʯʠʭ ʜʽʣʷʥʦʢ ʜʥʠʱʘ, ʩʧʦʥʩʦʥʽʚ ʪʘ ʽʥʰʠʭ 

ʫʪʚʦʨʝʥʴ ʢʦʨʧʫʩʫ.  

ʂʦʨʧʫʩʠ ʟ ʧʨʦʩʪʠʤʠ ʦʙʚʦʜʘʤʠ ʤʘʶʪʴ ʦʜʥʫ ʢʽʣʝʚʘʪʫ ʘʙʦ ʧʣʦʩʢʫ ʜʽʣʷʥʢʫ ʜʥʠʱʘ, ʥʘ ʷʢʽʡ ʚ 

ʈɻ ʩʪʚʦʨʶʻʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʽʜʡʦʤʥʘ ʩʠʣʘ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʢʽʣʝʚʘʪʦʩʪʽ ɓ ʦʙʚʦʜʠ 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʠʟʥʘʯʝʥʥʷ: ʧʣʦʩʢʦʜʦʥʥʽ (ɓ᾽5Á); ʤʘʣʦ-ʢʽʣʝʚʘʪʽ (5ÁÒɓ᾽10Á); ʧʦʤʽʨʥʦ-ʢʽʣʝʚʘʪʽ 

(10ÁÒɓ᾽15Á); ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʝʚʘʪʦʩʪʽ (15ÁÒɓ᾽20Á); çʛʣʠʙʦʢʝ Vè (ɓÓ 20Á). 

ʋ ʙʽʣʴʰʦʩʪʽ ɻʉ ʟ ʧʨʦʩʪʠʤʠ ʦʙʚʦʜʘʤʠ ʢʽʣʝʚʘʪʽʩʪʴ ʜʥʠʱʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ 

ʪʨʘʥʮʷ ʜʦ ʬʦʨʰʪʝʚʥʷ. ʎʷ ʟʤʽʥʘ ʢʽʣʝʚʘʪʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʨʫʪʢʦʶ ʜʥʠʱʘ. ʊʘʢʘ ʬʦʨʤʘ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ (ɻʗ) ʩʫʜʥʘ ʚ ʨʝʞʠʤʽ ʨʦʟʚʠʥʫʪʦʛʦ ʛʣʽʩʫʚʘʥʥʷ ʽ ʟʥʠʞʝʥʥʶ 

ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɼʽʘʧʘʟʦʥ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʤʦʨʝʭʽʜʥʠʭ ʷʢʦʩʪʝʡ ʽ ʧʨʦʝʢʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʉ ʟ ʧʨʦʩʪʠʤʠ 

ʬʦʨʤʘʤʠ ʦʙʚʦʜʽʚ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʽ ʧʨʘʢʪʠʯʥʦ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʦʣʴʥʠʪʠ ʙʽʣʴʰʽʩʪʴ ʚʠʤʦʛ, ʱʦ 

ʧʨʝʜô̫ ʚʣʷʶʪʴʩʷ ʜʦ ʩʫʜʝʥ ʮʴʦʛʦ ʪʠʧʫ. 

ʇʣʦʩʢʦ-ʢʽʣʝʚʘʪʽ ʦʙʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʜʥʠʱʦʚʠʤʠ ʛʽʣʢʘʤʠ 

ʰʧʘʥʛʦʫʪʽʚ. ʊʘʢʘ ʬʦʨʤʘ ʦʙʚʦʜʽʚ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʪʦʢʫ ʚʦʜʠ ʚʽʣʴʥʦ ʨʦʟʪʽʢʘʪʠʩʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʢʽʣʴʦʚʦʾ ʭʠʪʘʚʠʮʽ ʧʨʠ 

ʭʦʜʽ ʥʘ ʭʚʠʣʶʚʘʥʥʽ, ʘʣʝ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʤʦʯʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʥʠʱʘ, ʟʘʙʨʠʟʢʫʚʘʥʥʷ ʽ 

ʟʘʣʠʚʘʥʥʷ ʩʫʜʥʘ. ʑʦʙ ʪʘʢʽ ʥʝʜʦʣʽʢʠ ʧʨʦʷʚʣʷʣʠʩʷ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʘ ʜʥʠʱʝ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʧʦʟʜʦʚʞʥʽ ʨʝʜʘʥʠ. ɽʬʝʢʪ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʥʘ 5-10%) ʤʦʞʝ 

ʧʨʦʷʚʠʪʠʩʷ ʧʨʠ ʧʦʤʽʨʥʽʡ ʢʽʣʝʚʘʪʦʩʪʽ (ɓ Ó 10Á) ʽ ʟʨʦʩʪʘʻ ʧʦ ʤʽʨʽ ʾʾ ʟʙʽʣʴʰʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʧʣʦʩʢʦ-ʢʽʣʝʚʘʪʠʭ ʬʦʨʤ ʻ ʩʫʜʥʘ ʪʠʧʫ 

çʛʣʠʙʦʢʝ Vè. ɺʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ɻʉ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʨʫʭ ʚ ʨʝʞʠʤʽ 

ʨʦʟʚʠʥʫʪʦʛʦ ʛʣʽʩʫʚʘʥʥʷ (ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʯʠʩʣʘ ʌʨʫʜʘ Frv = 3,5õ7,0) ʥʘ ʭʚʠʣʶʚʘʥʥʽ ʙʽʣʴʰʝ ʜʚʦʭ 

ʙʘʣʽʚ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʾʭ ʧʝʨʝʚʘʛʦʶ ʻ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʭʦʜʦʚʽʩʪʴ, ʭʦʨʦʰʘ ʩʪʽʡʢʽʩʪʴ ʥʘ ʢʫʨʩʽ, 

ʥʝʚʝʣʠʢʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʦʙʚʦʜʽʚ çʛʣʠʙʦʢʝ Vè ʻ ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʧʨʠ ʚʠʭʦʜʽ ʥʘ 

ʈɻ ʽ ʨʫʭ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʡʦʛʦ ʩʪʘʜʽʾ, ʚʘʣʢʽʩʪʴ ʥʘ ʩʪʦʷʥʮʽ ʽ ʧʦʥʠʞʝʥʘ ʭʦʜʦʚʘ ʦʩʪʽʡʥʽʩʪʴ, ʥʝʟʨʫʯʥʠʡ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙô̒ ʤ ʧʨʠʢʽʣʝʚʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʜʦʧʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ʦʙʚʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʙʨʠʟʢʦ-ʚʽʜʙʽʡʥʠʢʠ 

ʟʙʽʣʴʰʝʥʦʾ ʰʠʨʠʥʠ) ʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʥʘʧʨʠʢʣʘʜ, ʙʘʣʘʩʪʥʽ ʮʠʩʪʝʨʥʠ). 

ʇʣʦʩʢʦʜʦʥʥʽ ʦʙʚʦʜʠ ʟʘ ʩʚʦʾʤʠ ʷʢʦʩʪʷʤʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʚʽʪʴ ʚʽʜ ʪʠʭ, ʱʦ ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʫ ʢʽʣʝʚʘʪʽʩʪʴ. ʇʣʦʩʢʝ ʜʥʠʱʝ (ʚ ʥʦʩʦʚʽʡ ʢʽʥʮʝʚʽʡ ʯʘʩʪʠʥʽ) ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʭʦʜʦʚʦʛʦ 

ʜʠʬʝʨʝʥʪʫ ʽ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʦʧʦʨʫ ʧʨʠ ʚʠʭʦʜʽ ʩʫʜʥʘ ʥʘ ʈɻ, ʘʣʝ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ɻʗ ʘʞ ʜʦ Frv å 5. ʇʨʠ ʮʴʦʤʫ ʧʣʦʩʢʦʜʦʥʥʝ ʩʫʜʥʦ ʟʚʠʯʘʡʥʦ ʚʪʨʘʯʘʻ 
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ʧʦʟʜʦʚʞʥʶ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʽ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʨʠʢʦʰʝʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʰʠʨʠʥʘ ʥʝʩʫʯʦʾ 

ʧʦʚʝʨʭʥʽ ʧʣʦʩʢʦʛʦ ʜʥʠʱʘ ʧʨʠ ʩʧʣʠʚʘʥʥʽ ʢʦʨʧʫʩʫ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ. ʁʦʛʦ ʨʫʭʦʚʽ ʥʘ ʚʝʣʠʢʽʡ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʰʢʦʜʞʘʻ ʪʘʢʦʞ ʥʝʩʪʽʡʢʽʩʪʴ ʥʘ ʢʫʨʩʽ, ʟʥʘʯʥʠʡ ʜʨʝʡʬ ʥʘ ʮʠʨʢʫʣʷʮʽʾ, ʜʫʞʝ ʚʝʣʠʢʽ 

ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʭʚʠʣʶʚʘʥʥʽ. 

ɼʦ ʪʘʢ ʟʚʘʥʠʭ ʣʝʢʘʣʴʥʠʭ ʬʦʨʤ ʦʙʚʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʫʚʽʛʥʫʪʽ, ʚʠʧʫʢʣʽ ʘʙʦ ʚʠʧʫʢʣʦ-

ʫʚʽʛʥʫʪʽ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʪʫʧʝʥʶ ʢʨʠʚʦʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʨʽʟʽʚ ʜʥʠʱʘ ʧʦ ʜʦʚʞʠʥʽ ʢʦʨʧʫʩʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʤʦʨʝʭʽʜʥʠʭ ʷʢʦʩʪʝʡ. 

ʋʚʽʛʥʫʪʦ-ʢʽʣʝʚʘʪʽ ʦʙʚʦʜʠ ʤʘʶʪʴ ʰʧʘʥʛʦʫʪʠ, ʢʨʠʚʠʟʥʘ (ʫʚʽʛʥʫʪʽʩʪʴ) ʷʢʠʭ ʟʚʠʯʘʡʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʢʽʣʷ ʜʦ ʩʢʫʣ, ʘ ʢʽʣʝʚʘʪʽʩʪʴ ï ʚʽʜ ʢʦʨʤʦʚʦʾ ʜʦ ʥʦʩʦʚʦʾ ʯʘʩʪʠʥʠ 

ʩʫʜʥʘ. ʂʦʤʧʣʝʢʩ ʤʦʨʝʭʽʜʥʠʭ ʷʢʦʩʪʝʡ ʮʠʭ ʦʙʚʦʜʽʚ ʚʠʟʥʘʯʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ɻʉ ʟ ʧʦʥʠʞʝʥʦʶ ʝʥʝʨʛʦʦʟʙʨʦʻʥʽʩʪʶ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʽʜʥʦʩʥʦ ʩʧʦʢʽʡʥʠʭ 

ʚʦʜʦʡʤʘʭ.  

ɺʠʧʫʢʣʦ-ʢʽʣʝʚʘʪʽ ʦʙʚʦʜʠ ʷʢ ʧʦ ʬʦʨʤʽ, ʪʘʢ ʽ ʧʦ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʭ ɽʊʍ ʧʨʷʤʦ ʧʨʦʪʠʣʝʞʥʽ 

ʫʚʽʛʥʫʪʦ-ʢʽʣʝʚʘʪʠʤ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ʥʘ ʤʦʨʝʭʽʜʥʽ ʷʢʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʦ-ʧʨʦʝʢʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʉ ʘʚʪʦʨʘʤʠ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʚʽʜʤʽʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʝ.  

ʇʣʘʚʫʯʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʣʠʰʝ ʧʦʙʽʯʥʦ, ʘ ʩʘʤʝ: ʧʨʠ ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʘʭ ʩʫʜʝʥ ʟ 

ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʦʙʚʦʜʽʚ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʩʫʪʪʻʚʦ ʨʽʟʥʫ ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʜʣʷ 

ʢʦʞʥʦʾ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ʭʘʨʘʢʪʝʨʥʽ ʚʠʟʥʘʯʝʥʽ ʤʝʞʽ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪ ʘ ʟʘʛʘʣʴʥʦʾ ʧʦʚʥʦʪʠ Cb. ʊʘʢ. ʷʢʱʦ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʬʦʨʤ ʦʙʚʦʜʽʚ 

ʟʥʘʯʝʥʥʽ Cb å 0,50 Ñ 0,10, ʫ ʧʣʦʩʢʦʜʦʥʥʠʭ ʦʙʚʦʜʽʚ ʟʥʘʯʝʥʥʷ Cb ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 0,80, ʘ ʫ 

ʢʘʪʘʤʘʨʘʥʽʚ ï ʟʥʠʞʘʪʠʩʷ ʜʦ 0,25. 

ʆʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʘ ʦʩʪʽʡʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʧʣʦʱʽ ɺʃ, ʡʦʛʦ ʚʝʣʠʯʠʥʘ 

ʩʫʪʪʻʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʦʶ ʦʙʚʦʜʽʚ. ʊʘʢ ʜʣʷ ʢʽʣʝʚʘʪʠʭ, ʧʣʦʩʢʦʜʦʥʥʠʭ ʢʦʨʧʫʩʽʚ ʽ çʤʦʨʩʴʢʠʭ 

ʩʘʥʝʡè ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʰʠʨʠʥʽ ʽ ʨʽʚʥʽʡ ʧʣʦʱʽ ɺʃ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ Ix 

ʩʢʣʘʜʝ ʚʽʜʧʦʚʽʜʥʦ1:1,15:1,30. 

ʇʦʯʘʪʢʦʚʘ ʧʦʧʝʨʝʯʥʘ ʦʩʪʽʡʥʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ɻʉ ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ, ʷʢʱʦ ʾʭ 

ʤʝʪʘʮʝʥʪʨʠʯʥʘ ʚʠʩʦʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ h0 = 0,3 õ 1,0 ʤ. ʇʨʠ h0 ̓  0,3 ʩʫʜʥʘ ʻ ʜʫʞʝ ʚʘʣʢʠʤʠ, 

ʘ ʧʨʠ h0 ι 10 ï ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʢʫ ʭʠʪʘʚʠʮʶ ʚʽʜ ʜʽʾ ʭʚʠʣʶʚʘʥʥʷ. ɿʥʠʞʝʥʘ ʦʩʪʽʡʥʽʩʪʴ ʥʘ ʧʨʘʢʪʠʮʽ 

ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʤʘʣʠʭ ʛʣʽʩʫʶʯʠʭ ʯʦʚʥʽʚ ʟ ʰʠʨʠʥʦʶ ʧʦ ʚʘʪʝʨʣʽʥʽʾ Bɺʃ ̓ 1,2 ʤ ʧʨʠ 

ʢʽʣʝʚʘʪʦʩʪʽ ɓ ι10Á. 

ʗʢ ʧʨʘʚʠʣʦ, ʦʩʪʽʡʥʽʩʪʴ ʥʘ ʚʝʣʠʢʠʭ ʢʫʪʘʭ ʢʨʝʥʫ ʻ ʙʽʣʴʰʦʶ ʫ ʩʫʜʝʥ ʟ ʦʙʚʦʜʘʤʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʧʦʯʘʪʢʦʚʫ ʦʩʪʽʡʥʽʩʪʴ. ɺʠʢʣʶʯʝʥʥʷʤ ʻ ʚʠʧʫʢʣʦ-ʢʽʣʝʚʽ ʦʙʚʦʜʠ, ʫ ʷʢʠʭ 

ʧʦʧʝʨʝʯʥʠʡ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʤʦʤʝʥʪ ʧʨʠ ʢʨʝʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʥʘʡʤʝʥʰʦʤʫ ʩʪʫʧʝʥʽ, ʘ ʪʘʢʦʞ 

ʬʦʨʤʠ ʦʙʚʦʜʽʚ ʟʽ ʩʧʦʥʩʦʥʘʤʠ, ʫ ʷʢʠʭ ʧʨʠ ʢʨʝʥʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʤʦʤʝʥʪ ʨʽʟʢʦ ʟʨʦʩʪʘʻ.  

ɼʠʥʘʤʽʯʥʘ ʦʩʪʽʡʥʽʩʪʴ ʫ ʩʫʜʝʥ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʦʙʚʦʜʽʚ ʱʝ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʥʽʞ 

ʦʩʪʽʡʥʽʩʪʴ ʧʨʠ ʚʝʣʠʢʠʭ ʢʫʪʘʭ ʢʨʝʥʫ, ʧʦʜʽʙʥʘ ʾʭ ʧʦʯʘʪʢʦʚʽʡ ʦʩʪʽʡʥʦʩʪʽ. 

ʆʩʪʽʡʥʽʩʪʴ ʥʘ ʮʠʨʢʫʣʷʮʽʾ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʉ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʡʦʛʦ ʦʙʚʦʜʽʚ. ɿ-ʟʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʚʯʝʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʭ, ʚ ʥʘʰ ʯʘʩ ʽʩʥʫʶʪʴ ʣʠʰʝ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʘʢʪʠʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʉ. ʊʘʢ ʥʘʡʙʽʣʴʰʽʡ ʙʝʟʧʝʮʽ ʥʘ ʮʠʨʢʫʣʷʮʽʾ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʚʦʜʽʚ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʩʪʽʡʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʢʨʝʥ.  



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

70 

ʅʝʧʦʪʦʧʣʶʚʘʥʽʩʪʴ ʥʘʚʽʪʴ ʧʦʙʽʯʥʦ ʩʣʘʙʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʬʦʨʤʦʶ ʦʙʚʦʜʽʚ ɻʉ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʦʢʨʝʤʽ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ʧʦʣʝʛʰʫʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʧʦʪʦʧʣʶʚʘʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʢʘʪʘʤʘʨʘʥ [2]. 

ʍʦʜʦʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ɻʉ, ʘ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʘʻ ʦʜʥʫ 

ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʽʶʯʠʭ ʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʬʦʨʤ ʦʙʚʦʜʽʚ. ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʭʦʜʫ 

ʥʘ ʈɻ ʩʫʜʥʦ ʧʦʚʠʥʥʦ ʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʬʦʨʤʫ ʦʙʚʦʜʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʦʧʦʨʫ ʽ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʚ ʨʘʡʦʥʽ ʛʦʨʙʫ ʦʧʦʨʫ (Frv = 1,8õ2,3). ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽ ʫʚʽʛʥʫʪʦ-ʢʽʣʝʚʘʪʽ, ʚʠʧʫʢʣʦ-ʫʚʽʛʥʫʪʽ ʽ ʧʣʦʩʢʦ-ʢʽʣʝʚʘʪʽ ʬʦʨʤʠ, ʘ ʥʘʡʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʦʩʢʦʜʦʥʥʽ ʽ ʪʫʥʝʣʴʥʽ ʬʦʨʤʠ. 

ʉʪʽʡʢʽʩʪʴ ʥʘ ʢʫʨʩʽ ʧʨʠ ʭʦʜʽ ʥʘ ʪʠʭʽʡ ʚʦʜʽ ʫ ɻʉ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʱʝ, ʥʽʞ ʫ ʩʫʜʝʥ ʽʥʰʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷʤ ʮʝʥʪʨʘ ʩʠʣ ʦʧʦʨʫ ʢʦʨʧʫʩʫ ʽ ʚʠʩʪʫʧʘʶʯʠʭ ʯʘʩʪʠʥ 

ɻʉ ʧʦʟʘʜʫ ʡʦʛʦ ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ. ʉʪʽʡʢʽʩʪʴ ʥʘ ʢʫʨʩʽ ɻʉ ʧʨʠ ʜʽʾ ʭʚʠʣʴ ʽ ʚʽʪʨʫ ʟʥʠʞʫʻʪʴʩʷ ʫ 

ʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ, ʥʽʞ ʪʠʭ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʫ ʚʦʜʦʪʦʥʥʘʞʥʦʤʫ ʘʙʦ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʩʫʜʥʘ ʥʘ ʢʫʨʩʽ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʝʚʘʪʦʩʪʽ ʜʥʠʱʘ ʙʽʣʷ ʪʨʘʥʮʷ, 

ʪʫʥʝʣʴʥʘ ʬʦʨʤʘ ʢʦʨʤʦʚʦʾ ʯʘʩʪʠʥʠ ʩʫʜʥʘ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʥʽʡ ʧʦʟʜʦʚʞʥʽʭ ʨʝʜʘʥʽʚ.  

ʇʦʚʦʨʦʪʢʦʩʪʽ ɻʉ ʩʧʨʠʷʶʪʴ ʦʙʚʦʜʠ, ʷʢʽ ʥʘ ʮʠʨʢʫʣʷʮʽʾ ʥʘʜʘʶʪʴ ʙʽʣʴʰʠʡ ʦʧʽʨ ʜʨʝʡʬʫ 

ʩʫʜʥʘ ʽ ʤʝʥʰʠʡ ï ʡʦʛʦ ʧʦʚʦʨʦʪʫ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ 

ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʤʘʥʝʚʨʫʚʘʥʥʷ ʦʩʪʽʡʥʦʩʪʽ. ʉʝʨʝʜ ʧʨʦʩʪʠʭ ʬʦʨʤ ʮʠʤ ʚʠʤʦʛʘʤ ʫ 

ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʚʽʛʥʫʪʦï ʽ ʧʣʦʩʢʦ-ʢʽʣʝʚʘʪʽ ʦʙʚʦʜʠ, ʘ ʧʣʦʩʢʦʜʦʥʥʽ ʽ ʤʘʣʦ-

ʢʽʣʝʚʘʪʽ ï ʫ ʥʘʡʤʝʥʰʽʡ ʤʽʨʽ. ʉʝʨʝʜ ʩʢʣʘʜʥʠʭ ʬʦʨʤ ʥʘʡʙʽʣʴʰʽʡ ʧʦʚʦʨʦʪʥʦʩʪʽ ʩʧʨʠʷʶʪʴ ʦʙʚʦʜʠ 

ʢʘʬʝʜʨʘʣ ʽ ʪʨʠʢʣʽʥ, ʘ ʥʘʡʤʝʥʰ ʙʝʟʧʝʯʥʽ ʟ-ʟʘ ʟʥʠʞʝʥʥʷ ʦʩʪʽʡʥʦʩʪʽ ʥʘ ʮʠʨʢʫʣʷʮʽʾ çʤʦʨʩʴʢʽ 

ʩʘʥʠè. 

ʍʠʪʘʚʠʮʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʦʙʚʦʜʽʚ ɻʉ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʠʟʥʘʯʘʶʪʴ 

ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʥʠʭ ʩʪʚʦʨʶʻ ʢʽʣʝʚʘ ʽ 

ʚʝʨʪʠʢʘʣʴʥʘ ʭʠʪʘʚʠʮʷ. ɹʦʨʪʦʚʘ ʭʠʪʘʚʠʮʷ ʚʠʛʨʘʻ ʤʝʥʰʫ ʨʦʣʴ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʰʠʨʠʥʘ ʽ 

ʛʦʩʪʨʦʩʢʫʣʽ ʦʙʚʦʜʠ ɻʉ ʩʧʨʠʷʶʪʴ ʾʾ ʰʚʠʜʢʦʤʫ ʟʘʪʫʭʘʥʥʶ, ʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʮʴʦʤʫ, ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ. 

ʋʚʽʛʥʫʪʦ-ʢʽʣʝʚʘʪʘ ʬʦʨʤʘ ʰʧʘʥʛʦʫʪʽʚ ʤʦʞʝ ʤʘʪʠ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʧʣʦʩʢʦ-ʢʽʣʝʚʘʪʦʶ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʭʚʠʣʽ ʽ ʫʩʪʫʧʘʪʠ ʾʡ ʥʘ ʢʨʫʧʥʽʡ. ʆʧʪʠʤʘʣʴʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʚʠʧʫʢʣʦ-ʫʚʽʛʥʫʪʘ ʬʦʨʤʘ 

ʰʧʘʥʛʦʫʪʽʚ ʚ ʥʦʩʦʚʽʡ ʢʽʥʮʝʚʽʡ ʯʘʩʪʠʥʽ ɻʉ. 

ʇʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʭʚʠʣʶʚʘʥʥʽ ʤʝʥʰʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦ-

ʢʽʣʝʚʠʭ ʬʦʨʤ ʦʙʚʦʜʽʚ, ʧʨʠ ʟʫʩʪʨʽʯʥʦ-ʙʦʢʦʚʦʤʫ ʭʚʠʣʶʚʘʥʥʽ ʧʝʨʝʚʘʛʫ ʤʦʞʫʪʴ ʤʘʪʠ ʩʫʜʥʘ ʟ 

ʪʫʥʝʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʦʙʚʦʜʽʚ ʢʦʨʧʫʩʫ ɻʉ ʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʥʽ ʤʦʨʝʭʽʜʥʽ 

ʷʢʦʩʪʽ ʤʦʞʝ ʩʪʘʪʠ ʥʝʦʙʭʽʜʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʤʘʩʠʚʦʤ ʜʘʥʠʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʠʭʽʜʥʠʭ 

ʚʝʣʠʯʠʥ ʜʣʷ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʪʘʢʦʛʦ ʩʫʜʥʘ [1, 3]. 
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Abstract. The analysis of the hull contours of a planing vessel and their influence on its main 

seaworthiness has been carried out. The results obtained can be used as an informational data set to 

determine the initial values for the task of developing a conceptual design of such a vessel. 
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ɸʥʦʪʘʮʽʷ. ɼʘʥʦ ʢʦʨʦʪʢʠʡ ʽʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʦʜʥʦʛʦ ʽʟ ʥʘʡʚʠʜʘʪʥʽʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʩʚʽʪʽ 

ʪʘ ʡʦʛʦ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʩʫʯʘʩʥʦʾ ʧʨʦʜʫʢʮʽʾ, ï ʩʫʜʝʥ ʽ ʢʦʨʘʙʣʽʚ ʟ ʜʠʥʘʤʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʧʽʜʪʨʠʤʢʠ, ʪʘʢʠʭ ʷʢ ʧʘʩʘʞʠʨʩʴʢʽ (ʮʠʚʽʣʴʥʽ) ʪʘ ʚʽʡʩʴʢʦʚʽ ʩʫʜʥʘ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ 

(ʢʨʠʣʦʭʦʜʠ) ʪʦʱʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʣʽʩʝʨʠ; ʩʫʜʥʘ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ; ʩʫʜʥʘ ʥʘ ʛʘʟʦʚʽʡ ʢʘʚʝʨʥʽ; ʩʫʜʥʘ ʥʘ 

ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ; ʝʢʨʘʥʦʧʣʘʥʠ. 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʘʪʠ ʢʦʨʦʪʢʠʡ ʽʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʩʫʜʝʥ ʟ ʜʠʥʘʤʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʧʽʜʪʨʠʤʢʠ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʟ-ʜʽ çʄʦʨʝè, ʾʭʥʽ ʪʠʧʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢ ʫ ʮʠʚʽʣʴʥʽʡ ʪʘʢ ʽ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʘʭ. 

ʂʦʨʦʪʢʠʡ ʽʩʪʦʨʠʯʥʠʡ ʦʛʣʷʜ ʫʥʽʢʘʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʡʦʛʦ ʥʝ ʤʝʥʰ ʫʥʽʢʘʣʴʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʙʫʣʘ ʥʝ ʤʝʥʰ ʧʦʧʫʣʷʨʥʘ ʥʝ ʪʽʣʴʢʠ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʘ ʽ ʫ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʟʘʢʦʨʜʦʥʥʠʭ ʢʨʘʾʥ. ʋʥʽʢʘʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʣʷʛʘʣʘ ʫ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʟʘʡʤʘʣʦʩʴ ʚʠʢʣʶʯʥʦ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʫʜʝʥ ʟ ʣʝʛʢʠʭ ʩʧʣʘʚʽʚ (ʜʶʨʘʣʴ, ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ, ʪʠʪʘʥ) 

ʪʘ ʧʣʘʩʪʤʘʩʠ. ɿʘʚʦʜ ʟô̫ ʚʠʚʩʷ ʥʘ ʙʝʨʝʟʽ ʩʘʤʦʛʦ ʩʠʥʴʦʛʦ ʤʦʨʷ ʙʽʣʷ ʩʝʣʘ ʟ ʨʦʤʘʥʪʠʯʥʦʶ ʥʘʟʚʦʶ 

çɼʘʣʴʥʽ ʂʘʤʠʰʠè 5 ʞʦʚʪʥʷ 1938 ʨʦʢʫ ʽ ʧʨʠʜʙʘʚ ʽʤô̫  çʇʽʚʜʝʥʥʘ ʪʦʯʢʘè ʫ ʧʦʜʘʣʴʰʦʤʫ  

ʟ-ʜ çʄʦʨʝè. ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʯʠʥʘʣʦʩʴ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʣʶʩʘʨʥʠʭ ʪʠʩʢʽʚ, ʷʢ ʪʦʨʧʝʜʥʘ 
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ʜʦʩʣʽʜʥʠʮʴʢʘ ʩʪʘʥʮʽʷ, ʘ ʟ 1957 ʨ. ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʘ ʧʦʪʽʢ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʫʜʝʥ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ (ʉʇʂ). 

ʇʽʩʣʷ ʚʠʧʫʩʢʫ ʟ ʅʂɯ ʷ ʧʦʪʨʘʧʠʚ ʟʘ ʥʘʧʨʘʚʣʝʥʥʷʤ ʥʘ ʟʘʚʦʜ, ʥʘ ʪʦʡ ʯʘʩ ʤʘʶʯʠ ʚʞʝ ʜʝʷʢʠʡ 

ʜʦʩʚʽʜ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʚʽʣʴʥʠʭ ʩʫʜʝʥ, ʪʘʢʠʭ ʷʢ ʣʽʩʦʚʦʟ ʛʘʟʦʪʫʨʙʦʭʦʜ ʨʫʣʴʦʚʠʤ çʁʦʛʘʥ 

ʄʘʭʤʘʩʪʘʣʴè ʇʽʚʥʽʯʥʦʛʦ ʄʦʨʩʴʢʦʛʦ ʇʘʨʦʧʣʘʚʩʪʚʘ, ʧʨʦʚʽʚ ʜʚʽ ʣʽʪʥʽ ʥʘʚʽʛʘʮʽʾ ʟ ʫʯʘʩʪʶ ʫ ʢʘʨʘʚʘʥʽ 

ʩʫʜʝʥ ʧʦ ʇʽʚʥʽʯʥʦʤʫ ʄʦʨʩʴʢʦʤʫ ʐʣʷʭʫ ʟ ʚʽʜʦʤʠʤ ʽ ʻʜʠʥʠʤ ʩʚʦʛʦ ʯʘʩʫ ʥʘ ʚʝʩʴ ʩʚʽʪ ʘʪʦʤʥʠʤ 

ʢʨʠʛʦʣʘʤʦʤ; ʪʘ ʪʨʴʦʭʨʽʯʥʠʡ ʜʦʩʚʽʜ ʚʽʡʩʴʢʦʚʦʛʦ ʨʘʜʠʩʪʘ ʥʘ ɺʝʣʠʢʦʤʫ ʇʨʦʪʠʯʦʚʥʝʚʦʤʫ ʂʦʨʘʙʣʽ ï 

ʬʣʘʛʤʘʥʽ ʦʧʝʨʘʪʠʚʥʦʾ ʝʩʢʘʜʨʠ ʇʽʚʥʽʯʥʦʛʦ ʬʣʦʪʫ çɸʜʤʽʨʘʣ ɿʦʟʫʣʷè, ʭʦʜʠʚ ʥʘ ʙʦʡʦʚʫ ʩʣʫʞʙʫ ʫ 

ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ, ʥʘ ʂʫʙʫ ʪʦʱʦ. ʇʦʯʘʚ ʟ ʤʘʡʩʪʨʘ ʟʘʛʦʪʦʚʯʦʛʦ ʮʝʭʫ, ʧʨʦʡʰʦʚ ʩʪʫʧʝʥʽ ʩʪʘʨʰʦʛʦ 

ʽʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ ʮʝʭʫ ʧʦʧʝʨʝʜʥʴʦʾ ʟʙʦʨʢʠ ʩʝʢʮʽʡ, ʟʘʤ. ʥʘʯʘʣʴʥʠʢʘ ʮʝʭʫ ï ʢʦʥʚʝʻʨʘ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʚʘʨʽʚ ʥʘʨʦʜʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ -ʧʦʚʥʦʢʦʤʧʣʝʢʪʥʠʭ ʤʦʪʦʯʦʚʥʽʚ çʂʨʠʤè 

(ʚʠʛʦʪʦʚʣʝʥʦ 37800 ʦʜʠʥʠʮʴ), ʥʘʯʘʣʴʥʠʢʦʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʟʘʢʘʟʫ çʉè ɺʽʜʜʽʣʫ 

ɻʦʣʦʚʥʦʛʦ ʂʦʥʩʪʨʫʢʪʦʨʘ, ʧʨʠʡʤʘʚ ʫʯʘʩʪʴ ʫ ʧʨʠʡʦʤʮʽ ʜʦʢʫʤʝʥʪʘʮʽʾ ʫ ʧʨʦʝʢʪʘʥʪʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʽ 

ʮʴʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʟʘʢʘʟʫ ʟʘʚ. ˉ 501. 

ʂʣʘʩ ʩʫʜʝʥ ʟ ʜʠʥʘʤʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʽʜʪʨʠʤʢʠ (ʉɼʇʇ), ʥʘ ʧʨʦʪʠʣʝʞʥʽʩʪʴ 

ʚʦʜʦʪʦʥʥʘʞʥʠʭ ʩʫʜʝʥ ʱʦ ʫʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʧʽʜʪʨʠʤʢʠ ɸʨʭʽʤʝʜʘ. 

ɰʭ ʚʽʜʥʦʩʷʪʴ ʜʦ ʤʘʣʠʭ ʰʚʠʜʢʽʩʥʠʭ ʩʫʜʝʥ, ʫ ʷʢʠʭ ʦʧʽʨ ʚʦʜʠ ʨʫʭʫ ʩʫʜʥʘ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʘ 

ʰʚʠʜʢʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʚʽ ʫʤʦʚʠ: 

1 ï ʥʘʷʚʥʽʩʪʴ ʨʫʭʫ (ʜʠʥʘʤʽʢʠ), ʪʘ 2 ï ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʦʙʦʚô̫ ʟʦʢ ʧʽʜʡʦʤʫ ʩʫʜʥʘ ʟ ʚʦʜʠ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʶʯʠ ʰʚʠʜʢʽʩʥʠʡ ʜʽʘʧʘʟʦʥ ʩʫʜʝʥ ï ʚʽʜ ʜʝʩʷʪʢʽʚ ʚʫʟʣʽʚ ʜʦ ʣʽʪʘʢʦʚʦʛʦ. ʋʩʽ ʉɼʇʇ 

ʧʨʠʡʥʷʪʦ ʨʦʟʧʦʜʽʣʷʪʠ ʧʦ ʪʠʧʫ ʧʨʠʩʪʨʦʾʚ ʥʘ ʛʨʫʧʠ: 1 ï ʛʣʽʩʝʨʠ; 2 ï ʉʇʂ (ʢʨʠʣʦʭʦʜʠ); 3 ï ʉɻʂ 

(ʩʫʜʥʘ ʥʘ ʛʘʟʦʚʽʡ ʢʘʚʝʨʥʽ); 4 ï ʉʇʇ (ʩʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽ ʧʦʜʫʰʮʽ); 5 ï ɽʇ, ɽʃ 

(ʝʢʨʘʥʦʧʣʘʥʠ ʪʘ ʝʢʨʘʥʦʣʴʦʪʠ). ɯʟ-ʟʘ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʤʘʪʝʨʽʘʣʫ ʪʝʟ ʜʘʥʦ ʦʛʣʷʜ ʪʽʣʴʢʠ 

ʩʘʤʠʭ ʚʠʜʘʪʥʠʭ ʉɼʇʇ, ʷʢʽ ʤʘʣʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʟ-ʜʫ çʄʦʨʝè ʟʘ ʚʝʩʴ ʪʝʨʤʽʥ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ.  

1. ɻʣʽʩʝʨʠ ï ʰʚʠʜʢʽʩʥʽ ʩʫʜʥʘ ʟʽ ʩʧʝʮʽʘʣʴʥʦʶ ʬʦʨʤʦʶ ʢʦʨʤʦʚʦʾ ʯʘʩʪʠʥʠ ʽ 

ʪʨʘʥʮʝʚʦʶ ʧʣʠʪʦʶ ʟʘʚʜʷʢʠ ʷʢʠʤ ʩʫʜʥʦ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʫ ʽ ʟʘʚʜʷʢʠ ʥʘʙʽʛʘʶʯʦʤʫ ʰʚʠʜʢʽʩʥʦʤʫ 

ʱʽʣʴʥʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʚʠʭʦʜʠʪʴ ʥʦʩʦʚʦʶ ʯʘʩʪʠʥʦʶ ʢʦʨʧʫʩʫ ʽʟ ʚʦʜʠ ʽ ʢʦʚʟʘʻ ʪʽʣʴʢʠ ʥʘ 

ʪʨʘʥʮʽ (ʚʽʜ ʬʨʘʥʮʫʟʴʢʦʛʦ çʛʣʽʩʝè ï ʢʦʚʟʘʪʠ). ʋʥʽʢʘʣʴʥʠʡ ʧʦʛʨʘʥʠʯʥʠʡ ʦʭʦʨʦʥʥʠʡ 

ʧʦʣʽʮʝʡʩʴʢʠʡ ʢʘʪʝʨ ʛʣʽʩʫʶʯʦʛʦ ʪʠʧʫ çɻʨʠʬè ʧʨʦʝʢʪ 1400 ʪʘ ʡʦʛʦ ʯʠʩʣʝʥʥʽ ʤʦʜʠʬʽʢʘʮʽʾ. 

ɽʢʩʧʣʫʘʪʫʻʪʴʩʷ ʫ 17-ʪʠ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ï ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʦʾ ɸʟʽʾ, ʃʘʪʠʥʩʴʢʦʾ ɸʤʝʨʠʢʠ, ɸʬʨʠʢʠ 

ʪʦʱʦ. ɺʩʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ 201 ʢʘʪʝʨ. ʐʚʠʜʢʽʩʪʴ 32 ʚʫʟʣʠ, ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 40 ʪ, ʝʢʽʧʘʞ 

13 ʯʦʣʦʚʽʢ, ʦʟʙʨʦʻʥʥʷ ï ʘʨʪʫʩʪʘʥʦʚʢʘ çʋʪʝʩè ʢʘʣʽʙʨʦʤ 

12,7 ʤʤ ʪʦʱʦ. [1] 

2.  ʉʫʜʥʦ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ (ʉʇʂ), ʘʙʦ 

çʢʨʠʣʦʭʦʜè ï ʦʩʦʙʠʩʪʠʡ ʪʝʨʤʽʥ ʷʢʠʡ ʷ ʚʧʝʨʰʝ ʦʟʚʫʯʠʚ ʥʘ 

ʦʜʥʽʡ ʽʟ ʢʦʥʬʝʨʝʥʮʽʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠʡ ʟʘʛʘʣʴʥʠʡ 

ʧʨʠʟʥʘʢ ʩʫʜʥʘ ʧʦ ʘʥʘʣʦʛʽʾ ʪʝʧʣʦʭʦʜ, ʛʘʟʦʪʫʨʙʦʭʦʜ, 

ʜʠʟʽʣʴ-ʝʣʝʢʪʨʦʭʦʜ, ʚʽʪʨʦʭʦʜ, ʘʪʦʤʦʭʦʜ ʪʦʱʦ. ʆʩʥʦʚʥʠʤ 

ʧʨʠʩʪʨʦʻʤ ʷʢʦʛʦ ʻ ʧʽʜʚʦʜʥʽ ʢʨʠʣʘ (ʦʜʥʝ, ʜʚʘ ʘʙʦ ʪʨʠ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʩʫʜʥʦ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʫ (ʜʠʥʘʤʽʢʠ) 

ʚʠʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʠ, ʟʘʣʠʰʘʶʯʠ ʢʨʠʣʘ ʧʽʜ 

ʚʦʜʦʶ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʦʧʽʨ ʚʦʜʠ ʪʘ 

ʈʠʩʫʥʦʢ 2 ï ɼʚʦʧʘʣʫʙʥʝ ʉʇʂ ζʎʠʢʣʦʥè 

ʈʠʩʫʥʦʢ 1 ï ɻʣʽʩʝʨ çɻʨʠʬè 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

73 

ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʨʦʜʦʥʘʯʘʣʴʥʠʢʽʚ ʫʩʽʭ ʚʽʪʯʠʟʥʷʥʠʭ ʢʨʠʣʦʭʦʜʽʚ ʻ ʛʝʥʽʘʣʴʥʠʡ 

ʢʦʥʩʪʨʫʢʪʦʨ ï ʪʝʦʨʝʪʠʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨ, ɻʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʎʂɹ ʧʦ ʉʇʂ ʈʦʩʪʠʩʣʘʚ 

ɭʚʛʝʥʦʚʠʯ ɸʣʝʢʩʻʻʚ (1916-1980), ʦʜʠʥ ʟ ʥʝʙʘʛʘʪʴʦʭ ʦʪʨʠʤʘʚʰʠʡ ʟʚʘʥʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ 

ʥʘʫʢ ʙʝʟ ʟʘʭʠʩʪʫ ʜʠʩʝʨʪʘʮʽʡ, ʪʽʣʴʢʠ ʟʘ ʚʝʣʠʯʝʟʥʠʡ ʦʙʩʷʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʚʝʣʠʯʝʟʥʠʡ ʚʥʝʩʦʢ ʫ ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ ʬʣʦʪʫ. ʋ ʩʚʽʪʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚʠʱʝ 

ʪʠʩʷʯʽ ʢʨʠʣʘʪʠʭ ʩʫʜʝʥ, ʟ ʥʠʭ 80% ï ɸʣʝʢʩʻʻʚʩʴʢʽ, 40% ï ʟ-ʜʫ çʄʦʨʝè. ɿʘ ʚʠʟʥʘʥʥʷʤ 

ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʽʚʮʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ ʈ.ɭ. ɸʣʝʢʩʻʻʚʘ ʟʘʩʣʫʞʝʥʦ ʚʠʟʥʘʥʦ çʨʝʚʦʣʶʮʽʦʥʝʨʦʤè ʫ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʍʍɯ-ʛʦ ʚʽʢʫ, ʷʢʠʡ ʜʚʽʯʽ ʟʨʦʙʠʚ ʨʝʚʦʣʶʮʽʶ ï ʧʦ-ʧʝʨʰʝ ʚʠʚʽʚ ʩʫʜʥʦ ʥʘ ʢʨʠʣʦ 

(ʢʨʠʣʦʭʦʜʠ) ʽ ʧʦ-ʜʨʫʛʝ ï ʧʽʜʥʷʚ ʩʫʜʥʦ ʫ ʧʦʚʽʪʨʷ (ʝʢʨʘʥʦʧʣʘʥʠ, ʝʢʨʘʥʦʣʴʦʪʠ) ï ʣʽʪʘʶʯʽ 

ʢʦʨʘʙʣʽ ʟ ʣʽʪʘʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. ʋ ʙʽʙʣʽʦʪʝʮʽ ʇʘʣʘʪʠ ʂʦʥʛʨʝʩʫ ʉʐɸ ʚʠʩʪʘʚʣʝʥʦ ʧʦʨʪʨʝʪ 

ʈ.ɭ.ɸʣʝʢʩʻʻʚʘ, ̫ ʢ ʚʠʜʘʪʥʦʤʫ ʧʨʘʢʪʠʢʫ, ʚʯʝʥʦʤʫ-ʥʘʫʢʦʚʮʶ, ʥʘʨʷʜʫ ʟ ʧʦʨʪʨʝʪʘʤʠ ɯʩʘʘʢʘ 

ʅʴʶʪʦʥʘ, ɽʡʥʰʪʝʡʥʘ, ʅʦʙʽʣʷ ʪʘ ʽʥʰʠʭ. ʅʘ ʟʘʚʦʜʽ çʄʦʨʝè ʟʘ ʧʨʦʝʢʪʘʤʠ ʈ.ɭ. ɸʣʝʢʩʻʻʚʘ 

ʚʠʛʦʪʦʚʣʝʥʘ ʚʝʣʠʯʝʟʥʘ ʩʝʨʽʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʉʇʂ, ʷʢʽ ʧʽʰʣʠ ʥʘ ʝʢʩʧʦʨʪ ʜʦ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ: 

ʨʽʯʢʦʚʝ ʢʣʝʧʘʥʝ ʟ ʜʶʨʘʣʽ ʉʇʂ çʈʘʢʝʪʘè (66 ʤʽʩʮʴ, ʰʚʠʜʢʽʩʪʴ 65 ʢʤ/ʛʦʜ, ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 27 

ʪ, ʧʦʙʫʜʦʚʘʥʦ 386 ʉʇʂ); ʉʇʂ çʂʦʤʝʪʘè ï ʤʦʨʩʴʢʝ ʮʽʣʴʥʦʟʚʘʨʶʚʘʥʝ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ 

(130 ʤʽʩʮʴ, ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 80ʪ, ʤʦʨʝʭʽʜʥʽʩʪʴ ʜʦ 4 ʙʘʣʽʚ, ʰʚʠʜʢʽʩʪʴ 40 ʚʫʟʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʦ 

86 ʦʜʠʥʠʮʴ; ʮʽʣʴʥʦʟʚʘʨʶʚʘʥʝ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʨʽʯʢʦʚʝ ʪʘ ʤʦʨʩʴʢʽ ʉʇʂ çɺʦʩʭʦʜè-2,-2ʤ 

(ʰʚʠʜʢʽʩʪʴ 55 ʢʤ/ʛʦʜ, 32 ʚʫʟʣʠ, 65 ʧʘʩʘʞʠʨʽʚ, ʤʦʨʝʭʽʜʥʽʩʪʴ ʜʦ 2 ʙʘʣʽʚ, ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 32,5 ʪ, 

ʚʠʛʦʪʦʚʣʝʥʦ 156 ʦʜʠʥʠʮʴ); ʥʘʜʰʚʠʜʢʽʩʥʝ ʉʇʂ çʃʘʩʪʽʚʢʘè (490 ʧʘʩʘʞʠʨʽʚ, ʰʚʠʜʢʽʩʪʴ 

90 ʢʤ/ʛʦʜ, ʜʘʣʴʥʽʩʪʴ 500 ʢʤ); ʤʦʨʩʴʢʝ ʉʇʂ ʧʨʦʝʢʪʫ 1460 çʆʣʽʤʧʽʷè (250 ʧʘʩʘʞʠʨʽʚ, 

ʰʚʠʜʢʽʩʪʴ 37 ʚʫʟʣʽʚ, ʜʘʣʴʥʽʩʪʴ 300 ʤʽʣʴ, ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 135 ʪ). ʉʘʤʠʤ ʭʘʨʘʢʪʝʨʥʠʤ 

ʮʠʚʽʣʴʥʠʤ ʧʨʦʝʢʪʦʤ ʟ-ʜʫ çʄʦʨʝè ï ʻ ʧʦʙʫʜʦʚʘʥʝ ʤʦʨʩʴʢʝ ʮʽʣʴʥʦʟʚʘʨʶʚʘʥʝ ʜʚʦʭʧʘʣʫʙʥʝ 

ʉʇʂ ï ʛʘʟʦʪʫʨʙʦʭʦʜ çʎʠʢʣʦʥè (ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 150 ʪ, ʰʚʠʜʢʽʩʪʴ 42 ʚʫʟʣʠ, 250 ʧʘʩʘʞʠʨʽʚ, 

ʜʘʣʴʥʽʩʪʴ 300 ʤʽʣʴ) [2]. 

ʍʘʨʘʢʪʝʨʥʠʤ ʚʽʡʩʴʢʦʚʠʤ ʢʨʠʣʦʭʦʜʦʤ ʻ 

ʧʨʦʝʢʪ 133 çɸʥʪʘʨʝʩè ï ʧʨʠʢʦʨʜʦʥʥʠʡ ʦʭʦʨʦʥʥʠʡ 

ʮʽʣʴʥʦʟʚʘʨʶʚʘʥʠʡ ʢʘʪʝʨ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ 

(ʢʨʠʣʴʦʚʘ ʩʭʝʤʘ çʪʨʴʦʭʪʦʯʢʘè, ʥʦʩʦʚʝ ʽ ʢʦʨʤʦʚʝ 

ʢʨʠʣʘ ʩʪʘʮʽʦʥʘʨʥʽ, ʩʝʨʝʜʥʻ ï ʟ ʜʚʦʭ ʧʦʚʦʨʦʪʥʠʭ 

ʧʦʣʦʚʠʥʦʢ ʩʢʣʘʜʘʶʪʴʩʷ çʧʦ-ʧʦʭʽʜʥʦʤʫè ʧʽʜ 

ʜʥʠʱʝʤ ʥʘ ʤʽʜʝʣʴ-ʰʧʘʥʛʦʫʪʽ; ʢʦʨʧʫʩ 

ʮʽʣʴʥʦʟʚʘʨʥʠʡ ʽʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ, ʢʨʠʣʘ ʟ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʰʚʠʜʢʽʩʪʴ 65 ʚʫʟʣʽʚ, 

ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 220 ʪ, ʝʢʽʧʘʞ 15 ʯʦʣ., ʦʟʙʨʦʻʥʥʷ ï 

ʘʨʪʫʩʪʘʥʦʚʢʘ 613, 2 ʜʚʦʭʪʨʫʙʥʽ ʪʦʨʧʝʜʥʽ 450ʤʤ ʘʧʘʨʘʪʘ, ʙʫʢʩʠʨʫʻʤʘ ʛʽʜʨʦʘʢʫʩʪʠʯʥʘ ʩʪʘʥʮʽʷ, 

2ʭ10.000 ʢʩ ʛʘʟʦʚʘ ʪʫʨʙʠʥʘ ʚʠʨʦʙʥʠʮʪʚʘ ʇʊɿ çɿʦʨʷè ʤ. ʄʠʢʦʣʘʾʚ, ʜʘʣʴʥʽʩʪʴ ʧʣʘʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 3 ï ʂʇʂ çɸʥʪʘʨʝʩè 
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450 ʤʽʣʴ, ʘʚʪʦʥʦʤʥʽʩʪʴ 5 ʩʫʪʦʢ). ʉʘʤʠʡ ʫʥʽʢʘʣʴʥʠʡ, ʝʬʝʢʪʠʚʥʠʡ ʽ ʥʘʡʙʽʣʴʰʠʡ ʚʽʡʩʴʢʦʚʠʡ 

ʢʦʨʘʙʝʣʴ ʫ ʩʚʽʪʽ ï ʤʘʣʠʡ ʧʨʦʪʠʯʦʚʥʦʚʠʡ ʢʦʨʘʙʝʣʴ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ ʧʨʦʝʢʪ 

11451 çʉʦʢʽʣè, ʧʦʙʫʜʦʚʘʥʠʡ ʩʫʯʘʩʥʠʤ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʟʽʙʨʘʥʦʤʫ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦʤʫ L-ʧʦʜʽʙʥʦʤʫ ʜʦʢʧʦʥʪʦʥʽ ʟ ʥʘʩʠʯʝʥʠʭ ʙʣʦʢʽʚ-ʤʦʜʫʣʽʚ: ʥʦʩʦʚʠʡ ʽ ʢʦʨʤʦʚʠʡ, 

ʥʘʜʙʫʜʦʚʘ, ʢʦʨʤʦʚʽ ʽ ʥʦʩʦʚʽ ʢʨʠʣʦʚʽ ʧʨʠʩʪʨʦʾ. ʂʦʨʧʫʩ ʮʽʣʴʥʦʟʚʘʨʥʠʡ ʟ ʮʽʣʴʥʦʧʨʝʩʦʚʘʥʠʭ 

ʘʚʽʘʮʽʡʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʧʘʥʝʣʝʡ ʟ ʥʘʨʽʟʥʠʤ ʥʘʙʦʨʦʤ. ʅʦʩʦʚʽ ʽ ʢʦʨʤʦʚʽ ʢʨʠʣʘ ʽʟ ʩʪʦʡʢʘʤʠ ʟ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʤʘʨʢʠ ʆʊ3ɺ. ʈʦʟʤʘʭ ʥʦʩʦʚʦʛʦ ʢʨʠʣʘ 21,0 ʤ, ʢʦʨʤʦʚʦʛʦ 18,0 ʤ. ʅʦʩʦʚʽ 

ʨʦʟʨʽʟʥʽ ʢʨʠʣʘ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ʧʦʚʝʨʭʥʶ ʚʦʜʠ, ʢʦʨʤʦʚʽ ï ʧʣʦʩʢʽ ʛʣʠʙʦʢʦʧʦʛʨʫʞʥʽ ʥʘ ʪʨʴʦʭ 

ʩʪʦʡʢʘʭ ʢʨʽʟʴ ʷʢʽ ʧʨʦʭʦʜʷʪʴ 3 ʫʛʣʦʚʽ ʨʝʜʫʢʪʦʨʠ ʚʽʜ ɻʊɿɸ ʙʦʨʪʦʚʠʭ ʧʦ 2 ʛʘʟʦʚʽ ʪʫʨʙʽʥʠ 

ʤʽʮʥʽʩʪʶ ʧʦ 20 ʪʠʩ. ʢ.ʩ., ʚ ɼʇ ï 1 ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ 1.0 ʪʠʩ. ʢ.ʩ. ʚʠʨʦʙʥʠʮʪʚʘ ʇʊɿ çɿʦʨʷè 

ʤ. ʄʠʢʦʣʘʾʚ ʥʘ ʥʠʞʥʽ ʢʦʨʤʦʚʽ ʢʨʠʣʦʚʽ ʨʝʜʫʢʪʦʨʠ (ʛʦʥʜʦʣʠ), ʷʢʽ ʨʦʟʧʦʜʽʣʷʶʪʴ ʤʽʮʥʽʩʪʴ 3-ʭ 

ʪʫʨʙʽʥ ʥʘ 6 ʪʠʪʘʥʦʚʠʭ ʛʨʝʙʥʠʭ ʛʚʠʥʪʘ ʜʽʘʤʝʪʨʦʤ 0,680 ʤ, ʟ ʷʢʠʭ 3 ʰʪʦʚʭʘʶʯʠʭ, ʘ 3 

ʪʷʛʥʫʯʠʭ (ʚʦʜʦ- 

ʪʦʥʥʘʞʥʽʩʪʴ 500 ʪ, ʰʚʠʜʢʽʩʪʴ ʥʘ ʢʨʠʣʘʭ 60 ʚʫʟʣʽʚ, ʝʢʽʧʘʞ 40 ʦʩʽʙ, ʜʘʣʴʥʽʩʪʴ 1200 ʤʽʣʴ, 

ʦʟʙʨʦʻʥʥʷ: ʥʦʩʦʚʘ ʘʨʪʫʩʪʘʥʦʚʢʘ 76 ʤʤ, 1 ʘʨʪʫʩʪʘʥʦʚʢʘ ʢʘʣʽʙʨʦʤ 30ʤʤ, ʟʝʥʽʪʥʠʡ ʢʦʤʧʣʝʢʩ 

çɯʛʣʘè, 2 ʢʦʨʤʦʚʠʭ ʯʦʪʠʨʴʦʭʪʨʫʙʥʠʭ 450 ʤʤ ʪʦʨʧʝʜʥʠʭ ʘʧʘʨʘʪʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʢʦʨʤʦʚʠʭ 

ʢʨʠʥʦʣʽʥʘʭ, ʛʽʜʨʦʘʢʫʩʪʠʯʥʘ ʩʪʘʥʮʽʷ, ʷʢʘ ʦʧʫʩʢʘʻʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ 200 ʤ ʤʽʮʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 200 ʢɺʪ, ʜʽʘʤʝʪʨ 2,0 ʤ ʭ 3 ʤ. ɿʘ ʢʨʠʪʝʨʽʻʤ çʝʬʝʢʠʚʥʽʩʪʴ-ʢʦʰʪʦʨʠʩè, ʪʘ 

ʊʊʍ çʉʦʢʽʣè ʧʦʪʨʘʧʠʚ ʫ ʉʚʽʪʦʚʫ ʂʥʠʛʫ ʈʝʢʦʨʜʽʚ ɻʽʥʝʩʘ ʜʷʢʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʩʫʯʘʩʥʦʛʦ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ, ʧʨʠʜʫʤʘʥʠʤ ʙʣʠʟʥʶʢʘʤʠ 

ʆʣʝʢʩʘʥʜʨʦʤ (1911-1968) ʽ ʉʝʨʛʽʻʤ ʂʫʥʘʭʦʚʠʯʘʤʠ. ʉʪʘʨʰʠʡ ʉʝʨʛʽʡ ʧʨʘʮʶʚʘʚ ʫ ʎɸɻɯ ʧʦ 

ʚʝʨʪʦʣʽʪʥʽʡ ʪʝʤʘʪʠʮʽ, ʘ ʤʦʣʦʜʰʠʡ (ʫʩʴʦʛʦ ʥʘ 10 

ʭʚ) ʛʝʥʝʨʘʣʴʥʠʤ ʜʠʨʝʢʪʦʨʦʤ ɿʇʂɹ çʗʭʪʘè [3]. 

ʄʝʪʦʜ ʚʝʨʪʦʣʽʪʥʦʛʦ (ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ) 

ʧʦʰʫʢʫ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ, ʟʨʦʙʠʚ ʨʝʚʦʣʶʮʽʶ 

ʫ ʮʽʡ ʛʘʣʫʟʽ. ʉʫʪʴ ʤʝʪʦʜʘ ï ʢʨʠʣʦʭʦʜ ʧʽʜʭʦʜʠʪʴ 

ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ 60 ʚʫʟʣʽʚ ʥʘ 

ʪʦʯʢʫ ʧʦʰʫʢʫ ʽ ʦʧʫʩʢʘʻ ʩʚʦʶ ʛʽʜʨʦʘʢʫʩʪʠʯʥʫ 

ʩʪʘʥʮʽʶ (ʛ/ʩ çʐʝʢʩʥʘè, çɿʽʨʢʘè) ʥʘ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʢʘʙʝʣʴʪʨʦʩʽ ʥʘ ʛʣʠʙʠʥʫ 200 ʤ 

ʨʘʜʽʫʩ ʧʨʦʟʚʦʥʢʠ 24 ʢʤ, ʱʦ ʟʥʘʯʥʦ 

ʝʬʝʢʪʠʚʥʽʰʝ ʥʽʞ ʫ ʚʦʜʦʪʦʥʥʘʞʥʠʭ ʝʩʤʽʥʮʽʚ, ï 

ʪʘʢ 2-3 ʪʘʢʽ ʥʝʚʝʣʠʯʢʽ ʢʨʠʣʦʭʦʜʠ ʮʠʤ ʤʝʪʦʜʦʤ ʟʘ 1 ʛʦʜʠʥʫ ʤʦʞʫʪʴ ʧʨʦʜʟʚʦʥʠʪʠ ʫʩʶ 

ʘʢʚʘʪʦʨʽʶ ʏʦʨʥʦʛʦ ʤʦʨʷ ʥʘ ʛʣʠʙʠʥʫ 2 ʪʠʩ. ʤ. ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʨʠʣʦʭʦʜ 

ʥʘʟʚʘʥʦ ʽʤʝʥʝʤ ʡʦʛʦ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ çʆʣʝʢʩʘʥʜʨ ʂʫʥʘʭʦʚʠʯè [4]. 

ɼʦʙʨʦʛʦ ʩʣʦʚʘ ʭʦʯʫ ʩʢʘʟʘʪʠ ʚ ʘʜʨʝʩʫ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʝʨʽʡʥʠʭ çʉʦʢʦʣʽʚè 

ʚʠʧʫʩʢʥʠʢʘ ʅʂɯ ʆʚʩʽʻʥʢʘ ɭʚʛʝʥʘ ɯʚʘʥʦʚʠʯʘ (1929-2015), ʷʢʠʡ ʙʫʢʚʘʣʴʥʦ ʮʽʣʦʜʦʙʦʚʦ 

çʥʦʯʫʚʘʚè ʟʽ ʩʚʦʻʶ ʧʨʦʝʢʪʥʦʶ ʦʧʝʨʘʪʠʚʥʦʶ ʛʨʫʧʦʶ ʩʫʤʽʩʥʦ ʟ ʟʘʚʦʜʩʴʢʠʤ ʙʶʨʦ ʟʘʢʘʟʫ çʉè 

ʆɻʂ çʄʦʨʝè, ʥʘ ʛʦʣʦʚʥʦʤʫ ʟʘʢʘʟʽ ʟʘʚ. ˉ501. 

ɼʦʙʨʦʛʦ ʩʣʦʚʘ ʪʘʢʦʞ ʟʘʩʣʫʛʦʚʫʻ ʛʨʫʧʘ ʤʦʣʦʜʠʭ ʝʥʪʫʟʽʘʩʪʽʚ, ʷʢʽ ʥʘ ʙʝʟʦʧʣʘʪʥʽʡ ʦʩʥʦʚʽ 

ʚʠʢʦʥʘʣʠ ʽ ʜʦʚʝʣʠ ʜʦ ʜʝʩʷʪʢʘ ʨʝʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʩʘʤʦʛʦ ʤʘʣʦʛʦ ʫ ʩʚʽʪʽ ʢʨʠʣʦʭʦʜʘ ï ʥʘʜʫʚʥʠʡ 

ʛʽʜʨʦʤʦʪʦʮʠʢʣ ʥʘ ʧʽʜʚʦʜʥʠʭ ʢʨʠʣʘʭ-ʪʨʘʥʩʬʦʨʤʝʨ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʚ ʩʦʙʦʶ ʜʚʽ ʥʘʜʫʚʥʽ 

ʣʠʞʽ-ʧʦʧʣʘʚʢʠ ʟ ʧʘʨʫʩʥʦʾ ʢʘʧʨʦʥʦʚʦʾ ʪʢʘʥʠʥʠ çʗʭʪʘè ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʥʽʰʘʤʠ çʚʘʣʷʥʢʘʤʠè 

ʈʠʩʫʥʦʢ 4 ï ʄʇʂ ʥʘ ʇʂ ʧʨʦʝʢʪʫ 11451 çʉʦʢʽʣè 
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ʜʣʷ ʥʽʛ, ʣʠʞʥʽ ʧʘʣʢʠ ʟ ʪʠʪʘʥʦʚʠʭ ʪʨʫʙʦʢ, ʘ ʫ ʷʢʦʩʪʽ ʫʧʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʨʽʧʠʣʠʩʴ ʥʘʜʫʚʥʽ 

ʬʫʪʙʦʣʴʥʽ ʢʘʤʝʨʠ. ɺʩʪʘʚʰʠ ʥʘ ʪʘʢʽ ʽʤʧʨʦʚʽʟʦʚʘʥʽ ʥʘʜʫʚʥʽ ʣʠʞʽ-ʧʦʧʣʘʚʢʠ ʤʦʞʥʘ ʙʫʣʦ çʙʽʛʘʪʠè 

ʧʦ ʚʦʜʽ ʧʽʰʢʠ çʘʢʽ ʧʦ ʩʫʭʫè. ɿʘʢʨʽʧʠʚʰʠ ʪʠʤʠ ʞ ʣʠʞʥʠʤʠ ʧʘʣʢʘʤʠ ʣʠʞʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ 

ʨʠʙʘʮʴʢʠʡ ʧʣʦʪʠʢ-ʢʘʪʘʤʘʨʘʥ. ɸ ʟʘʢʨʽʧʠʚ ʥʘ ʥʦʩʽ ʘʙʦ ʚ ʢʦʨʤʽ (ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʘʥʪʽʚ) ʧʣʦʪʠʢʘ 

ʙʝʥʟʠʥʦʚʠʡ ʜʚʠʛʫʥ çʉʫʧʫʪʥʠʢè (2 ʢ.ʩ. ʻʤʥʽʩʪʴ ʧʘʣʠʚʥʦʛʦ ʙʘʯʢʘ 2 ʣʽʪʨʘ ʘʚʽʘʮʽʡʥʦʛʦ ʙʝʥʟʠʥʫ) 

ʪʘ ʧʽʜʚʦʜʥʽ ʢʨʠʣʘ ʧʣʦʪ ʧʝʨʝʪʚʦʨʶʚʘʚʩʷ ʫ ʥʘʜʫʚʥʠʡ ʛʽʜʨʦʤʦʪʦʮʠʢʣ-ʢʘʪʘʤʘʨʘʥ, ʷʢʠʡ 

ʧʨʦʡʰʦʚʰʠ ʰʚʘʨʪʦʚʥʽ ʪʘ ʭʦʜʦʚʽ ʽʩʧʠʪʠ ʧʦʢʘʟʘʚ ʰʚʠʜʢʽʩʪʴ 20 ʢʤ/ʛʦʜ ʜʘʣʴʥʽʩʪʴ 2 ʢʤ, 

ʘʚʪʦʥʦʤʥʽʩʪʴ ʧʦ ʧʘʣʠʚʫ ï 2 ʛʦʜʠʥʠ. ʄʘʩʘ 15 ʢʛ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʨʦʟʽʙʨʘʥʦʤʫ ʩʪʘʥʽ ʫ ʦʜʥʦʤʫ ʟ 

ʧʦʧʣʘʚʢʽʚ ʯʦʭʣʽʚ ʟʘ ʧʣʝʯʠʤʘ ʩʘʤʦʛʦ ʚʦʜʽʷ. ɻʽʜʨʦʮʠʢʣ ʦʪʨʠʤʘʚ ʜʨʫʛʝ ʤʽʩʮʝ ʫ ʤʽʩʮʝʚʦʤʫ 

ʦʙʣʘʩʥʦʤʫ ʢʦʥʢʫʨʩʽ ʊʅʇ ʫ ʄʠʢʦʣʘʻʚʽ, ʫ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʥʢʫʨʩʽ, ʧʦʪʨʘʧʠʚ ʫ ʟʘʚʦʜʩʴʢʫ 

ʤʘʣʦʪʠʨʘʞʢʫ ʟ-ʜʫ çʄʦʨʝè ʽ ʮʝʥʪʨʘʣʴʥʫ ʛʘʟʝʪʫ çʊʨʫʜè, ʞʫʨʥʘʣ çʂʘʪʝʨʘ ʽ ʷʭʪʠè, ʫ 

ʭʨʦʥʽʢʘʣʴʥʦ-ʜʦʢʫʤʝʥʪʘʣʴʥʠʡ ʬʽʣʴʤ ˉ182 çʍʦʯʫ ʚʩʝ ʟʥʘʪʠè ʧʨʦ ʪʝʭʥʽʯʥʫ ʪʚʦʨʯʽʩʪʴ ʤʦʣʦʜʽ, 

ʦʜʠʥ ʽʟ ʝʧʽʟʦʜʽʚ ʷʢʦʛʦ ʧʨʦ ʛʽʜʨʦʮʠʢʣ ʦʟʚʫʯʠʚ ʚʽʜʦʤʠʡ ʘʨʪʠʩʪ ʃʝʦʥʽʜ ʗʨʤʦʣʴʥʠʢ. ɻʽʜʨʦʮʠʢʣ 

ʧʦʩʣʫʞʠʚ ʪʝʤʦʶ ʜʝʢʽʣʴʢʦʭ ʜʠʧʣʦʤʥʠʭ ʧʨʦʝʢʪʽʚ, ʷʢ ʥʘ ʟ-ʜʽ çʄʦʨʝè ʪʘʢ ʽ ʚ ʅʋʂ (ʅʂɯ) ʤ. 

ʄʠʢʦʣʘʾʚ. ɯʩʧʠʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʦʜʦʩʭʦʚʠʱʽ, ʚʦʜʦʢʘʥʘʣʽ ʽ ʥʘ ʤʦʨʽ, ʘ ʪʘʢʦʞ ʥʘ ʨ. ʇ-ɹʫʛ ʚ 

ʉʦʣʷʥʠʭ ʤ. ʄʠʢʦʣʘʾʚ. ɸʢʪʠʚʥʫ ʫʯʘʩʪʴ ʫ ʩʧʽʣʴʥʠʭ ʽʩʧʠʪʘʭ ʧʨʠʡʤʘʚ ʟʘʤ. ʛʦʣʦʚʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʦʨʘ ʄʇʂ ʥʘ ʇʂ çʉʦʢʦʣè ʄʠʢʦʣʘ ɻʨʠʛʦʨʦʚʠʯ ʂʦʥʜʨʘʪʴʻʚ.  

3. ʉʫʜʥʘ ʥʘ ʛʘʟʦʚʽʡ ʢʘʚʝʨʥʽ. ʊʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʮʴʦʛʦ ʚʠʜʫ ʷʚʣʷʻʪʴʩʷ 

ʰʚʠʜʢʦʭʽʜʥʘ ʤʦʪʦʨʥʘ ʷʭʪʘ ʥʘ ʛʘʟʦʚʽʡ ʢʘʚʝʨʥʽ çʅʘʫʪʽʣʫʩ-62è, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʢʪʠʚʥʦʛʦ 

ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʩʧʦʨʪʠʚʥʠʭ ʟʤʘʛʘʥʴ ʥʘ ʚʦʜʽ. ʆʙʚʦʜʠ ʜʥʠʱʘ ï v-ʦʙʨʘʟʥʽ ʟ ʢʫʪʦʤ ʟʦʚʥʽʰʥʴʦʾ 

ʢʽʣʴʦʚʘʪʦʩʪʽ ʥʘ ʤʽʜʝʣʽ 16,6ʦ ʽ ʩʧʝʮʽʘʣʴʥʦʶ ʚʠʾʤʢʦʶ 

(ʢʘʚʽʪʘʪʦʨʦʤ) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʫʪʨʠʤʘʥʥʷ ʛʘʟʦʚʦʾ 

ʢʫʣʴʢʠ (ʢʘʚʝʨʥʠ) ʥʘ ʷʢʽʡ ʢʦʪʠʪʴʩʷ ʧʦ ʚʦʜʽ ʩʘʤʝ 

ʩʫʜʥʦ, ʷʢ ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ, ʪʠʤ ʩʘʤʠʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʦʧʽʨ ʚʦʜʠ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ. ʂʦʨʧʫʩ ʟ ʣʝʛʢʦʛʦ ʩʧʣʘʚʫ, ʘʙʦ 

ʪʨʠʰʘʨʦʚʦʛʦ ʧʣʘʩʪʠʢʘ ʟ ʟʘʧʦʚʥʶʚʘʯʝʤ. 

ɺʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 25 ʪ, ʜʚʘ ʛʦʣʦʚʥʠʭ ʜʚʠʛʫʥʘ 

MAN ʧʦ 388 ʢɺʪ, ʜʚʘ ʛʨʝʙʥʠʭ ʛʚʠʥʪʘ, ʰʚʠʜʢʽʩʪʴ ʜʦ 40 ʚʫʟʣʽʚ, ʤʦʨʝʭʽʜʥʽʩʪʴ ʜʦ 3-ʭ ʙʘʣʽʚ, 

ʜʘʣʴʥʽʩʪʴ ʜʦ 400 ʤʽʣʴ, ʢʽʣʴʢʽʩʪʴ ʝʢʽʧʘʞʫ 8 ʦʩʽʙ. 

4. ʉʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʉʇʇ. ʎʝʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʽʟʥʦʾ 

ʚʦʜʦʪʦʥʥʘʞʥʦʩʪʽ, ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʧʽʜʡʦʤʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʨʠʟʥʘʯʝʥʥʷʤ, ʰʚʠʜʢʦʩʪʽ, ʝʢʽʧʘʞʫ ʪʘ 

ʽʥʰʝ: ʜʦ ʮʴʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴʩʷ ʩʫʜʥʘ, ʫ ʷʢʠʭ ʦʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʜʽʡʤʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʜʚʦʭ ʚʠʜʘʭ: 1ï ʫ ʷʢʦʩʪʽ ʙʦʨʪʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʦʛʦʨʦʜʞʝʥʴ ï ʩʢʝʛʽʚ, ʷʢʽ 

ʧʝʨʝʧʦʥʫʶʪʴ ʚʠʪʽʢʫ ʧʽʜʜʫʚʘʻʤʦʛʦ ʧʽʜ ʜʥʠʱʝ ʧʦʚʽʪʨʷ, ʱʦ ʧʽʜʽʡʤʘʻ ʩʫʜʥʦ ʥʘʜ ʚʦʜʦʶ, ʪʠʤ ʩʘʤʠʤ 

ʟʥʠʞʫʶʻ ʦʧʽʨ ʚʦʜʠ ʽ ʜʘʻ ʟʤʦʛʫ ʨʫʭʘʪʠʩʴ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ; 2-ʧʨʠʩʪʨʽʡ, 

ʱʦ ʦʛʦʨʦʜʞʫʻ ʧʽʜʜʫʚʘʻʤʝ ʧʦʚʽʪʨʷ ʧʽʜ ʜʥʠʱʝ ʢʘʪʝʨʘ, ʚʠʛʣʷʜʘʻ ʷʢ ʛʥʫʯʢʘ ʦʛʦʨʦʞʘ ï ʨʝʟʠʥʦʚʘ 

çʶʙʢʘè (çʩʧʽʜʥʠʮʷè) ʧʦ ʚʩʴʦʤʫ ʧʝʨʠʤʝʪʨʫ ʜʥʠʱʘ. ʊʘʢʠʡ ʧʨʠʩʪʨʽʡ ʜʘʻ ʟʤʦʛʫ ʙʫʪʠ ʘʤʬʽʙʽʡʥʠʤ, 

ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ ʩʫʜʥʘ ʚʠʭʦʜʠʪʠ ʥʘ ʙʝʨʝʛ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʂʇʇ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʤʦʨʽ: ʜʝʩʘʥʪʥʦ-

ʰʪʫʨʤʦʚʽ ʢʘʪʝʨʠ çʉʢʘʪè ʧʨʦʝʢʪ 1205, ʜʝʩʘʥʪʥʽ ʢʦʨʘʙʣʽ çʆʤʘʨè, çʂʘʣʴʤʘʨè, ʨʘʢʝʪʥʦ-

ʘʨʪʠʣʝʨʽʡʩʴʢʠʡ çʂʘʩʘʪʢʘè, çʊʨʘʣʴʱʠʢè ʪʦʱʦ. ɺʠʜʘʪʥʠʤ ʩʘʤʠʤ ʥʘʡʙʽʣʴʰʠʤ ʂʇʇ ʫ ʩʚʽʪʽ, 

ʧʦʙʫʜʦʚʘʥʠʤ ʥʘ ʟ-ʜʽ çʄʦʨʝè ï ʘʤʬʽʙʽʡʥʠʡ ʜʝʩʘʥʪʥʦ-ʰʪʫʨʤʦʚʠʡ ʢʦʨʘʙʝʣʴ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ 

ʧʨʦʝʢʪ 12380 çɿʫʙʨè: ʚʦʜʦʪʦʥʥʘʞʥʽʩʪʴ 550 ʪ, ʤʦʨʝʭʽʜʥʽʩʪʴ ʥʘ ʇʇ ʜʦ 4-ʭ ʙʘʣʽʚ, ʰʚʠʜʢʽʩʪʴ ʥʘ ʇʇ 

ʈʠʩʫʥʦʢ 5 ï ʐʚʠʜʢʦʭʽʜʥʘ ʤʦʪʦʨʥʘ ʷʭʪʘ  

ʥʘ ʛʘʟʦʚʽʡ ʢʘʚʝʨʥʽ çʅʘʫʪʽʣʫʩ-62è 
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ʜʦ 60 ʚʫʟʣʽʚ, ʘʚʪʦʥʦʤʥʽʩʪʴ 5 ʜʽʙ, ʚʘʥʪʘʞʦʚʤʽʩʪʠʤʽʩʪʴ 150 ʪ, ʝʢʽʧʘʞ 27 ʯʦʣʦʚʽʢ, ʜʘʣʴʥʽʩʪʴ 400 ʤʽʣʴ, 

ʜʝʩʘʥʪʦʚʤʽʩʪʠʤʽʩʪʴ 500 ʦʩʽʙ. ʆʟʙʨʦʻʥʥʷ 2 ʘʨʪʫʩʪʘʥʦʚʢʠ ɸʂ600ʄ ʢʘʣʽʙʨʦʤ 30ʤʤ, ʜʚʽ ʈʇʋ 

ʢʘʣʽʙʨʦʤ 140 ʤʤ, ʧʝʨʝʥʦʩʥʘ ʫʩʪʘʥʦʚʢʘ çɯʛʣʘè. ʊʨʠ ʧʦʚʽʪʨʷʥʽ ʛʚʠʥʪʘ ʜʽʘʤʝʪʨʦʤ 2,0 ʤ ʫ ʥʘʩʘʜʢʘʭ. 

çɿʫʙʨè ʧʨʠʡʤʘʚ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʙʽʣʷ ʙʝʨʝʛʽʚ ʏʝʯʥʽ ʫ ʚʠʟʚʦʣʝʥʽ ʧʨʝʟʠʜʝʥʪʘ ɻʨʫʟʽʾ ʐʝʚʘʨʜʥʘʜʟʝ . 

 

ʈʠʩʫʥʦʢ 6 ï ɺʠʩʘʜʢʘ ʜʝʩʘʥʪʫ ʈʠʩʫʥʦʢ 7 ï ɼʂɺʇ ʧʨ.1238 çɿʫʙʨè ʅʘ ʭʦʜʫ  

 

5. ɽʢʨʘʥʦʧʣʘʥʠ ï ʮʝʡ ʪʠʧ ʩʫʜʝʥ ʫ ʷʢʦʩʪʽ ʧʽʜʽʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʨʦʪʢʽ 

ʢʨʠʣʘ, ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʝʢʨʘʥʥʦʛʦ ʝʬʝʢʪʫ ʧʦʙʣʠʟʫ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʩʫʰʽ, ʚʦʜʠ ʪʦʱʦ 

(çʝʢʨʘʥʫè) ʧʽʜ ʯʘʩ ʧʦʯʘʪʢʫ ʨʫʭʫ (ʜʠʥʘʤʽʢʠ) ʟʘ ʨʘʭʫʥʦʢ ʥʘʙʽʛʘʶʯʦʛʦ ʱʽʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ 

ʩʫʜʥʦ ʧʽʜʽʡʤʘʻʪʴʩʷ ʥʘʜ ʧʦʚʝʨʭʥʝʶ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʻ ʦʧʽʨ ʪʘ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ. ʎʝ ʷʚʠʱʝ 

ʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ: 1-ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ (çʝʢʨʘʥʫè) ʟʘʚʜʷʢʠ ʷʢʦʾ ʟô̫ ʚʣʷʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʘ ʧʽʜʡʦʤʥʘ ʩʠʣʘ ʥʘ ʢʨʠʣʽ ʩʫʜʥʘ. ʆʜʥʠʤ ʟ ʨʦʜʦʥʘʯʘʣʴʥʠʢʽʚ ʝʢʨʘʥʥʦʛʦ ʝʬʝʢʪʫ, ʪʝʦʨʝʪʠʢʽʚ, 

ʘʚʪʦʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʨʦʟʨʦʙʥʠʢʦʤ ʨʝʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ɽʇ, ɽʃ ʷʚʣʷʻʪʴʩʷ ʪʦʡ ʞʝ ʛʝʥʽʘʣʴʥʠʡ 

ʢʦʥʩʪʨʫʢʪʦʨ ʈ.ɭ. ɸʣʻʢʩʻʻʚ, ʷʢʠʡ ʚʧʝʨʰʝ ʫ ʩʚʽʪʽ ʨʦʟʨʦʙʠʚ ʪʝʦʨʽʶ ʝʢʨʘʥʥʦʛʦ ʝʬʝʢʪʫ ʽ ʟʘʩʪʦʩʫʚʘʚ 

ʫ ʩʚʦʾʭ ʩʫʯʘʩʥʠʭ ʧʨʦʝʢʪʘʭ ʜʦ ʷʢʠʭ ʚʽʥ ʧʝʨʝʡʰʦʚ ʚʽʜ ʢʨʠʣʦʭʦʜʽʚ. ʅʘʡʙʽʣʴʰʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ 

ʩʚʦʛʦ ʯʘʩʫ ʙʫʣʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʜʝʩʘʥʪʥʠʡ ʝʢʨʘʥʦʧʣʘʥ çʆʨʣʝʥʦʢè ʪʘ ʫʜʘʨʥʠʡ ʝʢʨʘʥʦʧʣʘʥ çʃʫʥʴè. 

ɹʫʣʠ ʪʘʢʦʞ ʟʙʫʜʦʚʘʥʽ ï ʮʠʚʽʣʴʥʠʡ ʝʢʨʘʥʦʧʣʘʥ çɸʤʬʽʩʪʘʨè, ʤʦʨʩʴʢʠʡ ʧʘʩʘʞʠʨʩʴʢʠʡ ʝʢʨʘʥʦʧʣʘʥ 

ʄɸɽ-200, ʧʘʩʘʞʠʨʩʴʢʠʡ ʝʢʨʘʥʦʧʣʘʥ çɯʚʦʣʛʘè ʪʦʱʦ. 

 

 
ʈʠʩʫʥʦʢ 8 ï ʊʨʘʥʩʧʦʨʪʥʦ-ʜʝʩʘʥʪʥʠʡ ʝʢʨʘʥʦʧʣʘʥ  

çʆʨʣʝʥʦʢè. ʈʫʭ ʧʦʙʣʠʟʫ ʝʢʨʘʥʫ 

 
ʈʠʩʫʥʦʢ 9 ï ʋʜʘʨʥʠʡ ʝʢʨʘʥʦʧʣʘʥ çʃʫʥʴè.  

ʈʫʭ ʧʦʙʣʠʟʫ ʝʢʨʘʥʫ 

 

ɽʢʨʘʥʦʧʣʘʥ çʃʫʥèɹ (ʧʨʦʝʢʪ 903, ʢʦʜ ʅɸʊʆ: çUtkaè) ï ʧʝʨʰʠʡ ʢʦʨʘʙʝʣʴ ʽʟ ʩʝʨʽʾ 

ʨʘʢʝʪʦʥʦʩʥʠʭ ʝʢʨʘʥʦʧʣʘʥʽʚ. ʈʦʟʤʘʭ ʢʨʠʣ ï 44 ʤ. ɼʦʚʞʠʥʘ ï 73 ʤ. ɽʢʽʧʘʞ ï 10 ʦʩʽʙ. ɺʠʩʦʪʘ 

ʧʦʣʴʦʪʫ ï 1-5 ʤ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ. ʄʘʢʩʠʤʘʣʴʥʘ ʟʣʽʪʥʘ ʚʘʛʘ ï 380 ʪ. ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

500 ʢʤ/ʛʦʜ. ɼʘʣʴʥʽʩʪʴ: 2000 ʢʤ. ʄʘʚ 8 ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʅʂ-87. 
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ʅʘ ʟʘʚʦʜʽ çʄʦʨʝè ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦ ʧʦʯʘʪʦʢ ʧʦʙʫʜʦʚʠ ʝʢʨʘʥʦʧʣʘʥʽʚ ʪʠʧʫ çɯʚʦʣʛʘè, 

çɸʤʬʽʩʪʘʨè, ʉʄ ʪʘ ʽʥʰʠʭ. ʋ ʟʚô̫ ʟʢʫ ʟ ʚʽʜʦʤʠʤʠ ʧʦʜʽʷʤʠ ʚʠʨʦʙʥʠʮʪʚʦ ʮʠʭ ʝʢʨʘʥʦʧʣʘʥʽʚ ʙʫʣʦ 

ʟʛʦʨʥʫʪʝ ʥʘ ʥʝʚʠʟʥʘʯʝʥʠʡ ʪʝʨʤʽʥ. ɺʝʣʠʢʠʡ ʚʢʣʘʜ ʚ ʧʦʙʫʜʦʚʫ ʢʨʠʣʦʭʦʜʽʚ ʪʘ ʉʇʇ ʟʨʦʙʣʝʥʦ ʧʽʜ 

ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʧʦʩʘʜʽ ɻʝʥʝʨʘʣʴʥʠʭ ʜʠʨʝʢʪʦʨʽʚ ʟ-ʜʫ çʄʦʨʝè ï ʚʠʧʫʩʢʥʠʢʦʤ ʅʂɯ 

ʃ.ʉ. ɸʩʪʘʭʦʚʠʤ (1930-2015) ʽ ʃ.ɯ. ɹʦʛʘʪʦʚʠʤ (1948 ʨ.ʥ), ʚʠʧʫʩʢʥʠʢʦʤ ʍɸɯ, ʙʫʚʰʦʛʦ 

ʥʘʯʘʣʴʥʠʢʦʤ ɺɻʂ ʟ-ʜʫ çʄʦʨʝè. 

ɺʠʩʥʦʚʦʢ. ʋ ʢʦʨʦʪʢʦʤʫ ʽʩʪʦʨʠʯʥʦʤʫ ʦʛʣʷʜʽ ʜʘʥʦ ʦʧʠʩ ʫʥʽʢʘʣʴʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʫ ï ʟ-ʜʫ 

çʄʦʨʝè ʪʘ ʡʦʛʦ ʫʥʽʢʘʣʴʥʽʡ ʧʨʦʜʫʢʮʽʾ ï ʰʚʠʜʢʽʩʥʠʭ ʩʫʜʝʥ ʟ ʣʝʛʢʠʭ ʩʧʣʘʚʽʚ, ʨʫʭ ʷʢʠʭ 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʜʠʥʘʤʽʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʧʽʜʪʨʠʤʢʠ, ʷʢʽ ʟʨʦʙʠʣʠ ʨʝʚʦʣʶʮʽʶ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ 

ʍʍɯ ʩʪʦʣʽʪʪʷ. ʋ ʽʩʪʦʢʘʭ (ʜʞʝʨʝʣʘʭ) ʮʠʭ ʨʝʚʦʣʶʮʽʡ ʩʪʦʷʚ ʛʝʥʽʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ 

ʈ.ɭ. ɸʣʻʢʩʻʻʚ, 80% ʷʢʠʭ ʫ ʩʚʽʪʽ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʡʦʛʦ ʧʨʦʝʢʪʘʤʠ, ʘ 40% ʟ ʥʠʭ ʟ-ʜʦʤ çʄʦʨʝè.  
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Abstract. A brief historical overview of one of the most prominent enterprises in the world and 

its diverse modern products is given ï ships and vessels with a dynamic support principle, such as 

passenger (civilian) and military hydrofoil ships (hydrofoils), etc. 
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ɼʉʊʋ ɻʆʉʊ 2.317:2014, ʧʦʙʫʜʦʚʘʥʽ ʜʚʦʚʠʤʽʨʥʽ ʘʢʩʦʥʦʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʫʟʣʽʚ ʢʦʨʧʫʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʉʢʦʥʩʪʨʫʡʦʚʘʥʽ ʥʘʦʯʥʽ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʜʝʷʢʠʭ ʚʫʟʣʽʚ ʢʦʨʧʫʩʫ ʩʫʜʥʘ ʪʘ 

ʬʫʥʜʘʤʝʥʪʽʚ ʧʽʜ ʩʫʜʥʦʚʝ ʦʙʣʘʜʥʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; ʘʢʩʦʥʦʤʝʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ; ʪʨʠʚʠʤʽʨʥʘ 

ʤʦʜʝʣʴ; ʛʨʘʬʽʯʥʘ ʩʠʩʪʝʤʘ AutoCAD; ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʨʧʫʩʫ ʩʫʜʥʘ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʾʭ ʙʫʜʽʚʥʠʮʪʚʽ ʧʨʦʝʢʪʘʥʪʦʤ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʨʝʩʣʝʥʠʢʽʚ [1], ʩʝʨʝʜ ʷʢʠʭ ʪʝʦʨʝʪʠʯʥʠʡ 

ʢʨʝʩʣʝʥʠʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʢʨʝʩʣʝʥʠʢʠ ʢʦʨʧʫʩʫ ʩʫʜʥʘ, ʢʨʝʩʣʝʥʠʢʠ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʩʫʜʥʘ, ʩʢʣʘʜʘʣʴʥʽ ʢʨʝʩʣʝʥʠʢʠ ʩʫʜʥʦʚʠʭ ʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʱʦ. ɿ ʧʦʷʚʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ [2], [3] ʧʨʦʮʝʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʫʜʝʥ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʚʩʷ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʧʽʜʚʠʱʠʣʘʩʴ. ɿʘʚʜʷʢʠ ʪʨʠʚʠʤʽʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʟô̫ ʚʠʣʘʩʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ ʘʙʦ ʥʘʚʽʪʴ ʟʘʛʣʷʥʫʪʠ ʚʩʝʨʝʜʠʥʫ 

ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʦʙô̒ ʢʪʘ. ʉʫʯʘʩʥʽ ʩʫʜʥʦʙʫʜʽʚʥʽ ʢʨʝʩʣʝʥʠʢʠ ʤʽʩʪʷʪʴ ʦʢʨʝʤʽ, ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʜʣʷ ʯʠʪʘʥʥʷ, ʚʫʟʣʠ ʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʤʠ ʧʨʦʝʢʮʽʷʤʠ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʩʫʜʥʦʙʫʜʽʚʥʠʢʘʤ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ 

ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʫʟʣʽʚ ʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ AutoCAD. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʇʨʠ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʪʝʭʥʽʯʥʠʭ ʦʙô̒ ʢʪʽʚ 

ʦʩʥʦʚʥʽ ʪʨʫʜʦʚʠʪʨʘʪʠ ʧʦʚô̫ ʟʘʥʽ ʥʝ ʩʪʽʣʴʢʠ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʦʙô̒ ʢʪʫ, ʩʢʽʣʴʢʠ ʟ ʤʦʜʠʬʽʢʘʮʽʻʶ 

ʙʘʟʦʚʠʭ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ. ʊʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ ʘʥʘʣʽʟʫ 

ʦʙô̒ ʢʪʘ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʽ ʩʠʥʪʝʟʫ ʡʦʛʦ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʽʟ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠ ʩʠʥʪʝʟʽ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʷ ʙʝʟ ʟʘʩʦʙʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʜʚʦʚʠʤʽʨʥʠʭ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʪʨʠʚʠʤʽʨʥʠʭ ʥʘʦʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʨʠʢʣʘʜʽ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ɻʆʉʊ 2.317:2014 ʧʝʨʝʜʙʘʯʝʥʦ ʜʝʢʽʣʴʢʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʚʠʜʽʚ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʧʨʦʝʢʮʽʡ. ʂʨʽʤ ʮʴʦʛʦ ʮʝʡ ʩʪʘʥʜʘʨʪ ʫ ʥʝʦʙʭʽʜʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʘʻ 

ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʽʥʰʠʭ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʧʨʦʝʢʮʽʡ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ 

ʥʘʧʨʷʤʫ ʧʦʛʣʷʜʫ ʥʘ ʦʙô̒ ʢʪ, ʷʢʠʡ ʟʦʙʨʘʞʫʻʪʴʩʷ. ʉʘʤʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʫʜʥʦʚʠʭ ʢʦʨʧʫʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʅʘ ʨʠʩ. 1. ʟʤʦʜʝʣʴʦʚʘʥʘ ʽʟʦʤʝʪʨʠʯʥʘ ʘʢʩʦʥʦʤʝʪʨʽʷ (ʧʨʷʤʦʢʫʪʥʘ ʽʟʦʤʝʪʨʽʷ) ʚʫʟʣʘ ʩʫʜʥʦʚʦʾ 

ʢʦʨʧʫʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʟô̒ ʜʥʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʧʝʨʝʙʽʨʢʠ ʟ ʧʦʜʦʚʞʥʴʦʶ (ʧʦʨʷʜ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʦʩʝʡ). ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʷʤʦʢʫʪʥʘ ʜʠʤʝʪʨʠʯʥʘ 

ʘʢʩʦʥʦʤʝʪʨʽʷ ʚʫʟʣʘ ʩʫʜʥʦʚʦʾ ʢʦʨʧʫʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ï ʟô̒ ʜʥʘʥʥʷ ʢʘʨʣʽʥʛʩʘ ʟ ʚʝʨʭʥʴʦʶ ʧʘʣʫʙʦʶ 

ʽ ʧʦʧʝʨʝʯʥʦʶ ʧʝʨʝʙʽʨʢʦʶ. ʎʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʘʤʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ AutoCAD ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʘʥʜ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ ʪʘ ʧʨʦʩʪʦʛʦ ʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʾʭ ʨʝʜʘʛʫʚʘʥʥʷ (COPY, ROTATE, OFFSET, TRIM, HATCH ʪʦʱʦ). 

ɺʠʢʦʨʠʩʪʘʥʦ ʨʝʞʠʤʠ ʦʙô̒ ʢʪʥʦʾ ʧʨʠʚô̫ ʟʢʠ ʜʣʷ ʪʦʯʥʦʩʪʽ ʧʦʙʫʜʦʚ. 

ʅʠʞʯʝ ʧʦʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʤʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʜʝʷʢʠʭ ʩʫʜʥʦʚʠʭ ʢʦʨʧʫʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋʩʽ ʚʦʥʠ ʧʦʙʫʜʦʚʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʘʥʜ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ. 
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ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʩʪʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʩʫʜʥʦʚʦʛʦ ʢʦʨʧʫʩʥʦʛʦ ʚʫʟʣʘ, ʢʦʣʠ 

ʩʧʦʩʪʝʨʽʛʘʯ ʜʠʚʠʪʴʩʷ ʥʘ ʦʙô̒ ʢʪ ʟʣʽʚʘ-ʟʚʝʨʭʫ, ʘ ʥʘ ʨʠʩ. 4 ʚʠʢʦʥʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʧʨʘʚʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʱʦ ʜʘʻ ʚʠʜ ʟʣʽʚʘ-ʟʥʠʟʫ. ʇʨʠ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʢʘʟʘʥʠʭ ʢʦʨʧʫʩʥʠʭ 

ʚʫʟʣʽʚ ʢʨʽʤ ʢʦʤʘʥʜ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʧʝʨʘʮʽʾ 

ɹʫʣʝʚʦʾ ʘʣʛʝʙʨʠ, ʪʦʙʪʦ ʢʦʤʘʥʜʠ UNION, SUBSTRACT ʪʘ INTERSECT ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, 

ʪʘ ʢʦʤʘʥʜʘ 3-D ORBIT ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʢʩʦʥʦʤʝʪʨʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪ ʧʽʜ ʩʫʜʥʦʚʠʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʧʦʜʘʥʠʡ ʪʨʠʚʠʤʽʨʥʦʶ 

ʤʦʜʝʣʣʶ. ʇʦʟʜʦʚʞʥʷ ʙʘʣʢʘ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6. 

ʆʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪʠ ʥʘʙʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʪʦʨʶʶʪʴʩʷ ʙʘʛʘʪʦ ʨʘʟʽʚ ʘʙʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʘʥʜʠ 3-D 

COPY, 3-D ROTATE ʪʘ 3-D MIRROR ʜʣʷ ʢʦʧʽʶʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ ʪʘ ʚʽʜʜʟʝʨʢʘʣʶʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ. ʂʨʽʤ ʮʴʦʛʦ ʢʦʤʘʥʜʘʤʠ BOX, CYLINDER, WEDGE, EXTRUDE, UNION, 

SUBSTRACT ʪʘ ʽʥʰʠʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ 3-D ʤʦʜʝʣʽ ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʙʦʚôʷʟʢʦʚʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʝʞʠʤʫ ʦʙôʻʢʪʥʦʾ 

ʧʨʠʚôʷʟʢʠ, ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʛʽʟʤʦ ʜʣʷ ʧʨʦʩʪʽʰʦʛʦ 

ʚʢʘʟʫʚʘʥʥʷ ʥʘ ʧʦʪʨʽʙʥʫ ʧʣʦʱʠʥʫ ʘʙʦ ʚʽʩʴ ʧʨʠ ʚʽʜʪʚʦʨʶʚʘʥʥʽ ʩʢʣʘʜʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʘ.  

ʈʠʩʫʥʦʢ 2 ʈʠʩʫʥʦʢ 1 

ʈʠʩʫʥʦʢ 3 ʈʠʩʫʥʦʢ 4 
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ɺʠʩʥʦʚʢʠ: ɺ ʛʨʘʬʽʯʥʽʡ ʩʠʩʪʝʤʽ AutoCAD ʧʨʦʚʝʜʝʥʦ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʷʢʠʭ 

ʚʫʟʣʽʚ ʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʙʫʜʦʚʘʥʽ ʘʢʩʦʥʦʤʝʪʨʠʯʥʽ ʜʚʦʚʠʤʽʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʫʟʣʽʚ ʟ 

ʚʢʘʟʽʚʢʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʩʦʥʦʤʝʪʨʠʯʥʠʭ ʦʩʝʡ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ ɻʆʉʊ 2.317:2014. 

ʉʢʦʥʩʪʨʫʡʦʚʘʥʽ ʜʝʷʢʽ ʥʘʦʯʥʽ ʦʙô̒ ʤʥʽ ʤʦʜʝʣʽ ʚʫʟʣʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʩʫʜʝʥ ʪʘ ʬʫʥʜʘʤʝʥʪʠ 

ʧʽʜ ʩʫʜʥʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʩʧʦʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʢʣʘʜʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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FEATURES OF GEOMETRIC MODELING OF IMAGES OF VESSEL HULL 

STRUCTURES IN THE AUTOCAD SYSTEM  

Bidnichenko Olena G. 

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine 

The work is devoted to highlighting the features of geometric modeling of twoï and three-

dimensional images of ship hull structures in the AutoCAD graphics system. The location of the 

coordinate axes for axonometric images is given in accordance with DSTU GOST 2.317:2014, and 

some two-dimensional axonometric images of the nodes of the hull structures are constructed. Visual 

three-dimensional models of some ship hull components and foundations for ship equipment have 

been constructed. 

Keywords: geometric modeling; axonometric images; three-dimensional model; AutoCAD 

graphics system; ship hull design. 
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ʆʈɻɸʅɯɿɸʎɯʁʅʆ-ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʇʆʂɸɿʅʀʂ 

ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʅʆɺʆʉʊɺʆʈɽʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

ʇʈʆʄʀʉʃʆɺʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ 

 

ʉʽʤʫʪʻʥʢʦʚ ɯ.ɺ. 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ  

ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

simutenkovivan@gmail.com 

ɼʨʘʛʘʥ ʉ.ɺ. 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʅʋʂ,  

ʚ. ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ  

ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

stanyslav.dragan@nuos.edu.ua 

 

ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʟʚʘʨʥʠʭ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʧʨʠʢʣʘʜʽ ʟʘʛʦʪʽʚʝʣʴʥʦʛʦ ʪʘ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çɺʂ çɸʚʪʦʩʪʨʘʜʘè ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʠʪʝʨʽʻʤ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ 

ʩʣʫʛʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʘʰʠʥʥʠʤ ʯʘʩʦʤ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʠʤ ʬʦʥʜʦʤ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʨʘʮʶʶʯʦʛʦ ʥʘ ʥʴʦʤʫ ʧʝʨʩʦʥʘʣʫ. ʇʝʨʝʚʘʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʘʥʠʭ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʦʚʦʩʪʚʦʨʝʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʦʢʘʟʥʠʢ, ʦʧʝʨʘʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʦʚʦʩʪʚʦʨʝʥʠʤ ʚʠʜʦʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚ ʫʤʦʚʘʭ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʘʙʦ ʥʝʩʪʘʯʝʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ ʨʘʟʽ ʥʝʩʪʘʯʽ ʜʘʥʠʭ ʦʙʤʝʞʝʥʫ ʢʦʨʠʩʪʴ ʤʘʶʪʴ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ [1]. ʆʜʥʘʢ ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ ʜʽʷʣʴʥʦʩʪʽ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ï ʩʝʨʝʜ 

ʥʠʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ ʨʦʙʦʯʦʛʦ ʯʘʩʫ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ̒  ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʡʦʛʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ.  

ɽʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ 

ʷʢʠʤʠ ʟʙʠʨʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʦʙʨʦʙʢʠ.  

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʜʘʥʠʭ ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

[2]. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʟʘʩʦʙʽʚ ʬʽʢʩʘʮʽʾ ʢʦʥʪʨʦʣʴʥʠʭ ʧʦʜʽʡ 
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(ʮʽʣʴʦʚʠʭ ʩʪʘʥʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ): QR-ʢʦʜʽʚ, ʰʪʨʠʭ-ʢʦʜʽʚ, ʟʘʭʠʱʝʥʠʭ NFC ï ʤʽʪʦʢ ʘʙʦ 

ʪʨʝʢʝʨʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʘʥʘʣʽʟʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʬʦʥʜ ʨʦʙʦʯʦʛʦ ʯʘʩʫ (ʌʈʏ) ʪʘ ʚʠʨʦʙʥʠʯʘ 

ʧʨʦʛʨʘʤʘ ʚʠʧʫʩʢʫ ʚʠʨʦʙʽʚ (ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ) ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ. ʆʢʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʽʚʝʥʴ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʢʦʤʧʣʝʢʩʥʽʡ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʪʘʢʦʞ ʯʘʩʦʚʠʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ 

ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʬʦʥʜʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʝʨʩʦʥʘʣʫ, ʧʨʘʮʶʶʯʦʛʦ ʥʘ 

ʜʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʨʠʩ. 1). 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʧʦ ʟʘʛʦʪʽʚʝʣʴʥʦʤʫ ʪʘ 

ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʘʤ. ʌʘʢʪʠʯʥʽ ʜʘʥʥʽ ʧʨʦ ʚʠʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʨʦʙʽʪʥʠʢʘʤʠ ʦʪʨʠʤʫʚʘʣʠ ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘʙʝʣʶ, ʧʦ ʤʘʰʠʥʥʦʤʫ ʯʘʩʫ ʦʙʣʘʜʥʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ 

ʨʽʟʘʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ï ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ, ʟʘʢʣʘʜʝʥʠʤʠ ʫ ʚʽʜʧʦʚʽʜʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 0 ʜʦ 1. ɿ ʥʘʙʣʠʞʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʦʜʠʥʠʮʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ 

ʚʠʨʦʙʥʠʯʽʡ ʜʽʣʴʥʠʮʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʮʽʥʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʫ ʟʘʛʦʪʽʚʝʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

 

ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʪʝ, ʱʦ ʧʝʨʰʽ ʜʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʚʞʝ ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʨʦʙʦʯʠʭ ʟʤʽʥ, ʘ ʢʝʨʽʚʥʠʮʪʚʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʞʝ ʥʘ ʧʦʯʘʪʢʫ 

ʟʘʧʫʩʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʠʤʝ ʥʝʦʙʭʽʜʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ. 

ʄʘʰʠʥʥʠʡ ʯʘʩ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ 
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ʟʚʘʨʶʚʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʙʘʟʽ ʭʤʘʨʥʦʛʦ ʩʝʨʚʽʩʫ [3]. ʇʽʜ ʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ 

ʬʘʢʪʠʯʥʠʡ ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʾ ʬʘʢʪʠʯʥʦʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ ʟʘ 

ʦʜʥʘʢʦʚʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʨʠʩ. 2). ʄʘʢʩʠʤʘʣʴʥʫ ʧʨʘʢʪʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʷʢ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʫʤʽ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ WPS, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʯʘʩʪʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʩʧʦʩʦʙʽʚ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʦʜʥʘʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

 

ʉʝʨʝʜʥʶ ʬʘʢʪʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ (ʜʦʙʫʪʦʢ ʬʘʢʪʠʯʥʦʾ ʤʘʩʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʪʘ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʜʣʷ ʩʧʦʩʦʙʽʚ ʟʚʘʨʶʚʘʥʥʷ: 121, 135, 136) ʜʦ ʬʦʥʜʫ ʨʦʙʦʯʦʛʦ 

ʯʘʩʫ ʟʚʘʨʶʚʘʣʴʥʠʢʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʝʨʽʦʜ. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʩʝʨʝʜʥʴʦʾ ʬʘʢʪʠʯʥʦʾ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʦʚô̫ ʟʢʦʚʦ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ 

(ʯʘʩʪʢʫ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʟʚʘʨʶʚʘʥʥʷ, ʷʢʫ 

ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʦʙô̒ ʤʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʩʧʦʩʦʙʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʪʨʘʪ. 

ʏʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʬʘʢʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʠʤ ʚʠʱʝ ʨʽʚʝʥʴ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʘ ʢʝʨʽʚʥʠʮʪʚʘ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʽ ʩʝʨʝʜʥʴʦʾ ʬʘʢʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦ ʨʽʚʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʟʙʽʣʴʰʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʧʨʠʷʻ ʯʽʪʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʘʮʽ ʪʘ ʨʠʪʤʽʯʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘ ʊʆɺ çɺʂ çɸʚʪʦʩʪʨʘʜʘè ʧʦʢʘʟʘʚ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚʠʨʽʰʫʚʘʪʠ ʦʩʥʦʚʥʝ 

ʟʘʚʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ï ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʘʥʦʛʦ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʜʘʪʢʦʚʠʡ ʧʦʢʘʟʥʠʢ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʮʽʥʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʝʨʩʦʥʘʣʫ ʪʘ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʝʨʽʚʥʠʮʪʚʫ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʞʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

2. ʅʘ ʧʨʠʢʣʘʜʽ ʟʘʛʦʪʽʚʝʣʴʥʦʛʦ ʪʘ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʊʆɺ çɺʂ çɸʚʪʦʩʪʨʘʜʘè ʧʦʢʘʟʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. 
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CRITERION FOR DETERMINING THE EFFICIENCY OF NEWLY CREATED 

PRODUCTION 

Simutienkov Ivan Viktorovych, Dragan Stanislav Volodymyrovych 

Admiral Makarov National University of Shipbuilding.  

Text of the annotation: A methodology for determining the efficiency of a newly established 

production facility for the manufacture of welded metal structures is presented. It is shown that the 

criterion for determining the efficiency of the procurement and assembly-welding types of production 

can be the ratio between the machine time of mechanized and automated equipment and the total 

working time of the personnel working on it. The advantage of using this criterion to analyze newly 

created production is the speed of obtaining data for its determination. 

Keywords: newly created production, efficiency criterion, operational management, 

automation. 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʷʢʠʡ ʻ ʩʢʣʘʜʦʚʦʶ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʩʘʤʦʨʫʭʦʤʦʛʦ ʥʝʥʘʩʝʣʝʥʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʘʧʘʨʘʪʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʣʘʥʦʢ ʪʘ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʽʚ ʽ 

ʟʚʦʨʦʪʥʠʭ ʟʚô̫ ʟʢʽʚ ʟʘ ʰʚʠʜʢʽʩʪʶ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ RS-485. ʋʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʨʝʟʝʨʚʫʚʘʥʥʶ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ; ʤʘʥʽʧʫʣʷʪʦʨ; ʢʝʨʫʚʘʥʥʷ. 
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ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɿʨʦʩʪʘʶʯʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʠʤʫʣʶʻ 

ʧʦʧʠʪ ʥʘ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ [1]. ʆʢʨʽʤ ʥʘʟʝʤʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʤʽʩʮʝ ʚ ʧʽʜʚʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʜʝ ʾʭ ʟʘʣʫʯʝʥʥʷ 

ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʚʦʜʥʠʭ ʤʽʩʽʡ [2]. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʧʽʜʚʦʜʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʷʢʽ ʟʜʘʪʥʽ ʧʽʜʥʽʤʘʪʠ ʪʘ ʧʝʨʝʤʽʱʫʚʘʪʠ 

ʚʘʥʪʘʞʽ ʨʽʟʥʦʾ ʬʦʨʤʠ ʪʘ ʤʘʩʠ [3]. ɸʢʪʫʘʣʴʥʠʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʚʘʥʪʘʞʽʚ 

ʤʘʩʦʶ ʥʝ ʙʽʣʴʰʝ 12 ʢʛ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʘʭʚʘʪʫ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʥʪʘʞʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʘʤʦʨʫʭʦʤʽ ʥʝʥʘʩʝʣʝʥʽ ʧʽʜʚʦʜʥʽ ʘʧʘʨʘʪʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʦʰʫʢʦʚʠʭ ʪʘ ʽʥʩʧʝʢʮʽʡʥʠʭ ʧʽʜʚʦʜʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʙʽʪ ʥʘ ʟʥʘʯʥʠʭ ʛʣʠʙʠʥʘʭ, ʜʝ 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʘʙʦ ʞ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʠʤ. ɼʦ ʩʢʣʘʜʫ ʧʦʜʽʙʥʠʭ ʘʧʘʨʘʪʽʚ 

ʚʭʦʜʠʪʴ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʝ ʙʦʨʪʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʦʚʘʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʧʽʜ ʯʘʩ ʧʽʜʚʦʜʥʠʭ ʤʽʩʽʡ. ʆʜʥʠʤ ʟ ʨʽʟʥʦʚʠʜʽʚ ʧʦʜʽʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ 

ʧʽʜʚʦʜʥʠʡ ʤʘʥʽʧʫʣʷʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙô̒ ʢʪʘʤʠ ʥʘ ʜʥʽ ʤʦʨʽʚ ʽ 

ʦʢʝʘʥʽʚ. ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʟʛʽʜʥʦ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʽʜʚʦʜʥʠʤ ʤʘʥʽʧʫʣʷʪʦʨʦʤ 

 

ɿʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʪʘ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ (ɽ) ʣʘʥʦʢ (ʃ) 1-3 ï ɽʃ1, 

ɽʃ2, ɽʃ3 ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ (ɿʇ) ʧʦʢʣʘʜʝʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʪʨʦʣʝʨʠ 

ʣʘʥʦʢ (ʂʃ) ï ʂʃ1, ʂʃ2, ʂʃ3 ʪʘ ʢʦʥʪʨʦʣʝʨ ʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʂɿʇ). ɼʘʥʽ ʢʦʥʪʨʦʣʝʨʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ (ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ) ɽ ʣʘʥʦʢ 1-3 ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ɿʇ (ɽɿʇ). 
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʢʦʥʪʫʨʠ ʢʝʨʫʚʘʥʥʷ 

ʟʘʤʢʥʫʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʦʨʦʪʥʠʭ ʟʚô̫ ʟʢʽʚ (ɿɿ) ʟʘ ʰʚʠʜʢʦʩʪʷʤʠ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ʉʧʦʣʫʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʩʠʩʪʝʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ (ʉɯʆ) ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʙʘʟʽ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ (ʂ). ʉʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʥʘʜʭʦʜʷʪʴ ʜʦ ʂ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʨʬʝʡʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ (ɯɯʆ), ʪʨʘʥʩʣʶʶʪʴʩʷ ʜʦ ʬʦʨʤʠ, ʩʫʤʽʩʥʦʾ ʟ ʢʦʥʪʨʦʣʝʨʘʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʣʘʥʦʢ ʽ ɿʇ ʪʘ ʥʘʜʭʦʜʷʪʴ ʜʦ ʦʩʪʘʥʥʽʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʽʚ ʢʝʨʫʚʘʥʥʷ (ɯʂ). 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʢʦʤʧʣʝʢʩ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʜʽʣʠʪʠ ʥʘ ʧʽʜʩʠʩʪʝʤʠ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʢʝʨʫʻʪʴʩʷ ʚʣʘʩʥʦʶ ʰʠʥʦʶ ʥʘ ʙʘʟʽ ʚʠʜʽʣʝʥʦʛʦ ɯʂ. 

ɺ ʷʢʦʩʪʽ ɯʂ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʨʬʝʡʩ RS-485, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʟʘ ʬʽʟʠʯʥʦʶ 

ʪʦʧʦʣʦʛʽʻʶ çʟʘʛʘʣʴʥʘ ʰʠʥʘè ʪʘ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʚʽʜ ʰʫʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʚʝʜʝʥʽ ʜʦ 

ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʻ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʥʘ ʷʢʠʡ ʧʦʢʣʘʜʝʥʦ ʚʠʨʽʰʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

ï ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʚʠʱʦʛʦ ʨʽʚʥʷ ʪʘ ʢʦʥʪʨʦʣʝʨʘʤʠ ʣʘʥʦʢ ʢʦʤʧʣʝʢʩʫ; 

ï ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʜʣʷ ʢʦʥʪʨʦʣʝʨʽʚ ʣʘʥʦʢ ʢʦʤʧʣʝʢʩʫ ʟʛʽʜʥʦ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚʽʜ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʱʦʛʦ ʨʽʚʥʷ; 

ï ʧʝʨʽʦʜʠʯʥʝ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ɿɿ ʣʘʥʦʢ ʪʘ ɿʇ; 

ï ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ; 

ï ʘʚʘʨʽʡʥʝ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʫ ʨʘʟʽ ʪʨʠʚʘʣʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʤʘʥʜ ʚʽʜ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʱʦʛʦ ʨʽʚʥʷ. 

ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (ʄʂ) ʤʦʜʝʣʽ PIC24F32KA302 

ʬʽʨʤʠ Microchip ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6 ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʥʪʝʨʬʝʡʩʽʚ çSPI-RS485è. ʄʂ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʤʘʥʜ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʱʦʛʦ ʨʽʚʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʢʦʤʘʥʜ ʜʣʷ ʤʦʜʫʣʽʚ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʄʂ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʜʦ ʨʽʚʥʽʚ ʩʫʤʽʩʥʠʭ ʟ 

ʽʥʪʝʨʬʝʡʩʦʤ RS-485 ʚʠʢʦʨʠʩʪʘʥʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ADM2587E ʚʠʨʦʙʥʠʮʪʚʘ Analog Devices. 

ɼʘʥʠʡ ʝʣʝʤʝʥʪ ʚʠʢʦʥʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ UART-ʩʫʤʽʩʥʠʭ ʩʠʛʥʘʣʽʚ ʜʦ ʩʠʛʥʘʣʽʚ ʩʫʤʽʩʥʠʭ ʟʽ 

ʩʪʘʥʜʘʨʪʦʤ IEEE-485. ʇʝʨʝʪʚʦʨʶʚʘʯ ʤʘʻ ʚʙʫʜʦʚʘʥʠʡ ʤʦʜʫʣʴ ʛʘʣʴʚʘʥʽʯʥʦʾ ʽʟʦʣʷʮʽʾ ʽʥʪʝʨʬʝʡʩʫ 

UART ʚʽʜ ʰʠʥʠ RS-485 ʪʘ ʟʤʝʥʰʝʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʰʫʤʽʚ ʫ ʰʠʥʽ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʧʝʨʝʜʙʘʯʝʥʦ ʨʝʟʝʨʚ ʥʘ ʚʠʧʘʜʦʢ ʚʽʜʤʦʚʠ ʚ 

ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʨʦʙʽʪ. ɿʚô̫ ʟʦʢ ʤʽʞ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ADM2587E ʪʘ ʄʂ 

ʦʨʛʘʥʽʟʦʚʘʥʦ ʥʘ ʙʘʟʽ ʽʥʪʝʨʬʝʡʩʫ SPI. ʇʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʽʥʪʝʨʬʝʡʩʽʚ: ʧʝʨʰʦʛʦ ï 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʤʦʜʫʣʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʚʠʱʦʛʦ 

ʨʽʚʥʷ, ʜʨʫʛʦʛʦ ï ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘʤʠ ʣʘʥʦʢ ʢʦʤʧʣʝʢʩʫ.  

ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʄʂ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ADM2587E ʧʦʢʣʘʜʝʥʦ ʥʘ ʤʽʢʨʦʩʭʝʤʫ 

SC16IS740IPW ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ NXP. ɼʘʥʠʡ ʝʣʝʤʝʥʪ ʧʨʠʡʤʘʻ ʜʘʥʽ ʚʽʜ ʄʂ ʧʦ ʽʥʪʝʨʬʝʡʩʫ 

SPI ʫ ʚʥʫʪʨʽʰʥʽʡ ʙʫʬʝʨ ʪʘ ʦʨʛʘʥʽʟʦʚʫʻ ʧʦʩʣʽʜʦʚʥʫ ʾʭ ʧʝʨʝʜʘʯʫ ʟʘʩʦʙʘʤʠ ʚʙʫʜʦʚʘʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ UART. ʐʚʠʜʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʽʥʪʝʨʬʝʡʩʦʤ UART ʪʘ ʬʦʨʤʘʪʠ 

ʩʠʤʚʦʣʽʚ ʟʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ: 

1. ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʽʜʚʦʜʥʦʛʦ ʤʘʥʽʧʫʣʷʪʦʨʘ ʪʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 
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ʥʝʥʘʩʝʣʝʥʠʭ ʧʽʜʚʦʜʥʠʭ ʘʧʘʨʘʪʽʚ. 
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CONTROL SYSTEM OF AN UNDERWATER MANIPULATOR ELECTRIC DRIVE  

Voitasyk Andrii  Mykolayovych 

Admiral Makarov National University of Shipbuilding 

Abstract. The paper considers the structural organization of the control system of the electric 

drive of the underwater manipulator, which is a component of the onboard equipment of a self-

propelled unmanned underwater vehicle. A functional scheme for controlling the electric motors of 

the links and the gripping device using controllers and speed feedback is proposed. The architecture 

of the control module based on the microcontroller and the features of information exchange via the 

RS-485 interface are described in detail. Attention is paid to increasing the reliability and noise 

immunity of the control system, as well as the redundancy of communication channels to ensure the 

continuity of manipulation operations. 

Keywords: underwater environment; manipulator; control 
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ɸʥʦʪʘʮʽʷ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʥʝ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʦʙʫʤʦʚʣʝʥʦ ʙʝʟ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʤʽʨʢʫʚʘʥʴ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʠ ʥʘʜʽʡʥʽ ʽ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʽ ʽʥʞʝʥʝʨʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʥʞʝʥʝʨʫ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʧʨʠʡʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʠʙʽʨ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʛʘʙʘʨʠʪʽʚ ʪʘ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʙʫʚ ʦʧʪʠʤʘʣʴʥʠʤ. 

ʅʘʜʘʥʦ ʩʪʠʩʣʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʝʣʽ ʙʘʨʘʙʘʥʫ ʣʝʙʽʜʢʠ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʨʘʙʘʥ ʣʝʙʽʜʢʠ, ʣʦʙʦʚʠʥʘ, ʧʽʜʢʨʽʧʣʶʶʯʽ ʝʣʝʤʝʥʪʠ, ʜʠʩʢʨʝʪʥʝ 

ʧʽʜʢʨʽʧʣʶʶʯʝ ʢʽʣʴʮʝ. 

 

ɺʩʪʫʧ. ʋ ʙʘʨʘʙʘʥʥʠʭ ʪʘ ʙʘʛʘʪʦʢʘʥʘʪʥʠʭ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥʘʭ ʢʘʥʘʪʦʨʫʰʽʡʥʠʡ ʦʨʛʘʥ ï ʮʝ 

ʦʨʛʘʥ ʥʘʚʠʚʘʥʥʷ ʢʘʥʘʪʫ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʻ ʟ ʩʝʙʝ ʟʘʤʢʥʝʥʫ ʢʨʫʛʦʚʫ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ, ʱʦ 

ʧʽʜʢʨʽʧʣʝʥʘ ʢʽʣʴʮʝʚʠʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʧʨʠʚʘʨʝʥʠʤʠ ʜʦ ʣʦʙʦʚʠʥ, ʽ ʟʘʚʘʥʪʘʞʝʥʫ 

ʢʘʥʘʪʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʃʦʙʦʚʠʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟ ʩʝʙʝ ʢʽʣʴʮʝʚʽ ʜʠʩʢʠ ʟ ʦʪʚʦʨʘʤʠ ʽ 

ʨʘʜʽʘʣʴʥʠʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʘʙʦ ʢʽʣʴʮʷ ʟʽ ʰʧʠʮʷʤʠ, ʱʦ ʟô̒ ʜʥʫʶʪʴʩʷ ʟ ʚʘʣʦʤ ʘʙʦ ʪʨʫʙʦʶ 

ʞʦʨʩʪʢʦʩʪʽ. ʈʦʟʨʘʭʫʥʦʢ ʪʘʢʦʾ ʩʢʣʘʜʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʟʚô̫ ʟʢʽʚ 

ʚʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ ʤʘʻ ʩʫʪʪʻʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʪʨʫʜʥʦʱʽ. ɹʫʜʽʚʝʣʴʥʘ ʤʝʭʘʥʽʢʘ ʽ 

ʪʝʦʨʽʷ ʧʨʫʞʥʦʩʪʽ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʦʪʫʞʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ. ɸʣʝ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʴʤʠ ʛʨʦʤʽʟʜʢʠʭ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʭ ʨʽʰʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʘʨʘʙʘʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʽʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʦʙʦʣʦʥʦʢ ʟ ʢʽʣʴʮʝʚʠʤʠ ʨʝʙʨʘʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʜʽʡʩʥʝʥʥʠʤʠ ʥʘʚʽʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʊʦʤʫ ʚʠʙʽʨ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʙʘʨʘʙʘʥʽʚ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʤʽʨʢʫʚʘʥʥʷʤʠ ʘʙʦ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʱʦ ʥʝ ʚʽʜʦʙʨʘʞʫʶʪʴ ʜʽʡʩʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʤʽʮʥʦʩʪʽ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʤʘʰʠʥʠ, ʘ ʽʥʢʦʣʠ ʜʦ ʟʘʡʚʦʛʦ 

ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʘʙʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʫ 

ʥʝʚʠʧʨʘʚʜʘʥʠʭ ʧʝʨʝʚʠʪʨʘʪʘʭ ʤʝʪʘʣʫ [1, 3, 4]. 
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ʂʨʽʤ ʮʴʦʛʦ, ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʝʨʘʮʽʦʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʭʪʥʠʭ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ, 

ʱʦ ʤʽʩʪʷʪʴ ʟʘʡʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʮʝʚʠʭ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʽ ʥʝ ʪʽʣʴʢʠ 

ʟʙʽʣʴʰʫʶʪʴ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʡ ʧʦʛʽʨʰʫʶʪʴ ʤʽʮʥʽʩʪʴ ʤʘʰʠʥ. ɯʜʝʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʘʨʘʙʘʥʽʚ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʠʢʠ ʧʦ ʨʦʟʨʦʙʮʽ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʶ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʘʰʠʥ ʟ ʤʝʪʦʶ 

ʟʥʠʞʝʥʥʷ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʤʘʰʠʥ, ʪʨʫʜʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʽʡʢʦʩʪʽ ʙʘʨʘʙʘʥʫ ʣʝʙʽʜʢʠ, ʱʦ 

ʧʽʜʢʨʽʧʣʝʥʘ ʜʠʩʢʨʝʪʥʠʤʠ ʢʽʣʴʮʷʤʠ ʞʦʨʩʪʢʦʩʪʽ 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʢʠ ʢʘʥʘʪʥʦʛʦ ʙʘʨʘʙʘʥʘ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʽʜʢʨʽʧʣʶʶʯʽ ʝʣʝʤʝʥʪʠ ï ʢʽʣʴʮʷ ʘʙʦ ʧʦʟʜʦʚʞʥʽ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʩʪʽʡʢʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʮʽ ʝʣʝʤʝʥʪʠ ʦʜʥʦʯʘʩʥʦ ʻ ʜʞʝʨʝʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʾʭ ʢʦʥʪʘʢʪʫ 

(ʟô̒ ʜʥʘʥʥʷ ʟʚʘʨʶʚʘʥʥʷʤ) ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʘʙʦ ʽʥʰʦʶ ʦʙʠʯʘʡʢʦʶ ʙʘʨʘʙʘʥʘ, ʚʠʢʣʠʢʘʶʯʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʽ ʤʽʩʮʝʚʽ ʥʘʧʨʫʞʝʥʥʷ ʟʛʠʥʘʥʥʷ[2,4]. ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʘʣʴʥʠʤʠ ʚʞʝ 

ʧʨʦʩʪʦ ʪʦʤʫ, ʱʦ ʜʣʷ ʯʘʚʫʥʥʠʭ ʙʘʨʘʙʘʥʽʚ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʫʜʚʽʯʽ ʤʝʥʰʝ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʝʣʝʤʝʥʪʠ ʙʘʨʘʙʘʥʽʚ ʧʨʠʨʦʜʥʴʦ ʩʧʨʠʡʤʘʶʪʴ ʮʠʢʣʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʤʽʩʮʝʚʽ ʧʽʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ (ʦʩʦʙʣʠʚʦ ʚ ʟʦʥʽ ʟʚʘʨʥʠʭ ʰʚʽʚ) ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ 

ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʫʪʦʤʥʠʭ ʪʨʽʱʠʥ. 

ʋʩʝ ʟʘʟʥʘʯʝʥʝ ʧʦʷʩʥʶʻ ʚʘʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) 

ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ ʧʽʜʢʨʽʧʣʶʶʯʠʤ ʢʨʫʛʦʚʠʤ ʢʽʣʴʮʝʤ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʦʙʦʣʦʥʢʠ ʚʠʪʢʘʤʠ ʢʘʥʘʪʘ ʘʙʦ ʽʥʰʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ɼʣʷ 

ʦʙʦʣʦʥʦʢ ʢʘʥʘʪʥʠʭ ʙʘʨʘʙʘʥʽʚ, ʧʽʜʢʨʽʧʣʝʥʠʭ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʟʜʦʚʞʥʽʤʠ ʽ ʧʦʧʝʨʝʯʥʠʤʠ 

ʨʝʙʨʘʤʠ, ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʽʜʦʤʠʤ ʧʨʠʡʦʤʦʤ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʮʽʻʾ ʽʟʦʪʨʦʧʥʦʾ ʦʙʦʣʦʥʢʠ ʟ 

ʨʝʙʨʘʤʠ ʘʥʽʟʦʪʨʦʧʥʦʶ ʦʙʦʣʦʥʢʦʶ ʙʝʟ ʨʝʙʝʨ ʟ ʧʨʠʚʝʜʝʥʦʶ ʪʦʚʱʠʥʦʶ [3, 4]. 

ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʦʙʦʣʦʥʢʠ ʟ ʜʠʩʢʨʝʪʥʠʤ ʧʽʜʢʨʽʧʣʶʶʯʠʤ ʢʽʣʴʮʝʤ ʧʽʜ ʜʽʻʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʠʪʢʽʚ ʢʘʥʘʪʘ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʝ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʪʨʠʤʘʚ ʇ. ʇ. ɹʝʡʣʘʨʜ ʜʣʷ ʪʦʥʢʦʩʪʽʥʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ 

ʨʘʜʽʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ[1, 2, 3, 4]. 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʰʫʢʘʥʠʭ ʬʦʨʤʫʣ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

1. ʂʽʣʴʮʝ ʚʚʘʞʘʻʤʦ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ ʽ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʻʶ ʥʝʭʪʫʻʤʦ.  

2. ʆʙʠʯʘʡʢʫ ʚʚʘʞʘʻʤʦ ʪʘʢʦʶ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʽ ʚʨʘʭʦʚʫʻʤʦ ʮʝ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

3. ʈʦʟʤʽʨʠ ʢʽʣʴʮʷ ʧʽʜʙʠʨʘʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʦʙʠʯʘʡʢʠ.  

4. ʅɼʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ï ʞʦʨʩʪʢʦʛʦ ʟʘʪʠʩʢʘʥʥʷ ʚ ʟʦʥʽ ʧʦʩʪʘʥʦʚʢʠ 

ʢʽʣʴʮʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʢʽʣʴʮʷ ʽ ʦʙʠʯʘʡʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʦ ʢʦʣʫ. ɺʠʜ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʚʠʪʦʢ ʢʘʥʘʪʘ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ 

ʧʝʨʝʤʽʱʝʥʴ ʚ ʧʦʜʚʽʡʥʽ ʨʷʜʠ ʌʫʨô̒ . ʇʨʠ ʮʴʦʤʫ ʪʨʠ ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʦʙʦʣʦʥʦʢ ʚ ʧʨʠʚʘʪʥʠʭ 

ʧʦʭʽʜʥʠʭ ʟʚʦʜʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʦʩʴʤʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ɹʫʣʦ 

ʦʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ (ʧʨʦʛʠʥʫ) w ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ Z ʚ 

ʧʦʜʚʽʡʥʠʭ ʨʷʜʘʭ ʌʫʨô̒ [3]: 
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; 

. 

ʇʨʦʪʝ, ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʙʘʨʘʙʘʥʘ ʫʩʢʣʘʜʥʷʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʪʝʨʪʷ ʤʽʞ ʙʘʨʘʙʘʥʦʤ ʽ 

ʢʘʥʘʪʦʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ 

 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʠ ʩʠʣʦʚʠʭ ʯʠʥʥʠʢʽʚ ï ʟʛʠʥʘʶʯʠʭ ʤʦʤʝʥʪʽʚ ,  ʽ 

ʤʝʤʙʨʘʥʥʠʭ ʩʠʣ , , ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʧʨʦʛʠʥ (ʨʘʜʽʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ) w. ɺʠʟʥʘʯʝʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʙʠʯʘʡʢʠ ʙʘʨʘʙʘʥʘ, 

ʧʽʜʢʨʽʧʣʝʥʦʾ ʢʽʣʴʮʝʤ ʞʦʨʩʪʢʦʩʪʽ ʽ ʥʘʚʘʥʪʘʞʝʥʦʶ ʧʦ ʚʠʪʢʫ ʢʘʥʘʪʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʪʝʨʪʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʦʙʠʯʘʡʢʠ ʪʘ ʚʠʪʢʘʤʠ ʢʘʥʘʪʫ. ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʜʥʦʛʦ, ʜʚʦʭ ʪʘ ʜʝ-ʢʽʣʴʢʦʭ 

ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʢʽʣʝʮʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ 

ʚ ʟʦʥʽ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ. 

 

   
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʟʤʽʥʝʥʥʷ ʤʝʤʙʨʘʥʥʠʭ                  ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʤʽʥʝʥʥʷ ʟʛʠʥʘʶʯʠʭ  

   ʩʠʣ ʚ ʟʦʥʽ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ       ʤʦʤʝʥʪʽʚ ʚ ʟʦʥʽ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ  
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           ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʜʝʬʦʨʤʘʮʽʡ   ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʥʘʧʨʫʞʝʥʴ  

             ʚ ʟʦʥʽ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ        ʚ ʟʦʥʽ ʧʽʜʢʨʽʧʣʶʶʯʦʛʦ ʢʽʣʴʮʷ 

 

ɺʠʩʥʦʚʦʢ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʽʨʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʪʫʨʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ. 
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CALCULATION OF THE MATHEMATICAL MODEL OF STABILITY OF THE 

WINCH DRUM SUPPORTED BY DISCRETE STIFFENING RINGS  

Nesterenko V.V. 

Pervomaysk Educational and Scientific Institute, Admiral Makarov National University of 

Shipbuilding, Pervomaysk, Ukraine 

Abstract. The justification of geometric parameters of hoisting machine elements and design 

solutions cannot be effectively determined without strength calculations. Based on these 

considerations, there is a need to have reliable and sufficiently simple engineering methods for 

calculating hoisting machine elements that allow an engineer at the design or reconstruction stage to 

make the right design decisions so that the choice of geometric parameters, dimensions and metal 

consumption is optimal. A brief analysis of the experimental test data of the winch drum model, 

which is designed with a discrete reinforcing ring, is presented. 

Keywords: winch drum, winch head, reinforcing elements, discrete reinforcing ring.  
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ɸʥʦʪʘʮʽʷ. ɸʥʘʣʽʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʧʦʪʝʟ ʪʝʭʥʽʯʥʠʭ ʪʝʦʨʽʡ ʜʣʷ ʙʘʣʦʢ ʽ ʧʣʘʩʪʠʥ ʥʘ 

ʧʨʠʢʣʘʜʘʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʣʴʥʠʭ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠ ʦʮʽʥʮʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʫ 

ʩʫʜʥʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʣʢʘ; ʩʪʽʥʢʘ ʙʘʣʢʠ; ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ; ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ.  

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʘʭ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʢʦʨʧʫʩʫ ʩʫʜʥʘ ʽ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ ʥʠʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʠ ʪʝʭʥʽʯʥʠʭ ʪʝʦʨʽʡ ʜʣʷ ʙʘʣʦʢ ʽ ʧʣʘʩʪʠʥ. ʎʽ 

ʬʦʨʤʫʣʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʘʭ ʽ ʧʨʠʧʫʱʝʥʥʷʭ, ʷʢʽ ʪʽʣʴʢʠ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʥʘʙʣʠʞʝʥʦ ʭʘʨʘʢʪʝʨ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ʅʘ ʮʝ 

ʚʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ 

ʜʝʬʦʨʤʘʮʽʡ ʯʘʩʪʦ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʥʫ ʨʦʟʙʽʞʥʽʩʪʴ ʟ ʜʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʥʝʪʦʯʥʽʩʪʴ ʧʨʠʡʥʷʪʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ), ʪʦʙʪʦ ʥʘ ʥʝʚʨʘʭʫʚʘʥʥʷ 

ʨʝʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʦʮʽʥʮʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʟʛʠʥʘʥʥʽ ʢʦʨʧʫʩʫ ʩʫʜʥʘ, ʷʢ ʙʘʣʢʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʩʫʜʥʦʚʠʭ ʧʝʨʝʢʨʠʪʪʽʚ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ ï 

ʙʘʣʦʢ ʽ ʧʣʘʩʪʠʥʯʘʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʦʙô̒ ʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʦʙô̒ ʢʪʽʚ, ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʣʦʢ ʽʟ ʧʦʩʪʽʡʥʠʤ ʚʟʜʦʚʞ ʧʝʨʝʨʽʟʦʤ ʧʦ ʚʠʩʦʪʽ ʩʪʽʥʢʠ ʽ 

ʰʠʨʠʥʽ ʧʦʷʩʢʫ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʘʭʫʥʢʦʚʠʤʠ ʬʦʨʤʫʣʘʤʠ ʧʨʠ ʟʛʠʥʘʥʥʽ ʙʘʣʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ s ʽ ʜʦʪʠʯʥʠʭ t ʥʘʧʨʫʞʝʥʴ ʚ ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʾʭ ʨʦʟʧʦʜʽʣʫ ʧʦ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ ʻ  
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ʜʝ M ʽ N ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽ ʧʝʨʝʨʽʟʫʶʯʘ ʩʠʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ; ɯ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʧʣʦʱʠʥʠ 

ʟʛʠʥʘʥʥʷ; z ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʜʦ ʪʦʯʢʠ; S ï ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʚʽʜʩʽʯʝʥʦʾ ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʫ ʯʝʨʝʟ ʪʦʯʢʫ; b ï ʰʠʨʠʥʘ (ʪʦʚʱʠʥʘ) ʩʪʽʥʢʠ ʧʦ ʣʽʥʽʾ ʚʽʜʩʽʯʝʥʥʷ. 

ɺ ʬʦʨʤʫʣʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ s ʽ t ʯʽʪʢʦ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʛʨʫʧʠ ʧʘʨʘʤʝʪʨʽʚ 

[2]. ʇʝʨʰʘ ʛʨʫʧʘ ï ʮʝ ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ M ʽ N, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʦʙʧʠʨʘʥʥʷ 

ʙʘʣʢʠ ʚ ʢʽʥʮʝʚʠʭ ʧʝʨʝʨʽʟʘʭ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ q(x) (ʨʠʩ. 1). 

ʊʦʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ, ʚʝʣʠʯʠʥʠ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʴ. ʈʽʚʝʥʴ ʮʽʻʾ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʪʨʫʜʥʦʱʽʚ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.  

ɼʨʫʛʘ ʛʨʫʧʘ ʚʝʣʠʯʠʥ ʚ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʬʦʨʤʫʣʘʭ ʜʣʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʝʦʤʝʪʨʽʻʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ, ʻ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʦʶ. ɺʦʥʘ ʧʨʘʢʪʠʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʠ ʽ ʭʘʨʘʢʪʝʨ ʾʭ ʨʦʟʧʦʜʽʣʫ ʷʢ ʚ 

ʪʦʯʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʪʘʢ ʽ ʧʦ ʜʦʚʞʠʥʽ ʙʘʣʢʠ. ɼʦ ʪʦʛʦ ʞ ʩʫʪʪʻʚʠʤ ʤʦʞʝ ʙʫʪʠ ʚʧʣʠʚ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʘ ʽ ʾʭ ʩʫʢʫʧʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʽʥʪʝʛʨʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

I  ̔S ʤʦʞʫʪʴ ʚʠʜʘʚʘʪʠ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʴ. ʎʝ ʧʦʚô̫ ʟʘʥʦ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʽʥʦʢ ʙʘʣʦʢ. ʅʘʷʚʥʽʩʪʴ ʚ ʥʠʭ ʚʠʨʽʟʽʚ ʨʽʟʥʠʭ 

ʧʨʠʟʥʘʯʝʥʴ: ʜʣʷ ʧʨʦʭʦʜʫ ʙʘʣʦʢ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʧʦʣʝʛʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ. ʅʘʷʚʥʽʩʪʴ ʨʽʟʥʦʛʦ ʪʠʧʫ ʧʽʜʢʨʽʧʣʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʽʥʦʢ (ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʽʚ, ʧʦʷʩʢʽʚ-ʢʦʤʽʥʛʩʽʚ ʧʦ ʢʨʦʤʢʘʭ ʚʠʨʽʟʽʚ) ʪʝʞ ʩʧʨʠʷʻ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ (ʨʠʩ. 1). ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʷʢ ʥʘ 

ʥʘʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʪʘʢ ʽ ʤʦʜʝʣʷʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 

 

 
 

  
ʈʠʩʫʥʦʢ 1 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʘʣʦʢ ʽ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ 

ʧʨʠ ʾʭ ʧʣʦʩʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʘʥʥʽ 

 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʘʣʢʠ-ʩʪʽʥʢʠ ʟ ʧʦʢʘʟʦʚʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʽ ʭʘʨʘʢʪʝʨʦʤ ʧʦʧʝʨʝʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʦʧʪʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [3]. ɿʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ ʤʘʻ ʜʚʘ ʟʤʽʱʝʥʠʭ 

ʢ ʢʨʘʷʤ ʤʝʥʰʠʭ ʢʨʦʤʦʢ ʚʠʨʽʟʠ, ʰʘʨʥʽʨʥʝ ʦʙʧʠʨʘʥʥʷ ʪʘ ʟʦʩʝʨʝʜʞʝʥʫ ʩʠʣʫ ʧʦ ʮʝʥʪʨʫ. 
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ʈʠʩʫʥʦʢ 2 ï ʢʘʨʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʣʽ ʙʘʣʢʠ-ʩʪʽʥʢʠ ʚ ʫʤʦʚʘʭ ʩʪʫʧʝʥʝʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ) ʪʘ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʴ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʧʣʘʩʪʠʥ (ʩʚʽʪʣʦ ʪʘ ʪʽʥʴ) 

 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʬʦʨʤʫʣʠ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʢʨʝʤʠʭ 

ʛʽʧʦʪʝʟʘʭ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ. ʗʢʱʦ ʛʽʧʦʪʝʟʘ ʧʨʦ ʬʽʟʠʯʥʫ 

ʣʽʥʽʡʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʛʝʦʤʝʪʨʠʯʥʫ 

ʣʽʥʽʡʥʽʩʪʴ ʩʣʫʛʫʚʘʣʠ ʙʘʟʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʬʦʨʤʫʣ ʥʘʧʨʫʞʝʥʴ s ʽ t, ʪʦ ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ 
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ʧʝʨʝʨʽʟʽʚ ʜʣʷ s ʥʽʚʝʣʶʻ ʥʘʷʚʥʽʩʪʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ t. ʎʝ ʪʝʞ ʧʨʷʤʦ ʚʢʘʟʫʻ ʥʘ 

ʥʘʙʣʠʞʝʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʥʘʧʨʫʞʝʥʴ. 

ɼʣʷ ʙʘʣʦʢ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʷʢʠʭ ʚʢʣʶʯʘʶʪʴ ʧʨʠʻʜʥʘʥʽ 

ʧʦʷʩʢʠ ʚʽʜ ʦʙʰʠʚʢʠ ʽ ʥʘʩʪʠʣʽʚ, ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʨʠ ʾʭ ʟʛʠʥʘʥʥʽ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʚʠʙʦʨʫ 

ʰʠʨʠʥʠ ʧʨʠʻʜʥʘʥʦʛʦ ʧʦʷʩʢʫ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦ ʜʦ ʡʦʛʦ ʚʠʙʦʨʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫ ʩʚʽʡ ʯʘʩ 

ʧʨʦʬʝʩʦʨʦʤ ʇʘʧʢʦʚʠʯʝʤ ʇ.ʌ., ʻ ʜʦʩʠʪʴ ʥʘʙʣʠʞʝʥʠʤʠ ʽ ʪʝʞ ʚʥʦʩʷʪʴ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʧʦʭʠʙʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʤʽʩʮʝ ʽ ʜʣʷ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʴ ʚ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ ʪʝʭʥʽʯʥʦʾ ʪʝʦʨʽʾ ʟʛʠʥʘʥʥʷ ʞʦʨʩʪʢʠʭ 

ʧʣʘʩʪʠʥ. ʎʝ ʧʦʚô̫ ʟʘʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʩʘʤʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʧʣʦʩʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʘʥʥʽ ʙʘʣʦʢ ʚ ʨʝʘʣʴʥʠʭ ʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʽʣʴʢʠ ʥʘʙʣʠʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ.  

ɺʠʩʥʦʚʢʠ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʚʠʢʣʘʜʝʥʦʤʫ ʚʠʱʝ, ʥʝʦʙʭʽʜʥʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʪʝʭʥʽʯʥʠʭ ʪʝʦʨʽʷʭ, ʤʦʞʝ ʜʘʪʠ ʪʽʣʴʢʠ ʥʘʙʣʠʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʦʮʽʥʢʫ 

ʥʘʜʽʡʥʦʩʪʽ ʩʫʜʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʪʦʚʽʨʥʦʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʫʜʥʦʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʴʥʦ ʚʨʘʭʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙô̒ ʢʪʽʚ.  
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USE OF TECHNICAL THEORIES OF BEAMS AND PLATES IN CALCULATIONS 
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The use of hypotheses of technical theories for beams and plates is analyzed using examples of 

components of real ship structures. The need to take into account design features when assessing the 

stress-strain state of ship hull elements is shown. 
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ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

96 

ʋɼʂ 629.5.023 

 

ʆʇʊʀʄɯɿɸʎɯʗ ɸʃʖʄɯʅɯɭɺʀʍ ʄɸʊʈʀʏʅʀʍ ʉʀʅʊɸʂʊʀʏʅʀʍ ʇɯʅ 

ɼʃʗ ʉʋɼʅʆɹʋɼʋɺɸʅʅʗ: ɺʀʈʆɹʅʀʎʊɺʆ, ʄɸʊɽʈɯɸʃʀ, ɺʃɸʉʊʀɺʆʉʊɯ 

 

ʅʫʞʠʥ ɸ.ɻ. 

ɸʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

drewlya@gmail.com  

 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘʣʶʤʽʥʽʻʚʠʭ ʤʘʪʨʠʯʥʠʭ ʩʠʥʪʘʢʪʠʯʥʠʭ ʧʽʥ (ɸʄʉʇ) ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʟ ʤʝʪʦʶ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʧʦʻʜʥʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʠʭ ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʢʣʶʯʘʶʯʠ 

ʽʥʬʽʣʴʪʨʘʮʽʡʥʽ ʪʘ ʜʠʩʧʝʨʩʽʡʥʽ ʪʝʭʥʽʢʠ, ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʪʘʢʠʭ ʷʢ 

ʟʦʣʴʥʽ ʤʽʢʨʦʩʬʝʨʠ ʪʘ ʧʝʤʟʘ, ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʤʧʣʝʢʩʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʨʝʪʝʣʴʥʠʤ ʚʠʙʦʨʦʤ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ɸʄʉʇ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʶʤʽʥʽʻʚʽ ʤʘʪʨʠʯʥʽ ʩʠʥʪʘʢʪʠʯʥʽ ʧʽʥʠ, ʚʠʨʦʙʥʠʮʪʚʦ, ʤʘʪʝʨʽʘʣʠ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʉʫʜʥʦʙʫʜʽʚʥʘ ʛʘʣʫʟʴ ʧʨʘʛʥʝ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʚʘʛʠ, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʝʥ. ɸʣʶʤʽʥʽʻʚʽ ʤʘʪʨʠʯʥʽ ʩʠʥʪʘʢʪʠʯʥʽ ʧʽʥʠ (ɸʄʉʇ) ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʢʣʘʩʦʤ ʤʘʪʝʨʽʘʣʽʚ, ʦʜʥʘʢ ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʩʫʜʥʦʙʫʜʽʚʥʠʭ ʟʘʜʘʯ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʦʭʦʧʣʶʻ ʦʜʥʦʯʘʩʥʠʡ ʧʽʜʙʽʨ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʷʛʥʝʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʝʬʝʢʪʫ, ʢʦʣʠ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʄʉʇ. ɹʽʣʴʰʝ ʪʦʛʦ, ʽʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɸʄʉʇ ʜʘʣʝʢʦ ʥʝ ʚʠʯʝʨʧʘʥʠʡ. ʅʦʚʽ ʨʦʟʨʦʙʢʠ ʚ 

ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɸʄʉʇ ʟ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʘʡʚʠʱʠʤ ʚʠʤʦʛʘʤ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʤʘʪʨʠʯʥʠʭ ʩʠʥʪʘʢʪʠʯʥʠʭ ʧʽʥ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʰʣʷʭʦʤ ʢʦʤʧʣʝʢʩʥʦʾ 
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ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʨʝʪʝʣʴʥʦʛʦ 

ʧʽʜʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ɸʄʉʇ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʚʠʙʦʨʦʤ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʢʽʥʮʝʚʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ɸʄʉʇ, ʚʢʣʶʯʘʶʯʠ: 

ɯʥʬʽʣʴʪʨʘʮʽʡʥʽ ʪʝʭʥʽʢʠ: 

ï ɯʥʬʽʣʴʪʨʘʮʽʷ ʧʽʜ ʪʠʩʢʦʤ: ɺʘʨʽʶʚʘʥʥʷ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʨʦʟʧʣʘʚʫ ʘʣʶʤʽʥʽʶ ʫ ʰʘʨ ʥʘʧʦʚʥʶʚʘʯʘ. 

ï ʇʨʦʪʠʪʝʯʽʡʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷ: ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʨʦʟʧʣʘʚʫ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ. 

ï ɺʘʢʫʫʤʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷ: ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʫʧʝʥʷ ʚʘʢʫʫʤʫ ʥʘ ʧʦʨʠʩʪʽʩʪʴ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʭʦʧʣʝʥʥʷ ʛʘʟʽʚ. 

ɼʠʩʧʝʨʩʽʡʥʽ ʪʝʭʥʽʢʠ: 

ï ʃʠʪʪʷ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ: ʆʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʯʘʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʩʫʩʧʝʥʟʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʨʦʟʧʣʘʚʽ. 

ï ɺʽʜʮʝʥʪʨʦʚʝ ʣʠʪʪʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ɸʄʉʇ ʟ 

ʛʨʘʜʽʻʥʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ï ʄʝʪʦʜ ʧʣʘʚʫʯʦʩʪʽ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʣ ʧʣʘʚʫʯʦʩʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ɸʄʉʇ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʣʶʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʩʘʤʝ: 

ï ʊʠʧ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ: ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʣʘʚʫ (ʥʘʧʨʠʢʣʘʜ, AlSi12, A356) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʧʣʠʥʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ. 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ: ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ 

ʟʤʦʯʫʚʘʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʜʤʽʨʥʠʤ ʨʝʘʢʮʽʷʤ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ. 

ï ʊʠʩʢ ʽʥʬʽʣʴʪʨʘʮʽʾ (ʜʣʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ): ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʽʞʟʝʨʥʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʧʦʚʥʶʚʘʯʘ ʙʝʟ ʡʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ. 

ï ʈʦʟʤʽʨ, ʬʦʨʤʘ ʪʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʥʘʧʦʚʥʶʚʘʯʘ: ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ (ʚʽʜ ʤʽʢʨʦʤʝʪʨʽʚ ʜʦ ʤʽʣʽʤʝʪʨʽʚ), ʾʭʥʴʦʾ ʬʦʨʤʠ (ʩʬʝʨʠʯʥʽ, ʥʝʧʨʘʚʠʣʴʥʽ) ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ (ʧʨʦʞʘʨʶʚʘʥʥʷ, ʩʠʣʘʥʽʟʫʚʘʥʥʷ) ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʤʽʰʽ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʄʉʇ. 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʠ: ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʬʦʨʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʫʩʘʜʦʯʥʠʭ ʜʝʬʝʢʪʽʚ. 

ï ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ (ʜʣʷ ʜʠʩʧʝʨʩʽʡʥʠʭ ʤʝʪʦʜʽʚ): ʆʧʪʠʤʽʟʘʮʽʷ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʤʽʰʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʘʛʣʦʤʝʨʘʮʽʾ ʯʘʩʪʠʥʦʢ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʄʉʇ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

ï ɿʦʣʴʥʠʭ ʤʽʢʨʦʩʬʝʨ: ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ, ʬʦʨʤʠ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʨʦʩʬʝʨ ʥʘ 

ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʝʥʝʨʛʦʧʦʛʣʠʥʘʥʥʷ ɸʄʉʇ. 
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ï ʇʝʤʟʠ: ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʤʟʠ ʥʘ ʣʝʛʢʽʩʪʴ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ɸʄʉʇ. 

ï ʂʝʨʘʤʽʯʥʠʭ ʤʽʢʨʦʩʬʝʨ: ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟ ʟʦʣʴʥʠʤʠ ʤʽʢʨʦʩʬʝʨʘʤʠ ʪʘ ʧʝʤʟʦʶ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʘʨʪʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʢʦʤʙʽʥʘʮʽʾ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ: 

ï ɽʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ: ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʝʥʝʨʛʽʶ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ. 

ï ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ: ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʦʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ï ʌʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʄʉʇ:  

ï ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ: ʇʽʜʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ï ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ: ɿʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʝʬʦʨʤʘʮʽʾ. 

ï ɽʥʝʨʛʦʧʦʛʣʠʥʘʥʥʷ: ʇʦʢʨʘʱʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʨʦʟʩʽʶʚʘʪʠ ʝʥʝʨʛʽʶ ʧʨʠ ʫʜʘʨʘʭ. 

ï ʑʽʣʴʥʽʩʪʴ: ɿʤʝʥʰʝʥʥʷ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ: ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ɸʄʉʇ ʟ ʢʦʤʧʣʝʢʩʦʤ ʧʦʢʨʘʱʝʥʠʭ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʾʭ 

ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ɸʄʉʇ ʧʦʢʘʟʘʚ ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʦʢʨʘʱʝʥʠʭ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʶʚʘʯʘ ʻ ʚʠʨʽʰʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ɸʄʉʇ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ. 

ɿʦʢʨʝʤʘ, ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʽ ʜʠʩʧʝʨʩʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʘʨʪʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʧʣʠʚʫ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɸʄʉʇ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʪʘʢʠʭ ʷʢ ʟʦʣʴʥʽ ʤʽʢʨʦʩʬʝʨʠ ʪʘ ʧʝʤʟʘ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʦʤʧʣʝʢʩʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ, ʪʠʩʢ ʽʥʬʽʣʴʪʨʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʽʥʰʽ, ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʜʝʬʝʢʪʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ ʤʽʮʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʄʉʇ ʫ ʩʫʜʥʦʙʫʜʽʚʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʇʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʙʫʜʫʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʩʣʽʜʞʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ɸʄʉʇ ʚ ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ 

ʟô̒ ʜʥʘʥʥʷ ɸʄʉʇ ʟ ʽʥʰʠʤʠ ʩʫʜʥʦʙʫʜʽʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 
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OPTIMIZATION OF ALUMINUM MATRIX SYNTACTIC FOAMS FOR 

SHIPBUILDING: MANUFACTURING, MATERIALS, PROPERTIES  

Andrii Nuzhin  

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine 

Abstract:  This paper presents a comprehensive study of the technological processes involved 

in the production of aluminum matrix syntactic foams (AMSF) for use in shipbuilding. A systematic 

approach was employed to select optimal manufacturing processes, methods, and technologies, as 

well as filler materials, with the aim of achieving the best combination of economic efficiency and 

enhanced physical properties of the final product. Various production methods, including infiltration 

and dispersion techniques, were analyzed, and the effects of filler materials such as fly ash 

microspheres and pumice on the mechanical properties of the foams were investigated. 

The research results demonstrate that the comprehensive optimization of manufacturing processes, 

combined with the careful selection of filler materials, allows for a significant reduction in the 

production cost of AMSF while maintaining the physical and mechanical properties required for 

marine applications. 

Keywords: aluminum matrix syntactic foams, manufacturing, filler materials, technological 

processes, economic efficiency, physical properties, shipbuilding. 

 

  



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

100 

UDC 539.3/.6 

 

FORMULAE OF TRANSFORMATION OF INTERNAL FORCES IN BROKEN -LINE  

RODS UNDER THE PLANE DEFORMATION IN FRAMES OF THE MODIFIED 

METHOD OF SECTIONS 
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Abstract. There are presented the formulae of transformation of internal forces when thereôs 

border crossing of joint of two straight rods joined angularly on plane. These formulae are necessary 

for calculation of the sequences of straight rods in plane under the plane deformation using the 

modified method of sections (MMS). Offered formulae can be useful when the curved rod in plane is 

replaced by the system of chained straight rods. In this case it is not necessary to use the complex 

relations of differential geometry thatôs much simplifies calculations. 

Keywords: strength of materials, modified method of sections, internal forces, curved rods. 

 

Introduction.  In [1] there was performed the modified method of sections for straight rods. In 

frames of this method itôs necessary to divide the straight rod into isolated separate segments, the 

bounds of which are defined as in usual (or classic [3]) method of sections (fig. 1). The interaction 

between these segments at the ends has to be indicated by the internal forces according to sign 

convention. If within some segments there are distributed laws they have to be written in local 

coordinate system of this segment. From equilibrium equations the laws of internal forces can be 

defined. After it the laws of kinematic parameters can be determined using known relations of the 

strength of materials. There are the evident relations for the schemes on the fig. 1: 

( ) (0); ( ) (0);

( ) (0); ( ) (0).

= = û
ü

= = ý

I II II III

I II II III

Q a Q Q b Q

M a M M b M
     (1) 

 There is nothing difficult for this case presented on the fig. 1.  
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Figure 1 ï Calculations schemes by the modified method of sections: a ï initial scheme;  

b ï the design model; c ï design models according to the MMS for each segment 

  

For the case on the fig. 2, a, the classic method of sections [3] for definition of internal forces 

can be applied. But for the cases on the fig. 2, b, c, d, the classic method of sections is difficult to 

adopt, and the relations of differential geometry have to be used there. 

 

 
Figure 2 ï Rods on plane: a ï orthogonal frame; b ï broken-line rod;  

c ï pure curved rod; d ï combined rod 

 

The constructions which contain curved rods on plane receiving plane deformation are often 

met in engineer practice. Itôs necessary to develop simple method for calculation of them, avoiding if 

possible application of quite difficult relations of differential geometry. 

Objective. To obtain relations for transformation of internal forces when thereôs border 

crossing of joint of two straight rods joined angularly on the plane to be able to determine the laws of 

internal forces using MMS. 
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Main part. It was found that the above mentioned modified method of sections can be adopted 

for this aim, in case if to present the curved rod on plane as the sequence of straight rods which 

approximate the curved or combined rods (fig. 3). 

 

 
Figure 3 ï Curved rod and its approximation: a ï initial rod; 

b ï approximating sequence of straight rods 

 

On the fig. 4 there are presented the significant internal forces Q, N and M which appear on the 

border of two straight angularly connected rods and cause plane deformation of plane rod system. 

Vectorsô lengths of Q and N for rods 1 and 2 on the fig. 4 are the same but its directions are true. 

Magnitudes of internal bending moments M equal to each other at the border of two rods, 

because their vectors donôt depend on the angle between rods and always are orthogonal to the plane 

in which the rods system of straight rods is situated. Thus there is next true relation 

1 2.B BM M=
       (2) 

Thus no transformation formulae are necessary for bending moments M when thereôs border 

crossing of joint of two straight rods joined angularly on the plane. Itôs necessary to analyze the 

internal forces Q and N when thereôs border crossing of joint of two straight rods joined angularly on 

the plane. For further explanations we shall use the fig. 5. 

 

 
Figure 4 ï Significant internal forces 

 
Figure 5 ï Projections of internal forces 

 

We can see that principle vectors R for rods 1 and 2 are opposite. Internal forces QB1 and NB1 

are projections of the vector R of the rod 1 and internal forces QB2 and NB2 are projections of the 

vector ïR of the rod 2. Vector R of the rod 1 is the sum of vectors QB1 and NB1 and vector ïR of the 

rod 2 is the sum of vectors QB2 and NB2. These statements can be written 
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1 21 2
; .= + - = +B BB B

R Q N R Q N      (3) 

It is evident that  

1 2 1 2; ,¸ ¸B B B BQ Q N N       (4) 

because projections QB1, NB1, QB2, NB2 depends on the angle between rods 1 and 2. 

We consider that QB1 and NB1 are known and QB2 and NB2 have to be found. There are two ways 

to obtain QB2 and NB2: vector transformations and equilibrium balances. The just mentioned 

operations are not shown here by the reason of the limited volume of these proceedings. 

The final formulae for QB2 and NB2 are 

2 1 1 1 1

2 1 1 1 1

( ) cos ( ) sin ,

( ) sin ( ) cos ,

= Ö a+ Ö aû
ü

=- Ö a+ Ö aý

B B B

B B B

Q Q d N d

N Q d N d
     (5) 

Conclusions. Thus the declared problem in objective was resolved. Using obtained 

formulae (2) and (5) itôs possible to obtain internal forces at origin of each next straight rod and to 

get the laws of internal forces calculating rodsô sequence by chain from beginning to end. 
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ʌʆʈʄʋʃʀ ɼʃʗ ʇɽʈɽʊɺʆʈɽʅʅʗ ɺʅʋʊʈɯʐʅɯʍ ɿʋʉʀʃʔ ɺ ʃɸʄɸʅʀʍ 

ʉʊɽʈɾʅʗʍ ʇʈʀ ʇʃʆʉʂʆʄʋ ɼɽʌʆʈʄʋɺɸʅʅɯ ɺ ʈɸʄʂɸʍ ʄʆɼʀʌɯʂʆɺɸʅʆɻʆ 

ʄɽʊʆɼʋ ʇɽʈɽʈɯɿɯɺ 

ʉʦʢʦʚ ɺʘʣʝʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʚ.ʦ. ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʠ 

ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ, ʅʋʂ 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʛʨʘʥʠʮʽ ʩʪʠʢʦʚʢʠ ʜʚʦʭ ʧʨʷʤʠʭ ʩʪʝʨʞʥʽʚ ʟô̒ ʜʥʘʥʠʭ ʧʽʜ ʢʫʪʦʤ ʥʘ ʧʣʦʱʠʥʽ. ʎʽ ʬʦʨʤʫʣʠ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʧʨʷʤʠʭ ʩʪʝʨʞʥʽʚ ʥʘ ʧʣʦʱʠʥʽ ʧʨʠ ʧʣʦʩʢʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʨʽʟʽʚ (ʄʄʇ). ʇʨʦʧʦʥʦʚʘʥʽ 

ʬʦʨʤʫʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ, ʢʦʣʠ ʧʣʦʩʢʠʡ ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʩʪʝʨʞʝʥʴ ʟʘʤʽʥʶʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʧʦʩʣʽʜʦʚʥʦ ʟô̒ ʜʥʘʥʠʭ ʧʨʷʤʠʭ ʩʪʝʨʞʥʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʨʦʟʨʘʭʫʥʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʨʽʟʽʚ, ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ, 

ʢʨʠʚʦʣʽʥʽʡʥʽ ʩʪʝʨʞʥʽ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɹɯʆʎɽʅʆɿʋ ɸʅʊʀʆɹʈɸʉʊɸʖʏʆɻʆ ʇʆʂʈʀʊʊʗ 

ɼʃʗ ʄʆʈʉʔʂʀʍ ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ 

 

ʖʨʝʩʢʦ ʊ.ɸ.1 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʯ̔ʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʦʣʦʤʦʥʶʢ ʅ.ʉ.2 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʯ̔ʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʠʪʚʠʥʝʥʢʦ ɼ.ʖ.3 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʢʘʬʝʜʨʘ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤ. ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

tyuresko@gmail.com1  nataly.solomoniuk@nuos.edu.ua 2 dmytro.lytvynenko@nuos.edu.ua3 

 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʧʽʚʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʧʦʣʫʯʥʠʢʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʘʥʪʠʦʙʨʘʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʫʤʦʚʠ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʚʠʪʢʫ ʙʽʦʮʝʥʦʟʫ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʪʠʦʙʨʘʩʪʘʶʯʽ ʧʦʢʨʠʪʪʷ, ʤʦʨʩʴʢʽ ʩʧʦʨʫʜʠ, ʙʽʦʮʠʜ.  

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɺ ʩʫʜʥʦʙʫʜʽʚʥʽʡ ʪʘ ʩʫʜʥʦʨʝʤʦʥʪʥʽʡ ʛʘʣʫʟʽ ʚʘʞʣʠʚʠʤ ʯʠʥʥʥʠʢʦʤ ʻ 

ʟʘʭʠʩʪ ʤʦʨʩʴʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʧʨʦʨʫʜ ʚʽʜ ʦʙʨʘʩʪʘʥʥʷ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʦʙʨʘʩʪʘʥʥʷ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʦʢʩʠʯʥʠʭ ʘʥʪʠʦʙʨʘʩʪʘʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʙʽʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʙʽʦʮʠʜʽʚ.  

ɿʘ ʧʨʦʚʝʜʝʥʠʤ ʧʘʪʝʥʪʥʠʤ ʧʦʰʫʢʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʢʦʥʚʝʥʮʽʾ IMO Anti-fouling 

System Convention compliant (AFS/CONF/26) ʽ ʧʨʘʠʣ 2515-2012 ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʘʥʪʠʦʙʨʘʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ.  

ɺ ʷʢʦʩʪʽ ʟʚô̫ ʟʫʶʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ʟ ʢʘʥʽʬʦʣʣʶ, ʨʦʟʯʠʥʝʥʦʶ ʚ 

ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ, ʟ ʜʦʜʘʚʘʥʥʷʤ ʙʘʟʘʣʴʪʦʚʦʾ ʣʫʩʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʙʽʦʮʠʜʫ ï 

ʧʽʨʽʪʽʦʥʫ ʮʠʥʢʘ (C10H8N2O2S2Zn) [1]. 

ʅʘʷʚʥʽʩʪʴ ʙʘʟʘʣʴʪʦʚʦʾ ʣʫʩʢʠ ʫ cʢʣʘʜʽ ʧʦʢʨʠʪʪʷ, ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʙʘʨô̒ ʨʥʠʡ ʝʬʝʢʪ. 

ʇʣʘʩʪʠʥʢʠ ʣʫʩʢʠ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʧʦʚʝʨʭʥʽ, ʧʝʨʝʢʨʠʚʘʶʯʠʩʴ 

çʚʥʘʭʣʝʩʪè, ʱʦ ʟʙʽʣʴʰʫʻ ʰʣʷʭ ʧʨʦʥʠʢʥʝʥʥʷ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʟʘʭʠʱʘʻʪʴʩʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʧʦʣʫʯʥʠʢʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

(ʩʧʠʨʪʦʚʠʡ ʨʦʟʯʠʥ ʢʘʥʽʬʦʣʽ ʽ ʙʘʟʘʣʴʪʦʚʘ ʣʫʩʢʘ) ʘʥʪʠʦʙʨʘʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʫʤʦʚʠ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʚʠʪʢʫ ʙʽʦʮʝʥʦʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʠʥʘʤʽʢʘ ʨʦʟʚʠʪʢʫ ʙʽʦʮʝʥʦʟʫ ʦʙʨʦʩʪʘʥʥʷ ʚʠʚʯʘʣʘʩʷ ʥʘ ʩʪʘʣʝʚʠʭ 

ʧʣʘʩʪʠʥʘʭ ʨʦʟʤʽʨʘʤʠ 350Ĭ250Ĭ2 ʤʤ ʟʽ ʩʪʘʣʽ 09ɻ2. ʅʘ ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʝʥʫ ʪʘ ʟʥʝʞʠʨʠʥʫ 

ʧʦʚʝʨʭʥʶ ʷʢʠʭ, ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʪʦʥʢʠʡ ʰʘʨ ʧʨʘʡʤʝʨʫ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʘʜʛʝʟʽʾ, ʘ ʜʘʣʽ ʥʘʥʦʩʠʣʘʩʴ 

ʢʦʤʧʦʟʠʮʽʷ ʘʥʪʠʦʙʨʘʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 0,2 ï 0,5 ʤʤ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʩʢʣʘʜʘʤʠ 

mailto:tyuresko@gmail.com1
mailto:natalysolomonuk@gmail.com2
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(ʪʘʙʣ. 1). ʂʽʣʴʢʽʩʪʴ ʙʽʦʮʠʜʫ ʙʫʣʦ ʧʦʩʪʽʡʥʠʤ ʫ ʚʩʽʭ 4ʭ ʩʢʣʘʜʽʚ ʧʦʢʨʠʪʪʷ ʽ ʩʢʣʘʜʘʣʦ 1%. ɼʣʷ 

ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 3 ʧʣʘʩʪʠʥʠ.  

 

ʊʘʙʣʠʮʷ 1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʢʣʘʜʠ ʧʦʢʨʠʪʪʷ  

ˉ ʉʢʣʘʜʫ 
ɺʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ, % 

ɽʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ɽɼ-20 ʂʘʥʽʬʦʣʴ 

1 60 40 

2 70 30 

3 50 50 

4 80 20 

 

ɿʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʴ ʧʨʦʪʷʛʦʤ 7 ʜʽʙ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɺʠʟʥʘʯʘʣʘʩʴ ʧʦʯʘʪʢʦʚʘ 

ʤʘʩʘ ʧʣʘʩʪʠʥ m, ʘ ʪʘʢʦʞ ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ ʫ 3-ʦʭ ʪʦʯʢʘʭ (ŭ1, ŭ2, ŭ3) ʟʘ ʜʽʘʛʦʥʘʣʣʶ ʟʨʘʟʢʘ 

(ʨʠʩ. 1). 

 

 

 
 

ʇʽʜʛʦʪʦʚʣʝʥʽ ʧʣʘʩʪʠʥʠ ʟʘʢʨʽʧʣʶʚʘʣʠʩʷ ʫ ʢʘʩʝʪʘʭ ʪʘʢ, ʱʦ ʾʭ ʧʣʦʱʠʥʘ ʙʫʣʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʚʝʨʭʥʽ ʜʥʘ ʨʽʯʢʠ (ʨʠʩ.2)., ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʟʨʘʟʢʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʟʨʘʟʢʘʤʠ ʚ ʢʘʩʝʪʽ ʙʫʣʘ ʥʝ ʤʝʥʰʝ 10 ʩʤ. ʂʘʩʝʪʠ ʟʘʢʨʽʧʣʶʚʘʣʠʩʷ ʥʘ 

ʧʣʦʪʫ, ʷʢʠʡ ʧʦʤʽʱʘʚʩʷ ʚ ʘʢʚʘʪʦʨʽʾ ʨʽʯʢʠ ʇʽʚʜʝʥʠʡ ɹʫʛ, ʽ ʟʘʥʫʨʝʥʽ ʫ ʚʦʜʫ ʥʘ ʛʣʠʙʠʥʫ 1,0ï1,5 ʤ.  

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ  

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʽ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʢʘʩʝʪʽ 

ʧ

ʣʦʪ  
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʧʦʯʘʣʠʩʴ ʫ ʪʨʘʚʥʽ ʽ ʟʘʢʽʥʯʠʣʠʩʷ ʫ ʞʦʚʪʥʽ. ʂʦʞʝʥ ʤʽʩʷʮʴ ʧʨʦʚʦʜʠʚʩʷ 

ʧʽʜʡʦʤ ʪʘ ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ ʧʣʘʩʪʠʥ ʚ ʢʘʩʝʪʘʭ. ʇʽʩʣʷ 6-ʛʦ ʤʽʩʷʮʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʨʘʟʢʠ ʙʫʣʠ 

ʜʦʩʪʘʚʣʝʥʽ ʜʦ ʙʝʨʝʛʘ ʪʘ ʚʠʡʥʷʪʽ ʽʟ ʢʘʩʝʪ. ɸʥʪʠʦʙʨʘʩʪʘʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʰʣʷʭʦʤ ʦʙʯʠʩʣʶʚʘʥʥʷ ʧʨʠʨʽʩʪʫ ʙʽʦʤʘʩʠ ʦʙʨʦʩʪʘʥʥʷ ʪʘ ʪʦʚʱʠʥʠ ʫʪʚʦʨʝʥʦʛʦ ʰʘʨʫ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 1. ʐʚʠʜʢʽʩʪʴ ʚʦʜʠ ʇʽʚʜʝʥʥʦ ɹʫʛʫ ʚ ʟʦʥʽ ʜʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʘ ʪʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,3 ʜʦ 1 ʤ/ʩ, ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʫʜʽʚ 20ï40 ʢʤ/ʛʦʜ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʙʨʦʩʪʘʥʥʷ.  

2. ɿʤʠʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʨʦʜʥʴʦʾ ʢʘʥʽʬʦʣʽ ʫ 

ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʾ. ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʪʘʙʣ. 2) ʧʝʨʝʚʘʞʘʥʥʷ ʚʤʽʩʪʫ ʢʘʥʽʬʦʣʽ 

ʫ ʩʢʣʘʜʽ 1 ʥʘʜ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ ʫ ʩʢʣʘʜʽ 4 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰʦʛʦ ʟʤʠʚʘʥʥʷ ʧʦʢʨʠʪʪʷ 

(ʪʘʙʣ. 2) ʽ ʤʝʥʰʦʛʦ ʦʙʨʦʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ. ʆʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʣʽʤʝʨʥʦʛʦ 

ʩʧʦʣʫʯʥʠʢʘ ʟʥʠʞʫʻ ʦʙʨʦʩʪʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʢʘʥʽʬʦʣʽ ʧʦʢʨʘʱʫʻ 

ʟʤʠʚʘʥʥʷ, ʘʣʝ ʟʥʠʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʷ.  

 

ʊʘʙʣʠʮ ̫2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʨʦʩʪʘʥʥʷ ʙʽʦʤʘʩʠ 

ˉ ʟʨʘʟʢʘ ʄʘʩʘ ʫʪʚʦʨʝʥʦʾ ʙʽʦʤʘʩʠ ȹ m, ʛʨ ʉʝʨʝʜʥʷ ʤʘʩʘ ʥʘʨʦʩʪʘʥʥʷ ʧʣʘʩʪʠʥ ȹ mʩʨ, ʛʨ 

1.1 202,7 

71,75 1.2 52,2 

1.3 91,3 

2.1 331,1 
171,6 

 
2.2 116,1 

2.3 67,6 

3.1 67,9 
74,6 

 
3.2 80,9 

3.3 75,2 

4.1 107,8 

84,8 4.2 61 

4.3 206,9 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʢʣʘʜ 

ʘʥʪʠʦʙʨʘʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʠʤ, ʻ ʩʢʣʘʜ 1, ʷʢʠʡ ʧʦʢʘʟʘʚ ʥʝʧʦʛʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʦʜʦ 

ʟʤʝʥʰʝʥʥʷ ʜʠʥʘʤʽʢʠ ʙʽʦʮʝʥʦʟʫ ʜʣʷ ʚʦʜʥʠʭ ʩʧʦʨʫʜ.  

 

ʃʽʪʝʨʘʪʫʨʘ 

[1] ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ85080. ʂʦʤʧʦʟʠʮʽʷ ʜʣʷ ʥʝʦʙʨʦʩʪʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʧʫʙʣʽʢʦʚʘʥʦ 25.12.2008 
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Abstract:  The optimal ratio between binder and filler in an antifouling coating was 
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1, 2 ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʽʥʥʦʚʘʮʽʡʥʽ ʤʦʜʫʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ 

ʧʣʘʚʫʯʠʭ ʞʠʪʣʦʚʠʭ ʩʧʦʨʫʜ, ʪʘʢʠʭ ʷʢ ʭʘʫʩʙʦʪʠ, ʧʣʘʚʫʯʽ ʛʦʪʝʣʽ ʪʘ ʜʝʙʘʨʢʘʜʝʨʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʩʫʯʘʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʢʣʶʯʘʶʯʠ ʢʦʤʧʦʟʠʪʥʽ ʧʘʥʝʣʽ, ʝʢʦʣʦʛʽʯʥʽ ʽʟʦʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʣʝʛʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʅʘ ʦʩʥʦʚʽ 

ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ (ʅʽʜʝʨʣʘʥʜʠ, ʉʐɸ, ɸʚʩʪʨʘʣʽʷ) ʨʦʟʨʦʙʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʭʘʫʩʙʦʪʽʚ ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʄʦʜʫʣʴʥʽ ʤʝʪʦʜʠ ʟʤʝʥʰʫʶʪʴ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1ï5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʜʫʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʫʣʴʥʽ ʧʣʘʚʫʯʽ ʙʫʜʠʥʢʠ, ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʝʢʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʧʦʨʷʜʞʝʥʥʷ ʩʫʜʥʦʚʠʭ ʧʨʠʤʽʱʝʥʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʚʠʪʦʢ ʤʦʜʫʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜ ʟʫʤʦʚʣʝʥʠʡ 

ʧʦʧʠʪʦʤ ʥʘ ʝʢʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʰʚʠʜʢʦʤʦʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ. ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʭʘʫʩʙʦʪʽʚ 

ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ ʪʘ ʧʦʪʨʝʙʠ ʟʘʤʦʚʥʠʢʽʚ. ʅʝʜʦʩʪʘʪʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʫʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʪʘʢʠʭ ʩʧʦʨʫʜ 

ʧʦʪʨʝʙʫʻ ʘʥʘʣʽʟʫ ʥʦʚʽʪʥʽʭ ʟʘʨʫʙʽʞʥʠʭ ʧʽʜʭʦʜʽʚ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʨʘʮʽ ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʄ. ʂʫʢʝʢ, ɼʞ. ʉʤʽʪ, ʃ. ɺʘʥ ʜʝʨ ʄʝʝʨ ʪʘ ʈ. ɼʞʦʥʩ [1-4], ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ ʤʦʜʫʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, 

ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʨʽʰʝʥʥʷʤ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʩʠʩʪʝʤʘʤ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʡʥʠʤ ʤʝʭʘʥʽʟʤʘʤ. ʇʨʘʚʠʣʘ ʪʘ ʅʦʨʤʠ 

ʈʝʛʽʩʪʨʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʚʨʘʭʦʚʘʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʜʘʨʪʘʤ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʫʣʴʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜ, ʨʦʟʨʦʙʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʘʫʩʙʦʪʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʫʯʘʩʥʽ ʧʣʘʚʫʯʽ ʩʧʦʨʫʜʠ, ʪʘʢʽ ʷʢ ʭʘʫʩʙʦʪʠ ʪʘ ʧʣʘʚʫʯʽ ʛʦʪʝʣʽ, 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʦʢʨʝʤʘ ʚʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ ʪʘ ʧʦʣʽʤʝʨʥʽ ʧʘʥʝʣʽ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʣʝʛʢʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʂʫʢʝʢ ʄ. [1] 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʝʨʝʚʘʛʠ ʤʦʜʫʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʰʚʠʜʢʦʛʦ ʤʦʥʪʘʞʫ (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʽʚ ʫ ʭʘʫʩʙʦʪʽ 

 

ɼʞ. ʉʤʽʪ [2] ʘʢʮʝʥʪʫʻ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʘʝʨʦʛʝʣʽ 

ʪʘ ʙʽʦʢʦʤʧʦʟʠʪʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʚʘʛʠ ʤʘʪʝʨʽʘʣʽʚ ʭʘʫʩʙʦʪʽʚ 

 

ʃ. ɺʘʥ ʜʝʨ ʄʝʝʨ [3] ʜʦʩʣʽʜʞʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ 

ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʷʢʽ ʦʧʪʠʤʽʟʫʶʪʴ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʜʣʷ ʭʘʫʩʙʦʪʽʚ 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʭʘʫʩʙʦʪʽʚ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ: ʞʠʪʣʦʚʽ (ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʧʨʦʞʠʚʘʥʥʷ), ʨʝʢʨʝʘʮʽʡʥʽ (ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ) ʪʘ ʢʦʤʝʨʮʽʡʥʽ (ʛʦʪʝʣʽ, ʨʝʩʪʦʨʘʥʠ). ʂʦʞʝʥ ʪʠʧ ʤʘʻ 

ʫʥʽʢʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʽʚ ʟʘ ʪʠʧʘʤʠ ʭʘʫʩʙʦʪʽʚ 

 

ʅʘʧʨʠʢʣʘʜ, ʈ. ɼʞʦʥʩ [4] ʟʘʟʥʘʯʘʻ, ʱʦ ʤʦʜʫʣʴʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʘʜʘʧʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʧʽʜ ʧʦʪʨʝʙʠ ʟʘʤʦʚʥʠʢʽʚ. ʉʪʘʙʽʣʽʟʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʷʢʽʨʥʽ ʩʪʽʡʢʠ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʧʣʘʪʬʦʨʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʩʧʦʨʫʜ ʫ 

ʨʽʯʢʦʚʠʭ ʽ ʤʦʨʩʴʢʠʭ ʫʤʦʚʘʭ (ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

 

ɿʘʤʦʚʥʠʢʠ ʟ ʢʨʘʾʥ ɹʣʠʟʴʢʦʛʦ ʉʭʦʜʫ, ɭʚʨʦʧʠ ʪʘ ɸʚʩʪʨʘʣʽʾ ʚʠʤʘʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ISO ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. ʄʦʜʫʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ 

ʩʢʦʨʦʯʫʻ ʯʘʩ ʤʦʥʪʘʞʫ ʥʘ 30ï40 % ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʠʞʫʻ ʚʘʛʫ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 20 %, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʃ. ɺʘʥ ʜʝʨ ʄʝʝʨʘ [3]. 
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ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʭʘʫʩʙʦʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʽʡ, 

ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ. ʎʽ ʨʽʰʝʥʥʷ 

ʧʽʜʚʠʱʫʶʪʴ ʢʦʤʬʦʨʪ ʽ ʟʤʝʥʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʨʠʥʢʽʚ. 

ɺʠʩʥʦʚʢʠ: 

1. ʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʽʟʦʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜ. 

2. ʄʦʜʫʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʢʦʨʦʯʫʶʪʴ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ 30ï40%. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʭʘʫʩʙʦʪʽʚ ʩʧʨʠʷʻ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ ʘʜʘʧʪʘʮʽʾ ʧʨʦʻʢʪʽʚ. 

4. ɯʥʪʝʛʨʘʮʽʷ ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʨʦʟʨʦʙʦʢ. 

ɼʦʜʘʪʢʦʚʽ ʘʩʧʝʢʪʠ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜ ʚʢʣʶʯʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʧʦʪʨʝʙ 

ʟʘʤʦʚʥʠʢʽʚ. ʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʚʫʛʣʝʮʝʚʽ ʚʦʣʦʢʥʘ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ 

ʟʥʠʞʫʶʪʴ ʚʘʛʫ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʣʘʚʫʯʠʭ ʦʙô̒ ʢʪʽʚ. ɽʢʦʣʦʛʽʯʥʽ ʽʟʦʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ 

ʘʝʨʦʛʝʣʽ, ʟʤʝʥʰʫʶʪʴ ʪʝʧʣʦʚʪʨʘʪʠ, ʱʦ ʩʧʨʠʷʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɯʥʪʝʛʨʘʮʽʷ ʩʤʘʨʪ-

ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʢʦʤʬʦʨʪ. ʎʽ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʜʦ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʠʥʢʽʚ ɭʚʨʦʧʠ ʪʘ ɹʣʠʟʴʢʦʛʦ ʉʭʦʜʫ. 
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INNOVATIVE MODULAR TECHNOLOGIES FOR FLOATING RESIDENTIAL 

STRUCTURES 

Shchedrolosiev Oleksandr Viktorovych, Konovalova Hanna Vasylivna  

Kherson Educational-Scientific Institute of Admiral Makarov National University of 

Shipbuilding 

Abstract. Innovative modular technologies for designing and constructing floating residential 

structures, such as houseboats, floating hotels, and pontoons. It analyzes advanced materials, 

including composite panels, eco-friendly insulation systems, and lightweight structures, which 

enhance energy efficiency and durability. Based on international experience (Netherlands, USA, 

Australia), a classification of houseboats by functional, structural, and ecological features is proposed. 

Modular methods reduce labor intensity and construction time, as shown in Figures 1ï5. 

Recommendations for optimizing modular systems are developed. 

Keywords: modular houseboats, composite materials, eco-friendly technologies, energy 

efficiency, furnishing of ship premises. 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

111 

ʋɼʂ 629.5 

 

ɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯʏʅɯ ʂʆʅʉʊʈʋʂʎɯɰ ʇʆʅʊʆʅɯɺ 

ɼʃʗ ʄʆɼʋʃʔʅʀʍ ʇʃɸɺʋʏʀʍ ʍɸʋʉɹʆʊɯɺ 

 

ʑʝʜʨʦʣʦʩʻʚ ʆ.ɺ.1, ʂʦʥʦʚʘʣʦʚʘ ɻ.ɺ.2  
1ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʉʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʩʫʜʝʥ  

oleksandr.shchedrolosiev@nuos.edu.ua  
2ʢʘʥʜʠʜʘʪ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʉʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʩʫʜʝʥ  

konovalovaiiianna@gmail.com  
1, 2 ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʥʪʦʥʽʚ ʜʣʷ 

ʤʦʜʫʣʴʥʠʭ ʧʣʘʚʫʯʠʭ ʭʘʫʩʙʦʪʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʬʦʨʤʠ, ʪʘʢʽ ʷʢ ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʪʘ 

ʢʦʤʧʦʟʠʪʥʽ ʤʦʜʫʣʽ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʥʦʚʣʝʥʫ ʰʝʩʪʠʢʫʪʥʠʢʦʚʫ ʬʦʨʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʥʪʦʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʟô̒ ʜʥʘʥʴ ʜʣʷ ʧʨʦʪʠʜʽʾ ʟʤʽʥʘʤ ʢʣʽʤʘʪʫ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ ʝʬʝʢʪʠʚʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥ, ʟ ʬʦʢʫʩʦʤ ʥʘ 

ʝʢʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʤʦʜʫʣʴʥʝ ʩʢʣʘʜʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʫʣʴʥʽ ʧʣʘʚʫʯʽ ʧʦʥʪʦʥʠ, ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʽʥʥʦʚʘʮʽʾ, ʩʪʘʣʝ 

ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, ʛʝʢʩʘʛʦʥʘʣʴʥʽ ʤʦʜʫʣʽ, ʤʦʨʩʴʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

 

ɺʩʪʫʧ. ʄʦʜʫʣʴʥʽ ʧʣʘʚʫʯʽ ʧʦʥʪʦʥʠ, ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʭʘʫʩʙʦʪʽʚ, ʘʚʪʦʥʦʤʥʠʭ ʧʣʘʪʬʦʨʤ ʽ Very 

Large Floating Structures (VLFS), ʥʘʙʫʚʘʶʪʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʤʦʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʫ, ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʷʢ ʨʽʰʝʥʥʷ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʫʯʽʩʪʴ, 

ʦʩʪʽʡʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ, ʨʦʙʣʷʯʠ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʟʘʭʠʱʝʥʠʭ ʚʦʜʦʡʤ, ʨʽʯʦʢ ʪʘ ʧʨʠʙʝʨʝʞʥʠʭ 

ʟʦʥ [1]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʨʦʩʪʘʥʥʷ ʨʠʥʢʫ ʤʦʜʫʣʴʥʠʭ ʧʣʘʚʫʯʠʭ ʧʦʥʪʦʥʽʚ, 

ʧʨʦʛʥʦʟʦʚʘʥʝ ʜʦ $301 ʤʣʥ ʫ 2025 ʨʦʮʽ ʟ CAGR 7ï8 %, ʧʦʚô̫ ʟʘʥʦ ʟ ʝʢʦʥʦʤʽʯʥʦʶ ʜʦʩʪʫʧʥʽʩʪʶ, 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʚʠʤʦʛʘʤʠ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. ʉʫʯʘʩʥʽ 

ʪʝʥʜʝʥʮʽʾ ʚʠʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʜʠʟʘʡʥʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ [2]. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʦʜʫʣʴʥʠʭ 

ʧʣʘʪʬʦʨʤ. Wang et al. [1] ʘʥʘʣʽʟʫʶʪʴ Very Large Floating Structures (VLFS) ʷʢ ʢʦʤʙʽʥʘʮʽʾ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʜʣʷ scalable ʤʦʨʩʴʢʠʭ ʧʣʘʪʬʦʨʤ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

50 ʢʝʡʩʽʚ ʧʣʘʚʫʯʠʭ ʤʽʩʪ. Montazeran ʪʘ Wu [3] ʚʠʟʥʘʯʘʶʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʩʝʢʮʽʶ ʷʢ ʥʘʡʙʽʣʴʰ 

ʨʘʮʽʦʥʘʣʴʥʫ ʜʣʷ ʧʦʥʪʦʥʽʚ (ʨʠʩ. 1), ʤʘʢʩʠʤʽʟʫʶʯʠ ʧʨʦʩʪʽʨ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ ʤʦʜʫʣʽʚ. 

ʈʠʥʢʦʚʽ ʟʚʽʪʠ [2, 4] ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʨʠʥʢʫ ʯʝʨʝʟ ʽʥʥʦʚʘʮʽʾ ʚ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʽ 

ʤʦʜʫʣʴʥʠʭ ʜʠʟʘʡʥʘʭ ʜʣʷ ʪʫʨʠʟʤʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʨʦʻʢʪ ʤʦʜʫʣʴʥʦʛʦ ʧʣʘʚʫʯʦʛʦ ʧʦʥʪʦʥʘ  

ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʦʩʥʦʚʦʶ: ʘ) 2D ï ʤʦʜʝʣʴ, ʙ) 3D ï ʤʦʜʝʣʴ 

 

ʇʝʨʝʚʘʛʠ ʤʦʜʫʣʴʥʠʭ ʧʣʘʚʫʯʠʭ ʧʦʥʪʦʥʽʚ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʢʦʤʬʦʨʪʫ, ʧʦʜʽʙʥʠʡ ʜʦ ʥʘʟʝʤʥʦʛʦ ʞʠʪʣʘ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʥʠʟʴʢʦʶ ʦʩʘʜʢʦʶ 

ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʫʟʙʝʨʝʞʞʷ. ʉʫʯʘʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʪʝʛʨʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʤʽʥʽʤʽʟʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ [5]. 

ʅʝʜʦʣʽʢʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʩʪʽʡʥʦʩʪʽ, ʚʧʣʠʚ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʚʦʣʦʛʽʩʪʴ, ʭʚʠʣʽ) ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ 

ʶʨʠʜʠʯʥʦʾ ʙʘʟʠ ʚ ʋʢʨʘʾʥʽ. ʈʝʤʦʥʪ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘʣʝ ʤʦʜʫʣʴʥʽ ʧʽʜʭʦʜʠ 

ʩʧʨʦʱʫʶʪʴ ʩʢʣʘʜʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [6]. 

ɺʠʢʣʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʚʠʢʣʠʢʠ ʚʢʣʶʯʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ 

ʟô̒ ʜʥʘʥʴ ʤʦʜʫʣʽʚ ʜʣʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʭʚʠʣʴ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʩʧʝʢʪʠʚʠ ï 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ VLFS ʜʣʷ ʨʦʟʰʠʨʶʚʘʥʠʭ ʧʣʘʪʬʦʨʤ, ʟ ʬʦʢʫʩʦʤ ʥʘ ʛʽʜʨʦʝʣʘʩʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ ʟ ʤʦʨʝʤ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ [1, 3]. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʆʮʽʥʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʧʦʥʪʦʥʘ ʟ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʤʠ ʤʦʜʫʣʷʤʠ, ʜʝ ʟô̒ ʜʥʫʚʘʯʽ ʚʨʘʭʦʚʫʶʪʴ ʟʛʠʥʘʣʴʥʽ ʪʘ ʟʩʫʚʥʽ ʜʝʬʦʨʤʘʮʽʾ. 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʬʦʨʤʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʟʦʨʽʚ ʧʨʠ ʩʢʣʘʜʘʥʥʽ, ʧʽʜʚʠʱʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʄʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʝʢʦʣʦʛʽʯʥʽ ʢʦʤʧʦʟʠʪʠ, ʟʤʝʥʰʫʶʪʴ ʚʘʛʫ ʪʘ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʄʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ ʧʝʨʝʚʘʛʠ ʣʽʥʽʡʥʠʭ ʪʘ ʟʘʤʢʥʝʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʜʣʷ ʪʫʨʠʟʤʫ 

[1, 2]. ɸʨʭʽʪʝʢʪʫʨʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʣʘʚʫʯʦʛʦ ʧʦʩʝʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 
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ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʜʫʣʴʥʦʛʦ ʧʦʥʪʦʥʘ ʟ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʤʠ ʩʝʢʮʽʷʤʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʩʪʘʣʽʩʪʴ, ʽʜʝʘʣʴʥʫ ʜʣʷ ʚʦʜʥʦʛʦ 

ʪʫʨʠʟʤʫ ʪʘ ʤʦʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɸʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʘʪʥʶ ʧʣʘʚʫʯʽʩʪʴ, ʦʩʪʽʡʥʽʩʪʴ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʧʣʘʚʫʯʽ ʩʧʽʣʴʥʦʪʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ. 
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INNOVATIVE TECHNOLOGICAL STRUCTURES OF PONTONS FOR MODULAR 

FLOATING HOUSEBOATS  
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Abstract. Analysis of innovative technological structures of pontoons for modular floating 

houseboats. Rational forms, such as hexagonal and composite modules, are studied to increase 

stability, scalability and environmental sustainability. A new hexagonal pontoon design is proposed, 

taking into account materials and connections to counteract climate change, including sea level rise. 

The results contribute to the creation of efficient platforms for coastal areas, with a focus on 

environmentally friendly materials and modular assembly. 

Keywords: modular floating pontoons, structural innovation, sustainable shipbuilding, 

hexagonal modules, marine infrastructure. 
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1, 2 ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʥʥʦʚʘʮʽʡ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʣʘʚʫʯʠʭ ʞʠʪʣʦʚʠʭ ʩʧʦʨʫʜ ʷʢ 

ʝʣʝʤʝʥʪʘ ʤʦʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʈʦʟʛʣʷʥʫʪʦ ʽʩʪʦʨʠʯʥʠʡ ʨʦʟʚʠʪʦʢ, ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ 

ʧʨʠʢʣʘʜʠ ʧʨʦʻʢʪʽʚ ʟ 2020-2025 ʨʦʢʽʚ, ʪʘʢʽ ʷʢ ʤʦʜʫʣʴʥʽ ʩʠʩʪʝʤʠ MAST çLand on Waterè ʪʘ 

ʧʣʘʚʫʯʽ ʤʽʩʪʘ ʥʘ ʄʘʣʴʜʽʚʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʾʭ ʚ ʋʢʨʘʾʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʣʘʚʫʯʽ ʞʠʪʣʦʚʽ ʩʧʦʨʫʜʠ, ʤʦʨʩʴʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʤʦʜʫʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɿʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʤʦʨʷ ʪʘ ʫʨʙʘʥʽʟʘʮʽʷ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥ ʨʦʙʣʷʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʚʠʪʦʢ ʪʘ ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʤʦʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʚʫʯʽ 

ʞʠʪʣʦʚʽ ʩʧʦʨʫʜʠ. ʎʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʥʽ ʧʨʦʩʪʦʨʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʚʝʥʝʡ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ɺ ʋʢʨʘʾʥʽ, ʟ ʾʾ ʨʽʯʢʦʚʠʤʠ ʪʘ ʤʦʨʩʴʢʠʤʠ 

ʘʢʚʘʪʦʨʽʷʤʠ, ʪʘʢʽ ʽʥʥʦʚʘʮʽʾ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʽʩʣʷʚʦʻʥʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ ʪʘ ʨʦʟʚʠʪʢʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʷʚʠʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ ʧʣʘʚʫʯʠʭ ʞʠʪʣʦʚʠʭ ʩʧʦʨʫʜ 

ʜʣʷ ʤʦʨʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʪʦʨʠʯʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʚ ʋʢʨʘʾʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʩʪʦʨʠʯʥʦ, ʧʣʘʚʫʯʽ ʩʧʦʨʫʜʠ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʚʽʜ ʧʨʦʩʪʠʭ ʧʣʦʪʽʚ ʜʦ 

ʩʫʯʘʩʥʠʭ ʜʝʙʘʨʢʘʜʝʨʽʚ ʪʘ ʭʘʫʩʙʦʪʽʚ. ʋ ɭʚʨʦʧʽ, ʟʦʢʨʝʤʘ ʚ ʅʽʜʝʨʣʘʥʜʘʭ, ʭʘʫʩʙʦʪʠ ʩʪʘʣʠ 

ʧʦʧʫʣʷʨʥʠʤʠ ʯʝʨʝʟ ʧʦʚʽʣʴʥʽ ʨʽʯʢʠ ʪʘ ʤʘʥʜʨʽʚʥʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ. ɺ ʋʢʨʘʾʥʽ ʽʥʪʝʨʝʩ ʟô̫ ʚʠʚʩʷ ʫ 

2000-ʭ ʯʝʨʝʟ ʚʠʩʦʢʽ ʮʽʥʠ ʥʘ ʞʠʪʣʦ, ʘʣʝ ʧʨʦʻʢʪʠ ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʣʠ ʥʦʨʤʘʤ. 

ʉʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʾ (2020-2025) ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʤʦʜʫʣʴʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ. 

ʉʪʫʜʽʷ MAST ʨʦʟʨʦʙʠʣʘ ʩʠʩʪʝʤʫ çLand on Waterè ï ʤʦʜʫʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʞʠʪʣʘ, ʢʦʤʝʨʮʽʾ 

ʪʘ ʫʨʙʘʥʽʩʪʠʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ [1]. ʋ ʈʦʪʪʝʨʜʘʤʽ 

ʧʣʘʥʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʧʣʘʚʫʯʠʡ ʢʦʤʧʣʝʢʩ ɭʚʨʦʧʠ ʥʘ 100 ʙʫʜʠʥʢʽʚ [1]. ʅʘ ʄʘʣʴʜʽʚʘʭ 

Waterstudio.NL ʙʫʜʫʻ ʧʣʘʚʫʯʝ ʤʽʩʪʦ ʜʣʷ 20,000 ʞʠʪʝʣʽʚ ʟ ʰʪʫʯʥʠʤʠ ʨʠʬʘʤʠ [2]. ʋ ʉʐɸ 

ʧʨʦʻʢʪʠ ʷʢ çPlanet Oceanè ʧʨʦʧʦʥʫʶʪʴ ʧʽʜʚʦʜʥʽ ʛʦʪʝʣʽ [3]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʣʘʚʫʯʠʭ ʞʠʪʣʦʚʠʭ ʩʧʦʨʫʜ: ʩʪʘʪʠʯʥʽ (ʧʨʠʰʚʘʨʪʦʚʘʥʽ ʥʘ ʧʦʥʪʦʥʘʭ), 

ʜʠʥʘʤʽʯʥʽ (ʩʘʤʦʭʽʜʥʽ), ʥʝʧʣʘʚʫʯʽ (ʥʘ ʧʘʣʷʭ), ʧʽʜʚʦʜʥʽ. ɽʥʝʨʛʽʷ ï ʩʦʥʷʯʥʘ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ. 
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ʇʣʘʚʫʯʽ ʦʩʥʦʚʠ ï ʦʙô̒ ʢʪ ʤʘʻ ʧʣʘʚʫʯʽʩʪʴ, ʘʣʝ ʻ ʥʝʩʘʤʦʭʽʜʥʠʤ; ʤʘʻ ʬʽʢʩʦʚʘʥʝ ʧʦʩʪʽʡʥʝ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʪʦʙʪʦ ʻ ʘʥʘʣʦʛʦʤ ʩʫʜʥʘ ʧʨʠʰʚʘʨʪʦʚʘʥʦʛʦ ʜʦ ʙʝʨʝʛʦʚʦʾ ʩʧʦʨʫʜʠ (ʨʠʩ. 1).  

ɼʦ ʪʘʢʠʭ ʩʧʦʨʫʜ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʧʣʘʚʫʯʠʤʠ ʦʩʥʦʚʘʤʠ ʚʽʜʥʦʩʷʪʴ: 

ï ʧʨʠʰʚʘʨʪʦʚʘʥʽ ʙʫʜʠʥʢʠ ʥʘ ʦʩʥʦʚʽ ʦʩʪʦʚʫ ʩʫʜʥʘ; 

ï ʙʫʜʠʥʢʠ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʥʪʦʥʥʠʭ ʦʩʥʦʚʘʭ; 

ï ʙʫʜʠʥʢʠ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʢʦʨʧʫʩʦʤ-ʧʦʥʪʦʥʦʤ; 

ï ʙʫʜʠʥʢʠ ʥʘ ʧʣʦʪʘʭ. 

ɼʠʥʘʤʽʯʥʽ ʧʣʘʚʫʯʽ ʦʩʥʦʚʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʦʙô̒ ʢʪ ʦʢʨʽʤ ʧʣʘʚʫʯʦʩʪʽ ʤʘʻ ʽʥʰʽ 

ʤʦʨʝʭʽʜʥʽ ʷʢʦʩʪʽ, ʘ ʩʘʤʝ ʭʦʜʦʚʽʩʪʴ ʪʘ ʢʝʨʦʚʘʥʽʩʪʴ, ʪʦʙʪʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ 

ʘʢʚʘʪʦʨʽʾ ʩʘʤʦʩʪʽʡʥʦ, ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʙʫʢʩʠʨʫʚʘʥʥʷ ʽʥʰʠʤʠ ʩʫʜʥʘʤʠ (ʨʠʩ. 2).  

ɼʦ ʩʧʦʨʫʜ ʽʟ ʜʠʥʘʤʽʯʥʠʤʠ ʧʣʘʚʫʯʠʤʠ ʦʩʥʦʚʘʤʠ ʚʽʜʥʦʩʷʪʴ: 

ï ʢʘʪʝʨʠ; 

ï ʢʨʫʾʟʥʽ ʣʘʡʥʝʨʠ çʚʠʭʽʜʥʦʛʦ ʜʥʷè; 

ï ʧʣʘʚʫʯʽ ʣʘʡʥʝʨʠ-ʤʽʩʪʘ ʥʘ ʚʦʜʽ. 

 

 
ʇʨʠʰʚʘʨʪʦʚʘʥʠʡ ʙʫʜʠʥʦʢ 

ʥʘ ʢʦʨʧʫʩʽ ʩʫʜʥʘ 

 
ɹʫʜʠʥʦʢ ʥʘ ʙʘʨʞʽ, ɸʤʩʪʝʨʜʘʤ 

 
ɹʫʜʠʥʦʢ ʥʘ ʙʝʪʦʥʥʽʡ ʧʦʜʫʰʮʽ 

 
ʇʣʘʚʫʯʠʡ ʦʬʽʩ ʫ ʇʨʘʟʽ 

 
ɹʫʜʠʥʦʢ ʥʘ ʧʣʦʪʘʭ ʽʟ ʢʦʣʦʜ 

 
ɹʫʜʠʥʦʢ ʥʘ ʧʣʦʪʫ ʫ ʄʝʣʴʙʫʨʥʽ 

 

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʚʫʯʽ ʙʫʜʠʥʢʠ ʽʟ ʩʪʘʪʠʯʥʠʤʠ ʦʩʥʦʚʘʤʠ 
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ɹʫʜʠʥʦʢ ʥʘ ʢʦʨʧʫʩʽ ʩʫʜʥʘ 

 

 
ɹʫʜʠʥʦʢ ʥʘ ʩʘʤʦʭʽʜʥʽʡ ʙʘʨʞʽ ʚ ɸʥʪʚʝʨʧʝʥʽ 

 
ɹʫʜʠʥʦʢ ʥʘ ʧʦʣʽʡ ʙʝʪʦʥʥʽʡ ʧʦʜʫʰʮʽ  

ʷʢʠʡ ʙʫʢʩʠʨʫʻʪʴʩʷ ʪʘ ʙʫʜʠʥʦʢ-ʷʭʪʘ 
 

ɹʫʜʠʥʦʢ ʥʘ ʙʝʪʦʥʥʦʤʫ ʧʦʥʪʦʥʽ ʙʫʢʩʠʨʫʻʪʴʩʷ  

ʙʫʜʠʥʢʦʤ-ʷʭʪʦʶ ʢʘʪʘʤʘʨʘʥʥʦʛʦ ʪʠʧʫ 

ʈʠʩʫʥʦʢ 2 ï ɺʠʜʠ ʩʧʦʨʫʜ ʥʘ ʚʦʜʽ ʽʟ ʜʠʥʘʤʽʯʥʠʤʠ ʧʣʘʚʫʯʠʤʠ ʦʩʥʦʚʘʤʠ 

 

ɼʦ ʩʘʤʦʭʽʜʥʠʭ ʩʧʦʨʫʜ ʽʟ ʜʠʥʘʤʽʯʥʦʶ ʦʩʥʦʚʦʶ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

ï ʙʫʜʠʥʢʠ ʥʘ ʜʝʙʘʨʢʘʜʝʨʘʭ, ʱʦ ʙʫʢʩʠʨʫʶʪʴʩʷ; 

ï ʧʦʥʪʦʥʥʽ ʩʧʦʨʫʜʠ, ʧʝʨʝʧʨʘʚʠ; 

ï ʧʝʨʝʦʙʣʘʜʥʘʥʽ ʧʽʜ ʞʠʪʣʦ ʪʘ ʽʥʰʽ ʬʫʥʢʮʽʾ ʩʫʜʥʘ ʪʘ ʽʥʰʽ ʧʣʘʚʫʯʽ ʩʧʦʨʫʜʠ.  

ʅʝʧʣʘʚʫʯʽ ʦʩʥʦʚʠ ï ʦʙô̒ ʢʪ ʯʘʩʪʢʦʚʦ ʤʘʻ ʧʣʘʚʫʯʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʅʝʧʣʘʚʫʯʽ ʦʩʥʦʚʠ ʥʘʨʘʭʦʚʫʶʪʴ ʧô̫ ʪʴ ʩʧʦʩʦʙʽʚ ʫʪʨʠʤʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ 

(ʨʠʩ. 3). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʥʘ ʦʙô̒ ʢʪʘʭ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʛʦʣʦʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʦʜʠ ʥʘ ʚʝʣʠʢʫ ʜʘʣʴʥʽʩʪʴ. ʏʝʨʝʟ ʮʝ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʘʙʦ ʜʚʠʛʫʥʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ, ʷʢʽ ʥʝ 

ʥʘʥʦʩʷʪʴ ʰʢʦʜʠ ʦʪʦʯʫʶʯʦʤʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʥʝ ʚʠʜʘʶʪʴ ʰʫʤʽʚ ʪʘ ʧʨʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

  

 



ɯʅʅʆɺɸʎɯɰ ɺ ʉʋɼʅʆɹʋɼʋɺɸʅʅɯ ʊɸ ʆʂɽɸʅʆʊɽʍʅɯʎɯ                                                              XVɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

117 

 
ɹʫʜʠʥʦʢ ʥʘ ʧʘʣʷʭ 

 

 
ɻʦʪʝʣʴ ʥʘ ʧʘʣʷʭ, ʦʩʪʨʦʚʠ ʂʫʢʘ 

 
ɹʫʜʠʥʦʢ ʥʘ ʧʽʣʦʥʘʭ 

 
ʇʦʥʜ ʍʘʫʩ, ʄʘʫʥʪ-ɼʝʟʝʨʪ, ʄʝʥ 

 

 
ʂʦʨʧʫʩ ʩʫʜʥʘ ʥʘ ʙʝʪʦʥʥʽʡ ʦʩʥʦʚʽ  

Eco-tech loftboat, ɹʝʣʴʛʽʷ [4] 

 

ʈʠʩʫʥʦʢ 3 ï ɺʠʜʠ ʥʝʧʣʘʚʫʯʠʭ ʦʩʥʦʚ ʭʘʫʩʙʦʪʽʚ 

 

ʅʘʩʠʧʥʽ ʬʫʥʜʘʤʝʥʪʠ: ʦʙô̒ ʢʪ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʰʪʫʯʥʦʤʫ ʥʘʩʠʧʫ-ʦʩʥʦʚʽ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʙʠʪʴʩʷ ʦʙʚô̫ ʟʫʚʘʥʥʷ ʛʨʫʧ ʚʘʣʫʥʽʚ ʘʙʦ ʽʥʰʠʭ ʙʽʣʴʰ ʤʽʣʢʠʭ ʢʘʤʽʥʽʚ ʥʘ 

ʜʥʽ ʚʦʜʦʡʤʠʱʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʷʢʦʩʪʽ ʞʦʨʩʪʢʠʭ ʩʪʝʨʞʥʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʰʣʷʭʦʤ ʥʘʤʠʪʪʷ 

ʥʘ ʥʠʭ ʧʽʩʢʫ ʯʠ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʩʠʧʫ-ʦʩʥʦʚʽ ʥʘʜʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ. ɼʘʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʚʽʜʤʽʥʥʦ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʽʜʦʤʠʭ ʰʪʫʯʥʠʭ 

ʦʩʪʨʦʚʽʚ ʫ ɸʨʘʙʩʴʢʠʭ ɽʤʽʨʘʪʘʭ. ʄʦʞʣʠʚʽ ʪʘʢʦʞ ʢʦʤʙʽʥʘʮʽʾ ʟ ʥʘʩʠʧʥʠʭ ʪʘ ʧʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ɺ ʋʢʨʘʾʥʽ ʽʩʥʫʶʪʴ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʽʥʥʦʚʘʮʽʡ: ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʪʘ 

ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ.   

ʈʝʢʦʤʝʥʜʘʮʽʾ: ʘʜʘʧʪʫʚʘʪʠ ʤʦʜʫʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʤʦʨʩʴʢʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ. 
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ɺʠʩʥʦʚʢʠ. ɯʥʥʦʚʘʮʽʾ ʚ ʧʣʘʚʫʯʠʭ ʩʧʦʨʫʜʘʭ ʚʽʜʢʨʠʚʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʤʦʨʩʴʢʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʥʦʨʤʘʪʠʚʥʫ ʙʘʟʫ ʪʘ ʧʽʣʦʪʥʽ ʧʨʦʝʢʪʠ ʜʣʷ ʾʾ 

ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ. 
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INNOVATIONS IN THE DESIGN OF FLOATING RESIDENTIAL STRUCTURES 

AS PART OF MARINE INFRASTRUCTURE  

Shchedrolosiev Oleksandr Viktorovych, Konovalova Hanna Vasylivna  

Kherson Educational-Scientific Institute of Admiral Makarov National University of 

Shipbuilding 

Abstract. An analysis of innovations in the design of floating residential structures as an 

element of marine infrastructure is conducted. Historical development, current trends and examples 

of projects from 2020-2025 are considered, such as modular MAST systems çLand on Waterè and 

floating cities in the Maldives. Recommendations are proposed for adaptation in Ukraine taking into 

account climate change and infrastructure restoration. Abstract. An analysis of innovations in the 

design of floating residential structures as an element of marine infrastructure is conducted. Historical 

development, current trends and examples of projects from 2020-2025 are considered, such as 

modular MAST systems çLand on Waterè and floating cities in the Maldives. Recommendations are 

proposed for adaptation in Ukraine taking into account climate change and infrastructure restoration. 

Keywords: floating residential structures, marine infrastructure, innovative technologies, 

modular construction, resilience to climate change.  
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1, 2, 3 ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʨʦʙʦʪʠʟʘʮʽʾ 

ʢʦʨʧʫʩʦʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʠʧʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, 

ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʨʧʫʩʦʦʙʨʦʙʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʨʦʙʦʪʠʟʘʮʽʷ, ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ, 

ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠ.  

 

ɺʩʪʫʧ. ʂʦʨʧʫʩʦʦʙʨʦʙʥʽ ʧʨʦʮʝʩʠ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ, ʪʝʨʤʽʥʠ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʜʥʘ. ʊʨʘʜʠʮʽʡʥʦ ʮʽ ʧʨʦʮʝʩʠ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʚʨʫʯʥʫ ʘʙʦ ʟ ʯʘʩʪʢʦʚʦʶ ʤʝʭʘʥʽʟʘʮʽʻʶ, ʱʦ ʦʙʤʝʞʫʚʘʣʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʚʠʤʘʛʘʣʦ ʟʥʘʯʥʠʭ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʝʨʩʪʘʪʽʚ ʟ 

ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ) ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ ʚʽʜʢʨʠʚ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʨʧʫʩʦʦʙʨʦʙʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʨʽʰʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʢʦʨʧʫʩʦʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʥʘʣʽʟ ʧʨʠʢʣʘʜʽʚ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʮʽʡ ʩʬʝʨʽ. 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʨʧʫʩʦʦʙʨʦʙʢʠ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʢʦʨʧʫʩʦʦʙʨʦʙʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʨʽʟʘʥʥʷ 

ʣʠʩʪʦʚʦʛʦ ʪʘ ʧʨʦʬʽʣʴʥʦʛʦ ʤʝʪʘʣʫ, ʛʥʫʪʪʷ ʝʣʝʤʝʥʪʽʚ ʦʙʰʠʚʢʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʘ ʨʦʙʦʪʠʟʦʚʘʥʝ 

ʟʚʘʨʶʚʘʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ, ʤʘʨʢʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʩʢʣʘʜʘʥʥʷ ʢʦʨʧʫʩʥʠʭ ʩʝʢʮʽʡ [2]. 

ʋ ʧʨʦʚʽʜʥʠʭ ʩʫʜʥʦʙʫʜʽʚʥʠʭ ʢʦʤʧʘʥʽʷʭ ʮʽ ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ, ʜʝ ʚʩʽ ʝʪʘʧʠ ʧʦʚô̫ ʟʘʥʽ ʚ ʻʜʠʥʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ. ʈʦʙʦʪʘ 

ʦʨʛʘʥʽʟʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʪʦʢʫ: ʤʝʪʘʣ ʧʦʜʘʻʪʴʩʷ ʟʽ ʩʢʣʘʜʫ ʥʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʟʢʨʦʶ, ʧʽʩʣʷ 

ʯʦʛʦ ʜʝʪʘʣʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʥʘ ʛʥʫʪʠʣʴʥʽ ʤʘʰʠʥʠ, ʨʦʙʦʪʠʟʦʚʘʥʽ ʟʚʘʨʶʚʘʣʴʥʽ 

ʢʦʤʧʣʝʢʩʠ ʘʙʦ ʩʪʘʥʮʽʾ ʩʚʝʨʜʣʽʥʥʷ. 

ʋ ʩʫʯʘʩʥʠʭ ʮʝʭʘʭ ʢʦʨʧʫʩʦʦʙʨʦʙʢʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʝʨʩʪʘʪʠ ʟ ʯʠʩʣʦʚʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ) ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ, ʛʘʟʦʢʠʩʥʝʚʦʛʦ ʪʘ ʣʘʟʝʨʥʦʛʦ 
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ʨʽʟʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʘʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʪʘ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʚʽʜʭʦʜʠ ʤʝʪʘʣʫ. 

ʈʦʙʦʪʠʟʦʚʘʥʽ ʟʚʘʨʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʚʠʨʦʙʥʠʯʽ ʣʽʥʽʾ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʫ 

ʷʢʽʩʪʴ ʰʚʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʪʘ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ. ʉʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʥʦʩʷʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʢʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʫ ʧʨʦʮʝʩʽ ʩʢʣʘʜʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʨʦʙʦʪʠʟʘʮʽʾ. ʉʫʯʘʩʥʽ ʢʦʨʧʫʩʦʦʙʨʦʙʥʽ ʮʝʭʠ ʩʫʜʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʦʩʥʘʱʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ. 

ɺʝʨʩʪʘʪʠ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ) ʜʣʷ ʛʘʟʦʢʠʩʥʝʚʦʛʦ ʪʘ ʧʣʘʟʤʦʚʦʛʦ 

ʨʽʟʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫ (ʚʠʨʦʙʥʠʢʠ ESAB, Messer Cutting Systems, Koike) ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʽʟʘʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɻʘʟʦʢʠʩʥʝʚʽ ʫʩʪʘʥʦʚʢʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʪʦʚʩʪʠʭ ʣʠʩʪʽʚ ʩʪʘʣʽ (ʧʦʥʘʜ 50 ʤʤ), 

ʪʦʜʽ ʷʢ ʧʣʘʟʤʦʚʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʪʦʥʢʠʤ ʪʘ 

ʩʝʨʝʜʥʽʤ ʤʝʪʘʣʦʤ. ɹʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽʥʪʝʛʨʦʚʘʥʽ ʟ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʨʦʩʪʦʾ ʤʽʞ ʮʠʢʣʘʤʠ ʨʦʙʦʪʠ. 

ʃʘʟʝʨʥʝ ʨʽʟʘʥʥʷ (CO-ʣʘʟʝʨʠ ʪʘ ʪʚʝʨʜʦʪʽʣʴʥʽ ʚʦʣʦʢʦʥʥʽ ʣʘʟʝʨʠ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ, ʤʽʥʽʤʘʣʴʥʦʶ ʟʦʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʯʠʩʪʦʶ 

ʢʨʦʤʢʦʶ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ [3]. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʘ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʛʝʦʤʝʪʨʽʾ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʤʝʥʪʽʚ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʢʦʨʧʫʩʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ ʪʘ ʘʣʶʤʽʥʽʶ. 

ʈʦʙʦʪʠʟʦʚʘʥʽ ʟʚʘʨʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ (KUKA, FANUC, ABB, Yaskawa) ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ 

ʚʠʨʦʙʥʠʯʽ ʣʽʥʽʾ ʪʘ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʫ ʙʘʛʘʪʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʽʚʥʦʤʽʨʥʫ ʷʢʽʩʪʴ ʰʚʽʚ. ʈʦʙʦʪʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʫ ʩʪʘʥʜʘʨʪʥʠʭ 

ʟʚʘʨʶʚʘʣʴʥʠʭ ʧʦʟʠʮʽʷʭ, ʪʘʢ ʽ ʥʘ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 6ï ʘʙʦ 

7-ʦʩʴʦʚʽ ʤʘʥʽʧʫʣʷʪʦʨʠ. ʉʠʩʪʝʤʠ ʦʙʣʘʜʥʫʶʪʴʩʷ ʘʜʘʧʪʠʚʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʪʘ ʢʘʤʝʨʘʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʛʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʟʚʘʨʶʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ. 

ʇʨʝʩʠ ʪʘ ʛʥʫʪʠʣʴʥʽ ʤʘʰʠʥʠ ʟ ʏʇʂ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʭʦʣʦʜʥʝ ʪʘ ʛʘʨʷʯʝ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʫ. ʇʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʛʥʫʪʪʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦʛʦ ʚʽʜʩʢʦʢʫ ʤʝʪʘʣʫ, ʘ ʘʚʪʦʤʘʪʠʯʥʘ ʧʦʜʘʯʘ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʣʽʥʽʾ ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ 

ʥʘʥʝʩʝʥʥʷ ʢʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ ʥʘ ʜʝʪʘʣʽ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʩʪʘʜʽʾ 

ʩʢʣʘʜʘʥʥʷ. ʃʽʥʽʾ ʩʚʝʨʜʣʽʥʥʷ ʦʩʥʘʱʝʥʽ ʙʘʛʘʪʦʰʧʠʥʜʝʣʴʥʠʤʠ ʛʦʣʦʚʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʜʝʩʷʪʢʠ ʦʪʚʦʨʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʡ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʽʜʩʦʪʦʢ ʙʨʘʢʫ, ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʨʫʯʥʦʾ ʜʦʨʦʙʢʠ, ʧʽʜʚʠʱʠʪʠ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ ʘʙʦ ʟʤʽʥʠ ʧʝʨʩʦʥʘʣʫ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʙʦʪ-ʟʚʘʨʶʚʘʣʴʥʠʢ INROTECH [4] 

 

ɺʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʚʠʢʣʠʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʚʜʷʢʠ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʨʦʙʦʪʠʟʘʮʽʾ ʢʦʨʧʫʩʦʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʪʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ 30ï50 %; 

ï ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 25ï40 %; 

ï ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʩʫʜʥʘ ʥʘ 15ï20 %; 

ï ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʟʚʘʨʥʠʭ ʰʚʽʚ ʥʘ 60ï70 % [5]. 

ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʚʝʨʬʝʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʢʫʧʦʚʫʻ ʩʝʙʝ ʟʘ 3ï5 ʨʦʢʽʚ ʟʘʣʝʞʥʦ 

ʚʽʜ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʦʧʨʠ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʻ ʥʠʟʢʫ ʚʠʢʣʠʢʽʚ: 

ï ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ; 

ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʮʝʭʽʚ; 

ï ʧʦʪʨʝʙʘ ʫ ʬʘʭʽʚʮʷʭ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʽʥʪʝʛʨʘʮʽʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʽʩʥʫʶʯʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ [6]. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʝʪʘʧʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʘʣʫʯʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ ʧʽʜʪʨʠʤʢʠ ʪʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ɺʠʩʥʦʚʢʠ. ʋ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʦʯʽʢʫʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ 

ʧʘʨʘʤʝʪʨʠ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʟʘʤʦʚʣʝʥʴ. ʈʦʟʚʠʪʦʢ ʢʦʣʘʙʦʨʘʪʠʚʥʠʭ ʨʦʙʦʪʽʚ (cobots) ʜʦʟʚʦʣʠʪʴ 

ʙʝʟʧʝʯʥʦ ʧʨʘʮʶʚʘʪʠ ʣʶʜʠʥʽ ʪʘ ʤʘʰʠʥʽ ʚ ʦʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʽʜʚʠʱʫʶʯʠ ʛʥʫʯʢʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʨʦʙʦʪʠʟʘʮʽʷ ʢʦʨʧʫʩʦʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʇʦʻʜʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ 
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ʏʇʂ, ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʝʨʬʝʡ, 

ʷʢʽ ʧʨʘʛʥʫʪʴ ʙʫʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ.  
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ɺʩʪʫʧ. ʉʫʜʥʦʙʫʜʽʚʥʘ ʛʘʣʫʟʴ ʩʴʦʛʦʜʥʽ ʧʝʨʝʙʫʚʘʻ ʫ ʬʘʟʽ ʽʥʪʝʥʩʠʚʥʦʾ ʮʠʬʨʦʚʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʽ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʮʽʻʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʻ ʪʝʭʥʦʣʦʛʽʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (Digital Twin) [1]. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʚʽʨʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʩʫʜʝʥ, ʚʽʜʪʚʦʨʶʚʘʪʠ ʾʭ ʧʦʚʝʜʽʥʢʫ ʫ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʱʝ ʜʦ ʧʦʯʘʪʢʫ ʬʽʟʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʫ ʧʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʜʝʥ, ʦʮʽʥʢʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʪʨʠʚʘʣʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʫ 

ʥʘʡʙʣʠʞʯʽ 10 ʨʦʢʽʚ. 

ʊʝʭʥʦʣʦʛʽʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ï ʮʝ ʜʠʥʘʤʽʯʥʘ ʮʠʬʨʦʚʘ ʨʝʧʣʽʢʘ 

ʬʽʟʠʯʥʦʛʦ ʦʙô̒ ʢʪʘ, ʩʠʩʪʝʤʠ ʘʙʦ ʧʨʦʮʝʩʫ, ʷʢʘ ʦʥʦʚʣʶʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ [1, 2]. ʋ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʚʽʥ ʚʢʣʶʯʘʻ: 

ï ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ (CAD), ʱʦ ʦʧʠʩʫʻ ʬʦʨʤʫ ʢʦʨʧʫʩʫ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʩʠʩʪʝʤ; 

ï ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ (CAE, CFD, FEA), ʷʢʘ ʚʽʜʪʚʦʨʶʻ ʤʝʭʘʥʽʯʥʽ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ, ʪʝʧʣʦʚʽ ʪʘ 

ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ï ʜʘʥʽ ʩʝʥʩʦʨʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ; 

ï ʘʥʘʣʽʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʫʜʥʘ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʨʽʚʥʽʚ: ʚʽʨʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʢʘʥʘʣʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʩʠʩʪʝʤʠ ʘʥʘʣʽʪʠʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʠʭ, ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʫʜʥʘ ʫ ʟʤʽʥʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʮʝʥʘʨʽʷʭ.  

 
ʈʠʩʫʥʦʢ 1 ï ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ [4] 

 

ɽʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ: 

1. ɿʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʩʫʜʥʘ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʢʨʝʩʣʝʥʥʷ, 3D-ʤʦʜʝʣʽ ʢʦʨʧʫʩʫ ʪʘ ʩʠʩʪʝʤ, 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʘ ʜʦ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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2. ʉʪʚʦʨʝʥʥʷ ʙʘʟʦʚʦʾ CAD-ʤʦʜʝʣʽ ʩʫʜʥʘ: ʈʦʟʨʦʙʢʘ ʜʝʪʘʣʴʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʩʫʜʥʘ 

ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. CAD-ʤʦʜʝʣʴ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʩʽʭ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʩʠʤʫʣʷʮʽʡ ʪʘ ʽʥʪʝʛʨʘʮʽʡ. 

3. ʈʦʟʨʦʙʢʘ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʚʝʜʽʥʢʠ ʩʫʜʥʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʽʚ (CFD, FEA). 

ʉFD (Computational Fluid Dynamics) ï ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ 

ʚʦʜʠ ʪʘ ʚʧʣʠʚʫ ʥʘ ʢʦʨʧʫʩ. 

FEA (Finite Element Analysis) ï ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

4. ɯʥʪʝʛʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ PLM-ʩʠʩʪʝʤʠ: ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʩʽʤʘ ʽʥʞʝʥʝʨʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ. ɿʘʚʘʥʪʘʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ CFDï ʽ FEA-ʨʦʟʨʘʭʫʥʢʽʚ, ʢʨʝʩʣʝʥʴ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʡ ʫ PLM (Product Lifecycle 

Management ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʫ). 

5. ʇʽʜʢʣʶʯʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ: ɯʥʪʝʛʨʘʮʽʷ ʩʠʛʥʘʣʽʚ ʽʟ ʜʘʪʯʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʩʫʜʥʽ, ʫ ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ. ʎʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʧʽʜ ʯʘʩ ʟʘʚʦʜʩʴʢʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʙʦ ʚʞʝ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

6. ɺʽʨʪʫʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (Virtual  Sea Trials): ɯʤʽʪʘʮʽʷ ʤʦʨʩʴʢʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ 

ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. ʇʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, 

ʤʘʥʝʚʨʝʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟ ʬʽʟʠʯʥʦʛʦ ʚʠʭʦʜʫ ʩʫʜʥʘ ʚ ʤʦʨʝ. 

7. ʇʝʨʝʜʘʯʘ ʤʦʜʝʣʽ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʧʨʦʛʨʘʤ ʜʣʷ ʏʇʂ-

ʚʝʨʩʪʘʪʽʚ ʽ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

 

 
ʈʠʩʫʥʦʢ 2 ï Virtual Sea Trials [5] 

 

ʇʨʠʢʣʘʜʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ. ʂʦʤʧʘʥʽʷ Siemens ʟʘʩʪʦʩʦʚʫʻ ʢʦʤʧʣʝʢʩ 

NX + Simcenter ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʢʦʨʧʫʩʫ ʪʘ ʩʠʩʪʝʤ ʩʫʜʝʥ [2]. Wªrtsilª 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ 10ï15% ʽ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ CO  ʥʘ 20 % [3]. DNV ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʫ Veracity 

ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʩʫʜʝʥ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʤʦʥʪʽʚ. Damen 

Shipyards ʚʧʨʦʚʘʜʠʣʘ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʫ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʨʘʫʣʝʨʘ, ʱʦ ʩʢʦʨʦʪʠʣʦ ʪʝʨʤʽʥʠ 
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ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘ 25%. ABB ʨʦʟʨʦʙʠʣʘ ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʢʨʫʾʟʥʦʛʦ 

ʩʫʜʥʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʛʝʥʝʨʘʪʦʨʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ. ʋ ʥʘʡʙʣʠʞʯʽ 10 ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʽʟ ʩʠʩʪʝʤʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʦʮʝʩʽʚ. ɹʫʜʝ ʨʦʟʚʠʚʘʪʠʩʷ ʢʦʥʮʝʧʮʽʷ Smart Shipyard ï ʮʠʬʨʦʚʦʾ ʚʝʨʬʽ ʟ 

ʧʦʚʥʦʶ ʽʥʪʝʛʨʘʮʽʻʶ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʫ ʻʜʠʥʽʡ 

ʧʣʘʪʬʦʨʤʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ VR/AR ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʽʥʩʧʝʢʮʽʾ ʪʘ ʥʘʚʯʘʥʥʷ 

ʧʝʨʩʦʥʘʣʫ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʫ ʧʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʜʝʥ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʦʩʪʘʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʩʢʦʨʦʯʝʥʥʷ 

ʪʝʨʤʽʥʽʚ ʨʦʟʨʦʙʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʩʠʩʪʝʤʥʦʾ ʨʦʙʦʪʠ ʥʘʜ ʪʝʭʥʽʯʥʠʤʠ, 

ʢʘʜʨʦʚʠʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʘʩʧʝʢʪʘʤʠ. 
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ʄʆɼʋʃɯ ʅɸ ʆʉʅʆɺɯ ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɯɺ 328P ɸɹʆ ɰʍ ɸʅɸʃʆɻɯɺ 

ʊɸ ɰʍ ɺʀʂʆʈʀʉʊɸʅʅʗ ɼʃʗ ʃɸɹʆʈɸʊʆʈʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ʄɯʎʅʆʉʊɯ 

ʉʋɼʅʆɺʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

 

ʂʣʠʤʝʥʢʦʚ ʉ.ʖ. 

ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ  

ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

sergij.klymenkov@nuos.edu.ua 

 

ɺ ʜʦʢʣʘʜʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ 

ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 328ʈ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʫʜʥʦʚʦʛʦ ʢʦʨʧʫʩʫ. ʅʘʚʝʜʝʥʦ ʤʦʞʣʠʚʽ ʩʭʝʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʫʣʽʚ, ʨʦʟʛʣʷʥʫʪʦ ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʮʥʽʩʪʴ, ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ 328ʈ, 

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

 

ʇʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʷʢʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʷʢ ʚʽʜ ʥʴʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʘʪʴ ʷʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʞʝ ʽ ʚʩʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʣʦʤʫ. 

ʋʜʦʩʢʦʥʘʣʠʪʠ ʷʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʣʫʯʝʥʥʷ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʢʦʤʧôʁ ʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʘʣʝ ʡ ʦʪʨʠʤʘʪʠ ʟʘʧʠʩ ʜʘʥʠʭ 

ʫ ʚʠʛʣʷʜʽ ʟʙʝʨʝʞʝʥʠʭ ʪʘʙʣʠʮʴ ʪʘ ʜʽʘʛʨʘʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʪʘʢʦʞ ʥʘʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʦʮʽʥʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʽ ʾʭ ʟʤʽʥʫ ʤʠʪʪʻʚʦ, 

ʪʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʽʣʴʰ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʭʽʜ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʇʨʦʪʝ, ʟʘʟʚʠʯʘʡ, 

ʪʘʢʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʚʢʨʘʡ ʚʫʟʴʢʝ ʥʘʧʨʘʚʣʝʥʥʷ ʽ ʜʫʞʝ ʚʠʩʦʢʫ ʮʽʥʫ. ɼʣʷ ʣʘʙʦʨʘʪʦʨʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʷʢ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʘʢ ʽ ʫʯʙʦʚʠʭ, ʚʘʞʣʠʚʦ ʤʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙ 

ʤʘʣʦ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʽ, ʱʦ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦ, ʧʨʠʡʥʷʪʥʫ ʮʽʥʫ. ʊʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʤʦʞʝ ʥʘʜʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʦʚʘʥʠʭ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʦʙʣʘʜʥʘʥʥʷʤ, ʱʦ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ, ʜʦʙʨʝ 

ʚʠʚʯʝʥʝ, ʟ ʷʢʠʤ ʤʘʶʪʴ ʜʦʩʚʽʜ ʨʦʙʦʪʠ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʣʠ ʧʣʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜ ʪʦʨʛʽʚʝʣʴʥʦʶ ʤʘʨʢʦʶ 

Arduino ʽ ʧʦʜʽʙʥʽ ʜʦ ʥʠʭ, ʱʦ ʚʠʛʦʪʦʚʣʶʶʪʴʩʷ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 328ʈ. ʇʣʘʪʠ ʤʘʶʪʴ 

ʚʥʫʪʨʽʰʥʶ ʧʘʤô̫ ʪʴ 32 ʄɹ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʫʧʨʘʚʣʷʶʯʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʷʢʠʡ ʛʝʥʝʨʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʽʭ ʧʨʦʛʨʘʤ-ʩʢʝʪʯʝʡ, ʟʘʧʠʩʘʥʠʭ ʤʦʚʦʶ ʉ++ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʇɽʆʄ 

ʟʘ ʧʨʦʪʦʢʦʣʦʤ USB. ʄʘʩʦʚʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʧʣʘʪ ʥʘʣʘʛʦʜʞʝʥʝ ʚ ʂʅʈ (ʨʠʩ. 1), ʱʦ ʨʦʙʠʪʴ 

ʾʭʥʶ ʮʽʥʫ ʮʽʣʢʦʤ ʜʦʩʪʫʧʥʦʶ. ʇʣʘʪʘ ʤʘʻ 14 ʮʠʬʨʦʚʠʭ ʽ 8 ʘʥʘʣʦʛʦʚʠʭ ʢʘʥʘʣʽʚ, ʤʦʞʣʠʚʽʩʪʴ 

ʞʠʚʣʝʥʥʷ ʚʽʜ USB, ʘ ʪʘʢʦʞ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʞʠʚʣʝʥʥʷ ʚʽʜ 5 ʜʦ 12ɺ. 
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ʈʠʩʫʥʢʦʢ 1 ï ʇʣʘʪʘ çNANOè ʚʠʨʦʙʥʠʮʪʚʘ ʂʅʈ 

 

ʇʣʘʪʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʝʥʩʦʨʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʦʣʦʛʦʩʪʽ, ʪʠʩʢʫ ʤʘʩʪʠʣʘ, ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ, ʥʘʧʨʫʛʠ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʮʥʦʩʪʽ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʩʘʤʧʝʨʝʜ ʮʽʢʘʚʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʣʽʥʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ [1, ʩ. 63-70].  

ʇʽʜʢʣʶʯʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʟʘ ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ ʋʽʪʩʪʦʥʘ ʤʦʞʣʠʚʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʣʘʪʠ ɸʎʇ HX711 (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʣʘʪʘ HX711 

 

ɾʠʚʣʝʥʥʷ ʤʦʩʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʢʦʥʪʘʢʪʽʚ ɽ+ ʽ ɽ-, ʢʦʥʪʘʢʪʠ ɸ+ ʽ ɸï ʧʽʜʢʣʶʯʘʶʪʴ ʜʦ 

ʜʨʫʛʦʾ ʜʽʘʛʦʥʘʣʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ. ʂʦʥʪʘʢʪʠ DT ̔  SCK ʟô̒ ʜʥʫʶʪʴ ʟ ʘʥʘʣʦʛʦʚʠʤʠ ʚʠʭʦʜʘʤʠ ʧʣʘʪʠ 

ʢʦʥʪʨʦʣʝʨʘ VCC ʽ GND ï ʟ ʜʦʜʘʪʥʠʤ ʽ ʚʽʜô̒ ʤʥʠʤ ʧʦʣʶʩʘʤʠ ʞʠʚʣʝʥʥʷ (ʨʦʟô̒ ʤʠ VIN ʽ GND ʥʘ 

ʧʣʘʪʽ ʢʦʥʪʨʦʣʝʨʘ). ʊʘʢʠʡ ʩʧʦʩʽʙ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚʘʛʦʚʠʭ 

ʩʪʘʥʮʽʡ, ʢʦʣʠ ʟʤʽʥʘ ʦʧʦʨʫ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʧʣʽʯ ʤʦʩʪʘ ʦʜʥʘʢʦʚʘ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʘ ʥʝʟʙʘʣʘʥʩʦʚʘʥʘ ʯʚʝʨʪʴʤʦʩʪʦʚʘ 

ʩʭʝʤʘ ʟ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʜʘʪʯʠʢʦʤ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʏʚʝʨʪʴʤʦʩʪʦʚʘ ʩʭʝʤʘ ʟ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʤ 

 

ʊʝʥʟʦʨʝʟʠʩʪʦʨ R1 ʟʤʽʥʶʻ ʦʧʽʨ ʜʝʬʦʨʤʫʶʯʠʩʴ ʨʘʟʦʤ ʟ ʤʦʜʝʣʣʶ (Ů). ʂʦʤʧʝʥʩʘʮʽʡʥʠʡ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨ R2 ʥʘʢʣʝʶʶʪʴ ʥʘ ʥʝʥʘʚʘʥʪʘʞʝʥʫ ʯʘʩʪʠʥʫ ʤʦʜʝʣʽ ʘʙʦ ʥʘ ʦʢʨʝʤʠʡ ʟʨʘʟʦʢ ʟ ʪʦʛʦ ʞ 

ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ ʱʦ ʽ ʤʦʜʝʣʴ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʝʬʦʨʤʘʮʽʾ ʚ ʥʴʦʤʫ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʪʽʣʴʢʠ ʚʽʜ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ (ʂ) ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʚʨʽʚʥʦʚʘʞʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʥʦʾ 

ʤʦʜʝʣʽ. ʈʝʟʠʩʪʦʨʠ ʩʪʘʣʦʛʦ ʦʧʦʨʫ R3 ̔  R4 ʜʦʧʦʚʥʶʶʪʴ ʧʣʝʯʽ ʤʦʩʪʫ. ʇʝʨʝʚʘʛʘ ʪʘʢʦʾ ʩʭʝʤʠ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʥʝ ʪʨʝʙʘ ʙʘʣʘʥʩʫʚʘʪʠ ʤʽʩʪ ʧʨʠ ʢʦʞʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ, ʟʤʽʥʘ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ V0 

ʧʨʦʧʦʨʮʽʡʥʘ ʚʽʜʥʦʩʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʤʦʜʝʣʽ. ɺʠʚʦʜʠ V0 ʤʦʩʪʘ ʤʦʞʥʘ ʧʽʜʢʣʶʯʘʪʠ ʷʢ ʯʝʨʝʟ 

ʧʝʨʝʪʚʦʨʶʚʘʯ HX711 ʜʦ ʮʠʬʨʦʚʠʭ ʢʘʥʘʣʽʚ D0-D13, ʪʘʢ ʽ ʜʦ ʘʥʘʣʦʛʦʚʠʭ A0-A7. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʦʧʦʨʫ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʚʥʦʤʦʩʪʦʚʦʶ 

ʩʭʝʤʦʶ, ʧʨʦʪʝ ʮʝʡ ʥʝʜʦʣʽʢ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʩʫʪʪʻʚʠʤ, ʪʘʢ ʷʢ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚʚʦʜʠʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ʢʘʥʘʣʫ ʚʠʤʽʨʶʚʘʥʴ 

ʜʦʨʽʚʥʶʻ 1/1024 ʨʦʟʤʘʭʫ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ (0-5ɺ). 

ʇʽʜô̒ ʜʥʘʥʥʷ ʧʣʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʦ ʇɽʆʄ ʧʦ ʢʘʥʘʣʫ USB ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʟʤʽʥʫ ʜʝʬʦʨʤʘʮʽʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʦʪʨʠʤʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʟʘʧʠʩ ʧʦʢʘʟʥʠʢʽʚ ʯʝʨʝʟ 

ʜʦʚʽʣʴʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʚʽʜ 0,001 ʩʝʢʫʥʜʠ, ʬʦʨʤʫʚʘʪʠ ʙʘʟʠ ʜʘʥʠʭ, ʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʽʚ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 328ʈ ʽ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ 

ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʩʪʚʦʨʝʥʥʽ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʾʭ ʝʣʝʤʝʥʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʙʨʦʙʢʠ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʽ 

ʜʦʜʘʪʢʦʚʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʽʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

[1] ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ : ʥʘʚʯ. ʧʦʩʽʙ./ ɻ.ɹ. ʇʘʨʘʩʢʘ, 

ɼ.ɺ. ʇʨʠʙʝʛʘ, ʇ.ʉ. ʄʘʡʜʘʥ. ï ʂʠʾʚ : ʂʦʥʜʦʨ-ɺʠʜʘʚʥʠʮʪʚʦ, 2017. ï 138 ʩ. 
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The report views the features of using electronic modules built on the 328P microcontrollers 

basis for practical measurements of the ship hull elements strength during laboratory tests. Possible 

schemes for using such modules are presented, their advantages and disadvantages compared to 

traditional measuring equipment are considered. 
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ʇʆʈɯɺʅʗʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ ɿɸʉʊʆʉʋɺɸʅʅʗ 2-ɺʀʄɯʈʅʀʍ ʊɸ 3-ɺʀʄɯʈʅʀʍ 
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ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ 3-ʚʠʤʽʨʥʫ ʢʘʨʢʘʩʥʫ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ ʚʽʜʩʽʢʫ 

ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ. ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʽʩʽʢ ʽʟ ʝʢʩʧʣʫʪʘʮʽʡʥʦʶ 

ʟʘʙʝʟʧʝʯʝʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ ʤʽʮʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʩʫʜʝʥ ʪʘ ʈʝʛʽʩʪʨʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ 

ʋʢʨʘʾʥʠ. ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʤʽʥʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ 

ʟʘʢʦʥʦʤ ɺʝʡʙʫʣʣʘ ʜʣʷ ʚʫʟʣʽʚ ʧʝʨʝʪʠʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʦʨʪʫ ʪʘ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʽ ʧʝʨʝʪʠʥʫ 

ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ ʜʥʠʱʘ ʪʘ ʬʣʦʨʫ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʩʝʨʝʜʥʽʭ 

ʧʝʨʝʨʽʟʽʚ ʚʽʜʩʽʢʽʚ 2-5 ʟʘ ʜʦʚʞʠʥʦʶ ʩʫʜʥʘ. ɺʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʠ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʚʪʦʤʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʩʝʨʝʜʥʽʭ ʧʝʨʝʨʽʟʘʭ 

ʚʽʜʩʽʢʽʚ 2-5 ʟʘ ʜʦʚʞʠʥʦʶ ʩʫʜʥʘ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 2-ʚʠʤʽʨʥʠʭ ʢʘʨʢʘʩʥʠʭ ʤʦʜʝʣʝʡ ʜʥʠʱʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʪʘ 3-ʚʠʤʽʨʥʠʭ ʢʘʨʢʘʩʥʠʭ 

ʤʦʜʝʣʝʡ ʚʽʜʩʽʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʪʦʤʥʘ ʤʽʮʥʽʩʪʴ; ʜʦʚʛʦʚʽʯʥʽʩʪʴ; ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ; 2-ʚʠʤʽʨʥʘ  

ʪʘ 3-ʚʠʤʽʨʥʥʘ ʢʘʨʢʘʩʥʽ ʤʦʜʝʣʽ; ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ; ʝʢʧʣʫʘʪʘʮʽʡʥʽ ʥʘʧʨʫʞʝʥʥʷ 

 

ɺʩʪʫʧ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʫʜʥʦʢʦʨʧʫʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚʽʜʚʽʧʦʜʚʽʜʥʦ ʜʦ [1] ʙʘʣʢʦʚʽ ʪʘ ʧʣʘʩʪʠʥʯʘʩʪʽ ʤʦʜʝʣʽ. ɹʘʣʢʦʚʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ 

ʜʣʷ ʚʽʜʩʽʢʫ ʚ ʮʽʣʦʤʫ ʪʘ ʦʢʨʝʤʦ ʜʣʷ ʧʝʨʝʢʨʠʪʪʷ. ʇʨʠʯʦʤʫ, ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʚʽʜʩʽʢʫ ʚ ʮʽʣʦʤʫ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʴʦʛʦ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʤʠ. 

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʟʘʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʪʠʧʦʚʠʭ ʩʫʜʥʦʢʦʨʧʫʩʥʠʭ ʚʫʟʣʽʚ ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʚʽʜʩʽʢʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʦʙʦʪʽ [1] ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʜʚʦʭ ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ ʟ ʜʦʚʞʠʥʦʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʩʫʜʥʘ. 

ɿʘʟʥʘʯʝʥʽ ʚʫʟʣʠ ʪʘ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʨʫʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1 ʪʘ ʨʠʩ. 2. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʙʦʪʠ [2] ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʚʪʦʤʫ ʩʫʜʥʦʢʦʨʧʫʩʥʠʭ ʚʫʟʣʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʨʦʟʤʘʭʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

„ В „ ςВ В ” „„,     (1) 

ʜʝ ůj ï ʩʢʣʘʜʦʚʽ ʨʦʟʤʘʭʽʚ ʟʤʽʥʥʠʭ ʥʘʧʨʫʞʝʥʴ; ɟjv å Ñ 0,5 ï ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʩʢʣʘʜʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʘʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʧʨʫʞʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʤʙʽʥʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʦʚʞʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ, ʟʛʠʥʫ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʙʘʣʢʠ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʫʟʦʣ. 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʟʛʠʥʫ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʙʘʣʢʠ ʚʠʢʦʥʫʚʘʣʦʩʴ ʚ ʨʦʙʦʪʽ [2] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 2-ʚʠʤʽʨʥʠʭ ʽʟʦʣʴʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʙʘʣʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʝʨʝʜʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʫ ʚʫʟʣʽ ʧʝʨʝʪʠʥʫ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʨʝʙʨʘ 

ʞʦʨʩʪʢʦʩʪʽ ʜʥʠʱʘ ʪʘ ʬʣʦʨʫ ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʩʝʨʝʜʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʫ ʚʫʟʣʽ ʧʝʨʝʪʠʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʜʥʠʱʘ 

ʪʘ ʰʧʘʥʛʦʫʪʫ ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʘʟʥʘʯʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 3-ʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʚʽʜʩʽʢʽʚ. ʊʘʢʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3 ʜʣʷ 

ʚʠʧʘʜʢʫ ʩʫʜʥʘ ñʫ ʧʦʚʥʦʤʫ ʚʘʥʪʘʞʽò. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 3-ʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜʩʽʢʫ ʚ ʮʽʣʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʝ ʨʦʙʦʪʠ ʟ ʧʦʙʫʜʦʚʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʝʡ ʚʽʜʩʽʢʫ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʦʪʝ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʦ ʜʦ ʨʝʘʣʴʥʦʩʪʽ 

ʤʦʜʝʣʶʻʪʴʩʷ ʨʦʙʦʪʘ ʚʫʟʣʘ ʫ ʩʢʣʘʜʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋʤʦʚʦʶ ʤʽʮʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [3] ʻ D Ò 1, ʜʝ D ï ʩʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʫʟʣʘ ʟʘ ʣʽʥʽʡʦʶ ʛʽʧʦʪʝʟʫʶ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʴ ʧʝʨʝʜʙʘʯʘʶʯʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ T = 24 ʨʦʢʠ. ɽʬʝʢʪ ʢʦʨʦʟʽʾ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʨʠ 

ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʯʝʨʝʟ ʪʝ, ɦ ʦ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʘ ʥʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʽʮʥʦʩʪʽ ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [4]-[6]. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʊʨʠʚʠʤʽʨʥʘ ʢʘʨʢʘʩʥʘ ʤʦʜʝʣʴ ʚʽʜʩʽʢʫ ʩʫʭʦʚʘʥʪʘʞʥʠʢʘ ʽʟ ʧʨʠʢʣʘʜʝʥʠʤ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʪʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʚʫʟʣʽʚ ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ʩʫʜʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʠʚʠʤʽʨʥʠʭ ʢʘʨʢʘʩʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜʩʽʢʽʚ 

ʢʦʨʧʫʩʫ ʩʫʜʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. ɺʩʪʘʥʦʚʣʝʥʦ,ʱʦ 

ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʢʨʠʪʪʽʚ, ʻ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ. 
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COMPARISON OF THE RESULTS OF APPLYING 2 -DIMENSIONAL  

AND 3-DIMENSIONAL LINE MODELS FOR DETERMINING THE FATIGUE 

STRENGTH OF STRUCTURAL ASSEMBLIES OF A DRY CARGO SHIP  

Dmytro Lytvynenko, Tetiana Yuresko, Konovalov Vitalii  

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine 

Annotation. A 3D finite element model of a dry cargo ship compartment was developed. 

Calculations of loads on the compartment with operational reliability were performed in accordance 

with the strength standards for sea-going vessels and the Ukrainian Register of Shipping. The 

parameters of the long-term distribution of nominal stresses according to the Weibull law were 

determined for the joints of the side and double bottom structures and the joints of the longitudinal 

stiffeners of the bottom and floor. These parameters were determined for the middle sections of 

compartments 2-5 along the length of the ship. The values of cumulative fatigue damage of the studied 

structural joints located in the middle sections of compartments 2-5 along the length of the ship have 

been determined. A comparative analysis of the calculation results using 2-dimensional line models 

of the bottom deck and 3-dimensional line models of the compartment has been carried out. 

Keywords: fatigue strength; durability; structural joint; two-dimensional and three-

dimensional line models; finite element analysis; operational stress 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ʊɽʇʃʆɯɿʆʃʖɺɸʅʅʗ ʅɽʌʊɽʅɸʃʀɺʅʆɻʆ ʊɸʅʂʋ ɹʃʆʂɸʄʀ 

ʇɯʅʆʉʂʃɸ ʇʈʀ ʇɽʈɽɺɽɿɽʅʅɯ ʇɯɼɯɻʈɯɺɸɭʄʆɻʆ ɺɸʅʊɸɾʋ 
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ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 
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ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 
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ɸʥʦʪʘʮʽʷ. ɺʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʽʟʦʣʶʚʘʥʥʷ ʪʘʥʢʝʨʽʚ ʟʘʢʨʠʪʦʧʦʨʠʩʪʠʤ 

ʧʽʥʦʩʢʣʦʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʥʦʩʢʣʘ (ʛʫʩʪʠʥʘ, ʪʝʭʥʦʣʦʛʽʯʥʘ 
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ʚʽʜʢʨʠʪʘ ʧʦʨʠʩʪʽʩʪʴ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ. ɼʦʩʣʽʜʞʫʶʪʴʩʷ 

ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʯʘʩʪʠʥʠ ʻʤʥʦʩʪʝʡ ʪʘʥʢʝʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦ ʽʟʦʣʶʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʘʢʨʠʪʦʧʦʨʠʩʪʦʛʦ ʧʽʥʦʩʢʣʘ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʪʦʚʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʪʘʥʢʝʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʊʘʥʢʝʨʠ, ʦʙʽʛʨʽʚ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ, ʧʽʥʦʩʢʣʦ.  

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʏʘʩʪʢʘ ʥʘʣʠʚʥʠʭ ʚʘʥʪʘʞʽʚ ʫ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 50%, ʟ ʥʠʭ ʙʽʣʴʰʝ 80% ï ʮʝ ʥʘʬʪʘ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ.  

ʅʘʣʠʚʥʽ ʚʘʥʪʘʞʽ ʟʘʣʝʞʥʦ ʚʽʜ ʰʢʦʜʠ, ʷʢʫ ʤʦʞʫʪʴ ʟʘʧʦʜʽʷʪʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʂʦʥʚʝʥʮʽʾ ʄɸʈʇʆʃ, ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʥʘʬʪʠ, ʰʢʽʜʣʠʚʽ ʨʽʜʢʽ 

ʨʝʯʦʚʠʥʠ, ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ ʚ ʫʧʘʢʦʚʮʽ [1]. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʄʘʡʞʝ ʚʩʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʛʦʨʶʯʽ ʽ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, ʦʪʞʝ, ʚʦʥʠ ʻ ʚʦʛʥʝʥʝʙʝʟʧʝʯʥʠʤʠ ʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ. ɺʘʥʪʘʞʥʽ ʪʘʥʢʠ 

ʧʦʚʠʥʥʽ ʛʘʨʘʥʪʫʚʘʪʠ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʚʘʥʪʘʞʫ ʪʘ ʟʘʭʠʩʪ ʚʘʥʪʘʞʫ ʚʽʜ ʟʤʽʰʘʥʥʷ ʟ ʽʥʰʠʤʠ 

ʚʘʥʪʘʞʘʤʠ ʽ ʙʘʣʘʩʪʦʤ.  

ʊʘʢʦʞ ʧʽʩʣʷ ʚʽʜʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʜʫʢʪʫ ʥʘ ʩʪʽʥʢʘʭ ʽ ʜʥʠʱʽ ʪʘʥʢʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʩʪʠʛʣʠʡ ʰʘʨ ʧʨʦʜʫʢʪʫ, ʚʠʜʘʣʝʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʥʦ, ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ, ʘ 

ʯʘʩʦʤ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦ. ʇʽʜʽʛʨʽʚ ʚʘʥʪʘʞʫ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʘʩʪʢʦʚʦ ʨʦʟʚô̫ ʟʫʻ 

ʮʶ ʧʨʦʙʣʝʤʫ. ʎʽ ʩʠʩʪʝʤʠ ʢʦʤʧʝʥʩʫʶʪʴ ʪʝʧʣʦʚʪʨʘʪʠ, ʜʘʶʯʠ ʟʤʦʛʫ ʚʠʨʽʰʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʟʘʚʜʘʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʥʪʘʞʫ. ʆʜʥʘʢ ʧʨʦʙʣʝʤʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʶʚʘʥʥʷ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʪʘʥʢʫ 

ʙʣʦʢʘʤʠ ʧʽʥʦʩʢʣʘ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʽʜʽʛʨʽʚʘʻʤʦʛʦ ʚʘʥʪʘʞʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʙʤʽʥ ʪʝʧʣʦʤ ʤʽʞ ʚʘʥʪʘʞʝʤ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʩʽʤʘ ʥʘʚʢʦʣʠʰʥʽʤʠ ʧʦʚʝʨʭʥʷʤʠ. ɼʣʷ ʮʴʦʛʦ ʛʝʦʤʝʪʨʽʷ ʩʫʜʥʘ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 

ʯʦʪʠʨʠ ʨʽʟʥʽ ʦʙʣʘʩʪʽ: ʙʽʯʥʘ ʦʙʰʠʚʢʘ ʩʫʜʥʘ ʟ ʥʘʜʚʦʜʥʠʤ ʙʦʨʪʦʤ ʽ ʟʤʦʯʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, 

ʧʘʣʫʙʥʘ ʦʙʰʠʚʢʘ, ʦʙʰʠʚʢʘ ʜʥʠʱʘ, ʧʦʟʜʦʚʞʥʽ ʪʘ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʤʽʞ ʚʘʥʪʘʞʥʠʤʠ 

ʪʘʥʢʘʤʠ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʪʦʯʥʫ ʦʮʽʥʢʫ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ ʦʙʤʽʥʶʻʪʴʩʷ, ʨʦʟʛʣʷʥʫʪʦ ʢʦʞʥʫ 

ʧʦʚʝʨʭʥʶ ʦʢʨʝʤʦ.  

ʇʨʦʙʣʝʤʫ ʪʝʧʣʦʚʪʨʘʪ ʽ ʧʽʜʽʛʨʽʚʫ ʯʘʩʪʢʦʚʦ ʤʦʞʥʘ ʨʦʟʚô̫ ʟʘʪʠ ʧʝʨʝʚʝʟʝʥʥʷʤ ʚʘʥʪʘʞʫ ʚ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʮʠʩʪʝʨʥʘʭ. ʎʠʩʪʝʨʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʽʟʦʣʷʮʽʶ. ʊʦʚʱʠʥʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ.  

ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʝʧʣʦʽʟʦʣʶʶʯʽ ʤʘʪʝʨʽʘʣʠ ʘʙʦ ʧʦʢʨʠʪʪʷ. ʆʜʥʠʤ 

ʟ ʪʘʢʠʭ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʽʟʦʣʷʪʦʨʽʚ ʻ ʧʽʥʦʩʢʣʦ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʨʦʰʢʦʚʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʧʽʥʦʩʢʣʘ [2]. 

ʉʫʤʽʰ ʪʦʥʢʦʤʦʣʦʪʦʛʦ ʧʦʨʦʰʢʘ ʩʢʣʘ ʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʟʘʩʠʧʘʶʪʴ ʫ ʬʦʨʤʠ ʽ ʥʘʛʨʽʚʘʶʪʴ. 

ʇʦʨʦʰʦʢ ʩʢʣʘ ʩʧʽʢʘʻʪʴʩʷ ʽ ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʢʨʦʧʦʨʦʞʥʠʥʠ, ʚ ʷʢʠʭ ʟʘʤʢʥʫʪʠʡ ʛʘʟʦʫʪʚʦʨʶʚʘʯ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʝʚʽ ʧʣʽʚʢʠ ʩʢʣʘ ʧʦʯʠʥʘʶʪʴ ʨʦʟʪʷʛʫʚʘʪʠʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʛʘʟʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʛʘʟʦʫʪʚʦʨʶʚʘʯʝʤ. ʇʨʦʮʝʩ ʩʧʽʥʝʥʥʷ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʩʪʨʦʛʦ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʧʽʩʣʷ ʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʢʦ ʟʥʠʞʫʶʪʴ, ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ 

ʚô̫ ʟʢʽʩʪʴ ʩʢʣʘ, ʧʽʥʘ ʩʪʘʻ ʩʪʽʡʢʦʶ. ʇʦʪʽʤ ʙʣʦʢ ʦʩʪʘʪʦʯʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. 
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ʊʘʙʣʠʮʷ 1 ï ɺʠʜʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʠʥʠ ʪʘʥʢʝʨʘ 

ʏʘʩʪʠʥʘ ʪʘʥʢʫ 
ʊʠʧ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ 
ʈʽʟʥʠʮʷ 
ʪʝʤʧʝʨʘʪʫʨ 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 
ʪʝʧʣʦʚʽʜʜʘʯʽ [3] 

ʂʦʝʬʽ-
ʮʽʻʥʪ 
ʪʝʧʣʦ-
ʚʽʜʜʘʯʽ 

ɿʦʚʥʽ ʙʦʢʦʚʦʾ 
ʦʙʦʣʦʥʢʠ 

ɺʠʤʫʰʝʥʘ 
ʢʦʥʚʝʢʮʽʷ 

0Áʉ ï 70Áʉ 
 

5661 

ʋʩʝʨʝʜʠʥʽ 
ʙʽʯʥʦʾ ʦʙʰʠʚʢʠ 

ɺ̔ʣʴʥʘ ʢʦʥʚʝʢʮʽʷ 5Áʉ ï 70Áʉ 
 

6190 

ɿʦʥʘ 
ʧʦʜʚʽʡʥʦʛʦ 
ʢʦʨʧʫʩʫ 

ʂʦʥʚʝʢʮʽʷ ʧʦʚʽʪʨʷ 
ʘʙʦ ʙʘʣʘʩʪʥʦʾ 
ʚʦʜʠ, 

5Áʉ ï 70Áʉ 

 

4560 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ 
ʧʘʣʫʙʠ 

ʂʦʥʚʝʢʮʽʷ ʧʦʚʽʪʨʷ 0Áʉ ï 70Áʉ 

 

8520 

ɼʥʦ 
ʂʦʥʚʝʢʮʽʷ ʚ 
ʪʫʨʙʫʣʝʥʪʥʦʤʫ 
ʧʦʪʦʮʽ ʚʦʜʠ 

0Áʉ ï 70Áʉ 

 

9376 

 

ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʢʨʠʪʠʭ ʢʦʤʽʨʦʢ ʧʨʠ ʩʧʽʥʝʥʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʫʛʣʝʮʝʚʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʽ. ɺ ʷʢʦʩʪʽ ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʠʡ ʢʦʢʩ ʫ ʢʽʣʴʢʦʩʪʽ 2 ï 3 % (ʤʘʩ.), ʯʘʩ ʚʠʪʨʠʤʢʠ ʩʫʤʽʰʽ ʩʢʣʦʙʦʶ ʪʘ ʢʦʢʩʫ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 20 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 840Áʉ [4]. 

ʊʦʚʱʠʥʘ ʪʝʧʣʦʟ̔ʦʣʷʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

‏̨ ̈̏ ‗̨̌ ̈̏̌                                             (1) 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʜʣʷ ʙʦʢʦʚʦʾ ʯʘʩʪʠʥʠ (ʘ), ʜʥʘ (ʙ), 

ʧʦʜʚʽʡʥʦʛʦ ʙʦʨʪʫ (ʚ) ʪʘ ʧʘʣʫʙʠ (ʛ) ʪʘʥʢʫ 
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ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ɚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʫʩʪʠʥʠ ʧʽʥʦʩʢʣʘ ɟ ʪʘ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q, 

ʙʫʜʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʪʘʥʢʘ (ʨʠʩ. 2).  

ɿʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [5] ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʧʽʜʽʛʨʽʚʫ ʚʘʥʪʘʞʫ ʟʘ ʫʤʦʚʘʤʠ ʤʽʥʽʤʽʟʘʮʽʾ 

ʧʘʣʠʚʥʠʭ ʚʠʪʨʘʪ ʽ ʦʙʤʝʞʝʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʽʜʽʛʨʽʚʫ ʻ ʨʝʞʠʤ ʧʽʜʪʨʠʤʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʥʪʘʞʫ ʥʘ ʨʽʚʥʽ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʝʥʥʷ (tʟʘʩʪ= + 10Üʉ). 

ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʘ ʩʪʽʥʮʽ ʪʘʥʢʫ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ 10 ʩʤ ʰʘʨ ʰʣʘʤʫ, ʱʦ ʻ ʜʫʞʝ ʥʝʚʠʛʽʜʥʠʤ 

ʝʢʦʥʦʤʽʯʥʦ.  

ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʥʘʬʪʦʥʘʣʠʚʥʦʤʫ ʪʘʥʢʫ ʧʨʠ ʪʽʡ ʞ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʛʨʽʚʘʯʘ (tʟʘʩʪ= + 20Üʉ) ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʪʦʚʱʠʥʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟ ʧʽʥʦʩʢʣʘ ʥʘ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʷʭ (ʪʘʙʣ. 2), ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʚʘʥʪʘʞʝʤ. 

 

ʊʘʙʣʠʮʷ 2 ï ɼʦʩʪʘʪʥʽ ʪʦʚʱʠʥʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟ ʧʽʥʦʩʢʣʘ (ʤʤ) 
ɻʫʩʪʠʥʘ ʧʽʥʦʩʢʣʘ, ʢʛ/ʤ3 ɹʦʢʦʚʘ ʯʘʩʪʠʥʘ ɼʥʦ ʧʘʣʫʙʘ ʇʦʜʚʽʡʥʠʡ ʙʦʨʪ 

300 160 170 160 120 

400 220 240 220 160 

500 280 300 280 200 

 

ɺʠʩʥʦʚʢʠ 

1. ʆʮʽʥʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʜʣʷ ʪʘʥʢʽʚ ʟ ʙʣʦʢʽʚ ʧʽʥʦʩʢʣʘ. ɼʣʷ 

ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʟʥʘʡʜʝʥʽ ʡʦʛʦ ʩʢʣʘʜ ʽ ʧʘʨʘʤʝʪʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ ʰʘʨʽ ʨʘʮʽʦʥʘʣʴʥʦ ʦʙʨʘʪʠ ʚʤʽʩʪ 

ʛʘʟʦʫʪʚʦʨʶʚʘʯʘ 2% (ʤʘʩ.) ʪʘ ʯʘʩ ʚʠʪʨʠʤʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10 ʜʦ 20 ʭʚ. 

2. ʈʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʧʽʥʦʩʢʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʚʘʨʽʡʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʟʘ ʫʤʦʚʠ ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʜʠ ʫ ʚʽʜʢʨʠʪʽ ʧʦʨʠ ʪʝʧʣʦʽʟʦʣʶʶʯʠʭ ʙʣʦʢʽʚ. ɺʦʥʘ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0,17 ʜʦ 0,22 ɺʪ/(ʤĿʂ). 

3. ʈʦʟʨʘʭʦʚʘʥʦ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʫ ʩʪʽʥʢʫ ʪʘʥʢʝʨʫ ʪʘ ʤʦʞʣʠʚʫ 

ʪʦʚʱʠʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘʥʢʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʦʙʽʛʨʽʚʫ. ɺʦʥʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʪʦʚʱʠʥʫ ʥʘ ʙʦʢʦʚʽʡ ʯʘʩʪʠʥʽ ʪʘʥʢʝʨʫ (ʜʦ 280 ʤʤ ʧʨʠ ʛʫʩʪʠʥʽ ʧʽʥʦʩʢʣʘ 500 ʢʛ/ʤ3) 
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EFFECTIVENESS OF THERMAL INSULATION OF AN OIL TANK WITH FOAM 

GLASS BLOCKS WHEN TRANSPORTING HEATED CARGO  

Solomoniuk Natalia, Yakovenko Sergiy 

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine 

Abstract. The large amount of fuel consumed during the transportation of petroleum products 

can be reduced by insulating tankers with closed-cell foam glass. The properties of foam glass 
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(density, technological open porosity) depending on its composition and production technology have 

been experimentally investigated. The heat flows of parts of the tankerôs tanks were studied, taking 

into account the thermal insulation properties of closed-cell foam glass, and the thickness of the 

thermal insulation for different parts of the tanker was calculated, taking into account the intensity of 

the heat flows.  

Keywords: Tankers, heating, thermal insulation, foam glass.  
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ɺʀɹɯʈ ʂʆʅʉʊʈʋʂʎɯɰ ʊɸ ɸʅɸʃɯɿ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʂʆʄɯʈʏɸʉʊʀʍ ʉʊʈʋʂʊʋʈ ʃʆʇɸʊɽʁ ɻʈɽɹʅʆɻʆ ɻɺʀʅʊɸ 

 

ʄʘʥʴʢʦ ɺ.ɺ. 

ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ. 

 

ɸʥʦʪʘʮʽʷ. ʄʝʪʘ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʽʨʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ ʣʦʧʘʪʝʡ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʦʪʦʚʦ-

ʜʫʛʦʚʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (WAAM). 

ʄʝʪʦʜʠʢʘ. ɿʘʩʪʦʩʦʚʘʥʦ ʽʥʩʪʨʫʤʝʥʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ SolidWorks ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʣʦʧʘʪʝʡ ʛʚʠʥʪʘ ʟ ʧʫʩʪʦʪʽʣʠʤʠ ʢʦʤʽʨʯʘʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʦʜʦʤ WAAM ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʠʭ ʙʨʦʥʟ. 

ʈʝʟʫʣʴʪʘʪʠ. ʆʙʨʘʥʦ ʚʘʨʽʘʥʪʠ ʢʦʤʽʨʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ WAAM, ʷʢʽ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʥʘʥʝʩʝʥʥʷ (Direct Energy Deposition ï DED). ʆʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ʣʦʧʘʪʽ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʽʨʯʘʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʦʧʘʪʽ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ; ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʢʦʤʽʨʯʘʩʪʽ 

ʩʪʨʫʢʪʫʨʠ; WAAM; ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ; ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʘ 

ʙʨʦʥʟʘ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʉʫʯʘʩʥʝ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʟʦʢʨʝʤʘ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʧʘʪʝʡ ʤʘʶʪʴ ʥʠʟʢʫ ʦʙʤʝʞʝʥʴ, 

ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʛʝʦʤʝʪʨʽʾ, ʚʠʩʦʢʦʶ ʤʘʩʦʶ ʪʘ ʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʜʨʦʪʦʚʦ-ʜʫʛʦʚʦʛʦ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

(WAAM), ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʝʛʢʠʭ ʽ ʤʽʮʥʠʭ ʢʦʤʽʨʯʘʩʪʠʭ (ʧʫʩʪʦʪʽʣʠʭ) 

ʩʪʨʫʢʪʫʨ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʩʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʤʽʮʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʣʦʧʘʪʽ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʤʝʪʦʜʦʤ WAAM ʽʟ ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʦʾ ʙʨʦʥʟʠ, ʪʘ 
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ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʾʾ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʽʜ ʜʽʻʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʢʦʤʽʨʦʢ ʥʘ ʤʽʮʥʽʩʪʴ, 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʢʦʤʽʨʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ (ʟʦʢʨʝʤʘ, 

ʢʚʘʜʨʘʪʥʽ ʪʘ ʪʨʠʢʫʪʥʽ ʢʦʤʽʨʢʠ, ʜʠʚ. ʈʠʩ. 1) ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʦʟʤʽʨʠ, ʪʦʚʱʠʥʘ ʩʪʽʥʦʢ). 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʦʙʫʜʦʚʘʥʦ 3D-ʤʦʜʝʣʴ ʫ ʩʝʨʝʜʦʚʠʱʽ CAD. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (FEM) ʧʽʜ ʜʽʻʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʫʤʦʚʣʝʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʦʣʝʤ 

ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʚʦʜʠ ʪʘ ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʛʚʠʥʪʘ. ɿʘʜʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʡ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʘʪʝʨʽʘʣ ʤʦʜʝʣʶʚʘʚʩʷ ʷʢ ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʘ ʙʨʦʥʟʘ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ WAAM. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʧʦʣʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʟʘ ʄʽʟʝʩʦʤ, ʧʦʣʷ 

ʜʝʬʦʨʤʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ.  

ɺʠʩʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʪʨʠʤʘʥʦ ʢʘʨʪʠʥʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʤʽʨʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ ʣʦʧʘʪʝʡ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʽʨʯʘʩʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʤʘʩʫ ʣʦʧʘʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʜʦʩʪʘʪʥʴʦʛʦ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 

ɻʝʦʤʝʪʨʽʷ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʠʷʚʣʝʥʦ ʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʫ ʤʽʩʮʷʭ ʧʝʨʝʭʦʜʫ ʤʽʞ ʢʦʤʽʨʯʘʩʪʦʶ ʪʘ 

ʩʫʮʽʣʴʥʦʶ ʯʘʩʪʠʥʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʫʚʘʛʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʦʧʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (DED) ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʝʩʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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SELECTION OF DESIGN AND STRESSïSTRAIN ANALYSIS OF CELLULAR 

STRUCTURES IN SHIP PROPELLER BLADES 

Manko Vitalii Volodymyrovych  

Admiral Makarov National University of Shipbuilding, Mykolaiv 

Abstract. This research addresses the selection of optimal cellular structures for ship propeller 

blades manufactured using Wire Arc Additive Manufacturing (WAAM) with nickelïaluminium 

bronze. Several geometric configurations of lattice cells were developed and analyzed in SolidWorks 

using the finite element method under hydrodynamic operational loads. The results reveal the 

influence of cellular geometry on the stressïstrain distribution, strength, and weight reduction of 

propeller blades. Identified stress concentration zones highlight the importance of careful design in 

the transition regions between solid and cellular parts. The findings provide a foundation for further 

topology optimization and process simulation within Direct Energy Deposition (DED). 

Keywords: propeller blades; hydrodynamic loads; cellular structures; WAAM; stressïstrain 

state; additive manufacturing; nickelïaluminium bronze. 
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ʄʆɾʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋɼɽʅ ʅɸ ʇʆɺɯʊʈʗʅɯʁ ʇʆɼʋʐʎɯ 

ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺɯʁʉʔʂʆɺʆɰ ʃʆɻɯʉʊʀʂʀ 
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ʟʘʚʽʜʫʚʘʯ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʢʦʨʘʙʣʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, 
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ɸʥʦʪʘʮʽʷ: ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʘ ʚʘʞʣʠʚʽʩʪʴ ʚʽʡʩʴʢʦʚʦʾ ʣʦʛʽʩʪʠʢʠ ʜʣʷ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ ʪʘ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʝʥ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ (ʉʇʇ) ʷʢ ʟʘʩʦʙʫ ʜʣʷ 

ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ ʚʽʡʩʴʢ, ʤʘʻ ʟʥʘʯʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʧʦʛʘʥʫ ʧʨʦʭʽʜʥʽʩʪʴ. ʉʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʻ ʝʬʝʢʪʠʚʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʜʘʪʥʽ ʜʦʣʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ, ʪʘʢʽ ʷʢ ʟʘʙʦʣʦʯʝʥʘ 

ʤʽʩʮʝʚʽʩʪʴ, ʨʽʯʢʠ ʪʘ ˇʨʫʥʪʠ ʧʽʩʣʷ ʜʦʱʽʚ, ʥʝ ʟʘʣʠʰʘʶʯʠ ʩʣʽʜʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʫʜʥʦ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ, ʤʽʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ; ʧʝʨʝʚʘʛʠ; ʥʝʜʦʣʽʢʠ. 

 

ɺʩʪʫʧ. ɺʽʡʩʴʢʦʚʘ ʣʦʛʽʩʪʠʢʘ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʘ ʜʣʷ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʻʯʘʩʥʝ ʧʦʩʪʘʯʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ 

ʦʟʙʨʦʻʥʥʷ, ʙʦʻʧʨʠʧʘʩʠ, ʧʨʦʜʦʚʦʣʴʩʪʚʦ ʪʘ ʧʘʣʴʥʝ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʡʩʴʢ ʽ 

ʪʝʭʥʽʢʠ ʜʦ ʤʽʩʮʴ ʜʠʩʣʦʢʘʮʽʾ ʪʘ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʣʦʛʽʩʪʠʢʠ ʚʧʣʠʚʘʻ ʥʘ 

ʙʦʻʟʜʘʪʥʽʩʪʴ ʧʽʜʨʦʟʜʽʣʽʚ, ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʥʘ ʬʨʦʥʪʽ. ɺʽʡʩʴʢʦʚʘ ʣʦʛʽʩʪʠʢʘ 

ʩʪʨʫʢʪʫʨʫʻʪʴʩʷ ʟʘ ʚʠʜʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʤʘʪʝʨʽʘʣʴʥʝ, ʪʝʭʥʽʯʥʝ, ʤʝʜʠʯʥʝ, ʪʨʘʥʩʧʦʨʪʥʝ, 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʽʡʩʴʢʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. [1] 

ʄʝʪʘ ʨʦʙʦʪʠ ʚ ʘʥʘʣʽʟʽ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʜʝʥ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ(ʉʇʇ) 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʣʦʛʽʩʪʠʢʠ. ɸʥʘʣʽʟ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ 

ʮʽ ʪʠʧʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʦʩʪʘʯʘʥʥʷ ʚʽʡʩʴʢ ʥʘ ʧʝʨʝʜʦʚʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ʂʦʣʽʩʥʠʡ ʪʨʘʥʩʧʦʨʪ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ: ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʨʽʯʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʩʝʨʡʦʟʥʦʶ ʧʝʨʝʰʢʦʜʦʶ, ʷʢʱʦ ʥʝʤʘʻ ʤʦʩʪʫ ʯʠ ʙʨʦʜʫ, ʛʣʠʙʦʢʠʡ ʩʥʽʛ, ʙʦʣʦʪʠʩʪʘ ʤʽʩʮʝʚʽʩʪʴ, 

ˇʨʫʥʪʠ ʧʽʩʣʷ ʩʠʣʴʥʠʭ ʜʦʱʽʚ ʘʙʦ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ ʪʘʥʝʥʥʷ ʩʥʽʛʽʚ. 

ɿʘʚʜʷʢʠ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʦʚʽʪʨʷʥʦʾ ʧʦʜʫʰʢʠ, ʉʇʇ ʣʝʛʢʦ ʨʫʭʘʶʪʴʩʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʽ 

ʚʠʢʦʥʫʶʪʴ ʩʚʦʾ ʟʘʚʜʘʥʥʷ. 

ʂʨʽʤ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʥʘ ʙʝʟʧʝʯʥʝ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʚʧʣʠʚʘʻ ʤʽʥʫʚʘʥʥʷ. ʅʘʾʟʜ 

ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʧʨʦʪʠʪʘʥʢʦʚʫ ʤʽʥʫ ʛʘʨʘʥʪʫʻ ʧʽʜʨʠʚ(ʢʨʽʤ ʚʠʧʘʜʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʙʨʘʢʫ ʽ ʥʝ 

ʩʧʨʘʮʶʚʘʥʥʷ ʤʽʥʠ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʱʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʽ ʚʘʥʪʘʞʫ ʪʘ ʚʘʞʢʦʛʦ ʧʦʨʘʥʝʥʥʷ 

ʘʙʦ ʟʘʛʠʙʝʣʽ ʚʦʜʽʷ. ɸ ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʪʠʢʫ ʚʦʨʦʛʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʥ ʚ ʪʠʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʝʟʧʽʣʦʪʥʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ (ɹʇʃɸ), ʥʘʚʽʪʴ ʧʝʨʝʚʽʨʝʥʽ ʰʣʷʭʠ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʥʘ 

ʥʝʙʝʟʧʝʯʥʽ ʟʘ ʢʽʣʴʢʘ ʛʦʜʠʥ. 

ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʤʽʥʫʚʘʥʥʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʥʠ ʩʝʨʽʡ ʊʄ-62, ʊʄ-46, 

ʊʄ-57 ʟ ʨʽʟʥʠʤʠ ʧʽʜʨʠʚʘʯʘʤʠ ʥʘʪʠʩʢʥʦʾ ʜʽʾ. ɿʫʩʠʣʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 150ʢʛʩ, 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʽʜʨʠʚʘʯʘ, ʘʙʦ ʚʽʜ 40ʢʛʩ, ʷʢʱʦ ʟʫʩʠʣʣʷ ʩʧʨʠʡʤʘʻ ʣʠʰʝ ʢʨʠʰʢʘ ʩʘʤʦʛʦ ʧʽʜʨʠʚʘʯʘ, 

ʘ ʥʝ ʢʨʠʰʢʘ ʚʩʽʻʾ ʤʽʥʠ.[2] ʗʢʱʦ ʟʘ ʬʦʨʤʫʣʦʶ Ὂ ὖȾὛ, ʜʝ P ï ʪʠʩʢ ʚ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ,  

S ï ʧʣʦʱʘ ʢʨʠʰʢʠ ʤʽʥʠ ʘʙʦ ʧʽʜʨʠʚʘʯʘ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ)ʨʦʟʨʘʭʫʚʘʪʠ ʟʫʩʠʣʣʷ ʚʽʜ ʧʦʚʽʪʨʷʥʦʾ 

ʧʦʜʫʰʢʠ, ʪʦ ʚʦʥʘ ʩʪʘʥʦʚʠʪʝʤʝ ʙʣʠʟʴʢʦ 80ʢʛʩ ʧʨʠ ʜʽʾ ʥʘ ʚʩʶ ʢʨʠʰʢʫ ʤʽʥʠ ʽ ʙʣʠʟʴʢʦ 20ʢʛʩ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʢʨʠʰʢʫ ʧʽʜʨʠʚʘʯʘ. ʆʪʞʝ ʤʽʥʠ ʟ ʧʽʜʨʠʚʘʯʘʤʠ ʥʘʪʠʩʢʥʦʾ ʜʽʾ ʥʝ ʩʧʨʘʮʶʶʪʴ ʚʽʜ 

ʩʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ. 

ʂʦʣʽʩʥʘ ʪʘ ʛʫʩʝʥʠʯʥʘ ʪʝʭʥʽʢʘ ʟʘʣʠʰʘʻ ʩʣʽʜʠ ʥʘ ʨʦʟʤʦʢʣʦʤʫ ˇʨʫʥʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʦʟʠʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ, ʥʘʚʽʪʴ ʷʢʱʦ ʬʘʢʪ ʧʽʜʚʦʟʫ ʥʝʦʙʭʽʜʥʠʭ ʟʘʧʘʩʽʚ ʥʝ ʙʫʚ 

ʟʘʬʽʢʩʦʚʘʥʠʡ. ʉʇʇ ʥʝ ʟʘʣʠʰʘʻ ʩʣʽʜʽʚ, ʘ ʟʥʘʯʠʪʴ ʥʝ ʜʝʤʘʩʢʫʻ ʧʦʟʠʮʽʶ. 

ʅʝʚʝʣʠʢʽ ʩʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʽʜʚʝʟʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʪʘ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʟʠʮʽʶ ʧʽʭʦʪʠ, ʧʝʨʝʚʝʟʝʥʥʷ ʜʝʩʘʥʪʫ, ʘ ʪʘʢʦʞ 

ʝʚʘʢʫʡʦʚʫʚʘʪʠ ʧʦʨʘʥʝʥʠʭ. 

ɼʣʷ ʚʝʣʠʢʠʭ ʉʇʇ ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʘʥʪʘʞʽʚ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʣʽʥʽʾ ʙʦʡʦʚʦʛʦ ʟʽʪʢʥʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʚʝʟʝʥʥʷ ʙʦʻʢʦʤʧʣʝʢʪʫ 

ʥʘ ʧʦʟʠʮʽʾ ʘʨʪʠʣʝʨʽʾ. 

ɼʣʷ ʤʘʣʠʭ ʩʫʜʝʥ ʚ ʷʢʦʩʪʽ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʪʘʢ 

ʷʢ ʚʦʥʠ ʤʘʶʪʴ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʽ ʙʽʣʴʰ-ʥʘʜʽʡʥʽ, ʥʽʞ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ(ɼɺɿ). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʢʨʝʤʽ ʜʚʠʛʫʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʡʦʤʫ ʽ ʨʫʭʫ. ɼʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʘʢʫʤʫʣʷʪʦʨ. 

ɼʣʷ ʚʝʣʠʢʠʭ ʩʫʜʝʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʧʣʠʚ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʾ ʩʭʝʤʠ:  

1. ɺʘʛʘ ʘʢʫʤʫʣʷʪʦʨʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʜʘʣʴʥʦʩʪʽ ʭʦʜʫ 

ʧʦʪʨʽʙʥʽ ʚʘʞʢʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʱʦ ʟʤʝʥʰʫʻ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʥʘ. 

2. ʏʘʩ ʟʘʨʷʜʢʠ. ɿʘʨʷʜʢʘ ʚʝʣʠʢʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ ʯʘʩʫ, ʱʦ ʦʙʤʝʞʫʻ 

ʦʧʝʨʘʪʠʚʥʫ ʛʥʫʯʢʽʩʪʴ ʩʫʜʥʘ. 

3. ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. ɺʘʨʪʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʽʚ ʚʠʩʦʢʦʾ ʻʤʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ. 

ʅʘ ʚʝʣʠʢʠʭ ʉʇʇ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʽʙʨʠʜʥʫ ʩʠʩʪʝʤʫ, ʜʝ ɼɺɿ ʚʠʨʦʙʣʷʶʪʴ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʱʦ ʦʙʝʨʪʘʶʪʴ ʛʚʠʥʪʠ. ʎʷ ʛʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ 

ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ ʷʢ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʠʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ 

ʧʦʪʫʞʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ. ʅʘ ʨʠʩ.1 [3] ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʂʂɼ 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʥʘʜʘʥʠʡ ʢʦʤʧʘʥʽʻʶ HONDA. ɻʨʘʬʽʢ ʧʦʢʘʟʫʻ, ʱʦ ʜʚʠʛʫʥ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʧʨʘʮʶʻ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʂʂɼ ʚ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ(ʩʚʽʪʣʘ 

ʧʣ̫ʤʘ), ʪʦʤʫ ʩʘʤʝ ʛʽʙʨʠʜʥʠʡ ʨʝʞʠʤ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ɼɺɿ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʂʂɼ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ɼɺɿ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ (ʉʇʇ) ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʜʦʮʽʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ ʣʦʛʽʩʪʠʢʠ ʚ ʫʤʦʚʘʭ, ʜʝ ʪʨʘʜʠʮʽʡʥʠʡ 

ʢʦʣʽʩʥʠʡ ʪʨʘʥʩʧʦʨʪ ʥʝʝʬʝʢʪʠʚʥʠʡ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʡ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʚʩʶʜʠʭʽʜʥʽʩʪʴ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʝʯʥʦ ʧʨʦʭʦʜʠʪʠ ʧʦ ʟʘʤʽʥʦʚʘʥʠʤ ʜʽʣʷʥʢʘʤ ʟ ʧʨʦʪʠʪʘʥʢʦʚʠʤʠ ʤʽʥʘʤʠ ʥʘʪʠʩʢʥʦʾ 

ʜʽʾ. ʉʫʜʥʘ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʧʦʜʫʰʮʽ ʥʝ ʟʘʣʠʰʘʶʪʴ ʩʣʽʜʽʚ ʥʘ ˇʨʫʥʪʽ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʨʠʭʦʚʫʚʘʪʠ 

ʧʝʨʝʩʫʚʘʥʥʷ ʚʽʡʩʴʢ ʚʽʜ ʨʦʟʚʽʜʢʠ ʧʨʦʪʠʚʥʠʢʘ, ʟʦʢʨʝʤʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 
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Abstract. The report examines the importance of military logistics for the Armed Forces of 

Ukraine and analyzes the possibilities of using hovercraft as a means of providing it. Road transport, 

which is the main means of supplying troops, has significant limitations, in particular due to poor 

passability. Hovercraft are an effective alternative because they can overcome various obstacles, such 

as swampy terrain, rivers, and muddy ground after rain, without leaving any traces. 
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ɸʥʦʪʘʮʽʷ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʽʩʮʝʚʦʾ ʤʽʮʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ ʚ ʪʨʶʤʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʩʢʦʨʝʥʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʢʨʽʧʣʝʥʴ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʪʝʡʥʝʨʦʚʦʟ; ʧʦʜʚʽʡʥʝ ʜʥʦ; ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. 

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʧʨʠ ʧʣʘʩʪʠʥʯʘʩʪʽʡ ʽʜʝʘʣʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʚʝʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʢʨʽʧʣʝʥʴ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʢʨʽʧʣʝʥʴ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʧʨʠ 

ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʜʥʠʱʝ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ 

ʚʠʟʥʘʯʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʢʨʽʧʣʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ 
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143 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʥʘ ʩʫʜʥʘʭ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʾʭ ʧʝʨʝʚʝʟʝʥʥʷ ʈʝʛʽʩʪʨʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ 

ʋʢʨʘʾʥʠ [1]. ʈʦʟʤʽʨʠ ʧʽʜʢʨʽʧʣʝʥʴ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʇʨʘʚʠʣ [2], [3] ʪʘ ʜʘʣʽ 

ʢʦʨʝʛʫʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1-4. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʚ ʪʨʶʤʽ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ 
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ʈʠʩʫʥʦʢ 3 ï ʉʽʪʢʘ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʫʤʘʨʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʄʽʟʝʩʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ 
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ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʽʩʮʝʚʦʾ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʧʨʠ ʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʢʦʥʪʝʡʥʝʨʽʚ ʚʽʜ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʭʠʪʘʚʠʮʽ. ʈʦʟʨʦʙʣʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʤʽʩʮʝʚʦʤʫ ʧʽʜʢʨʽʧʣʝʥʥʽ ʧʦʜʚʽʡʥʦʛʦ ʜʥʘ ʚ ʨʘʡʦʥʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʢʦʥʪʝʡʥʝʨʽʚ. 
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CALCULATION OF SUPPORTS UNDER CONTAINERS ON A DOUBLE bottom  

Sharun Hryhorii  

Admiral Makarov National university of shipbuilding 

Abstract:  Calculations of the local strength of the double bottom of the container ship under 

loads from containers in the hold, taking into account the accelerations in the vertical direction from 

the pitching, were performed. Calculations were performed using the finite element method. 

Developed recommendations for the construction and design of double bottom reinforcements. 

Keywords: container ship; double bottom; the finite element method; stressed and 

deformed state. 
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ʉɽʂʎɯʗ 2. ʅʆɺɯʊʅɯ ʊɽʍʅʆʃʆɻɯɰ ɯ ʄɸʊɽʈɯɸʃʀ 

ɺ ʉʋɼʅʆɺʆʄʋ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 
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ʅɸʅʆʉʊʈʋʂʊʋʈʋɺɸʅʅʗ ʉʊɸʃɽʁ ɯ ʅɸʇʀʃɽʅʀʍ ʇʆʂʈʀʊʊɯɺ 

ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɺʋɿʃɯɺ ʉʋɼʅʆɺʀʍ ʄɽʍɸʅɯɿʄɯɺ 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʩʪʘʣʝʡ ʪʘ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʦʾ 

ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʩʫʙʩʪʨʫʢʪʫʨʫ ʩʪʘʣʝʡ ʜʦ 60 

ʭʚʠʣʠʥ, ʘ ʥʘʧʠʣʝʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ï ʜʦ 40 ʭʚʠʣʠʥ. ʇʦʢʘʟʘʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ 45% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʪʘ ʟʤʽʮʥʝʥʥʽ ʚʫʟʣʽʚ 

ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʪʘʣʽ, ʝʣʝʢʪʨʦʜʫʛʦʚʽ ʧʦʢʨʠʪʪʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʩʫʙʟʝʨʥʘ. 
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ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʉʫʜʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʦʨʩʴʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʘʮʶʶʪʴ ʚ ʘʛʨʝʩʠʚʥʠʭ 

ʫʤʦʚʘʭ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʨʦʟʽʶ, ʟʥʦʩ ʽ ʧʝʨʝʜʯʘʩʥʝ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʦʤʫ ʟʨʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʚ ʤʘʪʝʨʽʘʣʘʭ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʟʤʝʥʰʝʥʠʤ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ, ʟʛʽʜʥʦ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʍʦʣʣʘïʇʝʪʯʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦï ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʻ ʤʝʪʦʜʠ ʽʥʪʝʥʩʠʚʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ [1, ʩ. 3247], ʟʦʢʨʝʤʘ ʨʽʚʥʦʢʘʥʘʣʴʥʝ 

ʢʫʪʦʚʝ ʧʨʝʩʫʚʘʥʥʷ (ECAP) [2, ʩ. 3; 3, ʩ. 2] ʪʘ ʢʨʫʯʝʥʥʷ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ (HPT) [4, ʩ. 75], 

ʦʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ 

ʤʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʪʘʢʽ ʷʢ ʧʦʚʝʨʭʥʝʚʘ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʪʝʨʪʷʤ (SMAT) [5, ʩ. 96] ʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʫʜʘʨʥʝ ʦʙʨʦʙʣʝʥʥʷ (UNSM) [6, ʩ. 547], ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʽ ʰʘʨʠ, ʘʣʝ 

ʦʙʤʝʞʝʥʽ ʛʣʠʙʠʥʦʶ ʦʙʨʦʙʢʠ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʛʘʟʦʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ [7, ʩ. 1708;], ʧʨʦʪʝ ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʧʦʜʘʯʘ ʧʦʨʦʰʢʽʚ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʘ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ [17, ʩ. 

48], ʱʦ ʧʦʢʨʘʱʫʻ ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʟ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʽ ʜʦʨʦʛʠʭ ʛʘʟʽʚ, 

ʘʣʝ ʦʙʤʝʞʝʥʘ ʢʦʨʦʪʢʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʽ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʫʟʣʽʚ 

ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʣʷʭ 20, 45, ʋ8, 40ʍ, 12ʍ13 ʫ 

ʚʽʜʧʘʣʝʥʦʤʫ ʩʪʘʥʽ. ɿʨʘʟʢʠ ʜʝʬʦʨʤʫʚʘʣʠ ʥʘ ʧʨʝʩʽ ʈ50 (30% ʜʠʥʘʤʽʯʥʦ ʪʘ 30% ʩʪʘʪʠʯʥʦ). 

ʊʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʯʘʪʢʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ (450ï500 Áʉ) ʟ 

ʚʠʪʨʠʤʢʦʶ ʚʽʜ 1,5 ʜʦ 60 ʭʚʠʣʠʥ. ʅʘʧʠʣʝʥʽ ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʠ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʤʝʪʦʜʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʦʪʽʚ ʤʘʨʦʢ 65ɻ ʪʘ ʉʚ-08ɻ2ʉ. ʇʦʚʝʨʭʥʝʚʫ ʧʽʜʛʦʪʦʚʢʫ ʟʜʽʡʩʥʶʚʘʣʠ 

ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʶ ʦʙʨʦʙʢʦʶ. ʇʣʘʟʤʦʚʽ ʧʦʢʨʠʪʪʷ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʧʦʨʦʰʢʽʚ ʥʽʢʝʣʶ ʪʘ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ɺʽʢʢʝʨʩʘ. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʦʮʽʥʶʚʘʣʠ ʟʘ ʩʭʝʤʦʶ çʜʠʩʢ-ʢʦʣʦʜʢʘè ʥʘ ʤʘʰʠʥʽ ʉʄʎ-2, ʟ ʤʘʩʪʠʣʦʤ ʄ10ɻ2ʂ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ZEISS Gemini SEM 500, ʈɽʄʄɸ-102-02). 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ 

ʨʝʞʠʤʽʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ 

(ʇʊʆ) ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʩʪʘʣʝʡ ʤʘʨʦʢ 20, 45, ʋ8, 40ʍ, 12ʍ13 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʤʽʱʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʩʪʘʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʽ ʩʪʫʧʝʥʝʤ 30% ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʦʨʽʻʥʪʦʚʘʥʫ 

ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʫ ʩʫʙʩʪʨʫʢʪʫʨʫ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʱʽʣʴʥʽʩʪʶ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʢʦʤʽʨʦʢ ʪʘ ʫʪʚʦʨʝʥʥʷʤ 

ʩʫʙʟʝʨʝʥ ʨʦʟʤʽʨʦʤ 150ï200 ʥʤ. ʇʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʘ ʪʝʨʤʦʦʙʨʦʙʢʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 450ï500 Áʉ ʟ ʚʠʪʨʠʤʢʦʶ ʚʽʜ 1,5 ʜʦ 60 ʭʚʠʣʠʥ ʩʧʨʠʷʻ ʯʘʩʪʢʦʚʽʡ ʨʝʣʘʢʩʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʤʘʣʦʢʫʪʦʚʠʭ ʛʨʘʥʠʮʴ ʟ 

ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷʤ 5ï12Á. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʪʨʫʢʪʫʨʽ ʩʪʘʣʽ 20 ʟʨʦʩʪʘʻ ʜʦ 62%, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʪʚʝʨʜʽʩʪʴ ʟʨʦʩʪʘʻ ʜʦ 2,3 ɻʇʘ (ʧʽʩʣʷ ʚʽʜʧʘʣʫ ï 0,36 ɻʇʘ); 

ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ï ʜʦ 0,6 ɻʇʘ (ʧʨʦʪʠ 0,36 ɻʇʘ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ); 
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ï ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʨʠʡʥʷʪʥʦʤʫ ʨʽʚʥʽ ï ʜʦ 5%. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʙʩʪʨʫʢʪʫʨʠ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʩʫʜʥʦʚʠʭ ʜʝʪʘʣʝʡ, 

ʟʦʢʨʝʤʘ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʪʝʨʤʦʮʠʢʣʘʭ. 

ʑʦʜʦ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʇʊʆ ʥʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʥʘʥʝʩʝʥʠʭ ʟ ʜʨʦʪʫ 65ɻ ʪʘ ʉʚ-08ɻ2ʉ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʥʘʢʣʝʧʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʶ ʦʙʨʦʙʢʦʶ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʝʨʝʞʝʥʥʷ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʯʘʩʪʠʥʦʢ, ʱʦ ʬʦʨʤʫʚʘʣʘʩʷ ʧʽʜ ʯʘʩ 

ʥʘʧʠʣʝʥʥʷ. ʎʝ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʽʣʴʢʦʩʪʽ ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʦʟʤʽʨʦʤ ʜʦ 200ï300 

ʥʤ ʪʘ ʾʭ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ. 

ʈʝʞʠʤ ʇʊʆ ʧʨʠ 400ï500 Áʉ ʟ ʚʠʪʨʠʤʢʦʶ 1,5ï3 ʭʚʠʣʠʥʠ ʟʘʙʝʟʧʝʯʫʻ: 

ï ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʜʨʦʪʫ 65ɻ ʜʦ 3,4 ɻʇʘ (ʧʽʩʣʷ 

ʥʘʥʝʩʝʥʥʷ ï 2,7 ɻʇʘ); 

ï ʟʨʦʩʪʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘ 45% ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʩʭʝʤʦʶ çʜʠʩʢ-

ʢʦʣʦʜʢʘè; 

ï ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʫʙʩʪʨʫʢʪʫʨʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 30ï40 ʭʚʠʣʠʥ ʙʝʟ ʟʥʠʞʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ. 

ɼʦʜʘʪʢʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ʧʨʝʩʫʚʘʥʥʷʤ ʟʨʘʟʢʽʚ ʽʟ ʥʘʧʠʣʝʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʥʘ 40% ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʫʙʩʪʨʫʢʪʫʨʠ ʜʦ 90 ʭʚʠʣʠʥ. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʪʚʝʨʜʦʩʪʽ ʥʘ ʨʽʚʥʽ 3,0ï3,2 ɻʇʘ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʥʘʛʨʽʚʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʘʢʪʠʯʥʦ ʥʝʜʦʮʽʣʴʥʠʡ 

ʜʣʷ ʛʦʪʦʚʠʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʩʫʜʥʦʚʠʭ ʚʫʟʣʽʚ, ʪʦʤʫ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ ʷʢ ʩʧʦʩʦʙʫ ʧʦʧʝʨʝʜʥʴʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʧʠʣʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʾ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ, ʷʢʘ 

ʧʝʨʝʰʢʦʜʞʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ʜʠʩʣʦʢʘʮʽʡ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʟʘʩʚʽʜʯʠʚ ʟʙʝʨʝʞʝʥʥʷ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʦʟʥʘʢ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ 

ʫʤʦʚʘʭ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʙʩʪʨʫʢʪʫʨʠ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʇʊʆ ʪʘ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʥʘ 30%, 

ʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 45%. ʎʝ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʟʤʽʮʥʝʥʥʷ ʩʫʜʥʦʚʠʭ ʚʫʟʣʽʚ ʪʝʨʪʷ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ 

ʨʝʤʦʥʪʫ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʫʜʥʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʜʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʫʤʦʚʘʭ ʚʦʣʦʛʠ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʝʨʝʧʘʜʽʚ, ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɼʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (30% ʜʠʥʘʤʽʯʥʘ 

+ 30% ʩʪʘʪʠʯʥʘ) ʟ ʧʦʜʘʣʴʰʦʶ ʇʊʆ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʜʦ 60 ʭʚʠʣʠʥ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʇʊʆ ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʜʨʦʪʫ 65ɻ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʚʝʨʜʽʩʪʴ ʥʘ 30ï45% ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʥʘ 45%. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʟʥʦʰʝʥʠʭ 

ʚʫʟʣʽʚ ʪʝʨʪʷ ʟ ʤʝʪʦʶ ʧʨʦʜʦʚʞʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 
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NANOSTRUCTURING OF STEELS AND THERMAL SPRAYED COATINGS FOR 

ENHANCING THE SERVICE LIFE OF MARINE MECHANISMS  
1Dubovyi Oleksandr Mykolaiovych, 2Lu Sheng, 1Karpechenko Anton Anatoliiovych, 

1Bobrov Maksym Mykolaiovych 
1Admiral Makarov National University of Shipbuilding 
2Jiangsu University of Science and Technology 

Abstract. The study focuses on enhancing the thermal stability of nanostructured steels and 

sprayed coatings used in friction units of marine machinery. A technology combining plastic 

deformation and short-term pre-recrystallization heat treatment is proposed, which allows stabilizing 

the substructure of steels for up to 60 minutes and arc-sprayed coatings for up to 40 minutes. An 

increase in the hardness and wear resistance of sprayed coatings by up to 45% compared to 

conventional solutions has been demonstrated. The obtained results can be applied in the restoration 

and strengthening of marine machinery components. 

Keywords: nanostructured steels, electric arc-sprayed coatings, wear resistance, subgrains. 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʟ ʜʦʜʘʚʘʥʥʷʤ Ŭ-Al O , ɔ-Al O  ʪʘ ʢʘʦʣʽʥʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 
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ʜʨʦʪʷʥʦʛʦ ʪʘ ʧʦʨʦʰʢʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ ʪʘ ʧʦʢʨʘʱʫʻ ʨʦʟʧʦʜʽʣ 

ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʬʘʟʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ Ŭ-Al O  ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ ʪʚʝʨʜʽʩʪʴ (18,9 ɻʇʘ) ʽ ʤʝʥʰʫ 

ʧʦʨʠʩʪʽʩʪʴ (6-8%) ʧʦʨʽʚʥʷʥʦ ʟ ɔ-Al O . ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ ʜʦʤʽʥʫʚʘʥʥʷ ʢʦʨʫʥʜʫ (71,3%) ʫ 

ʧʦʢʨʠʪʪʷʭ ʥʘ ʦʩʥʦʚʽ Ŭ-Al O , ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʚʛʦʚʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʶʤʦʤʘʪʨʠʯʥʽ ʧʦʢʨʠʪʪʷ, ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ, ʧʦʨʠʩʪʽʩʪʴ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ.  

 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ʅʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʩʠʩʪʝʤʽ çʜʝʪʘʣʴïʨʦʙʦʯʝ 

ʩʝʨʝʜʦʚʠʱʝè ʻ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʧʫʩʪʠʤʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ, ʥʘʥʝʩʝʥʠʭ ʤʝʪʦʜʘʤʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ, ʘʣʝ ʚʦʥʠ 

ʯʘʩʪʦ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʾ ʪʚʝʨʜʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 
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ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ: 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘʜʟʚʫʢʦʚʠʭ ʩʪʨʫʤʝʥʽʚ), ʷʢʽ, ʦʜʥʘʢ, ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʛʘʟʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ; ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ (ʤʝʪʘʣʝʚʘ 

ʦʩʥʦʚʘ + ʟʤʽʮʥʶʚʘʣʴʥʽ ʯʘʩʪʠʥʢʠ, ʪʘʢʽ ʷʢ ʦʢʩʠʜʠ, ʢʘʨʙʽʜʠ, ʙʦʨʠʜʠ) [1, ʩ. 2385; 2, ʩ. 116].  

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ, 

ʥʝʜʦʣʽʢʦʤ ʷʢʦʛʦ ʻ ʧʽʜʚʠʱʝʥʘ ʧʦʨʠʩʪʽʩʪʴ, ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʘʜʛʝʟʽʷ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ [3, ʩ. 142; 

4, ʩ. 310]; ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ ʥʘʧʠʣʝʥʥʷ ï ʥʝʜʦʩʪʘʪʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʢʝʨʘʤʽʯʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʥʠʟʴʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [5, ʩ. 2]; ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ï ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʡ ʤʝʪʦʜ, 

ʘʣʝ ʤʘʻ ʨʷʜ ʧʨʦʙʣʝʤ (ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʨʦʰʢʦʚʠʭ ʩʫʤʽʰʘʭ, ʥʝʧʦʚʥʝ 

ʧʣʘʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟ ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʧʦʨ) [6, ʩ. 1712; 7, ʩ. 2167]. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʛʣʦʤʝʨʦʚʘʥʽ ʪʘ ʛʨʘʥʫʣʴʦʚʘʥʽ 

ʧʦʨʦʰʢʠ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʧʘʜʘʪʠʩʷ ʚ ʧʣʘʟʤʦʚʦʤʫ ʩʪʨʫʤʝʥʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʱʽʣʴʥʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʘʣʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʯʝʨʝʟ ʘʛʣʦʤʝʨʘʮʽʶ ʪʘ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʙʣʘʜʥʘʥʥʷ [8, ʩ. 3]. 

ɼʦʩʣʽʜʞʫʶʪʴʩʷ ʧʦʢʨʠʪʪʷ ʟ ʢʦʤʧʦʟʠʮʽʾ Al-Al O , ʦʩʢʽʣʴʢʠ Al O  ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʽ 

ʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ [9, ʩ. 248]. ʆʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʢʝʨʘʤʽʯʥʦʾ ʬʘʟʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʘʣʘʥʩʫ 

ʤʽʞ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʤʽʮʥʽʩʪʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʜʨʦʪʷʥʦʛʦ ʪʘ ʧʦʨʦʰʢʦʚʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʠʩʪʝʤʠ Al-Al O , ʱʦ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʥʝʜʦʣʽʢʽʚ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʘʣʶʤʦʤʘʪʨʠʯʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʨʦʪʫ ʪʘ ʧʦʨʦʰʢʦʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʚʘʣʦʩʷ ʥʘ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʨʽʟʥʠʭ 

ʘʨʤʫʚʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ï ɔ-Al O , Ŭ-Al O  ʪʘ ʢʘʦʣʽʥʫ ï ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ, 

ʪʚʝʨʜʽʩʪʴ ʪʘ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. 

ɔ-Al O  ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʧʦʢʘʟʘʚ ʧʦʤʽʨʥʝ ʟʤʽʮʥʝʥʥʷ, ʧʨʦʪʝ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʚʠʷʚʠʚ ʜʝʬʝʢʪʠ ʘʜʛʝʟʽʾ ʯʘʩʪʠʥʦʢ ʜʦ ʤʝʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ. ʅʝʜʦʩʪʘʪʥʻ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʢʩʠʜʥʠʭ 

ʯʘʩʪʦʢ, ʡʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʟʤʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʧʨʠʟʚʝʣʦ ʜʦ 

ʚʠʢʨʠʰʫʚʘʥʥʷ ɔ-ʬʘʟʠ ʟ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʫ ʚʫʟʣʘʭ ʟ 

ʚʠʩʦʢʠʤ ʪʝʨʪʷʤ ʘʙʦ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʆʜʥʘʢ ʪʝʨʤʦʦʙʨʦʙʢʘ ʧʨʠ 900Áʉ 

ʩʧʨʠʯʠʥʠʣʘ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ɔŸŬ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʜʦ 4,2 ɻʇʘ 

ʪʘ ʫʪʚʦʨʝʥʥʷʤ 65,5% Ŭ-ʬʘʟʠ ʟʘ ʜʘʥʠʤʠ XRD. ʆʪʞʝ, ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʘ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɔ-ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʅʘʡʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʧʦʢʨʠʪʪʷ ʟ Ŭ-Al O  

(ʢʦʨʫʥʜʦʤ). ʏʘʩʪʠʥʢʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʤʘʪʨʠʮʽ, ʤʘʶʪʴ ʭʦʨʦʰʝ ʟʯʝʧʣʝʥʥʷ 

ʟ ʤʝʪʘʣʝʚʦʶ ʦʩʥʦʚʦʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʟʦʥ ʨʦʟʰʘʨʫʚʘʥʥʷ. ɺʠʩʦʢʘ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ (18,9 ɻʇʘ) ʪʘ ʥʠʟʴʢʘ ʧʦʨʠʩʪʽʩʪʴ (6ï8%) ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʽʮʥʫ ʪʘ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʘʨʤʫʚʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʛʨʘʜʽʻʥʪʦʤ: ʫ ʥʠʞʥʽʭ ʰʘʨʘʭ ʚʦʥʘ ʥʠʞʯʘ, ʘ 

ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʟʨʦʩʪʘʻ ʜʦ 60ï70%. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʢʨʽʧʣʝʥʥʷʤ ʯʘʩʪʠʥʦʢ ʫ ʧʽʜʧʣʘʚʣʝʥʦʤʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʘʣʶʤʽʥʽʶ ʧʨʠ ʫʧʦʚʽʣʴʥʝʥʽʡ ʡʦʛʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ 

71,3% ʢʦʨʫʥʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʫ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʪʘʢʠʭ 

ʧʦʢʨʠʪʪʽʚ.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʦʣʽʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʟʜʝʰʝʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʨʦʪʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ. ɼʨʽʙʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ (5ï40 ʤʢʤ) 

ʩʧʨʠʷʻ ʾʭ ʘʛʣʦʤʝʨʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦʧʦʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʟʨʽʟʽʚ 

ʚʠ̫ʚʠʣʦ ʜʝʬʝʢʪʠ ʥʘ ʤʝʞʽ ʦʩʥʦʚʘ-ʧʦʢʨʠʪʪʷ ʯʝʨʝʟ ʨʦʟʰʘʨʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ. ʇʦʧʨʠ ʮʝ, 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʘʣʶʤʽʥʽʻʚʦʾ ʤʘʪʨʠʮʽ ʧʽʜʚʠʱʠʣʘʩʷ ʟ 639 ʜʦ 820 ʄʇʘ. ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʥʝʩʝʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʢʘʦʣʽʥʫ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʠ ʪʘ ʷʢʦʩʪʽ ʧʣʘʟʤʦʚʠʭ ʘʣʶʤʦʤʘʪʨʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʠʡ ʧʽʜʭʽʜ, ʟʤʽʥʶʶʯʠ ʪʠʧ ʘʨʤʫʚʘʣʴʥʠʭ 

ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʟʥʠʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʘʛʨʝʩʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ), ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʠʩʥʦʚʦʢ. ʅʘʡʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʢʨʠʪʪʷ ʟ Ŭ-Al O , ʘʣʝ 

ʜʣʷ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʘʨʪʦ ʨʦʟʚʠʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʦʣʽʥʫ. ɼʣʷ ɔ-

Al O  ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʘʟʤʦʚʠʭ ʤʝʪʘʣʦʢʝʨʘʤʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ. 
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OBTAINING PLASMA -SPRAYED METAL -CERAMIC COMPOSITE COATINGS  

Yaros Yuriy , Karpechenko Anton, Bobrov Maksym, Kondratieva Anna, Savenkov Oleg 

Admiral Makarov National University of Shipbuilding 

Abstract. This study investigates the technology of plasma spraying of metal-ceramic coatings 

based on aluminum with the addition of Ŭ-Al O , ɔ-Al O , and kaolin to enhance wear resistance, 

hardness, and adhesive strength. A combined wire-powder spraying method is proposed, which 

reduces costs and improves the distribution of the reinforcing phase. The use of Ŭ-Al O  provides 

higher hardness (18.9 GPa) and lower porosity (6 ï 8%) compared to ɔ-Al O . Phase analysis revealed 

the dominance of corundum (71.3%) in Ŭ-Al O-based coatings, confirming their superior 

performance. The obtained results demonstrate the effectiveness of the proposed method for 

producing durable coatings. 

Keywords: aluminum matrix coatings, plasma spraying, porosity, microstructure, 

microhardness. 
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ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʦʢʨʠʪʠʤʠ 

ʝʣʝʢʪʨʦʜʘʤʠ ʤʘʨʢʠ ʊ 590 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʠʥʠʯʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʟʽʙʨʘʥʠʭ ʫ ʧʫʯʦʢ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʮʠʣʦʛʨʘʤ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʪʘ ʦʮʽʥʝʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʫʛʦʚʠʡ ʧʨʦʮʝʩ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʫʯʦʢ ʝʣʝʢʪʨʦʜʽʚ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ. 
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ʊʷʞʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʤʘʰʠʥ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʝʪʘʣʝʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʝʭʘʥʽʟʤʽʚ. 

ɸʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ï ʚʽʜʥʦʚʣʶʚʘʣʴʥʝ ʪʘ ʟʤʽʮʥʶʚʘʣʴʥʝ ʥʘʧʣʘʚʣʝʥʥʷ ʤʽʩʮʝʚʠʭ ʧʦʰʢʦʜʞʝʥʴ, 

ʷʢʝ ʯʘʩʪʦ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʛʦ ʘʙʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ 

ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ISO 4063:2009 [1].  

ʇʝʨʝʚʘʛʘ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʫʯʥʠʤ ʧʦʢʨʠʪʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ, ï 

ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʨʫʯʥʠʡ ʩʧʦʩʽʙ 1,5é1,8 ʢʛ/ʛʦʜ., ʤʝʭʘʥʽʟʦʚʘʥʠʡ 2,5é3 ʢʛ/ʛʦʜ.), ʘʣʝ ʻ 

ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ: ʧʦʪʨʝʙʠ ʫ ʙʽʣʴʰ ʩʢʣʘʜʥʦʤʫ ʪʘ ʚʘʨʪʽʩʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʢʚʘʣʽʬʽʢʦʚʘʥʦʤʫ 

ʧʝʨʩʦʥʘʣʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ; ʚʘʨʪʽʩʪʴ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʧʦʢʨʠʪʠʭ ʝʣʝʢʪʨʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʜʽʚ, ʚʽʜʦʤʛʦ ʱʝ ʟ 40-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ, ï ʨʝʟʝʨʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʧʣʘʚʦʯʥʠʭ ʨʦʙʽʪ [2], ʘʣʝ ʨʦʟʚʠʪʦʢ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʨʠʤʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ.  

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʦʩʮʠʣʦʛʨʘʤ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʦʛʦ (ʧʫʯʢʦʤ 

ʝʣʝʢʪʨʦʜʽʚ) ʥʘʧʣʘʚʣʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʋʇɽ 500, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʤʘʪʠʯʥʫ ʨʝʻʩʪʨʘʮʽʶ 

ʽ ʦʙʨʦʙʢʫ ʩʠʩʪʝʤʦʶ PicoScope 4444 ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ PicoScope 7 ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʟ ʦʜʥʦʯʘʩʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʨʝʞʠʤʽʚ ʟʚʘʨʶʚʘʥʥʷ [3, 4]. ʅʘʧʣʘʚʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ 

ʝʣʝʢʪʨʦʜʘʤʠ ʊ 590 ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çʇʣʘʟʤʘʪʝʢè. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʚʽ ʩʝʨʽʾ 

ʜʦʩʣʽʜʽʚ: 1) ʥʘʧʣʘʚʣʝʥʥʷʤ ʦʜʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʽ 2) ʧʫʯʢʦʤ ʟ ʪʨʴʦʭ ʝʣʝʢʪʨʦʜʽʚ. ʋ ʢʦʞʥʽʡ ʩʝʨʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʜʠ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ, ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʚ ʦʙʦʭ ʩʝʨʽʷʭ ʜʦʩʣʽʜʽʚ 

ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ V = 11 ʩʤ/ʭʚ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʦʩʮʠʣʦʛʨʘʤ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1) ʜʦʟʚʦʣʠʚ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ʅʘʧʣʘʚʣʝʥʥʷ ʦʜʥʠʤ ʝʣʝʢʪʨʦʜʦʤ, ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ, ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤ: I = 190 ɸ, U = 27 ɺ; ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʧʫʯʢʦʤ 

ʝʣʝʢʪʨʦʜʽʚ ʨʝʞʠʤ ʚʠʙʠʨʘʣʠ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʜʞʝʨʝʣʘʭ 

ʞʠʚʣʝʥʥʷ: I =310 ɸ, U =32 ɺ. 

 

ʘ                                                          ʙ 

ʈʠʩʫʥʦʢ 1 ï  ʆʩʮʠʣʦʛʨʘʤʠ ʩʪʨʫʤʫ (I), ʥʘʧʨʫʛʠ (U) ̔ ʛʨʘʬʽʢ ʯʘʩʪʦʪʠ 

ʤʘʩʦʧʝʨʝʥʦʩʫ (Fm) ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ: ʘ ï ʦʜʥʠʤ ʝʣʝʢʪʨʦʜʦʤ; ʙ ï ʧʫʯʢʦʤ 

ʝʣʝʢʪʨʦʜʽʚ. 

F

m  
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ʆʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʦʜʥʠʤ 

ʝʣʝʢʪʨʦʜʦʤ (ʨʠʩ. 1, ʘ) ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟ ʢʦʨʦʪʢʠʤʠ ʟʘʤʠʢʘʥʥʷʤʠ (ʪʠʧ D) [1]: 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʛʫʣʷʨʥʽ ʧʽʢʠ ʩʪʨʫʤʫ ʟ ʢʨʘʪʥʽʩʪʶ ʙʽʣʴʰʝ 1,5 ʪʘ ʚʽʜʧʦʚʽʜʥʽ ñʧʨʦʚʘʣʠò 

ʥʘʧʨʫʛʠ ï ʥʠʞʯʝ 20 ɺ.  

ɿʘ ʧʦʢʘʟʥʠʢ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʯʘʩʪʦʪʠ 

ʤʘʩʦʧʝʨʝʥʦʩʫ (ʚʽʜʩʦʪʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷ RMS ripple ʜʦ Mean) [3]. 

ʇʦʙʫʜʦʚʘʥʠʡ ʩʠʩʪʝʤʦʶ PicoScope 7 ʛʨʘʬʽʢ ʯʘʩʪʦʪʠ ʟʤʽʥʠ ʩʪʨʫʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʦʪʫ 

ʤʘʩʦʧʝʨʝʥʦʩʫ ï 2,795 ɻʮ ʽʟ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ï 0,472 ɻʮ. ʆʪʨʠʤʘʥʝ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 16,9 %, ʱʦ ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʾ ʤʝʞʽ 

20 %, ʽ ʪʦʤʫ ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʪʘʙʽʣʴʥʠʡ. ɸʣʝ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ, ʥʘʚʽʪʴ ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤʽ, ʥʝ ʧʝʨʝʚʠʱʫʻ 1,8 ʢʛ/ʛʦʜ. 

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʜʽʚ ʟʤʽʥʠ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ 

(ʨʠʩ. 1, ʙ) ʥʦʩʷʪʴ ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ ï ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʨʝʛʫʣʷʨʥʽ ʧʽʢʠ ʩʪʨʫʤʫ ʟ ʢʨʘʪʥʽʩʪʶ 

ʤʝʥʰʝ 1,2 ʪʘ ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ ʥʝ ʥʠʞʯʝ 20 ɺ. ʎʽ ʦʟʥʘʢʠ ʯʽʪʢʦ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ ʜʫʛʦʚʦʛʦ ʧʨʦʤʽʞʢʫ. 

ɼʦʩʠʪʴ ʚʠʩʦʢʠʡ (15,7 %) ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʥʘʧʨʫʛʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʽʦʜʠʯʥʫ ʟʥʘʯʥʫ 

ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʜʫʛʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʢʨʘʧʣʽ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ, ʧʨʦʪʝ ʚʽʜʨʠʚ 

ʢʨʘʧʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʄʘʩʦʧʝʨʝʥʦʩ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʪʠʧ G ï ʢʨʘʧʣʠʥʥʠʡ [1]. ɿʤʽʥʘ ʪʠʧʫ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʦʷʩʥʶʻʪʴʩʷ ʤʽʛʨʘʮʽʻʶ 

ʘʥʦʜʥʦʾ ʧʣʷʤʠ ʜʫʛʠ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ (ʧʨʦʮʝʩ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ) ʘʥʘʣʦʛʽʯʥʦ ʤʽʛʨʘʮʽʾ 

ʜʫʛʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʩʪʨʽʯʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ [5]. ʋ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʚʘʨʶʚʘʣʴʥʘ ʜʫʛʘ 

ʩ̔ʥʫʻ ʥʘ ʦʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʽʤʧʫʣʴʩʥʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʜʫʛʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʠʟʥʘʯʝʥʫ ʧʨʠ 

ʥʘʧʣʘʚʣʝʥʥʽ ʦʜʥʠʤ ʝʣʝʢʪʨʦʜʦʤ 15 ɸ/ʤʤ2 ʽ ʫ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʥʦʚʠʣʘ 24,7 ɸ/ʤʤ2. 

ʇʽʜʚʠʱʝʥʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚʠʢʣʠʢʘʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʽʤʧʫʣʴʩʥʝ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʠʧʫ ʤʘʩʦʧʝʨʝʥʦʩʫ.  

ɿʘ ʧʦʢʘʟʥʠʢ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ ʩʪʨʫʤʫ, ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʪʘʥʦʚʠʣʦ 3,2%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ [4]. ʇʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʜʦʩʷʛʘʻ 2,9 ʢʛ/ʛʦʜ. ʽ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʜʽʚ) 

ʤʘʩʦʧʝʨʝʥʦʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʠʧʦʤ G, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʧʣʘʚʣʝʥʥʷ ʦʜʥʠʤ ʝʣʝʢʪʨʦʜʦʤ (ʪʠʧ D).  

2. ɺʠʩʦʢʘ ʩʪʘʙʽʣʴʥʦʩʪʴ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʽ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʜʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʠ ʽʤʧʫʣʴʩʥʽʡ ʛʫʩʪʠʥʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʚ ʢʦʞʥʦʤʫ ʟ ʝʣʝʢʪʨʦʜʽʚ ʧʫʯʢʘ 

24,7 ɸ/ʤʤ2. 

3. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʧʫʯʢʦʤ ʟ 3-ʭ ʝʣʝʢʪʨʦʜʽʚ ʜʦʩʷʛʘʻ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. 
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INVESTIGATION OF THE STABILITY OF THE ARC WELDING PROCESS IN 

MULTI -ELECTRODE SURFACING  
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The characteristics of mass transfer during surfacing with coated electrodes of grade T 590 

using individual electrodes and those assembled into a bundle were investigated. An analysis of 

current and voltage oscillograms was conducted, and the stability of the arc process was evaluated. 

The prospect of applying multi-electrode repair surfacing of machine parts and mechanisms is 

demonstrated. 
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ʩʧʣʘʚʫ ɺʊ14, ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʉʪ3. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ, ʝʣʝʢʪʨʦʜʫʛʦʚʽ ʽ ʧʣʘʟʤʦʚʽ ʧʦʢʨʠʪʪʷ, ʙʽʤʝʪʘʣ, 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʩʪʨʫʢʪʫʨʘ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʽʨʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʨʦʟʰʠʨʝʥʥʶ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʡ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʟʫʤʦʚʣʝʥʽ 

ʦʙʤʝʞʝʥʽʩʪʶ ʩʫʯʘʩʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ ʧʦʩʪʘʯʘʥʥʽ ʜʝʬʽʮʠʪʥʠʭ ʩʧʣʘʚʽʚ ʚʠʩʦʢʦʛʦ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʻ ʥʝʟʘʤʽʥʥʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʨʝʤʦʥʪʫ ʩʢʣʘʜʥʠʭ ʚʫʟʣʽʚ 

ʜʣʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʨʷʪʫʚʘʣʴʥʠʭ ʩʫʜʝʥ ʽ ʧʣʘʚʟʘʩʦʙʽʚ, ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʽʚ ʽ ʧʨʠʣʘʜʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʪʠʤʝ ʫ ʨʦʟʨʦʙʮʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʣʘʚʽʚ. ʊʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʜʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʫʨʪʫʶʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʷʭ ʧʨʦ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʡ ʚʽʙʨʘʮʽʡ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦʚʫ ʟ ʥʘʩʪʫʧʥʠʤ ʾʾ 

ʨʦʟʩʽʶʚʘʥʥʷʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʙʘʟʽ ʢʘʬʝʜʨʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʘʣʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ. 

ɿʘ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʡʥʷʪʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ɣ ⱷ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʩʽʷʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʮʠʢʣ ʫʩʪʘʥʦʚʣʝʥʠʭ ʢʦʣʠʚʘʥʴ ʜʦ ʘʤʧʣʽʪʫʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʩʪʦʩʦʚʘʥʦ ʘʚʪʦʨʩʴʢʽʡ ʟʨʘʟʦʢ ʫʩʪʘʥʦʚʢʠ 

[1, ʨʨ. 457-467], ʚ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ ʚʽʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ 

ʟʘʪʫʭʘʶʯʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʩʦʣʴʥʦ-ʟʘʢʨʽʧʣʝʥʠʭ ʟʨʘʟʢʽʚ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʧʦʚʥʝʥʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʄʘʪʝʨʽʘʣʠ: ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʟʨʘʟʢʠ ʣʝʛʦʚʘʥʠʭ 

ʤʘʨʛʘʥʮʝʚʦ-ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɻ80ɼ16ʍ3ʅ ʽ ɻ60ɼ37ʍ3, ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ14, 

ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3. ʂʦʞʝʥ ʟ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʧʝʚʥʫ ʧʨʦʤʠʩʣʦʚʫ ʮʽʥʥʽʩʪʴ, ʨʦʟʰʠʨʠʪʠ 

ʷʢʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ, ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʘʙʦ ʟʘ ʾʭ ʫʯʘʩʪʶ ʙʽʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʘʥʴ, ʱʦ ʚʠʩʚʽʪʣʝʥʦ 

ʘʚʪʦʨʘʤʠ ʫ ʨʦʙʦʪʘʭ [1-3]. ɿʤʽʥʠ ʫ ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʠʟʥʘʯʝʥʦ ʟʘ ʧʦʨʽʚʥʷʥʥʷʤ 

ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʝʪʘʣʦʥʥʠʤʠ ʟʨʘʟʢʘʤʠ; ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʫ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʪʘ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ʃʝʛʦʚʘʥʽ ʤʘʨʛʘʥʮʝʚʦ-ʤʽʜʥʽ ʩʧʣʘʚʠ (ɻ80ɼ16ʍ3ʅ, ɻ60ɼ37ʍ3)  ʩʧʝʮʽʘʣʴʥʽ ʩʧʣʘʚʠ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʜʝʤʧʬʽʨʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʜʦʙʨʝ ʟʚʘʨʶʶʪʴʩʷ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ 

ʨʷʪʫʚʘʣʴʥʠʭ ʩʫʜʝʥ, ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ ʪʦʱʦ. ʉʧʣʘʚʠ ʦʪʨʠʤʫʶʪʴʩʷ ʧʣʘʚʣʝʥʥʷʤ ʫ ʽʥʜʫʢʮʽʡʥʽʡ 

ʧʝʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ Mn ʽ ʢʘʪʦʜʥʦʾ Cu; ʟʽ ʟʣʠʚʢʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʨʫʪʢʠ d 

= 30 ʤʤ. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʦ ʢʫʚʘʥʥʷʤ ʧʨʫʪʢʘ (ʨʠʩ. 1), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʘʥʦ 

ʧʣʘʩʪʠʥʠ ʪʦʚʱʠʥʦʶ 4 ʤʤ, ʷʢʽ ʜʘʣʽ ʟʘʟʥʘʣʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʪʘʙʣ. 1). ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʩʧʣʘʚʫ ʤʘʨʢʠ ɻ80ɼ16ʍ3ʅ ʜʦʩʷʛʘʶʪʴʩʷ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 850 Üʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʚʦʜʫ ʪʘ ʧʽʩʣʷ ʩʪʘʨʽʥʥʷ ʧʨʠ t = 415 Üʉ ʧʨʦʪʷʛʦʤ  

2-ʭ ʛʦʜʠʥ. ɼʣʷ ʩʧʣʘʚʫ ʤʘʨʢʠ ɻ60ɼ16ʍ3ʅ, ɻ60ɼ37ʍ3 ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

850Üʉ ʟ ʧʦʜʘʣʴʰʠʤ ʩʪʘʨʽʥʥʷʤ ʧʨʠ t = 365 Üʉ ʧʨʦʪʷʛʦʤ 2ʭ ʛʦʜʠʥ. ʊʨʠʚʘʣʘ ʚʠʪʨʠʤʢʘ ʧʨʠ 

ʛʘʨʪʫʚʘʥʥʽ ʩʧʨʠʷʪʠʤʝ ʬʦʨʤʫʚʘʥʥʶ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 
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ʨʦʟʰʘʨʫʚʘʥʥʷ Ὕ-ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʘ; ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɣ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʨʽʥʥʷ.  

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʜʣʷ ʤʘʨʛʘʥʮʝʚʦ-ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ 

[ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʘʤʠ] 

 

ʊʠʪʘʥʦʚʽ ʩʧʣʘʚʠ ʪʠʧʫ ɺʊ ʻ ʥʝʟʘʤʽʥʥʠʤʠ ʜʣʷ ʘʚʽʘï ʪʘ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ, ʛʽʨʥʦʜʦʙʫʚʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʽ ʩʧʣʘʚʫ ʤʘʨʢʠ ɺʊ14 ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚʠʩʦʢʦʤʽʮʥʽ ʪʨʫʙʠ ʜʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ 

ʨʽʜʠʥ, ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ ʥʝʩʥʦʛʦ ʛʚʠʥʪʘ ʪʘ ʧʨʠʚʦʜʫ ʜʣʷ ʛʚʠʥʪʦʢʨʠʣʽʚ, ʢʨʽʧʣʝʥʥʷ ʰʘʩʽ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʜʝʪʘʣʽ ʜʣʷ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʡ ʽ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʧʣʘʚ ɺʊ14 ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʦʨʪʦʚʦʛʦ ʽ ʧʣʦʩʢʦʛʦ ʧʨʦʢʘʪʫ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ (Ŭ+ɓ) 

ʩʧʣʘʚʽʚ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ. ɼʦʜʘʪʢʦʚʦʤʫ ʨʦʟʩʽʶʚʘʥʥʶ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʩʧʨʠʷʪʠʤʝ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʜʝʪʘʣʽ ʰʘʨʫ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʱʝ ʬʫʥʢʮʽʾ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʠʩʦʢʦʶ ʞʘʨʦʤʽʮʥʽʩʪʶ ʪʘ ʢʦʨʦʟʽʡʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʩʧʣʘʚʠ ʪʘ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʽʜʫ ʪʠʪʘʥʫ, ʷʢʽ, ʷʢ ʤʘʨʛʘʥʮʝʚʦ-ʤʽʜʥʽ 

ʩʧʣʘʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʟʘʣʝʞʥʽʩʪʶ ʝʬʝʢʪʽʚ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. ʅʘ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʫ ʧʦʚʝʨʭʥʶ (ʟʥʝʞʠʨʝʥʥʷ ʪʘ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ) ʟʨʘʟʢʘ ɺʊ14 

ʥʘʥʝʩʝʥʦ ʰʘʨ ʧʣʘʟʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (ŭ = 0,5 ʤʤ) ʟ ʧʦʨʦʰʢʫ ʤʘʨʢʠ ʇʅ55ʊ45 (d=40é100 ʤʢʤ). 

ɿʘʜʣʷ ʫʪʚʦʨʝʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʽʚ ʟʨʘʟʢʠ ʟʘʛʘʨʪʦʚʘʥʦ ʧʨʠ t = 820 Áʉ ʧʨʦʪʷʛʦʤ 

1 ʛʦʜ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʚʦʜʽ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʙʽʣʴʰ ʥʽʞ ʫ 4 ʨʘʟʠ: 

ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ɺʊ14 ɣ=1,82 %, ʘ ʜʣʷ ʮʽʻʾ ʞ ʧʣʘʩʪʠʥʠ ʟ ʧʦʢʨʠʪʪʷʤ ɣ =5,6%, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʤʘʨʪʝʥʩʠʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʥʘʷʚʥʽʩʪʶ ʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ NiTi.  
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ʊʘʙʣʠʮʷ 1 ï ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ [ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʘʤʠ] 

ʄʘʪʝʨʽʘʣ ɺʠʜ/ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ɣ, % 

ɻ80ɼ16ʍ3ʅ 

ǒʛʘʨʪʫʚʘʥʥʷ ʧʨʠ t = 850 ÜC ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ 

ʚʦʜʫ 

ǒʩʪʘʨʽʥʥʷ ʧʨʠ t = 415 ÜC, Ű = 2 ʛʦʜ  

ǒʧʣʘʩʪʠʥʘ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ 30 % 

ǒʧʣʘʩʪʠʥʘ ʧʽʩʣʷ ʩʪʘʨʽʥʥʷ 30 % 

ɻ60ɼ37ʍ3 

ǒʛʘʨʪʫʚʘʥʥʷ ʧʨʠ t = 850 ÜC ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ 

ʚʦʜʫ 

ǒʩʪʘʨʽʥʥʷ ʧʨʠ t = 365 ÜC, Ű = 2 ʛʦʜ 

ǒʧʣʘʩʪʠʥʘ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ  6 % 

 

ǒʧʣʘʩʪʠʥʘ ʧʽʩʣʷ ʩʪʘʨʽʥʥʷ  18 % 

ɺʊ14  

ǒʥʘʥʝʩʝʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (ŭ = 0,5 ʤʤ) ʟ 

ʧʦʨʦʰʢʫ ʇʅ55ʊ45 

ǒʛʘʨʪʫʚʘʥʥʷ ʧʨʠ t = 850 ÜC (Ű = 1 ʛʦʜ) ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʚʦʜʫ 

ǒʧʣʘʩʪʠʥʘ ʙʝʟ ʧʦʢʨʠʪʪʷ ï 1,82 % 

ǒʪʝʨʤʦʦʙʨʦʙʣʝʥʘ ʧʣʘʩʪʠʥʘ ʟ ʧʦʢʨʠʪʪʷʤ 

 5,6 % 

ʉʪ3 

ǒʥʘʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (ŭ=0,5 ʤʤ) 

ʉʚ-08ɻ2ʉ ʩʢʣʷʥʽ ʤʽʢʨʦʩʬʝʨʠ 

ǒ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʠ t 

= 500 Áʉ, Ű = 1,5é10 ʭʚ 

ǒʧʣʘʩʪʠʥʘ ʙʝʟ ʧʦʢʨʠʪʪʷï 3,60 % 

ǒʧʣʘʩʪʠʥʘ ʟ ʧʦʢʨʠʪʪʷʤ ï 18,46 % 

ǒʪʝʨʤʦʦʙʨʦʙʣʝʥʘ ʧʣʘʩʪʠʥʘ ʟ ʧʦʢʨʠʪʪʷʤ 

 44,48 % 

ǒʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ 

ʙʽʤʝʪʘʣʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʉʪ3 ɻ80ɼ16ʍ3ʅ 

ǒʛʘʨʪʫʚʘʥʥʷ ʧʨʠ t = 900 ÜC ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ 

ʚʦʜʫ 

ǒʧʣʘʩʪʠʥʘ ʙʝʟ ʧʦʢʨʠʪʪʷï 3,60 % 

 

ǒʟʘʛʘʨʪʦʚʘʥʝ ʙʽʤʝʪʘʣʝʚʝ ʟôʻʜʥʘʥʥʷ  18 

% 

 

ʂʦʥʩʪʨʫʢʮʽʡʥʽ ʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʧʦʨʥʠʭ, ʩʫʜʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʚʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʚʽʙʨʘʮʽʡ ʽ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʯʝʨʝʟ ʱʦ ʜʣʷ ʾʭ ʟʘʭʠʩʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʦʢʨʠʪʪʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟʽ ʉʚ-08ɻ2ʉ, ʥʘʧʦʚʥʝʥʠʭ 

ʩʢʣʷʥʠʤʠ ʤʽʢʨʦʩʬʝʨʘʤʠ (15 % ʦʙô̒ ʤʥ.), ʚʠʩʚʽʪʣʝʥʦ ʫ ʨʦʙʦʪʽ [3, ʩ. 175-185]. ʇʽʜʚʠʱʝʥʥʷ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʉʪ3 ʟ ʧʦʢʨʠʪʪʷʤ ʟʫʤʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʩʽʶʚʘʥʥʷ 

ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʥʘ ʩʬʝʨʠʯʥʠʭ ʚʢʣʶʯʝʥʥʷʭ ʽ ʧʦʩʠʣʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʤʽʞ 

ʦʩʥʦʚʦʶ ʽ ʧʦʢʨʠʪʪʷʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ t = 500 Áʉ 

ʧʨʦʪʷʛʦʤ 1,5é10 ʭʚ ʩʧʨʠʷʪʠʤʝ ʟʙʽʣʴʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʤʘʡʞʝ ʫ 6 ʨʘʟʽʚ 

(ʪʘʙʣ. 1), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʩʫʙʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫ ʤʽʩʮʷʭ ʥʘʡʙʽʣʴʰʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʧʦʢʨʠʪʪʷʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʙʽʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʘʥʴ ʟ ʤʘʨʛʘʥʮʝʚʦ-ʤʽʜʥʠʤ 

ʩʧʣʘʚʦʤ [2]. ɿôʻʜʥʘʥʥʽ ʢʦʥʪʘʢʪʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ ʟʨʘʟʢʠ ʉʪ3 ɻ80ɼ16ʍ3ʅ ʟʘʛʘʨʪʦʚʘʥʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 900 Üʉ ʟ ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʚʦʜʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦ 18 %. ɹʽʤʝʪʘʣʝʚʝ ʟôʻʜʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʟʤʽʨʽʚ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ t = 140 Üʉ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʧʦʚôʷʟʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʽ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟôʻʜʥʘʥʴ.  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʥʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʽ ʧʠʪʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ 

ʤʠʩʪʝʮʪʚʘ ʽ ʜʝʢʦʨʫ ʟʘ ʫʯʘʩʪʶ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʩʧʽʢʘʥʥʷ ʩʢʣʷʥʦʛʦ ʙʦʶ ʽ ʧʦʨʦʰʢʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʨʠʯʠʥʠ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʫ ʚʠʨʦʙʘʭ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ ʩʪʝʢʦʣ ʟ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʽʥʪʝʨʚʘʣʘʤʠ, ʙʫʜʦʚʦʶ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʢʣʦ, ʩʧʽʢʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ, ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ. 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʛʫʪʥʦʛʦ ʩʢʣʘ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ, 

ʽʩʪʦʨʽʷ ʩʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʚʠʭʦʜʠʪʴ ʱʝ ʟ ʯʘʩʽʚ ʂʠʾʚʩʴʢʦʾ ʈʫʩʽ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʥʜʝʥʮʽʡ ʡ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʪʚʦʨʠʚ ʛʫʪʥʠʮʪʚʦ ʟ ʜʝʢʦʨʘʪʠʚʥʦ-ʫʞʠʪʢʦʚʦʛʦ ʚʠʜʫ ʤʠʩʪʝʮʪʚʘ ʥʘ ʛʘʣʫʟʴ, ʷʢʘ 

ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʚʩʽ ʟʜʦʙʫʪʢʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ, ʥʘʫʢʦʚʦ-ʧʨʦʤʠʩʣʦʚʽ ʨʦʟʨʦʙʢʠ 

ʩʢʣʦʚʘʨʝʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʜʠʟʘʡʥʝʨʩʴʢʽ ʜʦʩʷʛʥʝʥʥʷ, ʯʦʤʫ ʧʨʠʩʚʷʯʝʥʦ ʨʦʙʦʪʠ [1-6]. ʅʘ ʬʦʥʽ 

ʪʦʛʦ, ʱʦ ʧʦʥʘʜ ʯʦʪʠʨʠ ʪʠʩʷʯʽ ʨʦʢʽʚ ʪʝʭʥʦʣʦʛʽʷ ʛʫʪʥʠʮʪʚʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʜʦʪʝʧʝʨ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʫʯʥʽ ʩʧʦʩʦʙʠ ʦʙʨʦʙʣʝʥʥʷ ʩʢʣʘ ʫ ʛʘʨʷʯʦʤʫ ʩʪʘʥʽ (ʚʠʜʫʚʘʥʥʷ, ʢʨʘʢʣʝ, ʣʽʧʣʝʥʥʷ, 

ʤʽʣʣʻʬʽʦʨʽ, ʥʘʢʣʘʜʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʰʘʨʽʚ, ʥʠʪʦʢ, ʢʨʠʭʪʠ ʪʦʱʦ), ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʜʘʚʥʦ 

(ʥʘʧʨʠʢʽʥʮʽ 90-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ) ʥʘʙʫʣʠ ʧʦʧʫʣʷʨʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʽʢʘʥʥʷ ʫ ʧʝʯʽ ʨʽʟʥʠʭ ʟʘ 
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ʨʦʟʤʽʨʦʤ ʪʘ ʢʦʣʴʦʨʦʤ ʩʢʣʷʥʠʭ ʩʢʝʣʴ (ʬôʶʟʠʥʛ-ʪʝʭʥʦʣʦʛʽʾ) [4, c. 409-413], [5, ʩ. 166-171] ʽ 

ʜʝʢʦʨʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʩʢʣʷʥʠʤʠ ʧʦʨʦʰʢʘʤʠ (ʬʨʽʪʪʘ-ʜʝʢʦʨ) [6, ʩ. 10-17]. ʎʽ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʽʣʶʟʽʾ ʦʙôʻʤʫ, ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʣʴʦʨʦʚʦʾ ʛʘʤʠ ʽ ʩʧʨʦʱʫʶʪʴ ʜʦʜʘʚʘʥʥʷ 

ʢʦʣʴʦʨʫ ʜʦ ʚʠʨʦʙʫ. ʈʦʟʚʠʪʦʢ ʤʠʩʪʝʮʪʚʘ ʩʪʚʦʨʝʥʥʷ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ ʧʦʚôʷʟʘʥʠʡ ʟ ˇʨʫʥʪʦʚʥʠʤ 

ʘʥʘʣʽʟʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷʤ ʩʫʧʫʪʥʽʭ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʧʨʦʙʣʝʤʥʠʭ 

ʧʠʪʘʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʷʢʽʩʪʴ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʡ ʧʨʠʡʥʷʪʦ ʟʘ ʤʝʪʫ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʨʦʙʣʝʤʥʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʽ ʧʠʪʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʠʨʦʙʽʚ 

ʬôʶʟʠʥʛ-ʪʝʭʥʦʣʦʛʽʷʤʠ ʽ ʬʨʽʪʪʘ-ʜʝʢʦʨʦʤ 

ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʉʫʪʥʽʩʪʴ ʷʚʠʱʘ ʍʘʨʘʢʪʝʨ ʽ ʧʨʠʯʠʥʠ ʜʝʬʝʢʪʽʚ 

ʌôʁʟʠʥʛ-ʪʝʭʥʦʣʦʛʽʾ 

ʇʦʻʜʥʘʥʥʷ çʜʦʚʛʠʭè ʽ 

çʢʦʨʦʪʢʠʭè ʩʪʝʢʦʣ 

ɯʥʪʝʨʚʘʣ ʬʦʨʤʫʚʘʥʥʷ çʜʦʚʛʠʭè ʩʪʝʢʦʣ 

ʩʪʘʥʦʚʠʪʴ 250é500 Üʉ, çʢʦʨʦʪʢʠʭè  

100é150 Üʉ 

ʋʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʉʭʠʣʴʥʽʩʪʴ ʩʢʣʘ ʜʦ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʢʣʦ 

ʤʘʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʋʪʚʦʨʝʥʽ ʮʝʥʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʦʨʫʰʫʶʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ ʩʢʣʘ, ʻ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʞʝʥʴ ʪʘ 

ʚʚʘʞʘʶʪʴʩʷ ʝʩʪʝʪʠʯʥʠʤʠ ʚʘʜʘʤʠ 

ʚʠʨʦʙʽʚ 

ʈʽʟʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʩʪʝʢʦʣ 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʤʽʞ 

ʰʘʨʘʤʠ ʩʪʝʢʦʣ ʟ ʨʽʟʥʠʤ ʂʊʈ ʚʠʥʠʢʘʶʪʴ 

ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʈʫʡʥʫʚʘʥʥʷ ʩʢʣʘ, ʜʝʬʦʨʤʘʮʽʷ ʽ 

ʪʨʽʱʠʥʠ ʫ ʚʠʨʦʙʘʭ 

ʉʪʚʦʨʝʥʥʷ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ ʟ ʬʨʽʪʪʘ-ʜʝʢʦʨʦʤ 

ʈʦʟʧʦʨʦʰʝʥʥʷ ʪʘ ʛʨʫʜʢʫʚʘʥʥʷ 

ʧʦʨʦʰʢʽʚ 

ɺ ʦʩʥʦʚʫ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʢʦʣʴʦʨʦʚʦʾ 

ʧʘʣʽʪʨʠ ʧʦʢʣʘʜʝʥʦ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʧʦʨʦʰʢʽʚ 

ʇʨʠ ʨʦʟʧʠʣʝʥʥʽ ʥʘʜ ʛʘʨʷʯʦʶ 

ʟʘʛʦʪʽʚʢʦʶ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʨʦʰʢʽʚ ʧʦʪʨʘʧʣʷʻ ʫ ʧʦʚʽʪʨʷ. 

ʇʨʦʛʦʨʷʥʥʷ ʩʢʣʦʧʦʨʦʰʢʽʚ ʇʨʦʮʝʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʧʦʨʦʰʢʽʚ, ʩʫʤʽʩʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʤôʷʢʰʝʥʥʷ ʽ ʚʠʤʘʛʘʪʠʤʝ 

ʢʦʨʦʪʢʦʯʘʩʥʦʩʪʽ ʾʭ ʧʨʦʛʨʽʚʘʥʥʷ ʥʘ 

ʚʠʨʦʙʽ 

ʍʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʻ ʥʘʩʣʽʜʢʦʤ 

ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʦʣʝʡ ʽ ʤʦʞʝ 

ʥʘʜʘʪʠ ʥʝʦʯʽʢʫʚʘʥʠʡ ʝʩʪʝʪʠʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ 

ʅʠʟʴʢʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʩʢʣʷʥʦʛʦ ʧʦʨʦʰʢʫ ʟ ʚʠʨʦʙʦʤ 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʢʨʠʪʪʷ ʟʘʛʦʪʦʚʢʠ 

ʜʝʢʽʣʴʢʦʤʘ ʰʘʨʘʤʠ ʧʦʨʦʰʢʽʚ 

ɺʽʜʩʫʪʥʽʩʪʴ ʷʢʽʩʥʦʛʦ ʤʘʣʶʥʢʫ, 

ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʧʨʦʛʦʨʷʥʥʷ, ʧʦʷʚʘ ʜʽʨ ʪʘ 

ʙʫʣʴʙʘʰʦʢ 

ɼʞʝʨʝʣʦ: ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ 

 

ɿʘ ʬôʁ ʟʠʥʛ-ʪʝʭʥʦʣʦʛʽʻʶ ʰʤʘʪʦʯʢʠ ʩʢʣʘ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʟôʻʜʥʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʘʛʨʽʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʝʞʘʭ 800é900 Üʉ; ʧʨʦʮʝʩ ʨʦʟʤôʷʢʰʝʥʥʷ ʩʧʨʠʷʪʠʤʝ ʾʭ 

ʧʝʨʝʤʽʰʫʚʘʥʥʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʶʪʴʩʷ ʚʠʨʦʙʠ ʟ ʨʽʟʥʠʤʠ ʪʝʢʩʪʫʨʥʠʤʠ ʝʬʝʢʪʘʤʠ. 

ʇʨʦʪʝ ʯʝʨʝʟ ʨʽʟʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʘʩʪʦʩʦʚʘʥʽ ʩʪʝʢʣʘ ʤʘʪʠʤʫʪʴ ʫ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʪʝʧʣʦʻʤʥʦʩʪʽ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʩʠ, ʧʨʦʮʝʩʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʪʘ ʧʦʷʚʫ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ ʷʢ ʪʨʽʱʠʥʠ, ʥʝʙʘʞʘʥʽ 

ʢʦʣʴʦʨʦʚʽ ʟʛʫʱʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʮʝʥʪʨʽʚ (ʟʘʨʦʜʢʽʚ) ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʦʱʦ. ʂʝʨʫʶʯʠʩʴ ʣʠʰʝ 

ʝʩʪʝʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʘʚʪʦʨʠ ʭʫʜʦʞʥʽʭ ʨʦʙʽʪ ʥʝ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʠ ʪʘ ʥʝ ʜʦʩʣʽʜʞʫʶʪʴ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ, ʘʥʦʤʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʪʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʙʨʘʥʠʭ ʩʪʝʢʦʣ. 

ɯʩʥʫʶʯʠ ʪʝʭʥʦʣʦʛʽʾ [7. ʩ. 34-115] ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʝʢʣʘ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ 

ʤʘʪʠʤʫʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʯʝʨʝʟ ʜʝʬʽʮʠʪʥʽʩʪʴ ʙʘʨʚʥʠʢʘ ʪʘ ʫʤʦʚʠ ʩʢʣʦʚʘʨʽʥʥʷ. ɹʘʨʚʥʠʢʘʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʢʩʠʜʠ ʽ ʩʦʣʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʧʽʛʤʝʥʪʠ, ʩʢʣʦʧʦʨʦʰʢʠ, 
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ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʫ ʩʢʣʦʰʠʭʪʫ ʽ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʩʢʣʦʤʘʩʽ. ʉʧʦʣʫʢʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʤʦʣʝʢʫʣʷʨʥʽ 

ʙʘʨʚʥʠʢʠ): Mn, Ni, Cr, Co, Cu, Fe ʪʘ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ Nd, Pr, Sm ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʫʤʦʚ ʩʢʣʦʚʘʨʽʥʥʷ ʪʘ ʩʢʣʘʜʫ ʩʢʣʦʤʘʩʠ ʟʜʘʪʥʽ ʟʘʙʘʨʚʣʶʚʘʪʠ ʩʢʣʦ ʫ ʨʽʟʥʽ ʚʽʜʪʽʥʢʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʭ ʩʧʦʣʫʢʠ Au, Ag, Cu, Se, Sb (ʢʦʣʦʾʜʥʽ ʙʘʨʚʥʠʢʠ) ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʢʣʦʤʘʩʽ ʫ 

ʢʦʣʦʾʜʥʦ-ʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ ʪʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʚʠʨʦʙʫ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʧʘʣʫ ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ ʢʦʣʽʨ ʩʢʣʘ (ʧʨʦʮʝʩ ʤʘʻ ʥʘʟʚʫ çʥʘʚʝʜʝʥʥʷè). ʈʽʟʥʠʮʷ ʫ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʂʊʈ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 

ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʨʦʙʽʚ. ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʂʊʈ 

(ʤʝʪʦʜʦʤ ʢʽʣʴʮʷ, ʢʚʘʨʮʦʚʦʛʦ ʜʠʣʘʪʦʤʝʪʨʘ, ʧʦʜʚʽʡʥʦʾ ʥʠʪʢʠ) ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 20é300 Üʉ ʘʙʦ 20é400 Üʉ, ʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʝ; ʥʘʷʚʥʽʩʪʴ ʦʢʩʠʜʽʚ B2O3 ʽ ZnO ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʩʢʣʘ ʟʥʠʞʫʻ 

ʢʦʝʬʽʮʽʻʥʪ ʾʭ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ.  

ʊʝʭʥʦʣʦʛʽʷ ʬʨʽʪʪʘ-ʜʝʢʦʨʫ ʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʢʣ ʦʧʝʨʘʮʽʡ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʥʝʩʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʽʟʝʨʫʥʢʫ (ʧʨʦʢʘʪʫʚʘʥʥʷʤ, ʧʦʩʠʧʘʥʥʷʤ, ʚʤʦʯʫʚʘʥʥʷʤ) 

ʩʢʣʷʥʦʛʦ ʧʦʨʦʰʢʫ ʧʝʚʥʦʛʦ ʢʦʣʴʦʨʫ (ʘʙʦ ʤʘʣʶʥʢʫ ʟ ʰʘʨʽʚ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ) 

ʥʘ ʦʯʠʱʝʥʫ ʪʘ ʟʥʝʞʠʨʝʥʫ ʩʢʣʷʥʫ ʟʘʛʦʪʽʚʢʫ ʪʘ ʧʦʩʪʫʧʦʚʦʛʦ ʾʾ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ. ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʧʨʦʮʝʩʫ ʜʝʢʦʨʫʚʘʥʥʷ ʚʠʨʽʙ ʚʠʧʘʣʶʻʪʴʩʷ ʫ ʧʝʯʽ ʽ ʦʩʪʠʛʘʻ ʨʘʟʦʤ 

ʟ ʧʽʯʯʶ. ʇʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ, ʪʝʧʣʦ-ʽ 

ʤʘʩʦʧʝʨʝʥʦʩʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʡ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʮʥʠʡ ʪʘ 

ʷʩʢʨʘʚʠʡ ʜʝʢʦʨ. ʉʢʣʷʥʽ ʧʦʨʦʰʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʰʣʷʭʦʤ ʛʨʘʥʫʣʶʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʧʦʨʮʽʡ 

ʟʚʘʨʝʥʦʛʦ ʩʢʣʘ ʫ ʭʦʣʦʜʥʫ ʚʦʜʫ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʥʘ ʧʦʜʨʽʙʥʶʚʘʯʘʭ ʽ ʧʨʦʩʽʶʚʘʥʥʷʤ 

ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʬʨʘʢʮʽʾ. ɼʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʜʠʩʧʝʨʩʥʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʢʠ. ɸʚʪʦʨʩʴʢʫ 

ʧʨʦʧʦʟʠʮʽʶ ʦʜʝʨʞʘʥʥʷ ʩʢʣʦʧʦʨʦʰʢʫ ʟ ʙʦʶ ʢʨʠʰʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʚʠʢʣʘʜʝʥʦ ʫ ʨʦʙʦʪʽ [8, ʩ. 180-

185]. ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʢʣʶʯʘʪʠʤʝ ʫ ʩʝʙʝ: ʜʨʦʙʣʝʥʥʷ ʥʘ ʜʨʦʙʘʨʮʽ ʜʦ ʢʨʫʧʥʦʩʪʽ ʜʦ 

10 ʤʤ ʟ ʧʦʜʘʣʴʰʠʤ ʟʜʨʽʙʥʝʥʥʷʤ ʜʦ ʜʠʩʧʝʨʩʥʦʩʪʽ 30é80 ʤʢʤ ʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʙʘʨʘʙʘʥʥʦʛʦ 

ʪʠʧʫ; ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʾ ʩʫʤʽʰʽ ʟ ʥʘʩʪʫʧʥʠʤ ʾʾ ʪʦʧʣʝʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800 Áʉ ʫ 

ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟ ʦʢʠʩʥʶʚʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʜʨʦʙʣʝʥʥʷʤ ʪʘ ʟʜʨʽʙʥʝʥʥʷʤ ʩʧʝʯʝʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ. ʇʝʨʝʨʦʙʢʘ ʙʠʪʠʭ ʘʙʦ ʙʨʘʢʦʚʘʥʠʭ ʚʘʟ, ʮʫʢʝʨʥʠʮʴ, ʧʦʧʽʣʴʥʠʮʴ ʩʧʨʠʷʪʠʤʝ ʾʭ 

ʙʝʟʚʽʜʭʦʜʥʽʡ ʧʝʨʝʨʦʙʮʽ, ʘ ʦʪʨʠʤʘʥʠʡ ʧʦʨʦʰʦʢ ʜʠʩʧʝʨʩʥʽʩʪʶ 40é70 ʤʢʤ ʻ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʠʤ 

ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʤʽʩʥʠʡ ʟ ʧʦʩʫʜʥʠʤ ʩʢʣʦʤ, ʷʢʝ ʟʘʟʥʘʻ ʜʝʢʦʨʫʚʘʥʥʷ.  

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʪʠʤʝ ʫ ʚʠʷʚʣʝʥʥʽ ʥʦʚʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʬʦʨʤʫʚʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʠʨʦʙʽʚ ʟʽ ʩʢʣʘ ʟ 

ʚʘʞʣʠʚʠʤ ʚʧʣʠʚʦʤ ʥʘ ʾʭ ʷʢʽʩʪʴ ʩʫʤʽʩʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʚôʷʟʢʦʩʪʽ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʘʥʠʭ ʩʪʝʢʦʣ.  

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜˇʨʫʥʪʷ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʠʨʦʙʽʚ ʟʽ ʩʢʣʘ. 

ɺʠʩʥʦʚʦʢ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʪʥʽʩʪʴ ʷʚʠʱ, 

ʭʘʨʘʢʪʝʨ ʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʚʠʨʦʙʘʭ, ʦʪʨʠʤʘʥʠʭ ʩʧʽʢʘʥʥʷʤ ʙʦʶ ʘʙʦ ʫʣʘʤʢʽʚ 

ʩʢʣʘ (ʟʘ ʬôʶʟʠʥʛ-ʪʝʭʥʦʣʦʛʽʷʤʠ) ʪʘ ʥʘʧʽʢʘʥʥʷ ʩʢʣʷʥʠʭ ʧʦʨʦʰʢʽʚ ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ (ʬʨʽʪʪʘ-ʜʝʢʦʨ). 
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MATERIALS PROBLEMS  FUSSING TECHNOLOGY AND FRITTA D£COR 
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Abstract. Problematic materials science issues of the manufacture of art and d®cor products 

with participation in the technologies of sintering glass and powders are considered. The causes of 

defects in products due to the combination of glasses with different temperature ranges, structure and 

thermophysical characteristics are analyzed. 

Keywords: glass, sintering, temperature interval, formation of products. 
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʚʽʜʥʠʭ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʛʥʫʯʢʽ 

ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ, ʮʠʬʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʚʠʨʦʙʥʠʯʽ ʢʦʤʽʨʢʠ ʪʘ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ. ɺʽʜʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʶ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʤʦʜʫʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʩʦʢʠʤ 

ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʨʽʙʥʦʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʛʥʫʯʢʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ, ʮʠʬʨʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʚʠʨʦʙʥʠʯʽ ʢʦʤʽʨʢʠ, ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʨʽʙʥʦʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʟʥʘʯʫʱʦʩʪʽ. ɺʽʜ ʥʴʦʛʦ ʚʠʤʘʛʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʘʩʪʦʤʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʡ ʦʧʝʨʘʪʠʚʥʝ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ 

ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ, ʛʥʫʯʢʽʩʪʴ ʣʦʛʽʩʪʠʢʠ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʰʫʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʜʨʽʙʥʠʭ ʩʝʨʽʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 

ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ, ʚʠʷʚʠʪʠ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʥʘ ʦʩʥʦʚʽ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʜʝʤʦʥʩʪʨʫʻ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ 1980-1990-ʭ ʨʦʢʘʭ ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ ʛʥʫʯʢʽ ʚʠʨʦʙʥʠʯʽ 
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ʩʠʩʪʝʤʠ (ɻɺʉ), ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʛʦʪʦʚʣʷʪʠ ʨʽʟʥʽ ʚʠʨʦʙʠ ʥʘ ʦʜʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷʤ [1]. ɿ ʧʦʯʘʪʢʫ XXI ʩʪʦʣʽʪʪʷ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʝʣʝʤʝʥʪʠ ʮʠʬʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʢʣʶʯʘʶʯʠ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT), ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI) ʪʘ 

ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ [2, 3]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʢʦʤʽʨʦʢ, ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʟʘ 

ʧʨʠʥʮʠʧʘʤʠ ʦʱʘʜʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (Lean manufacturing) [4]. ɼʦʜʘʪʢʦʚʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʥʘʧʨʷʤ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (3D-ʜʨʫʢ), ʟʘʪʨʝʙʫʚʘʥʠʡ ʧʨʠ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʰʚʠʜʢʦʤʫ ʟʘʧʫʩʢʫ ʚʠʨʦʙʥʠʮʪʚʘ [5]. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʥʘʧʨʷʤʠ: 

1. ɻʥʫʯʢʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʽʜ ʨʽʟʥʽ 

ʚʠʨʦʙʠ. ɿʘʙʝʟʧʝʯʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ 1,5-2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ ʩʭʝʤʘʤʠ. 

ʈʝʥʪʘʙʝʣʴʥʽ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʦʥʘʜ 70 %. ʉʝʨʝʜʥʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʨʦʙʫ 

(ʥʘʧʨʠʢʣʘʜ, ʩʪʘʣʝʚʦʾ ʛʘʡʢʠ ʄ12) ï ʙʣʠʟʴʢʦ 0,08 USD (ʫʤʦʚʥʦ ʚ ʜʦʣʘʨʘʭ ʉʐɸ) ʧʨʠ ʧʘʨʪʽʾ 

10000 h ʪʫʢ ʟʘ ʫʤʦʚʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɼʘʥʽ ʦʮʽʥʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʥʦʨʤʘʪʠʚʽʚ ʽ ʥʘʚʯʘʣʴʥʠʭ ʤʦʜʝʣʝʡ [6]. 

2. ʎʠʬʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ (Smart Manufacturing) ʚʢʣʶʯʘʻ IoT, AI, ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ, ʩʠʩʪʝʤʠ 

ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ (MES-ʩʠʩʪʝʤʠ). ɼʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ 

ʧʨʦʮʝʩʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ 20-30 %, ʧʦʢʨʘʱʫʻ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʫʤʦʚʥʦʾ ʛʘʡʢʠ ʄ12 ʩʪʘʥʦʚʠʪʴ 0,09-0,10 USD ʧʨʠ ʚʠʩʦʢʽʡ 

ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʟʘʤʦʚʣʝʥʥʷ, ʘʣʝ ʟʥʠʞʝʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʽ ʩʢʣʘʜʩʴʢʠʭ ʚʠʪʨʘʪʘʭ. ɺʠʩʦʢʘ ʦʢʫʧʥʽʩʪʴ ʥʘ 

ʨʽʚʥʽ ʚʽʜ 18 % ʨʽʯʥʠʭ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʦʥʘʜ 60 % [7]. 

3. ɺʠʨʦʙʥʠʯʽ ʢʦʤʽʨʢʠ (Lean Cells) ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʚʠʨʦʙʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʢʦʨʦʪʢʽ ʚʠʨʦʙʥʠʯʽ ʮʠʢʣʠ. ɼʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ, ʧʽʜʚʠʱʠʪʠ 

ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʥʘ 20-30 %. ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʥʦʚʠʪʴ  

7-12 ʭʚʠʣʠʥ, ʮʠʢʣ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʨʪʽʾ ʟ 500 ʦʜʠʥʠʮʴ ï ʤʝʥʰʝ ʥʽʞ 8 ʛʦʜʠʥ. ɻʥʫʯʢʝ 

ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʧʽʜ ʽʥʰʠʡ ʪʠʧ ʧʨʦʜʫʢʮʽʾ ʟʘʡʤʘʻ ʤʝʥʰʝ ʥʽʞ 20 ʭʚʠʣʠʥ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʫʤʦʚʥʦʾ 

ʛʘʡʢʠ ʄ12 ï ʙʣʠʟʴʢʦ 0,105-0,115 USD, ʘʣʝ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴʩʷ ʥʝʧʨʷʤʽ ʚʠʪʨʘʪʠ, ʟʦʢʨʝʤʘ ʥʘ 

ʧʝʨʩʦʥʘʣ, ʣʦʛʽʩʪʠʢʫ, ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʠʰʢʘʤʠ. ʆʩʦʙʣʠʚʦ ʨʝʥʪʘʙʝʣʴʥʦ ʜʣʷ ʧʘʨʪʽʡ 500-3000 ʰʪʫʢ. 

4. ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ (3D-ʜʨʫʢ) ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʘʧʫʩʢʫ ʪʘ ʢʘʩʪʦʤʽʟʘʮʽʾ 

ʚʠʨʦʙʽʚ. ʐʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ, ʘʣʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʘʨʪʽʷ ʟʽ 100 ʚʠʨʦʙʽʚ 

ʜʨʫʢʫʻʪʴʩʷ ʟʘ 5-7 ʜʥʽʚ (ʧʨʦʪʠ 2-3 ʪʠʞʥʽʚ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʤʝʪʦʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʥʘʩʪʢʠ). 

ɺʘʨʪʽʩʪʴ ʦʜʥʽʻʾ ʜʝʪʘʣʽ (ʘʥʘʣʦʛ ʛʘʡʢʠ ʟ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ) ï 0,75-1,20 USD, ʮʽ ʟʥʘʯʝʥʥʷ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (20-60 ʰʪ.) [8, 9, 10]. ʊʝʭʥʦʣʦʛʽʾ ʻ 

ʨʝʥʪʘʙʝʣʴʥʠʤʠ ʧʨʠ ʧʘʨʪʽʷʭ ʜʦ 500 ʰʪʫʢ, ʜʝ ʚʠʢʣʶʯʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʰʪʘʤʧʠ, ʦʩʥʘʩʪʢʫ ʪʘ 

ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ. ɼʦʜʘʪʢʦʚʠʤʠ ʝʬʝʢʪʘʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ 

ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʝʡ, ʥʝʜʦʩʷʞʥʦʾ ʧʨʠ ʣʠʪʪʽ ʘʙʦ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ; ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʛʨʘʮʽʾ ʟʽ 

ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʨʦʮʝʩʫ ʜʨʫʢʫ. 

ɺʠʩʥʦʚʦʢ. ʉʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʛʥʫʯʢʽ ʪʘ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʽʜʭʦʜʠ ʦʱʘʜʣʠʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɰʭ 

ʧʦʻʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʽ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʤʦʜʫʣʴʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ ʽ ʩʠʩʪʝʤ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɼʦʜʘʪʢʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʦʮʽʥʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ, 
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ʱʦ ʥʘʚʽʪʴ ʩʪʘʥʜʘʨʪʥʽ ʚʠʨʦʙʠ ʤʘʶʪʴ ʟʥʘʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʘʩʪʦʩʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʪʦʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʧʽʜ ʩʧʝʮʠʬʽʢʫ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʦʙʩʷʛʠ ʟʘʤʦʚʣʝʥʥʷ. 
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Abstract. Modern forms of organizing small-batch production used in leading industrialized 

countries are analyzed. Flexible manufacturing systems, digital manufacturing, production cells, and 

additive technologies are examined. A comparative comparison of their productivity and profitability 

is provided. A trend is noted toward a shift from traditional methods to the integration of intelligent 

and modular systems with a high degree of automation.  
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ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʢʘ ʟʥʦʩʦʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʜʥʦʚʦʛʦ 

ʛʘʟʦʪʫʨʙʦʙʫʜʫʚʘʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʫ Ni(L)-Hf-Cr3C2, 

ʷʢʠʡ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʪʴ ʛʘʬʥʽʡ (ʤʘʩ.% 16,5 õ 17,5). ʃʝʛʫʚʘʥʥʷ ʛʘʬʥʽʻʤ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʫ, 

ʷʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʘ ʜʦ ʝʚʪʝʢʪʠʯʥʦʾ, ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 1200 + 10Üʉ, ʤʘʻ 

ʩʝʨʝʜʥʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 2,498ʤʤ3/ʮʠʢʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ 

1150Üʉ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʩʧʣʘʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʠ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʫʜʥʦʚʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʽʢʝʣʝʚʠʡ ʩʧʣʘʚ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ. 

 

ʈʝʩʫʨʩ ʨʦʙʦʪʠ ʩʫʜʥʦʚʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʨʦʙʦʯʠʭ ʣʦʧʘʪʦʢ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ 

ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʞʘʨʦʤʽʮʥʽ ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʩʝʨʽʾ 

CM88, ʉʄ104 ʪʦʱʦ. ʅʘʚʝʜʝʥʽ ʩʧʣʘʚʠ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ ʟʚʘʨʶʶʪʴʩʷ ʧʣʘʚʣʝʥʥʷʤ ʪʘ ʥʘʚʽʪʴ ʥʝ 

ʚʠʪʨʠʤʫʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʥʘʛʨʽʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ 1210 õ 1220 Üʉ [1, ʩ. 32-38]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʫ Ni(ʣʝʛʦʚʘʥʠʡ)-Hf-Cr3C2 ʩʪʦʩʦʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʣʦʧʘʪʦʢ ʩʫʜʥʦʚʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ Ni(L)-Hf-Cr3C2 ʚʽʜʙʫʚʘʣʘʩʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʣʘʚʣʝʥʥʷ [2, ʩ. 29-34]. ʅʽʢʝʣʝʚʘ ʤʘʪʨʠʮʷ ʤʘʣʘ ʩʢʣʘʜ, ʱʦ ʙʫʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʜʦ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʞʘʨʦʤʽʮʥʠʭ ʩʧʣʘʚʽʚ (ʤʘʩ.%): Hf: 16,5-17,5; ʉr: 12,5-13,5; Co: 

8,3-9,6; ʄʦ: 1,3-1,9; W: 3,9-4,9; Nb: 0,1-0,2; Al: 2,3-2,8; Ti: 3,5-4,2; C: 0,08-0,1; Ni ï ʨʝʰʪʘ. 

ɼʦʜʘʪʢʦʚʝ ʣʝʛʫʚʘʥʥʷ ʛʘʬʥʽʻʤ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩ ʩʧʣʘʚʫ 1200 + 10 Üʉ, ʘ 

ʚʚʝʜʝʥʥʷ ʤʘʩ.% 2 Cr3C2 ʧʽʜʚʠʱʫʚʘʣʦ ʡʦʛʦ ʢʦʤʧʣʝʢʩʥʝ ʟʤʽʮʥʝʥʥʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʧʣʘʚʫ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʬʨʝʪʠʥʛʫ ʟʘ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: ʩʪʘʪʠʯʥʝ ʢʦʥʪʘʢʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 50 ʄʇʘ; ʘʤʧʣʽʪʫʜʘ 

ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʨʘʟʢʽʚ ï 0,169 ʤʤ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ï 2500 ʤʠʥ-1; ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ï 

2 ʛʦʜʠʥʠ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟʨʘʟʢʽʚ ï ~ 1150 Áʉ. 
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ʇʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʧʣʘʚʫ ʂɹʅʍʃ-

2 ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ: Jv=V/N, ʜʝ Jv ï ʦʙ'ʻʤʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, 

ʤʤ3/ʮʠʢʣ; V ï ʦʙ'ʻʤ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʦʰʫʻʪʴʩʷ, ʤʤ3; N ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ ʟʨʘʟʢʽʚ). ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1, 

ʧʦʢʘʟʘʚ, ʱʦ ʜʦʩʣʽʜʥʠʡ ʩʧʣʘʚ ʩʠʩʪʝʤʠ ʣʝʛʫʚʘʥʥʷ Ni(L)-Hf-Cr3C2, ʚ ʥʘʷʚʥʠʭ ʫʤʦʚʘʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʜʝʤʦʥʩʪʨʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ ʙʽʣʴʰ ʚʠʩʦʢʽ, ʥʽʞ ʧʨʦʤʠʩʣʦʚʠʡ 

ʩʧʣʘʚ ʂɹʅʍʃ-2. 

 

ʊʘʙʣʠʮʷ 1 ï ̔ʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʩʧʣʘʚʽʚ 

ʄʘʪʝʨʽʘʣ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ ʂɹʅʍʃ-2 Ni(L)-Hf-Cr3C2 

ʉʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, Jv, 

ʤʤ3/ʮʠʢʣ 
ʟʨʫʡʥʫʚʘʚʩʷ 

1,417-3,688 

2,498 

 

ɺʠʩʥʦʚʢʠ: ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʥʘʷʚʥʠʭ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʩʧʣʘʚʫ Ni(L)-Hf-Cr3C2 ʩʢʣʘʜʘʻ 2,498 ʤʤ
3/ʮʠʢʣ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʡʦʛʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʫʜʥʦʚʠʭ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. 
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WEAR-RESISTANT NICKEL -BASED ALLOY  

Kostin O.M., Shablii T.Y. 

Admiral Makarov National University of Shipbuilding, Mukolayiv, Ukraine 

Abstract: The development of wear-resistant materials capable of withstanding high-

temperature contact interactions remains a critical challenge in marine gas turbine engineering. In 

this context, the Ni(L)-Hf-Cr C  alloy, additionally alloyed with hafnium (16.5õ17.5 wt.%), 

demonstrates significant potential. Hafnium alloying facilitates the formation of a near-eutectic 

microstructure with a melting point of 1200 Ñ 10ÁC. The alloy exhibits an average wear rate of 2.498 

mmį/cycle under contact surface temperatures of 1150ÁC. The obtained results indicate that this alloy 

is a promising candidate for the reinforcement of contact surfaces in components of marine gas 

turbine engines. 

Key words: nickel-based alloy, wear rate, high-temperature wear resistance. 
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ɸʥʦʪʘʮʽʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʥʽ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ. ɼʘʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ 

ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʥʘʥʦʩʷʪʴʩʷ ʧʣʘʟʤʦʚʠʤ ʥʘʧʠʣʶʚʘʥʥʷʤ ʩʝʨʝʜ ʤʝʪʦʜʽʚ ʾʭ 

ʘʥʘʣʽʟʫ ʧʨʝʚʘʣʶʶʪʴ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ, ʧʦʢʨʠʪʪʷ, ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʤʝʪʦʜʠ, ʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ. 

 

ʇʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ [1, 2] ʥʘ 

ʜʝʪʘʣʽ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. ʇʦʢʨʠʪʪʷ ʩʪʚʦʨʶʶʪʴ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʢʦʨʦʟʽʾ. 

ɺʠʩʦʢʦʷʢʽʩʥʝ ʧʦʢʨʠʪʪʷ ʟʙʽʣʴʰʫʻ ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ, ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʨʦʙʦʪʽ: ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ; ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ); ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, 

ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʝʨʤʦʮʠʢʣʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʰʘʨʫ; ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʽ ʥʘʧʨʷʤʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ. 

ʂʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʘʤʠ:  

ï ʄʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʦ: ʤʝʪʦʜ ʚʠʪʷʛʫʚʘʥʥʷ ʢʦʥʽʯʥʦʛʦ ʰʪʠʬʪʘ, ʷʢʠʡ ʥʘʥʦʩʠʪʴʩʷ ʦʜʥʦʯʘʩʥʦ 

ʟ ʧʦʢʨʠʪʪʷʤ ʥʘ ʪʦʨʮʝʚʫ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʘʜʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ, ʘʣʝ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ; ʢʣʝʡʦʚʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʩʠʣʘʥ-ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʣʝʾʚ (STP) ʚʠʩʦʢʦʾ ʘʜʛʝʟʽʾ. ʉʢʣʝʶʚʘʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚ 

ʧʨʠʩʪʨʦʷʭ ʽʟ ʬʽʢʩʘʮʽʻʶ ʟʦʥʠ ʩʢʣʝʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʤʽʮʥʽʩʪʴ ʥʘʧʠʣʝʥʦʛʦ 

ʰʘʨʫ ʥʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʘʭ. 

ʎʽ ʤʝʪʦʜʠʢʠ ʜʦʧʦʚʥʶʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʝʥʪʠʣʴʥʠʡ ʜʚʠʛʫʥ ʟ ʪʨʦʩʠʢʦʤ ʪʘ ʰʢʽʚʦʤ ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʠʢʣʘʜʘʥʥʷ ʟʫʩʠʣʣʷ [3]. 
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ï ɼʦ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʣʝʞʘʪʴ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ [4]. ɼʣʷ ʮʴʦʛʦ ʪʝʩʪʫʶʪʴ ʟʨʘʟʢʠ ʽʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ ʽ ʨʽʟʥʠʤ ʩʢʣʘʜʦʤ 

ʥʘʧʠʣʝʥʥʷ (ʪʘʙʣʠʮʷ 1). 

 

ʊʘʙʣʠʮʷ 1 

ʂʽʣʴʢʽʩʪʴ 

ʰʘʨʽʚ 

ʊʝʤʧ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘʧʠʣʝʥʠʷ, ʤʤ3/ʢʤ 

ʄʘʪʝʨʽʘʣ 

ʥʘʧʠʣʝʥʥʷ 

ɹʨʆʌ 10-1 

ʄʘʪʝʨʽʘʣ ʥʘʧʠʣʝʥʥʷ 

ʩʘʤʦʬʣʶʩʫʶʯʠʡ ʩʧʣʘʚ ʇɻ-10ʂ-01 ʟ 

ʧʦʜʘʣʴʰʠʤ ʦʧʣʘʚʣʝʥʥʷʤ 

ʄʘʪʝʨʽʘʣ ʥʘʧʠʣʝʥʥʷ, 

ʇɻ-10ʂ-01 ʽʟ ʰʣʘʢʦʚʦʶ 

ʢʦʤʧʦʥʝʥʪʦʶ 

1 12,3 6,7 6.1 

2 11,2 6,4 5,9 

3 9,4 5,0 5,5 

 

ɿ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ɺʦʜʥʦʯʘʩ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʪʘ ʧʦʛʽʨʰʝʥʥʷ 

ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ï ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ. ɼʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʘʞʣʠʚʦʶ ʻ ʞʘʨʦʩʪʽʡʢʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʝʨʤʦʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʪʝʧʣʦʟʤʽʥ [5]. 

ʈʝʘʣʴʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʣʠʰʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʡ ʨʫʭ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʘʙʨʘʟʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ (ʟʘʪʚʝʨʜʽʣʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʛʦʨʷʥʥʷ). ɿʘʚʜʷʢʠ ʥʦʚʽʡ 

ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʟ ʛʘʟʦʧʦʣʫʤôʷʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʽ ʘʙʨʘʟʠʚʥʠʤ ʧʦʪʦʢʦʤ ʧʘʣʴʥʦʛʦ ʛʘʟʫ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʘʛʨʝʛʘʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʪʘʙʣʠʮʷ 2) ʧʦʢʘʟʘʣʠ: 

 

ʊʘʙʣʠʮʷ 2 

ʉʢʣʘʜ ʧʦʢʨʠʪʪʽʚ ʊʦʚʱʠʥʘ, ʤʤ 
ʋʤʦʚʠ 

ʥʘʧʠʣʝʥʥʷ 

ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ 

ʥʘ ʟʨʽʟ, 

ʄʇʘ 

ʂʽʣʴʢʽʩʪʴ 

ʪʝʨʤʦʮʠʢʣʽʚ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ 

ʍʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ 

ʇɻ-10-01+20%ZrO2(Ni) 

ʇɻ-10ʂ-01+20%BN(Ni) 

0,4 

1,8 

ʇʦʚʽʪʨʷ 

ɿʚʠʯʘʡʥʽ 

37,0 

35,0 

1500 

1500 
ɹʝʟ ʟʘʫʚʘʞʝʥʴ 

ʇɻ-10-01+20%ZrO2(Ni) 

ʇɻ-10ʂ-01+20%BN(Ni) 

0,4 

1,8 

ʋ ʛʘʟʦʚʦʤʫ 

ʧʦʪʦʮʽ 

37,0 

35,0 

1500 

1500 

ʏʘʩʪʢʦʚʝ 

ʚʽʜʰʘʨʫʚʘʥʥʷ 

 

ɼʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʫʤʦʚʠ ʥʘʧʠʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʨʝʞʠʤ ʪʘ ʘʪʤʦʩʬʝʨʘ, ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʟʦʚʥʽʰʥʶ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʧʦʢʨʠʪʪʽʚ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ï ʦʜʠʥ ʽʟ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʷ. ɺ ʨʦʙʦʪʽ 

ʧʨʦʚʝʜʝʥʽ ʟʘʤʽʨʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʬʘʟ, ʚʢʣʶʯʘʶʯʠ ʜʚʦï ʪʘ ʪʨʠʰʘʨʦʚʽ ʧʦʢʨʠʪʪʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʤʽʢʨʦʪʨʽʱʠʥʥʠʭ ʪʝʩʪʽʚ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʬʨʘʢʪʦʤʝʪʨʽʚ, ʩʧʝʮʽʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʽ 

ʟʘʧʠʩʦʤ ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʦʢʨʠʪʪʷ. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, Superproba 733, ʗʧʦʥʽʷ) ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʨʦʟʧʦʜʽʣ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʫʛʣʝʮʴ, ʥʽʢʝʣʴ, ʭʨʦʤ) ʫ ʰʘʨʽ ʧʦʢʨʠʪʪʷ [3]. 

ʅʘ ʦʩʥʦʚʽ ʩʢʣʘʜʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʧʣʠʚ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ [3] ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʽ: cʚʽʪʣʽ ʜʽʣʷʥʢʠ (ʧʨʠʙʣʠʟʥʦ 30%) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʟ 

ʥʝʚʝʣʠʢʠʤ ʨʦʟʢʠʜʦʤ ʟʥʘʯʝʥʴ; ʪʝʤʥʽʰʽ ʩʽʨʽ ʦʙʣʘʩʪʽ (ʙʣʠʟʴʢʦ 40%) ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ ʤʽʩʪʷʪʴ ʟʤʽʮʥʶʶʯʽ ʝʣʝʤʝʥʪʠ; -ʜʦ 30% ʩʪʘʥʦʚʣʷʪʴ ʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ, 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʣʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʯʥʫ 

ʮʽʣʽʩʥʽʩʪʴ. 

ɺ ʧʦʨʘʭ ʤʦʞʣʠʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʢʽʚ ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʘ, ʷʢʝ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʘʻ ʚʧʣʠʚ ʥʘ ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʪʘ ʣʘʟʝʨʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʥʝ 

ʨʫʡʥʫʶʪʴ ʧʦʢʨʠʪʪʷ ʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʡ ʚʠʟʥʘʯʘʪʠ ʷʢʽʩʪʴ ʰʘʨʫ. ʎʽ 

ʤʝʪʦʜʠ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʫ ʧʨʘʢʪʠʢʫ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʘʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʢʨʠʪʪʽ ʧʽʜ ʯʘʩ ʥʘʥʝʩʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ [3]: -ʤʽʮʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʡ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ; -ʟʘʣʠʰʢʦʚʽ ʧʦʟʜʦʚʞʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʤʝʥʰʫʶʪʴ 

ʤʽʮʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʪʨʽʱʠʥʠ, ʱʦ ʥʝʨʽʜʢʦ ʻ ʧʨʠʯʠʥʦʶ ʚʽʜʰʘʨʫʚʘʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ʚʠʪʨʘʪʘ ʛʘʟʫ, ʩʢʣʘʜ ʛʘʟʦʥʘʧʦʚʥʶʚʘʯʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʦʫʪʚʦʨʶʚʘʯʘ) ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʽ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. 

ʅʘʷʚʥʽ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʶ ʧʦʢʨʠʪʪʽʚ ʨʽʟʥʦʧʣʘʥʦʚʽ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʝʛʨʦʚʘʥʽ ʽ 

ʢʦʤʧʣʝʢʩʥʽ. ɺʽʜʩʫʪʥʻ ʻʜʠʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʦʜʥʦʯʘʩʥʦ ʩʢʦʨʦʯʫʚʘʣʦ ʙ ʯʘʩ, ʧʽʜʚʠʱʫʚʘʣʦ ʪʦʯʥʽʩʪʴ 

ʽ ʩʧʨʦʱʫʚʘʣʦ ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽʟ ʥʝʨʘʟʨʫʰʘʶʯʠʤ ʢʦʥʪʨʦʣʝʤ 

ʪʘ ʤʦʜʝʣʣʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ [6]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʘʛʘʪʦʰʘʨʦʚʝ ʥʘʧʠʣʝʥʥʷ ʟ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ 

ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʢʦʤʧʦʟʠʮʽʷʤʠ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ɺʠʩʥʦʚʢʠ. 

ʇʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ʟʽ 

ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʂʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ, ʪʝʨʤʦʮʠʢʣʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʽ ʪʨʠʙʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʪʘ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʨʦʟʧʦʜʽʣ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʥʝʨʘʟʨʫʰʥʠʡ 

ʢʦʥʪʨʦʣʴ ʜʦʟʚʦʣʷʶʪʴ ʷʢʽʩʥʦ ʦʮʽʥʠʪʠ ʧʦʢʨʠʪʪʷ. 

ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ï ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʠʣʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʝ ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ, 

ʱʦ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ 

ʦʮʽʥʶʚʘʥʥʷ. 
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Annotation. The degree of influence of the structure of coatings on their main quality indicators 

is established. The effectiveness of the methods for studying these indicators is assessed. It is noted 
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vladimir.kherson11@gmail.com 

 

ɸʥʦʪʘʮʽʷ. ʋ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʪʦʢʦʧʽʜʚʦʜ 

ʰʚʠʜʢʦ ʟʥʦʰʫʻʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʨʫʰʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʟʽ ʟʚʘʨʶʚʘʣʴʥʠʤ 

ʜʨʦʪʦʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʨʫʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʜʘʯʽ, ʘ ʪʘʢʦʞ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʚʘʨʶʚʘʥʥʷ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʟʛʦʨʷʥʥʷ ʪʘ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʪʦʢʦʧʽʜʚʦʜʽʚ, ʫ ʷʢʠʭ ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʪʘ 

ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ʅʘʚʝʜʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʦʢʦʧʽʜʚʦʜʽʚ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʦʢʦʧʽʜʚʦʜ ʟʽ ʚʩʪʘʚʢʦʶ. ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʶʪʴ ʩʫʪʪʻʚʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʷʢʽʩʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟʚʘʨʥʦʛʦ ʰʚʘ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʾ ʤʽʜʽ ʫ 

ʚʠʛʣʷʜʽ ʟʙʽʣʴʰʝʥʥʷ ʚ 2,5...3 ʨʘʟʠ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʭʘʥʽʟʦʚʘʥʝ ʟʚʘʨʶʚʘʥʥʷ, ʩʪʨʫʤʦʧʽʜʚʦʜ, ʝʢʦʥʦʤʽʷ ʤʽʜʽ, ʚʩʪʘʚʢʘ, 

ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ. 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʽ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʨʫʤʦʧʽʜʚʝʜʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ 

ʫʩʧʽʰʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʟʚʘʨʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. ɺʽʜ ʷʢʦʩʪʽ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʟʚʘʨʥʠʭ 

ʰʚʽʚ [1], ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʨʘʜʠʮʽʡʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʶʪʴ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ ï ʰʚʠʜʢʠʡ ʟʥʦʩ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʙʦʾʚ ʫ ʧʨʦʮʝʩʽ [2], 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʟʘʤʽʥʫ ʜʝʪʘʣʝʡ ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʟôʻʜʥʘʥʴ. ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʫ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʫʞʥʠʭ 

ʚʩʪʘʚʦʢ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʫʟʣʘ ʩʪʨʫʤʦʧʽʜʚʝʜʝʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

[3] ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʪʽʡʥʠʡ ʥʘʜʽʡʥʠʡ ʢʦʥʪʘʢʪ ʟ 

ʝʣʝʢʪʨʦʜʥʠʤ ʜʨʦʪʦʤ. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʾʭʥʽ ʥʝʜʦʣʽʢʠ; 

ï ʈʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʧʨʫʞʥʠʭ ʚʩʪʘʚʦʢ; 

ï ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ï ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʉʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʟʨʦʙʣʝʥʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ [4,5]. ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʦʚʥʦʶ 

ʤʽʨʦʶ ʤʝʭʘʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʡ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʤʝʞʝʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʚʩʪʘʚʦʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʢʦʥʪʘʢʪʥʠʭ ʚʫʟʣʽʚ ʫ 

ʩʪʨʫʤʦʧʽʜʚʦʜʘʭ ʽʟ ʧʨʫʞʥʠʤʠ ʚʩʪʘʚʢʘʤʠ [6]. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʾ [7], ʚ ʷʢʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʠʡ ʚʢʣʘʜʠʰ ʽʟ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʟʥʦʰʫʚʘʥʥʷ 

ʜʨʦʪʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʝ ʟʫʩʠʣʣʷ ʢʦʥʪʘʢʪʫ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʧʨʫʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʚʝʜʝʥʦ ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʩʠʣʠ ʢʦʥʪʘʢʪʫ ʪʘ ʟʥʦʩʫ. 

ʈʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ [7] ʟʽ ʚʩʪʘʚʢʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʚʫʟʣʘ ʚ 2,5é3 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʪʘʙʣʠʮʷ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ 

ʇʦʢʘʟʥʠʢ ʊʨʘʜʠʮʽʡʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ, ʛʦʜʠʥ 100 250 

ɿʥʠʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ï 20% 

ɽʢʦʥʦʤʽʷ ʤʽʜʽ, % ï 15% 

ʗʢʽʩʪʴ ʟʚʘʨʥʦʛʦ ʰʚʘ ɼʦʙʨʘ ɺʠʱʘ 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ, 

ʱʦ ʤʽʥʽʤʽʟʫʻ ʣʦʢʘʣʴʥʠʡ ʧʝʨʝʛʨʽʚ ʽ ʤʝʭʘʥʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʜʨʦʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʘ ʢʦʥʪʘʢʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ. ʂʨʽʤ ʪʦʛʦ, ʝʢʦʥʦʤʽʷ ʤʽʜʽ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʫʩʧʽʰʥʦ ʩʫʤʽʱʘʶʪʴ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʠʩʦʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ 

ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʟʤʽʥ ʫ ʜʽʘʤʝʪʨʽ [7] ʽ ʧʦʣʦʞʝʥʥʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʦʢʘʟʘʣʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʪʽʣʴʢʠ ʚ ʢʦʥʪʝʢʩʪʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʘ ʡ ʟʘʛʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʚʘʨʶʚʘʥʥʷ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʧʨʫʞʥʠʭ 

ʚʩʪʘʚʦʢ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʚʫʟʣʽʚ. 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʽ ʩʪʨʫʤʦʧʽʜʚʦʜʠ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʫʞʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ 

ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʟʚʘʨʥʠʭ ʰʚʽʚ. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʙʠʪʴ 
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ʾʭ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʚʘʨʶʚʘʥʥʷ. 
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IMPROVEMENT OF POWER SUPPLY DESIGN  

V.A. Lebedev, S. A. Loi , V.V. Spikhtarenko. 

Kherson Educational-Scientific Institute of Admiral Makarov National University. 

Annotation. In the welding process, when the electrode wire passes, the current supply cable 

quickly wears out, as a result of which the electrical contact with the welding wire is broken, which 

causes a violation of the stability of the feed, as well as the stability of the welding process, and 

increases the losses of electrode metal due to combustion and spatter. 

This paper considers the options for current supply cables, in which the elastic properties of the 

electrode wire are used to increase the service life and improve the conditions for current 

transmission. The designs of current supply cables are presented. 

A current supply cable with an insert is recommended. The recommended designs give a 

significant economic effect, which consists in the high-quality performance of the weld, as well as 

copper savings in the form of an increase in the service life by 2,5...3 times. 

Keywords: mechanized welding, current supply cable, copper savings, insert, electrode wire. 
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ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʦ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʚʝʜʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʚʘʨʶʚʘʥʥʷ, ʧʨʠʩʪʨʽʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʟʚʘʨʶʚʘʣʴʥʘ ʚʘʥʥʘ, 

ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ. 

 

ɽʣʝʢʪʨʦʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʦʤ, ʷʢʠʡ ʧʣʘʚʠʪʴʩʷ, ʮʝ ʜʫʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ 

ʧʨʦʮʝʩ. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʡʤʘʻ ʦʩʥʦʚʥʽ ʧʦʟʠʮʽʾ ʚ ʬʽʨʤʘʭ ʚʠʨʦʙʥʠʢʘʭ 

ʟʚʘʨʶʚʘʣʴʥʠʭ ʘʚʪʦʤʘʪʽʚ ʪʘ ʥʘʧʽʚʘʚʪʦʤʘʪʽʚ. ɿʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʫ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʦʙʣʝʤʠ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʛʦʩʧʦʜʘʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ ʩʪʦʩʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʰʚʽʚ ʪʘ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ. 

ɯʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʉʝʨʝʜ ʥʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʥʘʧʣʘʚʣʝʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʰʚʽʚ ʪʘ ʚʘʣʠʢʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʚʧʣʠʚʫ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʧʦʣʽʚ ʟ ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʷʢ ʚ ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ ʱʦ ʧʦʜʘʻʪʴʩʷ, ʪʘ ʚ ʩʘʤʫ 

ʚʘʥʥʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ʆʩʪʘʥʥʽʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʧʦʣʽʚ ʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʘʣʝ ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʚʚʝʜʝʥʥʷʤ ʢʦʣʠʚʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʚʘʨʶʚʘʣʴʥʫ 

ʚʘʥʥʫ. ʎʽ ʧʨʦʙʣʝʤʠ ʚʠʨʽʰʫʶʪʴʩʷ ʨʽʟʥʠʤ ʯʠʥʦʤ. ɸʣʝ ʥʝ ʟʘʚʞʜʠ ʨʘʮʽʦʥʘʣʴʥʦ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʚʝʜʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʚʘʥʥʫ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʤʘʢʝʪ 

ʥʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʚʝʜʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ. ʇʨʠʩʪʨʽʡ ʙʫʚ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʽ ʫʩʧʽʰʥʦ ʧʨʦʡʰʦʚ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʩʪʘʣʝʚʠʭ ʧʨʦʪʷʞʥʠʭ ʰʚʽʚ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʟ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʧʣʠʚʦʤ. ʇʨʠʩʪʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʦʤ, 

ʷʢʠʡ ʧʣʘʚʠʪʴʩʷ. ʉʪʨʫʤʦʧʽʜʚʦʜ ʪʘ ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ ʥʘ ʩʭʝʤʽ ʧʦʟʥʘʯʝʥʽ ʮʠʬʨʘʤʠ 1 ʽ 2 

ʚʽʜʧʦʚʽʜʥʦ. ʎʠʬʨʘʤʠ 3 ʪʘ 4 ʧʦʟʥʘʯʝʥʽ ʚʠʨʽʙ ʪʘ ʟʚʘʨʶʚʘʣʴʥʘ ʚʘʥʥʘ ʚʽʜʧʦʚʽʜʥʦ. ɿʚʘʨʶʚʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʧʫ. ʇʝʨʝʪʚʦʨʶʚʘʯ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ 5 ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʫʣʴʪʨʘʟʚʫʢʫ ʥʝʦʙʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʚʫʟʦʣ ʧʦʚʦʨʦʪʫ 6 ʪʘ ʭʚʠʣʝʚʽʜ 7. ʇʽ ʮʠʬʨʦʶ 8 ʟʦʙʨʘʞʝʥʦ ʚʫʟʦʣ ʦʙʤʝʞʝʥʥʷ 

ʧʦʚʦʨʦʪʫ ʭʚʠʣʝʚʦʜʥʦʛʦ ʩʪʨʠʞʥʷ ʨʘʟʦʤ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 5. 

ʇʨʠʩʪʨʽʡ ʚ ʮʽʣʦʤʫ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʟʚʘʨʶʚʘʥʥʷ ʭʚʠʣʝʚʦʜʥʠʡ 

ʩʪʨʠʞʝʥʴ ʩʧʠʨʘʝʪʴʩʷ ʥʘ ʪʚʝʨʜʫ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ ʧʦʚʝʨʪʘʶʯʠʩʴ ʫ ʚʫʟʣʽ 6. ʇʦʯʘʪʦʢ ʟʚʘʨʶʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʽ ʧʦʯʘʪʢʦʤ ʚʢʣʶʯʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨ. ɿʙʫʜʞʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ, 

ʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʚʠʨʦʙʫ ʽ ʨʫʭ ʧʨʠʩʪʨʦʶ ʚ ʥʘʧʨʷʤʢʫ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ ʯʠ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ. ʍʚʠʣʝʚʦʜʥʠʡ ʩʪʨʽʞʝʥʴ ʟʘʭʦʜʠʪʴ ʫ ʨʽʜʢʫ ʚʘʥʥʫ, ʧʨʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʚʫʟʣʽ 

ʧʦʚʦʨʦʪʫ ʽ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʨʽʜʢʦ ʚʘʥʥʫ ʜʦ ʤʦʤʝʥʪʫ ʡʦʛʦ ʟʫʧʠʥʢʠ ʚʫʟʣʦʤ ʦʙʤʝʞʝʥʥʷ. ɼʘʣʽ 

ʩʪʨʠʞʝʥʴ ʨʫʭʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʟ ʝʣʝʢʪʨʦʜʥʠʤ ʜʨʦʪʦʤ ʟʙʫʜʞʫʶʯʠ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚ 

ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʾ ʨʦʙʦʪʠ ʜʝʱʦ ʧʦʜʽʙʥʠʡ ʜʦ ʪʦʛʦ, ʷʢʠʡ ʟʚʠʯʘʡʥʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʜʝ ʭʚʠʣʝʚʦʜ ʧʽʜʚʦʜʴʩʷ ʜʦ ʚʠʨʦʙʫ ʷʢʠʡ ʟʚʘʨʶʻʪʴʩʷ ʘʙʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ, 

ʥʦ ʧʨʠ ʮʴʦʤʫ ʝʬʝʢʪ ʜʽʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʦʩʪʽʡʥʠʡ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʽʡ ʜʦʚʞʠʥʽ ʰʚʘ ʯʠ 

ʚʘʣʠʢʘ ʽ ʧʨʠ ʤʝʥʰʽʡ ʧʦʪʫʞʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 ʅʘʧʨʘʚʣʝʥʥʷ  

 ʟʚʘʨʶʚʘʥʥʷ 

ɼʞʝʨʝʣʦ  

ʞʠʚʣʝʥʥʷ ʜʫʛʠ 

ʋʣʴʨʘʟʚʫʢʦʚʠʡ 

ʛʝʥʝʨʘʪʦʨ 

 

 

1           2                3        4                 5      6    7                  8 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ 
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ʄʦʞʥʘ ʜʦʜʘʪʠ, ʱʦ ʚ ʷʢʦʩʪʽ ʭʚʠʣʝʚʦʜʥʦʛʦ ʩʪʨʠʞʝʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʚʦʣʴʬʨʘʤʦʚʽ 

ʩʪʨʠʞʥʽ ʪʘʢ ʽ ʢʝʨʘʤʽʯʥʽ (ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ). 

ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʦʩʪʘʪʦʯʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʣʝʢʪʨʦʜʥʠʤ ʜʨʦʪʦʤ ʪʘ 

ʭʚʠʣʝʚʦʜʥʠʤ ʩʪʨʠʞʥʝʤ ʚ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ. ʇʦʣʦʞʝʥʥʷ ʢʫʪʘ ʩʪʨʠʞʥʷ ʚ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʦʣʦʞʝʥʥʷʤ ʚʫʟʣʘ ʦʙʤʝʞʝʥʥʷ 8. 

ʇʦʚʦʨʦʪ ʭʚʠʣʝʚʦʜʥʦʛʦ ʩʪʨʠʞʥʷ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʙʫʪʠ, 

ʷʢ ʚʘʨʽʘʥʪ, ʧʦʩʠʣʝʥʠʡ ʜʽʻʶ ʧʨʫʞʠʥʠ. 

ʇʨʦʮʝʩ ʟʚʘʨʶʚʘʥʥʷ ï ʥʘʧʣʘʚʣʝʥʥʷ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟʫʧʠʥʢʦʶ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʟ 

ʛʘʩʽʥʥʷʤ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʽ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʨʦʩʫʚʘʥʥʷʤ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟ ʪʠʤ, ʱʦʙʠ ʭʚʠʣʝʚʦʜ 

ʥʘ ʟʦʩʪʘʚʘʚʩʷ ʚ ʧʦʢʠ ʱʝ ʨʽʜʢʽʡ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠ ʟʚʘʨʥʠʭ ʰʚʽʚ ʚʠʢʦʥʘʥʽ ʚ ʧʦʨʽʚʥʷʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɿ ʨʠʩ. 2 ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʱʚʘ ʙʝʟ ʥʘʢʣʘʜʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ 

ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ 

ʟ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 
ʘ                                                                              ʙ 

 

ʈʠʩʫʥʦʢ 2 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʰʚʘ ʩʪʘʣʽ ʉʪ3, ʦʪʨʠʤʘʥʽ: 

ʘ ï ʙʝʟ ʢʦʣʠʘʥʴ; ʙ ï ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

 

ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʚʧʣʠʚʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʚʘʨʥʦʛʦ ʰʚʘ, ʱʦ ʽ ʟʘʬʽʢʩʦʚʘʥʦ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ. 

ɺʠʩʥʦʚʢʠ 

1. ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʱʚʘ ʙʝʟ ʥʘʢʣʘʜʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʟ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

2. ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʚʧʣʠʚʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ. 
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Abstract:  The paper proposes pre-laser treatment according to the mesh-cell scheme of the tool 

front surface with nitrided coating to increase its contact fatigue strength. 

Keywords: R6M5 steel, discrete laser processing, mesh-cell processing scheme, nitriding, 

cutting tool life. 

 

The primary cause of cutting tool failure (over 80%) is not fracture, but surface degradation, 

primarily due to wear mechanisms. Surface coatings make it possible to increase cutting tool life by 

a factor of 2 to 10 [1]. 

Protective coatings on cutting tools are widely used. Nitriding is commonly applied to 

strengthen tool steels such as R6M5. However, a significant drawback of the nitriding process is its 

long duration, relatively low quality of the resulting surface diffusion layer, and insufficient wear 

resistance. 

The aim of this study is to enhance the wear resistance of cutting tools used in machining 

operations. 
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According to the proposed method, a combined coating is formed that performs two functions: 

a thin, ductile nitrided layer on the non-hardened, laser-pretreated surface acts as a barrier to direct 

contact between the tribological pair materials and facilitates the running-in process by promoting 

the formation of specific secondary structures with high resistance to the thermo-mechanical loads of 

the contact friction process. The discretely hardened, highly nitrided zones provide minimal frictional 

stresses and ensure high operational wear resistance. 

The proposed method for producing wear-resistant nitrided layers involves discrete laser 

treatment covering 15ï80% of the total surface area of the steel component, followed by nitriding in 

an ammonia atmosphere. 

In the proposed method, in order to improve fatigue strength, the laser treatment is performed 

discretely in a meshïhoneycomb pattern with a spacing of 3ï5 mm [2]. This preliminary laser 

processing enables the formation of discrete nitrided layers with a meshïhoneycomb reinforcement 

pattern during subsequent nitriding. As a result, thick, discretely nitrided layers are formed in laser-

treated zones, while thin, ductile layers are created in untreated areas. 

This surface hardening scheme enhances the contact fatigue strength of the coated component. 

This effect is due to the formation of a specific stressïstrain state that minimizes friction-induced 

stresses ï a fact confirmed both by analytical calculations and experimental validation. 

A nitrided coating is applied to the obtained samples with a reinforced surface. The combination 

of zones with varying hardness and coating thickness creates a specific stressïstrain state that ensures 

minimal frictional stresses. A minimum treated area of 15ï20% provides anti-friction properties, 

while a maximum coverage of 70ï75% ensures wear resistance and load-bearing capacity under 

nominal and allowable loading conditions, respectively. 

The thickness and microhardness of the nitrided layer on R6M5 steel were as follows: in laser-

treated zones ï h = 0.32 mm, 12500 MPa; in untreated zones ï h = 0.015 mm, 9200 MPa. 

The wear resistance of inserts treated with discrete laser processing in a honeycomb pattern is 

1.4 to 1.7 times higher than that of inserts treated with an island-type pattern. 

Conclusions 

Preliminary laser treatment accelerates nitrogen diffusion processes into the surface layers of 

the cutting tool. In areas subjected to laser processing, the thickness of the nitrided layer reaches 0.32 

mm, whereas in untreated areas it is only 0.015 mm. Strengthening the surface layer using a gridï

cellular laser treatment pattern increases the contact fatigue strength of the tool with a nitrided coating. 

This effect is achieved due to the formation of a favorable stressïstrain state in the surface layer. 

The wear resistance of P6M5 high-speed steel, treated with a combined laserïchemicalïthermal 

method under industrial conditions, showed a 1.4 to 1.7 times increase in the durability of cutting 

tools reinforced with a gridïcellular laser pattern, compared to those treated using an island-type 

pattern. This improvement is attributed to the presence of discrete areas with varying hardness and 

coating thickness, which enhance surface conformity during operation and minimize friction-induced 

stresses. 
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[2] ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʩʦʟʫʙʠʭ ʢʦʣʽʩ ʪʘ ʢʦʥʽʯʥʠʭ ʰʝʩʪʝʨʝʥʴ / 

ʅʽʢʦʣʘʻʚ ʆ.ʃ., ʇʦʣʽʱʫʢ ɺ.ɸ., ʉʠʯ ɸ.ɺ. ʪʘ ʽʥ./ ʉʫʜʥʦʚʘ ʝʥʝʨʛʝʪʠʢʘ: ʩʪʘʥ ʪʘ ʧʨʦʙʣʝʤʠ : 

ʄʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 4-5 ʣʠʩʪʦʧʘʜʘ 2021 ʨ. ï ʄʠʢʦʣʘʾʚ : 

ɺʠʜʘʚʥʠʯʠʡ ʜʽʤ çɻʝʣʴʚʝʪʠʢʘè, 2021.ï ʉ. 235ï239. 
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ɸʥʦʪʘʮʽʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʧʨʠʚʘʨʶʚʘʥʥʷ 

ʨʦʟʪʷʛʥʫʪʦʶ ʜʫʛʦʶ ʧʽʜ ʬʣʶʩʦʤ ʘʥʢʝʨʥʠʭ ʩʪʨʠʞʥʽʚ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʽʟ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ ʽ 

ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʣʦʶ ʩʪʨʫʤʫ, ʯʘʩʦʤ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʚʝʣʠʯʠʥʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʤʽʥʶʚʘʥʦʾ ʜʦʚʞʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʚʘʨʶʚʘʣʴʥʘ ʜʫʛʘ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘʨʤʘʪʫʨʘ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ. 

 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʦʙ'ʻʢʪʽʚ ʤʦʨʩʴʢʦʾ, ʚʽʡʩʴʢʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɽʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʘʥʢʝʨʫʚʘʥʥʷ ʙʝʪʦʥʫ ʩʪʨʠʞʥʷʤʠ ʽʟ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ, ʷʢʽ 

ʧʨʠʚʘʨʶʶʪʴ ʜʦ ʥʝʩʫʯʠʭ ʙʘʣʦʢ ʨʦʟʪʷʛʥʫʪʦʶ ʜʫʛʦʶ (ʟʘ ʪʝʨʤʽʥʦʣʦʛʽʻʶ ISO 4063 ï 783 Drawn arc 

stud welding with ceramic ferrule or shielding gas).  

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʩʧʦʩʦʙʦʤ 783 ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ (ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ) ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʣʘʚʣʝʥʥʷ ʥʝʨʫʭʦʤʦʛʦ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʨʠʞʥʷ ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʝ 

ʦʩʘʜʞʝʥʥʷ ʫ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ. 
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ʅʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʷʢʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʧʣʠʚʘʻ 

ʚʝʣʠʯʠʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʤʽʥʶʚʘʥʦʾ ʜʦʚʞʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ (ʊɿɼ), ʪʦʙʪʦ ʧʨʠʟʥʘʯʘʪʠ 

ʧʦʯʘʪʢʦʚʫ ʜʦʚʞʠʥʫ ʜʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʣʘʚʣʝʥʥʷ ʯʘʩʪʠʥʠ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʨʠʞʥʷ ʧʝʨʝʜ ʡʦʛʦ 

ʟʘʥʫʨʶʚʘʥʥʷʤ ʫ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ. ɺʝʣʠʯʠʥʘ ʊɿɼ ʧʨʠ ʧʨʠʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʚ ʫʤʦʚʘʭ 

ʚʽʣʴʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʚʞʠʥʽ ʦʧʣʘʚʣʝʥʦʾ ʯʘʩʪʠʥʠ ʩʪʨʠʞʥʷ ʜʦ ʧʦʯʘʪʢʫ 

ʦʩʘʜʞʝʥʥʷ. 

ʗʢ ʚʽʜʦʤʦ [1], ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʥʢʝʨʥʠʭ 

ʩʪʨʠʞʥʽʚ ʤʘʶʪʴ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʪʘ ʯʘʩ ʟʚʘʨʶʚʘʥʥʷ. ʄʝʪʘ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʪʷʛʥʝʥʥʷ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ, ʱʦ ʛʦʨʠʪʴ ʧʽʜ ʬʣʶʩʦʤ. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʜʫʛʦʚʦʛʦ 

ʨʦʟʨʷʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ Iʟʚ ʪʘ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ t ʥʘ ʚʝʣʠʯʠʥʫ ʊɿɼ ʧʨʠ 

ʧʨʠʚʘʨʶʚʘʥʥʽ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʢʣʘʩʫ ɸ500ʉ ʚʠʢʦʥʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʢʣʘʜʝʥʦʾ ʤʘʪʨʠʮʽ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣʠʮʷ). ɺʝʣʠʯʠʥʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ 

ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ: ʯʘʩ t = 2 ï 4 ʩ; ʟʚʘʨʶʚʘʣʴʥʠʡ ʩʪʨʫʤ ï Iʟʚ = 900 ï 1500 ɸ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʊɿɼ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʪʘʢ ʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 1). ʐʚʠʜʢʽʩʪʴ 

ʦʧʣʘʚʣʝʥʥʷ ʩʪʨʠʞʥʷ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ (8,5...13,9)Ā10-3 ʤʤĿɸ/ʩ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ.  

 

ʊʘʙʣʠʮʷ ï ʄʘʪʨʠʮʷ ʝʢʩʧʝʨʠʤʝʥʪʫ  

ɼʽʘʧʘʟʦʥ ʩʪʨʫʤʫ Iʟʚ, ɸ 901 ... 1100 1101 ... 1300 1301 ... 1500 

ʏʘʩ ʟʚʘʨʶʚʘʥʥʷ t, ʩ ʊʝʭʥʦʣʦʛʽʯʥʦ ʟʤʽʥʶʚʘʥʘ ʜʦʚʞʠʥʘ ʜʫʛʠ LT ̓ 

2 LT11 é LT13 LT21 é LT23 LT31 é LT33 

3 LT14 é LT16 LT24 é LT26 LT34 é LT36 

4 LT17 é LT19 LT27 é LT29 LT37 é LT39 

ʇʨʠʤʽʪʢʘ. ɯ̓ʥʜʝʢʩʠ ʧʦʟʥʘʯʘʶʪʴ ʥʦʤʝʨ ʜʦʩʣʽʜʫ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʝʨʽʾ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʊɿɼ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ɯʟʚ 

 ʪʘ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ t: ǒ ï t = 2ʩ; ƶ ï t = 3ʩ; ƴ ï t = 4ʩ.  
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ʄʝʪʦʜʦʤ ʣʽʥʽʡʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʊɿɼ ʚʽʜ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʫʟʘʛʘʣʴʥʝʥʦʶ 

ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʚʠʜʫ 

ὒ˟ σȟτϽὸ  ρπ ϽὍ̈̃ ρτȟρ 

ʋ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʧʦʪʨʽʙʥʘ ʚʝʣʠʯʠʥʘ ʊɿɼ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ  ʤʤ. 

ʇʝʨʝʚʽʨʢʘ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʥʘʡʙʽʣʴʰ 

ʚʞʠʚʘʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ɯʟʚ = 1000 ... 1500 ɸ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʪʦʯʥʦʩʪʽ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʟ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠʢʫ, ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ï ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ [2, 3]. ɺ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʶʚʘʣʠ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʟʘ 

ʩʪʨʫʤʦʤ  ὑ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʪʘ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ (ʨʠʩ. 2). 

 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ὑ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ɯʟʚ  

ʽ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ t: ǒ ï t = 2ʩ; ƶ ï t = 3ʩ; ƴ ï t = 4ʩ. 

 

ɺʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 2), ʱʦ ʫ ʚʩʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ 

ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʥʢʝʨʥʠʭ ʩʪʨʠʞʥʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʠʡ ʜʫʛʦʚʠʡ ʧʨʦʮʝʩ () ʧʨʠ 

ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ t =  2-3 ʩ. ʗʢʱʦ ʜʫʛʦʚʠʡ ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦʚʰʝ 3 ʩ, ʪʦ 

ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʠʣʠ ʩʪʨʫʤʫ.  

ʅʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ὑ  =0,9482 ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ 

ʨʝʞʠʤ ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʩʪʨʠʞʥʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʘʨʘʤʝʪʨʠ: ɯʟʚ = 1150 ... 1250 ɸ;  

t =  2-3 ʩ.  

ɺʠʩʥʦʚʢʠ 

1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ 

ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʥʢʝʨʥʠʭ ʩʪʨʠʞʥʽʚ ʽʟ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ: ʧʦʪʨʽʙʥʘ ʚʝʣʠʯʠʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʤʽʥʶʚʘʥʦʾ ʜʦʚʞʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ; ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʟʘ ʩʪʨʫʤʦʤ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʚʽʜ ʩʪʨʫʤʫ 

ʪʘ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ. 
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2. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʝʞʠʤʫ ʜʣʷ ʘʥʢʝʨʥʠʭ ʩʪʨʠʞʥʽʚ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʢʣʘʩʫ ɸ500ʉ: ɯʟʚ = 1150 ... 1250 ɸ;  

t =  2 ... 3 ʩ.; LT = 5 ... 10 ʤʤ. 
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INVESTIGATION OF THE STABILITY OF THE ARC WELDING PROCESS IN 

MULTI -ELECTRODE SURFACING  

Hladchenko D., Dragan S.  

Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine  

Yaros Y.  

Kherson Educational and Scientific Institute, Admiral Makarov National University of 

Shipbuilding, Kherson, Ukraine  

The parameters of the submerged arc welding process of 16 mm diameter anchor rods made of 

reinforcing steel were experimentally investigated. Mathematical models of the relationship between 

the parameters of the welding mode were developed and the optimal ratios between the current 

strength, welding time and the value of the technologically variable length of the welding arc were 

determined. 

Keywords: welding arc, stability, anchor, coefficient of variation. 
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STUDY OF TEMPERATURE DISTRIBUTION IN A JOINT OF DISSIMILAR 

MATERIALS DURING DIFFUSION WELDING  

 

Matviienko M.V.  

PhD, Associate Professor, Acting Head of the Welding Department, Kherson Educational-Scientific 

Institute of Admiral Makarov National University of Shipbuilding, Kherson, Ukraine, 

maksym.matvienko@nuos.edu.ua 

 

Abstract. The temperature distribution in a part joined by diffusion welding was studied using 

computer simulation with consideration of the thermophysical properties of dissimilar materials and 

the geometry of the welded joint. A picture of the temperature distribution over time was obtained in 

accordance with the developed welding mode for industrial parts, both in the section of the part and 

directly in the welded joint area. It was shown that when using this temperature mode of diffusion 

welding, a fairly uniform heating of the parts along the radius is ensured. 

Keywords. computer simulation, temperature distribution, thermal properties, temperature. 

 

Diffusion welding in a vacuum is widely used in the manufacture of parts from dissimilar 

materials, such as electromagnet housings [1-3]. In this case, the most appropriate method is induction 

heating. However, with the induction method, a thin surface layer is heated, from which the heat 

spreads to the center of the product. Depending on the heating rate and the holding time at a constant 

temperature, the metal of the part may have a different temperature across the cross-section. It is 

known [4] that during diffusion welding of materials with different physical and mechanical 

properties, the magnitude of plastic deformations that determine the formation of joints changes 

depending on the radius. The nature of the stress-strain state also changes. Plastic deformations 

change toward the axis of the part, and in the center of the cylinder, shear deformations are zero. 

Thermal cycling is used to intensify plastic deformations and localize them in the joint zone [5]. 

When modeling the stress-strain state, the temperature distribution along the radius of the parts 

is not uniform. Therefore, the study of the nature of the temperature distribution in the joint zone 

during diffusion welding is relevant.  

The purpose of this work is to study the temperature distribution in a joint during diffusion 

welding of dissimilar metals, taking into account both the changing thermophysical properties of the 

materials being joined and the geometry of the joint. 

The studies were carried out for a joint of two dissimilar parts made of 12X18N10T and 10895 

steels, the physical and finite element models of which are shown in Fig. 1, a and b. 
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a       b 

Figure 1 ï Physical (a) and finite element (b) models of a welded joint of 12X18N10T (1)  

and 10895 (2) steels 

 

The studies were carried out using the finite element method with the ANSYS software 

package. Due to the symmetry of the connected parts, the axisymmetric eight-node temperature 

element PLANE 77 was selected for modeling. The algorithm for solving the problem includes a 

sequential iterative procedure of transient thermal analysis. When modeling the process, it was taken 

into account that the thermophysical properties of the materials of the parts (specific heat capacity, 

thermal conductivity coefficient) significantly depend on temperature.  

Surface heating by high-frequency currents was simulated by setting the temperature on the 

cylindrical surface of the model over time in accordance with the developed welding mode for 

industrial parts (Fig. 2). Heating from 20 to 750 ÁC was performed at a rate of 100 degrees per minute, 

and above 750 ÁC ï 30 degrees per minute. 

 

 
 

Figure 2 ï Welding process cyclogram 

 

The temperature distribution fields were studied during the entire welding process (Fig. 3) and 

the temperature distribution diagrams in the joint zone of the materials being joined (Fig. 4). For ease 
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of comparison, Table 1 shows the maximum temperature differences within the cross-section of the 

node ȹTmax
node and the joint ȹTmax

joint at various moments of the welding cycle. 

 

Table 1 ï Maximum temperature differences in the node ȹTmax
node and at the joint ȹTmax

joint  

at different moments in time 

Point No. 1 1ʘ 2 2ʘ 3 3ʘ 4 4ʘ 5 5ʘ 6 7 7ʘ 8 8ʘ 

ȹTmax
node 21 7 6 1 0 7 7 7 6 1 0 7 1 0 15 

ȹTmax
joint 9 3 2 0 0 3 2 3 3 0 0 2 0 0 8 

 

An analysis of the degree of non-uniformity of temperature fields at individual (key) moments 

of the welding process (Fig. 3 and Table 1) showed that the degree of non-uniformity of temperature 

distribution in the unit as a whole and within the joint during the welding cycle changes from 21 to 0 

degrees and 9 to 0 degrees, respectively. 

 

    

    

1 2 3, 6, 8 4 

   

   

5 7 9 

Figure 3 ï Temperature change fields (ÁC) at times 1, 2, 3, 4, 5, 6, 7, 8, and 9 (see Fig. 2) 

 

The nature of the temperature distribution along the joint at different points in time (Table 1) 

indicates a fairly uniform heating of the parts according to the developed cycle. At the same time, 

when loading by thermal cycling in a different temperature range, it is necessary to take into account 

the influence of uneven heating on the stress-strain state in the joint zone.  


