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ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ  

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çʂɸʃʀʅʀʅɻʈɸɼʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ 

ʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊè 

 

 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ 
 

 

 
 

 
ʂʘʣʠʥʠʥʛʨʘʜ 

 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 
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             çʀʟʚʝʩʪʠʷ ʂɻʊʋè                                                                                               ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ 

       ʋʯʨʝʜʠʪʝʣʴ:   ʌɻɹʆʋ ɺʇʆ                                                                                    ʆʩʥʦʚʘʥ ʚ 2002 ʛ. 

çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

         ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ  ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʈʦʩʢʦʤʥʘʜʟʦʨ), ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ   ʇʀ ˉ ʌʉ77- 47915 ʦʪ 22 ʜʝʢʘʙʨʷ 2011 ʛ. 
                                                 

ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ: 

                     ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  ɺ. ɸ. ɺʦʣʢʦʛʦʥ, ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ   

                    ɿʘʤ.  ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ: ʅ. ɸ. ʂʦʩʪʨʠʢʦʚʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʉ. ʊ. ɸʥʪʠʧʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʨʝʢʪʦʨ ʧʦ ʅʀʈ ʌɻɹʆʋ ɺʇʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè, ɿʘʩʣʫʞ. ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʌ; 

ɸ. ɺ. ɹʘʨʘʥʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʭʦʣʦʜʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʇʆ  

çʉ.-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ 

ʦʧʪʠʢʠè, ɿʘʩʣʫʞ. ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ;  

ɻ. ʅ. ɹʝʣʦʛʣʘʟʦʚʘ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʙʘʥʢʦʚʩʢʦʛʦ ʜʝʣʘ ʌɻɹʆʋ ɺʇʆ  

çʉ.-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè; 

ɸ. ʄ. ɻʘʟʘʣʠʝʚ, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ., ʨʝʢʪʦʨ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʘʢʘʜ. ʅɸʅ ʈʂ; 

ɸ. ʄ. ɽʨʰʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʌɻɹʆʋ ɺʇʆ çʄʫʨʤʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ɿʘʩʣʫʞ. ʨʘʙʦʪʥʠʢ ʨʳʙʥ. ʭʦʟ- ʚʘ ʈʌ;  

ɺ. ɺ. ʂʦʟʣʦʚʩʢʠʡ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬʝʜʨʳ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ɹʝʣʦʨʫʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ɽ. ɸ. ʂʨʠʢʩʫʥʦʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʦʥʪʦʛʝʥʝʟʘ ʢʘʬʝʜʨʳ ʠʭʪʠʦʣʦʛʠʠ ʄɻʋ  

ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʯʣ.-ʢʦʨʨ. ʈɸʅ;  

ʉ. ɽ. ʂʫʟʥʝʮʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʥʘʯ. ʢʘʬʝʜʨʳ ʉɸʕʕʉ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʦʨʩʢʦʛʦ ʠ 

ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤ. ʘʜʤ. ʉ. ʆ. ʄʘʢʘʨʦʚʘ, ɿʘʩʣʫʞ. ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʘʢʘʜ. ʈɸʊ; 

ʆ. ʄ. ʃʘʧʰʠʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʠʨʝʢʪʦʨ ʌɻʋʇ çʂʘʤʯʘʪʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʳʙʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʦʢʝʘʥʦʛʨʘʬʠʠè (ʂʘʤʯʘʪʅʀʈʆ); 

ʖ. ʀ. ʅʝʯʘʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉ.- 

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʨʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ɺ. ɸ. ʇʘʥʬʠʣʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʌɻɹʆʋ ɺʇʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï 

ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘè, ʘʢʘʜ. ʈɸʅ;  

ʊʘʜʝʫʰ ʇʝʮʫʭ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʝʭʥʠʢʠ ʚʦʜʥʦʡ ʦʯʠʩʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ 

ʂʦʰʘʣʠʥʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʇʦʣʴʰʘ);   

ɸ. ʄ. ʉʘʣʝʮʢʠʡ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʦʙʱʝʡ ʬʠʟʠʢʠ ʄɻʋ  

ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ;  

ʖ. ʊ. ʉʝʯʠʥ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬʝʜʨʳ çɹʠʦʵʢʦʣʦʛʠʷ ʠ ʠʭʪʠʦʣʦʛʠʷè ʄʦʩʢʦʚʩʢʦʛʦ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, ɿʘʩʣʫʞ. ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʇʦʯʝʪʥʳʡ  

ʨʘʙʦʪʥʠʢ ʨʳʙʥ. ʭʦʟ- ʚʘ ʈʌ;  

ɸ. ʉ. ʍʦʣʦʜʦʚ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ  

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈɸʅè, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʤʘʪ. ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʌɻɸʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠ- 

ʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʘʢʘʜ. ʈɸʅ; 

ʍʫʛʝʩ-ʍʘʣʣʝʪʪ ʕʥʜʨʶ ɼʞʦʥʘʪʘʥ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ. ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɼʞʦʨʜʞʘ 

ʄʘʩʦʥʘ (ʰʪʘʪ ɺʠʨʜʞʠʥʠʷ, ʉʐɸ)  
 

ɺʳʧʫʩʢʘʶʱʠʡ ʨʝʜʘʢʪʦʨ  ʉ. ɺ. ʉʫʧʨʫʥʦʚʘ 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɹ.ɸ. ɸʣʴʪʰʫʣʴ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ʖ.ʅ. ɸʥʪʠʧʦʚ, ʜ. ʬʠʟ.-ʤʘʪ. ʥ., ʧʨʦʬ.; ʆ.ʄ. ɹʝʜʘʨʝʚʘ, ʜ.ʙ.ʥ., ʧʨʦʬ.;  

ɺ.ʌ. ɹʝʣʝʡ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ʅ.ɼ. ɹʦʙʘʨʳʢʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɺ.ɺ. ɹʨʶʭʘʥʦʚ, ʜ. ʬʠʟ.-ʤʘʪ.ʥ., ʧʨʦʬ.;  

ʈ.ʅ. ɹʫʨʫʢʦʚʩʢʠʡ, ʜ.ʙ.ʥ., ʧʨʦʬ.; ʅ.ʃ. ɺʝʣʠʢʘʥʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɸ.ɸ. ɻʝʨʘʩʠʤʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.;  

ʃ.ʊ. ɻʣʘʚʠʥʩʢʘʷ, ʜ.ʵʢʦʥ.ʥ., ʧʨʦʬ.; ʉ.ɺ. ɼʷʪʯʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬ.;  ɸ.ɺ. ʀʚʘʥʦʚ, ʜ.ʵʢʦʥ.ʥ., ʧʨʦʬ.;  

ʃ.ʄ. ʃʫʢʴʷʥʦʚʘ, ʜ.ʪ.ʥ., ʧʨʦʬ.;ʆ.ʗ. ʄʝʟʝʥʦʚʘ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɸ.ɻ. ʄʥʘʮʘʢʘʥʷʥ, ʜ.ʵʢʦʥ.ʥ., ʧʨʦʬ.;  

ɸ.ɹ. ʄʫʨʦʤʮʝʚ, ʜ.ʚʝʪ.ʥ., ʧʨʦʬ.;ɺ.ɸ. ʅʘʫʤʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɺ.ʀ. ʇʘʥʘʩʠʥ, ʜ. ʩ.-ʭʦʟ. ʥ., ʧʨʦʬ.;  

ʄ.ʄ. ʈʦʟʝʥʰʪʝʡʥ, ʜ.ʪ.ʥ., ʧʨʦʬ.;ɽ.ʉ. ʈʦʥʴʞʠʥʘ, ʜ.ʙ.ʥ., ʧʨʦʬ.; ɺ. ʀ. ʉʘʫʩʢʘʥ, ʜ.ʙ.ʥ., ʧʨʦʬ.;  

ʅ.ɸ. ʉʙʝʨʝʛʘʝʚ, ʢʘʥʜ.ʵʢʦʥ.ʥ., ʧʨʦʬ.; ʉ.ʇ. ʉʝʨʜʦʙʠʥʮʝʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɻ.ɻ. ʉʝʨʧʫʥʠʥ, ʜ.ʙ.ʥ., ʧʨʦʬ.;  

ʆ.ʉ. ʉʫʭʘʨʝʚ, ʜ.ʵʢʦʥ. ʥ., ʧʨʦʬ.; ʖ.ɸ. ʌʘʪʳʭʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ʉ.ɺ. ʌʸʜʦʨʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ.; 

ɺ.ɸ. ʌʫʥʪʠʢʦʚ, ʜ.ʭʠʤ.ʥ., ʧʨʦʬ.;  ʈ.ʐ. ʍʘʜʞʘʝʚ, ʜ.ʵʢʦʥ.ʥ., ʧʨʦʬ.; ɺ.ʀ. ʐʝʥʜʝʨʶʢ, ʜ.ʪ.ʥ., ʧʨʦʬ.; 

ʉ.ɺ. ʐʠʙʘʝʚ, ʜ.ʙ.ʥ., ʧʨʦʬ.; ɺ.ʅ. ʕʨʣʠʭʤʘʥ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɸ.ɺ. ʖʨʦʚ, ʜ.ʬʠʟ.-ʤʘʪ.ʥ., ʧʨʦʬ. 
 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 236022, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ, ʉʦʚʝʪʩʢʠʡ ʧʨʦʩʧʝʢʪ, 1; ʪʝʣ.: (4012) 99-59-01, 99-59-10,  

99-59-74; ʬʘʢʩ: (4012) 91-68-46; ʩʘʡʪ: www.klgtu.ru; E-mail: svetlana.suprunova@klgtu.ru  
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ʉʆɼɽʈɾɸʅʀɽ 

 

ɹʠʦʣʦʛʠʷ, ʵʢʦʣʦʛʠʷ ʠ ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ 
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EVOLUTION OF SEASONAL VARIATION OF HEAT FLUXES 
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V. F. Dubravin, G. E. Maslyankin 

 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʠʜʨʦʤʝʪʝʦʧʦʣʝʡ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʚ ʘʪʣʘʩʝ [1], ʟʘ ʧʝʨʠʦʜ 1951-2000 ʛʛ. ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʩʨʝʜʥʠʭ (ʜʣʷ ʤʝʩʷʮʝʚ ʠ ʛʦʜʘ) ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ (10
12

 ɺʪ) ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ 

(ɺʪ/ʤ
2
): ʷʚʥʦʛʦ QH, ʩʢʨʳʪʦʛʦ QE, ʩʫʤʤʘʨʥʦʛʦ Q, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ QPr ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ QɆ ʧʦ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2]. ʈʘʩʩʯʠʪʘʥ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʧʦʪʦʢʦʚ 

ʪʝʧʣʘ (QH, QE, QPr ʠ QɆ) ʚ ʩʫʤʤʘʨʥʦʝ ʪʝʧʣʦ, ʘ ʪʘʢʞʝ ʜʦʣʷ ʢʘʞʜʦʛʦ ʩʫʙʙʘʩʩʝʡʥʘ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʧʦʪʦʢʦʚ ʪʝʧʣʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʪʠʭ ʧʦʪʦʢʦʚ ï ʧʦ 

ʜʘʥʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʝʟʦʥʥʦʤ ʭʦʜʝ ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʦʜʦʚʦʡ 

ʚʦʣʥʳ. ʅʘʠʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʛʦʜʦʚʦʡ ʚʦʣʥʳ ʦʪʣʠʯʘʝʪʩʷ QPr (ɸI = 11,3 ɺʪ/ʤ
2
), 

ʜʣʷ QH ʠ QE ʘʤʧʣʠʪʫʜʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 34,0 ʠ 37,4, ʘ
 
ʜʣʷ QɆ ʠ Q ï ʜʦ 59,7 ʠ 63,8 

ɺʪ/ʤ
2
. ʅʘʩʪʫʧʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʧʦʪʦʢʦʚ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʤʦʨʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʭʦʣʦʜʥʦʝ ʧʦʣʫʛʦʜʠʝ ï ʦʪ ʩʝʥʪʷʙʨʷ (QPr) ʜʦ ʜʝʢʘʙʨʷ (QH). 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘʜ 

ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ (ʚʳʥʫʞʜʘʶʱʠʝ ʩʠʣʳ): 

ʘ) ʛʝʦʢʦʩʤʠʯʝʩʢʠʝ ʩʠʣʳ: ʧʦʪʝʥʮʠʘʣ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʭ ʩʠʣ ʃʫʥʳ ʠ ʉʦʣʥʮʘ 

(ʇʇʆʉʃʠʉ) (ʩʤ
2
/ʩ

2
) [3]; ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (n

)
 [4] ʠ       

ʙ) ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ: ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʠʧʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ (ʟʘʧʘʜʥʳʡ W, 

ʚʦʩʪʦʯʥʳʡ E, ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ C) [5]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʜʝʢʩʳ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ 

ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ W ʠ E ʚʧʦʣʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʜʠʢʪʦʨʦʤ ʜʣʷ ʩʝʟʦʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ QH, QE, Q, QPr ʠ QɆ. 
ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʧʦʪʦʢʠ ʪʝʧʣʘ (ʷʚʥʦʛʦ, ʩʢʨʳʪʦʛʦ, ʩʫʤʤʘʨʥʦʛʦ,      

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ, ʦʩʪʘʪʦʯʥʦʛʦ), ʪʠʧʳ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ 

 

Based on the data of hydro-meteorological fields presented in the Atlas [1], over 

the period of 1951-2000, the present article presents an assessment of climatic heat 

fluxes (monthly and annual mean values) (W/mĮ) and integral heat transfer (10
12

 W) 

carried out including sensible QH, latent QE, total Q, atmosphere-used QPr, and residual 

QɆ using methodology suggested by S.K.Gulev [2]. The contribution of each heat flux 

(QH, QE, QPr ʠ QɆ) to the total Q has been calculated as well as the share of each sub-

basin for all types of the heat flux. Seasonal variations in the fluxes have been exam-

ined. Harmonic analysis data revealed predominance of the annual wave in the seasonal 
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trend. The minimum amplitude of the annual wave was marked for QPr (ɸI = 11.3 W/m
2
). 

The amplitude increased up to 34.0 and 37.4 W/m
2
 for QH and QE, while for QɆ and Q it 

increased up to 59.7 and 63.8 W/m
2
. In general, the maximum annual variation of fluxes 

in the Baltic Sea was observed during cold half-year period, between September (QPr) 

and December (QH). 

In order to identify causes of seasonal variation in heat fluxes over the Baltic 

Sea, the following external factors (constraining forces) have been studied: a) 

geocosmic forces: tide-generating potential of the sun and the moon (cm
2
/s

2
) [3]; 

angular velocity of the Earthôs daily rotation (n
)
 [4] and b) parameters of interaction 

mechanism between the ocean and atmosphere: frequency of occurrence of 

Wangenheim-Gierce atmospheric circulation types (western W, eastern E, meridional 

C) [5]. It has beenshown that Wangenheim-Gierce circulation form indices W and E 

may predict seasonal variation of heat fluxes QH, QE, Q, QPr and QɆ.       

seasonal variation, heat fluxes (sensible, latent, total, atmospheric, residual), 

types of atmospheric circulation 

 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʨʫʛʦʚʦʨʦʪʫ ʚʦʜʳ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʫʛʦʚʦʨʦʪ ʪʝʧʣʘ. ɺʤʝʩʪʝ ʩ 

ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʘʪʤʦʩʬʝʨʳ ʵʪʠ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʫʶʪ ʢʣʠʤʘʪ ɿʝʤʣʠ. ɺʘʞʥʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʷʚʣʷʶʪʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ ʚʣʘʛʠ. ɽʱʝ ɺ. ɺ. ʊʠʤʦʥʦʚʳʤ [6] ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʟʥʘʯʠʤʦʩʪʴ ʫʯʝʪʘ ʩʫʤʤʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʜʨʫʛʫʶ ʚ 

ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ. ʉʚʦʜʢʫ ʧʦ ʨʘʩʯʝʪʘʤ ʦʪʜʘʚʘʝʤʦʛʦ 

ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʪʝʧʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [7], ʘ ʢʘʨʪʳ QPr, ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʨʘʙʦʪʳ  

ʄ. ʀ. ɹʫʜʳʢʦ [8], ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ (ɺʪ/ʤ
2
): ʷʚʥʦʛʦ QH, ʩʢʨʳʪʦʛʦ QE, ʩʫʤʤʘʨʥʦʛʦ Q, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ QPr ʠ ʦʩʪʘʪʦʯʥʦʛʦ QɆ ʥʘʜ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2]. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʥʜʝʢʩʦʚ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ [5] ʠ 

ʢʦʩʤʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [3, 4] ʥʘ ʚʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ. 

ɺʳʷʚʣʝʥʳ ʧʨʝʜʠʢʪʦʨʳ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ (ʉʝʟʍ) ʵʪʠʭ ʧʦʪʦʢʦʚ ʚ 

ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ï ʠʥʜʝʢʩʳ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ W ʠ E. 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʧʨʠʷʪʥʳʤ ʜʦʣʛʦʤ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ 

ɸ. ɺ. ʉʤʠʨʥʦʚʫ ʟʘ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʨʷʜʦʚ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

 

ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀʂɸ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʪʦʢʠ ʩʫʤʤʘʨʥʦʛʦ ʪʝʧʣʘ Q ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʦʢʦʚ ʪʝʧʣʘ 

(ʷʚʥʦʛʦ) QH ʠ ʚʣʘʛʠ (ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ) QE:   

EH QQQ += .                                                                                    (1) 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ QH ʠ QE ʚ ʦʢʝʘʥʝ (ʤʦʨʝ) ʨʝʜʢʠ ʠ ʪʨʫʜʥʦʚʳʧʦʣ-

ʥʠʤʳ; ʦʜʥʠʤ ʠʟ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʵʪʦʤ, ʷʚʣʷʝʪʩʷ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʡ, ʚ ʢʦʪʦʨʦʤ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʫʨʦʚʥʝ ʠʟʤʝʨʝʥʠʡ (ʢʘʢ ʧʨʘʚʠʣʦ, 
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ʩʨʘʚʥʠʚʘʶʪʩʷ ʚʳʩʦʪʘ ʫʨʦʚʥʷ ʥʘʙʣʶʜʘʪʝʣʷ z = 10 ʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʨʷ). ʅʝ 

ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʦʙʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ (ʩʚʦʜʢʘ ʨʘʙʦʪ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʦʩʥʦʚʘʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ [7, 9]), ʧʝʨʝʡʜʝʤ ʢ ʬʦʨʤʫʣʘʤ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ:  

WTTCCQ aWTpH ³-³³³= )(r ;                                                          (2) 

WeECPLQ aWEE ³-³³³³= )(/622,0 00r , 

ʛʜʝ Cp ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ï       
1,009 ʢɼʞ/ʢʛęK; ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ (ʢʛ/ʤ

3
); Tw ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ (ÁC); Ta ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (ÁC); W ï ʩʢʦʨʦʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ (ʤ/ʩ); 
L ï ʫʜʝʣʴʥʘʷ (ʩʢʨʳʪʘʷ) ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ï 2256 ʢɼʞ/ʢʛ (ʧʨʠ Tw = 100 ÁC); 
P0 ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ (ʛʇʘ); ea ï ʫʧʨʫʛʦʩʪʴ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 
(ʛʇʘ); E0w ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʧʨʫʛʦʩʪʴ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ʛʇʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 
Tw (ęC).  

ɺ ʬʦʨʤʫʣʳ (2) ʚʭʦʜʷʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʤʝʥʘ ʪʝʧʣʦʤ (CT) ʠ ʚʣʘʛʦʡ (CE), 
ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʥʘ ʛʨʘʥʠʮʝ 
ʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘ [2]. ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [7, 9] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʜʣʷ ʉʝʚʝʨʥʦʡ ʠ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɹʘʣʪʠʢʠ ʧʨʠ ʨʘʩʯʝʪʝ 
ʧʦʪʦʢʦʚ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʝʜʧʦʯʪʝʥʠʝ 
ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2], ʘ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʪʦʢʦʚ ʧʦ 
ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ ʤʝʪʦʜʠʢʫ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 
[2, 8, 10]. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦʪʦʢʦʚ QH ʠ QE ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʣʪʠʢʠ 
ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʉ.ʂ. ɻʫʣʝʚʘ [2].  

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʦʩʘʜʢʘʤ ʠʟ ʘʪʣʘʩʘ 
[7], ʪʦ, ʫʤʥʦʞʠʚ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʈʛ (ʤʤ) ʥʘ ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ 
L, ʧʦʣʫʯʠʤ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ ʪʝʧʣʘ (ʪʝʧʣʦʪʘ ʢʦʥʜʝʥʩʘʮʠʠ 
ʚʦʜʷʥʦʛʦ ʧʘʨʘ) QPr: 

ɻPLQ ³=Pr .                                                                                            (3) 

ʆʩʪʘʪʦʯʥʦʝ ʪʝʧʣʦ QɆ ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤ ʪʝʧʣʦʤ (ɹʘʣʪʠʢʠ) ʠ 
ʪʝʧʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʘʪʤʦʩʬʝʨʦʡ (ʥʘʜ ʥʝʡ):  

PrQQQ -=ä .                                                                                     (4) 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ (ʜʣʷ ʤʝʩʷʮʝʚ ʠ ʛʦʜʘ) ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʩ 
ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʣʪʠʢʠ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʛʠʜʨʦʤʝʪʝʦʧʦʣʝʡ ʟʘ ʧʝʨʠʦʜ 1951-2000 ʛʛ., 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʘʪʣʘʩʝ [1]. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 
ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘʜ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ 
(ʚʳʥʫʞʜʘʶʱʠʝ ʩʠʣʳ): ʘ) ʛʝʦʢʦʩʤʠʯʝʩʢʠʝ ʩʠʣʳ: ʧʦʪʝʥʮʠʘʣ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʭ 
ʩʠʣ ʃʫʥʳ ʠ ʉʦʣʥʮʘ (ʇʇʆʉʃʠʉ) (ʩʤ

2
/ʩ

2
) [3]; ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʪʦʯʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (n
*)

 [4] ʠ ʙ) ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʝʘʥʘ ʠ 
ʘʪʤʦʩʬʝʨʳ: ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʠʧʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-
ɻʠʨʩʘ (ʟʘʧʘʜʥʳʡ W, ʚʦʩʪʦʯʥʳʡ E, ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ C) [5]. ʆʮʝʥʢʘ ʉʝʟʍ ʧʦʪʦʢʦʚ 
ʪʝʧʣʘ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 
ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ [11].  

 
 
 
 

                                           
*
 ɹʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʦʪʢʣʦʥʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʟʝʤʥʳʭ ʩʫʪʦʢ T ʦʪ ʵʪʘʣʦʥʥʦʡ P = 86400 c ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʪʘʣʦʥʥʳʭ ʩʫʪʦʢ P,  n = -(T-P)/P [4].  
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ʈɽɿʋʃʔʊɸʊʓ 
ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2.         

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʳ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʦʚ (ɺʪ/ʤ
2
), ʩʨʝʜʥʠʝ ʜʣʷ ʤʦʨʷ ʚ ʮʝʣʦʤ ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʜʣʷ ʤʦʨʩʢʠʭ ʨʘʡʦʥʦʚ [7, ʨʠʩ. 1], ʘ ʚ ʪʘʙʣ. 2 ï ʜʦʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʫʙʙʘʩʩʝʡʥʦʚ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝ (10
12

 ɺʪ), ʦʙʱʝʡ ʜʣʷ ʚʩʝʛʦ ʤʦʨʷ. ʀʟ 

ʵʪʠʭ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʪʝʧʣʦ Q (28,04 10
12

 ɺʪ) 

ʩʦʩʪʘʚʣʷʝʪ ʩʢʨʳʪʦʝ Qɽ (21,47 10
12

 ɺʪ ʠʣʠ 77 %), ʧʨʠ ʵʪʦʤ  ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ Qɽ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʉʦʙʩʪʚʝʥʥʦ ɹʘʣʪʠʢʫ (13,97 10
12

 ɺʪ ʠʣʠ 65 %), ʥʘʠʤʝʥʴʰʘʷ ï ʥʘ 

ʈʠʞʩʢʠʡ ʟʘʣʠʚ (1,01 10
12

 ɺʪ ʠʣʠ 5 %). ɼʦʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ QɆ ʚ ʧʦʪʦʢʝ 

ʩʫʤʤʘʨʥʦʛʦ Q ʩʦʩʪʘʚʣʷʝʪ (15,05 10
12

 ɺʪ ʠʣʠ 54 %), ʧʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʧʦʪʦʢʦʚ ʪʝʧʣʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʣʷ QɆ (9,57 10
12

 ɺʪ ʠʣʠ 64 %) ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʉʦʙʩʪʚʝʥʥʦ ɹʘʣʪʠʢʫ, ʤʠʥʠʤʘʣʴʥʘʷ (0,62 10
12

 ɺʪ ʠʣʠ 4 %)% ï ʥʘ ʈʠʞʩʢʠʡ ʟʘʣʠʚ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʠ ʧʨʝʜʝʣʴʥʳʝ ʟʘ 1951-2000 ʛʛ. ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ (ɺʪ/ʤ
2
)      

ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʘʪʣʘʩʘ [1] ʠ  ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2] 

Table 1. Mean and maximum values of heat fluxes (W/mĮ) in the Baltic Sea for the      

period  of 1951-2000, calculated on the basis of the data from the Atlas [1],  

methodology suggested by S. K. Gulev [2] 
ʉʪʘʪʠʩʪʠʢʠ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ 

QH QE Q QPr QɆ 

ʉʨʝʜʥʝʝ 17,6 57,6 75,2 34,8 40,4 

ʄʘʢʩʠʤʫʤ 43,4 62,9 101,8 66,2 65,3 

ʄʠʥʠʤʫʤ 1,9 50,7 55,5 30,8 17,4 

 

ʊʘʙʣʠʮʘ 2. ʉʫʤʤʘʨʥʘʷ ʛʦʜʦʚʘʷ ʟʘ 1951-2000 ʛʛ. ʪʝʧʣʦʦʪʜʘʯʘ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʫʩʚʦʝʥʥʦʛʦ ʘʪʤʦʩʬʝʨʦʡ ʪʝʧʣʘ (10
12

 ɺʪ) ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʜʘʥʥʳʤ ʘʪʣʘʩʘ [1] ʠ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2] 

Table 2. Total annual heat transport for the period of 1951-2000 and amount of 

heat absorbed by the atmosphere (10
12

 W) in the Baltic Sea, calculated on the basis 

of the data from the Atlas [1], methodology suggested by S. K.Gulev [2]  

ʈʝʛʠʦʥ 

ʇʣʦʱʘʜʴ 

ʟʝʨʢʘʣʘ 
QH QE Q QPr QɆ 

(ʢʤ2) (%) 1012 ɺʪ (%) 1012 ɺʪ (%) 1012 ɺʪ (%) 1012 ɺʪ (%) 1012 ɺʪ (%) 

ɹʦʪʥʠʯʝʩʢʠʡ 

ʟʘʣʠʚ 
93279 25,0 2,08 31,7 5,02 23,4 7,10 25,3 3,51 27,0 3,59 23,8 

ʌʠʥʩʢʠʡ 

ʟʘʣʠʚ 
25112 6,7 0,76 11,6 1,47 6,9 2,24 8,0 0,96 7,4 1,28 8,5 

ʈʠʞʩʢʠʡ 

ʟʘʣʠʚ 
19314 5,2 0,38 5,7 1,01 4,7 1,39 4,9 0,77 5,9 0,62 4,1 

ʉʦʙʩʪʚʝʥʥʦ 

ɹʘʣʪʠʢʘ 
235030 63,1 3,35 51,0 13,97 65,1 17,32 61,8 7,75 59,7 9,57 63,6 

ɹʘʣʪʠʢʘ 

ʚ ʮʝʣʦʤ 
372735 100 6,57 100 21,47 100 28,04 100 12,99 100 15,05 100 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʷʚʥʦʛʦ ʪʝʧʣʘ ʢ ʩʢʨʳʪʦʤʫ ʩʦʩʪʘʚʣʷʝʪ QH/Qɽ = 0,31, ʷʚʥʦʛʦ ʢ 

ʩʫʤʤʘʨʥʦʤʫ ï QH/Q = 0,23, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ ʢ ʩʫʤʤʘʨʥʦʤʫ ï QPr/Q = 0,46 

(ʩʤ. ʪʘʙʣ. 1, 2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʪʤʦʩʬʝʨʘ ʥʘʜ ɹʘʣʪʠʢʦʡ ʠʩʧʦʣʴʟʫʝʪ 46 % 

ʤʦʨʩʢʦʛʦ ʪʝʧʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʉʝʟʍ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘʜ ɹʘʣʪʠʢʦʡ ʠ 

ʚʳʥʫʞʜʘʶʱʠʭ ʩʠʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3, 4. ʂʘʢ ʚʠʜʥʦ, ʜʣʷ ʚʩʝʭ ʧʦʪʦʢʦʚ ʚ ʉʝʟʍ 
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ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʦʜʦʚʦʡ ʚʦʣʥʳ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʦʨʷ ʚ ʮʝʣʦʤ (ʢʚʦʪʘ 

ʛʦʜʦʚʦʡ ʚʦʣʥʳ qI = 0,86õ0,96), ʥʦ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʦʨʩʢʠʭ ʨʘʡʦʥʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʚʢʣʘʜ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ qI Ó 0,56. ʅʘʠʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʛʦʜʦʚʦʡ ʚʦʣʥʳ 

ʦʪʣʠʯʘʝʪʩʷ QPr (A I = 11,3 ɺʪ/ʤ
2
), ʜʣʷ QH ʠ QE ʘʤʧʣʠʪʫʜʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 34õ37, ʘ

 
ʜʣʷ 

QɆ ʠ Q ï ʜʦ 60õ64 ɺʪ/ʤ
2
. ʅʘʩʪʫʧʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʧʦʪʦʢʦʚ ʚ 

ʩʨʝʜʥʝʤ ʜʣʷ ʤʦʨʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʭʦʣʦʜʥʦʝ ʧʦʣʫʛʦʜʠʝ ï ʦʪ ʩʝʥʪʷʙʨʷ (QPr) ʜʦ 

ʜʝʢʘʙʨʷ (QH) (ʩʤ. ʪʘʙʣ. 3). 
 

ʊʘʙʣʠʮʘ 3. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ (ʩʨʝʜʥʠʝ ʠ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ) 

ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʧʦʪʦʢʦʚ ʪʝʧʣʘ (ɺʪ/ʤ
2
) ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʟʘ 1951-2000 ʛʛ., 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʘʪʣʘʩʘ [1] ʠ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2] 

Table 3. Harmonic components (mean and maximum values) of seasonal variation of 

heat fluxes (W/m
2
) in the Baltic Sea for the period of 1951 ï 2000, calculated on the 

basis of the data from the Atlas [1], methodology suggested by S. K.Gulev [2] 

ʇʘʨʘʤʝʪʨ 

ɻʘʨʤʦʥʠʢʠ 

AI/A II A0 

I (ʛʦʜʦʚʘʷ ʚʦʣʥʘ) II (ʧʦʣʫʛʦʜʦʚʘʷ ʚʦʣʥʘ) 

ɸ
ʤ
ʧ
ʣ
ʠ
ʪ
ʫ
ʜ
ʘ

 I
 

ɼ
ʘ
ʪ
ʘ

 I
 

ʂ
ʚ
ʦ
ʪ
ʘ

 I
 

ɸ
ʤ
ʧ
ʣ
ʠ
ʪ
ʫ
ʜ
ʘ

 I
I 

ɼ
ʘ
ʪ
ʘ

 I
I 

ʂ
ʚ
ʦ
ʪ
ʘ
 

II
 

QH 34,0 10.12 0,860 13,0 01.01(01.07) 0,125 2,62 17,6 

ʄʘʢʩʠʤʫʤ 114,1 31.12 0,946 43,6 19.06(19.12) 0,258 4,53 43,4 

ʄʠʥʠʤʫʤ 24,2 01.01 0,646 4,19 02.01(02.07) 0,046 1,58 1,9 

QE 37,4 16.10 0,956 6,5 08.02(08.08) 0,029 5,72 57,6 

ʄʘʢʩʠʤʫʤ 77,9 05.12 0,970 19,6 08.02(08.08) 0,195 16,66 62,9 

ʄʠʥʠʤʫʤ 10,9 16.08 0,564 2,2 22.06(22.12) 0,003 1,99 50,7 

Q 63,8 11.11 0,929 16,1 13.01(13.07) 0,059 3,96 75,2 

ʄʘʢʩʠʤʫʤ 43,6 21.12 0,994 53,4 16.06(16.12) 0,299 30,71 101,8 

ʄʠʥʠʤʫʤ 7,6 06.09 0,622 2,5 09.01(09.07) 0,001 1,44 14,8 

QPr 11,3 08.09 0,921 1,1 23.01(23.07) 0,009 10,12 34,8 

ʄʘʢʩʠʤʫʤ 116,1 23.09 0,952 3,5 27.06(27.12) 0,093 44,2 39,7 

ʄʠʥʠʤʫʤ 12,7 21.08 0,742 0,4 08.01(08.07) 0,000 2,82 30,1 

QɆ 59,7 21.11 0,928 15,0 12.01(12.07) 0,059 3,97 43,8 

ʄʘʢʩʠʤʫʤ 116,1 28.12 0,995 53,4 05.06(05.12) 0,290 39,21 65,3 

ʄʠʥʠʤʫʤ 35,1 09.09 0,592 1,9 10.01(10.07) 0,001 1,43 19,3 

 
ɸʥʘʣʠʟ ʦʩʨʝʜʥʝʥʥʦʛʦ ʉʝʟʍ ʧʝʨʚʳʭ ʜʚʫʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ 

ʭʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʜʚʫʤʷ ʤʠʥʠʤʫʤʘʤʠ. ʇʨʠʯʝʤ ʇʇʆʉʃʠʉ 
ʩʦʚʝʨʰʘʝʪ ʜʚʝ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʳʝ ʧʦʣʫʚʦʣʥʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʘʧʨʝʣʝ ʠ ʦʢʪʷʙʨʝ ʠ 

ʤʠʥʠʤʫʤʘʤʠ ʚ ʷʥʚʘʨʝ ʠ ʠʶʣʝ (qII = 0,97), ʘ n ï ʜʚʝ ʥʝʧʨʘʚʠʣʴʥʳʝ:  ʩ ʷʥʚʘʨʷ ʧʦ ʘʧʨʝʣʴ 
ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ ʟʘʤʝʜʣʷʝʪʩʷ, ʩ ʘʧʨʝʣʷ ʧʦ ʘʚʛʫʩʪ ï ʫʩʢʦʨʷʝʪʩʷ, ʩ ʘʚʛʫʩʪʘ ʧʦ ʥʦʷʙʨʴ ï 
ʚʥʦʚʴ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʩ ʥʦʷʙʨʷ ʧʦ ʷʥʚʘʨʴ ï ʩʥʦʚʘ ʫʩʢʦʨʷʝʪʩʷ (qII = 0,42). ɺ ʛʦʜʦʚʦʤ ʭʦ-
ʜʝ ʠʥʜʝʢʩʦʚ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʤʘʢʩʠʤʫʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʬʦʨʤʳ W ʦʪʤʝʯʘʝʪʩʷ 
ʚ ʦʢʪʷʙʨʝ, ʤʠʥʠʤʫʤ ï ʚ ʘʧʨʝʣʝ-ʤʘʝ (qI = 0,76); ʬʦʨʤʳ E ï ʤʘʢʩʠʤʫʤ ï ʚ ʘʧʨʝʣʝ-ʤʘʝ ʠ 
ʠʶʣʝ, ʤʠʥʠʤʫʤ ï ʚ ʦʢʪʷʙʨʝ (qI = 0,69) ʠ ʬʦʨʤʳ  C ï ʤʘʢʩʠʤʫʤ ï ʚ ʤʘʝ ʠ ʩʝʥʪʷʙʨʝ, 
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ʤʠʥʠʤʫʤ ï ʚ ʤʘʨʪʝ ʠ ʥʦʷʙʨʝ (qI = 0,20;  qII = 0,23).ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ 
ʠʥʜʝʢʩʳ W ʠ E ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ (ʪʘʙʣ. 4). 

 

ʊʘʙʣʠʮʘ 4. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʛʝʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʣ 

(ʇʇʆʉʃʠʉ (ʤ
2
/ʩ

2
) [3] ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ n [4]) ʠ ʠʥʜʝʢʩʦʚ      

ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ (W, E ʠ C) [5] ʟʘ 1951-2000 ʛʛ. 
Table 4. Harmonic components of seasonal variation of geo-cosmic forces: potential of 

tide-generating force of the moon and the sun (m
2
/s

2
) [3]; earthôs angular velocity n [4] 

and atmospheric circulation indices (W, E and C) [5] for the of period 1951 ï2000 

ʇʘʨʘʤʝʪʨ 

ɻʘʨʤʦʥʠʢʠ 

AI/AII A0 

I (ʛʦʜʦʚʘʷ ʚʦʣʥʘ) II (ʛʦʜʦʚʘʷ ʚʦʣʥʘ) 

ɸ
ʤ
ʧ
ʣ
ʠ
ʪ
ʫ
ʜ
ʘ
 

I 

ɼ
ʘ
ʪ
ʘ
 

I 

ʂ
ʚ
ʦ
ʪ
ʘ
 

I 

ɸ
ʤ
ʧ
ʣ
ʠ
ʪ
ʫ
ʜ
ʘ
 

II
 

ɼ
ʘ
ʪ
ʘ
 

II
 

ʂ
ʚ
ʦ
ʪ
ʘ

 I
I 

ʇʇʆʉʃʠʉ 17,8 14.12 0,025 111,8 28.03(28.09) 0,972 0,16 3,0 

n 42,7 03.08 0,556 37,2 22.01(22.07) 0,416 1,17 -229,3 

W 2,5 07.11 0,758 0,1 18.05(18.11) 0,001 48,00 8,2 

E 2,2 05.05 0,690 0,4 27.01(27.07) 0,018 6,28 14,8 

C 0,5 04.07 0,201 0,5 04.05(04.11) 0,225 0,95 7,4 
 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʉʝʟʍ ʛʝʦʢʦʩʤʠ-
ʯʝʩʢʠʭ ʩʠʣ ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

1. ʇʇʆʉʃʠʉ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʝʜʠʢʪʦʨʦʤ ʧʦʪʦʢʦʚ ʪʝʧʣʘ QH, QE, Q, QPr, QɆ 
ʥʘ ɹʘʣʪʠʢʝ. ɺʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʥʝʚʳʩʦʢʦʡ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ ʠ 
ʧʘʨʘʤʝʪʨʘʤʠ (r Ò 0,35õ r Ó (-0,48)), ʚʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʚʳʷʚʣʝʥʥʦʡ ʧʦʣʫʛʦʜʦʚʦʡ 
ʧʝʨʠʦʜʠʯʥʦʩʪʠ (ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʉʝʟʍ ʧʦʪʦʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʦʜʦʚʦʡ 
ʚʦʣʥʦʡ).   

2. ʇʨʠ ʘʥʘʣʠʟʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʤʝʞʜʫ n ʠ ʧʦʪʦʢʘʤʠ ʜʣʷ ʩʨʝʜʥʝʛʦ 
ʉʝʟʍ ʧʦ ɹʘʣʪʠʢʝ, ʭʦʪʷ ʠ ʦʪʤʝʯʘʶʪʩʷ ʠʭ ʚʳʩʦʢʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʩʚʷʟʠ (r = 0,65õ0,86), ʦʜʥʘʢʦ ʢʦʨʬʫʥʢʮʠʷ ʚʳʷʚʠʣʘ ʜʚʝ ʥʝʧʨʘʚʠʣʴʥʳʭ 
ʧʦʣʫʚʦʣʥʳ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʉʝʟʍ ʠʥʜʝʢʩʦʚ 
ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ (ʨʠʩʫʥʦʢ) ʧʦʢʘʟʘʣ: 

- ʚʳʩʦʢʫʶ ʩʠʥʭʨʦʥʥʫʶ (ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʜʚʠʛʘ) ʪʝʩʥʦʪʫ ʩʚʷʟʠ ʤʝʞʜʫ ʬʦʨʤʦʡ 
ʮʠʨʢʫʣʷʮʠʠ W ʠʣʠ E ʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ (r = 0,79õ0,85 ʠʣʠ r = (-0,76)õ(-0,85)); 

- ʩʠʥʭʨʦʥʥʫʶ (ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʜʚʠʛʘ) ʪʝʩʥʦʪʫ ʩʚʷʟʠ ʤʝʞʜʫ ʬʦʨʤʦʡ 
ʮʠʨʢʫʣʷʮʠʠ C ʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ (r = 0,45õ 0,56 ʠʣʠ r =(-0,42)õ(-0,51));  

- ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʜʦʚʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʤʝʞʜʫ W ʠʣʠ E ʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ; 
- ʩʠʥʭʨʦʥʥʦ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ W ʧʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ 

ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʜʣʷ Q ʠ QɆ, ʯʝʨʝʟ 9 ʤʝʩ. ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʤʘʢʩʠʤʫʤʘ ï ʜʣʷ QH, ʯʝʨʝʟ 
10 ʤʝʩ. ï QPr, ʯʝʨʝʟ 11 ʤʝʩ. ï  QE (ʩʤ. ʨʠʩ. ʘ);  

- ʯʝʨʝʟ 3 ʤʝʩ. ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ E ʧʦʷʚʣʝʥʠʝ 
ʤʘʢʩʠʤʫʤʘ ʜʣʷ QH, ʯʝʨʝʟ 4 ʤʝʩ. ï  QPr, ʯʝʨʝʟ 5 ʤʝʩ. ï  QE, ʯʝʨʝʟ 6 ʤʝʩ. ï Q ʠ QɆ, 
ʧʦʩʢʦʣʴʢʫ ʠʥʜʝʢʩʳ W ʠ E ʧʨʦʪʠʚʦʬʘʟʥʳ (ʩʤ. ʨʠʩ. ʙ);  

- ʯʝʨʝʟ 2 ʤʝʩ. ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ C ʧʦʷʚʣʝʥʠʝ ʤʘʢʩʠ-

ʤʫʤʘ ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʜʣʷ QH ʠ QPr, ʯʝʨʝʟ 3 ʤʝʩ. ï QE, ʯʝʨʝʟ 4 ʤʝʩ. ï  Q ʠ QɆ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʜʝʢʩʳ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ W ʠ E ʚʧʦʣʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʧʨʝʜʠʢʪʦʨʦʤ ʜʣʷ ʉʝʟʍ ʧʦʪʦʢʦʚ ʪʝʧʣʘ QH, QE, Q, QPr, QɆ. 

 

  

ʈʠʩ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ, ʩʨʝʜʥʠʤ ʟʘ 1951-2000 ʛʛ., 

ʠʥʜʝʢʩʦʚ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ W (ʘ) ʠʣʠ E (ʙ) ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ 

 (ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʜʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʚ [1, 5]) 

Fig. Correlation functions between mean seasonal variation in atmospheric circulation 

indices W (a) or E (b) for the period of 1951 ï 2000 and heat fluxes (calculated using 

the data from sources [1, 5]) 

 

ɺʓɺʆɼʓ 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʠʜʨʦʤʝʪʝʦʧʦʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʘʪʣʘʩʝ [1], 

ʧʦʣʫʯʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ (ʩʨʝʜʥʠʝ ʜʣʷ ʤʝʩʷʮʝʚ ʠ ʛʦʜʘ ʟʘ 1951-2000 ʛʛ.) ʟʥʘʯʝʥʠʷ 

ʧʦʪʦʢʦʚ ʪʝʧʣʘ (ɺʪ/ʤ
2
) ʜʣʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʝʛʦ ʩʫʙʙʘʩʩʝʡʥʦʚ ʠ ʤʦʨʩʢʠʭ 

ʨʘʡʦʥʦʚ: ʷʚʥʦʛʦ QH, ʩʢʨʳʪʦʛʦ QE, ʩʫʤʤʘʨʥʦʛʦ Q, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ QPr ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ QɆ ʧʦ ʤʝʪʦʜʠʢʝ ʉ. ʂ. ɻʫʣʝʚʘ [2]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ ʜʣʷ ɹʘʣʪʠʢʠ 

ʧʦʪʦʢʠ ʪʘʢʦʚʳ: QH = 17,6; QE = 57,6; Q = 75,2; QPr = 34,8 ʠ  QɆ = 40,4 ɺʪ/ʤ
2
. 

2. ɺʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʦʜʦʚʦʡ 

ʚʦʣʥʦʡ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʦʨʷ ʚ ʮʝʣʦʤ (ʢʚʦʪʘ qI = 0,86õ0,96), ʥʦ ʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʤʦʨʩʢʠʭ ʨʘʡʦʥʦʚ (ʚʢʣʘʜ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ qI Ó 0,56). ʅʘʠʤʝʥʴʰʝʡ 

ʘʤʧʣʠʪʫʜʦʡ ʛʦʜʦʚʦʡ ʚʦʣʥʳ ʦʪʣʠʯʘʝʪʩʷ QPr (A I = 11,3 ɺʪ/ʤ
2
), ʜʣʷ QH ʠ QE 

ʘʤʧʣʠʪʫʜʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 34,0 ʠ 37,4 ɺʪ/ʤ
2
, ʘ

 
ʜʣʷ QɆ ʠ Q ï ʜʦ 59,7 ʠ 63,8 ɺʪ/ʤ

2
. 

ʅʘʩʪʫʧʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʧʦʪʦʢʦʚ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʤʦʨʷ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʭʦʣʦʜʥʦʝ ʧʦʣʫʛʦʜʠʝ ï ʦʪ ʩʝʥʪʷʙʨʷ (QPr) ʜʦ ʜʝʢʘʙʨʷ (QH). 

3. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʜʫ ʉʝʟʍ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ɹʘʣʪʠʢʠ ʚ ʮʝʣʦʤ ʠ 

ʥʝʢʦʪʦʨʳʭ ʚʳʥʫʞʜʘʶʱʠʭ ʩʠʣ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʥʜʝʢʩʳ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ W ʠ E 

ʚʧʦʣʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʝʜʠʢʪʦʨʦʤ ʜʣʷ ʉʝʟʍ ʧʦʪʦʢʦʚ (QH, QE, Q, QPr, QɆ). ʕʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʤ:  

- ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ (ʟʥʘʯʠʤʘʷ) ʩʠʥʭʨʦʥʥʘʷ (ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʜʚʠʛʘ) 

ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʬʦʨʤʦʡ ʮʠʨʢʫʣʷʮʠʠ W ʠʣʠ E ʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ (r = 0,79õ0,85 

ʠʣʠ r = (-0,76)õ(-0,85)); 
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- ʠʤʝʝʪʩʷ ʯʝʪʢʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʜʦʚʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 
ʤʝʞʜʫ W ʠʣʠ E ʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ; 

- ʩʠʥʭʨʦʥʥʦ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ W ʥʘʙʣʶʜʘʶʪʩʷ 
ʤʘʢʩʠʤʫʤʳ ʚ ʛʦʜʦʚʦʤ ʭʦʜʝ ʜʣʷ Q ʠ QɆ, ʯʝʨʝʟ 9 ʤʝʩ. ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ï 
ʜʣ̫ QH, ʯʝʨʝʟ 10 ʤʝʩ. ï QPr, ʯʝʨʝʟ 11 ʤʝʩ. ï QE;  

- ʯʝʨʝʟ 3 ʤʝʩ. ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʤʘʢʩʠʤʫʤʘ ʠʥʜʝʢʩʘ E ʦʪʤʝʯʝʥ ʤʘʢʩʠʤʫʤ ʜʣʷ QH, 
ʯʝʨʝʟ 4 ʤʝʩ. ï QPr, ʯʝʨʝʟ 5 ʤʝʩ. ï QE, ʯʝʨʝʟ 6 ʤʝʩ. ï Q ʠ QɆ.  
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VARIATIONS IN THE ACOUSTIC TARGET STRENGTH OF COMMON 

KILKA (CLUPEONELLA CULTRIVENTRIS) 
 

P. Zare, S. V. Shibaev, S. M. Kasatkina, H. Fazli 
 

ʀɿʄɽʅʏʀɺʆʉʊʔ ɸʂʋʉʊʀʏɽʉʂʆʁ ʉʀʃʓ ʎɽʃʀ  ʂʀʃʔʂʀ 
ʆɹʓʂʅʆɺɽʅʅʆʁ (CLUPEONELLA CULTRIVENTRIS) 

 
ʇ. ɿɸʈɽ, ʉ. ɺ. ʐʀɹɸɽɺ, ʉ. ʄ. ʂɸʉɸʊʂʀʅɸ, ʍ. ʌɸɿʃʀ

 

 
 

The objective of this study was to improve knowledge about the acoustic target 
strength (TS) of common kilka (Clupeonella cultriventris) and to provide a target 
strength model for this species based on some biological factors (length, weight, 
percentage of maturing females, and the condition factor). Understanding the influence 
of biological characteristics on the target strength of fish is important in obtaining 
accurate acoustic assessments of fish biomass and abundance. In situ acoustic target 
strength measurements of common kilka were collected during winter (February-
March) 1997 in Iranian waters of Caspian Sea, using a calibrated Simrad EK500 echo-
sounder with  38 kHz split-beam transducer. The results of this study showed a rather 
large variability in the mean TS estimates of common kilka (4.5 dB), despite a small 
range in the mean fish length at the sampling sites (0.6 cm). This variability in target 
strength of individuals of the same length is attributable to factors other than size 
because a significant correlation between the mean TS and the percentage of maturing 
females was found. On the basis of analysis of the data on TS we obtained a new TS-L 

dependence for common Kilka. The TS model was estimated to be 43 ςπÌÏÇ,
φχȢς for the conventional relationship between TS and length, but 43 ςπÌÏÇ,
πȢπφχ-& φτȢρ when the effect of percentage of maturing females (MF, %) was 
included in the equation. These results will help improve the acoustic estimates of 
common kilka abundance. 

Clupeonella cultriventris, in situ target strength, biological factors, Caspian Sea 
 
 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʟʥʘʥʠʷ ʦ ʩʠʣʝ ʮʝʣʠ 

(TS) ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (Clupeonella cultriventris) ʠ ʦʙʝʩʧʝʯʠʪʴ 
ʤʦʜʝʣʴ ʩʠʣʳ ʮʝʣʠ ʵʪʦʛʦ ʚʠʜʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ 
(ʜʣʠʥʘ, ʚʝʩ, ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʠʪʘʥ-
ʥʦʩʪʠ). ʇʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʠʣʫ ʮʝʣʠ ʨʳʙʳ 
ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʙʠʦʤʘʩʩʳ ʠ 
ʯʠʩʣʝʥʥʦʩʪʠ ʨʳʙ. In situ ʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʣʘ ʮʝʣʠ ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʳʣʘ ʩʦʙ-
ʨʘʥʘ ʚ ʪʝʯʝʥʠʝ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ (ʬʝʚʨʘʣʴ-ʤʘʨʪ) 1997 ʛ. ʚ ʠʨʘʥʩʢʠʭ ʚʦʜʘʭ ʂʘʩʧʠʡʩ-
ʢʦʛʦ ʤʦʨʷ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʵʭʦʣʦʪʘ EK500 (ʚʠʙʨʘʪʦʨ ʩ 
ʨʘʩʱʝʧʣʝʥʥʳʤ ʣʫʯʦʤ, ʯʘʩʪʦʪʘ 38 ʢɻʮ). ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 
ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʨʝʜʥʠʭ ʦʮʝʥʢʘʭ TS ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (4,5 ʜɹ), 
ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʚ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʨʳʙʳ ʚ ʟʦʥʘʭ ʦʪʙʦʨʘ ʧʨʦʙ                 
(0,6 ʩʤ). ʕʪʘ ʠʟʤʝʥʯʠʚʦʩʪʴ TS ʦʩʦʙʝʡ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʥʝ ʩʚʷʟʘʥʘ ʩ ʠʭ ʨʘʟʤʝ-
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http://www.multitran.ru/c/m.exe?t=1147725_2_1&s1=condition%20factor
http://www.multitran.ru/c/m.exe?t=1147725_2_1&s1=condition%20factor
http://www.multitran.ru/c/m.exe?t=5588888_2_1&s1=common%20kilka
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ʨʦʤ, ʪʘʢ ʢʘʢ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ) 
ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ TS ʠ ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ. 
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ TS ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʥʦʚʳʝ  
TS-L ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 38 ʢɻʮ ʜʣʷ ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ. ʄʦʜʝʣʴ TS ʙʳʣʘ 
ʦʮʝʥʝʥʘ ʢʘʢ ὝὛ ςπÌÏÇὒ φχȢς ʜʣʷ ʦʙʳʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʠʣʦʡ ʮʝʣʠ ʠ 
ʜʣʠʥʦʡ, ʥʦ ὝὛ ςπÌÏÇὒ πȢπφχὓὊ φτȟρ, ʢʦʛʜʘ ʵʬʬʝʢʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨ-
ʞʘʥʠ̫ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ (MF,%) ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʫʨʘʚʥʝʥʠʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 
ʧʦʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ. 

Clupeonella cultriventris, ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʲʝʤʢʠ, ʩʠʣʘ ʮʝʣʠ in situ, ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ 

 

 

INTRODUCTION 

For many fisheries hydroacoustic applications, it is desirable to accurately 

estimate the size of individual fish detected acoustically [1]. Acoustic surveys often rely 

on a measure of total backscattering from the surveyed fish (echo integration [EI]) in 

assessing fish populations. The target strength (TS) is the log10 value in decibels (dB) 

of an individual backscattering cross-sectional area [2]. Absolute fish abundance can be 

calculated from EI if TS is known. When interpreting results from an acoustic survey of 

fish, it is important to recognize the stochastic nature of the TS [3] and its possible 

dependence on many factors. It has been known that TS is influenced significantly by 

fish length, fish orientation, and acoustic frequency, feeding state and gonad 

development, depth (for fish with swimbledder), fat content, and physical environment 

[3-6]. Despite the importance of TS value in fisheries hydroacoustics, very few 

measurements on target strength have been made for three species kilka of the Caspian 

Sea.  

Common kilka (Clupeonella cultriventris) is a small pelagic fish of 

the herring family, Clupeidae. It is found in the Black Sea, Caspian Sea and Sea of 

Azov and rivers of its basins. This fish, along with two other kilka species anchovy 

kilka (Clupeonella grimmi), and bigeye kilka (Clupeonella grimmi), is considered an 

important component in the Caspian ecosystem being the food source of fish especially 

sturgeon species and Caspian seal [7] as well  as a target for local fisheries. In the 

Caspian Sea ecosystem, common kilka inhabits in the coastal zone with depth less than 

70 m and its high density was observed in depths less than 50 m [8]. This euryhaline 

species [9] spends a wintering period in southern Caspian and afterwards, mainly has a 

northward spring migration for spawning [8].  

The annual catches of common kilka increased from about 3075 t in 1995 to 

13015 t in 1999, and then dropped to less than 5000 t in 2001. From 2002 onwards, the 

relative catch of anchovy and big-eye kilka collapsed, and their levels reached to 1.8 

and 1.2 %, respectively, in 2009. However, the catch rate of the common kilka was 

recorded as 24400 t in 2009 (comprising 97% of total catches) [10]. 

With decreasing of catches and changing of catch composition of three species 

kilka in the recent years, there is a demand for fishery-independent data (acoustic 

surveys) to support kilka abundance estimation and management. However, one of the 

major problems regarding the estimates of acoustically derived abundance and biomass 

is the knowledge of target strength (TS) of a target fish species in the study area. At pre-

sent, this problem remains unresolved for clupeids species of the Caspian Sea. 

http://www.multitran.ru/c/m.exe?t=3476133_2_1&s1=correlation
http://www.multitran.ru/c/m.exe?t=2166341_2_1&s1=percentage%20of%20ash
http://www.multitran.ru/c/m.exe?t=5588888_2_1&s1=common%20kilka
http://www.multitran.ru/c/m.exe?t=2166341_2_1&s1=percentage%20of%20ash
http://www.multitran.ru/c/m.exe?t=2166341_2_1&s1=percentage%20of%20ash
http://www.multitran.ru/c/m.exe?t=5588888_2_1&s1=common%20kilka
https://en.wikipedia.org/wiki/Fish
https://en.wikipedia.org/wiki/Herring
https://en.wikipedia.org/wiki/Clupeidae
https://en.wikipedia.org/wiki/Black_Sea
https://en.wikipedia.org/wiki/Sea_of_Azov
https://en.wikipedia.org/wiki/Sea_of_Azov
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The purpose of the present study is to estimate the target strength for common 

kilka using data obtained from the acoustic surveys carried out in winter 1997 and to 

pay special attention to analyze variations in TS values in relation to fish biological 

characteristics (length, weight, percentage of maturing females, and the condition 

factor), and depth of the fish distribution. 

 

MATERIALS AND METHODS 

The data used in this study were made on board the RV ñGuilanò, a 29.5-m stern 

trawler designed for trawl-acoustic surveys. Data were collected during winter 

(February- March) season in 1997 in the Iranian waters of the Caspian Sea. During 

survey, the expected areas were covered by a network of parallel (in deep waters) or 

zigzag (in shallow waters) transects adapted to the topography. 

The Simrad EK500 scientific echo sounder was run continuously during 

surveys, so acoustic data were available for each trawl station. The echosounder was 

calibrated using a standard copper sphere at the start of survey [11-12]. Relevant 

instrument settings are listed in Table 1. 

 

Table 1. Simrad EK500 echosounder parameters and settings for common kilka TS 

measurements 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʠ ʥʘʩʪʨʦʡʢʠ ʵʭʦʣʦʪʘ Simrad EK500 ʜʣʷ ʠʟʤʝʨʝʥʠʡ TS 

ʢʠʣʴʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ 

Echosounder parameter Value Unit 

Frequency 38 kHz 

Transducer model Simrad split-beam ES38B  

Pulse duration 1.0 ms 

Maximum power 2000 W 

Bandwidth 3.8 kHz 

Beam width - 3 dB power 7.2 degree 

Absorption coefficient  4 dB km
-1 

Angle sensitivity 21.9  

Pulse interval auto-calibration S 

TS threshold -70 dB 

TS transducer gain 26.6 dB 

SV transducer gain 26.9 dB 

TS of sphere -33.6 dB 

Alongship offset angle 0.15 degree 

Athwardship offset angle -0.02 degree 

 

Fish were collected by midwater trawl (stretched-mesh size of 250 mm in the 

forward sections and 8 mm in the codend) concurrent with target strength 

measurements. The trawl was towed at a speed of about 2.5 knots. The haul duration 

varied from 30-60 minutes, depending on the fish density. The trawl had a mouth height 

of ~ 24 m during trawling.  

A random sample of about 3 kg fish was taken from each trawl catch and sorted 

to estimate the species composition. For common kilka, about 200 individuals caught 

were sorted into 0.5-cm fork length groups, and the number of fish in each 0.5-cm group 
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was counted to calculate the mean length of the fish. Then, the mean weight for each 

length group was calculated. 

In this study, the maturity stage for female fish was determined using the six-

degree macroscopic maturity. Fultonôs condition factor (CF) [13] was calculated from: 

  

ὅὊ ρππȟ                                                                               (1) 

where CF is Fultonôs condition factor, W the body weight of the fish (g), and FL 

the fork length (cm).  

For those trawl stations where the number of by-catch species contributed >15% 

by number in catch or if fish length or TS values exhibited a bimodal distribution were 

not used in this study.   

In our study, fish fork lengths (FL) were recorded. However, for comparison 

with other published TS results as a function of length, values of FL were converted to 

total length (TL) in centimeter, using the following regression: 

Ὕὒ πȢπρρφρȢρρπρὊὒȢ                                                               (2) 

The regression between TS and fish length was estimated as the widely used 

model:  

43 ςπÌÏÇὝ, Â ȟ                                                                   (3) 

where TL denotes the total length of the common kilka in centimeter and ὦ  the 

intercept term b with the slope term preset to ñ20ò. 

Then, the general linear regression was utilized in an attempt to explain 

variations in TS or ὦ  using predictor variables: length, weight, percentage of maturing 

females, condition factor, and depth of the fish distribution.  

The mean TS for each sample was calculated from the equivalent linear values, 

the acoustic backscattering cross-section (ůbs in m
2
) [6]. The results were then 

reconverted into the logarithmic from (TS) with: 

 TS = 10 log10(ůbs).                                                                                   (4) 

 

RESULTS 

The assumptions concerning dominance of only one species in each individual 

catch strongly limited the number of data taken into further analysis. Of 78 collections, 

only 3 were considered appropriate for TS estimation of common kilka. Table 2 shows 

the basic statistics of the collections of material included in determining common Kilka 

target strength. In this study, the mean lengths varied within very narrow limits, with 

mean fork length ranging from 9.4 to 10 cm. The size distributions of common kilka in 

the 3 samples suitable for TS analysis were unimodal. The state of maturity of the 

common kilka was variable from immature to stage IV of maturity in the three samples. 

However, the gonads of most fish were in maturity stages 2-3. The mean Fultonôs 

condition factor for species was in the range 0.786-0.829 (with a mean of 0.810 from 

combined data). 

The mean TS value of the common kilka ranged from -43.7 to -48.2 dB (with a 

mean of -46.0 from combined data).  

The relationship between TS and total length in the conventional form (Equation 2) 

was estimated to be: 

ὝὛ ςπὰέὫὝὒφχȢςȢ                                                                  (5) 
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Table 2. Summary statistics of in situ target strength and the trawl catch data 

ʊʘʙʣʠʮʘ 2. ʉʚʦʜʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʜʘʥʥʳʭ ʩʠʣʳ ʮʝʣʠ in situ ʠ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ 

Sample Date Time 
Collection 

depth (m) 

Mean 

length 

(FL, cm) 

C. cul-

triventris 

(% numbers) 

Mean 

TS 

(dB) 

1 97/02/17 13:56 ï 14:56 31 9.8 88 -47.7 

2 97/03/06 16:29 ï 17:29 41 10 90 -48.2 

3 97/03/06 20:58 ï 21:28 31 9.4 87 -43.7 

 

Of all factors considered, only the percentage of mature females had a signify-

cant effect on TS or ὦ and a decreasing trend of TS or ὦ with increasing the number 

of maturing females was clearly demonstrated. This trend was illustrated by Figure 1, 

where a shift of the mean TS or ὦ towards lower TS or ὦ with increasing the number 

of maturing females is evident. The equations to describe the dependency are: 

ὝὛ πȢπυψϷὓὊ τψȢχσȟ                                                                 (6) 

ὦ πȢπφυϷὓὊ φωȢπψȢ                                                                (7) 

The coefficient of determination (r
2
) of the regression was 0.99, i.e. 99 % of the 

variation of the TS of anchovy can be explained by the effect of maturing females. 

There was no significant linear relationship between TS and other variables in 

common kilka (P>0.05). However, there was a negative trend between TS and length, 

and between TS and weight. The negative effect of weight and length on TS could be 

due to different percentages of mature females in samples. It is assumed that ovary 

decreases swimbladder volume, which gave the less target strength. 

The final TS model was obtained then substituting equation 7 into equation 2: 

ὝὛ ςπὰέὫὝὒπȢπφχϷὓὊ φτȢρȢ                                                (8) 

 

  

a) b) 

Fig. The dependence of target strength (TS) (a) and the coefficient ὦ  (b) 

on the percentage of females of anchovy kilka in the catch 

ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʮʝʣʠ (TS) (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ὦ  (b) ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʘʤʦʢ ʙʦʣʴʰʝʛʣʘʟʦʡ ʢʠʣʴʢʠ ʚ ʫʣʦʚʝ 
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DISCUSSION 

Abundance indices based on the data of acoustic surveys are the most important 

information to assess stock status and spatial distribution of fish. The accuracy of the 

acoustical estimates depends on the knowledge of fish target strength (TS). Few at-

tempts, however, have been made to assess the TS of three species of kilka (Clupeonella 

spp.) in the Caspian Sea. 

The fitted TS-to-length relationship for common kilka, in the standard form, 

based on in situ TS measurements at 38 kHz in the southern Caspian Sea from this 

study suggested the value ὦ  of this species is 3.6 dB lower than that found during in 

situ TS measurements in a previous study with three observations (ὝὛ ςπὰέὫὒ
χπȢψ) [14]. We conclude that the difference between TSïlength relationships (in the 

standard form) for common kilka can be partly attributed to differences in data 

interpretation and methodology because the mean calculated in linear space is greater 

than the mean calculated in logarithmic space or the mode of the TS distribution. 

To our knowledge, there are no studies on the factors affecting target strength of 

coomon kilka. Although the range of mean fish lengths for this study was low (9.4 to 

10.0 cm), but we found that the TS can differ near for fish having the same values of the 

mean length. The difference of the mean TS was 4.5 dB in our investigation, despite a 

small range in the mean fish length (0.6 cm) at the sampling sites. A possible reason for 

this rather large variability in TS of common kilka could be due to different percentages 

of maturing females in samples. It is evident from our data (Fig.) that the percentage of 

maturing females has a significant effect on the acoustic-backscattering from this 

species. This indicated that the sexual dimorphism that exists between maturing females 

and males [15] may affect the acoustic properties of this species. Jßrgensen showed that 

the maturing females of capelin (Mallotus villosus) tended to have lower normalised TS 

(ὦ ) than spent females and maturing males [16]. Ona reported that the decreasing of 

~60% of swimbladder volume by gonad could reduce the target strength of the fish up 

to ~5 dB [5]. The results of our own investigations confirm previous conclusion that 

maturity stage, and sexual dimorphism may have important effects on swimbladder size, 

shape, and ultimately, TS, which may partly explain the rather large spread in the TS 

results for common kilka of nearly the same size. 

 

CONCLUSION 

Based on in situ TS measurements conducted from common kilka (1997), new 

TSïlength relationships are suggested. It was found that the target strength of common 

kilka depends not only on the size of the fish, but also its biological state, and, above all, 

on the sexual dimorphism (the percentage of mature females). Seasonal and spatial 

variability of this indicator can be a significant factor of uncertainty in the estimates of 

indices of abundance and biomass obtained from acoustic surveys. This fact must be 

taken into account when developing the methodology of data collection and processing 

of acoustic surveys in the Caspian Sea. The use of equation (8) is likely to result in 

improving common kilka biomass and abundance indices estimation.  
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UNIFIED ENVIRONMENTAL MONITORING OF A WATER BODY INTENDED 

TO BE USED IN THE SYSTEM OF NPP TECHNICAL WATER SUPPLY PRIOR 

TO INITIAL OPERATION, THE CASE OF THE BALTIC NPP 

 

E. V. Luneva 

 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ɸʕʉ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ. ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 

ɸʕʉ ʜʦ ʚʚʦʜʘ ʝʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʥʘ ʧʨʠʤʝʨʝ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʮʝʥʢʫ ʚʦʜʦʝʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʦʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʜʦʣʞʥʳ ʩʪʘʪʴ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ; ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; ʠʟʤʝʨʝʥʠʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ; ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ; ʩʦʩʪʘʚʣʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ; ʚʳʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʪʘʪʫʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʜʦʝʤʘ 

ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʠʟʫʯʝʥʥʦʩʪʠ. ʊʘʢ, ʚ ʧʨʦʛʨʘʤʤʫ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʘʩʩʦʚʳʤʠ ʚʠʜʘʤʠ ʚ ʜʘʥʥʦʡ 

ʵʢʦʩʠʩʪʝʤʝ; ʨʝʜʢʠʤʠ ʚʠʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʥʝʩʝʥʥʳʤʠ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʦʙʣʘʩʪʠ 

ʠ ʈʦʩʩʠʠ; ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʤʠ ʚʠʜʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʧʨʦʤʳʩʣʦʚʦʤ 

ʨʳʙʦʣʦʚʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʙʨʦʩʥʳʭ ʚʦʜ ɹʘʣʪʠʡʩʢʦʡ 

ɸʕʉ ʥʘ ʙʠʦʪʫ ʨ. ʅʝʤʘʥ ʥʘ ʩʪʘʜʠʠ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. 

ɸʕʉ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʝʩʪʝʩʪʚʝʥʥʳʡ ʬʦʥ, ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥ-

ʥʘʷ ʩʠʩʪʝʤʘ, ʚʦʜʦʝʤ-ʦʭʣʘʜʠʪʝʣʴ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, 

ɹʘʣʪʠʡʩʢʘʷ ɸʕʉ 

 

The article is concerned with the analysis of approaches to the environmental 

monitoring of natural and artificial water bodies used in a technological cycle of nuclear 
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power plants. It has been proved that there is no a single comprehensive approach in 

conducting research. We proposed a structure for the unified program of environmental 

monitoring of a water body intended to be used in the systems of water supply of 

nuclear power plants prior to initial operation, using the example of the Baltic NPP. The 

main areas in the implementation of supervisory works should be a preliminary survey 

to determine the main components of the environment that require monitoring; 

definition of the system of observable parameters; measurement of background values; 

monitoring and modeling of the environmental situation; short-term and long-term 

forecasting, providing recommendations and elaboration of measures to minimize 

negative impact. A status of the observed water body and exploration degree should 

play a decisive role in formation of the program for complex observations. Thus, the 

program for the Baltic NPP included additional ichthyological observations over: 

dominant species that play an important role in this ecosystem; rare species, including 

those listed in the Red Book of the Russian Federation and the region; economically 

valuable species used in commercial fisheries. The results obtained in this research are 

used in the development of environmental actions and justification of engineering 

designs aimed at minimization of the impact of waste water of the Baltic NPP on the 

biota of the Neman River at the stage of its design and construction. 

NPP, environmental monitoring, natural background, natural and technogenic 

system, cooling pond, a unified program of environmental monitoring of natural water 

bodies, the Baltic NPP 

 

 

ɺɺɽɼɽʅʀɽ 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪ-

ʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʮʝʣʴʶ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɸʕʉ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ: 

- ʩʪʨʦʛʦʛʦ ʩʣʝʜʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ;  

- ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ, ʯʝʪʢʦʩʪʠ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʧʝʨʩʦʥʘʣʘ; 

- ʚʦʩʧʠʪʘʥʠʷ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ɸʕʉ ʧʨʠʥʮʠʧʘʤ ʢʫʣʴʪʫʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ;  

- ʦʪʢʨʳʪʦʛʦ ʜʠʘʣʦʛʘ ʩ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʨʛʘʥʠʟʫʝʤʳʭ ʥʘ ɸʕʉ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ.  

ʆʙʷʟʘʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ɸʕʉ ʟʘʢʨʝʧʣʝ-

ʥʘ ʚ ʨʷʜʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʉʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ ʦʧʠʩʘʥʘ ʦʪʨʘʩʣʝʚʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘ-

ʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. ʂʘʞʜʘʷ ɸʕʉ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʠʤʠ, ʨʘʟʨʘ-

ʙʘʪʳʚʘʝʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʫʯʝʪʦʤ ʝʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ, ʤʝʩʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʜʣʷ ʩʪʨʦʷʱʝʡʩʷ ɹʘʣʪʠʡ-

ʩʢʦʡ ɸʕʉ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 
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1) ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ɸʕʉ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʛʨʘʥʠʯʥʦʡ ʩ ʃʠʪʦʚʩʢʦʡ ʈʝʩ-

ʧʫʙʣʠʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʨʘ-

ʥʠʯʠʪ ʩ ʈʝʩʧʫʙʣʠʢʦʡ ʇʦʣʴʰʝʡ [1]; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ɸʕʉ ʚʦʜʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦ-

ʝʤʘ ʚʳʩʰʝʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʘʪʝʛʦʨʠʠ, ʠʤʝʶʱʝʛʦ ʙʦʣʴʰʦʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ, ï ʨ. ʅʝʤʘʥ [2]; 

3) ʙʠʦʨʝʩʫʨʩʳ ʨ. ʅʝʤʘʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʤʷ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ï ʃʠʪʦʚʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʦʡ, ʈʝʩʧʫʙʣʠʢʦʡ ɹʝʣʘʨʫʩʴ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ [3]. 

ɺʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ɸʕʉ ʫʜʝʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩʪʨʦʷʱʠʭʩʷ 

ɸʕʉ ʧʨʦʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʬʦʨʤʘʣʴʥʦ, ʚ ʨʘʤʢʘʭ ʠʥʞʝʥʝʨʥʳʭ 

ʠʟʳʩʢʘʥʠʡ. ʕʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʝʜʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ɸʕʉ ʜʦ ʚʚʦʜʘ ʝʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʨ. ʅʝʤʘʥ ʜʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʕʉ ʥʘ ʧʨʠʤʝʨʝ ɹʘʣʪʠʡʩʢʦʡ 

ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 
 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʦʪʯʝʪʳ ʧʦ ʠʥʞʝʥʝʨʥʳʤ 

ʠʟʳʩʢʘʥʠʷʤ ʩʪʨʦʷʱʠʭʩʷ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ɸʕʉ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʥʳʝ ʜʘʥʥʳʝ 

ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʦʜʭʦʜ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚ ʮʠʢʣʝ ʦʙʦʨʦʪʥʦʛʦ ʪʝʭʚʦʜʦʩʥʘʙʞʝʥʠʷ ɸʕʉ ï ʩʪʨʦʷʱʠʭʩʷ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ, ʂʫʨʩʢʦʡ 

ɸʕʉ-2, ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ ɸʕʉ-2. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʦʨʫʞʝʥʠʝ ʂʫʨʩʢʦʡ ʠ ʅʦʚʦʚʦʨʦ-

ʥʝʞʩʢʦʡ ɸʕʉ ʚʝʜʝʪʩʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʥʘ ʪʝʭ ʞʝ ʧʣʦʱʘʜʢʘʭ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙ-

ʣʠʟʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʫʞʙʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ. 

ɺ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠʤʝʶʱʘʷʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʧʨʦʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʥʘʩʝʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʈʌ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʦʝʤʦʚ-ʦʭʣʘ-

ʜʠʪʝʣʝʡ ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ (ʂʫʨʩʢʦʡ, ɹʘʣʘʢʦʚʩʢʦʡ, ʉʤʦʣʝʥʩʢʦʡ, ʈʦʩʪʦʚʩʢʦʡ, 

ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʢʦʩʠʩʪʝʤ ʚʦʜʦʝʤʦʚ ʥʝʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʦʝʤʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ. ʏʘʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʠʟʫʯʝʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʝʤʘ ʠʣʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩ-

ʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʪʦ ʥʝ ʜʘʝʪ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʩʦʟʜʘʥʥʦʛʦ ʚʦʜʦʝʤʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ ɸʕʉ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʢʦʤʦʥʠʪʦʨʠʥʛ ʚʦʜʦʝʤʘ-

ʦʭʣʘʜʠʪʝʣʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʥʘʧʦʣʥʝʥʠʷ, ʩ ʧʫʩʢʦʤ ʵʥʝʨʛʦʙʣʦʢʘ. ɽʩʪʝʩʪʚʝʥ-

ʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ɸʕʉ, 

ʪʨʝʙʫʶʪ ʠʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʜʦ 

ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ. 
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ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʦʣʞ-

ʥʳ ʩʪʘʪʴ: 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ,  

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ,  

- ʠʟʤʝʨʝʥʠʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ; 

- ʦʪʩʣʝʞʠʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, 

- ʩʦʩʪʘʚʣʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʚʳʜʘʯʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɹʘʣʪʠʡʩʢʘʷ ɸʕʉ ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ɸʕʉ ʈʦʩʩʠʠ, 

ʩʦʦʨʫʞʘʝʤʘʷ ʥʘ ʥʦʚʦʡ ʧʣʦʱʘʜʢʝ. ɽʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʤʦʥʠʪʦʨʠʥʛʘ ʩ çʥʫʣʷè, ʥʦ ʠ ʩʪʘʚʠʪ ʧʝʨʚʦʩʪʝʧʝʥʥʳʝ 

ʚʦʧʨʦʩʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʮʝʥʢʠ ʥʘʤʝʯʘʝʤʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʥʘʩʝʣʝʥʠʝ ʚ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ɸʕʉ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʜʣʷ ʦʪʚʦʜʘ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʧʣʘ ʠʟ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʦʥʪʫʨʘ ʨʝʘʢʪʦʨʘ ʠ ʧʦʜ-

ʧʠʪʢʠ ʘʛʨʝʛʘʪʦʚ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʦʦʨʫʞʘʶʪʩʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʫ ʚʦʜʦʝʤ - ɸʕʉ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʦʡ ʩʠʩʪʝʤʦʡ (ʇʊʉ) ʩ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʇʊʉ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ɸʕʉ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʝ-

ʤʘ, ʘ ʨʘʙʦʪʘ ʩʪʘʥʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʪʦʡ ʵʢʦʩʠʩʪʝʤʳ [4-6]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʥʩʪʨʫ-

ʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʚʷʟʴ ʩ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʫʯʝʪʘ ʤʥʦʛʠʭ ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʥʝ ʪʦʣʴʢʦ ʥʝ ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʟʜʦʨʦ-

ʚʴʝ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʨʫ-

ʰʘʶʱʠʭ ʠʭ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ [7]. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʮʝʣʝʡ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʧʦʜʧʠʪʢʠ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ɸʕʉ ʚ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚʦʜʦʝʤʘ ʚʩʪʨʘʠʚʘʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʝʛʦ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʝʛʦ ʵʢʦʩʠʩʪʝʤʝ. ʉ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʕʉ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʦʜʦʝʤʦʤ ʩʠʩʪʝʤʘ ɸʕʉ ï ʝʩʪʝʩʪʚʝʥ-

ʥʳʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʇʊʉ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞ-

ʥʘ ʩʪʘʪʴ ʥʝ ʧʨʦʩʪʦ ʵʢʦʩʠʩʪʝʤʘ ʚʦʜʦʝʤʘ ʚ ʝʝ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ, ʘ ʥʝʯʪʦ 

ʙʦʣʴʰʝʝ ï ʩʠʩʪʝʤʘ, ʦʙʨʘʟʫʝʤʘʷ ʩʘʤʠʤ ʚʦʜʦʝʤʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʘʙʠʦʪʠʯʝʩʢʫʶ ʠ 

ʙʠʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʠ ɸʕʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ɸʕʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩʦ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʇʊʉ) 

Fig. 1. Diagram of the natural and technogenic system 

 

ʇʦʵʪʦʤʫ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɸʕʉ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʝʤʘ. ɺ 

ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʜʦʣʞʠʪʴ ʪʘʢʦʡ ʤʦʥʠʪʦʨʠʥʛ, 

ʜʦʙʘʚʠʚ ʚ ʥʝʛʦ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʩʠʩʪʝʤʳ. ʅʘʢʦʧʣʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʝʤʘ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʱʘʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ/ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʇʊʉ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʠʩʪʝʤʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʣʘʥʠʨʫʝʤʦʛʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ɸʕʉ, ï ʨ. ʅʝʤʘʥ. 

ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʦʨʠʪʝʪʥʳʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʬʦʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦʝʤʘ ʜʦ ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʕʉ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʪʦʯʥʠʪʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʦʝʤʘ, 

ʥʘʣʠʯʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʝʛʦ ʵʢʦʩʠʩʪʝʤʳ. 

2. ʆʨʛʘʥʠʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʆʥ 

ʩʪʘʥʝʪ ʙʘʟʦʡ ʜʣʷ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʠ ʧʦʟʚʦʣʠʪ ʦʪʩʣʝʞʠʚʘʪʴ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ. 

3. ʉʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʚ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ. 

4. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʪʫ ʚʦʜʦʝʤʘ.  

5. ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʯʝʪ ʧʨʘʚʠʣʴʥʦ 

ʚʳʩʪʨʦʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨ. ʅʝʤʘʥ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʳʤ ʰʘʛʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦʝʤʘ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨ. ʅʝʤʘʥ, ʚʳʷʚʠʚʰʘʷ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʦʚʘʣʠ 

ʜʦʨʘʙʦʪʢʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ [8]: 

1. ʀʟʥʘʯʘʣʴʥʦ ʚʤʝʩʪʦ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚʳʧʫʩʢʘ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʝʠʚʘʶʱʠʡ ʚʳʧʫʩʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʝʩʷʪʠ 

ʩʪʨʫʝʥʘʧʨʘʚʣʷʶʱʠʭ ʥʘʩʘʜʦʢ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʫʩʣʝ ʨʝʢʠ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʙʨʦʩʥʳʭ ʚʦʜ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʨ. ʅʝʤʘʥ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʘʤ ʩʤʝʰʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʶ-

ʱʝʤʫ ʭʘʨʘʢʪʝʨʫ ʩʙʨʦʩʘ ʭʠʤʠʯʝʩʢʦʝ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʨʝʯʥʳʭ ʚʦʜ ʣʦ-

 

ɺʦʜʥʳʡ 

ʦʙʲʝʢʪ 

 

 

ɸʕʉ 
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ʢʘʣʠʟʫʝʪʩʷ ʚʙʣʠʟʠ ʚʦʜʦʚʳʧʫʩʢʘ ʠ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʥʠʞʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ (ʥʝʛʘʪʠʚʥʳʝ) 

ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʨʴʝʨʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʚʦʜʦʚʳʧʫʩʢʦʤ) 

[9]. ɺʳʧʦʣʥʝʥʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʦʮʝʥʢʠ ʫʱʝʨʙʘ ʚʦʜʥʳʤ ʙʠʦʨʝʩʫʨʩʘʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʳʙʥʳʤ ʟʘʧʘʩʘʤ ʨ. ʅʝʤʘʥ.  

2. ʆʩʥʘʱʝʥʠʝ ʨʳʙʦʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʢʦʚʰʘ ʟʘʧʘʥʴʶ ʥʘ 

ʚʭʦʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʫʱʝʨʙ ʦʪ ʧʦʧʘʜʘʥʠʷ ʤʦʣʦʜʠ ʨʳʙʳ ʚ ʚʦʜʦʟʘʙʦʨʥʳʡ 

ʢʦʚʰ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʧʘʥʠ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʥʘ ʩʣʝʜʫʶ-

ʱʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʚʢʣʶʯʝʥʘ ʚ ʩʦʩʪʘʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ. 

3. ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʨʘʟʙʘʚʣʝʥʠʷ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʦʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʳʭʦʜʝ ʚ ʨʝʢʫ. ʅʝʦʙʭʦʜʠʤʘ ʜʝʪʘʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʦʩʥʦʚʘʥʥʘʷ ʨʘʩʯʝʪʘʤʠ ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʚʦʜʦʟʘʙʦʨ, ʫʚʝʣʠʯʝʥʠʷ ʫʱʝʨʙʘ ʦʪ ʟʘʙʦʨʘ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʆʮʝʥʢʫ ʚʦʜʦʝʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘʛʣʷʜʥʦ ʵʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 2.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʦ 

ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʕʉ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʶʯʘʶʱʝʝ ʚ 

ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʘʥʥʳʭ: 

- ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ; 

- ʘʵʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ; 

- ʛʝʦʣʦʛʠʯʝʩʢʠʝ; 

- ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ; 

- ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ; 

- ʵʢʦʣʦʛʠʯʝʩʢʠʝ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ ʥʘ ʚʦʜʦʩʙʦʨʥʦʡ 

ʧʣʦʱʘʜʠ ʚ ʤʝʩʪʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ɸʕʉ. 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ɸʕʉ ʚ ʨʘʟʚʠʪʦʤ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʤ ʩʝʢʪʦʨʝ, ʫʞʝ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʘʥʪ-

ʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʘʢʠʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʇʊʉ, ʩʦʩ-

ʪʦʷʱʠʤʠ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʥʠʭ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʨʠʚʦʜʠʪ ʜʘʞʝ ʩʘʤʘʷ ʧʨʠʤʠʪʠʚʥʘʷ ʭʦʟʷʡ-

ʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɽʩʣʠ ʵʢʦʩʠʩʪʝʤʘ ʚʦʜʦʩʙʦʨʘ ʥʝ 

ʩʧʦʩʦʙʥʘ ʘʩʩʠʤʠʣʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʪʦ ʦʥʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʦʧʘ-

ʜʘʶʪ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ʀʥʪʝʥʩʠʚʥʘʷ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʚʦʜʦʩʙʦʨʝ, ʯʪʦ ʪʘʢʞʝ ʩʢʘʟʚrʘʝʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ [10]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ ʥʘ ʧʦʩʣʝʜʫ-

ʶʱʠʭ ʩʪʘʜʠʷʭ ʩʦʦʨʫʞʝʥʠʷ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʢʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʭ ʛʦʩʫʜʘʨʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠ-
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ʘʣʴʥʦ ʠʤʝʶʪ ʠʩʪʦʯʥʠʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʚʦʜʦʝʤʘ (ʥʘʩʝʣʝʥʥʳʝ 

ʧʫʥʢʪʳ, ʦʙʲʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ, ʨʝʢʨʝʘʮʠʦʥʥʳʝ 

ʦʙʲʝʢʪʳ), ʥʫʞʥʦ ʦʮʝʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ɸʕʉ, ʥʘ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʘʭ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʇɼʂ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʤʝʩʪʘ ʚʦʜʦʚʳʧʫʩʢʘ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ 

ʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

 

 

 

ʈʠʩ. 2. ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦʝʤʘ ʜʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʕʉ 

Fig. 2. Unified diagram of the environmental monitoring of a natural water 

body prior to the initial operation of NPP 

 

ʈʘʟʜʝʣʳ 1, 2 ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘ ʩʪʘʜʠʠ ʚʳʙʦʨʘ ʧʣʦʱʘʜʢʠ ʠ ʥʘʯʘʣʘ ʧʨʦ-

ʝʢʪʥʳʭ ʨʘʙʦʪ. ɼʘʣʝʝ, ʜʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɸʕʉ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʝʩʪʝ-

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʨʝʢʨʝʘʮʠʦʥʥʘʷ 

ʥʘʛʨʫʟʢʘ 
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ʩʪʚʝʥʥʳʡ ʬʦʥ ʚʦʜʦʝʤʘ. ɿʜʝʩʴ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʤʧʣʝʢʩ 

ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʫʜʝʪ ʙʘʟʦʡ ʜʣʷ ʵʢʦʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʮʠʠ. 

3. ɺʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʣʦʙʘʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ: 

- ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʳʧʘʜʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ; 

- ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʧʘʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, 

ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʦʪʦʨʳʭ ʫʩʠʣʠʚʘʝʪʩʷ ʧʦʜʦʛʨʝʚʦʤ ʚʦʜ ʠ ʜʨ.; 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʝʥʠʝ ʩʪʝʧʝʥʠ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʥʦ-

ʛʦ ʦʙʲʝʢʪʘ. 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠ-

ʤʘʥʠʝ. ʉʚʷʟʘʥʦ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʚʳʩʦʢʠʤ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʪʘʪʫʩʦʤ ʚʦʜʦ-

ʝʤʘ ʠ ʝʛʦ ʩʦʧʨʝʜʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʈʝʢʘ ʅʝʤʘʥ ʦʙʣʘʜʘʝʪ ʙʦʛʘʪʦʡ ʠʭʪʠʦʬʘʫ-

ʥʦʡ. ɿʜʝʩʴ ʦʙʠʪʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʩʝʜʣʳʭ, ʧʨʦʭʦʜʥʳʭ ʠ ʧʦʣʫʧʨʦʭʦʜʥʳʭ ʚʠʜʦʚ 

ʨʳʙ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʮʝʥʥʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʚʦʜʦʝʤʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ:  

- ʤʘʩʩʦʚʳʝ ʚʠʜʳ, ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʘʥʥʦʡ ʵʢʦʩʠʩʪʝʤʝ;  

- ʨʝʜʢʠʝ ʚʠʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʥʝʩʝʥʥʳʝ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʦʙʣʘʩʪʠ ʠ ʈʦʩʩʠʠ;  

- ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʝ ʚʠʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʨʳʙʦʣʦʚʩʪʚʝ. 

ʇʨʦʤʳʩʣʦʚʦʝ ʨʳʙʦʣʦʚʩʪʚʦ ʥʘ ʨ. ʅʝʤʘʥʝ ʚʝʜʫʪ ʥʝ ʪʦʣʴʢʦ ʨʦʩʩʠʡʩʢʠʝ ʨʳʙʘʢʠ, 

ʥʦ ʠ ʣʠʪʦʚʩʢʠʝ. ʆʜʥʠʤ ʠʟ ʮʝʥʥʳʭ ʚʠʜʦʚ, ʜʦʙʳʚʘʝʤʳʭ ʜʚʫʤʷ ʩʪʨʘʥʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʢʦʨʶʰʢʘ, ʢʦʪʦʨʘʷ ʟʘʭʦʜʠʪ ʥʘ ʥʝʨʝʩʪ ʚ ʵʪʫ ʨʝʢʫ ʨʘʥʥʝʡ ʚʝʩʥʦʡ [11]. ʅʘʯʠʥʘʷ ʩ 2011 ʛ. 

ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʤʦʥʠʪʦʨʠʥʛ ʥʝʨʝʩʪʦʚʦʛʦ ʭʦʜʘ ʢʦʨʶʰʢʠ ʚ ʨ. ʅʝʤʘʥ ʚ ʟʦʥʝ 

ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ (ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʩ 

ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʫʱʝʨʙʘ ʨʳʙʥʳʤ ʟʘʧʘʩʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʝʨʝʩʪʦʚʦʡ ʤʠʛʨʘʮʠʠ ʢʦʨʶʰʢʠ ʚ 2011-2014 ʛʛ. ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʧʦʜʦʡʪʠ ʢ 

ʦʮʝʥʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʱʝʨʙʘ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʨʳʙ ʧʨʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʦ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʝʨʝʩʪʦʚʦʡ ʤʠʛʨʘʮʠʠ ʢʦʨʶʰʢʠ ʚʩʝ ʝʱʝ 

ʩʣʘʙʦ ʦʙʦʩʥʦʚʘʥʳ, ʧʦʣʫʯʝʥʠʝ ʞʝ ʢʦʨʨʝʢʪʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʨʘʙʦʪ ʜʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ. 

ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʦʝ, ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʙʫʜʝʪ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʚ ʧʝʨʠʦʜ ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ, ʩ ʤʦʤʝʥʪʘ ʚʳʙʦʨʘ ʧʣʦʱʘʜʢʠ 

ʧʦʜ ʝʝ ʨʘʟʤʝʱʝʥʠʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʝ-

ʤʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ɸʕʉ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʪʴ ʤʝʨʦʧʨʠ-

ʷʪʠʷ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʣʠʮʝʥʟʠʠ ʥʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ. ʆʩʥʦʚʥʳʝ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1) ʧʦ ʫʪʦʯʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʷ ʚʩʝ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʳ;  
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2) ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ - ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʦʚʴʷʭ ʚʦʜʦʪʦʢʘ: 

- ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ; 

- ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ; 

- ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ; 

- ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ; 

- ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ; 

3) ʧʦ ʚʳʷʚʣʝʥʠʶ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʣʦʙʘʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʳʧʘʜʝ-

ʥʠʷʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ; ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʧʘʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, 

ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʦʪʦʨʳʭ ʫʩʠʣʠʚʘʝʪʩʷ ʧʦʜʦʛʨʝʚʦʤ ʚʦʜ; 

4) ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʚʳʨʘʞʝʥʥʳʝ ʪʝʩʪ-ʨʝʘʢʮʠʠ 

ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʦʢʩʠʢʘʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ɸʕʉ; 

5) ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʧʦʩʦʙʥʳʭ ʧʦʚʣʠʷʪʴ 

ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʙʨʦʩʥʳʭ ʚʦʜ ʥʘ ʙʠʦʪʫ ʨ. ʅʝʤʘʥ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ɹʘʣʪʠʡʩʢʦʡ ɸʕʉ. 
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THE EFFECTS OF WATER SALINITY CHANGES ON Cl
-
, Na

+
AND GLUCOSE  

IN THE BLOOD PLASMA OF SPARIDENTEX HASTA 

 

O. Ya. Mezenova, S. Keshtkar, E. Romiani, M. Zarei 

 

ɺʃʀʗʅʀɽ ʀɿʄɽʅɽʅʀʁ ʉʆʃɽʅʆʉʊʀ ɺʆɼʓ ʅɸ ʉʆɼɽʈɾɸʅʀɽ Cl
-
, Na

+
 

ʀ ɻʃʖʂʆɿʓ ɺ ʇʃɸɿʄɽ ʂʈʆɺʀ ʄʆʈʉʂʆɻʆ ʆʂʋʅʗ (SPARIDENTEX HASTA) 

 

ʆ. ʗ. ʄʝʟʝʥʦʚʘ, ʉ. ʂʝʰʪʢʘʨ, ɽ. ʈʦʤʠʘʥʡ, ʄ. ɿʘʨʝʡ 

 

 

The blood markers are widely used as good indicators for fixing internal changes 

in the body of any living organism. In order to determine the responses of Sparidentex 

hasta to hypersaline and oligohaline water, we studied short term and long term 

exposure to different salinities. Obtained results suggest that the Sparidentex hasta is 

capable of tolerating direct exposure to salinities from 5 to 60ă without showing 

mortalities. We studied the content of Cl
-
, Na

+
 and Glucose in fish under experiment. 

The amount of Cl
- 
in 5ă samples at 12h and 24h was lower than in the control group at 

the same times. The content of sodium of 5ă in the experimental group was 

significantly lower than in the control group at 12h. The amount of Glucose at 12h had 

significant difference in comparison with 6h and 24h in 5ă (P<0.05). But there was no 

significant difference in the amount between plasma Cl
-
, Na

+
, and Glucose samples of 

the experimental groups at the end of the experiment. The results indicate that although 

changes in environmental salinity cause variation in the inner electrolyte of body of the 

Sparidentex hasta, these species have enormous power to restore electrolyte balance in 

their own bodies to the normal situation after a few days. 

salinity, Glucose, Chloride, Sodium, Sparidentex hasta 
 

 

ʇʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʨʢʝʨʦʚ 

ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢʘʢ ʩʣʝʜʩʪʚʠʷ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʧʝʨ- ʠ ʤʘʣʦʩʦʣʝʥʦʡ ʚʦʜʳ ʥʘ ʦʢʫʥʝʚʳʭ ʨʳʙ 

Sparidentex hasta ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʨʝʘʢʮʠʠ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʢʨʦʚʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʢʫʥʴ Sparidentex hasta ʩʧʦʩʦʙʝʥ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʦʪ 5 ʜʦ 60ă ʙʝʟ 

ʣʝʪʘʣʴʥʦʛʦ ʠʩʭʦʜʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʨʳʙ ʠʦʥʦʚ Cl
-
, Na

+
 ʠ ʛʣʶʢʦʟʳ. ʉʦʜʝʨʞʘʥʠʝ Cl

-
-ʠʦʥʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ ʩ ʩʦʣʝʥʦʩʪʴʶ 5ă ʚ ʪʝʯʝʥʠʝ 12 ʠ 24 ʯ, ʙʳʣʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʟʘ ʪʝ ʞʝ ʩʘʤʳʝ ʧʝʨʠʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ Na
+
-ʠʦʥʘ ʚ ʵʪʠʭ 

ʞʝ ʦʧʳʪʥʳʭ ʨʳʙʘʭ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

12 ʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʂʦʣʠʯʝʩʪʚʦ Na
+ 
ʠ

 
ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ 

ʦʙʨʘʟʮʦʚ 12-ʯʘʩʦʚʦʡ ʚʳʜʝʨʞʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʙ, 

ʚʳʜʝʨʞʘʥʥʳʭ 6 ʠ 24 ʯ ʚ ʚʦʜʝ ʩ ʩʦʣʝʥʦʩʪʴʶ 5ă (ʥʘʜʝʞʥʦʩʪʴ ʚʳʚʦʜʘ P<0,05). ʅʝ 
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ʫʩʪʘʥʦʚʣʝʥʦ ʥʠʢʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ Cl
-
, Na

+
 ʠ ʛʣʶʢʦʟʳ ʚ 

ʧʣʘʟʤʝ ʢʨʦʚʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ  ʤʦʨʩʢʦʡ ʦʢʫʥʴ Sparidentex hasta ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʢʨʦʚʠ ʠ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʙʘʣʘʥʩ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʠʭ ʟʘʱʠʪʥʳʭ ʩʠʣʘʭ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʳʙ 

ʦʪ ʚʥʝʰʥʠʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʧʠʱʝʚʳʝ ʮʝʣʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʡʦʥʘ ʦʙʠʪʘʥʠʷ.  

ʩʦʣʝʥʦʩʪʴ, ʛʣʶʢʦʟʘ, ʭʣʦʨʠʜ, ʥʘʪʨʠʡ, ʤʦʨʩʢʦʡ ʦʢʫʥʴ Sparidentex hasta 
 
 

INTRODUCTION 
 

Salinity is one of the main constraints for agricultural productivity affecting almost 
80 million hectares of arable lands worldwide (20% of arable and 50% of irrigated 
lands) in the arid and coastal regions. Salt stress is induced by a wide range of dissolved 
salts, but NaCl is the most widespread one which explains the intensive investigations 
carried out. To enhance understanding of the mechanisms of tolerance in high salinity 
and low salinity conditions, several studies have been performed during the last years, 
worldwide. Salinity of water resources is considered as a limiting factor to the 
expansion of aquaculture and food industries, this limiting factor prevented lots of 
people around the world from fresh marine foods, especialy in this time that we know 
how many marine products and their proteins, are essential for human health. This has 
been a frequent reason for researchers to find new ways, instrument or species to inc-
rease the accessibility for marine products, even in areas far from marine water. Marine 
fishes are capable of maintaining constant internal ionic concentrations relative to exter-
nal or environmental ionic concentrations and maintain homeostasis in a specific range 
[1, 2]. But this tolerance often is limited to a salinity level about the marine salinity. 

In teleost fish, osmoregolation is the result of integrated activities of the gills, 
kidneys and intestine [3]. And fish exposed to changes in osmolality in water, regulate 
their body fluid osmolality by controlling ion concentration and water content by 
charging drinking rate and level of different hormones as well as maintaining 
osmoregulatory surfaces [1, 4]. MRCs (Mitochondria Rich Cell) are most important 
cells in osmoregulation system of fishes. these cells in teleosts are round or ovoid and 
are characteristically very different from normal epithelial cells. The MRCs are 
equipped with many mitochondria and an extensive intracytoplasmic membranous 
tubular system which is an expansion of their basolateral plasma membrane and is the 
site of expression for the active transport enzyme Na

+
/K

+
-ATPase showing their high 

ability in active transport of ions. The apical surface of MR cells is exposed to the 
ambient environment. Three types of stress indicators can be detected in fishes: release 
of corticosteroid hormones (e.g. cortisol) into blood circulation [5], changes in 
hematological parameters [6], and the whole animal performance like growth and 
survival rates [7]. Hormonal and blood parameters have frequently been used as 
indicators of stress in fishes [8, 9]. The specific fish species that is used in this study is a 
tropical one, which is more presented in Persian Gulf (salinity å40 ppt.)  
 

MATERIALS AND METHODS 
Fish and acclimation period: ñSparidentex hastaòs  required for this study were 

obtained from the Imam Khomeini Mariculture Research Station located in the North of the 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

41 

Persian Gulf in Southwest Iran (Khouzestan Province, Imam Khomeini Port) in March 
2010. All the fish were one year of age, produced in 2009 at the same research station 
and were maintained in 6000 L indoor tanks containing filtered seawater treated with 
UV. 180 fish specimens assigned for the present research were transferred to the 
research lab. The fish were randomly distributed in 12, 300L tanks (15 fish per tank). 
Each of the acclimation tanks were filled with seawater. To prevent pollution and 
possible disease outbreaks in fish which might affect the histological and physiological 
effects of salinity in this stage and during the experimental stage, in addition to filtration 
and UV treatment, seawater was subjected to chlorination and dechlorination in 1500 L 
reservoirs. Fishes were kept in these thanks two weeks to acclimatize to the 
experimental conditions in the 300 L tanks filled with seawater (42ă, 1162 mOs mol 
kg-1 H2O) before exposing them to salinity variations and thus reduce potentially 
confounding effects of handling stress (such as increased cortisol levels) on 
osmoregulation [10]. All tanks were provided with aeration at a rate of 1000 mL min-1 
so that least degree of physical stress was caused. 

Salinity (to the nearest 0.1ă), pH (to the nearest 0.01 value) and dissolved 

oxygen concentrations (to the nearest 0.1 mg L
-1

) were monitored daily in acclimation 

period and adaptation period using a digital conductivity meter (Hach company model 

Sension 5), portable digital pH meter (SUNTEX model TSI) and a digital oxygen meter 

(DO 5510), respectively. 

Fish were fed formulated diets in the form of pellets (protein 58%; fat 13%; 

carbohydrate 10% fibre 5%; ash 7%) at 2% body weight per day, two times a day at 

9:00 to 9:30 h and 14:30-15:00 h. Pellets were cut into 4-7 mm pieces and distributed in 

the tanks. Uneaten pellets were siphoned out from the bottom of the tanks 1/2 h after 

feeding to prevent water pollution [11]. Ammonia levels in the water were reduced by a 

50% water change every day [12]. A black shade cloth lid was used 1 m over the 

experimental tanks to reduce the effect of sunlight. 

Experimental period: After acclimation period, adaptation of fish under study to 

different salinities was examined. To do this, the fish were subject to sudden changes in 

salinities of 5, 20 and 60ă. First the tank water was drained so that only 10% of water 

remained. The control tanks were then filled with seawater, while the experimental 

tanks were filled immediately with water of required salinity (5, 20 or 60ă) [13]. Three 

samples were used for each experimental group and also for the control group (total of 

12 tanks). At each sampling time (6h, 12h, 24h, 48h and seventh and fourteenth day), 

three or four animals were selected from each tank, after anesthesia via 2-phenoxy 

ethanol 1 ă, one ml blood was taken from the caudal vein of each tagged fish using a 

heparinized 2-ml syringe [14]. Blood samples were stored in ice and transferred to the 

laboratory where plasma was separated by centrifugation at 7000 rpm during 7 minutes. 

Samples were stored at -80ÁC for later analyses. Plasma Cl
ī
 concentrations were 

measured using ion-selective electrodes (Electrolyte analyzer XI-921E, Caretium 

Medical Instruments Co) and results were reported in mmol l
ī1

. Sodium concentrations 

were determined by flame photometry (PFP 7 Flame Photometer, Jenway Ltd., Essex, 

England) output reported in mmol l
ī1

,and content of plasma glucose was measured by 

Technicon-RA-1000 using Spectrophotometric method. The experiment was run for 

14 days. 

Statistical Analysis: statistical analyses were performed using ANOVA (One-Way 

ANOVA) in SPSS.13 software and in case of significant differences between the groups, 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=dissolved+oxygen
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=dissolved+oxygen
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the Duncan test were used to compare pairwise differences. Confidence level of 95% 

(P<0.05) was accepted. 
 

RESULTS 
Based on measurements, amount of dissolved oxygen (O2) was maintained and 

stabilized in the range of 6 to 6.8 milligram per liter in all the tanks due to aeration flow 
setting. The water pH was in the range of 8.39 to 7.81 during whole period. 
Temperature of water along both periods was controlled in the range of 21-19

Á
C by 

heater network placed in tanks. 
To compare the changes in plasma electrolytes with corresponding changes in 

different salinities, water samples were also measured by same methods. The trend of 
changes in chloride and sodium in different water salinities is shown in fig. 1. 

 
 

 
 
 

Fig. 1. Changes of Cl
-
 and Na

+
 in different water salinities 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Cl
-
 ʠ Na

+
 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ 

 
Sparidentex hasta was capable of tolerating direct exposure to salinities from           

5 to 60ă without showing mortalities. 

Changes of chloride: the amount of plasma Cl
-
 didnôt show significant difference 

among salinity groups at 6h after beginning experimental period, but at 12h the amount 

of Cl
- 
in experimental group of 5ă had significant difference in comparison with 

control group (and with 60ă also) (P<0.05). These significant  differences were 

increased at 24h. There were no significant difference among other groups in these 

times. The plasma Cl
-
 samples didnôt show significant differences between treatments 

on the second day by the end of the experiment period. Separated study conducted on 

each of the groups showed that, the amount of Cl
-
 of 5ă group at 12h and 24h are 

significantly lower than the concentration of this factor on the seventh and fourteenth 

day and also similar results were observed for experimental group 20ă. The opposite 

trend was observed in experimental group 60ă where the average of Cl
-
 at 6, 12 and 

24h were significantly higher than the average of that on the seventh and fourteenth 

days (fig. 2). 
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Changes of Sodium: Intergroup studies are shown ascending trend of Na
+
 from 

12h to 24h in experimental group 60ă and actually the greatest amount of sodium in 

different treatments and different times was observed here (at 24h in 60ă). The other 

treatments did not show significant intergroup differences. The content of plasma Na
+
 in 

experimental group 5ă was significantly lower than group 60ă at 6h, and at 12h was 

lower from 60ă and control group also (P<0.05). At 24h the amount of Na
+
 in groups 

5ă and 20ă were significantly lower than experimental group 60ă (but they hadn't 

significant differences in comparison with control group). In the following days (from 

day 2 to day 14) was not found anymore significant difference between Na
+
 samples 

(fig. 3). 
 

 
Fig. 2. ʉhanges of Cl

-
 concentration in the blood plasma of Sparidentex hasta exposed 

to different salinities during the experimental periods 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  Cl

-
 ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʤʦʨʩʢʦʛʦ ʦʢʫʥʷ Sparidentex 

hasta ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

 
Fig. 3. ʉhanges of Na

+
 concentration in the blood plasma of Sparidentex hasta exposed 

to different salinities during the experimental periods 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ Na

+ 
ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʤʦʨʩʢʦʛʦ ʦʢʫʥʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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Changes of glucose: The content of glucose at 6 and 12 hours after applying the 

new salinities did not show any significant differences between treatments (P<0.05). 

But as intergroup difference, the amount of glucose at 12h had significant difference in 

comparison with 6h and 24h in 5ă (P<0.05). At the 24th level of glucose of 

experimental group 5ă had significant difference in comparison with control group 

(fig. 4). On the seventh day in addition to group 5ă, the glucose content of 

experimental group 60ă also was different from the content of glucose in control 

group. But after two weeks (on the fourteenth day), there was no significant difference 

between treatments (P<0.05). 
 

 
 

Fig. 4. ʉhanges of Glucose concentration in the blood plasma of Sparidentex hasta 

exposed to different salinities during the experimental periods 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʤʦʨʩʢʦʛʦ ʦʢʫʥʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

DISCUSSION 

Fishes are very sensitive to modifications of the aquatic environment, and 

variations of the physical and chemical characteristics of water affect their homeostatic 

equilibrium and elicit behavioural and physiological responses [15], but it is shown by 

the results of this study that Sparidentex hasta is able to tolerate direct exposure to 

salinities ranging from 5 to 60ă without showing mortality. The amount of Cl
-
 of 5ă 

and 20ă experimental group at 12h and 24h were significantly lower than the 

concentration of this factor on the seventh and fourteenth days, and similar results were 

observed about Na
+
 (at 12h plasma Na

+
 was lower from control group) this trend is 

showing the reflection of reduction in external ions, in the body's internal environment 

of this fish. In other words, these significant changes in amount of plasma Cl
-
, and Na

+
 

of fish transferred abruptly to hypoosmotic environments, indicate that osmotic influx 

and diffusional ion efflux occurred with consequent dilution of serum electrolytes or 

redistribution of ions between plasma and tissue cells [16, 17]. 

The content of plasma Cl
-
 of Sparidentex hasta in experimental group 60ă was 

increased up to 24h and the maximum amount of Na
+
 also was observed at 24h. This 

changes indicate that initial dehydration occurred due to osmotic efflux of water from the 

fish and diffusional ion influx of electrolytes from the hyperosmotic environment [15, 18]. 

Actually in the early hours after the starting of the experiment still MRCs (that are most 

important cells in osmoregulation system of fishes) are not enough ready to make essential 
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changes in their optional membrane system in order to resistant against these new 

situations and thatôs why fishôs body starts losing blood ions. But over time, MRCs 

begin to change their membrane permeability. In fact, in such circumstances, MRCs are 

trying to return their osmolality condition to the initial situation, so thay start to remove 

unwanted ions from their body, or attract needed ions from the external environment 

(fig. 5). 

 

 
 

Fig. 5.Working model for the mechanisms of NaCl secretion (A) and uptake (B) in 
Mitochondria-Rich Cells of the teleost fish (MRC) 

ʈʠʩ. 5. ʈʘʙʦʯʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʦʚ ʩʝʢʨʝʮʠʠ NaCl (ɸ) ʠ ʧʦʛʣʦʱʝʥʠʷ (ɺ) 
ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʣʝʪʦʢ ʢʦʩʪʠʩʪʳʭ ʨʳʙ (MRC) 

 
Although the content of Glucose is considered as one of the factors that may 

reflect the osmoregulation situation, but this factor is very sensitive, and some other 
factors may affect it, For example, level of some haematocrit parameters of snapper 
decreased following exposure to stress due to handling and confinement [19]. Stress 
hormones such as cortisol and catecholamine can be responsible for promoting active 
branchial extrusion of monovalent ions in marine species [20]. In our results it seems 
that these reductions (at 24h in group 5ă and on day 7 in groups 5ă and 60ă) are the 
results of an increase in transportation energy resources, to meet the increased metabolic 
requirements of tissues involved in osmotic adjustment. In conclusion, the results of this 
study suggest that successful adaptation to a wide range of salinities in Sparidentex 
hasta is not accompanied by mortality and they are able to conform to sudden exposures 
to hypoosmotic (5ă) as well as to hyperosmotic environments (60ă). Present findings 
revealed that it took 7 to 14 days for this species to reach a constant condition in new 
salinities. This study has demonstrated the ability of Sparidentex hasta to adapt to a 
diverse range of environmental salinities and hence it can be used as a reliable model 
for osmoregulation in teleosts. It has proved by this study that sparidentex hasta can 
withstand sever changes in salinity , and restore its normal initial conditions. so the 
outputs of our study may lead to extend aquaculture infrastructures of sparidentex hasta 
even in areas far from sea water, or in areas that the salinity of water is higher than 
usual sea waters, therefore this study might be useful for increase fresh seafoods in 
families food baskets [21]. 
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ʈɽɿʋʃʔʊɸʊʓ ɺʓʈɸʑʀɺɸʅʀʗ ʉʋɼɸʂɸ (SANDER LUCIOPERCA, L.)  

ɺ ʈɽɾʀʄɽ ʇʆʃʅʆɻʆ ʎʀʂʃɸ ɺ ʋʉʊɸʅʆɺʂɸʍ ɿɸʄʂʅʋʊʆɻʆ  

ɺʆɼʆʉʅɸɹɾɽʅʀʗ 

 

ɼ. ʉ. ʇʴʷʥʦʚ, ɸ. ɹ. ɼʝʣʴʤʫʭʘʤʝʪʦʚ, ɽ. ʀ. ʍʨʫʩʪʘʣʝʚ 

 

THE RESULTS OF PIKEPERCH (SANDER LUCIOPERCA, L.) CULTIVATION  

IN THE RAS COMPLETE CYCLE CONDITIONS 

 

D. S. Pyanov, A. B. Delmukhametov, E. I. Khrustalyov 

 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ 

ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ ʩʫʜʘʢʘ (Sander lucioperca, L) ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʩʥʘʙʞʝ-

ʥʠʷ (ʋɿɺ). ʆʜʥʘ ʠʟ ʥʠʭ ï ʛʝʥʝʨʘʮʠʷ ʨʦʜʠʪʝʣʝʡ, ʚʳʨʘʱʝʥʥʘʷ ʦʪ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ 

ʠʢʨʳ ʜʠʢʦʛʦ ʩʫʜʘʢʘ ʚ ʫʩʣʦʚʠʷʭ ʩ çʠʩʢʫʩʩʪʚʝʥʥʦʡ ʟʠʤʦʚʢʦʡè, ʜʨʫʛʘʷ ï ʧʝʨʚʘʷ 

ʛʝʥʝʨʘʮʠʷ, ʚʳʨʘʱʝʥʥʘʷ ʦʪ ʠʢʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘ-

ʙʠʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʂʘʣʠʥʠʥʛ-

ʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʙʘʣʘʥʩʫ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʫʤʤʘ ʛʨʘʜʫʩʦ-ʜʥʝʡ ʟʘ 24 ʤʝʩ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʘ 12004 ʠ 14693 ʜʣʷ 

ʨʦʜʠʪʝʣʴʩʢʦʡ ʠ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʫ ʨʳʙ ʨʦʜʠʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ çʠʩʢʫʩʩʪʚʝʥʥʦʡ ʟʠʤʦʚʢʠè ʙʳʣʦ ʥʠʞʝ (0,031Ñ0,003) 

ʪʘʢʦʚʦʛʦ ʫ ʨʳʙ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ (0,049Ñ0,004). ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʨʳʙ ʚ 

ʚʦʟʨʘʩʪʝ ʜʚʫʭ ʣʝʪ ʩʦʩʪʘʚʠʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 435Ñ3,9 ʠ 723Ñ31,4 ʛ. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧʘ ʩ ʦʧʝʨʝʞʘʶʱʠʤ ʨʦʩʪʦʤ ʠʤʝʣʘ ʩʨʝʜʥʶʶ ʤʘʩʩʫ 836,3, 

ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʝ ʦʩʦʙʠ ʧʨʝʚʳʰʘʣʠ ʤʘʩʩʫ 1000 ʛ. 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʢʦʨʤʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ ʚʝʩʴ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚ 

ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʥʝ 

ʧʨʝʚʳʩʠʣʘ 1,5, ʯʪʦ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ ʵʪʘʧʘʭ 

ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʚʘʨʥʦʡ ʨʳʙʳ. 

ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʤʘʩʩʘ 

ʩʫʜʘʢʘ (1363 ʛ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʚ ʚʦʟʨʘʩʪʝ 24 ʤʝʩ. ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ 

ʩʫʜʘʢʘ ʥʘ ʵʪʘʧʘʭ ʪʦʚʘʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʩʫʜʘʢ, ʜʚʝ ʛʝʥʝʨʘʮʠʠ, ʋɿɺ, ʛʨʘʜʫʩʦ-ʜʥʠ, ʢʦʨʤʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʤʦʜʝʣʴ 

ʨʦʩʪʘ ʨʳʙʳ 

 

 

The article presents research results related to the cultivation of two generations 

of pikeperch (Sander lucioperca, L) in the RAS. The parental generation was cultivated 

from fertilized eggs of wild pikeperch and grown in conditions of artificial overwinter-

ing, while the first generation (F1) was cultivated from fertilized eggs of broodstock and 
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grown in stable temperature conditions. The research was carried out in the Kaliningrad 

region, Russia. 

The amount of degree-days for 24 months for parental and F1 generations were 

12004 and 14693 respectively. It was noted that during the research period the fish of 

parental generation had a gradual decrease in the growth rate. The mean value of growth 

rate coefficient (by Kupinsky) for parental generation (0.031Ñ0.003) was lower than 

that for F1 generation (0.049Ñ0.004). At the same time, the average weight of 2-year-

old fish was 435Ñ3.9 g and 723Ñ31.4 g respectively. Moreover, in F1 generation one of 

the fish groups had an average weight of 836.3 g with some individuals weighing more 

than 1000 g.  

For fish cultivated in stable temperature conditions, the overall mean values of 

food coefficient did not exceed 1.5. While noting the progress that has been achieved in 

this study, w calculated the potential body mass of pikeperch (1363 g) after 24 months 

of cultivation under optimal conditions. This result shows a high growth potential of 

pikeperch which means that cultivation of this species is reasonable. 

pikeperch, two generations, RAS, degree-days, food coefficient, fish growth 

model 

 

 

ɺɺɽɼɽʅʀɽ 

ɺʳʨʘʱʠʚʘʥʠʝ ʩʫʜʘʢʘ ʚ ʋɿɺ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʘʢʚʘʢʫʣʴʪʫʨʝ. ʈʘʥʝʝ ʚ ʂɻʊʋ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʋɿɺ 

ʆʆʆ çʂʄʇ ɸʢʚʘè ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʨʘʟʚʝʜʝʥʠʷ ʤʘʪʦʯʥʦʛʦ ʩʪʘʜʘ ʩʫʜʘʢʘ 

[1]. ʇʦʵʪʦʤʫ ʣʦʛʠʯʥʳʤ ʷʚʠʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ 

ʪʦʚʘʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʋɿɺ. ʇʦʣʠʛʦʥʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʋɿɺ ʥʘ ʙʘʟʝ ʆʆʆ çʂʄʇ çɸʢʚʘè ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ                  

ʆʆʆ çʊʇʂ ɹʘʣʪʧʪʠʮʝʧʨʦʤè. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʠʭ ʧʦʣʥʦʮʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʪʦʚʘʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʩʫʜʘʢʘ ʚ ʋɿɺ. 

ɸʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʩʪʫʧʥʳʝ ʚ ʦʪʢʨʳʪʦʡ 

ʧʝʯʘʪʠ ʟʘʨʫʙʝʞʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʜʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ. 

ʊʘʢ, ʧʦ ʤʥʝʥʠʶ ʥʝʤʝʮʢʠʭ ʫʯʝʥʳʭ ʠ ʧʨʘʢʪʠʢʦʚ, ʚʳʨʘʱʠʚʘʥʠʝ ʪʦʚʘʨʥʦʛʦ ʩʫʜʘʢʘ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʪʘʧʘ: ʚʳʨʘʱʠʚʘʥʠʝ ʟʘ 3 ʤʝʩ. ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʥʝʡ 

ʤʘʩʩʦʡ 10-15 ʛ ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʟʘ 12 ʤʝʩ. ʪʦʚʘʨʥʦʛʦ ʩʫʜʘʢʘ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 600-

800 ʛ [2]. ʇʦʣʴʩʢʠʝ ʫʯʝʥʳʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʘʧ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʚʘʨʥʦʛʦ ʩʫʜʘʢʘ 

ʜʦ ʫʢʘʟʘʥʥʦʡ ʤʘʩʩʳ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ, ʥʝ ʤʝʥʝʝ 16-18 ʤʝʩ. [3]. 

ʊʘʢʞʝ ʥʝʦʜʥʦʟʥʘʯʥʳ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʩʥʠʤʘʝʤʦʡ 

c 1 ʤ
3
 ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʘʭ ʨʳʙʦʧʨʦʜʫʢʮʠʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 40-60 ʜʦ 200 ʢʛ/ʤ
3
.  

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʰʝʡ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʡ ʚ ʈʦʩʩʠʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʡ ʧʘʨʪʠʠ ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʋɿɺ ʩʫʜʘʢʘ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 800-1000 ʛ, ʠ ʧʦʧʳʪʘʪʴʩʷ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʝʛʦ ʨʦʩʪʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʩʨʦʢʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʵʪʘʧʳ ʚʳʨʘʱʠʚʘʥʠʷ, ʪʦʚʘʨʥʳʝ 

ʚʝʩʦʚʳʝ ʢʦʥʜʠʮʠʠ ʨʳʙ, ʟʘʪʨʘʪʳ ʢʦʨʤʦʚ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ (ʦʙʲʝʤʘ) ʙʘʩʩʝʡʥʦʚ. 
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ʄɸʊɽʈʀɸʃ ʀ ʄɽʊʆɼʀʂɸ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ: 

- ʛʝʥʝʨʘʮʠʷ ʨʦʜʠʪʝʣʝʡ, ʚʳʨʘʱʠʚʘʝʤʘʷ ʦʪ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ ʠʢʨʳ çʜʠʢʦʛʦè 

ʩʫʜʘʢʘ ʂʫʨʰʩʢʦʛʦ ʟʘʣʠʚʘ, ʟʘʚʝʟʝʥʥʦʡ ʥʘ ʠʥʢʫʙʘʮʠʶ ʚ ʤʘʝ 2007 ʛ.; 

- ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ, ʚʳʨʘʱʠʚʘʝʤʘʷ ʦʪ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ ʠʢʨʳ, ʧʦʣʫʯʝʥʥʦʡ 

ʚ ʘʧʨʝʣʝ 2011 ʛ. ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʦʙʠʣʴʥʦʡ ʨʳʙʦʚʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ                      

(ʄʈʃ ʂɻʊʋ, ʂʘʣʠʥʠʥʛʨʘʜ), ʥʘ ʙʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʋɿɺ ʆʆʆ çʂʄʇ ñɸʢʚʘòè                     

(ʛ. ʉʚʝʪʣʳʡ) ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʋɿɺ ʆʆʆ çʊʇʂ ñɹʘʣʪʧʪʠʮʝʧʨʦʤòè (ʛ. ʂʘʣʠʥʠʥ-

ʛʨʘʜ).  

ɼʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʜʘʢʦʚ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ ʨʘʟʚʠʪʠʷ ʥʘ ʄʈʃ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʩʩʝʡʥʳ ʦʙʲʝʤʦʤ 1,0 ʤ
3
 ʩ ʫʨʦʚʥʝʤ ʚʦʜʳ 0,5 ʤ. ʅʘ ʩʪʘʜʠʠ çʤʘʣʴʢʘè 

ï ʦʙʲʝʤʦʤ 0,2 ʤ
3
 ʩ ʫʨʦʚʥʝʤ ʚʦʜʳ 0,3 ʤ. ɺʳʨʦʩʪʥʳʤʠ ʝʤʢʦʩʪʷʤʠ ʥʘ ʋɿɺ                        

ʆʆʆ çʂʄʇ ñɸʢʚʘòè ʩʣʫʞʠʣʠ ʧʣʘʩʪʠʢʦʚʳʝ ʙʘʩʩʝʡʥʳ ʦʙʲʝʤʦʤ 0,7 ʤ
3
 ʩ ʫʨʦʚʥʝʤ 

ʚʦʜʳ 0,4 ʤ. ʇʦʤʠʤʦ ʥʠʭ, ʋɿɺ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʬʠʣʴʪʨ-ʦʪʩʪʦʡʥʠʢ, 

ʙʠʦʬʠʣʴʪʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʘ ʙʠʦʨʝʘʢʪʦʨ, ʙʣʦʢʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʘʵʨʘʮʠʠ ʚʦʜʳ. 

ɺ ʩʦʩʪʘʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʋɿɺ ʆʆʆ çʊʇʂ çɹʘʣʪʧʪʠʮʝʧʨʦʤè ʚʭʦʜʠʣʠ 

ʙʘʩʩʝʡʥʳ ʩ ʧʣʦʱʘʜʴʶ 7 ʤ
3
 ʠ ʫʨʦʚʥʝʤ ʚʦʜʳ ʜʦ 1 ʤ. ʉʠʩʪʝʤʘ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ 

ʚʢʣʶʯʘʣʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʥʘʢʣʦʥʥʳʤ ʩʝʪʥʳʤ ʧʦʣʦʪʥʦʤ ʩ 

ʷʯʝʝʡ 0,3 ʤʤ, ʜʝʛʘʟʘʪʦʨʳ, ʙʠʦʬʠʣʴʪʨʳ çʢʠʧʷʱʝʛʦ ʩʣʦʷè, ʦʢʩʠʛʝʥʘʪʦʨʳ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

ɺʦʜʦʦʙʤʝʥ ʚʦ ʚʩʝʭ ʫʩʪʘʥʦʚʢʘʭ ï 1 ʨʘʟ ʚ ʯʘʩ. ʇʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ ʦʙʦʛʨʝʚʘ ʧʦʤʝʱʝʥʠʷ ʮʝʭʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʨʳʙ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ 

ʦʙʱʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ (1) [4]: 

ὑ
Ў

 ,                        (1) 

ʛʜʝ ʄʥ ʠ ʄʢ ï ʤʘʩʩʘ ʨʳʙ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ, ʛ; ȹʊ ï ʧʝʨʠʦʜ ʚʳʨʘʱʠ-

ʚʘʥʠʷ, ʩʫʪ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʚʝʣʠʯʠʥʝ 

ʢʦʨʤʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ï ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʘ, ʩʲʝʜʝʥʥʦʛʦ ʨʳʙʘʤʠ, ʢ 

ʧʨʠʨʦʩʪʫ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʪʝʣʘ [5]. 

ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʨʷʣʠ 

ʝʞʝʜʥʝʚʥʦ ʧʝʨʝʜ ʢʘʞʜʳʤ ʢʦʨʤʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʦʢʩʠʤʝʪʨʘ çHanna Instruments - 

9145è (PLC, Woonsocket, Rhode Island, USA). ɺʝʣʠʯʠʥʫ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

(ʥʝ ʜʦʧʫʩʢʘʣʠ ʩʥʠʞʝʥʠʝ ʥʠʞʝ 6,5 ʠ ʧʦʚʳʰʝʥʠʷ ʙʦʣʝʝ 7,5), ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʪʘ (ʥʝ 

ʜʦʧʫʩʢʘʣʠ ʧʦʚʳʰʝʥʠʷ ʙʦʣʝʝ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ) ʦʧʨʝʜʝʣʷʣʠ ʨʘʟ ʚ ʪʨʦʝ 

ʩʫʪʦʢ ʩ ʧʦʤʦʱʴʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠʦʥʦʤʝʪʨʘ çɸʢʚʠʣʦʥ ʀ-500è (ʆʆʆ çʅʇʆ 

ɸʢʚʠʣʦʥè, ʇʦʜʦʣʴʩʢ, ʈʦʩʩʠʷ). 

ʆʮʝʥʢʫ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʝʥʝʨʘʮʠʡ ʩʫʜʘʢʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 24 ʤʝʩ. 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʝʩʴ ʩʦʙʨʘʥʥʳʡ ʚ ʭʦʜʝ ʨʘʙʦʪ ʤʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ R 3.2.3. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʅʘ ʨʠʩ. 1 ʦʪʨʘʞʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʫ ʚ ʋɿɺ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʫʤʤʫ ʛʨʘʜʫʩʦ-ʜʥʝʡ ʚ ʢʘʞʜʳʡ ʤʝʩʷʮ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʈʠʩ. 1. ʉʫʤʤʘ ʛʨʘʜʫʩʦ-ʜʥʝʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʫʜʘʢʘ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

Fig. 1. Amount of degree-days during artificial cultivation of pikeperch 

 

ɼʣʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʜʚʘ ʧʠʢʘ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (ʠʤʠʪʘʮʠʷ ʟʠʤʦʚʢʠ), ʢʦʛʜʘ ʩʫʤʤʘ ʛʨʘʜʫʩʦ-ʜʥʝʡ ʩʦʩʪʘʚʠʣʘ 368 

ʠ 350 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 638. 

ɼʣʷ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ ʩʥʠʞʝʥʠʝ ʤʝʩʷʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʜʦʭʦʜʠʣʦ ʤʘʢʩʠʤʫʤ ʜʦ 560 ʛʨʘʜʫʩʦ-ʜʥʝʡ, ʧʦʚʳʰʝʥʠʝ ï ʜʦ 710 ʛʨʘʜʫʩʦ-ʜʥʝʡ.  

ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʷ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 80-100 

% ʥʘʩʳʱʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 18 ï 23 
0
ʉ [6, 7], ʪʦ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʜʣʷ ʧʝʨʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʋɿɺ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʫʨʦʚʥʶ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ 

ʙʳʣʦ ʙʣʠʟʢʠʤ ʢ 100 %. 

ɿʘ 24 ʤʝʩ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʩʦʩʪʘʚʣʷʣʘ 11,7, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 22,5 
0
C, ʜʣʷ 

ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ï 17,9Ñ1,0 ʠ 20,2Ñ0,1 
0
C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʤʤʘ ʛʨʘʜʫʩʦ-ʜʥʝʡ ʟʘ 

ʦʟʥʘʯʝʥʥʳʡ ʧʝʨʠʦʜ ï 12004 ʜʣʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʠ 14693 ʜʣʷ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʉʨʝʜʥʷʷ ʤʘʩʩʘ ʨʳʙ ʚ ʚʦʟʨʘʩʪʝ 24 ʤʝʩ. ʩʦʩʪʘʚʠʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 435Ñ3,9 ʠ 

723Ñ31,4 ʛ. 

ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝ ʤʝʩʷʮʳ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʟʥʘʯʝʥʠʷ ʂʤ ʙʳʣʠ ʚʳʰʝ 

(ʨʠʩ. 2), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʝʚʨʘʣʷ 2011 ʛ. ï ʘʧʨʝʣʷ 2012 ʛ. (10-12 ʤʝʩ.). ɺʝʨʦʷʪʥʦ, 

ʵʪʦ ʚʳʟʚʘʥʦ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʩʦʭʨʘʥʷʶʱʝʤʩʷ ʫ ʧʨʦʭʦʜʷʱʝʡ 

ʧʝʨʚʳʡ ʵʪʘʧ ʜʦʤʝʩʪʠʢʘʮʠʠ ʛʝʥʝʨʘʮʠʠ ʩʫʜʘʢʘ ʮʠʨʢʘʜʥʳʤ ʮʠʢʣʦʤ ʨʘʟʚʠʪʠʷ. ʕʪʦ 

ʧʨʦʷʚʠʣʦʩʴ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʠ ʚ ʢʦʥʮʝ ʚʪʦʨʦʛʦ ʛʦʜʘ ʚ ʜʝʢʘʙʨʝ 2012 ʛ. ï 

ʷʥʚʘʨʝ 2013 ʛ. (20, 21 ʤʝʩ.). 
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Fig. 2. Values of growth rate coefficient of two pikeperch generations cultivated in 

artificial conditions 
 

ɼʣʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʧʦʢʘʟʘʥʦ ʩʭʦʜʩʪʚʦ ʩ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʝʡ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʂʤ ʜʦ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʥʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʷʮʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

0,087 ʠ 0,081), ʢʦʛʜʘ ʤʦʣʦʜʴ ʩʫʜʘʢʘ ʜʦʩʪʠʛʣʘ 13,2Ñ0,2 ʠ 21,2Ñ1,6 ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʳʨʘʱʠʚʘʥʠʷ, ʫ ʨʳʙ ʨʦʜʠ-

ʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪʤʝʯʝʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ. ɺ ʛʝʥʝʨʘʮʠʠ 

ʨʳʙ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʂʤ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,014-0,104. ɿʘ 24 ʤʝʩ. ʦʥʠ ʩʦʩʪʘʚʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

0,031Ñ0,003 ʠ 0,049Ñ0,004. ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚʳʰʝ, ʯʝʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʂʤ ʜʣʷ ʩʫʜʘʢʘ ʂʫʨʰʩʢʦʛʦ ʟʘʣʠʚʘ (0,018) [8]. ʆʜʥʘʢʦ ʦʥʠ 

ʩʨʘʚʥʠʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʚ ʚʘʨʠʘʥʪʝ ʩʦ çʩʪʘʙʠʣʴʥʳʤ ʨʝʞʠʤʦʤè ʚ ʋɿɺ, ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʫʜʘʢʘ ʚ ʂʫʨʩʰʩʢʦʤ ʟʘʣʠʚʝ ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ (ʚʳʰʝ 12-14 
0
C). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ 

ʤʥʦʛʠʭ ʨʳʙ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʋɿɺ (ʨʘʜʫʞʥʘʷ ʬʦʨʝʣʴ, ʦʩʝʪʨʦʚʳʝ ʠ ʜʨ.), ʧʦʢʘʟʘʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʂʤ 0,05-0,08 [9; 10, 11]. ɼʣʷ ʫʛʨʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ [8, 12], ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʂʤ 0,04. 

ʋʯʠʪʳʚʘʷ ʤʝʥʷʶʱʠʡʩʷ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʩʫʜʘʢʘ ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʠʤʝʝʪʩʷ ʨʝʟʝʨʚ ʜʣʷ ʝʝ ʫʚʝʣʠʯʝʥʠʷ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ ʢʦʨʤʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʪʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ (ʨʠʩ. 3).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʘʧʨʠʟʥʦʩʪʴ ʩʫʜʘʢʘ ʚ ʧʠʪʘʥʠʠ, ʢʦʛʜʘ ʚʳ-

ʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʥʷʝʪʩʷ ʧʝʨʠʦʜʘʤʠ ʩʣʘʙʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʦʨʤ. ʇʦʵʪʦʤʫ ʥʘ 

ʨʠʩʫʥʢʝ ʪʘʢʞʝ ʦʪʦʙʨʘʞʝʥʳ ʜʘʥʥʳʝ ʧʦ ʥʦʨʤʠʨʦʚʘʥʠʶ ʢʦʨʤʣʝʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʫʯʠʪʳʚʘʶʱʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʠʪʘʥʠʠ ʩʫʜʘʢʘ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʳʤ, ʯʪʦ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʫʜʘʢʘ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʨʝʞʠʤʝ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʢʦʨʤʣʝʥʠʷ ʙʳʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʣʫʯʰʝʡ ʫʩʚʦʷʝʤʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʛʣʘʩʫʶʱʝʡʩʷ ʩ ʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʠʭ ʦʙʤʝʥʦʤ.  ɺ ʮʝʣʦʤ ʵʪʦ ʥʘʭʦʜʠʪ  ʦʪʨʘʞʝʥʠʝ ʚ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ 
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Fig. 3. Values of food coefficient and daily feed intake (% of body mass) of two 

pikeperch generations cultivated in artificial conditions 
 

ʢʦʨʤʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (ʩʤ. ʨʠʩ. 3). ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʳʙ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʨʝʞʠʤʝ, ʦʪʤʝʯʝʥʥʳʝ ʚ ʧʨʠʨʦʜʝ, ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʟʠʤʥʝ-ʨʘʥʥʝ-ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʫ ʨʦʜʠʪʝʣʴʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʵʪʠ ʧʝʨʠʦʜʳ ʦʭʚʘʪʳʚʘʶʪ ʪʘʢʞʝ ʠ ʣʝʪʥʠʝ 

ʤʝʩʷʮʳ. ɿʜʝʩʴ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʥʝʨʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ ʨʳʙ, ʧʨʦʭʦʜʷʱʠʭ ʧʝʨʚʳʡ ʵʪʘʧ 

ʜʦʤʝʩʪʠʢʘʮʠʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʢʦʨʤʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ ʚʝʩʴ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚ ʛʝʥʝʨʘʮʠʠ 

ʩʫʜʘʢʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʧʨʠ çʩʪʘʙʠʣʴʥʦʤè ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʥʝ ʧʨʝʚʳʩʠʣʘ 

1,5. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʥʘ ʵʪʘʧʘʭ ʚʳʨʘʱʠ-

ʚʘʥʠʷ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʘʩʩʳ ʩʫʜʘʢʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠʩʭʦʜʥʦʡ ʬʦʨʤʫʣʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ (2) [4]: 

ὑ ὑː ὑ˪  ,                                   (2) 

ʛʜʝ ʂʛ ï ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ; K ɻï ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ.  

ʂʛ ʜʣʷ ʩʫʜʘʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,231. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʫʞʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʦʩʪʫ ʨʳʙʳ, ʨʘʩʯʝʪʫ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʂʤ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʟ ʥʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʜʣʷ ʩʫʜʘʢʘ ʧʦ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʂʛ [4]. 

K  ɻʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʪ ʧʦʨʦʛʦʚʦʛʦ 

ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (0 < ʂ ɻ < 1) ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʘʩʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʪʨʫʢʪʫʨʘ ʂʵ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (3): 

ὑ˪ ὑ˟ ὑ̨ ὑ̠ Ễὑ  ,                                 (3) 

ʛʜʝ ʂi ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʦʛʦ ʯʘʩʪʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 
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ɽʩʣʠ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʂʪ = 0,9, ʢʠʩʣʦ-

ʨʦʜʥʦʛʦ ʂO2 = 1, ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʂʛʠʜʨʦʭʠʤ = 1, ʚʣʠʷʥʠʷ ʢʦʨʤʣʝʥʠʷ ʂʢ = 0,7              

(ʩ ʫʯʝʪʦʤ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʧʠʪʘʥʠʠ), ʚʣʠʷʥʠʷ ʫʨʦʚʥʷ ʙʠʦʪʝʭʥʠʢʠ ʂʙʠʦʪ = 0,5                

(ʩ ʫʯʝʪʦʤ ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ), ʚʣʠʷʥʠʷ 

ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʂʥʬ = 0,6, ʪʦ ʟʥʘʯʝʥʠʝ ʂʕ ʩʦʩʪʘʚʠʪ (4): 

ὑ˪ πȢω ρ ρ πȢχ πȢυ πȢφ πȢρψω .                                (4) 

ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʂʤ ʨʘʚʥʦ: 

ὑ πȢςσρπȢρψωπȢπττ .            (5) 

ʇʦʪʝʥʮʠʘʣʴʥʫʶ ʤʘʩʩʫ ʨʳʙ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳʪʴ ʠʤʠ ʜʦʩʪʠʛʥʫʪʘ ʚ ʚʦʟʨʘʩʪʝ 

24 ʤʝʩ., ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʂʤ (6): 

ὓ  
Ў

.                                                        (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʤʘʩʩʘ ʨʳʙ ʩʦʩʪʘʚʠʪ (7): 

ὓ
Ȣ ЍȢ

ρσφσ ̄ .                       (7) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʛʥʫʪʦʡ ʩʨʝʜʥʝʡ ʤʘʩʩʝ 723Ñ31,40 ʛ ʚ 

ʚʘʨʠʘʥʪʝ ʩʦ çʩʪʘʙʠʣʴʥʳʤè ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʛʨʫʧʧʘ ʩ ʦʧʝʨʝʞʘʶʱʠʤ 

ʨʦʩʪʦʤ ʠʤʝʣʘ ʩʨʝʜʥʶʶ ʤʘʩʩʫ 836,3 ʛ, ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʝ ʦʩʦʙʠ ʧʨʝʚʳʰʘʣʠ 

ʤʘʩʩʫ 1000 ʛ.  

ʀʤʝʥʥʦ ʚ ʛʨʫʧʧʝ ʩʫʜʘʢʘ ʩ ʦʧʝʨʝʞʘʶʱʠʤ ʨʦʩʪʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʝʣʠʯʠʥʘ 

ʨʳʙʦʧʨʦʜʫʢʮʠʠ, ʙʣʠʟʢʘʷ ʢ 100 ʢʛ/ʤ
3
. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ 

ʩʪʨʘʥʝ ʦʧʳʪ ʜʦʤʝʩʪʠʢʘʮʠʠ ʩʫʜʘʢʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʳʙʦʚʦʜʥʳʭ 

ʭʦʟʷʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ. ʆʯʝʚʠʜʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʡ ʵʪʘʧ ʜʦʤʝʩʪʠʢʘʮʠʠ ʥʘ ʵʪʘʧʘʭ ʪʦʚʘʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʨʘʩʢʨʳʪʠʠ ʨʦʩʪʦʚʦʡ ʧʦʪʝʥʮʠʠ. 

ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʧʦʩʣʝ ʯʝʪʚʝʨʪʦʛʦ ʤʝʩʷʮʘ ʚʳʨʘʱʠʚʘʥʠʷ, ʢʦʛʜʘ 

ʤʘʩʩʘ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʣʘ 20 ʛ. 

ʉʭʦʜʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʪʣʠʯʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ ʩʫʜʘʢʘ ʥʘ ʵʪʘʧʘʭ 

ʪʦʚʘʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. ʂ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʜʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʴʩʷ ʪʦʣʴʢʦ 

ʛʨʫʧʧʝ ʩ ʦʧʝʨʝʞʘʶʱʠʤ ʨʦʩʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʳʙ ʚ ʛʝʥʝʨʘʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʦʜʘʣʴʥʳʭ ʛʨʫʧʧ, ʩ 

ʜʨʫʛʦʡ ï ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʪʠʷ ʨʦʩʪʦʚʦʡ ʧʦʪʝʥʮʠʠ ʫ 

ʩʫʜʘʢʘ ʚ ʋɿɺ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʜʦʤʝʩʪʠʢʘʮʠʠ. ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʜʦʤʝʩʪʠʢʘʮʠʠ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ 

ʣʦʩʦʩʝʚʳʭ ʠ ʦʩʝʪʨʦʚʳʭ ʨʳʙ, ʢʦʛʜʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 40-50 ʣʝʪ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ, 

ʦʪʨʘʞʘʶʱʘʷ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʦʚʘʨʥʦʡ ʨʳʙʳ, 

ʠʟʤʝʥʠʣʘʩʴ ʚ ʩʪʦʨʦʥʫ ʠʭ ʫʚʝʣʠʯʝʥʠʷ [13-15]. 
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ʩʠʩʪʝʤʘʭ: ʜʠʩ. é ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ: 03.00.10 / ɺʝʣʠʯʢʦ ʄʘʨʢ ʉʝʨʛʝʝʚʠʯ. ï 
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EFFECT OF VACCINATION AGAINST YERSINIA RUCKERI ON OXIDATIVE 

STRESS BIOMARKERS IN THE LIVER AND HEART OF RAINBOW TROUT 

(ONCORHYNCHUS MYKISS WALBAUM ) 

 

H. ʄ. Tkachenko, J. Grudniewska 

 

ʕʌʌɽʂʊ ɺɸʂʎʀʅɸʎʀʀ ʇʈʆʊʀɺ YERSINIA RUCKERI ʅɸ ʉʆɼɽʈɾɸʅʀɽ 

ɹʀʆʄɸʈʂɽʈʆɺ ʆʂʀʉʃʀʊɽʃʔʅʆɻʆ ʉʊʈɽʉʉɸ ɺ ʇɽʏɽʅʀ ʀ ʉɽʈɼʎɽ 

ʀʄʄʋʅʀɿʀʈʆɺɸʅʅʆʁ ʌʆʈɽʃʀ (ONCORHYNCHUS MYKISS WALBAUM ) 

 

ɻ. ʄ. ʊʢʘʯʝʥʢʦ, ʁ. ɻʨʫʜʥʝʚʩʢʘʷ 
 

 

Yersiniosis (enteric red mouth disease) is a contagious bacterial disease caused  

by Yersinia ruckeri, which primarily affects salmonids. Oxidative stress biomarkers 

have been used to clarify the effects of vaccination against Y. ruckeri on liver and heart 

function on the 61st day after immunization of fish. The level of lipid peroxidation in 

the liver and heart of the vaccinated trout does not significantly differ from that in the 

control. Vaccination caused a slight decrease of the aldehydic and ketonic derivatives 

level in the heart and liver against the backdrop of a significant decrease of total 

antioxidant activity in the cardiac tissue of the trout treated by the vaccine against  

Y. ruckeri on the 61st day after immunization. This is possibly a result of a long-term 

adaptation to immunization. Studying the role of biochemical changes in the tissues of 

vaccinated trout is important for understanding of the complex physiological changes 

that occur after immunization as well as for improving aquaculture practices to 

maximize tissue growth and preservation of health of vaccinated trout. 

rainbow trout Oncorhynchus mykiss, Yersinia ruckeri, immunization, oxidative 

stress, liver, heart 

 
 

ʁʝʨʩʠʥʠʦʟ ï ʩʝʧʪʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʦʨʘʞʘʶʱʝʝ ʣʦʩʦʩʝʚʳʭ ʨʳʙ, ʦʩʦ-

ʙʝʥʥʦ ʨʘʜʫʞʥʫʶ ʬʦʨʝʣʴ. ʆʥʦ ʠʟʚʝʩʪʥʦ ʪʘʢʞʝ ʢʘʢ çɽnteric red mouth, ERMè ï 

ʵʥʪʝʨʠʪ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʦʢʨʘʩʥʝʥʠʝʤ ʨʪʘ. ɹʠʦʤʘʨʢʝʨʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʚʘʢʮʠʥʘʮʠʠ ʧʨʦʪʠʚ 

ʚʦʟʙʫʜʠʪʝʣʷ ʵʪʦʡ ʙʦʣʝʟʥʠ Yersinia ruckeri ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʘ 

ʨʘʜʫʞʥʦʡ ʬʦʨʝʣʠ ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ ʨʳʙ. ʋʨʦʚʝʥʴ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ ʚʘʢʮʠʥʠʨʦʚʘʥʥʦʡ ʬʦʨʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ ʢʦʥʪʨʦʣʝ. ɺʘʢʮʠʥʘʮʠʷ ʚʳʟʚʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʘʣʴʜʝʛʠʜʥʳʭ ʠ ʢʝʪʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʩʝʨʜʮʝ ʠ ʧʝʯʝʥʠ ʨʳʙ ʥʘ ʬʦʥʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ ʬʦʨʝʣʠ 

ʚʘʢʮʠʥʠʨʦʚʘʥʥʦʡ ʧʨʦʪʠʚ Y. Ruckeri ʚ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ. ʕʪʦ, 

ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʨʳʙ ʢ ʠʤʤʫʥʠʟʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʢʘʥʷʭ ʚʘʢʮʠʥʠʨʦʚʘʥʥʳʭ ʨʳʙ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ 
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ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʦʚ ʚ ʘʢʚʘʢʫʣʴʪʫʨʝ ʩ 

ʮʝʣʴʶ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʨʦʩʪ ʪʢʘʥʝʡ ʠ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ 

ʨʳʙ. 

ʨʘʜʫʞʥʘʷ ʬʦʨʝʣʴ Oncorhynchus mykiss, Yersinia ruckeri, ʠʤʤʫʥʠʟʘʮʠʷ,  

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʧʝʯʝʥʴ, ʩʝʨʜʮʝ 

 

 

INTRODUCTION 

Enteric redmouth disease (ERM) caused by Yersinia ruckeri is a serious 

septicemic bacterial disease of salmonid fish species. Yersinia is a genus of Gram-

negative, rod-shaped, facultative anaerobes within the family Enterobacteriaceae. 

Yersinia comprises several pathogenic species, which cause diseases in humans and 

other animals, including fish [1]. Infection may result in a septicaemic condition with 

haemorrhages on the body surface and in the internal organs. signs of disease include 

exophthalmia and darkening of the skin, and subcutaneous hemorrhages in and around 

the mouth and throat, which give the disease its common name. Petechial hemorrhages 

may occur on the surfaces of the liver, pancreas, pyloric caeca, swim bladder and in the 

lateral muscles [1]. Despite the significance of the disease, very little information is 

available on the pathogenesis, hampering the development of preventive measures to 

efficiently combat this bacterial agent [2]. 

Histopathological examination shows general septicaemia with inflammation in 

most organs, and particularly kidney, spleen, liver, heart, gills and in areas with 

petechial haemorrhage. Pathological changes in the gills, including hyperemia, oedema 

and desquamation of the epithelial cells in the secondary lamellae have been described. 

Focal areas of necrosis can be present in the spleen, kidney and liver. In the kidney, 

degenerated renal tubules, glomerular nephritis and a marked increase in melano-

macrophages may be observed [1]. 

ERM was one of the first fish diseases for which an effective commercial 

vaccine was developed [3]. The vaccine utilizes monovalent, inactivated whole cell 

suspensions of Y. ruckeri serotype O1 biotype 1, which can be administered to fish by 

several routes, e.g. immersion, injection and oral [1, 4]. A bivalent vaccine was 

developed using formalin inactivated biotypes 1 and biotype 2 Y. ruckeri strains, and 

provides good protection against the biotype 2 strains [1, 5]. Predictive indicators of 

vaccine success include: non-protective/pathological response genes (cathelicidin, C-

type lection and collagenase), vaccine-induced protective genes (immunoglobulin heavy 

chain, selenoprotein, 60S ribosomal protein L37 and unknown) and transcriptional 

biosignature of predominantly immune-relevant genes including hepcidin, 

immunoglobulin mu heavy chain, mylelin and lymphocyte protein [1]. 

The success of the vaccine has been reported to be variable under field 

conditions, and often does not completely prevent disease outbreaks when the level of 

infection is high, as seen when fish are stressed [3]. Clearly, a greater understanding of 

the fish response against Y. ruckeri and during vaccination against Yersiniosis would 

help improve this situation. 

Therefore, exploring the effects of vaccination against Y. ruckeri on health 

condition of trout in general, and oxidative stress biomarkers in different tissues 

specifically, would be valuable. The present study aims to clarify the effects of 

vaccination against Y. ruckeri on liver and heart function, and the oxidative mechanism 
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underlying those effects, by detecting relevant lipid peroxidation and protein oxidation 

biomarkers, as well as total antioxidant activity in rainbow trout (Oncorhynchus mykiss 

Walbaum). 

 

MATERIALS AND METHODS 

Experimental animals. Clinically healthy rainbow trout with a mean body mass 

of (107.9Ñ3.1) g were used in the experiments. The study was carried out in a 

Department of Salmonid Research, Inland Fisheries Institute near the village ŧukowo 

(Poland). Experiments were performed at a water temperature of 14.5Ñ0.5ÁC and the pH 

was 7.5. The dissolved oxygen level was about 12 ppm with additional oxygen supply 

with a water flow of 25 L/min, and a photoperiod of 7 hours per day. The fish were fed 

with commercial pelleted diet. All enzymatic assays were carried out at Department of 

Zoology and Animal Physiology, Institute of Biology and Environmental Protection, 

Pomeranian University (Sğupsk, Poland). 

Experimental design. The fish were divided into two groups: I) control, II) 

immunized by vaccine against Y. ruckeri. Fish were held in 250-L square tanks (70-75 

fish per tank) with the same conditions. The vaccine against Yersiniosis is a vaccine 

containing an inactivated strain of Y. ruckeri. Vaccine contained three Y. ruckeri strains 

originated from rainbow trout cultured on the different farms, where fish exhibiting 

clinical signs of Yersiniosis. The bacteria isolates belonged to O1 serotype and showed 

some differences in their biochemical properties. Concentrated vaccine was closed in 

the fish food, and three times at intervals of one day was administrated. One month after 

immunization the liver and heart samples from rainbow trout were collected. The 

vaccine was produced in Department of Fish Diseases, National Veterinary Research 

Institute (Pulawy, Poland). The fish were kept for 60 days after vaccination at a water 

temperature 14.5Ñ0.5ÁC and the pH 7.5. In our study, 15 rainbow trout from unhandled 

control and 15 vaccinated trout were used at second month after immunization.  

Sampling. The animals were quickly captured and killed on 61 days post 

vaccination (n=15 in each group). Liver and heart were removed in situ. Tissue samples 

were homogenized in ice-cold buffer (100 mM Tris-HCl, pH 7.2) using a glass 

homogenizer immersed in an ice water bath to a yield a 10% homogenate. Homogenates 

were centrifuged at 3,000g for 15 min at 4ÁC. After centrifugation, the supernatant was 

collected and frozen at -20 ÁC until analyzed. Protein contents were determined using 

the method of Bradford (1976) with bovine serum albumin as a standard [6]. 

Absorbance was recorded at 595 nm. All enzymatic assays were carried out at 22Ñ0.5ÁC 

using a Specol 11 spectrophotometer (Carl Zeiss Jena, Germany) in duplicate. The 

enzymatic reactions were started by the addition of the tissue supernatant. The specific 

assay conditions were as follows. 

TBARS assay for lipid peroxidation. Lipid peroxidation level was determined 

by quantifying the concentration of 2-thiobarbituric acid reactive substances (TBARS), 

expressed as Õmol of malondialdehyde (MDA) per mg of protein, according to 

Kamyshnikov (2004) [7]. The TBARS level was expressed in nmol MDA per mg 

protein by using 1.56Ŀ10
5
 mM

-1
 cm

-1
 as molar extinction coefficient. 

Carbonyl derivatives of oxidatively modified protein (OMP) assay. The rate of 

protein oxidative destruction was estimated from the reaction of the resultant carbonyl 

derivatives of amino acid reaction with DNFH as described by Levine et al. (1990) [8] 

and as modified by Dubinina et al. (1995) [9]. The carbonyl content was calculated from 
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the absorbance measurement at 370 nm and 430 nm and an absorption coefficient 

22,000 M
-1
Țcm

-1
. Carbonyl groups were determined spectrophotometrically from the 

difference in absorbance at 370 nm (aldehydic derivatives, OMP370) and 430 nm 

(ketonic derivatives, OMP430) and expressed in nmol per mg of tissue protein.  

Total antioxidant capacity (TAC) assay. The TAC level in the sample was 

estimated spectrophotometrically at 532 nm following the method with Tween 80 

oxidation [10]. TAC was expressed in %. 

Statistical analysis. The mean Ñ S.E.M. values was calculated for each group to 

determine the significance of inter group difference. All variables were tested for 

normal distribution using the Kolmogorov-Smirnov and Lilliefors test (p>0.05). In 

order to find significant differences (significance level, p<0.05) between control and 

vaccinated groups, Mann-Whitney U test was applied to the data [11]. Differences were 

considered significant at p<0.05. In addition, the relationships between oxidative stress 

biomarkers and biochemical parameters of all individuals were evaluated using 

Spearman's correlation analysis. All statistical analysis was performed by STATISTICA 

10.0 software (StatSoft, Poland). 

 

RESULTS 

The level of lipid peroxidation in the liver and heart of trout treated by vaccine 

did not significantly differ from that in the control (Fig. 1). 

 
Fig. 1. The level of lipid peroxidation (nmol MDA per mg protein) 

in the liver and heart of the trout treated by vaccine against Y. ruckeri 
on the 61st day after immunization 

Data are represented as mean Ñ S.E.M. 
ʈʠʩ. 1. ʋʨʦʚʝʥʴ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʥʤʦʣʴ ʄɼɸ ʥʘ ʤʛ ʙʝʣʢʘ) 
ʚ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ ʬʦʨʝʣʠ, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʦʡ ʧʨʦʪʠʚ Y. ruckeri  

ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ 
 

Aldehydic and ketonic derivatives of oxidatively modified proteins in the liver 

and heart of the trout treated by vaccine against Y. ruckeri on the 61st day after 

immunization are presented in Fig. 2.  
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Fig. 2. Aldehydic and ketonic derivatives of oxidatively modified proteins in the liver 

and heart of the trout treated by vaccine against Y. ruckeri  
on the 61st day after immunization 
Data are represented as mean Ñ S.E.M. 

ʈʠʩ. 2. ɸʣʴʜʝʛʠʜʥʳʝ ʠ ʢʝʪʦʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ ʬʦʨʝʣʠ, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʡ 

ʚʘʢʮʠʥʦʡ ʧʨʦʪʠʚ Y. ruckeri ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ 
 

The content of aldehydic derivatives of oxidatively modified proteins in the liver 

and heart was non-significantly decreased in the group vaccinated against Y. ruckeri at 

second month compared to unhandled group (Fig. 2). Vaccination caused a non-

significant decrease the aldehydic and ketonic derivatives level in the heart by 36% and 

29% (p>0.05) compared to control (Fig. 2). The aldehydic and ketonic derivatives of 

OMB in hepatic tissue of fish treated by vaccine against Y. ruckeri on the 61st day after 

immunization was non-significant lower (by 11% and 6.4%, p>0.05, respectively) 

compared to unhandled control (Fig. 2). 

Significant decrease of TAC level (by 26%, p=0.010) in the cardiac tissue of 

trout treated by vaccine against Y. ruckeri on the 61st day after immunization was found 

(Fig. 3). 
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Fig. 3. Total antioxidant capacity (TAC, %) in the liver and heart of the trout treated 

by vaccine against Y. ruckeri on the 61st day after immunization. 
Data are represented as mean Ñ S.E.M. 

*
 the significant difference was shown as p<0.05 when compared unhandled group 

and vaccinated group values on the 61st day after immunization 
ʈʠʩ. 3. ʆʙʱʘʷ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ ʬʦʨʝʣʠ, 

ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʦʡ ʧʨʦʪʠʚ Y. ruckeri ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ. 
*
 ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (p < 0,05) ʚ ʟʥʘʯʝʥʠʷʭ ʤʝʞʜʫ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʨʳʙ ʠ ʛʨʫʧʧʦʡ ʬʦʨʝʣʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʦʡ 
ʧʨʦʪʠʚ Y. ruckeri ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ 

 

Several correlations between checked parameters were found (Fig. 4). Hepatic 

TBARS level correlated positively with aldehydic (r=0.876, p=0.000) and ketonic 

derivatives of oxidatively modified proteins (r=0.708, p=0.015) (Fig. 4). 

 
 TBARS:OMP 370 :   y = 8.14 + 0.059*x;  r = 0.876; p = 0.000; r 2 = 0.768

 TBARS:OMP 430 :   y = -1.826 + 0.113*x;  r = 0.708; p = 0.015; r 2 = 0.502
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Fig. 4. Correlations between TBARS, aldehydic and ketonic derivatives of 

oxidatively modified proteins content in the hepatic tissue of the trout treated  
by vaccine against Y. ruckeri on the 61st day after immunization 

ʈʠʩ. 4. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʠʦʤʘʨʢʝʨʘʤʠ ʧʝʨʝʢʠʩʥʦʛʦ 
ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʘʣʴʜʝʛʠʜʥʳʤʠ ʠ ʢʝʪʦʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʧʝʯʝʥʠ ʬʦʨʝʣʠ, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʦʡ 

ʧʨʦʪʠʚ Y. ruckeri ʥʘ 61-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ 
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DISCUSSION 

In the present study, vaccination against Y. ruckeri showed a significant 

association with decreased carbonyl derivatives of oxidatively modified proteins as 

biomarkers of protein damage in the liver and heart of trout (Fig. 2). The non-significant 

decreased levels of lipid peroxidation and protein oxidation established on the 61st day 

after immunization (Fig. 1) might be a result of adaptation to immune activation caused 

by vaccination against Y. ruckeri.  

Many studies contribute to our understanding of how the innate and adaptive 

immune systems in rainbow trout respond to both primary infection (first infection) and 

re-infection (secondary infection). Studies were based on mRNA expression, which may 

not always accurately reflect protein expression and biochemical changes [12]. Non-

specific and specific immune responses of fish against Y. ruckeri strains have been 

studied extensively [1]. Both O-antigen and formalin-inactivated Y. ruckeri cells 

induced an immune response in rainbow trout, producing peak levels of antibody in the 

spleen on 14th day post exposure and overall maximum titer on 28th day post exposure 

[1, 13, 14]. Afonso et al. (1998) showed that phagocytic cells, such as neutrophils and 

macrophages, are an important part of the fish host immune system, and an 

inflammatory response to Y. ruckeri has been observed in the body cavity of rainbow 

trout. When Y. ruckeri was injected into resting peritoneal cavities, bacteria were 

ingested by the resident macrophages. When the bacteria were injected into cavities 

with high numbers of neutrophils, more neutrophils than macrophages contained 

bacteria. Results show that the macrophages are the resident phagocytes of the 

peritoneal cavity of trout, while neutrophils are present in that body cavity in significant 

numbers only in situations of inflammation and only as long as the inflammation 

persists [15]. Gene expression levels of CXCd, cytokine, chemokine, interleukin, cell 

receptor, immunoglobulin, SCOS and CISH genes have been measured in rainbow trout 

in response to Y. ruckeri biotype 1 strains and Y. ruckeri biotype 2 strains [1]. 

Production of specific antibodies against Y. ruckeri as well as serum amyloid A, which 

belongs to a highly conserved group of apolipoproteins, are considered to be an 

important innate immune molecule in rainbow trout during the course of Y. ruckeri 

infection [1, 16, 17]. 

Response of oxidative stress biomarkers in different tissues of fish is dependent 

of immune system activation and reactive oxygen species (ROS) generation due to 

respiratory burst in response to microbe recognition induced by vaccination. Paiva and 

Bozza (2014) described the mechanisms by which ROS directly kill microbes or 

interfere with the immune response, the role of ROS in pathogenic viral, bacterial, and 

protozoan infections. Phagocytes recognize microbes through many molecular patterns 

displayed by them and try to engulf them. Once a microbe is phagocytosed, the nature 

of the molecules recognized on microbe's surface dictates the treatment enacted within 

the phagosome. Respiratory burst, a process by which NADPH oxidase generates ROS 

in response to microbe recognition, is a possible outcome of this process and helps to 

get rid of many microbes [18]. 

In our study, vaccination against Y. ruckeri results in metabolic plasticity 

predominantly in the liver. We found decrease of aldehydic and ketonic derivatives of 

oxidatively modified proteins level and lipid peroxidation in the liver during the second 

month after immunization against Y. ruckeri while significant changes occurred in the 

cardiac tissue for total antioxidant capacity (decrease by 26%, p=0.010, compared to 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

66 

control). Changes in markers of protein oxidation and correlations between carbonyl 

contents and lipid peroxidation biomarker suggest that oxidative stress biomarkers may 

contribute to metabolic state in the liver and heart of trout vaccinated against Y. ruckeri. 

We did not find any changes in the hepatic and cardiac tissue after 60 days of 

immunization. This is probably a result of long-term adaptation to immunization. 

Understanding the role of biochemical changes in the tissues of vaccinated trout has 

important implications for understanding of the complex physiological changes that 

occur in immunization as well as for improving aquaculture practices to maximize 

tissues growth and health of vaccinated trout. 

 

This work was supported by grant of the Pomeranian University for Young 

Scientists. 
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ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʳʙʳ ʠʟʫʯʘʣʠʩʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʝʝ 

ʦʨʛʘʥʠʟʤʝ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ ʩʝʣʝʢʮʠʦʥʥʦ-

ʧʣʝʤʝʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʉʇʋ) çʀʟʦʙʝʣʠʥʦè ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɺʧʝʨʚʳʝ ʦʧʠʩʘʥʳ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ ʠʣʠ ʫʙʳʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ 

ʨʘʩʯʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ 

ʟʠʤʦʚʢʫ ʠ ʚʝʩʝʥʥʝʤ ʦʙʣʦʚʝ. ɿʘ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʧʨʠʥʠʤʘʣʠ 180 ʩʫʪ (ʩ 10 ʦʢʪʷʙʨʷ 

ʧʦ 10 ʘʧʨʝʣʷ), ʧʨʠ ʜʝʪʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʦʜʥʠʭ ʩʫʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʙʳʣʠ ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʘʞʝʥʥʦʡ 

ʥʘ ʟʠʤʦʚʢʫ ʨʳʙʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ ʚʳʰʝ ʝʜʠʥʠʮʳ, ʥʘʧʨʠʤʝʨ ʚʣʘʛʠ, 

ʫʢʘʟʳʚʘʣ ʥʘ ʪʦ, ʯʪʦ ʨʳʙʘ ʠʤʝʣʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʊʦ ʝʩʪʴ ʩʦʙʣʶʜʘʣʩʷ ʧʨʠʥʮʠʧ ʩʣʦʞʥʳʭ ʧʨʦʮʝʥʪʦʚ, 

ʢʦʪʦʨʳʡ ʦʪʨʘʞʝʥ ʚ ʥʘʢʦʧʣʝʥʠʠ ʧʨʦʮʝʥʪʦʚ ʥʘ ʩʫʤʤʫ ʟʥʘʯʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʥʳʭ 

ʨʘʥʝʝ ʧʨʦʮʝʥʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʙʳʚʘʥʠʷ ʥʠʞʝ ʝʜʠʥʠʮʳ ʫʢʘʟʳʚʘʣ ʥʘ ʪʦ, ʯʪʦ ʨʳʙʘ ʪʝʨʷʣʘ, 

ʥʘʧʨʠʤʝʨ, ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʦʪʝʠʥʳ ʠ ʣʠʧʠʜʳ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ, ʠʤʝʣʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʠʩʩʣʝʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩʳ.  

ʉʦʧʦʩʪʘʚʠʤʳʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʟʠʤʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʫʜʦʚ ʫ ʣʘʭʚʠʥʩʢʦʛʦ ʢʘʨʧʘ ï ʦʢʦʣʦ 24 %, 

ʠʣʠ 330ï350 ʢʢʘʣ/ʢʛ. ʆʩʥʦʚʫ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʣʠ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʣʠʧʠʜʦʚ (ʜʦ 40 %), ʧʨʦʪʝʠʥʘ (ʦʢʦʣʦ     4 %). ɺ ʠʪʦʛʦʚʦʤ ʧʦʢʘʟʘʪʝʣʝ ʟʘʪʨʘʪ 

ʦʪʨʘʞʝʥʳ ʧʦʪʝʨʠ ʚ 500 ʢʢʘʣ/ʢʛ ʜʣʷ ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ, ʦʢʦʣʦ 36 %, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʡ ʧʦʨʦʜʳ ʢʘʨʧʘ (17%).  

ʩʝʛʦʣʝʪʦʢ, ʩʨʝʜʥʷʷ ʤʘʩʩʘ, ʟʠʤʦʚʢʘ, ʧʦʪʝʨʠ ʞʠʚʦʡ ʤʘʩʩʳ, ʵʥʝʨʛʠʷ 

 

 

In fish breeding it is necessary to study physiological processes in its bodies 

during hibernation period. The investigations were carried out at the selection and 

breeding sector (SBS) "Izobelino", Minsk region.  

We were the first who described the process of substance accumulation or 

decrease by calculating the appropriate coefficients. We took biochemical research data 

on the fish body structure when planting in winter and spring fish catch for the values 

under study. The period of study was 180 days, since 10
th
 October till 10th April under 

detailed elaboration of test items up to twenty-four hours. 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

69 

The zero point was indicator values of the fish planted for winter. Accumulation 

coefficient of more than 1 (for instance, moisture coefficient), showed that there was a 

certain daily average percentage of fish growth. In other words, we observed the 

principle of compound interest which is reflected in accumulation of interests on the 

sum of the values and previously accumulated interest. 

Decreasing coefficient which was below 1 denoted that fish were losing, for 

example, dry substance, proteins and lipids during wintering and had a certain daily 

average percentage of loss  of the studied values.  

Energy losses comparable to the standard data were observed among 

Lakhvenskiy carp during the period of hibernation in the ponds, and they were about 

24%, or 330ï350 kcal/kg. The losses of lipids energy (to 40%) and the losses of protein 

energy (about 4%) formed the basis of metabolism in winter. The total value of 

expenses reflects energy losses, which are about 500 kcal/kg for Cherepetskiy carp 

(about of 36%) which is two times more than energy losses of three prim Izobelinskiy 

carp (17%).  

fingerligs, average mass, hibernation, loss of live weight, energy 

 

 

ɺɺɽɼɽʅʀɽ 

ɻʦʪʦʚʥʦʩʪʴ ʤʦʣʦʜʠ ʢ ʟʠʤʦʚʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʥʘʛʫʣʘ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʢʘʢ ʠʪʦʛ ʭʦʨʦʰʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʢ ʤʦʤʝʥʪʫ ʧʦʭʦʣʦʜʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʳʙʘ ʥʘʯʠʥʘʝʪ ʩʦʩʨʝʜʦʪʘʯʠʚʘʪʴʩʷ ʚ ʧʦʥʠʞʝʥʠʷʭ ʣʦʞʘ 

ʚʦʜʦʝʤʘ ʚ ʧʦʠʩʢʘʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ. ʃʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʛʘʟʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʵʪʦ ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʪʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʨʳʙ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɺ ʫʩʣʦʚʠʷʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ 

ʚʳʨʘʱʠʚʘʥʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ ʥʝ ʤʝʥʝʝ 25 ʛ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʳʙʦʚʦʜʩʪʚʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ.  

ʂʘʞʜʦʤʫ ʚʠʜʫ ʨʳʙʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ, 

ʩʚʦʡʩʪʚʝʥʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʣʘʛʠ ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʈʦʩʪ ʨʳʙʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ ʚ 

ʨʘʟʣʠʯʥʦʤ ʚʦʟʨʘʩʪʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ʆʪʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʝ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʊʘʢ, ʜʣʷ 

ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ ʥʦʨʤʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʥʷʪʘ 24 % [1]. 

 

ʄɽʊʆɼʓ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʦʩʪʘ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʝʝ 

ʢʦʣʠʯʝʩʪʚʘ. ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʚʟʷʪʳ ʜʘʥʥʳʝ ʧʦ ʩʝʛʦʣʝʪʢʫ ʢʘʨʧʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʦʙʨʘʥʥʳʝ ʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʈʦʩʪ ʨʳʙʳ, ʬʘʢʪʦʨʳ ʠ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʝʛʦ, ʚʩʝʛʜʘ ʙʳʣʠ 

ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ. ʊʘʢ, ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ 

ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʨʠ ʩʝʣʝʢʮʠʠ ʨʳʙ [2, 3]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʣʷ ʨʳʙʦʚʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ      

ɸ.ʇ. ʀʚʘʥʦʚʳʤ (1963) [4]. 

ʄʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ-ʨʳʙʦʚʦʜʳ ʩʯʠʪʘʣʠ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʙʦʣʴʰʠʭ 

ʦʪʭʦʜʦʚ ʩʝʛʦʣʝʪʢʦʚ ʨʳʙ ʟʘ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʠʤʝʥʥʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [3, 5-7].  

ʂʘʯʝʩʪʚʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʟʠʤʦʚʢʫ ʨʳʙʳ, ʪʘʢ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʚʘʨʥʦʡ ʨʳʙʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ.  

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʠʤʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʥʝʝ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʘʥʥʳʭ ʧʦ ʢʦʥʝʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʟʘ ʠʟʫʯʘʝʤʳʡ ʧʝʨʠʦʜ. ɺʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʨʳʙʳ 

ʦʪʤʝʯʝʥʳ ʧʦʪʝʨʠ ʩʫʭʦʛʦ ʚʝʩʘ ʥʘ ʬʦʥʝ ʥʘʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʝʣʘ. ʇʨʠʤʝʥʠʣʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʬʦʨʤʫʣʫ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ [8] ʩ ʨʘʩʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʮʝʣʷʭ 

ʜʝʪʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʥʘʛʣʷʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠʣʠ ʫʙʳʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ ʨʘʩʯʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɿʘ ʠʟʫʯʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʙʨʘʣʠ ʜʘʥʥʳʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ 

ʟʠʤʦʚʢʫ ʠ ʚʝʩʝʥʥʝʤ ʦʙʣʦʚʝ. ɿʘ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʧʨʠʥʠʤʘʣʠ 180 ʩʫʪ (ʩ 10 ʦʢʪʷʙʨʷ 

ʧʦ 10 ʘʧʨʝʣʷ). 

ɿʘ ʝʜʠʥʠʮʫ ʦʪʩʯʝʪʘ ʙʨʘʣʠ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʚ ʧʝʨʠʦʜ ʧʦʩʘʜʢʠ ʝʝ 

ʥʘ ʟʠʤʦʚʢʫ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ ʚʳʰʝ ʝʜʠʥʠʮʳ ʫʢʘʟʳʚʘʣ ʥʘ ʪʦ, ʯʪʦ ʨʳʙʘ 

ʠʤʝʣʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʠʩʩʣʝʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʥʘʯʠʩʣʷʝʪʩʷ ʥʘ 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ. ʊʦ ʝʩʪʴ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʣʦʞʥʳʭ ʧʨʦʮʝʥʪʦʚ, 

ʢʦʪʦʨʳʡ ʦʪʨʘʞʝʥ ʚ ʥʘʢʦʧʣʝʥʠʠ ʠʭ ʥʘ ʩʫʤʤʫ ʟʥʘʯʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʥʳʭ ʨʘʥʝʝ 

ʧʨʦʮʝʥʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʙʳʚʘʥʠʷ ʥʠʞʝ ʝʜʠʥʠʮʳ ʫʢʘʟʳʚʘʣ ʥʘ ʪʦ, ʯʪʦ ʨʳʙʘ ʪʝʨʷʣʘ, 

ʥʘʧʨʠʤʝʨ, ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʦʨʛʘʥʠʟʤʘ, ʠʤʝʣʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʠʩʩʣʝʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʩʥʠʞʝʥʠʠ 

ʧʦʢʘʟʘʪʝʣʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʥʘʯʠʩʣʷʣʩʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ 

ʟʥʘʯʝʥʠʷ. ʊʦ ʝʩʪʴ ʩʦʙʣʶʜʘʣʩʷ ʧʨʠʥʮʠʧ ʩʣʦʞʥʳʭ ʧʨʦʮʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʝʥ ʚ 

ʩʥʠʞʝʥʠʠ ʩʫʤʤʳ ʟʥʘʯʝʥʠʡ ʩ ʫʯʝʪʦʤ ʧʨʝʜʳʜʫʱʠʭ ʧʦʪʝʨʴ. ʂ ʤʦʤʝʥʪʫ ʚʝʩʝʥʥʝʛʦ 

ʦʙʣʦʚʘ ʨʳʙʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝʥʥʦ ʜʨʫʛʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʩʫʭʦʛʦ ʚʝʩʘ, ʧʨʦʪʝʠʥʘ ʠ ʣʠʧʠʜʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʙʳʚʘʥʠʷ ʥʘ ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ʂʫ ʜʣʷ ʥʠʭ ʙʳʣʠ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ.  

ʇʦ ʥʘʢʦʧʣʝʥʠʶ ʚʣʘʛʠ ʪʘʢʞʝ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ (ʂʥ) 

ʥʘ ʧʝʨʠʦʜ 180 ʩʫʪ. ʇʨʠʯʝʤ ʝʩʣʠ ʟʘ ʝʜʠʥʠʮʫ ʙʨʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʦʨʛʘʥʠʟʤʝ 

ʨʳʙʳ ʥʘ ʤʦʤʝʥʪ ʧʦʩʘʜʢʠ ʝʸ ʥʘ ʟʠʤʦʚʢʫ ʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʦʧʣʝʥʠʷ 

ʙʳʣʦ ʚʳʰʝ ʝʜʠʥʠʮʳ, ʵʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʨʳʙʘ ʠʤʝʣʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʠʩʩʣʝʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʧʨʦʮʝʥʪ ʧʨʠʨʦʩʪʘ ʥʘʯʠʩʣʷʝʪʩʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ.  

ʇʨʠ ʧʨʦʩʯʝʪʝ ʨʘʩʭʦʜʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʥʪ 

ʧʦʪʝʨʴ ʚ ʪʝʯʝʥʠʝ ʦʜʥʠʭ ʩʫʪʦʢ. ʊʘʢ, ʧʦ ʩʳʨʦʤʫ ʧʨʦʪʝʠʥʫ ʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ 

Ptʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʘʟʥʠʮʝ ʜʚʫʭ ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʡ.  
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ʇʨʠ ʧʨʦʩʯʝʪʝ ʧʦʪʝʨʴ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʠʭ ʩʫʪʦʢ ʚ 

ʥʘʪʫʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ ʚ ʛʨʘʤʤʘʭ, ʩʫʪʦʯʥʳʡ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʫʤʥʦʞʘʣʠ 

ʥʘ ʤʘʩʩʫ ʨʳʙʳ ʚ ʧʨʝʜʳʜʫʱʠʝ ʩʫʪʢʠ ʠ ʜʝʣʠʣʠ ʥʘ 100 %. ʇʨʦʮʝʥʪʳ ʩʦʢʨʘʱʘʶʪʩʷ. 

ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʣʠʩʴ ʝʜʠʥʠʮʘʤʠ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʨʳʙʳ ʟʘ 

ʧʨʝʜʳʜʫʱʠʝ ʩʫʪʢʠ.  

ʆʙʤʝʥʥʘʷ, ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ  ʧʦʣʝʟʥʘʷ, ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʯʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʝʥʥʦʛʦ ʙʝʣʢʘ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʚʳʜʝʣʝʥʠʝ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ  

ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʩʧʘʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʤʦʥʠʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ 

(ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ) ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 4,4 ʢʢʘʣ (18,41 ʢɼʞ/ʛ 

ʙʝʣʢʘ), ʘ ʪʘʢʞʝ ʫʤʥʦʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʘʨʝʥʥʦʛʦ ʞʠʨʘ ʥʘ 9,5 ʢʢʘʣ/ʛ (39,75 

ʢɼʞ/ʛ), ʧʝʨʝʚʘʨʝʥʥʳʭ ʫʛʣʝʨʦʜʦʚ  ʥʘ 4,2 ʢʢʘʣ/ʛ (17,57 ʢɼʞ/ʛ) [9]. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʧʦʪʝʨʴ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʠʭ ʩʫʪʦʢ 

ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʨʳʙʳ ʕtʙ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʩʩʳ ʧʦʪʝʨʴ ʟʘ 

ʩʫʪʢʠ ʚ ʛʨʘʤʤʘʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʚʳʜʝʣʝʥʠʝ 

ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ  ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʩʧʘʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʤʦʥʠʡʥʳʭ  

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʡ (ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʦʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ) ʧʨʠʥʠʤʘʣʩ ̫            

ʟʘ 4,4 ʢʢʘʣ/ʛ, ʠʣʠ 18,41 ʢɼʞ/ʛ ʙʝʣʢʘ.  

ʊʝ ʞʝ ʨʘʩʯʝʪʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʟʫʯʝʥʠʶ ʧʦʪʝʨʴ ʧʦ ʣʠʧʠʜʘʤ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩ. 1.  

 

 

 
 

ʈʠʩ. 1. ʈʘʩʭʦʜʳ ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 1 ʛ ʞʠʚʦʡ ʤʘʩʩʳ 

ʧʣʝʤʝʥʥʦʛʦ ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ, ʉʇʋ çʀʟʦʙʝʣʠʥʦè 2011-2012 ʛʛ. 

Fig. 1. Power consumptions on maintenance of activity of 1 g of live mass 

of a breeding yearling of a carp during wintering, SPU "Izobelino" of 2011-2012 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ ʦʨʛʘʥʠʟʤ ʨʳʙʳ 

ʪʝʨʷʝʪ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʠ ʚʣʘʛʫ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʞʠʚʫʶ ʤʘʩʩʫ, ʟʘ ʢʘʞʜʳʝ ʩʫʪʢʠ 

ʨʘʩʩʯʠʪʘʣʠ ʚ ʛʨʘʤʤʘʭ ʵʪʠ ʧʦʪʝʨʠ.  
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ɿʘʪʝʤ ʥʘ ʢʘʞʜʳʝ ʩʫʪʢʠ ʦʧʨʝʜʝʣʠʣʠ ʚ ʛʨʘʤʤʘʭ ʟʥʘʯʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʠʟ ʧʦʨʦʜ 

ʟʠʤʫʶʱʝʛʦ ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʘʟʥʠʮʫ ʩʫʤʤʳ ʧʦʪʝʨʴ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʣʘʛʠ ʠ ʧʦʪʝʨʠ ʞʠʚʦʡ ʤʘʩʩʳ ʪʝʣʘ.   

ɺʩʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʟʠʤʫʶʱʠʤ ʩʝʛʦʣʝʪʢʦʤ ʚ ʪʝʯʝʥʠʝ 180 ʩʫʪ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩ. 2. 

 
 

 
 

ʈʠʩ. 2. ʆʙʤʝʥ ʚʝʱʝʩʪʚ ʫ ʟʠʤʫʶʱʝʛʦ ʩʝʛʦʣʝʪʢʘ ʧʣʝʤʝʥʥʦʛʦ ʢʘʨʧʘ, 

ʉʇʋ çʀʟʦʙʝʣʠʥʦè 2011-2012 ʛʛ 

Fig. 2. A metabolism at the wintering yearling of a breeding carp, 

SPU "Izobelino", 2011-2012 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʀʟʫʯʘʣʠ ʧʨʦʮʝʩʩʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ ʢ 

ʟʠʤʥʝʤʫ ʧʝʨʠʦʜʫ. ɹʳʣʠ ʧʨʠʥʷʪʳ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʘʥʥʳʝ ʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʧʨʦʙʳ ʨʳʙʳ ʚ ʉʇʋ çʀʟʦʙʝʣʠʥʦè ʚ 2011-2012 ʛʛ., 

ʥʘʯʠʥʘʣʠʩʴ ʨʘʙʦʪʳ  10 ʦʢʪʷʙʨʷ, ʟʘʢʘʥʯʠʚʘʣʠʩʴ 10 ʘʧʨʝʣʷ. 

ʇʦ ʩʦʙʨʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʳʙʘ ʙʳʣʘ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʩʣʝ ʧʦʩʘʜʢʠ ʚ ʟʠʤʦʚʘʣʴʥʳʝ 

ʧʨʫʜr ʦʪʭʦʜ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʰʴ ʝʜʠʥʠʯʥʳʤʠ ʦʩʦʙʷʤʠ, ʪʨʘʚʤʠʨʦʚʘʥʥʳʤʠ ʟʘ 

ʚʨʝʤʷ ʦʙʣʦʚʘ.  

ʆʙʱʠʡ ʭʦʜ ʧʦʪʝʨʠ ʞʠʚʦʡ ʩʨʝʜʥʝʰʪʫʯʥʦʡ ʤʘʩʩʳ ʧʨʦʭʦʜʠʣ ʧʦ ʧʨʠʥʮʠʧʫ 

ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʰʪʫʯʥʦʡ ʤʘʩʩʳ ʨʳʙʳ, ʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣ ʥʠʞʝ ʝʜʠʥʠʮʳ. ʆʥ, ʧʦ ʩʫʪʠ, ʷʚʣʷʣʩʷ 

ʦʪʨʘʞʝʥʠʝʤ ʪʦʛʦ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʩʨʝʜʥʝʰʪʫʯʥʘʷ ʤʘʩʩʘ ʨʳʙʳ ʟʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʩ ʫʯʝʪʦʤ ʭʦʜʘ ʧʨʦʮʝʩʩʘ ʧʦ ʧʨʠʥʮʠʧʫ ʩʣʦʞʥʳʭ ʧʨʦʮʝʥʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚʟʷʪʳ ʦʜʥʠ ʩʫʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ. 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

73 

ʉʪʨʫʢʪʫʨʘ ʪʝʣʘ ʢʘʨʧʘ ʠʟʫʯʝʥʘ ʝʱʝ ʚ ʥʘʯʘʣʝ XX ʚ. ʇʦ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʤʷʩʦ 

ʢʘʨʧʘ ʩʪʦʠʪ ʚʳʩʦʢʦ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʪ (%): ʧʨʦʪʝʠʥʘ - 21,9, ʞʠʨʘ ï 1,1,  ʚʦʜʳ ï 

76,8 [10]. ʂʘʪʘʙʦʣʠʯʝʩʢʠʝ ʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʚʝʩʦʚʳʭ ʝʜʠʥʠʮʘʭ ʙʝʣʢʘ, 

ʞʠʨʘ ʠ ʫʛʣʝʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʢʘʣ/(ʢʛĬʩʫʪ) [11]. ʇʨʠ ʦʙʠʣʴʥʦʤ ʢʦʨʤʝ ʢʫʣʴʪʫʨʥʳʝ 

ʢʘʨʧʳ ʤʦʛʫʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʛʦʜʘ ʩʚʦʝʡ ʞʠʟʥʠ ʜʦʩʪʠʛʘʪʴ ʚʝʩʘ 1 ʬʫʥʪ,  

ʜʚʫʭʛʦʜʦʚʘʣʳʝ ʚʝʩʷʪ 2, ʘ  ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 4 ʬʫʥʪʘ [12].  

ʀʟʫʯʘʣʠ ʤʘʪʝʨʠʘʣʳ ʧʦ ʜʠʥʘʤʠʢʝ ʞʠʚʦʡ ʤʘʩʩʳ, ʩʦʜʝʨʞʘʥʠ ʁ ʩʳʨʦʛʦ 

ʧʨʦʪʝʠʥʘ ʠ ʣʠʧʠʜʦʚ ʚ ʪʝʣʝ ʩʝʛʦʣʝʪʢʦʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʟʠʤʦʚʢʫ 1 ʢʛ ʞʠʚʦʡ ʤʘʩʩʳ ʨʳʙʳ ʚ ʪʝʯʝʥʠʝ 180 ʩʫʪ. ʊʘʢ, 

ʪʘʙʣʠʮʘ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ, ʣʘʭʚʠʥʩʢʦʛʦ ʠ 

ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ.  

 

ʊʘʙʣʠʮʘ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʝʛʦʣʝʪʢʦʤ ʨʘʟʥʳʭ ʧʦʨʦʜ ʢʘʨʧʘ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ   

ʚ ʧʨʫʜʘʭ ʉʇʋ "ʀʟʦʙʝʣʠʥʦ", 180 ʩʫʪ, 2011-2012 ʛʛ. 

Table. Energy losses among yearlings of different carp breeds during wintering in ponds 

of SPS "Izobelino", 180 days, 2011-2012 

ʇʦʢʘʟʘʪʝʣʠ 

ʕʥʝʨʛʝʪʠʯʝʩʢ

ʠʡ ʵʢʚʠʚʘʣʝʥʪ 

ʞʠʚʦʡ ʤʘʩʩʳ 

ʩʝʛʦʣʝʪʢʘ, 

ʢʢʘʣ/ʢʛ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠ

ʡ ʵʢʚʠʚʘʣʝʥʪ 

ʞʠʚʦʡ ʤʘʩʩʳ 

ʛʦʜʦʚʠʢʘ, 

ʢʢʘʣ/ʢʛ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ 

ʧʦʪʝʨʴ ʟʘ 

ʟʠʤʦʚʢʫ, 

ʢʢʘʣ/ʢʛ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ 

ʧʦʪʝʨʴ ʟʘ 

ʟʠʤʦʚʢʫ, % 

ʃʘʭʚʠʥʩʢʠʡ ʢʘʨʧ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʞʠʨʘ, 

ʢʢʘʣ/ʢʛ 779,00 475,00 304,00 39,02 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʧʨʦʪʝʠʥʘ, 

ʢʢʘʣ/ʢʛ 598,40 572,00 26,40 4,41 

ʉʫʤʤʘ, ʢʢʘʣ/ʢʛ 1377,40 1047,00 330,40 23,99 

ʏʝʨʝʧʝʪʩʢʠʡ ʢʘʨʧ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʞʠʨʘ, 

ʢʢʘʣ/ʢʛ 741,00 332,50 408,50 55,13 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʧʨʦʪʝʠʥʘ, 

ʢʢʘʣ/ʢʛ 642,40 550,00 92,40 14,38 

ʉʫʤʤʘ, ʢʢʘʣ/ʢʛ 1383,40 882,50 500,90 36,21 

ʆʪʚʦʜʢʘ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʞʠʨʘ, 

ʢʢʘʣ/ʢʛ 750,50 579,50 171,00 22,78 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʢʚʠʚʘʣʝʥʪ ʧʨʦʪʝʠʥʘ, 

ʢʢʘʣ/ʢʛ 695,20 620,40 74,80 10,76 

ʉʫʤʤʘ, ʢʢʘʣ/ʢʛ 1445,70 1199,90 245,80 17,00 
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ʆʪʚʦʜʢʘ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʡ ʧʦʨʦʜʳ ʢʘʨʧʘ ʩʦʜʝʨʞʘʣʘʩʴ ʚ ʉʇʋ 

"ʀʟʦʙʝʣʠʥʦ" ʩ 50-ʭ ʛʛ. XX ʚ. ɺʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʪʦʤʩʪʚʘ ʠ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʪʦʡ ʣʠʥʠʠ ʦʪʚʦʜʢʠ, ʚ 2011 ʛ. ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʚ ʵʪʦʤ 

ʭʦʟʷʡʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʚʦʜʢʘ ʪʨʠ ʧʨʠʤ ʧʦʨʦʜʳ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ 

ʨʘʡʦʥʠʨʦʚʘʥʘ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʥʠʟʢʠʝ ʨʘʩʭʦʜʳ 

ʧʨʦʪʝʠʥʘ ʠ ʣʠʧʠʜʦʚ ʟʘ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʠʪʦʛʦʚʦʤ ʧʦʢʘʟʘʪʝʣʝ ʟʘʪʨʘʪ 

ʢʘʢ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ ï 245,80 ʢʢʘʣ/ʢʛ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ï 17 %. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʟʠʤʦʚʢʝ ʩʝʛʦʣʝʪʢʘ ʣʘʭʚʠʥʩʢʦʛʦ ʢʘʨʧʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʟʘʚʝʟʝʥʳ ʩ ʆɸʆ "ʈʳʙʭʦʟ ʃʘʭʚʘ" ɹʨʝʩʪʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɻʝʦʛʨʘʬʠʯʝʩʢʠ ʨʝʛʠʦʥ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʵʪʦʪ ʨʳʙʭʦʟ, ʥʘʭʦʜʠʪʩʷ 

ʧʦʯʪʠ ʥʘ 400 ʢʤ ʶʞʥʝʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠ ʠʤʝʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢ, 

ʝʩʣʠ ʉʇʋ "ʀʟʦʙʝʣʠʥʦ" ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʦ II 

ʟʦʥʝ ʨʳʙʦʚʦʜʩʪʚʘ, ʪʦ ʆɸʆ "ʈʳʙʭʦʟ ʃʘʭʚʘ" ʥʘʭʦʜʠʪʩʷ ʚ III ʟʦʥʝ ʨʳʙʦʚʦʜʩʪʚʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʯʝʥʴ ʥʠʟʢʠʝ ʨʘʩʭʦʜʳ 

ʧʨʦʪʝʠʥʘ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʣʠʧʠʜʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

ɺ ʠʪʦʛʦʚʦʤ ʧʦʢʘʟʘʪʝʣʝ ʟʘʪʨʘʪ ʦʪʨʘʞʝʥʳ ʧʦʪʝʨʠ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ    

(330,40 ʢʢʘʣ/ʢʛ) ʠ  ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ  (ʧʦʯʪʠ 24 %).  

ʇʦʜʦʙʥʳʝ ʟʥʘʯʝʥʠʷ (ʦʢʦʣʦ 24 % ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʟʠʤʦʚʢʫ ʚ 

ʧʨʫʜʦʚʳʭ ʫʩʣʦʚʠʷʭ) ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʦ ʟʠʤʦʚʢʝ ʩʝʛʦʣʝʪʢʘ ʣʘʭʚʠʥʩʢʦʛʦ ʢʘʨʧʘ ʥʘ 

ʙʘʟʝ ʉʇʋ "ʀʟʦʙʝʣʠʥʦ", ʘ ʪʘʢʞʝ ʆɸʆ çʈʳʙʭʦʟ ʇʦʣʝʩʴʝè, ʚʳʨʘʱʝʥʥʦʛʦ ʠ 

ʟʠʤʦʚʘʚʰʝʛʦ ʚ ʧʨʫʜʘʭ 2010ï2011 ʛʛ. ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʧʦʜʪʚʝʨʜʠʣʠ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʢʘʨʧʘ ʚ 24 % [13]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʯʝʪʘʶʪʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ 

ʨʘʙʦʪ ʧʦ ʤʘʩʩʦʥʘʢʦʧʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʳʙ [14-16]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʥʫʞʜʳ ʦʨʛʘʥʠʟʤʘ ʨʳʙʳ ʩʯʠʪʘʶʪ 

ʥʦʨʤʘʣʴʥʳʤ ʷʚʣʝʥʠʝʤ [17, 18].  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʫʯʝʥʳʭ ʠ ʨʳʙʦʚʦʜʦʚ ʧʨʦʰʣʳʭ 

ʣʝʪ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʨʤʘʪʠʚʳ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʧʘ ʚ ʧʝʨʠʦʜ ʟʠʤʦʚʢʠ, 

ʧʦʣʫʯʠʣ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʨʘʩʯʝʪʘʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 

ɺ ʪʘʙʣʠʮʝ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʟʠʤʦʚʢʝ ʩʝʛʦʣʝʪʢʘ ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʟʘʚʝʟʝʥʳ ʩ ʏʝʨʝʧʝʪʩʢʦʛʦ ʨʳʙʭʦʟʘ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ). ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʨʳʙʭʦʟʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʠ ʚʝʜʝʪ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʙʘʟʝ ʪʝʧʣʳʭ ʩʙʨʦʩʥʳʭ ʚʦʜ ʉʫʚʦʨʦʚʩʢʦʡ ɻʈʕʉ. ʇʦʵʪʦʤʫ ʩʫʤʤʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʟʚʦʣʷʝʪ ʏʝʨʝʧʝʪʩʢʦʤʫ ʨʳʙʭʦʟʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ        

IV ʟʦʥʝ ʨʳʙʦʚʦʜʩʪʚʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʘʙʣʠʮʳ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʙʳʣʠ ʨʘʩʭʦʜʳ 

ʧʨʦʪʝʠʥʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʠ ʣʠʧʠʜʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɺ ʠʪʦʛʦʚʦʤ 

ʧʦʢʘʟʘʪʝʣʝ ʟʘʪʨʘʪ ʦʪʨʘʞʝʥʳ ʧʦʪʝʨʠ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ (ʦʢʦʣʦ 500 ʢʢʘʣ/ʢʛ) ʠ ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥʠ ʧʨʝʚʳʰʘʣʠ 36 % (ʯʪʦ ʚ 1,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʪʝʨʷʣʠ 

ʩʝʛʦʣʝʪʢʠ ʣʘʭʚʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʠʣʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʧʦʪʝʨʴ ʠʟʦʙʝʣʠʥʩʢʦʛʦ 

ʢʘʨʧʘ). ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ 

ʩʜʝʣʘʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʨʠʩ. 1. ʇʦ ʦʪʚʦʜʢʝ ʪʨʠ ʧʨʠʤ 

ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ ʚʳʜʝʣʷʝʤ ʪʦ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ 

ʟʠʤʦʚʢʠ ʩʥʠʞʘʣʠʩʴ ʥʘ 20 % ʢ ʢʦʥʮʫ ʠʟʫʯʘʝʤʦʛʦ ʧʝʨʠʦʜʘ.  

 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

75 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʯʝʨʝʧʝʪʩʢʠʤ ʢʘʨʧʦʤ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʟʠʤʦʚʢʠ ï ʚ 2,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ, ʢʦʪʦʨʳʝ ʢ ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʩʥʠʞʘʣʠʩʴ 

ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʥʘ ʝʜʠʥʠʮʫ ʞʠʚʦʡ ʤʘʩʩʳ.  

ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʣʘʭʚʠʥʩʢʠʤ ʢʘʨʧʦʤ ʫʤʝʨʝʥʥʳʝ, ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷʤ ʧʨʠ ʫʩʣʦʚʠʠ ʩʪʘʙʠʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʟʠʤʦʚʘʣʴʥʳʭ 

ʧʨʫʜʘʭ, ʙʳʣʠ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ. ɿʘ 

ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʥʠʞʘʣʠʩʴ ʚ 

ʜʚʘ ʨʘʟʘ ʥʘ ʝʜʠʥʠʮʫ ʞʠʚʦʡ ʤʘʩʩʳ. 

ʇʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʯʝʨʝʧʝʪʩʢʠʤ ʢʘʨʧʦʤ ʚ ʪʝʯʝʥʠʝ 

ʟʠʤʦʚʢʠ ʥʘ ʝʜʠʥʠʮʫ ʞʠʚʦʡ ʤʘʩʩʳ ʧʦʯʪʠ ʚʜʚʦʝ ʷʚʣʷʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʚʣʘʛʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩ. 2). ɺʳʨʘʱʠʚʘʥʠʝ ʪʝʧʣʦʚʦʜʥʦʛʦ ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ ʚ ʫʩʣʦʚʠʷʭ 

II ʟʦʥʳ ʨʳʙʦʚʦʜʩʪʚʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʦʧʦʩʪʘʚʠ-

ʤʦʛʦ ʧʦ ʢʘʯʝʩʪʚʫ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ ʩʝʛʦʣʝʪʢʘ, ʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʟʘ ʚʨʝʤʷ ʟʠ-

ʤʦʚʢʠ ʙʳʣʠ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʳʭ [1].  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʪ. ʝ. ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ-

ʚʦʜʠʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʤʘ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʨʛʘʥʠʟʤʳ 

ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʶʪ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʦʨʘʟʜʦ ʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʝʥ ʠ ʦʙʤʝʥ ʚʝʱʝʩʪʚ 

ʫ ʦʨʛʘʥʠʟʤʦʚ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʚ ʩʪʨʫʢʪʫʨʝ ʪʝʣʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʠʩ. 2, ʦʪʤʝʯʘʝʤ ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʚʳʜʝʣʝʥʠʠ ʠʟʣʠʰʥʝʡ 

ʚʣʘʛʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ  ʤʘʩʩʦʦʙʤʝʥʘ (ʚʳʰʝ 

ʦʪʤʝʪʢʠ ʥʦʣʷ) ʠ ʥʘʢʦʧʣʝʥʠʠ ʚʣʘʛʠ ʠʟʚʥʝ ʦʨʛʘʥʠʟʤʦʤ ʨʳʙʳ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʤʘʩʩʦʦʙʤʝʥʘ.  

ɹʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʚʝʜʝʥʠʷ ʠʟʣʠʰʥʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩʝʛʦʣʝʪʢʘ ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ 

ʟʠʤʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʧʨʦʭʦʜʠʣʦ ʪʘʢʞʝ ʟʘʤʝʱʝʥʠʝ ʝʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʪʝʣʘ ʨʳʙʳ. 

ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʦʨʛʘʥʠʟʤʦʤ ʚʦʜʳ ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʣʦ ʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʚʣʘʛʝ, ʦʙʨʘʟʫʝʤʦʡ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʦʩʦʙʠ. ʇʦʩʣʝ 80 ʩʫʪ ʟʠʤʦʚʢʠ ʦʪʤʝʯʝʥʦ ʧʦʪʨʝʙʣʝʥʠʝ ʯʝʨʝʧʝʪʩʢʠʤ ʢʘʨʧʦʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʚʣʘʛʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʦʨʛʘʥʠʟʤʘ ʠ ʟʘʤʝʱʝʥʠʷ 

ʧʦʪʝʨʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʧʝʨʚʳʝ ʜʥʠ ʟʠʤʦʚʢʠ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʩʝʛʦʣʝʪʢʦʚ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʛʦ ʢʘʨʧʘ ʠ 

ʣʘʭʚʠʥʩʢʦʛʦ ʢʘʨʧʘ. ʅʘʩʪʫʧʣʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʦʪʝʨʴ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʦʨʛʘʥʠʟʤʘ ʢʘʨʧʘ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʚʣʘʛʦʡ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ, ʢ 110 ʩʫʪ.  

ʃʘʭʚʠʥʩʢʠʡ ʢʘʨʧ ʟʘʥʠʤʘʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʫʤʝʨʝʥʥʳʡ ʨʘʩʭʦʜ 

ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ ʫʢʘʟʳʚʘʣ, ʯʪʦ ʫʩʣʦʚʠʷ ʟʠʤʦʚʢʠ ʜʣʷ ʥʝʛʦ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʤʬʦʨʪʥʳʤʠ. ʆʙʤʝʥʥʦʡ ʚʣʘʛʠ, ʦʙʨʘʟʦʚʘʚʝhʡʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʩʝʛʦʣʝʪʢʘ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦ ʚʨʝʤʷ ʟʠʤʦʚʢʠ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦ 155 ʩʫʪ. 

ɼʘʣʝʝ ʥʘʩʪʫʧʘʣʦ ʧʦʪʨʝʙʣʝʥʠʝ ʚʣʘʛʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. 

 

ɺʓɺʆɼʓ 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʨʛʘʥʠʟʤ ʢʘʨʧʘ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʦʨʘʟʜʦ 
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ʙʦʣʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʝʥ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʫ ʦʨʛʘʥʠʟʤʦʚ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʝʣʘ. 

ʇʦ ʠʪʦʛʘʤ ʟʠʤʦʚʢʠ ʩʝʛʦʣʝʪʢʘ ʢʘʨʧʘ ʚ ʧʨʫʜʘʭ ʧʦʣʫʯʘʣʠ ʞʠʟʥʝʩʪʦʡʢʦʛʦ 

ʛʦʜʦʚʠʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ʥʝ ʤʝʥʝʝ 12 %, ʣʠʧʠʜʦʚ 3ï4 %, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʨʠʥʷʪʳʤ ʚ ʨʳʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ 

ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʉʦʧʦʩʪʘʚʠʤʳʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʦʪʤʝʯʝʥʳ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʟʠʤʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʫʜʦʚ ʫ ʣʘʭʚʠʥʩʢʦʛʦ ʢʘʨʧʘ  (ʦʢʦʣʦ 24 %, 

ʠʣʠ 330ï350 ʢʢʘʣ/ʢʛ). ʆʩʥʦʚʫ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʣʠ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʣʠʧʠʜʦʚ (ʜʦ 40 %) ʠ ʧʨʦʪʝʠʥʘ  (ʦʢʦʣʦ  4 %). ɺ ʠʪʦʛʦʚʦʤ ʧʦʢʘʟʘʪʝʣʝ ʟʘʪʨʘʪ 

ʦʪʨʘʞʝʥʳ ʧʦʪʝʨʠ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ (ʦʢʦʣʦ 500 ʢʢʘʣ/ʢʛ) ʠ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ (ʧʨʝʚʳʰʘʣʠ 36 % ʜʣʷ ʯʝʨʝʧʝʪʩʢʦʛʦ ʢʘʨʧʘ, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʦʪʚʦʜʢʠ ʪʨʠ ʧʨʠʤ ʠʟʦʙʝʣʠʥʩʢʦʡ ʧʦʨʦʜʳ ʢʘʨʧʘ (17%)).  

ʇʦʪʨʝʙʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʤ ʨʳʙʳ ʚʦʜʳ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʯʠʥʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ ʠ ʧʨʦʭʦʜʠʣʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʠ ʥʝʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʟʠʤʦʚʢʠ. ʅʘʩʪʫʧʣʝʥʠʝ ʤʦʤʝʥʪʘ ʟʘʤʝʱʝʥʠʷ ʧʦʪʝʨʴ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʪʝʣʘ ʥʘ ʚʣʘʛʫ 

ʠʟʚʥʝ ʧʨʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʟʠʤʦʚʢʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʛʦʨʘʟʜʦ ʧʦʟʞʝ ʠ ʤʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʣʦ ʥʘʛʣʷʜʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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POSSIBILITIES RESURSOSBEREZHENIYA  

 UNDER  MEHANOTERMICHESKOY  PROCESSING  NUT 

 

G. V. Alexeev, I. I. Usmanov, M. S. Khripankova 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʜʝʣʠʷ ʠʟ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ ʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʥʘʩʝʣʝʥʠʷ ʤʥʦʛʠʭ ʩʪʨʘʥ ʠ ʢʘʢ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ ʚ ʩʳʨʦʤ ʠ ʧʦʜ-

ʞʘʨʝʥʥʦʤ ʚʠʜʝ, ʠ ʢʘʢ ʧʠʱʝʚʦʝ ʩʳʨʴʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʮʝʥʥʳʤ ʢʘʯʝʩʪʚʘʤ ʷʜʨʘ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ ʠ ʧʨʦʜʫʢʪʳ, 

ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʠʭ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʛʦ, ʭʣʝʙʦʧʝ-

ʢʘʨʥʳʭ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ  ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʟʣʘʛʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ, ʢʘʢ 

ʠʥʛʨʝʜʠʝʥʪʘ, ʦʙʦʛʘʱʘʶʱʝʛʦ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʚʘʞʥʳʤʠ ʧʠʱʝʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʇʨʠʚʝʜʝʥʳ ʩʦʦʙʨʘʞʝʥʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʦʜʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ. ɼʣʷ ʧʦʠʩʢʘ ʨʘʟʫʤʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ, 

ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʟʘʞʘʨʠʚʘʥʠʝ ʦʨʝʭʦʚ (ʠʭ ʫʧʨʦʯʥʝʥʠʝ), ʠ ʵʥʝʨʛʠʝʡ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ (ʤʦʱʥʦʩʪʴ ʤʝʣʴʥʠʮʳ), ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʊʝʭʥʠʯʝʩ-

ʢʦʡ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʦʨʝʭʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳ-

ʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʳʭ ʢʘʢ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʨʝʩʫʨʩʦʩ-

ʙʝʨʝʞʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘ-

ʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʸʪ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʤʝ-

ʱʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʦʙʦʛʨʝʚʘʝʤʦʤ ʢʦʨʧʫʩʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʚʝʨ-

ʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʝʨʝʯʠʩʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʭʘʥʠʟʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʀʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʝʸ ʨʘʙʦʪʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʦʨʝʭʠ, ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʦʧʳʪʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

 
At present products from nut and peanuts use high popularity beside populations 

of the many countries and as product of the feeding in cheese and roasted type, and as 
food raw material, used in industrial scale. Due to its valuable quality kernel nut and 
peanuts and products, got of them, are broadly used in production icecream and pastries. 
Thereby using the modern equipment for termo of the processing nut is actual.  
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Within the framework of decision of this problem are stated particularities to realization 
of the process resours processing nut, as ingrediemt carrying in products of the feeding 
important food material. The Broughted considerations theoretically motivating 
possibility and need of the joining of the pulverizing and termo in one process. The 
Considered defect existing technology termo processing nut. For searching for of the 
reasonable compromise between energy spent on termo  pulverizing (the power of the 
mill) is designed new device. The Problem of engineering designed device when 
pulverizing nut is increasing to efficiency of the pulverizing the product, increasing to 
capacity and reduction comsumed as energy, so and raw materials resource that is 
provided her constructive particularity and optimization parameter. Proposed new  
technical decision, provides increasing to capacity, resours and improvement ready 
product quality. Efficiency proposed device is reached for count of the building to 
designs on base of the accomodation of the mechanism of the pulverizing in heated 
body with possibility his(its) vertical displacement. The Enumerated advantage of the 
mechanism in contrast with traditional device. Izobrazhena scheme of the experimental 
installation, happens to the description of her work. The main scientific problems are 
Worded for making the methods calculation industrial device. 

termomehanicheskaya processing, nuts, resource technologies, grinding mecha-
nism, experienced installation, preliminary experimental data, prospects of the industrial use 

 
ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ï ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʚʦʟʤʦʞʥʦ 
ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʦʚʘʥʠʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ. ʏʘʩʪʦ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘ-
ʥʠʷ ʮʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʢʫʩʦʚʳʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʨʝʭʠ: ʛʨʝʮʢʠʡ, ʬʫʥʜʫʢ, ʢʝʰʴʶ, ʘʨʘʭʠʩ ʠ ʜʨ., ʢ ʪʘʢʠʤ ʜʦʙʘʚʢʘʤ 
ʪʨʝʙʦʚʘʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʩʦʩʪʘʚ-
ʣʷʶɦʠʭ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʩʪʨʦʛʦ. 

ʋʧʦʪʨʝʙʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ 
ʢʫʣʴʪʫʨ, ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʷʜʝʨ ʘʨʘʭʠʩʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ 
ʨʘʮʠʦʥʦʚ ʧʠʪʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʚʢʫʩʦʚʳʝ 
ʢʘʯʝʩʪʚʘ ʠ ʦʩʥʦʚʥʳʝ ʥʘʪʠʚʥʳʝ ʧʠʱʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʙʝʣʢʠ, ʞʠʨʳ (ʦʢʦʣʦ 80 % 
ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ) ʠ ʫʛʣʝʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʙʦʛʘʪʳ 
ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʩʦʜʝʨʞʘʪ ʚʠʪʘʤʠʥʳ ɸ, ɺ1, ɺ2, ʈʈ ʠ ʉ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪ-
ʢʘ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʳʨʴʷ, ʤʝʪʦʜʘʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, 
ʩʧʦʩʦʙʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ) ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 
ʧʨʦʜʫʢʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʨʝʭʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʀʟʫʯʝʥʠʝ 
ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʝʭʦʚ ʠ ʙʦʙʦʚ 
ʘʨʘʭʠʩʘ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʜʝʣʠʷ ʠʟ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ ʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 
ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʥʘʩʝʣʝʥʠʷ ʤʥʦʛʠʭ ʩʪʨʘʥ ʠ ʢʘʢ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ, ʠ ʢʘʢ ʧʠʱʝʚʦʝ 
ʩʳʨʴʝ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʮʝʥʥʳʤ ʢʘʯʝʩʪʚʘʤ 
ʷʜʨʘ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ ʠ ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʠʭ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʛʦ, ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʠʩʢʘ 

ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʟʨʘʙʦʪʢʫ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʳʨʴʶ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʩʳʨʴʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ (ʦʯʠʩʪʢʠ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-
ʙʦʪʢʠ, ʜʨʦʙʣʝʥʠʷ). ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʦʙʦʩʥʦʚʘʥʠʝ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠʟ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ, ʛʘʨʘʥʪʠʨʫ-ʁ
ʱʠʭ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʠʥʬʦʨʤʘʮʠʷ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ ʦ 
ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʷʜʝʨ ʦʨʝʭʦʚ ʠ ʘʨʘʭʠʩʘ ʜʘʝʪ ʩʚʝʜʝʥʠʷ ʚ ʩʪʠʣʝ çʥʦʫ-ʭʘʫè, 
ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ. 

ʆʧʠʩʘʥ, ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʥʠ ʧʦʤʝ-
ʱʘʶʪʩʷ ʚ ʢʘʤʝʨʫ ʠ ʥʘʛʨʝʚʘʶʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
100-140 Áʉ ʧʦʜ ʚʘʢʫʫʤʦʤ 6,7-16 ʢʇʘ ʜʦ ʛʦʪʦʚʥʦʩʪʠ. 

ɺ ʦʧʠʩʘʥʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʢʫʫʤʘ ʠʣʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʦʙʜʫʚʘ 
ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʙʞʘʨʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, 
ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 100 Áʉ ʟʘʤʝʜʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʞʘʨʢʠ, ʘ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 140 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʢʘʯʝʩʪʚʦ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʫʭʫʜʰʘʝʪʩʷ ʫʞʝ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 60-65 Áʉ, ʪʘʢ ʢʘʢ ʨʘʟʨʫʰʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 
ʚʠʪʘʤʠʥʦʚ, ʢʘʣʴʮʠʬʝʨʦʣʳ, ʪʦʢʦʬʝʨʦʣʳ, ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ 
ʚʝʱʝʩʪʚʘ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʜʦ ʥʝ ʨʘʟʨʫʰʘʶʱʠʭ 
ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ ʟʥʘʯʝʥʠʡ (60 Áʉ ʠ ʥʠʞʝ) ʧʨʦʮʝʩʩ ʦʙʞʘʨʢʠ ʟʘʤʝʜʣʠʪʩʷ ʜʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʚʨʝʤʝʥʠ (ʜʝʩʷʪʢʠ ʤʠʥʫʪ ʠʣʠ ʯʘʩʳ).  

ʀʥʦʛʜʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʦʨʝʭʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʞʘʨʠʚʘʥʠ-
ʝʤ ʠ ʧʦʢʨʳʪʠʝʤ  ʩʣʦʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʚʢʫʩʦʘʨʦʤʘʪʠʯʝʩʢʫʶ ʜʦʙʘʚʢʫ. ʇʨʠ ʵʪʦʤ ʦʨʝʭʠ 
ʧʦʜʩʫʰʠʚʘʶʪ ʜʦ ʚʣʘʞʥʦʩʪʠ 1,8-4,2 ʤʘʩ. %, ʧʦʤʝʱʘʶʪ  ʚ ʜʨʘʞʠʨʦʚʦʯʥʳʡ ʢʦʪʝʣ, 
ʧʦʢʨʳʚʘʶʪ  ʩʣʦʝʤ ʟʘʛʫʩʪʠʪʝʣʷ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 1,7-3,3% ʦʪ ʠʭ ʤʘʩʩʳ, ʘ 
ʟʘʪʝʤ ʧʦʩʳʧʘʶʪ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʚʢʫʩʦʚʦʡ ʜʦʙʘʚʢʦʡ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ï 2,7-8,5 % ʦʪ 
ʤʘʩʩʳ  ʦʨʝʭʦʚ. ʇʦʣʫʬʘʙʨʠʢʘʪ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʦʜʩʫʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 2-6 
ʤʠʥ ʚʦʟʜʫʭʦʤ ʧʨʠ 45-55 Áʉ, ʘ ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 5-12 ʤʠʥ ʚʦʟʜʫʭʦʤ ʧʨʠ 16-22 Áʉ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʢʫʩʦʘʨʦʤʘʪʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʫʭʦʡ ʠʟʤʝʣʴʯʝʥʥʳʡ 
ʦʩʪʨʳʡ ʧʝʨʝʮ ʯʠʣʠ, ʠʟʤʝʣʴʯʝʥʥʳʡ ʩʫʭʦʡ ʫʢʨʦʧ, ʘʨʦʤʘʪʠʟʘʪʦʨʳ ʩʦ ʚʢʫʩʦʤ ʠ 
ʘʨʦʤʘʪʦʤ ʟʘʧʝʯʝʥʥʦʛʦ ʤʷʩʘ ʠʣʠ ʢʨʝʚʝʪʢʠ [2].  

ʇʨʠʤʝʥʝʥʠʝ ʦʨʝʭʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʦʜʥʠʤ ʠʟ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʣʠ ʧʦ 
ʜʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʠʭ ʠʟʤʝʣʴʯʝʥʠʝ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʜʝʣʷʝʤʦʡ ʜʣʷ ʵʪʠʭ ʵʪʘʧʦʚ 
ʵʥʝʨʛʠʠ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ  ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʫʯʝʪʘ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʠʪʝʣʝʡ 
ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ [1-4] 

ʆʋʇ

ʇ

ɸɸɸ

ɸ

++
=h ,                                                                                        (1) 

ʛʜʝ  ɸʇ ï ʨʘʙʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ɼʞ; ɸʋ ï ʨʘʙʦʪʘ ʫʧʨʫʛʦʡ 
ʜʝʬʦʨʤʘʮʠʠ; ɸʆ ï ʨʘʙʦʪʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʬʠʟʠʯʝʩʢʠ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʰʝ-
ʥʠʝ ʧʦʣʝʟʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʢ ʦʙʱʠʤ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝ-
ʨʠʷ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʣʝʟʥʳʭ ʨʘʙʦʪ ʚ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʨʘʩʯʝʪʘ ɸʇ ʚ ʬʦʨʤʫʣʝ ʈʝʙʠʥʜʝʨʘ ʥʝʦʙʭʦʜʠʤʦ  ʟʥʘʪʴ 
ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʂs, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʦʤ ʪʘʢʞʝ 
ʦʛʨʘʥʠʯʝʥʘ: 
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Sʂɸ Sʇ DÖ= ,  ɼʞ,                                                                       (2) 

ʛʜʝ SD  ï ʧʨʠʨʦʩʪ ʧʣʦʱʘʜʠ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ
2
. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʨʫʜʥʦʩʪʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ɸʇ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ 
ʚʚʦʜʷʪ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʩʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
ʅʘʧʨʠʤʝʨ,  ʧʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʨʦʪʦʨʘ  ʈʋɼ: 

LD

N
Pʋɼ

Ö
=

,
  ʢɺʪ/ʤ

2
,                                                                            (3) 

ʛʜʝ N - ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ; D - ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ, ʤ; L - ʘʢʪʠʚʥʘʷ 
ʜʣʠʥʘ ʨʦʪʦʨʘ, ʤ. 

ʌʠʟʠʯʝʩʢʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʝʜʠʥʠʮʳ 
ʧʣʦʱʘʜʠ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʜʨʦʙʠʣʢʠ [5-6].  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʧʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʇʫʜ, ʷʚʣʷʶʱʠʡʩʷ ʦʪʥʦʰʝʥʠʝʤ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʤʝʣʴʥʠʮʳ  Gʄ, ʪ/ʯ   ʢ  ʦʙʲʝʤʫ 
ʝʝ ʢʦʨʧʫʩʘ Vɸ, ʤ

3
. 

A

ʄ
ʋɼ
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,
 
ʪ/ʤ

3
ʯ.

                                                                                (4) 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦʙʠʣʢʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʚ ʯʘʩ ʠʣʠ 
ʪʦʥʥʘʭ ʚ ʯʘʩ, ʥʠʢʘʢ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 
ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʨʘʞʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʠʨʦʩʪʝ ʥʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ SD  ʚ ʤ
2
/ʯ. ʄʦʞʥʦ ʚʳʨʘʟʠʪʴ ʧʨʠʨʦʩʪ ʧʦʚʝʨʭʥʦʩʪʠ SD  ʯʝʨʝʟ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʣʴʥʠʮʳ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Sd, ʚʳʨʘʞʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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ʛʜʝ  Sʄ ï ʠʟʤʝʥʝʥʠʝ  ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʚ 
ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʤ

2
/ʩ; VM ï ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  ʤʝʣʴʥʠʮʳ, ʤ

3
/ʩ; 

n ï ʩʯʝʪʥʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ; yï ʬʘʢʪʦʨ ʬʦʨʤʳ ʯʘʩʪʠʮʳ ï ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʢ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 
ʧʦ ʦʙʲʝʤʫ ʩʬʝʨʳ ʜʠʘʤʝʪʨʦʤ dʕ; dʕ ï ʩʨʝʜʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ 
ʤʘʪʝʨʠʘʣʘ, ʤ. 

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (5) Sʄ, ʧʦʣʫʯʠʤ 
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ʛʜʝ Mr  ï ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤ
3
; GM ï ʤʘʩʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʤʝʣʴʥʠʮʳ, ʢʛ/ʩ; VM ï ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʣʴʥʠʮʳ, ʤ
3
/ʩ. 

ʊʦʛʜʘ ʧʨʠʨʦʩʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ 
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ʆʙʦʟʥʘʯʠʤ  ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʤ i:  
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d ,
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d - ʩʨʝʜʥʠʝ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʘʝ-

ʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

85 

ʉ ʫʯʝʪʦʤ (8) ʬʦʨʤʫʣʘ (7) ʧʨʠʤʝʪ ʚʠʜ: 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʘ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ 

ʥʝʦʜʠʥʘʢʦʚʘ, ʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʠʤ ʠʟʤʝʥʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, 

ʬʦʨʤʫʣʘ (9) ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʩʷ: 

( )1i
dɟɣ
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ȹS

1ʕM
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ɺ ʬʦʨʤʫʣʫ (10) ʚʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʨʘʢʪʠʢʝ ʧʘʨʘʤʝʪʨʳ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ GM, ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ i, ʧʣʦʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ Mr ,  ʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʫʩʦʢ 
1ʕ

d . 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʧʘʨʘʤʝʪʨ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʚʠʜʝ 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʣʶʙʳʭ 

ʩʧʦʩʦʙʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ ʦʨʝʭʦʚ, ʧʨʦʰʝʜʰʠʭ ʦʜʠʥʘʢʦʚʫʶ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʧʦʩʦʙʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʝʭʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʭ ʧʨʦʯʥʦʩʪʴ 
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(12) 

ʛʜʝ ʇps  ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ɼʞ/ʤ
2
. 

ʇʘʨʘʤʝʪʨ ʕ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪ ʜʣʷ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʦʨʝʭʦʚ ʧʨʠ ʤʝʥʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ.  

ɼʣʷ ʧʦʠʩʢʘ ʨʘʟʫʤʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ        

ʟʘʞʘʨʠʚʘʥʠʝ ʦʨʝʭʦʚ (ʠʭ ʫʧʨʦʯʥʝʥʠʝ), ʠ ʵʥʝʨʛʠʝʡ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʠʭ ʠʟʤʝʣʴʯʝʥʠʝ 

(ʤʦʱʥʦʩʪʴ ʤʝʣʴʥʠʮʳ), ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ [7-9]. 

ʊʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʦʨʝʭʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʳʭ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʳʨʴʝʚʳʭ 

ʨʝʩʫʨʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʧʘʨʘʤʝʪʨʦʚ. 
ʉʫʱʥʦʩʪʴ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʩʦʩʪʦʷɦʝʤ ʠʟ ʢʦʨʧʫʩʘ ʩ ʟʘʛʨʫʟʦʯʥʳʤ ʠ ʚʳʛʨʫʟʦʯʥʳʤ ʦʪʚʝʨʩʪʠʷʤʠ, ʠʟʤʝʣʴʯʘʶ-
ʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʚʠʜʝ ʨʘʟʤʝʱʝʥʥʦʛʦ ʧʦ ʦʩʠ ʢʦʨʧʫʩʘ ʧʦʣʦʛʦ ʚʘʣʘ ʠ ʟʘʢʨʝʧʣʝʥ-
ʥʦʛʦ ʥʘ ʥʝʤ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ, ʧʦʣʳʡ ʚʘʣ ʚʳʧʦʣʥʝʥ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʠ 
ʨʘʟʤʝʱʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʢʦʨʧʫʩʘ, ʘ ʝʛʦ ʥʠʞʥʠʡ ʢʦʥʝʮ, 
ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ ʚʳʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʦʩʥʘʱʝʥ ʢʦʥʠʯʝʩʢʦʡ ʟʘʛʣʫʰʢʦʡ 
ʩ ʨʘʜʠʘʣʴʥʦ ʫʧʦʨʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ, ʧʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʚʘʣʘ, ʩʥʘʙʞʝʥʥʳʡ 
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ʢʦʣʴʮʝʚʳʤ ʤʘʛʥʠʪʦʤ, ʧʦʜʧʨʫʞʠʥʝʥ ʠ ʨʘʟʤʝʱʝʥ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ, ʘ ʚ ʩʨʝʜ- 
ʥʝʡ ʯʘʩʪʠ ʚʘʣʘ ʟʘʢʨʝʧʣʝʥ ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʫʩ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ 
ʧʨʠʚʦʜʦʤ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʚʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʨʭʥʠʡ ʢʦʥʝʮ 
ʧʦʣʦʛʦ ʚʘʣʘ ʩʦʝʜʠʥʝʥ ʩ ʧʦʜʘʶʱʝʡ ʤʘʛʠʩʪʨʘʣʴʶ ʤʦʶʱʝʡ ʞʠʜʢʦʩʪʠ [10]. 

ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ  ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ 
ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʤ 
ʚʢʣʶʯʝʥʠʝʤ ʩʦʣʝʥʦʠʜʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʘʜʝʞʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʚʳʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ ʩʦʝʜʠʥʝʥʠʝ ʚʘʣʘ ʩ ʧʨʠʚʦʜʦʤ ʚ 
ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚʘʣʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 
ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʦʩʠ ʢʦʨʧʫʩʘ. ʕʪʦʤʫ ʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʘʙʞʝʥʠʝ 
ʚʘʣʘ ʢʦʥʠʯʝʩʢʦʡ ʟʘʛʣʫʰʢʦʡ ʩ ʨʘʜʠʘʣʴʥʦ ʫʧʦʨʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ. ʉ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ, ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʦʛʦ ʚʘʣʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʠ ʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʚʝʨʭʥʝʛʦ 
ʢʦʥʮʘ ʩ ʤʘʛʠʩʪʨʘʣʴʶ ʤʦʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʜʝʟʠʥʬʠʮʠʨʦʚʘʪʴ 
ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, ʫʜʘʣʷʷ ʦʩʪʘʪʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʨʝʭʦʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ, 
ʥʘʧʨʠʤʝʨ, ʧʝʯʝʥʴʷ, ʚ ʢʘʯʝʩʪʚʝ  ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥ ʤʝʣʘʥʞ ʠʣʠ ʜʨʫʛʘʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ ʩ ʚʢʫʩʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʷʩʥʷʝʪ ʨʠʩ. 1, ʥʘ 
ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ. ʅʘ ʥʝʡ ʠʟʦʙʨʘʞʝʥ ʧʨʦʜʦʣʴʥʳʡ 
ʨʘʟʨʝʟ ʟʘʷʚʣʷʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʦʨʝʭʦʚ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ: 
ʢʘʤʝʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʟʤʝʣʴʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʦʙʦʛʨʝʚʘʝʤʦʡ ʨʫʙʘʰʢʦʡ 1; 
ʞʘʨʦʯʥʦʡ ʢʘʤʝʨʳ 2, ʧʘʪʨʫʙʢʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ 3; 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ  4; ʚʦʟʚʨʘʪʥʦʡ ʧʨʫʞʠʥʳ 5; ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʬʨʠʢʮʠʦʥʥʳʤ 
ʨʝʜʫʢʪʦʨʦʤ 6; ʢʨʳʰʢʠ ʩ ʟʘʛʨʫʟʦʯʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʧʨʫʞʠʥʦʡ 7; 
ʧʦʣʦʛʦ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʚʘʣʘ 8, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʩʝʚʦʛʦ 
ʧʝʨʝʤʝʱʝʥʠʷ, ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ 9; ʢʦʥʠʯʝʩʢʦʡ ʟʘʛʣʫʰʢʠ 10; 
ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʦʨʦʥʢʠ 11; ʝʤʢʦʩʪʠ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ 12. 

 
 

ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ  ʠʟʤʝʣʴʯʝʥʠʷ ʦʨʝʭʦʚ 
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Fig. 1. Device for pulverizing nut 
ʋʩʪʨʦʡʩʪʚʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʜʨʦʙʣʝʥʥʳʭ ʦʙʞʘʨʝʥʥʳʭ ʦʨʝʭʦʚ ʜʣʷ ʥʘ-

ʧʦʣʥʝʥʠʷ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʝʛʦ ʚʢʣʶ-
ʯʝʥʠʠ ʠʟ ʢʘʤʝʨʳ 1 ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʛʨʝʪʳʝ ʦʨʝʭʠ ʧʦʩʪʫʧʘʶʪ ʚ ʞʘʨʦʯʥʫʶ ʢʘʤʝ-
ʨʫ 2, ʛʜʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʦʨʝʭʦʚ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʪʝʤ 
ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʦʟʘ ʦʨʝʭʦʚ ʠʟ ʥʘʢʦʧʠʪʝʣʷ ʧʦʧʘʜʘʝʪ ʯʝʨʝʟ ʦʪʢʨʳʪʦʝ ʟʘʛʨʫʟʦʯʥʦʝ 
ʦʪʚʝʨʩʪʠʝ ʢʨʳʰʢʠ 7 ʚʥʫʪʨʴ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʣʘʩʪʠʥʯʘʪʘʷ 
ʧʨʫʞʠʥʘ ʜʝʨʞʠʪʩʷ ʚ ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʘʣ 8 ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʘʡʥʝʤ ʚʝʨʭʥʝʤ 
ʧʦʣʦʞʝʥʠʠ, ʢʦʥʠʯʝʩʢʘʷ ʟʘʛʣʫʰʢʘ 10 ʟʘʤʳʢʘʝʪ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʢʘʤʝʨʳ, ʘ ʢʦʥʠʯʝʩ-
ʢʠʡ ʨʝʜʫʢʪʦʨ ʧʨʠʚʦʜʘ 6 ʩʮʝʧʣʝʥ ʩ ʬʨʠʢʮʠʦʥʥʳʤ ʢʦʥʫʩʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʚʘ-
ʣʫ 8. ʇʨʫʞʠʥʘ 5 - ʚ ʩʞʘʪʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʢʣʶʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛ-
ʥʠʪʘ 4. ʇʘʪʨʫʙʦʢ 3 ʧʝʨʝʢʨʳʪ ʠ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʦʧʘʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʞʠʜʢʦʩ-
ʪʠ ʚ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ 6 ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʪʚʝʨʩʪʠʝ ʚ 
ʢʨʳʰʢʝ 7, ʘ ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʡ ʦʨʛʘʥ 9, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʦʨʝʭʠ, ʠʟʤʝʣʴʯʘʝʪ ʠʭ ʜʦ 
ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʜʠʮʠʠ.  

ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ ʚʳʢʣʶʯʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4, ʧʨʫʞʠʥʘ 5 ʧʝʨʝ-
ʤʝɦʘʝʪ ʚʘʣ 8 ʚ ʢʨʘʡʥʝʝ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʘʪʨʫʙʦʢ 3 ʦʪʢʨʳʚʘʶʪ 
ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʝʤʢʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʚʢʫʩʦʚʳʤʠ ʠʥʛʨʝʜʠʝʥ-
ʪʘʤʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʚʥʫʪʨʴ ʧʦʣʦʛʦ ʚʘʣʘ 8 ʠ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ ʚʳʤʳʚʘʝʪ ʠʟ 
ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʥʳʝ ʦʨʝʭʠ ʩʥʘʯʘʣʘ ʚ ʥʘʧʨʘʚʣʷʶʱʫʶ ʚʦʨʦʥʢʫ 
11, ʘ ʟʘʪʝʤ ʚ ʝʤʢʦʩʪʴ 12, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʯʠʱʘʷ ʠ ʩʘʤ ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʡ ʦʨʛʘʥ 9. 
ɼʘʣʝʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʘʪʨʫʙʦʢ 3 ʠ ʚʢʣʶʯʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4, ʧʦʩʣʝ ʯʝʛʦ 
ʨʘʙʦʯʘʷ ʝʤʢʦʩʪʴ ʟʘʤʳʢʘʝʪʩʷ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʣʦʛʦ ʚʘʣʘ 8 ʚ ʢʨʘʡʥʝʝ ʚʝʨʭʥʝʝ 
ʧʦʣʦʞʝʥʠʝ ʦʪʢʨʳʚʘʝʪʩʷ ʦʪʚʝʨʩʪʠʝ ʚ ʢʨʳʰʢʝ 7.  

ʇʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʦʨʝʭʦʚ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʠʭ ʩ ʚʳʤʳʚʘʥʠʝʤ ʧʦʣʫʬʘʙʨʠʢʘʪʘ 
ʧʦʚʪʦʨʷʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ ʜʝʟʠʥʬʝʢʮʠʠ ʢʘʤʝʨʳ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3 ʧʦʜʘʝʪʩʷ 
ʤʦʶʱʠʡ ʨʘʩʪʚʦʨ ʚ ʝʤʢʦʩʪʴ 12, ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ. 

ʆʧʠʩʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʣʴʯʝ-
ʥʠʷ ʦʨʝʭʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʙʞʘʨʠʚʘʪʴ ʦʨʝʭʠ ʧʨʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʞʠʤʘʭ, ʘ 
ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʦʤ ʥʘʢʦʧʠʪʝʣʷ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʜʨʦʙʣʝʥʠʠ 
ʷʜʝʨ ʬʫʥʜʫʢʘ ʠ ʘʨʘʭʠʩʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʘ-
ʨʠʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 
ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʴ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʝʞʠ-
ʤʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 [11-13]. 

 
ʈʠʩ. 2. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ 

Fig. 2. Comparative given termo about efficiency of the processing 
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nut for miscellaneous mode 

ɸʥʘʣʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʨʝʭʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʘʨʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʙʝʟ ʢʨʦʰʝʢ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ, ʭʦʪʷ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʝʜʝʪ ʢ  ʫʪʨʘʪʝ ʥʝʢʦʪʦʨʳʭ 

ʮʝʥʥʳʭ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠʟʤʝʣʴʯʘʝʤʳʭ ʦʨʝʭʦʚ ʚʝʜʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩʘʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ [14-15]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʨʝʭʦʚ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʚʳhʝʥʠʷ ʠʭ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʦʠʩʢ ʢʦʤʧʨʦ-

ʤʠʩʩʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʙʞʘʨʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 

ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʥʝʛʦ ʤʦʱʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʩʫʭʠʭ ʚʝʱʝʩʪʚ  ʦʧʨʝʜʝʣʷʝʪ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝ-

ʤʳʭ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʝʭʦʚ, ʯʪʦ ʚʝʜʝʪ ʠ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ. 
 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʃʀʊɽʈɸʊʋʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

 

1. ʐʫʣʷʢ, ɺ. ɸ. ʉʫʰʢʘ ʠ ʤʝʭʘʥʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʠʩʧʝʨʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʨʝʜ / ɺ. ɸ. ʐʫʣʷʢ. ï ʄʠʥʩʢ: ʀʟʜ. ʮʝʥʪʨ ɹɻʋ, 2003. ï 240 ʩ.  

2. Baukelmann G., Schmidt P. Doppelzyklon mit Schraubenspalt-Diffusor-

Tauchrohr //Aufbereitungs technik. ï1989. ï ˉ4. ï P. 206-211. 

3. ɸʣʝʢʩʝʝʚ, ɻ. ɺ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ: 

ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɻ. ɺ. ɸʣʝʢʩʝʝʚ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2004. ï 262 ʩ. 

4.  ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʄ. ɺ. ɻʦʥʯʘʨʦʚ [ʠ ʜʨ.]. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014. ï      280 ʩ.  

5. Biffin M., Syzed N., Sage P. // Chem. Eng. Research and Design. - 1984. ï     

V. 62. ï ˉ6. ï P. 261-265. 

6. ɸʣʝʢʩʝʝʚ, ɻ. ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ: ʤʦʥʦʛʨʘʬʠʷ / ɻ. ɺ. ɸʣʝʢʩʝʝʚ,   

ɸ. ɺ.  ʂʦʥʜʨʘʪʦʚ. ï ʉʘʨʘʪʦʚ, 2013. ï 192 ʩ. 

7. ʀʚʘʥʦʚʘ, ɸ. ʉ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʪʝʢʘʥʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʥʘ ʞʝʩʪʢʫʶ ʧʨʝʛʨʘʜʫ / ɸ. ʉ. ʀʚʘʥʦʚʘ, ɻ. ɺ.  ɸʣʝʢʩʝʝʚ // ɺʝʩʪʥʠʢ          

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʭʦʣʦʜʘ. ï 2012. ï  ̄1. ï ʉ. 34-35.  

8. Emaga T.H. Kinetics of the Hydrolysis of Polysaccharide Galacturonic Acid 

and  Neutral Sugars Chains from Flaxseed Mucilage / T.H. Emaga, N. Rabetafika,      

C.S. Blecker, M. Paquot // Biotechnol. Agron. Soc. Environ. 2012. ï  v. 16, ˉ 2. ï pp. 

139-147. 

9. ɺʦʨʦʥʝʥʢʦ, ɹ. ɸ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʤʧʫʣʴʩ-

ʥʦʛʦ (ʜʠʩʢʨʝʪʥʦʛʦ) ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʝ ʧʠʱʝʚʦʝ ʩʳʨʴʝ / 

ɹ. ɸ. ɺʦʨʦʥʝʥʢʦ,  ɻ. ɺ. ɸʣʝʢʩʝʝʚ, ɺ. ɸ. ɻʦʣʦʚʘʮʢʠʡ // ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2012. ï 

 ̄2. ï ʉ. 11-15. 

10. ʇʘʪʝʥʪ ʈʌ ˉ131996  ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʬʨʫʢʪʦʚ ʠ 

ʦʚʦʱʝʡ / ɻ. ɺ. ɸʣʝʢʩʝʝʚ, ɽ. ʇ. ɹʘʰʝʚʘ, ɽ. ɺ. ʂʨʘʚʮʦʚʘ, ʊ. ɺ. ʄʠʥʘʝʚʘ, 

ʃ. ɺ. ʄʠʥʘʝʚʘ. ï ɿʘʷʚʣ. 26.02.2013 ˉ2013108483, ʦʧʫʙʣ. ʚ ʌʀʇʉ 10.09.2013.  

11. Gªnzle M.G. From gene to function: metabolic traits of starter cultures for 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

89 

improved quality of cereal food / M.G.  Gªnzle // Food Mierobio.2009.ï ̄  31ï pp. 29-36. 
12. ɹʨʠʜʝʥʢʦ, ʀ. ʀ. ɺʠʨʪʫʘʣʴʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʢʫʨʩʫ 

çʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘè / ʀ. ʀ. ɹʨʠʜʝʥʢʦ, ɻ. ɺ. ɸʣʝʢʩʝʝʚ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: 
ɻʀʆʈɼ, 2007. ï 152 ʩ. 

13. ɸʣʝʢʩʝʝʚ, ɻ. ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ / ɻ. ɺ. ɸʣʝʢʩʝʝʚ,          
ɽ. ʀ.  ɺʝʨʙʦʣʦʟ // ɺʝʩʪʥʠʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʭʦʣʦʜʘ.  ï 2003. ï ˉ4. ï        
ʉ. 35-39.  

14. ʇʦʜʭʦʜʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 
ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ / ɽ. ɺ. ɽʛʦʰʠʥʘ [ʠ ʜʨ.] // 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ ʅʀʋ ʀʊʄʆ. ʉʝʨ.: ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 
ï 2014. ï  ̄4. ï ʉ. 244-255. 

15. ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʣʴʯʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 
ʩʪʨʫʢʪʫʨʥʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʠʱʝʚʦʡ ʩʤʝʩʠ // ɸ. ɺ. ʂʦʥʜʨʘʪʦʚ [ʠ ʜʨ.] // 
ʀʟʚʝʩʪʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʠʟʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʳʭ ʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2008. ï ˉ4. ï ʉ. 54-58. 

 

REFERENCES 
1. Shuljak V. A. Sushka i mehanotermicheskaja obrabotka dispersnyh 

materialov i sred [Drying and mechanical-thermal treatment of disperse materials and 
mediums]. Minsk, Izd. centr BGU, 2003, 240 p.  

2. Baukelmann G., Schmidt P. Doppelzyklon mit Schraubenspalt-Diffusor-
Tauchrohr. Aufbereitungs technik. 1989, no. 4, pp. 206-211. 

3. Alekseev G. V. Osnovy teorii reshenija izobretatel'skih zadach. 
Uchebnoe posobie [Foundations of the theory of inventive problem solving. Students 
book]. Saint-Petersburg, 2004, 262 p. 

4. Goncharov M. V., Alekseev G. V., Voronenko B. A., Holjavin I. I. 
Chislennye metody pri modelirovanii tehnologicheskih mashin i oborudovanija. 
Uchebnoe posobie [Numerical methods in simulation of technological machines and 
equipment. Students book]. Saint-Petersburg, 2014, 280 p.  

5. Biffin M., Syzed N., Sage P. Chem. Eng. Research and Design. 1984, 
vol. 62, no. 6, pp. 261-265. 

6. Alekseev G. V., Kondratov A. V. Perspektivy primenenija 
kavitacionnogo vozdejstvija dlja izmel'chenija pishhevyh produktov [Perspectives of 
using cavitation attack for grinding food products]. Saratov, 2013, 192 p. 

7. Ivanova A. S., Alekseev G. V.  Modelirovanie processa natekanija nen'-
jutonovskoj zhidkosti na zhestkuju pregradu [Simulation of the process of non-
Newtonian fluid leaking on a hard barrier]. Vestnik mezhdunarodnoj akademii holoda, 
2012, no. 1, pp. 34-35.  

8. Emaga T. H., Rabetafika N., Blecker C. S., Paquot M. Kinetics of the 
Hydrolysis of Polysaccharide Galacturonic Acid and  Neutral Sugars Chains from 
Flaxseed Mucilage. Biotechnol. Agron. Soc. Environ. 2012, vol. 16, no. 2, pp. 139-147. 

9. Voronenko B. A.,  Alekseev G. V., Golovackij V. A. Analiticheskoe 
issle-dovanie processa impul'snogo (diskretnogo) teplovogo vozdejstvija na 
pererabatyvaemoe pishhevoe syr'e [Analytical study of the process of impulse (discrete) 
heat impact on processed raw material]. Novye tehnologii, 2012, no. 2, pp. 11-15. 

10. Alekseev G. V., Basheva E. P., Kravcova E. V., Minaeva T. V., Minaeva 

L. V. Ustrojstvo dlja izmel'chenija fruktov i ovoshhej [Device for grinding fruit and 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

90 

vege-tables]. Patent RF ˉ131996. Zajavl. 26.02.2013 ˉ 2013108483, opubl. v FIPS 
10.09.20137.  

11. Gªnzle M. G. From gene to function: metabolic traits of starter cultures 
for improved quality of cereal food. Food Mierobio. 2009, no. 31, pp. 29-36. 

12. Bridenko I. I., Alekseev G. V. Virtual'nyj laboratornyj praktikum po 
kursu ñMehanika zhidkosti i gazaò [Virtual laboratory practicum on ñFluid 
mechanicsò]. Saint-Petersburg, GIORD, 2007, 152 p. 

13. Alekseev G. V., Verboloz E. I. Sovremennye podhody k racional'nomu 
ispol'zovaniju resursov pri pervichnoj obrabotke pishhevogo syr'ja [Modern approaches 
to rational use of resources in primary processing of food raw material]. Vestnik 
Mezhdunarodnoj akademii holoda, 2003, no. 4, pp. 35-39.  

14. Egoshina E. V., Alekseev G. V., Verboloz E. I., Basheva E. P., Borovkov 
M. I. Podhody nechetkoj logiki v issledovanijah biotehnologij dlja racional'nogo 
ispol'zovanija pishhevyh resursov [Fuzzy logic approaches in studies of biotechnolo-
gies for the rational use of food resources]. Nauchnyj zhurnal NIU ITMO. Serija 
ñProcessy i apparaty pishhevyh proizvodstvò, 2014, no. 4, pp. 244-255. 

15. Kondratov A. V., Alekseev G. V., Aret V. A., Verboloz E. I. 
Vozmozhnost' upravlenija processom izmel'chenija putem izmenenija strukturno 
mehanicheskih svojstv pishhevoj smesi [A possibility for managing grinding process by 
means of changing structural-mechanical properties of a food mixture]. Izvestija Sankt-
Peterburgskogo gosudarstvennogo universiteta nizkotemperaturnyh i pishhevyh 
tehnologij, 2008, no. 4, pp. 54-58. 

 
ʀʅʌʆʈʄɸʎʀʗ ʆɹ ɸɺʊʆʈɸʍ 

 

ɸʣʝʢʩʝʝʚ ɻʝʥʥʘʜʠʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ              
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ 

ʦʧʪʠʢʠ; ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʇʨʦʮʝʩʩʳ ʠ 
ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè; ɽ-mail: gva2003@mail.ru 

 
Alexeev Gennadiy Valentinovich ï Sankt-Petersburg national exploratory university 
information technology, mechanical engineers and optometrists; the doctor of the 

technical sciences, professor, managing pulpit "Processes and devices food production"; 
E-mail: gva2003@mail.ru 

 
ʋʩʤʘʥʦʚ ʀʣʴʭʦʤ ʀʙʨʘʛʠʤʦʚʠʯ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ  ʠʩʩʣʝʜʦʚʘ-                
ʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ; 
ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè; 

ɽ-mail: gva2003@mail.ru 
 

Usmanov Ilihom Ibragimovich ï Sankt-Petersburg national exploratory university 
information technology, mechanical engineers and optometrists; the graduate student of 

the pulpit "Processes and devices food production"; E-mail: gva2003@mail.ru 
 

ʍʨʠʧʘʥʢʦʚʘ ʄʘʨʠʥʘ ʉʝʨʛʝʝʚʥʘ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ 
ʦʧʪʠʢʠ; ʘʩʧʨʘʥʪ ʢʘʬʝʜʨʳ çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè; 

ɽ-mail: gva2003@mail.ru 
 

Khripankova Marina Sergeevna ï Sankt-Petersburg national exploratory university 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

91 

information technology, mechanical engineers and optometrists, graduate student of the 

pulpit "Processes and devices food production"; E-mail: gva2003@mail.ru 

ʋɼʂ 604.4; 62.13.99 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʅʊʀʆʂʉʀɼɸʅʊʅʓʍ ʉɺʆʁʉʊɺ ɿɸʄɽʅʀʊɽʃʗ ʂʆʌɽ 

ʀɿ ʊʆʇʀʅɸʄɹʋʈɸ ʂɸʃʀʅʀʅɻʈɸɼʉʂʆɻʆ ʈɽɻʀʆʅɸ 

 

ʃ. ʉ. ɹʘʡʜʘʣʠʥʦʚʘ, ɺ. ɸ. ʄʝʣʴʥʠʢʦʚʘ 

 

STUDY OF ANTIOXIDANT PROPERTIES OF COFFEE SUBSTITUTE FROM 

LOCAL RAW MATERIAL OF VEGETABLE ORIGIN - JERUSALEM ARTICHOKE 

 

L. S. Baydalinova, V. A. Melnikova 

 

ʉʣʦʚʘ çʘʥʪʠʦʢʩʠʜʘʥʪʳè, çʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳè ʚʦʰʣʠ ʚ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʠʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ 

ʞʫʨʥʘʣʘʭ, ʥʘ ʩʘʡʪʘʭ ʦ ʟʜʦʨʦʚʦʤ ʦʙʨʘʟʝ ʞʠʟʥʠ, ʥʘ ʫʧʘʢʦʚʢʘʭ ʢʦʩʤʝʪʠʢʠ, 

ʚʠʪʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨ. ɸʥʪʠʦʢʩʠʜʘʥʪʳ ï ʚʝʱʝʩʪʚʘ, ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʦʢʠʩʣʝʥʠʝ, ʣʶʙʦʝ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨʘʮʠʦʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʵʪʦ ʚʝʱʝʩʪʚʘ, ʧʨʠʥʦʩʷʱʠʝ 

ʥʝʦʩʧʦʨʠʤʫʶ ʧʦʣʴʟʫ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. ʕʪʠ ʙʠʦʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʇʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʦʥʠ ʟʘʱʠʱʘʶʪ ʢʣʝʪʢʠ 

ʦʨʛʘʥʠʟʤʘ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ. 

ʅʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʥʠʟʢʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʯʝʣʦʚʝʢʘ ʯʘʩʪʦ 

ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩʦ ʩʪʘʨʝʥʠʝʤ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʤʠ ʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʘʤʝʥʠʪʝʣʷ ʢʦʬʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʧʠʱʝʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʌɻɹʆʋ ɺʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 

ʢʦʬʝʡʥʦʛʦ ʥʘʧʠʪʢʘ ʚʳʙʨʘʥ ʪʦʧʠʥʘʤʙʫʨ (Heli§nthus tuber·sus). ʇʨʦʜʫʢʪ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʫʨʘʣʴʥʳʤ ʞʘʨʝʥʳʤ ʟʝʨʥʦʚʳʤ ʢʦʬʝ ʤʘʨʢʠ Exklusiv 

Kaffee J.J. Darboven ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʮʠʢʦʨʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʠʟʫʯʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʠʪʢʦʚ ʠ 

ʵʢʩʪʨʘʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ çBietolaè, ʭʦʪʷ ʠ 

ʫʩʪʫʧʘʝʪ ʥʝʩʢʦʣʴʢʦ ʷʛʦʜʥʳʤ, ʦʚʦʱʥʳʤ ʠ ʬʨʫʢʪʦʚʳʤ ʩʦʢʘʤ, ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʨʘʮʠʦʥ ʯʝʣʦʚʝʢʘ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʧʦʣʝʟʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʪʦʧʠʥʘʤʙʫʨ, ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ, ʥʘʪʫʨʘʣʴʥʳʡ ʞʘʨʝʥʳʡ ʢʦʬʝ,  ʮʠʢʦʨʠʡ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʧʦʣʠʬʝʥʦʣʳ, ʚʠʪʘʤʠʥ ʉ 

 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

92 

The words çantioxidantsè and çfree radicalsè have recently become ingrained in 

human life. They can often be found in magazines, on web sites about healthy lifestyles, 

on packages of cosmetics, vitamins and other. Antioxidants - substances that inhibit 

oxidation, any of the numerous chemical substances including natural products of 

organism and the nutrients coming from the diet which may neutralize oxidizing action 

of free radicals and other substances. In other words, these are substances that bring 

undeniable benefits for human health. These bioactive elements are present in certain 

foods. They protect cells from oxidation which damage them and may cause health 

problems. The negative effects of a low antioxidant status are often associated with 

aging and, consequently, cardiovascular diseases and cancer. The article deals with 

antioxidant properties of the coffee substitute developed at the Department of Food 

biotechnology of Kaliningrad State Technical University. Jerusalem artichoke 

(Heli§nthus tuber·sus) has been chosen as a local vegetable raw material for the 

production of the coffee substitute. Obtained results are compared with the experimental 

samples of natural roasted coffee beans of the brand Exklusiv Kaffee JJ Darboven and 

natural insoluble chicory. Also, for more complete information, publications of 

domestic long-term study of antioxidant activity of various drinks and extracts are 

presented. Research has been performed using standard and specialized analytical 

methods. Our study showed that, in terms of antioxidant activity, çBietolaè coffee 

substitute does not yield to berry, vegetable and fruit juices and it can be included in the 

human diet for its useful biologically active substances. 

jerusalem artichoke, coffee substitute, natural roasted coffee, chicory, 

antioxidants, polyphenols, vitamin C 

 

 

ɺɺɽɼɽʅʀɽ 

ʊʝʤʘ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʯʘʩʪʠʮ ʧʨʠʚʣʝʢʘʝʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʚʩʝ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʟʘʠʥʪʝʨʝʩʦʚʳʚʘʝʪ ʰʠʨʦʢʫʶ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʩʪʨʝʤʠʪʩʷ ʫʢʘʟʘʪʴ ʥʘ ʫʧʘʢʦʚʢʝ ʩʚʦʝʛʦ ʧʨʦʜʫʢʪʘ ʥʘʣʠʯʠʝ ʚ 

ʥʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ ï ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʙʦʨʦʪʴʩʷ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʉʚʦʙʦʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ʩʯʠʪʘʝʪʩʷ ʭʠ-

ʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʠʤʝʶʱʝʝ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʙʦ ʧʦʪʝʨʠ, ʣʠʙʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. 

ʅʝʩʧʘʨʝʥʥʳʤ ʩʯʠʪʘʝʪʩʷ ʵʣʝʢʪʨʦʥ, ʟʘʥʠʤʘʶʱʠʡ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʯʠʩʣʝ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʠʣʠ ʘʪʦʤʥʫʶ ʦʨʙʠʪʘʣʴ [1]. 

ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʦʜʠʪ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ, ʨʘʟʨʫʰʘʶʱʠʭ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʩʥʦʚʫ ʢʣʝʪʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʟʳʚʘʪʁʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦ-

ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʷ ʥʘ ʝʛʦ ʩʦʩʪʦʷʥʠʝ. 

ʇʦʵʪʦʤʫ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ 
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ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʩʯʠʪʘʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ [2]. 

ʂ ʧʨʠʨʦʜʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʦʪʥʦʩʷʪʩʷ: 

ï ʬʣʘʚʦʥʦʠʜʳ (ʬʣʘʚʦʥʳ, ʬʣʘʚʦʥʦʣʳ, ʬʣʘʚʘʥʦʥʳ, ʠʟʦʬʣʘʚʦʥʳ, ʬʣʘʚʘʥʳ, 

ʬʣʘʚʦʥʦʣʳ, ʭʘʣʴʢʦʥʳ, ʜʠʛʠʜʨʦʭʘʣʴʢʦʥʳ, ʬʣʘʚʦʥ-3,4-ʜʠʦʣʳ, ʘʥʪʦʮʠʘʥʠʜʠʥʳ); 

ï ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʛʘʣʣʦʚʘʷ, ʧʨʦʪʦʢʘʪʝʭʠʥʦʚʘʷ, 

ʚʘʥʠʣʠʥʦʚʘʷ, ʩʠʨʝʥʝʚʘʷ ʢʠʩʣʦʪʳ); 

ï ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʳ (ʬʝʨʫʣʦʚʘʷ, p- ʠ ʦ-ʢʫʤʘʨʦʚʳʝ, ʢʦʬʝʡʥʘʷ, 

ʩʠʥʘʥʦʚʘʷ ʢʠʩʣʦʪʳ); 

ï ʧʨʦʠʟʚʦʜʥʳʝ ʢʫʤʘʨʠʥʘ; ʬʠʪʦʵʩʪʨʦʛʝʥʳ (ʣʠʛʥʘʥʳ, ʵʩʪʨʦʛʝʥʳ, ʣʘʢʪʦʥʳ ʠ 

ʜʨ.); 

ï ʚʠʪʘʤʠʥ ɽ (Ŭ, ɓ, ɔ, ŭ-ʪʦʢʦʬʝʨʦʣʳ ʠ Ŭ, ɓ, ɔ, ŭ-ʪʦʢʦʪʨʠʝʥʦʣʳ); 

ï ʚʠʪʘʤʠʥ ʉ; 

ï ʢʘʨʦʪʠʥʦʠʜʳ (ʣʠʢʦʧʝʥ, Ŭ, ɓ-ʢʘʨʦʪʠʥʳ, ʣʶʪʝʠʥ ʠ ʜʨ.). 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʥʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ, 

ʧʦʣʘ, ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ, ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʙʨʘʟʘ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʇʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ ʧʦʜʛʨʫʧʧʳ ʣʶʜʝʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ʦʢʩʠ-

ʜʘʪʠʚʥʦʤʫ ʩʪʨʝʩʩʫ, ʯʝʤ ʜʨʫʛʠʝ. ʕʪʦ ʜʦʩʪʦʚʝʨʥʦ ʜʣʷ ʙʦʣʴʥʳʭ ʜʠʘʙʝʪʦʤ, ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʝʡ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦ ʩʥʠʞʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʩʣʝ ʝʜʳ, ʙʦʣʴʥʳʭ ʘʣʣʝʨʛʠʝʡ, ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʘʪʣʝʪʦʚ ʠ ʣʠʮ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ. 

ɺ ʧʦʜʦʙʥʳʭ ʛʨʫʧʧʘʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. 

ɽʱʝ ʦʜʥʠʤ ʘʩʧʝʢʪʦʤ ʫʭʫʜʰʝʥʠʷ ʦʙʱʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ ʠ ʫʯʘʱʝʥʠʷ ʩʣʫʯʘʝʚ 

ʛʠʧʝʨʪʦʥʠʠ, ʦʩʦʙʝʥʥʦ ʫ ʣʠʮ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʢʦʬʝ. ʇʦ ʜʘʥʥʳʤ ʚʝʜʫʱʠʭ ʢʦʬʝʡʥʳʭ ʢʦʤʧʘʥʠʡ, ʝʞʝʛʦʜʥʦ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 

ʚʳʧʠʚʘʝʪʩʷ 760 ʤʣʨʜ ʯʘʰʝʢ ʢʦʬʝ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥʘʭ ʥʘʧʠʪʢʘ, ʦʜʥʘʢʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʣʠʰʴ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʜʚʫʭ-ʪʨʝʭ ʯʘʰʝʢ ʢʦʬʝ ʚ ʜʝʥʴ (150 ʤʣ). ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ ʣʶʜʝʡ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ  150 ʤʣ, ʘ ʧʴʶʪ ʢʦʬʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʀʭ 

ʥʦʨʤʘ ʩʦʩʪʘʚʣʷʝʪ ʧʷʪʴ-ʰʝʩʪʴ ʯʘʰʝʢ ʚ ʜʝʥʴ (300 ʤʣ), ʘ ʪʦ ʠ ʙʦʣʝʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʫʧʦʪʨʝʙʣʝʥʠʝ ʢʦʬʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʦʨʛʘʥʠʟʤʘ, ʚʳʤʳʚʘʥʠʶ ʠʟ ʥʝʛʦ 

ʢʘʣʴʮʠʷ ʠ ʤʥʦʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʂʦʬʝ ʩʦʜʝʨʞʠʪ ʩʪʠʤʫʣʷʪʦʨ ʘʣʢʘʣʦʠʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʢʦʬʝʠʥ, ʢʦʪʦʨʳʡ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʧʨʠʚʳʢʘʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʞʝ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ, 

ʧʨʦʚʝʜʸʥʥʳʝ ʙʝʟ ʢʦʬʝ, ʫ ʯʝʣʦʚʝʢʘ ʧʦʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʝ ʛʦʣʦʚʥʳʝ ʙʦʣʠ, ʪʝʨʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ, ʘ ʟʘʪʝʤ ʫʭʫʜʰʘʝʪʩʷ ʠ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ. 

ʇʝʨʝʜʦʟʠʨʦʚʢʘ ʢʦʬʝʠʥʘ (ʙʦʣʝʝ ʰʝʩʪʠ  ʯʘʰʝʢ ʚ ʩʫʪʢʠ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʥʠʢʝ, 

ʭʨʦʥʠʯʝʩʢʠʤ ʥʝʚʨʦʟʘʤ, ʚʳʟʚʘʪʴ ʫʯʘʱʸʥʥʦʝ ʩʝʨʜʮʝʙʠʝʥʠʝ ʠ ʜʘʞʝ ʩʫʜʦʨʦʛʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʤʝʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʦʥʠʟʠʨʫʶʱʝʛʦ ʥʘʧʠʪʢʘ,  

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʧʠʱʝʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨ- 

ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʟʘʤʝʥʠʪʝʣʷ ʢʦʬʝ ʥʘ ʦʩʥʦʚʝ ʪʦʧʠʥʘʤʙʫʨʘ. 
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ʊʦʧʠʥʘʤʙʫʨ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʙʦʨʦʤ ʚʩʝʭ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʠʥʫʣʠʥʦʤ, 

ʬʨʫʢʪʦʟʦʡ, ʧʠʱʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ (ʢʘʣʠʡ, ʥʘʪʨʠʡ, ʢʘʣʴʮʠʡ, 

ʬʦʩʬʦʨ, ʤʘʛʥʠʡ), ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ (ʢʨʝʤʥʠʡ, ʞʝʣʝʟʦ, ʮʠʥʢ, ʩʝʣʝʥ, ʤʝʜʴ, ʤʘʨʛʘ-

ʥʝʮ, ʡʦʜ ʠ ʜʨ.), ʚʠʪʘʤʠʥʘʤʠ (ɺ1, ɺ2, ɺ3, ɺ5, ɺ6, ɺ7, ʉ, ʈʈ, ʢʘʨʦʪʠʥ), ʦʨʛʘʥʠʯʝʩʢʠʤʠ  

ʢʠʩʣʦʪʘʤʠ (ʣʠʤʦʥʥʘʷ, ʷʙʣʦʯʥʘʷ, ʬʫʤʘʨʦʚʘʷ, ʷʥʪʘʨʥʘʷ) ʠ ʧʨʠʨʦʜʥʳʤʠ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʥʦʛʠʭ ʧʨʦʜʫʢʪʦʚ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚʝʩʴʤʘ ʧʦʣʝʟʝʥ ʜʝʪ̫ʤ, ʚʝʛʝʪʘʨʠʘʥʮʘʤ ʠ ʣʶʜʷʤ 

ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʛʦ ʢʦʬʝʡʥʦʛʦ ʥʘʧʠʪʢʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʧʦʣʠʬʝʥʦʣʦʚ, 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʠʪʘʤʠʥʘ 

ʉ, ʦʙʱʫʶ ʪʠʪʨʫʝʤʫʶ ʢʠʩʣʦʪʥʦʩʪʴ. 

 

ʄɽʊʆɼʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʬʝʥʦʣʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 720 ʥʤ. ɺ ʢʦʣʙʳ ʥʘ 50 ʤʣ ʜʦʙʘʚʣʷʣʠ 25 ʤʣ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ, 250 ʤʢʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠʟ ʟʘʤʝʥʠʪʝʣʷ ʢʦʬʝ, 3 ʤʣ 

FeCl3 ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ 

ʚʦʜʫ. ʏʝʨʝʟ 3 ʤʠʥ ʜʦʙʘʚʣʷʣʠ 3 ʤʣ ʨʘʩʪʚʦʨʘ K3Fe(CN)6, ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʩʧʫʩʪʷ 10 

ʤʠʥ ʩʥʠʤʘʣʠ ʧʦʢʘʟʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ [3].  

ɸʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ      

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʦʛʦ ʨʘʜʠʢʘʣʘ                     

2,2-ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣ (DPPH) ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ [4].  

ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʢʚʝʨʮʝʪʠʥʫ, ʧʨʦʚʦʜʠʣʠ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ               

çʎʚʝʪʗʫʟʘ 01-ɸɸɸè ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʜʦ 4,0 ʤʛ ʢʚʝʨʮʝʪʠʥʘ/ʜʤ
3
, ʧʦʩʢʦʣʴʢʫ 

ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ [5].  

ʉʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ                         

ʩ ɻʆʉʊ 3318-74  ʪʠʪʨʦʚʘʥʠʝʤ ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʘ ʵʢʩʪʨʘʢʪʘ ʨʘʩʪʚʦʨʦʤ 

ʤʘʨʛʘʥʮʦʚʦʢʠʩʣʦʛʦ ʢʘʣʠ ̫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʛʦʩʫʣʴʬʦʢʠʩʣʦʪʳ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʟʦʣʦʪʠʩʪʦ-ʞʝʣʪʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ.  

ɿʥʘʯʝʥʠʷ ʪʠʪʨʫʝʤʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʪʠʪʨʦʚʘʥʠʷ, 

ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʧʨʦʜʫʢʪʘ ʩʚʦʙʦʜʥʳʝ ʢʠʩʣʦʪʳ ʠ 

ʠʭ ʢʠʩʣʳʝ ʩʦʣʠ. ʈʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʷʙʣʦʯʥʫʶ ʢʠʩʣʦʪʫ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʡʦʜʠʜʘ ʠ ʡʦʜʘʪʘ 

ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʚʳʜʝʣʷʝʪʩʷ ʡʦʜ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʚ 

ʜʝʛʠʜʨʦʘʩʢʦʨʙʠʥʦʚʫʶ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʚʦʨ 

ʢʨʘʭʤʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʟʘʤʝʥʠʪʝʣʝ ʢʦʬʝ ʠʟ ʪʦʧʠʥʘʤʙʫʨʘ çBietolaè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʤʝʥʠʪʝʣʝ ʢʦʬʝ 
ʠʟ ʪʦʧʠʥʘʤʙʫʨʘ çBietolaè 
Table 1. Antioxidant components in çBietolaè coffee substitute from Jerusalem 
 artichoke 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʉʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʉʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, % 86,39Ñ1,71 

ʉʦʜʝʨʞʘʥʠʝ ʠʥʫʣʠʥʘ, % 30,8Ñ2,60 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʚʝʨʮʝʪʠʥ), ʤʛ/ʛ 
1,13Ñ0,32 

ɸʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʘʩʢʦʨʙʠʥʦʚʫʶ 

ʢʠʩʣʦʪʫ), ʤʛ/ʛ 
3,85Ñ0,31 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʬʝʥʦʣʦʚ, ʤʛ/ʛ 8,63Ñ0,57 

ʊʠʪʨʫʝʤʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, % 1,19Ñ0,15 

ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ, ʤʛ % 24,2Ñ1,16 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʪʘʥʠʥ, % ʦʪ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʤʘʩʩʳ  
0,41Ñ0,09 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʪʦʧʠ-

ʥʘʤʙʫʨʘ ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ çBietolaè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʜʫʙʠʣʴʥʳʭ ʠ ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ (410 ʤʛ/100 ʛ), ʚ ʧʦʥʷʪʠʝ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʶʪʩʷ 

ʧʦʣʠʬʝʥʦʣʳ, ʘʥʪʦʮʠʘʥʳ ʠ ʜʨʫʛʠʝ ʢʘʨʦʪʠʥʦʠʜʳ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʬʝʥʦ-

ʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʭʦʜʠʪʴ ʚ ʚʦʜʥʳʡ ʵʢʩʪʨʘʢʪ, ʚ ʢʦʣʠʯʝʩʪʚʝ 8,63 ʤʛ/ʛ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʩʳʧʫʯʠʡ ʩʫʭʦʡ ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ ʩʚʦʡʩʪʚʘʤʠ. ɸʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 1ʛ 

ʟʘʤʝʥʠʪʝʣʷ ʢʦʬʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʚʝʥ 3,85 ʤʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ 1,13 

ʤʛ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʪʠʦʢʠʩʣʠʪʝʣʷ ʢʚʝʨʮʝʪʠʥʘ. ʆʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʘʧʠʪʢʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ï ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʠʪʘʤʠʥʘ ʉ). 

ʉʣʘʙʦʢʠʩʣʘʷ ʨʝʘʢʮʠʷ ʥʘʧʠʪʢʘ (pH = 6,0) ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʪʫʨʘʣʴʥʳʡ ʢʦʬʝ ʙʦʛʘʪ ʤʦʱʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ: ʧʦʣʠ-

ʬʝʥʦʣʘʤʠ ʠ ʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʇʦʣʠʬʝʥʦʣʳ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪ ɹʙʦ-

ʣʝʟʥʠ ʩʝʨʜʮʘ, ʨʘʢ, ʜʠʘʙʝʪ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʍʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʪʨʝʩʩʦʤ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʟʘʤʝʥʠʪʝʣʷ ʙʳʣ ʧʨʠʥʷʪ ʥʘʪʫʨʘʣʴʥʳʡ ʞʘʨʝʥʳʡ 

ʟʝʨʥʦʚʦʡ ʢʦʬʝ Exklusiv Kaffee J.J. Darboven. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʘʤʝʥʠʪʝʣʷ ʢʦʬʝ ʩ 

ʦʩʚʦʝʥʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʮʠʢʦʨʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʞʘʨʝʥʦʛʦ 

ʢʦʬʝ ʠ ʮʠʢʦʨʠʷ, ʤʛ/ʛ 

Table 2. Characteristics of the antioxidant activity of natural roasted coffee and chicory, 

mg/g 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʦʙʨʘʟʮʳ  

ʥʘʪʫʨʘʣʴʥʳʡ 

ʞʘʨʝʥʳʡ ʢʦʬʝ 

Exklusiv Kaffee 

J.J. Darboven 

ʮʠʢʦʨʠʡ 

ʥʝʨʘʩʪʚʦʨʠʤʳ

ʡ 

ʟʘʤʝʥʠʪʝʣʴ 

ʢʦʬʝ ʠʟ 

ʪʦʧʠʥʘʤʙʫʨʘ 

çBietolaè  

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʣʠʬʝʥʦʣʦʚ, ʤʛ/ʛ 
5,5Ñ1,30 23,4Ñ2,10 8,63Ñ0,57 

ɸʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

(ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʘʩʢʦʨʙʠʥʦʚʫʶ 

ʢʠʩʣʦʪʫ), ʤʛ/ʛ 

2,8Ñ0,90 7,24Ñ1,03 3,85Ñ0,31 

ʉʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, % 
26,01Ñ0,10 78,99Ñ0,77 86,39Ñ1,71 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʟʦʣʳ, % 5,55Ñ0,28 4,48Ñ0,08 3,63Ñ0,16 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2, ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ ʧʨʝʚʦʩʭʦʜʠʪ ʥʘʪʫʨʘʣʴʥʳʡ 

ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʦʣʠʬʝʥʦʣʦʚ ʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʮʠʢʦʨʠ.̫ ʆʜʥʘʢʦ ʮʠʢʦʨʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʥʘʤʠ ʟʘʤʝʥʠʪʝʣʶ ʢʦʬʝ ʠʟ ʪʦʧʠʥʘʤʙʫʨʘ ʧʦ 

ʚʢʫʩʦʚʳʤ ʢʘʯʝʩʪʚʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʮʠʢʦʨʠʡ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ ʨʝʜʢʦ 

ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʘ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ 

ʥʘʪʫʨʘʣʴʥʦʤʫ ʞʘʨʝʥʦʤʫ ʤʦʣʦʪʦʤʫ ʢʦʬʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʧʦʩʪʫʧʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʧʦʣʠʬʝʥʦʣʦʚ ʠ ɹɸɼ.  

ʆʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʤʝʥʠʪʝʣʝ 

ʢʦʬʝ çBietolaè ʠʟ ʪʦʧʠʥʘʤʙʫʨʘ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʥʘʧʠʪʢʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʡ ʟʦʣʳ ʥʘ ʫʨʦʚʥʝ 3,63Ñ0,16 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʦʬʝ ʠ ʮʠʢʦʨʠʷ (ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʟʦʣʳ ʚ ʦʙʨʘʟʮʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʞʘʨʝʥʦʛʦ ʢʦʬʝ Exklusiv Kaffee 

J.J. Darboven). ɺ ʥʘʪʫʨʘʣʴʥʦʤ ʢʦʬʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ 

ʵʢʩʪʨʘʢʪʝ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʧʠʪʢʘ çBietolaè, ʪʦ ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʪʚʦʨʠʤʳʤʠ ʬʦʨʤʘʤʠ ʧʝʢʪʠʥʦʚ ʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ. ʕʪʠ 

ʚʝʱʝʩʪʚʘ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳ ʜʣʷ ʦʨʛʘʥʠʟʤʘ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʩʦʨʙʝʥʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʠʱʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʦʠʥʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʟʘʤʝʥʠʪʝʣ ̫ʢʦʬʝ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪʘ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ. 
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ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʥʝʩʣʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʗ. ʀ. ʗʰʠʥ ʠ ɸ. ʗ. ʗʰʠʥ. ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ. 

 

ʊʘʙʣʠʮʘ 3. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʥʘʧʠʪʢʘʭ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ (ʩʪʘʥʜʘʨʪ - ʢʚʝʨʮʝʪʠʥ), ʤʛ/ʛ [6] 

Table 3. Total content of antioxidants in the most popular beverages and food (standard 

- quercetine), mg/g [6] 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʉʦʜʝʨʞʘʥʠʝ 

ʏʝʨʥʳʡ ʯʘʡ 40-100 

ʂʘʢʘʦ 4,0-5,0 

ʂʨʘʩʥʳʝ ʚʠʥʘ 2,0-2,5 

ɹʝʣʳʝ ʚʠʥʘ 0,3-0,5 

ɹʘʣʴʟʘʤʳ 0,4-3,0 

ʄʝʜ 0,2-1,1 

ʉʦʢʠ ʷʛʦʜ: 

ʯʝʨʥʘʷ ʩʤʦʨʦʜʠʥʘ 7,65 

ʯʝʨʥʘʷ ʚʠʰʥʷ 5,72 

ʙʦʷʨʳʰʥʠʢ 5,70 

ʯʝʨʥʠʢʘ 2,91 

ʢʣʶʢʚʘ 2,70 

ʤʘʣʠʥʘ 1,71 

ʉʦʢʠ ʦʚʦʱʝʡ: 

ʩʚʝʢʣʘ 2,17 

ʧʝʨʝʮ ʩʣʘʜʢʠʡ ʢʨʘʩʥʳʡ 1,88 

ʢʘʧʫʩʪʘ ʙʝʣʦʢʦʯʘʥʥʘʷ 0,69 

ʪʦʤʘʪ 0,64 

ʨʝʜʠʩ 0,62 

ʢʦʨʝʥʴ ʩʝʣʴʜʝʨʝʷ 0,15 

ʉʦʢʠ ʬʨʫʢʪʦʚ: 

ʷʙʣʦʢʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ) 0,64-0,18 

ʛʨʫʰʘ 0,50 

ʯʝʨʥʦʩʣʠʚ 0,40 

ʘʙʨʠʢʦʩ 0,14 

ʧʝʨʩʠʢ 0,12 

ʙʘʥʘʥ 0,07 
ʇʨʠʤʝʯʘʥʠʝ: ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʛ/ʛ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 1 ʛ ʧʨʦʜʫʢʪʘ ʨʘʚʥʘ ʘʢʪʠʚʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʛ 

ʢʚʝʨʮʝʪʠʥʘ. 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʴʰʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʩʦʢʘʭ ʬʨʫʢʪʦʚ, ʦʚʦʱʝʡ, ʷʛʦʜ. ʀ, ʭʦʪʷ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʡ ʥʘʤʠ ʟʘʤʝʥʠʪʝʣʴ ʢʦʬʝ çBietolaè ʫʩʪʫʧʘʝʪ ʵʪʠʤ ʩʦʢʘʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʥʪʠʦʢ-

ʩʠʜʘʥʪʦʚ, ʫʯʠʪʳʚʘʷ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʣʶʜʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʨʘʜʘʶʱʠʭ ʦʪ 

ʠʟʙʳʪʢʘ ʢʦʬʝʠʥʘ) ʢ ʧʦʚʳʰʘʶʱʠʤ ʪʦʥʫʩ ʛʦʨʷʯʠʤ ʥʘʧʠʪʢʘʤ, ʵʪʦʪ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ 
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ʭʦʨʦʰʠʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʨʘʮʠʦʥʫ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ II ʪʠʧʘ ʠ ʣʶʜʝʡ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʩʪʘʪʫʩʦʤ. 

 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʟʜʦʨʦʚʴʷ ʠ ʠʤʤʫʥʠʪʝʪʘ, ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʩʝʨʴʝʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ 

ʞʠʟʥʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʚʢʣʘʜʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʬʝʡʥʦʛʦ ʥʘʧʠʪʢʘ çBietolaè ʠʟ ʪʦʧʠʥʘʤʙʫʨʘ ʚ 

ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʟʜʦʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʠ ʢʦʬʝʠʥʘ, ʩʦʜʝʨ-

ʞʘʥʠʠ ʠʥʫʣʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 30,8 % (2,156 ʛ ʚ 7 ʛ ʦʜʥʦʡ ʯʘʡʥʦʡ ʣʦʞʢʠ), ʥʘʧʠʪʦʢ 

çBietolaè ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʣʶʜʷʤ, ʩʪʨʘʜʘʶʱʠʤ 

ʜʠʘʙʝʪʦʤ II ʪʠʧʘ, ʥʦ ʠ ʣʠʮʘʤ ʩ ʧʦʥʠʞʝʥʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʩʪʘʪʫʩʦʤ ʠʣʠ ʩ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʛʠʧʝʨʪʦʥʠʝʡ.  

 

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʃʀʊɽʈɸʊʋʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

 

1. ʊʦʢʘʝʚ, ʕ. ʉ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩ-

ʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ / ʕ. ʉ. ʊʦʢʘʝʚ, ɻ. ɻ. ʄʘʥʫʢʴʷʥ // ʍʨʘʥʝʥʠʝ ʠ 

ʧʝʨʝʨʘʙʦʪʢʘ ʩʝʣʴʭʦʟʩʳʨʴʷ. ï 2009. ï ˉ 9. ï ʉ. 36-39. 

2. ʍʘʩʘʥʦʚ, ɺ. ɺ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ / ɺ. ɺ. ʍʘʩʘʥʦʚ, ɻ. 
ʃ. ʈʳʞʦʚʘ, ɽ. ɺ. ʄʘʣʴʮʝʚʘ // ʍʠʤʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ï 2004. ï ˉ3. ï             

ʉ. 63-75. 

3. ʄʘʩʣʝʥʥʠʢʦʚ, ʇ. ɺ. ʉʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʭ ʨʘʩʪʝʥʠʷʭ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ / ʇ. ɺ. ʄʘʩʣʝʥʥʠʢʦʚ, ɻ. ʅ. ʏʫʧʘʭʠʥʘ,               

ʃ. ʅ. ʉʢʨʳʧʥʠʢ // ʀʟʚʝʩʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨ. ʙʠʦʣʦʛʠʯʝʩʢʘʷ. ï 

2013. ï ˉ5. ï ʉ. 551-557. 

4. Marinova G., Batchvarov V. Evaluation of the methods for determination of 

the free radical scavenging activity by DPPH. Bulgarian Journal of Agricultural 

Science, 2011, V.17 (1), pp.11-24. 

5. ʗh ʠʥ, ɸ. ʗ. ʅʦʚʳʡ ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ, ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʠ ʥʘʧʠʪʢʦʚ / ɸ. ʗ. ʗʰʠʥ // ʇʨʠʙʦʨʳ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ï 

2004. ï ˉ1. ï ʉ. 45-48. 

6. ʗʰʠʥ, ʗ. ʀ. ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʧʨʦʪʠʚ ʙʦʣʝʟʥʝʡ / ʗ. ʀ. ʗʰʠʥ, ɸ. ʗ. ʗʰʠʥ, 

ʅ. ʀ. ʏʝʨʥʦʫʩʦʚʘ // ʍʠʤʠʷ ʠ ʞʠʟʥʴ. ï 2007. ï ˉ 11. ï ʉ. 24-27.  

7. ʐʝʚʮʦʚ, ɸ. ɸ. ʇʦʣʠʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʬʝʡʥʳʝ ʥʘʧʠʪʢʠ ʜʠʝʪʠʯʝʩʢʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ / ɸ. ɸ. ʐʝʚʮʦʚ, ɽ. ɸ. ʆʩʪʨʠʢʦʚʘ // ʇʠʚʦ ʠ ʥʘʧʠʪʢʠ ʙʝʟʘʣʢʦʛʦʣʴʥʳʝ ʠ 

ʘʣʢʦʛʦʣʴʥʳʝ, ʩʦʢʠ, ʚʠʥʦ. ï 2011. ï ˉ4. ï ʉ. 36 ï 38. 

 

 

REFERENCES 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

99 

 

1. Tokaev Je. S. Sravnitel'naja harakteristika antioksidantnoj aktivnosti 

rastitel'nyh jekstraktov [Comparative analysis of the antioxidant activity of plant 

extracts].  Hranenie i pererabotka sel'hozsyr'ja, 2009, no. 9, pp. 36-39. 

2. Hasanov V. V., Ryzhova G. L., Mal'ceva E. V Metody issledovanija 

antioksidantov [Methods of studying antioxidants]. Himija rastitel'nogo syr'ja, 2004, 

no. 3, pp. 63-75. 

3. Maslennikov P. V., Chupahina G. N., Skrypnik L. N. Soderzhanie 

fenol'nyh soedinenij v lekarstvennyh rastenijah Botanicheskogo sada [Phenol 

compounds in the medicinal plants of the Botanical garden]. Izvestija Rossijskoj 

akademii nauk. Ser. Biologicheskaja, 2013, no. 5, pp. 551-557. 

4. Marinova G., Batchvarov V. Evaluation of the methods for determination 

of the free radical scavenging activity by DPPH. Bulgarian Journal of Agricultural 

Science, 2011, vol. 17 (1), pp. 11-24. 

5. Jashin A. Ja. Novyj pribor dlja opredelenija antioksidantnoj aktivnosti 

pishhevyh produktov, biologicheskih aktivnyh dobavok, rastitel'nyh lekarstvennyh 

jekstraktov i napitkov [New device for measuring antioxidant activity of food products, 

biologically active additives, herbal extracts and beverages]. Pribory i avtomatizacija, 

2004, no. 1, pp. 45-48. 

6. Jashin Ja. I., Jashin A. Ja., Chernousova N. I. Antioksidanty protiv 

boleznej [Antioxidants against diseaseas]. Himija i zhizn', 2007, no. 11, pp. 24-27.  

7. Shevcov A. A., Ostrikova E. A. Polikomponentnye kofejnye napitki 

dieticheskogo naznachenija [Multicomponent coffee beverages for dieting]. Pivo i 

napitki bezalkogol'nye i alkogol'nye, soki, vino. 2011, no. 4, pp. 36-38. 

 

 

ʀʅʌʆʈʄɸʎʀʗ ʆɹ ɸɺʊʆʈɸʍ 

 

ɹʘʡʜʘʣʠʥʦʚʘ ʃʘʨʠʩʘ ʉʪʝʧʘʥʦʚʥʘ ï ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʩʪ. ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ, ʜʦʮʝʥʪ; ɽ-mail: baydalinova@newmail.ru 

 

Baydalinova Larisa Stepanovna ï Kaliningrad State Technical University; Candidate of 

Technical Sciences, Professor, Senior Researcher, Associate professor; 

ɽ-mail: baydalinova@newmail.ru 

 

ʄʝʣʴʥʠʢʦʚʘ ɺʠʢʪʦʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʘʩʧʠʨʘʥʪ; ɽ-mail: yuyake@mail.ru 

 

Melnikova Viktoria Alexandrovna ï Kaliningrad State Technical University; 

postgraduate student; ɽ-mail: yuyake@mail.ru 

 

 

 

 

 

 

mailto:baydalinova@newmail.ru
mailto:baydalinova@newmail.ru
mailto:yuyake@mail.ru
mailto:yuyake@mail.ru


ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

100 

 

 

 

 

ʋɼʂ 577+664.95:593.92 

 

ʇʈʀʄɽʅɽʅʀɽ ʌɽʈʄɽʅʊɸʊʀɺʅʆɻʆ ɻʀɼʈʆʃʀɿɸ ɺ ʊɽʍʅʆʃʆɻʀʀ  

ʂʆʈʄʆɺʆʁ ɼʆɹɸɺʂʀ ʀɿ ʄʆʈʉʂʀʍ ɿɺɽɿɼ 

 

ʉ. ʅ. ʄʘʢʩʠʤʦʚʘ,  ɺ. ɼ. ɹʦʛʜʘʥʦʚ, ɽ. ɺ ʐʘʜʨʠʥʘ, ɽ. ʄ. ʇʘʥʯʠʰʠʥʘ 

 

TECHNOLOGY OF FEED ADDITIVE FROM SEA STARS ON THE BASIS  

OF ENZYMATIC HYDROLYSIS  

 

S. N. Maksimova, V. D. Bogdanov, E. V. Shadrina, E. M. Panchishina 

 

 

ʆʪʝʯʝʩʪʚʝʥʥʦʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠ ʧʪʠʮʝʚʦʜʩʪʚʦ ʧʦʩʪʦʷʥʥʦ ʠʩʧʳʪʳʚʘʶʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʘʭ. ʂʦʨʤʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʚʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʟʘ 

ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʧʦʣʥʦʮʝʥʥʳʭ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ, ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʟʥʘʯʠʪ, ʠ ʩʳʨʴʝʤ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʤʦʨʩʢʠʝ ʟʚʝʟʜʳ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʘʢʚʘʪʦʨʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʤʦʨʩʢʠʭ ʦʛʦʨʦʜʦʚ ʧʦ 

ʚʳʨʘʱʠʚʘʥʠʶ ʤʦʨʩʢʦʛʦ ʛʨʝʙʝʰʢʘ ʠ ʪʨʝʧʘʥʛʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ 

ʨʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ 

ʤʦʨʩʢʠʭ ʟʚʝʟʜ, ʚʳʣʦʚʣʝʥʥʳʭ ʚ ʙʫʭʪʝ ʉʝʚʝʨʥʦʡ ʍʘʩʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʇʨʠʤʦʨʩʢʦʛʦ 

ʢʨʘʷ, Evasterias echinosoma  ʠ Patiria pectinifera. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʪʨʝʙʠʪʝʣʶ ʧʦʣʫʯʠʪʴ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ. ʉ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʠʩʩʣʝʜʦʚʘʥ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʛʠʜʨʦʣʠʟʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʨʤʦʚʫʶ ʜʦ-

ʙʘʚʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʙʝʣʢʦʚʫʶ ʬʨʘʢʮʠʶ ʚ ʣʝʛʢʦʫʩʚʦʷ-

ʝʤʦʤ ʚʠʜʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ ï 0,5 % (0, 4 ʇɽ/ʛ ʩʳʨʴʷ); ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ï 2-6 ʯ 

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ); ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ï 55 
Ǔ
ʉ. 

ʅʘ ʦʩʥʦʚʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚ ʨʘʮʠʦʥʝ ʧʪʠʮ. 

ʤʦʨʩʢʠʝ ʟʚʝʟʜʳ, ʪʝʭʥʦʣʦʛʠʷ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʧʦʩʦʙ, ʛʠʜʨʦʣʠʟ, ʢʦʨʤʦʚʘʷ 

ʜʦʙʘʚʢʘ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 
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The domestic animal and poultry husbandry constantly requires complete feed 

products. Feed derived from water biological resources is characterized by high 

biological value due to complete proteins, lipids, amino acids, non-saturated fatty acids, 

mineral substances and other biologically active components. A potential source of such sub-

stances and, therefore, raw material for biologically valuable feed products are sea stars, 

widespread in water areas including sea territories where scallop and trepang are 

cultivated. Dimensional and weight and chemical composition of the largest species of 

the sea stars Evasterias echinosoma and Patiria pectinifera caught in the Northern bay of 

the Hasansky region of the Primorye Territory are experimentally defined. According to 

the obtained data, rationale for the use of these biological objects for industrial 

processing in technology of feed products is confirmed.  

The technology of feed products on the basis of hydrolysis allows a consumer to 

receive nutrients in a more available form. For the purpose of receiving feed additive 

from sea stars, the fermentative method of hydrolysis is studied and theoretically sub-

stantiated, which allows receiving a feed additive containing mineral substances and 

protein fraction in a highly digestible form. It is deduced from the experiments that ra-

tional parameters of enzymatic hydrolysis are the following: concentration of a 

fermentive preparation Protosubtilin G3kh ï 0,5 % (0, 4 PE/g of raw materials); process 

time ï 2-6 h (depending on specific structure of raw materials); process temperature ï 55 
Ǔ
ʉ. 

On the basis of enzymatic hydrolysis, the technology of protein and mineral feed 

additive has been developed, which can be recommended for diet of birds. 

sea stars, technology, fermentative method, hydrolysis, feed additive, biological 

value 

 

 

ɺɺɽɼɽʅʀɽ 

ʈʘʟʚʠʪʠʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʧʪʠʮʝʚʦʜʩʪʚʘ ʚ ʈʌ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʤʷʩʦʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʙʝʣʢʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʪʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʥʘʙʞʝʥʠʷ ʵʪʦʡ 

ʦʪʨʘʩʣʠ ʧʦʣʥʦʮʝʥʥʳʤʠ ʢʦʨʤʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ ʜʣʷ 

ʞʠʚʦʪʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʪʠʮʳ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʦʙʘʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʘʩʩʦʚʳʝ, ʨʦʩʪʦʚʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ʊʘʢʠʝ ʜʦʙʘʚʢʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʩ ʚʳʨʘʞʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, ʧʦʣʠʩʘʭʘʨʠʜʦʚ [1]. 

ʂʦʨʤʦʚʳʝ ʧʨʦʜʫʢʪʳ ʠʟ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʨʘʮʠʦʥʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʉʳʨʴʝʤ ʜʣʷ ʢʦʨʤʦʚ ʩʣʫʞʘʪ ʚ 

ʦʩʥʦʚʥʦʤ ʦʪʭʦʜʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʥʝʟʘʤʝʥʠʤʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʥʦʮʝʥʥʳʝ ʙʝʣʢʠ, 

ʣʝʛʢʦʫʩʚʦʷʝʤʳʝ ʞʠʨʳ, ʚʠʪʘʤʠʥʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʧʦʠʩʢ ʥʦʚʳʭ ʚʠʜʦʚ ʩʳʨʴʷ ï ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤ [2]. 

ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʤʦʨʩʢʠʝ ʟʚʝʟʜʳ [3]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʙʫʭʪʝ ʉʝʚʝʨʥʦʡ 

ʍʘʩʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʤʦʨʩʢʠʝ ʦʛʦʨʦʜʳ ʧʦ 

ʨʘʟʚʝʜʝʥʠʶ ʤʦʨʩʢʦʛʦ ʛʨʝʙʝʰʢʘ ʌɻɹʆʋ ɺʇʆ çɼʘʣʴʨʳʙʚʪʫʟè, ʤʦʨʩʢʠʝ ʟʚʝʟʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʣʝʜʫʶʱʠʤʠ ʯʝʪʳʨʴʤʷ ʚʠʜʘʤʠ: ʧʘʪʠʨʠʷ ʛʨʝʙʝʰʢʦʚʘʷ 
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(Patiria pectinifera), ʵʚʘʩʪʝʨʠʷ ʢʦʣʶʯʘʷ (Evasterias echinosoma), ʜʠʩʪʦʣʘʩʪʝʨʠʷ 

ʷʧʦʥʩʢʘʷ (Distolasterias nipon),  ʘʩʪʝʨʠʷ ʘʨʛʦʥʘʚʪʘ (Asterias argonauta).  

ʇʝʨʚʠʯʥʘʷ ʚʳʙʦʨʢʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʚ ʙʫʭʪʝ ʉʝʚʝʨʥʦʡ ʥʘ ʧʣʦʱʘʜʠ 405 ɻʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʠʜʘʤʠ ʷʚʣʷʶʪʩʷ ʵʚʘʩʪʝʨʠʷ ʢʦʣʶʯʘʷ 

(51,5 %), ʧʘʪʠʨʠʷ ʛʨʝʙʝʰʢʦʚʘʷ (30,5 %), ʜʠʩʪʦʣʘʩʪʝʨʠʷ ʷʧʦʥʩʢʘʷ (11 %), ʘʩʪʝʨʠʷ 

ʘʨʛʦʥʘʚʪʘ (7 %), ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ Evasterias echinosoma, 

Patiria pectinifera. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʦʛʦ  ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʦʚ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ 

ʧʨʦʜʫʢʪʦʚ [4]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʨʘʮʠʦʥʘʣʴʥʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ  ʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʜʝʧʘʨʪʘʤʝʥʪʝ 

ʤʘʨʠʢʫʣʴʪʫʨʳ (ʧʦʩ. ʉʣʘʚʷʥʢʘ) ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ ʀʥʩʪʠʪʫʪʘ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʌɻɹʆʋ ɺʇʆ çɼʘʣʴʨʳʙʚʪʫʟè.  

ʆʮʝʥʢʫ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪ-

ʥʳʤ ʤʝʪʦʜʘʤ (ɻʆʉʊ 7636-85). ʆʧʨʝʜʝʣʝʥʠʝ ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʚ ʛʠʜʨʦʣʠʟʘʪʘʭ 

ʧʨʦʚʦʜʠʣʠ ʬʦʨʤʦʣʴʥʳʤ ʪʠʪʨʦʚʘʥʠʝʤ  ʧʦ ɻʆʉʊ 7636. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ - 

ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʘʤʠʥʥʦʛʦ ʠ ʦʙʱʝʛʦ ʘʟʦʪʘ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ. 

ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʚʦʷʝʤʦʩʪʠ 

ʘʟʦʪʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʂɹɸ, 

ʢʣʝʪʢʠ/ʯʘʩ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ (ʆɹʎ, %) ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʥʠʪʯʘʪʦʡ ʠʥʬʫʟʦʨʠʠ Tetrahymena pyriformis. 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʈʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʤʦʨʩʢʠʭ 

ʟʚʝʟʜ, ʚʳʣʦʚʣʝʥʥʳʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1-2.  

 

ʊʘʙʣʠʮʘ 1. ʈʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʳʡ ʩʦʩʪʘʚ ʤʦʨʩʢʠʭ ʟʚʝʟʜ 

Table 1. Dimensional and weight composition of the sea stars 

ɺʠʜ ʄʘʩʩʘ, ʛ ʈʘʟʤʘʭ  

ʣʫʯʘ, ʤʤ 

ʉʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʝʡ ʪʝʣʘ, 

% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʪʝʣʘ 

ʧʘʥʮʠʨʴ ʚʥʫʪʨʝʥʥʦʩʪʠ 

Patiria pectinifera 31,0-41,5 55-60 78-80 20-22 

Evasterias 

echinosoma 
62,4-83,1 60-65 93-95 5-7 

 

ʊʘʙʣʠʮʘ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʨʩʢʠʭ ʟʚʝʟʜ, % 

Table 2. Chemical composition of the sea stars, % 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʦʨʩʢʠʭ  

ʟʚʝʟʜ 

ɺʦʜʘ/ 

ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ 

ɹʝʣʦʢ 

(ʦʙʱ.ʘʟʦʪ) 
ʃʠʧʠʜʳ 

ʄʠʥʝʨʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ 

Evasterias echinosoma 70,10 11,76 1,50 16,64 
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Patiria pectinifera 56,58 12,36 1,02 30,04 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʩʝ ʯʘʩʪʠ ʪʝʣʘ 

ʤʦʨʩʢʠʭ ʟʚʝʟʜ: ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʧʦʢʨʦʚʥʫʶ  ʪʢʘʥʴ ʠ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪ 5 ʜʦ 22%  ʦʪ ʤʘʩʩʳ. 

ʆʜʥʦ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ï ʛʦʤʝʦʩʪʘʟ 

(ʧʦʩʪʦʷʥʩʪʚʦ pH, ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ), 

ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ [5]. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʤʦʨʩʢʠʝ 

ʟʚʝʟʜʳ ʢʘʢ ʮʝʥʥʦʝ ʩʳʨʴʝ ʜʣʷ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʣʠʯʠʝ ʙʝʣʢʘ ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʤʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʧʠʪʘʪʝʣʴʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʣʢʦʚʳʝ) ʚʝʱʝʩʪʚʘ ʚ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʤ ʜʣʷ ʫʩʚʦʝʥʠʷ ʠʭ ʦʨʛʘʥʠʟʤʦʤ-ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʠʜʝ, ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ.  

ɻʠʜʨʦʣʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʦʩʫʱʝʩʪʚʣʷʣʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʧʫʪʝʤ. ʇʨʠ 

ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʛʠʜʨʦʣʠʟʘ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʪʝʤ, ʯʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ 

ʤʝʥʝʝ ʪʨʫʜʦʝʤʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʅ ʩʨʝʜʳ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʠʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ 

ʤʦʨʩʢʫʶ ʟʚʝʟʜʫ Patiria pectinifera. 

ɺ ʢʘʯʝʩʪʚʝ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚʟʷʪʘ ʤʠʢʨʦʙʠʘʣʴʥʘʷ ʧʨʦʪʝʘʟʘ ï 

ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ. ɺʳʙʦʨ ʬʝʨʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʫʯʝʪʦʤ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ ʠ  ʮʝʣʠ ʛʠʜʨʦʣʠʟʘ ï ʧʝʨʝʚʦʜʘ ʦʩʥʦʚʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʳʨʴʝ, ʚ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʫʩʚʦʝʥʠʷ ʬʦʨʤʫ. ʈʘʩʱʝʧʣʷʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʙʝʣʢʠ, 

ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ ʫʚʝʣʠʯʠʚʘʝʪ ʚ ʢʦʨʤʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʧʝʧʪʠʜʦʚ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤʳʡ ʬʝʨʤʝʥʪ ʥʝ ʫʛʥʝʪʘʝʪ  ʠ ʥʝ ʧʦʜʤʝʥʷʝʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, ʘ ʜʝʡʩʪʚʫʝʪ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʪʝʘʟʘʤ ʦʨʛʘʥʠʟʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʨʦʪʦʩʫʙʪʠʣʠʥʘ ɻ3ʭ ʚ 

ʧʪʠʮʝʚʦʜʩʪʚʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʚʝʩ ʜʦ 4 %, ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ 

ʢʦʨʤʘ ʥʘ 4-5 %; ʚ ʩʚʠʥʦʚʦʜʩʪʚʝ ï ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʚʝʩʦʚ ʥʘ 8-10 %, 

ʫʣʫʯʰʝʥʠʶ ʤʷʩʥʳʭ ʢʘʯʝʩʪʚ, ʫʤʝʥʴʰʝʥʠʶ ʩʘʣʴʥʦʩʪʠ ʪʫʰʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʚʥʦʩʠʤʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʜʠʘʧʘʟʦʥʝ: 0,25; 0,5; 0,75; 1,0 % 

(0,2; 0,4; 0,6; 0,8 ʇɽ/ʛ). 

ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ  ʧʨʠ ʛʠʜʨʦʣʠʟʝ ï 45-60 Áʉ ï ʦʙʫʩʣʦʚʣʝʥ 

ʦʧʪʠʤʫʤʦʤ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ï 24 ʯ. 

ɻʠʜʨʦʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟʤʝʣʴʯʝʥʥʦʝ ʩʳʨʴʝ ʩʤʝʰʠ-

ʚʘʣʠ ʩ ʥʘʛʨʝʪʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 45-50 Áʉ ʚʦʜʦʡ (ʪʝʧʣʘʷ ʚʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤʫ ʥʘʛʨʝʚʫ ʩʠʩʪʝʤʳ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʬʝʨʤʝʥʪʘʮʠʠ) ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ 1:1 (ʩʳʨʴʝ : ʚʦʜʘ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʚʦʜʫ  ʚʥʦʩʠʣʠ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ. 

ʂʘʞʜʳʝ 2 ʯ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʛʠʜʨʦʣʠʟʘʪʦʚ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʞʠʜʢʦʡ 

ʬʨʘʢʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʯʠʩʣʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʘʤʠʥʥʦʛʦ ʠ ʦʙʱʝʛʦ ʘʟʦʪʘ, 

ʚʳʨʘʞʝʥʥʦʛʦ ʚ % (ʪʘʙʣ. 3). 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ, ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʣʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʛʣʫʙʠʥʳ ʛʠʜʨʦʣʠʟʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʘ ʢʘʢ ʨʘʮʠʦʥʘʣʴʥʘʷ  

ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʘ  ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ - 0,5 %. 

ʊʘʙʣʠʮʘ 3. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ                

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ (%) 

Table 3. Influence of concentration of fermentative preparation Protosubtilin G3x                

and hydrolysis time on accumulation of amino nitrogen (%) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʯ ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, % 

0,25 0,5 0,75 1,0 

2 0,168 0,238 0,364 0,308 

4 0,224 0,378 0,392 0,392 

6 0,378 0,420 0,434 0,448 

8 0,434 0,476 0,434 0,462 

24 0,896 1,106 1,036 0,938 

ʇʨʠʤʝʯʘʥʠʝ: ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʦ 

1,1 %. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʛʠʜʨʦʣʠʟʘ ʚʳʨʘʞʝʥʘ ʛʨʘʬʠʯʝʩʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ 

Fig. 1. Dependence of hydrolysis on duration of enzymatic treatment and concentration 

of fermentative preparation Protosubtilin G3x 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ 24-ʯʘʩʦʚʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʛʠʜʨʦʣʠʟʘʪʳ ʧʨʠʦʙʨʝʪʘʣʠ ʟʘʧʘʭ ʙʝʣʢʦʚʦʡ ʧʦʨʯʠ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʳʨʴʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠ ʜʦʩʪʠʛʘʣʘʩʴ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 80-100 %.  
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ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʥʘʯʘʣʝ 

ʛʠʜʨʦʣʠʟʘ ʚʥʦʩʠʣʠ ʩʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,1 % [6]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʦʣʠʟʘ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʣʠʟʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 

 

 

ʊʘʙʣʠʮʘ 4. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ  ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʘʤʠʥʥʦʛʦ 

ʘʟʦʪʘ (%) 

Table 4. Influence of hydrolysis temperature on the accumulation of amino nitrogen (%) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʯ 
ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 

35 45 55 65 

2 0,028 0,238 0,350 0,294 

4 0,056 0,378 0,364 0,392 

6 0,140 0,420 0,522 0,392 

8 0,210 0,476 0,588 0,448 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ 

ʚʳʨʘʞʝʥʘ ʛʨʘʬʠʯʝʩʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʳʨʴʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʛʣʫʙʠʥʫ ʛʠʜʨʦʣʠʟʘ. ʂʘʢ 

ʨʘʮʠʦʥʘʣʴʥʘʷ ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʝʨʤʝʥʪʦʣʠʟʘ 55 Áʉ. 

ɼʘʣʝʝ  ʛʠʜʨʦʣʠʟʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ  ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʣʠʟʘ 15, 47 ʠ 67 % (ʚ 

ʪʝʯʝʥʠʝ 2, 6 ʠ 10 ʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦʜʚʝʨʛʘʣʠ ʚʳʧʘʨʠʚʘʥʠʶ ʠ ʚʳʩʫʰʠʚʘʥʠʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʚ ʪʝʯʝʥʠʝ 2-4 ʯ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʥʝ ʙʦʣʝʝ 10 %. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ 

Fig. 2. Dependence of hydrolysis from the process temperature 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʣʠʟʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ. 

2 4 6 8

35ϲ˿ 2,5 5 12 19

45ϲ˿ 21 34 38 43

55ϲ˿ 31 33 47 53

65ϲ˿ 26 35 35 40

0

10

20

30

40

50

60

˿
ͭ
͔
ͨ
͔
ͤ
Έ
 
͎
͙
͒
ͪ
ͦ
͡
͙
͘
͊
Σ
 
҈

 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

106 

ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʨʠʨʦʩʪʫ ʯʠʩʣʘ ʠʥʬʫʟʦʨʠʡ ʧʦ 

ʜʥʷʤ ʦʧʳʪʘ (ʨʠʩ. 3): ʯʝʤ ʚʳʰʝ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʪʝʤ ʣʫʯʰʝ 

ʦʥ ʫʩʚʘʠʚʘʝʪʩʷ, ʠ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʠʥʬʫʟʦʨʠʡ ʥʘ ʩʨʝʜʘʭ [7]. 

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʠʥʬʫʟʦʨʠʡ Tetrahymena pyriformis  ʥʘ  ʩʨʝʜʘʭ ʩ ʦʙʨʘʟʮʘʤʠ 

ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ 

Fig. 3. Growth rates of infusoria Tetrahymena pyriformis in the environments  

with feed additive samples 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ 

ʧʦʚʳʰʘʶʪʩʷ ʠ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ.  

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩʳʨʴʷ ʤʦʨʩʢʠʭ ʟʚʝʟʜ, ʥʘ 

ʧʨʠʤʝʨʝ Patiria pectinifera, ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʚʳʰʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʪʝʦʣʠʟ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʛʣʫʙʠʥʳ ʛʠʜʨʦʣʠʟʘ 47-67 % ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʇʨʦʪʦʩʫʙʪʠʣʠʥ ɻ3ʭ (ʧʨʦʪʝʦʣʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 120 

ʇɽʛ) 0,4 ʇɽ/ʛ ʩʳʨʴʷ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʣʠʟʘ 6-10 ʯ; ʪʝʤʧʝʨʘʪʫʨʘ 55Ñ2 Áʉ. 

ɼʣʷ ʪʢʘʥʝʡ Patiria pectinifera ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʫ Evasterias 

echinosoma. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ  ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚʝʣʠʯʠʥʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʛʠʜʨʦʣʠʟʘ ʜʣʷ ʪʢʘʥʝʡ Evasterias echinosoma ʠ ʢʦʤʧʣʝʢʩʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ Evasterias 

echinosoma : Patiria pectinifera (ʚ ʧʨʠʨʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ) (ʪʘʙʣ. 5). 

 

ʊʘʙʣʠʮʘ 5. ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʛʠʜʨʦʣʠʟʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ Evasterias echinosoma ʠ Evasterias echinosoma: Patiria 

pectinifera 

Table 5. Influence of hydrolysis duration on the qualitative parameters of the 

hydrolyzates derived from Evasterias echinosoma and Evasterias echinosoma: Patiria 

pectinifera 
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ʞʠʪʝʣʴ-

ʥʦʩʪʴ, ʯ 

ʘʤʠʥʥʳʡ 

ʘʟʦʪ, % 

ʩʪʝʧʝʥʴ 

ʛʠʜʨʦʣʠʟʘ, % 

ʘʤʠʥʥʳʡ 

ʘʟʦʪ, % 

ʩʪʝʧʝʥʴ 

ʛʠʜʨʦʣʠʟʘ, % 

2 0,448 40 0,868 79 

4 1,05 90 1,54 97 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 5), ʜʠʥʘʤʠʢʘ ʧʨʦʪʝʦʣʠʟʘ ʫ 

Evasterias echinosoma ʠ Patiria pectinifera ʨʘʟʣʠʯʥʘ. ʋ ʚʪʦʨʦʛʦ ʦʙʲʝʢʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝ ʛʠʜʨʦʣʠʟʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʥʝʤ. ʇʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʢʘʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ ʜʦ 2 ʯ, ʯʪʦ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʣʠʟʘʪʳ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʣʠ ʫʧʘʨʠʚʘʥʠʶ ʠ ʚʳʩʫʰʠʚʘʣʠ ʜʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʥʝ ʙʦʣʝʝ 10 %. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʩʧʦʩʦʙʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʩʧʦʩʦʙʦʤ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

Fig. 4. Flow chart of producing feed additive by means of enzymatic hydrolysis 

 

ʇʨʠʝʤ ʩʳʨʴʷ 

ɸʢʢʫʤʫʣʠʨʦʚʘʥʠʝ 

ʉʦʨʪʠʨʦʚʘʥʠʝ 

ʄʦʡʢʘ 

ʉʪʝʢʘʥʠʝ, ʚʳʜʝʨʞʠʚʘʥʠʝ 

ʇʦʨʮʠʦʥʠʨʦʚʘʥʠʝ 

ʀʟʤʝʣʴʯʝʥʠʝ 

ʉʤʝʰʠʚʘʥʠʝ ʩ ʚʦʜʦʡ 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ 

ʇʨʦʪʦʩʫʙʪʠʣʠʥ 

ɻ3ʭ 

ʋʧʘʨʠʚʘʥʠʝ 

ʉʫʰʢʘ 

ʆʭʣʘʞʜʝʥʠʝ 

ʋʧʘʢʦʚʳʚʘʥʠʝ 

ʄʘʨʢʠʨʦʚʘʥʠʝ 

ʍʨʘʥʝʥʠʝ 

ʉʪʦʯʥʳʝ ʚʦʜʳ 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

108 

ʇʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʠʟʤʝʥʷʝʪʩʷ (ʧʦʚʳʰʘʝʪʩʷ)  

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ (ʪʘʙʣ. 6). 

 

 

ʊʘʙʣʠʮʘ 6. ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʦʨʩʢʠʭ ʟʚʝʟʜ 

Table 6. Influence of the technology on the biological value of the sea stars 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʦʨʩʢʦʡ 

ʟʚʝʟʜʳ 

ʆɹʎ, % ʂɹɸ, ʢʣ/ʯ 

ʩʳʨʝʮ 
ʤʦʨʦʞ-

ʝʥʘʷ 
ʛʠʜʨʦʣʠʟʘʪ ʩʳʨʝʮ 

ʤʦʨʦʞʝ-

ʥʘʷ 

ɻʠʜʨʦʣʠ-

ʟʘʪ 

Evasrerias 

echinosoma 
32,5 25,8 43,3 0,45 0,32 0,46 

Patiria 

pectinifera 
16,7 13,5 36,0 0,21 0,16 0,31 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣ. 6) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠʟ 

ʤʦʨʩʢʠʭ ʟʚʝʟʜ. 

 

ɺʓɺʆɼʓ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ Patiria pectinifera ʠ Evasterias echinosoma, ʚʳʣʦʚʣʝʥ-

ʥʳʭ ʚ ʙʫʭʪʝ ʉʝʚʝʨʥʦʡ ʍʘʩʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘ-

ʥʠʝʤ ʜʣʷ ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʘʣʠʯʠʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʳʨʴʝ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ  ʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʚʣʝʯʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʡ ʚʠʜ ʩʳʨʴʷ ï ʤʦʨʩʢʠʝ ʟʚʝʟʜʳ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ ʥʠʭ ʚʳʩʦʢʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ ï ʢʦʨʤʦʚʫʶ ʜʦʙʘʚʢʫ ʜʣʷ ʨʘʮʠʦʥʘ ʧʪʠʮ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: ʩʦʨʪʠʨʦʚʘʥʠʝ ʧʦ ʚʠʜʦʚʦʤʫ 

ʩʦʩʪʘʚʫ ʠ ʨʘʟʤʝʨʫ; ʤʦʡʢʫ, ʩʪʝʢʘʥʠʝ; ʠʟʤʝʣʴʯʝʥʠʝ; ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ; 

ʫʧʘʨʠʚʘʥʠʝ; ʩʫʰʢʫ. 

ʌʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʦʨʩʢʠʭ ʟʚʝʟʜ ʚ ʧʨʠʨʦʜʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʫʩʣʦʚʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳ. 

ʂʦʨʤʦʚʘʷ ʜʦʙʘʚʢʘ ʠʟ ʤʦʨʩʢʠʭ ʟʚʝʟʜ, ʧʦʣʫʯʝʥʥʘʷ ʩʧʦʩʦʙʦʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-

ʛʦ ʛʠʜʨʦʣʠʟʘ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ  ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʣʝʛʢʦʫʩʚʦʷʝʤʳʭ  ʚʝʱʝʩʪʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʥʦʚʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ. 

 

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʃʀʊɽʈɸʊʋʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
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ɸʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ ʩʝʣʴʜʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʫʯʝʪʦʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʝʝ ʚʳʣʦʚʘ, ʧʨʦʤʳʩʣʦʚʦʛʦ ʟʘʧʘʩʘ, ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʘ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ ʩʝʣʴʜʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʣʝʝʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʚʝʱʝʩʪʚ. ʇʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʣʠ ʚ ʪʫʟʣʫʢʝ, ʥʘ ʢʦʞʝ ʠ ʚ ʤʷʩʝ ʨʳʙʳ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 16 Áʉ ʜʦ ʤʠʥʫʩ 6 Áʉ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʚʠʜ. 

ɺʳʩʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ, ʦʙʲʷʩʥʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʭ 

ʚʦʣʥ ʧʨʠ ʧʦʩʦʣʝ ʨʳʙʳ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ 

ʜʠʩʩʦʮʠʘʮʠʷ ʠʦʥʦʚ ʩʦʣʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ. ɺʦʟʥʠʢʘʶʱʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʤʫʱʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ 

ʩʣʘʙʦʟʘʪʫʭʘʶʱʠʝ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʝ ʚʦʣʥʳ. ɺ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʷʝʪʩʷ ʠ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ. ʇʦʣʫʯʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ ʪʫʟʣʫʢʝ, ʥʘ ʢʦʞʝ ʚ ʠ 

ʤʷʩʝ ʩʝʣʴʜʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 18 Áʉ ʜʦ 0 Áʉ ʦʪ ʨʘʟʤʝʨʘ 

ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ. ɼʠʬʬʫʥʜʠʨʫʶʱʠʝ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʣʘʩʪʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʠʦʥʦʚ ʩʦʣʝʡ ʠ  ʤʦʣʝʢʫʣ ʚʦʜʳ. ʈʘʟʤʝʨʳ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ 

ʯʘʩʪʠʮ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʧʦʩʦʣʘ ʩʝʣʴʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʤʠʥʫʩ 18 Áʉ. ʇʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʚʦʜʦʩʦʣʝʚʳʭ ʢʣʘʩʪʝʨʦʚ ʟʚʫʢʦʤ ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʧʦʩʦʣʘ. 

ʩʝʣʴʜʴ, ʪʫʟʣʫʢ, ʧʦʩʦʣ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

 
Today it is very important to define process patterns of salting herring at low 

temperatures considering positive dynamics of its catch, commercial stock, and benefi-

cial effect of cold on the suppression of microorganismsô activity, increase of shelf life 
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and quality improvement of a product.  To study the process of herring salting it is 

advisable to use the method of photon correlation spectroscopy, based on Rayleigh 

scattering radiation from substances. We obtained an experimental dependence of the 

diffusion coefficient from the depth of penetration in brine on fish skin and meat in the 

temperature range from -16 Á C to -6 Á C, which has an undulating form. It has been 

hypothesized to explain the mechanism of occurrence of thermal convection waves 

during the process of fish salting. On the phase boundary, there is a spontaneous 

dissociation of the salt ions accompanied by the release of heat. The emerging 

temperature gradient is a source of disturbances which cause weakly damped thermal 

convection waves. In the approximation of Boussinesque, depending on temperature 

change, the density of the medium is changing, which causes a proportional change in 

the diffusion coefficient. The experimental dependence of the diffusion coefficient was 

obtained in brine, skin and meat of herring from diffusing particle size at the 

temperatures ranging from -18 Á C to 0 Á C. The diffusing particles represent clusters 

consisting of salt ions and water molecules. Dimensions of the diffusing particles 

hyperbolically decrease at the increase of diffusion coefficient allowing effective 

implementation of the process of herring salting at the temperatures close to -18 Á C. Of 

considerable practical importance is the mechanical destruction of the salt water clusters 

using sound or ultrasound that allows us to increase the diffusion coefficients and 

reduce the process duration. 

herring, brine, salting process, subzero temperatures, the method of photon 

correlation spectroscopy, diffusion coefficient 

 
ɺɺɽɼɽʅʀɽ 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦʙʳʚʘʝʤʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ ï ʩʝʣʴʜʴ, ʟʘʧʘʩʳ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ. ɺ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʝ (ʀʕɿ) ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʳʣʦʚʘ ʧʦʨʷʜʢʘ ʦʥʘ ʟʘ-

ʥʠʤʘʝʪ 8 %, ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʝʝ ʚʳʣʦʚʘ [1]. 

ʉʝʣʴʜʴ, ʢʘʢ ʦʙʲʝʢʪ ʦʙʨʘʙʦʪʢʠ, ʩʯʠʪʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ (ʪʨʘʜʠʮʠʦʥʥʳʤ) 

ʚʠʜʦʤ ʩʳʨʴʷ ʜʣʷ ʧʦʩʦʣʘ, ʪʘʢ ʢʘʢ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʨʳʙ, ʩʧʦʩʦʙʥʳʭ ʩʦʟʨʝʚʘʪʴ 

ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʥʝ ʧʦʪʝʨʷʣ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʩ ʧʦʤʦʱʴʶ ʧʦʩʦʣʘ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʘʨʦʤʘʪʦʤ ʠ ʚʢʫʩʦʤ, ʣʠʙʦ ʧʦʣʫʬʘʙʨʠʢʘʪʳ, ʠʟ 

ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʚʷʣʝʥʫʶ, ʢʦʧʯʝʥʫʶ, ʩʫʰʝʥʫʶ, ʤʘʨʠʥʦʚʘʥ-

ʥʫʶ ʧʨʦʜʫʢʮʠʶ [2]. 

ʇʦʩʦʣ ï ʩʣʦʞʥʳʡ ʤʘʩʩʦʦʙʤʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩʦʣʠ ʚ ʨʳʙʫ, ʜʠʬʬʫʟʠʦʥʥʦ-ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʜʳ ʠʟ ʪʢʘʥʝʡ ʨʳ-

ʙʳ ʚ ʪʫʟʣʫʢ  ʣʠʙʦ ʥʘʦʙʦʨʦʪ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʝʧʦʩʪʠ ʪʫʟʣʫʢʘ). ɺ ʧʨʦʮʝʩʩʝ ʧʦʩʦ-

ʣʘ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ: ʜʝʥʘʪʫʨʘʮʠʷ ʠ 

ʛʠʜʨʦʣʠʟ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ ʠ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʬʣʦʨʳ ʠ ʧʦ-

ʪʝʨʠ ʚʠʪʘʤʠʥʦʚ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ ʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʢʦʥʩʝʨʚʘʥʪʘ, ʚʦ ʚʥʝʰʥʝʡ ʩʦʣʝʚʦʡ ʩʨʝʜʝ (ʪʫʟʣʫʢʝ) ʠ ʪʢʘʥʷʭ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ɼʦ ʥʝʜʘʚʥʠʭ ʧʦʨ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʳʙʳ ʢʨʝʧʢʦʛʦ ʧʦʩʦʣʘ (ʩʚʳʰʝ 12 % ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʠ ʩʦʣʠ) ʟʘʥʠʤʘʣʦ ʜʦʤʠʥʠʨʫʶʱʝʝ ʤʝʩʪʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʯʝʥʳʤʠ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʯʨʝʟʤʝʨʥʦʛʦ ʫʧʦʪʨʝʙ-
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ʣʝʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ. ʂ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʦʪʥʦʩʷʪ: ʟʘʙʦʣʝʚʘʥʠʷ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ; ʧʦʚʳʰʝʥʠʝ ʚʦʟʙʫʜʠʤʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʘʟʚʠʪʠʶ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ; ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʪʨʠʷ ʥʘ ʣʠʧʦʧʨʦʪʝʠʥʦʚʫʶ ʣʠʧʘʟʫ ʢʨʦʚʠ, ʫʤʝʥʴʰʘʶʱʝʝ ʢʦʣʣʦʠʜ-

ʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢ-

ʣʝʨʦʟʘ ʠ ʜʨ. [3]. 

ʅʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʧʨʠ ʧʦʩʦʣʝ ʨʳʙʳ  

ʦʪʤʝʯʘʝʪʩʷ ʠ ʝʝ ʩʣʘʙʦʝ ʢʦʥʩʝʨʚʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʢʨʦʬʣʦʨʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ: ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 6 ï 8 % (ʧʦ 

ʤʘʩʩʝ ʩʳʨʦʡ ʨʳʙʳ) ʧʦʛʠʙʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʨʯʫ, 

ʦʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʨʝʧʢʦʤʫ ʧʦʩʦʣʫ (ʚʳʰʝ 12 %), ʯʘʩʪʴ ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʝʡ ʛʨʫʧʧʳ ʙʘʢʪʝʨʠʡ 

(ʛʘʣʦʬʠʣʴʥʳʝ) ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ [4, 5]. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʠʟʫʯʝʥʠʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʩʦʣʝʥʦʡ ʨʳʙʦʧ-

ʨʦʜʫʢʮʠʠ, ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ (76 %) ʩʢʣʦʥʷʶʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʤʘʣʦʩʦʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ (3-6 % ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʦʣʠ) [6]. 

ʉ ʮʝʣʴʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʪʢʘʥʝʚʳʭ ʬʝʨʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʣʝʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ ʧʦʩʦʣ ʨʳʙʳ, ʩʦʯʝʪʘʷ ʝʝ ʦʙʨʘʙʦʪʢʫ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ ʢʘʢ ʧʨʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ʜʦ ʤʠʥʫʩ 22Áʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ [7 - 9]. ʆʜʥʘʢʦ ʵʪʠ 

ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʫʩʪʘʥʦʚʣʝʥʠʶ  ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ ʩʫʭʦʤ ʧʦʩʦʣʝ ʨʳʙʳ ʠ ʥʝ 

ʨʘʩʢʨʳʚʘʶʪ ʤʝʭʘʥʠʟʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʪʫʟʣʫʯʥʦʤ (ʤʦʢʨʦʤ) ʧʦʩʦʣʝ. 

ʉ ʫʯʝʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʚʳʣʦʚʘ ʩʝʣʴʜʠ, ʝʝ ʧʨʦʤʳʩʣʦʚʦʛʦ 

ʟʘʧʘʩʘ, ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʦʣʦʜʘ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ ʨʳʙʳ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʣʴʜʴ ʘʪʣʘʥʪʠʯʝʩʢʫʶ 

(Clupea harengus) ʤʦʨʦʞʝʥʫʶ, ʧʦ ʢʘʯʝʩʪʚʫ ʦʪʚʝʯʘʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪ-

ʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʘ, ʨʘʟʤʝʨʦʤ 30 Ñ 2 ʩʤ, ʤʘʩʩʦʡ 310 Ñ 10 ʛ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʤʷʩʘ ʩʝʣʴʜʠ ʘʪʣʘʥʪʠʯʝʩʢʦʡ: ʞʠʨ 18,5, ʙʝʣʦʢ 18, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 1,5 %. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʫʟʣʫʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʧʣʦʪʥʦʩʪʠ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ ʧʦ ɻʆʉʊ 4233 ʠ ʚʦʜʫ ʧʠʪʴʝʚʫʶ ʧʦ 

ɻʆʉʊ ʈ 51232-98. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʩʦʣʠ ʚ ʪʢʘʥʷʭ ʩʝʣʴʜʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʨʳʙʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʠ ʚ ʧʨʦʜʫʢʪʝ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠʟʣʫʯʝʥʠʡ (ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) ʩ ʚʝʱʝʩʪʚʦʤ, ʥʘʧʨʠʤʝʨ ʩʦʚʨʝʤʝʥʥʳʡ ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʣʝʝʚ-

ʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʝʱʝʩʪʚ. ʋʯʝʥʳʤʠ ʂɻʊʋ ï ɺ. ɺ. ɹʨʶʭʘʥʦ- 
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ʚʳʤ, ɸ. ʄ. ʀʚʘʥʦʚʳʤ ʠ ʜʨ. [10, 11] ï ʵʪʦʪ ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʝʤʣʝʤʦʩʪʴ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʧʝʨʚʳʝ 

ʚʳʩʢʘʟʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [12-15]. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ 

ʤʷʩʘ ʩʝʣʴʜʠ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʌʂʉ) ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩ.1.  ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

Fig. 1. The scheme of the experimental installation 

 

ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʢʶʚʝʪʫ ʩ ʠʩʩʣʝʜʫʝʤʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʘʥʘʣʠʟʘʪʦʨ ʠ ʢʦʨʨʝʣʷʪʦʨ, ʧʨʠʥʠʤʘʶʱʠʝ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʯʝʨʝʟ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ (ʌʕʋ) ʠ ʚʳʚʦʜʷʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ʜʠʩʧʣʝʡ ʢʦʤʧʴʶʪʝʨʘ. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʦʜʦʚʳʡ ʅʝ-Ne ʣʘʟʝʨ 

(W = 15 ʤɺʪ; ɚ = 632.8 ʥʤ; ʜʠʘʤʝʪʨ ʣʫʯʘ 100 ʤʢʤ). ʌʣʫʢʪʫʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʘ, ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʨʘʟʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮʘʭ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʬʦʪʦʵʣʝʢ-

ʪʨʦʥʥʳʤ ʫʤʥʦʞʠʪʝʣʝʤ (ʌʕʋ), ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ. ʂʦʨʨʝʣʷʮʠ-

ʦʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 32-ʙʠʪʥʦʛʦ 282-ʢʘʥʘʣʴʥʦʛʦ ʢʦʨʨʝ-

ʣʷʪʦʨʘ çPhotocor-FCè, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʢʦʤʧʴʶʪʝʨʫ ʠ ʩʥʘʙʞʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʦʡ  

Flex 5.3.3. ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 5 %. 

ʆʙʨʘʟʮʳ ʩʝʣʴʜʠ ʩ ʢʦʞʝʡ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʶʚʝʪʫ ʠʟ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʟʘʣʠʚʘʣʠʩʴ ʨʘʩʪʚʦʨʦʤ NaCl ʟʘʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʶʚʝʪʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʪʝʨʤʦʩʪʘʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ʛʦʥʠʦʤʝʪʨʘ, ʠ ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ ʤʠʥʫʩ 18Áʉ ʧʫʪʝʤ ʮʠʨʢʫʣʷʮʠʠ ʪʦʩʦʣʘ ʩ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ SW 12 USPH-S Water Cooler ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 0,1Áʉ. ʇʝʨʝʤʝʱʝʥʠʝ ʢʶʚʝʪʳ ʧʦ ʚʳʩʦʪʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ 1 ʤʤ 

ʩʧʝʮʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ; ʚ ʢʘʞʜʳʡ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʢʘʥʠʨʦʚʘʥʠʝ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʪʫʟʣʫʢʘ, 

ʢʦʞʠ ʠ ʤʷʩʘ ʩʝʣʴʜʠ ʧʦ ʚʳʩʦʪʝ ʢʶʚʝʪʳ. 

ɿʘ ʥʫʣʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʩʯʝʪʘ ʙʨʘʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʞʠ, ʛʨʘʥʠʯʘʱʘʷ ʩ 

ʨʘʩʪʚʦʨʦʤ  NaCl. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ x: ʦʪ ʢʦʞʠ ʚʛʣʫʙʴ ʤʷʩʘ ʜʦ ʟʥʘʯʝʥʠʷ 
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l (l - ʪʦʣʱʠʥʘ ʢʫʩʦʯʢʘ ʤʷʩʘ ʨʳʙʳ). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ x (ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ) ʙʨʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʘ NaCl (ʚʚʝʨʭ ʦʪ ʢʦʞʠ). 

ʇʦ ʚʳʩʦʪʝ ʢʶʚʝʪʳ ʠʟʤʝʨʷʣʠʩʴ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʚʝʪʘ,  ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʠ ʨʘʟʤʝʨʳ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ 

ʯʘʩʪʠʮ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὃ† Ὅὸ †   ÌÉÍO ᷿ ὍὸϽὍὸ †Ὠὸ.                   (1) 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʝʪ ʚʦ 

ʚʨʝʤʝʥʠ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ D: 

Ὃ† ὥϽὩὼὴ ὦȟ                                                                     (2) 

ʛʜʝ ʦʙʨʘʪʥʦʝ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

ʜʠʬʬʫʟʠʠ ʨʘʚʥʦ: 

ὈήȢ                                                                                                 (3) 

ɺʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʬʣʫʢʪʫʘʮʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

ή  ϽÓÉÎ  Ȣ                                                                                      (4) 

ɺ ʚʳʨʘʞʝʥʠʷʭ (1) - (4) a ʠ b ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ; n ï ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʟʚʝʰʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ;  ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʘ; ג ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʣʘ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʩʝʷʥʠʷ (ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ t = 25 ʥʩ), ʦʧʨʝʜʝʣʷʣʘ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ 

ʚʳʯʠʩʣʷʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʠʟ ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʧʦ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ (5) ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ r, ʩʤ: 

Ὀ Ͻ
Ł

 ȟ                                                                                         (5) 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʜʣʷ ʚʩʝʭ ʚʝʱʝʩʪʚ 

ʨʘʚʥʘ 8,32) ɼʞ/ÜKĿʤʦʣʴ; ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ,  K; ὔ  ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, 

6,02Ŀ10
23

 1/ʤʦʣʴ; Ǽ ï ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʛ/ʩʤĿʩ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʚ ʨʘʩʪʚʦʨʝ NaCl ʠ ʤʷʩʝ ʩʝʣʴʜʠ ʚ ʜʠʥʘʤʠʢʝ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʠʜ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2 ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʩʠʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʭ ʚʦʣʥ, ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʜʣʷ ʥʝʩʞʠʤʘʝʤʳʭ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʳʷʚʣʝʥ 

ʘʢʘʜʝʤʠʢʦʤ ɸ.ɺ. ʃʳʢʦʚʳʤ ʚ ʨʘʙʦʪʝ [16]. 

ʊʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2 ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʠʷ ʦʪ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʮʝʩʩʘ 

ʧʦʩʦʣʘ [17], ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʤ ʛʠʧʦʪʝʟʫ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʭ ʚʦʣʥ ʧʨʠ ʧʦʩʦʣʝ ʨʳʙʳ ʚ ʦʙʣʘʩʪʠ 

ʫʤʝʨʝʥʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠʥʠʤʘʝʤ ʩʣʝʜʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ: 

ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ Naʉl ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʠ ʦʢʦʣʦ 26 % ʠ ʤʷʩʦ 

ʩʝʣʴʜʠ ʟʘʤʦʨʘʞʠʚʘʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 18 Áʉ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʠ 

ʚ ʪʫʟʣʫʢʝ ʠ ʤʷʩʝ: 

ʭ = 0 ï ʢʦʞʘ; ʭ > 0 ï ʤʷʩʦ ʩʝʣʴʜʠ; ʭ < 0 ï ʪʫʟʣʫʢ 

Fig. 2. Dependence of the diffusion coefficient from dissolution in brine and meat: 

x = 0 - the skin; x > 0 - herring meat; x <0 - brine 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ (ʢʦʞʝ ʩʝʣʴʜʠ) ʯʘʩʪʴ ʩʦʣʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʄ. ɹʝʨʪʣʦ [18], ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ 

ʠʦʥʦʚ ʩʦʣʝʡ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʛʠʜʨʦʪʘʮʠʝʡ. ʇʨʠʥʮʠʧ ɹʝʨʪʣʦ ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʜʣʷ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʪʳ ʠ 

ʠʜʫʪ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʢʦʥʮʘ ʪʦʣʴʢʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʪʠ ʞʝ ʨʝʘʢʮʠʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ. ʇʦ ʦʮʝʥʢʝ [19], ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ Na
+ 

ʠ ʆʅ
-
 ʚʳʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 422 ʠ 510 ʢɼʞ/ʤʦʣʴ. 

ʇʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ɔ = ‬ὸȾ‬ὼ , ʢʦʪʦʨʳʡ 

ʠʟʤʝʥʷʝʪʩʷ ʚʥʫʪʨʠ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʦʪ 1,0 ʜʦ 0,5 Áʉ/ʤʤ, ʘ ʚ ʤʝʞʢʣʝʪʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʷʩʘ ʩʝʣʴʜʠ ï ʦʪ 0,5 ʜʦ 0 Áʉ/ʤʤ (ʨʠʩ. 2). 

ɼʠʬʬʫʟʠʦʥʥʦ-ʦʩʤʦʪʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʠ ʪʢʘʥʝʚʦʡ ʚʣʘʛʠ ʨʳʙʳ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʣʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʦʟʘʪʫʭʘʶʱʠʭ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʭ ʚʦʣʥ. 

ʇʦ ʤʥʝʥʠʶ ɸ. ɺ. ʃʳʢʦʚʘ [16], ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ɻʨʘʩʛʦʬʘ (ʢʘʢ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ Gr < 50), ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʟʤʫʱʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʚʦʟʤʫʱʝʥʠʷ ʟʘ ʩʯʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺʦʟʥʠʢʘʶʱʠʝ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʚʠʜ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʨʠ ʫʯʘʩʪʠʠ ʚʷʟʢʠʭ ʠ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ. 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʪʝʨʤʦʢʦʥʚʝʢʪʠʚʥʳʭ ʷʚʣʝʥʠʡ [16] ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʨʠʙʣʠʞʝʥʠʝ ɹʫʩʩʠʥʝʩʢʘ), ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘ-
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ʪʫʨʳ ʩʨʝʜʳ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (5), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, ʦʙʲʷʩʥʷʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʝʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʢʘʟʘʥʥʦʡ ʛʠʧʦʪʝʟʦʡ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʚ ʪʫʟʣʫʢʝ, ʢʦʞʝ ʠ ʤʷʩʝ ʩʝʣʴʜʠ ʦʪ ʨʘʟʤʝʨʦʚ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 18,5 ʜʦ 0 Áʉ. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʨʘʟʤʝʨʘ 

ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ 

Fig. 3. Dependence of the diffusion coefficient from the size of diffusing 

particles 

 

ʀʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʫʟʣʫʢʝ (ʭ = -1 ʤʤ), ʥʘ 

ʢʦʞʝ (ʭ=0 ʤʤ) ʠ ʚ ʪʦʣʱʝ ʤʷʩʘ ʩʝʣʴʜʠ (ʭ = 6 ʤʤ). ʊʘʢ ʢʘʢ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ 

ʫʢʘʟʘʥʥʳʭ ʩʝʯʝʥʠʷʭ ʦʜʠʥʘʢʦʚʘ ʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ 

ʧʨʠ ʠʟʚʝʩʪʥʳʭ D  ʧʦ ʬʦʨʤʫʣʝ (5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ           

ʯʘʩʪʠʮ r. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘ ʨʠʩ. 3 ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʨʝʜʘʭ ʠʤʝʝʪ ʚʠʜ 

ʛʠʧʝʨʙʦʣʳ. ɼʠʬʬʫʥʜʠʨʫʶʱʠʝ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʢʣʘʩʪʝʨʳ: ʠʦʥʳ Na
+
 

ʠ Cl
-
 ʩʚʷʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʠ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʈʘʟʤʝʨʳ 

ʢʣʘʩʪʝʨʦʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʦʩʦʣʘ ʨʳʙʳ: ʨʘʟʨʫʰʝʥʠʝ ʚʦʜʥʦʩʦʣʝʚʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʟʚʫʢʘ ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʩʦʣʠ ʚ ʪʢʘʥʠ ʨʳʙʳ ʠ ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

1. ʋʩʪʘʥʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʫʟʣʫʯʥʦʛʦ ʧʦʩʦʣʘ ʩʝʣʴʜʠ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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2. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ 

ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝ-

ʥʠʷ ʚ ʪʫʟʣʫʢʝ, ʥʘ ʢʦʞʝ ʠ ʚ ʤʷʩʝ ʩʝʣʴʜʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 16 Áʉ ʜʦ 

ʤʠʥʫʩ 6 Áʉ. 

3. ʇʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ, ʦʙʲʷʩʥʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʦʢʦʥ-

ʚʝʢʪʠʚʥʳʭ ʚʦʣʥ ʧʨʠ ʧʦʩʦʣʝ ʨʳʙʳ. ʀʩʭʦʜʷ ʠʟ  ʧʨʠʥʮʠʧʘ ʄ. ɹʝʨʪʣʦ, ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʠʦʥʦʚ ʩʦʣʝʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʤʫʱʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʩʣʘʙʦʟʘʪʫʭʘʶʱʠʝ ʪʝʨʤʦʢʦʥʚʝʢ-

ʪʠʚʥʳʝ ʚʦʣʥʳ. 

4. ʇʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ 

ʪʫʟʣʫʢʝ, ʢʦʞʝ ʠ ʤʷʩʝ ʩʝʣʴʜʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʠʥʫʩ 18 Áʉ ʜʦ 0 Áʉ ʦʪ 

ʨʘʟʤʝʨʘ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ. 

5. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʩʦʣʘ ʨʳʙʳ ʧʦʢʘʟʘʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʚʫʢʦʤ ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʩ ʮʝʣʴʶ 

ʨʘʟʨʫʰʝʥʠʷ ʩʦʣʝʚʦʜʷʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʘʭʦʪʥʦʤ ʧʦʣʝ ʚ ʧʨʝʜʝʣʘʭ ʉʚʝʪʣʦʛʦʨʩʢʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʉʘʤʙʠʡʩʢʘʷ ʭʦʣʤʠʩʪʦ-ʤʦʨʝʥʥʘʷ 

ʨʘʚʥʠʥʘ). ʀʟʫʯʝʥʳ ʧʦʯʚʳ: ʙʫʨʦʟʝʤ ʩʫʧʝʩʯʘʥʳʡ (ʥʝʩʤʳʪʳʡ) ʥʘ ʧʦʚʳʰʝʥʠʠ, 

ʙʫʨʦʟʝʤ ʧʝʩʯʘʥʳʡ ʩʠʣʴʥʦʩʤʳʪʳʡ ʥʘ ʩʢʣʦʥʝ ʠ ʥʘʤʳʪʘʷ ʧʦʯʚʘ ʫ ʧʦʜʥʦʞʠʷ ʭʦʣʤʘ. 

ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣ ʛʦʜʳ ʩ ʨʘʟʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ: 2012 ʛ. - 962 ʤʤ 

ʦʩʘʜʢʦʚ (ʦʯʝʥʴ ʚʣʘʞʥʳʡ);  2013 ʛ. ï 723 ʤʤ (ʩʨʝʜʥʠʡ);  2014 ʛ. ï 589 ʤʤ (ʦʯʝʥʴ 

ʩʫʭʦʡ). ɺ ʧʦʯʚʘʭ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʝʦʙʣʘʜʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ. ʉʝʟʦʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʟʥʘʯʝʥʠʡ Eh ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʢʦʡ ʚʣʘʞʥʦʩʪʠ. ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʚʳʨʘʞʝʥʘ ʦʙʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: Eh ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ ʩʣʘʙʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 

(300 ï 400 ʤɺ) ʨʘʥʥʝʡ ʚʝʩʥʦʡ, ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ, ʘ ʪʘʢʞʝ ʚ ʩʳʨʳʝ ʜʝʢʘʜʳ ʣʝʪʘ ʠ 

ʦʩʝʥʠ. ɺ ʙʫʨʦʟʝʤʝ ʩʫʧʝʩʯʘʥʦʤ ʥʘ ʘʚʪʦʥʦʤʥʦʡ ʧʦʟʠʮʠʠ ʨʝʣʴʝʬʘ ʠ ʙʫʨʦʟʝʤʝ 

ʩʠʣʴʥʦʩʤʳʪʦʤ ʧʝʩʯʘʥʦʤ ʥʘ ʩʢʣʦʥʝ ʧʝʨʠʦʜʳ ʧʘʜʝʥʠʷ Eh ʥʠʞʝ 400 ʤɺ (ʫʩʣʦʚʥʦʡ 

ʛʨʘʥʠʮʳ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ 

(ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ï ʥʝʜʝʣʷ). ɺ ʥʘʤʳʪʦʡ ʧʦʯʚʝ ʚʝʩʝʥʥʠʝ ʟʥʘʯʝʥʠʷ Eh ʦʢʦʣʦ 300 ʤɺ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʘʧʨʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʚʩʭʦʞʝʩʪʠ ʢʫʣʴʪʫʨ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʟʘʪʨʫʜʥʝʥʥʦʡ ʘʵʨʘʮʠʠ, ʪʘʢ ʠ ʧʦ ʧʨʠʯʠʥʝ 

ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʪʝʨʴ ʘʟʦʪʘ ʥʘ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʦʛʦ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ ʧʦʚʳʰʝʥʠʡ ʠ 

ʩʢʣʦʥʦʚ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ. ɺ 

ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʤʳʪʦʡ ʧʦʯʚʳ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʧʦʚʳʰʝʥʠʡ ʠ ʩʢʣʦʥʦʚ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʝʥʥʦʡ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʧʦʯʚʳ ʠ ʧʨʠʚʥʦʩʘ ʞʝʣʝʟʘ ʩ ʪʚʝʨʜʳʤ ʩʪʦʢʦʤ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʚ ʩʳʨʦʡ 

ʛʦʜ ʚʳʰʝ, ʯʝʤ ʚ ʩʫʭʦʡ.  

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʙʫʨʦʟʝʤʳ, ʧʦʜʚʠʞʥʦʝ 

ʞʝʣʝʟʦ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ 

 

 

Research was carried out on the arable field within the Svetlogorsk urban district 

of the Kaliningrad region (Semba hilly moraine plain). The sandy-loam brown soil on 

the  top hill, strongly eroded sandy brown soil on the slope and washed soil (diluvium) 

at the foot of the hill were studied. The investigation period included years with 
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different moisture: 2012 - 962 mm of rain (very wet); in 2013 - 723 mm (average); in 

2014 - 589 mm (very dry). In soils, during the growing season of crops oxidizing 

environment in the arable horizon is predominant. Seasonal variation of Eh values is 

due to moisture dynamics. In all soils the general pattern is expressed: Eh falls to a level 

of a slightly reducing environment (300 - 400 mV) in early spring, late autumn, as well 

as wer decades of summer and autumn. In sandy-loamy brown soils on the autonomous 

position of the relief and strongly eroded sandy brown soil on the slope, fall periods of 

Eh below 400 mV (conventional border of oxidation and reduction processes) are short 

(from few days to one week). In the washed soil (diluvium) spring Eh value of about 

300 mV are observed throughout April, which may adversely affect the germination of 

crops, as a result of constrained aeration, and because of accumulation of toxic 

compounds and nitrogen losses to denitrification. The content of acid-soluble ferric 

oxide in the soils of the hill tops and slopes are always much higher than the amount of 

ferrous iron. In the arable horizon of washed soil, the total content of free iron is bigger, 

compared to the soils of hill tops and slopes. This is due to the greater moisture content 

in soil and supply of iron with solid release of fine particles. ʊhe amount of free iron in 

all soils in a wet year is higher than in a dry. 

redox potential, brown soils, free iron, soil moisture 

 

 

ɺɺɽɼɽʅʀɽ 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʫʶʪ ʪʦʪ ʬʦʥ, ʦʪ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʩʝʚʘʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ 

ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʯʚʳ [1-4]. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʆɺʇ) ʚ ʧʦʯʚʘʭ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʆɺʇ ʙʫʨʦʟʝʤʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ [5] ʠ ʚ 

ɿʘʢʘʨʧʘʪʴʝ [6 - 7]. ɺ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʘ ʆɺʇ, ʚʣʘʞʥʦʩʪʠ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʦʯʚ ʧʦʣʴʜʝʨʦʚ [8]. ʉʦʚʨʝʤʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʙʫʨʦʟʝʤʥʳʤ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤ ʧʦʯʚʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʵʨʦʜʠʨʦʚʘʥʥʳʤ, ʦʪʩʫʪʩʪʚʫʶʪ.  

ʊʘʢ ʢʘʢ ʚ ʛʫʤʠʜʥʦʤ ʘʛʨʦʣʘʥʜʰʘʬʪʝ ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠʷʶʱʠʤ ʥʘ ʆɺʇ ʠ ʠʛʨʘʶʱʠʤ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ, ʪʦ ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʝʛʦ ʧʦʜʚʠʞʥʳʭ (ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʥʦʩʪʴ ʪʝʨʤʠʥʘ) ʩʦʝʜʠʥʝʥʠʡ.  

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʦ: ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ Eh ʚ ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ ʢʘʪʝʥʳ ʚ ʛʦʜʳ ʩ ʨʘʟʣʠʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ; ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʠʦʜʳ 

ʧʨʝʦʙʣʘʜʘʥʠʷ ʚ ʧʦʯʚʘʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʠʟʫʯʠʪʴ 

ʜʠʥʘʤʠʢʫ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʚʳʪʷʞʢʫ 0,1ʥ ʅ2SO4; ʦʮʝʥʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʆɺʇ, ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ. 

 

ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ 

ʂʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ï ʧʘʭʦʪʥʦʝ ʧʦʣʝ ʚ ʉʚʝʪʣʦʛʦʨʩʢʦʤ ʛʦʨʦʜʩʢʦʤ ʦʢʨʫʛʝ, 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʉʘʤʙʠʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʟʦʥʝ ʢʨʘʝʚʳʭ 

ʣʝʜʥʠʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ). 
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ʅʘʤʠ ʠʟʫʯʘʣʠʩʴ ʨʝʞʠʤ ʚʣʘʞʥʦʩʪʠ, ʜʠʥʘʤʠʢʘ ʆɺʇ ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚ 

ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ (0-20 ʩʤ) ʢʘʪʝʥʳ ʥʘ ʩʢʣʦʥʝ ʭʦʣʤʘ ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 1) ʙʫʨʦʟʝʤ ʩʫʧʝʩʯʘʥʳʡ (ʥʝʩʤʳʪʳʡ) ʥʘ 

ʚʘʣʫʥʥʳʭ ʩʫʧʝʩʷʭ ʩ ʧʦʜʩʪʠʣʘʥʠʝʤ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤ ʧʝʩʢʦʤ ʩ ʛʣʫʙʠʥʳ 140 ʩʤ; 

2) ʙʫʨʦʟʝʤ ʩʠʣʴʥʦʩʤʳʪʳʡ ʧʝʩʯʘʥʳʡ ʩ ʧʦʜʩʪʠʣʘʥʠʝʤ ʩʫʛʣʠʥʢʘʤʠ ʩ ʛʣʫʙʠʥʳ       

120 ʩʤ ʥʘ ʩʢʣʦʥʝ 5 ï 7
0
; 3) ʥʘʤʳʪʘʷ ʤʦʱʥʘʷ ʩʫʧʝʩʯʘʥʘʷ ʧʦʯʚʘ ʫ ʧʦʜʥʦʞʠʷ ʭʦʣʤʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʛʦʜʳ ʩ ʨʘʟʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ. ʇʦ ʜʘʥʥʳʤ ʙʣʠʞʘʡʰʝʡ ʢ 

ʢʣʶʯʝʚʦʤʫ ʫʯʘʩʪʢʫ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ. ʇʠʦʥʝʨʩʢʦʛʦ, ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

ʩʦʩʪʘʚʠʣʦ: ʚ 2012 ʛ ï 962 ʤʤ (ʛʦʜ ʦʯʝʥʴ ʚʣʘʞʥʳʡ); ʚ 2013 ʛ. ï 723 ʤʤ (ʩʨʝʜʥʠʡ); ʚ 

2014 ʛ. ï 589 ʤʤ (ʦʯʝʥʴ ʩʫʭʦʡ). ʈʝʞʠʤ ʚʣʘʞʥʦʩʪʠ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ ʚ ʢʘʪʝʥʝ ʟʘ 

2014 ʛ. ʨʘʩʩʤʦʪʨʝʥ ʨʘʥʝʝ [9]. 

ʉʚʦʡʩʪʚʘ ʠ ʨʝʞʠʤʳ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʠ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: ʧʦʣʝʚʫʶ 

ʚʣʘʞʥʦʩʪʴ ï ʚʝʩʦʚʳʤ  (ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʜʝʢʘʜʥʦ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʝʪʦʤ ʥʘ 

ʦʙʲʝʤʥʫʶ ʚʣʘʞʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚ; ʆɺʇ ʠʟʤʝʨʷʣʠ  ʥʘ ʧʨʠʙʦʨʝ    ʨʅ-

150ʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ (ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʤʘʨʢʠ ʕɺʃ-1ʄ, ʧʣʘʪʠʥʦʚʳʡ 

ʤʘʨʢʠ ʕʇɺ-1ʉʈ); ʧʦʜʚʠʞʥʦʝ ʞʝʣʝʟʦ (FeO, Fe2O3)  ʧʦ ʤʝʪʦʜʠʢʝ                              

ɺ. ɸ. ʂʘʟʘʨʠʥʦʚʦʡ-ʆʢʠʥʦʡ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɿ. ʌ. ʂʦʧʪʝʚʦʡ [10, c. 191 - 196] 

ʠʟʚʣʝʢʘʣʠ ʦʙʨʘʙʦʪʢʦʡ ʥʘʚʝʩʦʢ ʩʚʝʞʝʡ ʧʦʯʚʳ 0,1 ʥ ʅ2SO4 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ   

ʧʦʯʚʘ : ʨʘʩʪʚʦʨ  1:5 ʧʦʩʣʝ 5-ʤʠʥʫʪʥʦʛʦ ʚʟʙʘʣʪʳʚʘʥʠʷ, ʬʠʣʴʪʨʦʚʘʥʠʷ, 

ʦʢʨʘʰʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ Ŭ-Ŭ-ʜʠʧʠʨʠʜʠʣʘ; 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʳʪʷʞʝʢ ʠʟʤʝʨʷʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 490 ʥʤ ʚ ʢʶʚʝʪʘʭ 1 ʩʤ 

ʥʘ ʧʨʠʙʦʨʝ ʂʌʂ-2. ɺʩʝ ʘʥʘʣʠʟʳ ʚʳʧʦʣʥʷʣʠ ʚ 4ï6-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ Excel. ʆʮʝʥʢʫ ʆɺʇ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: ʚʳʰʝ 400 ʤɺ ï ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ; 400 ï 300 ï ʩʣʘʙʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ; 300 ï 200 ï ʫʤʝʨʝʥʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ; ʤʝʥʝʝ 200 ï 

ʠʥʪʝʥʩʠʚʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ [3, c. 176-177]; ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʯʚ ʀ. ʉ. ʂʘʫʨʠʯʝʚʘ [2, ʩ. 79]. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦ-ʦʮʝʥʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ  ʚ ʧʦʯʚʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚʦʜʦʨʦʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣ (rH2 = Eh/29 + 2pH). 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʅʘ ʨʠʩ. 1-3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ Eh ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ 

ʢʘʪʝʥʳ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʫʨʦʟʝʤ ʩʫʧʝʩʯʘʥʳʡ ʠ ʙʫʨʦʟʝʤ ʧʝʩʯʘʥʳʡ 

ʩʠʣʴʥʦʩʤʳʪʳʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩ ʘʧʨʝʣʷ 

ʧʦ ʥʦʷʙʨʴ 2012 ï 2014 ʛʛ. ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɺʝʨʦʷʪʥʦ, ʧʨʠ ʧʦʜʨʦʙʥʦʤ 

ʧʨʦʬʠʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʠʤʘ ʆɺʇ ʵʪʠ ʧʦʯʚʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢʦ ʚʪʦʨʦʤʫ 

ʪʠʧʫ ʨʝʞʠʤʦʚ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʦʟʤʦʞʥʦʤ 

ʧʨʦʷʚʣʝʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʠʣʠ ʩʝʟʦʥʳ). ʅʘʤʳʪʘʷ 

ʩʫʧʝʩʯʘʥʘʷ ʧʦʯʚʘ ʙʣʠʞʝ ʢ ʪʠʧʫ ʢʦʥʪʨʘʩʪʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʘ. 

ɺʦ ʚʩʝʭ ʧʦʯʚʘʭ ʚʳʨʘʞʝʥʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ Eh ʦʪʤʝʯʘʶʪʩʷ ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʠ ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ. ɺ ʩʳʨʳʝ ʧʝʨʠʦʜʳ ʣʝʪʘ 

ʠ ʦʩʝʥʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʆɺʇ. ʇʨʠ ʵʪʦʤ Eh ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ 

ʩʣʘʙʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (300 ï 400 ʤɺ).  

ɿʥʘʯʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʧʝʨʠʦʜ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʘʥʘʵʨʦʙʠʦʟʠʩʘ ʚ ʧʦʯʚʘʭ. ʅʘʠʙʦʣʝʝ 
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ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ rH2 (22,3 ï 23,8) ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʥʘʤʳʪʦʡ ʧʦʯʚʝ ʚ ʧʝʨʠʦʜ 

ʚʝʩʝʥʥʝʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʥʘʤʳʚʥʳʤʠ ʩʢʣʦʥʦʚʳʤʠ ʚʦʜʘʤʠ. ɺ 

ʙʫʨʦʟʝʤʝ ʩʫʧʝʩʯʘʥʦʤ rH2 ʩʦʩʪʘʚʣʷʣ ʚ ʘʧʨʝʣʝ 24,7 ï 26,3. ɺ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 27 ï 31,5. ɺ ʙʫʨʦʟʝʤʝ ʩʠʣʴʥʦʩʤʳʪʦʤ ʧʝʩʯʘʥʦʤ 

ʚʝʩʥʦʡ ʚʦʜʦʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʚʳʰʝ 27 ʚʦ ʚʩʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʚʩʣʝʜʩʪʚʠʝ 

ʭʦʨʦʰʠʭ ʫʩʣʦʚʠʡ ʬʠʣʴʪʨʘʮʠʠ ʚʣʘʛʠ. ʅʠʞʝ 27 rH2 ʦʧʫʩʢʘʣʩʷ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʪʦʣʴʢʦ ʚ ʥʘʠʙʦʣʝʝ ʩʳʨʳʝ ʧʝʨʠʦʜʳ: ʠʶʣʴ, ʥʦʷʙʨʴ 2012 ʛ.,  ʩʝʥʪʷʙʨʴ 2013 ʛ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ, 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ. ɺ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ,  ʘ ʪʘʢʞʝ ʚ ʩʳʨʳʝ 

ʜʝʢʘʜʳ ʚʣʘʞʥʦʩʪʴ ʚʩʝʭ ʧʦʯʚ ʚʳʰʝ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ (ʅɺ). ɺ ʩʫʭʠʝ 

ʧʝʨʠʦʜʳ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʚʣʘʞʥʦʩʪʠ ʨʘʟʨʳʚʘ ʢʘʧʠʣʣʷʨʥʦʡ 

ʩʚʷʟʠ (ɺʈʂ), ʘ ʚ ʧʝʩʯʘʥʦʤ ʙʫʨʦʟʝʤʝ ʦʥʠ ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ ɺʈʂ (ʨʠʩ. 2). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ Eh ʠ ʧʦʣʝʚʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʩʥʫʶ ʩʚʷʟʴ 

ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʛʦʜʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʢʘʪʝʥʳ 

(ʪʘʙʣ. 1). 

ʆʜʥʠʤ ʠʟ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ 

ʷʚʣʷʝʪʩʷ ʝʞʝʛʦʜʥʦʝ ʟʘʧʘʭʠʚʘʥʠʝ ʩʪʝʨʥʠ ʠ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ. ɺ  ʫʩʣʦʚʠʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (ʚʳʰʝ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ) ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʝʸ ʘʵʨʘʮʠʠ. ʂʠʩʣʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ ʠ ʧʦʯʚʝʥʥʦʤ 

ʨʘʩʪʚʦʨʝ, ʧʦʪʨʝʙʣʷʝʪʩʷ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʟʘʧʘʭʘʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʇʦʵʪʦʤʫ  Eh  ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʪʠʧʠʯʥʦ ʜʣʷ ʚʩʝʭ ʧʦʯʚ ʠ ʦʧʠʩʘʥʦ ʤʥʦʛʠʤʠ 

ʫʯʝʥʳʤʠ [2]. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʛʦʜʘ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʯʚʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

Eh ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʢʘʪʝʥʳ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʳʨʦʡ 2012 ʠ ʩʨʝʜʥʠʡ ʧʦ ʦʩʘʜʢʘʤ 2013 ʛʛ. 

ɺ ʩʫʭʦʤ 2014 ʛ. ʩ ʘʧʨʝʣʷ ʧʦ ʥʦʷʙʨʴ ʚ ʙʫʨʦʟʝʤʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʠ Eh ʢʦʣʝʙʘʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʢʦʣʦ 500 ʤɺ. ɺ ʥʘʤʳʪʦʡ ʧʦʯʚʝ (ʨʘʟʨʝʟ 

428) ʟʘʬʠʢʩʠʨʦʚʘʥ ʘʧʨʝʣʴʩʢʠʡ ʤʠʥʠʤʫʤ (292 ï 311 ʤɺ) ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʥʳʭ 

ʫʚʣʘʞʥʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ. ʅʦ ʫʞʝ ʚ ʤʘʝ ʟʥʘʯʝʥʠʷ Eh ʩʪʘʣʠ ʚʳʰʝ 400 ʤɺ 

ʠ ʦʩʪʘʚʘʣʠʩʴ ʪʘʢʠʤʠ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ ʥʦʷʙʨʷ (ʨʠʩ. 3).  

ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʨʘʥʠʮʘʭ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʚ ʩʝʨʥʦʢʠʩʣʦʡ ʚʳʪʷʞʢʝ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ ʠ ʚ ʛʦʜʳ ʩ ʨʘʟʣʠʯʥʦʡ 

ʫʚʣʘʞʥʝʥʥʦʩʪʴʶ, ʦʙ ʦʪʥʦʰʝʥʠʠ ʦʢʠʩʥʳʭ ʠ ʟʘʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʦʛʦ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ 

ʧʦʚʳʰʝʥʠʡ ʠ ʩʢʣʦʥʦʚ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʠʩʥʦʛʦ. ʕʪʦ 

ʚʠʜʥʦ ʢʘʢ ʠʟ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʘʢ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ Fe2O3 / FeO (ʨʠʩ. 1-3). 

ʆʪʥʦʰʝʥʠʝ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʢ ʟʘʢʠʩʥʦʤʫ ʩʫʞʘʝʪʩʷ ʚ ʩʳʨʦʡ 2012 ʛ.  ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʩʫʭʦʡ 2014.  

ɺ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʤʳʪʦʡ ʧʦʯʚʳ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ 

ʞʝʣʝʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʧʦʚʳʰʝʥʠʡ ʠ ʩʢʣʦʥʦʚ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ 

ʧʨʠʚʥʦʩʘ ʝʛʦ ʩ ʵʨʦʟʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʪʚʝʨʜʳʤ ʩʪʦʢʦʤ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʆʪʥʦʰʝʥʠʝ Fe2O3 / FeO ʜʦʩʪʠʛʘʣʦ ʥʘʠʙʦʣʴʰʝʡ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʫʭʦʛʦ 2014 ʛ. ɺ ʘʧʨʝʣʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʧʨʝʚʳʰʝʥʠʝ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʥʘʜ ʦʢʠʩʥʳʤ (Fe2O3 / FeO 0,8 - 0,9), ʘ ʚ ʣʝʪʥʠʝ ʠ 

ʦʩʝʥʥʠʝ ʤʝʩʷʮʳ ʙʳʣʦ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʜʘʥʥʦʡ ʧʦʯʚʝ       (86 ï 148). 
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ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʝʚʦʡ 

ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ (ʚʳʪʷʞʢʘ 0,1 ʥ ʅ2SO4) ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʙʫʨʦʟʝʤʘ ʩʫʧʝʩʯʘʥʦʛʦ (ʨʘʟʨʝʟ 426) 

Fig. 1. Dynamics of redox potential, field moisture and content of free iron (extract 

0.1N H2SO4) in the arable horizon of a sandy-loam brown soil (pit 426) 
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ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʝʚʦʡ 

ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ (ʚʳʪʷʞʢʘ 0,1 ʥ ʅ2SO4) ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʙʫʨʦʟʝʤʘ ʩʠʣʴʥʦʩʤʳʪʦʛʦ ʧʝʩʯʘʥʦʛʦ (ʨʘʟʨʝʟ 427) 

Fig. 2. Dynamics of redox potential, field moisture and content of free iron (extract 

0.1N H2SO4) in the arable horizon of a strongly eroded sandy brown soil (pit 427) 
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ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʝʚʦʡ 

ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ (ʚʳʪʷʞʢʘ 0,1 ʥ ʅ2SO4) ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʥʘʤʳʪʦʡ ʧʦʯʚʳ (ʨʘʟʨʝʟ 428) 

Fig. 3. Dynamics of redox potential, field moisture and content of free iron (extract 

0.1N H2SO4) in the arable horizon of a washed soil (diluvium) (pit 428) 
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ʊʘʙʣʠʮʘ 1. ʂʦʨʨʝʣʷʮʠʷ ɽh, ʚʣʘʞʥʦʩʪʠ (W) ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʦʯʚʘʭ ʢʘʪʝʥʳ ʚ ʛʦʜʳ ʩ ʨʘʟʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ 

Table 1. Correlation of ɽh, field moisture (W) and content of free iron in soil catena in years with different moistening 

ʇʦʯʚʘ ʇʘʨʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ɽh - W ɽh - FeO ɽh ï 

Fe2O3 

ɽh ï 

(FeO+Fe2O3) 

ɽh ï 

(Fe2O3:FeO) 

W - FeO W ï 

Fe2O3 

W ï 

(FeO+Fe2O3) 

W ï 

(Fe2O3:FeO) 

2012 ʛ. 

ʃ
ɹ
ʫ -0,82 -0,83 -0,54 -0,71 0,85 0,74 0,53 0,69 -0,82 

ʃ
ɹŹŹŹ  
ʧ -0,78 -0,71 -0,71 -0,72 0,60 0,61 0,70 0,69 -0,51 

ʃ
ɹ
ºʫ -0,82 -0,65 -0,76 -0,79 0,67 0,59 0,76 0,80 -0,72 

2013 ʛ. 

ʃ
ɹ
ʫ -0,79 -0,68 -0,71 -0,80 0,40 0,58 0,52 0,62 -0,12 

ʃ
ɹŹŹŹ  
ʧ -0,82 -0,65 -0,42 -0,47 0,70 0,53 0,20 0,26 -0,63 

ʃ
ɹ
ºʫ -0,71 -0,35 0,00 -0,03 0,39 0,46 0,05 0,10 -0,65 

2014 ʛ. 

ʃ
ɹ
ʫ -0,59 -0,28 -0,45 -0,44 0,22 0,22 0,04 0,06 -0,40 

ʃ
ɹŹŹŹ  
ʧ -0,71 -0,10 0,02 0,01 0,14 0,16 -0,19 -0,17 -0,42 

ʃ
ɹ
ºʫ -0,80 -0,84 0,38 -0,42 0,38 0,57 -0,40 0,11 -0,16 

ʇʨʠʤʝʯʘʥʠʝ. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ (FeO, Fe2O3, ʩʫʤʤʘʨʥʦʝ) ʚ 

ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʳʨʦʡ ʛʦʜ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ - ʚ ʩʫʭʦʡ. ʕʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʭ ʧʦʯʚ ʢʘʪʝʥʳ (ʪʘʙʣ. 2).  

ʆʜʥʘʢʦ ʧʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʚʳʪʷʞʢʫ 0,1 ʥ ʅ2SO4, ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʝʩʥʫʶ 

ʩʚʷʟʴ ʩ ʚʣʘʞʥʦʩʪʴʶ ʪʦʣʴʢʦ ʚ ʩʳʨʦʡ 2012 ʛ. (ʪʘʙʣ. 1). ɺ 2013 ʛ. ʵʪʘ ʩʚʷʟʴ 

ʦʩʣʘʙʣʷʝʪʩʷ ʠ ʚʳʨʘʞʝʥʘ ʪʦʣʴʢʦ ʤʝʞʜʫ ʚʣʘʞʥʦʩʪʴʶ ʠ ʟʘʢʠʩʥʳʤ ʞʝʣʝʟʦʤ. ɺ ʩʫʭʦʡ 

2014 ʛ. ʩʚʷʟʴ ʦʪʩʫʪʩʪʚʦʚʘʣʘ.  

ʅʝʙʦʣʴʰʦʝ, ʥʦ ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʜʚʠʞʥʦʛʦ Fe
2+

  ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʪʝʢʘʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʟʘʧʘʭʘʥʥʳʭ ʧʦʞʥʠʚʥʦ-

ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʪʨʝʙʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ, ʚʦʟʥʠʢʘʝʪ 

ʤʠʢʨʦʦʯʘʛʦʚʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ. ɿʘʢʠʩʥʦʝ ʞʝʣʝʟʦ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʚʘʨʴʠʨʫʝʪ ʧʦ 

ʜʝʢʘʜʘʤ ʠ ʤʝʩʷʮʘʤ ʠʟʫʯʝʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ (ʚʳʪʷʞʢʘ 0,1 ʥ H2SO4) ʞʝʣʝʟʘ (ʤʛ ʥʘ 

100 ʛ) ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ (0-20 ʩʤ) ʟʘ ʧʝʨʠʦʜ ʘʧʨʝʣʴ-ʥʦʷʙʨʴ 

Table 2. Average content of free (extract 0.1N H2SO4) iron (mg on 100 g) in the arable 

horizon (0-20 sm) for the period April - November 

ʇʦʯʚʘ FeO Fe2O3 FeO + Fe2O3 

ʍ + m V ʍ + m V ʍ + m V 

2012 ʛ. 

ʃ
ɹ
ʫ 5,9 + 0,7 51,3 49,4 + 6,2 11,0 55,3 + 6,9 13,6 

ʃ
ɹŹŹŹ  
ʧ 3,5 + 0,4 37,1 43,2 + 5,4 12,7 46,7 + 5,8 13,5 

ʃ
ɹ
ºʫ 12,9 + 1,6 89,9 92,5 + 11,6 26,1 105,4 + 13,1 25,9 

2013 ʛ. 

ʃ
ɹ
ʫ 4,9 + 0,6 62,9 42,2 + 5,3 16,2 47,3 + 5,9 17,7 

ʃ
ɹŹŹŹ  
ʧ 3,2 + 0,4 55,9 38,4 + 4,8 27,7 41,6 + 5,2 28,9 

ʃ
ɹ
ºʫ 7,0 + 0,9 56,1 85,4 + 10,8 36,4 92,4 + 11,5 35,9 

2014 ʛ. 

ʃ
ɹ
ʫ 1,4 + 0,2 50,5 39,6 + 5,0 24,6 41,0 + 5,1  25,6 

ʃ
ɹŹŹŹ  
ʧ 0,8 + 0,1 9,8 32,2 + 4,0 31,6 33,0 + 4,1 31,3 

ʃ
ɹ
ºʫ 8,4 + 1,0 189,8 66,4 + 8,3 27,7 74,8 + 9,4 22,0 

ʇʨʠʤʝʯʘʥʠʝ. ʍ + m ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ;                         

V ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

 

ɺ ʧʨʝʜʝʣʘʭ ʧʦʯʚʝʥʥʳʭ ʘʨʝʘʣʦʚ ʦʙʥʘʨʫʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ 

ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ, ʥʦ ʦʥ ʥʝ ʧʨʝʚʳʰʘʣ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʘʨʝʘʣʘʤʠ ʧʦʯʚ ʚ ʢʘʪʝʥʝ.  

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ çʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ ʆɺʇ ʠ ʢʦʣʠʯʝʩʪʚʦʤ Fe
2+

 ʦʙʲʷʩʥʷʝʪʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: 1) ʩ 

ʢʦʥʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʆɺʇ ʩʚʷʟʘʥʘ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ, ʘ 

ʦʪʥʦʰʝʥʠʝ [Fe
3+

] : [Fe
2+
]; 2) ʥʝʣʴʟʷ ʩʦʧʦʩʪʘʚʣʷʪʴ ʟʥʘʯʝʥʠʷ ʆɺʇ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʞʝʣʝʟʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʢʠʩʣʦʪʥʫʶ ʚʳʪʷʞʢʫè [2, ʩ. 109]. ʄʳ ʨʘʩʩʯʠʪʘʣʠ 

ʦʪʥʦʰʝʥʠʝ Fe2O3:FeO ʠ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʚʳʷʩʥʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʦʜʚʠʞʥʳʤ ʞʝʣʝʟʦʤ ʠ ʆɺʇ (ʪʘʙʣ. 1). ɺ ʩʳʨʦʡ 2012 ʛ. ʩʚʷʟʴ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʠ 

Eh ʷʨʢʦ ʚʳʨʘʞʝʥʘ. ɺ 2013, ʠ ʦʩʦʙʝʥʥʦ ʚ 2014 ʛ., ʥʝʪ ʯʝʪʢʦʡ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 
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ʟʘʚʠʩʠʤʦʩʪʠ. ʊʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʝʪ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʘʨʝʘʣʘʭ. ʇʨʠʯʝʤ ʩ ʟʘʢʠʩʥʳʤ ʞʝʣʝʟʦʤ Eh ʩʚʷʟʘʥʦ ʪʝʩʥʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʭʣʝʪʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚ 

ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʝ 

ʚʳʚʦʜʳ ʦ ʧʨʠʯʠʥʘʭ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʨʝʰʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ (ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʠʟʫʯʝʥʠʝ ʘʤʦʨʬʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʜʠʥʘʤʠʢʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ). 

 

ɺʓɺʆɼʓ 

1. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʧʨʝʦʙʣʘʜʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʦʜʥʘʢʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʘʭʦʪʥʳʭ ʧʦʯʚ (450 ï 600 ʤɺ) ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʫʭʦʡ 

ʛʦʜ. 

2. ʉʝʟʦʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʆɺʇ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʜʠʥʘʤʠʢʦʡ 

ʚʣʘʞʥʦʩʪʠ. 

3. ʇʝʨʠʦʜʳ ʧʘʜʝʥʠʷ Eh ʥʠʞʝ 400 ʤɺ (ʫʩʣʦʚʥʦʡ ʛʨʘʥʠʮʳ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ (ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ï ʥʝʜʝʣʷ) ʚ 

ʙʫʨʦʟʝʤʝ ʩʫʧʝʩʯʘʥʦʤ ʥʘ ʘʚʪʦʥʦʤʥʦʡ ʧʦʟʠʮʠʠ ʨʝʣʴʝʬʘ ʠ ʙʫʨʦʟʝʤʝ ʩʠʣʴʥʦʩʤʳʪʦʤ 

ʧʝʩʯʘʥʦʤ ʥʘ ʩʢʣʦʥʝ. ʕʪʦ ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʥʘʤʳʪʦʡ ʧʦʯʚʝ ʚʝʩʝʥʥʠʝ ʟʥʘʯʝʥʠʷ Eh ʦʢʦʣʦ  

300 ʤɺ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʘʧʨʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʚʩʭʦʞʝʩʪʠ ʢʫʣʴʪʫʨ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʟʘʪʨʫʜʥʝʥʥʦʡ ʘʵʨʘʮʠʠ, ʪʘʢ ʠ ʧʦ ʧʨʠʯʠʥʝ 

ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʪʝʨʴ ʘʟʦʪʘ ʥʘ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ. 

4. ɺʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ ʧʨʠ ʩʣʘʙʦ- ʠ ʩʨʝʜʥʝʢʠʩʣʦʡ ʩʨʝʜʝ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ʚ ʩʳʨʦʡ ʛʦʜ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤ. 

5. ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʞʝʣʝʟʘ ï ʚʘʨʠʘʙʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʦ ʚ ʩʳʨʦʡ ʛʦʜ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʣʘʞʥʦʩʪʴʶ ʧʘʭʦʪʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. 

 

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʃʀʊɽʈɸʊʋʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

1. ʇʦʯʚʦʚʝʜʝʥʠʝ. ʇʦʯʚʘ ʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ / ʧʦʜ. ʨʝʜ. ɺ. ɸ. ʂʦʚʜʳ,          

ɹ. ɻ. ʈʦʟʘʥʦʚʘ: ʚ 2 ʯ. ï ʄʦʩʢʚʘ: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1988. ï ʏ. 1. ï 400 ʩ. 

2. ʂʘʫʨʠʯʝʚ, ʀ. ʉ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʠʭ ʨʦʣʴ ʚ 

ʛʝʥʝʟʠʩʝ ʠ ʧʣʦʜʦʨʦʜʠʠ ʧʦʯʚ / ʀ. ʉ. ʂʘʫʨʠʯʝʚ, ɼ. ʉ. ʆʨʣʦʚ. ï ʄʦʩʢʚʘ: ʂʦʣʦʩ,  

1982. ï 247 ʩ. 

3. ʂʠʨʶʰʠʥ, ɺ. ʀ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʟʝʤʣʝʜʝʣʠʷ / ɺ. ʀ. ʂʠʨʶʰʠʥ. - 

ʄʦʩʢʚʘ: ʂʦʣʦʩ, 1996. ï 367 ʩ. 

4. Reddy, K. R. Effect of frequent changes in aerobic and anaerobic conditions 

on redox potential and nitrogen loss in a flooded soil / K.R. Reddy, W.H. Patrick // Soil 

Boil. and Biochem., 1976, v.8, ˉ 6.- ʉ. 12 ï 28. 

5. ʀʚʘʥʦʚ, ɻ. ʀ. ʇʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʶʛʝ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ /                      

ɻ. ʀ. ʀʚʘʥʦʚ. ï ʄʦʩʢʚʘ, 1976. ï 200 ʩ. 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

135 

6. ʂʘʥʠʚʝʮ, ɺ. ʀ. ʆʙ ʦʛʣʝʝʥʠʠ ʙʫʨʦʟʝʤʥʳʭ ʦʛʣʝʝʥʥʳʭ ʧʦʯʚ ʇʨʠʪʝʩʩʝʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʧʨʝʜʛʦʨʠʡ ɿʘʢʘʨʧʘʪʴʷ / ɺ. ʀ. ʂʘʥʠʚʝʮ // ʊʨ. ɼʘʣʴʥʝʚʦʩʪʦʯ. ʙʠʦʣ.-

ʧʦʯʚ. ʠʥ-ʪʘ, ʪ. 10 (113). ï ɺʣʘʜʠʚʦʩʪʦʢ, 1972. ï ʉ. 25 ï 36. 

7. Szendrey, I. A redoxpotential idºszakos v§ltos̈ sa barna erdºtalajban / I. 

Szendrey, E. Csanady // Er®dsz. ®s fapiari eguet. tud kºzl. ï 1973 (1974), ˉ 3. -          

ʉ. 66 ï 78. 

8. ɼʦʢʫʯʘʝʚ, ʅ. ʉ. ʆʩʫʰʘʝʤʳʝ ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ ʧʦʣʴʜʝʨʦʚ ʠ ʠʭ ʫʣʫʯʰʝʥʠʝ 

ʧʨʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʥʘ ʧʨʠʤʝʨʝ ʧʦʯʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʈʉʌʉʈ): ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ: 06.01.03. / ɼʦʢʫʯʘʝʚ ʅʠʢʦʣʘʡ 

ʉʪʝʧʘʥʦʚʠʯ. ï ʃʝʥʠʥʛʨʘʜ-ʇʫʰʢʠʥ: ʃʉʍʀ, 1985. - 32 ʩ. 

9. ɸʥʮʠʬʝʨʦʚʘ, ʆ. ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʘ ʚʣʘʞʥʦʩʪʠ ʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʙʫʨʦʟʝʤʦʚ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʭʦʣʤʠʩʪʳʭ ʨʘʚʥʠʥ ʚ ʩʫʭʦʡ ʛʦʜ / ʆ. ɸ. ɸʥʮʠʬʝʨʦʚʘ // 

ʀʟʚʝʩʪʠʷ ʂɻʊʋ. ï 2015. - ˉ 37. ï ʉ. 115 ï 124. 

10. ʇʨʘʢʪʠʢʫʤ ʧʦ ʧʦʯʚʦʚʝʜʝʥʠʶ / ʧʦʜ ʨʝʜ. ʀ. ʉ. ʂʘʫʨʠʯʝʚʘ. ï ʄʦʩʢʚʘ: 

ʂʦʣʦʩ, 1973. ï 280 ʩ. 

 

REFERENCES 

 

1. Pochvovedenie. Pochva i pochvoobrazovanie [Soil science. Soil and soil 

formation]. Moscow, Vysshaja shkola, 1988, vol. 1, 400 p. 

 2. Kaurichev I. S., Orlov D. S. Okislitel'no-vosstanovitel'nye processy i ih rol' v 

genezise i plodorodii pochv [Oxidation and reduction processes and the role in soil 

genesis and productivity].  Moscow, Kolos, 1982, 247 p. 

3. Kirjushin V. I. Jekologicheskie osnovy zemledelija [Ecological basis of 

agriculture]. Moscow, Kolos, 1996, 367 p. 

4. Reddy K. R., Patrick W. H. Effect of frequent changes in aerobic and 

anaerobic conditions on redox potential and nitrogen loss in a flooded soil. Soil Boil. 

and Biochem., 1976, vol. 8, no. 6, pp. 12-28. 

5. Ivanov G. I. Pochvoobrazovanie na juge Dal'nego Vostoka [Soil formation in 

the south of the Far East]. Moscow, 1976, 200 p.  

6. Kanivec V. I. Ob ogleenii burozemnyh ogleennyh pochv Pritessenskoj 

nizmennosti i predgorij Zakarpat'ja [On gleying of brown gleyed soils of Pritessenskay 

plain and Transcarpathia foot hills]. Tr. Dal'nevostoch. Biol-pochv. In-ta, vol. 10 (113), 

Vladivostok, 1972, pp. 25-36. 

7. Szendrey I., Csanady E. A redoxpotential idºszakos v§ltos¨sa barna 

erdºtalajban. Er®dsz. ®s fapiari eguet. tud kºzl. 1973 (1974), no. 3, pp. 66-78. 

8. Dokuchaev N. S. Osushaemye torfjanye pochvy pol'derov i ih uluchshenie pri 

sel'skohozjajstvennom ispol'zovanii (na primere pochv Kaliningradskoj oblasti RSFSR). 

Avtoreferat diss. doktju s.-h. nauk [Drained boggy soils of polders and their 

amelioration in agricultural exploitation (the case of the soils of the Kaliningrad region 

of the Russian SFSR. Abstract of dis. Dr. sci (Agriculture).] Leningrad-Pushkin, LSHI, 

1985, 32 p. 

9. Anciferova O. A. Osobennosti rezhima vlazhnosti jerodirovannyh burozemov 

agrolandshaftov holmistyh ravnin v suhoj god [Features of moisrure regime of eroded 

brown soils of hilly plain agrolandscapes in a dry year]. Izvestija KGTU, 2015, no. 37. 

pp. 115-124. 

 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

 

136 

ʅ
ʘ
ʫ
ʯ
ʥ
ʳ
ʡ
 
ʞ
ʫ
ʨ
ʥ
ʘ
ʣ
 
ç
ʀ
ʟ
ʚ
ʝ
ʩ
ʪ
ʠ
ʷ
 
ʂ
ɻ
ʊ
ʋ
è
,
 
ˉ
4
1
,
 
2
0
1
6
 
ʛ
.

 

 

10. Praktikum po pochvovedeniju [Practical soil science]. Moscow, Kolos, 1973, 

280 p. 

 

 

ʀʅʌʆʈʄɸʎʀʗ ʆɹ ɸɺʊʆʈɽ 

 

ɸʥʮʠʬʝʨʦʚʘ ʆʣʴʛʘ ɸʣʝʢʩʝʝʚʥʘ ï ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ;  

ɽ-mail: anciferova@inbox. ru 

 

Antsiferova Olga Alekseevna ï Kaliningrad State Technical University;  

Candidate of Agricultural Sciences, Associate Professor;  

ɽ-mail: anciferova@inbox. ru 

 

 

 

 

 

 

 

 

 

  



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

137 

ʋɼʂ 631.861 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʊɽʍʅʆʃʆɻʀʀ ʋʉʂʆʈɽʅʅʆɻʆ 

ʂʆʄʇʆʉʊʀʈʆɺɸʅʀʗ ʆʊʍʆɼʆɺ ɾʀɺʆʊʅʆɺʆɼʉʊɺɸ 

 ɺ ɹʀʆʌɽʈʄɽʅʊɸʎʀʆʅʅʓʍ ʋʉʊɸʅʆɺʂɸʍ ɿɸʂʈʓʊʆɻʆ ʊʀʇɸ 

 

ɸ. ʖ. ɹʨʶʭʘʥʦʚ, ʈ. ɸ. ʋʚʘʨʦʚ 

 

MATHEMATICAL MODEL FOR ACCELERATED COMPOSTING TECHNOLOGY 

OF FARM ANIMAL WASTE IN CLOSED-TYPE INSTALLATIONS 

 

A. Yu. Bryukhanov, R. A. Uvarov 

 

 

ɺ ʩʪʘʪʴʝ ʦʙʦʟʥʘʯʝʥʘ ʦʜʥʘ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʙʣʝʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʦʪʩʫʪʩʪʚʠʝ ʥʘʣʘʞʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤʠ ʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ɸʇʂ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʦʪʭʦʜʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ï ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ. ʂʨʘʪʢʦ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʨʦʢʘʤ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʦʪʝʨʷʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʫʩʢʦʨʝʥʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʫʩʪʘʥʦʚʦʢ, ʠʭ ʦʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ 

ʙʫʨʪʦʚʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʆʙʦʟʥʘʯʝʥʘ ʮʝʣʴ ï ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ 

ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʘ ʠʭ 

ʛʨʫʧʧʠʨʦʚʢʘ ʧʦ ʩʦʚʦʢʫʧʥʳʤ ʧʨʠʟʥʘʢʘʤ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ, ʧʝʨʝʯʠʩʣʝʥʳ ʫʧʨʘʚʣʷʝʤʳʝ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨ 

ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, 

ʫʢʘʟʘʥʳ ʬʘʢʪʦʨʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʘʞʜʫʶ ʢʦʥʢʨʝʪʥʫʶ ʧʦʜʤʦʜʝʣʴ. ʇʨʝʜʣʦʞʝʥ 

ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥ ʨʷʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʯʪʝʥʥʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ʆʙʦʟʥʘʯʝʥʘ ʩʬʝʨʘ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʋʢʘʟʘʥʳ ʜʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʧʦ ʨʘʙʦʪʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʦʙʦʟʥʘʯʝʥʳ ʚʠʜʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʭ ʦʞʠʜʘʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʤʦʜʝʣʠ. 

ʪʝʭʥʦʣʦʛʠʷ, ʙʠʦʬʝʨʤʝʥʪʘʮʠʷ, ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʪʭʦʜʳ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ 

 

 

The paper presents one of the top-priority issues of agriculture intensification - 

lack of established relationships between crop and livestock enterprises of the agro-

industrial complex (AIC) and, as a result, increase of unprocessed animal waste (manure 
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and litter). The article gives information about processing time and nutrient losses of 

two accelerate composting technologies in closed settings; two types of bio-

fermentation installations and passive composting technology are described. We also 

considered the factors which have an effect on the composting process. The paper 

describes the information model of bio-fermentation of organic waste in the closed-type 

installations, enumerates measured and controlled parameters, internal links parameter 

as well as optimization criterion. An interaction pattern of particular one-dimensional 

models of organic waste processing in the closed-type bio-fermentation installations is 

presented with factors influencing each particular sub-model. One way is proposed to 

optimize the composting time. A number of mathematical relations are shown which 

were considered when developing the above mentioned model. The sphere of possible 

application of the designed model is defined together with the types of organic waste 

which are supposed to be used to test the model. 

technology, bio-fermentation, composting, mathematical model, waste, animal 

breeding 

 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʢʨʘʱʘʶʱʝʡʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʩʝ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʚʦʧʨʦʩʫ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʜʘʥʥʦʡ ʦʪʨʘʩʣʴʶ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸʇʂ). ʅʘʤʝʪʠʚʰʘʷʩʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʝʟ ʠʭ ʫʚʷʟʢʠ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ 

ʚʳʥʫʞʜʘʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʈʌ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ 

ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ [1]. 

ʅʘʨʷʜʫ ʩ ʧʘʩʩʠʚʥʳʤ ʙʫʨʪʦʚʳʤ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝʤ ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʯʠʥʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʳʝ, ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʠ 

ʫʩʢʦʨʝʥʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝʤ: 

¶ ʙʦʣʝʝ ʩʞʘʪʳʝ ʩʨʦʢʠ ʧʝʨʝʨʘʙʦʪʢʠ (3...7 ʩʫʪ ʚʤʝʩʪʦ 3...6 ʤʝʩ.) [2]; 

¶ ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [3-5]: 

ü ʘʟʦʪ (6...16 % ʚʤʝʩʪʦ 25 %); 

ü ʬʦʩʬʦʨ (0,5...0,7 % ʚʤʝʩʪʦ 7 %); 

¶ ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʢʘʤʝʨʥʳʝ ʠ ʙʘʨʘʙʘʥʥʳʝ. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʚ 

ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʘʭ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ           

ɻʅʋ çɺʅʀʀʄɿè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ. ɻ. ʂʦʚʘʣʝʚʘ [6]. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʚʦʨʦʪʘ; 3 ï ʬʝʨʤʝʥʪʠʨʫʝʤʘʷ ʩʤʝʩʴ; 4 ï ʥʘʧʦʨʥʳʡ ʚʝʥʪʠʣʷʪʦʨ;  

5 ï ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʪʦʨ; 6 ï ʩʠʩʪʝʤʘ ʥʘʧʦʨʥʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ; 7 ï ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ; 8 ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʟʘʤʝʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ 

Fig. 1. Diagram of a chamber-type bio-fermentation installation: 

1 ï body; 2 ï door; 3 ï fermentable mixture; 4 ï forced-draught fan; 5 ï air-exhauster;  

6 ï flow guidance system; 7 ï control unit; 8 ï hole for measuring the temperature and 

the oxygen content in the mixture 

 

ɹʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 2) ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʰʣʘ ʫʩʧʝʰʥʫʶ ʘʧʨʦʙʘʮʠʶ ʚ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) [7; 8].  

ʋʩʢʦʨʝʥʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ, ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʧʨʦʪʝʢʘʶʱʠʤʠ ʚʥʫʪʨʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʦʙʱʝʡ ʤʦʜʝʣʠ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʝʥʘ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʢʘʢ 

ʢʘʤʝʨʥʦʛʦ, ʪʘʢ ʠ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʤʦʡ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʚʠʜʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʨʘʤʘ; 3 ï ʟʘʛʨʫʟʦʯʥʳʡ ʣʶʢ; 4 ï ʢʦʥʪʨʦʣʴʥʳʡ ʣʶʢ; 5 ï ʧʨʠʚʦʜʥʦʡ 

ʫʟʝʣ; 6 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ; 7 ï ʦʧʦʨʥʳʡ ʫʟʝʣ; 8 ï ʘʵʨʘʮʠʦʥʥʘʷ ʪʨʫʙʘ; 

 9 ï ʚʦʟʜʫʭʦʚʦʜ ʧʦʜʘʯʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ; 10 ï ʚʳʛʨʫʟʥʦʡ ʰʥʝʢʦʚʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ; 11 ï ʣʦʧʘʪʢʠ; 12 ï ʚʳʪʷʞʥʦʡ ʚʦʟʜʫʭʦʚʦʜ; 13 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ 

Fig. 2. Diagram of a drum-type bio-fermentation installation: 

1 ï body; 2 ï frame; 3 ï charging door; 4 ï control door; 5 ï gearing; 6 ï gear-motor 

drive; 7 ï drum mounting assembly; 8 ï aeration tube; 9 ï flue for external air supply; 

10 ï delivery conveyer screw; 11 ï paddles; 12 ï air-exhauster; 13 ï heat proof 

 

 

ʄɽʊʆɼʓ ʀ ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: 

¶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʝʩʠ (ʚʣʘʞʥʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʷ 

ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ, ʨʅ, ʧʦʨʠʩʪʦʩʪʠ, ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ) 

[9, 10]; 

¶ ʙʠʦʭʠʤʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʩʤʝʩʠ (ʦʙʩʝʤʝʥʸʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, 

ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ ʚ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʩʤʝʩʠ [11]); 

¶ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ (ʢʦʣʠʯʝʩʪʚʘ 
ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ 

ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʮʝʩʩʘ [12; 13]). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʦʜʝʣʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ 

ʫʩʧʝʰʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʩʪʘʣʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʨʤʦʬʠʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʙʠʦʢʦʥʚʝʨʩʠʠ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ 

ʧʨʦʪʝʢʘʥʠʷ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ 

Fig. 3. Information model for accelerated composting process of organic waste in 

closed-type installations
 

 

ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: 

¶ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ Lʚʦʟʜ, ʤ
3
; 

¶ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʩʫʪʢʠ Nʦʙ, ʦʙ/ʩʫʪ. 

ʂ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣʠ ʦʪʥʝʩʝʥʳ: 

¶ ʚʣʘʞʥʦʩʪʴ Wʩʤ, %; 

¶ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ ʉ/N; 

¶ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʅ; 

¶ ʧʦʨʠʩʪʦʩʪʴ ʇ, %; 

¶ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ dʯ, ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ ʙʳʣ ʚʳʙʨʘʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ 

tʩʤ, Áʉ, ʘ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ï ʚʨʝʤʷ ʙʠʦʢʦʥʚʝʨʩʠʠ ʊʙʠʦʢʦʥ, ʯ. 

ʇʦʩʢʦʣʴʢʫ ʵʪʘ ʤʦʜʝʣʴ ʷʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʝʨʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʜʣʷ  

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʘʩʪʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʧʦʜʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ 

ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʫʶ ʠʟ ʥʠʭ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʏʘʩʪʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ 

Fig. 4. Partial one-dimensional models for composting process of organic waste 

in closed-type installations 

 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʙʠʦʢʦʥʚʝʨʩʠʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1): 

ʚʳʜʨʘʟʙʠʦʢʦʥ ʊʊʊ += ,                                   (1) 

ʛʜʝ ʊʙʠʦʢʦʥ ï ʦʙʱʝʝ ʚʨʝʤʷ ʙʠʦʢʦʥʚʝʨʩʠʠ, ʯ; ʊʨʘʟ ï ʚʨʝʤʷ ʩʘʤʦʨʘʟʦʛʨʝʚʘ 

ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯ; ʊʚʳʜ ï ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʤʝʩʠ ʧʨʠ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯ. 

ʊʘʢ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʤʝʩʠ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʷʚʣʷʝʪʩʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [14], ʩʦʢʨʘʱʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ 

ʙʠʦʢʦʥʚʝʨʩʠʠ ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ:  

¶ ʫʤʝʥʴʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

¶ ʧʦʚʳʰʝʥʠʝʤ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʝʚʳʰʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʪʝʨʤʦʬʠʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʝ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

ʊʊɹʋaʩʤ

ʩʤʩʤʩʤ

ʨʘʟ
tSqʄ

tʉʄ
T

DÖÖ-Ö

DÖÖ
=

a
,                       (2) 

ʛʜʝ ʄʩʤ ï ʤʘʩʩʘ ʩʤʝʩʠ ʚ ʙʘʨʘʙʘʥʝ, ʢʛ; ʉʩʤ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʤʝʩʠ, ʢɼʞ/ʢʛĀÁʉ; 

ȹtʩʤ ï ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʠ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʩʚʝʞʝʡ ʧʦʨʮʠʠ ʩʤʝʩʠ, Áʉ; Qa ï ʫʜʝʣʴʥʦʝ ʘʢʪʠʚʥʦʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ, ʢɼʞ/ʢʛ; Sɹʋ ï ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʤ
2
; ȷʊ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʢɼʞ/ʤ
2
ĀÁʉĀʯ; ȹtʊ ï ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ,Áʉ [15]. 

ʋʜʝʣʴʥʦʝ ʘʢʪʠʚʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3): 

  WʇBɺBʩʤʘ kCktCqq Ö-ÖDÖ-= ,                       (3) 

ʛʜʝ qʩʤ ï ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʢɼʞ/ʢʛ;            

ʉɺ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʢɼʞ/ʢʛĀÁʉ; ætɺ ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚʭʦʜʷʱʝʛʦ ʠ 

ʚʳʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʘʵʨʘʮʠʠ, Áʉ; Kɺ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʛ ʚʦʟʜ./ʢʛ;        
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ʉʇ ï ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʢɼʞ/ʢʛ; KW ï ʫʜʝʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ, ʢʛ ʠʩʧ. 

ʚʦʜʳ/ʢʛ [16]. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʥʠʮʳ ʥʘʯʘʣʴʥʦʡ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨ ʩʤʝʩʠ ʢ ʩʢʦʨʦʩʪʠ ʝʸ 

ʩʘʤʦʨʘʟʦʛʨʝʚʘ (4): 

    ʨʘʟ

ʩʤ

ʨʘʟ

t
ʊ

u

D
= ,                                    (4) 

ʛʜʝ ɡʨʘʟ ï ʩʢʦʨʦʩʪʴ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, Áʉ/ʯ [15], 

ʦʧʨʝʜʝʣʷʝʤʘʷ  ʧʦ ʬʦʨʤʫʣʝ (5): 

  

ʩʤ

ʥʘʯʩʤ

ʩʤʩʤ

ʨʘʟ t
t

gk
D

Ö
Ö=
r

m
u ,                        (5) 

ʛʜʝ kʩʤ ï ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʤ
3
/ʤ

2
Ŀʯ;                    

ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʇʘĿʩ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; 

ɟʩʤ ï ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʢʛ/ʤ
3
; tʩʤ ʥʘʯ - ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʣʝ 

ʟʘʛʨʫʟʢʠ ʩʚʝʞʝʡ ʧʦʨʮʠʠ ʩʤʝʩʠ, Áʉ [16]. 

ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6): 

  
( ) ( ) e

ʩʤ
Rʇʇʂ

dʇ
k

Ö+-Ö
Ö

-Ö

Ö
=

75,11150

1

1

2
ʯ

,           (6) 

ʛʜʝ ʇ ï ʧʦʨʠʩʪʦʩʪʴ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ, %; Dʯ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʤʤ; Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ [16]. 

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʡ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʝʸ 

ʬʝʨʤʝʥʪʘʮʠʠ ʧʦ ʬʦʨʤʫʣʝ (7): 

  ʩʤOʩʤOʩʤOʨʘʟ tCtCtC ÖÖ-Ö+Ö-Ö-Ö+= 2

22

22 45,063,072,058,02,041,1u , (7) 

ʛʜʝ ʉʆ2 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ, %; tʩʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ, Áʉ [17]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (8): 

ʩʤʚʦʟʩʤʚʦʟʩʤʚʦʟO tLtLtLC ÖÖ-Ö+Ö+Ö+Ö+= 05,07,06,02,043,23,6
22

2 , (8) 

 ʛʜʝ Lʚʦʟʜ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʤ
3
/ʤʠʥ [17]. 

ʉ ʫʯʸʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʠʦʢʦʥʚʝʨʩʠʠ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ (9): 
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( )ʩʤʩʤʚʦʟʩʤʚʦʟʩʤʚʦʟ

ʩʤ

ttLtLtL
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ÖÖÖ-Ö+Ö+Ö+Ö+Ö

D
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05,07,06,02,043,23,645,0
22

.   (9) 

ɺ 2016-2017 ʛʛ. ʚ ʀɸʕʇ ʧʣʘʥʠʨʫʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ 

ʦʪʨʘʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ: ʧʦʜʩʪʠʣʦʯʥʦʤ ʠ ʙʝʩʧʦʜʩʪʠʣʦʯʥʦʤ ʢʫʨʠʥʦʤ ʧʦʤʝʪʝ, 

ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ 
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ʥʘʚʦʟʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʫʪʦʯʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. ɸʧʨʦʙʘʮʠʷ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʥʘ ʠʤʝʶʱʠʭʩʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʀɸʕʇ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʷʭ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʢʘʤʝʨʥʦʛʦ ʠ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʦʚ. 

 

ɺʓɺʆɼʓ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʟʚʘʥʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʢʘʢ ʢʘʤʝʨʥʦʛʦ, ʪʘʢ ʠ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʦʚ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʤʦʡ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʪʠʧʘ, ʘ 

ʪʘʢʞʝ ʚʠʜʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʩʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ: ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ - 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʩʪʠʨʫʝʤʦʡ ʩʤʝʩʠ (ʚʣʘʞʥʦʩʪʴ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ, ʨʅ, ʧʦʨʠʩʪʦʩʪʴ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʤʝʩʠ). ʊʘʢʞʝ ʙʳʣ 

ʫʯʪʝʥ ʢʨʠʪʝʨʠʡ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ: ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʩʪʫʧʠʣʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʙʠʦʢʦʥʚʝʨʩʠʠ. 

ʆʧʪʠʤʠʟʘʮʠʶ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʤʝʩʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʤʝʩʠ, 

ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʬʝʨʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʠ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ. 
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 ACCOUNT OF MUTUAL INFLUENCE OF HYDRODYNAMIC 

CHARACTERISTICS AND ATTACK ANGLE OF OTTER BOARDS OF  

A MID-WATER TRAWL WHEN CALCULATING ITS TRIM VALUE 

 

M. M. Rozenshtein, V. A. Peleshenko 

 

 

ʅʘ ʜʦʣʶ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʧʨʠʭʦʜʠʪʩʷ 70% ʜʦʙʳʯʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ, ʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʣʦʚʳʭ ʩʠʩʪʝʤ ʟʘʣʦʞʝʥʘ  ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ  ʨʘʩʯʝʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʧʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʪʠʢʝ 

ʨʘʩʯʸʪʘ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ, ʢʦʪʦʨʳʝ ʚ ʚʦʜʝ 

ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʣ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʥʦʚʳ ʨʘʩʯʸʪʘ ʨʘʩʧʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ɺ. ʇ. ʂʘʨʧʝʥʢʦ ʠ H. Stengel. ʈʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʙʘʣʘʥʩ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʸ ʩʠʣ. 

ʀʟʚʝʩʪʥʳ ʩʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʧʦʨʥʦʡ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʠ 

ʦʧʠʩʳʚʘʶʱʘʷ ʝʸ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʝʝ ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʆʜʥʘʢʦ ʚ ʥʠʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʟʘʠʤʥʦʝ 

ʚʣʠʷʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʛʣʘ ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ 

ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʧʨʠ ʨʘʩʯʸʪʝ ʝʛʦ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʷʪʠ ʬʘʢʪʦʨʦʚ: ʧʦʣʦʞʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʫʛʣʘ ʘʪʘʢʠ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʟʥʘʯʝʥʠʡ 

ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʥʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ʀʩʭʦʜʷ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ  ʬʘʢʪʦʨʥʦʡ 

ʤʦʜʝʣʠ ʚʳʷʚʣʝʥʦ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʛʣʘ 

ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ,  ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʫʣʫʯʰʝʥ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ 

ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʧʨʦʚʝʨʦʯʥʦʤ ʨʘʩʯʝʪʝ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʥʘ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʪʨʘʣʝʥʠʷ. 

ʪʨʘʣʦʚʘʷ ʜʦʩʢʘ, ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʫʛʦʣ ʘʪʘʢʠ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ 

 

The share of trawl fisheries accounts for 70% of seafood production and today it 

is the main type of fishing. The efficiency of trawl systems directly depends on the 

design, and calculation of the trawl doors, in particular. This article is devoted to the 

calculation of the balancing values of the attack angle of the trawl boards. 

A Ttrawl board is affected by various forces in water which balance each other and  
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determine the position of the trawl board. The basis for the calculation of the trawl 

boards has been laid by V. P. Karpenko and H. Stengel. The equilibrium state of trawl 

boards can be formulated as a balance of all forces acting on it. There is a schematic 

view of the longitudinal equilibrium of a trawl board, describing it system of equations 

and the method for calculating the longitudinal balance of trawl otter boards by the 

graphic-analytical method. However, they do not account for the mutual influence of the 

hydrodynamic characteristics and the attack angle of otter boards of a mid-water trawl 

when calculating its trim value. In this article, the scheme and algorithm for calculation 

of the position of longitudinal equilibrium of the otter boards of a mid-water trawl. We 

analyzed the design parameters of a trawl board. Using research data, we obtained a 

factor model consisting of a closed cycle of dependencies of five factors: position of 

trawl boards in space, attack angle of a trawl board, drag coefficient of the trawl board 

and hydrodynamic forces applied to the trawl board. On the basis of the factor model, 

we revealed mutual influence of the hydrodynamic characteristics and the attack angle 

of the trawl boards. On its basis, we improved the algorithm for calculating the position 

of longitudinal equilibrium of the trawl boards of a mid-water trawl considering the 

relationship between the parameters. As a result, in checking calculation the new 

algorithm showed the most accurate results compared to the previous algorithm at low 

and high speed of trawling. 

trawl board, balancing angle of attack, calculation algorithm 

 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʨʘʣʦʚʳʡ ʣʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʨʳʙʥʦʛʦ 

ʧʨʦʤʳʩʣʘ, ʠ ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩ ̫70% ʜʦʙʳʯʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʣʦʚʳʭ ʩʠʩʪʝʤ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪ ʨʘʩʯʸʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʧʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ.  ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ 

ʨʘʥʝʝ ʚ ʩʪʘʪʴʝ [1], ʨʘʩʧʦʨʥʘʷ ʪʨʘʣʦʚʘʷ ʜʦʩʢʘ ʚ ʚʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʩʧʳʪʳʚʘʝʪ 

ʥʘ ʩʝʙʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʧʦʣʦʞʝʥʠʝ. ʆʩʥʦʚʳ ʨʘʩʯʸʪʘ ʨʘʩʧʦʨʥʳʭ ʪʨʘʣʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ɺ. ʇ. ʂʘʨʧʝʥʢʦ [2] ʠ H. Stengel [3, 4], ʛʜʝ ʨʘʚʥʦʚʝʩʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʢʘʢ ʙʘʣʘʥʩ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʸ 

ʩʠʣ. ɺ ʩʪʘʪʴʝ [1] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʧʦʨʥʦʡ 

ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ (ʨʠʩ. 1) ʠ ʦʧʠʩʳʚʘʶʱʘʷ ʝʸ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʸʪʘ ʝʝ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [5]. 

ʄʦʤʝʥʪʳ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʘʣʦʚʫʶ ʜʦʩʢʫ ʩʠʣ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, 

ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ.1, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ [5ï7]: 

˙ Ὑ  2 ώ ώ ÃÏÓ‌ ὼ ὼ ÓÉÎ‌

˙ Ὑ Ὑ ώ ώ ÓÉÎθ ὼ ὼ ÃÏÓθ

˙ ˟̋ Ὕ ώ ϽÃÏÓ θ ᶿ ὼ ϽÓÉÎ θ ᶿ

ȟ                   (1) 

ʛʜʝ x0 , y0 ï ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʯʝʨʪʝʞʫ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʛʠ (ʎʊ) 

ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ; x1d , y1d ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ (ʎɼ) ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ; 

xʢ , yʢ ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʢʘʙʝʣʷ; Ŭʢ ï ʫʛʦʣ ʘʪʘʢʠ ʢʘʙʝʣʷ; Ŭ ï 

ʫʛʦʣ ʘʪʘʢʠ ʪʨʘʣʦʚʦʡ ʨʘʩʧʦʨʥʦʡ ʜʦʩʢʠ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʧʦʨʥʦʡ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ  

(ʈʦʟʝʥʰʪʝʡʥ ʄ.ʄ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ [5]) 

Fig. 1. Longitudinal equilibrium of a trawl board  

(Rozenstein M. M. Engineering fishing gear [5]) 
 

ɺ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʩʪʘʪʴʝ [1], ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ:  

Ŭ = Arctg([Rx Å (y0+ yd1) - Ry Å (xd1- x0) + TkÅykÅcos(Ŭk)+ TkÅxkÅ sin (Ŭk)] / [Rx Å(xd1- x0) 

                      +Ry Å (y0+ yd1)  - TkÅykÅ sin(Ŭk) + TkÅxkÅ cos(Ŭk)]),                                   (2) 

ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ. 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʨʠʩ. 2) ʠ ʫʨʘʚʥʝʥʠʷ (1) ʚʠʜʥʦ, ʯʪʦ ʫʛʦʣ ʘʪʘʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ Rx, Ry, Tk, Ŭk, y0, yd1, xd1, x0, xk , ʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ 
  Ŭ = f(Rx, Ry, Tk, Ŭk, y0, yd1, xd1, x0, xk).                                                   (3) 

ʀʟ ʩʭʝʤʳ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʧʦʨʥʦʡ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ y0, yd1, xd1, x0, xk ʥʝʠʟʤʝʥʥʳʝ ʠ ʟʘʜʘʶʪʩʷ ʩʘʤʦʡ 
ʛʝʦʤʝʪʨʠʝʡ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ, ʘ ʧʘʨʘʤʝʪʨʳ   Rx, Ry, Tk, Ŭk, ʥʘʧʨʦʪʠʚ, ʟʘʚʠʩʷʪ ʦʪ 
ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ.  

ʈʘʥʝʝ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ 
ʫʨʘʚʥʝʥʠʡ (1), ʫʯʸʥʳʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʚʚʠʜʫ ʯʝʛʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 
ʷʚʣʷʝʪʩʷ ʥʝʨʝʰʸʥʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ. 

C ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʨʘʣʦʚʘʷ ʜʦʩʢʘ ʷʚʣʷʝʪʩʷ ʧʣʘcʪʠʥʦʡ, 
ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʨʝʜʝ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʧʦʜ ʫʛʣʦʤ 
ʘʪʘʢʠ Ŭ.  ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʦʜʥʘ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ 
ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʢʨʳʣʦʚʠʜʥʦʛʦ ʧʨʦʬʠʣʷ ɚ=1,6; f=10% (ʩʤ. ʨʠʩ.3, ʩʭʝʤʘ 3ʘ). 
ʅʘ ʨʠʩ. 3 ʦʙʦʟʥʘʯʝʥʳ: v- ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, Ŭ- ʫʛʦʣ ʘʪʘʢʠ,  b- ʭʦʨʜʘ 
ʜʦʩʢʠ, l - ʨʘʟʤʘʭ ʜʦʩʢʠ, Cx, Cy ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʩʢʠ. 

ʅʘ ʛʨʘʬʠʢʝ 3ʙ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 3, ʚʠʜʥʦ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ. 
ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʳʟʚʘʥʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝʤ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ  ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʥʝʡ ʩʠʣ, ʚʣʠʷʝʪ ʥʘ ʝʸ  
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʥʷʶʪʩʷ ʛʠʜʨʦʜʠʥʘ-
ʤʠʯʝʩʢʠʝ ʩʠʣr ʥʘ ʧʣʘʩʪʠʥʝ. ɺʘʨɹʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 
ʥʘ ʧʣʘʩʪʠʥʝ ʥʘʨʫʰʘʝʪ ʙʘʣʘʥʩ ʤʦʤʝʥʪʦʚ ʩʠʣ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠ ʁʨʘʚʥʦʚʝʩʠʷ (1). 
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ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʳʨʘʞʝʥʥʦʤʫ 
ʯʝʨʝʟ ʫʛʦʣ ʘʪʘʢʠ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʚ ʫʨʘʚʥʝʥʠʠ (2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʶʪʩʷ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʢʠ.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʳʭ 

ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ 

Fig. 2. Algorithm for calculating the position of longitudinal equilibrium of the trawl 

boards of the mid-water trawl 
 

 
ʈʠʩ. 3. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ ʢʨʳʣʦʚʠʜʥʦʛʦ ʧʨʦʬʠʣʷ ɚ=1,6; f=10%  

Fig. 3. Hydrodynamic characteristics of a rectangular-shaped trawl board of the wing-

shaped profile ɚ=1,6 ; f=10% 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ. 

Ŭ = Arctg([Rx Ā (y0+ yd1) - Ry Ā (xd1- x0) + TkÅykÅcos(Ŭk)+ TkĀxkĀ sin 

(Ŭk)] / [Rx Ā (xd1- x0) +Ry Ā (y0+ yd1)  - TkĀykĀ sin(Ŭk) + TkĀxkĀ cos(Ŭk)] 

)                                                                               

Ŭ 

˗̗̏̎̆ 

˚̘́́̌̏ 

Rx, Ry, Tk, Ŭk, y0, yd1, xd1, x0, xk 
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ʈʠʩ. 4. ʉʭʝʤʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ 

Fig. 4. Dependence diagram of the trawl board parameters 

 

ʉʭʝʤʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʠʟ ʧʷʪʠ ʬʘʢʪʦʨʦʚ:  ʠʟʤʝʥʝʥʠʝ ʝʝ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʘʪʘʢʠ, ʢʦʪʦʨʦʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ  ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ. ʕʪʦ, ʚ ʩʦʶ ʦʯʝʨʝʜʴ, ʠʟʤʝʥʷʝʪ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʥʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ. ʅʘʨʫʰʝʥʠʝ ʞʝ ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʟʘʤʳʢʘʝʪ ʚʥʫʪʨʝʥʥʠʡ 

ʮʠʢʣ, ʧʨʠʚʦʜʷ ʝʛʦ ʢ ʥʘʯʘʣʴʥʦʤʫ ʬʘʢʪʦʨʫ - ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʚʳʰʝʠʟʣʦʞʝʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 4, ʧʨʠ ʨʘʩʯʸʪʝ 

ʧʦʣʦʞʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʳʨʘʟʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ 

ʫʛʣʘ ʘʪʘʢʠ Cx(ɻ  ʠ Cy(ɻ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (4): 

 

˙ Ὑ  ὅ ᶿ
Ͻ

Ὂ ώ ώ ÃÏÓ‌ ὼ ὼ ÓÉÎ‌

˙ Ὑ ὅ ᶿ
Ͻ

Ὂ ώ ώ ÓÉÎθ ὼ ὼ ÃÏÓθ

˙ ˟̋ Ὕ ώ ϽÃÏÓ θ ᶿ ὼ ϽÓÉÎ θ ᶿ ữ
Ử
Ữ

Ử
ử

Ȣ     (4) 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʬʦʨʤʫ ʛʨʘʬʠʢʦʚ 

Cx(ɻ  ʠ Cy(ɻ ʦʪʨʘʞʘʝʪ ʧʦʣʠʥʦʤ ʚʠʜʘ: 

                      Cy(ɻ В ὦϽ‌ ,                                                                             (5) 

ʛʜʝ k=né0; n - ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ; ὦ ̞̗̜̋̏̉̉̆̎̓̕̕ ̐̏̌̉̎̏̍́. 

ʅʘʠʙʦʣʴʰʘ ̫ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ Cy(ɻ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʪʝʧʝʥʠ         

n = 5, ʘ ʜʣʷ Cx(ɻ  ʧʨʠ ʩʪʝʧʝʥʠ n = 3. 

, 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ (6), (7) ʠ ʜʣʷ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʡ 

ʜʦʩʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʢʨʳʣʦʚʠʜʥʦʛʦ ʧʨʦʬʠʣʷ ɚ=1,6 ; f=10% (ʨʠʩ. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 5. ʌʫʥʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ 

                         Fig. 5. Functions of the resistance coefficient of the trawl boards 

 

  Cx(ɻ πȟπππσɻ πȟππτɻπȟρ ;   (6) 

         Cy(ɻ σϽρπɻ ςϽρπɻ ςϽρπɻ ρϽρπɻ
φϽρπɻ πȟσυ   (7) 

ɼʣʷ ʬʫʥʢʮʠʠ Cx(ɻ  ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʦʩʪʘʚʠʣʘ 0,9940, ʘ  ʜʣʷ ʬʫʥʢʮʠʠ Cy(ɻ , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, - 0,9937. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʳʭ 

ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ (ʩʤ. ʨʠʩ. 2), ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʠʩ. 4), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʪ ʦʪʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 6  ʚʠʜ.  

ɺ ʩʪʘʪʴʝ [1] ʧʨʠʚʦʜʠʣʩʷ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʧʨʠ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ: 

-ʪʨʘʣʦʚʘʷ ʜʦʩʢʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ (ʢʨʳʣʦʚʠʜʥʘʷ) ʧʣʦʱʘʜʴʶ     

F= 8ʤ
2
, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʩʥʘʩʪʢʠ 78-ʤʝʪʨʦʚʦʛʦ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ;  

- ʩʢʦʨʦʩʪʴ ʪʨʘʣʝʥʠʷ ὺ = 5 ʫʟ; 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ ʥʘ ʫʢʘʟʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 115ʢʅ; 

- ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʘʣʘ L= 50 ʤ; 

- ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʚʝʨʭʥʝʡ ʧʦʜʙʦʨʳ ʪʨʘʣʘ ʠ ʛʦʣʳʭ ʢʦʥʮʦʚ S = 138 ʤ; 

- ʭʦʨʜʘ ʜʦʩʢʠ b=1,92 ʤ; 

- ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʜʥʝʛʦ ʨʝʙʨʘ ʜʦʩʢʠ:  x0=0,15 ʤ; y0=0,51ʤ; 

- ʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ  y1d=0, 18 ʤ; 

- ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʢʘʙʝʣʷ ʢ ʪʨʘʣʦʚʦʡ ʜʦʩʢʝ: xʢ=1,68 ʤ; yʢ=0,6 ʤ; 

- ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ 1024 ʢʛ/ʤ
3
. 
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ʈʠʩ. 6. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʪʨʘʣʦʚʳʭ 

ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ 

Fig. 6. Algorithm for calculating the position of longitudinal equilibrium of the otter 

boards of the mid-water trawl considering the relationship between the parameters 

 
ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʸʪʝ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʧʨʠ 

ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ (2), ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ. 

ɺʳʯʠʩʣʠʤ ʫʛʣʳ ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ ʙʝʟ ʚʣʠʷʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʦʤʦʱʠ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʩʤ. ʨʠʩ. 2) ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ (2), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʠ ʩ ʫʯʸʪʦʤ 

ʚʣʠʷʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ, ʠʟʦʙʨʘʞʸʥʥʦʤʫ 

ʥʘ ʨʠʩ. 6. ʈʘʩʯʸʪ ʧʨʦʠʟʚʝʜʸʤ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʪʨʘʣʝʥʠʷ ʦʪ 3 ʜʦ 7 ʫʟ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʫʛʣʦʚ ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ 

ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʦʙʦʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɻʨʘʬʠʢ Ŭ1   

ʧʦʣʫʯʝʥ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʙʝʟ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʛʨʘʬʠʢ Ŭ2
 
ï ʩ ʫʯʸʪʦʤ

 
ʠʭ

 
ʚʣʠʷʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 7, ʚ ʨʘʡʦʥʝ ʨʘʙʦʯʠʭ  

ʟʥʘʯʝʥʠʡ  ʪʨʘʣʦʚʳʭ  ʜʦʩʦʢ  ʥʘ  ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ 4,5 ʠ 5 ʫʟ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʘʪʘʢʠ, 
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ʈʠʩ. 7. ʋʛʣʳ ʘʪʘʢʠ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ 

Fig. 7. Attack angles of the otter boards of the mid-water trawl 

 

ʧʦʣʫʯʝʥʥʘʷ ʦʙʦʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʝ ʪʦʯʥʦʩʪʠ ʟʘʜʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʪʨʘʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ.  ʊʘʢ, ʧʨʠ ʩʢʦʨʦʩʪʠ 7 ʫʟ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 17,7%, ʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 

3 ʫʟ ʧʨʝʚʳʩʠʣʦ 100%. 
 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʩʪʦʷʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʘʣʦʚʳʭ ʨʘʩʧʦʨʥʳʭ 

ʜʦʩʦʢ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʪʨʘʣʘ ʩ ʫʯʸʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʩʯʸʪʝ ʟʥʘʯʝʥʠʡ ʥʘ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 

ʪʨʘʣʝʥʠʷ.  
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʫʤʫʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɼʝʩʥʳ. ɺ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʥʘ ʧʦʯʚʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʬʠʣʝ, ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʦʚʦʡ ʠ 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (%) ʚ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʧʦʯʚ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ: ʘʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ï 

ʘʣʣʶʚʠʘʣʴʥʘʷ ʙʦʣʦʪʥʘʷ ʧʦʯʚʘ. ɺ ʜʝʨʥʦʚʳʭ ʧʦʯʚʘʭ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,89 ʜʦ 2,33, 

ʚ ʙʦʣʦʪʥʳʭ ï ʦʪ 2,99 ʜʦ 5,44 %. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (%) ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɼʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʜʝʨʥʦʚʳʭ ʧʦʯʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʟʢʦ ʫʙʳʚʘʶʱʝʝ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ. ɺ ʘʣʣʶʚʠʘʣʴʥʦʡ ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʱʝʝ, 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʝʡ, ʥʦ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ ʵʪʠʭ ʧʦʯʚ. ɼʣʷ ʧʦʯʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ 

ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚʘʭ, ʭʘʨʘʢʪʝʨʥʦ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʧʦ ʧʨʦʬʠʣʶ. ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ 

ʛʦʨʠʟʦʥʪ. 

ʇʦʯʚʘʤ ʧʦʡʤʳ ʨ. ɼʝʩʥʳ ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʩʣʦʚʠʡ 

ʛʫʤʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʜʝʨʥʦʚʳʭ ʧʦʯʚʘʭ ʢʘʢ ʧʨʠʨʫʩʣʦʚʦʡ, ʪʘʢ ʠ 

ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʬʨʘʢʮʠʷ çʩʚʦʙʦʜʥʳʭè ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ1) 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʬʨʘʢʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʣʴʮʠʝʤ (ɻʂ2), ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʢʠʩʣʦʛʦ ʨʷʜʘ. ʕʪʦ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʬʫʣʴʚʦʢʠʩʣʦʪ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ ʥʘʜ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ɺ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ 

ʧʦʯʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʬʫʣʴʚʦʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʨʝʚʘʣʠʨʫʶʪ ʥʘʜ 

ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ɻʂ1 ʠ ɻʂ2 

ʥʝʦʜʥʦʟʥʘʯʥʦ.  

ɺ ʮʝʣʦʤ ʧʦʢʘʟʘʪʝʣʠ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʤ 

ʢʘʯʝʩʪʚʝ ʛʫʤʫʩʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʥʝʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʣʦʜʦʨʦʜʠʠ 

ʜʘʥʥʳʭ ʧʦʯʚ. ʇʦʯʚʳ ʧʦʜʦʙʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʡʤ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʫʞʜʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʫʤʫʩʘ. 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ, ʩʦʩʪʘʚ ʛʫʤʫʩʘ, ʛʫʤʫʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ, ʧʣʦʜʦʨʦʜʠʝ 
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We have studied humus content of the alluvial soils of the Upper Desna River 

within the territory of the Bryansk region. In the selected soil samples, the content of 

organic carbon, group and fractional structure of humus is determined according to the 

genetic horizons of the soil and geomorphological profile.  

The content of organic carbon (%) in the humus horizons of the considered soils 

is consistently increasing among: alluvial cespitose ï alluvial marsh soil. In cespitose 

soils it equals from 1,89 to 2,33 %, in marsh - from 2,99 to 5,44 %. 

Distribution of organic carbon (%) in soils profile depends on their genetic 

features. For alluvial cespitose soils the distribution is sharply decreasing with hollow 

absence of organic substance in the lower part of the profile. In the alluvial marsh soil 

the distribution is gradually decreasing, organic substance is found not only in the top, 

but also in the lower part of the profile which is connected with waterlogging of these 

soils. For the soils developing on buried soils, bimodal distribution of organic carbon on 

the profile is characteristic. The second maximum falls on the buried humic horizon. 

The soils of the of the Desna River flood plain are characterized by a variety of 

conditions for humification of organic substance. In cespitose soils of both near-bed and 

terrace part of the floodplain the fraction of "free" humic acids (GK1) considerably 

dominates over the fraction connected with calcium (GK2) which is characteristic for 

soils of a sour row. Prevalence of fulvic acids in these soils over humic acids provides 

another support to this. In meadow and marsh soils of the considered site, fulvic acids 

also prevail over humic acids, however, the ratio between GK1 and GK2 fractions is 

ambiguous.  

In general, indicators of the humus content testify to poor quality of the humus, 

and as a result, low potential fertility of these soils. Soils of similar floodplain sites, 

before introduction to agricultural production, need a complex of actions aimed, in 

particular, at improvement of humus quality. 

alluvial soils, humus structure, humus content, organic carbon, productivity 

 

 

ɺɺɽɼɽʅʀɽ 

ʇʦʯʚʳ ʨʝʯʥʳʭ ʧʦʡʤ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʢ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʨʤʦʚʘʷ ʙʘʟʘ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ ʠ ʫʩʪʦʡʯʠʚʳʝ 

ʫʨʦʞʘʠ ʩʝʥʘ ʜʘʶʪ ʣʫʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ, ʦʙʳʯʥʦ ʧʦʢʨʳʪʳʝ ʭʦʨʦʰʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠʟ ʟʣʘʢʦʚʳʭ ʠ ʙʦʙʦʚʳʭ ʪʨʘʚ [1, 2]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʡʤʝʥʥʳʝ ʣʫʛʘ ʤʥʦʛʠʭ ʨʝʯʥʳʭ ʜʦʣʠʥ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʥʘʜʣʝʞʘʱʝʛʦ ʫʭʦʜʘ ʟʘ ʥʠʤʠ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ 

ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʦʡʤʝʥʥʳʭ ʣʫʛʦʚ ʩʠʣʴʥʦ 

ʟʘʙʦʣʦʯʝʥʳ ʠ ʬʘʢʪʠʯʝʩʢʠ ʚʳʙʳʣʠ ʠʟ ʬʦʥʜʘ ʮʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ 

[3, 4]. 

ʃʫʛʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʟʘʥʠʤʘʶʪ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʡʤʝʥʥʳʭ ʣʫʛʦʚ ʨ. ɼʝʩʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʣʫʛʘ ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʠʭ ʦʩʥʦʚʥʫʶ ʜʦʣʶ 

ʩʦʩʪʘʚʣʷʶʪ ʩʝʥʦʢʦʩʳ ʠ ʧʘʩʪʙʠʱʘ. ʀʟʫʯʝʥʠʝ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚ ʠ ʝʛʦ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʠʤʝʶʱʠʝʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʟʘʣʠʚʥʳʭ ʣʫʛʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ [5, 6].  



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

159 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ ʦʪʥʦʩʠʪʩʷ ʢ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʤʝʩʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʠʥʜʝʢʩ 

ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ, ʧʣʦʜʦʨʦʜʠʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [7-8]. 

 

ʎɽʃʔ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ  ʨ. ɼʝʩʥʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʫʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ, ʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʨʦʬʠʣʶ, ʬʨʘʢʮʠʦʥʥʦ-ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʯʚ. 

 

ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʧʦ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʥʘ ʧʦʯʚʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ (ʇɻʇ), 

ʧʨʦʣʦʞʝʥʥʦʤ ʯʝʨʝʟ ʨʘʚʥʠʥʥʳʡ ʪʠʧ  ʧʦʡʤʳ ʥʘʧʨʦʪʠʚ ʩ. ʈʝʢʦʚʠʯʠ ɼʫʙʨʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʬʠʣʴ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʦʡʤʳ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʇʦʯʚʝʥʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʚʝʨʭʥʝʝ ʪʝʯʝʥʠʝ ʨ. ɼʝʩʥʳ 

Fig. 1. Soil and geomorphological profile, the Upper Desna River 
 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ               

1977 ʛ. [9]. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʅ. ɸ. ʂʘʯʠʥʩʢʦʤʫ. 

ʅʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʥʠʭ: 

ï ʈ-18 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ʢʠʩʣʘʷ ʤʘʣʦʤʦʱʥʘʷ ʩʨʝʜʥʝʛʫʤʫʩʥʘʷ ʩʨʝʜ-

ʥʝʩʫʛʣʠʥʠʩʪʘʷ ʧʳʣʝʚʘʪʦ-ʢʨʫʧʥʦʧʳʣʝʚʘʪʘʷ; ʪʘʚʦʣʛʦʚʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ï ʈ-19 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʙʦʣʦʪʥʘʷ ʠʣʦʚʘʪʦ-ʛʣʝʝʚʘʷ ʩʨʝʜʥʝʛʣʠʥʠʩʪʘʷ ʢʨʫʧʥʦ-

ʧ ʣrʝʚʘʪʦ-ʧʳʣʝʚʘʪʘʷ; ʦʩʦʢʦʚʦ-ʪʨʦʩʪʥʠʢʦʚʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ; 

ï ʈ-20 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʙʦʣʦʪʥʘʷ ʠʣʦʚʘʪʦ-ʛʣʝʝʚʘʷ ʣʝʛʢʦʛʣʠʥʠʩʪʘʷ ʢʨʫʧʥʦ-

ʧ ʣrʝʚʘʪʦ-ʧʳʣʝʚʘʪʘʷ; ʦʩʦʢʦʚʦ-ʤʘʥʥʠʢʦʚʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ; 

ï ʈ-21 ï ɸʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ʢʠʩʣʘʷ ʤʘʣʦʤʦʱʥʘʷ ʫʢʦʨʦʯʝʥʥʘʷ 

ʤʘʣʦʛʫʤʫʩʥʘʷ ʨʳʭʣʦʧʝʩʯʘʥʘʷ ʠʣʦʚʘʪʦ-ʢʨʫʧʥʦʧʳʣʝʚʘʪʘʷ; ʟʣʘʢʦʚʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ. 
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ʆʙʱʠʡ ʫʛʣʝʨʦʜ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʅʠʢʠʪʠʥʫ ʩ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ 

ʧʦ ʆʨʣʦʚʫ-ɻʨʠʥʜʝʣʴ, ʬʨʘʢʮʠʦʥʥʦ-ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ï ʫʩʢʦʨʝʥʥʳʤ ʧʠʨʦ-

ʬʦʩʬʘʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʂʦʥʦʥʦʚʦʡ ʠ ɹʝʣʴʯʠʢʦʚʦʡ [10]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʬʦʨʤʣʷʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ MS Excel ʠ MS Word. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 

ɺ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚʘʭ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʛʫʤʫʩʘ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ 

ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ ʨʘʟʣʦʞʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʦ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʚʢʣʶʯʝʥʠʝʤ ʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʘʣʣʦʭʪʦʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʛʝʦʤʦʨʬʦʣʦʛʠʝʡ ʧʦʡʤʳ ʠ ʧʨʠʨʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ [11]. 

ʉʦʜʝʨʞʘʥʠʝ ʉʆʈɻ (%) ʚ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʯʚ 

(ʪʘʙʣ. 1) ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ: ʘʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ï ʘʣʣʶʚʠʘʣʴ-

ʥʘʷ ʙʦʣʦʪʥʘʷ ʧʦʯʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʜʘʥʥʳʤʠ ʪʠʧʘʤʠ ʧʦʯʚ. ɺ ʜʝʨʥʦʚʳʭ ʧʦʯʚʘʭ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,89 ʜʦ 2,33, 

ʚ ʙʦʣʦʪʥʳʭ ʦʪ 2,99 ʜʦ 5,44 %.  

 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʉʆʈɻ (%) ʚ ʧʦʯʚʘʭ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɼʝʩʥʳ 

Table 1. Content of organic carbon (%) in the soils of the Upper Desna River 

ʊʠʧ ʧʦʯʚʳ 
ɻʝʥʝʪʠʯʝʩʢʠʡ 

ʛʦʨʠʟʦʥʪ 

ɻʨʘʥʠʮʘ  

ʛʦʨʠʟʦʥʪʘ 
Cʦʨʛ, % 

ʈ-18 ɸʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ 
Ag 8ï29 2,33 

Bg 29ï52 0,55 

ʈ-19 ɸʣʣʶʚʠʘʣʴʥʘʷ ʙʦʣʦʪʥʘʷ 
Ag 15ï25 2,99 

G 15ï30 3,77 

ʈ-20 ɸʣʣʶʚʠʘʣʴʥʘʷ ʙʦʣʦʪʥʘʷ 
Ag 15ï25 5,44 

G 15ï30 2,55 

ʈ-21 ɸʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ 
A 7ï16 1,89 

BC 16ï43 1,89 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʆʈɻ (%) ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ (ʨʠʩ. 2) ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ɼʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʜʝʨʥʦʚʳʭ ʧʦʯʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʟʢʦ ʫʙʳʚʘʶʱʝʝ ʩ 

ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. 

ɺ ʘʣʣʶʚʠʘʣʴʥʦʡ ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʱʝʝ, 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʝʡ, ʥʦ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ. ɻʫʤʫʩ ʚ ɸg ʜʘʥʥʳʭ ʧʦʯʚ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʫʣʴʚʦʢʠʩʣʦʪ. ʋʛʣʝʨʦʜ ʵʪʦʡ ʬʨʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʆɺʇ ʬʦʨʤʠʨʫʝʪ ʧʦʜʚʠʞʥʳʡ ʛʫʤʫʩ, ʠ ʯʘʩʪʴ ʝʛʦ ʤʠʛʨʠʨʫʝʪ ʚʥʠʟ ʧʦ 

ʧʨʦʬʠʣʶ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʫʤʫʩʘ ʚ ʛʦʨ. G ʈ-20-05. 

ɼʣʷ ʧʦʯʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʦ 

ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʆʈɻ (%) ʧʦ ʧʨʦʬʠʣʶ. ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʜʦʣʞʝʥ ʧʨʠ-
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ʭʦʜʠʪʴʩʷ ʥʘ ʧʦʛʨʝʙʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʈ-21-05 ʧʦʛʨʝ-

ʙʝʥʥʘʷ ʧʦʯʚʘ (ʧʦʛʨʝʙʝʥʥʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ʫʢʦʨʦʯʝʥʥʘʷ ʤʘʣʦʛʫʤʫʩʥʘʷ 

ʨʳʭʣʦʧʝʩʯʘʥʘʷ ʧʳʣʝʚʘʪʦ-ʢʨʫʧʥʦʧʳʣʝʚʘʪʘʷ) ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʙʝʜʥʘ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ (ʩʦʜʝʨʞʘʥʠʝ ʉʆʈɻ (%) ʚ ɸʧʦʛʨ ʩʦʩʪʘʚʠʣʦ 1,22 %), ʘ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʬʫʣʴʚʦʢʠʩʣʦʪ ʚ ʛʫʤʫʩʝ ʛʦʨʠʟʦʥʪʘ ɸ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʛʦ ʤʠʛʨʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʢ 

ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʶʱʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʫʤʫʩʘ ʚ ʜʘʥʥʦʡ ʧʦʯʚʝ. 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʆʈɻ(%) ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ 

Fig. 2. Distribution of organic carbon (%) according to soils profile 

 

ɻʨʫʧʧʦʚʦʡ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ. ʇʦʯʚʘʤ 

ʧʦʡʤʳ ʨ. ɼʝʩʥʳ ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʩʣʦʚʠʡ ʛʫʤʠʬʠʢʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [12]. ɼʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʨʘʢʮʠʡ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ (ʪʘʙʣ. 2), 

ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʧʦʣʦʞʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʨʝʣʴʝʬʘ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʪʠʧʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ 

ʪ. ʧ. 
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ʊʘʙʣʠʮʘ 2. ɻʨʫʧʧʦʚʦʡ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

Table 2. Group and fractional structure of the humus of alluvial soils 

ʊʠʧ ʧʦʯʚʳ 
ɻʝʥʝʪʠʯʝʩʢʠʡ 

ʛʦʨʠʟʦʥʪ 
ʉʦʙ,ɦ % 

ʉʛʢ ʉʬʢ 

1 2 ʩʫʤʤʘ 1 + 1ʘ 2 ʩʫʤʤʘ 

ɸʣʣʶʚʠʘʣʴʥʘʷ 

ʜʝʨʥʦʚʘʷ (P-18) 

Ag 2,33 0,601 2,532 3,133 6,352 4,034 10,386 

Bg 0,55 0,000 2,000 2,000 4,000 13,636 17,636 

ɸʣʣʶʚʠʘʣʴʥʘʷ 

ʙʦʣʦʪʥʘʷ (P-19) 

Ag 2,99 6,856 2,007 8,863 12,408 8,729 21,137 

G 3,77 1,034 2,255 3,289 4,403 3,448 7,851 

ɸʣʣʶʚʠʘʣʴʥʘʷ 

ʜʝʨʥʦʚʘʷ (P-20) 

Ag 5,44 0,699 6,140 6,838 14,412 1,544 15,956 

G 2,55 3,647 0,863 4,510 9,569 3,255 12,824 

ɸʣʣʶʚʠʘʣʴʥʘʷ 

ʜʝʨʥʦʚʘʷ (ʈ-21) 

A 1,89 4,709 0,212 4,921 16,243 0,476 16,720 

BC 1,89 3,069 0,370 3,439 14,180 0,053 14,233 

 

ɺ ʜʝʨʥʦʚʳʭ ʧʦʯʚʘʭ ʢʘʢ ʧʨʠʨʫʩʣʦʚʦʡ, ʪʘʢ ʠ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ 

ʬʨʘʢʮʠʷ çʩʚʦʙʦʜʥʳʭè ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ1) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ 

ʬʨʘʢʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʣʴʮʠʝʤ (ɻʂ2), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʢʠʩʣʦʛʦ ʨʷʜʘ. ʕʪʦ 

ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʫʣʴʚʦʢʠʩʣʦʪ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ ʥʘʜ ʛʫʤʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ. 

ɺ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʬʫʣʴʚʦʢʠʩʣʦʪʳ 

ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʬʨʘʢʮʠʷʤʠ ɻʂ1 ʠ ɻʂ2 ʥʝʦʜʥʦʟʥʘʯʥʦ. ʊʘʢ, ʚ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ ʈ-19 ʚ 

ʛʦʨʠʟʦʥʪʝ Ag ʧʨʝʦʙʣʘʜʘʝʪ ʬʨʘʢʮʠʷ ɻʂ1, ʘ ʚ ʛʦʨʠʟʦʥʪʝ G ï ɻʂ2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ ʈ-20 ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʢʘʨʪʠʥʘ. ʆʙʲʷʩʥʝʥʠʝ ʵʪʦʛʦ 

ʬʘʢʪʘ ʧʦʢʘ ʥʝ ʥʘʡʜʝʥʦ, ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʮʝʣʦʤ ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʬʨʘʢʮʠʡ ɻʂ ʠ ʌʂ, ʟʘ ʩʯʝʪ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʚʷʟʠ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚ, ʤʦʛʫʪ 

ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʣʦʜʦʨʦʜʠʷ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʛʫʤʫʩʝ çʘʛʨʝʩʩʠʚʥʳʭè 

ʬʨʘʢʮʠʡ ʩʥʠʞʘʝʪ ʮʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʯʚ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʦʙʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʡʤ ï ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʥʦʢʦʩʦʚ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʫʤʫʩʘ.  

 

ɺʓɺʆɼʓ 

ɺ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʯʚ ʩʦʜʝʨʞʘʥʠʝ ʉʆʈɻ (%) 

ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ: ʘʣʣʶʚʠʘʣʴʥʘʷ ʜʝʨʥʦʚʘʷ ï ʘʣʣʶʚʠʘʣʴʥʘʷ ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʘʷ ʧʦʯʚʘ. ɺ ʜʝʨʥʦʚʳʭ ʧʦʯʚʘʭ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,89 ʜʦ 2,33 %, ʚ ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʳʭ ʦʪ 2,99 ʜʦ 5,44 %. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʦʯʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʚ ʚʠʜʫ ʩʧʝʮʠʬʠʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʦʨʬʘ), ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʥʠʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʬʨʘʢʮʠʡ ɻʂ1 ʠ ɻʂ2 ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʯʚ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ ʢʠʩʣʳʤ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʬʨʘʢʮʠʡ ɻʂ ʠ ʌʂ ʤʦʛʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʧʝʩʪʨʦʪʫ ʧʣʦʜʦʨʦʜʠʷ 

ʜʘʥʥʳʭ ʧʦʯʚ. ɺ ʮʝʣʦʤ ʧʦʢʘʟʘʪʝʣʠ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʤ 

ʢʘʯʝʩʪʚʝ ʛʫʤʫʩʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʥʝʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʣʦʜʦʨʦʜʠʠ 

ʜʘʥʥʳʭ ʧʦʯʚ. ʇʦʯʚʳ ʧʦʜʦʙʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʡʤ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʝʥʦʢʦʩʦʚ, ʥʫʞʜʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʫʤʫʩʘ. 
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ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʘʞʥʦ ʫʤʝʪʴ ʙʳʩʪʨʦ ʠ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʦʪʣʠʯʘʪʴ ʥʘʪʫʨʘʣʴʥʳʡ ʷʥʪʘʨʴ ʦʪ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʨʘʟʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʦʰʠʙʦʯʥʦ ʧʨʠʥʠʤʘʝʤʳʭ ʟʘ ʷʥʪʘʨʴ, ʠ ʦʪ ʧʦʜʜʝʣʦʢ ʧʦʜ ʷʥʪʘʨʴ. 

ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʠ ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʤʦʣ ʨʘʟʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʤʫ ʷʥʪʘʨʶ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʤʝʪʦʜʦʤ ʦʪʩʢʦʢʘ ʥʘ 

ʧʝʨʝʥʦʩʥʦʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ ʠʟʤʝʨʠʪʝʣʝ ʪʚʝʨʜʦʩʪʠ ʪʠʧʘ ʄʀʊ-2. ɺ ʦʩʥʦʚʫ 

ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 ʧʦʣʦʞʝʥ ʥʦʚʳʡ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʤʦʣʳ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʜʝʥʪʦʨʦʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʦ ʠ ʧʦʩʣʝ ʦʪʩʢʦʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʉʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ ʚ ʜʘʪʯʠʢʝ ʪʚʝʨʜʦʤʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʜʘʨʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʠʥʜʝʥʪʦʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʤʦʣ ʙʝʟ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ 

ʧʦʛʨʫʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʪʚʝʨʜʦʤʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʩʤʦʣʘ ʧʨʠʨʦʜʥʘʷ ʠ ʜʝʢʦʨʘʪʠʚʥʘʷ, ʷʥʪʘʨʴ, ʤʝʪʦʜ 

ʦʪʩʢʦʢʘ, ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ 

 

 

There are different laboratory methods for identification of natural and 

decorative resins. However, implementation of these methods requires a long time and 

expensive equipment. It is important to be able to differentiate quickly and at lower cost 

natural amber from counterfeit amber and decorative resins of different fields which are 

mistaken for amber. This article presents express evaluation of the dynamic hardness 

using the rebound method on the portable microprocessor hardness tester MIT-2 in 

order to accelerate and reduce the cost of resins identification of various fields. New 

measurement principle of dynamic hardness of resin samples according to the time of 

passage by an indenter of the measuring base before and after the rebound from the 

tested surface of a sample is used in the hardness tester. The system of electromagnetic 

acceleration of the indenter in the hardness tester ensures stability of impact, regulation 
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of the indenter impact energy and the possibility of non-destructive testing of hardness 

of resin samples without visible traces of penetration of the indenter into the test 

surface. The electron-optical system of the hardness tester provides accurate 

measurement of the movement time of the indenter relative to the measuring base which 

contributes to higher authenticity and performance measurement of hardness of objects. 

identification, natural and decorative resin, amber, rebound method, 

measurement principle of dynamic hardness 

 

 

ɺɺɽɼɽʅʀɽ 

ʉ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ, ʢʘʢ ʨʘʟʣʠʯʘʪʴ ʧʨʠʨʦʜʥʳʝ ʠ 

ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʤʦʣʳ [1]. ʂ ʧʨʠʨʦʜʥʳʤ ʩʤʦʣʘʤ ʦʪʥʦʩʷʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʘʣʪʠʡʩʢʠʡ 

ʷʥʪʘʨʴ (ʩʫʢʮʠʥʠʪ), ʜʦʙʳʚʘʝʤʳʡ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʨʘʡʦʥʝ 

ʇʘʣʴʤʥʠʢʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʥʳʥʝ ʧʦʩ. ʗʥʪʘʨʥʳʡ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣ.), 

ʨʫʤʳʥʩʢʠʡ ʷʥʪʘʨʴ (ʨʫʤʵʥʠʪ), ʩʠʮʠʣʠʡʩʢʠʡ ʷʥʪʘʨʴ (ʩʠʤʝʪʠʪ), ʙʠʨʤʘʥʩʢʠʡ ʷʥʪʘʨʴ 

(ʙʠʨʤʠʪ) ʠ ʷʥʪʘʨʠ ʠʟ ʄʝʢʩʠʢʠ ʠ ɼʦʤʠʥʠʢʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ʂ ʜʝʢʦʨʘʪʠʚʥʳʤ ʩʤʦʣʘʤ ʦʪʥʦʩʷʪ ʧʨʝʩʩʦʚʘʥʥʳʡ ʷʥʪʘʨʴ (ʘʤʙʨʠʜ), ʢʦʧʘʣ, 

ʜʘʤʤʘʨ (ʜʘʤʤʘʨʦʚʘʷ ʩʤʦʣʘ), ʢʘʫʨʠ. 

ɺ ʢʦʥʮʝ XIX  ʚ. ʧʦʷʚʠʣʠʩʴ ʧʘʪʝʥʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʠʪʘʮʠʠ ʷʥʪʘʨʷ. 

ʄʝʣʢʠʝ ʢʫʩʦʯʢʠ ʷʥʪʘʨʷ ʧʨʝʩʩʦʚʘʣʠʩʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʩʪʘʣʴʥʦʡ 

ʬʦʨʤʝ, ʘ ʠʟ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʙʦʣʴʰʦʛʦ ʢʫʩʢʘ ʜʝʣʘʣʠ ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʷʥʪʘʨʷ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ 

ʧʨʠʨʦʜʝ. ʆʜʥʘʢʦ ʧʨʝʩʩʦʚʘʥʥʳʡ ʷʥʪʘʨʴ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ, ʩʪʨʫʢʪʫʨʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʤʠʪʘʮʠʠ ʷʥʪʘʨʷ ʪʘʢʞʝ ʩʤʝʰʠʚʘʶʪ ʩʤʦʣʳ ʢʘʫʨʠ ʠʣʠ 

ʢʦʧʘʣʘ ʩ ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʦʡ. 

ɺʘʞʥʦ ʫʤʝʪʴ ʦʪʣʠʯʘʪʴ ʥʘʪʫʨʘʣʴʥʳʡ ʷʥʪʘʨʴ ʦʪ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʨʘʟʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʰʠʙʦʯʥʦ ʧʨʠʥʠʤʘʝʤʳʭ ʟʘ ʷʥʪʘʨʴ, ʠ ʦʪ ʧʦʜʜʝʣʦʢ ʧʦʜ ʷʥʪʘʨʴ. 

ʀʟʚʝʩʪʥʳ ʨʘʟʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʢʦʧʘʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ [1-4]: ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟʳ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʜʨ. ʉ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʧʦ ʠʭ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʠʩʧʦʣʴʟʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʜʣʠʪʝʣʴʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʘʥʘʣʠʟʳ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [1, 4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʷʥʪʘʨʷ 

ʩʦʩʪʘʚʣʷʝʪ 2-2,5 ʝʜʠʥʠʮʳ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ ʪʚʝʨʜʦʩʪʠ 

ʄʦʦʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʵʪʘʣʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʚʝʨʜʦʩʪʠ ʤʝʪʦʜʦʤ ʮʘʨʘʧʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʩʤʦʣ ʤʝʪʦʜʦʤ 

ʚʜʘʚʣʠʚʘʥʠʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʪʠʧʘ ʇʄʊ-3, ʢʦʪʦʨʳʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʧʦ ʪʚʝʨʜʦʩʪʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʪʚʝʨʜʦʩʪʠ ʩ ʪʚʝʨʜʦʩʪʴʶ 

ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ ʤʝʪʦʜʦʤ ʦʪʩʢʦʢʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ ʪʚʝʨʜʦʩʪʠ 

ʪʠʧʘ ʄʀʊ-2 [5]. 
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ɺ ʦʩʥʦʚʫ ʠʟʤʝʨʠʪʝʣʷ ʪʚʝʨʜʦʩʪʠ ʄʀʊ-2 ʧʦʣʦʞʝʥ ʥʦʚʳʡ ʧʨʠʥʮʠʧ ʦʮʝʥʢʠ 

ʪʚʝʨʜʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʜʝʥʪʦʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʦ ʠ ʧʦʩʣʝ 

ʦʪʩʢʦʢʘ ʦʙ ʠʩʩʣʝʜʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ [6]. ɼʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʩʤʦʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʧʦ 

ʬʦʨʤʫʣʝ (1):  

1000.
1

0

t

t
HLʜʠʥ= ,                                            (1) 

ʛʜʝ HLʜʠʥï ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ; t0ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʜʝʥʪʦʨʦʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʤʩ; t1  ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʠʥʜʝʥʪʦʨʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʤʩ. 

ɺ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ 

ʪʚʝʨʜʦʩʪʠ ʄʀʊ-2 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʩʤʦʣ ʨʘʟʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʝʟ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ. 

2. ʉʨʘʚʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʪʚʝʨʜʦʩʪʴ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʩʤʦʣ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʥʜʦʥʝʟʠʡʩʢʦʛʦ ʠ ʢʦʣʫʤʙʠʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

3. ɺʳʷʩʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʩʤʦʣ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʪʥʝʩʝʥʠʷ ʠʣʠ 

ʥʝʦʪʥʝʩʝʥʠʷ ʩʤʦʣʳ ʢ ʛʨʫʧʧʝ çʷʥʪʘʨʠè. 

 

ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʷʥʪʘʨʷ; ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʷʥʪʘʨʷ ʠʟ ʢʫʩʦʯʢʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ; 

ʩʤʦʣʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ ʂʦʣʫʤʙʠʠ ʠ ʩ ʦ. ʋʙʫʪ (ʀʥʜʦʥʝʟʠʷ). 

ʆʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʰʣʠʬʦʚʘʣʠʩʴ ʧʦ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ. 

ʆʜʥʘ ʧʣʦʩʢʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʟʮʘ ʥʘ ʢʦʥʪʨʦʣʴʥʫʶ ʤʘʩʩʠʚʥʫʶ 

ʧʣʠʪʫ, ʜʨʫʛʘʷ ï ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʪʚʝʨʜʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 

ʧʨʠʤʝʥʷʣʩʷ ʥʘʙʦʨ ʩʤʝʥʥʳʭ ʠʥʜʝʥʪʦʨʦʚ ʜʘʪʯʠʢʘ ʩ ʨʘʜʠʫʩʘʤʠ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ: 0,5;1,0;1,5;2,5 ʠ 5,0 ʤʤ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʨʘʟʥʳʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ (t0) ʚ ʧʨʝʜʝʣʘʭ  ʦʪ 1,5 ʜʦ 3,5 ʤʩ. 

ɺ ʪʚʝʨʜʦʤʝʨʝ ʄʀʊ-2 ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠʥʜʝʥʪʦʨʘ ʜʦ 

ʫʜʘʨʘ ʦʙ ʠʩʩʣʝʜʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ 

ʧʦʛʨʫʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʸ ʪʚʝʨʜʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ ʠʥʜʝʥʪʦʨʘ (0V ) ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ ʜʦ ʫʜʘʨʘ ʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʪ. ʝ. ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠʥʜʝʥʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ (2): 

0

0
t

S
V = ,                                                                                                 (2) 

ʛʜʝ 0V - ʩʢʦʨʦʩʪʴ ʠʥʜʝʥʪʦʨʘ ʚ ʜʘʪʯʠʢʝ ʪʚʝʨʜʦʤʝʨʘ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ, ʤ/ʤ; S - ʚʝʣʠʯʠʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ, ʤʤ; 0t - ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʛʦʥʘ 

ʠʥʜʝʥʪʦʨʘ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ. 
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ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʷʥʪʘʨʴ ʷʚʣʷʝʪʩʷ ʭʨʫʧʢʠʤ, ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʤ, ʘʥʠʟʦʪʨʦʧʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʙʦʣʴʰʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ 

ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ [1, 4]. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʷʥʪʘʨʷ ʚʳʟʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʝʛʦ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʦʜʥʦʬʘʢʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘ-

ʪʫʨʘʣʴʥʦʛʦ ʠ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʷʥʪʘʨʷ ʤʝʪʦʜʦʤ ʦʪʩʢʦʢʘ ʪʚʝʨʜʦʤʝʨʦʤ ʄʀʊ-2 ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʤʠʢʨʦ- ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʪʨʝʱʠʥ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳ-

ʪʘʥʠʡ ʥʘ ʪʚʝʨʜʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʷʥʪʘʨʷ ʧʨʠ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ ʜʘʪʯʠʢʘ ʪʚʝʨʜʦʤʝʨʘ ʠ ʨʘʜʠʫʩʘ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʠʟʤʝʨʝʥʠʡ ʪʚʝʨʜʦʩʪʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ɿʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʷʥʪʘʨʷ. 

ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʷʥʪʘʨʷ ʚ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʷʣʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʝʪʦʜʦʤ ʢʨʫʪʦʛʦ 

ʚʦʩʭʦʞʜʝʥʠʷ ɹʦʢʩʘ-ʋʠʣʩʦʥʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ (0t ) ʜʘʪʯʠʢʘ ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 ʠ ʨʘʜʠʫʩʘ ʩʬʝʨʠʯʝʩ-

ʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ (R) ʜʣʷ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ ʧʨʝʩʩʦʚʘʥʥʦʛʦ 

ʷʥʪʘʨʷ ʚ ʧʨʝʜʝʣʘʭ: 0t = 2,0-2,6 ʤʩ ʠ R = 2,5-5 ʤʤ. ʇʨʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʚʝʨʜʦʤʝʨʘ 

ʄʀʊ-2 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 4-6 ʝʜ. 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʷʥʪʘʨʷ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ °4HL [5]. 

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ (0t ) ʠ ʨʘʜʠʫʩʘ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ (R) ʪʚʝʨʜʦʤʝʨʘ ʄʀʊ-2 ʙʳʣʠ ʧʨʠʥʷʪʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ ʠ ʦʙʨʘʟʮʦʚ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʠʟ ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ =ʜʠʥHL f( 0t ) ʧʨʠ                        

R = 2,5 ʤʤ ʠ R = 5,0 ʤʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʠʟ ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʩʤʦʣ ʨʘʟʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʪʚʝʨʜʦʤʝʨʦʤ ʄʀʊ-2 ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʥʘ 

ʠʥʜʝʥʪʦʨʘ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 0t = 2,6 ʤʩ ʧʨʠ ʨʘʜʠʫʩʘʭ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ R = 2,5 ʤʤ ʠ R = 5,0 ʤʤ. 
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ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʜʠʫʩʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ ʧʨʠ R = 2,5 ʤʤ 

ʚʳʰʝ, ʯʝʤ ʧʨʠ R = 5,0 ʤʤ. 

ʕʪʦ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ-

ʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʪʚʝʨʜʦʩʪʠ ʄʀʊ-2 ʧʦ ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝ-

ʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ. 

ʀʟ ʪʘʙʣʠʮʳ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʠʟ ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʚʝʨʜʦʩʪʠ 

ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ, ʘ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʤʦʣ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ. 

 

ʊʘʙʣʠʮʘ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʩʤʦʣ ʨʘʟʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ ʜʦ ʫʜʘʨʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 0t = 2,6 ʤʩ 

Table. Dynamic hardness of resins of different fields. Duration of the indenter 

acceleration before it hit the sample surface 0t = 2.6 ms 

ʀʩʩʣʝʜʫʝʤʳʡ 
ʦʙʨʘʟʝʮ 

ʧʨʠʨʦʜʥʦʡ ʩʤʦʣʳ 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ HLʜʠʥ 

ʨʘʜʠʫʩ 
ʠʥʜʝʥʪʦʨʘ 
R = 2,5 ʤʤ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ 
ʠʥʪʝʨʚʘʣ 
ʚ ʫʩʣʦʚʥʳʭ 
ʝʜʠʥʠʮʘʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʪʚʝʨʜʦʩʪʠ 

ʨʘʜʠʫʩ 
ʠʥʜʝʥʪʦʨʘ 
R = 5 ʤʤ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ 
ʠʥʪʝʨʚʘʣ 
ʚ ʫʩʣʦʚʥʳʭ 
ʝʜʠʥʠʮʘʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʪʚʝʨʜʦʩʪʠ 

ʗʥʪʘʨʴ (ʧʦʩ. 
ʗʥʪʘʨʥʳʡ 
ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 
ʦʙʣ.) 

 
710 

 
5°  

 
558 

 
°4 

ʆʙʨʘʟʝʮ ʩʤʦʣʳ 
ʯʝʨʥʦʡ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 
ʠʟ ʀʥʜʦʥʝʟʠʠ 

 
 

552 

 
 
°13 

 
 

453 

 
 

°13,5 

ʆʙʨʘʟʝʮ ʩʤʦʣʳ 
ʢʦʨʠʯʥʝʚʦʡ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 
ʠʟ ʀʥʜʦʥʝʟʠʠ 

 
 

547 

 
 
°23 

 
 

451 

 
 
°12 

ʆʙʨʘʟʝʮ ʩʤʦʣʳ 
ʩʚʝʪʣʦ-ʞʝʣʪʦʡ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 
ʠʟ ʂʦʣʫʤʙʠʠ 

 
 

325 

 
 
°23 

 
 

280 

 
 
°15 

ʆʙʨʘʟʝʮ ʩʤʦʣʳ 
ʥʝʧʨʦʟʨʘʯʥʦʡ 
ʤʦʣʦʯʥʦ-ʞʝʣʪʦʡ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 
ʠʟ ʂʦʣʫʤʙʠʠ 

 
 
 

493 

 
 
 
°23 

 
 
 

453 

 
 
 
°18 
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ɺʓɺʆɼʓ 

1. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʪʚʝʨʜʦʩʪʠ ʪʠʧʘ ʄʀʊ-2 ʜʣʷ ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʤʝʪʦʜʦʤ ʦʪʩʢʦʢʘ ʩʤʦʣ ʨʘʟʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʥʪʦʨ ʩ ʨʘʜʠʫʩʦʤ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ, ʨʘʚʥʳʤ R = 2,5 ʤʤ, ʠ ʧʨʠʤʝʥʷʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʛʦʥʘ ʠʥʜʝʥʪʦʨʘ ʜʦ 

ʫʜʘʨʘ 0t = 2,6 ʤʩ. 

2. ɼʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʤʦʣ ʠʟ ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ 

ʤʝʥʴʰʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ:  

- ʧʨʠ ʨʘʜʠʫʩʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ R = 2,5 ʤʤ ï ʥʘ 22 (54 %); 

- ʧʨʠ ʨʘʜʠʫʩʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠʥʜʝʥʪʦʨʘ R = 5,0 ʤʤ ï ʥʘ 19 (50 %). 

3. ʈʘʟʙʨʦʩ ʧʦʢʘʟʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʤʦʣ ʠʟ 

ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ ʚ 2,6-4,6 ʨʘʟʘ ʙʦʣʴʰʝ ʨʘʟʙʨʦʩʘ ʧʦʢʘʟʘʥʠʡ ʪʚʝʨʜʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʷʥʪʘʨʷ. 

4. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʤʦʣʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ 

ʀʥʜʦʥʝʟʠʠ ʠ ʂʦʣʫʤʙʠʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʷʥʪʘʨʝʡ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʩʤʦʣ ʨʘʟʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʤʦʣ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪʘ ʟʘ ʢʨʠʪʝʨʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʪʥʝʩʝʥʠʷ ʠʣʠ ʥʝʦʪʥʝʩʝʥʠʷ ʩʤʦʣʳ ʢ 

ʛʨʫʧʧʝ çʷʥʪʘʨʠè. 
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ʦʧʫʙʣ. 20.01.1996. 

7. ɸʣʝʢʩʘʥʜʨʦʚ, ʖ. ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʥʘʪʫʨʘʣʴ-

ʥʦʛʦ ʠ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʷʥʪʘʨʷ  / ʖ. ʇ. ɸʣʝʢʩʘʥʜʨʦʚ // ʀʟʚʝʩʪʠʷ ʂɻʊʋ. ï 2011. ï 

ˉ21. ï ʉ. 144-148. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ ʥʘ ɹʘʣʪʠʢʝ ʟʘ 
ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʣʦʚʘ ʨʳʙʳ ʤʘʣʳʤʠ ʩʫʜʘʤʠ ʚ 
ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʨʘʫʣʝʨʳ ʠ ʩʝʡʥʝʨʳ - ʦʩʥʦʚʥʘʷ 
ʛʨʫʧʧʘ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʤʦʨʩʢʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ. ʆʥʠ ʚʳʣʘʚʣʠʚʘʶʪ ʙʦʣʝʝ 
ʧʦʣʦʚʠʥʳ ʦʙʲʝʢʪʦʚ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ʠ ʦʙʨʘʟʫʶʪ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʨʷʜʦʚ ʩʫʜʦʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ 
ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʨʩʢʦʡ ʨʳʙʦʣʦʚʥʳʡ ʬʣʦʪ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 
ʩʦʩʪʘʚʣʷʶʪ ʤʘʣʳʝ ʧʨʦʤʳʩʣʦʚʳʝ ʩʫʜʘ ʩʦʚʝʪʩʢʦʡ ʧʦʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 
ʥʝʚʳʩʦʢʠʝ  ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʤʦʨʝʧʣʘʚʘʥʠʷ, ʩ ʫʯʝʪʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ, ʫʭʫʜʰʘʝʪʩʷ. ʉʝʛʦʜʥʷ  ʧʦʩʪʨʦʡʢʘ 
ʥʦʚʳʭ ʩʫʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ 
ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʩʫʜʦʚ 
ʪʘʢʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʜʘʥʥʳʤʠ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʰʝʥʠʶ ʵʪʦʡ 
ʚʘʞʥʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ. 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʚʳʩʦʪʘ ʚʦʣʥʳ ʥʘ ɹʘʣʪʠʢʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 
ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʘʣʳʭ ʩʫʜʦʚ ʥʘ ɹʘʣʪʠʢʝ 

 
 
The article presents the results of the system analysis of meteorological 

conditions associated with changes in wave and wind indicators on the Baltic Sea over 
the last few years, as well as characteristics of fish catches by small vessels in the 
coastal zone of the Kaliningrad region. Trawlers and seiners make a main group of 
marine fishery vessels. They produce more than half of the objects of fishing and 
constitute one of the largest groups of ships in a wide variety of modifications. 
However, it should be noted that marine fishing fleet of the Kaliningrad region consists 
of small fishing vessels built in Soviet time that have low technical and economic 
indicators. Taking into account physical aging of ships, the level of navigation safety is 
deteriorating. 

Modernization of vessels and development of new domestic projects is an urgent 
task today. To identify the main elements and characteristics of such vessels it is 
necessary to have data on the weather conditions and conditions of their operation. The 
present article is concerned with the solution of this important problem. 

wind speed, wave height on the Baltic Sea, economic conditions, operation of 

small vessels in the Baltic Sea 
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ɺɺɽɼɽʅʀɽ 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʣʦʤʝʨʥʦʛʦ 

ʬʣʦʪʘ ʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ [1, 2] ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ [3] ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʤʦʨʩʢʦʡ 

ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ  ʟʥʘʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʩʫʜʦʚ ʧʦʟʚʦʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʧʝʨʝʯʝʥʴ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ 

ʠ ʫʣʫʯʰʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʝʛʦ ʢʘʯʝʩʪʚʘ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. ɸʥʘʣʠʟ ʤʘʣʳʭ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ [4-7] ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʦʙʱʠʝ 

ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ. ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʪʠʧ ʨʘʟʣʠʯʘʶʪ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʥʘʜʩʪʨʦʡʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʜʘ ʩ 

ʥʦʩʦʚʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘʜʩʪʨʦʡʢʠ, ʯʪʦ ʦʩʚʦʙʦʞʜʘʝʪ ʤʝʩʪʦ ʜʣʷ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʛʣʘʚʥʦʡ ʧʘʣʫʙʳ. ʐʪʫʨʤʘʥʩʢʘʷ ʠ ʨʫʣʝʚʘʷ ʨʫʙʢʠ ʚ ʦʜʥʦʤ ʧʦʤʝʱʝʥʠʠ ʚ ʥʘʜʩʪʨʦʡʢʝ 

ʚʤʝʩʪʝ ʩ ʧʦʩʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ; ʭʦʨʦʰʫʶ ʚʠʜʠʤʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʟʦʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ; ʭʦʨʦʰʫʶ ʩʣʳʰʠʤʦʩʪʴ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚʩʪʨʝʯʥʳʭ ʩʫʜʦʚ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʙʦʪʦʡ ʦʨʫʜʠʡ ʣʦʚʘ. ʄʘʰʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʨʤʝ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʨʝʤʦʥʪʘ  ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʝ ʦʙʲʝʤʳ 

ʪʨʶʤʦʚ ʠ ʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʦʩʘʜʢʫ ʢʦʨʤʦʡ. 

ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʝʩʣʠ ʪʨʶʤ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʥʝ ʟʘʛʨʫʞʝʥ, ʩʫʜʥʦ 

ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʫʜʘʨʳ ʚʦʣʥ ʧʦʜ ʢʦʨʤʦʚʦʡ ʧʦʜʟʦʨ; ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʦʜʧʘʣʫʙʥʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʞʠʣʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ ʠ ʦʪʢʨʳʪʦʡ ʧʘʣʫʙʦʡ. ɺ ʪʘʙʣ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʧʨʦʝʢʪʦʚ ʤʘʣʳʭ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.    

  

ʊʘʙʣʠʮʘ 1. ɻʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ 

Table 1. Main dimensions of small fishing vessels 

 ̄

ʧ/ʧ 

ʅʦʤʝʨ 

ʧʨʦʝʢʪʘ 

ɻʣʘʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʣʠʥʘ 

ʛʘʙʘʨʠʪ-

ʥʘʷ 

ɼʣʠʥʘ ʤʝʞʜʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷ-

ʨʘʤʠ 

ʐʠʨʠ-

ʥʘ 

ʛʘʙʘʨʠʪ-

ʥʘʷ 

ʐʠʨʠʥʘ 

ʨʘʩʯʝʪʥʘʷ 

ʆʩʘʜʢʘ 

ʩʨʝʜ-

ʥʷʷ ʚ 

ʛʨʫʟʫ 

ɺʳʩʦʪʘ 

ʙʦʨʪʘ ʜʦ 

ʚʝʨʭʥʝʡ 

ʧʘʣʫʙʳ 

ɺʦʜʦʠʟʤʝ-

ʱʝʥʠʝ 

ʥʘʠʙʦʣʴʰʝʝ 

ɼʝʜʚʝʡʪ 

L, ʤ Lʧʧ, ʤ B, ʤ Bʨ, ʤ ʊʩʨ, ʤ H, ʤ D, ʪ Dw, ʪ 

1 1328 25,50 22,00 7,00 6,80 2,37 3,30 174,0 30,0 

2 ɺ-410 25,80 23,00 - 7,20 2,70 3,50 - 60,0 

3 12961 35,72 31,00 8,92 8,80 3,47 6,07 549,0 120,5 

4 1296 35,72 31,00 8,92 8,80 3,47 5,95 550,0 150,0 

5 1330 26,50 22,90 6,59 6,50 2,27 3,05 181,0 63,0 

6 13303 26,48 22,39 6,59 6,50 2,32 3,00 176,0 60,0 

7 ʈʉ-300 29,34 25,00 - 6,20 2,65 3,00 240,0 64,0 

8 1336 27,54 24,81 - 6,70 2,98 3,70 262,7 37,0 

9 ʈɹ-150 27,20 24,00 6,20 5,50 1,84 2,50 149,0 31,0 

10 1322ʈ 23,72 20,97 6,15 6,00 1,94 2,67 145,0 23,0 
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ʋʯʠʪʳʚʘʷ ʤʦʨʘʣʴʥʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʬʣʦʪʘ, ʥʝʢʦʪʦʨʳʝ 

ʨʳʙʦʣʦʚʝʮʢʠʝ ʢʦʣʭʦʟʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʝʣʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʩʪʘʨʝʚʰʠʭ 

ʩʫʜʦʚ (ʢ ʧʨʠʤʝʨʫ ʪʘʢʠʭ,  ʢʘʢ ʄʈʊʂ ʪʠʧʘ çɹʘʣʪʠʢʘè). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʜʘ ʩʪʘʣʠ 

ʥʘʣʠʚʥʳʤʠ ʩ ʩʠʩʪʝʤʦʡ RSW. ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʩʪʘʨʝʚʰʠʭ 

ʩʫʜʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʵʢʠʧʘʞʘ ʥʘ ʙʦʨʪʫ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ɼʣʷ ʤʘʣʳʭ ʩʫʜʦʚ  ʚʘʞʥʦʝ  ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʦʣʥʝʥʠʝ 

ʠ ʩʠʣʘ ʚʝʪʨʘ) ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʤʝʩʷʯʥʳʡ ʫʣʦʚ ʠ ʯʠʩʣʦ ʚʳʭʦʜʦʚ ʥʘ 

ʧʨʦʤʳʩʝʣ). 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ    

10 ʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʳʩʦʪʝ 2 ʤ. ɺʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 00 ʯ 00 ʤʠʥ. ɺʳʩʦʪʘ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʪʨʸʭ ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ: 

06:00, 12:00, 18:00. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʝ, ʚʦʣʥʝʥʠʶ 

ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʚʙʣʠʟʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʧʦʜʝʣʝʥʦ ʥʘ ʰʝʩʪʴ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ: ɸ, ɹ, ɺ, ɻ, ɼ, ɽ. ɺʳʜʝʣʝʥʥʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ     

ʨʠʩ. 1. ʈʘʩʩʪʦʷʥʠʝ ʥʘ ʦʪʨʝʟʢʝ 1-3 ʩʦʩʪʘʚʣʷʝʪ 25 ʢʤ, 3-6 ï 50 ʢʤ, 6-9 ï 100 ʢʤ. 

 

 

 
 

ʈʠʩ. 1. ɼʝʣʝʥʠʝ ʨʘʡʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʥʘ  ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʳ 

Fig. 1. Division of the Baltic Sea into meteorological zones 
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ʇʦ ʜʘʥʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʩʤ. ʨʠʩ. 1, ʟʘ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ 

2012 ʧʦ ʘʧʨʝʣʴ 2015ʛʛ. ʇʦ ʢʘʞʜʦʤʫ ʤʝʩʷʮʫ ʥʘʡʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʩʨ. 

ʟʥʘʯʝʥʠʷ), ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʠʥ. ʟʥʘʯʝʥʠʷ) ʠ ʧʠʢʦʚʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ (ʤʘʢʩ. ʟʥʘʯʝʥʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2-6.  

 

 
 

ʈʠʩ. 2. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɸ  

Fig. 2. Wind speed in area A 
 

 
ʈʠʩ. 3. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɹ 

Fig. 3. Wind speed in area ɹ 
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ʈʠʩ. 4. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɺ 

Fig. 4. Wind speed in area ɺ 

 

 

 

 
 

 

ʈʠʩ. 5. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɻ 

Fig. 5. Wind speed in area ɻ 
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ʈʠʩ. 6. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɼ 

Fig. 6. Wind speed in area ɼ 

 
 

 
 

ʈʠʩ. 7. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʟʦʥʝ ɽ 

Fig. 7. Wind speed in area ɽ 
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ɼʘʥʥʳʝ ʧʦ ʚʳʩʦʪʝ ʚʦʣʥʳ ʥʘʤʠ ʚʟʷʪʳ ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ 2013 ʧʦ ʤʘʡ   2015 ʛ. 

ʇʦ ʢʘʞʜʦʤʫ ʤʝʩʷʮʫ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʩʨ. ʟʥʘʯʝʥʠʷ) ʠ ʧʠʢʦʚʳʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʘʢʩ. ʟʥʘʯʝʥʠʷ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8 - 13.  

 

 

 
 

ʈʠʩ. 8. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ ɸ 

Fig. 8. Wave height in area ɸ 
 

 
 

ʈʠʩ. 9. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ ɹ 

Fig.  9. Wave height in area ɹ 
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ʄʘʢʩ. ʟʥʘʯʝʥʠ_̫t = 18:00 
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ʈʠʩ. 10. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ ɺ 

Fig. 10. Wave height in area ɺ 

 
 

 
 

 

ʈʠʩ. 11. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ ɻ 

Fig.  11. Wave height in area ɻ 
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ʈʠʩ. 12. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ ɼ 

Fig. 12. Wave height in area ɼ 

 
 

 
 

ʈʠʩ. 13. ɺʳʩʦʪʘ ʚʦʣʥʳ ʚ ʟʦʥʝ E 

Fig. 13. Wave height in area ɽ 
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ʉʨ. ʟʥʘʯʝʥʠʷ_t = 6:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠʷ_t = 6:00 
 

ʉʨ. ʟʥʘʯʝʥʠʷ_t = 12:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠ_̫t = 12:00 
 

ʉʨ. ʟʥʘʯʝʥʠʷ_t = 18:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠ_̫t = 18:00 

ʉʨ. ʟʥʘʯʝʥʠʷ_t = 6:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠʷ_t = 6:00 
 

ʉʨ. ʟʥʘʯʝʥʠʷ_t = 12:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠ_̫t = 12:00 
 

ʉʨ. ʟʥʘʯʝʥʠʷ_t = 18:00 
 

ʄʘʢʩ. ʟʥʘʯʝʥʠ_̫t = 18:00 
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ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʟʦʥʘʭ ɸ-ɽ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ ʚʣʠʷʥʠʷ ʥʘ ʤʘʣʦʤʝʨʥʳʝ 

ʧʨʦʤʳʩʣʦʚʳʝ ʩʫʜʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪʳ ʚʦʣʥʳ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

ɺʘʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʩʷʯʥʦʛʦ ʫʣʦʚʘ ʠ ʚʳʭʦʜʦʚ 

ʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʦʚ ʚ ʤʦʨʝ. ʕʪʠ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚʳʷʚʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʪʝʭ ʠʣʠ ʠʥʳʭ  ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʦʙʲʸʤʘʭ ʪʨʶʤʦʚ ʥʦʚʳʭ ʩʫʜʦʚ, 

ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ, ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʣʘʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʨʳʙʦʣʦʚʝʮʢʦʛʦ ʢʦʣʭʦʟʘ çɿʘ ʈʦʜʠʥʫè, ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ 

ʚʳʣʦʚʘ ʨʳʙʳ  ʚ ʪʦʥʥʘʭ ʚ ʤʝʩʷʮ ʟʘ ʧʝʨʠʦʜ  ʩ 2012 ʧʦ 2015 ʛ.,  ʧʦʢʘʟʘʥʥʳʡ ʥʘ 

ʨʠʩ.14. 
 

 
ʈʠʩ. 14. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʥ ʨʳʙʳ ʚ ʤʝʩʷʮ 

Fig. 14. The average number of tons of fish per month 

 

ɻʨʘʬʠʢ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʳʣʦʚʘ ʨʳʙʳ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ: ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ ʥʘ ʧʨʦʤʳʩʝʣ; ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

(ʦʩʦʙʝʥʥʦ 2015 ʛ.); ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ; ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʜʦʚ; ʣʶʜʩʢʦʡ ʬʘʢʪʦʨ 

(ʦʪʧʫʩʢ, ʙʦʣʝʟʥʠ, ʥʝʭʚʘʪʢʘ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ); ʧʦʣʦʤʢʠ ʠ ʨʝʤʦʥʪ ʩʫʜʦʚ. 

 

ɺʓɺʆɼʓ 

1. ʇʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ 

ʨʘʡʦʥʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʣʳʭ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ. 

2.  ʈʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʨʳʙʦʣʦʚʥʦʝ ʩʫʜʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  ʠʣʠ 
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ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʠ  ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ 

ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʟʥʘʯʝʥʠʷ ʫʣʦʚʘ, ʚʦʣʥʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 
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THE DAMPING EFFECT OF THE LIQUID AT VIBRATIONS SMALL DIAMETER 

PIPELINES OF SHIP 

 

V. I. Sutyrin, I. A Shinkarenko, E. I. Korotkaya 

 
 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘ-

ʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʚʠʙʨʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʨʧʫʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʙʦʨʴʙʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʘʮʠʝʡ 

ʥʘ ʩʫʜʘʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʚʠʙʨʦʠʟʦʣʷʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦ-

ʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ 

ʩʫʜʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɺ ʦʩʥʦʚʫ ʝʝ  ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʦʞʝʥ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʦʙʲʝʜʠʥʷʶ-

ʱʝʡ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʩʯʝʪʥʳʭ ʫʟʣʦʚ ʠʩʭʦʜʥʦʛʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʨʘʟʙʠʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʞʠʜʢʦʩʪʴʶ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʦʪ ʯʘʩʪʦʪʳ. ʉʫʜʦʚʦʡ ʜʠʟʝʣʴ (ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ) ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʩʫʜʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʥʝʦʧʦʨʥʳʤʠ ʩʚʷʟʷʤʠ. ɻʘʰʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʧʦʜʚʝʩʦʢ, 

ʩʚʷʟʳʚʘʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʚʥʝʰʥʠʤʠ ʦʧʦʨʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ʇʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ʧʦʜʚʝʩʦʢ ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʚ ʨʘʩʯʝʪʘʭ ʚʠʙʨʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʦʣʥʝʥʠʷ 

ʠʭ ʞʠʜʢʦʩʪʴʶ (ʚʦʜʦʡ, ʪʦʧʣʠʚʦʤ). ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʩʪʦʷʱʘʷ 

ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʜʦʙʥʦʡ ʦʮʝʥʢʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çɺʠʟʫʘʣʠʟʘʪʦʨ ʢʦʣʝʙʘʥʠʡè, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʀʥʩʪʠʪʫʪʦʤ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ  rʢʘʢ ʚ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʚʳʧʦʣʥʷʣʦʩʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ SOLID186 (ʢʦʤʧʣʝʢʩ ANSYS) ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ 4450 ʢʛ/ʤ
3
, ʤʦʜʫʣʝʤ ʖʥʛʘ 1.2x10

11 
ʇʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʘʩʩʦʥʘ 0,35.  

ʘʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʫʜʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ,     

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

 

 

One of the factors which is influencing safety of navigation is the increased 

vibration leading to destruction of ship hull structure. The vibration insulation is widely 
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distributed as an effective method of fight against the increased vibration on ships. 

Methods of numerical modeling and analytical and experimental study of the effect of 

the damping fluid in the vibrations of ship pipelines proposed and implemented in this 

paper. The structurization method is in a basis of development, it consists in 

construction of the transformed settlement scheme and unites limited number of 

checkouts of initial final-element splitting in analyzed object. The characteristics of the 

damping pipeline by fluid were determined. Dependence of damping coefficient of the 

frequency of the pipe were constructed. The ship diesel (diesel generator) is a source of 

fluctuations. These fluctuations extend to the ship pipelines which are not basic 

communications for engines. Clearing of fluctuations of pipelines is made by the anti-

vibration suspension brackets connecting the pipeline with external supporting 

constructions. Design of suspension brackets is complicated by need of the account for 

vibration calculations of pipelines of the damping effect arising by filling with their 

liquid (water, fuel). We need the combination of experimental and calculation methods 

for the estimate of damping characteristics. The paper is devoted to constructed 

technique of such estimate. We used the software "A visualizer of fluctuations" 

developed by Institute of Applied Physics of the Russian Academy of Sciences for 

creation forms of fluctuations via the obtained experimental data. Experimental 

researches have allowed to receive resonant frequencies and forms of fluctuations of a 

plate in both cases: in air and in water. Construction of final and element model of a 

metal plate was made by application of a final element of type SOLID186 (ANSYS 

complex) with a material density 4450 kg/m3, the Ungôs module 1.2x1011 Pa and 

Poisson's coefficient 0,35. 

vibration analysis, numerical modeling, ship pipelines, finite element method, 

damping coefficient 
 

 

ɺɺɽɼɽʅʀɽ 

ʉʫʜʦʚʦʡ ʜʠʟʝʣʴ (ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ) ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʩʫʜʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʜʣʷ 

ʜʚʠʛʘʪʝʣʝʡ ʥʝʦʧʦʨʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ.1).  

 

 
 

ʈʠʩ.1. ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʩʫʜʦʚʦʡ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ 

 ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ: 1 - ʜʚʠʛʘʪʝʣʴ; 2 - ʪʨʫʙʦʧʨʦʚʦʜ; 

 3 - ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʘʷ ʧʦʜʚʝʩʢʘ 

Fig. 1. The fluctuating system is uniting the ship diesel generator with the pipeline of 

small diameter: 1-  engine; 2 - pipeline; 3 ï vibration insulation suspension 

 

ɻʘʰʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʠʙʨʦ-

ʠʟʦʣʠʨʫʶʱʠʭ ʧʦʜʚʝʩʦʢ, ʩʚʷʟʳʚʘʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʚʥʝʰʥʠʤʠ ʦʧʦʨʥʳʤʠ ʢʦʥ-
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ʩʪʨʫʢʮʠʷʤʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʚʝʩʦʢ ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʚ 

ʨʘʩʯʝʪʘʭ ʚʠʙʨʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʦʣʥʝʥʠʷ ʠʭ ʞʠʜʢʦʩʪʴʶ (ʚʦʜʦʡ, ʪʦʧʣʠʚʦʤ). ɼʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʜʦʙʥʦʡ 

ʦʮʝʥʢʠ. 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʂʦʣʝʙʘʥʠʷ ʩʫʜʦʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʯʥʳʤ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ [1]: 

 2 2{ ( )} / { ( )} / { ( )} { ( )}M d X t dt ʉ d X t dt ʂ X t P t+ + = ,        (1) 

ʛʜʝ M  ð ʤʘʪʨʠʮʘ ʤʘʩʩʳ; ʉ  ð ʤʘʪʨʠʮʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; ʂ  ð 

ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ; { ( )}X t  ð ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ; { P(t)}  ð ʚʝʢʪʦʨ 

ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. 

ɺ ʨʘʩʯʝʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ,     

ʪ. ʝ. ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʤʘʪʨʠʮʘʤ ʞʝʩʪʢʦʩʪʠ K ʠ ʤʘʩʩʳ M: 

  C = aK+ bM,                                                                     (2)  

ʛʜʝ a[c
-1
] ʠ b[c] ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ [1, 2]. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ a ʠ b ʩʚʷʟʘʥʳ ʩ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ x ʠ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ w 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

  x = a/(2w) + bw/2.                                                                    (3) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ 

ʤʦʜʘʣʴʥʳʡ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ d=ln(x1/x2), ʛʜʝ ʭ1 ʠ ʭ2 - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʠʟʤʝʨʝʥʥʳʝ ʟʘ ʮʠʢʣ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ: 

  x = d/ [(2p)
2
+ d

2
]
1/2

.
                                                                                                   

(4) 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ a ʠ ɓ ʜʦʩʪʘʪʦʯʥʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʜʣʷ ʜʚʫʭ ʤʦʜʘʣʴʥʳʭ ʯʘʩʪʦʪ ɤ1 ʠ ɤ2: 

  x 1 = a/(2w1) + bw1/2,    

  x 2 = a/(2w2) + bw2/2.                                                                    (5) 
ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʠʥʦʡ ʧʫʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ x ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ b. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʙʨʘʪʦʨʘ, ʟʘʜʘʶʱʝʛʦ ʩʠʣʫ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ. ʌʦʨʤʠʨʫʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʫʶ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʠ ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʠʢʫ ʧʨʠʚʝʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʢ ʧʝʨʝʤʝʱʝʥʠʶ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ 

ʜʝʡʩʪʚʫʝʪ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʳʥʫʞʜʘʶʱʘʷ ʩʠʣʘ c ʘʤʧʣʠʪʫʜʦʡ F0, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʦʩʮʠʣʣʷʪʦʨ ʩ ʦʙʦʙʱʝʥʥʳʤʠ ʤʘʩʩʦʡ m, ʞʝʩʪʢʦʩʪʴʶ k ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ) c: 

  ma = ï kx ï cv + F0 cos(Wt).                                  (6) 

ɺʚʦʜʷ ʦʙʦʟʥʘʯʝʥʠʷ 

  2

0

k

m
w = , 0

0

F

m
F = , 

2

c

km
z= , 

ʧʝʨʝʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ: 

  )cos(2 0
2
0

.

0

..

tʭʭʭ WF=w+zw+ .                                                       (7) 
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ʉʨʝʜʩʪʚʦʤ ʧʨʠʚʝʜʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʠ ʤʘʩʩ ʩʣʫʞʘʪ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʝ 

ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ [3]:  

  
1

n nn nR R R R Rrr rr r r

-
¡= - Ö Ö,                                                        (8) 

        
T

M M G Grr rr
¡= + Ö ,                                                                     (9) 

  
1/2T

nnG L M
-

=- Ö ,    
1

nn npL R R
-

=- Ö ,                                    (10) 

ʛʜʝ Rrr¡  ʠ Mrr
¡  ï ʧʨʠʚʝʜʝʥʥʳʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʠ 

ʤʘʩʩʳ; Rrr , Mrr
 ï ʘʥʘʣʦʛʠʯʥʳʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʨʠʮʘʭ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; nnR  ʠ nnM  ï ʙʣʦʢ-ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ 

ʠ ʤʘʩʩʳ ʠʩʢʣʶʯʘʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ n; 
nRr  ʠ 

T

n nR Rr r=  ï ʙʣʦʢ-ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ. ʈʘʩʯʝʪ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʭ ʨʘʚʝʥʩʪʚ (8)-(10) ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʨʘʤʠ ʚ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ [4], ʠʩʧʦʣʴʟʫʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ 
ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʤʦʜʝʣʴ.  

ɼʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʮʠʣʣʷʪʦʨʘ ʯʘʩʪʥʦʝ 
ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (7) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [5]: 

 
2 2

0 0
0 2 2 2 2 2 2 2 2 2 2 2

0 0 0

( )cos 2 sin
( ) cos( )

( ) 4 ( ) 4

t t
x t t

w z
j

w z w z w

-W W + W W F
­¤ =F = W -

-W + W -W + W

, (11) 

  0

2 2

0

2
arctan

nz w
j=-

w -W
. 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷʪʦʨʘ xm ʧʨʠ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʚʳʥʫʞʜʘʶʱʝʡ 

ʩʠʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ (11):  

  0

2 2 2 2 2 2

0 0( ) 4
mx

F
=
w -W + z w W

.                                                                 (12) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟ (12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʦʙʲʝʢʪʘ 

  z =
  
[(F0 / xm)

2
  - (w0

2
 - W

2
)
2 
]
İ 

/
  
2 w0W.                              (13) 

ʂʦʵʬʬʠʮʠʝʥʪʳ a ʠ b ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ 
ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (5). ʂʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʚʠʙʨʘʪʦʨʘ ʠ ʜʘʪʯʠʢʦʚ 
ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 
ʤʦʜʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʉɸɽ- ʢʣʘʩʩʘ (ʥʘʧʨʠʤʝʨ, NX NASTRAN, ANSYS ʠ ʜʨ.).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʜʘʨʥʳʡ 
ʤʦʣʦʪʦʢ B&K 8202 ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʜʘʪʯʠʢʦʤ ʩʠʣʳ B&K 8200, ʠʤʝʶʱʠʤ ʚʳʭʦʜ ʧʦ 
ʟʘʨʷʜʫ (ʨʠʩ. 2).  

ʉʦʛʣʘʩʦʚʘʥʠʝ ʚʳʭʦʜʘ ʜʘʪʯʠʢʘ ʩʠʣʳ ʩ ʚʭʦʜʦʤ ʘʥʘʣʠʟʘʪʦʨʘ ʚʳʧʦʣʥʷʣʦʩʴ ʩ 
ʧʦʤʦʱʴʶ ʫʩʠʣʠʪʝʣʷ ʟʘʨʷʜʘ AP5000/10. ɺʠʙʨʘʮʠʦʥʥʳʡ ʦʪʢʣʠʢ ʠʟʤʝʨʷʣʩʷ ʘʢʩʝʣʝ-
ʨʦʤʝʪʨʦʤ B&K 4514B, ʠʤʝʚʰʠʤ ʚʩʪʨʦʝʥʥʳʡ ʫʩʠʣʠʪʝʣʴ [6]. ʈʘʙʦʪʘ ʠʟʤʝʨʠʪʝʣʴ-
ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʝʨʷʣʘʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚ-
ʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ 
ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ 
ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʠ ʠʤʝʶʱʝʡ ʨʘʟʤʝʨʳ ʚ ʧʣʘʥʝ 0,810 x 0,532 ʭ 0,004 ʤ. ʇʣʘʩʪʠʥʘ 
ʧʦʜʚʝʰʠʚʘʣʘʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʥʠʪʝʡ, ʟʘʢʨʝʧʣʝʥʥʳʭ 
ʧʦ ʫʛʣʘʤ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʫʜʘʨʥʦʛʦ ʤʦʣʦʪʢʘ 

Fig. 2. The scheme of measurements of vibration characteristics by the shock hammer 

 

ɼʘʪʯʠʢ ʚʠʙʨʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʫʛʣʦʚʦʡ ʪʦʯʢʝ. ɺʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʧʣʘʩʪʠʥʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʫʜʘʨʥʳʤ ʤʦʣʦʪʢʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

ʠʟʤʝʨʝʥʠʡ (ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʩʪʠʥʳ ʚ ʫʟʣʘʭ ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʩ ʰʘʛʦʤ 50 ʤʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʠʟ 176 ʪʦʯʝʢ (11x16).  

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ZETLab "ʄʦʜʘʣʴʥʳʡ 

ʘʥʘʣʠʟ". ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʫʜʘʨʦʚ ʚ ʩʠʛʥʘʣʝ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ, ʩʦʜʝʨʞʘʱʠʡ ʘʤʧʣʠʪʫʜʥʫʶ ʠ 

ʬʘʟʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʇʨʠʤʝʥʷʝʤʘʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ï 5000 ɻʮ, 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ï 4 ʩ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʣʘʩʪʠʥʘ ʟʘʛʣʫʙʣʷʣʘʩʴ ʚ ʙʘʩʩʝʡʥʝ ʠ 

ʫʜʝʨʞʠʚʘʣʘʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʥʝʚʝʩʦʤʳʭ ʨʘʩʪʷʞʝʢ ʥʘ 

ʛʣʫʙʠʥʝ ʦʢʦʣʦ 0.5 ʤ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʣʘʩʪʠʥʘ ʚʦʟʙʫʞʜʘʣʘʩʴ 

ʰʪʘʥʛʦʡ (ʚ ʬʦʨʤʝ ʠʛʣʳ), ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʘʢʩʝʣʝʨʦʤʝʪʨ B&K 4514B. 

ʆʪʢʣʠʢ ʠʟʤʝʨʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʚʦʜʥʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ɼɻ-1 (ʨʠʩ.3). 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʘʮʠʠ ʧʣʘʩʪʠʥʳ ʚ ʚʦʜʝ 

Fig. 3. The scheme of measurements of vibration characteristics  

of a plate in water 

 

ʉʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʘ ʩʠʣʳ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʜʚʫʭʢʘʥʘʣʴʥʳʡ 

ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ A19-U2 ʬʠʨʤʳ ZETLab, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ, 

ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘ-

ʯʝʡ ʜʘʥʥʳʭ ʚ ʢʦʤʧʴʶʪʝʨ (ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʦʜʢʣʶʯʝʥʠʝ ʯʝʨʝʟ USB-ʧʦʨʪ). ɺ ʭʦʜʝ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚ ʚʦʜʝ ʠ ʚ ʚʦʟʜʫʭʝ) ʙʳʣʦ ʧʦʣʫʯʝʥʦ 176 ʬʘʡʣʦʚ, ʢʘʞʜʳʡ ʠʟ 
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ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣ ʩʧʝʢʪʨ ʜʦ 2500 ɻʮ ʩ ʰʘʛʦʤ 0,1 ɻʮ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çɺʠʟʫʘʣʠʟʘʪʦʨ ʢʦʣʝʙʘʥʠʡè, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʀʥʩʪʠʪʫʪʦʤ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ  rʢʘʢ ʚ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ.  

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʠʧʘ SOLID186 (ʢʦʤʧʣʝʢʩ 

ANSYS) ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ 4450 ʢʛ/ʤ
3
, ʤʦʜʫʣʝʤ ʖʥʛʘ 1.2x10

11 
ʇʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ 0,35.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ 

çʧʨʠʢʨʝʧʣʝʥʠʷè ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʣʘʩʪʠʥʳ ʩʣʦʷ ʚʦʜʳ ʪʦʣʱʠʥʦʡ 0,4 ʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ FLUID80 (ʨʠʩ. 4). 

ɹʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʦʩʪʘʣʠʩʴ, ʚʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʠʭ 

ʧʣʦʱʘʜʠ, ʩʚʦʙʦʜʥʳʤʠ. FLUID80 ï ʵʣʝʤʝʥʪ ʩ ʥʫʣʝʚʦʡ ʩʜʚʠʛʦʚʦʡ ʞʝʩʪʢʦʩʪʴʶ, 

ʤʦʜʝʣʠʨʫʶʱʠʡ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʪʝʨʤʠʥʘʭ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. 

ʇʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʩʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʳ, ʪ.ʝ. ʧʨʠ 

çʨʘʩʩʣʦʝʥʠʠè ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʦʯʝʚʠʜʥʘʷ ʩʭʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʘ) 

 

 

 

ʙ) 

 
 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʟʜʫʭʝ ʠ ʚ ʚʦʜʝ 

Fig. 4. Analytical models of a metal plate on air and in water 

 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʣʘʩʪʠʥʳ ʢʦʤʧʣʝʢʩʘʤʠ ANSYS, 

NX NASTRAN ʠ VIRTUAL  LAB (VL). ʆʥʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʊʘʢ, ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 9%  (ʪʘʙʣ.1), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʟʜʫʭʝ ʠ ʚ ʚʦʜʝ ʦʪ ʯʘʩʪʦʪʳ.  

ɸʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʨʠʤʝʥʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʤʧʬʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʫʙʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʚʦʜʦʡ. ʊʨʫʙʘ ʠʤʝʝʪ ʜʣʠʥʫ 6, ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 

0,05, ʪʦʣʱʠʥʫ 0,005 ʤ. ʄʘʪʝʨʠʘʣ - ʩʪʘʣʴ. ʇʦ ʜʣʠʥʝ ʪʨʫʙʳ ʚʳʙʨʘʥʦ 59 ʪʦʯʝʢ ʩ 

ʰʘʛʦʤ 0,1 ʤʤ. ʆʧʦʨʥʳʡ ʜʘʪʯʠʢ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ˉ40.  
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʯʘʩʪʦʪ (ɻʮ) ʩʚʦʙʦʜʥʳʭ  

ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʟʜʫʭʝ ʠ ʚ ʚʦʜʝ 

Table 1. Comparison between analytical and experimental frequencies (Hz) of free  

fluctuations of a plate in air and in water 

"ʉʫʭʠʝ" ʤʦʜʳ, ʯʘʩʪʦʪʘ, ɻʮ ʉʚʷʟʘʥʥʳʝ ʤʦʜʳ ʚ ʚʦʜʝ, ʯʘʩʪʦʪʘ, ɻʮ 

ʕʢʩʧʝʨʠʤʝʥʪ 
AN-

SYS 

NAST-

RAN 
ʕʢʩʧʝʨʠʤʝʥʪ  

AN-

SYS 
VL 

ʆʰʠʙʢʘ, 

% 

31,5 30,5 29,78 11,7 11,24 11,13 4,85 

33,1 32,7 31,5 - 11,29 11,21  - 

69,5 70,6 68,56 25,4 27,5 27,51 8,31 

73,5 79,5 75,48 28,7 29,7 30,32 5,63 

88,1 88 85,1 33,4 33,1 33,57 0,51 

99 105,5 100,5 38,7 40,3 40,9 5,67 

129,3 131,1 126,7 51,5 54 54,17 5,19 

142,2 152,2 146,9 59,4 64,6 64,49 8,57 

180,5 185,7 177 71 70,3 72,26 1,78 

198,3 210,8 202,5 84,9 87,1 91,06 7,26 

216 227,6 217,6 96,3 95,7 95,78 0,54 

 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ ʦʪ ʯʘʩʪʦʪʳ     

ʢʦʣʝʙʘʥʠʡ ʚ ʚʦʜʝ ʠ ʚ ʚʦʟʜʫʭʝ 

Fig. 5. Dependences of damping coefficient of a plate on the fluctuation frequency 

in water and on air 

 

ɼʘʪʯʠʢ ʚʠʙʨʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʪʨʫʙʝ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢʞʝ ʚʝʨʪʠʢʘʣʴʥʦ 

ʥʘʥʦʩʠʣʠʩʴ ʫʜʘʨʳ ʤʦʣʦʪʢʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ. ʊʨʫʙʘ ʙʳʣʘ 

ʟʘʧʦʣʥʝʥʘ ʚʦʜʦʡ ʥʘ 95% ʠ  ʦʧʠʨʘʣʘʩʴ ʧʦ ʢʨʘʷʤ ʥʘ ʜʝʨʝʚʷʥʥʳʝ ʙʨʫʩʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2 ʠ ʥʘ ʨʠʩ. 6. 

ʚ ʚʦʟʜʫʭʝ 

ʚ ʚʦʜʝ 
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ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʩʪʘʣʴʥʦʡ ʪʨʫʙʳ ʩ ʚʦʜʦʡ ʠ ʙʝʟ ʚʦʜʳ  

Table 2. Values of resonant frequencies and damping coefficient of a steel pipe with 

water and without water 

 

ʅʦʤʝʨ 

ʤʦʜʳ 

ʊʨʫʙʘ ʙʝʟ ʚʦʜʳ ʊʨʫʙʘ ʩ ʚʦʜʦʡ 

ʏʘʩʪʦʪʘ,  

 ɻʮ 

ʂʦʵʬʬʠʮʠʝʥʪ  

ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ  

ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

1 4,4 0,0181 0,0705 

2 13,7 0,0119 0,02841 

3 19,0 0,0112 0,02065 

4 30,2 0,0086 0,01010 

5 50,0 0,00443 0,00939 

6 79,8 0,00346 0,00843 

7 122,3 0,0029 0,00454 

8 237,8 0,00074 0,00394 

9 302,6 0,000402 0,00434 

10 376,1 0,000584 0,0147 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʪʨʫʙʳ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

Fig. 6. Dependences of damping coefficient of a pipe on the fluctuation frequency 

 

ʆʉʅʆɺʅʓɽ ɺʓɺʆɼʓ 

1. ɾʠʜʢʦʩʪʴ, ʥʘʭʦʜʷʱʘʷʩʷ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʦʟʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʤʧʬʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ 

ʨʘʩʯʝʪʥʦʤ ʘʥʘʣʠʟʝ ʚʠʙʨʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ.  

2. ʀʩʧʦʣʴʟʫʝʤʘʷ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʨʘʩʯʝʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʫʛʠʭ ʩʫʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʇʈʀʅʎʀʇʓ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʂʆʈʇʋʉɸ ʉʂʆʈʆʉʊʅʆɻʆ ʉʋɼʅɸ  

ʀɿ ʂʆʄʇʆɿʀʊʆɺ ʇʆ ʋʉʃʆɺʀʗʄ ɽɻʆ ɺɽʉʆɺʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ  

ʀ ʆɹɽʉʇɽʏɽʅʀʗ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

 

ʄ. ʕ. ʌʨʘʥʮʝʚ 

 

PRINCIPLES OF DESIGNING HIGH-SPEED SHIP HULL FROM COMPOSITES 

BASED ON ITS WEIGHT EFFICIENCY AND LIFE CYCLE 

 

M. E. Frantsev 

 

 

ʄʠʥʠʤʫʤ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʦʨʦʞʥʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʠʤʝʥʴʰʝʡ ʤʘʩʩʳ ʝʛʦ ʢʦʨʧʫʩʘ ʧʨʠ ʨʘʚʥʳʭ ʜʨʫʛʠʭ ʩʪʘʪʴʷʭ 

ʥʘʛʨʫʟʢʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʢʨʠʪʝʨʠʡ 

ʤʠʥʠʤʫʤʘ ʪʦʣʱʠʥʳ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʫʯʠʪʳʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʚ ʥʝʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ 

ʨʘʩʩʣʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ 

ʨʘʡʦʥʝ ʜʝʬʝʢʪʘ. ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ ʧʦ 

ʢʨʠʪʝʨʠʶ ɹʝʡʣʠ ʚʳʧʦʣʥʝʥ ʜʣʷ ʛʨʫʧʧʳ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʦʰʝʜʰʠʭ 

ʦʧʝʨʘʮʠʶ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʚ ʄʦʩʢʦʚʩʢʦʤ ʨʝʛʠʦʥʝ. ʊʘʢʞʝ ʨʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʜʣʷ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ: ʧʣʘʩʪʠʥʘ ʚ ʥʦʚʦʤ ʢʦʨʧʫʩʝ, ʧʣʘʩʪʠʥʘ ʚ 

ʢʦʨʧʫʩʝ ʚ ʢʦʥʮʝ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

ʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʜʝʬʝʢʪʦʤ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ. ʉʪʘʨʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʫʯʠʪʳʚʘʣʠ ʧʦ 

ʇʨʘʚʠʣʘʤ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ (ʜʘʣʝʝ ʈʈʈ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʧʘʩ 

ʧʨʦʯʥʦʩʪʠ ʮʝʣʦʡ ʧʣʘʩʪʠʥʳ ʠ ʧʣʘʩʪʠʥʳ ʩ ʜʝʬʝʢʪʦʤ ʦʙʝʩʧʝʯʝʥ, ʚʦ ʚʪʦʨʦʤ ï ʥʝʪ, ʚ 

ʪʨʝʪʴʝʤ ï ʚʝʨʦʷʪʝʥ ʨʦʩʪ ʜʝʬʝʢʪʘ. ɺʦ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʩʣʫʯʘʷʭ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʛʨʘʥʠʯʝʥʦ ʛʦʜʥʳʤ ʠ ʥʝʛʦʜʥʳʤ.  

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʚʝʩʦʚʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ  
 
 

Minimum bare displacement of a high-speed ship from composites is ensured by 

the minimum weight of its hull. Engineering equations are given to justify the criterion of 

the minimum plate thickness of a hull from composites. Composites behavior for 

exploitation takes into account the development of internal defects such as delamination as 

well as changes in the characteristics of strength and durability of the composite in the area 

of the defect. The calculation of the concentration of internal defects such as delamination 

using Bailey criterion is made for a group of high-speed vessels from composites that have 

passed defectoscopy in the Moscow region. Also, calculations are made for internal defects 

for three cases: the plate in the new building, the plate in the hull at the end of the life cycle 

and the probability of the new plate fracture which has the internal defect such as 

delamination. Aging of the composite was based on the Rules of the Russian River Register 

(RRR). In the first case strength margin of the whole plate and the plate with a defect is 
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ensured. In the second case ïit is not. In the third case internal defect is likely to increase. In 

the second and third cases the technical condition of the hull from the composites can be 

conditionally qualified and disqualified.  

design of high-speed vessels made of composites, weight efficiency, life cycle, 

internal defects such as delamination 

 

 

ɺɺɽɼɽʅʀɽ 

ʆʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ (ʯʘʱʝ ʚʩʝʛʦ ʛʣʠʩʩʠʨʫʶʱʝʛʦ) ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʨʘʩʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʭ 

ʤʦʱʥʦʩʪʴ, ʧʦʣʥʫʶ ʤʘʩʩʫ ʩʫʜʥʘ, ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚ ʩʦʚʦʢʫʧʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʷʤʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʶʪ ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʶʙʳʭ ʪʠʧʦʚ ʩʢʦʨʦʩʪʥʳʭ 

ʩʫʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʜʨʦʙʥʝʝ ʵʪʠ ʚʦʧʨʦʩʳ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [1].  

 

ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ 

ʫʩʣʦʚʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 1 ʪ 

ʜʝʜʚʝʡʪʘ (ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ) ʥʘ 1 ʢʤ ʧʫʪʠ ʚ ʚʠʜʝ: 

minDW

qN
ʈ

D vh
= ­  .                                                                           (1) 

ɼʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ ʢ ʦʩʥʦʚʥʦʤʫ ʢʨʠʪʝʨʠʶ ʤʦʞʝʪ  ʙʳʪʴ 

ʜʦʙʘʚʣʝʥʦ ʫʩʣʦʚʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʦʜʥʦʛʦ 

ʧʘʩʩʘʞʠʨʘ ʥʘ 1 ʢʤ ʧʫʪʠ (ʥʘ 1 ʧʘʩʩ-ʢʤ) ʚ ʚʠʜʝ: 

minʇɸʉʉ

qN
ʈ

nv
= ­ .                                                                              (2) 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ.  

ʇʨʝʜʩʪʘʚʠʤ ʥʘʛʨʫʟʢʫ ʤʘʩʩ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ ʚʠʜʝ: 

DWDPD ʧʦʨ

n

i

i +==ä
=1

,                                                                    (3) 

ʛʜʝ Pi ï ʩʪʘʪʴʷ ʥʘʛʨʫʟʢʠ; Dʧʦʨ ï ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʧʦʨʦʞʥʝʤ; DW ï ʜʝʜʚʝʡʪ 

(ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ). 

ʀʟ ʫʩʣʦʚʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʢʦʨʦʩʪʥʦʝ ʩʫʜʥʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʥʘʠʙʦʣʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʝʛʦ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʧʦʣʥʦʡ ʤʘʩʩʦʡ:  

max­=
D

DW
h .                                                                                  (4) 
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ɼʝʜʚʝʡʪ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʧʦʣʥʦʡ ʤʘʩʩʦʡ ʩʫʜʥʘ ʠ ʝʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʧʦʨʦʞʥʝʤ (ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ 

ʩʫʜʥʘ), ʪʦʛʜʘ:  

max­
-

=
D

DD ʧʦʨ
h ;                                                                      (5) 

max1 ­-=
D

Dʧʦʨ
h ;                                                                         (6) 

min­
D

Dʧʦʨ
.                                                                                       (7) 

ʉʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʦʟʠʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [2]. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʤʘʨʦʢ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʩʢʦʨʦʩʪʥʳʝ ʩʫʜʘ, ʦʛʨʘʥʠʯʝʥʦ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʨʝʟʝʨʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʝʛʦ ʢʦʨʧʫʩʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʤʘʩʩʳ ʢʦʨʧʫʩʘ, ʘ ʪʘʢʞʝ 

ʝʛʦ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʇʦʜʩʠʩʪʝʤʘ çʂʦʨʧʫʩè ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʨʝʜʠ ʧʦʜʩʠʩʪʝʤ ʧʝʨʚʦʛʦ 

ʫʨʦʚʥʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʫʜʥʘ ʢʘʢ ʩʠʩʪʝʤʳ. ʋʨʘʚʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʤʘʩʩʘ ʢʦʨʧʫʩʘ ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʩʣʘʛʘʝʤʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʢʘʢ 

äää -- +=+== 11 )( ikiki PLBHqPPPD ,                                (8) 

ʛʜʝ Pk - ʤʘʩʩʘ ʧʦ ʩʪʘʪʴʝ ʥʘʛʨʫʟʢʠ çʂʦʨʧʫʩè; ɆPi-1 ï ʤʘʩʩʘ ʧʦ ʩʪʘʪʴʷʤ 

ʥʘʛʨʫʟʢʠ ʙʝʟ ʩʪʘʪʴʠ çʂʦʨʧʫʩè; L, B, H ï ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʚʳʩʦʪʘ ʢʦʨʧʫʩʘ;                 

qk ï ʢʫʙʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʢ ʝʛʦ 

ʦʙʲʝʤʫ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʙʘʟ ʜʘʥʥʳʭ. 

ʋʨʘʚʥʝʥʠʷ (3-8) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʩʫʜʥʘ (L, B, H=const) 

ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʝ ʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʦʨʦʞʥʝʤ (ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʝʩʘ ʩʫʜʥʘ). ʄʠʥʠʤʠʟʘʮʠʷ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʦʨʦʞʥʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʜʦ ʤʠʥʠʤʫʤʘ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʠ ʥʘʜʩʪʨʦʡʢʠ ʧʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʩʪʘʪʴʷʭ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʪ. ʝ. ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʋʩʣʦʚʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ 

min­ʢP .                                                                                           (9) 

ʄʘʩʩʘ ʧʦ ʩʪʘʪʴʝ çʂʦʨʧʫʩè ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ, ʢʘʢ ʤʘʩʩʘ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ, ʤʘʩʩʘ ʥʘʙʦʨʘ, ʤʘʩʩʘ ʙʣʦʢʦʚ 

ʧʣʘʚʫʯʝʩʪʠ ʠ ʩʫʤʤʘ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ ʦʙʩʪʨʦʡʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ.  

ʄʘʩʩʘ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

                        ä+++=
ʢ

ʢɹʇʥʘʙʦʙʰʢʦʨ PPPPP .                                                     (10) 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʝ ʪʨʠ ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ. ʉʫʤʤʘ ʤʘʩʩ 
ʵʣʝʤʝʥʪʦʚ ʦʙʩʪʨʦʡʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ 
ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ (ʦʥʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚ-
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ʣʷʝʪ ʜʦ 5-10% ʦʙʱʝʡ ʤʘʩʩʳ ʢʦʨʧʫʩʘ) ʠ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 
ʩʫʜʥʘ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʵʪʘ ʩʫʤʤʘ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦ ʤʦʞʝʪ ʙʳʪʴ 
ʫʯʪʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ.  

ʄʘʩʩʘ ʙʣʦʢʦʚ ʧʣʘʚʫʯʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɹʇɹʇɹʇ VP r= ,                                                                              (11) 

ʛʜʝ ɟɹʇ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʣʦʢʦʚ ʧʣʘʚʫʯʝʩʪʠ; Vɹʇ - ʦʙʲʝʤ ʙʣʦʢʦʚ 
ʧʣʘʚʫʯʝʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ 
ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʠʤʝʝʪ ʦʙʰʠʚʢʘ, ʧʦʜʢʨʝʧʣʝʥʥʘʷ ʥʘʙʦʨʦʤ. ɹʣʦʢʠ ʧʣʘʚʫʯʝʩʪʠ, 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 
ʚʦʟʜʝʡʩʪʚʫʶʪ  ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʥʘ ʥʘʯʘʣʴʥʦʤ 
ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʩ ʚʳʩʦʢʦʡ ʚʝʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 
ʦʥʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʩʢʣʶʯʘʶʪʩʷ.  ʇʨʝʜʩʪʘʚʠʤ ʯʘʩʪʴ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʚ ʚʠʜʝ 
ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

2/3

1 1

2/3

1 2

[ ( )

( )( ) ( ) ]

ʢʦʨ ʦʙʰ ʥʘʙ ʢʤ ʩʨ k ʛʘʙ ʛʘʙ

ʛʘʙ ʥ ʛʘʙ ʥ ʥ ʥ ʥ ʥ

P P P t b a L B H

L L B B a L B H

r d

a d

= + = +

+ - - +
   ,               

(12) 
ʛʜʝ Pʢʦʨ1 ï ʯʘʩʪʴ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʚ ʚʠʜʝ ʤʘʩʩʳ ʦʙʰʠʚʢʠ ʠ ʥʘʙʦʨʘ;              

Lʛʘʙ, Bʛʘʙ ï ʛʘʙʘʨʠʪʥʘʷ ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʢʦʨʧʫʩʘ; H ï ʚʳʩʦʪʘ ʙʦʨʪʘ;                          
Lʥ, Bʥ ï ʛʘʙʘʨʠʪʥʘʷ ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʥʘʜʩʪʨʦʡʢʠ; Hʥ ï ʚʳʩʦʪʘ ʥʘʜʩʪʨʦʡʢʠ;               
ŭk ŭʥ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʥʦʪʳ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʠ ʥʘʜʩʪʨʦʡʢʠ;                                  
a1 a2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; Ŭ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ 
ʚʘʪʝʨʣʠʥʠʠ ʥʘ ʫʨʦʚʥʝ ʧʘʣʫʙʳ; b ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʝʩʪʴ ʤʘʩʩʫ 
ʥʘʙʦʨʘ ʚ ʤʘʩʩʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʦʨʧʫʩʘ;  tʩʨ ï ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ;               
ɟʂʄ ï ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: 

2

ʩʚ ʩʚ ʘʨʤ ʘʨʤ

ʂʄ

k p k p
r

+
= ,                                                                    (13) 

ʛʜʝ   pʩʚ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʩʚʷʟʫʶʱʝʛʦ; kʩʚ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 
ʩʦʜʝʨʞʘʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʠ; pʘʨʤ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʘʨʤʠʨʫʶʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ; kʘʨʤ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʦʜʝʨʞʘʥʠʝ ʘʨʤʠʨʫʶʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʩʪʘʚʝ  ʢʦʤʧʦʟʠʮʠʠ. 

ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ  tʩʨ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  
ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ.  

ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʩ 
ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʦʣʥ ʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

1

max
k

DL
M = ,                                                                                         (14) 

ʛʜʝ   Mmax - ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʢʦʨʧʫʩʘ ʦʪ ʦʙʱʝʛʦ ʠʟʛʠʙʘ; D ï ʧʦʣʥʦʝ 
ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ; L ï ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʢʦʨʧʫʩʘ; k1 ï ʢʦʵʬʬʠʮʠʝʥʪ, 
ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʚʦʣʥ ʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 
ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ [3] ʚʝʣʠʯʠʥʘ  
ʢʦʵʬʬʠʮʠʝʥʪʘ k1 ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ 

ʚ

Fr

h
ek D

5,2
)4,233(

1,1

1

-
+=  ,                                                                  (15) 
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ʛʜʝ   FrD ï ʯʠʩʣʦ ʌʨʫʜʘ ʧʦ ʚʦʜʦʠʟʤʝʱʝʥʠʶ; hʚ ï ʨʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʚʦʣʥʳ. 
ʋʨʘʚʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʚʠʜ:  

max 0ʂʄM k Ws= ,                                                                                (16) 

ʛʜʝ Mmax - ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʦʙʱʝʛʦ ʠʟʛʠʙʘ ʩʫʜʥʘ ʚ ʥʘʠʙʦʣʝʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʣʫʯʘʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ; ů0ʂʄ - ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʘ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; W - ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʥʘ 

ʤʠʜʝʣʝ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

2

FH
W kh= ,                                                                                          

(17) 

ʛʜʝ F ï ʧʣʦʱʘʜʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʙʨʫʩʘ; ɖk ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʬʠʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ. 

 ʇʨʠʨʘʚʥʠʚʘʷ ʚʳʨʘʞʝʥʠʷ (14) ʠ (16) ʩ ʫʯʝʪʦʤ (17), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

0

1 2

ʂʄ kk FHDL

k

s h
= .                                                                              

(18) 

ʂʦʨʧʫʩ ʩʢʦʨʦʩʪʥʦʛʦ  ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ ʮʝʣʷʭ ʨʘʩʯʝʪʘ ʦʙʱʝʡ 

ʧʨʦʯʥʦʩʪʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʘʣʢʘ ʩ ʥʝʧʨʠʟʤʘʪʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ. ʉ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʙʱʝʤ ʠʟʛʠʙʝ (18)  ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ 

ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʢʦʤʧʦʟʠʪʘ ʢʦʨʧʫʩʘ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ: 

0

1

2
ʂʄ

k

DL

kk FH
s

h
=  .                                                                               (19) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʜʦʚ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʨʦʤʝ ʜʝʨʝʚʷʥʥʳʭ 

ʩʫʜʦʚ) ʦʙʱʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʛʦ ʦʙʰʠʚʢʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʠ 

ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʙʣʠʟʦʢ ʝʜʠʥʠʮʝ.   

ʇʦʵʪʦʤʫ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʙʝʟ ʫʯʝʪʘ ʧʣʦʱʘʜʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʙʦʨʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʘ, ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ 

( )   k ʛʘʙ ʩʨW B H t Hh= +  ,                                                               (20) 

ʛʜʝ  tʩʨ ï ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ. 

ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʚ ʩʝʯʝʥʠʠ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ  

( )
ʩʨ

k ʛʘʙ

W
t

B H Hh
=

+
  .                                                                            (21) 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (18) ʠ (20) ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ  tʩʨ  

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʂʄʛʘʙʢ

ʩʨ
HHBkk

DL
t

01 )(

2

sh +
=                                                           (22) 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʩʢʦʨʦʩʪʥʦʛʦ 

ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ, 
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ʪʘʢʞʝ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ ʮʝʣʷʭ ʨʘʩʯʝʪʘ 

ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʠʪʴ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ. 

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʠ ʚʝʨʭʥʠʭ 

ʩʪʨʦʝʥʠʡ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʠʣʠ ʦʙʦʣʦʯʢʫ. ʇʨʠ ʵʪʦʤ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʦʨʧʫʩʘ ʠ ʚʝʨʭʥʠʭ ʩʪʨʦʝʥʠʡ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʨʷʜ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʠ 

ʦʙʦʣʦʯʝʢ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ. 

ʕʪʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʠʩʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ ʠ ʥʘʜʩʪʨʦʡʢʠ 

ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ. ʊʘʢʘʷ ʨʘʟʙʠʚʢʘ, ʷʚʣʷʷʩʴ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦʡ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʚ ʧʨʝʜʝʣʘʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʨʘʚʥʝʥʠʷ (22) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʘʭ ʢʦʨʧʫʩʘ ʫʩʣʦʚʠʝ ʝʛʦ 

ʚʝʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (9) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʪʦʣʱʠʥʳ 

ʝʛʦ ʦʙʰʠʚʢʠ: 

minʩʨt ­ .                                                                                             (23) 

ɺʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʫʜʦʚʳʝ ʢʦʨʧʫʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʠʤʝʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʜ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠʟ ʢʦʤʧʦʟʠʪʘ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʚʘʷ, 

ʨʘʙʦʪʘʶʱʘʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ çʂʦʨʧʫʩè ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʠʝ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ.  

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʩʫʜʦʚʳʭ 

ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʘʧʨʠʤʝʨ, ʚʘʢʫʫʤʥʘʷ ʠʥʬʫʟʠʷ ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ           

RTM-ʧʨʦʮʝʩʩʦʚ [4].  

 

  
 

ʈʠʩ.  1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ  

ʜʝʬʝʢʪʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ 
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Fig. 1. Sequence of decomposition and assessment of the impact of internal 

defect at determining structural behavior of the ship hull from composites 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʫʜʦʚʳʭ 

ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ ʠ ʥʝʧʨʦʢʣʝʡ, ʢʦʪʦʨʳʝ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ 

ʩʥʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʤʦʞʝʥ ʨʦʩʪ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʝʢʪʘʥʪʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ 

ʩʫʜʦʚʦʛʦ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʯʝʪ 

ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʬʝʢʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1). 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʜʝʡʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ. ʇʨʠʨʦʜʘ, ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ 

ʠʜʝʥʪʠʯʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʨʧʫʩʘ ʩʫʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ 

ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʫʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʰʘʶʪʩʷ ʥʝ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʦ. 

ɺ ʨʘʙʦʪʘʭ [5, 6] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʤʳʩʣʦʚʳʭ 

ʩʫʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ, ʧʨʠʤʝʥʝʥʘ ʪʝʦʨʠʷ ʧʦʪʦʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʪʦʢʘ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʩ ʧʦʪʦʢʦʤ ʧʦʚʨʝʞʜʝʥʠʡ 

ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʩʥʦʚʝ ʚ ʚʠʜʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ 

ʬʫʥʢʮʠʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʠ 

ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʩʦʙʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʜʝʬʝʢʪʘ.   

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʢɻʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʘ. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʷ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʢʘʢʠʤ-ʣʠʙʦ ʜʝʬʝʢʪʦʤ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ, 

ʥʦʨʤʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ, 

ʥʘʢʣʘʜʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ.  

ʈʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʧʨʦʝʢʪʥʦʡ ʛʦʜʥʦʩʪʠ ʩʫʜʦʚʦʡ ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʥʝʡ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʮʝʣʦʡ ʠ ʨʘʩʩʣʦʠʚʰʝʡʩʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʦʧʨʦʩʳ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʦʧʨʦʩʘʤʠ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʫʜʦʚʦʡ ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʪʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ ʫʪʨʘʪʳ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʘʥʘʣʠʟʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 
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ʩʫʜʦʚʦʡ ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʪʘ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʘ ʪʠʧʘ 

ʨʘʩʩʣʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ. ɺʩʝ ʵʪʠ ʚʦʧʨʦʩʳ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [7, 8]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʟʨʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʧʫʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʚʷʟʳʚʘʥʠʠ 

ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʥʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʨʝʰʝʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʮʠʬʠʢʘ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠ ʤʝʭʘʥʠʟʤʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʞʠʜʢʦʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʥʘʨʫʞʥʦʡ 

ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʛʣʠʩʩʠʨʫʶʱʝʛʦ ʩʫʜʥʘ, ʩʦʟʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ 

ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʜʨʦʙʥʝʝ ʚʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʜʝʬʝʢʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʫʩʣʦʚʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʫʜʦʚʦʡ ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [9]. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʝ ʢʦʨʧʫʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ, ʤʝʥʷʶʱʠʭʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʞʝʩʪʢʠʤ ʢʦʤʧʦʟʠʪʘʤ ʪʠʧʘ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ, ʥʝ ʦʙʣʘʜʘʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ,  ʧʨʠʛʦʜʥʫʶ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʫ ʜʘʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʛʠʧʦʪʝʟʦʡ ʣʠʥʝʡʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʚʘʨʠʘʥʪʝ ɹʝʡʣʠ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʫʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʢʨʠʪʝʨʠʡ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ɹʝʡʣʠ 

ʜʣʷ ʚʨʝʤʝʥʠ ʨʘʟʨʫʰʝʥʠʷ t ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  

,  

                                                                                         (24) 

ʛʜʝ    t(s) ï ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ s.  

ʇʨʠʥʮʠʧʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ,  ʠʭ ʬʦʨʤ 

ʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʨʝʞʠʤʘʤʠ ʥʘʛʨʫʞʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʥʦʡ ʤʘʩʩʳ, ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʡ, ʤʝʪʦʜʘʤʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʝʩʪʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʥʝʦʙʭʦʜʠʤʘ ʛʨʫʧʧʠʨʦʚʢʘ ʧʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʩʫʜʦʚ  ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ, ʠʤʝʶʱʝʤʫ ʨʘʟʣʠʯʥʳʡ ʨʝʩʫʨʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

[7, 9, 10].  
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ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ ʧʨʦʩʣʝʜʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʢʦʨʧʫʩʝ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʜʝʬʝʢʪʦʚ ʪʠʧʘ 

ʨʘʩʩʣʦʝʥʠʝ, ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴʶ ʠ ʨʝʩʫʨʩʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʥʘ.      

ʄʝʪʦʜʠʢʘ ʫʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʢʦʨʧʫʩʝ 

ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʯʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʫʯʝʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʦʪʯʘʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ 

(ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ). ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ 

ʨʘʩʩʣʦʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ɹʝʡʣʠ ʚʳʧʦʣʥʝʥ ʜʣʷ ʛʨʫʧʧʳ ʩʫʜʦʚ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩʫʜʦʚ, ʧʨʦʰʝʜʰʠʭ ʦʧʝʨʘʮʠʶ 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʨʠ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʠ ʥʘ ʧʨʝʜʤʝʪ ʛʦʜʥʦʩʪʠ ʢ ʧʣʘʚʘʥʠʶ ʚ 

ʄʦʩʢʦʚʩʢʦʤ ʬʠʣʠʘʣʝ ʈʈʈ ʚ 2007-2010 ʛʛ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʘʶʱʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʥʷʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʨʝʩʫʨʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʥʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʨʘʩʯʝʪʝ  ʙʳʣʘ 

ʚʳʯʠʩʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʜʝʬʝʢʪʦʚ ʢ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʰʠʚʢʠ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʨʧʫʩʦʚ [11]. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ: 

4,2411531,0)( +== ttfK ,                                                                (25) 

ʛʜʝ  K ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʣʦʝʥʠʡ; t ï ʨʝʩʫʨʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʨʧʫʩʘ.    

ɺʳʧʦʣʥʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʛʠʧʦʪʝʟʳ ʣʠʥʝʡʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʚʘʨʠʘʥʪʝ ɹʝʡʣʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʨʧʫʩʦʚ 

ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʪʝʯʝʥʠʝ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʨʧʫʩʘ. ʈʘʩʯʝʪ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ 

ʚʠʜʝ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʨʝʩʫʨʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʫʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʥʘ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. 

ɼʣʷ ʚʳʚʦʜʘ ʙʦʣʝʝ ʪʦʯʥʳʭ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠʟ ʢʦʤʧʦʟʠʪʦʚ, ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʫʜʦʚ ʠʟ 

ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ, ʙʣʠʟʢʠʭ ʣʝʪ ʚʳʧʫʩʢʘ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʝʛʦ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. ɼʣʷ ʧʨʠʤʝʨʘ ʚʟʷʪʦ ʛʣʠʩʩʠʨʫʶʱʝʝ ʩʫʜʥʦ çɸʢʚʘʣʘʡʥ 210è 

ʧʨʦʝʢʪʘ ʠ ʧʦʩʪʨʦʡʢʠ ɻʅʇʈʂʎ çʎʉʂɹ çʇʨʦʛʨʝʩʩè (ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ). 

ʊʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʙʦʨʦʯʥʳʝ ʯʝʨʪʝʞʠ ʢʦʨʧʫʩʘ ʵʪʦʛʦ 

ʩʫʜʥʘ, ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʄʦʩʢʦʚʩʢʠʡ ʬʠʣʠʘʣ ʈʈʈ, ʛʜʝ ʩʫʜʘ ʵʪʦʛʦ 

ʧʨʦʝʢʪʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʝʤ. 

ʇʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʵʣʝʤʝʥʪʝ ʩʫʜʦʚʦʛʦ 

ʢʦʨʧʫʩʘ, ʚʳʙʨʘʥ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʜʥʠʱʝʚʦʡ ʦʙʰʠʚʢʠ. ɺ 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 
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ʧʣʘʩʪʠʥʝ  ʠʤʝʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʜʝʬʝʢʪ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ. ʇʨʦʯʥʦʩʪʴ ʧʣʘʩʪʠʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʚ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʨʧʫʩʘ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʬʝʢʪʘ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʧʣʦʱʘʜʴʶ 440 ʤʤ
2
, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʥʘ ʜʥʠʱʝʚʦʤ ʧʝʨʝʢʨʳʪʠʠ, ʥʝʜʘʣʝʢʦ ʦʪ 

ʩʢʫʣʳ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʪʨʝʭ ʩʣʫʯʘʝʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʧʣʘʩʪʠʥʘ ʚ ʥʦʚʦʤ ʢʦʨʧʫʩʝ, ʩʦʜʝʨʞʘʱʘʷ ʜʝʬʝʢʪ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ 

ʨʘʟʤʝʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ 

ʧʣʘʩʪʠʥʳ, ʩʦʜʝʨʞʘʱʝʡ ʜʝʬʝʢʪ ʧʣʦʱʘʜʴʶ 440 ʤʤ
2
 ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, ʠʟ 

ʩʦʩʪʘʨʠʚʰʝʛʦʩʷ ʢʦʤʧʦʟʠʪʘ ʚ ʢʦʥʮʝ ʩʨʦʢʘ ʝʛʦ ʩʣʫʞʙʳ (ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʫʜʥʘ), ʫ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʠʚʰʠʝʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 

ʇʨʘʚʠʣʘʤ ʈʈʈ [12]. ɺ ʪʨʝʪʴʝʤ ī ʦʮʝʥʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 

ʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ʚ ʨʘʡʦʥʝ ʜʝʬʝʢʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʫʢʘʟʘʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʈʘʟʨʫʰʝʥʠʝ ʩʯʠʪʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʚʝʣʠʯʠʥʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʣʠʩʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʣʷ ʮʝʣʳʭ ʫʯʘʩʪʢʦʚ ʧʣʘʩʪʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ ʜʝʬʝʢʪʘʤʠ. 

ʏʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Microsoft 

Excel. ʌʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʳ ʚ ʝʜʠʥʠʮʘʭ ʩʠʩʪʝʤʳ ʄʂɻʉʉ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥ ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʜʨʫʛʠʭ ʬʦʨʤʫʣʘʭ ʧʦʣʫʯʝʥʳ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ, ʠʤʝʶʱʠʭ ʵʪʫ ʨʘʟʤʝʨʥʦʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʮʝʣʦʡ ʧʣʘʩʪʠʥʝ ʥʦʚʦʛʦ ʢʦʨʧʫʩʘ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʨʘʟʘ. ɺ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 

ʜʦʧʫʩʢʘʝʤʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ 

ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ 

ʩʫʜʦʚ (ʨʠʩ. 2 ʩʣʝʚʘ). ʕʪʠ ʞʝ ʚʝʣʠʯʠʥʳ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʢʦʨʧʫʩʘ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ʚ 

ʢʦʥʮʝ ʩʨʦʢʘ ʝʛʦ ʩʣʫʞʙʳ (ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʫʜʥʘ) ʩ ʫʯʝʪʦʤ ʩʪʘʨʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 

ʧʦ ʇʨʘʚʠʣʘʤ ʈʈʈ (ʨʠʩ. 2 ʚ ʮʝʥʪʨʝ). ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʮʝʣʦʡ ʧʣʘʩʪʠʥʳ 

ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʢʦʥʮʝ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠ 

ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʥʝ ʦʙʝʩʧʝʯʝʥ, ʪʘʢ ʢʘʢ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʝʦʙʭʦʜʠʤʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʥʘ ʛʣʘʜʢʦʡ ʚʦʜʝ ʠ ʚ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʚʦʣʥʝʥʠʠ. ɺ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ ʪʠʧʘ ʨʘʩʩʣʦʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʦʩʪʘʨʠʚʰʝʤʩʷ ʢʦʨʧʫʩʝ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʥʳʡ ʨʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 2 ʩʧʨʘʚʘ), ʯʪʦ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ ʪʠʧʘ 

ʨʘʩʩʣʦʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʦʚʦʤ ʢʦʨʧʫʩʝ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  
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ʈʠʩ. 2. ɼʝʡʩʪʚʫʶʱʠʝ ʠ ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʣʦʡ ʥʦʚʦʡ ʧʣʘʩʪʠʥʝ  
ʠʟ ʢʦʤʧʦʟʠʪʘ ʠ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ (ʩʣʝʚʘ) ʚ ʮʝʣʦʡ ʧʣʘʩʪʠʥʝ ʠʟ ʢʦʤʧʦʟʠʪʘ ʠ ʚ ʟʦʥʝ 
ʜʝʬʝʢʪʘ ʩ ʫʯʝʪʦʤ ʩʪʘʨʝʥʠʷ ʧʦ ʇʨʘʚʠʣʘʤ ʈʈʈ (ʚ ʮʝʥʪʨʝ) ʜʝʡʩʪʚʫʶʱʠʝ  
ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʦʚʦʡ ʧʣʘʩʪʠʥʝ ʠʟ ʢʦʤʧʦʟʠʪʘ (ʩʧʨʘʚʘ) 

Fig. 2. Effective and allowable voltage in a whole new composite plate, and in the 
defect zone (on the left) in the whole composite plate, and in the defect zone subject 

 to aging, based on Rules of RRR (in the center) effective and critical voltage of the new 
composite plate (on the right) 

  
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʚ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ, ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʯʝʪʥʦʛʦ ʚʦʣʥʝʥʠʷ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʨʦʩʪ ʨʘʟʤʝʨʦʚ ʜʝʬʝʢʪʘ. ʇʦ 
ʢʨʠʪʝʨʠʶ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 
ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʦ ʥʝʛʦʜʥʳʤ. 

 
ɺʓɺʆɼʓ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ 
ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʣʠʟʢʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 
ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʨʧʫʩʘ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʠʟ 
ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʫʩʣʦʚʠʶ ʚʝʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʫʯʝʩʪʴ ʚʩʶ 
ʛʘʤʤʫ ʦʞʠʜʘʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʚʠʥʫʪʴ 
ʨʷʜ ʥʦʚʳʭ ʪʝʦʨʠʡ ʠ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʩʫʜʦʚʳʭ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 
ʢʦʤʧʦʟʠʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʥʮʝʧʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʢʨʦʤʝ ʪʦʛʦ,  ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʫʜʥʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 
ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʪʘ ʚ ʮʝʣʦʤ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʜʦʨʦʞʘʥʠʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  
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ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʵʢʩʢʣʘʚʥʦʛʦ ʨʝʛʠʦʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ 

ʦʪʨʘʞʘʝʪ ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ ʠ ʢʨʠʟʠʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ. ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ. ɺʳʷʚʣʝʥʳ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ, ʦʧʠʩʘʥʳ ʪʨʠ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ 

ʧʝʨʠʦʜʘ (ʬʘʟʳ): ʜʦʙʠʬʫʨʢʘʮʠʦʥʥʳʡ, ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʠ ʧʦʩʣʝʙʠʬʫʨʢʘʮʠʦʥʥʳʡ. 

ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʠ ʪʠʧʘ ʩʪʨʘʪʝʛʠʠ  ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ: 

ʠʤʧʦʨʪʦʬʦʢʫʩʠʨʦʚʘʥʠʝ, ʯʘʩʪʠʯʥʦʝ ʠ ʪʦʪʘʣʴʥʦʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ. ʈʘʩʩʯʠʪʘʥʦ 

ʜʦʣʝʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʥʦʨʤ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʦʩʪʘʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ, ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʘʢʪʘʤ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʚ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʯʠʪʘʥʘ 

ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʚ 2015 ʛ., ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚ ʠ ʦʙʲʝʤʳ (ʚ ʥʘʪʫʨʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ) ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ 2015-2016 ʛʛ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʲʝʤʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩʦʛʣʘʩʥʦ ʪʘʢʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤ ʘʢʪʘʤ, ʢʘʢ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 227 çʆ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʝ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè ʦʪ 03.12.2012 ʠ ʧʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 02.08.2010 N 593ʥ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʦʨʤʘʤ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʚʝʯʘʶʱʠʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʵʢʩʢʣʘʚʥʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʢʦʨʟʠʥʘ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ,   

ʵʢʩʢʣʘʚʥʳʡ ʨʝʛʠʦʥ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

 

This article is devoted to the urgent problems of import substitution and food 

security in the Russian exclave of Kaliningrad. It examines the stages and status of the 

agriculture system development in the region using a bifurcation analysis. This analysis 

reflects problematic zones, and the current crisis conditions of the (Russian) agro-

industrial system. The point of bifurcation was identified, three bifurcation periods 
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(phases) such as pre-bifurcation, bifurcation and after-bifurcation were described .The 

article also identifies three types of import substitution strategy like focusing on import, 

partial import substitution, and total import substitution. A consumer basket in the 

Kaliningrad region and its components were analyzed. Amounts of food consumption 

were compared according to several legislative acts. In an attempt to ensure food 

security, the research addresses the development and procedures of the agricultural 

sector in Kaliningrad. The level of self-sufficiency in Kaliningrad during 2015 and into 

2016 is examined, in addition to the food basket composition and volume of 

consumption. The possible ways of agricultural development based on the import 

substitution were offered in order to ensure food security. 

bifurcation analysis, consumer basket, agriculture, exclave region, food security 

 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ. ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʚ 

ʩʚʷʟʠ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʩʝʧʘʨʘʪʠʟʤʦʤ ʦʩʦʙʝʥʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʠ 

ʧʦʜʜʝʨʞʢʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʳʙʦʣʦʚʩʪʚʘ. ʉʪʨʘʪʝʛʠʷ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʥʘ 

ʢʦʪʦʨʦʡ ʦʩʥʦʚʳʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʢʫʱʠʝ 

ʧʨʦʝʢʪʳ ʠ ʧʨʦʛʨʘʤʤʳ, ʤʦʞʝʪ ʥʝ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ.  

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɹʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʵʢʩʢʣʘʚʥʦʛʦ 

ʨʝʛʠʦʥʘ ʦʪʨʘʞʘʝʪ ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ ʠ ʢʨʠʟʠʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʢʘʢ ʩʠʩʪʝʤʳ. 

ʊʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ - ʵʪʦ ʢʨʠʟʠʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʩʪʘʙʠʣʴʥʦʤ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜ ʚʳʙʦʨʦʤ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʙʝʩʢʦʥʝʯʥʳʭ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ [1].  

ʇʝʨʚʘʷ ʬʘʟʘ - ʜʦʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʨʠʩ. 1, (1)), ʠʣʠ ʧʝʨʠʦʜ 

ʩʠʩʪʝʤʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʛʜʘ ʨʘʙʦʪʘʶʪ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʟʤʝʥʝʥʠʷ 

ʚʥʫʪʨʠʩʠʩʪʝʤʥʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʛʜʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʝʝ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ [2].  

ɺʪʦʨʘʷ ʬʘʟʘ - ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠʣʠ ʧʝʨʠʦʜ ʩʠʩʪʝʤʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʛʜʘ ʚ ʪʦʯʢʝ ʙʠʬʫʨʢʘʮʠʠ ʫʪʨʘʯʠʚʘʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʠʣʳ, 

ʧʦʜʘʚʣʷʝʤʳʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ. ʉʠʩʪʝʤʘ ʥʝ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʝʧʝʨʴ 

ʚ ʧʨʝʞʥʝʤ ʢʘʯʝʩʪʚʝ, ʟʜʝʩʴ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʨʝʪʴʷ ʬʘʟʘ - ʧʦʩʣʝʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʠʣʠ ʧʝʨʠʦʜ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʶʱʠʡ ʧʦʨʷʜʦʢ ʥʦʩʠʪ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʥʪʘʥʥʦʛʦ ʜʨʝʡʬʘ ʩʠʩʪʝʤʳ ʢ ʥʦʚʦʤʫ 

ʘʪʪʨʘʢʪʠʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɸʪʪʨʘʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʟʘʜʘʶʱʠʝ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʦʨʷʜʦʢ, ʦʙʨʝʪʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʦʧʦʨʫ, ʧʨʦʜʦʣʞʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʩʠʣʫ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʤʝʥ 

ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʵʥʪʨʦʧʠʡʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʥʦʚʘ ʥʝ 

ʜʦʩʪʠʛʥʫʪ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ 

ʩʯʠʪʘʶʪ ʮʠʢʣʠʯʝʩʢʠʤ. 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʬʘʟʳ ʙʠʬʫʨʢʘʮʠʠ.  
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ʈʠʩ. 1. ʌʘʟʳ ʙʠʬʫʨʢʘʮʠʠ (ʜʦʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (1), ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ (2), ʧʦʩʣʝʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (3)) 

Fig. 1. Bifurcation phases (prebifurcation period (1), bifurcation period (2),  

after bifurcation period (3)) 

 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʚʳʨʘʱʠʚʘʥʠʝ (ʨʘʟʚʝʜʝʥʠʝ), ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʠʩʪʨʠʙʫʮʠʷ, ʩʙʳʪ ʠ ʪ.ʧ. ɼʘʣʴʥʝʡʰʠʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʩʠʩʪʝʤʳ ʥʝʠʟʚʝʩʪʝʥ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ. 

ʂʨʠʟʠʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʥʘ ʥʝʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ʅʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʢʦʥʮʝ 2014 ï ʥʘʯʘʣʝ 2015 ʛ. ʧʦʚʣʠʷʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ: 

ʧʦʩʣʝʜʩʪʚʠʷ ʚʩʪʫʧʣʝʥʠʷ ʈʦʩʩʠʠ ʚ ɺʊʆ ʚ 2012 ʛ., ʚʚʝʜʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ 

ʩʘʥʢʮʠʡ ʠ ʵʤʙʘʨʛʦ ʠ ʦʪʤʝʥʘ ʜʝʡʩʪʚʠʷ ʪʘʤʦʞʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʆʕɿ.  

ʊʦ ʢʨʠʟʠʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ 

ʨʳʙʦʣʦʚʩʪʚʦ ʵʢʩʢʣʘʚʥʦʛʦ ʨʝʛʠʦʥʘ, ï ʵʪʦ ʠʭ ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ. ʉʠʩʪʝʤʘ ʥʝ 

ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʝʧʝʨʴ ʚ ʧʨʝʞʥʝʤ ʢʘʯʝʩʪʚʝ, ʟʜʝʩʴ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʣʴʥʝʡʰʠʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʦʞʥʦ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ (ʙʝʩʢʦʥʝʯʥʳʤ) ʥʘʧʨʘʚʣʝʥʠʷʤ (ʘʣʴʪʝʨʥʘʪʠʚʘʤ), 

ʦʜʥʘʢʦ ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʬʫʨʢʘʮʠʦʥʥʳʝ ʬʘʟʳ ʠ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ 

ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2016 ʛ.  

 
ʈʠʩ. 2. ɹʠʬʫʨʢʘʮʠʦʥʥʳʝ ʬʘʟʳ ʠ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ  

ʚ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2016 ʛ. 

Fig. 2. Bifurcation phases and the point of bifurcation of the agricultural system  

(from 2010 to 2016) 

 

ʇʝʨʠʦʜ ʩ 2010 ʧʦ 2014 ʛ. ʥʘʟʳʚʘʝʪʩʷ ʜʦʙʠʬʫʨʢʘʮʠʦʥʥʳʤ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʘʟʚʠʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦ, ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʪ. ʝ. ʥʝ ʙʳʣʘ 

ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʝʰʥʠʭ/ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʢʦʥʮʝ 2014 ï ʥʘʯʘʣʝ 2015 ʛ. ʚʚʝʜʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʩʘʥʢʮʠʡ ʠ ʵʤ-

ʙʘʨʛʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʚʝʣʠ ʩʠʩʪʝʤʫ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 
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ʦʙʣʘʩʪʠ ʢ ʪʦʯʢʝ ʙʠʬʫʨʢʘʮʠʠ 1. ʊʘʢʞʝ ʥʘ ʵʪʦ ʧʦʚʣʠʷʣʠ ʧʦʩʣʝʜʩʪʚʠʷ ʚʩʪʫʧʣʝʥʠʷ 

ʈʦʩʩʠʠ ʚ ɺʊʆ ʚ 2012 ʛ.  

ʉʠʩʪʝʤʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʝʨʝʡʜʝʪ ʚ ʧʦʩʣʝʙʠʬʫʨʢʘʮʠʦʥʥʫʶ ʬʘʟʫ ʚ 

ʩʝʨʝʜʠʥʝ 2016 ʛ., ʢʦʛʜʘ ʩʫʙʲʝʢʪʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʦʣʢʥʫʪʩʷ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 

ʦʪʤʝʥʳ ʣʴʛʦʪʥʦʛʦ ʪʘʤʦʞʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʝʡʩʪʚʠʷ ʆʕɿ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛ-

ʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʢʘʢʦʡ-ʪʦ ʘʪʪʨʘʢʪʠʚʝ 

(ʢʦʥʢʨʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ) ʠ ʚʦʟʥʠʢʥʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ, ʪ. ʝ. ʩ 2016 ʛ. 

ʙʫʜʝʪ ʥʦʚʘʷ ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ 2).  

ʀʟ ʨʠʩ. 2 ʪʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ 2016 ʛ., ʩʦʛʣʘʩʥʦ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ, ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʙʫʜʝʪ ʙʝʟʛʨʘʥʠʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

¶ ʠʤʧʦʨʪʦʬʦʢʫʩʠʨʦʚʘʥʠʝ (ʧʦʢʫʧʢʘ ʠʤʧʦʨʪʥʳʭ ʪʦʚʘʨʦʚ ʠʟ ʩʪʨʘʥ 

ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ); 

¶ ʯʘʩʪʠʯʥʦʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ (ʟʘʤʝʱʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʤʧʦʨʪʥʳʭ 

ʪʦʚʘʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ); 

¶ ʪʦʪʘʣʴʥʦʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ (ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʜʝʬʠʮʠʪ ʥʝʢʦʪʦʨʳʭ ʪʦʚʘʨʦʚ). 

ʉʦʛʣʘʩʥʦ ʜʦʢʪʨʠʥʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʘʪʪʨʘʢʪʠʚʦʡ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ 2 ʷʚʣʷʝʪʩʷ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ. ʆʜʥʘʢʦ ʦʜʥʠ ʧʦʣʠʪʦʣʦʛʠ ʠ ʵʢʦʥʦʤʠʩʪʳ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ 

ʪʘʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʪʦʪʘʣʴʥʦʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ. ʅʦ ʪʘʢʦʝ 

ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʷ ʤʦʞʝʪ ʧʦʥʝʩʪʠ ʟʘ ʩʦʙʦʡ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʚʠʜʝ ʜʝʬʠʮʠʪʘ ʪʦʚʘʨʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʱʝʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʟʠʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɺʣʘʜʠʤʠʨ ʇʫʪʠʥ ʟʘʷʚʠʣ, ʯʪʦ çéʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ - ʵʪʦ ʥʝ ʧʘʥʘʮʝʷ, ʤʳ ʥʝ 

ʩʦʙʠʨʘʝʤʩʷ ʚʩʝ ʠʤʧʦʨʪʦʟʘʤʝʱʘʪʴ: ʙʝʩʩʤʳʩʣʝʥʥʦ ʠ ʛʣʫʧʦè. ʇʦ ʩʣʦʚʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ, ʟʘʤʝʱʘʪʴ ʠʤʧʦʨʪ ʩʣʝʜʫʝʪ çʪʘʤ, ʛʜʝ ʫ ʥʘʩ ʪʦʯʥʦ ʩʦʚʝʨʰʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʦʷ 

ʩʦʙʩʪʚʝʥʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʚʦʟʨʦʞʜʝʥʘ ʣʠʙʦ ʩʦʟʜʘʥʘ ʟʘʥʦʚʦè [3]. 

ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʠʤʧʦʨʪʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʧʨʦʜʘʥʥʳʤʠ ʧʦ ʩʨʝʜʥʝʨʳʥʦʯʥʳʤ ʮʝʥʘʤ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʢʣʘʚʥʦʛʦ ʨʝʛʠʦʥʘ ʚʝʣʠʢʘ ʠ ʘʢʪʫʘʣʴʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʫʨʦʚʝʥʴ ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʢʦʪʦʨʳʤʠ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ 2015 ʛ. [4]. 

 

ʊʘʙʣʠʮʘ 1. ʉʘʤʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ 2015 ʛ.  

Table 1. Self-sufficiency of the Kaliningrad regions in some kinds of food in 2015 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʅʦʨʤʘ  

ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 

ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ 

ʚ ʛʦʜ, ʢʛ 

ʇʦʪʨʝʙʣʝʥʠʝ  

(ʣʠʯʥʦʝ,  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ, 

ʧʦʪʝʨʠ), ʪʳʩ. ʪ 

ʇʨʦʠʟʚʝʜʝʥʦ ʚ 

2015 ʛ.,  

ʪʳʩ. ʪ 

ʉʘʤʦʦʙʝʩʧʝʯʝ

ʥʥʦʩʪʴ (2015 

ʛ.), %  

1 2 3 4 5 

ʂʘʨʪʦʬʝʣʴ 100 160,9 150 93 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

1 2 3 4 5 

ʆʚʦʱʠ 120 125,0 69,2 55 

   ɺ ʪʦʤ ʯʠʩʣʝ: 

ʢʘʧʫʩʪʘ 15 20,3 15,8 78 

ʩʚʝʢʣʘ 6 10,4 9,4 90 

ʤʦʨʢʦʚʴ 7 12,9 7,8 60 

ʣʫʢ/ʯʝʩʥʦʢ 10 20,6 7,18 35 

ʪʦʤʘʪʳ 20 19,2 4,5 23 

ʦʛʫʨʮʳ 22 21,2 8,5 40 

ʧʣʦʜʳ ʠ ʷʛʦʜʳ 100 78,0 37,4 48 

ʄʦʣʦʢʦ 320 308,2 158,9 52 

ʉʚʠʥʠʥʘ 14 13,5 33,4 247 

ɻʦʚʷʜʠʥʘ 25 24,1 9,1 38 

ʄʷʩʦ ʧʪʠʮʳ 30 28,9 26,6 92 

ʗʡʮʦ, ʤʣʥ. ʰʪ. 260 250,4 205 82 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʙʷ 

ʥʘ 100 % ʤʷʩʦʤ ʠ ʤʷʩʦʧʨʦʜʫʢʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʠʥʠʥʦʡ, ʥʘ 93 ï ʢʘʨʪʦʬʝʣʝʤ, ʥʘ 

78 ï ʢʘʧʫʩʪʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʪʦʤʘʪʦʚ, ʣʫʢʘ, ʯʝʩʥʦʢʘ, ʦʛʫʨʮʦʚ. 

ʋʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʣʶʙʦʛʦ ʨʝʛʠʦʥʘ ʈʌ ʤʦʞʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʩʪʘʚʣʷʶʱʠʤ:  

¶ ʩʪʦʠʤʦʩʪʴ ʠ ʩʦʩʪʘʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ; 

¶ ʚʝʣʠʯʠʥʘ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ; 

¶ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʧʣʘʪʳ ʪʨʫʜʘ (ʄʈʆʊ). 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʢʦʨʟʠʥʘ - ʵʪʦ ʧʨʠʤʝʨʥʳʡ ʨʘʩʯʸʪʥʳʡ ʥʘʙʦʨ, ʘʩʩʦʨʪʠʤʝʥʪ 

ʪʦʚʘʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʠʧʠʯʥʳʡ ʫʨʦʚʝʥʴ ʠ ʩʪʨʫʢʪʫʨʫ ʤʝʩʷʯʥʦʛʦ (ʛʦʜʦʚʦʛʦ) 

ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠʣʠ ʩʝʤʴʠ.
 
ʇʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʢʦʨʟʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʥʝʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [5].  

ʉʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 

¶ ʨʘʩʭʦʜʳ ʧʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʣʘʪʝʞʘʤ ʠ ʩʙʦʨʘʤ (7,1%); 

¶ ʫʩʣʫʛʠ (23,7%); 

¶ ʥʝʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ (23,5%); 

¶ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ (45,6%). 

ɺʝʣʠʯʠʥʘ ʧʨʦʞʠʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ III 

ʢʚʘʨʪʘʣ 2015 ʛ. ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʩʨʝʜʥʝʤ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 9629 ʨʫʙ., ʜʣʷ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ - 10327 ʨʫʙ., ʜʣʷ ʧʝʥʩʠʦʥʝʨʦʚ - 7871 ʨʫʙ.,  ʜʣʷ ʜʝʪʝʡ - 

9321 ʨʫʙ. [6]. 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʩʪʘʚ ʠ ʦʙʲʝʤʳ (ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ) 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015 ʛ. 
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ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚ ʠ ʦʙʲʝʤʳ (ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ) ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ  

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015 ʛ. [7, 8] 

Table 2. Structure and volumes (in natural indices) of the consumption basket of the 

Kaliningrad region in 2015 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ɽʜ. 

ʠʟʤʝʨʝʥ

ʠ ̫

ʆʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 1 ʯʝʣ./ʛʦʜ 

(ʪʨʫʜʦʩʧʦʩʦʙʥʦʝ  

ʥʘʩʝʣʝʥʠʝ) (227 ʌɿ) 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ  

ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ 

(ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ 

ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʌ) 

ʍʣʝʙ ʠ ʭʣʝʙʥʳʝ ʧʨʦʜʫʢʪʳ ʢʛ 126,5 95-105 

ʂʘʨʪʦʬʝʣʴ ʢʛ 100,4 95-100 

ʆʚʦʱʠ ʠ ʙʘʭʯʝʚʳʝ ʢʛ 114,6 120-140 

ʌʨʫʢʪʳ ʩʚʝʞʠʝ ʢʛ 60 90-100 

ʉʘʭʘʨ ʠ ʢʦʥʜʠʪʝʨʩʢʠʝ  

ʠʟʜʝʣʠʷ 
ʢʛ 23,8 24-28 

ʄʷʩʦʧʨʦʜʫʢʪʳ ʢʛ 58,6 70-75 

ʈʳʙʦʧʨʦʜʫʢʪʳ ʢʛ 18,5 18-22 

ʄʦʣʦʢʦ ʠ ʤʦʣʦʢʦʧʨʦʜʫʢʪʳ ʢʛ 290 320-340 

ʗʡʮʘ ʰʪ. 210 260 

ʄʘʩʣʦ ʨʘʩʪʠʪʝʣʴʥʦʝ,  

ʤʘʨʛʘʨʠʥ 
ʢʛ 11 10-12 

ʇʨʦʯʠʝ ʧʨʦʜʫʢʪʳ  

(ʩʦʣʴ, ʩʧʝʮʠʠ) 
ʢʛ 4,9 2,5-3,5 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʘʙʣ. 2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʢʦʨʟʠʥʝ ʟʘʥʠʤʘʶʪ ʤʦʣʦʢʦ ʠ ʤʦʣʦʢʦʧ-

ʨʦʜʫʢʪʳ (28,48 %), ʭʣʝʙ ʠ ʭʣʝʙʥʳʝ ʧʨʦʜʫʢʪʳ (12,42 %), ʦʚʦʱʠ ʠ ʙʘʭʯʝʚʳʝ           

(11,25 %), ʘ ʥʘʠʤʝʥʴʰʫʶ ï ʤʘʩʣʦ ʨʘʩʪʠʪʝʣʴʥʦʝ (1,09 %) ʠ ʧʨʦʯʠʝ ʧʨʦʜʫʢʪʳ (ʩʦʣʴ, 

ʩʧʝʮʠʠ) (0,48 %).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʥʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩʦʛʣʘʩʥʦ ʌɿ ˉ 227 

ʦʪ 03.12.2012 ʠ ʧʨʠʢʘʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʌ ʦʪ 02.08.2010 N 593ʥ. 

ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʭʣʝʙʘ ʠ ʭʣʝʙʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ 

ʪʘʢʞʝ ʢʘʨʪʦʬʝʣʷ ʧʨʝʚʳʰʘʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʦʨʤʳ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ. ʇʦ ʦʩʪʘʣʴʥʳʤ ʥʘʠʤʝʥʦʚʘʥʠʷʤ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʢʦʨʟʠʥʳ ʩʠʪʫʘʮʠʷ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣ. 2 ʠ ʨʠʩ. 3, ʚ ʩʨʝʜʥʝʤ ʟʘ ʩʫʪʢʠ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ 

ʧʦʪʨʝʙʣʷʪʴ ʭʣʝʙʘ ʠ ʭʣʝʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʦʣʦ 346 ʛ, ʢʘʨʪʦʬʝʣʷ ï 275, ʦʚʦʱʝʡ ʠ 

ʙʘʭʯʝʚʳʭ ï 313, ʩʚʝʞʠʭ ʬʨʫʢʪʦʚ ï 164, ʩʘʭʘʨʘ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ï 65, 

ʤʷʩʦʧʨʦʜʫʢʪʦʚ ï 160, ʨʳʙʦʧʨʦʜʫʢʪʦʚ ï 50, ʤʦʣʦʢʘ ʠ ʤʦʣʦʢʦʧʨʦʜʫʢʪʦʚ ï 794, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʠ ʤʘʨʛʘʨʠʥʘ ï 30, ʩʧʝʮʠʡ (ʩʦʣʴ) 13 ʛ ʠ ʩʲʝʜʘʪʴ ʦʜʥʦ ʷʡʮʦ 

ʦʜʠʥ ʨʘʟ ʚ ʜʚʘ ʜʥʷ. 
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ʈʠʩ. 3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ  

ʧʠʪʘʥʠʷ, ʫʢʘʟʘʥʥʳʭ ʚ ʌɿ ˉ 227 ʦʪ 03.12.2012 ʠ ʚ ʧʨʠʢʘʟʝ  

ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 02.08.2010 N 593ʥ 

Fig. 3. Comparative analysis of the accordance of food consumption volumes  

from different documents 

 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

 
ʈʠʩ. 4. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

Fig. 4. Main directions of the agricultural development of the Kaliningrad region  

with a view to ensure food security 
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Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʦʙʨʝʥʠʡ 
Åʋʣʫʯʰʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ 

Åʄʦʜʝʨʥʠʟʘʮʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ  

ʇʦʚʳʰʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ 

 
Åɿʘ ʩʯʝʪ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʧʘʭʦʪʥʳʭ 

ʟʝʤʝʣʴ 
Åʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʘʩʪʙʠʱ  

 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ 

Åʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʢʦʨʤʘ (ʢʦʨʤʦʚʳʭ 

ʜʦʙʘʚʦʢ)   
Åʈʘʟʚʠʪʠʝ ʘʢʚʘʢʫʣʴʪʫʨʳ  

Åɺʝʜʝʥʠʝ ʩ/ʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ CSA [9] 

ʈʘʟʚʠʪʠʝ ʦʪʨʘʩʣʝʡ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

Åʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʦʚʦʱʝʭʨʘʥʠʣʠʱ 

(ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ, ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʷ)  

ʋʚʝʣʠʯʝʥʠʝ 

ʦʚʦʱʝʭʨʘʥʠʣʠʱ  
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ʀʟ ʨʠʩ. 4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʢʦʨʤʦʚ (ʢʦʨʤʦʚʳʭ 

ʜʦʙʘʚʦʢ), ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʦʚʦʱʝʭʨʘʥʠʣʠʱ (ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ) ʠ ʜʨ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʢʦʨʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, 

ʨʘʩʰʠʨʝʥʠʝ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ, 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʠ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪ-

ʥʳʭ, ʫʣʫʯʰʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ, ʚʝʜʝʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ CSA.  
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8. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʦʪ 
02.08.2010 n 593ʥ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʦʨʤʘʤ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʚʝʯʘʶʱʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʄʠʥʶʩʪʝ ʈʌ 11.10.2010 n 18680). 

[ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: base. garant.ru / 12179471 

9. Tendall D. M., Joerin J. Food system resilience: defining the concept / global 

food security. ï 2015, 7 pages. [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ]. ï  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.sciencedirect.com/science/article/pii/s2211912415300031 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 25.01.2016). 
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ʇʈɸɺʀʃɸ ɼʃʗ ɸɺʊʆʈʆɺ ɾʋʈʅɸʃɸ 

çʀɿɺɽʉʊʀʗ ʂɻʊʋè 

 

 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʢʨʠʪʝʨʠʷʤ ʚʳʩʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ʥʘʫʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ, ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʨʳʙʦʣʦʚʩʪʚʦ. ɺʩʝ ʧʨʠʩʣʘʥʥʳʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʧʨʦʚʝʨʢʫ ʩʠʩʪʝʤʦʡ 

çɸʥʪʠʧʣʘʛʠʘʪè. 

 

ɺ ʨʝʜʘʢʮʠʶ ʞʫʨʥʘʣʘ ʘʚʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ: 

- ʨʘʩʧʝʯʘʪʢʫ ʨʫʢʦʧʠʩʠ, ʧʦʜʧʠʩʘʥʥʫʶ ʚʩʝʤʠ ʘʚʪʦʨʘʤʠ, ʠ ʝʝ ʵʣʝʢʪʨʦʥʥʫʶ 

ʚʝʨʩʠʶ ï ʜʚʘ ʵʢʟʝʤʧʣʷʨʘ. ʊʝʢʩʪ ʨʫʢʦʧʠʩʠ ʜʦʣʞʝʥ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʝʢʩʪʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʘʨʠʘʥʪʘ; 

- ʟʘʚʝʨʝʥʥʫʶ ʚʥʝʰʥʶʶ ʠʣʠ ʚʥʫʪʨʝʥʥʶʶ ʨʝʮʝʥʟʠʶ ʜʦʢʪʦʨʘ ʥʘʫʢ; 
- ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ (ʨʘʩʧʝʯʘʪʢʫ ʠ 

ʵʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ) ï ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ. 

ʆʙʲʝʤ ʩʪʘʪʴʠ 

ʆʙʲʝʤ ʩʪʘʪʴʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʧʷʪʠ ʜʦ ʚʦʩʴʤʠ ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 

ʨʠʩʫʥʢʠ, ʪʘʙʣʠʮʳ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

ʉʪʨʫʢʪʫʨʘ ʩʪʘʪʴʠ 

- ɺʚʝʜʝʥʠʝ (ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ, ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ); 

- ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʤʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʠʭ ʦʙʩʫʞʜʝʥʠʝ). ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʙʠʚʘʪʴ ʥʘ ʨʘʟʜʝʣʳ ʩ 

ʥʘʟʚʘʥʠʷʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ; 

- ɿʘʢʣʶʯʝʥʠʝ (ʚʳʚʦʜʳ). 

ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʪʘʪʴʠ ʠ ʧʦʨʷʜʦʢ ʠʭ ʩʣʝʜʦʚʘʥʠʷ 

1. ʀʥʜʝʢʩ ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʝʩʷʪʠʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʋɼʂ) 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʙʝʟ ʦʪʩʪʫʧʘ.  

2. ʏʝʨʝʟ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ï ʥʘʟʚʘʥʠʝ ʩʪʘʪʴʠ (ʧʨʦʧʠʩʥʳʤʠ 

ʙʫʢʚʘʤʠ, ʢʝʛʣʴ 12, ʦʙʳʯʥʳʡ). 

3. ʏʝʨʝʟ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ï ʠʥʠʮʠʘʣʳ ʠ ʬʘʤʠʣʠʷ(ʠ) ʘʚʪʦʨʘ(ʦʚ) 

(ʢʝʛʣʴ 12, ʦʙʳʯʥʳʡ). 

4. ʏʝʨʝʟ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ï ʥʘʟʚʘʥʠʝ ʩʪʘʪʴʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ (ʧʨʦʧʠʩʥʳʤʠ ʙʫʢʚʘʤʠ, ʢʝʛʣʴ 12, ʦʙʳʯʥʳʡ). 

5. ʏʝʨʝʟ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ï ʠʥʠʮʠʘʣʳ ʠ ʬʘʤʠʣʠʷ(ʠ) ʘʚʪʦʨʘ(ʦʚ) 

ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ (ʢʝʛʣʴ 12, ʦʙʳʯʥʳʡ). 

6. ʏʝʨʝʟ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʩ ʦʪʩʪʫʧʦʤ Tab. 1,27 ï ʘʥʥʦʪʘʮʠʷ ʥʝ ʙʦʣʝʝ 250 

ʩʣʦʚ (ʢʝʛʣʴ 12, ʦʙʳʯʥʳʡ). 

7. ʉ ʥʦʚʦʡ ʩʪʨʦʢʠ ʩ ʦʪʩʪʫʧʦʤ Tab. 1,27 ï ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ  (ʢʝʛʣʴ 12, ʢʫʨʩʠʚ). 

8. ʏʝʨʝʟ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʩ ʦʪʩʪʫʧʦʤ 1,27 ï ʘʥʥʦʪʘʮʠʷ 200-250 ʩʣʦʚ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ (ʢʝʛʣʴ 12). ɸʥʥʦʪʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʝʨʝʚʦʜʘ. 
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9. ʉ ʥʦʚʦʡ ʩʪʨʦʢʠ ʩ ʦʪʩʪʫʧʦʤ Tab. 1,27 ï ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ (ʢʝʛʣʴ 12, ʢʫʨʩʠʚ). 

10. ʏʝʨʝʟ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʩ ʦʪʩʪʫʧʦʤ ï ʪʝʢʩʪ ʩʪʘʪʴʠ (ʢʝʛʣʴ 12), 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ (ʩʤ. ʉʪʨʫʢʪʫʨʘ ʩʪʘʪʴʠ). 

11. ʏʝʨʝʟ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʧʦʩʣʝ ʪʝʢʩʪʘ ʩʪʘʪʴʠ ʧʦ ʮʝʥʪʨʫ ï ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

(ʜʦʣʞʝʥ ʙʳʪʴ ʦʟʘʛʣʘʚʣʝʥ ï ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʃʀʊɽʈɸʊʋʈ-

ʅʓʍ ʀʉʊʆʏʅʀʂʆɺ). ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʦʙʷʟʘʪʝʣʝʥ 

(ʦʬʦʨʤʣʷʝʪʩʷ ʧʦ ɻʆʉʊ 7.1-2003 çɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʧʠʩʴ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷè, ɻʆʉʊ ʈ 7.0.5-2008 

çɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʩʩʳʣʢʘ. ʇʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷè). ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʜʦʣʞʝʥ 

ʩʦʜʝʨʞʘʪʴ ʚʩʝ ʮʠʪʠʨʫʝʤʳʝ ʠ ʫʧʦʤʠʥʘʝʤʳʝ ʚ ʪʝʢʩʪʝ ʨʘʙʦʪʳ. ɺ ʩʧʠʩʦʢ ʚʢʣʶʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʪʝ ʨʘʙʦʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʘʚʪʦʨ ʩʩʳʣʘʝʪʩʷ ʚ ʪʝʢʩʪʝ. ʀʩʪʦʯʥʠʢʠ ʚ ʩʧʠʩʢʝ 

ʣʠʪʝʨʘʪʫʨʳ ʥʫʤʝʨʫʶʪʩʷ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʠʭ ʫʧʦʤʠʥʘʥʠʷ ʚ ʪʝʢʩʪʝ (ʚ 

ʧʦʨʷʜʢʝ ʮʠʪʠʨʦʚʘʥʠʷ).  

 

ʆʙʨʘʟʮʳ ʦʬʦʨʤʣʝʥʠʷ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʄʦʥʦʛʨʘʬʠʷ 
1. ɸʛʝʝʚ, ɺ. ɺ. ɻʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʝ ʩʫʜʘ ʚ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ: ʤʦʥʦʛʨ. /  

ɺ. ɺ. ɸʛʝʝʚ. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʀʟʜ-ʚʦ ʌɻɹʆʋ ɺʇʆ çʂɻʊʋè, 2013. ï 106 ʩ. 
2. ɹʫʭʘʥʦʚʩʢʠʡ, ɸ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚ ʩʣʦʞʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ: ʤʦʥʦʛʨ. / ɸ. ɺ. ɹʫʭʘʥʦʚʩʢʠʡ, ʉ. ɺ. ʀʚʘʥʦʚ, ʖ. ʀ. 
ʅʝʯʘʝʚ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʅʀʋ ʀʊʄʆ, 2013. ï 263 ʩ. 
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1. ʈʦʟʝʥʰʪʝʡʥ, ʄ. ʄ. ʄʝʪʦʜ rʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ: ʤʦʥʦʛʨ. / ʄ. ʄ. ʈʦʟʝʥʰʪʝʡʥ. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʌɻɹʆʋ ɺʇʆ 

"ʂɻʊʋ", 2013. ï 185 ʩ.  
2. ʅʦʚʠʢʦʚʘ, ɸ. ʄ. ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ / ɸ. ʄ. 
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ʂʥʠʛʠ ʙʦʣʝʝ ʪʨʝʭ ʘʚʪʦʨʦʚ 

ʈʝʣʠʛʠʠ ʤʠʨʘ: ʧʦʩʦʙʠʝ   ʜʣʷ   ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ / ʗ. ʅ. ʐʘʧʦʚ [ʠ ʜʨ]. ï 
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1. ʊʦʣʢʘʯʝʚʘ, ʆ. ɺ. ɺʣʠʷʥʠʝ ʙʘʨʴʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʦʡʢʦʩʪʴ ʧʨʝʩʝʨʚʦʚ / 
ʆ. ɺ. ʊʦʣʢʘʯʝʚʘ, ɹ. ʃ. ʅʝʭʘʤʢʠʥ, ɺ. ʀ. ʐʝʥʜʝʨʶʢ // ʈʳʙʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 
2006. ï ˉ2. ï ʉ. 14-16.  
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URL: http://www.tverlingua.by.ru/archive/005/5_3_1.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

15.12.2007). 

2. ʆʨʝʭʦʚ, ʉ. ʀ. ɻʠʧʝʨʪʝʢʩʪʦʚʳʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ / ʉ.ʀ. ʆʨʝʭʦʚ // ɺʝʩʪʥʠʢ ʆʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ: ʵʣʝʢʪʨʦʥʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ. ï 2006 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].                  

URL: http://www.omsk.edu/article/vestnik-omgpu-21.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

10.01.2007). 

 

ʉʪʘʪʴʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚʫʟʦʚ, ʤʘʪʝʨʠʘʣʘʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʝʤʠʥʘʨʦʚ 

1. ɸʚʜʝʝʚʘ, ɽ. ɺ. ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʧʘʨʘʟʠʪʦʚ ʨʳʙ ʠ ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʙʘʩ-

ʩʝʡʥʝ ɺʠʩʣʠʥʩʢʦʛʦ ʟʘʣʠʚʘ (ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ) / ɽ. ɺ. ɸʚʜʝʝʚʘ, ɽ. ɹ. ɽʚʜʦʢʠʤʦʚʘ, ʉ. 

ʂ. ɿʘʦʩʪʨʦʚʮʝʚʘ // I ɺʩʝʨʦʩ. ʥʘʫʯ. ʠʥʪʝʨʥʝʪ-ʢʦʥʬ. (12 ʬʝʚʨ. 2013): ʤʘʪʝʨʠʘʣʳ. ï 

ʂʘʟʘʥʴ, 2013. ï ʉ. 52-56. 

2. ɸʣʝʢʩʘʥʜʨʦʚ, ʖ. ʇ. ʀʟʤʝʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʪʠʪʘʥʦʚʳʭ 

ʩʧʣʘʚʦʚ / ʖ. ʇ. ɸʣʝʢʩʘʥʜʨʦʚ // ʀʥʥʦʚʘʮʠʠ ʚ ʥʘʫʢʝ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʙʠʟʥʝʩʝ ï 2013: 

XI ʄʝʞʜʫʥʘʨ. ʥʘʫʯʥ. ʢʦʥʬ. (25-27 ʩʝʥʪ.): ʪʨ.: ʢ 100-ʣʝʪʠʶ ʚʳʩʰ. ʨʳʙʦʭʦʟ. 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ: ʚ 2 ʯ. / ʌʝʜʝʨ. ɸʛʝʥʪʩʪʚʦ ʧʦ ʨʳʙʦʣʦʚʩʪʚʫ; ʌɻɹʆʋ ɺʇʆ 

çʂɻʊʋè. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʌɻɹʆʋ ɺʇʆ çʂɻʊʋè, 2013. ï ʏ. 2. ï ʉ. 29-32. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʣʠ ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ 

1. ɼʘʥʠʣʦʚ, ɻ. ɺ. ʂʘʢ ʞʝ ʙʳʪʴ?: ʜʠʩ. é ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ: 05.13.10 /                   

ɼʘʥʠʣʦʚ ɻʝʥʥʘʜʠʡ ʇʝʪʨʦʚʠʯ; ʄɸʀ. ï ʄʦʩʢʚʘ, 1999. ï 138 ʩ. 

2. ʄʘʥʠʣʦʚ ɸ. ɺ. ʂʪʦ ʚʠʥʦʚʘʪ?: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʶʨʠʜ. ʥʘʫʢ: 05.13.10 

/ ʄʘʥʠʣʦʚ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ; ʄʖʀ. ï ʄʦʩʢʚʘ, 1999. ï 16 ʩ. 

ʇʝʨʝʚʦʜʥʘʷ ʢʥʠʛʘ 

1. ʉʝʙʝʭʝʡ, ɺ. ʊʝʦʨʠʷ ʦʨʙʠʪ: ʦʛʨʘʥʠʯʝʥʥʘʷ ʟʘʜʘʯʘ ʪʨʝʭ ʪʝʣ / ɺ. ʉʝʙʝʭʝʡ: 

ʧʝʨ. ʩ ʘʥʛʣ. / ʧʦʜ ʨʝʜ. ɻ. ʅ. ɼʫʙʦʰʠʥʘ. ï ʄʦʩʢʚʘ: ʅʘʫʢʘ, 1982. ï 656 ʩ.  [Victor G. 

Szebehely. Theory of Orbits: the Restricted Problem of Three Bodies.                New 

York : Academic Press, 1967]. 

2. ɼʝʡʪ, ʂ. ɼʞ. ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʳ ʙʘʟ ʜʘʥʥʳʭ / ʂ. ɼʞ. ɼʝʡʪ: ʧʝʨ. ʩ ʘʥʛʣ.ï 

ʄʦʩʢʚʘ: ɺʠʣʴʷʤʩ, 2006. ï 1328 ʩ. [Date C. J. An Introduction to Database Systems. 

8th ed. Addison-Wesley, 2003. ï 1024 p.]. 

 

ʉʩʳʣʢʠ ʥʘ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʠʩʪʦʯʥʠʢʠ ʚ ʪʝʢʩʪʝ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ, ʥʘʧʨʠʤʝʨ: [2], [4ï7], [1, 18, 25]. ɽʩʣʠ ʚ ʪʝʢʩʪʝ 

ʝʩʪʴ ʧʨʷʤʘʷ ʮʠʪʘʪʘ, ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʢʘʚʳʯʢʠ, ʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʫʢʘʟʘʥʘ 

ʩʪʨʘʥʠʮʘ, ʥʘ ʢʦʪʦʨʦʡ ʵʪʘ ʮʠʪʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʠʪʠʨʫʝʤʦʤ ʠʩʪʦʯʥʠʢʝ. ʅʘʧʨʠʤʝʨ: 

[7, ʩ. 28]. ʉʩʳʣʢʠ ʥʘ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʙʦʪʳ ʠ ʨʘʙʦʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʧʝʯʘʪʠ, ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. 

 

12. ʏʝʨʝʟ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ï ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʣʘʪʠʥʠʮʝ 

(ʜʦʣʞʝʥ ʙʳʪʴ ʦʟʘʛʣʘʚʣʝʥ ï REFERENCES). ʊʨʘʥʩʣʠʪʝʨʠʨʦʚʘʪʴ ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʟʘʡʜʷ ʥʘ ʩʘʡʪ http://translit.ru ʠ ʚʳʙʨʘʚ ʨʝʞʠʤ 

BGN.  

ʄʦʥʦʛʨʘʬʠʷ, ʢʥʠʛʘ 
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1. Shorygin A. A. Pitanie i pishchevye vzaimootnosheniia ryb Kaspiiskogo 

moria [Diet and food relations of fish in the Caspian Sea]. Moscow, Pishchepromizdat 

Publ., 1952. 268 p.  

2. Latyshev V.N., Tribologiya rezaniya. Kn. 1: Friktsionnye protsessy pri 

rezanie metallov [Tribology of Cutting, Vol. 1: Frictional Processes in Metal Cutting], 

Ivanovo, Ivanovskii Gos. Univ., 2009. 

ʉʪʘʪɹ̫ ʚ ʞʫʨʥʘʣʝ 

1. Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timonov A.V., 

Kardymon D.V. Techno-economic Optimization of the Design of Hydraulic Fracturing 

[Tekhniko-ekonomicheskaya optimizatsiya dizaina gidrorazryva plasta]. Neftyanoe 

khozyaistvo, 2008, no.11, pp. 54-57. 

2. Sokolov L. I. Pitanie sibirskogo osetra Acipenser baerii Brandt r. Leny [Diet 

of the Siberian sturgeon of the river Lena]. Voprosy ikhtiologii, 1966, vol. 6, iss. 3 (40), 

pp. 550ï560.  

ʉʪʘʪʴʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʞʫʨʥʘʣʝ 

1. Ivanova A.E. Problemy smertnosti v regionakh Tsentral'nogo federal'nogo 

okruga [Problems of mortality in regions of the Central Federal Okrug]. Sotsial'nye 

aspekty zdorov'ya naseleniya, 2008, no. 2, available at:  

http://vestnik.mednet.ru/content/view/54/30/ (Accessed 19 September 2008).  

ʉʪʘʪʴʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ 

1. Usmanov T.S., Gusmanov A.A., Mullagalin I.Z., Muhametshina R.Ju., 

Chervyakova A.N., Sveshnikov A.V. Osobennosti proektirovaniya razrabotki 

mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the Design of Field 

Development with the Use of Hydraulic Fracturing]. Trudy 6 Mezhdunarodnogo 

Simpoziuma ñNovye resursosberegayushchie tekhnologii nedropol'zovaniya i povysheniya 

neftegazootdachiò [Proc. 6th Int. Technol. Symp. ñNew Energy Saving Subsoil 

Technologies and the Increasing of the Oil and Gas Impactò]. Moscow, 2007, pp. 267-272. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠ ʘʚʪʦʨʝʬʝʨʘʪ 

1. Turkovskaia O. V. Biologicheskie i tekhnologicheskie aspekty mikrobnoy 

ochistki stochnykh vod i prirodnykh ob"ektov ot poverkhnostno-aktivnykh veshchestv i 

nefteproduktov. Diss. dokt. biol. Nauk [Biological and technical aspects of microbial 

purification of sewage and nature objects from surface-active substances and oil 

products. Dis. dr. biol. sci.]. Saratov, 2000. 360 p. 

2. Dolganova N.V. Razrabotka ekologicheski chistykh tekhnologiy belkovykh 

kormovykh produktov na osnove vtorichnykh resursov. Avtoreferat diss. dokt. tekhn. 

nauk [Development of ecological pure technologies of protein feeding products on the 

basis of water resources. Abstract of dis. dr. sci.]. Moscow, 1997. 54 p. 

ʇʝʨʝʚʦʜʥʘʷ ʢʥʠʛʘ 

1. Timoshenko S.P., Yound D.H., Weaver W. Vibration problems in engineering. 

4
th
 ed. New York, Wiley, 1974. 521 p. (Russ. Ed.: Timoshenko S.P., Iang D.Kh., Uiver U. 

Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.). 

 

13. ʏʝʨʝʟ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʧʦ ʮʝʥʪʨʫ ï ʀʅʌʆʈʄɸʎʀʗ ʆɹ ɸɺʊʆʈE(ɸʍ). 

ʏʝʨʝʟ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʌʀʆ ʘʚʪʦʨʘ 

(ʢʫʨʩʠʚʦʤ), ʤʝʩʪʦ ʨʘʙʦʪʳ, ʥʘʫʯʥʘʷ ʩʪʝʧʝʥʴ, ʫʯʝʥʦʝ ʟʚʘʥʠʝ, ʜʦʣʞʥʦʩʪʴ, e-mail (ʜʣʷ 

ʚʩʝʭ ʜʘʥʥʳʭ ʢʝʛʣʴ 12). ʏʝʨʝʟ ʠʥʪʝʨʚʘʣ ʧʦ ʮʝʥʪʨʫ ʠʥʬʦʨʤʘʮʠʷ ʜʫʙʣʠʨʫʝʪʩʷ ʥʘ 



ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʂɻʊʋè, ˉ41, 2016 ʛ. 

225 

ʅ
ʘ
ʫ
ʯ
ʥ
ʳ
ʡ
 
ʞ
ʫ
ʨ
ʥ
ʘ
ʣ

 ç
ʀ
ʟ
ʚ
ʝ
ʩ
ʪ
ʠ
ʷ
 
ʂ
ɻ
ʊ
ʋ
è
,
 
ˉ
4
1
,
 
2
0
1
6
 
ʛ
.

 

 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ (ʌʀʆ ʘʚʪʦʨʘ ʢʫʨʩʠʚʦʤ, ʜʣʷ ʚʩʝʭ ʜʘʥʥʳʭ ʢʝʛʣʴ 12) ʠ ʪ. ʜ. ʜʣʷ 

ʚʩʝʭ ʘʚʪʦʨʦʚ. 

 

ʇʨʠʤʝʨ: 

ʀʅʌʆʈʄɸʎʀʗ ʆɹ ɸɺʊʆʈE 

 

ʇʝʪʨʦʚ ʀʚʘʥ ʀʚʘʥʦʚʠʯ ï ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ; ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷè;  

E-mail: petrov@mail.ru. 

 

Petrov Ivan Ivanovich ï Kaliningrad State Technical University; Postgraduate student 

of the Department "Technology of food"; E-mail: petrov@mail.ru. 

 

ʇʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷ ʨʫʢʦʧʠʩʝʡ 

- ʬʦʨʤʘʪ ʙʫʤʘʛʠ: ɸ4; 

- ʦʨʠʝʥʪʘʮʠʷ: ʢʥʠʞʥʘʷ; 

- ʧʦʣʷ ʩʚʝʨʭʫ, ʩʣʝʚʘ, ʩʧʨʘʚʘ ï 3 ʩʤ, ʩʥʠʟʫ ï 3,5 ʩʤ; 

- ʛʘʨʥʠʪʫʨʘ ʰʨʠʬʪʘ: Times New Roman; 

- ʢʝʛʣʴ ï 12;  

- ʘʙʟʘʮ ʩ ʦʪʩʪʫʧʦʤ Tab. 1,27;  

- ʤʝʞʩʪʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ ï ʦʜʠʥʘʨʥʳʡ; 

- ʧʨʠ ʥʘʙʦʨʝ ʪʝʢʩʪʘ: 

Å ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ: ʧʨʠʤʝʥʷʪʴ ʩʪʠʣʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʢʩʪʘ; ʚʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʰʘʙʣʦʥ ʠʣʠ ʩʦʟʜʘʚʘʪʴ ʩʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʘ; ʩʪʘʚʠʪʴ 

ʧʨʦʙʝʣʳ ʧʝʨʝʜ ʟʥʘʢʘʤʠ ʧʨʝʧʠʥʘʥʠʷ; ʧʨʠʤʝʥʷʪʴ ʣʶʙʳʝ ʨʘʟʨʷʜʢʠ ʩʣʦʚ;  

Å ʥʝʦʙʭʦʜʠʤʦ: ʩʣʦʚʘ ʚʥʫʪʨʠ ʘʙʟʘʮʘ ʨʘʟʜʝʣʷʪʴ ʦʜʥʠʤ ʧʨʦʙʝʣʦʤ; ʥʘʙʠʨʘʪʴ 

ʪʝʢʩʪ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ; ʫʩʪʘʥʦʚʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʘʩʩʪʘʥʦʚʢʫ 

ʧʝʨʝʥʦʩʦʚ (ʧʫʪʴ: ʤʝʥʶ ʉɽʈɺʀʉ Ÿ ʧʦʜʤʝʥʶ ʗɿʓʂ Ÿ ʧʫʥʢʪ ʈɸʉʉʊɸʅʆɺʂɸ 

ʇɽʈɽʅʆʉʆɺ Ÿ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ çʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʨʘʩʩʪʘʥʦʚʢʘ ʧʝʨʝʥʦʩʦʚè). 

ʊʘʙʣʠʮʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʨʘʟʤʝʨʘ, ʧʦʤʝʱʘʶʪ ʧʦʜ ʪʝʢʩʪʦʤ, ʚ ʢʦʪʦʨʦʤ 

ʚʧʝʨʚʳʝ ʜʘʥʘ ʩʩʳʣʢʘ ʥʘ ʥʝʝ, ʠʣʠ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʨʘʥʠʮʝ. ɼʦʧʫʩʢʘʝʪʩʷ ʧʦʤʝʱʘʪʴ 

ʪʘʙʣʠʮʫ ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʳ ʣʠʩʪʘ, ʧʨʠ ʵʪʦʤ ʥʫʤʝʨʫʶʪ ʘʨʘʙʩʢʠʤʠ ʮʠʬʨʘʤʠ 

ʛʨʘʬʳ ʠ ʩʪʨʦʢʠ ʧʝʨʚʦʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ. ʉʣʦʚʦ çʊʘʙʣʠʮʘè ʫʢʘʟʳʚʘʶʪ ʦʜʠʥ ʨʘʟ 

ʩʣʝʚʘ ʥʘʜ ʧʝʨʚʦʡ ʯʘʩʪʴʶ ʪʘʙʣʠʮʳ, ʩʣʝʜʦʤ ʠʜʝʪ ʥʘʟʚʘʥʠʝ ʪʘʙʣʠʮʳ; ʥʘʜ ʜʨʫʛʠʤʠ 

ʯʘʩʪʷʤʠ ʧʠʰʫʪ: çʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳè, ʩ ʫʢʘʟʘʥʠʝʤ ʥʦʤʝʨʘ ʪʘʙʣʠʮʳ. ʊʘʙʣʠʮʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʩʪʘʚʣʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʯʝʨʝʟ çʊʘʙʣʠʮʘ: ɼʦʙʘʚʠʪʴ ʪʘʙʣʠʮʫè). 

ʈʠʩʫʥʢʠ. ɼʦʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʯʝʨʥʦ-ʙʝʣʳʝ ʯʝʪʢʠʝ ʨʠʩʫʥʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠʣʠ ʩʢʘʥʠʨʦʚʘʥʥʳʝ (ʩʢʘʥʠʨʦʚʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʝʯʘʪʳʚʘʪʴ ʥʘ ʣʘʟʝʨʥʦʤ ʠʣʠ ʩʪʨʫʡʥʦʤ ʧʨʠʥʪʝʨʝ). ʈʠʩʫʥʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʪʝʢʩʪ ʩʪʘʪʴʠ ʠʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʬʘʡʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʠʩʫʥʢʘ, 

ʥʘʧʠʩʘʚ ʥʘ ʧʦʣʷʭ ʨʫʢʦʧʠʩʠ ʧʦʩʣʝ ʘʙʟʘʮʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʚʧʝʨʚʳʝ ʫʧʦʤʠʥʘʝʪʩʷ: ʨʠʩ. 

1, ʨʠʩ. 2 ʠ ʪ. ʜ. ɺʩʝ ʨʠʩʫʥʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʥʫʤʝʨʦʚʘʥʳ (ʈʠʩ. 1, ʈʠʩ. 2 ʠ ʪ. ʜ.) ʠ 

ʠʤʝʪʴ ʧʦʜʨʠʩʫʥʦʯʥʳʝ ʧʦʜʧʠʩʠ. ʅʦʤʝʨ ʨʠʩʫʥʢʘ ʠ ʧʦʜʨʠʩʫʥʦʯʥʘʷ ʧʦʜʧʠʩʴ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʨʠʩʫʥʢʦʤ. ɺʩʝ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʷʤ ʚ ʪʝʢʩʪʝ. ʌʦʪʦʛʨʘʬʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʝʣʘʥʳ ʩ 
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ʭʦʨʦʰʝʛʦ ʥʝʛʘʪʠʚʘ ʢʦʥʪʨʘʩʪʥʦʡ ʧʝʯʘʪʴʶ. ʉʩʳʣʢʠ ʥʘ ʚʩʝ ʨʠʩʫʥʢʠ ʚ ʪʝʢʩʪʝ 

ʦʙʷʟʘʪʝʣʴʥʳ. ʐʠʨʠʥʘ ʨʠʩʫʥʢʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʥʘʙʦʨʘ 

ʪʝʢʩʪʘ. ʊʦʯʢʘ ʚ ʢʦʥʮʝ ʧʦʜʨʠʩʫʥʦʯʥʦʡ ʧʦʜʧʠʩʠ ʥʝ ʩʪʘʚʠʪʩʷ.  

ɽʩʣʠ ʚ ʩʪʘʪʴʝ ʦʜʠʥ ʨʠʩʫʥʦʢ ʠʣʠ ʦʜʥʘ ʪʘʙʣʠʮʘ, ʦʥʠ ʥʝ ʥʫʤʝʨʫʶʪʩʷ.  

ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʢʘʥʯʠʚʘʪʴ ʩʪʘʪʴʶ ʨʠʩʫʥʢʦʤ ʠʣʠ ʪʘʙʣʠʮʝʡ.  

ɺʩʝ ʨʠʩʫʥʢʠ ʠ ʪʘʙʣʠʮʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʮʝʥʪʨʫ ʧʦʣʦʩʳ 

ʥʘʙʦʨʘ.  

ʇʦʜʧʠʩʴ ʧʦʜ ʨʠʩʫʥʢʦʤ ʠ ʥʘʟʚʘʥʠʝ ʪʘʙʣʠʮʳ ʧʝʯʘʪʘʶʪʩʷ ʥʘ ʜʚʫʭ 

ʷʟʳʢʘʭ ï ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ. 

ʌʦʨʤʫʣʳ. ɺʩʝ ʬʦʨʤʫʣʳ ʥʘʙʠʨʘʶʪʩʷ ʚ ʬʦʨʤʫʣʴʥʦʤ ʨʝʜʘʢʪʦʨʝ, 

ʥʫʤʝʨʫʶʪʩʷ, ʥʘ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʩʩʳʣʢʠ ʚ ʪʝʢʩʪʝ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ. ʌʦʨʤʫʣʳ 

ʚʳʥʦʩʷʪʩʷ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʦʡ ʧʦʩʣʝ ʩʩʳʣʢʠ ʩ ʦʪʩʪʫʧʦʤ ʜʚʘ ʊʘʚ. ʅʦʤʝʨ ʬʦʨʤʫʣʳ 

ʚʚʦʜʠʪʩʷ ʚ ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ ʠ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʚʧʨʘʚʦ. ʇʨʠ ʥʘʙʦʨʝ ʬʦʨʤʫʣ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʝʛʣʠ ʰʨʠʬʪʦʚ: ʦʩʥʦʚʥʦʡ ï 11; ʢʨʫʧʥʳʡ 

ʠʥʜʝʢʩ ï 7; ʤʝʣʢʠʡ ʠʥʜʝʢʩ ï 5; ʢʨʫʧʥʳʡ ʩʠʤʚʦʣ ï 14; ʤʝʣʢʠʡ ʩʠʤʚʦʣ ï 10. 

ɻʘʨʥʠʪʫʨʘ ʰʨʠʬʪʘ Times New Roman. ɼʣʷ ʥʘʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ 

ʠʩʧʦʣʴʟʫʶʪ ʙʫʢʚʳ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ (ʩʚʝʪʣʳʡ ʢʫʨʩʠʚ), ʛʨʝʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ 

(ʩʚʝʪʣʳʡ ʧʨʷʤʦʡ ʰʨʠʬʪ) ʠ ʛʦʪʠʯʝʩʢʠʡ ʰʨʠʬʪ (ʩʚʝʪʣʳʡ ʧʨʷʤʦʡ). ʀʥʜʝʢʩʳ 

ʬʦʨʤʫʣ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʥʘʙʠʨʘʶʪ ʢʫʨʩʠʚʦʤ (mi ï 

ʤʘʩʩʘ i-ʛʦ ʵʣʝʤʝʥʪʘ), ʘ ʦʙʦʟʥʘʯʝʥʥʳʝ ʙʫʢʚʘʤʠ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ï ʧʨʷʤʳʤ 

ʰʨʠʬʪʦʤ (lp ï ʜʣʠʥʘ ʨʘʟʙʝʛʘ; Vʧʦʩ ʧʦʩʘʜʦʯʥʘʷ ʩʢʦʨʦʩʪʴ). ʉʦʢʨʘʱʝʥʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ (ʢɺʪ, ʌ/ʤ, W/m) ï ʩʚʝʪʣʳʤ 

ʧʨʷʤʳʤ ʙʝʟ ʪʦʯʝʢ. ʏʠʩʣʘ ʠ ʜʨʦʙʠ ʚ ʬʦʨʤʫʣʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʙʨʘʥʳ ʩʚʝʪʣʳʤ 

ʧʨʷʤʳʤ ʰʨʠʬʪʦʤ. ʇʨʷʤʳʤ ʰʨʠʬʪʦʤ ʥʘʙʠʨʘʶʪ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ (sin, tg; max, min; const; log, det, exp ʠ ʪ. ʜ.). ɺʝʢʪʦʨʥʳʝ ʚʝʣʠʯʠʥʳ 

ʩʣʝʜʫʝʪ ʦʙʦʟʥʘʯʘʪʴ ʞʠʨʥʳʤ ʢʫʨʩʠʚʦʤ, ʘ ʥʝ ʥʘʜʩʠʤʚʦʣʴʥʦʡ ʯʝʨʪʦʡ: ʝ ʥʝ Ǜ. 

ʇʝʨʝʥʦʩ ʚ ʬʦʨʤʫʣʘʭ ʜʦʧʫʩʢʘʝʪʩʷ ʜʝʣʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʟʥʘʢʘʭ (=, è, <, > ʠ 

ʜʨ.), ʚʦ ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ ï ʥʘ ʦʪʪʦʯʠʠ (é), ʥʘ ʟʥʘʢʘʭ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ (+, ï), 

ʚ ʧʦʩʣʝʜʥʶʶ ï ʥʘ ʟʥʘʢʝ ʫʤʥʦʞʝʥʠʷ ʚ ʚʠʜʝ ʢʦʩʦʛʦ ʢʨʝʩʪʘ (Ĭ). ʇʝʨʝʥʦʩ ʥʘ ʟʥʘʢʝ 

ʜʝʣʝʥʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʟʥʘʢ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʨʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘ 

ʧʨʠ ʧʝʨʝʥʦʩʝ, ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʚʪʦʨʝʥ ʚ ʥʘʯʘʣʝ ʚʪʦʨʦʡ ʩʪʨʦʢʠ. ʇʨʠ 

ʧʝʨʝʥʦʩʝ ʬʦʨʤʫʣ ʥʝʣʴʟʷ ʦʪʜʝʣʷʪʴ ʚʳʨʘʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʧʦʜ ʟʥʘʢʦʤ 

ʠʥʪʝʛʨʘʣʘ, ʣʦʛʘʨʠʬʤʘ, ʩʫʤʤʳ, ʧʨʦʠʟʚʝʜʝʥʠʷ, ʦʪ ʩʘʤʠʭ ʟʥʘʢʦʚ. ʅʝʙʦʣʴʰʠʝ 

ʬʦʨʤʫʣʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʙʠʨʘʶʪʩʷ ʚʥʫʪʨʠ ʩʪʨʦʢ 

ʪʝʢʩʪʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʦʨʤʫʣʳ, ʚʩʝ ʥʫʤʝʨʦʚʘʥʥʳʝ ʬʦʨʤʫʣʳ, ʘ ʪʘʢʞʝ ʜʣʠʥʥʳʝ 

ʠ ʛʨʦʤʦʟʜʢʠʝ ʬʦʨʤʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʢʠ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʪ. ʧ., 

ʥʘʙʠʨʘʶʪ ʦʪʜʝʣʴʥʳʤʠ ʩʪʨʦʢʘʤʠ. ʆʪʙʠʚʢʘ ʜʦ ʠ ʧʦʩʣʝ ʩʪʨʦʢʠ ʩ ʬʦʨʤʫʣʦʡ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ï 6 ʧʫʥʢʪʦʚ. ɺʤʝʩʪʦ ʚʳʨʘʞʝʥʠʷ ʚʠʜʘ  ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʠʩʘʪʴ ʘ/b. 

ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʚʳʥʝʩʝʥʥʳʝ ʚ ʪʝʢʩʪ, ʥʘʙʠʨʘʶʪʩʷ 

ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʧʨʘʚʠʣʘʤ (ʧʨʷʤʦʡ ʰʨʠʬʪ ʚ ʬʦʨʤʫʣʝ ï ʧʨʷʤʦʡ ʰʨʠʬʪ ʚ 

ʪʝʢʩʪʝ, ʢʫʨʩʠʚ ʚ ʬʦʨʤʫʣʝ ï ʢʫʨʩʠʚ ʚ ʪʝʢʩʪʝ).  

ʍʠʤʠʯʝʩʢʠʝ ʩʠʤʚʦʣʳ (Ag, ʉu) ʥʘʙʠʨʘʶʪ ʧʨʷʤʳʤ ʰʨʠʬʪʦʤ. ɼʣʷ ʥʘʙʦʨʘ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʜʘʢʪʦʨ Chem Window. 

ɽʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩʣʝʜʫʝʪ ʧʨʠʚʦʜʠʪʴ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʠʩʪʝʤʝ ʉʀ ʧʦ ɻʆʉʊ 8.417-2002. ɻʉʀ. ɽʜʠʥʠʮʳ ʚʝʣʠʯʠʥ. 
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ɺʩʝ ʘʙʙʨʝʚʠʘʪʫʨʳ ʚ ʪʝʢʩʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʰʠʬʨʦʚʘʥʳ. ʈʘʟʨʝʰʘʶʪʩʷ ʣʠʰʴ 

ʦʙʱʝʧʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘʟʚʘʥʠʡ ʤʝʨ, ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

 

ʇʦʜʛʦʪʦʚʢʘ ʘʥʥʦʪʘʮʠʠ 
ɸʥʥʦʪʘʮʠʷ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʦʪ 200 ʜʦ 250 ʩʣʦʚ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʥʝ 

ʙʦʣʝʝ 7 ʩʣʦʚ ʠʣʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. ɸʥʥʦʪʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʥʦʮʝʥʥʦʡ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ, ʥʝ ʩʦʜʝʨʞʘʪʴ ʦʙʱʠʭ ʩʣʦʚ, ʦʪʨʘʞʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʨʦʛʦ ʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʝ ʩʪʘʪʴʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʥʥʦʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ, ʩʣʝʜʫʝʪ ʣʠ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʦʣʥʦʤʫ ʪʝʢʩʪʫ ʩʪʘʪʴʠ. 

ʉʚʝʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʟʘʛʣʘʚʠʠ ʩʪʘʪʴʠ, ʥʝ ʜʦʣʞʥʳ ʧʦʚʪʦʨʷʪʴʩʷ ʚ ʪʝʢʩʪʝ 

ʘʥʥʦʪʘʮʠʠ. ʉʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʣʠʰʥʠʭ ʚʚʦʜʥʳʭ ʬʨʘʟ, ʥʘʧʨʠʤʝʨ, çʘʚʪʦʨ ʩʪʘʪʴʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ...è. ʀʩʪʦʨʠʯʝʩʢʠʝ ʩʧʨʘʚʢʠ, ʝʩʣʠ ʦʥʠ ʥʝ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʦʢʫʤʝʥʪʘ, ʦʧʠʩʘʥʠʝ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʠ ʦʙʱʝʠʟʚʝʩʪʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʚ ʘʥʥʦʪʘʮʠʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ɺ ʪʝʢʩʪʝ ʘʥʥʦʪʘʮʠʠ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʟʥʘʯʠʤʳʝ ʩʣʦʚʘ ʠʟ ʪʝʢʩʪʘ ʩʪʘʪʴʠ, ʫʧʦʪʨʝʙʣʷʪʴ ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʷʟʳʢʫ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʠʟʙʝʛʘʪʴ ʩʣʦʞʥʳʭ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ ʤʘʪʝʨʠʘʣʦʚ 

ʊʝʢʩʪ ʩʪʘʪʴʠ, ʨʝʬʝʨʘʪʳ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ(ʘʭ) 

ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʜʥʦʤ ʬʘʡʣʝ. ʄʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʬʦʨʤʣʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʨʝʜʩʪʚ Microsoft Office 2003 (ʨʘʩʰʠʨʝʥʠʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ *.doc). ɼʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʜʦʡʜʫʪ ʣʶʙʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʥʦʩʠʪʝʣʠ.  

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ ʦʩʪʘʚʣʷʝʪ ʟʘ ʩʦʙʦʡ ʧʨʘʚʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʢʨʘʱʝʥʠʷ 

ʠ ʨʝʜʘʢʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʫʢʦʧʠʩʠ.  

ʉʪʘʪʴʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʳ ʘʚʪʦʨʫ(ʘʤ) ʜʣʷ ʜʦʨʘʙʦʪʢʠ.  

ʈʫʢʦʧʠʩʠ ʩʪʘʪʝʡ, ʧʨʠʥʷʪʳʭ ʢ ʧʫʙʣʠʢʘʮʠʠ, ʘʚʪʦʨʘʤ ʥʝ ʚʦʟʚʨʘʱʘʶʪʩʷ. 

ʇʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ ʙʝʩʧʣʘʪʥʳʝ. ʈʫʢʦʧʠʩʠ ʩʪʘʪʝʡ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʆʋ 

ɺʇʆ çʂɻʊʋè ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʨʝʜʘʢʮʠʦʥʥʫʶ ʢʦʣʣʝʛʠʶ ʞʫʨʥʘʣʘ ʧʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʦʚ ʢʘʬʝʜʨ. ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ 

ʦʙʷʟʘʪʝʣʴʥʦʝ ʚʥʝʰʥʝʝ ʠʣʠ ʚʥʫʪʨʝʥʥʝʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ 

ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʥʦʤʝʨ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʩʪʘʪʴʠ. ʉʪʘʪʴʠ 

ʧʫʙʣʠʢʫʶʪʩʷ ʥʘ ʨʫʩʩʢʦʤ ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 
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