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ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ï ʂʣʦʯʢʦʚ ʖʨʠʡ ʉʝʨʛʝʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʊʶʤʝʥʩʢʠʡ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ 

ʅʘʫʯʥʳʡ ʨʝʜʘʢʪʦʨ ï ʐʝʩʪʘʢ ʆʣʴʛʘ ʀʛʦʨʝʚʥʘ, ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʘʣʴʥʝʚʦʩʪʦʯ-

ʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ, ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʨʫʙʨʠʢʠ çɺʦʧʨʦʩʳ ʠʩʪʦʨʠʠ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʪʨʘʩʣʠè 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ï ʍʘʨʠʪʦʥʦʚʘ ʃʶʜʤʠʣʘ ɸʨʪʝʤʦʚʥʘ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 
 

ʂʦʚʘʣʝʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʪʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʡ ʨʝʜʘʢʪʦʨ ʨʫʙʨʠʢʠ çɹʠʦʪʝʭʥʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚè; 

ʃʠʩʠʝʥʢʦ ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝ-

ʜʘʢʪʦʨ ʨʫʙʨʠʢʠ çʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦè. 

ʄʘʢʩʠʤʦʚʘ ʉʚʝʪʣʘʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʡ ʨʝʜʘʢʪʦʨ ʨʫʙʨʠʢʠ çʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳè; 

ʈʫʜʥʝʚ ɹʦʨʠʩ ʀʚʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝ-

ʜʘʢʪʦʨ ʨʫʙʨʠʢʠ çʉʫʜʦʚʳʝ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ ɻ ʣʝʤʝʥʪʳ (ʛʣʘʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʝ)è; 

 

ɹʨʝʜʠʭʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ, ʄʦʩʢʚʘ; 

ɼʫʜʘʨʝʥʦʢ ʉʚʝʪʣʘʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʀʥʩʪʠʪʫʪ ʠʩʪʦʨʠʠ, 

ʘʨʭʝʦʣʦʛʠʠ ʠ ɻ ʪʥʦʛʨʘʬʠʠ ʥʘʨʦʜʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʂʘʜʥʠʢʦʚʘ ʀʨʠʥʘ ɸʨʥʦʣʴʜʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʬʠ-

ʣʠʘʣ çɺʅʀʈʆè (çʊʀʅʈʆè), ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʂʠʯʘ ɻʝʥʥʘʜʠʡ ʇʝʪʨʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʄʦʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʜʤ. ɻ. ʀ. ʅʝʚʝʣʴʩʢʦʛʦ, ɺʣʘʜʠʚʦʩʪʦʢ; 



 

 

ʂʨʠʢʫʥ ɸʣʝʢʩʘʥʜʨʘ ʀʛʦʨʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʃʠ ɺʵʡ ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɼʘʣʷʥʴʩʢʠʡ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ, ɼʘʣʷʥʴ, ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ; 

ʄʘʪʨʦʩʦʚʘ ʀʥʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʄʝʟʝʥʦʚʘ ʆʣʴʛʘ ʗʢʦʚʣʝʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ; 

ʅʛʫʝʥ ɺʫ ʊʭʘʥʴ ï ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʥʘʫʢ, ɼʝʧʘʨʪʘʤʝʥʪ ʥʝʤʘʪʦʜʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ ɻ ʢʦʣʦʛʠʠ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ɺʴʝʪʥʘʤʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ (ɺɸʅʊ), ʍʘʥʦʡ, ʉʦʮʠʘʣʠ-

ʩʪʠʯʝʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ɺʴʝʪʥʘʤ; 

ʅʝʜʦʩʪʫʧ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ; 

ʇʠʚʥʝʥʢʦ ʊʘʪʴʷʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʇʦʟʜʥʷʢʦʚ ʉʝʨʛʝʡ ɽʬʠʤʦʚʠʯ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʬʠ-

ʣʠʘʣ çɺʅʀʈʆè (çʊʀʅʈʆè), ɺʣʘʜʠʚʦʩʪʦʢ; 

ʇʦʪʘʧʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʉʘʭʘʣʠʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ; 

ʇʨʦʮʝʥʢʦ ʀʛʦʨʴ ɻʨʠʛʦʨʴʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʂʘʤʯʘʪʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ; 

ʈʫʜʥʝʚ ʉʝʨʛʝʡ ɼʤʠʪʨʠʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʂʝʤʝʨʦʚʦ; 

ʉʣʫʮʢʘʷ ʊʘʪʴʷʥʘ ʅʦʝʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʬʠʣʠʘʣ 

çɺʅʀʈʆè (çʊʀʅʈʆè), ɺʣʘʜʠʚʦʩʪʦʢ; 

ʉʤʠʨʥʦʚ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʢʝʘʥʦʛʨʘʬʠʠ (ɺʅʀʈʆ), ʄʦʩʢʚʘ; 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʘʛʘʜʘʥ; 

ʉʦʙʦʣʝʥʢʦ ɸʥʘʪʦʣʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʄʦʨʩʢʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʜʤ. ɻ. ʀ. ʅʝʚʝʣʴʩʢʦʛʦ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʉʪʘʨʦʜʫʙʮʝʚ ʇʘʚʝʣ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʊʠʭʦʦʢʝʘʥʩʢʦʝ ʚʳʩ-

ʰʝʝ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʝ ʫʯʠʣʠʱʝ ʠʤ. ʘʜʤ. ʉ. ʆ. ʄʘʢʘʨʦʚʘ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʊʘʙʘʢʘʝʚʘ ʆʢʩʘʥʘ ɺʘʮʣʘʚʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝ-

ʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʌʝʜʠʨʢʦ ʆʢʩʘʥʘ ʇʝʪʨʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʀʥʩʪʠʪʫʪ ʠʩʪʦʨʠʠ, ʘʨʭʝʦʣʦʛʠʠ 

ʠ ʵʪʥʦʛʨʘʬʠʠ ʥʘʨʦʜʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ, ɺʣʘʜʠʚʦʩʪʦʢ; 

ʎʦʡ ɿʦʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʇʨʠʤʦʨʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʩʩʫʨʠʡʩʢ; 

ʐʦʢʠʥʘ ʖʣʠʷ ɺʘʣʝʨʴʝʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʄʫʨʤʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʫʨʤʘʥʩʢ. 
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ɸʥʥʦʪʘʮʠʷ. ʄʷʩʥʘʷ ʧʨʦʜʫʢʮʠʷ ʠʛʨʘʝʪ ʦʩʦʙʫʶ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʮʠʦʥʝ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʯʝʣʦʚʝʢʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ïʚʘʞʥʝʡʰʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʤʷʩ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

ɸ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. 

ɼʘʥ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʚ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʘʥʳ-ʣʠʜʝʨʳ ʧʦ ʚʝʣʠʯʠʥʘʤ ʚʳ-

ʧʫʩʢʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʩʝʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʇʨʦʚʝʜʸʥ ʦʙʟʦʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʢʘʢ ʥʘʙʠʨʘʶʱʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʠʜʘ 

ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʚʠʜʫ ʩʚʦʠʭ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ 

ʠ ʭʦʣʝʩʪʝʨʠʥʘ, ʘ ʧʦ ʚʠʪʘʤʠʥʥʦʤʫ ʠ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʯʪʠ ʚʩʝ ʠʥʳʝ 

ʚʠʜʳ ʤʷʩʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʈʦʩʩʠʷ ʚʭʦʜʠʪ ʚ ʧʷʪʝʨʢʫ ʩʪʨʘʥ-ʣʠʜʝʨʦʚ ʧʦ ʦʙʲʝʤʘʤ ʚʳʧʫʩʢʘʝʤʦʡ 

ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʷʩʘ ʢʨʦʣʠʢʘ. 

ʆʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ. 

ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʧʘʥʜʝʤʠʠ COVID-19 [1] ʥʘ ʦʪʨʘʩʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʚʢʣʶʯʘʷ ʈʦʩʩʠʶ. 

ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʠ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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Review article 

 

Production of raw materials of animal origin in the world and in Russia 

 

Nursultan E. Aldamatov1, Sergey A. Bredihin2 
1, 2 Russian State Agrarian University ï Moscow Timiryazev Agricultural Academy, Moscow, 

Russia 
1 Status_Diamond@bk.ru, ORCID:0009-0005-1492-4508 
2 Sbredihin_kpia@rgau-msha.ru, ORCID: 0000-0002-6898-0389 

 

Abstract. Meat products play a special role not only in the diet of each individual. The 

production of raw materials of animal origin is the most important direction of the food industry 

of each state. The volume of consumption of meat products is one of the determining factors of 

the well-being of the population. And the volume of meat production is one of the key factors 

showing the state of the country's food industry as a whole. 

The analysis of information on the volume of production of raw materials of animal origin 

in the period from 2008 to 2022 is given. The main leading countries in terms of the output of 

meat products of all animal species in aggregate are considered. 

A review of rabbit meat production has been conducted, as a type of meat product that is 

gaining popularity due to its unique properties, such as low fat and cholesterol content, and 

surpasses almost all other types of meat in vitamin and mineral composition. 

It is shown that Russia is one of the five leading countries in terms of meat products of 

all the considered animal species, with the exception of rabbit meat. The review allows us to 

understand the state of the meat processing industry in Russia in comparison with other world 

leaders. 

The impact of the COVID-19 pandemic [1] on the meat industry worldwide, including 

Russia, has been noted. 

The article also highlights the importance of the refrigeration process in the production 

chain of the meat processing industry. 

Keywords: production, industry, meat products, raw materials of animal origin, rabbit 

meat, beef, pork, poultry, refrigeration, cooling 

For citation: Aldamatov N. E., Bredikhin S. A. Production of raw materials of animal 

origin in the world and in Russia. Scientific Journal of the Far Eastern State Technical Fisher-

ies University. 2024; 70(4): 8ï19. (In Russ.). 

 

ɺʚʝʜʝʥʠʝ 

ʄʷʩʥʳʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʠʱʝʚʦʛʦ ʨʘʮʠʦʥʘ ʯʝʣʦʚʝʢʘ, ʙʣʘʛʦ-

ʜʘʨʷ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʨʦ-

ʜʫʢʮʠʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʩʬʦʨʘ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ: ʞʝʣʝʟʘ, ʤʘʛʥʠʷ, ʢʘʣʠʷ, ʮʠʥʢʘ, ʡʦʜʘ ʠ ʜʨʫʛʠʭ ʥʝʤʘʣʦ-

ʚʘʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [2]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʦʜʦʪ-

ʨʘʩʣʝʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ, ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ, 

ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʦʛʦ. ʆʜʥʘʢʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ, ʭʦʣʦʜʠʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ 

ʞʠʚʦʪʥʦʛʦ ʣʶʙʦʛʦ ʚʠʜʘ. 

ʆʭʣʘʞʜʝʥʠʝ ʤʷʩʘ ʠ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʭʨʘʥʝʥʠʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ 
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ʟʘʤʝʜʣʝʥʠʷ ʠʭ ʧʦʨʯʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘ-

ʥʠʪʴ ʠʩʭʦʜʥʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʷʩʘ ʠ ʩʫʙʧʨʦʜʫʢʪʦʚ. 

ʍʦʣʦʜʥʦʝ ʭʨʘʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʘʢ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, 

ʪʘʢ ʠ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʤʷʩʘ. ʇʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʢ-

ʪʠʚʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʟʘʤʝʜʣʷʝʪ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʠʩʭʦʜʷʪ ʚ ʧʨʦʜʫʢʪʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʢʠʩʣʦʨʦʜʘ, ʪʝʧʣʘ ʠ ʩʚʝʪʘ. 

ʇʦʪʝʨʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʆʪ-

ʯʝʪ ʦʙ ʠʥʜʝʢʩʝ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʆʨʛʘʥʠʟʘʮʠʝʡ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ, ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʞʝʛʦʜʥʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʳʙʨʘʩʳʚʘʝʪʩʷ 17 % ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʆʙʲʝʤʳ ʤʷʩʥʳʭ 

ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʜʦ 40 % ʦʪ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ 

[3]. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʯʠʥ ʧʦʪʝʨʴ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʷʩʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʣʶʜʝʡ. ʆʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ ʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, 

ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʚ ʤʠʨʝ ʫʧʦ-

ʪʨʝʙʣʷʝʪ ʤʷʩʥʫʶ ʧʠʱʫ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʨʘʩʪʝʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʷʭ ʩʚʝʪʘ [4]. 

 

 
 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Dependence of the volume of production of raw materials of animal origin on the year of pro-

duction for the period from 2008 to 2022. Compiled by the authors 

 

ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ɸʟʠʷ, ʚ 
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ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʧʘʥʜʝʤʠʠ COVID-19. ɺ 2021 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ɸʟʠʠ ʫʚʝ-

ʣʠʯʠʣʦʩʴ ʜʦ ʚʝʣʠʯʠʥ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2019 ʛ. (137 ʤʣʥ ʪ) ʠ ʨʘʥʝʝ, ʠ ʩʦʩʪʘʚʠʣʦ 155 ʤʣʥ ʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʚ ɸʟʠʠ ʩʦʩʪʘʚʠʣ 37 % ʩ ʥʘʯʘʣʘ ʧʝʨʠʦʜʘ.  

ɺ ɽʚʨʦʧʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʫʚʝʣʠʯʠʣʦʩʴ, ʥʦ ʥʝ ʪʘʢ ʠʥʪʝʥʩʠʚʥʦ, ʢʘʢ ʚ ɸʟʠʠ. ɼʘʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʚ 2008 ʛ. ʩʦʩʪʘʚʣʷʣʦ 54 ʤʣʥ ʪ, ʚ 2022 ʛ. ï 59 ʤʣʥ ʪ, ʪ.ʝ. ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 9,25 %. 

ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ ʪʘʢʞʝ ʥʘʨʘʱʠʚʘʝʪ ʦʙʲʝʤʳ ʚʳʧʫʩʢʘ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʧʦʢʘʟʳʚʘʷ ʨʦʩʪ ʚ 16,4 % ʚ ʫʢʘʟʘʥʥʦʤ ʧʝʨʠʦʜʝ: ʥʘ ʤʦʤʝʥʪ 2008 ʛ. ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʩʦʩʪʘʚʣʷʣ 55 

ʤʣʥ ʪ, ʢ 2022 ʛ. ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 64 ʤʣʥ ʪ. 

ʖʞʥʘʷ ɸʤʝʨʠʢʘ ʥʘʨʘʱʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʪʘʢʦʡ ʞʝ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ, ʢʘʢ ʠ ɸʟʠʷ. ʇʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 33,3 %: ʚ 2008 ʛ. ʩʫʤʤʘʨʥʦ ʧʨʦʠʟʚʝʜʝʥʦ 36 ʤʣʥ ʪ ʤʷʩʘ, ʚ 

2022 ʛ. ï 48 ʤʣʥ ʪ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʧʦʢʘʟʳʚʘʝʪ ʘʬʨʠʢʘʥʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʩ ʧʨʠʨʦʩʪʦʤ 64,3 %. ɺ 

2008 ʛ. ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʣ 14 ʤʣʥ ʪ ʧʨʦʜʫʢʮʠʠ, ʘ ʚ 2022 ʛ. ï 23 ʤʣʥ ʪ. 

ʆʢʝʘʥʠʷ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪ ʘʚʩʪʨʘʣʠʡʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʩ ʧʨʠʣʝʛʘʶʱʠʤʠ ʢ ʥʝʤʫ ʦʩʪʨʦ-

ʚʘʤʠ, ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ, ʢʘʢ ʠ ʚ ʥʘʯʘʣʝ, ʦʙʲʝʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʠʣ 6 ʤʣʥ ʪ.  

ɻʨʘʬʠʢ ʥʘ ʨʠʩ. 1 ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʠʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʤʷʩʘ ʚ ʤʠʨʝ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʣʷʝʪ 355 ʤʣʥ ʪ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪ ʛʦʜʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ [4]. 

 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Dependence of meat production volume on the year of production 

for the period from 2008 to 2022 in the leading producing countries. Compiled by the authors 
 

ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 2, ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ ʩ ʦʙʲʝʤʦʤ ʚʳʧʫʩʢʘ ʢ 2022 ʛ. 93 ʤʣʥ ʪ ʩʳʨʴʷ. ʇʨʠ ʵʪʦʤ ʚ 2008 ʛ. 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 73 ʤʣʥ ʪ. ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʚ ʂʠʪʘʝ ʧʦʩʪʝ-
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ʧʝʥʥʦ ʨʦʩ ʜʦ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʧʘʥʜʝʤʠʠ COVID-19 ʚ 2019 ʛ. ʆʜʥʘʢʦ ʩʪʨʘʥʘ ʩʤʦʛʣʘ ʚʦʟ-

ʦʙʥʦʚʠʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ 91 ʤʣʥ ʪ ʫʞʝ ʚ 2021 ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ 14 ʣʝʪ 

ʂʠʪʘʡ ʩʤʦʛ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʥʘ 27 %, ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʠ ʩ ʵʧʠʜʝʤʠʝʡ 

COVID-19. 

ɺʪʦʨʳʤ ʚ ʤʠʨʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʉʦʝʜʠʥʝʥ-

ʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ ʩ ʦʙʲʝʤʦʤ ʚʳʧʫʩʢʘ 48 ʤʣʥ ʪ ʢ 2022 ʛ. ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʐɸ ʙʦʣʝʝ ʧʣʘʚʥʦʝ, ʯʝʤ ʚ ʂʠʪʘʝ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ 

ʨʦʩʪ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2019 ʛ. ɺ ʮʝʣʦʤ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʨʦʩʪ ʩʦ-

ʩʪʘʚʣʷʝʪ 11,6 %. 

ʊʨʝʪʴʝ ʤʝʩʪʦ ʧʦ ʦʙʲʝʤʘʤ ʚʳʧʫʩʢʘ ʤʷʩʘ ʚ ʤʠʨʝ ʟʘʥʠʤʘʝʪ ɹʨʘʟʠʣʠʷ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʩʪʘʝʪ ʦʪ ʂʠʪʘʷ ʠ ʉʐɸ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʝʨʝʞʘʝʪ ʈʦʩʩʠʶ ʠ ʀʥʜʠʶ. ʂ 2022 ʛ. ɹʨʘʟʠʣʠʷ 

ʫʚʝʣʠʯʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʜʦ 30 ʤʣʥ ʪ. ʕʪʦ ʥʘ 30 % ʙʦʣʴʰʝ, ʯʝʤ ʚ 2008 ʛ. (23 ʤʣʥ ʪ). 

ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʯʝʪʚʝʨʪʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ 2008 ʛ. 

ʦʙʱʠʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘʝʤʦʛʦ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣ 6,3 ʤʣʥ ʪ. ʂ 2022 ʛ. 

ʈʦʩʩʠʷ ʩʪʘʣʘ ʧʨʦʠʟʚʦʜʠʪʴ 12,2 ʤʣʥ ʪ ʤʷʩʘ, ʫʚʝʣʠʯʠʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 93,7 %. ʀ ʜʘʞʝ 

ʧʘʥʜʝʤʠʷ COVID-19 ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʦʙʲʝʤ ʚʳʧʫʩʢʘ. 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʚ ʀʥʜʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ 

ʈʦʩʩʠʠ. ʅʘ ʤʦʤʝʥʪ 2008 ʛ. ʀʥʜʠʷ ʚʳʧʫʩʢʘʣʘ ʚʩʝʛʦ ʥʘ 0,3 ʤʣʥ ʪ ʤʷʩʘ ʤʝʥʴʰʝ, ʯʝʤ ʈʦʩʩʠʷ. 

ʉ ʥʘʯʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 2019 ʛ. ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ. ɺʦ ʚʨʝʤʷ ʧʘʥ-

ʜʝʤʠʠ COVID-19 ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ. ʆʜʥʘʢʦ ʚ 2021 ʛ. ʩʪʨʘʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʤʦʱʥʦʩʪʠ ʠ ʢ 2022 ʛ. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 10,6 ʤʣʥ ʪ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʚʷʜʠʥʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ [4]. 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʚʷʜʠʥʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Dependence of beef production volume on the year of production 

for the period from 2008 to 2022 in the producing countries. Compiled by the authors 
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ʉ 2008 ʧʦ 2012 ʛ. ʦʙʲʝʤ ʚʳʧʫʩʢʘʝʤʦʡ ʛʦʚʷʜʠʥʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʨʘʡʦʥʝ 12 ʤʣʥ ʪ, ʥʦ ʚ ʧʦʩʣʝʜʫ-

ʶʱʠʝ ʪʨʠ ʛʦʜʘ ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʦ 10,8 ʤʣʥ ʪ. ʉ 2016 ʛ. ʠ ʜʦ ʢʦʥʮʘ ʧʝʨʠʦʜʘ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʮʝʣʦʤ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 7,5 %. 

ɹʨʘʟʠʣʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘʨʘʱʠʚʘʝʪ ʤʦʱʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʦʚʷʜʠʥʳ. ʊʘʢ, ʚ 2008 ʛ. 

ʚ ɹʨʘʟʠʣʠʠ ʚʳʧʫʩʢʘʣʠ 9 ʤʣʥ ʪ ʤʷʩʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʝ ʤʝʥʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ 2011 ʛ., ʦʪʢʫʜʘ ʥʘʯʠ-

ʥʘʝʪʩʷ ʨʦʩʪ ʜʦ 2013 ʛ. (9,7 ʤʣʥ ʪ). ʊʦʪ ʞʝ ʦʙʲʝʤ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ. ɼʘʣʝʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʥʘ 400 000 ʪ ʚ 2016 ʛ. ʇʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʩʪʨʘʥʘ ʥʘʨʘʱʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦ 

10,2 ʤʣʥ ʪ ʜʦ ʥʘʯʘʣʘ ʧʘʥʜʝʤʠʠ COVID-19, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʧʘʜ ʥʘ 4 %. ʅʦ ʚ 

2021 ʛ. ɹʨʘʟʠʣʠʷ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʚʨʘʪ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘʝʤʦʡ ʛʦʚʷʜʠʥʳ ʜʦ ʟʥʘʯʝʥʠʡ 

2019 ʛ. ʈʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʚʝʜʫʱʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝ (ʖʞʥʦʡ ɸʤʝʨʠʢʠ) ʟʘ ʚʝʩʴ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ 14,4 %. 

ʅʝʩʤʦʪʨʷ ʥʘ ʣʠʜʝʨʩʪʚʦ ʧʦ ʩʦʚʦʢʫʧʥʦʤʫ ʦʙʲʝʤʫ ʚʳʧʫʩʢʘʝʤʦʛʦ ʤʷʩʘ, ʂʠʪʘʡ ʥʝ ʧʦʢʘʟʳʚʘʝʪ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʷʩʘ ʛʦʚʷʜʠʥʳ, ʪʘʢ ʢʘʢ, ʩʫʜʷ ʧʦ ʛʨʘʬʠʢʘʤ ʥʘ ʨʠʩ. 2 ʠ 3, 

ʣʠʰʴ 10 % ʚʩʝʭ ʤʦʱʥʦʩʪʝʡ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʚʳʧʫʩʢ ʛʦʚʷʜʠʥʳ. ɺ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2018 ʛ. ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʛʦʚʷʞʴʝʛʦ ʤʷʩʘ ʚʘʨʴʠʨʫ-

ʝʪʩʷ ʚ ʨʘʡʦʥʝ 6,2ï6,4 ʤʣʥ ʪ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠ ʜʦ ʢʦʥʮʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠ-

ʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 7,8 ʤʣʥ ʪ. ʈʦʩʪ ʥʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʜʘʞʝ ʚ ʧʝʨʠʦʜ 

ʵʧʠʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ. ʉʦʚʦʢʫʧʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʠʣ 25,8 %. 

ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʚʷʜʠʥʳ ʚ ʀʥʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʴʥʦ ʜʦ 2019 ʛ. ʇʘʥʜʝʤʠʷ 

COVID-19 ʩʥʠʟʠʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʛʦʚʷʜʠʥʳ ʥʘ 13 %. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʧʦʤʝʰʘʣʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʙʲʝʤʳ ʚʳʧʫʩʢʘ ʢ ʟʥʘʯʝʥʠʷʤ 2019 ʛ. 

(4,3 ʤʣʥ ʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʥʜʠʷ ʥʘʨʘʩʪʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʚʷʜʠʥʳ ʥʘ 61 % ʟʘ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʡ ʧʝʨʠʦʜ. 

ʈʦʩʩʠʷʥʝ ʧʨʦʷʚʣʷʶʪ ʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʛʦʚʷʜʠʥʝ. ʆʜʥʘʢʦ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ 14 ʣʝʪ ʩʦʩʪʘʚʠʣʦ 8,5 % ʩʦ ʟʥʘʯʝʥʠʝʤ 1,77 

ʤʣʥ ʪ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ ʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 1,62 ʤʣʥ ʪ ï ʚ ʢʦʥʮʝ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ [4]. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Dependence of the volume of poultry meat production on the year of production 

for the period from 2008 to 2022 in the producing countries. Compiled by the authors 
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ʇʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ ʧʪʠʮʳ ʜʦ 

2019 ʛ. ʷʚʣʷʣʠʩʴ ʉʐɸ. ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 2008 ʛ. ʩʦʩʪʘʚʣʷʣ 20 ʤʣʥ ʪ ʩʳʨʴʷ. ɺ ʩʣʝʜʫʶʱʝʤ 

ʛʦʜʫ ʬʠʢʩʠʨʫʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 18 ʤʣʥ ʪ. ʆʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ 2009 ʧʦ 

2019 ʛ., ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ. ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʧʘʥʜʝʤʠʠ 

COVID-19 ʉʐɸ ʦʪʜʘʣʠ ʧʝʨʚʝʥʩʪʚʦ ʂʠʪʘʶ ʠ ʜʦ ʢʦʥʮʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʩʤʦʛʣʠ 

ʚʝʨʥʫʪʴʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʜʦ ʵʧʠʜʝʤʠʠ. ʉʦʚʦʢʫʧʥʳʡ ʧʨʠʨʦʩʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ ʩʦʩʪʘ-

ʚʠʣ 10,5 %. 

ʊʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ ʚ ʂʠʪʘʝ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʩʪʘʛʥʘʮʠʠ ʚ ʧʝʨʠʦʜ ʩ 2012 ʧʦ 2014 ʛ. ʠ ʩ 2020 ʧʦ 2022 ʛ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ 

ʧʝʨʠʦʜʘ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʠʣ 15,5 ʤʣʥ ʪ, ʢ ʢʦʥʮʫ ï 23,5 ʤʣʥ ʪ. ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʩʪʘʚʠʣ 53 %. ʇʨʠ ʵʪʦʤ ʚ 2019 ʛ. ʂʠʪʘʡ ʩʪʘʣ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ ʧʪʠʮʳ. 

ʊʨʝʪʴʠʤ ʧʦ ʦʙʲʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ ʟʘʥʠʤʘʝʪ ɹʨʘʟʠʣʠʷ ʩ ʩʦʚʦʢʫʧʥʳʤ ʦʙʲʝʤʦʤ 

14,7 ʤʣʥ ʪ ʚ 2022 ʛ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 2008 ʛ. ʩʦʩʪʘʚʠʣ 10,7 ʤʣʥ ʪ. ʇʨʠʨʦʩʪ ʦʙʲʝʤʦʚ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʥʝʞʝʣʠ ʚ ʉʐɸ ʠ ʚ ʂʠʪʘʝ. ɹʨʘʟʠʣʠʷ ʟʘ 14 ʣʝʪ ʫʚʝʣʠʯʠʣʘ ʦʙʲʝʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʧʪʠʮʳ ʥʘ 37,3 %. 

ʏʝʪʚʝʨʪʦʝ ʠ ʧʷʪʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʤʷʩʘ ʧʪʠʮʳ ʟʘʥʠʤʘʶʪ ʈʦʩ-

ʩʠʷ ʠ ʀʥʜʠʷ, ʦʙʲʝʤʳ ʠ ʪʝʤʧʳ ʨʦʩʪʘ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʆʙʘ ʛʦʩʫʜʘʨ-

ʩʪʚʘ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ. ʉʦʚʧʘʜʘʶʪ ʪʘʢʞʝ 

ʧʝʨʠʦʜʳ ʩʪʘʛʥʘʮʠʠ (2019ï2021 ʛ.), ʧʦʩʣʝ ʯʝʛʦ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʥʦʚʴ ʥʘʨʘʱʠʚʘʶʪʩʷ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʩʚʠʥʠʥʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ [4]. 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʩʚʠʥʠʥʳ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 5. Dependence of pork meat production volume on the year of production 

for the period from 2008 to 2022 in the producing countries. Compiled by the authors 

 

ʈʠʩ. 5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʟʦʛʦʚʦʨʦʯʥʳʤ ʣʠʜʝʨʦʤ ʨʳʥʢʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ ʩʚʠʥʠʥʳ 

ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ. ʅʘʯʠʥʘʷ ʩ 2008 ʧʦ 2014 ʛ., ʦʙʲʝʤʳ ʚʳʧʫʩʢʘʝʤʦʛʦ ʩʳʨʴʷ ʨʘʩʪʫʪ. ʆʜʥʘʢʦ ʜʘʣʝʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 2020 ʛ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʧʝʨʠʦʜ ʩ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ (ʩ 2014 ʧʦ 2018 ʛ) ʠ ʥʘ ʧʝʨʠʦʜ ʩ ʛʦʨʘʟʜʦ 
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ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʧʘʜʝʥʠʝʤ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘʝʤʦʛʦ ʩʳʨʴʷ (ʩ 2018 ʧʦ 2020 ʛ.). ʆʜʥʘʢʦ ʜʘʣʝʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʦʚ ʠ ʚʦʟʚʨʘʪ ʢ ʧʠʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʚ 2022 ʛ. (55,4 ʤʣʥ ʪ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʣʛʠʡ ʧʝʨʠʦʜ ʩʧʘʜʘ, ʂʠʪʘʡ ʩʤʦʛ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʩʚʠʥʠʥʳ ʥʘ 20 % 

ʩ ʥʘʯʘʣʘ ʧʝʨʠʦʜʘ. 

ʉ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʨʳʚʦʤ ʦʪ ʂʠʪʘʷ ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʉʐɸ. ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2014 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʩʚʠʥʠʥʳ ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 10,2ï10,6 

ʤʣʥ ʪ. ʅʦ ʜʘʣʝʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʜʦ 12,9 ʤʣʥ ʪ, ʢʦʪʦʨʳʡ ʧʨʝʢʨʘʪʠʣʩʷ ʚ 

2020 ʛ. ʠ ʟʘ ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʣ ʧʦʩʪʝʧʝʥʥʳʡ ʩʧʘʜ ʜʦ 12,2 ʤʣʥ ʪ ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ. ɿʘ 14 ʣʝʪ 

ʉʐɸ ʧʦʢʘʟʳʚʘʶʪ ʨʦʩʪ ʚ 15,6 %. 

ɹʨʘʟʠʣʠʷ ʠ ʈʦʩʩʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ 

ʩʚʠʥʠʥʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʦʩʭʦʜʩʪʚʦʤ ɹʨʘʟʠʣʠʠ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘ 

ʵʪʠʭ ʛʦʩʫʜʘʨʩʪʚ ʧʦʢʘʟʳʚʘʶʪ ʧʣʘʚʥʳʡ ʨʦʩʪ. ʅʘ ʤʦʤʝʥʪ 2008 ʛ. ɹʨʘʟʠʣʠʷ ʚʳʧʫʩʢʘʣʘ 3 ʤʣʥ ʪ 

ʤʷʩʘ ʩʚʠʥʠʥʳ, ʘ ʈʦʩʩʠʷ ï 2,04 ʤʣʥ ʪ. ʂ 2014 ʛ. ʨʘʟʨʳʚ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 200 000 ʪ. ʂ 2022 ʛ. 

ɹʨʘʟʠʣʠʷ ʦʙʦʛʥʘʣʘ ʈʦʩʩʠʶ ʥʘ 700 000 ʪ, ʢʦʪʦʨʘʷ ʚʳʧʫʩʪʠʣʘ ʚ ʵʪʦʤ ʛʦʜʫ 4,53 ʤʣʥ ʪ ʩʳʨʴʷ. ʇʨʠ-

ʨʦʩʪ ʚ ɹʨʘʟʠʣʠʠ ʚ 14 ʣʝʪ ʩʦʩʪʘʚʠʣ 73 %. ʈʦʩʩʠʷ ʫʚʝʣʠʯʠʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʠʥʠʥʳ ʚ 2,2 ʨʘʟʘ ʟʘ 

ʵʪʦʪ ʧʝʨʠʦʜ. 

ʀʥʜʠʷ ʥʝ ʧʨʦʷʚʣʷʝʪ ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ ʩʚʠʥʠʥʳ, ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʢʦʪʦʨʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʩʷ ʠ ʥʘʭʦʜʠʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,32 ʜʦ 0,38 ʤʣʥ ʪ ʩʳʨʴʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʤ ʧʝʨʠʦʜʝ. 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ [5]. 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʦʪ ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʚ ʪʨʝʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʪʨʘʥʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 6. Dependence of rabbit meat production volume on the year of production 

for the period from 2008 to 2022 in the three largest producing countries. Compiled by the authors 

 

ʂʠʪʘʡ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʷʩʘ 

ʢʨʦʣʠʢʘ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʤʷʩʘ ʞʠʚʦʪʥʦʛʦ ʵʪʦʛʦ ʚʠʜʘ ʩʪʨʘʥʘ ʧʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ. ɺ 2008 ʛ. ʂʠʪʘʡ ʚʳʧʫʩʪʠʣ 590 ʤʣʥ ʪ ʢʨʦʣʴʯʘʪʠʥʳ 
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ʠ ʧʦʢʘʟʳʚʘʣ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʪʨʠ ʛʦʜʘ ʜʦ ʟʥʘʯʝʥʠʡ 725 ʤʣʥ ʪ ʚ 2011 ʛ. ʕʪʦ ʞʝ 

ʟʥʘʯʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 2012 ʛ. ɼʘʣʝʝ ʩʥʦʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʩʪʝ-

ʧʝʥʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʜʦ 2015 ʛ. ʩʦ ʟʥʘʯʝʥʠʝʤ 790 ʤʣʥ ʪ. ʅʘʯʠʥʘʷ ʩ 2015 ʛ. ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʢʨʦʣʴʯʘʪʠʥʳ ʨʝʟʢʦ ʧʘʜʘʶʪ ʜʦ 480 ʤʣʥ ʪ ʚ 2017 ʛ. ʉʧʘʜ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 2019 ʛ., ʥʦ ʥʝ ʪʘʢ 

ʠʥʪʝʥʩʠʚʥʦ, ʢʘʢ ʚ ʧʝʨʠʦʜ ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʜʝʥʠʷ. ɿʘʪʝʤ ʬʠʢʩʠʨʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʦ 

492 ʤʣʥ ʪ ʚ 2020 ʛ., ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʂʠʪʘʡ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴ ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ 355 

ʤʣʥ ʪ ʚ 2022 ʛ. ʊʘʢʠ ʦʙʨʘʟʦʤ, ʂʠʪʘʡ ʩʥʠʟʠʣ ʚʳʧʫʩʢ ʢʨʦʣʴʯʘʪʠʥʳ ʟʘ 14 ʣʝʪ ʧʦʯʪʠ ʥʘ 40 %. 

ɺʪʦʨʳʤ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʚ ʤʠʨʝ ʟʘʥʠʤʘʝʪ ʉʝʚʝʨʥʘʷ ʂʦʨʝʷ. ʉʪʨʘʥʘ 

ʬʠʢʩʠʨʫʝʪ ʚʝʣʠʯʠʥʫ ʚ 123 ʤʣʥ ʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʦʣʴʯʘʪʠʥʳ ʚ 2008 ʛ. ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʱʠʚʘʝʪ 

ʩʚʦʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦ 167 ʤʣʥ ʪ ʚ 2019 ʛ., ʯʪʦ ʥʘ 35,8 % ʙʦʣʴʰʝ, ʯʝʤ ʚ 2008 ʛ. ʆʜʥʘʢʦ ʩ 

ʥʘʯʘʣʦʤ ʧʘʥʜʝʤʠʠ COVID-19 ʚʳʧʫʩʢ ʢʨʦʣʴʯʘʪʠʥʳ ʩʥʠʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 2021 ʛ. ʇʘʜʝʥʠʝ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ ʩʦʩʪʘʚʠʣ 18 %. ɺ 2022 ʛ. ʉʝʚʝʨʥʘʷ ʂʦʨʝʷ ʥʘʯʠʥʘʝʪ ʚʦʟ-

ʚʨʘʱʘʪʴʩʷ ʢ ʧʨʝʞʥʠʤ ʪʝʤʧʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʦʙʲʝʤʦʤ ʚ 151 ʤʣʥ ʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʘ ʩʪʨʘʥʘ 

ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʤʷʩʫ ʢʨʦʣʠʢʘ. 

ɽʛʠʧʝʪ ʟʘʥʠʤʘʝʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʦʙʲʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ. ʇʝʨʚʳʝ ʯʝ-

ʪʳʨʝ ʛʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʧʦʢʘʟʳʚʘʶʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 

52 ʤʣʥ ʪ. ʅʘʯʠʥʘʷ ʩ 2012 ʧʦ 2014 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʦʣʴʯʘʪʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 65 ʤʣʥ ʪ ʠ 

ʜʝʨʞʠʪʩʷ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʷ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʪʨʠ ʛʦʜʘ. ʉ 2017 ʧʦ 2019 ʛ. ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ 75 ʤʣʥ ʪ. ʉ ʥʘʯʘʣʦʤ ʧʘʥʜʝʤʠʠ COVID-19 ʚʳʧʫʩʢ ʢʨʦʣʴʯʘʪʠʥʳ ʚ ɽʛʠʧʪʝ ʩʦ-

ʢʨʘʱʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʜʦ 72 ʤʣʥ ʪ. ɺ ʢʦʥʮʝ ʧʝʨʠʦʜʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ 67 ʤʣʥ ʪ 

ʚ 2022 ʛ. ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɽʛʠʧʪʝ ʩ 2088 ʧʦ 2022 ʛ. ʩʦʩʪʘʚʣʷʝʪ 28,8 %. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʚ ʈʦʩʩʠʠ ʚ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 

2022 ʛ. [5]. 
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ɻʨʘʬʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 7, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 2008 ʛ. ʈʦʩʩʠʷ ʧʨʦʠʟʚʝʣʘ 11,3 ʤʣʥ 

ʪ ʤʷʩʘ ʢʨʦʣʠʢʘ ʚ 2008 ʛ. ɼʦ 2013 ʛ. (16 ʤʣʥ ʪ) ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʷʩʘ ʢʨʦʣʠʢʘ ʠʜʝʪ ʧʦ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʠʜʝʪ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦ 2016 ʛ. 

ɺ ʵʪʦʤ ʛʦʜʫ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʚ ʈʦʩʩʠʠ ʜʦʩʪʠʛʘʶʪ 18,2 ʤʣʥ ʪ. ʈʦʩʪ ʚʳʧʫʩʢʘ 

ʢʨʦʣʴʯʘʪʠʥʳ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʚʘ ʛʦʜʘ ʧʦ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦ ʥʝ ʪʘʢ ʠʥ-

ʪʝʥʩʠʚʥʦ, ʜʦ ʟʥʘʯʝʥʠʡ 18,5 ʤʣʥ ʪ ʚ 2018 ʛ. ʇʘʥʜʝʤʠʷ COVID-19 ʚ ʤʦʤʝʥʪ ʩʚʦʝʛʦ ʥʘʯʘʣʘ ʩʥʠ-

ʞʘʝʪ ʪʝʤʧʳ ʨʦʩʪʘ ʥʘ 500 000 ʪ. ʆʜʥʘʢʦ ʫʞʝ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʦʣʞʘ-

ʝʪʩʷ: ʚ 2020 ʛ. ʈʦʩʩʠʷ ʧʨʦʠʟʚʝʣʘ 18,4 ʤʣʥ ʪ, ʘ ʚ 2021 ʛ. ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʣʦ 18,7 ʤʣʥ ʪ. 

ɺ 2022 ʛ., ʚ ʩʚʷʟʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʥʘʣʦʞʝʥʠʝʤ ʩʘʥʢʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʡ ʩʪʨʘʥʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʢʨʦʣʠʢʘ ʚ ʈʦʩʩʠʠ ʫʧʘʣʦ ʜʦ 18 ʤʣʥ ʪ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʟʦʨʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɸʟʠʷ ʷʚʣʷʝʪʩʷ ʣʠʜʠʨʫʶʱʝʡ ʯʘʩʪʴʶ ʩʚʝʪʘ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʦʠʟʚʦʜʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʦʣʴʢʦ ʞʝ ʧʨʦʜʫʢ-

ʮʠʠ, ʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʜʷʪ ɽʚʨʦʧʘ, ʉʝʚʝʨʥʘʷ ʠ ʖʞʥʘʷ ɸʤʝʨʠʢʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɸʬʨʠʢʘʥʩʢʠʡ 

ʢʦʥʪʠʥʝʥʪ, ʢʘʢ ʠ ʘʚʩʪʨʘʣʠʡʩʢʠʡ, ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʪʨʘʥʘʤ ʜʘʝʪ ʧʦʥʷʪʴ, ʯʪʦ ʣʠʜʝʨʦʤ ʚ ʤʠʨʝ 

ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ, ʢʦʪʦʨʳʡ ʚʳʧʫʩʢʘʝʪ ʚʜʚʦʝ ʙʦʣʴʰʝ ʩʳʨʴʷ, ʯʝʤ ʉʐɸ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʚʪʦʨʫʶ 

ʧʦʟʠʮʠʶ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ. ʊʨʝʪʴʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʦʙʲʝʤʘʤ ʚʳʧʫʩʢʘ-

ʝʤʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ɹʨʘʟʠʣʠʷ. ʈʦʩʩʠʷ ʠ ʀʥʜʠʷ ʧʨʦʠʟʚʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʤʷʩʘ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʯʝʪʚʝʨʪʦʡ ʠ ʧʷʪʦʡ ʧʦʟʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʦʚʷʜʠʥʳ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʷʚʣʷʶʪʩʷ ʉʐɸ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘ-

ʙʠʣʴʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ 2015 ʛ. ɹʨʘʟʠʣʠʷ ʧʨʦʷʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ ʠʥʪʝʨʝʩ 

ʢ ʚʳʧʫʩʢʫ ʛʦʚʷʜʠʥʳ, ʢʘʢ ʠ ʉʐɸ, ʟʘʥʠʤʘʷ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ. ʂʠʪʘʡ ʚ ʜʘʥʥʦʤ ʨʝʡʪʠʥʛʝ ʨʘʩ-

ʧʦʣʦʞʠʣʩʷ ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ, ʧʨʦʠʟʚʦʜʷ ʚʜʚʦʝ ʤʝʥʴʰʝ ʩʳʨʴʷ, ʯʝʤ ʉʐɸ. ʆʜʥʘʢʦ ʂʠʪʘʡ ʥʘʯʠ-

ʥʘʝʪ ʩʦʢʨʘʱʘʪʴ ʨʘʟʨʳʚ ʦʪ ʣʠʜʝʨʘ, ʥʘʯʠʥʘʷ ʩ 2018 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʘʜʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19, ʀʥʜʠʷ ʦʩʪʘʝʪʩʷ ʯʝʪʚʝʨʪʳʤ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʷʩʘ 

ʛʦʚʷʜʠʥʳ. ʈʦʩʩʠʷ, ʟʘʥʠʤʘʷ ʧʷʪʫʶ ʧʦʟʠʮʠʶ, ʧʨʦʠʟʚʦʜʠʪ ʤʷʩʦ ʛʦʚʷʜʠʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,6 ʤʣʥ 

ʪ ʜʦ 1,8 ʤʣʥ ʪ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ 2008 ʛ. 

ʃʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ ʧʪʠʮʳ ʩ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2022 ʛ. ʟʘʥʠʤʘʶʪ 

ʉʐɸ ʠ ʂʠʪʘʡ. ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ ʧʝʨʝʜʘʣʠ ʧʝʨʚʝʥʩʪʚʦ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʂʠʪʘʶ ʚ 

2019 ʛ. ɹʨʘʟʠʣʠʷ, ʙʫʜʫʯʠ ʪʨʝʪʴʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʠʨʘ, ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ 

ʚʳʧʫʩʢʘ ʧʪʠʮʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ. ʊʘ ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʈʦʩʩʠʠ (4-ʝ ʤʝʩʪʦ) ʠ ʀʥʜʠʠ (5-ʝ ʤʝʩʪʦ). ʇʨʠ ʵʪʦʤ ʈʦʩʩʠʷ ʠ ʀʥʜʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʜʝʥʪʠʯʥʳʡ 

ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʪʩʪʘʚʘʥʠʝ ʀʥʜʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʫʩʢʘʝʤʦʛʦ ʩʳʨʴʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 

10 % ʦʪ ʨʦʩʩʠʡʩʢʠʭ ʚʝʣʠʯʠʥ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʚʠʥʠʥʳ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʂʠʪʘʷ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʤʦʱʥʦʩʪʝʡ ʧʦ ʚʳʧʫʩʢʫ ʤʷʩ-

ʥʦʛʦ ʩʳʨʴʷ ʚ ʩʪʨʘʥʝ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʳʚ ʂʠʪʘʷ ʦʪ ʚʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʣʘʥʝʪʳ (ʉʐɸ) ʩʦ-

ʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʚ 4 ʨʘʟʘ ʚ ʧʦʣʴʟʫ ʇʦʜʥʝʙʝʩʥʦʡ. ʇʨʠ ʵʪʦʤ ɹʨʘʟʠʣʠʷ ʠ ʈʦʩʩʠʷ, ʢʦʪʦʨʳʝ ʟʘ-

ʥʠʤʘʶʪ ʯʝʪʚʝʨʪʦʝ ʠ ʧʷʪʦʝ ʤʝʩʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʩʪʘʶʪ ʦʪ ʉʐɸ ʪʘʢʞʝ ʚ ʩʨʝʜʥʝʤ ʚ 4 ʨʘʟʘ. 

ʆʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʨʘʟʠʣʠʠ ʠ ʈʦʩʩʠʠ ʥʘʭʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʢ 2022 ʛ. 

ʩʦʩʪʘʚʠʣʠ 5,2 ʤʣʥ ʪ ʠ 4,53 ʤʣʥ ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʜʠʷ, ʟʘʤʳʢʘʷ ʧʷʪʝʨʢʫ ʣʠʜʝʨʦʚ-ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ ʩʚʠʥʠʥʳ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ 380 000 ʪ ʚ 2008 ʛ. 

ʜʦ 320 000 ʪ ʚ 2022 ʛ. 

ʊʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ ʢʨʦʣʠʢʘ ʩʨʝʜʠ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ (ʂʠʪʘʡ, ʉʝ-

ʚʝʨʥʘʷ ʂʦʨʝʷ ʠ ɽʛʠʧʝʪ) ʥʝʦʜʥʦʟʥʘʯʥʳ. ʂʠʪʘʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʠʡ ʩʧʘʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʥʘʯʘʣʘ 

2015 ʛ., ʦʩʪʘʝʪʩʷ ʣʠʜʝʨʦʤ ʧʦ ʦʙʲʝʤʘʤ ʚʳʧʫʩʢʘ ʢʨʦʣʴʯʘʪʠʥʳ. ʉʝʚʝʨʦʢʦʨʝʡʮʳ ʥʘʨʷʜʫ ʩ ʛʨʘʞʜʘ-

ʥʘʤʠ ɽʛʠʧʪʘ ʧʦʢʘʟʳʚʘʶʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʷʩʘ ʢʨʦʣʠʢʘ. 
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ʂʨʦʣʴʯʘʪʠʥʘ ʪʘʢʞʝ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʈʦʩʩʠʠ. ɻʨʘʬʠʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʜʘʞʝ ʧʘʥʜʝʤʠʷ COVID-19 ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʘ ʥʘ ʠʥʪʝʨʝʩ ʨʦʩʩʠʷʥ ʢ ʧʦʪʨʝʙʣʝʥʠʶ 

ʤʷʩʘ ʞʠʚʦʪʥʦʛʦ ʵʪʦʛʦ ʚʠʜʘ. 

ɺ ʮʝʣʦʤ ʘʥʘʣʠʟ ʚʩʝʭ ʨʠʩʫʥʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʨʘʩʪʝʪ ʢʘʢ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ.  

ʊʘʢʞʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʧʨʦʠʟʦʰʣʠ ʪʝ ʠʣʠ ʠʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19. ɼʘʥʥʳʡ ʧʝʨʠʦʜ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣ ʥʘ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ʇʦ ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 1, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦ ʦʙʲʝʤʘʤ ʤʷʩʥʳʭ 

ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʪʭʦʜʦʚ, ʢ ʧʨʠʤʝʨʫ, ʚ 2022 ʛ. ʩʦʩʪʘʚʠʣʘ 53 ʤʣʥ ʪ 

(15 %) ʧʨʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʠʩʪʠʯʥʳʭ ʧʨʦʛʥʦʟʘʭ. ɺ ʈʦʩʩʠʠ ʚʝʣʠʯʠʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʦʪʭʦ-

ʜʦʚ ʚ ʩʝʢʪʦʨʝ ʤʷʩʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 20ï25 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [6], ʠʣʠ 2,4ï3 

ʤʣʥ ʪ ʥʘ ʤʦʤʝʥʪ 2022 ʛ., ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʜʚʫʭʢʨʘʪʥʳʡ ʦʙʲʝʤ ʩʦʚʦʢʫʧʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʤʷʩʘ ʚ 

ʄʦʩʢʚʝ [7]. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʷʩʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʘʥʥʳʝ ʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʧʦʪʝʨʷʭ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʨʷʜʘ ʩʪʨʘʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʛʠʦʥʦʚ 

ʈʦʩʩʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʡʦʜʦʜʝʬʠʮʠʪʥʳʤ. ʅʝʜʦʩʪʘʪʦʢ ʡʦʜʘ ʟʘʯʘʩʪʫʶ ʚʦʩʧʦʣʥʷʝʪʩʷ ʚ ʨʘʮʠʦʥʝ 

ʛʨʘʞʜʘʥ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʣʘʤʠʥʘʨʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʨʫʛʠʝ ʚʦʜʦʨʦʩʣʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʢʣʘʩʩʫ ʙʫʨʳʭ (ʣʘʪ. Phaeophyceae), ʥʘʧʨʠʤʝʨ, ʬʫʢʫʩ ʧʫʟʳʨʯʘʪʳʡ, ʦʢʘʟʘʣʠʩʴ ʥʝʟʘʩʣʫʞʝʥʥʦ 

ʣʠʰʝʥʳ ʚʥʠʤʘʥʠʷ ʫʯʸʥʳʭ ʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʢʫʩʘ ʚ ʧʠʱʝʚʦʤ 
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ʧʫʟʳʨʯʘʪʦʛʦ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ɹʘʨʝʥʮʝʚʘ ʠ ɹʝʣʦʛʦ ʤʦʨʝʡ, ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʩʪʥʳʤ 

ʧʨʦʜʫʢʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʠʪʘʥʠʷ ʞʠʪʝʣʝʡ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʌʫʢʫʩ ʧʫʟʳʨʯʘʪʳʡ, 

ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʦʜʦʨʦʩʣʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʝʟʦʥʥʳʤ ʧʨʦʜʫʢʪʘʤ. ɿʘʛʦʪʦʚʢʘ ʚʦʜʦʨʦʩʣʝʚʦʛʦ 

ʩʳʨʴʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʩʝʛʦ ʧʦʣʪʦʨʘ-ʜʚʘ ʤʝʩʷʮʘ ʚ ʛʦʜʫ. ɼʣʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʧʦʩʪʘʚʢʠ 

ʬʫʢʫʩʘ ʧʫʟʳʨʯʘʪʦʛʦ ʥʘ ʩʪʦʣ ʞʠʪʝʣʝʡ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ. 

ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʩʫʰʢʘ ʣʶʙʦʛʦ ʚʠʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʬʫʢʫʩʘ ʧʫʟʳʨʯʘʪʦʛʦ ʠ ʜʨʫʛʠʭ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʉʫʙʣʠʤʠʨʦʚʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʩʦʭʨʘʥʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʩʳʨʴʷ. ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʩʫʰʢʘ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ï ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʳʨʴʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʀʩʩʣʝʜʫʝʤʦʝ ʩʳʨʴʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʟʘʤʦʨʦʞʝʥʦ 

ʠ ʠʟʤʝʣʴʯʝʥʦ ʤʝʪʦʜʦʤ ʢʨʠʦʵʢʩʪʨʫʟʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩʳʨʴʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ ɺʏʄ (ʧʨʠʙʦʨʘ ʏʠʞʦʚʦʡ). ʇʨʦʚʝʜʝʥʥʳʡ 

ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ 

ʩʫʰʢʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʚʣʘʞʥʦʩʪʴ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʬʫʢʫʩʘ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ çʤʠʥʫʩè 24 ʜʦ çʤʠʥʫʩè 18 0ʉ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ DataFit ʚʝʨʩʠʷ 9.1. 
ʇʦʣʫʯʝʥʥʦʝ ʦʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʩʳʨʴʷ, ʪʨʝʙʫʝʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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Abstract. Ensuring the complete balanced nutrition of the population has long been one 

of the challenging problems in a number of countries. Most regions of Russia can be referred 

to iodine-deficient areas. The lack of iodine is often replenished by consuming laminaria. 

Unfortunately, other algae belonging to the class of brown algae (Phaeophyceae), for example, 

bladderwrack, were undeservedly neglected by scientists and food technologists. The use of 

fucus in the diet of the Russian Federationôs residents will enrich dishes with a full range of 

macro- and microelements, a number of vitamins, pantothenic, folic and amino acids, fiber 

essential for normal digestion. Provided that the growth of bladderwrack is in the shallow 

waters of the Barents and White Seas, it can be considered a local product needed for the 

nutrition of the Murmansk region inhabitants. Bladderwrack, like other algae, can be attributed 

to seasonal products. Harvesting of algal raw materials lasts only one and a half to two months 

a year. For a year-round supply of bladderwrack to the residentsô diets, it has to be stored and 

processed. Any method of freeze-drying seems to be a promising way to process bladderwrack 

and other brown algae. Freeze-dried products retain almost all the useful properties of raw 

materials. Freeze drying at atmospheric pressure is a poorly studied process. For this method 

there is almost no mathematical apparatus making it possible to determine the change in the 

characteristics of raw materials during freeze drying. The raw material under study was 

previously frozen and ground by cryoextrusion. Determining the moisture content of the raw 

material was carried out by the standard method using the VChM device (Chizhova's 

instrument). The conducted stage of the study allowed determining the duration impact of freeze 

drying at atmospheric pressure on the moisture content of the dried bladderwrack at the 

temperature range from "minus" 24 to "minus" 180C. Mathematical processing of the 

experimental results was done using the DataFit version 9.1 program. The obtained generalized 

equation allows predicting changes in the moisture content of the raw material, the required 

duration of the process, the mode of operation of the process equipment and, as a result, reduce 

the operating costs of the equipment. 

Keywords: bladderwrack, freeze drying at atmospheric pressure, cryoextrusion, 

moisture, drying time 
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Introduction  

For many decades, the problem of iodine deficiency has been solved in Russia, among other 

things, by adding laminaria to food, so the latter is a widely known alga [15]. 

Unlike laminaria, bladderwrack, abundant in the northern seas, has been neglected by 

researchers and food technologists. Laminaria and bladderwrack are different types of brown algae. 

Both are useful, nutritious, have a pronounced anti-aging effect, but differ in the percentage of useful 

components. 

Bladderwrack or fucus (Fucus vesiculosus) refers to brown algae and has an unusual structure. 

The general view of bladderwrack is shown in Figure 1. 

 

 
  

Fig. 1. Bladderwrack (Fucus vesiculosus) [6] 

 

According to the results of many-year study of the research group of biochemistry and 

technology of aquatic organisms of the Murmansk Marine Biological Institute (MMBI) RAS under 

the supervision of E. Obluchinskaya, fucus of the Barents Sea is ñthe leader in the content of fucoidan 

and polyphenols among other types of brown algae, as well as representatives of the same species 

from other seasò [14]. Fucus from the Barents Sea is the least contaminated with metals, which means 

ñless toxic than representatives of the same species from other seas of the Arcticò, therefore ñit is 

better than others for the pharmaceutical industry as a source of biologically active substancesò [14]. 

Fucus contains a complete set of macro- and microelements, many vitamins, pantothenic, folic 

and amino acids, polysaccharide fractions, fiber needed for the normal functioning of the 

gastrointestinal tract [6]. 

Fucus fucoidin is considered a reserve nutrient instead of laminarin. Its content is very small, 

but fucus fucoidans are widely used in biologically active additives and extracts of antitumor, 

immunomodulatory, antibacterial, antiviral and anti-inflammatory therapy and preventive measures, 

in cosmetology for body wraps, the manufacture of anti-aging creams, shampoos, as a natural pigment 

in cosmetics [14].  

The seaweed contains iodine (1/2 teaspoon - 1 g) - from 30 to 80% of the required daily intake, 

considering the partial digestibility of iodine in accordance with the Technical Regulations of the 

Customs Union TR TS 022/2011 Food products in terms of their labeling (as amended on September 

14, 2018) [17]. 

Fucus is used for food purposes, preferably as a laxative [14]. Difficulties in using this seaweed 

for food purposes arise due to the presence of anti-nutrients-substances that prevent trace elements, 

vitamins and nutrients from being absorbed.  

Fucus is good at regulating appetite since it contains alginic acid with the gelling properties and 

the ability to swell 25-35 times in the stomach when water is absorbed. The enterosorption effect of 



 

 

ʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

23 

alginic acid provides its radioprotective and detoxifying effect, including the removal of heavy metals 

(lead, mercury, radionuclides) from the body [6]. 

In the food industry, bladderwrack is used in blends with other aromatic plants as a seasoning 

for hot dishes and salads. 

The article presents the results of freeze drying of bladderwrack, ground by cryoextrusion, at 

two levels of negative temperatures under natural air convection. The presented results correspond to 

the end of the succeeding stage of the study on the development of rational modes of drying the algae 

under the specified conditions. 

 

         Materials and Methods 

At this stage, the purpose of the study is to develop a mathematical model for changing the 

moisture content of the dried raw material depending on the time of the drying process at various 

negative temperatures. 

Bladderwrack (Fucus vesiculosus) of the Fucus family (Fucales), harvested in August-

September from 2018 to 2022 in the Dalne-Zelenetskaya Bay of the Barents Sea in the Eastern 

Murman was used as an object of study. 

The subject of the study is the change in the moisture content in algae under various drying 

regimes. 

The objectives of the study were to analyze the impact of various factors on the removal of 

moisture from the algal raw materials in the drying process. 

To conduct the study, the raw material was preliminarily prepared: washed, laid out on a drain, 

then frozen, ground by cryoextrusion at a temperature of minus 18 0C using an extruder grinder. Its 

design was developed at the Murmansk State Technical University [8] using the matrix of ñcone-

coneò type (or "hourglass") 5.5\4.5\5.5 with a coefficient of the geometric shape of the holes 0.062635 

cm3 [9, 11]. 

The experiment was planned according to the method of Latin squares [16]. The drying 

temperature was changed in steps of 60C and amounted to "minus" 180C and "minus" 24 0C. At the 

next stage of the study, it is expected to carry out freeze-drying at a temperature of minus 30 0C. For 

this purpose, the experimental unit is being modernized. 

The experimental unit is designed on the basis of a refrigerator. The volume of the drying 

chamber is 125 dm3. The temperature was monitored using a K-type thermocouple operating with an 

M 838 multimeter. 

The prepared raw material was placed on a baking sheet 10 mm thick. 

The samples of the raw materials were taken regularly, every three days. The initial and residual 

moisture content of the dried product was determined using a VChM device (Chizhova's instrument) 

[10]. 

The processing of the obtained results was carried out by the method of non-linear regression 

using the DataFit v 9.1 program. The adequacy of the mathematical model was determined by the 

Fisher criterion (F-criterion) and the coefficient of determination (R2), the significance of each 

regression coefficient was determined by the Student's criterion (t-criterion) [2]. 
 

Results 

In the course of the experimental studies, two stages of raw material processing were identified 

[4], they are shown in Figure 2: 

1) The first stage of freeze-drying at atmospheric pressure and the temperature investigated; 

2) Secondary drying under natural convection at a temperature of  12 0C. 
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Fig. 2. Stages of freeze-drying at atmospheric pressure and temperature of "minus" 24 0C of fucus,  

gound by cryoextrusion. Compiled by the authors 

 

A graphical summary of the experimental data results is shown in Figure 3. 

The graphs clearly show the highest rate of the moisture removal in the initial period of drying, 

when free and mechanically bound moisture is actively removed. The increase in the duration of 

drying at different temperatures is explained by the increase in the initial moisture content of the raw 

material in drying at a temperature of minus 240C. 

 

 
a 

 
b 

 
Fig. 3. Change in the moisture content of fucus in conversion to dry matter, depending on the duration of the 

drying process: a) at a temperature of "minus" 180C, b) at a temperature of "minus" 240C.  

Compiled by the authors 
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The result of this stage of the study was a generalized mathematical model that determines the 

dependence of moisture on dry matter of fucus freeze-dried at atmospheric pressure, ground by 

cryoextrusion, for various negative temperatures, expressed by the formula (1) 

 

ώ ὥ ὦϽὼ Ͻ̒ὼȟ ὨϽὩ  ,                                                    (1) 

 

where y is the moisture per dry matter, percentage;  

                    x ï duration of drying, days; 

                   a, b, c, d ï the coefficients of the equation presented in Table. 

 

Coefficients for the equation (1). Compiled by the authors 

 

Parameter Parameter 

Value 

Coefficient  Validity of the model 

a b c d F-criterion R2 

Temperature of 
drying  
   , 0ʉ 

çminusè 18 185,14 6,02 -65,24 0 393,79 0,98 

çminusè 24 149,78 0 -15,91 624,66 12656,27 0,99 

NoteïFtbl-citerion (table value of the Fisher criterion) = 161.45 at a significance level of 0.05 [5]. 

All coefficients of the equation for each option are significant. 

 

Discussion 

Freeze-drying at atmospheric pressure is one of the poorly studied methods of low-temperature 

processing of food, preferably vegetable, raw materials. In contrast, vacuum freeze drying is widely 

used for heat treatment of raw materials of both plant and animal origin [1,3,7,12,13,18]. 

Freeze-drying at atmospheric pressure is performed using refrigerators of various temperature 

ranges and does not require special additional equipment, while the quality of freeze-dried products 

is maintained. Its main disadvantage is a long duration of the process [10]. 

The study is carried out within the framework of R&D 5.03/21 "Improving the efficiency of 

technological processes and equipment in the Arctic region" [No. GR 121102500124-9].   
 

         Conclusion 

In the course of the study, the equation that allows determining the moisture content of fucus, 

ground by cryoextrusion at a temperature of minus 180C was developed, depending on the duration 

of freeze drying at atmospheric pressure. 

In formula (1), the coefficient "c" has a ñminusò sign and causes a decrease in the moisture 

content of the raw material in conversion to dry matter, depending on the duration of the drying 

process. All other coefficients of the specified equation have a ñplusò sign and lead to an increase in 

the value of the function. 

The resulting mathematical model can be used for predictive calculation of the moisture content 

of raw materials, the required duration of the process, the mode of the technological equipment 

operation and, as a result, lead to the reduced costs of the unit performance.  

The analysis of the problem and the results obtained conclude that the main areas of studying 

the process of freeze-drying at atmospheric pressure are aimed at reducing the time of drying and 

increasing the energy efficiency of the process. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʨʦʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɿʘʜʘʯʠ: - ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠ-

ʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʥʘ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ; - ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦ-

ʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʠ 

ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦ-

ʨʠʷʭ ʀʥʩʪʠʪʫʪʘ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚ-

ʣʷʣʠʩʴ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʝ ʥʝʧʨʦʤʳʪʳʝ ʬʘʨʰʠ ʥʘ ʦʩʥʦʚʝ ʤʦʨʦʞʝʥʳʭ ʨʳʙ ɼʘʣʴʥʝʚʦʩʪʦʯ-

ʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʘʚʘʛʘ (Eleginus gracilis 

(Til.), ʢʨʘʩʥʦʧʝʨʢʘ (Tribolodon hakonensis (Gunth.), ʤʠʥʪʘʡ (Theragra chalcogramma), ʪʝʨ-

ʧʫʛ (Hexagrammos otakii). ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʢʫʣʠʥʘʨʥʳʭ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʥʝʧʨʦ-

ʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʢʫʣʠʥʘʨʥʘʷ ʛʦʪʦʚʥʦʩʪʴ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʣʠʯʝʩʪʚʦ ʤʝʟʦ-

ʬʠʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ-ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʂʄɸʌɸʥʄ) ʠ ʙʘʢ-

ʪʝʨʠʡ ʛʨʫʧʧʳ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ (ɹɻʂʇ). ʇʦʢʘʟʘʥʦ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘ-

ʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ, ʚʠʜʘ ʨʳʙ ʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʘʩʪʝ-

ʨʠʟʦʚʘʥʥʳʭ ʥʝʧʨʦʤʳʪʳʭ ʬʘʨʰʝʡ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʪʦʨʥʦʝ ʟʘʤʦ-

ʨʘʞʠʚʘʥʠʝ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʦʢʘʟʳʚʘʝʪ ʢʘʢ ʥʝʛʘʪʠʚʥʦʝ, ʪʘʢ ʠ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʫʣʠ-

ʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ 

ʬʘʨʰʝʡ; ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʨʳʙ. ɺʣʠʷʥʠʝ ʧʦʚʪʦʨ-

ʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚ-

ʥʦʩʪʠ: ʫ ʢʨʘʩʥʦʧʝʨʢʠ ʠ ʤʠʥʪʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 75 ʜʦ 80 Üʉ ʫ ʥʘʚʘʛʠ ʠ ʪʝʨ-

ʧʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʥʠʞʝʥʠʝ ʦʪ 75 ʜʦ 70 Üʉ ʠ ʦʪ 70 ʜʦ 65 Üʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ (ʢʨʘʩʥʦʧʝʨʢʘ ʠ ʤʠʥʪʘʡ ï 80 Üʉ, ʥʘʚʘʛʘ ï 70 Üʉ, ʪʝʨʧʫʛ ï 65 Üʉ) 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ.  
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Abstract. The aim of the study is to experimentally substantiate feasibility using un-

washed frozen minced meat from frozen fish of the Far Eastern basin in technology of pasteur-

ized food products. Objectives: - to study effect of repeated freezing raw materials on the culi-

nary readiness and organoleptic properties of pasteurized minced meat; - to study combined 

effect of repeated freezing raw materials and final pasteurization temperature on the culinary 

readiness and sanitary condition pasteurized minced meat. The study was conducted in the la-

boratories Institute Food Production Far Eastern State Technical Fisheries University in Vladi-

vostok. The objects study were pasteurized unwashed minced meat based on frozen fish Far 

Eastern basin with limited technological properties: saffron cod (Eleginus gracilis (Til.), rudd 

(Tribolodon hakonensis (Gunth.), pollock (Theragra chalcogramma), greenling (Hexagram-

mos otakii). The following indicators were used as criteria for experimental justification feasi-

bility producing pasteurized culinary fish products from unwashed minced meat made from 

frozen fish: culinary readiness, organoleptic properties, the number of mesophilic aerobic and 

facultative anaerobic microorganisms and coliform bacteria. The combined effect of repeated 

freezing raw materials, fish species and final pasteurization temperature on the properties pas-

teurized unwashed minced meat from frozen fish is shown. It is established that repeated freez-

ing fish raw materials has both a negative and positive effect on the culinary readiness and 

individual organoleptic properties pasteurized minced meat; the direction and extent of this 

effect depend on fish species. The effect of repeated freezing raw materials is manifested 

change in the temperature required to achieve the maximum possible intensity culinary readi-

ness under these conditions: for rudd and pollock, the temperature increases from 75 to 80Üʉ, 

for saffron cod and greenling, it decreases from 75 to 70Üʉ and from 70 to 65Üʉ, respectively. 

It has been shown that the temperatures for achieving the maximum possible values of culinary 

readiness pasteurized minced meat (rudd and pollock ï 80 Üʉ, saffron cod ï 70 Üʉ, greenling ï 

65 Üʉ) ensure their microbiological safety. 

Keywords: unwashed minced meat, repeated freezing, pasteurization, culinary readiness, 

organoleptic properties, orientation of processes, sanitary condition 

For citation: Guseva L. B., Kornienko N. L. Prospects for the industrial use of unwashed 

frozen minced meat from Far Eastern fish. Scientific Journal of the Far Eastern State Technical 

Fisheries University. 2024; 70(4): 28ï36. (In Russ.). 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʙʠʦ-

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʧʨʠʦʨʠʪʝʪ ʩʦ-

ʟʜʘʥʠʷ ʠʟ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1, 2]. 

ʆʜʥʠʤ ʠʟ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʩʪʝʨʠ-

ʟʦʚʘʥʥʳʭ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʣʴʯʝʥʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ [3]. 

ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʩʳʨʴʷ ʤʦʨʦʞʝʥʳʭ ʨʳʙʥʳʭ ʬʘʨʰʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘ-

ʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʄʦʨʦʞʝʥʳʝ ʨʳʙʥʳʝ ʬʘʨʰʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʦʤʳʪʳʝ ʠ ʥʝʧʨʦ-

ʤʳʪʳʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʤʳʪʳʭ 

ʬʘʨʰʝʡ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʥʘʣʦʛʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʂ ʥʝʛʘʪʠʚʥʳʤ ʘʩʧʝʢʪʘʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʪʳʭ ʬʘʨʰʝʡ ʦʪʥʦʩʷʪʩʷ ʩʥʠʞʝʥʠʝ ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʬʘʨʰʘ ʧʨʠ ʧʨʦʤʳʚʢʝ, ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʩʳʨʴʷ ʠ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʳʚʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ [4, 5, 6].  

ʊʝʭʥʦʣʦʛʠʷ ʥʝʧʨʦʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʨʘʩʭʦʜʘ ʩʳʨʴʷ 

ʠ ʧʨʝʩʥʦʡ ʚʦʜʳ ʥʘ ʝʜʠʥʠʮʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʠʱʝʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʬʘʨʰʝʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʥʝʧʨʦʤʳʪʳʭ 

ʬʘʨʰʝʡ ʦʪʥʦʩʷʪ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; ʧʨʠ ʵʪʦʤ ʨʷʜ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʜʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʫʣʫʯʰʝʥʠʷ ʧʫʪʝʤ ʠʟʚʝʩʪʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ [7, 8].  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʧʨʦʤʳʪʳʭ ʠ ʧʨʦʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʨʳʙʥʳʭ ʬʘʨʰʝʡ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ (ɻʆʉʊ ʈ 55505-2013). ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦ-

ʚʪʦʨʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʳʨʴʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʨʦʤʳ-

ʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʨʳʙʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʆʜʥʘʢʦ ʝʜʠʥʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʯʝʨʥʦʛʦ ʤʘʢʨʫ-

ʨʫʩʘ [9] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʮʠʢʣʘ çʨʘʟʤʦʨʘʞʠʚʘʥʠʝ ï ʟʘʤʦʨʘʞʠʚʘʥʠʝè 

ʨʳʙʥʳʭ ʪʫʰʝʢ ʥʝ ʦʢʘʟʳʚʘʣʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʭ ʢʦʥʩʠʩʪʝʥʮʠʶ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʘʩʪʝʨʠʟʘʮʠʠ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʨʳʙʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʥʝʧʨʦʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʢʫʣʠʥʘʨʥʳʭ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɿʘʜʘʯʠ: - ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʥʘ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚ-

ʥʦʩʪʴ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ; - ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠ-

ʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʢʫʣʠʥʘʨʥʫʶ 

ʛʦʪʦʚʥʦʩʪʴ ʠ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ.  

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝʧʨʦʤʳʪʳʭ ʤʦʨʦʞʝʥʳʭ ʬʘʨʰʝʡ. 

ʉʳʨʴʝʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʣʠʩʴ ʤʦʨʦʞʝʥʳʝ ʨʳʙʳ ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʘʚʘʛʘ (Eleginus gracilis 

(Til.), ʢʨʘʩʥʦʧʝʨʢʘ (Tribolodon hakonensis (Gunth.), ʤʠʥʪʘʡ (Theragra chalcogramma), ʪʝʨʧʫʛ 

(Hexagrammos otakii), ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 32366-2013. 

ʈʳʙʫ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʠ ʨʘʟʜʝʣʳʚʘʣʠ ʥʘ ʦʙʝʩʰʢʫʨʝʥʥʦʝ ʬʠʣʝ, ʢʦʪʦʨʦʝ ʠʟʤʝʣʴʯʘʣʠ ʥʘ ʚʦʣʯʢʝ ʩ 

ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʢʠ 3 ʤʤ. ʇʦʣʫʯʝʥʥʳʡ ʬʘʨʰ ʛʨʫʙʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʜʝʣʠʣʠ ʥʘ ʜʚʝ 
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ʯʘʩʪʠ: ʦʜʥʫ ʯʘʩʪʴ ʬʘʨʰʘ ʢʘʞʜʦʡ ʨʳʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʘʢ ʦʙʨʘʟʮʳ çʜʦ ʟʘʤʦʨʘ-

ʞʠʚʘʥʠʷè; ʚʪʦʨʫʶ ʯʘʩʪʴ ʟʘʤʦʨʘʞʠʚʘʣʠ, ʭʨʘʥʠʣʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʚʠʜʝ 

ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʦʙʨʘʟʮʳ çʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷè. 

ʆʙʝ ʯʘʩʪʠ ʥʝʧʨʦʤʳʪʳʭ ʬʘʨʰʝʡ ʢʘʞʜʦʡ ʨʳʙʳ ʧʦʜʚʝʨʛʘʣʠ ʧʘʩʪʝʨʠʟʘʮʠʠ ʚ ʚʦʜʷʥʦʡ ʙʘʥʝ 

LOIPLB-160 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 90 Üʉ; ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʨʰʝʡ ʧʨʠ ʧʘʩʪʝʨʠʟʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ ChektempIHI 98509 (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 0,3 Üʉ). ʆʭʣʘʞʜʝ-

ʥʠʝ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 30Ñ2 Üʉ. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʨ-

ʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. 

ʂʫʣʠʥʘʨʥʘʷ ʛʦʪʦʚʥʦʩʪʴ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘ-

ʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʝʭʦʜ ʩʳʨʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʠʟ ʩʦʩʪʦ-

ʷʥʠʷ çʥʝʩʲʝʜʦʙʥʦʝè ʚ çʩʲʝʜʦʙʥʦʝè, ʩʚʦʡʩʪʚʝʥʥʦʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ [10]. ɻʆʉʊ 31985-2013 

ʪʨʘʢʪʫʝʪ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʢʘʢ çʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʝʝ ʧʨʠʛʦʜʥʦʩʪʴ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʚ ʧʠʱʫè. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʫʣʠʥʘʨʥʘʷ 

ʛʦʪʦʚʥʦʩʪʴ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ çʦʙʱʝʝ, ʢʦʤʧʣʝʢʩʥʦʝ ʦʱʫʱʝʥʠʝ ʟʘʧʘʭʘ, ʚʢʫʩʘ ʠ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʚʦʟʥʠ-

ʢʘʶʱʝʝ ʧʨʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʚ ʧʠʱʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʦʙʨʘʟʮʦʚè. ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ [11] ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʨʛʘʥʦ-

ʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʧʦʣʥʷʣʠ ʧʦ ɻʆʉʊ 7631-2008, ɻʆʉʊ ʈ ʀʉʆ 5492-2005, ʠʩʧʦʣʴʟʫʷ ʧʷʪʠ-

ʙʘʣʣʴʥʳʝ ʰʢʘʣʳ (ʪʘʙʣ. 1, 2), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʩʝʥʩʦʨʥʦʤʫ ʘʥʘʣʠʟʫ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʙʣʠʮʘ 1 

ɹʘʣʣʴʥʘʷ ʰʢʘʣʘ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ 

Table 1 

The point scale of culinary readiness of pasteurized minced meat 

ɹʘʣʣʳ ʉʣʦʚʝʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ 

5 ʗʨʢʦ ʚʳʨʘʞʝʥʘ 

4 ʆʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʘ 

3 ʋʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥʘ 

2 ʉʣʘʙʦ ʚʳʨʘʞʝʥʘ 

1 ʆʪʩʫʪʩʪʚʫʝʪ 

ʊʘʙʣʠʮʘ 2 

ɹʘʣʣʴʥʘʷ ʰʢʘʣʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ 

Table 2 

Point scale of organoleptic properties of pasteurized minced meat 

ɹʘʣʣʳ 
ʉʣʦʚʝʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʟʘʧʘʭ ʚʢʫʩ ʢʦʥʩʠʩʪʝʥʮʠʷ ʩʪʨʫʢʪʫʨʘ 

5 
ʉʚʦʡʩʪʚʝʥʥʳʡ ʚʘʨʝʥʦʡ 

ʨʳʙʝ, ʷʨʢʦ ʚʳʨʘʞʝʥ 

ʆʯʝʥʴ ʩʦʯʥʘʷ,  

ʛʣʦʪʘʝʪʩʷ ʙʝʟ ʫʩʠʣʠʡ 

ʇʣʦʪʥʘʷ ʪʠʧʘ ʙʨʠʢʝʪ,  

ʨʝʞʝʪʩʷ, ʤʘʞʝʪʩʷ 

4 
ʉʚʦʡʩʪʚʝʥʥʳʡ ʚʘʨʝʥʦʡ 

ʨʳʙʝ, ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ 

ʉʦʯʥʘʷ,  

ʛʣʦʪʘʝʪʩʷ ʙʝʟ ʫʩʠʣʠʡ 

ʇʣʦʪʥʘʷ ʪʠʧʘ ʙʨʠʢʝʪ, ʢʨʦ-

ʰʣʠʚʘʷ, ʨʝʞʝʪʩʷ, ʤʘʞʝʪʩʷ 

3 
ʉʚʦʡʩʪʚʝʥʥʳʡ ʚʘʨʝʥʦʡ 

ʨʳʙʝ, ʫʤʝʨʝʥʦ ʚʳʨʘʞʝʥ 

ʉʦʯʥʘʷ, ʛʣʦʪʘʝʪʩʷ  

ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ  

ʫʩʠʣʠʝʤ 

ʇʣʦʪʥʘʷ ʪʠʧʘ ʙʨʠʢʝʪ,  

ʢʨʦʰʣʠʚʘʷ, ʥʝ ʨʝʞʝʪʩʷ, 

ʤʘʞʝʪʩʷ 

2 
ʉʚʦʡʩʪʚʝʥʥʳʡ ʚʘʨʝʥʦʡ 

ʨʳʙʝ, ʩʣʘʙʦ ʚʳʨʘʞʝʥ 

ʉʫʭʦʚʘʪʘʷ,  

ʛʣʦʪʘʝʪʩʷ ʩ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʫʩʠʣʠʝʤ 

ʌʘʨʰʝʚʦʛʦ ʪʠʧʘ, ʨʳʭʣʘʷ, 

ʢʨʦʰʣʠʚʘʷ, ʥʝ ʨʝʞʝʪʩʷ, 

ʤʘʞʝʪʩʷ 
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1 
ʉʚʦʡʩʪʚʝʥʥʳʡ ʚʘʨʝʥʦʡ 

ʨʳʙʝ, ʝʜʚʘ ʫʣʦʚʠʤ 

ʉʫʭʘʷ, ʛʣʦʪʘʝʪʩʷ ʩ 

ʫʩʠʣʠʝʤ 

ʌʘʨʰʝʚʦʛʦ ʪʠʧʘ, ʨʳʭʣʘʷ, 

ʢʨʦʰʣʠʚʘʷ, ʥʝ ʨʝʞʝʪʩʷ,  

ʥʝ ʤʘʞʝʪʩʷ 

ʇʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʙʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʧʨʦʤʳʪʳʭ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ ʧʦ ɻʆʉʊ 31904-2012, ɻʆʉʊ 10444.15-94, ɻʆʉʊ 31747-2012. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çStatistica 6è. ʎʠʬʨʦʚʳʝ ʚʝʣʠʯʠʥʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʛʨʘʬʠʢʘʭ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ (ʈ) 0,95, ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʤ 

ʠʥʪʝʨʚʘʣʝ (æ) Ñ5 %.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ ʚʣʠʷʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ: ʥʝʛʘʪʠʚʥʦʝ ʠ ʧʦʟʠʪʠʚʥʦʝ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ, ʘ ʧʦʟʠʪʠʚʥʦʝ ï ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘ-

ʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʨʳʙ. ʊʘʢ, ʧʦʚʪʦʨʥʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʬʘʨʰʘ ʥʘʚʘʛʠ ʠ ʪʝʨʧʫʛʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʥʠʞʝʥʠʝʤ, ʘ ʢʨʘʩʥʦʧʝʨʢʠ ʠ ʤʠʥ-

ʪʘʷ ï ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. 

 

 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʥʘ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ  

ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ ʠʟ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʨʳʙ: Ǐ ï ʜʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ƴ ï ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. The effect of repeated freezing of raw materials on the culinary readiness of pasteurized 

minced Far Eastern fish: Ǐ ï before freezing, ƴ ï after freezing. Compiled by the authors 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʘʮʠʠ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 65 ʜʦ 80 Üʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʘʢ ʠʟ ʬʘʨʰʝʡ çʜʦè, ʪʘʢ 

ʠ çʧʦʩʣʝè ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʦʙʨʘʟʮʳ ʠʟ ʬʘʨʰʘ ʪʝʨʧʫʛʘ çʧʦʩʣʝ ʟʘʤʦʨʘ-

ʞʠʚʘʥʠʷè, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦ-
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ʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ: ʫ ʢʨʘʩʥʦ-

ʧʝʨʢʠ ʠ ʤʠʥʪʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 75 ʜʦ 80 Üʉ; ʫ ʥʘʚʘʛʠ ʠ ʪʝʨʧʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʩʥʠʞʝʥʠʝ ʦʪ 75 ʜʦ 70 Üʉ ʠ ʦʪ 70 ʜʦ 65 Üʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʪʦʨʥʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ, ʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 

ʨʳʙʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʬʘʨʰʝʡ ʠʟ ʩʳʨʴʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʟʘʤʦʨʘ-

ʞʠʚʘʥʠʷ [12]. 

ʉʦʙʩʪʚʝʥʥʦ ʧʦʚʪʦʨʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʫʩʠʣʝʥʠʝ ʟʘʧʘʭʘ ʬʘʨʰʘ ʢʨʘʩʥʦʧʝʨʢʠ 

ʠ ʫʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʬʘʨʰʘ ʪʝʨʧʫʛʘ. ʂ ʧʦʟʠʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʩʣʝʜʫʝʪ 

ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʩʦʭʨʘʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʘʭʘ ʠ ʚʢʫʩʘ ʫ ʬʘʨʰʘ ʥʘʚʘʛʠ ʠ ʤʠʥʪʘʷ, ʩʦʭʨʘʥʝʥʠʝ 

ʢʦʥʩʠʩʪʝʥʮʠʠ ʫ ʤʠʥʪʘʷ ʠ ʩʪʨʫʢʪʫʨʳ ʫ ʢʨʘʩʥʦʧʝʨʢʠ, ʥʘʚʘʛʠ ʠ ʤʠʥʪʘʷ.  

 

 

 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʠ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ 

ʬʘʨʰʝʡ ʥʘ ʠʭ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ: ʘ ï ʢʨʘʩʥʦʧʝʨʢʘ; ʙ ï ʥʘʚʘʛʘ; ʚ ï ʤʠʥʪʘʡ; ʛ ï ʪʝʨʧʫʛ;  

Ǐ ï ʜʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ƴ ï ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. The effect of repeated freezing of raw materials and the final temperature of pasteurized 

minced meat on their culinary readiness: a ï rudd; ʙ ï saffron cod; ʚ ï pollock; ʛ ï terpug;  

Ǐ ï before freezing, ƴ ï after freezing. Compiled by the authors 
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʠ ʚʠʜʘ ʨʳʙ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ: ʘ ï ʟʘʧʘʭ; ʙ ï ʚʢʫʩ; ʚ ï ʢʦʥʩʠʩʪʝʥʮʠʷ; ʛ ï ʩʪʨʫʢʪʫʨʘ; Ǐ ï ʜʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, 

ƴ ï ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. The effect of repeated freezing of raw materials and fish species on the organoleptic  

properties of pasteurized minced meat: a ï smell; ʙ ï taste; ʚ ï consistency; ʛ ï structure;  

Ǐ ï before freezing, ƴ ï after freezing. Compiled by the authors 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣ. 3) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʂʄɸʌɸʥʄ ʜʦ ʟʥʘʯʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʪʠʚʥʦʝ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʩʪʝʨʠʟʦʚʘʥ-

ʥʳʭ ʬʘʨʰʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʭ ʥʘʛʨʝʚʝ ʜʦ 65 Áʉ; ɹɻʂʇ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʦʙʥʘʨʫ-

ʞʝʥʳ. ʀʟʚʝʩʪʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ ʠʟ ʩʳʨʴʷ ʦʜʥʦʢʨʘʪ-

ʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ (ʩʤ. ʨʠʩ. 

2) (ʢʨʘʩʥʦʧʝʨʢʘ ʠ ʤʠʥʪʘʡ ï 80 Üʉ, ʥʘʚʘʛʘ ï 70 Üʉ, ʪʝʨʧʫʛ ï 65 Üʉ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʞʝ ʠʭ ʤʠʢ-

ʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʊʘʙʣʠʮʘ 3  

ɺʣʠʷʥʠʝ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʩʪʝʨʠʟʘʮʠʠ  

ʥʘ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʧʨʦʤʳʪʳʭ ʬʘʨʰʝʡ 

Table 3  

The effect of the final pasteurization temperature  

on the sanitary condition of unwashed minced meat 

ʊʢ+, Áʉ 
ʂʄɸʌɸʥʄ 

ɹɻʂʇ 
ʂʨʘʩʥʦʧʝʨʢʘ ʅʘʚʘʛʘ ʄʠʥʪʘʡ ʊʝʨʧʫʛ 

5ȹ 2,3Ā104 3,7Ā104 4,5Ā104 1,9Ā104 ʅʝʪ ʨʦʩʪʘ 

65 3,5Ā102 5,4Ā102 1,2Ā103 0,5Ā102  ʅʝʪ ʨʦʩʪʘ 
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70 1,5Ā102 1,8Ā102 2,2Ā102 ʄʝʥʝʝ 10 ʅʝʪ ʨʦʩʪʘ 

75 ʄʝʥʝʝ 10 ʄʝʥʝʝ 10 ʄʝʥʝʝ 10 ʅʝʪ ʨʦʩʪʘ ʅʝʪ ʨʦʩʪʘ 

80 ʅʝʪ ʨʦʩʪʘ ʅʝʪ ʨʦʩʪʘ ʅʝʪ ʨʦʩʪʘ ʅʝʪ ʨʦʩʪʘ ʅʝʪ ʨʦʩʪʘ 
ȹ ï ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ï ʩʳʨʦʡ ʬʘʨʰ ʧʦʩʣʝ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʦʚʪʦʨʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʳʨʴʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʥʠʞʝ-

ʥʠʝ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʕʪʦ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʨʦʞʝʥʳʭ ʬʘʨ-

ʰʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ, ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʣʴʯʝʥʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʪʦʨ-

ʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʳʨʴʷ ʦʢʘʟʳʚʘʝʪ ʢʘʢ ʥʝʛʘʪʠʚʥʦʝ, ʪʘʢ ʠ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʫʣʠʥʘʨʥʫʶ 

ʛʦʪʦʚʥʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. ʅʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʨʳʙ: ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʬʘʨʰʘ ʢʨʘʩʥʦʧʝʨʢʠ ʠ 

ʤʠʥʪʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ, ʘ 

ʥʘʚʘʛʠ ʠ ʪʝʨʧʫʛʘ ï ʩʥʠʞʘʝʪ; ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʫʣʠʥʘʨʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʫ ʢʨʘʩʥʦʧʝʨʢʠ ʠ ʤʠʥʪʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʫ ʥʘʚʘʛʠ ʠ ʪʝʨʧʫʛʘ ʩʥʠʞʘ-

ʝʪʩʷ. 

ʅʘʣʠʯʠʝ ʧʦʟʠʪʠʚʥʳʭ ʘʩʧʝʢʪʦʚ ʚʣʠʷʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠʭ ʥʝʛʘʪʠʚʥʳʭ 

ʘʩʧʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʧʨʦʤʳʪʳʝ ʤʦʨʦʞʝʥʳʝ ʬʘʨʰʠ ʠʟ ʤʦʨʦʞʝʥʳʭ ʨʳʙ ʢʘʢ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʩʪʝʨʠʟʦʚʘʥʥʳʭ ʢʫʣʠʥʘʨʥʳʭ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʳʙ ʢ ʨʘʟʣʠʯʥʳʤ ʩʝʤʝʡʩʪʚʘʤ ʧʨʝʜʧʦʣʘ-

ʛʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʳʙ ʩ ʦʛʨʘ-

ʥʠʯʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʢʫʣʠʥʘʨʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘ-

ʩʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʨʰʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʦʜʘ ʢʘʢ ʥʝʟʘʤʝʥʠʤʳʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʨʘʤʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʳʙʦʧʝʨʝʨʘ-

ʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʈʇʇ). ɺ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʫ ʠʟ ʨʘʟ-

ʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʨʩʢʫʶ ʚʦʜʫ (ʄɺ). ʊʘʢʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʠ ʪʚʝʨʜʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʊʄʇ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʫʝʪʩʷ ʝʸ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ. ɸʥʘʣʠʟ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʄɺ ʟʘʪʨʫʜʥʷʝʪʩʷ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʮʝʣʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʟʥʘʢʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʠ  

ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʩʧʨʠʷʪʠʶ ʠ ʚʳʙʦʨʫ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʠʟ ʚʦʜʳ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʨʳʙʥʦʛʦ 

ʠ ʥʝʨʳʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄɺ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʈʇʇ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʠʤʝʩʝʡ ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

(ʇʇɺ), ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʜʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʠʟ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ɺɹʈ). ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʩʦʩʪʘʚʘ ʄɺ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʦʙʨʘʥʥʦʡ ʚ ʘʢʚʘʪʦʨʠʠ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ, ʨʝ-

ʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʨʠʤʝʩʝʡ ʄɺ, ʘʥʘʣʠʟʫ ʠʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʢ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʦ ʚʳʙʦʨʝ ʬʠʣʴʪʨʫʶʱʠʭ ʟʘʛʨʫʟʦʢ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʠʤʝʩʠ, ʤʦʨʩʢʘʷ ʚʦʜʘ, ʥʘʩʳʧʥʦʝ 

ʬʠʣʴʪʨʦʚʘʥʠʝ, ʦʪʙʦʨ ʧʨʦʙ, ʧʦʢʘʟʘʪʝʣʠ, ʬʦʪʦʤʝʪʨʠʷ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʂʨʠʢʫʥ ɸ. ʀ., ʈʫʜʥʝʚ ʉ. ɼ., ʌʝʦʢʪʠʩʪʦʚʘ ɺ. ɺ. ʇʨʠʤʝʩʠ ʚ ʤʦʨ-

ʩʢʦʡ ʚʦʜʝ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʩʚʦʡʩʪʚʘ // ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ʊ. 70, ˉ 4. 

ʉ. 37ï50. 
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Abstract. Water as an irreplaceable element of many processes is of particular interest for 

research within the framework of production activities of fish processing enterprises (FPE). 

Water treatment systems use water from various sources, for example, in particular, sea water 

(SW). Such water is an aggressive environment containing high concentrations of dissolved 

chemical compounds and solid mechanical impurities (SMI). Accordingly, its preliminary prep-

aration is required. The analysis of the diversity of MV pollution is complicated by the lack of 

a holistic approach to the study of pollution classification features, thereby hindering the per-

ception and selection of effective methods for removing pollution from water. The technologies 

for processing raw materials of fish and non-fish origin using SW in the production process at 

the FPE were analytically studied. An analysis of the characteristics and classifications of im-

purities in natural surface waters (NSW) was carried out, and the requirements for water in the 

production of food products, in particular, from aquatic biological resources (ABR), were con-

sidered. An experimental study of the composition of the SW was conducted according to a 

number of indicators, collected in the waters of the Amur Bay, the results of which made it 

possible to proceed to the systematization of SW impurities, analysis of their properties, as well 

as recommendations on the selection of filter media. 

Keywords: classification, pollution, impurities, sea water, bulk filtration, sampling, indi-

cators, photometry 

For citation: Krikun A. I., Rudnev S. D., Feoktistova V. V. Impurities in sea water: clas-
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versity. 2024; 70(4): 37ï50. (In Russ.). 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʚʳʩʪʫʧʘʶ-

ʱʠʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʨʫʢʪʫʨʫ ʠ 

ʢʦʥʩʠʩʪʝʥʮʠʶ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʚʢʫʩ, ʫʩʚʦʷʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ. ɺʦʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʫʯʘʩʪʥʠ-

ʢʦʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1]. ʇʦʵʪʦʤʫ ʝʸ ʢʘʯʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʨʝʜʧʨʠʷʪʠʷ (ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʡʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡ-

ʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʬʠʣʴʪʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ), ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʜʦʚʝʜʝʥʠʝ ʚʦʜʳ (ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ; ʧʦʜʟʝʤʥʳʭ ʠ ʜʨ.) ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʦʨʤʘʪʠʚʘʤ ʢʘʯʝʩʪʚʘ. 
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ʊʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʟʘʚʠʩʷʪ ʦʪ ʮʝʣʠ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʧʠʪʴʝʚʘʷ, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʘʷ, ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʘʷ ʠ ʪ.ʧ.), ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʝʝ ʦʙʨʘʙʦʪʢʠ; 

ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʦʥʠʤʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʤʦʛʘʝʪ ʦʧʪʠ-

ʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʝʝ ʦʯʠʩʪʢʠ. 

ɺ ʚʠʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʇʇ ʩʚʷʟʘʥʘ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʙʦʣʴ-

ʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ. ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɺ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ʧʨʦʜʠʢʪʦ-

ʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʪʘʢʞʝ ʚʘʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʚʢʫʩʦʚʳʭ ʠ ʧʠ-

ʱʝʚʳʭ ʢʘʯʝʩʪʚ ʧʨʦʜʫʢʮʠʠ.  

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʄɺ ʷʚʣʷʝʪʩʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʊʄʇ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʦʥʘ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʶ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʇʇɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʄɺ, 

ʧʦʩʚʷʱʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʘʚʪʦʨʦʚ (ʚ ʠʤ. ʧʘʜʝʞʝ): ʍʦʨʥ ʈ [2]; ɺʠʥʦ-

ʛʨʘʜʦʚ ɸ. ʇ. [3]; ʇʦʧʦʚ ʅ. ʀ. [4], ɸʣʝʢʠʥ ʆ. ɸ. [5], ɸʨʭʠʧʢʠʥ ɺ. ʉ. [6, 7], ʂʫʣʴʩʢʠʡ ʃ. ɸ. [8], 

ʂʫʣʠʢʦʚ ʅ. ʀ. [9] ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ɺ ʨʘʙʦʪʝ ʅ.ʀ. ʂʫʣʠʢʦʚʘ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʘ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ, ʩʪʦʷʱʘʷ ʧʝʨʝʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ: çʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʜʳ ʚ ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝʤʳʩʣʠʤʦ ʠʟ-ʟʘ ʝʝ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠʨʦʜʥʳʝ ʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠ-

ʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʛʘʟʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʠʩʪʠʥʥʦ ʨʘʩʪʚʦ-

ʨʝʥʥʦʤ ʠʣʠ ʥʝʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭé ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʨʠʤʝʩʝʡ ʠ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʠʭ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʟʘʪʨʫʜʥʷʶʪ ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ 

ʚʦʜʳéè [9, ʩ. 14ï16]. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦ-

ʮʝʩʩʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʄɺ, ʧʦʩʢʦʣʴʢʫ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʯ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʝʝ ʯʠʩʪʦʪʳ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ, ʧʦʚʝʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣ̫ʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʠʧʦʚ ʧʨʠʤʝʩʝʡ ʄɺ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠ-

ʘʣʘ (ʌʄ) ʠ ʝʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʨʝʜʤʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʄɺ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʈʇʇ; 

- ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʠʤʝʩʝʡ ʇʇɺ;  

- ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʄɺ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ;  

- ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʠʤʝʩʝʡ ʄɺ, ʘʥʘʣʠʟ ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʜʙʦʨ ʌʇ. 

 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ɺ. ʉ. ɸʨʭʠʧʢʠʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʜʘʣ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʦʩʪʘʚʫ ʄɺ: 

çéʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ (96,5 % ʧʦ ʤʘʩʩʝ), ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʩʦʣʝʡ (ʦʢʦʣʦ 3,5 %), ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʤʝʥʝʝ 0,01 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʩʦʣʝʡ) ʚʟʚʝʰʝʥʥʳʭ ʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚ, ʨʘʩʪʚʦʨʸʥʥʳʭ ʛʘʟʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʤʦʨʩʢʦʡ 
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ʚʦʜʝ ʨʘʩʪʚʦʨʝʥʳ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ɿʝʤʣʝ, 99,9 % ʚʩʝʭ ʨʘʩʪʚʦʨʸʥ-

ʥʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʣʷʶʪ ʧʝʨʚʳʝ 20 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʩʦʣʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʠʦʥʦʚ (ʧʨʝʦʙʣʘʜʘʶʪ 11 ʠʦʥʦʚ), ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ï ʚ 

ʬʦʨʤʝ ʢʦʣʣʦʠʜʦʚ ʠ ʩʫʩʧʝʥʟʠʡè [7].   

ɸʥʘʣʠʟ ʨʘʙʦʪ [2ï8] ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʪʘʙʣ. 1) ʚ 

ʬʦʨʤʝ ʩʦʣʝʡ. 

 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʄɺ ʚ ʬʦʨʤʝ ʩʦʣʝʡ (ʚ 1 ʤ3 ʚʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 35 ʛ ʩʦʣʝʡ 

ʥʘ 1000 ʛ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ) [2ï8] 

Table 1 

The main components of the SW in the form of salts (in 1 m3 of water with a content of 35 g of 

salts per 1000 g of water at a temperature of 20 ÁC) [2ï8] 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘʥʠʝ ʩʦʣʝʡ ʌʦʨʤʫʣʘ ɽʜ. ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ 

1 ʍʣʦʨʠʜ ʥʘʪʨʠʷ  NaCl ʢʛ 28,014 

2 ʍʣʦʨʠʜ ʤʘʛʥʠʷ MgCl2 ʢʛ 3,812 

3 ʉʫʣʴʬʘʪ ʤʘʛʥʠʷ MgSO4 ʢʛ 1,752 

4 ʉʫʣʴʬʘʪ ʢʘʣʴʮʠʷ CaSO4 ʢʛ 1,283 

5 ʉʫʣʴʬʘʪ ʢʘʣʠʷ K2SO4 ʢʛ 0,816 

6 ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ CaCO3 ʢʛ 0,122 

7 ɹʨʦʤʠʜ ʢʘʣʠʷ  KBr ʢʛ 0,101 

8 ʉʫʣʴʬʘʪ ʩʪʨʦʥʮʠʷ SrSO4 ʢʛ 0,028 

9 ɹʦʨʥʘʷ ʢʠʩʣʦʪʘ H2BO3 ʢʛ 0,028 

 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʪʘʢʠʭ ʢʘʢ ʂʫʣʴ-

ʩʢʦʛʦ ʃ. ɸ. [8], ɻʫʨʚʠʯ ʉ. ʄ. [10], ɺʠʭʨʝʝʚʘ ɺ. ɹ. [11], ʂʨʠʢʫʥ ɸ. ʀ. [12] ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʈʇʇ ʧʦʤʠʤʦ ʧʨʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʦʥʦʤʠʝʡ, ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠ/ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʝʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪ ʄɺ ʠʟ 

ʙʣʠʞʘʡʰʝʡ ʘʢʚʘʪʦʨʠʠ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʦʙʨʘʙʦʪʢʝ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʦʥʘ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʢʫʩʝ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʜʦʧʦʣʥʷʷ ʝʛʦ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʩʦʣʝʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʦʛʘʪʠʪʴ ʤʷʩʦ ʨʳʙʳ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ɸ.ʍ. ɺʦʣʢʦʚʘ ʩʢʘʟʘʥʦ: çʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʷʩʘ ʨʳʙʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʝ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʠ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, ʞʠʨʘ, ʘʟʦʪʠʩʪʳʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʫʛʣʝʚʦʜʦʚ ʠ ʚʠʪʘʤʠʥʦʚé ʍʠʤʠ-

ʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʳʙʳ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʆʥ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʠʜʘ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʙʳ, ʥʦ ʠ ʦʪ ʝʝ ʚʦʟʨʘʩʪʘ, ʧʦʣʘ, ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ, ʚʨʝʤʝʥʠ ʣʦʚʘ ʠ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ... ʄʦʨʩʢʠʝ ʨʳʙʳ ʙʦʣʝʝ ʙʦʛʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʦʩʦʙʝʥʥʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʯʝʤ ʧʨʝʩʥʦʚʦʜʥʳʝ...è [13, ʩ. 7ï9]. ɺ 

ʪʘʙʣ. 2 ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʄɺ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʢʫʩ, ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʳʙʥʦʛʦ ʩʳʨʴʷ.  
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ʊʘʙʣʠʮʘ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʄɺ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʱʠʭ 

ʥʘ ʚʢʫʩ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʨʳʙʥʦʛʦ ʩʳʨʴʷ [13, 14] 

Table 2 

Characteristics of minerals and microelements of the SW, which have a beneficial 

effect on the taste and appearance of fish raw materials [13, 14] 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

1 
ʍʣʦʨʠʜ 

ʥʘʪʨʠʷ 
NaCl ɺ + 

- ʫʩʠʣʠʚʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʢʫʩ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʨʠʚʢʫʩʘʤʠ (ʛʦʨʝʯʴ, ʩʣʘ-

ʜʦʩʪʴ, ʢʠʩʣʦʪʥʦʩʪʴ); 

- ʚʣʠʷʝʪ ʥʘ ʢʦʥʩʠʩʪʝʥʮʠʶ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʪʷʛʠʚʘʥʠʶ ʚʣʘʛʠ ʠʟ ʪʢʘʥʝʡ, 

ʯʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʩʜʝʣʘʪʴ ʝʸ ʙʦʣʝʝ ʧʣʦʪʥʦʡ; 

- ʠʟʤʝʥʷʝʪ ʮʚʝʪ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʨʳʙʳ ʧʨʠ ʟʘʩʦʣʢʝ ʤʦʛʫʪ ʧʨʠʦʙʨʝ-

ʪʘʪʴ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʠ ʥʘʩʳʱʝʥʥʳʡ ʮʚʝʪ 

2 ʁʦʜ I ɺ + 

- ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʙʝʣʢʘʤʠ, ʞʠ-

ʨʘʤʠ), ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʚʢʫʩ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʚʢʫʩʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ; 

- ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʷʛʯʝʥʠʶ, ʤʘʩʢʠʨʦʚʢʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʚʢʫʩʦʚ ʠ ʟʘ-

ʧʘʭʦʚ, ʧʨʠʩʫʱʠʭ ʨʳʙʝ (ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʮʝʩʩʘʭ ʭʨʘʥʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ);  

- ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʮʚʝʪ (ʧʨʠʜʘʚʘʷ ʞʝʣʪʳʝ 

ʠʣʠ ʢʦʨʠʯʥʝʚʳʝ ʦʪʪʝʥʢʠ) ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʠʩʣʦʨʦʜʦʤ 

3 ʄʘʛʥʠʡ Mg ɼ - 

- ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʪʝʢʩʪʫʨʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʥʘʩʳ-

ʱʝʥʥʦʛʦ ʚʢʫʩʘ; 

- ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʩʣʠʟʠ ʠ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʳʙʳ 

4 ʂʘʣʴʮʠʡ Ca ɼ - 

- ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʪʝʢʩʪʫʨʳ ʠ ʫʧʨʫʛʦʩʪʠ ʪʢʘʥʝʡ ʨʳʙʥʦʛʦ ʩʳ-

ʨʴʷ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʩʦ-

ʣʸʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʠʟʤʝʥʷʷ ʝʛʦ ʚʢʫʩ; 

- ʚʣʠʷʝʪ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʮʚʝʪʘ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʪʝʤʥʝ-

ʥʠʝ ʠʣʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ; 

- ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʨʳʙʳ ʙʦʣʝʝ ʛʣʘʜʢʦʡ ʠ ʙʣʝʩʪʷʱʝʡ 

 

ʊʘʢʞʝ ʄɺ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ (Fe), ʤʝʜʴ (Cu), ʮʠʥʢ 

(Zn) ʠ ʧʨ., ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʦʙʱʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʜʥʘʢʦ ʄɺ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʨʘʩ-

ʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʣʠʪʳ, ʥʦ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʠʤʝʩʠ ʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝ-

ʩʪʚʘ. ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦ ʄɺ, ʜʣʷ ʝʸ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄɺ ï ʦʭʣʘʞʜʝʥʠʝ ʠ ʤʦʡʢʘ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʝʝ ʧʨʠ-

ʤʝʥʷʶʪ ʚ ʢʫʣʠʥʘʨʠʠ ʨʳʙʥʦʡ ʠ ʤʦʨʝʧʨʦʜʫʢʮʠʠ. ɼʘʣʝʝ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʚʟʷʪʳʝ ʠʟ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʨʩʢʦʡ ʚʦʜʳ: 

- ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʳʙʳ ʞʠʜʢʦʩʪʴʶ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʩʴ ʠʟ ʚʦʜʳ ʠ ʩʦʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 3 % 

ʤʘʢʩʠʤʫʤ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʄɺ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʦʣʠ ʥʝʤʥʦʛʦ ʚʳʰʝ (5 %), ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʝʝ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩ ʢʣʝʪʦʯʥʳʤ ʩʦʢʦʤ ʨʳʙʳ, ʧʦʵʪʦʤʫ ʩʦʣʴ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 

ʧʦʧʘʜʘʝʪ ʚʥʫʪʨʴ ʨʳʙʳ [14]; 
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- ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʫʰʝʢ ʙʝʟ ʛʦʣʦʚʳ, ʬʠʣʝ ʠ ʬʘʨʰʘ ʨʳʙʘ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʦʡʢʫ ʤʦʨʩʢʦʡ ʦʙʝʟʟʘʨʘʞʝʥʥʦʡ ʚʦʜʦʡ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʨʠʤʠ ʬʠʣʝ 

ʠʟʤʝʣʴʯʘʝʪʩʷ ʜʦ ʬʨʘʢʮʠʠ ʬʘʨʰʘ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʤʳʚʘʝʪʩʷ ʯʠʩʪʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʜʦ ʧʦʣʫ-

ʯʝʥʠʷ ʦʯʠʱʝʥʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚ. ɼʣʷ ʧʨʦʤʳʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʯʠʱʝʥʥʘʷ, ʦʧʨʝʩʥʝʥ-

ʥʘʷ ʠ ʦʙʝʟʟʘʨʘʞʝʥʥʘʷ ʄɺ [15]; 

- ʧʨʠ ʟʘʩʦʣʝ ʪʨʝʩʢʠ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʣʘʩʪʦʚʘʥʥʫʶ ʨʳʙʫ ʧʨʦʤʳʚʘʶʪ 

ʚ ʄɺ [16, c. 9]; 

- ʢʘʯʝʩʪʚʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʡʢʠ ʨʳʙʳ ʚʣʠʷʝʪ ʥʘ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʝʝ ʦʙʨʘʙʦʪʢʠ. ʄʦʡʢʘ ʨʳʙʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʩ 

ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʷʟʴ (ʠʣ, ʧʝʩʦʢ, ʪʨʘʚʳ, ʨʘʢʫʰʢʠ ʠ ʪ.ʜ.), ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʉʣʠʟʴ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʳʙʳ ʥʘʯʠʥʘʝʪ ʫʩʠʣʝʥʥʦ ʚʳʜʝʣʷʪʴʩʷ ʚʝʨʭʥʠʤ ʧʦʢʨʦʚʦʤ ʪʝʣʘ ʨʳʙʳ ʧʦʩʣʝ ʝʝ ʩʤʝʨʪʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʥʘ ʢʦʞʝ ʨʳʙʳ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʙʳʩʪʨʦ ʨʘʟ-

ʤʥʦʞʘʶʪʩʷ, ʢʦʛʜʘ ʨʳʙʘ ʜʦʣʛʦ ʣʝʞʠʪ ʠ ʥʘ ʥʝʡ ʚʳʜʝʣʷʝʪʩʷ ʩʥʠʟʴ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʪʱʘ-

ʪʝʣʴʥʘʷ ʤʦʡʢʘ ʯʠʩʪʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʪʦʯʥʦʡ ʧʨʝʩʥʦʡ ʠʣʠ ʄɺ [17, ʩ. 3]; 

- ʩʚʝʞʫʶ ʨʳʙʫ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʪʫʶ ʠ ʨʘʩʩʦʨʪʠʨʦʚʘʥʥʫʶ ʧʦ ʚʠʜʘʤ ʠ ʨʘʟʤʝʨʘʤ, ʧʦʛʨʫ-

ʞʘʶʪ ʚ ʭʦʣʦʜʥʫʶ ʞʠʜʢʦʩʪʴ ï ʩʣʘʙʳʡ ʨʘʩʩʦʣ (2ï3 % ʩʦʣʠ) ʠʣʠ ʄɺ (3ï5 % ʩʦʣʝʡ), ʦʩʤʦʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʦʩʤʦʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ, ʯʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʦʣʠ ʚ ʨʳʙʫ [18]; 

- ʨʘʩʩʦʨʪʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʪʳ ʢʦʥʝʯʥʦʩʪʝʡ ʢʨʘʙʘ ʫʢʣʘʜʳʚʘʶʪ ʚ ʢʦʨʟʠʥʳ ʠʟ ʥʝʨʞʘʚʝ-

ʶʱʝʡ ʩʪʘʣʠ ʠ ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʚʘʨʢʫ ʚ ʦʙʝʟʟʘʨʘʞʝʥʥʦʡ ʤʦʨʩʢʦʡ ʢʠʧʷʱʝʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 20ï25 

ʤʠʥ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʟʠʥʳ ʩ ʢʦʥʝʯʥʦʩʪʷʤʠ ʧʦʛʨʫʞʘʶʪ ʚ ʦʙʝʟʟʘʨʘʞʝʥʥʫʶ ʄɺ, ʦʭʣʘʞʜʸʥʥʫʶ ʜʦ 

2ï5 Áʉ: çʟʘʪʝʤ ʢʦʥʝʯʥʦʩʪʠ ʢʨʘʙʘ ʚ ʢʦʨʟʠʥʘʭ ʧʨʦʤʳʚʘʶʪ ʩʪʨʫʸʡ ʤʦʨʩʢʦʡ ʦʙʝʟʟʘʨʘʞʝʥʥʦʡ ʚʦʜʳ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʙʝʣʢʦʚʦʡ ʥʘʢʠʧʠè. ɿʘʤʦʨʦʞʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʛʣʘʟʠʨʦʚʘʥʠʝ 

ʦʙʝʟʟʘʨʘʞʝʥʥʦʡ ʄɺ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝ ʚʳʰʝ 2ï3 ÁC ʧʫʪʸʤ ʧʦʛʨʫʞʝʥʠʷ ʥʘ 3ï5 ʩʤ ʚ ʚʘʥʥʳ [19, 20]. 

ʅʘʨʷʜʫ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʄɺ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʨʳʙʳ ʞʠʚʦʨʳʙʥʳʭ ʝʤʢʦʩʪʷʭ [21, ʩ. 97], ʘ ʪʘʢʞʝ ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʨʳʙʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʸʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʄɺ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʨʳʙʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 0 Áʉ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʦʣʝʡ ʧʨʠʜʘʝʪ ʝʤʫ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [21, ʩ. 84, 88]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄɺ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʳʙʳ ʠ ʤʦʨʝʧʨʦʜʫʢ-

ʪʦʚ, ʦʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʊʄʇ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʄɺ, ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʪʝʢʩʪʫʨʝ ʠ 

ʚʢʫʩʝ ʧʨʦʜʫʢʪʦʚ, ʧʦʵʪʦʤʫ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʝʝ ʧʦʜʛʦʪʦʚʢʫ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʦʚʘʥʠʷ, 

ʠʟ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʚ ʬʠʣʴʪʨʦʚ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚ ʨʘʤʢʘʭ ʈʇʇ ʦʧʨʝʜʝʣʝʥʳ 

ʬʠʣʴʪʨʳ ʩ ʥʘʩʳʧʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʩʨʝʜʘʤʠ (ʅɼʉ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ, ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [12, 22]. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʢʘʟʘʣʠ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʜʘʣʝʥʠʠ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʚʦʜʳ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. çʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʦʢʝʘʥʦʚ ʥʝʦʜʠʥʘʢʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʠʭ 

ʘʙʩʦʨʙʮʠʠ ʠʟ ʚʦʜʳ, ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʤʝʶʪ ʢʘʣʴʮʠʡ (Ca), ʤʘʛʥʠʡ (Mg), ʥʘʪʨʠʡ 

(Na), ʢʘʣʠʡ (K), ʬʦʩʬʦʨ (P), ʩʝʨʫ (S), ʭʣʦʨ (Cl), ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʦʙʳʯʥʦ ʥʠʞʝ, ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʮʠʥʢ (Zn), ʡʦʜ (I), ʤʘʨʛʘʥʝʮ (Mn), ʢʦʙʘʣʴʪ (Co), ʩʝʣʝʥ (Se)éè 

[23]. ʇʦʵʪʦʤʫ ʬʠʣʴʪʨʦʚʘʥʠʝ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʅɼʉ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʘʣʘʥʩʘ ʧʨʠ ʦʯʠʱʝʥʠʠ 

ʄɺ ʦʪ çʚʨʝʜʥʳʭè ʧʨʠʤʝʩʝʡ ʠ ʩʦʭʨʘʥʝʥʠʠ çʧʦʣʝʟʥʳʭè ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄɺ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʨʠʤʝʩʝʡ ʄɺ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ, ʨʠʩ. 1. 
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ʈʠʩ. 1. ʇʨʠʤʝʩʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʠʟʥʘʢʘʤ [24].  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Seawater impurities classified by characteristics [24]. Compiled by the authors 

 

ʇʨʠʤʝʩʠ ʚʦʜʳ ʤʦʞʥʦ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʣʦʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ (ʧʣʘʚʘ-

ʶʱʠʝ, ʪʦʥʫʱʠʝ ʠ ʟʘʚʠʩʘʶʱʠʝ) ʠ ʧʨ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʄɺ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠ-

ʤʝʩʠ, ʪʱʘʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ. 

ʉʦʛʣʘʩʥʦ ʃ. ɸ. ʂʫʣʴʩʢʦʤʫ [8] ʧʨʠʤʝʩʠ ʚʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʜʚʫʤ ʛʣʘʚʥʳʤ ʬʘʢ-

ʪʦʨʘʤ: ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʠʭ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʠʩ. 2. 

ʇʨʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʬʬʝʢʪʠʚʥʘ ʪʝʤ, ʯʪʦ, ʦʧʨʝʜʝʣʠʚ ʬʘʟʦʚʦ-ʜʠʩ-

ʧʝʨʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʚʦʜʝ ʠ ʫʩʪʘʥʦʚʠʚ ʝʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʘʢʦʡ-ʪʦ ʛʨʫʧʧʝ, ʤʦʞʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠ ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʬʘʟʦʚʦ-ʜʠʩ-

ʧʝʨʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʤʝʩʝʡ ʜʦʣʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʠ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ [25]. 
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ʈʠʩ. 2. ʌʘʟʦʚʦ-ʜʠʩʧʝʨʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʝʩʝʡ ʧʦ ʃ.ɸ. ʂʫʣʴʩʢʦʤʫ [8, 26] 

Fig. 2. Phase-dispersion characteristics of impurities according to L.A. Kulsky [8, 26] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʥʘʩʳʱʝʥʥʳʡ ʤʥʦʞʝ-

ʩʪʚʦʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʤʝʩʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʤʦʨʩʢʦʡ 

ʚʦʜʳ ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʝʥʝʙʨʝʛʘʪʴ ʝʶ, ʘ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ, ʜʝʣʘʷ ʝʝ ʮʝʥʥʳʤ ʢʦʤʧʦ-

ʥʝʥʪʦʤ ʢʫʣʠʥʘʨʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʦʙʨʘʟʮʳ ʄɺ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʘʢʚʘ-

ʪʦʨʠʠ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʦʪʙʠ-

ʨʘʪʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʛʜʝ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʙʝʨʝʛʦʚʳʭ, ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʚʟʷʪʠʷ ʧʨʦʙ 

ʄɺ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʘʢʚʘʪʦʨʠʷ ʤʳʩʘ ɸʤʙʨʦʩʠʤʦʚʘ ʙʫʭʪʳ ɼʠʦʤʠʜ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ 

ʧʨʦʣʠʚʝ ɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. ʆʪʙʦʨ ʧʨʦʙ ʄɺ ʦʩʫʱʝʩʪʚ-

ʣʷʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [27, 28, 29].  

ɼʣʷ ʦʪʙʦʨʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʙ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʝʤʢʦʩʪʴʶ 5000 ʤʣ. ʇʨʦʙʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʦʪʙʠʨʘʣʠʩʴ ʚʨʫʯʥʫʶ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʯʠʩʪʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʚʝʜʝʨ, ʧʫʪʝʤ ʟʘʯʝʨʧʳʚʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ɺ ʧʨʦʮʝʩʩʝ 

ʦʪʙʦʨʘ ʧʨʦʙ ʠʟʤʝʨʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ (t, Áʉ) ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,01 Áʉ.  

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʙʫʪʳʣʢʠ ʜʚʘʞʜʳ ʦʧʦʣʘʩʢʠʚʘʣʠ ʦʪʙʠʨʘʝʤʦʡ ʄɺ, 

ʟʘʪʝʤ ʟʘʧʦʣʥʷʣʠ ʜʦ ʢʨʘʝʚʦʡ ʛʨʘʥʠʮʳ ʠ ʧʣʦʪʥʦ ʫʢʫʧʦʨʠʚʘʣʠ ʢʨʳʰʢʦʡ, ʩʨʘʟʫ ʞʝ ʧʦʤʝʱʘʣʠ ʚ 

ʧʣʦʪʥʳʝ ʯʝʨʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʩʚʝʪʘ ʚ ʝʤʢʦʩʪʠ ʩ ʦʪʦ-

ʙʨʘʥʥʦʡ ʄɺ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʙʫʪʳʣʢʠ ʤʘʨʢʠʨʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʨʝʤʷ ʠ ʤʝʩʪʦ 

ʦʪʙʦʨʘ ʧʨʦʙ, ʘ ʜʘʥʥʳʝ ʦ ʧʨʦʙʝ ʚʦʜʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʞʫʨʥʘʣ ʥʘʙʣʶʜʝʥʠʡ (ʮʝʣʴ ʧʨʦʙʦʦʪʙʦʨʘ, 

ʥʦʤʝʨ ʝʤʢʦʩʪʠ, ʯʠʩʣʦ, ʚʨʝʤʷ, ʤʝʩʪʦ ʦʪʙʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ). 

ʄʝʪʦʜʳ ʦʪʙʦʨʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʭʨʘʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʦʙ ʄɺ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʙʦʨʦʤ ʧʨʦʙ ʠ ʨʘʙʦʪʦʡ ʩ ʥʠʤʠ [30]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: - ʘʥʘʣʠʟ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ (ʦʙʱʠʝ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ (TTS), 

ʆ2, NO3, PO4, ʬʝʥʦʣʳ, NH4, Mn, Cu, Fe, Zn, Pb, Cd) ʄɺ ʦʩʫʱʝʩʪʚʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦ-

ʤʦʱʴʶ ʬʦʪʦʤʝʪʨʘ ʕʢʩʧʝʨʪ-003; - ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca ʠ Mg ʚ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 
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ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʝʩʪʦʚ Aquamarine TEST Pro Ca, Mg; - ʧʨʠ ʧʦ-

ʤʦʱʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ W3988 ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʠʟʤʝʨʷʣʠ: ʠʦʥʳ ʚʦʜʦ-

ʨʦʜʘ pH (ʮʝʥʘ ʜʝʣʝʥʠʷ: 0,01 pH), ʩʦʣʸʥʦʩʪʴ S, ă (ʮʝʥʘ ʜʝʣʝʥʠʷ: 0,01 ă), ʪʝʤʧʝʨʘʪʫʨʫ t, Áʉ 

(ʮʝʥʘ ʜʝʣʝʥʠʷ 0,1 Áʉ); - ʧʣʦʪʥʦʩʪʴ (ɟ, ʢʛ/ʤ3), ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ ʩʦʣʸʥʦʩʪʠ ʜʫʙʣʠʨʦʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʨʘʢʪʦʤʝʪʨʘ Brix&Salinity (0,2ă); - ʦʧʮʠʦʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦ-

ʤʝʪʨ-ʱʫʧ (ʮʝʥʘ ʜʝʣʝʥʠʷ 0,1 Áʉ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ, ʦʙʣʘʩʪʠ ʘʢʚʘʢʫʣʴʪʫʨʳ ʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʦʣʠ, ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʄɺ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠ-

ʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʄɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 (ʧʦʣʫʯʝʥʦ ʘʚʪʦʨʘʤʠ). 

ʊʘʙʣʠʮʘ 3 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʨʩʢʦʡ ʚʦʜʳ  

Table 3 

Research of sea water parameters 

ˉ 

ʧ/ʧ 

ʇʦʢʘʟʘ-
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ʟ
ʤ
ʝ
ʨ
ʝ
ʥ
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ʷ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ

 

ʇɼʂ 

ʥʝ ʙʦʣʝʝ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʦʧʠʩʘʥʠʝ) 

1 2 3 4 5 6 7 

1 

ʆʙʱʠʝ  

ʚʟʚʝʰʝʥ-

ʥʳʝ  

ʚʝʱʝʩʪʚʘ 

TTS ʤʛ/ʜʤ3 7,6 1500 ʤʛ/ʜʤ3 

TTS ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ, ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʄɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʚʳʚʦʜʷ ʝʛʦ ʠʟ 

ʩʪʨʦʷ 

2 

ʈʘʩʪʚʦ-

ʨʝʥʥʳʡ 

ʢʠʩʣʦʨʦʜ 

ʆ2 ʤʛ/ʜʤ3 8,02 

ʅʝ ʤʝʥʝʝ 4 

ʤʛ/ʣ ʚ ʣʶʙʦʡ 

ʧʝʨʠʦʜ ʛʦʜʘ, ʚ 

ʧʨʦʙʝ, ʦʪʦ-

ʙʨʘʥʥʦʡ ʜʦ 12 

ʯ ʜʥʷ 

ʗʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʘ-

ʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʨʝʟʢʦʝ ʩʥʠ-

ʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʚ ʄɺ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʠ ʣʝʛʢʦʦʢʠʩʣʷʶʱʠʤʠʩʷ 

(ʯʘʱʝ ʚʩʝʛʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ) ʧʨʠʤʝʩʷʤʠ 

3 ʅʠʪʨʘʪ r NO3 ʤʢʛ/ʜʤ3 7,3 45,0 ʤʛ/ʣ 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ NO3 ʧʨʠʚʦʜʠʪ ʢ ʵʚʪʨʦ-

ʬʠʢʘʮʠʠ (ʠʟʙʳʪʦʯʥʦʤʫ ʨʦʩʪʫ ʚʦʜʦʨʦʩʣʝʡ), ʯʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ, ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʷʩʴ ʥʘ ʵʢʦʩʠʩʪʝʤʘʭ 

4 ʌʦʩʬʘʪʳ PO4 ʤʢʛ/ʜʤ3 13,8 3,5 ʤʛ/ʣ 

ʇʨʝʚʳʰʝʥʠʝ PO4 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ 

ʠ ʝʸ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʢʦʨʨʦ-

ʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

5 ʌʝʥʦʣʳ C6H6O ʤʢʛ/ʜʤ3 1,77 
0,001 

 ʤʛ/ʣ 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ C6H6O ʚ ʄɺ ʤʦʞʝʪ ʧʨʠʚʝʩʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʩʣʷʥʠʩʪʳʭ ʧʣʸʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʨʫʜʥʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʛʘ-

ʟʦʦʙʤʝʥʘ ʠ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʚ ʚʦʜʝ. 

ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ C6H6O ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟ-

ʤʝʥʝʥʠʝʤ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʚʦʜʳ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ 

6 ɸʤʤʦʥʠʡ NH4 ʤʢʛ/ʜʤ3 41 
1,5 

2,0 ʤʛ/ʣ 

ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NH4 ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʚʣʠʷʷ ʥʘ 

pH ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʚʦʜʳ, ʪʝʤ ʩʘʤʳʤ ʩʢʘʟʳʚʘʷʩʴ ʥʘ ʧʨʦʪʝʢʘʥʠʠ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  
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7 ʄʘʨʛʘʥʝʮ Mn ʤʢʛ/ʜʤ3 4,3 0,1 ʤʛ/ʣ 

ʗʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʨʷʜʘ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʝʛʦ ʠʟʙʳʪʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʢʩʠʯʥʳʤ ʜʣʷ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ɺʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ Mn ʚʣʠʷʝʪ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʟʘ-

ʛʨʷʟʥʠʪʝʣʝʡ (ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ) ʥʝʛʘʪʠʚʥʳʡ ʵʬ-

ʬʝʢʪ Mn ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴʩʷ 

8 ʄʝʜʴ Cu ʤʢʛ/ʜʤ3 2,98 1,0 ʤʛ/ʣ 

ʇʨʝʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu ʚ ʄɺ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʵʢʦ-

ʩʠʩʪʝʤʘʭ ʚ ʮʝʣʦʤ, ʧʦ ʧʨʠʯʠʥʝ ʥʘʢʦʧʣʝʥʠʷ ʤʝʜʠ ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʤʦʨʩʢʠʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʧʨʠ ʜʘʣʴʥʝʡ-

ʰʝʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʯʝʣʦʚʝʢʦʤ ʪʘʢʠʭ ʦʩʦʙʝʡ ʚʦʟ-

ʤʦʞʥʳ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʠ ʦʪʨʘʚʣʝʥʠʷ 

9 ɾʝʣʝʟʦ, Fe ʤʢʛ/ʜʤ3 22,2 0,3 ʤʛ/ʣ 

ʏʨʝʟʤʝʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʚʦʜʳ, 

ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʞʘʚʯʠʥʳ ʠ ʦʩʘʜʢʦʚ 

10 ʎʠʥʢ Zn ʤʢʛ/ʜʤ3 63,5 5,0 ʤʛ/ʣ 

Zn ʠʤʝʝʪ ʩʭʦʞʝʝ ʩ ʞʝʣʝʟʦʤ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʢʩʠʯ-

ʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʜʨʫʛʠʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ 

ʫʩʚʦʷʝʤʦʩʪʴ 

11 ʉʚʠʥʝʮ Pb ʤʢʛ/ʜʤ3 4,45 0,01 ʤʛ/ʣ 

ɿʘʛʨʷʟʥʷʝʪ ʤʦʨʩʢʫʶ ʩʨʝʜʫ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʨʛʘ-

ʥʠʟʤʘʭ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ, ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ 

ʧʠʱʝʚʳʝ ʮʝʧʠ. ʋʧʦʪʨʝʙʣʝʥʠʝ ʯʝʣʦʚʝʢʦʤ ʨʳʙʥʳʭ 

ʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʠʥʝʮ, ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ 

12 ʂʘʜʤʠʡ Cd ʤʢʛ/ʜʤ3 0,3 0,001 ʤʛ/ʣ 
ʇʦ ʩʚʦʠʤ ʥʝʛʘʪʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʤʝʝʪ ʩʭʦʞʝʝ 

ʚʣʠʷʥʠʝ ʩʦ Pb. 

13 ʂʘʣʴʮʠʡ Ca ʤʛ/ʣ 400 25-130 ʤʛ/ʣ 

ʗʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠ-

ʩʪʝʤ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʨʩʢʠʭ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʆʜʥʘʢʦ ʧʨʝʚʳ-

ʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Ca ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʠʩʣʦʪʥʦ-

ʱʝʣʦʯʥʦʡ ʙʘʣʘʥʩ ʚʦʜʳ, ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʩʘʜʢʦʚ, ʵʪʦ ʥʘʨʫʰʘʝʪ ʵʢʦʩʠʩʪʝʤʳ 

14 ʄʘʛʥʠʡ Mg ʤʛ/ʣ 1286 50 ʤʛ/ʣ 

ʅʘʨʷʜʫ ʩ Ca, Mg ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʵʣʝʤʝʥ-

ʪʦʤ ʜʣʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʝʛʦ ʠʟʙʳʪʦʢ 

ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʠʭ ʙʘʣʘʥʩʘ. ɺ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Mg ʤʦʞʝʪ 

ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

15 ʉʦʣʝʥʦʩʪʴ S ă 29,7 - 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ S ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʠ ʫʚʝʣʠ-

ʯʠʚʘʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

16 
ʀʦʥʳ ʚʦ-

ʜʦʨʦʜʘ 
pH ʫʩʣ. ʝ. 7,98 6,0-9,0 

ɿʥʘʯʝʥʠʝ pH ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʚʦʜʝ, ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ 

ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚʦʜʳ. 

ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʅ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʦ-

ʜʦʦʯʠʩʪʢʠ, ʪʘʢ ʢʘʢ ʝʛʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ ʚ ʦʜʥʫ 

ʠʟ ʩʪʦʨʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʦʨʛʘʥ. ʩʚʦʡʩʪʚʘʭ ʚʦʜʳ 



 

 

ʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳ 
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17 
ʊʝʤʧʝʨʘ-

ʪʫʨʘ 
t Áʉ 25,1 - 

t ʚʦʜʳ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤ. ʨʝʘʢʮʠʡ, ʠʟʤʝʥʝʥʠʝ ʝʸ 

ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘ-

ʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ çʨʝʛʫʣʷʪʦʨʥʘʷ ʛʠʣʴʦʪʠʥʘè ʩ 2021 ʛ. ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʘʭ: ʊʈ ʊʉ 021/2011 ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ çʆ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠè, ʊʈ ɽɸʕʉ 040/2016 çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʳʙʳ ʠ ʨʳʙʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠè. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʦʜʝ, ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʩʳʨʴʝʤ, ʤʘʪʝʨʠʘʣʘʤʠ ʫʧʘʢʦʚʢʠ 

ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʠʪʴʝʚʦʡ ʚʦʜʝ (ʩʪ. 12, ʊʈ ʊʉ 021/2011 

(ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 14 ʠʶʣʷ 2021 ʛ.). ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʇɼʂ (ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ) ʩʦʛʣʘʩʥʦ ʩʘʥʠʪʘʨʥʳʤ ʧʨʘʚʠʣʘʤ ʠ ʥʦʨʤʘʤ ʉʘʥʇʠʅ 1.2.3685-21 çɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨ-

ʤʘʪʠʚʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ (ʠʣʠ) ʙʝʟʚʨʝʜʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʬʘʢʪʦ-

ʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʘʚʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩ-

ʧʝʢʪʦʤ ʧʦʜʙʦʨʘ ʩʧʦʩʦʙʘ ʦʯʠʪʢʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʂ ʧʨʠʤʝʨʫ, ʦʙʨʘʙʦʪʢʘ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʥʘʩʳʧʥʳʭ ʬʠʣʴʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʯʠʩʪʠʪʴ ʚʦʜʫ ʦʪ ʤʥʦ-

ʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚ ʪʘʙʣ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʩʝʡ ʤʦʨʩʢʦʡ 

ʚʦʜʳ, ʠʭ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʯʠʩʪʢʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ. 

ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʄɺ ʥʘ ʢʘʯʝʩʪʚʦ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʚʫʤʷ ʛʨʫʧ-

ʧʘʤʠ: 1) ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: - ʩʦʣʠ ï ʥʘʣʠʯʠʝ ʩʦʣʝʡ ʚ ʄɺ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʢʫʩ 

ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʤʦʞʝʪ ʧʨʠʜʘʚʘʪʴ ʨʳʙʝ ʞʝʩʪʢʫʶ, 

ʩʫʭʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ; - ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ï ʧʨʠʜʘʶʪ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʩʪʦʨʦʥʥʠʝ, 

ʥʝʧʨʠʷʪʥʳʝ ʟʘʧʘʭʠ ʠ ʧʨʠʚʢʫʩʳ; 2) ʙʝʟʦʧʘʩʥʦʩʪʴ: - ʊʄ ï ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʪʦʢʩʠʯ-

ʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʦʧʘʩʥʦʡ ʠ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ; - 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ï ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ ʠ ʧʘʨʘʟʠʪʦʚ ʚ ʄɺ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʧʨʠʚʦʜʷ ʢ ʝʸ ʧʦʨʯʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʠʱʝʚʳʭ ʦʪʨʘʚʣʝʥʠʡ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʟʘʛʨʷʟʥʸʥʥʘʷ ʄɺ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʥʠʞʘʝʪ ʪʦʚʘʨʥʳʝ 

ʢʘʯʝʩʪʚʘ ʠ ʚʢʫʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʦʜʦʧʦʜʛʦʪʦʚʢʘ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʄɺ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʤʝʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʠ ʭʦʨʦʰʝʛʦ ʚʢʫʩʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʢʦʤʙʠʥʘʮʠʠ ʅɼʉ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ 

ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʯʠʩʪʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʦ-

ʚʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ: - ʨʘʟʥʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʩʣʦʝʚ ʌʄ ʧʦʟʚʦʣʷʝʪ ʫʣʘʚʣʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʢʨʫʧʥʳʝ, ʥʦ ʠ ʤʝʣʢʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ; - ʩʦʯʝʪʘʥʠʝ ʌʄ ʩ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʪʝʢ-

ʩʪʫʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʣʫʯʰʘʝʪ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʩ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʦʚʘʥʠʷ; - ʚʟʘʠʤʦʜʦ-

ʧʦʣʥʷʶʱʠʝ ʵʬʬʝʢʪʳ ʌʄ ʫʩʠʣʠʚʘʶʪ ʬʠʣʴʪʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʜʨʫʛ ʜʨʫʛʘ, ʫʣʫʯʰʘʷ ʘʜʩʦʨʙʮʠʶ, 

ʢʘʪʘʣʠʟ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʨʠʤʝʩʝʡ ʄɺ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʠʭ ʫʜʘʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʦ-

ʩʪʳʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʝʝ ʦʯʠʩʪʢʠ. ʅʘʩʳʧʥʦʝ ʬʠʣʴ-

ʪʨʦʚʘʥʠʝ ʜʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ, ʪʘʢ ʢʘʢ ʩʦʚʤʝʩʪʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʠʣʴʪʨʫʶʱʝʡ ʟʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʦʯʠʱʘʪʴ ʚʦʜʫ ʦʪ 

ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʝʜʣʝʥʠʶ ʟʘʩʦʨʝʥʠʷ ʬʠʣʴʪʨʘ 

ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 4 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʩʝʡ ʄɺ, ʘʥʘʣʠʟ ʠʭ ʩʚʦʡʩʪʚ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʦʜʙʦʨʫ ʌʄ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

Table 4 

Classification of impurities of SW, analysis of their properties, recommendations for the selection of FM, obtained on the basis of experimental data 

ˉ 

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ 

ʧʨʠʤʝʩʠ 
ʉʚʦʡʩʪʚʘ ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʌʄ  

1 ʄʇ1 
ʉʦʩʪʘʚ (ʟʝʨʥʘ): ʢʚʘʨʮ, ʢʨʝʤʥʝʟʝʤ ʠ ʜʨ. ʤʠʥʝʨʘʣʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈ10: 0,16-5 ʤʤ; ɔ11: 1,62 ʪ/ʤ3; ɟ12: 1200-1700 ʢʛ/ʤ3 (ʩʫʭʦʡ); 1920 ʢʛ/ʤ3 (ʤʦʢʨʳʡ); 2080 ʢʛ/ʤ3 (ʤʦʢʨʳʡ ʫʧʣʦʪʥʝʥʥʳʡ) 

ʈʇ15 (0,4-3 ʤʤ); ʉ/ʎ16 (0,5-1,4 ʤʤ); 

ʉ/ɸ17 (0,8-2 ʤʤ); ʂ18 (0,8-5 ʤʤ) 

2 ʄɻ2 
ʉʦʩʪʘʚ: ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ (ʢʨʝʤʥʠʡ, ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ ʠ ʞʝʣʝʟʦ, ʩʦʣʠ ʠ ʜʨ.). 

ʈ: 0,01-0,001 ʤʤ; ɔ: 2,74 ʪ/ʤ3; ɟ: 2,5 ʢʛ/ʩʤ (ʩʫʭʘʷ ); 4 ʢʛ/ʩʤ3(ʚʣʘʞʥʘʷ) 
ʈʇ (0,4-3 ʤʤ), ʉ/ʐ19 (20-40 ʤʤ, 

ʉ/ʎ (0,5-1,4 ʤʤ), ʉ/ɸ (0,8-2 ʤʤ), 

ʉ/ɸʋ20 (0,4-1,7 ʤʤ), ʉ/ʄʂʋ21 (0,4-

1,7 ʤʤ), ʂ (0,8-5 ʤʤ) 
3 ʄʀ3 

ʉʦʩʪʘʚ: ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʦʙʣʦʤʢʦʚ ʟʸʨʝʥ ʢʚʘʨʮʘ. 

ʈ (ʤʝʞʜʫ ʄʇ ʠ ʄɻ): ʤʝʥʝʝ 0,01 ʤʤ; ɔ: 0,71-0,59 ʪ/ʤ3 (ʩʫʭʦʡ); 0,56-0,46 ʪ/ʤ3; (ʤʦʢʨʳʡ), ɟ: 1,5-1,6 ʪ/ʤ3 

4 ʄʅʄ4 

ʉʦʩʪʘʚ: ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʄʅʄ ʠʤʝʶʪ ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 

ʠ ʦʙʨʘʟʫʶʪ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʛʘʟʦʦʙʤʝʥʫ ʠ ʬʦʪʦʩʠʥʪʝʟʫ ʚʦʜʦʨʦʩʣʝʡ. 

ɟ: 890-917 ʢʛ/ʤ3; ɟ (ʚ ʞʠʜʢʦʡ ʬʘʟʝ): 750-995 ʢʛ/ʤ3 ʧʨʠ 20 Áʉ; ɛ13 ʧʨʠ t=100 Áʉ: 3-4 ʤʤ2/ʩ (ʤʘʣʦʚʷʟʢʠʝ); 4-6 ʤʤ2/ʩ (ʩʨʝʜʥʝʚʷʟ-

ʢʠʝ); 8-9 ʤʤ2/ʩ (ʚʷʟʢʠʝ) 

ʉ/ʐ (20-40 ʤʤ); ʉ/ʎ (0,5-1,4 ʤʤ); 

ʉ/ɸ (0,8-2 ʤʤ); ʉ/ɸʋ (0,4-1,7 ʤʤ); 

ʉ/ʄʂʋ (0,4-1,7 ʤʤ); ʈʇ (0,4-3 

ʤʤ), ʂ (0,8-5 ʤʤ) 

5 ʄʄʆ5 

ʉʦʩʪʘʚ: ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʦʯʚʳ, ʩʤʳʚʘʝʤʳʝ ʩ ʙʝʨʝʛʦʚ, ʧʨʠʥʦʩʠʤʳʝ ʨʝʢʘʤʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʤʦʨʩʢʠʤʠ ʚʠʜʘʤʠ, ʦʙʥʘʨʫʞʠʚʘʝ-

ʤʳʤʠ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ (ʩʧʦʨʦʚʳʝ ʠ ʙʝʩʩʧʦʨʦʚʳʝ ʧʘʣʦʯʢʠ, ʢʦʢʢʠ, ʘʢʪʠʥʦʤʠʮʝʪʳ, ʜʨʦʞʞʝʧʦʜʦʙʥʳʝ ʛʨʠʙʳ, ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʝ ʙʘʢʪʝʨʠʠ): - ʙʘʢʪʝʨʠʠ (ʈ ʚ ʜʠʘʤʝʪʨʝ: 0,2-10 ʤʢʤ; ɺ14: 0,001-0,01 ʤʢʛ ʥʘ ʦʜʥʫ ʢʣʝʪʢʫ); - ʘʨʭʝʠ (ʈ: 0,1-15 ʤʢʤ; ɺ: 0,001-0,01 

ʤʢʛ ʥʘ ʦʜʥʫ ʢʣʝʪʢʫ); - ʬʠʪʦʧʣʘʥʢʪʦʥ (ʈ: 1-100 ʤʢʤ; ɺ: ʦʪ 1 ʜʦ 1000 ʤʢʛ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʪʠʧʘ); - ʟʦʦʧʣʘʥʢʪʦʥ (ʈ: 

0,2-2 ʩʤ; ɺ: ʦʪ 1 ʤʢʤ ʜʦ 2 ʤʛ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ); - ʚʠʨʫʩʳ (ʈ: 20-300 ʥʘʥʦʤʝʪʨʦʚ (ʥʤ); ɺ: 0,0001-0,01 ʤʢʛ) 

ʈʇ (0,4-3 ʤʤ); ʉ/ʐ (20-40 ʤʤ); 

ʉ/ʎ (0,5-1,4 ʤʤ); ʉ/ɸ (0,8-2 ʤʤ); 

ʉ/ɸʋ (0,4-1,7 ʤʤ); ʉ/ʄʂʋ (0,4-1,7 

ʤʤ), ʂ (0,8-5 ʤʤ); ʇɿ22 (5-50 ʤʤ) 

6 ʄɺʈ6 

ʉʦʩʪʘʚ: ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ, ʜʦʥʥʳʝ ʄɺʈ: - ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʧʦʯʚʝʥʥʳʝ ʚʦʜʦʨʦʩʣʠ (ʈ: 1 ʩʤ ï 2 

ʤ, ɺ: 1 ʛ ï 10 ʢʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʚʠʜʘ); - ʙʦʣʴʰʠʝ ʄɺʈ (ʈ: 1-60 ʤ; ɺ: ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʚʝʩʘ, ʥʘʧʨʠʤʝʨ, ʛʠʛʘʥʪʩʢʘʷ ʣʘʤʠʥʘʨʠʷ ʤʦʞʝʪ ʚʝʩʠʪʴ ʙʦʣʝʝ 100 ʢʛ; - ʤʦʨʩʢʠʝ ʪʨʘʚʳ (ʈ: 10 ʩʤ ï 2 ʤʝʪʨʦʚ, ɺ: ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʢʛ/ʤ2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʨʦʩʪʘ) 

ʈʇ (0,4-3 ʤʤ); ʉ/ʐ (20-40 ʤʤ), ʉ/ʎ 

(0,5-1,4 ʤʤ); ʉ/ɸ (0,8-2 ʤʤ); ʉ/ɸʋ 

(0,4-1,7 ʤʤ); ʉ/ʄʂʋ (0,4-1,7 ʤʤ); ʂ 

(0,8-5 ʤʤ) 

7 ʄʉ7 
ʆʙʱʝʝ ʥʘʟʚʘʥʠʝ ʜʣʷ ʚʩʝʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʄɺ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʩʦʣʝʥʦʩʪʴ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʘʨʝʥʠʷ ʠ ʦʩʘʜʢʦʚ (ʈ: 0,035-0,5 ʤʢʤ) 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ (0,57-

0,67 ʤʤ) 

8 ʊʄ8 

ɻʨʫʧʧʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʪʦʢʩʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʘʞʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚ ʥʝ-

ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʊʄ ʚ ʄɺ: ʩʚʠʥʝʮ (Pb): ʤʝʥʝʝ 2 ʤʢʛ/ʣ, ʨʪʫʪʴ (Hg): ʦʢʦʣʦ 0,01-0,5 ʤʢʛ/ʣ, ʢʘʜʤʠʡ (Cd): 

ʤʝʥʝʝ 0,1 ʤʢʛ/ʣ, ʘʨʩʝʥ (As): ʦʪ ʤʝʥʝʝ 1 ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʢʛ/ʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ, ʤʳʰʴʷʢ (As) ʠ ʍʨʦʤ (Cr): ʤʝʥʝʝ 0,1 

ʤʢʛ/ʣ. ɿʥʘʯʝʥʠʷ ʊʄ ʤʦʛʫʪ ʚʘʨʴʠʨʫʶʪʩʷ ʠ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʫ ʚ ʟʘʛʨʷʟʥʸʥʥʳʭ ʨʘʡʦʥʘʭ, ʚ ʙʣʠʟʦʩʪʠ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʟʦʥʘʤ 

ʠ ʚ ʨʝʢʘʭ, ʚʧʘʜʘʶʱʠʭ ʚ ʦʢʝʘʥ 

ʈʇ (0,4-3 ʤʤ); ʉ/ʐ (20-40 ʤʤ); 

ʉ/ʎ (0,5-1,4 ʤʤ); ʉ/ɸ (0,8-2 ʤʤ); 

ʉ/ɸʋ (0,4-1,7 ʤʤ,); ʉ/ʄʂʋ (0,4-

1,7 ʤʤ); ʂ (0,8-5 ʤʤ) 

9 ʆɺʄɺ9 

ʉʦʩʪʘʚ: ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʥʘʙʦʨ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ (ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ) ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʆɺ: 1) ʙʠʦʛʝʥʥʳʝ (ʫʛʣʝʚʦʜʳ; ʙʝʣʢʠ, ʣʠʧʠʜʳ); 2) ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʝʤʳʝ (ʛʫʤʠʥʦʚʳʝ ʠ ʬʫʣʴʚʦ-

ʢʠʩʣʦʪʳ); 3) ʘʥʪʨʦʧʦʛʝʥʥʳʝ (ʧʝʩʪʠʮʠʜʳ ʠ ʛʝʨʙʠʮʠʜʳ; ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʛʦʨʤʦʥʳ; ʧʨʦʤʳʰʣʝʥʥʳʝ ʭʠʤʠʢʘʪʳ; 

ʫʛʣʝʚʦʜʦʨʦʜʳ) 

ʈʇ (0,4-3 ʤʤ); ʉ/ʐ (20-40 ʤʤ); ʉ/ʎ 

(0,5-1,4 ʤʤ); ʉ/ɸ (0,8-2 ʤʤ); ʉ/ɸʋ 

(0,4-1,7 ʤʤ,); ʉ/ʄʂʋ (0,4-1,7 ʤʤ); 

ʂ (0,8-5 ʤʤ) 

ʇʨʠʤʝʯʘʥʠʝ. 1 ï ʤʦʨʩʢʦʡ ʧʝʩʦʢ; 2 ï ʤʦʨʩʢʘʷ ʛʣʠʥʘ; 3 ï ʤʦʨʩʢʦʡ ʠʣ; 4 ï ʤʠʥʝʨʘʣʴʥʳʝ (ʥʝʬʪʷʥʳʝ) ʤʘʩʣʘ; 5 ï ʤʦʨʩʢʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ; 6 ï ʤʦʨʩʢʠʝ ʚʦʜʦʨʦʩʣʠ; 7 ï ʤʦʨʩʢʠʝ ʩʦʣʠ; 8 ï ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ; 9 ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʄɺ; 10 ï ʨʘʟʤʝʨ; 11 ï ʫʜʝʣʴʥʳʡ ʚʝʩ; 12 ï ʧʣʦʪʥʦʩʪʴ; 13 ï ʚʷʟʢʦʩʪʴ; 14 ï ʚʝʩ; 15 ï ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʝʩʢʘ; 16 ï ʩʦʨʙʝʥʪ (ʮʝʦʣʠʪ (ʢʣʠʥʦʧʪʠʣʦʣʠʪ); 17 ï ʩʦʨʙʝʥʪ 

(ʘʥʪʨʘʮʠʪ); 18 ï ʢʝʨʘʤʟʠʪ; 19 ï ʩʦʨʙʝʥʪ (ʰʫʥʛʠʪ); 20 ï ʩʦʨʙʝʥʪ (ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʠʟ ʩʢʦʨʣʫʧʳ ʢʦʢʦʩʘ); 21 ï ʩʦʨʙʝʥʪ (ʤʠʥʝʨʘʣʴʥʳʡ (ʢʘʤʝʥʥʳʡ) ʫʛʦʣʴ); 22 ï ʧʣʘʩʪʠʢʦʚʘʷ ʟʘʛʨʫʟʢʘ 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʣʦʩʦʩʝʚʳʭ (ʧʝʯʝʥʠ ʠ ʤʦ-

ʣʦʢ) ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɿʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʦ-

ʣʝʧʪʠʯʝʩʢʠʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʠ-

ʱʝʚʳʭ ʩʠʩʪʝʤ ʠʟ ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʝʯʝʥʴ ʠ ʤʦʣʦʢʠ ʢʝʪʳ Oncorhynchus keta (ʤʦʨʦʞʝʥʳʝ), ʘ 

ʪʘʢʞʝ ʠʭ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʧʠʱʝʚʳʝ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ ʠ ʩʠʣʳ ʘʜ-

ʛʝʟʠʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʠ ʚʩʝʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʤʝ-

ʯʝʥʳ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ 1 : 1. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙ-

ʨʘʙʦʪʢʘ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʧʦʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʪʚʝʨʜʦʩʪʠ ʩ 77,5 ʜʦ 1150 ʛ, ʜʣʷ ʧʝʯʝʥʠ 

ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʩ 60 ʜʦ 29,5 ʛ. ʉʠʣʘ ʘʜʛʝʟʠʠ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʦʣʦʢ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʩ 21 ʜʦ 221 ʛ, ʜʣʷ ʧʝʯʝʥʠ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʩ 21 ʜʦ 8 ʛ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʤʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ 1 

: 1. ɿʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʠ 1791 ʛ, ʘ ʩʠʣʳ ʘʜʛʝʟʠʠ ï 457 ʛ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʟʝʠʥʫ ʩʦʩʪʘʚʠʣʘ: ʜʣʷ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ ï 41,8 

%, ʜʣʷ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ï 70,4 %, ʜʣʷ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʝʯʝʥʠ ï 58,4 %, ʜʣʷ 

ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʦʣʦʢ ï 106,7 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʱʝʚʳʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ 

ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʣʦʩʦʩʝʚʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ʣʦʩʦʩʝʚʳʝ, ʧʝʯʝʥʴ, ʤʦʣʦʢʠ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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Abstract. The purpose of the research is to study the formation of technological charac-

teristics of crushed secondary raw materials of Far Eastern salmon (liver and milt) during their 

heat processing. Tasks: to analyze changes in organoleptic, functional and technological prop-

erties and biological value of food systems from salmon milt and liver under high temperature. 

The objects of the study were liver and milt of Oncorhynchus keta chum (frozen), as well as 

their homogenized model food systems. The studies were carried out by determining the organ-

oleptic characteristics, studying the hardness and adhesion strength, as well as the relative bio-

logical value of model systems. It was found that the best organoleptic characteristics among 

all model systems were noted with a ratio of 1:1 salmon milt and liver. It was proved that the 

heat treatment of salmon milt increases the hardness index from 77.5 g to 1150 g, for the liver 

the indicator decreases from 60 g to 29.5 g. The adhesion strength of heat-treated milts increases 

from 21 g to 221 g, for the liver the indicator decreases from 21 to 8 g. When studying model 

systems of homogenized milt and salmon liver subjected to heat treatment, it was found that 

the most rational rheological characteristics are possessed by a model system with a ratio of 

liver and salmon milt 1:1. Hardness values at this amounted to 1791 g, and the adhesion strength 

was 457 g. The relative biological value in relation to casein was: for salmon liver ï 41.8 %, 

for salmon milt ï 70.4 %, for heatïtreated liver ï 58.4 %, for heat-treated milt ï 106.7 %. Thus, 

the dependence of heat treatment on the technological characteristics of food model systems 

from secondary raw materials of Far Eastern salmon was revealed. 

Keywords: Far Eastern salmon, liver, milt, heat treatment, technological characteristics 
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ɺʚʝʜʝʥʠʝ 

ʈʳʙʥʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʝʰʘʝʪ ʚʘʞʥʫʶ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʟʘʜʘʯʫ, 

ʘ ʠʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʷʪ ʤʘʩʰʪʘʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʪʨʘʩʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʧʨʦʤʳʩʣʦʚʦʛʦ 
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ʬʣʦʪʘ, ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ, ʨʘʩʰʠʨʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʲʝʢʪʦʚ ʧʨʦ-

ʤʳʩʣʘ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʘʩʧʝʢʪʳ, ʙʝʟʫʩʣʦʚʥʦ, ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʦʪʭʦʜʦʚ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʳʨʴʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʂʦʥʮʝʧʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʜʦ 2030 ʛ ʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ çʈʘʟʚʠʪʠʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘè, ʢʦʪʦʨʳʝ ʜʝʢʣʘʨʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʦʨʛʘʥʠʟʘʮʠʶ ʤʘʣʦʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙ-

ʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʰʠʨʦʢʦʛʦ ʘʩ-

ʩʦʨʪʠʤʝʥʪʥʦʛʦ ʨʷʜʘ.  

ʈʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʛʦʪʦʚʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩ-

ʩʤʦʪʨʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʩʳʨʴʷ (ʤʘʣʦʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʣʠ ʥʝʜʦʠʩʧʦʣʴʟʫʝʤʦʛʦ). ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʊʝʨʤʠʥ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣè ʦʟʥʘʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʢʫ ʨʝʩʫʨʩʥʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʩʳʨʴʷ, ʥʦ ʠ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʥʦʛʦ ʨʷʜʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʦʣʞʥʦ ʩʪʨʦʠʪʴʩʷ ʥʘ ʛʣʫʙʦʢʦʤ ʘʥʘʣʠʟʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʨʳʥʢʘ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʜʫʢʪʘʤ ʟʜʦʨʦʚʦʛʦ 

ʧʠʪʘʥʠʷ. 

ʍʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʣʦʩʦʩʝ-

ʚʳʭ. ʕʪʠ ʧʨʦʤʳʩʣʦʚʳʝ ʦʙʲʝʢʪʳ ʟʘʥʠʤʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʚ ʦʙʱʝʤ ʚʳʣʦʚʝ ʚʦʜʥʳʭ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʫʩʪʫʧʘʷ ʣʠʰʴ ʪʨʝʩʢʦʚʳʤ ʨʳʙʘʤ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʝ 

ʪʦʚʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʥʠʤʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʨʳʙʘ ʠ ʠʢʨʘ, ʥʦ ʠ ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ 

(ʧʝʯʝʥʴ ʠ ʤʦʣʦʢʠ). ʇʨʠ ʵʪʦʤ ʨʝʩʫʨʩʥʳʡ ʦʙʲʝʤ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 

50 ʪʳʩ. ʪ ʚ ʛʦʜ [1]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʮʠʬʨʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʝʯʝʥʠ 

ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʦʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʫʣʠ-

ʥʘʨʥʦʡ, ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʘ ʢʦʪʦʨʫʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʧʦʪʨʝʙʠ-

ʪʝʣʴʩʢʠʡ ʩʧʨʦʩ [2].  

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʠʱʝʚʦʡ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʘʣʴʥʝʚʦ-

ʩʪʦʯʥʳʭ ʣʦʩʦʩʝʚʳʭ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʫ-

ʣʠʥʘʨʥʳʭ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʠʟʤʝʣʴʯʝʥʥʦʡ ʪʢʘʥʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʘ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʣʴʯʝʥ-

ʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʣʦʩʦʩʝʚʳʭ (ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ) ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɿʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʠʱʝʚʳʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ ʤʦʣʦʢ ʠ ʧʝ-

ʯʝʥʠ ʣʦʩʦʩʝʚʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʝʯʝʥʴ ʠ ʤʦʣʦʢʠ ʢʝʪʳ Oncorhynchus keta ʤʦ-

ʨʦʞʝʥʳʝ.  

ʄʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʠʭ ʠʟʤʝʣʴʯʝʥʠʷ ʜʦ ʛʦ-

ʤʦʛʝʥʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. ʊʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ-

ʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʨʝʶʱʝʡ ʩʨʝʜʳ 100 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ.  

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 7631-2008. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʉʄʉ) ʧʨʦʙ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʙʦʨʘ-

ʪʦʨʥʳʡ ʧʨʠʙʦʨ çBrookfield CT3è. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ-

ʤʝʥʷʣʠ ʧʝʥʝʪʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʩ ʧʦʛʨʫʞʘʝʤʳʤ ʟʦʥʜʦʤ ï ʮʠʣʠʥʜʨʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ:  

- hardness cycle (ʪʚʝʨʜʦʩʪʴ) ï ʩʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ; 

- adhesive force (ʩʠʣʘ ʘʜʛʝʟʠʠ) ï ʩʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ çʚʳʪʘʩʢʠʚʘʥʠʷè ʟʦʥʜʘ ʠʟ ʦʙʨʘʟʮʘ 

(ʚʩʘʩʳʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ). 

ʀʩʧʳʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʢ ʧʨʠʙʦʨʫ ˉ ʄ/08-37 A0708. 

ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ (ʆɹʎ) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʤʦʥʦʛʨʘʬʠʠ [4]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʥʘʤʠ ʨʘʥʝʝ, 

ʧʝʯʝʥʴ ʠ ʤʦʣʦʢʠ ʣʦʩʦʩʝʚʳʭ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʚʳʩʦʢʦʙʝʣʢʦʚʳʤ ʩʳʨʴʝʤ [5ï8]. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʝʣʢʦʚʳʭ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥ-

ʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʝʨʝʚʘʨʠʚʘʝʤʦʩʪʴ ʠ ʫʩʚʦʷʝʤʦʩʪʴ 

ʙʝʣʢʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʫ ʪʝʨʤʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʧʨʦʚʦʜʠʣʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʨʦʩʪʘ ʠʥʬʫʟʦ-

ʨʠʡ ʠ ʚʝʣʠʯʠʥʝ ʆɹʎ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʟʝʠʥ ʠ ʠʩʭʦʜʥʦʝ ʚʪʦʨʠʯ-

ʥʦʝ ʩʳʨʴʝ ʜʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʜʠʥʘʤʠʢʠ 

ʨʦʩʪʘ ʢʣʝʪʦʢ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ Tetrahymena pyriformis ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʠʥʬʫʟʦʨʠʡ Tetrahymena pyriformis ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʪʝʨʤʠʯʝ-

ʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʧʝʯʝʥʴʶ ʣʦʩʦʩʝʚʳʭ (ʇʪʦ) ʠ ʤʦʣʦʢʘʤʠ ʣʦʩʦʩʝʚʳʭ (ʄʪʦ) ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟ-

ʮʘʤʠ ʩʳʨʴʷ (ʧʝʯʝʥʴ (ʇ) ʠ ʤʦʣʦʢʠ (ʄ)). ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Dynamics of growth of Tetrahymena pyriformis infusoria on experimental media with thermally 

treated salmon liver (Pto) and salmon milk (Mto) and control samples of raw materials (liver (P) and milt 

(M)). Compiled by the authors 
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ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʪʝʩʪʠʨʫʝʤʦʡ ʢʫʣʴʪʫʨʳ ʠʥʬʫʟʦʨʠʡ, ʤʦʞʥʦ ʦʪʤʝ-

ʪʠʪʴ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʢʣʝ-

ʪʦʢ ʜʦ 72 ʯ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠʥʬʫʟʦʨʠʡ (2,6 ʢʣ./ʯ) ʦʪʤʝʯʝʥʘ ʚ ʩʨʝʜʝ 

ʩ ʦʙʨʘʟʮʦʤ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ, ʢʦʪʦʨʘʷ ʧʦ ʯʠʩʣʫ ʧʨʠʨʦʩʪʘ ʢʣʝʪʦʢ 

ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʩʠʣʘ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʫʶ ʧʝʯʝʥʴ. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʨʘʟʚʠ-

ʪʠʠ ʢʣʝʪʦʢ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ, 

ʥʝ ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 20 ʢʣʝʪʦʢ.   

ʇʦʩʣʝ 72 ʯ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʩʧʘʜ ʧʦʧʫʣʷʮʠʠ ʢʣʝʪʦʢ ʚ ʦʙ-

ʨʘʟʮʝ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʤʦʣʦʢ. ɺʝʨʦʷʪʥʦ, ʧʨʠʯʠʥʦʡ ʥʘʩʪʫʧʣʝʥʠʷ ʬʘʟʳ ʦʪʤʠʨʘʥʠʷ ʷʚ-

ʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʫʞʝ ʚʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ 

ʠʩʪʦʱʝʥʠʝ ʩʨʝʜʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʩʨʝʜʝ ʩ ʤʦʣʦʢʘʤʠ, ʥʝ ʧʦʜʚʝʨʛ-

ʥʫʪʳʤʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʥʘʙʣʶʜʘʣʘʩʴ ʢʨʠʚʘʷ ʨʦʩʪʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ, 

ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ. 

ʉʣʘʙʘʷ ʨʦʩʪʦʚʘʷ ʨʝʘʢʮʠʷ ʠʥʬʫʟʦʨʠʡ ʥʘ ʩʨʝʜʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʧʝ-

ʯʝʥʠ (ʇ), ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ Tetrahymena pyriformis ʢ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʘʥʘʪʦʤʠʯʝʩʢʦʤ ʦʨʛʘʥʝ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʆɹʎ (%), ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʇʦʢʘʟʘʪʝʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. An indicator of the biological value of the studied samples. Compiled by the authors 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʢʘʟʘʪʝʣʠ ʆɹʎ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʣʢʠ ʤʦ-

ʣʦʢ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʯʝʥʴʶ, ʧʨʠ ʵʪʦʤ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʦʣʦʢ ʣʦʩʦʩʝ-

ʚʳʭ ʥʘ 76 %, ʘ ʧʝʯʝʥʴ ï ʥʘ 22 % (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʟʮʘʤʠ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴʥʘʷ ʧʠʱʝʚʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʤʦʣʦʢ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ 

ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʭ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʝʯʝʥʠ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʝʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
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ʉʄʉ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʚʝʨʜʦʩʪʴ ʠ ʩʠʣʫ ʘʜʛʝʟʠʠ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʛʝʟʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʤʘʟʳʚʘʥʠʶ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʉʄʉ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʉʄʉ, ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ 

Table 1 

Indicators of SMS, heat-treated liver and salmon milt 

ɺʠʜ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ  ʇʦʢʘʟʘʪʝʣʠ ʉʄʉ, ʛ 

ʊʚʝʨʜʦʩʪʴ ʉʠʣʘ ʘʜʛʝʟʠʠ 

ʊʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ  

ʤʦʣʦʢʠ ʣʦʩʦʩʝʚʳʭ 

1150 225 

ʊʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʘʷ 

ʧʝʯʝʥʴ ʣʦʩʦʩʝʚʳʭ 

29,5 8 

 

ʈʘʥʝʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ ʠ ʩʠʣʳ ʘʜ-

ʛʝʟʠʠ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʚʝʨʜʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦ-

ʩʪʘʚʠʣʘ 60 ʛ ʜʣʷ ʧʝʯʝʥʠ ʠ 77,5 ʛ ï ʜʣʷ ʤʦʣʦʢ, ʘ ʩʠʣʘ ʘʜʛʝʟʠʠ ï 37 ʛ ʠ 21 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʤʦʣʦʢʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʡ ʢʦʥʩʠʩʪʝʥ-

ʮʠʝʡ ʠ ʚʳʩʦʢʦʡ ʩʠʣʦʡ ʘʜʛʝʟʠʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʝʯʝʥʴʶ, ʉʄʉ ʢʦʪʦ-

ʨʦʡ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʦʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʦʙʨʘʟʮʦʚ. ʊʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʤʦʣʦʢʠ ʦʙʣʘʜʘʶʪ ʧʣʦʪʥʦʡ ʠ ʣʠʧ-

ʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʦʛʜʘ ʢʘʢ ʧʝʯʝʥʴ ï ʨʳʭʣʦʡ. ʇʨʠ ʵʪʦʤ ʚ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʝ ʩʳʨʴʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʠʟ-

ʤʝʣʴʯʝʥʠʝ, ʛʦʤʦʛʝʥʠʟʘʮʠʷ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʪʠʚʥʳʝ ʉʄʉ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʜʨʫʛʠʤʠ ʘʚ-

ʪʦʨʘʤʠ, ʠʟʚʝʩʪʥʘ, ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʦʢ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʤʫʣʴʩʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʵʤʫʣʴʩʠʡ [9, 10].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʚ ʩʦʩʪʘʚʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʭ ʉʄʉ, ʢʦʥʩʠʩʪʝʥʮʠʶ, ʥʦ ʠ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʛʦʪʦ-

ʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʞʠʨʥʦʩʪʠ ʧʝʯʝʥʠ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʚ ʢʦʥʪʝʢʩʪʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʉʄʉ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 2. 

 ʊʘʙʣʠʮʘ 2 

ʉʄʉ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ 

Table 2 

SMS model systems from heat-treated salmon liver and milt 

ʅʦʤʝʨ ʤʦ-

ʜʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ  

ʉʦʦʪʥʦʰʝʥʠʝ 

ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ ʚ 

ʤʦʜʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ, % 

ʇʦʢʘʟʘʪʝʣʠ ʉʄʉ, ʛ 

ʊʚʝʨʜʦʩʪʴ 

 

 

ʉʠʣʘ ʘʜʛʝʟʠʠ 

1 20 : 80 675 243 

2 30 : 70 813 315 



 

 

ʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳ 
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3 40 : 60 1517 374 

4 50 : 50 1791 457 

5 60 : 40 1177 407 

6 70 : 30 957 346 

7 80 : 20 790 218 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʦʣʦʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝ-

ʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʫʩʠʣʠʚʘʝʪʩʷ ʩʠʣʘ ʘʜʛʝʟʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʠ ʝʝ ʣʠʧʢʦʩʪʴ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʚ ʤʦʜʝʣʴʥʦʡ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʝ 1 : 1. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʦʣʦʢ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʢ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʡ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʝʝ ʣʠʧ-

ʢʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʝʯʝʥʠ ʠ ʤʦʣʦʢ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʪʝʧʣʦ-

ʚʦʡ ʦʙʨʘʙʦʪʢʝ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 4, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ 

ʨʘʚʥʦʡ ʜʦʣʝ ʤʦʣʦʢʠ ʠ ʧʝʯʝʥʴ ʣʦʩʦʩʝʚʳʭ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʦʙʨʘʟʝʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʛʝʟʠʠ. ʋʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʘʷ, ʙʝʟ ʧʦʣʦ-

ʩʪʝʡ ʠ ʨʘʟʨʳʚʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʣʠʧʢʘʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʝʝ ʣʝʛʢʦ ʥʘʤʘʟʳʚʘʪʴ ʠ ʫʜʝʨʞʠ-

ʚʘʪʴ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʭʣʝʙʘ. 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ ʦʨʛʘʥʦʣʝʧ-

ʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʢʦʤʧʣʝʢʩʝ ʠ ʬʦʨʤʠʨʫʶʪ ʫ ʧʦʪʨʝʙʠʪʝʣʷ çʵʤʦʮʠʦʥʘʣʴʥʫʶ ʮʝʥ-

ʥʦʩʪʴè ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [3]. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʟ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʝʯʝʥʠ  

ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ 

Table 3 

Organoleptic parameters of model systems from heat-treated liver and salmon milt 

ʅʦʤʝʨ ʤʦ-

ʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʧʝʯʝʥʠ ʠ ʤʦ-

ʣʦʢ ʚ ʤʦʜʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʝ, % 

ʎʚʝʪ ʂʦʥʩʠʩʪʝʥʮʠʷ ɺʥʝʰʥʠʡ ʚʠʜ 

1 20 : 80 ʉʚʝʪʣʦ- 

ʢʦʨʠʯʥʝʚʳʡ 

ʂʨʦʰʣʠʚʘʷ,  

ʥʘʤʘʟʳʚʘʝʪʩʷ ʩ ʪʨʫʜʦʤ 

ʅʝʦʜʥʦʨʦʜʥʘʷ 

ʤʘʩʩʘ, ʧʦʨʠʩʪʘʷ 

2 30 : 70 ʊʝʤʥʦ-ʙʝʞʝʚʳʡ ʂʨʦʰʣʠʚʘʷ,  

ʥʘʤʘʟʳʚʘʝʪʩʷ ʩ ʪʨʫʜʦʤ 

ʅʝʦʜʥʦʨʦʜʥʘʷ 

ʤʘʩʩʘ, ʧʦʨʠʩʪʘʷ 

3 40 : 60 ʊʝʤʥʦ-ʙʝʞʝʚʳʡ ʂʨʦʰʣʠʚʘʷ,  

ʣʝʛʢʦ ʤʘʞʫʱʘʷʩʷ 

ʉʣʝʛʢʘ ʧʦʨʠʩʪʘʷ 

4 50 : 50 ɹʝʞʝʚʳʡ ʃʝʛʢʦ ʤʘʞʫʱʘʷʩʷ ʆʜʥʦʨʦʜʥʘʷ 

ʤʘʩʩʘ 

5 60 : 40 ɹʝʞʝʚʳʡ ʄʘʞʫʱʘʷʩʷ, ʚʣʘʞʥʘʷ ʉʣʝʛʢʘ ʧʦʨʠʩʪʘʷ 

6 70 : 30 ɹʝʞʝʚʳʡ ʄʘʞʫʱʘʷ, ʚʣʘʞʥʘʷ, 

ʤʷʛʢʘʷ 

ʅʝʦʜʥʦʨʦʜʥʘʷ 

ʤʘʩʩʘ, ʧʦʨʠʩʪʘʷ 

7 80 : 20 ʉʚʝʪʣʦ- 

ʙʝʞʝʚʳʡ 

ɺʣʘʞʥʘʷ, ʤʷʛʢʘʷ,  

ʤʘʞʫʱʘʷʩʷ 

ʇʦʨʠʩʪʘʷ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʦʙʲʝʢʪʠʚʥʳʤʠ ʠ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟ ʥʝʝ ʢʫʣʠ-

ʥʘʨʥʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʪʠʧʫ ʧʘʰʪʝʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆɹʎ ʤʦʜʝʣʴʥʳʭ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʟ ʧʝʯʝʥʠ 

ʠ ʤʦʣʦʢ ʣʦʩʦʩʝʚʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ ʥʘ 77 % ʜʣʷ ʤʦʣʦʢ ʠ ʥʘ 22 % ï ʜʣʷ ʧʝʯʝʥʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʪʝʣʠ ʪʚʝʨʜʦʩʪʠ ʠ ʩʠʣʳ ʘʜʛʝʟʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʉʄʉ, ʜʣʷ ʤʦʣʦʢ ʣʦʩʦʩʝ-

ʚʳʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʜʣʷ ʧʝʯʝʥʠ ï ʩʥʠʞʘʶʪʩʷ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ). ʆʧʨʝʜʝʣʝʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʣʦʢ ʠ ʧʝʯʝʥʠ ʣʦʩʦʩʝʚʳʭ ʚ 

ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʝ (1 : 1), ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʤʝʯʝʥʳ ʥʘʠʣʫʯʰʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʰʪʝʪʘʤ ʠ 

ʘʥʘʣʦʛʠʯʥʳʤ ʠʤ ʧʨʦʜʫʢʪʘʤ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 
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ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʨʳʥʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ 

 

ʄʘʨʠʷ ɽʚʛʝʥʴʝʚʥʘ ʎʠʙʠʟʦʚʘ1, ɸʥʘʩʪʘʩʠʷ ʇʘʚʣʦʚʥʘ ʉʪʨʝʣʢʦʚʘ2 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ɸʩʪʨʘʭʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʅʦ 

ʥʘ ʨʳʥʦʢ ʚʳʭʦʜʷʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʧʨʦʤʳʩʣʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʙʲʝʤʳ ʚʳʨʘ-

ʱʝʥʥʦʡ ʨʳʙʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʧʝʨʝʨʘʙʦʪʢʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʳʥʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʦʧʨʦʩʝ 

ʩʘʤʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʤʦʣʦʜʳʝ ʣʶʜʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 24 ʣʝʪ (60 %). 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʧʨʦʩʝ ʙʳʣʠ ʞʝʥʱʠʥʳ (70 %), ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʟʘʠʥʪʝ-

ʨʝʩʦʚʘʥʳ ʚ ʨʘʩʰʠʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʢʫʩʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʧʨʦʰʝʥ-

ʥʳʭ ʝʞʝʜʥʝʚʥʦ ʚʢʣʶʯʘʝʪ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʩʚʦʡ ʨʘʮʠʦʥ (5 %), ʥʝ ʫʧʦʪʨʝʙʣʷʶʪ ʨʳʙ-

ʥʫʶ ʧʨʦʜʫʢʮʠʶ ʪʦʣʴʢʦ 1 % ʨʝʩʧʦʥʜʝʥʪʦʚ. ʆʧʨʦʩ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʷʩʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʚʩʝ-ʪʘʢʠ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʳʙʥʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ.  
ʅʘʤʠ ʠʟʫʯʝʥʦ, ʢʘʢʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʩʧʦʥʜʝʥʪʳ, ʚ ʨʘʮʠʦʥ ʢʦʪʦʨʳʭ ʦʥʘ ʚʢʣʶ-

ʯʝʥʘ, ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ, ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 30 % ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʨʳʙʥʦʡ ʢʫʣʠ-

ʥʘʨʠʠ, 12 ʠ 7 % ï ʧʨʝʩʝʨʚʘʤ ʠ ʢʦʥʩʝʨʚʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʪʘʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʦ ʧʦʪʨʝʙʠ-

ʪʝʣʠ ʧʨʝʩʝʨʚʦʚ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʝʩʝʨʚʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɹʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʨʝʜʠ ʨʝʩʧʦʥʜʝʥ-

ʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ 50 % ʨʝʩʧʦʥʜʝʥʪʦʚ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʥʦ ʥʝ ʚʩʝ ʟʥʘʶʪ ʚʝʜʫʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɹʦʣʝʝ ʪʨʝʪʠ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʨʦʩʘ ʠ ʘʥʘ-

ʣʠʟʘ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʝʩʝʨʚʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʩʳʨʴʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʢʘʨʧ, ʦʙʲʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʚʳʣʦʚʘ ʢʦʪʦʨʦʛʦ ʚ ɸʩʪʨʘʭʘʥ-

ʩʢʦʤ ʨʝʛʠʦʥʝ ʟʥʘʯʠʪʝʣʴʥʳ. 
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Abstract. Fish production in the Astrakhan region is an important technological direction 

in the food industry of this region. But restored fisheries are entering the market, the volumes 

of farmed fish are increasing, which requires searching for new technological approaches to 

their processing and improving existing production technologies.  

We have conducted research to assess consumer preferences for fish products presented 

on the market of the Astrakhan region. In the survey, the most numerous were young people 

aged 18 to 24 years (60 %). A significant proportion of those participating in the survey were 

women (70 %), who are more interested in expanding the range of products used for a quick 

snack. Our research showed that only a small part of respondents include fish products in their 

daily diet (5 %), only 1% of respondents do not consume fish products. The survey also showed 

that meat products still occupy a leading position compared to fish, which confirms the need to 

expand the range of fish products in order to increase their attractiveness to consumers.  

We have studied what fish products respondents, in whose diet it is included, prefer and 

found that 30 % prefer fish cooking, 12 and 7 % ï preserves and canned food, respectively, the 

rest of the consumers are almost evenly distributed among traditional fish products. But consum-

ers of preserves support the expansion of the range of preserves. An assessment of the popularity 

of fish product manufacturers among respondents was conducted, which showed that 50 % of 

respondents pay attention to the manufacturers, but not all know the leading enterprises of the 

Astrakhan region. More than a third of respondents are not satisfied with the cost of fish products. 

Based on the survey and analysis of the preferences of manufacturers, it is proposed to expand 

the range of preserves. A potential raw material that can be used to produce such products is carp, 

the volumes of cultivation and catch of which in the Astrakhan region are significant. 

Keywords: survey, consumer preferences, fish and meat products, preserves, pasty products 
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ʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ï ɻ ʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦ-

ʚʴʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʢ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʶ ʘʣʠʤʝʥʪʘʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʥʦʮʝʥʥʦʛʦ ʙʝʣʢʘ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʤʘʢʨʦ-, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʨʳʙʥʘʷ 

ʧʨʦʜʫʢʮʠʷ [1].  

ɸʩʪʨʘʭʘʥʩʢʠʡ ʨʝʛʠʦʥ ʠʟʜʘʚʥʘ ʥʘʟʳʚʘʶʪ ʨʳʙʥʳʤ ʢʨʘʝʤ. ɺ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʝʞʝʛʦʜʥʘʷ ʜʦʙʳʯʘ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʘʢʚʘʢʫʣʴʪʫʨʘ, ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ.  ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ɸʩʪ-

ʨʘʭʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʨʳʥʦʢ ʚʳʭʦʜʷʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʧʨʦʤʳʩʣʘ, 

ʪʘʢʠʝ ʢʘʢ ʩʝʣʴʜʴ ʢʘʩʧʠʡʩʢʘʷ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʙʲʝʤʳ ʚʳʨʘʱʝʥʥʦʡ ʨʳʙʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʦʩʥʦ-

ʚʘʥʠʠ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ [2].  

ʊʨʘʜʠʮʠʦʥʥʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ɸʩʪʨʘʭʘʥʩʢʦʤ ʨʝʛʠʦʥʝ, ʷʚ-

ʣʷʶʪʩʷ ʢʦʥʩʝʨʚʳ, ʙʘʣʳʯʥʘʷ, ʢʦʧʯʝʥʘʷ ʠ ʚʷʣʝʥʘʷ ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ [3]. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦ-

ʤʳʩʣʘ ʠ ʦʙʲʝʢʪʦʚ ʘʢʚʘʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʩʝʨʚʦʚ ʠ ʧʘʩʪʦʦʙʨʘʟʥʦʡ ʧʨʝʩʝʨʚ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ [5]. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʤʠ ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʤʥʝʥʠʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʦʙ ʘʩʩʦʨʪʠʤʝʥʪʝ ʧʨʦʜʫʢʮʠʠ, ʚʳʧʫʩʢʘʝʤʦʡ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠ-

ʷʤʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ [5]. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʳʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʥʘ ʨʳʥʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝ-

ʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʝʩʝʨʚʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʘ ʘʥʢʝʪʳ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʥʘʩʝʣʝʥʠʷ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 60 ʣʝʪ ʠ ʩʪʘʨʰʝ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʦʚ ʠ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [6]. ɸʥʢʝʪʘ ʜʣʷ ʨʝʩʧʦʥʜʝʥʪʦʚ ʚʢʣʶʯʘʣʘ ʨʘʟʜʝʣʳ 

ʦʙ ʘʩʩʦʨʪʠʤʝʥʪʝ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦ ʚʢʣʶʯʝʥʠʠ ʝʝ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ, ʤʝʩʪʘʭ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʮʝʥʘʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʳʙʥʦʡ ʠ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ. 

ɺ ʦʧʨʦʩʝ, ʧʨʦʚʦʜʠʤʦʤ ʚ ʬʦʨʤʘʪʝ ʦʬʣʘʡʥ ʠ ʦʥʣʘʡʥ, ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 266 ʯʝʣʦʚʝʢ ʨʘʟʣʠʯ-

ʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʠ ʛʝʥʜʝʨʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ çMicrosoft Office ï 2016è (MS Word, MS Excel) ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʥʘʯʘʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʦʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʳʥʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʧʨʠ-

ʥʷʣʠ ʫʯʘʩʪʠʝ ʚ ʦʧʨʦʩʝ ʠ ʢʘʢʦʚʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʝʥʜʝʨʥʦʤʫ ʧʨʠʟʥʘʢʫ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʥ-

ʢʝʪʠʨʫʝʤʳʭ ʧʦ ʛʨʫʧʧʘʤ çʤʫʞʯʠʥʳè ʠ çʞʝʥʱʠʥʳè ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʢʘʢʘʷ ʠʟ ʜʘʥʥʳʭ ʛʨʫʧʧ 

ʦʪʜʘʩʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʘʢ ʧʨʝʩʝʨʚʥʳʝ ʧʘʩʪʳ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʧʦ ʧʦʣʫ. 
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ʘ) ʧʦ ʚʦʟʨʘʩʪʫ ʙ) ʧʦ ʧʦʣʫ 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʘʰʠʚʘʝʤʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʧʦ ʧʦʣʫ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Distribution of respondents by age and gender. Compiled by the authors 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 1, ʘ) ʩʘʤʘʷ ʘʢʪʠʚʥʘʷ ʛʨʫʧʧʘ ʦʧʨʘʰʠʚʘʝʤʳʭ ï ɻ ʪʦ 

ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʚʦʟʨʘʩʪʝ 18ï24 ʣʝʪ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ 50  ɺʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʦʪ 25 ʜʦ 

34 ʣʝʪ ʠ ʦʪ 45 ʜʦ 54 ʣʝʪ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ɹʦʣʝʝ ʚʟʨʦʩʣʘʷ ʛʨʫʧʧʘ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʨʘʰʠʚʘʝʤʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʤʦʣʦʜʳʝ ʣʶʜʠ ʚʝʜʫʪ ʘʢʪʠʚʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʶʪ ʧʨʠʥʮʠʧ çʝʜʘ ʥʘ 

ʭʦʜʫè ʠ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʤʝʪʴ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʘʰʠʚʘʝʤʳʭ ʧʦ ʛʝʥʜʝʨʥʦʤʫ ʧʨʠʟʥʘʢʫ ʧʦʢʘʟʘʣ (ʨʠʩ. 

1, ʙ), ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʧʨʦʩʝ ʫʯʘʩʪʚʦʚʘʣʠ 70 % ʞʝʥʱʠʥ ʠ  30 % ʤʫʞʯʠʥ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʧʨʦʩʝ ʞʝʥʱʠʥ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʦʥʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ 

ʙʦʣʴʰʝʡ ʤʝʨʝ ʚ ʨʘʩʰʠʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʣʶʜ ʜʣʷ ʧʝʨʝʢʫʩʘ ʠ ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ.   

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʯʘʩʪʦʪʝ ʚʢʣʶʯʝʥʠʷ ʨʳʙʥʦʡ ʠ ʤʷʩʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ.  

  
ʘ) ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ ʙ) ʤʷʩʥʘʷ ʧʨʦʜʫʢʮʠʷ 

 

ʈʠʩ. 2. ʆʪʥʦʰʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʯʘʩʪʦʪʝ ʚʢʣʶʯʝʥʠʷ ʨʳʙʥʦʡ ʠ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Consumer attitudes towards the frequency of inclusion of fish and meat products in the diet. 

Compiled by the authors 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 2, ʘ), ʯʪʦ ʚ ʤʦʤʝʥʪ ʦʧʨʦʩʘ ʜʦʣʷ ʘʢʪʠʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʤʝʥʶ ʢʦʪʦʨʳʭ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʞʝʜʥʝʚʥʦ, ʩʦʩʪʘʚʣʷʝʪ 1 % ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʦʧʨʦʰʝʥʥʳʭ. ɽʱʝ 10 % ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʝʜʧʦʯʠʪʘʶʪ ʝʝ ʚ ʤʝʥʶ 1 ʨʘʟ ʚ ʥʝʜʝʣʶ, 14 % 

ʧʦʪʨʝʙʠʪʝʣʝʡ ï 1 ʨʘʟ ʚ ʜʚʝ ʥʝʜʝʣʠ, 40 % ʚʢʣʶʯʘʶʪ ʚ ʨʘʮʠʦʥ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ 1 ʨʘʟ ʚ ʤʝʩʷʮ, 

5 % ʥʝ ʫʧʦʪʨʝʙʣʷʶʪ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʩʦʚʩʝʤ.  

ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʩ ʫʧʦʪʨʝʙʣʝʥʠʝʤ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʦʣʷ ʘʢʪʠʚʥʳʭ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʨʠʩ. 2, ʙ), ʚ ʤʝʥʶ ʢʦʪʦʨʳʭ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʞʝʜʥʝʚʥʦ, ʩʦʩʪʘʚʣʷʝʪ 

30 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʧʨʦʰʝʥʥʳʭ. ɽʱʝ 4 % ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʧʦʪʨʝʙʣʷʶʪ ʤʷʩʥʫʶ ʧʨʦʜʫʢʮʠʶ 
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1 ʨʘʟ ʚ ʥʝʜʝʣʶ, ʙʦʣʝʝ ʦʜʥʦʡ ʪʨʝʪʠ ï 2ï3 ʨʘʟʘ ʚ ʥʝʜʝʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʦʨʠʪʝʪ ʧʦʪʨʝʙʣʝʥʠʷ 

ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʥʘʩʝʣʝʥʠʷ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʨʠʩ. 2, ʙ) ʫʧʦʪʨʝʙ-

ʣʷʶʪ ʤʷʩʥʫʶ ʧʨʦʜʫʢʮʠʶ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʝʝ ʫʧʦʪʨʝʙ-

ʣʝʥʠʶ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ.  

ʅʘʤʠ ʠʟʫʯʝʥʦ, ʢʘʢʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʩʧʦʥʜʝʥʪʳ, ʚ ʨʘʮʠʦʥ ʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʘ 

ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ (ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʇʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʜʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Consumer preferences regarding the type of fish products. Compiled by the authors 

 

ʇʦ ʜʘʥʥʳʤ ʦʧʨʦʩʘ (ʨʠʩ. 3) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 15 % ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʢʨʫ, 16 

ʠ 11 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʨʳʙʝ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʦʧʯʝʥʠʷ, 9 % ʛʦʪʦʚʳ 

ʧʨʠʦʙʨʝʪʘʪʴ ʚʷʣʝʥʫʶ ʨʳʙʫ, 30 % ï ʨʳʙʥʫʶ ʢʫʣʠʥʘʨʠʶ: ʢʦʪʣʝʪʳ, ʪʝʬʪʝʣʠ, ʨʳʙʘ ʞʘʨʝʥʘʷ, ʧʠ-

ʨʦʛʠ ʩ ʨʳʙʦʡ, 7 ʠ 12 % ï ʨʳʙʥʳʝ ʢʦʥʩʝʨʚʳ ʠ ʧʨʝʩʝʨʚʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʨʝ-

ʙʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʝʩʝʨʚʳ, ʙʫʜʫʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʧʘʩʪʦʦʙʨʘʟ-

ʥʦʡ ʧʨʝʩʝʨʚʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʀ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʛʫʪ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʨʝʩʧʦʥ-

ʜʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʯʠʪʘʶʪ ʢʫʣʠʥʘʨʥʳʝ ʨʳʙʥʳʝ ʠʟʜʝʣʠʷ.     

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʤʝʩʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʩʝ-

ʱʘʶʪ ʨʝʩʧʦʥʜʝʥʪʳ, ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʦʨʛʦʚʳʤ ʪʦʯʢʘʤ. 

  
ʘ) ʤʝʩʪʘ ʨʝʘʣʠʟʘʮʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʙ) ʪʦʨʛʦʚʳʝ ʪʦʯʢʠ ʛ. ɸʩʪʨʘʭʘʥʠ 

 

ʈʠʩ. 4. ʄʝʩʪʘ ʨʝʘʣʠʟʘʮʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ  

ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʦʨʛʦʚʳʤ ʪʦʯʢʘʤ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Places of sale of fish products and consumer preferences in relation to specific outlets.  

Compiled by the authors 
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ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 4, ʘ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 13 % ʧʦʪʨʝʙʠʪʝʣʝʡ ʯʘʱʝ 

ʧʦʢʫʧʘʶʪ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʛʘʟʠʥʘʭ, 50 % ï ʚ ʪʦʨʛʦʚʳʭ ʩʝʪʝʚʳʭ 

ʤʘʛʘʟʠʥʘʭ ʠ ʤʝʥʝʝ 50 % ï ʥʘ ʨʳʥʢʘʭ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʨʠʩ. 4, ʙ) ʧʨʠʦʙʨʝʪʘʶʪ 

ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʚ ʩʝʪʠ çʄʘʛʥʠʪè, ʦʢʦʣʦ ʪʨʝʪʠ ï ʚ ʩʝʪʝʚʳʭ ʤʘʛʘʟʠʥʘʭ ʤʘʨʦʢ çʆ◌ʢʝʡè, 

çʃʝʥʪʘè. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʤʘʛʘʟʠʥʘʭ 

çʇʷʪʝʨʦʯʢʘè, çʉʚʝʪʦʬʦʨè, çʆʪʢʨʳʪʳʡ ʨʳʥʦʢè. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʧʨʦʩʦʚ, ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʙʲʝʤʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʝʪʝʚʳʭ ʪʦʨʛʦʚʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʷʭ ʠ ʚ ʰʠʨʦʢʦʤ ʘʩʩʦʨʪʠʤʝʥʪʝ, ʯʪʦʙʳ ʧʦʪʨʝʙʠʪʝʣʠ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ ʤʦʛʣʠ ʝʝ ʧʦʢʫʧʘʪʴ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʨʝʜʠ 

ʨʝʩʧʦʥʜʝʥʪʦʚ. ɺ ʭʦʜʝ ʦʧʨʦʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 50 % ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝ ʟʥʘʶʪ ʪʘʢʠʝ ʚʝʜʫʱʠʝ 

ʢʦʤʧʘʥʠʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʢʘʢ ʆʆʆ ʊɼ çʂʘʩʧʠʡ-

ʩʢʠʝ ʜʝʣʠʢʘʪʝʩʳè, çʌʘʙʨʠʢʘ ɺʝʩʥʘè, ʆʆʆ ʉʇ çʂʠʨʦʚʩʢʠʡ ʨʳʙʟʘʚʦʜè. ʊʦʣʴʢʦ 25 % ʠʟ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʥʘʢʦʤʳ ʩ ʢʦʤʧʘʥʠʝʡ ʆʆʆ ʊɼ çʂʘʩʧʠʡʩʢʠʝ ʜʝʣʠʢʘʪʝʩʳè, 15 % ʟʥʘʶʪ 

ʢʦʤʧʘʥʠʶ ʆʆʆ ʉʇ çʂʠʨʦʚʩʢʠʡ ʨʳʙʟʘʚʦʜè, 10 % ʟʥʘʢʦʤʳ ʩ ʧʨʦʜʫʢʮʠʝʡ çʌʘʙʨʠʢʘ ɺʝʩʥʘè. ʅʘ 

ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʢʦʡ ʢʘʢ ʤʦ-

ʨʦʞʝʥʘʷ, ʚʷʣʝʥʘʷ, ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʢʦʧʯʝʥʠʷ, ʙʘʣʳʯʥʳʝ ʠʟʜʝʣʠʷ, ʠʢʨʘ ʦʩʝʪʨʦʚʳʭ ʠ ʯʘ-

ʩʪʠʢʦʚʳʭ ʚʠʜʦʚ ʨʳʙ, ʢʦʥʩʝʨʚʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʩʝʨʚʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʩʪʨʘ-

ʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʝ ʪʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ, 

ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʰʠʨʦʢʦ ʦʩʚʝʱʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩ-

ʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʦʜʠʪʴ ʷʨʤʘʨʦʯʥʳʝ ʜʥʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʩʚʝʱʝʥʠʷ 

ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʚʦʝʡ ʧʨʦ-

ʜʫʢʮʠʠ ʚ ʩʝʛʤʝʥʪʝ ʨʳʙʥʦʡ ʢʫʣʠʥʘʨʠʠ, ʧʨʦʜʫʢʮʠʠ ʛʦʨʷʯʝʛʦ ʢʦʧʯʝʥʠʷ ʠ ʧʨʝʩʝʨʚʦʚ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʤʥʝʥʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʮʝʥʳ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 
ʈʠʩ. 5. ʄʥʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʮʝʥʳ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 5. Consumer opinion on the prices of fish products. Compiled by the authors 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʨʦʩʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 5), ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʜʦʣʷ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝ ʠʥʪʝʨʝʩʫʶʪʩʷ ʮʝʥʘʤʠ ʥʘ ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ. ʅʝ ʫʩʪʨʘʠʚʘʶʪ ʮʝʥʳ ʥʘ 

ʨʳʙʥʫʶ ʧʨʦʜʫʢʮʠʶ ʙʦʣʝʝ 30 % ʨʝʩʧʦʥʜʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʠʜʦʚ 

ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʩʰʠʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʳʙʥʦʝ ʩʳʨʴʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʣʴʟʫ-

ʝʪʩʷ ʩʧʨʦʩʦʤ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʘʧʨʠʤʝʨ, ʢʘʨʧʘ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʝʰʝʚʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʨʳʙ, ʥʘʧʨʠʤʝʨ, ʪʦʣʩʪʦʣʦʙʠʢ, ʙʝʣʳʡ ʘʤʫʨ. ʂʘʨʧ ʚʳʨʘʱʠʚʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ ʚ ɸʩʪ-
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ʨʘʭʘʥʩʢʦʤ ʨʝʛʠʦʥʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʚʦʜʦʝʤʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʦ ʠʟ-ʟʘ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʢʦʩʪʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʥʘʣʠʯʠʷ ʤʝʣʢʠʭ ʤʝʞʤʳʰʝʯʥʳʭ ʢʦʩʪʝʡ ʥʝ ʧʦʣʴʟʫʝʪʩʷ 

ʦʩʦʙʳʤ ʩʧʨʦʩʦʤ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʳʥʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʦʧʨʘʰʠʚʘʝ-

ʤʳʭ ï ɻ ʪʦ ʤʦʣʦʜʳʝ ʣʶʜʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 24 ʣʝʪ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʧʨʦʩʝ 

ʞʝʥʱʠʥ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʦʥʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚ ʨʘʩʰʠ-

ʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʘʣʘʪʦʚ, 

ʙʫʪʝʨʙʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ.   

ʇʨʠʦʨʠʪʝʪ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʵʪʦ ʤʷʩʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʷʪʴ ʘʩ-

ʩʦʨʪʠʤʝʥʪ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʝʜʣʘʛʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ. 

ʀʟʫʯʝʥʠʝ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʜʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʢʘʟʘʣʦ ʫʧʦ-

ʪʨʝʙʣʝʥʠʝ ʠʤʠ ʨʳʙʳ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʦʧʯʝʥʠʷ, ʥʦ ʧʨʝʩʝʨʚʥʘʷ ʧʨʦʜʫʢʮʠʷ ʪʘʢʞʝ ʧʦʣʴʟʫ-

ʝʪʩʷ ʫ ʥʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. ɹʦʣʝʝ ʪʨʝʪʠ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝ ʫʩʪʨʘʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʨʳʙʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʧʨʦʩʦʚ ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʙʲʝʤʘʭ, ʜʦ-

ʩʪʘʪʦʯʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʝʪʝʚʳʭ ʪʦʨʛʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʚ ʰʠʨʦʢʦʤ ʘʩʩʦʨʪʠʤʝʥʪʝ, ʯʪʦʙʳ 

ʧʦʪʨʝʙʠʪʝʣʠ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ ʤʦʛʣʠ ʝʝ ʧʦʢʫʧʘʪʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʤʦʨʦʞʝʥʦʡ, ʚʷʣʝʥʦʡ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʳʙʳ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʢʦʧʯʝʥʠʷ, ʙʘ-

ʣʳʯʥʳʭ ʠʟʜʝʣʠʡ, ʠʢʨʳ ʦʩʝʪʨʦʚʳʭ ʠ ʯʘʩʪʠʢʦʚʳʭ ʚʠʜʦʚ ʨʳʙ, ʢʦʥʩʝʨʚʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʩʝʨʚ-
ʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʝ ʪʘʢ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʦ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʝʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʩʳʨʴʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʩ-

ʪʦʦʙʨʘʟʥʦʡ ʧʨʝʩʝʨʚʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʘʨʧ, ʦʙʲʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʚʳʣʦʚʘ ʢʦʪʦʨʦʛʦ ʚ 

ɸʩʪʨʘʭʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʟʥʘʯʠʪʝʣʴʥʳ. 
 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

 

1. Carlucci D., Nocella G., De Devitiis B., Viscecchia R., Bimbo F., Nardone G. Consumer 

purchasing behaviour towards fish and seafood products. Patterns and insights from a sample of in-

ternational studies. Appetite. 2015 Jan; 84:212-27. doi: 10.1016/j.appet.2014.10.008. Epub 2014 Oct 

22. PMID: 25453592.  

2. ʄʦʰʘʨʦʚʘ ʄ. ʕ., ʊʠʪʦʚʘ ʀ. ʄ. ɸʥʘʣʠʟ ʩʧʨʦʩʘ ʠ ʦʮʝʥʢʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝ-

ʥʠʡ ʧʨʠ ʚʳʙʦʨʝ ʨʳʙʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ // ɹʘʣʪʠʡʩʢʠʡ ʤʦʨʩʢʦʡ ʬʦʨʫʤ: ʤʘʪʝʨʠʘʣʳ VIII ʄʝʞ-

ʜʫʥʘʨ. ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʬʦʨʫʤʘ : ʚ 6 ʪ., ʂʘʣʠʥʠʥʛʨʘʜ, 5ï10 ʦʢʪʷʙʨʷ 2020 ʛʦʜʘ. ʊ. 5. ʂʘ-

ʣʠʥʠʥʛʨʘʜ : ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2020. ʉ. 81ï87.  

3. ʇʠʩʴʤʝʥʩʢʘʷ ɽ. ɹ. ɸʩʩʦʨʪʠʤʝʥʪʥʘʷ ʧʦʣʠʪʠʢʘ : ʨʘʙʦʪʘ ʥʘʜ ʦʰʠʙʢʘʤʠ // ʄʘʨʢʝʪʠʥʛ ʠ 

ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2009. ˉ 2. ʉ. 152ï158. 

4. ʉʤʠʨʥʦʚʘ ʅ. ɺ., ʉʤʠʨʥʦʚʘ ʉ. ɸ. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ ʥʦʚʳʭ ʨʳʙ-

ʥʳʭ ʧʨʝʩʝʨʚʦʚ // ɺʝʩʪʥʠʢ ʄɻʊʋ. ʊʨʫʜʳ ʄʫʨʤʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ. 2012. ʊ. 15, ˉ 1. ʉ. 230ï234. 

5. ʉʪʨʝʣʢʦʚʘ ɸ. ʇ. ɸʥʘʣʠʟ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʳʙʥʳʭ ʠʟʜʝ-

ʣʠʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ // ʄʘʪʝʨʠʘʣʳ 72-ʡ ʄʝʞʜʫʥʘʨ. 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ɸʩʪʨʘʭʘʥ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ. ɸʩʪʨʘʭʘʥʴ : ʀʟʜ-ʚʦ ɸɻʊʋ, 2022.  

C. 868ï870.  

6. ʅʘʡʧʘʢ ɸ. ʉ. ʄʘʨʢʝʪʠʥʛʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʄ. : 

ʃʘʙʦʨʘʪʦʨʠʷ ʢʥʠʛʠ, 2011. 175 ʩ. 
 



 

 

ʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

67 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 

 

ʄ. ɽ. ʎʠʙʠʟʦʚʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ 

ʪʦʚʘʨʦʚ ʠ ʪʦʚʘʨʦʚʝʜʝʥʠʷ, SPIN-ʢʦʜ: 6444-7526, AuthorID: 469592. 

ɸ. ʇ. ʉʪʨʝʣʢʦʚʘ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʪʦʚʘʨʦʚ ʠ ʪʦʚʘʨʦʚʝʜʝʥʠʷ. 

 

Information about the authors 

 

M. E. Tsibizova ï Doctor of Technical Sciences, Professor, Professor of the Department of 

Technology of Goods and Commodity Research, SPIN-cod: 6444-7526, AuthorID: 469592. 

A. P. Strelkova ï Postgraduate student of the Department of Technology of Goods and Com-

modity Research. 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 13.11.2024, ʦʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 22.11.2024, 

ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 26.11.2024. 

The article was submitted 13.11.2024, approved after reviewing 22.11.2024, accepted for pub-

lication 26.11.2024. 

 

 
 



 

 
 

 

 

 

 ____________________________________________________________________  

 ʗʩʥʦʚ ɸ. ʉ., ɹʨʝʜʠʭʠʥ ʉ. ɸ., ʅʫʛʤʘʥʦʚ ɸ. ʍ.-ʍ., ɸʣʝʢʩʘʥʷʥ ʀ. ʖ., ʆʩʤʦʣʦʚʩʢʠʡ ʇ. ɼ., 2024 
68 

ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ʊ. 70, ˉ 4. ʉ. 68ï82. 

Scientific Journal of the Far Eastern State Technical Fisheries University. 2024. Vol. 70, no 4. 

P. 68ï82. 

 

ʇʀʑɽɺʓɽ ʉʀʉʊɽʄʓ 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 66.08:664.8.047 

DOI: doi.org/10.48612/dalrybvtuz/2024-70-07 

EDN: IJTIFE 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

 

ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ ʗʩʥʦʚ1, ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ɹʨʝʜʠʭʠʥ2,  

ɸʣʴʙʝʨʪ ʍʘʤʝʜïʍʘʨʠʩʦʚʠʯ ʅʫʛʤʘʥʦʚ3, ʀʛʦʨʴ ʖʨʴʝʚʠʯ ɸʣʝʢʩʘʥʷʥ4,  

ʇʘʚʝʣ ɼʤʠʪʨʠʝʚʠʯ ʆʩʤʦʣʦʚʩʢʠʡ5  
1, 4 ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʩʪʨʘʭʘʥʴ, ʈʦʩʩʠʷ 
2, 3 ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
5 ʃʠʧʝʮʢʠʡ ʅʀʀ ʨʘʧʩʘ ï ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅʎ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʠʤʝʥʠ ɺ. ʉ. ʇʫʩʪʦʚʦʡʪʘè, ʃʠʧʝʮʢ, ʈʦʩʩʠʷ 
1 ysandrew@mail.ru, ORCID: 0009-0002-1728-0718 
2 sbredihin_kpia@rgau-msha.ru, ORCID: 0000-0002-6898-0389 

3 nugmanov@rgau-msha.ru, ORCID: 0000-0002-4093-9982 

4 16081960igor@gmail.com, ORCID: 0000-0001-5494-1226 

5 pavel.osmolovsku@mail.ru, ORCID: 0000-0003-1131-1552 

 

ɸʥʥʦʪʘʮʠʷ. ʈʳʙʥʳʝ ʩʫʙʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʮʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʩʦ-

ʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % (ʩʳʨʘʷ) ʠ 5 % (ʚʳʩʫʰʝʥ-

ʥʘ̫) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝʜʥʷʷ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚ ʥʝʡ ʚʣʘʞʥʦʩʪʠ ʯʘʩʪʦʪʦʡ 2,45 ɻɻʮ ʠ ʤʦʱʥʦʩʪʴʶ 180 ɺ. ʇʦʣʫ-

ʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʳʨʦʡ ʠ ʚʳʩʫʰʝʥ-

ʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʳʨʴʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʧʨʝʜʝʣʝʥʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʜʣʷ ʧʨʦʙ ʧʝʯʝʥʠ ʩʦʤʘ, ʚʳʣʦʚʣʝʥʥʦʛʦ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ɺʦʣʛʘ. ʀʩʩʣʝʜʦʚʘʥ ʞʠʨʥʦ-

ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʯʝʥʠ ʩʦʤʘ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʝʦʙʣʘ-

ʜʘʝʪ ʩʫʤʤʘ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʪ, ʘ ʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʦ ʜʦʣʝ ʥʘʭʦ-

ʜʷʪʩʷ ʥʘ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʩʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʣʠʧʠʜʦʚ 

ʧʝʯʝʥʠ ʩʦʤʘ ʥʝ ʦʪʚʝʯʘʝʪ ʠʜʝʘʣʴʥʦʡ ʣʠʧʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʜʥʘʢʦ ʣʠʧʠʜʥʳʡ ʩʦʩʪʘʚ 

ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʳʨʦʡ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʠʜʝʘʣʴʥʦʤʫ. ʉʫʤʤʘ ʥʝʟʘ-

ʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʪʘʢʞʝ ʙʣʠʟʢʘ ʢ ʵʪʘʣʦʥʫ. ɸʥʪʠʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʦʡ ʠ 

ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʚ 5,2 ʠ 3,7 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʰʝ ʘʢʪʠʚʥʦ-

ʩʪʠ ʢʘʨʥʦʟʠʥʘ. 
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Abstract. Fish offal is an important source of valuable substances with functional proper-

ties. This article presents the results of a study of the properties and composition of the liver of 

common catfish, with a mass fraction of 68% (raw) and 5% (dried) moisture, respectively, the 

latter was obtained by exposure to microwave radiation until the specified humidity in it was 

reached with a frequency of 2.45 GHz and a power of 180 V. Data on the content of trace 

elements and heavy metals in raw and dried catfish liver were obtained. It is shown that the 

amount of heavy elements in the studied raw materials does not exceed the maximum permis-

sible concentrations. Microbiological parameters for liver samples of catfish caught in the 

Volga River delta have been determined. The fatty acid composition of the catfish liver has 

been studied. It was determined that the sum of monounsaturated acids prevails in the liver of 

the common catfish, and saturated fatty acids are in the second position by proportion. It was 

noted that the ratio of fatty acid classes of catfish liver lipids does not correspond to the ideal 

lipid component, however, the lipid composition of dried liver in comparison with raw liver is 

close to ideal. The amount of essential amino acids is also close to the standard. The antioxidant 

activity of raw and dried liver of common catfish is 5.2 and 3.7 times higher, respectively, than 

the activity of carnosine. 
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parameters, fatty acids, vitamins, antioxidant activity 
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ʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʳʭ ʠ ʙʝʟʦʪʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʝʯʝʥʴ ʨʳʙ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʠ ʩʫʙ-

ʩʪʘʥʮʠʡ ʚʳʩʦʢʦʡ ʦʯʠʩʪʢʠ. 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʫʞʠʪ ʥʘʣʠʯʠʝ ʚ ʩʳʨʴʝ ʪʦʢʩʠʯʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʯʝʥʠ, ʛʜʝ ʦʥʠ ʩʢʘʧʣʠ-

ʚʘʶʪʩʷ, ʧʨʦʥʠʢʘʷ ʚ ʥʝʝ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ [1]. ʈʳʙʳ ʤʦʛʫʪ ʣʝʛʢʦ ʠʭ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʩʚʦʝʤ 

ʦʨʛʘʥʠʟʤʝ ʠʟ ʣʶʙʳʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʦʜʳ ʠʣʠ ʧʠʱʠ ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʚʦʜʥʦʡ 

ʧʠʱʝʚʦʡ ʮʝʧʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʣʝʟʥʳ ʜʣʷ ʨʳʙ, ʦʜʥʘʢʦ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ ʤʦ-

ʞʝʪ ʧʝʨʝʚʝʰʠʚʘʪʴ ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʯʝʣʦʚʝʢ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʜ-

ʚʝʨʛʘʪʴʩʷ ʜʘʣʴʥʝʡʰʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ. ʀʟʚʝʩʪʥʦ ʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʯʝʣʦʚʝʢʘ, ʥʘʯʠʥʘʷ ʦʪ ʣʝʛʢʦʛʦ ʚʨʝʜʘ ʝʛʦ ʟʜʦʨʦʚʴʷ 

ʠ ʟʘʢʘʥʯʠʚʘʷ, ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ, ʣʝʪʘʣʴʥʦ [2, 3, 4, 5]. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʪʝʠʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʦʣʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʢ ʠʜʝʘʣʴʥʦʡ ʙʝʣʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [6]. 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʢʘʢ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʙʝʣ-

ʢʦʚ, ʨʦʩʪʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʣʝʪʦʢ, ʧʦʜʜʝʨʞʘʥʠʠ ʠʤʤʫʥʠʪʝʪʘ, ʧʝʨʝʜʘʯʠ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

ɼʣʷ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳ 8 ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ: ʚʘʣʠʥ, ʠʟʦʣʝʡʮʠʥ, ʣʝʡʮʠʥ, ʤʝʪʠʦʥʠʥ, 

ʪʨʝʦʥʠʥ, ʪʨʠʧʪʦʬʘʥ, ʬʝʥʠʣʘʣʘʥʠʥ, ʣʠʟʠʥ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʞʠʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʇʅɾʂ), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʚʠʪʘʤʠʥ F. ʇʅɾʂ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠ-

ʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʠʪʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʜʦʣʞʥʳ ʧʦʩʪʫʧʘʪʴ 

ʩ ʧʠʱʝʡ. ʇʦʤʠʤʦ ʩʚʦʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʇʅɾʂ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʢʦʨʝʥʠʶ ʦʙʤʝʥʘ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʩʥʠʞʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʨʘʟʚʠʪʠʝʤ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʶ ʩʠʥʪʝʟʘ ʪʨʠʛʣʠʮʝʨʠʜʦʚ. 

ɺ ʨʳʙʥʳʭ ʩʫʙʧʨʦʜʫʢʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʝʯʝʥʠ, ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ 

ʚʠʪʘʤʠʥʦʚ ɸ ʠ ɽ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʚʠʪʘʤʠʥʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʨʳʙʝ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʧʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ (Silurus glanis), ʚʳʣʦʚʣʝʥ-

ʥʦʛʦ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ɺʦʣʛʘ. ʀʩʩʣʝʜʦʚʘʣʠ ʧʝʯʝʥʴ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % (ʩʳʨʘʷ) ʠ ʧʝʯʝʥʴ 

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % ʚʳʩʫʰʝʥʥʦʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦ-

ʪʦʡ 2,45 ɻɻʮ ʠ ʤʦʱʥʦʩʪʴʶ 180 ɺ. ʍʨʘʥʝʥʠʝ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʚ ʦʭʣʘʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5Ñ1 Áʉ ʥʝ ʙʦʣʝʝ 3 ʩʫʪ, ʘ ʩʫʭʦʡ ʧʝʯʝʥʠ ï ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 20Ñ3 Áʉ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ. 

ʅʘʣʠʯʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʷʣʠ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Hitachi (ʗʧʦʥʠʷ) ʠ ʧʣʘʤʝʥʥʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ Nippon Larrel Asp. ɺ ʢʘʯʝ-

ʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʳʨʘʷ ʧʝʯʝʥʴ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % ʠ ʩʫʭʘʷ ʧʝʯʝʥʴ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 %. 

ɾʠʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ Nexis GC-2030AF  

(ʗʧʦʥʠʷ). 

ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʧʠʜʦʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʢʘʯʝ-

ʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ 
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ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʥʘʩʪʘʠʚʘʥʠʷ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦ-

ʜʠʢʝ [7, 8] ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂ 2 ʛ ʧʝʯʝʥʠ ʩʦʤʘ, ʧʦʤʝʱʝʥʥʳʤ ʚ ʨʝʟʝʨʚʫʘʨ ʦʙʲʝʤʦʤ 50é100 

ʤʣ, ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʙʝʥʟʠʥʦʚʦʡ ʠʣʠ ʜʠʭʣʦʨʵʪʘʥʦʚʦʡ ʬʨʘʢʮʠʠ, ʟʘʢʫʧʦʨʠʚʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ. 

ʃʠʧʠʜʥʫʶ ʬʨʘʢʮʠʶ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 1 ʯ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʪʨʷʭʠʚʘʷ ʩʫʩʧʝʥʟʠʶ, ʢʦʪʦʨʫʶ ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʬʠʣʴʪʨʦʚʘʣʠ, ʚʟʚʝʩʠʚ ʧʦʣʫʯʝʥʥʳʡ ʬʠʣʴʪʨʘʪ. ʕʢʩʪʨʘʛʝʥʪ ʦʪʛʦʥʷʣʠ ʥʘ ʙʘʥʝ ʧʝʩʦʯ-

ʥʦʛʦ ʪʠʧʘ, ʘ ʝʤʢʦʩʪʴ ʩ ʦʩʪʘʪʢʦʤ ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100é105 Áʉ. ɼʘʣʝʝ ʨʝʟʝʨʚʫʘʨ ʩ ʣʠ-

ʧʠʜʥʦʡ ʬʨʘʢʮʠʝʡ ʦʭʣʘʞʜʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʥʦʡ ʝʤʢʦʩʪʠ ʠ ʚʟʚʝʰʠʚʘʣʠ. 

ɼʦʣʶ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ ὼ (%) ʥʘʭʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὼ
ὋὋ

Ὃ Ὃ Ὣ
Ͻρππȟ                                                                     

ʛʜʝ Ὃ ï ʤʘʩʩʘ ʵʢʩʪʨʘʛʝʥʪʘ; Ὃ ï ʤʘʩʩʘ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ; Ὃ ï  ʤʘʩʩʘ ʬʠʣʴʪʨʘʪʘ; Ὣ ï ʥʘʚʝʩʢʘ 

ʧʝʯʝʥʠ ʩʦʤʘ, ʛ. 

ʇʨʦʪʝʠʥ ʠʟ ʦʙʝʟʞʠʨʝʥʥʳʭ ʥʘʚʝʩʦʢ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʦʜʚʝʨʛʘʣʠ ʛʠʜʨʦʣʠʟʫ 6 

ʄ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 24 ʯ ʧʨʠ 110 Áʉ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ BINDER RE 53 (BINDER 

GmbH, ɻʝʨʤʘʥʠʷ). ʇʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʣʠʟʘʪʳ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

c ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʪʢʦʣʦʥʦʯʥʦʡ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Sykam S433 

(Sykam GmbH, ɻʝʨʤʘʥʠʷ) ʚ ʩʪʫʧʝʥʯʘʪʦʤ ʨʝʞʠʤʝ ʜʚʫʭ Na-ʮʠʪʨʘʪʥʳʭ ʙʫʬʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ ʧʨʦʮʝʩʩʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʭʦʜ ʵʣʶʝʥʪʘ ʩʦ-

ʩʪʘʚʠʣ 0,45 ʤʣ/ʤʠʥ, ʥʠʥʛʠʜʨʠʥʘ ï 0,25 ʤʣ/ʤʠʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ ï 60 Áʉ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʣʦʥʢʫ ʜʣʷ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʤʦʜʝʣʴ TBEC.414538.005-01) 4,6 ʭ 150 ʤʤ, ʟʘʧʦʣ-

ʥʝʥʥʫʶ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʦʡ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 7 ʤʢʤ. 

ɼʦʣʶ ʚʠʪʘʤʠʥʦʚ ɸ ʠ ɽ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʞʠʜʢʦʩʪʥʦʡ ʦʙʨʘ-

ʱʝʥʥʦ-ʬʘʟʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʧʦ ɻʆʉʊ 32043 ï 2012 çʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʪʘʤʠʥʦʚ A, D, 

ɽè [9] ʧʫʪʝʤ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʠʪʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʥʝʝ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʚʳ-

ʷʚʣʝʥʠʷ ʚ ʥʝʡ ʫʢʘʟʘʥʥʳʤ ʚ ɻʆʉʊʝ ʩʧʦʩʦʙʦʤ ʜʦʣʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʠʪʘʤʠʥʦʚ. ɸʥʪʠʦʢʩʠʜʘʥʪ-

ʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʩʧʦʩʦʙʦʤ ɻʣʝʚʠʥʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʚ ʚʠʜʝ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ Ŭ-ʜʠʬʝʥʠʣ-Ŭ-ʧʠʢʨʠʣʛʠʜʨʘʟʠʥʘ. ʕʪʘʣʦʥʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ ʷʚʣʷʣʩʷ ʜʠ-

ʧʝʧʪʠʜ ʢʘʨʥʦʟʠʥ (ʘʥʪʠʦʢʩʠʜʘʥʪ ʩʨʝʜʥʝʡ ʩʠʣʳ) [10]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʦʣʝ ʨʷʜʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʚ ʩʳʨʦʡ, ʪʘʢ ʠ ʚʳʩʫ-

ʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. 

ʊʘʙʣʠʮʘ 1 

ɼʦʣʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

Table 1 

The proportion of heavy metals in the liver of common catfish 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ As 
Pb Ni Cd Cu Zn Fe Co 

ʤʢʛ/ʢʛ ʤʛ/ʢʛ 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % 

ʥ/ʦ ʥ/ʦ 1,4 1,8 1,41 13,08 54,82 0,068 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % 

ʥ/ʦ <5,1 1,7 2,5 8,93 62,29 245,30 0,42 

ʥ/ʦ ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
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ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʠʟʣʠʰʢʘ ʠʣʠ ʜʝʬʠʮʠʪʘ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʩʪʫʧʘʶ-

ʱʠʭ ʩ ʧʠʱʝʡ ʤʳʰʴʷʢʘ, ʩʚʠʥʮʘ, ʥʠʢʝʣʷ, ʢʘʜʤʠʷ, ʤʝʜʠ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʦʧʠʩʘʥʦ ʚ ʨʘ-

ʙʦʪʘʭ [11, 12, 13, 14, 15, 16]. ʉʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ (ʇɼʂ) ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ, ʤʛ/ʢʛ: ʩʚʠʥʝʮ ï 1,0; ʢʘʜʤʠʡ ï 0,2; ʤʳʰʴʷʢ ï 

1,0; ʤʝʜʴ ï 10; ʮʠʥʢ ï 200. ʉʦʧʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣ. 1), ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʳʨʴʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ [17].  

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦ-

ʚʝʥʥʦʛʦ. 

ʊʘʙʣʠʮʘ 2 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʙ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

Table 2 

Microbiological parameters of liver samples of common catfish 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʄɸ-

ʌɸʥʄ, 

ʂʆɽ/ʛ 

ɽ. 

coli, 

ʢʣ. ʚ 

1 ʛ 

ɹɻʂʇ, 

ʢʣ. ʚ 

0,1 ʛ 

ʉʪʘʬʠʣʦ-

ʢʦʢʢ, ʢʣ. ʚ 

1 ʛ 

ʉʘʣʴʤʦ-

ʥʝʣ., ʢʣ. ʚ 

25 ʛ 

ʇʣʝʩʝʥʴ ʠ 

ʜʨʦʞʞʠ, ʢʣ. 

ʚ 1 ʛ 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ  

68 % 

υȟπϽρπ ʥ/ʦ ʥ/ʦ ʥ/ʦ ʥ/ʦ ʥ/ʦ 

ʅʦʨʤʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ [17] ρȟπϽρπ ʥ/ʜ ʥ/ʜ ʥ/ʜ ʥ/ʜ 200 ʢʣ. 

ʇʨʠʤʝʯʘʥʠʝ. ʥ/ʦ ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ; ʥ/ʜ ï ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ (ʪʘʙʣ. 2) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʠʨʫʝʤʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʠʨʘ ʢʘʢ ʚ ʩʳʨʦʡ, ʪʘʢ ʠ 

ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ɼʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʠʨʘ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

Table 3 

Data on the fat content in the liver of common catfish 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, % 

ʅʦʤʝʨ ʦʧʳʪʘ ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 1 2 3 4 5 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % 
21,34 20,59 23,11 22,42 23,29 22,15 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % 
7,53 7,44 7,21 7,62 7,35 7,43 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣ. 3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʣʠʧʠʜʥʦʡ ʮʝʥʥʦʩʪʠ ʧʝʯʝʥʠ ʩʦʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ, ʦʙʠʪʘʶʱʝʛʦ ʚ ʚʦʣʞʩʢʦʡ ʜʝʣʴʪʝ. ʃʠʧʠʜʥʘʷ ʮʝʥʥʦʩʪʴ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥ-

ʥʦʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ. ʊʠʧʠʯʥʳʝ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʞʠʨʥʦ-ʢʠʩʣʦʪ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. ʆʥʠ ʧʦʩʪʨʦʝʥʳ ʧʨʠ ʧʦ-

ʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ Nexis GC-2030AF (ʗʧʦʥʠʷ). 
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ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 %. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Chromatogram of fatty acid composition of raw catfish liver with 

 a mass fraction of moisture 68 %. Compiled by the authors 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝ-

ʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4 ʠ 5. 

 

 
ʈʠʩ. 2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʩ ʤʘʩʩʦʚʦʡ  

ʜʦʣʝʡ ʚʣʘʛʠ 5 %. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Chromatogram of fatty acid composition of dry catfish liver with a mass fraction  

of moisture 5 %. Compiled by the authors 
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ʊʘʙʣʠʮʘ 4 

ɾʠʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % 

Table 4 

Fatty acid composition of raw liver of common catfish with a mass fraction of moisture 68 % 

 

ʇʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ 

ɺʨʝʤʷ ʫʜʝʨ-

ʞʠʚʘʥʠʷ  

ʅʘʟʚʘʥʠʝ ʞʠʨʥʳʭ ʢʠʩ-

ʣʦʪ 

ʇʣʦʱʘʜʴ 

ʧʠʢʘÆ 
ʉʦʜʝʨʞʘʥʠʝ, %Æ 

ʅʘʩʳʱʝʥʥʳʝ (ʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  27,31 

1 6,612 ʂʘʧʨʠʥʦʚʘʷ 1099 0,094 

2 10,562 ʄʠʨʠʩʪʠʥʦʚʘʷ 12506 1,075 

3 12,096 ʇʝʥʪʘʜʝʢʘʥʦʚʘʷ 1209 0,104 

4 13,976 ʇʘʣʴʤʠʪʠʥʦʚʘʷ 184507 15,860 

5 16,182 ʄʘʨʛʘʨʠʥʦʚʘʷ 1485 0,128 

6 18,730 ʉʪʝʘʨʠʥʦʚʘʷ 115087 9,893 

7 27,995 ɻʝʥʵʡʢʦʟʘʥʦʚʘʷ 1814 0,156 

ʄʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ (ʄʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  52,88 

8 11,145 ʄʠʨʠʩʪʦʣʝʠʥʦʚʘʷ 1271 0,109 

9 14,575 ʇʘʣʴʤʠʪʦʣʝʠʥʦʚʘʷ 179384 15,420 

10 16,787 ɻʝʧʪʘʜʝʮʝʥʦʚʘʷ 2927 0,252 

11 19,320 ʆʣʝʠʥʦʚʘʷ ɤ9 380923 32,743 

12 25,227 ɻʘʜʦʣʝʠʥʦʚʘʷ ɤ9 50635 4,353 

ʇʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ (ʇʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  19,81 

13 20,634 ʃʠʥʦʣʝʚʘʷ ɤ6 2516 0,216 

14 26,769 ʕʡʢʦʟʘʜʠʝʥʦʚʘʷ 3150 0,271 

15 27,674 ʕʡʢʦʟʘʪʨʠʝʥʦʚʘʷ ɤ6 3121 0,268 

16 28,444 ʕʡʢʦʟʘʪʨʠʝʥʦʚʘʷ ɤ3 49914 4,291 

17 28,937 ɸʨʘʭʠʜʦʥʦʚʘʷ ɤ6 4740 0,407 

18 30,644 ʕʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ɤ3 19543 1,680 

19 38,424 ʕʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ɤ3 147529 12,681 

 

ʊʘʙʣʠʮʘ 5 

ɾʠʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % 

Table 5 

Fatty acid composition of dry liver of common catfish with a mass fraction of moisture 5 % 

 

ʇʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ 

ɺʨʝʤʷ ʫʜʝʨ-

ʞʠʚʘʥʠʷ  

ʅʘʟʚʘʥʠʝ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ 

ʇʣʦʱʘʜʴ 

ʧʠʢʘÆ 

ʉʦʜʝʨʞʘʥʠʝ, 

%Æ 

ʅʘʩʳʱʝʥʥʳʝ (ʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  34,61 

1 10,570 ʄʠʨʠʩʪʠʥʦʚʘʷ 12158 1,001 

2 12,103 ʇʝʥʪʘʜʝʢʘʥʦʚʘʷ 4186 0,345 

3 13,979 ʇʘʣʴʤʠʪʠʥʦʚʘʷ 205390 16,912 

4 16,182 ʄʘʨʛʘʨʠʥʦʚʘʷ 5113 0,421 

5 18,724 ʉʪʝʘʨʠʥʦʚʘʷ 140434 11,564 

6 37,428 ʃʠʛʥʦʮʝʨʠʥʦʚʘʷ 53049 4.368 

ʄʦʥʦʥʝʥʘʩʳʱʝʥʥʳʝ (ʄʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  47,02 

7 14,574 ʇʘʣʴʤʠʪʦʣʝʠʥʦʚʘʷ 71175 5,861 
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8 16,786 ɻʝʧʪʘʜʝʮʝʥʦʚʘʷ 5231 0,431 

9 19,308 ʆʣʝʠʥʦʚʘʷ ɤ9 211887 17,447 

10 25,207 ɻʘʜʦʣʝʠʥʦʚʘʷ ɤ9 39487 3,251 

11 38,433 ʅʝʨʚʦʥʦʚʘʷ ɤ9 243285 20,033 

ʇʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ (ʇʅɾʂ), ʚ ʪʦʤ ʯʠʩʣʝ  18,37 

12 20,630 ʃʠʥʦʣʝʚʘʷ ɤ6 15729 1,295 

13 21,535 ɔ-ʣʠʥʦʣʝʚʘʷ ɤ6 3401 0,280 

14 22,569 Ŭ-ʣʠʥʦʣʝʚʘʷ ɤ3 5278 0,435 

15 26,757 ʕʡʢʦʟʘʜʠʝʥʦʚʘʷ 10651 0,877 

16 27,663 ʕʡʢʦʟʘʪʨʠʝʥʦʚʘʷ ɤ6 8735 0,719 

17 28,438 ʕʡʢʦʟʘʪʨʠʝʥʦʚʘʷ ɤ3 120756 9,943 

18 28,916 ɸʨʘʭʠʜʦʥʦʚʘʷ ɤ6 6599 0,543 

19 30,639 ʕʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ ɤ3 51901 4.274 

 

ʀʟʫʯʝʥʠʝ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ (ʪʘʙʣ. 4 ʠ 5) ʚ ʧʝʯʝʥʠ 

ʧʨʝʚʘʣʠʨʫʝʪ ʩʫʤʤʘ ʤʦʥʦʥʝʥʘʩʳʱʝʥʥʳʭ (52,88 % ï ʚ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ, 47,02 % ï ʚ ʚʳʩʫʰʝʥ-

ʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ), ʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʦ ʜʦʣʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ (27,31 

% ï ʚ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ, 34,61 % ï ʚ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ), ʘ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ï ʥʘ 

ʪʨʝʪʴʝʡ (19,81 % ï ʚ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ, 18,37 % ï ʚ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ). ʉʦʛʣʘʩʥʦ 

ʠʥʬʦʨʤʘʮʠʠ [18, 19] ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦ-

ʚʝʢʘ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ ʅɾʂ ï 25 ʛ/ʩʫʪ; ʄʅɾʂ ï 30 ʛ/ʩʫʪ ʠ ʇʅɾʂ ï 11 ʛ/ʩʫʪ. ɼʘʥʥʫʶ ʩʫʪʦʯʥʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʤʦʞʝʪ ʧʦʢʨʳʪʴ ʣʠʧʠʜʥʘʷ ʬʨʘʢʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʷʤʳʤ ʦʪʞʠʤʦʤ ʠʟ ʚʳʩʫʰʝʥʥʦʡ 

ʧʝʯʝʥʠ ʩʦʤʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 65 ʛ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣ. 5 ʩʣʝʜʫʶʱʠʡ: 

ʅɾʂ ï 22,49 ʛ; ʄʅɾʂ ï 30,56 ʛ ʠ ʇʅɾʂ ï 11,95 ʛ. ʅʝʜʦʩʪʘʪʦʢ ʅɾʂ ʚ ʨʳʙʥʦʤ ʞʠʨʝ ʚʧʦʣʥʝ 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʜʥʝʚʥʳʤ ʨʘʮʠʦʥʦʤ ʧʠʪʘʥʠʷ. 

ʉʨʝʜʠ ʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ ʩʫʭʦʡ ʇʉ (ʪʘʙʣ. 5) ʜʦ-

ʤʠʥʠʨʫʝʪ ʧʘʣʴʤʠʪʠʥʦʚʘʷ (16,91 %) ʠ ʩʪʝʘʨʠʥʦʚʘʷ (11,56 %) ʢʠʩʣʦʪʳ. ʆʩʥʦʚʥʳʤʠ ʤʦʥʦʥʝʥʘ-

ʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩʣʫʞʘʪ ʦʣʝʠʥʦʚʘʷ (17,45 %) ʠ ʥʝʨʚʦʥʦʚʘʷ (20,03 %) [20]. 

ʇʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʩʣʫʞʘʪ ʵʡʢʦʟʘʪʨʠʝʥʦʚʘʷ (9,94 %) ʠ 

ʵʡʢʦʟʘʧʝʥʪʘʝʥʦʚʘʷ (4,27 %) ʢʠʩʣʦʪʳ [21]. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʧʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʪ-

ʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʢʠʩʣʦʪ (ʪʘʙʣ. 6), ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ: 

- ʅɾʂ/ʄʅɾʂ/ʇʅɾʂ ï 1 : 1 : 1; - ʇʅɾʂ/ʅɾʂ ï 0,2é0,4 [18, 19]. 

ʊʘʙʣʠʮʘ 6 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʧʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʯʝʨʝʟ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʢʠʩʣʦʪ 

Table 6 

The biological effectiveness of the lipid composition of the studied catfish liver through the ra-

tio of individual acid groups 

 

ʃʠʧʠʜʳ ʧʝʯʝʥʠ 
ʉʦʦʪʥʦʰʝʥʠʝ 

ʅɾʂ/ʄʅɾʂ/ʇʅɾʂ ʇʅɾʂ/ʅɾʂ 

ʀʜʝʘʣʴʥʳʡ ʣʠʧʠʜ 1,00 : 1,00 : 1,00 0,2é0,4 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ  

68 % 

0,51 : 1,00 : 0,37 0,72 

ʇʝʯʝʥʴ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ  

5 % 

0,73 : 1,00 : 0,39 0,53 
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ʀʟ ʪʘʙʣ. 6 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʜʝʘʣʴʥʦʡ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ, ʦʜʥʘʢʦ ʣʠʧʠʜʥʳʡ ʩʦʩʪʘʚ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʳ-

ʨʦʡ, ʦʩʦʙʝʥʥʦ ʧʦ ʚʪʦʨʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʠʜʝʘʣʴʥʦʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʩʝʨʚʘʮʠʠ ʧʝʯʝʥʠ ʩʦʤʘ ʤʝʪʦʜʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʩʫʰʢʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʧʦʣʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʢ ʩʳʨʦʡ, ʪʘʢ ʠ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7 ʠ 8. 

ʊʘʙʣʠʮʘ 7 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % 

Table 7 

Amino acid composition of raw liver of catfish raw liver of common catfish with a mass frac-

tion of moisture 68 % 
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ʤ
ʝ
ʪ
ʦ
ʜ
 
ʠ
ʩ
ʧ
ʳ
ʪ
ʘ
ʥ
ʠ
ʷ

 

ɸʩʧʘʨʘʛʠʥʦ-

ʚʘʷ ʢʠʩʣʦʪʘ 
21,65 1,79 9,58 0,18 

ɻʆʉʊ 

34132-2017 

ʊʨʝʦʥʠʥ 10,33 0,86 4,57 0,09 

ʉʝʨʠʥ 11,35 0,94 5,02 0,09 

ɻʣʫʪʘʤʠʥʦ-

ʚʘʷ ʢʠʩʣʦʪʘ 
29,28 2,43 12,95 0,24 

ʇʨʦʣʠʥ 15,22 1,26 6,73 0,13 

ɻʣʠʮʠʥ 22,23 1,84 9,83 0,18 

ɸʣʘʥʠʥ 14,85 1,23 6,57 0,12 

ɺʘʣʠʥ 11,99 0,99 5,30 0,10 

ʀʟʦʣʝʡʮʠʥ 9,75 0,81 4,31 0,08 

ʃʝʡʮʠʥ 17,27 1,43 7,64 0,14 

ʊʠʨʦʟʠʥ 8,42 0,70 3,72 0,07 

ʌʝʥʠʣʘʣʘ-

ʥʠʥ 
10,91 0,90 4,82 0,09 

ɻʠʩʪʠʜʠʥ 5,77 0,48 2,55 0,05 

ʃʠʟʠʥ 15,74 1,30 6,96 0,13 

ɸʨʛʠʥʠʥ 16,76 1,39 7,42 0,14 

ʄʝʪʠʦʥʠʥ 4,38 0,36 1,94 0,04 

ʀʪʦʛʦ: 
226 ʛ/ʢʛ, 

ʠʣʠ 22,60 % 
ï 100 % ï 
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ʊʘʙʣʠʮʘ 8 

ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

 ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % 

Table 8 

Amino acid composition of dry liver of common catfish with a mass fraction  

of moisture 5 % 

 

ʅ
ʘ
ʟ
ʚ
ʘ
ʥ
ʠ
ʝ
 
ʘ
ʤ
ʠ
ʥ
ʦ
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
ʳ

 

ʉ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʝ
 
ʘ
ʤ
ʠ
ʥ
ʦ
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
,
 

ʛ/
ʢ
ʛ 

ʇ
ʦ
ʛ
ʨ
ʝ
ʰ
ʥ
ʦ
ʩ
ʪ
ʴ
 
(
ʥ
ʝ
ʦ
ʧ
ʨ
ʝ
ʜ
ʝ
-

ʣ
ʝ
ʥ
ʥ
ʦ
ʩ
ʪ
ʴ
)
,
 
ʛ

/ʢ
ʛ 

ʉ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʝ
 
ʘ
ʤ
ʠ
ʥ
ʦ
ʢ
ʠ
ʩ
ʣ
ʦ
ʪ
,
 

%
 

ʇ
ʦ
ʛ
ʨ
ʝ
ʰ
ʥ
ʦ
ʩ
ʪ
ʴ
 
%

 

ʅ
ʦ
ʨ
ʤ
ʘ
ʪ
ʠ
ʚ
ʥ
ʳ
ʡ
 
ʜ
ʦ
ʢ
ʫ
ʤ
ʝ
ʥ
ʪ
 
ʥ
ʘ
 

ʤ
ʝ
ʪ
ʦ
ʜ
 
ʠ
ʩ
ʧ
ʳ
ʪ
ʘ
ʥ
ʠ
ʷ

 

ɸʩʧʘʨʘʛʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
65,99 7,05 9,79 0,71 

 

 

 

 

 

 

 

 

ɻʆʉʊ 

34132-2017 

ʊʨʝʦʥʠʥ 33,47 3,58 4,96 0,36 

ʉʝʨʠʥ 35,52 3,80 5,27 0,38 

ɻʣʫʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 
95,26 10,18 14,13 1,02 

ʇʨʦʣʠʥ 40,15 4,29 5,95 0,43 

ɻʣʠʮʠʥ 60,43 6,46 8,96 0,65 

ɸʣʘʥʠʥ 45,55 4,87 6,76 0,49 

ɺʘʣʠʥ 37,56 4,01 5,57 0,40 

ʀʟʦʣʝʡʮʠʥ 31,06 3,32 4,61 0,33 

ʃʝʡʮʠʥ 58,17 6,22 8,63 0,62 

ʊʠʨʦʟʠʥ 20,54 2,19 3,04 0,22 

ʌʝʥʠʣʘʣʘʥʠʥ 30,67 3,28 4,55 0,33 

ɻʠʩʪʠʜʠʥ 19,55 2,09 2,90 0,21 

ʃʠʟʠʥ 41,12 4,40 6,10 0,44 

ɸʨʛʠʥʠʥ 46,05 4,92 6,83 0,49 

ʄʝʪʠʦʥʠʥ 12,63 1,35 1,87 0,14 

ʀʪʦʛʦ: 
673,8 ʛ/ʢʛ, 

ʠʣʠ 67,38 % 
- 100 % - 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ (ʪʘʙʣ. 7 ʠ 8) ʧʦʢʘʟʘʣ: 

- ʚ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʝʣʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 22,60 %; 

- ʚ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % ʦʙʱʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʙʝʣʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 67,38 %; 

- ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʤʴ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʚʳʜʝʣʝʥ-

ʥʳʭ ʚ ʪʘʙʣ. 7 ʠ 8, ʠʟ ʚʦʩʴʤʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʢʨʦʤʝ ʪʨʠʧʪʦʬʘʥʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʝʣʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, 

ʢʘʢ çʠʜʝʘʣʴʥʳʡè ʙʝʣʦʢ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʫʩʣʦʚʥʦʝ ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʙʝʣʦʢ, ʧʦ ʩʙʘʣʘʥ-
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ʩʠʨʦʚʘʥʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʠʜʝʘʣʴʥʦʡ ʙʝʣʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʝʢʦʤʝʥʜʦʚʘʥ-

ʥʳʡ ʂʦʤʠʪʝʪʦʤ ʌɸʆ/ɺʆɿ, ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 100 ʛ ʙʝʣʢʦʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʦʨʘ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʢʘʢʦʡ-ʣʠʙʦ ʥʝʟʘ-

ʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʦʙʨʘʟʮʝ ʠ ʩʨʘʚʥʠʪʴ ʝʝ ʩ ʵʪʘʣʦʥʥʦʡ. ʊʘʢʠʤʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦ-

ʢʠʩʣʦʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠʧʪʦʬʘʥ, ʪʨʝʦʥʠʥ, ʣʠʟʠʥ, ʘ ʪʘʢʞʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʥʝʟʘʤʝ-

ʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʮʠʩʪʝʠʥ ʠ ʤʝʪʠʦʥʠʥ [22]. ɼʘʥʥʳʝ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʣʢʦʚʦʡ 

ʮʝʥʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 9 ʠ 10. 

ʊʘʙʣʠʮʘ 9 

ɼʘʥʥʳʝ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % 

Table 9 

Data on the amino acid composition of the raw liver of common catfish  

with a mass fraction of moisture 68 % 

 

ʊʠʧ ʥʝʟʘʤʝʥʠʤʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʀʜʝʘʣʴʥʘʷ ʙʝʣʢʦʚʘʷ 

ʬʨʘʢʮʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʛ/100ʛ ʙʝʣʢʘ  

ɸʤʠʥʦʢʠʩʣʦʪ-

ʥʳʡ ʩʢʦʨ, % 

ɺʘʣʠʥ 5,0 5,30 106 

ʀʟʦʣʝʡʮʠʥ 4,0 4,31 108 

ʃʝʡʮʠʥ 7,0 7,64 109 

ʃʠʟʠʥ 5,5 6,10 111 

ʄʝʪʠʦʥʠʥ 3,5 1,94 55 

ʊʨʝʦʥʠʥ 4,0 4,57 114 

ʌʝʥʠʣʘʣʘʥʠʥ 6,0 4,82 80 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 35,0 34,68 99 

 

ʊʘʙʣʠʮʘ 10 

ɼʘʥʥʳʝ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 % 

Table 10 

Data on the amino acid composition of the dry liver of common catfish with a mass fraction of 

moisture 5 % 

 

ʊʠʧ ʥʝʟʘʤʝʥʠʤʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʀʜʝʘʣʴʥʘʷ ʙʝʣʢʦʚʘʷ 

ʬʨʘʢʮʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩ-

ʣʦʪʳ ʛ/100ʛ ʙʝʣʢʘ  

ɸʤʠʥʦʢʠʩʣʦʪ-

ʥʳʡ 

ʩʢʦʨ, % 

ɺʘʣʠʥ 5,0 5,57 111 

ʀʟʦʣʝʡʮʠʥ 4,0 4,61 115 

ʃʝʡʮʠʥ 7,0 8,63 123 

ʃʠʟʠʥ 5,5 6,10 111 

ʄʝʪʠʦʥʠʥ 3,5 1,87 53 

ʊʨʝʦʥʠʥ 4,0 4,96 124 

ʌʝʥʠʣʘʣʘʥʠʥ 6,0 4,55 76 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 35,0 36,29 104 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 9 ʠ 10, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʤʤʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʙʣʠʟʢʘ ʢ ʵʪʘʣʦʥʫ. ʇʨʠ ʵʪʦʤ ʚ ʯʠʩʣʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʧʨʝʚʘʣʠʨʫʶʪ ʚʘʣʠʥ, ʣʝʡʮʠʥ ʠ ʣʠʟʠʥ. ʇʦʟʠʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 



 

 

ʇʠʱʝʚʳʝ ʩʠʩʪʝʤʳ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

79 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [23, 24]. ʆʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩʣʫʞʘʪ ʬʝ-

ʥʠʣʘʣʘʥʠʥ ʠ ʤʝʪʠʦʥʠʥ. ɺ ʯʠʩʣʝ ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʝʚʘʣʠʨʫʝʪ ʛʣʫʪʘʤʠʥʦʚʘʷ ʠ ʘʩʧʘʨʘ-

ʛʠʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʩʝʨʚʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʫʙʧʨʦʜʫʢʪʘ ʤʝʪʦʜʦʤ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʫʰʢʠ ʧʨʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʧʦʣʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ɺ ʪʘʙʣ. 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʪʘʤʠʥʦʚ ɸ ʠ ɽ ʢʘʢ ʩʳʨʦʡ, ʪʘʢ ʠ ʚʳ-

ʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. 

ʊʘʙʣʠʮʘ 11 

ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʦʚ ɸ ʠ ɽ ʚ ʩʳʨʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ  

ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 %, ʤʛ/ʛ ʩʫʭʦʡ ʪʢʘʥʠ 

Table 11 

The content of vitamins A and E in the raw liver of common catfish  

with a mass fraction of 68% moisture, mg/g of dry tissue 

 

ʅʦʤʝʨ ʦʧʳʪʘ ɺʠʪʘʤʠʥ ɸ ɺʠʪʘʤʠʥ ɽ 

1 0,0086 0,0054 

2 0,0112 0,0062 

3 0,0094 0,0013 

4 0,0105 0,0029 

5 0,0063 0,0012 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 0,0092 0,0034 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣ. 11) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 100 ʛ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦ-

ʚʝʥʥʦʛʦ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʶʪ ʩʫʪʦʯʥʫʶ ʜʦʟʫ ʚʠʪʘʤʠʥʘ ɸ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 900 ʤʢʛ ʨʝʪ. ʵʢʚ., ʘ ʚʠʪʘʤʠʥʘ ɽ ʚ ʩʦʩʪʘʚʝ 100 ʛ ʧʝʯʝʥʠ ʙʫʜʝʪ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ (ʤʝʥʝʝ 

2,5 %), ʪʘʢ ʢʘʢ ʝʛʦ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʩʦʩʪʘʚʣʷʝʪ 15 ʤʛ ʪʦʢʦʬʝʨʦʣ ʵʢʚʠʚʘʣʝʥʪʘ [25]. ʉʚʦʡʩʪʚʘ ʚʠʪʘ-

ʤʠʥʦʚ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [26, 27, 28, 29]. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʦʡ ʠ ʩʫʭʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥ-

ʥʦʛʦ ʚ 5,2 ʠ 3,7 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʢʘʨʥʦʟʠʥʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʧʝʧʪʠʜʦʚ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 2,5é5,0 ʢɼʘ [30]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚʭʦʜʷʪ ʚ ʢʦʥʬʣʠʢʪ ʩ ʠʟ-

ʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʯʝʥʠ ʛʦʨʙʫʰʠ [1]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʪʘʤʠʥʦʚ ɸ ʠ ɽ ʠ ʦʮʝʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʦʢʘʟʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ 

ʩʦʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʮʠʦʥʘʣʴ-

ʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʚ ʥʝʡ ʚʣʘʞʥʦʩʪʠ 5 % ʩ ʯʘʩʪʦʪʦʡ 2,45 ɻɻʮ ʠ ʤʦʱʥʦʩʪʴʶ 180 ɺ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥ-

ʥʦʛʦ, ʚʳʣʦʚʣʝʥʥʦʛʦ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ɺʦʣʛʘ, ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 68 % (ʩʳʨʘʷ) ʠ 5 % (ʚʳʩʫ-

ʰʝʥʥʘʷ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʢʘʟʳʚʘʶʪ: 

- ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʚ ʩʳʨʦʡ ʠ ʚʳ-

ʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ; 

- ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʠʨʫ-

ʝʤʳʭ; 

- ʚ ʞʠʨʥʦ-ʢʠʩʣʦʪʥʦʤ ʩʦʩʪʘʚʝ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʤʤʘ ʤʦʥʦʥʝʥʘ-

ʩʳʱʝʥʥʳʭ ʢʠʩʣʦʪ, ʘ ʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʦ ʜʦʣʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ; 
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- ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʩʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʣʠʧʠʜʦʚ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʝ ʦʪʚʝʯʘʝʪ 

ʠʜʝʘʣʴʥʦʡ ʣʠʧʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʜʥʘʢʦ ʣʠʧʠʜʥʳʡ ʩʦʩʪʘʚ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʩʳʨʦʡ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʠʜʝʘʣʴʥʦʤʫ; 

- ʩʫʤʤʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʙʣʠʟʢʘ ʢ ʵʪʘʣʦʥʫ; 

- ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʦʡ ʠ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʚ 5,2 

ʠ 3,7 ʨʘʟʘ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʨʥʦʟʠʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʫʰʝʥʥʦʡ ʧʝʯʝʥʠ 

ʩʦʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʠʟ ʥʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ ʢʦʤʧʣʝʢʩʘ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʫʰʢʠ (ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ 2,45 

ɻɻʮ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 180 ɺ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʭʦʛʦ ʧʝʯʝʥʦʯʥʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩ ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ 5 %. 
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ɼʠʥʘʤʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ 

(Reinhardtius hippoglossoides matsuurae) ʠʟ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ 1963ï2023 ʛʛ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʢʨʘʱʝʥʠʝ ʚʳʣʦʚʘ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʦʙʫʩʣʦʚʠʣʦ ʘʢ-

ʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʣʦʚʘ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʠʟ 

ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ: ʩ 1963 ʧʦ 1975, 1976ï1990, 1991ï2005 ʠ 2006ï2023 

ʛʛ. ʆʪ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʧʦʧʫʣʷʮʠʷ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʨʦʤʳʩʣʫ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʠʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʤʝ-

ʯʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʠ ʤʘʩʩʦʚʦʝ ʧʦʣʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʩʜʚʠʛʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʣʦʚ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ï ʜʦʣʷ ʩʘʤʦʢ ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ ʩʦʢʨʘʪʠʣʘʩʴ ʩ 57,0 

% ʚ ʧʝʨʚʦʤ ʧʝʨʠʦʜʝ ʜʦ 29,7 % ʚ ʯʝʪʚʝʨʪʦʤ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ 

ʯʨʝʟʤʝʨʥʦʛʦ ʧʨʦʤʳʩʣʘ ʥʘ ʟʘʧʘʩʳ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝ-

ʧʝʥʠ ʚʣʠʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʧʫʣʷʮʠʠ ʧʘʣʪʫʩʘ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ: ʨʘʙʦʪʘ ʬʠʥʘʥʩʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʘ ʠʥʩʪʠʪʫʪʦʚ. 

ʅʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʘʥʪʦʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠʣʠ ʨʫʢʦʚʦʜʩʪʚʦ ʜʘʥʥʳʤ ʢʦʥʢʨʝʪʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʘʜʘʝʚ ʆ. ɿ., ʄʘʪʨʦʩʦʚʘ ʀ. ɺ., ɾʘʜʴʢʦ ɽ. ɸ., ʂʦʣʪʫʥ ɸ. ɺ. ɼʠ-

ʥʘʤʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ (Reinhardtius hippoglossoides 

matsuurae) ʠʟ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ 1963ï2023 ʛʛ. // ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. 

ʊ. 70, ˉ 4. ʉ. 83ï93. 
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Abstract. The reduction in the catch of Greenland halibut in the Okhotsk Sea has deter-

mined the relevance of this work. To identify a possible cause, some biological characteristics 

of the Greenland halibut from the Okhotsk Sea were studied in different periods: from 1963 to 

1975, 1976-1990, 1991-2005 and 2006-2023. mass puberty is noted.From the period when the 

population was not subject to fishing until the present time, a decrease in the length of males 

and females of the species under study has been observed, at which the initial and mass puberty 

is noted. In addition, there are shifts in the sex ratio between periods. This was probably the 

result of the influence of overfishing on the stocks of Greenland halibut in the Okhotsk Sea. 
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ɺʚʝʜʝʥʠʝ 

ʏʝʨʥʳʡ ʧʘʣʪʫʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʤʳʩʣʦʚʳʤ ʦʙʲʝʢʪʦʤ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ [1]. ɺʠʜ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʨʘʟʤʝʨʥʦ-ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʝʤʫ ʩʚʦʡʩʪʚʝʥ ʧʦʣʦʚʦʡ ʜʠʤʦʨʬʠʟʤ [2, 3]. ʉ 

ʥʘʯʘʣʘ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ 1976ï1977 ʛʛ., ʢʦʛʜʘ ʛʦʜʦʚʦʡ ʚʳʣʦʚ ʵʪʦʛʦ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʲʝʢʪʘ ʜʦʩʪʠʛʘʣ 16,2 ʪʳʩ. ʪ ʚ ʛʦʜ [4], ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʘʩ ʯʝʨʥʦʛʦ ʧʘʣ-

ʪʫʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ [5, 6]. ɺ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʝʨʠʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʯʨʝʟʤʝʨʥʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʪ.ʜ., ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʦʙʣʘʚʣʠ-

ʚʘʝʤʦʡ ʧʦʧʫʣʷʮʠʠ, ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [7]. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʪʘʢʠʭ ʠʟ-

ʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ, ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʧʨʦʤʳʩʣʦʚʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʠʟ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚʳʷʚʠʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʝʨʠʦʜʳ ʩ 1963 ʧʦ 1975, 1976ï1990, 1991ï2005 ʠ ʩ 2006 ʧʦ 2023 ʛʛ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ [8] ʚʦ 

ʚʨʝʤʷ ʥʘʫʯʥʳʭ ʪʨʘʣʦʚʳʭ ʩʲʝʤʦʢ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʤʠ ʥʘʙʣʶʜʘʪʝʣʷʤʠ, ʩʦʙʠʨʘʚʰʠʤʠ ʜʘʥʥʳʝ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʡʩʘʭ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ. ʄʘʪʝʨʠʘʣ ʦʙʦʙʱʘʣʩʷ ʧʦ ʧʝ-

ʨʠʦʜʘʤ: 

1) 1963ï1975 ʛʛ. (ʧʝʨʚʳʡ ʧʝʨʠʦʜ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʩʦʩʪʦʷʥʠʷ ʩʪʘʜʘ ʜʦ ʥʘʯʘʣʘ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʪʨʘʣʦʚʦʛʦ ʧʨʦʤʳʩʣʘ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʩ 1976 ʛ. (480 ʵʢʟ.); 

2) 1976ï1990 ʛʛ. (ʚʪʦʨʦʡ ʧʝʨʠʦʜ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʨʘʣʦʚʦʛʦ ʧʨʦ-

ʤʳʩʣʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ (33728 ʵʢʟ.); 

3) 1991ï2005 ʛʛ. (ʪʨʝʪʠʡ ʧʝʨʠʦʜ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʤʳʩʣʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʜʦʥʥʳʭ ʪʨʘʣʦʚ, ʪʘʢ ʠ ʜʦʥʥʳʭ ʷʨʫʩʥʳʭ (ʢʨʶʯʢʦʚʳʭ) ʠ ʩʝʪʥʳʭ ʦʨʫʜʠʡ ʣʦʚʘ 

(33261 ʵʢʟ.); 

4) 2006ï2023 ʛʛ. (ʯʝʪʚʝʨʪʳʡ ʧʝʨʠʦʜ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ, ʢʦʛʜʘ ʪʨʘʣʦʚʳʡ ʧʨʦʤʳʩʝʣ 

ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ (31247 ʵʢʟ.). 

ɺ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʦʙʩʣʝʜʦʚʘʥʳ ʛʣʫʙʠʥʳ 100ï900 ʤ (ʤʦʜʘ 600ï900 ʤ), ʚʦ ʚʪʦʨʦʡ ï 100ï

1325 ʤ (ʤʦʜʘ 400ï599 ʤ), ʚ ʪʨʝʪʠʡ ï 0ï923 ʤ (ʤʦʜʘ 400ï598 ʤ), ʘ ʚ ʯʝʪʚʝʨʪʳʡ ï 50ï1528 ʤ (ʤʦʜʘ 

400ï600 ʤ). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʠʟʤʝʨʷʣʘʩʴ ʦʙʱʘʷ ʜʣʠʥʘ 

(TL, ʩʤ), ʦʙʱʠʡ ʚʝʩ (ʛ), ʦʧʨʝʜʝʣʷʣʩʷ ʧʦʣ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʜʠʡ ʟʨʝʣʦʩʪʠ ʧʦʣʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 6-ʙʘʣʣʴʥʘʷ ʰʢʘʣʘ ʟʨʝʣʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ [9]. ʀʟ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʫʜʘʣʷʣʠʩʴ çʰʫʤʳè (ʷʚʥʦ ʚʳʙʠʚʘʶʱʠʝʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʦʚʦʟʨʝʣʦʩʪʴ 

ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʧʨʠ ʜʣʠʥʝ 25 ʩʤ, ʶʚʝʥʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʨʠ ʜʣʠʥʝ ʙʦʣʝʝ 60 ʩʤ ʠ ʪ.ʜ.). ʋ ʥʝʙʦʣʴ-

ʰʦʡ ʯʘʩʪʠ ʨʳʙ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʝ ʥʘʙʣʶʜʘʪʝʣʠ ʥʝ ʦʧʨʝʜʝʣʷʣʠ 

ʩʪʘʜʠʶ ʟʨʝʣʦʩʪʠ ʛʦʥʘʜ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʬʦʨʤʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʣʠ ʧʨʦʛʨʘʤʤʳ ʠʟ ʧʘʢʝʪʘ Microsoft Office Word ʠ Excel 2007. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʠʥʘ. ɺ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ ʚʩʪʨʝʯʝʥʳ ʩʘʤʢʠ ʦʪ 38 ʜʦ 89 ʩʤ (ʩʨʝʜʥʷʷ ï 

69,0Ñ11,35 ʩʤ), ʩʘʤʮʳ ï 39ï81 ʩʤ (59,9Ñ4,18 ʩʤ) (ʨʠʩ. 1, ʘ). ɺʦ ʚʪʦʨʦʡ ʧʝʨʠʦʜ ï ʩʘʤʢʠ 23ï114 

ʩʤ (68,3Ñ11,35 ʩʤ), ʩʘʤʮʳ ï 21ï86 ʩʤ (58,0Ñ4,18 ʩʤ) (ʨʠʩ. 1, ʙ). ɺ ʪʨʝʪʠʡ ʧʝʨʠʦʜ ʜʣʠʥʘ ʩʘʤʦʢ 

ʚ ʫʣʦʚʘʭ ʙʳʣʘ 11ï111 ʩʤ (70,0Ñ11,35 ʩʤ), ʩʘʤʮʦʚ ï 9ï92 ʩʤ (59,5Ñ4,18 ʩʤ) (ʨʠʩ. 1, ʚ). ɺ ʯʝʪ-

ʚʝʨʪʳʡ ʧʝʨʠʦʜ ʜʣʠʥʘ ʩʘʤʦʢ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 10 ʜʦ 122 ʩʤ (ʩʨʝʜʥʷʷ 70,4Ñ11,35 ʩʤ), ʩʘʤʮʦʚ ï 

ʦʪ 10 ʜʦ 89 ʩʤ (61,2Ñ4,18 ʩʤ) (ʨʠʩ. 1, ʛ). 
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ʈʠʩ. 1. ʈʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ (ʜʣʠʥʘ TL, ʩʤ) ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʠʟ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʠʟ ʪʨʘʣʦ-

ʚʳʭ ʩʲʝʤʦʢ, ʧʨʦʤʳʩʣʦʚʳʭ ʪʨʘʣʦʚʳʭ, ʷʨʫʩʥʳʭ ʠ ʩʝʪʥʳʭ ʫʣʦʚʦʚ: ʘ ï ʚ ʧʝʨʠʦʜ 1963ï1975 ʛʛ.;  

ʙ ï 1976ï1990 ʛʛ.; ʚ ï 1991ï2005 ʛʛ.; ʛ ï ʚ ʧʝʨʠʦʜ 2006ï2023 ʛʛ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ  

Fig. 1. Size composition (length TL, cm) of males and females of black halibut from the Sea of Okhotsk 

from trawl surveys, commercial trawl, longline and net catches: a ï in the period 1963-1975; ʙ ï 1976ï1990; 

ʚ ï 1991ï2005; ʛ ï in the period 2006-2023. Compiled by the authors 
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ɺ ʧʝʨʠʦʜ 1963ï1975 ʛʛ. ʫ ʩʘʤʦʢ ʧʘʣʪʫʩʘ ʤʦʜʘʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ ʜʣʠʥʦʡ ʦʪ 

55,1 ʜʦ 80 ʩʤ (87,6 %), ʠʟ ʥʠʭ 24 % ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 70,1ï75 ʩʤ.  ʅʘ ʜʦʣʶ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʘʤʦʢ ʨʘʟʤʝʨʦʤ ʦʪ 75,1 ʜʦ 89 ʩʤ ʧʨʠʰʣʦʩʴ 23,5 %. ʋ ʩʘʤʮʦʚ 86,6 % ʦʩʦʙʝʡ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥʳ 50,1ï70 ʩʤ, ʠʟ ʥʠʭ 35,6 % ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 

60,1ï65 ʩʤ. ɺ ʧʝʨʠʦʜ 1976ï1990 ʛʛ. ʚ ʨʘʟʤʝʨʥʦʤ ʩʦʩʪʘʚʝ ʧʦ ʜʣʠʥʝ (TL) ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ 

ʚʳʜʝʣʷʝʪʩʷ ʤʦʜʘʣʴʥʘʷ ʛʨʫʧʧʘ ʦʪ 55,1 ʜʦ 80 ʩʤ (74,4 %), ʠʟ ʥʠʭ 18,7 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 70,1ï75 ʩʤ. ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʘʤʦʢ ʨʘʟʤʝʨʦʤ ʦʪ 80,1 ʜʦ 114 ʩʤ 

ʧʨʠʰʣʦʩʴ 12,2 %. ʋ ʩʘʤʮʦʚ 79,3 % ʦʩʦʙʝʡ ʠʤʝʣʠ ʜʣʠʥʫ 50,1ï70 ʩʤ, ʠʟ ʥʠʭ 26,7 % ʧʨʠʭʦʜʠʣʦʩʴ 

ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 55,1ï60 ʩʤ. ɺ ʧʝʨʠʦʜ 1991ï2005 ʛʛ. ʫ ʩʘʤʦʢ ʦʩʥʦʚʫ ʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ 

ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ ʜʣʠʥʦʡ ʦʪ 55,1 ʜʦ 85 ʩʤ (77,2 %), ʤʦʜʘʣʴʥʳʡ ʢʣʘʩʩ (17,7 %) ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ 

ʨʘʟʤʝʨʦʤ 70,1ï75 ʩʤ, ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʜʣʠʥʦʡ ʦʪ 85,1 ʜʦ 111 ʩʤ ʧʨʠʰʣʦʩʴ 

10,5 %. ʋ ʩʘʤʮʦʚ 86 % ʦʩʦʙʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 50,1ï70 ʩʤ, ʧʨʠʯʝʤ 31,2 % ʩʦʩʪʘʚʠʣʠ 

ʦʩʦʙʠ ʨʘʟʤʝʨʦʤ 60,1ï65 ʩʤ. ɺ ʧʝʨʠʦʜ 2006ï2023 ʛʛ. ʫ ʩʘʤʦʢ ʦʩʥʦʚʫ ʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʩʦʩʪʘʚʠʣʠ 

ʦʩʦʙʠ ʜʣʠʥʦʡ ʦʪ 55,1 ʜʦ 85 ʩʤ (82 %), ʤʦʜʘʣʴʥʳʡ ʢʣʘʩʩ (18,8 %) ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ ʨʘʟʤʝʨʦʤ 

70,1ï75 ʩʤ, ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʜʣʠʥʦʡ ʦʪ 85,1 ʜʦ 122 ʩʤ ʧʨʠʰʣʦʩʴ 10,8 %. ʋ 

ʩʘʤʮʦʚ 84 % ʦʩʦʙʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 50,1ï70 ʩʤ, ʧʨʠʯʝʤ 30 % ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ 

ʨʘʟʤʝʨʦʤ 60,1ï65 ʩʤ. 

ʄʘʩʩʘ. ɺ ʧʝʨʠʦʜ ʩ 1963 ʧʦ 1975 ʛʛ. ʤʘʩʩʘ ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʫʣʦʚʘʭ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʚ ʧʨʝʜʝʣʘʭ 0,73ï8,7 ʢʛ (3,8Ñ0,25 ʢʛ), ʘ ʩʘʤʮʦʚ 0,6ï6,5 ʢʛ (2,1Ñ0,48 ʢʛ). ɺ ʧʝʨʠʦʜ 1976ï1990 ʛʛ. 

ʩʘʤʢʠ ï 0,07ï18,0 ʢʛ (3,6Ñ0,25 ʢʛ), ʩʘʤʮʳ ï 0,06ï7,5 ʢʛ (1,8Ñ0,48 ʢʛ). ɺ ʧʝʨʠʦʜ 1991ï2005 ʛʛ. 

ʤʘʩʩʘ ʩʘʤʦʢ ʙʳʣʘ 0,01ï18,6 ʢʛ (4,2Ñ0,25 ʢʛ), ʘ ʩʘʤʮʦʚ ï 0,01ï11,4 ʢʛ (2,1Ñ0,48 ʢʛ). ɺ ʧʝʨʠʦʜ 

2006ï2023 ʛʛ. ʩʘʤʢʠ ï 0,01ï21,0 ʢʛ (4,4Ñ0,25 ʢʛ), ʩʘʤʮʳ ï 0,002ï9,5 ʢʛ (2,2Ñ0,48 ʢʛ). 

ɺ ʧʝʨʠʦʜ 1963ï1975 ʛʛ. ʦʩʥʦʚʫ ʫʣʦʚʘ ʩʦʩʪʘʚʠʣʠ ʩʘʤʢʠ ʧʘʣʪʫʩʘ ʤʘʩʩʦʡ 2,001ï5,0 ʢʛ (71,35 

%). ʆʢʦʣʦ 28 % ʦʩʦʙʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 2,001ï3,0 ʢʛ. ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤ-

ʧʣʷʨʦʚ ʩ ʤʘʩʩʦʡ ʙʦʣʝʝ 5 ʠ ʜʦ 8,7 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦ 19 %. ʋ ʩʘʤʮʦʚ 88,1 % ʦʩʦʙʝʡ ʠʤʝʣʠ ʤʘʩʩʫ 

ʦʪ 1,001 ʜʦ 3,0 ʢʛ, ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʤʘʩʩʦʡ ʙʦʣʝʝ 3 ʠ ʜʦ 6,5 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ 

ʦʢʦʣʦ 7 %. ɺ ʧʝʨʠʦʜ 1976ï1990 ʛʛ. ʦʩʥʦʚʫ ʫʣʦʚʘ ʩʦʩʪʘʚʠʣʠ ʩʘʤʢʠ ʧʘʣʪʫʩʘ ʤʘʩʩʦʡ 1,001ï5,0 ʢʛ 

(71,2 %), 21,5 % ʦʩʦʙʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 2,001ï3,0 ʢʛ. ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤ-

ʧʣʷʨʦʚ ʩ ʤʘʩʩʦʡ ʙʦʣʝʝ 5 ʠ ʜʦ 18 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦ 22 %. ʋ ʩʘʤʮʦʚ 93,7 % ʦʩʦʙʝʡ ʠʤʝʣʠ ʤʘʩʩʫ 

ʦʪ 0,001 ʜʦ 3,0 ʢʛ, ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʤʘʩʩʦʡ ʙʦʣʝʝ 3 ʠ ʜʦ 7,5 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ 

ʦʢʦʣʦ 6,4 %. ɺ ʧʝʨʠʦʜ 1991ï2005 ʛʛ. ʩʘʤʢʠ ʧʘʣʪʫʩʘ ʤʘʩʩʦʡ 1ï6,0 ʢʛ ʩʦʩʪʘʚʠʣʠ 72,6 % ʫʣʦʚʘ. 

ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʩ ʤʘʩʩʦʡ ʙʦʣʝʝ 6 ʠ ʜʦ 13,0 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ 20,3 % ʠ, 

ʥʘʢʦʥʝʮ, ʨʳʙʳ ʩ ʤʘʩʩʦʡ ʦʪ 13,001 ʜʦ 19,0 ʢʛ ʩʦʩʪʘʚʠʣʠ 0,5 %. ʋ ʩʘʤʮʦʚ 79,9 % ʦʩʦʙʝʡ ʠʤʝʣʠ 

ʤʘʩʩʫ ʦʪ 1,001 ʜʦ 3,0 ʢʛ ʠ 9,5 % ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʩʦʙʠ ʤʘʩʩʦʡ ʜʦ 11,4 ʢʛ. ɺ ʧʝʨʠʦʜ 

2006ï2023 ʛʛ. ʩʘʤʢʠ ʧʘʣʪʫʩʘ ʤʘʩʩʦʡ 2ï5,0 ʢʛ ʩʦʩʪʘʚʠʣʠ 44,8 % ʫʣʦʚʘ. ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʩ ʤʘʩʩʦʡ ʙʦʣʝʝ 5 ʠ ʜʦ 13,0 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ 23,1 % ʠ, ʥʘʢʦʥʝʮ, ʨʳʙʳ ʩ ʤʘʩʩʦʡ ʦʪ 

13,001 ʜʦ 21,0 ʢʛ ʩʦʩʪʘʚʠʣʠ 1,02 %. ʋ ʩʘʤʮʦʚ 79,6 % ʦʩʦʙʝʡ ʠʤʝʣʠ ʤʘʩʩʫ ʦʪ 1,001 ʜʦ 3,0 ʢʛ ʠ 

12,8 % ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʩʦʙʠ ʤʘʩʩʦʡ ʜʦ 9,5 ʢʛ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ. ɺ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ ʙʳʣʦ 57,0 % ʩʘʤʦʢ: 42,6 % 

ʩʘʤʮʦʚ : 0,4 % ʶʚʝʥʘʣʴʥʳʭ ʦʩʦʙʝʡ. ɺʦ ʚʪʦʨʦʡ ʧʝʨʠʦʜ 54,7 % ʩʘʤʦʢ : 45,0 % ʩʘʤʮʦʚ : 0,3 % 

ʶʚʝʥʘʣʴʥʳʭ ʦʩʦʙʝʡ. ɺ ʪʨʝʪʠʡ ʧʝʨʠʦʜ 42,8 % : 56,0 % : 1,2 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʯʝʪʚʝʨʪʳʡ 

ʧʝʨʠʦʜ ʜʦʣʷ ʩʘʤʦʢ ʚ ʫʣʦʚʘʭ ʩʦʩʪʘʚʣʷʣʘ 58,0 % : ʩʘʤʮʦʚ 41,8 % : 0,2 % ʶʚʝʥʘʣʴʥʳʭ ʦʩʦʙʝʡ. 

ʉʦʟʨʝʚʘʥʠʝ. ɺʧʝʨʚʳʝ ʩʦʟʨʝʚʘʶʱʠʝ ʩʘʤʢʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʧʝʨʠʦʜ ʩ 1963 ʧʦ 1975 ʛʛ. 

ʠʤʝʣʠ ʜʣʠʥʫ 61 ʩʤ, ʘ ʤʘʩʩʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 76 ʩʤ (ʪʘʙʣ. 1). ʉʘʤʮʳ ï 51 ʠ 68 

ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦ ʚʪʦʨʦʡ ʧʝʨʠʦʜ ʩʘʤʢʠ ʥʘʯʠʥʘʣʠ ʩʦʟʨʝʚʘʪʴ ʧʨʠ ʜʣʠʥʝ 47 ʩʤ, ʘ ʚ ʤʘʩʩʝ 

ʩʚʦʝʡ (50 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ) ʧʨʠ 75 ʩʤ, ʩʘʤʮʳ ï 45 ʠ 67 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʊʘʙʣʠʮʘ 1  

ɼʣʠʥʘ (TL, ʩʤ) ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ  

ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ. ɺ ʩʢʦʙʢʘʭ ʯʠʩʣʦ ʨʳʙ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʭ 

Table 1 

Length (TL, cm) of puberty of males and females of black halibut in the Sea of Okhotsk  

in different periods. In parentheses, the number of fish in biological analyses 

 

 1963ï1975 ʛʛ. 1976ï1990 ʛʛ. 1991ï2005 ʛʛ. 2006ï2023 ʛʛ. 

ʩʘʤʮʳ 

(202) 

ʩʘʤʢʠ 

(276) 

ʩʘʤʮʳ 

(15165) 

ʩʘʤʢʠ 

(18446) 

ʩʘʤʮʳ 

(18621) 

ʩʘʤʢʠ 

(14248) 

ʩʘʤʮʳ 

(18118) 

ʩʘʤʢʠ 

(13050) 

ʅʘʯʘʣʦ ʩʦ-

ʟʨʝʚʘʥʠʷ 
51 61 45 47 43 45 35 42 

ʄʘʩʩʦʚʦʝ 

ʩʦʟʨʝʚʘʥʠʝ 
68 76 67 75 51 67 52 67 

 

ɺ ʪʨʝʪʠʡ ʧʝʨʠʦʜ ʚʧʝʨʚʳʝ ʩʦʟʨʝʚʘʶʱʠʝ ʩʘʤʢʠ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ ʜʣʠʥʝ 45 ʩʤ, ʘ ʩʘʤʮʳ 43 

ʩʤ. ʇʦʣʦʚʠʥʘ ʩʘʤʦʢ ʩʪʘʥʦʚʠʣʘʩʴ ʟʨʝʣʳʤʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʣʠʥʳ 67 ʩʤ, ʩʘʤʮʳ ï 51 ʩʤ. ɺ 

ʧʝʨʠʦʜ 2006ï2023 ʛʛ. ʚʧʝʨʚʳʝ ʩʦʟʨʝʚʘʶʱʠʝ ʩʘʤʢʠ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ ʜʣʠʥʝ 42 ʩʤ, ʘ ʤʘʩʩʦʚʦʝ 

ʩʦʟʨʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 67 ʩʤ. ɺʩʪʫʧʘʶʱʠʝ ʚ ʧʦʣʦʚʫʶ ʟʨʝʣʦʩʪʴ ʩʘʤʮʳ ʠʤʝʣʠ ʜʣʠʥʫ 35 

ʩʤ, ʘ ʤʘʩʩʦʚʘʷ ʟʨʝʣʦʩʪʴ ʜʣʷ ʥʠʭ ʥʘʩʪʫʧʘʣʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʜʣʠʥʳ 52 ʩʤ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ɺ ʮʝʣʦʤ ʧʨʠ ʨʘʟʥʳʭ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ʨʳʙ ʚ ʚʳʙʦʨʢʘʭ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʯʝʨ-

ʥʦʛʦ ʧʘʣʪʫʩʘ ʧʦ ʧʝʨʠʦʜʘʤ ʨʘʟʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʪ ʥʘʯʘʣʘ 

ʧʨʦʤʳʩʣʘ ʵʪʦʛʦ ʚʠʜʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʝʣʳ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʠ 

ʤʘʩʩʘ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʫʣʦʚʘʭ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʴʰʝ. ɺʦʟʤʦʞʥʦ, 

ʵʪʦ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʥʝ ʩʦʚʧʘʜʘʣʠ ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʛʣʫʙʠʥ ʠ ʧʣʦʱʘʜʠ ʘʢʚʘʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʦʨʫʜʠʡ ʣʦʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʝ ʧʨʝʜʝʣʳ ʛʣʫʙʠʥ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʠʭ ʤʦʜʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʩ 1976 ʛ. ʩʦʚʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʚʫʭ ʦʩʪʘʣʴ-

ʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʤʳʩʣʘ ʟʘʧʘʩ 

ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʩʷ [4]. ɼʘʣʴʥʝʡʰʝʝ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʚʳʣʦʚʘ ʫʜʘʚʘʣʦʩʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʢʩʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʥʦʚʳʭ ʨʘʡʦʥʦʚ ʧʨʦʤʳʩʣʘ ʜʣʷ ʪʨʘʫʣʝʨʦʚ. 

ɿʘʪʝʤ ʩ ʥʘʯʘʣʦʤ 1990-ʭ ʛʛ., ʢʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʥʥʳʭ ʪʨʘʣʦʚ ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʘʩʴ, ʠʭ ʩʪʘʣʠ 

ʟʘʤʝʱʘʪʴ ʩʫʜʘ, ʚʝʜʫʱʠʝ ʣʦʚ ʧʦʨʷʜʢʘʤʠ ʜʦʥʥʳʭ ʷʨʫʩʦʚ ʠ ʞʘʙʝʨʥʳʭ ʩʝʪʝʡ, ʧʦʷʚʠʚʰʠʭʩʷ ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʷʧʦʥʩʢʠʤʠ) ʨʳʙʘʢʘʤʠ. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ [10], ʧʦʩʣʝ 2001 ʛ. ʩʝʪʥʦʡ (ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ) 

ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʷʨʫʩʥʳʡ ʧʨʦʤʳʩʣʳ [11] ʧʦʪʝʨʷʣʠ ʚ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʥʝʛʘʪʠʚ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʩʘʪʦʢ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʚʦʨʘʯʠʚʘʥʠʶ ʩʝʪʥʦʛʦ ʠ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʦʚ ʷʨʫʩʥʦʛʦ 

ʧʨʦʤʳʩʣʘ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ. ɺʳʝʜʘʥʠʝ ʫʣʦʚʦʚ ʧʘʣʪʫʩʘ ʢʦʩʘʪʢʘʤʠ ʪʦʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʤʝʨʪʥʦʩʪʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʩʣʘ, ʢʦʪʦʨʦʝ ʩʯʠʪʘʣʦʩʴ, ʜʦ ʥʘʣʘʞʠʚʘʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʩʚʝʨʭʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʙʠʦʤʘʩʩʳ ʯʝʨʥʦʛʦ ʧʘʣ-

ʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʫʣʦʚʦʚ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʣʷ ʶʚʝʥʘʣʴʥʳʭ ʦʩʦʙʝʡ ʚ ʫʣʦʚʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ. ʈʝʜʢʦʩʪʴ 

ʧʦʠʤʦʢ ʤʦʣʦʜʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚʦ ʚʨʝʤʷ ʫʯʝʪʥʳʭ ʪʨʘʣʦʚʳʭ ʩʲʝʤʦʢ, ʚʦʟʤʦʞʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʫʭʫʜʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʨʝʩʪʘ. ʍʘʨʘʢʪʝʨ ʩʦʟʨʝʚʘʥʠʷ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʚ ʧʝʨʚʳʝ ʜʚʘ ʧʝʨʠʦʜʘ 
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ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ, ʠʟʣʦʞʝʥ-

ʥʳʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʃ. ʇ. ʅʠʢʦʣʝʥʢʦ [3]. ʆʪ ʧʝʨʠʦʜʘ çʜʝʚʩʪʚʝʥʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʠ 

(ʜʦ ʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʤʳʩʣʘ ʧʘʣʪʫʩʘ) ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʥʝʫʢʣʦʥʥʦ 

ʩʥʠʞʘʣʘʩʴ ʜʣʠʥʘ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʣʦʩʴ ʥʘʯʘʣʴʥʦʝ ʠ ʤʘʩʩʦʚʦʝ ʧʦʣʦʚʦʝ ʩʦ-

ʟʨʝʚʘʥʠʝ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʯʨʝʟʤʝʨʥʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʧʫʣʷ-

ʮʠʶ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ. ɽʩʣʠ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʯʝʪʚʝʨʪʳʤ ʧʝʨʠʦʜʘʤʠ 

ʙʳʣʦ ʩʦʤʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʜʝʣʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘ-

ʣʠʟʦʚ ʚ ʧʝʨʚʳʡ ʧʝʨʠʦʜ, ʪʦ ʜʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʠʥʳ ʨʳʙ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʣʦʩʴ ʧʝʨʚʠʯ-

ʥʦʝ ʩʦʟʨʝʚʘʥʠʝ ʧʦʣʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦ ʜʨʫʛʠʤ ʧʝ-

ʨʠʦʜʘʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ɼʠʥʘʤʠʢʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʣʦʚ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʥʘʯʘʣʝ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʩʚʦʝʥʠʷ ʩʘʤʢʠ ʧʨʝʦʙʣʘʜʘʣʠ ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ. ɺ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʜʦʥʥʳʝ ʪʨʘʣʳ, ʷʨʫʩʘ ʠ ʩʝʪʠ, ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʘʩʴ ʜʦʣʷ ʩʘʤʦʢ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʠ-

ʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʧʘʩʩʠʚʥʳʭ ʦʨʫʜʠʡ ʣʦʚʘ ʥʘ ʥʝʨʝʩʪʠʣʠʱʘʭ ʠ 

ʥʘ ʧʫʪʷʭ ʤʠʛʨʘʮʠʡ ʢ ʥʠʤ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʠʣʠʩʴ ʥʘ ʬʦʥʝ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ ʜʦʙʳʯʠ ʜʦʥʥʳʤʠ 

ʪʨʘʣʘʤʠ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʩʷ ʧʨʦʤʳʩʝʣ ʧʘʣʪʫʩʘ ʪʨʘʣʦ-

ʚʳʤʠ ʦʨʫʜʠʷʤʠ, ʜʦʥʥʳʝ ʷʨʫʩʘ ʠ ʦʩʦʙʝʥʥʦ ʜʦʥʥʳʝ ʞʘʙʝʨʥʳʝ ʩʝʪʠ ʠʟʳʤʘʣʠ ʢʨʫʧʥʳʝ ʦʩʦʙʠ ʧʘʣ-

ʪʫʩʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ. ɼʦʣʷ ʩʘʤʦʢ ʚ ʫʣʦʚʘʭ ʚ ʵʪʦ ʚʨʝʤʷ ʜʦʩʪʠʛʣʘ ʨʝʢʦʨʜ-

ʥʳʭ 58 %. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʦʯʝʚʠʜʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʘʤʮʦʚ ʠ 

ʩʘʤʦʢ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʠʦʜʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʦʪʨʘʞʘʶʪ 

ʠʩʪʠʥʥʫʶ ʨʘʟʤʝʨʥʦ-ʧʦʣʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʧʫʣʷʮʠʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ, ʘ ʧʦʢʘ-

ʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʫʣʦʚʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʘʥʥʳʝ ʟʘ ʯʝʪʚʝʨʪʳʡ ʧʝʨʠʦʜ ʙʳʣʠ 

ʩʨʘʚʥʠʤʳ ʩ ʧʨʝʜʳʜʫʱʠʤʠ, ʤʳ ʦʪʦʙʨʘʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʦʙʝʡ ʯʝʨʥʦʛʦ ʧʘʣ-

ʪʫʩʘ, ʧʦʡʤʘʥʥʦʛʦ ʥʘ ʤʘʪʝʨʠʢʦʚʦʤ ʩʢʣʦʥʝ ʤʦʨʷ ʜʦʥʥʳʤʠ ʪʨʘʣʘʤʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺ ʧʝʨʠʦʜ 

2006ï2023 ʛʛ. ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʰʝʣʴʬʘ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʩʘʤʢʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ 

ʜʣʠʥʦʡ ʦʪ 14,5 ʜʦ 122 ʩʤ (69,2Ñ11,35 ʩʤ), ʩʘʤʮʳ ï ʦʪ 14,4 ʜʦ 89 ʩʤ (59,9Ñ4,18 ʩʤ), ʩʨʝʜʥʠʝ 

ʨʘʟʤʝʨʳ ʩʘʤʦʢ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʩʘʤʮʦʚ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2  

ʈʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ (ʧʨʝʜʝʣʳ ʠ ʩʨʝʜʥʠʝ) ʠʟ ʪʨʘʣʦʚʳʭ ʫʣʦʚʦʚ 

ʥʘ ʤʘʪʝʨʠʢʦʚʦʤ ʩʢʣʦʥʝ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ 2006ï2023 ʛʛ. 

Table 2  

Size characteristics of black halibut (limits and averages) from trawl catches on the mainland 

slope of the Sea of Okhotsk in 2006ï2023 

ʇʦʣ (ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ) 
ɼʣʠʥʘ, ʩʤ ʄʘʩʩʘ, ʢʛ 

Xmin Xmax X+mx Xmin Xmax X+mx 

ǀ (3879) 14,5 122 69,2Ñ11,35 0,01 21 4,5Ñ0,25 

ǁ (9160) 14,4 89 59,9Ñ4,18 0,002 9,5 2,1Ñ0,48 

 

ɺ ʯʝʪʚʝʨʪʦʤ ʧʝʨʠʦʜʝ ʫ ʩʘʤʦʢ ʧʘʣʪʫʩʘ ʤʦʜʘʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ ʦʩʦʙʠ ʜʣʠʥʦʡ ʦʪ 60,1 

ʜʦ 90 ʩʤ (70,8 %), ʠʟ ʥʠʭ 16,7 % ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 70,1ï75 ʩʤ (ʨʠʩ. 2). ʅʘ ʜʦʣʶ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʘʤʦʢ ʨʘʟʤʝʨʦʤ ʦʪ 90,1 ʜʦ 122 ʩʤ ʧʨʠʰʣʦʩʴ 5,4 %. ʋ ʩʘʤʮʦʚ 84,5 % ʦʩʦʙʝʡ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥʳ 50,1ï70 ʩʤ, ʠʟ ʥʠʭ 29,1 % ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ 

60,1ï65 ʩʤ. ɺ ʵʪʦʤ ʞʝ ʧʝʨʠʦʜʝ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʩʘʤʦʢ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʩʘʤʮʦʚ. ʆʩʥʦʚʫ ʫʣʦʚʘ 

ʩʦʩʪʘʚʠʣʠ ʩʘʤʢʠ ʧʘʣʪʫʩʘ ʤʘʩʩʦʡ 0,5ï7,0 ʢʛ (83,2 %), 15,2 % ʦʩʦʙʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

4,001ï5,0 ʢʛ. ʅʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʩ ʤʘʩʩʦʡ ʙʦʣʝʝ 7 ʠ ʜʦ 21 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ ʜʦ 

17 %. ʋ ʩʘʤʮʦʚ 81,1 % ʦʩʦʙʝʡ ʠʤʝʣʠ ʤʘʩʩʫ ʦʪ 1,001 ʜʦ 3,0 ʢʛ, ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʤʘʩʩʦʡ ʙʦʣʝʝ 3 ʠ ʜʦ 9,5 ʢʛ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 10,1 %. 
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ʈʠʩ. 2. ʈʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ (ʜʣʠʥʘ TL, ʩʤ) ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ  

ʠʟ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ ʧʝʨʠʦʜ 2006ï2023 ʛʛ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Size composition (length TL, cm) of males and females of black halibut in trawl catches from the 

mainland slope of the Sea of Okhotsk in the period 2006ï2023. Compiled by the authors 

 

ɺ ʯʝʪʚʝʨʪʳʡ ʧʝʨʠʦʜ ʜʦʣʷ ʩʘʤʦʢ ʚ ʪʨʘʣʦʚʳʭ ʫʣʦʚʘʭ ʥʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ 202 ʤ ʠʟʦʙʘʪʳ ʩʦ-

ʩʪʘʚʣʷʣʘ 29,7 %, ʘ ʩʘʤʮʦʚ ï 70,3 %. 

ʀʟʤʝʥʝʥʠʷ ʚ ʜʣʠʥʝ ʨʳʙ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥʠ ʩʪʘʥʦʚʠʣʠʩʴ ʧʦʣʦʚʦʟʨʝʣʳʤʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʧʦʣʦʚ ʧʨʦʠʟʦʰʣʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ï ʫʞʝ ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ ʧʘʣʪʫʩ ʩʦʟʨʝʚʘʣ ʧʨʠ ʤʝʥʴʰʝʡ 

ʜʣʠʥʝ, ʘ ʜʦʣʷ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ 13,1 % ʠ 14,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʧʝʨʠʦʜʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ ʜʦ ʥʘʯʘʣʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʤʳʩʣʘ 

(1963ï1975 ʛʛ.) ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ (2006ï2023 ʛʛ.) ʜʦʣʷ ʩʘʤʦʢ ʩʦʢʨʘʪʠʣʘʩʴ ʩ 57,0 % ʜʦ 29,7 

%, ʘ ʜʦʣʷ ʩʘʤʮʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 42,6 % ʜʦ 70,3 %. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʜʚʠʛʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʢʠʩʣʦʨʦʜʥʦʛʦ) ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʠʣʠ ʙʳ ʥʝ ʥʘʩʪʦʣʴʢʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʜʣʷ ʚʠʜʘ, ʦʙʠʪʘʶʱʝʛʦ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫ-

ʙʠʥ ʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʘʨʝʘʣʝ. ʈʘʥʝʝ ʫʞʝ ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʥʠʞʝʥʠʷ ʙʠʦʤʘʩʩʳ ʯʝʨʥʦʛʦ 

ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ [5, 12]. ʅʘ ʫʷʟʚʠʤʦʩʪʴ ʦʪ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʤʳʩʣʘ ʘʢʪʠʚʥʳʤʠ ʠ 

ʧʘʩʩʠʚʥʳʤʠ ʦʨʫʜʠʷʤʠ ʣʦʚʘ ʥʘ ʧʦʧʫʣʷʮʠʶ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʦʙʨʘʱʘʣ ʚʥʠ-

ʤʘʥʠʝ ʆ. ɺ. ʉʤʠʨʥʦʚ [13]. 

ɺʝʣʠʯʠʥʘ ʧʨʦʤʳʩʣʦʚʦʛʦ ʠʟʲʷʪʠʷ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʜʦʧʫʩʢʘʣʘʩʴ ʥʘ 

ʫʨʦʚʥʝ 20ï30 ʪʳʩ. ʪ ʚ ʛʦʜ ʠ ʙʦʣʝʝ [3, 14]. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʭʦʜʠʣʠ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʘ ʪʦ ʚʨʝʤʷ 

ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʵʪʦʛʦ ʚʠʜʘ ʧʦ ʯʝʰʫʝ. ʃʠʰʴ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ ʦʪʦʣʠʪʘʤ ʧʘʣʪʫʩʘ 

ʠʟ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʧʦʢʘʟʘʥʘ ʙʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ [12, 15]. ʏʨʝʟʤʝʨʥʘʷ ʧʨʦʤʳʩ-

ʣʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʧʫʣʷʮʠʡ ʨʳʙ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʧʘʩʦʚ, ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʘ ʨʦʩʪʘ, 

ʚʨʝʤʝʥʠ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ, ʚʦʟʨʘʩʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʣʦʜʦʚʠʪʦʩʪʠ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ [7, 16]. ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʠ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʣʦʜʦʚʠʪʦʩʪʠ ʚ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ, ʨʦʩʪʫ, ʘ ʪʘʢʞʝ ʵʢʦʩʠʩʪʝʤʥʳʭ 
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ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʤʳʩʣʘ. ɺʝʨʦʷʪʥʦ, ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ (ʦʪ ʧʦʧʫʣʷʮʠʠ ʠ ʥʠʞʝ) ʩʪʨʫʢʪʫʨʳ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʚ 

ʆʭʦʪʩʢʦʤ ʤʦʨʝ. ɺʦʟʤʦʞʥʦ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʯʝʨ-

ʥʦʛʦ ʧʘʣʪʫʩʘ (ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʙʠʦʪʠʯʝʩʢʠʡ ʬʦʥ, ʧʨʦʤʳʩʝʣ ʠ ʜʨ.) ʧʦ ʚʩʝʤʫ 

ʘʨʝʘʣʫ ʚ ʊʠʭʦʤ, ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʠ ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʘʭ, ʧʦʜʩʢʘʞʝʪ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʫ ʚʠʜʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʝʨʥʦʛʦ ʧʘʣʪʫʩʘ ʠʟ 

ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩ 1963 ʧʦ 2023 ʛʛ. ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʠʣʠʩʴ ʝʛʦ ʨʘʟʤʝʨ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʭʦʜʩʪʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʢʣʘʩʩʦʚ ʧʦ ʩʨʝʜ-

ʥʝʡ ʠ ʧʨʝʜʝʣʴʥʦʡ ʜʣʠʥʝ ʠ ʤʘʩʩʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʘʤʮʳ ʠ ʩʘʤʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʚʠʜʘ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʚʧʝʨʚʳʝ ʩʦʟʨʝʚʘʶʪ ʧʨʠ ʤʝʥʴʰʝʡ ʜʣʠʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʜʚʠʛʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʣʦʚ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʘ ʦʨʫʜʠʡ ʣʦʚʘ, ʢʦʪʦʨʳʤʠ 

ʜʦʙʳʚʘʣʩʷ ʯʝʨʥʳʡ ʧʘʣʪʫʩ, ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ. ɺ ʫʣʦʚʘʭ ʪʨʘʫʣʝʨʦʚ ʜʦʣʷ ʩʘʤʦʢ ʥʝʫʢʣʦʥʥʦ ʩʦʢʨʘ-

ʱʘʣʘʩʴ, ʘ ʩʘʤʮʦʚ ʚʦʟʨʘʩʪʘʣʘ. ɺʝʨʦʷʪʥʦ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʩʪʘʣʘ ʨʝʘʢʮʠʷ ʧʦ-

ʧʫʣʷʮʠʠ ʥʘ ʠʟʙʳʪʦʯʥʫʶ ʧʨʦʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʣʪʫʩʘ ʠ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʧʫʣʷʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʚʦʜʦʝʤʝ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

 

1. ʉʦʩʪʦʷʥʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʨʝʩʫʨʩʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ 
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Abstract. Saury fishing is mainly carried out using lighting equipment and requires an 

appropriate level of development of fishing; for many years, Japan and the USSR were engaged 

in the fishery, and only in 1989 did South Korea join this fishery. The use of lighting equipment 
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is associated with the biophysical characteristics of saury behavior in the light field, on the basis 

of which the paper provides a rationale for the use of LED chandeliers of four spectra: at the 

stage of attraction, use blue LEDs with a wavelength of 495 nm; at the stage of saury adaptation, 

white LEDs with a temperature of 5000 K; for adapted saury, white LEDs with a temperature 

of 3500 K, and for pouring out the catch, green LEDs with a wavelength of 520ï530 nm. 

Keywords: saury, LEDs, biophysical justification, saury fishing for light 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʤʳʩʝʣ ʩʘʡʨʳ ʚ ʦʩʥʦʚʥʦʤ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʝʙʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʨʳʙʦʣʦʚʩʪʚʘ, ʜʦʣʛʠʝ ʛʦʜʳ ʧʨʦʤʳʩʝʣ ʚʝʣʠ ʗʧʦʥʠʷ ʠ ʉʉʉʈ, 

ʠ ʪʦʣʴʢʦ ʚ 1989 ʛ. ʢ ʵʪʦʤʫ ʧʨʦʤʳʩʣʫ ʧʨʠʩʦʝʜʠʥʠʣʘʩʴ ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʳʣʦʚ ʩʘʡʨʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʤʦʤ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʤʳʩʝʣ ʥʝ ʚʝʜʸʪʩʷ ʫʞʝ ʤʥʦʛʦ 

ʣʝʪ, ʘ ʷʧʦʥʩʢʠʡ ʬʣʦʪ ʜʣʷ ʧʨʠʙʨʝʞʥʦʛʦ ʣʦʚʘ ʩʘʡʨʳ ʧʦʩʣʝʜʥʠʝ 2 ʛʦʜʘ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʷʧʦʥʩʢʠʡ ʨʳʥʢʠ ʧʦʩʪʫʧʘʝʪ ʩʘʡʨʘ, ʜʦʙʳʪʘʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʚ ʨʘʡʦʥʝ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʟʘ 200-ʤʠʣʴʥʦʡ ʟʦ-

ʥʦʡ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʘʡʚʘʥʴʩʢʠʭ ʩʫʜʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʤʳʩʣʦʚ ʢʘʣʴʤʘʨʦʚ ʠ 

ʩʘʡʨʳ (ʨʠʩ. 1), ʠʤʝʶʱʠʭ ʜʣʠʥʫ ʜʦ 70 ʤ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʙʦʣʴʰʠʤʠ ʤʦʨʦʟʠʣʴʥʳʤʠ ʪʨʶʤʘʤʠ. 

ʘ  

ʙ  

ʈʠʩ. 1. ʊʘʡʚʘʥʴʩʢʦʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʩʫʜʥʦ ʜʣʷ ʧʨʦʤʳʩʣʘ ʩʘʡʨʳ ʠ ʢʘʣʴʤʘʨʘ ʚ ʦʢʝʘʥʝ: ʘ ï ʢʦʨʤʦʚʘʷ 

ʯʘʩʪʴ ʣʝʚʦʛʦ ʙʦʨʪʘ; ʙ ï ʧʨʘʚʳʡ ʙʦʨʪ: 1 ï ʩʚʝʪʦʚʘʷ ʣʶʩʪʨʘ ʜʣʷ ʧʨʦʤʳʩʣʘ ʩʘʡʨʳ; 2 ï ʢʘʣʴʤʘʨʦʣʦʚʥʘʷ ʣʝ-

ʙʸʜʢʘ (ʚ ʯʝʭʣʝ); 3 ï ʩʚʝʪʦʚʘʷ ʛʠʨʣʷʥʜʘ ʜʣʷ ʧʨʦʤʳʩʣʘ ʢʘʣʴʤʘʨʘ; 4 ï ʩʘʡʨʦʚʘʷ ʩʠʛʘʨʘ, ʟʘʢʨʝʧʣʝʥʥʘʷ ʧʦ-

ʧʦʭʦʜʥʦʤʫ; 5 ï ʤʘʰʠʥʳ ʜʣʷ ʧʦʜʩʫʰʢʠ ʩʝʪʥʦʡ ʯʘʩʪʠ ʣʦʚʫʰʢʠ ʚʦ ʚʨʝʤʷ ʚʳʙʦʨʢʠ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Is a Taiwanese specialized vessel for saury and squid fishing in the ocean: a ï the aft part of the port 

side; ʙ ï the starboard side: 1 ï a light chandelier for saury fishing; 2 ï a squid fishing winch (in a case); 3 ï 

a light garland for squid fishing; 4 ï a saury cigar, fixed in a camping manner; 5 ï machines for drying the 

net part of the trap during sampling. Compiled by the authors 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʨʦʤʳʩʣʘ ʩʘʡʨʳ ʥʘ ʩʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʨʷʥ ʧʦ ʘʥʘ-

ʣʦʛʠʠ ʩ ʢʦʰʝʣʴʢʦʚʳʤ ʧʨʦʤʳʩʣʦʤ ʩʘʨʜʠʥʳ ʠʚʘʩʠ. ʀ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʚʳʣʦʚʘ ʩʘʡʨʳ ʟʘ-

ʢʫʧʢʠ ʝʝ ʩʳʨʴʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʳ ʫ ʪʘʡʚʘʥʴʩʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺʩʸ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʝʱʝ ʪʝʤ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1], ʧʦ ʜʘʥʥʳʤ [2], ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʦʪʩʪʘʣ ʦʪ ʗʧʦʥʠʠ ʠ ʊʘʡʚʘʥʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʶʩʪʨ ʩ ʨʘʟʥʳʤ 

ʩʧʝʢʪʨʦʤ ʩʚʝʪʘ ʜʣʷ ʧʨʦʤʳʩʣʘ ʩʘʡʨʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʦʩʧʨʠʷʪʠʷ ʩʘʡʨʳ ʠ ʝʝ ʘʜʘʧʪʘʮʠʷ ʢ ʩʚʝʪʫ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʧʝʢʪʨʦʚ ʩʚʝʪʦʜʠʦʜʦʚ; 

- ʢʦʤʧʦʥʦʚʢʘ ʣʶʩʪʨ ʠʟ ʩʚʝʪʦʜʠʦʜʦʚ ʚʜʦʣʴ ʙʦʨʪʦʚ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʧʦʚʝʜʝʥʠʷ ʩʘʡʨʳ ʚ ʭʦʜʝ 

ʧʨʦʤʳʩʣʘ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʘʜʘʧʪʘʮʠʠ 

ʩʘʡʨʳ ʢ ʩʚʝʪʫ ʠ ʩʧʝʢʪʨʳ ʚʦʩʧʨʠʷʪʠʷ ʩʘʡʨʳ [3, 4], ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʩʣʘ ʩʘʡʨʳ ʚ 

ʗʧʦʥʠʠ [5] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʝʥʠʷ ʩʘʡʨʳ ʠ ʝʝ ʚʦʩʧʨʠʷʪʠʷ ʩʧʝʢʪʨʘ ʩʚʝʪʘ ʦʧʠʰʝʤ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ [4]: 

1) ʢʨʫʧʥʳʝ ʛʣʘʟʘ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ, ʚʳʧʦʣʥʷʶʱʝʡ ʬʫʥʢʮʠʶ ʩʚʝʪʦʟʘʱʠʪʥʦʛʦ 

ʵʢʨʘʥʘ, ʠʤʝʶʪ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʡ ʦʩʪʨʦʪʳ ʟʨʝʥʠʷ ʥʘ ʩʝʪʯʘʪʢʝ; 

2) ʩʪʝʨʞʥʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 502 ʥʤ, ʦʜʠʥʦʯʥʳʝ ʢʦʣʙʦʯʢʠ 380 ʥʤ ʠ 

ʜʚʦʡʥʳʝ ʢʦʥʫʩʳ 478/565 ʥʤ (ʨʠʩ. 2).  

ʇʫʥʢʪ (1) ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʳʙ, ʥʘʣʠʯʠʝ ʰʪʦʨʢʠ ʧʦʟʚʦʣʷʝʪ ʨʳʙʝ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʧʦʚʳʰʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʧʨʦʤʳʩʣʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʭ ʢʦʩʷʢʦʚ ʩʘʡʨʳ,  ʥʝ ʩʥʠ-

ʞʘʷ ʦʪʭʦʜ ʯʘʩʪʠ ʩʘʡʨʳ ʦʪ ʩʫʜʥʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʣʘʟʘ ʜʨʫʛʠʭ ʨʳʙ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʆʜʥʘʢʦ ʫ ʩʘʡʨʳ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʧʨʝʜʝʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝ-

ʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʩʷʢʠ ʨʳʙ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ, ʯʪʦ ʫʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʫʜʝʨʞʘʥʠʠ ʩʘʡʨʳ ʫ ʙʦʨʪʘ.  

ʇʫʥʢʪ (2) ʜʣʠʥʘ ʚʦʣʥʳ 380 ʥʤ, ʚʦʩʧʨʠʷʪʠʝ ʋʌ-ʩʚʝʪʘ ʜʣʷ ʙʣʠʞʥʝʡ ʪʝʤʥʦʡ ʟʦʥʳ. ɼʚʦʡʥʦʡ 

ʢʦʥʫʩ ʚ ʦʙʣʘʩʪʠ 478 ʥʤ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʥʦ-ʩʚʝʪʣʦʡ ʟʦʥʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʣʫʥʥʫʶ ʥʦʯʴ, ʟʜʝʩʴ ʩʘʡʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ 

ʤʘʢʩʠʤʫʤ ʩʪʝʨʞʥʷ 502 ʥʤ (ʨʠʩ. 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʡʨʘ ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʥʳʤ ʟʨʝʥʠʝʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʤʘ ʚ ʦʙʣʘʩʪʠ 380ï502 ʥʤ, ʠʤʝʥʥʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʟʦʦʧʣʘʥʢʪʦʥ ʘʢʪʠʚʥʦ ʧʦʜ-

ʥʠʤʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʧʨʠ ʵʪʦʤ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʝʛʦ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʜʠʘ-

ʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ [6]. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩʘʡʨʳ ʢ ʩʫʜʥʫ ʠ ʫʜʝʨʞʘʥʠʷ ʝʝ ʫ ʩʫʜʥʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʥʦʯʥʦʛʦ ʟʨʝʥʠʷ ʩʘʡʨʳ, ʦʜʥʘʢʦ ʥʘʜʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʚʝʪʘ ʧʦ ʛʣʫʙʠʥʝ ʚʦʜʳ, ʠ ʤʘʢʩʠʤʫʤ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʘ ʫ 

ʩʘʡʨʳ, ʚ ʨʘʙʦʪʘʭ [1, 7, 8] ʜʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʳʙʦʨʘ ʩʚʝʪʦʜʠʦʜʘ ʜʣʠ-

ʥʦʡ ʚʦʣʥʳ 495 ʥʤ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʩʝʪʯʘʪʢʠ (ʨʠʩ. 3). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ [6] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʙʦʨ ʪʘʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʚʝʪʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʩʷʢʠ ʩʘʡʨʳ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʨʠ-

ʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ ʩʘʡʨʳ 

(ʨʠʩ. 3) ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʠʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʨʞʥʝʡ (ʩʤ. ʨʠʩ. 2, ʘ), 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʩʘʡʨʳ ʚ ʥʝʘʜʘʧʪʠʨʦʚʘʥʥʦʤ ʢ ʩʚʝʪʫ ʛʣʘʟʝ. 
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʟʨʠʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʩʘʡʨʳ [4]: ʘ ï ʜʠʘʛʨʘʤʤʘ ʩʪʝʨʞʥʝʡ 502 ʥʤ; b ï ʜʠʘʛʨʘʤʤʳ 

ʢʦʣʙʦʯʢʠ 1 ʧʨʠ ʤʘʢʩʠʤʫʤʝ 380 ʥʤ, ʜʚʦʡʥʦʛʦ ʢʦʥʫʩʘ, 2 ʧʨʠ ʤʘʢʩʠʤʫʤʝ 478 ʥʤ ʠ ʚʪʦʨʦʛʦ ʢʦʥʫʩʘ 3 ʧʨʠ 

ʤʘʢʩʠʤʫʤʝ 565 ʥʤ ʢʦʥʫʩʦʚ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Spectra of saury's visual receptors [4]: a ï diagram of rods of 502 nm; b ï diagram of a cone 1 at a 

maximum of 380 nm, a double cone, 2 at a maximum of 478 nm and a second cone 3 at a maximum of 565 

nm cones. Compiled by the authors 

 

 
ʈʠʩ. 3. ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʟʨʠʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ ʩʘʡʨʳ [3, 6].  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Spectral absorption of the visual matter of the cyrus retina [3, 6]. Compiled by the authors 
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ʇʨʠ ʧʝʨʝʚʦʜʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʭʦʜʦʤ ʩʘʡʨʳ ʠʟ ʩʚʝʪʦʚʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʦʙʱʝʤ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʝʙʥʠʢʘʭ ʧʦʣʥʦʝ ʙʠʦʬʠʟʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ 

ʜʘʥʦ, ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʢʦʥʪʨʦʣʝʤ ʨʝʘʢʮʠʠ 

ʩʘʡʨʳ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʝʥʘʞʝʨʝ [9] ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʥʦ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʦʛʜʘ ʠʩ-

ʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ɽʩʣʠ ʦʙʣʘʚʣʠʚʘʪʴ ʩʘʡʨʫ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʣʦʚʫʰʢʦʡ, ʧʝʨʝʚʦʜʷ ʢʦʩʷʢ ʥʘ ʨʘʙʦ-

ʯʠʡ ʙʦʨʪ, ʪʦ ʫʣʦʚʳ ʤʠʥʠʤʘʣʴʥʳ, ʧʦʩʢʦʣʴʢʫ ʩʘʡʨʘ ʦʯʝʥʴ ʧʦʜʚʠʞʥʘʷ ʠ ʚʳʭʦʜʠʪ ʠʟ ʟʦʥʳ ʦʙʣʦʚʘ. 

ʆʜʥʘʢʦ ʧʨʦʤʳʩʣʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʤʦʜʝʣʠ ʚ ʪʨʝʥʘʞʝʨʝ [9] ʩʚʷʟʘʥʳ ʩ ʚʨʝʤʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʯʝʤ ʧʝʨʝʚʦʜ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʳʩʪʨʝʝ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʠ ʫʣʦʚʘ. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʳ ʢ ʩʚʝʪʫ, ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ 

ʩʦʩʪʦʷʥʠʝ ʟʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʘʡʨʳ ʠ ʚʨʝʤʷ ʘʜʘʧʪʘʮʠʠ ʝʛʦ ʢ ʩʚʝʪʫ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʪʝʤʥʦʛʦ 

ʥʦʯʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʜʲʝʤʦʤ ʢʦʥʫʩʦʚ. ʅʘ ʩʝʜʴʤʦʡ ʤʠʥʫʪʝ ʢʦʥʫʩʳ ʝʱʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʦʯʥʦʛʦ ʨʝʞʠʤʘ, ʥʘ 34-ʡ ʤʠʥʫʪʝ ʢʦʥʫʩʳ ʪʦʣʴʢʦ ʜʦʩʪʠʛʘʶʪ 

ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ, ʥʘʯʠʥʘʷ ʩ 117-ʡ ʤʠʥʫʪʳ, ʢʦʥʫʩʳ ʧʦʯʪʠ ʜʦʭʦʜʷʪ ʢ ʟʦʥʝ ʘʜʘʧʪʘʮʠʠ ʢ 

ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ [3], ʘʜʘʧʪʘʮʠʷ ʢ ʩʚʝʪʫ ʟʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʘʡʨʳ ʚ 

ʮʝʣʦʤ ʜʦʩʪʠʛʘʣʘʩʴ ʧʦʩʣʝ 90ï150 ʤʠʥ, ʥʦ ʨʝʘʢʮʠʷ ʥʘ ʩʚʝʪ ʢʦʥʫʩʦʚ ʥʝ ʜʦʩʪʠʛʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ 

ʜʘʞʝ ʧʦʩʣʝ 150 ʤʠʥ ʥʘʭʦʞʜʝʥʠʷ ʧʦʜ ʩʚʝʪʦʤ (ʨʠʩ. 4), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʣʙʦʯʝʢ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʣʠ 

ʜʚʠʛʘʪʴʩʷ ʯʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʘ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʩʪʘʜʠʷʤʠ 

ʘʜʘʧʪʘʮʠʠ ʠʟ-ʟʘ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ, ʧʦʣʥʦʩʪʴʶ ʩʘʡʨʘ ʘʜʘʧʪʠʨʦʚʘʣʘʩʴ ʢ ʩʚʝʪʫ ʯʝʨʝʟ 60 ʤʠʥ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʠʩ. 2, ʪʦ ʚʠʜʥʘ ʨʝʘʢʮʠʷ ʢʦʥʫʩʦʚ ʚ ʦʙʣʘʩʪʠ 380ï500 

ʥʤ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʫ ʢʦʥʫʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 565 ʥʤ, ʧʨʠ ʵʪʦʤ ʢʦʥʫʩʳ ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʤʠ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʚ 478 ʥʤ ʠ 565 ʥʤ. 

 

 
7 ʤʠʥ,  

ʥʦʯʥʦʝ ʟʨʝʥʠʝ 

34 ʤʠʥ, ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʨʝʥʠʝ 117 ʤʠʥ, ʘʜʘʧʪʘʮʠʷ ʢ 

ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ 

ʉ ï ʢʦʥʫʩ; ɸ ï ʫʨʦʚʝʥʴ ʘʜʘʧʪʘʮʠʠ ʢ ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ 

ʈʠʩ. 4. ɸʜʘʧʪʘʮʠʷ ʛʣʘʟʘ ʩʘʡʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʝʪʘ [3]. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Adaptation of saury's eye when using light [3]. Compiled by the authors 

 

ʇʨʠ ʘʜʘʧʪʘʮʠʠ ʢ ʩʚʝʪʫ ʜʠʘʤʝʪʨ ʣʠʥʟʳ ʛʣʘʟʘ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ 1,40 ʤʤ ʜʦ 4,71 ʤʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʜʣʠʥʳ ʚʠʣʢʠ ʛʣʘʟʘ [3], ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ 

ʢʦʥʫʩʦʚ, ʢʦʣʙʦʯʝʢ ʠ ʩʪʝʨʞʥʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʚʝʪʘ ʧʨʦʥʠʢʥʫʪʴ ʚ ʛʣʘʟ ʠ 

ʦʙʨʘʙʦʪʘʪʴ ʙʦʣʴʰʠʡ ʩʧʝʢʪʨ ʜʣʠʥ ʚʦʣʥ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʣʘʩʪʠ 380ï500 

ʥʤ (ʩʤ. ʨʠʩ. 2). 
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ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʳ ʢ ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʙʦʣʝʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʦʮʝʩʦʚ ʧʨʦʤʳʩʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ʩʚʝʪʫ ʢʦʥʫʩʳ ʫ ʩʘʡʨʳ ʧʝʨʝʭʦʜʷʪ ʢ ʙʦʣʴʰʝʡ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʴ 565 

ʥʤ, ʧʨʠ ʵʪʦʤ ʢʦʥʫʩʳ, ʩʪʝʨʞʥʠ ʠ ʢʦʣʙʦʯʢʠ ʪʘʢʞʝ ʚʦʩʧʨʠʥʠʤʘʶʪ, ʭʦʪʴ ʠ ʩʣʘʙʝʝ, ʜʣʠʥʳ ʚʦʣʥ ʠ 

ʚ ʩʧʝʢʪʨʝ ʙʦʣʝʝ 500 ʥʤ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʠʨʘʪʴʩʷ ʚ ʚʳʙʦʨʝ ʩʧʝʢʪʨʘ ʩʚʝʪʦʜʠʦʜʦʚ ʪʦʣʴʢʦ 

ʥʘ ʜʘʥʥʳʝ ʩʧʝʢʪʨʘ (ʨʠʩ. 3) ʥʝʜʦʩʪʘʪʦʯʥʦ, ʘ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ (ʩʤ. ʨʠʩ. 2). 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʚʳʚʦʜʳ ʦ ʚʳʙʦʨʝ ʩʧʝʢʪʨʘ ʩʚʝʪʘ ʜʣʷ ʧʨʠʚʣʝʯʝ-

ʥʠʷ ʩʘʡʨʳ ʢ ʩʫʜʥʫ, ʫʜʝʨʞʘʥʠʶ ʝʝ ʫ ʙʦʨʪʘ ʩʫʜʥʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ ʠ 

ʚʨʝʤʝʥʝʤ ʘʜʘʧʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʤ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

ʇ1 ï ʧʨʠʚʣʝʯʝʥʠʝ ʩʘʡʨʳ ʢ ʙʦʨʪʫ ʩʫʜʥʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʠʤ ʩʝʢʪʦʨʦʤ ʩʚʝʪʘ 

495 ʥʤ, ʢʦʪʦʨʳʡ ʙʣʠʟʦʢ ʤʘʢʩʠʤʫʤʫ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʘ ʩʘʡʨʦʡ 502 ʥʤ ʠ ʫʚʝʨʝʥʥʦ ʚʦʩʧʨʠʥʠʤʘ-

ʝʪʩʷ ʩʘʡʨʦʡ ʚ ʪʝʥʝʚʦʡ ʟʦʥʝ, ʧʨʠ ʵʪʦʤ ʩʚʝʪ ʪʘʢʦʡ ʜʣʠʥʳ ʧʨʦʥʠʢʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩ ʙʦʣʴʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʯʝʤ ʣʘʤʧʳ 

ʜʨʫʛʦʛʦ ʩʧʝʢʪʨʘ;  

ʇ2 ï ʧʦʩʣʝ ʧʨʠʚʣʝʯʝʥʠʷ ʩʘʡʨʳ ʢ ʙʦʨʪʫ ʩʫʜʥʘ ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ ʩʘʡʨʳ ʢ ʩʚʝʪʫ, ʢʦʪʦ-

ʨʘʷ ʜʣʠʪʩʷ 90ï150 ʤʠʥ, ʵʪʘ ʘʜʘʧʪʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʠʭ ʣʘʤʧ ʜʠʘʧʘʟʦʥʘ 

495 ʥʤ, ʥʦ ʠ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʝ ʣʘʤʧ ʫʞʝ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 565 ʥʤ ʠ ʥʘʣʠʯʠʝʤ ʩʠ-

ʥʝʛʦ ʩʧʝʢʪʨʘ; 

ʇ3 ï ʧʦʩʣʝ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʳ ʢ ʩʚʝʪʫ ʪʨʝʙʫʶʪʩʷ ʣʘʤʧʳ ʫʞʝ ʩ ʤʠʥʠʤʫʤʦʤ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ, 

ʥʦ ʩ ʤʘʢʩʠʤʫʤʦʤ 565 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʫʜʝʨʞʠʚʘʪʴ ʩʘʡʨʫ ʫ ʙʦʨʪʘ ʩʫʜʥʘ, ʘ ʚ ʩʣʫʯʘʝ ʝʝ 

ʧʝʨʝʚʦʜʘ ʚʜʦʣʴ ʙʦʨʪʘ ʧʦʟʚʦʣʷʝʪ ʝʡ ʥʝ ʫʭʦʜʠʪʴ ʥʘ ʧʝʨʝʬʝʨʠʶ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ (ʚ ʦʙʣʘʩʪʴ 

ʘʜʘʧʪʘʮʠʠ ʢ ʪʝʤʥʦʪʝ); 

ʇ4 ï ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ [5, 6], ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠ ʚʳʙʦʨʢʝ ʫʣʦʚʘ ʚ ʤʝʩʪʦ 

ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʝʣʝʥʳʡ ʩʚʝʪ ʚ ʜʠʘʧʧʘʟʦʥʝ 520ï530 ʥʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʩʘʡʨʘ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʧʦʢʦʡʥʦʡ ʩʦʪʩʪʦʷʥʠʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʣʝʛʢʦ 

ʦʙʣʘʚʣʠʚʘʝʪʩʷ.  

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ 

ʩʦʟʜʘʥʠʶ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ: 

1) ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʦʜʠʦʜʳ RGBW (R ï ʢʨʘʩʥʳʡ, G ï ʟʝʣʝʥʳʡ, B ï ʛʦʣʫʙʦʡ, W ï ʜʥʝʚʥʦʡ 

ʩʚʝʪ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʝʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʩʩʦʚ (ʇ1ïʇ4) 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʧʝʢʪʨ; 

2) ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʣʘʤʧ ʩ ʨʘʟʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥ ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩ ʫʯʝʪʦʤ ʠʭ ʦʙʦʙʱʘʶʱʠʭ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʗʧʦʥʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʩʚʝʪʦʜʠʦʜʳ RGBW, ʢʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʵʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʩʠʣʦ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ [5].  ʉʚʝʪʦʜʠʦʜʳ RGBW ʠʤʝʶʪ ʙʦʣʝʝ 

ʩʣʦʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ ʚ ʚʠʜʝ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʘʥʘʣʦʚ, ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʣʶʩʪʨʝ ʫʜʦʨʦʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʘʤʧʳ. ʉʘʤʦʝ  ʛʣʘʚʥʦʝ, 

ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʣʫʯʘʪʝʣʷʤʠ 

R, G, B ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʚʝʪʦʜʠʦʜʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʣʶʤʠʥʦʬʦʨʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʣʫʯʘʪʝʣʠ 

R, G, B ʠʤʝʶʪ ʥʝ ʩʠʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʘ ʤʦʜʫʣʴ W ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ. ɺ ʩʣʫʯʘʝ ʚʳʙʦʨʘ 

ʩʚʝʪʦʜʠʦʜʦʚ RGBW ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʢʦʤʧʦʥʦʚʢʫ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʩ-

ʣʦʚʳʭ ʜʘʥʥʳʭ ʧʣʦʱʘʜʴ ʧʘʥʝʣʠ ʩʚʝʪʦʜʠʦʜʦʚ 0,0764 ʤ2 ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ F = 43000 

ʣʤ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʤʧ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʠʟʤʝʥʷʷ ʩʠʣʫ ʪʦʢʘ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʡ ʩʧʝʢʪʨ ʩʚʝʪʘ [10].   

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʜʠʦʜʘʤʠ RGBW ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇ1ïʇ4, 

ʪʦ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʡ: 

- ʧʨʠ ʇ1 ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʠʟʣʫʯʘʪʝʣʴ B; 
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- ʧʨʠ ʇ2 ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʝʩʴ RGBW, ʥʦ ʠ ʠʤʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʣʫʯʘʪʝʣʴ 

B, ʯʪʦʙʳ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʦʩʧʨʠʷʪʠʝ ʩʘʡʨʳ ʩʚʝʪʘ ʚ ʪʝʥʝʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘ ʢʦʪʦ-

ʨʳʡ ʥʘʩʪʨʦʝʥ ʛʣʘʟ ʩʘʡʨʳ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʙʦʨʪʫ ʩʫʜʥʘ, ʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ. ɿʘʪʝʤ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʳ ʩʥʠʞʘʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ B ʠ ʫʚʝʣʠ-

ʯʠʚʘʪʴ ʩʧʝʢʪʨ ʩʚʝʪʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 565 ʥʤ, ʠʩʧʦʣʴʟʫʷ ʚʝʩʴ ʩʚʝʪʦʜʠʦʜ RGBW; 

- ʧʨʠ ʇ3 ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʩʪʨʦʡʢʫ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʧʦʩʣʝʜʥʝʤ ʨʝʞʠʤʝ ʇ2; 

- ʧʨʠ ʇ4 ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʠʟʣʫʯʘʪʝʣʴ G.  

ʀʟ ʦʧʠʩʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ RGBW ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʣʘʤʧʳ ʩʠʥʝʛʦ ʩʚʝʪʘ B, ʟʝʣʝʥʦʛʦ G ʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ, ʦʜʠʥ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʳ ʢ ʩʚʝʪʫ ʠ ʢʦʛʜʘ ʵʪʘ ʘʜʘʧʪʘʮʠʷ ʥʘʩʪʫʧʠʣʘ. 

ʉʚʝʪʦʜʠʦʜʳ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʠʥʝʛʦ 

ʩʚʝʪʦʜʠʦʜʘ ʩ ʨʘʟʥʳʤ ʣʶʤʠʥʦʬʦʨʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʪʘʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʮʚʝʪʘ ʚ ʢʝʣʴʚʠʥʘʭ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝ-

ʪʦʚʦʛʦ ʧʦʪʦʢʘ (ʢʨʠʚʘʷ ʇʣʘʥʢʘ) ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ 

ʪʝʤʧʝʨʘʪʫʨʘ 7000 ʂ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʩ ʣʶʤʠʥʦʬʦ-

ʨʦʤ. ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʸʥʥʳʝ ʜʘʥʥʳʝ ʩʚʝʪʦʜʠʦʜʦʚ, ʜʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʩʚʝʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʚʝʪʦʜʠʦʜʦʚ ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴ ʩʚʝ-

ʪʦʜʠʦʜʳ ʩ ʠʟʤʝʥʸʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. 

ʀʟ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 5) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʩʚʝʪʦʜʠʦʜ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 5000 ʂ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ, ʙʣʠʟʢʠʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʪʦ-

ʨʦʛʦ ʢʦʥʫʩʘ 565 ʥʤ, ʩʧʝʢʪʨ ʪʘʢʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 6. ʉʧʝʢʪʨ ʩʚʝʪʦʜʠʦʜʘ 5000 ʂ 

ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʚʣʝʢʘʪʴ ʩʘʡʨʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢ ʜʥʝʚʥʦʤʫ ʩʚʝʪʫ. 

 

  
 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  

(ʘʚʪʦʨʩʢʠʡ ʨʠʩʫʥʦʢ) 

Fig. 5. Diagram of the distribution of the intensity of the luminous flux at different temperatures. 

 Compiled by the authors 
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ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʝʪʦʜʠʦ-

ʜʦʚ ʙʝʣʦʛʦ ʩʚʝʪʘ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 6. Is a diagram of the distribution of the intensity of the luminous flux at different temperatures of white 

light LEDs. Compiled by the authors 

 

ɼʣʷ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʟʨʝʥʠʷ ʩʘʡʨʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʸʧʣʳʡ ʜʥʝʚʥʦʡ ʩʚʝʪ ʩ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʩʠʥʠʤ ʩʧʝʢʪʨʦʤ ʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʪʦʨʦʛʦ ʢʦʥʫʩʘ 565 ʥʤ. ʀʩʭʦʜʷ 

ʠʟ ʩʧʝʢʪʨʦʚ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ (ʨʠʩ. 6), ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʜʠʦʜ ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ 3500 ʂ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʙʣʠʞʝ ʢ 565 ʥʤ ʠ ʤʝʥʴʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʝʛʦ 

ʩʚʝʪʘ. ʇʦʩʢʦʣʴʢʫ ʫ ʩʚʝʪʦʜʠʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 4000 ʂ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʝʛʦ ʠ ʧʨʠ 565 ʥʤ 

ʧʦʯʪʠ ʨʘʚʥʳ, ʫ ʩʚʝʪʦʜʠʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 3000 ʂ ʩʫʤʤʘʨʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 380ï

565 ʥʤ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʚʝʪʦʜʠʦʜʘ 3500 ʂ. 

ʉʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʨʘʟʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʥʘ 

ʚʳʩʪʨʝʣʝ ʣʶʩʪʨ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʣʶʩʪʨʳ ʩ ʦʙʣʘ-

ʩʪʷʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ, ʛʜʝ ʦʙʣʘʩʪʴ ɹ ï ʦʙʣʘʩʪʴ ʧʨʷʤʦʛʦ ʧʦʪʦʢʘ ʩʚʝʪʘ ʦʪ 

ʣʶʩʪʨ, ɸ ï ʦʙʣʘʩʪʴ ʫ ʩʫʜʥʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʫʛʣʦʤ ʨʘʩʩʝʠʚʘʥʠʷ ʩʚʝʪʘ ʣʶʩʪʨ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʩʚʝʪʦʚʦʝ ʧʦʣʝ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʘʡʨʳ ʩʦʩʪʘʚʣʷʝʪ 150ï200 ʣʤ [11]. ʆʙʣʘʩʪʴ ɻ (ʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ) ï ʦʙʣʘʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʩʘʡʨʳ ʢ ʩʫʜʥʫ, ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʥʘʷ ʫʛʣʦʤ ʨʘʩʩʝʠʚʘ-

ʥʠʷ ʩʚʝʪʘ ʣʶʩʪʨ ɻ, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʩʘʡʨʳ ʩʦʩʪʘʚʣʷʝʪ 

0,01ï0,1 ʣʢ [11], ʧʦʵʪʦʤʫ ɺ ï ʧʝʨʠʬʝʨʠʡʥʘʷ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʫʛʣʦʤ ʨʘʩʩʝʠʚʘʥʠʷ ʩʚʝʪʘ ʣʶʩʪʨ ɺ, 

ʣʝʞʠʪ ʧʦ ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʝʥʴʰʝ 150 ʣʢ ʠ ʙʦʣʝʝ 0,1 ʣʢ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʥʳʝ ʦʙʣʘʩʪʠ ɸ, ɹ, ɺ, 

ɻ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʳ ʧʦʢʘʟʘʥʳ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʠʭ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩ. 7. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʣʘʤʧ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 7. Is a diagram of the distribution of the intensity of the luminous flux from the lamps.  

Compiled by the authors 

 

ɼʣʷ ʦʙʣʘʩʪʠ ɻ ʠ ɺ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʤʧʳ ʩʠʥʝʛʦ ʩʚʝʪʘ B: ʧʨʠ ʧʘʜʝʥʠʠ ʤʦʱʥʦ-

ʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʩʠʥʠʡ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʚ ʚʦʜʝ. ʊʘʢʞʝ 

ʩʘʡʨʘ, ʟʘʭʦʜʷ ʚ ʦʙʣʘʩʪʴ B, ʥʘʯʠʥʘʝʪ ʧʨʦʭʦʜʠʪʴ ʘʜʘʧʪʘʮʠʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʵʪʦʛʦ ʥʝ-

ʦʙʭʦʜʠʤ ʩʠʥʠʡ ʩʚʝʪ.  

ʇʦ ʤʝʨʝ ʘʜʘʧʪʘʮʠʠ ʩʘʡʨʘ ʙʫʜʝʪ ʙʣʠʞʝ ʧʦʜʭʦʜʠʪʴ ʢ ʙʦʨʪʫ ʩʫʜʥʫ (ʦʙʣʘʩʪʴ ɹ), ʧʦʵʪʦʤʫ 

ʟʜʝʩʴ ʨʘʟʤʝʱʘʶʪ ʣʘʤʧʳ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5000 ʂ. ʅʘʠʙʦʣʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ 

ʩʘʡʨʘ ʧʦʜʭʦʜʠʪ ʙʣʠʞʝ ʢ ʙʦʨʪʫ ʩʫʜʥʘ (ʦʙʣʘʩʪʴ ɸ), ʛʜʝ ʥʝʦʙʭʦʜʠʤʘ ʫʩʪʘʥʦʚʢʘ ʣʘʤʧ ʜʥʝʚʥʦʛʦ 

ʩʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 3500 ʂ, ʨʘʟʤʝʨ ʣʶʩʪʨ ʢʦʪʦʨʳʭ 14ï20 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʶʩʪʨ ʥʘ 

ʚʳʩʪʨʝʣʝ. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʩʘʡʨʘ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚ 

ʩʧʝʢʪʨʝ 380ï500 ʥʤ (ʩʤ. ʨʠʩ. 2, 3), ʪʘʢʞʝ ʣʘʤʧʘ ʨʘʟʤʝʱʘʝʪʩʷ ʫ ʙʦʨʪʘ ʩʫʜʥʘ, ʙʣʠʞʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. ʀ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ, ʚ 

ʩʚʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʙʣʠʞʝ ʢ ʙʦʨʪʫ ʩʫʜʥʘ ɸ ʠ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ɹ ʤʦʞʝʪ ʩʢʘʧʣʠʚʘʪʴʩʷ ʙʦʣʴʰʝ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʩʚʝʪʫ ʩʘʡʨʳ, ʯʝʤ ʚ ʦʙʣʘʩʪʠ ɹ ʠ ɺ. ɼʨʫʛʠʝ ʣʘʤʧʳ ʚʳʙʠʨʘʝʤ ʧʦ ʨʘʟʤʝʨʫ ʨʘʚ-

ʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ, ʫʯʠʪʳʚʘʷ ʩʧʝʢʪʨ ʣʘʤʧʳ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5000 ʂ, ʚ ʥʝʤ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦ ʠ ʤʦʱʥʳʡ ʩʠʥʠʡ ʩʧʝʢʪʨ, ʠ ʟʘʜʘʯʘ ʵʪʠʭ ʣʘʤʧ ï ʧʨʠʚʣʝʯʴ ʩʢʦʧʣʝʥʠʷ ʩʘʡʨʳ 

ʢ ʙʦʨʪʫ ʩʫʜʥʘ, ʧʦʵʪʦʤʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʣʘʤʧ 3500ʂ.  

 

ɿʘʢʣʶʯʝʥʠʝ  

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, 4] ʚʦʩʧʨʠʷʪʠʷ ʩʧʝʢʪʨʘ ʩʘʡʨʳ ʠ ʝʝ ʘʜʘʧʪʘʮʠʠ ʢ ʩʚʝʪʫ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʩʪʝʨʞʥʝʡ, ʧʘʣʦʯʝʢ ʠ ʜʚʦʡʥʳʭ ʢʦʥʫʩʦʚ ʩʘʡʨʳ (ʩʤ. 

ʨʠʩ. 2), ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʩʧʝʢʪʨʦʚ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʨʘʟʤʝʱʝʥʠʷ ʣʶʩʪʨ ʥʘ 

ʙʦʨʪʫ ʩʫʜʥʘ.  

ʈʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʧʦʜʭʦʜ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʚʝʪʦʜʠʦʜʦʚ, ʠʩʭʦʜʷ ʠʟ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ RGBW ʠ ʣʘʤʧ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʜʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ: ʩʠʥʝʛʦ ʩʚʝʪʘ B 

495 ʥʤ, ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5000 ʂ ʠ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 3500 ʂ. ʆʪ-

ʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʤʧ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ G ʚ ʜʠʘʧʘʟʦʥʝ 520ï530 ʥʤ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʣʦʚʘ ʣʦʚʫʰʢʦʡ.  

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ RGBW, ʠʭ ʩʪʦʠʤʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʩʧʨʠʷʪʠʷ ʩʘʡʨʦʡ 

ʩʚʝʪʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʝʥʠʷ ʣʘʤʧ ʟʘʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘ 
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ʩʚʝʪʘ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠ ʧʨʝʜʣʦʞʝʥʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʣʶʩʪʨ ʠʟ ʩʚʝʪʦʜʠʦʜʦʚ ʚʜʦʣʴ ʙʦʨʪʦʚ ʩʫʜʥʘ 

ʩ ʫʯʝʪʦʤ ʧʦʚʝʜʝʥʠʷ ʩʘʡʨʳ ʚ ʭʦʜʝ ʧʨʦʤʳʩʣʘ: ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʩʚʝʪʫ ʩʘʡʨʘ ʥʘʭʦʜʠʪʩʷ ʙʣʠʞʝ ʢ 

ʙʦʨʪʫ ʩʫʜʥʘ ʠ ʦʙʣʫʯʘʶʪʩʷ ʩʚʝʪʦʤ ʚ ʞʝʣʪʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ 3500 ʂ (15ï20 % ʩʚʝʪʘ), 

ʩʘʡʨʘ ʚ ʧʨʦʮʝʩʩʝ ʘʜʘʧʪʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʜʘʣʴʰʝ ʦʪ ʙʦʨʪʘ ʩʫʜʥʘ ʠ ʦʙʣʫʯʘʝʪʩʷ ʜʥʝʚʥʳʤ ʩʚʝʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 5000 ʂ (40ï44 % ʩʚʝʪʘ), ʩʘʡʨʘ, ʧʦʧʘʚʰʘʷ ʚ ʩʚʝʪʦʚʫʶ ʦʙʣʘʩʪʴ ʩʫʜʥʘ ʠʟ ʪʝʤʥʦʡ 

ʦʙʣʘʩʪʠ, ʦʙʣʫʯʘʝʪʩʷ ʩʠʥʠʤ ʩʚʝʪʦʤ 495 ʥʤ (40ï44% ʩʚʝʪʘ). ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦ-

ʜʦʚ RGBW ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʤ ʩʧʝʢʪʨʦʤ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩʦ ʩʭʝʤʦʡ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩ. 7, ʘ ʪʘʢʞʝ ʩ ʧʣʘʚʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʟʦʥʘʤʠ ʤʝʞʜʫ ʮʚʝʪʘʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʘʨʘʟʠʪʦʚ ʨʳʙ ʠ ʙʨʶʭʦʥʦʛʠʭ 

ʤʦʣʣʶʩʢʦʚ ʦʟʝʨʘ ʏʘʥ ʚ ʛʦʨʦʜʝ ɺʣʘʜʠʚʦʩʪʦʢ. ʅʘ ʧʨʝʜʤʝʪ ʧʘʨʘʟʠʪʘʨʥʳʭ ʠʥʚʘʟʠʡ ʙʳʣʠ 

ʦʙʩʣʝʜʦʚʘʥʳ ʨʳʙʳ ʠʟ ʩʝʤʝʡʩʪʚ ʢʘʨʧʦʚʳʭ Cyprinidae (Carassius gibelio, Hemiculter 

leucisculus) ʠ ʦʜʦʥʪʦʙʫʪʦʚʳʭ Odontobutidae (Perccottus glenii) ʠ ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ 

ʠʟ ʩʝʤʝʡʩʪʚʘ ʧʨʫʜʦʚʠʢʦʚ Lymnaeidae (Radix auricularia). ɺ ʦʙʱʝʤ ʚʳʷʚʣʝʥʦ ʧʷʪʴ ʚʠʜʦʚ 

ʧʘʨʘʟʠʪʦʚ ʠʟ ʯʝʪʳʨʸʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʠʧʦʚ: ʧʣʦʩʢʠʝ ʯʝʨʚʠ Platyhelminthes ï 

Trematoda, Orientocreadium cf. pseudobagri; ʢʨʫʛʣʳʝ ʯʝʨʚʠ Nemathelminthes ï Nematoda, 

Rhabdochona sp., Philometroides moraveci; ʠʥʬʫʟʦʨʠʠ Ciliophora ï Trichodina sp.; 

Oomycota ï ʛʨʠʙʦʢ Branchiomyces sanguinis. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ ʦʟʝʨʝ ʧʘʨʘʟʠʪʳ ʪʠʧʠʯʥʳ 

ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʳʙ-ʭʦʟʷʝʚ. ɺ ʘʧʨʝʣʝïʤʘʝ ʚ ʦʟʝʨʝ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʩʤʝʨʪʥʦʩʪʴ 

ʢʘʨʘʩʝʡ C. gibelio ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʨʘʞʝʥʠʷ ʞʘʙʝʨʥʳʤʠ ʧʘʨʘʟʠʪʘʤʠ Trichodina sp. ʠ 

Branchiomyces sanguinis. ʅʘʙʣʶʜʘʣʘʩʴ ʢʨʘʡʥʝ ʚʳʩʦʢʘʷ ʟʘʨʘʞʸʥʥʦʩʪʴ ʤʦʣʣʶʩʢʦʚ R. 

auricularia ʮʝʨʢʘʨʠʷʤʠ ʪʨʝʤʘʪʦʜ ʚʠʜʘ O. pseudobagri. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʘ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʜʩʯʸʪʘ ʮʝʨʢʘʨʠʡ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʤʦʣʣʶʩʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʭʪʠʦʧʘʪʦʣʦʛʠʷ, ʤʘʣʘʢʦʧʘʪʦʣʦʛʠʷ, ʛʝʣʴʤʠʥʪʦʟ, ʮʝʨʢʘʨʠʦʟ, 

ʪʨʠʭʦʜʠʥʦʟ, ʙʨʘʥʭʠʦʤʠʢʦʟ, ʨʘʙʜʦʭʦʥʦʟ, ʬʠʣʦʤʝʪʨʦʠʜʦʟ 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʸʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʌɻɹʆʋ ɺʆ çɼʘʣʴʨʳʙʚʪʫʟè) ʧʦ ʪʝʤʝ ʅʀʈ ˉ 874/2024 çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʘʨʘʟʠʪʦʬʘʫʥʳ ʨʳʙ ʦʟʝʨʘ ʏʘʥ ʚ ʛʦʨʦʜʝ ɺʣʘʜʠʚʦʩʪʦʢè. 
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Abstract. For the first time, the species composition of parasites in fish and gastropods of 

Chan Lake in Vladivostok city was studied. Fish from the families Cyprinidae (Carassius 

gibelio, Hemiculter leucisculus) and Odontobutidae (Perccottus glenii) and gastropods from 

the family Lymnaeidae (Radix auricularia) were examined for parasitic invasions. A total of 

five parasite species from four taxonomic types were identified: flatworms Platyhelminthes ï 

Trematoda, Orientocreadium cf. pseudobagri; roundworms Nemathelminthes ï Nematoda, 

Rhabdochona sp., Philometroides moraveci; ciliates Ciliophora ï Trichodina sp.; Oomycota ï 

fungus Branchiomyces sanguinis. The parasites found in the lake are typical for the studied host 

fish. In April-May, high mortality of crucian carp C. gibelio was observed in the lake due to 

infection with gill parasites Trichodina sp. and Branchiomyces sanguinis. Extremely high 

infection of R. auricularia mollusks with cercariae of trematodes O. pseudobagri was observed. 

The methodology and mathematical expression for counting cercariae emerging from mollusks 

were presented. 

Keywords: ichthyopathology, malacopathology, helminthiasis, cercariosis, trichodiniasis, 

branchiomycosis, rhabdochonosis, philometroidosis 

Funding: this study was performed with financial support of a grant for students of the 

Far Eastern State Technical Fisheries University (FSFEI HE "Dalrybvtuz") on the topic of 

research work No. 874/2024 ñStudy of parasite fauna of fishes of Chan Lake in Vladivostok 

cityò. 

For citation: Belyaev V. P., Vainutis K. S., Afanasyev K. A., Fomina S. A., 

Fominov V. S. Parasite fauna of some hydrobiont species of Chan Lake in Vladivostok city. 

Scientific Journal of the Far Eastern State Technical Fisheries University. 2024; 70(4): 105ï

114. (In Russ.). 

  



 

 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

107 

ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʦ ʏʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʚʦʜʦʸʤ, ʚʦʟʥʠʢʰʠʡ ʠʟ-ʟʘ ʨʘʟʜʝʣʝʥʠʷ 

ʧʦʡʤʳ ʨʝʢʠ ʇʝʨʚʘʷ ʈʝʯʢʘ ʚ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʚʝʪʢʠ ʚ ʢʦʥʮʝ XIX ʚ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʦʡʤʘ ʨʝʢʠ, ʧʦʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʩʪʘʚʰʘʷ ʙʦʣʦʪʦʤ, 

ʧʦʜʧʠʪʳʚʘʝʤʳʤ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʦʙʨʝʣʘ ʚʠʜ 

ʦʟʝʨʘ [15]. ʉʝʡʯʘʩ ʵʪʦ ʦʟʝʨʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʢ ʤʝʩʪʦ ʜʣʷ ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʣʦʚʘ ʨʳʙʳ. 

ɾʠʪʝʣʠ ʤʦʛʫʪ ʣʦʚʠʪʴ ʨʳʙʫ ʢʘʢ ʜʣʷ ʩʧʦʨʪʠʚʥʦʛʦ ʠʥʪʝʨʝʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʫʩʢʦʤ ʦʙʨʘʪʥʦ 

ʚ ʚʦʜʦʸʤ, ʪʘʢ ʠ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʟʝʨʝ ʨʘʩʧʦʣʦʞʝʥʦ ʫʯʠʣʠʱʝ 

ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘ, ʛʜʝ ʟʘʥʠʤʘʶʪʩʷ ʛʨʝʙʣʝʡ ʫʯʘʱʠʝʩʷ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ. ɺʜʦʣʴ ʙʝʨʝʛʘ 

ʧʨʦʣʝʛʘʝʪ ʙʝʛʦʚʘʷ ʜʦʨʦʞʢʘ, ʧʦʧʫʣʷʨʥʘʷ ʩʨʝʜʠ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʝʨʘ, ʝʛʦ ʧʘʨʘʟʠʪʦʬʘʫʥʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʘ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʦʜʦʙʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚʳʷʚʣʷʣʠʩʴ ʧʘʨʘʟʠʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʨʳʙ [8, 10]. ʉʨʝʜʠ ʪʘʢʠʭ ʧʘʨʘʟʠʪʦʚ ʚʩʪʨʝʯʘʣʠʩʴ ʠʥʬʫʟʦʨʠʠ ʨʦʜʦʚ Chilodonella ʠ Trichodina, 

ʞʛʫʪʠʢʦʥʦʩʮʳ ʨʦʜʘ Costia, ʪʨʝʤʘʪʦʜʳ ʠ ʮʝʩʪʦʜʳ [5, 14, 16]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʦʟʝʨʝ ʏʘʥ, ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ. ʅʘ 

ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʦʰʸʣ ʤʘʩʩʦʚʳʡ ʟʘʤʦʨ ʨʳʙʳ, ʯʝʤʫ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ 

ʩʝʨʠʷ ʟʘʧʠʩʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʦʚʦʩʪʥʳʭ ʨʝʩʫʨʩʘʭ [20, 21, 22]. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʧʘʨʘʟʠʪʘʭ 

ʚ ʦʟʝʨʝ ʏʘʥ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʢʘʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʨʳʙʥʳʭ ʧʦʧʫʣʷʮʠʡ, 

ʪʘʢ ʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʙʠʪʝʣʝʡ ʨʳʙʥʦʡ ʣʦʚʣʠ ʠ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʘʨʘʟʠʪʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʦʟʝʨʘ ʏʘʥ ʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʭ ʟʘʨʘʞʝʥʠʷ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʨʳʙʳ ʠʟ ʩʝʤʝʡʩʪʚ ʢʘʨʧʦʚʳʭ Cyprinidae ʠ 

ʦʜʦʥʪʦʙʫʪʦʚʳʭ Odontobutidae ʠ ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ ʠʟ ʩʝʤʝʡʩʪʚʘ ʧʨʫʜʦʚʠʢʦʚ Lymnaeidae 

(ʪʘʙʣ. 1). ʆʪʣʦʚʣʝʥʳ ʚ ʦʟʝʨʝ ʏʘʥ ʚ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ ʘʧʨʝʣʷ ʧʦ ʩʝʨʝʜʠʥʫ ʤʘʷ 2024 ʛ. ʩ ʧʦʤʦʱʴʶ 

ʧʦʜʩʘʢʘ ʠ ʫʜʦʯʢʠ. ʄʘʪʝʨʠʘʣ ʙʳʣ ʩʦʙʨʘʥ ʥʘ ʦʟʝʨʝ ʏʘʥ ʥʘ ʜʝʚʷʪʠ ʩʪʘʥʮʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ. 

 

ʊʘʙʣʠʮʘ 1 

ʀʭʪʠʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

Table 1 

Ichthyological and parasitological material 

 

 

 

 

 

 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʚʠʜ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ɿʘʨʘʞʸʥʥʳʝ ʦʩʦʙʠ, ʰʪ. 
ʅʝʟʘʨʘʞʸʥʥʳʝ ʦʩʦʙʠ, 

ʰʪ. 

Mollusca 

Radix auricularia 52 8 44 

ʈʳʙʳ 

Carassius gibelio 10 9 1 

Hemiculter leucisculus 15 4 7 

Perccottus glenii 26 9 17 
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ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

The schematic representation of Lake Chan. The collection stations are highlighted in red squares.  

Compiled by the authors 

 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʨʳʙ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ [2]. 

ʇʘʨʘʟʠʪʦʚ ʤʦʣʣʶʩʢʦʚ ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʩ ʧʨʝʩʥʦʡ 

ʚʦʜʦʡ ʙʝʟ ʢʦʨʤʣʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ï ʦʜʠʥ ʯʘʩ, ʩʫʪʢʠ, ʪʨʦʝ ʩʫʪʦʢ, ʦʜʥʘ, ʜʚʝ 

ʠ ʪʨʠ ʥʝʜʝʣʠ. ʇʦʩʣʝ ʦʩʤʦʪʨʘ ʢʘʞʜʦʡ ʯʘʰʢʠ ʩ ʤʦʣʣʶʩʢʘʤʠ ʥʘ ʧʨʝʜʤʝʪ ʟʘʨʘʞʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ 

ʧʦʜʩʯʸʪ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʣʣʶʩʢʦʚ ʧʝʨʝʩʘʞʠʚʘʣʠ ʚ ʯʘʰʢʠ ʩ ʯʠʩʪʦʡ ʚʦʜʦʡ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʚʳʡ 

ʵʪʘʧ ʚʳʜʝʣʝʥʠʷ ʮʝʨʢʘʨʠʡ. ʆʮʝʥʢʘ ʯʠʩʣʘ ʮʝʨʢʘʨʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ: 

ʚʤʝʩʪʦ ʯʘʰʝʢ ʇʝʪʨʠ ʩ ʩʝʪʢʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʳʯʥʳʝ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ 

ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʩʪʸʢʣʘ ʪʨʠʭʠʥʝʣʣʦʩʢʦʧʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʛʨʘʚʠʨʦʚʢʦʡ. ʇʦʜʩʯʠʪʳʚʘʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ ʚ ʤʠʥʠʤʫʤ ʜʝʩʷʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʝʢʮʠʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʸʪʦʤ 

ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʮʝʨʢʘʨʠʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʧʣʦʱʘʜʴ ʦʜʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʣʠ ʧʣʦʱʘʜʴ ʯʘʰʢʠ ʇʝʪʨʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ 

ʦʜʥʫ ʯʘʰʢʫ ʇʝʪʨʠ. ʌʦʨʤʫʣʘ ʫʯʠʪʳʚʘʝʪ ʮʝʨʢʘʨʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʘʜʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʦʢʦʷ ʠ ʧʝʨʝʜʚʠʛʘʶʱʠʭʩʷ ʧʝʨʝʧʦʣʟʘʥʠʝʤ ʧʦ ʜʥʫ ʯʘʰʢʠ; ʮʝʨʢʘʨʠʠ, ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʤʝʞʜʫ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʩʝʢʮʠʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʝʥʠʷ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʛʜʝ ʚ ʩʨʝʜʥʝʤ ʥʘ ʦʜʥʫ ʯʘʰʢʫ ʇʝʪʨʠ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʝʨʢʘʨʠʡ ʦʢʦʣʦ 

ʪʳʩʷʯʠ ʧʦʨʷʜʢʘ ʜʚʘʜʮʘʪʠ ʮʝʨʢʘʨʠʡ ʘʢʪʠʚʥʦ ʧʣʘʚʘʣʠ. 

ɺʩʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʝʢʮʠʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʸʢʦʣ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʧʦʵʪʦʤʫ 

ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʭ ʧʣʦʱʘʜʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʝ 

S1=a*b.      (1) 

ʏʘʰʢʘ ʇʝʪʨʠ ʚ ʦʩʥʦʚʘʥʠʠ ʠʤʝʝʪ ʠʜʝʘʣʴʥʫʶ ʦʢʨʫʞʥʦʩʪʴ, ʘ ʟʥʘʯʠʪ, ʧʣʦʱʘʜʴ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʝ 

S2= *́R2.  .    (2) 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʝʨʢʘʨʠʡ, ʚ ʦʙʱʝʤ ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ 

ʯʘʰʢʫ ʇʝʪʨʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʩʢʦʣʴʢʦ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʝʢʮʠʡ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʸʢʦʣ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʜʥʫ ʯʘʰʢʫ ʇʝʪʨʠ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʣʦʱʘʜʝʡ): 

KS .       (3) 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʢʮʠʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʯʝʨʝʟ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ ×Cr, ʨʘʩʩʯʠʪʘʥʥʦʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʯʠʩʣʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʝʢʮʠʡ, ʠ ʯʠʩʣʦ ʩʝʢʮʠʡ n: 

CrAV 
В

.       (4) 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ ʚ ʦʜʥʦʡ ʯʘʰʢʝ ʇʝʪʨʠ ʦʧʨʝʜʝʣʷʶʪ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʣʦʱʘʜʝʡ ʠ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ ʚ ʦʜʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʢʮʠʠ: 

CrS = KS * CrAV.      (5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʨʢʘʨʠʡ ʟʘ ʝʜʠʥʠʯʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʚʢʣʶʯʘʝʪ ʧʣʦʱʘʜʴ ʦʢʨʫʞʥʦʩʪʠ ʯʘʰʢʠ ʇʝʪʨʠ S2, ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʨʢʘʨʠʡ 

ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʝʢʮʠʷʭ ×Cr, ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʢʮʠʠ S1 ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʧʦʜʩʯʸʪʘ ʮʝʨʢʘʨʠʡ n: 

CrS 
Вz

ᶻ
       (6) 

ʏʘʩʪʴ ʩʦʙʨʘʥʥʦʛʦ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ AFA ʧʦ 

ɼʵʚʠʜʩʦʥʫ [3]. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʧʘʨʘʟʠʪʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚʨʝʤʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʧʫʪʸʤ 

ʧʦʤʝʱʝʥʠʷ ʧʘʨʘʟʠʪʘ ʠʣʠ ʪʢʘʥʠ ʭʦʟʷʠʥʘ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʩ ʢʘʧʣʝʡ ʚʦʜʳ ʠ ʧʨʠʞʘʪʠʝʤ 

ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ʅʝʢʦʪʦʨʳʝ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʘʨʘʟʠʪʳ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʛʣʠʮʝʨʠʥ-ʞʝʣʘʪʠʥʫ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [8]. ʇʘʨʘʟʠʪʠʯʝʩʢʠʭ ʧʨʦʩʪʝʡʰʠʭ, ʧʘʨʘʟʠʪʠʨʫʶʱʠʭ ʚ ʞʘʙʨʘʭ ʨʳʙ, ʚʳʷʚʣʷʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʞʠʤʘ ʞʘʙʝʨʥʳʭ ʧʣʘʩʪʠʥʦʢ ʤʝʞʜʫ ʢʦʤʧʨʝʩʩʦʨʥʳʤʠ ʩʪʸʢʣʘʤʠ. ɺʠʜʦʚʫʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʮʝʨʢʘʨʠʡ, ʠʟʚʣʝʯʸʥʥʳʭ ʠʟ ʙʨʶʭʦʥʦʛʠʭ ʤʦʣʣʶʩʢʦʚ, ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʧʨʝʧʘʨʘʪʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʩʚʝʪʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʛʣʠʮʝʨʠʥ-ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 1 : 1 

ʠ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘ ʧʨʝʜʤʝʪʥʳʭ ʩʪʸʢʣʘʭ ʚ ʛʣʠʮʝʨʠʥ-ʞʝʣʘʪʠʥʝ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʘʨʘʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʧʨʝʜʝʣʠʪʝʣʠ ʧʘʨʘʟʠʪʦʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʳʙ ʬʘʫʥʳ ʉʉʉʈ ʧʦʜ ʨʝʜ. ɹʘʫʵʨʘ [1]. ʀʟʛʦʪʦʚʣʝʥʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʭʨʘʥʷʪʩʷ ʚ ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ 

ʘʢʚʘʢʫʣʴʪʫʨʘè ɼʘʣʴʨʳʙʚʪʫʟʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʳʭʦʜʦʤ ʮʝʨʢʘʨʠʡ ʠʟ ʤʦʣʣʶʩʢʦʚ Radix auricularia ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʦʜʥʘ ʠʟ ʢʘʞʜʳʭ 

ʩʝʤʠ ʫʣʠʪʦʢ ʙʳʣʘ ʟʘʨʘʞʝʥʘ ʮʝʨʢʘʨʠʦʟʦʤ. ɺʠʜ ʮʝʨʢʘʨʠʡ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʢʘʢ Orientocreadium 

cf. pseudobagrii ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [4]. ʕʪʦʪ ʚʠʜ ʪʨʝʤʘʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʝʤʝʡʩʪʚʫ Orientocreadiidae; ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʠʢʩʝʥʥʳʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ [17]: ʧʝʨʚʳʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʦʟʷʠʥ ï ʫʣʠʪʢʠ ʨʦʜʘ Lymnaea; ʚʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʦʟʷʠʥ ï ʙʨʶʭʦʥʦʛʠʝ 

ʤʦʣʣʶʩʢʠ, ʛʦʣʦʚʘʩʪʠʢʠ, ʧʨʝʩʥʦʚʦʜʥʳʝ ʨʳʙʳ; ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʭʦʟʷʠʥ ï ʨʦʪʘʥ-ʛʦʣʦʚʸʰʢʘ 

Perccottus glenii, ʢʦʩʘʪʢʘ-ʩʢʨʠʧʫʥ Tachysurus fulvidraco. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʜʝʣʷʝʤʳʭ ʮʝʨʢʘʨʠʡ ʤʦʣʣʶʩʢʘʤʠ R. auricularia ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʠʭ 

ʩʙʦʨʘ: ʚ ʥʘʯʘʣʝ ʘʧʨʝʣʷ, ʧʦʩʣʝ ʦʪʪʘʠʚʘʥʠʷ ʦʟʝʨʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʫʣʠʪʢʘ ʟʘ ʪʨʦʝ ʩʫʪʦʢ ʚʳʜʝʣʷʣʘ 

ʧʦʨʷʜʢʘ 10ï20 ʮʝʨʢʘʨʠʡ; ʪʦʛʜʘ ʢʘʢ ʫʣʠʪʢʠ, ʚʳʣʦʚʣʝʥʥʳʝ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʜʘʪʳ, ʟʘ ʧʝʨʚʳʡ ʯʘʩ 
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ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ ʤʦʛʣʠ ʚʳʜʝʣʷʪʴ ʜʦ ʧʷʪʠ ʪʳʩʷʯ ʮʝʨʢʘʨʠʡ, ʘ ʝʜʠʥʠʯʥʳʝ ʦʩʦʙʠ ï 

ʜʦ ʜʚʘʜʮʘʪʠ ʪʳʩʷʯ. ɺ ʮʝʣʦʤ ʟʘ ʩʫʪʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʫʣʠʪʦʢ ʚʳʜʝʣʷʣʠ ʙʦʣʝʝ ʜʝʩʷʪʠ ʪʳʩʷʯ 

ʮʝʨʢʘʨʠʡ. 

ʅʘ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʟʝʨʝ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʘʧʨʝʣʷ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʤʘʩʩʦʚʳʡ ʟʘʤʦʨ ʢʘʨʘʩʝʡ Carassius gibelio ï ʜʦ 100 ʟʨʝʣʳʭ ʦʩʦʙʝʡ. ɿʘʤʦʨ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ: ʨʳʙʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʙʦʢʫ, ʤʝʜʣʝʥʥʦ ʜʚʠʛʘʣʘ ʧʣʘʚʥʠʢʘʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʛʠʨʦʚʘʣʘ ʥʘ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. 

ʇʨʠ ʦʩʤʦʪʨʝ ʞʘʙʨ ʢʘʨʘʩʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʯʝʯʥʳʝ ʧʦʢʨʘʩʥʝʥʠʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʢʨʘʩʢʘ ï ʦʪ 

ʨʦʟʦʚʦʛʦ ʜʦ ʩʝʨʦʛʦ ʦʪʪʝʥʢʦʚ, ʧʨʠʯʸʤ ʞʘʙʝʨʥʳʝ ʣʝʧʝʩʪʢʠ ʦʪʩʣʘʠʚʘʣʠʩʴ ʧʨʠ ʣʸʛʢʦʤ 

ʧʨʠʢʦʩʥʦʚʝʥʠʠ. ʇʨʠ ʧʦʣʥʦʤ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʤ ʚʩʢʨʳʪʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʟʘʨʘʞʝʥʠʝ ʞʘʙʨ ʢʘʨʘʩʝʡ ʧʨʦʩʪʝʡʰʠʤʠ ʨʦʜʘ Trichodina (ʙʦʣʝʝ 30 ʢʣʝʪʦʢ ʥʘ ʦʜʥʫ ʞʘʙʝʨʥʫʶ 

ʜʫʛʫ) ʠ ʛʨʠʙʢʦʚʳʤ ʧʦʨʘʞʝʥʠʝʤ Branchiomyces sanguinis, ʧʨʠ ʵʪʦʤ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ 

ʩʦʩʪʘʚʠʣʘ 90 %. 

ʄʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ ʪʘʢʞʝ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 15 ʦʩʦʙʝʡ 

ʢʦʨʝʡʩʢʦʡ ʚʦʩʪʨʦʙʨʶʰʢʠ Hemiculter leucisculus ʠ 26 ʦʩʦʙʝʡ ʨʦʪʘʥʘ-ʛʦʣʦʚʸʰʢʠ (Perccottus 

glenii). ʋ ʯʝʪʳʨʸʭ ʚʦʩʪʨʦʙʨʶʰʝʢ ʠʟ ʢʠʰʝʯʥʠʢʘ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʥʝʤʘʪʦʜʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʦʜʘ Rhabdochona, ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʥʚʘʟʠʠ ï ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʸʭ ʦʩʦʙʝʡ ʥʘ 

ʟʘʨʘʞʸʥʥʫʶ ʨʳʙʫ, ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʩʦʩʪʘʚʠʣʘ 26,66 %, ʠʥʜʝʢʩ ʦʙʠʣʠʷ ï 0,64 ʦʩʦʙʠ ʥʘ 

ʦʙʩʣʝʜʦʚʘʥʥʫʶ ʨʳʙʫ. ʋ ʚʦʩʴʤʠ ʨʦʪʘʥʦʚ ʚ ʞʘʙʨʘʭ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʩʪʝʡʰʠʝ ʨʦʜʘ 

Trichodina, ʘ ʠʟ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʦʜʥʦʛʦ ʨʦʪʘʥʘ ʙʳʣʘ ʠʟʚʣʝʯʝʥʘ ʥʝʤʘʪʦʜʘ Philometroides 

moraveci, ʧʨʠ ʵʢʩʪʝʥʩʠʚʥʦʩʪʠ ʠʥʚʘʟʠʠ 34,62% (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʟʘʨʘʞʸʥʥʦʩʪʠ ʙʨʶʭʦʥʦʛʠʭ ʤʦʣʣʶʩʢʦʚ ʠ ʨʳʙ 

Table 2 

Infection rates of gastropods and fish 

 

ʍʦʟʷʠʥ ɺʠʜ ʧʘʨʘʟʠʪʘ ʃʦʢʘʣʠʟʘʮʠʷ ʧʘʨʘʟʠʪʘ 
ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ, % 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ 

ʀʥʜʝʢʩ 

ʦʙʠʣʠʷ 

Radix 

auricularia 

Orientocreadium 

cf. pseudobagrii 

ʄʘʥʪʠʡʥʘʷ ʧʦʣʦʩʪʴ 
15,38 1ï24000 ī 

Carassius 

gibelio 

Trichodina sp. ɾʘʙʨʳ 

90 ī ī Branchiomyces 

sanguinis 

ɾʘʙʨʳ 

Hemiculter 

leucisculus 
Rhabdochona sp. 

ʂʠʰʝʯʥʠʢ 
26,66 1ï3 0,64 

Perccottus 

glenii 

Trichodina sp. ɾʘʙʨʳ 

34,62 ī ī Philometroides 

moraveci 

ʅʠʞʥʷʷ ʯʝʣʶʩʪʴ 

 

ʆʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʩʪʦʷʚʰʠʝʩʷ ʧʘʨʘʟʠʪ-ʭʦʟʷʠʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʦʟʝʨʘ ʏʘʥ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʟʘʨʘʞʸʥʥʦʩʪʠ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʚʠʜʦʚʦʤ 



 

 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

111 

ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʘʨʘʟʠʪʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʦʟʝʨʝ ʚʩʪʨʝʯʘʣʠʩʴ ʞʘʙʝʨʥʳʝ ʵʢʪʦʧʘʨʘʟʠʪʳ ʚ ʢʘʨʘʩʝ C. 

gibelio (Trichodina sp., Branchiomyces sanguinis) ʠ ʨʦʪʘʥʝ-ʛʦʣʦʚʸʰʢʝ Perccottus glenii 

(Trichodina sp.) (ʪʘʙʣ. 2). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʥʘʯʝʥʠʷ ʵʢʩʪʝʥʩʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʥʚʘʟʠʠ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ: ʚʩʪʨʝʯʘʝʤʦʩʪʴ 90 % ʫ Trichodina sp. ʠ B. 

sanguinis ʚ C. gibelio; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʤʦʣʣʶʩʢʦʚ Radix auricularia ʮʝʨʢʘʨʠʷʤʠ 

Orientocreadium cf. pseudobagrii ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 24000 ʦʩʦʙʝʡ ʠʟ 

ʦʜʥʦʛʦ ʤʦʣʣʶʩʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʸʭ ʥʝʜʝʣʴ. ɺ ʮʝʣʦʤ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʦʟʝʨʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ 

ʠ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʧʘʨʘʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʠʧʠʯʥʫʶ ʧʘʨʘʟʠʪʦʬʘʫʥʫ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʨʳʙ ʠ 

ʤʦʣʣʶʩʢʦʚ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ [9]. ɺʝʨʦʷʪʥʦ, ʦʙʥʘʨʫʞʝʥʠʝ ʵʪʠʭ ʠʭʪʠʦʧʘʪʦʛʝʥʦʚ ʚ ʦʟʝʨʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʪʨʦʜʫʢʮʠʝʡ ʯʝʨʝʟ ʨʝʢʫ ʇʝʨʚʘʷ ʈʝʯʢʘ, ʚʧʘʜʘʶʱʝʡ ʚ ɸʤʫʨʩʢʠʡ ʟʘʣʠʚ ʚ 

ʘʢʚʘʪʦʨʠʠ ʛʦʨʦʜʘ ɺʣʘʜʠʚʦʩʪʦʢ. ʋʯʠʪʳʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʨʝʢʠ (8,5 

ʢʤ) ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʙʦʣʴʰʝʡ ʝʸ ʯʘʩʪʠ ʯʝʨʝʟ ʛʦʨʦʜʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʤʘʣʦʚʝʨʦʷʪʥʘ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʥʪʨʦʜʫʢʮʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʟʠʪʦʚ. ʉʢʦʨʝʝ ʚʩʝʛʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʠʥʪʨʦʜʫʢʮʠʷ ʧʫʪʸʤ ʟʘʩʝʣʝʥʠʷ ʟʘʨʘʞʸʥʥʳʭ ʨʳʙ ʚ ʦʟʝʨʦ 

ʏʘʥ ʠʟ ʜʨʫʛʠʭ ʚʦʜʦʸʤʦʚ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ. ʅʘʭʦʜʢʠ ʠʥʬʫʟʦʨʠʡ Trichodina sp., ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʚ ʞʘʙʨʘʭ ʢʘʨʘʩʷ ʠ ʨʦʪʘʥʘ, ʠ ʥʝʤʘʪʦʜ Rhabdochona sp. ʠʟ ʢʠʰʝʯʥʠʢʘ ʢʦʨʝʡʩʢʦʡ ʚʦʩʪʨʦʙʨʶʰʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʦʚʳʤ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʣʷ ʵʪʠʭ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʳʙʘʭ ʚ ʜʨʫʛʠʭ ʚʦʜʦʸʤʘʭ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ [4, 7]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʙʦʨʦʢ 

ʦʙʩʣʝʜʫʝʤʳʭ ʨʳʙ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʨʘʞʸʥʥʦʩʪʠ. ʊʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʘʤʢʠ Philometrides moraveci ʧʦʜ ʢʦʞʝʡ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʨʦʪʘʥʘ, 

ʚʳʣʦʚʣʝʥʥʦʛʦ ʫ ʙʝʨʝʛʘ ʦʟʝʨʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʦʸʤʘ ʠ ʩʝʟʦʥʥʦʩʪʠ ʟʘʨʘʞʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʙʦʣʴʰʝʡ ʚʳʙʦʨʢʠ ʨʳʙ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʪʘʥʦʚ, ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʘʨʘʟʠʪʦʬʘʫʥʳ ʦʟʝʨʘ 

ʠ ʦʪʥʦʰʝʥʠʡ ʩʠʩʪʝʤʳ çʧʘʨʘʟʠʪ-ʭʦʟʷʠʥè. 

ʄʘʩʩʦʚʳʡ ʟʘʤʦʨ ʢʘʨʘʩʝʡ Carassius gibelio ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʳʣ ʚʳʟʚʘʥ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʙʠʦʪʠʯʝʩʢʠʭ (ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʸʤʘ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ) ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

(ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʚʷʟʘʥʥʦʝ ʩʦ ʩʙʨʦʩʦʤ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʦʸʤʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ) [23]. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʦʜʦʦʙʤʝʥʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʨʠʚʝʣʦ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʮʚʝʪʝʥʠʶ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʚʪʨʦʬʠʢʘʮʠʠ ʦʟʝʨʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʚʪʨʦʬʠʢʘʮʠʷ ʦʟʝʨʘ 

ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʠʤʤʫʥʠʪʝʪʘ ʨʳʙ, ʩʥʠʞʝʥʠʶ ʠʭ ʠʤʤʫʥʥʦʡ ʨʝʘʢʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʦʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʘʪʦʛʝʥʘʤ ï Trichodina sp. ʠ B. sanguinis. 

ɿʘʨʘʞʝʥʠʝ ʤʦʣʣʶʩʢʦʚ Radix auricularia ʮʝʨʢʘʨʠʷʤʠ Orientocreadium cf. pseudobagrii 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘ ʦʟʝʨʝ ʧʦʧʫʣʷʮʠʠ ʦʟʸʨʥʳʭ ʯʘʝʢ Larus ridibundus, ʣʳʩʫʭ 

Fulica atra ʠʣʠ ʧʪʠʮ ʠʟ ʩʝʤʝʡʩʪʚʘ ʫʪʠʥʳʝ Anatidae, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʤʠ 

ʭʦʟʷʝʚʘʤʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʝʤʘʪʦʜ. ɹʝʩʧʨʦʟʚʘʥʥʳʭ ʠ ʩʦʘʚʪʦʨʳ [17] ʠʟʫʯʠʣʠ ʤʦʨʬʦʣʦʛʠʶ ʠ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ O. pseudobagri ʠʟ ʨʝʢʠ ʈʘʟʜʦʣʴʥʘʷ, ʦʟʝʨʘ ʍʘʥʢʘ ʠ ʥʝʢʦʪʦʨʳʭ ʥʝʙʦʣʴʰʠʭ 

ʙʝʟʳʤʷʥʥʳʭ ʦʟʸʨ ʠ ʧʨʫʜʦʚ ʥʝʜʘʣʝʢʦ ʦʪ ʛʦʨʦʜʘ ɺʣʘʜʠʚʦʩʪʦʢ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʪʘʥ Perccottus glenii ʟʘʨʘʞʘʝʪʩʷ ʮʝʨʢʘʨʠʷʤʠ O. pseudobagri ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʦʟʷʠʥ (ʣʦʢʘʣʠʟʘʮʠʷ ï ʤʳʰʮʳ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʭʦʟʷʠʥʘ (ʢʠʰʝʯʥʠʢ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʨʦʪʘʥʘ ʮʝʨʢʘʨʠʷʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ ʧʦʩʣʝʜʥʠʭ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʚ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʨʦʪʘʥʦʚ ʦʢʘʟʘʣʠʩʴ 

ʟʘʨʘʞʸʥʥʳʤʠ, ʥʠ ʚ ʦʜʥʦʡ ʦʩʦʙʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʝʪʘʮʝʨʢʘʨʠʡ O. pseudobagri ʚ ʤʳʰʮʘʭ 

ʠʣʠ ʤʘʨʠʪ ʚ ʢʠʰʝʯʥʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʚʘʟʠʚʥʳʡ ʩʪʘʪʫʩ ʨʦʪʘʥʘ-ʛʦʣʦʚʸʰʢʠ ʠ ʦʙʳʯʥʦ ʚʳʩʦʢʫʶ 

ʟʘʨʘʞʘʝʤʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʘʨʘʟʠʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ 

[12ï16], ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʘʞʸʥʥʦʩʪʠ ʵʪʦʡ ʨʳʙʳ ʥʝ ʚʩʝʛʜʘ ʨʘʚʥʦʤʝʨʥʳ, ʘ ʠʤʝʥʥʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʧʘʨʘʟʠʪʦʚ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʦʸʤʘ ʠ ʨʝʛʠʦʥʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʜʘʧʪʠʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʪʘʥʘ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʚ ʣʶʙʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ ʠ ʧʝʨʝʥʦʩʠʪʴ 



 

 

ISSN 2713-3222. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ˉ 4 (ʪ. 70) 
) 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

112 

ʤʥʦʛʠʝ ʛʨʫʧʧʳ ʧʘʨʘʟʠʪʦʚ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩʚʝʜʝʥʠʡ ʧʦ 

ʟʘʨʘʞʸʥʥʦʩʪʠ ʨʦʪʘʥʘ O. pseudobagri ʥʘ ʩʪʘʜʠʠ ʤʝʪʘʮʝʨʢʘʨʠʡ ʠʣʠ ʤʘʨʠʪ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʦʨʢʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʵʪʦʡ ʪʨʝʤʘʪʦʜʳ ʚ ʚʦʜʦʸʤʘʭ ɺʣʘʜʠʚʦʩʪʦʢʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʥʘʨʫʞʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʠʭ 

ʥʘʭʦʜʢʘʤ ʚ ʜʨʫʛʠʭ ʧʨʝʩʥʳʭ ʚʦʜʦʸʤʘʭ ʶʛʘ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʦʩʣʝ ʩʭʦʞʜʝʥʠʷ ʣʴʜʘ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʘʧʨʝʣʷ ʧʨʠʤʝʨʥʦ ʦʜʥʘ ʠʟ ʩʝʤʠ ʫʣʠʪʦʢ Radix 

auricularia ʚ ʦʟʝʨʝ ʏʘʥ ʟʘʨʘʞʝʥʘ ʮʝʨʢʘʨʠʦʟʦʤ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʷʝʤʳʭ ʮʝʨʢʘʨʠʡ. 
ʅʘʙʣʶʜʘʝʤʳʡ ʚ ʦʟʝʨʝ ʟʘʤʦʨ ʢʘʨʘʩʝʡ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʩʚʷʟʘʥ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʵʚʪʨʦʬʠʢʘʮʠʝʡ ʚʦʜʦʸʤʘ. ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʟʨʝʣʘʷ ʨʳʙʘ ʧʦʩʣʝ ʟʠʤʦʚʘʥʠʷ ʙʳʣʘ 

ʦʪʨʘʚʣʝʥʘ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺʦ ʚʨʝʤʷ ʮʚʝʪʝʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʚʝʨʦʷʪʥʦ, 

ʢʘʨʘʩʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʜʝʡʩʪʚʠʶ ʬʠʢʦʪʦʢʩʠʥʦʚ ï ʚʩʸ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʩʣʘʙʠʣʦ 

ʠʤʤʫʥʠʪʝʪ ʨʳʙ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʨʳʙʘ ʙʳʣʘ ʟʘʨʘʞʝʥʘ ʠʥʬʫʟʦʨʠʷʤʠ Trichodina sp. ʠ ʛʨʠʙʢʦʤ 

Branchiomyces sanguinis, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ ʨʳʙʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʫʝʤʫʶ ʚʳʙʦʨʢʫ ʨʳʙ ʠ ʤʦʣʣʶʩʢʦʚ ʦʟʝʨʘ 

ʏʘʥ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʧʦ ʟʘʨʘʞʸʥʥʦʩʪʠ ʯʣʝʥʠʩʪʦʥʦʛʠʭ, ʯʪʦʙʳ ʩʦʩʪʘʚʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ 

ʢʘʨʪʠʥʫ ʧʘʨʘʟʠʪʦʬʘʫʥʳ ʦʟʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʫʧʦʪʨʝʙʣʷʶʪ ʨʳʙʫ ʠʟ ʵʪʦʛʦ ʚʦʜʦʸʤʘ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

 

1. ɹʘʫʵʨ ʆ. ʅ. (ʨʝʜ.). ʆʧʨʝʜʝʣʠʪʝʣʴ ʧʘʨʘʟʠʪʦʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʳʙ ʬʘʫʥʳ ʉʉʉʈ: ʚ 3 ʪ. ʃ.: 

ʅʘʫʢʘ, ʃʝʥʠʥʛʨʘʜʩʢʦʝ ʦʪʜ-ʥʠʝ, 1984ï1987. 

2. ɹʳʭʦʚʩʢʘʷ-ʇʘʚʣʦʚʩʢʘʷ ʀ. ɽ. ʇʘʨʘʟʠʪʳ ʨʳʙ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʟʫʯʝʥʠʶ. ʃ.: ʅʘʫʢʘ, 1985. 

121 ʩ. 

3. ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʦʭʨʘʥʝ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ (OIE). ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʪʝʩʪʘʤ ʜʣʷ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ, 2019. 

4. ɽʨʤʦʣʝʥʢʦ ɸ. ɺ, ɹʝʩʧʨʦʟʚʘʥʥʳʭ ɺ. ɺ. ʇʘʨʘʟʠʪʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʶʛʘ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ. ʏʘʩʪʴ 1. ʇʨʦʩʪʝʡʰʠʝ, ʢʥʠʜʘʨʠʠ ʠ ʤʦʥʦʛʝʥʝʠ. ɺʣʘʜʠʚʦʩʪʦʢ, 2009. 186 c. 

5. ɹʝʩʧʨʦʟʚʘʥʥʳʭ ɺ. ɺ., ɽʨʤʦʣʝʥʢʦ ɸ. ɺ., ʅʘʜʪʦʯʠʡ ɽ. ɺ. ʇʘʨʘʟʠʪʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ 

ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʏʘʩʪʴ 2. ʊʨʝʤʘʪʦʜʳ. ɺʣʘʜʠʚʦʩʪʦʢ, 2012. 238 c. 

6. ɽʨʤʦʣʝʥʢʦ ɸ. ɺ., ʄʝʣʴʥʠʢʦʚʘ ʖ. ɸ., ɹʝʩʧʨʦʟʚʘʥʥʳʭ ɺ. ɺ., ʅʘʜʪʦʯʠʡ ɽ. ɺ. ʇʘʨʘʟʠʪʳ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʏʘʩʪʴ 3. ʎʝʩʪʦʜʳ ʠ ʩʢʨʝʙʥʠ. ɺʣʘʜʠʚʦʩʪʦʢ, 

2013. 156 c. 

7. ɽʨʤʦʣʝʥʢʦ ɸ. ɺ. ʇʘʨʘʟʠʪʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʏʘʩʪʴ 4. 

ʅʝʤʘʪʦʜʳ. ɺʣʘʜʠʚʦʩʪʦʢ, 2019. 218 c. 

8. ʂʠʚʝʥʢʦ ʂ. ɺ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ 

Carassius gibelio ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʚʦʜʦʸʤʦʚ ʂʨʳʤʘ // ɺʦʧʨʦʩʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. 2018. ˉ 

10(22). 

9. ʂʦʣʦʢʦʣʦʚ ʅ. ɼ. ʀʟʫʯʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʘʨʘʟʠʪʦʚ ʢʦʨʝʡʩʢʦʡ ʚʦʩʪʨʦʙʨʶʰʢʠ ʦʟʝʨʘ 

ʍʘʥʢʘ // ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ : ʤʘʪʝʨʠʘʣʳ VIII 

ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ɺʣʘʜʠʚʦʩʪʦʢ, 25 

ʥʦʷʙʨʷ 2022 ʛʦʜʘ. ɺʣʘʜʠʚʦʩʪʦʢ : ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2023. ʉ. 136ï142. EDN WVDMVK. 

10. ʂʫʜʘʡʙʝʨʛʝʥʦʚ ɸ. ʄ., ʂʫʨʙʘʥʦʚʘ ɸ. ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʘʨʘʟʠʪʦʬʘʫʥʳ ʩʘʟʘʥʘ (Cyprinus 

carpio) // ʌʦʨʫʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 2022. ˉ 11(75). 



 

 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

113 

11. ʈʦʩʢʠʥ ɻ. ʀ., ʃʝʚʠʥʩʦʥ ʃ. ɹ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ. ʄ. : ʉʦʚʝʪʩʢʘʷ ʥʘʫʢʘ, 

1957. 165 ʩ. 

12. ʉʦʢʦʣʦʚ ʉ. ɻ., ʃʝʙʝʜʝʚʘ ɼ. ʀ., ʗʜʨʝʥʢʠʥʘ ɽ. ʅ. ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʧʘʨʘʟʠʪʦʬʘʫʥʝ 

ʨʦʪʘʥʘ Perccottus glenii Dybowski, 1877 (Actinopterygii: Odontobutidae) ʚ ʚʦʜʦʝʤʘʭ ʣʝʩʦʩʪʝʧʥʦʡ 

ʟʦʥʳ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ // ʇʘʨʘʟʠʪʦʣʦʛʠʷ. 2013. ʊ. 47, ʚʳʧ. 6. ʉ. 448ï460. 

13. ʉʦʢʦʣʦʚ ʉ. ɻ., ʄʦʰʫ ɸ. ʗ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʘʨʘʟʠʪʘʭ ʨʦʪʘʥʘ Perccottus glenii 

Dybowski, 1877 (Actinopterygii: Odontobutidae) ʚ ʚʦʜʦʝʤʘʭ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ // ʀʟʚ. 

ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. 2013. ˉ 3. 

14. ʉʦʢʦʣʦʚ ʉ. ɻ., ʇʨʦʪʘʩʦʚʘ ɽ. ʅ., ʃʝʙʝʜʝʚʘ ɼ. ʀ., ɻʦʨʣʘʯʝʚʘ ɽ. ʇ., ɻʦʨʣʘʯʝʚ ɺ. ʇ. 

ʇʘʨʘʟʠʪʳ ʨʦʪʘʥʘ Perccottus glenii Dybowski, 1877 (Actinopterygii: Odontobutidae) ʚ ʚʦʜʦʝʤʘʭ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɸʤʫʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ // ʇʘʨʘʟʠʪʦʣʦʛʠʷ. 2016. ʊ. 50, ʚʳʧ. 1. ʉ. 69ï81. 

15. ʉʦʢʦʣʦʚ ʉ. ɻ., ʇʨʦʪʘʩʦʚʘ ɽ. ʅ., ʈʝʰʝʪʥʠʢʦʚ ɸ. ʅ., ʐʝʜʴʢʦ ʄ. ɹ. ʇʘʨʘʟʠʪʳ ʨʦʪʘʥʘ 

Perccottus glenii (Actinopterygii: Odontobutidae), ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ ʚʦʜʦʝʤʳ ɽʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ. 2012. ʊ. 132, ʚʳʧ. 5. ʉ. 477ï492. 

16. ʉʦʢʦʣʦʚ ʉ. ɻ., ʌʨʦʣʦʚ ɽ. ɺ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʘʨʘʟʠʪʦʚ ʨʦʪʘʥʘ (Perccottus glenii, 

Osteichthyes, Odontobutidae) ʚ ʧʨʝʜʝʣʘʭ ʝʛʦ ʥʘʪʠʚʥʦʛʦ ʘʨʝʘʣʘ // ɿʦʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2012. 

ʊ. 91, ˉ 1. ʉ. 17ï29. 

17. Besprozvannykh V. V., Ermolenko A. V., Deveney M. R. Orientocreadium elegans n. sp. 

and Orientocreadium pseudobagri Yamaguti (Digenea: Orientocreadiidae), from freshwater fish of 

the Primorsky region (southern far east, Russia) with a description of their life cycles // Zootaxa. 

2009. Vol. 2176, Is. 1. P. 22ï32. https://doi.org/10.11646/zootaxa.2176.1.2. 

18. Javad D. R., Masoud S., Nezamabadi, H., Ghorbanpour N. Occurrence and intensity of 

parasites in Prussian carp, Carassius gibelio from Anzali wetland, Southwest Caspian Sea // Iranian 

Journal of Fisheries Sciences. 2014. Vol. 13. P. 276ï288. 

19. ʆʟʝʨʦ ʏʘʥ ʚʦ ɺʣʘʜʠʚʦʩʪʦʢʝ : ʦʪ ʙʦʣʦʪʘ ʜʦ ʦʣʠʤʧʠʡʩʢʦʛʦ ʚʦʜʦʸʤʘ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: https://primamedia.ru/news/860723/. 

20. ʄʦʣʦʜʳʝ ʫʯʸʥʳʝ ʠʟ ɼʘʣʴʨʳʙʚʪʫʟʘ ʥʘʰʣʠ ʧʨʠʯʠʥʫ ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʠ ʨʳʙʳ ʚ ʦʟʝʨʝ ʏʘʥ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: https://vostokmedia.com/news/2024-04-

25/molodye-uchyonye-iz-dalrybvtuza-nashli-prichinu-massovoy-gibeli-ryby-v-ozere-chan-

5066213. 

21. ʆʧʝʨʘʮʠʷ çʂʘʨʘʩʠʢè : ʥʘ ʦʟʝʨʝ ʏʘʥ ʥʘʰʣʠ ʚʦʟʤʦʞʥʫʶ ʧʨʠʯʠʥʫ ʛʠʙʝʣʠ ʨʳʙʳ ï ʚʠʜʝʦ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: https://vostokmedia.com/news/2024-04-

24/operatsiya-karasik-na-ozere-chan-nashli-vozmozhnuyu-prichinu-gibeli-ryby-video-5064887. 

22. ʇʨʠʯʠʥʫ ʩʤʝʨʪʠ ʨʳʙʳ ʚ ʦʟʝʨʝ ʏʘʥ ʥʘʰʣʠ ʩʪʫʜʝʥʪʳ ɼʘʣʴʨʳʙʚʪʫʟʘ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: https://vladivostok1.ru/text/ecology/2024/04/26/73510763/. 

23. ʋʯʝʥʳʝ ʧʨʠʜʫʤʘʣʠ, ʢʘʢ çʚʦʩʢʨʝʩʠʪʴè ʤʝʨʪʚʦʝ ʦʟʝʨʦ ʚʦ ɺʣʘʜʠʚʦʩʪʦʢʝ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: https://vestiprim.ru/news/ptrnews/151925-uchenye-pridumali-kak-

voskresit-mertvoe-ozero-vo-vladivostoke.html. 

24. ɺ ʦʟʸʨʘʭ ʄʠʥʥʦʛʦ ʛʦʨʦʜʢʘ ʠ ʊʦʨʬʷʥʢʝ ʥʘ ʇʘʪʨʦʢʣʝ ʥʘʰʣʠ ʧʘʨʘʟʠʪʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ : URL: 

https://www.newsvl.ru/vlad/2024/06/21/224613/. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 

 

ɺ. ʇ. ɹʝʣʷʝʚ ï ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ ʘʢʚʘʢʫʣʴʪʫʨʘè. 

ʂ. ʉ. ɺʘʡʥʫʪʠʩ ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ 

ʘʢʚʘʢʫʣʴʪʫʨʘè, ʯʣʝʥ ʇʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈɸʅ; ʯʣʝʥ ɺʣʘʜʠʚʦʩʪʦʢʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʬʦʥʜʘ ʨʘʟʚʠʪʠʷ ʛʝʥʝʪʠʢʠ (ɺʆʌʈɻ); ʧʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ɼʘʣʴʨʳʙʚʪʫʟʘ; 

Scopus ID: 57201490910; Web of Science ResearcherID: E-2919-2018; SPIN-ʢʦʜ: 5855-6028. 

https://doi.org/10.11646/zootaxa.2176.1.2


 

 

ISSN 2713-3222. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ˉ 4 (ʪ. 70) 
) 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

114 

ʂ. ɸ. ɸʬʘʥʘʩʴʝʚ ï ʩʪʫʜʝʥʪ ʙʘʢʘʣʘʚʨʠʘʪʘ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ ʘʢʚʘʢʫʣʴ-

ʪʫʨʘè. 

ʉ. ɸ. ʌʦʤʠʥʘ ï ʩʪʫʜʝʥʪʢʘ ʙʘʢʘʣʘʚʨʠʘʪʘ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ ʘʢʚʘʢʫʣʴʪʫʨʘè. 

ɺ. ʉ. ʌʦʤʠʥʦʚ ï ʩʪʫʜʝʥʪ ʙʘʢʘʣʘʚʨʠʘʪʘ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ ʠ ʘʢʚʘʢʫʣʴʪʫʨʘè. 

 

Information about the authors 

 

V. P. Belyaev ï Master's student of the Department of Water Bioresources and Aquaculture. 

K. S. Vainutis ï PhD in Biological Science, Associate Professor of the Department of Water 

Bioresources and Aquaculture; Member of the Parasitological Society of Russian Academy of Sci-

ences; Vladivostok Public Foundation for Development of Genetics; chairman of the Council of 

young Scientists of Far Eastern State Technical Fisheries University; Scopus ID: 57201490910; Web 

of Science ResearcherID: E-2919-2018; SPIN-ʢʦʜ: 5855-6028. 

K. A. Afanasyev ï Bachelor's student of the Department of Water Bioresources and Aquacul-

ture. 

S. A. Fomina ï Bachelor's student of the Department of Water Bioresources and Aquaculture. 

V. S. Fominov ï Bachelor's student of the Department of Water Bioresources and Aquacul-

ture. 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25.11.2024; ʦʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 02.12.2024; 

ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 02.12.2024. 

The article was submitted 25.11.2024; approved after reviewing 02.12.2024; accepted for pub-

lication 02.12.2024. 

  



 

 
 

 

 

 

 ____________________________________________________________________  

  ɹʦʡʮʦʚʘ ʊ. ʄ., ɹʦʡʮʦʚ ɸ. ʅ., 2024 
115 

ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ʊ. 70, ˉ 4. ʉ. 115ï123. 

Scientific Journal of the Far Eastern State Technical Fisheries University. 2024. Vol. 70, no 4. 

P. 115ï123. 

 

ʈʓɹʅʆɽ ʍʆɿʗʁʉʊɺʆ, ɸʂɺɸʂʋʃʔʊʋʈɸ ʀ ʇʈʆʄʓʐʃɽʅʅʆɽ ʈʓɹʆʃʆɺʉʊɺʆ 

 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 639.2 

DOI: doi.org/10.48612/dalrybvtuz/2024-70-11 

EDN: ONQJEP 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʪʫʘʮʠʠ  

ʧʦ ʦʩʚʦʝʥʠʶ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 

 

ʊʘʪʴʷʥʘ ʄʘʨʴʷʥʦʚʥʘ ɹʦʡʮʦʚʘ1, ɸʥʘʪʦʣʠʡ ʅʠʢʦʣʘʝʚʠʯ ɹʦʡʮʦʚ2 
1, 2 ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 
1 boitsova_tm@mail.ru, ORCID: 0000-0002-5714-385ʍ 
2 boitsov_an@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩ-

ʥʦʚʥʳʝ ʧʨʦʤʳʩʣʦʚʳʝ ʨʘʡʦʥʳ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʵʪʦ ʆʭʦʪʩʢʦʝ ʠ ɹʝʨʠʥʛʦʚʦ 

ʤʦʨʷ. ɻʣʘʚʥʳʡ ʦʙʲʝʢʪ ʧʨʦʤʳʩʣʘ ï ʤʠʥʪʘʡ. ʂʦʤʤʝʨʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʝʱʝ 35 ʚʠʜʦʚ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʣʠʙʦ ʫʩʪʘʥʦʚʣʝʥʳ ʆɼʋ, ʣʠʙʦ 

ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʦʙʲʝʤ ʚʦʟʤʦʞʥʦʛʦ ʚʳʣʦʚʘ. ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʫʣʦʚʘʤʠ 

ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʥʘ ʧʨʦʤʳʩʣʝ ʧʦʢʘʟʘʣʠ ʜʦʙʳʚʘʶʱʠʝ ʩʫʜʘ ʪʠʧʘ 

ʈʉ, ʉʊʈ, ʉʈʊʄ, ʦʜʥʘʢʦ ʩʫʜʦʚ ʜʣʷ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʠʢʠ ʫʚʝʣʠʯʠʣʠ ʚʳʧʫʩʢ ʬʠʣʝ ʤʠʥʪʘʷ, ʯʪʦ ʫʜʘʣʦʩʴ ʟʘ ʩʯʝʪ ʤʦʜʝʨ-

ʥʠʟʘʮʠʠ ʬʣʦʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʠʙʨʝʞʥʦʡ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚ 

ʦʩʚʦʝʥʠʝ ʆɼʋ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʲʝʤʘʤʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʫʣʦʚʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʥʦʛʦ ʚʝʜʝʥʠʷ ʜʦʙʳʯʠ ʥʝʜʦʦʩʚʘʠʚʘʝʤʳʭ ʠ ʤʘʣʦ 

ʦʩʚʘʠʚʘʝʤʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʧʦʜ-

ʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʚʦʜ-

ʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʩʣʦʚʳʝ ʨʘʡʦʥʳ, ʧʨʦʤʳʩʣʦʚʳʝ ʩʠʪʫʘʮʠʠ, ʚʦʜʥʳʝ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʤʠʥʪʘʡ, ʆɼʋ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʫʣʦʚʳ, ʜʦʙʳʚʘʶʱʠʝ ʩʫʜʘ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʦʡʮʦʚʘ ʊ. ʄ., ɹʦʡʮʦʚ ɸ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʪʫ-

ʘʮʠʠ ʧʦ ʦʩʚʦʝʥʠʶ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ // ʅʘʫʯ-

ʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ʊ. 70, ˉ 4. ʉ. 115ï123. 
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Abstract. The analysis of the fishing situation is presented, which showed that the main 

fishing areas of the Far Eastern basin are the Sea of Okhotsk and the Bering Sea. The main object 

of the fishery is pollock. Commercial value is also represented by 35 types of aquatic biological 

resources, for which either TACs or recommended volumes of possible catch are established. 

Discrepancies between permissible catches and recommended ones are insignificant. 

It is shown that fishing vessels of the RS, STR, SRTM type showed effective work in the 

fishery, however, there are not enough vessels for deep processing of fish. Despite this, fisher-

men increased the output of pollock fillets, which was achieved through the modernization of 

the fleet and the development of coastal fish processing. 

The study resulted in obtaining new data on the region's ability to develop the TAC, in 

comparison with the volumes of recommended catches and the degree of their implementation 

in the study period. The results will allow developing optimized models of organization and 

management for improved management of underdeveloped and poorly developed commercial 

objects and will contribute to the formation of a new approach aimed at improved management 

of the technology of extraction and processing of aquatic biological resources. 

Keywords: fishing areas, fishing situations, aquatic biological resources, pollock, TAC, 

recommended catches, fishing vessels 
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ɺʚʝʜʝʥʠʝ  

ʈʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʩʝʣʝʥʥʦʩʪʴ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ 

ʠ ʦʩʦʙʝʥʥʦ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʣʝʢʩʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʵʢʦʥʦʤʠʢʠ, ʟʘʪʨʘʛʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʪʦʨʛʦʚʣʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʥʘ ʚʥʫʪʨʝʥ-

ʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ, ʪ.ʝ. ʦʙʲʝʜʠʥʷʝʪ ʬʠʥʘʥʩʦʚʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ çʜʦʙʳʯʘ ï ʧʝʨʝ-

ʨʘʙʦʪʢʘ ï ʪʨʘʥʩʧʦʨʪ ï ʩʙʳʪè. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʠʤʝʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʥʘʯʠʥʘʷ 

ʦʪ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʫʣʦʚʦʚ, ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʩʯʸʪʦʚ ʦʙʱʝʜʦʧʫʩʪʠʤʳʭ ʫʣʦ-

ʚʦʚ (ʆɼʋ), ʨʘʙʦʪʝ çʧʦʜʩʠʩʪʝʤʳ ʜʦʙʳʯʘè, ʫʩʪʘʨʝʚʰʠʭ ʩʫʜʦʚ ʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʚ ʨʘʡʦʥʝ ʧʨʦʤʳʩʣʘ ʜʦ ʣʦʛʠʩʪʠʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ. 

ɺʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ ʫʯʪʝʥʳ ʠ ʦʙʦʟʥʘʯʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ çʉʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʳʙʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè. ɺ ʧʨʦʛʨʘʤʤʝ ʥʘʤʝ-

ʯʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʦʩʚʦʝʥʠʶ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝ-

ʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
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ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʨʘʟʚʠʪʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʳʙʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʤʠ ʚʦʜʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ (ɺɹʈ), ʜʦʩʪʠʞʝʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ 

ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʦʩʚʦʝʥʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢ-

ʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʦʤʳʩʣʘ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʷʚʣʷʝʪʩʷ ʤʠʥʪʘʡ. ʕʪʦ ʧʨʠ-

ʜʦʥʥʦ-ʧʝʣʘʛʠʯʝʩʢʘʷ ʭʦʣʦʜʦʣʶʙʠʚʘʷ ʨʳʙʘ, ʦʙʠʪʘʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʠ-

ʭʦʛʦ ʦʢʝʘʥʘ ʥʘ ʛʣʫʙʠʥʝ 200ï300 ʤ. ʄʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 700 ʤ, ʘ ʚ ʧʝʨʠʦʜ ʥʝʨʝʩʪʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʤʝʣʢʦʚʦʜʴʝ [1, 2, 3].  

ɺ ʩʝʤʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣ ʦʪʤʝʯʝʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʟʘʧʘʩʦʚ ʤʠʥʪʘʷ ʠ 

ʩ ʪʝʭ ʧʦʨ ʧʦ ʦʙʲʝʤʫ ʚʳʣʦʚʘ ʦʥ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʙʘʩʩʝʡʥʝ [2, 

4, 5,]. ʉʦʩʪʦʷʥʠʝ ʟʘʧʘʩʦʚ ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʦ, ʦʙʲʝʤ ʜʦʧʫʩʪʠʤʳʭ ʫʣʦʚʦʚ ʤʦʞʝʪ ʜʦ-

ʩʪʠʛʘʪʴ ʙʦʣʝʝ 2,0 ʤʣʥ ʪ [6]. 

ʄʠʥʪʘʷ ʚ ʦʩʥʦʚʥʦʤ ʜʦʙʳʚʘʶʪ 6 ʩʪʨʘʥ, ʠ 90 % ʠʭ ʦʙʱʝʛʦ ʫʣʦʚʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʈʦʩʩʠʶ ʠ 

ʉʐɸ.  ɺ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʦʥʘʭ ʵʪʠʭ ʩʪʨʘʥ ʩʦʩʨʝʜʦʪʦʯʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʤʠʨʦʚʦʡ ʟʘʧʘʩ ʠ 

ʚʳʣʦʚ ʤʠʥʪʘʷ [4, 7, 8].  ɿʘ ʧʝʨʠʦʜ 1950ï2019 ʛʛ. ʜʦʣʷ ʩʫʤʤʘʨʥʦʛʦ ʚʳʣʦʚʘ ʤʠʥʪʘʷ ʚ ʈʦʩʩʠʠ ʦʪ 

ʤʠʨʦʚʦʛʦ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 44,59 %. 

ʇʨʦʤʳʩʝʣ ʤʠʥʪʘʷ ʚʝʜʝʪʩʷ ʪʨʘʣʘʤʠ, ʘ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʨʘʟʤʝʨ ʚʳʣʘʚʣʠʚʘʝʤʦʡ ʨʳʙʳ ʦʛʨʘ-

ʥʠʯʠʚʘʝʪʩʷ ʧʨʘʚʠʣʘʤʠ ʨʳʙʦʣʦʚʩʪʚʘ ï ʥʝ ʤʝʥʝʝ 35 ʩʤ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʧʨʦʤʳʩʣʦʚʳʭ ʟʘʧʘʩʦʚ, ʘ ʪʘʢʞʝ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʥʪʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʠʣʝ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʵʪʠʭ ʨʘʟʤʝʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʢʨʫʧʥʳʝ ʦʩʦʙʠ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʟʘʨʘʞʝʥʠʶ ʧʘʨʘʟʠʪʘʤʠ, ʧʦʵʪʦʤʫ ʨʘʥʝʝ ʙʳʣʦ ʧʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʤʠʥʪʘʡ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʪʘʢ ʢʘʢ ʤʝʥʝʝ ʟʘʨʘʞʝʥ ʧʘʨʘʟʠʪʘʤʠ, ʤʦʞʥʦ ʚʳʧʫʩʢʘʪʴ ʚ 

ʚʠʜʝ ʪʫʰʢʠ ʠʣʠ ʩʧʠʥʢʠ. 

ʆʧʨʝʜʝʣʷʶʱʝʡ ʟʦʥʦʡ ʧʨʦʤʳʩʣʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʷʚʣʷʶʪʩʷ ʆʭʦʪʩʢʦʝ ʠ ɹʝ-

ʨʠʥʛʦʚʦ ʤʦʨʷ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʨʘʡʦʥʘʤʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ 

ʜʘʶʪ ʙʦʣʝʝ 40 % ʦʙʱʝʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʦʤʳʩ-

ʣʦʚʳʝ ʦʙʲʝʢʪʳ: ʤʠʥʪʘʡ, ʣʦʩʦʩʝʚʳʝ, ʩʝʣʴʜʠ, ʪʨʝʩʢʘ, ʢʘʤʙʘʣʳ, ʧʘʣʪʫʩʳ, ʢʨʘʙʳ ʠ ʜʨ. 

ʕʪʠ ʤʥʦʛʦʚʠʜʦʚʳʝ ʧʨʦʤʳʩʣʦʚʳʝ ʦʙʲʝʢʪʳ ʠ ʷʚʠʣʠʩʴ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʴ ʢʦʪʦ-

ʨʦʛʦ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʙʳʚʘʶʱʝʛʦ ʬʣʦʪʘ ʧʦ 

ʦʩʚʦʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʩʚʦʝʥʠʷ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʱʝʥʘʫʯʥʳʝ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʜʦʙʳʯʝ ʩʳʨʴʷ, ʦʨʫʜʠʷʤ ʣʦʚʘ ʠ ʪʠʧʘʤ ʩʫʜʦʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʥʘ ʧʨʦʤʳʩʣʝ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʉʦʙʨʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʩʫʞ-

ʜʝʥʠʷ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʆɼʋ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʤʳʩʣʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʭʦʪʩʢʦʝ ʤʦʨʝ ï ʩʘʤʦʝ ʭʦʣʦʜʥʦʝ ʠʟ ʤʦʨʝʡ ʊʠʭʦʛʦ ʦʢʝʘʥʘ [8]. ʃʝʜ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʝʨʞʠ-

ʚʘʝʪʩʷ ʩʚʳʰʝ 9 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ. ʇʦ ʧʨʦʤʳʩʣʦʚʳʤ ʙʦʛʘʪʩʪʚʘʤ ʦʥʦ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʦ-

ʨʝʡ ʈʦʩʩʠʠ. ɻʣʘʚʥʦʝ ʙʦʛʘʪʩʪʚʦ ʤʦʨʷ ï ʤʠʥʪʘʡ (ʙʦʣʝʝ 50 %), ʩʝʣʴʜʴ (ʙʦʣʝʝ 20 %) [6, 10]. ʊʘʢʞʝ ʘʢ-

ʪʠʚʥʦ ʜʦʙʳʚʘʶʪʩʷ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ, ʣʦʩʦʩʝʚʳʝ, ʪʨʝʩʢʘ, ʢʘʤʙʘʣʳ, ʧʘʣʪʫʩʳ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʤʳʩʣʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢʘʢ ʢ ʆɼʋʝʤʳʤ, ʪʘʢ ʠ ʢ ʥʝʆɼʋ-

ʝʤʳʤ, ʷʚʣʷʶʪʩʷ: ʤʠʥʪʘʡ, ʩʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ, ʪʨʝʩʢʘ, ʢʨʘʙ, ʢʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ. ʆʙʲ-

ʝʢʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʆɼʋ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʩʴ ʧʨʦʤʳʩʣʦʚʳʡ ʧʝʨʠʦʜ: ʧʘʣʪʫʩ ʩʪʨʝʣʦʟʫʙʳʡ, 

ʢʨʘʙ ʨʘʚʥʦʰʠʧʳʡ, ʢʨʘʙ ʚʦʣʦʩʘʪʳʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʡ, ʢʨʝʚʝʪʢʘ ʪʨʘʚʷʥʘʷ, ʦʩʴʤʠʥʦʛ ɼʦʬʣʝʡʥʘ 
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ʛʠʛʘʥʪʩʢʠʡ, ʤʦʨʩʢʠʝ ʛʨʝʙʝʰʢʠ, ʪʨʫʙʘʯʠ, ʢʫʢʫʤʘʨʠʷ, ʪʨʝʧʘʥʛ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʡ, ʤʦʨʩʢʦʡ ʝʞ 

ʩʝʨʳʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʘʡʦʥʘʤʠ ʧʨʦʤʳʩʣʘ ʷʚʣʷʶʪʩʷ ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʘʷ ʟʦʥʘ, ʢʦʪʦʨʘʷ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʘʢʚʘʪʦʨʠʠ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʟʦʥʫ ʂʘʨʘʛʠʥʩʢʫʶ ʠ ʚʭʦʜʷʱʫʶ ʚ ʘʢʚʘʪʦ-

ʨʠʶ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʧʨʠʣʝʛʘʶʱʫʶ ʢ ʚʦʩʪʦʯʥʦʤʫ ʧʦʙʝʨʝʞʴʶ ʂʘʤʯʘʪʢʠ ʧʦʜʟʦʥʫ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-

ʂʦʤʘʥʜʦʨʩʢʫʶ. 

ʇʨʦʤʳʩʝʣ ɺɹʈ ʩ ʫʯʝʪʦʤ ʧʨʦʤʳʩʣʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ ʚ ɺʦʩʪʦʯʥʦ-ʂʘʤ-

ʯʘʪʩʢʦʡ ʟʦʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ 

ʚʩʝʛʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ, ʛʜʝ ʣʝʜ ʧʦʷʚʣʷʝʪʩʷ ʚ ʦʢʪʷʙʨʝ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʦʜʚʠʛʘʝʪʩʷ ʥʘ ʶʛ [8]. ɺ ɹʝʨʠʥʛʦʚʦʤ ʧʨʦʣʠʚʝ ʣʝʜ ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʝʥʪʷʙʨʝ, ʘ ʟʠʤʦʡ ʦʥ ʟʘʧʦʣʥʷ-

ʝʪʩʷ ʣʴʜʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʥʘ ʩʝʚʝʨ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʘʚʠʣʘʤʠ 

ʨʳʙʦʣʦʚʩʪʚʘ ʜʣʷ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɹʝʨʠʥʛʦʚʦ ʤʦʨʝ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʠ ʛʣʫʙʦʢʠʭ ʤʦʨʝʡ ʤʠʨʘ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ  

1640 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ï 4097 ʤ [8]. ɺ ʥʝʤ ʦʙʠʪʘʝʪ ʙʦʣʝʝ 400 ʚʠʜʦʚ ʨʳʙ, ʠʟ ʢʦʪʦʨʳʭ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 35 [6, 9, 10]. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʠʥʪʘʡ, ʩʝʣʴʜʴ, 

ʣʦʩʦʩʝʚʳʝ, ʪʨʝʩʢʦʚʳʝ, ʢʘʤʙʘʣʦʚʳʝ, ʪʘʢʞʝ ʜʦʙʳʚʘʶʪ ʦʢʫʥʷ, ʤʘʢʨʫʨʫʩʘ, ʤʦʡʚʫ, ʫʛʦʣʴʥʫʶ ʨʳʙʫ 

ʠ ʜʨ.  

ʆʙʲʝʢʪʳ ʜʦʙʳʯʠ ï ʵʪʦ ʦʙʲʝʢʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʱʝʜʦʧʫ-

ʩʪʠʤʳʤ ʫʣʦʚʘʤ (ʢʚʦʪʳ), ʠ ʦʙʲʝʢʪʳ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʚʳʣʦʚʦʤ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ 

ɺɹʈ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʧʨʦʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʩʦʩʪʦʷʥʠʝ ʟʘʧʘʩʦʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʦʤ ʜʣʷ ʠʟʲʷʪʠʷ ʩʦʩʪʦʷʥʠʠ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʤʳʩʣʦʚʳʝ ʚʠʜʳ, ʩʦʩʪʦ-

ʷʥʠʝ ʟʘʧʘʩʘ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ, ʤʘʣʦʮʝʥʥʳʝ ɺɹʈ. ʂʦʥʪʨʦʣʴ ʧʨʦʤʳʩʣʘ ʣʦʩʦʩʝʡ ʪʨʝ-

ʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [3, 9]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ 61 % ʫʣʦʚʦʚ ʚʩʝʭ ʚʠʜʦʚ ɺɹʈ ʚ ɼɺ ʙʘʩʩʝʡʥʝ ʠ 44 % ʫʣʦʚʦʚ ʧʦ ʈʌ ʚ 

ʮʝʣʦʤ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʤʠʥʪʘʷ ʠ ʣʦʩʦʩʝʚʳʝ [3]. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʢʘ ʚʳʣʦʚʘ ʣʦʩʦʩʝʚʳʭ ʙʳʣʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ (ʠʟʤʝʥʝʥʠʝ ʜʦ 50 %), ʯʪʦ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚʦʩ-

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʳ: ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʳʣʦʚʘ ʧʦ ʥʝʯʸʪʥʳʤ ʛʦʜʘʤ ʠ ʩʥʠʞʝʥʠʝʤ ʧʦ ʯʸʪʥʳʤ. 

2018 ʛ. ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʢʣʶʯʝʥʠʝʤ, ʢʦʛʜʘ ʫʣʦʚ ʚ 1,9 ʨʘʟʘ ʧʨʝʚʳʩʠʣ ʟʥʘʯʝʥʠʝ çʫʨʦʞʘʡʥʦʛʦè 

2017 ʛ. (351 ʪʳʩ. ʪ), ʜʦʩʪʠʛʥʫʚ ʤʘʢʩʠʤʫʤʘ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. ɼʦʙʳʯʘ ʤʠʥʪʘʷ ʙʳʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ ʥʝ ʧʨʝʚʳʰʘʣʦ 

9 % (ʪʘʙʣ. 1) [3, 5]. 

                                                                                                                    ʊʘʙʣʠʮʘ 1 

ɼʠʥʘʤʠʢʘ ʜʦʙʳʯʠ ʤʠʥʪʘ,̫ ʪʳʩ. ʪ 

 

                                                                                                                               Table 1 

Dynamics of pollock production, thousand tons 

 

ʊʝʨʨʠʪʦʨʠʷ 2018 2019 2020 2021 2022 

ʈʌ ɼɺ ʙʘʩʩʝʡʥ 1663,4 1708,4 1813,5 1734,9 1921,1 

ʋʣʦʚ ʦʪ ʚʩʝʭ ɺɹʆ ʚ ɼɺ ʙʘʩ-

ʩʝʡʥʝ,% 

46,0 48,3 49,4 47,1 52,5 

 

ʉʥʠʞʝʥʠʝ ʫʣʦʚʦʚ ʤʠʥʪʘʷ ʚ 2021 ʛ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ, ʣʝʜʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘʩʪʫʧʘʣʘ ʨʘʥʴʰʝ ʚʨʝʤʝʥʠ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʆɼʋ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ɺɹʈ ʩ ʬʘʢʪʠ-

ʯʝʩʢʠʤʠ ʫʣʦʚʘʤʠ ʦʪʤʝʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʧʣʘʥʦʚʳʭ ʥʘʜ ʬʘʢʪʠʯʝʩʢʠʤʠ ʦʙʲʸʤʘʤʠ ʚ ɼʌʆ ʚ 2022 

ʛ ʥʘ 24 % [3]. ʇʨʠʯʠʥʳ ʨʘʩʭʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʦʚ, ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʨʝʩʫʨʩʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʦ 

ʩʪʦʨʦʥʳ ʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʠ ʜʨ. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʦʪʥʦʰʝʥʠʝ ʆɼʋ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ ɺɹʈ ʩ ʬʘʢʪʠʯʝ-

ʩʢʠʤʠ ʫʣʦʚʘʤʠ ʚ ɼʌʆ ʚ 2022 ʛ. ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ (81 % ʢ 19 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [11]. 

ʉʣoʞʠʣʘʩʴ ʫʩʪoʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʬoʨʤʠʨʦʚʘʥʠʠ oʙʱʝʛʦ ʚʳʣoʚʘ ʟʘ ʩʯʝʪ ʢʚoʪʠʨʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨoʤʳʩʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʆɼʋ ʠʤʝʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʩʥʠʞʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ 

ʦʙʲʝʢʪʘ. 

ʊʘʙʣʠʮʘ 2 

 

ɼʦʧʫʩʪʠʤʳʝ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʫʣʦʚʳ, ɺɹʈ ʪʳʩ. ʪ [3] 

Table 2 

Permissible and recommended catches, WBR, thousand tons [3] 

 

ʊʝʨʨʠʪʦʨʠʷ 2021 ʛ. 2022 ʛ. 

ɺʩʝʛʦ ʆɼʋ ʈʝʢʦʤʝʥ- 

ʜʫʝʤʳʝ 

ɺʩʝʛʦ ʆɼʋ ʈʝʢʦʤʝʥ-

ʜʫʝʤʳʝ 

ɺʝʩʴ ɼɺ ʙʘʩʩʝʡʥ 4 321,1 2 963,7 1 357,4 4 457,9 3 092,7 1 365,2 

ɼʦʣʷ ʦʪ  ʦʙʱʝʛʦ ʚ ʈʌ, % 70,9 69,2 75,1 73,2 77,0 78,8 

 

ʈʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʫʣʦʚʘʤʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1,8 ʜʦ  

5,9 % (ʪʘʙʣ. 2). 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʳʙʦʜʦʙʳʚʘʶʱʠʤ ʙʘʩʩʝʡʥʦʤ ʚ ʈʌ. ʆʩʥʦʚ-

ʥʳʝ ʦʙʲʸʤʳ ʆɼʋ (95 %) ʧʨʠʭʦʜʷʪʩʷ ʥʘ 7 ʚʠʜʦʚ (ʤʠʥʪʘʡ ï 66 %; ʩʝʣʴʜʴ ï 13 %, ʪʨʝʩʢʘ ï 6 %, 

ʢʘʣʴʤʘʨ ï 4 %, ʢʘʤʙʘʣʘ ï 3 %, ʢʨʘʙʳ ï 2 % ʠ ʥʘʚʘʛʘ ï 2 %) [3]. ʀʟ ʥʠʭ ʪʦʣʴʢʦ ʥʘ ɼʘʣʴʥʝʤ 

ɺʦʩʪʦʢʝ ʜʦʙʳʚʘʶʪʩʷ: ʤʠʥʪʘʡ, ʢʘʣʴʤʘʨʳ ʠ ʥʘʚʘʛʘ; ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (ʙʦʣʝʝ 70 % ʦʪ ʚʩʝʭ ʫʣʦ-

ʚʦʚ ʚ ʈʌ); ʢʘʤʙʘʣʳ, ʩʝʣʴʜʴ ʠ ʢʨʘʙʳ ʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ (33 %) ï ʪʨʝʩʢʘ.  ɺ 2022 ʛ. ʥʘ 

ʜʦʣʶ ʤʠʥʪʘʷ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʢʚʦʪ ʥʘ ʚʩʝ ʚʠʜʳ ʧʨʦʤʳʩʣʘ ʧʨʠʭʦʜʠʣʦʩʴ 2033 ʪʳʩ. ʪ (45,6 %). 

ʆʙʱʘʷ ʜʠʥʘʤʠʢʘ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʜʠʢʠʭ ɺɹʈ ʧʦ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʦʢʨʫʛʫ 

(ɼʌʆ) ʢ 2022 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2018 ʛ. ʩʥʠʟʠʣʘʩʴ ʚʩʝʛʦ ʥʘ 0,1 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʮʝʣʦʤ ʚ ʈʌ 

ï ʥʘ 6,8 % (ʪʘʙʣ. 3) [3]. 

ʊʘʙʣʠʮʘ 3 

ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ɺɹʈ ʟʘ 2018ï2022 ʛʛ., ʪʳʩ. ʪ 

Table 3 

Dynamics of FBR production volume for  2018ï2022, thousand tons 

 

ʊʝʨʨʠʪʦʨʠʷ 2018 2019 2020 2021 2022 ʉʦʢʨʘʱʝ-

ʥʠʝ ʚ 2022 

ʛ. ʢ 2018 ʛ., 

% 

ʈʌ 4905,7 4735,0 4683,6 4734,1 4572,1 - 6,8 

ɼʌʆ 3599,8 3506,8 3621,5 3629.0 3595,0 - 0,1 

 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩʝʟʦʥʥʦʩʪʠ ʧʨʦʤʳʩʣʘ ʧʦ ʪʠʧʫ ʩʫʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʂʘʨʘʛʠʥʩʢʦʡ ʧʦʜ-

ʟʦʥʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʦ ʦʩʚʦʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʫʜʦʚ: ʉʈʊʄ ï 26 %; ɹʄʈʊ ï 24 %; ʉʊʈ ï 19 %; ʉʗʄ ï 10 %; ʈʉ ï 8 %; 

ʄʈʉ ï 5 %; ɹɸʊʄ ï 4 %; ʄɼʉ, ʈʊʈʉ, ʉɼʉ ï 4 % (ʪʘʙʣ. 4). 
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ʊʘʙʣʠʮʘ 4  

ʉʝʟʦʥʥʦʩʪʴ ʧʨʦʤʳʩʣʘ ʦʙʲʝʢʪʦʚ ʠ ʪʠʧʳ ʩʫʜʦʚ ʥʘ ʧʨʦʤʳʩʣʝ [12] 

Table 4 

Seasonality of fishing activities and types of vessels in the fishery [12] 

 

ʊʠʧ 

ʜʦʙʳʚʘʶʱʝʛʦ 

ʩʫʜʥʘ 

ʊʝʭʥʦʣʦʛʠʷ 

ʜʦʙʳʯʠ 

ʆʙʲʝʢʪʳ ʆɼʋ, ʥʝʆɼʋ ʊʝʭʥʦʣʦʛʠʷ 

ʜʦʙʳʯʠ 

ɹʄʈʊ 

ʆʢʪʷʙʨʴï̫ ʥʚʘʨʴ ʉʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ ï ʆɼʋ 

ʊʨʘʣʦʚʘʷ 
ʗʥʚʘʨʴïʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 

ʄʠʥʪʘʡ ï ʆɼʋ 

ʊʝʨʧʫʛʠ ï ʆɼʋ 

ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ ï ʆɼʋ 

ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ ï ʥʝʆɼʋ 

ɹʳʯʢʠ ï ʥʝʆɼʋ 

ʈʉ 

ʆʢʪʷʙʨʴï̫ ʥʚʘʨʴ ʉʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ ï ʆɼʋ 

ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʄʘʡïʜʝʢʘʙʨʴ ʅʘʚʘʛʘ ï ʆɼʋ 

ʗʥʚʘʨʴïʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 

ʄʠʥʪʘʡ ï ʆɼʋ 

ʂʘʤʙʘʣʳ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ï ʆɼʋ 

ʊʝʨʧʫʛʠ ï ʆɼʋ 

ɹʳʯʢʠ ï ʥʝʆɼʋ 

ʉʊʈ 

ʆʢʪʷʙʨʴï̫ ʥʚʘʨʴ ʉʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ ï ʆɼʋ ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ ʄʘʡïʜʝʢʘʙʨʴ ʅʘʚʘʛʘ ï ʆɼʋ 

ʗʥʚʘʨʴïʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 
ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʗʨʫʩʥʘʷ 

ʄʠʥʪʘʡ ï ʆɼʋ 

ʊʝʨʧʫʛʠ ï ʆɼʋ 

ʂʘʤʙʘʣʳ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ï ʆɼʋ 

ɹʳʯʢʠ ï ʥʝʆɼʋ ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ ï ʆɼʋ 

ʉʈʊʄ 

ʆʢʪʷʙʨʴï̫ ʥʚʘʨʴ 
ʉʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ ï ʆɼʋ ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʗʥʚʘʨʴïʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 
ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʗʨʫʩʥʘʷ 

ʄʠʥʪʘʡ ï ʆɼʋ 

ʊʝʨʧʫʛʠ ï ʆɼʋ 

ʂʘʤʙʘʣʳ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ï ʆɼʋ 



 

 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 
 

121 

ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ ï ʆɼʋ 
ʊʨʘʣʦʚʘʷ 

ʉʥʶʨʨʝʚʦʜʥʘʷ 
ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ ï ʥʝʆɼʋ 

ɹʳʯʢʠ ï ʆɼʋ 

ʄʘʢʨʫʨʫʩʳ ï ʆɼʋ ʗʨʫʩʥʘʷ 

ʉʗʄ ʗʥʚʘʨʴïʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 

ʗʨʫʩʥʘʷ ʄʠʥʪʘʡ ï ʆɼʋ 

ʄʘʢʨʫʨʫʩʳ ï ʆɼʋ 

ʄʈʉ 

ʄʘʡïʜʝʢʘʙʨʴ ʅʘʚʘʛʘ ï ʆɼʋ ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʗʥʚʘʨʴ-ʜʝʢʘʙʨʴ 

ʊʨʝʩʢʘ ï ʆɼʋ 
ʉʥʶʨʨʝʚʦʜʥʘʷ 

ʗʨʫʩʥʘʷ 
ʄʠʥʪʘʡ ï ʆɼʋ 

ʂʘʤʙʘʣʳ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʝ ï ʆɼʋ 

ɹʳʯʢʠ ï ʆɼʋ ʉʥʶʨʨʝʚʦʜʥʘʷ 

 

ɺ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨʩʢʦʡ ʧʦʜʟʦʥʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʦ ʦʩʚʦʝʥʠʶ 

ʦʩʥʦʚʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣʠ: ʈʉ ï 31 %; ʉʊʈ ï 21 %; ʉʈʊʄ ï 19 %; ɹʄʈʊ ï 11 

%; ɹɸʊʄ, ʄɼʉ, ʈʊʄʉ ï 8 %; ʄʈʉ ï5 %; ʉʗʄ ï 5 %. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʣʘʥʳ ʨʘʩʩʪʘ-

ʥʦʚʢʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʧʦ ʦʙʲʝʢʪʘʤ ʧʨʦʤʳʩʣʘ ʠ ʚʳʙʳʪʠʷ ʩʪʘʨʦʛʦ ʬʣʦʪʘ ʠ ʟʘʤʝʥʳ ʝʛʦ ʥʦʚʳʤʠ ʩʫʜʘʤʠ. 

ɺ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʢʘʢ ʦʩʥʦʚʥʦʤ ʜʦʙʳʚʘʶʱʝʤ ʨʘʡʦʥʝ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʦʢʨʫʛʘ ʜʦʣʷ ʩʨʝʜʥʠʭ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 30 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʫʜʦʚ 

(290 ʝʜʠʥʠʮ) [3]. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʣʦʤʝʨʥʳʡ ʬʣʦʪ ï 50 %. ʉ ʵʪʠʤ 

ʩʚʷʟʘʥʳ ʪʨʫʜʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʩʣʘ ʛʣʫʙʦʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 

ʩʳʨʴʷ. ʇʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʣʘʚʟʘʚʦʜʦʚ ʚ ʨʝʛʠʦʥʝ ʚʩʝʛʦ 3. ʇʨʠ ʵʪʦʤ ʫ ʥʘʩʝʣʝʥʠʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʪʨʝʙʣʷʝʤʘʷ ʨʳʙʥʘʷ ʧʨʦʜʫʢʮʠʷ ï ʵʪʦ ʨʘʟʜʝʣʘʥʥʘʷ ʨʳʙʘ: ʬʠʣʝ ʠ ʧʦʪʨʦʰʸʥʘʷ. ʕʪʘ ʞʝ 

ʢʘʪʝʛʦʨʠʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʘ ʠ ʨʳʙʦʜʦʙʳʪʯʠʢʘʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʫʯʘʪʴ 

ʢʦʨʤʦʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʣʴʟʫʝʪʩʷ ʩʧʨʦʩʦʤ ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜ-

ʥʦʤ ʨʳʥʢʘʭ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʪʨʝ-

ʙʠʪʝʣʷ ʧʨʠ ʧʦʢʫʧʢʝ ʤʠʥʪʘʷ [13]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʦʪ 15 ʜʦ 20 %. ʅʘʣʠʯʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʋ ʤʠʥʪʘʷ ʦʪʤʝʯʝʥʳ ʧʨʠʷʪʥʳʝ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʨʞʘʪʴ ʬʦʨʤʫ ʠ ʥʝ ʨʘʟʚʘʨʠʚʘʪʴʩʷ ʧʨʠ 

ʞʘʨʢʝ. ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʮʝʥʘ.  

ɼʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʨʳʥʢʘ ʤʠʥʪʘʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʟʘʧʘʩʳ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʳʩʪʨʦʤʫ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʨʝʩʫʨʩʦʚ. ʈʘʟʚʠʪʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʪʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʩʣʘ ʥʘ ʙʘʟʝ ʧʣʘʚʫʯʠʭ ʜʦʙʳʚʘʶʱʝ-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʇʦ ʜʘʥʥʳʤ ɸʩʩʦʮʠʘʮʠʠ ʜʦʙʳʪʯʠʢʦʚ ʤʠʥʪʘʷ, ʚ 2022 ʛ. ʨʦʩʩʠʡʩʢʠʝ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʠʢʠ 

ʫʚʝʣʠʯʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʠʣʝ ʤʠʥʪʘʷ ʥʘ 16,8 % [2]. ʕʪʦ ʫʜʘʣʦʩʴ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʧʝʨʝ-

ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʣʦʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʦʩʚʦʝʥʠʠ ʨʝʩʫʨʩʦʚ ʦʪʤʝʯʝʥʘ ʪʘʢʞʝ ʧʦ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ, 

ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʢʘʤʙʘʣʝ, ʪʨʝʩʢʝ, ʢʦʤʘʥʜʦʨʩʢʦʤʫ ʢʘʣʴʤʘʨʫ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʝʣʝʡ 2022 ʛ. ʦʪʤʝʯʝʥʘ ʧʦ ʪʨʝʩʢʝ, ʪʝʨʧʫʛʘʤ, ʢʫʢʫʤʘʨʠʠ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ 
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ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʦʛʥʦʟʘʤʠ, ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʧʨʦʤʳʩʣʦʚʫʶ ʩʠʪʫʘʮʠʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ 2024 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʣʦʩʦʩʝʚʳʭ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʫʩʪʫʧʘʝʪ ʧʨʦʰʣʦʛʦʜʥʝʤʫ. 

ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʚʘʪʴ ʧʨʦʤʳʩʝʣ ʥʝʜʦʦʩʚʘʠʚʘʝʤʳʭ ʠ ʤʘʣʦ ʦʩʚʘ-

ʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʣʦʛʠʩʪʠʢʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʪʫʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʤʳʩʣʦʚʳʝ ʨʘʡʦʥʳ ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʵʪʦ ʆʭʦʪʩʢʦʝ ʠ ɹʝʨʠʥʛʦʚʦ ʤʦʨʷ, ʛʣʘʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʦʤʳʩʣʘ ʚ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʠʥʪʘʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʤʝʨʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʱʝ 35 ʚʠʜʦʚ ɺɹʈ, ʥʘ 

ʢʦʪʦʨʳʝ ʣʠʙʦ ʫʩʪʘʥʦʚʣʝʥʳ ʆɼʋ, ʣʠʙʦ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʦʙʲʝʤ ʚʦʟʤʦʞʥʦʛʦ ʚʳʣʦʚʘ. ʈʘʩʭʦʞʜʝ-

ʥʠʷ ʤʝʞʜʫ ʜʦʧʫʩʪʠʤʳʤʠ ʫʣʦʚʘʤʠ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʥʘ ʧʨʦʤʳʩʣʝ ʧʦʢʘʟʘʣʠ ʜʦʙʳʚʘʶʱʠʝ ʩʫʜʘ ʪʠʧʘ ʈʉ, ʉʊʈ, 

ʉʈʊʄ, ʦʜʥʘʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʩʫʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʨʳʙʦʧʨʦʤʳʰʣʝʥ-

ʥʠʢʠ ʫʚʝʣʠʯʠʣʠ ʚʳʧʫʩʢ ʬʠʣʝ ʤʠʥʪʘʷ, ʯʪʦ ʫʜʘʣʦʩʴ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʬʣʦʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʨʠ-

ʙʨʝʞʥʦʡ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚ ʦʩʚʦʝʥʠʝ 

ʆɼʋ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʲʝʤʘʤʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʫʣʦʚʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʝʨʠʦʜ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʫʣʫʯʰʝʥʥʦʛʦ ʚʝʜʝʥʠʷ ʜʦʙʳʯʠ ʥʝʜʦʦʩʚʘʠʚʘʝʤʳʭ ʠ ʤʘʣʦ ʦʩʚʘʠʚʘʝʤʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʣʫʯʰʝ-

ʥʠʝ ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʩʚʝʜʝʥʠʷʤ ʧʦ ʧʘʨʘʟʠʪʦʬʘ-

ʫʥʝ ʨʳʙ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ ʥʘʤʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʚʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʞʘʙʝʨʥʳʭ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʵʢʪʦʧʘʨʘʟʠʪʦʚ ʠʟ ʪʨʸʭ ʦʩʦʙʝʡ ʛʦʣʴʷʥʘ ʘʤʫʨʩʢʦʛʦ Rhynchocypris lagowskii 

ʠʟ ʫʯʘʩʪʢʘ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʩʸʣʢʘ ʐʪʳʢʦʚʦ. ʈʘʥʝʝ ʦʙʥʘʨʫʞʝʥʦ ʩʝʤʴ ʚʠʜʦʚ 

ʧʘʨʘʟʠʪʦʚ ʠʟ ʧʷʪʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ: Trematoda ï Crepidostomum metoecus, Al-

locreadium khankaiense, Centrocestus armatus; Cestoda ï Proteocephalus exiguus; Monoge-

nea ï Eudiplozoon nipponicum; Nematoda ï Camallanus lacustris; Ciliophora ï Trichodina 

domerguei. ʅʦʚʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʟʘʨʘʞʘʝʤʦʩʪʴ ʚʩʝʭ ʪʨʸʭ ʦʩʦʙʝʡ ʛʦʣʴʷʥʘ ʃʘʛʦʚʩʢʦʛʦ 

ʢʨʫʛʦʨʝʩʥʠʯʥʳʤʠ ʠʥʬʫʟʦʨʠʷʤʠ T. domerguei ʠ ʤʠʢʩʦʩʧʦʨʠʜʠʷʤʠ Myxobolus arcticus. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ (100 %) ʜʣʷ ʦʙʦʠʭ ʚʠʜʦʚ ʧʘ-

ʨʘʟʠʪʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʛʦʣʴʷʥʘ ʠʥʬʫʟʦʨʠʷʤʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 50 ʢʣʝʪʦʢ ʥʘ 

ʦʜʥʫ ʦʩʦʙʴ ʨʳʙʳ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʤʠʢʩʦʩʧʦʨʠʜʠʷʤʠ ʜʦʩʪʠʛʘʣʘ 500 ʟʨʝʣʳʭ 

ʩʧʦʨ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʮʠʩʪʘʭ ʥʘ ʞʘʙʝʨʥʳʭ ʣʝʧʝʩʪʢʘʭ ʠ ʜʫʛʘʭ. ʉʨʝʜʠ ʚʩʝʭ ʦʙʩʣʝ-

ʜʦʚʘʥʥʳʭ ʨʳʙ ʛʦʣʴʷʥ R. lagowskii ʠ ʛʦʣʝʮ-ʫʩʘʯ Barbatula toni ʦʢʘʟʘʣʠʩʴ ʧʝʨʝʥʦʩʯʠʢʘʤʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ï ʧʦ ʯʝʪʳʨʝ ʚʠʜʘ, ʧʨʠʯʸʤ ʦʙʘ ʚʠʜʘ ʧʝʨʝʥʦʩʷʪ 

ʥʝʤʘʪʦʜ C. lacustris. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ R. lagowskii ʟʘʨʘʞʸʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʞʘʙʝʨ-

ʥʳʤʠ ʵʢʪʦʧʘʨʘʟʠʪʘʤʠ (ʪʨʠ ʚʠʜʘ), ʘ B. toni ï ʢʠʰʝʯʥʳʤʠ ʵʥʜʦʧʘʨʘʟʠʪʘʤʠ (ʪʨʠ ʚʠʜʘ). ʇʨʦ-

ʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʩʝʭ ʚʦʩʴʤʠ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʧʦ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʟʘʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʠʜʦʚ ʨʳʙ. 
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Abstract. In addition to recently published data on the parasite fauna of fish in the 

Artyomovka River, we identified the species of gill unicellular ectoparasites in three individuals 

of the Amur minnow Rhynchocypris lagowskii from a part of the Artyomovka River near the 

village of Shtykovo. Previously, seven parasite species from five taxonomic groups were found: 

Trematoda ï Crepidostomum metoecus, Allocreadium khankaiense, Centrocestus armatus; 

Cestoda ï Proteocephalus exiguus; Monogenea ï Eudiplozoon nipponicum; Nematoda ï 

Camallanus lacustris; Ciliophora ï Trichodina domerguei. New data include infestation of 

three individuals of the Lagowskii minnow with the ciliates T. domerguei and the myxosporean 

Myxobolus arcticus. Respectively the prevalence of infestation was maximum (100%) for both 

parasite species. The intensity of infestation with ciliates was about 50 cells per individual fish, 

and the intensity of myxosporean infestation reached 500 mature spores, which were observed 

in cysts on the gill filaments and arches. Among all the examined fish, the minnow R. lagowskii 

and Barbatula toni turned out to be vectors of the largest number of parasite species ï four 

species each, and both species were infected with the nematode C. lacustris. It is noteworthy 

that R. lagowskii was infected mainly with gill ectoparasites (three species), and B. toni - with 

intestinal endoparasites (three species). All eight parasite species were classified by faunistic 

complexes based on the infection of certain fish species. 

Keywords: helminths, protozoa, fish, Shtykovo, Artyomovka River, microscopy, preva-

lence of infection, intensity of infection, abundance index 
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ɺʚʝʜʝʥʠʝ 
ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɽʨʤʦʣʝʥʢʦ ʠ ɹʫʪʦʨʠʥʘ [1] ʧʨʝʜʦʩʪʘʚʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʘʨʘʟʠʪʦʚ ʩʠʤʳ ʠʟ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ, ʛʜʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 
ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʇʦʟʜʥʝʝ ɹʝʩʧʨʦʟʚʘʥʥʳʭ ʠ ʩʦʘʚʪʦʨʳ [2] ʠʟʫʯʠʣʠ ʩʪʨʦʝʥʠʝ ʠ ʞʠʟʥʝʥ-
ʥʳʡ ʮʠʢʣ ʪʨʝʤʘʪʦʜʳ Exorchis oviformis ʚ ʛʠʜʨʦʙʠʦʥʪʘʭ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ. ʇʦʟʜʥʝʝ ʦʪʜʝʣʴʥʳʝ 
ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʜʚʫʤ ʚʠʜʘʤ ʪʨʝʤʘʪʦʜ ʠʟ ʛʦʣʴʮʦʚ-ʫʩʘʯʝʡ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ ï ʧʝʨʝʦʧʠ-
ʩʘʥʠʶ Crepidostomum metoecus [3] ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ Allocreadium khankaiense 
[4]. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ɺʘʡʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] ʦʙʩʣʝʜʦʚʘʥʳ ʰʝʩʪʴ ʚʠʜʦʚ ʨʳʙ, ʠʟ ʢʦʪʦʨʳʭ 
ʯʝʪʳʨʝ ʦʢʘʟʘʣʠʩʴ ʟʘʨʘʞʝʥʳ ʩʝʤʴʶ ʚʠʜʘʤʠ ʧʘʨʘʟʠʪʦʚ. 

ʈʝʢʘ ɸʨʪʸʤʦʚʢʘ [6] ʙʝʨʸʪ ʥʘʯʘʣʦ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʛʦʨ ʇʨʞʝʚʘʣʴʩʢʦʛʦ ʠ ʚʧʘʜʘʝʪ 
ʚ ʟʘʣʠʚ ʄʫʨʘʚʴʠʥʳʡ ʋʩʩʫʨʠʡʩʢʦʛʦ ʟʘʣʠʚʘ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʥʝʜʘʣʝʢʦ ʦʪ ʩʪʘʥʮʠʠ ʐʢʦʪʦʚʦ. 
ʈʝʢʘ ɸʨʪʝʤʦʚʢʘ ʠ ʝʝ ʧʨʠʪʦʢʠ ʧʨʦʪʝʢʘʶʪ ʧʦ ʫʟʢʠʤ ʜʦʣʠʥʘʤ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʢʣʦʥʳ ʠ 
ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ ʨʝʢʫ ʥʝʦʙʳʯʘʡʥʦ ʧʦʧʫʣʷʨʥʦʡ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʨʳʙ ʠʟ ʨʘʟʥʳʭ 
ʵʢʦʣʦʛʦ-ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʩʣʦʞʠʪʴʩʷ ʢʨʝʧʢʠʤ ʪʨʦʬʠʯʝʩʢʠʤ ʩʚʷʟʷʤ 
ʫʩʪʦʡʯʠʚʳʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʪʠʧʘ çʧʘʨʘʟʠʪ-ʭʦʟʷʠʥè. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʘʢʪʫʘʣʴʥʘ ʧʦ ʧʨʠʯʠʥʝ 
ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʦʢ ʨʝʢʠ ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʩʸʣʢʘ ʐʪʳʢʦʚʦ ʷʚʣʷʝʪʩʷ 
ʦʙʲʝʢʪʦʤ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ ʠ ʨʳʙʥʦʡ ʣʦʚʣʠ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʜʦʧʦʣʥʝʥʠʠ ʩʚʝʜʝʥʠʡ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʘʨʘʟʠʪʦʚ 
ʨʳʙ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʠʭ ʟʘʨʘʞʸʥʥʦʩʪʠ ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ 
ʙʣʠʟ ʧʦʩʸʣʢʘ ʐʪʳʢʦʚʦ ʚ ʐʢʦʪʦʚʩʢʦʤ ʨʘʡʦʥʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʘʨʘʟʠʪʦʚ ʧʦ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʥʘ ʦʩʥʦʚʝ ʠʭ ʧʘʨʘ-
ʟʠʪʠʨʦʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʠʜʘʭ ʨʳʙ ʠʟ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ. 

 
ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 
ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʞʘʙʝʨʥʳʝ ʵʢʪʦʧʘʨʘʟʠʪʳ ʠʟ ʛʦʣʴʷ-

ʥʦʚ ʃʘʛʦʚʩʢʦʛʦ Rhynchocypris lagowskii ʠʟ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ, ʚʳʣʦʚʣʝʥʥʳʭ ʩ ʘʧʨʝʣʷ ʧʦ ʠʶʥʴ 
2024 ʛ. ʇʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʘʨʘʟʠʪʦʬʘʫʥʝ ʨʳʙ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ ʠʟ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʠ ʧʨʝʜʳʜʫʱʝʛʦ [5] ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1  

 ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʨʳʙʘʭ-ʭʦʟʷʝʚʘʭ ʟʘ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʠʶʥʴ ʥʘ ʦʩʥʦʚʝ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ɺʘʡʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] 

Table 1  

Information on the surveyed host fish for the period from April to June based on the original 

data and Vainutis et al. [5] 

 

ɺʠʜ ʭʦʟʷʠʥʘ 
ʂʦʣʠʯʝʩʪʚʦ 

ʦʩʦʙʝʡ 

ʂʣʘʩʩʳ ʦʙʥʘʨʫʞʝʥ-

ʥʳʭ ʧʘʨʘʟʠʪʦʚ (n*) 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʧʘ-

ʨʘʟʠʪʦʚ 

ʃʦʢʘʣʠʟʘʮʠʷ ʧʘʨʘ-

ʟʠʪʘ 

Cypriniformes 

Cyprinidae Rafinesque, 1815 

Rhynchocypris lagowskii 3 
Mn1 (15), Nm2 (4), Cl3 

(~50), Mx4 (>500) 
4 ɾʘʙʨʳ/ʢʠʰʝʯʥʠʢ 

Rhodeus sericeus 3 Tr5 (211) 1 ɾʘʙʝʨʥʳʝ ʜʫʛʠ 

Nemacheilidae Regan, 1911 

Barbatula toni 21 Tr (9); Cs6 (7); Nm (2) 4 ʂʠʰʝʯʥʠʢ 

Cobitidae Swainson, 1838 

Cobitis taenia 1 ï ï ï 

Gasterosteoidei 

Gasterosteidae 

Pungitius sinensis 18 Cl (>500) 1 ɾʘʙʨʳ 

Gobiiformes 

Gobiidae Cuvier, 1816 

Gymnogobius urotaenia 4 ï ï ï 

*n ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ; 1 ï Monogenea; 2 ï Nematoda; 3 ï ʠʥʬʫʟʦʨʠʠ Ciliophora; 4 ï ʤʠʢʩʦʩʧʦʨʠʜʠʠ 

Myxozoa; 5 ï Trematoda; 6 ï Cestoda. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʭʪʠʦʣʦʛʠʠ ʢʘʬʝʜʨʳ çɺʦʜʥʳʝ ʙʠʦʨʝ-

ʩʫʨʩʳ ʠ ʘʢʚʘʢʫʣʴʪʫʨʘè ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼʘʣʴʨʳʙʚʪʫʟ), ɺʣʘʜʠʚʦʩʪʦʢ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʨʝʜʤʝʪ ʧʘʨʘʟʠʪʘʨʥʳʭ ʠʥ-

ʚʘʟʠʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ. ɺʩʝʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʘʨʘ-

ʟʠʪʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 70 % ʵʪʘʥʦʣʝ. ʇʦʩʪʦʷʥʥʳʝ ʟʦʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʝʪʦʜʘʤʠ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʢʘʨʤʠʥʝ ʩ ʬʠʢʩʘʮʠʝʡ ʥʘ ʧʨʝʜʤʝʪʥʳʭ ʩʪʸʢʣʘʭ ʚ ʢʘʥʘʜʩʢʦʤ ʙʘʣʴʟʘʤʝ 

(ʤʘʨʠʪʳ ʠ ʤʝʪʘʮʝʨʢʘʨʠʠ ʪʨʝʤʘʪʦʜ), ʦʩʚʝʪʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʛʣʠʮʝʨʠʥ-ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ (ʩʦʦʪ-

ʥʦʰʝʥʠʝ 1 : 1) ʩ ʬʠʢʩʘʮʠʝʡ ʥʘ ʧʨʝʜʤʝʪʥʳʭ ʩʪʸʢʣʘʭ ʚ ʛʣʠʮʝʨʠʥ-ʞʝʣʘʪʠʥʝ (ʥʝʤʘʪʦʜʳ) ʠ ʦʢʨʘ-

ʰʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (ʪʨʠʭʦʜʠʥʳ). ɺʠʜʦʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʠʪʝʣʝʡ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʠ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʧʘ-

ʨʘʟʠʪʦʚ ʐʫʣʴʤʘʥʘ ʠ ʩʦʘʚʪʦʨʦʚ [7], ɻʫʩʝʚʘ [8] ʠ ɸʚʜʝʝʚʘ [9] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ 

ʄʠʢʤʝʜ-6 (ʃʦʤʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ). ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʨʘʞʸʥʥʦʩʪʠ ʨʳʙ ʧʨʦ-

ʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ: ʵʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ, ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (ʩʨʝʜʥʷʷ ʠ ʘʤʧʣʠʪʫʜʘ), ʠʥʜʝʢʩ ʦʙʠʣʠʷ [10]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 

ʇʘʨʘʤʝʪʨʳ ʟʘʨʘʞʸʥʥʦʩʪʠ ʨʳʙ 

ʇʦʣʫʯʝʥʥʳʝ ʠʥʜʝʢʩʳ ʟʘʨʘʞʸʥʥʦʩʪʠ (ʪʘʙʣ. 2, 3) ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʧʘʨʘʟʠʪʦʚ ʚ ʨʳʙʘʭ-ʭʦʟʷʝʚʘʭ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚʦʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫ-

ʞʝʥʦ ʚ ʯʝʪʳʨʸʭ ʚʠʜʘʭ ʨʳʙ. ʉʨʝʜʠ ʚʩʝʭ ʨʳʙ ʛʦʣʝʮ-ʫʩʘʯ Barbatula toni ʙʳʣ ʥʘʠʙʦʣʝʝ ʟʘʨʘʞʸʥ ï 

ʚʩʝʛʦ ʠʟ ʨʘʟʥʳʭ ʦʩʦʙʝʡ ʠʟʚʣʝʯʝʥʳ ʯʝʪʳʨʝ ʚʠʜʘ ʛʝʣʴʤʠʥʪʦʚ ʠʟ ʢʣʘʩʩʦʚ Chromadorea (ʢʨʫʛʣʳʝ 

ʯʝʨʚʠ), Trematoda ʠ Cestoda (ʧʣʦʩʢʠʝ ʯʝʨʚʠ): Camallanus lacustris, Crepidostomum metoecus, 

Allocreadium khankaiense, Proteocephalus exiguus. ʂʘʞʜʳʡ ʠʟ ʧʘʨʘʟʠʪʦʚ ʩʧʝʮʠʬʠʯʥʦ ʟʘʨʘʞʘʣ 

ʦʜʠʥ ʚʠʜ ʨʳʙʳ, ʢʨʦʤʝ Camallanus sp., ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʡʜʝʥ ʚ ʜʚʫʭ ʚʠʜʘʭ ʨʳʙ ï B. toni ʠ R. 

lagowskii. 

ʆʩʪʘʣʴʥʳʝ ʨʳʙʳ ʙʳʣʠ ʩʧʝʮʠʬʠʯʥʦ ʟʘʨʘʞʝʥʳ ʦʜʥʠʤ ʚʠʜʦʤ ʧʘʨʘʟʠʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʯʪʦ ʠʟ ʚʩʝʡ ʚʳʙʦʨʢʠ ʨʳʙ Trichodina domerguei ʟʘʨʘʞʘʣʘ ʪʦʣʴʢʦ ʜʝʚʷʪʠʠʛʣʫʶ ʢʦʣʶʰʢʫ ʠ ʛʦʣʴ-

ʷʥʘ ʃʘʛʦʚʩʢʦʛʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʨʘʟʥʳʝ ʚʠʜʳ ʪʨʠʭʦʜʠʥ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʭʦʟʷʠʥʦ-

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. 

 

ʊʘʙʣʠʮʘ 2  

ɼʦʧʦʣʥʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʘʨʘʟʠʪʘʭ ʧʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ 

ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ɺʘʡʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] 

Table 2  

Updated information on the detected parasites by taxonomic groups based on the original 

data and Vainutis et al. [5] 

 

ɺʠʜ ʧʘʨʘʟʠʪʘ 
ʂʦʣʠʯʝʩʪʚʦ 

ʦʩʦʙʝʡ 
ʍʦʟʷʠʥ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʉʪʘʜʠʷ ʨʘʟʚʠʪʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʨʘ-

ʞʸʥʥʳʭ ʨʳʙ 

Trematoda 

Crepidostomum metoecus 7 
B. toni 

ʢʠʰʝʯʥʠʢ 
ʄʘʨʠʪʘ 4 

Allocreadium khankaiense 2 
B. toni 

ʢʠʰʝʯʥʠʢ 
ʄʘʨʠʪʘ 1 

Centrocestus armatus 211 
R. sericeus 

ʞʘʙʨʳ 
ʄʝʪʘʮʝʨʢʘʨʠʷ 2 

Cestoda 

Proteocephalus exiguus 7 
B. toni 

ʢʠʰʝʯʥʠʢ 
ʇʦʣʦʚʦʟʨʝʣʳʡ 2 
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Monogenea 

Eudiplozoon nipponicum 15 
R. lagowskii 

ʞʘʙʨʳ 
ʇʦʣʦʚʦʟʨʝʣʳʡ 1 

Nematoda, Chromadorea 

Camallanus lacustris 6 
B. toni, R. lagowskii 

ʢʠʰʝʯʥʠʢ 
ʇʦʣʦʚʦʟʨʝʣʳʡ 4 

Ciliophora 

Trichodina domerguei >500 / ~50 
P. sinensis / R. lagowskii 

ʞʘʙʨʳ 
ɿʨʝʣʳʝ ʢʣʝʪʢʠ 3 

Myxozoa, Myxosporea 

Myxobolus arcticus >500 
R. lagowskii 

ʞʘʙʨʳ 
ɿʨʝʣʳʝ ʢʣʝʪʢʠ 3 

 

ʊʘʙʣʠʮʘ 3  

ʀʥʜʝʢʩʳ ʟʘʨʘʞʸʥʥʦʩʪʠ ʨʳʙ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʧʘʨʘʟʠʪʘʤʠ  

ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ɺʘʡʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] 

Table 3  

Indices of fish infection with detected parasites based on original data and Vainutis et al. [5] 

 

ɺʠʜ ʧʘʨʘʟʠʪʘ 
ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʥʚʘʟʠʠ 

ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘ-

ʟʠʠ, % 
ʀʥʜʝʢʩ ʦʙʠʣʠʷ 

Crepidostomum metoecus 1,75 19,05 0,33 

Allocreadium khankaiense 2 4,76 0,09 

Centrocestus armatus 105,5 66,67 70,33 

Proteocephalus exiguus 3,5 9,52 0,33 

Eudiplozoon nipponicum 15 33,33 5 

Camallanus lacustris 
1 (R. lagowskii) 

2 (B. toni) 

66,67 (R. lagowskii) 

9,52 (B. toni) 

0,67 (R. lagowskii) 

0,19 (B. toni) 

Trichodina domerguei ~ 
16,67 (P. sinensis) 

100 (R. lagowskii) 
~ 

Myxobolus arcticus ~ 100 ~ 

 

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʥʳʤ ʧʘʨʘʟʠʪʘʤ 

ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ɺʘʡʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʧʘʨʘʟʠʪʦʬʘʫʥʳ ʨʳʙ 

ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʦ ʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ (Crepidostomum metoecus, 

Allocreadium khankaiense, Centrocestus armatus, Proteocephalus exiguus, Eudiplozoon 

nipponicum, Camallanus lacustris, Trichodina domerguei) ʚ ʯʝʪʳʨʸʭ ʚʠʜʘʭ ʨʳʙ ï Rhynchocypris 

lagowskii, Rhodeus sericeus, Barbatula toni, Pungitius sinensis. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʪʦʧʘ-

ʨʘʟʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʚʠʜʘʤʠ ʠʟ ʜʚʫʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ï ʢʨʫʛʦʨʝʩʥʠʯʥʳʝ ʠʥʬʫ-

ʟʦʨʠʠ Trichodina domerguei (Ciliophora) ʠ ʤʠʢʩʦʩʧʦʨʠʜʠʠ Myxobolus arcticus (Myxosporea). ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʞʝ ʠʟʫʯʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ [5] ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʘʨʘʟʠʪʳ ʪʨʸʭ ʛʦʣʴʷʥʦʚ ʃʘ-

ʛʦʚʩʢʦʛʦ, ʚ ʞʘʙʨʘʭ ʢʦʪʦʨʳʭ, ʧʦʤʠʤʦ ʧʨʝʜʳʜʫʱʝʡ ʥʘʭʦʜʢʠ (ʤʦʥʦʛʝʥʝʷ Eudiplozoon 

nipponicum), ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʥʬʫʟʦʨʠʠ T. domerguei ʠ ʤʠʢʩʦʩʧʦʨʠʜʠʠ Myxobolus arcticus. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʦʯʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʚʘ ʚʠʜʘ ʨʳʙ ʩʧʦʩʦʙʥʳ ʧʝʨʝʥʦʩʠʪʴ ʢʨʫʛʦʨʝʩʥʠʯʥʳʭ 

ʠʥʬʫʟʦʨʠʡ T. domerguei ï R. lagowskii ʠ P. sinensis. ʄʠʢʩʦʩʧʦʨʠʜʠʠ Myxobolus arcticus.  

 

ʌʘʫʥʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʘʨʘʟʠʪʦʚ ʨʳʙ ʨʝʢʠ ɸʨʪʸʤʦʚʢʘ 

ʇʘʨʘʟʠʪʦʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʳʙ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɸʟʠʠ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪ ʧʦ ʰʝʩʪʠ 

ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ: ʙʦʨʝʘʣʴʥʳʡ ʨʘʚʥʠʥʥʳʡ, ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʘʨʢʪʠʯʝʩʢʠʡ 

ʧʨʝʩʥʦʚʦʜʥʳʡ, ʢʠʪʘʡʩʢʠʡ ʨʘʚʥʠʥʥʳʡ, ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ ʠ ʘʨʢʪʠʯʝʩʢʠʡ ʤʦʨʩʢʦʡ [11]. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʜʣʷ ʨʳʙ ʙʘʩʩʝʡʥʘ ɸʤʫʨʘ ʚ ɽʚʨʝʡʩʢʦʡ ʘʚʪʦʥʦʤʥʦʡ ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪ ʙʦʣʴʰʝ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʢʠʪʘʡʩʢʠʡ ʨʘʚʥʠʥʥʳʡ, ʚʝʨʭʥʝʪʨʝʪʠʯʥʘʷ ʠʭʪʠʦʬʘʫʥʘ, 

ʙʦʨʝʘʣʴʥʳʡ ʨʘʚʥʠʥʥʳʡ, ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʠʥʜʠʡʩʢʠʡ ʨʘʚʥʠʥʥʳʡ. ʆʩʪʘʣʴʥʳʝ ʚʢʣʶʯʘʶʪ 
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ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʨʳʙ, ʠʟ ʥʠʭ ʢ ʪʨʸʤ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦ ʦʜʥʦʤʫ ʚʠʜʫ ʨʳʙ: ʘʨʢʪʠʯʝʩʢʠʡ 

ʧʨʝʩʥʦʚʦʜʥʳʡ, ʙʦʨʝʘʣʴʥʘʷ ʧʘʣʝʘʨʢʪʠʯʝʩʢʘʷ ʠʭʪʠʦʬʘʫʥʘ, ʪʠʭʦʦʢʝʘʥʩʢʘʷ (ʤʦʨʩʢʘʷ) ʙʦʨʝʘʣʴʥʘʷ 

ʠʭʪʠʦʬʘʫʥʘ, ʮʠʨʢʫʤʙʦʨʝʘʣʴʥʘʷ ʠʭʪʠʦʬʘʫʥʘ [12]. 

ʋʯʠʪʳʚʘʷ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʘʨʘʟʠʪʦʚ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ [1ï

5], ʨʳʙʳ ʜʘʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʤʦʛʫʪ ʟʘʨʘʞʘʪʴʩʷ ʤʠʥʠʤʫʤ 13 ʚʠʜʘʤʠ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʠ ʤʥʦʛʦʢʣʝ-

ʪʦʯʥʳʭ ʧʘʨʘʟʠʪʦʚ, ʫʯʠʪʳʚʘʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʝʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ï ʢʨʫʛʦʨʝʩʥʠʯʥʳʝ ʠʥʬʫʟʦʨʠʠ (Trichodina domerguei), ʤʠʢʩʦʩʧʦʨʠʜʠʠ (Myxobolus arcticus, 

Myxidium salvelini), ʪʨʝʤʘʪʦʜʳ (Stephanophiala farionis, Crepidostomum metoecus, Centrocestus 

armatus, Exorchis oviformis), ʮʝʩʪʦʜʳ (Proteocephalus exiguus), ʤʦʥʦʛʝʥʝʠ (Eudiplozoon nippon-

icum), ʥʝʤʘʪʦʜʳ (Cystidicoloides ephemeridarum, Camallanus lacustris, Cucullanus truttae). 

ʄʦʥʦʛʝʥʝʠ E. nipponicum ʢʘʢ ʧʘʨʘʟʠʪʳ ʩʘʟʘʥʘ ʠ ʢʘʨʘʩʷ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʤʠ ʚʩʝʣʝʥʮʘʤʠ, ʘ ʠʥʬʫʟʦʨʠʷ T. domerguei ʠ ʪʨʝʤʘʪʦʜʘ C. metoecus ʦʪʥʦʩʷʪʩʷ ʢ ʘʙʦʨʠʛʝʥʘʤ, 

ʧʨʠʯʸʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʙʦʨʝʘʣʴʥʦʤʫ ʛʦʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [13]. ɿʜʝʩʴ 

ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʫʪʦʯʥʝʥʠʝ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ C. metoecus ʚ ɸʚʩʪʨʠʠ 

ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʥʘʭʦʜʢʠ ʧʦ ʚʩʝʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɽʚʨʘʟʠʠ, ʦʥ ʪʘʢʞʝ ʙʳʣ ʥʘʡʜʝʥ ʠ ʚ ʨʝʢʘʭ ʉʝ-

ʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʛʦʣʘʨʢʪʠʯʝʩʢʠʤ ʚʠʜʦʤ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʧʨʦʭʦʜʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʝʛʦ ʪʠʧʠʯʥʳʭ ʨʳʙ-ʭʦʟʷʝʚ ʠʟ ʩʝʤʝʡ-

ʩʪʚʘ ʣʦʩʦʩʸʚʳʭ. ɽʨʤʦʣʝʥʢʦ ʠ ɹʫʪʦʨʠʥʘ [1] ʚʧʝʨʚʳʝ ʦʪʤʝʪʠʣʠ C. metoecus ʠ S. farionis (ʠʟ ʪʦʛʦ 

ʞʝ ʩʝʤʝʡʩʪʚʘ ʪʨʝʤʘʪʦʜ Allocreadiidae) ʚ ʩʠʤʝ Oncorhynchus masou ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʘ. ʉʠʤʫ, 

ʨʘʚʥʦ ʢʘʢ ʠ ʢʫʥʜʞʫ Salvelinus leucomaenis, ɽʩʠʥ ʠ ʩʦʘʚʪʦʨʳ [14] ʦʧʨʝʜʝʣʷʣʠ ʚ ʰʠʨʦʢʦʙʦʨʝ-

ʘʣʴʥʦʤ ʧʨʠʘʟʠʘʪʩʢʦʤ ʘʨʝʘʣʝ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʠʜʦʚ ʣʦʩʦʩʸʚʳʭ ʠʟ ʨʦʜʦʚ Oncorhynchus, 

Salvelinus ʠ Salmo ʟʘʨʘʞʘʝʪʩʷ C. metoecus ʠ S. farionis, ʘ ʨʘʩʧʨʝʜʝʣʷʶʪ ʵʪʠʭ ʨʳʙ ʧʦ ʯʝʪʳʨʸʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʘʨʝʘʣʘʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ C. metoecus ʦʪʤʝʯʝʥ ʚ ʩʠʙʠʨʩʢʦʤ ʛʦʣʴʮʝ Bar-

batula toni, ʢʦʪʦʨʦʛʦ ɹʫʨʠʢ [12] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʙʦʨʝʘʣʴʥʦ-ʛʦʨʥʘʷ/ʧʨʝʜʛʦʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞ-

ʥʳʭ ʜʣʷ C. metoecus, ʪʘʢʞʝ ʦʪʤʝʯʝʥʥʦʛʦ ʨʘʥʝʝ ʚ B. toni ʚ ʨʝʢʘʭ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ [3]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʠʜʳ C. metoecus ʠ S. Farionis, ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʭʦʟʷʝʚ ʨʳʙ, 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʬʘʫʥʠʩʪʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʠʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʛʦʣʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ, ʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʦʧʫʣʷʮʠʠ ï ʘʤʬʠʪʠ-

ʭʦʦʢʝʘʥʩʢʘʷ ʠ ʘʤʬʠʘʪʣʘʥʪʠʯʝʩʢʘʷ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʠʚʷʟʢʝ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʭʦʟʷʠʥʫ ʤʳ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤ ʚʠʜʳ 

ʜʨʫʛʠʭ ʢʠʰʝʯʥʳʭ ʧʘʨʘʟʠʪʦʚ Camallanus lacustris, Proteocephalus exiguus ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦ-

ʚʦʛʦ Allocreadium khankaiense ʚ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʅʘʧʨʦʪʠʚ, ʇʫʛʘʯʸʚ [11] ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɸʟʠʠ ʦʪʤʝʯʘʣ ʚʳʩʦʢʫʶ ʟʘʨʘʞʸʥʥʦʩʪʴ ʣʦʩʦʩʸʚʳʭ ʨʳʙ ʮʝʩʪʦʜʦʡ P. exiguus ʠ ʦʪ-

ʥʦʩʠʣ ʵʪʦʛʦ ʛʝʣʴʤʠʥʪʘ ʢ ʘʨʢʪʠʯʝʩʢʦʤʫ ʧʨʝʩʥʦʚʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʅʝʤʘʪʦʜʘ C. lacustris ʟʘʨʘ-

ʞʘʝʪ ʱʫʢʦʚʳʭ, ʣʦʩʦʩʸʚʳʭ, ʢʘʨʧʦʚʳʭ ʠ ʦʢʫʥʸʚʳʭ ʨʳʙ, ʯʪʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ 

ʝʸ ʢ ʙʦʨʝʘʣʴʥʦʤʫ ʨʘʚʥʠʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ɺʳʭʦʜʠʪ, ʯʪʦ ʢʠʰʝʯʥʳʭ ʧʘʨʘʟʠʪʦʚ C. metoecus, P. 

exiguus ʠ C. lacustris ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʠʥʠʤʫʤ ʢ ʜʚʫʤ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʠʭ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʭʦʟʷʠʥʘ. ʀʟ ʚʩʝʭ ʢʠʰʝʯʥʳʭ ʵʥʜʦʧʘʨʘʟʠʪʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʬʘʫʥʠʩʪʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ A. khankaiense, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʤʝʯʝʥ ʚ 

Rhynchocypris lagowskii ʚ ʨʝʢʘʭ ʂʦʤʠʩʩʘʨʦʚʢʘ ʠ ʇʘʚʣʦʚʢʘ ʙʘʩʩʝʡʥʘ ɸʤʫʨʘ [4, 15] ʠ ʚ B. toni ʚ 

ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ [4] ʥʘ ʶʛʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ï ʦʙʘ ʚʠʜʘ ʨʳʙ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨ-

ʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. 

ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʞʘʙʝʨʥʳʭ ʵʢʪʦʧʘʨʘʟʠʪʦʚ ʣʠʰʴ ʠʥʬʫʟʦʨʠʶ Trichodina domerguei 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʚ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩ ʦʪʤʝʪʢʦʡ ʚ ʨʳʙʘʭ ʠʟ ʩʝʤʝʡʩʪʚ ʣʦʩʦʩʸʚʳʭ, 

ʢʘʨʧʦʚʳʭ, ʱʫʢʦʚʳʭ, ʦʢʫʥʸʚʳʭ ʠ ʢʦʣʶʰʢʦʚʳʭ (Pungitius pungitius) [11]. ʇʫʛʘʯʸʚ [11] ʪʘʢʞʝ 

ʫʢʘʟʘʣ, ʯʪʦ P. pungitius ʟʘʤʝʥʷʝʪʩʷ ʚʠʜʦʤ P. sinensis, ʷʚʣʷʶʱʠʤʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʮʠʨʢʫʤʙʦ-

ʨʝʘʣʴʥʦʡ ʠʭʪʠʦʬʘʫʥʳ ʧʦ ɹʫʨʠʢʫ [12]. ʅʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʟʘʨʘʞʸʥʥʦʩʪʴ R. lagowskii ʠʥʬʫ-

ʟʦʨʠʷʤʠ T. domerguei ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ. ɺ ʩʣʫʯʘʝ ʩ ʧʦʩʣʝʜʥʠʤ ʤʳ ʚʠʜʠʤ ʪʨʦʡʩʪʚʝʥʥʦʩʪʴ ʚ 
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ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʧʨʠ ʧʨʠʚʷʟʢʝ ʧʘʨʘʟʠʪʘ ʢ ʝʛʦ ʭʦʟʷʠʥʫ, ʘ 

ʠʤʝʥʥʦ: ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʮʠʨʢʫʤʙʦʨʝʘʣʴʥʳʡ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ. 

ʄʠʢʩʦʩʧʦʨʠʜʠʷ Myxobolus arcticus ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ 

Myxobolus ʚ ʩʝʤʝʡʩʪʚʝ Myxobolidae. ɺʩʝʛʦ ʚ ʙʘʟʝ WoRMS ʥʘʩʯʠʪʳʚʘʝʪʩʷ 1000 ʚʘʣʠʜʥʳʭ ʚʠ-

ʜʦʚ, ʟʘʨʘʞʘʶʱʠʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʠ ʤʦʨʩʢʠʭ ʨʳʙ. ʀʟ ʥʠʭ ʯʝʪʳʨʝ ʚʠʜʘ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʚʩʝʣʝʥ-

ʮʘʤ, ʘ ʢ ʘʙʦʨʠʛʝʥʘʤ ʦʪʥʦʩʷʪʩʷ 24 ʚʠʜʘ [13] ï ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʩʧʠʩʢʦʚ ʥʝ ʫʢʘʟʘʥ M. arcticus. ʆʜʠʥ 

ʠʟ ʝʛʦ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʭʦʟʷʝʚ ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ ï R. lagowskii, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʤʳ ʤʦʛʣʠ ʙʳ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʘʨʘʟʠʪʘ ʢ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. Myxobolus 

arcticus ʠ ʜʨʫʛʘʷ ʤʠʢʩʦʩʧʦʨʠʜʠʷ Myxidium salvelini ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʇʫʛʘʯʸʚʳʤ [11] ʢ ʘʨʢʪʠʯʝ-

ʩʢʦʤʫ ʧʨʝʩʥʦʚʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʦʜʥʘʢʦ ʚʩʸ ʫʩʣʦʞʥʷʝʪʩʷ ʥʘʭʦʜʢʦʡ ʦʙʦʠʭ ʧʘʨʘʟʠʪʦʚ ʚ ʩʠʤʝ ʚ 

ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ. ʉʦʛʣʘʩʥʦ ɽʩʠʥʫ ʠ ʩʦʘʚʪʦʨʦʚ [14] ʩʠʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʰʠʨʦʢʦʙʦʨʝʘʣʴʥʦʤʫ ʧʨʠ-

ʘʟʠʘʪʩʢʦʤʫ ʘʨʝʘʣʫ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠʥʪʨʦʜʫʢʮʠʶ ʤʠʢ-

ʩʦʩʧʦʨʠʜʠʡ M. arcticus ʠ M. salvelini ʚ ʨʝʢʫ ɸʨʪʸʤʦʚʢʫ, ʛʜʝ ʧʨʦʠʟʦʰʣʘ ʘʜʘʧʪʘʮʠʷ M. arcticus ʢ 

ʥʦʚʦʤʫ ʭʦʟʷʠʥʫ ï ʛʦʣʴʷʥʫ R. lagowskii. 

ʇʦʧʳʪʦʢ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ Centrocestus armatus ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʬʘʫʥʠʩʪʠʯʝʩʢʦʤ ʢʦʤ-

ʧʣʝʢʩʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʫʪʦʯʥʷʝʪʩʷ, ʯʪʦ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʦʟʷʠʥ ʛʦʨʯʘʢ 

Rhodeus sericeus [16] ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʇʦʥʪʦ-ʂʘʩʧʠʡʩʢʦʤʫ ʧʨʝʩʥʦʚʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʚ ʂʫʨ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʚʠʜʫ ʩʪʘʪʫʩʘ ʩʦʨʥʦʡ ʨʳʙʳ ʛʦʨʯʘʢʘ ʩʣʝʜʫʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʚʩʝʣʝʥʮʘ. ʕʪʠ 

ʨʳʙʳ ʣʝʛʢʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʚ ʩʪʦʷʯʠʭ ʚʦʜʘʭ, ʥʝʙʦʣʴʰʠʭ ʦʟ±ʨʘʭ, ʢʘʢ ʠʩʢʫʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ. ʂ ʪʦʤʫ ʞʝ ʚʩʸ ʫʩʣʦʞʥʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʦʨʯʘʢʦʚ ʯʝʨʝʟ ʢʨʫʧʥʳʭ ʜʚʫʩʪʚʦʨ-

ʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʧʘʨʘʟʠʪʠʨʫʶʪ ʚ ʞʘʙʨʘʭ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʣʠʯʠʥʢʠ [17]. ʇʦʪʦʤʫ 

ʢʘʪʝʛʦʨʠʟʠʨʦʚʘʪʴ R. sericeus ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ ʦʩʪʘʣʴʥʳʭ, ʫʯʠʪʳʚʘʷ ʝʛʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʠ ʩʣʦʞʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ. ɹʫʨʠʢ [12] ʨʘʩʧʨʝʜʝʣʠʣ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʨʳʙ ʧʦ ʬʘʫʥʠ-

ʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʤ ʛʦʨʯʘʢ ʙʳʣ ʦʪʥʝʩʸʥ ʢ ʚʝʨʭʥʝʪʨʝʪʠʯʥʦʡ ʠʭʪʠʦʬʘ-

ʫʥʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʘʨʘʟʠʪʳ ʛʦʨʯʘʢʘ, ʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ Centrocestus armatus, ʪʘʢʞʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʚʝʨʭʥʝʪʨʝʪʠʯʥʫʶ ʠʭʪʠʦʬʘʫʥʫ. 

ʄʦʥʦʛʝʥʝʷ Eudiplozoon nipponicum ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʛʦʣʴʷʥʝ R. lagowskii, ʢʦʪʦʨʳʡ, ʢʘʢ 

ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʠʨʦʰʥʠ-

ʯʝʥʢʦ [13] ʦʪʥʸʩ E. nipponicum ʢ ʚʠʜʘʤ-ʚʩʝʣʝʥʮʘʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʫʨʦʯʝʥ-

ʥʦʩʪʴ ʵʪʦʛʦ ʧʘʨʘʟʠʪʘ ʢ ʨʘʟʣʠʯʥʳʤ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ. ʋʯʠʪʳʚʘʷ ʚʝʩʴʤʘ ʰʠʨʦʢʠʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʭʚʘʪ ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠ ʭʦʨʦʰʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢʘʨʘʩʷ (ʙʦʨʝʘʣʴʥʦ-ʨʘʚʥʠʥʥʳʡ ʢʦʤʧʣʝʢʩ) ʠ ʢʘʨʧʘ (ʚʝʨʭʥʝʪʨʝʪʠʯʥʘʷ 

ʠʭʪʠʦʬʘʫʥʘ), ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʟʘʨʘʞʘʶʪʩʷ E. nipponicum, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʤʦ-

ʥʦʛʝʥʝʷ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʢ ʪʨʸʤ ʢʦʤʧʣʝʢʩʘʤ ʥʘ ʶʛʝ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩ-

ʩʠʠ ï ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʙʦʨʝʘʣʴʥʦ-ʨʘʚʥʠʥʥʳʡ ʠ ʚʝʨʭʥʝʪʨʝʪʠʯʥʳʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʞʝ ʦʪʤʝʯʝʥʥʳʤ 13 ʚʠʜʘʤ ʧʘʨʘʟʠʪʦʚ ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ [1ï5] ʚʧʝʨʚʳʝ 

ʫʢʘʟʘʥʦ ʟʘʨʘʞʝʥʠʝ ʛʦʣʴʷʥʘ ʃʘʛʦʚʩʢʦʛʦ ʠʥʬʫʟʦʨʠʷʤʠ T. domerguei ʠ ʤʠʢʩʦʩʧʦʨʠʜʠʷʤʠ M. 

arcticus. ʇʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʩʝʤʴ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ ʠʟ ʥʘʩʪʦʷʱʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ ɺʘʡ-

ʥʫʪʠʩʘ ʠ ʩʦʘʚʪʦʨʦʚ [5] ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʜʚʫʤ ʛʨʫʧʧʘʤ ï ʞʘʙʝʨʥʳʝ ʵʢʪʦʧʘʨʘʟʠʪʳ 

(C. armatus, E. nipponicum, T. domerguei, M. arcticus) ʠ ʢʠʰʝʯʥʳʝ ʵʥʜʦʧʘʨʘʟʠʪʳ (C. metoecus, 

A. khankaiense, P. exiguus, C. lacustris). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʭʦ-

ʟʷʠʥʘ ʵʪʠ ʚʠʜʳ ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʨʘʟʥʳʤ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ: ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨ-

ʥʳʡ (E. nipponicum, C. metoecus, A. khankaiense, P. exiguus, C. lacustris), ʙʦʨʝʘʣʴʥʦ-ʨʘʚʥʠʥʥʳʡ 

(E. nipponicum, C. lacustris) ʠ ʚʝʨʭʥʝʪʨʝʪʠʯʥʳʡ (E. nipponicum, C. armatus), ʮʠʨʢʫʤʙʦʨʝʘʣʴʥʳʡ 

(T. domerguei) ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ (T. domerguei), ʘʨʢʪʠʯʝʩʢʠʡ ʧʨʝʩʥʦʚʦʜʥʳʡ (P. exiguus). ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 
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ʧʘʨʘʟʠʪʦʚ ʚ ʨʝʢʝ ɸʨʪʸʤʦʚʢʝ (ʧʷʪʴ ʚʠʜʦʚ). ʉʨʘʟʫ ʧʦ ʪʨʸʤ ʢʦʤʧʣʝʢʩʘʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʥʬʫʟʦ-

ʨʠʷ T. domerguei (ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʮʠʨʢʫʤʙʦʨʝʘʣʴʥʳʡ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʡ) ʠ ʤʦʥʦʛʝ-

ʥʝʷ E. nipponicum (ʙʦʨʝʘʣʴʥʦ-ʧʨʝʜʛʦʨʥʳʡ, ʙʦʨʝʘʣʴʥʦ-ʨʘʚʥʠʥʥʳʡ, ʚʝʨʭʥʝʪʨʝʪʠʯʥʳʡ). ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʝʤʘʪʦʜ C. metoecus ʠ S. farionis ʢʘʢ ʛʦʣʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ ʩ 

ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ (ʘʤʬʠʪʠʭʦʦʢʝʘʥʩʢʘʷ ʠ ʘʤʬʠʘʪʣʘʥʪʠʯʝʩʢʘʷ) ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ 

ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʬʘʫʥʠʩʪʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʦ ʨʳʙʘʤ-ʭʦʟʷʝʚʘʤ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʭʦʟʷʝʚ. 

ʅʘʠʙʦʣʴʰʠʝ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ (105 ʯʝʨʚʝʡ ʥʘ ʦʜʥʫ ʨʳʙʫ) ʠ ʠʥʜʝʢʩ ʦʙʠʣʠʷ 

(70) ʦʪʤʝʯʝʥʳ ʫ ʛʦʨʯʘʢʘ ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ C. armatus. ʅʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʠʥʜʝʢʩʦʚ (2 ʠ 0,09 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʟʘʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʳ ʚ ʛʦʣʴʮʘʭ-ʫʩʘʯʘʭ ʧʨʠ 

ʟʘʨʘʞʝʥʠʠ A. khankaiense, ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʦʤ ʚ ʛʦʣʴʷʥʘʭ ʚ ʨʝʢʘʭ ʂʦʤʠʩʩʘʨʦʚʢʘ ʠ ʇʘʚʣʦʚʢʘ. 

ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʩʧʝʮʠʬʠʯʥʳʝ ʧʘʨʘʟʠʪ-ʭʦʟʷʠʥʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ A. khankaiense ʠ Barbatula toni. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʩʪʦʣʴ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʣʝ-

ʜʫʝʪ ʧʦʜʨʦʙʥʝʝ ʠʟʫʯʠʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ A. khankaiense, ʘ ʠʤʝʥʥʦ ʚʳʷʚʠʪʴ ʚʪʦʨʳʭ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʭʦʟʷʝʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚ ʨʘʮʠʦʥ B. toni. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ ʙʳʣʘ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʫ A. khankaiense ʚ ʛʦʣʴʮʝ-ʫʩʘʯʝ (4,76 %) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ (66,67 %) ʫ C. armatus ʚ 

ʛʦʨʯʘʢʝ ʠ Camallanus lacustris ʚ ʛʦʣʴʷʥʝ ʘʤʫʨʩʢʦʤ. ʕʢʩʪʝʥʩʠʚʥʦʩʪʴ ʠʥʚʘʟʠʠ 100 % ʨʘʩʩʯʠʪʘʥʘ 

ʜʣʷ ʛʦʣʴʷʥʦʚ, ʟʘʨʘʞʘʶʱʠʭʩʷ M. arcticus ʠ T. domerguei. ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ C. lacustris ʠ 

T. domerguei ï ʝʜʠʥʩʪʚʝʥʥʳʝ ʚʠʜʳ, ʧʘʨʘʟʠʪʠʨʫʶʱʠʝ ʩʨʘʟʫ ʚ ʜʚʫʭ ʚʠʜʘʭ ʨʳʙ ï R. lagowskii ʠ 

B. toni ʠ R. lagowskii ʠ P. sinensis ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʥʝʝ ʩʠʙʠʨʩʢʠʡ ʛʦʣʝʮ ʙʳʣ ʦʪ-

ʤʝʯʝʥ ʢʘʢ ʧʝʨʝʥʦʩʯʠʢ ʥʘʠʙʦʣʴʰʝʛʦ (ʯʝʪʳʨʝ) ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʧʘʨʘʟʠʪʦʚ [5]. ʊʘʢʦʝ ʞʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʘʨʘʟʠʪʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠ ʜʣʷ ʛʦʣʴʷʥʘ R. lagowskii ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʦ ʧʘʨʘʟʠʪʦʬʘʫʥʝ ʨʝʢʠ ɸʨʪʸʤʦʚʢʠ ʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʘʨʘʟʠʪʦʚ ʧʦ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʙʫʜʫʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʙʠʦʛʝʦʛʨʘʬʠʠ ʧʘʨʘʟʠʪʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʨʳʙʦʚʦʜʥʳʭ ʭʦʟʷʡʩʪʚ, ʧʦʟ-

ʚʦʣʷʷ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʢʦʥʪʨʦʣʷ ʟʘ ʧʘʨʘʟʠʪʘʨʥʳʤʠ ʠʥʚʘʟʠʷʤʠ ʚ ʩʦʦʙʱʝ-

ʩʪʚʘʭ ʨʳʙ. 
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Abstract The paper includes of results the study of aquatic communities in the largest 

saline lake system of Uzbekistan, formed as a result of human activity. The authors examined 

about the reasons for current decline in fish productivity of the lakes and provided data on study 
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of the species compositions (fish, zooplankton and macroinvertebrate). We also calculated the 

stocking amount of fish ófingerling based on the natural food resource of the system. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʚʦʜʦʝʤʘʭ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʙʠʪʘʶʪ 73 ʚʠʜʘ ʨʳʙʳ, ʩʨʝʜʠ ʥʠʭ 35 ʚʠʜʦʚ ʨʳʙ ʷʚ-

ʣʷʶʪʩʷ ʧʨʦʤʳʩʣʦʚʳʤʠ (48 %) ʠ 38 ʚʠʜʦʚ (52 %) ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʮʝʥʥʳʤʠ [4]. ʉʨʝʜʠ ʧʨʦʤʳʩ-

ʣʦʚʳʭ ʨʳʙ, ʦʙʠʪʘʶʱʠʭ ʚ ʚʦʜʦʝʤʘʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʪʦʣʴʢʦ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʠʜʦʚ ʨʳʙ ʨʘʟʨʝʰʝʥʦ 

ʚʳʣʘʚʣʠʚʘʪʴ, ʘ ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ ʚʥʝʩʝʥʳ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʋʟʙʝʢʠʩʪʘʥʘ. ʕʪʦ ʪʘʢʠʝ ʚʠʜʳ, ʢʘʢ 

ʘʨʘʣʴʩʢʠʡ ʰʠʧ, ʩʳʨʜʘʨʴʠʥʩʢʠʡ ʠ ʘʨʘʣʴʩʢʠʡ ʣʦʧʘʪʦʥʦʩʳ, ʱʫʢʦʚʠʜʥʳʡ ʞʝʨʝʭ, ʘʨʘʣʴʩʢʠʡ ʫʩʘʯ, 

ʪʫʨʢʝʩʪʘʥʩʢʠʡ ʷʟʴ ʠ ʪʫʨʢʝʩʪʘʥʩʢʠʡ ʩʦʤʠʢ, ʘʨʘʣʴʩʢʠʡ ʣʦʩʦʩʴ, ʘʤʫʜʘʨʴʠʥʩʢʘʷ ʬʦʨʝʣʴ ʠ ʘʤʫʜʘ-

ʨʴʠʥʩʢʘʷ ʢʦʣʶʰʢʘ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʨʫʜʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʠ-

ʩʪʝʤʥʳʭ ʨʳʙʥʳʭ ʭʦʟʷʡʩʪʚ (ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʫʞʥʳ ʙʦʣʴʰʠʝ 

ʬʠʥʘʥʩʦʚʳʝ ʚʣʦʞʝʥʠʷ) ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ ʧʨʠʙʝʛʘʶʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʣʣʝʢʪʦʨʥʦ-

ʜʨʝʥʘʞʥʳʭ ʚʦʜ [5]. ʉʘʤʫ  ʁʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʝ ʦʟʝʨʘ ʟʘʥʠʤʘʶʪ ʚ 

ɼʞʠʟʘʢʩʢʦʡ ʠ ʅʘʚʦʠʡʩʢʦʡ ʦʙʣʘʩʪʷʭ. ʕʪʦ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʟʝʨ (ɸɸʉʆ), ʦʙʨʘʟʦ-

ʚʘʚʰʘʷʩʷ ʚ ʢʦʥʮʝ 60-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʟʝʨ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʳʨʜʘʨʴʠ. ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʟʝʨ (ɸɸʉʆ) ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʚʦʜʳ ʠʟ ʐʘʨʜʘʨʴʠʥʩʢʦʛʦ (ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ ï ʏʘʨʜʘʨʴʠʥ-

ʩʢʦʛʦ) ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʨ. ʉʳʨʜʘʨʴʷ, ʂʘʟʘʭʩʪʘʥ) ʚ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʨʝʣʴʝʬʘ ʚ 1969 ʛ. 

ʊʝʨʨʠʪʦʨʠʷ ʦʟʝʨ ʠʤʝʝʪ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ï ʵʪʦ ʪʝʨʨʠʪʦʨʠʷ ʚʢʣʶʯʝʥʘ ʚ ʩʧʠʩʦʢ Inter-

national Bird Area ʠ ʚ ʩʧʠʩʦʢ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʘʤʩʘʨʩʢʦʡ ʢʦʥʚʝʥʢʮʠʠ ʧʦ ʚʦʜʥʦ-ʙʦʣʦʪ-

ʥʳʤ ʫʛʦʜʴʷʤ, 1971.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʝ ʦʟʝʨ ʚʳʣʘʚʣʠʚʘʝʪʩʷ 9 ʚʠʜʦʚ ʨʳʙ: 

ʘʨʘʣʴʩʢʠʡ ʞʝʨʝʭ, ʢʘʨʘʩʴ, ʩʘʟʘʥ, ʢʦʨʝʡʩʢʘʷ ʚʦʩʪʨʦʙʨʶʰʢʘ, ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ, ʘʨʘʣʴʩʢʘʷ 

ʧʣʦʪʚʘ, ʩʦʤ ʦʙʳʢʥʦʚʝʥʥʳʡ, ʩʫʜʘʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʟʤʝʝʛʦʣʦʚ. ɺʠʜʳ ʨʳʙ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ 

ʦʟʝʨʝ ɸʡʜʘʨʢʫʣʴ, ʩʢʦʨʦʩʧʝʣʳʝ, ʩʦʟʨʝʚʘʶʪ ʟʘ 2ï3 ʛʦʜʘ [7]. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʟʝʨ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʧʦʩʪʫʧʘʶʱʠʭ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʭ 

ʚʦʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 2ï3 ʛ/ʣ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠʭʦʜʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʚ ʙʘʣʘʥʩʝ ʩʠʩʪʝʤʳ ʦʟʝʨ [1]. ʈʦʩʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʜʨʫʛʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʝ ʧʨʠʯʠʥʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʦʟʝʨ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʪʘʪʴʝ.  

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 3 ʦʟʝʨ: ɸʨʥʘʩʘʡ, ʊʫʟʢʘʥ ʠ ɸʡʜʘʨ, ʦʙʱʘʷ ʧʣʦ-

ʱʘʜʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 370 ʪʳʩʷʯ ʛʝʢʪʘʨʦʚ, ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ (70 %) ʟʘʥʠʤʘʝʪ 

ʩʘʤʦʝ ʛʣʫʙʦʢʦʝ ʦʟʝʨʦ ɸʡʜʘʨʢʫʣʴ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʜʦ 25 ʤ). ʎʝʥʪʨʘʣʴʥʳʡ ɻʦʣʦʜʥʦ-ʩʪʝʧ-

ʩʢʠʡ ʢʘʥʘʣ, ʢʦʣʣʝʢʪʦʨʳ ʇʦʛʨʘʥʠʯʥʳʡ ʠ ɸʢʙʫʣʘʢ ʠ ʨ. ʉʘʥʟʘʨ, ʚʪʝʢʘʶʱʠʝ ʚ ʩʠʩʪʝʤʫ ʦʟʝʨ, ʧʠ-

ʪʘʶʪʩʷ ʚʦʜʘʤʠ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʉʳʨʜʘʨʴʷ (ʨʠʩ. 1). ɺ 2023 ʛ. ʮʝʥʪʨʘʣʴʥʦʡ, ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ, ʧʣʦʱʘʜʴʶ (S=50 ʢʤ2), ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 6 ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʛʠʜʨʦʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʚʳʝʟʜʘ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ: ʘʧʨʝʣʴ, ʠʶʥʴ 

ʠ ʥʦʷʙʨʴ 2023 ʛ.; ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʝʞʝʤʝʩʷʯʥʦ.  
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ʇʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʙʠʨʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʠʯʝʩʢʦʡ ʩʝʪʠ ɼʞʝʜʠ (d=25 ʩʤ, ʛʘʟ ʷʯʝʷ 

ˉ 68) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [12]. ʇʨʦʙʳ ʟʦ-

ʦʙʝʥʪʦʩʘ ʦʪʙʠʨʘʣʠ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ ʜʥʦʯʝʨʧʘʪʝʣʝʤ ʇʝʪʝʨʩʝʥʘ ʩ ʧʣʦʱʘʜʴʶ ʟʘʭʚʘʪʘ 0,025 ʤ2. 

ʏʠʩʣʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ ʟʦʦʙʝʥʪʦʩʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʷʤʳʤ ʧʦʜʩʯʝʪʦʤ ʦʩʦʙʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ, 

ʙʠʦʤʘʩʩʫ ï ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʪʠʧʘ Biobase ʠ Ohaus ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 

0,00001 ʛ; ʦʨʛʘʥʠʟʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ [9].  

ʈʳʙ ʦʙʣʘʚʣʠʚʘʣʠ ʩʪʘʚʥʳʤʠ ʩʝʪʷʤʠ ʩ ʨʘʟʥʳʤ ʨʘʟʤʝʨʦʤ ʷʯʝʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʚ ʠʭʪʠʦʣʦʛʠʠ ʤʝʪʦʜʠʢ [12]. 

 ʂʦʨʤʦʚʫʶ ʙʘʟʫ (F) ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʟʦʦʙʝʥʪʦʩʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʫ ʘʚʪʦʨʦʚ [8, 14]. 

 
 

ʈʠʩ. 1. ʂʘʨʪʘ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʳ ʦʟʝʨ ʩ ʚʧʘʜʘʶʱʠʤʠ ʚʦʜʥʳʤʠ ʘʨʪʝʨʠʷʤʠ; ʢʨʘʩʥʳʤ ʮʚʝ-

ʪʦʤ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʧʣʦʱʘʜʴ ʦʪʙʦʨʘ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Map of the Aidar-Arnasai lake system with flowing waterways; the area of hydrobiological sam-

pling is schematically shown in red. Compiled by the authors 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʉʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʢʪʦʨ ʨʳʙʦʚʦʜʩʪʚʘ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʦʢʘʟʳʚʘʶʪ ʜʨʫʛʠʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʠ ʚʦʜʥʳʭ ʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʝʞʠʤ ʫʨʦʚʥʷ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʠʨʨʠʛʘʮʠʠ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʦʜʥʦʩʪʠ ʚʦʜʦʝʤʦʚ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ [10]. ɺ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʝ ʦʟʝʨ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ 

ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʝʞʝʛʦʜʥʦ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ï 

ʦʢʦʣʦ 41,3 ʢʤ3. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠʩʧʘʨʝʥʠʠ ʪʝʨʷʝʪʩʷ ʙʦʣʴʰʝ ʚʦʜʳ, ʧʦʵʪʦʤʫ 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʭʦʜʥʦʛʦ ʙʘʣʘʥʩʘ (ʚʦʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʣʠʚ ʩʝʣʴʭʦʟʫʛʦʜʠʡ), ʦʩʦʙʝʥʥʦ ʚ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʨ. ʉʳʨʜʘʨʴʷ, ʚ ʩʠʩʪʝʤʝ ʦʟʝʨ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ, ʢʦʪʦ-

ʨʦʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʢʦʥʝʯʥʦʤ, ʙʝʩʩʪʦʯʥʦʤ ʦʟʝʨʝ 

ɸʡʜʘʨʢʫʣʴ [1]. ʊʘʢ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʪʝʯʝʥʠʝ 2023 ʛ ʚ ʦʟʝʨʝ ɸʡʜʘʨʢʫʣʴ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʦʜʳ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʬʝʚʨʘʣʝïʤʘʨʪʝ ï 4,0ï4,7 ʛ/ʣ, ʚ ʘʧʨʝʣʝ ʧʦʚʳʰʘʣʘʩʴ ʜʦ 7,0 ʛ/ʣ ʠ ʚ 

ʥʦʷʙʨʝ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ï 8,5 ʛ/ʣ.  

ɺʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʨʳʙʦʣʦʚʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ 

ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʧʦʚʳʭ ʨʳʙ ʚ ʦʟʝʨʘʭ-ʥʘʢʦʧʠʪʝʣʷʭ ʜʨʝʥʘʞʥʳʭ ʚʦʜ [3]. ʀʟ 
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ʨʘʙʦʪʳ ʘʚʪʦʨʘ [6] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʛʨʘʥʠʮʘʭ ʦʣʠʛʦʛʘʣʠʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 1ï3 ʛ/ʣ ʨʳʙʳ ʩʝʤʝʡʩʪʚʘ 

ʢʘʨʧʦʚʳʭ (ʨʳʙʥʳʝ ʟʘʧʘʩʳ ʋʟʙʝʢʠʩʪʘʥʘ ʧʦ ʥʘʙʦʨʫ ʚʠʜʦʚ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʝʜʥʳ; ʩʘʟʘʥ, 

ʙʝʣʳʡ ʘʤʫʨ, ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʧʨʦʤʳʩʣʝ ʠʟ ʙʘʩʩʝʡʥʘ ʨ. ʉʳʨʜʘʨʴʷ) ʧʦʢʘʟʳʚʘʶʪ 

ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʦʩʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʝʩʣʠ ʚʳʨʘʱʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ. ʆʜʥʘʢʦ 

ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ 4ï6 ʛ/ʣ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʘ ʤʦʣʦʜʠ ʢʘʨʧʦʚʳʭ ʨʳʙ, ʪ.ʝ. ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʣʷ ʨʦʩʪʘ ʨʳʙ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ 2ï3 ʛ/ʣ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ ʚʦʜʳ 10 ʛ/ʣ ʠ ʚʳʰʝ ʚʳʟʳʚʘʝʪ ʛʣʫʙʦʢʫʶ ʘʜʘʧʪʘʮʠʦʥʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʦʨʛʘʥʠʟʤʘ ʩʝʛʦ-

ʣʝʪʢʦʚ ʢʘʨʧʦʚʳʭ ʨʳʙ, ʪʨʝʙʫʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʨʘʪ.  

ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʜʨʫʛʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦ-

ʙʣʝʤʘ ï ʵʪʦ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʛʣʫʙʣʝʥʠʷʭ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʦʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 2023 ʛ. ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ (0,5 ʤ) ʚ ɸʡʜʘʨʢʫʣʝ ʙʳʣʦ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʚ ʤʘʨʪʝ ï 7,3 ʤʛ/ʣ, ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʠʶʥʝ ʜʦ 6,0 ʤʛ/ʣ ʠ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʥʦʷʙʨʝ ï 

4,9 ʤʛ/ʣ. ʈʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʦʨʫ ʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʩʘʟʘʥʘ, ʟʘʣʝʛʘʶʱʝʛʦ ʥʘ ʟʠʤʦʚʢʫ ʚ ʪʘʢʠʝ çʷʤʳè.  

ɿʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʣʦʚʩʪʚʦʤ ʚ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʝ ʦʟʝʨ ʙʘʟʠ-

ʨʫʶʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʩʠʩʪʝʤʳ ʦʟʝʨ ʦʯʝʥʴ ʙʦʣʴʰʘʷ, ʥʘ ʦʛʨʦʤʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʜʝʩʷʪʦʢ-ʜʨʫʛʦʡ ʤʝʣʢʠʭ ʯʘʩʪʥʳʭ ʨʳʙʦʣʦʚʝʮʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʦʨʫʜʠʷʤʠ ʣʦʚʘ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʪʷʞʝʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʭʦʨʦʰʦ ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʤʳʩʣʦʚʳʡ ʨʝʞʠʤ. ʆʜʥʦ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʳʙʦʚʦʜʩʪʚʝ ʩʦʛʣʘʩʥʦ ʌɸʆ [13] ï ʵʪʦ ʧʨʠʚʣʝʯʝʥʠʝ 

ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩ ʫʯʝʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʊʘʢ, ʚ 80-ʝ ʛʛ. ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʚ ʩʠʩʪʝʤʝ ʦʟʝʨ ʜʣʷ ʨʳʙʦʣʦʚʝʮʢʠʭ ʙʨʠʛʘʜ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʝʨʝʛʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʦʤ, ʙʳʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʦʥʠ, ʦʪʢʫʜʘ ʥʝʚʦʜʦʤ ʣʦʚʠʣʠ ʟʘ ʦʜʠʥ ʨʘʟ 30ï40 ʪʦʥʥ ʨʳʙʳ. 

ɹʳʣʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʨʫʜʠʷ ʣʦʚʘ ʠ ʨʳʙʦʣʦʚʝʮʢʠʝ ʢʘʪʝʨʘ. ʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʣʦʚ ʨʳʙʳ 

ʙʳʣ ʚʳʰʝ ʜʦ 1991 ʛ., ʘ ʠʤʝʥʥʦ 5ï7 ʪʳʩ. ʪ [3]. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʫʣʦʚʦʚ ʨʳʙ ʚ ʥʝʢʦ-

ʪʦʨʳʝ ʛʦʜʘ ʚ ʧʝʨʠʦʜ 1991ï2022 ʛʛ. 

 
ʈʠʩ. 2. ʋʣʦʚ ʨʳʙʳ (ʪʳʩ. ʪ) ʚ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʝ ʩ 1991ï2022 ʛʛ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Fish catch (thousand tons) in the Aidar-Arnasai system from 1991ï2022.  

Compiled by the authors 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ 9 ʚʠʜʦʚ ʨʳʙ, ʚʳʣʘʚʣʠʚʘʝʤʳʭ ʚ ɸɸʉʆ: ʘʨʘʣʴʩʢʠʡ ʞʝʨʝʭ, ʢʘʨʘʩʴ, 

ʩʘʟʘʥ, ʢʦʨʝʡʩʢʘʷ ʚʦʩʪʨʦʙʨʶʰʢʘ, ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ, ʘʨʘʣʴʩʢʘʷ ʧʣʦʪʚʘ, ʩʦʤ ʦʙʳʢʥʦʚʝʥʥʳʡ, 

ʩʫʜʘʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʟʤʝʝʛʦʣʦʚ, ʫʣʦʚ ʨʳʙʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 4 ʚʠʜʘʭ: ʩʘʟʘʥʝ (Cyprinus carpio), 

ʩʫʜʘʢʝ (Stizostedion lucioperca), ʢʘʨʘʩʝ (Carassius gibelio) ʠ ʧʣʦʪʚʝ (Rutilus rutilus), ʨʠʩ. 3. 
 

 
ʈʠʩ. 3. ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʚ ʫʣʦʚʘʭ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ  

ʚ 2023 ʛ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. The percentage of commercial species in the catches of Lake Aydarkul in 2023 was 

compiled by the authors 

 

ʇʦ ʜʘʥʥʳʤ ʥʘʰʠʭ ʫʣʦʚʦʚ ʨʳʙʳ ʨʘʟʥʦ-ʷʯʝʠʩʪʳʤʠ ʩʝʪʷʤʠ, ʠʟ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ ʚ 2023 ʛ. 

ʠʟ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʚʩʪʨʝʯʘʝʪʩʷ 5 ʚʠʜʦʚ: Carassius gibelio ï ʢʘʨʘʩʴ, Cyprinus carpio ï ʩʘʟʘʥ, 

Hypophthalmichthys molitrix ï ʙʝʣʳʡ ʪʦʣʩʪʦʣʦʙʠʢ, Rutilus aralensis ï ʧʣʦʪʚʘ ʠ Sander lu-

cioperca ï ʩʫʜʘʢ. ɺ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʫʣʦʚʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʜʘʢ (38 %) ʠ ʩʘʟʘʥ (23 

%). ʉʘʟʘʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʫʣʦʚʘʭ ʩ ʤʘʨʪʘ ʧʦ ʩʝʥʪʷʙʨʴ, ʵʪʦʪ ʚʠʜ ʩʝʪʷʤʠ ʫʣʘʚʣʠʚʘʝʪʩʷ ʩʣʦʞʥʝʝ, 

ʯʝʤ ʩʫʜʘʢ (ʩʫʜʘʢ ʚʳʣʘʚʣʠʚʘʝʪʩʷ ʢʨʫʛʣʳʡ ʛʦʜ). ʉʘʟʘʥ ʚ ʫʣʦʚʘʭ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʦʟʨʘʩʪʥʦʡ 

ʩʦʩʪʘʚ: 1+é 3+ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʘʜʘʝʪ ʚ ʩʝʪʠ ʩ ʷʯʝʝʡ ˉ 4 ʠ 5, ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ 3+ ʚʩʪʨʝ-

ʯʘʝʪʩʷ ʚ ʫʣʦʚʘʭ ʨʝʜʢʦ/ʝʜʠʥʠʯʥʦ. ʉʫʜʘʢ ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʘʜʘʝʪ ʚ ʩʝʪʠ ʩ ʷʯʝʝʡ ˉ 4,5ï5,5, ʝʛʦ ʚʦʟ-

ʨʘʩʪʥʦʡ ʩʦʩʪʘʚ 1+ 6+; ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʫʜʘʢʠ 6+ ʧʦʧʘʜʘʶʪ ʚ ʩʝʪʠ ʨʝʜʢʦ, ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʦʙʥʘʨʫʞʝʥʦ ʦʩʦʙʝʡ ʚʦʟʨʘʩʪʘ 3+. ʊʦʣʩʪʦʣʦʙʠʢ ʚʩʪʨʝʯʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ: ʚ ʚʦʟʨʘʩʪʝ 1+; ʚʦʙʣʘ ï 

ʯʘʩʪʘʷ ʚ ʫʣʦʚʘʭ, ʥʦ ʤʘʣʦʮʝʥʥʘʷ ʨʳʙʘ (1+   3+). ʂʘʨʘʩʴ ï ʤʘʣʦʮʝʥʥʘʷ ʨʳʙʘ, ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʳʣʘʚʣʠʚʘʝʪʩʷ ʩʝʪʷʤʠ ʩ ʷʯʝʝʡ ˉ 4, ʧʦʧʘʜʘʶʪʩʷ ʦʩʦʙʠ ʚʦʟʨʘʩʪʦʤ 1+   3+.  

ʉʣʘʙʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʳʙʦʣʦʚʩʪʚʘ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢ ʧʨʠʚʣʝʯʝʥʠʶ ʠʥʚʝʩʪʦ-

ʨʦʚ ʚ ʵʪʦʪ ʩʝʢʪʦʨ. ɺ ɸʡʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʦʡ ʩʠʩʪʝʤʝ ʦʟʝʨ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʚʝʣʠʯʠʣʩʷ ʚʳʣʦʚ 

ʪʘʢʦʡ ʮʝʥʥʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʨʳʙʳ, ʢʘʢ ʩʫʜʘʢ. ʉʫʜʘʢ ʭʦʨʦʰʦ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ, 

ʠ ʝʛʦ ʩʪʘʜʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʩʚʦʶ ʯʠʩʣʝʥʥʦʩʪʴ. ʉʫʜʘʢ ʥʝ ʦʙʣʘʚʣʠʚʘʝʪʩʷ ʚ ʩʠ-

ʩʪʝʤʝ ʦʟʝʨ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʟ-ʟʘ ʩʣʘʙʳʭ ʦʨʫʜʠʡ ʣʦʚʘ [2]. ʅʫʞʥʦ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʠʥʚʝʩʪʦʨʦʚ, 

ʯʪʦʙʳ ʦʥʠ ʚʢʣʘʜʳʚʘʣʠʩʴ ʚ ʦʨʫʜʠʷ ʣʦʚʘ ʠʣʠ ʣʶʙʫʶ ʜʨʫʛʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʨʳʙʦʚʦʜʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʢʫʙʘʮʠʦʥʥʳʭ ʮʝʭʦʚ.  

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʨʳʙʦʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʦʟʝʨ: ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʝ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ ʋʟ-

ʙʝʢʠʩʪʘʥʘ, 2018 ʛ. [10], ʢʦʪʦʨʦʝ ʟʘʧʨʝʱʘʝʪ ʚʳʣʦʚ ʨʳʙʳ ʙʝʟ ʢʚʦʪ, ʚʳʣʦʚ ʨʳʙʳ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʭʦʟʷʡʩʪʚʫʶʱʠʤʠ ʩʫʙʲʝʢʪʘʤʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɼʨʫʛʘʷ ʚʘʞʥʘʷ ʧʨʠʯʠʥʘ ï ʵʪʦ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩʢʘʪʘ ʧʨʦʤʳʩʣʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʨʧʦʚʳʭ ʨʳʙ ʠʟ ʏʘʨʜʘʨʴʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 
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(ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʂʦʢʩʘʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 2011 ʛ. ʧʦʧʫʩʢʠ ʚʦʜʳ ʠʟ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʏʘʨʜʘʨʳ ʚ ʩʠʩʪʝʤʫ ʦʟʝʨ ʧʨʝʢʨʘʪʠʣʠʩʴ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʦʜʴ ʨʘʩʪʠʪʝʣʴʥʦ-

ʷʜʥʦʛʦ ʙʝʣʦʛʦ ʘʤʫʨʘ ʠ ʧʣʘʥʢʪʦʷʜʥʳʭ ʙʝʣʦʛʦ ʠ ʧʝʩʪʨʦʛʦ ʪʦʣʩʪʦʣʦʙʠʢʦʚ, ʥʝʨʝʩʪ ʢʦʪʦʨʳʭ ʧʨʦ-

ʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʉʳʨʜʘʨʴʷ, ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʫ ɸʡ-

ʜʘʨʦ-ɸʨʥʘʩʘʡʩʢʠʭ ʦʟʝʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʚ ʘʨʝʥʜʫ ʚʦʜʦʝʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʋʟʙʝʢʠʩʪʘʥʘ 

ʧʨʝʢʨʘʪʠʣʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʭ ʟʘʨʳʙʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʘʨʝʥʜʘʪʦʨʘʤʠ ʩʠʩʪʝʤʳ ɸʡʜʘʨʦ-

ɸʨʥʘʩʘʡʩʢʠʭ ʦʟʝʨ ʩʪʦʠʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ï ʩʦʭʨʘʥʠʪʴ ʠ ʚʦʩʧʦʣʥʠʪʴ ʦʩʪʘʪʦʢ ʟʘʧʘʩʦʚ 

ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ. ʅʘʧʨʠʤʝʨ, ʚ 2017 ʛ. ʚ ʩʠʩʪʝʤʫ ʦʟʝʨ ʙʳʣʦ ʚʳʧʫʱʝʥʦ 4,8 ʤʣʥ ʣʠʯʠʥʦʢ, ʘ ʚ 

2018 ʛ. ï 7,2 ʤʣʥ, ʪʦ ʚ 2019 ʠ 2020 ʛʛ. ï 1,4 ʠ 2,03 ʤʣʥ ʣʠʯʠʥʦʢ [5]. ʇʦʩʣʝ ʵʪʦʛʦ ʩ 2020 ʛ. 

ʟʘʨʳʙʣʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤʠ ʤʝʨʘʤʠ ʦʪ ʂʦʚʠʜ-19 ʠ ʨʝʦʨʛʘʥʠʟʘ-

ʮʠʝʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʠʩʪʝʤʦʡ ʦʟʝʨ ʚ 2022 ʛ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʟʘʨʳʙʣʷʪʴ ʩʠʩʪʝʤʫ 

ʥʫʞʥʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʳʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʟʘʨʳʙʣʷʝ-

ʤʳʭ ʚʠʜʦʚ ʧʣʘʥʢʪʦʥʦʷʜʥʳʭ ʠ ʙʝʥʪʦʩʥʳʭ ʚʠʜʦʚ ʨʳʙ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚʝʣʠʯʠ-

ʥʘʤʠ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʠ ʫʯʠʪʳʚʘʪʴ ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ʀʟ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʦʟʝʨʝ ɸʡʜʘʨʢʫʣʴ ʦʪʤʝʯʝʥ Arctodiaptomus salinus, 

Daday 1885, ʘ ʣʝʪʦʤ Moina brachiata Jurine, 1860. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʦʦʧʣʘʥʢʪʦʥʘ 

ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ, ʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ. 

ɿʦʦʙʝʥʪʦʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʦʣʠʛʦʭʝʪʳ Nais pseudoptusa, Ilyodrilus hammoniensis, 

Limnodrilus hoffmeisteri f. typica Claparede ʠ ʭʠʨʦʥʦʤʠʜʳ Chironomus halophilus ʠ Tanytarsus 

gr. lobatifrons, Cricotopus gr. sylvestris, Polypedilum scalaenum, ʛʨʝʙʥʝʞʘʙʝʨʥʳʝ ʤʦʣʣʶʩʢʠ 

(Mollusca: Gastropoda) ʩʝʤ. Bithyniidae. ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʤʘʩʩʘ ʟʦʦʙʝʥʪʦʩʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚʝʩʥʦʡ 

ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 40 ʛ/ʤ2, ʚ ʠʶʥʝ ʙʠʦʤʘʩʩʘ ʩʦʩʪʘʚʠʣʘ 14 ʛ/ʤ2, ʘ ʚ ʥʦʷʙʨʝ ï 3,5 ʛ/ʤ2. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʬʘʢʪʠʯʝʩʢʘʷ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5 ʢʛ/ʛʘ (ʧʦ 

ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʦʪ 2,5ï4,5 ʢʛ/ʛʘ). ʅʦʨʤʘʪʠʚʳ ʟʘʨʳʙʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʙʠʦʤʘʩʩʘʤ 

ʟʦʦʧʣʘʥʢʪʦʥʘ, ʩʦʩʪʘʚʣʷʶʪ 5392857 ʵʢʟ. ʧʣʘʥʢʪʦʥʦʷʜʥʳʭ ʨʳʙ, ʘ ʧʦ ʙʠʦʤʘʩʩʘʤ ʙʝʥʪʦʩʘ ï 

9025000 ʵʢʟ. ʙʝʥʪʦʩʦʷʜʥʳʭ ʨʳʙ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʟʘʨʳʙʣʝʥʠʠ ʪʘʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʥʢʪʦʥʦʷʜʥʳʭ ʨʳʙ ʧʦʩʣʝ 3 ʣʝʪ ʥʘʛʫʣʘ ʤʦʛʣʘ ʙʳ ʩʦʩʪʘʚʠʪʴ 25,2 ʢʛ/ʛʘ, ʘ ʧʦ ʟʦʦʙʝʥ-

ʪʦʩʫ ï 22,3 ʢʛ/ʛʘ.   

 

ɿʘʢʣʶʯʝʥʠʝ  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ɸɸʉʆ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʠʜʨʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ɼʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʝʞʝʛʦʜʥʦʝ 

ʟʘʨʳʙʣʝʥʠʝ ʩʝʛʦʣʝʪʢʘʤʠ ʜʦʩʪʫʧʥʳʭ ʢʘʨʧʦʚʳʭ ʨʳʙ (ʢʘʨʧ, ʪʦʣʩʪʦʣʦʙʠʢ) ʚ ʙʦʣʝʝ ʧʨʝʩʥʳʝ 

ʫʯʘʩʪʢʠ ʩʠʩʪʝʤʳ ʦʟʝʨ (ʚ ʤʝʩʪʘʭ ʚʧʘʜʝʥʠʷ ʢʦʣʣʝʢʪʦʨʥʳʭ ʚʦʜ). ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠʥʢʫʙʘ-

ʮʠʦʥʥʦʛʦ ʮʝʭʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʨʳʙʣʝʥʠʷ ʠ ʚʳʣʦʚʘ ʨʳʙʳ ʥʘ ʥʘʫʯ-

ʥʦʡ ʦʩʥʦʚʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʚʦʪ ʥʘ ʚʳʣʦʚ. ɺʦʟʤʦʞʥʦ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʩʘʜʢʦʚʦʛʦ ʨʳ-

ʙʦʚʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʚ ʦʟʝʨʘʭ, ʥʦ ʠ ʚ ʟʦʥʘʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʚʧʘʜʘʶʱʠʭ ʚ ʩʠʩʪʝʤʫ. 
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ɺʚʝʜʝʥʠʝ 

ʂʘʣʴʤʘʨ ʢʦʤʘʥʜʦʨʩʢʠʡ (ʜʘʣʝʝ ʢʘʣʴʤʘʨ) ï ʚʘʞʥʳʡ ʧʨʦʤʳʩʣʦʚʳʡ ʦʙʲʝʢʪ, ʵʪʦ ʝʜʠʥʩʪʚʝʥ-

ʥʳʡ ʚʠʜ ʢʘʣʴʤʘʨʦʚ, ʥʘ ʜʦʙʳʯʫ (ʚʳʣʦʚ) ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʙʱʠʝ ʜʦʧʫʩʪʠʤʳʝ ʫʣʦʚʳ 

(ʆɼʋ). ɼʦʙʳʯʘ ʢʘʣʴʤʘʨʘ ʚʝʜʝʪʩʷ ʚ ʧʷʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ [1]. ʆʩʥʦʚʥʦʡ ʟʦʥʦʡ ʧʦ ʦʙʲʝʤʘʤ ʚʳʣʦʚʘ ʷʚʣʷʝʪʩʷ ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʘʷ ʟʦʥʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʳʣʦʚʘ ʢʘʣʴʤʘʨʘ ʚ ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʦʡ ʠ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦ-

ʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʟʦʥʳ ʟʘ 2023 ʛ. 

ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʜʦʦʩʚʦʝʥʠʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʲʝʢʪʘ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʥʪ ʦʩʚʦʝʥʠʷ ʆɼʋ ʩʦ-

ʩʪʘʚʠʣ 94,9, 96,69 ʠ 6,37 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ɿʘʧʘʜʥʦ-ɹʝʨʠʥʛʦʚʦʤʦʨʩʢʦʡ ʟʦʥʝ, ʂʘʨʘʛʠʥʩʢʦʡ 

ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʟʦʥʳ ʠ ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʷ ʟʦʥʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʚ ʢʦʪʦʨʳʭ ʥʘ 

ʜʦʙʳʯʫ ʢʘʣʴʤʘʨʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʦʙʲʝʤʫ ʚʳʣʦʚʘ, ʥʘʙʣʶʜʘʣʠʩʴ ʦʙʲʝʤʳ 

ʜʦʙʳʯʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʦʞʠʜʘʝʤʳʭ [2, 3]. 

ɺʳʷʚʣʝʥʠʝ ʧʝʨʠʦʜʦʚ ʧʨʦʤʳʩʣʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʣʴʤʘʨʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ, ʚ ʢʦʪʦʨʦʡ ʚʝ-

ʜʝʪʩʷ ʝʛʦ ʜʦʙʳʯʘ, ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʜʦʙʳʚʘʶʱʝʛʦ ʬʣʦʪʘ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʥʝʪʦʥʥʘʞʥʦʛʦ ʠ ʤʘʣʦʪʦʥʥʘʞʥʦʛʦ ʬʣʦʪʘ ʜʣʷ ʜʦʙʳʯʠ ʢʘʣʴʤʘʨʘ [4]. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʱʠʤʩʷ ʚ ʥʘʣʠʯʠʠ ʜʦʙʳʚʘʶʱʠʤ ʬʣʦʪʦʤ 

ʥʘ ʧʨʦʤʳʩʣʝ ʢʘʣʴʤʘʨʘ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʚʳʣʦʚʘ ʠ ʜʦʩʪʠʞʝʥʠʝ ʦʩʚʦʝʥʠʷ ʆɼʋ ʠ ʢʚʦʪ ʥʘ 

ʚʳʣʦʚ ʥʘ ʫʨʦʚʥʝ 95ï98 % ʧʦ ʚʩʝʤ ʧʨʦʤʳʩʣʦʚʳʤ ʟʦʥʘʤ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʵʪʘʧ ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʤʳʩʣʦ-

ʚʦʛʦ ʬʣʦʪʘ ʧʦ ʟʦʥʘʤ ʧʨʦʤʳʩʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʢʚʦʪʘʤʠ ʠ ʧʝʨʠʦʜʦʤ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʣʴʤʘʨʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ. ʆʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ 

ʵʪʘʧʫ, ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [2]. ʈʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʧʨʦ-

ʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ python [5]. ɺʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʤʳʩʣʦ-

ʚʦʛʦ ʬʣʦʪʘ ʚ ʟʦʥʝ ʧʦ ʧʨʦʤʳʩʣʦʚʳʤ ʢʚʘʜʨʘʪʘʤ ʩʦʛʣʘʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ 

ʢʦʤʘʥʜʦʨʩʢʦʛʦ ʢʘʣʴʤʘʨʘ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ [6]. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʣʴʤʘʨʘ ʚ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʣʝʪ-

ʥʠʡ ʦʧʳʪ ʝʛʦ ʜʦʙʳʯʠ (ʚʳʣʦʚ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʣʦʚʳʭ ʜʦʨʦʛ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ 

ʜʦʙʳʚʘʶʱʠʝ ʩʫʜʘ ʚʝʜʫʪ ʧʨʦʤʳʩʝʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʨʘʣʝʥʠʷ ʠ ʩʧʝʮʠʬʠʢʫ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʠʭ 

ʩʫʜʦʚ ʚ ʨʘʡʦʥʘʭ ʩʢʦʧʣʝʥʠʷ ʢʘʣʴʤʘʨʘ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʪʨʘʣʝʥʠʡ ʚ ʩʫʪʢʠ ʜʣʷ ʦʜʥʦʛʦ ʩʫʜʥʘ ʩʦʩʪʘʚ-

ʣʷʝʪ 4. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʵʪʦ ʯʠʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʜʦ 5, ʝʩʣʠ ʫʩʣʦʚʠʷ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳ, ʥʘʧʨʠʤʝʨ, ʢʘʣʴʤʘʨ ʚʝʜʸʪ ʩʝʙʷ ʩʧʦʢʦʡʥʦ, ʥʝ ʩʦʚʝʨʰʘʝʪ ʨʝʟʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʚʠʞʝʪʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʧʪʠʤʘʣʴʥʦʤ ʜʣʷ ʦʙʣʦʚʘ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʯʠʩʣʦ ʪʨʘʣʝʥʠʡ ʩʦ-

ʢʨʘʱʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʨʝʤʦʥʪ ʪʨʘʣʘ ʧʦʩʣʝ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʟʘ 

ʜʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʦʜʥʦʡ çʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝè ʤʦʛʫʪ ʚʝʩʪʠ ʧʨʦʤʳʩʝʣ 2ï4 

ʩʫʜʥʘ ʚ ʩʫʪʢʠ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʥʘ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝ ʜʚʘ, ʪʦ ʦʙʘ ʩʫʜʥʘ ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴ 

5 ʪʨʘʣʝʥʠʡ ʟʘ ʩʫʪʢʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ 

ʥʘ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝ ʪʨʠ, ʪʦ ʢʘʞʜʦʝ ʩʫʜʥʦ ʟʘ ʩʫʪʢʠ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʥʝ ʙʦʣʝʝ 4 ʪʨʘʣʝʥʠʡ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʩʫʪʦʯʥʦʤʫ ʦʙʲʝʤʫ ʜʦʙʳʯʠ ʢʘʣʴʤʘʨʘ ʟʘ ʩʫʪʢʠ ʧʨʦʤʳʩʣʘ. 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʣʝʥʠʡ ʟʘ ʩʫʪʢʠ ʧʨʦʤʳʩʣʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ ʜʚʫʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʩʫʜʥʘ, ʘ ʟʥʘ-

ʯʠʪ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʳʣʦʚʘ ʟʘ ʚʨʝʤʷ ʧʨʦʤʳʩʣʘ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʝʡʩʷ ʫ ʧʨʝʜʧʨʠʷʪʠʷ-ʩʫʜʦʚʣʘʜʝʣʴʮʘ ʜʦʣʠ ʢʚʦʪʳ ʥʘ ʧʨʦʤʳʩʣʝ ʢʦ-

ʤʘʥʜʦʨʩʢʦʛʦ ʢʘʣʴʤʘʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʝ ʠ ʧʝʨʠʦʜʘ ʧʨʦʤʳʩʣʦʚʦʡ ʜʦʩʪʫʧ-

ʥʦʩʪʠ ʢʘʣʴʤʘʨʘ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʜʣʷ ʩʫʜʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʦʜʠʥ ʠʣʠ ʜʚʘ ʨʝʡʩʘ ʥʘ ʧʨʦʤʳ-

ʩʝʣ ʢʘʣʴʤʘʨʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʨʦʤʳʩʣʦʚʦʛʦ ʛʦʜʘ. ɽʩʣʠ ʥʘ ʧʨʦʤʳʩʝʣ ʢʘʣʴʤʘʨʘ ʙʫʜʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʦʜʥʦʛʦ ʨʝʡʩʘ, ʪʦ ʚʪʦʨʦʡ ʨʝʡʩ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥ ʜʣʷ ʜʦʙʳʯʠ (ʚʳʣʦʚʘ) ʠʥʳʭ ʧʨʦ-

ʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʣʦʚʳʭ ʜʦʨʦʛ ʜʣʷ ʜʦʙʳʯʠ ʢʘʣʴʤʘʨʘ 

ʨʘʟʥʦʝ. ʆʩʥʦʚʥʦʡ ʟʦʥʦʡ ʜʦʙʳʯʠ ʢʦʤʘʥʜʦʨʩʢʦʛʦ ʢʘʣʴʤʘʨʘ ʷʚʣʷʝʪʩʷ ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʘʷ ʟʦʥʘ, ʚ 

ʵʪʦʡ ʟʦʥʝ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʝ ʪʨʘʣʦʚʳʝ ʜʦʨʦʛʠ, ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʘʭ, ʚ ʢʦ-

ʪʦʨʳʭ ʚʝʜʝʪʩʷ ʧʨʦʤʳʩʝʣ ʢʘʣʴʤʘʨʘ, ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʦʜʥʦʡ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʜʦʚ ʥʘ ʧʨʦʤʳʩʝʣ ʢʘʣʴ-

ʤʘʨʘ ʚʥʫʪʨʠ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ʚ ʪʝʯʝʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ ʩ ʫʯʝʪʦʤ ʧʝʨʠʦʜʘ ʧʨʦʤʳʩʣʦʚʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʣʴʤʘʨʘ ʠ ʛʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʩʫʜʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, 

ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʚ ʝʞʝʜʥʝʚʥʦ ʤʦʞʝʪ ʚʝʩʪʠ ʧʨʦʤʳʩʝʣ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʣʦʚʘ ʢʘʣʴʤʘʨʘ. 

ʉʫʤʤʘʨʥʳʡ ʚʳʣʦʚ ʢʘʣʴʤʘʨʘ ʚ ʟʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʙʳʯʝʡ ʢʘʣʴʤʘʨʘ ʩ ʢʘʞʜʦʡ ʪʨʘʣʦʚʦʡ 

ʜʦʨʦʛʠ. 

ʇʫʩʪʴ ώ ώᾀ ï ʪʨʘʣʦʚʘʷ ʜʦʨʦʛʘ ώ ʚ ʟʦʥʝ ᾀ. 
ʇʫʩʪʴ Ὧί ï ʯʠʩʣʦ ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʪʠʧʘ Ὥ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʝʜʧʨʠʷʪʠʶ ὸ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʙʳʯʫ ʢʘʣʴʤʘʨʘ ʥʘ ʪʨʘʣʦʚʫʶ ʜʦʨʦʛʫ ώ. 
ʇʫʩʪʴ Ὧά  ï ʯʠʩʣʦ ʤʘʣʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʪʠʧʘ Ὦ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʝʜʧʨʠʷʪʠʶ ὸ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʙʳʯʫ ʢʘʣʴʤʘʨʘ ʥʘ ʪʨʘʣʦʚʫʶ ʜʦʨʦʛʫ ώ. 
ÄÐÓ ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʩʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ ʩʫʜʘ ʪʠʧʘ É ʦʪ ʧʨʝʜ-

ʧʨʠʷʪʠʷ Ô ʚʝʜʫʪ ʧʨʦʤʳʩʝʣ ʚ ʟʦʥʝ Ú. 
ÄÐÍ ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʜʦʩʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʘʣʦʪʦʥʥʘʞʥʳʝ ʩʫʜʘ ʪʠʧʘ Ê ʦʪ ʧʨʝʜ-

ʧʨʠʷʪʠʷ Ô ʚʝʜʫʪ ʧʨʦʤʳʩʝʣ ʚ ʟʦʥʝ Ú. 
ɿʥʘʯʝʥʠʝ ÄÐÓ ʠ ÄÐÍ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ᾀ ʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʫʜʥʘ ʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʦ ʦʪʥʦʩʠʪʩʷ, ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʧʝʨʚʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. 

ὊὛὕᾀȟὯίȟὨὴίȟὯά ȟὨὴά  ï ʩʫʤʤʘʨʥʳʡ ʚʳʣʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʠ 

ώ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ᾀ ʚʩʝʤʠ ʩʫʜʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʜʣʷ ʧʨʦʤʳʩʣʘ ʚ ʜʘʥʥʦʡ ʟʦʥʝ. 

ὊὛὕᾀ ï ʩʫʤʤʘʨʥʳʡ ʚʳʣʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ᾀ ʚʩʝʤʠ ʩʫʜʘʤʠ, ʨʘʩʧʨʝ-
ʜʝʣʝʥʥʳʤʠ ʜʣʷ ʧʨʦʤʳʩʣʘ ʚ ʜʘʥʥʦʡ ʟʦʥʝ. 

ʇʦʣʫʯʘʝʤ ʟʘʜʘʯʫ 

ὊὛὕᾀ ὊὛὕᾀȟὯίȟὨὴίȟὯά ȟὨὴά ᴼάὥὼ

ừ
Ử
Ừ

Ử
ứὯί

Ὠὴί

ὶέ

Ὧά
Ὠὴά

ὶέ

ὯίȟὯά π

 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʧʨʷʤʦʡ ʧʨʦʛʦʥʢʠ, ʥʦ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʦʙʳʚʘʶʱʠʭ 

ʩʫʜʦʚ ʥʘ ʧʨʦʤʳʩʣʝ ʩ ʫʯʝʪʦʤ ʛʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʫʜʥʘ ʚ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʩʪʦʷʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʘ 

ʟʘʪʝʤ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 
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ɼʣʷ ʧʦʠʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʩʪʦʷʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʟʘʜʘʯʘ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ ὊὛὕᾀȟὯίȟὨὴίȟὯά ȟὨὴά  ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʟ-

ʚʝʩʪʥʦʤ ʥʘʙʦʨʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʆʙʦʟʥʘʯʠʤ ʢʘʞʜʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ‚. ɺʩʝ 
ʩʦʩʪʦʷʥʠʷ ʠʟʚʝʩʪʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʭʦʜʘ ʦʪ 

ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʜʨʫʛʦʤʫ ï ʵʪʦ ʚʳʧʦʣʥʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʠʩʪʝʤʫ ʚʝʜʝʥʠʷ 

ʧʨʦʤʳʩʣʘ ʚ ʮʝʣʦʤ. 

ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ὊὛὕ ʥʘ ʥʦʚʦʤ ʰʘʛʝ Ὧ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʰʘʛʘ Ὧ ρ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ὊὛὕᾀȟὯίȟὨὴίȟὯά ȟὨὴάȟ‚ ÍÁØὊὛὕᾀȟὯίȟὨὴίȟὯά ȟὨὴάȟ‚ Ȣ 

ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʢʦʥʝʯʥʦ ʠ ʦʧʨʝʜʝʣʝʥʦ, ʪʦ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘ-

ʛʦʚ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʉʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

- ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʣʦʚʳʭ ʜʦʨʦʛ ʚ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʝ; 

- ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʥʘ ʢʘʞʜʦʡ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝ; 

- ʩʨʝʜʥʠʤ ʩʫʪʦʯʥʳʤ ʚʳʣʦʚʦʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ. 

ɼʣʷ ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦʥʳ ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʜʣʷ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ ʪʠʧʘ 

ʉʈʊʄ ʩʦʩʪʘʚʣʷʝʪ 24,1 ʪ, ʜʣʷ ʩʫʜʦʚ ʪʠʧʘ ʉʊʈ ï 12 ʪ, ʜʣʷ ʩʫʜʦʚ ʪʠʧʘ ʊʄʉ ï 7,2 ʪ, ʜʣʷ ʩʫʜʦʚ ʪʠʧʘ 

ʈʉ ï 6 ʪ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʧʨʦʤʳʩʣʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʢʘʣʴʤʘʨʘ ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʧʨʦʤʳʩʣʦʤ ʢʘʣʴʤʘʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʝ. 

ʉʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʧʨʠ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʜʦʚ ʜʣʷ ʧʨʦʤʳʩʣʘ ʥʘ ʦʜʥʦʡ ʪʨʘʣʦʚʦʡ ʜʦʨʦʛʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʫʜʦʚ, ʠʭ ʪʠʧʘ 

ʠ ʤʝʩʷʮʘ ʨʘʙʦʪʳ ʩʫʜʥʘ. 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʫʜʦʚ 1 ʠʣʠ 2, ʪʦ ʢʘʞʜʦʝ ʩʫʜʥʦ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ 5 

ʪʨʘʣʝʥʠʡ ʚ ʩʫʪʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 25 % ʦʪ ʩʚʦʝʛʦ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʫʜʦʚ 3, ʪʦ ʢʘʞʜʦʝ ʩʫʜʥʦ ʤʦʞʝʪ ʚʳʧʦʣ-

ʥʠʪʴ 4 ʪʨʘʣʝʥʠʷ ʚ ʩʫʪʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘ-

ʯʝʥʠʝʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʩʫʜʦʚ 4, ʪʦ ʢʘʞʜʦʝ 

ʩʫʜʥʦ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʥʝ ʙʦʣʝʝ 4 ʪʨʘʣʝʥʠʡ ʚ ʩʫʪʢʠ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦ ʥʝʢʦ-

ʪʦʨʳʝ ʩʫʜʘ ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴ ʤʝʥʝʝ 4 ʪʨʘʣʝʥʠʡ ʟʘ ʩʫʪʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ 

ʚʳʣʦʚ ʧʦʥʠʞʘʝʪʩʷ ʥʘ 10 % ʦʪ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 

ʩʫʜʦʚ 5, ʪʦ ʢʘʞʜʦʝ ʩʫʜʥʦ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ 3 ʪʨʘʣʝʥʠʷ ʚ ʩʫʪʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʠʡ 

ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʧʦʥʠʞʘʝʪʩʷ ʥʘ 25 % ʦʪ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʳ ʉʝʚʝʨʦ-ʂʫʨʠʣʴʩʢʘʷ ʠ ʩʫʜʥʘ ʪʠʧʘ ʉʈʊʄ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʧʨʠ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʦʙʳʚʘ-

ʶʱʠʭ ʩʫʜʦʚ 

Table 1 

The average daily catch of each vessel with the use of several mining vessels 

ʂʦʣ-ʚʦ 

ʩʫʜʦʚ 
ɸʧʨʝʣʴ ʄʘʡ ʀʁ ʥʴ ʀʁ ʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ ʆʢʪʷʙʨʴ ʅʦʷʙʨʴ ɼʝʢʘʙʨʴ 

1 8,92 21,06 26,48 52,88 45,07 37,00 34,82 23,63 20,70 

2 8,92 21,06 26,48 52,88 45,07 37,00 34,82 23,63 20,70 

3 7,13 16,85 21,18 42,31 36,06 29,60 27,86 18,91 16,56 
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4 6,42 15,17 19,06 38,07 32,45 26,64 25,07 17,02 14,90 

5 5,35 12,64 15,89 31,73 27,04 22,20 20,89 14,18 12,42 

 

ʉʫʤʤʘʨʥʳʡ ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʚʩʝʤʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʩʫʜʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʉʫʤʤʘʨʥʳʡ ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʚʳʣʦʚ ʚʩʝʤʠ ʜʦʙʳʚʘʶʱʠʤʠ ʩʫʜʘʤʠ 

Table 2 

Total average daily catch by all mining vessels 

ʂʦʣ-

ʚʦ 

ʩʫʜʦʚ 

ɸʧʨʝʣʴ ʄʘʡ ʀʁ ʥʴ ʀʁ ʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ ʆʢʪʷʙʨʴ ʅʦʷʙʨʴ ɼʝʢʘʙʨʴ 

1 8,92 21,06 26,48 52,88 45,07 37,00 34,82 23,63 20,70 

2 17,83 42,13 52,96 105,76 90,14 74,01 69,65 47,27 41,40 

3 21,40 50,55 63,55 126,92 108,17 88,81 83,57 56,72 49,68 

4 25,68 60,66 76,26 152,30 129,80 106,57 100,29 68,06 59,61 

5 26,75 63,19 79,43 158,64 135,21 111,01 104,47 70,90 62,10 

 

ɸʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʨʦʤʳʩʣʦʚʦʡ ʟʦʥʝ: 

ʐʘʛ 1. ʇʦ ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʫʜʦʩʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʤʳʩʣʦʚʳʝ 

ʩʫʜʘ ʚʝʜʫʪ ʧʨʦʤʳʩʝʣ ʚ ʟʦʥʝ, ʚʳʧʦʣʥʠʪʴ ʩʦʨʪʠʨʦʚʢʫ ʩʫʜʦʚ ʧʦ ʫʙʳʚʘʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʫʜʦʩʫʪʦʢ. 

ʐʘʛ 2. ʈʘʩʧʨʝʜʝʣʠʪʴ ʩʫʜʘ ʧʦ ʤʝʩʷʮʘʤ ʨʘʙʦʪʳ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʣʦʚʳʭ ʜʦʨʦʛ ʚ ʟʦʥʝ 

ʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩʫʜʦʚ. 

ʐʘʛ 3. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʦʙʳʚʘʶʱʝʛʦ ʩʫʜʥʘ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʝʤʦʥʪʘ ʠ ʤʝʞʨʝʡ-

ʩʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʫʜʥʘ. 

ʐʘʛ 4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʛʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʫʜʥʘ. 

ɻʦʜʦʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʫʜʥʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʥʳʭ ʧʦʟʠʮʠʡ 

ʩʫʜʥʘ: 

- ʥʘʭʦʞʜʝʥʠʝ ʩʫʜʥʘ ʚ ʧʦʨʪʫ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʘʤʠ ʨʘʙʦʪʳ ʧʨʦ-

ʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʦʙʳʚʘʶʱʝʛʦ ʩʫʜʥʘ; 

- ʧʝʨʝʭʦʜ ʩʫʜʥʘ ʠʟ ʧʦʨʪʘ ʙʘʟʠʨʦʚʘʥʠʷ ʚ ʨʘʡʦʥ ʧʨʦʤʳʩʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ 

ʧʦʨʪʘ ʙʘʟʠʨʦʚʘʥʠʷ ʜʦ ʨʘʡʦʥʘ ʧʨʦʤʳʩʣʘ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ; 

- ʚʝʜʝʥʠʝ ʧʨʦʤʳʩʣʘ ʠ ʧʝʨʝʭʦʜʳ ʥʘ ʧʝʨʝʛʨʫʟʢʫ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʨʝʤʝʥʝʤ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʩʫʜʥʘ ʚ ʤʦʨʝ ʠ ʚʨʝʤʝʥʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʥʘ ʧʝʨʝʭʦʜ ʚ ʨʘʡʦʥ ʧʨʦʤʳʩʣʘ ʠ 

ʦʙʨʘʪʥʦ ʚ ʧʦʨʪ ʙʘʟʠʨʦʚʘʥʠʷ; 

- ʤʝʞʨʝʡʩʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʫʜʥʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʦʨʤʘ-

ʪʠʚʘʤʠ ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʦʙʳʚʘʶʱʝʛʦ ʩʫʜʥʘ; 

- ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʚ ʩʣʫ-

ʯʘʝ ʚʳʚʦʜʘ ʩʫʜʥʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʫʩʪʴ ὸ̍ ï ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʤʦʨʝ ʜʣʷ ʜʦʙʳʚʘʶʱʝʛʦ ʩʫʜʥʘ. 

ὸ̐̏̑̓ ï ʚʨʝʤʷ ʩʪʦʷʥʢʠ ʩʫʜʥʘ ʚ ʧʦʨʪʫ ʜʦ ʠ ʧʦʩʣʝ ʨʝʡʩʘ. 

ὸ̖̐̆̑̆̏̅ ï ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʩʫʜʥʫ ʥʘ ʧʝʨʝʭʦʜ ʦʪ ʧʦʨʪʘ ʙʘʟʠʨʦʚʘʥʠʷ ʜʦ ʨʘʡʦʥʘ ʧʨʦ-

ʤʳʩʣʘ ʠ ʦʙʨʘʪʥʦ. 

ὸ̇˝˟ ̨ï ʚʨʝʤʷ ʤʝʞʨʝʡʩʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ὸ̑̆̍̏̎̓ ï ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ὸ̑̆̊ȟ̒ὸ̑̆̊ï̒ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʝʡʩʦʚ. 
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ὸ̐̑̏ȟ̍ὸ̐̑̏ ̍ï ʚʨʝʤʷ ʥʘ ʧʨʦʤʳʩʣʝ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʨʫʟʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʠ ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʦʙʲʝʢʪʘ ʧʨʦʤʳʩʣʘ (ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʚʨʝ-

ʤʝʥʠ ʫʯʪʝʥʳ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʡʩʦʦʙʦʨʦʪʘ ʠ ʟʘʣʦʞʝʥʳ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʩʫʜʦʚ ʧʦ ʧʨʦʤʳʩʣʦʚʳʤ ʟʦʥʘʤ), ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʨʝʡʩʘʭ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

ςϽὸ̐̏̑̓ὸ̇˝˟˛ ὸ̑̆̊̒ ὸ̑̆̊̒ ὸ̑̆̍̏̎ σ̓φυ ï ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʫʜʥʘ ʨʘʚʥʦ 

ʦʜʥʦʤʫ ʢʘʣʝʥʜʘʨʥʦʤʫ ʛʦʜʫ. 

ὸ̑̆̊̒ ὸ̍ȟὸ̑̆̊̒ ὸ̍ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʝʡʩʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʚʨʝʤʷ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʩʫʜʥʘ ʚ ʤʦʨʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ 

ʛʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʫʜʥʘ ʥʘ ʧʨʦʤʳʩʣʝ ʢʘʣʴʤʘʨʘ. ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ. 
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The schedule of the annual operation of the vessel. Compiled by the authors 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʠʤʝʶʱʝʛʦʩʷ ʜʦʙʳʚʘʶʱʝʛʦ ʬʣʦʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ 

ʚʳʜʝʣʝʥʥʳʭ ʢʚʦʪʘʭ ʥʘ ʚʳʣʦʚ (ʜʦʙʳʯʫ) ʢʘʣʴʤʘʨʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʘʭ. ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʳʚʘʶʱʝʝ ʩʫʜʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʫ ʥʝʛʦ 

ʢʚʦʪʘʤʠ ʥʘ ʚʳʣʦʚ (ʜʦʙʳʯʫ) ʢʘʣʴʤʘʨʘ ʚʳʥʫʞʜʝʥʦ ʚʝʩʪʠ ʚʳʣʦʚ ʪʘʢʞʝ ʠ ʜʨʫʛʠʭ ʧʨʦʤʳʩʣʦʚʳʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʣʦʚʘ ʢʘʣʴʤʘʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʦʤʳʩʣʦʚʦʛʦ ʨʝʡʩʘ 

ʩʫʜʥʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʧʨʦʤʳʩʣʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʝʨʝʭʦʜʘʤʠ 

ʚ ʜʨʫʛʦʡ ʧʦʜʨʘʡʦʥ ʧʨʦʤʳʩʣʘ, ʦʧʝʨʘʪʠʚʥʳʤʠ ʧʦʠʩʢʘʤʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨʫʛʠʤʠ ʧʨʠ-

ʯʠʥʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ ʢʘʣʴʤʘʨʘ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʦʣʝʡ ʢʚʦʪ ʥʘ ʚʳʣʦʚ ʢʘʣʴʤʘʨʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

(ʚʣʘʜʝʣʴʮʘʤʠ ʜʦʙʳʚʘʶʱʠʭ ʩʫʜʦʚ). 
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ʄʦʨʩʢʠʝ ʙʠʦʪʦʧʳ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʜʨʦʞʞʝʡ 

Rhodotorula spp. 

 

ʀʥʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʄʘʪʨʦʩʦʚʘ1, ɽʢʘʪʝʨʠʥʘ ʄʠʨʦʥʦʚʥʘ ʇʘʥʯʠʰʠʥʘ2,  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʘʢʚʘʢʫʣʴʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʢʘʢ ʵʢʦʣʦʛʠʯʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʟʜʦʨʦʚʳʭ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʘʪʦʛʝʥʘʤ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʇʦʠʩʢ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ 

ʜʨʦʞʞʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʘʢʚʘʢʫʣʴʪʫʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ 

ʤʦʨʩʢʠʭ ʜʨʦʞʞʝʡ Rhodotorula spp. ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʨʩʢʠʭ ʙʠʦʪʦʧʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ (ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʦʩʪʨʦʚʘ ʂʫʥʘʰʠʨ) ï ʤʦʨʩʢʘʷ ʚʦʜʘ ʠ ʛʨʫʥʪ (ʛʣʫʙʠʥʘ ʦʪ 0 ʜʦ 35 ʤ), ʚʦʜʥʳʝ 

ʙʠʦʨʝʩʫʨʩʳ (ʩʦʩʢʦʙ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ). ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʘʪʣʘʩʳ ʚʳʜʝʣʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʨʦʞʞʝʡ ʠʟ ʛʨʫʥʪʘ, ʚʟʷʪʦʛʦ ʩ ʛʣʫʙʠʥʳ 0, 5, 10, 15 

ʠ 20 ʤ ʠ ʩʦʩʢʦʙʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ ʩ ʛʣʫʙʠʥʳ 0, 1, 5, 15 ʤ ʚ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ (ʖʞʥʦ-

ʂʫʨʠʣʴʩʢʠʡ ʧʨʦʣʠʚ). ʀʟ 20 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙ ʤʦʨʩʢʠʭ ʙʠʦʪʦʧʦʚ ʚʳʜʝʣʝʥʦ 7 ʜʨʦʞʞʝ-

ʚʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʦʜʘ Candida spp. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪ-

ʩʫʪʩʪʚʠʝ ʚ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʝʚʘʭ ʠʩʢʦʤʦʛʦ ʚʠʜʘ ʜʨʦʞʞʝʚʦʡ ʢʫʣʴ-

ʪʫʨʳ Rhodotorula spp. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʧʦʣʦʞʝʥʦ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʩʝʟʦʥ (ʣʝʪʦ), ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ, ʩʦʣʝʥʦʩʪʴ, ʛʣʫʙʠʥʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʨʦʞʞʝʡ ʨʦʜʘ Rhodotorula spp. ʚ ʦʙʲʝʢʪʘʭ ʠʟʫʯʝʥʥʦʡ ʤʦʨʩʢʦʡ ʵʢʦʩʠ-

ʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʨʦʞʞʠ, Rhodotorula spp, ʙʠʦʪʦʧʳ, ʤʦʨʩʢʘʷ ʚʦʜʘ, ʛʨʫʥʪ, ʜʘʣʴʥʝ-

ʚʦʩʪʦʯʥʳʡ ʪʨʝʧʘʥʛ 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ: ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʅʀʈ ˉ 822/2023 

çʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʙʠʦʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦ-

ʩʪʠ ʥʘ ʦʩʥʦʚʝ ʙʠʦʤʘʩʩʳ ʜʨʦʞʞʝʡ Rhodotorula spp., ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʘʢʚʘʢʫʣʴʪʫʨʳè. 
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Marine biotopes of the Far Eastern basin are the source of the yeast Rhodotorula spp. 
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Abstract. In aquaculture, the use of bacterial cultures is seen as an environmentally 

friendly and cost-effective approach to growing healthy, pathogen-resistant aquatic organisms. 

The search for new highly productive yeast strains for the production of probiotic preparations 

is of great importance for domestic aquaculture. Based on the literature review, it is determined 

that the isolation of marine yeast Rhodotorula spp. is of theoretical and practical interest. The 

characteristics of the studied marine biotopes of the Far Eastern basin (north-eastern part of 

Kunashir Island) are given: sea water and soil (depth from 0 to 35 m), aquatic bioresources 

(scraping from the surface of sea cucumber). The article presents atlases of isolated cultures of 

microorganisms, including yeast from the soil taken from a depth of 0, 5, 10, 15 and 20 m and 

scrapings from the surface of trepang from a depth of 0, 1, 5, 15 m into the hall. Calm (South 

Kuril Strait). Out of 20 studied samples of marine biotopes, 7 yeast cultures were isolated pre-

sumably of the genus Candida spp. The results of the study showed the absence of the desired 

species of yeast culture Rhodotorula spp in the microbiological cultures produced. Based on 

the analysis of the literature and the results of our own observations, the influence of environ-

mental factors (season (summer), water temperature, salinity, depth, uneven distribution of or-

ganic compounds) on the distribution of yeast of the genus Rhodotorula spp. in the objects of 

the studied marine ecosystem was assumed. 

Keywords: yeast, Rhodotorula spp, biotopes, seawater, soil, Far Eastern sea cucumber 

Funding: the work was carried out with the financial support of Research No. 822/2023 

çScientific justification for the production of probiotic feed preparations based on the biomass 

of yeast Rhodotorula spp. intended for the cultivation of aquaculture facilitiesè. 

For citation: Matrosova I. V., Panchishina E. M., Kornienko N. L., Politaeva A. A. Marine 

biotopes of the Far Eastern basin are the source of the yeast Rhodotorula spp. Scientific Journal of 

the Far Eastern State Technical Fisheries University. 2024; 70(4): 148ï157. (In Russ.). 

 

ɺʚʝʜʝʥʠʝ 

ɼʨʦʞʞʝʚʘʷ ʢʣʝʪʢʘ ʙʦʛʘʪʘ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ: ʙʝʣʢʠ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

90 %, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʩʧʦʨʦʛʝʥʥʳʝ ʜʨʦʞʞʠ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʙʝʣʢʦʚʳʝ ʧʨʝʧʘʨʘʪʳ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʤʦʨʩʢʠʭ ʜʨʦʞʞʝʡ ʦʪʥʦʩʠʪʩʷ ʢ 50-70-ʤ ʛʛ. XX ʩʪʦ-

ʣʝʪʠʷ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʦʧʳʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣʠ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʜʨʦʞʞʝʚʳʭ ʛʨʠʙʢʦʚ 
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ʜʣʷ ʤʥʦʛʠʭ ʚʦʜʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʤʦʣʦʜʠ ʨʳʙ [1ï4]. ɼʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ 

ʠʟʫʯʝʥʠʠ ʵʢʦʣʦʛʠʠ ʚʦʜʥʳʭ ʜʨʦʞʞʝʡ. ʅʘʢʦʧʣʝʥʳ ʜʘʥʥʳʝ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʜʨʦʞʞʝʚʳʭ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʤʦʨʩʢʠʭ ʠ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʠ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʥʦʰʝʥʠʷ ʜʨʦʞʞʝʡ ʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɸʥʘʣʠʟ ʦʙʰʠʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʜʨʦʞʞʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʦʨʷʭ ʚʠʜʳ ʜʨʦʞʞʝʡ Candida 

guilliermondii, ʉ. parapsilosis, ʉ. tropicalis, Cryptoccus albidus, Debaryomyces kloeckeri, D. 

Subglobosus, Rhodotorula rubra, Rh. glutinis, Rh. mucilaginosa, Rh. minuta, Rh. aurantiaca, 

Torulopsis aeria, T. candida, T. famata ʠ ʯʝʨʥʳʝ ʜʨʦʞʞʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʨʦʞʞʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ ʚʦʜʥʦʡ ʪʦʣʱʠ ʠ ʛʨʫʥʪʦʚ, 

ʦʙʨʘʟʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʙʠʦʤʘʩʩʫ ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʤʥʦʞʝʥʠʷ, ʦʥʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʭʦʨʦʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʱʠ ʜʣʷ ʤʥʦʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʦʜʥʦʡ ʬʘʫʥʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʨʦʞʞʠ ʩʧʦʩʦʙʥʳ ʢ ʩʠʥʪʝʟʫ ʤʥʦʛʠʭ ʚʠʪʘʤʠʥʦʚ, ʘ ʦʢʨʘʰʝʥʥʳʝ ʬʦʨʤʳ 

ʩʦʜʝʨʞʘʪ ʢʘʨʦʪʠʥʦʠʜʳ. ɺ ʚʦʜʦʝʤʘʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʢʫʜʘ ʥʝ ʧʨʦʥʠʢʘʝʪ ʩʚʝʪ ʠ 

ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚʦʜʦʨʦʩʣʠ, ʜʨʦʞʞʠ ʩʣʫʞʘʪ ʝʜʠʥʩʪʚʝʥʥʦʡ ʠ ʥʝʟʘʤʝʥʠʤʦʡ ʧʠʱʝʡ ʜʣʷ ʚʦʜʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʤʦʜʝʣʴʥʳʭ ʦʧʳʪʘʭ ʜʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʨʦʞʞʝʚʦʡ 

ʧʠʱʠ ʜʣʷ ʤʥʦʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʷ ʤʦʣʦʜʴ ʨʳʙ [1ï6]. 

ʇʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʫʯʝʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʤʦʨʩʢʠʝ 

ʜʨʦʞʞʠ ʚʭʦʜʷʪ ʚ ʢʦʨʤʦʚʳʝ ʩʤʝʩʠ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʘʢʚʘʢʫʣʴʪʫʨʝ. ʅʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ ʢ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʤʫ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ. ʅʫʞʥʳ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʘʢʚʘʢʫʣʴʪʫʨʳ. ʊʘʢ, ʚʦʟʦʙʥʦʚʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʜʨʦʞʞʝʡ ʏʝʨʥʦʛʦ ʤʦʨʷ [7ï

12]. ɺʳʜʝʣʝʥʠʝ ʜʨʦʞʞʝʡ Rhodotorula, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʦʪʠʥʦʠʜʥʳʝ ʧʠʛʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ [13, 14]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʦʙʨʝʪʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʨʦʞʞʝʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʤʦʨʩʢʠʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ ʚʦʜ-

ʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʜʨʦʞʞʝʡ Rhodotorula spp. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʚʳʜʝʣʝʥʠʷ ʜʨʦʞʞʝʚʦʡ ʢʫʣʴʪʫʨʳ Rhodotorula spp. ʩʪʘʣʠ ʧʨʠʨʦʜʥʳʝ ʙʠʦʪʦʧʳ ï ʤʦʨʩʢʘʷ 

ʚʦʜʘ, ʛʨʫʥʪ, ʚʦʜʥʳʝ ʙʠʦʨʝʩʫʨʩʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ.  

ʆʪʙʦʨ ʧʨʦʙ ʛʨʫʥʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ (ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦ-

ʣʠʚ) ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʂʫʥʘʰʠʨ ʩ 11 ʧʦ 14 ʠʶʣʷ 2023 ʛ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ 

ʚʦʜʦʣʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 0 ʜʦ 35 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʜʥʝ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 6,1 

ʜʦ 16,7 ÁC. ɼʘʥʥʳʝ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʦʯʢʘʭ ʩʙʦʨʘ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 1.  

 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʝʨʠʘʣ, ʧʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ 

Table 1 

The material used as the basis of the work 

 

ˉ ʪʦʯʢʠ 

ʂʦʦʨʜʠʥʘʪʳ 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ, ÁC 

 
ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ 

ʛʨʫʥʪʘ, ʵʢʟ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ, ʵʢʟ. ʩ.ʰ. ʚ.ʜ. 
ɻʣʫ-

ʙʠʥʘ, ʤ 

1 44.33373 146.36669 
16,7 0 1 1 

2 44.33275 146.37037 16,6 1 1 1 

3 44.34162 146.37891 15,2 2 1 1 

4 44.33701 146.37943 13,9 5 1 1 
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5 44.34687 146.39248 12,4 10 1 1 

6 44.34643 146.39973 10,3 15 1 1 

7 44.3514 146.4062 8,7 20 1 1 

8 44.34592 146.41151 8,2 25 1 1 

9 44.34445 146.41563 7,3 30 1 1 

10 44.34162 146.41838 6,1 35 1 1 

 

ʇʨʦʣʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʪ ʚʦʜ ʆʭʦʪ-

ʩʢʦʛʦ ʤʦʨʷ ʦʩʪʨʦʚʦʤ ʂʫʥʘʰʠʨ. ʆʪ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʝʛʦ ʦʪʜʝʣʷʝʪ ʄʘʣʘʷ ʂʫʨʠʣʴʩʢʘʷ ʛʨʷʜʘ, ʩ ʶʛʦ-

ʟʘʧʘʜʘ ʦʛʨʘʥʠʯʝʥ ʦʩʪʨʦʚʦʤ ʍʦʢʢʘʡʜʦ ʠ ʠʤʝʝʪ ʦʪʢʨʳʪʫʶ ʛʨʘʥʠʮʫ ʚ ʨʘʡʦʥʝ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ 

(44.34816 ʩ.ʰ., 146.42029 ʚ.ʜ.) ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ [15]. 

 

 

 
 

ʈʠʩ. 1. ʂʘʨʪʘ ʨʘʡʦʥʘ ʦʪʙʦʨʘ ʧʨʦʙ (ʟʘʣ. ʉʧʦʢʦʡʥʳʡ, ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦʣʠʚ).  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Map of the sampling area (Spokoynyy Bay, South Kuril Strait). Compiled by the authors 

 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ï ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʝʣʢʦʚʦʜʥʦʩʪʴ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʟʘʱʠʱʝʥʥʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʭ ʩʪʦʨʦʥ ʦʩʪʨʦʚʘʤʠ, ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʭ ʧʨʦʣʠʚʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʠ ʩʤʝʰʠʚʘʶʪʩʷ ʦʭʦʪʦʤʦʨʩʢʠʝ ʠ ʦʢʝʘʥʩʢʠʝ ʚʦʜʳ, 

ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʝʛʦ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ɺʦʜʦʦʙʤʝʥ ʩ ʆʭʦʪʩʢʠʤ ʤʦʨʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʂʫʥʘʰʠʨʩʢʠʡ 

ʧʨʦʣʠʚ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʘʡʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʟʫʯʘʝʤʦʡ ʘʢʚʘʪʦʨʠʝʡ, ʠ 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʯʝʨʝʟ ʧʨʦʣʠʚ ɽʢʘʪʝʨʠʥʳ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʦʢʝʘʥʩʢʠʭ ʚʦʜ ʚ ʥʝʛʦ ʙʦʣʝʝ 

ʩʚʦʙʦʜʥʦʝ, ʦʜʥʘʢʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʧʣʳʝ ʚʦʜʳ ʩ 

ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʠʟ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝ-

ʞʴʷ ʦʩʪʨʦʚʘ ʍʦʢʢʘʡʜʦ ʪʝʧʣʳʤ ʪʝʯʝʥʠʝʤ ʉʦʷ. ɹʝʨʝʛ ʟʘʣʠʚʘ ʥʠʟʢʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘ-
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ʥʳʡ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʟʘʣʠʚʘ ʦʢʘʡʤʣʝʥʘ ʨʠʬʘʤʠ. ɺʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ ʪʷʥʝʪʩʷ ʧʦʜ-

ʚʦʜʥʘʷ ʢʘʤʝʥʥʘʷ ʧʣʠʪʘ ʰʠʨʠʥʦʡ ʜʦ 1 ʢʙʪ. ɻʣʫʙʠʥʳ ʚʦ ʚʭʦʜʝ ʚ ʟʘʣʠʚ 20ï50 ʤ, ʧʨʝʦʙʣʘʜʘʝʪ 

ʢʘʤʝʥʥʳʡ, ʧʝʩʯʘʥʳʡ ʠ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʡ ʛʨʫʥʪ [16ï19]. 

ʆʪʙʦʨ ʧʨʦʙ ʛʨʫʥʪʘ ʠ ʚʦʜʳ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʜʦʝʤʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʪʝʨʠʣʴʥʳʡ ʧʣʘʩʪ-

ʤʘʩʩʦʚʳʡ ʢʦʥʪʝʡʥʝʨ, ʚʳʩʦʪʘ ʩʣʦʷ ʚʦʜʳ ï ʥʝ ʙʦʣʝʝ 6 ʩʤ, ʚʳʩʦʪʘ ʩʣʦʷ ʛʨʫʥʪʘ ï ʥʝ ʙʦʣʝʝ 1ï2 ʩʤ. 

ɺ ʛʨʫʥʪ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʜʚʘ ʧʨʝʜʤʝʪʥʳʭ ʩʪʝʢʣʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ.  

ʆʪʙʦʨ ʧʨʦʙ ʦʩʦʙʝʡ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʪʨʝʧʘʥʛʘ (Apostichopus japonicus) ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʙʦʨʦʤ ʧʨʦʙ ʛʨʫʥʪʘ ʥʘ ʘʢʚʘʪʦʨʠʠ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ (ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦʣʠʚ) 

ʩ 11 ʧʦ 14 ʠʶʣʷ 2023 ʛ. (ʩʤ. ʪʘʙʣ. 1, ʨʠʩ. 1). ʆʩʦʙʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʪʨʝʧʘʥʛʘ ʚ ʨʘʡʦʥʝ ʟʘʣ. 

ʉʧʦʢʦʡʥʳʡ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʟʫʶʪ ʧʦʩʝʣʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 20 ʜʦ 35 ʤ. ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ 

ʪʨʝʧʘʥʛ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʣʩʷ ʥʘ ʟʘʠʣʝʥʥʳʭ ʩʢʘʣʴʥʳʭ, ʩʢʘʣʴʥʦ-ʚʘʣʫʥʥʳʭ ʛʨʫʥʪʘʭ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [20]. 

ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ ʩʢʘʣʴʧʝʣʝʤ ʜʝʣʘʣʠ ʩʦʩʢʦʙ ʚ ʩʪʝʨʠʣʴʥʳʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʢʦʥʪʝʡ-

ʥʝʨʳ ʩ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʠʤʠ ʢʨʳʰʢʘʤʠ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʨʦʙ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʠ ʚ 

ʪʝʨʤʦʭʦʣʦʜʠʣʴʥʠʢʝ ʚ ʪʝʯʝʥʠʝ 48 ʯ. ʇʨʦʙʦʧʦʩʪʘʥʦʚʢʫ ʩʦʩʢʦʙʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʩʪʘʚʢʠ ʦʙʨʘʟʮʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʶ, ʘ ʩʪʝʢʣʦʦʙʨʘʩʪʘʥʠʝ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

6-ʝ ʩʫʪ. ʉʪʝʢʣʘ ʦʙʨʘʩʪʘʥʠʷ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 25 Üʉ ʚ ʟʘʪʝʤʥʝʥʠʠ. ʇʦ 

ʠʩʪʝʯʝʥʠʠ ʩʨʦʢʘ, ʯʝʨʝʟ 6 ʩʫʪ ʩʪʝʢʣʘ ʠʟʚʣʝʢʘʣʠ ʠʟ ʚʦʜʳ ʠ ʩʪʠʨʘʣʠ ʩʪʝʨʠʣʴʥʳʤ ʪʘʤʧʦʥʦʤ ʦʙ-

ʨʘʩʪʘʥʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. ɺʳʜʝʣʝʥʠʝ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2 [21]. 

 

                                         
 
*  ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʘʤʦʢʩʠʮʠʣʣʠʥ 500 ʤʛ/ʣ.  

 

ʈʠʩ. 2. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʭʝʤʘ ʚʳʜʝʣʝʥʠʷ ʜʨʦʞʞʝʡ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Universal yeast isolation scheme. Compiled by the authors 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʉʘʙʫʨʦ ʧʠʧʝʪʢʦʡ ʥʘʥʝʩʣʠ ʢʘʧʣʶ ʥʘʢʦʧʠ-

ʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʪʝʨʠʣʴʥʳʤ ʩʪʝʢʣʷʥʥʳʤ ʰʧʘʪʝʣʝʤ ɼʨʠʛʘʣʴʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʠʣʠ ʝʝ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʨʝʜʳ ʚ ʯʘʰʢʝ ʇʝʪʨʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚʳʜʝʣʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʜʨʦʞʞʝʡ ʠʟʫʯʘʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ [22]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 10 ʧʨʦʙ ʛʨʫʥʪʘ, ʚʟʷʪʳʭ ʚ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ (ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦʣʠʚ) 

ʠʟ ʤʦʨʩʢʠʭ ʛʣʫʙʠʥ ʦʪ 0 ʜʦ 35 ʤ, ʚʳʜʝʣʝʥʦ 6 ʢʫʣʴʪʫʨ ʜʨʦʞʞʝʡ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʬʦʨʤʠʨʦʚʘʥ ʘʪʣʘʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. 2. 

ʉʤʳʚ / ʉʦʩʢʦʙ (1 

ʤʣ) / ɺʥʫʪʨʝʥʥʠʝ ʦʨ-

ʛʘʥʳ (ʧʝʯʝʥʴ 1 ʛ) 

ʅʘʢʦʧʣʝʥʠʝ 

72 ʯ / 25 Üʉ 
ɺʳʜʝʣʝʥʠʝ 7 

ʩʫʪ / 25 Üʉ *  
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ʊʘʙʣʠʮʘ 2 

ɸʪʣʘʩ ʚʳʜʝʣʝʥʥʳʭ ʢʫʣʴʪʫʨ ʜʨʦʞʞʝʡ ʠʟ ʛʨʫʥʪʘ ʚ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ  

(ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦʣʠʚ) 

Table 2 

Atlas of isolated yeast cultures from the soil in Spokoynyy Bay (South Kuril Strait) 

ˉ 

ʧ/ʧ 

ɻʣʫʙʠʥʘ 

ʚʟʷʪʠʷ 

ʛʨʫʥʪʘ, ʤ 

ʂʫʣʴʪʫʨʘʣʴʥʳʡ ʨʦʩʪ 
ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ Ĭ100, 

ʦʢʨʘʩʢʘ ʤʝʪʠʣʝʥʦʚʳʤ ʩʠʥʠʤ 

1 0 

  

3 2 

  

4 5 

  

5 10 

  

6 15 

  

7 20 
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ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʦʣʱʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʜʨʦʞʞʠ ʚʳʜʝʣʷʶʪʩʷ 

ʨʝʜʢʦ, ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʠʦʛʝʥʦʚ [23], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʦʩʪ ʜʨʦʞʞʝʡ ʚ ʦʙʨʘʟʮʘʭ ʧʨʦʙ, ʚʟʷʪʳʭ ʥʘ ʛʣʫʙʠʥʝ 25ï35 ʤ. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʢʫʣʴʪʫʨʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʩʝʚʦʚ ʧʨʦʙ ʛʨʫʥʪʘ ʥʘʙʣʶʜʘʣʩʷ ʢʘʢ ʨʦʩʪ 

ʤʦʥʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʣʦʥʠʡ (5 ʠ 20 ʤ), ʪʘʢ ʠ ʩʧʣʦʰʥʦʡ ʨʦʩʪ (0 ʠ 15 ʤ) ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʙʝ-

ʣʦʛʦ ʮʚʝʪʘ ʩ ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʜʨʦʞʞʝʡ ʨʦʜʘ Candida spp.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʜʝʣʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠʟ ʧʨʦʙ ʛʨʫʥʪʘ ʩ ʛʣʫ-

ʙʠʥʳ 2 ʠ 10 ʤ ʥʘ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʉʘʙʫʨʦ ʦʪʤʝʯʝʥ ʨʦʩʪ ʩʤʝʰʘʥʥʦʡ ʢʫʣʴʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ ʠ ʜʨʦʞʞʝʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʦʜʘ Rhodotorula 

spp. ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʜʝʣʝʥʥʳʭ ʜʨʦʞʞʝʚʳʭ ʢʫʣʴʪʫʨ ʦʪʤʝʯʝʥʳ 

ʢʣʝʪʢʠ ʢʨʫʛʣʦʡ ʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤ. 

ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 10 ʧʨʦʙ ʩʦʩʢʦʙʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʪʨʝʧʘʥʛʘ ʚʳʜʝʣʝʥʘ 1 ʜʨʦʞ-

ʞʝʚʘʷ ʢʫʣʴʪʫʨʘ (ʦʙʨʘʟʝʮ 4) ʠ 3 ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙʘʭ ʨʦʩʪ ʦʪʩʫʪʩʪʚʦ-

ʚʘʣ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʬʦʨʤʠʨʦʚʘʥ ʘʪʣʘʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. 3. 

 

ʊʘʙʣʠʮʘ 3 

ɸʪʣʘʩ ʚʳʜʝʣʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʪʨʝʧʘʥʛʘ 

(Apostichopus japonicus) 

Table 3 

Atlas of isolated microorganisms from the surface of Far Eastern sea cucumber  

(Apostichopus japonicus) 

 

ˉ ʦʙ-

ʨʘʟʮʘ 
ʂʫʣʴʪʫʨʘʣʴʥʳʡ ʨʦʩʪ 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ Ĭ100, 

ʦʢʨʘʩʢʘ ʧʦ ɻʨʘʤʫ 

1 

  

2 
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4 

  

6 

  
 

ʇʦʩʢʦʣʴʢʫ ʩʦʩʢʦʙ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʥʪʨʘʪ ʙʠʦʛʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠ-

ʤʦʩʪʠ, ʧʨʦʜʫʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ ʘʢʪʠʥʦʤʠʮʝʪʦʚ, ʧʦʯʚʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʤʦʨʩʢʠʭ ʧʩʝʚʜʦʤʦʥʘʩʦʚ 

ʩʜʝʨʞʠʚʘʶʪ ʨʦʩʪ ʜʨʦʞʞʝʡ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʙʠʦʪʦʧʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʟʘʣ. ʉʧʦʢʦʡʥʳʡ (ʖʞʥʦ-ʂʫʨʠʣʴʩʢʠʡ ʧʨʦ-

ʣʠʚ) ʠʟ ʤʦʨʩʢʠʭ ʛʣʫʙʠʥ ʦʪ 0 ʜʦ 35 ʤ ʠ ʩʦʩʢʦʙʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʧʘʥʛʘ, ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ 

ʚ ʥʠʭ ʠʩʢʦʤʦʛʦ ʚʠʜʘ ʜʨʦʞʞʝʚʦʡ ʢʫʣʴʪʫʨʳ Rhodotorula spp. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥ ʙʝʜʥʳʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʳʜʝʣʝʥʥʳʭ ʜʨʦʞʞʝʡ. 

ɺʝʨʦʷʪʥʦ, ʜʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʚʣʠʷʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ: ʩʝʟʦʥ (ʣʝʪʦ), ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʩʦʣʝʥʦʩʪʴ, ʛʣʫʙʠʥʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʜʨʦʞʞʝʚʳʭ ʢʫʣʴʪʫʨ ʠʟ 

ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʠ ʦʩʦʙʝʡ ʪʨʝʧʘʥʛʘ, ʚʟʷʪʳʭ ʩ ʛʣʫʙʠʥʳ 5 ʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʧʨʦʜʝʣʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ 

ʥʝ ʜʦʩʪʠʛʥʫʪʘ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʨʩʢʠʝ ʜʨʦʞʞʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʤʠʢʨʦʙʥʦʛʦ ʩʦ-

ʦʙʱʝʩʪʚʘ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʛʨʘʶʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ. ʀʩʪʦʯʥʠ-

ʢʘʤʠ ʚʳʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʠʰʝʯʥʠʢ, 

ʞʘʙʨʳ, ʩʣʠʟʴ ʢʦʞʠ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ [24]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʘʢʚʘʢʫʣʴʪʫʨʝ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʦ ʢʘʢ ʵʢʦʣʦʛʠʯʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʟʜʦʨʦʚʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʘʪʦʛʝʥʘʤ ʛʠʜʨʦʙʠʦʥʪʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʘʢ-

ʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʤʳʩʣʦʚʫʶ ʤʘʰʠʥʫ ʠ ʵʣʝʤʝʥʪʳ ʦʨʫʜʠʷ ʨʳʙʦʣʦʚʩʪʚʘ ʥʘ ʪʷ-

ʛʦʚʦ-ʩʮʝʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʤʳʩʣʦʚʦʡ ʤʘʰʠʥʳ ʩ ʞʝʣʦʙʯʘʪʳʤ ʙʘʨʘʙʘʥʦʤ. ʆʩʥʦʚ-

ʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʧʨʦʤʳʩʣʦʚʫʶ ʤʘʰʠʥʫ ʩ ʞʝʣʦʙʯʘʪʳʤ ʙʘʨʘʙʘʥʦʤ, 

ʷʚʣʷʶʪʩʷ ʫʛʦʣ ʦʙʭʚʘʪʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʥʳʭ ʞʛʫʪʦʚ (ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

ʟʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ). ɹʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʳʩʣʦʚʦʡ ʤʘʰʠʥʳ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʛʫʪʦʚ, ʦʪ ʫʛʣʘ 

ʦʙʭʚʘʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʠ-

ʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʳʩʣʦʚʦʡ ʤʘʰʠʥʳ. ɼʘʥʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʪ ʧʨʠʥʠʤʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝ-

ʥʝʥʠʶ ʪʘʢʠʭ ʤʘʰʠʥ. 
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ʨʠʤʝʥʪʘ. 
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Abstract. The main purpose of this article is to study the influence of factors characterizing 

a fishing machine and fishing gear elements on the traction characteristics of a fishing machine 

with a grooved drum. The main factors characterizing a fishing machine with a grooved drum are 

the girth angle and characteristics of the mesh bundles (cross-sectional area, loading of the escap-

ing branch). Tables of the results of the experiments were compiled, as well as graphical depend-

encies were constructed, and the dependencies of the traction characteristics of the fishing ma-

chine on the characteristics of the harnesses, on the girth angle were obtained. According to the 

results of experimental studies, approximating dependences of the traction characteristics of the 

fishing machine were obtained. These dependencies allow us to make appropriate recommenda-

tions for the practical use of such machines.  

Keywords: fishing machine, grooved drum, traction characteristics, netting harness, girth angle 

Acknowledgments: we would like to express our special gratitude to Andrey Fedorov, 

General Director of LLC "Fishering Service" for the assistance provided in conducting the ex-

periment, for the equipment provided and the place of the experiment. 

Funding: the research was carried out within the framework of the state task on the topic 

"Development of physical, mathematical and predictive models of the processes of operation 

of bottom and multi-depth trawl complexes". 

For citation: Savin M. V., Chebushev A. A., Terenteva K. A., Lvova E. E.  Evaluation 

of the influence of the wrap angle of a network harness on the traction and coupling 

characteristics of a grooved drum. Scientific Journal of the Far Eastern State Technical 

Fisheries University. 2024; 70(4): 158ï168. (In Russ.). 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚʳʭ ʤʘʰʠʥ ʩ ʞʝʣʦʙʯʘʪʳʤʠ ʙʘʨʘʙʘʥʘʤʠ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʨʘʢ-

ʪʠʢʝ, ʯʪʦ ʥʘ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʤʳʩʣʦʚʳʭ ʤʘʰʠʥ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯ-

ʥʦʛʦ ʨʦʜʘ ʬʘʢʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʢ ʧʨʦʤʳʩʣʦʚʫʶ ʤʘʰʠʥʫ, ʪʘʢ ʠ ʦʨʫʜʠʝ ʨʳʙʦʣʦʚʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʨʝʞʠʤ ʠʭ ʨʘʙʦʪʳ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʦʤʳʩʣʦʚʳʝ ʤʘʰʠʥʳ ʧʦʜʦʙʥʦʛʦ 

ʪʠʧʘ ʥʝʜʦʠʩʧʦʣʴʟʫʶʪ ʧʨʠʚʦʜʥʫʶ ʤʦʱʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʩʝʪʥʦʛʦ 

ʞʛʫʪʘ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʳʙʦʨʢʝ ʩʝʪʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʠʥʦʛʜʘ 

ʠ ʢ ʦʧʣʘʚʣʝʥʠʶ ʠ ʧʦʨʳʚʘʤ ʩʝʪʥʳʭ ʞʛʫʪʦʚ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʩʚʷʱʘʣʠ ʩʚʦʠ ʨʘʙʦʪʳ 

ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʤʳʩʣʦʚʳʭ ʤʘʰʠʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʖ. 

ɹ. ɹʘʨʘʥʦʚ, ʉ. ʀ. ʇʦʣʫʣʷʢ, ɺ. ʄ. ɻʠʨʝʥʢʦ, ʇ. ɸ. ʂʫʨʘʧʮʝʚ, ɺ. ʄ. ʂʠʨʠʣʣʦʚ, ʄ. ʗ. ɻʨʦʡʩʤʘʥ, 

ʗ. ʄ. ɻʫʢʘʣʦ ʠ ʜʨ. [1ï7]  
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʘʪʫʨʥʳʭ ʤʦʜʝʣʷʭ ʠ ʫʩʪʘʥʦʚʢʘʭ, ʦʜʥʘʢʦ ʤʝʪʦ-

ʜʠʢʠ, ʢʦʪʦʨʘʷ ʙʳ ʤʦʛʣʘ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʦʪ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʥʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ. ʇʦ ʜʘʥʥʦʡ ʧʨʠʯʠʥʝ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʪ ʧʨʝʜʣʦʞʠʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʳ. 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʥʳʭ ʞʛʫʪʦʚ ʩ 

ʫʯʸʪʦʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʙʭʚʘʪʘ ʠ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 

ʙʘʟʝ ʬʠʨʤʳ ʆʆʆ çʌʠʰʝʨʠʥʛ ʉʝʨʚʠʩè, ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1) ʚʳʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ Net Roller 

Block (ʧʦʜʚʝʩʥʘʷ ʤʘʰʠʥʘ ʜʣʷ ʚʳʙʦʨʢʠ ʥʝʚʦʜʦʚ) (ʨʠʩ. 1ï2), ʤʘʰʠʥʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʌʠʰʝʨʠʥʛ ʉʝʨʚʠʩè. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ï 

24 ʤ/ʤʠʥ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ï 12 kN, ʤʦʱʥʦʩʪʴ ʤʦʪʦʨʘ ï 8 ʢɺʪ; 

2) ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʙʳʣʠ 

ʚʟʷʪʳ ʩʝʪʥʳʝ ʞʛʫʪʳ ʩ ʦʜʥʠʤ ʬʘʙʨʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʷʯʝʠ ʠ ʨʘʟʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʠʟʤʝʥʷʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʞʛʫʪʦʚ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʞʛʫʪʦʚ ʦʪ 1 ʜʦ 4. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʝʣʴ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʠ (a) = 

45 ʤʤ, ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (Sʧʣʦʱ.) = 3,5 ʩʤ
2;  

3) ʧʦʜʛʦʪʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʙʳʣʠ ʚʳ-

ʙʨʘʥʳ ʵʣʝʢʪʨʦʥʥʳʡ ʜʠʥʘʤʦʤʝʪʨ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ 50 kN (ʨʠʩ. 3), ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʳʡ ʧʨʝʜʧʨʠʷʪʠʝʤ ʆʆʆ çʌʠʰʝʨʠʥʛ ʉʝʨʚʠʩè, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʠ ʬʦʪʦʵʣʝ-

ʤʝʥʪʳ ʜʣʷ ʬʠʢʩʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ 

4) ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ; 

5) ʟʘʥʝʩʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʚ ʪʘʙʣʠʮʫ. 

 
 

ʈʠʩ. 1. ʏʝʨʪʸʞ Net Roller Block. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Net RollerBlock drawing. Compiled by the authors 
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ʈʠʩ. 2. Net Roller Block. ʌʦʪʦ ʩʜʝʣʘʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Net RollerBlock. The photo was taken by the authors 

 

 

ʈʠʩ. 3. ʕʣʝʢʪʨʦʥʥʳʡ ʜʠʥʘʤʦʤʝʪʨ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ 50 kN.  

ʌʦʪʦ ʩʜʝʣʘʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. An electronic dynamometer with a maximum pulling force of 50 kN.  

The photo was taken by the authors 

 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

ɾʛʫʪ ʧʨʦʚʦʜʠʣʩʷ ʯʝʨʝʟ ʞʝʣʦʙʯʘʪʳʡ ʙʘʨʘʙʘʥ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʠʣʳ ʪʷʛʠ ʜʠʥʘʤʦʤʝʪʨ ʦʜʥʠʤ ʢʦʥʮʦʤ ʧʨʠʢʨʝʧʣʷʣʩʷ ʢ ʧʘʣʫʙʝ, ʘ ʜʨʫʛʠʤ ï ʢ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ. 

ɼʘʣʝʝ ʥʘ ʩʙʝʛʘʶʱʫʶ ʚʝʪʚʴ ʞʛʫʪʘ ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʛʨʫʟʳ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʧʦʜʛʦʪʦʚʠ-

ʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚʢʣʶʯʘʣʘʩʴ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʘʷ ʤʘʰʠʥʘ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʇʣʦʱʘʜʴ 

ʞʛʫʪʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʣʘʜʳʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʞʛʫʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʢʦʣʠʯʝʩʪʚʦ 
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ʞʛʫʪʦʚ ʠʟʤʝʥʷʣʦʩʴ (1ï4 ʞʛʫʪʘ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʠʣʩʷ ʫʛʦʣ ʦʙʭʚʘʪʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʝʪʥʳʤ ʞʛʫ-

ʪʦʤ, ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʞʛʫʪʘ ʠ ʫʛʣʘ ʦʙ-

ʭʚʘʪʘ (ʨʠʩ. 4). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʸʭ ʞʛʫʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʟʘʛʨʫʟʢʝ ʦʪ 

0 ʜʦ 8,9 ʢʛ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʟʘʤʝʨ ʧʨʦʚʦʜʠʣʩʷ ʧʦ 10 ʨʘʟ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 0ï8,9 ʢʛ (ʨʠʩ. 6ï

9) ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʛʫʪʦʚ ʦʪ 1 ʜʦ 4. 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʦʙʭʚʘʪʘ ʩʝʪʥʳʤ ʞʛʫʪʦʤ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Changing the girth angle with a hay harness of the friction working body. Compiled by the authors 

 

ʊʘʙʣʠʮʘ 1 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ) 

Table 1 

Experimental data (average values) 

 

ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ 

ʚʝʪʚʠ, kN (S2)  

ʊʷʛʦʚʦʝ ʫʩʠʣʠʝ, kN (Pʵ) 

ʆʜʠʥ ʞʛʫʪ ɼʚʘ ʞʛʫʪʘ ʊʨʠ ʞʛʫʪʘ ʏʝʪʳʨʝ ʞʛʫʪʘ 

ʋʛʦʣ ʦʙʭʚʘʪʘ 135ϊ 

0 0,05 0,15 0,25 0,35 

0,004 0,15 0,3 0,3 0,4 

0,009 0,2 0,35 0,4 0,5 

0,049 0,7 0,85 0,85 0,9 

0,089 1,2 1,3 1,4 1,6 

ʋʛʦʣ ʦʙʭʚʘʪʘ 155ϊ 

0 0,15 0,2 0,25 0,3 

0,004 0,25 0,35 0,35 0,55 

0,009 0,4 0,45 0,45 0,6 

0,049 0,9 1 1,2 1,4 

0,089 1,35 1,5 1,7 1,85 

ʋʛʦʣ ʦʙʭʚʘʪʘ 180ϊ 

0 0,2 0,5 0,55 0,7 

0,004 0,25 0,7 0,75 0,85 

0,009 0,5 0,9 0,95 1 

0,049 1 1,5 1,7 1,8 

0,089 2 2,3 2,6 2,7 
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ʈʠʩ. 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 

ʧʨʠ ʫʛʣʝ ʦʙʭʚʘʪʘ 135Á. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 5. Graph of the dependence of the pulling force of the incoming branch on the loading of the es-

caping branch at a girth angle of 135Á. Compiled by the authors 

 

ʉ ʮʝʣʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 5), ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 

ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.): 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 3,5 ʩʤ
2 (ʦʜʠʥ ʞʛʫʪ): 

˝̑ ρςȟφτzὛς πȟπψȠ                                                        (1) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 7 ʩʤ2 (ʜʚʘ ʞʛʫʪʘ): 

˝̑ ρςȟσωzὛς πȟςςȠ                                                        (2) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 10,5 ʩʤ2 (ʪʨʠ ʞʛʫʪʘ): 

˝̑ ρςȟχπzὛς πȟςφȠ                                                       (3) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 14,1 ʩʤ2 (ʯʝʪʳʨʝ ʞʛʫʪʘ): 

˝̑ ρσȟυτzὛς πȟσφȟ                                                            (4) 

ʛʜʝ S2 ï ʟʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ, Kn; 

Pʨ ï ʨʘʩʯʸʪʥʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ.  

ɼʘʥʥʳʝ ʟʘʚʠʩʠʩʤʦʩʪʠ ʧʨʠʤʝʥʠʤʳ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï 23 Áʉ. 

2. ʋʛʦʣ ʦʙʭʚʘʪʘ ʞʝʣʦʙʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ ï 135Á. 

3. ʉʦʩʪʦʷʥʠʝ ʩʝʪʥʦʛʦ ʞʛʫʪʘ ï ʩʫʭʦʝ. 

4. ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (S2)ï 0ï89 kN. 
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ʈʠʩ. 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʧʨʠ ʫʛʣʝ 

ʦʙʭʚʘʪʘ 155Á. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 6. Graph of the dependence of the pulling force of the incoming branch on the loading of the escaping 

branch at a girth angle of 155Á. Compiled by the authors 

 

ʉ ʮʝʣʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 6), ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 

ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.): 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 3,5 ʩʤ2 (ʦʜʠʥ ʞʛʫʪ): 

˝̑ ρσȟρπzὛς πȟςρȠ                                                (5) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 7 ʩʤ2 (ʜʚʘ ʞʛʫʪʘ): 

˝̑ ρτȟπτzὛς πȟςψȠ                                                  (6) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 10,5 ʩʤ2 (ʪʨʠ ʞʛʫʪʘ): 

˝̑ ρφȟτσzὛς πȟςωȠ                                                 (7) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 14,1 ʩʤ2 (ʯʝʪʳʨʝ ʞʛʫʪʘ): 

˝̑ ρφȟψψzὛς πȟτσȟ                                                     (8) 

ʛʜʝ S2 ï ʟʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ, kN; 

Pʨ ï ʨʘʩʯʸʪʥʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ.  

 

0

0,5

1

1,5

2

2,5

0 0,02 0,04 0,06 0,08 0,1

ͭ
Ύ
͎
ͦ
͍
ͦ
͔
 
ͯ
ͫ
͙
͡
͙
͔
Σ

kN

˭͎͊ͪͯ͊͘͟Σ kN

́Ύ͎͍͔ͦͦ ͙͙͔ͯͫ͡Σ kN (PΉύ 
ό˻͙͒ͤ ͎͗ͯͭύ

́Ύ͎͍͔ͦͦ ͙͙͔ͯͫ͡Σ kN (PΉύ 
ό˨͍͊ ͎͗ͯͭ͊ύ

́Ύ͎͍͔ͦͦ ͙͙͔ͯͫ͡Σ kN (PΉύ 
ό͙́ͪ ͎͗ͯͭ͊ύ

́Ύ͎͍͔ͦͦ ͙͙͔ͯͫ͡Σ kN (PΉύ 
ό͔̉ͭ·͔ͪ ͎͗ͯͭ͊ύ

˶͙͔͚ͤͤ͊Ύ ό́Ύ͎͍͔ͦͦ 
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͎͗ͯͭύύ
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͙͙͔ͯͫ͡Σ kN (PΉύ ό˨͍͊ 
͎͗ͯͭ͊ύύ

˶͙͔͚ͤͤ͊Ύ ό́Ύ͎͍͔ͦͦ 
͙͙͔ͯͫ͡Σ kN (PΉύ ό͙́ͪ 
͎͗ͯͭ͊ύύ

˶͙͔͚ͤͤ͊Ύ ό́Ύ͎͍͔ͦͦ 
͙͙͔ͯͫ͡Σ kN (PΉύ ό͔̉ͭ·͔ͪ 
͎͗ͯͭ͊ύύ
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ɼʘʥʥʳʝ ʟʘʚʠʩʠʩʤʦʩʪʠ ʧʨʠʤʝʥʠʤʳ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï 23 Áʉ. 

2. ʋʛʦʣ ʦʙʭʚʘʪʘ ʞʝʣʦʙʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ ï 135Á. 

3. ʉʦʩʪʦʷʥʠʝ ʩʝʪʥʦʛʦ ʞʛʫʪʘ ï ʩʫʭʦʝ. 

4. ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (S2)ï 0ï89 kN. 

 

 
 

ʈʠʩ. 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʧʨʠ ʫʛʣʝ 

ʦʙʭʚʘʪʘ 180Á. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 7. Graph of the dependence of the pulling force of the incoming branch on the loading of the escaping 

branch at a girth angle of 180Á. Compiled by the authors 

 

ʉ ʮʝʣʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 7), ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 

ʦʪ ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.): 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 3,5 ʩʤ2 (ʦʜʠʥ ʞʛʫʪ): 

˝̑ ρωȟσςzὛς πȟςρȠ                                                     (9) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 7 ʩʤ2 (ʜʚʘ ʞʛʫʪʘ): 

˝̑ ρψȟωσzὛς πȟφρȠ                                                           (10) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 10,5 ʩʤ2 (ʪʨʠ ʞʛʫʪʘ): 

             ̋̑ ςρȟωςzὛς πȟφυȠ                                                        (11) 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 14,1 ʩʤ2 (ʯʝʪʳʨʝ ʞʛʫʪʘ): 

       ̋ ̑ ςρȟψυzὛς πȟχυȟ                                                           (12) 

ʛʜʝ S2 ï ʟʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ, ʢʅ; 

Pʨ ï ʨʘʩʯʸʪʥʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ.  
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͙͙͔ͯͫ͡Σ kN (PΉύ ό͔̉ͭ·͔ͪ 
͎͗ͯͭ͊ύύ
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ɼʘʥʥʳʝ ʟʘʚʠʩʠʩʤʦʩʪʠ ʧʨʠʤʝʥʠʤʳ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï 23 Áʉ. 

2. ʋʛʦʣ ʦʙʭʚʘʪʘ ʞʝʣʦʙʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ ï 135Á. 

3. ʉʦʩʪʦʷʥʠʝ ʩʝʪʥʦʛʦ ʞʛʫʪʘ ï ʩʫʭʦʝ. 

4. ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (S2)ï 0ï89 kN. 
 

 
 

ʈʠʩ. 8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʦʪ ʫʛʣʘ ʦʙʭʚʘʪʘ ʧʨʠ ʤʘʩʩʝ 

ʟʘʛʨʫʟʢʠ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 8,9 ʢʛ, ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 14,1ʩʤ2 (ʯʝʪʳʨʝ ʞʛʫʪʘ).  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 8. Graph of the dependence of the pulling force of the incoming branch on the girth angle with a 

loading weight of the escaping branch 8.9 kg, crossïsectional area 14.1 cm2 (four bundles).  
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ʉ ʮʝʣʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 8), ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ 

ʦʪ ʫʛʣʘ ʦʙʭʚʘʪʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʝʪʥʳʤ ʞʛʫʪʦʤ: 

                                                  ˝̑ πȟπσz
ρ

̄̑́̅z
‌ σȟρωȟ                                      (13) 

ʛʜʝ a ï ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚ ʛʨʘʜ; 

Pp ï ʨʘʩʯʸʪʥʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï 23 ÁC. 

2. ʉʦʩʪʦʷʥʠʝ ʩʝʪʥʦʛʦ ʞʛʫʪʘ ï ʩʫʭʦʝ. 

3. ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (S2) ï 89 kN. 

4. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ (Sʧʣʦʱ.) ï 14,1 ʩʤ2. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʝʥʠʡ 

ɺʳʷʚʣʝʥʠʝ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʠʢʮʠʦʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʦʮʝʥʢʠ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʤʝʭʘʥʠʟ-

ʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʝʪʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʚ ʧʨʦʤʳʩʣʝ. ʀʟʫʯʝʥʠʝ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʠʢʮʠʦʥʥʳʭ ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ.  
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ 

ʧʨʦʤʳʩʣʦʚʳʭ ʤʘʰʠʥ ʩ ʞʝʣʦʙʯʘʪʳʤʠ ʙʘʨʘʙʘʥʘʤʠ ʟʘʚʠʩʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʪ ʪʘʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ: 

1. ʋʛʦʣ ʦʙʭʚʘʪʘ. ʆʪ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʦʙʭʚʘʪʘ ʥʘ 20Á ʩʝʪʥʳʤ ʞʛʫʪʦʤ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʞʝʣʦʙʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 1,8 ʨʘʟʘ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʦʙʭʚʘʪʘ 

ʥʘ 45Á ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 2,3 ʨʘʟʘ. 

2. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ. ʏʝʤ ʚʳʰʝ ʧʣʦʱʘʜʴ, ʪʝʤ ʚʳʰʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʚ 4 ʨʘʟʘ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,5 ʨʘʟʘ. 

3. ɿʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ. ʋʚʝʣʠʯʠʚʘʷ ʟʘʛʨʫʟʢʫ ʥʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʚ 9 ʨʘʟ, ʪʷʛʦʚʦʝ 

ʫʩʠʣʠʝ ʥʘ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʚʦʟʨʘʩʪʘʝʪ ʚ 9 ʨʘʟ. 

4. ʇʨʠ ʧʦʤʦʱʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʦʨʛʘʥʦʚ 

ʧʨʦʤʳʩʣʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʊʘʢ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʷʛʦʚʦʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ, ʚʣʠʷʝʪ ʟʘʛʨʫʟʢʘ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʦʟʨʘʩʪʘʶ-

ʱʠʭ ʧʨʝʜʝʣʘʭ, ʥʦ ʠʤʝʶʪ ʥʝ ʪʘʢʦʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ. 
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ɺʚʝʜʝʥʠʝ 

ʆʨʛʘʥʠʟʘʮʠʷ ʨʳʙʦʣʦʚʩʪʚʘ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʩʚʷʟʴ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʨʝʜʩʪʚ ʪʨʫʜʘ, ʧʨʝʜʤʝʪʦʚ ʪʨʫʜʘ ʠ ʩʘ-

ʤʦʛʦ ʪʨʫʜʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʚʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʳʙʦʣʦʚʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʤʝʨ ʠ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ, ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʳʙʦʣʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʥʘʫʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʣʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʝʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʙʦʣʦʚʩʪʚʝ ʷʚ-

ʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʳʙʦʣʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʩ-

ʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʤʳʩʣʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʲʝʤʘ ʆɼʋ, ʚʳ-

ʣʦʚʘ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʝʣʴʜʠ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʆɼʋ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘ-

ʟʘʪʝʣʝʤ ʧʨʦʤʳʩʣʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʤʳʩʣʦ-

ʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʙʳʚʘʶʱʝʛʦ ʬʣʦʪʘ, ʦʮʝʥʢʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʆɼʋ ʠ ʢʚʦʪ ʚʳʣʦʚʘ ʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʤʳʩʣʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʜʦʙʳʚʘʶʱʝʛʦ ʬʣʦʪʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

- ʦʙʲʝʤʳ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʦʙʲ-

ʝʤʦʚ ʆɼʋ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ; 

- ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ 

ʦʙʲʝʤʦʚ ʚʳʣʦʚʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ;  

- ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ 

ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦ-

ʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʪʨʘʩʣʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʆɼʋ, 

ʦʙʲʝʤʦʚ ʚʳʣʦʚʦʚ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʧʨʦʤʳʩʣʦʚʳʤ ʨʘʡʦʥʘʤ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ: ʟʦʥʳ ï ʖʞʥʦ-

ʂʫʨʠʣʴʩʢʘʷ, ʗʧʦʥʩʢʦʝ ʤʦʨʝ, ʧʦʜʟʦʥʳ ï ʂʘʨʘʛʠʥʩʢʘʷ, ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʘʷ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪ-

ʩʢʘʷ. ɺʝʣʠʯʠʥʳ ʦʙʲʝʤʦʚ ʆɼʋ, ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʪʨʘʩʣʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʫʩʨʝʜʥʝʥʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʢʘʞʜʦʛʦ ʧʨʦʤʳʩʣʦʚʦʛʦ ʨʘʡʦʥʘ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʙʘʩʩʝʡʥʝ ʧʦ ʦʙʲʝʤʘʤ 

ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. (ʨʠʩ. 1) [2ï4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʡ ʫʩʨʝʜʥʝʥʥʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʨʠ-

ʭʦʜʠʪʩʷ ʥʘ ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʫʶ ʧʦʜʟʦʥʫ ʠ ʩʦʩʪʘʚʣʷʝʪ 80 %. ʇʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʧʨʦʤʳʩʣʦʚʳʤ 

ʨʘʡʦʥʘʤ ʫʩʨʝʜʥʝʥʥʳʝ ʫʜʝʣʴʥʳʝ ʚʝʩʘ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʘʷ ʧʦʜʟʦʥʘ ï 6 %, ʂʘʨʘʛʠʥʩʢʘʷ ʧʦʜʟʦʥʘ ï 13 %, ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷ ʟʦʥʘ ï ʤʝ-

ʥʝʝ 1 % (0,4 %), ʧʦʜʟʦʥʘ ʇʨʠʤʦʨʴʝ ï ʤʝʥʝʝ 1 % (0,1%), ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʘʷ ʧʦʜʟʦʥʘ ï 1,2 %. 



 

 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʘʢʚʘʢʫʣʴʪʫʨʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʳʙʦʣʦʚʩʪʚʦ 
 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 
 

171 

 

ʈʠʩ. 1. ʋʩʨʝʜʥʝʥʥʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʦʚ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʤ ʙʘʩʩʝʡʥʝ ʧʦ ʦʙʲʝʤʘʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., %.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. The average share of fishing areas in the Far Eastern fisheries basin in terms of the volume of 

Pacific herring in the period 2019ï2023, %. Compiled by the authors 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ 

ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩ-

ʩʝʡʥʘ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ.  

ʆʙʲʝʤʳ ʆɼʋ ʥʘ ʩʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʫʶ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʟʦ-

ʥʘʭ ï ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ, ʗʧʦʥʩʢʦʝ ʤʦʨʝ (ʧʦʜʟʦʥʘ ʇʨʠʤʦʨʴʝ ʠ ʧʦʜʟʦʥʘ ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥ-

ʩʢʘʷ), ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʦʡ, ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʦʡ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ. ɼʠʥʘʤʠʢʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʥʘʟʚʘʥʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 2, 3. 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʘʷ, ʉʝ-

ʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʘʷ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʘʷ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Dynamics of distribution of volumes of Pacific herring in the subzones: Karaginskaya, Severo-Okhoto-

morskaya, Zapadno-Kamchatskaya in the period 2019ï2023, thousand tons. Compiled by the authors 
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ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ï ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʠ 

ʗʧʦʥʩʢʦʝ ʤʦʨʝ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Dynamics of distribution of volumes of Pacific herring in the zone ï South Kuril and Sea of Japan in 

the period 2019ï2023, thousand tons. Compiled by the authors 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʦʡ, ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʦʡ 

ʠ ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʉʝʚʝʨʦ-ʆʭʦʪʦ-

ʤʦʨʩʢʫʶ ʧʦʜʟʦʥʫ (ʧʦʨʷʜʢʘ 80 %). ɺ ʧʝʨʠʦʜ 2019ï2022 ʛʛ. ʦʙʲʝʤʳ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ 

ʠʤʝʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ. ʊʘʢ, ʟʘ ʧʝʨʠʦʜ 2019ï2022 ʛʛ. ʦʙʲʝʤʳ ʆɼʋ ʚʦʟʨʦʩʣʠ ʥʘ 74 

ʪʳʩ. ʪ, ʩ 236 ʪʳʩ. ʪ ʚ 2019 ʛ. ʜʦ 310 ʪʳʩ. ʪ ʚ 2022 ʛ. ʅʦ ʚ 2023 ʛ. ʤʳ ʚʠʜʠʤ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ, ʪʘʢ, ʚ 2023 ʛ. ʦʙʲʝʤ ʆɼʋ ʩʦʩʪʘʚʠʣ 

267,9 ʪʳʩ. ʪ, ʯʪʦ ʥʘ 42,1 ʪʳʩ. ʪ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2022 ʛ.  

ɺ ʂʘʨʘʛʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï

2023 ʛʛ. ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʩʥʠʞʘʪʴʩʷ. ɺ ʧʝʨʠʦʜ 2019ï2021 ʛʛ. ʦʙʲʝʤʳ ʆɼʋ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 2019ï2020 ʛʛ. ï 45,4 ʪʳʩ. ʪ, ʚ 2021 ʛ. ï 45,9 ʪʳʩ. ʪ. ʚ ʦʙʲʝʤʝ 

4,46 ʪʳʩ. ʪ, ʜʘʣʝʝ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʜʦ ʫʨʦʚʥʷ 39,5 ʪʳʩ. ʪ. ʚ 2022 ʛ., ʘ ʚ 2023 ʛ. 

ʦʙʲʝʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʥʠʟʠʣʩʷ ʝʱʝ ʥʘ 2,6 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ ʚ 2023 ʛ. 36,9 ʪʳʩ. ʪ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 2019ï2020 ʛʛ. ʦʙʲʝʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ɿʘʧʘʜʥʦ-

ʂʘʤʯʘʪʩʢʦʡ ʧʦʜʟʦʥʝ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ. ɺ ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʧʦʜʟʦʥʝ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʦ ʛʦʜʘʤ ʚ ʧʝʨʠʦʜ 2021ï2023 ʛʛ. ʠʤʝʣʘ ʚʦʣʥʦʦʙ-

ʨʘʟʥʳʭ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ʚ 2021 ʛ. ʨʘʟʤʝʨ ʆɼʋ ʩʦʩʪʘʚʣʷʣ 33 ʪʳʩ. ʪ, ʚ 2022 ʛ. ï ʫʚʝʣʠʯʠʣʩʷ ʜʦ 43 

ʪʳʩ. ʪ., ʘ ʚ 2023 ʛ. ʦʙʲʝʤ ʆɼʋ ʩʥʠʟʠʣʩʷ ʜʦ 32 ʪʳʩ. ʪ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ï ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷ ʠ ʗʧʦʥʩʢʦʝ ʤʦʨʝ ʚ 

ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

ɺ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦʥʝ ʚ ʧʝʨʠʦʜ 2019ï2022 ʛʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ. ʊʘʢ, ʟʘ ʧʝʨʠʦʜ 2019ï2022 ʛʛ. ʦʙʲʝʤʳ ʆɼʋ 

ʚʦʟʨʦʩʣʠ ʥʘ 1,75 ʪʳʩ. ʪ. ï ʩ 0,209 ʪʳʩ. ʪ ʚ 2019 ʛ. ʜʦ 1,96 ʪʳʩ. ʪ. ʚ 2022 ʛ., ʚ 2023 ʛ. ʦʙʲʝʤ ʆɼʋ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ ʜʦ 1,95 ʪʳʩ. ʪ. 

ɺ ʟʦʥʝ ʗʧʦʥʩʢʦʝ ʤʦʨʝ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ 

ʠʤʝʣʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʥʘ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ 2019ï2023 ʛʛ. ʊʘʢ, 
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ʚ 2019 ʛ. ʨʘʟʤʝʨ ʆɼʋ ʚ ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʦʙʲʝʤʝ 0,1 ʪʳʩ. ʪ, ʚ ɿʘʧʘʜʥʦ-ʉʘ-

ʭʘʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ï 0,25 ʪʳʩ. ʪ. ɺ 2023 ʛ. ʚ ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʝ ʦʙʲʝʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥ-

ʩʢʦʡ ʩʦʩʪʘʚʠʣ 0,29 ʪʳʩ. ʪ, ʚ ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ï 9,37 ʪʳʩ. ʪ.  

ʊʘʢ, ʥʘʠʤʝʥʴʰʠʡ ʦʙʲʝʤ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʫʶ ʟʦʥʫ ʠ ʟʦʥʫ ʗʧʦʥʩʢʦʝ ʤʦʨʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦ-

ʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚʳʷʚ-

ʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʦʜʟʦʥʳ ï ʉʝʚʝʨʦ-

ʆʭʦʪʦʤʦʨʩʢʫʶ ʠ ʂʘʨʘʛʠʥʩʢʫʶ. 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʦʚ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ 

ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʧʝʨʠʦʜ 2019ï

2023 ʛʛ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʘʭ ʈʦʩʨʳʙʦʣʦʚʩʪʚʘ ʠ 

ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ [2, 3], ʦʧʨʝʜʝʣʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦ-

ʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʧʝʨʠʦʜ 

2019ï2023 ʛʛ. [4], ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 4 ʠ 5. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ʠ ʧʦʜʟʦʥʘʭ, ʛʜʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʩʷ ʆɼʋ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʝ ï ʖʞʥʦ-ʂʫʨʠʣʴ-

ʩʢʘʷ, ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʦʡ, ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʦʡ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ, ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʝ, ɿʘ-

ʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Dynamics of the distribution of the volume of Pacific herring catch in the South Kuril zone, 

subzones ï Karaginsky, North Okhotomorskaya, West Kamchatka, Primorye subzone, West Sakhalin in the 

period 2019ï2023, thousand tons Compiled by the authors 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ʠ ʧʦʜʟʦʥʘʭ, ʛʜʝ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʦʙʲʝʤ ʆɼʋ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 
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ʈʠʩ. 5. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʝ ï ɿʘʧʘʜʥʦ-ɹʝʨʠʥ-

ʛʦʚʦʤʦʨʩʢʦʡ, ʧʦʜʟʦʥʘʭ ï ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨʩʢʦʡ, ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ, ʂʘʤʯʘʪʩʢʦ-ʂʫ-

ʨʠʣʴʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 5. Dynamics of the distribution of the volume of catch of Pacific herring in the zone ï West Ber-

ing Sea, subzones ï Petropavlovsk-Komandorskaya, East Sakhalin, Kamchatka-Kuril in the period 2019ï

2023, thousand tons Compiled by the authors 

 

ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʦ ʟʦʥʘʤ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. ɼʠ-

ʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʦ ʟʦʥʘʤ ʠ ʧʦʜʟʦʥʘʤ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. 

 

ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ï 

ɿʘʧʘʜʥʦ-ɹʝʨʠʥʛʦʚʦʤʦʨʩʢʘʷ, ɺʦʩʪʦʯʥʦ-ʂʘʤʯʘʪʩʢʘʷ, ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷ, ʆʭʦʪʩʢʦʝ ʤʦʨʝ, ʗʧʦʥʩʢʦʝ 

ʤʦʨʝ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 6. Dynamics of the distribution of the total volume of Pacific herring catch in the zones ï West 

Bering Sea, East Kamchatka, South Kuril, Sea of Okhotsk, Sea of Japan in the period 2019ï2023, thousand 

tons. Compiled by the authors 
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ʈʠʩ. 7. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ï  

ɿʘʧʘʜʥʦ-ɹʝʨʠʥʛʦʚʦʤʦʨʩʢʘʷ, ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷ, ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʘʷ, ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨ-

ʩʢʘʷ, ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʘʷ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʘʷ, ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥʩʢʘʷ, ʂʘʤʯʘʪʦ-ʂʫʨʠʣʴʩʢʘʷ,  

ʇʨʠʤʦʨʴʝ, ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʘʷ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʪʳʩ. ʪ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 7. Dynamics of the distribution of the total volume of Pacific herring catch in the zones ï  

West Bering Sea, South Kuril, subzones ï Karaginskaya, Petropavlovsk-Komandorskaya,  

North Okhotomorskaya, West Kamchatka, East Sakhalin, Kamchatka-Kuril, Primorye,  

West Sakhalin in the period 2019ï2023, thousand tons Compiled by the authors 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʠʩ. 4, ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʳʣʦʚʘ 

ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʝ ï ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷ, ʧʦʜʟʦʥʘʭ ï ʂʘʨʘʛʠʥʩʢʦʡ, ʉʝʚʝʨʦ-ʆʭʦʪʦ-

ʤʦʨʩʢʦʡ, ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ, ʇʨʠʤʦʨʴʝ, ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. (ʆɼʋ 

ʚ ʜʘʥʥʳʭ ʟʦʥʘʭ/ʧʦʜʟʦʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ). 

ɺ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦʥʝ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ 

ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 1168 ʪ, ʩ 28 ʪ ʚ 2019 ʛ. ʜʦ 1196 ʪ ʚ 2023 ʛ. 

ɺ ʂʘʨʘʛʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 

2019ï2023 ʛʛ. ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʣʥʦʦʙʨʘʟʥʦ. ɺ 2019 ʛ. ʦʙʲʝʤ 40 ʪʳʩ. ʪ, ʘ ʚ 2020 ʛ. ʩʥʠʟʠʣʩʷ ʥʘ 

4 ʪʳʩ. ʠ ʩʦʩʪʘʚʠʣ 36,085 ʪʳʩ. ʪ. ɼʘʣʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʜʦ 45,623 ʪʳʩ. ʪ 

ʚ 2021 ʛ. (ʵʪʦ ʤʘʢʩʠʤʫʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ). ʉ 2022ï2023 ʛʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ 

ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ, ʪʘʢ, ʚ 2021 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʥʠʟʠʣʩʷ ʩ 

45,623 ʪʳʩ. ʪ ʥʘ 9,353 ʪʳʩ. ʪ, ʩʦʩʪʘʚʠʣ ʚ 2023 ʛ. 36,27 ʪʳʩ. ʪ. 

ɺ ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʦʡ ʧʦʜʟʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ 

ʚ ʧʝʨʠʦʜ 2019ï2022 ʛʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩ 214,819 ʪʳʩ. ʪ ʚ 2019 ʛ. ʜʦ 304,58 ʪʳʩ. ʪ ʚ 

2022 ʛ., ʥʦ ʚ 2023 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʥʠʟʠʣʩʷ ʥʘ 17,045 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ 

ʚ 2023 ʛ. 287,535 ʪʳʩ. ʪ. 

ɺ ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʧʦʜʟʦʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝ-

ʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʣʦʚʘ ʧʨʠ-

ʭʦʜʠʪʩʷ ʥʘ 2019 ʛ. ï 46,696 ʪʳʩ. ʪ (ʥʦ ʚ 2019ï2020 ʛʛ. ʆɼʋ ʥʘ ʪʠʭʦʦʢʝʘʥʩʢʫʶ ʩʝʣʴʜʴ ʚ ʜʘʥʥʦʡ 

ʧʦʜʟʦʥʝ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ), ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʣʦʚʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 2021 ʛ. ï 

31,015 ʪʳʩ. ʪ ʠ ʚ 2023 ʛ. ï 31,277 ʪʳʩ. ʪ, ʯʪʦ ʥʘ 8,744 ʪʳʩ. ʪ ʥʠʞʝ, ʯʝʤ ʚ 2022 ʛ., ʛʜʝ ʦʙʲʝʤ 

ʚʳʣʦʚʘ ʩʦʩʪʘʚʣʷʣ 40,021 ʪʳʩ. ʪ. 

ɺ ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʤʦʚ 

ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʊʘʢ, ʚ 2019 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʦʩʪʘʚʣʷʣ 

0,002 ʪʳʩ. ʪ, ʘ ʚ 2020 ʛ. ʚʳʣʦʚʘ ʚʦʦʙʱʝ ʥʝ ʙʳʣʦ. ɺ 2021 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʦʩʪʘʚʠʣ 0,109 ʪʳʩ. ʪ, 
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ʘ ʚ 2022 ʛ ʩʥʠʟʠʣʩʷ ʥʘ 0,108 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 0,001 ʪʳʩ. ʪ., ʚ 2023 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʫʚʝ-

ʣʠʯʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ 0,224 ʪʳʩ. ʪ ʠ ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʣʦʚʘ ʜʣʷ ʧʦʜʟʦʥʳ ʇʨʠʤʦʨʴʝ ʟʘ 

ʧʝʨʠʦʜ 2019ï2023 ʛʛ. 

ɺ ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝ-

ʥʠʡ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʉ 2019 ʛ. ʧʦ 2021 ʛ. ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʳʣʦʚʘ, ʪʘʢ, ʩ 0,107 ʪʳʩ. ʪ ʚ 2019 ʛ. ʜʦ 1,227 ʪʳʩ. ʪ ʚ 2021 ʛ. ɺ 2022 

ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʥʠʟʠʣʩʷ ʥʘ 0,432 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ 0,795 ʪʳʩ. ʪ, ʘ ʚ 

2023 ʛ. ʩʥʠʟʠʣʩʷ ʝʱʝ ʥʘ 0,193 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ 0,602 ʪʳʩ. ʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʠʩ. 5 ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ 

ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʟʦʥʘʭ ï ɿʘʧʘʜʥʦ-ɹʝʨʠʥʛʦʚʦʤʦʨʩʢʦʡ, ʧʦʜʟʦʥʘʭ ï ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨ-

ʩʢʦʡ, ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ, ʂʘʤʯʘʪʩʢʦ-ʂʫʨʠʣʴʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʛʜʝ ʥʝ ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʩʷ ʦʙʲʝʤ ʆɼʋ. 

ʀʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ɿʘʧʘʜʥʦ-ɹʝʨʠʥʛʦʤʦʨʩʢʦʡ ʟʦʥʝ 

ʠʤʝʣʠ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʝʨʠʦʜ 2019ï2020 ʛʛ. ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩ 74,983 ʪʳʩ. ʪ ʜʦ 77,13 ʪʳʩ. ʪ, ʢ 2021 ʛ. ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʩʥʠʟʠʣʠʩʴ 

ʜʦ ʫʨʦʚʥʷ 73,384 ʪʳʩ. ʪ, ʘ ʚ 2022 ʛ. ʫʚʝʣʠʯʠʣʩʷ ʥʘ 9,365 ʪʳʩ. ʪ ʠ ʩʦʩʪʘʚʠʣ 82,749 ʪʳʩ. ʪ. ʅʦ ʚ 

2023 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʩʥʠʟʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʠ ʩʦʩʪʘʚʠʣ 35,91 ʪʳʩ. ʪ. 

ɺ ʇʝʪʨʦʧʘʚʣʦʚʩʢʦ-ʂʦʤʘʥʜʦʨʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʩʝʣʴʜʠ 

ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʠʟʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʧʝʨʠʦʜ 2019ï2021 ʛʛ. ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʩ 0,01 ʪʳʩ. ʪ ʜʦ 0,046 ʪʳʩ. ʪ, ʚ 2022 ʛ. ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʜʘʥʥʦʡ ʧʦʜʟʦʥʝ ʥʝ ʙʳʣʦ, 

ʘ ʚ 2023 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ ʩʦʩʪʘʚʠʣ 0,101 ʪʳʩ. ʪ. 

ɺ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦʥʝ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʩʝʣʴʜʠ 

ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2009ï2020 ʛʛ. ʠʤʝʣʘ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʥʝʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, 

ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʩ 2009 ʛ ʫʚʝʣʠʯʠʣʠʩʴ ʩ 0,119 ʪʳʩ. ʪ ʜʦ 0,399 ʪʳʩ. ʪ ʚ 2010 ʛ., ʜʘʣʝʝ ʧʦʩʣʝʜʦʚʘʣʦ 

ʩʥʠʞʝʥʠʝ ʜʦ 0,181 ʪʳʩ. ʪ ʢ 2012 ʛ., ʚ 2013 ʛ. ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʜʦ 

0,318 ʪʳʩ. ʪ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʚʴ ʧʘʜʝʥʠʝ ʚʳʣʦʚʦʚ ʚ ʧʝʨʠʦʜ 2014ï2016 ʛʛ. ʩ 0,272 ʪʳʩ. ʪ ʜʦ 0,17 

ʪʳʩ. ʪ, ʜʘʣʝʝ ʨʦʩʪ ʚʳʣʦʚʘ ʚ 2017 ʛ. ʜʦ 0,22 ʪʳʩ. ʪ, ʟʘʪʝʤ ʚʥʦʚʴ ʧʘʜʝʥʠʝ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʚ 2018 

ʛ. ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 0,053 ʪʳʩ. ʪ, ʩʣʝʜʦʤ ʚ 2019 ʛ. ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʜʦ 0,404 ʪʳʩ. ʪ, ʩʤʝ-

ʥʠʚʰʠʡʩʷ ʚ 2020 ʛ. ʧʘʜʝʥʠʝʤ ʜʦ 0,205 ʪʳʩ. ʪ. 

ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥ-

ʩʢʦʡ ʧʦʜʟʦʥʝ ʠʤʝʣʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ. ʊʘʢ, ʦʙʲʝʤ ʚʳʣʦʚʘ ʚ 2019 ʛ. ʩ 2,576 ʪʳʩ. ʪ ʫʚʝ-

ʣʠʯʠʣʩʷ ʜʦ 9,305 ʪʳʩ. ʪ ʚ 2023 ʛ.  

ɺ ʂʘʤʯʘʪʩʢʦ-ʂʫʨʠʣʴʩʢʦʡ ʧʦʜʟʦʥʝ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠ-

ʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʥʦʩʠʣʘ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ 2019 ʛ. ʦʙʲʝʤ ʚʳʣʦʚʘ 

ʩʦʩʪʘʚʠʣ 0,006 ʪʳʩ. ʪ, ʘ ʚ 2020 ʛ. ʩʥʠʟʠʣʩʷ ʥʘ 0,001 ʪʳʩ. ʪ, ʥʦ ʚ 2021 ʛ. ʫʚʝʣʠʯʠʣʩʷ ʥʘ 0,008 ʪʳʩ. 

ʪ ʠ ʩʦʩʪʘʚʠʣ 0,013 ʪʳʩ. ʪ. ʆʜʥʘʢʦ ʚ 2022 ʛ. ʠ 2023 ʛ. ʚʳʣʦʚʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʜʘʥʥʦʡ 

ʧʦʜʟʦʥʝ ʥʝ ʙʳʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʩʥʦʚʥʦʤ ʚʦ ʚʩʝʭ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ, ʤʳ ʚʠʜʠʤ ʚʦʣʥʦʦʙʨʘʟʥʫʶ 

ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʝʣʴʜʠ. 

ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʤʳʩʣʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʙʳʚʘʶʱʝʛʦ 

ʬʣʦʪʘ ʥʘ ʧʨʦʤʳʩʣʝ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ [2, 3] ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ 

ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩ-

ʩʝʡʥʘ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʠʷ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥ-

ʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʙʫʜʝʤ ʨʘʟʜʝ-

ʣʷʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʥʠʟʢʘʷ ʦʪ 1 ʜʦ 59 %, ʩʨʝʜʥʷʷ ï ʦʪ 60 ʜʦ 79 %, ʚʳʩʦʢʘʷ ï ʦʪ 80 ʜʦ 100 %. 
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ɺ ʂʘʨʘʛʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ 2019ï2023 ʛʛ., ʪʦʣʴʢʦ ʚ 2020 ʛ. ʩʪʝʧʝʥʴ ʦʩʚʦʝ-

ʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ï 79 %.  ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʘ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 98ï

99 %. 

ɺ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʦʡ ʟʦʥʝ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦ ʦʪ ʥʠʟʢʦʡ ʜʦ ʚʳ-

ʩʦʢʦʡ. ʊʘʢ, ʚ 2019 ʛ. ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ï 13 %, ʘ ʚ 2020 ʛ. ʚʳʩʦʢʘʷ ï 102 %, ʚ 2021 ʛ. 

ʥʠʟʢʘʷ ï 51 %, 2022ï2023 ʛʛ. ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ï 61 %. 

ɺ ʉʝʚʝʨʦ-ʆʭʦʪʦʤʦʨʩʢʦʡ ʧʦʜʟʦʥʝ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʆɼʋ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘ-

ʤʠʢʫ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ: 2019 ʛ. ï 91 %, 2020 ʛ. ï 92 %, 2021 ʛ. ï 94 %, 2022 ʛ. ï 

98 %, 2023 ʛ. ï 107 %. 

ʉʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʚ ɿʘʧʘʜʥʦ-ʂʘʤʯʘʪʩʢʦʡ ʧʦʜʟʦʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩ 2021 ʛ., ʧʦʩʢʦʣʴʢʫ 

ʆɼʋ ʚ 2019ï2020 ʛ. ʥʘ ʩʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʫʶ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ. ɺ ʧʝʨʠʦʜ 2021ï2023 ʛʛ. ʩʪʝ-

ʧʝʥʴ ʦʩʚʦʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ: ʚ 2021 ʛ. ï 94 %, ʚ 2022 ʛ. ï 93 %, ʚ 2023 ï 98 %. 

ɺ ʧʦʜʟʦʥʝ ʇʨʠʤʦʨʴʝ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʦʙʲʝʤʦʚ ʆɼʋ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʠʟʢʠʭ ʜʦ ʚʳʩʦʢʠʭ. 

ʅʠʟʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ: ʚ 2019 ʛ. ï 2 %, ʚ 2020 ʛ. ʠ ʚ 2022 ʛ. ʚʳʣʦʚʘ ʥʝ ʙʳʣʦ (0 %); ʩʨʝʜʥʷʷ 

ʩʪʝʧʝʥʴ ʚ 2023 ʛ. ï 77 %, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʚ 2021 ʛ. ï 91 %. 

ɺ ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʆɼʋ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ: 2019 ʛ. ï 43 %, 2020 ʛ. ï 44 %, 2021 ʛ. ï 42 %, 2022 ʛ. ï 8 %, 2023 ʛ. ï 6 %.  

ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʦʩʚʦʝʥʠʷ ʆɼʋ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʝʣʴʜʠ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʙʘʩʩʝʡʥʝ ʟʘ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 8. 

 

ʈʠʩ. 8. ʆʙʲʝʤʳ ʚʳʣʦʚʘ ʠ ʦʩʚʦʝʥʠʝ ʦʙʲʝʤʦʚ ʆɼʋ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʩʝʣʴʜʠ ʚ 2019ï2023 ʛʛ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 8. Catch volumes and development of volumes of Pacific herring in 2019ï2023.  
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ʆʩʥʦʚʥʳʝ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʦʙʲʝʢʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʩʚʦʝʥʠʠ ʢʚʦʪ ʆɼʋ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʳʣʦʚ ʩʝʣʴʜʠ ʧʦ ʢʚʦʪʘʤ ʥʝʆɼʋ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʂʘʢ ʚʠʜʠʤ, ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʩʝʣʴʜʠ 

ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ. ʠʤʝʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʦʩʚʦʝʥʠʷ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʤʤʘʨʥʦ ʚʩʝ ʧʨʦʤʳʩʣʦʚʳʝ ʟʦʥʳ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ [4]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʠ ʩʠʩʪʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʥʘ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʤʳʩʣʘ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʟʦʥʘʭ 
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ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʧʝʨʠʦʜ 2019ï2023 ʛʛ., ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʚʝʜʝʥʠʷ ʜʦʙʳʯʠ ʩʝʣʴʜʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʘʭ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʳ-

ʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ. 
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Abstract. The impact of digitalization on the maritime industry is growing every day. The 

introduction of computer control systems for ship devices and mechanisms increasingly re-

quires skills to work as a remote control operator. To obtain such skills, an effective tool is 

engine room simulators (MSS), which are capable of not only creating routine training tasks 

for controlling devices and mechanisms, but also simulating emergency situations. In addition, 

there is an increase in the use of QS in experimental scientific research, which is due to the 

ability to simulate critical operations or equipment failures, which is either unacceptable or too 

expensive on real sea vessels. 

Keywords: 3D computer modeling, marine engine room simulators 
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ɺʚʝʜʝʥʠʝ 

ʆʙʱʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʩʫʜʦʚ, ʧʣʘʚʘʶʱʠʭ ʧʦʜ ʬʣʘʛʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠʤʝʝʪ ʫʩʪʦʡ-

ʯʠʚʳʡ ʫʨʦʚʝʥʴ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ (ʨʠʩ. 1) [1]. 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʘʚʘʨʠʡʥʦʩʪʠ ʩʫʜʦʚ, ʧʣʘʚʘʶʱʠʭ ʧʦʜ ʬʣʘʛʦʤ ʈʌ, ʧʦ ʜʘʥʥʳʤ ʈʦʩʪʨʘʥʩʥʘʜʟʦʨʘ. ʉʦ-

ʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Dynamics of accident rates of ships flying the Russian flag, according to Rostransnadzor.  

Compiled by the authors 

ɿʘ ʧʝʨʠʦʜ 2020ï2024 ʛʛ. ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʘʚʘʨʠʡ ʩʦʭʨʘʥʷʣʦ ʯʝʪʢʫʶ ʪʝʥʜʝʥʮʠʶ ʧʨʝ-

ʦʙʣʘʜʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʚʘʨʠʷʤ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʨʠʩ. 2), ʧʨʠʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʥʘʚʠʛʘ-

ʮʠʦʥʥʳʭ ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦ ʧʨʠʯʠʥʝ ʧʦʷʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [1, 2]. 

 
ʈʠʩ. 2. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʘʚʘʨʠʷʤ ʟʘ ʧʝʨʠʦʜ 2020ï2024 ʛʛ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Accident statistics for the period 2020ï2024. Compiled by the authors 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʯʠʥ ʘʚʘʨʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʠʩʢʫ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ. 
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ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ. 

ʄʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʘʚʘ-

ʨʠʡʥʦʩʪʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʜʛʦʪʦʚʢʠ ʤʦʨʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʦʚʨʝʞʜʝʥʠʝ ʩʫʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ ʩʦʩʪʘʚʣʷʣʦ 

ʧʦʨʷʜʢʘ 36 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ (ɸʉ). ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʦʧʘʜʘʶʪ ʣʠʰʴ ʪʝ ɸʉ, ʢʦʪʦʨʳʝ ʩʢʨʳʪʴ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʦʟ-

ʥʠʢʰʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ï çʘʚʘʨʠʠè ʠ çʦʯʝʥʴ ʩʝʨʴʸʟʥʳʝ ʘʚʘʨʠʠè. ʇʨʠ ʵʪʦʤ ʩʫʜʦʚʣʘʜʝʣʴʮʳ ʠ ʵʢʠ-

ʧʘʞʠ ʩʫʜʦʚ ʩʪʘʨʘʶʪʩʷ ʠʟʙʝʛʘʪʴ ʨʘʟʛʣʘʰʝʥʠʷ çʠʥʮʠʜʝʥʪʦʚè, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ɸʉ [2, 3]. 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʘʚʘʨʠʡʥʦʩʪʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʧʦ ʚʠʜʘʤ ɸʉ ʟʘ ʧʝʨʠʦʜ 2020ï2024 ʛʛ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Structure of accident rates of sea vessels by types of nuclear power plants for the period  

2020ï2024. Compiled by the authors 

 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ɸʉ ʙʳʣʠ ʩʚʷʟʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʜʚʠ-

ʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 3, ʪʘʙʣʠʮʘ) [1]: 

 
ɻʦʜ ʍʘʨʘʢʪʝʨ ʘʚʘʨʠʡʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ 

 

2023 ʈʉ çʅʝʨʧʘè ʣʠʰʠʣʦʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

2023 ʈʉ çɺʘʩʠʣʠʡ ʃʦʟʦʚʩʢʠʡè ʧʦʚʨʝʞʜʝʥʠʝ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɻɼ) ˉ 2, ʯʘʩʪʠʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ɻɼ ˉ 1 

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ ˉ 1  

2023 ʊʈ çɸʤʙʝʨ ɹʘʣʪʠʢè ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ɻɼ 

2023 ʊ/ʭ çʋʣʠʩʩè ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ɻɼ  

2023 ʈʉ çʉʪʘʢʬʝʣʣè ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  

2023 ʊ/ʭ çɺʠʢʪʦʨʠʷè ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

2023 ɼ/ʵ çʉʘʭʘʣʠʥ-9è, ʦʩʪʘʥʦʚʢʘ ʢʦʨʤʦʚʦʛʦ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  

2022 ʈʉ çɼʘʨʴʷè ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

2021 ʊ/ʭ çʄʝʭʘʥʠʢ ʂʦʪʮʦʚè ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ɺʈʐ 

ɺʟʨʳʚʳ/ʧʦʞʘʨʳ

7 %

ʇʦʚʨʝʞʜʝʥʠʝ 

ʩʫʜʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ  

36 %

ʅʘʚʘʣ 

13 %

ʉʪʦʣʢʥʦʚʝʥʠʝ 

10 %

ʇʦʩʘʜʢʘ ʥʘ ʤʝʣʴ

20 %

ʇʦʚʨʝʞʜʝʥʠʝ 

ʢʦʨʧʫʩʘ

14 %
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2021 ʊ/ʭ çɻʨʘʥʠʪè ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ɻɼ 

2021 ʉʈʊʄ çʄʘʪʫʘè ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
2021 ʄʈʊʈ çʇʦʣʘʨʠʩè ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 
2021 ʈʉ ʄ-0347 çʄʘʨʢ ʃʶʙʦʚʩʢʠʡè ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 
2021 ʈʊʄ çʍʘʬʥʘʨʝʡè ʚʳʰʣʠ ʠʟ ʩʪʨʦʷ ʧʨʠʚʦʜʘ ʤʘʩʣʷʥʳʭ ʥʘʩʦʩʦʚ ɻɼ 
2021 ʉʈʊʄ çʊʝʭʥʦʣʦʛ ʉʘʨʢʠʩʦʚè ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ 
2021 ʄʤʈʊʈ çɿʚʝʟʜʘ ʫʜʘʯʠè ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
2021 ʉʈʊ çʉʘʜʦʚʩʢè ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ɻɼ 

2021 ʄʂ-0414 çʇʘʨʘʣʣʝʣʴè ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ɻɼ 

2021 ʉʈʊʄ çʉʝʚʝʨʥʳʡ ʦʢʝʘʥè ʚʳʰʣʘ ʠʟ ʩʪʨʦʷ ʛʠʜʨʦʤʫʬʪʘ ʙʣʝʡʟʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʜʜʫʚ ɻɼ 

2021 ʄʤʈʊʈ çɻʨʫʤʘʥʪè ʦʩʪʘʥʦʚʢʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠʟ-ʟʘ ʨʘʟʨʫʰʝʥʠʷ ʨʝʜʫʢʪʦʨʘ 

2021 ʉʈʊʄ çɺʠʢʠʥʛè ʘʚʘʨʠʡʥʦ ʦʩʪʘʥʦʚʣʝʥ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʚʘʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʘʟʦʤ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʚʩʝ-

ʛʜʘ ʥʝʩʫʪ ʙʦʣʴʰʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʩʫʜʥʘ ʠ ʵʢʠʧʘʞʘ, ʷʚʣʷʷʩʴ ʟʘʯʘʩʪʫʶ ʧʝʨʚʦ-

ʧʨʠʯʠʥʦʡ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʧʦʩʘʜʦʢ ʥʘ ʤʝʣʴ. ʇʦʪʝʨʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚʦ ʚʨʝʤʷ ʰʪʦʨʤʘ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʩʫʜʥʘ ʧʦʩʣʝ ʝʛʦ ʨʘʟʚʦʨʦʪʘ ʣʘʛʦʤ ʢ ʚʦʣʥʝ. ʅʦ ʜʘʞʝ ʝʩʣʠ ʧʦʪʝʨʷ 

ʜʚʠʞʝʥʠʷ ʠʣʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʥʝ ʥʝʩʝʪ ʧʨʷʤʦʛʦ ʨʠʩʢʘ ʛʠʙʝʣʠ ʩʫʜʥʘ, ʪʦ ʩʫʜʦʚʣʘʜʝʣʝʮ ʥʝʩʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʫʙʳʪʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ-ʟʘ ʧʨʦʩʪʦʷ ʥʘ ʚʨʝʤʷ ʨʝʤʦʥʪʘ, ʘ ʝʩʣʠ ʨʝ-

ʤʦʥʪ ʚ ʤʦʨʝ ʩʠʣʘʤʠ ʵʢʠʧʘʞʘ ʥʝʚʦʟʤʦʞʝʥ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʣʘʯʠʚʘʪʴ ʙʫʢʩʠʨʦʚʢʫ 

ʩʫʜʥʘ ʚ ʧʦʨʪ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʯʠʥʘʭ ʦʪʢʘʟʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʥʘ, ʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ï ʦʪʩʫʪʩʪʚʠʝ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʝʢʚʘ-

ʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʵʢʩʧʣʫ-

ʘʪʘʮʠʷ. ʀ ʝʩʣʠ ʧʝʨʚʘʷ ʧʨʠʯʠʥʘ ï ʵʪʦ ʧʦʩʣʝʜʩʪʚʠʷ ʥʝʞʝʣʘʥʠʷ ʩʫʜʦʚʣʘʜʝʣʴʮʘ ʚʢʣʘʜʳʚʘʪʴ ʩʨʝʜ-

ʩʪʚʘ ʚ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʦ ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ï ʵʪʦ ʧʦʩʣʝʜʩʪʚʠʷ ʢʘʜʨʦʚʦʡ 

ʧʦʣʠʪʠʢʠ ʢʦʤʧʘʥʠʠ, ʞʝʣʘʥʠʝ ʵʢʦʥʦʤʠʪʴ ʥʘ ʦʙʫʯʝʥʠʠ ʠʣʠ ʥʘʡʤʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʪʦʢʦʣʳ ʨʘʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʦʙʱʠʡ ʜʦʩʪʫʧ, ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʯʠʥʝ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʨʦʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʘʚʘʨʠʠ. 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʦʚʤʝʱʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʊʨʝʥʘʞʝʨʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʦʦʙʱʝ ʠ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʢʦʚ ʚ ʯʘʩʪʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ 

ʦʪʨʘʙʦʪʢʘ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʪʨʝʥʘʞʝʨʝ ʟʘʢʣʘʜʳʚʘʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʩʣʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʝ [4]. 

ʇʝʨʚʳʝ ʪʨʝʥʘʞʝʨʳ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʬʠʟʠʯʝ-

ʩʢʫʶ ʢʦʧʠʶ) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ (ʉʕʋ). ʇʦʜʦʙʥʳʝ ʪʨʝ-

ʥʘʞʝʨʳ ʙʳʣʠ ʢʨʘʡʥʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʠ ʠʭ ʥʘʣʠʯʠʝ ʤʦʛʣʠ ʩʝʙʝ ʧʦʟʚʦʣʠʪʴ ʣʠʙʦ 

ʚʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʬʣʦʪ, ʣʠʙʦ ʛʨʘʞʜʘʥʩʢʠʝ ʪʨʝʥʘʞʝʨʥʳʝ ʮʝʥʪʨʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʢʨʫʧʥʦ-

ʩʝʨʠʡʥʳʝ ʧʨʦʝʢʪʳ.  

ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʚʳʩʠʣʦ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʢʦʚ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦ-

ʜʝʣʝʡ ʚ ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʥʠʟʠʣʦ ʠʭ ʩʪʦʠʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʘ ʦʜ-

ʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʨʘʟʥʳʤ ʪʠʧʘʤ ʩʫʜʦʚ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ çʢʦʤʧʴʶ-

ʪʝʨʥʳʝ ʪʨʝʥʘʞʝʨʳè ʩ çʬʠʟʠʯʝʩʢʠʤʠè, ʪʦ ʫ ʧʦʩʣʝʜʥʠʭ ʙʳʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪ-

ʨʘʙʦʪʢʠ ʤʦʪʦʨʥʳʭ ʥʘʚʳʢʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ 
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ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʤʥʦʛʦʚʘʨʠ-

ʘʥʪʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʥʘʚʳʢʠ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʩ ʦʜʥʦʡ ʤʦʜʝ-

ʣʴʶ [4, 5]. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ ʦ ʜʠʧʣʦʤʠʨʦʚʘʥʠʠ ʤʦʨʷʢʦʚ ʠ ʥʝʩʝʥʠʶ ʚʘʭʪʳ (ʇɼʅɺ-78 ʩ ʧʦ-

ʧʨʘʚʢʘʤʠ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʤʦʨʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʷʜʘ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʥʘ-

ʞʝʨʥʳʭ ʢʫʨʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʫʣʷʪʦʨʦʚ. ɼʣʷ ʛʘʨʘʥʪʠʠ, ʯʪʦ ʙʫʜʫʱʠʝ ʤʦʨʷʢʠ ʤʦʛʫʪ ʜʝʡ-

ʩʪʚʦʚʘʪʴ ʥʘʜʣʝʞʘʱʠʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʇɼʅɺ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʩʠʤʫʣʷʪʦʨʳ 

ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ 3D-ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷ-

ʶʪʩʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴ-

ʶʪʝʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ. ʋʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ (ʪʨʝʥʘʞʝʨʦʚ ʩ ʦʙʫʯʝʥʠʝʤ ʠ ʧʨʦʚʝʨʢʦʡ ʟʥʘʥʠʡ ʚ 

ʠʛʨʦʚʦʡ ʬʦʨʤʝ) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90 % [4, 5].  

ʄʦʨʩʢʠʝ ʩʠʤʫʣʷʪʦʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʫʶ ʩʨʝʜʫ ʦʙʫʯʝʥʠʷ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʝʚʦʟ-

ʤʦʞʥʳ ʚ ʨʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʟʘʧʫʩʢ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʮʝʥʘʨʠʝʚ, ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʦʩʪʘʥʦʚʢʘ ʦʧʝʨʘʮʠʡ 

ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʨʦʙʥʳʭ ʦʙʩʫʞʜʝʥʠʡ [4, 5, 6]. ɼʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʨʩʢʠʭ ʩʠʤʫʣʷʪʦʨʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʩʪʦʪʫ ʫʩʚʦʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʝ ʩʮʝʥʘʨʠʷʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʩʪʫ-

ʜʝʥʪʦʚ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʪʴ ʥʘʚʳʢʠ ʫʧʨʘʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʠʥʮʠʜʝʥʪʘʤʠ ʠ ʧʨʝʦʜʦʣʝʥʠʷ 

ʩʪʨʝʩʩʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʤʦʨʩʢʠʭ ʩʠʤʫʣʷʪʦʨʦʚ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʫʯʨʝʞʜʝʥʠʷʤʠ ʤʦʨʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ: ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʤʫʣʷʪʦʨʳ, 

ʩʠʤʫʣʷʪʦʨʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʥʘʩʪʦʣʴʥʳʝ ʩʠʤʫʣʷʪʦʨʳ ʠ ʦʙʣʘʯʥʳʝ ʩʠʤʫʣʷʪʦʨʳ [6].  

ʇʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʤʫʣʷʪʦʨʳ ʤʦʩʪʠʢʘ ʠʣʠ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʨʝʘ-

ʣʠʩʪʠʯʥʦʡ ʢʦʧʠʠ ʤʦʩʪʠʢʘ (ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ) ʩʫʜʥʘ ʩʦ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʠʙʦʨʘʤʠ, 

ʜʠʩʧʣʝʷʤʠ (ʪ.ʝ. ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʫʜʥʘ) ʠ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʧʨʦʝʢ-

ʮʠʷʤʠ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʘ ʦʧʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʨʝʘʣʠʟʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ.  

ʉʠʤʫʣʷʪʦʨʳ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʧʦʛʨʫʞʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʝʘʣʠʩʪʠʯʥʳʡ 

ʦʧʳʪ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʰʣʝʤʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʦʪ ʢʦʤʧʴʶʪʝʨʘ ʚʠʟʫʘʣʴ-

ʥʫʶ ʠ ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʶ, ʤʦʜʝʣʠʨʫʝʤʫʶ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʜʝʡʩʪʚʠʷʤʠ ʯʝʣʦʚʝʢʘ.  

ʅʘʩʪʦʣʴʥʳʝ ʩʠʤʫʣʷʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʥʝʢʦʪʦ-

ʨʳʝ ʘʩʧʝʢʪʳ ʤʦʨʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [7].  

ʆʙʣʘʯʥʳʝ ʩʠʤʫʣʷʪʦʨʳ ʧʦ ʠʥʪʝʨʬʝʡʩʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʛʫʪ ʥʝ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʘʩʪʦʣʴ-

ʥʳʭ. ʀʭ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʣʦʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥ-

ʥʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱʘʭ, ʛʜʝ ʚʝʜʝʪʩʷ ʚʩʷ ʦʙʨʘʙʦʪʢʘ ʟʘʜʘʯ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʚʳʜʘʝʪʩʷ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʙʨʘʫʟʝʨʘ ʥʘ 

ʩʚʦʝʤ ʫʩʪʨʦʡʩʪʚʝ.  

ʉʠʤʫʣʷʪʦʨʳ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʨʩʢʠʭ ʘʢʘʜʝʤʠʷʭ ʢʘʢ ʮʝʥʥʳʡ ʘʢ-

ʪʠʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʞʝ ʙʦʣʝʝ 30 ʣʝʪ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴ-

ʶʪʝʨʦʚ, ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 3D-ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ, ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʠʤʫʣʷʪʦʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ 

ʪʨʝʭʤʝʨʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤʳ. ʀʭ ʮʝʣʴ ï ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʨʝʘʣʴʥʦʩʪʠ ʠʤʠʪʘʮʠʶ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ [7, 8].  ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫ-

ʯʘʶʱʠʝʩʷ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʪʝʤ 
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ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʷ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʩʣʦ-

ʚʠʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʘʚʘʨʠʡʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʘʞʝʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʀʄʆ, ʪʦ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʥʘʙʦʨ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʭʦʞʝʩʪʴ [9]. ʈʘʟʥʠʮʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪʩʷ ʚ ʥʘʙʦʨʝ 

ʠʤʠʪʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʠʟʫʘʣʴʥʳʭ ʠ ʘʫʜʠʦʵʬʬʝʢʪʘʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢ-

ʮʠʷʭ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʨʘʤʢʠ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ [10, 11]. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʪʨʝʥʘʞʝʨʳ ʠʤʠʪʠʨʫʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʝʭʘ-

ʥʠʟʤʳ, ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʠ. ʂʨʦʤʝ ʤʝʩʪʥʳʭ ʧʦʩʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠʪʠʨʫʶʪʩʷ ʜʠʩʪʘʥ-

ʮʠʦʥʥʳʝ ʧʦʩʪʳ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʝʥʘʞʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʠʪʘʮʠʠ ʧʦʣʦʤʦʢ 

ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʯ ʠʭ ʧʦʠʩʢʘ ʠ ʫʩʪʨʘʥʝʥʠʷ. ʉʠʤʫʣʷʪʦʨʳ ʦʪʢʘʟʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʝʯʥʦ, ʥʝ ʤʦʛʫʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʨʘʙʦʪʢʫ ʥʘʚʳʢʦʚ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʣʦʤʦʢ, ʥʦ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʙʦʪʘʪʴ ʥʘʚʳʢʠ ʧʦʚʝʜʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʳ ʜʝʡʩʪʚʠʷ ʚ ʘʚʘʨʠʡ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ-

ʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʙʦʨʪʫ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʫʜʦʚ ʨʘʩʰʠʨʠʣʦʩʴ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʝʙʫʶʪʩʷ ʦʙʰʠʨʥʳʝ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʫʜʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ. ʄʝʞʜʫʥʘ-

ʨʦʜʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʀʄʆ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʈʌ ʚ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʛʦ 

ʩʫʜʦʭʦʜʩʪʚʘ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʢʘʢ ʢʦʤʧʝʪʝʥʮʠʠ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʤʦʨʷʢʠ, ʪʘʢ ʠ ʤʝ-

ʪʦʜʳ ʦʩʚʦʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʢʦʤʧʝʪʝʥʮʠʡ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʦʩʚʦʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʵʪʠʭ ʜʦʢʫʤʝʥʪʘʭ ʦʪʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʝ ʚ ʫʯʝʙʥʦ-ʪʨʝʥʘʞʝʨʥʳʭ ʮʝʥ-

ʪʨʘʭ, ʧʨʠʤʝʥʷʶʱʠʭ ʩʠʤʫʣʷʪʦʨʳ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. 

ʇʦʜʛʦʪʦʚʢʘ ʩʫʜʦʚʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʫʜʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʥʘ ʩʠʤʫʣʷʪʦʨʝ ʧʦʟʚʦʣʷʝʪ: 

- ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ; 

- ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʘʜʘʧʪʘʮʠʠ ʢ ʨʘʙʦʪʝ ʥʘ ʨʝʘʣʴʥʦʤ ʩʫʜʥʝ; 

- ʣʝʛʯʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʨʫʛʠʤ ʪʠʧʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʩʤʝʥʝ ʩʫʜʥʘ. 

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ï ʵʪʦ ʦʜʠʥ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. 
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Investigation of the causes and analysis of the failure of the left main engine of the 

8NVDS48A-3U brand on the Ivan Zhdanov m/s of Amur Shipping Company 
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Abstract. The article considers the case of an emergency failure of the left main engine 

of the dry cargo ship I. Zhdanov" and an analysis of the reasons that led to such an outcome 

was carried out. The study and analysis of possible causes of the emergency failure of the left 

main engine (LGD) was based on extracts from the ship's documentation, the ship's log, ex-

planatory notes of ship mechanics and their survey, and the completion of work on defective 

frame and connecting rod bearings at the ship repair plant. As a result of the analysis, the authors 

concluded that the main factor in the outcome was the so-called force majeure: the winding of 

the fishing net on the screw and the subsequent series of events that led to severe engine failure. 

It is shown that in the absence of means of non-selective diagnostics, it is not realistic to use 

the so-called STFS system, which the relevant shipping services are trying to implement during 

technical operation.  

Keywords: accident, main engine, force majeure, human factor 

For citation: Gorelik G. B., Rudnev B. I. Investigation of the causes and analysis of the 

failure of the left main engine of the 8NVDS48A-3U brand on the Ivan Zhdanov m/s of Amur 

Shipping Company. Scientific Journal of the Far Eastern State Technical Fisheries University. 

2024; 70(4): 186ï192. (In Russ.). 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 8NVDS 48ɸ-3U. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʣʝʚʦʛʦ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʝʧʣʦʭʦʜʘ çʀ. 

ɾʜʘʥʦʚè ʠ ʘʥʘʣʠʟ ʧʨʠʯʠʥ, ʧʨʠʚʝʜʰʠʭ ʢ ʧʦʜʦʙʥʦʤʫ ʠʩʭʦʜʫ. ʂʨʘʪʢʘʷ ʩʧʨʘʚʢʘ ʧʦ ʩʫʜʥʫ: ʩʫʭʦ-

ʛʨʫʟ çʀ. ɾʜʘʥʦʚè ʧʨʦʝʢʪʘ 620 ʪʠʧʘ çɹʘʣʪʠʡʩʢʠʡè. ɼʣʠʥʘ ʩʫʜʥʘ ï 94,9 ʤ, ʰʠʨʠʥʘ ï 13,2 ʤ, 

ʦʩʘʜʢʘ ï 3,71 ʤ, ʚʘʣʦʚʘʷ ʚʤʝʩʪʠʤʦʩʪʴ ï 2431 ʪ, ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʛʣʘʚʥʳʭ ʜʠʟʝʣʷ 6NVDS 48A-

3U ʤʦʱʥʦʩʪʴʶ 640 ʢɺʪ ʢʘʞʜʳʡ ʧʨʠ 400 ʦʙ/ʤʠʥ, ʵʢʠʧʘʞ ï 22 ʯʝʣʦʚʝʢʘ. ɻʣʘʚʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʦʙʦʨʫʜʦʚʘʥʳ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʦʙʝʩʧʝʯʝʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝ-

ʥʠʝʤ. ʉʫʜʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚ ʩʦʩʪʘʚʝ ʪʨʝʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʜʠʟʝʣʷʤʠ 6 ʏ 12/14 ʤʦʱ-

ʥʦʩʪʴʶ 100 ʢɺʪ ʢʘʞʜʳʡ ʧʨʠ 1500 ʦʙ/ʤʠʥ, ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʫʧʦʨʥʦʛʦ ʠ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʧʨʦʚʝʨʷʪʴ ʥʘʪʷʛ ʧʦʜ-

ʰʠʧʥʠʢʦʚ; ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʣʝʞʘʱʫʶ ʩʤʘʟʢʫ ʧʦʜʰʠʧʥʠʢʦʚ; ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʠʩʪʦʪʫ ʤʘʩʣʷ-

ʥʳʭ ʬʠʣʴʪʨʦʚ; ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ; ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʠʩʪʦʪʫ ʩʤʘ-

ʟʦʯʥʦʛʦ ʤʘʩʣʘ; ʧʨʦʚʝʨʷʪʴ ʨʘʟʤʝʨʳ ʧʦʩʪʝʣʝʡ ʨʘʤʦʚʳʭ ʠ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ɺ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʦʚ ʜʠʟʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʧʨʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʚʨʝʞʜʝʥʠʷ ʚʢʣʘʜʳʰʝʡ ʫʧʦʨʥʦʛʦ ʠ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 
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ʜʚʠʛʘʪʝʣʷ 8NVDS 48A-3U, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʥʠʞʥʝʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ˉ 3 ʧʨʠ ʧʝ-

ʨʝʢʦʩʝ ʦʩʝʡ ʛʦʣʦʚʦʢ ʚ 1,3 ʤʤ, ʘ  ʵʪʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʡ ʜʦʧʫʩʢ ʥʘ ʧʝʨʝʢʦʩ, ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʳʪʷʞʢʫ ʰʘʪʫʥʥʳʭ ʙʦʣʪʦʚ, ʧʨʝʚʳʰʘʶʱʫʶ ʥʦʨʤʫ, ʘ ʥʘʪʠʨʳ ʥʘ ʙʫʨʪʘʭ 

ʚʢʣʘʜʳʰʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʨʫʰʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʢ/ʚʘʣʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʤʝʱʝʥʠʝʤ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ [4]. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʘʚʘʨʠʡʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʃɻɼ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʚʳʧʠʩʢʘʭ 

ʠʟ ʩʫʜʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʫʜʦʚʦʛʦ ʞʫʨʥʘʣʘ, ʦʙʲʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʢʦʚ ʠ 

ʠʭ ʦʧʨʦʩʘ, ʧʝʨʝʯʥʷ ʨʘʙʦʪ ʧʦ ʜʝʬʝʢʪʦʚʢʝ ʨʘʤʦʚʳʭ ʠ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ 23.12.08 ʛ. ʤʝ-

ʥʝʜʞʝʨʦʤ ʂʠʤ ʉ. ʏ. (ʂʦʨʝʷ ʊʨʝʡʜʠʥʛ ʵʥʜ ʀʥʜʘʩʪʨʠʝʟ ʂʦ), ʩʫʜʦʚʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʘʢʪʝ ʦʪ 

15.12/08, ʧʝʨʝʯʥʷʭ ʨʘʙʦʪ ʆɸʆ çʅʘʭʦʜʢʠʥʩʢʠʡ ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè ʦʪ 21.12.08 ʠ 22.12.08, 

ʘʢʪʦʚ ʜʝʬʝʢʪʘʮʠʠ ˉ 20ʢ, 07-ɼʫ, ˉ 652, ʚʳʧʠʩʦʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʤʘʛʥʠʪʥʦʡ ʜʝʬʝʢ-

ʪʦʩʢʦʧʠʠ, ʪʝʭʥʠʯʝʩʢʠʭ ʘʢʪʦʚ ʆʆʆ çʄʦʨʩʢʦʡ ʂʦʨʘʙʝʣʴʥʳʡ ʎʝʥʪʨ-ʅʉʈɿè ˉ 380, ˉ 382ï385, 

 ̄388, ˉ 390, ˉ 391, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʨʝʤʦʥʪ (ʦʜʦʙʨʝʥʥʳʝ 

ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʦʙʱʝʩʪʚʦʤ), ʠʥʩʪʨʫʢʮʠʠ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ, ʩʧʨʘʚʦʯʥʳʝ  ʤʘʪʝʨʠʘʣʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʥʘʨʘʙʦʪʢʫ ʃɻɼ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʏʇ 03.12.08 ʛ., ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʦʛʦ ʦʧʳʪʘ ʤʘʰʠʥʥʦʡ ʢʦʤʘʥʜʳ ʚʦ ʛʣʘʚʝ ʩʦ ʩʪʘʨʰʠʤ ʤʝʭʘ-

ʥʠʢʦʤ ɸ. ɸ. ʉʘʭʘʨʦʚʩʢʠʤ, c ʢʦʪʦʨʳʤ ʦʜʠʥ ʠʟ ʘʚʪʦʨʦʚ ʙʳʣ ʟʥʘʢʦʤ ʣʠʯʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʘʣʴʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʙʲʝʢʪʘ, ʘ ʩʣʫʯʠʚʰʝʝʩʷ ʤʦʛʣʦ ʙʳʪʴ ʚʳ-

ʟʚʘʥʦ ʢʘʢʠʤʠ-ʪʦ ʬʦʨʩ-ʤʘʞʦʨʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ [4, 5].  

ʉʣʫʯʠʚʰʝʝʩʷ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤè. ʇʨʠʤʝʨʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʘʚʘʨʠʡ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʝʩʴʤʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʩʫʜʦʚʦʡ ʵʢʠʧʘʞ 

ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʨʘʚʠʣʴʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ [1, 2, 3, 7] 

ʂʦʩʚʝʥʥʦ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʠʤʝʚʰʘʷ ʤʝʩʪʦ ʚ ʧʝʨʠʦʜ ʩ 

03.12.08 ʧʦ 22.12.08 ʛʛ., ʨʘʟʚʠʚʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʠ ʤʘʰʠʥʥʘʷ ʢʦʤʘʥʜʘ, ʟʘʬʠʢʩʠʨʦ-

ʚʘʚ ʧʦʚʳʰʝʥʥʫʶ ʚʠʙʨʘʮʠʶ ʦʩʪʦʚʘ ʃɻɼ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʧʨʝʜʧʨʠʥʷʣʘ ʜʝʡʩʪʚʠʷ ʧʦ ʩʥʠʞʝʥʠʶ 

ʥʘʛʨʫʟʢʠ ʥʘ ʛʣʘʚʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʚʠʙʨʘʮʠʶ ʃɻɼ ʜʦʣʞʥʳ ʙʳʣʠ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʝʱʝ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨè ʚʩʝ-ʪʘʢʠ ʩʳʛʨʘʣ ʩʚʦʶ ʨʦʣʴ, ʠ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʙʳʣʘ ʧʨʝʜʦʪʚʨʘʱʝʥʘ.  

ʇʦʭʦʞʝ, ʯʪʦ ʚʘʭʪʝʥʥʘʷ ʢʦʤʘʥʜʘ ʚ ʄʂʆ ʠ ʥʘ ʭʦʜʦʚʦʤ ʤʦʩʪʠʢʝ ʥʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʫʜʥʦ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʃɻɼ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʠʟʦʰʣʦ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʡ ʚʘʭʪʳ, ʢʦʛʜʘ ʚʥʠʤʘʥʠʝ ʢʦʤʘʥʜʳ 

ʧʨʠʪʫʧʣʝʥʦ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʩʚʦʶ ʣʝʧʪʫ ʚʥʝʩʣʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʜʠʟʝʣʝʤ, ʢʦʛʜʘ ʧʨʠ ʥʘʤʦʪʢʝ ʥʘ ʚʠʥʪ ʃɻɼ ʨʳʙʦʣʦʚʥʦʡ ʩʝʪʠ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʥʘʛʨʫʟʢʘ ʥʘ 

ʜʠʟʝʣʴ ʣʝʚʦʛʦ ʙʦʨʪʘ ʠ ʥʘʯʘʚʰʝʝʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢ/ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʙʳʣʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚʧʣʦʪʴ ʜʦ ʚʳʭʦʜʘ ʨʝʡʢʠ ʪʦʧʣʠʚʥʦʛʦ 

ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʧʦʨ (ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 110 % ʥʘʛʨʫʟʢʝ). ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʥʦ ʧʝʨʝʛʨʫʟʢʘ ʛʨʫʧʧʳ 

ʜʚʠʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʤʦʛʣʘ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ.   

ʊʱʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʷ ʧʨʦʠʩʰʝʜʰʝʝ, ʜʝʡʩʪʚʠʷ ʤʘʰʠʥʥʦʡ ʢʦʤʘʥʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʤʝ-

ʨʦʚ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ, ʘʢʪʳ ʜʝʬʝʢʪʘʮʠʠ ʆɸʆ çʅʘʭʦʜʢʠʥʩʢʠʡ ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜè, 

ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1. ʇʨʠ ʧʦʜʲʝʤʝ ʩʫʜʥʘ ʚ ʜʦʢ ʦʙʥʘʨʫʞʝʥʘ ʥʘʤʦʪʢʘ ʨʳʙʦʣʦʚʥʳʭ ʩʝʪʝʡ ʥʘ ʚʠʥʪ ʣʝʚʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʛʣʦ ʩʪʘʪʴ ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʘʚʘʨʠʡʥʳʤ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʃɻɼ. ʇʨʠ ʥʘʤʦʪʢʝ ʩʝʪʠ ʥʘ ʚʠʥʪ ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʧʨʝʚʳʰʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʧʦ ʢʨʫʪʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʠʤʝʣʦ ʤʝʩʪʦ ʧʦʷʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʢ/ʚʘʣʫ, ʢʨʠʪʠʯʝʩʢʠ ʠʟʤʝʥʠʣʦʩʴ ʩʠʣʦʚʦʝ ʩʦʩʪʦʷʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʩʘʤʦʛʦ ʚʘʣʦ-

ʧʨʦʚʦʜʘ. ʉʢʨʫʯʠʚʘʥʠʝ ʚʘʣʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʩʝʚʳʭ ʝʛʦ ʜʝʬʦʨʤʘʮʠʡ (ʨʝʯʴ 



 

ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ  
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ʠʜʝʪ ʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʚʷʟʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ: ʢʨʫʯʝʥʠʝ, ʠʟʛʠʙ ʠ ʦʩʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘ-

ʪʠʷ). 

2. ʇʨʠ ʵʪʦʤ ʦʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ ʧʨʦʚʦʨʘʯʠʚʘʣʩʷ ʚ ʢʦʨʧʫʩʝ, ʠʤʝ-

ʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʧʦ ʚʩʝʤʫ ʜʠʘʤʝʪʨʫ ʥʘ ʜʣʠʥʝ 90 ʤʤ; ʙʠʝʥʠʝ ʰʝʡʢʠ ʧʦʜ ʦʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ 

0,06 ʤʤ (ʜʦʧʫʩʢʘʝʤʦʝ 0,06); ʪʦʨʮʝʚʦʝ ʙʠʝʥʠʝ 0,1 ʤʤ (ʜʦʧʫʩʢʘʝʤʦʝ 0,03). ʊʦʨʮʝʚʦʝ ʙʠʝʥʠʝ ʪʨʦ-

ʝʢʨʘʪʥʦ ʧʨʝʚʳʰʘʣʦ ʜʦʧʫʩʢʘʝʤʦʝ, ʵʪʦ ʠ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʚʳʨʘʙʦʪʢʝ ʙʘʙʙʠʪʦʚʦʡ ʟʘʣʠʚʢʠ ʫʧʦʨ-

ʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ ʢ ʥʘʨʫʰʝʥʠʶ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʢ/ʚʘʣʘ; ʠʤʝʣʘ ʤʝʩʪʦ ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʭʦʜʘ ʩʘʤʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ), 

ʦʙʥʘʨʫʞʝʥ ʥʘʢʣʝʧ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʝʛʤʝʥʪʘʭ ʠʤʝʥʥʦ ʧʝʨʝʜʥʝʛʦ ʭʦʜʘ ʠ ʠʟʥʦʩ ʙʘʙʙʠʪʦʚʦʡ 

ʟʘʣʠʚʢʠ. ʆʩʝʚʦʡ ʨʘʟʙʝʛ ʢ/ʚʘʣʘ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ 0,4ï0,6 ʤʤ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʦʩʝʚʦʛʦ ʨʘʟʙʝʛʘ ʢ/ʚʘʣʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʠʪʫʘʮʠʶ ʩ ʰʘʪʫʥʦʤ 3-ʛʦ ʮʠʣʠʥ-

ʜʨʘ (ʩʤ. ʧ. 4). ʅʝʩʤʦʪʨʷ ʥʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʚ 196 ʢʅ, ʫʧʦʨ ʚʠʥʪʘ 

ʧʨʠ ʥʘʤʘʪʳʚʘʥʠʠ ʩʝʪʠ ʤʦʛ ʧʨʝʚʳʩʠʪʴ ʜʦʧʫʩʢʘʝʤʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʝ 

ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʚ 1,5ï2 ʨʘʟʘ. ɸ ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʫʞʝ ʠʤʝʣʘʩʴ ʚʳʨʘʙʦʪʢʘ ʫʧʦʨʥʦʛʦ ʧʦʜ-

ʰʠʧʥʠʢʘ, ʪʦ ʘʚʘʨʠʡʥʳʡ ʦʪʢʘʟ ʜʚʠʛʘʪʝʣʷ ʤʦʛ ʩʪʘʪʴ ʜʦʩʪʦʚʝʨʥʳʤ ʩʦʙʳʪʠʝʤ.   

 

ʂʦʥʩʪʨʫʢʮʠʷ ʦʧʦʨʳ ʢ/ʚʘʣʘ ʩ ʫʧʦʨʥʳʤ ʠ ʪʦʥʢʦʩʪʝʥʥʳʤ ʨʘʤʦʚʳʤ ʧʦʜʰʠʧʥʠʢʘʤʠ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

The design of the k/shaft support with thrust and thin-walled frame bearings. Compiled by the authors 

 

3. ʐʘʪʫʥ ˉ 3 ʠʤʝʣ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʥʠʞʥʝʡ ʛʦʣʦʚʢʠ, ʧʝʨʝʢʦʩ ʦʩʝʡ ʛʦʣʦʚʦʢ ʩʦʩʪʘʚʣʷʣ 

1,3 ʤʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʥʦʨʤʫ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʪʷʞʢʘ ʰʘʪʫʥʥʳʭ 

ʙʦʣʪʦʚ ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʫ, ʠʤʝʶʪ ʤʝʩʪʦ ʥʘʪʠʨʳ ʥʘ ʙʫʨʪʘʭ ʚʢʣʘʜʳʰʝʡ ʧʨʠ ʟʘʜʝʚʘʥʠʠ 

ʱʝʢ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦʧʫʩʪʠʤʦʤ ʦʩʝʚʦʤ ʩʤʝʱʝʥʠʠ ʢ/ʚʘʣʘ (ʟʘʟʦʨ ʤʝʞʜʫ ʰʘʪʫʥʥʳʤ 

ʚʢʣʘʜʳʰʝʤ ʠ ʰʠʨʠʥʦʡ ʰʝʡʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 1 ʤʤ).  

4. ʇʦ ʢʦʣʝʥʚʘʣʫ ï ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʨʘʤʦʚʳʭ ʰʝʝʢ ˉ/ˉ 1ï5. ɺʳʨʳʚʳ ʤʝʪʘʣʣʘ, ʮʚʝʪʘ 

ʧʦʙʝʞʘʣʦʩʪʠ, ʥʘʚʦʣʘʢʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʚʢʣʘʜʳʰʝʡ ʥʘ ʰʝʡʢʠ, ʪʨʝʱʠʥʳ ʥʘ ʨʘʤʦʚʦʡ ʰʝʡʢʝ ˉ 2 

ʠ ʰʘʪʫʥʥʦʡ ˉ 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʢ/ʚʘʣʘ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʛʦ ʦʩʝʚʦʛʦ 

ʩʤʝʱʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʝʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʥʘʤʦʪʢʦʡ ʨʳʙʦ-

ʣʦʚʥʦʡ ʩʝʪʠ, ʧʨʠʚʝʜʰʠʤ ʢ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʜʠʟʝʣʷ (ʵʬʬʝʢʪ çʪʷʞʝʣʦʛʦ ʚʠʥʪʘè, ʢʦʛʜʘ ʧʦ-

ʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʠʥʪ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʚʳʰʝʥʠʶ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʘʚʝʨʥʷʢʘ ʠ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʝʨʝʛʨʫʟʢʘʤ 

http://baltix-spb.ru/_si/0/53420339.jpg
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ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʧʨʦ-

ʚʦʨʘʯʠʚʘʥʠʠ ʚʢʣʘʜʳʰʝʡ); 

5. ʄʝʭʘʥʠʯʝʩʢʠʡ (ʩʪʫʧʝʥʯʘʪʳʡ) ʠʟʥʦʩ ʧʦʩʪʝʣʝʡ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ˉ/ˉ 1ï5 ʩʦʩʪʘ-

ʚʠʣ  0,5 ʤʤ, ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʨʝʤʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʩʢʝʧʦʚ ʩʫʜʦʚʦʡ ʢʦʤʘʥʜʦʡ ʧʨʠ ʟʘʤʝʥʝ 

ʚʢʣʘʜʳʰʝʡ, ʚʝʩʴʤʘ ʙʳʩʪʨʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʪʦʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʠʭ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝʤ, ʥʘʨʫʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʩʤʘʟʢʠ,  ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʰʘʪʫʥʥʳʭ ʧʦʜ-

ʰʠʧʥʠʢʦʚ. 

6. ʅʘʢʣʝʧ ʤʝʪʘʣʣʘ ʥʘ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʬʣʘʥʮʘ ʤʘʭʦʚʠʢ-ʢ/ʚʘʣ 

ʭʦʪʷ ʠ ʢʦʩʚʝʥʥʦ, ʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʷ 

ʨʘʩʢʨʳʪʠʝ ʩʪʳʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʵʪʦʤ ʨʘʜʠʘʣʴʥʦʝ ʙʠʝʥʠʝ ʤʘʭʦʚʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 

0,23 ʤʤ, ʪʦʨʮʝʚʦʝ ï 1,7 ʤʤ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʠʟʦʰʝʜʰʠʭ ʩʦʙʳʪʠʡ, ʧʝʨʝʭʦʜ ʥʘ ʧʦʥʠʞʝʥ-

ʥʳʝ ʦʙʦʨʦʪʳ (300 ʦʙ/ʤʠʥ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʥʘʨʘʩʪʘʶʱʠʡ ʪʝʤʧ ʩʦʙʳʪʠʡ, ʥʝʦʜʥʦʢʨʘʪ-

ʥʳʝ ʧʦʧʳʪʢʠ ʫʩʪʨʘʥʠʪʴ ʦʪʢʘʟʳ, ʚʠʜʠʤʦ, ʥʝ ʧʦʟʚʦʣʠʣʠ ʤʘʰʠʥʥʦʡ ʢʦʤʘʥʜʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʦʚ ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʪʷʞʝʣʦʛʦ ʦʪʢʘʟʘ, ʥʘʧʨʠʤʝʨ, ʫʩʠʣʝʥʠʝ ʚʠʙ-

ʨʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʥʘ ʬʫʥʜʘʤʝʥʪʝ, ʧʦʷʚʣʝʥʠʝ ʰʫʤʘ ʥʠʟʢʦʛʦ ʪʦʥʘ ʚ ʟʦʥʝ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʡʦʥʝ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʫʚʝʣʠʯʝʥʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʠ ʪʦʨʮʝ-

ʚʳʝ ʙʠʝʥʠʷ ʤʘʭʦʚʠʢʘ ʠ ʪ.ʧ. 

7. ʆʪʤʝʯʝʥʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʚ ʤʘʩʣʦ ʠʟ-ʧʦʜ ʫʧʣʦʪʥʝʥʠʷ ʚʦʜʷʥʦʡ ʨʫʙʘʰʢʠ ʮʠʣʠʥʜʨʘ 

ˉ 3 ʙʳʣʦ ʩʫʜʦʚʦʡ ʢʦʤʘʥʜʦʡ ʫʩʪʨʘʥʝʥʦ, ʘ ʦʙʚʦʜʥʝʥʥʦʝ ʤʘʩʣʦ ʧʨʦʩʝʧʘʨʠʨʦʚʘʥʦ ʚ ʨʝʞʠʤʝ ʧʫ-

ʨʠʬʠʢʘʮʠʠ (ʧʦ ʦʧʨʦʩʫ ʤʘʰʠʥʥʦʡ ʢʦʤʘʥʜʳ). ɹʝʟʫʩʣʦʚʥʦ, ʤʘʩʣʷʥʘʷ ʵʤʫʣʴʩʠʷ ʪʘʢʞʝ ʦʪʨʘʟʠʣʘʩʴ 

ʥʘ ʪʝʤʧʝ ʠ ʙʝʟ ʪʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʂʦ ʚʩʝʤʫ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʩʣʝʜʫʶʱʝʝ:  

1. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ, ʧʝʨʝʭʦʜ ʦʪ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʢ ʩʠʩʪʝʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʧʦ ʬʘʢʪʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ (ʉʊʆʌʉ) ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʦʜʥʘʢʦ ʵʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʙʝʟʨʘʟʙʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

2. ɼʚʠʛʘʪʝʣʠ ʪ/ʭ çʀ. ɾʜʘʥʦʚè ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʉʊʆʌʉ, ʦʥʠ 

ʥʝ ʦʙʦʨʫʜʦʚʘʥʳ ʩʠʩʪʝʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʤʝʥʥʦ ʵʪʦ ʠ ʥʝ ʧʦʟʚʦʣʠʣʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʴ 

ʥʘʜʣʝʞʘʱʠʝ ʨʝʰʝʥʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʷʞʝʣʦʛʦ ʦʪʢʘʟʘ. ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʜʠʟʝʣʝʡ ʬʠʨʤʳ SKL ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝ-

ʤʦʥʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʊʆʌʉ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ, ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ 100 ʪʳʩ. ʤʦʪʦʯʘ-

ʩʦʚ, ʭʦʪʷ ʟʘʚʦʜ-ʠʟʛʦʪʦʚʠʪʝʣʴ ʫʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʩʢʨʦʤʥʳʝ ʨʝʩʫʨʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʨʝʩʫʨʩ ʜʦ 

ʩʨʝʜʥʝʛʦ ʨʝʤʦʥʪʘ ï 36 ʪʳʩ. ʯ, ʨʝʩʫʨʩ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 56 ʪʳʩ. ʯ °4 ʪʳʩ. ʯ). ɼʣʷ ʤʘʰʠʥ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ kR ʩʦʩʪʘʚʣʷʝʪ 60ï70 ʪʳʩ. ʯ. ɽʩʪʴ ʚʩʝ-ʪʘʢʠ ʨʝʟʦʥ ʩʯʠʪʘʪʴ, ʯʪʦ ʃɻɼ ʥʘʭʦʜʠʣʩʷ ʚ 

ʧʨʝʜʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʥʘʨʘʙʦʪʢʠ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʠ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʷ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ  ʦʯʝʨʝʜʥʦʝ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ ʩʫʜʥʘ ʙʳʣʦ ʥʘʟʥʘ-

ʯʝʥʦ ʥʘ 16.03.10 ʛ. 

3. ʊʝʤʧ ʥʘʨʘʩʪʘʥʠʷ ʪʷʞʝʩʪʠ ʩʦʚʤʝʩʪʥʳʭ ʦʪʢʘʟʦʚ ʛʨʫʧʧʳ ʜʚʠʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʠʤʝʚʰʠʭ ʤʝʩʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʣʦ-

ʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʚʘʣʦʚʫʶ ʣʠʥʠʶ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʘʤʦʪʢʝ ʨʳʙʦʣʦʚʥʦʡ ʩʝʪʠ ʥʘ ʚʠʥʪ. ɼʦ 

03.12.08 ʛ. ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʥʝ ʚʳʟʳʚʘʣʦ ʥʘʨʝʢʘʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶ-

ʱʫʶʩʷ ʠʟʥʦʰʝʥʥʦʩʪʴ ʚʢʣʘʜʳʰʝʡ ʠ ʜʝʪʘʣʝʡ ʂʐʄ. ʅʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʩʝʚʦʝ ʩʤʝʱʝʥʠʝ ʚʘʣʦ-

ʧʨʦʚʦʜʘ ʧʨʠ ʥʘʤʦʪʢʝ ʩʝʪʠ ʠʥʠʮʠʠʨʦʚʘʣʦ ʫʩʠʣʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʠ ʠʟʥʦʩʘ ʦʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

ʚʘʣʘ ʠ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʩʝʚʦʛʦ ʨʘʟʙʝʛʘ ʢ/ʚʘʣʘ, 

ʫʩʢʦʨʠʣʦ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ ʨʘʤʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʧʨʦʠʟʦʰʣʦ ʙʳʩʪʨʦʝ ʩʪʫʧʝʥʯʘʪʦʝ ʠʟʥʘʰʠʚʘ-

ʥʠʝ ʧʦʩʪʝʣʝʡ ʧʦʜ ʨʘʤʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʧʨʠʚʝʣʦ ʢ ʥʘʨʫʰʝʥʠʶ ʣʠʥʠʠ ʢ/ʚʘʣʘ, ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʰʘʪʫʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʮʠʣʠʥʜʨʘ ˉ 3 ʠ ʥʘʨʫʰʝʥʠʶ ʫʧʣʦʪʥʝʥʠʷ ʮʠʣʠʥʜʨʦʚʦʡ ʚʪʫʣʢʠ ʩ ʧʦ-
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ʩʪʫʧʣʝʥʠʝʤ ʚʦʜʳ ʚ ʢʘʨʪʝʨ ʠ ʧʨ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʟʘʤʝʥʝ ʚʢʣʘʜʳʰʝʡ 1-ʛʦ ʨʘʤʦʚʦʛʦ ʧʦʜ-

ʰʠʧʥʠʢʘ ʠ ʜʝʪʘʣʝʡ ʂʐʄ ʮʠʣʠʥʜʨʘ ˉ 3 ʧʨʘʢʪʠʯʝʩʢʠ ʫʞʝ ʥʝ ʤʦʛʣʠ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬ-

ʬʝʢʪ, ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʢʝʧʳ ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʧʦʩʣʝʜʫʶ-

ʱʘʷ ʨʘʙʦʪʘ ɻʃɼ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʙʳʩʪʨʦ ʧʨʠʚʝʣʘ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʣʠʥʠʠ ʢ/ʚʘʣʘ ʠ ʧʦ-

ʚʪʦʨʥʦʤʫ ʧʨʦʚʦʨʘʯʠʚʘʥʠʶ ʫʞʝ ʩʣʝʜʫʶʱʠʭ ʧʦ ʧʦʨʷʜʢʫ ʨʘʤʦʚʳʭ ʚʢʣʘʜʳʰʝʡ. ɹʝʟ ʩʝʨʴʝʟʥʦʛʦ 

ʟʘʚʦʜʩʢʦʛʦ ʨʝʤʦʥʪʘ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʦʢʘʟʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ ʧʨʦʠʩʰʝʜʰʝʡ ʘʚʘʨʠʠ ʃɻɼ ʪ/ʭ çʀ. ɾʜʘʥʦʚè ʚʠʥʘ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʣʝ-

ʞʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʜʝʡʩʪʚʠʷʭ ʩʫʜʦʚʦʡ ʢʦʤʘʥʜʳ ʠ ʥʘʜʟʦʨʥʦʡ ʨʦʣʠ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʩʣʫʞʙʳ ʧʘʨʦʭʦʜʩʪʚʘ, ʥʝʞʝʣʠ ʥʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, 

ʧʨʠʚʝʜʰʠʭ ʃɻɼ ʢ ʘʚʘʨʠʡʥʦʤʫ ʦʪʢʘʟʫ. ɹʝʟʫʩʣʦʚʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʥʦʰʝʥʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠʤʝʣʘ 

ʤʝʩʪʦ. ʃɻɼ ʨʘʙʦʪʘʣ ʚ ʢʦʥʮʝ ʦʩʥʦʚʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʨʘʙʦʪʢʘ ʙʦʣʝʝ 59 ʪʳʩ. ʯ), ʢʦ-

ʛʜʘ ʨʝʰʝʥʠʝ ʦ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʚʠʛʘʪʝʣʷ. ʊʝʢʫ-

ʱʠʡ ʞʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʩʦʩʪʦʷʥʠʝ ʜʠʟʝʣʷ ʥʝ ʚʳʟʳʚʘʣʠ ʩʝʨʴʝʟʥʳʭ ʦʧʘʩʝʥʠʡ. ʅʝ 

ʙʳʣʦ ʠ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʦʪʢʘʟʘ, ʘ ʦʯʝʨʝʜʥʦʝ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ 

ʩʫʜʥʘ ʙʳʣʦ ʥʘʟʥʘʯʝʥʦ ʥʘ 16.03.10 ʛ. 

ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ï ʵʪʦ ʥʘʤʦʪʢʘ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʡ ʩʝʪʠ ʥʘ ʚʠʥʪ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʥʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʦ ʚʦʟʤʦʞʝʥ ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʩʝʚʳʝ ʫʩʠʣʠʷ 

ʧʨʝʚʳʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʥʘʛʨʫʟʢʝ ʦʧʦʨʥʦʛʦ ʠ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚ (ʪʝʤ ʙʦʣʝʝ ʩ ʫʯʝʪʦʤ 

ʠʭ ʪʝʢʫʱʝʡ ʠʟʥʦʰʝʥʥʦʩʪʠ). ɺʨʝʤʝʥʥʘʷ ʩʠʣʦʚʘʷ ʠ ʪʝʧʣʦʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʩʥʠʞʝ-

ʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢ/ʚʘʣʘ, ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʨʘʤʦʚʳʭ, ʘ ʜʘʣʝʝ ʠ ʤʦʪʳʣʝʚʳʭ ʧʦʜ-

ʰʠʧʥʠʢʦʚ, ʠʭ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ, ʩʪʫʧʝʥʯʘʪʘʷ ʚʳʨʘʙʦʪʢʘ ʧʦʩʪʝʣʝʡ ʚ ʬʫʥʜʘʤʝʥʪʥʦʡ ʨʘʤʝ, ʥʘʨʫ-

ʰʝʥʠʝ ʩʤʘʟʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʢʝʧʘ ʠ ʥʘʨʫʰʝʥʠʝ ʣʠʥʠʠ ʢ/ʚʘʣʘ ʫʩʢʦʨʝʥʥʦ ʧʨʠʚʝʣʠ ʢ ʘʚʘʨʠʡ-

ʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʜʠʟʝʣʷ, ʪ.ʝ. ʢ ʪʷʞʝʣʦʤʫ ʦʪʢʘʟʫ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠ-

ʯʠʥ ʘʚʘʨʠʡ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ, ʯʪʦʙʳ ʩʫʜʦʚʦʡ ʵʢʠʧʘʞ ʙʳʣ 

ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʨʘʚʠʣʴʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʝʜʘʚʘʨʠʡʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘ-

ʮʠʠ ʚ ʤʘʰʠʥʥʦ-ʢʦʪʝʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʩʫʜʥʘ (ʄʂʆ). ʊʘʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ 

ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʥʘʞʸʨʦʚ ʄʂʆ [6], [7]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʘʞʝʨʳ ʄʂʆ ʧʦʟʚʦʣʷʶʪ ʧʦʜʛʦʪʦʚʠʪʴ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʘʢ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʪʘʢ ʠ ʢ ʜʝʡʩʪʚʠʷʤ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫ-

ʘʮʠʷʭ. 
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ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʘʟʚʸʨʥʫʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʠ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ. ɺʠʟʫʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʘʰʠʥʳ ʠʣʠ ʤʝʭʘʥʠʟʤʘ ʚ ʚʠʜʝ ʜʚʫʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʘʷ ʪʨʝʭʤʝʨ-

ʥʘʷ ʤʦʜʝʣʴ, ʥʦ ʠ ʦʩʷʟʘʝʤʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʢʦʧʠʷ ʙʫʜʫʱʝʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʠʣʠ 

ʤʘʰʠʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 
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Abstract. The paper provides information on the experience of three-dimensional model-

ing of a two-stage deployed gearbox and creating a layout using additive technologies. The 

visual representation of a machine or mechanism in the form of two-dimensional graphics is 

currently insufficient, so not only an electronic three-dimensional model is needed, but also a 

tangible plastic copy of the future operating mechanism or machine. Currently, modern infor-

mation technologies are being introduced everywhere, which make it possible to increase labor 

productivity and the marine industry is no exception in this. The result of this implementation 

is the modeling process, as the sum of construction and design. Modeling of marine technology 

is not limited to a single element. The simulation can be either a separate ship unit, an engine 

room, or even the entire vessel. 

Keywords: design, engineering, marine engineering, gearbox, layout design, additive 

technologies 

Funding: the article was carried out within the framework of the state budget theme No. 

GBT 870/2024-2028 "Factors and mechanisms of development of engineering thinking among 

students of marine specialties". 

For citation: Grigorieva E. V., Kulichkov S. V. The possibilities of using computer mod-

eling and additive technologies in the layout of installations of marine power mechanisms. Sci-

entific Journal of the Far Eastern State Technical Fisheries University. 2024; 70(4): 193ï203. 

(In Russ.). 

 

ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ ʠʣʠ CAD). ʉɸʇʈ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ (ʨʘʩʯʝʪ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ) ʥʘ ʧʝʨʩʦʥʘʣʴ-

ʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʜʨʫ-

ʛʠʤ ʢʨʠʪʝʨʠʷʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʷʞʝʣʦʛʦ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʫʜʦʩʪʨʦʝʥʠʝ ï ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʭ 

ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʪʘʧʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ʎʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ) ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡ-

ʰʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʙʘʟʝ ʧʨʦʝʢʪʘ ʠʟʜʝʣʠʷ [1]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʊʇʇ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪ ʥʘ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ ï ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟʜʝʣʠʝ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʦʝ ʚʳʧʫʩʢʘʝʪ ʵʪʦ ʥʦʚʦʝ ʠʟʜʝʣʠʝ. ʕʪʦʪ ʨʝ-

ʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʊʇʇ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦ-

ʜʠʤʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʂʘʯʝʩʪʚʦ 

ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʠʩʪʝʤʘ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʜʦʯʝʪʦʚ ʠ ʦʰʠʙʦʢ.  

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʜʦʙʥʳʡ ʠ ʧʨʦʟʨʘʯʥʳʡ ʧʨʦʮʝʩʩ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. ʉɸʇʈ ʊʇʇ ʪʘʢʞʝ ʚʣʠʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ. ʕʪʦ ʚʣʠʷʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʉʦʚʤʝʩʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ï ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʇʇ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʊʇʇ ʥʘ ʢʘʞʜʦʝ ʠʟ-

ʜʝʣʠʝ (ʩʫʜʦʚʘʷ ʘʨʤʘʪʫʨʘ, ʥʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʳ ʠ ʪ.ʜ.) ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. ʂʘʞʜʘʷ ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ ʠʤʝʝʪ ʩʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ. ʊʘʢʞʝ ʥʘ ʵʪʘʧʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʝʡ, ʤʝʪʦʜʦʚ ʠʟ ʦʙʨʘʙʦʪʢʠ, ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪ.ʜ. [2] 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʉɸʇʈ ʊʇ) 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʦʡ ʨʝʩʫʨʩ, ʯʪʦʙʳ ʩʦʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʩ ʢʫʨʩʘʥʪʘʤʠ ʤʦʨʝʭʦʜʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚ ʦʙʣʘ-

ʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ 

ʚʳʜʘʯʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ ʢʘʞʜʦʤʫ ʢʫʨʩʘʥʪʫ ʠʟ ʣʠʯʥʦʛʦ ʦʧʳʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʟʘʜʘʥʠʷ 

(ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ, ʢʫʨʩʦʚʦʡ, ʜʠʧʣʦʤʥʳʡ ʧʨʦʝʢʪʳ). ʕʪʠ ʟʘʜʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʤ, ʩʦʟʜʘʶʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʦʩʚʦʝʥʠʶ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ [3]. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʮʠʢʣʘ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʮʠʢʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʮʠʢʣʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ 

ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʜʛʦʪʦʚʢʠ ʢʫʨʩʘʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦ-

ʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢè. ʊʘʢʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳ-

ʧʦʣʥʷʪʴ ʩʚʦʠ ʪʨʫʜʦʚʳʝ ʬʫʥʢʮʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʚ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ [4]. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘ-

ʙʦʪ [5], [6], [7], [8], ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʜʘʥʥʦʡ ʪʝʤʝ, ʪʘʢ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ-ʠʥʞʝʥʝʨ ʩʧʦʩʦʙʝʥ  ʩʦʟʜʘʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʫʶ 

ʪʝʭʥʠʢʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴʶ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʥʝʜʨʝʥʠʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢʫʨʩʘʥʪʦʚ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʕʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢè ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɿʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ï ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ; 



 

 

ISSN 2713-3222. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ˉ 4 (ʪ. 70) 
) 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

196 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʜʚʫʭʩʪʫʧʝʥʯʘ-

ʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩʪʫʜʝʥʪʘʤʠ ʠ ʢʫʨʩʘʥʪʘʤʠ; 

ï ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪʳ ʠ ʩʦʟʜʘʪʴ ʨʘʙʦʯʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʤʦʜʝʣʠʨʫʝʤʳʡ ʨʝʜʫʢʪʦʨ; 

ï ʠʩʧʦʣʴʟʫʷ ʨʘʙʦʯʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʧʣʘʩʪʠʢʦʚʫʶ 

ʤʦʜʝʣʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ; 

ï ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ, ʩʦʟʜʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʫʜʫ-

ʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ 

ɹʘʟʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ (ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝ-

ʩʢʦʡ) ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠ. ʅʘ ʩʪʘʜʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʦʩʥʦʚʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. 
ʇʦʜ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʁʜʝʪʘʣʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʨʝʤʝʥʠ ʥʘ ʊʇʇ ʜʝ-

ʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʶ, ʨʝʤʦʥʪ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʜʠʘʣʴʥʦʡ ʪʫʨʙʠʥʳ [9], 

ʪʘʢ ʠ ʚʩʝʡ ʩʪʫʧʝʥʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ [10]. ʇʨʠʤʝʨ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʘʜʠʘʣʴʥʦʡ ʪʫʨʙʠʥʳ ʧʦ-

ʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʦʟʜʘʥʠʝʤ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ. ʊʨʝʭʤʝʨʥʳʝ 

ʤʦʜʝʣʠ ï ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʦʙʲʝʢʪʳ ʩʘʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʞʸʩʪʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ [11], ʪʘʢ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʦʡ [12], 

[13]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʚʩʪʨʝʯʘʝʪʩʷ ʠ ʚ ʦʙʣʘʩʪʠ ʩʫ-

ʜʦʚʳʭ ʜʠʟʝʣʝʡ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʪʘʢʪʝ ʚʧʫʩʢʘ 

ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʧʦʨʰʥʷ ʚ ʩʝʨʝʜʠʥʝ ʭʦʜʘ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ. 

 

 
 

ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʜʠʘʣʴʥʦʡ ʪʫʨʙʠʥʳ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. A three-dimensional model of a radial turbine. Compiled by the authors 

 

ʄʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2, ʩʦʩʪʦ-

ʷʣʘ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʚʘʣʘʩʴ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ rʛʘʟʦ-

ʦʙʤʝʥʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ ʩʠʩʪʝʤʳ ʛʘʟʦʦʙʤʝʥʘ ʠʟ ʧʦʩʪʨʦ-

ʝʥʥʳʭ ʨʘʥʝʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʩʦʟʜʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʙʦʨʢʠ 



 

ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ  
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ʠʥʪʝʛʨʠʨʦʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Flow Simulation, ʛʜʝ ʠ ʧʨʦʭʦʜʠʣ ʧʨʦʮʝʩʩ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [14]. 

 
 

ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʦʙʤʝʥʘ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. A three-dimensional model of the gas exchange elements of a marine diesel engine.  

Compiled by the authors 

 

ʇʦʤʠʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʦʟʤʦʞʥʦ ʩʨʝʜ-

ʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ, ʤʘʰʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠʣʠ ʜʘʞʝ ʚʩʝʛʦ ʩʫʜʥʘ [15]. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʚʠʟʫʘʣʴ-

ʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

 

 
 

ʈʠʩ. 3. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Three-dimensional model of ship pipeline systems. Compiled by the authors 

 

ʅʘ ʢʘʬʝʜʨʝ çʀʥʞʝʥʝʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳè ɼʘʣʴʨʳʙʚʪʫʟʘ ʚ ʨʘʤʢʘʭ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʳ 

 ̄ɻɹʊ 870/2024-2028 çʌʘʢʪʦʨʳ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʤʳʰʣʝʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ 

ʤʦʨʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡè ʢʫʨʩʘʥʪʘʤʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠè ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʘʟʚʸʨʥʫʪʦʛʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚ ʨʝʜʘʢʪʦʨʝ ʂʆʄʇɸʉ-3D v23. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʭʦʜʷ ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦ-

ʜʠʢʠ ʨʘʩʯʸʪʦʚ.  

ʇʦʜʰʠʧʥʠʢʠ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʷʜʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʨʝʜʘʢʪʦʨʘ. 

ʀʟʦʙʨʘʞʝʥʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4ï9.  



 

 

ISSN 2713-3222. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ˉ 4 (ʪ. 70) 
) 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

198 

 

ʘ 

 

 

ʙ 

 

ʚ 

 

ʈʠʩ. 4. ɺʘʣ: ʘ ï ʙʳʩʪʨʦʭʦʜʥʳʡ; ʙ ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ; ʚ ï ʚʳʭʦʜʥʦʡ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 4. Shaft: a ï high-speed; ʙ ï intermediate; ʚ ï output. Compiled by the authors 
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ʈʠʩ. 5. ɿʫʙʯʘʪʦʝ ʢʦʣʸʩʦ: ʘ ï ʰʝʩʪʝʨʥʷ; ʙ ï ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 5. ï Gear wheel a ï gear; ʙ ï gear wheel. Compiled by the authors 
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ʈʠʩ. 6. ʂʨʳʰʢʘ ʧʦʜʰʠʧʥʠʢʘ: ʘ ï ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ ʛʣʫʭʘʷ; ʙ ï ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʛʣʫʭʘʷ;  

ʚ ï ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ ʛʣʫʭʘʷ; ʛ ï ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʩʢʚʦʟʥʘʷ; ʜ ï ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ ʩʢʚʦʟʥʘʷ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 6. Bearing cover: a ï highïspeed shaft is deaf; ʙ ï output shaft is deaf; ʚ ï intermediate shaft 

is deaf; ʛ ï output shaft is through; ʜ ï high-speed shaft is through. Compiled by the authors 

 

 

ʈʠʩ. 7. ʂʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 7. Gearbox housing. Compiled by the authors 
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ʈʠʩ. 8. ʂʨʳʰʢʘ ʢʦʨʧʫʩʘ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 8. Housing cover. Compiled by the authors 

 
ʈʠʩ. 9. 3D-ʤʦʜʝʣʴ ʨʝʜʫʢʪʦʨʘ ʚ ʩʙʦʨʝ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 9. 3D model of the gearbox assembly. Compiled by the authors 

 

ɺʠʨʪʫʘʣʴʥʳʝ ʤʘʢʝʪʳ ʜʝʪʘʣʝʡ ʠʟ ʂʆʄʇɸʉ-3D v23 ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʫ WanhaoMaker ʠ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3D-ʧʨʠʥʪʝʨʝ Wanhao Duplicator 5S (ʨʠʩ. 10). 
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ʈʠʩ. 10. 3D-ʧʨʠʥʪʝʨ Wanhao Duplicator 5S. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 10. Wanhao Duplicator 5S 3D printer. Compiled by the authors 
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ʈʠʩ. 11. ʅʘʧʝʯʘʪʘʥʥʘʷ 3D-ʤʦʜʝʣʴ ʨʝʜʫʢʪʦʨʘ ʚ ʩʙʦʨʝ. ʌʦʪʦ ʩʜʝʣʘʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 11. 3D printed model of the gearbox assembly. The photo was taken by the authors 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʠʪʦʛʫ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʨʘʟʚʸʨʥʫʪʦʛʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ 3D-ʧʝʯʘʪʠ ʝʛʦ ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʘʢʝʪʘ.   

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʳʣʘ ʦʪʨʘʙʦʪʢʘ ʢʫʨʩʘʥʪʘʤʠ ʥʘʚʳʢʦʚ ʧʦʵʪʘʧʥʦʛʦ ʩʦʟʜʘʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʩ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʜʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʚ ʚʠʜʝ ʤʘʢʝʪʘ.   
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Abstract. Working substances (refrigerating agents) ship refrigerating machinery, a re-

frigerating machinery role in extracting fish and processing fish branches are considered, and 

also at transportation of fish production, feature of coolants, degree of negative influence cool-

ants on environment and possible ways of increase of ecological safety and power efficiency of 

a refrigerating machinery. The comparative analysis ozonorazrushajushchy potential and poten-

tial of global warming of some coolants is resulted. 

Keywords: refrigerating agents, a refrigerating machinery, the Montreal report, ecological 

safety, an ozone layer, global warming, refrigerator fleet 

For citation: Korshunova T. E., Kolesov A. V. Research of ecological safety, efficiency 

and development of coolants of a ship refrigerating machinery of fish branch of Russia within 
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ɺ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʝ (ʜʦʙʳʚʘʶʱʠʝ, 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ, ʧʨʠʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ), ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʬʨʠʞʝʨʘ-

ʪʦʨʥʳʝ ʩʫʜʘ, ʦʩʥʘʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ, ʛʘʨʘʥʪʠʨʫʶʱʠʤʠ ʩʦʭʨʘʥʥʦʩʪʴ 

ʫʣʦʚʘ, ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʨʳʙʳ ʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʧʠʱʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʳʙʳ ʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʤʝʩʪʝ ʚʳʣʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʥʠʟʠʪʴ ʩʢʦ-

ʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʨʳʙʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ï ʜʨʦʙʣʝʥʦʛʦ 

ʣʴʜʘ ʠʣʠ ʞʠʜʢʦʛʦ ï ʭʦʣʦʜʥʦʡ ʚʦʜʳ. 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʳʙʳ ʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʝʣʢʠ, ʬʘʩʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦ-

ʚʠʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨ 

ʠ ʪʫʥʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʭ ʙʳʩʪʨʦ ʟʘʤʦʨʘʞʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʘʞʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʦʚ (ʚʢʫʩ, ʪʝʢʩʪʫʨʘ, ʧʠʪʘʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ) ʦʩʪʘʶʪʩʷ ʥʘ 

ʪʨʝʙʫʝʤʦʤ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʈʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʝʨʝʚʦʟʢʝ ʨʳʙʦʧʨʦʜʫʢʪʦʚ ʠʛʨʘʶʪ ʫʩʣʦʚʠʷ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʦʪ 

ʤʝʩʪʘ ʜʦʙʳʯʠ ʢ ʤʝʩʪʘʤ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʪʨʝ-

ʙʠʪʝʣʶ. ʇʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʦʜ-

ʥʳʡ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʡ ʪʨʘʥʩʧʦʨʪ.  

ʊʝʭʥʠʢʘ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ, ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʝʬʨʠʞʝʨʘʪʦʨʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʝʝ 

ʩʦʭʨʘʥʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʷ ʧʝʨʝʚʦʟʢʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷ-

ʥʠʷ [1]. 

ɺʘʞʥʝʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʭʦʣʦʜʠʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʭʦʣʦʜʠʣʴʥʳʝ 

ʘʛʝʥʪʳ (ʭʣʘʜʘʛʝʥʪʳ, ʭʣʘʜʦʥʳ, ʬʨʝʦʥʳ). ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʘʱʝʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ, 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʪʝʧʣʦʪʳ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʭʣʘʜʘʛʝʥʪʘ.  

ʍʣʘʜʘʛʝʥʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʥʝʙʦʣʴʰʫʶ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʙʳʪʴ ʥʝʚʟʨʳʚʦʦʧʘʩʥʳʤʠ, ʥʝʪʦʢʩʠʯʥʳʤʠ, ʥʝʛʦʨʶ-

ʯʠʤʠ, ʥʝʷʜʦʚʠʪʳʤʠ, ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʠʥʝʨʪʥʳʤʠ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʠ ʧʨʦʢʣʘʜʦʯ-
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ʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʘ ʪʘʢʞʝ ʢ ʩʤʘʟʦʯʥʳʤ ʤʘʩʣʘʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ, ʭʦʨʦʰʦ ʨʘʩʪʚʦ-

ʨʷʪʴʩʷ ʚ ʚʦʜʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʣʴʜʘ ʚ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʩʚʷʟʠ ʛʣʦʙʘʣʴ-

ʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʜʚʠʛʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʣʘʜʦʥʦʚ, çʫʪʝʯʢʠè ʢʦʪʦʨʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʥʝʠʟʙʝʞʥʳ ʢʘʢ ʧʨʠ ʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ, ʪʘʢ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ, ʦʢʘʟʳʚʘʷ ʥʘ ʥʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʩʥʦʚ-

ʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʭʣʘʜʦʥʦʚ ʩʪʘʣʠ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ (ODP, ʆʈʇ) ʠ ʧʦʪʝʥ-

ʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (GWP, ʇɻʇ). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʦʟʘ-

ʪʨʘʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʣʘʜʘʛʝʥʪʦʚ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ, ʭʦʪʷ ʠ 

ʢʦʩʚʝʥʥʦ, ʥʦ ʚʩʝ ʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. ʉʥʠʞʝʥʠʝ ʢʦʩʚʝʥʥʳʭ ʟʘ-

ʪʨʘʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʣʘʜʘʛʝʥʪʘ, ʥʦ ʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʥʠʭ [2]. 

ɺ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥʘʭ ʠ ʫʩʪʘʥʦʚʢʘʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʰʝʣ ʘʤʤʠʘʯʥʳʡ ʭʣʘʜʘʛʝʥʪ R-717. ʆʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ, ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʟʨʳʚʦʦʧʘʩ-

ʥʦʩʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʦʠʟʦʰʣʦ ʝʛʦ ʚʳʪʝʩʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ R-12 ʠ R-22 [3].  

ʍʣʘʜʘʛʝʥʪ R-12 ʷʚʣʷʝʪʩʷ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʤ ʩ ʚʳʩʦʢʠʤʠ ʥʝ ʪʦʣʴʢʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʥ ʥʝʚʟʨʳʚʦʦʧʘʩʝʥ, ʥʝ ʛʦʨʶʯ, ʚ 

ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ ʥʝ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʭʣʘʜʦʥ ʧʨʦʷʚʠʣ ʩʝʙʷ ʚ ʤʘʣʳʭ ʭʦ-

ʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʅʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (~ 400 0ʉ) R-12 ʨʘʟʣʘʛʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʚʨʝʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʠʩʪʦʛʦ ʠ ʭʣʦʨʠ-

ʩʪʦʛʦ ʚʦʜʦʨʦʜʘ, ʠ ʷʜʦʚʠʪʦʛʦ ʬʦʩʛʝʥʘ [2ï4].  

ɼʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʡʥʳʤ ʟʘʤʝʥʠʪʝʣʝʤ R-12 ʩʪʘʣ ʭʣʘʜʘʛʝʥʪ R-22 ï ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜ 

ʩ ʥʠʟʢʦʡ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ (ODP < 0,1), ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʡ ʭʦʨʦʰʠʤʠ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʝʥ, ʠʤʝʝʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʥʝʚʟʨʳʚʦʦʧʘʩʥʳʡ ʠ ʥʝ ʛʦʨʶʯ, 

ʤʘʣʦ ʪʦʢʩʠʯʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʥʦ ʠ ʚ 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʝʛʦ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʢʠʧʝʥʠʠ ʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʯʝʪʚʝʨʪʴ ʚʳʰʝ, ʯʝʤ ʫ R-12, ʦʜʥʘʢʦ R-22 ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʢʦʥ-

ʜʝʥʩʘʮʠʠ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550 0ʉ, ʢʘʢ ʠ R-12, ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʬʦʩʛʝʥʘ [2-4]. 

ʀʤʝʷ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʭʣʘʜʦʥʳ ʚʝʩʴʤʘ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ ʘʪʤʦʩʬʝʨʳ, ʨʘʟʨʫʰʘʷ ʝʛʦ. ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ ʦʟʦʥʦʨʘʟ-

ʨʫʰʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʝʥʮʠʘʣʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʭʣʘʜʦʥ R-12 ʧʨʠʟʥʘʥ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ. ɺ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʵʢʦʣʦʛʠʶ ʚʣʠʷʝʪ ʭʣʘʜʦʥ R-22, ʠʤʝʷ 

ODP, ʨʘʚʥʳʡ 0,055 ʠ GWP ï 1810 ʝʜʠʥʠʮ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʧʣʘʥʝʪʳ ʧʨʠʤʝʥʝʥʠʝ ʮʝʣʦʛʦ 

ʨʷʜʘ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʚʢʣʶʯʘʷ R-12 ʠ R-22, ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʩʨʦʢʘʤʠ 

ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʣʠʙʦ ʚʦʚʩʝ ʟʘʧʨʝʱʝʥʦ ʄʦʥʨʝʘʣʴʩʢʠʤ ʧʨʦʪʦʢʦʣʦʤ ʧʦ ʚʝʱʝ-

ʩʪʚʘʤ, ɺʝʥʩʢʦʡ ʂʦʥʚʝʥʮʠʝʡ ʦʙ ʦʭʨʘʥʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʨʘʟʨʫʰʘʶʱʠʤ ʦʟʦʥʦʚʳʡ ʩʣʦʡ, ʠ ʂʠʦʪ-

ʩʢʠʤ ʧʨʦʪʦʢʦʣʦʤ ʢ ʨʘʤʦʯʥʦʡ ʢʦʥʚʝʥʮʠʠ ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ [5ï7]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʝʡ ʄɸʈʇʆʃ 73/78 ʠ ʈʦʩʩʠʡʩʢʠʤ ʤʦʨʩʢʠʤ ʨʝʛʠʩʪʨʦʤ ʩʫʜʦʭʦʜʩʪʚʘ ʩ 

1 ʷʥʚʘʨʷ 2020 ʛ. ʜʣʷ ʥʦʚʳʭ ʩʫʜʦʚ ʚʚʝʜʝʥ ʟʘʧʨʝʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʭʣʘʜʦʥʦʚ ʩ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʙʦʣʴʰʝ ʥʫʣʷ, ʢʦʪʦʨʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʩʘʝʪʩʷ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʭʣʦʨ-

ʩʦʜʝʨʞʘʱʝʛʦ ʭʣʘʜʘʛʝʥʪʘ R-22 [8, 9]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ʥʘ ʩʫ-

ʜʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʜʦ 2020 ʛ., ʨʘʟʨʝʰʝʥʦ ʧʨʦʜʦʣʞʠʪʴ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʚʳʚʦʜʘ ʩʫʜʥʘ ʠʟ ʵʢʩ-
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ʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʚʳʰʝ ʥʘʟʚʘʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʵʪʘʧʥʦʝ ʩʦ-

ʢʨʘʱʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ʥʘ 100 % ʢ 2030 ʛ. ʠ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʦʚ ʥʘ 

85 % ʢ 2036 ʛ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʭʣʦʨʩʦʜʝʨʞʘʱʠʤ 

ʭʣʘʜʘʛʝʥʪʘʤ R-12 ʠ R-22 ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ, ʚʢʣʶ-

ʯʘʷ ʩʫʜʦʚʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʪʘʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʥʳʝ ʬʨʝʦʥʳ R-

134a, R-404ɸ ʠ R-507ɸ. ʆʥʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʤʝʥʝʝ ʦʧʘʩʥʳ, ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ [2ï4]. 

ʍʣʘʜʘʛʝʥʪ R-134ʘ ï ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʡ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ, ʙʣʠʟʢʠʤʠ R-12, ʥʝʪʦʢʩʠʯʝʥ ʠ ʥʝ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʩʠʩʪʝʤʫ ʚʦʟʜʫʭʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘ-

ʟʦʚʳʚʘʪʴ ʛʦʨʶʯʠʝ ʩʤʝʩʠ, ʧʨʠ ʚʦʟʛʦʨʘʥʠʠ ʢʦʪʦʨʳʭ ʭʣʘʜʘʛʝʥʪ R-134ʘ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʪʦʢʩʠʯʥʦʛʦ ʬʪʦʨʚʦʜʦʨʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʥʝʪʘʥʠʷ R-134a ʥʠʞʝ, ʯʝʤ ʜʣʷ R-12, ʟʥʘʯʝʥʠʝ ʜʘʚ-

ʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʪʘʢʞʝ ʥʠʟʢʦʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʥʠʞʝ -15 Áʉ, ʪʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʝʥʪʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ.  

ʇʨʠ ʥʫʣʝʚʦʤ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʤ ʧʦʪʝʥʮʠʘʣʝ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 

ʬʨʝʦʥʘ R-134a ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢ ʠ ʩʦʩʪʘʚʣʷʝʪ 1300 ʝʜʠʥʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʭʣʘʜʦʥ, ʠʤʝʷ ʦʯʝʥʴ 

ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʷ ʚʝ-

ʨʦʷʪʥʦʩʪʴ çʫʪʝʯʝʢè ʠʟ ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʭʦʣʦʜʠʣʴ-

ʥʳʭ ʩʠʩʪʝʤʘʭ [2ï4]. 

ʍʣʘʜʘʛʝʥʪ R-404ɸ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʟʝʦʪʨʦʧʥʦʡ ʩʤʝʩʠ ʭʣʘ-

ʜʘʛʝʥʪʦʚ R-125, R-143a ʠ R-134a ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 44/52/4 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʆʥ ʰʠʨʦʢʦ ʠ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ R-22, ʪʘʢ ʢʘʢ 

ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʣʠʟʢʠ R-22, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ 

R-404ɸ ʦʪʩʫʪʩʪʚʫʝʪ ʪʘʢʦʡ ʚʨʝʜʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʢʘʢ ʭʣʦʨ. ɽʛʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳ-

ʩʦʢʘʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʥʝʪʘʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ.  

ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ R-404ɸ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ 

ʧʦʣʠʵʬʠʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʩʝʣ. ɽʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢ-

ʪʦʨ, ʯʪʦ R-404ɸ ï ʩʤʝʩʝʚʳʡ ʭʣʘʜʘʛʝʥʪ ʠ ʧʨʠ ʥʝʠʟʙʝʞʥʳʭ çʫʪʝʯʢʘʭè ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ çʫʭʦʜʷʪè ʙʦʣʝʝ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʳʟʳʚʘʷ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʚʦʡʩʪʚ ʭʣʘʜʘʛʝʥʪʘ, ʩʥʠʞʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʥʘʨʫʰʘʷ ʨʝʞʠʤ ʝʛʦ ʨʘʙʦʪʳ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ çʜʦʟʘʧʨʘʚʠʪʴè ʭʣʘʜʘʛʝʥʪ ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ 

ʥʝʚʦʟʤʦʞʥʦ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʠ ʫʪʠʣʠʟʘʮʠʷ ʦʩʪʘʪʢʦʚ ʭʣʘʜʘʛʝʥʪʘ ʠ 

ʪʦʣʴʢʦ ʟʘʪʝʤ ʟʘʧʨʘʚʢʘ ʥʦʚʳʤ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥ-

ʥʳʝ, ʪʨʫʜʦʚʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ [2ï4].  

ʍʣʘʜʘʛʝʥʪ R-507ɸ ï ʵʪʦ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʘʟʝʦʪʨʦʧʥʫʶ ʩʤʝʩʴ 

ʭʣʘʜʘʛʝʥʪʦʚ R-125 ʠ R-143a ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 50/50. ɺ ʦʪʣʠʯʠʝ 

ʦʪ R-404ɸ ʭʣʘʜʘʛʝʥʪ R-507ɸ ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʩʚʦʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʣʶʙʦʤ ʦʙʲʝʤʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʠʤ ʤʦʞʥʦ çʜʦʟʘʧʨʘʚʣʷʪʴè ʩʠʩʪʝʤʫ ʙʝʟ ʫʜʘʣʝʥʠʷ ʭʣʘʜʦʥʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʟʘ-

ʧʨʘʚʢʠ. ɽʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʣʠʟʢʠ ʩʚʦʡʩʪʚʘʤ ʬʨʝʦʥʘ R-404ɸ, ʥʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ R-507ɸ, ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ R-404ɸ. ʍʣʘʜʘʛʝʥʪ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʨʘʟʣʘʛʘʷʩʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ R-507ɸ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʤ ʧʦʪʝʥʮʠ-

ʘʣʝ ʦʥ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, R-507ɸ ʩʤʝʰʠ-

ʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʧʦʣʠʵʬʠʨʥʳʤʠ ʤʘʩʣʘʤʠ ʠ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʣʘʚʘʤ 
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ʘʣʶʤʠʥʠʷ. ʆʥ ʥʝ ʛʦʨʶʯ, ʥʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʪʢʨʳʪʳʤ ʧʣʘʤʝʥʝʤ ʠʣʠ ʧʨʝʜʤʝʪʘʤʠ, ʥʘʛʨʝʪʳʤʠ 

ʚʳʰʝ 250 Áʉ ʚʳʜʝʣʷʝʪ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ï ʬʪʦʨʠʜ ʚʦʜʦʨʦʜʘ ʠ ʬʦʩʛʝʥ [2ï4]. 

ʀ R-404ɸ, ʠ R-507ɸ, ʷʚʣʷʷʩʴ ʜʦʩʪʦʡʥʳʤʠ ʟʘʤʝʥʠʪʝʣʷʤʠ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ R-22, ʧʨʠ ʥʫ-

ʣʝʚʦʤ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʤ ʧʦʪʝʥʮʠʘʣʝ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ (GWP ʨʘʚʝʥ 3850 ʠ 3780 ʝʜʠʥʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʬʨʝʦʥʦʚ 

R-404ɸ, R-507ɸ, ʢʘʢ ʠ R134ʘ, ï ʵʪʦ ʣʠʰʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʥʘ ʧʫʪʠ ʢ ʨʝʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʭʣʘʜʦʥʦʚ, ʥʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ ɿʝʤʣʠ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. ʈʝʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʚʦʧʨʦʩ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ ʤʦʞʥʦ ʣʠʰʴ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʭʣʘʜʘʛʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ). 

ʀʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝ-

ʩʷʪʢʦʚ ʣʝʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʤʤʠʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘʛʝʥʪʘ ʚ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʢʘʟʘʣʠʩʴ ʧʦʣʥʦʩʪʴʶ ʠ ʪʦʣʴʢʦ ʪʝʧʝʨʴ, ʚ ʩʚʷʟʠ ʩ ʫʭʫʜʰʘʶʱʝʡ 

ʵʢʦʣʦʛʠʝʡ ʧʣʘʥʝʪʳ, ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʤʤʠʘʢʘ ʚʝʨʥʫʣʠʩʴ ʚʥʦʚʴ, ʯʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦ-

ʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.   

ɸʤʤʠʘʢ (ʭʣʘʜʘʛʝʥʪ R-717) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʦʙʲ-

ʝʤʥʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʠ ʪʝʢʫʯʝʩʪʴ, ʚʳʩʦʢʫʶ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ, ʦʙʣʘʜʘʝʪ ʥʫʣʝʚʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦ-

ʚʦʛʦ ʩʣʦʷ, ʥʝʡʪʨʘʣʝʥ ʢ ʯʝʨʥʳʤ ʩʧʣʘʚʘʤ, ʥʦ ʘʛʨʝʩʩʠʚʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ, ʧʦʵʪʦʤʫ ʵʣʝ-

ʤʝʥʪʳ ʘʤʤʠʘʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠʟ ʩʧʣʘʚʦʚ ʤʝʜʠ ʥʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ. ɽʛʦ ʧʨʠʤʝ-

ʥʝʥʠʝ ʦʧʨʘʚʜʘʥʦ ʚ ʩʫʜʦʚʳʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʘʤʤʠʘʢ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʷʚʣʷ-

ʝʪʩʷ ʣʫʯʰʠʤ ʭʣʘʜʘʛʝʥʪʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʪʦʢʩʠʯʝʥ ʠ ʚʟʨʳʚʦʦʧʘ-

ʩʝʥ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʞʝʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʤʤʠʘʯʥʳʤ ʭʣʘʜʘʛʝʥʪʦʤ ʩʦʟʜʘʥʳ ʙʝʟʦʧʘʩ-

ʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʪʠʧʘ, ʦʩʥʘʱʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʘʤʤʠʘʢʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʪʘʢʦʡ ʞʝ ʤʦʱʥʦʩʪʠ [2ï4].  

ʋ ʭʣʘʜʘʛʝʥʪʘ R-744 (ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ2) ʥʫʣʝʚʦʡ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (GWP ʨʘʚʝʥ 1). ʆʥ ʭʠʤʠʯʝ-

ʩʢʠ ʥʝʡʪʨʘʣʝʥ, ʥʝ ʛʦʨʶʯ ʠ ʥʝ ʪʦʢʩʠʯʝʥ, ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ (ʚʳʰʝ, ʯʝʤ ʫ ʘʤʤʠʘʢʘ) ʫʜʝʣʴ-

ʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʨʘʙʦʯʝʝ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2 ʜʦ ʤʠʥʠʤʫʤʘ 

ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʩ ʤʝʥʴʰʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝʤ. ɽʱʝ ʦʜʥʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ R-744 ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ 

ʫʪʠʣʠʟʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʉʆ2 ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʳ-

ʩʦʢʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʚʦʟʜʫʭʝ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʟʘʤʢʥʫʪʳʭ ʧʦʤʝʱʝʥʠʷʭ [2ï4].  

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ɿʝʤʣʠ ʠ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʧʣʘʥʝʪʳ ʥʘʛʣʷʜʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʠ 2. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʧʦʢʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʘʚʜʘʥʦ ʣʠʰʴ 

ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʦ ʥʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʠʭ ʚʥʝʜʨʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣ 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʧʠʪʘʣʦʝʤʢʠʭ ʧʨʦʝʢʪʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ.  
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʫʜʦʚʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʨʘ-

ʙʦʪʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʭʣʘʜʘʛʝʥʪʘʭ, ʚʢʣʶʯʘʷ ʧʨʠʨʦʜʥʳʝ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʠʭ ʨʘʙʦʪʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʙʦʪʫ ʭʦ-

ʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ; ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʥʚʝʨʪʦʨʥʳʤ (ʯʘ-

ʩʪʦʪʥʳʤ) ʧʨʠʚʦʜʦʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦ ʩʥʠʞʝʥʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ; ʫʩʪʘʥʦʚʢʠ ʢʘʩʢʘʜ-

ʥʦʛʦ ʪʠʧʘ c ʘʤʤʠʘʯʥʦʡ ʚʝʨʭʥʝʡ ʚʝʪʚʴʶ ʠ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʚ ʥʠʞʥʝʡ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʘʣʠ-

ʟʘʮʠʷ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʣʠʰʴ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʥʦʚʳʭ ʩʫʜʦʚ. 

ʃʠʜʝʨʘʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʤʦʥʪʘʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʩʫʜʦʚʳʝ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʘʭ, ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʥʠʠ KINARCA 

(ʀʩʧʘʥʠʷ), Bitzer (ɻʝʨʤʘʥʠʷ), ʢʦʤʧʘʥʠʷ Mayekawa (ʗʧʦʥʠʷ), ʢʦʥʮʝʨʥ GEA (ɻʝʨʤʘʥʠʷ), Frick 

Industrial (ʀʥʜʠʷ), Teknotherm (ɻʝʨʤʘʥʠʷ) ʠ ʜʨ., ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʩʦʪʨʫʜʥʠʯʘʶʪ ʩ ʨʳ-

ʙʦʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʈʌ, ʭʦʪʷ ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʘʢʪʠʚʥʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʩʘʥʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ.  

ɺ ʈʦʩʩʠʠ ʞʝ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ, ʘ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʪʷ ʙʳ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠ-

ʨʦʜʥʳʭ ʭʣʘʜʦʥʘʭ, ʥʝ ʥʘʣʘʞʝʥ ʚʦʚʩʝ, ʧʦʵʪʦʤʫ ʥʘ ʩʫʜʘ, ʜʘʞʝ ʩʪʨʦʷʱʠʝʩʷ ʚ ʈʦʩʩʠʠ, ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʠʤʧʦʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ, 

ʤʦʥʪʘʞ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʈʦʩʩʠʠ ʠ ʭʣʘʜʘʛʝʥʪʳ, 

ʟʘʢʫʧʢʘ ʢʦʪʦʨʳʭ ʦʩʣʦʞʥʝʥʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʝʡʩʪʚʫʶʱʠʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠ ʨʘʟʥʦʩʪʦʨʦʥ-

ʥʠʤʠ ʩʘʥʢʮʠʷʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʮʝʣʳʤ ʨʷʜʦʤ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ ʠ ʥʘʨʫʰʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ. 

 

 
ʈʠʩ. 1. ʆʟʦʥʦʨʘʟʨʫʰʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʭʣʘʜʘʛʝʥʪʦʚ [2ï4]. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Ozonorazrushajushchy potential of coolants [2ï4]. Compiled by the authors 
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ʈʠʩ. 2. ʇʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ [2ï4]. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. Potential of global warming of coolants [2ï4]. Compiled by the authors 

 

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʨʦʩʩʠʡʩʢʠʝ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʠʢʠ ʝʱʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʥʝ ʪʦʨʦʧʠʣʠʩʴ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʬʣʦʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʮʝʣʦʛʦ 

ʨʷʜʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚ (ʦʙʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨ-

ʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ, ʦʩʪʨʦʡ ʥʝʭʚʘʪʢʠ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʩʫʜʦʚ, ʦʩʦʙʝʥʥʦ ʣʝʜʦʚʦʛʦ 

ʢʣʘʩʩʘ, ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʫʜʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʝʱʝ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʠ ʥʝ ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʦʟʠʮʠʡ ʚʩʣʝʜʩʪʚʠʝ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʭʦʣʦʜʦʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ) ʚ ʈʌ, ʭʦʪʷ 

ʥʝ ʪʘʢ ʙʳʩʪʨʦ, ʢʘʢ ʭʦʪʝʣʦʩʴ ʙʳ, ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʫʜʦʚ ʥʦʚʦʛʦ ʪʠʧʘ ʜʣʷ ʨʳʙʥʦʡ 

ʦʪʨʘʩʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʘʯʘʣʦ ʚ 1919 ʛ. ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʢʮʠʦʥʝʨʥʳʤ 

ʦʙʱʝʩʪʚʦʤ çɸʜʤʠʨʘʣʪʝʡʩʢʠʝ ʚʝʨʬʠè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦ ʦʙʥʦʚʣʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʦʩʚʦʝʥʠʷ ʮʝʥʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʧʝʨʚʳʭ ʜʝʩʷʪʠ ʨʦʩʩʠʡʩʢʠʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʘʫʣʝʨʦʚ ʣʝʜʦʚʦʛʦ ʢʣʘʩʩʘ ʩʝʨʠʠ ʉʊ-192 ʜʣʷ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ʩ ʚʳʩʦʢʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʫʣʦʚʘ ʧʦ ʟʘʢʘʟʫ ʆʆʆ çʈʫʩʩʢʘʷ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʘʷ ʢʦʤʧʘ-

ʥʠʷè, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʜʦʙʳʯʝʡ ʠ ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʳʙʳ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʧʷʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʫʞʝ ʟʘʧʫʱʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʕʪʦ ʫʥʠʢʘʣʴʥʳʝ ʩʫʜʘ ʧʦʣʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʦʪ 

ʚʳʣʦʚʘ ʨʳʙʳ ʜʦ ʝʝ ʛʣʫʙʦʢʦʡ ʠ ʙʝʟʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʙʦʨʪʫ, ʦʩʥʘʱʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʘʣʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʨʝʜʩʪʚʘʤʠ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦ-

ʛʠʯʥʳʤ ʭʦʣʦʜʠʣʴʥʳʤ ʠ ʤʦʨʦʟʠʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʳ ʠ ʭʨʘʥʝʥʠʷ ʛʦʪʦ-

ʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʘʤʤʠʘʢʝ ʠ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ. ʇʨʦʝʢʪ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫ-

ʤʝʥʪʘʮʠʷ ʪʨʘʫʣʝʨʦʚ ʩʝʨʠʠ ʉʊ-192 ʩʦʟʜʘʥʳ ʨʦʩʩʠʡʩʢʠʤʠ ʄʦʨʩʢʠʤ ʠʥʞʝʥʝʨʥʳʤ ʙʶʨʦ ʠ ʂɹ 

çɺʳʤʧʝʣè ʥʘ ʙʘʟʝ ʧʨʦʝʢʪʘ ʩʝʨʠʠ ST-192RFC ʥʦʨʚʝʞʩʢʦʡ ʢʦʤʧʘʥʠʠ çSkipsteknisk ASè, ʢʦʪʦ-

ʨʳʡ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʨʘʙʦʪʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʨʝ-

ʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ [10, 11].  
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ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʦʩʪʨʦʝʥʠʷ ʤʦʞʝʪ ʧʦ-

ʩʣʫʞʠʪʴ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʦʝʢʪʘ ʘʨʢʪʠʯʝ-

ʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʘ ʥʦʚʦʛʦ ʪʠʧʘ ç80 ʣʝʪ ʇʦʙʝʜʳè ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʳʙʳ ʠ ʤʦ-

ʨʝʧʨʦʜʫʢʪʦʚ ʯʝʨʝʟ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ ʩ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʚ ʝʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ ʈʦʩʩʠʠ, 

ʦʪʚʝʯʘʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚʳʟʦʚʘʤ [12]. 

ɺ ʧʨʦʛʨʘʤʤʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʨʳʙʦʣʦʚʥʦʛʦ ʬʣʦʪʘ ʈʦʩʩʠʠ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʫʯʘʩʪʠʝ 

ʢʦʥʮʝʨʥʘ GEA, ʩʦʪʨʫʜʥʠʯʘʶʱʝʛʦ ʩ ʥʘʰʝʡ ʩʪʨʘʥʦʡ ʩ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʧʦ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ [13]. ɸʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʩ ʈʦʩʩʠʝʡ ʧʦʜʨʘʟʜʝʣʝʥʠʝ GEA Refrigeration Technologies 

Marine ï ʤʠʨʦʚʦʡ ʵʢʩʧʝʨʪ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʣʦʜʘ ʜʣʷ ʨʳʙʦʣʦʚʝʮʢʠʭ ʠ ʨʝʬʨʠʞʝʨʘ-

ʪʦʨʥʳʭ ʩʫʜʦʚ. ʂʦʤʧʘʢʪʥʳʝ ʢʘʩʢʘʜʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ GEA ʨʘʙʦʪʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ï ʘʤʤʠʘʢʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʩʢʘʜʝ CO2/NH3 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʴʰʝʡ ʩʫʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʟʘʤʦʨʦʟʢʝ ʧʨʦʜʫʢʮʠʠ, ʯʝʤ ʚ 

ʘʤʤʠʘʯʥʳʭ ʠʣʠ ʬʨʝʦʥʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʦʤʠʤʦ ʫʩʪʘʥʦʚʦʢ ʠ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, GEA ʧʦʩʪʘʚʣʷʝʪ ʚ ʈʦʩʩʠʶ ʢʦʤʧʨʝʩʩʦʨʳ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʨʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ɺʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʥʮʝʨʥʘ ʦʜʦʙʨʝʥʦ ʈʦʩʩʠʡʩʢʠʤ ʤʦʨʩʢʠʤ ʨʝʛʠʩʪʨʦʤ ʩʫʜʦʭʦʜʩʪʚʘ.  

ʅʘ ʩʪʘʜʠʠ ʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʦʩʩʠʡʩʢʦʛʦ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʬʣʦʪʘ ʈʌ ʥʝ ʧʨʝ-

ʢʨʘʱʘʝʪ ʨʘʙʦʪʫ ʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʩʘ-

ʤʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 2020 ʛ. ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʨʦʩʩʠʡʩʢʦ-ʥʦʨʚʝʞʩʢʦʤʫ ʧʨʦʝʢʪʫ1 ʥʘ ʪʫ-

ʨʝʮʢʦʡ ʚʝʨʬʠ Tersan ʟʘʚʝʨʰʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʘʙʦʣʦʚʘ-ʧʨʦʮʝʩʩʦʨʘ çɿʝʥʠʪè ʜʣʷ ɿɸʆ çɸʨʢ-

ʪʠʢʩʝʨʚʠʩè, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, ʥʘ 

ʙʦʨʪʫ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ɻ ʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘʷ ʭʦʣʦʜʠʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʮʝʨʥʘ GEA, ʵʢʩʧʣʫʘʪʠʨʫʝʤʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʤʠʘʢʘ. ʉʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʯʝʨʝʟ ʩʧʫʪʥʠ-

ʢʦʚʫʶ ʩʚʷʟʴ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʦʛʠʯʥʳʭ ʪʨʘʫʣʝ-

ʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʢʦʥʮʝʨʥʘ GEA, ʥʦ ʫʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ [13, 

14]. 

ʇʦ ʟʘʢʘʟʫ ʢʘʤʯʘʪʩʢʦʛʦ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ çʆʢʝʘʥʨʳʙʬʣʦʪè ʧʦ ʧʨʦ-

ʝʢʪʫ ʥʦʨʚʝʞʩʢʦʡ ʢʦʤʧʘʥʠʠ Skipsteknisk AS ʥʘ ʪʫʨʝʮʢʦʡ ʚʝʨʬʠ Tersan ʧʦʩʪʨʦʝʥ ʠ ʩʜʘʥ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ ʚ 2021 ʛ. ʩʫʧʝʨʪʨʘʫʣʝʨ ʣʝʜʦʚʦʛʦ ʢʣʘʩʩʘ ʧʨʦʝʢʪʘ ST-191L çɻʝʦʨʛʠʡ ʄʝʱʝʨʷʢʦʚè ʩ 

ʢʘʩʢʘʜʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʦʡ CO2/NH3 ʢʦʥʮʝʨʥʘ GEA, ʦʪʣʠʯʘʶʱʝʡʩʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ 2022 ʛ. ʜʣʷ ʇɸʆ çʆʢʝʘʥʨʳʙʬʣʦʪè ʧʦʩʪʨʦʝʥ ʠ ʩʧʫʱʝʥ ʥʘ 

ʚʦʜʫ ʚʪʦʨʦʡ ʪʨʘʫʣʝʨ ʧʨʦʝʢʪʘ ST-191L çɺʣʘʜʠʤʠʨ ɹʠʨʶʢʦʚè ʪʘʢʞʝ ʩ ʢʘʩʢʘʜʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ CO2/NH3 ʢʦʥʮʝʨʥʘ GEA [13]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʫʜʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʳʙʥʦʡ ʦʪ-

ʨʘʩʣʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʠ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʭʣʘʜʘʛʝʥʪʦʚ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳ-

ʜʚʠʥʫʪʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʝʥʳ ʦʟʦʥʦʨʘʟʨʫ-

ʰʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ;  

- ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʦʪʚʝʯʘʝʪ ʚʩʝʤʫ ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʲ-

ʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ; 

- ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚʢʣʶʯʘʷ ʩʫʜʦʚʳʝ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʱʝʧʨʠʟʥʘʥʳ ʧʨʠʨʦʜʥʳʝ 

ʭʣʘʜʘʛʝʥʪʳ (ʘʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ), ʥʦ ʧʨʦʮʝʩʩ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʌ ʧʦʢʘ ʥʘʭʦʜʠʪʩʷ 

                                                 
1 ʇʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩʫʜʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʫʯʘʩʪʠʠ ʢʦʤʧʘʥʠʷʤʠ Skipsteknisk AS (ʅʦʨʚʝ-

ʛʠʷ) ʠ çʄʦʨʩʢʦʝ ʠʥʞʝʥʝʨʥʦʝ ʙʶʨʦè (ʈʦʩʩʠʷ). 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʥʫʣʝʚʦʡ ʩʪʘʜʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʨʝʬʨʠʞʝʨʘ-

ʪʦʨʥʦʛʦ ʬʣʦʪʘ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʚʨʝʤʝʥʠ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʈʦʩʩʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ ʠ ʩʠʩʪʝʤ, ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʟʘʢʫʧʢʘ ʠʤʧʦʨʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʥʦʚʳʭ ʩʫʜʦʚ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʬʣʦʪʘ ʈʌ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʭʣʘʜʘʛʝʥʪʦʚ ï ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʷʚʥʦ ʥʘʟʨʝʣʘ ʠ ʪʨʝʙʫʝʪ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ.  
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ʅʂʌʄ-30, ʠ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʄʎʅ-5ʅʉ ʩ ʨʝʘʢʪʠʚʥʳʤ ʧʨʠʚʦʜʦʤ ʠ ʥʘʧʦʨ-

ʥʳʤ ʩʣʠʚʦʤ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʠʟʥʦʩ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʠʣʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʦʙʦʙ-

ʱʸʥʥʫʶ ʛʨʘʜʘʮʠʶ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʤʦʪʦʨʥʦʛʦ 

ʤʘʩʣʘ) ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï 100 : 78 : 59. ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʳʷʚʣʝʥʠʠ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʠ ʜʦʩʪʦʠʥʩʪʚ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʚ ʩʫʜʦʚʦʤ 

ʚʳʩʦʢʦʦʙʦʨʦʪʥʦʤ ʜʠʟʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʡ 

ʩʭʝʤʦʡ ʝʛʦ ʦʙʨʘʙʦʪʢʠ. 
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Abstract. Motor tests in a marine forced high-speed diesel engine of the G2 group lubri-

cating oil with a composition of additives of the II series of IHP have proven the high efficiency 

of its full-flow, with a nominal screening fineness of 30 microns, purification by filtration and 

centrifugation. A comparison of these methods was carried out, showing the superiority of cen-

trifugation in terms of purification intensity, as well as the removal of common and ash insolu-

ble impurities, by a factor of 12 ï 20. The advantage of filtration was expressed in a more 

reliable protection of diesel tribo-stresses from abrasive wear in low-temperature lubrication 

modes and engine operating variables, including starting ones. In addition, when completing 

the lubrication system with a filter, it is characterized by less laborious maintenance. A com-

parison of the efficiency of the FMP-2M filter using non-woven cellulose filter material 

NKFM-30 and the fullïflow centrifuge MCN-5NS with a jet drive and pressure drain on the 

effect on engine wear allowed us to fix the following generalized gradation (relative to the 

efficiency of the standard engine oil purification system) of this indicator - 100 : 78 : 59. The 

novelty of the study consists in to identify the advantages and advantages of a full -flow method 

for cleaning lubricating oil in a marine high-speed diesel engine in comparison with the most 

common partial-flow treatment scheme. 

Keywords: lubricating oil cleaning, full-flow cleaning, engine oil, filtration, centrifuga-

tion, high-speed diesel, lubrication system 
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ɺʚʝʜʝʥʠʝ 

ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʝ ʤʘʩʣʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʫʜʦʚʳʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʷʭ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʧʝʨʝʚʦʜʝ ʠʭ ʩʤʘʟʦʯʥʳʭ ʩʠʩʪʝʤ (ʉʉ) ʥʘ ʧʦʣʥʦʧʦʪʦʯʥʫʶ ʪʦʥʢʫʶ ʦʯʠʩʪʢʫ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ. 

ɽʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤʠ ʟʘʟʦʨʘʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ 

ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʠʣʴʪʨʦʚ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ (ʌɻʆ) ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʥʢʦʩʪʴʶ 

ʦʪʩʝʚʘ 60ï90 ʤʢʤ ʚ ʠʭ ʉʉ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʫʯʘʠ ʧʨʦʚʦʨʘʯʠʚʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʢʣʘʜʳʰʝʡ 

ʧʦʜʠhʧʥʠʢʦʚ, ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ (ʄʄ) ʥʘ ʫʛʘʨ ʠ ʩʥʠʞʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ 

ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ (ʎʇɻ) [1, 2]. 

ʀʟʫʯʝʥʥʦʩʪʴ ʩʪʘʨʝʥʠʷ ʄʄ ʧʨʠ ʝʛʦ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʦʯʠʩʪʢʝ ʚ ʩʫʜʦʚʳʭ ʜʠʟʝʣʷʭ ʩ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ʙʦʣʝʝ 25 ʩ-1 ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, 



 

 

ISSN 2713-3222. ʅʘʫʯʥʳʝ ʪʨʫʜʳ ɼʘʣʴʨʳʙʚʪʫʟʘ. 2024. ˉ 4 (ʪ. 70) 
) 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 

216 

ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʦ ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʤ ʜʠʟʝʣʷʤ [3]. ʅʝʦʙʭʦʜʠʤ ʦʩʦʙʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʜʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʥʦʧʦʪʦʯʥʳʭ ʤʘʩʣʦʦʯʠʩʪʠʪʝʣʝʡ (ʄʆ), ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʭ ʜʠʟʝʣʝʡ ʧʦ ʜʦʧʫʩʪʠʤʦʤʫ ʧʨʦʧʫʩʢʫ ʚ ʧʦʜʰʠʧʥʠʢʠ ʢʨʫʧʥʳʭ ʘʙ-

ʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʛʣʫʙʠʥʝ ʦʯʠʩʪʢʠ ʄʄ ʦʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʅʈʇ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʦʝ ʪʦʨʤʦʞʝʥʠʝ ʝʛʦ ʩʪʘʨʝʥʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʄʆ [4]. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʩʫʜʦʚʦʛʦ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʤʘʣʦʨʘʟʤʝʨʥʦʛʦ ʜʠʟʝʣʷ ʧʦʢʘʟʘʪʴ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʧʦʪʦʯʥʳʭ ʄʆ ʧʨʠ 

ʦʯʠʩʪʢʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʩ ʚʳʩʦʢʠʤʠ ʤʦʶʱʝ-ʜʠʩʧʝʨʛʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʬʠʣʴʪʨʦʚʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʌʄ) ʩ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʧʦʩʦʙʥʳʝ 

ʦʙʨʘʙʦʪʘʪʴ ʧʦʣʥʳʡ ʧʦʪʦʢ ʤʘʩʣʘ ʚ ʉʉ ʙʝʟ ʧʝʨʝʧʫʩʢʘ ʥʘ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʧʫʩʢʘ 

ʜʚʠʛʘʪʝʣʷ ʠ ʩʤʘʟʢʠ ʜʝʪʘʣʝʡ ʎʇɻ ʟʘ ʩʨʦʢ ʩʣʫʞʙʳ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʌʕ) ʥʝ ʤʝʥʝʝ 200 

ʯ ʠ ʧʨʠ ʪʘʢʦʡ ʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʯʠʩʪʢʠ ʨʦʪʦʨʘ ʮʝʥʪʨʠʬʫʛʠ [5]. ʇʣʘʥʠʨʫʝʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʦʯʠʩʪʢʝ ʄʄ, ʢʦʛʜʘ ʦʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʝʩʴ ʧʦʪʦʢ ʤʘʩʣʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʉʉ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ ʠ ʤʝʪʦʜʘʭ ʧʦʚʳʰʝʥʠʷ 

ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [6]. ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʄʄ ʚ ʩʫʜʦʚʳʭ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʷʭ ʧʦʣʥʦʧʦʪʦʯ-

ʥʳʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʚʘʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦ ʩʭʝʤʝ ʜʝʡʩʪʚʠʷ ʄʆ ʥʘ ʩʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʠ ʄʄ ʛʨʫʧʧʳ ɻ2, ʣʝʛʠ-

ʨʦʚʘʥʥʦʛʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʠʩʘʜʢʘʤʠ [7]. ʊʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʘʞʥʦ ʠ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʜʠʩʢʫʩʩʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚʝʜʸʪʩʷ ʰʠʨʦʢʦ 

[1, 8] ʠ ʧʦʣʥʦʡ ʷʩʥʦʩʪʠ, ʢʘʢʦʤʫ ʤʝʪʦʜʫ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ, ʥʝʪ. ʇʦʵʪʦʤʫ ʚʝʩʴʤʘ ʚʘʞʥʦ ʧʨʦ-

ʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʪʫʨʥʦʛʦ 

ʤʦʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʥ ʩʫʜʦʚʦʡ ʙʳʩʪʨʦʭʦʜʥʳʡ ʜʠʟʝʣʴ ʂ164 (6ʏʅ 12/14) 

ʤʦʱʥʦʩʪʴʶ 110 ʢɺʪ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 25 ʩ-1 ʩʦ ʩʨʝʜʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʜʘʚʣʝʥʠʝʤ 0,93 

ʄʇʘ. ɺʤʝʩʪʠʤʦʩʪʴ ʢʘʨʪʝʨʘ (ʧʦ ʤʘʩʣʫ) ʩʦʩʪʘʚʣʷʝʪ 20 ʢʛ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ 

ʉʉ ʨʘʚʥʘ 1250 ʢʛ/ʯ. ʕʢʩʧʝʨʠʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʤʘʩʣʝ ɼʉʧ-11 ʩ ʢʦʤʧʦʟʠʮʠʝʡ ʧʨʠʩʘʜʦʢ II 

ʩʝʨʠʠ ʅʍʇ [9]: 5,4 % ɹʌʂ, 2,6 % ʉɹ-3, 12 % ʀʍʇ ï 21, 0,003 % ʇʄʉ-200ɸ. ʇʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʤʘʨʢʠ çʃè (ɻʆʉʊ 305-2013) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 0,5 %. 

ɺʷʟʢʦʩʪʴ ʪʦʚʘʨʥʦʛʦ ʤʘʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 11,6 ʩʉʪ ʧʨʠ 100 ʉ̄, ʟʦʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,1 %, 

ʱʸʣʦʯʥʦʩʪʴ ï ʥʝ ʤʝʥʝʝ 6,3 ʤʛ KOH/ʛ. ʅʘʛʨʫʟʢʘ ʥʘ ʜʠʟʝʣʴ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʛʠʜʨʦʪʦʨʤʦʟʦʤ. ɼʠ-

ʟʝʣʴ ʨʘʙʦʪʘʣ ʧʦ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʦ ʩʨʝʜʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʦʡ 0,82 ʈʝʥ 

(ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ). 

ʐʪʘʪʥʘʷ ʩʠʩʪʝʤʘ (ʪʦʥʢʦʡ) ʦʯʠʩʪʢʠ (ʐʉʆ) ʤʘʩʣʘ I (ʨʠʩ. 1) ʦʩʥʘʱʝʥʘ ʧʦʣʥʦʧʦʪʦʯʥʳʤ 

ʌɻʆ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʷʯʝʡʢʘʤʠ ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʥʢʦʩʪʴʶ 

ʦʪʩʝʚʘ 90 ʤʢʤ. ʊʦʥʢʫʶ ʦʯʠʩʪʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʄʆ ʮʝʥʪʨʦʙʝʞʥʳʡ ʩ ʥʘʨʫʞʥʳʤ ʛʠʜʨʦʨʝʘʢʪʠʚ-

ʥʳʤ ʧʨʠʚʦʜʦʤ ʪʨʝʪʴʝʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʄʎʅ-3ʏʇ (ɻʆʉʊ 10556-78), ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʳʡ. ɪʤ-

ʢʦʩʪʴ ʝʛʦ ʨʦʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 660 ʩʤ3, ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ (ʥʘ ʩʨʝʜʥʝʤ ʨʘʜʠʫʩʝ) ʥʝ ʤʝʥʝʝ 1360, 

ʠʥʜʝʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʚʝʥ 22 ʤ2. ʎʝʥʪʨʠʬʫʛʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ ʉʉ 0,6 ʄʇʘ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 60 ʉ̄ ʨʘʟʚʠʚʘʝʪ 6600 ʦʙ/ʤʠʥ. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʤʘʩʣʘ ʯʝʨʝʟ ʩʦʧʣʘ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠ-

ʚʦʜ ʩʦʩʪʘʚʣʷʝʪ 12 ʢʛ/ʤʠʥ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʤʘʟʦʯʥʦʡ ʩʠʩʪʝʤʳ ʜʠʟʝʣʷ 6ʏʅ 12/14 ʩʦ ʰʪʘʪʥʳʤʠ (I) ʠ ʦʧʳʪʥʳʤʠ 

(II , III) ʩʨʝʜʩʪʚʘʤʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʤʘʩʣʘ: 1 ï ʧʦʜʜʦʥ, 2 ï ʧʨʠʸʤʥʳʡ ʬʠʣʴʪʨ, 3 ï ʥʘʩʦʩ, 

4 ï ʭʦʣʦʜʠʣʴʥʠʢ ʩ ʌɻʆ, 5 ï ʤʘʥʦʤʝʪʨ, 6 ï ʪʝʨʤʦʤʝʪʨ. 

I ï ʰʪʘʪʥʘʷ ʮʝʥʪʨʠʬʫʛʘ, II ï ʌʊʆʄʇ, III  ï ʄʎʅ-5ʅʉ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 1. Diagram of the lubrication system of diesel 6CHN 12/14 with standard (I) and experimental  

(II, III) oil fine cleaning products: 1 ï pallet, 2 ï intake filter, 3 ï pump, 

4 ï refrigerator with FGO, 5 ï pressure gauge, 6 ï thermometer. 

I ï standard centrifuge, II ï FTOMP, III ï MCN-5NS. Compiled by the authors 

 

ɺ ʜʚʠʛʘʪʝʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʉ ʩ ʤʦʢʨʳʤ ʢʘʨʪʝʨʦʤ (ʨʠʩ. 1). ʆʩʥʦʚʥʦʡ ʧʦʪʦʢ ʄʄ ʯʝʨʝʟ ʌɻʆ 

ʠ ʭʦʣʦʜʠʣʴʥʠʢ ʧʦʩʪʫʧʘʝʪ ʚ ʛʣʘʚʥʫʶ ʤʘʩʣʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʤʘʛʠʩʪʨʘʣʴ, ʠʟ ʢʦʪʦʨʦʡ ʧʦʧʘʜʘʝʪ 

ʚ ʧʦʜʰʠʧʥʠʢʠ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ ʨʘʟʥʦʩʠʪʩʷ ʥʘ ʜʝʪʘʣʠ ʎʇɻ. ɺ ʩʭʝʤʝ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʳ ʦʪʚʝʪʚʣʝʥʠʷ ʜʣʷ ʩʤʘʟʢʠ ʨʘʩʧʨʝʜʚʘʣʘ ʠ ʪʦʣʢʘʪʝʣʝʡ ʢʣʘʧʘʥʦʚ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʪ 

ʛʣʘʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʤʘʩʣʦ ʟʘʙʠʨʘʝʪʩʷ ʥʘ ʧʨʠʚʦʜ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʠ ʝʛʦ ʦʯʠʩʪʢʫ 

ʩʦ ʩʣʠʚʦʤ ʚ ʢʘʨʪʝʨ. ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʧʝʨʝʜ ʄʆ ʚ ʧʨʝʜʝʣʘʭ 0,6ï0,8 ʄʇʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʝʛʦ ʧʝʨʝ-

ʧʫʩʢʦʤ ʥʘ ʤʘʩʣʷʥʦʤ ʥʘʩʦʩʝ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʉʉ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ 0,4ï0,5 ʄʇʘ. 

ʆʧʳʪʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ II ʠ III  (ʨʠʩ. 1) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʮʝʥʪʨʠʬʫʛʠ-

ʨʦʚʘʥʠʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʝ ʧʦ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʩʭʝʤʝ. ʇʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʜʝʤʦʥ-

ʪʠʨʫʝʪʩʷ (ʦʪʢʣʶʯʘʝʪʩʷ) ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʘʷ ʮʝʥʪʨʠʬʫʛʘ I ʠ ʟʘʜʝʡʩʪʚʦʚʘʥ ʌɻʆ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚʘʨʠʘʥʪʘ II (ʧʦʣʥʦʧʦʪʦʯʥʦʝ ʬʠʣʴʪʨʦʚʘʥʠʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʤʘʩʣʘ, ʧʦʣ-

ʥʦʧʦʪʦʯʥʳʡ (ʌʊʆʄʇ). ɼʘʣʝʝ ʨʘʩʧʦʣʦʞʝʥ ʦʯʠʩʪʠʪʝʣʴ ʌʄʇ-2ʄ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ 

ʌʕ ʪʠʧʘ ʕʌʄ 100/45.200, ʷʚʣʷʶʱʠʝʩʷ ʘʥʘʣʦʛʘʤʠ ʵʣʝʤʝʥʪʘ çʈʝʛʦʪʤʘʩ-631è. ɺ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʣʝʤʝʥʪʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʌʄ ʠʟ ʮʝʣʣʶʣʦʟʳ ï ʘʥʘʣʦʛ ʤʘʪʝʨʠʘʣʘ ʤʦʢʨʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʅʂʌʄ-

30 [6, 10]. ʅʦʤʠʥʘʣʴʥʘʷ ʪʦʥʢʦʩʪʴ ʦʪʩʝʚʘ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 28ï30 ʤʢʤ. ʋʢʣʘʜʢʘ ʰʪʦʨʳ ʌʄ ʦʩʫ-

ʱʝʩʪʚʣʝʥʘ ʚ ʬʦʨʤʝ ʤʥʦʛʦʣʫʯʝʚʦʡ ʟʚʝʟʜʳ. 

ʅʘ ʵʪʘʧʝ III  ʚ ʉʉ ʜʚʠʛʘʪʝʣʷ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʘʩʣʦʦʯʠʩʪʠʪʝʣʴ ʮʝʥʪʨʦʙʝʞʥʳʡ (ʧʦʣʥʦʧʦ-

ʪʦʯʥʳʡ) ʄʎʅ-5ʅʉ (ɻʆʉʊ 10556-78) ʧʷʪʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʩ ʥʘʨʫʞʥʳʤ ʨʝʘʢʪʠʚʥʳʤ ʧʨʠʚʦʜʦʤ 

ʠ ʥʘʧʦʨʥʳʤ ʩʣʠʚʦʤ (ʨʠʩ. 1). ʆʥ ʠʤʝʝʪ ʸʤʢʦʩʪʴ ʨʦʪʦʨʘ 1320 ʩʤ3, ʝʛʦ ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ ʨʘʚʝʥ 

2000, ʠʥʜʝʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 32 ʤ2. ʅʦʤʠʥʘʣʴʥʳʡ ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʘʝʤʳʡ 

ʧʦʪʦʢ ʤʘʩʣʘ ʯʝʨʝʟ ʮʝʥʪʨʠʬʫʛʫ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 ʜʤ3/ʤʠʥ. ʈʘʩʭʦʜ ʤʘʩʣʘ ʥʘ ʧʨʠʚʦʜ ʨʦʪʦʨʘ ʮʝʥ-

ʪʨʠʬʫʛʠ ʤʝʥʝʝ 20 ʜʤ3/ʤʠʥ, ʛʨʷʟʝʸʤʢʦʩʪʴ ʨʦʪʦʨʘ ʨʘʚʥʘ 700 ʩʤ3. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʵʪʘʧʘʤʠ ʧʦ 200 ʯ. ɼʦʣʠʚ ʤʘʩʣʘ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʝʛʦ ʫʛʘʨʘ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 12,5 ʯ. ʇʨʦʙʳ ʤʘʩʣʘ ʥʘ ʘʥʘʣʠʟ ʦʪʙʠʨʘʣʠʩʴ ʯʝʨʝʟ 25 ʯ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ. ʅʘʛʨʫʟʢʘ ʜʠʟʝʣʷ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 12,5 ʯ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʯʝʨʝʟ 

0,25Pʝʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʨʘʙʦʪʦʡ ʧʨʠ ʜʝʩʷʪʠʧʨʦ-

ʮʝʥʪʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ [9]. ʉʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ ʟʘ ʮʠʢʣ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʘʧ ʠʩʧʳ-

ʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣʠ 82 % Pʝʥ (ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ).  

ɺʩʷ ʧʨʦʛʨʘʤʤʘ ʤʦʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʵʪʘʧʳ I, II  ʠ III) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʷʭ 

ʦʜʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʦʧʣʠʚʦ ʦʜʥʦʡ ʧʘʨʪʠʠ ʚʳʨʘʙʦʪʢʠ. ʂʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷ-

ʥʠʝʤ ʜʠʟʝʣʷ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʝʛʦ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ. ʉʤʝʥʘ ʤʘʩʣʘ ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʥʘ ʥʦʚʳʡ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʢʘʨʪʝʨʘ ʠ ʉʉ ʜʚʠʛʘʪʝʣʷ ʜʠ-

ʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. 

ʇʦʜʛʦʪʦʚʢʘ ʜʠʟʝʣʷ ʢ ʠʩʧʳʪʘʥʠʷʤ ʩʦʩʪʦʷʣʘ ʚ ʦʯʠʩʪʢʝ ʜʝʪʘʣʝʡ ʎʇɻ ʦʪ ʦʪʣʦʞʝʥʠʡ ʩ ʥʘʨʝ-

ʟʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʋʇʆʀ-6 ʥʘ ʪʨʸʭ ʮʠʣʠʥʜʨʦʚʳʭ ʚʪʫʣʢʘʭ ʚ ʧʷʪʠ ʧʦʷʩʘʭ ʢʘʞʜʦʡ ʧʦ 

ʚʦʩʴʤʠ ʦʙʨʘʟʫʶʱʠʤ ʣʫʥʦʢ. ɼʣʠʥʫ ʠʭ ʠʟʤʝʨʷʣʠ ʧʦʩʣʝ ʦʙʢʘʪʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʠʩʧʳʪʘʥʠʡ (ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʟʘʤʝʥʦʡ ʄʆ). ʀʟʥʦʩ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ ʠ ʚʢʣʘʜʳʰʝʡ 

ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʠʭ ʚʟʚʝʰʠʚʘʥʠʝʤ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ ï ʜʦ ʠ ʧʦʩʣʝ ʵʪʘʧʘ ʠʩ-

ʧʳʪʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʚʝʩʳ ɺʃɸ-200 [11]. ʅʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʮʠʣʠʥʜʨʘʭ ɼɺʉ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʎʅʀɼʀ 344ʊ [11]. ɺ ʙʘʣʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʠʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ, ʧʣʦʱʘʜʠ ʠ ʪʚʸʨʜʦʩʪʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʜʚʠʞ-

ʥʦʩʪʠ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ ʦʮʝʥʠʚʘʣʠ ʩʦʩʪʦʷʥʠʝ ʧʦʨʰʥʝʡ ʧʦ ʥʘʛʘʨʘʤ. 

ʉʪʘʨʝʥʠʝ ʄʄ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʙʦʪʳ ʚ ʜʠʟʝʣʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ 

[9]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʦʙʱʠʭ ʅʈʇ ʬʠʢʩʠʨʦʚʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʙʝʥʟʠʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ-

ʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ (ɻʆʉʊ 20684-95). ʑʸʣʦʯʥʦʩʪʴ ʠ ʢʠʩʣʦʪʥʦʩʪʴ ʄʄ ʠʟʤʝʨʷʣʠ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 11302-96). ɻʨʫʧʧʦʚʦʡ ʘʥʘʣʠʟ ʄʄ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʘʢ ʩʤʦʣʳ, ʢʘʨʙʝʥʳ ʠ ʢʘʨʙʦʠʜʳ, ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʜʠʘʣʠʟʘ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ [12]. ʇʦ ʵʪʦʡ ʞʝ ʩʭʝʤʝ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩʪʘʨʝʥʠʷ ʤʘʩʣʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʄʆ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʱʘʷ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʩ ʧʦʟʠʮʠʡ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʩʪʘʨʝʥʠʝ ʧʦ-

ʢʘʟʘʣʘ, ʯʪʦ ʦʥʠ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʤʦʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʪʘʙʣ. 1). 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʤʘʩʣʦʦʙʤʝʥ ʚ ʜʠʟʝʣʝ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʦʯʠʩʪʢʝ ʄʄ ʧʦʣʥʦʧʦʪʦʯʥʳʤ ʬʠʣʴ-

ʪʨʦʤ (ʵʪʘʧ 2), ʢʦʛʜʘ ʝʛʦ ʫʛʘʨ ʩʦʩʪʘʚʣʷʣ 2,8 ʛ/(ʢɺʪÖʯ). ʇʨʠ ʨʘʙʦʪʝ ʉʉ ʩʦ ʐʉʆ ʠ ʧʦʣʥʦʧʦʪʦʯʥʦʡ 

ʮʝʥʪʨʠʬʫʛʦʡ ʄʎʅ-5ʅʉ ʫʛʘʨ ʙʳʣ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʣ 2,5ï2,6 ʛ/(ʢɺʪÖʯ), ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʙʦʣʝʝ ʞʸʩʪʢʠʤ ʫʩʣʦʚʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʄ ʥʘ ʵʪʘʧʘʭ 1 ʠ 3. ʇʦ ʩʢʦʨʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʅʈʇ ʚ 

ʥʘʠʙʦʣʝʝ ʣʸʛʢʠʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʘ ʉʉ ʩʦ ʐʉʆ ʤʘʩʣʘ. ʅʘ ʵʪʘʧʝ 1 ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 3,6, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʵʪʘʧʘʭ 2 ʠ 3 ʦʥ ʙʳʣ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ï 

3,9 ʠ 4,2 ʛ/ʯ. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʨʝʥʠʷ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʠ ʨʘʙʦʪʳ ʦʯʠʩʪʠʪʝʣʝʡ  

ʚ ʉʉ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʜʠʟʝʣʷ 

Table 1 

Characteristics of the aging of engine oil and the operation of cleaners in high-speed diesel CC 

ʇʦʢʘʟʘʪʝʣʴ ʐʉʆ ʌʊʆʄʇ ʄʎʅ-5ʅʉ 

ʉʢʦʨʦʩʪʴ ʫʛʘʨʘ ʤʘʩʣʘ, ʛ/ʯ 274 310 280 

ʉʢʦʨʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʅʈʇ, ʛ/ʯ 3,6 3,9 4,2 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʪʘʨʝʥʠʷ ʚ ʢʦʥʝʯ-

ʥʳʭ ʧʨʦʙʘʭ ʦʪʨʘʙʦʪʘʥʥʳʭ ʄʄ, %: 

   



 

ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ  
ʠ ʠʭ ʵʣʝʤʝʥʪʳ (ʛʣʘʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ) 
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ʦʙʱʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 0,99 0,92 0,73 

ʟʦʣʴʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 0,14 0,28 0,12 

ʩʤʦʣ 10,3 11,0 11,0 

ʘʩʬʘʣʴʪʝʥʦʚ 2,5 0,15 0,76 

ʢʘʨʙʝʥʦʚ ʠ ʢʘʨʙʦʠʜʦʚ 0,10 0,03 0,10 

ʑʸʣʦʯʥʦʩʪʴ ʤʘʩʣʘ, ʤʛ KOH/ʛ 4,1 3,7 2,9 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ ʚ ʄʆ, ʛ 105 320 505 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʦʪʣʦʞʝʥʠʷʭ, %    

ʦʙʱʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 66,4 9,0 54,5 

ʟʦʣʴʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 33,6 2,1 11,7 

ʩʤʦʣ 17,6 23,4 10,8 

ʘʩʬʘʣʴʪʝʥʦʚ 2,0 0,7 2,1 

ʢʘʨʙʝʥʦʚ ʠ ʢʘʨʙʦʠʜʦʚ 24,9 1,4 17,0 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʯʠʩʪʢʠ, %:    

ʧʦ ʦʙʱʠʤ ʅʈʇ 31,8 6,4 65,7 

ʧʦ ʟʦʣʴʥʳʤ ʅʈʇ 62,2 18,2 78,1 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ, ʛ/ʯ:    

ʧʦ ʦʙʱʠʤ ʅʈʇ 38 26 306 

ʧʦ ʟʦʣʴʥʳʤ ʅʈʇ 148 17 246 

 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʪʘʨʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʭ (200 ʯ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ) ʧʨʦʙʘʭ ʤʘʩʣʘ (ʩʤ. 

ʪʘʙʣ. 1) ʧʦʢʘʟʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʯʠʩʪʠʪʝʣʷ ʄʎʅ-5ʅʉ ʧʦ ʫʜʘʣʝʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 

(ʦʙʱʠʭ ʠ ʟʦʣʴʥʳʭ). ʕʪʦ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʤʘʩʣʝ 

ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʦʥʝʯʥʳʭ ʦʪʙʦʨʘʭ, ʥʦ ʠ ʚʳʩʦʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʣʦʞʝʥʠʡ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ 

ʄʆ. ɺ ʮʝʥʪʨʠʬʫʛʝ ʟʘ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 505 ʛ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʠʬʫʛʠ ʄʎʅ-3ʏʇ ʠ ʬʠʣʴʪʨʘ ʌʄʇ-2ʄ ʦʪʣʦʞʝʥʠʡ ʙʳʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

4,8 ʠ 1,6 ʨʘʟʘ ʤʝʥʴʰʝ ï 105 ʠ 320 ʛ. ʇʦʵʪʦʤʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʯʠʩʪʢʠ* (ʩʤ. ʪʘʙʣ. 1) ʫ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʄʆ ʥʘ ʵʪʘʧʘʭ 1, 2 ʠ 3 ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʦʧʦʨʮʠʠ: ʧʦ ʦʙʱʠʤ ʅʈʇ 100 : 20 : 207, ʧʦ 

ʟʦʣʴʥʳʤ 100 : 29 : 126. ʇʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʨʘʩʢʣʘʜ ʙʳʣ ʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. 

ʇʦʜʚʦʜʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʪʦʛ ʨʘʙʦʪʳ ʄʆ ʚ ʉʉ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʪʨʦʥʢʦʚʦʛʦ 

ʜʠʟʝʣʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʝʥʪʨʠʬʫʛ ʚ ʫʜʘʣʝʥʠʠ ʠʟ ʤʘʩʣʘ ʅʈʇ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʄʎʅ-5ʅʉ, ʪʘʢ ʢʘʢ ʫ ʵʪʠʭ ʄʆ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ. ʏʘʩʪʠʯʥʦʧʦʪʦʯʥʘʷ ʮʝʥʪʨʠʬʫʛʘ ʧʦʙʝʞʜʘʝʪ ʚ ʥʘʢʦʧʣʝʥʠʠ ʢʨʫʧʥʳʭ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʦʞʝʥʠʷʭ ʝʸ ʨʦʪʦʨʘ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʦʙʱʠʭ (66,4) ʠ 

ʟʦʣʴʥʳʭ (33,6 %) ʅʈʇ. ʋ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʘʟʜʦ ʥʠʞʝ ï54,5 ʠ 11,7 

% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʝʸ ʧʦʟʠʮʠʷ ʙʦʣʝʝ ʚʳʠʛʨʳʰʥʘ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʤʘʩʩʳ ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʦʪ-

ʣʦʞʝʥʠʡ. ʊʘʢʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʬʘʢʪʦʨʦʤ ʨʘʟʜʝʣʝʥʠʷ ʠ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʩ ʥʘʧʦʨ-

ʥʳʤ ʩʣʠʚʦʤ. ʎʝʥʪʨʠʬʫʛʘ ʄʎʅ-3ʏʇ, ʫʩʪʫʧʘʷ ʝʡ ʚ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʠʤʝʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ 

ʛʠʜʨʦʜʠʥʘʤʠʢʫ ï ʥʠʟʢʠʝ ʦʩʝʚʳʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʫʩʧʝʥʟʠʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʧʨʦʢʘʯʢʠ ʤʘʩʣʘ ʯʝʨʝʟ 

ʥʝʸ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʦʨʦʯʥʦ ʫʜʘʣʷʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ (ʢʨʫʧʥʳʝ ʠ ʪʷʞʸʣʳʝ) ʯʘʩʪʠʮʳ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʯʠʩʪʢʠ ʧʦ 

ʟʦʣʴʥʳʤ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʧʨʠʤʝʩʷʤ ʫ ʮʝʥʪʨʠʬʫʛ (ʩʤ. ʪʘʙʣ. 1). ʋ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʛʦ ʮʝʥʪʨʦ-

ʙʝʞʥʦʛʦ ʦʯʠʩʪʠʪʝʣʷ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʭʦʨʦʰʝʡ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʦʩʝʚʦʛʦ ʧʦʪʦʢʘ ʠʟ-
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ʨʝʥʠʷ ʄʄ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʄʆ ʟʘ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ, ʢ ʩʫʤʤʘʨʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʘʩʣʝ 

ʠ ʚ ʦʯʠʩʪʠʪʝʣʝ 
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ʟʘ ʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ, ʫ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ï ʚʳʩʦʢʠʤ ʬʘʢʪʦʨʦʤ ʨʘʟʜʝʣʝʥʠʷ ʠ ʠʥʜʝʢʩʦʤ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʌʊʆʄʇ ʚʠʜʥʳ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʄʆ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʤʘʩʣʝ ʘʩʬʘʣʴʪʝʥʦʚ, 

ʢʘʨʙʝʥʦʚ ʠ ʢʘʨʙʦʠʜʦʚ (ʩʤ. ʪʘʙʣ. 1). ʇʦ ʛʨʫʧʧʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ 200 ʯ 

ʤʘʩʣʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʤʦʣ ʚ ʥʸʤ ʩʦʜʝʨʞʠʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʠʩʧʳʪʘʥʠʡ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʩʪʘʨʝʥʠʷ ʄʄ (ʩʤʦʣ) ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʬʠʣʴʪʨʘ. ʀʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 23,4 % ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʪʦʛʦ ʄʆ, ʯʪʦ ʚ 1,3 ʠ 2,2 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʮʝʥʪʨʠʬʫʛ ʥʘ ʵʪʘʧʘʭ 1 ʠ 3. 

ʉʨʘʙʘʪʳʚʘʥʠʝ ʧʨʠʩʘʜʦʢ, ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʱʸʣʦʯʥʦʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʐʉʆ. ʑʸʣʦʯʥʦʩʪʴ ʤʘʩʣʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʟʘ 200 ʯ ʨʘʙʦʪʳ ʧʦʥʠʟʠʣʘʩʴ ʩ 6,3 ʜʦ 4,1 

ʤʛ KOH/ʛ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʄʄ ʥʦʚʳʤʠ (ʧʦʣʥʦʧʦʪʦʯʥʳʤʠ) ʄʆ ʧʨʠʚʝʣʦ 

ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʘʜʝʥʠʶ ʝʛʦ ʱʸʣʦʯʥʦʩʪʠ. ɺ ʢʦʥʝʯʥʳʭ ʧʨʦʙʘʭ ʤʘʩʣʘ ʥʘ ʵʪʘʧʘʭ 2 ʠ 3 ʦʥʘ 

ʙʳʣʘ ʥʘ 10 ʠ 36 % ʥʠʞʝ, ʯʝʤ ʧʨʠ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʤʘʩʣʘ. ʇʘʜʝʥʠʝ ʱʸ-

ʣʦʯʥʦʩʪʠ ʜʦ 2,9 ʤʛ KOH/ʛ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʄʄ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʦʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦ-

ʚʳʰʝʥʥʦʝ ʦʪʬʫʛʦʚʳʚʘʥʠʝ ʧʨʠʩʘʜʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʪʝʨʝ ʠʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ.  

ʇʦʢʘʟʘʪʝʣʠ ʢʘʧʝʣʴʥʦʡ ʧʨʦʙʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʤʝʪʦʜʠʢʝ [3, 11], ʚ ʢʦʥʝʯʥʳʭ ʦʪʙʦʨʘʭ 

ʵʪʘʧʦʚ ʠʩʧʳʪʘʥʠʡ 1ï3 ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʫʨʦʚʥʝ 0,46, 0,7 ʠ 0,5. ʂʠʩʣʦʪʥʦʩʪʴ ʄʄ ʵʪʠʭ ʞʝ ʦʪʙʦʨʦʚ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʚʝʣʠʯʠʥʘʭ 1,4, 1,5 ʠ 2 ʤʛ KOH/ʛ, ʯʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʨʨʦʟʠʦʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ. 

ʂʠʥʝʪʠʢʘ ʩʪʘʨʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʄʆ (ʩʤ. ʨʠʩ. 1, 2) ʧʦ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʢʘʟʳʚʘʝʪ ʩʪʨʦʛʦʝ ʩʣʝʜʦʚʘʥʠʝ ʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤ. ʇʦ ʅʈʇ ʜʦ 50 ʯ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʩʪʘʨʝʥʠʠ ʄʄ ʧʦ ʚʩʝʤ ʵʪʘʧʘʤ 

ʠʩʧʳʪʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɼʘʣʝʝ ʜʣʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʘʨʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʧʦʚʳ-

ʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʦʙʱʠʭ ʩ, ʪʘʢ ʠ ʟʦʣʴʥʳʭ ʩʟ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 

ʠʭ ʧʦʩʣʝ 100 ʯ ʨʘʙʦʪʳ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠ ʦʯʠʩʪʢʝ ʤʘʩʣʘ ʄʎʅ-5ʅʉ. ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʅʈʇ ʙʳʣʘ ʥʠʞʝ ʥʘ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʩʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘ-

ʧʦʤ 3 ʚ 1,1ï1,9 ʨʘʟʘ. ɸʥʘʣʠʟ ʩʪʘʨʝʥʠʷ ʄʄ ʧʦ ʠʭ ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʧʨʠʤʝʩʷʤʠ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʯʠʩʪʢʝ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʦʡ. ʉʘʤʦʝ ʚʳʩʦ-

ʢʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʙʱʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʉʉ ʄʎʅ-

3ʏʇ, ʟʦʣʴʥʳʭ ï ʬʠʣʴʪʨʘ ʌʄʇ-2ʄ (ʩʤ. ʨʠʩ. 1). ʊʘʢʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʨʝʥʠʷ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʎʇɻ ʧʨʠ ʦʯʠʩʪʢʝ ʤʘʩʣʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ 

ʄʄ. 

ɸʥʘʣʠʟ ʩʨʘʙʘʪʳʚʘʥʠʷ ʱʸʣʦʯʥʦʩʪʠ ʑ (ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʝʸ 

ʫʙʳʣʴ ʧʨʠ ʧʦʣʥʦʧʦʪʦʯʥʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʤʘʩʣʘ. çʇʨʦʩʘʜʢʘè ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʩʘʜʦʢ ʚ 

ʄʄ ʥʘ ʵʪʘʧʝ 3 ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʧʦʩʣʝ 75 ʯ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʩʪʘʙʠʣʴʥʦ ʜʝʨʞʠʪʩʷ ʥʠʞʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʪʘʧʘʤʠ, ʝʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦ ʷʚʣʝʥʠʝ ʧʦ ʱʸʣʦʯʥʦʩʪʠ, ʥʘ 10ï23 %. 

ʉʦʩʪʦʷʥʠʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʧʦ ʱʸʣʦʯʥʦʩʪʠ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʐʉʆ ʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ. ʅʘ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʵʪʘʧʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʠʩʘʜʢʠ ʩʨʘʙʘʪʳʚʘʶʪʩʷ ʙʦʣʝʝ ʠʥ-

ʪʝʥʩʠʚʥʦ ʧʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʤʘʩʣʘ, ʥʘ ʚʪʦʨʦʡ ï ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʨʝʜʩʪʚ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʄʄ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʚ ʉʉ ʧʦʣʥʦʧʦʪʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʅʘʠʤʝʥʴʰʠʡ ʠʟʥʦʩ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ 

6ʏʅ 12/14 ʟʘ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʤʘʩʣʘ ʮʝʥʪʨʠʬʫʛʦʡ ʄʎʅ-5ʅʉ. ʅʘ ʵʪʘʧʝ 

ʩ ʵʪʠʤ ʄʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʐʉʆ ʠʟʥʦʩ ʫʤʝʥʴʰʠʣʩʷ ʚ 1,32ï1,53 ʨʘʟʘ (ʪʘʙʣ. 2). ʅʘʠʤʝʥʴʰʝʝ 

ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ, ʥʘʠʙʦʣʴʰʝʝ ï ʫ ʥʠʞʥʠʭ 

ʚʢʣʘʜʳʰʝʡ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ʇʦ ʧʦʩʣʝʜʥʝʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʌʊʆʄʇ, ʢʦʛʜʘ ʧʦʣʥʦʧʦʪʦʯʥʦʝ ʬʠʣʴʪʨʦʚʘʥʠʝ ʤʘʩʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʯʘ-
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ʩʪʠʯʥʦʧʦʪʦʯʥʳʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʠʟʥʦʩʘ ʥʠʞʥʠʭ ʩʣʘʙʦʥʘʛʨʫʞʝʥ-

ʥʳʭ ʚʢʣʘʜʳʰʝʡ ʰʘʪʫʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʚ 1,92 ʨʘʟʘ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʧʨʠ ʧʦʣʥʦʧʦʪʦʯʥʦʡ 

ʦʯʠʩʪʢʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʉʉ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘ-

ʣʝʡ ʩ ʚʳʩʦʢʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʩʨʝʜʩʪʚ ʦʯʠʩʪʢʠ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ 

ʚ ʩʤʘʟʦʯʥʦʤ ʤʘʩʣʝ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 2. The effect of cleaning agents on the accumulation of insoluble impurities 

in lubricating oil. Compiled by the authors 

 

ʆʯʠʩʪʠʪʝʣʴ ʄʎʅ-5ʅʉ ʧʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʤʝʜʣʝʥʥʦ ʨʘʟʚʠʚʘʝʪ ʧʦʣʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʣʷ ʥʝʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʥʢʦʩʪʠ ʦʪʩʝʚʘ. ʇʦʵʪʦʤʫ ʦʥ ʩʧʦʩʦʙʝʥ 

ʧʨʦʧʫʩʢʘʪʴ ʦʧʘʩʥʳʝ ʯʘʩʪʠʮʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʉʉ ʜʚʠʛʘʪʝʣʷ. ɺ ʵʪʦʤ ʘʩ-

ʧʝʢʪʝ ʟʘʱʠʪʳ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʡ ʜʠʟʝʣʷ ʦʪ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʣʥʦʧʦʪʦʯʥʦʝ ʮʝʥʪʨʠʬʫ-

ʛʠʨʦʚʘʥʠʝ ʤʘʩʣʘ ʫʩʪʫʧʘʝʪ ʝʛʦ ʬʠʣʴʪʨʦʚʘʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʯʠʩʪʠʪʝʣʷ ʌʄʇ-2ʄ. 

ʉʨʘʚʥʝʥʠʝ ʄʆ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʩʦʩʪʦʷʥʠʝ ʜʠʟʝʣʷ ʧʦʢʘʟʘʣʦ ʩʣʝʜʫʶʱʝʝ ʦʙʦʙʱʝʥʥʦʝ ʠʭ 

ʨʘʥʞʠʨʦʚʘʥʠʝ ʩ ʷʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʠʟʥʦʩ ʪʨʠ-

ʙʦʩʦʧʨʷʞʝʥʠʡ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʐʉʆ, ʌʊʆʄʇ, ʄʎʅ-5ʅʉ ʠʟʥʦʩ ʨʘʥʞʠʨʫʝʪʩʷ 

ʚ ʧʨʦʧʦʨʮʠʠ 100 : 78 : 59. ʌʠʣʴʪʨʦʚʘʥʠʝ ʷʚʥʦ ʫʩʪʫʧʘʝʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ ʤʘʩʝʣ ʚ ʬʦʨʩʠʨʦ-

ʚʘʥʥʦʤ ʩʫʜʦʚʦʤ ʜʠʟʝʣʝ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʝʛʦ ʉʉ çʪʷʞʸʣʳʭè ʠ ʘʙʨʘʟʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʩʦʨʪʥʳʭ ʪʦʧʣʠʚ ʚʝʜʸʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʉʉ ʜʠʟʝʣʷ 

ʢʘʢ ʢʨʫʧʥʦ-, ʪʘʢ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʅʈʇ ʠ ʥʘʨʫʰʘʝʪ ʜʠʩʧʨʦʧʦʨʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʢʘ-

ʟʘʪʝʣʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʘʨʝʥʠʷ ʄʄ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʦʯʠʩʪʢʠ ʤʘʩʣʘ ʧʫʪʸʤ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘ-

ʥʠʷ. ʈʦʩʪ ʜʦʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʝʛʦ ʧʫʩ-

ʢʦʚ, ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʧʳʣʸʥʥʦʛʦ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ʬʠʣʴ-

ʪʨʦʚʘʥʠʷ ʄʄ. 

ʉʦʩʪʦʷʥʠʝ ʧʦʨʰʥʝʡ ʧʦ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʶ ʙʳʣʦ ʭʦʨʦʰʝʝ. ɿʘʢʦʢʩʦʚʘʥʥʳʭ ʠʣʠ ʧʦʪʝʨʷʚ-

ʰʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʣʝʮ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʙʱʘʷ ʦʮʝʥʢʘ ʥʘʛʘʨʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 2,62ï

2,89 ʙʘʣʣʦʚ. ʃʫʯʰʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʙʳʣʦ ʧʨʠ ʦʯʠʩʪʢʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʧʦʣ-

ʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʦʡ. ʃʘʢʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʶʙʢʝ ʧʦʨʰʥʝʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʙʳʣʦ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʦʜʠʥʘʢʦʚʦ. 
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ʈʠʩ. 3. ʉʨʘʙʘʪʳʚʘʥʠʝ ʱʸʣʦʯʥʦʩʪʠ ʤʘʩʣʘ ʧʨʠ ʝʛʦ ʰʪʘʪʥʦʡ ʠ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʦʯʠʩʪʢʝ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Fig. 3. Activation of the alkalinity of the oil during its regular and full-flow cleaning. 

Compiled by the authors 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʣʠʯʠʝ ʚ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʧʝʨʝʤʳʯʢʘʭ ʠ ʚ ʢʘʥʘʚʢʘʭ 

ʧʦʨʰʥʝʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʪʘʙʣ. 2) ʙʘʣʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘʛʘʨʦʚ ʧʦʵʪʘʧʥʦ ʨʘʩʧʨʝʜʝʣʷʣʘʩʴ ʚ ʧʨʦ-

ʧʦʨʮʠʠ 100 : 79 :58, ʚʦ ʚʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 100 : 72 : 85. ʇʨʝʠʤʫ-

ʱʝʩʪʚʦ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʧʝʨʝʤʳʯʝʢ ʧʦʨʰʥʝʡ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫ ʄʎʅ-5ʅʉ, ʘ ʧʦ ʥʘʛʘʨʦʦʙ-

ʨʘʟʦʚʘʥʠʶ ʢʘʥʘʚʦʢ ʚʳʷʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʊʆʄʇ. 

 

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʩʨʝʜʩʪʚ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʥʘ ʠʟʥʦʩ  

ʠ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʝ ʜʠʟʝʣʷ 6ʏʅ 12/14 

Table 2 

The effect of lubricating oil fine cleaning agents on the wear and carbon formation of diesel 

6CHN 12/14 

ʇʦʢʘʟʘʪʝʣʴ ʐʉʆ ʌʊʆʄʇ ʄʎʅ-5ʅʉ 

ʀʟʥʦʩ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ    

ʂʦʤʧʣʝʢʪ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ, ʤʛ:    

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ 416,8 388,2 316,3 

ʤʘʩʣʦʩʲʸʤʥʳʭ 149,4 130,5 81,5 

ɺʪʫʣʢʠ ʮʠʣʠʥʜʨʘ, ʤʢʤ:    

ʚʝʨʭʥʠʡ ʧʦʷʩ 2,5 1,9 1,4 

ʩʨʝʜʥʠʡ ʧʦ ʚʪʫʣʢʝ 2,2 1,7 1,2 

ʐʘʪʫʥʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʤʛ:    

ʚʝʨʭʥʠʡ ʚʢʣʘʜʳʰ 30,3 25,7 17,9 

ʥʠʞʥʠʡ ʚʢʣʘʜʳʰ 11,9 6,2 6,5 

ʅʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʧʦʨʰʥʷʭ, ʙʘʣʣ:    

ʥʘʜ ʚʝʨʭʥʠʤ ʢʦʣʴʮʦʤ 1,64 1,73 1,60 

ʥʘ ʧʝʨʝʤʳʯʢʘʭ 0,29 0,23 0,17 

ʚ ʢʘʥʘʚʢʘʭ 0,61 0,44 0,52 

ʥʘ ʶʙʢʝ 0,35 0,30 0,33 

ʦʙʱʘʷ ʦʮʝʥʢʘ 2,89 2,7 2,62 

ʑ, 

6,0 

5,0 

4,0 

3,0 

0 25 50 75 100 125 150 175 t, ʯ 

ʤʛ KOH 

ʛ 

 
ʐʉʆ; 

ʌʊʆʄʇ; 

ʄʎʅ-5ʅʉ 



 

ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ  
ʠ ʠʭ ʵʣʝʤʝʥʪʳ (ʛʣʘʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ) 

 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 
 

223 

ʇʦʜʚʦʜʷ ʥʝʢʦʪʦʨʳʝ ʠʪʦʛʠ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʙʳʩʪʨʦ-

ʭʦʜʥʦʛʦ ʜʠʟʝʣʷ, ʉʉ ʢʦʪʦʨʦʛʦ ʢʦʤʧʣʝʢʪʦʚʘʣʘʩʴ ʄʆ ʨʘʟʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʦʯʠʩʪʢʠ ʦʪ ʅʈʇ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʘʩʣʘ II ʩʝʨʠʠ ʩ ʧʨʠʩʘʜʢʘʤʠ ʅʍʇ 

(ʛʨʫʧʧʳ ɻ2) ʫʩʣʦʚʠʷʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʪʘʨʝʥʠʷ. ʅʘʟʚʘʥʥʦʝ ʄʄ ʤʦʞʝʪ ʧʨʠ ʫʛʘʨʝ 2ï3 

ʛ/(ʢɺʪÖʯ) ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʩʤʝʥʳ ʚ ʪʝʯʝʥʠʝ 200 ʯ. ɿʘʧʘʩ ʝʛʦ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʤʦʶʱʝ-

ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʤʘʩʣʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ 

6ʏʅ 12/14 ʥʘ ʤʘʣʦʩʝʨʥʠʩʪʦʤ ʪʦʧʣʠʚʝ ʜʦ 300 ʯ. ʇʨʠ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʟʘʛʨʷʟ-

ʥʝʥʠʡ 0,5ï0,6 ʤʢʤ ʠ ʟʦʣʴʥʦʩʪʠ 1,1 %, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʘʩʣʘ ʵʪʦʡ ʛʨʫʧʧʳ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝ-

ʜʫʝʪ ʦʪʜʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʉʉ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʦʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʛʨʫʧʧʳ ɻ2 ʚ ʉʉ, ʦʩʥʘʱʸʥʥʦʡ 

ʨʘʟʥʳʤʠ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʄʆ, ʚ ʩʫʜʦʚʳʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʷʭ ʩ ʫʨʦʚʥʝʤ ʬʦʨʩʠʨʦʚʢʠ 

ʧʦ ʩʨʝʜʥʝʤʫ ʵʬʬʝʢʪʠʚʥʦʤʫ ʜʘʚʣʝʥʠʶ 0,8ï1,2 ʄʇʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʜʠʩʪʠʣʣʷʪʥʳʭ ʪʦʧʣʠʚʘʭ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʜʦ 0,5 % ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠ-

ʬʫʛʠ ʩ ʥʘʧʦʨʥʳʤ ʩʣʠʚʦʤ. ʀʟʥʦʩ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʟʘ ʜʚʫʭʩʦʪʯʘʩʦʚʦʡ ʵʪʘʧ ʜʣʷ ʚʳ-

ʰʝʥʘʟʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʨʠ ʢʦʤʧʣʝʢʪʘʮʠʠ ʝʛʦ ʉʉ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʦʡ ʩ 

ʌɻʆ, ʌʊʆʄʇ ʠ ʄʎʅ-5ʅʉ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʧʦʨʮʠʠ 100 : 78 : 59. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʜʠʟʝʣʝ 6ʏʅ 12/14 ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʥʦʧʦʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʄʄ ʢʘʢ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʪʘʢ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʥʘʜ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʡ ʚ ʩʥʠʞʝʥʠʠ ʠʟʥʦʩʘ ʧʦʨʰ-

ʥʝʚʳʭ ʢʦʣʝʮ, ʮʠʣʠʥʜʨʦʚʳʭ ʚʪʫʣʦʢ ʠ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʚ 1,32ï1,83 ʨʘʟʘ. ʀʥʪʝʥʩʠʬʠʢʘ-

ʮʠʷ ʦʯʠʩʪʢʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʧʦʣʥʦʧʦʪʦʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʝ ʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʩʥʠʞʝʥʠʝ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʜʠʟʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʣʘ ʛʨʫʧʧʳ ɻ2 ʠ ʤʘʣʦʩʝʨ-

ʥʠʩʪʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʭʝʤ ʚʢʣʶʯʝʥʠʷ, ʩʦʩʪʘʚʘ ʠ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʄʆ ʨʘʟʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʜʝʡʩʪʚʠʷ ʧʨʠʚʝʣʦ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʧʨʠ ʫʞʝʩʪʦʯʝʥʠʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʜʠʟʝʣʷ 

ʧʦ ʝʛʦ ʬʦʨʩʠʨʦʚʢʝ, ʩʥʠʞʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʫʚʝʣʠʯʝʥʠʠ ʤʦʪʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ʩʘʤʳʤ ʥʘʜʸʞʥʳʤ ʤʘʩʣʦʦʯʠʩʪʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ʬʠʣʴʪʨʘ 

ʠ ʯʘʩʪʠʯʥʦʧʦʪʦʯʥʦʡ ʮʝʥʪʨʠʬʫʛʠ. ʊʘʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʝ ʤʘʩʣʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʭ ʙʳʩʪʨʦ-

ʭʦʜʥʳʭ ʜʠʟʝʣʝʡ. 
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ɺʚʝʜʝʥʠʝ (Introduction ) 

ɿʘ ʙʦʣʝʝ ʯʝʤ 30 ʣʝʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʪʨʘʩʣʴ ʈʦʩʩʠʠ ʪʘʢ ʠ ʥʝ ʩʤʦʛʣʘ 

ʧʨʝʦʜʦʣʝʪʴ ʢʨʠʟʠʩʥʳʝ ʷʚʣʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʘʩʴ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʛ. [1ï3]. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʥʝʨʝʰʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʚ ʨʘʟʚʠʪʠʠ ʨʳʙʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʵʢʩʧʝʨʪʳ ʦʧʨʝʜʝʣʷʶʪ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʣʠʪʠʢʫ [2ï4]. ɺ ʧʦʠʩʢʘʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʪʨʘʩʣʠ ʚʩʝ 

ʯʘʱʝ ʩʣʳʰʘʪʩʷ ʤʥʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚ ʩʪʦʨʦʥʫ ʩʦʟʜʘ-

ʥʠʷ ʝʜʠʥʦʛʦ ʄʠʥʠʩʪʝʨʩʪʚʘ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦ ʤʦʜʝʣʠ ʄʠʥʨʳʙʭʦʟʘ ʉʉʉʈ [4ï8]. ɺ ʵʪʦʤ 

ʢʣʶʯʝ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʴʶ 

ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʞʝ ʙʦ-

ʣʝʝ 100 ʣʝʪ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʤʳʩʣʠ [9ï11]. ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ 

ʥʘ ʦʛʨʦʤʥʳʡ ʧʣʘʩʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʯʝʥʳʝ ʪʘʢ ʠ ʥʝ ʧʨʠʰʣʠ ʢ ʝʜʠʥʦʤʫ ʤʥʝʥʠʶ ʧʦ ʚʦʧʨʦʩʫ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʝʝ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ [10]. ɸʥʘʣʠʟ ʨʘʙʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ [12ï21] ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ ʧʦʥʠʤʘʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ï ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʟʘʪʨʘʪ 

(ʬʠʥʘʥʩʦʚʳʭ, ʠʤʫʱʝʩʪʚʝʥʥʳʭ, ʢʘʜʨʦʚʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ); ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ï ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, ʠʟʤʝʨʷʝʤʳʭ ʚ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘ-

ʪʝʣʷʭ; ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʢʘʯʝʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʦʨʛʘʥʘʤʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʧʨʦʮʝʜʫʨ ʠ ʦʧʝʨʘʮʠʡ, ʦʢʘʟʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ. ʆʩʦʙʳʡ ʠʥʪʝ-

ʨʝʩ ʩʨʝʜʠ ʨʘʙʦʪ ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʘʪʴʷ ɺ. ʗʢʫʥʠʥʘ, ʉ. ʉʫʣʘʢ-

ʰʠʥʘ, ɸ. ʊʠʤʯʝʥʢʦ [12], ʚ ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʫʙʣʠʯʥʦ ʟʘʷʚʣʝʥʥʳʝ ʮʝʣʠ ʠ ʮʝʥʥʦʩʪʠ, 

ʘ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʥʠʤʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʤʝʪʦʜʳ ʝʝ ʠʟʤʝʨʝʥʠʷ, ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʘʚʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʳʜʝʣʷʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʘʣʴ-

ʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ɺʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʩʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʭʦʪʷ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʪʝʛʦʨʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩ ʢʘ-

ʪʝʛʦʨʠʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ʉʨʝʜʠ ʤʘʩʩʠʚʘ ʨʘʙʦʪ ʧʦ ʚʦʧʨʦʩʘʤ ʨʘʟʚʠʪʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʤʳ ʚʳʷʚʠʣʠ 

ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʘʚʪʦʨʘ, ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʦʨʛʘʥʠʟʘʮʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʥʘ ʦʙʲʸʤʳ ʚʳʣʦʚʘ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʦʨʛʘʥʠʟʘʮʠʠ [22]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʨʝʦʨʛʘʥʠʟʘʮʠʡ ʦʪʨʘʩʣʝʚʦʛʦ 
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ʫʧʨʘʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʧʘʜʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʦʙʲʝʤʦʚ ʚʳʣʦʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʨʘʩʣʠ ʦʪ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʘʚʪʦʨʳ ʩʪʘ-

ʪʴʠ ʧʦʩʪʘʚʠʣʠ ʟʘʜʘʯʝʡ ʨʘʩʢʨʳʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʴʶ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʝ-

ʨʠʦʜʳ, ʠ ʜʘʪʴ ʦʮʝʥʢʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

 

ʄʝʪʦʜʳ (Materials and Methods) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʦʧʦʨʦʡ ʥʘ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʢʦʥ-

ʪʝʢʩʪʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʨʘʤʢʘʭ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʯʝʨʝʟ ʧʨʠʟʤʫ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʠʪʠʷ ʦʪ-

ʨʘʩʣʠ, ʠʟʤʝʨʷʝʤʳʝ ʢʘʢ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʷʚʣʷʶʱʠʝʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʦʨʛʘʥʠʟʫʶʱʝʡ ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʪʨʘʩʣʝ-

ʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʵʪʦ ʩʦʙʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, ʧʨʦʩʣʝ-

ʞʠʚʘʶʱʝʝʩʷ ʯʝʨʝʟ ʠʩʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʠʥʳʭ ʧʦʣʥʦʤʦʯʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ, ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʷʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʨʝʛʣʘʤʝʥʪʠʨʫʶ-

ʱʝʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [23]. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʴʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʝʨʝʟ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʦʩʪʠʛʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʮʝʣʝʡ ʦʪʨʘʩʣʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʫʪʝʤ ʠʩʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠ ʠʥʳʭ ʧʦʣʥʦʤʦʯʠʡ. ɸ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʦʨʠʝʥʪʠʨʳ (ʮʝʣʠ) ʦʪʨʘʩʣʝʚʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʳ (ʚʢʣʶʯʘʷ ʛʝʦʧʦʣʠʪʠʯʝʩʢʫʶ), ʦʧʨʝ-

ʜʝʣʝʥʘ ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ ʜʝʡʩʪʚʠʡ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʡ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ (ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ) ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʠʩʭʦʜʷ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ, ʧʨʦʟʨʘʯʥʳ, ʜʦʩʪʠʞʠʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʳʤ ʧʦ-

ʪʨʝʙʥʦʩʪʷʤ. ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʬʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʠ ʨʝʛʫʣʠʨʫʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʨʦʣʝʡ, ʩʪʘʪʫʩʦʚ ʠ 

ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʚ 

ʩʣʫʯʘʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ï ʰʠʨʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʨʳʙʥʦʡ ʠ ʤʦʨʝ-

ʧʨʦʜʫʢʮʠʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ (Results & Discussion) 

ɺ ʨʘʥʥʠʭ ʧʫʙʣʠʢʘʮʠʷ, ʤʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʮʝʩʩʳ 

ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ ʠ ʩʧʝʮʠʬʠʢʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʪʨʘʩʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʷʚ-

ʣʷʶʪʩʷ ʠʥʩʪʠʪʫʪ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʙʘʩʩʝʡʥʦʚʳʡ ʭʘʨʘʢʪʝʨ ʨʳʙʦʣʦʚʩʪʚʘ [24, ʩ. 192]. 

ɹʘʩʩʝʡʥʦʚʳʡ ʭʘʨʘʢʪʝʨ ʨʳʙʦʣʦʚʩʪʚʘ ʙʳʣ ʠʟʥʘʯʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʬʘʢ-

ʪʦʨʘʤʠ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʨʳʙʦʣʦʚʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 8 ʙʘʩʩʝʡʥʘʭ (ʄʫʨʤʘʥʩʢʦ-ʙʝʣʦ-

ʤʦʨʩʢʠʡ, ɹʘʣʪʠʡʩʢʠʡ, ʏʝʨʥʦʤʦʨʩʢʠʡ, ɸʟʦʚʩʢʠʡ, ʂʘʩʧʠʡʩʢʠʡ, ɸʨʘʣʴʩʢʠʡ, ʉʠʙʠʨʩʢʠʡ, ɼʘʣʴʥʝ-

ʚʦʩʪʦʯʥʳʡ) ʨʘʟʙʠʪʳʭ ʥʘ ʧʨʦʤʳʩʣʦʚʳʝ ʨʘʡʦʥʳ, ʠ ʠʤʝʚʰʠʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʚʠʜʘʤ 

ʨʳʙ ʠ ʤʦʨʩʢʦʛʦ ʟʚʝʨʷ, ʧʦ ʵʪʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʘʥʷʪʳʭ ʠ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʤʩʷ ʪʨʘʜʠ-

ʮʠʷʤ ʨʳʙʥʦʡ ʣʦʚʣʠ, ʧʦ ʬʦʨʤʝ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʤʦʨʩʢʠʝ ʫʛʦʜʴʷ ʠ ʢʫʣʴʪʫʨʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʦʚʘ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʧʦ ʫʨʦʚʥʶ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʨʦʠʟ-

ʚʦʜʩʪʚ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʨʳʥʢʦʚ ʩʙʳʪʘ ʜʣʷ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ [24, ʩ. 

192]. 

ʀʥʩʪʠʪʫʪ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʨʳʙʦʣʦʚʥʳʝ ʠ ʨʳʙʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ ʦʙʫʩʣʦʚʠʣ ʩʧʝʮʠʬʠʢʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʪʨʘʩʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʌʝʦʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩʦʮʠʘʣʴʥʦ-
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ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʧʨʠʚʝʣ ʢ ʰʠʨʦʢʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʌʦʨʤʘʣʴʥʦ, ʚʩʝ ʤʦʨʩʢʠʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʨʳʙʥʳʝ ʣʦʚʣʠ ʚ ʦʟʝʨʘʭ ʠ 

ʨʝʢʘʭ, ʧʨʠʥʘʜʣʝʞʘʣʠ ʛʦʩʫʜʘʨʩʪʚʫ, ʥʦ ʧʦ ʬʘʢʪʫ, ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʨʳʙʦʣʦʚʥʳʝ ʫʛʦʜʴʷ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʦʙʩʪʚʝʥʥʠʢʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ï ʢʘʟʝʥʥʘʷ (ʧʨʠʥʘʜ-

ʣʝʞʘʱʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʘʟʥʝ) ʠ ʧʨʠʤʳʢʘʚʰʘʷ ʢ ʥʝʡ ʫʜʝʣʴʥʘʷ (ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʠʤʧʝʨʘʪʦʨ-

ʩʢʦʡ ʬʘʤʠʣʠʠ); ʦʙʱʝʩʪʚʝʥʥʘʷ ï ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʢʘʟʘʯʴʠʤ, ʛʦʨʦʜʩʢʠʤ ʠ ʢʨʝʩʪʴʷʥʩʢʠʤ ʦʙʱʝ-

ʩʪʚʘʤ (ʧʝʨʝʜʘʥʥʘʷ ʦʙʱʝʩʪʚʘʤ ʚ ʙʝʟʚʦʟʤʝʟʜʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʠ ʧʦ ʨʘʟʥʳʤ ʦʩʥʦʚʘ-

ʥʠʷʤ); ʮʝʨʢʦʚʥʘʷ ï ʤʦʥʘʩʪʳʨʩʢʘʷ ʠ ʘʨʭʠʝʨʝʡʩʢʠʭ ʜʦʤʦʚ, ʠ ʯʘʩʪʥʦʚʣʘʜʝʣʴʯʝʩʢʘʷ ï ʥʘ ʧʨʘʚʝ ʧʦʣ-

ʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʧʨʘʚʝ ʧʦʩʝʩʩʠʦʥʥʦʤ [25, ʩ. 135]. 

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʚ 1837 ʛʦʜʫ ʋʧʨʘʚʣʝʥʠʝ ʨʳʙʥʳʤʠ ʠ ʪʶʣʝʥʴʠʤʠ ʧʨʦʤʳʩʣʘʤʠ ʧʦʧʘʣʦ ʚ ʆʪ-

ʜʝʣʝʥʠʝ ʦʙʨʦʯʥʳʭ ʩʪʘʪʝʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʤʫʱʝʩʪʚ, ʩʦʟʜʘʥʥʦʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʝʛʦ ʦʪʨʘʩʣʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʘʚʦ ʥʘ ʨʳʙʦʣʦʚʥʳʝ ʠ ʨʳʙʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʘʚʦʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʟʝʤʣʶ, ʢ ʢʦʪʦʨʦʡ ʵʪʠ ʫʯʘʩʪʢʠ ʧʨʠʤʳʢʘʣʠ. ʇʦʩʣʝ ʈʝʬʦʨʤʳ 

1861 ʛ. ʋʧʨʘʚʣʝʥʠʝ ʨʳʙʥʳʤʠ ʠ ʪʶʣʝʥʴʠʤʠ ʧʨʦʤʳʩʣʘʤʠ ʧʨʦʰʣʦ ʥʝʩʢʦʣʴʢʦ ʨʝʦʨʛʘʥʠʟʘʮʠʡ, ʠ ʢ 

1917 ʛ. ʦʢʘʟʘʣʦʩʴ ʚ ʚʝʜʝʥʠʠ ʆʪʜʝʣʘ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʦʣʦʚʩʪʚʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʝʤʣʝʜʝʣʠʷ, ʚ ʢʦʪʦ-

ʨʦʝ ʙʳʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʄʠʥʠʩʪʝʨʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʤʫʱʝʩʪʚ. 

ʀʟ-ʟʘ ʙʘʩʩʝʡʥʦʚʳʭ ʨʘʟʣʠʯʠʡ, ʬʝʦʜʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝ-

ʥʠʡ ʠ ʩʦʩʣʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʦʮʠʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ, ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʚʥʫʪʨʠ ʩʦʩʣʦʚʥʦʡ ʠʝʨʘʨʭʠʠ, ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʨʳʙʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʪʘʢ ʠ ʥʝ ʩʣʦʞʠʣʘʩʴ ï ʜʝʣʘ ʙʳʣʠ ʨʘʟʙʨʦʩʘʥʳ 

ʧʦ ʨʘʟʥʳʤ ʚʝʜʦʤʩʪʚʘʤ, ʪʠʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʩʩʝʡʥʘʤʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʮʝʣʝ-

ʚʳʭ ʦʨʠʝʥʪʠʨʦʚ ʜʣʷ ʦʪʨʘʩʣʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝ ʩʪʘʚʠʣʦʩʴ. ɺ ʨʫʢʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ 

ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʬʠʩʢʘʣʴʥʳʝ ʧʦʣʥʦʤʦʯʠʷ, ʧʦʣʥʦʤʦʯʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʢʘʟʝʥʥʳʤʠ ʨʳʙ-

ʥʳʤʠ ʣʦʚʣʷʤʠ, ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʚʦʚʳʭ ʦʩʥʦʚ ʨʳʙʦʣʦʚʩʪʚʘ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨʫ ʩʚʝʜʝʥʠʡ ʦ ʨʳʙʦʣʦʚʩʪʚʝ, ʘ ʧʦʣʥʦʤʦʯʠʷ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʨʳʙʦʣʦʚʥʳʭ ʨʘʡʦʥʘʭ ʠ ʤʝʩʪʥʦʩʪʷʭ, ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʚʝʜʝʥʠʝ ʤʝʩʪʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ï ʩʘʤʠʭ ʨʳʙʦʧʨʦʤʳʰ-

ʣʝʥʥʠʢʦʚ ʠ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɺ ʠʪʦʛʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ, ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘ-

ʱʝʥʥʦʩʪʠ, ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʝʝ ʩʦʭʨʘʥʥʦʩʪʴ ʙʳʣʠ ʥʘ ʦʯʝʥʴ ʥʠʟʢʠʤʠ, ʭʦʪʷ 

ʦʙʲʝʤʳ ʚʳʣʦʚʘ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ [25]. 

ʅʘ ʵʪʦʤ ʠʩʪʦʨʠʯʝʩʢʦʤ ʵʪʘʧʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʷ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʘʢ ʦʪʨʘʩʣʠ ʵʢʦ-

ʥʦʤʠʢʠ ʙʳʣʘ ʜʘʣʝʢʘ ʦʪ ʟʘʚʝʨʰʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚ (ʮʝʣʝʡ) ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʢʘʢ ʦʪ-

ʩʫʪʩʪʚʦʚʘʣʦ ʠ ʚʠʜʝʥʠʝ ʩʘʤʠʭ ʮʝʣʝʡ, ʨʳʙʦʣʦʚʩʪʚʦ ʧʦʥʠʤʘʣʦʩʴ ʢʘʢ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʚʰʝʝ ʠ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢ-

ʮʠʠ, ʠ ʧʦ ʫʨʦʚʥʶ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʫ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ.  

ɺ ʷʥʚʘʨʝ 1918 ʛ. ʙʳʣʘ ʚʚʝʜʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʥʦʧʦʣʠʷ ʥʘ ʚʦʜʥʳʝ ʠ ʧʨʦʤʳʩʣʦʚʳʝ 

ʫʛʦʜʴʷ, ʥʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʨʳʙʦʣʦʚʥʳʝ ʠ ʢʠʪʦʙʦʡʥʳʝ ʩʫʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʚʰʠʝ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ [26, ʩ. 301, 352]. ʈʝʚʦʣʶʮʠ-
ʦʥʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʥʘʮʠʦʥʘʣʠʟʘʮʠʷ ʨʳʙʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʨʫʰʠʣʠ ʢʨʫʧ-

ʥʳʡ ʨʳʙʥʳʡ ʧʨʦʤʳʩʝʣ ʚ ʛʣʘʚʥʦʤ ɺʦʣʛʦ-ʂʘʩʧʠʡʩʢʦʤ ʙʘʩʩʝʡʥʝ ï ʨʳʙʘʢʠ ʤʘʩʩʦʚʦ ʨʠʥʫʣʠʩʴ 

ʚʳʙʠʨʘʪʴ ʟʘʧʘʩʳ ʨʳʙʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʮʝʥʥʳʭ ʧʦʨʦʜ ʨʳʙ, ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʧʘʜʝʥʠʝʤ ʫʣʦʚʦʚ. ʀ ʝʩʣʠ ʚ 1917 ʛ. ʟʘ ʩʯʝʪ ʤʘʩʩʦʚʦʛʦ ʙʨʘʢʦʥʴʝʨʩʢʦʛʦ ʣʦʚʘ ʛʦʜʦʚʦʡ ʦʙʲʝʤ 

ʚʳʣʦʚʘ ʩʦʩʪʘʚʠʣ 893 ʪʳʩ. ʪ, ʪʦ ʚ 1918 ʛ. ʛʦʜʦʚʦʡ ʫʣʦʚ ʫʧʘʣ ʜʦ 463 ʪʳʩ. ʪ, ʠ ʧʨʦʜʦʣʞʠʣ ʜʘʣʴ-

ʥʝʡʰʝʝ ʧʘʜʝʥʠʝ [27]. ɻʨʘʞʜʘʥʩʢʘʷ ʚʦʡʥʘ, ʨʘʟʚʝʨʥʫʚʰʘʷʩʷ ʚ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ, ʥʘʥʝʩʣʘ ʦʛʨʦʤʥʳʡ ʫʨʦʥ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʠ ʧʨʠʚʝʣʘ ʢ ʟʘʪʷʞʥʦʤʫ ʛʦʣʦʜʫ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ʉʤʷʛʯʠʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ ʢʨʠʟʠʩ ʤʦʛʣʘ ʧʨʦʜʫʢʮʠʷ ʨʳʙʦʣʦʚ-

ʩʪʚʘ. 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟʚʠʪʠʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʚ ʍʍ ʚʝʢʝ ʩʣʦʞʠʣʦʩʴ ʥʝ-

ʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʦʡ ɻʣʘʚʨʳʙʳ ʧʝʨʠʦʜʘ 01.12.1918 ʛ. ï 

21.11.1924 ʛ. (ʨʠʩ. 1). ʇʝʨʝʜ ɻʣʘʚʨʳʙʦʡ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʳʙʥʳʝ ʧʨʦ-

ʤʳʩʣʳ ʠ ʥʘʣʘʜʠʪʴ ʦʪʧʨʘʚʢʫ ʨʳʙʳ ʠ ʨʳʙʦʧʨʦʜʫʢʮʠʠ ʚ ʛʦʣʦʜʘʶʱʠʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ. ʅʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴ ʮʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʣʘʚʨʳʙʳ ʦʧʨʝʜʝʣʠʣʘ ʝʝ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʦʩʪʴ ʅʘʨʦʜʥʦʤʫ ʢʦʤʠʩ-

ʩʘʨʠʘʪʫ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ. çʆʙʨʘʱʘʶ ʚʥʠʤʘʥʠʝ ʥʘ ʩʫʛʫʙʫʶ ʚʘʞʥʦʩʪʴ ʨʳʙʥʦʛʦ ʜʝʣʘéè, ï ʧʠ-

ʩʘʣ ɺ. ʀ. ʃʝʥʠʥ 27 ʠʶʥʷ 1921 ʛ. ʚ ʅʘʨʢʦʤʧʦʯʪʝʣʴ2, ʧʦʜʯʝʨʢʠʚʘʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʦʪʧʨʘʚʢʠ ʪʝ-

ʣʝʬʦʥʦʛʨʘʤʤ ʧʦ ʨʳʙʥʦʤʫ ʜʝʣʫ [28, ʩ. 3]. 

ʄʦʜʝʣʴ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ (ʥʘ ʨʳʙʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ ʠ ʯʘ-

ʩʪʠʯʥʦ ʥʘ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʯʘʩʪʥʦʡ ʠ ʢʦʦʧʝʨʘʪʠʚʥʦʡ (ʥʘ ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʙʘʩʩʝʡʥʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʳʙʦʣʦʚʩʪʚʘ. ʆʥʘ ʠʤʝʣʘ ʪʨʝʭʩʪʫʧʝʥ-

ʯʘʪʫʶ ʦʪʨʘʩʣʝʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʨʦʤʳʩʣʘʤʠ: ɻʣʘʚʨʳʙʘ Ÿ ʆʙ-

ʣʘʩʪʴʨʳʙʘ Ÿ ʈʘʡʨʳʙʘ Ÿ ʧʨʝʜʧʨʠʷʪʠʝ, ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦʤʳʩ-

ʣʘʤʠ: ɻʣʘʚʨʳʙʘ Ÿ ɻʫʙʧʨʦʜʢʦʤ (ʦʪʜʝʣʳ, ʧʦʜʦʪʜʝʣʳ ʤʝʩʪʥʳʭ ʧʘʨʪʠʡʥʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʛʫʙʧʨʦʜʢʦʤʦʚ). 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʚ 1918ï1924 ʛʛ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ [29, ʩ. 829-830] 

Fig. 1. The structure of state fisheries management in 1918-1924. Compiled by the authors 

 

ʕʪʦ ʙʳʣʘ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʘʨʪʠʡʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʦʧʝ-

ʨʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʘʚʦʚʳʝ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʠ ʨʝʩʫʨʩʥʦ-ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʩ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʯʘʩʪʠʷ 

ʤʝʩʪʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʶʟʦʚ (ʨʠʩ. 2). 

ʈʝʰʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʨʘʩʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʳʙʦʣʦʚʝʮʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ʥʘ ʇʝʨʚʦʤ ʉʲʝʟʜʝ ʨʳʙʘʢʦʚ ʉʝʚʝʨʦ-ɿʘ-

ʧʘʜʥʦʛʦ ʨʘʡʦʥʘ ʚ ʦʢʪʷʙʨʝ 1918 ʛ., ʛʜʝ ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʨʛʘʥʘ, ʢʦʪʦʨʳʡ ʙʳ ʚʟʷʣ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚ, ʟʘ ʟʘʛʦʪʦʚʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʨʳʙʳ ʠ ʨʳʙʦʧʨʦʜʫʢʪʦʚ.  

                                                 
2 ʅʘʨʦʜʥʳʡ ʢʦʤʠʩʩʘʨʠʘʪ ʧʦʯʪ ʠ ʪʝʣʝʛʨʘʬʦʚ  
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ʈʠʩ. 2. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɻʣʘʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʨʳʙʦʣʦʚʩʪʚʫ (ɻʣʘʚʨʳʙʘ) ʚ 1921ï1924 ʛʛ.  
ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ [29, ʩ. 829ï830] 

Fig. 2. The organizational structure of the Main Directorate for the Fishing Industry and Fisheries (Glavryba) in 1921ï1924, compiled by the authors 
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ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʩʪʨʦʠʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʠʝʨʘʨʭʠʠ: 

1) ʥʦʨʤʘʪʠʚʥʳʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ɺʉʍʅ3 ʠ ʉʊʆ4 ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦ-

ʤʦʯʠʡ, ʯʝʨʝʟ ʧʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ (ʜʘʣʝʝ ï ʅʇɸ), ʚʳʜʝʣʝ-

ʥʠʝ ʨʝʩʫʨʩʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʩʣʦʚ 

ʨʘʙʦʯʝʡ ʩʠʣʦʡ; ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʚʳʚʦʟʘ ʧʨʦʜʫʢʮʠʠ; ʬʠʥʘʥ-

ʩʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʤʳʩʣʦʚ ʠ ʪ.ʜ.), ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʝʵʬʬʝʢʪʠʚʥʳʭ (ʥʝʠʩʧʦʣʥʠʤʳʭ ʧʦ ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʦʩʥʦʚʘʥʠʷʤ) ʨʝʰʝʥʠʡ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʲʶʥʢʪʫʨʝ ʅʇɸ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʤʝʞʥʳʤʠ ʦʪʨʘʩʣʷʤʠ; 

2) ʨʝʰʝʥʠʷ ɻʣʘʚʨʳʙʳ ï ʠʩʧʦʣʥʝʥʠʝ ʚʳʰʝʩʪʦʷʱʠʭ ʫʢʘʟʘʥʠʡ ʠ ʨʝʰʝʥʠʡ; ʧʨʠʥʷʪʠʝ ʨʝʰʝ-

ʥʠʡ ʥʘ ʤʝʩʪʘʭ ʩ ʫʯʝʪʦʤ ʙʘʩʩʝʡʥʦʚʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʤʥʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʳʙʘʢʦʚ ʠ ʥʘʫʯʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ; ʦʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʤʳʩʣʦʚʳʭ ʵʢʩʧʝʜʠʮʠʡ. 

3) ʚʥʝʰʥʠʡ ʢʦʥʪʨʦʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʣʘʚʨʳʙʳ ʯʝʨʝʟ ʥʘʫʯʥʫʶ ʵʢʩʧʝʨʪʠʟʫ (ʚ ʯʘʩʪʠ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ), ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʦʨʛʘʥʳ (ʚ ʯʘʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʥʦʨʤʘ-

ʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʜʠʨʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ɺʉʅʍ ʠ ʉʊʆ), ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʦʨʦʥʳ ʛʣʘʚʳ ʛʦʩʫʜʘʨʩʪʚʘ (ɿʘ ʧʝʨʠʦʜ ʩ 1917 ʧʦ 1924 ʛʛ. ɺ.ʀ. ʃʝʥʠʥ ʥʘʧʠʩʘʣ ʙʦ-

ʣʝʝ ʩʦʪʥʠ ʟʘʧʠʩʦʢ, ʪʝʣʝʛʨʘʤʤ, ʧʠʩʝʤ, ʨʘʩʧʦʨʷʞʝʥʠʡ, ʧʦʩʪʘʥʦʚʣʝʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʨʘʟʚʠʪʠʷ 

ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ [30-31]). 

ɻʣʘʚʨʳʙʘ ʙʳʣʘ ʫʢʦʤʧʣʝʢʪʦʚʘʥʘ ʢʘʜʨʘʤʠ, ʠʤʝʚʰʠʤʠ ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ 1920 ʛ. ʧʦ 1923 ʛ. ɻʣʘʚʨʳʙʫ 

ʚʦʟʛʣʘʚʣʷʣ ɺʘʣʝʥʪʠʥ ʀʚʘʥʦʚʠʯ ʄʝʡʩʥʝʨ ï ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ, ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʨʳʙʦʚʦʜ-

ʩʪʚʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʰʝʜʰʠʡ ʚ ɻʦʩʧʣʘʥ ʉʉʉʈ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʧʦ ʚʦʧʨʦʩʘʤ ʨʳʙʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʘ ʚ 1934 ʛ. ʚʦʟʛʣʘʚʠʚʰʠʡ ʀʥʩʪʠʪʫʪ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʧʧʦʥʝʥʪʦʤ ɺ. ʀ. ʄʝʡʩʥʝʨʘ ʧʦ 

ʚʦʧʨʦʩʘʤ ʨʘʟʚʠʪʠʷ ʨʳʙʦʣʦʚʩʪʚʘ ʚʳʩʪʫʧʘʣ ʜʨʫʛʦʡ ʠʟʚʝʩʪʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-

ʧʨʦʤʳʩʣʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʨʛʘʥʠʟʘʪʦʨ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʢʦʤʠʩʩʠʡ ʠ ʢʦʥʬʝʨʝʥʮʠʡ ï ʅʠʢʦ-

ʣʘʡ ʄʠʭʘʡʣʦʚʠʯ ʂʥʠʧʦʚʠʯ, ʚ 1935 ʛ. ʫʜʦʩʪʦʝʥʥʳʡ ʟʚʘʥʠʷ ʧʦʯʝʪʥʦʛʦ ʘʢʘʜʝʤʠʢʘ ɸʢʘʜʝʤʠʠ 

ʥʘʫʢ ʉʉʉʈ. ɺ 1921 ʛ. ʅ. ʄ. ʂʥʠʧʦʚʠʯ, ʧʦ ʧʦʨʫʯʝʥʠʶ ɺ. ʀ. ʃʝʥʠʥʘ, ʧʨʦʚʝʣ ʥʝʛʣʘʩʥʦʶ ʧʨʦ-

ʚʝʨʢʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʣʘʚʨʳʙʳ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʞʘʣʦʙ ʥʘ ʥʝʧʨʘʚʠʣʴʥʫʶ ʧʦʣʠʪʠʢʫ 

ɺ. ʀ. ʄʝʡʩʥʝʨʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʦʡ ɺ. ʀ. ʄʝʡʩʥʝʨ ʚʳʥʫʞʜʝʥ ʙʳʣ 

ʦʩʪʘʚʠʪʴ ʩʚʦʡ ʧʦʩʪ, ʘ ʧʨʦʤʳʩʣʦʚʘʷ ʧʦʣʠʪʠʢʘ ʙʳʣʘ ʧʝʨʝʩʤʦʪʨʝʥʘ [28, ʩ. 96, 161, 396, 484]. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʦʛʨʘ-

ʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʪʨʘʩʣʠ ʧʦʩʣʝ 

ʛʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1  

ʇʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ: 1917ï1924 ʛʛ. 

Table 1  

Indicators of the activity  of the fisheries: 1917ï1924 

ɻʦʜ 

ʏʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷ-

ʪʳʭ ʚ ʦʪʨʘʩʣʠ, 

ʪʳʩ. ʯʝʣ. 

ɼʦʣʷ ʟʘʥʷʪʳʭ ʚ ʦʪ-

ʨʘʩʣʠ, ʦʪ ʟʘʥʷʪʳʭ ʚ 

ʵʢʦʥʦʤʠʢʝ, % 

ʋʣʦʚ ʠ ʜʦ-

ʙʳʯʘ, ʪʳʩ. 

ʪʦʥʥ*  

ʇʦʪʨʝʙʣʝʥʠʝ 

ʥʘ ʜʫʰʫ ʥʘʩʝ-

ʣʝʥʠʷ, ʢʛ 

ʕʢʩʧʦʨʪ ʨʳʙʳ ʠ 

ʨʳʙʦʧʨʦʜʫʢʮʠʠ, 

ʪʳʩ. ʪʦʥʥ 

ʀʤʧʦʨʪ ʨʳʙʳ ʠ 

ʨʳʙʦʧʨʦʜʫʢʮʠʠ, 

ʪʳʩ. ʪʦʥʥ 

1913 256,1 0,75 1051 6,7 41,6 365,2 

1917 168,2 1,82 893 5,4 0,0 0,0 

1918 76,4 1,11 463 3,6 0,0 9,5 

1920 48,3 0,97 257 3,2 0,0 2,2 

                                                 
3 ɺʳʩʰʠʡ ʩʦʚʝʪ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 
4 ʉʦʚʝʪ ʪʨʫʜʘ ʠ ʦʙʦʨʦʥʳ 
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ɻʦʜ 

ʏʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷ-

ʪʳʭ ʚ ʦʪʨʘʩʣʠ, 

ʪʳʩ. ʯʝʣ. 

ɼʦʣʷ ʟʘʥʷʪʳʭ ʚ ʦʪ-

ʨʘʩʣʠ, ʦʪ ʟʘʥʷʪʳʭ ʚ 

ʵʢʦʥʦʤʠʢʝ, % 

ʋʣʦʚ ʠ ʜʦ-

ʙʳʯʘ, ʪʳʩ. 

ʪʦʥʥ*  

ʇʦʪʨʝʙʣʝʥʠʝ 

ʥʘ ʜʫʰʫ ʥʘʩʝ-

ʣʝʥʠʷ, ʢʛ 

ʕʢʩʧʦʨʪ ʨʳʙʳ ʠ 

ʨʳʙʦʧʨʦʜʫʢʮʠʠ, 

ʪʳʩ. ʪʦʥʥ 

ʀʤʧʦʨʪ ʨʳʙʳ ʠ 

ʨʳʙʦʧʨʦʜʫʢʮʠʠ, 

ʪʳʩ. ʪʦʥʥ 

1921 45,0 0,97 298 3,8 0,0 26,2 

1922 78,3 1,21 483 3,6 0,1 120,0 

1923 86,5 1,21 499 4,1 12,4 51,9 

1924 87,4 1,15 535 4,4 32,9 49,5 

ʇʨʠʤʝʯʘʥʠʝ. ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ: [27], [32-33] 

ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʥʦʩʠʣʘ ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʦʡ 

ʅʘʨʢʦʤʨʳʙʧʨʦʤʘ / ʄʠʥʨʳʙʭʦʟʘ ʧʝʨʠʦʜʘ 19.01.1939 ʛ. ï 08.05.1946 ʛ. ʠ 28.12.1948 ʛ. ï 

13.03.1953 ʛ. (ʨʠʩ. 3). ɽʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʰʣʦ ʜʣʠʪʝʣʴʥʳʡ ʧʫʪʴ ʚ ʬʘʨʚʘʪʝʨʝ ʩʪʘʥʦʚʣʝʥʠʷ ʢʦ-

ʤʘʥʜʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɽʝ ʦʩʥʦʚʫ ʩʦʩʪʘʚʠʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɽʝ ʮʝʣʴʶ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʙʝʩʧʝʯʝʥʠʝ ʨʳʙʦʡ ʠ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʥʘʩʝʣʝʥʠʷ 

ʩʪʨʘʥʳ ʯʝʨʝʟ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʦʚ ʊʠʭʦʛʦ ʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʦʚ. 

 
ʈʠʩ. 3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʅʘʨʢʦʤʨʳʙʧʨʦʤʘ / ʄʠʥʨʳʙʭʦʟʘ ʉʉʉʈ ʚ 1939ï1953 ʛʛ. 

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ [34] 

Fig. 3. Organizational structure of the Narkomrybprom / Ministry of Fisheries of the USSR  

in 1939-1953. Compiled by the authors 
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ɺʳʜʝʣʝʥʠʝ ʅʘʨʦʜʥʦʛʦ ʢʦʤʠʩʩʘʨʠʘʪʘ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʉʉʈ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʄʠʥʨʳʙʭʦʟ ʚʳʚʝʣʦ ʨʳʙʦʣʦʚʩʪʚʦ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʥʘʨʦʜ-

ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʟʘʬʠʢʩʠʨʦʚʘʚ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʝʝ ʨʘʟʚʠʪʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ.  

ʅʘʨʢʦʤʨʳʙʧʨʦʤ ʚʦ ʤʥʦʛʦʤ ʠʤʝʣ ʩʭʦʞʠʝ ʩ ɻʣʘʚʨʳʙʦʡ ʧʦʣʥʦʤʦʯʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʠʝʨʘʨʭʠʶ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʯʝʪʳʨʝʭ ʟʚʝʥʴʝʚ çʅʘʨʦʜʥʳʡ ʢʦʤʠʩʩʘʨʠʘʪ Ÿ ʙʘʩʩʝʡʥʦʚʳʡ ʦʨ-

ʛʘʥ ʫʧʨʘʚʣʝʥʠʷ Ÿ ʪʨʝʩʪ Ÿ ʧʨʝʜʧʨʠʷʪʠʝè, ʥʦ ʧʨʠ ʵʪʦʤ ʫʧʨʘʚʣʝʥʠʝ ʙʳʣʦ ʫʥʠʬʠʮʠʨʦʚʘʥʦ ʜʣʷ 

ʚʩʝʭ ʙʘʩʩʝʡʥʦʚ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʩʪʘʣʠ ʧʦʣʦʞʝʥʥʳʝ ʚ ʝʝ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʳ ʞʝʩʪʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʪʯʝʪʥʦʩʪʠ. ʆʥʘ ʩʪʘʣʘ ʦʪʨʘʞʝʥʠʝʤ ʵʚʦʣʶʮʠʠ ʢʦʤʘʥʜʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʩ ʜʠʨʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʘʨʪʠʡ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʄʦʜʝʣʴ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ, ʥʦ 

ʪʝʨʷʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʤʝʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʜʠʨʝʢʪʠʚʥʳʡ ʜʠʢ-

ʪʘʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʨʪʠʡʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʘ ʤʝʩʪʘʭ, ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʨʘʟʚʠʪʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ. 

ʊʨʝʪʴʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʄʠʥʨʳʙʭʦʟʦʤ ʉʉʉʈ ʧʝʨʠʦʜʘ 23.10.1965 ʛ. ï 

28.11.1991 ʛ. (ʨʠʩ. 4). ʕʪʦ ʫʞʝ ʙʳʣʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ 1976 ʛ. ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʷ ʦʪʨʘʩʣʠ ï ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ ʙʳʣʦ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʦ ʢʘʢ ʩʣʦʞʠʚʰʘʷʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʆʙʱʝʩʦʶʟʥʦʤ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʆʂʆʅʍ). ʉ ʟʘʚʝʨʰʝʥʠʝʤ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘ-

ʮʠʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʛʜʘ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʚ ʝʜʠʥʳʡ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ, ʥʘʯʘ-

ʣʘʩʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʝʨʝʜ ʦʪʨʘʩʣʴʶ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʥʘʩʝʣʝʥʠʷ, ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ ʚ ʧʨʦʜʫʢʮʠʠ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʳ-

ʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʣʘʥʦʚ [35]. ɺ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʚʘʣʦʚʘʷ ʩʪʨʘʪʝʛʠʷ: ʠʩʧʦʣʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʲʝʤʘ ʚʳʣʦʚʘ ʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ, ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʦʨʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʩʣʠ ʦʧʨʝ-

ʜʝʣʷʣʘʩʴ ʦʙʱʠʤ ʧʨʠʨʦʩʪʦʤ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʪʨʘʩʣʠ ʢ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʠʩʢʘʤ ʠ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʣʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʰʝʥʠʝ ʧʦʣʠʪʠʯʝ-

ʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ. ʇʦʣʠʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ï ʧʦʩʢʦʣʴʢʫ 

ʨʳʙʦʣʦʚʥʳʡ ʬʣʦʪ ʚʳʭʦʜʠʣ ʚ ʦʪʢʨʳʪʳʡ ʦʢʝʘʥ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʢʦʪʦʨʦʤ ʥʝ ʜʦʣʞʥʘ ʙʳʣʘ ʥʘʨʫ-

ʰʘʪʴ ʠʤʝʶʱʠʝʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʦʛʣʘʰʝʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ï ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʦʚʘʣʦʩʴ 

ʥʘʣʘʜʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʟʘ ʪʳʩʷʯʠ ʤʠʣʴ ʦʪ ʧʦʨʪʦʚ ʙʘʟʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝ-

ʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʥʘʙʜʠʪʴ ʪʦʧʣʠʚʦʤ, ʚʦʜʦʡ, ʧʨʦʚʠʟʠʝʡ, ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ 

ʚʳʚʦʟʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʩʫʜʘʭ, ʧʨʠʝʤʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʨʳʙʦʧʨʦʜʫʢʮʠʠ, ʝʝ 

ʩʙʳʪ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ï ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʦʚʘʣʦʩʴ ʥʘʜʝʞʥʦʝ ʚʳʷʚʣʝʥʠʝ ʩʳʨʴʝʚʳʭ 

ʨʝʩʫʨʩʦʚ ʚʦ ʚʥʦʚʴ ʦʩʚʘʠʚʘʝʤʳʭ ʨʘʡʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʪʠʧʦʚ ʩʫʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʦʢʝʘʥʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʳʙʦʣʦʚʩʪʚʘ [24, 

c. 201]. 
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ʈʠʩ. 4. ɻʝʥʝʨʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʳʙʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʉʉʉʈ ʚ 1975ï1988 ʛʛ.  

ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ [36, ʩ. 39ï43] 

Fig. 4. The general scheme of fisheries management of the USSR in 1975ï 988.  
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