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 ̄ 23/2018 
1 ʯʘʩʪʴ 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  

ɺʘʩʠʣʝʚʩʢʠʡ ɸʥʘʪʦʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜ-ʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʢʦʥʩʫʣʴʪʘʥʪ ʧʨʠ ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʇʦʤʦʱʥʠʢ ʨʝʜʘʢʪʦʨʘ:  

ʃʳʩʝʥʢʦ ɸʥʥʘ ʇʘʚʣʦʚʥʘ 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ:  

¶ ʇʘʣʴʯʝʚʩʢʠʡ ɸʥʜʨʝʡ ɺʠʪʘʣʴʝʚʠʯ ï ʜ. ʨ. ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʄɻʊʋ,  

ʄʫʨʤʘʥʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʏʝʨʥʷʚʩʢʘʷ ʖʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜ. ʨ. ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʉʘʤʖʨʀʌʉʀʅ,  

ʉʘʤʘʨʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʉʢʨʠʧʠʥ ɸʥʘʪʦʣʠʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ï ʜ. ʨ. ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʀɻʄʋ,  

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ɼʦʙʨʦʚʦʣʴʩʢʘʷ ʅʘʪʘʣʠʷ ʇʘʚʣʦʚʥʘ ï ʜ. ʨ. ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʀʀɿ,  

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʦʣʠʩʥʠʯʝʥʢʦ ʈʫʩʣʘʥ ʌʝʜʦʨʦʚʠʯ ï ʜ. ʨ. ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʇɻʉʍɸ  

ʠʤ. ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʆʩʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʨʠʚʦʨʫʯʢʦ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜ. ʨ. ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʀʊɻʋ,  

ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʠʘʥʛ ɾʠʣʘʥ ï ʜ. ʨ. ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʏʫʥʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʫʥʮʠʥ, ʂʅʈ 

¶ ʂʠʫ ʃʠʥ ï ʜ. ʨ. ʠʥʞʝʥʝʨʥʳʭ ʥʘʫʢ, ʖʞʥʦ-ʂʠʪʘʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɻʫʘʥʯʞʦʫ, 

ʂʅʈ 

¶ ʃʠʬʝʥ ʄʝʡʬʝʥʛ ï ʜ. ʨ. ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʝʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ,  

ʇʝʢʠʥ, ʂʅʈ 

¶ ɻʫʡ ɼʫʠʡ ï ʢ.ʤ.ʥ., ʍʘʡʥʘʥʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʍʘʡʢʦʫ, ʂʅʈ 

¶ ʃʝʡ ʈʦʥʛ ï ʢ.ʙ.ʥ., ʐʘʥʭʘʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɼʞʘʦ ʊʦʥʛ, ʐʘʥʭʘʡ, ʂʅʈ 

¶ ʖ ʖʥ ï ʢ. ʘʨʭ. ʥ., ʇʝʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʇʝʢʠʥ, 

ʂʅʈ 

¶ ɸʰʘ ɹʘʣʘ ï ʢ.ʤ.ʥ., ɺʩʝʠʥʜʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ɼʝʣʠ, ʀʥʜʠʷ 

¶ ɹʘʪʳʨ ʊʘʥʜʳʨʙʝʢʦʚ ï ʢ. ʛʝʦʛʨ. ʥ., ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʷ ʂʘʟʘʭʩʪʘʥʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

¶ ʇʝʪʨʦʚʩʢʠʡ ɸʨʪʝʤ ʀʛʦʨʝʚʠʯ ï ʢ.ʬ.ʥ., ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ. ʋʪʝʤʠʩʦʚʘ, ʋʨʘʣʴʩ, ʂʘʟʘʭʩʪʘʥ 

¶ ɸʛʘʬʦʥ ɹʝʨʝʢʘʤ ï ɻ ʢʩʧʝʨʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ ɸʟʝʨ-

ʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

¶ ʂʘʩʢʝʚʠʯ ʌʝʜʦʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢ. ʩ-ʭ. ʥ., ɹɻɸʊʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

¶ ʂʘʨʧʦʚʠʯ ɸʥʥʘ ʖʨʴʝʚʥʘ ï ʢ. ʠʩʢ. ʥ., ɹɻʋʂʠʀ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

¶ ʂʦʩʪʶʯʝʥʢʦ ɸʥʪʦʥʠʥʘ ʉʝʤʝʥʦʚʥʘ ï ʢ.ʠ.ʥ., ʂʅʋ ʠʤ. ʐʝʚʯʝʥʢʦ, ʂʠʝʚ, ʋʢʨʘʠʥʘ 

¶ ʇʘʚʣʝʥʢʦ ʅʠʥʘ ʄʘʨʢʦʚʥʘ ï ʢ.ʶ.ʥ., ʅʖʋ ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

¶ ʇʝʪʨ ʃʝʙʝʢ ï ʢ.ʧʩʠʭ. ʥ., ʇʨʘʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʩʠʭʦ-ʩʦʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʇʨʘʛʘ, ʏʝʭʠʷ 

¶ ʂʫʣʘʢʦʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢ.ʭ.ʥ., ʩʧʝʮʠʘʣʠʩʪ ʦʪʜʝʣʘ ʢʘʯʝʩʪʚʘ, ʏʝʣʷʙʠʥʩʢʠʡ ʭʠʤʠʯʝ-

ʩʢʠʡ ʟʘʚʦʜ çʆʢʩʠʜè, ʏʝʣʷʙʠʥʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʊʠʱʝʥʢʦ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ ï ʢ. ʧʦʣʠʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʩʦʪʨʫʜʥʠʢ ʠʥʩʪʠʪʫʪʘ ʧʦʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʆʤʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

  



ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  

ɺʘʩʠʣʝʚʩʢʠʡ ɸʥʘʪʦʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜ-ʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʢʦʥʩʫʣʴʪʘʥʪ ʧʨʠ ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʇʦʤʦʱʥʠʢ ʨʝʜʘʢʪʦʨʘ:  

ʃʳʩʝʥʢʦ ɸʥʥʘ ʇʘʚʣʦʚʥʘ 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ:  

¶ ʇʘʣʴʯʝʚʩʢʠʡ ɸʥʜʨʝʡ ɺʠʪʘʣʴʝʚʠʯ ï ʜ. ʨ. ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʄɻʊʋ,  

ʄʫʨʤʘʥʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʏʝʨʥʷʚʩʢʘʷ ʖʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜ. ʨ. ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʉʘʤʖʨʀʌʉʀʅ,  

ʉʘʤʘʨʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʉʢʨʠʧʠʥ ɸʥʘʪʦʣʠʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ï ʜ. ʨ. ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʀɻʄʋ, ʀʨʢʫʪʩʢ,  

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ɼʦʙʨʦʚʦʣʴʩʢʘʷ ʅʘʪʘʣʠʷ ʇʘʚʣʦʚʥʘ ï ʜ. ʨ. ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʀʀɿ,  

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʦʣʠʩʥʠʯʝʥʢʦ ʈʫʩʣʘʥ ʌʝʜʦʨʦʚʠʯ ï ʜ. ʨ. ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ,  

ʇɻʉʍɸ ʠʤ. ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʆʩʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʨʠʚʦʨʫʯʢʦ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜ. ʨ. ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʀʊɻʋ,  

ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

¶ ʂʠʘʥʛ ɾʠʣʘʥ ï ʜ. ʨ. ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʏʫʥʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʫʥʮʠʥ, ʂʅʈ 

¶ ʂʠʫ ʃʠʥ ï ʜ. ʨ. ʠʥʞʝʥʝʨʥʳʭ ʥʘʫʢ, ʖʞʥʦ-ʂʠʪʘʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɻʫʘʥʯʞʦʫ, ʂʅʈ 

¶ ʃʠʬʝʥ ʄʝʡʬʝʥʛ ï ʜ. ʨ. ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʝʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ,  

ʇʝʢʠʥ, ʂʅʈ 

¶ ɻʫʡ ɼʫʠʡ ï ʢ.ʤ.ʥ., ʍʘʡʥʘʥʴʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʍʘʡʢʦʫ, ʂʅʈ 

¶ ʃʝʡ ʈʦʥʛ ï ʢ.ʙ.ʥ., ʐʘʥʭʘʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɼʞʘʦ ʊʦʥʛ, ʐʘʥʭʘʡ, ʂʅʈ 

¶ ʖ ʖʥ ï ʢ. ʘʨʭ. ʥ., ʇʝʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʇʝʢʠʥ, ʂʅʈ 

¶ ɸʰʘ ɹʘʣʘ ï ʢ.ʤ.ʥ., ɺʩʝʠʥʜʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ɼʝʣʠ, ʀʥʜʠʷ 

¶ ɹʘʪʳʨ ʊʘʥʜʳʨʙʝʢʦʚ ï ʢ. ʛʝʦʛʨ. ʥ., ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʷ ʂʘʟʘʭʩʪʘʥʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

¶ ʇʝʪʨʦʚʩʢʠʡ ɸʨʪʝʤ ʀʛʦʨʝʚʠʯ ï ʢ.ʬ.ʥ., ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʄ. ʋʪʝʤʠʩʦʚʘ, ʋʨʘʣʴʩ, ʂʘʟʘʭʩʪʘʥ 

¶ ɸʛʘʬʦʥ ɹʝʨʝʢʘʤ ï ʵʢʩʧʝʨʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ,  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

¶ ʂʘʩʢʝʚʠʯ ʌʝʜʦʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢ. ʩ-ʭ. ʥ., ɹɻɸʊʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

¶ ʂʘʨʧʦʚʠʯ ɸʥʥʘ ʖʨʴʝʚʥʘ ï ʢ. ʠʩʢ. ʥ., ɹɻʋʂʠʀ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

¶ ʂʦʩʪʶʯʝʥʢʦ ɸʥʪʦʥʠʥʘ ʉʝʤʝʥʦʚʥʘ ï ʢ.ʠ.ʥ., ʂʅʋ ʠʤ. ʐʝʚʯʝʥʢʦ, ʂʠʝʚ, ʋʢʨʘʠʥʘ 

¶ ʇʘʚʣʝʥʢʦ ʅʠʥʘ ʄʘʨʢʦʚʥʘ ï ʢ.ʶ.ʥ., ʅʖʋ ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ ʪʦʢʩʠʛʝʥʥʳʭ ʰʪʘʤʤʦʚ 

Corynebacterium diphtheria ʠ Corynebacterium ulcerans ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʢʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ cls ʠ pld ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʘ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʝʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

Annotation 

The article presents the stages and results of the development of a system of indication of toxigenic strains of 

Corynebacterium diphtheria and Corynebacterium ulcerans based on the detection of fragments of genes cls and 

pld in determining the species and fragments of the gene diphtheria toxin and its regulator. 
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ʩʠʥ, ʇʎʈ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʧʘʪʦʛʝʥʥʳʝ ʰʪʘʤʤʳ.  

Key words: Corynebacterium diphtheria, Corynebacterium ulcerans, beta-prophage, diphtheria toxin, PCR, 

identification, pathogenic strains. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ 88 ʚʠʜʦʚ, ʪʘʢ-

ʩʦʥʦʤʠʯʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ ʨʦʜʘ 

Corynebacterium. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʠʟ ʥʠʭ - 53 ʚʠʜʘ, 

ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʠʣʠ ʨʝʜʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʠʥ-

ʬʝʢʮʠʡ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥ-

ʥʳʤ ʚʠʜʦʤ ʩʨʝʜʠ ʧʘʪʦʛʝʥʥʳʭ ʢʦʨʠʥʝʙʘʢʪʝʨʠʡ ʷʚ-

ʣʷʝʪʩʷ Corynebacterium diphtheriae. ʅʝʢʦʪʦʨʳʝ ʢʦ-

ʨʠʥʝʙʘʢʪʝʨʠʠ, ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴ ʠʥʬʝʢʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʘʩʪʴ ʬʣʦʨʳ ʵʧʠʜʝʨ-

ʤʠʩʘ ʯʝʣʦʚʝʢʘ (ʥʘʧʨʠʤʝʨ, Corynebacterium 

amycolatum ʠʣʠ Corynebacterium jeikeium), ʜʨʫʛʠʝ 

ʩʯʠʪʘʶʪʩʷ ʟʦʦʥʦʟʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ (ʥʘʧʨʠ-

ʤʝʨ, Corynebacterium pseudotuberculosis 

ʠ Corynebacterium ulcerans) [1]. 

ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʨʠʥʝʙʘʢʪʝʨʠʡ ʩʚʷ-

ʟʘʥʘ, ʚ ʦʩʥʦʚʥʦʤ ʩ ʚʠʜʘʤʠ C. diphtheriae (ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʠʬʪʝʨʠʠ) ʠ C. ulcerans (ʨʘʥʝʝ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʤʘʩʪʠʪʘ ʢʨʫʧ-

ʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʘ ʟʘʪʝʤ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʜʠʬʪʝʨʠʝʧʦʜʦʙʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʥʘʟʦʬʘʨʠʥʛʠʪʦʚ ʠ ʣʠʤʬʘʜʝʥʠʪʦʚ ʢʘʢ ʫ ʞʠʚʦʪʥʳʭ, 

ʪʘʢ ʠ ʫ ʣʶʜʝʡ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʙʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ 

[3]). ɹʠʦʣʦʛʠʯʝʩʢʠ ʵʪʠ ʚʠʜʳ ʦʙʲʝʜʠʥʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʢʫʣʴʪʫʨʘʣʴʥʳʝ, ʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ, 

ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ [2], 

ʢʨʦʤʝ ʵʢʩʧʨʝʩʩʠʠ ʨʷʜʘ ʚʠʜʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚʠʨʫ-

ʣʝʥʪʥʦʩʪʠ, ʦʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʩʝʢʨʝʪʠʨʦʚʘʪʴ 

ʜʠʬʪʝʨʠʝʧʦʜʦʙʥʳʡ ʪʦʢʩʠʥ (DLT). ʉʧʦʩʦʙʥʦʩʪʴ 

ʪʦʢʩʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʷʚʣʷʶʪ ʪʦʣʴʢʦ ʣʠʟʦʛʝʥʥʳʝ 

ʰʪʘʤʤʳ C. diphtheriaʠ C. ulcerans, ʠʥʬʠʮʠʨʦʚʘʥ-

ʥʳʝ ʙʘʢʪʝʨʠʦʬʘʛʦʤ, ʥʝʩʫʱʠʤ tox-ʛʝʥ. ʊʦʢʩʠʥ ʧʨʦ-

ʜʫʮʠʨʫʶʪ ʤʠʢʨʦʙʥʳʝ ʢʣʝʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ 

ʩʧʦʥʪʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʬʘʛʘ. 

ʉʦʛʣʘʩʥʦ ʩʣʦʞʠʚʰʝʡʩʷ ʥʦʤʝʥʢʣʘʪʫʨʝ, C. diph-

theriae ʦʪʥʦʩʷʪ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʠʩʪʠʥʥʦʡ ʜʠʬʪʝʨʠʠ, 

ʘ C. ulcerans ʩʯʠʪʘʶʪ ʣʦʞʥʦ ʜʠʬʪʝʨʠʡʥʳʤʠ ʤʠʢʨʦ-

ʙʘʤʠ. ʆʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ [4] 

DLT-ʛʝʥ C. ulcerans ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʛʦʤʦ-

ʣʦʛʠʠ ʩ ʜʠʬʪʝʨʠʡʥʳʤ ʪʦʢʩʠʥʦʤ C. diphtheriae. 

ʇʦʯʪʠ ʚʩʝ ʩʣʫʯʘʠ ʧʦʨʘʞʝʥʠʷ ʧʘʪʦʛʝʥʥʳʤʠ 

ʰʪʘʤʤʘʤʠ C. ulcerans ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʠʤʧʪʦ-

ʤʘʤʠ ʩʭʦʞʠʤʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʠʬʪʝʨʠʝʡ. ʕʪʦ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʭʨʦʤʦʩʦʤʝ ʚʦʟʙʫʜʠʪʝʣʷ ʛʝʥʦʚ 

ʫʤʝʨʝʥʥʦʛʦ ʢʦʥʚʝʨʪʠʨʫʶʱʝʛʦ Ç-ʧʨʦʬʘʛʘ, ʥʘʟʚʘʥ-

ʥʦʛʦ ʢʦʨʠʥʝʬʘʛʦʤ, ʠ ʥʝʩʫʱʠʤ ʦʧʝʨʦʥ ʜʠʬʪʝʨʠʡ-

ʥʦʛʦ ʪʦʢʩʠʥʘ [5].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠ-

ʩʪʝʤʳ ʠʥʜʠʢʘʮʠʠ C. diphtheria ʠ C. ulcerans ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʠʭ ʧʘʪʦʛʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʘʧʘ ʚʳʜʝʣʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴ-

ʥʦʡ ɼʅʂ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ çʇʨʦʙʘïɻʉè (ʩʦʨ-

ʙʝʥʪʥʘʷ ʤʝʪʦʜʠʢʘ ʦʯʠʩʪʢʠ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʫʘʥʠʜʠʥʪʠʦʮʠʦʥʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʭʦʘʪʨʦʧʥʦʛʦ 

ʘʛʝʥʪʘ), (ʅʇʌ çɼʅʂïʊʝʭʥʦʣʦʛʠʷè, ʛ. ʄʦʩʢʚʘ), 

çɼʅʂïʩʦʨʙïɸïʄ ï ʚʘʨʠʘʥʪ 100è (ʩʦʨʙʝʥʪʥʘʷ ʤʝʪʦ-

ʜʠʢʘ) (çʀʥʪʝʃʘʙʉʝʨʚʠʩè, ʛ. ʄʦʩʢʚʘ). ɼʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ çʅʘʙʦʨ ʨʝʘ-

ʛʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ-ʈɺ ʩ Taqïɼʅʂï

ʧʦʣʠʤʝʨʘʟʦʡ ʠ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨ-



ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 5 

ʤʝʥʪʘ ʘʥʪʠʪʝʣʘʤʠè (ʩʦʩʪʘʚ ʥʘʙʦʨʘ: ʜʝʟʦʢʩʠʥʫʢʣʝʦ-

ʟʠʜʪʨʠʬʦʩʬʘʪʳ, 2.5 ʤʄ, 500 ʤʢʣ; 10ïʢʨʘʪʥʳʡ ʇʎʈ 

ʙʫʬʝʨ, 500 ʤʢʣ; ʄgCl2, 25 ʤʄ, 500 ʤʢʣ; Taq ɼʅʂï

ʧʦʣʠʤʝʨʘʟʘ ʩ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨ-

ʤʝʥʪʘ ʘʥʪʠʪʝʣʘʤʠ, 5 ɽ/ʤʢʣ, 50 ʤʢʣ; ʜʝʠʦʥʠʟʠʨʦʚʘʥ-

ʥʘʷ ʚʦʜʘ, 2ʭ1,7 ʤʣ.) (ʆʆʆ çʉʠʥʪʦʣè, ʛ. ʄʦʩʢʚʘ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ 

ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʇʎʈ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʛʦʪʦʚʳʝ 2,3% ʘʛʘʨʦʟʥʳʝ ʛʝʣʠ ʩ ʥʘʚʝʩʢʦʡ ʙʫʬʝʨʥʦʡ 

ʩʤʝʩʠ (ʪʨʠʩïʙʦʨʘʪʥʦʡ), ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʚ 1 ʣʠʪʨʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʅʇʌ çɼʅʂ-

ʊʝʭʥʦʣʦʛʠʷè, ʛ. ʄʦʩʢʚʘ), ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʜʣʷ 

ʇʎʈ. ʇʨʘʡʤʝʨʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʙʘʟʝ ʆʆʆ 

çʉʠʥʪʦʣè (ʛ. ʄʦʩʢʚʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ 1-2 ʆɽ (ʧʨʠ 280 

ʥʤ). 

ʆʙʦʨʫʜʦʚʘʥʠʝ 

ɼʝʪʝʢʪʠʨʫʶʱʠʡ ʘʤʧʣʠʬʠʢʘʪʦʨ ɼʊï322 (Realï

time) ï 2ʭïʢʘʥʘʣʴʥʳʡ (ʜʣʠʥʳ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ/ʜʝ-

ʪʝʢʮʠʠ ï 470/515, 532/570, ʅʇʌ çɼʅʂï

ʊʝʭʥʦʣʦʛʠʷè, ʛ. ʄʦʩʢʚʘ), ʢʘʤʝʨʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ SE-2 (Helicon, ʄʦʩʢʚʘ), ʧʝʨʩʦ-

ʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ,ʙʣʦʢ ʧʠʪʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʬʦ-

ʨʝʟʘ çʕʣʴʬï4è (çɼʅʂïʊʝʭʥʦʣʦʛʠʷè, ʛ.ʄʦʩʢʚʘ), 

ʪʨʘʥʩʠʣʣʶʤʠʥʘʪʦʨ (Vilber Lourmat) ECXï15ʄ 

(ʋʌʆ, ʜʣʠʥʘ ʚʦʣʥʳ 260 ʥʤ., ʌʨʘʥʮʠʷ), ʚʠʜʝʦʩʠ-

ʩʪʝʤʘ ʜʣʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ (Gel Imager), ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ Gel Explorer V.1.0 (ru) (ʛ.ʅ. ʅʦʚʛʦʨʦʜ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʝʨʦʥ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ 

ʬʠʟʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʝʥʦʤʝ ʫʤʝʨʝʥʥʦʛʦ ʢʦʥ-

ʚʝʨʪʠʨʫʶʱʝʛʦ Ç-ʧʨʦʬʘʛʘ, ʥʘʟʚʘʥʥʦʛʦ ʢʦ-

ʨʠʥʝʬʘʛʦʤ. ʇʦʵʪʦʤʫ ʦʙʲʝʢʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʰʪʘʤʤʳ C. diphtheriae ʠ C. ul-

cerans, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʘʥʥʳʡ 

ʢʦʨʠʥʝʬʘʛ.  

ʇʦ ʜʘʥʥʳʤ ʨʝʩʫʨʩʘ NCBI ʚʳʩʦʢʦʚʠʨʫʣʝʥʪʥʳʝ 

ʰʪʘʤʤʳ C. diphtheriae ʠ C. ulcerans ʠʤʝʶʪ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʜʠʬʪʝ-

ʨʠʡʥʳʡ ʪʦʢʩʠʥ Dtx ʠ ʨʝʛʫʣʷʪʦʨ ʝʛʦ ʵʢʩʧʨʝʩʩʠʠ 

DtxR. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʫ C. diphtheriae ʠ C. ulcerans ʠ ʧʦʜʙʦʨ ʦʣʠʛʦ-

ʥʫʢʣʝʦʪʠʜʦʚ (ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ) ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʜʠʘʛʥʦʩʪʠʢʫʤʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʤʘʨʢʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʚʠʜʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ) ʜʣʷ ʠʥʜʠ-

ʢʘʮʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ C. diphtheriae ʠ 

C. ulcerans. 

ʀʩʩʣʝʜʦʚʘʚ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ C. diph-

theriae ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʳ-ʤʠʰʝʥʠ ʜʣʷ ʚʦʟʤʦʞ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʫʤʝ: atpA 

 - ʘʣʴʬʘ ʮʝʧʴ ɸʊʌ-ʩʠʥʪʝʪʘʟʳ, dnaE - ʘʣʴʬʘ-

ʩʫʙʲʝʜʠʥʠʮʘ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ III, dnaK  - ʙʝʣʦʢ 

DnaK, cls - ʢʘʨʜʠʦʣʠʧʠʥʩʠʥʪʘʟʘ, odha  - 2-ʦʢʩʦ-

ʛʣʫʪʫʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ, rpoB - ʙʝʪʘ-ʮʝʧʴ ʈʅʂ-

ʧʦʣʠʤʝʨʘʟʳ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʣʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʦʚ ʚ NCBI nucle-

otide Blast ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʛʝʥ cls, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ 

ʚʠʜʘ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʠʩʪʝʤʦʡ 

NCBI ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʦʥʜʦʚ ʠ 

ʧʨʘʡʤʝʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ: 

ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ô-3ô) 

CTTCCTCGGCTCCCAAAACA , ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 60,2Áʉ, GC % - 55,00; ʦʙʨʘʪʥʳʡ ʧʨʘʡ-

ʤʝʨ (5ô-3ô) GGAGTTCTACGCGTACTCCG , ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 59,9Áʉ, GC % - 60,00; ʦʣʠʛʦ-

ʥʫʢʣʝʦʪʠʜʥʳʡ ʟʦʥʜ (5ô-3ô) 

AATCGCGCCAAAGGCCGTCA , ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 57,97Áʉ, GC % - 60,00; ʜʣʠʥʘ ʘʤʧʣʠ-

ʢʦʥʘ ï 377 ʧ.ʦ. 

ʀʩʩʣʝʜʦʚʘʚ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ C. ulcer-

ans ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʳ-ʤʠʰʝʥʠ ʜʣʷ ʚʦʟʤʦʞ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʠʘʛʥʦʩʪʠʢʫʤʝ: nreC - ʧʨʦʤʦ-

ʪʝʨ-ʨʝʛʫʣʷʪʦʨ (ʜʚʫʭ-ʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ), tcsS5 - 

ʛʠʩʪʠʥʠʜʢʠʥʘʟʘ ʩʝʥʩʦʨ, spaD - ʬʠʤʙʨʠʘʣʴʥʘʷ ʩʫʙʲ-

ʝʜʠʥʠʮʘ, rbp - ʨʠʙʦʩʦʤ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ, pld - 

ʬʦʩʬʦʣʠʧʘʟʘ D, tspA - ʪʨʠʧʩʠʥʦʧʦʜʦʙʥʳʝ ʩʝʨʠʥʦ-

ʚʳʝ ʧʨʦʪʝʘʟʳ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʣʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʦʚ ʚ NCBInucle-

otideBlast ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʛʝʥ pld, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ 

ʚʠʜʘ.  

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʣʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʛʝʥʦʚ ʚ NCBInucleo-

tideBlast ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʛʝʥ pld, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʰʪʘʤʤʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ: 

ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ô-3ô) 

AGTCGGCATCGCATTCTAGG , ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 59,97Áʉ, GC % - 55,00; ʦʙʨʘʪʥʳʡ ʧʨʘʡ-

ʤʝʨ (5ô-3ô) AGACGTGATCAGTGCAGAGC , ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 60,11Áʉ, GC % - 55,00; ʦʣʠʛʦ-

ʥʫʢʣʝʦʪʠʜʥʳʡ ʟʦʥʜ (5ô-3ô) 

CGTAGCGTGAGGGAGGCCCT , ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 60,04Áʉ, GC % - 70,00; ʜʣʠʥʘ ʘʤʧʣʠ-

ʢʦʥʘ ï 174 ʧ.ʦ. 

ɿʘʪʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʣʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʜʣʷ C. 

ulcerans ʠ C. diphtheriae. ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʜʘʥʥʳʭ ʙʘʢʪʝ-

ʨʠʘʣʴʥʳʭ ʚʠʜʦʚ (ʩʦʦʪʚʝʪʩʪʚʠʝ 95%). ɹʳʣʠ ʚʳ-

ʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ (ʧʨʘʡʤʝʨʳ ʠ 

ʟʦʥʜ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ: ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ô-3ô) 

CCTTCAGCCCATGCAGGC, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚ-

ʣʝʥʠʷ ï 61,15Áʉ, GC % - 66,67; ʦʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ 

(5ô-3ô) AGCACCATCACCGAACCTTT, ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 59,89Áʉ, GC % - 50,00; ʦʣʠʛʦʥʫʢ-

ʣʝʦʪʠʜʥʳʡ ʟʦʥʜ (5ô-3ô) 

TGGAAAGGCTGGAGGCGTGG, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 58,98Áʉ, GC % - 65,00; ʜʣʠʥʘ ʘʤʧʣʠ-

ʢʦʥʘ ï 408 ʧ.ʦ. 

ʊʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʣʥʳʝ ʥʫʢʣʝʦʪʠʜ-

ʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ ʜʠʬʪʝʨʠʡʥʦʛʦ 

ʪʦʢʩʠʥʘ (DtxR familytranscriptional regulator) ʜʣʷ C. 

ulcerans ʠ C. diphtheriae. ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʩʦʦʪʚʝʪʩʪʚʠʝ 76%). ɺʚʠʜʫ ʨʘʟʣʠ-

ʯʠʡ ʚ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ DtxR 
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C. ulcerans ʠ C. diphtheriae ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ (ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ) ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ: 

ʜʣʷ C. diphtheria - ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ô-3ô) 

CTTGGT GAGTTTGCGGTTGG, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 59,97Áʉ, GC % - 55,00; ʦʙʨʘʪʥʳʡ ʧʨʘʡ-

ʤʝʨ (5ô-3ô) TGGGATGTCTCTGTCGCCTA, ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 60,03Áʉ, GC % - 55,00; ʦʣʠʛʦ-

ʥʫʢʣʝʦʪʠʜʥʳʡ ʟʦʥʜ (5ô-3ô) 

TCGCGATGCCAACCTGCTGC, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 60,66Áʉ, GC % - 65,00; ʜʣʠʥʘ ʘʤʧʣʠ-

ʢʦʥʘ ï 174 ʧ.ʦ. 

ʜʣʷ C. ulcerans - ʧʨʷʤʦʡ ʧʨʘʡʤʝʨ (5ô-3ô) 

GGACGATCTCTAGCCACTG C, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 59,97Áʉ, GC % - 60,00; ʦʙʨʘʪʥʳʡ ʧʨʘʡ-

ʤʝʨ (5ô-3ô) GGGAAACACCGAGTTCGTCT, ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 59,97Áʉ, GC % - 55,00; ʦʣʠʛʦ-

ʥʫʢʣʝʦʪʠʜʥʳʡ ʟʦʥʜ (5ô-3ô) 

GCCTGCCGCTGGGAACATGT, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ï 59,97Áʉ, GC % - 65,00; ʜʣʠʥʘ ʘʤʧʣʠ-

ʢʦʥʘ ï 223 ʧ.ʦ. 

ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʧʨʘʡʤʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ɼʅʂ C. diphtheria, C. ulcerans, ɓ-ʧʨʦ-

ʬʘʛʘ, ʥʝʩʫʱʝʛʦ ʛʝʥ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʝʛʦ ʨʝ-

ʛʫʣʷʪʦʨʘ ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʟʘʜʘʯ ʷʚʣʷʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʧʨʦʙʘʭ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʵʢʩʪʘʛʠʨʦʚʘʥʥʫʶ ɼʅʂ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʢʫʣʴʪʫʨ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʮʠʢʣ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʠʤʝʨʘʟ-

ʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʤʝ-

ʪʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ 

ʛʝʣʝ.  

ʉʦ ʚʩʝʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʜʦʙʨʘʥʥʳʭ ʦʣʠʛʦʥʫʢ-

ʣʝʦʪʠʜʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʇʎʈ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʘʤʠ ʦʪʞʠʛʘ, ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʚ ʩʠʩʪʝʤʝ NCBI 

Primer Blast 60-62Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘ-

ʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʠʩʪʝʤ ʧʨʘʡʤʝ-

ʨʦʚ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ csl, pld, Dtx. ʆʜʥʘʢʦ 

ʜʣʷ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʘ ʨʝ-

ʛʫʣʷʪʦʨʘ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ C. 

diphtheria ʠ C. ulcerans ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʘʤʧʠʬʠʢʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ, ʪ.ʢ. 

ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʧʝʮʠʬʠʯʝ-

ʩʢʠʝ ʧʦʣʦʩʳ ʘʤʧʣʠʢʦʥʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ 

ʜʣʠʥʫ. 

ʇʦʩʣʝ ʨʷʜʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʪʞʠʛʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 62Áʉ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʤʧʣʠʢʦʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʩʧʝ-

ʮʠʬʠʯʥʳʤʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʰʝʥʝʡ. ʊʘʢʞʝ 

ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠ-

ʤʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤ ʧʨʘʡ-

ʤʝʨʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʘ ʨʝʛʫʣʷʪʦʨʘ ʜʠʬʪʝ-

ʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ C. diphtheria ʠ C. 

ulcerans. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ-

ʞʠʛʘ 65Áʉ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʘʙʳʝ ʥʝʩʧʝʮʠʬʠʯʝ-

ʩʢʠʝ ʧʦʣʦʩʳ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʦʙ ʫʩʣʦʞʥʝʥʠʠ ʧʨʦʛʨʘʤʤʳ ʘʤʧʣʠʬʠʢʘʮʠʠ: 1) 95Üʉ 

ï 5 ʤʠʥʫʪ ï 1 ʮʠʢʣ; 2) 95Ü ʉ ï 10 ʩʝʢ, 62Ü ʉ ï 10 ʩʝʢ 

ï 5 ʮʠʢʣʦʚ; 3) 95Ü ʉ ï 5 ʩʝʢ, 65Ü ʉ ï 15 ʩʝʢ ï 40 ʮʠʢ-

ʣʦʚ; 4) 72Ü ʉ ï 2 ʤʠʥʫʪʘ ï 1 ʮʠʢʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʬʦʨʝ-

ʛʨʘʤʤʳ (ʨʠʩ. 1-5), ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʚʳʩʦʢʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʘʡʤʝʨʦʚ ʠ 

ʩʪʝʧʝʥʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʘʤʧʣʠʬʠʢʘʮʠʠ, 

ʷʚʣʷʶʱʫʶʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʚʩʝʭ ʚʳʰʝʫʢʘʟʘʥ-

ʥʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ

 

 
 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. diphtheria ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ cls. 
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ʈʠʩ. 2. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. ulcerans ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ pld. 

 

 
ʈʠʩ. 3. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. ulcerans ʠ C. diphtheriae ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ Dtx ʜʠʬʪʝʨʠʡʥʦʛʦ 

ʪʦʢʩʠʥʘ ɓ-ʧʨʦʬʘʛʘ. 

 

 
 

ʈʠʩ. 4. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. diphtheriae ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ DtxR. 
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ʈʠʩ. 5. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. ulcerans ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʫ DtxR. 

 

ʊʘʢ ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʜʝʪʝʢ-

ʮʠʷ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚ ʨʝʞʠʤʝ çʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠè, ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʦʜʦʙʨʘʥʥʳʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʬʣʫʦʨʝʩʮʝʥʪ-

ʥʳʝ ʟʦʥʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʳʤʠ ʢ 

ʠʩʩʣʝʜʫʝʤʳʤ ʤʠʰʝʥʷʤ. ɿʦʥʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʳ ʩ ʢʨʘʩʠʪʝʣʝʤ Fam ʠ ʪʫʰʠʪʝʣʝʡ BHQ1. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ. 6. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʜʝʪʝʢʮʠʷ ɼʅʂ C. ulcerans ʠ C. diphtheriae ʩ ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʘʤ Dtx ʠ DtxR. 

 

ʆʜʥʦʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ 

ʤʫʣʴʪʠʧʣʝʢʩʥʘʷ ʇʎʈ. ʊʘʢ, ʚʢʣʶʯʘʷ ʚ ʦʜʥʫ ʨʝʘʢʮʠʶ 

ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ (ʧʘʨ) ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʦʙʨʘʟʫ-

ʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʜʣʠʥʝ ʘʤʧʣʠ-

ʢʦʥʳ, ʤʳ ʤʦʞʝʤ ʚ ʦʜʥʦʡ ʧʨʦʙʠʨʢʝ ʧʨʦʚʝʩʪʠ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʤʠʰʝʥʝʡ. ʆʛʨʘʥʠʯʝʥʠʝʤ 

ʟʜʝʩʴ ʙʫʜʫʪ ʩʣʫʞʠʪʴ: ʢʦʣʠʯʝʩʪʚʦ ʤʠʰʝʥʝʡ, ʨʘʟʣʠ-

ʯʠʷ ʧʦ ʜʣʠʥʝ ʘʤʧʣʠʢʦʥʦʚ, ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ. ɼʣʷ ʥʘʰʠʭ ʇʎʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʝʩʪʴ ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʜʣʠʥʝ ʘʤʧʣʠʢʦʥʳ, ʯʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʚʳʙʦʨʫ ʯʘʩʪʠ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʣʦʛʠʯʥʝʝ ʙʫ-

ʜʝʪ ʧʨʦʚʝʩʪʠ ʚ ʬʦʨʤʘʪʝ ʤʦʥʦʧʣʝʢʩʘ ʠ ʤʫʣʴʪʠ-

ʧʣʝʢʩʘ. ʊʘʢ, ʤʠʰʝʥʠ-ʛʝʥʳ cls ʠ pld, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʦʚ C. diphtheria ʠ C. 

ulcerans, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʥʜʠʢʘʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʢʦ-

ʨʠʥʝʙʘʢʪʝʨʠʡ, ʙʫʜʫʪ ʠʤʝʪʴ ʤʦʥʦʧʣʝʢʩʥʳʡ ʬʦʨʤʘʪ. 

ʄʠʰʝʥʠ ʛʝʥʳ ʜʠʬʪʝʨʠʡʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʝʛʦ ʨʝʛʫʣʷ-

ʪʦʨ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʫʣʴʪʠʧʣʝʢʩʦʚʦʤ ʬʦʨ-

ʤʘʪʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʪʦʛʝʥʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʬʦʨʤʘʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʚʩʝʭ ʩʠʩʪʝʤ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʯʪʦʙʳ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚʩʝʭ ʧʨʘʡʤʝʨʦʚ ʙʳʣʠ ʠʜʝʥʪʠʯ-

ʥʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʤʠʰʝʥʝʡ 

Dtx (C. diphtheria ʠ C. ulcerans), DtxR (C. diphtheria) 

ʠ DtxR (C. ulcerans) ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 1,5:1:1. 

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʠʩʢʣʶʯʘʶʱʘʷ ʥʘʨʘ-

ʙʦʪʢʫ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ, 

ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 7. 
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ʈʠʩ. 7. ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ɼʅʂ C. ulcerans (ʪʨʝʢʠ 1,3,4,5,8-10) ʠ C. diphtheriae (ʪʨʝʢʠ 2,6,7,11-13) ʩ 

ʧʨʘʡʤʝʨʘʤʠ ʢ ʛʝʥʘʤ Dtx ʠ DtxR. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʘʡʤʝʨʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʝʥʦʤʥʦʡ ɼʅʂ C. diphtheriae ʠ C. ulcerans (ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʛʝʥʳ-ʤʠʰʝʥʠ cls ʠ pld ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʝʪʝʢʮʠʠ ʚʠʨʫʣʝʥʪʥʳʭ ʰʪʘʤʤʦʚ 

ʜʘʥʥʳʭ ʚʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʠʷ ʛʝʥʘ ʜʠʬʝʪʨʠʡ-

ʥʦʛʦ ʪʦʢʩʠʥʘ Dtx ʠ ʝʛʦ ʨʝʛʫʣʷʪʦʨʘ DtxR, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʤ ʬʦʨʤʘʪʝ. 
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 ʘʪʝʨʣʽץ ʜʘʡʜʘסʠ ʞʘסʪʘʨʳʥʜʘ ʪʘʙʠץʘʨʘʩʪʳ ʞʝʢʝ ʤʘʣ ʰʘʨʫʘʰʳʣʳץ ʘʣʘʜʘ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʘץʳʣʳʤʠ ʤʘנ

ʢʘʪʘʨʣʳ ץʳʟʫʣʘʥʫסʘ ʰʘʣʜʳסʳʧ ᴇʣʛʝʥ ʩʠʳʨ ᴇʣʝʢʩʝʣʝʨʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʢʣʠʥʠʢʘʣʳץ ʞᴅʥʝ ʧʘʪʦʣʦʛʠʷʣʳץ 
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ʪʘʥʘʫ ץʫʳʩʪʘʨʳʥʘʥ ʘץʧʘʥʳש ʙᴇʣʽʥʫʽ, ץᴇʟʜʽץ שʘʩʘץ שʘʙʳסʳʥʳש ʢᴇʤʝʩʢʽʣʝʥʫʽʤʝʥ, ʪʘʥʘʫʜʳש 

  .ʘʡʫʳʤʝʥ ʢᴇʨʽʥʜʽסʣײ שʡʽʥʜʝʨʜʽװʪ ץʪʘʥʫʳʤʝʥ, ʣʠʤʬʘʣʳץʘʙʳʨʰʘץ

ɸʣ, ʧʘʪʦʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ: ʘʫʳʟ ʞᴅʥʝ ʪʘʥʘʫ ץʫʳʩʪʘʨʳʥʳש ʥʝʢʨʦʟʳ, ײʣʪʘʙʘʨʜʘ ʦʡʳʣʳʤʜʘʨ 

ʤʝʥ ʦʡʜʳʤʜʘʨ, ʘʟʳץ ץʦʨʳʪʫ ʞʦʣʜʘʨʳʥʳש ʬʠʙʨʠʥʜʽ ʥʝʢʨʦʟʜʘʣʳʧ ץʘʙʳʥʫʳ, ײʣʪʘʙʘʨ ʤʝʥ ʘʰ ʽʰʝʢʪʽש ʞʽʪʽ 

ʢʘʪʘʨʣʳ ʛʝʤʦʨʨʘʛʠʷʣʳץ ץʘʙʳʥʫʳ, ʤʠ ץʘʙʳץʪʘʨʳʥʳש ʛʠʧʝʨʝʤʠʷʩʳ ʞᴅʥʝ ʜʦʤʙʳסʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʨʽ 

ʘʩʪʳʥʜʘ, ʩʽʨʣʽ ץʘʙʳץʪʘʨʜʘ, ʰʘʞʳʨץʘʡʜʘ, ʰʘʨʙʳʜʘ ʞᴅʥʝ ʞװʨʝʢʪʝ ץʘʥʪʘʣʘʫʣʘʨʤʝʥ ʙʘʡץʘʣʜʳ. 

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ɯʨʽ ץʘʨʘ ʤʘʣ, ץʘʪʝʨʣʽ ʢʘʪʘʨʣʳ ץʳʟʫʣʘʥʫ, ʧʘʪʦʤʦʨʬʦʣʦʛʠʷ, ʥʝʢʨʦʟ, ץʘʙʳʥʫ, ʛʠʧʝʨʝʤʠʷ, 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫ ʩʧʦʥʪʘʥʥʦ ʟʘʙʦʣʝʚʰʠʭ 

ʠ ʧʘʚʰʠʭ ʦʪ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʪʘʨʘʣʴʥʦʡ ʛʦʨʷʯʢʠ ʚ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʨʦʚ. ʇʦ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʪʘʨʘʣʴʥʦ-ʛʥʦʡʥʳʡ 

ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪ, ʛʥʦʡʥʦʡ-ʬʠʙʨʠʥʥʳʡ ʨʠʥʠʪ, ʪʨʘʭʝʠʪ, ʥʝʢʨʦʟ ʨʦʪʦʚʦʡ ʠ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʝʡ, ʷʟʚʳ ʠ 

ʵʨʦʟʠʠ ʚ ʩʳʯʫʛʝ, ʬʠʙʨʠʥʦʟʥʦ-ʥʝʢʨʦʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, ʢʦʣʠʪ, ʛʠʧʝʨʝʤʠʷ ʠ 

ʦʪʝʢ ʤʦʟʛʦʚʳʭ ʦʙʦʣʦʯʝʢ. 
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CLINIC -MORPHOLOGY MALIGNANT CATARRHAL FEVER OF CATTLE  
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Abstract 

The article presents clinical data and pathologic changes from spontaneously sick and fallen cattle from ma-

lignant catarrhal fever in private farms of Almaty region. The results of studies of clinically detected cachexia, 

mucous discharge from the oral and nasal cavities, sores in the nose the mirror, swollen lymph nodes. In the result 

of a post mortem examination catarrhal-purulent keratoconjunctivitis, purulent-fibrin rhinitis, tracheidôs, necrosis 

of oral and nasal cavities, ulcers, and erosions in abomasum, fibrin us-necrotic inflammation of the digestive tract, 

colitis, congestion and edema of the meninges. 

Keywords: Cattle, malignant catarrhal fever, pathomorphology, necrosis, inflammation, hyperemia, hemor-

rhage, internal organs, edema. 

 

ʂʽʨʽʩʧʝ. ɯʨʽ ץʘʨʘ ʤʘʣʜʘʨʜʳץ שʘʪʝʨʣʽ ʢʘʪʘʨʣʳ 

 ᴅʩʽʨʝʩʝ ,שʪʘʨʜʳץʘʙʳץ ʳʟʫʣʘʥʫʳ - ʢʽʣʝʛʝʡʣʽץ

ʙʘʩʪʘסʳ, ᴅʨʪװʨʣʽ ʬʦʨʤʘʣʘʨʜʘ ʞᴅʥʝ ʪװʨʣʽ ʜᴅʨʝʞʝʜʝ 

 ʡʢʝװʘʙʳʥʫʳʤʝʥ, ʢᴇʟ (ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪ) ʙʝʥ ʞץ

ʞװʡʝʩʽʥʽש (ʵʥʮʝʬʘʣʠʪ) ʪʝʨʝש ʟʘץʳʤʜʘʣʫʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʪʳʥ, ʩʧʦʨʘʜʠʷʣʳץ ʪװʨʜʝ ᴇʪʝʪʽʥ, ʘʩʘ 

ʞסײʳʤʪʘʣ ʝʤʝʩ, ʢᴇʙʽʥʝʩʝ ʞʽʪʽ ʪװʨʜʝ ᴇʪʝʪʽʥ ʽʨʽ ץʘʨʘ 

ʤʘʣʜʘʨʜʳץ ,שʦʜʘʩʪʘʨʜʳש, ʙסײʳʣʘʨʜʳש, ʩʦʥʳʤʝʥ 

 ʳʟʙʘץ שʪʳ ʞʘʥʫʘʨʣʘʨʜʳץʷײʧ ʪײʘʪʘʨ ʞʘʙʘʡʳ ʞץ

ʘʫʨʫʳ [1, 2, 3]. 

ɾʘʥʫʘʨʣʘʨʜʳש ʘʟʳץʪʘʥʜʳʨʫ ʞᴅʥʝ ʢװʪʽʤ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʙײʟʳʣʫʳ ï ᴅʨʪװʨʣʽ ʘʫʨʫʣʘʨʜʳש 

ʪʫʳʥʜʘʫʳʥʘ ᴅʢʝʣʽʧ ʩʦץʪʳʨʘʜʳ ʜʘ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʘʫʨʫ ʞʘʩʳʨʳʥ, ʘʪʠʧʪʽ ʞᴅʥʝ ʘʩʩʦʮʠʘʪʠʚʪʽ ʪװʨʜʝ, 

ᴇʪʽʧ, ʜʝʨ ʢʝʟʽʥʜʝ ʘʫʨʫסʘ ʜʠʘʛʥʦʟ ץʦʶסʘ ʢʝʜʝʨʛʽ 

ʢʝʣʪʽʨʝʜʽ. פʘʟʽʨʛʽ ʪʘשʜʘ ʰʘʨʫʘʰʳʣʳץʪʘʨʜʘסʳ 

ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʠʥʬʝʢʮʠʷʣʳץ ʘʫʨʫʣʘʨʜʳש ʙʽʨʽ 

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [4]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʜʘ ʽʨʽ ץʘʨʘ ʤʘʣʜʘʨ 

ʘʨʘʩʳʥʜʘ ʢʦʥʲʶʥʢʪʠʚʪʽ ʢʝʨʘʪʠʪ ʘʫʨʫʳ ʢᴇʧʪʝʧ 

ʢʝʟʜʝʩʫʜʝ.  

ʉʦʥʜʳץʪʘʥ ʜʘ ʞʘʥʫʘʨʣʘʨ ʦʨʛʘʥʠʟʤʽʥʜʝ 

ʙʘʡץʘʣסʘʥ ʧʘʪʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ 

ʧʦʣʠʵʪʠʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ ᴅʩʝʨʽʥʝʥ ʰʘʨʪʪʳ 

ʧʘʪʦʛʝʥʜʽ ʬʘʢʪʦʨʣʘʨʜʳש ʘʨʘ-ץʘʪʳʥʘʩʳ ʙײʟʳʣʫʳ 

ʩʘʣʜʘʨʳʥʘʥ ʪʫʳʥʜʘסʘʥ ᴇʟʛʝʨʽʩʪʝʨ ʨʝʪʽʥʜʝ ʞʘʥ-

ʞʘץʪʳ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ [5]. 

 ʳʟʤʝʪʪʽʢ ᴇʟʛʝʨʽʩʪʝʨʜʽ ᴅʨץ ץʨʳʣʳʤʜʳײפ

 ʘ ʜʝʨ ʢʝʟʽʥʜʝסʨʜʝ ʟʝʨʪʪʝʫ ʘʫʨʫװʳʨʳʥʘʥ ʢʝʰʝʥʜʽ ʪץ

ʥʘץʪʳ ʜʠʘʛʥʦʟ ץʦʶסʘ ʞᴅʥʝ ʝʤʜʽʢ ï ʘʣʜʳʥ-ʘʣʫ 

ʰʘʨʘʣʘʨʳʥ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɺʝʪʝʨʠʥʘʨʣʳץ ʤʘʤʘʥʜʘʨʜʳס שʳʣʳʤʠ ʪᴅʞʽʨʠʙʝʣʽʢ 

 ʞᴅʥʝ ʟʝʨʪʪʝʫ שʘ ʦʙʲʝʢʪʽʣʝʨʜʽשʳʟʤʝʪʽʥʜʝʛʽ ʞʘץ

ᴅʜʽʩʪʝʨʽʥʽש ʪװʨʣʽʣʽʛʽ ᴅʨ ᴅʜʽʩʪʽש ʞʘʥʫʘʨʣʘʨʜʳש 

ʘʫʨʫʣʘʨʳʥ ʞʘשʘʜʘʥ ᴇʣʛʝʥ ʢʝʟʜʝ ʥʝʤʝʩʝ 

ʜʠʘʛʥʦʩʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘ ᴇʣʪʽʨʽʣʛʝʥʜʝ ʘʫʨʫסʘ 

ʥʘץʪʳ ʜʠʘʛʥʦʟ ץʦʶʜʘ ʢʣʠʥʠʢʘʣʳץ-ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʙʘסʳʪʪʘ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʤᴅʥʽʥ ᴅʣʽ ʞʦסʘʣʪʘ ץʦʡסʘʥ 

ʞʦץ. 

ɹʽʨʘץ ʪʘ ʽʨʽ ץʘʨʘ ʤʘʣ ץʘʪʝʨʣʽ ץʘʪʘʨʣʳ 

 ץʘʣʘʪʳʥ ʢʣʠʥʠʢʘʣʳץʳʟʫʣʘʥʫʳ ʢʝʟʽʥʜʝ ʙʘʡץ

ʙʝʣʛʽʣʝʨʜʽש ʙʘʩץʘ ʘʫʨʫʣʘʨʜʳש ʙʝʣʛʽʣʝʨʽʥʝ ץײʩʘʩ 

ʙʦʣʫʳʥʘʥ ʞᴅʥʝ ʘʫʨʫסʘ ʰʘʣʜʳץץʘʥ ʤʘʣʜʘʨʜʳש 

ʞʳʣʜʘʤ ᴇʣʽʤʽ ʩʘʣʜʘʨʳʥʘʥ ʤʘʣʜʘʨסʘ ʪʽʨʽ ʢʝʟʽʥʜʝ 

ʜʠʘʛʥʦʟ ץʦʶ ץʠʳʥʜʳץ ʪʫʜʳʨʫʜʘ. ʉʦʥʜʳץʪʘʥ ʜʘ 

ʘʫʨʫʜʳש ʵʪʠʦʣʦʛʠʷʩʳʥ, ʢʣʠʥʠʢʘʣʳץ ʙʝʣʛʽʣʝʨʽʥ 

ʞᴅʥʝ ʧʘʪʦʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʽʨ ʞװʡʝ 

ʝʪʽʧ ץʘʨʘʩʪʳʨʫ ʙײʣ ʜʠʘʛʥʦʩʪʠʢʘʣʳײץ ץʥʜʳʣʳסʳ 

ʞʦסʘʨʳ ʞᴅʥʝ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [5]. 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ. נʳʣʳʤʠ 

ʞײʤʳʩ 2015-2017 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ פʘʟʘץ 

 ץçɹʠʦʣʦʛʠʷʣʳ שʫʥʠʚʝʨʩʠʪʝʪʽʥʽ ץʘʛʨʘʨʣʳ ץʣʪʪʳױ

 .ʨʛʽʟʽʣʜʽװʘʫʽʧʩʽʟʜʽʢè ʢʘʬʝʜʨʘʩʳʥʜʘ ʞץ

ɿʝʨʪʪʝʫʛʝ ץʘʞʝʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ɸʣʤʘʪʳ 

ʦʙʣʳʩʳʥʘ ץʘʨʘʩʪʳ ʙʽʨʥʝʰʝ ʤʘʣ 

ʰʘʨʫʘʰʳʣʳץʪʘʨʳʥʘʥ, ʪʘʙʠסʠ ʞʘסʜʘʡʜʘ ץʘʪʝʨʣʽ 

ʢʘʪʘʨʣʳ ץʳʟʫʣʘʥʫסʘ ʰʘʣʜʳסʳʧ ᴇʣʛʝʥ 16 ʩʠʳʨ 

ᴇʣʝʢʩʝʩʽ ʘʣʳʥʜʳ. ʆʣʘʨʜʳש ʞʘʩʳ 1 ï 4 ʞʘʩ 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. ʄʘʣ ʠʝʣʝʨʽʥʽש ʽʨʽ ץʘʨʘ 

ʤʘʣʜʘʨʜʳש ʰʳסʳʥסʘ ײʰʳʨʘʫ ʩʝʙʝʧʪʝʨʽʥ ʘʡץʳʥʜʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʫʥʠʚʝʨʩʠʪʝʪʪʽש çɹʠʦʣʦʛʠʷʣʳץ 

 ʘʨʘ ʤʘʣץ ʘʫʽʧʩʽʟʜʽʢè ʢʘʬʝʜʨʘʩʳʥʘ ʘʣʳʧ ʢʝʣʛʝʥ ʽʨʽץ

ᴇʣʝʢʩʝʣʝʨʽ ʢʘʬʝʜʨʘʥʳש ʩʝʢʮʠʷ ʟʘʣʳʥʜʘ ʩʦʡʳʣʳʧ 

(ʘʰʳʣʳʧ) ʟʝʨʪʪʝʣʜʽ. ɸʫʨʫסʘ ʜʠʘʛʥʦʟ ʢʝʰʝʥʜʽ 

ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ץʦʡʳʣʜʳ. 

ʐʳסʳʥסʘ ײʰʳʨʘסʘʥ ʽʨʽ ץʘʨʘ ʤʘʣʜʘʨʜʘ ʙʘʡץʘʣסʘʥ 

ʢʣʠʥʠʢʘʣʳץ ʙʝʣʛʽʣʝʨ, ʦʣʘʨʜʳ ʝʤʜʝʫ, ʙʘסʳʧ-ʢװʪʫ, 

ʰʘʨʫʘʰʳʣʳץʪʘʨʜʳש ʽʥʜʝʪʘʥʫʣʳץ ʪײʨסʳʜʘʥ ʭʘʣ-

ʘʭʫʘʣʳ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ ʘʣʜʳʥ-ʘʣʘ 

ʰʘʨʫʘʰʳʣʳץʪʳש ʤʘʣ ʜᴅʨʽʛʝʨʽʤʝʥ, ʤʘʣʜʳ ʙʘסʳʧ-

ʢװʪʫʰʽʣʝʨʤʝʥ ʩײʭʙʘʪʪʘʩʫ ʘʨץʳʣʳ ʞʠʥʘʣʜʳ. 

ᴆʣʝʢʩʝʣʝʨ ʧʘʪʦʣʦʛʠʷʣʳץ-ʘʥʘʪʦʤʠʷʣʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʝʥ ᴇʪʢʽʟʽʣʽʧ, ʧʘʪʦʛʠʩʪʦʣʦʛʠʷʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ᴇʪʢʽʟʫ ʤʘץʩʘʪʳʥʜʘ ʢʝʩʝʢʰʝʣʝʨ ʘʣʳʥʜʳ, 

ʙʘʢʪʝʨʠʦʩʢʦʧʠʷʣʳץ ʞᴅʥʝ ץʘʞʝʪ ʜʝʧ ʪʘʙʳʣסʘʥ 

ʞʘסʜʘʡʜʘ ʫʥʠʚʝʨʩʠʪʝʪʪʽש çʄʠʢʨʦʙʠʦʣʦʛʠʷ ʞᴅʥʝ 

ʚʠʨʫʩʦʣʦʛʠʷè ʢʘʬʝʜʨʘʩʳʥʜʘ ʙʘʢʪʝʨʠʦʣʦʛʠʷʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

ɯʨʽ ץʘʨʘ ʤʘʣ ᴇʣʝʢʩʝʣʝʨʽʥ ʘʰʳʧ ʞʘʡ ʢᴇʟʙʝʥ 

ʟʝʨʪʪʝʛʝʥʜʝ ץʘʨʳʥʳ ʢᴇʧ ʢʘʤʝʨʘʣʳ, ʽʰʝʛʽ ײʟʳʥ ʢװʡʽʩ 

ʤʘʣʜʘʨʳʥ ʩʦʡʳʧ-ʟʝʨʪʪʝʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ᴄʫʝʣʽ 

 ʫʳʩʪʳץ ,ʽʰʽʥʜʝʛʽʩʽʥʝ שʫʳʩʳ ʘʰʳʣʳʧ, ʦʥʳץ ץʨʩʘײץ

ʘʩʪʘʨʣʘסʘʥ ʩʽʨʣʽ ץʘʙʳץʪʳש ʞʘʡ-ʢװʡʽʥʝ ʢᴇשʽʣ 

ʘʫʜʘʨʳʣʜʳ, ʤװʰʝʣʝʨ ʪʘʙʠסʠ ʦʨʥʳʥʜʘ ʘʣʜʳʥ-ʘʣʘ 

ʟʝʨʪʪʝʣʜʽ, ʙʘʫʳʨ, ʦʥʝʢʽ ʝʣʽ ʽʰʝʢ ʧʝʥ ʘʣʜʳסשʳ 

 ʧʝʥ ʙʽʨʛʝ, ʘʱʳ ʽʰʝʢʪʝʥ ʪʽʢץʣʪʘʙʘʨ, ʪʘʣʘײ ,ʘʨʳʥʜʘʨץ

ʽʰʝʢʢʝ ʜʝʡʽʥ ʙᴇʣʝʢ ʰʳסʘʨʳʣʜʳ; ʢᴇʢʽʨʝʢ ץʫʳʩʳ 

ʘʰʳʣʳʧ ʟʝʨʪʪʝʣʜʽ, ʘʫʳʟ-ʤʦʡʳʥ, ʢᴇʢʽʨʝʢ ץʫʳʩʳ 

ʤװʰʝʣʝʨʽ ʙʽʨ-ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʜʝ ʰʳסʘʨʳʧ 

ʘʣʳʥʳʧ ʨʝʪ-ʨʝʪʽʤʝʥ ʤץײʠʷʪ ʟʝʨʪʪʝʣʜʽ. ᴄʨʙʽʨ 

ʪʝʢʩʝʨʽʣʛʝʥ ʞʘʥʫʘʨסʘ ʧʘʪʦʣʦʛʠʷʣʳץ ʘʥʘʪʦʤʠʷʣʳץ 

ʟʝʨʪʪʝʫ ʭʘʪʪʘʤʘʩʳ ʪʦʣʪʳʨʳʣʜʳ, ʘʡץʳʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ 

 ʰʝʣʝʨ ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘװʘʥ ʤסʰʳʨʘײ

ʬʦʪʦʘʧʧʘʨʘʪʧʝʥ ʪװʨʣʽ-ʪװʩʪʽ ʩʫʨʝʪʢʝ ʪװʩʽʨʽʣʜʽ. 

ɻʠʩʪʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʛʝ ץʘʞʝʪ ʧʨʝʧʘʨʘʪʪʘʨʜʳ 
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ʜʘʡʳʥʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʽʰʢʽ ʤװʰʝʣʝʨʜʝʥ ץʘʣʳשʜʳסʳ 

0,5ï1,0 ʩʤ-ʜʝʡ װʰ-ʪᴇʨʪ ʢʝʩʝʢʰʝ ʘʣʳʥʳʧ, 

ʬʦʨʤʘʣʠʥʥʽ10 ש % ʙʝʡʪʘʨʘʧʪʘʣסʘʥ ʝʨʽʪʽʥʜʽʩʽʥʜʝ, 

ʩʧʠʨʪ-ʬʦʨʤʘʣʠʥʜʝ ʙʝʢʽʪʽʣʜʽ. ɻʠʩʪʦʣʦʛʠʷʣʳץ 

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘסʘʥʜʘ 

ʧʘʪʦʛʠʩʪʦʣʦʛʠʷʣʳץ ʪʝʭʥʠʢʘʥʳש ʘʨʥʘʡʳ ʞʝʪʝʢʰʽ 

 ץɻʠʩʪʦʣʦʛʠʷʣʳ .ץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʜʳײץ

ʧʨʝʧʘʨʘʪʪʘʨʜʘʥ ʩʫʨʝʪʢʝ ʪװʩʽʨʫ װʰʽʥ KARL ZEISS 

ʤʠʢʨʦʩʢʦʧʳ ʤʝʥ ʩʘʥʜʳץ ʬʦʪʦʘʧʧʘʨʘʪ ץʦʣʜʘʥʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ. ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʤʽʟ 

ʙʦʣסʘʥ ץʘʪʝʨʣʽ ʢʘʪʘʨʣʳ ץʳʟʫʣʘʥʫʜʘʥ ᴇʣʛʝʥ ʽʨʽ ץʘʨʘ 

ʤʘʣʜʘʨʜʘ ʘʫʨʫʜʳש ʢʣʠʥʠʢʘʣʳץ ʙʝʣʛʽʣʝʨ ʜʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳ410 שʉ-ץʘ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʽʧ, 

ʩʘץʪʘʣʫʳʤʝʥ, ʢᴇʟʽʥʝʥ, ʪʘʥʘʫʳʥʘʥ ʢʽʣʝʛʝʡʣʽ-ʽʨʽשʜʽ 

ʩʦʨʘʥʳש ʘסʫʳʤʝʥ, ʘʫʳʟʳʥʘʥ ʞʘסʳʤʩʳʟ ʠʽʩʪʽש 

ʰʳסʫʳʤʝʥ, ʞװʡʢʝ ʞװʡʝʩʽʥʽץ שʦʟʫʳʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. 

ɸʫʳʨסʘʥ ʤʘʣʜʘʨʜʘ ץʘʣʪʳʨʘʫ, ʞʘʨʳץʪʘʥ ץʦʨץʫ 

ʙʘʡץʘʣʜʳ, ʪᴅʙʝʪʽ ʙʦʣʤʘʡ, ץʘʪʪʳ ʰᴇʣʜʝʫ ʙʦʣʳʧ, 

ʩʫʜʳ ʢᴇʧ ʽʰʽʧ, ʩװʪ ʙʝʨʫʽ ʘʟʘʡʜʳ, ʪʳʥʳʩ ʘʣʫʳ 

ʞʠʽʣʝʧ, ʢʝʡʽʥʥʝʥ ץʠʳʥʜʘʜʳ. ʂᴇʟʽʥʽץ שʘʩʘץ שʘʙʳסʳ 

ʢᴇʤʝʩʢʽʣʝʥʽʧ, ʢᴇʟʽʥ ʘץ ʙʘʩץʘʥ, ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ 

 .ʥ ʘʫʳʨʜʳװʘʨʘ ʤʘʣʜʘʨ 3 ï 4 ʢץ ʘʥ, ʽʩʽʥʛʝʥ. ɯʨʽסʳʟʘʨץ

ʆʩʳ ʘʨʘʣʳץʪʘ ʜʝʥʝ ץʳʟʫʳ ʪײʨʘץʪʳ ץʳʟʙʘ ʪװʨʽʥʜʝ 

ʙʦʣʳʧ, ʩʦשʳʥʘʥ ʤʘʣʜʘʨ ᴇʣʜʽ. 

ʇʘʪʦʣʦʛʠʷʣʳץ ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ. 

ᴆʣʛʝʥ ʽʨʽ ץʘʨʘ ʤʘʣʜʘʨʜʳ ʘʰʳʧ-ʟʝʨʪʪʝʫ ʢʝʩʢʽʥʽ 

ʢᴇʙʽʥʝʩʝ ʦʨʪʘʰʘ ʥʝʤʝʩʝ ᴅʣʩʽʟ ʞʘʣʧʳ ʠʥʬʝʢʮʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. ᴆʣʝʢʩʝ ʞװʜʝʛʝʥ, ʩʽʨʝʩʫ 

ʘʡץʳʥ. ʊʝʨʽ ʘʩʪʳ ʰʝʣʽʥʜʝ ʤʘʡ ץʦʨʣʘʨʳ ʞʦʡʳʣסʘʥ. 

 ,ʘʥסʝʪʪʝʨʽ ʘʪʨʦʬʠʷʣʘʥʳʧ, ʙʦʟʘʨ ץʣʰʳײʘ ʙץשʘפ

ʙʦʣʙʳʨ, ʞʽשʽʰʢʝʨʛʝʥ. 

ɾװʥʽ ײʡʧʘʣʘʥסʘʥ, ʢᴇʤʝʩʢʽʣʝʥʛʝʥ. ײפʡʨʳץ 

ʘʡʥʘʣʘʩʳʥʳש ʪʝʨʽʩʽ ʤʝʥ ʘʨʪץʳ ʘʷץʪʘʨʳ ʥᴅʞʽʩʧʝʥ 

ʣʘʩʪʘʥסʘʥ. ɸʫʳʟʳʥʘʥ ʞᴅʥʝ ʪʘʥʘʫʳʥʘʥ ʣʘʡʣʳ, 

ʞʘסʳʤʩʳʟ ʠʽʩʪʽ ʵʢʩʩʫʜʘʪ ʘץץʘʥ. ʂᴇʟʽʥʽץ שʘʩʘש 

 שʘʥ. ʂᴇʟʜʽץʙʘʩ ץʳ ʢᴇʤʝʩʢʽʣʝʥʽʧ, ʢᴇʟʽʥ ʘסʘʙʳץ

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʳʟʘʨסʘʥ, ʽʩʽʥʛʝʥ. ᴆʣʝʢʩʝʥʽ 

ʘʰץʘʥʜʘ ץʘʥʳ ץʦʶ, ץʘʨʘ ץʳʟʳʣ ʪװʩʪʽ ʙʦʣʜʳ. ʊʝʨʽ 

ʘʩʪʳ ʰʝʣʽ ʥװʢʪʝʣʽ ʞᴅʥʝ ʜʘץʪʳ ץʘʥʪʘʣʘסʘʥ. 

ʂᴇʢʽʨʝʢ ʞᴅʥʝ ײץʨʩʘץ ץʫʳʩʪʘʨʳʥʜʘ, ʞװʨʝʢ 

 .ʙʦʣʜʳ ץʡʳײʩʪʽ ʤᴇʣʜʽʨ ʩװʳʣʪ ʪסʳʟץ ʳʥʜʘסʘʧʰʳץ

ɹʝʪʢʝʡʣʽʢ ʣʠʤʬʘʣʳץ ʪװʡʽʥʜʝʨ ʩʘʨʳʩʫʣʳ 3 ʙʘʩ 

ʩʠʳʨ ᴇʣʝʢʩʝʩʽʥʜʝ ʛʝʤʦʨʨʨʘʛʠʷʣʳץ ʣʠʤʬʘʜʝʥʠʪ 

ʢװʡʽʥʜʝ ʙʦʣʜʳ. ʗסʥʠ ʣʠʤʬʘʣʳץ ʪװʡʽʥʜʝʨʜʽש ʢᴇʣʝʤʽ 

ʙʽʨʥʝʰʝ ʝʩʝ ײʣסʘʡסʘʥ, ʪװʩʽ ʩײʨסʳʣʪ ץʳʟʳʣ ʪװʩʪʽ, 

ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʪʳסʳʟ, ʪʽʣʽʢ ʙʝʪʽ ץʳʟʘʨסʘʥ, 

ʰʳʨʳʥʜʳ. ɸʡʥʘʣʘʩʳʥʜʘסʳ ײʣʧʘסʘ ʵʢʩʩʫʜʘʪ 

ʞʠʥʘʣסʘʥ. 

ɸʫʳʟ ץʫʳʩʳʥʳש ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʳʟʘʨסʘʥ, 

ʽʩʽʥʛʝʥ, ʬʠʙʨʠʥʜʽ ʵʢʩʩʫʜʘʪʧʝʥ ʞʘʙʳʣסʘʥ, 

ʞʘסʳʤʩʳʟ ʠʽʩʪʽ, ʢʝʡʙʽʨ ʞʝʨʣʝʨʽ ʦʡʳʣʳʤʜʘʥסʘʥ, 

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳʥʜʘ ʩʠʨʝʛʽʨʝʢ ʪװʙʽ ץʘʨʘ ʪװʩʪʽ, 

ᴇʣʰʝʤʽ 1,0 - 2,0 ʤʤ-ʜʝʡ ʦʡʜʳʤʜʘʨ ʧʘʡʜʘ ʙʦʣסʘʥ. 

ʐʝʢʘʨʘʩʳ ʘʡץʳʥ, ʦʨʪʘʩʳ ʪװʩʽשʢʽ, ʞʠʝʢʪʝʨʽ 

ʢʽʣʝʛʝʡʣʽ ץʘʙʳץ ʙʝʪʽʥʝ ʰʳסʳץשʳ ʢʝʣʛʝʥ ץʳʟʳʣ 

ʪװʩʪʽ ʦʡʳʣʳʤʜʘʨ ʜʘ (ʷʟʚʘʣʘʨ) ײʰʳʨʘʩʪʳ. ʂʝʡʙʽʨ 

ʞʝʨʣʝʨʽʥʜʝ ʩʘʨסʳʰ ʪװʩʪʽ, ʥʝʢʨʦʟʜʘʣסʘʥ ʞʝʨʣʝʨ 

ʢʝʟʜʝʩʪʽ. ʂʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ʜʘץʪʳ, ʞʦʣʘץʪʳ 

 .ʘʥסʘʥʪʘʣʘץ

ɽʨʽʥʥʽש, ʪʘשʜʘʡʜʳײ ,שʨʪʪʳש, ʪʽʣʜʽש ʢʽʣʝʛʝʡʣʽ 

 ʘʥ, ʽʩʽʥʛʝʥ, ʬʠʙʠʨʥʜʽ ʥʝʢʨʦʟʜʘʣʳʧסʳʟʘʨץ ʳסʘʙʳץ

 ʳʣʪסʨײʘʥ. ʂʝʡʙʽʨ ʞʝʨʣʝʨʽʥʜʝ ʙʦʣʙʳʨ, ʩסʘʙʳʥץ

ʪװʩʪʽ ʰᴇʛʽʥʜʽ ʦʰʘץʪʘʨʤʝʥ ʙʘʡץʘʣʜʳ. 

ɾײʪץʳʥʰʘץʪʳש ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʳʟʘʨסʘʥ, 

ʬʠʙʨʠʥʜʽ ʵʢʩʩʫʜʘʪ ʰᴇʢʢʝʥ.  

ʊʘʥʘʫ ץʫʳʩʪʘʨʳʥʜʘ ʬʠʙʨʠʥʜʽ ʵʢʩʩʫʜʘʪ 

ʰᴇʢʢʝʥ, ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʳʟʘʨסʘʥ, ʢʝʡʙʽʨ 

ʞʝʨʣʝʨʽʥʜʝ ʩʘʨסʳʰ ʪװʩʪʽ, ʥʝʢʨʦʟʜʘʣסʘʥ ʘʫʤʘץʪʘʨ 

  .ʘʥסʘʥʪʘʣʘץ ʪʳץʪʳ, ʞʦʣʘץʰʳʨʘʩʘʜʳ. ɼʘײ

ʂᴇʤʝʢʝʡ ʤʝʥ ʢʝשʽʨʜʝʢʪʽש ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ 

 ,ʘʥ, ʽʩʽʥʛʝʥ, ʬʠʙʨʠʥʜʽ ʵʢʩʩʫʜʘʪ ʰᴇʢʢʝʥסʳʟʘʨץ

ʬʠʙʨʠʥʜʽ ʵʢʩʩʫʜʘʪ ʦשʘʡ ʘʣʳʥʘʜʳ, ʘʣסʘʥʜʘ 

ʦʨʳʥʜʘʨʳʥʜʘ ʦʡʳʣʳʤʜʘʨ ץʘʣʜʳ. 

ᴆʢʧʝʥʽש ʘʨʪץʳ ʙᴇʣʽʛʽ ʜʦʤʙʳסʫסʘ ײʰʳʨʘʧ, 

ʢᴇʣʝʤʽ ײʣסʘʡסʘʥ, ʪװʩʽ ᴇʟʛʝʨʽʧ, ʘץʰʳʣ ץʳʟסʳʣʪ, 

ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ץʘʤʳʨ ʪᴅʨʽʟʜʽ ʙʦʣʜʳ. ʄװʰʝʥʽש 

ʪʽʣʽʢ ʙʝʪʽʥʝʥ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʢᴇʧʽʨʰʽʢʪʝʥʛʝʥ 

ʜʦʤʙʳסʫ ʩײʡʳסʳ ʘץʪʳ. ɸץʰʳʣʜʘʫ ʥʝʤʝʩʝ ץʳʟסʳʣʪ 

ʪװʩʪʽ ʜʦʤʙʳסʫ ʩײʡʳסʳ ʽʨʽ ʙʨʦʥʭʪʘʨ ʤʝʥ ʦʣʘʨʜʳש 

ʪʘʨʘʤʜʘʨʳʥʳץ שʫʳʩʳʥʜʘ ʜʘ, ʩʦʥʜʘʡ-ʘץ ʢʝשʽʨʜʝʢʪʽש 

 ʫʳʩʳʥʜʘ ʜʘ ʙʦʣʜʳ. ʆʩʳʣʘʡ ᴇʟʛʝʨʛʝʥץ ʟʳʥʘ ʙʦʡʳײ

ᴇʢʧʝ ʢʝʩʝʢʰʝʣʝʨʽʥ ʩʫסʘ ʩʘʣסʘʥʜʘ ʞʘʨʪʳʣʘʡ ץʘʣץʳʧ 

ʪײʨʜʳ. 

ᴆʢʧʝʥʽש ʘʣʜʳסשʳ ʙᴇʣʽʢʪʝʨʽ ʢʘʪʘʨʣʳ 

ʙʨʦʥʭʧʥʝʚʤʦʥʠʷסʘ ʪᴅʥ ᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʜʳ, 

ʷסʥʠ ʞʦסʘʨסʳ ʞᴅʥʝ ʞװʨʝʢʪʽʢ ʙᴇʣʽʢʪʝʨʽʥʽש ʢᴇʣʝʤʽ 

 ,ʜʽשʳʟʳʣ, ʢᴇʢʰʽʣ ʨʝץ-שʨʝװʩʽ ʢװʘʥ, ʪסʘʡסʣײ

ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʥʳסʳʟʜʘʥסʘʥ. 

ɾװʨʝʢ ʢᴇʣʝʤʽ ץʫʳʩʪʘʨʳʥʳש ʢʝשʝʡʽʧ, ץʘʥסʘ 

ʪʦʣʫʳ ʩʘʣʜʘʨʳʥʘʥ ײʣסʘʡסʘʥ. ױʩʪʘסʘʥʜʘ 

ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʙʦʣʙʳʨ. ʕʧʠʢʘʨʜʪʘ ʞʦʣʘץʪʳ, 

ʜʘץʪʳ ץʘʥʪʘʣʘʫʣʘʨ ʙʦʣʜʳ. ʄʠʦʢʘʨʜ ᴅʨʜʘʡʳʤ 

ʟʽʣʜʽʣʽʛʽ ᴅʨʪװʨʣʽ ʜʝשʛʝʡʜʝʛʽ ʜʠʩʪʨʦʬʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥ, ʢᴇʤʝʩʢʽʣʽʥʛʝʥ, ʙʦʣʙʳʨʘסʘʥ, 

ʪʘʣʰʳץʪʳ ʩʫʨʝʪʽʥʝʥ ʘʡʳʨʳʣʳʧ ʙʽʨʢʝʣʢʽʣʝʥʛʝʥ, 

ʪװʩʽ ʩײʨסʳʣʪ-ץʦשʳʨ ʪʘʨʪץʘʥ. ʕʥʜʦʢʘʨʜʪʘ ʞʦʣʘץʪʳ-

ʜʘץʪʳ ץʘʥʪʘʣʘסʘʥ. 

ʇʘʨʝʥʭʠʤʘʣʳץ ʤװʰʝʣʝʨʜʝ (ʙʘʫʳʨʜʘ, 

ʙװʡʨʝʢʪʝ) ʜʠʩʪʨʦʬʠʷʣʳץ ʧʨʦʮʝʩʝʨʛʝ ʪᴅʥ ᴇʟʛʝʨʽʩʪʝʨ 

ʞᴅʥʝ ʚʝʥʘʣʳץ ץʘʥʥʳש ʤʦʣʘʡסʘʥʳ ʙʘʡץʘʣʘʜʳ. ᴆʪ 

 .ʘʥסʩʪʽ ᴇʪʢʝ ʪʦʣװʦʶ, ʞʘʩʳʣʜʘʫ ʪץ ʳסʘʧʰʳץ

ʂᴇʢʙʘʫʳʨ ʙʘʨʣʳץ ʟʝʨʪʪʝʣʛʝʥ ʤʘʣʜʘʨʜʘ 

 ʪʳץʳ ʜʘסʘʙʳץ ʢʽʣʝʛʝʡʣʽ שʘʨʳʥʥʳץ ʘʥ. ʄʝʩסʘʡʤʘסʣײ

  .ʘʥסʳʟʘʨץ

 ,ʘʥסʘʡסʣײ ʢᴇʣʝʤʽ שʘʨʳʥʥʳץ ץʘʪʧʘʨʰʘפ

 ʘʥʜʘסʘʨʘץ ʳʟ ʢʦʥʩʠʩʪʝʥʮʠʷʣʳ, ʢʝʩʽʧסʘʥʜʘ ʪʳסʩʪʘײ

 ץʘʪʧʘʨʰʘפ .ʳʰסʘʥ, ʦʣʘʨ ʩʳʥסʘ ʪʦʣץץʘʟʳ ץʘסʨײץ

 ,ʘʥ, ʽʩʽʥʛʝʥסʳʟʘʨץ ʳסʘʙʳץ ʢʽʣʝʛʝʡʣʽ שʘʨʳʥʥʳץ

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ʜʘץʪʳ ץʘʥʪʘʣʘסʘʥ. 

ᴄʨʜʘʡʳʤ ײʣʪʘʙʘʨʜʳש ʢʽʣʝʛʝʡʣʽ ץʘʙʳץʪʘʨʳʥʜʘ 

ʞʽʪʽ ץʘʪʘʨʣʳ ʞᴅʥʝ ʛʝʤʦʨʨʘʛʠʷʣʳץ ץʘʙʳʥʫסʘ ʪᴅʥ 

ᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʙʘʡץʘʣʜʳ. ʗסʥʠ ײʣʪʘʙʘʨʜʳש 

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ʜʠʬʬʫʟʜʳ ץʳʟʘʨסʘʥ, ʽʩʽʥʛʝʥ, ʤʦʣ 

ʢʽʣʝʛʝʡʤʝʥ ʞʘʙʳʣסʘʥ, ʢʝʡʙʽʨ ʞʝʨʣʝʨʽ ʥװʢʪʝʣʽ 

 ʘʥסʳʤʜʘʥץʘʥʪʘʣʘʫʣʘʨʤʝʥ ʟʘפ .ʘʥסʘʥʪʘʣʘץ

 ʙʽװʳʥʜʘ ʩʠʨʝʛʽʨʝʢ ʪסʘʙʳץ ʢʽʣʝʛʝʡʣʽ שʣʪʘʙʘʨʜʳײ

 ʨʣʽ ʦʡʜʳʤʜʘʨ (ʵʨʦʟʠʷʣʘʨ)װʩʪʽ, ᴇʣʰʝʤʽ ᴅʨʪװʘʨʘ ʪץ

ʧʘʡʜʘ ʙʦʣסʘʥ. 

ɸʰ ʽʰʝʢʪʽש ʢʽʣʝʛʝʡʣʽ ץʘʙʳץʪʘʨʳʥʜʘ ʞʽʪʽ 

ʛʝʤʦʨʨʘʛʠʷʣʳץ ץʘʙʳʥʫסʘ ʪᴅʥ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ. 

ʗסʥʠ ʘʰ ʽʰʝʢʪʽש ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ʜʠʬʬʫʟʜʳ 

 ʘʥ, ʢʝʡʙʽʨסʘʥ, ʽʩʽʥʛʝʥ, ʤʦʣ ʢʽʣʝʛʝʡʤʝʥ ʞʘʙʳʣסʳʟʘʨץ

ʞʝʨʣʝʨʽ ʥװʢʪʝʣʽ ץʘʥʪʘʣʘסʘʥ. ʇʝʡʝʨ ʪװʡʽʥʜʝʨʽ ʤʝʥ 

ʩʦʣʠʪʘʨʣʳ ʬʦʣʣʠʢʫʣʜʝʨ ײʣסʘʡסʘʥ, ʜʦʤʙʳץץʘʥ. 

ʊʦץ ʽʰʝʢʪʽש ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʘʣʳשʜʘסʘʥ, ʞʠʽ 

ʬʠʙʨʠʥ ʰᴇʢʢʝʥ ʞᴅʥʝ ʦʡʳʣʳʤʜʘʥסʘʥ. ɯʰʝʢ 



ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 13 

 ,ʘʥסʘʥʤʝʥ ʙʦʷʣץ ,ʘʥץʫʳʩʳʥʜʘ ʬʠʙʨʠʥ ʘʨʘʩʣʘʩץ

ʞײʤʩʘʨסʘʥ ʘʟʳץʪʳץ ʟʘʪʪʘʨ ʥʝʤʝʩʝ ץʦʶ, ʞʘʙʳʩץʳʰ, 

 .ʙʦʣʘʜʳ ץʪʳץʡʳײʩʪʽ ʩװʳʨ ʪשʦץ ʘʨʘץ

ʄʠʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʤװʰʝʥʽש ʞײʤʩʘץ 

 ץʤʦʣʘʡʳʧ, ʚʝʥʘʣʳ שʘʥʥʳץ ʳʥʜʘסʘʙʳץ

ʪʘʤʳʨʣʘʨʜʳש ʙʽʣʝʫʣʝʥʫʽ, ʪװʩʪʽץ שʳʟʘʨʫʳ, ʥװʢʪʝʣʽ 

 ʞʠʥʘʣʫʳ שʳʥʳסʡʳײʫ ʩסʘʥʪʘʣʘʫʣʘʨ ʤʝʥ ʜʦʤʙʳץ

ʪװʨʣʝʨʽʥʜʝ ʢᴇʟʛʝ ʽʣʽʢʪʽ. ʄʠ ץʘʨʳʥʰʘʣʘʨʳʥʜʘ 

 ʰʘ ʤʠץʙʦʣʜʳ. ʉʦʧʘ ץʪʳץʡʳײʩʪʽ ʣʘʡʣʳ ʩװʳʣʪ ʪסʳʟץ

ʘʫʤʘסʳʥʜʘ ײʩʘץ ʥװʢʪʝʣʽ ץʘʥʪʘʣʘʫʣʘʨ ײʰʳʨʘʩʪʳ. 

 שʪʳץʫʳפ .ʘʥסʪʘ ʣʘʡʣʳ ʥʝʩʝʧ ʞʠʥʘʣץʫʳפ

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳ ץʳʟʘʨסʘʥ, ʽʩʽʥʛʝʥ, ʜʘץʪʳ 

 .ʘʥסʘʥʪʘʣʘץ

ɻʠʩʪʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ. ʄʠʜʘסʳ 

ʥʝʡʨʦʥʜʘʨ ʙװʣʽʥʽʧ, ʪʘʤʳʨʣʘʨ ץʘʥʤʝʥ ʢʝʨʥʝʣʛʝʥ, 

ʜʠʘʧʝʜʝʟʜʽʢ ץʘʥʪʘʣʘʫʣʘʨ ʪʫʳʥʜʘסʘʥ, ʤʘʡʜʘ ץʘʥ 

ʪʘʤʳʨʣʘʨʳʥ ʘʟʜ-rʢᴇʧʪʽ ʪʦʨʰʘʣʘʨ ʰʦסʳʨʣʘʨʳ 

 ʘʣʘʨʳʥסʘʙʳʨץ ʘʥ ʞᴅʥʝ ʪʦʨʰʘʣʘʨ ʪʘʤʳʨʣʘʨסʦʨʰʘץ

ʞʘʡʣʘסʘʥ, ʵʥʜʦʪʝʣʠʦʮʠʪʪʝʨ ʽʩʽʥʛʝʥ, ʛʣʠʦʮʠʪʪʝʨ 

ʩʘʥʳ ʢᴇʙʝʡʛʝʥ, ʛʣʠʦʮʠʪʪʝʨ ʤʝʥ ʥʝʡʨʦʥʜʘʨ 

ʘʡʥʘʣʘʩʳʥʜʘ ʜʦʤʙʳסʫ ʩײʡʳסʳ ʞʠʥʘʣסʘʥ. ɹװʣʽʥʛʝʥ 

ʥʝʡʨʦʥʜʘʨʜʳ ʛʣʠʷʣʳץ ʪʦʨʰʘʣʘʨ ץʦʨʰʘסʘʥ, 

ʥʝʡʨʦʥʜʘʨסʘ ʝʥʽʧ ʞʦʡʳʧ ʞʽʙʝʨʛʝʥ (ʰʳʥʘʡʳ 

ʥʝʡʨʦʥʦʬʘʛʠʷ). 

ɹʘʫʳʨʜʳ ʟʝʨʪʪʝʛʝʥʜʝ ʘʷץץʳ ʞᴅʥʝ ʦʩʪʽʢ 

ʚʝʥʘʣʘʨʜʳש, ʩʠʥʫʩʦʠʜʪʳץ ץʳʣʪʘʤʳʨʣʘʨʜʳש 

 ᴅʜʝʪʪʝʛʽ שʪʘʨʳʥʳץʘʥʤʝʥ ʢʝʨʥʝʣʛʝʥʽ, ʙʘʫʳʨ ʫʳץ

ʦʨʥʘʣʘʩʫ ʨʝʪʽʥʽש ʙײʟʳʣסʘʥʳ, ʩʠʥʫʩʦʠʜʪʘʨ 

ʞʘʥʳʥʜʘסʳ ɼʠʩʩʝ ץʫʳʩʪʘʨʳʥʜʘ ʜʦʤʙʳסʫ 

ʩײʡʳסʳʥʳש ʞʠʥʘʣסʘʥʳ ʢᴇʟʛʝ ʽʣʽʢʪʽ. 

ʕʥʜʦʪʝʣʠʦʮʠʪʪʝʨ ʤʝʥ ʂʫʧʬʝʨ ʪʦʨʰʘʣʘʨʳ ʽʩʽʥʽʧ, 

ʢᴇʣʝʤʜʝʨʽ ײʣסʘʡסʘʥ, ʩʠʥʫʩʦʠʜʪʘʨʜʘ ʤʦʥʦʮʠʪʪʝʨ 

ʤʝʥ ʥʝʡʪʨʦʬʠʣʴʜʝʨʜʽש ʩʘʥʳ ʘʨʪץʘʥ. ʂʝʡʙʽʨ ʘʷץץʳ 

ʞᴅʥʝ ʦʩʪʽʢ ʚʝʥʘʣʘʨʜʳש ʘʡʥʘʣʘʩʳʥʜʘ ʛʠʩʪʠʦʮʠʪʪʝʨ 

ʤʝʥ ʣʠʤʬʦʮʠʪʪʝʨ ʪʦʧʳʨʣʘʨʳ ʧʘʡʜʘ ʙʦʣסʘʥ. 

ʂᴇʧʪʝʛʝʥ ʛʝʧʘʪʦʮʠʪʪʝʨ ʪװʡʽʨʣʽ ʞᴅʥʝ ʤʘʡʣʘʥʫ 

ʜʠʩʪʨʦʬʠʷʩʳʥʘ ײʰʳʨʘסʘʥ. 

 ʘʨʳʜʘ ʟʝʨʪʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨסʦʨʳʪʳʥʜʳ. ɾʦפ

ʥᴅʪʠʞʝʩʽʥʜʝ ʢʣʠʥʠʢʘʣʳץ ʙʝʣʛʽʣʝʨ: ʞװʜʝʫ, ʘʫʳʟʳ 

ʤʝʥ ʪʘʥʘʫ ץʫʳʩʪʘʨʳʥʘʥ ʘץʧʘʥʳש ʙᴇʣʽʥʫʽ, ץᴇʟʜʽש 

 שʢᴇʤʝʩʢʽʣʝʥʫʽʤʝʥ, ʪʘʥʘʫʜʳ שʳʥʳסʘʙʳץ שʘʩʘץ

 שʡʽʥʜʝʨʜʽװʪ ץʪʘʥʫʳʤʝʥ, ʣʠʤʬʘʣʳץʘʙʳʨʰʘץ

 ץʘʡʫʳʤʝʥ ʢᴇʨʽʥʩʝ, ʥʝʛʽʟʛʽ ʧʘʪʦʤʦʨʬʦʣʦʛʠʷʣʳסʣײ

ᴇʟʛʝʨʽʩʪʝʨ: ʢʘʪʘʨʣʳ ï̔ ʨʽשʜʽ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪ, 

ʽʨʽשʜʽ-ʬʠʙʨʠʥʜʽ ʨʠʥʠʪ, ʪʨʘʭʝʠʪ, ʘʫʳʟ ץʫʳʩʳ 

ʢʽʣʝʛʝʡʣʽ ץʘʙʳסʳʥʳש ʥʝʢʨʦʟʳ, ʙʝʪʢʝʡʣʽʢ ʣʠʤʬʘʣʳץ 

ʪװʡʽʥʜʝʨʜʽש ʩʘʨʳʩʫʣʳ-ʛʝʤʦʨʨʘʛʠʷʣʳץ ץʘʙʳʥʫʳ, 

ʞʽʪʽ ʢʘʪʘʨʣʳ, ʢʨʫʧʦʟʜʳ ïʛʝʤʦʨʨʘʠʷʣʳץ ʢʦʣʠʪ, ʩʽʨʣʽ 

 ʳסʳ, ʵʥʜʦʢʘʨʜʪʘסʳ, ʵʧʠʢʘʨʜʘסʪʘץʘʙʳץ
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ʛʠʧʝʨʝʤʠʷʩʳ ʞᴅʥʝ ʜʦʤʙʳסʫʳʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. 
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Abstract 

Fish farming is the most important branch of the fish industry in Kazakhstan. It develops both on an industrial 

basis and in the subsidiary farms of enterprises in various regions of the republic. Invasive diseases are widespread 

and cause great economic damage to fish farming. Of the invasive diseases of fish, a significant harm to the health 

of the population and carnivores is caused by opisthorchiasis. 

In the work, diagnostics and research are made on the presence of opisthorchiasis in carp, their localization 

in muscles expressed in percent. 
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ɺʚʝʜʝʥʠʝ 

ʈʳʙʦʚʦʜʩʪʚʦ ï ʚʘʞʥʝʡʰʘʷ ʦʪʨʘʩʣʴ ʨʳʙʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʂʘʟʘʭʩʪʘʥʘ. ʆʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʥʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʦʩʥʦʚʝ, ʪʘʢ ʠ ʚ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʨʝʩʧʫʙʣʠʢʠ. 

ʀʥʚʘʟʠʦʥʥʳʝ ʙʦʣʝʟʥʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ 

ʧʨʠʯʠʥʷʶʪ ʙʦʣʴʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʨʳʙʦ-

ʚʦʜʩʪʚʫ. ʀʟ ʠʥʚʘʟʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʨʳʙ ʩʫʱʝʩʪʚʝʥ-

ʥʳʡ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʠ ʧʣʦʪʦʷʜʥʳʭ ʥʘʥʦ-

ʩʠʪ ʦʧʠʩʪʦʨʭʦʟ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʪʦʨʭʦʟ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʝʣʴʤʠʥʪʦʟʘʤ, ʠʤʝʶʱʠʤ ʙʦʣʴʰʦʝ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝ-

ʩʢʦʝ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʘʥʪʨʦʧʦ-

ʟʦʦʥʦʟʥʦʝ ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʦʝ ʧʘʨʘʟʠʪʘʨʥʦʝ ʟʘʙʦʣʝ-

ʚʘʥʠʝ, ʚʦʟʙʫʜʠʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʨʝʤʘʪʦʜʘ 

Opisthorchis felineus (ʪʠʧ Plathelminthes, ʢʣʘʩʩ 

Trematoda, ʧʦʜʢʣʘʩʩ Digenea, ʦʪʨʷʜ Opisthorchida, 

ʧʦʜʦʪʨʷʜ Heterophyata, ʩʝʤʝʡʩʪʚʦ Opisthorchidae, 

ʨʦʜ Opisthorchis) [2]. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʦʧʠʩʪʦʨʭʦʟʘ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʋʨʘʣ, ʘ ʪʘʢʞʝ ʥʘ ʂʘʤʳʰ - ʉʘʤʘʨʩʢʠʭ 

ʠ ʂʫʰʫʤʩʢʠʭ ʦʟʝʨʘʭ [3,4]. ʍʘʚʢʠʥ ʉ.ʄ. ʥʘ ʨʝʢʘʭ ʣʝ-

ʚʦʙʝʨʝʞʴʷ ʨʝʢʠ ʋʨʘʣ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʥʘʰʝʣ ʤʝʪʘ-

ʮʝʨʢʘʨʠʡ Opisthorchis felineus ʫ ʷʟʝʡ, ʧʣʦʪʚʳ, ʙʝʣʦ-

ʛʣʘʟʢʠ ʠ ʣʝʱʝʡ [5].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʯʠʪʘʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʨʧʘ ʚ 

ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʘ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʧʠʩʪʦʨʭʦʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 750 ʤʣʥ. ʣʶʜʝʡ ʚ 56 ʩʪʨʘʥʘʭ ʤʠʨʘ 

ʞʠʚʫʪ ʧʦʜ ʫʛʨʦʟʦʡ ʠʥʚʘʟʠʨʦʚʘʥʠʷ ʛʝʣʴʤʠʥʪʘʤʠ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʨʳʙʳ. 

ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʫʜʝ-

ʣʷʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʝ ʟʘʨʘʞʝʥʠʷ ʣʶʜʝʡ 

ʛʝʣʴʤʠʥʪʘʤʠ ʧʨʠ ʧʠʪʘʥʠʠ ʨʳʙʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʠʩʢʫ 

ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʠʥʚʘʟʠʠ. 

ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʠʥʚʘʟʠʨʦ-

ʚʘʥʥʦʩʪʴ ʢʘʨʧʘ ʣʠʯʠʥʢʘʤʠ ʦʧʠʩʪʦʨʭʠʩ, ʘ ʪʘʢ ʞʝ ʠʭ 

ʣʦʢʘʣʠʟʘʮʠʶ ʚ ʤʳʰʮʘʭ ʨʳʙ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʘ ʨʳʙʘ, 

ʦʪʣʦʚʣʝʥʥʘʷ ʚ ʧʨʫʜʦʚʳʭ ʭʦʟʷʡʩʪʚʘʭ ɸʣʤʘʪʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʥʘ ʨʳʥʢʘʭ ʛʦʨʦʜʳ 

ɸʣʤʘʪʳ.  

ʈʘʙʦʪʫ ʚʳʧʦʣʥʷʣʠ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ çɹʠʦʣʦʛʠ-

ʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʂʘʟʘʭʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʇʨʦʪʠʚʦ-

ʧʘʨʘʟʠʪʘʨʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠè. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʢʘʨʧʳ ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʭʦ-

ʟʷʝʚʘ ʚ ʮʠʢʣʝ ʨʘʟʚʠʪʠʷ ʦʧʠʩʪʦʨʭʠʩ. ɺʩʢʨʳʪʠʝ ʨʳʙ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʧʦʣʥʦʛʦ ʧʘʨʘʟʠʪʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʠʯʝ-

ʩʢʠʝ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʛʦʪʦʚʠʣʠ ʩʝʨʠʡʥʳʝ ʧʘʨʘʬʠʥʦʚʳʝ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5 

ʠ 6 ʤʢʤ ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʪʦʤʘ ʄʉ-2. ɼʣʷ ʠʟʫʯʝ-

ʥʠʷ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʩʨʝʟʦʚ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʦʢʨʘ-

ʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥ ï ʵʦʟʠʥʦʤ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʠ-

ʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʢʨʦ-

ʩʢʦʧ ʩ ʢʦʤʧʴʶʪʝʨʦʤ KARL ZEISS. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʙʳ ʥʘ ʥʘʣʠʯʠʝ ʤʝʪʘʮʝʨʢʘʨʠʝʚ 

ʦʧʠʩʪʦʨʭʦʚ ʧʨʦʚʦʜʠʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʛʦʪʦʚ-

ʣʝʥʦ 27 ʧʨʝʧʘʨʘʪʦʚ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʌʠʢʩʠʨʦ-

ʚʘʣʠ ʧʨʝʧʘʨʘʪʳ (96% ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ)ˉ ɺʠʜʦ-

ʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʘʨʘʟʠʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʦʨ-

ʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʧʘʨʘʟʠʪʦʭʦʟʷʠʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʃʦʢʘʣʠʟʘʮʠʷ ʛʝʣʴ-

ʤʠʥʪʦʚ ʚ ʪʝʣʝ ʨʳʙ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʭʝʤʝ ʧʨʝʜʣʦ-

ʞʝʥʥʦʡ ʉʠʜʦʨʦʚʳʤ ʚ 1960 ʛʦʜʫ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʪʝʣʦ ʨʳʙ ʜʝʣʠʣʠ ʥʘ ʰʝʩʪʴ ʫʯʘʩʪʢʦʚ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʦʙʥʘ-

ʨʫʞʝʥʥʳʭ ʣʠʯʠʥʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʄʝʪʘʮʝʨʢʘʨʠʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠ-

ʯʝʩʪʚʝ, ʚ ʩʝʨʝʜʠʥʝ ʪʝʣʘ ʧʦʜ ʩʧʠʥʥʳʤ ʧʣʘʚʥʠʢʦʤ. ʋ 

ʥʠʭ ʙʳʣʠ ʭʦʨʦʰʦ ʚʠʜʥʳ 2 ʧʨʠʩʦʩʢʠ ʠ ʵʢʩʢʨʝʪʦʨʥʳʡ ʧʫ-

ʟʳʨʝʢ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʟʘʧʦʣʥʝʥʥʳʡ ʯʝʨʥʳʤʠ ʛʨʘʥʫ-

ʣʘʤʠ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʥʘʙʣʶʜʘʣʠ ʜʚʠʞʝʥʠʝ, ʠ ʧʝʨʝ-

ʣʠʚʘʥʠʝ ʞʠʜʢʦʡ ʯʘʩʪʠ ʣʠʯʠʥʢʠ 
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ʊʘʙʣʠʮʘ 1 ï ɿʘʨʘʞʝʥʥʦʩʪʴ ʢʘʨʧʘ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ ʦʧʠʩʪʦʨʭʠʩʘ  

ɺʦʟʨʘʩʪ ɺʠʜ ʛʝʣʴʤʠʥʪʘ ʂʘʨʧʘ 

ʀʩʩʣʝʜʦʚʘʥʦ, ʵʢʟ ɿʘʨʘʞʝʥʦ, ʵʢʟ 

+1 O. felineus 8 1 

+2 O. felineus 9 3 

+3 O. felineus 10 5 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ 27 ʵʢʟʝʤʧʣʷʨʦʚ ʢʘʨʧʘ, ʚʳʷʚʠʣʠ 9 ʵʢ-

ʟʝʤʧʣʷʨʦʚ ʢʘʨʧʘ, ʟʘʨʘʞʝʥʥʳʭ ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ ʦʧʠ-

ʩʪʦʨʭʠʩʘ.ʉʣʝʜʫʶʱʝʡ ʥʘʰʝʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʤʝʪʘʮʝʨʢʘʨʠʡ ʚ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ. 

 

ʊʘʙʣʠʮʘ 2 - ʃʦʢʘʣʠʟʘʮʠʷ ʤʝʪʘʮʝʨʢʘʨʠʡ O. felineus (ʚ %) ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʳʙ 

ˉ ʅʘʟʚʘʥʠʝ ʤʳʰʮ ɿʘʨʘʞʝʥʥʦʩʪʴ, % 

1 ʉʨʝʜʥʝʩʧʠʥʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 49,34 

2 ʇʝʨʝʜʥʝʩʧʠʥʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 30,03 

3 ɺʝʨʭʥʝʩʧʠʥʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 16,99 

4 ɻʨʫʜʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 1,82 

5 ɹʨʶʰʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 1,21 

6 ʅʠʞʥʝʭʚʦʩʪʦʚʘʷ ʤʫʩʢʫʣʘʪʫʨʘ 0,61 

ʊʘʢʠʤ ʦʙʨʘʟʘʤ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʘʨʘʞʝʥʥʦʩʪʠ 

ʨʳʙ ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ O. felineus, ʤʝʪʘʮʝʨʢʘʨʠʠ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʊʘʢ, ʚ 

9 ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ ʬʦʨʝʣʠ ʚʩʝʛʦ ʦʙʥʘ-

ʨʫʞʠʣʠ ʤʝʪʘʮʝʨʢʘʨʠʡ O. felineus ʚ ʢʦʣʠʯʝʩʪʚʝ 240, 

ʠʟ ʥʠʭ 119 (49,34 %) ʚ ʩʨʝʜʥʝʩʧʠʥʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, 

73 (30,03 %) ʚ ʧʝʨʝʜʥʝʩʧʠʥʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, 38 

(16,99 %) ʚ ʚʝʨʭʥʝʭʚʦʩʪʦʚʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, 5 (1,82 

%) ʚ ʛʨʫʜʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, 3 (1,21 %) ʚ ʙʨʶʰʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʝ, 2 (0,61 %) ʚ ʥʠʞʥʝʭʚʦʩʪʦʚʦʡ ʤʫʩʢʫ-

ʣʘʪʫʨʝ. ɺ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʤʝʪʘʮʝʨʢʘʨʠʡ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʆʙʦʙʱʠʚ ʚʩʝ ʩʣʫʯʘʠ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʘʮʝʨʢʘ-

ʨʠʡ O. felineus ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʦʧʨʝʜʝʣʠʣʠ ʠʭ 

ʧʨʦʮʝʥʪ ʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧʘʭ ʤʳʰʮ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʦʚ ʤʳ-

ʰʝʯʥʦʡ ʪʢʘʥʠ ʚ ʤʝʩʪʘʭ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʪʘʮʝʨʢʘʨʠʡ 

ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʩʫʣ ʠʟ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʪʢʘʥʠ (ʈʠʩʫʥʦʢ 1). ʅʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʘʥʘʣʠʟ ʤʳʰʮ 

ʧʦʢʘʟʘʣ ʫʤʝʨʝʥʥʫʶ ʨʘʟʦʙʱʝʥʥʦʩʪʴ ʤʳʰʝʯʥʳʭ ʚʦ-

ʣʦʢʦʥ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʤʠʦʬʠʙʨʠʣʣ ʤʳʰʝʯʥʦʛʦ ʚʦ-

ʣʦʢʥʘ.  

 
ʈʠʩʫʥʦʢ ï 1. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʩʨʝʟ ʤʳʰʮʳ: ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʪʘʮʝʨʢʘʨʠʡ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʋʚ. ʭ 40.  

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʣʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ 

ʟʘʨʘʞʝʥʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʦ-

ʟʷʝʚ (ʢʘʨʧʘ) ʤʝʪʘʮʝʨʢʘʨʠʷʤʠ ʦʧʠʩʪʦʨʭʠʩʘ. ʄʝʪʘ-

ʮʝʨʢʘʨʠʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʚ ʙʦʣʴ-

ʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʨʝʜʥʝʩʧʠʥʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʨʘʟʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ ʠʤʝʶʪʩʷ 

ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʮʠʨʢʫʣʷ-

ʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ O. felineus. ʆʩʥʦʚʥʳʤʠ ʧʘʪʦʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʧʠʩʪʦʨʭʦʟʘ ʷʚʣʷ-

ʶʪʩʷ ʤʳʰʝʯʥʳʭ ʪʢʘʥʷʭ ʣʦʢʘʣʠʟʫʶʪʩʷ ʤʝʪʘʮʝʨʢʘ-

ʨʠʠ. 
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ʀʉʊʆʈʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ɺʇʉʕɺɹ ʊ ʈʉɾʊʋʌʈʆʇʊʋʕʗ ʇɺʒɾʊʋɻɾʆʆʔʎ ʍʇʉʅʁʉʇɻɹʆʁʂ ɻ 60-70-
ɾ ɼʇɽʔ XX ɻɾʃɹ (ʆʙ ʥʙʫʞʩʡʙʤʙʮ ʐʬʛʙʱʪʣʧʢ ʉʞʪʨʬʚʤʡʣʡ) 
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 ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʨʘʞʜʘʥʩʢʦ-ʧʨʘʚʦʚʳʭ ʜʠʩʮʠʧʣʠʥ ʌɻɹʆʋ ɺʆ  

çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè,  

ʛ. ʏʝʙʦʢʩʘʨʳ ʏʫʚʘʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʱʝʩʪʚʝʥʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʧʦ ʩʦʜʝʡ-

ʩʪʚʠʶ ʦʨʛʘʥʘʤ ʤʠʣʠʮʠʠ ʚ ʙʦʨʴʙʝ ʩ ʧʨʝʩʪʫʧʥʦʩʪʴʶ ʚ 60-70-ʝ ʛʛ. XX ʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʝʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ, ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ ʨʘʙʦʪʳ ʦʨʛʘʥʦʚ ʜʦʙʨʦʚʦʣʴʥʳʭ 

ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʢʦʤʩʦʤʦʣʴʩʢʠʭ ʦʪʨʷʜʦʚ. ʈʘʩʢʨʳʚʘʝʪʩʷ ʨʦʣʴ, ʢʦʪʦʨʫʶ ʦʥʠ ʠʛʨʘʣʠ ʚ ʜʝʣʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʙʦʨʴʙʳ ʩ ʧʨʝʩʪʫʧʥʦʩʪʴʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʫʚʘʰʩʢʦʡ ɸʉʉʈ.  

ʉʪʘʪʴʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʢʘʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʯʠ-

ʪʘʪʝʣʝʡ ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʠʩʪʦʨʠʝʡ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʨʴʙʘ, ʧʨʝʩʪʫʧʥʦʩʪʴ, ʜʦʙʨʦʚʦʣʴʥʳʝ ʥʘʨʦʜʥʳʝ ʜʨʫʞʠʥʳ, ʦʧʝʨʘʪʠʚʥʳʝ ʢʦʤʩʦʤʦʣʴ-

ʩʢʠʝ ʦʪʨʷʜʳ, ʟʘʢʦʥʥʦʩʪʴ, ʘʨʭʠʚʳ. 
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combating crime in the 60-70s. XX century. The main attention is paid to the study of formation, the main stages 
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ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʦʭʨʘʥʘ ʦʙʱʝʩʪʚʝʥ-

ʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʤʝʨʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʘʚʦʧʦ-

ʨʷʜʢʘ, ʩʣʦʞʠʚʰʝʛʦʩʷ ʚ ʦʙʱʝʩʪʚʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ, ʶʨʠ-

ʜʠʯʝʩʢʠʭ, ʥʨʘʚʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʪ ʢʘ-

ʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʧʦʩʷʛʘʪʝʣʴʩʪʚ ʠʣʠ ʠʥʳʭ ʧʦʧʳʪʦʢ 

ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʚʦ-

ʦʭʨʘʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ. 

ɺ ʠʩʪʦʨʠʠ ʩʪʨʘʥʳ ʬʦʨʤʳ ʫʯʘʩʪʠʷ ʦʙʱʝʩʪʚʝʥ-

ʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʘʚʦʧʦʨʷʜʢʘ ʤʝʥʷʣʠʩʴ ʥʝʦʜ-

ʥʦʢʨʘʪʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʉʦʚʝʪʩʢʦʡ 

ʚʣʘʩʪʠ, ʵʪʦ ʙʳʣʠ ʦʪʜʝʣʳ ʦʩʦʙʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʯʦ-

ʥʦʚʮʳ, ʢʦʤʤʫʥʘʨʳ), ʚ 30-40-ʳʝ ʛʛ. ï ʦʪʨʷʜʳ (ʙʨʠ-

ʛʘʜʳ) ʩʦʜʝʡʩʪʚʠʷ ʤʠʣʠʮʠʠ (ʦʩʦʜʤʠʣ, ʙʨʠʛʘʜʤʠʣ), ʚ 

50-80-ʳʝ ʛʛ. ï ʜʦʙʨʦʚʦʣʴʥʳʝ ʥʘʨʦʜʥʳʝ ʜʨʫʞʠʥʳ, 

ʢʦʤʩʦʤʦʣʴʩʢʠʝ ʦʧʝʨʘʪʠʚʥʳʝ ʦʪʨʷʜʳ ʜʨʫʞʠʥʥʠʢʦʚ 

(ɼʅɼ, ʆʂʆɼ), ʠ ʚ ʢʦʥʮʝ 80 ï ʥʘʯʘʣʝ 90-ʭ ʛʛ. ʩʠʣʳ 

ʨʘʙʦʯʝʡ ʤʠʣʠʮʠʠ. ʏʣʝʥʳ ʵʪʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʬʦʨ-

ʤʠʨʦʚʘʥʠʡ, ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʨʘʚʦʧʦʨʷʜʦʢ 

ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ, ʥʦ ʠ ʦʢʘʟʳʚʘʣʠ ʦʨʛʘʥʘʤ 

ʤʠʣʠʮʠʠ ʦʛʨʦʤʥʫʶ ʧʦʤʦʱʴ ʚ ʙʦʨʴʙʝ ʩ ʧʨʝʩʪʫʧʥʦ-

ʩʪʴʶ, ʙʝʩʭʦʟʷʡʩʪʚʝʥʥʦʩʪʴʶ, ʩʧʝʢʫʣʷʮʠʝʡ, ʧʨʘʚʦʥʘ-

ʨʫʰʝʥʠʷʤʠ ʩʨʝʜʠ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʠ ʰʠʨʦʢʫʶ ʨʘʟʲʷʩʥʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. ʇʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʠ ʮʝ-

ʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʦʙʱʝʩʪʚʝʥʥʳʭ ʬʦʨʤʠʨʦʚʘ-

ʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʥʦʩʠʣʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠ ʧʦʢʘʟʘʪʝʣʠ.  

ʆʩʥʦʚʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʝʣʠ ʘʢ-

ʪʠʚʥʫʶ ʙʦʨʴʙʫ ʩ ʧʨʝʩʪʫʧʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʚ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʚ 60-70-ʝ ʛʛ. XX ʚʝʢʘ, ʙʳʣʠ ʜʦʙ-

ʨʦʚʦʣʴʥʳʝ ʥʘʨʦʜʥʳʝ ʜʨʫʞʠʥʳ ʠ ʢʦʤʩʦʤʦʣʴʩʢʠʝ 

ʦʧʝʨʘʪʠʚʥʳʝ ʦʪʨʷʜʳ ʜʨʫʞʠʥʥʠʢʦʚ (ɼʅɼ, ʆʂʆɼ).  
ʎʝʥʪʨʘʣʴʥʳʝ ʠ ʤʝʩʪʥʳʝ ʦʨʛʘʥʳ ʚʣʘʩʪʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 
ʧʨʦʷʚʣʷʣʠ ʧʦʩʪʦʷʥʥʫʶ ʟʘʙʦʪʫ ʦ ʪʦʤ, ʯʪʦʙʳ ʪʨʫʜʷ-
ʱʠʝʩʷ ʞʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʟʘ-
ʢʦʥʥʦʩʪʠ, ʤʦʛʣʠ ʩʧʦʢʦʡʥʦ ʪʨʫʜʠʪʴʩʷ ʠ ʦʪʜʳʭʘʪʴ, 
ʧʨʠ ʵʪʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ, ʦʧʠʨʘʷʩʴ ʥʘ 
ʧʦʜʜʝʨʞʢʫ ʪʨʫʜʦʚʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʦʙʱʝʩʪʚʝʥʥʳʭ 
ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʚʩʝʭ ʪʨʫʜʷʱʠʭʩʷ, ʦʙʷʟʘʥʳ ʙʳʣʠ ʜʝ-
ʣʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ 
ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʭʨʘʥʳ ʠʤʫʱʝʩʪʚʘ, ʯʝʩʪʠ ʠ ʜʦʩʪʦ-
ʠʥʩʪʚʘ ʛʨʘʞʜʘʥ, ʚʝʩʪʠ ʨʝʰʠʪʝʣʴʥʫʶ ʙʦʨʴʙʫ ʩ ʧʨʝ-
ʩʪʫʧʥʦʩʪʴʶ, ʧʴʷʥʩʪʚʦʤ, ʘʣʢʦʛʦʣʠʟʤʦʤ, ʧʨʠʥʷʪʴ 
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ʤʝʨʳ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʣʶʙʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ 
ʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʠʯʠʥ ʠʭ ʧʦʨʦʞʜʘʶʱʠʭ. 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʘʯʘʣʝ 60-ʭ ʛʛ., ʜʦʚʦʣʴʥʦ ʘʢ-

ʪʠʚʥʦ ʜʝʡʩʪʚʦʚʘʣʠ ʦʪʨʷʜʳ ʧʦ ʙʦʨʴʙʝ ʩ ʩʘʤʦʛʦʥʦʚʘ-
ʨʝʥʠʝʤ. ɹʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦʡ ʨʘʟʲʷʩʥʠʪʝʣʴʥʦʡ ʨʘ-
ʙʦʪʝ ʚ 1960 ʛ., ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʋʢʘʟʘ 
ʇʨʝʟʠʜʠʫʤʘ ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ ʈʉʌʉʈ ʦʪ 29 ʷʥ-
ʚʘʨʷ 1960 ʛ. çʆ ʤʝʨʘʭ ʙʦʨʴʙʳ ʩ ʩʘʤʦʛʦʥʦʚʘʨʝʥʠʝʤ 
ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʩʧʠʨʪʥʳʭ ʥʘʧʠʪʢʦʚ ʜʦ-
ʤʘʰʥʝʡ ʚʳʨʘʙʦʪʢʠè [7] ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʨʠ ʘʢʪʠʚʥʦʤ 
ʫʯʘʩʪʠʠ ʜʨʫʞʠʥʥʠʢʦʚ ʫ ʥʘʩʝʣʝʥʠʷ ʙʳʣʦ ʠʟʲʷʪʦ 
8500 ʩʘʤʦʛʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʦʨʛʘʥʠʟʦ-
ʚʘʥʥʦ ʵʪʘ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ɹʘʪʳʨʝʚʩʢʦʤ ʨʘʡ-
ʦʥʝ, ʛʜʝ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʦ ʩʦʙʨʘʥʦ 2060 ʘʧʧʘʨʘ-
ʪʦʚ, ʀʙʨʝʩʠʥʩʢʦʤ ï 1069, ʋʨʤʘʨʩʢʦʤ ï 1670, ʗʥʪʠ-
ʢʦʚʩʢʦʤ ï 970, ʐʝʤʫʨʰʠʥʩʢʦʤ ï 950. ɺ ʪʦʞʝ ʚʨʝʤʷ 
ʜʨʫʞʠʥʥʠʢʘʤʠ ʨʝʩʧʫʙʣʠʢʠ ʧʨʝʩʝʯʝʥʦ 800 ʩʣʫʯʘʝʚ 
ʩʘʤʦʛʦʥʦʚʘʨʝʥʠʷ ʩ ʠʟʲʷʪʠʝʤ ʘʧʧʘʨʘʪʦʚ [5].  
ʄʝʩʪʥʳʝ ʧʘʨʪʠʡʥʳʝ ʠ ʩʦʚʝʪʩʢʠʝ ʦʨʛʘʥʳ ʨʝʩ-

ʧʫʙʣʠʢʠ ʧʨʠʥʠʤʘʣʠ ʤʝʨʳ ʧʦ ʘʢʪʠʚʠʟʘʮʠʠ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʯʠʩʣʝʥ-
ʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʨʷʜʳ 
ʜʦʙʨʦʚʦʣʴʥʳʭ ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʨʦʩʣʦ ʥʝ ʪʦʣʴʢʦ 
ʯʠʩʣʝʥʥʦ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʤʫ 
ʩʣʫʞʘʪ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʙʦʪʝ ɼʅɼ 
ʚ ʨʝʩʧʫʙʣʠʢʝ, ʝʩʣʠ: ʚ ʢʦʥʮʝ 1959 ʛ. ʚ ʏʫʚʘʰʩʢʦʡ 
ɸʉʉʈ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ 919 ʜʦʙʨʦʚʦʣʴʥʳʭ 
ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʣʠ ʚ ʩʚʦʠʭ ʨʷ-
ʜʘʭ 23 519 ʯʝʣ., ʠʟ ʥʠʭ 67,7 % ʢʦʤʤʫʥʠʩʪʳ ʠ ʢʦʤ-
ʩʦʤʦʣʴʮʳ, ʦʩʪʘʣʴʥʳʝ ʙʝʩʧʘʨʪʠʡʥʳʝ, ʪʦ ʚ 1961 ʛ. ï 
919 ʜʨʫʞʠʥ, 26 830 ʯʝʣ., ʠʟ ʥʠʭ 79,7 % ʢʦʤʤʫʥʠʩʪʦʚ 
ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ; ʢ ʦʩʝʥʠ 1962 ʛ. ï 919 ʜʨʫʞʠʥ ʩ 
ʦʭʚʘʪʦʤ 27 744 ʯʝʣ., ʠʟ ʥʠʭ 71,3 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ 
ʢʦʤʩʦʤʦʣʴʮʝʚ; 1963 ʛ. ï 919 ʜʨʫʞʠʥ, 27 500 ʯʝʣ., ʠʟ 
ʥʠʭ 67,1 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ; ʥʘ 1 ʠʶʣʷ 
1964 ʛ. ï 911 ʜʨʫʞʠʥ, 29 139 ʯʝʣ., ʠʟ ʥʠʭ 61,3 % ʢʦʤ-
ʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ; ʥʘ 1 ʠʶʣʷ 1966 ʛ. ï 980 
ʜʨʫʞʠʥ, 27 100 ʯʝʣ., ʠʟ ʥʠʭ 69,7 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ 
ʢʦʤʩʦʤʦʣʴʮʝʚ; ʘ ʥʘ 1 ʷʥʚʘʨʷ 1967 ʛ. ï 1081 ʜʨʫʞʠʥ, 
29 029 ʯʝʣ., ʠʟ ʥʠʭ 73,4 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦ-
ʤʦʣʴʮʝʚ [3, ʦʧ. 33, ʜ. 221, ʩ. 1; ʦʧ. 36, ʜ. 217, ʩ. 57; 
ʦʧ. 37, ʜ. 280, ʩ. 38]; ʚ ʥʘʯʘʣʝ 1969 ʛ. ï 899 ʜʨʫʞʠʥ 
ʩ ʦʭʚʘʪʦʤ 2383 ʯʝʣ., ʠʟ ʥʠʭ 72,7 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ 
ʢʦʤʩʦʤʦʣʴʮʝʚ; ʚ ʢʦʥʮʝ ʪʦʛʦ ʞʝ ʛʦʜʘ ʚ ʨʝʩʧʫʙʣʠʢʝ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ 1 148 ʜʨʫʞʠʥ ʩ ʦʭʚʘʪʦʤ 30 402 
ʯʝʣ., ʠʟ ʥʠʭ 65,8 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ 
[6]; ʚ 1971 ʛ. ï 1 241 ʜʨʫʞʠʥʘ ʩ ʦʭʚʘʪʦʤ 30 606 ʯʝʣ., 
ʠʟ ʥʠʭ 59,6 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ; 1972 
ʛ. ï 1244 ʜʨʫʞʠʥ ʩ ʦʭʚʘʪʦʤ 30 353 ʯʝʣ., ʠʟ ʥʠʭ 
61,4 % ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ; ʥʘ 1 ʷʥʚʘʨʷ 
1974 ʛ. ï 1245 ʜʨʫʞʠʥ, 31 801 ʯʝʣ., ʠʟ ʥʠʭ 62,4 % 
ʢʦʤʤʫʥʠʩʪʦʚ ʠ ʢʦʤʩʦʤʦʣʴʮʝʚ [3, ʦʧ. 33, ʜ. 221, ʩ. 1; 
ʦʧ. 36, ʜ. 217, ʩ. 57; ʦʧ. 37, ʜ. 280, ʩ. 38].  
ʊʘʢʦʡ ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʨʦʜʥʳʭ ʜʨʫ-

ʞʠʥ ʙʳʣ ʩʚʷʟʘʥʦ ʩ ʧʨʠʥʷʪʠʝʤ ʋʢʘʟʘ ʇʨʝʟʠʜʠʫʤʘ 
ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ ʉʉʉʈ ʦʪ 20 ʤʘʷ 1974 ʛ. çʆʙ ʦʩ-
ʥʦʚʥʳʭ ʦʙʷʟʘʥʥʦʩʪʷʭ ʠ ʧʨʘʚʘʭ ʜʦʙʨʦʚʦʣʴʥʳʭ 
ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʧʦ ʦʭʨʘʥʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦ-
ʨʷʜʢʘè [9] ʠ çʇʦʣʦʞʝʥʠʠ ʦ ʜʦʙʨʦʚʦʣʴʥʳʭ ʥʘʨʦʜ-
ʥʳʭ ʜʨʫʞʠʥʘʭ ʈʉʌʉʈ ʧʦ ʦʭʨʘʥʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 
ʧʦʨʷʜʢʘè, ʫʪʚʝʨʞʜʝʥʥʦʛʦ 19 ʠʶʣʷ 1974 ʛ ʉʦʚʝʪʦʤ 
ʄʠʥʠʩʪʨʦʚ ʈʉʌʉʈ [8]. 
ʉʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʶ, ʥʘʨʦʜʥʳʝ ʜʨʫʞʠʥʳ ʩʦ-

ʟʜʘʚʘʣʠʩʴ ʢʦʣʣʝʢʪʠʚʦʤ ʪʨʫʜʷʱʠʭʩʷ ʧʘ ʧʨʝʜʧʨʠʷ-
ʪʠʷʭ, ʚ ʫʯʨʝʞʜʝʥʠʷʭ, ʦʨʛʘʥʠʟʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʦ ʤʝ-

ʩʪʫ ʞʠʪʝʣʴʩʪʚʘ ʛʨʘʞʜʘʥ ʜʣʷ ʫʩʠʣʝʥʠʷ ʦʭʨʘʥʳ ʦʙ-
ʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʙʦʨʴʙʳ ʩ ʧʨʘʚʦʥʘʨʫʰʝʥʠ-
ʷʤʠ. ɺ ʠʭ ʨʷʜʳ ʧʨʠʥʠʤʘʣʠʩʴ ʛʨʘʞʜʘʥʝ, ʜʦʩʪʠʛʰʠʝ 
18 ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ, ʠʟ ʯʠʩʣʘ ʧʝʨʝʜʦʚʳʭ ʨʘʙʦʯʠʭ, 
ʢʦʣʭʦʟʥʠʢʦʚ, ʩʣʫʞʘʱʠʭ, ʩʪʫʜʝʥʪʦʚ, ʫʯʘʱʠʭʩʷ, ʧʝʥ-
ʩʠʦʥʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦ-ʜʝʣʦʚʦʤʫ ʠ ʤʦʨʘʣʴʥʦ-ʧʦ-
ʣʠʪʠʯʝʩʢʦʤʫ ʢʘʯʝʩʪʚʫ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚ-
ʣʝʥʥʳʝ ʧʝʨʝʜ ʜʨʫʞʠʥʘʤʠ ʟʘʜʘʯʠ. ʉʦʛʣʘʩʥʦ ʘʨʭʠʚ-
ʥʳʤ ʜʘʥʥʳʤ, ʪʦʣʴʢʦ ʚ 1976 ʛ. ʢʨʦʤʝ 
ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʚ 
ʏʫʚʘʰʠʠ, ʚ ʩʦʩʪʘʚʝ ɼʅɼ ʨʝʩʧʫʙʣʠʢʠ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʣʠ 291 ʜʨʫʞʠʥʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ [3, ʦʧ. 40, ʜ. 230, ʩ. 56]. 
ʇʘʨʪʠʡʥʳʝ ʠ ʩʦʚʝʪʩʢʠʝ ʦʨʛʘʥʳ ʥʘ ʤʝʩʪʘʭ ʧʨʠ-

ʥʠʤʘʣʠ ʤʝʨʳ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝ-
ʩʪʚʘ ʜʨʫʞʠʥ ʠ ʯʣʝʥʦʚ ʚ ʥʠʭ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʨʘʙʦʪʝ 
ʚ ʥʘʯʘʣʝ 1977 ʛ. ʚ ʨʝʩʧʫʙʣʠʢʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ 
1404 ʜʨʫʞʠʥʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʚʦʠʭ ʨʷʜʘʭ ʙʦʣʝʝ 
36 ʪʳʩ. ʜʨʫʞʠʥʥʠʢʦʚ [10]; ʥʘ 1 ʷʥʚʘʨʷ 1978 ʛ. ï 1517 
ʜʨʫʞʠʥ, 48 763 ʯʝʣ.; ʥʘ 1 ʠʶʣʷ 1978 ʛ. ï 1 528 ʥʘʨʦʜ-
ʥʳʭ, 49 774 ʯʝʣ. (12 955 ʯʣʝʥʦʚ ʂʇʉʉ ʠ 14 753 ʯʣʝ-
ʥʦʚ ɺʃʂʉʄ). ʇʨʠ ʵʪʦʤ, ʚ ʨʘʩʯʝʪʝ ʥʘ 10 ʪʳʩ. ʥʘʩʝ-
ʣʝʥʠʷ ʩʨʝʜʥʠʡ ʝʞʝʜʥʝʚʥʳʡ ʚʳʭʦʜ ʜʨʫʞʠʥʥʠʢʦʚ ʥʘ 
ʜʝʞʫʨʩʪʚʦ ʩʦʩʪʘʚʠʣ 8,8 ʯʝʣ. (ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ ʩʨʝʜ-
ʥʝʤ ʧʦ ʩʪʨʘʥʝ ʝʞʝʜʥʝʚʥʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʣ 11 ʯʝʣ.) 
[3, ʦʧ. 43, ʜ. 226, ʩ. 13, 114]; 1979 ʛ. ʚ ʨʝʩʧʫʙʣʠʢʝ 
ʬʫʥʢʮʠʦʥʠʨʫʶʪ 1528 ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ, ʢʦʪʦʨʳʝ 
ʦʙʲʝʜʠʥʷʶʪ ʙʦʣʝʝ 52 300 ʯʣʝʥʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ ʜʝ-
ʞʫʨʩʪʚʦ ʝʞʝʜʥʝʚʥʦ ʚ ʛʦʨʦʜʘʭ ʠ ʩʝʣʘʭ, ʜʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʨʘʩʥʳʤʠ ʧʦʚʷʟ-
ʢʘʤʠ, ʚʳʭʦʜʠʣʠ ʚ ʩʨʝʜʥʝʤ 1100 ʯʝʣ. [4]. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʛ., 

ʙʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʧʘʨʪʠʡʥʳʭ ʠ ʩʦʚʝʪ-
ʩʢʠʭ ʦʨʛʘʥʦʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ɼʅɼ ʟʥʘʯʠʪʝʣʴʥʦ ʘʢʪʠ-
ʚʠʟʠʨʦʚʘʣʘʩʴ, ʫʢʨʝʧʠʣʠʩʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʢʘʯʝ-
ʩʪʚʝʥʥʦ. ʅʘʧʨʠʤʝʨ, ʥʘ 1 ʠʶʥʷ 1980 ʛ. ʚ ʨʝʩʧʫʙʣʠʢʝ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ 1549 ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʩ ʦʭʚʘ-
ʪʦʤ 55 814 ʯʝʣ., ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ 4,3 % ʯʠʩʣʝʥʥʦʩʪʠ 
ʥʘʩʝʣʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ (ʧʦ ʈʉʌʉʈ ï 4,8 %) ʠ ʝʞʝ-
ʜʥʝʚʥʳʡ ʚʳʭʦʜ ʧʘ ʜʝʞʫʨʩʪʚʦ ʚ ʨʘʩʯʝʪʝ ʥʘ 10 ʪʳʩ. 
ʥʘʩʝʣʝʥʠʷ ï 12,1 ʯʝʣ. (ʧʦ ʈʉʌʉʈ ï 14,0 ʯʝʣ.) [3, ʦʧ. 
49, ʜ. 229, ʩ. 51]. 
ɽʞʝʛʦʜʥʦ ʯʣʝʥʘʤʠ ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʨʝʩʧʫʙ-

ʣʠʢʠ ʚʳʷʚʣʷʣʠʩʴ ʠ ʟʘʜʝʨʞʠʚʘʣʠʩʴ ʣʠʮʘ, ʩʦʚʝʨʰʘʶ-
ʱʠʝ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ ʠ ʧʨʝʩʪʫʧʣʝʥʠʷ, ʪʦʣʴʢʦ ʟʘ 
1960 ʛ. ʜʨʫʞʠʥʥʠʢʘʤʠ ʨʝʩʧʫʙʣʠʢʠ, ʧʨʝʜʫʧʨʝʞʜʝʥʦ 
ʠ ʧʨʝʩʝʯʝʥʦ ʙʦʣʝʝ 2840 ʥʘʨʫʰʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 
ʧʦʨʷʜʢʘ ʠ 1588 ʫʛʦʣʦʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ. ɺ ʯʘʩʪʥʦ-
ʩʪʠ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʨʭʠʚʘ, 26 ʷʥʚʘʨʷ 1960 ʛ. ʢʦʤʘʥ-
ʜʠʨ ɼʅɼ ʢʦʣʭʦʟʘ çɸʣʛʘè ʗʣʴʯʠʢʩʢʦʛʦ ʨʘʡʦʥʘ ʍʘ-
ʩʘʥʦʚ ʟʘʜʝʨʞʘʣ ɻʘʣʢʠʥʘ, ʨʘʟʳʩʢʠʚʘʝʤʦʛʦ ʦʨʛʘʥʘʤʠ 
ʤʠʣʠʮʠʠ ʟʘ ʢʨʘʞʫ ʣʦʰʘʜʠ. 15 ʬʝʚʨʘʣʷ ʯʣʝʥʳ ɼʅɼ 
ʢʦʣʭʦʟʘ çʇʨʘʚʜʘè ɸʣʠʢʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʩʴʷʥʦʚ ʠ 
ʉʦʨʦʢʠʥ ʟʘʜʝʨʞʘʣʠ ʗʢʠʤʦʚʘ ʥʘ ʤʝʩʪʝ ʧʨʝʩʪʫʧʣʝ-
ʥʠʷ, ʪ. ʝ. ʧʨʠ ʧʦʧʳʪʢʝ ʩʦʚʝʨʰʝʥʠʷ ʢʨʘʞʠ ʟʝʨʥʘ ʠʟ 
ʢʦʣʭʦʟʥʦʛʦ ʘʤʙʘʨʘ, ʟʘ ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʙʳʣ ʦʩʫʞʜʝʥ 
ʢ 2 ʛʦʜʘʤ ʣʠʰʝʥʠʷ ʩʚʦʙʦʜʳ. ɺ ʤʘʝ 1960 ʛ. ʜʨʫʞʠʥ-
ʥʠʢʠ ʜ. ʉʪʫʜʝʥʝʮ ʅʘʧʝʣʴʥʦʚʩʢʦʛʦ ʩʝʣʴʩʦʚʝʪʘ ʇʦ-
ʨʝʮʢʦʛʦ ʨʘʡʦʥʘ ɻʦʨʙʳʣʝʚ, ʅʝʯʘʝʚ ʠ ɻʣʫʭʝʡʢʠʥ ʟʘ-
ʜʝʨʞʘʣʠ ʠ ʜʦʩʪʘʚʠʣʠ ʚ ʦʪʜʝʣ ʤʠʣʠʮʠʠ ɻʦʨʙʳʣʝʚʘ, 
ʩʦʚʝʨʰʠʚʰʝʛʦ ʫʙʠʡʩʪʚʦ ʩʚʦʝʡ ʞʝʥʳ. ɺ ʠʶʥʝ ʥʘ 
ʧʨʘʟʜʥʠʢʝ ʧʝʩʥʠ ʚ ʢʦʣʭʦʟʝ çʄʠʨè ʗʜʨʠʥʩʢʦʛʦ ʨʘʡ-
ʦʥʘ ʯʣʝʥ ɼʅɼ ʈʦʤʘʥʦʚ ʟʘʜʝʨʞʘʣ ʧʨʝʩʪʫʧʥʠʢʘ, ʩʦ-
ʚʝʨʰʠʚʰʝʛʦ ʢʨʘʞʫ ʜʝʥʝʛ ʚ ʩʫʤʤʝ 3467 ʨʫʙ. ʫ ʧʨʦ-
ʜʘʚʮʘ ʂʫʜʘʰʩʢʦʛʦ ʩʝʣʴʤʘʛʘ [3. ʦʧ. 26, ʜ. 1227, ʩ. 28, 
71; ʦʧ. 28, ʜ. 197, ʩ. 14, 32; ʜ. 388, ʩ. 56] ʠ ʪ.ʜ. 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 1963 ʛ. ʥʘʨʦʜʥʳʤʠ ʜʨʫ-
ʞʠʥʥʠʢʘʤʠ ʧʨʝʜʫʧʨʝʞʜʝʥʦ ʠ ʧʨʝʩʝʯʝʥʦ ʙʦʣʝʝ 4500 
ʥʘʨʫʰʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʠ ʧʨʝʩʪʫʧʣʝ-
ʥʠʡ; 1971 ʛ. ʧʨʝʜʦʪʚʨʘʱʝʥʦ 37 ʧʨʝʩʪʫʧʣʝʥʠʡ, ʟʘ-
ʜʝʨʞʘʥʦ 128 ʧʨʝʩʪʫʧʥʠʢʦʚ, ʜʦʩʪʘʚʣʝʥʦ ʚ ʦʨʛʘʥʳ 
ʤʠʣʠʮʠʠ 1624 ʧʨʘʚʦʥʘʨʫʰʠʪʝʣʷ, 1107 ʥʘʨʫʰʠʪʝ-
ʣʝʡ ʫʣʠʯʥʦʛʦ ʜʚʠʞʝʥʠʷ, 125 ʥʘʨʫʰʠʪʝʣʝʡ ʧʘʩʧʦʨʪ-
ʥʦʛʦ ʨʝʞʠʤʘ, 1498 ʧʴʷʥʠʮ, 585 ʤʝʣʢʠʭ ʭʫʣʠʛʘʥʦʚ, 
ʧʨʦʚʝʜʝʥʦ 1080 ʤʘʩʩʦʚʳʭ ʨʝʡʜʦʚ ʩ ʦʙʱʠʤ ʦʭʚʘʪʦʤ 
ʧʦʯʪʠ 80 ʪʳʩ. ʯʝʣ. ɺ 1973 ʛ. ʚ ʨʝʩʧʫʙʣʠʢʝ ʚ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ɼʅɼ ʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝ 
ʧʨʦʠʟʦʰʣʦ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʯʣʝʥʳ ɼʅɼ, 
ʘʢʪʠʚʥʦ ʙʦʨʦʣʠʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʘʚʦʥʘʨʫʰʝʥʠ-
ʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 6 ʠʶʣʷ 1973 ʛ. ʯʣʝʥ ɼʅɼ ʂʘʥʘʰ-
ʩʢʦʛʦ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʚʪʦʨʝʤʦʥʪʥʦʛʦ 
ʟʘʚʦʜʘ ɿʘʣʝʥʢʠʥ ʨʘʟʦʨʫʞʠʣ ʧʴʷʥʦʛʦ ʜʝʙʦʰʠʨʘ 
ʖʜʠʥʘ, ʦʪʢʨʳʚʰʝʛʦ ʩʪʨʝʣʴʙʫ ʠʟ ʨʫʞʴʷ ʚ ʛʦʨʦʜʝ ʥʘ 
ʦʙʱʝʩʪʚʝʥʥʦʤ ʤʝʩʪʝ. 9 ʦʢʪʷʙʨʷ ʪʦʛʦ ʞʝ ʛʦʜʘ ʯʣʝʥʳ 
ɼʅɼ ʋʨʤʘʨʩʢʦʡ ʧʪʠʮʝʬʘʙʨʠʢʠ ʐʘʨʦʚ ʠ ʀʛʥʘʪʴʝʚ 
ʟʘʜʝʨʞʘʣʠ ʢʦʯʝʛʘʨʘ ɼʤʠʪʨʠʝʚʘ, ʩʦʚʝʨʰʠʚʰʝʛʦ 
ʢʨʘʞʫ 31 ʢʛ ʤʷʩʘ [3, ʦʧ. 31, ʜ. 9, ʩ. 31; ʦʧ. 33, ʜ. 221, 
ʩ. 1; ʦʧ. 37, ʜ. 280, ʩ. 3]. 
ɹʦʣʴʰʫʶ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʶʶ ʨʘʙʦʪʫ ʧʨʦʚʦ-

ʜʠʣʠ ʯʣʝʥʳ 253 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʨʫʞʠʥ ʧʦ 
ʙʦʨʴʙʝ ʩ ʭʠʱʝʥʠʷʤʠ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʩʦʙʩʪʚʝʥ-
ʥʦʩʪʠ. ɺ 1976 ʛ. ʧʨʝʜʦʪʚʨʘʱʝʥʦ ʙʦʣʝʝ 100 ʩʣʫʯʘʝʚ 
ʭʠʱʝʥʠʷ, ʘ ʚʦʟʚʨʘʱʝʥʦ ʮʝʥʥʦʩʪʝʡ ʛʦʩʫʜʘʨʩʪʚʫ ʥʘ 
ʩʫʤʤʫ 12 262 ʨʫʙ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚʤʝ-
ʩʪʝ ʩ ʦʨʛʘʥʘʤʠ ʤʠʣʠʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʭʨʘʥʝʥʦ 
ʮʝʥʥʦʩʪʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʢʦʣʭʦʟʘʭ ʠ ʩʦʚʭʦʟʘʭ 
ʥʘ ʩʫʤʤʫ 145 350 ʨʫʙ.  
ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʛ. ʘʥʘʣʦʛʠʯʥʳʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʨʫʞʠʥʳ ʠʣʠ ʛʨʫʧʧʳ ʠʤʝʣʠʩʴ 
ʥʝ ʚʦ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʂ ʪʦʤʫ ʞʝ 
ʩʦʪʨʫʜʥʠʢʠ ɺʍʉʉ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʫʯʘʣʠ ʯʣʝʥʦʚ 
ʥʘʨʦʜʥʳʭ ʜʨʫʞʠʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʥʘʚʳʢʘʤ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʨʝʡʜʦʚ, ʧʨʦʚʝʨʢʠ ʫʯʝʪʘ ʠ ʭʨʘʧʝʥʠʷ ʤʘ-
ʪʝʨʠʘʣʴʥʳ ʮʝʥʥʦʩʪʝʡ ʠ ʩʝʣʴʭʦʟʧʨʦʜʫʢʪʦʚ [11]. 
ʈʫʢʦʚʦʜʩʪʚʦ ʩʪʨʘʥʳ ʚʳʩʦʢʦ ʮʝʥʠʣʦ ʨʘʙʦʪʫ 

ʜʨʫʞʠʥʥʠʢʦʚ. ɺ 1963 ʛ. ʜʨʫʞʠʥʥʠʢ ʂʫʟʴʤʠʥ ʚʦ 
ʚʨʝʤʷ ʟʘʜʝʨʞʘʥʠʷ ʧʦʭʠʪʠʪʝʣʝʡ ʢʦʣʭʦʟʥʦʛʦ ʠʤʫʱʝ-
ʩʪʚʘ, ʙʳʣ ʪʷʞʝʣʦ ʨʘʥʝʥ. ɿʘ ʩʘʤʦʦʪʚʝʨʞʝʥʥʳʝ ʜʝʡ-
ʩʪʚʠʷ ʠ ʤʫʞʝʩʪʚʦ, ʧʨʦʷʚʣʝʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʜʦʣʛʘ, ʋʢʘʟʦʤ ʇʨʝʟʠʜʠʫʤʘ ɺʝʨʭʦʚ-
ʥʦʛʦ ʉʦʚʝʪʘ ʉʉʉʈ ʦʪ 1 ʠʶʣʷ 1963 ʛ. ʂʫʟʴʤʠʥ ʙʳʣ 
ʥʘʛʨʘʞʜʝʥ ʤʝʜʘʣʴʶ çɿʘ ʦʪʚʘʛʫè. 
ɺ 1964 ʛ. ʧʨʝʩʝʯʝʥʦ ʙʦʣʝʝ 4,5 ʪʳʩʷʯʠ ʩʣʫʯʘʝʚ 

ʥʘʨʫʰʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʚʳʷʚʣʝʥʦ 
12 879 ʥʘʨʫʰʝʥʠʡ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ. ɿʘ ʘʢʪʠʚʥʦʝ 
ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʦʭʨʘʥʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ 28 
ʢʦʤʘʥʜʠʨʦʚ ʠ ʯʣʝʥʦʚ ɼʅɼ ʙʳʣʠ ʥʘʛʨʘʞʜʝʥʳ ʇʦ-
ʯʝʪʥʦʡ ʛʨʘʤʦʪʦʡ ʇʨʝʟʠʜʠʫʤʘ ɺʝʨʭʦʚʥʦʛʦ ʉʦʚʝʪʘ 
ʏʫʚʘʰʩʢʦʡ ɸʉʉʈ, ʘ 2 ʯʝʣ. ʋʢʘʟʦʤ ʇʨʝʟʠʜʠʫʤʘ ɺʝʨ-
ʭʦʚʥʦʛʦ ʉʦʥʝʪʘ ʉʉʉʈ ʤʦʜʝʣʴʶ çɿʘ ʦʪʚʘʛʫè [3, ʦʧ. 
26, ʜ. 460, ʩ. 80-81; ʦʧ. 28, ʜ. 689, ʩ. 3]. 
ɺ 70-ʝ ʛʛ. ʟʘ ʜʦʙʨʦʩʦʚʝʩʪʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʜʦʣʛʘ ʙʳʣʦ ʧʦʦʱʨʝʥʦ ʙʦʣʝʝ ʪʳʩʷʯʠ ʯʣʝ-
ʥʦʚ ɼʅɼ, ʠʟ ʥʠʭ 2465 ʯʝʣʦʚʝʢ ʧʦʣʫʯʠʣʠ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʝ ʦʪʧʫʩʢʘ, ʘ 47 ʯʝʣ. ʥʘʛʨʘʞʜʝʥʳ ʟʥʘʢʦʤ çʆʪ-
ʣʠʯʥʳʡ ʜʨʫʞʠʥʥʠʢè [3, ʦʧ. 37, ʜ. 221, ʩ. 56-59]. 
ʂ ʩʦʞʘʣʝʥʠʶ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ɼʅɼ ʩʪʘʣʘ ʤʝʥʝʝ ʧʦʧʫʣʷʨʥʦʡ ʠ ʢ 

ʥʘʯʘʣʫ 1980-ʭ ʛ. ʩʣʦʚʦ çʜʦʙʨʦʚʦʣʴʥʘʷè ʚ ʩʚʦʝʤ 
ʥʘʟʚʘʥʠʠ ʧʦʯʪʠ ʫʪʨʘʪʠʣʦ ʩʤʳʩʣ, ʘ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʠ 
ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʜʨʫʞʠʥʥʠʢʠ ʥʘʟʥʘʯʘʣʠ ʣʠʰʴ ʧʦ 
ʨʘʟʥʘʨʷʜʢʝ.  
ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ 

ʠʪʦʛ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʨʦʜʥʳʝ ʜʨʫʞʠʥʳ, 
ʢʦʤʩʦʤʦʣʴʩʢʠʝ ʦʧʝʨʘʪʠʚʥʳʝ ʦʪʨʷʜʳ, ʨʘʙʦʯʘʷ ʤʠ-
ʣʠʮʠʷ ʠ ʜʨʫʛʠʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʳʛ-
ʨʘʣʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʫʢʨʝʧʣʝʥʠʠ ʠ ʦʭʨʘʥʳ 
ʧʨʘʚʦʧʦʨʷʜʢʘ, ʥʘʢʦʧʠʣʠ ʥʝʤʘʣʳʡ ʦʧʳʪ ʙʦʨʴʙʳ ʩ 
ʧʨʝʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʤʠ.  
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʣʦʞʥʝʥʠʷ ʢʨʠʤʠ-

ʥʦʛʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʚʥʦʚʴ ʚʝʨʥʫʪʴʩʷ ʢ ʠʩʧʳʪʘʥʥʳʤ ʤʝʪʦʜʘʤ ʠ 
ʚʦʟʨʦʜʠʪʴ ʦʙʱʝʩʪʚʝʥʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʦʙʨʦ-
ʚʦʣʴʯʝʩʢʠʝ ʦʪʨʷʜʳ ʧʦ ʥʝʩʝʥʠʶ ʩʣʫʞʙʳ ʚʦ ʙʣʘʛʦ 
ʛʨʘʞʜʘʥ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʝʠʥʚʘʟʠʚʥʦʡ ʀɸɻ-ʣʘʟʝʨʥʦʡ ʭʠʨʫʨʛʠʠ ʜʣʷ ʣʝʯʝʥʠʷ 

ʛʝʤʦʬʪʘʣʴʤʘ ʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʘ, ʟʘ 20 ʣʝʪ ʧʨʠʤʝʥʝʥʠʷ. 

ʀɸɻ-ʣʘʟʝʨʥʳʡ ʚʠʪʨʝʦʣʠʟʠʩ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ ʚʳʙʦʨʘ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʝʜʠʥʠ-

ʮʝʡ. ʀɸɻ-ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ ʣʝʯʝʥʠʷ ʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʛʝʤʦʬ-

ʪʘʣʴʤʘ. 

Annotation. The work is devoted to non YAG-Laser surgery, which is used for treatment hemophthalm of 

traumatic genesis, during 20 years practice. YAG-Laser vitreolysis is a select operation or a independent unit. 

YAG-laser destruction on vitreous reduces the time of treatment of traumatic hemophthalm. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀɸɻ-ʣʘʟʝʨʥʳʡ ʚʠʪʨʝʦʣʠʟʠʩ, ʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʛʝʤʦʬʪʘʣʴʤ. 

Key word. YAG-laser vitreolysis, traumatic hemophthalm. 

 

ɺʚʝʜʝʥʠʝ. ʉʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʳʩʦʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʫʶ ʪʢʘʥʴ, ʦʩʥʦʚʥʳʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʢʦʣʣʘʛʝʥ, ʛʠʘʣʫ-

ʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʝʪʘʙʦʣʠʟʤ ʩʘ-

ʤʦʛʦ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʤ 

ʚʥʫʪʨʠʛʣʘʟʥʳʭ ʩʪʨʫʢʪʫʨ [1, 7]. ʀʟʤʝʥʝʥʠʷ ʩʪʝʢʣʦ-

ʚʠʜʥʦʛʦ ʪʝʣʘ ʩ ʥʘʨʫʰʝʥʠʝʤ ʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʟ-

ʥʠʢʘʶʪ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʨʘʚʤʘʭ ʛʣʘʟʘ, ʫʚʝʘʣʴ-

ʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷʭ ʚ ʩʪʝʢʣʦʚʠʜʥʦʤ 

ʪʝʣʝ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʬʠʙʨʠʥʦʟʥʘʷ ʵʢʩʩʫʜʘʮʠʷ ʩ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʵʢʩʩʫʜʘʪʘ ʠ ʢʨʦʚʠ. 

ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʚʠʪ-

ʨʝʦʨʝʪʠʥʦʧʘʪʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʩʣʦʡʢʦʡ ʩʝʪ-

ʯʘʪʢʠ, ʮʠʣʠʘʨʥʦʛʦ ʪʝʣʘ ʠ ʨʘʟʚʠʪʠʝʤ ʩʫʙʘʪʨʦʬʠʠ [2, 

3]. 

ʋʩʪʨʘʥʝʥʠʝ ʛʝʤʦʬʪʘʣʴʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʵʪʘʧʦʚ ʨʝʘʥʠʤʘʮʠʠ ʦʨʛʘʥʘ. ʀʟʣʠʚʰʘʷʩʷ ʚ ʩʪʝʢʣʦ-

ʚʠʜʥʦʝ ʪʝʣʦ ʢʨʦʚʴ ʪʦʢʩʠʯʝʩʢʠ ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʪʨʫʢ-

ʪʫʨʳ ʛʣʘʟʘ, ʚʳʟʳʚʘʷ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʝʪʯʘʪʦʡ ʦʙʦʣʦʯʢʠ, ʚʪʦʨʠʯʥʫʶ ʛʣʘʫʢʦʤʫ, ʢʘʪʘ-

ʨʘʢʪʫ. ʆʨʛʘʥʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʚʘʨʪ ʚʝʜʸʪ ʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʚ 47% ʩʣʫʯʘʝʚ, ʘ ʠʥ-

ʬʠʮʠʨʦʚʘʥʠʝ ʠ ʛʝʤʦʵʥʜʦʬʪʘʣʴʤʠʪʘ ʚ 5-7% ʢ ʘʥʘʪʦ-

ʤʠʯʝʩʢʦʡ ʛʠʙʝʣʠ ʛʣʘʟʘ [4, 7].  

ɺʘʨʠʘʥʪʳ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʠ ʭʠʨʫʨʛʠʯʝ-

ʩʢʦʛʦ ʣʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʀɸɻ-ʣʘʟʝʨʥʫʶ ʜʝʩʪʨʫʢ-

ʮʠʶ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝ-

ʥʝʥʠʡ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ [6].  

ʇʨʠ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʤ ʣʝʯʝʥʠʠ ʧʘʪʦʣʦʛʠʠ 

ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʝʤʦʬʪʘʣʴʤʘ, ʪʨʝ-

ʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʢʦʥʝʯʥʳʡ ʵʬʬʝʢʪ ʧʨʦ-

ʙʣʝʤʘʪʠʯʝʥ; ʦʥʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʩʫ-

ʜʠʩʪʦʡ ʨʝʘʢʮʠʠ, ʨʘʩʩʘʩʳʚʘʥʠʝ ʵʢʩʩʫʜʘʪʘ, ʧʨʝʜʫʧʨʝ-

ʞʜʝʥʠʝ ʨʘʟʚʠʪʠʷ ʰʚʘʨʪ ʠ ʪʨʘʢʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʦʙʦ-

ʣʦʯʝʢ [7, 8].  

ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʠ 

ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʠ ʩʝʪʯʘʪʢʠ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʘʷ 

ʚʠʪʨʵʢʪʦʤʠʷ, ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ R. Ma-

chemer ʚ 1971 ʛʦʜʫ ʠ ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ ʩʚʦʝʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ ʪʦ-

ʪʘʣʴʥʫʶ ʠʣʠ ʯʘʩʪʠʯʥʫʶ ʚʠʪʨʵʢʪʦʤʠʶ [3, 4], ʢʦʪʦ-

ʨʘʷ ʜʘʝʪ ʙʳʩʪʨʳʡ ʵʬʬʝʢʪ ʚ 32-67% ʩʣʫʯʘʝʚ [4]. 

ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʰʚʘʨʪʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʝʜʥʠʭ ʦʪʜʝʣʘʭ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, 

ʟʘʪʨʫʜʥʷʝʪ ʠ ʦʩʣʦʞʥʷʝʪ ʚʠʪʨʵʢʪʦʤʠʶ [4, 5, 6, 7].  

ʃʘʟʝʨʥʳʤʠ ʦʬʪʘʣʴʤʦʭʠʨʫʨʛʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʳʩʢʘʥʠʝ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʝʢʣʦʚʠʜʥʦʝ 

ʪʝʣʦ ʙʝʟ ʚʩʢʨʳʪʠʷ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ. Nd:YAG ʣʘʟʝʨ-

ʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʘʪʨʘʚʤʘʪʠʯʥʦ [7, 8, 11], ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʦ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʝʯʝʥʠʷ ʠʣʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʚʘʨʪ, ʧʨʦʬʠʣʘʢ-

ʪʠʢʠ ʥʝʦʚʘʩʢʫʣʷʨʠʟʘʮʠʠ ʦʙʦʣʦʯʝʢ ʠ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʧʦʨʘʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʙʦʣʦʯʝʢ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ 

[7, 8, 9, 10, 11].  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʝʢʣʦʚʠʜ-

ʥʦʝ ʪʝʣʦ ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʢ ʚʠʪʨʵʢʪʦʤʠʠ, ʤʳ ʧʨʠʚʝ-

ʜʝʤ ʥʝʩʢʦʣʴʢʦ ʜʘʥʥʳʭ. 

Fankhauser F. (1983) ʠʩʧʦʣʴʟʦʚʘʣ Nd:YAG ʣʘ-

ʟʝʨ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩ ʦʩʣʘʙʣʝ-

ʥʠʝʤ ʪʨʘʢʮʠʠ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʧʨʠ ʦʪʩʣʦʡʢʝ ʩʝʪ-

ʯʘʪʢʠ [10, 11]. ʊʦʛʜʘ ʞʝ ʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʤʠʥ 

ï ʀɸɻ-ʣʘʟʝʨʥʳʡ ʚʠʪʨʝʦʣʠʟʠʩ. 

ʈʷʜ ʘʚʪʦʨʦʚ ʩʯʠʪʘʣ, ʯʪʦ ND:YAG ʣʘʟʝʨʥʘʷ ʭʠ-

ʨʫʨʛʠʷ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦʡ ʝʜʠʥʠʮʝʡ, ʘ ʣʠʰʴ ʪʦʣʴʢʦ ʬʨʘʛʤʝʥʪ ʭʠʨʫʨ-

ʛʠʯʝʩʢʦʡ ʚʠʪʨʵʢʪʦʤʠʠ [2, 11]. ʅʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ 
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ʫʢʘʟʳʚʘʣʠ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʘʢʮʠʠ ʩʪʝʢʣʦ-

ʚʠʜʥʦʛʦ ʪʝʣʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ Nd:YAG ʣʘʟʝʨ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʩʨʝʜʥʝʤ ʠʣʠ ʟʘʜʥʝʤ ʦʪʜʝʣʝ ʩʪʝʢ-

ʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ "ʟʘʜʥʠʡ ʚʠʪʨʝʦʣʠ-

ʟʠʩ" [10], ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ 30-65%.  

ɺ 1991 ʛʦʜʫ ʨʘʙʦʪʘʤʠ ʉʪʝʧʘʥʦʚʘ ɸ.ɺ., ʀʚʘʥʦʚʘ 

ɸ.ʅ., ʍʦʨʦʰʠʣʦʚʦʡ-ʄʘʩʣʦʚʦʡ ʀ.ʇ. ʜʦʢʘʟʘʥʦ, ʯʪʦ 

Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʢʣʦʚʠʜʥʦʝ 

ʪʝʣʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʞʠʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʠ ʧʦʷʚʣʝʥʠʝʤ ʵʥʟʠʤʦʚ ʚ ʩʪʝʢ-

ʣʦʚʠʜʥʦʤ ʪʝʣʝ ʠ ʫʩʠʣʝʥʠʝʤ ʚʥʫʪʨʠ ʩʪʝʢʣʦʚʠʜʥʦʛʦ 

ʪʝʣʘ ʛʠʜʨʦʮʠʨʢʫʣʷʮʠʠ [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘ-

ʛʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ Nd:YAG ʣʘʟʝʨ-

ʥʦʛʦ ʚʠʪʨʝʦʣʠʟʠʩʘ ʠʣʠ Nd:YAG ʣʘʟʝʨʥʦʡ ʜʝʩʪʨʫʢ-

ʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʪʝʢʣʦʚʠʜʥʦʛʦ 

ʪʝʣʘ ʩ ʫʩʠʣʝʥʠʝʤ ʬʠʙʨʠʥʦʣʠʟʘ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʪʦʣʦ-

ʛʠʠ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʚʳʟʚʘʥʥʦʡ ʛʝʤʦʬʪʘʣʴʤʦʤ.  

ʅʘʤʠ ʚʧʝʨʚʳʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʠ ʧʦʣʫʯʝʥʳ ʧʘ-

ʪʝʥʪʳ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʈʌ ʚ ʩʧʦʩʦʙʘʭ ʀɸɻ-

ʣʘʟʝʨʥʦʛʦ ʣʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ 

ʧʨʠ ʵʥʜʦʬʪʘʣʴʤʠʪʝ ʠ ʛʝʤʦʬʪʘʣʴʤʝ (ʧʘʪʝʥʪʦʚ ʈʌ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ2136251 ʦʪ 05.11.1996ʛ., ˉ2180204 

ʦʪ 22.02.2000ʛ.). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦ-

ʪʘʭ ʥʘ ʩʦʠʩʢʘʥʠʝ ʢʘʥʜʠʜʘʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

ʀʚʘʥʦʚʘ ɸ.ʅ. (1987), ɹʦʣʢʚʘʜʟʝ ɽ.ʈ. (2004), ɼʝʛ-

ʪʷʨʝʚʦʡ ɽ.ʄ. (2012) ʠ ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ 

ʉʪʝʧʘʥʦʚʘ ɸ.ɺ. (1990), ʀʚʘʥʦʚʘ ɸ.ʅ. (2003). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʀɸɻ-ʣʘʟʝʨʥʦʛʦ ʣʝʯʝʥʠʷ ʛʝʤʦʬ-

ʪʘʣʴʤʘ (Nd:YAG ʣʘʟʝʨʥʳʡ ʚʠʪʨʝʦʣʠʟʠʩ), ʩʧʦʩʦʙ-

ʥʦʛʦ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʨʫʰʘʪʴ ʰʚʘʨʪʳ 

ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʚʳʟʳʚʘʪʴ ʣʠʟʠʩ ʛʝʤʦʬʪʘʣʴʤʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ Nd:YAG ʣʘʟʝʨ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʘʟʝʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 

"Visulas-YAG II" ʬʠʨʤʳ "Karl Zeiss" (ɻʝʨʤʘʥʠʷ). 

ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ 0,8-9,2 mJ, ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴ-

ʩʦʚ ʦʪ 2 ʜʦ 150, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʜʝ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʭʨʫʩʪʘʣʠʢʘ 

ʠ ʩʝʪʯʘʪʢʠ; ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ 3-12. ʂʨʠʪʝʨʠʝʤ 

ʦʢʦʥʯʘʥʠʷ ʩʝʘʥʩʘ ʩʣʫʞʠʣʦ ʩʦʩʪʦʷʥʠʝ ʩʪʝʢʣʦʚʠʜ-

ʥʦʛʦ ʪʝʣʘ - ʥʘʩʳʱʝʥʥʦʩʪʴ ʨʘʟʨʫʰʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʨʦʚʠ, ʵʢʩʩʫʜʘʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʢ ʦʙʦʣʦʯʢʘʤ 

ʛʣʘʟʘ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ 

Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ 700 mJ, ʨʘʩʩʯʠ-

ʪʘʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [9].  

ʇʦʜ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʝʤ ʥʘʭʦʜʠʣʩʷ 251 ʙʦʣʴ-

ʥʦʡ (251 ʛʣʘʟ) ʩ ʛʝʤʦʬʪʘʣʴʤʦʤ (212 ʤʫʞʯʠʥ (84,5%) 

ʠ 39 ʞʝʥʱʠʥ (15,5%)). 

ɺʨʝʤʷ ʧʝʨʚʦʛʦ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʤʝʰʘʪʝʣʴ-

ʩʪʚʘ ʦʪ ʧʝʨʚʳʭ ʜʦ 126 ʩʫʪʦʢ (ʩʨʝʜʥʠʡ ʩʨʦʢ 17,4 ʩʫ-

ʪʦʢ) ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʛʝʤʦʬʪʘʣʴʤʘ. ʕʥʝʨʛʠʷ 

Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 0,8-9,2 mJ, ʚ ʩʨʝʜ-

ʥʝʤ 6,2 mJ, ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʦ 150, ʩʝʘʥʩʦʚ 

ʜʦ 12.  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʛʝʤʦʬʪʘʣʴʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʤʝ-

ʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʦʙʲʝʤ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʧʦʤʫʪʥʝʥʠʡ ʚ ʩʪʝʢʣʦʚʠʜʥʦʤ ʪʝʣʝ) ʙʦʣʴʥʦʤʫ 

ʥʘ ʬʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʠʜʨʠʘʟʘ ʧʦʜ ʤʝʩʪʥʦʡ ʘʥʝ-

ʩʪʝʟʠʝʡ ʧʨʦʚʦʜʷʪ Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʚ ʨʝʞʠʤʝ, ʚʳʟʳʚʘʶʱʝʝ ʧʝʨʝʤʝ-

ʱʝʥʠʝ (ʮʠʨʢʫʣʷʮʠʶ) ʚʥʫʪʨʠ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʢʨʦʚʠ, ʪʝʤ ʩʘʤʳʤ ʫʩʠ-

ʣʠʚʘʶʱʝʝ ʣʠʟʠʩ ʢʨʦʚʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʝʘʥʩ 

ʧʦʚʪʦʨʷʶʪ ʜʦ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʝʤʦʬʪʘʣʴʤʘ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʵʥʝʨʛʠʶ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʦʪ ʱʘʜʷʱʝʛʦ (ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʬʠʙʨʠʣʣ ʩʪʝʢ-

ʣʦʚʠʜʥʦʛʦ ʪʝʣʘ) ʜʦ ʨʘʟʨʫʰʘʶʱʝʛʦ ʜʝʩʪʨʫʢʪʠʚʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʧʝʨʝʨʳʚʘʭ ʤʝʞʜʫ ʩʝʘʥʩʘʤʠ ʥʘʟʥʘ-

ʯʘʶʪ ʠʥʩʪʠʣʣʷʮʠʠ ʠʣʠ ʠʥʲʝʢʮʠʠ ʢʦʨʪʠʢʦʩʪʝʨʦʠ-

ʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʢʦʥʪʨʦʣʴ ɺɻɼ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. Nd:YAG ʣʘʟʝʨʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʝʤʦʬʪʘʣʴʤ ʧʨʠʚʝʣʦ ʢ ʜʝʩʪʨʫʢʮʠʠ 

ʰʚʘʨʪ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʨʘʟʨʫʰʝʥʠʶ ʠ ʣʠʟʠʩʫ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʢʨʦʚʠ. ʉʥʠ-

ʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʋɿʀ ʙʦʣʝʝ 80% 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ 184 ʩʣʫʯʘʷʭ (73,3%). ʆʜʥʘʢʦ ʠ ʨʝʮʠ-

ʜʠʚ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʦʪʤʝʯʝʥ ʚ 8 ʩʣʫʯʘʷʭ (16%). 

ʅʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʦʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ ʤʳ 

ʩʯʠʪʘʝʤ ʥʦʨʤʘʣʴʥʳʤ ʫ ʙʦʣʴʥʳʭ, ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠ-

ʣʦʩʴ Nd:YAG ʣʘʟʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʭ ʰʚʘʨʪ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʚ 

ʧʦʟʜʥʠʝ ʩʨʦʢʠ.  

ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʩʨʦʢʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʤʦʬʪʘʣʴʤʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʱʝʥʠʝʤ 

ʙʦʣʴʥʳʭ ʠ ʪʝʤ, ʯʪʦ ʠʩʭʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʞʝ 

ʘʜʝʢʚʘʪʥʦ ʬʨʘʛʤʝʥʪʠʨʫʶʪʩʷ, ʘ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʘʢʪʠʚʥʦʤʫ ʣʠʟʠʩʫ ʧʦʩʣʝ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. 

ʉʨʝʜʠ ʙʦʣʴʥʳʭ, ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʦʩʴ 

Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʝʟ ʫʩʠʣʠʚʘʶʱʝʛʦ 

ʛʝʤʦʣʠʟ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ, ʣʠʟʠʩ ʛʝʤʦʬ-

ʪʘʣʴʤʘ ʟʘʢʦʥʯʝʥ ʥʘ 12-45 ʩʫʪʢʠ (ʩʨʝʜʥʠʡ ʩʨʦʢ 26,6 

ʩʫʪʦʢ), ʘ ʚ ʛʨʫʧʧʝ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʩʨʝʜʩʪʚʘ ʥʘ 

9-33 ʩʫʪʢʠ (17,2 ʩʫʪʦʢ). ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʝʨʘ-

ʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʛʝʤʦʣʠʟʘ ʢʨʦʚʠ ʚ ʩʪʝʢʣʦʚʠʜ-

ʥʦʤ ʪʝʣʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʦʣʦʚʠʥʥʦʡ ʜʦʟʝ ʧʨʝʧʘ-

ʨʘʪʘ, ʢʦʪʦʨʘʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ. 

ɺ 23 ʩʣʫʯʘʷʭ (9,2%) ʦʪʤʝʯʘʣʩʷ ʧʦʜʲʝʤ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ɺɻɼ ʜʦ 28-34 ʤʤ ʨʪ.ʩʪ., ʠʟ ʥʠʭ ʚ 17 ʩʣʫʯʘʷʭ 

ʧʨʠʤʝʥʷʣʠ ʠʥʪʝʥʩʠʚʥʳʡ ʢʫʨʩ ʛʠʧʦʪʝʥʟʠʚʥʦʡ ʪʝʨʘ-

ʧʠʠ. Nd:YAG ʣʘʟʝʨʥʦʝ ʣʝʯʝʥʠʝ ʛʝʤʦʬʪʘʣʴʤʘ ʧʦʩʣʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ɺɻɼ ʧʨʦʜʦʣʞʝʥʦ, ʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ʩʥʠʞʘʣʠ ʠ ʚ ʩʣʫʯʘʷʭ ʨʝʮʠʜʠ-

ʚʠʨʫʶʱʝʛʦ ʢʨʦʚʦʠʟʣʠʷʥʠʷ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʩʝʘʥʩʦʚ. 

ʑʘʜʷʱʠʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʠʤʝʣʠʩʴ ʚʳʨʘʞʝʥʥʳʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʦʩʣʦʞ-

ʥʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʫʢʪʫʨ ʛʣʘʟʘ. 

ɻʝʤʦʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ Nd:YAG ʣʘʟʝʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʩʷ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʜʠ-

ʤʦʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, - ʬʘʢʪʠʯʝʩʢʠ ʦʙʣʫ-

ʯʝʥʠʝ ʙʝʟ ʠʤʧʫʣʴʩʥʳʭ ʨʘʟʨʷʜʦʚ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫ 70% 

ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʠʪʨʵʢʪʦʤʠʷ. ʅʘ ʬʦʥʝ 

ʨʘʟʞʠʞʝʥʠʷ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʚ 83% ʩʣʫʯʘʝʚ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʧʦʨʪʦʚʫʶ ʤʝʪʦʜʠʢʫ 25G ʠ ʨʝʞʠʤ 

ʘʩʧʠʨʘʮʠʠ. 

ʇʨʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʣʝ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʩʝʪʯʘʪʢʠ ʙʳʣʦ ʥʘ 35% ʤʝʥʴʰʝ, ʯʝʤ ʧʦʩʣʝ ʚʠʪʨʵʢʪʦ-

ʤʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʣʘʟʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  

ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʩʨʝʜʠ 50 ʙʦʣʴʥʳʭ (50 

ʛʣʘʟ) ʧʨʦʚʦʜʠʣʘʩʴ ʚʠʪʨʵʢʪʦʤʠʷ ʙʝʟ ʣʘʟʝʨʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ. 

ʇʨʠʤʝʥʷʣʘʩʴ ʪʨʝʭʧʦʨʪʦʚʘʷ ʤʝʪʦʜʠʢʘ 20-25G. 

ɺ ʢʦʥʮʝ ʦʧʝʨʘʮʠʠ ʚʚʦʜʠʣʦʩʴ ʩʠʣʠʢʦʥʦʚʦʝ ʤʘʩʣʦ 

5700. ʈʝʮʠʜʠʚ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʙʳʣ ʚ 8 ʩʣʫʯʘʷʭ 

(16%). 

ɺʳʚʦʜʳ. 1. Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʧʨʠ ʛʝʤʦʬʪʘʣʴʤʝ - ʵʬʬʝʢʪʠʚʥʦ 

ʠ ʚʳʟʳʚʘʝʪ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʣʠʟʠʩʦʤ 

ʠ ʨʘʟʞʠʞʝʥʠʝʤ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ. 

2. Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʢʣʦʚʠʜ-

ʥʦʝ ʪʝʣʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʭʠʨʫʨʛʠ-

ʯʝʩʢʦʡ ʝʜʠʥʠʮʝʡ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠ ʭʠʨʫʨ-

ʛʠʯʝʩʢʦʤ ʠʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʣʝʯʝʥʠʠ ʛʝʤʦʬ-

ʪʘʣʴʤʘ. 

3. ɺʠʪʨʵʢʪʦʤʠʷ ʧʦʩʣʝ Nd:YAG ʣʘʟʝʨʥʦʛʦ ʨʘʟ-

ʨʫʰʝʥʠʷ ʛʝʤʦʬʪʘʣʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ. 

4. Nd:YAG ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʢʨʘʱʘʝʪ 

ʦʙʲʝʤ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ 

ʛʝʤʦʬʪʘʣʴʤʘ, ʘ ʪʘʢʞʝ ʩʨʦʢʠ ʝʛʦ ʣʝʯʝʥʠʷ. 
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Abstract. The present paper is concerned with the study of exogenic aminoacid methionine impact on the 

resistance of the own-rooted plants of Bianca vine grape to phylloxera damage. The preparation improves the 

resistance of the vine grape plants to phylloxera damage, inhibits its access to the source of nourishment. It permits 

to boost the yield of vine grape and improve its quality. 
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Introd uction. Phylloxera is an extremely danger-

ous vermin of vine grape. It results in the death of root 

system in the great number of vine grape varieties, par-

ticularly cultivated in the own-rooted culture in connec-

tion with the development of secondary pathological 

process, caused by the phytopathogenic microorgan-

isms [1, 2]. The promising direction to lower the phyl-

loxera and phytopathogens damage to V. vinifera spe-

cies plants may be the application of the elicitor-type 

biologically active substances, improving the resistance 

of plants because of immunization effect. Not without 

interest as inductors of defense reactions is application 

of the low-molecular immunomodulating compounds, 

the analogues of natural substances, increasing the re-

sistance of plants to the phytopathogens damage and 

triggering in a plant the mechanisms of immunization 

[3, 4]. The specific selection of such compounds and 

their use in the dosage friendly for a plant permits to 

achieve the effect of immunization thanks to activation 

of the metabolic processes, aimed at the detoxication of 

exogenic compound, that is a way to make the plants 

more resistant to the damage.  

The targeted change of the separate elements of 

metabolic activity in the plants permits to create the en-

vironment unfavourable for phylloxera feeding [4-6]. 

Of the utmost interest is the use of methionine amino-

acid ï ethylene precursor ï a stress hormone of the 

plants. The impact of abiogenic methionine on the met-

abolic processes permits to optimize the biochemical 

composition of cytosol within the framework of the 

more complete realization of genetic potential, to re-

duce dramatically the damage of V. vinifera plants, both 

phytopathogens and phylloxera [7-9].  

The objective of this paper is to study the impact 

of aminoacid methionine on the biochemical parame-

ters of Vitis Vinivera plants resistance to phylloxera 

damage. 

Materials and methods. In 2013 - 2014 the own-

rooted plants of Bianca vine grape variety, planted in 

2005, were treated by methionine in the small-plot ex-

periments in the vineyard, located in the Private Corpo-

ration ñPrimorskoyeò in Primorsky settlement of 

Temryuksky district of Krasnodar Territory. Pruning of 

vines is a unilateral high-trunked cordon [10]. The 

treatment of the vine grape plants was carried out on 

June 6, July 3, July 30 by the water solutions of prepa-

ration through the use of CHAMPION PS 257 shoulder 

sprayer. The consumption of fluid was 1000 l/ha. No 

background processings by the fungicides were carried 

out. The plants untreated by the preparations were taken 

as a control, as a reference material the plants, treated 

by the BASF produced Fastak KE pyrethroid in 360 

g/ha dosage were used. Experimental design: 1. ïCon-

trol, 2. ï Fastak, KE ï 0. 36 l/ha - reference material, 

3.ï Methionine 10 g/ha. The replication of experiments 

was quadruple. In each replication there were 5 vines. 

The vines planting pattern was 4.0 ʭ 2.5 m. In 2014 the 

variants were arranged on the same plants, as it was in 

2013. The contents of chlorogenic acid, glycine, pro-

line, abscinic acid and calcium cations in the vine grape 

leaves was determined by the capillary electrophoresis 

method on Kapel 105 ʄ instrument, the contents of lig-

nin in the roots ï by the weight method [11, 12].  

Results and discussion. To reveal the physiolog-

ical-biochemical regularities of methionine and Fastak 

pyrethroid influence on Vitis Vinifera speciesô re-

sistance to the phylloxera root-form damage, the opti-

mum parameters of the most significant physiological-

biochemical criteria (contents of lignin in the roots, 

chlorogenic acid in the leaves and roots of vine grape) 

(Table 1) were established for the vine grape plants for 

the first time. 
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Table 1 ï The parameters of phylloxera damage, chlorogenic acid contents in the leaves and roots and lig-

nin in the vine grape roots, 2013 -2014  

Variant of experiment Phylloxera damage  Contents of chlorogenic acid, ʤg/g Contents of lignin, % 

leaves, 

% 

pcs./100 

roots 

leaves roots roots 

Control  17 18 15-17 0.13-0.19 17.4-52.6 2.06-13.7 

Fastak 0 13-15 0.16-0.26 19.2-19.3 2.81-14.2 

Methionine 0 4-5 0.23-0.28 2.6-36.5 18.91-24.0 

The highest content of chlorogenic acid in the 

roots of the vine grape plants ï lignin precursor in the 

leaves and lignin ï was established to be noticed in the 

variant which employs methionine. The higher contents 

of chlorogenic acid in the roots is noticed in the variants 

control, and with the use of Fastak. The higher contents 

of chlorogenic acid in the leaves and lignin ï in the 

roots of vine grape create the conditions unfavourable 

for their damage both by leaf and root form of phyllox-

era. It is confirmed by the results of determining the 

leaf-form phylloxera colonization of the young leaves 

of the vine grape lateral shoots and roots damage by the 

phylloxera root form.  

In the variants with Fastak preparations and me-

thionine no colonization of the young leaves of lateral 

shoots was observed. The number of the root-form 

phylloxera damages of the roots per 100 absorbing 

roots of more than 1 mm in diameter proved to be the 

highest one for the control variant and that with Fastak 

preparation. In the variant with the use of methionine 

the damages numbered less, as compared with a control 

3.4 ï 3.75 times.  

The metabolome estimation of the vine grape 

plants resistance to phylloxera root form allowed to es-

tablish it to result from the higher in-the-leaves content 

of glycine aminoacid, making part of GRP-proteins and 

proline ï making part of PRP-proteins ï the special 

structural proteins, strengthening the cell walls under 

the influence of pathogene (Table 2).  

 

Table 2 ï The parameters of contents of proline and glycine, abscinic acid and ʉʘ2+ cations in the leaves of 

the Bianca vine grape plants (2013-2014) 

Variant of 

experiment 

Contents of proline, 

mg/kg 

Contents of gly-

cineʘ,  

mg/kg 

Contents of abscinic 

acid, mg/kg 

Contents of ʉʘ2+, 

mg/kg 

Control  68.9-82.7 2.9-5.6 1.4-1.6 0.28-0.97 

Fastak 52.0-87.8 8.2-12.1- 0.8-4.2 0.33-0.94 

Methionine 132.3-119.1 0.5-6.7 2.9-3.0 0.45-0.85 

Under the influence of stress factors (biologically 

active substances, pathogens, etc.) in cytosol of the 

cells the content of ʉʘ2+ and abscinic acid, activating 

the cascades of protective metabolic reactions [13], 

grows. Methionine and Fastak increase the content of 

ʉʘ2+ and abscinic acid in the leaves of Bianca vine 

grape plants. It was established that the best results of 

Vitis Vinivera resistance to the root-form phylloxera 

damage (damage of roots ï 0 points, in a control ï 4 

points) and those of resistance to the phytopathogens 

damage (Alternaria damage 0 % and Yeast ï 5 %, Pen-

icilium - 5 %) were achieved through the use of Methi-

onine treatment of the vine grape plants. 

The abiogenic elicitors made a positive impact on 

productional process and, as a consequence, on the 

yield of Bianca vine grape (Tables 3, 4).  

 

Table 3 ï The influence of Fastak and methionine preparations on formation of Bianca vine grape produc-

tivity, Private Corporation ñPrimorskoyeò, 2013-2014  

Variant  Surface of shoot leaves, 

sq.cm 

Number of bunches, 

pcs./shoot 

Surface of leaves, 

sq.cm/bunch 

Control  1740.1-2094.1 1.8-1.9 966.7-1102.1 

Fastak 1406.4-1970.8 1.7-1.9 1037.3-1097.9 

Methionine 2149.9-2632.2 1.9-2.1 1121.5-1385.4 

Table 4 ï The influence of Fastak and methionine preparations on the yield and quality of Bianca vine grape 

Private Corporation ñPrimorskoyeò, 2013-2014 

Variant of  

experiment 

Weight of 

bunch, g 

Yield per 

vine, kg 

Sugar content of 

berries juice, 

g/100cub.cm 

Titratable acidity of 

juice, g/cub.dm 

Control 51-103 2.06-3.48 21.1-22.0 8.3-9.6 

Fastak 52-128 2. 26-3.62 17.3-24.1 7.3-8.4 

Methionine 55-138 2.62-3.86 21.9-22.5 8.7-9.6 
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Methionine, as distinguished from Fastak, boosts 

the surface of the shoot leaves (by 23.6-25.7% against 

a control), inclusive of that falling on the bunch of 

grapes (16.0-25.7 % against a control). 

The preparation of methionine contributed to for-

mation of the larger surface of leaf area by the vine 

grape plants, permitting to secure the higher yield, that 

was higher by 10.9-27.2 percent, as compared with a 

control. The sugar-acid index in methionine variants 

was 2.52 -2.34, 2.54 -2.29 in the control and in Fastak 

variant ï 2.37-2.87. Consequently, the preparations did 

not lower the quality of grapes. 

Consequently, methionine aminoacid and Fastak 

pyrethroid increase the yield of vine grape in connec-

tion with the higher resistance to phylloxera damage, 

increase in the surface of photosynthetic area and the 

better development of root system, as compared with a 

control. The methionine preparation is not inferior to 

Fastak preparation by its efficiency, that is precondi-

tioned by the higher resistance of plants of the Bianca 

own-rooted variety vine grape to the damage by leaf- 

and root-form phylloxera. 
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ʇʨʦʮʝʩʩ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠʨʦʜ-

ʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʄʘʛʠʩʪʨʘʣʴʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʩʣʦ-

ʚʳʝ ʛʘʟʦʥʝʬʪʝʧʨʦʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʵʢʩʧʣʫ-

ʘʪʠʨʫʝʤʳʝ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ï ʦʪ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ɿʘ-

ʧʘʜʥʦʡ ʉʠʙʠʨʠ ʜʦ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʠ ʧʫʩʪʳʥʥʳʭ 

ʶʞʥʳʭ ʨʘʡʦʥʦʚ. ʇʦʜʟʝʤʥʘʷ, ʥʘʟʝʤʥʘʷ ʠ ʥʘʜʟʝʤʥʘʷ 

ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦʜʚʦʜʥʳʝ ʧʝʨʝʭʦʜʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʦʟʜʘʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʕʪʦ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʢʘʢ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʥʘ 

ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɸʥʘ-

ʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝ-

ʰʝʥʠʡ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʪʨʘʩʩʳ, ʦʙʲʝʤʦʚ ʠ 

ʩʨʦʢʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʧʠʪʘʣʴ-

ʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜ-

ʛʦʪʦʚʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʧʦ ʠʭ ʜʝʡ-

ʩʪʚʠʷʤ ʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʊʘ-

ʢʦʡ ʘʥʘʣʠʟ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʥʠʞʝʥʠʶ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʜʣʷ 

ʧʝʨʩʦʥʘʣʘ ʠ ʥʘʩʝʣʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳ-

ʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ [1]. 

ɺʩʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʳʰʝ 350 ʪʳʩ. ʢʤ ʚʥʫʪ-

ʨʠʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʝʞʝ-

ʛʦʜʥʦ ʦʪʤʝʯʘʝʪʩʷ ʩʚʳʰʝ 50 ʪʳʩ. ʠʥʮʠʜʝʥʪʦʚ, ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʚʳʙʨʦʩʘʤʠ ʥʝʬʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʚʦʜʦʝʤʳ, ʠ ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʨʫʛʠʤ ʦʧʘʩʥʳʤ ʧʦʩʣʝʜ-

ʩʪʚʠʷʤ. ʋʪʝʯʢʠ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʥʦʩʷʪ ʩʪʨʘʥʝ 

ʦʛʨʦʤʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ 

[2]. ʊʦʣʴʢʦ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʜʣʠʥʘ ʤʝʞʧʨʦʤʳʩ-

ʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʝʚʳʰʘʝʪ 100 ʪʳʩ. ʢʤ. ʀ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʘʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʥʘ ʥʠʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪ-

ʜʝʣʴʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʦʙʲʝʤ ʧʝʨʝ-

ʢʘʯʠʚʘʝʤʦʡ ʯʝʨʝʟ ʥʠʭ ʥʝʬʪʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʠʪ 

ʦʙʲʝʤ ʧʨʦʜʫʢʪʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʦ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʤ ʥʝʬʪʝʧʨʦʚʦʜʘʤ. ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʩʪʚʠʷ 

ʘʚʘʨʠʡ ʥʘ ʥʠʭ ʧʦ ʩʚʦʠʤ ʤʘʩʰʪʘʙʘʤ ʤʦʛʫʪ ʥʝ ʫʩʪʫ-

ʧʘʪʴ ʘʚʘʨʠʷʤ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ. 

ʊʘʢ ʦʙʲʝʤ ʨʘʟʣʠʪʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʥʝʬʪʝ-

ʧʨʦʚʦʜʝ çɺʦʟʝʡ ï ɻʦʣʦʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷè ʢʦʤʧʘʥʠʠ 

çʂʦʤʠʥʝʬʪʴè ʚ ʘʚʛʫʩʪʝ 1994 ʛ. ʥʝʬʪʠ ʩʦʩʪʘʚʠʣ 14 

033 ʪ, ʘ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ï ʦʢʦʣʦ 480 ʤʣʥ. ʜʦʣ-

ʣʘʨʦʚ ʉʐɸ. ɸ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʘʚʘ-

ʨʠʠ ʥʘ ʥʠʭ ï ʜʦʚʦʣʴʥʦ ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ. ʊʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʘ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʥʝʬʪʠ 

ʧʦʚʳʰʘʝʪ ʦʧʘʩʥʦʩʪʴ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʵʪʦʤ ʫʯʝʪ ʪʘʢʠʭ 

ʘʚʘʨʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʯʝʪʦʤ ʘʚʘʨʠʡ ʥʘ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʧʦʩʪʘʚʣʝʥ ʛʦʨʘʟʜʦ ʤʝʥʝʝ 

ʩʪʨʦʛʦ [3]. 

ɺ ʩʣʫʯʘʝ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 

ʦʩʥʦʚʥʳʝ ʦʧʘʩʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ 

ʩʠʩʪʝʤʳ ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʠ ʠ ʘʚʘʨʠʡʥʳʤ ʨʘʟʣʠʚʦʤ 

ʥʝʬʪʠ, ʢʦʪʦʨʳʡ ʟʘʛʨʷʟʥʷʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʤʦʞʝʪ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ. ɺʦʟʤʦʞʥʦ ʪʘʢ ʞʝ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʛʦʨʷʱʝʛʦ ʬʘʢʝʣʘ ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʩʪʨʫʡʥʦʛʦ 

ʠʩʪʝʯʝʥʠʷ. 

ɼʘʥʥʳʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʤʷʛʢʦ ʛʦ-

ʚʦʨʷ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʫʶ ʩʠʪʫʘ-

ʮʠʶ ʩ ʧʦʨʳʚʘʤʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ [4]. ʆʜʥʘʢʦ, ʜʘʥ-

ʥʳʝ ʩʪʘʪʠʩʪʠʢʠ (ʩʦʙʠʨʘʝʤʳʝ ʙʦʣʝʝ-ʤʝʥʝʝ ʦʜʠʥʘʢʦ-

ʚʳʤ çʩʧʦʩʦʙʦʤè ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ) 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʧʦʨʳʚʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʧʦʨʳʚʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʫʨʦʚʥʝ ʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ 

 

[5].ʊʘʙʣʠʮʘ 1.1. ï ʇʨʦʨʳʚʳ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʈʌ 

ʂʦʤʧʘʥʠʷ/ʛʦʜʳ 2011 2012 2013 2014 

çʈʦʩʥʝʬʪʴè 7671 7338 6495 5797 

çʃʫʢʦʡʣè 3776 3712 3373 3114 

çʉʫʨʛʫʪʥʝʬʪʝʛʘʟè 15 5 10 1 

çɻʘʟʧʨʦʤʥʝʬʪʴè 872 963 738 635 

çʊʘʪʥʝʬʪʴè 98 877 775 615 

çɹʘʰʥʝʬʪʴè 278 633 1067 1132 

çʉʣʘʚʥʝʬʪʴè 18 20 19 10 

ɺ ʮʝʣʦʤ ʧʦ ʈʌ 14 406 14 105 12 983 11 709 
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ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʨʳʚʘʭ ʚ ʨʝʛʠʦ-

ʥʘʭ ʚ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠ-

ʘʣʘʭ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ. ɺ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠʟ 

ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʪʦʣʴʢʦ ʘʜ-

ʤʠʥʠʩʪʨʘʮʠʠ ʍʄɸʆ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʪʘʣʴ-

ʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʨʳʚʘʭ ʠ ʫʪʝʯʢʘʭ ʥʝʬʪʠ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʇʨʠʨʦʜʥʘʜʟʦʨʦʤ ʖʛʨʳ ʦʪ-

ʯʝʪʳ ʟʘ 2014-2017 ʛʦʜʘ ʦ ʩʦʩʪʦʷʥʠʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʢʣʶʯʘʶʪ ʩʚʝ-

ʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʳʭ ʥʝʬʪʷʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʦʢʨʫʛʘ [6]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤ-

ʥʦʛʦ ʦʢʨʫʛʘ ï ʖʛʨʳ ʜʦʙʳʚʘʝʪʩʷ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ 

ʚʩʝʡ ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ. ʅʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ 

ʦ ʧʦʨʳʚʘʭ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʚ 

ʍʄɸʆ-ʖʛʨʳ ʠ ʢʦʣʠʯʝʩʪʚʝ ʜʦʙʳʪʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʤ ʛʦʜʫ ʥʝʬʪʠ

.

 
ʈʠʩ. 1.1 ï ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʨʳʚʦʚ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʠ ʦʙʲʝʤ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʬʠʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʳʚʦʚ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ 4-ʭ ʣʝʪ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɿʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʪ.ʝ. ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʜʦʙʳʯʠ ʥʝʬʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʘʨʠʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʧʦ ʢʦʪʦʨʳʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʫʞʝ ʦʯʠʱʝʥʥʘʷ ʦʪ 

ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʠʤʝʩʝʡ ʥʝʬʪʴ, ʧʨʦʤʳʩʣʦʚʳʝ ʥʝʬʪʝ-

ʧʨʦʚʦʜʳ ʨʘʙʦʪʘʶʪ ʚ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦ-

ʚʠʷʭ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʩʨʦʢ ʩʣʫʞʙʳ ʩʪʘʣʴʥʳʭ 

ʪʨʫʙ ʙʝʟ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6-ʪʠ 

ʤʝʩʷʮʝʚ ʜʦ 5-ʪʠ ʣʝʪ. 

ʅʘ ʨʠʩ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʟʘ 2015 - 2016 ʛʦʜʳ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʨʳʚʦʚ 

ʠ ʩʨʦʢʝ ʩʣʫʞʙʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ.

 
ʈʠʩ. 1.2 ï ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʨʳʚʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ 
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ʅʘ ʨʠʩ. 1.2 ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝ-

ʥʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʨʳʚʦʚ ʥʘ 

ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ. ɺʠʜʥʦ, ʯʪʦ ʫʞʝ ʧʦ-

ʩʣʝ ʧʷʪʠ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʥʝʬʪʝ-

ʧʨʦʚʦʜʘ ʥʘʯʠʥʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʘʚʘʨʠʡʥʦʩʪʠ, ʢʦʪʦ-

ʨʳʡ ʚʳʭʦʜʠʪ ʥʘ ʧʠʢ ʢ 15-20 ʛʦʜʘʤ. ɺ ʧʨʦʤʝʞʫʪʢʝ ʩ 

20 ʜʦ 25 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʘʚʘʨʠʡʥʦʩʪʠ, ʧʦ ʧʨʠʯʠʥʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 

ʥʝʬʪʝʧʨʦʚʦʜʘ. ɼʘʣʝʝ ʘʚʘʨʠʡʥʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʫʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʦ 

ʧʨʠʯʠʥʝ ʩʪʘʨʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ 

ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝ-

ʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ ʧʦʷʚʣʝʥʠʷ (ʨʠʩ. 1.3).

 
ʈʠʩ. 1.3 ï ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʘʭ 

 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʨʳʚʘ ʥʘ 

ʧʨʦʤʳʩʣʦʚʦʤ ʥʝʬʪʝʧʨʦʚʦʜʝ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ 

ʢʦʨʨʦʟʠʷ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʚʦʜʳ ʠ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʢʦʪʦʨʳʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ ʈʘʟʚʠʪʠʝ 

ʘʚʘʨʠʡ ʠ ʝʸ ʤʘʩʰʪʘʙʦʚ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʥʝʬʪʝʧʨʦʚʦʜʘ ʚ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ, 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ.ʅʘ ʨʠʩ. 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 

ʭʘʨʘʢʪʝʨʝ ʤʝʩʪʥʦʩʪʠ ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʸʣ ʧʨʦʨʳʚ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʥʝʬʪʝʧʨʦʚʦʜʘ.

  
ʈʠʩ. 1.4 ï ʍʘʨʘʢʪʝʨ ʤʝʩʪʥʦʩʪʠ ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʧʦʨʳʚ ʧʨʦʤʳʩʣʦʚʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ 

 

.ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʇʨʠʨʦʜʥʘʜʟʦʨʦʤ ʖʛʨʳ ʦʪ-

ʯʝʪʳ ʟʘ 2014-2017 ʛʦʜʘ ʦ ʩʦʩʪʦʷʥʠʠ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʢʣʶʯʘʝʪ ʩʚʝ-

ʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ, ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʳʭ ʥʝʬʪʷʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʦʢʨʫʛʘ. ʅʘ 

ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʩʣʫʞʙʦʡ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ 6865 ʘʚʘʨʠʷ. ʀʟ ʥʠʭ ʦʢʦʣʦ 90% ʘʚʘ-

ʨʠʡ ʧʨʦʠʟʦʰʣʦ ʧʦ ʧʨʠʯʠʥʝ ʢʦʨʨʦʟʠʠ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ, ʯʪʦ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʥʘʧʦʤʠʥʘʝʪ ʦʙ ʘʢʪʫʘʣʴʥʦ-

ʩʪʠ ʧʨʦʙʣʝʤʳ ʠʟʥʦʩʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʜʚʝʨʛʣʦʩʴ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 211 ʛʘ ʟʝʤʝʣʴ. ʉʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʧʘʚʰʠʭ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʝʚʳʩʠʣʘ 823 ʪʦʥʥʳ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ 

ʫʪʝʯʢʠ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. ʀʤʝ-

ʝʪʩʷ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ. ɿʘ-

ʪʨʘʪʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝ-

ʯʝʢ ʢʦʥʝʯʥʦ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʥʦ ʦʥʠ ʩ 

ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʦʢʫʧʷʪʩʷ ʪʦʡ ʵʢʦʥʦʤʠʝʡ ʧʨʦ-

ʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʪʝʨʷʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʪʝʯʝʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʩʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʣʦʛʠʶ ʨʝʛʠʦʥʘ ï ʟʘʛʨʷʟ-

ʥʝʥʠʠ ʧʦʯʚʳ, ʚʦʜʦʝʤʦʚ ʠ ʪ.ʜ. 
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COMPOSITE CAST-IN-PLACE AND PRECAST FLOOR STRUCTURESô ANALYSIS  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʝʨʝʢʨʳʪʠʡ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩ ʧʝʥʦʙʝʪʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦʙʝʪʦʥ, cʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʝ ʧʝʨʝʢʨʳʪʠʝ, ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ, ʥʘʧʨʷʛʘʝʤʘʷ 

ʘʨʤʘʪʫʨʘ, ʞʝʩʪʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʝʥʦʙʝʪʦʥ, ʢʝʩʩʦʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ. 

Present paper contains general reference and analysis of the most common recent composite cast-in-place and 

precast floor structures. Summary of possible optimization this type of structures is made. According to results of 

the performed analysis the composite cast-in-place and precast floor structure with foamed concrete elements and 

longitudinal prestressed reinforcement is suggested. There is also some general information about suggested struc-

ture in the paper. 

Keywords: reinforced concrete, composite cast-in-place and precast floor structure, longitudinal reinforce-

ment, prestressed reinforcement, stiffness, strength, load-carrying ability, foamed concrete, coffered ceiling. 

 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʨʘʞ-

ʜʘʥʩʢʠʭ ʟʜʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʷʚ-

ʣʷʶʪʩʷ ʤʦʥʦʣʠʪʥʦʝ ʠ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʝ ʜʦʤʦʩʪʨʦʝ-

ʥʠʷ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʪʝʭʥʦʣʦ-

ʛʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʦʥʦʣʠʪʥʦʛʦ ʠ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ- 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ ʢʘʨʢʘʩʥʘʷ ʩʠʩʪʝʤʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʚʦʜʷʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʦʙ-

ʣʘʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʛʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 
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ʩʦʝʜʠʥʝʥʠʷ ʟʘʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʙʦʨʥʳʭ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʦʥʦʣʠʪʥʳʤ ʙʝʪʦʥʦʤ, 

ʫʢʣʘʜʳʚʘʝʤʳʤ ʥʘ ʤʝʩʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʩʪʨʘʥ ɽʚʨʦ-

ʧʝʡʩʢʦʛʦ ʉʦʶʟʘ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʥʦ-

ʤʦʥʦʣʠʪʥʦʛʦ ʢʘʨʢʘʩʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʦʧʨʘʚʜʘʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʟʜʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʧʦʩʣʝʜ-

ʥʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʢʘʨʢʘʩ-

ʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦ-

ʷʚʠʣʘ ʩʝʙʷ ʢʘʢ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʜʫʩʪʨʠʘʣʴ-

ʥʦʤ, ʥʘʜʝʞʥʦʤ, ʜʝʰʝʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʩʠʩʪʝʤ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺʦʧʨʦʩʳ ʧʨʦʯʥʦʩʪʠ çʩʢʣʝʝʥʥʦʛʦè ʙʝʪʦʥʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʩʠʣʠʡ: ʩʞʘʪʠʝ, ʨʘʩʪʷʞʝʥʠʝ, ʩʜʚʠʛ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʧʦʢʩʠʜʥʳʭ ʠ ʘʢʨʠʣʦʚʳʭ ʢʣʝʝʚ 

ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʚ 1936 ʛʦʜʫ ɸ. ɸ. ɻʚʦʟʜʝʚʳʤ, ɸ.ʇ. 

ɺʘʩʠʣʴʝʚʳʤ, ʉ. ɸ. ɼʤʠʪʨʠʝʚʳʤ ʚ ʨʘʙʦʪʝ [1]. 

ɺ 2010-2011 ʛʦʜʘʭ ʫʯʝʥʳʝ ʇʦʣʪʘʚʩʢʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ʆ. ʆ. ɼʦʚʞʝʥʢʦ, ɺ. ɺ. ʇʦʛʨʝʙʥʦʡ, ɸ. ʈ. ʉʢʫ-

ʙʠʮʢʠʡ ʚ ʩʚʦʝʤ ʪʨʫʜʝ [2] ʦʧʠʩʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʦʚʦʛʦ ʙʝ-

ʪʦʥʘ ʩʦ ʩʪʘʨʳʤ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ɻʚʦʟʜʝʚʘ ʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʢʣʝʷ ʋʇ-5-207ʄ ʊʋ6-05-242-221-83 ʧʨʦʯʥʦʩʪʴ ʩʦ-

ʝʜʠʥʝʥʠʷ ʰʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʤʦʥʦʣʠʪ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʣʝʷ ʜʣʷ 

ʢʣʝʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɽ. ʇ. ɻʫʨʦʚ ʠʟ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʘ ʚ ʩʚʦʝʤ ʪʨʫʜʝ 

[6] ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩʙʦʨʥʦ-ʤʦʥʦ-

ʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʨʠʛʝʣʝʡ, ʩʢʨʳʪʳʭ ʚ ʪʦʣ-

ʱʠʥʝ ʧʝʨʝʢʨʳʪʠʷ (ʩʦ ʩʢʨʳʪʳʤʠ ʦʧʦʨʥʳʤʠ ʢʦʥʩʦ-

ʣʷʤʠ) ʠ ʢʘʢ ʚʘʨʠʘʥʪ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʡ ʨʠʛʝʣʴ, 

ʚʳʩʪʫʧʘʶʱʠʡ ʟʘ ʥʠʞʥʶʶ ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʢʨʳʪʠʷ (ʩ 

ʦʪʢʨʳʪʳʤʠ ʦʧʦʨʥʳʤʠ ʢʦʥʩʦʣʷʤʠ). 

ɸ. ʉ. ʉʝʤʯʝʥʢʦʚ ʚ ʨʘʙʦʪʝ [7] ʦʙʦʩʥʦʚʳʚʘʝʪ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪ-

ʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 

ʟʘʥʠʤʘʣʠʩʴ ɺ. ʅ. ɹʘʡʢʦʚ, ɺ. ʀ. ʊʘʨʢʘʪʶʢ, ʅ. ʄ. ɿʦ-

ʣʦʪʦʚʘ, ɺ. ɻ. ʄʠʢʫʣʴʩʢʠʡ, ɺ. ɺ. ʂʦʟʣʦʚ, ɸ. ʅ. ʐʫ-

ʪʝʥʢʦ, ʅ. ɸ. ʇʩʫʨʮʝʚʘ, ɺ. ɺ. ɼʫʰʠʥ ʠ ʜʨ. [3-5,8]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʰʠʨʥʳʭ ʪʝʦʨʠʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʘʧʨʦ-

ʙʠʨʦʚʘʥʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʝ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʝ ʩʠ-

ʩʪʝʤʳ: 

 

ʄʠʘʩʩʢʠʡ ʢʘʨʢʘʩ ʊʠʭʦʥʦʚʘ (ʄʂʊ) 

ɺ ʦʩʥʦʚʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ çʄʂʊè ʣʝʞʠʪ 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʡ ʢʘʨʢʘʩ. 

ʉʪʳʢ ʢʦʣʦʥʥʳ ʩ ʬʫʥʜʘʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʩʪʳʢ 

ʢʦʣʦʥʥʘ-ʢʦʣʦʥʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʦʣ-

ʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝ ʪʦʯʥʦʛʦ ʚʳʩʪʨʘʠʚʘʥʠʷ 

ʢʦʣʦʥʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʤʦʥʦʣʠʯʠʚʘʥʠʝ ʫʟʣʘ ʙʝʪʦʥʦʤ. 

ɼʠʩʢ ʧʝʨʝʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪ-

ʥʳʭ ʨʠʛʝʣʝʡ ʚ ʩʚʷʟʢʝ ʩ ʧʫʩʪʦʪʥʳʤʠ ʧʣʠʪʘʤʠ. ʈʠ-

ʛʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʟʘʚʦʜʝ ʠʟʛʦ-

ʪʘʚʣʠʚʘʝʪʩʷ ʥʠʞʥʷʷ ʯʘʩʪʴ ʚʳʩʦʪʦʡ 110ʤʤ. ʄʦʥʪʘʞ 

ʨʠʛʝʣʷ ʥʘ ʢʦʣʦʥʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʟʘʢʣʘʜʥʳʭ 

ʜʝʪʘʣʷʭ ʚ ʚʠʜʝ ʧʦʣʢʠ ʠʟ ʫʛʦʣʢʘ. ɺ ʩʝʨʝʜʠʥʘ ʨʠʛʝʣʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʧʦʜʧʦʨʢʘ ʜʣʷ ʠʩʢʣʶʯʝ-

ʥʠʷ ʧʨʦʛʠʙʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. ʇʦʩʣʝ ʤʦʥʪʘʞʘ 

ʧʣʠʪ ʚ ʧʨʦʧʫʩʢʠ ʢʦʣʦʥʥ ʫʢʣʘʜʳʚʘʝʪʩʷ ʨʘʙʦʯʘʷ ʘʨ-

ʤʘʪʫʨʘ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʨʠʛʝʣʷ ʠ ʟʘʤʦʥʦʣʠʯʠʚʘʝʪʩʷ 

ʙʝʪʦʥ.  

ɼʣʷ ʩʠʩʪʝʤʳ ʄʂʊ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʫʩʪʦʪʥʘʷ 

ʧʣʠʪʘ ʩ ʠʟʤʝʥʝʥʥʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʴʶ, ʯʪʦʙʳ ʩʧʨʷ-

ʪʘʪʴ ʨʠʛʝʣʴ ʚ ʪʝʣʦ ʧʣʠʪʳ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʨʦʚʥʦʡ ʧʦ-

ʪʦʣʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 



ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 31 

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʄʠʘʩʩʢʦʛʦ ʢʘʨʢʘʩʘ ʊʠʭʦʥʦʚʘ çʂʋɹ 3Vè 

 

ɹʝʟʨʠʛʝʣʴʥʳʡ ʢʘʨʢʘʩ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ 

ʢʦʣʦʥʥ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʩʝʪʢʝ 6ʭ6 ʤ, ʠ ʧʣʦʩʢʠʭ ʧʣʠʪ. ʂʦʥ-

ʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʢʘʨʢʘʩʘ - ʨʘʤʥʘʷ ʠʣʠ ʨʘʤʥʦ-ʩʚʷ-

ʟʝʚʘʷ (ʩ ʜʠʘʬʨʘʛʤʘʤʠ ʞʝʩʪʢʦʩʪʠ). ʇʦ ʧʝʨʠʤʝʪʨʫ 

ʧʣʠʪ ʫʩʪʘʥʦʚʣʝʥʳ ʘʨʤʘʪʫʨʥʳʝ ʧʝʪʣʝʚʳʝ ʚʳʧʫʩʢʠ, 

ʟʘʤʦʥʦʣʠʯʝʥʥʳʝ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʦʙʨʘʟʫʶʱʠʝ ʧʝʪʣʝ-

ʚʦʡ ʩʪʳʢ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜ-

ʥʦʡ ʧʣʘʥʠʨʦʚʢʠ ʧʦʤʝʱʝʥʠʡ. ʇʝʨʝʛʦʨʦʜʢʠ ʤʦʛʫʪ 

ʙr ʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʣʘʥʘ ʢʘʢ ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʫʥʠʬʠʮʠʨʦ-

ʚʘʥʥʦʛʦ ʙʝʟʨʠʛʝʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʩʠʩʪʝʤʳ çʂʋɹ 3Vè, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʦʟ-

ʚʝʜʝʥʠʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʝʝ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʴ: ʧʦʥʠʞʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʭʦʜʘ ʙʝʪʦʥʘ 

ʠ ʩʪʘʣʠ ʜʘʝʪ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʥʘ 5ï7 %, ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʟʘʚʦʜʩʢʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ çʂʫʙ 3Vè  

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ɼʦʤʦʩʪʨʦʠʪʝʣʴʥʘʷ ʉʠʩʪʝʤʘ çʋɼʉè 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʋɼʉ ʷʚʣʷʝʪʩʷ 

ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʘʨʢʘʩ ʟʜʘ-

ʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʋʥʠʚʝʨʩʘʣʴʥʦʡ ɼʦʤʦʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʝʨʠʷ ʉʄʂ-18.  

ʉʝʨʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʬʝʨʝ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʠ ʤʥʦʛʦʵʪʘʞʥʦʛʦ (ʜʦ 100 ʤ ʚʳʩʦʪʦʡ) 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺʘʨʠʘʥʪʳ ʪʘʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ- 

ʞʠʣʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʦʙʲʝʢʪʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʰʢʦʣʳ ʠ ʜʝʪʩʢʠʝ ʩʘʜʳ, ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 
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ʠ ʪʦʨʛʦʚʳʝ ʦʙʲʝʢʪʳ, ʧʝʨʝʩʝʣʝʥʠʝ ʚʝʪʭʦʛʦ ʠ ʘʚʘʨʠʡ-

ʥʦʛʦ ʞʠʣʦʛʦ ʬʦʥʜʘ, ʤʥʦʛʦʵʪʘʞʥʳʝ ʧʘʨʢʦʚʦʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʩʢʣʘʜʩʢʠʝ ʟʜʘʥʠʷ. 

ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʩʝʨʠʠ - ʠʟʜʝʣʠʷ ʠʟ ʥʦʤʝʥʢʣʘ-

ʪʫʨʳ çʋɼʉè: ʧʫʩʪʦʪʥʳʝ ʩʙʦʨʥʳʝ ʧʣʠʪʳ ʪʠʧʘ ʇɹ 

ʙʝʟʦʧʘʣʫʙʦʯʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʪʦʡ 180 ʤʤ; 

ʩʙʦʨʥʳʝ ʜʝʪʘʣʠ ʨʠʛʝʣʝʡ; ʩʙʦʨʥʳʝ ʜʠʘʬʨʘʛʤʳ ʞʝʩʪ-

ʢʦʩʪʠ, ʩʙʦʨʥʳʝ ʧʘʥʝʣʠ ʰʘʭʪ ʣʠʬʪʦʚ; ʩʙʦʨʥʳʝ 

ʤʘʨʰʠ ʠ ʙʘʣʢʠ ʣʝʩʪʥʠʮ; ʩʙʦʨʥʳʝ ʮʦʢʦʣʴʥʳʝ ʧʘ-

ʥʝʣʠ; ʩʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʬʫʥʜʘʤʝʥʪʦʚ; ʩʚʘʠ ʙʝʟʦʧʘ-

ʣʫʙʦʯʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʠʷ çʋɼʉè  

ʊʝʭʥʦʣʦʛʠʷ çSARETè ʊʝʭʥʦʣʦʛʠʠ ʉʄʂ ʦʪ ɿɸʆ çʈʝʢʦʥè 

 

ʂʘʨʢʘʩ ʩʠʩʪʝʤʳ çSARETè ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩ-

ʥʦʚʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʦʧʦʨʥʳʭ ʢʦʣʦʥʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʨʠ-

ʛʝʣʝʡ ʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ. ʋʟʝʣ ʩʦʝʜʠʥʝʥʠʷ "ʢʦ-

ʣʦʥʥʘðʨʠʛʝʣʴðʧʣʠʪʘ" ʷʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʥʳʤ. ɺ 

ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʣʝʞʠʪ ʨʘʤʥʦ-

ʩʚʷʟʝʚʘʷ ʩʠʩʪʝʤʘ ʢʦʣʦʥʥ, ʨʠʛʝʣʝʡ ʠ ʪʦʥʢʠʭ ʧʨʝʜ-

ʥʘʧʨʷʞʝʥʥʳʭ ʜʠʩʢʦʚ ʧʝʨʝʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ, ʩʦʝʜʠ-

ʥʷʷʩʴ ʚ ʫʟʣʝ "ʜʠʘʙʦʣʦ", ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʠ ʧʦʩʣʝ ʜʦʤʦʥʦʣʠʯʠʚʘʥʠʷ ʧʝ-

ʨʝʢʨʳʪʠʷ ʦʙʨʘʟʫʶʪ ʥʝʩʫʱʠʡ ʢʘʨʢʘʩ ʟʜʘʥʠʷ. ɺ ʜʘʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʦʙʲʝʤ 

ʤʦʥʦʣʠʪʥʦʛʦ ʙʝʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 10-12% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʙʝʪʦʥʘ. 

 ɼʣʷ ʩʦʧʨʷʞʝʥʠʷ ʢʦʣʦʥʥ ʩ ʨʠʛʝʣʷʤʠ, ʚ ʥʠʭ ʚ 

ʫʨʦʚʥʝ ʧʝʨʝʢʨʳʪʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ 

ʦʪʢʨʳʪʦʡ ʘʨʤʘʪʫʨʦʡ, ʫʩʠʣʝʥʥʦʡ ʢʨʝʩʪʦʚʳʤʠ ʘʨʤʘ-

ʪʫʨʥʳʤʠ ʩʚʷʟʷʤʠ. ʉʪʳʢʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʦʧʫʩʢʘ ʧʨʦʜʦʣʴʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ 

ʦʜʥʦʡ ʢʦʣʦʥʥʳ ʚ ʪʝʣʦ ʜʨʫʛʦʡ. ɺʳʩʦʪʘ ʵʪʘʞʘ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2,4 ʜʦ 14 ʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʠʙ-

ʢʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. 

ʉʪʳʢʦʚʢʘ ʢʦʣʦʥʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʩʚʘʨʢʠ ï 

ʧʨʠ ʧʦʤʦʱʠ ñʰʪʝʧʩʝʣʴʥʦʛʦò ʩʪʳʢʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ. 

ʉʙʦʨʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʸʥʥʳʝ ʨʠʛʝʣʠ 

ʩʝʯʝʥʠʝʤ ʦʪ 200ʭ200 ʤʤ ʠ ʙʦʣʝʝ, ʩʣʫʞʘʪ ʨʸʙʨʘʤʠ 

ʤʦʥʦʣʠʪʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʩ ʢʦʪʦʨʳʤ ʩʦʧʨʷʛʘʶʪʩʷ 

ʚʳʧʫʩʢʘʤʠ ʘʨʤʘʪʫʨʳ. ʈʘʩʯʸʪʥʳʤ ʩʝʯʝʥʠʝʤ ʨʠʛʝʣʷ 

ʷʚʣʷʝʪʩʷ ʪʘʚʨ, ʧʦʣʢʦʡ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ ʧʝʨʝʢʨʳʪʠʝ. 

ʄʘʪʝʨʠʘʣ ʨʠʛʝʣʝʡ ï ʪʷʞʸʣʳʡ ʙʝʪʦʥ ʢʣʘʩʩʘ ɺ30. ɼʣʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʥʘʪ ʂ7 12 

ʤʤ ʠʣʠ ʘʨʤʘʪʫʨʘ ʢʣʘʩʩʘ ɸ-V (ɸʊ-800). 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʞʝʩʪʢʦʩʪʠ ʫʟʣʫ ʩʦʝʜʠʥʝʥʠʷ ʨʠ-

ʛʝʣʷ ʩ ʢʦʣʦʥʥʦʡ, ʯʝʨʝʟ ʪʝʣʦ ʢʦʣʦʥʥʳ ʧʨʦʧʫʩʢʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʪʝʨʞʥʠ. ɿʘʤʦʥʦʣʠ-

ʯʠʚʘʥʠʝ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʪʦʥʦʤ 

ʢʣʘʩʩʘ ɺ30. 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʧʝʨʝʢʨʳʪʠʷ: 

 - ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ; 

 - ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʠʪʳ-ʦʧʘʣʫʙʢʠ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʥʘʣʠʯʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʧʝʨʝʢʨʳʪʠʡ ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʤʠ, ʧʝʨʝʢʨʳʪʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʠ ʧʦʣʥʦʩʪʴʶ ʤʦʥʦʣʠʪʥʳʤʠ ʙʝʟʨʠʛʝʣʴ-

ʥʳʤʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʢʨʳʪʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦ-

ʛʦʧʫʩʪʦʪʥʳʭ ʧʣʠʪ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝ-

ʥʠʝʤ ʜʣʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʛʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʩʣʦʞʥʘʷ ʩʭʝʤʘ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʢʦʣʦʥʥ ʠ ʛʝʦʤʝʪʨʠʷ ʬʘʩʘʜʦʚ 

ʀʜʝʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʠʩʪʝʤʳ çSaretè ʧʦʣʥʦ-

ʩʪʴʶ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʏʝʙʦʢʩʘʨʩʢʦʡ ʩʠʩʪʝʤʝ 

ʩʙʦʨʥʦ- ʤʦʥʦʣʠʪʥʦʛʦ ʢʘʨʢʘʩʘ ʦʪ ɿɸʆ çʈʝʢʦʥè. 
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ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʮʠʷ çSaretè 

 

ʈʝʛʠʦʥʘʣʴʥʦ ʘʜʘʧʪʠʨʫʝʤʘʷ ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʈʝʛʠʦʥʘʣʴʥʦ ʘʜʘʧʪʠʨʫʝʤʘʷ ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʈɸɼʀʋʉʉ) - 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʳʭ ʠ ʨʘʟʣʠʯ-

ʥʳʭ ʪʠʧʦʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ 

ʅʝʩʫʱʫʶ ʩʠʩʪʝʤʫ ʟʜʘʥʠʷ ʦʙʨʘʟʫʝʪ ʩʙʦʨʥʦ-ʤʦ-

ʥʦʣʠʪʥʳʡ ʙʝʟʨʠʛʝʣʴʥʳʡ ʢʘʨʢʘʩ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʷʯʝʡʢʠ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʜʘ-

ʶʪʩʷ ʩʝʪʢʘʤʠ ʢʦʣʦʥʥ 3 ʤ (ʠʣʠ 3,6 ʤ)ʭ6 ʤ (ʠʣʠ 7,2 

ʤ). 

 ʇʝʨʝʜʘʯʘ ʥʘʛʨʫʟʢʠ ʩ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ ʥʘ ʢʦ-

ʣʦʥʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʣʠʪʥʳʭ 

ʤʝʞʢʦʣʦʥʥʳʭ ("ʨʠʛʝʣʴʥʳʭ") ʫʯʘʩʪʢʦʚ, ʧʦʵʪʦʤʫ 

ʫʟʣʳ ʩʦʧʨʷʞʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʫʧʨʦʱʝʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʳʩʦʪʘ ʤʦʥʦʣʠʪʥʳʭ ʨʠʛʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʣʱʠʥʦʡ ʧʝʨʝʢʨʳʪʠʡ, ʧʦʤʝʱʝʥʠʷ 

ʠʤʝʶʪ ʛʣʘʜʢʠʝ ʧʦʪʦʣʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ 

ʨʝʰʝʥʠʝ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦ-ʚʦʯʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʣʶʙʳʭ ʪʠʧʦʚ ʟʜʘʥʠʡ. 

ɺ ʤʦʥʦʣʠʪʥʳʭ ʨʠʛʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʨʘʟʨʝʟʥʦʩʪʴ ʧʝʨʝʢʨʳʪʠʡ ʠ ʚʦʩʧʨʠʥʠʤʘʝʪ ʨʘʩʪʷ-

ʛʠʚʘʶʱʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʧʦʨʥʳʭ ʠ ʧʨʦʣʝʪʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʘ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ð ʠ ʧʦʧʝʨʝʯ-

ʥʘʷ ʘʨʤʘʪʫʨʘ. 

 
ʈʠʩ. 5. ʂʦʥʩʪʨʫʢʮʠʷ çʈɸɼʀʋʉʉè  



34  ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 

ʉʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʢʘʨʢʘʩ 

ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ "ʂʘʟʘʥʴ-ʍʍI ʚ" 

ʉʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʡ ʢʘʨʢʘʩ ʤʥʦʛʦʵʪʘʞʥʦʛʦ 

ʟʜʘʥʠʷ ñʂɸɿɸʅʔ-XXI ʚ.ò ʚʢʣʶʯʘʝʪ ʩʙʦʨʥʳʝ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʝ ʢʦʣʦʥʥʳ ʩ ʧʨʦʸʤʘʤʠ ʚ ʫʨʦʚʥʝ ʧʝʨʝʢʨʳ-

ʪʠʡ, ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʳʝ ʨʠʛʝʣʠ ʩ ʚʳʧʫʩʢʘʤʠ ʘʨʤʘ-

ʪʫʨʳ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʠ ʧʦ ʪʦʨʮʘʤ, ʧʫʩʪʦʪʥʳʝ 

ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʩ ʟʘʤʦʥʦʣʠʯʝʥʥʳʤʠ ʩʪʳʢʘʤʠ, 

ʩʙʦʨʥʳʝ ʜʠʘʬʨʘʛʤʳ ʞʸʩʪʢʦʩʪʠ. 

ɼʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʘʨʢʘʩʘ ʧʨʠʤʝʥʷʶʪ 

ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʣʦʥʥʳ, ʚʳʧʦʣʥʷʝʤʳʝ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʞʝʡ ʩ ʧʨʦʝʤʦʤ ʚ ʫʨʦʚʥʝ ʧʝʨʝʢʨʳ-

ʪʠʷ. ʊʦʨʮʳ ʢʦʣʦʥʥ ʚ ʟʦʥʝ ʠʭ ʩʪʳʢʦʚʢʠ ʧʦ ʚʳʩʦʪʝ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʰʪʝʧʩʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʩʨʝʜʥʝʡ ʟʦʥʝ ʵʪʘʞʥʦʡ ʩʝʢʮʠʠ, ʠʤʝʶʪ ʚʳʧʫʩʢʠ ʘʨ-

ʤʘʪʫʨʳ ʠ ʧʘʟʳ, ʢʫʜʘ ʵʪʠ ʚʳʧʫʩʢʠ ʘʨʤʘʪʫʨʳ ʚʭʦʜʷʪ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʜʥʦʪʠʧʥʦʩʪʠ ʩʪʳʢʘ ʢʦʣʦʥʥ ʨʘʟ-

ʣʠʯʥʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʙʘ-

ʟʦʚʦʛʦ ʨʘʟʤʝʨʘ ʷʜʨʘ ʚʳʧʫʩʢʠ ʘʨʤʘʪʫʨʳ ʠ ʧʘʟʳ ʚʳ-

ʧʦʣʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʥʠʞʥʝʤ ʠ ʚʝʨʭʥʝʤ ʪʦʨ-

ʮʘʭ ʢʦʣʦʥʥʳ, ʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʙʘʟʦʚʦʛʦ ʷʜʨʘ 

ʥʘʦʙʦʨʦʪ, ʪ.ʝ. ʚʳʧʫʩʢʠ ʘʨʤʘʪʫʨʳ ʠ ʧʘʟʳ ʚʳʧʦʣʥʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʪʦʨʮʘʭ ʩʪʳ-

ʢʫʝʤʳʭ ʢʦʣʦʥʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʪʳʢʦʚʢʫ 

ʢʦʣʦʥʥ ʩ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʞʜʦʡ ʵʪʘʞʥʦʡ ʩʝʢʮʠʠ ʢʦʣʦʥʥ ʚʳ-

ʧʦʣʥʝʥ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʢʘʥʘʣ, ʩʦʝʜʠʥʷʶʱʠʡ ʥʠʞ-

ʥʶʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʵʪʘʞʥʦʡ ʩʝʢʮʠʠ 

ʢʦʣʦʥʳ ʩ ʝʸ ʙʦʢʦʚʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ 

ʟʘʟʦʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʜ ʥʠʞʥʝʡ ʧʣʦʩʢʦʩʪʴʶ 

ʵʪʘʞʥʦʡ ʩʝʢʮʠʠ ʢʦʣʦʥʥ ʧʦʩʣʝ ʟʘʤʦʥʦʣʠʯʠʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʜʘʪʣʠʚʦʩʪʴ ʫʟʣʦʚ 

ʩʦʧʨʷʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʠ ʧʦʚʳʰʘʝʪ ʞʸʩʪ-

ʢʦʩʪʴ ʢʘʨʢʘʩʘ ʠ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ. 

ʈʠʛʝʣʠ ʧʝʨʝʢʨʳʪʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʙʝʟ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ-

ʥʘʧʨʞʸʥʥʳʤʠ ʧʨʠ ʧʨʦʣʸʪʘʭ ʜʦ 9,0 ʤ, ʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʜʥʦʡ ʙʣʦʢ-ʩʝʢʮʠʠ ʨʘʟʥʫʶ ʦʨʠʝʥ-

ʪʘʮʠʶ ï ʧʨʦʜʦʣʴʥʫʶ ʠʣʠ ʧʦʧʝʨʝʯʥʫʶ. ɸʨʤʘʪʫʨʥʳʝ 

ʩʪʝʨʞʥʠ, ʧʨʦʧʫʱʝʥʥʳʝ ʩʢʚʦʟʴ ʢʦʣʦʥʥʫ ʯʝʨʝʟ 

ʧʨʦʸʤʳ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʟʘʤʦʥʦʣʠʯʠʚʘʶʪʩʷ 

ʟʘʦʜʥʦ ʩ ʤʦʥʦʣʠʪʥʦʡ ʯʘʩʪʴʶ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ 

ʨʠʛʝʣʷ, ʧʦʚʳʰʘʶʪ ʞʸʩʪʢʦʩʪʴ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ 

ʟʜʘʥʠʷ. ʈʠʛʝʣʠ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʦʧʦʨʥʦʡ ʯʘʩʪʠ 

ʠʤʝʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʰʪʨʘʙʳ ʜʣʷ ʫʢʣʘʜʢʠ ʤʦʥ-

ʪʘʞʥʦʡ ʦʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʯʪʦ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʞʸʩʪʢʦʩʪʴ ʢʘʨʢʘʩʘ ʥʘ ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ ʠ ʥʘʜʸʞʥʦʩʪʴ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʝʪʣʝʚʳʝ ʚʳʧʫʩʢʠ ʧʦʧʝ-

ʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʚ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʩʙʦʨʥʦʛʦ ʨʠʛʝʣʷ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʜʣʠʥʝ ʨʠʛʝʣʷ ʚ ʜʚʘ ʨʷʜʘ, ʢʦʪʦʨʳʝ 

ʧʦʩʣʝ ʫʢʣʘʜʢʠ ʢʨʫʛʣʦʧʫʩʪʦʪʥʳʭ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ, 

ʪʦʨʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʥʘʢʣʦʥ-

ʥʳʤʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʳ ʧʦ ʚʩʝʡ ʝʸ ʚʳʩʦʪʝ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ 14õ16Á, ʠ ʦʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʦʙʲʝʜʠʥʷ-

ʶʪʩʷ ʧʝʪʣʝʚʳʤʠ ʭʦʤʫʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ 

ʰʠʨʠʥʝ ʩʙʦʨʥʦʛʦ ʨʠʛʝʣʷ. 

ʉʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʟʘʤʦʥʦʣʠʯʠʚʘʥʠʷ ʩʙʦʨʥʦʛʦ 

ʨʠʛʝʣʷ ʧʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʟʘʪʝʢʘ-

ʥʠʝʤ ʙʝʪʦʥʘ ʚ ʰʧʦʥʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʧʫʩʪʦʪ ʧʦ 

ʪʦʨʮʘʤ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ, ʠ ʚ ʧʨʦʸʤʳ ʢʦʣʦʥʥ. 

 ɼʠʘʬʨʘʛʤʳ ʞʝʩʪʢʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 

ʧʨʦʣʝʪʝ ʤʝʞʜʫ ʢʦʣʦʥʥʘʤʠ ʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʢʦʣʦʥ-

ʥʘʤʠ ʯʝʨʝʟ ʤʦʥʦʣʠʪʥʳʡ ʨʠʛʝʣʴ, ʫʩʪʨʘʠʚʘʝʤʳʡ ʧʦ 

ʚʝʨʭʫ ʜʠʘʬʨʘʛʤʳ. ɼʠʘʬʨʘʛʤʳ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʳ ʥʘ ʚʩʶ ʚʳʩʦʪʫ ʟʜʘʥʠʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫ-

ʯʘʷʭ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʨʘʩʯʸʪʦʤ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ, 

ʢʦʛʜʘ ʜʠʘʬʨʘʛʤʳ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʪʝʭʥʠʯʝ-

ʩʢʦʤ ʵʪʘʞʝ. ɼʠʘʬʨʘʛʤʳ ʞʝʩʪʢʦʩʪʠ ʥʠʞʥʠʭ ʵʪʘʞʝʡ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʦʩʪʚʝʨʢ ʬʫʥʜʘʤʝʥʪʘ ʧʦʩʨʝʜʩʪʚʘʤ ʟʘ-

ʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ. 

 
ʈʠʩ. 5. ʂʦʥʩʪʨʫʢʮʠʷ çʂʘʟʘʥʴ-ʍʍI ʚè  

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ ʚ 

ʭʦʜʝ ʪʝʦʨʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, 



ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 35 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ ʯʘʩʪʴ ʤʦʥʦʣʠʪ-

ʥʦʛʦ ʙʝʪʦʥʘ ʧʝʥʦʙʝʪʦʥʥʳʤʠ ʙʣʦʢʘʤʠ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʣʫʯʠʚ ʢʦʥʩʪʨʫʢʮʠʶ, ʧʦ ʩʚʦʝʡ ʨʘʙʦʪʝ ʥʘʧʦʤʠʥʘ-

ʶʱʫʶ ʢʝʩʩʦʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʝʜʫʢʪʠʚʥʦʡ ʣʦʛʠʢʠ ʠ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳ-

ʨʘʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʱʝʡ ʚ ʇʨʠʨʦʜʝ, ʧʦʣʫʯʝʥʳ 

ʚʳʚʦʜʳ, ʦʙʦʙʱʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʪʫʩʫ ʟʘʢʦʥʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʡ ʚ ʇʨʠʨʦʜʝ ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ - ʦʪ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʜʦ ʩʦʩʪʘʚʥʦʡ 

ʤʘʪʝʨʠʠ, ʚʢʣʶʯʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ɺʩʝʣʝʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʤʦʥʦʧʦʣʴ, ʚʩʝʣʝʥʥʘʷ, ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ, ʵʥʝʨʛʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

Abstract: in this paper, on the basis of deductive logic and analysis of known mathematical expressions that 

determine some physical parameters of existing things in Nature, conclusions are obtained, the generalization of 

which corresponds to the status of the law, which determines the scaling of the fundamental properties of things 

in Nature in the widest range - from elementary particles to composite matter, including the ratio of the parameters 

of different Universes. 

Keywords: elementary particles, monopole, universe, physical parameters, space, energy, scaling. 

ɺʝʱʝʡ ʩʫʪʴ ʧʦʟʥʘʚʘʷ, 

ʄʳ ʦʙʨʝʪʘʝʤ ʟʥʘʥʠʝ. 

ɸ ʩʤʳʩʣ ʚʝʱʝʡ ʦʩʦʟʥʘʚʘʷ, 

ʄʳ ʩʦʟʜʘʝʤ ʩʦʟʥʘʥʠʝ [1]. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʟʠʢʠ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ɺʩʝʣʝʥʥʦʡ, ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʪʩʫʪ-

ʩʪʚʠʠ ʠʭ ʘʜʝʢʚʘʪʥʦ ʧʨʠʝʤʣʝʤʳʭ ʤʦʜʝʣʝʡ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʟʘʤʝʜʣʠʣʦʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʬʠʟʠʢʠ ʚ 

ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɼʘʣʴʥʝʡʰʠʝ ʧʦʧʳʪʢʠ ʨʘʟʚʠʪʠʷ 

ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ, 

ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʤʦʱʥʦʩʪʝʡ, ʩʪʘʥʦ-

ʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʙʝʩʧʣʦʜʥʳʤʠ. ʃʦʛʠʢʘ ʵʪʦʡ ʙʝʩʧʣʦʜ-

ʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʤ ʘʬʦʨʠʟʤʝ: çʃʝʩ ʨʫʙʷʪ 

ï ʱʝʧʢʠ ʣʝʪʷʪè, ʘ ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʧʨʦʮʝʩʩʘ 

ʨʫʙʢʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ çʙʝʟʫʤʠʷè, ʪʦ ʠ ʚʝʩʴ ʣʝʩ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ ʱʝʧʢʠ. ɼʝʣʦ ʜʦʰʣʦ ʜʦ ʪʦʛʦ, ʯʪʦ ʚ ʢʘ-

ʯʝʩʪʚʝ çʱʝʧʦʢè ʫʞʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʤʥʦʛʠʝ ʩʦʪʥʠ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʷʢʦʙʳ ʯʘʩʪʠʮ, ʥʝ ʷʩʥʦ ʢʦʤʫ ʠ ʟʘ-

ʯʝʤ ʥʫʞʥʳʭ. ʇʨʠ ʵʪʦʤ ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ 

ʩʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʦ-

ʠʟʤʝʨʠʤʦʡ ʩ ʙʶʜʞʝʪʘʤʠ ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʫʯʘʩʪ-

ʚʫʶʱʠʭ ʚ ʵʪʠʭ ʧʨʦʝʢʪʘʭ. ʇʦʵʪʦʤʫ, ʚʩʸ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʥʝʫʩʢʦʨʠʪʝʣʴʥʦʡ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ [2]. 

ʅʝʦʙʭʦʜʠʤʳ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʦʚʤʝ-

ʩʪʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩʚʦʡʩʪʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʪʠʭ ʯʘʩʪʠʮ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʅʝʦʙʭʦʜʠʤʳ ʙʦ-

ʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ɺʩʝ-

ʣʝʥʥʦʡ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʪʝʦʨʠʠ çɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘè, 

ʦʙʨʝʤʝʥʝʥʘ ʧʨʦʙʣʝʤʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʪʝʦʨʠʶ 

ɺʩʝʣʝʥʥʦʡ ʚ ʪʫʧʠʢ. ɹʝʩʧʣʦʜʥʦʩʪʴ ʵʪʦʡ ʪʝʦʨʠʠ ʫʞʝ 

ʜʘʚʥʦ ʚʠʜʥʘ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ 

ʪʝʦʨʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʥ-

ʮʠʧʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʩʝʛʦ ï ʮʝʣʝʧʦʣʘʛʘʥʠʶ, ʙʦʣʝʝ 

ʪʦʛʦ, ʠʜʝʷ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʩʘʤʘ ʧʦ ʩʝʙʝ ʘʙʩʫʨʜʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʥʦʛʠʭ ʧʦʜʭʦʜʦʚ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʰʝʥʠʷ ʦʙʩʫʞʜʘʝʤʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ: çɸ ʩʫʱʝʩʪʚʫʝʪ 

ʣʠ ʟʘʢʦʥ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʰʪʘʙʠ-

ʨʦʚʘʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʨʫʰʝʥʠʝ ʩʠʤʤʝʪ-

ʨʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʠʨ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ?è. ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʦ, ʧʦ ʢʘ-

ʢʦʤʫ ʟʘʢʦʥʫ ʤʝʥʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʧʦ ʤʝʨʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʦʪ ʠʭ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʠ ʜʘʣʝʝ ʚʧʣʦʪʴ 

ʜʦ ʨʘʩʩʪʦʷʥʠʡ ʤʥʦʛʦ ʙʦʣʴʰʝ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʟ-

ʤʝʨʦʚ. ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʦ, ʚ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʙʳʪʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦ-

ʦʙʨʘʟʠʷ ʦʙʲʝʢʪʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʲ-

ʝʢʪʦʚ, ʦʙʷʟʘʥʥʳʭ ʩʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʠʣ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʆʙʱʠʡ ʘʥʘʣʠʟ ʪʨʫʜʥʳʭ ʧʨʦʙʣʝʤ ʪʝʦʨʠʠ ɺʩʝ-

ʣʝʥʥʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʲʝʢʪʳ ʝʜʠʥʠʯʥʦʡ ʠʣʠ 

ʩʦʩʪʘʚʥʦʡ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʘ ʩʚʷʟʴ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡ-

ʩʪʚʠʝʤ ʟʘʢʦʥʘ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʚ ʦʩ-

ʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʧʨʦʛʨʝʩʩʠʷ: an = a1 gn-1, ʛʜʝ: a1 ʠ an ï ʧʝʨʚʳʡ ʠ ʩʣʝ-
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ʜʫʶʱʠʝ ʯʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; g ï ʟʥʘʤʝʥʘ-

ʪʝʣʴ ʧʨʦʛʨʝʩʩʠʠ, n ï ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʷ. 

ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʩʪʳʭ ʩʠʤʤʝʪʨʠʡ, ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʤʘʪʝʨʠʠ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠʣʠ ʩʦʟʜʘʥʠʝ ʥʦ-

ʚʳʭ ʬʦʨʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʯʢʘʭ 

ʩʨʝʜʥʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʩʤ. ʨʠʩ. ʥʠʞʝ: 

ʉʣʝʜʫʶʱʘʷ ʯʘʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʮʠʢʣʘ ʨʘʙʦʪ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ: 

The relativity of the fundamental properties of the elec-

tron [3]. ʀʥʪʝʨʝʩʥʦ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʩʢʘʟʳʚʘ-

ʥʠʝ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [4] ʧʦʜʯʝʨʢʠʚʘʶʱʠʭ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʦʡ ʧʨʦʙʣʝʤʳ: çʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ 

ʚʳʷʩʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʪʦʣʴ ʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ, 

ʢʘʢ ʠ ʦʪʢʨʳʪʠʝ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ ʠ ʷʜʨʘè. 

ɺʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ ʠ 

ʨʘʟʚʠʪʠʝ ʠʜʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʝʤ ʩʪʦʣʴ ʩʣʦʞ-

ʥʳʭ ʧʨʦʙʣʝʤ, ʟʘʜʘʸʪ ʚʳʜʘʶʱʠʡʩʷ ʬʠʟʠʢ ʠ ʬʠʣʦʩʦʬ 

Niels Bohr, ʢʦʪʦʨʳʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣ, ʯʪʦ 

ʚʘʞʥʦ ʩʦʟʜʘʚʘʪʴ ʪʝʦʨʠʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʙʝʟʫʤʥʳʝ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʧʦʣʘʛʘʣ, ʯʪʦ ʵʪʠ ʪʝʦʨʠʠ ʜʦʣʞʥʳ ʜʦ-

ʧʫʩʢʘʪʴ ʠʭ ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ [5].  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʧʦʯʪʠ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʦ 

ʚʳʛʣʷʜʠʪ ʧʨʠʟʥʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʛʝʥʠʝʚ ʙʦʨʦʚʩʢʦʡ 

ʰʢʦʣʳ ï ɺʝʨʥʝʨʘ ɻʝʡʟʝʥʙʝʨʛʘ [9, ʩʪʨ.99]: çéʅʘʰʠ 

ʫʩʠʣʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʥʝ ʩʪʦʣʴʢʦ ʚʳʚʦʜʫ ʢʦʨ-

ʨʝʢʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʩʢʦʣʴʢʦ 

ʫʛʘʜʳʚʘʥʠʶ ʠʭ ʧʦ ʩʭʦʜʩʪʚʫ ʩ ʬʦʨʤʫʣʘʤʠ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠè. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚʳʨʘ-

ʞʝʥʠʷ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʣʝʢ-

ʪʨʦʥʘ, ʪʘʢʠʭ ʢʘʢ: ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʘʜʠʫʩ r e, ʜʣʠʥʘ 

ʚʦʣʥʳ ʂʦʤʧʪʦʥʘ ɚk, ʨʘʜʠʫʩ ʦʨʙʠʪʳ ɹʦʨʘ r b, ʜʣʠʥʘ 

ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ɚb, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʩʤʝʱʝʥʠʝ 

ʵʣʝʢʪʨʦʥʘ r v, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʵʣʝʢ-

ʪʨʦʥ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚʘʢʫʫʤʘ, ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ. ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʠ ʦʪʜʝʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʪʴ 

ʵʪʠʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʩʚʦ-

ʝʛʦ ʫʪʦʯʥʝʥʠʷ, ʭʦʪʝʣʦʩʴ ʙʳ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʦʚʘʣʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʨʦʣʠʚʘʶʱʠʝ ʩʚʝʪ ʥʘ 

ʩʫʪʴ ʠ ʩʤʳʩʣ ʠʝʨʘʨʭʠʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʫʩʣʦʞʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʦʨʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʨʠʠ. 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʟʣʠʯ-

ʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʘ 

r n, ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʙʱʝʥʠʶ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʪʫʩʫ ʟʘʢʦʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ [6]: 

r n = r kɓ2n,    (1) 

ʛʜʝ: r k ʠ ɚʢ ï ʨʘʜʠʫʩ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʂʦʤʧʪʦʥʘ: 

ɚʢ = 2ˊr k, ɓ ï ʟʥʘʤʝʥʘʪʝʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩ-

ʩʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: ɓ2Ŭ = 1 ʠʣʠ ʝɓ 

= q, Ŭ ï ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, q ï ʚʥʫʪʨʝʥ-

ʥʠʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ʝ ï ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, n ï ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʷ, ʧʨʠʥʠʤʘʶʱʝʝ ʮʝʣʦʝ ʠʣʠ ʧʦʣʫʮʝʣʦʝ ʟʥʘʯʝ-

ʥʠʝ. 

ʉʚʷʟʴ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʥʘ ʩ ʟʘʢʦʥʦʤ ʚʩʝʤʠʨ-

ʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

Ä.1 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ˉ1, ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʛʦ ʬʦʨʤʫʣʦʡ (1), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʨʘʞʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʥʘ. ʇʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʪʘʙʣʠʯʥʳʤ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʳʨʘʞʝ-

ʥʠʷ (1) ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʢ-

ʪʨʦʥʘ. 

ʊʘʙʣʠʮʘ ˉ1 

n ʇʘʨʘʤʝʪʨ (ʩʤ) ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

-3 r m = r kɓ-6 = e6/mec4˂2 = e2/mɛc2 1,5Ŀ10-17 ʂʣʘʩʩʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʤʦʥʦʧʦʣʷ 

-2 rɛ = rkɓ-4 = e4/mec3  ˂= /˂mɛc 2,06Ŀ10-15 ʈʘʜʠʫʩ çʂʦʤʧʪʦʥʘè ʤʦʥʦʧʦʣʷ 

-1 r e = rkɓ-2 = e2/mec2 2,82Ŀ10-13 ʂʣʘʩʩʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʵʣʝʢʪʨʦʥʘ 

0 r k = rkɓ0 = /˂mec 3,86Ŀ10-11 ʈʘʜʠʫʩ ʂʦʤʧʪʦʥʘ ʵʣʝʢʪʨʦʥʘ 

1 r b = rkɓ2 = ˂2/mee2 5,29Ŀ10-9 Min ʨʘʟʤʝʨ ʘʪʦʤʘ, ʨʘʜʠʫʩ ɹʦʨʘ 

2 r a = rkɓ4 = ˂3c/mee4 7,25Ŀ10-7 Max ʨʘʟʤʝʨ ʘʪʦʤʘ 

3 rʤ = rkɓ6 = ˂4c2/mee6 9,94Ŀ10-5 ʈʘʟʤʝʨ ʙʠʦʤʦʣʝʢʫʣ 
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ʀʟ ʪʘʙʣʠʮʳ ˉ1 ʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʪʦʯʢʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʘʷ ʪʝʢʫʱʝʤʫ ʜʠʩʢʨʝʪʥʦʤʫ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʵʣʝʢʪʨʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʜʚʫʭ ʩʦʩʝʜʥʠʭ: 

rɛ2 = r er m 

r e
2 = rɛr k = r mr b 

r k
2 = r er b = rɛr a = rʤr m 

r b
2 = r kr a = rʤr e 

r a
2 = r brʤ 

 

ɹʦʣʝʝ ʪʦʛʦ ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʧʨʝʜʳʜʫʱʠʭ ʩʠʤ-

ʤʝʪʨʠʡ. 

Ä.2 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʩʠʣ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʟʘʢʦʥ ʂʫ-

ʣʦʥʘ Fʢʫʣ ~ 1/r 2, ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʨʘʩʧʘʜ, ʢʘʟʘʣʦʩʴ 

ʙʳ, ʧʨʦʩʪʦʡ ʩʠʣʳ ʂʫʣʦʥʘ ʥʘ ʦʩʪʘʪʦʯʥʳʝ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʩʠʣʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʝʞʘʪʦʤʥʦʝ ʠ ʤʝʞ-

ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ 

ʦʩʪʘʪʦʯʥʳʝ ʩʠʣʳ ʢʘʢ: ʜʠʧʦʣʴʥʳʝ, ʢʚʘʜʨʫʧʦʣʴʥʳʝ, 

ʠʦʥʥʳʝ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʚʦʜʦʨʦʜʥʳʝ, ʚʘʣʝʥʪʥʳʝ, 

ʢʦʚʘʣʝʥʪʥʳʝ, ɺʘʥ-ʜʝʨ-ʚʘʘʣʴʩʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ, 

ʠʥʜʫʢʮʠʦʥʥʳʝ, ʜʠʩʧʝʨʩʠʦʥʥʳʝ, ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʩʘʤʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʠʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ, ʪʘʢʞʝ ʷʚʣʷ-

ʝʪʩʷ ʦʩʪʘʪʦʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ e ʚ ɓ ʨʘʟ ʤʝʥʴʰʝ ʚʥʫʪʨʝʥʥʝʛʦ 

q, ʪ.ʝ. q = eɓ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʠʤʝʥʥʦ ʚʥʫʪʨʝʥʥʠʡ 

ʟʘʨʷʜ, ʷʚʣʷʶʱʠʡʩʷ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʚʩʝʭ ʦʩʪʘʣʴ-

ʥʳʭ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʩ 

ʚʥʝʰʥʝʡ ʚʘʢʫʫʤʥʦʡ ʩʨʝʜʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʥʘ ʚʦʟʥʠʢʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʠʘ-

ʧʘʟʦʥʳ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʯʠ-

ʥʘʷ ʦʪ ʮʝʥʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʪʘʧʥʦʝ ʫʩʣʦʞʥʝʥʠʝ 

ʩʦʟʜʘʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʠ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʦʨʤ ʦʪ ʧʨʦʩʪʳʭ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʪʦ ʠ ʧʦʢʘʟʘʥʦ 

ʚ ʪʘʙʣʠʮʝ ˉ2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦ-

ʛʠʭ ʬʦʨʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʝʪ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢ-

ʪʨʦʥ, ʘ ʥʘʦʙʦʨʦʪ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʯʘʩʪʠʮʳ ʢʘʢ ʧʨʦʪʦʥ ʠ ʥʝʡʪʨʦʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦ ʧʦʩʪʨʦʝʥʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘ-

ʨʷʜʘʭ, ʘ ʧʦʵʪʦʤʫ ʠʤʝʶʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʥʳʝ ʠʤ ʜʠʘ-

ʧʘʟʦʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ ˉ2 

ɼʠʩʢʨʝʪʥʳʡ ʜʠʘʧʘʟʦʥ ʇʨʠʤʝʨʳ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

r -1 - r -2 = 2,82Ŀ10-13-2,06Ŀ10-15 ɼʝʡʩʪʚʠʝ ʤʦʥʦʧʦʣʷ. ʂ-ʟʘʭʚʘʪ. ʄʶʦʥ.  

r 0 - r -1 = 3,86Ŀ10-11-2,82Ŀ10-13 ɼʝʡʩʪʚʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ - mec2.  

r 1 - r 0 = 5,29Ŀ10-9-3,86Ŀ10-11 ɼʝʡʩʪʚʠʝ ʟʘʨʷʜʘ q, ʛʝʥʝʨʘʮʠʷ ʩʠʣʦʚʳʭ ʧʦʣʝʡ. 

r 2 - r 1 = 7,25Ŀ10-7-5,29Ŀ10-9 ɼʠʘʧʘʟʦʥ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ. 

r 3 - r 2 = 9,94Ŀ10-5-7,25Ŀ10-7 ʄʦʣʝʢʫʣʳ ʚʦʜʳ, ɼʅʂ, ʚʠʨʫʩʳ. 

r 4 - r 3 = 1,36Ŀ10-2-9,94Ŀ10-5 ɹʘʢʪʝʨʠʠ, ʵʨʠʪʨʦʮʠʪ, ʷʜʨʦ ʢʣʝʪʢʠ. 

r 5 - r 4 = 1.86Ŀ10-1-1,36Ŀ10-2 ʂʣʝʪʢʘ ʢʦʞʠ, ʢʨʫʧʥʘʷ ʙʘʢʪʝʨʠʷ, ʘʤʸʙʘ. 

r 6 - r 5 =2,55Ŀ101-1.86Ŀ10-1 ʄʫʨʘʚʝʡ, ʢʫʨʠʥʦʝ ʷʡʮʦ. 

r 7 - r 6 =3,49Ŀ103-2,55Ŀ101 ʏʝʣʦʚʝʢ 

Ä.3 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ 

ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʟʘʨʷʜʘʤʠ ʵʣʝʢʪʨʦʥʘ ʜʣʷ n = 0 ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: Fq = q2/r 0
2. ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʣʥʦ-

ʩʪʴʶ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤʫ e ʠ ʤʘʛʥʠʪʥʦʤʫ ɛ ʟʘʨʷʜʘʤ ʵʣʝʢʪʨʦʥʘ. ɿʘʧʠ-

ʰʝʤ ʚʳʨʘʞʝʥʠʝ Fʢʫʣ ʜʣʷ n = 1 ʠ -1: 

Fʢʫʣ = q2/r 1
2ɓ2, ʧʨʠ q2/ɓ2 = e2, Ÿ Fʢʫʣ = e2/r 1

2. (2) 

Fʢʫʣ = q2ɓ2/r -1
2, ʧʨʠ q2ɓ2 = ɛ2, Ÿ Fʢʫʣ = ɛ2/r -1

2 (3) 

ʀʟ (2) ʠ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ q ʨʘʩʧʘʣʘʩʴ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʟʘʨʷʜʳ: ʵʣʝʢʪʨʠʯʝʩʢʠʡ e ʠ ʤʘʛʥʠʪʥʳʡ ɛ. ʀʩʢʣʶʯʘʷ 

ʠʟ (2) ʠ (3) ɓ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ q2 = ˂c, ʧʦʣʫʯʠʤ: 

eɛ = ˂c,    (4) 

ɺ 1931 ʛʦʜʫ Dirac P.A.M., ʚʳʜʚʠʥʫʚʰʠʡ ʠʜʝʶ 

ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ, ʧʦʣʫʯʠʣ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʚʘʥʪʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [7]: 

eɛ = (n/2) ˂c,   (5) 

ɺ ʨʘʩʯʝʪʘʭ (5) ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʩʣʦʚʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʦʨʙʠʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢ-

ʪʨʦʥʘ ʢʚʘʥʪʫʝʪʩʷ, ʦʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ n = 1, ʧʦ-

ʩʢʦʣʴʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (4) ʚ (2) ʠ (3) ʙʳʣʦ ʨʘʩʩʤʦʪ-

ʨʝʥʦ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʜʚʦʡʢʘ ʚʦʦʙʱʝ 

ʜʦʣʞʥʘ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʪ.ʢ. ʚ ʨʘʩʯʝʪʘʭ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ (ʚ ʨʘʤʢʘʭ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʘ) ʧʦʣʥʘʷ ʧʣʦʱʘʜʴ ʪʦʢʦʚʦʛʦ ʣʠʩʪʘ 

ʟʘʤʝʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʠ ʧʦʚʦʨʦʪʝ ʥʝ ʥʘ 2,́ ʚ ʜʚʘ 

ʨʘʟʘ ʤʝʥʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) 

ʩʦʚʧʘʜʘʶʪ. 

ɽʩʣʠ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (4) ʫʤʥʦʞʠʪʴ ʠ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ɓ2, ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ: 

e2 = ˂c/ɓ2,    (6) 

ɛ2 = c˂ɓ2,    (7) 

ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

ɛ = (n/2) eɓ2,   (8) 

e = (n/2) ɛ/ɓ2.   (9) 
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ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (8,9) ʦʪʥʦʩʠʪʝʣʴʥʦ ɛ 

ʠʣʠ e, ʧʦʣʫʯʠʤ: n = Ñ2, ʯʪʦ ʠ ʜʦʢʘʟʳʚʘʝʪ ʩʦʚʧʘʜʝ-

ʥʠʝ ʚʳʨʘʞʝʥʠʡ (4) ʠ (5). 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6,7) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ɓ, ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ q2 = ˂ c, ʧʦʣʫʯʠʤ: 

q2 = eɛ. (10) 

ɺʳʨʘʞʝʥʠʝ (10) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ 

ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ q, ʟʘʥʠʤʘʝʪ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘ-

ʨʷʜʦʤ ʵʣʝʢʪʨʦʥʘ e ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʠʤ ʤʘʛʥʠʪʥʳʤ ʟʘ-

ʨʷʜʦʤ ɛ. 

ʈʘʩʧʦʣʘʛʘʷ ʚʳʨʘʞʝʥʠʷʤʠ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʩʤ: ʪʘʙʣʠʮʫ ˉ1), ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʵʣʝʢʪʨʦʥʘ ʠ ʤʦʥʦʧʦʣʷ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳ ʚʳʯʠʩʣʠʪʴ ʤʘʩʩʫ ʤʦʥʦʧʦʣʷ. 

ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʨʘʜʠʫʩʦʚ ʚ ʩʣʝ-

ʜʫʶʱʝʤ ʚʠʜʝ ʠ ʧʦʣʫʯʠʤ: 

mɛ = (rʝ/rɛ) me = 1,88Ŀ104 me.  (11) 

ɿʥʘʯʝʥʠʝ mɛ ʚ (11) ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝ-

ʥʠʝ ʤʘʩʩʳ ʤʦʥʦʧʦʣʷ, ʧʦʣʫʯʝʥʥʦʝ ʚ [2]. ʅʝʩʦʚʧʘʜʝ-

ʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʚ 

[2, ʩʪʨ.354] ʦʩʥʦʚʘʥʳ ʥʘ ʫʨʘʚʥʝʥʠʠ (5), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʘʩʪʦʷʱʠʝ ʚʳʯʠʩʣʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʙʦʣʝʝ ʧʨʘ-

ʚʠʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (4). ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʚʳ-

ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ mɛ ʪʘʢʞʝ ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʫ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʪ.ʝ.: 

mɛ = ɓ4me = 1,88Ŀ104 me, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʟʘ-

ʢʦʥʫ (1) rʝ = rɛ ɓ4. 

Ä.4 

ɿʘʧʠʰʝʤ (1) ʜʣʷ n = -1/2: 

r -1/2 = r v = r k/ɓ,   (12) 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (12) ʩ ʪʦʯ-

ʥʦʩʪʴʶ ʜʦ ʩʣʘʙʦ ʤʝʥʷʶʱʝʛʦʩʷ ʣʦʛʘʨʠʬʤʘ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ r v ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʝʛʦ ʩ ʧʦʣʝʤ ʚʠʨʪʫʘʣʴʥʳʭ ʬʦʪʦʥʦʚ ʚʘʢʫʫʤʘ 

[8], ʧʨʠ ʵʪʦʤ ʘʚʪʦʨ ʵʪʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʣ ʵʪʦ ʷʚ-

ʣʝʥʠʝ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʦ, ʢʘʢ çʃʵʤʙʦʚʩʢʠʡ ʩʜʚʠʛ ʫʨʦʚʥʝʡè. ɼʦʙʘʚʠʤ, 

ʯʪʦ r v, ʧʦʜʯʠʥʷʷʩʴ ʟʘʢʦʥʫ (1), ʩʚʷʟʘʥʦ ʩ ʜʨʫʛʠʤʠ 

ʚʘʞʥʝʡʰʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʵʣʝʢʪʨʦʥʘ ʩʨʝʜʥʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ: 

r v
2 = r kr e.   (13) 

ʉʚʷʟʴ ʩʚʦʡʩʪʚ ɺʩʝʣʝʥʥʦʡ ʩ ʟʘʢʦʥʦʤ ʚʩʝ-

ʤʠʨʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

ɺ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ÄÄ 5,6,7,8 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʘ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ ʚʦ 

ɺʩʝʣʝʥʥʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʧʝʨʝʯʝʥʴ ʜʘʣʝʢʦ ʥʝ 

ʧʦʣʥʳʡ ʠ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʚʝʣʠ-

ʢʦʝ ʤʥʦʞʝʩʪʚʦ. 

Ä.5 

ʉʦʚʨʝʤʝʥʥʳʝ, ʫʞʝ ʩʪʘʚʰʠʝ ʩʪʘʥʜʘʨʪʥʳʤʠ, 

ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʚʠʜʳ ʤʘʪʝ-

ʨʠʠ ʥʘʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʥʪʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 

ˉ3, ʦʜʥʘʢʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʚʩʸ ʙʣʠʞʝ ʩʭʦʜʷʪʩʷ ʢ ʠʭ ʩʨʝʜʥʝʤʫ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʸ 

ʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʷ: 

ʊʘʙʣʠʮʘ ˉ3 

 ɺʠʜ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ % ʉʨʝʜʥʝʝ 

M o ʦʙʳʯʥʘʷ ʤʘʪʝʨʠʷ 4-6 

M dm
2 = M oM de M dm ʪʝʤʥʘʷ ʤʘʪʝʨʠʷ 18-24 

M de ʪʝʤʥʘʷ ʵʥʝʨʛʠʷ 68-75 

ɺ ʪʘʙʣʠʮʝ ˉ4 ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʚʦ 

ɺʩʝʣʝʥʥʦʡ ʚ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʇʣʘʥʢʘ: 

ʊʘʙʣʠʮʘ ˉ4 

 ʆʩʥʦʚʥʳʝ ʩʠʣʳ ʚ ʪʦʯʢʝ ʇʣʘʥʢʘ ʉʨʝʜʥʝʝ 

Fg ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ: Fg = m2/r 2 

Fc
2 = FeFg Fc ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ: Fe = q2/r 2 

Fe  ʋʧʨʫʛʘʷ: Fe = kr, ʛʜʝ: k = mɤ2 

Ä.6 

ɼʅʂ ʠ ʢʨʦʚʴ ï ʚʘʞʥʝʡʰʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʞʠ-

ʚʦʡ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʀʟ ʪʘʙʣʠʮ ˉ5 ʠ ˉ6 

ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩʨʝʜʥʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʦʪ-

ʥʦʰʝʥʠʝʤ. ɼʠʘʧʘʟʦʥʳ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʢʘ-

ʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ˉ5, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʪʘʙʣʠʮʝ ˉ3, 

ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʩʸ ʙʣʠʞʝ ʩʭʦʜʷʪʩʷ ʢ ʩʚʦʝʤʫ ʩʨʝʜʥʝʤʫ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. 

  



40  ʈʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʉʦʜʨʫʞʝʩʪʚʦè ˉ 23/2018 

ʊʘʙʣʠʮʘ ˉ5 

 ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʛʝʥʦʚ ʚ ɼʅʂ % ʉʨʝʜʥʝʝ 

Gcp ʛʝʥʳ ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ 2-5 

Grs
2 = GcpGep Grs ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ 20-30 

Gep ʛʝʥʳ ʥʝ ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ 70-80 

 

ʊʘʙʣʠʮʘ ˉ6 

 ʌʦʨʤʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʨʦʚʠ ʰʪ/ʤʤ3 ʉʨʝʜʥʝʝ 

kʣ ʣʝʡʢʦʮʠʪʳ 8Ŀ103 

kʪ2 = kʣk  ɻkʪ ʪʨʦʤʙʦʮʠʪʳ 3Ŀ105 

k  ɻ ʵʨʠʪʨʦʮʠʪʳ 5Ŀ106 

Ä.7 

ɺ ʪʘʙʣʠʮʘʭ ˉ7 ʠ ˉ8 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʠʭ ʟʘʢʦʥʫ (1) ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʞʠ-

ʚʦʡ ʠ ʥʝʞʠʚʦʡ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʀʟ ʵʪʠʭ ʪʘʙ-

ʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʘʞʥʝʡʰʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʘʪʝ-

ʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ: ʞʠʚʘʷ - ʯʝʣʦʚʝʢ, ʠ ʥʝ ʞʠʚʘʷ - 

ʵʣʝʢʪʨʦʥ, ʟʘʥʠʤʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠ ʩʨʝʜʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʯʪʦ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʷ

ʊʘʙʣʠʮʘ ˉ7 

 ʄʘʩʩʳ ʦʙʲʝʢʪʦʚ ʠ ɺʩʝʣʝʥʥʦʡ ʛ ʉʨʝʜʥʝʝ 

mmu ʤʘʩʩʘ min ʦʙʲʝʢʪʘ ʚʦ ɺʩʝʣʝʥʥʦʡ 10-48 

mp
2 = mmumu mp ʤʘʩʩʘ ʯʝʣʦʚʝʢʘ 104 

mu ʤʘʩʩʘ ɺʩʝʣʝʥʥʦʡ  1056 

ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʯʝʣʦʚʝʢʘ ʪʦʯʥʦ ʟʘʥʠʤʘʝʪ ʩʚʦʸ 

ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʦ ɺʩʝʣʝʥʥʦʡ, 

ʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʦʮʝʥʢʘ ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ ʚ ʮʝʣʦʤ ʢʘʢ mu = 1056ʛ. 

ʚʧʦʣʥʝ ʨʝʘʣʠʩʪʠʯʥʘ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʚʧʦʣʥʝ ʨʘ-

ʟʫʤʥʦ ʠ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠ ʨʘʟʤʝʨ ʯʝʣʦ-

ʚʝʢʘ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʩʚʦʝʤʫ ʩʨʝʜ-

ʥʝʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʚʦ ɺʩʝʣʝʥʥʦʡ. 

ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʘʩʪʨʦʬʠʟʠʢʠ 

ʧʨʠʟʥʘʶʪ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʨʘʚʥʳʤ r u = 1027ʩʤ, 

ʯʪʦ ʚ 1010 ʨʘʟ ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ ˉ8. ʕʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʨʘʟʤʝʨ 

ɺʩʝʣʝʥʥʦʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʥʘʯʝʥʠʶ, ʫʢʘʟʘʥʥʦʤʫ ʚ 

ʪʘʙʣʠʮʝ ˉ8, ʘ ʟʥʘʯʠʪ ʨʝʘʣʠʩʪʠʯʥʳʡ ʨʘʟʤʝʨ ɺʩʝʣʝʥ-

ʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ r u = 1037ʩʤ

. 

ʊʘʙʣʠʮʘ ˉ8 

 ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʦʚ ʠ ɺʩʝʣʝʥʥʦʡ  ʩʤ ʉʨʝʜʥʝʝ 

r mo ʨʘʟʤʝʨ min ʦʙʲʝʢʪʘ ʚʦ ɺʩʝʣʝʥʥʦʡ  10-33 

r p
2 = r mor u r p ʨʘʟʤʝʨ ʯʝʣʦʚʝʢʘ 102 

r u ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ  1037 

Ä.8

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʪʝʦʨʠʝʡ ʦ ʚʣʦʞʝʥʥʳʭ ʚʩʝʣʝʥʥʳʭ, ʩʫʱʝ-

ʩʪʚʫʶʪ ɺʩʝʣʝʥʥʳʝ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʨʘʟʤʝʨʘʤʠ ʧʦ 

ʤʝʨʝ ʩʚʦʝʛʦ ʚʣʦʞʝʥʠʷ: ʚʝʨʭʥʷʷ - U-1, çʥʘʰʘè ʪʝʢʫ-

ʱʘʷ - U0 ʠ ʥʠʞʥʷʷ - U+1. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ɺʩʝʣʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʪʦ ʣʦʛʠʯʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦʙʳ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʵʪʠʭ 

ʨʘʟʤʝʨʦʚ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʪʘʢʞʝ ʩʨʝʜʥʝʤʫ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʤʫ, ʯʪʦ ʠ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ ˉ9, ʛʜʝ ʟʥʘʤʝʥʘ-

ʪʝʣʴ 

ʧʨʦʛʨʝʩʩʠʠ ʚʳʙʨʘʥ ʨʘʚʥʳʤ 1021. 

ʊʘʙʣʠʮʘ ˉ9 

 ʈʘʟʤʝʨʳ ʚʣʦʞʝʥʥʳʭ ɺʩʝʣʝʥʥʳʭ ʩʤ ʉʨʝʜʥʝʝ 

U-1 ʨʘʟʤʝʨ ʚʝʨʭʥʝʡ ɺʩʝʣʝʥʥʦʡ 1058 

U0
2 = U-1 U+1 U0 ʨʘʟʤʝʨ ʪʝʢʫʱʝʡ ɺʩʝʣʝʥʥʦʡ 1037 

U+1 ʨʘʟʤʝʨ ʥʠʞʥʝʡ ɺʩʝʣʝʥʥʦʡ 1016 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʳʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ, ʦ ʪʦʤ, ʯʪʦ ʟʘʢʦʥ ʚʩʝʤʠʨ-

ʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 18 ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʳʭ ʧʨʠʤʝʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘʢʦʥʘ ʨʝʘʣʴ-

ʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʪ 

ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. ʆʩʥʦʚʫ ʵʪʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʮʠʧ ʮʝʣʝʧʦʣʘʛʘʥʠʷ, ʙʝʟ ʢʦʪʦʨʦʛʦ 

ɺʩʝʣʝʥʥʘʷ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ. 
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N-ʖʆʋʉʇʈʁʂʆɹʘ ʊʋʉʌʃʋʌʉɹ ʇɺʒɾʊʁʊʋɾʅʆʇɼʇ ɻʉɾʅɾʆʁ 

ʅʠʢʠʪʠʥ ɺʣʘʜʠʩʣʘʚ ɺʘʩʠʣʴʝʚʠʯ  

ʅʝʟʘʚʠʩʠʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ  

ʇʨʦʝʢʪ çɺʨʝʤʷ ʠ ʪʨʝʥʜʳè, ʉʇʙ.  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʝʟʠʩʳ ʣʝʢʮʠʠ ʠʟ ʮʠʢʣʘ çʌʠʟʠʢʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤè. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʦ-

ʜʝʣʴ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʠʝʨʘʨʭʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʨʝʤʸʥ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʙʦʣʦʯʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠ-

ʩʪʝʤʳ ʠ ʬʦʨʤʫʣʳ N-ʵʥʪʨʦʧʠʡʥʦʛʦ ʚʨʝʤʝʥʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʩʝʚʦʟʤʦʞ-

ʥʳʭ ʩʠʥʭʨʦʥʠʟʤʦʚ, ʵʬʬʝʢʪʦʚ ʠ ʧʘʨʘʜʦʢʩʦʚ ʚʨʝʤʝʥʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʨʝʤʷ, ʩʠʩʪʝʤʘ, ʚʝʨʦʷʪʥʦʩʪʴ, ʮʝʣʴ, ʵʥʪʨʦʧʠʷ. 
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Abstract 

The theses of the lecture from the cycle "Physics of Targeted Systems" are presented. A new model of the 

probabilistic hierarchy of the internal times of the system and the external environment is proposed. The shell 

model of the system and the N-entropy time formulas serve as the basis for an analytical interpretation of all sorts 

of synchronisms, effects and paradoxes of time.  
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1. ʆʙʱʝʩʠʩʪʝʤʥʦʝ ʚʨʝʤʷ 

ʉ ʣʶʙʦʡ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʳ ʜʚʘ ʤʠʨʘ ð 

ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʢʘʞʜʳʤ 

ʤʠʨʦʤ ʩʚʷʟʘʥ ʩʚʦʡ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ. 

ɺ ʙʠʦʣʦʛʠʠ, ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʵʢʦʥʦ-

ʤʠʢʝ, ʧʦʣʠʪʦʣʦʛʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ ʠ ʜʨ. ʚʳʜʝʣʠ-

ʣʠʩʴ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʫʪʨʝʥʥʝʛʦ, ʩʦʙʩʪʚʝʥ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤ. ʂʘʞʜʘʷ ʠʟ ʥʘʫʢ 

ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʡ ʪʠʧ ʩʠʩʪʝʤʥʦʛʦ ʚʨʝʤʝʥʘ. 

ʆʜʥʘʢʦ, ʩʘʤ ʪʝʨʤʠʥ çʩʠʩʪʝʤʥʦʝ ʚʨʝʤʷè ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʵʪʦ ʫʧʫʱʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʟʙʝ-

ʞʘʪʴ ʩʤʝʰʝʥʠʷ ʩʤʳʩʣʦʚ, ʤʳ ʚʚʝʣʠ ʥʦʚʦʝ ʧʦʥʷʪʠʝ 

çʦʙʱʝʩʠʩʪʝʤʥʦʝ ʚʨʝʤʷè ʚ ʜʫʭʝ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠ-

ʩʪʝʤ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦ ʧʦʥʷʪʠʝ ʥʝ ʦʪʤʝ-

ʯʝʥʦ ʥʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʥʠ ʜʦ çʧʝʨʝʦʪʢʨʳ-

ʪʠʷ ʚʨʝʤʝʥʠè [1], ʥʠ ʧʦʩʣʝ ʥʝʛʦ. ʅʘʫʢʘ ʧʨʝʜʧʦʯʠ-

ʪʘʝʪ ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʥʠʠ, ʘ ʥʝ ʨʘʩʧʠʩʳʚʘʪʴʩʷ ʚ ʥʝʟʥʘ-

ʥʠʠ.  

ɺʤʝʩʪʝ ʩ ʧʦʥʷʪʠʝʤ çʦʙʱʝʩʠʩʪʝʤʥʦʝ ʚʨʝʤʷè 

ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʚʩʝʦʭʚʘʪʥʘʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʵʪʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ 

ʵʪʘ ʤʦʜʝʣʴ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʠʟʣʦʞʝʥʳ ʚ ʪʝʣʝʛʨʘʬ-

ʥʦʤ ʩʪʠʣʝ. 

2. ʅʘʯʘʣʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʢʠʥʝʤʘʪʠʢʠ  

ɿʘʡʤʝʤʩʷ ʢʠʥʝʤʘʪʠʢʦʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠ-

ʩʪʝʤ, ʪ.ʝ. ʦʧʠʩʘʥʠʝʤ ʠʭ ʠʟʤʝʥʝʥʠʡ (ʜʚʠʞʝʥʠʷ) ʙʝʟ 

ʫʪʦʯʥʝʥʠʷ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ. ʂʘʢ ʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʧʨʠʯʠʥʘʤʠ ʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʜʚʠʞʝʥʠʷ ʟʘʥʠʤʘʝʪʩʷ ʜʠʥʘʤʠʢʘ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʧʦʥʠ-

ʤʘʝʤʘʷ ʙʫʢʚʘʣʴʥʦ ʢʘʢ ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʥʝʢʦʪʦʨʳʡ 




