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 ץʨʤʝʪʪʽ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳײפ

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʦץʳʪʫʰʳʣʘʨʳ, 

ʩʪʫʜʝʥʪʪʝʨʽ ʤʝʥ ʪװʣʝʢʪʝʨʽ!  

 !ʨʤʝʪʪʽ ᴅʨʽʧʪʝʩʪʝʨײפ

 

ʉʽʟʜʝʨʜʽ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʤʝʨʝʡʪʦʡʳʤʝʥ 

ʰʳʥ ʞװʨʝʢʪʝʥ ײץʪʪʳץʪʘʡʤʳʥ. 

ɹײʣ ʤʝʨʝʡʪʦʡ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʞʝʪʢʝʥ 

ʞʪʽʩʪʢʪʝʨʽ ʤʝʥ ʙʦʣʘʰʘץץʘ ʜʝʛʝʥ ʩʝʥʽʤʜʽ 

 ʙʝʣʛʽʩʽ. ɾʳʣʜʘʨ ʙʦʡʳ שʘʜʘʤ ʞʘʩʘʫʳʥʳץ

 ʪʳ ʪʘʨʠʭ ʧʝʥ ʢᴅʩʽʙʠץשʘʥ ʜʘץʘʣʳʧʪʘʩץ

ʰʳשʜʘʣסʘʥ ײʞʳʤʥʳש ʝשʙʝʛʽ ʩʽʟʜʝʨʜʽ ʘʣסʘ 

ʞʝʪʝʣʝʧ, ʞʘשʘ ʙʠʽʢʪʝʨʜʽ ʙʘסʳʥʜʳʨʫסʘ ʰʘʙʳʪ 

ʙʝʨʝʜʽ. 

1959 ʞʳʣʳ ʽʨʛʝʪʘʩʳ ץʘʣʘʥסʘʥ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʦʩʳ 

ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʝʣʽʤʽʟʜʽש ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ, ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʩʘʣʘʣʘʨʳʥʜʘ ʤʳשʜʘסʘʥ ʙʽʣʽʢʪʽ ʤʘʤʘʥ ʜʘʡʳʥʜʘʧ, פʘʟʘץʩʪʘʥ ʵʢʦʥʦʤʠʢʘʩʳʥʘ 

ʟʦʨ װʣʝʩ ץʦʩʪʳ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳ ʤʝʥ ʞʘשʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʘʩʪʘʨʜʳש ʜʘʤʫʳʥʘ ʟʦʨ ʳץʧʘʣʳʥ 

ʪʠʛʽʟʫʜʝ. ɹװʛʽʥʜʝ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʪװʣʝʢʪʝʨʽʥʽש ʞײʤʳʩץʘ 

ʦʨʥʘʣʘʩʫ ʤʝʥ ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʳʥʪʳʤʘץʪʘʩʪʳסʳ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʜʘʤʳסʘʥ.  

ʋʥʠʚʝʨʩʠʪʝʪʪʽש ʤʘץʪʘʥʳʰʳ ï ʟʘʤʘʥʘʫʠ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ, ʙʽʣʽʤ ʙʝʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ʤʝשʛʝʨʛʝʥ ʦץʳʪʫʰʳʣʘʨ ײץʨʘʤʳ. ʉʽʟʜʝʨ ʙʽʣʽʤ ʙʝʨʫ 

ʩʘʣʘʩʳʥʜʘסʳ װʟʜʽʢ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʳʧ, ʝשʙʝʢ ʥʘʨʳסʳʥʜʘ ʞʦסʘʨʳ 

ʩײʨʘʥʳʩץʘ ʠʝ, ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʛʽ ʤʳץʪʳ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫסʘ װʣʝʩ 

 .ʦʩʫʜʘʩʳʟʜʘʨץ

ʆʩʳ ʩʘʣʪʘʥʘʪʪʳ ʢװʥʜʝ ʙʘʨʰʘשʳʟסʘ ʰʳסʘʨʤʘʰʳʣʳץ ʪʘʙʳʩ, ʩʘʨץʳʣʤʘʩ 

 .ʽʟʜʽ ʪʽʣʝʡʤʽʥשʘ ʞʝʪʫʣʝʨʽסʳʟשʩʘʪʪʘʨʳץʘʥ ʙʠʽʢ ʤʘסʦʡץ ʘסʫʘʪ ʞᴅʥʝ ʘʣץ

ʋʥʠʚʝʨʩʠʪʝʪʪʽש ᴅʨʙʽʨ ץʘʜʘʤʳʥʘ ʩᴅʪʪʽʣʽʢ ʩʝʨʽʢ ʙʦʣʳʧ, ʙʦʣʘʰʘץʪʘ ʜʘ 

ʞʝʪʽʩʪʽʢʪʝʨʽשʽʟ ʝʩʝʣʝʥʝ ʙʝʨʩʽʥ. 

ɼʝʥʩʘʫʣʳץʪʘʨʳשʳʟ ʤʳץʪʳ, ʝשʙʝʢʪʝʨʽשʽʟ ʞʝʤʽʩʪʽ ʙʦʣʩʳʥ, ײץʨʤʝʪʪʽ 

ᴅʨʽʧʪʝʩʪʝʨ!  

 

 
 ʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʽסʳʣʳʤ ʞᴅʥʝ ʞʦנ

  ʉʘʷʩʘʪ ʅײʨʙʝʢ 

  



   

 
 

 !ʣʳײʨʙʝʢ ʇʘʞʘʨʙʝʢײʨʤʝʪʪʽ ʅײפ

 
ʉʽʟʜʽ ʞᴅʥʝ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʧʨʦʬʝʩʩʦʨ- 

ʦץʳʪʫʰʳʣʘʨ ײץʨʘʤʳ ʤʝʥ ץʳʟʤʝʪʢʝʨʣʝʨʽʥ ʦץʫ ʦʨʥʳʥʳ65 ש ʞʳʣʜʳץ 

ʤʝʨʝʡʪʦʡʳʤʝʥ ʰʳʥ ʞװʨʝʢʪʝʥ ײץʪʪʳץʪʘʡʤʳʥ. 

ʋʥʠʚʝʨʩʠʪʝʪʪʽש ʙװʛʽʥʛʽ סʳʣʳʤʠ ʞʝʪʽʩʪʽʢʪʝʨʽ סʘʣʳʤʜʘʨʜʳש ʞʦסʘʨʳ 

ʢᴅʩʽʙʠʣʽʛʽ, ʙʘʡ ʪᴅʞʽʨʠʙʝʩʽ ʞᴅʥʝ ʤʦʣ ᴅʣʝʫʝʪʽʥʽש ʥᴅʪʠʞʝʩʽ. ʉʽʟʜʝʨʜʽש 

 ʘʟʽʨʛʽץ ʪʘʥʘ ʘʣʘʜʳ ʞᴅʥʝץʳʟʤʝʪʪʝʛʽ ʪʘʙʳʩʪʘʨʳʤʝʥ ʤʘץ ʳʣʳʤʠס ʳʟשʞʳʤʜʘʨʳײ

ʪʘשʜʘ ʩײʨʘʥʳʩץʘ ʠʝ, סʳʣʳʤʠ ץʘʫʳʤʜʘʩʪʳץ ʤʦʡʳʥʜʘסʘʥ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʧ 

ʦʪʳʨ. 

ɽʣʽʤʽʟʜʽש ʽʨʽ ᴇʥʝʨʢᴅʩʽʧ ʦʨʪʘʣʳץʪʘʨʳʥʳש ʙʽʨʽ ï ʈʫʜʥʳʡ ץʘʣʘʩʳʥʜʘ 

ʦʨʥʘʣʘʩץʘʥ, ʝʣʜʽש ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳʥ ʤʘʤʘʥʜʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʝʣʝʫʣʽ 

 ʫʥʠʚʝʨʩʠʪʝʪʽʥʝ 65 ʞʳʣ ʪʦʣʳʧ ץʘʥ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץʦʩʳʧ ʢʝʣʝ ʞʘʪץ ʣʝʩװ

ʦʪʳʨ. 

ɹװʛʽʥʛʽ ʢװʥʽ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘסʳ 

ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʽʧ, סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʳʥ 

ʜʘʤʳʪʫʜʘ. ʋʥʠʚʝʨʩʠʪʝʪʽʤʽʟ ʙװʛʽʥʜʝ ʞʘʩ סʘʣʳʤʜʘʨʜʳש ʦʟʳץ ʟʝʨʪʪʝʫʣʝʨʽʥ 

 ʫ ʞᴅʥʝץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʦװʪʘʨʜʳ ʞʘʩʘʫʳʥʘ ʤץʘʣʳשʥʜʳ ʞʘײץ שʦʣʜʘʧ, ʦʣʘʨʜʳץ

 .ʘʣʳʧʪʘʩʪʳʨʜʳץ ʳʣʳʤʠ ʦʨʪʘʥʳס

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʘʤʘʥ ʘסʳʤʳʥʘ ʩʘʡ ʙʦʣʫ ʞᴅʥʝ ץʘʟʽʨʛʽ ʪʝʥʜʝʥʮʠʷʣʘʨʜʳ 

ʪװʩʽʥʫ ʩʽʟʜʝʨʛʝ ʜᴅʩʪװʨʣʽ, ʫʘץʳʪʧʝʥ ʪʝʢʩʝʨʽʣʛʝʥ ᴅʜʽʩʪʝʨʜʽ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʪᴅʩʽʣʜʝʨʤʝʥ ʪʠʽʤʜʽ װʡʣʝʩʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ ʦʪʳʨ. ʋʥʠʚʝʨʩʠʪʝʪʪʽש 

ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʜʘʤʳʪʫʜʘסʳ ʞᴅʥʝ סʳʣʳʤʠ 

ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ ʞʘʥʜʘʥʜʳʨʫʜʘסʳ ʨᴇʣʽ ʝʨʝʢʰʝ. 

ɹʽʟ סʳʣʳʤ ʤʝʥ ʪᴅʞʽʨʠʙʝ ʘʣʤʘʩʫ ʩʘʣʘʩʳʥʜʘסʳ ʳʥʪʳʤʘץʪʘʩʪʳסʳʤʳʟ 

ʥᴅʪʠʞʝʣʽ ʙʦʣʳʧ, ʘʣʜʘסʳ ʫʘץʳʪʪʘ ʜʘ ʥʳסʘʷ ʙʝʨʝʪʽʥʽʥʝ ʩʝʥʽʤ ʘʨʪʘʤʳʟ. 

çᴆʥʝʨʢᴅʩʽʧ ʧʝʥ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʘʨ ʤʝʥ ʩʝʨʧʽʥʜʽ 

 -ʳʣʳʤʠס ץʘʨʘʣʳץʘʞʝʪ ʝʪʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨè ʘʪʪʳ ʭʘʣʳץ ʳʣʳʤʜʳס

ʧʨʘʢʪʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʥʳש ʫʥʠʚʝʨʩʠʪʝʪʪʽס שʳʣʳʤʠ ᴅʣʝʫʝʪʽʥ ʞʘשʘ ʜʝשʛʝʡʛʝ 

ʢᴇʪʝʨʝʪʽʥʽʥʝ ʩʝʥʽʤʜʽʤʽʟ. 

ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʝ ʘʣʜʘסʳ ʫʘץʳʪʪʘ ʜʘ ʞʘשʘ 

ʙʝʣʝʩʪʝʨʜʽ ʙʘסʳʥʜʳʨʳʧ, ʭʘʣʳץʘʨʘʣʳץ ʘʨʝʥʘʜʘ ʙʝʜʝʣʽʥ ʥʳסʘʡʪʫʳʥ, ʙʽʣʽʤ ʤʝʥ 

 .ʦʩʫʳʥ ʪʽʣʝʡʤʽʟץ ʣʝʩװ ʰʘץʜʘʤʫʳʥʘ ʘʡʨʳ שʳʣʳʤʥʳס

ʋʥʠʚʝʨʩʠʪʝʪ ײʞʳʤʳʥʘ ʟʦʨ ʪʘʙʳʩʪʘʨ, ʰʳסʘʨʤʘʰʳʣʳץ ʰʘʙʳʪ ʞᴅʥʝ 

ʩʘʨץʳʣʤʘʩ ʞʽʛʝʨ ʪʽʣʝʡʤʽʟ. ʉʪʫʜʝʥʪʪʝʨʽשʽʟ ᴅʨʜʘʡʳʤ װʟʜʽʢ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ 

ʞʝʪʢʽʟʽʧ, ʪװʣʝʢʪʝʨʽשʽʟ ʝʣ ʠʛʽʣʽʛʽʥʝ ץʳʟʤʝʪ ʝʪʩʽʥ! 

 

ɯʟʛʽ ʪʽʣʝʢʧʝʥ, 

ɸʢʘʜʝʤʠʷ 

ʇʨʝʟʠʜʝʥʪʽ  A. ʂװʨʽʰʙʘʝʚ 



   

 
ʋʚʘʞʘʝʤʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʩʪʫʜʝʥʪʳ, ʚʳʧʫʩʢʥʠʢʠ, ʧʘʨʪʥʝʨʳ ʈʫʜʥʝʥʩʢʦʛʦ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ! 

 
ʐʝʩʪʠʜʝʩʷʪʠʧʷʪʠʣʝʪʥʠʡ ʶʙʠʣʝʡ ï ʵʪʦ ʠ ʩʣʘʚʥʘʷ ʠʩʪʦʨʠʷ, ʠ ʷʨʢʦʝ ʥʘʩʪʦʷʱʝʝ, ʠ 

ʪʚʝʨʜʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʟʘʚʪʨʘʰʥʝʤ ʜʥʝ. 
65 ʣʝʪ ï ʟʨʝʣʳʡ ʚʦʟʨʘʩʪ, ʢʦʪʦʨʦʤʫ ʧʨʠʩʫʱʠ ʫʩʧʝʭ ʩʦʟʠʜʘʥʠʷ, ʧʦʠʩʢʠ ʪʚʦʨʯʝʩʪʚʘ, 

ʦʩʤʳʩʣʝʥʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ.  
ʄʳ ʧʦ ʧʨʘʚʫ ʛʦʨʜʠʤʩʷ ʷʨʢʠʤʠ ʩʪʨʘʥʠʮʘʤʠ ʠʩʪʦʨʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʠʤʝʥʘʤʠ ʪʝʭ, 

ʢʪʦ ʩʪʦʷʣ ʫ ʠʩʪʦʢʦʚ ʝʛʦ ʩʦʟʜʘʥʠʷ, ʩʫʤʝʣ ʧʨʦʚʝʩʪʠ ʝʛʦ ʯʝʨʝʟ ʩʣʦʞʥʳʝ 90-ʝ ʛʦʜʳ, 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʘʚʪʦʨʠʪʝʪ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʩʝʛʦʜʥʷ.  

ɻʦʨʜʦʩʪʴʶ ɺʋɿʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʚʳʧʫʩʢʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 
ʵʢʦʥʦʤʠʢʠ, ʨʫʢʦʚʦʜʷʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɻʄʂ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʘʟʣʠʯʥʳʤʠ ʙʠʟʥʝʩ-
ʩʪʨʫʢʪʫʨʘʤʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ! 

ʇʨʦʰʣʦ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʩʦ ʜʥʷ ʥʘʰʝʛʦ ʦʢʦʥʯʘʥʠʷ ʨʦʜʥʦʛʦ ʚʫʟʘ, ʤʥʦʛʦʝ 
ʠʟʤʝʥʠʣʦʩʴ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʈʫʜʥʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ 
ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʙʝʟʫʩʣʦʚʥʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʜʣʷ ʝʛʦ ʩʪʫʜʝʥʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪ ʠ ʩʣʘʞʝʥʥʳʭ ʫʩʠʣʠʡ ʚʩʝʛʦ ʢʦʣʣʝʢʪʠʚʘ ʜʣʷ 
ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʚʦʤʫ ʫʨʦʚʥʶ! 

ʈʘʙʦʪʘʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʣʞʥʦʩʪʷʭ, ʚ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʠ  ʄʘʞʠʣʠʩʝ 
ʇʘʨʣʘʤʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʠʢʦʛʜʘ ʥʝ ʪʝʨʷʣ ʩʚʷʟʴ ʠ ʩ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴʶ 
ʦʪʥʦʰʫʩʴ ʢ ʩʚʦʝʤʫ almamater ï ʈʫʜʥʝʥʩʢʦʤʫ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ. 

ʅʘ ʩʢʦʣʴʢʦ ʤʦʛʫ ï ʚʥʦʰʫ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʨʦʜʥʦʛʦ ʚʫʟʘ. ɺʳʩʪʫʧʠʚ ʠʥʠʮʠʘʪʦʨʦʤ 
ʩʦʟʜʘʥʠʷ ʵʥʜʘʫʤʝʥʪ-ʬʦʥʜʘ ʈʀʋ ʧʦʜʜʝʨʞʠʚʘʶ ʦʜʘʨʝʥʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʩʪʫʜʝʥʪʦʚ, 
ʧʨʠʥʠʤʘʶ ʫʯʘʩʪʠʝ ʚ ʨʘʟʚʠʪʠʠ ʚʫʟʘ.   

ʉʝʛʦʜʥʷ ʚ ʵʪʦʪ ʪʦʨʞʝʩʪʚʝʥʥʳʡ ʜʝʥʴ ʩʝʨʜʝʯʥʦ ʧʦʟʜʨʘʚʣʷʶ ʧʨʦʬʝʩʩʦʨʩʢʦ-
ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ, ʩʦʪʨʫʜʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʚʳʧʫʩʢʥʠʢʦʚ ʩ ʟʥʘʤʝʥʘʪʝʣʴʥʦʡ 
ʜʘʪʦʡ ï 65-ʣʝʪʠʝʤ ʩʦ ʜʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʈʀʋ. ʇʦʟʚʦʣʴʪʝ ʦʪ ʚʩʝʡ ʜʫʰʠ ʧʦʙʣʘʛʦʜʘʨʠʪʴ 
ʢʘʞʜʦʛʦ ʠʟ ʚʘʩ ʟʘ ʚʝʨʥʦʩʪʴ ʩʚʦʝʤʫ ʜʦʣʛʫ, ʙʝʩʮʝʥʥʳʡ ʩʘʤʦʦʪʚʝʨʞʝʥʥʳʡ ʠ ʢʨʦʧʦʪʣʠʚʳʡ 
ʪʨʫʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʦʟʜʘʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʟʥʘʥʠʡ, ʚʦʩʧʠʪʘʥʠʝ ʥʦʚʦʡ 
ʠʥʞʝʥʝʨʥʦʡ ʵʣʠʪʳ ʩʪʨʘʥʳ. 

ʋʚʝʨʝʥ, ʯʪʦ ʪʨʫʜ, ʦʧʳʪ ʠ ʙʦʛʘʪʩʪʚʦ ʜʫʰʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʚʣʦʞʝʥʥʳʝ ʚ ʨʘʟʚʠʪʠʝ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ï ʵʪʦ ʥʘʜʸʞʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʙʫʜʫʱʝʝ ʂʘʟʘʭʩʪʘʥʘ.  

ʅʘʜʝʶʩʴ, ʯʪʦ ʈʀʋ ʦʩʪʘʥʝʪʩʷ ʭʨʘʥʠʪʝʣʝʤ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʘʨʘʥʪʦʤ ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ ʤʦʣʦʜʳʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩ ʛʦʨʜʦʩʪʴʶ ʙʫʜʫʪ 
ʛʦʚʦʨʠʪʴ: ʗ ï ʚʳʧʫʩʢʥʠʢ ʈʫʜʥʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ! 

ʇʫʩʪʴ ʞʝ ʚʘʰʘ ʩʪʫʜʝʥʯʝʩʢʘʷ ʞʠʟʥʴ ʙʫʜʝʪ ʷʨʢʦʡ, ʥʘʧʦʣʥʝʥʥʦʡ ʧʦʟʥʘʥʠʝʤ, ʜʦʙʨʦʤ 
ʠ ʣʶʙʦʚʴʶ! 

ʇʫʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʝ ʧʦʢʠʜʘʝʪ ʚʳʩʰʝʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʩʯʘʩʪʴʝ ʚ ʣʠʮʝ 
ʙʣʘʛʦʜʘʨʥʳʭ ʚʳʧʫʩʢʥʠʢʦʚ! 

ɿʜʦʨʦʚʴʷ ʚʘʤ, ʫʜʘʯʠ ʠ ʥʦʚʳʭ ʚʝʨʰʠʥ! 
 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʄʘʞʠʣʠʩʘ ʇʘʨʣʘʤʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ,  ʜ.ʵ.ʥ. 
 

 

 

ʈʘʫ ɸʣʴʙʝʨʪ 

ʇʘʚʣʦʚʠʯ 

 



   

 
 

 ɸʩʪʘʥʘ ץʘʣʘʩʳ, ʇʘʨʣʘʤʝʥʪ ʄᴅʞʽʣʽʩʽ 

 

ʈʋɼʅʓʁ ʀʅɼʋʉʊʈʀɸʃɼʓפ 

ʋʅʀɺɽʈʉʀʊɽʊɯʅɯױ רɾʓʄʓʅɸ 

 

 !ʳʪʫʰʳʣʘʨ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨץʘʜʽʨʣʽ ʦפ

 

ʉʽʟʜʝʨʜʽ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʘʣʜʳץ ʫʥʠʚʝʨʩʠʪʝʪʪʽ65 ש-ʞʳʣʜʳץ 

ʤʝʨʝʡʪʦʡʳʤʝʥ ʰʳʥ ʞװʨʝʢʪʝʥ ײץʪʪʳץʪʘʡʤʳʥ!  

ʉʘʧʘʣʳ ʞʦסʘʨʳ ʙʽʣʽʤ ʘʣʫ ᴅʨʙʽʨ ʘʟʘʤʘʪʪʳש ʞʘʥ-ʞʘץʪʳ ʞᴅʥʝ 

ʪʦʣʳץץʘʥʜʳ ʜʘʤʫʳʥʳש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ. ɼᴅʣ ʦʩʳ ʩʪʫʜʝʥʪʪʽʢ 

ʞʳʣʜʘʨʳ ʦʡʣʘʫ ʤʝʥ ʜװʥʠʝʪʘʥʳʤʥʳש ʥʝʛʽʟʽ ץʘʣʘʥʘʜʳ, ʙʦʣʘʰʘץ ʢᴅʩʽʙʠ 

 .ʜʳʣʘʨ ʘʣʳʥʘʜʳסʜʘ ץʘʞʝʪʪʽ ʽʨʛʝʣʽ ʙʽʣʽʤ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ ʰʽʥװ ʳʟʤʝʪץ

ɾʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʞʘʥ-ʞʘץʪʳ ץʦʣʜʘʫ, ʞʦסʘʨʳ ʦץʫ 

ʦʨʳʥʜʘʨʳʥʳש ʞʦסʘʨʳ ʙʽʣʽʢʪʽ ʢʘʜʨʣʘʨʳʥ ʜʘʷʨʣʘʫ ï ʝʣʽʤʽʟʜʽש ʤʝʤʣʝʢʝʪʪʽʢ 

ʩʘʷʩʘʪʳʥʳש ʙʘʩʳʤ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ. ɼᴅʣ ʦʩʳ ʞʘʩ ʤʘʤʘʥʜʘʨ ʙװʛʽʥʜʝ 

 ʳʥʘסʣʜʝʥʫʽʥʝ ʞᴅʥʝ ʙʦʣʘʰʘװʘʪʳʥʘ, ʛץᴅʣ-ʘʫ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʞʘʫʘʧʪʳ, ʩʦʥʜʳץʪʘʥ ʙʽʟʜʽש ʦʨʪʘץ ʤʽʥʜʝʪʽʤʽʟ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʘʨʣʳץ 

ʙʘʩʪʘʤʘʣʘʨʳʥʘ ʞʘʥ-ʞʘץʪʳ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫ ʞᴇʥʝ ʢᴇʪʝʨʤʝʣʝʫ. 

ɹװʛʽʥʜʝ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש 

ʨʝʡʪʠʥʛʪʝʨʽʥʜʝ ʝʥʽʧ, ʦʪʘʥʜʳץ ʞʦסʘʨʳ ʙʽʣʽʤ ʙʝʨʫ ʤʝʥ סʳʣʳʤʥʳש ʘʫץʳʤʜʳ 

ʞʦʙʘʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʳʧ ʢʝʣʝʜʽ. 

ɹװʛʽʥ ʦʩʳ ʩʘʣʪʘʥʘʪʪʳ ʢװʥʽ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʦץʳʪʫʰʳʣʘʨʳʥʘ, 

ʩʪʫʜʝʥʪʪʝʨʽ ʤʝʥ ʪװʣʝʢʪʝʨʽʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ʰʘʙʳʪ, ʩʘʨץʳʣʤʘʩ ץʫʘʪ, ʞʘשʘ 

ʞʝʪʽʩʪʽʢʪʝʨ, ʩᴅʪʪʽʣʽʢ ʧʝʥ ʞʝשʽʩʪʝʨ, ʤʳץʪʳ ʜʝʥʩʘʫʣʳץ, ʘʤʘʥʜʳץ ʧʝʥ װʣʢʝʥ 

ʙʘץʳʪ ʪʽʣʝʡʤʽʥ!  

ɼʝʥʩʘʫʣʳץʪʘʨʳשʳʟ ʤʳץʪʳ ʙʦʣʩʳʥ, ʩᴅʪʪʽʣʽʢ ʪʽʣʝʡʤʽʥ, ʞʘשʘ ʰʳשʜʘʨʜʳ 

ʙʘסʳʥʜʳʨʳשʳʟʜʘʨ! 

 

 

 

ɯʟʛʽ ʪʽʣʝʢʧʝʥ, 

 

ɸʩʭʘʪ ɸʡʤʘסʘʤʙʝʪʦʚ 

  



   

 
 

 ,ʳʪʫʰʳʣʘʨʳץʦ שʫʥʠʚʝʨʩʠʪʝʪʽʥʽ ץʨʤʝʪʪʽ ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳײפ

ʩʪʫʜʝʥʪʪʝʨʽ ʤʝʥ ʪװʣʝʢʪʝʨʽ! 

 

65 ʞʳʣʜʳץ ʤʝʨʝʡʪʦʡ ï ʙײʣ ʘʜʘʤ ᴇʤʽʨʽʥʽש ʝש ʤʘשʳʟʜʳ ʢʝʟʝʥʽ, ʘʣ 

ʫʥʠʚʝʨʩʠʪʝʪ ᴇʤʽʨʽ װʰʽʥ ʙײʣ ʦʜʘʥ ʜʘ ʤʘשʳʟʜʳ ʢʝʟʝש. 

ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʪʘʨʠʭʳ ʦʪʘʥʜʳץ ʙʽʣʽʤ ʤʝʥ 

 ,ʳʣʳʤ ʰʝʞʽʨʝʩʽʥʜʝʛʽ ʞʘʨʢʳʥ ʙʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣʜʳʤʝʥ ʬʠʣʠʘʣס

ʠʥʩʪʠʪʫʪ, ʩʦʜʘʥ ʢʝʡʽʥ ʫʥʠʚʝʨʩʠʪʝʪ ᴇʟ ʝשʙʝʛʽʤʝʥ ʞᴅʥʝ ʪʘʣʘʥʪʳʤʝʥ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥʽץ שʘʣʳʧʪʘʩʫʳ ʤʝʥ ʜʘʤʫʳʥʘ ʝʣʝʫʣʽ 

 ʙʽʨʥʝʰʝ ʙʫʳʥʳʥʘ ᴇʤʽʨʛʝ שʘʨʳ ʙʽʣʽʢʪʽ ʠʥʞʝʥʝʨʣʝʨʜʽסʘʥ ʞʦץʦʩץ ʣʝʩװ

ʞʦʣʜʘʤʘ ʙʝʨʜʽ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʢʝש ʠʥʥʦʚʘʮʠʷʣʳץ ʙʘסʳʪ, ʟʘʤʘʥʘʫʠ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʠʥʥʦʚʘʮʠʷʣʳץ ʞʦʙʘʣʘʨ ʫʘץʳʪʧʝʥ ʩʝʥʽʤʜʽ ʽʣʝʩʫʛʝ, ᴇשʽʨʜʽש 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʤʝʥ ʢʦʨʧʦʨʘʪʠʚʪʽʢ ᴅʨʽʧʪʝʩʪʽʢʪʽ ʞᴅʥʝ ʞʘץʳʥ ʞᴅʥʝ ʘʣʳʩ 

ʰʝʪʝʣʜʝʨʜʽש ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʤʝʥ ʭʘʣʳʢʘʨʘʣʳץ ʳʥʪʳʤʘץʪʘʩʪʳʢʪʳ 

ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʥʝʛʽʟʛʽ 

ʞʝשʽʩʪʝʨʽ ʤʝʥ סʳʣʳʤʠ ʞʘשʘʣʳץʪʘʨʳ ᴅʣʽ ʘʣʜʘ ʝʢʝʥʽʥ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʘʪʘʧ ᴇʪʫʛʝ 

ʙʦʣʘʜʳ. 

ɹʘʨʣʳʢ ʧʨʦʬʝʩʩʦʨ-ʦץʳʪʫʰʳʣʘʨ ײץʨʘʤʳʥʘ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ᴇʟ 

ʤʦʡʥrʥʘ ʘʣʳʧ, ʤʘשʳʟʜʳ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫסʘ ץʘʙʽʣʝʪʪʽ, ʦʟʳץ ʙʽʣʽʤʽ ʤʝʥ 

ʞʘשʘ ʜװʥʠʝʪʘʥʳʤʳ ʙʘʨ ʞʘשʘ ʬʦʨʤʘʮʠʷʜʘסʳ ʠʥʞʝʥʝʨʣʝʨʜʽ ʪᴅʨʙʠʝʣʝʫ ʤʝʥ 

ʜʘʷʨʣʘʫ ʽʩʽʥʜʝʛʽ ʜᴅʩʪװʨʣʝʨʜʽ ʩʘץʪʘסʘʥʳ װʰʽʥ ʝʨʝʢʰʝ ʘʣסʳʩ ʘʡʪʘʤʳʥ. 

ʈʫʜʥʳʡ ʠʥʜʫʩʪʨʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽײ שʞʳʤʳ ʪʘʙʘʥʜʳʣʳץʪʳש, ʟʦʨ 

ʞʘʩʘʤʧʘʟ ʵʥʝʨʛʠʷʥʳש, ʞʦסʘʨʳ ʢᴅʩʽʙʠʣʽʢʪʽש ʘʨץʘʩʳʥʜʘ ʘʣʜʘסʳ ʫʘץʳʪʪʘ ʜʘ 

ʞʦʩʧʘʨʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫʜʘ ʪʘʙʳʩץʘ ʞʝʪʝʪʽʥʽʥʝ, ʘʣ ʩʪʫʜʝʥʪʪʽʢ ץʦסʘʤʜʘʩʪʳʢ 

ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʜʘץשʳʥ ʰʳסʘʨʘʪʳʥʳʥʘ ʩʝʥʽʤʜʽʤʽʥ. 

ʆʩʳ ʘʡʪʫʣʳ ʢװʥʽ ʉʽʟʜʝʨʛʝ ʰʳʥ ʞװʨʝʢʪʝʥ ʟʦʨ ʜʝʥʩʘʫʣʳץ, ʙʘʨʣʳץ 

ʙʘʩʪʘʤʘʣʘʨʳשʳʟʛʘ ʩᴅʪʪʽʣʽʢ, ʩʘʨץʳʣʤʘʩ ᴇʤʽʨʣʽʢ ʞᴅʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ץʫʘʪ, 

ʞʘשʘ ʞʝʪʽʩʪʽʢʪʝʨ, ʩᴅʪʪʽʣʽʢ ʧʝʥ ʞʝשʽʩʪʝʨ ʪʽʣʝʡʤʽʥ! 

 

 

 

 

Satbayev University ɼʠʨʝʢʪʦʨʣʘʨ 

ʢʝשʝʩʽʥʽש ʪᴇʨʘסʘʩʳ 
 
 ʘʣʠʝʚסɸ.ɽʨ.פ

 



   

ʋʚʘʞʘʝʤʳʡ, ʅʫʨʙʝʢ ʇʘʞʘʨʙʝʢʦʚʠʯ! 

ʋʚʘʞʘʝʤʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʩʦʪʨʫʜʥʠʢʠ 

ʈʫʜʥʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ! 

 

ʂʦʣʣʝʢʪʠʚ ʀʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʫʨʛʠʠ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ʧʦʟʜʨʘʚʣʷʝʪ ɺʘʩ ʩ 65-ʣʝʪʥʠʤ ʖʙʠʣʝʝʤ ɺʘʰʝʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ! 

ʅʘ ʙʘʟʝ ʉʦʢʦʣʦʚʩʢʦ-ʉʦʨʙʘʡʩʢʦʛʦ ɻʆʂʘ ʚ 1959 ʛʦʜʫ ʙʳʣ ʦʪʢʨʳʪ ʚʝʯʝʨʥʠʡ 

ʬʘʢʫʣʴʪʝʪ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʂʘʟɻʄʀ). ɺ 

1962 ʛʦʜʫ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ɺʉʉʆ ʂʘʟʉʉʈ ʚʝʯʝʨʥʠʡ ʬʘʢʫʣʴʪʝʪ ʨʝʦʨʛʘʥʠʟʦʚʘʣʩʷ 

ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʬʘʢʫʣʴʪʝʪ ʂʘʟɻʄʀ, ʯʪʦ ʩʪʘʣʦ ʥʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʚʝʯʝʨʥʝʛʦ ʠ ʟʘʦʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʝʨʠʬʝʨʠʠ. ɺ 1964 ʛʦʜʫ ʧʨʠʢʘʟʦʤ 

ʄɺʉʉʆ ʂʘʟʉʉʈ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʬʘʢʫʣʴʪʝʪ ʂʘʟɻʄʀ ʧʨʝʦʙʨʘʟʦʚʘʣʩʷ ʚ ʬʠʣʠʘʣ 

ʂʘʟʘʭʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʂʘʟʇʊʀ). 

ɺ 1978 ʛʦʜʫ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʈ ʬʠʣʠʘʣ ʂʘʟʇʊʀ 

ʩʪʘʥʦʚʠʪʩʷ 53-ʠʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʚʳʩʰʠʤ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʝʤ - 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱ,ʠʭ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʶ-ʶʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʫʜʥʝʥʩʢʠʡ  ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʷʚʣʷʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ɺʋɿʦʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ. 

ɺ 2023 ʛʦʜʫ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʠʥʩʪʠʪʫʪ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʦʙʣʘʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʩ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʝʪ ʪʨʠ ɺʳʩʰʠʭ ʰʢʦʣʳ: 

ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʛʦʨʥʦʝ ʜʝʣʦ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʵʢʦʥʦʤʠʢʘ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʚʝʜʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ 

ʤʘʛʠʩʪʨʘʪʫʨʳ. 

ʇʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʅʀʈ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʩʫʱ,ʝʩʪʚʫʶʱʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʜʫʢʮʠʶ ʠ 

ʫʩʣʫʛʠ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʥʘʫʯʥʦ - 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʦʨʛʘʥʠʟʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ.  

ɺʳʧʫʩʢʥʠʢʠ ɺʋɿʘ ʩʪʘʥʦʚʷʪʩʷ ʪʘʣʘʥʪʣʠʚʳʤʠ ʠʥʞʝʥʝʨʘʤʠ, ʫʯʝʥʳʤʠ, ʫʩʧʝʰʥʳʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ, ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʜʝʷʪʝʣʷʤʠ. 

ɾʝʣʘʝʤ ɺʘʰʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʜʦʩʪ ʞʝʥʠʡ, ʪʚʦʨʯʝʩʢʠʭ ʫʩʧʝʭʦʚ, 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʧʨʦʮʚʝʪʘʥʠʷ! 

 

ɼʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʫʨʛʠʠ 

ʋʨʆ ʈɸʅ, ʘʢʘʜʝʤʠʢ ʈɸʅ 

 

ʈʝʤʧʝʣʴ ɸ.ɸ. 

  



   

 

ʉɽʂʎʀʗ 1 ï ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ɻʆʈʅʆï

ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʁ ʀ ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʆʁ ʆʊʈɸʉʃɽʁ 

ɺ ʋʉʃʆɺʀʗʍ ʅʆɺʆʁ ʈɽɸʃʔʅʆʉʊʀ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʚ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ, ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʦʚ. 

ɺʳʩʦʢʠʝ ʫʩʪʫʧʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ, ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʮʠʢʣʦʚ ʙʫʨʦʚʟʨʳʚʥʳʭ ʦʧʝʨʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʫʩʪʳʭ ʧʦʨʦʜ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

(ʕɺɺ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜ ʥʘ 

ʚʳʩʦʢʠʭ ʫʩʪʫʧʘʭ ʠ ʧʦʚʳʰʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʦʙʨʫʰʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʣʝʥʠʶ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʘʨʴʝʨʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʳʩʦʢʠʝ ʫʩʪʫʧʳ, ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, 

ʵʤʫʣʴʩʠʦʥʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ (ʕɺɺ), ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ 
 

Abstract:  The article examines the advantages of using high benches in 

openïpit mining as a key solution to improve efficiency in the later stages of mine 

operation. High benches help reduce overburden removal, increase productivity 

by shortening blasting cycles, and lower costs associated with transporting waste 

rock. Special attention is given to the use of emulsion explosives (EEs), which 

provide more effective rock fragmentation at high benches and enhance safety. 

The article also addresses slope stability issues and the necessity of applying 

geomechanical monitoring technologies to minimize the risk of slope failures. The 
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application of high benches contributes to extending the lifespan of mines and 

improving both their economic and environmental performance. 

Keywords: High benches, openïpit mining, emulsion explosives (EEs), 

blasting operations, economic efficiency, reduction of operating costs, slope 

stability 

 

ʂʘʨʴʝʨʳ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʝ ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʭʦʜʷʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʥʘ ʢʦʪʦʨʳʭ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʟʘʪʫʭʘʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ, ʫʩʣʦʞʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʚʳʰʝʥʠʝʤ ʠʟʜʝʨʞʝʢ ʥʘ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʚʳʨʘʙʦʪʢʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʛʣʫʙʠʥʥʳʤ 

ʩʣʦʷʤ, ʜʦʩʪʫʧ ʢ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʘ 

ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʠʟʚʣʝʯʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʦʟʨʘʩʪʘʶʪ. 

ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ ʠʟʚʣʝʢʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʠ ʙʦʛʘʪʳʝ ʨʫʜʥʳʝ ʪʝʣʘ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʨʘʙʦʪ 

ʥʘʯʠʥʘʶʪ ʚʦʟʨʘʩʪʘʪʴ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ: 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ, ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʢʨʝʧʣʝʥʠʠ ʦʪʢʦʩʦʚ ʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʦʙʳʯʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʨʴʝʨʦʤ ʧʦʩʪʝʧʝʥʥʦ 

ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʘʣʢʠʚʘʝʪ ʢʦʤʧʘʥʠʠ ʢ ʧʦʠʩʢʫ 

ʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʟʘʪʫʭʘʥʠʷ ʢʘʨʴʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʚ ʧʨʘʢʪʠʢʝ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʠʝ ʫʩʪʫʧʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɿʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤʳ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʩʢʨʳʰʫ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʫʩʪʳʭ ʧʦʨʦʜ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʛʣʫʙʦʢʠʭ 

ʢʘʨʴʝʨʦʚ, ʛʜʝ ʚʩʢʨʳʰʠ ʤʦʞʝʪ ʙʳʪʴ ʚ ʨʘʟʳ ʙʦʣʴʰʝ ʧʦ ʦʙʲʝʤʫ, ʯʝʤ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ. ʇʦʚʳʰʝʥʠʝ ʚʳʩʦʪʳ ʫʩʪʫʧʦʚ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʩʦʟʜʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʨʘʙʦʯʠʭ ʧʣʦʱʘʜʦʢ ʚ 

ʮʝʣʦʤ, ʯʪʦ ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 



   

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʤʘ ʨʫʜʳ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʟʚʣʝʯʴ 

ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʚʳʩʦʪʝ ʫʩʪʫʧʦʚ 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʮʠʢʣʳ ʙʫʨʝʥʠʷ, ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ 

ʫʩʪʫʧʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ, ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʧʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʨʘʙʦʪʦʢ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʦʙʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʨʴʝʨʥʳʭ ʨʘʙʦʪ. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʦʙʨʫʰʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʷ ʦʪʢʦʩʦʚ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʦʯʝʚʠʜʥʳ. 

ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʚʩʢʨʳʰʥʳʝ ʨʘʙʦʪʳ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʦʣʞʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʘʨʴʝʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʤʦʛʣʠ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʨʝʥʪʘʙʝʣʴʥʳʤʠ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ ʩ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʣʦʱʘʜʴ ʢʘʨʴʝʨʘ ʠ ʩʥʠʟʠʪʴ ʝʛʦ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɺʳʩʦʪʘ ʫʩʪʫʧʦʚ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʫʢʨʝʧʣʝʥʠʶ 

ʦʪʢʦʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʦʙʨʫʰʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢʠ, ʦʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʫʞʥʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʘʜʘʧʪʘʮʠʠ ʚʳʩʦʪʳ ʫʩʪʫʧʦʚ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʦʚ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʦʤʧʘʥʠʠ, 

ʢʦʪʦʨʳʝ ʩʫʤʝʶʪ ʵʬʬʝʢʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜ ʩʚʦʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢ 



   

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʦʙʱʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢʠʭ ʢʘʢ 

ʩʠʩʪʝʤʳ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʢʘʨʴʝʨʦʚ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʳʩʦʪʦʡ ʫʩʪʫʧʦʚ ʠ ʦʮʝʥʢʘ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʳʩʦʢʠʝ ʫʩʪʫʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʢʘʨʴʝʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ, ʚʳʩʦʪʘ ʫʩʪʫʧʘ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ 

ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʩ ʧʦʤʦʱʴʶ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʠ ʚʳʩʦʪʳ ʫʩʪʫʧʘ, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʪʘ 

ʫʩʪʫʧʘ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʨʘʟʨʫʰʠʪʴ ʠ 

ʦʙʨʘʙʦʪʘʪʴ ʟʘ ʦʜʠʥ ʮʠʢʣ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʫʩʪʫʧʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʙʫʨʝʥʠʷ ʠ ʚʟʨʳʚʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʆʜʥʘʢʦ ʵʪʦ ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ (ɺɺ), ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʫʯʝʙʥʠʢʘ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ 

ʢʦʨʨʝʢʪʥʦʛʦ ʧʦʜʙʦʨʘ ɺɺ ʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʠʣʠ ʚʦʜʦʩʦʜʝʨʞʘʱʠʝ ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʩʦʪʘʭ ʫʩʪʫʧʦʚ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʧʦʨʦʜ, ʠʭ 

ʘʙʨʘʟʠʚʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʩʪʫʧʦʚ ʠ 

ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ) ʥʘ ʚʳʩʦʢʠʭ 

ʫʩʪʫʧʘʭ, ʠʭ ʚʳʙʦʨ ʠ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʠʛʨʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʳʩʦʢʠʝ ʫʩʪʫʧʳ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʩ ʦʩʦʙʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ʕɺɺ) 

ʥʘ ʚʳʩʦʢʠʭ ʫʩʪʫʧʘʭ, ʵʪʠ ɺɺ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕɺɺ 

ʦʪʣʠʯʘʶʪʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʠʝ ʫʩʪʫʧʳ, 

ʛʣʫʙʦʢʠʝ ʢʘʨʴʝʨʳ ʠ ʦʙʚʦʜʥʝʥʥʳʝ ʟʦʥʳ. 



   

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʤʫʣʴʩʠʦʥʥʳʭ ɺɺ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʳʩʦʢʘʷ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ, ʛʜʝ ʩʢʚʘʞʠʥʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʘʭ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʣʠ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʕɺɺ ʩʦʭʨʘʥʷʶʪ ʚʟʨʳʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ 

ʧʨʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʚʳʩʦʢʠʭ ʫʩʪʫʧʘʭ ʚ ʫʩʣʦʚʠʷʭ ʦʙʚʦʜʥʝʥʥʦʩʪʠ. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ɺɺ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳ ʚ ʦʙʨʘʱʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤʠ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤʠ ʚʟʨʳʚʯʘʪʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ʆʥʠ ʥʝʚʟʨʳʚʯʘʪʳʝ ʚ ʥʝʵʤʫʣʴʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʩʣʫʯʘʡʥʦʛʦ ʜʝʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʟʘʨʷʞʘʥʠʠ 

ʩʢʚʘʞʠʥ ʥʘ ʚʳʩʦʢʠʭ ʫʩʪʫʧʘʭ, ʛʜʝ ʫʩʣʦʚʠʷ ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ 

ʠ ʦʧʘʩʥʳʤʠ. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ɺɺ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ. ʆʥʠ ʤʦʛʫʪ ʟʘʨʷʞʘʪʴʩʷ ʢʘʢ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ, ʪʘʢ ʠ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ 

ʢʘʢ ʥʘ ʢʨʫʧʥʳʭ, ʪʘʢ ʠ ʥʘ ʥʝʙʦʣʴʰʠʭ ʢʘʨʴʝʨʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʪʝʢʫʯʝʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ ʕɺɺ ʤʦʛʫʪ ʣʝʛʢʦ ʟʘʧʦʣʥʷʪʴ ʩʢʚʘʞʠʥʳ ʣʶʙʦʡ ʬʦʨʤʳ ʠ 

ʛʣʫʙʠʥʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʙʫʨʝʥʠʠ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʛʜʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʨʷʜʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ. 

 ʕɺɺ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʬʫʛʘʩʥʦʩʪʴʶ ʠ ʙʨʠʟʘʥʪʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʠʤʠ ʫʩʪʫʧʘʤʠ. ʀʭ ʚʟʨʳʚʥʦʝ ʜʝʡʩʪʚʠʝ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʢʨʫʧʥʳʝ ʤʘʩʩʠʚʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʛʘʙʘʨʠʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʜʨʦʙʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʫʩʪʫʧʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʘ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ 

ʦʙʨʘʙʦʪʢʫ ʧʦʨʦʜʳ. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ɺɺ ʥʘʥʦʩʷʪ ʤʝʥʴʰʝ ʚʨʝʜʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ɺɺ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʚʟʨʳʚʝ ʚʳʜʝʣʷʶʪ ʤʝʥʴʰʝ 

ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʘʭ 

ʩ ʚʳʩʦʢʠʤʠ ʫʩʪʫʧʘʤʠ, ʛʜʝ ʢʦʥʪʨʦʣʴ ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ, 

ʕɺɺ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʦʙʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʫʩʪʫʧʦʚ, ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʪʦʡ ʫʩʪʫʧʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʩʪʫʧʘ ʚʳʩʦʪʦʡ 15 ʤʝʪʨʦʚ ʫʜʝʣʴʥʳʡ 

ʦʙʲʸʤ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 28,16 ʤį/ʧʦʛ. ʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʫʩʪʫʧʘ ʚʳʩʦʪʦʡ 30 ʤʝʪʨʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 31,27 ʤį/ʧʦʛ. ʤ. 

ʕʪʦ ʨʘʟʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʫʩʪʫʧʘ. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ 



   

ʚʳʩʦʢʦʛʦ ʫʩʪʫʧʘ, ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʟʦʨʚʘʥʥʦʡ ʤʘʩʩʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʢʚʘʞʠʥ ʠ ʤʘʩʩʳ ʟʘʨʷʜʘ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʥʘ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ 

ʚʟʦʨʚʘʥʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʨʴʝʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʣʦʚʠʡ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ 

ʫʩʪʫʧʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʟʨʳʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɼʣʷ ʫʩʪʫʧʦʚ ʚʳʩʦʪʦʡ 15 ʤʝʪʨʦʚ, ʧʨʠ ʫʜʝʣʴʥʦʤ ʦʙʲʸʤʝ ʚʟʦʨʚʘʥʥʦʡ 

ʤʘʩʩʳ ʚ 28,16 ʤį/ʧʦʛ. ʤ, ʧʨʦʮʝʩʩʳ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʦʱʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʦʙʨʫʰʝʥʠʷ ʦʪʢʦʩʦʚ ʠʣʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʳʙʨʦʩʳ ʧʦʨʦʜʳ. ʇʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʫʩʪʫʧʘ ʣʝʛʯʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʜʟʦʨ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʦʪʢʦʩʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʣʝʛʯʝ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʭʥʠʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʥʘ ʫʩʪʫʧʘʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʷʭ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʫʩʪʫʧʘʤ ʚʳʩʦʪʦʡ 30 ʤʝʪʨʦʚ (ʛʜʝ ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ 

ʚʟʦʨʚʘʥʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 31,27 ʤį/ʧʦʛ. ʤ), ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʚʦʟʨʘʩʪʘʶʪ 

ʨʠʩʢʠ ʦʙʨʫʰʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 

ʦʪʢʦʩʦʚ. ɹʦʣʝʝ ʤʦʱʥʳʝ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʪʨʝʙʫʶʪ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢʠʭ ʢʘʢ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʫʰʝʥʠʡ. ʕʪʠ 

ʤʝʨʳ ʧʦʤʦʛʘʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʢʘʨʴʝʨʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʃʝʢʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ ʙʫʨʦʚʟʨʳʚʥʳʤ ʨʘʙʦʪʘʤ. ʈʀʋ. 2024 

2. ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. ʈʀʋ. 
2024. 

3. ʄʝʪʦʜʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʢ ʢʫʨʩʦʚʦʤʫ ʠ ʜʠʧʣʦʤʥʦʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʦ ʢʫʨʩʫ çʈʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʦʤè. 1985.  

  



   

ʋɼʂ 622.235.6 

ʆʎɽʅʂɸ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺʅɽɼʈɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʀ ɺɿʈʓɺɸʅʀʗ çMINE TO MILLè 

 

ASSESSMENT OF THE ECONOMIC EFFICIENCY OF  

IMPLEMENTATION EXPLOSING TECHNOLOGIES ñMine to Millò 

 

ɹʘʢʯʘʢʦʚʘ ɸ.ɸ. 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʫʜʥʳʡ, ʂʘʟʘʭʩʪʘʥ 

akm.bak@mail.ru 

Bakchakova A.A. 

Rudny Industrial University, Rudny, Kazakhstan 

 

ɸʥʥʦʪʘʮʠʷ: ʋʩʣʦʚʠʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʨʫʜʝ, ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʠ ʥʝʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʥʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ  çMine to Mill è, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʢʘʞʜʦʝ ʢʦʥʢʨʝʪʥʦʝ ʛʦʨʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʦʪ ʜʦʙʳʯʠ ʜʦ ʠʟʤʝʣʴʯʝʥʠʷ ʨʫʜʳ, ʧʫʪʝʤ 

ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʨʦʙʣʝʥʠʷ ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, mineïtoïmill, ʢʘʨʴʝʨ, 

ʠʟʤʝʣʴʯʝʥʠʝ, ʜʨʦʙʣʝʥʠʝ, ʛʦʨʥʘʷ ʤʘʩʩʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ.  

 

Abstract:  The conditions for reducing the content of a useful component 

in ore, increasing the depth and undistributed fund of deposits necessitate the 

introduction of "Mine to Mill" technology, which must be adapted to each 

specific mining enterprise and allows optimizing production costs. The aim of 

the study is to develop a methodological approach to optimizing the production 

chain from mining to ore crushing, by eliminating the first stage of crushing by 

improving drilling and blasting operations. 

 Keywords: Drilling and blasting, mineïtoïmill, quarry, crushing, 

crushing, rock mass, cost optimization. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ, ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʩʢʨʳʰʠ, ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʛʘʥʠʷ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ  ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɻʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ  ʙʦʣʝʝ ʛʨʫʟʦʧʦʜʲʝʤʥʳʤ, ʧʨʠ 

ʵʪʦʤ ʙʦʣʴʰʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʘ ʪʦʣʴʢʦ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʛʨʫʟʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʘ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ (ɹɺʈ) 

ï ɻ ʢʩʢʘʚʘʮʠʷ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʘʢʪʠʢʠ ʨʘʙʦʪʳ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 
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ʧʦʢʘʟʳʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʦʙʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʢʘʨʴʝʨʘ ʠ ʬʘʙʨʠʢʠ.  

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʩʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ʵʪʘʧʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʧʨʠ ʵʪʦʤ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʞʜʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʢʦʤʧʣʝʢʩʝ. ɺ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʦʩʠʪ  

ʥʘʟʚʘʥʠʝ çmineïtoïmillè (ʄ2ʄ).  

ʊʝʨʤʠʥ Mine to Mill (ʄ2ʄ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ 

ʦʙʟ̫ʘʪʝʣʴʥʦ ʦʟʥʘʯʘʝʪ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʢʦʥʮʝʧʮʠʠ.  

Mine to Mill ï ʵʪʦ ʮʝʣʦʩʪʥʳʡ ʧʦʜʭʦʜ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʫʪʝʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ.  

ʂʦʥʮʝʧʮʠʷ ʄ2ʄ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ 1990 ʛʦʜʘ, ʚ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ  ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʥʝ ʥʘ ʩʪʦʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. 

ʂʦʥʮʝʧʮʠʷ Mine to Mill ʚ ʧʝʨʝʚʦʜʝ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ "ʆʪ ʨʫʜʥʠʢʘ 

ʜʦ ʬʘʙʨʠʢʠ", ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʘʩʧʝʢʪʳ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʪʘʜʠʡ ʜʦʙʳʯʠ  ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ,  ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ. 

ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʥʝʜʨʝʥʠʶ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʦʪ ʨʫʜʥʠʢʘ ʢ ʬʘʙʨʠʢʝ ʥʘ 10ï30%. ʂʘʢ 

ʯʘʩʪʦ ʙʳʚʘʝʪ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʝʢʪʘʭ ʥʘ ʨʫʜʥʠʢʘʭ. ʆʯʝʚʠʜʥʦ ʯʪʦ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ  

ʜʦʢʘʟʘʣʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʨʦʩʪʘ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʜʥʘʢʦ, 

ʚʥʝʜʨʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʚʝʩʴʤʘ 

ʥʝʧʨʦʩʪʦ[1].  

ʇʨʘʚʠʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ çʆʪ ʨʫʜʥʠʢʘ ʜʦ ʬʘʙʨʠʢʠè 

ʦʙʝʩʧʝʯʠʚʘʝʪ:  

1. ʇʦʣʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʷ ʙʦʣʝʝ 

ʩʧʣʦʯʝʥʥʫʶ, ʫʜʦʚʣʝʪʚʦʨʸʥʥʫʶ ʨʘʙʦʪʦʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʨʘʙʦʯʫʶ ʩʠʣʫ.  

2. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 10ï30% ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʠʣʠʡ ʠ ʟʘʪʨʘʪ ʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʫʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʦʤ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʊʘʢʦʡ ʧʨʦʛʥʦʟ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʶ 
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ʦʧʨʝʜʝʣʷʪʴ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. ɺ 

ʛʦʨʥʦʤ ʜʝʣʝ ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʨʘʙʦʪʢʝ ʨʫʜ 

ʠ ʤʠʥʝʨʘʣʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʦʤʦʛʘʶʪ ʨʘʟʜʝʣʠʪʴ ʩʳʨʴʝ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʯʘʩʪʠʮʳ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ[1].  

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ, ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʘʷ 

ʤʝʭʘʥʠʟʘʮʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʄ2ʄ ï ʨʠʩʫʥʦʢ 1. ʕʪʦ ʚʨʝʤʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʄ2ʄ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ 

 

ʂʦʥʮʝʧʮʠʷ ʄ2ʄ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ 1990 ʛʦʜʘ, ʚ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ  ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʥʝ ʥʘ ʩʪʦʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʬʘʙʨʠʢʠ ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʠʠ MineïtoïMill ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʙʫʨʝʥʠʶ ʠ ʚʟʨʳʚʘʥʠʶ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʨʦʙʠʣʴʥʦïʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʥʠʞʝʥʠʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʦʥʥʳ ʨʫʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʢʦʣʦ 50%, ʨʘʩʭʦʜʫʝʤʘʷ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʨʫʜʳ ʥʘ ʬʘʙʨʠʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʯʪʦ 

ʚʩʝʛʦ 2% ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ 

ʟʘʢʣʶʯʝʥʠʡ, ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʵʬʬʝʢʪʠʚʥʦʡ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʥʘ ɸʆ çʉʉɻʇʆè ʉʦʢʦʣʦʚʩʢʠʡ ʢʘʨʴʝʨ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʧʨʠ ʜʦʙrʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʤʝʩʪʝ ʢ ʚʳʝʤʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʥʝ ʫʜʝʣʷʷ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘʤ ʜʨʦʙʣʝʥʠʷ ʠ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʇʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʤʝʩʪʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ.    

ɼʨʦʙʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʩʪʦʠʤʦʩʪʴ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʦʛʨʫʟʢʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʜʨʦʙʣʝʥʠʶ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩ̫ʪʠʣʝʪʠʷ ʙʳʣ, ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʚʟʨrʚʥʳʭ ʨʘʙʦʪʘʭ. 

ɼʨʦʙʣʝʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ ʜʦ ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʜʘʣɹʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʦʙʳʯʝ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣʴ, ʨʫʜʳ ʤʝʪʘʣʣʦʚ, ʢʘʤʝʥʴ ʠ ʜʨʫʛʠʝ 

ʤʘʪʝʨʠʘʣʳ.  ɼʣʷ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʦʙʠʣʢʠ.  

ɼʨʦʙʠʣʢʘ ʪʠʧʘ ʂʂɼ (ʢʦʥʫʩʥʦïʢʦʣʝʩʥʘʷ ʜʨʦʙʠʣʢʘ) ï ɻ ʪʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʥʘ ʧʦʣʫʯʠʣʘ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʠʟïʟʘ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʚʢʣʁʯʘʝʪ ʢʦʥʫʩʦʦʙʨʘʟʥʳʡ ʜʨʦʙʠʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠ ʚʨʘʱʘʶʱʠʡʩʷ ʚʘʣ ʩ 

ʥʘʚʝʩʥʳʤʠ ʢʦʣʝʩʘʤʠ. ɼʨʦʙʠʣʢʠ ʪʠʧʘ ʂʂɼ ʦʙʯrʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʨʝʜʥʠʭ ʠ ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʥʠʪ, ʙʘʟʘʣʴʪ, ʢʚʘʨʮʠʪ ʠ 

ʜʨʫʛʠʝ[2]. 

ʂʦʥʫʩʥʳʝ ʜʨʦʙʠʣʢʠ ʪʠʧʘ ʂʂɼ 1500/180, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʮʠʢʣʠʯʥʦ ï ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ.  ɼʨʦʙʠʣʢʠ ʪʠʧʘ 

ʂʂɼ 1500/180 ʚʳʧʦʣʥʷʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʝ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʠʤʝʥʥʦ ʚ ʜʨʦʙʣʝʥʠʝ/ʠʟʤʝʣʴʯʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦ ʠ 

ʵʢʦʥʦʤʠʯʥʦ ʠʟʤʝʣʴʯʘʷ ʧʦʨʦʜʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʫʩʥʘʷ ʜʨʦʙʠʣʢʘ ʂʂɼ 1500/180 
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ʇʨʠ ʩʦʚʤʝʱʝʥʠʠ ʵʪʘʧʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢ ʵʪʦʛʦ ʪʨʝʙʫʝʪ ʢʦʥʮʝʧʮʠʷ çʆʪ ʨʫʜʥʠʢʘ ʜʦ 

ʬʘʙʨʠʢʠè, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

10 ʜʦ 30%.  

ɼʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʢʫʩʦʢ 

ʚʟʦʨʚʘʥʥʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 350 ʤʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ  ʧʨʝʜʣʦʞʝʥʦ ʫʣʫʯʰʠʪʴ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ,  ʫʤʝʥʴʰʠʚ 

ʨʘʟʤʝʨ ʩʨʝʜʥʝʛʦ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʫʩʢʘ ʜʦ 250 ʤʤ ʠ ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʠʪʴ 

ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʜʨʦʙʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʨʦʙʣʝʥʠʝ ʜʨʦʙʠʣʢʦʡ ʪʠʧʘ ʂʂɼ 

1500/180. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʪʝʤ 

ʩʘʤʳʤ ʠʟʤʝʥʠʪʴ ʠʩʧʦʣʴʟʫʝʤʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʥʘ ʙʦʣʝʝ ʤʦʱʥʦʝ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʫʩʦʢ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʨʘʟʤʝʨʦʤ 250 ʤʤ ʧʨʠ 

ʚʟʨʳʚʘʥʠʠ, ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʣʘʥʠʨʦʚʘʪʴ ʠ ʨʘʟʤʝʩʪʠʪʴ ʟʘʨʷʜʳ ʚ 

ʩʢʚʘʞʠʥʘʭ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ï ʠʟʤʝʥʝʥʠʝ ʩʝʪʢʠ 

ʩʢʚʘʞʠʥ. ʉʝʪʢʘ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʟʘʙʠʚʘʶʪʩʷ 

ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʦʤ. ʕʪʘ ʩʝʪʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ ʠ ɺɺ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʟʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʢʫʩʢʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʝʝ ʤʦʱʥʦʛʦ ɺɺ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʫʩʢʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʪʨʝʙʫʝʤʦʛʦ 

ʨʘʟʤʝʨʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʩʪʘʜʠʠ ʜʨʦʙʣʝʥʠʷ, ʯʪʦ ʵʢʦʥʦʤʠʪ 

ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ ʥʘ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʝʨʝʡʪʠ ʦʪ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ, ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ 

ɺɺ ʢ ʚʦʜʦʩʦʜʝʨʞʘʱʠʤ, ʵʤʫʣʴʩʠʦʥʥʳʤ, ʛʦʨʷʯʝʣʝʶʱʠʤʩʷ ɺɺ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʟʘʤʝʥʠʚ ɻʨʘʥʫʣʠʪ ï ʕ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʵʤʫʣʴʩʠʦʥʥʦʝ ɺɺ 

çʅʇɻʄè. ɺʦʜʦʩʦʜʝʨʞʘʱʠʝ ɺɺ (ɺɺɺ) ʵʬʬʝʢʪʠʚʥʝʝ ʇɺɺ ʚ ʩʚʷʟʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʧʣʦʪʥʦʩʪʴʶ  ʠ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʚ ʟʘʨʷʜʥʳʭ 

ʧʦʣʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʧʦʨʦʜʘʭ. 

ʆʜʥʘʢʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʭ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʝ, ʯʝʤ ʇɺɺ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʙʣʶʜʝʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

ʕʤʫʣʴʩʠʦʥʥʳʝ ɺɺ (ʕɺɺ) ʪʠʧʘ çʚʦʜʘ ʚ ʤʘʩʣʝè. ʕɺɺ ʩʦʩʪʦʷʪ ʠʟ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʠ ʞʠʜʢʦʛʦ ʛʦʨʶʯʝʛʦ ʩ 

ʵʤʫʣʴʛʘʪʦʨʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10:1. ʕʤʫʣʴʛʘʪʦʨʳ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [3]. 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʫʩʢʘ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ 

ʉʦʢʦʣʦʚʩʢʦʤ ʢʘʨʴʝʨʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 350 ʤʤ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʙʠʣʴʥʦïʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʠʤʝʥʥʦ ʢʦʤʣʝʢʩʘ 

ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ.  

   ʈʘʩʯʝʪ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʫʩʢʘ: dʩʨ = 350 ʤʤ ʠ dʩʨ = 250 ʤʤ, ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ.  

ʇʨʦʠʟʚʝʜʝʥʳ ʪʠʧʦʚʳʝ ʨʘʩʯʝʪʳ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʦʪʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ, ʠ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʥʘ ʵʤʫʣʴʩʠʦʥʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ 

ʮʝʣʴʶ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʫʩʢʦʚʘʪʦʩʪʠ ʚ 
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ʟʘʙʦʝ ʧʦʩʣʝ ʚʟʨʳʚʘ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʥʘ ʉʦʢʦʣʦʚʩʢʦʤ ʢʘʨʴʝʨʝ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʨʦʙʣʝʥʠʷ.  

1. ʈʘʩʯʝʪ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʪʨʘʙʦʪʢʠ 

ʢʘʨʴʝʨʘ.  

1) ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ ʥʘ ʫʩʪʫʧʝ. 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ ʥʘ ʫʩʪʫʧʝ.  

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʧʦʜʦʰʚʝ 

ʫʩʪʫʧʘ Wmin, ʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) 

 

                                  Wmin ρυ Ͻπȟσφσ ψȟτ ̍Ȣ                                                   (1) 

 

ʈʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʃʉʇʇ Wʧ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (2) 

 

                         ( )053 1,6 0,5ʧ m c

ɺɺ ʝ
W K d m

g

D Ö
= Ö Ö Ö Ö - Ö                             (2) 

 

ʛʜʝ ɺɺD  ï  ʧʣʦʪʥʦʩʪʴ ɺɺ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʦʡ ʪʘʙʣʠʮʝ , ɺɺD  

=1000 ʢʛ/ʤ3; 

         0ʝ  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ɺɺ,  =1,12 [4]; 

         m ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠʞʝʥʠʷ ʩʢʚʘʞʠʥ ʧʦ ʧʝʨʚʦʤʫ ʨʷʜʫ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

0,6 ï 1,2 [3]. 

 

                        )7,05,06,1(
4,3

12,11
244,02,153 Ö-Ö

Ö
ÖÖÖ=ʨW  = 9,3 ʤ. 

 

ʊʘʢ ʢʘʢ  Wʨ > Wmin ʙʫʨʷʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʧʦ ʧʝʨʚʦʤʫ ʨʷʜʫ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʚ ʨʷʜʫ ʘ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(3) 

                                                         ʘ = m Ŀ W                                                               (3)

                                         

                                                    ʘ = 0,7 Ŀ 9,3 = 6 ʤ.  

                                                   

  ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʢʚʘʞʠʥ b, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (4) 

 

b =  
 ́Ͻ Ѝ

                                                    (4) 

                                                

                                                          b = 
2

36Ö
 = 5ʤ. 

 

 ɼʣʠʥʘ ʩʢʚʘʞʠʥʳ Lʩ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5)  

 



   

                                                     Lʩ = )(
sin

1
ʧʫ lʅ +

b
,                                (5) 

 

ʛʜʝ b ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʢʚʘʞʠʥʳ, b ï 900; 

       lʧ ï ʜʣʠʥʘ ʧʝʨʝʙʫʨʘ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6) 

 

                                                   lʧ = dʩ Ŀ Wʨ,                                   (6) 

  

                                            lʧ = 0,244 Ŀ 9.3 = 2,2 ʤ, 

 

                                           Lʩ =  2,17)2,215(
90sin

1
0

=+  ʤ. 

 

ɼʣʠʥʘ ʟʘʙʦʡʢʠ lʟ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7) 

 

                                                 lʟ = (0,4Ŀ0,8) ĿWp,                          (7) 

 

                                              lʟ = 0,4 Ŀ 9.3= 3,72=4 ʤ. 

 

ɼʣʠʥʘ ʟʘʨʷʜʘ ɺɺ lʚʚ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (8) 

  

                                                   Lʚʚ = Lʩ ï lʟ ,                                                                        (8) 

 

                                              lʚʚ = 17,2 ï 4 = 13,2 ʤ. 

 

ɺʤʝʩʪʠʤʦʩʪʴ 1ʤ ʧʦʛ. ʩʢʚʘʞʠʥʳ ʈ, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (9) 

 

                                        ʈ = DÖ
Ö

4

2dcp
 ,                                                (9) 

 

 Ў ï ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʞʝʥʠʷ, Ў = 1000 ʢʛ/ʤ3. 

 

                                         ʈ =   7.461000
4

244.014.3 2

=Ö
Ö

ʢʛ/ʤ3. 

 

ʄʘʩʩʘ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ 1ïʦʛʦ ʨʷʜʘ Qʚʚ, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(10) 

 

                                             Qʚʚ = qʧÖWʨÖʅʫÖʘ,                                         (10) 

 

           Qʚʚ1 = 0,706 Ö 9,3 Ö 15 Ö 6 = 590 ʢʛ. 

 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ Qʚʚ2, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (11) 

 



   

                                                  Qʚʚ2 = qʧ Ŀ b Ŀ ʅʫ Ŀ ʘ,                                (11) 

 

                                 Qʚʚ2 = 0,706 Ŀ 5 Ŀ 15Ŀ 6 = 318 ʢʛ. 

 

2. ʈʘʩʯʝʪ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʵʤʫʣʴʩʠʦʥʥʦʝ 

ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ. 

  ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʧʦʜʦʰʚʝ 

ʫʩʪʫʧʘ Wmin, ʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) 

 

Wmin ¢ 15 Ö 0,36 + 3 = 8,4 ʤ. 

 

   ʈʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʃʉʇʇ Wʧ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (2) 

 

                             )7,05,06,1(
4,3

15,11
244,02,153 Ö-Ö

Ö
ÖÖÖ=ʨW  = 8,5 ʤ. 

 

ʊʘʢ ʢʘʢ Wʨ >Wmin ʙʫʨʷʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʧʦ ʧʝʨʚʦʤʫ ʨʷʜʫ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʚ ʨʷʜʫ ʘ, ʤ, ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

(3) 

                                             ʘ = 0,7 Ŀ 8,5 = 6 ʤ. 

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʢʚʘʞʠʥ b, ʤ, ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ (4) 

 

                                                  b = 
2

36Ö
 = 5 ʤ. 

 

ɼʣʠʥʘ ʩʢʚʘʞʠʥʳ Lʩ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5) 

 

                                         Lʩ = 3,17)3,215(
90sin

1
0

=+  ʤ. 

 

ɼʣʠʥʘ ʟʘʙʦʡʢʠ lʟ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (6) 

 

                                             lʟ = 0,4 Ŀ 8,5= 3,4 ʤ. 

 

ɼʣʠʥʘ ʟʘʨʷʜʘ ɺɺ lʚʚ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7) 

 

                                             lʚʚ = 17 ï 3,4 = 13,6 ʤ. 

 

ɺʤʝʩʪʠʤʦʩʪʴ 1ʤ ʧʦʛ. ʩʢʚʘʞʠʥʳ ʈ, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (10) 

 

                                       ʈ = 7.461000
4

244.014.3 2

=Ö
Ö

 ʢʛ/ʤ3. 

 



   

ʄʘʩʩʘ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ 1ïʦʛʦ ʨʷʜʘ Qʚʚ, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(11) 

  

                                    Qʚʚ1 = 1,159 Ŀ 8,5 Ŀ 15 Ŀ 6 = 887 ʢʛ. 

 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ Qʚʚ2, ʢʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (12) 

 

Qʚʚ2 = 1,159 Ö 5 Ö 15 Ö 6 = 521 ʢʛ. 

 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʧʦʪʨʝʙʫʶʪʩʷ 

ʫʩʣʫʛʠ   ʩʤʝʩʪʠʪʝʣʴʥʦïʟʘʨʷʜʥʦʡ ʤʘʰʠʥʳ ʄɿʉʋ 14ïʅʇɹï014. 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʤʣʥ ʪʥʛ 

ʉʫʱʝʩʪʚʫʷʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ɹɺʈ 1815,43 

ʊʝʭʥʦʣʦʛʠʠ ʚʟʨʳʚʘʥʠʷ çMine to 

Mill è 

1056,07 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʟʨʳʚʘʥʠʷ çMine to Mill è ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʛʦʜʳ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʚʟʨʳʚʘʥʠʷ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʨʘʩʭʦʜʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʠʤʝʥʥʦ ʩʥʠʟʠʣʦʩʴ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ʢʦʤʧʣʝʢʩʝ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʥʘ ʬʘʙʨʠʢʝ, 

ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʧʨʠʙʳʣʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʦʚʦʢʫʧʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ 

ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʟʨʳʚʘʥʠʷ ʦʢʘʟʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ 

ʦʧʨʘʚʜʘʥʥʳʤ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʰʘʛʦʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. https://lektsii.org/8ï3846.html 

2. https://earchive.tpu.ru/bitstream/11683/68177/1/bulletin_tpuï2021ï

v332ïi7ï06.pdf 

3. https://www.911metallurgist.com/C/Whatïisïmineïtoïmill.pdf 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ ʩ ʫʯʸʪʦʤ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ ʚʳʷʚʣʝʥʳ 

ʧʨʦʙʣʝʤʥʳʝ ʩʪʦʨʦʥʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʛʦ ʚʢʣʘʜʘ ʠ ʟʥʘʯʠʤʦʩʪʠ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʩʬʝʨʝ ʢʣʶʯʝʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʠ ʈʦʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʥʜʝʢʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ, ʢʘʜʨʳ, ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ, ʠʥʚʝʩʪʠʮʠʠ, 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʢʣʠʤʘʪ. 

 

Abstract:  Modern trends and prospects for the development of 

metallurgical production in Russia in view of geopolitical changes are analyzed. 

On the basis of the analysis of statistical data, scientific works and expert opinions 

the problematic sides of the metallurgical production functioning are revealed, its 

contribution and importance in the Russian economic system are evaluated. 

Suggestions on the key promising areas of metallurgy development in Russia are 

formulated. 

Keywords: metallurgical production, production index, development 

factors, personnel, fixed assets, investments, investment climate. 
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ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʷʚʣʷʷʩʴ ʙʘʟʦʚʦʡ ʦʪʨʘʩʣʴʶ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʚ 2022 ʛ. ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ 

ʦʙʲʸʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʥʠʟʠʣʩʷ ʥʘ 0,8%, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 6 ʣʝʪ ʚʧʝʨʚʳʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʟʘʧʘʩʘʤʠ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʨʦʜʫʢʮʠʷ ʢʦʪʦʨʦʡ ʧʦʣʴʟʫʝʪʩʷ ʩʧʨʦʩʦʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʠ ʩʧʨʦʩ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʦʞʠʚʰʠʭʩʷ ʪʝʥʜʝʥʮʠʡ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʈʦʩʩʠʠ. 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʷʚʣʷʷʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʩʣʴʶ 

ʚ ʩʠʩʪʝʤʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤ. ɽʸ ʦʙʱʝʝ 

ʥʦʨʤʘʪʠʚʥʦïʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ï ʂʦʥʩʪʠʪʫʮʠʠ ʈʌ, ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ41ï

ʌɿ ʦʪ 26.03.1998 ʛ., ʇʨʠʢʘʟʘ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 13.11.2020 ˉ 440 [1; 2] ʠ ʜʨ. 

ʂʨʦʤʝ ʥʠʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʫʨʦʚʥʝʡ [3]. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʢʫʜʘ ʚʭʦʜʠʪ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʥʦʚʘʥʘ ʥʘ ʜʦʢʪʨʠʥʘʣʴʥʦʤ ʧʦʜʭʦʜʝ, ʘ ʝʸ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʧʣʝʢʩ ʧʦʣʦʞʝʥʠʡ ʠ ʥʦʨʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʘʚʦʪʚʦʨʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [4]. ʅʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ 

ʥʝ ʩʦʟʜʘʶʪ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʚʠʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʠ. ɼʦʢʪʨʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ, ʦʢʘʟʳʚʘʶʱʠʭ ʟʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘ 

ʢʦʥʢʨʝʪʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʵʢʦʥʦʤʠʢʠ. 

ʅʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʥʦʨʤʘʪʠʚʥʦïʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʢʫʤʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʝʸ 

ʨʝʛʠʦʥʦʚ ʚ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ [5]. 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʠʜʦʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʚʥʦʩʠʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ɺɺʇ ʈʦʩʩʠʠ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ 

ʜʠʥʘʤʠʢʘ ʜʦʣʠ ʚʢʣʘʜʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɺɺʇ ʈʌ ʟʘ ʧʝʨʠʦʜ 

ʩ 2017 ʧʦ 2022 ʛʛ. 

  



   

ʊʘʙʣʠʮʘ 1 ï ɼʦʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ɺɺʇ ʈʦʩʩʠʠ1 
ʇʦʢʘʟʘʪʝʣʠ 2017 2018 2019 2020 2021 2022 

ɺɺʇ ʚ ʪʝʢʫʱʠʭ 

ʮʝʥʘʭ, ʤʣʨʜ. ʨʫʙ. 
91 843,2 103 861,7 109 608,3 107 658,1 135 295,0 153 435,2 

ʉʪʦʠʤʦʩʪʴ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʤʣʨʜ. 

ʨʫʙ. 

1 942,3 2 284,8 2 519,1 2 917,5 3 744,1 4 018,8 

ɼʦʣʷ ʚ ɺɺʇ ʈʌ, 

% 
2,3 2,4 2,6 3,0 3,1 2,9 

 

ʇʦ ʜʠʥʘʤʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʘʙʣʠʮʝ 1 ʦʙʲʝʤ ɺɺʇ ʢ 2022 ʛ. ʚʳʨʦʩ ʧʦʯʪʠ 

ʥʘ 48%, ʚ ʪ.ʯ. ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʤʝʪʘʣʣʫʨʛʠʠ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ ʚʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʧʝʨʠʦʜʝ. ʆʜʥʘʢʦ ʵʪʦʪ ʨʦʩʪ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ 

ʪʝʢʫʱʠʤ ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʨʝʩʫʨʩʳ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʨʧʣʘʪʳ ʨʘʙʦʪʥʠʢʦʚ ʠ ʧʨʦʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʣʠʷʥʠʷ. 

ɼʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʧʝʨʠʦʜ 

(ʨʠʩʫʥʦʢ 1), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʥʠʟʠʣʦʩʴ ʚ 

2020 ʛ. ʥʘ 3,4% ʠ ʚ 2022 ʛ. ʥʘ 0,8%, ʛʜʝ ʚ 2020 ʛ. ʩʥʠʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʘʥʜʝʤʠʝʡ Covidï19, ʧʦʚʣʠʷʚʰʝʡ ʥʘ ʚʩʶ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ ʠ ʚ ʯʘʩʪʥʦʩʪʠ 

ʥʘ ʵʢʦʥʦʤʠʢʫ ʈʦʩʩʠʠ, ʘ ʚ 2022 ʛ. ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ 

(ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʝʨʠʦʜʫ ʧʨʦʰʣʦʛʦ ʛʦʜʘ), %2 

 

ʅʘ ʩʦʩʪʦʷʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʈʦʩʩʠʠ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʚʥʝʰʥʷʷ 

ʢʦʥʲʶʥʢʪʫʨʘ, ʛʜʝ ʥʘ ʬʦʥʝ ʨʦʩʪʘ ʮʝʥ ʥʘ ʤʝʪʘʣʣʳ ʚ 2021 ʛ. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ 

ʚʚʦʜʠʪ ʚʨʝʤʝʥʥʳʝ ʚʳʚʦʟʥʳʝ ʧʦʰʣʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʤʷʛʯʠʪʴ ʜʘʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʮʝʥʳ ʠ ʧʨʦʜʦʣʞʠʪʴ 

ʨʝʘʣʠʟʘʮʠʶ ʢʨʫʧʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ [7]. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 2022 

ʛ. ʜʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ ʩʥʠʞʘʣʘʩʴ ʚ 

ʚʠʜʫ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 
1 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6]. 
2 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6]. 
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ʆʙʦʩʪʨʝʥʠʝ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ 2022 ʛ. ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʥʠʞʝʥʠʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ: ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʦʞʝʥʠʷ ʥʘ 

ʈʦʩʩʠʶ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ ʩʘʥʢʮʠʡ ʝʸ ʵʢʦʥʦʤʠʢʘ, ʚ ʪ.ʯ. ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ɽʚʨʦʩʦʶʟ ʟʘʧʨʝʪʠʣ 

ʚʭʦʜʷʱʠʤ ʚ ʥʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘʤ ʵʢʩʧʦʨʪ ʨʦʩʩʠʡʩʢʦʡ ʩʪʘʣʠ, ʛʜʝ ʨʳʥʦʯʥʘʷ 

ʜʦʣʷ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 16 % [8]. ɺ ʨʘʤʢʘʭ ʩʘʥʢʮʠʡ ʤʝʪʘʣʣʫʨʛʘʤ 

ʧʨʠʭʦʜʠʪʩʷ ʩʥʠʞʘʪʴ ʦʙʲʸʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʜʫʢʮʠʶ ʩ 

ʯʨʝʟʤʝʨʥʳʤ ʜʠʩʢʦʥʪʦʤ. 

ʇʦʜʥʷʪʴ ʩʧʨʦʩ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʧʦʤʦʛʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʣʶʯʝʚʦʡ ʩʪʘʚʢʠ ʎɹ ʈʦʩʩʠʠ, ʯʪʦ çʦʞʠʚʠʣʦè 

ʠʧʦʪʝʯʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ, ʟʘʯʝʤ ʧʦʩʣʝʜʦʚʘʣ ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʮʠʶ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ, ʠʤʝʶʱʝʡ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ï ʩʪʨʦʡʢʘ ʟʘʥʠʤʘʝʪ 

2/3 ʨʳʥʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [9]. 

ɿʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʚʠʜʫ 

ʩʘʥʢʮʠʡ ʩʪʘʣʦ ʥʘʨʫʰʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ. ɻʝʦʛʨʘʬʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘʯʘʣʘ ʤʝʥʷʪʴʩʷ, ʘ ʧʦʪʦʢʠ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴʩʷ ʚ ʜʨʫʛʠʝ ʩʪʨʘʥʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ çʦʙʥʫʣʠʣʦʩʴè ʝʚʨʦʧʝʡʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɸʟʠʷ ʠ ɹʣʠʞʥʠʡ ɺʦʩʪʦʢ ʦʩʪʘʶʪʩʷ ʩʪʨʘʥʘʤʠï

ʵʢʩʧʦʨʪʸʨʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʦʙʣʝʤʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʜʫʢʮʠʠ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ 

ʥʠʞʝ, ʯʝʤ ʚ ʝʚʨʦʧʝʡʩʢʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʠʜʫ ʨʠʩʢʘ ʧʦʧʘʜʘʥʠʷ ʧʦʜ ʩʘʥʢʮʠʠ 

ʜʘʥʥʳʝ ʩʪʨʘʥʳ ʥʝ ʥʘʩʪʦʣʴʢʦ ʘʢʪʠʚʥʦ ʩʦʪʨʫʜʥʠʯʘʶʪ ʩ ʈʦʩʩʠʝʡ, ʧʦʵʪʦʤʫ 

ʧʨʦʜʫʢʮʠʶ ʧʨʠʭʦʜʠʪʩʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩ ʜʠʩʢʦʥʪʦʤ [10]. 

ɹʦʣʝʝ 70% ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ 

ʛʨʘʜʦʦʙʨʘʟʫʶʱʠʤʠ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʥʷʪʦʩʪʴ, ʬʦʨʤʠʨʫʶʪ ʜʦʭʦʜ ʚ ʤʝʩʪʥʳʝ 

ʙʶʜʞʝʪʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʦʥʜʳ. ʅʘ ʨʠʩʫʥʢʝ 2 ʟʘ ʧʝʨʠʦʜ 2017ï2020 ʛʛ. 

ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʥʠʞʘʣʠʩʴ, ʘ ʚ 2021ʠ 2022 ʛʛ. ʠʤʝʣʠ ʜʠʥʘʤʠʢʫ ʥʝʙʦʣʴʰʦʛʦ 

ʨʦʩʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʟʘʥʷʪʳʭ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʈʦʩʩʠʠ, ʯʝʣ.3 

 

 
3 ʉʦʟʜʘʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6, 11]. 
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ʉʥʠʞʝʥʠʝ ʯʠʩʣʘ ʨʘʙʦʪʘʶʱʠʭ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʘʢ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʝʤ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʙʦʪ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩïʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʦ ʝʩʪʴ ʧʨʦʙʣʝʤʘ 

ʥʝʜʦʩʪʘʪʢʘ ʢʘʜʨʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ 

ʩʦʪʨʫʜʥʠʢʦʚ. 

ʄʝʪʘʣʣʫʨʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʦʡ ʦʪʨʘʩʣʴʶ ʜʣʷ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ (ʚʳʧʫʩʢʥʠʢʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ), ʧʦʵʪʦʤʫ ʯʠʩʣʦ 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ, ʩ ʫʯʸʪʦʤ 

ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ ʦʙʫʯʝʥʠʷ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʚʳʟʳʚʘʝʪ ʜʝʬʠʮʠʪ ʢʘʜʨʦʚ ʥʘ 

ʨʳʥʢʝ ʪʨʫʜʘ. ʊʘʢ ʚ 2022/2023 ʫʯʝʙʥʦʤ ʛʦʜʫ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʭʥʦʣʦʛʠʷ 

ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʚ ʫʯʨʝʞʜʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʩʝʛʦ 1874 ʯʝʣʦʚʝʢʘ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,2% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʥʷʪʳʭ ʥʘ ʦʙʫʯʝʥʠʝ ʚ ʉʇʆ. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʚ ʵʪʦʤ ʞʝ ʫʯʝʙʥʦʤ ʛʦʜʫ ʙʳʣʦ ʧʨʠʥʷʪʦ 60488 ʯʝʣʦʚʝʢ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 5,2% [12, 13]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʢʦʩʥʫʣʘʩʴ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ, 

ʚʳʧʦʣʥʷʝʤʳʝ ʣʶʜʴʤʠ, ʪʝʧʝʨʴ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʤʘʰʠʥʳ, ʥʦ ʜʣʷ ʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʜʛʦʪʦʚʢʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʌ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʠʭ ʜʦʣʶ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʛʦ ʯʠʩʣʘ ʟʘʥʷʪʳʭ ʧʦ ʈʌ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʧʝʨʠʦʜʝ (ʪʘʙʣʠʮʘ 2), ʪʦ ʜʦʣʷ ʟʘʤʝʱʝʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 0,8%, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ 

ʦʙ̡ʝʤʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʝʛʦ ʜʦʣʶ ʚʢʣʘʜʘ ʚ ɺɺʇ ʩʪʨʘʥʳ, 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʜʝʬʠʮʠʪ ʚ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ. 

 

ʊʘʙʣʠʮʘ 2 ï ʏʠʩʣʝʥʥʦʩʪʴ ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʈʌ4 

ʇʦʢʘʟʘʪʝʣʴ 2017 2018 2019 2020 2021 2022 

ɺʩʝʛʦ ʟʘʥʷʪʳʭ 

ʚ ʈʌ, ʯʝʣ. 
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4 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6, 11, 14, 15]. 



   

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ɼʦʣʷ ʟʘʥʷʪʳʭ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, % 

0,8 0,8 0,8 0,8 0,8 0,8 

 

ʆʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʟʘʥʷʪʦʩʪʴ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ï ʚʝʣʠʯʠʥʘ 

ʦʧʣʘʪʳ ʪʨʫʜʘ. ʇʦ ʜʘʥʥʳʤ ʨʠʩʫʥʢʘ 3 ʟʘʨʧʣʘʪʘ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʧʝʨʠʦʜ ʩ 2017 ʧʦ 2020 ʛʛ. ʨʦʩʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (6ï7%), ʘ ʚ 

2021 ʠ 2022 ʛʛ. ʧʦʚʳʰʝʥʠʝ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʟʥʘʯʠʪʝʣʴʥʝʝ (11ï18%). 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʨʦʩʪʫ ʯʠʩʣʘ ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 

2021ï2022 ʛʛ. (ʨʠʩ. 2) ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʘʨʘʙʦʪʥʦʡ 

ʧʣʘʪʳ, ʘ ʪʘʢʞʝ ʝʸ ʩʦʦʪʥʦʰʝʥʠʝ ʢ ʨʘʟʤʝʨʫ ʄʈʆʊ (ʨʠʩ. 3). 

ʅʘ ʨʠʩʫʥʢʝ 3 ʩʨʝʜʥʷʷ ʥʦʤʠʥʘʣʴʥʘʷ ʟʘʨʧʣʘʪʘ ʧʦ ʈʌ ʠ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʧʨʦʪʷʞʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʩʪʫʪ. ʇʨʠ 

ʵʪʦʤ ʨʘʟʤʝʨ ʩʨʝʜʥʝʡ ʟʘʨʧʣʘʪʳ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʰʝ, ʯʝʤ 

ʩʨʝʜʥʝʡ ʧʦ ʈʌ ʙʦʣʝʝ ʯʝʤ ʥʘ 10%. ʅʘʠʙʦʣʴʰʫʶ ʨʘʟʥʠʮʫ ʚʠʜʠʤ ʚ 2022 ʛ. ï 

ʚʳʰʝ ʧʦʯʪʠ ʥʘ 15%. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʠʢʘ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʨʝʜʥʝʡ ʟʘʨʧʣʘʪʳ ʧʦ ʈʌ ʠ ʄʈʆʊ5 

 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʘʣʣʫʨʛʠʷ ʥʫʞʜʘʝʪʩʷ ʚ 

ʢʘʜʨʘʭ ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʚʘʢʘʥʪʥʳʝ ʤʝʩʪʘ 

ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʩʣʝʜʫʝʪ ʧʦʚʳʰʘʪʴ. ʈʘʙʦʪʦʜʘʪʝʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ 

ʫʜʝʨʞʘʪʴ (ʩʦʭʨʘʥʠʪʴ) ʫʞʝ ʨʘʙʦʪʘʶʱʠʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʠʜʝʨʞʠʚʘʷʩʴ 

 
5 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6, 11, 14]. 
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ʪʘʢʪʠʢʝ ʧʦʚʳʰʝʥʠʷ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʦʙʛʦʥʷʶʱʝʡ ʠʥʬʣʷʮʠʶ ʚ ʈʦʩʩʠʠ. ʅʦ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ (ʧʦʚʳʰʝʥʠʷ ʟʘʨʧʣʘʪʳ) ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʚʳʙʦʨʘ 

ʯʝʣʦʚʝʢʦʤ ʧʨʦʬʝʩʩʠʠ, ʠ ʜʝʥʝʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ 

ʥʝʤʘʣʦʚʘʞʥʦʡ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʠʥʜʝʢʩ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʮʝʥ ʚ ʈʦʩʩʠʠ 

ʚ 2022 ʛ. ʩʦʩʪʘʚʠʣ 11,8% ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʨʦʩʣʘ ʥʘ 18,5%. 

ʉʨʘʚʥʠʚʘʷ ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʟʘʨʧʣʘʪʫ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʦʧʣʘʪʳ ʪʨʫʜʘ (ʄʈʆʊ), ʪʦ ʦʥʘ ʚ 

ʩʨʝʜʥʝʤ ʚ 5 ʨʘʟ ʚʳʰʝ (ʨʠʩ. 3). ɿʘ ʧʝʨʠʦʜ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʡ ʟʘʨʧʣʘʪʳ ʚ ʈʌ, 

ʄʈʆʊ ʠ ʟʘʨʧʣʘʪʳ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʤʝʶʪ ʜʠʥʘʤʠʢʫ 

ʨʦʩʪʘ, ʥʦ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ 2022 ʛ. ʩʨʝʜʥʷʷ ʟʘʨʧʣʘʪʘ ʚ 

ʤʝʪʘʣʣʫʨʛʠʠ ʚʳʨʦʩʣʘ ʥʘ 18,5%, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʨʦʩʪ ʨʘʟʤʝʨʘ ʄʈʆʊ ï ʥʘ 

8,6%. ʊʘʢ ʞʝ ʧʦ ʨʠʩʫʥʢʫ 3 ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʝʡ ʟʘʨʧʣʘʪʳ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʰʝ ʩʨʝʜʥʝʡ ʧʦ ʈʌ. 

ʇʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʆʌ) ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʛʦ ʚʠʜʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠ ʢʘʢ ʜʦʣʛʦ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ʉʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ: ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, 

ʤʘʰʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʪ.ʧ., ʬʦʨʤʠʨʫʶʱʠʝ ʝʛʦ 

ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ. 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 3 ʚʠʜʠʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʩ 2017 ʧʦ 2022 

ʛʛ. ʠʤʝʣʠ ʨʦʩʪ ʩʪʦʠʤʦʩʪʴ ʩʦʚʦʢʫʧʥʳʭ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʈʌ ʠ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʪʦʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʮʝʣʦʤ ʧʦ 

ʈʌ ʨʦʩʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʚʠʜʫ ʠʭ ʦʙʥʦʚʣʝʥʠʷ (ʜʦʩʪʨʦʡʢʠ, ʜʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪ.ʧ.), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʚʝʜʝʥʘ ʠʭ ʧʝʨʝʦʮʝʥʢʘ. ʈʘʩʯʝʪ ʜʦʣʠ ʩʪʦʠʤʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʫ 

ʩʥʠʞʝʥʠʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ (ʟʘ ʩʯʸʪ 

ʦʙʥʦʚʣʝʥʠʷ) ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚʩʝʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʦʢʘʟʘʪʝʣʠ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʭ ʩʦʩʪʦʷʥʠʝ. ʀʟʥʦʩ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ 

ʮʝʣʦʤ ʧʦ ʈʌ ʠ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦ 2021 ʛ. ʧʦʚʳʰʘʝʪʩʷ, ʘ 

ʚ 2022 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʳʝ 

ʬʦʥʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 



   

ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣ ʥʠʞʝ 50%, 

ʥʦ ʪʦʣʴʢʦ ʥʘ 0,6%, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3 ï ʅʘʣʠʯʠʝ, ʩʪʦʠʤʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʈʌ6 

ʇʦʢʘʟʘʪʝʣʠ 

ʆʌ 
2017 2018 2019 2020 2021 2022 

ʉʪʦʠʤʦʩʪʴ ʆʌ 

ʚʩʝʛʦ ʚ ʈʌ, 

ʤʣʨʜ. ʨʫʙ. 

109 103 120 352 131 674 143 774 
161 77

1 
169 906 

ʉʪʦʠʤʦʩʪʴ ʆʌ 

ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩ

ʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʤʣʥ. ʨʫʙ. 

2 940 1

55 

3 255 0

45 

3 475 2

71 
3 636 626 

3 902 

919 

4 170 7

69 

ɼʦʣʷ ʆʌ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, % 

2,7 2,7 2,6 2,5 2,4 2,5 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ 

ʆʌ ʚ ʈʌ, % 
50,9 50,9 51,3 52,1 53,0 48,3 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ 

ʆʌ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛ

ʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, % 

50,2 50,6 51,4 52,8 52,9 49,4 

ɺʚʦʜ ʚ ʜʝʡʩʪʚʠʝ 

ʆʌ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʤʣʥ. ʨʫʙ. 

241 283,0 313 793,0 325 432,0 314 497,0 
363 071

,0 
366 956,0 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʙʥʦʚʣʝʥʠʷ 

ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ,% 

8,2 9,6 9,4 8,7 9,3 8,8 

 

ʇʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʪʨʝʙʫʶʪ 

ʦʙʥʦʚʣʝʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʜʘʣʴʥʝʡʰʝʛʦ ʫʭʫʜʰʝʥʠʷ ʠʭ 

ʩʦʩʪʦʷʥʠʷ ʙʫʜʫʪ ʩʥʠʞʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

 
6 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6, 14]. 



   

ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʚ 

ʪʘʙʣʠʮʝ 3 ʦʪʨʘʞʘʝʪ ʫʜʝʣʴʥʳʡ ʚʝʩ ʥʦʚʳʭ (ʚʚʝʜʝʥʥʳʭ ʟʘ ʛʦʜ) ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ ʚ ʠʭ ʦʙʱʝʤ ʦʙʲʝʤʝ [6]. ʇʦʢʘʟʘʪʝʣʠ ʥʘʩʪʦʷʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ 

ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʙʦʨʥʠʢʝ ʈʦʩʩʪʘʪʘ çʇʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠè (ʚʳʧʫʩʢʘʝʪʩʷ ʨʘʟ ʚ ʜʚʘ ʛʦʜʘ), ʛʜʝ ʧʦʩʣʝʜʥʠʡ ʚʳʧʫʩʢ 

(2021 ʛ.) ʦʪʨʘʞʘʝʪ ʠʩʢʦʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʦʣʴʢʦ ʜʦ 2020 ʛ. ʉʦʛʣʘʩʥʦ 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʈʦʩʩʪʘʪʦʤ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʥʦʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʸʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 3 ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ 2017 ʧʦ 2021 ʛʛ. ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳʰʘʣ 

9,6% (ʚ 2018 ʛ.). ɺ 2022 ʛ. ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʥʦʚʣʝʥʠʷ ʠʤʝʣ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ (ʢ 2021 ʛ.), ʥʘ ʯʪʦ ʤʦʛ ʧʦʚʣʠʷʪʴ ʫʭʦʜ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʦʨʦʚ. 

ʊʘʢ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʛʦʜ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʲʝʤ ʥʦʚʳʭ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 8%, ʪʦ ʝʩʪʴ 

ʥʘʩʪʦʣʴʢʦ ʧʦʣʥʦʩʪʴʶ ʠʟʥʦʰʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʥʦʚʳʝ. 

ʀʩʩʣʝʜʫʝʤ ʧʦʢʘʟʘʪʝʣʠ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʟʘʪʨʘʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʶ (ʚʢʣʶʯʘʷ 

ʨʘʩʰʠʨʝʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ) ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʤʘʰʠʥ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, 

ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʨʷʜʢʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʣʷ 

ʫʯʝʪʘ ʚʣʦʞʝʥʠʡ ʚʦ ʚʥʝʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʙʲʝʢʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʩ 2013 ʛ.); ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ [6]. 

ɺ ʪʘʙʣʠʮʝ 4 ʚʠʜʠʤ ʜʠʥʘʤʠʢʫ ʦʙʲʸʤʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ 

ʚ ʈʌ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʛʜʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʦʙʘ ʧʦʢʘʟʘʪʝʣʷ ʦʙʥʘʨʫʞʠʚʘʶʪ ʨʦʩʪ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ʤʝʪʘʣʣʫʨʛʠʶ ʚ 2022 ʛ. ʵʢʩʧʝʨʪʳ 

ʩʚʷʟʳʚʘʶʪ ʩ ʪʝʤ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʡ ʙʠʟʥʝʩ ʩʪʨʝʤʠʣʩʷ ʙʳʩʪʨʝʝ ʟʘʢʦʥʯʠʪʴ 

ʥʘʯʘʪʦʝ, ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʠ ʪ.ʜ. [9]. 

ʅʘ ʬʦʥʝ ʩʘʥʢʮʠʡ, ʫʭʦʜʘ ʟʘʧʘʜʥʳʭ ʢʦʤʧʘʥʠʡ ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʠ 

ʦʪʪʦʢʘ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʨʦʩʩʠʡʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʣʫʯʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʚʦʝʡ ʜʦʣʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʨʫʧʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ ʠ ʜʨ. 

ʆʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʶ (ʨʘʩʰʠʨʝʥʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʶ) ʦʙʲʝʢʪʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ. ʂ ʪʦʤʫ ʞʝ, ʚ ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ 



   

ʠʥʚʝʩʪʠʨʫʶʪ ʩ ʫʯʸʪʦʤ ʠʥʬʣʷʮʠʠ, ʪ.ʝ. ʦʙʲʸʤ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʞʝ 

ʨʘʩʪʸʪ. 

ʊʘʙʣʠʮʘ 4 ï ʀʥʚʝʩʪʠʮʠʠ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʧʦ ɺʕɼ ʚ ʈʌ7 

ʇʦʢʘʟʘʪʝʣʴ 2017 2018 2019 2020 2021 2022 

ʀʥʚʝʩʪʠʮʠʠ ʧʦ 

ʚʩʝʤ ɺʕɼ ʚʩʝʛʦ ʚ 

ʈʌ, ʤʣʨʜ. ʨʫʙ. 

16027,3 17782,0 19329,0 20393,7 23239,5 27865,2 

ʀʥʚʝʩʪʠʮʠʠ ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʤʣʨʜ. ʨʫʙ. 

285,7 305,4 325,7 395,7 488,3 615,8 

ɼʦʣʷ ʠʥʚʝʩʪʠʮʠʡ 

ʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, % 

1,8 1,7 1,7 1,9 2,1 2,2 

 

ɼʦʣʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʤʝʪʘʣʣʫʨʛʠʶ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʪʝʤʧ ʧʨʠʨʦʩʪʘ. 

ʄʠʥʠʩʪʨ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʦʪʤʝʪʠʣ, ʯʪʦ ʚ 2022 ʛ. ʙʘʟʦʡ ʜʣʷ 

ʨʦʩʪʘ ʠʥʚʝʩʪʠʮʠʡ ʙʳʣʠ ʙʶʜʞʝʪʥʳʝ ʚʣʦʞʝʥʠʷ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʜʝʨʞʢʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʦʞʠʜʘʝʪʩʷ ʫʞʝ ʠ ʦʪ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ [7]. 

ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʚʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʫʜʘ ʚʭʦʜʠʪ ʤʝʪʘʣʣʫʨʛʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʝʜʤʝʪ 

ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʪʝʥʜʝʥʮʠʷʭ ʚ ʩʬʝʨʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʈʌ, ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

ï ʩʥʠʞʝʥʠʝ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ 2022 ʛ.; 

ï ʥʝʜʦʩʪʘʪʦʢ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘ ʩʦʭʨʘʥʠʪʩʷ ʚ ʙʣʠʞʘʡʰʝʡ 

ʧʝʨʩʧʝʢʪʠʚʝ; 

ï ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 2022 ʛ. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʟʥʠʢʣʠ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ 

ʟʘʥʷʪʳʭ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʧʫʣʷʨʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʷ ʩʨʝʜʠ ʤʦʣʦʜʸʞʠ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʦʪʨʘʟʠʪʩʷ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʳʥʢʘʭ ʪʨʫʜʘ. ʀʥʜʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʥʠʟʠʣʩʷ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ 

ʚʚʠʜʫ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ï ʩʘʥʢʮʠʡ ʪʨʝʪʴʠʭ ʩʪʨʘʥ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

 
7 ʉʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʧʦ: [6, 14]. 



   

ʦʙʩʪʘʥʦʚʢʠ ʚ ʤʠʨʝ ʠ ʜʨ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʩʚʷʟʘʥʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ (ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ), ʚ ʪ.ʯ. 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ. 

ʉ ʩʦʩʪʦʷʥʠʝʤ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʚʷʟʘʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʡ ʧʨʠ ʠʤʝʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ. ʊʨʝʙʫʶʪʩʷ ʥʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ (ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ) ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

1. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʨʝʙʫʶʪʩʷ ʠʥʚʝʩʪʠʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʢʨʦʤʝ ʥʠʭ ʥʫʞʥʦ ʧʨʠʚʣʝʢʘʪʴ 

ʯʘʩʪʥʳʝ ʠ ʠʥʦʩʪʨʘʥʥʳʝ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʢʣʠʤʘʪ ʩʪʨʘʥʳ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʛʜʝ ʫʩʧʝʰʥʳʤ 

ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʂʠʪʘʷ [16; 17]. 

2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʚʪʦʨʩʳʨʴʷ, ʘʢʪʠʚʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʚʝʡʰʠʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʈʦʩʩʠʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦïʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʮʝʣʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʢʦʧʠʣʠʩʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʦʪʭʦʜʦʚ (ʧʫʩʪʳʝ 

ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʰʣʘʤʳ, ʦʪʚʘʣʳ, ʭʚʦʩʪʳ ʠ ʪ.ʜ.) ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʝʡʰʠʝ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʬʝʨʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ ʚʪʦʨʩʳʨʴʷ 

[18; 19]. 

3. ʅʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʱʠʝ ʪʝʩʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʷʚʣʷʶʪʩʷ 

ʩʬʝʨʘʤʠ ʜʣʷ ʪʝʩʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʫʤʝʶʪ ʧʨʠʤʝʥʷʪʴ ʥʦʚʳʝ ʪʝʭʥʠʢʫ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘʫʢʘ ʧʨʠʟʚʘʥʘ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʮʝʩʩ ʠ ʧʨʠʯʠʥʳ ʩʢʨʫʯʠʚʘʥʠʷ ʦʜʥʦʩʪʝʥʥʦʡ 

ʥʘʥʦʪʨʫʙʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʥʦʛʦʩʪʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʫʭʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʢʨʫʯʠʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʚ ʥʘʥʦʪʨʫʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ 

ʧʦʥʠʤʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʠʩʣʦʷ ʥʘʥʦʪʨʫʙʢʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʪʨʫʙʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʭʨʠʟʦʪʠʣ, ʙʠʩʣʦʡ. 

 

Abstract:  The process and causes of twisting of a singleïwalled nanotube 

differ from multiïwalled structures. This must be taken into account when 

modeling a twoïlayer nanotube. Modeling the twisting of structures into 

nanotubes is necessary in the study and understanding of the mechanical and 

optical properties of materials. Also, preliminary modeling is an integral part of 

the process of creating functional materials. In this article, an energy model of 

folding a nanotube bilayer is considered. 

Keywords: nanotube, modeling, chrysotile, bilayer. 

 

ʇʨʠʨʦʜʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ ʜʚʫʭʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ 

ʥʘʥʦʩʚʠʪʢʠ ʘʩʙʝʩʪʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʭʨʠʟʦʪʠʣʘ 3MgOĿ2SiO2Ŀ2H2O. 

ʊʘʢʞʝ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠ ʜʨʫʛʠʝ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʠʤʦʛʦʣʠʪ Al2SiO3(OH)4 ʠ 

ʛʘʣʣʫʘʟʠʪ Al 2Si2O5(OH)4, ʛʜʝ ʦʙʨʘʟʫʶʱʠʡ ʦʜʠʥ ʩʣʦʡ ʢʨʝʤʥʠʡ, ʘ ʜʨʫʛʦʡ 

ʤʘʛʥʠʡ ʠʣʠ ʘʣʶʤʠʥʠʡ. ɺʦʣʦʢʥʦ ʭʨʠʟʦʪʠʣïʘʩʙʝʩʪʘ ʵʪʦ ʩʢʨʫʯʝʥʥʳʡ ʚ ʩʚʠʪʦʢ 

çʣʠʩʪʦʢè, ʢʦʪʦʨʳʡ ʩʚʦʨʘʯʠʚʘʝʪʩʷ ʠʟïʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ 

ʩʣʦʷʭ [1]. ʇʝʨʚʦʝ ʚ ʩʪʨʫʢʪʫʨʝ  ʭʨʠʟʦʪʠʣïʘʩʙʝʩʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʦʨʦʜʥʘʷ ʠ 

ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ, ʠ ʠʭ ʨʘʟʣʠʯʠʝ ʟʘʩʪʘʚʣʷʝʪ ʩʚʦʨʘʯʠʚʘʪʴʩʷ ʩʣʦʡ ʚ 

ʥʘʥʦʪʨʫʙʢʫ. ɺʪʦʨʦʝ, ʥʝ ʫʯʠʪʳʚʘʷ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʨʘʜʠʫʩ ʠʦʥʘ 

ʢʨʝʤʥʠʷ (0,27 ¡) ʦʩʥʦʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʪʝʪʨʘʵʜʨʦʚ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʨʘʜʠʫʩʘ ʠʦʥʘ ʤʘʛʥʠʷ (0,72 ¡) ʦʩʥʦʚʳ ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʦʢʪʘʵʜʨʦʚ.  ʆʜʠʥ 

ʧʦʜʩʣʦʡ ʚʳʥʫʞʜʝʥ ʠʟʙʳʪʦʯʥʦ ʩʞʘʪʴʩʷ, ʜʨʫʛʦʡ ï ʠʟʙʳʪʦʯʥʦ ʨʘʩʪʷʥʫʪʴʩʷ. ɺ 
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ʠʩʪʦʯʥʠʢʝ [2] ʧʨʠʚʦʜʠʪʩʷ ʯʝʨʪʸʞ ʩʪʨʫʢʪʫʨʳ ʭʨʠʟʦʪʠʣʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʠʩʫʥʦʢ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʭʨʠʟʦʪʠʣʘ ʩ ʫʯʸʪʦʤ īOīHïʛʨʫʧʧʳ[2] 

 

ʊʘʢ ʢʘʢ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʵʪʦ 

ʬʦʨʤʘ ʪʫʙʫʣʷʨʘ, ʪʦ ʧʨʠ ʨʘʩʯʸʪʝ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ  ῳὉ ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʟʘʢʨʫʯʠʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ, ῳὉ ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ 

ʟʘʢʨʫʯʠʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʜʚʘ ʬʘʢʪʦʨʘ Ὁïɻ ʥʝʨʛʠʷ 

ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  ʆʙʱʘʷ ʵʥʝʨʛʠʷ ʧʨʦʮʝʩʩʘ ʩʢʨʫʯʠʚʘʥʠʷ ʥʘ 

ʤʦʣʴ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1): 

ɻʜʝ  ὺ ï ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ [ʤʦʣʴ]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟ 

ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ὺ, ʟʥʘʷ ʤʘʩʩʫ m ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ”, ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ ʭʨʠʟʦʪʠʣʘ, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʩʣʦʸʚ ʯʝʨʝʟ 

ʦʙʲʸʤ. ɼʘʣʝʝ ʚʚʝʜʝʥʳ ʪʦʣʱʠʥʘ ʙʠʩʣʦʷ Ὠ. ɹʠʩʣʦʡ ʤʦʞʝʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʚ 
ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʜʣʠʥʝ ὒ, ʪʦʛʜʘ ʤʝʥʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʩʣʦʸʚ 

çʩʚʠʪʢʘè ʠ ʝʛʦ ʜʠʘʤʝʪʨ, ʘ ʪʘʢʞʝ ὒ ʜʣʠʥʘ ʩʚʠʪʢʘ; ὶ̃Ȣ̎  ʨʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʡ 

ʩʧʠʨʘʣʠ; „̃ Ȣ̎ȟ„̒ Ȣ̎ȟ„ȟ„ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʪʷʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ, 

ʚʥʝʰʥʝʡ(ʩʥʘʨʫʞʠ), ʪʦʨʮʝʚʦʡ ʠ ʢʨʘʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ; ὸ  ʰʘʛ ʩʧʠʨʘʣʠ, 

ʨʠʩʫʥʦʢ 2.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʦʧʨʷʞʝʥʠʝ ʜʚʫʭ ʨʘʟʤʝʨʥʦ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʩʣʦʸʚ 

 

 

ῳὉ
ρ

ὺ
ῳὉ ῳὉ Ὁ  

(1) 



   

  ʊʦʛʜʘ ʦʙʲʸʤ V ʥʘʥʦʪʫʙʫʣʷʨʘ ʙʫʜʝʪ, ʬʦʨʤʫʣʘ (2): 

 

ὠ ὒὒὨ (2) 

 

ʄʘʩʩʘ, ʧʦʣʫʯʘʝʪʩʷ, ʯʝʨʝʟ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʙʲʸʤʘ ʥʘ ʧʣʦʪʥʦʩʪʴ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ὺ ʚʳʨʘʞʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3), ʛʜʝ ὓï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ: 

 

ὺ
ὒὒὨ”

ὓ
 

(3) 

 

ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ 

ʟʘʢʨʫʯʝʥʥʦʛʦ (ʥʘʧʨʷʞʸʥʥʦʛʦ) Ὁͺ̋ Ȣ̑ ʠ ʧʣʦʩʢʦʛʦ Ὁͺ̐ Ȣ̌ ʩʦʩʪʦʷʥʠʷ ʩʣʦʸʚ 

ʬʦʨʤʫʣʘ (4): 

ῳὉ Ὁͺ̋ Ȣ̑ Ὁͺ̐ Ȣ̌ (4) 

 

ʕʥʝʨʛʠʷ ʫʧʨʫʛʦʩʪʠ Ὁ  ʠʟʦʛʥʫʪʦʡ ʧʣʘʩʪʠʥʳ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʦʨʤʫʣʳ 

ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5).  

 

Ὁ
Ὧ
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ὧ

Ὧ

ς

ρ

ὶ

ρ

ὶ
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ρςρ ‘
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ρ
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ρ
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(5) 

 

ɻʜʝ Ὧ ʞʸʩʪʢʦʩʪʴ ʥʘ ʠʟʛʠʙ [
̍
], ̒ ʢʨʠʚʠʟʥʘ ʙʠʩʣʦʷ [̍ ] ʥʘ ʧʦʣʦʚʠʥʝ 

ʪʦʣʱʠʥʳ Ὠ, ˫ ʤʦʜʫʣʴ ʖʥʛʘ[ʇʘ], ‘ ʢʦʵʬʬʠʮʠʝʥʪ ʇʘʫʩʩʦʥʘ, 

ὶ, ὶ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ [ʤ] ʤʝʭʘʥʠʯʝʩʢʠ ʥʝʥʘʧʨʷʞʸʥʥʦʛʦ ʠ ʥʘʧʨʷʞʸʥʥʦʛʦ 
ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3].  ɼʣʷ ʧʣʦʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʦʷ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʩʪʠ ʙʫʜʝʪ ʧʦ ʬʦʨʤʫʣʝ (6). 

 

Ὁͺ̐ Ȣ̌ ÌÉÍ
ᴼ

Ὧ

ς

ρ

ὶ

ρ

ὶ
 

(6) 

 

ʄʦʜʝʣʴ ʟʘʢʨʫʯʠʚʘʥʠʷ ʙʠʩʣʦʷ ʥʘʥʦʩʚʠʪʢʘ ʥʘʧʦʤʠʥʘʝʪ ʩʧʠʨʘʣʴ 

ɸʨʭʠʤʝʜʘ. ʊʦʛʜʘ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʨʘʜʠʫʩʘ ʩʧʠʨʘʣʠ ʟʘʢʨʫʯʠʚʘʥʠʷ ὶ• ὶ̃Ȣ̎ Ὢ• ʧʦ ʜʣʠʥʝ ὒ. ɼʣʷ 

ʟʘʢʨʫʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (7) ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʩʪʠ 

ʙʫʜʝʪ: 

 

Ὁͺ̋ Ȣ̑
Ὧ

ς
ὒ

ρ

ὶ•

ρ

ὶ
Ὢ ὶ •Ὠ• 

(7) 

 

ɻʜʝ ὶ•  ʧʝʨʝʤʝʥʥʳʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ὒ ʨʘʜʠʫʩ ɸʨʭʠʤʝʜʦʚʦʡ 

ʩʧʠʨʘʣʠ, ὲ  ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ, Ὢ ʧʦʩʪʦʷʥʥʘʷ ɸʨʭʠʤʝʜʦʚʦʡ 

ʩʧʠʨʘʣʠ,  Ὢ ὶ • ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʊʦʛʜʘ ʦʜʠʥ ʠʟ 

ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὒ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʫʣʝ (8)  



   

 

ὒ Ὢ ὶ •Ὠ• ὰ•Ὠ• 
(8) 

 

ɻʜʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʚʝʜʝʥʦ: ὰ• Ὢ ὶ̃Ȣ̎ Ὢ•  . ʀ ʬʦʨʤʫʣʘ 

(9) ʦʪʦʙʨʘʞʘʝʪ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʧʣʦʩʢʦʤ ʩʦʩʪʦʷʥʠʠ: 

 

Ὁͺ̐ Ȣ̌

Ὧ

ςὶ
ὒὒ 

(9) 

 

ɻʜʝ ὶ̃Ȣ̎ ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʩʚʠʪʢʘ ʥʘ ʩʝʨʝʜʠʥʝ ʪʦʣʱʠʥʳ, ʤ, ʘ  ὒ ʜʣʠʥʘ 

ʩʚʠʪʢʘ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ Ὁ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʫʤʤ ʵʥʝʨʛʠʡ ʚʩʝʭ ʪʠʧʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩʫʥʦʢ 2) ʩʪʨʫʢʪʫʨʳ (ʚʥʝʰʥʶʶ „̒ Ȣ̎, ʚʥʫʪʨʝʥʥʶʶ „̃ Ȣ̎, 

ʪʦʨʮʝʚʫʶ „ ʠ ʢʨʘʝʚʫʶ „) ʠ ʧʦʢʘʟʘʥʘ ʚ ʬʦʨʤʫʣʝ (10). 

 

Ὁ „̒ Ȣ̎Ὓ̒ Ȣ̎ „̃ Ȣ̎Ὓ̃ Ȣ̎ „Ὓ „Ὓ
„̒ Ȣ̎ὒȟ̒ Ȣ̎ὒ „̃ Ȣ̎ὒȟ̃ Ȣ̎ὒ ς„ὒὨ ς„ὒὨ 

(10) 

 

ʊʘʢʞʝ ʚʢʣʘʜ ʪʦʨʮʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʣ 

ʠ ʤʦʞʝʪ ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ (11): 

 

Ὁ „̒ Ȣ̎Ὓ̒ Ȣ̎ „̃ Ȣ̎Ὓ̃ Ȣ̎ „̒ Ȣ̎ὒȟ̒ Ȣ̎ὒ „̃ Ȣ̎ὒȟ̃ Ȣ̎ὒ (11) 

 

ɼʣʷ ʧʣʦʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʠʥʳ ʩʣʦʸʚ ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ ʩʦʚʧʘʜʘʶʪ: 

ὒ ὒȟ̒ Ȣ̎ ὒȟ̃ Ȣ̎ ɼʣʷ ʟʘʢʨʫʯʝʥʥʦʡ ʚ ʪʨʫʙʢʫ ʩʪʨʫʢʪʫʨʳ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ 
ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʢʨʫʯʠʚʘʥʠʷ (12 ʠ 13 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ): 

 

ὒȟ̒ Ȣ̎̋ͅ Ȣ̑ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ• Ὠ• ὰȟ̒ Ȣ̎Ὠ• 

ὰȟ̒ Ȣ̎ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ•  

 

 

(12) 

 

ὒȟ̃ Ȣ̎̋ͅ Ȣ̑ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ• Ὠ• ὰȟ̃ Ȣ̎Ὠ• 

ὰȟ̃ Ȣ̎ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ•  

 

 

 

(13) 

ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʨʘʟʥʦʩʪʴʶ 

ʟʘʢʨʫʯʝʥʥʦʛʦ Ὁͺ̋ Ȣ̑ ʠ ʧʣʦʩʢʦʛʦ Ὁͺ̐ Ȣ̌ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʫʣʘ (14): 

 

ῳὉ Ὁͺ̋ Ȣ̑ Ὁͺ̐ Ȣ̌ (14) 



   

 

ɽʩʣʠ ʙʠʩʣʦʡ ʥʝ ʩʢʨʫʯʝʥ ʚ ʪʨʫʙʢʫ ʠʣʠ ʚ ʩʣʫʯʘʝ ʟʘʢʨʫʯʝʥʥʦʡ 

ʦʜʥʦʩʣʦʡʥʦʡ ʪʨʫʙʢʠ, ʪʦ ʤʝʞʩʣʦʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʦʛʜʘ 

ʵʥʝʨʛʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ(15): 

 

Ὁͺ̋ Ȣ̑

πȟ    ὲ ρ

όὒ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ• Ὠ•

 

(15) 

 

ɻʜʝ ό  ʵʥʝʨʛʠʷ ʘʜʛʝʟʠʠ. ʉ ʫʯʸʪʦʤ   ʬʦʨʤʫʣ (4) ʠ (15), ʠ ʯʪʦ ʜʣʷ 

ʭʨʠʟʦʪʠʣʘ, ʜʘʞʝ ʫʧʨʦʱʸʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʜʚʘ ʩʣʦʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʝ 

ʫʩʣʦʚʠʝ ʚ ʬʦʨʤʫʣʝ (15) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʩʪʠ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʵʥʝʨʛʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫʜʝʪ 

(16): 
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ῳὉ ὒ „̒ Ȣ̎ ὰȟ̒ Ȣ̎Ὠ• ὒ „̃ Ȣ̎ὒ ὰȟ̃ Ȣ̎Ὠ•  

Ὁͺ̋ Ȣ̑ όὒ Ὢ ὶ̃Ȣ̎
Ὠ

ς
Ὢ• Ὠ• 

 

 

(17) 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʸʚ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʦʢʩʠʜʘ 

ʤʘʛʥʠʷ ʚ 2021 ʛʦʜʫ ʥʘ ʙʘʟʝ ʅʀʋ çʄʀʕʊè ʚ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʭʨʠʟʦʪʠʣïʘʩʙʝʩʪʘ, ʨʠʩʫʥʦʢ 3[4]. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʭʨʠʟʦʪʠʣʘ, ʅʀʃ ʈʄʊɸ ʄʀʕʊ 



   

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʣʷ ʫʛʣʦʚ 2ɗ: 12Á, 19Á, 24Á, 34Á, 36Á, 43Á, 51Á, 60Á, 72Á. ʇʦ ʟʥʘʯʝʥʠʶ ɗ 

ʥʘʭʦʜʠʣʦʩʴ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ d/n. ʇʝʨʚʳʡ ʧʠʢ ʩʦʦʪʚʝʩʪʚʫʝʪ 

ʤʝʞʩʣʦʝʚʦʡ ʜʠʬʨʘʢʮʠʠ. ʇʦʩʣʝʜʫʶʱʠʝ ʧʠʢʠ ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʤʘʛʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ 

Crystallographica SearchïMatch, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʚʫʭʩʣʦʡʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʠ ʧʦʜʦʙʠʝ ʩ ʤʥʦʛʦʩʪʝʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ.  

 

 
 

ʈʠʩʫʥʦʢ 4. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ Crystallographica SearchïMatch 

  

ʇʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʪʫʙʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʫ 

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʠʟʫʯʝʥʠʠ ʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʰʠʨʠʪʴ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʤʥʦʛʠʭ 

ʩʬʝʨʘʭ.  

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʜʦʣʛʦʚʝʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʨʦʛ ï ʘʩʬʘʣʴʪ ʩ 

ʚʦʣʦʢʥʘʤʠ ʭʨʠʟʦʪʠʣïʘʩʙʝʩʪʘ. ʂʦʤʧʦʟʠʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʨʠʟʦʪʠʣïʘʩʙʝʩʪʘ 

ʨʘʜʠʘʮʠʦʥʥʦïʫʩʪʦʡʯʠʚʳ. ɻʠʜʨʦʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʳ, 

ʢʘʢ ʤʘʪʨʠʮʳ ʜʣʷ ʨʦʩʪʘ ʥʘʥʦʧʨʦʚʦʣʦʢ, ʥʘʥʦʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ 

ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ, ʬʠʣʴʪʨʦʚ, ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ[5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʩʣʦʸʚ ʚ ʥʘʥʦʪʫʙʫʣʷʨ, ʘ ʪʘʢʞʝ ʥʘ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ. 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʥʝʚʤʦʫʜʘʨʥʦʝ ʙʫʨʝʥʠʝ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ "ʉʉɻʇʆ". ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʙʫʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʫʨʝʥʠʷ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʠ 

ʚʳʚʦʜʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʢʘʨʴʝʨʘʭ ɸʆ "ʉʉɻʇʆ". 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʩʥʠʞʝʥʠʝ ʜʠʘʤʝʪʨʘ, 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʝʪʦʜʳ ʙʫʨʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ. 

 

Abstract:  This work is devoted to the study of the economic efficiency of 

the transition to pneumatic impact drilling with a reduction in drilling diameter to 

200 mm at the quarries of JSC SSGPO. The paper discusses the basic principles 

and technologies of this drilling method, as well as a comparative analysis of the 

economic indicators of the use of this technology in comparison with traditional 

drilling methods. The influence of this method on the economic efficiency of the 

enterprise and possible ways to optimize the process are also considered. The 

results and conclusions of this study can be used to make informed decisions to 

improve production efficiency at the quarries of JSC SSGPO. 

 Keywords: drilling and blasting, diameter reduction, economic efficiency, 

drilling methods, process optimization.  

 

ʉʦʚʨʝʤʝʥʥʦʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ ʩʪʨʝʤʠʪʩʷ 

ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. ɺ ʵʪʦʤ 
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ʢʦʥʪʝʢʩʪʝ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ 

ʚʘʞʥʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʠʧʣʦʤʥʦʛʦ 

ʧʨʦʝʢʪʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʥʝʚʤʦʫʜʘʨʥʦʝ ʙʫʨʝʥʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʥʝʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʤʘʪʝʨʠʘʣʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʩʥʠʟʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ ʠ ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʝʨʝʭʦʜ ʥʘ 

ʧʥʝʚʤʦʫʜʘʨʥʦʝ ʙʫʨʝʥʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʟʘʩʣʫʞʠʚʘʝʪ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʥʝʚʤʦʫʜʘʨʥʦʝ ʙʫʨʝʥʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ, ʠʟʫʯʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 

200 ʤʤ, ʦʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʜʘʥʥʳʡ ʤʝʪʦʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʢʘʢ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʙʫʨʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʠ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʤʦʜʝʣʷʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʧrʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ʥʘ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʫʤʝʥʴʰʝʥʥʦʛʦ 

ʜʠʘʤʝʪʨʘ (200 ʤʤ) ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʨʴʝʨʝ ʵʢʦʥʦʤʠʯʥʳʭ ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ 

ʫʜʘʨʥʦïʚʨʘʱʘʪʝʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʬʠʨʤʳ Epiroc DM 45/50.  

DM45/50 ï ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʥʘ ʛʫʩʝʥʠʯʥʦʤ ʭʦʜʫ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʚʝʨʭʥʠʤ ʧʨʠʚʦʜʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʥʦʛʦʟʘʭʦʜʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʠʣʠ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ. ʆʥ ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʫʨʦʚʳʤʠ 

ʪʨʫʙʘʤʠ ʜʣʠʥʦʡ 9,1 ʤ ʠ ʦʩʥʘʱʝʥ ʩʪʘʥʜʘʨʪʥʦʡ ʢʘʨʫʩʝʣʴʶ ʥʘ 5 ʪʨʫʙ. ʉʪʘʥʦʢ 

ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ 53,3 ʤ ʧʨʠ ʤʥʦʛʦʟʘʭʦʜʥʦʤ ʙʫʨʝʥʠʠ ʩ 

ʫʯʝʪʦʤ ʩʪʘʨʪʦʚʦʡ ʪʨʫʙʳ. 

ʉʦʟʜʘʚʘʝʤʦʝ ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ ʫʩʠʣʠʝ ʧʦʜʘʯʠ ʜʦʩʪʠʛʘʝʪ 200 ʢʅ. 

ʇʨʠʚʦʜ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʄʦʱʥʳʡ ʩʪʘʥʦʢ ʜʣʷ 

ʙʫʨʝʥʠʷ ʧʥʝʚʤʦʫʜʘʨʥʠʢʦʤ ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 140ï

225 ʤʤ ʠ ʛʣʫʙʠʥʦʡ 8,4 ʤ ʧʨʠ ʦʜʥʦʟʘʭʦʜʥʦʤ ʙʫʨʝʥʠʠ ʠ 53,3 ʤ ʧʨʠ 

ʤʥʦʛʦʟʘʭʦʜʥʦʤ ʙʫʨʝʥʠʠ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ ʧʦʚʳʰʘʝʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 



   

ʩʪʘʥʢʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤrʤ ʨʦʩʪʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʪ.   

ʂʘʙʠʥʘ ʩʪʘʥʢʘ DM45/50 ʩ ʩʠʩʪʝʤʦʡ ʧʦʜʜʝʨʞʘʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʦʩʥʘʱʝʥʘ ʢʦʥʜʠʮʠʦʥʝʨʦʤ, ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʦʚʦʨʦʪʥʳʤ 

ʩʠʜʝʥʴʝʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʧʨʝʚʦʩʭʦʜʥʫʶ ʦʙʟʦʨʥʦʩʪʴ. 

ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʨʘʙʦʯʠʤʠ ʬʫʥʢʮʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʘʥʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʵʨʛʦʥʦʤʠʯʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʤʦʤʝʥʪʘʣʴʥʦ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʠʟ ʨʝʞʠʤʘ ʙʫʨʝʥʠʷ ʚ ʨʝʞʠʤ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʧʦʚrh ʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺʩʝ ʩʪʘʥʢʠ ʩʝʨʠʠ DM ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʳʝ 

ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʦʧʝʨʘʪʦʨʘʤ, ʟʥʘʢʦʤʳʤ ʩ 

ʧʦʜʦʙʥʳʤʠ ʩʪʘʥʢʘʤʠ. ʋʨʦʚʝʥʴ ʰʫʤʘ ʚ ʢʘʙʠʥʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 80 ʜɹɸ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʦʨʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ. 

ʇʨʦʜʫʤʘʥʥʳʡ ʜʠʟʘʡʥ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʩʝʨʠʠ DM ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʪʨʝʙʫʶʱʠʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʨʘʩʧʦʣʦʞʝʥʘ ʩʙʦʢʫ, ʘ 

ʟʥʘʯʠʪ, ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʥʝʡ ʥʝ ʥʫʞʥʦ ʚʟʙʠʨʘʪʴʩʷ ʥʘ ʢʨʳʰʫ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʩʤʘʟʢʠ ʫʧʨʦ ʘɦʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɼʣʷ ʧʦʚrh ʝʥʥʦʛʦ 

ʫʜʦʙʩʪʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʮʠʷ ʜʣʷ ʙʳʩʪʨʦʡ ʟʘʧʨʘʚʢʠ ʠ ʩʣʠʚʘ ʪʦʧʣʠʚʘ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ, ʦʭʣʘʞʜʘʶʱʝʡ ʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ 

ʙʳʩʪʨʦʩʲʝʤʥʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

ʉʪʘʥʦʢ DM45/50 ʦʩʥʘʱʝʥ ʤʥʦʞʝʩʪʚʦʤ ʬʫʥʢʮʠʡ, ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ. ɺ ʠʭ ʯʠʩʣʝ 

ʟʘʠɦʪʘ ʢʘʙʠʥʳ ʧʦ ʩʪʘʥʜʘʨʪʫ FOPS, ʙʝʟʦʧʘʩʥʳʝ ʩʪʝʢʣʘ, ʩʠʩʪʝʤʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʘʯʪʦʡ ʠ ʧʦʜʘʯʘ ʯʝʨʝʟ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʟʘʤʢʠ ʥʘ ʚʳʨʘʚʥʠʚʘʶʱʠʭ 

ʮʠʣʠʥʜʨʘʭ. ʉʪʘʥʢʠ ʪʘʢʞʝ ʦʩʥʘʱʝʥʳ ʟʘʱʠʪʥʳʤʠ ʢʦʞʫʭʘʤʠ ʥʘ 

ʚʨʘɦʘʶʱʠʭʩʷ ʜʝʪʘʣʷʭ ʠ ʩʠʩʪʝʤʦʡ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʶ. ɺ ʯʠʩʣʝ ʜʨʫʛʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʝ ʪʦʨʤʦʟʘ; ʧʦ ʟʘʢʘʟʫ 

ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʧʦʚrh ʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.      

ʋʜʘʨʥʦïʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʚʢʣʁʯʘʷ: 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ: ʵʪʦʪ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ 

ʧʨʦʜʚʠʞʝʥʠʝ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʯʝʨʝʟ ʛʨʫʥʪ ʠʣʠ ʧʦʨʦʜʫ ʙʣʘʛʦʜʘʨʷ 

ʢʦʤʙʠʥʘʮʠʠ ʫʜʘʨʥʦʡ ʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ: ʫʜʘʨʥʦïʚʨʘʱʘʪʝʣʴʥʦʝ 

ʙʫʨʝʥʠʝ ʤʦʞʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʨʫʥʪʦʚ ʠ ʧʦʨʦʜ, ʚʢʣʶʯʘʷ 

ʪʚʝʨʜʳʝ ʠ ʩʢʘʣʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ɻ ʬʬʝʢʪʠʚʥʳʤ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. 

ï ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʙʫʨʝʥʠʷ, ʫʜʘʨʥʦïʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʥʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʠ ʤʝʥʴʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʭʦʜʦʚ. 

ï ʛʠʙʢʦʩʪʴ ʠ ʤʦʙʠʣʴʥʦʩʪʴ: ʵʪʦʪ ʤʝʪʦʜ ʙʫʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 



   

ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʚʢʣʶʯʘʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʫ ʠ ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ï ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʨʥʦïʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʙʫʨʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʟʘʪʨʘʪʘʤ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ɺɺ ʧʨʠʥʠʤʘʝʤ ɻʨʘʥʫʣʠʪïʕ ï ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʥʘ 

ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʟʪʦʧʣʠʚʘ (ʂʚʚ = 1,12). ʉʦʩʪʘʚ 

ɺɺ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ɻʨʘʥʫʣʠʪʘ ʕ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʤʝʩʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ʚ ʢʘʨʴʝʨʝ, ʥʘ ʙʣʦʢʝ), ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ɺʄ 

ʧʝʨʩʦʥʘʣʘ. ʅʘʨʷʜʫ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʛʨʘʥʫʣʠʪʘ ʕ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ. ʇʨʦʚʝʜʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ɹɺʈ 

ʇʦʢʘʟʘʪʝʣʴ DM75 DM45/50 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ, ʤ/ʩʤ 
232 251 

ʊʝʭʥʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, ʤ/ʤʠʥ 
0,56 0,48 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʊʦ, 

ʤʠʥ 

1,79 2,08 

ɻʦʜʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ Qʛ, ʤ/ʛʦʜ 

134 560 145 580 

ɺʳʭʦʜ ʛʦʨʥʦʡ ʤʘʩʩʳ 

qʛʤ, ʤ
3/ʤ 

35 32 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ 

ʧʦʜʦʰʚʝ ʫʩʪʫʧʘ Wmin, ʤ 

10,2 10,2 

ʈʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʃʉʇʇ Wʨ, ʤ 
9,8 7,8 

ʉʝʪʢʘ ʩʢʚʘʞʠʥ 6*5 6*5 

ɼʣʠʥʘ ʩʢʚʘʞʠʥʳ 

Lʩʢʚ, ʤ 
22,4 22 

ɼʣʠʥʘ ʟʘʙʦʡʢʠ lʟ, ʤ 4 3 

ʄʘʩʩʘ ʟʘʨʷʜʘ ʚ 

ʩʢʚʘʞʠʥʝ 1ïʛʦ ʨʷʜʘ Qʚʚ, ʢʛ, 
1031 814 

 



   

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʄʘʩʩʘ ʟʘʨʷʜʘ ʚ 

ʩʢʚʘʞʠʥʝ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ 

Qʚʚ, ʢʛ, 

526 522 

 

ʈʘʩʯʝʪ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ 

ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ: DM75 ʠ DM45/50. 

ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʠʚʘʝʤʳʤ ʚʘʨʠʘʥʪʘʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʦʩʥʦʚʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʮʝʥʳ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, 

ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ, ʤʦʥʪʘʞ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ.  

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʚʘʨʠʘʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʜʝʣʴʥʦ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʚʝʜʝʥʥʳʝ 

ʟʘʪʨʘʪʳ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ 

DM75 3 414 123 760 ʪʥʛ. 

DM45/50 2 237 244 640 ʪʥʛ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʭʦʜʘ ʥʘ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ:  

ï ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭ ʞʝ ʨʘʙʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ;  

ï ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʭʦʜ ʥʘ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʙʫʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʭʦʜʦʚ; 

ï ʪʝʭʥʦʣʦʛʠʠ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʦʙʳʯʥʦ ʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʠʟʥʦʩʫ ʠ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʤʝʥʳ 

ʜʝʪʘʣʝʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ;  

ï ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʩʚʷʟʘʥʥʦʡ ʩ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʳʤ ʙʫʨʝʥʠʝʤ, ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʨʝʤʦʥʪʘ 

ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʜʦʭʦʜʘ ʠʟïʟʘ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ 

ʦʩʪʘʥʦʚʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ï ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʤʦʞʝʪ 

ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʜʣʷ ʨʘʙʦʯʠʭ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʰʫʤʘ, 

ʚʠʙʨʘʮʠʠ ʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʫʜʘʨʥʦ ï ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʦʙʦʩʥʦʚʘʥ ʩ 



   

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʥʝʚʤʦʫʜʘʨʥʦʝ ʙʫʨʝʥʠʝ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè.  

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʙʫʨʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʠʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʥʝʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʥʝʚʤʦʫʜʘʨʥʳʤ ʙʫʨʝʥʠʝʤ. 

ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʧʦʚrh ʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʢʘʨʴʝʨʘʭ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ 

ʙʫʨʝʥʠʷ ʜʦ 200 ʤʤ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʘ ʢ ʨʘʙʦʪʝ ʩ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

ɼʘʣɹʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʙʫʨʝʥʠʷ. 

ʀʪʘʢ, ʚʥʝʜʨʝʥʠʝ ʧʥʝʚʤʦʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʰʘʛʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ. 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ 

ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʩʢʣʘʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʳʝʤʦʯʥʦï

ʧʦʛʨʫʟʦʯʥʳʭ ʛʦʨʥʳʭ ʤʘʰʠʥ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʛʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. 

 

Abstract:  Study of methods for increasing the productivity of inïpit 

transfer warehouses using a combination of various excavation and loading 

mining machines in order to increase the economic efficiency of mining 

operations. 

Keywords: open pit, mining equipment, mining. 

 

ɺʚʝʜʝʥʠʝ: ʅʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦïʘʚʪʦʤʦʙʠʣʴʥʳʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʠʥʠʤʘʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʚʦʟʦʢ, ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʢʪʫʘʣʴʥʳʤ ʚʩʪʘʣ ʚʦʧʨʦʩ ʫʤʝʥʴʰʝʥʠʝ ʟʘʥʠʤʘʝʤʳʭ 

ʧʣʦʱʘʜʝʡ ʧʝʨʝʛʨʫʟʦʯʥʳʤʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʩʢʣʘʜʘʤʠ ʟʘ ʩʯʝʪ ʠʭ 

ʩʦʢʨʘʱʝʥʠʷ.  

ʅʦ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʝʚʦʟʦʢ ʩ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʠʚʝʜʝʪ ʪʘʢ 

ʞʝ ʢ ʩʥʠʞʝʥʠʶ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 

ʇʦʪʝʨʠ, ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʢʣʘʜʦʚ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʦʪʛʨʫʟʢʠ ʩ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʩʢʣʘʜʦʚ. ʋʩʪʘʥʦʚʢʘ ʜʚʫʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʘʨʝʥʥʳʭ ʩʢʣʘʜʦʚ [1]. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʢʣʘʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʠʪʤʠʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʘʥʠʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʨʦʩʪʦʠ ʢʘʨʴʝʨʘ ʠ 
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ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʢʣʘʜʳ, ʷʚʣʷʷʩʴ 

ʩʦʨʪʠʨʦʚʦʯʥʳʤʠ ʠ ʫʩʨʝʜʥʠʪʝʣʴʥʳʤʠ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʫʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʩʣʝʜʥʝʡ, ʥʘʧʨʘʚʣʷʝʤʦʡ ʥʘ ʦʙʦʛʘʱʝʥʠʝ ʚ ʨʝʞʠʤʝ ʫʩʨʝʜʥʝʥʠʷ. ʆʥʠ 

ʦʧʨʘʚʜʳʚʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʦʜʝʨʞʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ (ʵʢʩʢʘʚʘʪʦʨʦʚ, ʧʦʛʨʫʟʯʠʢʦʚ). ʇʨʠ 

ʩʢʣʘʜʠʨʦʚʘʥʠʠ ʨʫʜ 60ï70 % ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʩʪʦʝʚ ʢʘʨʴʝʨʘ ʠ ʬʘʙʨʠʢ ʠ 30ï40 % ï ʟʘ ʩʯʝʪ 

ʫʩʨʝʜʥʝʥʠʷ. ɿʘʪʨʘʪʳ ʥʘ ʧʝʨʝʛʨʫʟʢʫ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ [3]. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʦʟʴʤʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ 

(ʦʧʨʝʜʝʣʷʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ 

ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʤʳ ʩʤʦʞʝʤ ʥʘʡʪʠ ʚʨʝʤʷ ʦʙʤʝʥʘ, ʟʘʪʝʤ ʯʠʩʣʦ 

ʧʦʛʨʫʞʝʥʥʳʭ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ) [4]. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʧʫʥʢʪʦʚ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ, ʠʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʡ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʫʧʠʢʘ, ʪ.ʝ. 

 

Q ʩʤ=NĀQʣ.ʩ, ʤ3/ʩʤ                                           (1) 

 

ʛʜʝ    Qʩʤïʩʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇʇ, ʤ3/ʩʤ.; 

N ï ʯʠʩʣʦ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ, ʥʘʛʨʫʞʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʩʤʝʥʳ, ʰʪ.; 

Qʣ.ʩï ʦʙʲʝʤ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʤ3, ʧʨʠʤʝʤ 420 ʤ3; 

 

N=
Ͻ

̏̂̍
                                                    (2) 

 

ʛʜʝ ʊ ï ʚʨʝʤʷ ʩʤʝʥʳ (ʙʝʟ ʫʯʝʪʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ ï ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ), ʯʘʩ.; t ï ʚʨʝʤʷ ʦʙʤʝʥʘ ʧʦʝʟʜʦʚ, ʤʠʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʤʝʥʘ ʧʦʝʟʜʦʚ,  

 

tʦʙʤ=tʧʦʛʨ+tʛʨ+tʧʦʨ+Ŭ, ʤʠʥ                                   (3) 

  

ʛʜʝ  tʧʦʛʨ ï ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʦʜʥʦʛʦ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʤʠʥ; 

tʛʨ= tʧʦʨ ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʤ ʧʦ ʪʫʧʠʢʫ ʛʨʫʞʝʥʳʤ ʠ 

ʧʦʨʦʞʥʠʤ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ, ʪ.ʢ., ʨʘʩʩʪʦʷʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʤʠʥ.; 

Ŭ ï ʚʨʝʤʷ, ʫʯʠʪʳʚʘʶʱʝʝ ʧʨʦʩʪʦʠ ʥʘ ʦʙʤʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʘʚʥʦ 4 ʤʠʥ. 

 

tʛʨ= tʧʦʨ= ,  ʤʠʥ                                           (4) 

  

ʛʜʝ l ï ʜʣʠʥʥʘ ʪʫʧʠʢʘ, ʤ; 

V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʤ/c. 

 

tʛʨ=
̍

ȟ
̍

̒

ςȟχ ̍̉ ̎                                       (5) 



   

ʆʧʨʝʜʝʣʷʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʨʝʤʷ 

ʧʦʛʨʫʟʢʠ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʤʳ ʩʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʦʙʤʝʥʘ, ʟʘʪʝʤ 

ʯʠʩʣʦ ʧʦʛʨʫʞʝʥʥʳʭ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ, ʘ ʪʝʤ ʩʘʤʳʤ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ. 

ʉʚʝʜʝʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʟʥʳʤ ʚʠʜʘʤ ʚʳʝʤʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʢʦʥʯʘʥʠʶ ʨʘʩʯʸʪʦʚ ʚ ʪʘʙʣʠʮʫ ʠ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʅʘ ʢʘʨʴʝʨʘʭ ɸʆ çʉʉɻʇʆè ʥʘ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʧʫʥʢʪʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʕʂɻï10, Hitachi EXï3600, CAT 993ʂ ʬʨʦʥʪʘʣʴʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʛʨʫʟʯʠʢ ʩ ʦʙʲʝʤʦʤ ʢʦʚʰʘ 11 ʤ3, ʕʂɻï15. 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʠ ʜʣʷ ʨʘʙʦʪʳ ʜʚʫʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʦʜʥʦʤ 

(ʩʧʘʨʝʥʥʦʤ) ʩʢʣʘʜʝ. ʆʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʣʘʜʘ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʢʘʨʴʝʨʘʭ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ ʩʢʣʘʜʦʚ ʥʝ ʦʙʝʩʧʝʯʠʪ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʥʠʞʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʩʜʝʨʞʠʚʘʥʠʷ ʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʝʡ ʦʪʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʦʩʪʨʦ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ [6]. 

ʈʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ ʩ 

ʵʢʩʢʘʚʘʪʦʨʦʤ ʕʂɻ ï 10. 

ʈʘʩʯʝʪ ʪʨʘʥʩʧʦʨʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ  

 

tʧʦʛʨ=
Ȣ̌̒Ͻ̗

Ͻ ̋Ͻ
, ʤʠʥ                                           (6) 

 

ʛʜʝ ὠ̌Ȣ̒ ï ʝʤʢʦʩʪʴ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʤ3; 

ὸ̗ ï ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʵʢʩʢʘʚʘʪʦʨʘ; 

ὠ ̋ ï ʝʤʢʦʩʪʴ ʢʦʚʰʘ, ʤ3; 

–ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʢʘʚʘʮʠʠ. 

 

tʧʦʛʨ=
Ͻ Ȣ

Ͻ ϽȢȟ
συ ̍̉;̎ 

 

tʦʙʤ=35+2+2,7+4=43,7 ʤʠʥ; 

 

ʏʠʩʣʦ ʥʘʛʨʫʞʝʥʥʳʭ ʚ ʪʝʯʝʥʠʠ ʩʤʝʥʳ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ ʙʫʜʝʪ 

ʨʘʚʥʦ: 

 

N=
ᶻ

̏̂̍
, ʰʪ                                              (7) 

 

N=
Ͻ

ȟ
ω ̙ ;̓ 

 



   

ʋʤʥʦʞʠʚ ʝʤʢʦʩʪʴ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʦʚ ʥʘ ʠʭ ʯʠʩʣʦ, ʧʦʣʫʯʠʤ 

ʩʤʝʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʜʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʩʤʝʥ ʟʘ ʛʦʜ.  

ʇʨʠʥʠʤʘʷ ʟʘ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʪʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʘʙʦʪʝ ʙʝʟ ʫʯʝʪʘ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʦʩʪʦʝʚ (ʣʠʯʥʳʝ ʥʫʞʜʳ, ʚʨʝʤʷ ʧʝʨʝʩʤʝʥʳ, ʦʙʝʜ, ʟʘʧʨʘʚʢʘ 

ʪʦʧʣʠʚʦʤ, ʨʝʤʦʥʪʳ) ʦʥ ʙʫʜʝʪ ʜʣʷ ʕʂɻ ï 6930 ʯʘʩʦʚ ʚ ʛʦʜ. ʈʘʟʥʠʮʘ ʚ ʦʙʲʝʤʝ 

ʢʦʚʰʘ ʠʟʤʝʥʠʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʥʝʙʦʣʴʰʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʥʦ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʧʨʠʨʘʚʥʷʝʤ 6930 

ʯʘʩʦʚ, (630 ʩʤʝʥ), ʜʣʷ ʚʩʝʭ ʤʘʨʦʢ ʕʂɻ. ɼʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ 

ʢʦʣʝʩʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ 7430 ʯʘʩʦʚ ʚ ʛʦʜ , (675 ʩʤʝʥ). 

 

Qʛʦʜ=QʣʩĀNĀNʩʤ, ʤ
3/ʛʦʜ                                      (8) 

 

Qʛʦʜ=420 Ā630Ā 9= 2381400; 

 

ʛʜʝ N ï ʯʠʩʣʦ ʩʤʝʥ ʚ ʛʦʜʫ.  

 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ ʜʣʷ ʠʤʝʶʱʝʛʦʩʷ ʧʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ,  ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʤ ʚ 

ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 
1̄ ̏ȟ̅ 

̍/ʛʦʜ 

N, 

ʰʪ 
Ô̏̂,̍ 

ʤʠʥ 

6̌Ȣ̒, 
̍  

Ô̗, 

ʩ 

ὠ̋, 

̍  

ɖ Ô̄ ,̑ 

ʤʠʥ 

Ô̐̏̄̑, 

ʤʠʥ 

1 ʕʂɻ 10 2381400 9,6 43,7 420 26 10 0,6 2,7 35 

2 ʕʂɻ 15 3646329 13,8 30,48 420 28 15 0,6 2,7 21,78 

3 Hitachi EX 

3600 

3900359 13,8 30,53 420 29 15,5 0,6 2,7 21,83 

4 CAT 993K 2598578 9,2 45,82 420 35 11 0,6 2,7 37,12 

 

ʇʦʛʨʫʟʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʜʚʫʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʦʜʥʦʤ ʩʢʣʘʜʝ 

(ʩʧʘʨʝʥʥʳʝ ʩʢʣʘʜʳ) [5]. 

ɸʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʥʘ ʤʝʩʪʘʭ, ʷʚʠʣʩʷ 

ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʧʦ ʜʦʙʳʯʝ ʨʫʜʳ. ʇʝʨʚʦʝ, ʥʘ ʯʪʦ ʙʳʣʦ 

ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ, ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʢʨʳʰʠ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ 

ʚ ʦʪʨʘʙʦʪʢʫ ʧʣʦʱʘʜʝʡ ʧʦʜ ʧʝʨʝʛʨʫʟʦʯʥʳʤʠ ʩʢʣʘʜʘʤʠ, ʨʘʥʝʝ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʥʘ ʵʪʠʭ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ. 

ʆʜʥʘʢʦ, ʧʦʣʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʝ ʧʨʠʚʝʜʝʪ ʢ 

ʞʝʣʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʊʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 



   

ʇʝʨʝʛʨʫʟʦʯʥʳʝ ʧʫʥʢʪʳ ï ʯʘʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʝʨʝʚʦʟʦʢ ʦʪ ʢʦʪʦʨʦʡ 

ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝ ʫʡʪʠ. ʋʜʦʨʦʞʘʥʠʝ ʮʝʥ ʥʘ ʞʝʣʝʟʥʳʝ ʨʫʜʳ, ʚʦʟʤʦʞʥʦ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʭʦʜʫ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ [2].  

ʆʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ï ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʡ 

ʩʢʣʘʜ, ʦʪʚʝʯʘʶʱʠʡ ʧʦʪʨʝʙʥʦʩʪʷʤ ʜʦʙʳʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʉʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʦʛʨʫʟʢʠ ʫʚʝʣʠʯʠʪ ʦʪʛʨʫʞʘʝʤʳʝ ʦʙʲʝʤʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʢʣʘʜʘ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 1ïʛʦ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʚʘʨʠʘʥʪ ʦʛʨʘʥʠʯʝʥ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ 

ʢʦʚʰʘ ʢ ʩʦʩʫʜʘʤ.  

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣ ï ʩʧʘʨʝʥʥʳʡ ʩʢʣʘʜ. ʉʢʣʘʜ ʩ ʫʩʪʘʥʦʚʢʦʡ 

ʜʚʫʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʦʜʥʦʤ ʩʢʣʘʜʝ ʩ ʧʦʛʨʫʟʢʦʡ ʥʘ ʦʜʠʥ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʫʧʠʢ.  

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʧʘʨʝʥʥʦʛʦ ʩʢʣʘʜʘ: 

ï ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʧʦʛʨʫʟʢʦʡ ʥʘ ʦʜʠʥ ʪʫʧʠʢ; 

ï ʨʝʟʝʨʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ ʨʝʤʦʥʪʘʭ; 

ï ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʩʢʣʘʜʘ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʟʦʥ ʨʘʟʛʨʫʟʢʠ (ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʧʦ 
ʧʨʠʝʤʫ ʠ ʦʪʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ). 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ çʩʧʘʨʝʥʥʳʭ ʩʢʣʘʜʦʚè ʧʨʦʠʟʚʝʜʝʤ 

ʨʘʩʯʸʪʳ ʘʥʘʣʦʛʠʯʥʦ.   

ɺʳʧʦʣʥʠʤ ʜʘʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ çʩʦʝʜʠʥʝʥʠʷè ʨʘʟʥʳʭ 

ʤʘʨʦʢ ʵʢʩʢʘʚʘʪʦʨʦʚ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʛʨʫʟʢʠ ʦʜʥʦʛʦ ʧʦʨʦʞʥʷʢʘ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʢʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʨʘʟʥʳʭ 

ʟʦʥʘʭ ʩʢʣʘʜʘ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ʧʦʨʦʞʥʷʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʘ ʠʟ ï ʟʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʮʝʥʪʨʘ ʧʦʨʦʞʥʷʢʘ 

ʠ ʫʩʪʘʥʦʚʢʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ. ʇʦʪɻʦʤʫ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʧʦʛʨʫʟʢʝ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʛʦʥʦʚ 

ʚ ʩʤʝʥʫ ʧʨʠʤʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʘʨʠʘʥʪ ʧʦʛʨʫʟʢʠ ʰʝʩʪʠ ʚʘʛʦʥʦʚ ʜʚʫʤʷ ʵʢʩʢʘʚʘʪʦʨʘʤʠ, ʧʨʠ ʫʩʪʘʥʦʚʢʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʟʦʥʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, 

ʢʘʞʜʳʡ ʩʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʧʦʛʨʫʟʢʫ ʰʝʩʪʠ ʜʫʤʧʢʘʨʦʚ ʨʠʩʫʥʦʢ 1. 

 



   

 
 

ʈʠʩʫʥʦʢ 1ï ɺʥʫʪʨʠʢʘʨʴʝʨʥʳʡ ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʩʢʣʘʜ 

 

ʕʂɻ 10 ʩʦʛʣʘʩʥʦ ʧʨʝʜʦʩʪʚʘʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ tʮ=26 ʩ. 

ʕʂɻ 15 tʮ=28 ʩ. 

ʈʘʩʩʯʝʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʦʛʨʫʟʢʠ ʜʚʫʤʷ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʦʜʥʦʛʦ 

ʧʦʨʦʞʥʷʢʘ, ʧʦʣʥʳʡ ʧʦʝʟʜ ʙʫʜʝʪ ʧʦʨʷʜʢʘ 420 ʤ3, ʢʘʞʜʳʡ ʵʢʩʢʘʚʘʪʦʨ 

ʧʨʦʠʟʚʝʜʝʪ ʧʦʛʨʫʟʢʫ ʧʦʣʦʚʠʥʳ ʜʫʤʧʢʘʨʦʚ ʩʦʩʪʘʚʘ 210 ʤ3, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ ʧʦʛʨʫʟʢʠ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʝʤ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʛʨʫʟʢʠ ʦʙʦʠʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ, ʪʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʕɻʂ 15 ʙʳʩʪʨʝʝ 

ʧʨʦʠʟʚʝʜʝʪ ʧʦʛʨʫʟʢʫ ʩʚʦʝʡ ʯʘʩʪʠ ʦʙʤʦʪʦʨʝʥʥʳʭ ʜʫʤʧʢʘʨʦʚ, ʪʦ ʧʨʦʜʦʣʞʠʪ 

ʧʦʛʨʫʟʢʫ ʯʘʩʪʠ ʕʂɻ 10, ʥʦ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʚʘʛʦʥʘ: 

 

t10+15=
̐̏̄̑ ̐̏̄̑

                                         (9) 

 

tʧʦʛʨ10=
Ȣ̌̒Ͻ̗

Ͻ ̋Ͻ
                                                   (10) 

 

tʧʦʛʨ15=
Ȣ̌̒Ͻ̗

Ͻ ̋Ͻ
                                                   (11) 

 

tʧʦʛʨ10=
Ͻ

Ͻ Ͻȟ
=15,6; 

 

tʧʦʛʨ15=
Ͻ

Ͻ Ͻȟ
=10,88; 

 

t10+15= 
ȟ ȟ

=13,24; 

  

ʛʜʝ t10+15 ï ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʜʚʫʤʷ ʵʢʩʢʘʚʘʪʦʨʘʤʠ; 



   

tʧʦʛʨ10 ï ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʦʜʥʠʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʕʂɻ 10; 

tʧʦʛʨ15 ï ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʦʜʥʠʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʕʂɻ 15; 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩʢʦʨʨʝʢʪʠʨʫʝʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 0,75 ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʭʦʜʠʪʴ (ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʘʯʠ ʣʦʢʦʤʦʪʠʚʦʩʦʩʪʘʚʘ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʙʨʠʛʘʜʘʤʠ ʵʢʩʢʘʚʘʪʦʨʦʚ). 

ɺʘʨʠʘʥʪ ʩ ʧʦʛʨʫʟʢʦʡ ʪʨʝʭ ʠ ʜʝʚʷʪʠ ʜʫʤʧʢʘʨʦʚ ʜʚʫʤʷ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʚ 

ʨʘʟʥʳʭ ʟʦʥʘʭ. ʊʘʢ ʞʝ ʚʘʨʠʘʥʪ ʜʣʷ ʚʦʩʴʤʠ ʠ ʯʝʪʳʨʝʭ ʚʘʛʦʥʦʚ. ʏʪʦ ʙʳ ʥʝ 

ʧʨʠʭʦʜʠʪʴ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥʠ ʧʦʛʨʫʟʢʠ ʧʦ ʥʘʠʤʝʥʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤʫ ʵʢʩʢʘʚʘʪʦʨʫ ʧʨʠʤʝʤ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʝ, ʧʦʩʣʝ 

ʧʦʛʨʫʟʢʠ ʦʪʚʝʜʸʥʥʳʭ ʦʜʥʦʤʫ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤʫ ʵʢʩʢʘʚʘʪʦʨʫ 

ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʫʤʧʢʘʨʦʚ ʜʣʷ ʧʦʛʨʫʟʢʠ, ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʧʦʛʨʫʟʢʫ ʜʦ 

ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ ʚʩʝʛʦ ʧʦʝʟʜʘ, ʩ ʫʯʝʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʧʨʠʤʝʥʷʝʤʳʭ ʬʦʨʤʫʣ ʩʚʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʟʤʝʩʪʠʤ 

ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 
1̄ ̏̅, 

̍/ʛʦʜ 

N, 

ʰʪ 
Ô̏̂,̍ 

ʤʠʥ 

6̌Ȣ̒,̍  6̋,̍  ɖ Ô̄ ,̑ 

ʤʠʥ 

Ô̐̏̄̑, 

ʤʠʥ 

1 ʕʂɻ 10 

ʕʂɻ 15 

5083427 19,2 24,98 420 10 0,6 2,7 16,28 

2 ʕʂɻ 10 ɽʍ 

3600 

5443112 19,2 25,00 424200 15 0,6 2,7 16,30 

3 Hittachi EX 

3600 

ʕʂɻ 15 

6094919 21,5 22,33 420 15,5 0,6 2,7 13,63 

4 ʉɸʊ 993ʂ 

ʕʂɻ 10 

4569579 16,1 29,78  11 0,6 2,7 21,08 

 

ʇʦʢʘʟʘʪʝʣʠ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʤʝʪʥʦ ʚʳʨʦʩʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʜʠʥʠʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʩʢʣʘʜʳ, ʪʘʙʣʠʮʘ 4. 

 

ʊʘʙʣʠʮʘ  4 ï ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  

 ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 
1̄ ̏̅, 

̍/ʛʦʜ 

ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 
1̄ ̏̅, 

̍/ʛʦʜ 

ʇʨʠʨʦʩʪ 

ʚ ʦʙʲʝʤʘʭ 

ʩʦʩʪʘʚʠʪ 

1 ʕʂɻ 10 2381400 ʕʂɻ 10 

ʕʂɻ 15 

5083427 27022027 

2 ʕʂɻ 15 3646329 ʕʂɻ 10 

EX 3600 

5443112 1796783 

  



   

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

3 Hittachi EX 

3600 

3900359 Hittachi EX 

3600 

ʕʂɻ 15 

6094919 2194560 

4 ʉɸʊ 993ʂ 2598578 ʉɸʊ 993ʂ 

ʕʂɻ 10 

4569579 1971001 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʸʪʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʢʩʢʘʚʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʘ ʚʥʫʪʨʠʢʘʨʴʝʨʥʦʤ ʩʢʣʘʜʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʤʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʦʩʪ ʦʪʛʨʫʞʘʝʤʳʭ ʦʙʲʝʤʦʚ ʚʳʨʦʩ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʦʩʪʘʥʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʙʫʜʝʪ ʣʠ 

ʨʘʟʤʝʱʝʥʠʝ ʜʚʫʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ. ʂʘʢʦʡ ʜʝʥʝʞʥʳʡ 

ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʪ ʜʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ. 

ʈʘʩʯʸʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʢʘʚʘʪʦʨʦʚ, 

(ʧʦʛʨʫʟʢʘ ʚʩʢʨʳʰʠ ʠʟ ʟʘʙʦʷ ʥʘ ʞ.ʜ. ʪʨʘʥʩʧʦʨʪ). ɺʥʝʜʨʝʥʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʕʂɻï10 ʠ ʕʂɻï15 ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤʳ ʧʦʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʟ 

ʟʘʙʦʷ ʥʘ ʞ.ʜ. ʪʨʘʥʩʧʦʨʪ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʸʤʢʦʩʪʠ ʢʦʚʰʘ, ʪʝʤ ʩʘʤʳʤ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʛʨʫʟʢʫ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʩʢʨʳʰʠ [7]. 

1. ʉʨʝʜʥʝʩʤʝʥʥʘʷ ʥʦʨʤʘ ʚʳʨʘʙʦʪʢʠ ʵʢʩʢʘʚʘʪʦʨʘ ʥʘ ʧʦʛʨʫʟʢʝ 

ʚʩʢʨʳʰʠ ʩʦ ʩʢʣʘʜʘ ʥʘ ʞ.ʜ. ʪʨʘʥʩʧʦʨʪ: 

ɼʣʷ ʨʘʩʯʸʪʦʚ ʧʨʠʤʝʤ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʥʘʩ ʚʘʨʠʘʥʪ ʩʨʘʚʥʝʥʠʷ, 

ʟʘ ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʧʨʠʤʝʤ ʵʢʩʢʘʚʘʪʦʨ ʕʂɻ 10, ʚʥʝʜʨʷʝʤʳʡ ʚʘʨʠʘʥʪ ʩʧʘʨʢʘ    

ʕʂɻ 10 ʠ ʕʂɻ 15. 

ï ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʰʠʥʦʩʤʝʥ ʥʘ ʦʩʥʦʚʥʦʡ ʨʘʙʦʪʝ ʚ 
ʤʝʩʷʮ ʵʢʩʢʘʚʘʪʦʨʦʤ ʕʂɻ 10 ʩʦʩʪʘʚʠʪ ï 45 ʩʤʝʥ (ʫʯʠʪʳʚʘʷ ʥʝʧʣʘʥʠʨʫʝʤʳʝ 

ʧʨʦʩʪʦʠ); 

ï ɺʥʝʜʨʷʝʤʳʡ ʚʘʨʠʘʥʪ (ʜʚʘ ʵʢʩʢʘʚʘʪʦʨʘ): 89 ʩʤʝʥ, ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ 
ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʚ 0,75. 

ʆʙʲʸʤʳ ʧʦʛʨʫʟʢʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʟʘ ʤʝʩʷʮ: 

ʕʂɻ 10  

 

ὗ̍ ̆̒
̄̏̅

̍̆̒
                                                   (12) 

 

ὗ̍ ̆̒ =198450 ʤ3; 

 

ὗ̄ ̏ï̅ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʦʪʛʨʫʞʘʝʤʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩʦ ʩʢʣʘʜʘ; 

Nʤʝʩ ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ; 

ʕʂɻ10 +ʕʂɻ 15  

 

ὗ̍ ̆ ̒ τυωπππ ̍ ; 

 



   

ʈʘʟʥʠʮʘ ʚ ʦʙʲʝʤʘʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ (ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ): 

 

Qʵʬ=ὗ̍ ̆ ̒ɀὗ̍ ̆ ̒                                              (13) 

 

Qʵʬ=459000ï198450= 260550 ʤ3; 

 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ 1 ʤ3 ʵʢʩʢʘʚʘʮʠʠ ʧʦ ʧʦʛʨʫʟʢʝ ʚʩʢʨʳʰʠ ʥʘ ʞ.ʜ. 

ʪʨʘʥʩʧʦʨʪ (ʬʘʢʪ ʟʘ 3 ʤʝʩʷʮʘ) ʩʦʩʪʘʚʠʣʘ ʉ1=85, 98 ʪʝʥʛʝ. 

ʈʘʩʯʸʪʥʘʷ ʜʦʣʷ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʵʢʩʢʘʚʘʮʠʠ ʨʘʩʯʝʪʳ ʧʦ ʨʫʜʦʫʧʨʘʚʣʝʥʠʶ ʟʘ ʨʘʩʯʝʪʥʳʡ ʛʦʜ ʩʦʩʪʘʚʠʣʠ 

Ŭ=0,654 ʝʜ. 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ ʧʦʛʨʫʟʢʠ ʚʩʢʨʳʰʠ ʠʟ ʟʘʙʦʷ ʥʘ ʞ.ʜ. ʪʨʘʥʩʧʦʨʪ: 

 

ʉFC= QʵʬĀŬĀ ʉ1                                               (14) 

 

ʉFC=260550Ā0,654Ā85,98=14651 ʪ.ʪʥʛ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʫʶ ʯʘʩʪʴ ʦʪ 

ʵʢʩʢʘʚʘʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩʦ ʩʢʣʘʜʘ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʜʠʥʠʮʳ 

ʵʢʩʢʘʚʘʪʦʨʘ ʥʘ ʩʢʣʘʜʝ: 

 

CDZ=C15ĀŬ                                                 (15) 

 

CDZ=10537Ā0,654=6891 ʪ.ʪʥʛ 

 

C15 ï ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʟʘ ʷʥʚʘʨʴ ʤʝʩʷʮ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʘ ʧʦ 

ʵʢʩʢʘʚʘʪʦʨʫ ʕʂɻ 15; 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʫʶ ʯʘʩʪʴ ʦʪ ʵʢʩʢʘʚʘʮʠʠ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʩʦ ʩʢʣʘʜʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ:  

 

ʉLZ= ʉFCï CDZ                                              (16) 

 

ʉLZ=14651ï6891=7759 ʪ.ʪʥʛ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʛʨʫʟʦʦʙʦʨʦʪʘ ʦʪ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʛʨʫʟʢʠ: 

 

Qt= QʵʬĀ Rʧʣ Ā Qʚʩʢʨ                                        (17) 

 

Qt=260550Ā1,86Ā9,1=4410 ʪ.ʪʥʢʤ 

 

Qʚʩʢʨ ï ʧʣʘʥʦʚʳʡ ʦʙʲʝʤ, ʚʝʩ ʨʳʭʣʦʡ ʚʩʢʨʳʰʠ ʟʘ ʨʘʩʯʸʪʥʳʡ ʛʦʜ; 

Rʧʣ ï ʧʣʘʥʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘ ʨʘʩʯʝʪʥʳʡ ʛʦʜ; 



   

ʉʝʙʝʩʪʦʠʤʦʩʪʴ 1 ʪʢʤ ʧʝʨʝʚʦʟʦʢ ʞ.ʜ. ʪʨʘʥʩʧʦʨʪʦʤ ʟʘ ʨʘʩʯʝʪʥʳʡ ʛʦʜ 

ʉʪʢʤ=11989 ʪʥʛ. 

ʈʘʩʯʸʪʥʘʷ ʜʦʣʷ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʝʨʝʚʦʟʦʢ ʉʫʧʨ = 0,697 ʝʜ. 

ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʩʣʦʚʥʦïʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ ʛʨʫʟʦʦʙʦʨʦʪʘ ʉʛʨʫʟ; 

 

                                            ʉʛʨʫʟ= ʉLZĀ ʉʪʢʤĀ ʉʫʧʨ                                        (18) 

 

ʉʛʨʫʟ=7759Ā11989Ā0,697=37261ʪʳʩ.ʪʥʛ 

 

ʀʪʦʛʦ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ: 

 

ʉmax= ʉʛʨʫʟ+ ʉLZ                                             (19) 

 

ʉmax=37261+7759=45020 ʪʳʩ.ʪʥʛ 

 

ɺʳʚʦʜʳ: ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʩʧʘʨʝʥʥʦʛʦ ʩʢʣʘʜʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʥʦʜʦʙʳʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʯʘʩʪʴ ʧʨʦʝʢʪʘ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʥʳʭ ʨʫʜ ʪʠʧʘ ʉʦʨʩʢʦʛʦ. ʅʘ 

ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʝʢʪʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʫʙʠʥʘ ʠ ʛʨʘʥʠʮʳ 

ʢʘʨʴʝʨʘ, ʧʦʜʩʯʠʪʘʥʳ ʟʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʦʙʲʸʤʳ ʚʩʢʨʳʰʥʳʭ 

ʧʦʨʦʜ ʚ ʢʦʥʪʫʨʝ ʢʘʨʴʝʨʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʦʩʥʦʚʥʦʛʦ ʛʦʨʥʦï

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʦʨʩʢʦʛʦ ʢʘʨʴʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʧʨʦʝʢʪ, ʛʨʘʥʠʮʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ, 

ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ. 

 

Abstract:  The report contains the technological part of the project of openï

pit mining of iron ore deposits of the Sorsky type. Based on geological data, the 

project has established the depth and boundaries of the quarry, calculated mineral 

reserves and volumes of overburden in the contour of the quarry. The main mining 

and transport equipment of the Sorsky quarry is being selected. 

Keywords: quarry, project, boundaries, stripping coefficient, development 

system. 

 

ɺʚʝʜʝʥʠʝ: ʄʠʥʝʨʘʣʴʥʦïʩʳʨʴʝʚʘʷ ʙʘʟʘ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʯʘʩʪʠʯʥʳʤ ʠʩʪʦʱʝʥʠʝʤ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʪʦ ʫʞʝ ʩʝʡʯʘʩ 

ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʚʦʝʥʠʷ ʩʨʝʜʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʙʝʜʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʦʚʣʝʯʝʥʠʷ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ, ʜʦʨʘʙʦʪʢʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʟʘʙʘʣʘʥʩʦʚʳʭ ʠ ʧʦʪʝʨʷʥʥʳʭ 

ʟʘʧʘʩʦʚ ʥʘ ʨʘʥʝʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʢʘʞʜʦʝ ʚʦʚʣʝʢʘʝʤʦʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʠʷ 

ʩʧʦʩʦʙʘ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʉʦʨʩʢʦʝ 

ʞʝʣʝʟʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ: ʂʘʨʴʝʨ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʪʝʣʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʤʝʨʝ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɻʣʫʙʠʥʘ 

ʢʘʨʴʝʨʘ, ʝʛʦ ʢʦʥʪʫʨʳ ʠ ʦʙʲʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʈʘʙʦʯʘʷ ʟʦʥʘ ʢʘʨʴʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʩʧʦʩʦʙʦʤ ʚʩʢʨʳʪʠʷ, ʠ 
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ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ, 

ʠʟʤʝʥʝʥʠʝ ʝʝ ʨʘʟʤʝʨʦʚ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʨʥʳʭ ʛʨʘʥʠʮ ʢʘʨʴʝʨʘ ʧʦ ʨʘʟʨʝʟʫ VI ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ 10 ʚʘʨʠʘʥʪʦʚ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʝʯʥʦʡ 

ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ, ʜʣʷ ʨʘʟʨʝʟʘ VI ʧʦ ʩʨʝʜʥʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʩʢʨʳʰʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʘʩʯʝʪ ʂʩʨ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ ʜʣʷ ʨʘʟʨʝʟʘ   

VI ʧʦ ʩʨʝʜʥʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʩʢʨʳʰʠ 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʢʨʳʰʠ 
ʂʦʥʝʯʥʘʷ ʛʣʫʙʠʥʘ 

ʢʘʨʴʝʨʘ 

ʇʦʢʘʟʘʪʝʣʠ 

ʈʫʜʘ, ʤ3 ɺʩʢʨʳʰʘ, ʤ3 ʂʩʨ, ʤ
3/ʤ3 

70 636 10396 16,35 

80 1128 11468 10,17 

90 1812 12480 6,89 

100 2644 13564 5,13 

110 3544 14680 4,14 

120 4492 15972 3,56 

130 5520 17308 3,14 

140 6716 18568 2,76 

150 8016 19968 2,49 

160 9368 21484 2,29 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1 ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʘ 160 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʠʥʝ 

ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʝʯʥʦʡ 

ʛʣʫʙʠʥʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʢʦʥʝʯʥʘʷ 

ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʘ ʥʘ ʨʘʟʨʝʟʝ VI ʨʘʚʥʘʷ 160 ʤʝʪʨʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʪʩʪʨʘʠʚʘʝʪʩʷ ʧʣʘʥ 

ʢʘʨʴʝʨʘ ʥʘ ʢʦʥʝʮ ʦʪʨʘʙʦʪʢʠ, ʨʠʩʫʥʦʢ 3. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʨʴʝʨʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

  



   

ʊʘʙʣʠʮʘ 2 ï ʃʠʥʝʡʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʨʴʝʨʘ 

ʇʘʨʘʤʝʪʨʳ ɿʥʘʯʝʥʠʷ 

ɻʣʫʙʠʥʘ, ʤ 220 

ɼʣʠʥʘ, ʤ 

ï ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ï ʧʦ ʜʥʫ 
1050 

75 

ʐʠʨʠʥʘ, ʤ 

ï ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ï ʧʦ ʜʥʫ 

 

600 

60 

ʇʣʦʱʘʜʴ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ, ʢʤ2 1,86 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʨʴʝʨʘ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʚ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʈɿʂ ʠ ʥʘʠʣʫʯʰʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 

ʦʙʲʝʤʦʚ ʚʩʢʨʳʰʠ ʠ ʨʫʜʳ ʚ ʢʦʥʪʫʨʝ ʢʘʨʴʝʨʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʚʳʧʦʣʥʝʥ ʛʦʨʥʦï

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʨʴʝʨʘ, ʪ.ʝ. ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʚʩʢʨʳʰʠ 

ʠ ʨʫʜʳ ʦʪ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ, ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʪ.ʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʦʨʥʦïʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʜʥʘ ʢʘʨʴʝʨʘ 

ʥʘ ʢʘʞʜʳʡ ʥʠʞʝʩʣʝʜʫʶʱʠʡ ʛʦʨʠʟʦʥʪ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʢʘʨʴʝʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʫʛʣʘʤʠ ʦʪʢʦʩʘ ʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʯʠʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʅʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʪʨʘʝʢʪʦʨʠʠ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʫʛʣʫʙʢʠ ʥʘ ʩʤʝʞʥʳʭ ʨʘʟʨʝʟʘʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʢʘʨʴʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʨʦʚʥʠʪʴ ʦʩʴ ʨʘʟʨʝʟʥʦʡ ʪʨʘʥʰʝʠ ʚ ʧʣʘʥʝ ʠ ʥʘ ʨʘʟʨʝʟʝ.  

ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʳʙʠʨʘʣʩʷ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ. 

ʊʝʭʥʠʢʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʛʦʨʥʦïʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʚʳʝʤʦʯʥʦʛʦ 

ʠ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥ 

ʩʣʘʙʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʝʜʸʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʧʨʠʸʤʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʧʦʜʩʪʘʥʮʠʡ, ʃʕʇ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʝʨʝʩʪʨʦʡʢʫ ʃʕʇ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʟʨʳʚʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

 

  



   

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʣʘʥ ʢʘʨʴʝʨʘ ʥʘ ʢʦʥʝʮ ʦʪʨʘʙʦʪʢʠ 

 

ɺʳʙʦʨ ʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʵʢʩʢʘʚʘʮʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʨʮʦʚʳʤ ʟʘʙʦʝʤ ʠ ʥʦʨʤʘʣʴʥʦʡ ʪʫʧʠʢʦʚʦʡ ʟʘʭʦʜʢʦʡ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʥʦʤʫ ʟʘʜʘʥʠʶ ʦʪʨʘʙʦʪʢʘ ʩʢʘʣʴʥʳʭ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ, ʨʳʭʣʦʡ ʚʩʢʨʳʰʠ ʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʢʘʚʘʪʦʨʘ HITACHI EX 2500ï5D (ɽ ï ʝʤʢʦʩʪʴ ʢʦʚʰʘ ʚʳʝʤʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ ʧʦʛʨʫʟʢʝ ʨʫʜʳ ɽ=11 ʤ3, ʧʨʠ ʧʦʛʨʫʟʢʠ ʨʳʭʣʦʡ ʠ ʩʢʘʣʴʥʦʡ 

ʚʩʢʨʳʰʠ ɽ=15 ʤ3). 

ʇʨʦʝʢʪʥʳʤ ʨʘʩʯʝʪʦʤ ʧʨʠʥʠʤʘʝʪʩʷ 4 ʵʢʩʢʘʚʘʪʦʨʘ HITACHI EX 2500ï

5D, ʠʟ ʥʠʭ 2 ʥʘ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪʘʭ ʠ 2 ʥʘ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪʘʭ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ: ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʥʦʤʫ ʟʘʜʘʥʠʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʈʘʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʩʘʤʦʩʚʘʣʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ, 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʛʦʨʥʦïʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʘʨʴʝʨʝ. 

ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʬʘʢʪʦʨʦʚ: 

ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʛʨʫʟʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʩʧʦʩʦʙʘ ʧʦʛʨʫʟʢʠ 

ʛʦʨʥʦʡ ʤʘʩʩʳ, ʤʦʜʝʣʠ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʝʤʢʦʩʪʠ ʝʛʦ ʢʦʚʰʘ, ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ, 

ʢʨʝʧʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʳʭʣʝʥʠʷ ʧʦʨʦʜʳ ʚ ʟʘʙʦʝ, ʩʭʝʤʳ 

ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʚʦʨʦʪʦʚ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʨʠ ʧʦʛʨʫʟʢʝ ʠ ʨʘʟʛʨʫʟʢʝ, ʜʘʣʴʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʢʘʯʝʩʪʚʘ ʜʦʨʦʛ, ʬʦʨʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʪʨʘʩʩʳ ʜʦʨʦʛ. 

ʈʘʮʠʦʥʘʣʴʥʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʩʦʦʪʥʦʰʝʥʠʷ ʝʤʢʦʩʪʠ ʢʫʟʦʚʘ ʠ ʝʤʢʦʩʪʠ ʢʦʚʰʘ 



   

ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ ʧʦʛʨʫʞʘʝʤʳʭ ʧʦʨʦʜ 

ʠ ʠʭ ʨʘʟʨʳʭʣʝʥʠʷ ʠʣʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʧʦ ʤʠʥʠʤʫʤʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʵʢʩʢʘʚʘʮʠʶ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ. 

ʇʨʦʝʢʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ   

ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ  

ɸʚʪʦʩʘʤʦʩʚʘʣʳ ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʪ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʦʙʲʝʤ ʢʫʟʦʚʘ, ʤ3 

HITACHI EH 1700ï3 
98.4 

60,3 

HITACHI EH 3000 
140 

101,9 

ɹʝʣɸɿï75131 
130 

74 

 

ʊʘʢ ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʦʙʲʸʤʥʳʤ 

ʚʝʩʦʤ, ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚʳʙʠʨʘʣʠ ʤʦʜʝʣʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

ɹʝʣɸɿï75131, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

ʢʫʟʦʚʘ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʥʚʝʥʪʘʨʥʦʛʦ ʧʘʨʢʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʦʪʦʙʨʘʞʝʥʳ 

ʚ ʛʨʘʬʠʢʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʢʘ ʩʘʤʦʩʚʘʣʦʚ ʧʦ ʛʦʜʘʤ, ʨʠʩʫʥʦʢ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʧʘʨʢʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ɹʝʣɸɿ ï 75131 ʧʦ                                    

ʛʦʜʘʤ 

 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʢʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʚʳʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʝʜʠʥʠʮʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɸʆ 

çʉʉɻʇʆè. 
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ɺʳʚʦʜ: ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʢʦïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʘ (ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʜʦʙʳʯʫ 1 ʪ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʚʳʝʤʢʫ 

1 ʤ3 ʚʩʢʨʳʰʠ ʠ ʪ.ʜ.), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ 

ʦʪʨʘʙʦʪʢʠ ʉʦʨʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʠʟʝʣʴʥʦʛʦ ʛʦʨʥʦïʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʧʦʩʦʙ ʚʩʢʨʳʪʠʷ, ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʨʴʝʨʘ ʠ ʜʨ.  
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1902 ï ʆʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ 
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ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ñʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʷʜʝ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʛʜʘ ʯʘʩʪʴ 

ʧʦʨʦʜʳ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʦʪʚʘʣʳ ʚ ʦʪʨʘʙʦʪʘʥʥʦʡ 

ʯʘʩʪʠ ʢʘʨʴʝʨʘ. ʕʪʦ ʠʤʝʝʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ; ʵʢʦʥʦʤʠʷ ʦʪʚʘʣʴʥʳʭ 

ʧʣʦʱʘʜʝʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʨʝʤʝʥʥʳʭ ʦʪʚʘʣʦʚ ʩ ʮʝʣʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʪʝʢʫʱʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʬʦʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʨʳʥʦʯʥʦʡ 

ʩʠʪʫʘʮʠʠ ʝʱʝ ʥʝ ʠʤʝʣʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʨʝʙʫʝʪ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ: ʧʦʜʛʦʪʦʚʢʘ ʛʦʪʦʚʳʭ ʢ ʚʳʝʤʢʝ 

ʟʘʧʘʩʦʚ ʨʫʜʳ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʧʦʨʦʜʳ ʚʦ ʚʨʝʤʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʠ ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʮʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʦʙʲʝʤʳ ʧʝʨʝʚʦʟʷʪʩʷ ʚʦ ʚʥʝʰʥʠʝ ʦʪʚʘʣʳ. 

ʕʪʘ ʠʜʝʷ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʜʦʙʳʯʠ ʨʫʜʳ ʥʘ ʧʝʨʠʦʜ ʥʠʟʢʦʡ ʮʝʥʳ ʥʘ ʧʨʦʜʫʢʮʠʶ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ 

ʥʘ ʧʝʨʝʚʦʟʢʫ ʚʩʢʨʳʰʠ; ʧʦʟʚʦʣʷʝʪ ʚʨʝʤʝʥʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʨʦʤʦʟʜʢʦʛʦ ʚʩʢʨʳʰʥʦʛʦ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʩʢʣʘʜʘ ʚ ʩʪʝʩʥʝʥʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʢʨʳʰʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʚʦʡʥʦʡ ʧʝʨʝʚʘʣʢʝ ʠ ʧʦ ʩʫʪʠ ʜʚʦʡʥʦʤʫ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʶ: ʩʥʘʯʘʣʘ  

ʙʫʣʴʜʦʟʝʨʥʦʤʫ, ʟʘʪʝʤ ʵʢʩʢʘʚʘʪʦʨʥʦʤʫ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʦʪʚʘʣʦʚ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʢʘʨʴʝʨʦʚ ɸʆ ʉʉɻʇʆ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʦʪʚʘʣ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʪʝʭʥʦʣʦʛʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

Abstract:  In a number of deep quarries, the technology of internal dumping 

has been successfully used for quite a long time, when part of the rock is placed 

in stationary internal dumps in the spent part of the quarry. This has a number of 

undeniable advantages: cost reduction due to transportation costs; saving of dump 

areas. However, the use of internal temporary dumps in order to reduce current 

expenses against the background of an unfavorable market situation has not yet 
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been practically implemented and requires scientific research. At the same time, 

the following is carried out: preparation of ore reserves ready for excavation with 

the extraction of rock into a temporary internal dump with minimal movement 

and after price stabilization, temporary volumes are transported to external 

dumps. This idea has the following advantages: reducing the cost of ore extraction 

for a period of low product prices by reducing the cost of overburden 

transportation; allows you to temporarily abandon the organization of a bulky 

overburden transshipment warehouse in a cramped work area. However, the main 

drawback is that the overburden is subjected to double transshipment and, in fact, 

double dumping: first bulldozer, then excavator. Therefore, it is necessary to 

conduct research and identify the possibility of organizing temporary internal 

dumps in the working area of the quarries of JSC SSGPO.  

Keywords: quarry, dump, regulation of mining operations, technology, 

sustainability. 

 

ʀʟ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʥʘ ʢʨʫʧʥʳʭ ʢʘʨʴʝʨʘʭ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʥʘ ʵʪʘʧʘʭ ʜʦʨʘʙʦʪʢʠ, 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ 

ʫʩʣʦʞʥʷʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʘʢʠʭ ʢʘʨʴʝʨʦʚ [1]. 

ʅʘʨʷʜʫ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʩʣʦʞʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʭʝʤʳ ʥʘ ʙʘʟʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ ʚʩʢʨʳʰʥʦʛʦ ʠ 

ʜʦʙʳʯʥʦʛʦ ʬʨʦʥʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ, ʧʣʘʥʦʚʦʛʦ 

ʦʙʲʝʤʘ ʛʦʪʦʚʳʭ ʢ ʚʳʝʤʢʝ ʟʘʧʘʩʦʚ ʨʫʜʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʴʰʠʭ 

ʢʘʨʴʝʨʦʚ ʩʦ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ 

ʢʘʢ ʩ ʚʥʫʪʨʝʥʥʠʤʠ, ʪʘʢ ʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺʥʫʪʨʝʥʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ, ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʝʯʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, 

ʠʥʦʛʜʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʷʶʱʠʭʩʷ ʛʦʨʥʦï

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʠʟʳʩʢʘʪʝʣʴʩʢʠʝ ʠ ʧʨʦʝʢʪʥʳʝ 

ʨʘʙʦʪʳ [2]. 

ʅʘ ʬʦʥʝ ʵʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚʝʥʴ ʮʝʥ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʧʨʦʩ ʥʘ ʥʝʝ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʥʝʰʥʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʦʩʠʪ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʛʦʨʥʳʭ ʨʘʙʦʪ [3]. 

ʇʨʠ ʚʳʩʦʢʦʡ ʮʝʥʝ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʘʨʘʝʪʩʷ ʠʟʚʣʝʢʘʪʴ 

ʙʦʣʴʰʝ ʨʫʜʳ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʧʘʥʠʠ ʚ ʧʦʛʦʥʝ ʟʘ ʧʨʠʙʳʣʴʶ ʩʥʠʞʘʶʪ ʧʣʘʥ ʥʘ ʦʪʨʘʙʦʪʢʫ 

ʚʩʢʨʳʰʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʦʪʩʪʘʚʘʥʠʝ ʧʦ 



   

ʚʩʢʨʳʰʥʳʤ ʨʘʙʦʪʘʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚ ʙʫʜʫʱʝʤ, 

ʠʥʦʛʜʘ ʯʝʨʝʟ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʉʥʠʞʝʥʠʝ ʮʝʥʳ ʠ ʧʘʜʝʥʠʝ ʩʧʨʦʩʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʙʦʪʘʶʪ ʥʘ ʛʨʘʥʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ ʪʘʢ ʞʝ ʚʳʥʫʞʜʝʥʳ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʢʘʣʝʥʜʘʨʥʳʡ 

ʧʣʘʥ ʦʪʨʘʙʦʪʢʠ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʚ ʩʪʦʨʦʥʫ ʩʦʢʨʘʱʝʥʠʷ ʪʝʢʫʱʠʭ ʦʙʲʝʤʦʚ, 

ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʘʪʴ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʪʝʢʫʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʩʢʨʳʰʠ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʚʰʘʷʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʨʝʤʝʥʥʦïʥʝʨʘʙʦʯʠʭ 

ʙʦʨʪʦʚ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ 

ʛʦʨʥʳʭ ʨʘʙʦʪ, ʚʦ ʤʥʦʛʠʭ ʢʘʨʴʝʨʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ, ʪʘʢ ʢʘʢ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʦʝ ʦʪʩʪʘʚʘʥʠʝ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ, 

ʠʩʯʠʩʣʷʝʤʦʝ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʠ ʙʦʣʝʝ. ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ 

ʢʘʨʴʝʨʦʚ ʙʦʣʝʝ ʛʠʙʢʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʦʙʲʝʤʳ ʚʩʢʨʳʰʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʛʦ ʚʦʟʚʨʘʪʘ ʚ ʨʘʙʦʪʫ ʦʩʪʘʥʘʚʣʠʚʘʝʤʦʡ 

ʯʘʩʪʠ ʙʦʨʪʘ ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʢʘʨʴʝʨʘ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʵʢʩʧʣʫʘʪʘʮʠʠ 

[4]. 

ʂʦʤʧʣʝʢʩʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʨʝʤʝʥʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʦʚ. 

ɺʨʝʤʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʠʥʞʝʥʝʨʥʦï

ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʦʨʫʞʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʪʘʶʱʝʛʦ ʢʘʨʴʝʨʘ, ʧʨʠʟʚʘʥʥʳʡ 

ʨʝʰʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʧʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʠ ʟʘʪʝʤ ʙʳʪʴ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʪʝʭʥʦʣʦʛʠʠ ʚʨʝʤʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ  

ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʪʚʘʣ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʷʨʫʩʥʳʤ, ʝʩʣʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʘʨʴʝʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʫʢʣʘʜʢʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨʦʜ ʥʘ ʦʜʥʦʤ ʫʩʪʫʧʝ 

(ʈʠʩʫʥʦʢ 1ʘ). ʊʘʢʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʟʘʣʝʞʝʡ, ʠʤʝʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ. ɺ 

ʨʝʘʣʴʥʦʩʪʠ ʪʘʢʠʝ ʩʣʫʯʘʠ ʨʝʜʢʠ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʱʘʜʢʠ ʧʦʜ ʦʪʚʘʣ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʥʦʩʢʘ ʙʦʨʪʘ, ʩʦʧʦʩʪʘʚʠʤʘʷ ʧʦ ʦʙʲʝʤʫ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʪʚʘʣʦʤ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʷʨʫʩʥʳʡ 

ʚʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʦʪʩʳʧʢʝ ʤʥʦʛʦʷʨʫʩʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦ ʦʪʩʳʧʘʪʴ ʝʛʦ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦʩʣʦʡʥʦ 

ʥʘ ʚʳʩʦʪʫ ʫʩʪʫʧʘ. ʇʦʩʣʝ ʦʪʩʳʧʢʠ ʧʝʨʚʦʛʦ ʷʨʫʩʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʷʨʫʩʘ: ʦʪʩʳʧʘʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʷʨʫʩʝ, ʟʘʪʝʤ ʟʘʧʦʣʥʷʝʪʩʷ ʷʨʫʩ ʩ ʦʩʪʘʚʣʝʥʠʝʤ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʙʝʨʤʳ ʥʘ ʧʝʨʚʦʤ ʷʨʫʩʝ (ʈʠʩʫʥʦʢ 1ʙ). ɽʩʣʠ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʦʜ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʪʦ ʚʦʟʤʦʞʥʘ ʦʪʩʳʧʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʜʚʦʝʥʥʳʭ ʷʨʫʩʦʚ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘ ʙʦʨʪʫ ʝʩʪʴ ʧʣʦʱʘʜʢʠ, 



   

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʯʘʣʦ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ ʜʣʷ ʧʦʫʩʪʫʧʥʦʡ ʦʪʨʘʙʦʪʢʠ 

ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʘ 

 

ɺ ʧʨʘʢʪʠʢʝ ʦʪʩʳʧʢʠ ʦʪʚʘʣʦʚ ʥʘ ʢʦʩʦʛʦʨʘʭ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʦʪʚʘʣʴʥʳʭ ʫʩʪʫʧʦʚ ï 60 ʠ ʙʦʣʝʝ ʤ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʣʝʞʘʱʝʤ ʤʦʥʠʪʦʨʠʥʛʝ 

ʩʦʩʪʦʷʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚ ʧʝʨʠʦʜ ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʦʟʤʦʞʥʘ ʝʛʦ ʦʪʩʳʧʢʘ ʩ ʚʝʨʭʥʝʡ ʧʣʦʱʘʜʢʠ 

ʧʦ ʧʝʨʠʬʝʨʠʡʥʦʡ ʩʭʝʤʝ ʥʘ ʚʩʶ ʚʳʩʦʪʫ (ʈʠʩʫʥʦʢ 1ʚ). ʊʘʢʘʷ ʩʭʝʤʘ ʦʙʣʘʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ʅʝ ʪʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʥʘ ʢʘʞʜʦʤ ʷʨʫʩʝ, ʪʦʯʢʘ ʚʳʛʨʫʟʢʠ ʥʘʭʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦ ʥʘ ʦʜʥʦʡ 

ʦʪʤʝʪʢʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʘ ʚ 

ʜʝʡʩʪʚʫʶʱʝʤ ʢʘʨʴʝʨʝ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ɺʨʝʤʝʥʥʳʡ ʦʪʚʘʣ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʝʛʦ ʤʝʩʪʦ ʧʦʣʦʞʝʥʠʷ ʥʝ ʜʦʣʞʥʦ 

ʧʘʨʘʣʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʢʨʳʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʥʘʨʫʰʘʪʴ ʩʭʝʤʫ ʚʩʢʨʳʪʠʷ ʢʘʨʴʝʨʘ. ʅʝ 

ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʨʴʝʨʘ ʧʦ ʢʘʢʠʤïʣʠʙʦ ʫʩʣʦʚʠʷʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʦʩʪʨʦʝʥʳ ʧʨʠʤʝʨʳ ʨʘʟʤʝʱʝʥʠʷ ʦʜʥʦʷʨʫʩʥʦʛʦ ʠ 

ʤʥʦʛʦʷʨʫʩʥʦʛʦ ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʦʚ ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʭʝʤʳ ʠ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʩʪʘ ʦʪʩʳʧʢʠ ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʤʥʦʞʝʩʪʚʘ ʫʩʣʦʚʠʡ. 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʢʘʨʴʝʨʦʚ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 



   

ʆʙʳʯʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʨʫʧʥʳʭ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʚʠʜʳ 

ʪʨʘʥʩʧʦʨʪʘ, ʥʠʞʥʠʤ ʟʚʝʥʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ. 

ɸʚʪʦʩʘʤʦʩʚʘʣʳ ʧʨʠ ʩʚʦʝʡ ʤʦʙʠʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʯʘʩʪʦ ʩʦ ʩʣʦʞʥʦʡ 

ʬʦʨʤʦʡ ʬʨʦʥʪʘ ʠ ʙʦʣʴʰʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʨʦʟʥʝʥʥʦʩʪʠ 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʵʢʩʢʘʚʘʪʦʨʥʳʭ ʟʘʙʦʝʚ ʠʟʥʘʯʘʣʴʥʦ ʥʝʩʫʪ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʚ 2ï2,5 ʢʤ. ʆʜʥʘʢʦ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɸʚʪʦʪʨʘʥʩʧʦʨʪ ʚ 

ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʠʛʨʘʝʪ ʨʦʣʴ ʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʘ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʟʚʝʥʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʤʝʱʝʥʠʝ ʦʜʥʦʷʨʫʩʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʘ  

ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
 

ʊʘʢ ʢʘʢ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚʨʝʤʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʚ ʧʝʨʠʦʜ 

ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ, ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʙʦʨʝ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ 

ʩʢʣʘʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʇʦ ʦʧʳʪʫ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʫʩʣʦʚʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 180ï220 ʪ 

ʷʚʣʷʝʪʩʷ 4 ʢʤ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʟʘʪʨʘʪʳ 

ʥʝʩʦʨʘʟʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʇʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪʢʘʪʢʠ ʜʦ ʚʨʝʤʝʥʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʘ ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʘʤʦʩʚʘʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ ʦʜʥʦ ʪʨʝʙʦʚʘʥʠʝ ʢ ʤʝʩʪʫ ʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʚʘʣʘ ʜʠʢʪʫʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 



   

ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʭʝʤ. ɻʨʫʞʝʥʥʳʝ ʩʘʤʦʩʚʘʣʫ ʥʝ ʜʦʣʞʥʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʧʦʨʦʜʫ ʚʥʠʟ, ʪ.ʢ. ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʤʥʦʛʠʭ 

ʤʦʜʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʩʚʘʣʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʝ ʧʣʘʥʠʨʫʝʤʳʝ 

ʦʙʲʝʤʳ ʚʩʢʨʳʰʠ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʟʤʝʱʝʥʠʝ ʤʥʦʛʦʷʨʫʩʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʘ  

ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʠ 

ʚʨʝʤʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʦʚ ʚ ʯʘʩʪʠ ʦʙʦʩʥʦʚʘʥʠʷ ʛʨʘʬʠʢʦʚ ʚʚʦʜʘ ʠ 

ʚʳʚʦʜʘ ʚʩʢʨʳʰʠ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʪʚʘʣ. 

ʉʣʦʞʥʦʡ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʮʝʥʳ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʨʝʤʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʎʝʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʫʯʝʪʦʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʚʨʝʤʝʥʥʦ 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʠʙʳʣʠ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʠ ʟʘʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ 

ʧʦʚʪʦʨʥʫʶ ʵʢʩʢʘʚʘʮʠʶ ʧʦʨʦʜʳ ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʜʚʠʛʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʦʙʲʝʤʫ 

ʦʪʚʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʥʝʦʙʭʦʜʠʤʦʝ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʠ ʵʪʦʤ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʨʝʥʪʘʙʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʘ ʮʝʥʳ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʨʝʥʪʘʙʝʣʴʥʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʦʨʦʜʥʳʡ ʩʢʣʘʜ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ 

ʝʛʦ ʚʦ ʚʥʝʰʥʠʡ ʦʪʚʘʣ. ʇʦ ʩʫʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ çʚʠʣʢʠè ʮʝʥʳ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʣʞʥʳ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʯʝʪʢʠ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʘʣʘ ʠ ʜʣʷ ʝʛʦ 

ʣʠʢʚʠʜʘʮʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʦʙʲʝʤʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ, 



   

ʫʙʠʨʘʶʪʩʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʛʨʘʬʠʢʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʨʦʢ, ʘ ʧʦʩʣʝ ʧʣʘʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʦʪʚʘʣʘ. 

ʊʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʝʭʥʦʣʦʛʠʠ ʚʨʝʤʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ: ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʘ ʧʨʠʛʦʜʥʳ ʚʨʝʤʝʥʥʦï

ʥʝʨʘʙʦʯʠʝ ʠʣʠ ʧʦʩʪʦʷʥʥʳʝ ʫʯʘʩʪʢʠ ʙʦʨʪʘ, ʫʯʘʩʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʠʞʝ 

ʟʦʥ ʜʝʬʦʨʤʘʮʠʠ ʣʠʙʦ ʫ ʧʦʜʦʰʚʳ ʤʘʩʩʠʚʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʫʩʪʦʡʯʠʚʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦʛʨʫʟʢʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 

ʊʘʢ ʞʝ ʚ ʩʚʷʟʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʙʲʝʢʪʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʨʴʝʨʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʛʣʫʙʠʥʦʡ ʠ ʢʨʫʪʳʤ ʧʘʜʝʥʠʝʤ ʨʫʜʥʦʡ ʟʘʣʝʞʠ, ʛʜʝ ʠʤʝʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (ʥʦ ʥʝ ʪʦʣʴʢʦ) 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʵʪʘʧʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʨʝʜʟʘʪʫʭʘʥʠʷ ʩ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʦʡ ʠ ʫʯʘʩʪʢʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʙʦʨʪʘ. ʇʦ 

ʦʪʨʘʩʣʝʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʪʦ ʩʢʦʨʝʝ ʢʘʨʴʝʨʳ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʩʚʷʟʠ 

ʩ ʪʝʤ, ʯʪʦ ʠʭ ʧʨʦʜʫʢʮʠʷ ʥʘʠʙʦʣʝʝ ʙʦʣʝʟʥʝʥʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʢʦʣʝʙʘʥʠʝ 

ʦʪʧʫʩʢʥʦʡ ʮʝʥʳ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʥʝʞʝʣʠ ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ 

ʢʘʨʴʝʨʦʚ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʢʘʨʴʝʨʦʚ ʧʦ ʜʦʙʳʯʝ ʜʨʘʛʦʮʝʥʥʳʭ 

ʤʝʪʘʣʣʦʚ. 

ʇʨʠ ʫʩʧʝʰʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʝʜʠʥʠʯʥʦ, ʘ ʚʥʝʜʨʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʊʦ ʝʩʪʴ ʧʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʦʪʚʘʣʘ ʥʘ ʥʝ ʨʘʙʦʯʝʤ ʙʦʨʪʫ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʦʪʨʘʙʦʪʘʥ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʠ ʧʘʜʝʥʠʠ ʮʝʥʳ ʦʥ ʤʦʞʝʪ ʟʘʧʦʣʥʷʪʴʩʷ, ʧʨʠ ʝʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʨʘʙʘʪʳʚʘʪʴʩʷ.  
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Abstract: In this paper, the authors analysed the influence of the strain 

temperature of pure oxygenïfree copper CuïOF on the process of its pressure 

welding under upsetting conditions. The study used physical and numerical 

simulation techniques. The physical modelling used a Gleeble 3800 metallurgical 

process simulator with the PocketJaw module in the standard configuration for 

SICO (Strain Induced Crack Opening) tests. In the experiment, instead of a 

uniform material, specimens consisting of two parts were prepared and bonded 

together. The analysis was carried out for a temperature range of 520õ800oC. The 

numerical analysis of the upsetting operation was carried out in the commercial 

computer programme FORGEÈNxT 2.1. based on the Finite Element Method 

FEM. The quality of the bonding of the material was assessed on the basis of 

microstructure analysis of the welded area. Specimens in which no traces of 

discontinuity were detected in the analysed area were considered to be completely 

bonded. It was found that, for the adopted upsetting test conditions, complete 

welding of CuïOF occurs at temperatures higher than 640oC. 

Keywords: upsetting operation, welding, FEM, oxygenïfree copper. 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʘʮʠʠ ʯʠʩʪʦʡ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʤʝʜʠ CuïOF ʥʘ ʧʨʦʮʝʩʩʝʝ 

ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʘʜʢʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʤʫʣʷʪʦʨ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

Gleeble 3800 ʩ ʤʦʜʫʣʝʤ PocketJaw ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʩʧʳʪʘʥʠʡ SICO (Stain Induced Crack Opening). ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʤʝʩʪʦ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʩʦʝʜʠʥʠʪʴ. ɸʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ 520õ800ʦʉ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

mailto:marcin.knapinski@pcz.pl


   

ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ 

FORGEÈNxT 2.1. ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ FEM. ʂʘʯʝʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʟʦʥʳ ʩʚʘʨʢʠ. ʇʦʣʥʦʩʪʴʶ ʩʚʷʟʥʳʤʠ ʩʯʠʪʘʣʠ ʦʙʨʘʟʮʳ, ʫ ʢʦʪʦʨʳʭ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʣʝʜʦʚ ʥʝʩʧʣʦʰʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʠʥʷʪʳʭ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʳʩʘʜʢʫ ʧʦʣʥʘʷ 

ʩʚʘʨʢʘ CuïOF ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 640ʦʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʮʠʷ ʚʳʩʘʜʢʠ, ʩʚʘʨʢʘ, ʇʕʄ, ʙʝʩʢʠʩʣʦʨʦʜʥʘʷ 

ʤʝʜʴ. 

 

There are many processes in manufacturing techniques that require the 

bonding of metallic materials. A common way of bonding is metal welding 

performed by various techniques: resistance spot welding, explosion welding, 

friction welding or induction welding. The aforementioned processes are 

characterised by the fact that additional heat, generated in different ways, is 

supplied to the weld zone of the materials. Another welding method is pressure 

welding, commonly used in the production of pipes or pipe profiles extruded in 

bridge dies [1]. This process is commonly used for profiles made of aluminium 

alloys [2ï4]. Copper and its alloys are also subjected to plastic processing in 

extrusion technology, but the literature on the subject focuses on the processes of 

forming solid profiles (without internal holes) [5, 6]. Nevertheless, in industrial 

practice, pipe profiles are made of copper alloys and pure copper using the 

extrusion technology [7]. In order to correctly design the extrusion process of pipe 

profiles in bridge dies, it is necessary to know the thermoïmechanical conditions 

under which the material separated by the bridge of the die will be properly 

welded during extrusion. In this paper, the authors analysed the influence of the 

strain temperature of pure oxygenïfree copper on the process of its pressure 

welding under upsetting conditions. The physical tests involved the upsetting of 

a specially prepared specimen consisting of two parts with a cylindrical crossï

section. The laboratory tests were complemented by a numerical analysis of the 

process, in which the distribution of temperature and hydrostatic pressure 

occurring in the area where the material was welded was determined. 

The authors of this study carried out physical modelling of the welding 

process under upsetting conditions of a material consisting of two parts for pure 

oxygenïfree copper. The modelling used a Gleeble 3800 metallurgical process 

simulator with the PocketJaw module in the standard configuration for SICO 

(Strain Induced Crack Opening) tests. In this configuration, a cylindrical 

specimen 86 mm long and 10 mm in diameter mounted in copper jaws is subjected 

to the upsetting process. In the experiment, instead of a uniform material, 

specimens consisting of two parts were prepared, the shapes of which are shown 

in Figure 1. The test specimens were prepared using a tight fit between the key 

and shank diameter f6.00 H7n6 (Fig. 1 detail A and detail B) in order to tightly 

seal the weld surface before heating the specimen to the strain temperature. To 

avoid the introduction of oxides or other contaminants into the weld zone 

immediately prior to the initial bonding process of the two parts, the working 



   

surfaces of the specimens were chemically cleaned with a 60% aqueous nitric acid 

solution by etching for 3s. By preparing the specimens in this way for the welding 

simulation, oxideïfree surfaces were obtained in the contact zone of parts A and 

B, which, under favourable thermoïmechanical conditions, should be welded 

during the upsetting process. 

 

  
Detail A 

 

Detail B 

 
 

Figure 1 ï Shapes and dimensions of the specimen used to physically simulate 

the welding process during plastic strain 

 

A Kïtype thermocouple was mounted to the lateral surface of the 

specimens prepared as above to measure the temperature of the specimen during 

the experiment. The set was then placed in the testing chamber of the device in 

jaws suitable for mounting specimens with an external diameter of 10 mm. A view 

of the specimen placed in the device during the experiment is shown in Figure 2. 

 

 
 

Figure 2 ï View of the specimen during the welding experiment at 800oC 

 



   

The upsetting tests were carried out in a chamber under reduced pressure to 

limit oxidation of the specimen surface. Due to the resistive heating system of the 

specimen in the jaws, there is a temperature gradient along the length of the 

specimen, but in the central part of the specimen with a length of about 10 mm, 

there is a constant temperature throughout the material. Physical simulations were 

carried out for a total of 9 specimens, 7 of which were subject to upsetting by 

reducing their length by 10 mm at temperatures of: 520, 570, 600, 640, 660, 700 

and 800̄C, while two were subject to upsetting by reducing their length by 5 mm 

at temperatures of 600 and 660C̄. The upsetting time was 0.1 s when the length 

was reduced by 10 mm and 0.05 s when the length was reduced by 5 mm. Figure 

3 shows a view of the specimen after the welding simulation at a temperature of 

660̄ C and a length reduction of 10 mm. 

 

 
 

Figure 3 ï Example view of the upset specimen after the welding simulation at a 

temperature of 660̄C and a length reduction of 10 mm 

 

The strained specimens were cut along their axes, and metallographic 

specimens were etched using nital (a mixture of nitric acid and ethyl alcohol) on 

the cut surfaces. The specimens were observed using a Nikon Eclipse MA200 

optical microscope to identify whether or not a bonding of the material had been 

obtained. The observations of the microstructure were carried out on crossï

sections of the specimens in the area of visible specimen strain. The area of 

bonding was analysed in detail in each case. Example images of the bonding zone 

are shown in Figure 4. 

 

 
a) 

 
b) 

Figure 4 ï Sample images of the microstructure of deformed samples in the area 

of the connection zone: (a) at 540ÁC and 10 mm reduction in length, (b) at 640ÁC 

and 10 mm reduction in length 



   

 

The microstructure images presented in Figure 4 confirm that appropriate 

strain conditions are necessary to achieve an unbreakable, continuous bonding. 

As can be observed in Figure 4a, when strained at a temperature of 540ÁC and 

reduced in length by 10mm, a complete bonding was not achieved, as evidenced 

by the visible discontinuity. Increasing the temperature to 640ÁC while 

maintaining the same strain parameters allowed obtaining the continuity of the 

bonding (Figure 4b). No visible trace of discontinuity was observed throughout 

the specimen area. The visible structure is uniform throughout the observation 

area. 

As mentioned earlier, in order to obtain a good quality welded bonding 

during plastic strain of the material, in addition to a properly chosen temperature, 

it is necessary to have the right condition and stress values present in the bonding 

zone. During the physical simulations, the temperature of the material was 

continuously controlled, but the stress values occurring in the material interface 

are the result of its strain resistance and the plastic flow directions of the material. 

In the upsetting test, there is a state of compression in the direction of the 

specimen's axis, but at the same time the diameter of the specimen increases as its 

length is reduced, so in the plane of the weld, the material elongates along the 

radius and at the same time the circumference of the specimen. A good indicator 

to assess the state of stress occurring in the weld zone is the value of hydrostatic 

pressure in the volume of the material being strained. This parameter cannot be 

measured under the conditions of physical simulation of the process, so additional 

numerical analyses of the course of the upsetting operation with welding of the 

material were carried out. 

The analysis of the copper welding process under upsetting conditions was 

carried out using the commercial computer programme FORGEÈNxT 2.1. based 

on the Finite Element Method FEM. The model specimen consisted of two 

cylindrical parts with a diameter of 10 mm and lengths of 44 mm and 45 mm 

(Figure 1).  

The computer programme FORGEÈNxT 2.1. allows the thermoï

mechanical simulation of, among other things, plastic processing processes. A 

detailed description of the temperature, energy, stressïstrain functions as well as 

the thermoïmechanical and friction laws used in the calculations can be found in 

[8].  

In this paper, a thermoïviscoplastic strained body model, which is based on 

large plastic strain theory, was used to simulate the upsetting operation. For the 

generation of the finite element mesh, tetrahedral elements were used. For the 

numerical simulations, the number of nodes in the volume of the model charge 

was assumed to be 6,929, while the number of tetrahedral elements was 32,816. 

The value of the friction coefficient between the tool surfaces and the 

strained material was equal to ɛ=0.3. The heat transfer coefficient between the 

tools and the material was assumed to be ɚ=8,100W/m2K, while the heat transfer 

coefficient between copper and the surroundings was equal to a=7 W/m2K.  



   

During the simulation of the upsetting operation, the following initial 

conditions were assumed: ram feed rate of v=10 mm/s; initial temperature of the 

model charge was changed in the range of 570õ660C̄; ambient temperature was 

25ÁC, while the tool temperature was 150C̄.  

The initial temperature of the model charged was selected on the basis of 

the results of the physical tests, the selected temperature ranges corresponded to 

the temperatures at which partial and complete welding of the material occurred. 
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 c)  d) 

Figure 5 ï Distribution of temperature values on the longitudinal section of the 

welded copper specimens at a temperature of a) 570C̄; b) 600̄C; c) 640̄C; d) 

660̄ C 

 

Figure 5 shows the distributions of the temperature values, while Figure 6 

shows the distributions of the hydrostatic pressure values obtained in the upsetting 

simulations of the pure oxygenïfree copper specimens for four different initial 

temperatures of the charge: 570, 600, 640 and 660C̄. Four longitudinal sections 

were made, parallel to the material axis at the interface between the surfaces of 

the welded specimens. 

The data shown in Figure 5 illustrate that, for all analysed cases, the highest 

increase in temperature was observed at the interface between the surfaces of the 

bonded specimens. The temperature decreased as one moved away from the 

interface between the surfaces of the specimens. This type of temperature 

distribution favours a permanent bonding of the welded surfaces. 
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a) b) 

  

c) d) 

 

Figure 6 ï Distribution of hydrostatic pressure values on the longitudinal section 

of the welded copper specimens at a temperature of a) 570C̄ b) 600̄C c) 640̄C 

d) 660̄ C 

 

Based on the analysis of the data shown in Figure 6, it can be concluded 

that the largest area with the highest hydrostatic pressure values was obtained in 

the bonding zone of the specimens with the lowest initial temperature (570C̄). 

This is due to overcoming the highest strain resistance due to the lower initial 

temperature of the charge. The hydrostatic pressure value of approximately 70 

MPa obtained in this area is favourable for this process, as high hydrostatic 

pressure values favour the welding of the material.  

Figure 7 shows the distributions of hydrostatic pressure values for the 

temperature range analysed in this paper, while Figure 8 shows the distributions 

of temperature values occurring along the diameter of the interface area of the 

welded specimens. In both figures, the position (0 mm) corresponds to the 

longitudinal axis of the specimen, while the symbols L and R indicate the left and 

right sides of the interface zone of the two parts of the specimen, respectively. 

The lines along which the temperature and hydrostatic pressure values were read 

are shifted along the specimen axis in each direction by approximately 0.5 mm. 

 



   

 
 

Figure 7 ï Hydrostatic pressure values along the diameter of the interface area 

of the welded specimens for individual temperatures 

 

The data shown in Figure 7, it can be concluded that the highest hydrostatic 

pressure values occurred in the central interface zone of the surfaces of the welded 

specimens. As one moves away from the specimen axis, the value of hydrostatic 

pressure decreases. This is related to the specificity of the upsetting test, in which 

the material is reduced along the specimen axis and elongated towards the radius. 

 

 
 

Figure 8 ï Temperature values along the diameter of the interface area of the 

welded specimens for individual temperatures 

 



   

From the data shown in Figure 8, it follows that the differences in 

temperature values on both sides of the surface of the welded specimen do not 

exceed 10̄C. These differences are due to the shape of the specimens used in the 

experiment and are greater for higher upsetting temperatures. The temperature 

values calculated in the numerical tests after upsetting are higher than the initial 

ones due to the heat gain related to plastic strain. This phenomenon under physical 

experiment conditions is minimised by the specimen temperature control system 

in the Gleeble metallurgical process simulator. Hence, a difference in the values 

of total forces during upsetting can be observed under physical and numerical 

simulation conditions (Table 1). 

Table 1 summarises the parameters of thermal and mechanical upsetting 

operations with CuïOF welding. The data presented in the table shows that full 

bonding of the specimens occurred after upsetting with a reduction in specimen 

length of 10 mm at a temperature of 640oC and higher. Tests carried out at lower 

strain did not result in material bonding. 

 

Table 1 ï Summary of the results of the physical modelling of the welding process 

of the copper specimens, together with the complementary results of the 

numerical simulations 

Temperature Change 

in 

specimen 

length 

Maximum 

force at 

upsetting 

(physical 

experiment) 

Maximum 

force at 

upsetting 

(numerical 

simulation) 

Hydrostatic 

pressure in 

the weld 

zone 

Condition 

of the 

weld 

after 

upsetting 
oC mm kG kG MPa ï 

520 

10 

1900 ï ï None 

570 1850 1660 45õ65 Partial 

600 1800 1550 45õ65 Partial 

640 1500 1400 40õ63 Full 

660 1470 1320 40õ62 Full 

700 1100 ï ï Full 

800 600 ï ï Full 

600 
5 

1240 ï ï None 

660 930 ï ï Partial 

 

Conclusion 

Based on the analysis of the test results, the following final conclusions 

were drawn: 

ï use of appropriate values for temperature and strain under upsetting 

conditions allows obtaining a good quality bonding of the CuïOF material; 

ï both the value of the hydrostatic pressure and the temperature of the 

material have a significant influence on the copper welding in the upsetting test; 



   

ï partial bonding of the material during the upsetting test was obtained 

for a range of copper initial temperatures of 570õ600C̄ and hydrostatic pressure 

values in the range of 45õ65 MPa; 

ï complete bonding of the material during the upsetting test was obtained 

for the initial temperature from 640̄C to 800oC and the hydrostatic pressure value 

of 40õ63 MPa; 

ï based on the observation of changes in the hydrostatic pressure value, 

it can be concluded that the parameter determining the bonding of the material is 

the temperature value occurring in the welded area. 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʟʘʤʝʥʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʢʘʨʴʝʨʥʳʝ 

ʩʘʤʦʩʚʘʣʳ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʥʘ ʦʜʠʥ 

ʪʦʥʥʦïʢʠʣʦʤʝʪʨ, ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ, ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʳʙʨʦʩʳ CO2, ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ, ʪʦʥʥʦï

ʢʠʣʦʤʝʪʨ. 

 

Abstract:  The article is devoted to the analysis of the efficiency of cargo 

transportation in a quarry using rail and road transport. The key parameters of 

economic and environmental efficiency are considered to assess the feasibility of 

replacing railway trains with quarry dump trucks. A comparative analysis of the 

cost of transportation per tonneïkilometer, fuel and maintenance costs, as well as 

carbon dioxide emissions was carried out.  

Keywords: quarry transport, railway transport, dump trucks, economic 

efficiency, environmental efficiency, CO2 emissions, transportation cost, tonï

kilometer. 

 

ɺʚʝʜʝʥʠʝ: ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʨʫʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʢʘʨʴʝʨʦʚ ʦʩʥʦʚʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʦʩʪʘʚʳ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ. ʇʨʠ 

ʵʪʦʤ ʚʳʙʦʨ ʤʝʞʜʫ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ, ʦʙʲʝʤ ʧʝʨʝʚʦʟʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ. ɼʘʥʥʘʷ 

ʩʪʘʪʴʷ ʧʨʦʚʝʜʝʪ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʤʝʥʳ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ, ʠʩʧʦʣʴʟʫʷ 

mailto:melentev.98@inbox.ru


   

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʢʘʨʴʝʨʘ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ: ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʢʨʫʧʥʳʭ ʦʙʲʝʤʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʥ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ 

ʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: 

ï ʚr ʩʦʢʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʦʥʥ ʟʘ ʨʝʡʩ); 

ï ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ; 

ï ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʛʠʙʢʦʩʪʴ ʤʘʨʰʨʫʪʦʚ; 

ï ʚr ʩʦʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ; 

ï ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʧʦʛʨʫʟʢʫ ʠ ʨʘʟʛʨʫʟʢʫ. 

ʂʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ ʠ ʘʚʪʦʧʦʝʟʜʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤʠ ʠ 

ʤʦʙʠʣʴʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʧʝʨʝʚʦʟʠʪʴ ʛʨʫʟʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʤʝʩʪʘ ʜʦʙʳʯʠ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ. ʕʪʦʪ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʫʜʦʙʝʥ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʥʘ 

ʥʝʙʦʣʴʰʠʝ ʠ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʟïʟʘ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʘʨʴʝʨʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: 

ï ʛʠʙʢʦʩʪʴ ʠ ʤʦʙʠʣʴʥʦʩʪʴ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʣʶʙʳʭ ʤʘʨʰʨʫʪʘʭ; 

ï ʙr ʩʪʨʘʷ ʜʦʩʪʘʚʢʘ ʥʘ ʢʦʨʦʪʢʠʝ ʠ ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ʚr ʩʦʢʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ (ʪʦʧʣʠʚʦ, ʦʙʩʣʫʞʠʚʘʥʠʝ); 

ï ʤʝʥʴʰʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ;  

ï ʙʦʣʴʰʠʝ ʚʳʙʨʦʩʳ CO2 ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʘʨʴʝʨʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʥʘ 

ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ, ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʆʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ï ʵʪʦ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 

 

 (1) 

 

 



   

ʛʜʝ Ct ï ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ ($/ʪʦʥʥʦïʢʤ); 

       Z ï ʦʙʱʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ($); 

       Zʪʦʧʣʠʚʦ  ï ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ($); 

                 Zʘʤʦʨʪ  ï ʘʤʦʨʪʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ($); 

                 Tk ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʝʟʝʥʥʳʭ ʪʦʥʥʦïʢʠʣʦʤʝʪʨʦʚ (ʪʦʥʥʦïʢʤ). 

ɼʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʘʪʨʘʪʳ ʥʘ 

ʪʦʧʣʠʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʪʦʛʦʚʫʶ 

ʩʪʦʠʤʦʩʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʛʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ: 

ï ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ: $2,500,000; 

ï ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: $500,000; 

ï ïʘʤʦʨʪʠʟʘʮʠʷ ʩʦʩʪʘʚʘ: $1,000,000; 

ï ʧʝʨʝʚʝʟʝʥʦ ʟʘ ʛʦʜ: 50,000,000 ʪʦʥʥʦïʢʤ. 

 

 
 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ (ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ): 

ï ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ: $4,000,000; 

ï ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: $800,000; 

ï ʘʤʦʨʪʠʟʘʮʠʷ ʪʝʭʥʠʢʠ: $1,200,000; 

ï ʧʝʨʝʚʝʟʝʥʦ ʟʘ ʛʦʜ: 40,000,000 ʪʦʥʥʦïʢʤ. 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2) ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

 

 

 (2) 

 

 

ʛʜʝ ECO2 ï ʚʳʙʨʦʩʳ CO2 ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ (ʢʛ CO2/ʪʦʥʥʦïʢʤ); 

       F ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʪʦʧʣʠʚʘ (ʣʠʪʨʳ); 

       Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (2.68 ʢʛ CO2/ʣʠʪʨ 

ʪʦʧʣʠʚʘ); 

      Tk ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʝʟʝʥʥʳʭ ʪʦʥʥʦïʢʠʣʦʤʝʪʨʦʚ (ʪʦʥʥʦïʢʤ). 



   

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ: 

ï ʧʦʪʨʝʙʣʝʥʦ ʪʦʧʣʠʚʘ ʟʘ ʛʦʜ: 1,000,000 ʣʠʪʨʦʚ; 

ï ʧʝʨʝʚʝʟʝʥʦ ʟʘ ʛʦʜ: 50,000,000 ʪʦʥʥʦïʢʤ. 

 

 
 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ: 

ï ʧʦʪʨʝʙʣʝʥʦ ʪʦʧʣʠʚʘ ʟʘ ʛʦʜ: 1,500,000 ʣʠʪʨʦʚ; 

ï ʧʝʨʝʚʝʟʝʥʦ ʟʘ ʛʦʜ: 40,000,000 ʪʦʥʥʦïʢʤ. 

 

 
 

ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚʳʜʝʣʷʝʪ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʦʜʠʥ ʪʦʥʥʦïʢʠʣʦʤʝʪʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʨʝʰʝʥʠʝʤ ʚ ʢʘʨʴʝʨʘʭ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʢʘʨʴʝʨʘʭ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʘʨʰʨʫʪʘʤ ʠ 

ʫʩʣʦʚʠʷʤ ʜʦʙʳʯʠ. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ: 

ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʩʪʘʚʘ: 30 ʢʤ/ʯ; 

ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʘʨʴʝʨʥʦʛʦ ʩʘʤʦʩʚʘʣʘ: 20 ʢʤ/ʯ. 

ɸʚʪʦʤʦʙʠʣʠ ʤʦʛʫʪ ʙʳʩʪʨʝʝ ʜʦʩʪʘʚʣʷʪʴ ʛʨʫʟʳ ʥʘ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʥʦ ʥʘ ʜʣʠʥʥʳʭ ʤʘʨʰʨʫʪʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʘʨʘʤʝʪʨ ɾ/ʜ ʪʨʘʥʩʧʦʨʪ ɸʚʪʦʩʘʤʦʩʚʘʣʳ 

ʉʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ  2 500 000 ʜʦʣʣ/ʛʦʜ 4 000 000 ʜʦʣʣ/ʛʦʜ 

ʊʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ 

500 000 ʜʦʣʣ/ʛʦʜ 800 000 ʜʦʣʣ/ʛʦʜ 

ɸʤʦʨʪʠʟʘʮʠʷ  1 000 000 ʜʦʣʣ/ʛʦʜ 1 200 000 ʜʦʣʣ/ʛʦʜ 

ʇʝʨʝʚʝʟʝʥʦ  50 000 000 ʪ/ʢʤ 40 000 000 ʪ/ʢʤ 

ɺʳʙʨʦʩʳ ʉʆ2 0,0536 ʢʛ/ʪïʢʤ 0,1005 ʢʛ/ʪïʢʤ 

ʉʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ 0,08 ʜʦʣʣ/ʪïʢʤ 0,15 ʜʦʣʣ/ʪïʢʤ 

ʄʘʥʝʚʨʝʥʥʦʩʪʴ ʥʠʟʢʘʷ ʚʳʩʦʢʘʷ 

 



   

ɺʳʚʦʜ: ɿʘʤʝʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʛʠʙʢʦʩʪʠ ʠ ʤʦʙʠʣʴʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ. ɸʚʪʦʤʦʙʠʣʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 

ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʦʨʦʪʢʠʭ ʠ ʩʨʝʜʥʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʦʜʥʘʢʦ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʪʦʧʣʠʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ, 

ʘ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʘ ʜʣʠʥʥʳʝ ʜʠʩʪʘʥʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʝʥʴʰʠʝ ʚʳʙʨʦʩʳ CO2.  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʙʣʝʤʘ ʵʢʦʣʦʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ, ʠ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʢʘʢ ʚʘʞʥʦʝ ʟʚʝʥʦ ʥʘ ʧʫʪʠ ʢ ʧʦʣʥʦʩʪʴʶ 

ʵʢʦʣʦʛʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ. 

ɻʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʜʚʘ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ ï 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʵʢʦʥʦʤʠʯʥʦ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ 

ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʫʤʝʥʴʰʘʝʪʩʷ ʚʳʙʨʦʩ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʯʠʪʳʚʘʷ 

ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʛʠʙʨʠʜʥʳʝ 

ʘʚʪʦʤʦʙʠʣʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʟʝʣʝʥʦʛʦ ʙʫʜʫʱʝʛʦ ʜʣʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʵʢʦʣʦʛʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ, 

ʚʣʠʷʥʠʝ, ʘʚʪʦʤʦʙʠʣʠ. 

 

Abstract:  In the modern world, the problem of ecology is becoming 

increasingly urgent, and transport is one of the main polluters of the environment. 

In this regard, hybrid cars are becoming increasingly popular as an important link 

on the way to fully environmentally friendly transport. 

Hybrid cars combine two types of engines ï electric and internal 

combustion, which allows them to operate more efficiently and economically. 

Thanks to the use of an electric motor in hybrid cars, the emission of harmful 

substances is reduced, which has a positive effect on the environment. Given the 

growing interest in environmentally friendly technologies, hybrid cars play a key 

role in creating a more sustainable and green future for our planet. 

Keywords: hybrid cars, ecology, design, impact, cars. 

ʇʦʣʥʦʩʪʴʶ ʵʢʦʣʦʛʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ï ʵʪʦ ʪʦʪ ʪʨʘʥʩʧʦʨʪ, ʢʦʪʦʨʳʡ 

ʫʯʠʪʳʚʘʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʠʩʧʦʣʴʟʫʝʪ ʯʠʩʪʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʚʠʜʳ 

ʪʨʘʥʩʧʦʨʪʘ ʚʢʣʶʯʘʶʪ ʪʨʦʣʣʝʡʙʫʩʳ, ʤʝʪʨʦ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ [1], ʯʪʦ ʵʣʝʢʪʨʦʤʦʙʠʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʷʪ ʤʝʥʴʰʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʤʦʙʠʣʷʤʠ ʥʘ ʙʝʥʟʠʥʝ ʠʣʠ ʜʠʟʝʣʝ. ʕʣʝʢʪʨʦʤʦʙʠʣʠ ʦʢʘʟʘʣʠʩʴ 

ʵʢʦʣʦʛʠʯʥʝʝ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. ʅʘʧʨʠʤʝʨ, ʚ ɽʚʨʦʧʝ ʦʥʠ ʩʦʢʨʘʱʘʶʪ 

ʚʳʙʨʦʩʳ ʥʘ 66ï69%, ʚ ʉʐɸ ï ʥʘ 60ï68%, ʚ ʂʠʪʘʝ ï ʥʘ 37ï45%, ʘ ʚ ʀʥʜʠʠ ï 

ʥʘ 19ï34% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʥʟʠʥʦʚʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ [2]. 

ʕʣʝʢʪʨʦʤʦʙʠʣʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʤʦʙʠʣʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʙʝʥʟʠʥʝ ʠʣʠ ʜʠʟʝʣʝ: ʦʥʠ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳ, 

ʵʢʦʥʦʤʠʯʥʳ, ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʥʘ ʜʦʨʦʛʝ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʘʚʪʦʤʦʙʠʣʠ ʥʝ ʚʳʙʨʘʩʳʚʘʶʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʭ ʟʘʨʷʜʢʘ ʦʙʭʦʜʠʪʩʷ ʜʝʰʝʚʣʝ, ʯʝʤ ʟʘʧʨʘʚʢʘ 

ʙʝʥʟʠʥʦʤ ʠʣʠ ʜʠʟʝʣʝʤ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʥʝ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ ʤʘʩʣʘ, 

ʬʠʣʴʪʨʦʚ ʠ ʜʨʫʛʠʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʝʪ ʤʝʥʴʰʝ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ 

ʥʫʞʥʦ ʦʙʩʣʫʞʠʚʘʪʴ. ʕʪʠ ʘʚʪʦʤʦʙʠʣʠ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ ʧʣʘʚʥʦ ʠ ʪʠʭʦ, ʠʤʝʶʪ 

ʥʠʟʢʠʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʜʦʨʦʛʝ. 

ʕʣʝʢʪʨʦʢʘʨʳ ʠʤʝʶʪ ʪʘʢʞʝ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʮʝʥʘ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʣʛʦʡ ʧʦʜʟʘʨʷʜʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʟʘʧʘʩ ʭʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʘ ʭʦʜʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʜʦʨʦʛʠʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʥʝ ʨʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ. 

ʈʘʟʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ 

ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ. ɹʣʘʛʦʜʘʨʷ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʤʧʘʥʠʠ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʙʫʜʫʪ ʫʜʝʣʷʪʴ 

ʨʘʟʚʠʪʠʶ ʩʝʪʠ ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʢ ʧʦʣʥʦʤʫ 

ʧʝʨʝʭʦʜʫ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʠ. 

ɻʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʵʚʦʣʶʮʠʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʊʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʠʭ, ʧʦʩʪʦʷʥʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʥʳʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʘʤ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ 

ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ, ʚʳʜʝʣʷʝʤʫʶ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, ʜʣʷ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʩʫʨʩ ʠʭ ʨʘʙʦʪʳ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʘʢʠʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʜʠʪʝʣʷʤ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʜʦʨʦʛʠ ʠ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʠ 

ʚʳʙʨʦʩʦʚ CO2. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, 

ʜʝʣʘʶʪ ʠʭ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤʠ, ʥʦ ʠ ʢʦʤʬʦʨʪʘʙʝʣʴʥʳʤʠ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʦʡ ʠʭ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʚʫʭ ʚʠʜʦʚ ʜʚʠʛʘʪʝʣʝʡ: ʙʝʥʟʠʥʦʚʦʛʦ ʠʣʠ ʜʠʟʝʣʴʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩʧʦʩʦʙʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʜʚʠʞʝʥʠʷ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʧʨʠ ʤʘʣʳʭ 



   

ʥʘʛʨʫʟʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʝʞʠʤʝ ʨʝʢʫʧʝʨʘʮʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʦ ʠ ʩʥʠʞʘʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ. 

ʕʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʜʝʥʴʛʠ 

ʚʣʘʜʝʣʴʮʝʚ, ʥʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʝʬʪʠ ʠ ʩʦʢʨʘʱʘʝʪ ʚʳʙʨʦʩʳ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ 

ʮʝʥʪʨʘ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʳʩʦʢʘ. ʋʤʝʥʴʰʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ 

ʟʜʦʨʦʚʴʷ ʛʦʨʦʜʩʢʠʭ ʞʠʪʝʣʝʡ. 

ɻʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʨʘʙʦʪʳ, ʩʨʝʜʠ 

ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ.  

ʇʘʨʘʣʣʝʣʴʥʳʝ ʛʠʙʨʠʜʳ (ʨʠʩʫʥʦʢ 1). ɺ ʵʪʦʡ ʩʭʝʤʝ ʛʠʙʨʠʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

ʧʨʠʚʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʙʘ ʜʚʠʛʘʪʝʣʷ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʪʘʨʪʘ, ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʫʩʢʦʨʝʥʠʷ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʛʠʙʨʠʜʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʤʦʛʫʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʢʘʢ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ, ʪʘʢ ʠ ʥʘ ʪʦʧʣʠʚʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʚʦʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʠʙʨʠʜʦʚ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʠʙʨʠʜʳ (ʨʠʩʫʥʦʢ 2). ɺ ʵʪʦʡ ʩʭʝʤʝ ʛʠʙʨʠʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʶʪ 

ʚʤʝʩʪʝ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʧʦʤʦʛʘʪʴ 

ɼɺʉ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʠʣʠ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

ɼɺʉ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʘʭ ʤʦʞʝʪ ʪʘʢʞʝ ʟʘʨʷʞʘʪʴ ʙʘʪʘʨʝʶ. 

 



   

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʠʚʦʜʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʦʚ 

 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʛʠʙʨʠʜʳ ʦʙʳʯʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʥʘ ʜʦʨʦʛʘʭ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʠʙʨʠʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 

ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞʥʝʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʦʨʦʞʝ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʛʠʙʨʠʜʳ (ʨʠʩʫʥʦʢ 3).  

ɺ ʵʪʦʡ ʩʭʝʤʝ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ɼɺʉ) ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʥʘ ʛʝʥʝʨʘʪʦʨʝ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʯʝʨʝʟ ʘʢʢʫʤʫʣʷʪʦʨʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʪʦʨ ʫʩʪʘʥʦʚʣʝʥ ʪʘʢ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʠ ʟʘʩʪʘʚʣʷʝʪ 

ʚʨʘʱʘʪʴʩʷ ʚʝʜʫʱʫʶ ʢʦʣʝʩʥʫʶ ʧʘʨʫ. ɸʚʪʦʤʦʙʠʣʠ ʩ ʪʘʢʦʡ ʩʭʝʤʦʡ ʛʠʙʨʠʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʧʦʨʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʝʪʷʤ. ɺ ʥʠʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʸʤʢʠʝ ʠ ʜʦʨʦʛʠʝ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ. ʕʪʘ ʩʠʩʪʝʤʘ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʯʘʩʪʳʭ ʪʦʨʤʦʞʝʥʠʷʭ 

ʠ ʦʩʪʘʥʦʚʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʆʥʘ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʧʨʠʚʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʠʙʨʠʜʦʚ 



   

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʛʠʙʨʠʜʘʤʠ:  

BYD DM ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 2,9 ʣ/100 ʢʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʭʦʜʘ ï 2100 ʢʤ [3]. 

Li L9 ï ʟʘʧʘʩ ʭʦʜʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ï 215 ʢʤ, ʦʙʱʠʡ ï 1315 ʢʤ. 

Voyah Free ï ʟʘʧʘʩ ʭʦʜʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ï 205 ʢʤ, ʦʙʱʠʡ ï 860 ʢʤ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʪʠʧ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʳ 

ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʚʪʦʤʦʙʠʣʶ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʦʝʟʜʦʢ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʭʦʜʫ. ʊʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʸʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʵʪʠ ʘʚʪʦʤʦʙʠʣʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʣʷ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʚʠʪʠʝ ʘʚʪʦʥʦʤʥʳʭ ʬʫʥʢʮʠʡ 

ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʧʦʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ 

ʨʘʙʦʪʫ ʠ ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʚʝʱʘʝʪ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ 

ʘʚʪʦʤʦʙʠʣʠ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʝʩʫʨʩʳ, ʩʥʠʞʘʶʪ ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʢʦʤʬʦʨʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʚʦʜʠʪʝʣʝʡ ʠ ʧʘʩʩʘʞʠʨʦʚ. ʈʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ï ʵʪʦ ʚʘʞʥʳʡ ʰʘʛ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʯʠʩʪʦʤʫ ʙʫʜʫʱʝʤʫ ʜʣʷ ʚʩʝʭ. 
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ɸʥʥʦʪʘʮʠʷ: ʄʘץʘʣʘʜʘ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש ʙʘʡ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʳ, 

ʪʘʙʠסʠ ץʦʨʳץʰʘʣʘʨʳ, ᴇʟʝʥʜʝʨʽ ʤʝʥ ʪʘʫʣʘʨʳ ʪʫʨʘʣʳ ʩʠʧʘʪʪʘʣסʘʥ. ʉʠʨʝʢ 

ʢʝʟʜʝʩʝʪʽʥ ᴇʩʽʤʜʽʢʪʝʨʽ ʤʝʥ ʞʘʥʫʘʨʣʘʨʳ ʪװʨʣʝʨʽ, ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨʜʳש 

ʪװʨʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʜʘ ʵʢʦʪʫʨʠʟʤʜʽ ʜʘʤʳʪʫʜʳש ʙʦʣʘʰʘסʳ 

ʘʰʣrסʘʥ.  

ʅʝʛʽʟʛʽ ʩᴇʟʜʝʨ: ɾʘʤʙʳʣ ʦʙʣʳʩʳ, ʊʘʨʘʟ, ʊʘʣʘʩ, ɸʩʘ, ʐʫ.  

 

Abstract:  The article describes the rich natural resources, natural reserves, 

rivers and mountains of Zhambyl region. Species of rare plants and animals, types 

of minerals are listed. The future of ecotourism development in Zhambyl region 

has been opened. 

Keywords: Zhambyl region, Taraz, Talas, Asa, Shu 

 

ɾʘʤʙʳʣ ʦʙʣʳʩʳ ï פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʦשʪװʩʪʽʛʽʥʜʝ 

ʦʨʥʘʣʘʩץʘʥ. ʐʳסʳʩʳʥʜʘ ɸʣʤʘʪʳ ʦʙʣʳʩʳ, ʙʘʪʳʩʳʥʜʘ ʊװʨʢʽʩʪʘʥ ʦʙʣʳʩʳ, 

ʩʦʣʪװʩʪʽʛʽʥʜʝ ױʣʳʪʘʫ ʞʝʨʽ ʞᴅʥʝ  פʘʨʘסʘʥʜʳ ʦʙʣʳʩʪʘʨʳʤʝʥ, ʩʦʥʜʘʡïʘץ 

  .ʊʘʣʘʩ ʧʝʥ ʐʫ ʦʙʣʳʩʪʘʨʳʤʝʥ ʢᴇʨʰʽʣʝʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʳʟʩʪʘʥʥʳסʳʨפ

ʆʙʣʳʩʪʳש ʘʪʳ ץʘʟʘץʪʳײ שʣʳ ʘץʳʥʳ ɾʘʤʙʳʣ 

ɾʘʙʘʡײʣʳʥʳײץ שʨʤʝʪʽʥʝ ץʦʡʳʣסʘʥ. ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש 

ʪʝʨʨʠʪʦʨʠʷʩʳ ɹʝʪʧʘץʜʘʣʘʜʘʥ ʊʷʥʴ-ʐʘʥʴסʘ, ʐʫʜʘʥ פʘʨʘʪʘʫסʘ ʜʝʡʽʥ 

ʩʦʟʳʣʳʧ ʞʘʪʳʨ. ɾʝʨ ʘʫʤʘסʳ ï 144,2 ʤʳש ʢʤĮ. ʆʙʣʳʩʪʳש ᴅʢʽʤʰʽʣʽʢ 

ʦʨʪʘʣʳסʳ ï ʊʘʨʘʟ ץʘʣʘʩʳ. ʊʘʨʘʟ ץʘʣʘʩʳʥʳש ʘʪʳ ʙʽʨʥʝʰʝ ʤᴅʨʪʝ ᴇʟʛʝʨʜʽ. 

ʊʘʣʘʩ ᴇʟʝʥʽʥʽש ʘסʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʍïʍɯɯ סʘʩʳʨʜʘ ʊʘʣʘʩ, 751-1856 ʞ.ʞ. 

ʊʘʨʘʟ,  1856-1936 ʞ.ʞ. ᴄʫʣʠʝ-ʘʪʘ, 1936-1938 ʞ.ʞ. ʄʠʨʟʦʷʥ, 1938-1997 ʞ.ʞ. 

ɾʘʤʙʳʣ, 1997 ʞʳʣʜʘʥ ץʘʟʽʨʛʽ ʫʘץʳʪץʘ ʜʝʡʽʥ ʊʘʨʘʟ ץʘʣʘʩʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

ʊʘʨʘʟ ʘʪʘʫʳʥʳש ʪʦʧʦʥʦʤʠʢʘʩʳ ʊʘʣʘʩ ᴇʟʝʥʽʥʽש ʙʦʡʳʥʜʘסʳ ץʘʣʘʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ.     

ʆʙʣʳʩʪʳש ʬʣʦʨʘʩʳ ʤʝʥ ʬʘʫʥʘʩʳ ʪװʨʣʽ ᴅʨʽ ʢʝש ʙʘʡʪʘץ. ʆʙʣʳʩʪʳש 

ᴇʩʽʤʜʽʢ ᴅʣʝʤʽ ᴇʩʽʤʜʽʢʪʝʨʜʽ3 ש ʤʳש ʪװʨʽʥ ץʘʤʪʠʜʳ. ɸשʰʳʣʳץ ʞʘʨʘʤʩʘץʪʳסʳ 

13,9 ʤʳש ʛʘ ײץʨʘʡʜʳ, ʦʥʳש ʽʰʽʥʜʝ 40 ʪʘʥ ʘʩʪʘʤ ʘשʜʘʨʜʳש ʪװʨʽ ʙʘʨ. 
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ɹʘʣʳץ ʰʘʨʫʘʰʳʣʳץ ץʦʨʳ, ʘʫʤʘסʳ 27,8 ʤʳש ʛʘ ײץʨʘʡʜʳ, 81 ʩʫ ץʦʡʤʘʩʳ ʙʘʨ, 

ʦʥʳ59 ש ʩʫ ץʦʡʤʘʩʳ ʙʘʣʳץ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʞʘʨʘʤʜʳ. ɯʨʽ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʊʘʩᴇʪʢʝʣ ʞᴅʥʝ ʊʝʨʽʩïɸʱʳʙײʣʘץ ʩʫ ץʦʡʤʘʣʘʜʳ. ʂᴅʩʽʧʰʽʣʽʢ 

ʙʘʣʳץʪʘʨ ʙʦʣʳʧ: ʤʝʩʤʘשʜʘʡ, ʘץ ʘʤʫʨ, ʪץײʳʤ ʙʘʣʳץ, ʩʘʟʘʥ, ʢᴇʢʩʝʨʢʝ, 

ʘץץʘʡʨʘʥ, ʢʨʘʣʴ, ʪʘʙʘʥ ʙʘʣʳץʪʘʨ ʪʘʙʳʣʘʜʳ. ɾʘʤʙʳʣ ʦʙʣʳʩʳ ï 

ʨʝʩʧʫʙʣʠʢʘʤʳʟʜʘסʳ ʩʫ ʞʝʪʽʩʧʝʡʪʽʥ ʘʡʤʘץʪʘʨʜʳש ʙʽʨʽ, ʪʝשʽʟʜʝʨʜʝʥ ץʘʰʳץ 

ʞʘʪʫʳʤʝʥ ʙʽʨʛʝ ʽʨʽ ʝʟʝʥʜʝʨʽ ʜʝ ʞʦʢʪʳץ שʘʩʳ. ɹʽʨʘץ ʤʠʥʝʨʘʣʜʳ ʨʝʩʫʨʩʪʘʨסʘ 

ʙʘʡ ʘʡʤʘץʪʳש ʙʽʨʽ.ʉʘʨʳʘʨץʘ ʞʝʨʽ ʧʘʡʜʘʣʳ ʢʘʟʙʘʣʘʨʜʳש ʢᴇʤʙʝʩʽ ʜʝʩʝ ʜʝ 

ʙʦʣʘʜʳ. ʄײʥʜʘ ï ʢᴇʤʽʨ, ʪʝʤʽʨ ʢʝʥʽ, ʤʳʩ, ʤʘʨʛʘʥʝʮ, ʘʣʪʳʥ, ʢװʤʽʩ, ʤײʥʘʡ ʞᴇʥʝ 

ʪ.ʙ.ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨ ʢʝʟʜʝʩʝʜʽ. ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥʜʳ ʤʠʥʝʨʘʣʜʳ 

ʨʝʩʫʨʩʪʘʨʜʳץ שʘʟʳʥʘʩʳ ʜʝʩʝʢ ʪʝ ʙʦʣʘʜʳ. ɹײʣ ʘʫʜʘʥʜʘ ʧʘʡʜʘʣʳ ʢʘʟʙʘʣʘʨʜʳש 

ʘʣʫʘʥ ʪװʨʽ ʞᴅʥʝ װʣʢʝʥ ץʦʨʳ ʰʦסʳʨʣʘʥסʘʥ. ɾʝʨ ʢʦʡʥʘʫʳʥʜʘסʳ ʢᴇʤʽʨʜʽש ʤʦʣ 

 ʘʥ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ 100%ץʘʥʜʳ ʢᴇʤʽʨ ʘʣʘʙʳʥʜʘ ʦʨʥʘʣʘʩסʘʨʘפ ʦʨʳץ

ʢʦʢʩʪʝʣʝʪʽʥ ʢᴇʤʽʨ ʜʝ ʦʩʳʥʜʘ.  

 

1 ʉʫʨʝʪ ï פʘʟʘץʩʪʘʥ ʊʘʙʠסʘʪʳ 

 

ʅʝʛʽʟʽʥʝʥ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש  ʞʝʨ ʙʝʜʝʨʽʥʽש ʙʘʩʳʤ ʢᴇʧʰʽʣʽʛʽ 

ʞʘʟʳץ. ʊʘʫ ʞʦʪʘʣʘʨʳ ʪʝʨʨʠʪʦʨʠʷʥʳ ʙʘʪʳʩʳʥʘʥ, ʰʳסʳʩʳʥʘʥ ʞᴅʥʝ 

ʦשʪװʩʪʽʛʽʥʝʥ ʢᴇʤʢʝʨʝʜʽ. ʆשʪװʩʪʽʢ ʰʳסʳʩʳʥʜʘïʂʽʥʜʽʢʪʘʩ ʪʘʫʣʘʨʳ ɯʣʝ 

ɸʣʘʪʘʫʳʥʳש ʞʘʣסʘʩʳ ʙʽʨʥʝʰʝ ʤʘʩʩʠʚʪʝʨʛʝ ʙᴇʣʽʥʝʜʽ: ʉʦʣʪװʩʪʽʢ ʐʳסʳʩʳʥʜʘ 

ï פʦʨʜʘʡ ץʳʨʘʪʳ (1300ï1500 ʤ) ʰʳסʳʩʳʥʜʘ ï ɾʝʣʜʽʪʘʫ, ʆשʪװʩʪʽʢ 

ʞʘʟʳסʳʥʜʘ ɸʨסʘʡʪʳ ʢᴇʪʝʨʽʣʽʩʽ  (1300ï1400ʤ), ʘʣ ʙʘʪʳʩʳʥʜʘ ï ɸץʢᴇʡʣʝʢ 

 .ʳʨʘʪʳץ

ɾʘʥʫʘʨʣʘʨ ʤʝʥ ᴇʩʽʤʜʽʢʪʝʨ ʜװʥʠʝʩʽʥʽש ʪʘʙʠסʠ ʢᴇʨʽʥʽʩʽ ʢᴇʣʝʤʜʽ ʞᴅʥʝ 

ᴅʨʪװʨʣʽ. ʆʙʣʳʩʪʘ ʝʩʽʤʜʽʢʪʝʨʜʽ3 ש ʤʳסשʘ ʞʫʳץ ʪװʨʽ ʙʘʨ. ɸשʰʳʣʳץץʘ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʞʝʨʜʽש ʞʘʣʧʳ ʢᴇʣʝʤʽ 13,9 ʤʳש ʛʘ. ʆʥʜʘ 40 ʪװʨʣʽ ʞʘʥʫʘʨʣʘʨ 

ʤʝʢʝʥʜʝʡʽ. ɹʘʣʳץ ʰʘʨʫʘʰʳʣʳסʳ 27,8 ʤʳש ʛʘ ʞʝʨʜʽ ʘʣʳʧ ʞʘʪʳʨ. ʆʥʳש 

ʽʰʽʥʜʝ 81 ʩʫ ץʦʡʤʘʩʳ 59 ʩʫ ץʦʡʤʘʩʳ ʙʘʣʳץ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʞʘʨʘʤʜʳ. 

ᴄʩʽʨʝʩʝ ʊʘʩᴇʪʢʝʣ, ʇʩʝʨʽʩ-ɸʰʳʙʫʣʘץ ʽʨʽ ʩʫ ץʘʡʤʘʣʘʨʳ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʄשײʜʘ 

ʘץ ʘʤʫʨ, ʢʘʨʧ, ʩʘʟʘʥ, ʢᴇʢʩʝʨʢʝ, ʪʘʙʘʥ, ʚʦʙʣʘ ʙʘʣʳץʪʘʨʳʥʳש ʪװʨʣʝʨʽ ʙʘʩʳʤ. 



   

ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש ʪʦʧʳʨʘסʳ ʘʣʫʘʥ ʪװʨʣʽ. ʊʦʧʳʨʘץ ʞʘʤʳʣסʳʩʳʥʳש 

ʜʘʤʫʳ ʝʥʜʽʢ ʙʘסʳʪʳʥʜʘסʳ ʟʦʥʘʣʴʜʳ ʞᴅʥʝ ʚʝʨʪʠʢʘʣʴʜʳ ʙʝʣʜʝʫʣʽʢ 

ʟʘשʜʳʣʳץʪʘʨסʘ ʩᴅʡʢʝʩ ʜʘʤʳסʘʥ.  

 

 

2 ʉʫʨʝʪïפʘʟʘץʩʪʘʥ ʊʘʙʠסʘʪʳ 

 

ʐʫ, ʊʘʣʘʩ ᴇʟʝʥʜʝʨʽʥʽש ʪᴇʤʝʥʛʽ ʘסʳʩʳʥʜʘ ʩʦʥʜʘʡïʘץ ɹʝʪʧʘץʜʘʣʘ ʤʝʥ 

ʄʦʡʳʥײץʤʥʳש ʦʡʳʩʪʘʨʳʥʜʘ ʪʘץʳʨʣʘʨ ʜʘʤʳסʘʥ. ʂᴇʢʪʝʤʜʝ ʪʘץʳʨʣʘʨ ʝʨʽʛʝʥ 

 ʜʘʡסᴇʩʫʽʥʝ ʞʘ שʘʨ ʩʫʣʘʨʳʥʘ ʪʦʣʘʜʳ, ʦʣʘʨʜʘ ʣʘʡ ʞʠʥʘʣʳʧ ʙʘʣʜʳʨʣʘʨʜʳץ

ʪʫʘʜʳ. ײפʨסʘסʘʥ ʩʦש, ʪʘץʳʨʣʘʨסʘ ʘʡʥʘʣʘʜʳ.ʊʘץʳʨʜʳץ שʘʣʳשʜʳץʪʘʨʳ 20ï40 

ʩʤ, ʦʥʳש ʘʩʪʳʥʜʘ ʘʥʘʣʳץ ʪʘʫ ʞʳʥʳʩʳ ʙʘʩʪʘʣʘʜʳ. פʘʨʘ ʰʽʨʽʛʽ ʘʟ 0,3ï0,8%, 

ʪײʟʜʳʣʳ20 ץï40 ʩʤ ʪʝʨʝשʜʽʢʪʝ 2ï2,5%. ʊײʟʜʳ ʝʤʝʩ ʪʘץʳʨʣʘʨʜʘ ʢʝʟʜʝʩʝʜʽ, 

ʪײʟʜʳʣʳסʳ 1,5 ʤ ʪʝʨʝשʜʽʢʪʝʥ ʙʘʩʪʘʣʘʪʳʥ.  

ʊʘץʳʨʣʘʨ ʩʫʜʳ ʞʘץʩʳ ᴇʪʢʽʟʙʝʡʜʽ, ʳʣסʘʣʜʘʥסʘʥʜʘ ʽʩʽʥʝʜʽ, ײץʨסʘסʘʥʜʘ 

  .ʦʣʘʡʩʳʟץ ᴇʩʫʽʥʝ שʘʪʘʜʳ, ᴇʩʽʤʜʽʢ ʪʘʤʳʨʣʘʨʳʥʳץ ʘʡʪʘץ

ʉײʨïץʦשʳʨ ʪʦʧʳʨʘץ ɹʝʪʧʘץʜʘʣʘʜʘ ʢʝש ʪʘʨʘסʘʥ. ɽʨʝʢʰʝʣʽʛʽ ï ʛʠʧʩ 

 ,ʘʥץץʜʽʢʪʝ ʛʠʧʩ ʛʦʨʠʟʦʥʪʳ ʦʨʥʳשʙʦʣʫʳ, 5ï50 ʩʤ ʪʝʨʝ שʘʣʳץ שʘʙʘʪʳʥʳץ

ʛʠʧʩʪʳש ʤᴇʣʰʝʨʽ 30ï60% ʰʘʤʘʩʳʥʜʘ.  

ʉʦʨ ʪʦשʜʳ ʩײʨïץʦשʳʨ ʪʦʧʳʨʘץ ʙʦʨ ʤʝʥ ʧʘʣʝʦʛʝʥʥʽש ʢʦʥʛʣʦʤʝʨʘʪ, 

ʩʣʘʥʝʮ, ʪʘץʪʘʪʘʩ, ʛʨʘʥʠʪ, ᴅʢʪʘʩ ʩʠʷץʪʳ ʪʳסʳʟ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʜʘ ʜʘʤʠʜʳ. 

ɸʣʜʳסשʳ ʪʦʧʳʨʘץʪʘʥ ʝʨʝʢʰʝʣʽʛʽ ʢʘʨʙʦʥʘʪʪʳ, ʩʘʟʜʘץʪʳ ʙʦʣʘʜʳ. 

ʊʦʧʳʨʘץʪʳש ʞʦסʘʨסʳ 0ï4 ʩʤ ץʘʙʘʪʳʥʜʘ ץʘʨʘ ʰʽʨʽʢ ʤᴇʣʰʝʨʽ 1,2 %, 10ï12 ʩʤ 

ʪᴇʤʝʥʛʽ ʛʦʨʠʟʦʥʪʳʥʜʘ 0ï76%  

ɻʝʦʙʦʪʘʥʠʢ ɿ.ɺ.ʂʫʙʘʥʩʢʘʷʥʳש (1956ʞ.) ʟʝʨʪʪʝʫʣʝʨʽ ɹʝʪʧʘץʜʘʣʘʜʘ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʘʣʪʳ ʪʠʧʽʥ ʘʞʳʨʘʪʘʜʳ: ʰᴇʣʜʽ, ʰᴇʣʜʽïʩʘʨʘשʜʳ, ʜʘʣʘ, 

ʰʘʣסʳʥʜʳ, ʙײʪʘʣʳ, ʩװʨʝʢʪʽ.  

ʐᴇʣʜʽ ᴇʩʽʤʜʽʢ ʪʠʧʽ ʞʫʩʘʥ ʤʝʥ ʩʦʨʘשʜʘʨʜʘʥ ʪײʨʘʜʳ. ʉʦʣʪװʩʪʽʢ 

ʙᴇʣʽʛʽʥʜʝ ʞʫʩʘʥסʘ ʘʩʪʳץ ʪץײʳʤʜʘʩʪʘʨ (ʙʦʟ, ʩʝʣʝʫ) ʘʨʘʣʘʩʩʘ, ʘʣ ʦשʪװʩʪʽʛʽʥʜʝ 

ʵʬʝʤʝʨʣʝʨ ʤʝʥ ʵʬʝʤʝʨʦʠʜʪʝʨ ץʦʩʳʣʘʜʳ.  

ʐʘʣסʳʥʜʳ ᴇʩʽʤʜʽʢʪʝʨ ʐʫ ʘסשʘʨʳʥʜʘ ï ץʘʤʳʩ, ʪװʣʢʽײץʡʨʳץ, ʰʠ ץʘʣʳש 

ᴇʩʝʜʽ.  



   

ɹʝʪʧʘץʜʘʣʘʥʳש ʩʦʣʪװʩʪʽʢïh ʳסʳʩʳʥʜʘסʳ ʰʦץʳʣʘʨʜʘ, ʦʥʳש 

ʙʝʪʢʝʡʣʝʨʽʥʜʝ ʪʦʙʳʣסʳ, ץʘʨʘסʘʥ, ʞʳסשʳʣ, ʩʧʠʨʝʘʥʪʫʩ, ʞװʟʛʝʥ ᴇʩʢʝʥ.  

ʉװʨʝʢʪʽʣʝʨʜʝʥ ץʘʨʘ ʩʝʢʩʝʫʽʣʜʽ ʘʪʘʫסʘ ʙʦʣʘʜʳ. ʉʝʢʩʝʫʽʣ ʜʘʣʘʜʘ ʞʠʽ 

ᴇʩʝʜʽ. ʄʦʡʳʥײץʤסʘ ʞʫʩʘʥʥʳש ᴅʨʪװʨʽ, ʪʝʨʽʩʢʝʥ, ʘץ ʞᴅʥʝ ץʘʨʘ ʩʝʢʩʝʫʽʣʜʝʨ 

ʪᴅʥ.   ʉʦʥʳʤʝʥ ɾʘʤʙʳʣ ʦʙʣʳʩʳ ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘסʳ ᴇʩʽʤʜʽʢ 

ʞʘʤʳʣסʳʩʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʳש ʟʦʥʘʣʴʜʳ ʞᴅʥʝ ʘʟʦʥʘʣʴʜʳ ʟʘשʜʳʣʳץʪʘʨסʘ 

ʩʘʡ ʜʘʤʳסʘʥ. 

ɾʘʟʜʳץ ʘʫʜʘʥʜʘʨʜʘסʳ ᴇʩʽʤʜʽʢ ʞʘʤʳʣסʳʩʳ ʰᴇʣʜʽש ʪʠʧʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʜʘʤʳʩʘ (ʩʘʟʜʳ, ײץʤʜʳ, ʪʘʩʪʳ) ʪʘʫʣʘʨʜʘ ʙʠʽʢʪʽʢ ʙʝʣʜʝʫʣʝʨʛʝ ʩʘʡ ʜʘʤʳסʘʥ. 

ʆʙʣʳʩ ʘʫʤʘסʳʥʜʘ 3 ײʣʪʪʳץ ץʦʨʳץʰʘʣʘʨ ʞײʤʳʩ ʞʘʩʘʡʜʳ: 

çɹʝʨʽʢץʘʨʘ ʰʘʪץʘʣʳè ʄʝʤʣʝʢʝʪʪʽʢ ʪʘʙʠסʠ ץʦʨʳץʰʘʩʳ ï ʢʝʰʝʥʜʽ 

 50ïʜʝʥ שʘ ʝʥʛʝʥ ᴇʩʽʤʜʽʢʪʝʨʜʽץʳʟʳʣ ʢʽʪʘʧץ ʛʘ, ʦʥʜʘ שʳ 17,5 ʤʳסʘʫʤʘ ,ץʦʨʳץ

ʘʩʪʘʤ ʪװʨʽʥ, ʘʣ ʘשʜʘʨʜʘʥ ï ʘʨץʘʨʜʳ, ʠʥʜʠʷ ʜʠʢʦʙʨʘʟʳʥ, ʞײʤʘץ 

ʰʳʙʳʥץʳʨסʳʰʳʥ ʢʝʟʜʝʩʪʽʨʫʛʝ ʙʦʣʘʜʳ. 

çפʘʨʘץʦשʳʟ ʰʘʪץʘʣʳè ʄʝʤʣʝʢʝʪʪʽʢ ʪʘʙʠסʠ ץʦʨʳץʰʘʩʳ ï 

ʙʦʪʘʥʠʢʘʣʳץ, ʞʘʣʧʳ ʘʫʤʘסʳ 3,07 ʤʳש ʛʘ, ɿʘʡʣʠʠʡʩʢʠʡ ɸʣʘʪʘʫʜʳש 

ʙʘʪʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ɾʝʤʽʩʪʽ ʘʣʤʘ, ʰʠʝ, ʘʣʰʳʥ, ʞװʟʽʤʜʝʨ, װʡʝשʢʽ 

ʦʨʤʘʥʳʤʝʥ, ʘץ ץʘʨʘסʘʥ, ʪײʪ ʘסʘʰʳ, ʛʨʝʢ ʞʘסשʘסʳʤʝʥ ʞʘʣסʘʩʘʜʳ. 

çɸʥʜʘʩʘʡè ʄʝʤʣʝʢʝʪʪʽʢ ʪʘʙʠסʠ ץʦʨʳץʰʘʩʳ ï ʟʦʦʣʦʛʠʷʣʳץ, ʐʫ 

ᴇʟʝʥʽʥʽש ʦש ʞʘסʳʥʜʘ ʄʦʡʳʥײץʤ ʘʫʳʣʳʥʘʥ ʙʘʪʳʩʪʘ ʦʨʥʘʣʘʩץʘʥ. ʊʘʙʠסʠ 

ʞʘʙʳʥʜʘ ʙʝʪʝʛʝ, ʙʠʶʨʛʫʥ, ʩʠʨʝʢ ʵʬʝʤʝʨʣʝʨ, ץʘʨʘ ʩʝʢʩʝʫʽʣ, ʪʘʣʜʘʨ ᴇʩʢʝʥ 

ʪʦסʘʡʣʘʨ. ɾʘʥʫʘʨʣʘʨ ᴅʣʝʤʽ ʘʨץʘʨ, ײץʣʘʥ, ʞʘʡʨʘʥ, ʝʣʽʢ, ײץʨʘʣʘʡ, ץʘʙʘʥʜʘʨ, 

 .ʪʘʨ ʤʦʣ ʢʝʟʜʝʩʝʜʽץʣʜʳʨʳײʘʫʳʣʜʘʨ, ʙסʳʨץ ,ʦʷʥʜʘʨץ

çפʘʨʘײץʥʜʳʟ ʰʘʪץʘʣʳè ʤʝʤʣʝʢʝʪʪʽʢ ץʦʨʳסʳ 3,07 ʤʳש ʛʘ ʞʝʨʜʽ ʘʣʳʧ 

ʞʘʪʳʨ, ʦʨʥʘʣʘʩץʘʥ ʞʝʨʽ ɯʣʝ ɸʣʘʪʘʫʥʳש ʙʘʪʳʩ ʩʽʣʝʤʽ. ɸʣʤʘ, ʰʠʝ, ʞװʟʽʤ, 

ʘʣʰʘ ʞʝʤʽʩ ʘסʘʰʪʘʨʳ װʡʝשʢʽ, ʘץ ʘʢʘʮʠʷ, ʪײʪ ʘסʘʰʪʘʨʳ, ʛʨʝʢ ʞʘסשʘסʳ 

ʘסʘʰʪʘʨʳ ʫʯʘʩʢʝʣʝʨʽʤʝʥ ʘʣʤʘʩʳʧ ʦʪʳʨʘʜʳ. ɸʥʜʘʩʘʡ ʤʝʤʣʝʢʝʪʪʽʢ ץʦʨʳסʳ 

ʐʫ ᴇʟʝʥʽש ʦש ʞʘסʘʣʘʫʳʥʜʘ ʄʦʡʳʥײץʤ ʘʫʳʣʳʥʘʥ ʙʘʪʳʩץʘ ץʘʨʘʡ ʦʨʥʘʣʘʩץʘʥ, 

ʢᴇʣʝʤʽ 1000 ʤʳש ʛʘ. ʄײʥʜʘסʳ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʙʘʩʳʤ ʢᴇʧʰʽʣʽʛʽ ʙʝʪʝʛʝ, 

ʙʠʶʨʛʫʥ, ʩʝʢʩʝʫʣ, ʙײʪʘʣʳ ʘסʘʰʪʘʨ. ɾʘʥʫʘʨʣʘʨʜʘʥ ʘʨʭʘʨ, פʫʣʘʥ, ʝʣʽʢ ץʘʙʘʥ, 

  .ʨ ʤʝʢʝʥʜʝʡʜʽײץ ʘʫʳʣסʳʨץ ,ʦʷʥץ

çɹʝʨʽʢץʘʨʘ ʰʘʪץʘʣʳè ʤʝʤʣʝʢʝʪʪʽʢ ץʦʨʳסʳ 17,5 ʤʳש ʛʘ ʞʝʨʜʽ ʘʣʳʧ 

ʞʘʪʳʨ. ɹײʣ ʞʝʨʜʝ פʳʟʳʣ ʢʽʪʘʧʢʘ ʝʥʛʽʟʽʤʝʥ 50 ʜʝʥ ʘʩʘ ʘסʘʰʪʳïʙײʪʘʣʳ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ, ʞʘʥʫʘʨʣʘʨʜʘʥ ʘʨʭʘʨ , װʥʜʽ ʞʘʡʨʘʩʳʥ ʞʫʤʘץ ʰʳʙʳʥ 

  .ʳʤʳʥ ʢʝʟʜʝʩʪʽʨʫʛʝ ʙʦʣʘʜʳסʩʪʘײ

ɸʥʜʘʩʘʡ ʤʝʤʣʝʢʝʪʪʽʢ ץʦʨʳס rʐʫ ᴇʟʝʥʽש ʦש ʞʘסʘʣʘʫʳʥʜʘ ʄʦʡʳʥײץʤ 

ʘʫʳʣʳʥʘʥ ʙʘʪʳʩץʘ ץʘʨʘʡ ʦʨʥʘʣʘʩץʘʥ, ʢᴇʣʝʤʽ 1000 ʤʳש ʛʘ. ʄײʥʜʘסʳ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʙʘʩʳʤ ʢᴇʧʰʽʣʽʛʽ ʙʝʪʝʛʝ, ʙʠʶʨʛʫʥ, ʩʝʢʩʝʫʣ, ʙײʪʘʣʳ ʘסʘʰʪʘʨ. 

ɾʘʥʫʘʨʣʘʨʜʘʥ ʘʨʭʘʨ, פʫʣʘʥ, ʝʣʽʢ ץʘʙʘʥ,  

ʆʙʣʳʩʪʳש ʙʘʨʣʳץ ʘʡʤʘסʳʥʜʘ ʙʦʨʩʳץ, ʞʳʨʪץʳʰʪʘʨʜʘʥ ץʘʩץʳʨ, ʪװʣʢʽ, 

 .ʘʣʘʨ ʢʝʟʜʝʩʝʜʽץʘʙʘʥ, ʰʦʰץ ,ʝʣʽʢ, ʢʠʽʢ ,ץʡʨʳײץʘʨʘץ ʦʨʝʢʪʽʣʝʨʜʝʥץʪװʩ ,ץʘʨʩʘץ

ɹʝʪʧʘץʜʘʣʘʜʘ ʞʘʣʤʘʥ ʩʠʨʝʢ ʩװʪץʦʨʝʢʪʽʣʝʨ ץʘʪʘʨʳʥʜʘ ʞᴅʥʝ ʪʳʰץʘʥʜʘʨʜʳש 

ʪװʨʣʝʨʽ ʤʝʢʝʥʜʝʡʜʽ.  

ɾʘʤʙʳʣ ʦʙʣʳʩʳ ʦʥʳש ʞʝʨ ץʦʡʥʘʫʳʥʜʘ ʘʰʳʣסʘʥ ʧʘʡʜʘʣʳ 

 ʆʙʣʳʩ .ץʢʝʣʝʨʽ ʞʦ שʨʣʽʣʽʛʽ ʙʦʡʳʥʰʘ ʝʣʽʤʽʟʜʝ ᴇʟʽʥʝ ʪʝװᴅʨʪ שʘʟʙʘʣʘʨʜʳץ



   

ʬʦʩʬʦʨʠʪ ʞᴅʥʝ ʧʣʘʚʠʢʦʰʧʘʪ ʰʠʢʽʟʘʪʳʥʳש ʙʽʨʝʛʝʡ ʙʘʟʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʪװʩʪʽ ʤʝʪʘʣʣʜʘʨסʘ (ʤʳʩ, ʤʦʣʠʙʜʝʥ, ʘʣʪʳʥ, ʢװʤʽʩ, ʩʝʣʝʥ, ʪʝʣʣʫʨ, ץʦʨסʘʩʳʥ 

ʤʝʥ ʤʳʨʳʰ ʞᴅʥʝ ʪ.ʙ.), ʙʘʨʠʪʢʝ, ʢᴇʤʽʨʛʝ, ץʘʧʪʳʨʤʘ, ᴅʰʝʢʝʡ 

ʞᴅʥʝ  ʪʝʭʥʠʢʘʣʳץ ʪʘʩʪʘʨסʘ (ʛʨʘʥʠʪ, ʘʤʘʟʦʥʠʪʪʽ ʛʨʘʥʠʪ, ʤʨʘʤʦʨʠʟ, ʽʟʙʝʩʪʘʩ, 

ʤʨʘʤʦʨ, ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʪװʩʪʽ ʭʘʣʮʝʜʦʥ, ʘʙʨʘʟʠʚʪʽ ʰʠʢʽʟʘʪ, ʛʝʤʘʪʠʪï

ʢʨʦʚʘʚʠʢ, ʭʣʦʨʠʪïʛʨʘʥʘʪ), ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ (ʘʩʙʝʩʪ, ʪʘʣʴʢ, ʩʣʶʜʘ, 

 ,(.ʤʪʘʩ, ʮʝʤʝʥʪ ʞᴅʥʝ ʢʝʨʘʤʟʠʪʪʽ ʰʠʢʽʟʘʪ,  ʛʠʧʩ ʧʝʥ ʘʥʛʠʜʨʠʪ, ʞᴅʥʝ ʪ.ʙײץ

ʪʘʙʠסʠ ʛʘʟסʘ ʙʘʡ. 

 

ʂʝʩʪʝ 1 ï ʇʘʡʜʘʣʳ ץʘʟʙʘʣʘʨ ץʦʨʳ 

 ʦʨʳץ ʘʟʙʘʣʘʨץ ʘʟʙʘ ʘʪʘʫʳ ʇʘʡʜʘʣʳפ

ʌʦʩʬʦʨʠʪʪʝʨ פʈ ʙʘʣʘʥʩ ץʦʨʳʥʜʘסʳ ʬʦʩʬʦʨʠʪʪʽ72% ש, ʞʘʣʧʳ ץʦʨʳ ï 

3 817,4 ʤʣʥ. ʪʦʥʥʘ  

ɹʘʨʠʪ  ɹʘʨʠʢ ʢʝʥʽʥʽץ שʦʨʳ ï 12,0 ʤʣʥ. ʪʦʥʥʘ  

ʇʣʘʚʠʢʘʣʳץ ʰʧʘʪ 

(ʬʣʶʦʨʠʪ) 

 ,80,6% שʰʧʘʪʪʳ ץʳ ʧʣʘʚʠʢʘʣʳסʦʨʳʥʜʘץ ʈ ʙʘʣʘʥʩפ

ʞʘʣʧʳ ʢʝʥʥʽץ שʦʨʳ ï 24,9 ʤʣʥ. ʪʦʥʥʘ ʥʝʤʝʩʝ 7 ʤʣʥ. 

ʪʦʥʥ ʬʣʶʦʨʠʪ  

ʋʨʘʥ  ʋʨʘʥʥʳש ʞʘʣʧʳ ץʦʨʳ ï 8,0 ʤʳש ʪʦʥʥʘ  

ɻʘʟ  פʈ ʙʘʣʘʥʩ ץʦʨʳʥʜʘסʳ ʛʘʟʜʳ3% ש, ʙʘʨʣʘʥסʘʥ ץʦʨʳ ï 45 

ʤʣʨʜ. ʤ3, ʙʦʣʞʘʤʜʳ ï 89 ʤʣʨʜ. ʤ3  

ʂᴇʤʽʨ  פʈ ʙʘʣʘʥʩ ץʦʨʳʥʜʘסʳ ʢᴇʤʽʨʜʽ21,1% ש, ʞʘʣʧʳ ʙʘʣʘʥʩ 

  ʦʨʳ ï 6,75 ʤʣʥ. ʪʦʥʥʘ, ʙʦʣʞʘʤʜʳ ï 4,3 ʤʣʨʜ. ʊʦʥʥʘץ

ɸʣʪʳʥ  פʈ 8,2% ʙʘʣʘʥʩʪʳ ʞᴅʥʝ 15,4% ʙʦʣʞʘʤʜʳ ʘʣʪʳʥ ץʦʨʳ, 

ʞʘʣʧʳ ץʦʨʳ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ʨʝʩʫʨʩʪʘʨʳ 300 ï 350 

ʪʦʥʥʘסʘ ʙʘסʘʣʘʥʫʜʘ  

 ʘʩʳʥ ʞᴅʥʝסʦʨפ

ʤʳʨʳʰ 

 ʞᴅʥʝ % 15,4 שʘʩʳʥʥʳסʦʨץ ʳסʦʨʳʥʜʘץ ʈ ʙʘʣʘʥʩפ

ʤʳʨʳʰʪʳ3,4% ש, ʙʦʣʞʘʤʜʳ ץʦʨʳ ï 3,8 ʤʣʥ. ʪʦʥʥʘ  

ʄʳʩ  פʈ 3% ʙʘʣʘʥʩʪʳ ʞᴅʥʝ 9,7% ʙʦʣʞʘʤʜʳ ʤʳʩ ץʦʨʳ, 

ʞʘʣʧʳ ץʦʨʳ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ʨʝʩʫʨʩʪʘʨʳ 1,75 ʤʣʥ. 

ʪʦʥʥʘ  

 ʦʨʳ ïץ ץʦʨʳ, ʞʘʣʧʳ ʘʚʪʦʨʣʳץ ʈ 34,3 % ʙʦʣʞʘʤʜʳפ  ʘʣʘʡʳפ

12  ʤʳש ʪʦʥʥʘ, ʙʦʣʞʘʤʜʳ ï 101 ʤʳש ʪʦʥʥʘ  

ʊʘʩ ʪײʟʳ  ʊײʟʜʳש ʙʦʣʞʘʤʜʳ ץʦʨʳ ï 2,6 ʤʣʨʜ. ʪʦʥʥʘ  

ʄʠʥʝʨʘʣʜʳ 

ʪײʟʜʘʨ  

ɹʘʣʘʥʩʪʳ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ץʦʨʳ ï 15,0 ʤʣʥ. ʪʦʥʥʘ  

ɻʠʧʩ ʞᴅʥʝ 

ʘʥʛʠʜʨʠʪ  

25,8 % ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʛʠʧʩʘ ʈʂ, ʚʩʝʛʦ ʙʘʣʘʥʩʦʚʳʝ 

ʟʘʧʘʩʳ ʛʠʧʩʘ ʠ ʘʥʛʠʜʨʠʪʘ ï 50,3 ʤʣʥ. ʪʦʥʥ 

 ʛʠʧʩ ʞᴅʥʝ ,25,8% שʳ ʛʠʧʩʪʽסʦʨʳʥʜʘץ ʈ ʙʘʣʘʥʩפ

ʘʥʛʠʜʨʠʪʪʽש ʞʘʣʧʳ ʙʘʣʘʥʩ ץʦʨʳ ï 50,3 ʤʣʥ. ʪʦʥʥʘ  

ʉʠʨʝʢ ʵʣʝʤʝʥʪʪʝʨ ʛʝʨʤʘʥʠʡ, ʠʥʜʠʡ, ʢʘʜʤʠʡ, ʠʪʪʨʠʡ, ʠʪʪʝʨʙʠʡ, ʮʝʨʠʡ 

ʞᴅʥʝ ʠʪʪʨʠʡ ʪʦʙʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ  



   

ʆʙʣʳʩ ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘ ʈʝʩʧʫʙʣʠʢʘʣʳץ ʙʘʣʘʥʩ ץʦʨʳʥʜʘסʳ 

ʬʦʩʬʦʨʠʪʪʽ71,9% ש (ʊʄɼ ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘסʳ ʝש ʽʨʽ ץʦʨʳ), ʧʣʘʚʠʢʘʣʳץ 

ʰʧʘʪʪʳ68% ש (ʧʣʘʚʠʢʘʣʳץ ʰʧʘʪʪʳץ שʦʨʳ ʙʦʡʳʥʰʘ ᴅʣʝʤʜʝ ʞʝʪʝʢʰʽ 

ʦʨʳʥʜʘʨʜʳש ʙʽʨʽʥʜʝ), ʢʚʘʨʮʠʪʪʽ65,1% ש, ʘʣʪʳʥʥʳ8,8% ש, ʤʳʩʪʳ3% ש , 

ʫʨʘʥʥʳ0,7% ש ʦʨʥʘʣʘʩץʘʥ. ɸʟʳץʪʳץ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʪײʟ ץʦʨʳ 10 ʤʣʥ. 

ʪʦʥʥʘʥʳ ײץʨʘʡʜʳ. 

ʂʚʘʨʮʠʪʪʽ2 ש ʢʝʥ ʦʨʥʳ ʙʘʨ ï ɾʘשʘʪʘʩ (ʙʘʣʘʥʩʪʳץ ץʦʨʳ 38 800 ʤʳש 

ʪʦʥʥʘʥʳ ײץʨʘʡʜʳ) ʞᴅʥʝ ʄʘץʙʝʣ ʨʝʩʧʫʙʣʠʢʘʜʘסʳ ʝש ʽʨʽ (137 040 ʤʳש ʪʦʥʥʘ). 

 .ʘʥסʪʘʣץʳ ʊʳʤʣʘʡ ʪʠʪʘʥïʤʘʛʥʝʪʠʪ ʢʝʥ ʦʨʳʥʜʘʨʳ ʘʥʳסʦʨʜʘʡ ʘʫʜʘʥʳʥʜʘפ

 ʢʝʣʝʰʝʛʽ ʙʘʨ ʢʝʥ ʦʨʳʥʜʘʨʳ שʘʩʳʥïʤʳʨʳʰ ʤʠʥʝʨʘʣʠʟʘʮʠʷʩʳʥʳסʦʨפ

ʐʫïɯʣʝ ʘʫʜʘʥʳʥʜʘ ʘʥʳץʪʘʣסʘʥ. ʄʳʩ ʢʝʥʽʥ ᴇʥʜʽʨʫ ʐʫ ʘʫʜʘʥʳʥʜʘסʳ 

ʐʘʪʳʨʢᴇʣ ʧʦʣʠʤʝʪʘʣʣ ʢʝʥ ʦʨʥʳʥʜʘ ʞװʨʛʽʟʽʣʽʧ ʞʘʪʳʨ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ 

 ʞᴅʥʝ ץʪʳץʦʨʳ 10 ʤʣʥ. ʪʦʥʥʘ ʘʟʳץ ʳסʪʳ ʉʘʨʳʩʫ ʘʫʜʘʥʳʥʜʘץʫʰʳʣʳסʳʟʳץ

ʪʝʭʥʠʢʘʣʳץ ʪײʟ ʢʝʥ ʦʨʳʥʜʘʨʳ ײץʨʘʡʜʳ. 

ʆʥʳש ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘ ʐʫ ï ʉʘʨʳʩʫ ʦʡʧʘʪʳʥʳש ʰʝשʙʝʨʽʥʜʝ ʪʘʙʠסʠ 

ʛʘʟʜʳש ʙʽʨʥʝʰʝ ʢʝʥ ʦʨʳʥʜʘʨʳ ʙʘʨʣʘʥסʘʥ. ɹʠʽʢʪʽʢ ʙʝʣʜʝʫʣʽʢ ʙʘסʳʪʳʥʜʘ 

ʜʘʤʳסʘʥ ʪʦʧʳʨʘץïᴇʩʽʤʜʽʢ ʞʘʤʳʣסʳʩʳʥʳש ʪʠʧʪʝʨʽ: ʰᴇʣʜʽ, ʰᴇʣʝʡʪʪʽ, ײץʨסʘץ 

ʜʘʣʘ, ʪʘʫʣʳ ʰʘʣסʳʥʜʳïʜʘʣʘ, ʪʘʫʣʳïh ʘʣסʳʥʜʳ, ʩʫʙʘʣʴʧʽʣʽʢ ʰʘʣסʳʥʜʳï

ʜʘʣʘ, ʪʘʫʣʳ ʰʘʣסʳʥʜʳ ʞᴅʥʝ ʘʣʴʧʽʣʽʢ ʰʘʣסʳʥʜʳïʜʘʣʘ. ɹײʣ ʪʦʧʳʨʘץïᴇʩʽʤʜʽʢ 

ʞʘʤʳʣסʳʩʳʥʳש ʪʠʧʪʝʨʽ ʦʙʣʳʩ ʞʝʨʽʥʜʝʛʽ ʪʘʫʣʘʨסʘ ʪᴅʥ.  
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ɸʥʥʦʪʘʮʠʷ: ʄʘץʘʣʘʜʘ ʘʪʤʦʩʬʝʨʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ, ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʢᴇʣʽʢ ʪװʨʣʝʨʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʪʘʣץʳʣʘʥʘʜʳ. ʆʥʳש ʽʰʽʥʜʝ 

ʚʝʣʦʩʠʧʝʜ, ʵʣʝʢʪʨ ʩʢʫʪʝʨ, ʪʨʦʣʣʝʡʙʫʩ, ʪʨʘʤʚʘʡ ʞᴅʥʝ ʵʣʝʢʪʨ ʧʦʡʳʟʳ ʙʘʨ. 

ɹʦʣʘʰʘץʪʘ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ ʪװʨʣʝʨʽ ʜʘʤʠʪʳʥ ʙʦʣʘʜʳ.  

ʅʝʛʽʟʛʽ ʩᴇʟʜʝʨ: ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨ, ʚʝʣʦʩʠʧʝʜ, ʪʨʦʣʣʝʡʙʫʩ, 

ʪʨʘʤʚʘʡ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ, ʤʝʪʨʦ. 

 

Annotation: The article discusses the economic efficiency of 

environmentally clean modes of transport that do not pollute the atmosphere. It 

includes a bicycle, trolleybus, tram, electric train. In the future environmentally 

friendly modes of transport will develop.  

Keywords: environmentally friendly transport, bicycle, trolleybus, tram, 

electric scooter, metro. 

 

ʂʽʨʽʩʧʝ:ʂᴇʣʽʢʪʝʨ ʘʜʘʤʥʳש ʞʦʣʳʥ ץʳʩץʘʨʪʘʪʳʥ, ʙʘʨʘʪʳʥ ʞʘסʳʥʘ 

ʞʳʣʜʘʤ ʞʝʪʢʽʟʝʪʽʥ ʪʝʭʥʠʢʘ ʪװʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʚʪʦʢᴇʣʽʢʪʝʨʜʝʥ 

ʰʳסʘʪʳʥ ʢװʢʽʨʪ ʘʥʛʨʠʜʽ ʤʝʥ ʘʟʦʪ ʦʢʩʠʜʽ ᴇʪʝ ʫʣʳ ʛʘʟʜʘʨ. ʆʣʘʨʜʳש 

ʘʪʤʦʩʬʝʨʘʜʘ ʞʠʥʘʣʫʳ ʩʤʦʛ ʞᴅʥʝ ץʳʰץʳʣ ʞʘשʙʳʨʜʳ ʪʫʜʳʨʘʜʳ. ʋʣʳ 

ʛʘʟʜʘʨʜʳש ʘʜʘʤʥʳש ʫʣʘʥʫʳ ᴇʢʧʝʥʽש ʽʩʽʥʫʽ, ץʘʥ ץʳʩʳʤʳʥʳש ʢᴇʪʝʨʽʣʫʥʝ ʘʣʳʧ 

ʢʝʣʝʜʽ. ɽʨʪʝ ʙʘʩʪʘʥ ʘʜʘʤʟʘʪ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥסʘʥ. çɽʨ 

 ʡʝ ʤʘʣʳʥװʘʥ. ʊסʳʩ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥסʘʥʘʪʳ ï ʘʪè ʜʝʧ ʘʪʪʳ ʢᴇʣʽʢ ʨʝʪʽʥʜʝ, ʩʦץ

ʞװʢ ʪʘʩʳʤʘʣʜʘʫʜʘ, ʞʽʙʝʢ ʞʦʣʳʥʜʘסʳ ʩʘʫʜʘ ʪװʡʝʤʝʥ ץʘʪʳʥʘסʘʥ. ɽʩʝʢʪʽש ʝʪʽ 

ʘʨʘʤ, ʽʩʽ ʘʜʘʣ ʜʝʧ ʝʩʝʢʧʝʥ ʞװʢ ʪʘʩʳסʘʥ. ɹײʣ ʢᴇʣʽʢʪʝʨ ʘʫʘʥʳ ʣʘʩʪʘʤʘסʘʥ, ץʠʳ 

ʪʦʧʳʨʘץץʘ ʪʳשʘʡʪץʳʰ, ʦʪʳʥ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥסʘʥ. ʂʝʡʽʥʛʽ ʢʝʟʜʝʨʽ ʞʘʟ 

ʤʝʟʛʽʣʽʥʜʝ ʞװʨʝʪʽʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨʛʝ ʚʝʣʦʩʠʧʝʜ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ, 

ʵʣʝʢʪʨʦʤʦʧʝʜ ʢᴇʣʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥסʘʥ. ɺʝʣʦʩʠʧʝʜ ʘʜʘʤ ʜʝʥʝʩʽʥ 

ʰʳʥʳץʪʳʨʳʧ, ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʞʘʟסʳ ʢᴇʣʽʢ. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ, 

ʵʣʝʢʪʨʦʤʦʧʝʜ ʪʦץʧʝʥ ʟʘʨʷʜʪʪʘʣʳʧ ʞʳʣʜʘʤ ʞװʨʝʪʽʥ ʢᴇʣʽʢʪʝʨ. ɾʦʣʘʫʰʳ 

ʘʜʘʤʜʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʪʨʦʣʣʝʡʙʫʩ, 

ʪʨʘʤʚʘʡ, ʵʣʝʢʪʨʦʧʦʝʟʜ, ʤʝʪʨʦ ʢᴇʣʽʢʪʝʨʽ ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʜʳ. ʊʝʭʥʠʢʘʥʳש 
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ʜʘʤʳסʘʥ ʟʘʤʘʥʳʥʜʘ ʘʜʘʤʜʘʨ ʪʦץʧʝʥ ʟʘʨʷʜʪʘʣʳʧ ʞװʨʝʪʽʥ 

ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ, ʢװʥ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʢᴇʣʽʢʪʝʨʜʽ ʦʡʣʘʧ ʰʳסʘʨʜʳ. 

 ʊʦʡʦʪʘ שʌʦʣʴʢʩʚʘʛʝʥ ʢʦʤʧʘʥʠʷʩʳ, ɾʘʧʦʥʠʷʥʳ שʜʘ ɻʝʨʤʘʥʠʷʥʳשʘʟʽʨʛʽ ʪʘפ

ʰʳסʘʨʫ ʢʦʤʧʘʥʠʷʩʳ, ʂʦʨʝʷʥʳש ʍʫʥʜʘʡ ʢʦʤʧʘʥʷʩʳ, פʳʪʘʡ ʍʘʣʳץ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʟʠʢʨ ʢʦʤʧʘʥʠʷʩʳ ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ ʢᴇʧʪʝʧ ʰʳסʘʨʫʜʘ. 

ʉʘʫʜʘ ᴅʣʝʤʽʥʜʝ ʦʡʳʧ ʦʨʳʥ ʘʣסʘʥ פʳʪʘʡʜʘʥ ʰʳסʘʪʳʥ ʟʠʢʨ ʢᴇʣʽʢʪʝʨʽʥ ʞʘʨʪʳ 

ʩʘסʘʪ ʟʘʨʷʜʪʪʘʧ, 800 ʢʤ ʞʦʣ ʞװʨʫʛʝ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʜʘסʳ ʤʝʪʨʦ ʢᴇʣʽʛʽ, ʊʘʣʴʛʘ 

ʵʣʝʢʪʨʦʧʦʝʟʜʳ, ʵʣʝʢʪʨʦʤʦʙʠʣʴ, ʚʝʣʦʩʠʧʝʜ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ ʢᴇʣʽʢʪʝʨʽ 

ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ. ɹʦʣʘʰʘץʪʘ ʘʜʘʤʜʘʨ ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʢᴇʣʽʢʪʝʨʛʝ ʢᴇʰʝʜʽ ʜʝʧ ʦʡʣʘʡʤʳʥ.  

ɸʚʪʦʢᴇʣʽʢʪʝʨʜʽץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞᴅʥʝ ʘʜʘʤ ʘסʟʘʩʳʥʘ  ʟʠʷʥʜʳ ᴅʩʝʨʽ 

ɸʚʪʦʢᴇʣʽʢʪʝʨʜʝʥ ʰʳסʘʪʳʥ ʫʣʳ ʛʘʟʜʘʨ:  

ʂᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ʉʆ2 ï ʂᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʤʝʥ ʫʣʘʥʫ ʘʜʘʤ 

ʘסʟʘʩʳʥʜʘ ʦʪʪʝʛʽʥʽץ שʘʥסʘ ʝʥʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ. ɸʜʘʤʜʘ ʦʪʪʝʛʽʥʽש (ʆ2) 

ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥʝʥ ץʘʥ ʘʡʥʳʣʳʤ ʞװʡʝʩʽ ʙײʟʳʣʳʧ, ʘʜʘʤ ʝʩʽʥʝʥ ʪʘʥʳʧ ץʘʣʘʜʳ. 

ɸסʟʘʜʘ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ʛʝʤʦʛʣʦʙʠʥʤʝʥ ץʦʩʳʣʳʧ, ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʜʽ 

ʪװʟʝʜʽ. ʄײʥʜʘʡ ᴇʟʛʝʨʽʩ ʘʜʘʤʜʘ  ʧʩʠʭʠʢʘʣʳץ ʘʫʨʫʣʘʨʜʳ ʪʫʜʳʨʘʜʳ.   

ʂװʢʽʨʪ ʘʥʛʨʠʜʽ (Sʆ3) ʞᴅʥʝ ʘʟʦʪ ʦʢʩʠʜʽ (NO2) ï ʂᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʤʝʥ 

ʫʣʘʥʫ ʘʜʘʤ ʘסʟʘʩʳʥʜʘ ʦʪʪʝʛʽʥʽץ שʘʥסʘ ʝʥʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ. ɸʜʘʤʜʘ ʦʪʪʝʛʽʥʽש 

(ʆ2) ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥʝʥ ץʘʥ ʘʡʥʳʣʳʤ ʞװʡʝʩʽ ʙײʟʳʣʳʧ, ʘʜʘʤ ʝʩʽʥʝʥ ʪʘʥʳʧ 

 ,ʦʩʳʣʳʧץ ʳʣ ʛʘʟʳ ʛʝʤʦʛʣʦʙʠʥʤʝʥץʳʰץʟʘʜʘ ʢᴇʤʽʨסʘʣʘʜʳ. ɸץ

ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʜʽ ʪװʟʝʜʽ. ʄײʥʜʘʡ ᴇʟʛʝʨʽʩ ʘʜʘʤʜʘ  ʧʩʠʭʠʢʘʣʳץ 

ʘʫʨʫʣʘʨʜʳ ʪʫʜʳʨʘʜʳ.   

ʂʘʜʤʠʡ (ʉd) ï ʂʘʜʤʠʡ ʘסʟʘʜʘסʳ ץʘʥסʘ ʝʥʽʧ, ʤʠ ץʘʙʘʪʪʘʨʳʥ, ʙʘʫʳʨ ʤʝʥ 

ʙװʡʨʝʢʪʽ ʟʘץʳʤʜʘʡʜʳ. ɼʝʥʝʜʝʛʽ ʢᴇʤʽʨʩʫʣʘʨʜʳש ʘʣʤʘʩʫʳʥ ʙײʟʳʧ, 

 ʡʝʥʽװʞ ץʘʩʳʥ ʞᴅʥʝ ʞʳʥʳʩʪʳץשʘץ ʡʝʢװʪʳ (ʘʥʝʤʠʷ) ʪʫʜʳʨʘʜʳ.ʉץʘʥʘʟʜʳץ

ʟʘץʳʤʜʘʡʜʳ. ʆʥʢʦʣʦʛʠʷʣʳץ ʘʫʨʫʣʘʨʜʳ ʪʫʜʳʨʘʜʳ. 

 .ʘʙʽʣʝʪʽʥ ʪᴇʤʝʥʜʝʪʝʜʽץ ʢᴇʨʫ ʞᴅʥʝ ʝʩʪʫ שʘʩʳʥ (ʈb) ï ɸʜʘʤʥʳסʦʨפ

ɹʘʣʘʣʘʨʜʳש ʤʠ ץʘʙʘʪʪʘʨʳʥ ʟʘץʳʤʜʘʡʜʳ. ɸʜʘʤʥʳש ʞװʡʢʝ ʞװʡʝʩʽʥ ʞᴅʥʝ ץʘʥ 

ʘʡʥʳʣʳʤ ʞװʡʝʩʽʥ ʙײʟʘʜʳ. 

ɹʝʥʟʘʧʠʨʝʥ ï פʘʫʽʧʪʽ ʫʣʳ ʛʘʟ. ɸʜʘʤ ʤʝʥ ʞʘʥʫʘʨ ʘסʟʘʣʘʨʳʥʜʘ 
ʦʥʢʦʣʦʛʠʷʣʳץ ʘʫʨʫʣʘʨʜʳ ʪʫʜʳʨʘʜʳ. ɸʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʢᴇʣʽʢʪʝʨʜʽש ʪװʨʣʝʨʽ 

 

  
 

1 ʩʫʨʝʪ ï ɺʝʣʦʩʠʧʝʜ ï ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʞʘʟסʳ ʢᴇʣʽʢʪʽש ʪװʨʽ 



   

ɺʝʣʦʩʠʧʝʜ (ʬʨʘʥʮʫʟ ʪʽʣʽʥʝʥ ʘʫʜʘʨסʘʥʜʘ çvelocipedeè ï ʞʳʣʜʘʤ ʘʷץ 

ʜʝʛʝʥ ʤʘסʳʥʘʥʳ ʙʽʣʜʽʨʝʜʽ) ʝʢʽ ʜᴇשʛʝʣʝʢʪʽ ʞᴅʥʝ װʰ ʜᴇשʛʝʣʝʢʪʽ ʘʜʘʤʥʳש 

ʘʷסʳʤʝʥ ʘʡʥʘʣʜʳʨʳʧ ʞװʨʝʪʽʥ, ץʦʣʜʳש ʢᴇʤʝʛʽʤʝʥ ʙʘʩץʘʨʘʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ ʞʘʟסʳ ʢᴇʣʽʢʪʽש ʪװʨʽ. פʘʣʘʥʳש ʽʰʽʥʜʝ ʞװʨʫʛʝ ᴇʪʝ ץʦʣʘʡʣʳ, ʞʳʣʜʘʤ 

ʘʡʜʘסʘʥʜʘ ʩʘסʘʪʳʥʘ 25ʢʤ/ʩʘס ʞʦʣ ʞװʨʝʜʽ. ɽש ʘʣסʘʰץʳ ʚʝʣʦʩʠʧʝʜʪʽ 1817 

ʞʳʣʳ ʥʝʤʽʩ ʧʨʦʬʝʩʩʦʨʳ ʂʘʨʣ ʬʦʥ ɼʨʝʟ ʦʡʣʘʧ ʰʳסʘʨʳʧ, ʦʥʳ 1878 ʞʳʣʳ 

ʧʘʪʝʥʪʪʝʜʽ. ʆʥʳ çʞװʛʽʨʫ ʢᴇʣʽʛʽè ʜʝʧ ʘʪʘʜʳ. ʆʣ ʦʥʳ ʘסʘʰʪʘʥ ʞᴅʥʝ ʧʝʜʘʣʴʩʽʟ 

ʞʘʩʘʜʳ. ʆʥʳ ʘʡʜʘסʘʥʜʘ ʳסשʘʡʩʳʟʜʳץ ʪʫʜʳʨʜʳ. ʂʝʡʽʥʥʝʥ ʚʝʣʦʩʠʧʝʜʪʽ 

ʘʣʶʤʠʥʠʡʜʝʥ ʘסʳʣʰʳʥ ᴇʥʝʨʪʘʧץʳʰʳ ɼʞʦʥ ʂʝʤʧ ʉʪʘʨʣʠ ʞʘʩʘʧ ʰʳסʘʨʜʳ. 

ɸʣ 1960ï1970 ʞʳʣʜʘʨʳ ɸפʐïʪʘ ʚʝʣʦʩʠʧʝʜʪʽש ʩʧʦʨʪʪʳץ ʞᴅʥʝ ʪʘʫʜʘ 

ʞװʨʝʪʽʥ ʪװʨʣʝʨʽ ʰʳסʘʨʳʣʜʳ. ɸʣסʘʰ ʨʝʪ ʚʝʣʦʞʘʨʳʩ 1891 ʞʳʣʳ ʇʘʨʠʞʜʝ 

ᴇʪʪʽ. ʉʦʜʘʥ ʙʝʨʽ ᴅʣʝʤʜʝ ʩʧʦʨʪʪʳץ ʚʝʣʦʞʘʨʳʩ ᴇʪʢʽʟʽʣʝʜʽ. פʘʟʘץʩʪʘʥʜʘ 2012 

ʞʳʣʳ ʚʝʣʦʞʘʨʳʩʪʘʥ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ɺʠʥʦʢʫʨʦʚ ʞʝשʽʤʧʘʟ ʘʪʘʥʜʳ. 

ɺʝʣʦʩʠʧʝʜʪʽש ʘʜʘʤ ʘסʟʘʩʳʥʘ ʧʘʡʜʘʩʳ ᴇʪʝ ʢᴇʧ. ɺʝʣʦʩʠʧʝʜ ʘʡʜʘʫ ʝʨ 

ʘʜʘʤʜʘʨʜʘ ʧʨʦʩʪʘʪʠʪ, ʙʝʣʜʽש ʛʨʳʞʘʩʳ, ʦʤʳʨʪץʘʥʳץ שʠʩʘʶʳ ʩʠʷץʪʳ 

ʘʫʨʫʣʘʨʜʳש ʘʣʜʳʥïʘʣʘʜʳ. פʘʥ ʘʡʥʘʣʳʤ ʞᴅʥʝ ʪʳʥʳʩ ʘʣʫ ʞװʡʝʩʽ ʞʘץʩʘʨʘʜʳ, 

ʘʜʘʤ ʘʨʪʳץ ʩʘʣʤʘץʪʘʥ ʘʨʳʣʘʜʳ, ʜʝʥʝʩʽ ʰʳʥʳסʘʜʳ.   

 

  

2 ʩʫʨʝʪ ï ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ï ʘʪʤʦʩʬʝʨʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʢᴇʣʽʢ 

 

ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ï ʘʪʤʦʩʬʝʨʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʞʘʟסʳ ʢᴇʣʽʢ. ʂʝʡʽʥʛʽ ʢʝʟʜʝʨʽ ʞʘʩʪʘʨʜʳש ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ ʞװʨʛʽʟʫʽ ʩᴅʥʛʝ 

ʘʡʥʘʣʜʳ. ᴆʡʪʢʝʥʽ ʦʣ ʙʝʥʟʠʥʤʝʥ ʞװʨʤʝʡʜʽ, 220 ʚʘʪʪʳץ ʪʦץʧʝʥ ʟʘʨʷʜʪʘʩʘשʳʟ 

ʙʦʣסʘʥʳ. ʉʘסʘʪʳʥʘ 50ʢʤ/ʩʘס. ʞʦʣ ʞװʨʝʜʽ. ɹʘʣʘʣʘʨסʘ 7 ʞʘʩʪʘʥ ʙʘʩʪʘʧ 

ʞװʨʛʽʟʫʛʝ ʨץײʩʘʪ ʝʪʽʣʛʝʥ. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ʞװʨʛʽʟʫʜʽש ʧʘʡʜʘʩʳ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽ:  

1. ʕʢʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʛʽ ʞʦסʘʨʳ. ɹʝʥʟʠʥʤʝʥ, ʜʠʟʝʣʴʤʝʥ, ʛʘʟʙʝʥ 
ʞװʨʝʪʽʥ ʘʚʪʦʢᴇʣʽʢʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʞװʨʫ ʘʫʘʥʳ ʫʣʳ 

ʛʘʟʜʘʨʤʝʥ, ʪװʪʽʥʜʝʨʤʝʥ ʣʘʩʪʘʤʘʡʜʳ. 



   

2. ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʛʽ ʞʦסʘʨʳ. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪץʘ ʘץʰʘ ʞײʤʩʘʧ, 
ʙʝʥʟʠʥ ײץʡʤʘʡʤʳʟ. ʊʝʢ 220 ʚʘʪʪʳץ ʪʦץʧʝʥ ʟʘʨʷʜʪʘʧ, ʩʘסʘʪʳʥʘ 50ʢʤ ʞʦʣ 

ʞװʨʫʛʝ ʙʦʣʘʜʳ.  

 ʘסʦʣʞʝʪʽʤʜʽ. ɹʘʣʘʣʘʨץ ʘסʦʣʞʝʪʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽ. ɸʜʘʤʜʘʨפ .3
ʘʡʜʘʧ װʡʨʝʪʝʪʽʥ ʘʨʥʘʡʳ ʢᴇʤʝʢʰʽʥʽץ שʘʞʝʪʽ ʞʦץ. ɺʝʣʦʩʠʧʝʜ ʩʠʷץʪʳ ʘʷץʧʝʥ 

ʘʡʥʘʣʜʳʨʤʘʡʤʳʟ, ʪʝʢ ʪʽʢ ʪײʨʳʧ ʞװʨʛʽʟʝʤʽʟ. פʘʨʪ ʢʽʩʽʣʝʨʛʝ ʦʨʳʥʜʳסʳ ʙʘʨ, 

ʦʪʳʨʳʧ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. 

4. ʉʳʡʳʤʜʳʣʳסʳ. ʂʝʟïʢʝʣʛʝʥ ʞʝʨʛʝ װʡʛʝ, ʣʠʬʪʽʛʝ, ʧᴅʪʝʨʛʝ ʦשʘʡ 

ʩʳʡʳʧ ʢʝʪʝʜʽ. ɾװʨʤʝʡ ץʘʣʩʘ ʟʘʨʷʜʪʘʧ ץʦʶ ʢʝʨʝʢ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʽʥ ʤʘʡʣʘʫ 

ʢʝʨʝʢ.  

5. ɼʝʥʩʘʫʣʳץץʘ ʧʘʡʜʘʩʳ. ɸʜʘʤ ʘסʟʘʩʳʥʳש ʤװʰʝʣʝʨʽʥ ʘʷץïץʦʣ, ʘʨץʘ 

ʙײʣʰʳץʝʪʪʝʨʽʥ ʰʳʥʳץʪʳʨʘʜʳ. ɸʨץʘ ʦʤʳʨʪץʘʩʳʥʳץ שʠʩʘʡʤʘʫʳʥʳש ʘʣʜʳʥï

ʘʣʘʜʳ. ɾʘʟ ʤʝʟʛʽʣʽʥʜʝ ʞװʨʛʽʟʫ ʘʜʘʤסʘ ʞʘʡʣʳ,  ʦʥʳש ʪʝʨʣʝʤʝʡ ʞʝʪʫʽʥʝ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ.  

 ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ʞװʨʛʽʟʫʜʽש ʪʠʽʤʩʽʟʜʽʣʽʛʽ:  

1. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʪʝʢ ʞʳʣʳ ʢʝʟʜʝʨʜʝ ʞʘʟ ʤʝʟʛʽʣʜʝʨʽʥʜʝ ʞװʨʛʽʟʫ 

ʪʠʽʤʜʽ. פʳʩʪʘ ʞװʨʛʽʟʫ ʘʜʘʤʥʳש ʘסʟʘʩʳʥʘ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. ʉʫʳץ ʘʫʘ ʨʘʡʳʥʳש 

ʩʘʣʜʘʨʳʥʘʥ ʘʜʘʤʥʳש ʪʳʥʳʩ ʘʣʫ ʤװʰʝʣʝʨʽʥʝ ʩʫʳץ ʪʠʽʧ, ᴇʢʧʝʩʽ, ʪʘʤʘסʳ 

ʘʫʳʨʫʳ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ץʳʩ ʤʝʟʛʽʣʽʥʜʝ ʞװʨʛʽʟʫʛʝ ʙʦʣʤʘʡʜʳ.  

2. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʪʝʛʽʩ ʘʩʬʘʣʴʪ ʞʦʣʜʘ ʞװʨʛʽʟʛʝʥ ʪʠʽʤʜʽ. ʊʘʩ 
ʞʦʣʜʘ ʞװʨʫ ץʠʳʥסʘ ʩʦסʳʧ, ʘʜʘʤʥʳײץ שʣʘʧ, ʞʘʨʘץʘʪ ʘʣʫ ץʘʫʽʧʽ ʙʘʨ.  

3. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ײʟʘץ ʞʦʣסʘ ʘʨʥʘʣʤʘסʘʥ. ʆʣ װʰʽʥ ʟʘʨʷʜʪʪʘʡʪʳʥ 
 ʘʣʜʳסʘʞʝʪ. ʓʣץ ʪʘʫץʞʝʨʜʝ ʩʘ ץʘסʨײץ ʘʥʜʘסʪʘץʘʞʝʪ. ʉʘץ ʨʫװʨʘʣʜʳ ʘʣʳʧ ʞײץ

ʞʝʨʜʝ ʩʘץʪʘʫ ʪʝʤʽʨʽʥʽש ʪʦʪ ʙʘʩʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

 

  

3 ʩʫʨʝʪ ï ʊʨʦʣʣʝʡʙʫʩ ʞʦʣʘʫʰʳ, ʞװʢ ʪʘʩʳʤʘʣʜʘʡʪʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ 

ʞװʨʝʪʽʥ ʢᴇʣʽʢ 

ʊʨʦʣʣʝʡʙʫʩ ʞʦʣʘʫʰʳ ʪʘʩʳʤʘʣʜʘʡʪʳʥ, ʢʝʡʜʝ ʞװʢ ʪʘʩʳʤʘʣʜʘʡʪʳʥ 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʢᴇʣʽʢ. ɸʪʤʦʩʬʝʨʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ. ɸסʳʣʰʳʥ ʪʽʣʽʥʝʥ ʘʫʜʘʨסʘʥʜʘ (trolley ï ʚʘʛʦʥ, bus ï 

ʘʚʪʦʙʫʩ) ʚʘʛʦʥ ʘʚʪʦʙʫʩ ʜʝʛʝʥ ʤʘסʳʥʘʥʳ ʙʽʣʜʽʨʝʜʽ. ɸʣסʘʰץʳ ʪʨʦʣʣʝʡʙʫʩʪʳ 

29 ʩᴅʫʽʨʜʝ 1882 ʞʳʣʳ ʥʝʤʽʩ ᴇʥʝʨʪʘʧץʳʰʳ ɺʝʨʥʝʨ ʬʦʥ ʉʠʤʝʥʩʦʥ ʦʡʣʘʧ 



   

ʰʳסʘʨʜʳ. ʉʦʜʘʥ ʙʝʨʽ ɽʫʨʦʧʘ ʝʣʜʝʨʽʥʜʝ ɸʥʛʣʠʷ, ʌʨʘʥʮʠʷ, ʀʩʧʘʥʠʷ, ʀʪʘʣʠʷ, 

ɾʘʧʦʥʠʷ, ʈʝʩʝʡ, ɸפʐ ʤʝʤʣʝʢʝʪʪʝʨʽʥʝ ʢʝשʽʥʝʥ ʪʘʨʘʜʳ. ʊʨʦʣʣʝʡʙʫʩ ʞװʨʛʽʟʫ 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʘʨʟʘʥ ʢʝʟʽʥʜʝ ᴇʪʝ ʪʠʽʤʜʽ.  
 

 

 4 ʩʫʨʝʪ ï ʊʨʘʤʚʘʡ ʘʨʥʘʡʳ ʨʝʣʴʩ ʪᴇʩʝʣʛʝʥ ʞʦʣʤʝʥ ʞᴅʥʝ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʢᴇʣʽʢ 

 

ʂʝʡʽʥʝʥ ʪʨʘʤʚʘʡʤʝʥ ʞװʨʫ ʜʘʤʳʜʳ. ʊʨʘʤʚʘʡ ʪʨʦʣʣʝʡʙʫʩץʘ ץʘʨʘסʘʥʜʘ, 

ʘʨʥʘʡʳ ʨʝʣʴʩ ʪᴇʩʝʣʛʝʥ ʞʦʣʤʝʥ ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʜʽ. 

ɼᴇשʛʝʣʝʢʪʝʨʽ ʧʦʝʟʜ ʜᴇשʛʝʣʝʢʪʝʨʽʥʝ ץײʩʘʩ. ʊʨʦʣʣʝʡʙʫʩʪʳש  ʜᴇשʛʝʣʝʢʪʝʨʽ 

ʘʚʪʦʙʫʩʪʳש ʜᴇשʛʝʣʝʢʪʝʨʽʥʝ ץײʩʘʩ. ʊʨʘʤʚʘʡ ʩᴇʟʽ ʘסʳʣʰʳʥ ʪʽʣʽʥʝʥ ʘʫʜʘʨסʘʥʜʘ 

(tramïʚʘʛʦʥ, wayïʞʦʣ) ʜʝʛʝʥ ʤʘסʳʥʘʥʳ ʙʽʣʜʽʨʝʜʽ. ʊʨʘʤʚʘʡʜʳש ʞװʢ ʪʘʩʠʪʳʥ 

ʞᴅʥʝ ʞʦʣʘʫʰʳ ʪʘʩʳʤʘʣʜʘʡʪʳʥ ʪװʨʣʝʨʽ ʙʦʣʘʜʳ. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘʥʳש 

ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʨʘʤʚʘʡʜʳ 1879 ʞʳʣʳ ɻʝʨʤʘʥʠʷʥʳש ɹʝʨʣʠʥ 

 ʳʰʳ ʕʨʥʝʩʪ ɺʝʨʥʝʨ ʬʦʥ ʉʠʤʝʥʩʦʥ ʦʡʣʘʧץʘʣʘʩʳʥʜʘ ʥʝʤʽʩ ᴇʥʝʨʪʘʧץ

ʰʳסʘʨʜʳ. ʂʝʡʽʥʥʝʥ 1885 ʞʳʣʳ ʈʝʩʝʡʜʽש ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛ ץʘʣʘʩʳʥʜʘ ʦʨʳʩ 

ᴇʥʝʨʪʘʧץʳʰʳ ʌ.ɸ. ʇʠʨʦʮʢʠʡ ʪʨʘʤʚʘʡʜʳ ʜʘʤʳʪʳʧ ʰʳסʘʨʜʳ. ɹʽʨʽʥʰʽ 

ʜװʥʠʝʞװʟʽʣʽʢ ʩʦסʳʩ ʢʝʟʜʝʨʽ ץʘʣʘʣʘʨ ʤʝʥ ʘʫʳʣʜʘʨʜʳש ʘʨʘʩʳʥʜʘ ʨʝʣʴʩ ʞʦʣ 

ʪᴇʩʝʣʽʧ, ʪʨʘʤʚʘʡʣʘʨ ץʘʨץʳʥʜʳ ʞװʨʝ ʙʘʩʪʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʪʨʘʤʚʘʡʣʘʨ 

ɸʣʤʘʪʳ, ʇʘʚʣʦʜʘʨ, ᴆʩʢʝʤʝʥ, ʊʝʤʽʨʪʘʫ ץʘʣʘʣʘʨʳʥʜʘ ʞʦʣʘʫʰʳʣʘʨʜʳ 

ʪʘʩʳʤʘʣʜʘʜʳ. ʊʨʘʤʚʘʡʣʘʨʜʳש ʝʩʢʽʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 31 ץʘʟʘʥ 2015 ʞʳʣʳ 

ʪʦץʪʘʪʳʣʜʳ. ʊʨʘʤʚʘʡ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʜʽ. פʦʩʳʤʰʘ ץʘʨʘʞʘʪ 

ʞײʤʩʘʧ, ʙʝʥʟʠʥ ʥʝʤʝʩʝ ʜʠʟʝʣʴ ײץʡʳʣʤʘʡʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʘʫʘʥʳ ʫʣʳ 

ʪװʪʽʥʜʝʨʤʝʥ ʣʘʩʪʘʤʘʡʜʳ. ɾװʨʽʩʽ ʞʝשʽʣ, ᴅʡʝʣ ʘʜʘʤʜʘʨ ʞװʨʛʽʟʝ ʙʝʨʝʜʽ. 

ɸʚʪʦʙʫʩʪʳ ʞװʨʛʽʟʫ ץʠʳʥ ʙʦʣסʘʥʜʳץʪʘʥ ʦʥʳ ʝʨ ʘʜʘʤʜʘʨ ʞװʨʛʽʟʝʜʽ.ʊʨʘʤʚʘʡ 

ʩʘסʘʪʳʥʘ 25 ʢʤ\ʩʘס ʞʦʣ ʞװʨʝʜʽ.  

  



   

 

 

5 ʩʫʨʝʪ ï ʄʝʪʨʦʧʦʣʠʪʝʥ, ʤʝʪʨʦ, ʞʝʨʘʩʪʳ ʵʣʝʢʪʨʦʧʦʝʟʜ ï ʞʝʨʜʽש ʘʩʪʳʤʝʥ 

ʨʝʣʴʩ ʞʦʣʳ ʘʨץʳʣʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ 

 

ʄʝʪʨʦʧʦʣʠʪʝʥ, ʤʝʪʨʦ, ʞʝʨʘʩʪʳ ʵʣʝʢʪʨʦʧʦʝʟʜï ʞʝʨʜʽש ʘʩʪʳʤʝʥ ʨʝʣʴʩ 

ʞʦʣʤʝʥ ʞװʨʝʪʽʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ. 

ᴄʣʝʤʜʝʛʽ ʽʨʽ ʤʝʪʨʧʦʣʠʪʝʥʜʝʨ: 

1. ʅʴïʁʁʦʨʢʪʝʛʽ ʞʝʨ ʘʩʪʳ ʵʣʝʢʪʨʦʧʦʝʟʜʽ ï 472 ʩʪʘʥʮʠʷ, 29 ʤʘʨʰʨʫʪ 

ʞװʨʝʜʽ. 

2. ʐʘʥʭʘʡʜʘסʳ 743 ʢʤ ʞᴅʥʝ ʇʝʢʠʥʜʝʛʽ 727 ʢʤ ʞʝʨ ʘʩʪʳ 

ʵʣʝʢʪʨʦʧʦʝʟʜʽ ʞʦʣ ʞװʨʝʜʽ.  

3. ɻʫʘʥʯʞʦʫ ʤʝʪʨʦʧʦʣʠʪʝʥʽ ï 68,53 ʢʤ ʞʦʣʞװʨʝʜʽ.  

4. ɺʝʥʝʩʫʵʣʣʘʜʘסʳ ʄʘʨʘʢʘʡʙʦ, ʀʪʘʣʠʷʜʘסʳ ʂʘʪʘʥʠʷ ʞᴅʥʝ ɻʝʥʫʘ, 

ʫʢʨʘʠʥʘʜʘסʳ ɼʥʝʧʨ ʤʝʪʨʦʧʦʣʠʪʝʥʽ ʝץ שʳʩץʘ 9 ʢʤʞʦʣʞװʨʝʜʽ.   

ɽש ʘʣסʘʰץʳ ʤʝʪʨʦʧʦʣʠʪʝʥʽ 1863 ʞʳʣʳ ʃʦʥʜʦʥ ץʘʣʘʩʳʥʜʘ 6 ʢʤ ʞʦʣ 

ʞװʨʝʪʽʥ ʞʝʩ ʘʩʪʳ ʞʦʣʳ ʩʘʣʳʥʜʳ. ʄʦʩʢʘʚʘʜʘ ʤʝʪʨʦʧʦʣʠʪʝʥ 15 ʤʘʤʳʨʜʘ 

1935 ʞʳʣʳ, ʊʙʠʣʠʩʠʜʝ 1966 ʞʳʣʳ, ɹʘʢʫʜʘ 1967 ʞʳʣʳ, ʊʘʰʢʝʥʪʪʝ 1977 

ʞʳʣʳ, ɽʨʝʚʘʥʜʘ 1981 ʞ., ʄʠʥʩʢʽʜʝ 1984 ʞ., פʘʟʘʥʜʘ 2005 ʞ., ɸʣʤʘʪʳ 

 ʩʘʥʜʘ 2011 ʞʳʣʳ ʘʰʳʣʜʳ. ɸʣʤʘʪʳ ʤʝʪʨʦ ʢᴇʣʽʛʽ ʞʳʣʳʥʘץʘʣʘʩʳʥʜʘ ʞʝʣʪʦץ

16,3 ʤʣʥ. ʞʦʣʜʘʫʰʳ ʪʘʩʳʤʘʣʜʘʡʜʳ, 1 ʞʝʣʽʩʽ, 11 ʙʝʢʝʪʽ ʙʘʨ. ʆʨʪʘʰʘ 

ʞʳʣʜʘʤʜʳסʳ 40 ʢʤ/ʩʘס., ʝש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳ 60 ʢʤ\ʩʘס. ɸʣʤʘʪʳ 

ʤʝʪʨʦʧʦʣʠʪʝʥʽ פʘʟʘץʩʪʘʥʜʘסʳ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟʜʳ ʥʳʩʘʥ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣ ʌʫʨʤʘʥʦʚ ʧʝʥ ʈʘʡʳʤʙʝʢ ʜʘסשʳʣʳʥʳץ שʠʳʣʳʩʳ ʤʝʥ ɸʙʘʡ 

ʤʝʥ ɻʘʛʘʨʠʥ ץʠʳʣʳʩʳ ʢᴇʰʝʣʝʨʽʥʽש ʞʝʨ ʘʩʪʳʤʝʥ ʞװʨʝʜʽ. ʕʣʝʢʪʨʦʧʦʝʟʜ 

ʢᴇʣʽʛʽ ʵʣʝʢʪʨ ʪʦסʳʤʝʥ ʞװʨʛʝʥʜʽʢʪʝʥ ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʜʳ, ʞʦʣʘʫʰʳ ʘʜʘʤʜʘʨ 

ʙʘʨʘʪʳʥ ʞʝʨʛʝ ʞʳʣʜʘʤ ʞʝʪʝʜʽ. ɼʝʤʝʢ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʞʘסʳʥʘʥ ᴇʪʝ ʪʠʽʤʜʽ.  

 

 



   

 

6 ʩʫʨʝʪ ï ʕʣʝʢʪʨʦʤʦʙʠʣʴ ï ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʟʘʨʷʜʪʘʣʳʧ, ʞװʨʝʪʽʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ 

 

ʕʣʝʢʪʨʦʤʦʙʠʣʴ ʢᴇʣʽʛʽ ï ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʟʘʨʷʜʪʪʘʣʳʧ, ʞװʨʝʪʽʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢ.ʊʝʥʠʢʘʥʳש ʜʘʤʳסʘʥ ʟʘʤʘʥʳʥʜʘ ʘʜʘʤʜʘʨ ʪʦץʧʝʥ 

ʟʘʨʷʜʪʘʣʳʧ ʞװʨʝʪʽʥ ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ, ʢװʥ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ 

ʢᴇʣʽʢʪʝʨʜʽ ʦʡʣʘʧ ʰʳסʘʨʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ ɻʝʨʤʘʥʠʷʥʳש ʌʦʣʴʢʩʚʘʛʝʥ 

ʢʦʤʧʘʥʠʷʩʳ, ɾʘʧʦʥʠʷʥʳש ʊʦʡʦʪʘ ʰʳסʘʨʫ ʢʦʤʧʘʥʠʷʩʳ, ʂʦʨʝʷʥʳש ʍʫʥʜʘʡ 

ʢʦʤʧʘʥʷʩʳ, פʳʪʘʡ ʍʘʣʳץ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʟʠʢʨ ʢʦʤʧʘʥʠʷʩʳ 

ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ ʢᴇʧʪʝʧ ʰʳסʘʨʫʜʘ. ʉʘʫʜʘ ᴅʣʝʤʽʥʜʝ ʦʡʳʧ ʦʨʳʥ ʘʣסʘʥ 

 ʘʪ ʟʘʨʷʜʪʪʘʧ, 800 ʢʤ ʞʦʣסʘʪʳʥ ʟʠʢʨ ʢᴇʣʽʢʪʝʨʽʥ ʞʘʨʪʳ ʩʘסʳʪʘʡʜʘʥ ʰʳפ

ʞװʨʫʛʝ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ɸʣʤʘʪʳ 

 ,ʳ ʤʝʪʨʦ ʢᴇʣʽʛʽ, ʊʘʣʴʛʘ ʵʣʝʢʪʨʦʧʦʝʟʜʳ, ʵʣʝʢʪʨʦʤʦʙʠʣʴסʘʣʘʩʳʥʜʘץ

ʚʝʣʦʩʠʧʝʜ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ ʢᴇʣʽʢʪʝʨʽ ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ. ɹʦʣʘʰʘץʪʘ ʘʜʘʤʜʘʨ 

ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨʛʝ ʢᴇʰʝʜʽ ʜʝʧ ʦʡʣʘʡʤʳʥ. 2022 

ʞʳʣסʳ ʝʩʝʧ ʙʦʡʳʥʰʘ ʵʣʝʢʪʨʦʤʦʙʠʣʴʤʝʥ ʞװʨʝʪʽʥ ʤʝʤʣʝʢʝʪʪʝʨ ץʘʪʘʨʳʥʘ: 

ʅʦʨʚʝʛʠʷ ï 82,8%, ʀʩʣʘʥʜʠʷ ï 56,1%, ʐʚʝʮʠʷ ï 67,5% פʳʪʘʡ ʍʘʣʳץ 



   

ʈʝʩʧʫʙʣʠʢʘʩʳ  ï 95% ʞʘʪʘʜʳ. 2022 ʞʳʣʳ פʳʪʘʡסʘ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʵʢʩʧʦʨʪץʘ 

ʰʳסʘʨʫʜʘʥ 5,67 ʤʣʥ. ʪװʩʪʽ. פʳʪʘʡʜʘ ʊʝsla, Zeekr ʢʦʤʧʘʥʠʷʣʘʨʳ 

ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʜʽ 262 ʤʳש ʜʘʥʘʩʳʥ, ʦʥʳש ʽʰʽʥʜʝ Zeekrʢʦʤʧʘʥʠʷʩʳ 72 

ʤʳש ʜʘʥʘʩʳʥ ʩʘʪʳʧ װʣʛʝʨʜʽ. ʐʘʥʭʘʡʜʘסʳ ʊʝsla ʢʦʤʧʘʥʠʷʩʳ 

ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʽ ᴅʣʝʤʛʝ ʩʘʪʫ ʞʘסʳʥʘʥ ʘʣʜʳסשʳ ʦʨʳʥסʘ ʰʳסʳʧ ʦʪʳʨ. 

ʕʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʧʘʡʜʘʩʳ: 

1. ʕʢʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ᴇʪʝ ʪʠʽʤʜʽ. ᴆʡʪʢʝʥʽ ʵʣʝʢʪʨʦʤʦʙʠʣʴʜʝʨʛʝ 
 ʪʽʥʜʝʨʤʝʥװʘʥ ʦʨʪʘʥʳ ʫʣʳ ʪסʦʨʰʘץ ʡʤʘʡʜʳ, ᴅʨʽײץ ʤʩʘʧ, ʙʝʥʟʠʥײʘʨʘʞʘʪ ʞץ

ʣʘʩʪʘʤʘʡʜʳ.  

2. ɹʦʣʘʰʘץʪʘ פʘʟʘץʩʪʘʥʜʘ ʘʪʦʤ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʩʳʥ (ɸʕʉ) ʩʘʣʫ 

ʞʦʩʧʘʨʣʘʥʫʜʘ. ɼʝʤʝʢ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʘʜʳ.  

ʕʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʧʘʡʜʘʩʳ 

1. ʕʢʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʛʽ ʞʦסʘʨʳ. ɹʝʥʟʠʥʤʝʥ, ʜʠʟʝʣʴʤʝʥ, ʛʘʟʙʝʥ 
ʞװʨʝʪʽʥ ʘʚʪʦʢᴇʣʽʢʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʞװʨʫ ʘʫʘʥʳ ʫʣʳ 

ʛʘʟʜʘʨʤʝʥ, ʪװʪʽʥʜʝʨʤʝʥ ʣʘʩʪʘʤʘʡʜʳ. 

2. ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʛʽ ʞʦסʘʨʳ. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪץʘ ʘץʰʘ ʞײʤʩʘʧ, 
ʙʝʥʟʠʥ ײץʡʤʘʡʤʳʟ. ʊʝʢ 220 ʚʘʪʪʳץ ʪʦץʧʝʥ ʟʘʨʷʜʪʘʧ, ʩʘסʘʪʳʥʘ 50ʢʤ ʞʦʣ 

ʞװʨʫʛʝ ʙʦʣʘʜʳ.  

 ʘסʦʣʞʝʪʽʤʜʽ. ɹʘʣʘʣʘʨץ ʘסʦʣʞʝʪʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽ. ɸʜʘʤʜʘʨפ .3
ʘʡʜʘʧ װʡʨʝʪʝʪʽʥ ʘʨʥʘʡʳ ʢᴇʤʝʢʰʽʥʽץ שʘʞʝʪʽ ʞʦץ. ɺʝʣʦʩʠʧʝʜ ʩʠʷץʪʳ ʘʷץʧʝʥ 

ʘʡʥʘʣʜʳʨʤʘʡʤʳʟ, ʪʝʢ ʪʽʢ ʪײʨʳʧ ʞװʨʛʽʟʝʤʽʟ. פʘʨʪ ʢʽʩʽʣʝʨʛʝ ʦʨʳʥʜʳסʳ ʙʘʨ, 

ʦʪʳʨʳʧ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. 

4. ʉʳʡʳʤʜʳʣʳסʳ. ʂʝʟïʢʝʣʛʝʥ ʞʝʨʛʝ װʡʛʝ, ʣʠʬʪʽʛʝ, ʧᴅʪʝʨʛʝ ʦשʘʡ 

ʩʳʡʳʧ ʢʝʪʝʜʽ. ɾװʨʤʝʡ ץʘʣʩʘ ʟʘʨʷʜʪʘʧ ץʦʶ ʢʝʨʝʢ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʽʥ ʤʘʡʣʘʫ 

ʢʝʨʝʢ.  

5. ɼʝʥʩʘʫʣʳץץʘ ʧʘʡʜʘʩʳ. ɸʜʘʤ ʘסʟʘʩʳʥʳש ʤװʰʝʣʝʨʽʥ ʘʷץïץʦʣ, ʘʨץʘ 

ʙײʣʰʳץʝʪʪʝʨʽʥ ʰʳʥʳץʪʳʨʘʜʳ. ɸʨץʘ ʦʤʳʨʪץʘʩʳʥʳץ שʠʩʘʡʤʘʫʳʥʳש ʘʣʜʳʥï

ʘʣʘʜʳ. ɾʘʟ ʤʝʟʛʽʣʽʥʜʝ ʞװʨʛʽʟʫ ʘʜʘʤסʘ ʞʘʡʣʳ,  ʦʥʳש ʪʝʨʣʝʤʝʡ ʞʝʪʫʽʥʝ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

 ʡʣʝʩʽʤʜʽװ ʘʪʳʥʘʩʪʘץʘʨʳʤïץ ʳʟסʘʪʧʝʥ ʪʳסʦʨʳʪʳʥʜʳ: ɸʜʘʤʟʘʪ ʪʘʙʠפ

ᴇʤʽʨ ʩװʨʫʽ ץʘʞʝʪ. ʊʘʙʠסʘʪ ʙʽʟʜʽש ʦʨʪʘװ ץʡʽʤʽʟ. ʆʥʳ ʪʘʟʘ ץʘʣʧʳʥʜʘ ʩʘץʪʘʧ, 

 ʨʳʩ ʥᴅʪʠʞʝײʘ ʢᴇʰʫ ʜסʩʳʟ ʪʝʭʥʦʣʦʛʠʷץʘʣʜʳץ ʪʘʨʳʥ ʪʘʟʘʣʘʧ, ᴅʨʽץʘʣʜʳץ

ʙʝʨʝʜʽ. ɸʫʘ ʙʘʨʣʳץ ʪʽʨʽ ʘסʟʘʣʘʨסʘ ᴇʪʝ ץʘʞʝʪ. ɸʫʘʩʳʟ ʘʜʘʤ 5 ʤʠʥʫʪʪʘ ʪײʨʘ 

ʘʣʤʘʡʜʳ. ɸʫʘʥʳ ʣʘʩʪʘʤʘʡ ʪʘʟʘ ץʘʣʧʳʥʜʘ ײʩʪʘʫ ʘʜʘʤʟʘʪʪʳש ʧʘʨʳʟʳ. פʘʟʽʨʛʽ 

ʪʘשʜʘ ʘʪʤʦʩʬʝʨʘ 2 ʞʦʣʤʝʥ ʣʘʩʪʘʥʘʜʳ: 1. ᴆʥʝʨʢʽʩʽʧʪʝʨʜʽש ʘʫʘסʘ ʰʳסʘʨʘʪʳʥ 

ʣʘʩ ʪװʪʽʥʜʝʨʽ; 2. ɸʚʪʦʢᴇʣʽʢʪʝʨʜʽשʘʫʘסʘ ʰʳסʘʨʘʪʳʥʫʣʳ ʛʘʟʜʘʨʳ. ʉʦʥʜʳץʪʘʥ 

ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢᴇʣʽʢʪʝʨʜʽ ʰʳסʘʨʫ ʟʘʤʘʥ ʪʘʣʘʙʳ. 

ɸʚʪʦʢᴇʣʽʢʪʝʨ ʙʘʨʘʪʳʥ ʞʦʣʜʳ ץʳʩץʘʨʪʘʜʳ. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ʞװʨʛʽʟʫʜʽש 

ʪʠʽʤʩʽʟʜʽʣʽʛʽ: 

1. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʪʝʢ ʞʳʣʳ ʢʝʟʜʝʨʜʝ ʞʘʟ ʤʝʟʛʽʣʜʝʨʽʥʜʝ ʞװʨʛʽʟʫ 
ʪʠʽʤʜʽ. פʳʩʪʘ ʞװʨʛʽʟʫ ʘʜʘʤʥʳש ʘסʟʘʩʳʥʘ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. ʉʫʳץ ʘʫʘ ʨʘʡʳʥʳש 

ʩʘʣʜʘʨʳʥʘʥ ʘʜʘʤʥʳש ʪʳʥʳʩ ʘʣʫ ʤװʰʝʣʝʨʽʥʝ ʩʫʳץ ʪʠʽʧ, ᴇʢʧʝʩʽ, ʪʘʤʘסʳ 

ʘʫʳʨʫʳ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ץʳʩ ʤʝʟʛʽʣʽʥʜʝ ʞװʨʛʽʟʫʛʝ ʙʦʣʤʘʡʜʳ.  

2. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪʧʝʥ ʪʝʛʽʩ ʘʩʬʘʣʴʪ ʞʦʣʜʘ ʞװʨʛʽʟʛʝʥ ʪʠʽʤʜʽ. ʊʘʩ 
ʞʦʣʜʘ ʞװʨʫ ץʠʳʥסʘ ʩʦסʳʧ, ʘʜʘʤʥʳײץ שʣʘʧ, ʞʘʨʘץʘʪ ʘʣʫ ץʘʫʽʧʽ ʙʘʨ.  



   

3. ʕʣʝʢʪʨʦʩʘʤʦʢʘʪ ײʟʘץ ʞʦʣסʘ ʘʨʥʘʣʤʘסʘʥ. ʆʣ װʰʽʥ ʟʘʨʷʜʪʪʘʡʪʳʥ 

 ʘʣʜʳסʘʞʝʪ. ʓʣץ ʪʘʫץʞʝʨʜʝ ʩʘ ץʘסʨײץ ʘʥʜʘסʪʘץʘʞʝʪ. ʉʘץ ʨʫװʨʘʣʜʳ ʘʣʳʧ ʞײץ

ʞʝʨʜʝ ʩʘץʪʘʫ ʪʝʤʽʨʽʥʽש ʪʦʪ ʙʘʩʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

ɾʦʣʘʫʰʳ ʘʜʘʤʜʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ 

ʪʨʦʣʣʝʡʙʫʩ, ʪʨʘʤʚʘʡ, ʵʣʝʢʪʨʦʧʦʝʟʜ, ʤʝʪʨʦ ʢᴇʣʽʢʪʝʨʽ ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʜʳ. 

ʊʝʥʠʢʘʥʳש ʜʘʤʳסʘʥ ʟʘʤʘʥʳʥʜʘ ʘʜʘʤʜʘʨ ʪʦץʧʝʥ ʟʘʨʷʜʪʘʣʳʧ ʞװʨʝʪʽʥ 

ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ, ʢװʥ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ʢᴇʣʽʢʪʝʨʜʽ ʦʡʣʘʧ ʰʳסʘʨʜʳ. 

 ʊʦʡʦʪʘ שʌʦʣʴʢʩʚʘʛʝʥ ʢʦʤʧʘʥʠʷʩʳ, ɾʘʧʦʥʠʷʥʳ שʜʘ ɻʝʨʤʘʥʠʷʥʳשʘʟʽʨʛʽ ʪʘפ

ʰʳסʘʨʫ ʢʦʤʧʘʥʠʷʩʳ, ʂʦʨʝʷʥʳש ʍʫʥʜʘʡ ʢʦʤʧʘʥʷʩʳ, פʳʪʘʡ ʍʘʣʳץ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʟʠʢʨ ʢʦʤʧʘʥʠʷʩʳ ʵʣʝʢʪʨʦʤʦʙʠʣʜʝʨʜʽ ʢᴇʧʪʝʧ ʰʳסʘʨʫʜʘ. 

ʉʘʫʜʘ ᴅʣʝʤʽʥʜʝ ʦʡʳʧ ʦʨʳʥ ʘʣסʘʥ פʳʪʘʡʜʘʥ ʰʳסʘʪʳʥ ʟʠʢʨ ʢᴇʣʽʢʪʝʨʽʥ ʞʘʨʪʳ 

ʩʘסʘʪ ʟʘʨʷʜʪʪʘʧ, 800 ʢʤ ʞʦʣ ʞװʨʫʛʝ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ ɸʣʤʘʪʳ ץʘʣʘʩʳʥʜʘסʳ ʤʝʪʨʦ ʢᴇʣʽʛʽ, ʊʘʣʴʛʘ 

ʵʣʝʢʪʨʦʧʦʝʟʜʳ, ʵʣʝʢʪʨʦʤʦʙʠʣʴ, ʚʝʣʦʩʠʧʝʜ, ʵʣʝʢʪʨʦʩʘʤʦʢʘʪ ʢᴇʣʽʢʪʝʨʽ 

ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ. ɹʦʣʘʰʘץʪʘ ʘʜʘʤʜʘʨ ʘʫʘʥʳ ʣʘʩʪʘʤʘʡʪʳʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʢᴇʣʽʢʪʝʨʛʝ ʢᴇʰʝʜʽ ʜʝʧ ʦʡʣʘʡʤʳʥ.   
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ɸʥʥʦʪʘʮʠʷ: ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʠʟ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ, %: 43ï38 ʉʘʆ; 28ï25 SiO2; 0ï8 B2O3; 18 Cr2O3; 3 Al 2O3; 

8 MgO. ʆʩʥʦʚʥʦʩʪʴ (ʉʘʆ)/(SiO2) ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 1,5. ɺ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʨʦʩʠʣʠʮʠʡ FeSi65. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

HSC Chemistry 6.12 (Outokumpu, ʌʠʥʣʷʥʜʠʷ), ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʢʦʪʦʨʦʛʦ 

ʚʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʩʦʝʜʠʥʝʥʠʷ CrO ʠ cʢʦʨʨʝʢʪʠʨʦʚʘʥʳ 

ʜʣʷ CaCr2O4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ t ʧʨʦʮʝʩʩʘ ʩ 1500 ʜʦ 1800 ʦʉ 

ʩʥʠʞʘʝʪ ɖCr ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 ʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʦʪ 0 ʜʦ 8% ʧʦʚʳʰʘʝʪ ɖCr ʩ 62,4 ʜʦ 96,6% ʧʨʠ t=1700 
ʦʉ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʨʦʩʧʣʘʚʘ, %: 53,4ï62,1 Cr; 14ï14,6 Si; 0ï6,5 B; 23,7ï

26,1 Fe. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʨʝʤʥʠʡ, ʭʨʦʤ, ʙʦʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʭʨʦʤï ʠ 

ʙʦʨʩʦʜʝʨʞʘʱʘʷ ʦʢʩʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʠʣʠʢʦʪʝʨʤʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʪʝʧʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ 

 

Abstract:  the results of thermodynamic simulation of the process of 

chromium reduction from an oxide system of the following composition was, %: 

43ï38 CaO; 28ï25 SiO2; 0ï8 B2O3; 18 Cr2O3; 3 Al2O3; 8 MgO. The basicity 

(CaO)/(SiO2) for all compositions of the system was 1.5. Ferrosilicon of the 

FeSi65 brand was used as a reducing agent. The simulation was performed using 

the HSC Chemistry 6.12 software package (Outokumpu, Finland), into the 

database of which the thermodynamic constants of the CrO compound were 

entered and corrected for CaCr2O4. It was found that an increasing in the process 
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t from 1500 to 1800 ÁC reduces ɖCr for all compositions of the system. Increasing 

the B2O3 content in the equilibrium system from 0 to 8% increases ɖCr from 62.4 

to 96.6% at t=1700 ÁC. Chemical composition of the ferroalloy, %: 53.4ï62.1 Cr; 

14ï14.6 Si; 0ï6.5 B; 23.7ï26.1 Fe. The modeling results can be used to develop 

a technology for smelting complex alloys containing silicon, chromium, and 

boron. 

Keywords: thermodynamic simulation, chromiumï and boroncontaining 

oxide system, silicothermy, temperature, degree of chromium reduction 
 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʧʨʠʤʝʥʷʶʪ ʚʥʝʧʝʯʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʬʝʨʨʦʩʧʣʘʚʘʤʠ. ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʪʘʢʠʝ 

ʩʧʣʘʚʳ ʩʦʜʝʨʞʘʪ ʢʨʝʤʥʠʡ, ʤʘʨʛʘʥʝʮ, ʭʨʦʤ, ʚʦʣʴʬʨʘʤ, ʪʠʪʘʥ ʠ ʜʨ. 

ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. ʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ 

ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [1ï4]. 

ɹʦʨ ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠ ʧʨʠ ʚʚʝʜʝʥʠʠ 0,001ï0,003% 

ʫʣʫʯʰʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 

[2, 5]. ʇʨʠ ʵʪʦʤ ʦʥ ʧʨʦʷʚʣʷʝʪ ʨʘʟʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [5]. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ɺ2ʆ3 

ʥʘ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʣʘʢʘ ʠ ʩʪʘʣʠ [6ï10]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [6] 

ʦʪʤʝʪʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ɺ2ʆ3 ʥʘ ʚʷʟʢʦʩʪʴ ʰʣʘʢʦʚ ʩʠʩʪʝʤʳ SiO2ï

MgOïFeO, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ Ò 3 ʤʘʩʩ.%. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ʝʜʠʥʠʮ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

SiïOïB. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ɺ2ʆ3 ʥʘ ʚʷʟʢʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʰʣʘʢʦʚ 

ʩʠʩʪʝʤʳ CaOïAl 2O3ï12%Na2O ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷ CaO/Al2O3=0,8; 1,0; 1,2 ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 1500 ʦʉ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [7]. ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [8ï10] 

ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 ʚ ʰʣʘʢʝ ʥʘ ʩʪʝʧʝʥʴ 

ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʤʝʪʘʣʣʘ. ɺ ʨʘʙʦʪʝ [11] ʧʦʢʘʟʘʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʨʘ ʠʟ ʩʠʩʪʝʤʳ CaOïSiO2ïMgOïAl2O3ïB2O3 

ʦʩʥʦʚʥʦʩʪʴʶ 5 ʢʨʝʤʥʠʝʤ ʤʝʪʘʣʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ 0,1ï

0,8%. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [4, 12] ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ B2O3 ʥʘ 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʬʣʶʩʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʘʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʰʣʘʢʘ ʩʠʩʪʝʤʳ CaOïSiO2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ 

[13]. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [14] ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ B2O3 ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘ ʢʨʝʤʥʠʝʤ 

ʬʝʨʨʦʩʠʣʠʮʠʷ ʧʨʠ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ, ʨʘʚʥʦʡ 2. ɺ ʨʘʙʦʪʝ [15] ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʦʙ ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ FeCr2O4 ʠ ʧʦʣʫʯʝʥʳ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪ ʪʝʤʝʨʘʪʫʨʳ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʦʢʩʠʜʘ ʙʦʨʘ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘ ʠʟ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ CaOïSiO2ïɺ2O3ïCr2O3ïAl 2O3ïMgO ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (t) (1500ï1800ʦʉ) ʠ 

ʩʦʜʝʨʞʘʥʠʷ B2O3 (ʦʪ 0 ʜʦ 8%) ʥʘ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) 



   

ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʦʩʥʦʚʥʦʩʪʠ 

(ʉʘʆ)/(SiO2)=1,5. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ ʧʨʠʤʝʥʷʣʠ ʦʢʩʠʜʥʫʶ 

ʩʠʩʪʝʤʫ CaOïSiO2ïɺ2O3ïCr2O3ïAl2O3ïMgO (ʰʣʘʢ), ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ï ʬʝʨʨʦʩʠʣʠʮʠʡ FeSi65 (65%Si; 35% 

Fe). ʈʘʩʭʦʜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʫʚʝʣʠʯʝʥ ʥʘ 10% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘ ʠ ʙʦʨʘ. 
 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ, % 

ˉ ʩʦʩʪʘʚʘ ʉʘʆ SiO2 ɺ2O3 

1 43 28 0 

2 41 28 2 

3 40 27 4 

4 39 26 6 

5 38 25 8 

ʇʨʠʤʝʯʘʥʠʝ ï  ʚʦ ʚʩʝʭ ʩʦʩʪʘʚʘʭ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʠʪʩʷ, %: 18 Cr2O3; 3 Al 2O3; 

8 MgO 

 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC Chemistry 6.12 (Outokumpu, ʌʠʥʣʷʥʜʠʷ), 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ [16]. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʜʝʘʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʦʢʩʠʜʥʦʡ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʫʣʷ çEquilibrium 

Compositionsè ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1500ï1800 ʦʉ ʩ ʰʘʛʦʤ 100 ʦʉ ʠ ʦʙʱʝʤ 

ʜʘʚʣʝʥʠʠ ʩʠʩʪʝʤʳ ï 0,1 ʄʇʘ. 

ʉʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʩʭʝʤʝ Cr2O3ŸCrOŸCr. ɺ ʨʘʙʦʪʝ [17] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʢʩʠʜ ʭʨʦʤʘ CrO ʫʩʪʦʡʯʠʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ (t >1487 0C) ʠ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ 

ʤʝʪʘʣʣʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

HSC Chemistry 6.12 ʚʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʩʦʝʜʠʥʝʥʠʷ ï 

ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʦʢʩʠʜ ʭʨʦʤʘ (CrO) ʠ cʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʠʪʘ ʢʘʣʴʮʠʷ ï 

CaCr2O4 [18]. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʠʟ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ CaOïSiO2ïɺ2O3ïCr2O3ïAl 2O3ï

MgO ʢʨʝʤʥʠʝʤ ʬʝʨʨʦʩʠʣʠʮʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 0; 2; 4; 6; 8% ɺ2ʆ3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

1. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 0ï8% ɺ2ʆ3 ʠ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ (CaO)/(SiO2)=1,5 (ʨʠʩ. 1); 



   

2. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 ʧʨʠ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ (CaO)/(SiO2)=1,5 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1700 ʦʉ (ʨʠʩ. 2). 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ 0; 2; 4; 6; 8% ɺ2ʆ3 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʦʜʝʨʞʜʘʥʠʠ 0; 2; 4; 6; 8% ɺ2ʆ3 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ. ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩ 1500 ʜʦ 1800 ʦʉ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 9,2%;  

7,1%; 5,3%; 3,6% ʠ 2,5% ʧʨʠ 0; 2; 4; 6; 8% ɺ2ʆ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘ ʠʟ ʦʢʩʠʜʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ (ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ) [2, 3]. ʊʘʢʦʝ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʜʝʡʩʪʚʠʝʤ ʧʨʠʥʮʠʧʘ ʃʝ ʐʘʪʝʣʴʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʭʠʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʩʦʩʪʘʚʠʣʦ 97,8% ʚ ʨʘʚʥʦʚʝʩʥʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʩʦʜʝʨʞʘʱʝʡ 8% ɺ2ʆ3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʮʝʩʩʘ 1500 oC. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ɖCr ʦʪ ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700ʦʉ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ɺ2ʆ3 ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʦʪ 0 ʜʦ 8% ʩʪʝʧʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 62,4 ʜʦ 96,6%. ʆʢʩʠʜ ʢʘʣʴʮʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʚʷʟʳʚʘʥʠʶ ʦʙʨʘʟʫʶʱʝʛʦʩʷ SiO2 ʚ ʧʨʦʯʥʳʡ ʦʨʪʦʩʠʣʠʢʘʪ 

ʢʘʣʴʮʠʷ ʉʘ2SiO4 (æGCa2SiO4 = ï 2200,018 ʢɼʞ/ʤʦʣʴ) [17] ʧʨʠ 

ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ, ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ 

SiO2 ʠ ʫʣʫʯʰʘʷ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʭʨʦʤï ʠ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʦʩʧʣʘʚʘ 

(ʪʘʙʣʠʮʘ 2). 



   

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ (ɖCr) ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ɺ2ʆ3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700 
oC 

 

ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700oC, % 
ˉ ʩʦʩʪʘʚʘ Cr Si ɺ Fe 

1 62,1 14,2 0 23,7 

2 60,0 14,3 1,7 24,0 

3 58,1 14,6 2,9 24,3 

4 55,9 14,5 4,5 25,0 

5 53,4 14,0 6,5 26,1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʨʦʤʘ ʧʦʢʘʟʘʣʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ɺ2ʆ3 ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʝʤʥʠʡ, 

ʭʨʦʤ, ʙʦʨ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ: ʜ.ʪ.ʥ. ɹʘʙʝʥʢʦ ɸ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ. ɾʫʯʢʦʚʫ ɺ.ʀ. ʟʘ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʪʘʪʴʝ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀʄɽʊ ʋʨʆ ʈɸʅ. 
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  ɸʥʥʦʪʘʮʠʷ: ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʝʨʨʦʩʧʣʘʚʘ ï 

ʙʘʨʠʡʩʦʜʝʨʞʘʱʠʡ ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ. ɺ ʢʘʯʝʩʪʚʝ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʪʳʝ ʦʢʩʠʜʳ Mn2O3, SiO2, BaO, Fe2O3, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʫʛʦʣʴ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʯʠ ʊʘʤʤʘʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,9ï1 % ʙʘʨʠʷ ʦʪʥʦʰʝʥʠʝ Si/(Mn+Fe) ʚ 

ʬʝʨʨʦʩʧʣʘʚʝ ~ 0,3.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʩʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʫʛʣʝʨʦʜ, ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ, ʧʝʯʴ 

ʊʘʤʤʘʥʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʙʘʨʠʡ, ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ, ʢʦʤʧʣʝʢʩʥʳʡ 

ʬʝʨʨʦʩʧʣʘʚ 

 

Abstract:  the results of theoretical and experimental studies of obtaining a 

complex ferroalloy ï bariumïcontaining silicomanganese were presented. The 

pure oxides Mn2O3, SiO2, BaO, Fe2O3 were used as batch materials, and coal was 

used as a reducing agent. The experimental studies were carried out in a highï

temperature Tamman furnace. It was found that for obtaining silicomanganese 

with a barium content of 0.9ï1%, the ratio Si/(Mn+Fe) in the ferroalloy is ~ 0.3. 

Keywords: oxide system, carbon, briquetting, Tamman furnace, reduction, 

barium, silicomanganese, complex ferroalloy 

 

ɺʦʟʨʘʩʪʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʦï ʠ 

ʤʘʪʝʨʠʘʣʦʟʘʪʨʘʪʘʤʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʝʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ 

mailto:valentina_salina@mail.ru


   

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʤʝʪʘʣʣʘ ʧʫʪʝʤ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʧʣʘʚʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ɺʘ, ʉʘ ʠ Sr ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ [1ï3].  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʧʣʘʚʦʚ SiïCa, Siï

Ba SiïCaïBa ʦʩʚʦʝʥʦ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʟʘʚʦʜʘʭ ʠ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ. 

ʅʘʧʨʠʤʝʨ, ʢʨʫʧʥʝʡʰʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 

ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ɸʆ çʏʝʣʷʙʠʥʩʢʠʡ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, 

ʢʦʪʦʨʳʡ ʚʳʧʣʘʚʣʷʝʪ ʩʠʣʠʢʦʢʘʣʴʮʠʡ ʩ ʘʢʪʠʚʥʳʤʠ ʜʦʙʘʚʢʘʤʠ Mg, Ti, V 

ʩʠʣʠʢʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʨʝʣʴʩʦʚʦʡ ʩʪʘʣʠ ʂʣʶʯʝʚʩʢʦʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʦʠʟʚʦʜʠʪ 

ʩʠʣʠʢʦʢʘʣʴʮʠʡ ʩ Zr. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʩʚʦʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʙʘʨʠʡʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʥʘ ɸʢʩʫʩʢʦʤ (ɽʨʤʘʢʦʚʩʢʦʤ) ʟʘʚʦʜʝ 

ʬʝʨʨʦʩʧʣʘʚʦʚ (ɸɿʌ) ï ʬʝʨʨʦʘʣʶʤʦʩʠʣʠʢʦʢʘʣʴʮʠʡ ʩ ʙʘʨʠʝʤ [4] ʠ 

ʬʝʨʨʦʩʠʣʠʮʠʡ ʩ ʙʘʨʠʝʤ ʤʘʨʢʠ ʌʉ65ɹʘ1 [5], ʘ ʪʘʢʞʝ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʡ 

ʩ ʙʘʨʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʝʡ ɸɿʌ ʠ ʤʠʥʠïʟʘʚʦʜʘ çʌʉɸè [6]. 

ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ 

ʧʨʦʚʦʣʦʢʘ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ SiïCa, FeïCa, FeïSiïBa. ɺʝʜʫʱʠʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ɸʆ çʌʝʨʨʦʩʧʣʘʚè. 

ʅʘʫʯʥʦïʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʊʝʭʥʦʣʦʛʠʷè ʧʨʦʠʟʚʦʜʠʪ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ çʯʠʧʩè ï ʤʦʜʠʬʠʢʘʪʦʨʳ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʪʦʣʱʠʥʦʡ 

ʜʦ 3é5 ʤʤ ʜʣʷ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ [7], ʘ ʪʘʢʞʝ ʚʳʧʫʩʢʘʝʪ 

ʧʦʨʦʰʢʦʚʫʶ ʧʨʦʚʦʣʦʢʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ɺ ʛʨʫʧʧʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʑɿʄ) ʙʘʨʠʡ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 

ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʞʠʜʢʦʤ ʞʝʣʝʟʝ (2,791Ĭ10ï4) [8], ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ (1637 ʦʉ) [9] ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ ʙʘʨʠʷ ʩ ʞʝʣʝʟʦʤ (ʨʘʩʯʝʪ ʧʦ 

ɻʨʦʤʘʢʦʚʫ ʉ.ɼ. ï 300 ʢɼʞ/ʛïʘʪ ʧʨʠ ʊ=1700 ʂ, ʨʘʩʯʝʪ ʧʦ ʂʦʣʝʨʫ ï 1000 

ʢɼʞ/ʛïʘʪ) [10]. ʇʨʠʚʝʜʝʥʥʳʝ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʘʨʠʷ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ    

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ   ʤʘʨʦʢ   ʩʪʘʣʠ (ʣʦʥʞʝʨʦʥʥʘʷ, ʩʪʨʦʠʪʝʣʴʥʘʷ, 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ) ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʪʘʣʴ ʪʦʣʴʢʦ ʤʘʨʛʘʥʝʮï, 

ʢʨʝʤʥʠʡï ʠ ʑɿʄïʩʦʜʝʨʞʘʱʠʤ ʬʝʨʨʦʩʧʣʘʚʦʤ.  

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [11ï13] ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʡ BaSi2, Mn11Si19, Fe2Si ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʙʘʨʠʡʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʦʩʧʣʘʚʘ ï ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ ʩ ʙʘʨʠʝʤ. ʄʝʪʦʜʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠïʜʠʘʛʨʘʤʤʥʦʛʦ ʘʥʘʣʠʟʘ [14] ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʚʝʱʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ MnOïSiO2ïBaOïFeO ʠ MnïSiïBaïFe ʠ 

ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ ʙʦʣʝʝ 2%.  



   

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʝʨʨʦʩʧʣʘʚʘ ʙʘʨʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʩʤʝʩʴ ʢʚʘʣʠʬʠʢʘʮʠʠ 

çʯè ʩʣʝʜʫʶʱʠʭ ʦʢʩʠʜʦʚ: Mn2O3ïʊʋ 6ï09ï2165ï77, SiO2ïɻʆʉʊ (ʊʋ) 9428ï

73, BaOïɻʆʉʊ 10203ï78, Fe2O3ï ɻʆʉʊ 4173ï77.  

ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʤʝʥʥʳʡ 

ʜʣʠʥʥʦʧʣʘʤʝʥʥʳʡ ʥʝʦʙʦʛʘʱʸʥʥʳʡ ʫʛʦʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʫʙʘʨʢʦʣʴ. ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʦʣʳ ʫʛʣʷ. 

ʈʘʩʭʦʜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʧʨʝʜʝʣʝʥ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʥʘ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Mn, Si, Ba, Fe ʠʟ ʰʠʭʪʳ ʠ ʟʦʣʳ ʫʛʣʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʩʧʣʘʚʦʚ, %: 55ï60 Mn; 26 Si; 5ï15 Ba; 0,2 C; 0,05 P; 0,03 S; 

Fe ï ʦʩʪʘʣʴʥʦʝ.   

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʫʙʘʨʢʦʣʴ 

ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, % ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʪʘʪʢʘ ʟʦʣʳ, ʤʘʩʩ. % 

ʉʪʚ ɸʨ Vʦʙ ɦ Wʘ Feʦʙ ɦ SiO2 Al2O3 CaO MgO P2ʆ5 Sʆ3 ʂ2ʆ Na2O 

48,3

4 

8,0

6 

35,0

4 

8,5

6 
8,41 55,34 23,89 2,12 1,86 0,15 1,20 1,55 1,87 

ʇʨʠʤʝʯʘʥʠʝ: ɸʨ ï ʟʦʣʴʥʦʩʪʴ ʨʘʙʦʯʘʷ, Wʘ ï ʚʣʘʛʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ, Vʦʙ ɦï 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʐʠʭʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʙʨʠʢʝʪʠʨʦʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʙʝʟ ʜʦʙʘʚʢʠ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

160ï170 ʢʛĬʩ/ʩʤ2. ʉʦʩʪʘʚ ʙʨʠʢʝʪʦʚ, ʛ: 1) 14,37 Mn2O3; 9,27 SiO2; 0,93 BaO; 

2,10 Fe2O3; 16,56 ʫʛʦʣʴ; 2) 14,37 Mn2O3; 9,27 SiO2; 1,86 BaO; 0,91 Fe2O3; 

16,13 ʫʛʦʣʴ; 3) 13,17 Mn2O3; 9,27 SiO2; 2,79 BaO; 0,91 Fe2O3; 15,69 ʫʛʦʣʴ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʙʨʠʢʝʪʦʚ, ʤʤ: d=20, h=20.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ʧʝʯʴ ʊʘʤʤʘʥʘ ʩ 

ʛʨʘʬʠʪʦʚʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʚʦʣʴʬʨʘʤïʨʝʥʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ ʪʠʧʘ ɺʈï5/20 ʩ ʪʦʯʥʦʩʪʴʶ °30ʉ. ɹʨʠʢʝʪʳ 

ʧʦʤʝʩʪʠʣʠ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣʠ ʚ ʧʝʯʴ ʠ ʧʨʦʚʦʜʠʣʠ 

ʨʘʟʦʛʨʝʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 20ï25 0ʉ/ʤʠʥ ʧʨʠ ʩʠʣʝ ʪʦʢʘ I=60ï63 A ʠ ʥʘʧʨʷʞʝʥʠʠ 

U=14ï15 ɺ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

16500ʉ ʦʙʨʘʟʦʚʘʣʩʷ ʨʘʩʧʣʘʚ, ʢʦʪʦʨʳʡ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʪʠʛʝʣʴ ʚʳʥʠʤʘʣʠ ʠʟ ʧʝʯʠ ʠ ʦʭʣʘʞʜʘʣʠ. ɺ ʪʘʙʣʠʮʝ 

2 ʧʨʠʚʝʜʝʥ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʨʦʩʧʣʘʚʘ. 

 

ʊʘʙʣʠʮʘ 2 ï ʋʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʨʦʩʧʣʘʚʘ 

ʉʧʣʘʚ 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚʝ, ʤʘʩʩ.% 

Mn Si Ba C Fe ʈ S 

ʉʧʣʘʚ ˉ 1 61,64 19,96 0,75 1,48 15,20 0,03 0,04 

ʉʧʣʘʚ ˉ 2 65,40 21,45 0,88 1,10 6,88 0,03 0,032 

ʉʧʣʘʚ ˉ 3 66,26 21,89 1,0 1,42 7,38 0,04 0,03 



   

ʋʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʣʘʢʘ (ʩ ʢʦʨʦʣʴʢʘʤʠ), ʤʘʩʩ. %: 

14,73ï30,23 Mnʦʙʱ.; 52,71ï53,79 Si; 3,04ï5,65 BaO; 3,27ï4,92 Al2O3; 3,09ï

10,05 Feʦʙʱ.. ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʣʘʚ, %: 62,6ï70,5 Mn; 43,3ï

47,8 Si; 3,9ï9,1 Ba. ʂʨʘʪʥʦʩʪʴ ʰʣʘʢʘ: 0,12ï0,42. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,9ï1 % ʙʘʨʠʷ ʦʪʥʦʰʝʥʠʝ 

Si/(Mn+Fe) ʚ ʬʝʨʨʦʩʧʣʘʚʝ ~ 0,3.  

ɺ ʨʫʜʥʦʪʝʨʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʤʦʱʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

0,2 ʄɺĿɸ ʧʨʦʚʝʜʝʥʳ ʢʨʫʧʥʦïʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚʳʧʣʘʚʢʠ 

ʙʘʨʠʡʩʦʜʝʨʞʘʰʝʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʈʘʟʨʘʙʦʪʘʥ 

ʙʝʩʰʣʘʢʦʚʳʡ ʫʛʣʝʪʝʨʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʙʘʨʠʡʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʦʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʤʘʨʛʘʥʮʘ [15].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʙʘʨʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ. ʂʦʤʧʣʝʢʩʥʳʡ ʬʝʨʨʦʩʧʣʘʚ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ ʤʘʨʦʢ ʬʝʨʨʦʤʘʨʛʘʥʮʘ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʢʦʥʪʘʢʪʥʦʡ ʫʩʪʘʣʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ, ʦʪʨʘʞʘʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʝʪʘʣʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʘʢʪʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʨʝʩʫʨʩʥʘʷ ʦʮʝʥʢʘ, 

ʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

 

Abstract:  The paper considers aspects of an original approach to 

determining the resistance of a material to contact fatigue. A test procedure 

reflecting the intensity of accumulation of structural damage in the surface layer 

of the metal was used. It is shown that based on the new approach, it is possible 

to guarantee the prediction of the minimum wear period.  

Keywords: contact wear, resource assessment, alloy steel, surface 

hardening by diffusion method. 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [1], ʧʨʦʚʦʜʷʪʩʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʠʩʧʳʪʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʪʪʠʥʛʦʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʜʦʣʶ ʧʦʣʦʩʢʠ ʢʦʥʪʘʢʪʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʨʝʯʴ ʠʜʝʪ ʦ ʨʝʩʫʨʩʥʦʡ ʦʮʝʥʢʝ ʩʪʦʡʢʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʠ ʜʨʫʛʠʭ 
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ʧʦʜʦʙʥʳʭ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʜʦʧʫʩʢʦʚ ʥʘ ʨʘʟʤʝʨʳ 

ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʢʦʥʪʘʢʪʥʘʷ ʫʩʪʘʣʦʩʪʴ, ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʬʘʢʪʦʨʦʤ ʦʪʢʘʟʘ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʢʦʥʪʘʢʪʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʛʨʫʞʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂ ʪʘʢʦʤʫ ʢʣʘʩʩʫ ʜʝʪʘʣʝʡ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʤʘʪʨʠʮʳ ʠ ʧʫʘʥʩʦʥʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʭʦʣʦʜʥʫʶ ʦʙʲʝʤʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʤʝʪʘʣʣʘ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʧʦʢʦʚʦʢ, 

ʥʘʧʨʠʤʝʨ ʛʦʣʦʚʦʢ ʙʦʣʪʦʚ ʄ12éʄ16, ʘ ʪʘʢʞʝ ʦʜʥʦʪʠʧʥʳʭ ʛʘʝʢ, ʜʦʧʫʩʢʠ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 0,2 ʠ ʙʦʣʝʝ ʤʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʘʤʧʦʚ, ʠʭ ʠʟʥʘʰʠʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʫʛʣʫʙʣʝʥʠʝʤ ʛʨʘʚʶʨʳ ʰʪʘʤʧʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʡ ʧʝʨʠʦʜ 

ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʛʦʪʦʚʣʷʶʱʝʛʦ ʛʦʜʥʫʶ ʧʦʢʦʚʢʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʠʟʥʘʰʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʢʘʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʪʘʤʧʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʢʦʥʪʘʢʪʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʠʟʥʘʰʠʚʘʪʴʩʷ ʩ 

ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʪʨʝʱʠʥ ʢʦʥʪʘʢʪʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ [2, 3].    

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʥʘʰʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʫʩʪʘʣʦʩʪʴ ʠ ʠʟʥʦʩ 

[4]. ʋʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʘʢʪʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʦʩʢʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʟʘ ʩʯʝʪ ʝʛʦ ʧʨʦʢʘʪʳʚʘʥʠʷ ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʢʦʚʦʛʦ ʢʦʥʪʨʪʝʣʘ ʩ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ 0,035 ʤ/ʩ. ʉ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʪʨʝʥʠʠ ʙʝʟ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʢʦʥʪʨʪʝʣʦ ʚ ʚʠʜʝ ʜʠʩʢʘ ʢʨʝʧʠʪʩʷ ʥʘ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʝ ʚ 

ʜʝʨʞʘʚʢʝ ʰʪʦʢʘ, ʘ ʦʙʨʘʟʝʮ ʩ ʧʣʦʩʢʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ï ʚ ʷʯʝʡʢʝ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʥʰʘʡʙʳ. ʇʝʨʝʤʝʱʝʥʠʝ ʦʙʨʘʟʮʘ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʧʨʠ ʚʩʪʨʝʯʝ ʩ ʧʦʜʧʨʫʞʠʥʝʥʥʳʤ ʰʪʦʢʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥ ʜʠʩʢ 

ʢʦʥʪʨʪʝʣʘ, ʚʳʟʳʚʘʝʪ ʝʛʦ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ, ʠʩʢʣʶʯʘʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʥʘ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɺ ʥʠʞʥʝʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʙʦʯʘʷ ʯʘʩʪʴ 

ʦʙʨʘʟʮʘ ʦʢʫʥʘʣʘʩʴ ʚ ʧʦʜʜʦʥ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʤʘʟʢʦʡ çʈʦʩʦʡʣïʐʆʂè ʊʋ 

0258ï001ï06377289ï94. ʄʘʪʝʨʠʘʣ ʢʦʥʪʨʪʝʣʘ ï ʩʪʘʣʴ ʈ6ʄ5 ʪʚʝʨʜʦʩʪʴʶ 

64é65 HRC. ʐʠʨʠʥʘ ʢʦʥʪʨʪʝʣʘ ʠ ʪʦʣʱʠʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʦʙʨʘʟʫʶʪ 

ʧʣʦʱʘʜʢʫ ʢʦʥʪʘʢʪʘ 2 ʤʤ2 (ʨʠʩʫʥʦʢ 1). ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʨʝʘʣʠʟʫʝʪ 

ʧʫʣʴʩʠʨʫʶʱʝʝ ʢʦʥʪʘʢʪʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʧʦ ʧʦʣʦʩʢʝ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʢʘʯʝʥʠʷ, ʪʘʢ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ [5].  

 



   

            
                           ʘ)                                                           ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʩʭʝʤʘ (ʙ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʮʘ ʠ 

ʜʠʩʢʦʚʦʛʦ ʢʦʥʪʨʪʝʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʫʶ 

ʫʩʪʘʣʦʩʪʴ 

 

ʂʦʥʪʘʢʪʥʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʦʙʨʘʟʮʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʮʠʢʣʦʚ 

ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʢʦʥʪʘʢʪʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʦʩʪʠʞʝʥʠʠ 

ʛʣʫʙʠʥʳ ʣʫʥʢʠ ʠʟʥʦʩʘ 0,60 ʤʤ, ʠʣʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 30 000 ʮʠʢʣʦʚ 

ʥʘʛʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʩʠʣʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ, ʢʦʪʦʨʘʷ ʫʜʝʨʞʠʚʘʝʪ ʰʪʦʢ ʩ 

ʢʦʥʪʨʪʝʣʦʤ.  

ɻʣʫʙʠʥʘ ʦʙʨʘʟʫʶʱʝʡʩʷ ʣʫʥʢʠ ʥʘ ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʫʩʪʘʣʦʩʪʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [6]. ɽʸ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʟʘʤʝʨʘ ʛʣʫʙʠʥʳ ʣʫʥʢʠ ʠʟʥʦʩʘ ʩ ʧʦʤʦʱʴʶ 

ʠʥʜʠʢʘʪʦʨʘ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ ʪʦʯʥʦʩʪʴʶ 0,01 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʨʘʚʥʠʚʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʣʫʥʢʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʧʨʠ 50ïʪʠ ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ. ʂʘʞʜʘʷ ʧʘʨʪʠʷ, ʧʦʜʚʝʨʛʥʫʪʘʷ 

ʠʩʧʳʪʘʥʠʷʤ, ʩʦʩʪʦʠʪ ʠʟ 8ïʤʠ ʦʙʨʘʟʮʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʥʘʨʘʙʦʪʢʠ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ 

ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩʪʨʦʷʪʩʷ ʢʨʠʚʳʝ, ʦʪʨʘʞʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʙʨʘʟʫʶʱʝʡʩʷ ʣʫʥʢʠ ʦʪ ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʮʠʢʣʦʚ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʥʘʛʨʫʟʢʝ [7].  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʦʩʢʦʡ ʨʘʙʦʯʝʡ 

ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʩ ʞʝʩʪʢʠʤ ʙʘʟʠʨʦʚʘʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʤʠʢʨʦʰʣʠʬʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦ ʩʝʯʝʥʠʶ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

[8]. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ. ʅʘʧʨʷʞʝʥʥʦï



   

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʦʙʲʝʤʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʦʡ 

ʤʦʜʝʣʠ, ʧʨʠʤʝʥʝʥʥʦʡ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ [5] 

ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ï ʙʦʢʦʚʳʭ ʢʨʦʤʦʢ ʧʦʣʦʩʢʠ ʢʦʥʪʘʢʪʘ ʥʘ 

ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʇʦʜʦʙʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʨʘʙʦʪʳ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʛʨʘʚʶʨʳ ʩ ʚʥʝʰʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ.   

ʊʝʩʪʦʚʳʡ ʨʘʩʯʝʪ ʚ ʩʣʫʯʘʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 1300 ʄʇʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʠʩʧʳʪʘʥʠʡ ʫʨʦʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1270 ʄʇʘ. ɿʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʨʘʙʦʯʝʡ ʠ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʘ. ɺ ʮʝʥʪʨʝ ʧʦʣʦʩʢʠ 

ʢʦʥʪʘʢʪʘ ʥʘʧʨʷʞʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʜʦ 1000 ʄʇʘ (ʨʠʩʫʥʦʢ 2ʘ). ɻʨʘʥʠʮʘ ʤʝʞʜʫ 

ʦʙʣʘʩʪʴʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʨʠʣʦʞʝʥʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʙʝʟ 

ʥʝʸ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 500 ʄʇʘ (ʨʠʩʫʥʦʢ 2ʙ). ɿʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʣʫʙʠʥʝ ʤʝʪʘʣʣʘ ʧʦʜ ʢʨʘʡʥʠʤʠ 

ʪʦʯʢʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ (ʨʠʩʫʥʦʢ 2ʚ). ɺ ʵʪʠʭ 

ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʪʨʝʱʠʥ ʢʦʥʪʘʢʪʥʦʡ ʫʩʪʘʣʦʩʪʠ (ʨʠʩʫʥʦʢ 

2ʛ). 

 

            
             ʘ)                            ʙ)                            ʚ)                             ʛ) 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ (ʘ) ʠ ʢʘʩʘʪʝʣʴʥʳʭ (ʙ) 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʠʩʧʳʪʘʥʠʡ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʛʣʫʙʠʥʝ ʣʫʥʢʠ 0,2 ʤʤ (ʚ) ʠ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ (ʛ) 

 

ɺʝʣʠʯʠʥʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʪʝʢʘʥʠʝ 

ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʜ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʠ 

ʛʣʫʙʠʥʝ ʣʫʥʢʠ ʜʦ 0,2 ʤʤ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 500 ʄʇʘ (ʨʠʩʫʥʦʢ 3ʘ). ʇʨʠ 

ʫʛʣʫʙʣʝʥʠʠ ʣʫʥʢʠ ʩʚʳʰʝ 0,2 ʤʤ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 1100 ʄʇʘ 

ʧʨʠ ʛʣʫʙʠʥʝ ʣʫʥʢʠ 0,6 ʤʤ [9]. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʜʣʷ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ (ʨʠʩʫʥʦʢ 3ʙ), ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,6ï

1,3%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʳʪʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʩ ʠʟʥʘʰʠʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 0,2 ʤʤ, ʯʪʦ ʩʦʠʟʤʝʨʠʤʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʜʦʧʫʩʢʦʤ ʥʘ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ, ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ 



   

ʘ) 

ʙ) 

ʥʝʠʟʤʝʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ 

ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʢʦʥʪʘʢʪʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ (ʨʠʩʫʥʦʢ 4) [10]. 

ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʣʫʥʢʠ ʩʚʳʰʝ 0,2 ʤʤ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʩʝʭ ʦʪʤʝʯʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʥʦ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʜʝʡʩʪʚʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩʫʥʦʢ 3ʘ).  

 

 

            
 

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Űxy (ʘ) ʠ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ Ůxy (ʙ) ʚ ʙʦʢʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʛʣʫʙʠʥʳ ʣʫʥʢʠ 
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ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʛʣʫʙʠʥʘʭ ʣʫʥʢʠ ʙʦʣʝʝ 0,2 ʤʤ ʪʘʢʞʝ 

ʘʢʪʫʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʣʦʢʘʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʧʦ ʨʘʙʦʯʠʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʙʦʣʴʰʠʥʩʪʚʘ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʝʛʦ ʛʨʘʚʶʨʳ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪ 

ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʜʝʬʝʢʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ, ʧʨʦʚʦʜʠʤʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʦʮʝʥʢʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʩʝʨʜʮʝʚʠʥʳ ʩ ʫʯʝʪʦʤ ʛʨʘʜʠʝʥʪʘ ʩʚʦʡʩʪʚ ʧʦ 

ʩʝʯʝʥʠʶ ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ůɻʢʚ (ʘ) ʠ ʜʝʬʦʨʤʘʮʠʡ 

Ůɻʢʚ (ʙ) ʚ ʙʦʢʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʣʫʥʢʠ 
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ʀʩʭʦʜʷ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʥʘʯʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ, ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʠʟʢʠʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʠʟʥʘʰʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʪʘʣʣʘ ʙʫʜʝʪ ʟʘʪʨʘʯʠʚʘʪʴʩʷ ʥʘ ʨʘʙʦʪʫ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɽʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʝʪʘʣʣʘ, ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʤʝʥʥʦ ʫʩʪʘʣʦʩʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʠʦʜʦʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʝʪʘʣʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʪʘʢʦʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʝ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʠʦʜʦʤ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ɺ ʪʝʯʝʥʠʝ ʪʘʢʦʛʦ 

ʧʝʨʠʦʜʘ, ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʧʦʢʦʚʢʠ ʙʫʜʫʪ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʯʝʨʪʝʞʘ. 

ʅʘʤʠ ʨʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʩʪʘʣʠ 5ʍɺ2ʉ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦïʫʧʨʦʯʥʝʥʥʳʤ ʩʣʦʝʤ [11]. 

ʆʙʲʝʤʥʦïʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʝʨʝʢʦʚʘ), ʭʠʤʠʢʦïʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ), ʟʘʢʘʣʢʠ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʧʫʩʢʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʪʘʢʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʣʘʩʴ 

ʦʜʠʥʘʢʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʠʤʠʢʦïʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʍʊʆ) ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʠ ï 860Áʉ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʢʘʣʢʫ 

ʦʙʨʘʟʮʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ. 

ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʍʊʆ (6 ʠ 8 ʯʘʩʦʚ), ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʝʨʝʢʦʚʘ. ɺʩʝ ʦʙʨʘʟʮʳ, ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʜʚʝ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʪʠʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʝʨʝʢʦʚʫ, ʜʨʫʛʘʷ 

ʠʤʝʣʘ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʦʢʘʪʢʦʡ ʟʘʛʦʪʦʚʢʠ ï ʧʨʫʪʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩʫʥʦʢ 5). ʀʟ ʥʠʭ 

ʚʠʜʥʦ, ʯʪʦ ʦʙʝ ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ, ʫʧʨʦʯʥʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʠʩʧʳʪʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʫʣʴʩʠʨʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʩ ʘʤʧʣʠʪʫʜʦʡ 

1100 ʄʇʘ. ʅʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ, ʦʙʲʷʩʥʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʉʪʨʫʢʪʫʨʘ ʟʘʛʦʪʦʚʢʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʦʚʘ, 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʤ ʤʝʪʘʣʣʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʢʘʪʢʠ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʝʪ 



   

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʦʙʣʘʩʪʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʨʠʚʳʝ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 5ʍɺ2ʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ɸʤʧʣʠʪʫʜʘ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ï 1100 ʄʇʘ 

 

ɺʳʚʦʜ: ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʩʫʨʩʥʦʡ ʦʮʝʥʢʠ ʩʪʦʡʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʢʦʥʪʘʢʪʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ. ɽʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʩʪʦʡʢʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ 

ʧʫʣʴʩʠʨʫʶʱʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʳʭ ʧʠʪʪʠʥʛʦʚ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʮʝʥʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦïʫʧʨʦʯʥʝʥʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʚʠʪʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʟʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ 

ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʘʚʶʨʫ ʰʪʘʤʧʘ, ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʧʦ ʪʦʣʱʠʥʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ 
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ƶ - ʇʝʨʝʢʦʚ + ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ 6 ʯʘʩʦʚ, ɿʘʢʘʣʢʘ+ʆʪʧʫʩʢ

ƴ- ʇʝʨʝʢʦʚ + ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʷ 8 ʯʘʩʦʚ, ɿʘʢʘʣʢʘ+ʆʪʧʫʩʢ

ҟ- ɹʝʟ ʧʝʨʝʢʦʚʘ + ʅʠʪʨʦʮʝʤʝʥʪʘʮʠʷ 6 ʯʘʩʦʚ, ɿʘʢʘʣʢʘ+ʆʪʧʫʩʢ

Ǐ-ɹʝʟ ʧʝʨʝʢʦʚʘ + ʅʠʪʨʦʮʝʤʝʥʪʘʮʠʷ 8 ʯʘʩʦʚ, ɿʘʢʘʣʢʘ+ʆʪʧʫʩʢ  



   

ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʫʧʨʦʯʥʝʥʥʳʝ ʩʣʦʠ ʥʘ ʜʦʩʪʫʧʥʳʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠʭ ʵʢʦʥʦʤʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʪʘʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʤʝʶʱʠʡ ʜʝʰʝʚʫʶ ʦʩʥʦʚʫ, ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʥʘʛʨʫʟʢʘʤ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʟʘ ʩʯʝʪ ʠʤʧʣʘʥʪʘʮʠʠ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, ʘʜʘʧʪʠʨʦʚʘʥ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʘʢʦʛʦ ʰʪʘʤʧʘ. ʇʨʠ ʵʪʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʦʧʝʨʘʪʠʚʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ, ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʚ ʪʝʭʥʦʣʦʛʠʶ ʫʧʨʦʯʥʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʧʨʦʚʝʨʢʦʡ ʧʨʠʥʷʪʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ.  
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ɸʥʥʦʪʘʮʠʷ: ʚ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʢʦʥʪʝʡʥʝʨʘ 

ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʥʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʧʦʜ ʫʛʣʦʤ ʚ ʩʪʦʨʦʥʫ ʨʘʟʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʫʛʦʣ ʜʥʘ ʢʦʥʪʝʡʥʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʟʛʨʫʟʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʢʦʥʪʝʡʥʝʨ, ʨʘʟʛʨʫʟʢʘ, 

ʢʦʥʩʪʨʫʢʮʠʷ, ʥʘʜʝʞʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ, ʜʥʦ, ʫʛʦʣ. 

 

Abstract: A scientific article proposes a new version of a container with 

lateral unloading, which is carried out thanks to the bottom located at an angle in 

the direction of unloading the rock mass. Based on the calculations and 

experiments performed, the container bottom angle was determined, which 

ensures maximum productivity during unloading. 

Keywords: open pit mining, container, unloading, design, reliability, 

simplicity, bottom, corner. 

 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʦʛʦ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʥʪʝʡʥʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʢʦʥʪʝʡʥʝʨʘ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʠ 

ʜʥʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦʜ ʫʛʣʦʤ ʚ ʩʪʦʨʦʥʫ ʚʳʩʳʧʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʥʪʝʡʥʝʨʘ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʧʨʠ ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʝ ʦʙʣʘʜʘʝʪ ʫʧʨʦʱʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ. 

ʈʘʥʝʝ ʧʨʝʜʣʘʛʘʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʦʙʣʘʜʘʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʝʛʦ ʩʧʦʩʦʙʦʤ ʨʘʟʛʨʫʟʢʠ. ʊʘʢ 

ʧʨʠ ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʝ ʢʦʥʪʝʡʥʝʨʘ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʙʳʣʦ ʩʦʟʜʘʥʠʝ 

ʩʠʩʪʝʤʳ ʧʦ ʦʪʢʨʳʪʠʶ ʠ ʟʘʢʨʳʪʠʶ ʨʘʟʛʨʫʞʘʝʤʦʛʦ ʜʥʘ. ʉʣʦʞʥʦʩʪʴ ʜʘʥʥʦʡ 
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ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʜʥʘ ʢʦʥʪʝʡʥʝʨʘ, ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʝʛʦ ʟʘʢʨʳʪʠʷ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʫʩʣʦʚʠʡ [1, 2]. ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʩʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʩ 

ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʦʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʪʝʡʥʝʨ ʩ ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʦʡ 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʟʘʭʚʘʪʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʜʘʚʣʠʚʘʣʠ ʥʘ ʨʳʯʘʛʠ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʧʦʨʦʜʳ [1]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʪʝʡʥʝʨ ʩ ʥʠʞʥʝʡ ʨʘʟʛʨʫʟʢʦʡ 

 



   

 ɺʪʦʨʘʷ ʩʭʝʤʘ ʢʦʥʪʝʡʥʝʨʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʭʚʘʪʥʦʤ ʤʝʭʘʥʠʟʤʝ, ʦʜʥʘʢʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʥʪʝʡʥʝʨʘ ʫʩʣʦʞʥʝʥʘ ʤʥʦʞʝʩʪʚʦʤ ʨʳʯʘʛʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʛʨʫʟʢʫ 

ʩʪʚʦʨʯʘʪʦʛʦ ʜʥʘ. ʇʨʠ ʜʘʥʥʦʡ ʩʭʝʤʝ ʢʦʥʪʝʡʥʝʨʘ ʟʘʢʨʳʪʠʝ ʜʥʘ ʪʨʝʙʦʚʘʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫ ʤʝʩʪʘ ʨʘʟʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʟʘʢʨʳʪʠʷ ʩʪʝʥʦʢ [2].  

ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʢʦʥʪʝʡʥʝʨʘ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦʜ ʥʝʦʙʭʦʜʠʤʳʤ ʫʛʣʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʝʤʢʦʩʪʝʡ ʦʪ ʛʦʨʥʳʭ ʤʘʩʩ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ 

ʢʦʥʪʝʡʥʝʨʘ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʴ ʢʦʥʪʝʡʥʝʨʘ ʩ ʙʦʢʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ 

 

ɼʘʥʥʳʡ ʪʠʧ ʢʦʥʪʝʡʥʝʨʘ  ʦʙʣʘʜʘʝʪ, ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʨʘʥʝʝ ʤʦʜʝʣʷʤʠ ʠʤʝʶʱʠʤʠ ʥʠʞʥʶʶ 

ʚʳʛʨʫʟʢʫ ʛʦʨʥʳʭ ʤʘʩʩ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ 

ʟʘʧʠʨʘʥʠʷ (ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʜʥʦ ʙʦʢʦʚʘʷ ʩʪʝʥʢʘ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʚ ʧʨʝʜʝʣʳ ʢʦʥʪʫʨʘ ʢʦʥʪʝʡʥʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʨʘʙʘʪʳʚʘʶʪ 

ʬʠʢʩʘʪʦʨʳ). ʆʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʭʦʨʦʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʥʠʱʘ ʢʦʥʪʝʡʥʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʦʡ ʫʛʦʣ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʢʦʥʪʝʡʥʝʨʘ ʠ ʙʫʜʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʛʨʫʟʢʝ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʜʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʦʨʤʘʣʴʥʫʶ ʚʳʛʨʫʟʢʫ ʛʦʨʥʳʭ 



   

ʤʘʩʩ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʘ ʜʥʠʱʘ ʢʦʥʪʝʡʥʝʨʘ 

 

ʅʘ ʛʦʨʥʫʶ ʤʘʩʩʫ ʦʢʘʟʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ 

', ʩʠʣʘ ʪʨʝʥʠʷ &̓  ̑ ʠ ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʦʧʦʨʳ .. ʆʙʨʘʟʮʳ ʧʦʨʦʜʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʉʦʩʪʦʷʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʨʘʚʥʦʚʝʩʠʠ ʚ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʪʦʯʢʝ ʩʫʤʤ ʧʨʦʝʢʮʠʡ ʚʩʝʭ ʩʠʣ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ ʭ ʠ ʫ, ʘ ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʨʘʚʥʳ ʥʫʣʶ. ʋʩʣʦʚʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʟʘʧʠʩʘʥʳ ʧʦ 

ʬʦʨʤʫʣʘʤ 1 ʠ 2. 

 

В& π      (1) 

 

В& π      (2) 

 

ʌʦʨʤʫʣʘ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 3. 

 

&̓ ̑ ÆϽ.      (3) 

 

 

 

ʉʦʩʪʘʚʠʤ ʩʫʤʤʫ ʧʨʦʝʢʮʠʡ ʚʩʝʭ ʩʠʣ ʥʘ ʦʩʠ x ʠ y ʧʦ ʬʦʨʤʫʣʘʤ 4 ʠ 5. 

 

&̓  ̑

F

. 

' 



   

π &̓ ̑ 'ϽÓÉÎɻ π     (4) 

 

π . 'ϽÃÏÓɻ π     (5) 

 

ʛʜʝ Ŭ ï ʵʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʨʘʚʝʥʩʪʚʘʭ 4 ʠ 5 ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʠʣʫ ʪʨʝʥʠʷ ʠ 

ʥʦʨʤʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʦʧʦʨʳ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʜ 

ʬʦʨʤʫʣʘʤʠ 6 ʠ 7. 

 

&̓ ̑ 'ϽÓÉÎɻ     (6) 

 

. 'ϽÃÏÓɻ     (7) 

 

ʇʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟ 3 ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʤ 

ʨʝʰʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ 8. 

 

ÆϽ. 'ϽÓÉÎɻ     (8) 

 

ʇʦʜʩʪʘʚʠʚ ʚ ʨʝʰʝʥʠʝ ʨʘʚʝʥʩʪʚʦ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ 9. 

 

ÆϽ'ϽÃÏÓɻ 'ϽÓÉÎɻ     (9) 

 

ʉʦʢʨʘʪʠʚ ʚ ʨʝʰʝʥʠʠ ʚʝʣʠʯʠʥʫ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ 10. 

 

ÆϽÃÏÓɻ ÓÉÎɻ     (10) 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦɻ ʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ f ʧʦ ʬʦʨʤʫʣʝ 11. 

 

Æ ÔÇɻ     (11) 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʫʛʣʳ ʩʢʦʣʴʞʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩ. ɼʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʫʯʘʶʪ ʧʨʠ ʧʦʤʦʱʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʝʛʦ ʚʝʣʠʯʠʥʳ ʟʘʧʠʩʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ. ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʜʘʥ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ, 

ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ, 



   

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʫʩʣʦʚʠʷ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʙʫʜʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʟʛʨʫʟʢʘ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʳʭ ʝʤʢʦʩʪʝʡ. ʈʘʩʯʝʪ 

ʫʛʣʦʚ ʩʢʦʣʴʞʝʥʠʷ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘ ʩʯʝʪ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʨʘʟʣʠʯʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʦʡʩʪʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʣʠʯʘʶʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʟʘʣʝʛʘʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʧʳʪʘʥʠʝ ʧʦʨʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʫʛʣʦʚ ʩʢʦʣʴʞʝʥʠʷ 

[3]. 

ɼʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʨʦʜ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʩʦʟʜʘʥʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ [4]. ɹʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʨʦʩʪʦʡ ʩʪʝʥʜ ʠʟ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ. ʆʩʥʦʚʫ ʩʪʝʥʜʘ ʩʦʩʪʘʚʣʷʶʪ: ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʠʟʦʛʥʫʪʘʷ ʙʘʣʢʘ ʇïʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʧʨʦʨʝʟʠ ʧʦʜ ʭʦʜ 

ʰʧʠʣʴʢʠ ʩ ʨʝʟʴʙʦʡ, ʨʘʙʦʯʠʡ ʩʪʦʣ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʟʘʢʨʝʧʣʝʥʘ ʰʧʠʣʴʢʘ ʠ ʛʘʡʢʠïʙʘʨʘʰʢʠ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʨʘʙʦʯʠʡ ʩʪʦʣ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʛʣʘ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʦʨʦʜ ʥʘʯʠʥʘʷ ʦʪ ʩʘʤʦʛʦ ʤʘʣʦʛʦ ʫʛʣʘ, ʜʦ 

ʤʦʤʝʥʪʘ ʧʦʣʥʦʛʦ ʚʳʩʳʧʘʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʧʨʠ ʵʪʦʤ ʫʛʦʣ ʠʟʤʝʨʷʣʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʪʨʘʥʩʧʦʨʪʠʨʘ. ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʧʦʨʦʜ 

 



   

ɿʘʤʝʨʳ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʧʦʨʦʜ: ʛʝʤʘʪʠʪ, ʣʠʤʦʥʠʪ, ʤʘʛʥʝʪʠʪ, ʩʢʘʣʴʥʘʷ ʚʩʢʨʳʰʘ, 

ʛʣʠʥʘ, ʧʝʩʦʢ.  

ʅʘ ʧʝʨʚʦʤ ʦʧʳʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʫʛʣʫ ʩʢʦʣʴʞʝʥʠʷ ʧʝʩʢʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʠʟʦʙʨʘʞʝʥʳ ʦʙʨʘʟʝʮ ʧʝʩʢʘ ʠ ʝʛʦ ʠʩʧʳʪʘʥʠʝ ʥʘ ʩʪʝʥʜʝ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʙʨʘʟʝʮ ʧʝʩʢʘ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʀʩʧʳʪʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʧʝʩʢʘ 

 



   

ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʯʪʦ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʧʦʜ ʫʛʣʦʤ ʚ 22Ј 

ʧʝʩʦʢ ʩʚʦʙʦʜʥʦ ʚʳʩʳʧʘʝʪʩʷ.  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʤʝʨʳ ʫʛʣʦʚ ʩʢʦʣʴʞʝʥʠʷ ʠ ʧʦ ʜʨʫʛʠʤ ʛʦʨʥʳʤ 

ʧʦʨʦʜʘʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ 

ˉ ʦʧʳʪʘ ʆʙʨʘʟʮʳ ʧʦʨʦʜ ʋʛʦʣ ʩʢʦʣʴʞʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ, 

Ј 

1 ʇʝʩʦʢ 22 

2 ɻʣʠʥʘ 22 

3 ɻʝʤʘʪʠʪ 19 

4 ʄʘʛʥʝʪʠʪ 18 

5 ʃʠʤʦʥʠʪ 20 

6 ʉʢʘʣʴʥʘʷ ʚʩʢʨʳʰʘ 18 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʚʩʝʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʢʦʥʪʝʡʥʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʷʪʴ ʝʜʠʥʳʡ ʫʛʦʣ ʜʥʘ ʢʦʥʪʝʡʥʝʨʘ. ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʛʣʳ 

ʩʢʦʣʴʞʝʥʠʷ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 18ï22Ј. ʇʨʠʥʠʤʘʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʜʥʘ. ʊʘʢ ʢʦʥʪʝʡʥʝʨʘ ʙʫʜʫʪ 

ʨʘʙʦʪʘʪʴ ʚ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 4 ʪʠʧʘ ʢʦʥʪʝʡʥʝʨʦʚ.  

ʉʦʛʣʘʩʥʦ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʛʣʘʤ ʩʢʦʣʴʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ. ʊʘʢ ʫ ʧʝʩʢʘ 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 22Ј, ʫ ʛʣʠʥʳ 22Ј, ʫ ʣʠʤʦʥʠʪʘ 20Ј, ʫ ʛʝʤʘʪʠʪʘ 19Ј, ʫ 

ʤʘʛʥʝʪʠʪʘ ʠ ʩʢʘʣʴʥʦʡ ʚʩʢʨʳʰʠ 18Ј. ʉʦʛʣʘʩʥʦ ʠʩʧʳʪʘʥʠʷʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ ʧʝʩʢʘ ʠ ʛʣʠʥʳ, ʘ 

ʤʠʥʠʤʘʣʴʥʳʝ ʫ ʩʢʘʣʴʥʦʡ ʚʩʢʨʳʰʠ ʠ ʤʘʛʥʝʪʠʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ 

ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʪʘʢʦʡ ʫʛʦʣ ʜʥʘ 

ʢʦʥʪʝʡʥʝʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʨʘʟʛʨʫʟʢʫ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʧʦʨʦʜʳ. ɺ ʢʦʥʪʝʡʥʝʨʘʭ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʢʘʣʴʥʫʶ 

ʚʩʢʨʳʰʫ ʠ ʤʘʛʥʝʪʠʪ, ʜʥʦ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦʜ 18Ј, ʛʝʤʘʪʠʪ ʧʦʜ 19Ј, 

ʣʠʤʦʥʠʪ ʧʦʜ 20Ј, ʘ ʛʣʠʥʫ ʠ ʧʝʩʦʢ ʧʦʜ 22Ј. 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ 

ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʫʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʯʝʨʥʳʭ ʠ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʧʦʩʪʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʥʪʝʥʩʠʚʥʘʷ 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʘʷ ʧʨʦʢʘʪʢʘ. 

 

Abstract: This work is devoted to an investigation of the current state of 

the art of ultrasonic processing of ultradisperse materials. Based on a review of 

the scientific literature, a new technology to improve the quality of bars of various 

ferrous and nonïferrous metals and alloys, including a combination of radialïshift 

rolling and postïdeformation ultrasonic treatment, was developed. 

Keywords: ultrasonic treatment, severe plastic deformation, 

microstructure, mechanical properties, radial shear rolling. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ), ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʪʚʝʨʜʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʜʣʷ 

ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ  ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʠʩʢʘʞʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʩʥʷʪʴ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʦʪʞʠʛʘ, ʦʜʥʘʢʦ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ 

ʩʥʷʪʴ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ ʀʇɼ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʦ ʩʠʭ ʧʦʨ 
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ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ ʠʥʦʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʚ ʥʠʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜʦʤ ʫʯʝʥʳʭ ʠʟ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʥ ʚ ʥʘʣʦʞʝʥʠʠ ʥʘ ʵʪʠ ʤʘʪʝʨʠʘʣʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʚʷʱʝʥʳ ʠʤʝʥʥʦ ʠʟʫʯʝʥʠʶ 

ʚʦʧʨʦʩʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʋɿʆ) ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʤʝʱʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʋɿʆ. ʊʘʢ 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [1, 2] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʨʦʮʝʩʩʝ ʈʂʋʇ ʮʠʥʢʘ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ɸ7 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ. ʊʘʢ ʫʞʝ ʧʦʩʣʝ 

ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʈʂʋï

ʧʨʝʩʩʦʚʘʥʠʝʤ ʩ ʥʘʣʦʞʝʥʠʝʤ ʋɿʆ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʝʩʩʦʚʘʥʠʝʤ ʙʝʟ ʋɿʆ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʥʘ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʘʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ. ɹʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʈʂʋïʧʨʝʩʩʦʚʘʥʠʷ ʩ ʥʘʣʦʞʝʥʠʝʤ ʋɿʆ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ 

ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʦʚ. ʋʣʫʯʰʝʥʠʝ ʧʨʦʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʈʂʋïʧʨʝʩʩʦʚʘʥʠʷ ʩ ʥʘʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʦʞʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʈʂʋʇ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 1,5ï1,7 ʨʘʟʘ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [3] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʣʦʢʠ ʩ ʥʘʣʦʞʝʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʈʂʋ ʧʨʦʪʷʛʠʚʘʥʠʷ ʧʨʦʚʦʣʦʢʠ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʥʝʧʦʜʚʠʞʥʳʭ ʚʦʣʦʢ ʨʘʚʥʦʛʦ 

ʜʠʘʤʝʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʣʦʢʠ ʠʟ ʥʠʢʝʣʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʚ ʩʦʩʪʦʷʥʠʷʭ ʧʦʩʣʝ 

ʈʂʋ ʧʨʦʪʷʛʠʚʘʥʠʷ (10 ʮʠʢʣʦʚ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʩʤʝʱʝʥʠʡ ʥʘ ʠʥʩʪʨʫʤʝʥʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ 

ʩʤʝʱʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʦʚʦʣʦʢʠ 

ʠʟ  ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ. ʇʦʩʣʝ ʚʦʣʦʯʝʥʠʷ ʩ ʩʫʤʤʘʨʥʳʤ ʦʙʞʘʪʠʝʤ 80 % ʧʨʦʚʦʣʦʢʘ ʠʤʝʣʘ 

ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ůʚ = 1500 ʄʇʘ, ů0,2 = 1350 ʄʇʘ, ŭ = 2,5 

%. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʢʝʣʝʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʦʩʪʘʪʦʯʥʦ 

ʈʂʋ ʜʝʬʦʨʤʘʮʠʠ ʟʘ 4ï5 ʧʨʦʭʦʜʦʚ. ɸʥʘʣʠʟ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʥʠʢʝʣʝʚʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 



   

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʤ ʠ 

ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʘʜʘʶʪ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʩʢʘʯʦʢ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 150ï200ʦʉ, ʘ ʜʘʣʝʝ ʩʥʦʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʩʜʝʣʘʣʠ ʚʳʚʦʜ, 

ʯʪʦ ʥʠʢʝʣʴ, ʧʦʜʚʝʨʛʥʫʪʳʡ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʥʘʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 150ʦʉ, ʘ ʟʘʪʝʤ ʝʛʦ ʩʚʦʡʩʪʚʘ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪʩʷ. ʊʘʢʞʝ ʚ 

ʨʘʙʦʪʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʷʛʠʚʘʝʤʦʡ ʧʨʦʚʦʣʦʢʠ ʩʦʩʪʘʚʣʷʝʪ 10 ï 14 

ʤʢʤ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [4, 5], 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʟʜʝʣʠʡ ʠʟ ʥʠʪʠʥʦʣʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʧʨʦʚʦʣʦʢʠ Tiï

44,48; Niï49.16; Cuï6.02 ʬʠʨʤʳ çʌʫʢʘʨʘʚʘè (ʗʧʦʥʠʷ) ʜʠʘʤʝʪʨʦʤ 0,36 ʠ 0,45 

ʤʤ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʨʢʘʩʦʚ ʩʪʝʥʪïʛʨʘʬʪʦʚ. ʇʨʦʚʦʣʦʢʘ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 22é26 ʢɻʮ 

ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʬʦʨʤ ʥʠʪʠʥʦʣʦʚʳʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʛʠʙʦʚ, ʢʨʶʯʢʠ ʩ ʤʘʣʳʤʠ 

ʨʘʜʠʫʩʘʤʠ ʠʟʛʠʙʘ ʠ ʜʨ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʨʘʙʦʪʝ [6], ʥʘ ɿɸʆ çʄʝʜʠʮʠʥʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʉʠʤʫʨʛè ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʥʦʩʝʨʝʙʨʷʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʥʫʪʨʠʤʘʪʦʯʥʳʭ ʩʧʠʨʘʣʝʡ. 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʞʠʛ ʟʘʛʦʪʦʚʢʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚʦʣʦʯʝʥʠʝʤ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʧʪʠʤʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 640 Áʉ ʧʨʠ ʵʪʦʤ ʝʝ ʫʜʣʠʥʝʥʠʝ ʨʘʚʥʦ 

41 %. ʇʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʚʦʣʦʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʜʦ 620 

Áʉ, ʧʨʠ ʵʪʦʤ ʫʜʣʠʥʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʩʦʩʪʘʚʣʷʝʪ 47,5 %. ʊʘʢʞʝ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʫ ʧʨʦʚʦʣʦʢʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʚʦʣʦʯʝʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ ůʚ=230 ʄʇʘ, ůʪ=80 

ʄʇʘ ʠ ʤʝʥʴʰʝ ʯʝʤ ʫ ʧʨʦʚʦʣʦʢʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ůʚ=260 ʄʇʘ, ůʪ= 100 ʄʇʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʥʦʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʝʜʠʥʠʯʥʳʝ ʦʙʞʘʪʠʷ ʟʘ ʧʨʦʭʦʜ ʜʦ 20...25 %, ʩʥʠʟʠʪʴ 

ʫʩʠʣʠʝ ʚʦʣʦʯʝʥʠʷ ʥʘ 20...30 ʄʇʘ, ʠ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʞʠʛʘ ʜʦ 620 

Áʉ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʨʰʨʫʪ ʚʦʣʦʯʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʚʥʫʪʨʠʤʘʪʦʯʥʳʭ ʩʧʠʨʘʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʝʛʠʙ ʥʘ ʩʪʝʨʞʥʝ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʥʘ 

ʩʫʤʤʘʨʥʳʡ ʫʛʦʣ 720Á (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ). 

 



   

ɺ ʨʘʙʦʪʘʭ [7, 8] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʥʘʟʳʚʘʝʤʦʛʦ çtube highïpressure shearing (tïHPS)è, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ 

ʩʜʚʠʛʘ ʦʙʫʩʣʦʚʣʝʥ ʪʨʝʥʠʝʤ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʦʙʨʘʟʮʦʤ ʧʦʜ 

ʚʳʩʦʢʠʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʧʣʦʩʢʦʩʪʴ ʩʜʚʠʛʘ 

ʧʘʨʘʣʣʝʣʴʥʘ ʨʘʜʠʫʩʫ ʢʦʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ, 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʥʘʣʦʞʝʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ [7]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʋʄɿ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʣʝʜʫʶʱʠʝ: ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʥʠʢʝʣʷ ʩʦʩʪʘʚʣʷʣ 200 ʥʤ (ʇʕʄ) ʠ 215 

ʥʤ (TKD). ʋʛʦʣ ʥʘʢʣʦʥʘ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʠ ʩʫʙʟʝʨʝʥ ʩʦʩʪʘʚʣʷʣ ʦʪ 20 ʜʦ 

30 ʛʨʘʜ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʪʠʧʠʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʩʜʚʠʛ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʦʙʨʘʟʮʦʚ ʥʘʥʦʥʠʢʝʣʷ  ʧʦʩʣʝ ʋɿʆ ʩ 

ʘʤʧʣʠʪʫʜʦʡ 17,5 ʄʇʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʳʩʦʢʦʫʛʣʦʚʳʝ 

ʛʨʘʥʠʮʳ (HAGBs) ʚ ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʤʝʪʘʣʣʝ ʠʤʝʶʪ ʫʛʦʣ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʳʡ 15, ʘ 

ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (LAGBs) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʶʪ ʫʛʦʣ, ʣʝʞʘʱʠʡ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 15 ʛʨʘʜʫʩʦʚ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ 

(HAGBs) ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʥʠʢʝʣʷ ʧʦʩʣʝ ʋɿʆ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʷʪʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʥʠʢʝʣʝ, ʧʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ 

ʘʤʧʣʠʪʫʜʘ ʚʦʟʜʝʡʩʪʚʠʷ (ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ), ʪʝʤ 

ʙʦʣʴʰʝ ʵʪʦʪ ʵʬʬʝʢʪ.  

ʅʝ ʚʩʝʛʜʘ ʥʘ ʧʨʘʢʪʠʢʝ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʚ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ. ʅʦ ʘʥʘʣʠʟ 

ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ [9ï15], ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʩʪʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʦʙʨʘʙʦʪʢʦʡ ʜʘʚʣʝʥʠʝʤ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ), ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʤʘʪʝʨʠʘʣʳ: 

ʫʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʥʷʪʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʘʭ, ʧʦʚʳʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʯʥʦʩʪʠ 

(ʘʢʫʩʪʦʧʣʘʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ) ʠ ʜʨʫʛʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, 

ʘʤʧʣʠʪʫʜʳ ʠ ʣʦʢʘʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʢʘʢ ʫʧʨʦʯʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʝʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʠ ʧʣʘʩʪʠʬʠʢʘʮʠʠ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʫʯʠʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʱʠʭʩʷ ʚ ʈʫʜʥʝʥʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʪʘʥʦʚ ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʘ ʪʘʢʞʝ ʠ ʠʟʚʝʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʥʘʣʦʞʝʥʠʷ 



   

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʦʚʤʝʩʪʠʪʴ ʚ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʫʶ ʧʨʦʢʘʪʢʫ ʠ ʋɿʆ ʥʘ 

ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ ʪʨʫʜʥʦ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʢʦʥʮʝʧʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋɿʆ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ: ʧʦʣʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ + ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʘʷ ʧʨʦʢʘʪʢʘ) ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ.  

ɺʳʚʦʜ: ʦʙʟʦʨ ʥʘʫʯʥʦïʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʞʝ ʚ ʭʦʜʝ 

ʧʦʩʪʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʋʄɿ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʤʧʣʠʪʫʜʘʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʝʣʘʢʩʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʩʥʷʪʠʶ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʫʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ 

ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʧʦʩʪʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʘʷ ʧʨʦʢʘʪʢʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʣʫʯʝʥʠʝ ʧʨʫʪʢʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʧʦʩʣʝʜʫʶʱʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʫʪʢʦʚ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʈʉʇ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

(ɻʨʘʥʪ ˉ AP14869128). 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ,  ʚʢʣʶʯʘʶʱʝʡ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʪʘʢ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʩʪʘʥʝ ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʠʤʝʥʥʦ ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ʦʉ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ʦʉ ʥʘ ʩʪʘʥʝ 

ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʣʘʪʫʥʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ʝʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʘʷ ʧʨʦʢʘʪʢʘ, ʣʘʪʫʥʴ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

Abstract: This work is devoted to the study of the influence of a combined 

technology, including both preïheat treatment and deformation on a radialïshear 

rolling mill, on the mechanical properties change of L63 brass. The conducted 

studies have shown that after preliminary heat treatment, namely annealing at a 

temperature of 500ÁC, and subsequent deformation of workpieces at a 

temperature of 500ÁC on a radialïshear rolling mill, there is an increase in the 

strength properties of brass with a decrease in its plastic properties within the 

norm. 

Keywords: combined technology, preïheat treatment, radialïshear rolling, 

brass, mechanical properties. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʣʦʰʥʳʭ ʢʘʪʘʥʳʭ ʧʨʫʪʢʦʚ 

ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʮʚʝʪʥʳʭ ʠ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘ 
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ʧʨʘʢʪʠʢʝ ʥʘʯʘʣʠ ʥʘʭʦʜʠʪʴ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʸʭʚʘʣʢʦʚʳʝ ʩʪʘʥʳ 

ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʭʝʤʦʡ 

ʥʘʧʨʷʞʝʥʥʦïʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʨʫʛʣʦʛʦ 

ʧʨʦʢʘʪʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ 

ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ 

ʵʚʦʣʶʮʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʣʠʯʥʳʭ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [1ï4]. ɸʚʪʦʨʘʤʠ ʵʪʠʭ 

ʨʘʙʦʪ ʙʳʣ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʫʪʢʠ ʨʘʟʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʧʦ ʜʠʘʤʝʪʨʫ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʛʨʘʜʠʝʥʪʥʫʶ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

 ʊʘʢʞʝ ʜʘʚʥʦ ʫʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʝʩʣʠ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤʳ ʝʝ ʧʨʦʚʝʜʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʧʦʜʚʝʨʛʘʝʤʳʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ. ɺ ʪʦʤ ʯʠʩʣʝ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʝʜʠʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʨʝʞʠʤʘʤ ʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʠʟʤʝʣʴʯʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [5].  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʠ ʮʝʣʦʛʦ ʨʷʜʘ 

ʜʨʫʛʠʭ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʤʠ ʨʘʥʝʝ ʫʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ 

ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63, ʚʢʣʶʯʘʶʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, 

ʘ ʠʤʝʥʥʦ ʦʪʞʠʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ʦʉ ʠ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʫʶ ʧʨʦʢʘʪʢʫ 

ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700ʦʉ, ʥʘ ʵʚʦʣʶʮʠʶ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ 

ʚ ʨʘʙʦʪʝ [6]. ʅʦ ʧʨʠ ʵʪʦʤ ʥʘʤʠ ʥʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63, 

ʚʢʣʶʯʘʶʱʝʡ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʫʶ ʧʨʦʢʘʪʢʫ, ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʠʟʠʯʝʩʢʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʙʳʣʠ ʚʟʷʪʳ ʣʘʪʫʥʥʳʭ (ʣʘʪʫʥʴ 

ʤʘʨʢʠ ʃ63) ʟʘʛʦʪʦʚʢʠ ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʠ ʜʣʠʥʦʡ 150 ʤʤ, ʢʦʪʦʨʳʝ, ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [6] ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʚʝʨʛʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʘ ʠʤʝʥʥʦ ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

500ʦʉ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʦʙʨʘʙʦʪʢʫ ʣʘʪʫʥʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʧʨʦʚʦʜʠʣʠ ʚ ʢʘʤʝʨʥʦʡ ʧʝʯʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʂʕʇ 12/1400. ɼʘʣʝʝ ʜʘʥʥʳʝ 



   

ʟʘʛʦʪʦʚʢʠ ʜʝʬʦʨʤʠʨʦʚʘʣʠ ʥʘ ʩʪʘʥʝ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʉɺʇï08 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5000ʉ. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʦ 

ʜʠʘʤʝʪʨʘ 16 ʤʤ ʠ 12 ʤʤ ʩ ʰʘʛʦʤ ʘʙʩʦʣʶʪʥʦʛʦ ʦʙʞʘʪʠʷ ʧʦ ʜʠʘʤʝʪʨʫ 3,0 ʤʤ 

ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦ ʜʠʘʤʝʪʨʘ 16 ʤʤ ʠ 2,0 ʤʤ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦ 

ʜʠʘʤʝʪʨʘ 12 ʤʤ (ʪ.ʝ. Å25­Å22­Å19­Å16­Å14­Å12 ʤʤ) ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʧʨʫʪʢʦʚ 

ʠʟ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʤʥʦʛʦʧʝʨʝʭʦʜʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʥʝ ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ  ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ ʠʟ ʚʩʝʭ ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʨʫʪʢʦʚ (ʢʘʢ ʜʦ ʜʠʘʤʝʪʨʘ 16 ʤʤ, ʪʘʢ ʠ 12 ʤʤ) ʥʘ ʚʳʩʦʢʦʪʦʯʥʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ  ʦʪʨʝʟʥʦʤ ʩʪʘʥʢʝ GTQï5000 ʙʳʣʠ ʥʘʨʝʟʘʥʳ ʦʙʨʘʟʮʳ 

ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʚʠʜʝ ʧʦʣʦʩʦʢ ʨʘʟʤʝʨʘʤʠ hĬbĬl=0,3Ĭ3Ĭ30ʤʤ. ɼʘʥʥʳʝ 

ʧʦʣʦʩʢʠ ʚʳʨʝʟʘʣʠʩʴ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʫʪʢʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʡ, 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʘʪʫʥʠ ʤʘʨʢʠ 

ʃ63 ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ʀʩʧʳʪʘʥʠʷ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʚʫʭʢʦʣʦʥʥʦʡ 

ʮʠʬʨʦʚʦʡ ʤʘʰʠʥʝ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʫʩʠʣʠʝʤ 1000 ʢʅ ʢʦʤʧʘʥʠʠ 

Qingdao Guangyue Rubber Machinery Manufacturing Co., Ltd (ʂʠʪʘʡ). ʇʨʠ 

ʵʪʦʤ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʫʙʣʠʨʦʚʘʣʠʩʴ ʧʦ ʪʨʠ ʨʘʟʘ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʤ 

ʜʘʥʥʳʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʨʳʚ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ŭ ʦʪ ʚʠʜʘ 

ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1). 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ 

ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ŭ 

ʦʪ ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ 

ʧʨʦʢʘʪʢʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʨʝʞʠʤʫ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 ʨʘʩʪʫʪ, ʢʘʢ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ, ʪʘʢ ʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʷʭ 

ʧʨʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʫʪʢʘ, ʘ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʦʙʦʨʦʪ 

ʧʘʜʘʝʪ. ʇʨʠʯʝʤ ʯʝʤ ʙʦʣʴʰʝ ʦʙʞʘʪʠʝ, ʪʝʤ ʙʦʣʴʰʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ.   

 



   

 
ʘ)  

 
ʙ)  
 

ʈʠʩʫʥʦʢ 1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63: ʘ ï ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ůʚ; ʙ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ŭ 

 

ʊʘʢʞʝ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1  ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʫʜʣʠʥʝʥʠʷ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʟʘʛʦʪʦʚʢʠ. ʀ ʥʘʦʙʦʨʦʪ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 



   

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʟʘʛʦʪʦʚʢʠ. ʕʪʦ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʚʦʣʶʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 ʚ ʭʦʜʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʥʘ 

ʩʪʘʥʝ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ,  ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʈʉʇ ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ ʩʝʯʝʥʠʶ 

ʧʨʫʪʢʘ [6]. ʊʘʢʞʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʜʦ ʜʠʘʤʝʪʨʘ 16 ʤʤ, ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ) ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 

ʧʨʠʙʣʠʞʝʥʳ ʢ ʟʥʘʯʝʥʠʷʤ ʵʪʠʭ ʞʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʫʪʢʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʧʨʫʪʢʦʚ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ 

ʩʪʘʥʦʚʷʪʩʷ ʫʞʝ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʳ ʢ ʟʥʘʯʝʥʠʷʤ ʵʪʠʭ ʞʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʫʪʢʘ. ʏʪʦ ʪʘʢʞʝ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʘʙʦʪʘʭ  [1ï4]. ɸ ʠʤʝʥʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ 

ʧʨʦʢʘʪʢʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʞʘʪʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʵʪʦʤ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʨʘʟʦʨʠʝʥʪʨʦʚʘʥʥʳʤʠ.  ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʞʘʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʦʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʧʨʫʪʢʦʚ, ʢʘʢ ʙʳ ʧʦʛʣʦʱʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʟʦʥʫ ʠ ʚ ʥʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʚʥʦʦʩʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ  ʨʘʟʦʨʠʝʥʪʨʦʚʘʥʥʳʭ 

ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ.  

ɺʳʚʦʜ: ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʘʪʫʥʠ 

ʤʘʨʢʠ ʃ63 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ 

ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʚʳʙʨʘʥʥʳʤ 

ʨʝʞʠʤʘʤ ʨʘʩʪʫʪ, ʘ ʧʣʘʩʪʠʯʝʩʢʠʝ ʥʘʦʙʦʨʦʪ ʧʘʜʘʶʪ.  ʊʘʢ ʜʣʷ ʣʘʪʫʥʠ ʤʘʨʢʠ 

ʃ63 ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ ʩʝʯʝʥʠʶ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝ ʨʘʜʠʘʣʴʥʦï

ʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ʦʉ ʜʦ ʜʠʘʤʝʪʨʘ 16 ʤʤ ʚʳʨʦʩʣʦ ʥʘ 

33% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 500ʦʉ, ʘ ʧʦʩʣʝ  ʈʉʇ ʜʦ ʜʠʘʤʝʪʨʘ 12 ʤʤ ʥʘ 60%. ʋʩʨʝʜʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʚ ʧʨʫʪʢʝ  ʩʥʠʟʠʣʦʩʴ ʥʘ 54% ʧʦʩʣʝ ʈʉʇ ʜʦ ʜʠʘʤʝʪʨʘ 16 ʤʤ ʠ ʥʘ 

86% ʧʦʩʣʝ ʈʉʇ ʜʦ ʜʠʘʤʝʪʨʘ 12 ʤʤ. ʉʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʜʣʷ ʣʘʪʫʥʠ ʤʘʨʢʠ ʃ63 

ʚ ʭʦʜʝ ʨʘʜʠʘʣʴʥʦïʩʜʚʠʛʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ɻʨʘʥʪ 

ˉ AP14869128). 
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ɸʥʥʦʪʘʮʠʷ: ɸʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʧʨʦʢʘʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʦʢʘʟʘʥʦ ʨʝʰʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʩʠʤʤʝʪʨʠʠ ʧʨʦʮʝʩʩʘ, 

ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʠʢʣʘʜʥʫʶ ʟʘʜʘʯʫ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʟʦʥ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʤʤʝʪʨʠʷ, ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʡ ʪʝʦʨʠʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ.  

 

Abstract:  A planar rolling theory problem has been analytically solved 

using the method of argument of functions of a complex variable. The solution is 

shown from the point of view of the asymmetry of the process, the 

counterdirectional flow of metal, which allowed us to consider the applied 

problem as the interaction of multidirectional zones in the deformation focus. 

Keywords: asymmetry, equations of the plane theory of plasticity, 

tangential stresses. 

 

ɺ ʨʘʙʦʪʝ [1] ʧʦʩʪʘʚʣʝʥʘ ʠ ʯʘʩʪʠʯʥʦ ʨʝʰʝʥʘ ʟʘʤʢʥʫʪʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. ɽʝ ʧʦʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʧʣʦʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ [2]. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʨʝʰʘʝʪʩʷ ʧʨʠʢʣʘʜʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʪʦʣʴʢʦ ʚ ʥʘʧʨʷʞʝʥʠʷʭ. ʀʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʧʦʩʪʘʥʦʚʢʫ 
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ʉ ʫʯʝʪʦʤ (1),(2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʠʜʘ 
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ʀʟʙʘʚʣʷʷʩʴ ʦʪ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʚʚʦʜʷʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʘʨʛʫʤʝʥʪ 

ʬʫʥʢʮʠʠ 

 

( ),2sin,expʅn jAFqt s --=     (4) 

 

ʛʜʝ ɸʌ ï ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʧʝʨʚʘʷ ʘʨʛʫʤʝʥʪ 

ʬʫʥʢʮʠʷ;   

        ɗ ï ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʚʪʦʨʘʷ ʘʨʛʫʤʝʥʪ 

ʬʫʥʢʮʠʷ ʟʘʜʘʯʠ. 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (4), ʧʦʜʩʪʘʚʣʷʷ  ʚ ʫʨʘʚʥʝʥʠʝ (3), ʩ ʫʯʝʪʦʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʠʤʝʝʤ 
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ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴʩʷ, ʝʩʣʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

 

,yx AFq -=
 .xy AFq =    

 
(6) 

 

ʉ ʧʦʤʦʱʴʶ ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʠʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (6) 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ. ʅʝʠʟʚʝʩʪʥʳʝ ʘʨʛʫʤʝʥʪ ʬʫʥʢʮʠʠ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ ʃʘʧʣʘʩʘ 

 



   

.0,0 =AF+AF=q+q
yyxxyyxx       (7) 

 

 ʇʦʜʩʪʘʚʣʷʷ ʬʫʥʢʮʠʶ (4) ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 
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ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (7) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʧʦ ʢʨʘʷʤ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʷʚʣʷʶʪʩʷ ʜʚʝ ʟʘʪʫʭʘʶʱʠʝ 

ʚʟʘʠʤʦʦʙʨʘʪʥʳʝ ʧʨʦʥʠʢʘʶʱʠʝ ʜʨʫʛ ʚ ʜʨʫʛʘ ʬʫʥʢʮʠʠ, ʦʙʨʘʟʫʶʱʠʝ ʟʦʥʳ 

ʧʝʨʝʢʨʳʪʠʷ. ʕʪʠ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʦʙʱʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʢʘʟʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ, ʨʘʟʥʳʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʢʨʘʷʤ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʪʝʯʝʥʠʷ 

ʤʝʪʘʣʣʘ ʚ ʝʜʠʥʦʤ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʦ ʬʦʨʤʫʣʘʤ (7) ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. 

 



   

 
a) 

 

 
ʙ) 

 

a ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ, 

ʧʨʠ l/h=15.49; Ŭ=0.077; f=0.05é0.5 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʘ ʬʦʨʤʳ l/h.  

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʜʣʷ ʝʜʠʥʦʛʦ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (7). 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʏʝʢʤʘʨʝʚʘ ɸ.ʇ. ʠ 

ʂʣʠʤʝʥʢʦ ʇ.ʃ. [3]. 

 

 



   

 
ʘ) 

 
ʙ) 

 

a ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 2 ï  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʘ ʬʦʨʤʳ ʧʨʠ l/h=1.03é15.49; 

Ŭ=0,077; f=0.3 

 

ʅʘ ʨʠʩʫʥʢʝ 3, ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʟʘʭʚʘʪʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʬʘʢʪʦʨʘ ʬʦʨʤʳ. ʉʦʛʣʘʩʥʦ ʵʧʶʨʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʫʭʟʦʥʥʳʝ ʦʯʘʛʠ ʜʝʬʦʨʤʘʮʠʠ 

(ʨʝʯʴ ʥʝ ʠʜʝʪ ʦ ʟʘʧʨʝʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʢʘʪʢʠ). ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʞʝʥʠʷ ʠ ʦʙʱʠʭ ʜʣʷ ʚʩʝʛʦ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ, ʨʘʚʥʦʤ 0.4, ʚʩʝ ʪʨʠ ʧʨʦʮʝʩʩʘ ʜʘʣʝʢʠ ʦʪ 

ʟʘʧʨʝʜʝʣʴʥʦʛʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

2.38é5.19. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ, ʢʘʢ ʫʩʪʦʡʯʠʚʳʝ ʧʨʦʮʝʩʩʳ. ʂʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʦʙʞʘʪʠʷ ʥʘ ʚʭʦʜʝ ʚ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ. 

 



   

 
a) 

 

 
ʙ) 

 

a ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʟʘʭʚʘʪʘ, ʧʨʠ: ʧʨʠ l/h=11.04, 

Ŭ=0.077;0.129;0.168, f=0.4 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʟʘʧʨʝʜʝʣʴʥʳʡ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʛʜʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘʧʨʝʜʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ, ʪ.ʝ. ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʫʝʪʩʷ ʩ 

ʧʨʦʙʫʢʩʦʚʢʦʡ ʚʘʣʢʦʚ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʦʚʘʣ ʵʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ f/Ŭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʮʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʳʤ. 

 



   

 
ʘ) 

 

 
ʙ) 

 

a ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʟʘʭʚʘʪʘ, ʧʨʠ: l/h=11.04; 

Ŭ=0.077;0.129;0.168; f=0.2 

 

ɺʚʦʜʠʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʦʥʘ ʜʦʩʪʫʧʥʦʩʪʠ. ɿʦʥʫ ʜʦʩʪʫʧʥʦʩʪʠ ʤʦʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʢʘʢ ʙʣʠʟʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʦʯʘʛʫ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʵʬʬʝʢʪʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʜʦʩʪʫʧʥʦʩʪʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʘʥʘʣʠʟ, ʵʬʬʝʢʪʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 

ɺʳʚʦʜ: ʈʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʦʩʢʦʡ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʧʨʦʢʘʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʘʩʠʤʤʝʪʨʠʠ 



   

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥ ʩ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʪʝʯʝʥʠʝʤ ʤʝʪʘʣʣʘ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ. ʅʘ ʙʘʟʝ ʧʦʣʫʯʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʷʚʣʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ɻʨʘʥʪ 

 ̄ɸʈ 19678682). 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥ ʤʝʭʘʥʠʟʤ 

ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʠ ʤʘʨʢʠ 12ʍ18ʅ10ʊ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʚ 

ʨʘʩʧʣʘʚ ʧʨʠ ʨʘʟʣʠʚʢʝ ʥʘ ʤʘʰʠʥʝ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʚʥʝʜʨʝʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʨʘʩʧʣʘʚ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ ʠ ʚʣʠʷʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʥʘ 

ʪʫʛʦʧʣʘʚʢʠʝ ʯʘʩʪʠʮʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʝʜʨʷʝʤʳʭ ʯʘʩʪʠʮ ʧʦ ʦʙʲʝʤʫ ʨʘʩʧʣʘʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʙʠʜ ʙʦʨʘ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʩʪʘʣʴ, 

ʜʠʩʧʝʨʩʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ. 

 

Abstract: The principal way to improve the mechanical and physical 

properties of metals is to adjust their chemical composition and reduce the grain 

size. In this paper, the mechanism of dispersed hardening of 12X18H10T steel by 

introducing fine particles of boron carbide into the melt during casting on a 

centrifugal casting machine is studied. It was proved in the work that when 

implementing the proposed method of introducing boron carbide into the melt, 

due to the high rate of metal crystallization and the influence of centrifugal forces 

on refractory particles, it is possible to control the distribution of embedded 

particles over the volume of the melt. 
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ʉʪʘʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ 08ï12ʍ18ʅ10ʊ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ (ʚ ʥʝʡ ʩʦʯʝʪʘʶʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦïʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʭʦʨʦʰʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʤʫ 

ʦʙʲʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʝʡ. ʉʪʘʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ ʠʤʝʶʪ 

ɻʎʂ ʨʝʰʝʪʢʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʧʦ ʩʪʦʡʢʦʩʪʠ ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷʤ, (ʥʘʧʨʠʤʝʨ, 

ʩʚʘʨʠʚʘʝʤʦʩʪʠ, ʫʨʦʚʥʶ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ), ʩʪʘʣʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʧʨʦʠʛʨʳʚʘʶʪ ʩʪʘʣʷʤ ʬʝʨʨʠʪʥʦʛʦ ʢʣʘʩʩʘ (ʆʎʂ ʨʝʰʝʪʢʘ) [1ï3]. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʪʘʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦïʬʝʨʨʠʪʥʦʛʦ ʢʣʘʩʩʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [4ï6]. 

ʊʘʢʠʝ "ʜʫʧʣʝʢʩʥʳʝ" ʩʪʘʣʠ, ʧʦʣʫʯʘʝʤʳʝ ʚʳʧʣʘʚʢʦʡ, ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʚ ʚʠʜʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʠ ʥʠʟʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɼʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʝʜʠʥʝʥʠʷ 

ʘʫʩʪʝʥʠʪʥʦʡ ʩ ʬʝʨʨʠʪʥʦʡ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʧʣʘʚʢʘ ʦʜʥʦʡ ʩʪʘʣʠ ʥʘ ʜʨʫʛʫʶ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʧʣʘʚʢʠ 

ʧʦʜʩʣʦʷ ʥʘ ʧʦʜʢʘʣʠʚʘʶʱʫʶʩʷ ʩʪʘʣʴ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʭʨʫʧʢʠʭ ʧʨʦʩʣʦʝʢ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʪʘʣʠ ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʩ ʧʨʠʝʤʣʝʤʳʤ ʫʨʦʚʥʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʨʘʩʧʣʘʚ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʤ ʣʠʪʴʝ, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʝʯʝʥʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ. ɺʚʝʜʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩʣʫʞʘʪ ʮʝʥʪʨʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠʟʤʝʣʴʯʘʶʪ ʟʝʨʥʦ ʤʝʪʘʣʣʘ, ʨʝʘʣʠʟʫʶʪ ʤʝʭʘʥʠʟʤ 

ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ [7, 8]. ʅʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʙʦʨʘ ʚ ʩʪʘʣʴ ʚʳʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʝʥ, ʧʦʚʳʰʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʧʨʦʯʥʝʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʙʦʨʠʜʘʤʠ, ʚʦʟʨʘʩʪʘʶʪ ʪʚʝʨʜʦʩʪʴ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʛʦʨʷʯʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʣʠʪʢʦʚ, ʫʣʫʯʰʘʝʪʩʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ 

ʞʘʨʦʩʪʦʡʢʠʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ [9, 10]. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤʘʷ ʟʘʛʦʪʦʚʢʘ ʥʝ 

ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʟʜʝʣʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʣʦʝʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ [11]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʩ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʴʶ ʤʘʨʢʠ 12ʍ18ʅ10ʊ, ʧʨʦʚʝʨʢʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ 

ʨʘʩʧʣʘʚ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʤ ʣʠʪʴʝ, ʠ ʠʟʫʯʝʥʠʝ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ 

ʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ FactSage ʚʝʨʩʠʠ 7.0. ɺ ʭʦʜʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʜʭʦʜʝ CALPHAD 



   

(ʨʠʩ. 1), ʪʘʢ ʠ ʤʦʜʝʣʴ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ (ʤʦʜʝʣʴ 

ʐʝʡʣʘïɻʫʣʣʠʚʝʨʘ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ 

ʨʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ (ʨʠʩ. 2), ʥʝʞʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʦʚ 

ʤʝʪʘʣʣʘ ʩ ʜʦʙʘʚʢʦʡ ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ ʩ 

ʢʘʨʙʠʜʦʤ ʙʦʨʘ (ʤʦʜʝʣʴ ʐʝʡʣʘïɻʫʣʣʠʚʝʨʘ) 

 



   

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʪʘʣʣʘ ʩ 

ʜʦʙʘʚʢʘʤʠ ʢʘʨʙʠʜʘ. ʇʨʠ ʨʘʩʯʝʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʱʝʩʪʚ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 1/100 (ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1 % ʢʘʨʙʠʜʘ ʙʦʨʘ B4C 

ʩ 99 % ʨʘʩʧʣʘʚʘ). ʀʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʷʣʠ 

ʩʣʝʜʫʶʱʠʡ: 69,25% Fe, 18 % Cr, 10 % Ni, 1,5 % Mn, 0,5 % Si, 0,1 % ʉ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʦʞʠʜʘʝʤʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʩ ʆʎʂ ʠ ɻʎʂ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʸʪʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʘʨʙʠʜʳ ʙʦʨʘ ʙʫʜʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʘʩʧʣʘʚʦʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʭ 

ʧʦʣʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʥʘʯʥʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʩ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʭʨʦʤʘ ʩ ʬʦʨʤʫʣʦʡ M23C, ʥʘʯʠʥʘʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʳ 1250 ÁC. ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1050 ÁC ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʙʦʨʠʜʥʳʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ 

ʭʨʦʤʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʳʰʝ 200 

ÁC ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʠʩʧʝʨʩʥʦïʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʤʦʛʫʪ 

ʠʩʧʳʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʝʪʘʣʣʘ 

ʩ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ ʚ ʪʚʸʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʆʎʂ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ 

ʚʪʦʨʦʡ ʆʎʂ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ ʠ ůïʬʘʟʳ. ʕʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʨʙʠʜʥʳʭ ʠ ʙʦʨʠʜʥʳʭ ʬʘʟ, 

ʦʯʝʚʠʜʥʦ, ʥʠʯʝʛʦ ʥʝ ʫʛʨʦʞʘʝʪ. 

ʇʣʘʚʢʘ ʤʝʪʘʣʣʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ ʩ ʦʩʥʦʚʥʦʡ 

ʬʫʪʝʨʦʚʢʦʡ ʤʝʪʦʜʦʤ ʧʝʨʝʧʣʘʚʘ ʧʨʦʢʘʪʘ ʩʪʘʣʠ 12ʍ18ʅ10ʊ. ʐʣʘʢ ʥʘʚʦʜʠʣʩʷ 

ʠʟ ʠʟʚʝʩʪʠ, ʨʘʩʢʠʩʣʝʥʠʝ ʰʣʘʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʨʦʰʢʦʤ ʘʣʶʤʠʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʧʣʘʚʢʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʜʦʣʝʛʠʨʦʚʘʥʠʝ ʪʠʪʘʥʦʤ ʟʘ 5 ʤʠʥʫʪ ʜʦ 

ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ, ʨʘʩʢʠʩʣʝʥʠʝ ʘʣʶʤʠʥʠʝʤ ʟʘ 2 ʤʠʥʫʪʳ ʜʦ ʨʘʟʣʠʚʢʠ, ʘ 

ʪʘʢʞʝ ʥʠʦʙʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʠʚʢʠ ʠʟ ʧʝʯʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʚʰ 

ʩʦʩʪʘʚʠʣʘ 1680 Áʉ, ʠʟ ʢʦʚʰʘ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʠʟʣʦʞʥʠʮʫ ʤʘʰʠʥʳ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʣʠʪʴʷ 1650 Áʉ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʟʣʦʞʥʠʮʳ ʩʦʩʪʘʚʣʷʣʘ 

800 ʦʙ/ʤʠʥ., ʯʘʩʪʠʮʳ ʢʘʨʙʠʜʘ ʙʦʨʘ B4C ʜʠʩʧʝʨʩʥʦʩʪʴʶ 1é2 ʤʢʤ ʧʦʜʘʚʘʣʠ 

ʥʘ ʩʪʨʫʶ ʤʝʪʘʣʣʘ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʣʠʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʢʠ: 

ˉ1 ï ʙʝʟ ʜʦʙʘʚʦʢ (ʵʪʘʣʦʥ), ˉ2 ï ʩ 0,25 % ʢʘʨʙʠʜʘ ʙʦʨʘ ʦʪ ʤʘʩʩʳ ʟʘʛʦʪʦʚʢʠ; 

ˉ3 ï ʩ 0,40 % ʢʘʨʙʠʜʘ ʙʦʨʘ ʦʪ ʤʘʩʩʳ ʟʘʛʦʪʦʚʢʠ. ʈʘʟʤʝʨʳ ʟʘʛʦʪʦʚʦʢ: 

ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 180 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 165 ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 15 

ʤʤ, ʜʣʠʥʘ 210 ʤʤ. ɿʘʛʦʪʦʚʢʠ ʠʤʝʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʙʝʟ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ. ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʛʦʪʦʚʦʢ 

ʠʤʝʝʪ ʪʠʧʠʯʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʣʠʪʴʷ ʷʚʣʝʥʠʷ ʫʩʘʜʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʣʠʪʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʤʠʢʨʦʩʢʦʧʝ "C.Zeiss ʆbserverD1m", 



   

ʦʩʥʘʱʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ çThixomet.PROè. ʉʪʨʫʢʪʫʨʘ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʘʢ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʪʨʘʚʣʝʥʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʪʨʘʚʣʝʥʠʷ. 

ɺʳʷʚʣʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʘ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ: 40 % HCl, 30 % HNO3, 30 % H2ʆ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ "ʄʉɸ II". 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʚʝʨʜʦʤʝʨʘ ʧʦ ʤʝʪʦʜʫ ɺʠʢʢʝʨʩʘ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʥʘʛʨʫʟʢʘ 4,9 ʅ, ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ 60 ʩʝʢʫʥʜ. ʆʪʥʦʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢ ʤʘʢʨʦʪʚʝʨʜʦʩʪʠ, 

ʟʘʜʘʥʥʦʝ ʈʦʢʚʝʣʣʦʤ ʉ, ʨʘʚʥʦ 0,01. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 10 ʠʪʝʨʘʮʠʡ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 200 ʤʢʤ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʘʷ ʜʦ ʚʥʝʰʥʝʛʦ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʚ ʩʪʘʣʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʨʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 

0.003é0,004 ʤʘʩ. %, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʪʣʠʚʦʢ, ʤʘʩ. % 

ˉ 

ʦʙʨʘʟʮ

ʘ 

C Si Mn S P Cr Ni Cu W Ti B Al  

1 0.082 0.52 0.92 0.007 0.012 17.26 9.55 0.21 0.02 0.78 0.001 0.12 

2 0.091 0.55 0.82 0.005 0.013 17.50 9.68 0.17 0.02 0.75 0.003 0.09 

3 0.095 0.59 0.96 0.005 0.010 17.45 9.69 0.21 0.02 0.72 0.004 0.10 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 3) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʫʩʪʝʥʠʪʥʳʤʠ ʟʝʨʥʘʤʠ ʠ 

ʢʘʨʙʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ (ʧʝʨʚʠʯʥʳʝ 

ʢʘʨʙʠʜʳ) ʠ ʚ ʪʝʣʝ ʟʝʨʝʥ (ʚʪʦʨʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʠʜʦʚ). ʉʦʜʝʨʞʘʥʠʝ 

ʬʝʨʨʠʪʘ ʚ ʦʙʨʘʟʮʝ ˉ1 ʩʦʩʪʘʚʣʷʝʪ 4é5 %. 

ɺ ʦʙʨʘʟʮʝ ˉ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ ˉ1 ʩʫʣʴʬʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʠʤʝʶʪ ʢʘʢ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ, ʪʘʢ ʠ ʩʪʨʦʯʝʯʥʫʶ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʦʢʩʠʜʳ 

ʪʦʯʝʯʥʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʘ ʥʠʪʨʠʜʳ ʪʠʪʘʥʘ ʚ ʪʝʣʝ ʟʝʨʝʥ 

(ʨʠʩ. 3, ʙ). ʈʘʟʤʝʨ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 9 ʙʘʣʣʫ ʧʦ ɻʆʉʊ 5639, 

ʘ ʜʦʣʷ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ï 19ï21 %. ɺ ʤʝʪʘʣʣʝ ʦʙʨʘʟʮʘ ˉ3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝ 

ʞʝ ʚʢʣʶʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʦʙʨʘʟʮʝ ˉ2, ʥʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʫʶ 

ʬʦʨʤʫ (ʨʠʩ. 3, ʚ). ʈʘʟʤʝʨ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʙʘʣʣʫ ʧʦ 

ɻʆʉʊ 5639, ʘ ʜʦʣʷ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ï 12é15 %. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠ ʧʦ ʆʉ ï 1,5 ʙʘʣʣʘ, ʉ ï 1 ʙʘʣʣ, 

ʅʊ ï 1 ʙʘʣʣ. ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʦʢʩʠʜʘʤʠ ʘʣʶʤʠʥʠʷ, ʩʫʣʴʬʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʠ ʥʠʪʨʠʜʘʤʠ ʪʠʪʘʥʘ ʠ 



   

ʘʣʶʤʠʥʠʷ. ɺ ʦʙʨʘʟʮʘʭ ʩ ʧʨʠʩʘʜʢʦʡ ʢʘʨʙʠʜʘ ʙʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʢʘʨʙʦʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ Ti(C,N), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʪʘʤʠ 

(ʨʠʩʫʥʦʢ 3, ʛ). ʅʘ ʵʪʘʣʦʥʥʦʤ ʦʙʨʘʟʮʝ ʢʘʨʙʦʥʠʪʨʠʜʳ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʪʘʙʣʠʮʘ 2) ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʘïɻ ʪʘʣʦʥʘ (ˉ1) ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ 

ʚʥʝʰʥʝʤ ʢʨʘʝ ʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʚʥʫʪʨʝʥʥʝʤʫ, ʯʪʦ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʝʥʪʨʦʙʝʞʥʦïʣʠʪʳʭ 

ʟʘʛʦʪʦʚʦʢ. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

 

ʈʠʩʫʥʦʢ 3 ï ʄʠʢʨʦʩʪʨʫʢʫʪʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ: ʘ ï ʦʙʨʘʟʝʮ ˉ1, Ĭ65;  

ʙ ï ʦʙʨʘʟʝʮ ˉ2, Ĭ200; ʚ ï ʦʙʨʘʟʝʮ ˉ3, Ĭ200; ʛ ï ʦʙʱʠʡ ʚʠʜ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʨʘʟʮʘʭ, Ĭ500 

 

ʇʨʠ ʚʚʝʜʝʥʠʠ 0,25 ʤʘʩ. % B4C (ʦʙʨʘʟʝʮ ˉ2) ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʪʘʣʦʥʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ B4C ʜʦ 1 ʤʘʩ. % ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʝ ʚʦʟʨʘʩʪʘʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʧʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʝʯʝʥʠʷʤ ʦʙʨʘʟʮʘ.  

ɺʳʚʦʜʳ: ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 


