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ɸʥʥʦʪʘʮʠʷ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʫʧʨʦʯʥʝʥʠʷ ʦʩʣʘʙʣʝʥʥʦʡ ʧʦʩʪ ï 
ʨʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʫʪʝʤ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʩʢʨʳʚʘʝʤʳʭ ʨʫʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-
ʥʦ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜʳ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʘʢʪʠʚʥʳʭ 
ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʝ ʦʩʤʳʩʣʝʥʠʝ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ ʫʨʘʥʦʚʦʡ ʦʪʨʘʩʣʠ 
ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ. 
ɼʘʥʘ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʘʢʪʠʢʠ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʫʨʘʥʦʚʳʭ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝ-
ʩʢʠʭ ʨʫʜ ʩ ʙʘʣʘʥʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʩʧʦʩʦʙʘʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʪʝʭ-
ʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʦ-
ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʦʷʥʠʝʤ ʜʠʩʢʨʝʪʥʳʭ ʧʦʨʦʜ ʩʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʟʘʢʣʘʜʢʦʡ ʧʫʩʪʦʪ ʪʚʝʨ-
ʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʩʧʦʩʦʙʦʚ ʧʦʜʟʝʤʥʦʛʦ ʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠ ʚʩʢʨʳʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘʭ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʝʡ 
ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʝʶʱʠʭ ʩʤʝʩʝʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚʳʱʝʣʘʯʠʚʘ-
ʥʠʷ. ɺʳʚʦʜʳ. ʆʩʚʦʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦ-
ʛʠʠ ʟʘʧʘʩʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʂʦʤʙʠʥʠ-
ʨʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʩ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 
ʨʝʘʣʴʥʳʤ ʨʝʟʝʨʚʦʤ ʦʟʜʦʨʦʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ 
ʫʨʦʚʥʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʘʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʫʩʪʦʪ ʟʘʢʣʘʜʢʦʡ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ ʥʘ ʦʩ-
ʥʦʚʝ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʭʚʦʩʪʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ, ʧʦʜʟʝʤʥʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʧʦʨʦʜʘ, ʤʘʩʩʠʚ, ʛʝʦʤʝʭʘʥʠʢʘ, ʤʝʪʘʣʣ, 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ.  

ɺʚʝʜʝʥʠʝ 
 
 

ʇʨʠ ʚ ʮʝʣʦʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʦʙʝʩʧʝʯʝʥ-
ʥʦʩʪʠ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʟʘʧʘʩʘʤʠ ʤʝʪʘʣʣʠʯʝ-
ʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʦʩʪʦʷʥʠʝ ʤʠʥʝʨʘʣʴ-
ʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʬʦʨʤʠ-
ʨʫʝʪ ʥʘʮʠʦʥʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ [1ï3]. 
ʅʝ ʦʙʝʩʧʝʯʝʥ ʩʦʙʩʪʚʝʥʥʳʤ ʩʳʨʴʝʤ ʨʷʜ ʟʘʚʦ-

ʜʦʚ ʋʨʘʣʘ, ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʩ ʚʳʙʳʚʘ-
ʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ 
ʨʫʜ ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 
ʢʦʤʙʠʥʘʪʦʚ ʇʝʯʝʥʛʘʥʠʢʝʣʴ ʠ ʉʝʚʝʨʦʥʠʢʝʣʴ. ɹʝʟ 
ʜʦʩʪʘʪʦʯʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʘʙʦʪʘʶʪ ʩʚʠʥʮʦʚʦ-
ʮʠʥʢʦʚʳʝ ʨʫʜʥʠʢʠ ʏʠʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʇʨʠʤʦ-
ʨʴʷ ʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ʦʣʦʚʷʥʥʳʝ ï ʚ ʍʘʙʘ-
ʨʦʚʩʢʦʤ ʠ ʇʨʠʤʦʨʩʢʦʤ ʢʨʘʷʭ, ʚʦʣʴʬʨʘʤʦʚʳʝ ï ʚ 
ʇʨʠʤʦʨʩʢʦʤ ʢʨʘʝ. 
                                                                                                     

Ò  ɻʦʣʠʢ ɺ.ʀ., ɼʤʠʪʨʘʢ ʖ.ɺ., 2018 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʤʝʨʝ ʠʩʯʝʨʧʘʥʠʷ ʟʘʧʘʩʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-
ʯʘʷʭ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʥʝʨʘʣʴʥʦʛʦ 
ʩʳʨʴʷ, ʤʦʛʫʪ ʩʪʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʲʝʢʪʳ. 
ɺ ʭʚʦʩʪʘʭ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʜʦʣʷ ʥʝ ʠʟʚʣʝʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʠʭ ʢʦʣʠʯʝ-
ʩʪʚʘ ʚ ʠʩʭʦʜʥʦʡ ʨʫʜʝ ʜʦʩʪʠʛʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, %: 
ʦʣʦʚʘ ï58; ʚʦʣʴʬʨʘʤʘ ï50; ʮʠʥʢʘ ï47; ʩʚʠʥʮʘ ï39; 
ʤʦʣʠʙʜʝʥʘ ï53; ʤʝʜʠ ï36; ʥʠʢʝʣʷ ï25. ʇʦʢʘʟʘʪʝʣʴ 
ʠʟʚʣʝʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 78%, ʘ ʧʦʧʫʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 
ʦʪ 10 ʜʦ 30%.  
ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʤʝʜʥʦʡ ʧʦʜʦʪʨʘʩʣʠ ʋʨʘ-

ʣʘ ʦʙʲʝʜʠʥʷʶʪ 220 ʤʣʥ ʪ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 0,34ï0,37%, ʢʦʪʦʨʦʝ ʙʣʠʟʢʦ ʢ 
ʢʦʥʜʠʮʠʦʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 0,35ï0,5%. ʍʚʦʩʪʳ 



ʇʝʨʩʧʝʢʪʠʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ é ɻʦʣʠʢ ɺ.ʀ., ɼʤʠʪʨʘʢ ʖ.ɺ. 
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ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʅʦʨʠʣʴʩʢʦʛʦ 
ʨʫʜʥʦʛʦ ʫʟʣʘ ʩʦʜʝʨʞʘʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʧʣʘʪʠʥʦʠʜʦʚ, ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. 
ʇʨʠ ʦʙʦʛʘʱʝʥʠʠ ʚʦʣʴʬʨʘʤʦʚʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ 

ʨʫʜ ʥʝ ʠʟʚʣʝʢʘʶʪʩʷ ʜʦ 60% ʤʝʜʠ, ʜʦ 81% ʚʠʩʤʫ-
ʪʘ, ʜʦ 62% ʪʘʥʪʘʣʘ, ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ ʠ ʜʨʫʛʠʝ ʵʣʝ-
ʤʝʥʪʳ. ʅʘ ʊʳʨʥʳʘʫʟʩʢʦʤ ʢʦʤʙʠʥʘʪʝ ʢʦʥʜʠʮʠʦʥ-
ʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ >0,1% ʪʨʠ-
ʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʘ ʚ ʭʚʦʩʪʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 
ʧʨʝʚʳʰʘʝʪ 0,04%. ʅʘ ʜʦʣʶ ʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ 
ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ 13,5% ʛʦʨʥʦʡ ʤʘʩʩʳ, ʩʦʜʝʨʞʘ-
ʱʝʡ ʣʠʰʴ 34,6% ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʝʢʦʥ-
ʜʠʮʠʦʥʥʳʝ ʨʫʜʳ ʫʥʦʩʷʪ ʚ ʦʪʚʘʣ 65,4% ʠʟʚʣʝʯʝʥ-
ʥʦʛʦ ʠʟ ʥʝʜʨ ʤʝʪʘʣʣʘ. 
ɺ ʚʦʣʴʬʨʘʤʦʚʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʦʜʦʪʨʘʩʣʠ 

ʥʘʢʦʧʣʝʥʳ ʭʚʦʩʪʳ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠ ʬʣʦʪʘʮʠʦʥ-
ʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦ-
ʜʝʨʞʘʪ ʦʢʦʣʦ 400 ʪʳʩ. ʪ ʤʦʣʠʙʜʝʥʘ ʠ ʙʦʣʝʝ 100 
ʪʳʩ. ʪ ʚʦʣʴʬʨʘʤʘ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 
ʭʚʦʩʪʳ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʣʠʙ-
ʜʝʥʘ 0,012ï0,02%, ʚ ʦʩʪʘʣʴʥʦʡ ʤʘʩʩʝ ʩʦʜʝʨʞʘʥʠʝ 
ʤʦʣʠʙʜʝʥʘ ʜʦ 0,005%. 
ɺ ʦʪʭʦʜʘʭ ʤʝʜʥʦʡ, ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ, ʥʠ-

ʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʦʡ, ʚʦʣʴʬʨʘʤʦʚʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ, 
ʦʣʦʚʷʥʥʦʡ ʠ ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʦʪʨʘʩʣʝʡ ʩʦʜʝʨʞʠʪ-
ʩʷ ʙʦʣʝʝ 8,0 ʤʣʥ ʪ ʤʝʜʠ, 9,0 ʤʣʥ ʪ ʮʠʥʢʘ, 1,0 ʤʣʥ ʪ 
ʩʚʠʥʮʘ, 2,5 ʤʣʥ ʪ ʥʠʢʝʣʷ, 33,5 ʤʣʥ ʪ ʘʣʤʁʠʥʠʝʚʦʛʦ 
ʩʳʨʴʷ, 600 ʪʳʩ. ʪ ʦʣʦʚʘ, 200 ʪʳʩ. ʪ ʤʦʣʠʙʜʝʥʘ, ʦʢʦ-
ʣʦ 1 ʪʳʩ. ʪ ʟʦʣʦʪʘ ʠ 12 ʪʳʩ. ʪ ʩʝʨʝʙʨʘ.  
ʈʝʟʝʨʚʳ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʢʦʧʣʝʥ-

ʥʳʭ ʦʪʭʦʜʘʭ ʨʘʚʥʦʮʝʥʥʳ ʟʘʧʘʩʘʤ ʤʥʦʛʠʭ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʪʝʭʥʦʛʝʥ-

ʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʭʚʦʩʪʳ ʦʙʦʛʘ-

ʱʝʥʠʷ ɻʘʡʩʢʦʛʦ, ʅʦʨʠʣʴʩʢʦʛʦ, ʉʘʣʘʠʨʩʢʦʛʦ, ʋʯʘ-

ʣʠʥʩʢʦʛʦ ʠ ʉʦʣʥʝʯʥʦʛʦ ɻʆʂ; ʰʣʘʢʠ ʤʝʪʘʣʣʫʨʛʠ-

ʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ï ʉʨʝʜʥʝʫʨʘʣʴʩʢʦʛʦ, ʕʣʝʢʪʨʦʮʠʥ-

ʢʘ, ʇʝʯʝʥʛʘʥʠʢʝʣʷ, ʉʝʚʝʨʦʥʠʢʝʣʷ; ʥʝʢʦʥʜʠʮʠʦʥ-

ʥʳʝ ʨʫʜʳ ɻʘʡʩʢʦʛʦ, ʉʠʙʘʡʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ɻʆʂ. 

ʉʫʤʤʘʨʥʘʷ ʮʝʥʥʦʩʪʴ ʥʘʢʦʧʣʝʥʥʳʭ ʠʟʚʣʝʢʘʝʤʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʦʪʭʦʜʘʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʮʝʥʥʦʩʪʴʶ ʟʘ-

ʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʥʝʜʨʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʝ ʙʦʣʝʝ 10% ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʧʨʠ ʪʦʤ ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʠʟ ʦʪʭʦʜʦʚ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ 

40% ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʤʝʜʠ, 35% ʟʦʣʦʪʘ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʜʦʣʶ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ [4ï6]. 

ʇʨʠ ʚʦʚʣʝʯʝʥʠʠ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ ʛʦʨ-
ʥʦʨʫʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʨʷʜʫ ʩ ʧʦʧʦʣʥʝʥʠʝʤ 
ʤʠʥʝʨʘʣʴʥʦ ï ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʰʘʶʪʩʷ ʵʢʦʣʦʛʠ-
ʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʆʪʭʦʜʳ ʟʘʥʠʤʘʶʪ ʧʣʦɦ ʘʜʴ 
ʙʦʣʝʝ 1300 ʢʤ

2 
ʩ ʝʞʝʛʦʜʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ 85ï

90 ʢʤ
2
. ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʚ 10 ʨʘʟ ʠ ʙʦ-

ʣʝʝ ʧʨʝʚʳʰʘʶʱʝʡ ʟʘʥʠʤʘʝʤʫʶ ʦʪʭʦʜʘʤʠ ʧʣʦ-
ʱʘʜʴ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʪʯʫʞʜʘʝʤʳʭ ʟʝʤʝʣʴ 
ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ 
ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. 
ʊʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʤʧʘʢʪʥʦ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʛʦʨʥʘʷ ʤʘʩʩʘ ʚ 

ʥʠʭ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʠʭ ʨʘʟʨʘʙʦʪʢʫ ʠ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʫʪʠʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʦʚ ʨʝʥʪʘʙʝʣʴʥʦʡ. 

ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫ-

ʪʝʤ ʫʧʨʦʯʥʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʪʝʨʷʥʥʳʭ ʠ ʩʯʠʪʘʶʱʠʭʩʷ ʥʝʜʦ-

ʩʪʫʧʥʳʤʠ ʟʘʧʘʩʦʚ.  

ʉʦ ʚʨʝʤʝʥʝʤ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʨʫʜ 

ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʢʘʯʝʩʪʚʦ 

ʨʫʜ ʩʥʠʞʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʝ-

ʪʘʣʣʦʚ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʙʦʨʦʯʥʫʶ ʦʪʨʘʙʦʪʢʫ 

ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ ʨʫʜ ʠ ʤʝʪʘʣʣʦʚ.  

ʇʨʠ ʜʦʙʳʯʝ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʦʙʣʘ-

ʜʘʝʪ ʚʘʣʦʚʘʷ ʦʪʙʦʡʢʘ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʦʨʪʘ. 

ʉʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʠ ʨʘʟʫʙʦʞʠʚʘ-

ʥʠʝʤ ʨʫʜʳ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ ʩʠ-

ʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɺ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʷʚʣʷʶʪʩʷ 

ʫʯʘʩʪʢʠ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʦ.  

ʉʪʨʝʤʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘ-
ʣʘʥʩʦʚʳʝ ʠ ʟʘʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʨʫʜʳ ʦʙʫʩʣʦ-
ʚʠʣʦ ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʙʠ-
ʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʀʥ-
ʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷ-
ʝʪʩʷ ʧʦʜʟʝʤʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʨʫʜ ʚ ʙʣʦʢʘʭ.  
ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ ï ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʫʪʠ-

ʣʠʟʘʮʠʷ ʭʚʦʩʪʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʦʙʩʪʚʝʥʥʳʭ 
ʠʣʠ ʩʤʝʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʙʝʟ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 
ʥʠʭ ʦʩʪʘʚʰʠʭʩʷ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ 
ʧʘʣʣʠʘʪʠʚʦʤ. ʄʥʦʛʠʝ ʤʝʪʘʣʣʳ (ʟʦʣʦʪʦ, ʫʨʘʥ, 
ʤʝʜʴ, ʮʠʥʢ ʠ ʜʨ.) ʦʪʥʦʩʷʪʩʷ ʢ ʣʝʛʢʦ ʚʩʢʨʳʚʘʝ-
ʤʳʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʚʳʱʝʣʘ-
ʯʠʚʘʥʠʷ ʠʟ ʭʚʦʩʪʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. 
ʇʨʠ ʥʝʦʩʧʦʨʠʤʳʭ ʜʦʩʪʦʠʥʩʪʚʘʭ (ʧʦʣʥʦʪʘ ʠ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʳʭ ʨʫʜ) ʪʝʭʥʦʣʦʛʠʠ ʩ 
ʟʘʢʣʘʜʢʦʡ ʪʨʝʙʫʶʪ ʚʳʜʘʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʩʝʡ 
ʨʫʜʳ ʠ ʨʘʟʫʙʦʞʠʚʘʶʱʠʭ ʧʦʨʦʜ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʦʙ-
ʨʘʟʦʚʘʥʥʳʝ ʧʫʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʩʤʝʩʴ ʠʟ 
ʪʘʢʞʝ ʜʦʙʳʚʘʝʤʳʭ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. 
ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʫʩʪʨʘʥʷʶʪ ʪʝʭʥʦʣʦʛʠ ʩ ʚʳ-

ʱʝʣʘʯʠʚʘʥʠʝʤ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 1). 

http://www.mining-enc.ru/z/zakladka-vyrabotannogo-prostranstva/
http://www.mining-enc.ru/z/zakladka-vyrabotannogo-prostranstva/
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ʈʠʩ. 1. ʇʦʜʟʝʤʥʦʝ ʙʣʦʢʦʚʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 
ʤʝʪʘʣʣʦʚ ʠʟ ʨʫʜ: 1 ï ʰʪʨʝʢ; 2 ï ʚʦʩʩʪʘʶʱʠʡ;  

3 ï ʰʪʨʝʢ ʜʣʷ ʦʨʦʰʝʥʠʷ; 4 ï ʰʪʨʝʢ; 5 ï ʙʫʨʦʚʳʝ 
ʰʪʨʝʢʠ; 6 ï ʜʨʝʥʘʞʥʦ-ʙʫʨʦʚʳʝ ʰʪʨʝʢʠ;  

7 ï ʜʨʝʥʘʞʥʳʡ ʰʪʨʝʢ; 8 ï ʜʨʝʥʘʞʥʳʝ ʩʢʚʘʞʠʥʳ; 
9 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʛʦʨʠʟʦʥʪ ʦʨʦʰʝʥʠʷ;  
10 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʛʦʨʠʟʦʥʪ ʦʨʦʰʝʥʠʷ;  
11 ï ʰʪʨʝʢ ʜʣʷ ʦʨʦʰʝʥʠʷ; 12 ï ʚʝʨʭʥʷʷ 
ʧʦʜʩʝʯʢʘ; 13 ï ʢʦʩʪʨʦʚʘʷ ʢʨʝʧʴ;  

14 ï ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ɼʣʷ ʨʝʛʠʦʥʦʚ ʛʦʨʥʦʡ ʜʦʙʳʯʠ ʧʨʘʢʪʠʯʝʩʢʠʡ 
ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʝʞʥʠʭ ʣʝʪ, ʥʝʨʝʜʢʦ ʚʤʝʱʘʶʱʠʝ ʦʪʜʝʣʝʥʥʫʶ 
ʦʪ ʤʘʩʩʠʚʘ ʠ ʨʘʟʜʨʦʙʣʝʥʥʫʶ ʛʦʨʥʫʶ ʤʘʩʩʫ. ʀʩ-
ʩʣʝʜʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ 
ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ ʥʘʯʘʣʠʩʴ ʧʦʣʚʝʢʘ ʥʘʟʘʜ ʢʘʢ 
ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʧʘʩʥʦ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʭʠʤʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʝʥʠʝʤ[7ï9].  
ʇʝʨʚʦʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʦʜʟʝʤʥʦʝ ʚʳ-

ʱʝʣʘʯʠʚʘʥʠʝ ʫʨʘʥʦʚʳʭ ʨʫʜ ʩ ʙʘʣʘʥʩʦʚʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʂʘʟʘʭ-

ʩʪʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʦʩʪʦʢ ʦʪʨʘʙʦʪʢʦʡ 
ʨʫʜʥʦʛʦ ʪʝʣʘ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜʘʭ ʢʨʝʧʦ-

ʩʪʴʶ 4ï6 ʧʦ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʫ ʚ ʙʣʦʢʝ ʨʘʟ-

ʤʝʨʘʤʠ 30Ĭ5Ĭ30 ʤ. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʟʨʳʭ-

ʣʝʥʠʷ ʨʫʜ 1,12 ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣ-

ʣʦʚ ʚ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʠʣ 72%.  

ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʜʟʝʤʥʦʝ ʚʳʱʝʣʘ-

ʯʠʚʘʥʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʩ ʙʘʣʘʥʩʦʚʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʌʠ-

ʘʛʜʦʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʈʉʆ-ɸʣʘʥʠʷ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʣʫʯʠʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘ-

ʥʠʝ ʤʝʪʘʣʣʦʚ ʩ ʠʟʚʣʝʯʝʥʠʝ ʜʦ 50 - 70% ʤʝʪʘʣʣʦʚ 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʭʚʦʩʪʘʭ.  

ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʩ ʤʠʥʝʨʘʣʴʥʦ ï ʩʳʨʴʝ-

ʚʦʡ ʙʘʟʳ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʙʦʛʘʪʳʝ ʨʫʜʳ ʚʳʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʥʘ ʟʘʚʦʜʝ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʘ ʙʝʜʥʳʝ ï ʚʳʱʝʣʘʯʠʚʘʶʪ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʤʝʪʘʣʣʦʚ, ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʦʙʝʩʩʦʣʝʥʥʦʡ ʚʦ-

ʜʳ, ʛʘʟʦʚ, ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ [10ï12]. 

ʇʨʠʨʦʜʦʦʭʨʘʥʥʘʷ ʩʫʱʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʩ 
ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʟʘʢʣʘʜʢʠ ʧʫʩʪʦʪ ʪʚʝʨ-

ʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ ʠʟ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʭʚʦʩʪʦʚ 
ʩʥʠʞʘʝʪ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ 
ʚ ʨʫʜʥʳʭ ʮʝʣʠʢʘʭ; 
ï ʠʟʚʣʝʯʝʥʠʝ ʚʩʝʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʠʟ ʨʫʜ ʩ ʩʝʣʝʢʪʠʚʠʟʘʮʠʝʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠ-
ʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ. 
ʇʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: ʠʟ-

ʚʣʝʯʝʥʠʷ ʠʟ ʥʝʢʦʥʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʠ ʭʚʦʩʪʦʚ 
ʦʙʦʛʘʱʝʥʠʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠ-
ʝʡ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘʭ. 
ʇʨʦʮʝʩʩ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʤʘʩ-
ʩʠʚʘ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʜʦʩʪʘʚʢʫ ʪʚʝʨʜʝʶʱʠʭ 
ʩʤʝʩʝʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʙʦʨʘ ʨʘʩ-
ʪʚʦʨʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʙʝʟʦʪʭʦʜʥʫʶ ʫʪʠʣʠʟʘ-
ʮʠʶ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʫʩʠʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ 
ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ 
ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʭʚʦʩʪʦʚ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘ-
ʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʦʢʦʥʯʘʥʠʠ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ 
ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʚʷʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʢʨʝʧʣʷ-
ʶʪʩʷ ʚ ʤʘʩʩʠʚ ʧʨʦʯʥʦʩʪʴʶ ʜʦ 1 ʄʇʘ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʦʜʥʳ-

ʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʦʩʥʦʚʘʥʳ ʥʘ ʫʯʝʪʝ ʤʝʭʘʥʠʟʤʘ 
ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʦʟʜʘʚʘʝʤʳʭ ʠʤ ʥʘʧʨʷʞʝʥʠʡ, 
ʘ ʪʘʢʞʝ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʦʣʟʫ-
ʯʝʩʪʠ ʠ ʜʨ. [13ï15].  
ʄʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʨ-

ʨʝʢʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʩʩʠ-
ʚʦʚ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʝ-
ʥʠʷ ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʠ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʨʦʜ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʝʭʘʥʠʢʠ 
ʜʝʬʝʢʪʥʳʭ ʩʨʝʜ ɸ.ʅ. ɼʠʥʥʠʢʘ, ʄ.ʄ. ʇʨʦʪʦʜʴʷ-
ʢʦʥʦʚʘ, ʇ.ʄ. ʎʠʤʙʘʨʝʚʠʯʘ, ɻ.ʄ. ʄʘʣʘʭʦʚʘ, ɺ.ɼ. 
ʉʣʝʩʘʨʝʚʘ ʠ ʜʨ.  
ʆʩʥʦʚʫ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʩʠʚʦʚ ʤʝ-

ʪʦʜʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦ-
ʣʦʞʝʥʠʷ: 
ï ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜ; 
ï ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʨʦʜ ʧʦʚʳʰʘʝʪʩʷ 

ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ; 
ï ʫʧʨʘʚʣʝʥʠʝ ʤʘʩʩʠʚʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʥʝʩʫʱʠʭ ʧʦʨʦʜʥʳʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ. 
ʇʦʨʦʜʳ ʢʨʦʚʣʠ ʚʳʨʘʙʦʪʦʢ ʨʘʟʙʠʪʳ ʥʘ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʚ ʢʨʦʚʣʝ ʦʯʠʩʪʥʳʭ ʚʳʨʘ-
ʙʦʪʦʢ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʨʝʭʰʘʨʥʠʨʥʫʶ ʘʨʢʫ, 
ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʨʦʜ, ʨʘʟʤʝʨʘʤʠ 
ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ ʠ ʵʣʝʤʝʥʪʘʤʠ ʟʘʣʝʛʘʥʠʷ 
ʨʫʜʥʳʭ ʪʝʣ (ʨʠʩ. 2). 



ʇʝʨʩʧʝʢʪʠʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ é ɻʦʣʠʢ ɺ.ʀ., ɼʤʠʪʨʘʢ ʖ.ɺ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʩʢʦʡ ʢʨʦʚʣʠ  
ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʰʘʨʥʠʨʥʦʡ ʘʨʢʠ:  

ɸ, ɺ, ʉ ï ʰʘʨʥʠʨʳ 

ʂʨʠʪʝʨʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ 

,o
ʬʘʢʪL La¢  

ʛʜʝ oLa ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ 

ʧʨʦʣʝʪ ʦʙʥʘʞʝʥʠʷ ʧʣʦʩʢʦʡ ʢʨʦʚʣʠ, ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʤ; ʬʘʢʪL  ï ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʡ ʧʨʦʣʝʪ ʢʨʦʚʣʠ ʬʘʢʪʠʯʝʩʢʦʡ ʚʳʨʘʙʦʪʢʠ, ʤ. 

ɽʩʣʠ ʫʩʣʦʚʠ ̫ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʣʦʰʥʦʡ ʦʪʨʘʙʦʪ-

ʢʠ, ʦʥʦ ʜʝʣʠʪʩʷ ʥʘ ʫʯʘʩʪʢʠ, ʨʘʟʤʝʨʳ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʣʝʪʘ ʚʳʨʘʙʦʪʢʠ 

ʠʩʭʦʜʷʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʨʦʚʣʷ ʦʙʨʫʰʘʝʪʩʷ, ʥʦ ʥʘʜ 

ʚʳʨʘʙʦʪʢʦʡ ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʜ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚ-

ʥʦʚʝʩʠʷ, ʢʦʪʦʨʳʡ ʥʘ ʩʝʙʝ ʥʝʩʝʪ ʤʘʩʩʫ ʚʳʰʝʣʝ-

ʞʘʱʠʭ ʧʦʨʦʜ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʦʙ-

ʨʫʰʝʥʠʶ ʧʦʨʦʜ.  

ʇʨʦʣʝʪ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʳʨʘʙʦʪʢʠ, ʚʳ-

ʩʦʪʘ ʩʚʦʜʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘʜ ʥʝʡ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩ-

ʩʠʚʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: 

( )

2 2 4

ʩʞ 21 ʩʚ

ʩʚ

ʩʚ

2
,
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o l lk d hR
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ʛʜʝ 1d  ï ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʘ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤ; ʩʞR  ï ʧʨʦʯʥʦʩʪʴ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ, ʇʘ; ok  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʦʨʦʜ; ʩʚh  ï ʚʳʩʦʪʘ 

ʩʚʦʜʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʤ; ɔ ï ʧʣʦʪ-

ʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʛ/ʤ
3
; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦ-

ʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʨʘʚʥʦʝ 9,81 ʤ/ʩ
2
; H ï ʛʣʫʙʠʥʘ 

ʟʘʣʝʛʘʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʤ; l ï ʧʨʦʣʝʪ ʚʳʨʘʙʦʪʢʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʤ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʣʝʪʦʤ ʧʣʦʩ-

ʢʦʡ ʢʨʦʚʣʠ, ʚʳʩʦʪʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʪʦʡ ʚʳ-

ʨʘʙʦʪʢʝ ʩʚʦʜʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʦʨʦʜ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ʩʞR ï ʧʨʦʯʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ, 

ʇʘ; ok  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ 

ʧʦʨʦʜ; 
2

2d  ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʣʦʢʘ, ʤ; ɔ ï ʧʣʦʪʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʛ/ʤ
3
; g ï 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʨʘʚʥʦʝ 9,81 ʤ/ʩ
2
; 

ʩʚh  ï ʚʳʩʦʪʘ ʩʚʦʜʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʤ; 
oL  ï ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʨʦʣʝʪ ʧʣʦʩʢʦʡ 
ʢʨʦʚʣʠ ʚʳʨʘʙʦʪʢʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ. 
ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʦʣʝʪʘ 

ʧʣʦʩʢʦʡ ʢʨʦʚʣʠ ʚʳʨʘʙʦʪʢʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ:  
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ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʛʦʨʥʦʡ 
ʤʘʩʩʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʧʦ ʤʝʪʘʣʣʫ ʚ 2 ʨʘʟʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 3) [16ï18]. 

 
 

ʈʠʩ. 3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 
ʤʝʪʘʣʣʦʚ: 1 ï ʰʪʘʙʝʣʴ ʂɺ; 2 ï ʙʣʦʢ ʇɺ;  

3 ï ʦʪʚʘʣ; 4 ï ʧʨʫʜ; 5 ï ʮʝʭ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʚ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 

2 3

Ů Ů
ʄ M,

Ů Ů Ů

ʧ T

n

-
¡² Ö

-
 

ʛʜʝ ʄ ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ ʚ ʥʝʜʨʘʭ, ʝʜ.; ʄ
'
 ï 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʘʥʥʦʛʦ ʠʟ ʥʝʜʨ ʤʝʪʘʣʣʘ, ʝʜ.; Ůn ï
ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʨʫʜ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ, 
ʜʦʣʠ ʝʜ.; ŮT ï ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʥʝʜʨ ʧʨʠ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ɹ
1 2 3

ʄ
Ů ŮŮ Ů ,

ʄ
ʊ= Ö
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ʛʜʝ Mɹ ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ, ʝʜ.; Ů1 ï ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ 
ʥʝʜʨ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʣʠ ʝʜ.; Ů2 
ï ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʨʠ ʦʙʦʛʘ-
ʱʝʥʠʠ, ʜʦʣʠ ʝʜ.; Ů3 ï ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤ-
ʧʦʥʝʥʪʘ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ɻʄɿ, ʜʦʣʠ ʝʜ.; 
ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʟ-
ʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʤʝʪʘʣʣʳ ʥʘ 2 ʧʦʨʷʜʢʘ ʙʳʩʪʨʝʝ, 
ʯʝʤ ʧʨʠ ʘʛʠʪʘʮʠʦʥʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ, ʯʪʦ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ.  
ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʜʝʟʠʥ-

ʪʝʛʨʘʪʦʨʘʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʝʶʱʠʭ ʩʤʝʩʝʡ ʚ ʙʘʨʘʙʘʥʥʳʭ 
ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʣʴʥʠʮʘʭ ʠ ʘʢʪʠʚʘʪʦʨʘʭ, 
ʥʘʧʨʠʤʝʨ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦʨʘʭ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʛʝʦʪʝʭʥʦʣʦ-
ʛʠʡ ʜʦʣʞʥʘ ʦʮʝʥʠʚʘʪʴʩʷ ʥʝ ʧʦ ʧʨʠʙʳʣʠ ʢʘʢ ʨʘʟ-
ʥʠʮʳ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʤʝʪʘʣʣʦʚ ʥʘ ʨʳʥʢʝ ʉʜ ʠ 
ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ɿʜ, ʘ ʩ ʫʤʝʥʴʰʝ-
ʥʠʝʤ ʥʘ ʚʝʣʠʯʠʥʫ ʩʪʦʠʤʦʩʪʠ ʧʦʪʝʨʷʥʥʳʭ ʚ 
ʥʝʜʨʘʭ ʤʝʪʘʣʣʦʚ: 

ʜ ʜ ʧʇ .ʉ ɿ ʉ= - -
 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʩʪʘʚʠʪ ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦ-
ʣʦʛʠʠ ʚ ʩʨʘʚʥʠʤʳʝ ʫʩʣʦʚʠʷ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦ-
ʚʘʪʴ ʛʫʤʘʥʠʟʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʢ ʥʝʚʦʩʧʦʣʥʠʤʳʤ 
ʟʘʧʘʩʘʤ ʥʝʜʨ. ʆʙʦʟʥʘʯʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝh ʘʝʪʩʷ 
ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʩʤʝʞʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [19ï20]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝ-
ʪʘʣʣʦʚ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ ʥʝʢʦʥʜʠʮʠʦʥʥʳʤʠ ʟʘʧʘʩʦʚ ʠ 
ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ ʨʝʟʝʨʚʦʤ ʦʟʜʦʨʦʚʣʝʥʠʷ ʵʢʦ-
ʥʦʤʠʢʠ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ.  

ɹʝʟʦʪʭʦʜʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ 
ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʜʦ ʙʝʟʦʧʘʩ-
ʥʦʛʦ ʧʦ ʩʘʥʠʪʘʨʥʳʤ ʫʩʣʦʚʠʷʤ ʫʨʦʚʥʷ, ʥʦ ʠ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʦʛʘʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʛʦʨʥʳʤʠ 
ʨʘʙʦʪʘʤʠ ʧʫʩʪʦʪ ʟʘʢʣʘʜʢʦʡ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝ-
ʩʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʧʦ ʜʝʟʠʥ-
ʪʝʛʨʘʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
ɺʦʚʣʝʢʘʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʢʦʥʜʠʮʠʦʥ-

ʥʳʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʧʘʩʳ ʦʙʝʩ-
ʧʝʯʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʩʳʨʴʝ-
ʚʫʶ ʙʘʟʫ ʠ ʧʨʦʜʣʷʶʪ ʩʨʦʢʠ ʞʠʟʥʠ ʛʦʨʥʦ-
ʦʙʦʛʘʪʠʪʝʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ. 
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Abstract 
Relevance and Objectives. This article looks at the im-
portant problem of reinforcing the non-ferrous metallurgy 
mineral base, which was weakened in the post-reform 
period, through the introduction in the production process 
of primarily non-ferrous metal ores that cannot be pro-
cessed using conventional technology. Methods 
Applied. The methods applied include an analysis of the 
possibility to make use of non-active resources in the 
underground mining of metal ores using a combination of 
processes, which also include some conventional tech-
niques, such as retrospective understanding of advanced 
practices from the uranium industry and interpretation of 
the results obtained. Outcomes. The authors formulated 
the principles of combining mining techniques for mining 
natural and man-made non-ferrous metal ore deposits 
following an eco-economic criterion. The authors give 
some historical information and their analysis of the in-
situ leaching practices applied to uranium and polymetal-
lic ores with balance metal content. Information is given 
on ways to use combinations of mining and processing 
techniques based on the use of improved conventional 
processes together with state-of-the-art technologies, 
which include the following: control over discrete rocks 
within a massif by filling the underground voids with 
hardening stowing mixtures of differentiated hardness, in-
situ and heap leaching of mined metals and leaching in 
disintegrators with mechanical and chemical activation of 
the hardening mixture components. The articles also de-

scribes the conditions which can ensure efficiency of the 
leaching process. Findings. Combined mining processes 
designed for substandard reserves open up new prospects 
for concentrators dealing with non-ferous metals. Com-
bining conventional mining processes with innovative 
metal leaching techniques provides a potential for mining 
companies to improve their economies through reasona-
ble metal recovery and the possibility to use hardening 
mixtures made with recoverable mine and concentrator 
tailings for backfilling. 

Keywords: Structural mechanics, underground mining, 
rock, massif, geomechanics, metal, leaching. 
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ʂɸʈʔɽʈʅʓʁ ʕʃɽʂʊʈʀʌʀʎʀʈʆɺɸʅʅʓʁ ʊʈɸʅʉʇʆʈʊ 

ʍʘʟʠʥ ʄ.ʃ., ʐʪʳʢʦʚ ʉ.ʆ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʪʦʨʤʦʟʷʪ ʝʝ ʨʘʟʚʠʪʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩʳ ʩʛʦʨʘʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢʘʨʴʝʨʥʳʭ ʩʘ-
ʤʦʩʚʘʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʦ 30% ʪʦʧʣʠʚʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʵʥʝʨʛʠʶ, ʨʘʩʩʝʠʚʘʝʤʫʶ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʨʝʢʪʠʨʫʶʪ ʦʙʣʘʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʯʠʩʪʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ 
ʚʳʙʨʦʩʦʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ. ʂ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʢʘʨʴʝʨʦʚ ʧʨʠʙʘʚʠʣʘʩʴ ʥʦʚʘʷ ï ʥʝʧʨʝʢʨʘʱʘʁ ʱʠʡʩʷ 
ʨʦʩʪ ʮʝʥ ʥʘ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚʩʝ ʦʩʪʨʝʝ ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʪʦʧʣʠʚʘ, 
ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʦʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ 
ʨʘʙʦʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʦʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʣhʝʥʥʦʩʪʠ ʜʦʣʴʰʝ, ʯʝʤ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ 
ʪʨʦʣʣʝʡʚʦʟʘʤ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʢʘʨʴʝʨʥʳʤʠ ʩʘʤʦ-
ʩʚʘʣʘʤʠ. ʇʦʤʠʤʦ ʦʯʝʚʠʜʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ, ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫɦ ʝʩʪʚʘ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʦʛʦ, ʯʪʦ ʪʨʦʣʣʝʡʚʦʟʳ ʠ ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʳ ʥʝ 
ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʧʫʪʝʤ ʧʨʦ-
ʩʪʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʤʝʥʳ ʢʘʨʴʝʨʥʦʛʦ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʩ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟ. ɺ ʩʦʚʦ-
ʢʫʧʥʦʩʪʠ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʪʨʦʣʣʝʡʚʦʟʘ ʧʦʥʠʞʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘ-
ʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ 15ï20%, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʘʶʪ ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ ʢʘʨʴʝʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʳʤʘ. ʉʘʤʳʤ ʩʝʨʴʸʟ-
ʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʦʣʣʝʡʚʦʟʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʠʪʘʥʠʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʣʘ-
ʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʫʩʪʨʘʥʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʦʣʣʝʡʚʦʟʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦ-
ʩʪʠ. ʊʨʦʣʣʝʡʚʦʟʳ ʚʳʛʦʜʥʳ ʜʣʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠ̫ ʪʠʡ, ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʠʤʝʝʪʩʷ 
ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʩʪʦʠʤʦʩʪʴʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʘʨʴʝʨʥʳʝ ʪʨʦʣʣʝʡʚʦ-
ʟʳ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʪʨʦʣʣʝʡ-
ʥʳʭ ʣʠʥʠʡ ʪʨʝʙʫʝʪ ʫʭʦʜʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʪʨʘʪ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 1ï2 ʛʦʜʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʦʣʣʝʡʚʦʟ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʢʘʨʴʝʨ, ʩʘʤʦʩʚʘʣ, ʵʢʦʣʦʛʠʷ.  

ɺʚʝʜʝʥʠʝ 
 
 

ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ 
ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʜʦʙʳʯʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟ-
ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠ-
ʪʠʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ 
ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ 
ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʛʦʨʥʦʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, 
ʢʦʪʦʨʳʝ ʪʦʨʤʦʟʷʪ ʝʝ ʨʘʟʚʠʪʠʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-
ʜʳ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ 
ʨʘʟʣʠʯʥʳʭ ʰʘʭʪ ʠ ʢʘʨʴʝʨʦʚ. 
ɼʦ 80% ʛʦʨʥʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʜʦ-

ʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ, 
ʧʝʨʝʚʦʟʠʪʩʷ ʢʘʨʴʝʨʥʳʤʠ ʩʘʤʦʩʚʘʣʘʤʠ ʩ ʜʠʟʝʣʴ-
ʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʝʜʫʶɦ ʠʝ 
ʜʦʩʪʦʠʥʩʪʚʘ: 

¶ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʪ. ʝ. ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰ-
ʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʵʥʝʨʛʠʝʡ; 

¶ ʙʳʩʪʨʘʷ ʠ ʣʝʛʢʘʷ ʟʘʧʨʘʚʢʘ; 

¶ ʚʳʩʦʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ. 
                                                                                                     

Ò  ʍʘʟʠʥ ʄ.ʃ., ʐʪʳʢʦʚ ʉ.ʆ., 2018 

ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʦʪʢʨʳʪʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʢʘʨʴʝʨʦʚ ʜʦ 300ï500 ʤ. ʉ ʫʛʣʫʙʣʝʥʠʝʤ ʢʘʨʝɹʨʦʚ 

ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʜʦʩʪʘʪʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨ-

ʪʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʠ ʷʚʣʷʶʱʠʝʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʯʠʥʦʡ ʜʣʠ-

ʪʝʣʴʥʦʡ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʪ̫ʠʡ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝ-

ʥʠ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʜʚʠʛʘ-

ʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʉʘʤʦʩʚʘʣ ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴʶ 120 ʪ, ʨʘʙʦʪʘʷ ʚ ʩʨʝʜʥʠʭ ʫʩʣʦʚʠ-

ʷʭ, ʨʘʩʭʦʜʫʝʪ 500ï600 ʪ ʪʦʧʣʠʚʘ ʚ ʛʦʜ ʠ ʚʳʙʨʘ-

ʩʳʚʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʦʢʦʣʦ 2000 ʫʩʣʦʚʥʳʭ ʪʦʥʥ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʘʭ [1, 2].  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʳʙʨʦʩʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝ-
ʣʝʡ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʢʘʥʮʝʨʦʛʝʥʥʳʭ 
ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 
ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʨʝʜʝʥ ʙʝʥʟʘʧʠʨʝʥ. ʇʦ-
ʩʣʝʜʥʠʡ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʩʚʠʥʝʮ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨ-
ʚʦʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝɦ ʝʩʪʚ 
[3ï6]. ʅʘ ʛʣʫʙʠʥʝ ʢʘʨʴʝʨʦʚ ʙʦʣʝʝ 200ï250 ʤ ʟʘ-
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ʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʥʘ ʨʘ-
ʙʦʯʠʭ ʤʝʩʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʨʝʚʳ-
ʰʝʥʠʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 
(ʇɼʂ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʈʦʩʪʝʭʥʘʜʟʦʨʦʤ ʈʦʩʩʠʠ, 
ʠ ʥʝ ʦʪʚʝʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʪʠʚʘʤ ʧʦ 
ʩʦʜʝʨʞʘʥʠʶ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚʦʟʜʫʭʘ 
ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ 
ɻʆʉʊ 12.1.005-88 çɺʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳè. ʂʨʦ-
ʤʝ ʪʦʛʦ, ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʧʦʚʳʰʝʥʥʦʡ ʜʳʤʥʦʩʪʴʶ.  
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʟʣʠʯ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʛʦ-
ʨʘʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 
ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ 
ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʪʦʧ-
ʣʠʚʘ, ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʨʝʤʷ 
ʧʨʦʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʦ 30% ʪʦʧ-
ʣʠʚʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʵʥʝʨʛʠʶ, ʨʘʩʩʝʠʚʘʝʤʫʶ ʚ 
ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [7].  
ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʦʪʥʦ-

ʩʪ̫ʩ:̫ 

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ (ʦʢʦʣʦ 30ï35%, ʧʨʠʤʝʥʝʥʠʝ ʪʫʨʙʦ-
ʥʘʜʜʫʚʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʳʰʘ-
ʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʦ 50%);  

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ 
ʧʦʜʲʝʤʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʘʤʦ-
ʩʚʘʣʦʚ; 

¶ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʚʳʩʦʢʘʷ ʢʚʘ-
ʣʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʢʦʚ; 

¶ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʢʦ-
ʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʪʫʪ ʩ ʮʝʥʘʤʠ ʥʘ ʥʝʬʪʴ; 

¶ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ; 

¶ ʚʳʙʨʦʩʳ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʠ ʟʘʛʘʟʦʚʘʥ-
ʥʦʩʪʴ ʢʘʨʴʝʨʦʚ;  

¶ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʚʨrʘʙʦʪʢʫ 
ʪʝʧʣʘ, ʪʝʨʷʶʱʝʛʦʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʫʤʘʥʘ. 
ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʦʨʨʝʢʪʠʨʫʶʪ ʦʙʣʘʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝ-
ʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʯʠʩʪʳʭ ʠ 
ʵʬʬʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʤʝʥʴʰʠʤ 
ʦʙʝ̡ʤʦʤ ʚʳʙʨʦʩʦʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ [5, 8]. ʂ 
ʧʨʘʢʪʠʯʝʩʢʠ ʪʨʫʜʥʦ ʫʩʪʨʘʥʠʤʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʧʨʦʙʣʝʤʝ ʢʘʨʴʝʨʦʚ ʧʨʠʙʘʚʠʣʘʩʴ ʥʦʚʘʷ ï ʥʝʧʨʝ-
ʢʨʘɦ ʘʶʱʠʡʩʷ ʨʦʩʪ ʮʝʥ ʥʘ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ

1
 

(ʨʠʩ. 1). ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚʩʝ ʦʩʪʨʝʝ ʚʩʪʘʝʪ ʧʨʦ-
ʙʣʝʤʘ ʩʫɦ ʝʩʪʚʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 
ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 
                                                                                                     

1 https://news.yandex.ru/quotes/213/20010.html 
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ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʨʦʟʥʠʯʥʳʭ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ 
ʪʦʧʣʠʚʦ ʚ ʨʫʙʣʷʭ ʜʣʷ ʈʦʩʩʠʠ 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʠ 
ʜʘʞʝ ʜʝʬʠʮʠʪʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨ-
ʩʦʚ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʦʮʝʥʢʘ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʣhʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ [9]. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʘʚʪʦʤʦʙʠʣʴ-
ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʜʦʣʥɹʳʡ ʫʢʣʦʥ 
ʘʚʪʦʜʦʨʦʛ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʩʚʘʣʦʚ ʠ 
ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʚʣʠʷʶʪ ʥʘ ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ ʢʘʨʴʝʨʦʚ, ʦʧʨʝʜʝʣʷʶʪ 
ʨʘʟʚʠʪʠʝ ʬʨʦʥʪʘ ʨʘʙʦʪ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 
ʚʣʠʷʝʪ ʥʘ ʨʘʟʥʦʩ ʙʦʨʪʦʚ ʠ ʚʦʟʤʦʞʥʫʶ ʛʣʫʙʠʥʫ 
ʢʘʨʴʝʨʦʚ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 
ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ: 
1) ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʵʢʦ-
ʥʦʤʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

2) ʟʘʤʝʥʘ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ ʜʨʫʛʠʤʠ ʚʠʜʘ-
ʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʯʠʩʪʦʛʦ ʠ ʜʝʰʝʚʦʛʦ ʪʦʧ-
ʣʠʚʘ, ʥʘʧʨʠʤʝʨ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʚʦʜʦʨʦʜʘ;  
3) ʧʝʨʝʚʦʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ 

ʚʦʩʧʦʣʥʷʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʪʦ ʝʩʪʴ ʥʘ ʧʦʪʨʝʙ-
ʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ʅʝʜʦʩʪʘʪʢʠ ʜʠʟʝʣʴʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ʢʘʨʴʝʨʦʚ ʵʣʝʢʪʨʠʬʠʮʠ-
ʨʦʚʘʥʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ï ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʥʦʛʦ ʠ 
ʪʨʦʣʣʝʡʚʦʟʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʵʣʝʢʪʨʠʬʠʮʠ-
ʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦ-
ʩʬʝʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʳʣʝʥʠʝʤ ʪʨʘʥʩʧʦʨ-
ʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ. 
ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʨ-

ʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʦʣʝʝ 100 ʣʝʪ, 
ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʜʦʣʴʰʝ, ʯʝʤ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ. 
ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʪʨʦʣʣʝʡʚʦʟʘʤ ʩʚʷʟʘ-
ʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʪʨʝʙʣʝ-
ʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʢʘʨʴʝʨʥʳʤʠ ʩʘʤʦʩʚʘʣʘ-
ʤʠ. ʇʦʤʠʤʦ ʦʯʝʚʠʜʥʦʛʦ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 
ʪʦʧʣʠʚʦ, ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-
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ʩʢʦʡ ʙʘʟʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʘ:  

¶ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 
ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝ-
ʩʪʚʘ ʤʘʰʠʥ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 
ʩʘʤʦʩʚʘʣʦʚ (ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʘʚʪʦʧʘʨʢʘ);  

¶ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ (ʦʢʦʣʦ 90%); 

¶ ʧʦʩʪʦʷʥʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ (ʚʢʣʶʯʘʷ 
ʚʳʩʦʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ), 
ʙʳʩʪʨʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʥʘʛʨʫʟʢʫ ʠ ʣʫʯʰʫʶ 
ʧʝʨʝʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; 

¶ ʧʦʯʪʠ ʜʚʫʭʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʥʘ ʨʫʢʦʚʦʜʷʱʝʤ ʫʢʣʦʥʝ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʦ-
ʛʦ ʜʚʠʛʘʪʝʣʷ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

¶ ʜʚʫʭ-ʪʨʝʭʢʨʘʪʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧ-
ʣʠʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ 
ʪʦʧʣʠʚʦ ʥʘ 70ï80%; 

¶ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠ-
ʚʘʥʠʝ ʩʘʤʦʩʚʘʣʦʚ ʩ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ;  

¶ ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 
ʫʚʝʣʠʯʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ (ʤʝʥʴʰʝ ʨʘʙʦʯʠʭ ʯʘʩʦʚ);  

¶ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʚʳʭʣʦʧʘ ʦʪʨʘʙʦʪʘʥʥʳʭ 
ʛʘʟʦʚ ʜʠʟʝʣʷ, ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʢʘʨʴʝʨʘ ʠ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʪʫʤʘʥʘ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʫʩʢʘ ʥʘ ʣʠʥʠʠ ʥʘ ʣʶʙʦʡ 
ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʜʠʟʝʣʴ-

ʪʨʦʣʣʝʡʚʦʟʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʝʱʝ ʚ 50-ʝ ʛʦʜʳ 
ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʦʬʝʩʩʦʨʦʤ ɸ.ʉ. ʌʠʜʝʣʝʚʳʤ, ʚ 
ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʫʩʩʠʨʫʝʪʩʷ ʜʝʩʷʪʠʣʝʪʠʷʤʠ. ʈʘʟ-
ʥʳʝ ʧʨʠʯʠʥʳ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ, 
ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʜʘʞʝ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʝ 
ʧʦʟʚʦʣʠʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʫ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʛʨʝʩ-
ʩʠʚʥʫʶ ʠʜʝʶ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 
ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥ-
ʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ çʤʦʙʠʣʴʥʦʩʪʴʶè ʵʣʝʢʪʨʠ-
ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳ-
ʩʦʢʦʡ ʨʘʟʥʠʮʳ ʚ ʩʪʦʠʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  
ʋʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪʘʶʱʫʶ ʩʪʦʠʤʦʩʪʴ ʜʠʟʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʘʤʦʩʚʘʣʘʤʠ ʥʘ 
ʢʘʨʴʝʨʘʭ, ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʦʙʦʟʨʠ-
ʤʦʤ ʙʫʜʫʱʝʤ ʜʦʣʷ ʟʘʪʨʘʪ ʥʘ ʛʦʨʶʯʝʝ ʚ ʩʝʙʝʩʪʦ-
ʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʫʚʝʣʠ-
ʯʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 1,5ï2 ʨʘʟʘ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʩʦʩʪʘʚʣʷʝʪ 450 ʣ/ʯ, ʥʦ ʚ ʨʝʞʠʤʝ ʪʨʦʣʣʝʡʚʦʟʘ 
ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʠ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 40 ʣ/ʯ [10]. ʕʪʦ ʩʦʢʨʘʱʝ-
ʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ 
ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʧʦʚʳhʝʥʠʷ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  
ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʜʨʝʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʪʨʦʣʣʝʡʟʘʮʠʠ ʢʘʨʴʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʙʦʣʴʰʠʥʩʪʚʦ 
ʠʟ ʥʠʭ ï ʟʘ ʨʫʙʝʞʦʤ [11]. 
ɺ ʩʪʨʘʥʘʭ ɸʬʨʠʢʠ, ʚ ɹʨʘʟʠʣʠʠ, ʘ ʪʝʧʝʨʴ ʠ 

ʉʐɸ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩ-
ʧʦʨʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʦʚ. ʆʩʦ-
ʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʝʥ ʧʨʠʤʝʨ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʢʘʨʴʝ-
ʨʘ çɹʝʪʮʝè (ʉʐɸ, ʰʪ. ʅʝʚʘʜʘ), ʛʜʝ ʜʣʷ ʪʨʘʥʩ-
ʧʦʨʪʠʨʦʚʘʥʠʷ 410 ʪʳʩ. ʪ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʩʫʪʢʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʢ ʠʟ 73 ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʦʚ 
ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 170 ʪ.  
ɺ ɸʬʨʠʢʝ ʛʨʫʟʦʚʳʝ ʪʨʦʣʣʝʡʙʫʩʥʳʝ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʥʘʯʘʣʠ ʨʘʙʦʪʘʪʴ ʩ 1981 ʛ., ʢʦʛʜʘ ʚ ʢʘʨʴʝʨʘʭ 
Sishen (ʖɸʈ) ʥʘ ʫʯʘʩʪʢʝ 2 ʢʤ ʥʘʯʘʣʠ ʨʘʙʦʪʘʪʴ 
55 ʪʨʦʣʣʝʡʚʦʟʦʚ. ʉ ʦʢʪʷʙʨʷ 1981 ʛ. ʚ ʖɸʈ ʙʳʣʦ 
ʦʪʢʨʳʪʦ ʜʚʠʞʝʥʠʝ ʪʨʦʣʣʝʡʚʦʟʦʚ Unit Rig Lectra 
Haul M200eT ʚ ʇʭʘʣʘʙʦʨʚʝ (Phalaborwa), ʦʙʩʣʫ-
ʞʠʚʘʶʱʠʭ ʫʯʘʩʪʦʢ 8 ʢʤ. ʉ 1986 ʛ. ʪʨʦʣʣʝʡʚʦʟʳ 
ʥʘ ʰʘʭʪʘʭ ʠ ʢʘʨʴʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʂʦʥʛʦ (ʢʘʨʴ-
ʝʨ Lubembashi), ʅʘʤʠʙʠʠ (ʙʘʩʩʝʡʥ ʈʦʩʩʠʥʛʘ ï 
Rossing ï ʚ ʧʫʩʪʳʥʝ ʅʘʤʠʙ) ʥʘ ʤʝʜʥʳʭ ʨʫʜʥʠʢʘʭ 
ɻʝʛʘ ʚʙʣʠʟʠ ʃʫʙʫʤʙʘʰʠ ʚ ɿʘʠʨʝ. 
ɺ ʥʘʯʘʣʝ 2012 ʛʦʜʘ ʢʦʤʧʘʥʠʷ NHL-North 

Haul Industries Group ʧʦʣʫʯʠʣʘ ʧʝʨʚʳʡ ʟʘʢʘʟ ʥʘ 
ʧʦʩʪʘʚʢʫ ʥʘ ʅʘʤʠʙʠʡʩʢʠʡ ʛʦʨʥʳʡ ʫʨʘʥʦʚʳʡ ʢʘ-
ʨʴʝʨ ʂʦʷʤʘ ʪʷʛʘʯʘ-ʪʨʦʣʣʝʡʚʦʟʘ ʩ ʧʦʣʫʧʨʠʮʝʧʦʤ 
ʧʦʣʥʦʡ ʤʘʩʩʦʡ 330 ʪ ʩ ʜʦʥʥʦʡ ʟʘʛʨʫʟʢʦʡ. ʀʩʩʣʝ-
ʜʦʚʘʥʥʳʝ ʟʘʧʘʩʳ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʣʷʶʪ 170 ʤʣʥ ʪ, ʘ 
ʩʨʦʢ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 20 ʣʝʪ. ʇʦ 
ʤʘʩʰʪʘʙʘʤ ʵʪʦ ʚʪʦʨʦʡ ʚ ʤʠʨʝ ʫʨʘʥʦʚʳʡ ʨʫʜʥʠʢ. 
ʕʣʝʢʪʨʦʵʥʝʨʛʠʶ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʪ ʵʣʝʢʪʨʦ-

ʛʝʥʝʨʘʪʦʨʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʩʘʤʦʩʚʘʣʝ 
ʠʣʠ ʧʦʣʫʯʘʪʴ ʠʟ ʚʳʜʝʣʝʥʥʦʡ ʧʦʜʩʪʘʥʮʠʠ ʠ ʧʝʨʝ-
ʜʘʚʘʪʴ ʯʝʨʝʟ ʧʦʜʚʝʩʥʫʶ ʢʦʥʪʘʢʪʥʫʶ ʩʝʪʴ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʚʠʛʘʪʝʣʴ ʢʘʨʴʝʨʥʦʛʦ ʩʘʤʦʩʚʘʣʘ.  
ʇʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢ ʧʦʜ-

ʚʝʩʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦ-
ʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʜʣʷ ʪʷʛʦʚʳʭ ʧʨʠʚʦʜʦʚ ʥʘ 
ʣʝʛʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ: ʤʝ-
ʭʘʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫ-
ʘʪʘʮʠʠ ʠ ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʨʦʣʣʝʡʚʦʟʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʩʪʝʤʫ ʢʦʥʪʘʢʪʥʳʭ ʩʝʪʝʡ, ʪʷ-
ʛʦʚʳʝ ʧʦʜʩʪʘʥʮʠʠ, ʤʘʯʪʳ ʣʠʥʠʡ ʚʳʩʦʢʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ, ʦʩʚʝʱʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʚʝʩʘ ʠ ʪʦ-
ʢʦʧʨʠʝʤʥʠʢ ʢʘʨʴʝʨʥʦʛʦ ʩʘʤʦʩʚʘʣʘ [6]. ʊʝʭʥʠʢʘ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘ-
ʥʠʠ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʩʥʦʛʦ ʢʘʨʪʝʨ-
ʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʢʘʨʴ-
ʝʨʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʘʥʘʣʦʛʠʯʥʘ.  
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ʉʘʤʦʩʚʘʣʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʚ ʨʘʙʦʯʝʤ, ʪʘʢ ʠ 
ʪʦʨʤʦʟʥʦʤ ʨʝʞʠʤʘʭ. ʆʩʥʦʚʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʨʦʣʣʝʡʚʦʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘ-
ʤʦʩʚʘʣʦʤ, ʠʤʝʶʱʠʤ ʪʨʘʜʠʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʤʝ-
ʭʘʥʠʯʝʩʢʫʶ ʪʨʘʥʩʤʠʩʩʠʶ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʢʫʧʝʨʘʮʠʠ ʚ ʩʝʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝ-
ʣʷʶʱʝʡʩʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 
ʵʥʝʨʛʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜ ʫʢʣʦʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʪʨʦʣʣʝʡʥʘʷ ʣʠʥʠʷ ʚ ʛʨʫʟʦʚʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʜʣʷ ʧʨʠʚʦʜʘ ʪʨʦʣʣʝʡʚʦʟʘ ʚ ʧʦ-
ʨʦʞʥʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʢʦʧʠʪʝʣʴ-
ʘʢʢʫʤʫʣʷʪʦʨ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʥʘʢʘʧʣʠʚʘʝʪ 
ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝ-
ʥʠʷ ʚ ʧʦʨʦʞʥʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
ʤʦʞʝʪ ʧʦʜʟʘʨʷʞʘʪʴʩʷ ʦʪ ʪʨʦʣʣʝʡʥʦʡ ʣʠʥʠʠ. 
ʈʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 
ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʷʚʣʝ̫ʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ 
ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʧʠʪʘʶʱʝʡ ʩʝʪʴʶ ʠ ʪʷʛʦʚʳʤʠ 
ʜʚʠʛʘʪʝʣʷʤʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʪʦʣʴʢʦ 
ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦ-
ʩʪʷʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʠʪʘʶʱʝʛʦ 
ʪʷʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘ-
ʤʠ, ʦʞʠʜʘʝʤʳʤʠ ʦʪ ʦʙʨʘʪʠʤʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʷʚ-
ʣʷʶʪʩʷ [10ï14]:  

¶ ʨʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʚ ʣʶʙʦʝ 
ʚʨʝʤʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʨʠʦʨʠʪʝʪ ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʩʘʤʦʩʚʘʣʘʤʠ;  

¶ ʫʤʝʥʴʰʝʥʠʝ (ʫʩʪʨʘʥʝʥʠʝ) ʪʦʨʤʦʟʥʳʭ ʨʝʟʠ-
ʩʪʦʨʦʚ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʩʘʤʦ-
ʩʚʘʣʘ ʠ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ;  

¶ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 

¶ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʘʨʤʦʥʠʢ ʠ ʧʦʚʳʰʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʩʪʦʨʦʥʝ ʧʝʨʝʤʝʥ-
ʥʦʛʦ ʪʦʢʘ.  
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʖʞʥʦʡ 

ɸʬʨʠʢʝ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ [10], ʯʪʦ ʥʘʛʨʫʞʝʥʥʳʡ 
ʩʘʤʦʩʚʘʣ ʥʘ ʧʫʪʠ ʚ 1 ʢʤ, ʩʧʫʩʢʘʷʩʴ ʧʦ ʫʢʣʦʥʫ, 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʢʦʣʦ 7900 ʢɺʪʯ ʵʥʝʨʛʠʠ ʚ ʩʫʪ-
ʢʠ (ʨʘʙʦʪʘ 20 ʯ, 5 ʤʠʥ ʟʘʛʨʫʟʢʠ). ʇʨʠ ʩʪʦʠʤʦʩʪʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ $0,077 ʟʘ ʢʠʣʦʚʘʪʪ-ʯʘʩ ʩʪʦʠ-
ʤʦʩʪʴ ʵʥʝʨʛʠʠ ʨʝʢʫʧʝʨʘʮʠʠ ʚ ʜʝʥʴ ʥʘ ʛʨʫʟʦʚʠʢʝ 
ʩʦʩʪʘʚʠʪ $608. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʨʦʞʥʝʛʦ ʩʘʤʦ-
ʩʚʘʣʘ ʧʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʨʦʬʠʣʶ ʩʪʦʠʤʦʩʪʴ ʨʝ-
ʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʜʝʥʴ ʥʘ ʩʘʤʦʩʚʘʣ ʩʦʩʪʘʚʠʪ 
$262. ʕʢʦʥʦʤʠʷ ʙʫʜʝʪ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ 
ʜʣʠʥʥʝʝ ʫʢʣʦʥ ʠ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʘʚʪʦʧʘʨʢʘ.  
ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʨʦʣʣʝʡʚʦʟʘʤ ʧʨʠʩʫʱʠ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ 
ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

¶ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 
ʢʘʯʝʩʪʚʫ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʢʦʥʪʘʢʪ-
ʥʦʡ ʩʝʪʠ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʘ 
ʥʘ 5ï10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ ʩʘʤʦʩʚʘ-
ʣʘʤʠ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʜʠʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʘ ʚ 
ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʟʝʣʴ-ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʘʤʦʩʚʘʣʦʤ 
ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʪʨʦʣʣʝʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  
ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʬʠ-

ʮʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʰʘʣʘʩʴ ʧʫʪʝʤ ʫʩʪʘ-
ʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʢʘ-
ʨʴʝʨʥʳʡ ʩʘʤʦʩʚʘʣ, ʪ. ʝ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙ-
ʨʘʟʮʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʙʘʟʝ ʤʘʰʠʥ, ʩʧʨʦʝʢ-
ʪʠʨʦʚʘʥʥʳʭ ʩ ʨʘʩʯʸʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 
ʥʘʧʨʠʤʝʨ ɹɽʃɸɿ-75195 ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʧʦʟʜʥʠʝ 
ʤʦʜʝʣʠ [15]. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʥʝ ʙʳʣ 
ʩʧʦʩʦʙʝʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʩʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʠʟʝʣʝʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 
ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʟʫ ʧʨʦʝʢʪʠʨʦ-
ʚʘʪʴ ʤʘʰʠʥʫ ʠʟ ʨʘʩʯʸʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʙʨʘʥ-
ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ.  
ʊʨʦʣʣʝʡʚʦʟ ʠʣʠ ʪʨʦʣʣʝʡʥʦ-ʘʢʢʫʤʫʣʷʪʦʨʥʳʡ 

ʩʘʤʦʩʚʘʣ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʥɹʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ;  

¶ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, 
ʯʝʤ ʫ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʘʢʦʡ ʞʝ ʤʦʱʥʦʩʪʠ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʩʘʤʦʩʚʘʣʘ ʥʘ 10ï15%, 
ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʫ ʪʨʦʣʣʝʡʚʦʟʦʚ ʚʪʦʨʦʛʦ ʩʠʣʦ-
ʚʦʛʦ ʘʛʨʝʛʘʪʘ (ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ), ʘ ʪʘʢʞʝ 
ʪʦʧʣʠʚʥʦʛʦ ʠ ʤʘʩʣʷʥʦʛʦ ʙʘʢʦʚ, ʤʘʩʣʷʥʦʛʦ ʠ ʚʦ-
ʜʷʥʦʛʦ ʨʘʜʠʘʪʦʨʦʚ, ʩʠʩʪʝʤ ʦʪʚʦʜʘ ʦʪʨʘʙʦʪʘʚʰʠʭ 
ʛʘʟʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʡ ʞʝ ʛʨʫ-
ʟʦʧʦʜʲʝʤʥʦʩʪʠ; 

¶ ʠʩʢʣʶʯʝʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʚʳʭʣʦʧʘ ʠ, ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʢʘʨʴʝʨʘ ʠ 
ʦʙʨʘʟʦʚʘʥʠʷ ʪʫʤʘʥʘ, ʪ. ʝ. ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝ-
ʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ; 

¶ ʠʩʢʣʶʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʟʘʢʫʧʢʫ, ʭʨʘʥʝʥʠʝ ʠ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʘʤʦʩʚʘʣʘ ʟʘ ʩʯʝʪ 
ʠʩʢʣʶʯʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʰʠʥʳ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ 
ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʪʨʦʣʣʝʡʚʦʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫ-
ʯʘʷʭ, ʢʦʛʜʘ ʪʨʦʣʣʝʡʚʦʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ; 

¶ ʣʸʛʢʦʩʪʴ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ; 

¶ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢ 
ʤʦʨʦʟʘʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʝʛʦ ʚ 
ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʦʪ ʜʠʟʝʣʷ (ʩʠʣʴʥʳʝ ʦʪʨʠʮʘ-
ʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ 
ʚʣʠʷʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʳ). 
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ʋ ʪʨʦʣʣʝʡʚʦʟʘ ʠʣʠ ʪʨʦʣʣʝʡʥʦ-ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ 
ʩʘʤʦʩʚʘʣʘ ʠʤʝʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʦʙʱʠʝ ʩ ʜʠ-
ʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʘʤʠ, ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʝ: 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 
ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʢʦʥʪʘʢʪ-
ʥʦʡ ʩʝʪʠ; 

¶ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 
ʢʘʯʝʩʪʚʫ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ; 

¶ ʤʘʣʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ; 

¶ ʟʘʪʨʫʜʥʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟ-
ʛʨʫʟʢʠ. 
ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʩʘʤʦʩʚʘʣʘ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʢʘʞʜʘʷ ʪʦʥʥʘ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ 
ʩʘʤʦʩʚʘʣʘ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʥʥʦʡ ʛʦʨ-
ʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʟʝʥʘ. 
ɼʣʠʥʥʳʝ ʧʝʨʝʛʦʥʳ ʠ ʙʦʣʝʝ ʢʨʫʪʳʝ ʩʢʣʦʥʳ ʜʘʶʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚ 
ʪʨʦʣʣʝʡʚʦʟʘ ʧʨʠ ʧʝʨʝʚʦʟʝ ʛʨʫʟʦʚ.  
ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʣʘʶʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʠʟʝʣʴʥʳʤ ʩʘʤʦ-
ʩʚʘʣʘʤ, ʥʦ ʠʭ ʬʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦ-
ʩʪʘʪʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, 
ʢʘʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʦʜʘʝʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʴ ʩʘʤʦ-
ʩʚʘʣʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-
ʩʷ ʨʘʟʣʠʯʥʳʝ ʢʘʪʝʛʦʨʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʣʝʢ-
ʪʨʦʧʦʛʨʫʟʯʠʢʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʛʨʫʟʦʚʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʷʤ: 

¶ ʚʩʪʨʦʝʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ, 

¶ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʣʦʚʦʡ ʢʘʙʝʣʴ, 

¶ ʦʪ ʚʦʟʜʫʰʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 

¶ ʠʟ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠʩʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ, 
ʧʦʚʳʩʠʣʘʩʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʂʘʨʝɹʨʥʳʝ 
ʩʘʤʦʩʚʘʣʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʦʩʥʘʱʝʥʥʳʝ ʪʦʢʦ-
ʧʨʠʝʤʥʠʢʘʤʠ, ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʦʪ ʚʦʟʜʫʰ-
ʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʜʘʯʫ ʧʠʪʘʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 
ʩʘʤʦʩʚʘʣʘ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʝ 
ʠʥʪʝʨʚʘʣʳ ʜʚʠʛʘʪʝʣʷ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʦʪʨʝʙ-
ʣʷʝʤʫʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʚʦʟʚʨʘʱʝ-
ʥʠʷ ʝʝ ʚ ʩʝʪʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʠʨʤʘ Siemens 
ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʧʦʩʪʘʚʱʠʢʦʤ ʪʨʦʣʣʝʡʚʦʟʦʚ 
(ʨʠʩ. 2) ʠ ʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [16].  
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʠʪʘʥʠʠ ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʝʨʴʸʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʦʣʣʝʡ-
ʚʦʟʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʧʨʦ-
ʣʦʞʠʪʴ ʪʨʦʣʣʝʡʥʫʶ ʪʨʘʩʩʫ, ʢ ʪʦʤʫ ʞʝ, ʚʚʠʜʫ çʨʦ-
ʩʪʘè ʢʘʨʴʝʨʘ ʧʦ ʤʝʨʝ ʚʳʨʘʙʦʪʢʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘ-
ʝʤʦʛʦ, ʪʨʘʩʩʫ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ 
ʧʝʨʝʤʝʰʘʪʴ ʠ ʜʦʧʦʣʥʷʪʴ ʥʦʚʳʤʠ ʫʯʘʩʪʢʘʤʠ. ʊʨʘʩ-
ʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝ-
ʩʪʚʦʤ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠ-
ʢʦʤ ʧʠʪʘʥʠʷ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʫʜʘʣʝʥʘ ʦʪ ʤʝʩʪʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʦʚ ʥʘ 300ï600 ʤ. ʂʨʦʤʝ ʪʦʛʦ, 
ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʧʨʦʚʦʜʘ ʚʦ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟ-
ʛʨʫʟʢʠ ʪʨʦʣʣʝʡʚʦʟʘ ʥʘʭʦʜʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ, 
ʠ ʩʦʟʜʘʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʠʭ ʟʘʜʝʪʴ. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʩʘʤʦʩʚʘʣʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʣʦʚʦʡ 
ʘʛʨʝʛʘʪ. ʋʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ 
ʘʛʨʝʛʘʪʘ, ʥʘʧʨʠʤʝʨ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʯʨʝʚʘ-
ʪʦ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʤʘʰʠʥʳ, ʩʪʦʠʤʦʩʪʠ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ, ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʪʦʧ-
ʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ. ɸʢʢʫʤʫʣʷʪʦʨʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɺʉ, ʫʚʝʣʠʯʠʚʘʶʪ ʤʘʩʩʫ ʩʘʤʦ-
ʩʚʘʣʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʤʦʞʥʦ ʦʪ-
ʥʝʩʪʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, 
ʥʝʙʦʣʴʰʦʡ ʟʘʧʘʩ ʭʦʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɼɺʉ ʠ ʚʳ-
ʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʘʤʠʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʣʦʢʦʚ.  
ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝ-

ʨʘʙʦʪʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ 
ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʘʤʦʩʚʘʣʳ ʩ ʰʘʨʥʠʨʥʦ-ʩʦʯʣʝʥʝʥʥʦʡ ʨʘʤʦʡ. ʕʪʦ 
ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʧʦʣʝʟ-
ʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʘ ʪʘʢʞʝ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʩ ʤʠ-
ʥʠʤʘʣʴʥʳʤ ʪʝʢʫʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʩʢʨʳʰʠ. 
ʉʘʤʦʩʚʘʣʳ ʩ ʰʘʨʥʠʨʥʦ-ʩʦʯʣʝʥʸʥʥʦʡ ʨʘʤʦʡ ʪʨʝʙʫ-
ʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 
ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ, ʯʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦ ʛʨʫʟʦʧʦʜʲ-
ʸʤʥʦʩʪʠ ʩʘʤʦʩʚʘʣʳ ʥʘ ʙʘʟʝ ʮʝʣʴʥʦʡ ʥʝʩʫʱʝʡ ʨʘʤʳ. 

 
 

ʈʠʩ. 2. ʂʘʨʴʝʨʥʳʡ ʩʘʤʦʩʚʘʣ  
Siemens ï ʧʨʦʣʣʝʡʚʦʟ 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦ ʚʪʦʨʳʤ ʠʩ-
ʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴ-
ʩʷ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
ʜʚʠʞʝʥʠʷ ʥʘ ʩʧʫʩʢ. ɼʣʷ ʛʣʫʙʠʥʥʳʭ ʢʘʨʴʝʨʦʚ ʵʪʦ 
ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʪʠ. ɼʣʷ 
ʥʘʛʦʨʥʳʭ ʞʝ ʢʘʨʴʝʨʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʥʪʘʢʪʥʦʡ 
ʩʝʪʠ ʚ ʛʨʫʟʦʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʩʚʝʨʭʫ ʚʥʠʟ 
ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ, ʧʦʩʢʦʣʴʢʫ ʨʝʢʫʧʝʨʠʨʫʝʤʘʷ ʚ 
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ʩʝʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʤʧʝʥ-
ʩʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ [13, 14]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʫʩʪʨʘʥʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʜʦʩʪʘʪʢʦʚ 
ʪʨʦʣʣʝʡʚʦʟʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʠ. ʅʘʧʨʠ-
ʤʝʨ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, 
ʧʨʦʚʦʜʥʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʚʳ-
ʛʦʜʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʧʨʠʤʝʥʷʚh ʠʭʩʷ ʚ ʛʦʜʳ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʪʨʦʣʣʝʡʚʦʟʦʚ ʚ ʉʉʉʈ. 
ʂʨʦʤʝ ʪʦʛʦ, ʩʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦ 
ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʠʩʧʳʪʘʥʠʡ ʪʨʦʣ-
ʣʝʡʚʦʟʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ 
ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ, 
ʦʩʦʙʝʥʥʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘ-
ʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʪʦʠʤʦʩʪʴ ʠ 
ʤʘʩʩʘ ʪʨʦʣʣʝʡʚʦʟʘ ʤʦʛʫʪ ʙʳʪʴ ʝʱʝ ʫʤʝʥʴʰʝʥʳ. 
ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠ-

ʟʝʣʴ-ʪʨʦʣʣʝʡʚʦʟʦʚ ʠ ʪʨʦʣʣʝʡʚʦʟʦʚ ʨʝʰʘʶʱʫʶ ʨʦʣʴ 
ʠʛʨʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʘʤ 
ʬʘʢʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʡ ʧʦ ʨʘʩʯʝʪʘʤ ʩʦ-
ʩʪʘʚʣʷʝʪ 0,9ï1,1 ʢʛ ʥʘ 1 ʤ

3
 ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ, ʪ. ʝ. ʚ ʩʨʝʜʥʝʤ 1 ʪʳʩ. ʪ ʪʦʧʣʠʚʘ ʥʘ 1 ʤʣʥ 
ʤ

3
 ʧʝʨʝʚʦʟʦʢ. ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ 
ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ 
ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ [10, 14]. 
ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦʟʨʘʩʪʘʝʪ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʦʩʪʘʶʪʩʷ 
ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ. ɽʩʣʠ ʫʯʝʩʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 
ʩʪʦʠʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 
ʪʦ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ 
ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 10ï20% (ʩʤ. ʪʘʙʣʠʮʫ, ʨʠʩ. 3). ɺ 
ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʵʢʦʥʦʤʠʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʪʨʦʣʣʝʡ-
ʚʦʟʦʚ ʚʦʟʤʦʞʥʘ ʟʘ ʩʯʝʪ ʧʝʨʝʚʦʟʢʠ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠ-
ʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʩʘʤʦ-
ʩʚʘʣʦʚ, ʠʣʠ ʧʝʨʝʚʦʟʘ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʥʦʡ 
ʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘ-
ʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ.  

ʎʝʥʳ ʥʘ ʙʝʥʟʠʥ ʤʘʨʢʠ ɸʀ 92 ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ 
(ʜʘʥʥʳʝ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ  
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ)2 

ʈʝʛʠʦʥ 
ʄʘʨʪ 2015, 
ʨʫʙ./ʣ 

ʄʘʨʪ 
2016, 
ʨʫʙ./ʣ 

ʈʦʩʪ  

ʨʫʙ. % 

ʗʨʦʩʣʘʚʩʢʘʷ 
ʦʙʣʘʩʪʴ 

30,45 31,66 1,21 3,97 

ʈʝʩʧʫʙʣʠʢʘ  
ʉʘʭʘ (ʗʢʫʪʠʷ) 

43,83 46,55 2,72 6,21 

ʇʩʢʦʚʩʢʘʷ  
ʦʙʣʘʩʪʴ 

31,47 32,94 1,47 4,67 

ʇʨʠʤʦʨʩʢʠʡ 
ʢʨʘʡ 

35,10 37,79 2,69 7,66 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ 
ʦʙʣʘʩʪʴ 

32,08 33,59 1,51 4,71 

                                                                                                     

2http://agro2b.ru/ru/news/27691-Rejting-regionov-Skolko-stoit-
benzin.html  
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ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʮʝʥ (ʪʘʨʠʬʦʚ)  

ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ 
ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ 

ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ 1 ʷʥʚʘʨʷ 2017 
ʛʦʜʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʨʦʠʟʦʰʣʦ ʩʥʠ-
ʞʝʥʠʝ ʪʘʨʠʬʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ

3
 ʥʘ 58%. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʤʦʞʝʪ ʠʤʝʪʴ 
ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʦʝ ʛʦʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠʣʠ ʛʦʨ-
ʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ. 
ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ [15], ʩ ʫʯʝ-

ʪʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʥʳʭ 
ʩʘʤʦʩʚʘʣʦʚ ʚ ʪʨʦʣʣʝʡʥʦʤ ʨʝʞʠʤʝ, ʩʨʦʢ ʦʢʫʧʘʝ-
ʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʚʠʛʘ-
ʪʝʣʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 1ï2 ʛʦʜʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʨʦʣʣʝʡ-
ʚʦʟʦʚ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʟʘʢʣʶʯʘʁ ʪʩʷ 
ʚ ʩʣʝʜʫʶʱʝʤ [14]: 
ʀʩʪʦʯʥʠʢ: ʄʠʥʵʢʦʤʨʘʟʚʠʪʠʷ; ʨʘʩʯʝʪʳ ʠ ʛʨʘ-

ʬʠʢʘ: çʌʠʥʤʘʨʢʝʪè 

¶ ʫʜʘʣʝʥʥʦʩʪʴ ʪʨʦʣʣʝʡʥʳʭ ʣʠʥʠʡ ʦʪ ʤʝʩʪʘ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʦʚ ï ʥʘ 300ï600 ʤ; 

¶ ʨʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩ-
ʩʳ ï 3ï30 ʢʤ; 

¶ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʘʙʞʝʥʠʷ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʝʡ; 

¶ ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʛʦʨʥʦʜʦʙʳʚʘʶ-
ʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʤʝʩʪ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ 
ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶɦ ʠʭ ʟʘʚʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʚ 
ʗʢʫʪʠʠ ʠ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ; 

¶ ʜʦʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʩʩʳ ʩ ʨʦʚ-
ʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʡ 
ʩʝʪʴʶ, ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 40ï50% ʦʙ-
ʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ; 

¶ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ï ʥʝ 
ʤʝʥʝʝ 5ï8 ʣʝʪ; 

¶ ʫʯʘʩʪʢʠ ʙʝʩʪʨʦʣʣʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʳ 
ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳ ʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʴʶ ʩʚʦʙʦʜʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʧʦʛʨʫʟʢʠ ʚ 
ʟʘʙʦʝ ʠ ʥʘ ʦʪʚʘʣʝ. 
                                                                                                     

3 https://gkcp.sakha.gov.ru/news/front/view/id/2791423 
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ʞʘʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʪʨʦʣʣʝʡʥʳʭ ʣʠʥʠʡ ʪʨʝ-
ʙʫʝʪ ʫʭʦʜʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʨʦʣʣʝʡʚʦʟʳ ʪʘʢʞʝ 
ʚʳʛʦʜʥʳ ʜʣʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʛʝʦʛʨʘʬʠʯʝ-
ʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʠʤʝʝʪʩʷ 
ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʥʘ ʜʠʟʝʣʴʥʦʝ 
ʪʦʧʣʠʚʦ ʠ ʩʪʦʠʤʦʩʪʴʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  
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Abstract 
The mining industry is facing certain problems that ham-
per its development. Thanks to the research efforts taken, 
certain improvements were implemented to the fuel com-
bustion processes and the fuel efficiency of diesel engines 
used in mine dump trucks. Nevertheless, up to 30% of the 
fuel is wasted because the resultant energy gets dissipated 
in the surrounding space. The environmental require-
ments substantially confine the scope of sustainable use 
of trucks and demand that cleaner and more efficient ve-
hicles were adopted. Another issue evinced itself to add 

to the environmental issues faced by mining companies, 
and that is continuously rising fuel prices. Therefore, 
achieving a significant reduction in fuel consumption by 
mine dump trucks appears to pose an increasingly press-
ing problem. One way to increase energy efficiency of 
open mining operations can be the adoption of electricity 
driven vehicles. Compared with diesel engines, electric 
drives have a longer record in the history of mining in-
dustry. The renewed interest to trolley trucks can be ex-
plained, first and foremost, by the reduced consumption 
of diesel fuel by mine dump trucks. Apart from the obvi-
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ous reduction of fuel costs, additional advantages were 
obtained thanks to advanced technology. The main rea-
son why trolley trucks and diesel-trolley trucks failed to 
find practical application in open pit mining is that it 
was basically an attempt to replace the regular diesel 
dump trucks with diesel-trolley trucks. All benefits de-
livered by trolley trucks combined help reduce the ore 
transportation costs by 15% to 20% and eliminate pollu-
tion and fumes. The biggest drawback of a trolley truck 
is its dependence on the power from the trolley line. 
Thanks to advanced technology of today, most of the 
disadvantages of a trolley truck can be eliminated with-
out much effort. Trolley trucks could be a good option 
for the mining sites located in the areas with a consider-
able gap between the cost of diesel fuel and the cost of 
electricity. As the trolley lines require proper care and 
maintenance, it is recommended that trolley trucks are 
only used on mining site with an extended life. The 
payback period may be one to two years. 

Keywords: Electric mining truck, energy saving, quarry, 
dump truck, ecology. 
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ʢʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʣʠʚʦʢ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʠ-
ʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʣʘʚʢʠ ʩʪʘʣʠ 110ɻ13ʃ. ʅʘ ʧʨʠʤʝʨʝ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʤʝʩʠ ʚ ʇɸʆ çʄʠʭʘʡʣʦʚʩʢʠʡ ɻʆʂè ʩ 
ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʩʚʳʰʝ 3 ʤʣʥ ʨʫʙ. ʧʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʎʝʣʴ ʨʘʙʦʪʳ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʣʘʚʢʠ ʩʪʘʣʠ 110ɻ13ʃ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ STATIS-TICS & 
ANALISIS. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 0,05. ʆʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʮʠʡ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ ʩʪʘʙʠʣʴ-
ʥʦʩʪʴ. ʏʝʤ ʤʝʥʴʰʝ ʚʘʨʠʘʮʠʠ ʢʦʣʝʙʣʶʪʩʷ ʚʦʢʨʫʛ ʩʨʝʜʥʝʡ, ʪʝʤ ʦʥʘ ʙʦʣʝʝ ʥʘʜʝʞʥʘ. ʆ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʩʫʜʠʣʠ ʧʦ 
ʚʝʣʠʯʠʥʝ ʚʘʨʠʘʮʠʡ. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʳ-
ʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʝʨʫ ʢʦʣʝʙʘʥʠʡ ʧʨʠʟʥʘʢʘ. ʇʦʩʣʝʜʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 
ʦʪʢʣʦʥʝʥʠʷ ʢ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ. ʅʦʚʠʟʥʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʤʝʩʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʦ-
ʥʝʥʪʳ ʚ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʩʤʝʩʠ ʧʨʝʜ-
ʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʚʦʩ-
ʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʣʘʚʢʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥ ʝʱʝ ʦʜʠʥ ʧʫʪʴ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʩʢʠʩʣʝʥʠʷ ï ʙʳʩʪʨʦʝ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʘʢʘ ʨʘʩʢʠʩʣʠʪʝʣʴʥʦʡ ʩʤʝʩʴʶ. ʕʪʫ ʟʘʜʘʯʫ ʨʝʰʘʶʪ 
ʩʦʝʜʠʥʝʥʠʷ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʩʤʝʩʴ ʞʠʜʢʦʧʦʜʚʠʞʥʦʡ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʝ ʙʳʩʪʨʦʤʫ ʨʘʩʪʝʢʘʥʠʶ ʧʦ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʰʣʘʢʘ. ʈʝʟʫʣʴʪʘʪ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʤʦ-
ʜʠʬʠʢʘʪʦʨʦʤ L-Cast È 5,3 ʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʨʘʩʢʠʩʣʠʪʝʣʝʤ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʤ ʈɼɸ, ʨʘʟʨʘʙʦʪʘʥ-
ʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʆʆʆ çʄʝʪʘʣʣʫʨʛè ʉʈʆ ʈɸʃ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʘ 
ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʈɼɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ L-Cast È 5,3. ʅʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʩʦ-
ʜʝʨʞʘʥʠʷ MnO ʠ Feʆ ʚ ʰʣʘʢʘʭ, ʚʳʧʣʘʚʣʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʢʠʩʣʠʪʝʣʷ ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ 
ʈɼɸ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ MnO ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʈɼɸ ʩʥʠʟʠʣʦʩʴ ʥʘ 5%: ʜʦ 3,54 ʧʨʦʪʠʚ 3,72% ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ L-
CastÈ 5,3. ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Feʆ ʧʦʥʠʟʠʣʘʩʴ ʙʦʣʝʝ ʨʝʟʢʦ, ʥʘ 18%: ʜʦ 0,66 ʧʨʦʪʠʚ 0,78% ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʤʝʪʘʣʣʘ 
L-CastÈ 5,3, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʠ FeO ʚ ʰʣʘʢʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 
ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʷʝʪ ʚ ʩʝʙʝ FeO ʠ ʩʦʟʜʘʝʪ ʧʨʦʯʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʪʨʫʜʥʦ ʨʘʩʪʚʦ-
ʨʷʶʪʩʷ ʠ ʫʭʦʜʷʪ ʩ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʏʝʤ ʤʝʥʴʰʝ FeO ʚ ʰʣʘʢʝ, ʪʝʤ ʪʦʥʴʰʝ ʛʨʘʥʠʮʳ ʟʝʨʝʥ ʠ ʚʳʰʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʩʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʈɼɸ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʨʘʩʢʠʩʣʠʪʝʣʴ ʰʣʘʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L-CastÈ 
5,3. ʆ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʩʢʠʩʣʝʥʥʦʩʪʠ ʰʣʘʢʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦ-ʨʦʜʘ ʚ ʤʝʪʘʣʣʝ, ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʚ ʤʝʪʘʣʣʝ 0,04752 ʧʨʦʪʠʚ 0,0044%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʣʠʚ-
ʱʠʢʠ ʦʪʤʝʪʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʨʘʩʧʣʘʚʘ ʠ ʣʫʯʰʫʶ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʬʦʨʤ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠ-
ʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʢʠʩʣʝʥʠʷ 
ʩʪʘʣʠ 110ɻ13ʃ ʜʠʬʬʫʟʠʦʥʥʳʤ ʨʘʩʢʠʩʣʠʪʝʣʝʤ ʈɼɸ ʚ ʩʪʘʣʝʣʠʪʝʡʥʦʤ ʮʝʭʝ ʇɸʆ çʄʠʭʘʡʣʦʚʩʢʠʡ ɻʆʂè ʩ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʤ ʵʬʬʝʢʪʦʤ ʩʚʳʰʝ 3 ʤʣʥ ʨʫʙ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ, ʰʣʘʢ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʩʢʠʩʣʝʥʠʝ.  

                                                                                                     

Ò  ʏʘʡʢʠʥ ɸ.ɺ., ʏʘʡʢʠʥ ɺ.ɸ., ʃʦʟʦʚ ɺ.ʉ., ʂʘʩʠʤʛʘʟʠʥʦʚ ɸ.ɼ., ʂʘʨʤʘʥ ʖ.ɺ., ɹʳʢʦʚ ʇ.ʆ., 2018   
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʪʘʣʝʣʠʪʝʡʥʦʤ ʮʝʭʝ ʇɸʆ çʄʠʭʘʡʣʦʚʩʢʠʡ 
ɻʆʂè ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʦʪʣʠʚʢʠ ʢʦʥʫʩʦʚ ʜʨʦʙʠʣʦʢ, 
ʬʫʪʝʨʦʚʦʯʥʳʭ ʧʣʠʪ ʤʝʣʴʥʠʮ, ʟʫʙʴʝʚ ʢʦʚʰʝʡ ʵʢʩ-
ʢʘʚʘʪʦʨʦʚ ʠ ʜʨʫʛʠʝ ʦʪʣʠʚʢʠ ʠʟ ʩʪʘʣʠ 110ɻ13ʃ. 
ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʣʝʡ, ʚʳʧʣʘʚ-
ʣʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʦʚʦʜʠʣʩʷ ʚ ʫʩʣʦ-
ʚʠʷʭ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʮʝʭʘ. ɺ ʇɸʆ ʚʳʧʣʘʚʣʷʶʪ 
ʩʪʘʣʠ 110ɻ13ʃ ʜʣʷ ʦʪʣʠʚʦʢ, ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ 
ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1, 2.  

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 110ɻ13ʃ  
1-ʡ ʛʨʫʧʧʳ ʦʪʣʠʚʦʢ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, 

%, ʥʝ ʙʦʣʝʝ 
ʋʛʣʝʨʦʜ ʄʘʨʛʘʥʝʮ ʂʨʝʤʥʠʡ ʉʝʨʘ ʌʦʩʬʦʨ ʍʨʦʤ ʅʠʢʝʣʴ 
0,9ï1,1 11,5ï13 0,3ï0,7 0,05 0,07 0,7 1,0 

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 110ɻ13ʃ  
ʜʣʷ 2-ʡ ʛʨʫʧʧʳ ʦʪʣʠʚʦʢ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, 

%, ʥʝ ʙʦʣʝʝ 
ʋʛʣʝʨʦʜ ʄʘʨʛʘʥʝʮ ʂʨʝʤʥʠʡ ʉʝʨʘ ʌʦʩʬʦʨ ʍʨʦʤ ʅʠʢʝʣʴ 
0,9ï1,4 11,5ï15 0,3ï1,0 0,05 0,12 1,0 1,0 

 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʨʘʩʢʠʩʣʠʪʝʣʴʥʳʭ ʩʤʝ-
ʩʝʡ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʘ ʧʨʦ-
ʠʟʚʦʜʠʣʠ ʤʦʜʠʬʠʢʘʪʦʨʦʤ L-CastÈ 5,3, ʢʦʪʦʨʳʡ 
ʦʪʜʘʚʘʣʠ ʥʘ ʰʣʘʢ ʟʘ 10ï15 ʤʠʥ ʜʦ ʚʳʧʫʩʢʘ ʧʣʘʚ-
ʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ʢʛ ʥʘ 1 ʪ ʞʠʜʢʦʡ ʩʪʘʣʠ. L-
CastÈ 5,3 ʧʦʜʘʚʘʣʠ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʫʜʦʚʣʝ-
ʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʩʢʠʩʣʝʥʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ ʟʘʢʠʩʠ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ ʧʝʨʝʜ ʦʪʜʘʯʝʡ ʤʦ-
ʜʠʬʠʢʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1,5%, ʘ ʟʘʢʠʩʠ 
ʤʘʨʛʘʥʮʘ ï ʥʝ ʙʦʣʝʝ 9,0%. 
ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ L-CastÈ 5,3 ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ [1]. ɺʚʝʜʝʥʠʝ ʚ ʨʘʩʧʣʘʚ ʙʘʨʠʡ-
ʩʪʨʦʥʮʠʡ-ʢʘʣʴʮʠʝʚʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 
L-Cast, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʤʝʰʠ-
ʚʘʥʠʝʤ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʜʝʣʝʥʠʷ 
ʧʫʟʳʨʴʢʦʚ ʉʆ2. ʕʪʦ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʨʘʬʠʥʠʨʦ-
ʚʘʥʠʷ ʩʪʘʣʝʡ ʦʪ ʛʘʟʦʚ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝ-
ʥʠʡ, ʦʩʦʙʝʥʥʦ ʩʫʣʴʬʠʜʦʚ. L-CastÈ 5,3 ʧʦ ʠʥʬʦʨ-
ʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʣʘʜʘʝʪ ʠ ʤʦʜʠʬʠʮʠʨʫʶ-
ʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʦʣʞʥʳ ʜʦʩʪʠʛʘʪʴʩʷ 
ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʪʘʣʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝ-
ʨʠʦʜʘ ʧʣʘʚʢʠ ʩʪʘʣʠ 110ɻ13ʃ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝ-
ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʠ 

ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʪʘʣʠ ʚʟʘʤʝʥ ʤʦʜʠʬʠ-
ʢʘʪʦʨʘ L-Cast È 5,3 ʧʨʠʤʝʥʠʣʠ ʜʠʬʬʫʟʠʦʥʥʳʡ 
ʨʘʩʢʠʩʣʠʪʝʣʴ ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʡ (ʈɼɸ) ʚ ʪʘʢʦʤ 
ʞʝ ʢʦʣʠʯʝʩʪʚʝ: 4 ʢʛ ʥʘ 1 ʪʥ ʞʠʜʢʦʡ ʩʪʘʣʠ. ʈɼɸ 
ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʆʆʆ çʄʝʪʘʣʣʫʨʛè 
ʉʈʆ ʈɸʃ ʧʦ ʊʋ 0826 ï 003 ï 47647304 ï 2001. 

ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʩʢʠʩʣʝʥʠʝ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ ʟʘ 
ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʘʣʠ 
ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ 
ʬʘʟʳ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʧʦʩʪʫʧʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʧʝʯʠ ʚ 
ʤʝʪʘʣʣ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩ-
ʢʠʩʣʝʥʠʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʠ ʘʢʪʠʚʥʦʩʪʴ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ [3]. ʕʪʫ 
ʟʘʜʘʯʫ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪ ʈɼɸ, ʧʨʝʜʩʪʘʚʣʷ-
ʶʱʠʡ ʩʦʙʦʡ ʧʘʢʝʪʠʨʦʚʘʥʥʳʝ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʠʝ 
ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʦʨʦʰʢʦʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚʳ-
ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʫʛʣʝʨʦʜʘ ʠ ʧʦ-
ʣʫʯʝʥʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʤʝʪʘʣ-
ʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʈɼɸ 
ʥʘʭʦʜʷʪʩʷ ʘʣʶʤʠʥʠʡ ʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘʪʨʠʷ ʠ 
ʢʘʣʠʷ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ 
ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʈɼɸ ʦʧ-
ʪʠʤʠʟʠʨʦʚʘʥ [4], ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʩʧʝʥʠʚʘ-
ʥʠʶ ʰʣʘʢʘ, ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ [5], 
ʨʘʟʞʠʞʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʠ ʰʣʘʢʘ [6]. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʤʝʩʠ ʟʘʢʣʯʁʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩ-
ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʩʤʝʩʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʫʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʠʷ ʦʢʠʩʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʩʥʠ-
ʟʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʥʝʥ ʝʱʝ ʦʜʠʥ ʧʫʪʴ ʠʥʪʝʥʩʠ-
ʬʠʢʘʮʠʠ ʨʘʩʢʠʩʣʝʥʠʷ ï ʙʳʩʪʨʦʝ ʧʦʢʨʳʪʠʝ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʰʣʘʢʘ ʨʘʩʢʠʩʣʠʪʝʣʴʥʦʡ ʩʤʝʩʴʶ. ʕʪʫ 
ʟʘʜʘʯʫ ʨʝʰʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʢʦ-
ʪʦʨʳʝ ʜʝʣʘʶʪ ʩʤʝʩʴ ʞʠʜʢʦʧʦʜʚʠʞʥʦʡ ʠ ʩʧʦ-
ʩʦʙʩʪʚʫʶʪ ʝʝ ʙʳʩʪʨʦʤʫ ʨʘʩʪʝʢʘʥʠʶ ʧʦ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʰʣʘʢʘ [7, 8]. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʰʣʘʢʘ ʈɼɸ ʠ ʚr-

ʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʚ ʰʣʘʢʝ, ʘ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʠ ʚ ʤʝʪʘʣʣʝ, ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘ-

ʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ 
ʩʪʘʣʠ 110ɻ13ʃ, ʚʳʧʣʘʚʣʝʥʥʳʝ ʚ 
ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʝʯʘʭ ɼʉʇ 6 ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʤʦʜʠʬʠʢʘʪʦʨʘ L-CastÈ 5,3 ʠ ʨʘʩʢʠʩʣʠʪʝʣʴʥʦʡ 
ʩʤʝʩʠ ʈɼɸ. ɺ ʨʘʙʦʪʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʘʩʴ ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘ-



ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʣʠ 110ɻ13ʃ é ʏʘʡʢʠʥ ɸ.ɺ., ʏʘʡʢʠʥ ɺ.ɸ., ʃʦʟʦʚ ɺ.ʉ. ʠ ʜʨ. 
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ʥʠʡ, ʢʦʪʦʨʫʶ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ STATISTICS & 
ANALISIS. ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʦʚ 
ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 0,05 [9]. ʆʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʠʝ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʨʠʘʮʠʡ 
ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ ʩʪʘʙʠʣʴ-
ʥʦʩʪʴ. ʏʝʤ ʤʝʥʴʰʝ ʚʘʨʠʘʮʠʠ ʢʦʣʝʙʣʶʪʩʷ ʚʦʢʨʫʛ 
ʩʨʝʜʥʝʡ, ʪʝʤ ʦʥʘ ʙʦʣʝʝ ʥʘʜʝʞʥʘ. ʆ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʩʚʦʡʩʪʚ ʩʫʜʠʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʚʘʨʠʘʮʠʡ. ʅʘʠʙʦʣʝʝ 
ʥʘʛʣʷʜʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠ-
ʪʝʣʴʥʫʶ ʤʝʨʫ ʢʦʣʝʙʘʥʠʡ ʧʨʠʟʥʘʢʘ [10]. ʇʦʩʣʝʜʥʠʡ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘ-
ʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ. 
ʆʙʨʘʟʮʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʩʪʘʣʝʡ ʧʦʣʫʯʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʪ-
ʣʠʚʦʢ. ʅʘ ʧʨʝʩʩʝ ʣʦʤʘʣʠ ʦʪʣʠʚʢʠ, ʤʝʪʘʣʣ ʢʦʪʦʨʳʭ 
ʨʘʩʢʠʩʣʷʣʩʷ L-CastÈ 5,3 ʠ ʈɼɸ. ɿʘʪʝʤ ʠʟ ʦʪʣʠʚʦʢ 
ʚʳʨʝʟʘʣʠ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ 
ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʠʟʫʯʝʥʠʷ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʣʠʪʦʤ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʝ-
ʨʠʡʥʦʤʫ ʨʝʞʠʤʫ: ʥʘʛʨʝʚ ʜʦ 1050ï1070Áʉ, ʚʳ-
ʜʝʨʞʢʘ 2ï2,5 ʯ ʠ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ ʩ 
ʪʝʤʧʝʨʘʪʫʨʦʡ 20Áʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʦʠʟʚʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʝʡ 110ɻ13ʃ ʜʣʷ 
ʦʪʣʠʚʦʢ 1 ʠ 2 ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʰʣʘʢʦʚ. 
ʀʩʩʣʝʜʦʚʘʣʠ 251 ʧʣʘʚʢʫ ʩʪʘʣʝʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ L-CastÈ 5,3 ʠ 109 ʧʣʘʚʦʢ ʩʪʘʣʝʡ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʢʠʩʣʠʪʝʣʷ 
ʘʣʶʤʦʩʦʜʝʨʞʘʱʝʛʦ ʈɼɸ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠ-
ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 ʠ 4. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 3 ʠ 4, ʩʨʝʜʥʝʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʷʭ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʥɹʦ 
(VC = 9,94ï10,37), ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ, ʨʘʚʥʳʝ 1,15 
ʠ 1,155, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʷʤʠ (1,5ï1,25) [11]. ʇʨʝʚʳʰʝʥʠʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʡ ʧʨʦʪʠʚ ʫʢʘʟʘʥʥʳʭ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦ-
ʷʚʣʝʥʠʝ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʠ ʝʝ ʫʢʨʫʧʥʝʥʠʷ, ʯʪʦ ʥʝʛʘ-
ʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘ-
ʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤ-
ʥʠʷ ʚ ʩʪʘʣʷʭ ʩʦʩʪʘʚʣʷʶʪ 0,56ï0,59%.  
ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʡ ʢʨʝʤʥʠʷ, ʪʦ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʳʧʣʘʚʣʷʪʴ ʩʪʘʣʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʙʣʠʞʝ ʢ ʥʠʞʥʝʤʫ ʧʨʝʜʝʣʫ, ʪʘʢ 
ʢʘʢ ʵʪʦʪ ʵʣʝʤʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʝʜʝʣʴ-
ʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʤʘʨʛʘʥʮʝʚʦʤ 
ʘʫʩʪʝʥʠʪʝ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳ-
ʧʘʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʠʜʥʦʡ 
ʬʘʟʳ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ. 
VSi = 13,95ï14,76% [11]. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ  
ʜʦ ʚʥʝʜʨʝʥʠʷ 

ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ (ʉʪʘʪʠʩʪʠʢʘ l-cast.sta) 

 

ʂʦʣ. 
ʥʘʙʣ

. 
ʉʨʝʜʥʝʝ 

ʄʠʥʠ-
ʤʫʤ 

ʄʘʢʩʠ-
ʤʫʤ 

ɼʠʩʧʝʨ-
ʩʠʷ 

ʉʨ. ʢʚ. 
ʦʪʢʣ. 

ʂʦɻ ʬ. 
ʚʘʨ. 
V, % 

C, % 251 1,15000 0,92000 1,55000 0,0131 0,11436 9,94472 

Si, % 251 0,56801 0,34000 0,84000 0,0070 0,08387 14,76589 

Mn, % 251 12,63124 11,20000 13,75000 0,1831 0,42789 3,38759 

Cr, % 251 0,30936 0,06000 0,96000 0,0298 0,17265 55,80715 

Ni, % 251 0,11143 0,05000 0,36000 0,0018 0,04281 38,41848 

P, % 251 0,04284 0,02600 0,06800 0,0001 0,01073 25,05955 

S, % 251 0,00561 0,00100 0,01500 0,0000 0,00356 63,34907 

Ti, % 251 0,02714 0,00300 0,23000 0,0002 0,01551 57,14554 

Cu, % 251 0,12105 0,03700 0,29000 0,0008 0,02903 23,98461 

Al, % 251 0,04437 0,01400 0,08400 0,0002 0,01264 28,47959 

SiO2, % 251 35,20414 22,00000 48,60000 20,2567 4,50075 12,78471 

CaO, % 251 32,54199 0,67000 58,50000 158,2432 12,57947 38,65613 

MnO, % 251 3,72805 1,20000 9,06000 1,7040 1,30536 35,01459 

FeO, % 251 0,78195 0,16000 2,60000 0,1541 0,39259 50,20640 

ʦʩʥʦʚ-
ʥʦʩʪʴ 

251 0,97810 0,01727 2,57965 0,2543 0,50432 51,56084 
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ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ  
ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ  

ʆʧʠʩʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ (ʉʪʘʪʠʩʪʠʢʘ ʈɼɸ) 

 

ʂʦʣ. 
ʥʘʙ
ʣ. 
ʉʨʝʜʥʝʝ 

ʄʠʥʠ-
ʤʫʤ 

ʄʘʢʩʠ-
ʤʫʤ 

ɼʠʩʧʝʨ-
ʩʠʷ 

ʉʨ. ʢʚ. 
ʦʪʢʣ. 

ʂʦɻ ʬ. 
ʚʘʨ., 
V, % 

C, % 109 1,15578 0,96000 1,40000 0,0144 0,11986 10,37010 

Si, % 109 0,59835 0,42000 0,93000 0,0070 0,08347 13,95044 

Mn, % 109 12,69367 11,66000 14,40000 0,1726 0,41544 3,27281 

Cr, % 109 0,35434 0,09000 1,70000 0,0492 0,22191 62,62580 

Ni, % 109 0,11202 0,07000 0,30000 0,0011 0,03319 29,62730 

P, % 109 0,04037 0,02600 0,06000 0,0001 0,00944 23,38187 

S, % 109 0,00641 0,00200 0,02300 0,0000 0,00449 70,03392 

Ti, % 109 0,02609 0,01200 0,04500 0,0000 0,00707 27,09347 

Cu, % 109 0,11862 0,07000 0,17000 0,0003 0,01766 14,88983 

Al, % 109 0,04752 0,01300 0,09300 0,0002 0,01518 31,94664 

SiO2, % 106 34,76604 22,00000 45,20000 21,4278 4,62902 13,31476 

CaO, % 106 33,30943 3,70000 59,00000 199,5085 14,12475 42,40464 

MnO, % 106 3,54887 1,45000 7,10000 1,3822 1,17565 33,12758 

FeO, % 106 0,66085 0,16000 1,50000 0,0899 0,29987 45,37650 

ʦʩʥʦʚ-
ʥʦʩʪʴ 

106 1,02489 0,10482 2,67273 0,3341 0,57799 56,39576 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʨʝʢʦʤʝʥʜʫʶʪ ʚʳʜʝʨʞʠʚʘʪʴ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʚ ʨʘʩʧʣʘʚʝ 12ï12,5% ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ [12, 13]. ʉʪʘʣʝʚʘʨʳ 
ʚʳʜʝʨʞʠʚʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʙʣʠʟ-
ʢʦ ʢ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʨʘʚʥʳʤʠ 12,63 ʠ 12,69%, ʦ 
ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʪʘʙʣ. 3, 4. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ, ʦʩʥʦʚʥʦʛʦ 
ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʘʣʠ, ʦʩʦʙʝʥʥʦ ʦʜʥʦ-
ʨʦʜʥʳ (V = 3,27ï3,38). ʅʘʛʣʷʜʥʦ ʵʪʦ ʭʦʨʦʰʦ 
ʚʠʜʥʦ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʜʣʷ 251 ʧʣʘʚʢʠ, ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ.1. ɻʠʩʪʦʛʨʘʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʨʛʘʥʮʘ 

ʂʘʢ ʚʠʜʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʩʪʨʝʤʠʪ-

ʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦ-

ʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʡ ʤʘʨʛʘʥʮʘ ʚ ʩʪʘ-

ʣʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʘʣʝʚʘʨʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʜʠʩʮʠʧʣʠʥʝ ʥʘ ʫʯʘʩʪʢʝ ʧʣʘʚʢʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ, ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ, ʦʜʥʘʢʦ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʢʘʯʝʩʪʚʦʤ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʮʝʣʦʤ 

ʰʠʭʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʧrʦʣʥʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ (ʅʊɼ). 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʣʘʚʢʠ ʦʢʘʟʳʚʘ-

ʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʤʝʪʘʣʣʘ [14]. 

ɺʝʣʠʢʦ ʚʣʠ̫ ʥʠʝ ʰʣʘʢʦʚ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʧʣʘʚʢʠ [15]. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʩʦʢʦʦʩʥʦʚʥʳ-

ʤʠ ʠ ʨʘʩʩʳʧʘʶʱʠʤʠʩʷ ʚ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ MnOÒ5% ʠ FeʆÒ 1%. ʏʝʤ ʤʝʥʴʰʝ 

ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʚ ʰʣʘʢʝ, ʪʝʤ ʤʝʥʴʰʝ 

ʠʭ ʙʫʜʝʪ ʠ ʚ ʤʝʪʘʣʣʝ [14].  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʪʘʙʣ. 3 ʠ 4, 

ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

MnO ʠ Feʆ ʚ ʰʣʘʢʘʭ, ʚʳʧʣʘʚʣʝʥʥʳʭ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʢʠʩʣʠʪʝʣʷ ʘʣʶʤʦ-

ʩʦʜʝʨʞʘʱʝʛʦ ʈɼɸ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ MnO 

ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʈɼɸ ʩʥʠʟʠʣʦʩʴ ʥʘ 5%: ʜʦ 3,54 

ʧʨʦʪʠʚ 3,72% ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ L-CastÈ 5,3. 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Feʆ ʧʦʥʠʟʠʣʘʩʴ ʙʦʣʝʝ 

ʨʝʟʢʦ ʥʘ 18%: ʜʦ 0,66% ʧʨʦʪʠʚ 0,78% ʧʨʠ ʨʘʩ-

ʢʠʩʣʝʥʠʠ ʤʝʪʘʣʣʘ L-CastÈ 5,3, ï ʯʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ FeO ʚ ʰʣʘʢʝ ʠʤʝ-

ʝʪ ʨʝh ʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʷʝʪ ʚ ʩʝʙʝ FeO ʠ ʩʦʟʜʘ-

ʝʪ ʧʨʦʯʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʪʝʨʤʦ-

ʦʙʨʘʙʦʪʢʝ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʫʭʦʜʷʪ ʩ 

ʛʨʘʥʠʮ ʟʝʨʝʥ. ʏʝʤ ʤʝʥʴʰʝ FeO ʚ ʰʣʘʢʝ, ʪʝʤ 

ʪʦʥʴʰʝ ʛʨʘʥʠʮʳ ʟʝʨʝʥ ʠ ʚʳʰʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈɼɸ ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʨʘʩʢʠʩʣʠ-

ʪʝʣʴ ʰʣʘʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L-CastÈ 5,3. ʆ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʡ ʨʘʩʢʠʩʣʝʥʥʦʩʪʠ ʰʣʘʢʘ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʤʝʪʘʣʣʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʚ ʤʝʪʘʣʣʝ: 

0,04752 ʧʨʦʪʠʚ 0,0044%. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʣʠʚʱʠ-

ʢʠ ʦʪʤʝʪʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ 

ʨʘʩʧʣʘʚʘ ʠ ʣʫʯʰʫʶ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʬʦʨʤ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʨʷʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩ-
ʢʠʩʣʝʥʠʷ ʩʪʘʣʠ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʦʪʣʠʚʢʝ 
08.35505.29.00005ʋ çɿʫʙ ʢʦʚʰʘè, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ 
ʠʟ ʩʪʘʣʠ 110ɻ13ʃ. ʕʪʦ ʤʘʩʩʠʚʥʘʷ ʦʪʣʠʚʢʘ, ʯʪʦ ʧʦʟ-
ʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʧʪrʘʥʠʡ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡ-
ʢʦʩʪʴ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5 ʠ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 5 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʪʣʠʚʦʢ çɿʫʙ ʢʦʚʰʘè 

ʉʦʩʪʦʷʥʠʝ 
ʦʪʣʠʚʢʠ 

ɹʘʣʣ ʟʝʨʥʘ 
ʘʫʩʪʝʥʠʪʘ 
ɻʆʉʊ 5639 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 
ʢʘʨʙʠʜʦʚ  
ʆʉʊ 23.1.165 

ʂʉU, ʊʆ 
ʄɼʞ/ʤ

2
 

ʀʟʥʦʩ, % ʊʆ 

ɹʝʟ ʊʆ ʊʆ ɹʝʟ ʊʆ ʊʆ 110ɻ13ʃ 38ʍʉ 

ʆʙʨʘʙʦʪʘʥʥʘʷ 
L-CastÈ 5,3 

2 2 7ï9 1ï2 2,01 0,61 1,02 

ʈʘʩʢʠʩʣʝʥʥʘʷ 
ʈɼɸ 

3 3ï4 6ï8 1ï2 2,80 0,40 0,84 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʈɼɸ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 
ʦʪʣʠʚʢʠ ʩʪʘʣʘ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ. ʈʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʢʘʨʙʠʜʦʚ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ʆʜʥʘʢʦ ʚ ʤʠʢʨʦ-
ʩʪʨʫʢʪʫʨʝ ʠʟʤʝʣʴʯʠʣʦʩʴ ʟʝʨʥʦ (ʨʠʩ. 2, ʙ), ʫʩʪʨʘ-
ʥʝʥʘ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʴ, ʧʨʠʩʫʱʘʷ ʦʪʣʠʚʢʝ, ʦʙʨʘ-
ʙʦʪʘʥʥʦʡ L-CastÈ 5,3 (ʨʠʩ. 2, ʘ). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʚʳʨʦʩʣʘ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ ʥʘ 39,3% (ʩʤ. 
ʪʘʙʣ. 3). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 3, 
ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ 
ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʠ, ʦʙʨʘʙʦʪʘʥ-
ʥʦʡ ʈɼɸ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʦʤ, ʦʙʨʘʙʦʪʘʥ-
ʥʳʤ L-CastÈ 5,3, ʥʘ 34,4% ʠ 17,6% ʥʘ ʩʪʘʣʠ 
38ʍʉ. ʅʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʠ 110ɻ13ʃ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʠʟʥʦʩʘ ʙʳʣʘ ʨʦʚʥʘʷ ʠ ʛʣʘʜʢʘʷ, ʩ ʩʝʨʦ-
ʩʠʥʠʤʠ ʮʚʝʪʘʤʠ ʧʦʙʝʞʘʣʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʠʟ-
ʥʦʩʘ ʢʦʥʪʨʪʝʣʘ ʠʤʝʣʘ ʥʝʨʦʚʥʳʡ ʨʝʣʴʝʬ, ʩʠʥʝ-
ʬʠʦʣʝʪʦʚʳʝ ʮʚʝʪʘ ʧʦʙʝʞʘʣʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝ-
ʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ, ʦʙʨʘʙʦ-
ʪʘʥʥʳʭ ʈɼɸ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ 
ʧʦʣʫʯʝʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ, ʤʦʞ-
ʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 
ʩʪʘʣʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ.  



ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʣʠ 110ɻ13ʃ é ʏʘʡʢʠʥ ɸ.ɺ., ʏʘʡʢʠʥ ɺ.ɸ., ʃʦʟʦʚ ɺ.ʉ. ʠ ʜʨ. 
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ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʣʠʚʦʢ ʟʫʙ ʢʦʚʰʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ:  
ʘ ï ʦʪʣʠʚʢʘ ʠʟ ʩʪʘʣʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ L-CastÈ 5,3; ʙ ï ʦʪʣʠʚʢʘ ʠʟ ʩʪʘʣʠ, ʨʘʩʢʠʩʣʝʥʥʦʡ ʈɼɸ 

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʘʩʢʠʩʣʠʪʝʣʴ 
ʘʣʶʤʦʩʦʜʝʨʞʘʱʠʡ ʈɼɸ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʚʳʩʦ-
ʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʯʘʩʪʠʮ, ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʩ-
ʢʠʩʣʷʝʪ ʤʝʪʘʣʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʠʬʠʢʘʪʦ-
ʨʦʤ L-CastÈ 5,3.  

2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʣʠʚʦʢ ʩʪʘʣʘ ʙʦʣʝʝ ʙʣʘ-
ʛʦʧʨʠʷʪʥʦʡ, ʧʦʚʳʩʠʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ. 

3. ɼʦʩʪʠʛʥʫʪʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ 
ʨʘʩʧʣʘʚʘ ʠ ʣʫʯʰʘʷ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʬʦʨʤ. 
4. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʢʠʩʣʝʥʠʷ ʩʪʘʣʠ 
110ɻ13ʃ ʜʠʬʬʫʟʠʦʥʥʳʤ ʨʘʩʢʠʩʣʠʪʝʣʝʤ ʈɼɸ ʩ 
ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʩʚʳʰʝ 3 ʤʣʥ ʨʫʙ. 
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