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ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʟʦʥ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʆʙʲʝʢʪʳ: ʗʤʙʫʨʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʪʝʨʨʠʛʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ. 

ʗʤʙʫʨʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʥʘ ʶʛʝ ʊʘʟʦʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʅʘʜʳʤʩʢʦʛʦ ʠ 

ʊʘʟʦʚʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ, ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [4]. ɸʥʘʣʠʟʠʨʫʷ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʝʡ ʫʯʘʩʪʚʫʶʪ 

ʶʨʩʢʠʝ ʠ ʤʝʣʦʚʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʌʫʥʜʘʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʣʝʛʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤʘʮʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ. ʆʪʣʦʞʝʥʠʷ ʶʨʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʥʠʤ, ʩʨʝʜʥʠʤ ʠ 

ʚʝʨʭʥʠʤ ʦʪʜʝʣʦʤ. ɺ ʩʦʩʪʘʚ ʩʚʠʪ ʚʭʦʜʷʪ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ, ʤʝʩʪʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʩʝʨʦʚʘʪʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʛʨʘʚʝʣʠʪʦʚ ʠ ʯʘʩʪʠʯʥʦ ʢʦʥʛʣʦʤʝʨʘʪʦʚ [5]. 

ʄʝʣʦʚʘʷ ʩʠʩʪʝʤʘ ʠ ʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʝʛʠʦʥʘʣʴʥʦ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʩʨʝʜʥʠʤ ʠ ʥʠʞʥʠʤ ʦʪʜʝʣʘʤʠ. ʂʦʣʣʝʢʪʦʨʘʤʠ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʛʣʠʥʳ, ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʧʦʨʦʜʳ, ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ, ʩ ʧʨʦʧʣʘʩʪʢʘʤʠ ʨʝʜʢʦʡ ʬʘʫʥʳ. ʇʘʣʝʦʛʝʥʦʚʳʝ 

ʧʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘʣʝʛʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʥʦʛʦ ʨʦʜʘ ʤʠʢʨʦʬʘʫʥʳ. ɺ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʤʝʩʪʘʤʠ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʧʨʦʩʣʦʷʤʠ ʛʨʘʚʠʷ, ʙʫʨʳʭ ʫʛʣʝʡ, ʘ ʪʘʢʞʝ ʧʝʩʢʠ ʠ ʛʨʘʚʠʡʥʳʝ ʧʦʨʦʜʳ [4]. 

ʏʝʪʚʝʨʪʠʯʥʘʷ ʩʠʩʪʝʤʘ ʟʘʣʝʛʘʝʪ ʥʘ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʈʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʩʢʘʤʠ, ʛʣʠʥʘʤʠ, ʩʫʧʝʩʷʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʚʠʷ, ʛʘʣʝʢ, 

ʨʘʩʪʠʪʝʣʴʥʦ-ʜʝʪʨʠʪʦʚʳʭ ʦʩʪʘʪʢʦʚ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʪʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʪʘʞʘ - ʥʠʞʥʠʡ-ʧʘʣʝʦʟʦʡʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʩʨʝʜʥʠʡ 
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ʧʘʣʝʦʟʦʡ-ʪʨʠʘʩʦʚʳʡ ʨʠʬʪʦʛʝʥʥʳʡ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʝʨʭʥʠʡ 

ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʡ ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ [2]. ʇʘʣʝʦʟʦʡʩʢʠʡ 

ʬʫʥʜʘʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ: ʩʢʣʘʜʯʘʪʳʤ, ʚ ʦʙʣʘʩʪʠ 

ʛʝʨʮʠʥʩʢʦʡ ʢʨʘʪʦʥʠʟʘʮʠʠ ʠ ʩʣʘʙʦʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤ ʢʚʘʟʠʧʣʘʪʬʦʨʤʝʥʥʳʤ ʯʝʭʣʦʤ, ʚ 

ʦʙʣʘʩʪʠ ʜʦʛʝʨʮʠʥʩʢʦʡ ʢʦʥʩʦʣʠʟʘʮʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘʨʫʰʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʩʨʝʟʝ ʢʫʙʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ ï 1 ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʢʫʙʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ  

ɺ ʦʪʥʦʰʝʥʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʨʦʜʫʢʪʠʚʥʳʤ 

ʶʨʩʢʠʤ ʠ ʤʝʣʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ. 

ʂʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ 

ʇʨʠ ʦʮʝʥʢʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʝʨʚʫʘʨʘ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʳʥʦʩ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90,5 %. ʆʩʚʝʱʝʥʥʦʩʪʴ ʢʝʨʥʦʚʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʛʘʟʦʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠʥʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 82 %.  

ɺ ʮʝʣʦʤ, ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʗʤʙʫʨʛʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʧʦʣʥʝʥʦ ʦʢʦʣʦ 1101 ʦʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʠ, 1081 ʦʧʨʝʜʝʣʝʥʠʡ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 405 

ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, 1101 ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʨʠʩʪʦʩʪʠ, 739 ʦʧʨʝʜʝʣʝʥʠʡ ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʩ ʚʦʜʦʡ, 730 ʦʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 155 

ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, 739 ʦʧʨʝʜʝʣʝʥʠʡ ʦʪʢʨʳʪʦʡ 

ʧʣʦʪʥʦʩʪʠ. 

ɼʘʥʥʳʝ ʢʝʨʥʘ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʦʮʝʥʢʠ ʢʨʠʚʳʭ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʘʢ 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʮʝʥʢʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ.  

ɺ ʮʝʣʦʤ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ʘʯʠʤʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʣʦʞʝʥʳ 

ʛʨʫʙʦʩʣʦʠʩʪʳʤʠ, ʠʥʦʛʜʘ ʤʘʩʩʠʚʥʳʤʠ, ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, 

ʯʝʨʝʜʫʶʱʠʝʩʷ ʩ ʧʘʯʢʘʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʯʘʩʪʦ ʥʘʨʫʰʝʥʥʳʭ ʩʢʣʘʜʢʘʤʠ 

ʧʦʜʚʦʜʥʦʛʦ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʛʦ ʦʧʦʣʟʘʥʠʷ. ʀʤʝʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʧʦʣʫʦʢʘʪʘʥʥʳʭ 
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ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʪʨʘʢʣʘʩʪʦʚ ʠ ʛʝʣʝʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʣʦʤʢʦʚ ʜʨʝʚʝʩʠʥʳ, 

ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʘʯʠʤʦʚʩʢʠʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʚ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʛʦ ʤʝʣʢʦʚʦʜʥʦʛʦ (ʦʪʣʦʞʝʥʠʷ ʙʘʨʦʚ 

ʧʝʨʝʩʳʧʝʡ ʠ ʢʦʩ). ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʧʨʠʚʥʦʩʠʪʩʷ ʚ ʘʯʠʤʦʚʩʢʠʡ ʙʘʩʩʝʡʥ ʢʨʫʧʥʳʤʠ 

ʨʝʢʘʤʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʧʦʜʚʝʨʛʘʣʩʷ ʧʝʨʝʤʳʚʫ ʠ ʥʘʢʦʧʣʝʥʠʶ. ʅʘʢʦʧʣʝʥʠʝ 

ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ. ɺ ʦʩʥʦʚʘʥʠʠ ʮʠʢʣʦʚ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʟʘʣʝʛʘʶʪ ʤʦʱʥʳʝ ʦʪ 3 ʠ ʜʦ 5 ʤ, ʧʣʘʩʪʳ ʤʝʣʢʦ ʠ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʬʦʨʤ, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʠʤʠ ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉ ʧʨʠʤʝʨʥʳʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʚʷʟʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʛʘʟʦʥʦʩʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ[4]. 

ʇʝʩʯʘʥʳʝ ʧʣʘʩʪʳ, ʩʣʦʞʝʥʥʳʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʦʩʘʜʢʘʤʠ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ, 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʠʟʢʦʝʤʢʠʤʠ, ʘʣʝʚʨʦʣʠʪʦ ï ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ, ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʯʘʩʪʝʡ, ʜʝʣʴʪ ʠ ʤʝʞʜʝʣʴʪʦʚʳʭ ʣʘʛʫʥ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʘʣʝʚʨʦʣʠʪʳ, ʩʝʨʳʝ, ʩʚʝʪʣʦ-ʩʝʨʳʝ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʩʣʶʜʠʩʪʦ-ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ, ʥʘ ʛʣʠʥʠʩʪʦʤ ʠʟʚʝʩʪʢʦʚʦ-

ʛʣʠʥʠʩʪʦʤ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʤ ʮʝʤʝʥʪʝ, ʢʦʥʪʘʢʪʦʚʦ-ʧʦʨʦʚʦʛʦ ʪʠʧʘ. ʊʝʢʩʪʫʨʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʩʩʠʚʥʘʷ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʯʝʰʫʡʢʘʤʠ ʩʣʶʜʳ ʠ ʦʙʣʦʤʢʘʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʜʝʪʨʠʪʘ. 

ɺʳʜʝʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ  

ʉʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʝʛʠʦʥʘ. ɸʯʠʤʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʭ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʚ 

ʨʘʡʦʥʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʅɻʇ [1]. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʨʝʟʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʦʨʦʜ. ʇʦ 

ʤʘʪʝʨʠʘʣʘʤ ʜʚʫʤʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʪʨʦʠʣʘʩʴ ʩʢʦʨʦʩʪʥʘʷ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʣʣʶʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʧʨʦʩʣʝʞʠʚʘʥʠʠ 

ʛʨʘʥʠʮ ɸʯʠʤʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. ɼʣʷ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ 

ɸʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʟʦʥ ʧʦʚʳʰʝʥʥʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʠ ʫʣʫʯʰʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʯʝʥʴ ʚʘʞʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʥʦʰʝʥʠʡ ʦʩʘʜʢʘʤʠ 

ʢʣʠʥʦʪʝʤʳ ʠ ʬʦʥʜʦʪʝʤʳ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʘʯʠʤʦʚʩʢʠʭ ʪʦʣʱ ʠ ʩʠʥʭʨʦʥʥʳʭ ʠʤ ʰʝʣʴʬʦʚʳʭ 

ʦʩʘʜʢʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʘʯʠʤʦʚʩʢʠʭ ʪʦʣʱ 

ʤʝʪʦʜʘʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʢ ʜʚʫʤʝʨʥʳʭ, ʪʘʢ ʠ ʪʨʝʭʤʝʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʫʩʣʦʚʳʝ ʵʣʝʤʝʥʪʳ ʠ ʥʘʣʠʯʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ, ʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʦʛʠʙʘʥʠʝ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ ï 5 ɼʚʫʤʝʨʥʘʷ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ: ɸ - ʩʢʦʨʦʩʪʥʘʷ, ɹ - 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʘʷ 

 

 

ʈʠʩʫʥʦʢ ï 6 ʈʘʟʚʠʪʠʝ ʧʘʣʝʦʨʝʢʠ ʥʘ ʧʨʠʤʝʨʝ ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ʇʨʠ ʜʚʫʤʝʨʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʘʯʠʤʦʚʩʢʦʡ 

ʪʦʣʱʠ ʦʪʨʘʞʘʝʪ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʧʨʦʩʣʝʞʠʚʘʥʠʠ ʛʨʘʥʠʮ ʛʦʨʠʟʦʪʘ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʥʝʦʢʦʤʩʢʦʡ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʦʙʫʩʣʘʚʣʠʚʘʝʤʘʷ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, 
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ʜʚʠʞʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʵʚʩʪʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʠ 

ʦʙʱʝʝ ʝʛʦ ʨʝʛʠʦʥʘʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ. ʆʩʥʦʚʘʥʠʷ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ʩʣʦʞʝʥʳ ʛʣʠʥʠʩʪʳʤʠ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʤʠ ʧʘʯʢʘʤʠ, ʘ 

ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʚʷʟʘʥʳ ʩ ʨʝʛʨʝʩʩʠʚʥʦʡ 

ʬʦʨʤʦʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʟʦʥʳ ʨʘʟʛʨʫʟʢʠ ʣʘʚʠʥʥʳʭ ʧʦʪʦʢʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʨʫʧʥʝʡʰʠʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʛʨʦʤʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠ ʦʮʝʥʢʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʢʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʈʈ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʜʚʫʤʝʨʥʳʤ ʠ ʪʨʝʭʤʝʨʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʮʝʥʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʦʪʣʦʞʝʥʠʡ. 
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ʟʘʨʫʙʝʞʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʛʨʘʥʠʯʝʥ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʚʠʪʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʘʜʘʧʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢ ʥʦʚʳʤ ʨʝʘʣʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʝʨʥʠʟʘʮʠʷ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʚʷʟʠ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥ ʦʪ ʠʤʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ, ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʧʦ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ɸʉʋ ʊʇ. [1] 

ʅʝʬʪʝʛʘʟʦʚʳʡ ʩʝʢʪʦʨ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʦʭʦʜʦʚ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʦ ʠ ʢʨʫʧʥʝʡʰʠʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʉʪʝʧʝʥʴ ʨʘʟʚʠʪʦʩʪʠ ʵʪʦʛʦ ʩʝʢʪʦʨʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʚ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʮʠʷ, ʚʳʧʫʩʢʘʝʤʘʷ ʜʘʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʷʚʣʷʝʪʩʷ ʩʳʨʴʸʤ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʷʜʘ ʦʪʨʘʩʣʝʡ ʠ ʦʪ ʵʪʦʛʦ 

ʟʘʚʠʩʠʪ ʚʳʧʫʩʢ ʠʭ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʤ 

ʩʝʢʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʦʚʘʨʘ, ʥʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʠʨʦʚʳʤ 

ʩʪʘʥʜʘʨʪʘʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʘʞʥʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʧʦʜʛʦʪʦʚʢʝ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʶ 

ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʚʝʜʫʱʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʦʙʤʝʥʷʪʴʩʷ ʦʧʳʪʦʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. ɿʜʝʩʴ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʛʠʙʢʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʢʦʪʦʨʳʝ ʨʦʩʩʠʡʩʢʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʩʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʟʘʤʝʱʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʧʨʝʚʟʦʰʣʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʠ 

ʨʦʩʩʠʡʩʢʠʭ ʥʝʬʪʝʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ 

ʟʘʨʫʙʝʞʥʳʤ.  ʅʘʧʨʠʤʝʨ, ʨʘʟʜʝʣʝʥʠʝ ʩʳʨʴʷ ʥʘ ʬʨʘʢʮʠʠ ʟʘ ʩʯʝʪ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʟʘʢʘʯʠʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʩʠʩʪʝʤʳ ʜʣʷ ʨʦʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʙʫʨʝʥʠʷ ʠ ʪ. ʜ. [2] 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʣʠʯʥʳʝ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʘʢʪʠʚʥʦ 

ʧʝʨʝʭʦʜʷʪ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʪʘʢ çʉʠʙʫʨè ʧʝʨʚʳʤ ʚ ʈʦʩʩʠʠ ʚʥʝʜʨʠʣ 

ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʤʩʢʠʡ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ, ʢʦʪʦʨʳʤ ʚʣʘʜʝʝʪ çɻʘʟʧʨʦʤ ʥʝʬʪʴè, ʚʥʝʜʨʷʝʪ 

ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʫʶ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ 4 ʪʳʩ. ʜʘʪʯʠʢʦʚ ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ 

https://www.tadviser.ru/index.php/%D0%9A%D0%BE%D0%BC%D0%BF%D0%B0%D0%BD%D0%B8%D1%8F:%D0%93%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D0%BC_%D0%BD%D0%B5%D1%84%D1%82%D1%8C
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ʚʩʝʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ 

ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. ɺ çʊʨʘʥʩʥʝʬʪʠè ʨʘʩʩʢʘʟʘʣʠ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ 

ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʊʘʢʞʝ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ɻ ʬʬʝʢʪʠʚʥʝʝ ʫʧʨʘʚʣʷʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʦʤʧʘʥʠʷ ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʧʫʥʢʪʦʚ ʠ ʦʙʥʦʚʣʷʝʪ 

ʘʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʚʦʠʭ ʧʨʦʮʝʩʩʦʚ. [3] 

ʇʝʨʝʭʦʜ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʴʶ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʤʧʦʨʪʘ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʚʠʪʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʳʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʇʆ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ ʠ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. 

ʉʦʟʜʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 

ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. [4] ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʥʝ ʙʳʪʴ ʙʦʣʝʝ ʛʠʙʢʦʡ ʚ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ. 
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ɺʚʝʜʝʥʠʝ 

ʁʝʤʝʥ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʙʘʩʩʝʡʥʦʚ, ʚʢʣʶʯʘʷ ʢʨʫʧʥʝʡʰʠʝ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʝ, ʪʘʢʠʝ ʢʘʢ ʉʘʙʘʪʘʡʥ ʠ ʉʘʶʥ-ʄʘʩʠʣʘ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ 

ʁʝʤʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 1). ɹʘʩʩʝʡʥ ʉʘʶʥ-ʄʘʩʠʣʘ ʠʤʝʝʪ ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʥʝʬʪʷʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʥʝʬʪʠ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ 

ʨʘʟʚʝʜʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʁʝʤʝʥʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ: ʚʳʩʪʫʧʳ ʬʫʥʜʘʤʝʥʪʘ, ʶʨʩʢʠʝ ʨʠʬʪʦʚʳʝ ʙʘʩʩʝʡʥʳ, 

ʤʝʣʦʚʳʝ ʨʠʬʪʦʚʳʝ ʙʘʩʩʝʡʥʳ, ʤʝʞʛʨʘʙʝʥʦʚʳʝ ʧʦʜʥʷʪʠʷ ʠ ʢʨʘʝʚʳʝ ʪʝʨʨʘʩʳ [1]. 

ʇʦʟʜʥʝʶʨʩʢʦʝ ʨʠʬʪʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʜʫ ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʦʡ ʠ ɿʘʧʘʜʥʦʡ ʀʥʜʠʝʡ 

ʪʘʢʞʝ ʚʳʟʚʘʣʦ ʨʘʩʪʷʞʝʥʠʝ (ʵʢʩʪʝʥʩʠʦʥʘʣʴʥʫʶ ʪʝʢʪʦʥʠʢʫ) ʚ ʁʝʤʝʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʩʘʜʢʠ, ʥʘʯʘʚʰʠʝ ʟʘʧʦʣʥʷʪʴ ʤʝʟʦʟʦʡʩʢʠʝ ʛʨʘʙʝʥʳ, ʚʢʣʶʯʘʣʠ ʙʘʩʩʝʡʥʳ ʉʘʙʘʪʘʡʥʘ, 

ʉʘʶʥ-ʄʘʩʠʣʘ, ɹʘʣʭʘʬ, ʉʠʭʘʤ-ɸʜ-ɼʘʣʠ ʠ ɼʞʠʟʘ-ʂʘʤʘʨ (ʈʠʩ. 1). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʨʦʜʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʁʝʤʝʥʘ 

ʷʚʣʷʶʪʩʷ ʜʚʘ ʤʝʟʦʟʦʡʩʢʠʭ ʙʘʩʩʝʡʥʘ: ʉʘʙʘʪʘʡʥ ʠ ʉʘʶʥ-ʄʘʩʠʣʘ. ʆʥʠ ̫ʚʣʷʶʪʩʷ ʜʚʫʤʷ 

ʛʣʘʚʥʳʤʠ ʶʨʩʢʠʤʠ ʨʠʬʪʦʚʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʚʥʫʪʨʠ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʁʝʤʝʥʘ, ʢʦʪʦʨʳʝ 

ʦʢʨʫʞʝʥʳ ʠ ʨʘʟʜʝʣʝʥʳ ʢʨʫʧʥʳʤʠ ʚʳʩʪʫʧʘʤʠ ʬʫʥʜʘʤʝʥʪʘ.  

ʀʟʫʯʘʝʤʳʡ ʙʣʦʢ 88 ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-

ʄʘʩʠʣʘ (ʈʠʩ. 1), ʢʦʪʦʨʳʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʳʣ ʤʝʩʪʦʤ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʆʜʥʘʢʦ ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʣʠ ʠʭ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʧʦʛʨʫʞʝʥʥʫʶ 

ʠʩʪʦʨʠʶ, ʧʦʵʪʦʤʫ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʩʪʘʝʪʩʷ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʤ  

 

 

ʈʠʩ. 1. ʂʘʨʪʘ ʦʙʥʘʞʘʶʱʝʡʩʷ ʛʝʦʣʦʛʠʠ, ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʁʝʤʝʥʘ 

 

ɼʝʢʦʤʧʨʝʩʩʠʷ (Backstripping)  ɻʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʧʦʛʨʫʞʝʥʠʷ. ʊʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʛʨʫʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘ ʧʦʨʦʜʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʥʘʛʨʫʟʢʠ ʦʩʘʜʢʘʤʠ ʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ. 

 

ɻʝʦʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

 

ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʩ 

ʚʦʩʪʦʢʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʠ ʁʛʦ-ʟʘʧʘʜ, ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʘʜʘʶʱʠʤʠ ʥʘ ʩʝʚʝʨ 

ʨʘʟʣʦʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʢʨʫʧʥʳʝ ʦʧʫʩʢʘʶʱʠʝʩʷ ʙʣʦʢʠ ʚ ʶʞʥʦʡ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ 
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ʠ ʦʧʫʩʢʘʶʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʧʣʘʪʦ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʤʝʩʪʘʭ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʧʘʜʘʶʱʠʝ ʥʘ ʶʛ ʨʘʟʣʦʤʳ.  

ɼʨʫʛʘʷ ʜʦʤʠʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ ʧʨʦʩʪʠʨʘʝʪʩʷ [2] ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ 

ʶʛʦ-ʚʦʩʪʦʢ, ʨʘʟʜʝʣʷʷ ʥʝʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ ʧʦʜʥʷʪʠʷ ʄʫʢʘʣʘ ʦʪ ʦʧʫʩʢʘʶʱʠʭʩʷ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʚʥʠʥ. ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʨʘʟʣʦʤʦʚ ʧʨʦʩʪʠʨʘʝʪʩʷ ʩ ʚʦʩʪʦʢʘ ʠ ʁʛʦ-ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ. ʕʪʘ ʛʨʫʧʧʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. 

ʈʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʘʣʝʦʛʝʥʦʚʳʭ ʠ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʙʥʘʞʝʥʠʡ. 

ʇʘʣʝʦʮʝʥ ʠ ʵʦʮʝʥ ʧʣʘʩʪʘʤʠ ʧʦʢʨʳʚʘʶʪ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʣʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʦʙʳʯʥʦ ʦʙʥʘʞʘʶʪʩʷ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʚʘʜʠ. ʉʘʤʘʷ ʜʣʠʥʥʘʷ ʚʧʘʜʠʥʘ, 

ʄʘʩʠʣʘ, ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʠ ʧʨʦʨʝʟʘʝʪ ʧʘʣʝʦʛʝʥʦʚʦʝ ʧʣʘʪʦ, ʯʪʦʙʳ ʚʳʡʪʠ ʢ 

ʙʝʨʝʛʫ ɸʜʝʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʝʛʦ ʶʞʥʦʡ ʯʘʩʪʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʦʙʥʘʞʘʶʪʩʷ ʜʘʞʝ 

ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ɺ ʩʦʩʪʘʚʝ ʩʚʠʪ ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʢʠʤʤʝʨʠʜʞʩʢʦʛʦ ʠ ʪʠʪʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ ʃʘʤ, 

ʄʠʤ ʠ ʄʘʜʙʠ ʩʦʜʝʨʞʘʪʩʷ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʙʘʩʩʝʡʥʝ, ʟʥʘʯʝʥʠʷ TOC (ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ) ʢʦʪʦʨʦʛʦ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 2,75% ʜʦ 12,8%. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʝʬʪʠ ʥʘʯʘʣʦʩʴ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʆʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʤʠʛʨʘʮʠʠ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʧʝʨʠʦʜ: ʧʦʟʜʥʠʡ ʤʝʣ  ʨʘʥʥʠʡ ʧʘʣʝʦʮʝʥ ʠ 

ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʦʜʥʷʪʠʝʤ ʜʦ ʋʤʤ-ʵʨ-ʈʘʜʭʫʤʘ. ɺʪʦʨʠʯʥʘʷ ʤʠʛʨʘʮʠʷ ʥʘʯʘʣʘʩʴ ʧʨʠ 

ʧʦʛʨʝʙʝʥʠʠ ʧʘʣʝʦʛʝʥʘ. ʅʝʬʪʴ ʤʠʛʨʠʨʦʚʘʣʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠʣʠ ʢʦʨʦʪʢʠʤ 

ʣʘʪʝʨʘʣʴʥʳʤ ʧʫʪʷʤ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦ ʨʘʟʣʦʤʘʤ ʢ ʢʦʣʣʝʢʪʦʨʘʤ. 

 

ɼʦʨʠʬʝʡʩʢʠʝ ʠ ʩʠʥʨʠʬʪʦʚʳʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ 

ɼʦʨʠʬʝʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʚ ʵʪʠʭ ʙʘʩʩʝʡʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʘʮʠʝʡ 

ʂʫʭʣʘʥ ʠ ʬʦʨʤʘʮʠʝʡ ʐʫʢʨʘ. ɺʝʨʭʥʝʶʨʩʢʠʝ ʠ ʥʠʞʥʝʤʝʣʦʚʳʝ ʩʠʥʨʠʬʪʦʚʳʝ ʦʩʘʜʢʠ ʚ 

ʤʝʟʦʟʦʡʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʠ 

ʦʙʲʝʢʪʘʤʠ ʜʦʙʳʯʠ ʚ ʁʝʤʝʥʝ. 

 

ʈʘʥʥʝʩʠʥʨʠʬʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

ʈʘʥʥʝʩʠʥʨʠʬʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʟʦʟʦʡʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʘʮʠʝʡ 

ʄʘʜʙʠ, ʢʦʪʦʨʘʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʦʩʪʦʠʪ ʠʟ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ ʤʦʨʩʢʠʭ ʩʣʘʥʮʝʚ (ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʧʘʯʢʠ ʩʣʘʥʮʝʚ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ), 

ʦʙʣʦʤʦʯʥʦ-ʧʦʪʦʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʙʨʝʢʯʠʡ (ʧʘʯʢʘ ʈʘʬʘʜ), ʘ ʪʘʢʞʝ ʭʦʨʦʰʦ-ʩʣʦʠʩʪʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ (ʧʘʯʢʘ ʄʘʘʙʠʨ). 

ɺ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʘʟʨʝʟ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʥʠʞʥʶʶ ʧʘʯʢʫ ʙʦʛʘʪʳʭ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʝʚ (ʧʘʯʢʘ ʄʠʤ) ʠ ʚʝʨʭʥʶʶ ʧʘʯʢʫ, 

ʩʣʦʞʝʥʥʫʶ ʩʣʘʥʮʘʤʠ ʠ ʪʫʨʙʠʜʠʪʘʤʠ (ʧʘʯʢʘ ʃʘʤ). ʊʫʨʙʠʜʠʪʳ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ 

ʧʝʨʝʢʨʳʪʳ ʤʦʱʥʳʤʠ ʩʦʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʬʦʨʤʘʮʠʠ ʉʘʙʘʪʘʡʥ. 

 

ɺʝʨʭʥʝʤʝʣʦʚʳʝ ʢʦʣʣʝʢʪʦʨʳ 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʢʦʣʣʝʢʪʦʨʩʢʦʡ ʧʦʨʦʜʦʡ ʚ ʙʘʩʩʝʡʥʝ ʉʘʶʥ-ʄʘʩʠʣʘ ʷʚʣʷʶʪʩʷ 

ʧʝʩʯʘʥʠʢʠ ʬʦʨʤʘʮʠʠ ʂʠʰʥ ʙʘʨʨʝʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʕʪʠ ʧʝʩʯʘʥʠʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʩʚʦʙʦʜʥʳ ʦʪ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʘʫʪʠʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʣʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʠʘʛʝʥʝʟʘ, ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʤʫ ʢʚʘʨʮʝʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʧʦʛʨʫʞʝʥʠʷ. 
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ɹʘʩʩʝʡʥ ʉʘʶʥ-ʄʘʩʠʣʘ 

 

ɹʘʩʩʝʡʥ ʉʘʶʥ-ʄʘʩʠʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʝʨʝʨʳʚʘʤʠ ʚ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ, ʚʳʟʚʘʥʥʳʤʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʪʣʦʞʝʥʠʝʤ ʶʨʩʢʠʭ 

ʦʩʘʜʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘ. ʄʦʱʥʦʩʪʴ ʦʩʘʜʦʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʙʘʩʩʝʡʥʘ ʚ ʠʟʫʯʘʝʤʦʤ ʙʣʦʢʝ 88 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4000 ʤ ʚ ʛʣʫʙʦʢʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʜʦ 

1800 ʤ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʥʷʪʠʷʭ. ʆʩʥʦʚʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ 

ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘʮʠʠ ʂʫʭʣʘʥ, ɸʤʨʘʥʩʢʘʷ ʛʨʫʧʧʘ, ʬʦʨʤʘʮʠʷ 

ʉʘʘʨ, ʄʘʭʨʠʥʩʢʘʷ ʛʨʫʧʧʘ, ʍʘʜʨʘʤʘʫʪʩʢʘʷ ʛʨʫʧʧʘ ʠ ʐʠʭʨʩʢʘʷ ʛʨʫʧʧʘ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʆʙʱʠʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʩʪʦʣʙ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ 

 

ʄʠʛʨʘʮʠʠ ʥʝʬʪʠ 

ɺ ʨʘʟʜʝʣʝ ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʬʪʠ ʚ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ 

(ʢʨʝʢʠʥʛʘ) ʢʝʨʦʛʝʥʘ ʜʦ ʥʝʬʪʠ ʠʟ ʦʙʦʛʘʱʝʥʥʳʭ ʦʨʛʘʥʠʢʦʡ ʠʥʪʝʨʚʘʣʦʚ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ. 

ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʣ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʠ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ 

ʯʠʩʣʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʦʛʝʥʘ ʪʠʧʘ II. 
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ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʢʨʝʢʠʥʛʘ ʢʝʨʦʛʝʥʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʥʝʬʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (TR). ʆʥ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʝʨʦʛʝʥʘ ʪʠʧʘ II. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ (VR), ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʝʚʨʘʱʝʥʥʦʛʦ ʢʝʨʦʛʝʥʘ ʪʠʧʘ II ʚ 

ʥʝʬʪʴ ʠ ʝʛʦ ʤʠʛʨʘʮʠʶ ʚ ʧʨʝʜʝʣʘʭ ʥʝʬʪʷʥʦʛʦ ʦʢʥʘ [2]. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʥʦʚʥʘʷ ʛʝʥʝʨʘʮʠʷ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (TR) ʦʪ 10 ʜʦ 50%. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʠʛʨʘʮʠʠ ʥʝʬʪʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ TR ʜʦ 50%.  ʊʘʢʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʥʩʢʘʷ ʧʦʨʦʜʘ ʠʩʯʝʨʧʘʣʘ ʩʚʦʡ 

ʧʦʪʝʥʮʠʘʣ ʧʦ ʛʝʥʝʨʘʮʠʠ ʥʝʬʪʠ ʠ ʜʦʩʪʠʛʣʘ ʥʘʩʳʱʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʥʝʬʪʴ ʙʳʣʘ ʚʳʪʝʩʥʝʥʘ ʟʘ ʧʨʝʜʝʣʳ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ. 

ʉʣʘʥʮʳ ʬʦʨʤʘʮʠʠ ʉʘʘʨ ʩʦʜʝʨʞʘʪ ʦʪ 0,5 ʜʦ 3,5 ʚʝʩ. % ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (TOC). ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [3] ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ 

ʩʣʘʥʮʳ ʦʙʣʘʜʘʶʪ ʦʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʜʦ ʦʯʝʥʴ ʭʦʨʦʰʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʢ 

ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʂʝʨʦʛʝʥ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʠʧʘʤʠ II/III ʠ 

III. ʊʠʧ II/III ʦʪʥʦʩʠʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ ʢʝʨʦʛʝʥʘ, ʩʧʦʩʦʙʥʦʛʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʢ 

ʥʝʬʪʴ, ʪʘʢ ʠ ʛʘʟ. 

ɸʥʘʣʠʟ ʙʠʦʤʘʨʢʝʨʦʚ ʠ ʠʟʦʪʦʧʦʚ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʝʨʦʛʝʥʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʤʦʨʩʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ  ʩʫʭʦʧʫʪʥʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʩʫʙʦʢʩʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ). 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʝʨʚʫʘʨʘ ʂʠʰʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʚ ʙʘʩʩʝʡʥʝ ʉʘʶʥ-

ʄʘʩʠʣʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʥʝʬʪʠ. ʂʠʰʥ ʟʘʣʝʛʘʝʪ ʥʘ 

ʬʦʨʤʘʮʠʠ ɹʠʷʜ. ʌʦʨʤʘʮʠʷ ʂʠʰʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ: ʧʘʯʢʠ ʉʘʘʬ, ʦʙʣʦʤʦʯʥʦʡ 

ʧʘʯʢʠ ʂʠʰʥ ʠ ʚʝʨʭʥʝʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʘʯʢʠ ʂʠʰʥ. ɺʦʟʨʘʩʪ ʦʩʥʦʚʘʥʠʷ ʵʪʦʡ ʬʦʨʤʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 127 ʤʣʥ ʣʝʪ. ʅʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 65%, ʘ ʩʨʝʜʥʷʷ ʪʝʢʫʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ - 25,2%. 

ʊʝʢʫʱʘʷ ʤʦʱʥʦʩʪʴ ʬʦʨʤʘʮʠʠ ʂʠʰʥ ʚ ʠʟʫʯʘʝʤʳʭ ʩʢʚʘʞʠʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 115, 107, 

100, 97, 109 ʠ 112 ʤʝʪʨʦʚ, ʘ ʚ ʩʢʚʘʞʠʥʘʭ ʍʘʨʠʨ 1-37, 1-25, 1-11, 1-15, 2-20 ʠ 1-16 

ʤʦʱʥʦʩʪʴ ʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʘʣʘ: 233, 221, 206, 199, 223 ʠ 227 ʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʬʦʨʤʘʮʠʠ ʂʠʰʥ, ʥʘʙʣʶʜʘʝʤʘʷ ʚ 

ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 1-37, ʩʦʩʪʘʚʣʷʝʪ 0,95 ʩʤ/1000 ʣʝʪ, ʅʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ (0,8 ʩʤ/1000 

ʣʝʪ) ʧʦʣʫʯʝʥʘ ʚ ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 1-15 ʢ ʩʝʚʝʨʫ ʦʪ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʬʦʨʤʘʮʠʶ [3] ʂʠʰʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 1-37, ʛʜʝ ʫʧʣʦʪʥʝʥʦ ʦʢʦʣʦ 118 ʤʝʪʨʦʚ ʦʩʘʜʢʦʚ. ɺʝʣʠʯʠʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʬʦʨʤʘʮʠʠ ʂʠʰʥ ʚ 

ʩʢʚʘʞʠʥʘʭ ʍʘʨʠʨ 1-37, 1-25, 1-11, 1-15, 2-20 ʠ 1-16 ʩʦʩʪʘʚʣʷʶʪ 1005,6, 920,6, 650,7, 

798,8, 1026,6 ʠ 792,6 ʤʝʪʨʘ, ʘ ʦʙʱʠʝ ʚʝʣʠʯʠʥʳ ʧʦʛʨʫʞʝʥʠʷ: 1821, 1622, 1052, 1359, 1876 
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ʠ 1342 ʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʝʥʠʷ ʦʩʘʜʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 2-20 ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʉʘʙʘʪʘʡʥ ʟʘʣʝʛʘʝʪ ʥʘ ʬʦʨʤʘʮʠʠ ʐʫʢʨʘ. ʕʪʘ ʬʦʨʤʘʮʠʷ ʙʦʛʘʪʘ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʦʡ ʜʣʷ ʚʩʝʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1], ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʙʘʩʩʝʡʥʘʭ ʉʘʙʘʪʘʡʥ ʠ ʉʘʶʥ-

ʄʘʩʠʣʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʧʨʠʤʝʨʥʦ ʥʘ 76% ʠʟ ʠʟʚʝʩʪʥʷʢʘ ʠ ʥʘ 24% ʠʟ ʩʣʘʥʮʘ. ɺʦʟʨʘʩʪ 

ʦʩʥʦʚʘʥʠʷ ʵʪʦʡ ʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 150 ʤʣʥ ʣʝʪ. 

ʅʘʯʘʣʴʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʬʦʨʤʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Flex-Decomp, ʩʦʩʪʘʚʣʷʝʪ 68%, ʘ ʩʨʝʜʥʷʷ ʪʝʢʫʱʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ 

ʧʦ ʜʘʥʥʳʤ ʢʘʨʦʪʘʞʘ ʩʢʚʘʞʠʥ, ʩʦʩʪʘʚʣʷʝʪ 13%.  ʊʝʢʫʱʘʷ ʤʦʱʥʦʩʪʴ ʬʦʨʤʘʮʠʠ ʚ 

ʚʳʙʨʘʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʍʘʨʠʨ 1-37, 1-25, 1-11, 1-15, 2-20 ʠ 1-16 ʩʦʩʪʘʚʣʷʝʪ 255, 214, 52, 

192, 143 ʠ 48 ʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6,4 ʩʤ/1000 ʣʝʪ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 1-37 ʢ ʶʛʫ ʦʪ ʙʣʦʢʘ, ʘ ʩʘʤʘʷ ʥʠʟʢʘʷ  1,2 ʩʤ/1000 ʣʝʪ, 

ʧʦʣʫʯʝʥʘ ʚ ʩʢʚʘʞʠʥʝ ʍʘʨʠʨ 1-16 ʥʘ ʚʦʩʪʦʢʝ. ʄʦʱʥʦʩʪʴ ʬʦʨʤʘʮʠʠ ʚ ʩʢʚʘʞʠʥʘʭ ʍʘʨʠʨ 

1-37, 1-25, 1-11, 1-15, 2-20 ʠ 1-16 ʩʦʩʪʘʚʣʷʝʪ 603, 519, 134, 462, 363 ʠ 126 ʤʝʪʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʆʩʥʦʚʥʘʷ ʤʘʪʝʨʠʥʩʢʘʷ ʧʦʨʦʜʘ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʦʡ ʷʚʣʷʝʪʩʷ ʩʣʘʥʮʝʚʘʷ ʧʘʯʢʘ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ. ʕʪʘ 

ʩʚʠʪʘ ʩʦʜʝʨʞʠʪ ʢʝʨʦʛʝʥ ʪʠʧʦʚ I ʠ II, ʯʪʦ ʦʪʥʦʩʠʪ ʝʝ ʢ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤ ʧʦʨʦʜʘʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʝʚʳʰʘʝʪ 1-12%, ʘ ʠʥʜʝʢʩ ʚʦʜʦʨʦʜʘ ʜʦʩʪʠʛʘʝʪ 

700 ʤʛ ʋɺ/ʛ ʧʦʨʦʜʳ.  

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʤʘʮʠʷ ʄʘʜʙʠ 

¶ ʌʦʨʤʘʮʠʷ ʄʘʜʙʠ (ʢʠʤʤʝʨʠʜʞʩʢʦʛʦ ʷʨʫʩʘ) ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ 

ʦʩʥʦʚʥʘʷ ʝʜʠʥʠʮʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʝʝ ʩʚʦʡʩʪʚʘ ʢʘʢ 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ ʉʘʶʥ-ʄʘʩʠʣʘ. 

¶ ʉʣʘʥʮʝʚʘʷ ʧʘʯʢʘ ʄʘʜʙʠ ʙʦʛʘʪʘʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʠ ʢʘʢ ʜʣʷ ʩʝʚʝʨʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʶʞʥʳʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʛʠʦʥʘ ʄʘʩʠʣʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʡ ʧʦʪʝʥʮʠʘʣ 

ʩʣʘʥʮʝʚ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ ʢʘʢ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (TOC > 3,0 ʚʝʩ.%). 

¶ ʂʝʨʦʛʝʥ ʦʙʳʯʥʦ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʠʥʜʝʢʩ ʚʦʜʦʨʦʜʘ (HI), 

ʢʦʣʝʙʣʶʱʠʡʩʷ ʦʪ 302 ʜʦ 834 ʤʛ ʋɺ/ʛ TOC, ʠ ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʢʠʩʣʦʨʦʜʘ, 

ʢʦʣʝʙʣʶʱʠʡʩʷ ʦʪ 5 ʜʦ 52 ʤʛ CO2/ʛ TOC, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʝʨʦʛʝʥʘ 

ʪʠʧʘ II ʩ ʧʨʠʤʝʩʴʶ ʪʠʧʘ I, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʠʟ ʚʦʜʦʨʦʩʣʝʚʦʛʦ ʤʦʨʩʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

¶ ʇʣʘʩʪʳ ʩʣʘʥʮʝʚ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ ʚʩʢʨʳʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ, ʠʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 30 ʜʦ 100 ʤʝʪʨʦʚ. 

¶ ʉʣʘʥʮʳ ʬʦʨʤʘʮʠʠ ʄʘʜʙʠ ʜʦʩʪʠʛʣʠ ʩʪʘʜʠʠ ʨʘʥʥʝʡ ʟʨʝʣʦʩʪʠ ʜʦ ʧʠʢʘ ʟʨʝʣʦʩʪʠ, ʘ 

ʛʝʥʝʨʘʮʠʷ ʥʝʬʪʠ ʥʘʯʘʣʘʩʴ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ ʠ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ (68,17ï15,12 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ) ʠ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʫʤʘ ʚ ʧʘʣʝʦʮʝʥʝ (15,12 ʤʣʥ ʣʝʪ ʥʘʟʘʜ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘʮʠʷ ʄʘʜʙʠ ʩʦʜʝʨʞʠʪ ʵʬʬʝʢʪʠʚʥʫʶ ʤʘʪʝʨʠʥʩʢʫʶ ʧʦʨʦʜʫ, 

ʦʙʣʘʜʘʶʱʫʶ ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʝʥʝʨʘʮʠʠ ʥʝʬʪʠ ʚ ʙʘʩʩʝʡʥʝ ʉʘʶʥ-ʄʘʩʠʣʘ, 

ʠʩʭʦʜʷ ʠʟ ʝʝ ʪʝʨʤʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʤʦʱʥʦʩʪʠ 

ʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

ɺʳʚʦʜ  r

ɺ ʩʪʘʪʴʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʛʝʦʠʩʪʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʣʦʢʘ 88 ʙʘʩʩʝʡʥʘ ʉʘʶʥ-ʄʘʩʠʣʘ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʢʘʨʦʪʘʞʘ ʰʝʩʪʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ. 

ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʧʦʛʨʫʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʜʘʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ 

ʥʘʛʨʫʟʢʘ ʦʩʘʜʢʘʤʠ, ʥʘʛʨʫʟʢʘ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʠ ʫʧʣʦʪʥʝʥʠʝ ʦʩʘʜʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ 

ʠʩʪʦʨʠʶ ʧʦʛʨʫʞʝʥʠʷ ʙʘʩʩʝʡʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ, ʚʳʟʚʘʚʰʠʭ 

ʧʦʛʨʫʞʝʥʠʝ. 

ɹʘʩʩʝʡʥ ʄʘʩʠʣʘ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʥʥʳʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤ ʙʘʩʩʝʡʥʦʤ (ʙʦʣʝʝ 35 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʥʦʛʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʥʘ ʤʥʦʛʠʭ ʙʣʦʢʘʭ). 

ʇʨʦʙʫʨʝʥʥʳʝ ʩʢʚʘʞʠʥʳ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʭʦʨʦʰʠʭ ʢʦʣʣʝʢʪʦʨʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘ ʤʥʦʛʠʭ ʫʨʦʚʥʷʭ.  ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʧʨʠʟʥʘʢʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʜʙʘʩʩʝʡʥʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʟʨʝʣʳʝ 

ʩʠʥʨʠʬʪʦʚʳʝ (ʬʦʨʤʘʮʠʷ ʃʘʤ/ʄʠʤ) ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ. 

ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʦʙʲʝʢʪʘʭ ʂʠʰʥ, 

ʉʘʘʨ, ʅʘʠʬʘ, ʄʘʜʙʠ, ʐʫʢʨʘ ʠ ʬʫʥʜʘʤʝʥʪʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʶʛʫ (ʥʘ ʙʣʦʢʝ 88) ʙʳʣʠ 

ʦʪʢʨʳʪʳ ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ. ʀʀ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʅʝʬʪʝʛʘʟʦʚʳʝ ʢʦʤʧʘʥʠʠ ʩʝʨʴʝʟʥʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʶʪ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʭʦʜʦʚ. ʀʩʧʦʣʴʟʫʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʧʝʨʘʮʠʷʭ, ʢʦʨʧʦʨʘʮʠʠ ʤʦʛʫʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʚʝʜʝʥʠʷ ʙʫʨʝʥʠʷ ʥʘ ʩʫʰʝ ʠ ʥʘ ʜʥʝ ʦʢʝʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ 

ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʩʢʦʨʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʠʩʪʝʤʳ ʀʀ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʨʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʝʢʪʥʦʡ ʠ ʨʘʙʦʯʝʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʨʛʘʥʠʟʘʮʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ. ʀʥʩʪʨʫʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʥʝʬʪʝʛʘʟʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʚ ʦʮʠʬʨʦʚʢʝ ʟʘʧʠʩʝʡ ʠ ʤʦʛʫʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʘʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʚʳʷʚʣʝʥʠʶ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʢʦʨʨʦʟʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ 

ʪʘʢʞʝ ʫʣʫʯʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʜʦʙʳʯʫ. [1] 

ʀʀ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʥʘʧʨʠʤʝʨ, 

ʦʧʪʠʤʠʟʘʮʠʷ ʜʦʙʳʯʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʘʥʘʣʠʟʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʥʠʤʘʥʠʝ 

ʢʦʣʣʝʢʪʦʨʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʢʦʨʨʦʟʠʠ ʥʝʬʪʠ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ.  

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʀ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ. ʕʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʀʀ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʢʣʶʯʘʶʪ: ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʜʣʷ ʚʥʝʜʨʝʥʠʷ; ʚr ʙʦʨ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʀʀ; ʦʙʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʠ ʩʙʦʨ 

ʜʘʥʥʳʭ; ʦʮʝʥʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʚʥʝʜʨʝʥʠʷ.  
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ʉʝʛʦʜʥʷ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʬʪʝʛʘʟʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʦʧʠʩʘʥʘ ʩʦʟʜʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸʚʪʦʨʳ ʧʨʦʛʨʘʤʤʳ 

ʨʘʩʢʨʳʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝʧʨʝʨʳʚʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ, ʩʙʦʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʭʨʘʥʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (Big 

GeoData) ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. [2] 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ, 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʷʚʣʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ 

ʟʘʢʣʶʯʘʝʪʩʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʡʨʦʩʝʪʝʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʚʦʟʤʦʞʥʦ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʩʦʟʜʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ çʟʘʧʦʤʠʥʘʥʠʷè 

ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʘʤʷʪʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ ʠ ʥʝʧʨʝʨʳʚʥʦʝ 

ʜʦʦʙʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɺʦ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʧʨʦʛʨʘʤʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʠʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ 

ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɹʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʘʤʦʦʙʫʯʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ ʀʀ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʥʜʫʩʪʨʠʠ. [3] ʆʩʦʙʝʥʥʦ ʞʝ ʫʯʘʩʪʠʝ ʀʀ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ 

ʥʘʠʙʦʣʴʰʠʝ ʚʳʟʦʚʳ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʀʀ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʬʦʨʤʘʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʦʱʥʠʢʘ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʦʙʥʦʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʙʠʙʣʠʦʪʝʢ ʠ ʙʘʟ ʟʥʘʥʠʡ ʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ.  

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʝʬʪʝʛʘʟʦʚʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʜʦʣʞʥʦ ʩʪʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʫʱʝʨʙʘ ʦʪ ʥʠʭ. 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʂɸʂ ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ʇʆɺʓʐɸɽʊ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʋʖ 

ɹɽɿʆʇɸʉʅʆʉʊʔ ʀ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʅɽʌʊɽɻɸɿʆɺʓʍ ʆʇɽʈɸʎʀʁ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʥʝʬʪʝʛʘʟʝ // URL: 

https://smartgopro.com/novosti2/oilgasai/ 

2. ʆ ɺʆɿʄʆɾʅʆʉʊʗʍ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ 

ʀʅʊɽʃʃɽʂʊɸ ɺ ʈɽʐɽʅʀʀ ʅɽʌʊɽɻɸɿʆɺʓʍ ɿɸɼɸʏ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // 

URL: https://cyberleninka.ru/article/n/o-vozmozhnostyah-primeneniya-metodov-

iskusstvennogo-intellekta-v-reshenii-neftegazovyh-zadach 

3. ʈʘʟʨʘʙʦʪʢʘ ɸʉʋ ʊʇ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // 

ʕʢʩʧʝʨʪ-ɺʠʪʘ // URL: https://energiavita.ru/2018/09/17/mihail-shekhtman-razrabotka-

asu-tp-s-iskusstvennym-intellektom/  

https://smartgopro.com/novosti2/oilgasai/
https://cyberleninka.ru/article/n/o-vozmozhnostyah-primeneniya-metodov-iskusstvennogo-intellekta-v-reshenii-neftegazovyh-zadach
https://cyberleninka.ru/article/n/o-vozmozhnostyah-primeneniya-metodov-iskusstvennogo-intellekta-v-reshenii-neftegazovyh-zadach
https://energiavita.ru/2018/09/17/mihail-shekhtman-razrabotka-asu-tp-s-iskusstvennym-intellektom/
https://energiavita.ru/2018/09/17/mihail-shekhtman-razrabotka-asu-tp-s-iskusstvennym-intellektom/


ɻɽʆʃʆɻʀʗ ʀ ɻɽʆʌʀɿʀʂɸ  

28 

ʋɼʂ 553.982.2 

ʇʈʆʎɽʉʉ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ʇʈʆɻʈɸʄʄʅʆʄ 

ʆɹɽʉʇɽʏɽʅʀʀ ʈʅ-ɻɽʆʉʀʄ 

ʂ.ʀ. ʃʘʨʠʦʥʦʚ, ʂ.ɺ. ɸʚʜʝʝʚʘ, ɸ.ʅ. ʂʦʟʣʦʚ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

E-mail: larinonov@inbox.ru; syuraeva94@mail.ru; kozzman@mail.ru  

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʘʧʘʩʦʚ ʧʣʘʩʪʘ ʖ10. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʫʙ ʣʠʪʦʣʦʛʠʠ, ʢʫʙ ʧʦʨʠʩʪʦʩʪʠ, 

ʢʫʙ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ, ʛʘʤʤʘ-ʢʘʨʦʪʘʞ, ʛʘʤʤʘ-ʛʘʤʤʘ ʧʣʦʪʥʦʩʪʥʦʡ ʢʘʨʦʪʘʞ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʮʝʥʠʚʘʪʴ ʨʝʩʫʨʩʳ ʠ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢ 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʩʪʘ ʖ10, ʧʨʠʫʨʦʯʝʥʥʦʛʦ 

ʢ ʥʝʞʥʝʶʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ. ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʝʧʨʝʩʩʠʦʥʥʳʭ 

ʟʦʥʘʭ ʦʪ ɿʘʫʨʘʣʴʷ ʥʘ ʟʘʧʘʜʝ ʜʦ ʋʨʝʥʛʦʡ-ʂʦʣʪʦʛʦʨʩʢʦʛʦ ʤʝʛʘ ʧʨʦʛʠʙʘ ʥʘ ʚʦʩʪʦʢʝ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʙʫʨʝʥʠʷ ʧʣʘʩʪ ʖ10 ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʧʥʦ- ʠ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. ɺ ʦʩʥʦʚʘʥʠʠ ʧʣʘʩʪ ʚʢʣʶʯʘʝʪ ʩʢʘʪʘʥʥʳʝ ʦʙʣʦʤʢʠ 

ʛʨʘʚʠʡʥʦʡ ʨʘʟʥʦʩʪʠ, ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʛʣʠʥʠʩʪʳʤ ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʜʦʤʩʢʠʝ ʙʠʪʫʤʠʥʦʟʥʳʝ ʘʨʛʠʣʣʠʪʳ. 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʘ ʖ10 ï ʤʝʣʢʦʚʦʜʥʳʝ ʙʘʨʳ ʠ ʜʝʣʴʪʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ ʚʝʩʴʤʘ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʨʝʣʴʝʬʘ [1]. ɼʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʨʦʜ ʢʦʣʣʝʢʪʦʨʘ ʠ ʥʝʢʦʣʣʝʢʪʦʨʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʘʥʘʣʠʟ 

ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʘ ʠ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʧʣʘʩʪʘ ʖ10 

ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ [2]. 

ʇʝʨʚʳʤ ʧʦʩʪʨʦʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʦʪʦʙʨʘʞʘʝʪ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʘ 

ʷʚʣʷʝʪʩʷ ʢʫʙ ʣʠʪʦʣʦʛʠʠ (ʨʠʩ.2). ʕʪʦʪ ʢʫʙ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʨʦʜ 

ʢʦʣʣʝʢʪʦʨʘ ʠ ʥʝʢʦʣʣʝʢʪʦʨʘ ʚ ʧʨʝʜʝʣʝ ʚʩʝʛʦ ʧʣʘʩʪʘ. ʂʫʙ ʣʠʪʦʣʦʛʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʤʝʪʦʜʦʤ ʦʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ ʩ ʢʘʨʦʪʘʞʥʳʭ ʜʠʘʛʨʘʤʤ ʥʘ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʢʫ. ɺ ʜʘʥʥʦʡ 
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ʨʘʙʦʪʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʘʤʤʘ-ʢʘʨʦʪʘʞ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟʦʪʦʧʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʣʫʞʠʪ ʤʝʪʦʜʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ʇʦʢʘʟʘʥʠʷ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ ʚ ʛʣʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʘʢ 

ʢʘʢ ʚ ʥʝʡ ʩʦʜʝʨʞʘʪʩʷ ʠʟʦʪʦʧʳ ʂ40, U238 ʠ Th234. ʅʝʡʪʨʦʥʥʳʡ ʢʘʨʦʪʘʞ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ, ʜʘʥʥʳʡ ʢʘʨʦʪʘʞ ʦʩʥʦʚʘʥ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʧʦʨʦʜʳ ʥʝʡʪʨʦʥʘʤʠ, ʥʝʡʪʨʦʥʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʨʦʜʫ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʘʷ ʧʦʨʦʜʘ ʚ ʚʠʜʝ ʛʣʠʥʳ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ, ʘ ʧʝʩʯʘʥʠʢ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʪʨʦʥʦʚ. ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʘʨʦʪʘʞʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʨʦʜʫ ʢʦʣʣʝʢʪʦʨ, ʘ ʚ ʥʠʟʢʠʝ 

ʥʘ ʥʝʢʦʣʣʝʢʪʦʨ. ʂʘʨʦʪʘʞ ʧʦʪʝʥʮʠʘʣʦʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʛʣʫʙʠʥʦʡ 

ʩʢʚʘʞʠʥʳ, ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ. ɻʘʤʤʘ-ʛʘʤʤʘ ʧʣʦʪʥʦʩʪʥʦʡ 

ʢʘʨʦʪʘʞ (ɻɻʂʧ) ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʷʚʣʷʶʪʩʷ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʯʪʦ ʧʨʠʩʫʱʝ ʥʝʢʦʣʣʝʢʪʦʨʫ ʠʣʠ 

ʥʝʥʝʬʪʝʥʘʩʳʱʝʥʥʦʤʫ ʢʦʣʣʝʢʪʦʨʫ. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʪʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

 

 

ʈʠʩʫʥʦʢ 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʢʥʘ ʢʦʨʨʝʣʷʮʠʠ 
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ʈʠʩʫʥʦʢ 2. ʂʫʙ ʣʠʪʦʣʦʛʠʠ ʧʣʘʩʪʘ ʖ10. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʟʘʢʨʘʰʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʢʦʣʣʝʢʪʦʨʘ, 

 ʘ ʞʝʣʪʳʤ ʥʝʢʦʣʣʝʢʪʦʨʘ  

ʉʣʝʜʫʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪ ʪʝʢʪʦʥʠʢʫ ʤʦʜʝʣʠʨʫʝʤʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʦʩʣʦʞʥʝʥʘ ʪʨʝʤʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʩʙʨʦʩʦʚʦʛʦ ʪʠʧʘ. ɼʘʥʥʳʡ ʢʫʙ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʟʘʣʝʞʠ ʧʣʘʩʪʘ ʖ10. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʢʫʙ ʙʣʦʢʦʚʦʡ 

ʪʝʢʪʦʥʠʢʠ.  

 
ʈʠʩʫʥʦʢ 3. ʂʫʙ ʙʣʦʢʦʚʦʡ ʪʝʢʪʦʥʠʢʠ ʧʣʘʩʪʘ ʖ10 
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ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʦʪʦʙʨʘʞʝʥʠʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʢʫʙʘ ʧʦʨʠʩʪʦʩʪʠ. ʉʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʘʨʦʪʘʞʘ ʧʦʨʠʩʪʦʩʪʠ, 

ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʷʤ ʢʦʣʣʝʢʪʦʨʘ. ʂʫʙ ʧʦʨʠʩʪʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʩʪʦʪ ʚ ʧʦʨʦʜʝ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ (ʨʠʩ. 

4). 

 

ʈʠʩʫʥʦʢ 4. ʂʫʙ ʧʦʨʠʩʪʦʩʪʠ ʧʣʘʩʪʘ ʖ10 

 

ʄʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʜʘʣʝʝ, ʧʦʟʚʦʣʠʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʢʫʙ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ. ʕʪʦʪ ʢʫʙ ʥʫʞʝʥ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʟʘʣʝʞʠ ʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʝʩʪʴ ʪʨʠ 

ʟʦʥʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʫʣʠʪʴ. ʆʙʥʫʣʝʥʠʝ ʧʝʨʚʦʡ ʟʦʥʳ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʢʫʙʝ ʣʠʪʦʣʦʛʠʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʦʥʘ ʢʦʣʣʝʢʪʦʨʘ, ʢʦʪʦʨʫʶ 

ʩʢʚʘʞʠʥʘ ʥʝ ʚʩʢʨʳʚʘʝʪ. ʆʙʥʫʣʝʥʠʝ ʚʪʦʨʦʡ ʠ ʪʨʝʪʝʡ ʟʦʥʳ ʩʚʷʟʘʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʚʳʛʦʜʦʡ ʪʘʢ ʢʘʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʦʥ ʥʝʦʙʭʦʜʠʤʦ ʥʝʩʢʦʣʴʢʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʟʘʣʝʞʠ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝ ʩʦʦʙʱʘʶʪʩʷ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʵʪʠ ʟʦʥʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʧʦʜʩʯʝʪʝ ʟʘʧʘʩʦʚ ʠʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʥʫʣʠʪʴ. ʅʘ ʨʠʩʫʥʢʝ 5 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʦʥʳ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʢʫʙ ʚʳʩʦʪ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ. 
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ʈʠʩʫʥʦʢ 5. ʂʫʙ ʚʳʩʦʪ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ ʧʣʘʩʪʘ ʖ10 
 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʘʩʳʱʝʥʠʶ ʤʦʜʝʣʠ. ʅʘʩʳʱʝʥʠʝ ʤʦʜʝʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʢʘʨʦʪʘʞʘ ʥʘʩʳʱʝʥʠʷ, ʥʦ ʧʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʢʘʨʦʪʘʞ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ. ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʴʩʷ 

ɻʘʤʤʘ-ʛʘʤʤʘ ʧʣʦʪʥʦʩʪʥʦʡ ʢʘʨʦʪʘʞ, ʪʦ ʝʩʪʴ ʢʦʣʣʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʥʝʬʪʴ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɻɻʂʧ ʪʘʢ ʢʘʢ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʤʦʜʝʣʴ ʧʦ ʢʘʨʦʪʘʞʫ 

ʥʘʩʳʱʝʥʠʷ ʥʝʬʪʴʶ ʠ ʚʦʜʦʡ. ʇʨʦʚʝʨʢʘ ʢʘʨʦʪʘʞʘ ʧʦʨʠʩʪʦʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 6, ʘ ʧʦʣʫʯʝʥʥʳʡ ʢʫʙ ʥʘʩʳʱʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

ʈʠʩʫʥʦʢ 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʢʥʘ ʢʦʨʨʝʣʷʮʠʠ 
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ʈʠʩʫʥʦʢ 7. ʂʫʙ ʥʘʩʳʱʝʥʠʷ ʤʦʜʝʣʠ ʧʣʘʩʪʘ ʖ10 

 

 

ʈʘʥʝʝ ʧʦʜʩʯʠʪʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʫʙ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ. ɼʘʥʥʳʡ ʢʫʙ ʧʦʢʘʟʳʚʘʝʪ ʟʘʣʝʞʴ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ 

ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʩʳʱʝʥʠʷ. ʕʪʦ ʢʫʙ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʟʘʣʝʞʠ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʩʪʘ ʖ10. ɿʘʣʝʞʴ ʩ ʩʝʚʝʨʘ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʵʢʨʘʥʠʨʦʚʘʥʘ, ʘ ʩ ʜʨʫʛʠʭ ʩʪʦʨʦʥ ʦʛʨʘʥʠʯʝʥʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠ, ʩʚʷʟʘʥʦ ʵʪʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʅʘ ʢʫʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ɺʅʂ ʚʠʜʥʦ, ʯʪʦ 

ʟʘʣʝʞʴ ʟʘʣʝʛʘʝʪ ʠ ʥʘ ʩʝʚʝʨʥʦʤ ʙʣʦʢʝ, ʥʦ ʩʢʚʘʞʠʥʳ ʵʪʦʪ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ ʥʝ 

ʚʩʢʨʳʚʘʶʪ, ʪʦ ʝʩʪʴ ʵʪʦ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʦ. ɺʝʜʴ ʦ 

ʥʘʣʠʯʠʝ ʥʘ ʪʦʤ ʙʣʦʢʝ ʟʘʣʝʞʠ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩʫʜʠʪʴ ʚʝʜʴ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠ ʠʟʤʝʥʝʥʘ. 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʜʦʰʚʝʥʥʦʡ. ɽʩʣʠ ʩʫʜʠʪʴ ʦ ʬʦʨʤʝ ʟʘʣʝʞʠ, ʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʫʧʦʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥ ʢʫʙ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʢʫʙ 

ʚr ʩʦʪ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ.  

ʊʘʢ ʞʝ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

[3]. ɺʩʝ ʧʦʩʪʨʦʝʥʥʳʝ ʢʫʙʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ ʧʣʘʩʪʘ ʖ10, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 21 ʤʠʣʣʠʦʥ 589 ʪʳʩʷʯ ʪʦʥʥ ʥʝʬʪʠ.  
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ʈʠʩʫʥʦʢ 8. ʂʫʙ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʢʫʙ ʚʳʩʦʪ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʅʂ ʧʣʘʩʪʘ ʖ10 

 

ʊʘʙʣʠʮʘ 1 ï ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʧʣʘʩʪʘ ʖ10 
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ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ ʧʨʦʚʝʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥ ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʦʩʥʦʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʟʠʪʴ ʤʝʩʪʘ ʟʘʣʝʛʘʥʠʷ ʠ ʦʙʲʝʤ ʟʘʣʝʞʠ ʚ 

ʧʨʝʜʝʣʝ ʚʩʝʛʦ ʧʣʘʩʪʘ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʚʦʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʈʅ-ɻɽʆʉʀʄ ʧʦʟʚʦʣʠʪ 

ʠʟʙʝʞʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʨʘʫʩʤʘʥ ɸ.ɸ., ʉʳʥʛʘʝʚʩʢʠʡ ʇ.ɽ., ʍʘʬʠʟʦʚ ʉ.ʌ. ɹʘʩʩʝʡʥʦʚʳʝ ʥʠʞʥʝʶʨʩʢʠʝ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ɻʆʈʅʓʍ ʇʆʈʆɼ ʀ ʗɺʃɽʅʀʗ 

ʉʄɸʏʀɺɸɽʄʆʉʊʀ ʅɸ ɻʈɸʅʀʎɽ ʈɸɿɼɽʃɸ ʉʈɽɼ  

çɻʆʈʅɸʗ ʇʆʈʆɼɸ ï ʅɸʅʆɾʀɼʂʆʉʊʔè 

ɸ.ɼ. ʍʫʩʥʫʪʜʠʥʦʚʘ, ɸ.ʄ. ʐʪʝʨʝʥʙʝʨʛ 

ʉʘʤɻʊʋ, ʈʦʩʩʠʷ, ʛ.ʉʘʤʘʨʘ 

email: pushchinchigym@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ çʠʟʚʝʩʪʥʷʢïʥʘʥʦʞʠʜʢʦʩʪʴè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ, 

ʥʘʥʦʞʠʜʢʦʩʪʴ, ʩʫʣʴʬʦʥʦʣ, ʥʘʥʦʯʘʩʪʠʮʳ SiO2. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜ ʨʘʟʣʠʯʥʳʤʠ 

ʇɸɺʘʤʠ ʠ ʠʭ ʩʦʩʪʘʚʘʤʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʥʝʬʪʠ ʯʝʨʝʟ ʢʦʣʣʝʢʪʦʨʳ ʧʦʨʠʩʪʦʛʦ ʠ ʪʨʝʱʠʥʦʚʘʪʦʛʦ ʪʠʧʘ 

ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʨʦʜʳ ʢʦʣʣʝʢʪʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʠʷ, ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤʳ ʧʦʨ, ʢʘʥʘʣʦʚ ʠ ʪʨʝʱʠʥ. ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʳʙʨʘʥʥʳʭ ʪʠʧʠʯʥʳʭ 

ʢʝʨʥʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʶ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ 

ɸ.ɸ. ɽʛʦʨʦʚʘ [2], ɸ.ʅ. ʍʣʶʧʠʥʘ ʠ ʆ.ʖ. ɼʠʥʘʨʠʝʚʘ [5]. ʀʩʩʣʝʜʦʚʘʥʠʶ ʩʫʣʴʬʦʥʦʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʂ.ʀ. ɹʘʙʠʮʢʦʡ, 

ɺ.ɺ. ʂʦʥʦʚʘʣʦʚʘ, ʃ.ʅ. ʍʨʦʤʳʭ, ɼ.ɺ. ɸʡʤʝʪʦʚʦʡ ʠ ɸ.ʉ. ʂʠʨʠʣʣʦʚʘ [1], ɸ. ʉ. 

ɾʫʤʘʛʘʣʠ ʠ ʈ.ʋ. ɹʘʷʤʠʨʦʚʦʡ [3]. ɺ ʨʘʙʦʪʘʭ ɸ.ʗ. ʍʘʚʢʠʥʘ [4], ɸ.ɺ. ʄʠʥʘʢʦʚʘ, ʄ.ʀ. 

ʇʨʷʞʥʠʢʦʚʘ, ʗ.ʅ. ʉʫʣʝʤʘʥʘ, ɺ.ɼ. ʄʝʰʢʦʚʦʡ [6] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʠʤʝʥʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ SiO2 ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʩ 

ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʢʝʨʥʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ çʄʠʢʨʦʤʝʜè ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

10ʭ, 15ʭ, 20ʭ, 30ʭ, 40ʭ., ʚʟʷʪʳʭ ʠʟ ʛʣʫʙʠʥ 1044 ï 1069 ʤ. ɸʥʘʣʠʟ ʬʦʪʦʛʨʘʬʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ Image J [8] ʠ Gwyddion [9]. 

ʇʨʦʛʨʘʤʤʘ Image J [8] ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʷ ʪʨʝʭ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʦʙʨʘʟʮʘ ʧʦ ʤʝʪʦʜʫ çBox countingè, ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 2. 

ʇʝʨʝʚʦʜ ʟʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʧʣʦʩʢʦʩʪʠ ʧʦʨʦʜʳ ʚ ʦʙʲʝʤʥʫʶ 

ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʟʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ 

ʦʙʲʝʤʥʳʭ ʪʝʣ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 3) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὀ Ὀ ρ 
ʛʜʝ Dv - ʦʙʲʝʤʥʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, Ds - ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦ ʪʨʝʤ 

ʧʣʦʩʢʦʩʪʷʤ [7]. 

ɺ ʧʨʦʛʨʘʤʤʝ Gwyddion [9] ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʢʝʨʥʘ ʙʦʣʴʰʠʭ ʫʚʝʣʠʯʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ. ʤʝʪʦʜʦʤ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʥʠʤʘʣʠ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ 

ʦʙʲʝʤʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʆʙʨʘʟʮʳ ʢʝʨʥʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʚʝʩʪʥʷʢ ʬʦʨʘʤʠʥʠʬʝʨʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʦ-

ʢʦʤʢʦʚʘʪʦ-ʩʛʫʩʪʢʦʚʳʡ, ʫʯʘʩʪʢʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ, ʧʦʨʠʩʪʳʡ, ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʪʝʢʩʪʫʨʳ, ʩ ʚʢʣʶʯʝʥʠʝʤʠ ʘʥʛʠʜʨʠʪʘ, ʜʦʣʦʤʠʪʘ ʠ ʧʠʨʠʪʘ. 

 

 

ʈʠʩ.1. ʐʣʠʬ, ʩʢʚ. 1ʈ, ɹʘʰʢʠʨʩʢʠʡ ʷʨʫʩ ʉ2b. ʇʣʘʩʪ ɸ4, ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ 1044,0 ʤ  

 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʩ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʙʨʘʟʝʮ 

(ʥʦʤʝʨ 

ʩʦʦʪʚʝʪʩʪʚʫ

ʝʪ ʛʣʫʙʠʥʝ 

ʦʪʙʦʨʘ) 

ʋʚʝʣʠʯʝʥ

ʠʝ 

ʇʣʦʩʢʦʩʪʴ 1 ʇʣʦʩʢʦʩʪʴ 2 

 

ʇʣʦʩʢʦʩʪʴ 3 

 

D D ʩʨ. ʘʨʠʬ. D D ʩʨ. ʘʨʠʬ. D D ʩʨ. 

ʘʨʠʬ. 

ʀʟʚʝʩʪʥʷʢ 

1044 ʤ 

млͻ 1,6733 1,6667 1,7307 1,6935 - - 

мрͻ 1,6562 1,6905 - 

нлͻ 1,6445 1,7160 - 

олͻ 1,6914 1,6611 1,6368 

плͻ 1,6681 1,6694 - 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʀʟʚʝʩʪʥʷʢ 

1054 ʤ 

10ʭ 1,7331 1,7522 

 

1,7488 1,7612 

 

1,8048 1,7996 

 15ʭ 1,7729 1,7717 1,8038 

20ʭ 1,7661 1,7905 1,7999 

30ʭ 1,7258 1,7592 1,7984 

40ʭ 1,7631 1,7358 1,7910 

ʀʟʚʝʩʪʥʷʢ 

1056 ʤ 

10ʭ 1,7818 1,7539 

 

1,7889 1,7615 

 

1,8027 1,7767 

 15ʭ 1,7520 1,7880 1,7928 

20ʭ 1,7697 1,7702 1,7664 

30ʭ 1,7317 1,7627 1,7583 

40ʭ 1,7345 1,6979 1,7631 

ʀʟʚʝʩʪʥʷʢ 

1062 ʤ 

 

10ʭ 1,7860 1,7665 1,7870 1,7798 1,8248 1,8042 

15ʭ 1,7791 1,7870 1,8177 

20ʭ 1,7671 1,8019 1,8129 

30ʭ 1,7597 1,7897 1,7875 

40ʭ 1,7404 1,7689 1,7779 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʰʪʘʙʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʢʝʨʥ ʨʘʟʣʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʜʦʣʦʤʠʪʘ, ʘʥʛʠʜʨʠʪʘ, ʧʠʨʠʪʘ), ʘ ʪʘʢʞʝ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʚʦʜʦʨʦʩʣʝʡ. 

ɿʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʪʨʝʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʠʟʚʝʩʪʥʷʢʘ ʠʟ ʛʣʫʙʠʥ 1044 ʤ, 1054 ʤ, 1056 ʤ, 1062 ʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʶʪʩʷ (ʪʘʙʣ.1). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʘ ʨʘʟʤʝʨʳ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʤʠʥʝʨʘʣʦʚ, ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʚʦʜʦʨʦʩʣʝʡ ʚ ʦʙʨʘʟʮʳ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ.  
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘ ʪʨʝʭ ʫʯʘʩʪʢʘʭ ʦʜʥʦʛʦ 

ʰʣʠʬʘ ʠʟ ʛʣʫʙʠʥʳ 1044 ʤ. 

ʐʣʠʬ ʢʝʨʥʘ 

ʠʟʚʝʩʪʥʷʢ 1044 ʤ 

ʋʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ (D) 

ʋʯʘʩʪʦʢ 1 30ʭ 1,6677 

ʋʯʘʩʪʦʢ 2 30ʭ 1,6925 

ʋʯʘʩʪʦʢ 3 30ʭ 1,6368 

 

 

ʈʠʩ.2. ʌʦʪʦʛʨʘʬʠʠ ʫʯʘʩʪʢʦʚ ˉ1,2,3 ʰʣʠʬʘ ʢʝʨʥʘ 1044 

ɸʥʘʣʠʟ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʪʨʝʭ ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʰʣʠʬʘ ʠʟʚʝʩʪʥʷʢʘ 

ʢʝʨʥʘ ʠʟ ʛʣʫʙʠʥʳ 1044 ʤ (ʪʘʙʣ.2) ʧʦʢʘʟʘʣ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʥʘ ʪʨʝʭ 

ʫʯʘʩʪʢʘʭ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʠ ʵʪʦ ʫʯʘʩʪʦʢ ˉ2 (ʨʠʩ.2) ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʚʦʜʦʨʦʩʣʝʡ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘ ʪʨʝʭ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʰʣʠʬʘ, ʩʜʝʣʘʥʥʦʛʦ ʠʟ ʢʝʨʥʘ ʠʟ ʛʣʫʙʠʥʳ 1044 ʤ, ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʜ ʫʚʝʣʠʯʝʥʠʝʤ 30ʭ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ çʄʠʢʨʦʤʝʜè. 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ (ʤʨʘʤʦʨ ʙʝʣʳʡ, ʜʠʘʙʘʟ, ʷʰʤʘ) ʠ ʧʨʦʥʠʮʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʢʝʨʥ ʠʟ ʛʣʫʙʠʥʳ 

1019 ï 1070 ʤ ʠʟ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ). 

ʆʙʨʘʟʝʮ (ʥʦʤʝʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʣʫʙʠʥʝ ʦʪʙʦʨʘ) 10ʭ 15ʭ 20ʭ 30ʭ 40ʭ 

D ʩʨ. 

ʘʨʠʬ. 

ʀʟʚʝʩʪʥʷʢ 1019 ʤ 1,8070 1,8060 1,8070 1,8070 1,8040 1,8063 

ʀʟʚʝʩʪʥʷʢ 1021 ʤ 1,7880 1,7880 1,7820 1,7300 1,7480 1,7672 

ʀʟʚʝʩʪʥʷʢ 1031 ʤ 1,8220 1,8210 1,8070 1,8040 1,7980 1,8103 

ʀʟʚʝʩʪʥʷʢ 1047 ʤ 1,8120 1,8020 1,8020 1,7670 1,7570 1,7880 

ʀʟʚʝʩʪʥʷʢ 1050 ʤ 1,7940 1,8210 1,8140 1,8130 1,8150 1,8114 

ʀʟʚʝʩʪʥʷʢ 1054 ʤ 1,8050 1,8040 1,8000 1,7980 1,7910 1,7996 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 

ʀʟʚʝʩʪʥʷʢ 1056 ʤ 1,8030 1,7930 1,7660 1,7580 1,7630 1,7767 

ʀʟʚʝʩʪʥʷʢ 1058 ʤ 1,7860 1,7050 1,6760 1,6420 1,5280 1,6673 

ʀʟʚʝʩʪʥʷʢ 1059 ʤ 1,8300 1,8240 1,8190 1,8080 1,7950 1,8150 

ʀʟʚʝʩʪʥʷʢ 1062 ʤ 1,8250 1,8180 1,8130 1,7880 1,7780 1,8042 

ʀʟʚʝʩʪʥʷʢ 1063 ʤ 1,8190 1,8200 1,8000 1,8110 1,8070 1,8111 

ʀʟʚʝʩʪʥʷʢ 1064 ʤ 1,6720 1,7930 1,7900 1,7730 1,7630 1,7580 

ʀʟʚʝʩʪʥʷʢ 1068 ʤ 1,8070 1,8130 1,8120 1,8150 1,7980 1,8089 

ʀʟʚʝʩʪʥʷʢ 1070 ʤ 1,8220 1,8210 1,8220 1,8170 1,8030 1,8171 

ʄʨʘʤʦʨ ʙʝʣʳʡ 

(ʥʝʦʪʰʣʠʬʦʚʘʥʥʳʡ 

ʦʙʨʘʟʝʮ ʢʝʨʥʘ) 

1,7180 1,7920 1,8070 1,7780 1,7780 1,7744 

ʄʨʘʤʦʨ ʙʝʣʳʡ 

(ʦʪʰʣʠʬʦʚʘʥʥʳʡ 

ʦʙʨʘʟʝʮ) 

1,7790 1,7800 1,7630 1,7970 1,7860 1,7810 

ɼʠʘʙʘʟ 1,8280 1,8430 1,8350 1,8280 1,8430 1,8354 

ʗʰʤʘ 1,7070 1,7180 1,7490 1,8110 1,8120 1,7595 

ʗʰʤʘ 1,7250 1,6600 1,6680 1,6740 1,7080 1,6869 

 

ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ (ʜʠʘʙʘʟ, 

ʤʨʘʤʦʨ ʙʝʣʳʡ, ʷʰʤʘ) ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ (ʠʟʚʝʩʪʥʷʢ, ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ 

1019 -1070 ʤ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʜʠʘʙʘʟʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ ʩʨʝʜʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 3 ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟʚʝʩʪʥʷʢʦʚ, ʪ.ʢ. ʜʠʘʙʘʟ ʷʚʣʷʝʪʩʷ ʥʝʧʦʨʠʩʪʦʡ 

ʧʦʨʦʜʦʡ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʨ ʠ ʪʨʝʱʠʥ.  ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦ ʛʣʫʙʠʥʝ ʦʪʙʦʨʘ ʢʝʨʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩ.3). 
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ʈʠʩ.3 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʦʪʙʦʨʘ ʢʝʨʥʘ 

 

ʅʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʥʦʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʫʣʴʬʦʥʦʣʘ ʠ ʥʘʥʦʯʘʩʪʠʮ Al2O3, SiO2 ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʫʛʣʝʨʦʜʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʥʦʞʠʜʢʦʩʪʝʡ 

ʙʳʣʘ ʩʦʙʨʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʯʠʩʪʦʡ ʥʝʬʪʠ, 

ʥʝʬʪʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʫʣʴʬʦʥʦʣʘ, ʥʝʬʪʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʥʦʞʠʜʢʦʩʪʠ ʥʘ ʦʙʨʘʟʮʝ 

ʢʝʨʥʘ ʠʟʚʝʩʪʥʷʢʘ ʠʟ ʛʣʫʙʠʥʳ 1062 ʤ, ʦʪʦʙʨʘʥʥʦʛʦ ʠʟ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ.  

 

 

ʈʠʩ. 4.  ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʚʠʩʷʯʝʡ ʢʘʧʣʠ [10] 

ʩ ʦʙʨʘʙʦʪʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ-3D [11]. ɼʣʷ ʦʮʝʥʢʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ 
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ʧʨʦʠʟʚʦʜʠʣʦʩʴ 10 ʩʥʠʤʢʦʚ ʫʛʣʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʚʳʩʯʠʪʳʚʘʣʦʩʴ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʥʝʬʪʠ 

ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 11,74Á. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʥʦʞʠʜʢʦʩʪʠ ʚ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥ 3%-ʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʦʥʦʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1% SiO2, ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʥʝʬʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʝʛʢʘʷ ʥʝʬʪʴ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ N ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

 

ʈʠʩ.5. ʀʟʦʙʨʘʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʥʝʬʪʠ ʤʝʪʦʜʦʤ ʚʠʩʷʯʝʡ ʢʘʧʣʠ ʥʘ ʰʣʠʬʝ 

ʠʟʚʝʩʪʥʷʢʘ ʠʟ ʛʣʫʙʠʥʳ 1062 ʤ. 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʥʝʬʪʠ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʘʝʚʳʝ 

ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʢʘʧʣʠ ʥʝʬʪʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 3 ʤʣ ʥʝʬʪʠ 0,15 ʤʣ 0,02 % 

ʩʫʣʴʬʦʥʦʣʘ, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʢʨʘʝʚʦʛo ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 

31, 42Á. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʞʠʜʢʦʩʪʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʦʩʪʘʚʳ ʠʟ 3 ʤʣ ʥʝʬʪʠ ʠ 0,15 

ʤʣ, 0,20 ʤʣ, 0,25 ʤʣ, 0,30 ʤʣ ʠ 0,50 ʤʣ ʥʘʥʦʞʠʜʢʦʩʪʠ (3%-ʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʥʦʣʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 1% SiO2) (ʪʘʙʣ.4).  

ʊʘʙʣʠʮʘ 4 

ʂʦʥʮʝʥʪʨʘʮʠʷ (m) ʥʘʥʦʞʠʜʢʦʩʪʠ ʚ ʥʝʬʪʠ. 

V ʥʝʬʪʠ, ʤʣ V ʥʘʥʦʞʠʜʢʦʩʪʠ, ʤʣ m, % 
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ɹʳʣʘ ʥʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢʘʧʣʠ ʥʝʬʪʠ ʩ 

ʥʘʥʦʞʠʜʢʦʩʪʴʶ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʞʠʜʢʦʩʪʠ (ʨʠʩ.6). 
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ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢʘʧʣʠ ʥʝʬʪʠ ʩ ʥʘʥʦʞʠʜʢʦʩʪʴʶ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʥʦʞʠʜʢʦʩʪʠ (3%-ʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʦʥʦʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1% SiO2) 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢʘʧʣʠ ʥʝʬʪʠ ʩ ʥʘʥʦʞʠʜʢʦʩʪʴʶ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʞʠʜʢʦʩʪʠ ʚ ʥʝʬʪʠ ʢʨʘʝʚʦʡ ʫʛʦʣ 

ʩʤʘʯʠʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ                        30,99Á ʜʦ 5,96Á. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɼʣʷ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʢʝʨʥʳ 

ʠʟʚʝʩʪʥʷʢʘ ʩ ʈʫʜʥʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʳ ʠʟ ʛʣʫʙʠʥ 1019 ï 1070 ʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ ʬʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʤʝʥʝʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʤʠʥʝʨʘʣʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʠʟʚʝʩʪʥʷʢ. ɿʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʦʙʨʘʟʮʦʚ (ʜʠʘʙʘʟʘ) ʚ ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʥʠʮʘʝʤʳʭ ʦʙʨʘʟʮʦʚ (ʠʟʚʝʩʪʥʷʢ). 

2. ɼʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʦʥʦʣʘ ʩ 1% SiO2 ʚ ʥʝʬʪʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʥʘʥʦʞʠʜʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ m = 5 ï 15% ʩʥʠʞʘʝʪ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 25
0
. 
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ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʨʦʙʣʝʤʝ ʣʠʢʚʠʜʘʮʠʠ ʧʦʪʝʨʴ 

ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʛʘʟʦʥʦʩʥʳʭ ʫʯʘʩʪʢʘʭ ʆʨʝʥʙʫʨʛʘ, ʧʦʜʯʝʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʟʦʣʷʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʢʚʘʞʠʥ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʡ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʠ 

ʮʝʤʝʥʪʥʳʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʧʨʘʢʪʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʣʘʛʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʢʫʱʠʭ ʤʝʪʦʜʦʚ ʠʟʦʣʷʮʠʠ, ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʣʷʮʠʷ ʩʢʚʘʞʠʥ, ʧʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʦʛʣʦʱʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʦʣʷʮʠʠ, ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ. 

 

ʇʨʦʙʣʝʤʘ ʣʠʢʚʠʜʘʮʠʠ ʧʦʛʣʦʱʝʥʠʡ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʭʦʜʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʧʨʦʜʦʣʞʘʝʪ ʙʳʪʴ ʦʩʪʨʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʢʣʶʯʘʷ ʛʘʟʦʥʦʩʥʳʝ ʫʯʘʩʪʢʠ ʆʨʝʥʙʫʨʛʘ. ʇʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ 

ʞʠʜʢʦʩʪʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ ʠʟʜʝʨʞʢʠ, ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʙʫʨʝʥʠʷ, ʦʢʘʟʳʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʠ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʧʨʦʚʝʜʝʥʠʷ. ɻʣʫʙʦʢʠʡ 

ʘʥʘʣʠʟ ʠ ʦʙʟʦʨ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʫʪʝʯʝʢ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʠ ʤʠʥʠʤʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʨʠʩʢʦʚ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʩʧʦʩʦʙʦʚ ʠʟʦʣʷʮʠʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʟʦʥ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʢʫʱʠʭ ʧʨʘʢʪʠʢ. 

ʀʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʣʠʢʚʠʜʘʮʠʡ ʧʦʛʣʦʱʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʥʘ 

ʛʘʟʦʥʦʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʆʨʝʥʙʫʨʛʘ, ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʤʝʪʦʜʳ 

ʠʟʦʣʷʮʠʠ ʠʥʪʝʨʚʘʣʦʚ ʧʦʛʣʦʱʝʥʠʡ, ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 [1-2]. 

mailto:kparfenovv@mail.ru
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ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʷ ʠʟʦʣʷʮʠʷ ʟʦʥ ʧʦʛʣʦʱʝʥʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ  

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʟʦʥ ʩʚʷʟʘʥʘ ʩ ʭʝʤʦʛʝʥʥʳʤʠ ʠ ʧʦʜʩʦʣʝʚʳʤʠ 

ʩʣʦʷʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʕʪʠ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʧʦʣʥʳʭ ʠʣʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʩʪʨʘʥʝʥʠʝ ʚʦ 

ʚʨʝʤʷ ʙʫʨʝʥʠʷ ʢʨʘʡʥʝ ʪʨʫʜʦʝʤʢʠʤ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳʤ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʟʦʥ 

ʧʦʣʥʦʛʦ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʥʦʡ ʦʩʪʘʥʦʚʢʠ ʙʫʨʦʚʳʭ 

ʨʘʙʦʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʦʣʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʜʯʝʨʢʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʠʟʦʣʷʮʠʠ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ. 

ʆʩʦʙʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʦʣʷʮʠʝʡ ʧʦʛʣʦʱʘʶʱʠʭ ʟʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʣʦʷʭ 

ʠʣʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʥʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʧʨʦʥʠʮʘʝʤʳʭ 

ʠ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠʟʦʣʷʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʙʫʨʝʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʷʚʠʣ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʫʩʪʨʘʥʝʥʠʶ 

ʧʦʛʣʦʱʝʥʠʡ: 

¶ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʯʥʳʭ ʧʦʛʣʦʱʝʥʠʡ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʣʴʤʘʪʘʮʠʷ ʟʦʥ ʧʦʛʣʦʱʝʥʠʡ 

ʙʫʨʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʧʦʣʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠʣʠ ʩʪʝʢʣʷʥʥʳʝ ʤʠʢʨʦʩʬʝʨʳ; 

¶ ʚ ʩʣʫʯʘʝ ʩʨʝʜʥʠʭ ʧʦʛʣʦʱʝʥʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʟʘʢʘʯʢʠ 

ʢʠʩʣʦʪʥʦ-ʨʘʩʪʚʦʨʠʤʦʛʦ ʪʘʤʧʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘʤʠ 

ʘʢʨʠʣʦʚʦʛʦ ʨʷʜʘ; 

¶ ʚ ʩʣʫʯʘʝ ʧʦʣʥʳʭ ʧʦʛʣʦʱʝʥʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʫʬʝʨʥʦʛʦ ʪʘʤʧʦʥʘ ʠʟ 

ʙʳʩʪʨʦʩʭʚʘʪʳʚʘʶʱʝʛʦʩʷ ʮʝʤʝʥʪʘ; 
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¶ ʚ ʩʣʫʯʘʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʛʣʦʱʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʷ ʠʟʦʣʷʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʟʘʢʘʯʢʫ ʚ ʧʣʘʩʪ ʧʦʣʠʤʝʨʥʦʛʦ ʪʘʤʧʦʥʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ 

ʘʢʨʠʣʦʚʦʛʦ ʨʷʜʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʚʨʝʤʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʦʙʘʚʦʢ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʥʘ ʆʨʝʥʙʫʨʛʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʜʣʷ ʠʟʦʣʷʮʠʠ ʟʦʥ ʧʦʣʥʳʭ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʛʣʦʱʝʥʠʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʠʟʦʣʷʮʠʠ ʢʘʢ ʙʫʬʝʨʥʦʝ ʪʘʤʧʦʥʠʨʦʚʘʥʠʝ ʟʦʥʳ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʝʤʝʥʪʥʦʛʦ ʤʦʩʪʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʵʢʨʘʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʩ ʨʘʟʦʙʱʝʥʠʝʤ ʟʦʥ ʧʦʛʣʦʱʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ 

ʨʘʟʙʫʨʠʚʘʝʤʳʭ ʧʘʢʝʨʦʚ.  

ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʙʣʝʤʘʪʠʢʘ ʫʩʪʨʘʥʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʛʣʦʱʝʥʠʡ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʲʝʢʮʠʠ ʚ ʧʣʘʩʪ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʜʠʩʧʝʨʩʠʷʤʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 0,005 ʜʦ 0,5%, 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ ʚ ʜʦʟʘʭ ʦʪ 0,1 ʜʦ 3% ʠ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʧʨʦʧʦʨʮʠʷʭ 

ʦʪ 0,01 ʜʦ 0,2%. ʇʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʘʤ, ʩʦʩʪʘʚ ʜʣʷ ʠʟʦʣʷʮʠʠ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,5 ʜʦ 10%. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʧʦʜʛʦʪʦʚʢʫ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʛʦ ʥʘʛʥʝʪʘʥʠʝ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʠʟʦʣʠʨʫʝʤʫʶ ʩʝʢʮʠʶ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ, ʠʩʢʣʶʯʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʝʧʨʝʩʩʠʠ ʥʘ ʛʝʣʴ, ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ. 

ʂ ʢʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʪʥʦʩʠʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʜʦ ʥʘʯʘʣʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʛʝʣʝʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʘʛʨʝʩʩʠʚʥʦʛʦ 

ʩʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʩʳʱʝʥʥʳʭ ʩʦʣʷʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʞʠʜʢʦʩʪʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʦʙʲʝʤʥʦʛʦ 

ʩʰʠʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʠʟʦʣʷʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʧʘʫʟʫ ʚ ʨʘʙʦʪʘʭ, ʜʦʩʪʠʛʘʶʱʫʶ ʜʦ 10 ʜʥʝʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʙʫʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʦʩʪʘʚ ʦʙʣʘʜʘʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩ ʥʘʯʘʣʴʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ 80-110 ʤʇʘÅʩ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʧʨʦʥʠʮʘʝʤʳʝ ʟʦʥʳ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʫʭʫʜʰʘʷ ʪʝʤ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʈʀʈ. ɽʱʝ ʦʜʥʦʡ ʩʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʪʨʝʙʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʢʚʘʞʠʥʳ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʣʠʥʦʧʦʨʦʰʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʣʴʤʘʪʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʫʩʧʝʥʟʠʡ, ʵʣʠʤʠʥʘʮʠʷ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʝʥʘ ʜʘʞʝ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3-8], ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟʠʨʫʷ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪ ʧʦ ʨʝʘʣʠʟʘʮʠʠ 

(ʈʀʈ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʫʱʠʭ ʤʝʪʦʜʦʚ ʠʟʦʣʷʮʠʠ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩ 

ʧʦʣʥʳʤʠ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ: 

¶ ʆʛʨʘʥʠʯʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦʟʘʩʪʳʚʘʶʱʠʭ 

ʪʘʤʧʦʥʘʞʥʳʭ ʩʤʝʩʝʡ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʠʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢ ʤʝʩʪʫ ʧʦʪʝʨʴ ʠ ʩʣʦʞʥʦʩʪʝʡ ʚ ʢʦʥʪʨʦʣʝ ʟʘ ʚʨʝʤʝʥʝʤ ʠʭ 
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ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʮʝʤʝʥʪʥʦʛʦ 

ʙʘʨʴʝʨʘ; 

¶ ɿʘʪʨʘʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʨʘʟʙʫʨʠʚʘʥʠʷ ʮʝʤʝʥʪʥʳʭ ʤʦʩʪʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʈʀʈ; 

¶ ʉʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʠʟʦʣʷʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤʳ ʚ ʥʘʩʪʨʦʡʢʝ ʠʭ ʩʚʦʡʩʪʚ, ʥʠʟʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʠʦʥʦʚ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ. 

ʆʩʦʙʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʣʝʜʥʠʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʟʦʥʘʭ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʪʷʞʝʣʝʥʥʳʭ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʠʥʪʝʨʚʘʣʘʭ ʨʘʧʦʧʨʦʷʚʣʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʛʣʦʱʝʥʠʶ, ʘ ʚʳʩʦʢʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʩʪʦʚʳʭ 

ʜʘʚʣʝʥʠʡ ʩʥʠʞʘʶʪ ʠʟʦʣʠʨʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʧʦʣʠʤʝʨʥʳʭ, ʪʘʢ ʠ ʮʝʤʝʥʪʥʳʭ 

ʩʦʩʪʘʚʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʠʩʢʘʭ ʥʘʠʣʫʯʰʝʛʦ ʤʝʪʦʜʘ ʠʟʦʣʷʮʠʠ ʫʯʘʩʪʢʦʚ 

ʧʦʛʣʦʱʝʥʠʡ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʘʤʧʦʥʠʨʫʶʱʠʤ ʠʣʠ ʧʦʣʠʤʝʨʥʳʤ 

ʩʤʝʩʷʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʜʛʝʟʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʨʝʤʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʟʘʪʚʝʨʜʝʚʘʥʠʷ), 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʚ ʦʪʜʘʣʝʥʥʳʝ ʟʦʥʳ ʠʟʦʣʷʮʠʠ. 

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʠʟʦʣʷʮʠʠ ʧʦʛʣʦʱʝʥʠʡ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʆʨʝʥʙʫʨʛʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʚʳʷʚʠʣ ʨʷʜ ʢʣʶʯʝʚʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʩʪʨʦʩʭʚʘʪʳʚʘʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-

ʟʘ ʩʣʦʞʥʦʩʪʠ ʠʭ ʜʦʩʪʘʚʢʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʛʠʜʨʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʵʢʨʘʥʘʤʠ, ʚʢʣʶʯʘʷ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʥʠʟʢʫʶ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʧʦʠʩʢʫ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʦʥʥʫʶ ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʨʝʛʫʣʠʨʫʝʤʦʝ ʚʨʝʤʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʢʘʯʢʠ ʠ ʠʟʦʣʷʮʠʠ ʫʜʘʣʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʦʣʷʮʠʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʛʣʦʱʝʥʠʷʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʤʫ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʢʚʘʞʠʥ ʥʘ ʆʨʝʥʙʫʨʛʩʢʦʤ ʠ ʜʨʫʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʩʣʦʞʥʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʚʢʣʶʯʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʘʥʘʣʠʟ ʦʧʳʪʘ ʙʫʨʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʨʳʥʢʘ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʙʦʨ ʨʝʮʝʧʪʫʨʳ ʠ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʙʦʨ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 
ʢʘʯʝʩʪʚʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ɺ ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʙʫʨʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʣʦʛʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʠʪʩʷ 

ʘʜʝʢʚʘʪʥʳʡ ʧʦʜʙʦʨ ʩʦʩʪʘʚʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʩʧʝʮʠʬʠʢʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʫʯʘʩʪʢʝ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʫʯʸʪ ʤʥʦʞʝʩʪʚʘ ʘʩʧʝʢʪʦʚ: 

ʩʪʨʫʢʪʫʨʫ ʤʝʩʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ, ʛʣʫʙʠʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʠ 

ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʦʙʟʦʨʘ ʦʩʚʝʱʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ 

ʜʣʷ ʚʳʙʦʨʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʦʩʦʙʳʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʙʜʫʤʘʥʥʳʡ ʦʪʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʙʫʨʦʚʦʛʦ 
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ʨʘʩʪʚʦʨʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʜʣʷ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [2, 4, 8, 12, 13, 16] ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ 

ʘʩʧʝʢʪʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ: 

1. ʇʨʦʯʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ; 

2. ʉʢʣʦʥʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʣʝʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ; 

3. ʊʝʥʜʝʥʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʨʦʜʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ ʩ ʚʦʜʦʡ: ʛʠʜʨʘʪʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʙʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ; 

4. ʆʩʦʙʝʥʥʦʩʪʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ: ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʪʠʧ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ, ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ, ʩʦʣʸʥʦʩʪʴ 

(ʘʢʪʠʚʥʦʩʪʴ) ʧʦʨʦʚʦʡ ʞʠʜʢʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʠ 

ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ; 

5. ʇʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚʦʛʦ ʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʘʥʦʤʘʣʴʥʦʩʪʠ ʠ ʠʥʜʝʢʩ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʘʚʣʝʥʠʶ ʧʣʘʩʪʦʚ; 

6. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ; 

7. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʢʦʨʨʦʟʠʡʥʳʭ ʠ ʚʨʝʜʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʞʠʜʢʦʩʪʝʡ; 

8. ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʣʦʸʚ; 

9. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʫʨʝʥʠʷ. 

ɺʳʙʦʨ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʠ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʧʨʦʪʠʚ ʬʣʶʠʜʦʟʘʧʦʣʥʝʥʥʳʭ ʧʣʘʩʪʦʚ. ʕʪʠ ʢʨʠʪʝʨʠʠ ʟʘʚʠʩʷʪ ʦʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʬʦʨʤʠʨʫʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʧʣʘʩʪʘʭ [10, 13, 21, 24-25]. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʙʦʨʘ 

ʨʘʩʪʚʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʟʥʘʥʠʷ ʠ ʦʧʳʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ 

ʧʨʝʜʳʜʫʱʠʭ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʛʦʨʠʟʦʥʪʝ [3, 5, 15, 18]. 

ʋʯʠʪʳʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʙʫʨʝʥʠʠ [1-2, 6-7, 9, 23], ʢ 

ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ:  

1. ʋʢʨʝʧʣʝʥʠʝ ʩʪʝʥ ʩʢʚʘʞʠʥ ʚ ʨʘʩʩʳʧʯʘʪʳʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʙʨʫʰʝʥʠʶ 

ʧʦʨʦʜʘʭ; ʙʘʣʘʥʩʠʨʦʚʢʘ ʚʝʣʠʯʠʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʣʘʩʪʘʭ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

2. ɿʘʧʝʯʘʪʳʚʘʥʠʝ ʪʨʝʱʠʥ ʠ ʫʯʘʩʪʢʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʧʣʘʩʪʘʭ; 

ʟʘʱʠʪʘ ʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʩʧʫʯʠʚʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʨʦʜ; 

3. ɻʘʨʘʥʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʢʝʨʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʳʭʣʳʭ, ʩʣʘʙʦ 

ʩʚʷʟʘʥʥʳʭ ʧʦʨʦʜ; 

4. ʇʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʰʣʘʤʘ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʩʧʝʥʟʠʠ ʚʥʫʪʨʠ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʚ ʤʦʤʝʥʪʳ ʦʩʪʘʥʦʚʢʠ ʮʠʨʢʫʣʷʮʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʛʦ ʣʠʰʴ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʤʳʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʚ ʧʨʦʮʝʜʫʨʘʭ ʙʫʨʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ 

ʩʨʝʜʩʪʚ [8]. 

ɿʥʘʯʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʚʠʜʘ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ 

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʠʣʴʪʨʘʪʘ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʬʣʶʠʜʘʤʠ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʣʦʷʭ ʠ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʧʦʨʦʜʘʭ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʙʦʨ ʨʅ ʚʣʠʷʝʪ ʥʘ ʢʦʨʨʦʟʠʡʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʯʸʤ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʱʝʣʦʯʥʦʩʪʠ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ 

ʠʟ ʩʪʘʣʴʥʳʭ ʠ ʣʸʛʢʠʭ ʩʧʣʘʚʦʚ [17, 20]. 

ʂʘʯʝʩʪʚʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ ʠʣʠ ʝʸ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ [14, 22]. 

ʉʨʝʜʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʳʜʝʣʷʶʪ: ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ (ʪʘʢʠʝ ʢʘʢ ʪʚʸʨʜʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʧʦʨʠʩʪʦʩʪʴ, ʘʙʨʘʟʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ, ʨʘʟʤʦʢʘʝʤʦʩʪʴ, 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʠ ʪ.ʜ.); ʫʨʦʚʝʥʴ ʠ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʬʣʶʠʜʦʚ ʧʣʘʩʪʘ; ʜʘʚʣʝʥʠʝ ʚ ʧʣʘʩʪʝ; ʜʘʚʣʝʥʠʝ ʛʠʜʨʦʨʘʟʨʳʚʘ; 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ ʜʨʫʛʦʝ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚʢʣʶʯʘʶʪ: ʤʝʪʦʜ ʙʫʨʝʥʠʷ; ʛʣʫʙʠʥʫ ʠ ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ; 

ʟʝʥʠʪʥʳʝ ʠ ʘʟʠʤʫʪʘʣʴʥʳʝ ʫʛʣʳ; ʟʘʟʦʨ ʤʝʞʜʫ ʙʫʨʠʣʴʥʳʤʠ ʪʨʫʙʘʤʠ ʠ ʩʪʝʥʢʘʤʠ 

ʩʢʚʘʞʠʥʳ; ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʧʘʨʘʤʝʪʨʳ ʙʫʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ; 

ʪʠʧ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ; ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ; ʤʝʪʦʜ ʦʪʢʨʳʪʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʣʦʷ; ʦʙʲʸʤ ʧʨʦʭʦʜʢʠ ʟʘ ʮʠʢʣ ʠ ʧʨ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʦʥʠʤʘʥʠʝ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʘʩʪʚʦʨ, ʠʜʝʘʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʩʝʤ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʫʨʝʥʠʷ, ʥʝʚʦʟʤʦʞʝʥ. ʈʘʩʪʚʦʨ ʥʝ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʬʫʥʢʮʠʠ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ð ʩʚʦʡʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ ʝʛʦ 

ʭʠʤʠʯʝʩʢʫʶ ʢʦʨʨʝʢʮʠʶ ʠ ʥʘʩʪʨʦʡʢʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ [11]. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʚʘʞʥʳʭ ʜʣʷ ʧʦʜʙʦʨʘ ʠ ʢʘʯʝʩʪʚʘ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʧʨʝʜʣʦʞʝʥ ʥʘʯʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʭʦʜʷʱʝʛʦ ʩʦʩʪʘʚʘ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ: 

1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ [1, 6-7]; 

2. ʌʦʨʤʫʣʠʨʦʚʢʘ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʙʦʨʘ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ; 

3. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʙʫʨʝʥʠʷ [15]; 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʨʳʥʢʝ; 

5. ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʡ ʬʦʨʤʫʣʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ; 

6. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [19]. 
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ʅʘ ʦʙʲʝʢʪʘʭ ɸʆ "ʆʨʝʥʙʫʨʛʥʝʬʪʴ" ʚ 2023 ʛʦʜʫ ʧʨʦʚʦʜʠʣʠʩʴ ʆʧʳʪʥʦ-

ʇʨʦʤʳʰʣʝʥʥʳʝ ʀʩʧʳʪʘʥʠʷ (ʆʇʀ) ʧʦ "ʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʢʚʘʞʠʥʘʭ ʙʝʟ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʮʠʠ ɻʊʀ ʩ ʧʦʤʦʱʴʶ ʀɸʉ "ɻʝʦʪʝʢ" 

(ʠʩʧʦʣʥʠʪʝʣʴ ʆʆʆ "ʆʡʣʧʨʦʤʩʝʨʚʠʩ"). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʧʧʘʨʘʪʥʦ-ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʇʂ), ʮʝʥʪʨ 

ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʎʋʄɹ), ʤʘʩʪʝʨ, ʙʫʨʠʣʴʱʠʢ, çʞʫʨʥʘʣ ʩʫʧʝʨʚʘʡʟʝʨʘè. 

 

ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʟʘʤʝʱʝʥʠʠ ʬʫʥʢʮʠʠ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʮʠʠ ɻʊʀ ʧʫʪʝʤ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ɸʧʧʘʨʘʪʥʦ-ʇʨʦʛʨʘʤʤʥʦʛʦ ʂʦʤʧʣʝʢʩʘ (ʜʘʣʝʝ ɸʇʂ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ, 

ʧʦʣʥʦʪʫ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʥʘ 

ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʮʝʥʪʨʘ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʫ ʙʫʨʝʥʠʷ 

(ʎʋʄɹ) ʚ ʦʬʠʩʝ ɿʘʢʘʟʯʠʢʘ ʠ ʵʧʠʟʦʜʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ɸʇʂ, ʚʳʝʟʜʥʦʡ ʛʨʫʧʧʦʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ɸʇʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʪ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʙʫʨʝʥʠʷ ʚ ʦʙʲʝʤʝ, ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʲʝʤʫ ʩʪʘʥʮʠʠ ɻʊʀ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ.  

 

ɺ ʩʦʩʪʘʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ: 

Á ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ 

Á ʄʦʜʫʣʴ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

Á ʉʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ 

Á ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

Á ɼʚʘ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʮʠʠ ɻʊʀ (ʩʤʝʥʘ 12/12) 

Á ɼʚʘ ʛʝʦʣʦʛʘ (ʩʤʝʥʘ 12/12) [1] 
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ʈʠʩʫʥʦʢ ï 1. ʉʪʘʥʜʘʨʪʥʳʡ ʢʦʤʧʣʝʢʩ ɻʊʀ 

 

ɺ ʩʦʩʪʘʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʊʀ ʚʭʦʜʠʪ: 

Á ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ 

Á ʄʦʜʫʣʴ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

Á ʉʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ 

Á ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

Á ʉʦʪʨʫʜʥʠʢ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ (ʦʜʠʥ ʯʝʣʦʚʝʢ ʥʘ ʧʷʪʴ ʦʙʲʝʢʪʦʚ, ʩ 
ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ʦʜʥʦʤ ʠʟ ʦʙʲʝʢʪʦʚ) 

Á ɺʦʜʠʪʝʣʴ (ʥʘ ʧʷʪʴ ʦʙʲʝʢʪʦʚ, ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ʦʜʥʦʤ ʠʟ ʦʙʲʝʢʪʦʚ) 

Á ɼʚʘ ʫʜʘʣʝʥʥʳʭ ʦʧʝʨʘʪʦʨʘ (ʥʘ 3-5 ʦʙʲʝʢʪʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ 

ʩʣʦʞʥʦʩʪʠ ʨʘʙʦʪ) [1] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ï 2. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ɻʊʀ 

 

 

 

ʆʧʝʨʘʪʦʨ ʩʪʘʥʮʠʠ ɻʊʀ 
ʉʧʝʮʠʘʣʠʩʪʳ ʩʣʫʞʙʳ 

ʤʦʥʠʪʦʨʠʥʛʘ 

 

ʉʧʝʮʠʘʣʠʩʪ ɿʘʢʘʟʯʠʢʘ 

ʋʜʘʣʝʥʥ
ʳʡ 

ʋʜʘʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ 
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ʆʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ:  

¶ ʇʨʦʚʝʨʢʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʊʝʭʥʦʣʦʛʠʠ ʥʘ ʦʙʲʝʢʪʘʭ ɸʆ ""ʆʨʝʥʙʫʨʛʥʝʬʪʴ"". 

¶ ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ 

ʜʦʩʪʠʛʥʫʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦ ʩʨʝʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʜʦʙʥʳʭ   ʩʢʚʘʞʠʥ ɸʆ ""ʆʨʝʥʙʫʨʛʥʝʬʪʴ"" ʚ 2022 ʠ 2023 ʛʦʜʘʭ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʫʯʘʩʪʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʙʫʨʦʚʦʡ ʢʦʤʧʘʥʠʠ (ʤʘʩʪʝʨʘ ʠ ʙʫʨʠʣʴʱʠʢʘ), 

ʩʫʧʝʨʚʘʡʟʝʨ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʙʫʨʝʥʠʶ, ʩʧʝʮʠʘʣʠʩʪʘ ʮʝʥʪʨʘ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʫʨʝʥʠʷ ʧʨʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʠ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʮʠʠ ɻʊʀ, ʚʳʟʚʘʥʥʦʤ ʝʛʦ ʠʩʢʣʶʯʝʥʠʝʤ 

ʠʟ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ." 

1.  

2. ʇʦʣʫʯʝʥʥʳʡ ʵʬʬʝʢʪ: 

¶ ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʊʝʭʥʦʣʦʛʠʠ ʧʦ ʧʦʣʥʦʪʝ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ 

ʥʝ ʫʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʮʠʡ ɻʊʀ ʩ 

ʦʧʝʨʘʪʦʨʦʤ. 

¶ ʄʠʥʠʤʠʟʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʦʜʠʥ ʦʧʝʨʘʪʦʨ 

ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ ʙʫʨʝʥʠʷ ʚʤʝʩʪʦ ʧʷʪʠ ʦʧʝʨʘʪʦʨʦʚ ɻʊʀ), ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʘ çʦʧʝʨʠʨʫʶʱʝʛʦè ʧʦʣʫʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ 

(ʢʚʘʣʠʬʠʢʘʮʠʷ ʦʧʝʨʘʪʦʨʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ ʚʳʰʝ ʩʨʝʜʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʦʧʝʨʘʪʦʨʦʚ ɻʊʀ) ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ɿʘʢʘʟʯʠʢʘ. 

¶ ʄʠʥʠʤʠʟʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʚ ʦʙʣʘʩʪʠ ʆʊ ʠ ʊɹ. 

¶ ɸʇʂ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ- 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʀɸʉ ɻɽʆʊɽʂ. 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʇʂ ʨʝʰʘʝʪ ʪʝʢʫʱʫʶ ʧʨʦʙʣʝʤʫ ʜʝʬʠʮʠʪʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. 

¶ ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ɸʇʂ ɻɽʆʊɽʂ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʛʣʘʤʝʥʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʫʨʦʚʳʤ ʧʦʜʨʷʜʯʠʢʦʤ. 

¶ ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʨʷʜʦʢ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʩʫʪʦʯʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʚ 

ʤʦʜʫʣʴ çɾʫʨʥʘʣ ʩʫʧʝʨʚʘʡʟʝʨʘè ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʩʢʚʘʞʠʥè. 

¶ ɼʦʨʘʙʦʪʢʘ ʇʆ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀɸʉ çɻɽʆʊɽʂè [2] 

 

ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ, ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʩʪʘʚʣʝʥʠʷ ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʷ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʚʳʷʚʣʝʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ. 

ʂʨʠʪʝʨʠʠ ʧʨʠʤʝʥʝʥʠʷ: 
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ʇʨʠʤʝʥʠʤʦ ʥʘ ʙʫʨʷʱʠʭʩʷ ʩʢʚʘʞʠʥʘʭ ʙʝʟ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, 

ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʨʷʜʢʘ ʚʚʦʜʘ ʩʫʪʦʯʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʚ ʤʦʜʫʣʴ çɾʫʨʥʘʣ 

ʩʫʧʝʨʚʘʡʟʝʨʘè ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʩʢʚʘʞʠʥè ʧʝʨʩʦʥʘʣʦʤ ʠʟ ʎʋʄɹ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʫʨʝʥʠʝʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʨʘʧʦʧʨʦʷʚʣʝʥʠʷ ʠ ʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ. ʊʘʢʞʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʨʘʧʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʮʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʣʴʬʘʪʥʦ-ʛʘʣʣʦʠʜʥʦʡ ʘʛʨʝʩʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʙʫʨʝʥʠʷ ʚ 

ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʧʦʧʨʦʷʚʣʝʥʠʷ, 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʩʫʣʴʬʘʪʥʦ-ʛʘʣʣʦʠʜʥʘʷ ʘʛʨʝʩʩʠʷ, ʈʋʆ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʨʘʟʚʝʜʦʯʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʘʣʠʯʠʝʤ ʨʘʧʦʧʨʦʷʚʣʷʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʀʥʪʝʥʩʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʩʦʣʝʥʦʡ ʚʦʜʳ ʠ ʧʝʨʝʥʘʩʳʱʝʥʥʳʭ ʨʘʩʩʦʣʘʤʠ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ 

(ʨʘʧʘ) ʫʩʣʦʞʥʷʶʪ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʩʢʚʘʞʠʥʳ 

ʧʣʘʥʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʆʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ 

ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʟʘʢʫʧʦʨʢʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ ʨʘʧʳ ʩʝʨʦʚʦʜʦʨʦʜʦʤ, ʘʤʤʠʘʢʦʤ ʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ 

ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʣʠʢʚʠʜʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʳʤ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʝʛʘʪʴ ʢ ʣʠʢʚʠʜʘʮʠʠ ʩʘʤʦʡ ʩʢʚʘʞʠʥʳ. 

ʈʘʧʦʧʨʦʷʚʣʝʥʠʝ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʦ ʪʘʢʞʝ ʨʝʟʢʠʤ ʫʭʫʜʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʫʭʫʜʰʝʥʠʝ ʤʦʞʝʪ 
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ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʩʣʦʞʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʝʨʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ. 

ʇʦ ʧʨʠʯʠʥʝ ʨʘʧʦʧʨʦʷʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ 

ʞʠʜʢʦʩʪʴʶ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ 

ʩʫʞʘʪʴʩʷ, ʘ ʪʘʢʞʝ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠʭʚʘʪʳ ʠ ʟʘʪʷʞʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. [21, 25]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʭʦʜʢʠ 

ʨʘʧʦʧʨʦʷʚʣʷʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʥʘʧʨʠʤʝʨ ʙʝʟʛʣʠʥʠʩʪʳʭ [2], ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ [18], ʩʦʣʝʥʘʩʳʱʝʥʥʳʭ ʠ 

ʧʦʣʠʤʝʨ-ʵʤʫʣʴʩʠʦʥʥʳʭ ʫʪʷʞʝʣʝʥʥʳʭ, ʪʘʢ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʭ ʨʝʮʝʧʪʫʨʳ 

ʤʘʣʦʧʨʠʛʦʜʥʳ, ʪʘʢ ʢʘʢ ʨʘʧʘ ʚʳʟʳʚʘʝʪ ʠʭ ʢʦʘʛʫʣʷʮʠʶ ʠ ʧʦʚʳʰʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʘʛʝʥʪʳ [1]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʣʝʛʘʥʠʝʤ ʢʦʣʣʝʢʪʦʨʦʚ ʨʘʧʳ. 

ʇʨʠ ʠʟʦʣʷʮʠʠ ʨʘʧʦʩʦʜʝʨʞʘʱʠʭ ʧʣʘʩʪʦʚ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʦʢʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘʛʥʝʪʘʥʠʷ, 

ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʨʘʟʤʳʚʘ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʟʘʪʚʦʨⱪʥʥʳʝ ʥʘ ʨʘʧʝ, ʠ ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʮʝʤʝʥʪʥʳʝ 

ʨʘʩʪʚʦʨʳ, ʟʘʪʚʦʨⱪʥʥʳʝ ʥʘ ʨʘʩʩʦʣʘʭ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʬʝʨʥʳʝ ʪʘʤʧʦʥʳ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʚ 2-3 ʨʘʟʘ ʙʦʣʴʰʝʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʢʘʯʠʚʘʝʤʳʭ 

ʦʙʲʝʤʦʚ [8]. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʫʣʴʬʘʪʥʦ-ʛʘʣʣʦʠʜʥʦʡ ʘʛʨʝʩʩʠʠ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʥʛʠʙʠʨʫʶʱʠʝ ʨʘʩʪʚʦʨʳ [9, 13]. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʩʫʣʴʬʘʪʥʦʡ ʘʛʨʝʩʩʠʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʛʝʣʴ ʘʣʶʤʠʥʠʷ, ʘ ʢ 

ʛʘʣʣʦʠʜʥʦʡ ï ʧʦʣʠʤʝʨ-ʛʣʠʥʠʩʪʳʡ ʨʘʩʪʚʦʨ ʩ ʞʠʜʢʠʤ ʩʪʝʢʣʦʤ ʠ ʧʦʣʠʛʣʠʢʦʣʝʤ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʮʝʧʪʫʨʳ ʨʘʩʪʚʦʨʘ ʥʫʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 

ʩʪʝʧʝʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʨʘʩʩʦʣʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʩʦʩʪʦʷʣ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʢʘʢ ʠ ʨʘʧʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʠʥʳ, ʧʦʣʠʤʝʨʦʚ (ʂ-

4, ʢʨʘʭʤʘʣʘ, ɺʇʈɻ, ʋʥʠʬʣʦʢʘ), ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʠ ʢʘʫʩʪʠʯʝʩʢʦʡ ʩʦʜʳ, ʘ ʚʤʝʩʪʦ 

ʥʠʭ ʧʨʠʤʝʥʷʪʴ ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʩ ʤʨʘʤʦʨʥʦʡ ʧʫʜʨʦʡ, ʯʪʦ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʦ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʆ çʋʟʙʫʨʥʝʬʪʝʛʘʟè [12]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʦʚ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʜʣʷ ʧʨʦʭʦʜʢʠ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʣʝʡ 

ʤʝʥʷʶʪ. ɿʘʯʘʩʪʫʶ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʛʦʪʦʚʷʪ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʙʠʦʧʦʣʠʤʝʨʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʂʄʎ ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʦʤ. ʆʜʥʘʢʦ 

ʫʯʠʪʳʚʘʷ ʩʣʦʞʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʨʘʧʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʧʣʘʩʪʳ 

ʛʘʣʠʪʘ, ʨʘʟʫʧʣʦʪʥʝʥʥʳʝ ʪʨʝʱʠʥʦʚʘʪʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʟʘʩʦʣʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ (0,35-0,4 ʢʛ/ʣ) ʠ ʚʳʩʦʢʦʢʠʩʣʦʪʥʳʝ (ʨʅ = 2-3) ʧʣʘʩʪʦʚʳʝ 

ʚʦʜʳ ʠ ʪ.ʜ., ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʷʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʨʘʧʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʥʠʞʘʶʪʩʷ ʠ 

ʫʭʫʜʰʘʶʪʩʷ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʝʡ ʥʘ ʧʦʣʠʤʝʨʳ [10]. 

ɺ ʨʘʩʪʚʦʨʝ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʚ ʥʝʛʦ 

ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʠʟ ʧʦʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚʚʝʜʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʠ ʯʘʩʪʠʮʳ ʩʦʣʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ. ʈʦʩʪ ʧʨʠʪʦʢʘ ʨʘʩʩʦʣʘ 

ʚʝʜⱪʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʫʚʝʣʠʯʠʚʘʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʠʤʝʨʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɽʩʣʠ 
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ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʝʢʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʠʤʝʨʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚʳʩʦʢʦʡ (200-260 ʢʛ/ʤ
3
) ʩ ʧʦʤʦʱʴʶ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, 

ʙʠʦʧʦʣʠʤʝʨʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʂʄʎ, ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʚʳʤʳʚʘʝʤʦʡ 

ʧʦʨʦʜʳ ʚ ʨʘʩʪʚʦʨʝ ʩʥʠʞʘʝʪʩʷ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʜʠʬʬʫʟʠʦʥʥʳʝ ʠ ʦʩʤʦʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ) [10]. 

ʇʨʠ ʙʦʨʴʙʝ ʩ ʨʘʧʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʦʪʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʯʠʥʘʶʪ 

ʧʦʚʳʰʘʪʴ, ʥʦ ʵʪʦ ʥʝ ʜʘⱪʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟ-ʟʘ ʢʦʘʛʫʣʷʮʠʠ. ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʦʚ ʫʪʷʞʝʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʰʣʘʤ-ʣʠʛʥʠʥʦʚ ʩ ʨʘʧʦʡ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 2000 ʢʛ/ʤ
3
 ʩ ʚʳʩʦʢʠʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʡ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʘʛʨʝʩʩʠʷʤ [4]. 

ʇʨʠ ʠʟʣʠʚʝ ʨʘʧʳ ʠʟʦʣʠʨʦʚʘʪʴ ʠʥʪʝʨʚʘʣʦʤ ʮʝʤʝʥʪʦʤ ʥʝ ʫʜʘⱪʪʩʷ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ: ʧʦʣʠʤʝʨ-ʵʤʫʣʴʩʠʦʥʥʳʝ ʫʪʷʞʝʣʝʥʥʳʝ, 

ʛʠʜʨʦʛʝʣʠ, ʨʘʩʪʚʦʨʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ (ʈʋʆ), ʩʦʣʝʥʘʩʳʱʝʥʥʳʝ ʥʘ 

ʧʦʣʠʤʝʨʛʫʤʘʪʥʦʡ ʦʩʥʦʚʝ ʩ ʢʦʣʴʤʘʪʘʥʪʘʤʠ [24]. 

ʈʘʩʪʚʦʨʳ ʩ ʢʘʣʴʮʠʝʚʳʤʠ ʛʣʠʥʘʤʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʧʝ, ʥʘʧʨʠʤʝʨ, 

ʧʘʣʳʛʦʨʩʢʠʪ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʦʜʦʦʪʜʘʯʠ ʨʘʩʪʚʦʨʳ ʵʤʫʣʴʛʠʨʫʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʧʨʦʚʦʜʢʠ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʷʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʧʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʂʄʎ, ʢʨʘʭʤʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʜʝʢʩʪʨʠʥʘ, ʙʝʥʪʦʥʠʪʘ ʠ ʩʫʣʴʬʘʥʦʣʘ. 

ʆʧʳʪ ʙʫʨʝʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘʭ ʘʥʠʦʥʥʦ-ʥʝʠʦʥʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 

ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʩʦʣʝʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʀʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʭʦʜ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ (ʧʦʥʠʟʠʪʝʣʝʡ ʬʠʣʴʪʨʘʮʠʠ) ʦʪ 3 ʜʦ 10 ʨʘʟ ʠ ʙʦʣʝʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ 

ʧʨʝʩʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʦʣʝʥʘʩʳʱʝʥʥʫʶ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʅ ʩʨʝʜʳ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ = 8...10. ʇʦʜʜʝʨʞʠʚʘʪʴ ʨʅ ʚ ʧʨʝʜʝʣʘʭ 8...10 ʧʨʠ ʙʫʨʝʥʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʧʦʣʠʩʦʣʝʚʦʡ ʘʛʨʝʩʩʠʠ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ [6-7, 11, 20]. 

ɸʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʠʜʘʥʠʝ ʠʤ ʩʚʦʡʩʪʚ, 

ʧʨʠʩʫʱʠʭ ʨʘʩʪʚʦʨʘʤ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ (ʈʋʆ). ʂ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʦʣʝʚʦʡ ʘʛʨʝʩʩʠʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʟʫʧʨʦʯʥʷʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʯʝʩʪʚʦ ʚʩʢʨʳʪʠʷ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʪʦ ʝʩʪʴ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʈʋʆ ʠ ʟʘʣʦʞʝʥʥʳʝ ʚ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ [3, 5, 14,16-

17, 19, 22-23]. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʈʋʆ ʦʪ ʚʦʜʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʦʤ, 

ʯʪʦ ʜʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ 

ʨʝʮʝʧʪʫʨ ʈʋʆ ʛʠʜʨʦʦʢʠʩʠ ʢʘʣʴʮʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʈʋʆ ʩʦʚʤʝʩʪʠʤ ʩʦ 

ʚʩʝʤʠ ʠʟʚʝʩʪʥʳʤʠ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʤʠ ʩʝʨʦʚʦʜʦʨʦʜʘ (ɾʉ-7, ʉʅʋɼ, MnO2, ZnO ʠ ʪ. 

ʜ.). ʆʧʳʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʈʋʆ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʠʭ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ [15]. 

ɺ ʨʘʤʢʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʙʫʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʚʳʟʦʚʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩʦʩʪʘʚʘ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʘʢʮʝʥʪʠʨʫʷ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʩʪʝʧʝʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
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ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʙʦʨʴʙʳ ʩ ʨʘʧʦʧʨʦʷʚʣʷʶʱʠʤʠ ʠ ʧʦʛʣʦʱʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʢʣʶʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʛʣʠʥʳ ʠ ʧʦʣʠʤʝʨʳ, ʚ 

ʧʦʣʴʟʫ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʩ ʤʨʘʤʦʨʥʦʡ 

ʧʫʜʨʦʡ. ɼʘʣʝʝ ʧʦʜʯʝʨʢʥʫʪʳ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʩʦʣʝʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʟʥʘʯʝʥʳ, ʚʳʜʝʣʷʷ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʫʪʷʞʝʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʨʦʣʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɸʥʘʣʠʟ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠ ʩʨʘʚʥʝʥʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. 
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ʧʦʣʠʢʘʪʠʦʥʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʙʫʨʝʥʠʠ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʝ // ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʥʘ ʩʫʰʝ 

ʠ ʥʘ ʤʦʨʝ. ï 2017. ï ˉ 1. ï ʉ. 33-39. 
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ʇʆɻʃʆʑɽʅʀʁ ɹʋʈʆɺʆɻʆ ʈɸʉʊɺʆʈɸ 

ɸ.ʖ. ʄʘʣʳʰʝʚ, ʉ.ʅ. ʇʘʨʬʝʥʦʚʘ, ʂ.ɺ. ʇʘʨʬʝʥʦʚ, ɸ.ʅ. ʆʚʘʢʘʥʷʥ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
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ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦʛʣʦʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʝʝ 

ʟʥʘʯʝʥʠʠ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʠ 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚʝʜʫʱʠʤʠ ʥʝʬʪʝʛʘʟʦʚʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ ʠ ʥʘʫʯʥʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ 
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ʦʙʣʘʩʪʠ ʫʧʨʦʯʥʝʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʧʳʪʝ ʠ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʣʶʯʝʚʳʭ ʠʛʨʦʢʦʚ ʦʪʨʘʩʣʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʛʣʦʱʝʥʠʷ, ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʩʪʚʦʣʘ, ʠʟʦʣʷʮʠʷ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʛʣʦʱʝʥʠʡ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ. ʆʜʥʠʤ ʠʟ 

ʩʝʨʴʝʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʛʣʦʱʝʥʠʷ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ð ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʴ ʠʣʠ ʚʝʩʴ ʨʘʩʪʚʦʨ, ʮʠʨʢʫʣʠʨʫʶʱʠʡ 

ʚ ʩʢʚʘʞʠʥʝ, ʪʝʨʷʝʪʩʷ ʚ ʧʦʨʦʜʘʭ, ʦʢʨʫʞʘʶʱʠʭ ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ. ʇʦʛʣʦʱʝʥʠʝ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʩʧʦʣʥʝʥʠʷ ʫʪʨʘʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʠ 

ʜʦʙʘʚʣʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʥʦ ʠ ʢ ʟʘʪʷʛʠʚʘʥʠʶ ʩʨʦʢʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ, ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʦʚ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ 

ʚʦʟʤʦʞʥʦʤʫ ʥʘʥʝʩʝʥʠʶ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʠ, ʛʜʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ, 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʠʣʠ ʠʩʪʦʱʝʥʥʳʭ ʧʣʘʩʪʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʪʨʝʙʫʝʪ 

ʦʪ ʠʥʜʫʩʪʨʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

ɺ ʩʚʝʪʝ ʵʪʠʭ ʚʳʟʦʚʦʚ, ʚʝʜʫʱʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʢʦʤʧʘʥʠʠ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʘʧʨʦʙʘʮʠʝʡ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʦʛʣʦʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʎʝʣʴʶ ʪʘʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ, ʥʦ 

ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ, ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʦʝʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɹʳʣʠ ʦʧʠʩʘʥʳ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʙʟʦʨ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʧʳʪʝ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʝʜʫʱʠʭ ʠʛʨʦʢʦʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ɺʝʜʫʱʠʝ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʧʦʪʝʨʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʨʠʭʚʘʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʨʠʩʢʠ ʜʣʷ ʵʢʦʣʦʛʠʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ. 

ʈʘʟʣʠʯʥʳʝ ʢʦʤʧʘʥʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʢʘʣʴʥʳʝ 

ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʦʛʣʦʱʝʥʠʷʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʩʧʦʣʴʟʫʷ 

ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʅʘʧʨʠʤʝʨ: 

1. Halliburton ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʣʴʤʘʪʘʥʪʦʚ (ʚʦʣʦʢʥʦ, ʛʫʙʯʘʪʳʡ 

ʤʘʪʝʨʠʘʣ, ʥʘʙʫʭʘʶʱʠʡ ʧʦʣʠʤʝʨ, ʫʧʨʫʛʠʝ ʯʘʩʪʠʮʳ, ʩʣʶʜʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ). ʕʪʠ 
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ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʨʘʩʪʚʦʨʘ, ʫʧʨʦʱʘʶʪ ʣʦʛʠʩʪʠʢʫ ʠ 

ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʢ ʚʚʦʜʫ [1]. 

2. National Oilwell Varco (NOV) ʨʘʟʨʘʙʦʪʘʣʘ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʧʝʨʝʚʦʜʥʠʢʠ 

ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʜʝʡʩʪʚʠʷ MOCS, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʦʪʝʨʠ ʮʠʨʢʫʣʷʮʠʠ, ʩʦʢʨʘʱʘʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʦʨʴʙʦʡ ʩ ʧʦʛʣʦʱʝʥʠʝʤ [1]. 

3. Weatherford ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʙʫʨʝʥʠʷ ʥʘ ʭʚʦʩʪʦʚʠʢʝ ʠ 

ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʣʦʱʝʥʠʝʤ, ʟʘ 

ʩʯʝʪ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʙʫʨʝʥʠʷ 

[2]. 

4. ʆʆʆ "ʊʘʨʛʠʥ ɹʫʨʝʥʠʝ" ʧʨʝʜʣʘʛʘʝʪ ʠʟʦʣʠʨʫʶʱʠʝ ʩʤʝʩʠ ʥʘ ʚʦʜʥʦʡ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʠʢʚʠʜʘʮʠʠ ʧʦʛʣʦʱʝʥʠʡ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʢʨʝʧʣʝʥʠʝ ʩʢʚʘʞʠʥʳ [1]. 

5. ʇɸʆ çʊʘʪʥʝʬʪʴè ʚʥʝʜʨʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʝʛʯʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʨʘʥʫʣʳ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʟʦʥ 

ʧʦʛʣʦʱʝʥʠʡ [3]. 

ʄʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʠ ʮʠʨʢʫʣʷʮʠʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʥʠ 

ʚʢʣʶʯʘʶʪ ʩʪʨʘʪʝʛʠʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʩʪʚʦʣʘ, ʤʠʥʠʤʠʟʘʮʠʶ 

ʧʦʛʣʦʱʝʥʠʷ ʬʣʶʠʜʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 

ʙʫʨʦʚʦʤ ʨʘʩʪʚʦʨʝ [4]. 

ʋʧʨʦʯʥʝʥʠʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ð ʵʪʦ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʜʘʚʣʝʥʠʶ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ [5]. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ: 

¶ ʀʟʦʣʷʮʠʶ ʚʝʨʰʠʥ ʪʨʝʱʠʥ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʴʮʝʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ. 

¶ ʂʦʥʪʨʦʣʴ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʟʘʢʨʳʪʠʝ ʪʨʝʱʠʥ, ʯʝʨʝʟ ʟʘʧʦʣʥʝʥʠʝ ʠ 

ʠʟʦʣʷʮʠʶ ʪʨʝʱʠʥ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʪʝʨʶ ʮʠʨʢʫʣʷʮʠʠ. 

¶ ʌʠʟʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʕʪʠ ʤʝʪʦʜʳ ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʜʦʙʘʚʣʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʪʝʨʠ 

ʨʘʩʪʚʦʨʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ [4]. 

ɻʣʫʙʠʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʢʨʝʧʣʝʥʠʶ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥ ʚʳʷʚʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʚʥʫʪʨʠ ʪʨʝʱʠʥ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ 

ʥʝʚʦʟʤʦʞʥʦ, ʵʢʩʧʝʨʪʳ ʦʪʨʘʩʣʠ ʪʘʢ ʠ ʥʝ ʧʨʠʰʣʠ ʢ ʦʙʱʝʤʫ ʤʥʝʥʠʶ ʦ ʜʦʤʠʥʠʨʫʶʱʝʤ 

ʤʝʭʘʥʠʟʤʝ ʫʢʨʝʧʣʝʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʩʝʥʩʫʩʘ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʥʠʮʠʘʮʠʶ ʨʷʜʘ 

ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʟʘʧʦʣʥʝʥʠʷ 
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ʪʨʝʱʠʥ, ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʩʪʚʦʣʦʚ ʩʢʚʘʞʠʥ. 

ʀʥʠʮʠʘʪʠʚʫ ʚ ʟʘʧʫʩʢʝ ʧʝʨʚʦʛʦ ʪʘʢʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʝʜʧʨʠʥʷʣʘ 

ʢʦʤʧʘʥʠʷ Shell E&P Company, ʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʝʡ ʟʘʥʠʤʘʝʪʩʷ 

ʢʦʤʧʘʥʠʷ M-I SWACO, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ Schlumberger [6-7]. ʇʝʨʚʳʡ ʦʪʨʘʩʣʝʚʦʡ 

ʧʨʦʝʢʪ ʧʦʜ ʵʛʠʜʦʡ M-I SWACO ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʝʨʠʦʜ ʩ 2004 ʧʦ 2006 ʛʦʜʳ ʩ 

ʫʯʘʩʪʠʝʤ ʪʘʢʠʭ ʛʠʛʘʥʪʦʚ, ʢʘʢ Shell, BP, ConocoPhillips, Chevron ʠ Statoil [8]. ɻʣʘʚʥʘʷ 

ʮʝʣʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʡ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʧʦʚʪʦʨʷʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥ, ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʩʪʠʨʦʚʘʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʪʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʢʨʝʧʣʝʥʠʶ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʠ ʙʦʨʴʙʝ ʩ ʧʦʪʝʨʷʤʠ ʨʘʩʪʚʦʨʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʪʘʢʠʝ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʤʨʘʤʦʨ, ʛʨʘʬʠʪ, ʥʝʬʪʷʥʦʡ 

ʢʦʢʩ, ʘʨʘʭʠʩʦʚʘʷ ʩʢʦʨʣʫʧʘ, ʘ ʪʘʢʞʝ ʵʢʩʢʣʶʟʠʚʥʳʝ ʩʤʝʩʠ ʮʝʣʣʶʣʦʟʥʳʭ ʯʘʩʪʠʮ. 

ɺʪʦʨʦʡ ʧʨʦʝʢʪ ʩ ʫʯʘʩʪʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʫʛʘ ʢʦʤʧʘʥʠʡ ʙʳʣ ʟʘʧʫʱʝʥ ʚ 

ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2010 ʛʦʜ ʠ ʮʝʣʠʣʩʷ ʚ ʚʳʷʚʣʝʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʢʣʶʯʝʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʫʢʨʝʧʣʝʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ. 

ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʧʦʩʦʙʦʚ ʟʘʧʦʣʥʝʥʠʷ ʪʨʝʱʠʥ ʫ ʠʭ 

ʫʩʪʴʷ ʠ ʚʜʦʣʴ ʚʩʝʡ ʠʭ ʜʣʠʥʳ, ʧʦʜʙʦʨʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʠʨʠʥʦʡ 

ʪʨʝʱʠʥʳ ʠ ʦʮʝʥʢʝ ʠʭ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʙʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [8]. 

ʊʨʝʪʠʡ ʢʨʫʧʥʳʡ ʧʨʦʝʢʪ, ʦʟʘʛʣʘʚʣʝʥʥʳʡ ʢʘʢ ʉʦʛʣʘʰʝʥʠʝ ʦ ʩʦʚʤʝʩʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ III, ʩʪʘʨʪʦʚʘʣ ʚ ʜʝʢʘʙʨʝ 2010 ʛʦʜʘ. ɽʛʦ ʤʠʩʩʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʮʠʨʢʫʣʷʮʠʠ ʜʣʷ ʢʨʘʡʥʝ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʟʘʙʦʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʢʚʘʞʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ 

ʮʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ [8]. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʦʪʝʨʷʤ ʮʠʨʢʫʣʷʮʠʠ, ʩʪʨʝʤʷʩʴ ʢ ʫʢʨʝʧʣʝʥʠʶ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʬʪʝʛʘʟʦʚʘʷ ʠʥʜʫʩʪʨʠʷ ʩʪʨʝʤʠʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʚʦʟʨʘʩʪʘʶʱʠʝ ʛʣʦʙʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʦʩʚʦʝʥʠʷ ʚʩʸ ʙʦʣʝʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʫʢʨʝʧʣʝʥʠʷ ʩʪʚʦʣʦʚ ʩʢʚʘʞʠʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ 

ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ. 
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ʉʪʘʪʴʷ ʦʩʚʝʱʘʝʪ ʨʝʚʦʣʶʮʠʦʥʥʦʝ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʥʝʬʪʝʛʘʟʦʚʫʶ ʦʪʨʘʩʣʴ, ʧʦʜʯʝʨʢʠʚʘʷ ʠʭ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ. ɸʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʮʠʬʨʦʚʦʛʦ ʙʫʨʝʥʠʷ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʧʠʩʳʚʘʝʪʩʷ ʨʦʣʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʩʥʠʞʝʥʠʠ 

ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʠʥʥʦʚʘʮʠʡ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʩʬʝʨʝ. 

https://neftegaz.ru/news/Oborudovanie/201480-tatnipineft-ispytyvaet-v-tatnefti-tekhnologiyu-primeneniya-steklovolokna-pri-stroitelstve-slozhnykh/
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʮʠʬʨʦʚʦʝ ʙʫʨʝʥʠʝ, ʘʥʘʣʠʟ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʬʝʨʘ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʪʦʣʢʥʫʣʘʩʴ 

ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʜʦʙʳʚʘʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʫʚʝʣʠʯʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʮʠʬʨʦʚʦʝ ʙʫʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʨʳʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʦʙʝʱʘʶʱʫʶ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʦʪʨʘʩʣʴ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʕʪʘ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ 

ʦʙʟʦʨʫ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʮʠʬʨʦʚʦʛʦ ʙʫʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʝʛʦ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʧʨʘʢʪʠʢʠ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʫʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʳʟʦʚʦʚ ʠ 

ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʦʪʨʘʩʣʴ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʤʫ ʮʠʬʨʦʚʦʛʦ ʙʫʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʰʘʛ ʢ 

ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʫʜʫʱʝʝ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ 

ʵʪʦʡ ʚʘʞʥʦʡ ʩʬʝʨʝ. 

ɹʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʠʛʨʘʶʱʠʡ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʥʝʬʪʝʜʦʙʳʯʠ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʫʩʣʦʞʥʷʝʪʩʷ ʠ ʜʦʨʦʞʘʝʪ: ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʧʘʩʦʚ, ʩʣʦʞʥʳʭ ʚ 

ʠʟʚʣʝʯʝʥʠʠ, ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʧʝʨʝʜʦʚʳʭ ʩʢʚʘʞʠʥ. 

ʋʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʡ ʀʥʜʫʩʪʨʠʠ 4.0 ï ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʕʪʠ ʠʥʥʦʚʘʮʠʠ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʨʷʜʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʠʥʠʮʠʘʪʠʚ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʘʚʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ, 

ʚʥʝʜʨʷʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ, ʦ ʢʦʪʦʨʳʭ çʉʠʙʠʨʩʢʘʷ ʥʝʬʪʴè ʫʞʝ 

ʫʧʦʤʠʥʘʣʘ: ʧʨʦʝʢʪ çʊʝʭʥʠʯʝʩʢʠʡ ʧʨʝʜʝʣè, ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʝʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʫ 

ʧʝʨʝʜʦʚʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʠ ʧʨʦʯʝʝ. ɺʥʠʤʘʥʠʝ ʢ ʵʪʦʤʫ 

ʘʩʧʝʢʪʫ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʚʠʪʦʩʪʴʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ 

ʥʝʬʪʝʩʝʨʚʠʩʘ. ʆʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʛʨʦʢʠ ʨʳʥʢʘ 

ʟʘʜʝʨʞʠʚʘʶʪ ʚʣʦʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʘʟʚʠʪʠʝ ʠ ʠʟʙʝʛʘʶʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʨʠʩʢʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʯʘʩʪʫʶ ʩʪʘʥʦʚʠʪʩʷ 

ʠʥʠʮʠʘʪʠʚʦʡ ʩʘʤʠʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ [1]. 

ɺ ʦʜʥʦʤ ʠʟ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʫʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʰʝʣ ʚ ʮʠʬʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʈʘʟʤʝʱʝʥʠʝ ʩʢʚʘʞʠʥ, ʠʭ ʧʫʪʴ ʠ ʢʦʥʩʪʨʫʢʮʠʷ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ 

ʵʪʘʧʳ ʨʘʙʦʪʳ (ʩʧʫʩʢ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʪʚʦʣʘ ʠ ʜʨ.) ʪʝʧʝʨʴ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ. ʕʪʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʧʣʘʩʪʘ ʠ ʚʳʙʠʨʘʪʴ ʥʘʠʣʫʯʰʠʝ ʤʝʪʦʜʳ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ.  
ɺ ʭʦʜʝ ʙʫʨʝʥʠʷ ʠʟ ʩʢʚʘʞʠʥʳ ʧʦʣʫʯʘʝʪʩʷ ʦʙʰʠʨʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ: 

ʜʘʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʊʀ), ʩʚʝʜʝʥʠʷ 

ʦ ʢʘʨʦʪʘʞʝ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ, ʧʦʢʘʟʘʥʠʷ ʪʝʣʝʤʝʪʨʠʠ ʥʘʢʣʦʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʙʫʨʝʥʠʷ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪ.ʜ. ʕʪʦʪ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ 
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ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʝʥʠʝʤ (ʎʋɹ) 

çɻʝʦʥʘʚʠʛʘʪʦʨè, ʛʜʝ ʝʛʦ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ï ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʨʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʥʘʜʟʦʨʘ ʟʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʩʢʚʘʞʠʥ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʘʪʯʠʢʦʚ ʥʘ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʫʶ ʢʦʤʧʘʥʠʷ ʘʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚ ʢʦʦʧʝʨʘʮʠʠ ʩ 

ʙʫʨʦʚʳʤʠ ʧʦʜʨʷʜʯʠʢʘʤʠ. ʏʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʟʘʜʝʨʞʝʢ ʷʚʣʷʝʪʩʷ ʧʦʣʦʤʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʪʯʠʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʥʦʩʘ, 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʣʦʤʦʢ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʩʪʦʝʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʠʟʙʝʞʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʘʨʠʬʦʚ ʙʫʨʦʚʳʭ ʢʦʤʧʘʥʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʦʚʝʡʰʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʘʥʥʘʷ ʨʦʩʩʠʡʩʢʘʷ 

ʢʦʤʧʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʢʦʡ ʧʨʦʛʨʝʩʩ ʚ ʩʝʢʪʦʨʝ ʙʫʨʝʥʠʷ. ʀʟʤʝʥʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʩʪʦʝʚ, ʤʦʛʫʪ ʚ 

ʠʪʦʛʝ ʩʜʝʣʘʪʴ ʢʦʥʝʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʩʢʚʘʞʠʥʳ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ, ʘ ʥʝʬʪʴ ʠ ʜʦʭʦʜʳ ʦʪ 

ʝʝ ʧʨʦʜʘʞʠ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʝʝ. 

ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ ʧʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʫʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʫʨʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʩʦʟʜʘʩʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʚʪʦʥʦʤʥʳʭ ʙʫʨʦʚʳʭ [1]. 

ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʢʦʤʧʘʥʠʠ - ʩʠʩʪʝʤʥʦʤʫ ʠʥʪʝʛʨʘʪʦʨʫ ʪʨʝʙʦʚʘʣʦʩʴ 

ʩʦʟʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʧʫʣʴʪ ʙʫʨʠʣʴʱʠʢʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʘʥʝʣʠ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʧʫʣʴʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʙʫʨʝʥʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʟʚʘʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʙʫʨʠʣʴʱʠʢʦʚ ʠ ʩʦʟʜʘʪʴ ʜʣʷ ʥʠʭ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ. 

ɺ ʧʨʝʞʥʝʤ ʠʩʧʦʣʥʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʯʝʪʳʨʝʭ 

ʵʢʨʘʥʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʩʧʝʢʪʳ ʙʫʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʮʝʥʪʨʝ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 100 ʤʝʪʨʦʚ ʦʪ ʧʫʣʴʪʘ 

ʙʫʨʠʣʴʱʠʢʘ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ 

ʢʦʤʧʴʶʪʝʨʦʚ ʢ ʧʫʣʴʪʫ ʙʫʨʠʣʴʱʠʢʘ, ʚʦʟʥʠʢʘʣʘ ʧʨʦʙʣʝʤʘ ʚ ʚʠʜʝ ʧʦʤʝʭ. ʇʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʩʣʫʞʠʣʘ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ VGA, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʣʘ ʢʦʤʧʴʶʪʝʨʳ ʩ ʜʠʩʧʣʝʷʤʠ 

ʧʫʣʴʪʘ. ʕʪʦ ʜʝʣʘʣʦ ʩʠʩʪʝʤʫ ʥʝʥʘʜʝʞʥʦʡ ʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʨʠʩʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʘʥʥʳʭ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʩʧʣʝʝʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʞʝʣʘʝʤʦʡ ʢʦʤʧʘʥʠʝʡ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʙʫʨʝʥʠʝʤ. 

ɺ ʩʚʝʪʝ ʵʪʠʭ ʚʳʟʦʚʦʚ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʢʦʤʧʘʢʪʥʦʤʫ, ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʤʫ ʚʘʨʠʘʥʪʫ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʙʳ ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ [2]. 
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ʈʠʩʫʥʦʢ 1 ï ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʤʧʘʥʠʷ çMOXAè ʘʢʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʧʨʝʜʣʘʛʘʷ 

ʠʤ ʩʚʦʠ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɺ ʘʨʩʝʥʘʣʝ ʢʦʤʧʘʥʠʠ - ʦʙʰʠʨʥʳʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʟʘʱʠʱʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʣʠʝʥʪʘʤ ʧʦʜʦʙʨʘʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʜʝʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʧʝʮʠʬʠʢʘʤ ʠʭ ʧʨʦʝʢʪʦʚ. 

ɺ ʩʪʨʝʤʣʝʥʠʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʫʤʝʥʴʰʠʪʴ ʦʙʱʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʚʣʘʜʝʥʠʝ, ʟʘʢʘʟʯʠʢ ʧʨʦʠʟʚʝʣ ʤʦʜʝʨʥʠʟʘʮʠʶ ʙʫʨʦʚʦʛʦ ʧʫʣʴʪʘ, ʟʘʤʝʥʠʚ 

ʫʩʪʘʨʝʚʰʠʝ ʢʦʤʧʴʶʪʝʨʳ ʥʘ ʜʚʘ ʧʘʥʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘ MOXA ʩ ʪʘʯʩʢʨʠʥʦʤ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʠ ʦʙʥʦʚʣʝʥʳ ʤʦʥʠʪʦʨʳ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘʩʩʘ. 

ɺʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ VGA-ʢʘʙʝʣʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʤʦʥʠʪʦʨʦʚ, 

ʚʥʝʜʨʝʥʠʝ ʧʘʥʝʣʴʥʳʭ ʇʂ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʫʣʴʪʝ ʦʙʣʝʛʯʠʣʦ ʫʧʨʘʚʣʝʥʠʝ 

ʦʧʝʨʘʪʦʨʦʤ. 

ʇʨʝʞʥʝʝ ʨʝʰʝʥʠʝ ʩʪʘʣʢʠʚʘʣʦʩʴ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʨʘʤʘʤʠ ʥʘ ʜʠʩʧʣʝʷʭ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʯʩʢʨʠʥʘ. ʅʦʚʳʝ 

ʧʘʥʝʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʦʩʥʘʱʝʥʳ ʧʨʦʮʝʩʩʦʨʘʤʠ ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʪʘʯʩʢʨʠʥʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ 

ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ. 

ɼʨʫʛʦʡ ʮʝʣʴʶ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʩʠʩʪʝʤʳ ʙʳʣʦ ʜʦʩʪʠʞʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʧʨʦʪʦʢʦʣʦʚ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 2) ʫʩʧʝʰʥʦ ʨʝʰʘʶʪ ʟʘʜʘʯʫ 

ʢʦʥʚʝʨʪʘʮʠʠ ʩʠʛʥʘʣʦʚ ʜʣʷ PLC-ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʦʪʦʢʦʣʫ PROFINET, 

ʫʧʨʦʱʘʷ ʠʥʪʝʛʨʘʮʠʶ PLC ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ. ɸʜʘʧʪʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʚ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʢ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʧʫʣʴʪʫ [2]. 
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ʈʠʩʫʥʦʢ 2 ï ʇʫʣʴʪ ʦʧʝʨʘʪʦʨʘïʙʫʨʠʣʴʱʠʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [3] 

 

ɺ ʠʪʦʛʝ, ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʦ ʢʦʤʧʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʧʫʣʴʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʥʘʯʠʤʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥ, ʧʨʠʯʝʤ ʦʙʥʦʚʣʝʥʠʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

1. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ. 

2. ʋʤʝʥʴʰʝʥʠʝ ʦʙʱʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

3. ʆʙʰʠʨʥʘʷ ʣʠʥʝʡʢʘ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʫʯʠʚʰʠʝ 

ʩʝʨʪʠʬʠʢʘʮʠʶ ʧʦ ʩʪʘʥʜʘʨʪʘʤ C1D2 / ATEX Zone 2. 

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʙʫʨʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʢʚʘʞʠʥ ʩ ʜʣʠʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʥʠʞʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʥʦʚʘʮʠʡ ʠ ʪʝʭʥʠʢʠ. 

ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʙʫʨʝʥʠʷ ʝʱʝ ʥʝ ʙʳʣʠ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʳ ʠ 

ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʚʪʦʨʫʶ ʬʘʟʫ ʠʩʧʳʪʘʥʠʡ. ʋ ʵʢʩʧʝʨʪʦʚ ʝʩʪʴ 

ʧʣʘʥʳ ʧʦ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʨʘʥʝʝ. ɺ ʙʫʜʫʱʝʤ, 

ʙʫʨʦʚʳʝ ʙʨʠʛʘʜʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʤʦʙʠʣʴʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʠ ʥʘ ʙʫʨʦʚʳʭ ʵʰʝʣʦʥʥʦʛʦ ʪʠʧʘ. 

ɺ ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦ ʩʚʦʠʤ ʘʢʪʠʚʘʤ ʥʘ ʦʩʥʦʚʝ ʟʘʤʝʪʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʧʨʦʝʢʪʘ 

çʎʠʬʨʦʚʘʷ ʙʫʨʦʚʘʷè. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʥʘʜ ʩʪʨʘʪʝʛʠʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ, ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʜʦʙʠʪʴʩʷ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʝʝ 

ʘʤʙʠʮʠʦʟʥʳʭ ʟʘʜʘʯ ʠ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʥʝʪ ʠʥʪʝʛʨʘʮʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 



ɹʋʈɽʅʀɽ ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʉʂɺɸɾʀʅ    

71 

ʘʥʘʣʠʟʘ ʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʪ çʫʤʥʦʡè ʙʫʨʦʚʦʡ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʎʋɹ 

çɻʝʦʅʘʚʠʛʘʪʦʨè, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʚʦʟʚʝʜʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʩʢʚʘʞʠʥ ʢʦʤʧʘʥʠʠ. 

ɹʫʜʫʱʝʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʥʝʠʟʙʝʞʥʦ ʩʚʷʟʘʥʦ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʫʞʝ ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʨʘʞʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʪʦʣʴʢʦ 

ʫʢʨʝʧʠʪ ʧʦʟʠʮʠʠ ʢʦʤʧʘʥʠʡ ʥʘ ʨʳʥʢʝ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʟʘʪʨʘʪ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʕʧʰʪʝʡʥ ɺ.ɽ., ʉʧʝʢʪʦʨ ʉ.ʗ., ʇʦʨʦʞʩʢʠʡ ʂ.ʇ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʩʥʦʚʥʳʝ ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ï ʋɻɻʋ 2011. ï 30 ʩ. 

2. ʉʦʪʥʠʢʦʚʘ ɽ.ɸ., ʀʚʘʥʦʚʘ ʆ.ɸ., ʈʦʜʴʢʠʥʘ ɸ.ɺ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ 
ʜʣʷ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʘ ʤʦʨʝʡ ʈʦʩʩʠʠ. ï ʉɻʋ 2020. 2017 ï 137 ʩ. 

3. ʉʦʚʨʝʤʝʥʥʳʡ ʧʫʣʴʪ ʙʫʨʠʣʴʱʠʢʘ - ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ï URL: 

https://axiomtek.pro/projects/postroenie_sovremennogo_pulta_burilshchika/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 15.04.2024). 

 

 

ʋɼʂ 622.244.4 

ʆɹʆʉʅʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ ANOVA ɸʅɸʃʀɿɸ ʇʈʀ 

ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʇʈʆʎɽʉʉʆɺ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʉʂɺɸɾʀʅ 

ʉ.ʅ. ʇʘʨʬʝʥʦʚʘ, ɼ.ɺ. ʇʨʘʚʝʜʥʦ, ɸ.ɺ. ʂʘʡʤʘʢʦʚ, ʂ.ɺ. ʇʘʨʬʝʥʦʚ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

email: parfenova.samgtu@yandex.ru, kparfenovv@mail.ru 

 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʦʣʴ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʡ (ANOVA) ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʢʚʘʞʠʥ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣʷ ʦʮʝʥʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʩʢʚʘʞʠʥ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ANOVA-ʘʣʛʦʨʠʪʤʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʘʢʪʠʢʝ. ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʨʦʚ ʠʟ ʦʪʨʘʩʣʝʚʦʡ ʧʨʘʢʪʠʢʠ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ANOVA ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʢʚʘʞʠʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʤʳʚʢʘ ʩʢʚʘʞʠʥʳ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥʳ. 

 
ʇʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʙʫʨʦʚʳʭ ʨʘʙʦʪ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
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ʧʦʢʘʟʘʪʝʣʷʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʨʦʣʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʠʭ ʩʙʦʨʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ɸʜʝʢʚʘʪʥʘʷ ʠ ʨʝʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ 

ʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʠʭ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʤʦʥʦʛʨʘʬʠʡ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ [1,2,3] ʦʙʩʫʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʦʮʝʩʩʘʭ ʙʫʨʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ, ʠʥʜʫʩʪʨʠʷ ʙʫʨʝʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʨʝʥʜʳ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʢʚʘʞʠʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʨʘʙʦʪʝ [1] ʘʚʪʦʨʦʤ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚ ʨʘʟʚʝʜʦʯʥʦʤ ʙʫʨʝʥʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ 

ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʭʦʜʢʝ ʥʘ ʜʦʣʦʪʦ, ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ [2] ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʢʣʦʥʦʤ ʢ 

ʦʙʫʯʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ. ʇʦʩʦʙʠʝ [2] ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʠʟʣʦʞʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʦʪʨʘʩʣʠ. ɺ ʨʘʙʦʪʝ [3] ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʩʣʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʯʠʩʣʦʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʜʘʥ ʥʝʦʙʭʦʜʠʤʳʡ ʤʠʥʠʤʫʤ ʩʚʝʜʝʥʠʡ ʠʟ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʨʘʚʥʝʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ʩʝʨʠʡ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ, ʨʘʟʲʷʩʥʷʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [4]. ʄʝʪʦʜ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʠ ʚ ʜʘʥʥʳʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʘʧʘʤʠ ʙʫʨʝʥʠʷ ʠ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ. 

ANOVA ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʪʴ ʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʜʘʥʥʳʭ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ ʵʪʦ 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʙʫʨʦʚʳʭ ʫʯʘʩʪʢʦʚ, 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ. ɽʩʣʠ ʦʙʦʙʱʠʪʴ 
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ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʦ ʤʦʞʥʦ ʝʛʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʧʠʩʘʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ. ʉʙʦʨ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ.  

2. ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʛʠʧʦʪʝʟ. ʆʙʦʩʥʦʚʘʥʠʝ ʥʫʣʝʚʦʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʛʠʧʦʪʝʟʳ. ʅʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ - ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʠʡ. 

3. ʈʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʛʨʫʧʧʳ. ʈʘʟʜʝʣʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ 

ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʪʝʛʦʨʠʷʤʠ ʩʨʘʚʥʝʥʠʷ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴʶ. 

4. ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ. 

5. ɺʳʯʠʩʣʝʥʠʝ ʚʳʙʦʨʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʦʙʱʝʡ ʩʨʝʜʥʝʡ, ʩʫʤʤ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʦʙʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʘ ʪʘʢʞʝ ʩʫʤʤ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʛʨʫʧʧ ʦʪ ʦʙʱʝʛʦ ʩʨʝʜʥʝʛʦ. 

6. ɺʳʯʠʩʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʜʣʷ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʜʣʷ ʦʰʠʙʢʠ. 

7. ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ-F. ʈʘʩʩʯʝʪ ʟʥʘʯʝʥʠʡ F-ʢʨʠʪʨʝʠʷ, 

ʜʝʣʘʷ ʦʪʥʦʰʝʥʠʝ ʤʝʞʛʨʫʧʧʦʚʦʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢ 

ʚʥʫʪʨʠʛʨʫʧʧʦʚʦʤʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ. 

8. ʇʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ F ʩ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ F ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʪʦ ʦʪʚʝʨʛʘʝʪʩʷ ʥʫʣʝʚʘʷ ʛʠʧʦʪʝʟʘ. 

9. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʕʬʬʝʢʪʠʚʥʳʤ ʧʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ANOVA-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ çʇʨʦʛʨʘʤʤʘ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʣʠʪʦʣʦʛʠʠ ʨʘʟʨʝʟʘ ʥʘ ʢʘʯʝʩʪʚʦ ʩʮʝʧʣʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷè [5]. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʣʠʪʦʣʦʛʠʠ ʨʘʟʨʝʟʘ ʥʘ ʢʘʯʝʩʪʚʦ ʢʨʝʧʣʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʇʨʦʛʨʘʤʤʘ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʩ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʘʙʣʠʮʫ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʮʝʤʝʥʪʦʤʝʪʨʠʠ. ɺʳʯʠʩʣʷʝʪʩʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʘʤʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʸʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʣʠʪʦʣʦʛʠʠ ʥʘ ʢʘʯʝʩʪʚʦ ʢʨʝʧʣʝʥʠʷ ʧʦ 

ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ [6] ʠ ʟʘʜʘʯʠ ʢʘʯʝʩʪʚʘ ʧʨʦʤʳʚʢʠ ʩʢʚʘʞʠʥ [7,8]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ANOVA ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʙʫʨʝʥʠʶ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠʤʝʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʙʫʨʝʥʠʷ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ANOVA ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʪʦʜʳ ʨʘʙʦʪʳ 
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ʠʣʠ ʚ ʚʳʙʦʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʦʧʨʦʩ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩʪʦʠʪ ʦʯʝʥʴ ʦʩʪʨʦ, ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʚʦʜʠʪ ʥʘ 

ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʸʪʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ, ʙʫʨʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʠ 

ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇɸʆ çʅʂ 

çʈʦʩʥʝʬʪʴè ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʇʆ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʳʚʢʦʚ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ ʷʚʣʷʶʪʩʷ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʦʵʪʦʤʫ 

ʧʝʨʝʜ ʆʆʆ çʈʅ-ɹʘʰʅʀʇʀʥʝʬʪʴè ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʝ 

ʇʆ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʝʡ ʩʢʚʘʞʠʥ, ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ 

ʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʥʝ ʫʩʪʫʧʘʶʱʝʝ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ 

ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè (ʜʘʣʝʝ ʇʂ çʈʅ-ɹʈè) ʧʨʦʭʦʜʠʪ ʩʪʘʜʠʶ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʦʪʨʫʜʥʠʢʠ ʠ ʘʩʧʠʨʘʥʪʳ ʌɻɹʆʋ ɺʆ çʉʘʤɻʊʋè ʠ ʵʢʩʧʝʨʪʳ 

ʆʆʆ çʉʘʤʘʨʘʅʀʇʀʥʝʬʪʴè ʧʨʠʥʠʤʘʶʪ ʚ ʵʪʦʤ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). 

 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʱʫʪʠʤʦʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʠʮʝʥʟʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʟʘʨʫʙʝʞʥʦʛʦ ʇʆ. ʊʘʢ ʞʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʧʣʘʥʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʇʆ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʥʞʝʥʝʨʥʳʝ 

ʨʘʩʯʸʪʳ, ʧʨʦʬʠʣʴ ʩʢʚʘʞʠʥʳ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ 
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PERFORMING CALCULATIONS FOR THE DESIGN OF WELL 

CONSTRUCTION IN THE PC "PH-DRILLING CALCULATIONS" 
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Annotation. Currently, when the issue of import substitution is very acute, the public joint 

stock company Rosneft has a need to create domestic software for calculations in the field 

of geology, drilling, development and operation of oil and gas fields. One of the important 

activities of Rosneft Public Joint Stock Company is to increase drilling efficiency, and 

therefore the development of proprietary software is a significant breakthrough in this 

direction. 

To date, the main programs used for calculations during the construction of wells 

are foreign software complexes. Therefore, LLC RN-BashNIPIneft was tasked with 

creating domestic software for building well profiles, calculating technological processes 

for drilling and cementing wells that are not inferior in quality and accuracy of calculations 

to foreign analogues. Currently, the developed software package "RN-Drilling 

calculations" (hereinafter PC "RN-BR") is undergoing testing. Employees and 

postgraduates of the Federal State Budgetary Educational Institution of Higher Education 

"SamSTU" and experts of SamaraNIPIneft LLC take an active part in this. It is worth 

noting the well-organized feedback and prompt work on the part of developers to maintain 

the software (software). 

It is important that the transition to domestic programs provides a significant 

reduction in cost, compared with the use of licenses of alternative foreign software. Also, 

domestic programs have advantages in organizational terms and prospects for further 

improvement of software in the technological aspect. 

Keywords: software package, software, engineering calculations, well profile, hydraulic 

calculations, well cementing, well design, well construction. 

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʝʢʪʥʦʡ ʠ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʯʸʪʦʚ, ʩʚʷʟʘʥʥʳʭ: ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʧʨʦʬʠʣʷ 

ʩʢʚʘʞʠʥʳ, ʠʤʠʪʘʮʠʝʡ ʧʨʦʤʳʚʢʠ ʧʨʠ ʙʫʨʝʥʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʦʙʨʘʟʫʝʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʠʣ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ 

ʧʨʠ ʙʫʨʝʥʠʠ, ʵʤʠʪʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ ʠ ʪ.ʜ. 

ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʤʦʛʘʶʪ ʠʥʞʝʥʝʨʫ ʢʦʨʨʝʢʪʥʦ ʚʳʙʨʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʩʢʚʘʞʠʥʳ, ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʨʝʞʠʤʳ 

ʙʫʨʝʥʠʷ, ʚʳʙʨʘʪʴ ʙʫʨʠʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʢʦʤʧʦʥʦʚʢʫ ʥʠʟʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʩ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè (ʜʘʣʝʝ ʇʂ 

çʈʅ-ɹʈè) ʚʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥ ʦʪ ʧʨʦʩʪʳʭ 
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ʧʨʦʬʠʣʝʡ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ S ʠ J ʪʠʧʦʚ, 

ʜʦ ʩʣʦʞʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩ ʨʘʟʚʦʨʦʪʦʤ ʧʦ ʘʟʠʤʫʪʫ, ʤʥʦʛʦʟʘʙʦʡʥʳʭ ʠ 

ʤʥʦʛʦʩʪʚʦʣʴʥʳʭ ʩʢʚʘʞʠʥ ʠ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ. ʊʘʢʞʝ, ʢʘʢ ʠ ʚʝʜʫʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʇʆ 

ʇʂ çʈʅ-ɹʈè ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʫʩʪʦʚʦʛʦ ʙʫʨʝʥʠʷ, ʙʫʨʝʥʠʷ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʣʘʪʬʦʨʤ. ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʧʝʨʝʩʝʯʝʥʠʡ ʩ 

ʩʦʩʝʜʥʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʫʶ ʙʘʟʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ 

ʪʝʣʝʤʝʪʨʠʠ, ʩʦʛʣʘʩʥʦ ISCWSA (ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʠʪʝʪ ʧʦ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠʙʦʨʦʚ ʚ ʩʢʚʘʞʠʥʘʭ). [1] 

ɺ ʇʂ çʈʅ-ɹʈè ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʙʫʨʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʦʤ ʞʝ 

ʤʦʜʫʣʝ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ. ʊʝʭʥʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ ʧʨʦʚʦʜʠʪʩʷ ʢʘʢ ʨʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʦʩʝʚʳʭ ʠ ʩʢʨʫʯʠʚʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʚʦ ʚʨʝʤʷ ʙʫʨʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʝʜʝʣʘʤʠ ʚʳʙʠʨʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʥʦʩʘ, ʜʝʡʩʪʚʠʷ ʙʦʢʦʚʳʭ ʩʠʣ, ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʥʜʝʥʮʠʠ ʂʅɹʂ (ʧʨʦʛʥʦʟ ʥʘʧʨʘʚʣʝʥʠʷ 

ʂʅɹʂ ʧʦ ʘʟʠʤʫʪʫ ʠ ʟʝʥʠʪʥʦʤʫ ʫʛʣʫ) ʧʨʠ ʙʫʨʝʥʠʠ. ʇʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʨʘʩʯʝʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʘ ʧʨʠʭʚʘʪʘ ʠ ʨʘʙʦʪʝ ʷʩʘ (ʨʘʩʯʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʷʩʘ ʚ ɹʂ). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ ʪʘʢʞʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʨʘʟʜʝʣ ʧʦ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ, ʘ ʪʘʢ ʞʝ ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʮʝʣʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʚ ʇʂ çʈʅ-

ɹʈè ʚʳʚʦʜʷʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ: ʜʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʛʣʫʙʠʥʝ ʚ ɹʂ ʠ 

ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʪʘ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʧʦ ʛʣʫʙʠʥʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʰʣʘʤʘ ʧʦ ʛʣʫʙʠʥʝ, 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ ʜʦʣʦʪʝ, ʤʦʱʥʦʩʪʴ ʜʦʣʦʪʘ/ʧʣʦʱʘʜʴ, ʫʜʘʨʥʘʷ ʩʠʣʘ ʜʦʣʦʪʘ, 

ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʥʘʩʘʜʦʢ ʜʦʣʦʪʘ, ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ʥʘʩʦʩʘ (ʨʘʩʭʦʜ 

ʜʣʷ ʧʦʣʥʦʛʦ ʚʳʥʦʩʘ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ), ʨʝʞʠʤ ʪʝʯʝʥʠʷ, ʪʝʧʣʦʧʝʨʝʥʦʩ 

(ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʝʣʴ), ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʙʫʨʠʣʴʥʦʡ ʪʨʫʙʝ ʠ ʵʣʝʤʝʥʪʘʭ ʂʅɹʂ, 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ[1]. ɼʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʥʘ ʵʪʦʤ ʥʝ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʠ ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʌɻɹʆʋ ɺʆ çʉʘʤɻʊʋè [2] ʠ ʆʆʆ çʉʘʤʘʨʘʅʀʇʀʥʝʬʪʴè 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʩʯʝʪʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥʘʭ. 

ʆʪʤʝʯʝʥʘ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʟʘʨʫʙʝʞʥʳʤ ʇʆ 

WellPlan, ʢʦʪʦʨʦʝ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ, ʦʪʣʠʯʘʝʪʩʷ ʙʦʛʘʪʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʥʳʭ 

çʜʠʟʘʡʥʘʭè ʩʢʚʘʞʠʥ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʊʘʢ ʞʝ 

ʝʩʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʦʡ 

ʤʝʪʦʜʠʢʦʡ ʨʘʩʯʝʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʪʨʝʙʫʶʪ ʜʦʨʘʙʦʪʢʠ ʠʣʠ 

ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʙʘʟʦʚʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. ɻʨʘʬʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1. 

ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʧʨʦʢʘʯʢʠ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʦ ʩʠʩʪʝʤʝ ʮʠʨʢʫʣʷʮʠʠ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʩʪʚʦʣʫ ʚ ʙʫʨʠʣʴʥʦʡ 

ʢʦʣʦʥʥʝ, ʵʣʝʤʝʥʪʘʭ ʂʅɹʂ ʠ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʟʘʜʘʚʘʝʤʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʨʘʩʯʸʪʘ ʚʳʙʠʨʘʶʪʩʷ ʙʫʨʦʚʳʝ ʥʘʩʦʩʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʪʨʝʙʫʝʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ 
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ʨʘʟʤʝʨʳ, ʧʘʨʘʤʝʪʨʳ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʵʣʝʤʝʥʪʦʚ ʂʅɹʂ. ʉʪʨʦʠʪʩʷ ʢʨʫʛʦʚʘʷ 

ʜʠʘʛʨʘʤʤʳ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʙʫʨʠʣʴʥʦʡ ʪʨʫʙʝ, ʵʣʝʤʝʥʪʘʭ ʂʅɹʂ ʠ ʜʠʘʛʨʘʤʤʘ 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 2). ʆʥʠ ʧʦʤʦʛʘʶʪ ʜʝʪʘʣʴʥʦ ʫʚʠʜʝʪʴ 

ʩʠʪʫʘʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʘʚʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʛʣʫʙʠʥʝ ʈʠʩʫʥʦʢ 2 ï ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʟʘʪʨʫʙʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. ɻʨʘʬʠʢ ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʮʠʨʢʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ ʠ ʚʳʥʦʩʘ ʚʟʚʝʰʝʥʥʦʡ ʚʳʙʫʨʝʥʥʦʡ 

ʧʦʨʦʜʳ. ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ (ɻʅɺʇ) ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʧʝʨʩʦʥʘʣʘ ʠ ʚʳʩʦʢʠʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ. 

ɻʨʘʬʠʢ ʩ ʨʘʩʭʦʜʦʤ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʧʦʣʥʦʛʦ ʚʳʥʦʩʘ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʧʨʠ ʢʘʢʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʣʥʳʡ ʚʳʥʦʩ 

ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʛʣʫʙʠʥʝ ʩʢʚʘʞʠʥʳ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ 

ʨʘʩʯʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʳʙʠʨʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʨʝʞʠʤʥʦʛʦ ʨʘʩʭʦʜʘ ʙʫʨʦʚʦʡ 

ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʪʴ ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ, ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʩʯʝʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʰʣʘʤʘ ʧʦ ʛʣʫʙʠʥʝ ʠ 

ʚʳʩʦʪʝ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʧʦ ʛʣʫʙʠʥʝ (ʨʠʩ. 4), ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʨʝʥʠʷ 

ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʚʳʥʦʩʘ 

ʚʳʙʫʨʝʥʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʤʦʛʘʶʪ ʠʟʙʝʞʘʪʴ ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʣʘʤʦʚʳʭ ʩʢʦʧʣʝʥʠʡ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ. [3] 
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ʈʠʩʫʥʦʢ 3 ï ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʈʠʩʫʥʦʢ 4 ï ɺʳʩʦʪʘ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʧʦ ʛʣʫʙʠʥʝ 

ʈʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʩʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʙʫʨʦʚʦʡ ʧʨʦʤʳʚʦʯʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʙʫʨʠʣʴʥʦʡ ʪʨʫʙʳ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʦʢʦʣʦ ʧʨʠʩʢʚʘʞʠʥʥʦʡ 

ʟʦʥʳ. ʇʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʧʨʠ ʧʨʦʤʳʚʢʝ, ʪʘʢ ʠ ʧʨʠ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ. ɼʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪ 

ʜʦʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʫʣʫʯʰʘʪʴʩʷ. 

ɺ ʇʂ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʢʘʣʴʢʫʣʷʪʦʨʳ (ʨʠʩ. 5), ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʨʘʙʦʪʫ ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʠʥʠʤʠʟʠʨʫʶʪ ʦʰʠʙʢʠ ʚ ʨʘʩʯʝʪʘʭ. ɺ ʇʂ ʨʝʘʣʠʟʦʚʘʥ ʢʘʣʴʢʫʣʷʪʦʨ ʨʘʩʯʝʪʘ 

ʢʦʣʴʤʘʪʘʥʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʴʤʘʪʘʥʪʦʚ ʨʘʟʥʦʡ ʬʨʘʢʮʠʠ ʚ ʙʫʨʦʚʦʤ ʨʘʩʪʚʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʧʦʨ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʊʘʢ ʞʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʠʩʭʦʜʥʳʝ ʠʣʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʪʷʞʝʣʝʥʠʷ, ʨʘʟʙʘʚʣʝʥʠʷ, 

ʩʤʝʰʝʥʠʷ ʨʘʩʪʚʦʨʘ. ɺʩʪʨʦʝʥʥʳʝ ʢʘʣʴʢʫʣʷʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʩʦʟʜʘʚʘʝʤʳʡ 

ʨʘʩʭʦʜ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ ʠ ʧʨʦʢʘʯʠʚʘʝʤʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʟʘ 1 ʭʦʜ ʥʘ ʦʩʥʦʚʝ 

ʚʚʝʜʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ 

ʩʢʚʘʞʠʥʳ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʪ.ʜ. 

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨ ʚʩʪʨʦʝʥʥʳʭ ʢʘʣʴʢʫʣʷʪʦʨʦʚ 

ʇʨʠ ʟʘʢʘʯʢʝ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʸʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʩʢʚʘʞʠʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ; ʨʘʩʯʸʪ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʜʘʥʥʦʤ 

ʨʘʩʯʝʪʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʢʘʯʠʚʘʝʤʳʭ 

ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʛʝʦʤʝʪʨʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʩʢʦʨʦʩʪʴ ʟʘʢʘʯʢʠ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦʙ 
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ʠʥʪʝʨʚʘʣʘʭ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ; ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʦʛʦ, ʜʚʫʭ ʠʣʠ ʜʘʞʝ ʪʨʝʭ ʮʝʤʝʥʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʣʦʪʥʦʩʪʷʤʠ; ʧʨʠʤʝʥʷʪʴ ʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʝ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʣʠʙʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʘʨʠʘʥʪ ʩ ʧʝʥʦʮʝʤʝʥʪʠʨʦʚʘʥʠʝʤ.  

ʈʘʩʯʸʪ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʥʫʪ ʚ ʧʨʦʮʝʩʩʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʠʤʝʥʷʝʤʦʤʫ ʩʢʚʘʞʠʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʶ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʦʱʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʦʩʦʚ, 

ʜʣʠʥʫ ʠ ʜʠʘʤʝʪʨ ʣʠʥʠʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʜʚʝʩʢʠ ʭʚʦʩʪʦʚʠʢʘ, ʧʦʧʣʘʚʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʫʬʪ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʨʦʙʦʢ ʠ ʪ. ʜ.). 

ʇʂ çʈʅ-ɹʈè ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʘʥʠʤʘʮʠʶ ʧʨʦʮʝʩʩʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʨʦʚʝʨʢʠ: ʧʨʘʚʠʣʴʥʦ ʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʮʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ; ʫʚʠʜʝʪʴ 

ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʬʣʶʠʜʦʚ, ʟʥʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʢʦʪʦʨʦʛʦ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʟʘʢʘʯʢʠ ʞʠʜʢʦʩʪʝʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʇʂ çʈʅ-ɹʫʨʦʚʳʝ 

ʨʘʩʯʝʪʳè ʧʨʠ ʜʦʣʞʥʦʤ ʝʛʦ ʜʘʣʴʥʝʡʰʝʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʠ ʜʝʪʘʣʴʥʦʡ ʜʦʨʘʙʦʪʢʠ, 

ʧʨʠʟʚʘʥ ʟʘʤʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʨʠʩʢʦʚ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʜʝʨʞʢʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʠʤ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʇʆ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʧʦʜ ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ. 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ. 

ʇʂ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè ʚʢʣʶʯʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʝʡ ʩʢʚʘʞʠʥ, 

ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʧʝʨʝʩʝʯʝʥʠʡ, ʨʘʩʩʯʠʪʘʪʴ ʦʩʝʚʳʝ ʠ 

ʩʢʨʫʯʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ. 

ɺ ʇʂ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè ʨʝʘʣʠʟʦʚʘʥʳ ʙʘʟʦʚʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʨʦʤʳʚʢʠ ʩʢʚʘʞʠʥ. 

ʈʘʩʯʸʪʳ ʧʨʠ ʟʘʢʘʯʢʝ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ 

ʧʨʠʤʝʥʷʝʤʳʝ ʩʦʩʪʘʚʳ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʝʥʦʮʝʤʝʥʪʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ 

ʢʦʣʦʥʥʳ ʥʘ ʧʨʦʮʝʩʩ ʚʳʥʦʩʘ ʰʣʘʤʘ ʠ ʦʯʠʩʪʢʫ ʩʢʚʘʞʠʥ ʧʨʠ ʙʫʨʝʥʠʠ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪʘʥʜʝʤʥʳʭ ʧʘʯʝʢ 

(ʥʠʟʢʦʚʷʟʢʘʷ + ʚʳʩʦʢʦʚʷʟʢʘʷ) ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʦʯʠʩʪʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʨʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʟʘʰʣʘʤʦʚʘʥʥʦʩʪʠ ʩʪʚʦʣʦʚ ʩʢʚʘʞʠʥ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʯʠʩʪʢʘ ʩʪʚʦʣʘ, ʰʣʘʤ, ʯʘʩʪʦʪʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. 

 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʚʨʘʱʝʥʠʷ 

ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʥʦʩʘ ʰʣʘʤʘ ʠ ʦʯʠʩʪʢʫ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪʘʥʜʝʤʥʳʭ ʧʘʯʝʢ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʙʫʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥ ʠ ʩʦʢʨʘʱʝʥʠʶ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʟʘʰʣʘʤʦʚʘʥʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʚʦʜʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʩʢʚʘʞʠʥʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ. 

 

ɺʨʘʱʝʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʩʯʠʪʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʰʣʘʤʘ ʠ ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥʳ. ɺʨʘʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʙʠʥʘʮʠʶ ʧʨʦʩʪʦʛʦ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʪʨʫʙʳ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ [1], ʚʳʟʚʘʥʥʦʛʦ ʩʤʷʪʠʝʤ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ 

(ɹʘʢʣʠʥʛʦʤ). ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʯʠʩʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʷʚʣʷʝʪʩʷ ʩʢʦʧʣʝʥʠʝ ʰʣʘʤʘ ʥʘ ʥʠʞʥʝʡ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ. ʉʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʫ ʰʣʘʤʘ, ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʝ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 1 

[2]. 

mailto:fazorhd@gmail.com
mailto:nechaevaoa@gmail.com
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ʈʠʩʫʥʦʢ 1 ï ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʫ ʰʣʘʤʘ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʦʩʝʜʘʥʠʶ ʰʣʘʤʘ ʥʘ ʥʠʞʥʝʡ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ. ʉʠʣʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʚʳʥʦʩʫ ʰʣʘʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʷʚʣʷʶʪʩʷ: ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʩʠʣʘ ʪʨʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ ʚʦʩʭʦʜʷʱʝʛʦ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʚʳʥʦʩʥʘʷ  ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʪʦʢʘ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʫ ʚʝʨʭʥʝʡ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʦʯʠʩʪʢʠ ʩʪʚʦʣʘ ʯʘʩʪʠʮʳ ʰʣʘʤʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʨʳʚʘʪʴ ʦʪ ʥʠʞʥʝʡ ʩʪʝʥʢʠ. ɹʦʢʦʚʦʝ 

ʚʨʘʱʝʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʯʘʩʪʠʮ ʰʣʘʤʘ ʚ 

ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʠʟ-ʟʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʠʞʥʝʛʦ ʩʣʦʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ: ʘ- ʚʨʘʱʝʥʠʝ ʪʦʣʴʢʦ ʚʦʢʨʫʛ ʦʩʠ 

ʢʦʣʦʥʥʳ; ʙ- ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ ʩʢʚʘʞʠʥʳ 
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ɺʨʘʱʝʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʪʦʢ, 

ʩʤʝʱʘʷ ʝʛʦ ʷʜʨʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʨʘʱʝʥʠʶ, ʚ ʩʚʷʟʠ, 

ʩ ʯʝʤ ʥʘʢʦʧʣʝʥʠʝ ʰʣʘʤʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ (ʦʜʥʦʩʪʦʨʦʥʥʝʝ). ʀʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩʤʷʚʰʝʡʩʷ ʢʦʣʦʥʥʳ ʚʦʢʨʫʛ ʦʩʠ ʩʢʚʘʞʠʥʳ. ʇʦʪʦʢ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ, ʟʘʥʠʤʘʝʪ ʚʝʩʴ ʦʙʲʝʤ ʟʘʢʦʣʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʯʝʤ 

ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ ʤʦʛʫʪ ʥʝ ʦʙʨʘʟʦʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʩʢʚʘʞʠʥʳ, ʘ ʩʘʤʦ 

ʚʨʘʱʝʥʠʝ ʩʪʠʤʫʣʠʨʫʝʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʧʨʦʙʣʝʤʥʳʭ 

ʜʣʷ ʦʯʠʩʪʢʠ ʠʥʪʝʨʚʘʣʘʭ ʩ ʟʝʥʠʪʥʳʤ ʫʛʣʦʤ 45-65 ʛʨʘʜʫʩʦʚ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʏʠʩʣʦ, ʠʣʠ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʜʣʷ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʪʨʫʙ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: [8] 

Re = Vd/ɜ 

ɻʜʝ Re ï ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ; 

 V ï ʩʨʝʜʥʷʷ ʧʦ ʩʝʯʝʥʠʶ ʩʢʦʨʦʩʪʴ;  

d ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ;  

v ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ↑ ʚʷʟʢʦʩʪʠ. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʚʷʟʢʦʩʪʠ ʚ 

ʧʦʪʦʢʝ. ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʭʦʜʫ ʦʪ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʢ 

ʣʘʤʠʥʘʨʥʦʤʫ, ʥʘʟʳʚʘʝʪʩʷ ʥʠʞʥʠʤ ʢʨʠʪʠʯʝʩʢʠʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 

Reʢʨ.ʥ.. ɺ ʢʨʫʛʣʳʭ ʪʨʫʙʘʭ Reʢʨ.ʥ. = 2000ï3000. [8] 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʪʘʢ ʞʝ ʚʣʠʷʝʪ ʥʘ ʚʳʤʳʚ ʰʣʘʤʘ ʠʟ 

ʩʢʚʘʞʠʥʳ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʙʨʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ 

ʙʫʨʝʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ II, 

ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʦʚʘʣʘ ʥʘʭʦʞʜʝʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ ʩʢʚʘʞʠʥʝ. ʆʥʘ ʩʦʩʪʦʷʣʘ ʠʟ 

ʜʚʫʭ ʮʠʣʠʥʜʨʦʚ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ, ʮʠʣʠʥʜʨ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʙʳʣ ʥʝʧʦʜʚʠʞʝʥ, 

ʮʠʣʠʥʜʨ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʥʘʭʦʜʠʣʩʷ ʚʥʫʪʨʠ ʙʦʣʴʰʝʛʦ ʠ ʚʨʘʱʘʣʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ 

ʦʩʠ, ʠʤʠʪʠʨʫʷ ʙʫʨʦʚʫʶ ʢʦʣʦʥʥʫ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʤʝʥʷʣʘʩʴ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʰʣʘʤʘ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʠ ʨʝʦʣʦʛʠʷ ʨʘʩʪʚʦʨʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʦʥʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʰʣʘʤʘ, ʩʢʦʧʠʚʰʝʛʦʩʷ ʫ ʥʠʞʥʝʡ ʩʪʝʥʢʠ, ʫʤʝʥʴʰʘʣʘʩʴ [4]. 

ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʙʘʟʦʚʳʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ ʩʪʚʦʣʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉ ʮʝʣʴʶ 

ʠʟʙʝʞʘʥʠʷ ʟʘʰʣʘʤʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʥʜʝʤʥʳʝ ʦʯʠʱʘʶʱʠʝ ʧʘʯʢʠ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʚʝ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ: ʥʠʟʢʦʚʷʟʢʦʡ ʠ 

ʚʳʩʦʢʦʚʷʟʢʦʡ. ʇʦʨʮʠʠ ʨʘʩʪʚʦʨʦʚ ʧʨʦʢʘʯʠʚʘʶʪʩʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʥʠʟʢʦʚʷʟʢʦʡ ʧʘʯʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʚʦ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ ʩʢʚʘʞʠʥʳ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʨʳʚʘ ʯʘʩʪʠʮ ʰʣʘʤʘ ʦʪ ʥʠʞʥʝʡ ʩʪʝʥʢʠ ʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ. ɺʳʩʦʢʦʚʷʟʢʘʷ ʧʦʨʮʠʷ ʨʘʩʪʚʦʨʘ ʪʘʥʜʝʤʥʦʡ ʧʘʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ɼʅʉ ʠ ʉʅʉ. ɿʘ ʩʯʝʪ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʪʠʛʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʚʳʥʦʩʷʱʘʷ  ʩʧʦʩʦʙʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ  ʧʨʦʙʢʦʚʳʤ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ 

ʨʘʩʪʚʦʨʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʪʘʪʴʝ, ʦʧʠʩʳʚʘʶʱʝʡ 
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ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʉʫʨʛʫʪʩʢʦʛʦ ʩʚʦʜʘ. ʇʨʦʢʘʯʢʘ ʪʘʥʜʝʤʥʳʭ 

ʧʘʯʝʢ ʢʘʞʜʳʝ 100-150 ʤʝʪʨʦʚ ʧʨʦʭʦʜʢʠ ʧʨʠ ʫʛʣʘʭ ʙʦʣʝʝ 60 ʛʨʘʜʫʩʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʚʳʩʠʪʴ ʪʝʭʥʠʢʦ- ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʨʝʥʠʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʦʩʣʦʞʥʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʮʠʢʣʳ ʧʨʦʤʳʚʢʠ 

ʩʢʚʘʞʠʥ), ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʨʠʭʚʘʪʦʚ [7]. 

C ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪʘʥʜʝʤʥʳʭ ʧʘʯʝʢ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʆʆʆ çɹʫʨʩʦʬʪʧʨʦʝʢʪè. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ 

ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʯʠʩʪʢʠ ʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚʦ ʚʩʝʭ 

ʠʥʪʝʨʚʘʣʘʭ ʩʢʚʘʞʠʥʳ. ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʣʦʪʥʦʩʪʴ 

ï 1.12 ʛ/ʩʤ3, ʧʣʘʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ- 24 ʤʇʘ*ʩ, ɼʅʉ- 14 ʇʘ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ - 60 ʦʙ/ʤʠʥ. ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʠ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 3 ʠ ʈʠʩʫʥʢʝ 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 60 ʦʙ/ʤʠʥ, ʇɺ-24, ɼʅʉ-14 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 60 ʦʙ/ʤʠʥ, ʇɺ-24, ɼʅʉ-14 
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ʀʟ ʧʦʣʫʯʠʚʰʠʭʩʷ ʟʥʘʯʝʥʠʡ ʬʠʢʩʠʨʫʝʤ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʰʣʘʤʘ ʚ 13 ʧʨʦʮʝʥʪʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʚ 53ʤʤ. ʈʝʞʠʤ 

ʪʝʯʝʥʠʷ ʣʘʤʠʥʘʨʥʳʡ ʥʘ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ, ʢʨʦʤʝ ʟʘʙʦʷ. ʇʦʚʳʩʠʤ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʜʦ 120 ʦʙʦʨʦʪʦʚ, ʥʝ ʤʝʥʷʷ ʨʝʦʣʦʛʠʶ ʨʘʩʪʚʦʨʘ. ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ 

ʠ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 5 ʠ ʈʠʩʫʥʢʝ 6. 

 

 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 120 ʦʙ/ʤʠʥ, ʇɺ-24, ɼʅʉ-14 

 
. 

 

ʈʠʩʫʥʦʢ 6 ï ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 120 ʦʙ/ʤʠʥ, ʇɺ-24, ɼʅʉ-14 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʠʚʰʠʭʩʷ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʚʣʠʷʥʠʠ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʦʥʥʳ ʥʘ ʦʯʠʩʪʢʫ ʩʪʚʦʣʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʰʣʘʤʘ ʚ ʩʢʚʘʞʠʥʝ ʩʥʠʟʠʣʘʩʴ ʩ 13% ʜʦ 11%, ʚʳʩʦʪʘ ʰʣʘʤʦʚʦʡ 

ʧʦʜʫʰʢʠ ʩ 53ʤʤ ʜʦ 47ʤʤ. ʊʘʢ ʞʝ, ʚʦʟʨʦʩʣʦ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚʦ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ, ʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʩʤʦʜʝʣʠʨʫʝʤ ʧʨʠʤʝʥʝʥʠʝ ʪʘʥʜʝʤʥʦʡ 

ʦʯʠʱʘʶʱʝʡ ʧʘʯʢʠ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʟʢʦʚʷʟʢʦʡ ʧʦʨʮʠʠ: 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ - 10 ʤʇʘ*ʩ, ɼʅʉ - 9 ʇʘ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ - 120 ʦʙ/ʤʠʥ. 
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ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʠ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 7 ʠ 

ʈʠʩʫʥʢʝ 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 120 ʦʙ/ʤʠʥ, ʇɺ-10, ɼʅʉ-9 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 6 ï ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 120 ʦʙ/ʤʠʥ, ʇɺ-10, ɼʅʉ-9. 

 

ʇʝʨʝʭʦʜ ʥʘ ʥʠʟʢʦʚʷʟʢʫʶ ʧʦʨʮʠʶ ʪʘʥʜʝʤʥʦʡ ʧʘʯʢʠ ʦʙʝʩʧʝʯʠʣ ʧʦʚʳʰʝʥʠʝ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚʦ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣ ʢʦʥʮʝʥʪʨʘʮʠʶ ʰʣʘʤʘ ʚ 

ʩʢʚʘʞʠʥʝ ʩ 11% ʜʦ 4%, ʦʙʝʩʧʝʯʠʣ ʣʫʯʰʝʝ ʨʘʟʨʫʰʝʥʠʝ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʩ 47ʤʤ ʜʦ 

16ʤʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 2382-2389.8 ʤʝʪʨʦʚ 

ʩʤʝʥʠʣʩʷ ʥʘ ʪʫʨʙʫʣʝʥʪʥʳʡ. ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʯʠʩʪʢʠ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʜʦ 180 ʦʙ/ʤʠʥ. ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ 

ʠ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 9 ʠ ʈʠʩʫʥʢʝ 10. 
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ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʠʢʠ ʦʯʠʩʪʢʠ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 180 ʦʙ/ʤʠʥ, ʇɺ-10, ɼʅʉ-9 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 10 ï ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 120 ʦʙ/ʤʠʥ, ʇɺ-10, ɼʅʉ-9 

ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʥʠʟʠʣʦ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʰʣʘʤʘ ʚ 

ʩʢʚʘʞʠʥʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʤʝʥʴʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʰʣʘʤʦʚʦʡ ʧʦʜʫʰʢʠ ʩ 

16ʤʤ ʜʦ 10ʤʤ ʠ ʧʦʚʳʰʝʥʠʶ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʜʣʷ ʣʫʯʰʝʛʦ ʦʪʨʳʚʘ ʰʣʘʤʘ ʦʪ 

ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ.  

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʘʥʜʝʤʥʦʡ ʧʘʯʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʢʘʯʢʘ ʚʳʩʦʢʦʚʷʟʢʦʡ 

ʧʘʯʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʚʳʥʦʩʷʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʨʮʠʠ: ʧʣʘʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ- 36 ʤʇʘ*ʩ, ɼʅʉ- 16 ʇʘ. ɿʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 11. 
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ʈʠʩʫʥʦʢ 11 ï ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 180 ʦʙ/ʤʠʥ, ʇɺ-36, ɼʅʉ-16 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʚʷʟʢʦʡ ʧʦʨʮʠʠ ʪʘʥʜʝʤʥʦʡ ʧʘʯʢʠ ʩʥʠʟʠʣʦ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʥʘ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ ʦʯʠʩʪʢʠ ʠ ʩʦʟʜʘʣʦ ʧʨʦʙʢʦʚʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ. ɿʘ ʩʯʝʪ 

ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ, ʰʣʘʤ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ ʚʳʩʦʢʦʚʷʟʢʦʡ ʧʦʨʮʠʠ ʟʘʭʚʘʪʳʚʘʝʪ ʝʛʦ ʠ ʚʳʥʦʩʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʠʩʢʣʶʯʘʷ ʦʩʝʜʘʥʠʝ.  

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʠʩʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʚʨʘʱʝʥʠʝ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʯʠʩʪʢʫ 

ʩʢʚʘʞʠʥʳ. ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʦʥʥʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ 

ʯʘʩʪʠʮ ʰʣʘʤʘ ʚ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ, 

ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʘʥʜʝʤʥʳʭ ʦʯʠʱʘʶʱʠʭ ʧʘʯʝʢ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʦʥʥʳ. ʅʠʟʢʦʚʷʟʢʘʷ ʧʦʨʮʠʷ ʩʦʟʜʘʝʪ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʧʦʪʦʢ, ʦʪʨʳʚʘʝʪ ʰʣʘʤ ʦʪ ʩʪʝʥʢʠ, ʘ ʚʳʩʦʢʦʚʷʟʢʘʷ ʧʦʨʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʚʳʥʦʩ 

ʰʣʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪ.ɹ 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙ ʧʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ð ʵʪʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ 

ʦʛʨʘʥʠʯʝʥʳ ʠ ʚʨʝʤʝʥʥʳ, ʥʝ ʧʦʟʚʦʣʷʷ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʧʨʦʙʣʝʤʳ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʙʦʨʴʙʳ ʩ 

ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ, ʩʢʚʘʞʠʥʘ, ʠʥʛʠʙʠʪʦʨʳ, ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʪʝʧʣʦʚʦʡ ʤʝʪʦʜ, ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʬʠʟʠʯʝʩʢʠʡ 0ʤʝʪʦʜ, ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

  

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʥʝʬʪʝʜʦʙʳʯʝ - ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʬʠʥʦʚʳʭ ʤʘʩʩ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʦʢ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ, ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʋʕʎʅ ʧʨʠ 

ʜʦʙʳʯʝ ʥʝʬʪʠ   

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʙʣʝʤʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʣʦʞʝʥʠʷ ʠ ʫʜʘʣʝʥʠʝ ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʳʤ ʦʩʪʘʥʦʚʢʘʤ ʩʢʚʘʞʠʥ ʩ ʮʝʣʴʶ ʦʯʠʩʪʢʠ ʛʣʫʙʠʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʦʪʣʦʞʝʥʠʡ [1], ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʶ ʠ 

ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʜʦʙʳʯʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʝʜʦʙʦʨʫ ʠ 

ʧʦʪʝʨʷʤ ʥʝʬʪʠ. ʀʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʦʣʦ 30ï35 % ʚʩʝʭ ʦʩʪʘʥʦʚʦʢ ʩʢʚʘʞʠʥ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʦʪʣʦʞʝʥʠʷ ʧʘʨʘʬʠʥʘ ʥʘ 



ɹʋʈɽʅʀɽ ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʉʂɺɸɾʀʅ    

90 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙ ʠ ʩʥʠʞʝʥʠʝ ʜʝʙʠʪʦʚ ʩʢʚʘʞʠʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʢʘʟʦʚ ʰʪʘʥʛʦʚʳʭ ʩʢʚʘʞʠʥʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ 

ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʫʣʘ 

ʧʘʨʘʬʠʥʦʚ ʦʪ ʉ17ʅ36 ʜʦ ʉ35ʅ72. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 300-450. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʧʘʨʘʬʠʥʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 45-65Áʉ. ɺ ʪʦ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ 

ʥʝʬʪʠ ʧʘʨʘʬʠʥʦʤ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 16-25Áʉ. ʇʣʦʪʥʦʩʪʴ 

ʧʘʨʘʬʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 881-905 ʢʛ/ ʤ3 . ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʝʣʠʯʠʥʘ ʠ 

ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʚʳʜʝʣʝʥʠʷ. ʇʘʨʘʬʠʥ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʜʝʩʧʝʨʛʠʨʫʝʪʩʷ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʀʟ ʥʝʬʪʠ ʧʘʨʘʬʠʥ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʢʚʘʞʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʘʨʘʬʠʥ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ, ʠʤʝʶʱʝʡ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʝʤ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʇʆ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʘʟʦʚʳʡ 

ʬʘʢʪʦʨ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠ 

ʪ.ʜ. 

 ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʝʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʩʢʦʧʨʦʷʚʣʷʶʱʠʭ ʩʢʚʘʞʠʥ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ 

ʙʦʣʴʰʠʭ ʛʨʫʧʧ [3]:  

1)  ʄʝʭʘʥʠʯʝʩʢʠʝ - ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʢʨʝʙʢʦʚ. ɼʚʠʞʝʥʠʝ ʩʢʨʝʙʢʦʚ 

ʚʥʠʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʢʨʝʙʢʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʟʦʚ, ʘ 

ʜʣʷ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚʚʝʨʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʦʩ ʠ ʣʝʙʝʜʢʘ. ʊʘʢ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʢʨʝʙʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘʚʝʨʭ ʧʨʠ ʧʦʤʦʱʠ ʧʦʪʦʢʘ 

ʞʠʜʢʦʩʪʠ. ʉʢʨʝʙʢʠ, ʩʧʫʩʢʘʝʤʳʝ ʚ ʪʨʫʙʳ ʥʘ ʧʨʦʚʦʣʦʢʝ, ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʦʝ ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʝ ʩʝʯʝʥʠʝ. ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʩʢʨʝʙʢʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

1,5 ʜʦ 2 ʤʠʣʣʠʤʝʪʨʦʚ [4]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʩʢʨʝʙʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʭ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʥʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʴʰʝ 0,7 

ʤʠʣʣʠʤʝʪʨʘ. ʅʝʜʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʨʝʙʢʦʚ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʦʛʦ ʠʭ ʩʧʫʩʢʘ ʠ ʧʦʜʲʝʤʘ, ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 0,7 ʤʠʣʣʠʤʝʪʨʦʚ, ʪʘʢ ʢʘʢ ʫʜʘʣʠʪʴ ʩʣʦʡ ʙʦʣʴʰʝʡ 

ʪʦʣʱʠʥʳ ʜʘʥʥʳʤʠ ʩʢʨʝʙʢʘʤʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʪʣʠʯʠʝʤ ʩʢʨʝʙʢʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʩʝʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʩʧʫʩʢʝ ʠʭ ʩʝʯʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʥʦʞʝʡ. ɼʘʥʥʳʝ ʩʢʨʝʙʢʠ ʩʨʝʟʘʶʪ ʧʘʨʘʬʠʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʚʚʝʨʭ. ʉʢʨʝʙʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʙʦʣʴʰʝʤ 

ʟʘʧʘʨʘʬʠʥʠʥʠʨʦʚʘʥʠʠ ʪʨʫʙ. ʉʧʫʩʢ ʠ ʧʦʜʲʝʤ ʪʘʢʠʭ ʩʢʨʝʙʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʣʝʙʝʜʢʠ, ʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ ʦʙʦʨʫʜʫʝʪʩʷ ʣʫʙʨʠʢʘʪʦʨʦʤ ʩ ʩʘʣʴʥʠʢʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʣʦʢʝ ʩʧʦʢʦʡʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʛʦ, ʝʩʣʠ ʫʩʪʴʝ 

ʟʘʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦ. ɻʣʫʙʠʥʫ ʩʧʫʩʢʘ ʩʢʨʝʙʢʘ ʜʣʷ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ 

ʧʘʨʘʬʠʥʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʦʥʘ ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ 

ʢʠʣʦʤʝʪʨʘ. ʆʧʨʝʜʝʣʷʶʪ ʝʝ ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʘ ʣʝʙʝʜʢʠ ʥʘ ʙʘʨʘʙʘʥʝ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʚ ʩʢʚʘʞʠʥʘʭ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 

ʰʪʘʥʛʦʚʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʥʘʩʦʩʘʤʠ, ʠʩʧʦʣʴʟʫʶʪ ʩʢʨʝʙʢʠ, ʫʢʨʝʧʣʝʥʥʳʝ ʥʘ ʥʘʩʦʩʥʳʭ 

ʰʪʘʥʛʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʜʥʦʡ ʰʪʘʥʛʝ ʢʨʝʧʷʪ 5 ï 11 ʩʢʨʝʙʢʦʚ, ʜʣʠʥʦʡ ʜʦ 80 
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ʤʠʣʣʠʤʝʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʥʳʭ ʩʢʨʝʙʢʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʣʦʥʥʘ ʰʪʘʥʛ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʥʘ ʰʪʘʥʛʦʚʨʘʱʘʝʪʝʣʝ. ʅʘʜʝʞʥʦʩʪʴ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʘʨʘʬʠʥʠʨʦʚʘʥʠʝ 

ʩʘʤʠʭ ʰʪʘʥʛ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʢʣʠʥʠʚʘʥʠʶ ʩʦ ʩʣʦʤʘʤʠ ʧʣʘʩʪʠʯʥʳʭ ʩʢʨʝʙʢʦʚ.   

2)  ʊʝʧʣʦʚʳʝ - ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʥʦ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʠʝ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ, ʢʦʪʦʨʳʡ ʚʦʟʤʦʞʥʦ 

ʧʦʤʝʩʪʠʪʴ ʚ ʟʦʥʫ ʧʘʨʘʬʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʠʣʠ ʩʧʦʩʦʙʥʳʡ ʚʳʨʘʙʘʪʳʚʘʪʴ 

ʪʝʧʣʦʩʦʜʝʨʞʘʱʠʡ ʘʛʝʥʪ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ. ʉʝʡʯʘʩ ʥʘ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ: 

ð ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʳʭ 

ʧʨʦʪʝʢʘʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

ð ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʛʦʨʷʯʠʭ ʚʦʜʳ ʠʣʠ ʥʝʬʪʠ. 

ð ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʛʦʨʷʯʝʛʦ ʦʩʪʨʦʛʦ ʧʘʨʘ. 

ð ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʝʧʘʨʘʬʠʥʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʦʛʨʝʚ 

ʥʝʬʪʠ ʚ ʩʢʚʘʞʠʥʝ. 

ð ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʯʝʡ ʩʢʚʘʞʠʥʥʦʛʦ ʠ ʥʘʟʝʤʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

3) ʍʠʤʠʯʝʩʢʠʝ - ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʛʠʙʠʪʦʨʦʚ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʧʘʜʝʥʠʷ ʧʘʨʘʬʠʥʦʚ ʥʘ ʩʪʝʥʢʘʭ ʅʂʊ [5,6]. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʘʤʠ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ð ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʬʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʥʛʠʙʠʨʫʶʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ 

ʧʘʨʘʬʠʥʘ. 

ð ʋʜʘʣʝʥʠʝ ʧʘʨʘʬʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʘʤʠ ʩʦʩʪʘʚʣʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʘʨʘʬʠʥʘ, 

ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʦʡ [7]. ʅʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʘʨʘʬʠʥʠʟʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʠʩʪʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʨʝʰʘʶʱʠʭ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʬʘʟ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ: ʩʪʝʧʝʥʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʧʘʨʘʬʠʥʘ ʚ ʥʝʬʪʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʩʪʝʧʝʥʴ ʧʨʦʯʥʦʩʪʠ ʧʘʨʘʬʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʧʘʨʘʬʠʥʘ, ʦʙʲʝʤ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʥʝʬʪʠ ʠ ʪ.ʧ. ʃʶʙʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʧʘʨʘʬʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʝʩʣʠ ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʘʟ, ʥʘ ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʦʙʣʝʤʫ ʩ ʧʘʨʘʬʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʦʩʦʙʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʦʩʪʠʛʘʝʪʩʷ 

ʵʪʦ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʩʮʝʧʣʷʝʤʦʩʪʠ ʩ ʧʘʨʘʬʠʥʘʤʠ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʥʝʬʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʩʘʜʦʢ [8]. ɼʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʩʘʜʦʢ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʜʘʥʠʷ 

ʩʚʦʡʩʪʚ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʯʘʱʝ ʚʩʝʛʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʘʥʥʳʝ ʜʚʘ 

ʤʝʪʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʜʣʷ 

https://spravochnick.ru/definitions/mestorozhdenie/
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ʥʘʯʘʣʘ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʩʢʚʘʞʠʥʫ. ʇʦʜʛʦʪʦʚʢʘ ʩʢʚʘʞʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʯʠʩʪʢʝ 

ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ, ʘʨʤʘʪʫʨʳ, ʚʳʢʠʜʥʳʭ ʣʠʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʫʜʘʣʠʪʝʣʝʡ 

[9]. ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ 

ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʬʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʜʙʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. 

4)  ʌʠʟʠʯʝʩʢʠʝ - ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʮʠʶ ʩʢʚʘʞʠʥ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, 

ʥʘʧʨʠʤʝʨ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʠʣʠ ʤʘʛʥʠʪʥʳʤʠ.  

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʧʨʦʛʨʝʚ ʧʨʦʜʫʢʮʠʠ ʚʥʫʪʨʠ ʩʢʚʘʞʠʥʳ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʚʦʣʴʪ), ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ [10]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʩʧʫʩʢʝ ʠʟʣʫʯʘʪʝʣʝʡ ʚʥʫʪʨʴ ʩʢʚʘʞʠʥʳ ʥʝʨʝʜʢʦ ʩʣʫʯʘʝʪʩʷ ʦʙʨʳʚ ʧʨʦʚʦʜʦʚ ʩ ʧʦʪʝʨʝʡ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥʳ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʝʸ ʧʨʦʭʦʞʜʝʥʠʠ 

ʣʠʙʦ ʚʥʫʪʨʠ ʤʘʛʥʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʣʠʙʦ ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʩʪʝʥʢʦʡ ʪʨʫʙʳ. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʪʨʫʜʥʷʝʪʩʷ ʩʣʠʧʘʥʠʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʧʘʨʘʬʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥʠ ʥʝ ʚʳʧʘʜʘʶʪ ʥʘ ʩʪʝʥʢʠ ʪʨʫʙʳ, ʘ 

ʚʳʥʦʩʷʪʩʷ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ. 

5) ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʬʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʣʠʬʪʦʚʳʭ ʢʦʣʦʥʥʘʭ ʠʩʧʦʣʴʟʫʶʪ ʟʘʱʠʪʥʳʝ 

ʧʦʢʨʳʪʠʷ ʠʟ ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʚʦʩʝʤʴ ʝʜʠʥʠʮ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʘʜʛʝʟʠʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʘʨʘʬʠʥʫ. 

ɺʳʚʦʜʳ. ɹʦʨʴʙʘ ʩ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʣʘʜʢʠʭ, 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʇʨʦʙʣʝʤʘ ʙʦʨʴʙʳ ʩ ʧʘʨʘʬʠʥʘʤʠ ʠʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ ʥʝ ʨʝʰʝʥʘ ʧʦʣʥʦʩʪʴʶ ʠ 

ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʟʘʨʫʙʝʞʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʚʳʧʦʣʥʷʶʪʩʷ ʠʥʞʝʥʝʨʥʳʝ 

ʨʘʩʯʝʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ.  ɺʦʧʨʦʩ ʟʘʤʝʱʝʥʠʠ 

ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʛʨʘʤʤ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ. ɺ ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè 

ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʇʂ) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ. 

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʟʘʨʫʙʝʞʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʇʂ çʈʅ-ɹʈè ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

ʇʨʦʛʨʘʤʤʘ ʧʨʦʭʦʜʠʪ ʩʪʘʜʠʶ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʆʆʆ çʉʘʤʘʨʘʅʀʇʀʥʝʬʪʴè. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʨʘʟʨʘʙʦʪʯʠʢʠ 
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ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʘʜʘʧʪʘʮʠʷ 

ʧʦʜ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ, ʧʨʦʬʠʣʴ ʩʢʚʘʞʠʥʳ, ʪʨʘʝʢʪʦʨʠʷ ʩʢʚʘʞʠʥʳ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʮʝʣʠ, ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ. 
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THE ALGORITHM FOR CONSTRUCTING WELL PROFILES IN THE PC "PH -

DRILLING CALCULATIONS"   
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Annotation . Well design is a whole complex of various engineering calculations, which 

in the time of information technology without the use of a software product is quite a 

difficult task. Today, when the issue of import substitution of foreign products arose, PJSC 

NK Rosneft needed to create its own software to improve the efficiency of well 

construction design. 

Currently, well design was carried out using foreign software systems, so the task 

was to create our own domestic PC, which would not be inferior to the accuracy and 

quality of calculations with foreign analogues. RN-BashNIPIneft LLC coped with this task 

by creating its own software package "PH-Drilling calculations" (hereinafter PC BR). 

PC "PH-Drilling Calculations" is a domestic software product that allows you to 

perform a number of calculations when designing wells in such areas as: well profile 

design, hydraulics, cementing. 

To date, the PC "RN-Drilling calculations" has advanced functionality that works 

in test mode. Testing of the PC "RN-Drilling calculations" is also performed by employees 

of SamaraNIPIneft LLC. It is worth noting that the developers promptly provide organized 

feedback and software maintenance. 

 

Keywords: software, software package, software, engineering calculations, well profile, 

well trajectory, geological objectives, well cementing, well design, well construction, 

import substitution 

 

ʇʂ çʈʅ-ɹʈè ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʬʠʣʝʡ ʩʢʚʘʞʠʥ ʦʪ ʧʨʦʩʪʳʭ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʜʦ ʩʣʦʞʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩ ʨʘʟʚʦʨʦʪʘʤʠ ʧʦ ʘʟʠʤʫʪʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ. ʂʘʢ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ ʇʂ çʈʅ-ɹʈè ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʫʩʪʦʚʳʭ 

ʧʣʦʱʘʜʦʢ ʩ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ ʧʝʨʝʩʝʯʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʙʫʨʝʥʠʷ 

ʥʘ ʨʘʩʯʸʪ ʥʘʛʨʫʟʦʢ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʢʘʪʘʣʦʛʦʤ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʝʡ ʚ ʇʂ çʈʅ-ɹʈè ʢʘʢ ʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ. ɺ ʣʶʙʦʤ ʧʨʦʝʢʪʝ ʇʂ çʈʅ-ɹʈè ʩʦʟʜʘʶʪʩʷ 

ʫʨʦʚʥʠ ʚ ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʉʭʝʤʘ ʫʨʦʚʥʝʡ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ.1  

 

  

ʈʠʩ.1 ʉʭʝʤʘ ʫʨʦʚʥʝʡ ʚ ʇʂ çʈʅ-ɹʈè 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʫʨʦʚʥʝ 

çʂʦʤʧʘʥʠʷè ʚʥʦʩʷʪʩʷ ʦʙʱʠʝ ʜʘʥʥʳʝ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ çʄʝʩʪʦʨʦʞʜʝʥʠʝè 

ʚʥʦʩʠʪʩʷ  ʩʠʩʪʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʦʥʘ ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʘʛʥʠʪʥʘʷ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʮʝʣʠ 

ʙʫʨʝʥʠʷ. çʂʫʩʪè - ʚ ʵʪʦʤ ʫʨʦʚʥʝ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ ʘʣʴʪʠʪʫʜʳ ʩʪʦʣʘ ʨʦʪʦʨʘ, ʪʠʧ 

ʢʦʦʨʜʠʥʘʪ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʢʫʩʪʘ, ʪʠʧ ʩʝʚʝʨʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʮʝʣʠ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʫʩʪʦʚʦʡ ʧʣʦʱʘʜʢʠ ʪʘʢʞʝ ʟʘʜʘʶʪʩʷ ʩʣʦʪʳ ʜʣʷ ʫʩʪʴʷ 

ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʩ ʨʘʟʚʦʨʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʢʚʘʞʠʥʘʤʠ. ɺ ʫʨʦʚʥʝ çʉʢʚʘʞʠʥʘè ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʣʦʪ ʢʫʩʪʘ ʠʣʠ ʢʦʦʨʜʠʥʘʪʳ 

ʫʩʪʴʷ. ɺ çʉʪʚʦʣè ʚʥʦʩʠʪʩʷ ʪʠʧ ʩʪʚʦʣʘ ʠ ʧʦʩʣʝ ʩʦʟʜʘʝʪʩʷ çʇʣʘʥè ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʩʪʚʦʣʘ. ʇʂ çʈʅ-ɹʈè ʪʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʨʫʞʘʪʴ 

ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʤʝʨʳ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʦʟʜʘʣʠ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʫʨʦʚʥʠ ʩ ʟʘʥʝʩʝʥʠʝ ʚʩʝʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʘʤʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ʅʘ ʫʨʦʚʥʝ çʇʣʘʥè  

ʥʘʭʦʜʷʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʢʚʘʞʠʥʳ ʩ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʯʝʨʝʟ  çʈʝʜʘʢʪʦʨ ʧʣʘʥʘè. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʚʥʝʩʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʣʝʡ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʯʝʨʝʟ ʚʢʣʘʜʢʫ çʎʝʣʠ ʙʫʨʝʥʠʷè. 

ʇʂ çʈʅ-ɹʈè ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʨʠʩʢʦʚ ʧʝʨʝʩʝʯʝʥʠʷ ʩʪʚʦʣʦʚ 

ʩʢʚʘʞʠʥ ʯʝʨʝʟ ʤʦʜʫʣʴ çʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʩʪʦʣʢʥʦʚʝʥʠʡè  ʠ ʩ ʥʘʙʦʨʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʢʥʦ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʣʘʥʘ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.  

 



ɹʋʈɽʅʀɽ ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʉʂɺɸɾʀʅ    

96 

 
 

ʈʠʩ. 2 ʈʝʜʘʢʪʦʨ ʧʣʘʥʘ ʩ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ 

 

ʈʠʩ. 3 ʇʘʥʝʣʴ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʙʘʟʦʚʳʭ ʨʘʩʯʝʪʦʚ ʪʨʘʝʢʪʦʨʠʡ S-ʦʙʨʘʟʥʦʡ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʠ J-ʦʙʨʘʟʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʢʚʘʞʠʥʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʦʚ  ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʥʘ ʨʠʩ. 3,4. 
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ʈʠʩ. 4 ʈʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ S-ʧʨʦʬʠʣʷ 

 

 
 

ʈʠʩ. 5  ɺʠʜ ʩʚʝʨʭʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ S-ʧʨʦʬʠʣʷ 

 

 
 

ʈʠʩ.  6  ʈʘʩʯʸʪ ʪʨʘʝʢʪʦʨʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ 
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ʈʠʩ. 7  ɺʠʜ ʩʚʝʨʭʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ 

 

 

ɺ ʇʂ çʈʅ-ɹʈè ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʬʠʣʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ ʪʠʧ ʧʨʦʬʠʣʷ ʩʢʚʘʞʠʥ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥ 

ʦʪ ʧʨʦʩʪʳʭ ʧʨʦʬʠʣʝʡ  ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ S ʠ J ʪʠʧʦʚ, ʜʦ ʩʣʦʞʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩ ʨʘʟʚʦʨʦʪʦʤ ʧʦ ʘʟʠʤʫʪʫ, ʤʥʦʛʦʟʘʙʦʡʥʳʭ ʠ 

ʤʥʦʛʦʩʪʚʦʣʴʥʳʭ ʩʢʚʘʞʠʥ ʠ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ 

ʧʦʟʚʦʣʷʶʪ ʚʥʦʩʠʪʴ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʙʫʨʝʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʤʦʤʝʥʪʘʣʴʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʨʘʝʢʪʦʨʠʡ 

ʧʦʩʣʝ ʨʘʩʯʸʪʘ ʚ 3D-ʛʨʘʬʠʢ, ʚʠʜ ʩʚʝʨʭʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʝ. ʇʨʠ ʦʰʠʙʢʝ ʚ 

ʨʘʩʯʝʪʘʭ ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʸʪ ʪʝʢʩʪʦʚʦʝ ʦʧʦʚʝʱʝʥʠʝ. 

ɺ ʌɻɹʆʋ ɺʆ çʉʘʤɻʊʋè ʠ ʆʆʆ çʉʘʤʘʨʘʅʀʇʀʥʝʬʪʴè  ʨʘʩʯʝʪʳ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥʘʭ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʟʘʨʫʙʝʞʥʳʤ ʇʆ Landmark Compass. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʪʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʪʨʝʙʫʶʪ ʜʦʨʘʙʦʪʢʠ ʠʣʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʂ çʈʅ-ɹʈè ʪʘʢ ʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʨʦʬʠʣʷ ʩʢʚʘʞʠʥʳ ʜʣʷ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʅʅɹ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʩʝʙʷ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʚʥʝʩʝʥʠʝ, 

ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʦʬʠʣʷ ʩʢʚʘʞʠʥʳ ʧʦ ʘʣʛʦʨʠʪʤʫ ʚ ʢʦʪʦʨʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʩʪʨʦʝʥʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʧʝʨʘʮʠʠ ʩʤʝʱʝʥʠʷ ʮʝʣʝʡ ʧʦ ʢʨʫʛʫ ʜʦʧʫʩʢʘ ʠʣʠ ʧʦ 

ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʟʘʢʘʟʯʠʢʦʤ ʩʤʝʩʪʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʫʩʪʴʷ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦ 

ʮʠʢʣʫ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤ ʘʣʛʦʨʠʪʤʫ. ɹʣʦʢ-ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 
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ʈʠʩ. 8  ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʨʦʬʠʣʷ ʩʢʚʘʞʠʥʳ ʚ ʇʂ çʈʅ-ɹʫʨʦʚʳʝ 

ʨʘʩʯʝʪʳè 

 

ɺʳʚʦʜʳ  

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʸʪʳè ʧʦʟʚʦʣʷʝʪ 

ʩʣʝʜʫʶʱʝʝ. 

1. ɺʳʧʦʣʥʷʪʴ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʝʡ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ. 

2. ɺʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ 2D ʠ 3D. 

3. ɺʳʛʨʫʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ 

ʪʘʙʣʠʮ ʚ ʬʦʨʤʘʪʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-

ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳ 2021è ʄʦʩʢʚʘ 2022 ʛ., 116 ʩ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ / ʄ. ɸ. ʈʚʘʣʦʚ, ʄ. ɺ. ʇʝʪʨʦʚ, ɺ. ɸ. ʂʘʧʠʪʦʥʦʚ, ɻ. ɻ. ɻʠʣʘʝʚ // 

ɹʫʨʝʥʠʝ ʠ ʥʝʬʪʴ. ï 2022. ï ˉ 11. ï ʉ. 3ï8. 

3. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʂʦʤʧʘʥʠʠ çʅʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʝ ʙʫʨʝʥʠʝè ˉʇ2-10 

ʄ-0038, ɺʝʨʩʠʷ 1.00. ʄʦʩʢʚʘ, 2018, 86 ʩʪʨ. 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʦʪʭʦʜʦʤ / ʄ.ɺ. ʇʝʪʨʦʚ, ʂ.ɸ. ʐʠʧʦʚʩʢʠʡ // ɸʰʠʨʦʚʩʢʠʝ ʯʪʝʥʠʷ. ï ʉʘʤʘʨʘ: 

ʉʘʤɻʊʋ, 2023 ï ʉ. 47ï55. 
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ʋɼʂ 622.24 

ʇʆʉʊʈʆɽʅʀɽ ʆɼʅʆʄɽʈʅʆʁ ɻɽʆʄɽʍɸʅʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ɺ 

ʇʈʆɻʈɸʄʄɽ ʈʅ-ʉʀɻʄɸ 

ɺ.ʉ. ɺʘʥʶʰʢʠʥ, ɸ.ɸ. ʇʘʨʤʝʥʦʚʘ, ʂ.ɺ. ɸʚʜʝʝʚʘ, ʂ.ɸ. ʐʠʧʦʚʩʢʠʡ 

 
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʘʝʪʩʷ ʚʦʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ ʈʅ-ʉʀɻʄɸ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ 

ʦʜʥʦʤʝʨʥʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʜʥʦʤʝʨʥʘʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, 

ʤʦʜʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʦʢʥʦ ʙʝʟʦʧʘʩʥʦʛʦ ʙʫʨʝʥʠʷ.  

ʆʜʥʦʤʝʨʥʘʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (1D) ʚ ʈʅ-ʉʀɻʄɸ ð ʵʪʦ ʤʦʜʝʣʴ, 

ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʧʦʨʦʚʦʝ 

ʜʘʚʣʝʥʠʝ ʠ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ: ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʢʠ ʩʢʚʘʞʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʘʚʘʨʠʡʥʦʝ ʙʫʨʝʥʠʝ. ʈʘʩʯʝʪʳ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʘʶʪ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʟʦʧʘʩʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʙʫʨʝʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʜʥʦʤʝʨʥʫʶ ʛʝʦʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ɿʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʵʪʦ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʚʦ-ʚʪʦʨʳʭ 

ï ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʠʥʪʝʨʚʘʣ ʙʫʨʝʥʠʷ 1644-1655 ʤ   ʥʘ 

ʩʢʚʘʞʠʥʝ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ.   

ʈʘʙʦʪʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ 1D ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ 

ʈʅ-ʉʀɻʄɸ.  

ʈʘʩʯʝʪ 1D ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʛʨʫʟʢʠ ʩʣʝʜʫʶʱʠʭ ʜʘʥʥʳʭ: ʠʥʢʣʠʥʦʤʝʪʨʠʠ, 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ (DTp, DTs, GGKp), ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ ʠ ʝʝ ʣʠʪʦʣʦʛʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʢʚʘʞʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩ. 1. ʂʘʨʦʪʘʞʥʳʝ ʜʘʥʥʳʝ (DTp, DTs, GGKp), ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʴ ʖʥʛʘ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʢʨʠʚʫʶ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʍʦʜ ʨʘʩʯʝʪʘ: 1. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ; 2. ɻʝʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ; 

3. ʇʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ; 4. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 5. 

ʉʪʘʪʠʯʝʩʢʠʝ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 6. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ; 7. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 8. ʉʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ [1, 2].  

ʂʨʠʚʘʷ ʧʣʦʪʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ð ʦʩʥʦʚʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʩʪʘ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜʳ 

ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʥʦʡ ʛʘʤʤʘ-ʛʘʤʤʘ ʢʘʨʦʪʘʞ (ɻɻʂʧ), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʙʝʨʫʪʩʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʦʩʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʩʪʘʚʣʷʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʦʡ [1]. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʢʨʠʚʘʷ ï ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ.  

ɻʝʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ð ʜʘʚʣʝʥʠʝ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ. ɺ ʣʶʙʦʡ ʪʦʯʢʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʛʝʦʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʚʝʩʫ ʚʳʰʝʣʝʞʘʱʝʡ ʪʦʣʱʠ 

ʦʪʣʦʞʝʥʠʡ (ʧʦʨʦʜ ʠ ʬʣʶʠʜʦʚ) [1]. ʀʩʧʦʣʴʟʫʷ ʢʨʠʚʫʶ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʝʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʥʘ ʚʳʭʦʜʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʚʠʜ ʛʝʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʛʝʦʩʪʘʪʠʯʝʩʢʦʡ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʦʪʥʦʩʪʠ.  

ʇʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ ï ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, 

ʨʘʩʯʠʪʳʚʘʝʤʦʝ ʤʝʪʦʜʦʤ ʧʦ ʟʦʥʘʤ ʠ ʬʘʮʠʷʤ. ɺ ʠʪʦʛʝ ʚ ʚʠʜʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʢʨʠʚʦʡ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʬʠʣʴ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ [1]. ɿʦʥʳ ʠ ʬʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʪʦʜʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʦʛʦ ʙʝʨʫʪʩʷ ʟʥʘʯʝʥʠʷ 

ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʦʧʦʨʥʘʷ ʛʣʫʙʠʥʘ ʠ ʦʧʦʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʘ 

ʚʳʭʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʦʨʠʩʪʦʝ ʪʝʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ: ʤʦʜʫʣʝʤ ʖʥʛʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʨʦʫʧʨʫʛʦʩʪʠ. ʈʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʠʟ 

ʠʥʪʝʨʚʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ. ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ï ʛʘʤʤʘ-ʛʘʤʤʘ 

ʧʣʦʪʥʦʩʪʥʦʡ ʢʘʨʦʪʘʞ, ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʝ ʢʘʨʦʪʘʞʠ (DTp, DTs). ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩ ʢʘʨʦʪʘʞʥʳʭ ʜʘʥʥʳʭ ʩʦ ʩʢʚʘʞʠʥʳ. 

ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʤʘʪʝʨʠʘʣʘ. ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʥʘʛʨʫʟʢʠ: ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ 

ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ. ʉʦʟʜʘʪʴ ʩʚʦʶ ʢʦʨʨʝʣʷʮʠʶ ʚʦʟʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʧʫʪʝʤ. ɺ 

ʨʝʜʘʢʪʦʨʝ ʢʦʨʨʝʣʷʮʠʡ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʳ ʩʢʨʠʧʪʘ ʚʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʩʚʦʝʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ. ɼʘʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘʟʦʚʝʤ ʤʦʜʫʣʴ ʖʥʛʘ UCS 

(ʇʊʃ) ʠ ʜʘʚʣʝʥʠʝ EST_slm. ʆʥʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʩʯʝʪʝ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʧʦ ʟʦʥʘʤ ʠ ʬʘʮʠʷʤ, ʚ ʢʦʪʦʨʳʝ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʚʝʜʝʥʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʨʠʚʘʷ  ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɿʘʪʝʤ, ʚ ʵʪʦʤ ʞʝ ʨʘʟʜʝʣʝ, ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ TS(UCS) ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 
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ʤʝʪʦʜʦʤ ʢʦʨʨʝʣʷʮʠʠ ʃʘʣʘ (ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ). ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʘ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ï ʢʘʨʦʪʘʞ DTp. 

ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʨʠʚʳʝ.  

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ï ʙʦʢʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʨʦʜʘ ʧʦʜ ʜʝʡʪʩʚʠʝʤ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʠ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ.  ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʘʷ ʬʫʥʢʮʠʷ ʦʪ ʛʦʨʥʦʛʦ ʠ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ [1]. ʄʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʦʨʦʫʧʨʫʛʦʡ ʤʦʜʝʣʠ ʩ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ɺʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ: ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʛʝʦʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ, ʩʪʘʪʠʯʝʩʢʠʝ ʤʦʜʫʣʴ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʨʦʫʧʨʫʛʦʩʪʠ, ʦʩʪʘʣʴʥʦʝ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʛʨʘʤʤʦʡ. ʅʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʶʪʩʷ ʢʨʠʚʳʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʳʭ ʨʘʩʯʸʪʦʚ ʩʪʨʦʠʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ (ʨʠʩ. 2), ʥʘ ʢʦʪʦʨʦʤ ʥʘʥʝʩʝʥʳ 

ʟʥʘʯʝʥʠʷ ɻʈʇ, ʧʦʛʣʦʱʝʥʠʡ, ʚʳʙʨʦʩʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʦʙʨʫʰʝʥʠʡ. ʅʘ ʛʨʘʬʠʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʠʜʦʨ ʙʝʟʦʧʘʩʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʚʳʙʦʨʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʨʠʩ. 2) [2, 3]. 

 

ʈʠʩ. 2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʦʢʥʦ ʙʝʟʦʧʘʩʥʦʛʦ ʙʫʨʝʥʠʷ 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʘʟʠʤʫʪ 

ʠ ʥʘʢʣʦʥ. ɺ ʧʨʦʛʨʘʤʤʝ ʈʅ-ʉʀɻʄɸ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʪʝʨʝʦʛʨʘʤʤʫ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʮʝʥʢʠ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʪʝʢʫʱʫʶ ʛʣʫʙʠʥʫ (MD), TVD, TVDSS, ʘʟʠʤʫʪ ʠ ʥʘʢʣʦʥ, ʯʪʦʙʳ 

ʦʪʨʘʟʠʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʘʝʢʪʦʨʠʠ ʚ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ. ʊʝʢʫʱʘʷ ʛʣʫʙʠʥʘ (MD) ʷʚʣʷʝʪʩʷ 

ʨʝʜʘʢʪʠʨʫʝʤʦʡ ʠ ʟʘʜʘʝʪ ʛʣʫʙʠʥʫ, ʥʘ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʢʦʤʧʦʥʝʥʪ 

ʥʘʧʨʷʞʝʥʠʷ; ʟʥʘʯʝʥʠʷ ʚ ʦʩʪʘʣʴʥʳʭ ʧʦʣʷʭ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ [1].  
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ʅʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 3 ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ. 

ʆʙʣʘʩʪʴ ʨʘʩʯʝʪʘ ʦʢʨʘʰʝʥʘ ʚ ʩʠʥʠʡ ʮʚʝʪ, ʪʝʢʫʱʘʷ ʚʳʙʨʘʥʥʘʷ ʛʣʫʙʠʥʘ ʦʪʤʝʯʝʥʘ 

ʟʝʣʝʥʦʡ ʪʦʯʢʦʡ. ʕʪʫ ʪʦʯʢʫ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʚʜʦʣʴ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʠ ʥʘʙʣʶʜʘʪʴ 

ʟʥʘʯʝʥʠʷ ʥʘ ʩʪʝʨʝʦʛʨʘʤʤʘʭ.  

ʉʚʝʨʭʫ ʨʘʩʧʦʣʦʞʝʥʘ ʩʪʝʨʝʦʛʨʘʤʤʘ ʧʣʦʪʥʦʩʪʠ ʛʠʜʨʦʨʘʟʨʳʚʘ, ʩʥʠʟʫ - 

ʩʪʝʨʝʦʛʨʘʤʤʘ ʧʣʦʪʥʦʩʪʠ ʦʙʨʫʰʝʥʠʷ (ʨʠʩ. 3). ʉʪʝʨʝʦʛʨʘʤʤʘ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʘʟʠʤʫʪʘ ʠ ʥʘʢʣʦʥʘ ʩʢʚʘʞʠʥʳ ʥʘ 

ʚʳʙʨʘʥʥʦʡ ʛʣʫʙʠʥʝ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟʦʧʘʩʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʨʝʥʠʷ ʚ 

ʨʠʩʢʦʚʘʥʥʳʭ ʪʦʯʢʘʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ [1]. ʅʘ 

ʩʪʝʨʝʦʛʨʘʤʤʝ ʦʪʦʙʨʘʞʝʥʳ ʜʚʝ ʣʠʥʠʠ ʫʨʦʚʥʷ: ʧʨʷʤʘʷ ʣʠʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʢʣʦʥʘ ʠ 

ʦʢʨʫʞʥʦʩʪʴ - ʣʠʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʘʟʠʤʫʪʘ, ʩ ʟʥʘʯʝʥʠʷʤʠ ʥʘʢʣʦʥʘ ʠ ʘʟʠʤʫʪʘ ʨʷʜʦʤ ʩ 

ʥʠʤʠ.   

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʘʟʠʤʫʪʘ ʠ ʥʘʢʣʦʥʘ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʙʝʟʦʧʘʩʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ [1]. 

ʈʠʩ. 3. ʉʪʝʨʝʦʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʘʟʠʤʫʪʘ ʠ ʥʘʢʣʦʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʸʪ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʠ ʝʸ ʘʥʘʣʠʟ ʚ ʈʅ-ʉʀɻʄɸ ʜʦʩʪʫʧʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ 

ʜʨʫʛʠʭ ʩʢʚʘʞʠʥ ʧʨʠ ʧʦʭʦʞʠʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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çʅʂ çʈʦʩʥʝʬʪʴè.: ʄ. 2023. ï ʩ 435.  
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3. ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʉʝʚʝʨʦ-ʂʦʤʩʦʤʦʣʴʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 3D-ʩʠʤʫʣʷʪʦʨʘ ʈʅ-

ʉʀɻʄɸ: ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ / ɼ.ʈ. ɸʨʜʠʩʣʘʤʦʚʘ [ʠ ʜʨ.] // ʕʢʩʧʦʟʠʮʠʷ ʥʝʬʪʴ ʛʘʟ.  ï 

2023. ï ˉ3. ï ʉ. 38-43. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʬʝʨʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ ï 

ʩʣʦʞʥʳʡ ʠ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʪʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʦʚ. 

ʉʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ ʙʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦ-ʠʥʞʝʥʝʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʩʯʝʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʦ-ʠʥʞʝʥʝʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʆʆʆ 

çɹʘʰʅʀʇʀʥʝʬʪʴè. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʚʘʞʠʥ. ʇʝʨʝʜ ʆʆʆ çɹʘʰʅʀʇʀʥʝʬʪʴè ʩʪʦʷʣʘ 

ʮʝʣʴ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʤʝʱʝʥʠʝ ʠʤʧʦʨʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ, ʥʦ ʠ 

ʫʚʝʣʠʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʠ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 
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Annotation. In the oil and gas industry, well construction is a complex and multi-

stage process that requires precise planning and calculations. It is difficult to imagine 

modern well construction without a specialized software and engineering calculation tool. 

One of these software engineering tools is the RN-Drilling Calculations software 

package, developed by BashNIPIneft LLC. This solution is a software package for 

performing engineering calculations when modeling technological processes occurring 
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during well construction. BashNIPIneft LLC had a goal not only to ensure the replacement 

of imported software, but also to increase the functionality and improve the efficiency of 

new tools. 

It is important that the transition to domestic programs provides a significant 

reduction in cost, compared with the use of licenses of alternative foreign software. Also, 

domestic programs have advantages in organizational terms and prospects for further 

improvement of software in the technological aspect. 

Key words: software package, cementing, software, well design, well 

construction, calculation algorithm.  

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʚ ʇʂ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè 

ʨʝʘʣʠʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ: ʵʢʚʠʚʘʣʝʥʪʥʘʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ ʦʙʲʸʤʘ, 

ʚʨʝʤʝʥʠ ʠ ʭʦʜʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʪʦʢʦʚ, ʘʥʠʤʘʮʠʷ ʟʘʢʘʯʢʠ 

ʞʠʜʢʦʩʪʝʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʆɿʎ, ʜʘʚʣʝʥʠʝ ʚ ʟʦʥʝ ʧʣʘʩʪʘ ʠ ɻʈʇ. 

ɺ ʆʆʆ çʉʘʤʘʨʘʅʀʇʀʥʝʬʪʴè ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ 

ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʩʯʝʪʫ, ʥʝʦʙʭʦʜʠʤ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 
ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 

ɻʝʦʣʦʛʠʷ 

- ɼʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʚʝʨʥʦʟʥʦʩʪʠ  

- ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʛʨʘʜʠʝʥʪʘʤ ɻʈʇ ʠ ʧʦʨʦʚʦʛʦ 

(ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ) 

ʇʨʦʬʠʣʴ - ʀʩʧʦʣʴʟʫʝʤ ʧʨʦʬʠʣʴ ʩ ʨʘʟʙʠʚʢʦʡ 30-40 ʤ 

ɼʘʥʥʳʝ ʧʦ ʆʂ 
- ɻʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʙʘʰʤʘʢʘ 

- ʇʘʨʘʤʝʪʨʳ ʆʂ  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʪʝʩʪʳ 
- ʃʘʙ. ʪʝʩʪʳ ʙʫʬʝʨʥʳʭ ʞʠʜʢʦʩʪʝʡ 

- ʃʘʙ. ʪʝʩʪʳ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʇʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʷʝʤʦʛʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 
- ʊʠʧ ʨʘʩʪʚʦʨʘ 

- ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʈ 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʧʨʦʝʢʪ ʠ ʩʦʟʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ ʠʝʨʘʨʭʠʠ: ʢʦʤʧʘʥʠʷ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʢʫʩʪ, ʩʢʚʘʞʠʥʘ, ʩʪʚʦʣ, ʧʣʘʥ ʠʣʠ ʬʘʢʪ. ʅʘ ʫʨʦʚʥʝ çʇʣʘʥè 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʫʞʝ ʛʦʪʦʚʳʡ ʧʨʦʬʠʣʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʨʦʚʝʥʴ 

çɺʘʨʠʘʥʪè ʠ ʚʳʙʨʘʪʴ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ï ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʥʘ ʫʨʦʚʥʝ çɺʘʨʠʘʥʪè. ʉʥʘʯʘʣʘ ʚʥʦʩʠʤ 

ʜʘʥʥʳʝ ʧʦ ʩʪʚʦʣʫ. ɺ ʨʘʟʜʝʣʝ çʂʦʥʩʪʨʫʢʮʠʷè ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʜʳʜʫʱʝʡ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ, ʝʝ ʛʣʫʙʠʥʫ ʙʘʰʤʘʢʘ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 

ʦʪʢʨʳʪʦʤʫ ʩʪʚʦʣʫ: ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ (ʨʠʩ. 1).  
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ʈʠʩ. 1 ï ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʦʪʢʨʳʪʦʤʫ ʩʪʚʦʣʫ 

ʈʠʩ. 2 ï ʆʩʥʘʩʪʢʘ ʆʂ 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʜʘʥʥʳʝ ʧʦ ʮʝʤʝʥʪʠʨʫʝʤʦʡ ʦʙʩʘʜʥʦʡ 

ʢʦʣʦʥʥʝ ʠ ʧʨʠʤʝʥʷʝʤʦʡ ʦʩʥʘʩʪʢʝ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʚ ʧʦʜʨʘʟʜʝʣ çʂʦʣʦʥʥʘè 

ʠ ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ (ʨʠʩ. 2). ʎʝʥʪʨʘʮʠʶ ʤʦʞʥʦ ʟʘʜʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʮʝʥʪʨʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʉ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ çʌʠʢʩʠʨʦʚʘʥʥʘʷ ʮʝʥʪʨʘʮʠʷè ʤʦʞʥʦ ʟʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʥʪ ʥʘ ʚʩʝʤ 

ʠʥʪʝʨʚʘʣʝ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ.  

ɼʘʥʥʳʝ ʧʦ ʛʨʘʜʠʝʥʪʘʤ ɻʈʇ ʠ ʧʦʨʦʚʦʤʫ ʜʘʚʣʝʥʠʶ ʚʥʦʩʷʪʩʷ ʚ ʨʘʟʜʝʣʝ 

çʩʚʦʡʩʪʚʘ ʨʘʟʜʝʣʘè. ɻʣʫʙʠʥʘ ʚʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʧʦ ʚʝʨʪʠʢʘʣʠ.  

 

ʈʠʩ. 3 ï ʇʘʨʘʤʝʪʨʳ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʣʦʪʥʦʩʪʴʶ 1900 ʢʛ/ʤ3 

ɺ ʨʘʟʜʝʣʝ çʈʝʜʘʢʪʦʨ ʨʘʩʪʚʦʨʦʚè ʚʥʦʩʷʪʩʷ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ɹʘʟʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 
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ʚʥʝʩʪʠ ʜʣʷ ʞʠʜʢʦʩʪʠ: ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʣʦʪʥʦʩʪʴ, ʨʝʦʣʦʛʠʷ, ʫ ʮʝʤʝʥʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʜʦʙʘʚʣʷʶʪʩʷ ʚʳʭʦʜ ʠ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ 

ʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʝʩʪʦʚ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

 

ʈʠʩ. 4 ï ʇʣʘʥ ʟʘʢʘʯʢʠ ʨʘʩʪʚʦʨʦʚ 

ɺ ʧʣʘʥʝ ʟʘʢʘʯʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʨʘʩʪʚʦʨʳ ʚ ʧʦʨʷʜʢʝ ʟʘʢʘʯʢʠ, ʢʦʪʦʨʳʝ 

ʟʘʥʦʩʠʣʠʩʴ ʚ ʨʘʟʜʝʣʝ çʈʝʜʘʢʪʦʨ ʨʘʩʪʚʦʨʦʚè. ʇʣʘʥ ʟʘʢʘʯʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 4. 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʝʪʝ. 

 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʕʎʇ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ) 

ɻʨʘʬʠʢ ʕʎʇ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 5 ʛʨʘʬʠʢ çʕʢʚʠʚʘʣʝʥʪʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴè, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦ-ʠʥʪʝʨʚʘʣʴʥʦ ʩ ʫʯʝʪʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ. ʇʦ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ ʤʦʞʥʦ 
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ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦ 

ʨʠʩʫʥʢʫ 5 ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʕʎʇ ʥʘ ʟʘʙʦʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʛʨʘʜʠʝʥʪ 

ʛʠʜʨʦʨʘʟʨʳʚʘ. 

 
ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʠʢ çɼʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝè 

ɻʨʘʬʠʢ çɼʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝè ʨʠʩ. 6 ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʢʘʯʝʥʥʦʛʦ ʦʙʲʸʤʘ ʚ ʩʢʚʘʞʠʥʝ. ʇʦ ʛʨʘʬʠʢʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʜʘʚʣʝʥʠʝ çʉʊʆʇè. ʅʘ ʨʠʩ. 6 ʜʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 78 ʘʪʤ. 

ɻʨʘʬʠʢ çɼʘʚʣʝʥʠʝ ʚ ʟʦʥʝ ʧʣʘʩʪʘè ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʕʎʇ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʸʤʘ ʟʘʢʘʯʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ɻʨʘʬʠʢ çʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʦʢʘè ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʨʠʩʢ ʤʠʛʨʘʮʠʠ 

ʬʣʶʠʜʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʮʝʤʝʥʪʘ. 

ʇʂ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʘʥʠʤʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʫʙʝʜʠʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʮʝ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʢʘʢ ʙʳʣʦ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʠʟʘʡʥʘ. 

ʈʝʟʶʤʠʨʫʷ ʨʘʥʥʝʝ ʩʢʘʟʘʥʥʦʝ, ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ (ʨʠʩ. 7). ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʠ ʚʥʝʩʪʠ ʠʭ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʠʜʝʪ ʧʦʜʙʦʨ ʜʠʟʘʡʥʘ, ʪ.ʝ. 

ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʦʜʦʙʨʘʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʩʝʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʣʘʥ ʟʘʢʘʯʢʠ ʠ ʧʦʪʦʤ ʚʥʝʩʪʠ ʚʩʝ ʜʘʥʥʳʡ 

ʚ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳè. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ. ɽʩʣʠ ʞʝ ʜʠʟʘʡʥ ʧʦʜʦʙʨʘʥ ʥʝʚʝʨʥʦ (ʥʘʧʨʠʤʝʨ: ʧʦ ʛʨʘʬʠʢʫ ʕʎʇ 
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ʧʦʣʫʯʘʝʤ ʛʠʜʨʦʨʘʟʨʳʚ), ʩʣʝʜʫʝʪ ʚʝʨʥʫʪʴʩʷ ʥʘ ʰʘʛ ʨʘʥʴʰʝ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʜʠʟʘʡʥ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 7 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

1. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʸʪʳè ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʫʶʱʝʝ: 

¶ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʟʘʢʘʯʢʠ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ 

ʩʢʚʘʞʠʥʳ; 

¶ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʫʬʝʨʥʳʭ ʠ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʨʫʙʥʦʤ 
ʠ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

2. ɼʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʈʅ-ɹʫʨʦʚʳʝ ʨʘʩʯʸʪʳè ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʪʴ: 

¶ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʧʝʥʦʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ; 

¶ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ  ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʚʳʪʝʩʥʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ 3D. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇɸʆ çʅʂ çʈʦʩʥʝʬʪʴè ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʈʅ-

ɹʫʨʦʚʳʝ ʨʘʩʯʝʪʳ 2021è ʄʦʩʢʚʘ 2022 ʛ., 119 ʩ. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ ʢʦʤʧʘʥʠʠ ʇɸʆ ʅʂ çʈʦʩʥʝʬʪʴè çʂʨʝʧʣʝʥʠʝ 

ʩʢʚʘʞʠʥè ˉʇ2-05.01 ʊʊʈ-1208, ʚʝʨʩʠʷ 1.00. ʄʦʩʢʚʘ, 2016, 80 ʩʪʨ. 

3. ʉʫʣʝʡʤʘʥʦʚ ɹ.ɸ., ɺʝʣʠʝʚ ʕ.ʌ., ʐʦʚʛʝʥʦʚ ɸ.ɼ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 
ʦʩʥʦʚʳ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. - çʀʂʀè, 2022. - 292 ʩ. 

4. ʏʝʨʥʳʰ ɺ.ʌ. ʊʝʭʥʦʣʦʛʠʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʦʙʨʘʪʥʦʡ 

ʮʠʨʢʫʣʷʮʠʝʡ. - ʂʨʘʩʥʦʷʨʩʢ: ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2016. - 164 ʩ. 

5. ɾʠʚʘʝʚʘ ɺ.ɺ., ʂʘʧʠʪʦʥʦʚ ɺ.ɸ., ʄʦʟʛʦʚʦʡ ɻ.ʉ., ʉʧʠʨʠʜʦʥʦʚ ʇ.ʖ. ʀʩʧʳʪʘʥʠʝ 
ʪʘʤʧʦʥʘʞʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʜ ʩʢʚʘʞʠʥʥʳʝ ʫʩʣʦʚʠʷ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ. ɺ. 

ɾʠʚʘʝʚʘ [ʠ ʜʨ.]; ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʫʨʝʥʠʝ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ.- ʉʘʤʘʨʘ, 2021. - 171 ʩ. 
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ʋɼʂ 622.24.082 

ʉʆʂʈɸʑɽʅʀɽ ʅɽʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆɻʆ ɺʈɽʄɽʅʀ (NPT) ʇʈʀ 

ʇʆʄʆʑʀ KPI 

ʅ.ɽ. ʃʠʧʘʪʦʚ, ɺ.ɺ. ɾʠʚʘʝʚʘ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

email: lipatov.ne@mail.ru 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) 

ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʣʶʙʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʂʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʨʠʩʢʘʤʠ ʧʨʠ ʙʠʟʥʝʩ-ʧʣʘʥʠʨʦʚʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʧʘʥʠʠ ʣʶʙʦʛʦ ʩʝʛʤʝʥʪʘ 

ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳ ʨʝʰʝʥʠʡ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ KPI ʚ ʦʙʱʫʶ 

ʩʪʨʘʪʝʛʠʶ ʢʦʤʧʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʘʥʠʡ ʢ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʫʛʨʦʟʘʤ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʨʘʟʚʠʪʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, NPT, ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, KPI, ʤʦʥʠʪʦʨʠʥʛ KPI, ʩʦʢʨʘʱʝʥʠʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʩʦʢʨʘʱʝʥʠʝ NPT. 

ʅʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (NPT) ʚ ʢʦʥʪʝʢʩʪʝ ʙʫʨʝʥʠʷ ʦʟʥʘʯʘʝʪ ʪʝ ʧʝʨʠʦʜʳ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʥʝ ʟʘʥʠʤʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʙʫʨʝʥʠʝʤ ʠʟ-ʟʘ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʠʣʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʕʪʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʚʨʝʤʷ ʥʘ ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʩʪʦʠ ʠʟ-ʟʘ ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, 

ʟʘʜʝʨʞʢʠ ʚ ʜʦʩʪʘʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʥʘ ʧʝʨʝʫʩʪʘʥʦʚʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʞʜʫ ʩʪʘʜʠʷʤʠ ʙʫʨʝʥʠʷ [1]. 

ʇʨʠʤʝʨʳ NPT ʚ ʙʫʨʝʥʠʠ: 

1. ʊʝʭʥʠʯʝʩʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ð ʦʪʢʘʟ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʝʛʦ ʨʝʤʦʥʪʘ ʠʣʠ ʟʘʤʝʥʳ. 

2. ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʟʘʜʝʨʞʢʠ ð ʟʘʜʝʨʞʢʘ ʚ ʜʦʩʪʘʚʢʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʫʨʦʚʫʶ ʧʣʦʱʘʜʢʫ. 

3. ʆʞʠʜʘʥʠʝ ʨʘʟʨʝʰʝʥʠʡ ð ʟʘʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʟʨʝʰʝʥʠʡ ʠʣʠ ʜʦʢʫʤʝʥʪʦʚ. 

4. ʇʨʦʙʣʝʤʳ ʩ ʧʝʨʩʦʥʘʣʦʤ ð ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʠʣʠ ʟʘʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʫʯʝʥʠʝʤ ʧʝʨʩʦʥʘʣʘ. 

5. ʇʣʦʭʠʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ð ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʝʟʦʧʘʩʥʦʝ 

ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪ ʥʝʚʦʟʤʦʞʥʦ. 

ɺʘʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ NPT 

ʉʦʢʨʘʱʝʥʠʝ NPT ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʢʘʞʜʳʡ ʯʘʩ, ʢʦʛʜʘ ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ 

ʥʝ ʟʘʥʠʤʘʝʪʩʷ ʙʫʨʝʥʠʝʤ, ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ. 

ʄʘʢʩʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʙʫʨʝʥʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʟʘʚʝʨʰʝʥʠʷ ʩʢʚʘʞʠʥ 

ʠ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

mailto:lipatov.ne@mail.ru
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2. ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ: ʥʝʧʨʦʜʫʢʪʠʚʥʦʝ ʚʨʝʤʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ʇʨʦʩʪʦʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʩʦʥʘʣʘ ʠ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʙʝʟ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʫʶ 

ʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ [2]. 

3. ɹʝʟʦʧʘʩʥʦʩʪʴ: ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ NPT ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʨʠʩʢʠ ʥʘ 

ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʧʦʩʢʦʣʴʢʫ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʦʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʨʦʯʥʳʤ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʠʩʢʦʚʘʥʥʳʤ ʦʧʝʨʘʮʠʷʤ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ. 

4. ʈʝʧʫʪʘʮʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ: ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʫʧʨʘʚʣʷʪʴ NPT ʠ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʧʝʨʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʦʚʳʰʘʝʪ ʝʝ ʨʝʧʫʪʘʮʠʶ 

ʩʨʝʜʠ ʢʣʠʝʥʪʦʚ ʠ ʠʥʚʝʩʪʦʨʦʚ ʢʘʢ ʥʘʜʝʞʥʦʛʦ ʧʘʨʪʥʝʨʘ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ 

NPT ʯʝʨʝʟ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ KPI ʠ ʜʨʫʛʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʥʝʧʨʦʜʫʢʪʠʚʥʳʤ ʚʨʝʤʝʥʝʤ (NPT) ʚ ʙʫʨʝʥʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʙʲʝʢʪʠʚʥʳʝ ʠ 

ʠʟʤʝʨʠʤʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʚʳʷʚʠʪʴ 

ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ. ʅʠʞʝ ʧʨʠʚʝʜʸʥ ʦʙʟʦʨ ʪʦʛʦ, ʢʘʢ KPI 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ NPT. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ KPI ʜʣʷ NPT 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ NPT ʯʝʨʝʟ KPI ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʶʪ ʧʨʦʩʪʦʠ ʠ ʠʭ ʧʨʠʯʠʥʳ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ KPI ʚʢʣʶʯʘʶʪ: 

¶ ʇʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʢ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ ʙʫʨʝʥʠʷ: ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʫʶ 

ʜʦʣʶ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʥʝ ʙʳʣʘ ʧʨʦʜʫʢʪʠʚʥʦʡ. 

¶ ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦ ʦʪʢʘʟʘ (MTBF): ʠʟʤʝʨʷʝʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʤʝʞʜʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʙʦʝʚ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

¶ ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (MTTR): ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʳ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʩʙʦʷ. 

¶ ʏʘʩʪʦʪʘ ʠʥʮʠʜʝʥʪʦʚ: ʢʦʣʠʯʝʩʪʚʦ ʠʥʮʠʜʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ NPT, ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

2. ɸʥʘʣʠʟ ʜʘʥʥʳʭ KPI ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʠ ʧʨʦʙʣʝʤ 

ʉʙʦʨ ʜʘʥʥʳʭ ʧʦ ʵʪʠʤ KPI ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʥʜʝʥʮʠʠ ʠ ʚʳʷʚʣʷʪʴ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ NPT. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ MTBF 

ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʯʘʱʝ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʟʘʤʝʥʳ ʠʣʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

3. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ KPI 

ʀʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ KPI, ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ: 

¶ ʇʣʘʥʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠ:̫ ʦʧʪʠʤʠʟʘʮʠʷ ʛʨʘʬʠʢʦʚ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ MTBF ʠ MTTR ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ. 

¶ ʀʥʚʝʩʪʠʮʠʠ ʚ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʠʥʚʝʩʪʠʮʠʠ ʚ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠʣʠ ʦʙʥʦʚʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʳ ʠ ʧʨʠʯʠʥ ʠʥʮʠʜʝʥʪʦʚ. 

¶ ʊʨʝʥʠʥʛ ʠ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʘ: ʫʩʠʣʝʥʠʝ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʦʰʠʙʦʢ, ʚʝʜʫʱʠʭ ʢ NPT. 
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4. ʆʪʯʝʪʥʦʩʪʴ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʈʝʛʫʣʷʨʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ KPI ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʦʚ ʦ ʥʠʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ [3]. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ 

ʜʘʰʙʦʨʜʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

5. ʅʝʧʨʝʨʳʚʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ KPI ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ NPT ʩʪʠʤʫʣʠʨʫʝʪ ʢʫʣʴʪʫʨʫ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ, ʛʜʝ ʢʘʞʜʳʡ ʘʩʧʝʢʪ ʦʧʝʨʘʮʠʡ ʨʝʛʫʣʷʨʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʠ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ. 

ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʶ NPT, ʥʦ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ KPI ʧʦʟʚʦʣʷʝʪ ʙʫʨʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ NPT, ʥʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝʨʳ ʜʣʷ ʠʭ 

ʫʩʪʨʘʥʝʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

(KPI) ʚ ʨʘʙʦʪʫ ʩʧʦʩʦʙʥʦ ʜʘʪʴ ʢʦʤʧʘʥʠʷʤ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ (NPT). ʇʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʠ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ 

ʠʛʨʘʶʪ ʦʩʦʙʫʶ ʨʦʣʴ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʘʥʠʷʤ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. KPI, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʧʨʦʭʦʜʢʠ (ROP), ʚʨʝʤʷ ʙʝʟ ʙʫʨʝʥʠʷ (NPT) ʠ ʩʪʦʠʤʦʩʪʴ ʥʘ ʤʝʪʨ, ʩʣʫʞʘʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ KPI 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ, ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʰʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʙʫʨʝʥʠʝ, ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ. 

ɹʫʨʝʥʠʝ ð ʵʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʟʘʧʘʩʘʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ 

ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʟʝʤʣʶ, ʥʦ ʠ ʦʮʝʥʢʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʠʟʫʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ. 

ɹʫʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʩʣʫʞʘ 

ʦʩʥʦʚʦʡ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ. ʂʘʯʝʩʪʚʝʥʥʦ 

ʚʳʧʦʣʥʝʥʥʦʝ ʙʫʨʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ, ʠ 

ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ, ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʠ ʜʨʫʛʠʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʜʘʞʝ ʠʟ ʩʣʦʞʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʫʨʝʥʠʷ ʦʛʨʦʤʥʘ. ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʙʫʨʝʥʠʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʙʫʨʝʥʠʝ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʩʥʠʞʝʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʧʣʦʱʘʜʠ ʟʝʤʝʣʴʥʳʭ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʡ ʠ ʫʪʝʯʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

KPI, ʠʣʠ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʟʤʝʨʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʫʩʧʝʭʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʜʦʩʪʠʞʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-ʮʝʣʝʡ ʠ ʟʘʜʘʯ. ɺ ʢʦʥʪʝʢʩʪʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ, KPI ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ [2]. ʕʪʠ 
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ʧʦʢʘʟʘʪʝʣʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʟʚʦʣʷʷ ʢʦʤʧʘʥʠʷʤ ʩʦʢʨʘʱʘʪʴ ʟʘʪʨʘʪʳ, ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʞʘʪʴ 

ʨʠʩʢʠ. 

ʈʦʣʴ KPI ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʦʚʳʭ 

ʨʘʙʦʪ, ʧʦʟʚʦʣʷʷ ʩʨʘʚʥʠʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʮʝʣʷʤʠ ʠʣʠ ʙʝʥʯʤʘʨʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ (ROP), ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʙʝʟ 

ʙʫʨʝʥʠʷ (NPT) ʠ ʩʪʦʠʤʦʩʪʴ ʥʘ ʤʝʪʨ ʙʫʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ. ʏʝʨʝʟ ʘʥʘʣʠʟ KPI ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʚʳʷʚʣʷʪʴ 

ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʱʝʥʠʝ ʠʟʜʝʨʞʝʢ, ʥʝ ʩʥʠʞʘʷ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʪʳ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʨʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʫʣʫʯʰʝʥʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. KPI, ʪʘʢʠʝ ʢʘʢ 

ʯʘʩʪʦʪʘ ʠʥʮʠʜʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʪʨʘʚʤ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʫʪʝʯʝʢ ʠʣʠ ʨʘʟʣʠʚʦʚ, ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʪʴ ʠ ʫʣʫʯʰʠʪʴ ʤʝʨʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʙʫʨʦʚʳʭ ʧʣʦʱʘʜʢʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʚʥʠʤʘʥʠʷ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʧʦʢʘʟʘʪʝʣʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʨʠʤʝʨʳ KPI ʚ ʙʫʨʝʥʠʠ: 

¶ ʉʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ (Rate of Penetration, ROP): ʠʟʤʝʨʷʝʪ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʦʨ ʙʫʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʠʢʠ 

ʙʫʨʝʥʠʷ. 

¶ ɺʨʝʤʷ ʥʘ ʙʫʨʝʥʠʝ (Drilling Time): ʦʙʱʝʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʙʫʨʝʥʠʝ 

ʩʢʚʘʞʠʥʳ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʪʠʚʥʳʝ ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʝʨʝʨʳʚʳ. 

¶ ʉʪʦʠʤʦʩʪʴ ʥʘ ʤʝʪʨ (Cost per Meter): ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ, ʩʨʘʚʥʠʚʘʷ ʟʘʪʨʘʪʳ ʥʘ ʙʫʨʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʩʢʚʘʞʠʥʳ. 

¶ ʇʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʙʝʟ ʙʫʨʝʥʠʷ (Non-productive Time, NPT): ʠʟʤʝʨʷʝʪ ʜʦʣʶ 

ʚʨʝʤʝʥʠ, ʧʦʪʨʘʯʝʥʥʦʛʦ ʥʘ ʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛ KPI ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʙʫʨʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ 

ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ [3]. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʝʨʚʳʡ ʰʘʛ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʪʩʣʝʞʠʚʘʪʴʩʷ. ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʘʪʯʠʢʠ ʥʘ 

ʙʫʨʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʩʙʦʨʘ ʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʠ 

ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ. ʇʦʩʣʝ ʩʙʦʨʘ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʕʪʦʪ ʘʥʘʣʠʟ 

ʤʦʞʝʪ ʚʳʷʚʠʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠʯʠʥʳ ʫʚʝʣʠʯʝʥʠʷ NPT ʠʣʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʩʥʠʞʝʥʠʝ ROP. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦ ʧʨʦʰʣʳʭ ʠ ʪʝʢʫʱʠʭ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʷʭ, 

ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʦʮʝʥʢʠ ʙʫʜʫʱʝʡ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ 

ʙʫʨʝʥʠʷ. ʄʦʥʠʪʦʨʠʥʛ KPI ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʘʰʙʦʨʜʳ 

ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 

ʠʣʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ NPT. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛʘ KPI ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʠʭ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʟʤʝʥʝʥʠʝ 

ʧʦʜʭʦʜʦʚ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʠʩʧʦʣʥʝʥʠʶ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʠʣʠ ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. ɹʣʘʛʦʜʘʨʷ ʤʦʥʠʪʦʨʠʥʛʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʙʣʝʤ ʚ ʙʫʨʦʚʦʤ ʧʨʦʮʝʩʩʝ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʩʪʦʠ ʠ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

KPI ʚ ʙʫʨʝʥʠʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ, ʧʦʟʚʦʣʷʷ ʥʝʬʪʝʛʘʟʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʥʥʫʶ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. 

ɿʘʢʣʶʯʝʥʠʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ, ʢʦʪʦʨʫʶ 

ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʠʛʨʘʶʪ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʏʝʨʝʟ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ KPI, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʙʫʨʝʥʠʝʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ KPI ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʫʨʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ, ʙʫʜʴ ʪʦ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʠʥʥʦʚʘʮʠʠ, ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʚʥʝʜʨʝʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɸʥʘʣʠʟ 

ʜʘʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛ KPI ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ 

ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ 

ʧʦʨʦʜ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʦ 

ʚʨʝʤʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʨʝʧʷʱʠʝ ʩʚʦʡʩʪʚʘ, 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʥʝʩʪʘʙʠʣʴʥʳʝ ʧʦʨʦʜʳ, ʦʮʝʥʢʘ, ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʛʠʣʣʠʪʦʚ. 

 

ɹʫʨʝʥʠʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʠ ʨʘʩʪʚʦʨʳ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʚʷʟʢʦʩʪʴ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʫ ʚʳʙʫʨʝʥʥʦʡ 

ʧʦʨʦʜʳ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʛʠʜʨʦʨʘʟʨʳʚʦʤ ʧʣʘʩʪʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʢʨʝʧʷʱʠʝ ʠ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʂʨʝʧʷʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʜʝʨʞʠʚʘʪʴ ʚʟʚʝʰʝʥʥʳʝ ʚ ʥʝʤ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ 

ʦʩʝʜʘʥʠʝ ʥʘ ʜʥʝ ʩʢʚʘʞʠʥʳ ʠ ʧʦʜʜʝʨʞʠʚʘʷ ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʫʨʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʀʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʟʘʱʠʪʫ ʧʦʨʦʜʳ ʦʪ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʝʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʬʠʣʴʪʨʘʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʥʝʩʪʘʙʠʣʴʥʳʝ ʧʦʨʦʜʳ. ʃʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʘʨʛʠʣʣʠʪʦʚ ʟʘʯʘʩʪʫʶ ʩʯʠʪʘʶʪ ʩʝʙʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʫʩʣʦʚʠʡ 

ʩʢʚʘʞʠʥʳ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʠʤʠ ʩʨʝʜʘʤʠ. 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʶʪ ï ʵʪʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʢʝʨʥʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʪʜʝʣʠʤʦʩʪʴ ʯʘʩʪʠʮ ʩʣʘʥʮʘ ʧʨʠ ʛʦʨʷʯʝʤ ʚʨʘʱʝʥʠʠ ʧʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 

33696-2015 (ISO 10416:2008) [1]. ʕʪʦʪ ʪʝʩʪ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʢʝʨʥʘ. ʄʝʪʦʜʠʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʯʘʩʪʠʮ ʢʝʨʥʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʦ ʠʪʦʛʫ ʧʦʣʫʯʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʢ ʠʭ ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʨʛʠʣʣʠʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʫʨʦʚʳʤ 

ʨʘʩʪʚʦʨʦʤ. ʕʪʦ ʣʠʰʴ ʛʨʫʙʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ, ʠ 

ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʚ ʦʜʥʦʪʠʧʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʉʣʝʜʫʶʱʠʡ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ - ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʙʫʭʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ 
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ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʛʣʠʥʠʩʪʦʡ ʧʦʨʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʟʝʮ ʧʦʨʦʜʳ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʷʝʪʩʷ ʝʛʦ ʦʙʲʝʤ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʵʪʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʧʦʨʦʜʳ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜʳ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠʷʥʠʝ ʥʘʙʫʭʘʥʠʷ ʥʘ ʧʨʦʭʦʜʠʤʦʩʪʴ ʩʢʚʘʞʠʥʳ ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʥʘʙʫʭʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʜʳ ʥʘ ʧʦʨʦʜʫ. ʊʘʢʠʝ ʠʥʛʠʙʠʪʦʨʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʧʦʣʠʤʝʨʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʝ ʜʦʙʘʚʢʠ. 

ɼʘʣʝʝ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʨʦʜʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʩʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʡ ʪʚʝʨʜʦʩʪʠ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʝʮ ʧʦʨʦʜʳ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʢʘʣʠʙʨʦʚʘʥʥʳʝ 

ʦʪʚʝʨʩʪʠʷ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʡ ʨʫʯʢʠ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʩʪ ʥʘ ʦʪʜʝʣʠʤʦʩʪʴ ʯʘʩʪʠʮ ʩʣʘʥʮʘ ʧʨʠ ʛʦʨʷʯʝʤ ʚʨʘʱʝʥʠʠ 

[2]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʦʯʥʦʩʪʠ 

ʧʦʨʦʜʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʞʠʜʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʨʝʜʘʤʠ. 

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘ ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʚʦ 

ʚʨʝʤʝʥʠ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʪʝʩʪʝʨʝ ʣʠʥʝʡʥʦʛʦ ʥʘʙʫʭʘʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʦʚ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʬʨʘʛʤʝʥʪʳ ʢʝʨʥʘ 

ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ ʚʳʙʠʨʘʶʪʩʷ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʧʣʦʪʥʝʥʠʶ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʦʟʜʘʚʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ. ɿʘʪʝʤ 

ʠʟʤʝʨʷʝʪʩʷ ʠʩʭʦʜʥʘʷ ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʝʨʥʦʚʳʡ 

ʫʟʝʣ ʧʨʠʙʦʨʘ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʫʥʞʝʨʘ, ʯʪʦ ʬʠʢʩʠʨʫʝʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ 

ʦʙʨʘʟʮʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ. ʈʘʟʣʠʯʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʳʪʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʥʪʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʞʠʜʢʦʩʪʝʡ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʙʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷʤ [3]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʘʨʛʠʣʣʠʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʦʜʝʨʞʘʪ ʤʠʥʝʨʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʥʘʙʫʭʘʥʠʶ, ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʦʚʩʝʤ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ. 

ʉʜʝʣʘʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʳʚʦʜʳ: 

1. ʅʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʛʠʣʣʠʪʦʚ. 

2. ʇʨʦʮʝʜʫʨʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

3. ʊʨʝʙʫʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ. 

4. ʅʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚʳʚʦʜʦʚ. 

ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ - ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʝʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʠʟʤʝʥʝʥʠʝ 

ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʳ 

ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʟʫʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʪ ʚʨʝʤʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʝʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [4]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʡ ʤʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʘʨʛʠʣʣʠʪʳ. 

ɺʳʚʦʜʳ: 

1. ɽʜʠʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʡ ʤʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʘʨʛʠʣʣʠʪʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

2. ɽʩʣʠ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʪʦʡʯʠʚʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʝ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. 

3. ʄʝʪʦʜʠʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʦʢʘʟʘʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʩʣʫʛ ʜʣʷ ɸʆ 

çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè ʠ ɸʆ çʆʨʝʥʙʫʨʛʥʝʬʪʴè. 

4. ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʦʨʘʙʦʪʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ. 

5. ʅʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʚʣʝʯʝʥʠʝ ʮʝʣʴʥʦʛʦ ʢʝʨʥʘ ʠʟ ʠʥʪʝʨʚʘʣʦʚ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʘʨʛʠʣʣʠʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ ʥʘ ʦʙʲʝʤʥʦʝ ʩʞʘʪʠʝ. 
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ʇʈʀʄɽʅɽʅʀɽ KPI ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ʈʀʉʂɸʄʀ 

 ɺ ʅɽʌʊɽɻɸɿʆɺʆʁ ʆʊʈɸʉʃʀ 

ʅ.ɺ. ɼʫʨʳʤʘʥʦʚ, ʇ.ɸ. ɻʘʨʘʥʠʥ, ʅ.ɽ. ʃʠʧʘʪʦʚ, ʂ.ɺ. ʇʘʨʬʝʥʦʚ  

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

email: durymanov.nik@mail.ru 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʦʪʨʘʩʣʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʦʤʧʘʥʠʷʤ ʜʘʥʥʳʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ, ʠʟʤʝʨʝʥʠʶ ʠ 

ʤʦʥʠʪʦʨʠʥʛʫ KPI ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ, ʬʠʥʘʥʩʦʚʳʝ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʠʭ ʩʥʠʞʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʠ ʚʳʟʦʚʳ, 

ʠʥʪʝʛʨʘʮʠʷ KPI ʚ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʘʥʠʡ ʢ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʫʛʨʦʟʘʤ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ 

ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʫʩʧʝʭʫ ʠ ʨʘʟʚʠʪʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: KPI, ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛ 

KPI, ʠʥʪʝʛʨʘʮʠʷ KPI. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʙʳʪʢʠ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʩʦʙʳʪʠʷʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʜʝʥʪʠʬʠʢʘʮʠʶ, 

ʠʟʤʝʨʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʧʝʨʘʮʠʡ [2]. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʫʛʨʦʟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʧʝʨʘʮʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʕʪʠ ʫʛʨʦʟʳ 

ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʠʩʢʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʘʨʠʠ ʥʘ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤʘʭ, 

ʬʠʥʘʥʩʦʚʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʮʝʥ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 
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ʨʠʩʢʠ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʚʳ ʥʝʬʪʠ, ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʘʚʦʢ [1]. 

ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʠʩʢʦʚ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ KPI, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʪʘʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ: 

¶ ʏʘʩʪʦʪʘ ʠʥʮʠʜʝʥʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ (LTIFR - Lost Time Injury Frequency 

Rate): ʠʟʤʝʨʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʮʠʜʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʪʝʨʝ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ, ʥʘ ʤʠʣʣʠʦʥ ʯʝʣʦʚʝʢʦ-ʯʘʩʦʚ ʨʘʙʦʪʳ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʤʦʛʘʝʪ 

ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʮʠʜʝʥʪʦʚ: ʦʪʩʣʝʞʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʩʝʨʴʝʟʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʣʠʚʳ ʥʝʬʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ. 

¶ ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʢ ʜʦʭʦʜʫ: ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, 

ʩʢʦʣʴʢʦ ʢʦʤʧʘʥʠʷ ʪʨʘʪʠʪ ʥʘ ʤʝʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʚʦʝʤʫ ʜʦʭʦʜʫ, ʧʦʜʯʝʨʢʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ. 

¶ ɻʦʪʦʚʥʦʩʪʴ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ: ʠʟʤʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʝ. 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ KPI ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʘʥʠʷʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚ ʫʨʦʚʥʝ ʨʠʩʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʤʝʨ [4]. ʈʝʛʫʣʷʨʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ ʪʨʝʥʜʳ ʠ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʥʠʤʘʶʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʥʘʯʠʥʘʷ ʩ ʵʪʘʧʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʩʥʦʚʥʳʭ ʨʠʩʢʦʚ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʮʠʦʥʥʳʝ, ʬʠʥʘʥʩʦʚʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʫʛʨʦʟʳ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʨʘʟʨʘʙʦʪʢʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ KPI ʜʣʷ ʠʭ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʪʘʢʠʭ ʢʘʢ LTIFR ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʘ ʢ 

EBITDA ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ, ʦʙʲʝʤ CO2 ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʕʪʠ KPI ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʩʝʨʴʝʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʠʩʢʘʤʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʥʠʤʘʝʤʳʭ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʧʘʥʠʷʤ ʦʩʥʦʚʫ ʜʣʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʨʠʩʢʦʚ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ KPI ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʷʝʪ ʨʫʢʦʚʦʜʩʪʚʫ ʢʦʤʧʘʥʠʡ 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, 

ʯʪʦ ʦʭʚʘʪʳʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʩʪʨʘʪʝʛʠʡ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʦʮʝʩʩʦʚ, ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʣʘʥʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʥʝʜʨʝʥʠʝ 

ʥʦʚʳʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ ʢ 

ʧʨʦʘʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ, ʧʦʟʚʦʣʷʷ ʧʨʝʜʚʠʜʝʪʴ ʧʨʦʙʣʝʤʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʤʝʨʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʣʘʥʳ ʛʦʪʦʚʥʦʩʪʠ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ [3]. ʂʨʦʤʝ ʪʦʛʦ, KPI ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʫʢʨʝʧʣʷʝʪ ʜʦʚʝʨʠʝ. 
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ɺʘʞʝʥ ʠ ʘʩʧʝʢʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʣʫʯʰʝʥʠʷ: ʨʝʛʫʣʷʨʥʳʡ ʧʝʨʝʩʤʦʪʨ ʠ ʘʥʘʣʠʟ KPI 

ʩʪʠʤʫʣʠʨʫʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʥʥʦʚʘʮʠʷʤ ʠ ʦʙʥʦʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ, ʠʟʤʝʨʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʪʘʧʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ 

ʧʦʤʦʛʘʝʪ ʥʝʬʪʝʛʘʟʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʫʛʨʦʟʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʦʠʭ ʦʧʝʨʘʮʠʡ. 

ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ KPI ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʠʩʢʦʚ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʢʦʤʧʘʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʜʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʫʛʨʦʟ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʥʝʪ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ KPI. ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʷʚʣʝʥʥʦʛʦ ʨʠʩʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ KPI. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʢʣʶʯʝʚʳʝ 

ʘʩʧʝʢʪʳ ʨʠʩʢʘ ʠ ʙʳʪʴ ʠʟʤʝʨʠʤʳʤʠ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʤʝʨ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʚʳʙʦʨʝ KPI ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠʭ 

ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʷʨʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʠʣʠ ʮʝʣʝʚʳʝ ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʨʠʩʢʘ. ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʢʦʤʧʘʥʠʠ, ʦʪʨʘʩʣʝʚʳʭ 

ʥʦʨʤʘʪʠʚʘʭ, ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʠʣʠ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢʘʭ. ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʤʦʛʘʶʪ ʚ ʦʮʝʥʢʝ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʨʠʩʢʘ ʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ. 

ʈʝʛʫʣʷʨʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ KPI ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʨʠʩʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉʙʦʨ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʥʫʪʨʝʥʥʠʝ 

ʘʫʜʠʪʳ ʠʣʠ ʚʥʝʰʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʨʦʛʦʚ ʠ ʪʨʝʥʜʳ, ʪʨʝʙʫʶʱʠʝ ʚʥʠʤʘʥʠʷ. ʇʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ KPI ʠ ʧʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʦʚ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʫʨʦʚʥʝʤ ʨʠʩʢʦʚ. 

ʆʪʯʝʪʥʦʩʪʴ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ KPI, ʥʦ ʠ ʘʥʘʣʠʟ ʪʨʝʥʜʦʚ, 

ʚʳʷʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʣʴʥʝʡʰʠʤ ʜʝʡʩʪʚʠʷʤ. 

ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʙʱʫʶ 

ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʢʦʤʧʘʥʠʠ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʩʧʝʭʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʦʩʦʙʝʥʥʦ ʚ ʪʘʢʦʡ 

ʚʳʩʦʢʦʨʠʩʢʦʚʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ ʥʝʬʪʝʛʘʟʦʚʘʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʫʛʨʦʟʘʤʠ, ʥʦ ʠ 

ʫʣʫʯʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ 

KPI ʚ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʚʳʷʚʣʝʥʠʶ, ʦʮʝʥʢʝ ʠ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʨʠʩʢʠ, ʧʦʟʚʦʣʷʷ ʢʦʤʧʘʥʠʠ ʦʧʝʨʘʪʠʚʥʦ 

ʚʳʷʚʣʷʪʴ ʠ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʧʨʠʚʝʜʫʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ 

ʧʦʪʝʨʷʤ ʠʣʠ ʜʨʫʛʠʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʏʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʩʪʨʘʪʝʛʠʶ KPI ʫʣʫʯʰʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʠ ʧʦʚʳʰʘʶʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʘʞʜʳʡ 

ʩʦʪʨʫʜʥʠʢ ʧʦʥʠʤʘʝʪ ʩʚʦʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʝʩʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʨʫʢʦʚʦʜʩʪʚʫ ʢʦʤʧʘʥʠʠ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ, 
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ʢʘʢ ʨʠʩʢʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʚʢʣʶʯʘʷ ʘʣʣʦʢʘʮʠʶ ʨʝʩʫʨʩʦʚ ʥʘ 

ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʝ ʦʙʣʘʩʪʠ ʠ ʧʨʦʝʢʪʳ. ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ KPI ʚ ʩʪʨʘʪʝʛʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʠ ʧʨʦʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ. ʕʪʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ 

ʨʠʩʢʘʭ ʠ ʧʨʠʥʷʪʠʝ ʢʫʣʴʪʫʨʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʢʦʤʧʘʥʠʷʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʨʷʜʦʤ 

ʪʨʫʜʥʦʩʪʝʡ ʠ ʚʳʟʦʚʦʚ. ʕʪʠ ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ KPI ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ KPI, ʢʦʪʦʨʳʝ ʪʦʯʥʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ ʨʠʩʢʠ ʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʥʘʜʝʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ. ʉʙʦʨ ʜʦʩʪʦʚʝʨʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ KPI 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʦʩʦʙʝʥʥʦ ʚ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʧʘʥʠʷʭ ʩ 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʪʨʝʥʜʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʨʠʩʢʘʤʠ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʚʠʥʫʪʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʯʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ KPI 

ʤʦʛʫʪ ʥʝ ʦʢʘʟʳʚʘʪʴ ʦʞʠʜʘʝʤʦʛʦ ʚʣʠʷʥʠʷ, ʝʩʣʠ ʦʥʠ ʥʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʧʦʚʩʝʜʥʝʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʢʦʤʧʘʥʠʠ. ʉʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʘʥʘʣʠʟʘ KPI ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚʳʟʦʚʦʤ. ʀʟʤʝʥʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʩʦʪʨʫʜʥʠʢʦʚ ʤʦʛʫʪ ʩʪʘʪʴ ʩʝʨʴʝʟʥʳʤ ʚʳʟʦʚʦʤ 

ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ KPI. ʉʦʪʨʫʜʥʠʢʠ ʠ ʫʧʨʘʚʣʝʥʮʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʤʦʪʠʚʠʨʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʠʣʠ ʥʝ 

ʨʘʩʧʦʣʘʛʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘʚʳʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ. ʇʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ 

ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤʳ KPI ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠ ʦʙʥʦʚʣʷʪʴ KPI ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ, ʨʳʥʦʯʥʦʡ ʩʨʝʜʝ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ʢʦʤʧʘʥʠʠ. 

ʂʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ KPI. ʕʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʛʠʙʢʦʩʪʴ ʚʳʙʦʨʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʘʫʜʠʪʘ. 

ɺʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʘʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ ʠ ʚʳʟʦʚʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʘʚʠʣʴʥʳʭ KPI, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʘʮʠʷ ʚ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʧʦʜʜʝʨʞʢʠ ʩʠʩʪʝʤʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʝʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ KPI, ʥʝʩʦʤʥʝʥʥʦ, 

ʧʝʨʝʚʝʰʠʚʘʶʪ ʵʪʠ ʪʨʫʜʥʦʩʪʠ. ʂʣʶʯ ʢ ʫʩʧʝʭʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʝʪʢʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʩʠʩʪʝʤʳ KPI ʚ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʢʦʤʧʘʥʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʝʦʜʦʣʝʥʠʶ 
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ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʧʷʪʩʪʚʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, KPI ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʫʩʧʝʭʫ ʚ ʚʳʩʦʢʦʢʦʥʢʫʨʝʥʪʥʦʡ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 
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IMPROVING THE QUALIT Y OF OPENING A PRODUCTIVE 

RESERVOIR BY SELECTI NG THE FORMULATION O F A DRILLING FLUID  

P.S. Tsyganova 
1
, O.A. Nechaeva

1
  

1
Samara State Technical University, Samara, Russia 

Annotation. The drilling mud used has a huge impact on the quality of opening of 

productive horizons, since in the process of opening the formation, its filtration and 

capacitance properties change due to the effect of the flushing agent on the reservoir. This 

can have an overall negative impact on well productivity. Therefore, when carrying out 

this technological operation, it is necessary to provide conditions that can guarantee the 

preservation of the properties of the formation. 

In order to improve the quality of opening the productive formation, it is necessary 

to rationally select the formulation of the flushing fluid that does not have a negative effect 

on the reservoir. Therefore, it is initially necessary to analyze the basic solutions used in 

the fields when carrying out this technological operation. 

Keywords: opening of the productive formation, drilling mud, filtration-capacitive 

properties, permeability recovery coefficient, filtrate, filter cake, productive formation. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʡ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʣʘʩʪ, 

ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ, ʥʦ ʠ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʝʡ, ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʥʘʙʫʭʘʥʠʶ ʛʣʠʥ; ʬʠʣʴʪʨʘʪ ʨʘʩʪʚʦʨʘ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʦʚʤʝʩʪʠʤ ʩ ʧʣʘʩʪʦʚʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʧʘʜʝʥʠʷ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ ʠ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʠʤʠ ʧʦʨ ʧʣʘʩʪʘ; ʧʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ 

ʪʘʢʞʝ ʜʦʣʞʥʘ  ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʝ ʠʣʠ ʨʘʟʨʫʰʘʶʱʠʝʩʷ 

ʢʦʤʧʦʥʝʥʪʳ (ʨʝʘʛʝʥʪʳ ʠ ʫʪʷʞʝʣʠʪʝʣʠ), ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʧʦʨʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦʪʦʢʘ ʬʠʣʴʪʨʘʪʘ ʚ ʧʣʘʩʪ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʫʜʘʣʝʥʳ ʠʟ ʥʝʛʦ. 

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʣʫʯʠʣʠ 

ʧʦʣʠʤʝʨʥʳʝ ʠ ʙʠʦʧʦʣʠʤʝʨʥʳʝ ʨʘʩʪʚʦʨʳ. 

ʇʦʣʠʤʝʨʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ. ʀʟ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʦʣʠʤʝʨʥr ʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʛʠʜʨʦʬʦʙʠʟʫʶʱʠʝ ʩʦʩʪʘʚʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʟʘʱʠʪʥʦ-

ʢʦʣʴʤʘʪʠʨʫʶʱʠʭ ï ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʥʢʦʛʦ, ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʛʦ 

ʵʢʨʘʥʘ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʨʫʰʘʝʪʩʷ ʧʝʨʬʦʨʘʮʠʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣʷʨʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,8é0,85, ʪ.ʝ. ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʭʫʜʰʘʝʪʩʷ ʥʘ 15é20 %. ʇʦʩʢʦʣʴʢʫ 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘ ʧʨʠʟʘʙʦʡʥʫʶ ʟʦʥʫ ʧʣʘʩʪʘ - ʣʶʙʦʡ ʧʦʣʠʤʝʨ ʩʦʜʝʨʞʠʪ ʪʚʝʨʜʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʦʣʴʤʘʪʘʥʪʦʤ; ʢʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʦʚʷʟʢʠʝ ʛʝʣʠ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʧʨʠʟʘʙʦʡʥʫʶ ʟʦʥʫ ʧʣʘʩʪʘ ʦʙʨʘʟʫʶʪ ʩʪʦʡʢʠʡ ʵʢʨʘʥ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ 

ʪʝʯʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʚʦʜʳ, ʥʦ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ. [9] 

ʅʘʨʷʜʫ ʩ ʧʦʣʠʤʝʨʘʤʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʫʪʷʞʝʣʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥ ʠʣʠ ʙʘʨʠʪʘ. ʊʘʢʠʝ 

ʧʦʣʠʤʝʨ-ʛʣʠʥʠʩʪʳʝ ʨʘʩʪʚʦʨʳ ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʨʦʜʝ ʢʦʣʣʝʢʪʦʨʘ ʢʦʨʢʫ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʟʘʢʫʧʦʨʠʚʘʷ ʧʦʨʳ ʧʣʘʩʪʘ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʠʩʣʦʪʥʳʝ ʚʘʥʥʳ 

ʥʝ ʨʝʰʘʶʪ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ - ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʩʣʘʙʦ ʨʝʘʛʠʨʫʝʪ ʢʘʢ ʩ ʧʦʣʠʤʝʨʘʤʠ, 

ʪʘʢ ʠ ʩ ʛʣʠʥʘʤʠ. [6] 
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ɹʠʦʧʦʣʠʤʝʨʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ -ʵʪʦ ʙʝʟʛʣʠʥʠʩʪʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʨʦʜʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʨʦʚʦʜʠʤʦʛʦ ɿʘʭʘʨʦʚʳʤ, ʄʠʥʘʝʚʳʤ, ʇʝʩʪʝʨʝʚʳʤ, ɹʦʝʚʳʤ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ: ʠʥʛʠʙʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨʢʘʨʙʦʥʘʪʥʳʡ 

(ʀʇʂ), ʙʠʦʧʦʣʠʤʝʨʥʳʡ ʠʥʛʠʙʠʨʦʚʘʥʥʳʡ (ɹʀ), ʙʠʦʧʦʣʠʤʝʨʥʳʡ ʠʥʛʠʙʠʨʦʚʘʥʥʳʡ ʩ 

ʩʫʣʴʬʠʨʦʚʘʥʥʳʤ ʘʩʬʘʣʴʪʦʤ (ɹʀɸ). ʌʠʣʴʪʨʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ ʋʀʇʂ ʥʘ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ ʚ ʫʩʣʦʚʠʷʭ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ.  ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʠ ʧʝʨʝʧʘʜʝ 0,05 ʄʇʘ. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʜʣʷ ʚʩʝʡ ʣʠʥʝʡʢʠ ʨʘʩʪʚʦʨʘ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝ 

ʧʨʝʚʳʩʠʣʦ 0,1. ɼʣʷ ʚʩʝʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʧʨʠʟʘʙʦʡʥʦʡ 

ʟʦʥʝ ʧʣʘʩʪʘ. [2] 

ʊʘʢʞʝ, ʙʠʦʧʦʣʠʤʝʨʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ʠʤʝʶʪ ʨʷʜ ʠ ʜʨʫʛʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

ʙʠʦʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʝʚʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ, ʧʨʝʧʷʪʩʪʚʫ̫ 

ʜʚʠʞʝʥʠʶ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ɸ ʧʦʚʳʰʝʥʥʘʷ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ 

ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʠʣʠ ʦʩʪʘʪʦʯʥʦʤʫ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʙʘʢʪʝʨʠʮʠʜʘ. 

ʍʣʦʨʢʘʣʴʮʠʝʚʳʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ï ʵʪʦ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʢʘʣʴʮʠʝʚʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ 

ʬʠʣʴʪʨʘʪʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʦʢʨʘʱʝʥʠʶ ʦʩʳʧʝʡ ʠ ʦʙʚʘʣʦʚ ʧʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʭ 

ʦʪʣʦʞʝʥʠʡ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʣʴʪʨʘʪʳ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʘʪ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʣʝʢʪʦʨʘ. ʇʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ 

ʬʠʣʴʪʨʘʪʘ ʚ ʢʦʣʣʝʢʪʦʨ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʘʜʩʦʨʙʮʠʷ ʥʘ ʩʪʝʥʢʘʭ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʴʚʘʪʥʳʭ ʩʣʦʝʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʬʠʣʴʪʨʘʪʝ ʘʥʠʦʥʘ CO3
2-
 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʪʦʣʱʝʥʠʶ ʠ ʫʧʨʦʯʥʝʥʠʶ ʵʪʠʭ ʩʦʣʴʚʘʪʥʳʭ ʧʣʝʥʦʢ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʨʘʩʪʚʦʨʝ NaOH - ʢʘʫʩʪʠʯʝʩʢʦʡ ʩʦʜr ʠ ʉʘ(ʆʅ)2 ï ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ, ʚ 

ʧʦʨʘʭ ʦʩʘʞʜʘʝʪʩʷ Na2CO3 ï ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ ʠ ʉʘʉʆ3 ï ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ.  ɺ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʧʣʘʩʪʘ ʦʙʨʘʟʫʝʪʩʷ ʙʣʦʢʘʜʥʘʷ ʟʦʥʘ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʢʚʘʞʠʥʳ. 

[8] 

ɻʣʠʢʦʣʝʚʳʝ ʧʨʦʤʳʚʦʯʥʳʝ ʞʠʜʢʦʩʪʠ. ɼʘʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. ɺ ʩʦʩʪʘʚ 

ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʭʦʜʷʪ ʛʣʠʢʦʣʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪ ʩʚʦʡʩʪʚʘ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ. ʉʠʩʪʝʤʘ ʛʣʠʢʦʣʠʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʣʠʥ. ʄʦʣʝʢʫʣʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʣʠʢʦʣʝʡ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʦʩʦʙʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ 

ʠ ʥʘʙʫʭʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʘ ʩʠʩʪʝʤʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʨʘʩʪʚʦʨʘʤ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ. [7] 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʣʠʢʦʣʝʚʳʭ ʩʠʩʪʝʤ ʩʦʟʜʘʥʦ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʬʝʥʦʤʝʥʘ, ʢʘʢ 

ʪʦʯʢʘ ʧʦʤʫʪʥʝʥʠʷ ï ʪʦʯʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʣʠʢʦʣʴ ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʘʜʩʦʨʙʠʨʦʚʘʥʠʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʛʣʠʢʦʣʝʡ ʚ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʨʢʝ ʩʥʠʞʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʫʤʥʘʷè 

ʢʦʨʢʘ ʩʦʟʜʘʝʪ ʥʝʧʨʦʥʠʮʘʝʤʳʡ ʙʘʨʴʝʨ ʜʣʷ ʬʠʣʴʪʨʘʪʘ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʚʳʟʦʚʘ ʧʨʠʪʦʢʘ, ʥʝ ʪʨʝʙʫʝʪ ʦʙʨʘʙʦʪʢʠ 

ʨʘʟʨʫʰʠʪʝʣʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʧʦʣʠʤʝʨʳ, ʨʘʩʪʚʦʨ ʥʝ ʟʘʛʨʷʟʥʷʝʪ ʧʣʘʩʪ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʦʬʠʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ ʧʦ ʢʦʪʦʨʳʤ ʠ ʧʨʦʭʦʜʠʪ ʥʝʬʪʴ 

ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʢʚʘʞʠʥ. ʈʘʩʪʚʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʠ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʘ - ʠʟʫʯʝʥʠʝ ʢʝʨʥʦʚ ʧʦʢʘʟʳʚʘʝʪ 95-100% ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ.[3] 

 ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʠʢʦʣʝʚʳʝ ʨʘʩʪʚʦʨʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ. 

ʈʘʩʪʚʦʨʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ.  ʈʋʆ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʫʪʷʞʝʣʝʥʥʳʭ ʈʋʆ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʩʥʠʞʝʥʠʝ 

ʥʝʬʪʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʩʢʚʘʞʠʥʳ. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʧʨʘʚʜʘʥʘ ʩʦʭʨʘʥʝʥʠʝʤ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʘ. 

ʊʘʢ, ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʈʋʆ ʜʣʷ 

ʚʩʢʨʳʪʠʷ ʶʨʩʢʠʭ ʧʣʘʩʪʦʚ ʥʘ ɺʘʥ-ɪʛʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ - ʚ ʩʪʘʪʴʝ çɺʩʢʨʳʪʠʝ 

ʛʠʜʨʦʬʦʙʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʦʩʥʦʚʝè ɸʨʩʣʘʥʙʝʢʦʚʘ ɸ.ʈ., ʃʫʪʬʫʣʣʠʥʘ ɸ.ɸ., ʄʝʜʝʥʮʝʚʘ ɸ.ɺ., ʄʦʩʠʥʘ ɺ. ɸ., 

ʂʦʨʦʣʝʚʘ ɸ. ɺ. ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥ (ʤ
3
/ʩʫʪ/ʘʪʤ) - 

ʜʣʷ ʨʘʩʪʚʦʨʘ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 

1,58. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʞʝ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʘʩʪʚʦʨʘ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʥʝ 

ʧʨʝʚʳʩʠʣʦ 0,53. [1] 

ʆʜʥʘʢʦ ʈʋʆ ʦʙʣʘʜʘʶʪ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ï ʵʪʦ ʚʳʩʦʢʘʷ 

ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ; ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʠʥʦʚʳʝ ʜʝʪʘʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɻʀʉ. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʥʝʜʦʩʪʘʪʢʦʚ 

ʈʋʆ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʤʫʣʴʩʠʦʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ (ʕɹʈ) ï ʵʤʫʣʴʩʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ (ʥʝʬʪʴ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʠ ʪ.ʜ.), ʚʦʜʫ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʴ (ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʦʬʠʣʴʥʳʡ 

ʙʝʥʪʦʥʠʪ ï ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʮʠʨʦʚʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʣʷʤʠ ʘʤʤʦʥʠʷ), ʥʝʬʪʝʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 

ʥʘʧʦʣʥʠʪʝʣʠ, ʵʤʫʣʴʛʘʪʦʨʳ ï ʜʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʋɺ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʨʠʜʘʥʠʷ 

ʙʫʨʦʚʦʤʫ ʨʘʩʪʚʦʨʫ ʘʛʨʝʛʘʪʠʚʥʦʡ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʵʤʫʣʴʩʠʡ: ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ (ʠʥʚʝʨʪʥʳʝ). ʆʪʣʠʯʠʝ 

ʤʝʞʜʫ ʦʙʨʘʪʥʳʤʠ ʠ ʧʨʷʤʳʤʠ ʵʤʫʣʴʩʠʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢʠʝ ʚʝʱʝʩʪʚʘ 
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ʩʦʩʪʘʚʣʷʶʪ ʜʠʩʧʝʨʩʥʫʶ ʬʘʟʫ, ʘ ʢʘʢʠʝ ï ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʨʝʜʫ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠʥʚʝʨʪʥʳʝ ʙʫʨʦʚʳʝ ʵʤʫʣʴʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ, 

ʥʝʬʪʴ, ʜʠʟʪʦʧʣʠʚʦ ʠ ʪ.ʜ., ʘ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʯʘʱʝ ʚʩʝʛʦ ʩʣʫʞʠʪ ʚʦʜʘ. ʇʨʷʤʳʝ 

ʵʤʫʣʴʩʠʠ, ʥʘʧʨʦʪʠʚ, ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩʦʜʝʨʞʘʪ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ 

ʞʠʜʢʦʩʪʴ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ï ʚʦʜʫ.  

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʕɹʈ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, 

ʩʤʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʥʢʘʧʩʫʣʠʨʫʶʱʝʝ ʩʚʦʡʩʪʚʦ ʰʣʘʤʘ ï ʥʝ ʜʘʝʪ 

ʜʠʩʧʝʨʛʠʨʦʚʘʪʴʩʷ ʰʣʘʤʫ ʧʨʠ ʚʳʥʦʩʝ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ; ʪʘʢʦʡ ʨʘʩʪʚʦʨ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʬʠʣʴʪʨʘʪʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʦʣʣʝʢʪʦʨʘ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʬʠʣʴʪʨʘʪʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʦʣʣʝʢʪʦʨ; ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɻʀʉ, ʧʦʥʠʞʝʥʥʦʡ 

ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʈʋʆ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʨʘʩʪʚʦʨʘ BARADRIL-NÈ/ Mineral 

Oil. ʈʝʮʝʧʪʫʨʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʵʤʫʣʴʩʠʝʡ ʪʠʧʘ çʤʘʩʣʦ ʚ 

ʚʦʜʝè, ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ 20ï40 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʚʦʨʘ. ʉʠʩʪʝʤʘ ʨʘʩʪʚʦʨʘ ʠʤʝʝʪ 

ʥʠʟʢʫʶ ʚʦʜʦʦʪʜʘʯʫ, ʘ ʚʩʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳ. [5] 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʕɹʈ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʦʙʨʘʪʥʳʝ ʵʤʫʣʴʩʠʠ - ʠʭ ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʨʝʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʩʦʭʨʘʥʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ʀʥʚʝʨʪʥʳʝ ʵʤʫʣʴʩʠʦʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʠʜʨʦʬʦʙʥʦ-ʵʤʫʣʴʩʠʦʥʥʥʦ-ʩʫʩʧʝʥʟʠʦʥʥʳʝ ʩʠʩʪʝʤʳ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁʚʣʠʷʥʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʌɽʉ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʠ ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(kʚʧʨ). ɺ ʩʪʘʪʴʝ çʆʪʝʯʝʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʕɹʈ ʜʣʷ ʧʨʦʚʦʜʢʠ ʩʢʚʘʞʠʥ ʠ ʚʩʢʨʳʪʠʷ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʚ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʫʩʣʦʚʠʷʭè ʂʫʨʙʘʥʦʚʘ ʗ. ʄ., 

ɿʘʡʢʦʚʩʢʦʡ ʊ.ɺ., ʏʝʨʝʤʠʩʠʥʘ ʅ. ɸ., ʂʫʨʙʘʥʦʚʘ ɻ. ʗ., ʂʫʧʨʠʥʘ ʈ. ɺ. ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʦʙʨʘʪʥʳʭ ʵʤʫʣʴʩʠʡ ʕɹʈ-1 (ʵʤʫʣʴʛʘʪʦʨ ɸʨʛʫʥʠʪ ʈʍ-ʂ), ʕɹʈ-

2 (ʵʤʫʣʴʛʘʪʦʨ ɸʨʛʫʥʠʪ ʈʍ-ɼ) ʠ ʠʥʛʠʙʠʨʦʚʘʥʥʳʡ ʙʠʦʧʦʣʠʤʝʨʥʳʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ kʚʧʨ ʥʘ ʦʙʨʘʟʮʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʝʨʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦ kʚʧʨ ʜʦ 0,93. ʕʪʦ ʥʘʛʣʷʜʥʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕɹʈ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ, ʥʦ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʢʚʘʞʠʥʳ (ʦʩʦʙʝʥʥʦ ʚ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ). ɺ ʪʘʙʣʠʮʝ 1 çʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʧʨʦʙ ʨʘʩʪʚʦʨʦʚ ʥʘ ʢʦʣʣʝʢʪʦʨʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘè ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ kʚʧʨ ʵʤʫʣʴʩʠʦʥʥʦ-ʙʠʪʫʤʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʙʠʦʧʦʣʠʤʝʨʥʳʤ. [4] 
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ʊʘʙʣʠʮʘ. 1. ʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʧʨʦʙ ʨʘʩʪʚʦʨʦʚ ʥʘ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ 

ʅʦʤʝʨ ʢʝʨʥʦʚʦʛʦ 

ʦʙʨʘʟʮʘ 

ʃʠʪʦʣʦʛʠʷ ʉʨʝʜʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, kʚʧʨ 

ɹʠʦʧʦʣʠʤʝʨʥʳʡ  

1 

 

ʇʝʩʯʘʥʠʢ 

0,87 

ʕɹʈ-1 0,91 

ʕɹʈ-2 0,89 

ɹʠʦʧʦʣʠʤʝʨʥʳʡ  

2 

 

ʇʝʩʯʘʥʠʢ 

0,86 

ʕɹʈ-1 0,93 

ʕɹʈ-2 0,92 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ ʵʤʫʣʴʩʠʡ ʩʦʧʨʷʞʝʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʵʪʦʛʦ ʪʠʧʘ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʘ 

ʠʤʝʥʥʦ ï ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʩʚʦʡʩʪʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʘʛʨʝʩʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʩʢʚʘʞʠʥʝ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʙʫʨʦʚʳʝ 

ʨʘʩʪʚʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʚʳʷʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚ. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʨʘʩʪʚʦʨʳ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ, 

ʵʤʫʣʴʩʠʦʥʥʳʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʨʘʩʪʚʦʨʘʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʌɽʉ ʧʣʘʩʪʘ.  

ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʤʳʚʦʯʥʳʝ ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ 

ʪʝ ʠʣʠ ʠʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʛʣʘʚʥʦʝ, ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʨʠʟʘʙʦʡʥʫʶ ʟʦʥʫ ʧʣʘʩʪʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʧʨʦʤʳʚʦʯʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʫʪʝʤ ʜʦʙʘʚʢʠ ʚ 

ʨʘʩʪʚʦʨ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʜʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʨʝʮʝʧʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʠʚʳʩʰʝʝ ʢʘʯʝʩʪʚʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʘʛʝʥʪʦʚ ʥʘ 

ʢʨʝʧʷʱʠʝ ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠ ʠʭ 

ʚʣʠʷʥʠʶ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʨʝʘʛʝʥʪʳ, ʢʨʝʧʷʱʠʝ ʩʚʦʡʩʪʚʘ, 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʩʢʚʘʞʠʥʳ, ʙʫʨʝʥʠʝ. 

 

ɹʫʨʝʥʠʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʫʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪ ʧʦʨʦʜʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʤʘʟʢʫ ʠ ʦʭʣʘʞʜʝʥʠʝ ʜʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʨʦʩʘʯʠʚʘʥʠʝ 
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ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʦʜʫ. ʊʠʧʳ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʢʨʝʧʷʱʠʝ ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʦʚ ʨʝʘʛʝʥʪʦʚ ʥʘ ʢʨʝʧʷʱʠʝ ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʘʛʝʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ, 

ʛʣʠʥʦʟʝʤ ʠ ʙʝʥʪʦʥʠʪ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ [4]: 

1. ʇʨʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ: 

ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, pH ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʜʦ ʠ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʠ 

ʩʪʨʫʢʪʫʨʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʨʝʘʛʝʥʪʦʚ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʝʧʷʱʠʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ: ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʦʡʢʦʩʪʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʠ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʨʝʧʷʱʠʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ: ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʛʥʝʫʧʦʨʥʦʩʪʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʕʪʠ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʢʚʘʞʠʥ. 

4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʦʟʠʨʦʚʢʘʤʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʩʝ ʧʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʚʪʦʨʷʝʤʳʤʠ, 

ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴʩʷ ʩ ʮʝʣʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʠʧʘʤʠ ʨʝʘʛʝʥʪʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝʤ ʥʘ ʢʨʝʧʷʱʠʝ ʠ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ʠ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʨʝʧʷʱʠʤʠ ʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. 

ɻʣʠʥʦʟʝʤ ʠ ʙʝʥʪʦʥʠʪ ʠʛʨʘʶʪ ʨʦʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʩʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʦʜʫ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʘʟʤʷʛʯʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʡ. 

ɺʳʚʦʜʳ: 

ʊʠʧʳ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʢʨʝʧʷʱʠʝ ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʣʠʤʝʨʥʳʝ 

ʜʦʙʘʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʘʚʣʝʥʠʷ, ʘ 

ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʩʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʫʣʫʯʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʩʥʠʞʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʫʣʫʯʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

 

1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʘʭ / ʇʝʪʨʦʚ ɺ.ʉ. 
// ɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 2015 ï  ʉ. 34-35. 
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2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʦʚ ʧʦʣʠʤʝʨʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ / 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥ ʠ 

ʚʳʥʦʩʘ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʙʫʨʝʥʠʷ. ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʶʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʜʙʦʨ ʧʨʘʚʠʣʴʥʦʡ ʨʝʮʝʧʪʫʨʳ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʠ ʢʦʥʪʨʦʣʴ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʳ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʙʫʨʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʩʢʦʧʣʝʥʠʝ ʰʣʘʤʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʞʠʜʢʦʩʪʝʡ ʥʘ ʥʴʶʪʦʥʦʚʩʢʠʝ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʠʝ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʤʦʜʝʣʠ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʙʫʨʦʚʳʝ 

ʨʘʩʪʚʦʨʳ, ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʳʙʦʨʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʚʳʥʦʩʷʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʦʩʥʦʚʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʧʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ, ʨʝʦʣʦʛʠʷ, 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʯʠʩʪʢʘ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʚʳʥʦʩ ʰʣʘʤʘ, ʚʷʟʢʦʩʪʴ, 

ʧʦʣʠʤʝʨʥʳʝ ʨʘʩʪʚʦʨʳ, ʙʠʦʧʦʣʠʤʝʨ. 

HIGHLY PURIFYING DRILLING FLUD  
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Annotation. The importance of high-quality cleaning of wells and removal of 

drilled rock to the surface for trouble-free and efficient drilling is considered. The main 

influence on this process is the rheological properties of the drilling fluid. Selecting the 

correct drilling fluid formulation and monitoring its parameters are essential for successful 

drilling, especially in inclined wells where cuttings may accumulate. The classification of 

liquids into Newtonian and non-Newtonian, as well as the basic models of rheological 

behavior, is considered. Modern drilling fluids have been analyzed and a technology for 

selecting drilling fluids with improved carrying capacity has been proposed. The basic 

principles of drilling fluid composition are discussed, including the choice of base, 
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avoidance of dispersants, and the use of polysaccharide reagents and biopolymers to create 

effective fluids with pseudoplastic properties. 

Key words: drilling fluid, rheology, pseudoplastic properties, wellbore cleaning, 

cuttings removal, viscosity, polymer solutions, biopolymer. 

ɺ ʙʝʟʘʚʘʨʠʡʥʦʤ ʠ ʵʬʬʝʢʪʠʚʥʦʤ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʝʝ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ ʠ ʚʳʥʦʩ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʘ ʦʯʠʩʪʢʫ 

ʩʢʚʘʞʠʥʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʤʳʚʦʯʥʦʡ 

ʞʠʜʢʦʩʪʠ. ɺʝʨʥʳʡ ʧʦʜʙʦʨ ʨʝʮʝʧʪʫʨʳ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʘʪ ʵʬʬʝʢʪʠʚʥʦʝ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʚ 

ʩʢʚʘʞʠʥʘʭ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ, ʪʘʢ ʢʘʢ ʩʢʦʧʣʝʥʠʝ ʰʣʘʤʘ ʚ ʪʘʢʠʭ ʩʢʚʘʞʠʥʘʭ ʠ 

ʦʩʝʜʘʥʠʝ ʝʛʦ ʥʘ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʛʣʘʭ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʩʠ ʩʢʚʘʞʠʥʳ ʚ 30↔-60↔  ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʘʪʨʫʜʥʝʥʥʘʷ ʦʯʠʩʪʢʘ 

ʩʪʚʦʣʘ.[2]  

ʈʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʠʜʢʦʩʪʝʡ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ ɔ ʠ  ʥʘʧʨʷʞʝʥʠʝʤ ʩʜʚʠʛʘ s. ɾʠʜʢʦʩʪʠ ʜʝʣʷʪ ʥʘ ʥʴʶʪʦʥʦʚʩʢʠʝ ʠ 

ʥʝʥʴʶʪʦʥʦʚʩʢʠʝ. ɽʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʠ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʣʠʥʝʡʥʘʷ, 

ʪʦ ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʴʶʪʦʥʦʚʩʢʦʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩʯʠʪʘʶʪʩʷ ʣʝʛʢʠʝ 

ʤʘʩʣʘ, ʚʦʜʘ ʠ ʩʧʠʨʪʳ.[2] ɽʩʣʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ, ʪʦ 

ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʤʳʚʦʯʥʳʭ ʞʠʜʢʦʩʪʝʡ.  

ʉʝʡʯʘʩ ʠʩʩʣʝʜʦʚʘʥʦ ʠ ʦʪʢʨʳʪʦ ʙʦʣʝʝ 30 ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʦ 4 ʦʩʥʦʚʥʳʤ  ʤʦʜʝʣʷʤ: ʅʴʶʪʦʥʘ, 

ɹʠʥʛʘʤʘ ï ʐʚʝʜʦʚʘ, ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʘʘʣʝ (ʩʪʝʧʝʥʥʦʡ ʟʘʢʦʥ), ɻʝʨʰʝʣʷ ï ɹʘʣʢʣʠ 

(ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʪʝʧʝʥʥʦʡ ʟʘʢʦʥ), ʐʫʣʴʤʘʥʘ ï ʂʝʩʩʦʥʘ. [5] 

 

ʈʠʩ.1. ʂʨʠʚʳʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʨʘʟʥʳʤ ʤʦʜʝʣʷʤ ʪʝʯʝʥʠʷ. [5] 

 ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ  ʧʨʦʤʳʚʦʯʥʳʝ ʞʠʜʢʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʦʯʠʩʪʢʫ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʚʳʥʦʩʘ ʰʣʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʈʠʥʧʦʣʠʩ [4] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʅʇʆ 

çɹʫʨʝʥʠʝè. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʠʩʘʭʘʨʠʜʥʦʡ ʧʨʠʨʦʜʳ, ʚ 

ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ ʇʂɼ-515 ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ ʠ ʢʦʤʧʣʝʢʩʦʥʳ. ʉʠʩʪʝʤʘ ʈʠʥʧʦʣʠʩ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʩʤʘʟʦʯʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʦʩʦʙʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʦʯʠʩʪʢʫ 
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ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʫʤʝʥʴʰʝʥʠʝ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʪʨʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʇʦʣʠʤʝʨ-ʵʤʫʣʴʩʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʕʤʫʣʴʛʝʣʴ [3], ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ 

ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʨʝʘʛʝʥʪʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʠʥʛʠʙʠʪʦʨʳ ʥʘʙʫʭʘʥʠʷ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʛʣʠʥ, ʵʤʫʣʴʛʘʪʦʨ, 

ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʩʨʝʜʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʦʜʠʪʩʷ ʢʦʣʴʤʘʪʘʥʪ 

ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʡ. ʕʤʫʣʴʛʝʣʴ ʦʙʣʘʜʘʝʪ ʫʩʠʣʝʥʥʳʤʠ ʠʥʛʠʙʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ ʟʘʙʦʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʝʥʠʪʥʳʭ ʫʛʣʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʠʤʝʨ-ʵʤʫʣʴʩʠʦʥʥʳʡ ʨʘʩʪʚʦʨ 

ʕʤʫʣʴʛʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʩʢʚʘʞʠʥʳ. 

ʇʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʌʣʦ-ʇʨʦ [1]. ʉʠʩʪʝʤʘ ʌʣʦ-ʇʨʦ ʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʦʩʥʦʚʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʕʪʦ ʢʘʯʝʩʪʚʦ ʜʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʫʜʝʨʞʘʥʠʝ ʚʳʙʫʨʝʥʥʦʛʦ ʰʣʘʤʘ ʚʦ ʚʟʚʝʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ 

ʵʨʦʟʠʶ ʩʪʝʥʦʢ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ.  

ʇʦʣʠʢʘʪʠʦʥʥʳʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ [6] ʩʦʜʝʨʞʠʪ ʛʣʠʥʦʧʦʨʦʰʦʢ, ʚʦʜʫ, 

ʢʘʪʠʦʥʥʳʡ ʠ ʘʥʠʦʥʥʳʡ ʧʦʣʠʤʝʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʟʘʪʨʫʙʴʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʵʣʝʢʪʨʦʣʠʪ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ ʚʳʥʦʩʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʝʥʦʢ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʧʨʠ 

ʙʫʨʝʥʠʠ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ [7] - ʩʦʜʝʨʞʠʪ, ʤʘʩ.%: ʧʦʣʠʘʢʨʠʣʘʤʠʜ (ʇɸɸ) 0,15- 0,3; 

ʢʘʨʙʦʢʩʠʣʤʝʪʠʣʮʝʣʣʶʣʦʟʘ 0,3-05; ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʘʷ ʩʦʜʘ Na2 CO3 0,3-0,5; 

ʙʠʦʧʦʣʠʤʝʨ çʉʘʨʘʢʩʘʥè ʠʣʠ çʉʘʨʘʢʩʘʥ-ʊè 0,1- 0,2; ʚʦʜʘ - ʦʩʪʘʣʴʥʦʝ. ʕʪʦʪ ʙʫʨʦʚʦʡ 

ʨʘʩʪʚʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʚʳʥʦʩʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʪ.ʝ. ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʚʩʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ.  

TNO-T [9] ï ʵʪʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʙʠʦʧʦʣʠʤʝʨ (ʢʩʘʥʪʘʥʦʚʘʷ ʩʤʦʣʘ) 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʚʳʩʦʢʦʨʘʟʚʝʪʚʣʝʥʥʳʡ 

ʧʦʣʠʩʘʭʘʨʠʜ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ 

ʩʠʩʪʝʤʳ (TNO-T) ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ, 

ʫʣʫʯʰʘʝʪ ʫʜʝʨʞʠʚʘʶʱʠʝ ʠ ʚʳʥʦʩʷʱʠʝ ʩʚʦʡʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʤʳʚʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʴʶ ʠ ʭʨʫʧʢʠʤ ʧʨʦʯʥʳʤ ʛʝʣʝʤ. 

ɹʠʦʧʦʣʠʤʝʨʥʳʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ  ʉɹʂ-UNI (PLUS) [8]  ʩʦʜʝʨʞʠʪ, ʤʘʩ. %: 

ʧʦʣʠʤʝʨʥʳʡ ʧʦʥʠʟʠʪʝʣʴ ʬʠʣʴʪʨʘʮʠʠ - ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʫ ʩʦ ʩʪʝʧʝʥʴʶ 

ʟʘʤʝʱʝʥʠʷ 300-1300 ʚ ʚʠʜʝ ʜʚʫʭ ʪʠʧʦʚ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 2,4-3,2; ʙʠʦʧʦʣʠʤʝʨ ʢʩʘʥʪʘʥʦʚʦʛʦ ʪʠʧʘ 0,2-

0,5; ʩʤʘʟʦʯʥʫʶ ʜʦʙʘʚʢʫ - ʨʝʘʛʝʥʪ ʛʣʠʢʦʡʣ 0,5-1,0; ʨʘʟʥʦʬʨʘʢʮʠʦʥʥʳʡ ʫʪʷʞʝʣʠʪʝʣʴ - 
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ʩʝʨʥʦʢʠʩʣʳʡ ʙʘʨʠʡ ʜʦ 40,0, ʙʘʢʪʝʨʠʮʠʜ 0,01-0,2; ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ 0,01-0,06; ʚʦʜʫ - 

ʦʩʪʘʣʴʥʦʝ. ʊʘʢʦʡ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʫʣʫʯʰʝʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚ ʙʠʦʧʦʣʠʤʝʨʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʫʜʝʨʞʠʚʘʶʱʝʡ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʙʫʨʦʚʳʝ 

ʨʘʩʪʚʦʨʳ ʜʣʷ ʙʫʨʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ  ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ  

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʰʣʘʤʘ, ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜʙʦʨʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʆʙʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʙʦʨʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʚʳʥʦʩʷʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

-ʚʘʞʥʝʡʰʠʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʦʩʥʦʚʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʴ (ʙʝʥʪʦʥʠʪ, ʙʠʦʧʦʣʠʤʝʨ ʠ ʪ.ʜ.). 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʠʦʧʦʣʠʤʝʨʘʤʠ ʠʣʠ 

ʜʨʫʛʠʤʠ, ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʚʦʜʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʨʘʩʪʚʦʨʳ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠʣʠ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʝʝ ʩʦʜʝʨʞʘʥʠʝʤ, ʩ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.  

- ʫʜʝʨʞʠʚʘʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʳʙʫʨʝʥʥʦʡ ʧʦʨʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʚʷʟʘʘʥ 

ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ. 

- ʚʘʞʥʦ, ʯʪʦʙʳ ʧʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʦʙʣʘʜʘʣʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ ʢʘʢ, ʪʘʢʠʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʙʳʩʪʨʦ ʠʟʤʝʥʷʪʴ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʫʶ ʚʷʟʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ (ʬʘʢʪʠʯʝʩʢʠ ʚʷʟʢʦʩʪʠ ʚʦʜʳ) ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʡ, ʩʧʦʩʦʙʥʦʡ ʫʜʝʨʞʠʚʘʪʴ ʚʳʙʫʨʝʥʥʫʶ ʧʦʨʦʜʫ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʧʦʣʠʤʝʨʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʩ ʚʳʩʦʢʠʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʩ ʢʦʣʴʤʘʪʠʨʫʶʱʝʡ ʚʦʜʦ- ʠ ʢʠʩʣʦʪʥʦ-

ʨʘʩʪʚʦʨʠʤʦʡ ʪʚʝʨʜʦʡ ʬʘʟʦʡ. ʊʘʢʞʝ, ʙʠʦʧʦʣʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʟʘʛʫʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʠʭ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʩʦʣʷʤ. 

ɺʳʚʦʜʳ 

ʇʨʠ ʙʫʨʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʦʩʪʘʚ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʝʸ ʢʘʯʝʩʪʚʦ, 

ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʵʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʰʣʘʤʘ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʩʪʦʠʪ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʜʦʧʨʠʪʦʢʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʠʥʠʤʘʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʸʪʥʫʶ ʰʠʨʠʥʫ ʪʨʝʱʠʥʳ 

ʥʘ ʟʘʜʘʥʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʠ ʦʙʲʝʤ ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʨʝʱʠʥʳ ʩ ʫʯʝʪʦʤ 

ʬʠʣʴʪʨʘʮʠʠ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʦʨʥʘʷ ʧʦʨʦʜʘ, ʬʠʣʴʪʨʘʮʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʪʘʤʧʦʥʘʞʥʳʡ ʨʘʩʪʚʦʨ, ʪʨʝʱʠʥʘ. 
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ʇʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʅʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʲʷʚʣʷʶʪ ʚʩʝ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʢʨʝʧʣʝʥʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʩʢʚʘʞʠʥ. ɺ ʘʩʧʝʢʪʝ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʨʝʧʣʝʥʠʷ ʩʢʚʘʞʠʥ ʫʯʫʚʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

1. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʢʘʯʢʘ ʠ ʧʨʦʜʘʚʢʘ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʫʯʝʪʦʤ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʩʦʪʝ ʧʦʜʲʝʤʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʦʣʴʮʝʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2. ʀʩʢʣʶʯʝʥʠʝ ʚʝʨʦʷʪʥʦʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ 
ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʠʣʴʪʨʘʪʘ 
ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʥʠʮʘʝʤʳʝ ʧʣʘʩʪʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʦʣʱ [4]. 

ɺʳʧʦʣʥʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʝʚʦʟʤʦʞʥʦ. ɺʩʝ ʯʘʱʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʦʞʥʳʝ ʮʝʤʝʥʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʮʝʧʪʫʨ 

ʪʘʤʧʦʥʘʞʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʢʚʘʞʠʥʳ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ï ʨʘʟʨʘʙʦʪʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 

(ʇʎ) ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʥʘ ʢʘʞʜʫʶ ʩʢʚʘʞʠʥʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʇʎ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʘʚʘʨʠʡ ʠ ʦʩʣʦʞʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ ʨʘʙʦʪ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʬʠʣʴʪʨʘʪʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ ʠ ʨʘʩʢʨʳʪʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʪʨʝʱʠʥ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ 

ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜʘʭ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʸʪʥʫʶ ʰʠʨʠʥʫ 

ʪʨʝʱʠʥʳ ʥʘ ʟʘʜʘʥʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʠ ʝʸ ʦʙʲʝʤ, ʩ ʫʯʝʪʦʤ 

ʬʠʣʴʪʨʘʮʠʠ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʫʯʠʪʳʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʠʥʠʤʘʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʳ. 

ɿʘ ʩʯʸʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʧʦʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʧʨʠʯʝʤ ʣʶʙʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʙʲʝʤ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ 

ʠʩʧʳʪʳʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʛʣʘʚʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʝʧʣʝʥʠʷ 

ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʥʘʜ 

ʤʠʥʠʤʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ.  

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʨʘʩʰʠʨʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʘʶʪ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʮʝʧʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʥʠʟʠʪʝʣʠ ʬʠʣʴʪʨʘʮʠʠ, ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʶ ʩʢʚʘʞʠʥ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʚ ʩʢʚʘʞʠʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʘʩʯʸʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʪʨʝʱʠʥʳ ʚʢʣʶʯʘʝʪ: 

1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ,  

2. ɻʦʨʥʦʝ ʜʘʚʣʝʥʠʝ,  
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3. ʇʦʨʠʩʪʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ,  

4. ʇʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ,  

5. ʄʠʥʠʤʘʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

6. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʇʨʦʠʟʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥʳ ʚ ʩʢʚʘʞʠʥʝ, ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʠʣʦ ʩʣʝʜʫʶʱʝʝ. ʏʝʤ ʙʦʣʝʝ ʫʜʘʣʝʥʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʝʤʝʥʪʥʦʡ ʧʨʦʙʢʠ, ʪʝʤ ʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥʳ ʚ 

ʰʠʨʠʥʫ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʟʘʢʨʳʚʘʶʱʠʭ ʪʨʝʱʠʥʫ, ʠ ʨʘʟʚʠʪʠʷ ʚ ʜʣʠʥʫ 

ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʮʝ ʪʨʝʱʠʥʳ. ʊʘʢʞʝ, ʩʦʟʜʘʥʠʝ 

ʮʝʤʝʥʪʥʦʡ ʧʨʦʙʢʠ ʫ çʫʩʪʴʷè ʪʨʝʱʠʥʳ ʦʢʘʟʳʚʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʢʦʣʴʮʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. 

 
ʈʠʩʫʥʦʢ 1 ï ʐʠʨʠʥʘ ʪʨʝʱʠʥʳ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʙʢʠ  

ʥʘ ʨʘʟʣʠʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠ ʧʨʦʛʥʦʟʝ ʟʥʘʯʝʥʠʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʶ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʡ ɻʈʇ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʶ 

ʩʢʚʘʞʠʥ. ʄʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ 

ʯʠʩʣʦ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʝʮʝʧʪʫʨ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʢ ʢʨʝʧʣʝʥʠʶ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʩʢʚʘʞʠʥ. 
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ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʪʝʪ ʚʘʞʥʦʩʪʴ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʙʫʨʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Python ʠ ʩʨʝʜʳ Jupyter Notebook. 

ʄʦʜʝʣʴ ʫʩʧʝʰʥʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʩʧʦʩʦʙʥʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʨʝʞʠʤ ʙʫʨʝʥʠʷ, ʘʜʘʧʪʘʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʙʫʨʝʥʠʷ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ ʨʘʙʦʯʝʤʫ 

ʧʨʦʝʢʪʫ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥʳ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʨʦʝʢʪʥʳʝ ʨʝʞʠʤʳ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʛʠʦʥʘ, ʥʝ ʚʩʝʛʜʘ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʢʚʘʞʠʥʳ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʝʥʠʷ. ɹʫʨʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ 

ʧʦ ʜʘʥʥʳʤ ʧʨʦʚʦʜʢʠ ʧʨʝʜʳʜʫʱʝʛʦ, ʭʦʪʴ ʠ ʙʦʣʝʝ ʪʦʯʥʦʝ, ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʩʝʛʦʜʥʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ [1, 2]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

 

ʆʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ. ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ 

ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʪʠʧʘʤ ʩʢʚʘʞʠʥ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʚʳʙʦʨʝ 

ʢʨʠʪʝʨʠ ̫ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1-4]. 
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ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʦʜʥʦʡ ʬʦʨʤʦʡ ʤʦʜʝʣʠ, ʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʝʢʫʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ. ʊʘʢ ʢʘʢ 

ʩʘʤʘ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʨʝʛʨʝʩʩʠʦʥʥʦʡ, ʪʦ ʝʩʪʴ ʦʥʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʥʝʰʥʠʭ ʜʘʥʥʳʭ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝ ʚʘʞʥʦ ʢʘʢʦʡ ʚʠʜ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʧʨʠʥʷʪʴ. 

ɸ.ɸ. ʎʫʧʨʠʢʦʚʳʤ [2] ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʦʧʝʨʘʪʠʚʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ ʟʘʙʦʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ [5-7]. 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ ʚ ʨʘʙʦʪʝ [2, ʩʪʨ. 19] 

ʧʨʝʜʣʦʞʝʥ ʧʦʣʠʥʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʋʢʘʟʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ 

ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ  r ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʩʢʚʘʞʠʥʘ 

445548ʛ, ʢʫʩʪ 30 ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʩʨʝʜ rJupyter Notebook.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ (ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ) ʧʫʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ (ʤ/ʯ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʙʦʷ (ʤ). 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ (ʨʠʩ. 2), ʥʘ ʢʦʪʦʨʦʤ ʩʨʘʚʥʠʣʠ 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʝʣʠ. 

ɻʨʘʬʠʢ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠ ʢʘʢʠʝ ʪʝʥʜʝʥʮʠʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 
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ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 

(ʧʦʣʠʥʦʤʠʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ) 

 

ɺ ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʥʝ ʚʘʞʝʥ ʚʠʜ ʩʘʤʦʡ ʬʫʥʢʮʠʠ, ʛʣʘʚʥʦʝ ʦʧʨʝʜʝʣʠʪʴ 

ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʟʥʘʯʝʥʠʝ ʩʘʤʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʳʣ ʥʘʧʠʩʘʥʘ ʝʱʝ ʦʜʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʥʦ ʫʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʨʝʛʨʝʩʩʠʠ. ɺʳʙʨʘʣʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʧʨʦʤʝʞʫʪʦʢ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 3. ɸʥʘʣʠʟ ʨʠʩ. 2 ʠ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʝ ʬʫʥʢʮʠʠ (ʧʦʣʠʥʦʤʠʥʘʣʴʥʘʷ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʛʥʦʟʠʨʫʶʪ ʤʝʭʘʥʠʯʝʩʢʫ  ʁ ʩʢʦʨʦʩʪɹ 

ʧʨʦʭʦʜʢʠ. 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʥʷʪʴ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʦʞʠʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠ ʠʟ-

ʟʘ ʧʦʪʝʨʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢ, ʠ ʠʥʦʛʜʘ ʫʜʘʣʝʥʠʝ ʣʠʰʥʠʭ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 

(ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ) 

 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʤ, ʝʩʣʠ ʙʨʘʪʴ ʜʘʥʥʳʝ 

ʢʘʞʜʳʝ ʪʨʠ ʤʠʥʫʪʳ (4-5) ʪʦʯʝʢ, ʪʦ ʤʦʜʝʣʴ ʜʦʩʪʠʛʘʝʪ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʠ (ʨʠʩ. 4 ʠ 5). 

 

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 

(ʧʦʣʠʥʦʤʠʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ) 
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ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

(ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ) 

 

ɺ ʭʦʜʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʫʩʧʝʰʥʦ 

ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʝ ʦʧʪʠʤʘʣʴʥʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʨʠʤʝʥʠʤʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʧʝʨʠʦʜ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʋʤʝʥʴʰʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʤʦʞʝʪ ʣʫʯʰʝ ʫʣʘʚʣʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʧʦʜ ʪʝʢʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʡ ʧʝʨʠʦʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʦʜʙʠʨʘʪʴ ʩʘʤʳʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʠʪʦʛʝ ʠʤʝʝʤ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʙʫʨʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʩʪʦʷʥʥʦ 

ʨʘʙʦʪʘʝʪ ʩ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʥʦʚʳʝ ʫʩʣʦʚʠʷ, ʪʝʤ 

ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʥʝʪʦʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʩʧʦʩʦʙʥʘ ʚʳʚʦʜʠʪʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫ  ʁ

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʢʚʘʞʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ, ʫʯʠʪʳʚʘʷ 

ʯʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀʅʊɽʅʉʀʌʀʂɸʎʀʀ ɼʆɹʓʏʀ ʅɽʌʊʀ ʀɿ 

ʇʈʆɼʋʂʊʀɺʅʓʍ ʇʃɸʉʊʆɺ ʂʃʖʏɽɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ɸ.ɸ. ʉʘʤʦʡʣʦʚ, ʅ.ʖ. ʍʦʭʣʦʚʘ 

ʉʘʤɻʊʋ, ʉʘʤʘʨʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, andrei.30@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠʟ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʂʣʶʯʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʜʦʙʳʯʘ, ʥʝʬʪʴ, ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʧʣʘʩʪʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʦʜʥʦʡ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʥʝʬʪʝʦʪʜʘʯʫ ʧʣʘʩʪʦʚ. ɼʣʷ ʚʳʙʦʨʘ 

ʧʦʜʭʦʜʷʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠʪʦʢʘ ʥʝʬʪʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ, ʝʛʦ ʪʦʣʱʠʥʫ, ʩʪʝʧʝʥʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʩʳʱʝʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʦʚ. ʉʦʩʪʦʷʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʣʘʩʪʘ ʥʘ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [1]. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʂʣʶʯʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʦʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʪʨʘʥʝ, ʠ ʝʛʦ ʜʦʙʳʯʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ɼʘʥʠʣʦʚʩʢʦʤ 

ʨʘʡʦʥʝ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 150 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ 

ʛ.ɺʦʣʛʦʛʨʘʜʘ ʠ ʚ 55 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʛ. ʌʨʦʣʦʚʦ. ʈʝʣʴʝʬ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʣʤʠʩʪʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩ ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʚʳʩʦʪ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ʂʣʶʯʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʬʪʝʥʦʩʥʳʤʠ ʧʣʘʩʪʘʤʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʝʚʣʘʥʦʚʩʢʦ-ʣʠʚʝʥʩʢʦʛʦ (D2ev-D3lv), ʙʦʙʨʠʢʦʚʩʢʦʛʦ (C1bb), 

ʚʦʨʦʥʝʞʩʢʦʛʦ (D3vr), ʩʝʤʠʣʫʢʩʢʦ-ʨʫʜʢʠʥʩʢʦʛʦ (D3sm) ʛʦʨʠʟʦʥʪʦʚ ʠ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʝʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (D3sm-D3pt) ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʘ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʝʥʥʘʷ ʥʝʬʪʴ ʥʘ ʂʣʶʯʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʤʘʣʦʩʤʦʣʠʩʪʘʷ (ʩʦʜʝʨʞʘʥʠʝ ʩʤʦʣʳ 3,9%), ʤʘʣʦʩʝʨʥʠʩʪʘʷ 

(ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 0,29%), ʧʘʨʘʬʠʥʠʩʪʘʷ (ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ 3,2%). ʉʦʜʝʨʞʘʥʠʝ 

ʘʩʬʘʣʴʪʝʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,27, ʘ ʚʳʭʦʜ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 200 ʛʨʘʜʫʩʦʚ 

ʎʝʣʴʩʠʷ ʩʦʩʪʘʚʣʷʝʪ 42% [2]. 

ʅʠʟʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʣʘʩʪʦʚ ʠʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʥʘ 

ʂʣʶʯʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʚʳʩʦʢʦʡ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ ʧʨʠ ʝʝ ʫʪʠʣʠʟʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʫʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʝʦʣʦʛʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ (ɻʊʄ) ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʳʤ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʦ 7973,3 ʪʳʩ. ʪʦʥʥ ʥʝʬʪʠ. 
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ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʠʤ ʤʝʪʦʜʘʤ 

ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ (ɻʈʇ), (ɻʉ, ʚʢʣʶʯʘʷ ʤʫʣʴʪʠʩʪʘʜʠʡʥʳʡ ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ - 

ʄʉɻʈʇ), ʚʦʜʦʧʦʜʧʦʨʥʦʝ ʧʣʘʩʪʦʚʦʝ ʧʩʝʚʜʦʜʘʚʣʝʥʠʝ (ɺʇʇ) ʠ ʟʘʨʝʟʢʘ ʙʦʢʦʚʳʭ 

ʩʪʚʦʣʦʚ [2]. ʄʝʪʦʜʳ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʄʉɻʈʇ ʠ ɹɻʉ ʄʉɻʈʇ (ʄʝʪʦʜ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʩ ʙʦʢʦʚʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʝʡ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 19,2 ʪʳʩ. 

ʪʦʥʥ/ʩʢʚʘʞʠʥʘ ʠ 7,6 ʪʳʩ. ʪʦʥʥ/ʙʦʢʩʠʪ ʩʢʚʘʞʠʥʘ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2021 ʛ. ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘʭʦʜʠʣʦʩʴ ʧʷʪʴ ʦʙʲʝʢʪʦʚ: D3sm ï 

ʩʝʤʠʣʫʢʩʢʦ-ʨʫʜʢʠʥʩʢʠʡ, D3sm-D3pt ï ʧʝʪʠʥʩʢʠʡ, D3vr ï ʚʦʨʦʥʝʞʩʢʠʡ, D3ev-D3lv ï 

ʝʚʣʘʥʦʚʩʢʦ-ʣʠʚʝʥʩʢʠʡ, C1bb ï ʙʦʙʨʠʢʦʚʩʢʠʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʤʝʪʦʜʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʦʡ ʥʝʬʪʠʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ (2021-23 ʛʛ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʚʝʜʝʥʥʳʭ ɻʊʄ ʩ 

ʧʨʦʝʢʪʥʦʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʘ ʬʘʢʪʠʯʝʩʢʘʷ ʜʦʙʳʯʘ ʧʨʝʚʳʰʘʝʪ 

ʧʨʦʝʢʪʥʫʶ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦ ʚʠʜʘʤ ɻʊʄ 

 

 

ʊʘʙʣʠʮʘ 1 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɻʊʄ (2021-2023 ʛʛ.) 

ɺʠʜ ɻʊʄ 

2021 2022 2023 

ʧʨʦʝʢʪ ʬʘʢʪ ʧʨʦʝʢʪ ʬʘʢʪ ʧʨʦʝʢʪ ʬʘʢʪ 

ʢʦʣ

-ʚʦ 

ɼɼ

ʅ, 

ʪ.ʪ 

ʢʦʣ

-ʚʦ 

ɼɼ

ʅ, 

ʪ.ʪ 

ʢʦʣ

-ʚʦ 

ɼɼ

ʅ, 

ʪ.ʪ 

ʢʦʣ

-ʚʦ 

ɼɼʅ, 

ʪ.ʪ 

ʢʦʣ

-ʚʦ 

ɼɼ

ʅ, 

ʪ.ʪ 

ʢʦʣ

-ʚʦ 

ɼɼʅ

, ʪ.ʪ 

ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ (ɻʂʆ) 
      

1 2,02 1 1,2 
  

ʇʦʪʦʢʦʦʪʢʣʦʥʷʶ

ʱʠʝ ʪʝʭʥʦʣʦʛʠʠ     
2 1,2 

      



ʈɸɿʈɸɹʆʊʂɸ ʀ ʕʂʉʇʃʋɸʊɸʎʀʗ ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ   

147 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ 

ʟʘʚʦʜʥʝʥʠʝ         
5 0,3 

  

ʈʀʈ 
    

1 0,1 
  

2 1,4 2 0,68 

ʇʝʨʬʦʨʘʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ 
1 2,0 1 9,1 

  
1 0,7 5 5 

  

ʆʧʪʠʤʠʟʘʮʠʷ 

ɻʅʆ   
3 37,8 

  
1 1,96 2 0,5 3 2,74 

ʇɺʃɻ 
  

3 23,3 
  

3 15,2 
    

ʉʂʆ 
            

ɺʉɽɻʆ 1 2,0 4 70,1 3 1,3 5 19,96 15 8,4 2 3,42 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 2021-2023 ʛʛ. ʧʦʣʫʯʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ 93 448 ʪʦʥʥ. ɺ ʩʨʝʜʥʝʤ ʥʘ ʦʜʥʫ ʩʢʚʘʞʠʥʦ-ʦʧʝʨʘʮʠʶ 

ʧʨʠʭʦʜʠʪʩʷ 5192 ʪʦʥʥʳ ʥʝʬʪʠ. 

ɺ ʪʘʙʣʠʮʝ 3 ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʧʣʘʩʪʘʭ ʂʣʶʯʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʘʷ ʥʝʬʪʴ. ɺ 

ʙʣʠʞʘʡʰʠʝ 4 ʛʦʜʘ, ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʧʝʨʘʮʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

22,6 ʪʳʩ.ʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʦʡ ʥʝʬʪʠ.  

ʊʘʙʣʠʮʘ 2 

ʇʨʦʛʥʦʟ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɻʊʄ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ  

ʥʘ ʂʣʶʯʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʇʨʠʤʝʥʷʝʤʳʝ ʄʋʅ 

ɻʦʜʳ ʨʘʟʨʘʙʦʪʢʠ 
ʀʪʦʛʦ 

ʟʘ 

ʧʨʦʛʥʦʟ

ʥʳʡ 

ʧʝʨʠʦʜ 

2024 

2028 

2029 

2033 

2034 

2038 

2039 

2043 

ʧʨʦʛʥʦʟ 

 

ɻʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 2    2 
ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʳʩ.ʪ 10 5   15 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʚ ʪ.ʯ. ɻʂʆ, CKO, ʆʇɿ) 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 2    2 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʳʩ.ʪ 1,5    1,5 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʨʝʘʛʝʥʪʘ, 

ʪʳʩ.ʪ 
0,15    0,15 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 3 3 3 3 12 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʳʩ.ʪ 7,5 1,7 1,3 0,9 11,4 

ɺʦʜʦ-ʠʟʦʣʷʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʠ ʨʝʤʦʥʪʥʦ-ʠʟʦʣʷʮʠʦʥʥʳʝ ʨʘʙʦʪʳ 
ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʝʨʘʮʠʡ 10 6 10  26 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʳʩ.ʪ 3,6 2.2 3,4  9,2 

ʀʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʳʩ. 22,6 8,9 4,7 0,9 37,1 
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ɼʣʷ ʙʫʜʫʱʠʭ ʧʝʨʩʧʝʢʪʠʚ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʥʝʜʨʝʥʠʝ 

ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ, ʪʘʢʠʭ ʢʘʢ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ (ɻʈʇ) ʠ ʛʘʟʦʩʦʜʝʨʞʘʱʠʡ ʤʝʪʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ (ɻʉ ʄʉɻʈʇ). 

ɸ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʦʭʚʘʪʘ ʚʳʪʝʩʥʝʥʠʝʤ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʦʙʚʦʜʥʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʚʦʚʣʝʯʝʥʠʝ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ 

ʠʥʪʝʨʚʘʣʦʚ (ɺʇʇ), ʠ ʘʧʨʦʙʘʮʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ [3]. 
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ɸʥʥʦʪʘʮʠʷ: ʧʨʦʚʝʜʝʥ ʪʝʭʥʠʢʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʙʦʨʘ 

ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʥʘʤʝʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ 

ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ 

 

ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʈʌ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪʨʘʩʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʛʨʦʤʥʳʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʚʣʦʞʝʥʠʷʤʠ, ʤʥʦʛʦʣʝʪʥʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠ ʦʭʚʘʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ, ʟʘʯʘʩʪʫʶ, ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʘ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʢʨʘʡʥʝ ʩʣʘʙʦʡ ʨʘʟʚʠʪʦʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ [1, 2]. ɿʘ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ. ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʞʝ ʤʘʣʦ ʥʘʧʦʤʠʥʘʶʪ ʠʩʭʦʜʥʳʝ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʠʩʪʦʨʠʯʝʩʢʠ 

ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʚ ʦʜʥʦʤ ʠʟ ʩʪʘʨʳʭ ʥʝʬʪʝʥʦʩʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ ʩ 

ʧʦʟʠʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʇʦʢʨʦʚʩʢʦʝ 

ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʨʘʯʝʚʩʢʦʛʦ ʠ 
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ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʛʦ ʨʘʡʦʥʦʚ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 60 ʢʤ ʢ ʩʝʚʝʨʦ ï ʚʦʩʪʦʢʫ 

ʦʪ ʛ. ɹʫʟʫʣʫʢ. 

ʇʦʢʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʢʨʳʪʦ ʚ 1959 ʛ., ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩ 1963 ʛ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʣʦʞʥʦʝ ʤʥʦʛʦʢʫʧʦʣʴʥʦʝ, ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʟʘʣʝʞʝʡ ʦʩʣʦʞʥʝʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʵʢʨʘʥʘʤʠ. 

ɺʩʝʛʦ ʚ ʧʨʝʜʝʣʘʭ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʰʝʩʪʴ ʛʘʟʦʚʳʭ, ʦʜʥʘ 

- ʛʘʟʦʥʝʬʪʷʥʘʷ, 46 - ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ. ɿʘʣʝʞʠ ʥʝʬʪʠ ʚʳʷʚʣʝʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʢʘʰʠʨʩʢʦʛʦ (ʧʣʘʩʪ ɸ0), ʚʝʨʝʡʩʢʦʛʦ (ʧʣʘʩʪʳ ɸ1+A2+A3) ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʙʘʰʢʠʨʩʢʦʛʦ ʷʨʫʩʘ (ʧʣʘʩʪʳ ɸ4, ɸ5, ɸ6) ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ, ʚʠʟʝʡʩʢʦʛʦ (ʧʣʘʩʪʳ 

ʆ2, ʆ3, ʆ4, ʆ5ʙ, ʆ5ʚ, ʆ6, ɹ2) ʠ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʦʚ (ʧʣʘʩʪ ʊ1) ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ. 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʘʨʪʠʥʩʢʦʛʦ ʷʨʫʩʘ (ʧʣʘʩʪ ART1) ʥʠʞʥʝʡ ʧʝʨʤʠ ʚʳʷʚʣʝʥʦ ʪʨʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʟʘʣʝʞʠ: ʦʜʥʘ ʛʘʟʦʥʝʬʪʷʥʘʷ - ʚ ʧʨʝʜʝʣʘʭ ʩʦʙʩʪʚʝʥʥʦ 

ʇʦʢʨʦʚʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʠ ʜʚʝ ʛʘʟʦʚʳʝ - ʥʘ ʩʝʚʝʨʥʦʤ (ʩʢʚ. ˉˉ 50, 51) ʠ ʥʘ ʶʞʥʦʤ 

(ʩʢʚ.ˉ52) ʢʫʧʦʣʘʭ ɺʦʩʪʦʯʥʦ-ʇʦʢʨʦʚʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. ɺ ʦʪʣʦʞʝʥʠʷʭ ʫʬʠʤʩʢʦʛʦ 

ʷʨʫʩʘ (ʧʣʘʩʪ ʋ1) ʚʳʷʚʣʝʥʦ ʯʝʪʳʨʝ ʛʘʟʦʚʳʝ ʟʘʣʝʞʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʇʦʢʨʦʚʩʢʦʤʫ 

ʧʦʜʥʷʪʠʶ, ʩʝʚʝʨʥʦʤʫ ʠ ʶʞʥʦʤʫ ʢʫʧʦʣʘʤ ɺʦʩʪʦʯʥʦ-ʇʦʢʨʦʚʩʢʦʛʦ ʠ ɿʘʧʘʜʥʦ-

ʇʦʢʨʦʚʩʢʦʤʫ ʧʦʜʥʷʪʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ ʩʦʩʪʘʚʣʷʝʪ 

0,849 ʛ/ʩʤ
3
, ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ ʧʨʠ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 6,67 

ʄʇʘ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ï 43,6 ʤ
3
/ʪ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ ï 5,14 

ʄʇʘ*ʩ. ʇʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʛʘʟʠʨʦʚʘʥʠʷ ʚ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ 

ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʩʦʩʪʘʚʠʣʘ 0,857 ʛ/ʩʤ
3
, ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ï 1,088. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʙ ʥʝʬʪʴ ʩʝʨʥʠʩʪʘʷ (ʤʘʩʩʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 1,90%), ʚʳʩʦʢʦʩʤʦʣʠʩʪʘʷ (ʩʤʦʣ ʩʠʣʠʢʘʛʝʣʝʚʳʭ 9,10% ʠ 

ʘʩʬʘʣʴʪʝʥʦʚ 8,00%), ʧʘʨʘʬʠʥʠʩʪʘʷ (1,80%).  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʙʫʨʝʥʘ 561 ʩʢʚʘʞʠʥʘ, ʠʟ ʥʠʭ 465 ï 

ʜʦʙʳʚʘʶʱʠʭ, 45 ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ, 37 ï ʚʦʜʦʟʘʙʦʨʥʳʭ ʠ 14 ï ʛʘʟʦʚʳʭ. 

ɼʝʡʩʪʚʫʶʱʠʡ ʬʦʥʜ ʩʦʩʪʘʚʣʷʝʪ 371 ʩʢʚʘʞʠʥʫ ï 236 ʜʦʙʳʚʘʶʱʠʭ, 130 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʠ ʧʷʪʴ ʚʦʜʦʟʘʙʦʨʥʳʭ. ɺ ʙʝʟʜʝʡʩʪʚʠʠ ʪʨʠ ʜʦʙʳʚʘʶʱʠʝ ʠ ʜʝʩʷʪʴ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. ʀʟ ʚʩʝʛʦ ʧʨʦʙʫʨʝʥʥʦʛʦ ʬʦʥʜʘ ʚ ʢʦʥʪʨʦʣʴʥʳʡ ʬʦʥʜ 

ʧʝʨʝʚʝʜʝʥʦ 66 ʩʢʚʘʞʠʥ, ʚ ʦʞʠʜʘʥʠʠ ʣʠʢʚʠʜʘʮʠʠ ï ʧʷʪʴ ʩʢʚʘʞʠʥ, ʣʠʢʚʠʜʠʨʦʚʘʥʦ 

98 ʩʢʚʘʞʠʥ. 

ʉʙʦʨ ʦʙʚʦʜʥʝʥʥʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʡ ʥʝʬʪʠ ʩ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʘʧʦʨʥʦʡ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ [3]. ʇʨʦʜʫʢʮʠʷ ʩʢʚʘʞʠʥ 

ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʩʪʘʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʜʠʘʤʝʪʨʦʤ ʦʪ 114 ʜʦ 

325 ʤʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ɸɻɿʋ ʪʠʧʘ çʉʧʫʪʥʠʢ-ɹ-40-14/400. ɺʩʝ ʚʳʢʠʜʥʳʝ ʣʠʥʠʠ 

ʧʨʦʣʦʞʝʥʳ ʧʦʜʟʝʤʥʦ ʠ ʫʞʝ ʦʪʨʘʙʦʪʘʣʠ ʩʚʦʡ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. ʇʦʩʣʝ 

ʟʘʤʝʨʘ ʜʝʙʠʪʘ ʧʨʦʜʫʢʮʠʷ ʩʢʚʘʞʠʥ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʇʦʢʨʦʚʩʢʫʶ 

ʋʇʅ. ʇʝʨʝʜ ʚʭʦʜʦʤ ʥʘ ʋʇʅ ʠʟ ʙʣʦʢʘ ʨʝʘʛʝʥʪʦʚ ʚ ʥʝʝ ʜʦʟʠʨʫʝʪʩʷ ʜʝʵʤʫʣʴʛʘʪʦʨ, 

ʨʘʩʭʦʜ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʘʯʝʩʪʚʫ ʦʪʩʪʦʷ ʚʦʜʳ ʚ ʩʳʨʴʝʚʳʭ ʨʝʟʝʨʚʫʘʨʘʭ 

ʋʇʅ, ʧʦʩʣʝ ʯʝʛʦ ʪʦʚʘʨʥʘʷ ʥʝʬʪʴ ʧʦ ʥʝʬʪʝʧʨʦʚʦʜʫ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʂʨʦʪʦʚʩʢʫʶ 

ʃɼʇʉ ɹʫʛʫʨʫʩʣʘʥʩʢʦʛʦ ʈʅʋ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ 

ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1 ʠ 2. 
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ʈʠʩ.2. ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʫʯʘʩʪʦʢ 2) 
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ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ 

ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

- ʤʝʩʪʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʠʟʤʝʨʝʥʠʝ ʪʝʢʫʱʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʥʦʤʝʪʨʦʚ; 

- ʤʝʩʪʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʩʠʛʥʘʣʠʟʘʮʠʶ ʘʚʘʨʠʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʝʛʘʟʦʩʙʦʨʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ ʦʪ ɸɻɿʋ ʜʦ ʫʟʣʘ ʧʨʠʝʤʘ ʥʘ ʋʇʅ ʩ ʚʳʚʦʜʦʤ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʣʴʪ; 

- ʤʝʩʪʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʤʝʪʦʜʦʤ ʦʪʙʦʨʘ ʧʨʦʙ ʯʝʨʝʟ 

ʧʨʦʙʦʦʪʙʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʠʭ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʤʝʨʠʪʴ ʜʝʙʠʪ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʧʦ - ʧʨʝʞʥʝʤʫ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʘʢ ʢʘʢ ʠʭ ʧʨʦʜʫʢʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ɸɻɿʋ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʩ ʧʨʦʜʫʢʮʠʝʡ 

ʜʨʫʛʠʭ ʩʢʚʘʞʠʥ. ɿʘʛʨʫʟʢʘ ʤʥʦʛʠʭ ɸɻɿʋ ʥʝ ʦʧʪʠʤʘʣʴʥʘ, ʘ ʠʭ ʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ 

ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʩʣʝʜʫʶʱʝʤʫ ɸɻɿʋ. ʇʨʦʜʫʢʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʟʘʣʝʞʝʡ 

ʩʤʝʰʠʚʘʝʪʩʷ, ʘ ʨʝʘʣʠʟʘʮʠʷ ʣʫʯʝʚʦʛʦ ʧʨʠʥʮʠʧʘ ʥʝ ʦʙʦʩʥʦʚʘʥʘ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʦʪʩʫʪʩʪʚʠʠ ʫʟʣʘ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ ʋʇʅ. ɿʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʘʷʩʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʇʦʢʨʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦ ʣʫʯʝʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ, ʚ ʮʝʣʦʤ, ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʚʦʟʣʦʞʝʥʥʳʤʠ ʥʘ ʥʝʸ ʬʫʥʢʮʠʷʤʠ, ʥʦ 

ʤʦʨʘʣʴʥʦ ʦʥʘ ʜʘʚʥʦ ʫʩʪʘʨʝʣʘ ʠ ʷʚʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʢʦʨʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʩʠʪʴ ʝʸ ʢʦʥʢʫʨʝʥʪʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 
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ʇʦʜʛʦʪʦʚʢʘ ʩʪʦʯʥʦʡ ʚʦʜʳ ʜʣʷ ʮʝʣʝʡ ʇʇɼ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ [1], ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʝʡ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʤʘʪʝʨʠʘʣʦʸʤʢʠʭ, 

ʨʝʩʫʨʩʦʸʤʢʠʭ ʠ ʯʝʣʦʚʝʢʦʸʤʢʠʭ ʦʧʝʨʘʮʠʝʡ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʥʝʬʪʠ [2-5] ʠ ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʩʘʤʳʤ ʧʨʠʩʪʘʣʴʥʳʤ ʚʥʠʤʘʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ, ʯʪʦ ʥʝʨʝʜʢʦ ʚʳʟʳʚʘʝʪ ʥʝʤʘʣʦ 

ʩʧʨʘʚʝʜʣʠʚʳʭ ʥʘʨʝʢʘʥʠʡ ʠ ʚʦʧʨʦʩʦʚ. 

ɹʦʣʝʝ ʪʦʛʦ, ʦʙʫʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʇʇɼ ʥʘʯʠʥʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʦʥʮʝ 

ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʪʦʯʥʦʡ ʚʦʜʳ ʝʱʝ ʥʝ ʭʚʘʪʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʝʜʢʦ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʙʝʛʘʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʳ ʠʟ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʦ ʠ ʧʨʝʩʥʦʡ ʠʣʠ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʥʝʩʝʪ ʩ ʩʦʙʦʡ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʧʨʦʙʣʝʤ [6]. ɼʣʷ ʤʥʦʛʦʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʢʘʨʙʦʥʘ, ʜʝʚʦʥʘ ʠ ʧʝʨʴʤʠ, ʠ ʚʚʦʜʷʱʠʭʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʵʪʘʧʥʦ ʩʠʪʫʘʮʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʣʦʞʥʷʝʪʩʷ, ʪ.ʢ. ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚʳʭ 

ʚʦʜ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʇʇɼ ʥʘ ʧʦʜʦʙʥʦʤ ʦʙʲʝʢʪʝ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʝʸ ʨʘʟʚʠʪʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʇʦʢʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʨʘʯʝʚʩʢʦʛʦ ʠ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 60 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʛ. ɹʫʟʫʣʫʢ (ʨʠʩ.1). 

ʇʦʢʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʢʨʳʪʦ ʚ 1959 ʛ., ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩ 1963 ʛ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʣʦʞʥʦʝ ʤʥʦʛʦʢʫʧʦʣʴʥʦʝ, ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʣʝʞʝʡ 

ʦʩʣʦʞʥʝʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʵʢʨʘʥʘʤʠ. ɺʩʝʛʦ ʚ ʧʨʝʜʝʣʘʭ 

ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʰʝʩʪʴ ʛʘʟʦʚʳʭ, ʦʜʥʘ - ʛʘʟʦʥʝʬʪʷʥʘʷ, 46 - 

ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʧʦ ʟʘʧʘʩʘʤ ʷʚʣʷʶʪʩʷ ʟʘʣʝʞʠ ʥʝʬʪʠ ʧʣʘʩʪʦʚ ɹ2 

ʙʦʙʨʠʢʦʚʩʢʦʛʦ, ɸ1+ɸ2+ɸ3 ʚʝʨʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʘʢʞʝ ɸ4 ʙʘʰʢʠʨʩʢʦʛʦ ʷʨʫʩʘ. 

ʃʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥ 

ʧʦʨʦʜʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʜʝʚʦʥʩʢʦʛʦ, 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ, ʧʝʨʤʩʢʦʛʦ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʉʦʛʣʘʩʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʨʘʡʦʥʘ, 

ʚʦʜʳ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʋ1, ART 1, ɸ0, A1+ɸ2+ɸ3, A4, A5, ɸ6, ʆ2, ʆ3, ʆ4, 

ʆ5ʙ, ʆ5ʚ, ʆ6, ɹ2, ʊ1 ʦʪʥʦʩʷʪʩʷ ʢ ʟʦʥʝ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ. 
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ʈʠʩ.1. ʌʨʘʛʤʝʥʪ ʦʙʟʦʨʥʦʡ ʢʘʨʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʦʢʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ART1, ɸ0, 

ɸ1+ɸ2+ɸ3, ɸ4, ɸ5, ʆ4, ʆ5ʚ, ʆ6, ɹ2, ʊ1. ɿʘʢʘʯʢʘ ʚʦʜʳ ʚʝʜʝʪʩʷ ʚ 110 ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ 

ʩʢʚʘʞʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʩʪʦʯʥʘʷ ʚʦʜʘ ʩ 

ʇʦʢʨʦʚʩʢʦʡ ʋʂʇʅ (ʨʠʩ. 2). 

ɺ ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʟʘʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ. 

ʊʘʙʣʠʮʘ 1 

ʌʘʢʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʣʳ ʜʣʷ ʇʇɼ 
ʂʨʠʪʝʨʠʠ ʇʦʢʘʟʘʪʝʣʠ 

ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʤʛ/ ʜʤ
3 

14 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ʤʛ/ʜʤ
3
 11 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʦʚ ʥʘ ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

0,1 ʤʢʤ
2
, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʳ ʜʣʷ ʮʝʣʝʡ ʇʇɼ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʘʤʢʠ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʪʘʙʣ.2. ʧʨʠʚʝʜʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʚʦʜʳ, ʥʘʧʨʘʚʣʷʝʤʦʡ ʚ ʩʠʩʪʝʤʫ ʇʇɼ [1]. 

ʊʘʙʣʠʮʘ 2 

ʋʩʨʝʜʥʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʮʝʣʝʡ 

ʇʇɼ 
ʊʠʧ ʢʦʣʣʝʢʪʦʨʘ ʇʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʤʢʤ
2 

ʈʘʟʨʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʤʛ/ʣ 

ʅʝʬʪʴ ʄʝʭ. ʧʨʠʤʝʩʠ 

 

ʇʦʨʦʚʳʡ 

ʄʝʥʝʝ 0,2 

0,2 ï 0,5 

ɹʦʣʝʝ 0,5 

15 ï 20 

20 ï 30 

30 - 40 

10 ï 15 

20 ï 30 

30 - 40 

ʊʨʝʱʠʥʦʚʘʪʦ-

ʧʦʨʦʚʳʡ 

- 40 - 50 30 - 40 
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ʈʠʩ.2. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʇʇɼ ʇʦʢʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 








































































































































































































































































































































































































